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Abstract
The growing concern over antimicrobial resistance and the restrictions on antibiotic growth promoters have
increased interest in alternative feed additives such as prebiotics. Mannan-oligosaccharides (MOS) and B-glucans,
derived from yeast cell walls, have been reported to enhance gut health, immune function, growth performance,
and product quality in livestock. However, their efficacy in rabbits remains inconsistent, warranting further
investigation. Therefore, this study evaluated the effects of different dietary inclusion levels of a prebiotic based
on MOS and B-glucans on growth performance, mortality, and meat quality traits in growing rabbits.A total of 80
weaned rabbits (initial body weight: 679.68 = 150.86 g) were randomly assigned to four dietary treatments in a
completely randomized design, with 20 rabbits per treatment. The experimental diets consisted of a control diet
without supplementation and three diets supplemented with 2% (D1), 3% (D2), or 4% (D3) of the MOS and -
glucan prebiotic. Rabbits were reared from 5 to 11 weeks of age with free access to feed and water. Growth
performance parameters, including body weight, average daily gain (ADG), feed intake (FI), feed conversion ratio
(FCR), and mortality rate, were recorded weekly. Meat color characteristics were evaluated at slaughter. The results
showed that dietary supplementation with MOS and B-glucans had no significant effect (p > 0.05) on body weight,
ADG, FI, FCR, or mortality throughout the experimental period. Although numerical differences were observed
among treatments, these variations were not statistically significant. In contrast, meat color was affected by
prebiotic supplementation. Rabbits receiving the 3% prebiotic diet exhibited significantly higher redness (a* =
6.95 £ 0.31) and lower yellowness (b* = 4.68 + 0.33) than the other groups, indicating improved color stability
and potentially greater consumer acceptance. In conclusion, supplementation with a MOS and B-glucan prebiotic
at inclusion levels of 2-4% did not enhance growth performance or reduce mortality in growing rabbits under the
conditions of this study. However, the improvements observed in meat color traits suggest a positive effect on
certain aspect of meat quality. These findings contribute to the understanding of yeast-derived prebiotics in rabbit
nutrition and indicate that their benefits may be more evident in product quality than in growth performance,
emphasizing the need for further studies to determine optimal inclusion rates and underlying mechanisms.
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Introduction

Commercial rabbit production represents an important sector of animal agriculture due to rabbits' high
reproductive potential, rapid growth rate, efficient feed utilization, and ability to produce lean meat with
high nutritional value. Rabbit meat is characterized by a high protein content, low fat and cholesterol
levels, and a favorable fatty acid profile, making it increasingly attractive to health-conscious
consumers. Consequently, besides productive performance, carcass traits and meat quality have become
key indicators of profitability and sustainability in rabbit production systems. Parameters such as carcass
yield, meat color, oxidative stability, and sensory characteristics directly influence consumer acceptance
and market value (Kumar et al., 2023).

Despite the economic importance of rabbit production, digestive disorders remain a major challenge for
the industry. Enteric diseases caused by pathogenic bacteria are among the leading causes of mortality
and poor productive performance in growing rabbits. Such infections impair nutrient utilization, reduce
growth rate, worsen feed efficiency, and increase production costs. Furthermore, bacterial contamination
may compromise food safety and negatively affect the quality of rabbit products intended for human
consumption (Gallois et al., 2008; Bivolarski and Vachkova, 2013; Ismail et al., 2017).

For several decades, antibiotics and chemotherapeutic agents have been widely incorporated into animal
feeds for disease prevention and growth promotion. However, the extensive therapeutic and
subtherapeutic use of antibiotics in livestock has contributed to the emergence and dissemination of
antimicrobial-resistant bacteria, raising major concerns for both animal and public health. Furthermore,
consumer demand for antibiotic-free animal products and concerns regarding antibiotic residues in meat
have intensified the search for natural and sustainable alternatives capable of maintaining animal health,
productive performance, and product quality (Ben Rhouma et al., 2020).

Among these alternatives, prebiotics have received considerable attention because of their beneficial
effects on gastrointestinal health and host physiology. Prebiotics are non-digestible feed ingredients that
selectively stimulate the growth and activity of beneficial intestinal microorganisms, thereby improving
gut microbial balance and intestinal function (Roberfroid et al., 2010). Mannan-oligosaccharides (MOS)
and B-glucans, derived mainly from yeast cell walls, are among the most extensively studied prebiotic
compounds in animal nutrition. These bioactive compounds have been shown to improve intestinal
integrity, modulate immune responses, enhance nutrient digestibility, and strengthen antioxidant
defenses, which may contribute to improved health and productive performance in rabbits (Ebeid et al.,
2023).

Beyond their effects on growth performance, prebiotics may also influence carcass characteristics and
meat quality. Improved intestinal health and nutrient utilization can enhance muscle deposition and
carcass yield, while the antioxidant properties of MOS and B-glucans may reduce lipid oxidation and
improve meat color stability. Previous studies have reported positive effects of MOS supplementation
on carcass traits and meat quality characteristics in rabbits and other livestock species, although the
responses vary according to dietary inclusion level, animal age, and management conditions (Khadeer
et al., 2023).

The potential benefits of prebiotics may be particularly important under hot climatic conditions. Rabbits
are highly susceptible to heat stress because they possess relatively few sweat glands and have a limited
capacity to dissipate excess body heat. In Mediterranean and North African countries, including Tunisia,
elevated ambient temperatures frequently challenge rabbit production systems. Heat stress has been
reported to reduce feed intake, growth performance, carcass weight, and immune competence while
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increasing oxidative stress and negatively affecting meat quality attributes such as color, water-holding
capacity, and oxidative stability (Liang et al., 2022; Ebeid et al., 2023). Moreover, oxidative damage
induced by heat stress can accelerate meat deterioration and reduce shelf life, thereby affecting consumer
acceptance and economic returns (Bejaoui et al., 2023).

Recent evidence suggests that nutraceutical feed additives such as MOS and B-glucans may help
alleviate the detrimental effects of heat stress. Through modulation of gut microbiota, enhancement of
intestinal barrier function, stimulation of immune responses, and improvement of antioxidant status,
these compounds may contribute to maintaining productive performance, carcass quality, and meat
characteristics under challenging environmental conditions (Ebeid et al., 2023).

Therefore, the present study was conducted to evaluate the effects of dietary supplementation with a
MOS—B-glucan prebiotic on growth performance, carcass traits, and meat quality characteristics of
weaned rabbits reared under Tunisian environmental conditions.

Materials and Methods
Experimental design and animal management

The experiment was conducted at the rabbitry of the National Institute of Agronomy, Tunisia, during
the summer season under natural heat stress conditions. Ambient temperature and relative humidity were
monitored throughout the experimental period using a digital thermo-hygrometer. The average ambient
temperature was 27.64 °C, with minimum and maximums valus of 21.5 °C and 32.8 °C, respectively.
The average relative humidity was 60%, and the mean Temperature-Humidity Index (THI) was 26.11,
indicating moderate to severe heat stress conditions for growing rabbits (Marai et al., 2000).

A total of 80 healthy weaned Californian hybrid rabbits (35 days of age) were selected from multiparous
does that kindled on the same day. Only clinically healthy rabbits with body weights close to the
population mean (679.68 + 150.86 g) were included in the experiment. Following weaning, the animals
were transferred from the maternity unit to the fattening facility and housed in wire-mesh cages
measuring 61 x 45 x 22 cm. The stocking density was four rabbits per cage.

The experiment followed a completely randomized design. Rabbits were randomly allocated to four
experimental treatments (n = 20 rabbits per treatment). The dietary treatments consisted of a control diet
without prebiotic supplementation (Control) and three experimental diets supplemented with 2% (D1),
3% (D2), or 4% (D3) prebiotic.

The prebiotic used in this study was a commercial preparation based on mannan-oligosaccharides
(MOS) and B-glucans derived from yeast cell walls. The prebiotic was incorporated into the
experimental diets (Table 1) as a single combined MOS and B-glucan product at the specified inclusion
levels.

Throughout the experimental period, rabbits had ad libitum access to feed and fresh water. A lighting
schedule of 16 h light and 8 h darkness was maintained, while ventilation was natural.

Data collection

Body weight, feed intake, and mortality were recorded weekly from 35 to 77 days of age. Growth
performance parameters, including average daily gain (ADG), feed intake (FI), and feed conversion
ratio (FCR), were subsequently calculated. Carcass characteristics, such as dressing percentage, front
part percentage, and hind part percentage, were measured at 11 weeks of age.

Meat quality

Meat color was evaluated on the Longissimus Dorsi muscle using a Minolta Chromameter (CR410
Konica Minolta Sensing Inc., Osaka, Japan) operating in the CIE Lab* color space. The instrument was
calibrated before each measurement session using the manufacturer's standard white calibration tile.
Meat samples were stored at 4 °C and allowed to bloom for 30 min prior to color determination to ensure
adequate oxygenation of myoglobin. Three measurements were taken at different locations on the
muscle surface of each sample, and the average value was used for statistical analysis. The color
parameters recorded were lightness (L*), redness (a*), and yellowness (b*).
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Tablel. Chemical composition of the control diet

Composition Nutritive value (%)
Humidity 14 %
Crude fibre 16 %
Protein 17 %
Metabolisable Energy 2600 kcal/kg
Ash 9%
Fat content 3%
Methionine 0.3 %
Cysteine 0.35 %
Threonine 0.68 %
Tryptophan 0.25%
Minerals
Manganese 9 mg/kg
Iron 25 mg/kg
Copper 60 mg/kg
Zinc 15 mg/kg
Cobalt 0.2 mg/kg
Todine 0.2 mg/kg
Vitamin
Vit A 11000 UI
Vit D 2000 UI
Vit H 30 mg
Additive
Robenidine 66 mg/kg

Vit: Vitamin.

Statistical analysis

Data were subjected to analysis of variance using SAS 9.0 and by fitting into the mathematical model:
Yij = u+ Tij + e jj,

where Yij = observation mean; | = general mean, Ti = effect of ith treatment for jth observation and

eij= random error.

A repeated measure analysis was employed to assess periodic growth performance. Significant

differences among the mean values for the three dietary treatments were tested using Duncan’s Multiple
Range Test.

Results

Performance parameters

The impact of prebiotic treatments on growth traits is presented in Table 2. Generally, throughout the
entire feeding period, growth remained comparable among all experimental groups, as the slaughter
weight did not exhibit a significant difference (P > 0.05). The supplementation with prebiotics showed
no discernible effect on mortality (P > 0.05).

Table 2. Effect of prebiotic supplementation on Average daily weighs gain and feed conversion ratio of
rabbit

Group I Group 11 Group 111 Group IV P value
ADG 6 49.98+4.38 44.55+4.38 47.36+4.38 47.08+4.38 0.85
FCR 6 1.86+0.26 1.78+0.26 1.58+0.26 1.58+0.26 0.84
ADG 7 54.9445.25 44.58+5.25 45.44+5.25 47.314£5.25 0.51
FCR 7 1.77£0.21 2.07+0.21 1.86+0.21 1.86+0.21 0.76
ADG 8 16.02+1.76 18.05+1.76 18.91£1.76 19.79+1.79 0.50
FCR 8 7.59°+0.89 5.58°+0.89 3.99°+0.89 4.05°+0.89 0.04
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ADG 9 25.56+2.19 22.61+2.19 23.25+2.19 20.07+£2.19 0.40
FCRY9 4.50+0.55 4.35+0.55 4.30+0.55 5.08+0.55 0.74
ADG 10 26.57+£2.16 24.49+2.16 27.38+2.16 27.01£2.16 0.78
FCR 10 4.47+0.39 4.24+0.39 4.03+0.39 4.11+0.39 0.87
ADG 11 24.79+3.90 19.31+£3.90 18.80+3.90 20.62+3.90 0.69
FCR 11 4.39+2.16 7.46+2.16 4.17£2.16 3.2842.16 0.56
Mortality 20.00+9.89 15.00+9.89 10.00+9.89 20.00+9.89 0.87

C: control; ADG: Average daily weighs gain; FCR: feed conversion ration

abValues with different superscripts within a row differ significantly p < 0.05.

No significant differences (p > 0.05) in feed conversion ratio (FCR) were observed among treatments
during most of the experimental period. However, at week 8, rabbits receiving the 3% and 4% MOS and
B-glucan supplementation exhibited significantly lower FCR values (3.99+0.89 and 4.05+0.89,
respectively) compared with the control group (7.59+0.89) (p < 0.05). Despite this transient
improvement, no significant differences in overall FCR were detected among treatments over the entire
fattening period.

Carcass characteristics

Tables 3 and 4 summarize the effects of MOS and B-glucan supplementation on carcass yields and
relative organ weights, respectively. No significant treatment effects (p > 0.05) were observed for any
of the measured carcass or organ parameters. The inclusion of the prebiotic at levels of 2%, 3%, and 4%
did not affect carcass yield or the relative weight of internal organs compared with the control group.

Table 3. Effect of prebiotic supplementation on carcass yields of rabbit

Group I Group 11 Group III  Group IV P value
Hot carcass yield (%) 56.08+0.94 55.48+0.94 57.24+0.94 56.58+0.94 0.60
Cold carcass yield (%) 54.50+£1.00 54.54+1.00 55.55£1.00 55.17«£1.00 0.85
Reference carcass yield (%)  47.16x1.23  47.04+£1.23 48.31£1.23 47.62+1.23 0.88
Table 4. Effect of prebiotic supplementation on proportion of organs of rabbits
Group I Group 11 Group 111 Group 1V P value
Digestive tract (%) 18.39+0.68 19.00+0.65 19.86+0.65 18.11+0.68 0.15
Coecum (%) 6.40+0.41 7.10+0.39 6.20+0.37 6.31+0.41 0.37
Hind gut (%) 6.20+0.21 6.70+0.20 6.13+0.19 6.02+0.21 0.10
Heart (%) 2.46+0.84 2.61+0.81 2.96+0.77 2.37+0.84 0.95
Reference carcass (%)
Front 33.50+0.48 34.38+0.48 33.97+0.48 33.46+0.48 0.49
Mid 27.434+0.39 26.22+0.39 26.64+0.39 26.94+0.39 0.19
Hind 39.06+0.30 39.38+0.30 39.38+0.30 39.59+0.30 0.67
Fat scapulairie 0.39+0.68 0.32+0.68 0.37+0.68 0.35+0.68 0.75
Fat périnénal 1.10+0.12 0.81+0.12 0.74+0.12 1.10+0.12 0.09

Meat color characteristics

Physico-chemical meat quality attributes of rabbit strains given different levels of prebiotics are
presented in Table 5.

Table 5. Effect of prebiotic supplementation on meat quality of rabbit

Group I Group 11 Group IIT Group IV P value
L" 48.15°+068 51.45%+2.48 49.26*+1.31 49.01°+0.86 0.0012
a’ 6.28°+£0.23 5.46°£0.23 6.95*+0.31 6.11°+0.50 <.0001
b* 7.27°+0.15 5.58°+0.27 4.68£0.33 6.76°+£0.33 <.0001

abedyalyes with different superscripts within a row differ significantly p < 0.05. L*: Lightness, a": Redness, b":

Yellowness.
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Significant differences were observed among the experimental groups for all color parameters (L*, a*,
and b*) (p < 0.01), indicating that the dietary treatments markedly influenced rabbit meat color
characteristics.

The higher L* value (51.45+2.48) recorded in Group II suggests increased meat lightness, which in
rabbits is often associated with lower myoglobin concentration or a higher proportion of oxymyoglobin
at the muscle surface. Elevated L* values may also reflect reduced muscle pigment density or alterations
in post-mortem water distribution, both of which can affect light scattering in rabbit muscle.

The a* parameter, indicative of redness and closely related to myoglobin content and its redox state,
was highest in Group III (6.95+0.31). This finding suggests enhanced myoglobin stability and a greater
proportion of oxymyoglobin, potentially resulting from improved antioxidant status that limits
myoglobin oxidation to metmyoglobin. In contrast, the lower a* value observed in Group II may reflect
increased oxidative processes, leading to myoglobin oxidation and reduced color stability.

Regarding b* (yellowness), the higher values observed in Groups I and IV may be attributed to increased
deposition of dietary pigments (such as carotenoids) in rabbit muscle or to lipid oxidation processes,
which are known to promote yellow discoloration. Conversely, the lower b* values in Group III
(4.68+0.33), particularly in Group III, may indicate reduced lipid oxidation and improved oxidative
stability, possibly linked to enhanced antioxidant defenses.

Discussion

Given the increasing restrictions on the use of antibiotic growth promoters in animal production, the
present study was conducted to evaluate the potential effects of a yeast-derived prebiotic composed of
mannan-oligosaccharides (MOS) and B-glucans on the growth performance, health status, and meat
quality of growing rabbits reared under natural heat stress conditions. MOS and B-glucans are
recognized for their ability to modulate gut microbiota, enhance immune responses, and improve
antioxidant status, which may contribute to better animal performance and product quality.

However, under the conditions of the present study, dietary supplementation with the MOS and -glucan
prebiotic did not significantly affect body weight gain, feed intake, feed conversion ratio, or mortality
throughout the fattening period. These findings suggest that the beneficial effects commonly attributed
to MOS and B-glucans were not sufficient to overcome the physiological constraints associated with
heat stress and maintain improvements in growth performance.

Similarly, other studies (Luick et al., 1992; Scapinello et al., 2001; Fonseca et al., 2004; Volek et al.,
2007) reported no significant effect of dietary supplementation with MOS or fructo-oligosaccharides on
the weight gain of rabbits. Moreover, there were no substantial differences among the groups in average
feed intake values for the entire fattening period. In contrary, Abd El-Aziz et al. (2020) improved that
dietary supplementation of MOS and IMO had a desirable positive impact on productive and economic
efficiency in the rabbit. Also, Attia et al. (2015) and Bovera et al. (2019) found that addition of prebiotic
to the diet provided some positive effects on growth performance and health status.

Additionally, the variability in responses reported in the literature suggests that the efficacy of MOS and
B-glucans depends on inclusion level, diet composition, health status, and environmental conditions.
Similar non-significant effects on growth performance under stressful or suboptimal conditions have
been reported in rabbits and other livestock species, indicating inconsistent growth responses to
prebiotics (Mancini and Paci, 2021 ; Ebeid et al., 2023).

No significant effects of prebiotic supplementation were observed on carcass traits. Regarding carcass
characteristics, our findings were disconsistent with those observed by Abd El-Aziz et al. (2021),
Mahrose et al. (2019), and Abo Ghanima et al. (2020). Rabbits in all dietary groups exhibited similar
dressing yield, averaging 56%, which aligns well with previously reported values (Marounek et al.,
2007; Rotolo et al., 2014).

Concerning carcass measurements, the obtained results are consistent with Ewuola et al. (2011) finding
that the addition of growth promoting additives (dietary prebiotics and probiotics a symbiotic) had no
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significant effect on the carcass characteristics measured except the right arms of rabbits. Additionally,
Ozsoy and Yalcin (2011) and Rotolo et al. (2014) observed non-significant differences in carcass traits
of growing rabbits due to dietary prebiotic oligosaccharides. On the other hand, Attia et al. (2015)
reported that Mannan oligosaccharides administered intermittently increased dressing percentage as
compared to control. Also, Abdel-Hamid and Farahat. (2016) stated that carcass traits such as live
weight, hot and reference carcass weight, percentage of periscapular, and perirenal fat related to
reference carcass weight were significantly affected by the dietary MOS supplementation. Tang et al.
(2017) found that adding prebiotic from 20 to 52 weeks of age, there were no appreciable variations in
the relative weights of heart, liver, ovary, pancreas, and spleen in laying hens fed IMO in diet.

Nevertheless, the observed improvements in meat color parameters at the highest inclusion level indicate
that the prebiotic may have exerted positive effects on muscle oxidative stability and certain aspect of
meat quality. Therefore, while MOS and B-glucan supplementation did not enhance zootechnical
performance under the experimental conditions, it may contribute to improving product quality, which
is an increasingly important objective in rabbit production systems. Further studies are needed to
determine whether different inclusion levels, supplementation periods, or combinations with other
functional feed additives could enhance the efficacy of MOS and B-glucan supplementation, particularly
under heat stress conditions.

Overall, these results suggest that dietary treatments modulated rabbit meat color through their effects
on myoglobin concentration and redox state, lipid oxidation, and antioxidant capacity. Improvements in
redness and reduced yellowness, as observed in Group 11, are indicative of better oxidative stability and
are generally associated with improved meat quality and consumer acceptance in rabbits.

Meat quality and carcass traits are increasingly recognized as critical parameters in rabbit production
because they directly affect consumer acceptance and market value (Kumar et al., 2023). Heat stress is
known to negatively affect carcass yield and meat quality by increasing oxidative stress and altering
muscle metabolism, leading to poorer color stability and higher lipid oxidation (Ebeid et al., 2023 ;
Liang et al., 2022).

The improvement in meat color observed in this study may be related to the antioxidant properties of -
glucans and MOS. These compounds are known to enhance antioxidant enzyme activity, reduce
oxidative damage, and improve immune function, which may contribute to better muscle oxidative
stability under heat stress conditions. Similar improvements in meat quality traits have been reported
with MOS supplementation in rabbits, particularly under challenging environmental conditions
(Khadeer et al., 2023).

Conclusion

The supplementation of the MOS and B-glucan prebiotic did not significantly affect growth performance
or mortality throughout the fattening period. These findings suggest that, under the environmental and
management conditions of the present study, prebiotic supplementation was not sufficient to enhance
zootechnical performance in growing rabbits exposed to natural heat stress.

Nevertheless, the observed improvements in meat color characteristics indicate that the prebiotic may
exert beneficial effects on specific aspects of meat quality. The discrepancy between growth
performance and meat quality responses highlights the complexity of the physiological mechanisms
involved in the action of prebiotics.

Further research is warranted to investigate whether different supplementation strategies, including
longer administration periods, alternative inclusion levels, or combinations with other functional feed
additives, could enhance the efficacy of MOS and B-glucan supplementation. Additional studies
conducted under controlled heat stress conditions would also help clarify the mechanisms through which
these prebiotics influence animal performance, carcass traits, and meat quality.
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