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SUMMARY

supplementation on blood parameters, immunological responses, and reproductive and productive

performance of Hi-Plus doe rabbits under North Sinai conditions. Sixty Hi-Plus doe rabbits, aged 5
months and body weight 3190.2+30.7 g, were used in this study from May to September 2022. Does were
randomly divided into four similar treatments. The 1st treatment (Trl) was served as a control without
supplementation. Does received 10 g of ZAD® / kg basal diet (1.0 %) in the 2nd treatment (Tr2), 10 ml of
ZADO® /kg basal diet (1.0 %) in the 3rd treatment (Tr3), and 10 g of YEAST/ kg basal diet (1.0 %) in the 4th
treatment (Tr4) during the experimental period. The obtained results demonstrated that applying biological
additives increased (P<0.05) glucose, total protein, globulin, triiodothyronine (T3), immunoglobulin (IgA), and
total antioxidant levels, while decreased (P<0.05) total cholesterol and triglycerides in blood plasma of the
treated doe rabbits. Progesterone (P4) significantly increased in the treated groups compared to control doe
rabbits. Indeed, immunoglobulin levels of 1gG and IgM were increased (P<0.05) only in the doe rabbits of Tr4
compared with doe rabbits in Trl. Conception rate, milk yield, litter size and weight at birth and weaning as
well as productive efficiency index was higher (P<0.05) in the treated doe rabbits than in control ones. Feed
conversion value was improved (P<0.05) in the treated doe rabbits compared with control group. Activity of
plasma transaminase (ALT) decreased (P<0.05) only in the doe rabbits of Tr2 and Tr4 compared to doe rabbits
in Trl. In conclusion, under heat stress conditions, dietary supplementation of biological probiotics (ZAD®,
ZADO® and YEAST®) at a level of 1% could enhance the reproductive and productive performance, increase
milk yield, reduce pre-weaning mortality, improve blood constituents and immunological status of doe Hi-Plus
rabbits. Supplementation of 10 g YEAST /kg diet showed the best impacts as compared to other supplements.

This investigation aims to study the effect of probiotics ZAD®, ZADO® and YEAST®

Key words: Rabbits, probiotics, reproductive and productive performance, immunity.
INTRODUCTION

In Egypt, rabbit production are suffering from heat stress which considered as one of the important
environmental stressors challenging rabbit productions, where it causes deleterious effects on
physiological responses, productive and reproductive performance of rabbits (Amer et al., 2013; Sakr et
al., 2019). Under severe heat stress, rabbits have a depression in feed intake and efficiency of feed
utilization, disturbances in water, protein, energy and mineral metabolism balances, enzymatic reactions,
hormonal secretions, and blood metabolites as well as a depression in immune function (Abd El-Hamid
et al., 2022). Nowadays, probiotics are used as growth promoters on a large scale to avoid the presence
of residues of antibiotics in animal products used in human consumption. Probiotics have been reported
to positively affect growth performance and health of rabbits (Ezema and Eze, 2012; Bhatt et al., 2017).
However, studies on the use of yeast as a probiotic in rabbit does are scarce. Indeed, the results of Ayyat
et al. (1996) suggested that the inclusion of the probiotic (Lacto-Sacc) in diets of lactating doe rabbits
increased milk production, litter size, and weight at weaning. A large number of natural growth
promoters, including immune-boosters, probiotics, and prebiotics are currently available on the market.
Under this point of view, the anaerobic probiotic technology (ZAD)® may be a substitute for antibiotic
growth promoters in the feeding idea (Gado et al., 2017). The ZAD® is a patented product manufactured
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by the Academy of Scientific Research and Technology, Egypt. It is an enzyme biotechnology product
from natural sources to raise the anaerobic bacteria cellulase enzyme levels that can transform
polysaccharides by the enzyme catalytic process to monosaccharides. The product is designed in a liquid
form to provide tools to improve the nutritional value of fibrous materials and to improve the overall
digestion of animals. It includes the subsequent activity of enzymes such as hemicellulose (6.2 U/g),
cellulose (8.2 U/g), protease (12.3 U/g), and amylase (64.4 U/mg) (Gado et al., 2011, 2013 and 2017),
besides the anaerobic bacteria that create these enzymes (Abdel-Aziz et al., 2015). Anaerobic probiotic
(ZAD®) is a dietary 1.5 liter for rabbits that helps animals to overcome heat stress. It augmented
production of milk, raised the daily average gain, enhanced throughout the physiological aspects and
lowered the rabbit mortality rate (Gado, 2020).

The probiotic product of ZAD® is a liquid biotechnical product made from natural sources of bacteria
to elevate the level of multi-enzyme such as cellulase, xylanzses etc. The product is intended to provide
tools to improve the nutritive value for fibrous materials through ZAD® and ZADO® is designed to
improve the rumen kinetics and overall animal digestion. Gado et al. (2015 and 2016) revealed that the
addition of ZADO to commercial diet increased conception and kindling rates, litter size, weights at birth
and weaning and milk yield, while decreased abortion and preweaning mortality rates. The addition of 1
g of YEAST (Actisaf Sc47, LESAFFRE)/ kg of diet enhanced fertility and reduced mortality rate of
rabbit does and improved the viability rate of Kits at birth (Belhassen et al., 2016).

This research aimed at studying the efficacy of ZADO®, ZAD® and YEAST®, as biological additives,
to enhance productive and reproductive performance as well as immunological and blood metabolites in
Hi-Plus doe rabbits under the conditions of North Sinai Governorate.

MATERIALS AND METHODS

An experiment was carried out in accordance with the guidelines laid down by the Institute of Animal
Ethics Committee for the use of animals (2010/63/EU of the European Parliament and of the Council of
September 22, 2010).

Study region:

This investigation was implemented at a private rabbit farm (Latitude 31° 29’ N; Longitude 32° 34’ E),
Governorate of North Sinai, in cooperation with Department of Animal and Poultry Physiology, Desert
Research Center, Ministry of Agriculture, Cairo, Egypt, Systel Telecom Company and Egyptian Center
of Excellence for Biosaline Agriculture.

Animals, management and experimental design:

A total of 60 virgin Hi-Plus doe rabbits, 5 months old with an average body weight of 3190.2+30.7 g
were used in this experiment. The study was conducted from May to September 2022. The rabbits were
housed in standard dimensions (50x60x40 cm) wired metallic cages attached with nest box (40x30x27
cm) for kindling and nursing. All does were fed a commercial concentrate pelleted diet containing 18.0%
crude protein, 15.0% crude fiber, 2.5% fat, 0.6% minerals mixture and 2600 kcal/kg digestible energy
according to NRC (1994). Fresh water was available all days through nipples drinker system.

Doe rabbits were divided into four similar treatments: The 1% treatment (Trl) wasserved as control
without supplementation. Doe rabbits received 10 g of ZAD® / kg basal diet (1.0 %) in the 2™ treatment
(Tr2), 10 ml of ZADO® /kg basal diet (1.0 %) in the 3" treatment (Tr3), and 10 g of YEAST®/ kg basal
diet (1.0 %) in the 4™ treatment (Tr4).

Probiotic ZAD® is a mixture of anaerobic bacteria (Ruminococcus flavefaciens 1x10° CFU/L) and
exogenous enzymes. Probiotic ZADO® is a mixture of anaerobic bacteria (Ruminococcus flavefaciens
1x10%'° CFU/L) and exogenous enzymes. Both ZAD® and ZADO® were kindly provided by Bactizad
Company. A commercial saccharomyces cerevisiae was used in the current study.

Meteorological data:

Ambient temperature (°C), relative humidity (RH, %) were recorded at 8 a.m. and 2 p.m. using
hygro-thermometer. According to Marai et al. (2002), temperature-humidity index (THI) was calculated
using the following equation: THI= (0.8xAT, °C) + [(RH/100) x (AT, °C-14.4)] + 46.4. Where, db °C =
dry bulb temperature in centigrade and RH = relative humidity (%). The THI values were classified as
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absence of heat stress (<27.8), moderate heat stress (27.8- 28.8), severe heat stress (28.9- 29.9) and very
severe heat stress (>30.0). Meteorological data during different experimental months are presented in
Table 1.

Table (1): Indoor ambient temperature, relative humidity, and temperature-humidity index
throughout experimental period.

Months Min Max Min Max Min Max

AT (°C) AT (°C) RH (%) RH (%) THI THI
May 25.7 32.1 425 54.1 24.1 28.9
June 25.5 32.4 41.0 51.3 23.8 29.1
July 27.3 33.6 41.0 53.8 25.4 30.1
August 27.8 34.8 455 62.8 26.2 315
September 27.5 33.6 45.5 67.0 26.2 30.3
Overall 25.7 33.3 43.1 57.8 25.1 30.1

AT= ambient temperature, RH= relative humidity, THI= temperature humidity index

Thermo-respiratory responses:

At 2.00 pm, fife doe rabbits per experimental group were used to measure rectal, fur, ear, and skin
temperatures (RT, FT, ET, and ST, °C) and respiratory rate (RR, breath/minute). Rectal temperature as
body temperature indicator was measured using a calibrated clinical thermometer (Model Incoterm,
Porto Alegre /RS, Brazil with £ 0.1 °C accuracy), with a temperature range of 32-43.9 °C. Temperature
degrees of skin, fur and ear were recorded using digital tele-thermometer. Respiration rate (RR,
breath/minute) was measured by counting the wave cycles of the breast up and down per 30 s, and the
obtained value was multiplied by 2 to give the number of breaths per minute. Thermos-respiratory values
were measured two times per month and the monthly averages of RT, FT, ET, ST, and RR were
calculated in the four experimental groups.

Blood sampling:

Blood samples were collected biweekly from all doe rabbits from the ear vein in plasma vacutainer
tubes (5 ml) throughout the experimental period to determined blood metabolites, triiodothyronine and
progesterone. The blood samples were centrifuged for 15 minutes at 5000 rpm, then plasma samples
were separated and stored at —20 °C for later analysis.

Blood metabolites analysis:

Plasma total proteins, albumin, glucose, cholesterol, tri-glycerides, creatinine, alanine
aminotransferases (ALT), aspartate aminotransferase (AST), and urea were analyze using commercial
chemical kits (Biomed diagnostics, Egypt). Globulin concentration was calculated. Total antioxidant
capacity (TAC), was calorimetrically assayed using commercial kits (Biodiagnostic Research, Egypt).

Hormonal assay:

Triiodothyronine (Ts) and progesterone (Ps) hormones were analyzed using ELISA kits (Monobind,
USA) according to Wheeler et al. (1994) and Abraham (1974), respectively. The intra -and inter-assay
CV's were 9.3 and 8.83, respectively. However, blood samples for progesterone hormone analysis were
collected on days 7, 14, 21 and 28 post-mating.

Immunological parameters:

Immunoglobulin G (1gG), immunoglobulin A (IgA), immunoglobulin M (IgM), were analyzed using
commercial kits (Reactivos GPL Barcelona, Espafia).

Reproductive and productive performance:

In this experiment, two parities were obtained from each doe in all groups. Conception rate (CR, %),
number of services per conception (NSC), and gestation period length (GL, day) were recorded. Litter
traits, mortality from birth to weaning and stillbirth rates were also recorded.
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Economic indicators and efficiency:

Total feed intake (TFI, kg) = daily feed intakex120 days, feed conversion (FC) = feed conversion (TFlI
/ PI)., and productive efficiency index (PEI, kg live weight) = litter size at weaning x number of parities
(2 parities) x total weaning weight (kg), were calculated. The data were calculated based on the
Egyptian market prices of diets at 2022 as follows: Total feeding cost (L.E.) = TFI (kg) x (cost of kg feed
+cost of kg biological additive). Cost of one kit production = total feeding cost (LE) / litter size at
weaning per doe.

Statistical analysis:

Data were analyzed by one-way analysis procedure (ANOVA) using the General Linear Model
Procedure (SAS, 2004).

The model was as follows:
Yi= p+ Ti+ e

Where, Y= any observations of i rabbit within j" treatment, u = overall mean, T; = effect of i
treatment, (i: 1-4), ej; = standard error.

All statements of significance are based a probability of less than 0.05. Significant differences among
means were tested using Duncan multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Thermo-respiratory responses:

Dietary addition of ZAD, ZADO, and Yeast (Tr2, Tr3 and Tr4, respectively) decreased (P<0.05) the
thermos-respiratory responses (RT, FT, ET, ST, and RR) as compared to of the control diet in Trl (Table
2). No significantly differences were observed in thermos-respiratory responses among treatments (Tr2,
Tr3 and Tr4). Thermoregulation is defined as the maintenance of the temperature(s) of the body within a
restricted range under conditions of internal and/or external heat loads (Bligh and Johnson, 1973). The
comfort zone for rabbits under Egyptian conditions is between 18 and 21 °C (Marai et al., 2002; Ahmed,
Nagwa et al., 2000 and 2005). Exposure to high ambient temperature induces rabbits to try to balance
their excessive heat load by using different means to dissipate the latent heat. If such means fail, rabbits
use strategies that including depression in feed intake and efficiency of feed utilization as well as
disturbances in water, protein, energy, and mineral metabolism balances, enzymatic reactions, hormonal
secretions, and blood metabolites (Habeeb et al., 1992). Treated doe rabbits with biological additives
during heat stress conditions might resulted in more controlled thermo-respiratory responses and/or a
decrease of energy resulting in decreasing serum cholesterol and triglyceride concentration (Gado, 2020).

Table (2): Mean = SEM of thermo-respiratory responses in Hi-Plus doe rabbits fed on biological

treatments.
Treatment P
Items Trl T2 13 T1ra M Jale
RT (°C) 30.77% 3903 3922° 3926 008 _ 0.001
FT (°C) 3127 2979° 2968° 3003 042  0.037
ET (°C) 33.20° 31.74° 32.20% 32.02° 038  0.049
ST (°C) 3513 33.96° 3405 3431 022  0.001
RR (breathes/minute) 17495 14315> 141.95° 13520° 574  0.001

Trl=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet. RT=rectal temperature, FT=fur temperature, ET=ear temperature, ST=skin temperature,
RR=respiration rate

a¢ Means bearing different superscripts within the same row are significantly different (P<0.05).

Total protein and its fractions:
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Supplementing biological additives (ZAD, ZADO and Yeast) increased (P<0.05) the levels of total
proteins and globulin as compared to the control in Trl (Table 3). However, no significant differences
were observed in albumin and albumin/globulin ratio among treatments.

These results are in agreement with Abd El-Latif et al. (2008), who found that rabbits fed enzymes
achieved high concentrations of serum total protein, aloumin, and globulin. They explained that the
elevation of these blood parameters may be due to the positive effect of enzymes on liver function and
the digestibility of crude fiber and organic matter. Also, Makled et al. (2005) suggested that the increase
in plasma total protein concentration by feeding the Optizyme-supplemented diets is due to an increase in
crude protein digestibility which was associated with an improvement in growth performance of rabbits.
On the other wise, increased total protein and globulin of doe rabbits received biological treatments may
be an indication of the relatively good quality and availability of the dietary protein. Higher total protein
and globulin values, being within the normal range of the rabbits received 1 % ZAD, ZADO and YEAST
(10 g / kg diet) may indicate a proper and save level of the dietary protein used in this study.

Table (3): Mean + SEM of total protein and its fractions in blood plasma of Hi-Plus doe rabbits fed
on biological treatments.

Treatment
ltems Tri Tro Tr3 Tra SEM P value
Total protein (g/dl) 5.340 6.142 6.422 6.342 0.16 0.001
Albumin (g/dl) 3.33 3.69 3.35 3.50 0.15 0.307
Globulin (g/dl) 2.01°¢ 2.45P 3.078 2.842 0.19 0.002
Albumin/Globulin ratio 1.72 1.61 1.23 1.48 0.15 0.143

Trl=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet. TAC=total antioxidant capacity
&t Means bearing different superscripts within the same row are significantly different (P<0.05).

The blood protein and globulin are the part of immunity components that albumin-based antibodies are
the main protein component of serum which synthesized in the hepatic tissues, which acts the response of
humoral immune and that could support the augmentation of immune organs (Abdel-Azeem et al., 2018).
Accordingly, in the present study, findings of globulin levels in serum were supported by Girotti et al.
(2004), who recommended that supplementing xylanase to wheat-based cockerel diets from 7 to 21 d of
age augmented the response of humoral immune. The functions of albumin include regulation of the
distribution of extracellular fluid, and transport agent of many substances as bilirubin, fatty acids,
hormones, and vitamins (Attia et al., 2016). These results, in turn, affected the albumin/globulin ratio as
in the other treatment groups it descended from 1.72 in the control to 1.61, 1.23 and 1.48 in biological
treatments. The reduction in the albumin /globulin ratio may indicate an augment in the immunity of doe
rabbits.

Blood metabolites parameters:

Mean value of plasma glucose concentration increased (P<0.05) in the rabbits of Tr2, Tr3 and Tr4 by
23.6, 31.7, and 25.2 %, respectively, as compared to rabbits in Trl. In an opposite trend, total cholesterol
and triglycerides concentrations were decreased (P<0.05) in the treated doe rabbits (Tr2, Tr3 and Tr4)
compared with control does (Trl). So, no significant differences were noticed in plasma glucose,
cholesterol and triglycerides levels among treated groups (Table 4).

The present results showed a positive effect of ZAD, ZADO, and YEAST on decreasing the serum
lipid profile in the rabbits, indicating that supplementation of biological or probiotic treatments could
play a role in the lipid metabolism of rabbit. Our results showed significant decrease in total cholesterol
and triglycerides levels. These results agreed with the results of Abdel-Azeem et al. (2018). By
supplementing enzymes, it can inhibit the merger of 14C-labeled acetate to the non-saponifiable lipid
fraction and therefore decrease the biosynthesis of lipid profiles and/or may have indirect inhibitory
effects in the lipid biosynthesis enzyme hydroxymethyl-glutaryl coenzyme-A reductase levels
(Fukushima and Nakano, 1995). This might indicate to the important of probiotic supplementation of
rabbit to reduce the blood lipid profile and thus aiding to reduce total cholesterol deposition in the
muscles and skin. This also means the possibility of incorporating the probiotic which will lead to
products of an animal with the decreased cholesterol. The decline in rabbit blood cholesterol levels
received probiotic supplementation is likely to indicate an overall decline in the mobilization of lipid. On
the other hand, S. cerevisiae cell wall component, beta glucan, had a cholesterol lowering effect as
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documented by some researchers (Dhewantara, 2016; Sudiana et al., 2022). In this respect, Paryad and
Mahmoudi (2008) reported a reduction in plasma cholesterol and triglyceride levels of chicks fed on
yeast supplement. These researchers suggested that yeast may regulate the blood cholesterol
concentrations by de conjunction of bile acids. However, Seyidoglu and Galip (2014) observed that
saccharomyces cerevisiae (SC) did not affect the serum lipid, triglyceride, and cholesterol.

Table (4): Mean = SEM of blood metabolites in Hi-Plus doe rabbits fed on biological treatments.

Treatments

Items Trl Tro Tr3 Tra SEM P value
Glucose (mg/dl) 108.96°  134.70° 14356 136497 8.86 0.050
Cholesterol (mg/dl) 161.722 148.68°  146.69° 14521  3.67 0.022
Triglycerides (mg/dl) 127.93? 97.74" 84.38" 87.46° 6.52 0.001

Tri=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet.
&b Means bearing different superscripts within the same row are significantly different (P<0.05).

Liver and kidney functions:

Mean values of plasma alanine aminotransferase (ALT) activity decreased (P<0.05) in the doe rabbits
of Tr2, Tr3, and Tr4 by 31.0 and 24.1 %, respectively, as compared to doe rabbits in Trl. The results
showed that ALT activity did not differ significantly (P>0.05) in Tr3 from that in control (Trl).
However, AST activity and concentration of creatinine and urea in plasma of rabbits were not affected by
treatments (Table 5).

Table (5): Mean + SEM of liver and kidney functions in plasma of Hi-Plus doe rabbits fed on
biological treatments.

Treatments

Items Trl Tr2 T3 Tra SEM P value
ALT (1U/L) 18.50? 12.76¢ 16.30% 14.03% 0.92 0.003
AST (IU/L) 41.56 35.60 39.16 40.16 2.10 0.233
Creatinine (mg/dl) 0.96 0.97 1.05 1.02 0.04 0.370
Urea (mg/dl) 39.29 43.02 39.87 38.20 1.78 0.269

Tri=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet. ALT=alanine aminotransferase, AST=aspartate aminotransferase
a¢ Means bearing different superscripts within the same row are significantly different (P<0.05).

Serum liver enzymes activities values (ALT and AST) in the present study are within the normal range
of rabbits (Ajayi and Raji, 2012). Activity of serum ALT and AST are commonly utilized specifically to
diagnose domestic animal hepatic damage and utilized to detect bile obstruction (i.e. mild and
progressive liver damage) (McGill, 2016). That none of these blood metabolites changed between
biological treatments received ZAD®, ZADO®, YEAST® and that they all fell within normal ranges for
rabbits suggest that no liver damage had occurred. Rabbits in the biological treatments indicated no
clinical signs of toxicity or signs of morbidity, indicating safe and healthy effects of these biological
treatments.

Immunological parameters:

Plasma concentration of IgA increased (P<0.05) in treated doe rabbits (Tr2, Tr3 and Tr4) by 32.1,
35.8, and 48.4%, respectively, compared with control group (Table 6). Indeed, 1gG and IgM levels
increased (P<0.05) in the doe rabbits of Tr4 by 17.8 and 34.5 %, respectively, compared with control doe
rabbits. Meanwhile, IgM level increased (P<0.05) in Tr4 compared to the does in Tr3. Feeding rabbits on
YEAST expand mucosal immunity by increasing IgM and IgA levels against pathogens, enhances
intestinal development and function, adsorbs mycotoxins, modulates gut microbiota, and reduces post-
weaning diarrhea (and Azoz and Al-Kholy, 2006; Elghandour et al., 2019). These results agreed with the
results of Fathi et al. (2017), who reported that the inclusion of a probiotic in the feed of rabbits reared
under hot environmental conditions greatly enhanced humoral and cell-mediated immune responses. On
the other hand, no significant differences were found in IgA an 1gG levels among treated groups (Tr2,
Tr3 and Tr4).
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Table (6): Mean £ SEM of immunological parameters in Hi-Plus doe rabbits fed on biological

treatments.
Treatments
ltems Tri Tro Tr3 Tra SEM P value
IgA (mg/dl) 13.55P 17.918 18.412 20.11#@ 0.95 0.001
19gG (mg/dl) 221.54b 245.1020 238.672 261.13¢2 8.58 0.018
IgM (mg/dl) 14.23° 17.37% 15.18° 19.152 1.32 0.049

Trl=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g

YEAST®/kg diet.
ab Means bearing different superscripts within the same row are significantly different (P<0.05).

Total antioxidant capacity:

The results exhibited that total antioxidant level increased (P<0.05) in the doe rabbits of Tr2 by 36.4%,
Tr3 by 70.1%, and Tr4 by 58.2% as compared to the control doe rabbits in Trl (Figure 1).
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Figure 1. Total antioxidant capacity in plasma of Hi-Plus doe rabbits fed on biological treatments

Tri=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet.

a¢ Means bearing different superscripts are significantly different (P<0.05).

The outcomes indicated that the changes in the activity of numerous antioxidant enzymes can be used
in rabbits to evaluate the oxidative stress level and the total antioxidant status (Abdel-Azeem, 2019). An
availability indicator of reduction agents in blood plasma is the total antioxidant capacity (TAC), and
thus plasma'’s ability to scavenge free radicals of oxidation (Kambayashi et al., 2009). Antioxidant
enzymes can stop the oxidation either by scavenging the mainly reactive free radical in vivo or by
steadying move metal radicals such as Cu* or Fe?* (Afolabi and Oloyede, 2014). Our results revealed that
total antioxidant capacity in blood plasma of rabbits fed biological probiotics treatments (ZAD®, ZADO®
and YEAST®) groups were significantly higher than the control, indicating improved scavenging
capacity of the antioxidant defense system against oxidative stress processes in treatment groups.

These biological and probiotic treatments cause increases the number of beneficial bacteria (Abdel-
Azeem et al., 2018), which may be used the free radical and reactive oxygen species (ROS) during their
metabolic processes and /or indirectly because of the mixture of enzymes that positively improved
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growth performance, nutrient digestible coefficient and nitrogen balance as well as mortality rate (Gado
et al., 2017; Bhatt et al., 2017; Abdel-Azeem et al., 2018; Sherif, 2018), which might reflected on the
improvement of the state of public health, increases the activity of cells to produce antioxidants and
resistance to increase the production of free radicals. The ZAD® and ZADO® may be called probiotics to
contain the mixture of anaerobic bacteria that create these enzymes. Probiotics antioxidant mechanisms
may be attributed to ascorbate autoxidation reduction activity and inhibition, ROS scavenging, enzyme
inhibition, and metal ion chelation (Abd El-Hamid, 2018). Probiotic metabolic operations may have an
antioxidant impact by the scavenging or banning of oxidant compounds in the gut (Azcarate-Peril et al.,
2011). Moreover, Lin and Yen (1999) assumed that beneficial gut bacteria create several factors able to
inhibit cytotoxic activity, remove free radicals, and catch ROS.

Hormonal profiles:

Thyroid hormone:

Mean concentration of plasma triiodothyronine hormone (T3) was increased (P<0.05) in the doe rabbits
of Tr2, Tr3 and Tr4 by 33.3, 28.0 and 42.1%, respectively, as compared to doe rabbits in Trl.
Meanwhile, triiodothyronine hormone was increased (P<0.05) in the doe rabbits of Tr4 by 10.9 % as
compared to the rabbits in Tr3 (Figure 2).
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Figure (2): Concentration of plasma triiodothyronine hormone in Hi-Plus doe rabbits fed on
biological treatments

Trl=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet.
&¢ Means bearing different superscripts are significantly different (P<0.05).

Triiodothyronine hormone plays an important role in regulating metabolism and thermogenesis (Tao et
al., 2006). Concentration of T3 hormone is highly correlated to feed intake and heat stress (Liang et al.,
2022). Exposure of rabbits to heat stress conditions causes a decrease in T3 level and heat production,
and sustain homoeothermic (Uni et al., 2001; Attia et al., 2016; Sakr et al., 2019). The increase in
thyroid hormones in ewes fed ration supplemented with probiotic mixture as compared to the control
group indicated that these probiotics may increase protein level, and improve dry matter and other
nutrient digestibility (Gado et al., 2006). In this way, Abou-Zeina et al. (2015) found that T3 and Ta
concentrations were higher in goats fed diets supplemented with high doses of exogenous enzyme than
the control group. Abd El-Hamid et al. (2022) suggested that the enzymes directly or indirectly promote
and enhance the activity of deiodinase in liver and kidney tissues, promoting the transformation of T,
into the biologically active hormone (Ts).
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Reproductive and productive performance:

The results of Table 7 reveled that CR (%), MY, LSB, LSW, LWB and LWW were increased (P<0.05)
in the doe rabbits of Tr2 (by 19.6, 26.9 ,32.4, 46.9, 19.8 and 40.3 %, respectively), Tr3 (by 25.6, 40.0
,42.9, 53,9, 42.1 and 58.8 %, respectively) and Tr4 (by 28.6, 41.8 ,38.8, 53.2, 50.0 and 65.8 %,
respectively) as compared to control group (Trl).

Table (7): Mean £ SEM of reproductive and productive performance of Hi-Plus doe rabbits fed on
biological treatments.

Treatments

ltems Trl Tr2 Tr3 Tra SEM P value
CR (%) 62.18 74.41 78.10 79.97 4.85 0.052
NSC 1.66 1.50 1.37 1.33 0.10 0.116
GL (day) 31.802 30.73° 30.81P 30.60P 0.19 0.002
LSB 5.33b 7.062 7.622 7.402 0.50 0.007
LSW 4.26° 6.262 6.56° 6.532 0.44 0.001
LWB (g) 265.06° 317.73° 376.81° 397.66° 19.57 0.001
LWW (g) 2643.80° 3709.66° 4200.62% 4384.002 220.15 0.001
MRBW (%) 17.53 11.26 12.92 11.13 3.27 0.481
Stillbirth (%) 13.91 9.58 3.64 3.24 3.57 0.053
OMRBW (%) 31.44 20.84 16.56 14.37 5.22 0.057

Trl=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet.

CR=conception rate, NSC=number of services per conception, GL=gestation length, LSB=litter size at birth,
LSW=litter size at weaning, LWB=litter weight at birth, LWW=litter weight at weaning, MRBW=mortality rate from
birth to weaning, OMRBW=overall mortality rate from birth to weaning.

a¢ Means bearing different superscripts within the same row are significantly different (P<0.05).

These results agree with the results of Gado et al. (2016), they reported that feeding enzyme increased
conception rate with increased effect as the enzyme level was increased. Moreover, compared to the
control rabbits, litter size and weight at birth and litter size and weight at weaning were improved with
feeding enzyme additive, also, milk yield increased with the increasing level of enzyme additive
compared with the control treatment. On the other hand, they noticed that the pre-weaning mortality was
decreased with addition of enzyme additive compared with control. Improved reproductive and
productive performance in the doe rabbits fed biological probiotic treatments may be related to the
improved nutritional status of the mother does. Indeed, ZAD, ZADO and YEAST additives feeding
decreased pre-weaning mortality.

Improved fertility and nutritional status of the doe rabbits were the results of the stimulatory effect of
nutrients made available to the animals, as the improved nutrition enhances productive status of doe
rabbits. Whereas numerous studies have been carried out with ruminants to investigate the potential
benefits of feeding EZ (Rojo et al. 2015; Morsy et al. 2016), very few studies have been carried out on
rabbits (Gado et al., 2016). Indeed, the results of Ayyat et al. (1996) suggest that the inclusion of a
probiotic (Lacto-Sacc) in diets of lactating rabbit does increased milk production, litter size and weight at
weaning. However, biological probiotics treatment gained substantial interest in recent years in rabbit
nutrition (Abdel-Aziz et al. 2015). Because the large intestine with cecum of the rabbit is a fermentation
system similar to the rumen (De Blas and Wiseman 2010; Cunha and Cheeke 2012), some of our
explanations would borrow from studies with ruminant animals. The direct results of such actions could
have improved the nutrition status of rabbit does receiving the enzymes preparation. Improved feed
utilization as a result of enzymes inclusion reported previously by Abo-Eid et al. (2016) is due to
improved digestion rate of fiber fractions and altered fermentation kinetics as well as improved
synergism between exogenous and endogenous enzymes (Wang et al. 2008). Feeding enzymes additive,
in most cases, is paralleled with enhancing effect on microflora growth in gut and cecum and improving
total and individual short chain fatty acids and nutrients (e.g., organic matter) digestibility.

In other studies, Maertens et al. (1994) and Ayyat et al. (1996) observed a significant improvement in
litter size and weight at 21 d and at weaning due to Paciflor® and to Lacto-Sacc supplementation.
However, supplementation of rabbit does’ diet with Actisaf Sc 47 did not affect the kits’ weight gain in
the first 21 d of age and no marked changes were observed during the last week before weaning. These
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results showed firstly a possible lack of effect of Actisaf Sc 47 on milk production from birth to 21 d,
when kits do not consume solid feed and their weight gain is related directly to the milk consumption,
and secondly on solid consumption from 21 d until the weaning. However, Pinheiro et al. (2007)
observed a higher weight gain in treatment group with Toyocerin® from 18 d of age to weaning in kits.

The decreased mortality of rabbits fed ZAD, ZADO and YEAST diets is another benefit of biological
additive inclusion. Feeding rabbits on biological probiotics and balanced diets might help to control pre-
and post-weaning mortality by limiting pathogen microbial populations (Garcia- Ruiz et al. 2006) or by
reduction of N flow at ileum, as observed by Garcia et al. (2005). In an agreement with the present
results, Eiben et al. (2004) obtained improved performance and decreased mortality of rabbits with the
inclusion of cellulase in their diets.

Pinheiro et al. (2007) observed a decrease in mortality of kits from birth to 18 d of age. Moreover,
Stamati et al. (2006), observed higher pre-weaning mortality among piglets in the control group than in
the treated batch when applying 0.5 kg of Toyocerin/ton of feed.

No significant effects in NSC and MRBW (%) values among all groups (Tr1, Tr2, Tr3 and Tr4) were
observed. However, values of GL (d), stillbirth (%) and overall MRBW (%) decreased (P<0.05) in the
treated doe rabbits (Tr2, Tr3 and Tr4) compared to control doe rabbits. No significant differences were
observed in stillbirth (%) and overall MRBW (%) between the doe rabbits in Tr2 and Trl (Table 6).

Progesterone profile:

Plasma progesterone hormone (P4) concentration increased (P<0.05) in the treated does (Tr2, Tr3 and
Tr4) as compared to control one (Figure 3). Progesterone hormone (Ps) has an essential role in
physiology of reproduction in the mammalian species. Progesterone is a key hormone for maintenance of
pregnancy, where it inhibits myometrial activity as well as it acts as regulator of hypothalamo-
hypophyseal system (Ahmed, Nagwa et al., 1994). These results may indicate that progesterone
concentration increased significantly as litter size at birth increased in rabbits (Table 7). The high levels
of progesterone at the 7™ day of gestation which continued to 14" day plays an important role in the
preparation of the uterus for implantation of the fertilized ovum and inhibition of uterine contractions
during the first few days of pregnancy (Azoz, 1996).
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Figure (3): Plasma progesterone concentration in Hi-Plus doe rabbits fed on biological treatments

Tri=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet.
&b Means bearing different superscripts are significantly different (P<0.05).

Milk yield:

The results showed that milk yield improved (P<0.05) with biological treatments (ZAD, ZADO and
YEAST) whereas treated doe rabbits of Tr2, Tr3 and Tr4 achieved higher values of milk yield by 26.9,

364



Egyptian J. Nutrition and Feeds (2024)

40.0, and 41.8%, respectively, as compared to control group (Trl) (Figure 4). This increment in milk
yield could be explained based on the increased intestinal metabolic activity, modified intestinal hindgut
microbiota by the exclusive competition with intestinal pathogenic bacteria and modified structure and
function of the intestinal epithelium causing stimulated immune system (Jeklova et al., 2007). Another
important factor affecting milk yield is the increased litter size. During the lactation, milk yield is higher
when the litter size is larger (McNitt and Lukefahr 1990; Sakr et al., 2019). Increased feed intake and
utilization are important reasons for increased milk yield, as the milk produced by the doe is about 3 to
5% of the daily feed intake (Hassan et al., 2013). Higher milk production and the nursing ability of the
doe are key aspects for rearing young rabbits (Gado et al., 2016). Increasing milk yield of biological
supplemented groups might due to increased availability of nutrients and energy for lactogenesis.
Probiotic additive feeding improved normal rabbit vital signs (e.g., rectal temperature, skin temperature,
earlobe temperature, respiration rate, and pulse rate). The normal vital signs depend on recent activity,
feed and water consumptions, and the physiological stage of the rabbits. The measured physiological
traits indicate physiological ability of rabbit body thermoregulation with feeding enzyme additive. These
results are due to the positive effects of enzyme on the respiratory rate and body metabolism (Gado et al.,
2016).
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Figure (4): Milk yield in Hi-Plus doe rabbits fed on biological treatments

Tri=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet.

&b Means bearing different superscripts are significantly different (P<0.05).

In addition, this result might be due to better health condition due to positive actions of live yeast in
their gut intestinal tract (Bontempo et al., 2006). This observation agrees with the shortened interval
from parturition to effective mating of New-Zealand x Californian rabbit does with Toyocerin®
observed by Nicodemus et al. (2004). On the other hand, it contrasted with the results of Kalmus et al.
(2009), who reported no effect of yeast supplementation on resumption of ovarian activity in dairy cows.
However, the addition of ZAD®, ZADO® and YEAST® increased the ability of lactating doe rabbits to
alleviate heat stress as evident by increased milk production during the summer season (Gado, 2020).

Economic feed efficiency:
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Concerning the total feed intake (TFI), The present results demonstrated that there were no significant
differences among experimental groups (Table 8), where productive efficiency index (PEI) was higher
(P<0.05) in all treated doe rabbits (Tr4, Tr3 and Tr2, in order) compared with control ones.

Table (8): Mean = SEM of economic indicator of Hi-Plus doe rabbits fed on biological treatments.

Treatments
Items Trl T2 Tr3 Tra SEM P value
TFI (kg) 24.71 25.04 23.26 23.12 0.42 0.133
PEI (kg, live weight) 5.28¢ 7.41° 8.40% 8.76° 0.44 0.001
FC 4,682 3.38P 2.77° 2.64P 0.39 0.001

Trl=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet.

TFI=total feed intake (daily feed intake x 120 days (experimental period)). PElI=productive efficiency index (litter
size at weaningx number of parities x total weaning weight).

FC=feed conversion (TFI / PI).

a¢ Means bearing different superscripts within the same row are significantly different (P<0.05).

Moreover, efficiency index was higher (P<0.05) in the doe rabbits of Tr4 as compared to doe rabbits in
Tr2.

Feed conversion value improved (P<0.05) as a result of biological additives supplementation where
treated rabbits Tr2, Tr3 and Tr4 exceeded control ones by 27.8, 40.8 and 43.5 %, respectively. These
improvements in feed conversion of rabbits could be due to the greater nutrient digestibility of probiotics
and biological supplemented rabbit diets. Ezema and Eze (2010) and Bhatt et al. (2017) indicted that
dietary supplementation with probiotics had positive effect on feed conversion ratio of rabbits. Oso et al.
(2013) and Amber et al. (2004) suggested that the improvement in feed efficiency of rabbits in response
to feeding probiotic-supplemented diets could be explained by increasing the beneficial microflora in the
gut and improving nutrient digestion and absorption. They stated that the improvements were due to
probiotic modification in caecal microflora. Kritas et al. (2008) also reported higher gains and better feed
conversion ratio in rabbits supplemented with probiotics than their control counterparts. Also, Bhatt et al.
(2017) reported that rabbits given diets supplemented with probiotics had superior feed conversion ratio
to the control group.

Supplementation of biological activities increased the economic efficiency where doe- rabbits of Tr2,
Tr3 and Tr4 had higher economic efficiency compared with control rabbits. Cost of one kit production of
Hi-Plus rabbits decreased by 8.40, 12.72 and 12.77 L.E. in Tr2, Tr3 and Tr4, respectively as compared to
their counterparts of control group (Table 9). These results agree those of with Amber et al. (2004) and
Onu and Oboke (2010), they reported that performance index and the net revenue were significantly
increased by the probiotic or enzyme diets, as compared to control diet. Moreover, Abdel-Azeem et al.
(2009) observed the best net return, percentage of economic efficiency; relative economic efficiency and
performance index due to supplementing probiotic on rabbit diets. Meanwhile, El-Katcha et al. (2011)
recorded that dietary supplementation of probiotic at 0.1 or 0.15 g/kg diet improve economic efficiency
by about 64.9% and 49.7% in two different groups. Ogunsipe (2014) found that lowest cost of feed
/weight gain for rabbits was recorded when rabbits were fed enzyme supplemented-based diet.

Table (9): Economic efficiency of Hi-Plus doe rabbits fed on biological treatments.

Items Treatments

Trl Tr2 Tr3 Tr4
Total feed intake/doe 24.71 25.04 23.26 23.12
Cost of kg feed (L.E.) 8 8 8 8
Cost of kg biological additive (L.E.) 0 15 15 15
Total feeding cost (L.E.)/doe 197.68 237.88 220.97 219.64
Litter size at weaning/doe 4.26 6.26 6.56 6.53
Cost (L.E.) of one kit production 46.40 38.00 33.68 33.63

Trl=control, Tr2=rabbit fed 10 ml ZAD®/kg diet), Tr3= rabbits fed 10 g ZADO®/kg diet and Tr4= rabbits fed 10 g
YEAST®/kg diet.

CONCLUSION
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It could be concluded that under heat stress conditions, supplementation of biological probiotics
treatments (ZAD®, ZADO® and YEAST®) at a level of 1% to the doe Hi-Plus rabbit’s diets can enhance
the reproductive and productive performances, increased milk yield, reduced pre-weaning mortality, and
improve blood constituents and immunological status. The addition of 10 g YEAST /kg diet showed the
best impacts as compared to other treatments (10 g ZAD and 10 g ZADO/kg diet).
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