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Abstract
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Growth Performance and Health Responses of Growing New Zealand 
White Rabbits Fed Different Levels of Dietary Synbiotic Supply

Countering the antibiotics excessive use by the exploitation of promising immunostimulants alternatives is a 
trending strategy in modern animal husbandry. This research assessed the impact of novel dietary symbiotic 
supply at different levels on growing rabbits’ performance. Forty-five New Zealand White rabbits (aged sev-
en weeks, weighing 1075±9.78 g) were randomly allotted to five groups. Rabbits were fed the basal diet as 
control and the other groups supplemented with synbiotic (Saccharomyces cerevisiae along with β-glucan and 
mannan-oligosaccharide) at an inclusion level of 0.5, 1.0, 1.5, and 2.0 g/kg diet for 6 weeks. Results indicated 
that synbiotic addition increased the feed intake (p=0.01), enhanced the growth performance and feed con-
version ratio (linear, p≤0.001; quadratic, p≤0.002) with the 0.5 g/kg diet level being the most effective. The 
synbiotic supply increased the serum total protein and albumin (quadratic, p≤0.024) as well as lipase and am-
ylase (linear, p<0.001; quadratic, p=0.001), while decreased alanine-aminotransferase, urea, triglycerides, and 
glucose (quadratic, p≤0.023) as well as cortisol (linear, p<0.001; quadratic, p≤0.001). The concentrations of 
immunoglobulin-G, immunoglobulin-M, red blood cells, hemoglobin, hematocrit, and platelet count increased 
(linear, p≤0.001) and white blood cells decreased (linear, p<0.001) by the synbiotic inclusion. The hot carcass 
weight and the percentages of dressing, and carcass cuts were increased (quadratic, p≤0.02) in which the 0.5 
g/kg diet level was better. Taken together, the current dietary synbiotic supplementation of 0.5 g/kg diet could 
pave the way for promoting the rabbits’ growth and health status, thus, it is advisable to utilize these findings 
in the husbandry of rabbits under commercial production conditions.
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INTRODUCTION

To preserve human health, it was necessary to counter the ex-
cessive use of antibiotics in animal husbandry. Farm animals face 
many challenges during the different production stages that may 
negatively affect the animal health and consequently the pro-
ductivity. Therefore, to replace or minimize the use of antibiotics, 
the exploitation of promising immunostimulants alternatives is 
required to provide animal safety, promote the production, and 
produce safe products. Generally, the rearing of farm animals 
without using antibiotics is a trending strategy in modern animal 
husbandry (Kango et al., 2022). This kind of strategy is built upon 
supplying animals with non-antibiotic feed additives like probi-
otic, prebiotic, and synbiotic.

Probiotics have gained recognition as effective alternatives 
to antibiotics or antimicrobial agents in animal health and pro-
duction (Bhogoju and Nahashon, 2022). Among various yeast 
species, Saccharomyces cerevisiae (S. cerevisiae) has been ex-
tensively used as a probiotic supplement in animal production 
due to its abundant content of proteins, polysaccharides, small 
peptides, amino acids, vitamins, trace elements, nucleotides, and 
other growth factors (Pang et al., 2022). Therefore, it has been 
reported to improve animal production performance, enhance 
immune function, regulate intestinal flora balance, promote in-

testinal development, and improve meat quality (Bin et al., 2019; 
Elghandour et al., 2020).

Prebiotics, on the other hand, consist of indigestible carbo-
hydrates that can be fed to animals to modulate the balance and 
activities of microbial populations in the gut (Lao et al., 2020). 
Mannan-oligosaccharide (MOS) and β-glucan are prebiotics de-
rived from the cell wall of the S. cerevisiae yeast. These emerg-
ing feed additives have demonstrated biological functions in 
promoting the development of the animal gastrointestinal tract, 
regulating intestinal flora, improving animal immunity, enhanc-
ing feeding, and boosting growth performance (Chen et al., 2021; 
Kango et al., 2022; Xie et al., 2018).

Synbiotics refer to a combination of carefully selected probi-
otics and prebiotics, aiming to promote the growth of probiotics 
by providing specific nutrients for fermentation in the gastroin-
testinal tract (Dankowiakowska et al., 2019). These combinations 
offer advantages to the host by improving the survival and pres-
ence of beneficial microbial supplements in the gastrointestinal 
tract (Elliethy et al., 2022). It is crucial to note that an appropri-
ate blend of probiotics and prebiotics can yield superior benefits 
compared to using either prebiotics or probiotics alone (Lao et 
al., 2020).

Among farm animals, rabbits are known for their ability to 
produce meat at a relatively low cost of feed and husbandry. 
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Rabbit meat is considered a functional food due to its high di-
gestibility, essential amino acids, unsaturated fatty acids, phos-
phorus, and calcium content. Additionally, it contains lower levels 
of fat, cholesterol, and sodium compared to traditional red meat 
(Ma et al., 2022). These nutritional qualities make rabbit meat 
popular globally (Krunt et al., 2022). The gut microbiota of rabbits 
plays a vital role in maintaining their health and facilitating diges-
tion. Therefore, managing this microbiota is crucial, as a balanced 
gut microbiota contributes to rabbit performance and well-be-
ing. However, rabbits have a high susceptibility to pathogenic 
microflora, posing a significant biological risk to their husbandry 
(Kurchaeva et al., 2020). Furthermore, rabbits lack the ability to 
produce cellulolytic enzymes independently and heavily rely on 
gut bacteria for the digestion and utilization of dietary fiber (Liu 
et al., 2022). Therfore, the combination of probiotics and prebiot-
ics holds great potential in rabbit production. It can enhance feed 
efficiency, growth performance, and overall health by promoting 
competitive exclusion of harmful microorganisms and exhibiting 
antimicrobial properties.

Although there are many previous studies on the effects of S. 
cerevisiae, β-glucan, and MOS individually on rabbits and other 
farm animals, there are limited information regarding the possi-
ble combination effects of these supplements in rabbits. There-
fore, this study was conducted to estimate the effects of dietary 
synbiotic supplementation containing the commercially available 
probiotic of S. cerevisiae and prebiotics of β-glucan and MOS on 
the growth performance, blood parameters, and carcass charac-
teristics of the growing New Zealand White rabbits.

MATERIALS AND METHODS

Animal diet and management

The experiment took place at a governmental station locat-
ed in El-Serw, Agriculture Research Center, Ministry of Agricul-
ture, Egypt. The study adhered to the stated ethics and animal 
rights guidelines (DRC) in accordance with the European Union 
Directive Regulations (2010/63/EU) for the protection of animals 
used in scientific and experimental purposes. Approval for the 
research was obtained from the Scientific Research Ethics Com-
mittee at the Faculty of Agricultural, Mansoura University, Egypt.

Forty-five New Zealand White male rabbits (aged seven 
weeks, weighing 1075±9.78 g) were used in the study and ran-
domly allotted to five similar groups (9 rabbits/group). Rabbits 
were housed in galvanized wire batteries with standard dimen-
sions (50x45x40 cm) throughout the experimental period of 6 
weeks. All cages were supplied with galvanized steel automatic 
drinkers (nipples) and feeding hoppers. Before the beginning of 
the experiment, the rabbits were adapted to the basal diet for 2 
weeks. The basal diet was formulated following the NRC (1977) 
(Table 1). The rabbits were fed basal diet as control group and 
the four treated groups received the basal diet supplemented 
with synbiotic at an inclusion level of 0.5, 1.0, 1.5, and 2.0 g/kg of 
the diet. Synbiotic levels were selected based on company rec-
ommendations (IRIS by EVICO, Egyptian veterinary industry com-
pany, Egypt) and it contained a unique and balanced mix of 70% 
Saccharomyces cerevisiae (dry yeast of 108 CFU/g) along with 15% 
β-glucan and 15% mannan-oligosaccharide. The synbiotic pow-
der was individually mixed at different levels in 1 kg of the basal 
diet. The mixed diets were then added to the required amount of 
feed for the experimental period and pelleted to a size of 3.5 mm. 
Rabbit cages were regularly cleaned and disinfected, and urine 
and feces were removed daily.

Feed intakes and growth performance

Feed intakes and growth performance were monitored 
throughout the experiment. The pelleted ration was weighed and 
offered to the rabbits twice daily at 8:00 and 14:00 h. Clean wa-
ter was continuously available through the nipples. Feed refusals 
were collected and weighed daily to measure feed consumption. 
The rabbits’ body weights were recorded at the beginning of 
the experiment and once a week thereafter before the morning 
feeding. Feed allowance was adjusted based on changes in body 
weight to calculate feed efficiency. Average daily gain, total body 
weight gain, average daily feed intake, and feed conversion ratio 
(g feed/g weight) were calculated.

Blood sampling and serum biochemical analysis

At the end of the experiment (13 weeks of age), blood sam-
ples were collected from the rabbits’ marginal ear vein after a 
12-hour fasting period. Two blood samples were taken: the first 
sample (10 mL) contained an anticoagulant and was used for he-
matological analysis, including white blood cell count, red blood 
cell count, hemoglobin, hematocrit, platelet count, mean corpus-
cular volume (MCV), mean corpuscular hemoglobin (MCH), lym-
phocytes, and neutrophils concentration (hematology analyzer 
D-cell 60, Diagon Ltd., Hungary). The second blood sample (10 
mL) was clotted at room temperature for 20 minutes, centrifuged 
at 3000 rpm for 15 minutes to separate the serum, and stored 
at -20°C for subsequent analysis. Serum biochemical analysis 
was performed to measure total protein, albumin, alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), urea, cre-
atinine, triglycerides, cholesterol, high-density lipoprotein (HDL), 

Amr A. Gabr et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 9, 1753-1760

Ingredient Percentage (%)

Alfalfa hay 31.4

Wheat bran 27

Barley grain 24.2

Soybean meal (44% crude protien) 12.25

Molasses 2

Dicalcium phosphate 1.6

Limestone 0.95

Sodium chloride 0.3

Mineral-vitamin premix* 0.3

Determined nutrient composition

Dry matter 86.76

On dry matter basis;

Organic matter 92.23

Crude protein 18.48

Crude fat 15.26

Ether extract 2.53

Nitrogen-free extract 55.96

Ash 7.77

Digestible energy, kcal/kg 2416

Metabolizable energy, kcal/kg 2219

Calcium 1.2

Phosphorus 0.76

Lysine 0.84

Table 1. Ingredients and nutritional composition of basal diet.

*Contains (unit/ kg diet): Vitamin A, 150,000 UI; Vitamin K3, 21 mg; Vitamin E, 100 mg; 
Vitamin B1, 10 mg; Vitamin B2, 40 mg; Vitamin B6, 15 mg; Vitamin B12, 0.1 mg; Niacin, 
200 mg; Pantothenic acid, 100 mg; Choline chloride, 500 mg; Folic acid, 10 mg; Biotin, 0.5 
mg; Mn, 600 mg; Zn, 450 mg; Fe, 0.3 mg; Cu, 50 mg; Se, 1 mg and Co, 2 mg.
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low-density lipoprotein (LDL), glucose, lipase, and amylase using 
commercial test kits (Spectrum Diagnostics, Egypt) and a spec-
trophotometer (CHEM 7, ERBA, Mannheim, Germany). Globulin 
was calculated by subtracting values of serum albumin from total 
proteins. By using commercial quantitative ELISA kits (CUSABIO 
Biotech, Wuhan, China), serum cortisol, immunoglobulin-G (IgG) 
and immunoglobulin-M (IgM) concentrations were analysed.

Carcass characteristics

At the end of the experimental period, the rabbits were fast-
ed for 12 hours, individually weighed, and then slaughtered. The 
carcass was eviscerated after removing the skin and giblets, and 
the weights of these components were measured. All carcass val-
ues were expressed as percentages relative to the pre-slaughter 
body weight. The dressing percentage was calculated as follows: 
“Dressing % = (hot carcass weight/pre-slaughter weight)x 100”. 
The carcass was divided into three cuts: (1) forequarter, including 
thoracic insertion muscles; (2) loin, including the abdominal wall 
and ribs after the 7th thoracic rib; and (3) hindquarter, including 
the sacral bone and lumbar vertebrae after the 6th lumbar ver-
tebra.

Statistical analysis

The data were analyzed with one-way analysis of variance 
(ANOVA) with the treatment as a constant factor using the fol-
lowing model: Yij = µ + Si + Eij where µ is the overall mean, 
Si is the experimental dietary supplementation effect, and Eij is 
the random error. Linear and quadratic responses to the level 
of synbiotic supplementation were tested for each variable. All 
analyses were conducted by using SAS version 9.3 (SAS Institute 
Inc. Cary, NC, USA). Each rabbit was regarded as the experimental 
unit. For each value, the least square means and their standard 
error are displayed. An integrated Tukey’s test was used to eval-
uate differences between groups and statistical differences were 
considered significant when the p-value was less than 5%.

RESULTS

Effect on growth performance

The synbiotic supplementation in the rabbits’ diet influ-
enced (p<0.001) the growth performance and feed conversion 
ratio and increased (p=0.01) the daily feed intake (Table 2). The 
final body weight, total weight gain, and average daily gain lin-
early increased (p=0.001) and changed quadratically (p=0.002) 
as responses to synbiotic level in the diet. Increasing synbiotic 
level linearly increased (p<0.001) the daily feed intake, without 

differences among the synbiotic supplemented groups. The feed 
conversion ratio linearly decreased (p<0.001) then quadratical-
ly increased (p<0.001) with the increasing level of synbiotic in 
the diet. Rabbits fed the lowest synbiotic level (0.5 g/kg diet) 
showed the highest growth performance and the lowest feed 
conversion ratio. However, the synbiotic level of 0.5 g/kg diet en-
hanced (p<0.001) the average daily gain, final body weight, total 
weight gain, and feed conversion ratio by about 9.4%, 5.2%, 9.6%, 
and 7.6%, respectively, in comparison with those in the control 
group. No differences were detected for studied growth perfor-
mance traits and feed conversion ratio between 1.0 g/kg diet 
synbiotic supplemented group and control group. The synbiotic 
supplementation at the levels of 1.5 and 2.0 g/kg diet impaired 
(p<0.001) the rabbits’ final body weight, total weight gain, and 
feed conversion ratio compared to other groups.

Effect on blood and serum parameters

The serum biochemical variables of growing rabbits were 
affected (p≤0.01) by synbiotic supplementation in the diet, ex-
cept for globulin, alanine aminotransferase, and creatinine (Table 
3). The serum concentrations of total protein, albumin, alanine 
aminotransferase, urea, triglycerides, HDL, LDL, and glucose qua-
dratically responded (p≤0.02) to the increasing level of synbiotic 
in the diet. The aspartate aminotransferase concentration linear-
ly decreased (p<0.001) by increasing the synbiotic level in the 
diet. With quadratic responses (p≤0.001) to the synbiotic level 
in the diet, the lipase and amylase concentrations were linear-
ly increased (p<0.001) and cortisol linearly decreased (p<0.001). 
The synbiotic level of 0.5 g/kg diet showed the most effective 
biochemical variables response (p<0.001) compared with control 
group, followed by level of 1.0 g/kg diet group. No differences 
were observed between the higher doses of supplementation 
(1.5 and 2.0 g/kg diet) but both groups obtained lower (p<0.001) 
concentrations of aspartate aminotransferase and cortisol, and 
higher (p<0.001) amylase and lipase values compared with con-
trol group.

The blood hematological parameters of growing rabbits were 
affected (p≤0.002) by synbiotic supplementation in the diet, ex-
cept for platelet count, MCV, MCH, lymphocytes and neutrophils 
(Table 4). The concentrations of IgG, IgM, red blood cells, he-
moglobin, hematocrit and platelet count were linearly increased 
(p≤0.001) while the white blood cells linearly decreased (p<0.001) 
by increasing the synbiotic level in the diet. However, the synbi-
otic supplementation level of 0.5 g/kg diet showed no differenc-
es for all studied hematological parameters compared with con-
trol group. The 1.0 g/kg diet of synbiotic supplement tended to 
do so as well but showed (p<0.001) higher IgG and lower white 
blood cells in comparison to control group. The highest synbiotic 

Amr A. Gabr et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 9, 1753-1760

Synbiotic supplementation (g/kg diet)
SEM

p values

0 0.5 1 1.5 2 Synbiotic L Q

Initial body weight (g) 1072 1077 1073 1080 1073 9.78 0.97 0.81 0.70

Final body weight (g) 2203 b 2323 a 2197 b 2153 c 2050 d 7.99 <0.001 0.00 0.00

Total weight gain (g) 1133 b 1247 a 1123 b 1073 c 977 d 4.59 <0.001 0.00 0.00

Average daily gain (g/day) 26.9 b 29.7 a 26.7 b 25.6 b 23.3 c 0.11 <0.001 0.00 0.00

Daily feed intake (g/day) 76.9 b 77.8 a 78.0 a 78.2 a 78.7 a 0.27 0.01 <0.001 0.44

Feed conversion (g feed/g gain) 2.89 c 2.67 d 2.89 c 3.02 b 3.29 a 0.02 <0.001 <0.001 <0.001

Table 2. Effect of different synbiotic levels on growth performance, feed intake and feed conversion ratio of growing New Zealand White rabbits during the exper-
imental period.

a, b, c, d Within a row, values with different superscript letters mean there were significant differences (p<0.05).
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supplementary dose (2.0 g/kg diet) observed the best values of 
IgG, IgM, and hematological parameters without differences with 
the 1.5 g/kg diet group.

Effect on carcass characteristics

The effect of synbiotic supplementation (p<0.001) on the 
pre-slaughter and hot carcass weights as well as the percentages 
of dressing, forequarter, loin and hindquarter was obtained (Table 
5). The hot carcass weight and the percentages of dressing, fore-
quarter, loin and hindquarter quadratically responded (p=0.007, 
0.016, 0.003, 0.002, and 0.018, respectively) to the increasing level 
of synbiotic supplementation. The rabbits fed 0.5 g synbiotic/kg 
diet showed the highest (p<0.001) hot carcass weight and per-
centages of dressing, forequarter, loin and hindquarter, followed 
by the 1.0 g/kg diet group. The percentages of all studied carcass 

traits of rabbits that received synbiotic of 1.5 and 2.0 g/kg diet 
observed no differences compared to the control group. The syn-
biotic dietary supplementation at different levels did not affect 
the weight percentages of fure and internal organs compared to 
the control group.

DISCUSSION

The current study was designed to estimate the impact of 
dietary synbiotic supply at different levels on growing rabbits. 
The growth performance traits and the feed conversion ratio of 
the current experiment rabbits were linearly (p≤0.001) and qua-
dratically (p≤0.002) responded to the increasing level of synbiotic 
addition in the diet. The daily feed intake increased by synbiotic 
supplementation, without differences among the supplement-
ed groups. However, the improvement in growth performance 
followed the same obtained trend with nutrient digestibility and 

Synbiotic supplementation (g/kg diet)
SEM

p values

0 0.5 1 1.5 2 Synbiotic L Q

Serum protein (g/dL)

Total protein 5.80 bc 7.10 a 6.33 b 5.90 bc 5.67 c 0.19 <0.01 0.19 0.02

Albumin 3.23 c 4.37 a 3.70 b 3.33 c 3.23 c 0.07 <0.001 0.23 0.02

Globulin 2.57 2.73 2.63 2.57 2.43 0.14 0.67 0.32 0.27

Albumin/Globulin 1.26 b 1.62 a 1.41 ab 1.30 b 1.33 b 0.07 0.03 0.56 0.14

Liver enzymes (IU/L)

ALT 47.7 39.8 39.9 44.4 46.3 2.45 0.14 0.77 0.02

AST 57.9 a 44.4 b 47.7 b 37.6 c 38.3 c 1.99 <0.001 <0.001 0.16

Kidney function (mg/dL)

Creatinine 1.07 0.83 0.83 1.07 1.07 0.11 0.31 0.54 0.11

Urea 45.0 a 30.0 c 31.0 c 38.7 b 40.7 ab 1.78 0.00 1 0.00

Serum lipids (mg/dL)

Triglycerides 127 a 87.3 b 83.3 b 117 a 122 a 3.21 <0.001 0.62 <0.001

Cholesterol 139 a 111 c 126 b 134 ab 132 ab 3.87 0.00 0.68 0.08

HDL 30.7 b 36.7 a 39.0 a 28.0 b 30.0 b 1.15 <0.001 0.26 0.02

LDL 31.8 a 21.8 b 20.8 b 29.2 a 30.4 a 0.8 <0.001 0.62 <0.001

Glucose (mg/dL) 99.7 a 90.7 b 93.0 b 97.7 a 98.7 a 1.11 0.00 0.51 0.00

Lipase (U/L) 46.7 c 83.0 b 84.7 b 95.0 a 99.0 a 2.42 <0.001 <0.001 0.00

Amylase (U/L) 76.0 c 78.0 c 85.0 b 86.7 b 122 a 2.17 <0.001 <0.001 0.00

Cortisol (pmol/ml) 1.25 a 0.88 b 0.75 c 0.59 d 0.51 d 0.03 <0.001 <0.001 <0.001

Table 3. Effect of different synbiotic levels on serum biochemical parameters of growing New Zealand White rabbits.

a, b, c, d Within a row, values with different superscript letters mean there were significant differences (p<0.05).

Synbiotic supplementation (g/kg) diet
SEM

p values

0 0.5 1 1.5 2 Synbiotic L Q

Immunoglobulin G (mg/dl) 37.6 c 40.9 c 48.0 b 61.8 a 63.2 a 2.1 <0.001 <0.001 0.76

Immunoglobulin M (mg/dl) 32.1 b 37.0 b 35.1 b 50.0 a 51.7 a 2.9 0.00 <0.001 0.70

White blood cell (×103/µl) 12.6 a 11.6 a 9.37 b 8.83 bc 7.43 c 0.47 <0.001 <0.001 0.58

Red blood cell (×106/µl) 5.25 c 5.49 c 5.56 cb 5.85 ab 6.15 a 0.14 0.00 <0.001 0.14

Hemoglobin (g/dL) 10.8 b 11.3 b 10.7 b 11.9 a 12.5 a 0.2 <0.001 0.00 0.08

Hematocrit (%) 33.0 c 35.0 bc 33.9 bc 36.6 ab 38.3 a 0.61 0.00 <0.001 0.26

Platelet count (×103/µl) 321 b 369 ab 355 ab 413 a 418 a 25.8 0.11 0.01 0.77

Mean corpuscular volume (µm3) 63 62.9 62.8 61.8 62.2 0.86 0.83 0.30 0.62

Mean corpuscular hemoglobin (pg/cell) 20.5 20.2 20.4 20.7 20.9 0.38 0.77 0.27 0.65

Lymphocytes (%) 40.2 41.6 43 38.7 40.3 1.49 0.37 0.61 0.39

Neutrophils (%) 49 49.3 48.3 52 50.3 1.34 0.40 0.23 0.9

Table 4. Effect of different synbiotic levels on the blood hematological and immunity parameters of growing New Zealand White rabbits.

a, b, c, d Within a row, values with different superscript letters mean there were significant differences (p<0.05).
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feeding values, the rabbits fed the lowest synbiotic level (0.5 g/
kg diet) showed the highest growth performance and the low-
est feed conversion ratio. Regardless of the increased daily feed 
intake, the growth performance and feed conversion ratio were 
not differed between the 1.0 g/kg diet synbiotic supplemented 
group and control group, further they were negatively affected 
by higher levels of supplementation. 

Rabbits as monogastric animals cannot hydrolyze synbitics 
by the endogenous digestive enzymes in the small intestine, but 
they are hydrolyzed within the caecum by the beneficial bacterial 
populations or probiotics, and in turn confer synbiotic beneficial 
effects to the rabbit. In accordance, current positive findings may 
be related to the digestive environment generated in the rabbits’ 
large intestine and could be stated that the 0.5 g/kg diet of the 
current experiment synbiotic is effective for enhancing intestinal 
function by maintaining an optimum gastrointestinal environ-
ment, thus improving nutrient digestibility and utilization. 

Noteworthily, multiple research studies examining the micro-
biota of rabbits’ gastrointestinal tracts have observed changes 
in the populations of microorganisms when probiotics are intro-
duced, as noted in the review by Mancini and Paci (2021). More-
over, the yeast S. cerevisiae has the ability to lower the pH of the 
intestines by secreting organic acids like acetic and lactic acid (El-
ghandour et al., 2020), creating a more favorable environment for 
the existing gut microbiota. Additionally, probiotics can stimulate 
the synthesis of vitamins in the host by providing an additional 
source of nutrients (Markowiak and Slizewska, 2018). It is worth 
mentioning that probiotics may also produce enzymes that break 
down or release nutrients in the gastrointestinal tract (Bhogoju 
and Nahashon, 2022), and metabolized probiotic cells could con-
tribute to the absorbed nutrition (Mancini and Paci, 2021). Fur-
thermore, Jana et al. (2021) reviewed the use of various prebiotic 
oligosaccharides, including MOS, to modulate the gut microflora 
with the goal of enriching probiotic populations. Therefore, syn-
biotics can influence the community of gastrointestinal microbi-
ota in favor of beneficial microorganisms in the intestines and ce-
cum, while also providing specific active molecules that enhance 
feed digestion and nutrient absorption (Hashem et al., 2021).

However, previous findings regarding probiotic and prebiotic 
effects on rabbits’ nutrient digestibility are inconsistent. For in-
stance,  El-Badawi et al. (2017) found that the nutrient digestibili-
ty of dry matter, crude protein, organic matter, and nitrogen-free 
extract were enhanced in rabbits fed 0.1% of S. cerevisiae and 
0.1% of Bacillus subtilis, while their mix (0.05% of each probiotic) 
was similar to the control group. Conversely, all nutrient digest-
ibility of growing rabbits, except for crud fiber, were not affected 
by dietary supplementation with 0.5, 1.0, and 2.0% S. cerevisiae 
compared with control group (Tag El Din, 2019). Moreover, the 
MOS addition with 0.5, 1.0 and 1.5 g/kg diet showed no differ-
ences in rabbits’ nutrient digestibility (Tag El Din, 2020).

The result of prior studies on S. cerevisiae, MOS, and β-glucan 

dietary inclusion as individual or synbiotic did not always show 
improvement in all the rabbits’ performance indices. In this re-
gard, as reviewed by Elghandour et al. (2020), Jana et al. (2021), 
Mancini and Paci (2021), and Kango et al. (2022), the dietary sup-
ply with prebiotics and/or probiotics reported to enhance the 
growth performance, feed conversion and digestion coefficients, 
while lack of effects were also observed.

However, in agreement with current findings, positive results 
were obtained on growth performance of rabbits fed diets sup-
plemented with current synbiotic components. For example, the 
dietary supplementation of S. cerevisiae (at rate 0.12 g/kg ration) 
accelerated rabbits’ growth performance, increased feed intake 
and reduced feed conversion (Abd El-Aziz et al., 2021). Similar-
ly, the growth performance and feed conversion of rabbits sup-
plemented with 0.1% S. cerevisiae were improved than control 
group (El-Badawi et al., 2017). Although Kalma et al. (2018) re-
vealed no effects on the rabbits’ feed intake and feed conversion, 
the growth performance was enhanced by probiotics mix sup-
plementation (0.5 g/kg feed of S. cerevisiae and L. sporogenes). 
Similar conclusion noticed for the basal diet augmented with 
β-glucan at rate of 0.5, 1.0, 1.5, and 2.0 g/kg diet, the rabbits’ 
growth performance was linearly improved without any effects 
on feed intake and feed conversion compared to control group, 
however, the β-glucan at 1 g/kg diet showed the best growth 
performance (Gabr, 2021). Moreover, Ma et al. (2022) revealed 
increases in growth performance and daily feed intake when rab-
bits fed oat β-glucan (200 mg/kg body weight). The β-glucan at 
doses 0.25 and 0.5 ml/L of drinking water as oral administration, 
accelerated rabbits’ growth performance, reduced feed intake, 
and feed conversion ratio, specifically the dose of 0.5 ml/L water 
(Abo Ghanima et al., 2020). Regarding dietary MOS supplemen-
tation, the rabbits’ growth performance, feed intake, and feed 
conversion were enhanced by MOS addition with 0.5, 0.75, and 
1.0 g/kg diet, the best results were obtained for the level of 1.0 g/
kg diet (Mansour, 2020). On the other hand, New Zealand White 
rabbits fed 0.3% MOS supplemented diet observed higher final 
body weight and feed consumption, while showed no differences 
in the feed conversion (Abd El-Aziz et al., 2022).

On the contrary to present results, the rabbits’ growth per-
formance, daily feed intake and feed conversion were not affect-
ed by S. cerevisiae with the supplementation of 0.12 g/kg diet 
(Emmanuel et al., 2019). Similar no improvements in final body 
weight, average daily gain, and feed intake were observed for 
rabbits supplemented with 0.5, 1.0, and 2.0% S. cerevisiae in the 
diets (Tag El Din, 2019). The previous author, in agreement with 
current study findings, reported that the feed conversion ratio 
was reduced by the lowest level of S. cerevisiae supplementation 
(0.5%) than the 1% S. cerevisiae level which showed no difference 
with control group (Tag El Din, 2019). Moreover, the MOS addi-
tion with 0.5, 1.0 and 1.5 g/kg diet showed no differences in rab-
bits’ growth performance, daily feed intake, and feed conversion 

Synbiotic supplementation (g/kg) diet
SEM

p values

0 0.5 1 1.5 2 Synbiotic L Q

Pre-slaughter weight (kg) 2198 b 2318 a 2192 b 2148 c 2046 d 3.57 <0.001 0.00 0.00

Hot carcass weight (kg) 1208 c 1392 a 1242 b 1182 c 1107 d 9.28 <0.001 0.02 0.01

Dressing (%) 55.0 c 60.0 a 56.7 b 55.0 c 54.1 c 0.38 <0.001 0.09 0.02

Forequarter (%) 33.6 c 34.3 a 34.0 b 33.7 c 33.5 c 0.16 <0.001 0.28 0.00

Loin (%) 27.0 c 27.8 a 27.5 b 27.2 c 27.0 c 0.17 <0.001 0.35 0.00

Hindquarter (%) 38.6 c 39.8 a 39.3 b 38.8 c 38.8 c 0.15 <0.001 0.47 0.02

Head (%) 5.91 5.97 5.93 5.51 5.54 0.17 0.19 0.33 0.49

Liver (%) 3.18 3.16 3.19 2.95 3.01 0.12 0.49 0.13 0.81

Kidney (%) 0.8 0.78 0.78 0.76 0.78 0.02 0.68 0.23 0.50

Heart (%) 0.29 0.28 0.29 0.31 0.33 0.02 0.54 0.10 0.50

Table 5. Effect of different synbiotic levels on the carcass traits of growing New Zealand White rabbits.

a, b, c, d Within a row, values with different superscript letters mean there were significant differences (p<0.05).
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with control group (Tag El Din, 2020). 
Previous studies conducted using synbiotics containing one 

or more of current components stated the improvement of rab-
bits’ growth performance but with varied effects on feed intake 
or feed conversion ratio. For example, El-Deeb et al. (2023) found 
that rabbits fed 0.5, 0.75 and 1.0 g/Kg diet of synbiotic (contains 
β-glucan and mannan-oligosaccharide with Bacillus subtilis), the 
dose of 1.0 g/kg diet increased the growth performance and feed 
intake without effect on the feed conversion ratio. Similar results 
obtained by supplying rabbits with a dose 0.5 g/kg diets of syn-
biotic contains mannan-oligosaccharide and probiotic mix of S. 
cerevisiae, lactobacillus acidophilus, streptococcus facecium, and 
lactic corrosive microorganisms (Abo El-Maaty et al., 2018). How-
ever, enhancing of growth performance and feed conversion with 
no effect on feed intake was reported by supplying rabbits with 
encapsulated synbiotic (11x1011 CFU of S. cerevisiae and 0.15 g 
Moringa oleifera leaf extract/kg diet) (Hashem et al., 2021).

There were many linear effects (p<0.001) of current synbi-
otic supplementation levels on serum biochemical parameters 
and some quadratic effects (p≤0.02) as well, while the affected 
blood hematological parameters showed linear (p≤0.001) re-
sponses only. However, the synbiotic supply at dose of 0.5 g/kg 
diet showed positive effects on the most of serum biochemical 
variables without any differences for all studied hematological 
parameters in comparison with control group, followed by 1.0 
g/kg diet supplemented group. Interestingly, regardless of the 
reduction effect obtained by the higher doses of synbiotic addi-
tion (1.5 and 2.0 g/kg diet) on the rabbits’ growth performance 
and feed conversion, both groups showed normal physiological 
values of the blood and serum parameters. Furthermore, both 
groups in comparison with the other groups obtained positive 
responses (p<0.001) of aspartate aminotransferase, cortisol, am-
ylase, and lipase concentrations, as well as they revealed pro-
nounced responses (p<0.001) of IgG, IgM, and all hematological 
parameters. However, the lack effect obtained by the high levels 
of the synbiotic addition (1.5 and 2.0 g/kg diet) on the rabbits’ 
nutrient digestibility and its positive effect on the blood hema-
tological and immune parameters may indicate that these levels 
did not negatively affect the intestine absorption efficiency, but 
they could affect the gastrointestinal environment or the gut mi-
crobiota. 

Generally, as observed in previous studies the effectiveness 
of dietary probiotics, prebiotics, and synbiotics inclusions on 
rabbits’ biochemical and hematological parameters are variable. 
Some researchers showed no effects of probiotics on rabbits’ 
blood biochemical and hematological parameters, while a signifi-
cant increase or decrease of some blood parameters was also ob-
tained as reviewed by Mancini and Paci (2021). However, Bhogoju 
and Nahashon (2022) verified that probiotics have numerous an-
ticipated modes of action, some of these mechanisms are related 
to the enteric pathogenic microbe inhibition. Moreover, Paës et 
al. (2020) clarified that prebiotics contribute to digestive health 
preservation by serving as fermentable substrates for gut bacte-
ria, preventing pathogen implantation, functioning as anti-adhe-
sives, and stimulating immune maturation.

The present results are partially in agreement with previous 
studies obtained by individual supplying of rabbits’ diet with S. 
cerevisiae, β-glucan, and MOS. Supplementing rabbits’ diet with 
S. cerevisiae (at rate 0.12 g/kg diet) decreased the blood cho-
lesterol and total glycerides while increased blood total protein, 
albumin and albumin/globulin ratio (Abd El-Aziz et al., 2021). On 
contrary, no differences were observed in total protein, albumin, 
globulin, albumin/globulin ratio, glucose and triglycerides levels 
among the groups by supplementing rabbits’ diet with probiotic 
mix (0.5 and 1.0 g/kg diet of S. cerevisiae and L. sporogenes), while 
cholesterol level was reduced (Kalma et al., 2018). On the other 
hand, the MOS addition at all levels of 0.5, 0.75, and 1.0 g/kg diet 
reduced rabbits’ serum concentrations of glucose, triglycerides, 
LDL, AST, ALT, and creatinine compared to control group (Man-
sour, 2020). Moreover, decreases in white blood cells, AST, ALT, 
urea, and cholesterol concentrations and increases in glucose 

were recorded when rabbits treated with MOS (35 mg/kg body 
weight), without differences in the total protein, triglycerides, and 
other blood hematological parameters (Hassan et al., 2022). Re-
garding the β-glucan supplementation in rabbits’ diet, the dose 
of 10 mg/kg body weight of β-glucan caused increases in total 
protein, globulin, white blood cells, lymphocytes and monocytes 
percentages, while no effects were obtained on albumin and 
albumin/globulin ratio (Alkenany and Khalil, 2022). Moreover, 
rabbits supplemented with β-glucan at 0.5, 1.0, 1.5, and 2.0 g/
kg diet revealed at all levels decreases in glucose, triglycerides, 
and total cholesterol concentrations, while no differences in se-
rum total protein, albumin, globulin, urea and creatinine were 
obtained (Gabr, 2021). Administrating rabbits with β-glucan at 
a dose 0.5 ml/L drinking water increased blood total protein and 
globulin concentrations, while creatinine and urea values were 
not changed in comparison to control (Abo Ghanima et al., 2020). 
However, rabbits fed diet with β-glucan (500 mg/day) showed 
no differences in total protein, albumin/globulin ratio, creatinine, 
urea, hemoglobin, and hematocrit values (Santurio et al., 2020).

Several studies have confirmed positive effects of synbiotics 
on some variable blood parameters. However, the different re-
sults they clarified may be probably regarded to different syn-
biotics types, doses, and thus mechanisms of action. El-Deeb et 
al. (2023) reported that supplementing rabbits with 0.5, 0.75 and 
1.0 g/Kg diet of synbiotic (β-glucan and mannan-oligosaccharide 
with Bacillus subtilis), the dose 1.0 g/kg diet decreased the con-
centrations of lymphocytes, cholesterol, and AST, and increased 
hemoglobin and triglycerides when compared with control group. 
Synbiotic consisted of S. cerevisiae and 0.15 g Moringa oleifera 
leaf extract boosted the immunity of growing rabbits (Hashem 
et al., 2021). Rabbits supplemented with synbiotic consisted of 
1.0 g mann-oligosacchride plus 0.4 g probiotics (Bacillus sub-
tilis and Bacillus licheniformis) showed no changes in albumin, 
ALT, AST, creatinine and urea, but increased the total protein and 
globulins concentrations, while albumin/globulin ratio, glucose, 
triglycerides and cholesterol were decreased in all treated rabbit 
groups when compared with control group (Abdelhady and El-
Abasy, 2015). Moreover, previous mentioned synbiotic revealed 
no changes in red blood cells count, hemoglobin concentration, 
MCV, and MCH (Abdelhady and El-Abasy, 2015). The increased 
concentrations of rabbits’ total protein, globulin, and HDL and 
decreased triglycerides were obtained as a response to 0.5 g syn-
biotic/kg diet (mannan-oligosaccharide and probiotic mix of S. 
cerevisiae, lactobacillus acidophilus, streptococcus facecium, and 
lactic corrosive microbes), while no differences were observed for 
albumin, albumin/globulin ratio, total cholesterol, and LDL con-
centrations (Abo El-Maaty et al., 2018).

Generally, the current obtained positive effects of synbiotic 
supplementation on the rabbits’ growth performance, biochem-
ical parameters and immunity indicate the opportunity of using 
the experiment synbiotic as growth promoter and antibiotic al-
ternative. These positive effects of synbiotics could be mostly re-
lated to the prevalence of beneficial intestinal and cecal microor-
ganisms as concluded by Hashem et al. (2021).

The synbiotic supplementation of present study quadratical-
ly affected (p≤0.02) the rabbits’ pre-slaughter and hot carcass 
weights as well as the percentages of dressing, forequarter, loin 
and hindquarter without affecting the percentages of the internal 
organs. As expected, the rabbits fed 0.5 g/kg diet of synbiotic 
showed the highest (p<0.001) hot carcass weight and percent-
ages of dressing, and carcass three cuts, followed by the 1.0 g/
kg diet group. However, regardless the obtained reduction in 
pre-slaughter and hot carcass weights by the synbiotic addition 
at 1.5 and 2.0 g/kg diet, both groups observed no differences for 
all studied carcass traits as percentages compared to those of 
control group. 

The present findings are partially comparable to the results 
reported by El-Sawy et al. (2021), who found that supplementing 
rabbits with S. cerevisiae (0.4 g/kg diet) increased the hot carcass 
weight and carcass percentage compared to the control group. 
However, other studies using S. cerevisiae, such as those conduct-
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ed by El-Badawi et al. (2017) and Abd El-Aziz et al. (2021), did not 
observe any effects on rabbits’ carcass traits with dietary supple-
mentation of S. cerevisiae at levels of 0.1% and 0.12 g/kg diet, 
respectively. Similarly, oral administration of β-glucan at doses 
of 0.25 and 0.5 ml/L of drinking water did not result in significant 
differences in rabbits’ carcass traits, except for dressing percent-
ages when compared to the control group (Abo Ghanima et al., 
2020). This aligns with previous conclusions from studies by Man-
sour (2020), who used dietary MOS supplementation at levels of 
0.50, 0.75, and 1.0 g/kg diet, and Abd El-Aziz et al. (2022), who 
used 0.3% MOS on New Zealand White rabbits, and found no 
significant impact on carcass traits.

However, rabbits supplied with synbiotic (mannan-oligosac-
charide and probiotic mix of S. cerevisiae, lactobacillus acidophi-
lus, streptococcus facecium, and lactic corrosive microorganisms) 
in a dose of 0.5 g/kg diets had increased hot carcass yield and to-
tal edible parts and decreased the liver weight percentages (Abo 
El-Maaty et al., 2018). Contrary, El-Deeb et al. (2023) showed no 
differences in the carcass traits of rabbits supplemented with 0.5, 
0.75 and 1.0 g/Kg diet of synbiotic (β-glucan and mannan-oligo-
saccharide with Bacillus subtilis).

CONCLUSION

Based on the current study findings, it would be appropriate 
to add 0.5 g/kg diet of the experiment synbiotic combination of 
S. cerevisiae as probiotic and prebiotics of β-glucan and MOS to 
enhance the rabbits’ growth performance, feed utilization, and 
health status during the fattening period as well as ameliorate the 
carcass traits. Current synbiotic showed synergistic effects that 
could pave the way for more sustainable rabbit production and 
could be a promising approach to minimize the use of antibiotics 
and therefore recommended for use in rabbits’ husbandry under 
commercial production conditions. However, the understanding 
of the regulatory role of current synbiotic on the intestinal health 
and the mechanism of action warrants further study.
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