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Abstract

The efficacy of rosemary essential oil (REO), as feed additive, on growth and blood constituents of growing
New Zealand White (NZW) rabbits was evaluated. Thirty six NZW were distributed into four groups: 1 control
and 3 treated groups. The control was fed the basal diet, while feeds of other treatments were fortified with 0.25,
0.50 and 0.75 g/kg REO for groups 2, 3 and 4, respectively. The criteria of response were growth performance,
carcass traits, blood glucose, plasma lipids, immunoglobulins, total antioxidant capacity (TAC),
malondialdehyde (MDA) and testosterone concentrations. Results revealed that REO supplementation had no
critical impacts on growth performance, carcass yeild or blood glucose. Rabbits recieving dietary REO exhibited
lower lipid profile and higher immunoglobulins A than those of the control. The treated rabbits displayed
significantly higher TAC than the basal group with the best reaction for those fed G3 diet. In a similar way, MDA
was reduced essentially by including REO. There was a significant increase in testosterone levels due to added
REO. The present results indicate that supplemental REO at 0.5 g/kg of diet has a beneficial impact on lipid
profile, immunity and antioxidant status of rabbits.
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1. Introduction

Compared to other types of meats, rabbit meat is high in protein and polyunsaturated fatty acids, and low in
calories. In spite of the high content of polyunsaturated fatty acids in rabbit meat is considered a nutritional
advantage they make it particularly sensitive to lipid oxidation which can cause loss of the nutritive esteem and
discourage physical attributes and tangible nature of meat. Furthermore, lipid oxidation adversely impacts the
meat quality as it causes the formation of some toxic compounds and malondialdehyde (MDA). The latter has
been exhibited to contrarily influence human's health (Koné et al., 2016; Cardinali et al., 2015). Natural feed
addition derived from plants, for example, the essential oils have been suggested as alternative feed supplements
in animal production for improving growth performance and the meat quality characteristics (Bento et al., 2013;
Simitzis & Deligeorgis, 2011). In this context, plant extracts have long been utilized for a wide variety of
purposes (Jones, 1996). The antimicrobial activity of plant essential oils and extracts are routinely used in many
deciplines, including raw and processed food protection, pharmaceuticals, alternative medicine and natural
curatives (Lis-Balchin & Deans, 1997). Much attention has been given by nutritionists to natural antioxidants
due to of their correlation with food quality attributes and immunity responses (Cullen et al., 2005). Rosemary
(Rosmarinus officinalis L.) is a woody perennial herb native to the Mediterranean area, however currently it is
cultivated worldwide as an ornamental and aromatic plant. It became a natural antioxidant because of its
phenolic terpenes, as (i.e. rosmarinic acid and rosmarol) with higher antimicrobial properties as well (Cuppett &
Hall, 1998; Peng et al., 2005). The high antioxidant activity of this plant species, as pharmacological
consequences, mostly is due to its main chemical components such as: carnosol, caffeic and carnosic acids,
rosmarinic and ursolic acids. The antioxidant potential of rosemary essential oil (REO) has been mostly
attributed to its main diterpenes, carnosol and carnosic acid, and the essential oil components, as well (Ngo et al.,
2011; Raskovic et al., 2014). Santana-Méridas et al. (2014) found that the antioxidant-related properties of REO
extracts and components are due to its free radical scavenging and anti-lipid peroxidative activity. Essential oils
are present in many plant organs and exert different ecological functions depending on their volatile compounds
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complex mixtures that have strong odor (Teixeira et al., 2013). Since, REO exhibited high variations in their
anti-oxidant and antimicrobial activities (Moreno et al., 2006). Moreover, Dal Bosco et al. (2005) have reported
that rosemary extract supplementation to diet improved carcass color lipid stability in pigeon meat, and in lard
(Arouma et al., 1996). Dietary supplementation with rosemary significantly decreased lipid peroxidation,
increased reduced glutathione level, and the antioxidant enzymes: peroxidase, glutathione peroxidase,
glutathione reductase, glutathione S-transferase and catalase in animals (Sahar et al., 2011). Therefore, this
research was designed to evaluate the beneficial effect(s) of dietary REO on performance, blood biochemical and
immune responses of growing NZW rabbits.

2. Experimental Procedures

This investigation was done at the rabbitary farm, Faculty of Agriculture, Mansoura University, Egypt. A total of
36 NZW weaned male rabbits (7 Wk old and 954£19.5 g initial body weight) were randomly divided into four
equal groups of nine growing rabbits in three replicates, 3 rabbits each.

2.1 Animals and Management

Rabbits in G1 were fed the basal diet, whereas those in G2, G3 and G4 were fed the same diet with REO at 0.25,
0.5 and 0.75 g/kg levels, respectively. The basal diet was formulated to contain 18.02% crude protein; 2512
kecal/kg digestible energy; 15.30% crude fiber; 2.87% Ether extract; 1.30% Calcium; 0.71% Non-phytate P;
0.88% Lysine; 0.23% Methionine and 0.54% Meth. + Cyst as reported in our previous research (El-Gogary et al.,
2018). Rabbits were housed in prepared one level battery confines (50 x 60 cm) for the entire growing period
which lasted two months (7-14 Wk).

2.2 Measurements

The growth performance of NZW growing rabbits during the entire experimental period was evaluated by live
body weight (LBW), body weight gain (BWGQG), feed intake (FI) and feed conversion ratio (FCR). BWG, FI and
FCR were determined on a replicate group basis.

2.2.1 Carcass Characteristics

At the termination of study (14 weeks of age), three rabbits per group, whose LBW were around the average
weight of their respective group, were chosen for slaughter test. The rabbits were individually weighed,
immediately sacrificed and reweighed after complete bleeding. Their carcasses were skinned and then
eviscerated. Records on weights of carcasses and giblets (including liver, kidney, heart and lungs) were
maintained.

2.3 Blood Biochemical Constituents

Blood samples from slaughtered rabbits (3/group) were collected in heparinized glass tubes, centrifuged at 3000
rpm for 15 m, at that point plasma was maintained at -18 °C for later investigation. Blood glucose was instantly
estimated. Plasma biochemical constituents (total cholesterol (Chol), triglycerides (TG), high density lipoprotein
(HDL-C), low density lipoprotein (LDL-C), total antioxidant capacity (TAC) and malondialdehyde (MDA) were
also measured. Testosterone assay was done by radioinmmunoassay (RIA) and immunoglobulins (IgG, IgA and
IgM) were determined by ELISA technique.

2.4 Statistical Analysis

A completely randomized design was used in this study. A replicate group of three rabbits was used as an
experimental unit. Data were statistically analyzed by means of one-way analysis of variance (SAS, 2006).
Significant differences among means of different variables were identified by using Duncan’s new multiple
range test (Duncan, 1955).

3. Results and Discussion
3.1 Growth Performance and Carcass Yield

Results revealed that dietary supplementation with REO did not affect LBW and FI of rabbits during the whole
experimental period and BWG and FCR at the starter stage (Table 1). However, both BWG and FCR were
affected significantly by treatments during the finisher period (7-14 Wk). These results are in agreement with
those reported by Erdelyi et al. (2008) and Cardinali et al. (2015) who found that dietary supplementation with
0.015g/kg REO had no effect on performance of growing rabbits. Furthermore, feed conversion ratio was
improved by adding rosemary essential oil for the growing pigs (Yan et al., 2010). Other authors have suggested
that essential oils can improve growth performance by enhacing feed intake and/or stimulating the secretion of
digestive enzymes leading to an improvement in nutrient digestion and the rate of digesta passage within the gut
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(Bento et al., 2013; Jamroz et al., 2005; Salam et al., 2002).

Table 1. Effect of Rosemary supplementation on performance of NZW rabbits at different ages

Groups LBW (Kg) BWG (Kg) FI (Kg) FCR

7 7-10 7-14 7-10 7-14 7-10 7-14 7-10 7-14

Wk

Gl 0.95 1.62 2.14 0.67 1.18% 1.96 433 2.95 3.67°
G2 0.98 1.57 2.03 0.59 1.05° 1.95 4.26 3.33 4.08°
G3 0.97 1.58 2.10 0.60 1.13% 2.00 4.30 3.32 3.82%
G4 0.97 1.53 2.04 0.57 1.07° 1.93 4.27 3.51 3.99%
SEM 0.02 0.04 0.03 0.03 0.03 0.02 0.07 0.23 0.12
Sig. ns ns ns ns * ns ns ns *

Note. *®: Means in a similar section with various superscripts contrast altogether (P< 0.05).

The impacts of REO supplementation on carcass traits of rabbits at 14 weeks of age are presented in Table 2. It is
clear from the results that carcass, kidneys and lungs weights were not affected significantly by different
treatments. However, liver and heart weights were significantly heavier in treated groups compared by G1. This
was reflected in the giblets weight (liver, heart, kidney and lungs) as it is a function of these organs. Of interest
the observed increase in testes weight of treated compared with control rabbits which may reflect an androgenic
stimulatory effect of REO on testes development. This holds true as plasma testosterone concentration was
significantly increased in treated rabbits as will be discussed later. These outcomes are in concurrence with
Cardinali et al. (2012) who found that carcass yield were not significantly influenced by dietary rosemary extract
supplementation. In this context, Bento et al. (2013) found no adverse effect of essential oil on the carcass yield
(breast and dressing percentages) and meat sensory quality in broiler chickens.

Table 2. Impact of Rosemary oil supplementation on carcass traits of NZW growing rabbits at marketing age

Groups LBW Carcass Liver Heart Kidney Head Lungs Giblets Testes
kg g
Gl 2.23 1.31 74.95° 563" 1747 93.98 19.03 117.10 6.47°
G2 2.57 1.31 93.33% 8.30° 16.93 108.10 14.77 133.33 7.60°
G3 2.23 1.30 81.20™ 8.29° 17.20 96.66 15.47 122.16 8.43*
G4 2.55 1.35 82.00% 8.77° 18.33 98.73 16.73 125.83 8.30°
SEM 0.13 0.21 4.47 0.62 1.16 437 1.75 4.99 0.53
Sig. ns ns * * ns ns ns ns *

Note. *®: Means in a similar section with various superscripts contrast altogether (P< 0.05).

3.2 Blood Constituents and Immune Response

The response of blood parameter to REO supplementation are summarized in Table 3. Blood glucose
concentration was not significantly differ than that of the control group. These results are in agreement with
Al-Jamal and Algadi (2011) who found that rosemary leaf extract did not affect plasma glucose level of rats. In
fact, some flavonoids have anti-diabetic properties in term of improving glucose utilization and oxidative
metabolism of diabetic states. Similarly, REO has no significant influence on plasma cholesterol, triglyceride and
LDL-C, although the treated groups had reduced lipids profiles compared with the control. Whereas, rabbits of
the G3 group had higher (p < 0.05) HDL-C level than the other groups. These results agreed with the previous
studies, in rats, which reported an increase in HDL-C without effects on plasma lipid profile (Al-Jamal & Algadi,
2011). Also, the hypolipidemic potential of rosemary may be an indicator of progressive metabolic control of on
mechanisms involved in elimination of lipids from the body (Kono et al., 1992; Naidua & Thippeswamy, 2002;
Devi & Sharma, 2004). Yasser et al. (2010) agree with our study that cholesteryl ester hydrolase (CEH) would be
the common link between the two metabolic effects. The role of CEH is to convert cholesteryl esters to free
cholesterol for steroid hormone production. As well as, carnosic or rosmarinic acids (derived from rosemary)
inhibited LDL-C oxidation in a dose-dependent manner (Fuhrman et al., 2000).

The results related to humoral immunity system of rabbits showed no significant influence of REO on IgG and
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IgM but, rabbits of the G3 group had the best response as IgA was significantly higher than the other groups.
These results come in accordance with that obtained in the studies of Elnaggar et al (2016); Ghozlan et al. (2017)
who found that the addition of rosemary to the basal diet had significantly improved serum immunoglobulins.
Table 3 showed the impact of different doses of REO administration on plasma antioxidant status. It is of great
interest to note that added dietary REO significantly increased TAC in the treated rabbits compared to the control
group but the best response was achieved by rabbits fed 0.5 g/kg REO in their diet. In a similar way, MDA was
significantly lower in rabbits recieved the REO-containing diets compared with their control counterparts. These
beneficial effects of REO may be attributable to the antioxidant properties of REO. These results are in
agreement with Attia et al. (2017), who found that TAC were significantly increased in response to feeding
rosemary leaves (5 g/kg diet) in male rabbits. In addition, essential oils can affect lipid metabolism in animal
tissues by increasing the antioxidative enzymes activity and by preventing the production of reactive oxygen
species and off-flavors deriving from the peroxidation of polyunsaturated fatty acids (Miguel, 2010). On the
other hand, our results are in agreement with those of Ugochukm et al. (2003), Afahari et al. (2007), and Bakrel
et al. (2008) who observed that rosemary extract level (200 mg/kg) significantly reduced the level of serum
MDA. It is generally accepted that quality of animal products is generally improved in response to added dietary
supplementation of REO for animals. The REO are rich sources of natural antioxidants, such as the phenolic
compounds, and due to their high redox properties and chemical structure they have the ability to neutralize the
free radicals produced (Zheng & Wang, 2001).

Table 3. Influence of rosemary supplementation on plasma total lipids, cholesterol, triglycerides, HDL-C and
LDL-C in 14-week-old NZW growing rabbits

Groups Glucose Chol. TG LDL-C HDL-C IgG IgA IgM MDA  TAC  Testosterone
mg/dl ----nmol/ml ----  --- ng/ml ---

Gl 288.00 77.27 51.57 4742  19.53® 51577 159.50° 133.03 30.57° 1.10° 247

G2 288.00 67.47 46.40 4025 17.93° 533.00 165.33% 14237 2673 126 3.44%

G3 288.67 6933 47.17 37.90 22.00° 57893 191.37*° 15697 20.30° 141° 3.67°

G4 29133  73.83 5247 44.07 1927 52397 161.93° 13843 28.03® 1.17° 3.31°

SEM 2.29 3.87 296 3.10 1.08 2637  8.54 762 233 0.06 0.0l

Sig. ns ns ns ns * ns * ns * * HAK

Note. *™*: Means in a similar section with various superscripts contrast altogether (P< 0.05).

In fact, MDA is a product of lipid peroxidation and it is used as an indicator of cell membrance injury. It is
generally accepted that an inverse relation exists between concentration of MDA and HDL-C cholesterol. Our
results support this knowledge. A significant increase in testosterone level (in dose dependent manner) is due to
REO compared with the control group. These results are in agreement with other the findings of Attia et al.
(2017), who found that dietary rosemary leaves-fed groups showed significantly higher blood serum testosterone
than the control group. As long as, lipid peroxidation and reactive oxygen species are potentially important
mediators in testicular physiology (Peltola et al., 1996), the testis tissue is highly susceptible to oxidative stress
because testicular membranes are highly rich in polyunsaturated fatty acids (Chainy et al., 1997). In fact,
rosemary extract (carnosic or rosmarinic acids) has been targeting the hormone sensitive lipase (is also called
cholesteryl ester hydrolase) which can convert cholesteryl esters to free cholesterol for the synthesis of steroid
hormones including testosterone (Fuhrman et al., 2000).

4. Conclusion

Based on the present results, it can be concluded that dietary supplementation with rosemary essential oil can
enhance the efficiency of feed utilization, and immune status of rabbits. In addition, supplemental REO can
induce a beneficial effect on the lipid profile and oxidative status and may improve the subsequent reproductive
performance of rabbits. The REO can safely be used in diets of growing rabbits, since it has no adverse effects
on their growth performance or carcass characteristics.
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