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Abstract

:

Simple Summary


There has been growing interest in using natural feed additives in to enhance animal performance and meat quality for human consumption. Citrus fruit residues can act as potential natural resources of antioxidants, which comprise a considerable quantity of ascorbic acid. Tomato pomace powder has a good nutritional value because of its content of essential amino acids and fatty acids besides its high content of antioxidants. This work examined the impact of dietary orange peel and tomato pomace extract supplementations at level of 200 mg/kg on growth performance, plasma biochemicals, carcass characteristics and antioxidant status of growing male rabbits. Dietary supplementations of orange peel and tomato pomace extracts could effectively improve growth performance, antioxidative status, modulate ascorbic acid level in plasma and meat and lower the plasma total cholesterol.




Abstract


The effect of dietary orange peel (OPE) and tomato pomace extract (TPE) supplementations on growth performance, plasma biochemicals, carcass characteristics and antioxidant status of growing male rabbits were investigated. A total of 96 rabbits (5 weeks old) were distributed into four groups. The first group received untreated pelleted diet (control). The second group was fed a diet containing ascorbic acid (AA; 1.0 g/kg diet), while the third and fourth groups consumed diets supplemented with 200 gm of OPE or (TPE, respectively. Our results indicated that OPE and TPE contained 59, 14.03 mg ascorbic acid/100 g DM, respectively. Growth performance, except feed conversion ratio, and carcass weight were improved by dietary supplementations. Dietary supplementations decreased kidneys, abdominal, back fats and ether extract of meat. Plasma protein and globulin levels were high in rabbits fed AA and TPE-supplemented diets. Low plasma total cholesterol and LDL-cholesterol concentrations were observed in rabbits fed the supplemented diets. Plasma AA was increased in rabbits fed AA and OPE-supplemented diets. Rabbits fed OPE and TPE-supplemented diets had great SOD activity. The best economic efficiency was recorded by rabbits fed the supplemented diets. Dietary supplementations of OPE and TPE could effectively improve growth performance, antioxidative status, modulate AA level in plasma and meat and lower plasma total cholesterol and LDL.
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1. Introduction


Recently, there has been growing interest in using natural feed additives to enhance animal performance and meat quality for human consumption [1,2,3,4]. Water-soluble vitamins such as vitamin C (L-ascorbic acid or simply ascorbate) are normally synthesized by the rabbit digestive flora and the dietary supplementation of 25–30 mg/rabbit/day may be advisable in cases of the digestive disorders, as after weaning [5]. Furthermore, its activity in neutralizing reactive oxygen species, as a natural free radical scavenger [6,7], through the oxidizing of ascorbic acid to monodehydroascorbate reacts with free radicals [8]. Additionally, ascorbic acid has a beneficial role against toxic effects [9].



Citrus fruit residues, these residues are readily available on demand and affordable to the breeders, can act as potential natural resources of antioxidants, which comprise a considerable quantity of ascorbic acid [10]. Orange peel has complexes such as catechol, dimethoxy phenol, cyclohexane, coumarin, acetic acid, stigmasterol, sitosterol and vitamin E which are accountable for its antioxidant feature [11]. Orange peel has high antioxidant activity [12], where the aqueous extract of orange peel powder showed an antioxidant activity of 71.2% [11,12]. Orange peels contain high amount of flavonoids and vitamin C (110.4–127.70 mg/100 g of orange peel on dry basis) [13,14].



Tomato pomace, including peels and seeds, is produced as a by-product in the tomato processing industry [15]. The huge amount generated from commercial tomato processing has caused a severe waste problem [16]. Tomato pomace powder has a good nutritional value because of its content of essential amino acids and fatty acids besides its high content of antioxidants such as flavonoids, phenolic acids, lycopene, carotenoids, vitamins A, C, and E; as well it contains various minerals such as Ca, Cu, Mn, Zn, and Se [17].



Vitamins are organic compounds that are essential for nutrients metabolism, growth, production and animal health [1,18]. Ani and Abel [19] found that AA content of Citrus maxima peel extract was19.34 mg/100 g lower than the value of the present study. In addition, M’hiri et al. [20] reported that orange peel powder had 0.105 ± 0.003 g/100 g dry basis of AA. Sir Elkhatim et al. [13] stated high amount (110.4 mg/100 g) of AA in orange peels. The fine powders of tomato pomace and its peel can be applied as functional feed supplementation [17] through ethanol extraction method. As well tomato by-product had 0.25 g/kg AA [21]. Therefore, the antioxidant activity of tomato peel extract is relatively high [15]. So, OPE and TPE could be alternatives to dietary AA [11,22].



The aim of the current study was to determine how the extract of orange peel and tomato pomace supplementation at level of 200 mg/kg diet influences the rabbit’s growth performance, carcass characteristics, plasma biochemicals, antioxidant status and economic efficiency of growing rabbit diets.




2. Materials and Methods


The experimental work of this study was carried out at El-Gemmaza, El-Gharbia Governorate, Experimental Station of Animal Production, Animal Production Research Institute, Agricultural Research Center, Ministry of Agriculture, Egypt (APRI/132429/191214).



2.1. Extract Preparation


Orange peel and tomato pomace were obtained from Kaha Company for preserved foods, EL-Qaliobia Governorate, Egypt. Tomato pomace contains skin and seeds. Orange peel and tomato pomace were extracted with 95% ethanol at a ratio of 1 part of residue: 2 parts of 95% ethanol w/v for 24 h, the extraction was filtered and the residue was re-extracted two times under the same conditions. The extract was evaporated in a rotary evaporator below 40 °C and freeze-dried in a freeze-dry system until use.




2.2. Experimental Design, Animals and Diets


A total number of 96 of weaned V-line male rabbits at 5 weeks old and have average initial live body weight (603.67 ± 11.77 g) were randomly assigned to four experimental groups (24/each in 3 replicates) in a complete simple randomized design. The first experimental group received daily untreated pelleted diet (control). The second group received diet containing ascorbic acid (AA) at 1.0 g/kg diet. The third and fourth groups received daily pelleted diet supplemented with either 200 gm of ORE or 200 gm of TPE, respectively. The experimental period continued for 8 weeks. Rabbits were individually housed in galvanized wire cages (Dimensions of 60 × 40 × 35 cm) until marketing at 14 weeks of age. All rabbits were fed pelletized feed ad libitum, fresh water was automatically available all the time by stainless steel nipples fixed in each cage. Feed ingredients and chemical composition of experimental diets (%DM basis) are shown in Table 1. The experimental diets were formulated to meet the recommended nutrient requirements of growing rabbits according to [23]. The ascorbic acid content of OPE and TPE is presented in Table 2.



All rabbits were kept under the same management, hygienic and environmental conditions. Live body weight (BW) was determined weekly throughout the experimental period, and body weight gain (BWG) was calculated. Feed consumption (FC) was determined precisely and calculated as grams/rabbit/day (during the all experimental period). Unused feed from each cage was collected daily, weighed and taken into consideration for the calculation of FC, accordingly, feed conversion ratio was computed (FCR; g feed/g gain).




2.3. Slaughtering and Carcass Characteristics


At the end of the experimental period, six male rabbits/each group were randomly taken, fasted for 12 h, individually weighed and immediately slaughtered. Slaughter procedure and carcass analysis were carried out as early described [24,25]. After complete bleeding, pelt, viscera’s and tail were removed then the carcass and its components were weighed as edible parts. Heart, liver, kidneys, spleen, cecum, kidneys fat, abdominal fat and back fat were also weighed as percentage of pre-slaughter weight. Dressing percentage was calculated by dividing the hot dressed carcass weight by pre-slaughter weight and expressed as a percentage.




2.4. Chemical Analysis


Experimental diet and meat samples of rabbits were analyzed for dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE), crude fiber (CF), and nitrogen free extract (NFE) and ash according to the methods of AOAC [26]. Ascorbic acid was assayed using HPLC, according to Danish official method [27].




2.5. Blood Samples and Determination of Plasma Biochemicals


Blood samples were collected during slaughtering to determine blood biochemicals and centrifuged at 3000 r.p.m. for 15 min to separate blood plasma. Plasma total protein, albumin, total cholesterol, LDL and HDL-cholesterol, vLDL, triglycerides, total lipids, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and ascorbic acid were colorimetrically determined using profitable kits (purchased from Bio-diagnostic, Egypt) as stated by the manufacturers’ guidelines. Plasma globulin concentration was considered by the difference between total protein and albumin, and then albumin/globulin ratio (A/G ratio) was calculated. Blood antioxidant constituents as superoxide dismutase (SOD) and total antioxidant capacity (T-AOC) were inspected by colorimetric procedure consuming saleable kits (Bio-diagnostic, Cairo, Egypt).




2.6. Economic Efficiency


To determine the economic efficiency of the experimental diets for BWG, the costs of the feed required for producing one kilogram of BWG was estimated. The cost of the experimental diets was calculated according to the price of different ingredients prevailing at local market as well as the price of tested materials at the time of experimentation (2021). Economic efficiency was calculated as a ratio between the return of BWG and the cost of FC.




2.7. Statistical Analysis


The obtained data were statistically analyzed using the general linear model procedure of SAS® Software Statistical Analysis (Cary, NC, USA) [28]. Variances among averages were verified [29]. All results were analyzed using this model: Yij = μ + Ti + Eij; where: Yij = the observation of ij; μ = the overall mean; Ti = the effects of i (treatments) and Eij = the experimental random error.





3. Results


The obtained results found in Table 2 indicated that OPE contained 59 mg/100 g DM of vitamin C, while TPE had 14.03 mg/100 g DM of ascorbic acid.



The results presented in Table 3 illustrated that dietary supplementation of AA, OPE and TPE significantly (p < 0.05) improved final BW, BWG during 5–13 weeks of age and FC through 5–9, 9–13 and 5–13 weeks of age compared to the control group. However, FCR did not affect by the different dietary supplementations at all experimental periods.



Carcass characteristics of rabbits as affected by dietary OPE and TPE are presented in Table 4. The gained results revealed that rabbits fed diets supplemented with AA, OPE and TPE showed greater hot carcass weight (p < 0.05) than the control group. It is clear to notice that rabbits fed OPE and TPE-supplemented diets exhibited significant (p < 0.001) reductions in kidney fat and abdominal fat when compared with their counterparts. Rabbits of the control group presented the greatest (p < 0.01) back fat when compared with the other groups. There were insignificant differences among the tested groups in the other carcass traits studied.



Data concerning the effects of AA, OPE and TPE supplementations on the chemical composition of rabbit meat are shown in Table 5. The results revealed that dietary supplementations of AA, OPE and TPE significantly (p < 0.001) decreased EE content compared to the control group. Regarding ascorbic acid concentration, dietary supplementation of AA, OPE and TPE significantly (p < 0.01) increased ascorbic acid concentration in hind leg meat of rabbits compared to the control group. Rabbits fed diets supplemented with AA had the highest concentration (0.34 mg/100 g DM) of ascorbic acid, while the control group was the lowest one (0.006 mg/100 g DM). On the other hand, there were insignificant differences in DM, CP and Ash contents among all the experimental groups.



As shown in Table 6, plasma total protein and globulin levels were higher (p < 0.05) in rabbits fed diet supplemented with AA and TPE compared to the control and OPE groups. In addition, lower (p < 0.001) plasma total cholesterol and LDL-cholesterol concentrations were observed in rabbits fed diet containing AA, OPE and TPE diets compared to rabbits given the control diet, while non-significant differences in albumin, triglycerides, vLDL and total lipids levels were observed among all tested groups. Data concerning ascorbic acid content indicated that a significant (p < 0.05) increase in plasma ascorbic acid level in rabbits fed diets supplemented with AA and OPE by 25.71 and 26.91% compared to the control and TPE groups. Meantime, an insignificant difference was noticed in ascorbic acid concentration between rabbits fed diet included TPE and the other experimental groups.



Regarding the antioxidative status, rabbits fed diets supplemented with OPE and TPE had greater (p < 0.05) SOD activity than the control, while rabbits of AA groups had intermediate activity without significant differences. There were insignificant differences among the tested groups in T-AOC level.



The effects of dietary supplementation of AA, OPE and TPE on economic efficiency are shown in Table 7. The greatest economic efficiency and relative economic efficiency were exhibited by rabbits fed diet supplemented with AA followed by OPE and TPE. Dietary supplementation with AA, OPE and TPE of rabbits proved to be more economic than the control group. Rabbits fed 200 mg OPE achieved the highest net revenue followed by those fed 200 mg TPE and 1 gm AA.




4. Discussion


The main focus of the present investigation was to verify the ability of dietary supplementations of OPE and TPE to boost growth performance, carcass characteristics, plasma biochemicals, antioxidant status and economic efficiency of growing rabbit.



The current findings regarding growth performance are consistent with those of Abdel-latif et al. [30] who reported that dietary supplementation of AA at level of 200 mg in rabbits led to an improvement in BWG and FCR. In addition, Hamza [31] demonstrated that dietary AA supplementation in rabbits at levels of 0.5, 1.0 and 1.5 g/kg diet increased final BW, BWG and FCR, while FI was not changed. In this direction, Elwan et al. [32] stated that diets supplemented with 1–2% tomato powder enhanced BW, BWG and feed efficiency and reduced FC in fattening rabbits. Peiretti et al. [33] stated that rabbits fed diets included tomato pomace at level of 3% enhanced final BW compared to the control group. On the contrary, Elkomy et al. [34] reported that there was no impact on BW and FI was decreased when rabbits received diets containing dried tomato pomace at levels of 10, 15 and 20%. It was clearly shown that OPE and TPE contained an appreciable amount of AA which enhanced growth performance of rabbits and they could be considered as natural growth promoters. Ascorbic acid promoted growth and counteracted infections by pathogenic bacteria and viruses [35]. In addition, AA is an antioxidant against free radicals and prevents cell damage [7]. Additionally, TPE may be used as antioxidant supplements due to its content of AA and the antioxidant minerals especially Zn and Se [15] which are important for antioxidant enzymes as well it is a rich source of phenols which had scavenging ability on free radicals due to their hydroxyl groups in tomato peels [36]. The increase in FC showed by rabbits consumed diets supplemented with OPE and TPE might have occurred owing to their ability to enhance palatability and flavor of the diets which consequently improved FI and growth performance accordingly. As regards plant extracts rich in polyphenols, it has been shown that digestive secretions, such as saliva and digestive enzymes, increase the absorption and utilization of nutrients which, in turn, increase the growth of animals [37]. Tomato by-products are rich sources of amino acids especially lysine, pigments such as β-carotene and lycopene, and ascorbic acid, vitamin E and micronutrients [32,38]. El-Desoukey et al. [39] indicated that OPE has powerful antibacterial effect against enteric pathogens which can lead to an enhancement of the digestive and immune systems.



Carcass characteristics results herein are in accordance with those found by Elazab et al. [40] and Elkomy et al. [34] who demonstrated that carcass characteristics did not differ when rabbits fed diets containing 10–20% tomato pomace. Furthermore, Hosseini-Vashan et al. [41] stated that broilers fed diet supplemented with dried tomato pomace at levels of 3–5% had lower relative weight of abdominal fat than the control group. Hamza [31] noticed that dietary AA supplementation in rabbits at levels of 0.5–1.5 g/kg diet showed did not change dressing percentage and relative weights of liver, kidney, heart, lungs and spleen organs. Conversely, Alefzadeh et al. [42] found that dietary orange peel powder at 2% reduced weight of most of the carcass parts in broilers. Sherif [43] concluded that AA supplementation at a level of 0.5 g/kg diet was positively affected carcass yield and total edible parts percentages of rabbits. Based on the present results, The use of OPE and TPE supplementations in the rabbit diets had beneficial effects in reducing abdominal, kidneys and back fat in rabbits carcass and that may be due to the that ascorbic acid has an antioxidant feature may prevent lipid peroxidation [44]. Additionally, AA participates in the hydroxylation of cholesterol to bile acids and reduced its level in the blood stream and tissues. As earlier studies have shown, AA plays a critical role in the carnitine biosynthesis, an essential cofactor in fatty acid oxidation [45]. Citrus peel extract was also reported to regulate lipoprotein metabolism in rats by increasing β-oxidation and lipolysis in the adipose tissue of rats [46]. Tomato by-products are rich in multiple compounds with have antioxidant properties such as carotenes, lycopene, phenolic compounds, flavonoids, ascorbic acid and vitamin A [38,47].



Concentrations of AA were low in the current work since vitamin C is soluble in water and it is not stored in the body but rapidly excreted [1]. Similar findings were also described by Elazab et al. [40] who indicated that rabbits fed diets containing 10–20% of tomato pomace did not differ significantly in meat content of crude protein, fat and ash compared to the control group. Dietary inclusion of tomato pomace at 0.5% did not affect the proportion of most of the fatty acids in the tissues of pig [48]. Our results were confirmed by Horváth and Babinszky [49] who mentioned that ascorbic acid is actively transported into tissues, but during stress, ascorbic acid is produced and consumed rapidly and its amount synthesized fall below animal requirements [50]. Dietary supplementation of vitamin C may cause an increase in the vitamin C of rabbit’s meat and reducing the oxidation of the lipids [51]. On the contrary, Mourão et al. [52] reported that broiler chickens received diets supplemented with 50 and 100 g/kg citrus pulp had no impact on total lipid content of meat.



Our outcomes regarding blood biochemicals are in harmony with those obtained by Sayed and Abdel-Azeem [53] who showed that serum protein, albumin and globulin of rabbits were not affected by different levels of dried tomato seeds (10–30%). Sherif [43] concluded that rabbits fed diet containing 0.5 g vitamin C had low plasma cholesterol levels. The low levels of plasma cholesterol and LDL-cholesterol in our work may be associated with the antioxidant ability of ascorbic acid which is mainly attributed to its role as a cofactor for the enzyme 7-alpha-hydroxylase, the rate limiting enzyme in the transformation of cholesterol to bile acids [54]. It has been verified that ascorbic acid is able to intercept reactive oxygen species in the aqueous phase of plasma, thereby reducing plasma lipid peroxide levels and thus inhibiting oxidation of LDL and removing from blood [55]. Citrus peel extract regulates lipid and triglyceride accumulation [56]. Moreover, Ascorbic acid is a remarkable antioxidant and can decrease the hypercholesterolemia development in rabbits [8]. In this regard, Abdulameer [57] observed that the serum cholesterol and triglycerides concentrations were not altered by dietary vitamin C supplementation and sweet orange peel at levels of 500ppm and 1–2% in broilers.



The existing findings referred to that rabbits ascorbate status can be modulated by ascorbic acid intake, which is absorbed in the gastrointestinal tract then circulates freely in plasma [58]. Similar findings were observed by Khaled et al. [59] who found that adult male rabbits fed diet containing 40 mg/kg/BW/day for 12 weeks can improve the antioxidant status by reducing free radicals. Results of the present investigation were previously confirmed by those reported with Andres et al. [47] who demonstrated that tomato by-products are rich in multiple compounds with antioxidant properties such as carotenes, lycopene, phenolic compounds, flavonoids, ascorbic acid and vitamin A [17,47]. In addition, orange peel extract exhibited variable antioxidant activity [11]. Additionally, according to the determination of AA in this study, OPE and TPE contain 59 and 17.34 mg/100 g DM, respectively. Recent works have shown that extracts of orange peel show high activity in antioxidants [60]. It is noteworthy that the OPE and TPE had protective antioxidant activities and maintain the body functions. SOD is an enzymatic antioxidant that catalyzes the conversion of O2− to H2O2 and helps maintain the redox balance by diffusing the superoxide [61].



It could be concluded that there was an improvement of the economic efficiency of diets containing AA, OPE and TPE by 7.81, 6.21 and 4.54, respectively, compared with the control one, due to the improvement of the performance of rabbits. The addition of OPE and TPE as alternative sources of AA enhance the antioxidant status of rabbits [11,17] and lead optimizing the dietary intake of antioxidants such as ascorbic acid.




5. Conclusions


In conclusion, dietary supplementation of orange peel and tomato pomace seemed to be much more effective as alternative sources of ascorbic acid. Moreover, they could effectively improve growth performance, antioxidative status, modulate the AA level in plasma and meat and lower the plasma cholesterol.







Author Contributions


Conceptualization, F.A.H. and N.E.; methodology, I.S.; software, S.E.-M.; validation, A.E.T., F.A.H. and N.E.; formal analysis, I.S. and S.P.; investigation, K.M.; resources, A.E.T. and S.M.A.; data curation, M.S. (Mustafa Shukry) and S.E.-M.; writing—original draft preparation, F.A.H., S.P. and I.S.; writing—review and editing, K.M. and M.S. (Mohamed Soliman); visualization, N.E. and I.S.; supervision, S.E.-M.; project administration, F.A.H. and K.M.; funding acquisition, S.M.A. and M.S. (Mustafa Shukry). All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by TAIF UNIVERSITY, grant number TURSP-2020-105.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of Animal Production Research Institute, Giza, Egypt (APRI/132429/191214).




Data Availability Statement


The data that support the findings of this study are available on request from the corresponding author. The data are not publicly available due to privacy or ethical restrictions.




Acknowledgments


The authors appreciate and thank Taif University, Saudi Arabia, for financial support through its Researchers Supporting Project (TURSP-2020-105).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



De Blas, C.; Wiseman, J. Nutrition of the Rabbits, 3rd ed.; CABI Publishing: Wallingford, UK, 2020; p. 345. [Google Scholar]

	



Awad, A.; Fahim, H.; El-Shhat, A.; Mahrose, K. Dietary Echinacea purpurea administration enhanced egg laying performance, serum lipid profile, antioxidant status and semen quality in duck breeders during summer season. Anim. Physiol. Anim. Nutr. 2021. [Google Scholar] [CrossRef]

	



Hassan, F.; Mobarez, S.; Mohamed, M.; Attia, Y.; Mekawy, A.; Mahrose, K. Zinc and/or selenium enriched spirulina as antioxidants in growing rabbit diets to alleviate the deleterious impacts of heat stress during summer season. Animals 2021, 11, 756. [Google Scholar] [CrossRef] [PubMed]

	



Serra, V.; Salvatori, G.; Pastorelli, G. Review: Dietary polyphenol supplementation in food producing, animals: Effects on the quality of derived products. Animals 2021, 11, 401. [Google Scholar] [CrossRef] [PubMed]

	



Lebas, F. Vitamins in rabbit nutrition: Literature review and recommendations. World Rabbit Sci. 2000, 8, 185–192. [Google Scholar] [CrossRef]

	



Amitava, D.; Kimberly, K. Antioxidant vitamins and minerals. Antioxidants in food. In Vitamins and Supplements; Elsevier: Amsterdam, The Netherlands, 2014; pp. 277–294. [Google Scholar]

	



Qi, T.; Sun, M.; Zhang, C. Ascorbic Acid Promotes Plasma Cell Differentiation through Enhancing TET2/3-Mediated DNA Demethylation. Cell Rep. 2020, 33, 108452. [Google Scholar] [CrossRef]

	



Njus, D.; Kelley, P.M.; Tu, Y.J.; Schlegel, H.S. Review Article:Ascorbic acid: The chemistry underlying its antioxidant properties. Free Radic. Biol. Med. 2020, 59, 37–43. [Google Scholar] [CrossRef] [PubMed]

	



Chahrazed, M.; Hassina, K.O.; Soumya, B.; Dalila, T.; Asma, B.; Meriem, B.; Nacira, D.Z. Beneficial effects of ascorbic acid on ivermectin repeated high-dose therapy in rabbits: Biochemical and histopathological investigations. Europ. J. Biolog. Res. 2021, 11, 1–13. [Google Scholar]

	



Rafiq, S.; Kaul, R.; Sofi, S.A.; Bashir, N.; Nazir, F.; Nayik, G.A. A review: Citrus peel as a source of functional ingredient. J. Saudi Soc. Agric. Sci. 2018, 17, 351–358. [Google Scholar] [CrossRef]

	



Shanthi, P.K.; Dhanalakshmi, B.; Pugazhenthi, T.R.; Ronald, B.S.M. Characterization and antioxidant activity of orange peel extracts. Inter. J. Sci. Environ. Technol. 2019, 8, 636–640. [Google Scholar]

	



Park, J.H.; Lee, M.; Park, E. Antioxidant activity of orange flesh and peel extracted with various solvents. Prev. Nutr. Food Sci. 2014, 19, 291–298. [Google Scholar] [CrossRef] [PubMed]

	



Sir Elkhatim, K.A.; Elagib, R.A.A.; Hassan, A.B. Content of phenolic compounds and vitamin C and antioxidant activity in wasted parts of Sudanese citrus fruits. Food Sci. Nutr. 2018, 6, 1214–1219. [Google Scholar] [CrossRef]

	



Abd El-ghfar, M.H.A.; Ibrahim, H.M.; Hassan, I.M.; Abdel Fattah, A.A.; Mahmoud, M.H. Peels of lemon and orange as value-added ingredients: Chemical and antioxidant properties. Int. J. Curr. Microbiol. Appl. Sci. 2016, 5, 777–794. [Google Scholar] [CrossRef]

	



Elbadrawy, E.; Sello, A. Review: Evaluation of nutritional value and antioxidant activity of tomato peel extracts. Arab. J. Chem. 2016, 9, S1010–S1018. [Google Scholar] [CrossRef]

	



Bao, Y.; Reddivari, L.; Huang, J.Y. Development of cold plasma pretreatment for improving phenolics extractability from tomato pomace. Innov. Food Sci. Emerg. Technol. 2020, 65, 102445. [Google Scholar] [CrossRef]

	



Azabou, S.; Sebii, H.; BenTaheur, F.; Abid, Y.; Jridi, M.; Nasri, M. Phytochemical profile and antioxidant properties of tomato by-products as affected by extraction solvents and potential application in refined olive oils. Food Biosci. 2020, 36, 100664. [Google Scholar] [CrossRef]

	



Gouda, A.; Tolba, S.A.; Mahrose, K.M. Influences of vitamin A, L-carnitine, and folic acid in ovo feeding on embryo and hatchling characteristics and general health status in ducks. Anim. Biotechnol. 2021. [Google Scholar] [CrossRef]

	



Ani, P.N.; Abel, H.C. Nutrient, phytochemical, and antinutrient composition of Citrus maxima fruit juice and peel extract. Food Sci. Nutr. 2018, 6, 653–658. [Google Scholar] [CrossRef] [PubMed]

	



M’hiri, N.; Ioannou, I.; Ghoul, M.; Boudhrioua, N.M. Proximate chemical composition of orange peel and variation of phenols and antioxidant activity during convective air drying. J. New Sci. Agric. Biotechnol. 2015, 9, 881–890. [Google Scholar]

	



Alvarado, A.; Pacheco-Delahaye, E.; Hevia, P. Value of a tomato byproduct as a source of dietary fiber in rats. Plant Foods Human Nutr. 2001, 56, 335–348. [Google Scholar] [CrossRef] [PubMed]

	



Saed, Z.J.M.; Abdulateef, S.M.; Mohammed, T.T.; AL-Khalani, F.M. Effect of dried tomato pomace as alternative to vitamin c supplemented diets in hematological indices and oxidative stability of egg yolk of laying hens in high-ambient temperature. Biochem. Cell Arch. 2018, 18, 1647–1652. [Google Scholar]

	



Lebas, F. Feeding strategy for small and medium scale rabbit units. In Proceedings of the 3rd Conference of Asian Rabbit Production Association, Bali, Indonesia, 27–29 August 2013; pp. 27–29. [Google Scholar]

	



Blasco, A.; Ouhayoun, J. Harmonization of criteria and terminology in rabbit meat research. World Rabbit Sci. 1996, 4, 93–99. [Google Scholar] [CrossRef]

	



Hassan, F.; Mahrose, K.M.; Basyony, M.M. Effects of grape seed extract as a natural antioxidant on growth performance, carcass characteristics and antioxidant status of rabbits during heat stress. Arch. Anim. Nutr. 2016, 70, 141–154. [Google Scholar] [CrossRef] [PubMed]

	



AOAC. Official Methods of Analysis, 18th ed.; Association of Official Analytical Chemists: Washington, DC, USA, 2005. [Google Scholar]

	



Danish Official. Vitamin C Determination. Method No. 113.2; National Food Agency of Denmark: Copenhagen, Denmark, 1996.

	



SAS. SAS User’s Guide. Statistics. Version 9.1; SAS Institute Inc.: Cary, NC, USA, 2009. [Google Scholar]

	



Duncan, D.B. Multiple Range and Multiple F-Test. Biometrics 1955, 11, 1–42. [Google Scholar] [CrossRef]

	



Abdel-Latif, M.; Sakran, T.; Badawi, Y.K.; Abdel-Hady, D.S. Influence of Moringa oleifera extract, vitamin C, and sodium bicarbonate on heat stress-induced HSP70 expression and cellular immune response in rabbits. Cell Stress Chaperones 2018, 23, 975–984. [Google Scholar] [CrossRef]

	



Hamza, S.S. Effect of ascorbic acid supplementation on performance of growing rabbits under Egyptian conditions. Middle East J. Appl. Sci. 2019, 09, 91–99. [Google Scholar]

	



Elwan, H.A.M.; Elnesr, S.S.; Mohany, M.; Al-Rejaie, S.S. The effects of dietary tomato powder (Solanum lycopersicum L.) supplementation on the haematological, immunological, serum biochemical and antioxidant parameters of growing rabbits. J. Anim. Physiol. Anim. Nutr. 2019, 103, 534–546. [Google Scholar] [CrossRef] [PubMed]

	



Peiretti, P.G.; Gai, F.; Rotolo, L.; Gasco, L. Effects of diets with increasing levels of dried tomato pomace on the performances and apparent digestibility of growing rabbits. Asia J. Anim. Vet. Adv. 2012, 7, 521–527. [Google Scholar]

	



Elkomy, A.; Zahran, S.; El-Azab, A.; El-Azab, M. Effects of substitution of alfalfa meal with dried tomato pomace (DTP) in New Zeal & male rabbits rations on semen characteristics & some blood constituents. Pak. J. Nutr. 2016, 15, 590–599. [Google Scholar]

	



Abdel-Hamid, A.E.Y.; El-Adawy, M.M. Growth and physiological performance of New Zealand White rabbits fed diet supplemented with ascorbic acid. Egypt Poult. Sci. J. 1999, 19, 857–871. [Google Scholar]

	



González, I.N.; Valverde, V.G.; Alonso, J.G.; Periago, M.G. Chemical profile, functional and antioxidant properties of tomato peel fiber. Food Res. Inter. 2011, 44, 1528–1535. [Google Scholar] [CrossRef]

	



Hashemi, S.R.; Davoodi, H. Phytogenics as new class of feed additive in poultry industry. J. Anim. Vet. Adv. 2010, 9, 2295–2304. [Google Scholar] [CrossRef]

	



Amer, S.; Kishawy, A.T.; Osman, A.; Mahrose, K.; Hassanine, E.I.; Rehman, Z. Influence of dietary graded levels of lycopene on the growth performance, muscle cholesterol level and oxidative status of Japanese quail fed high-fat diet. Am. Acad. Bras. Cienc. 2020, 92, e20190065. [Google Scholar] [CrossRef] [PubMed]

	



El-Desoukey, R.M.A.; Saleh, A.S.B.; Alhowamil, H.F. The phytochemical and antimicrobial effect of Citrus sinensis (Orange) peel powder extracts on some animal pathogens as eco-friendly. EC Microbiol. 2018, 14, 312–318. [Google Scholar]

	



Elazab, M.A.; Zahran, S.M.; Ahmed, M.H.; Elkomi, A.E. Productive performance of growing rabbits fed diet containing different levels of tomato pomace. Ben. Vet. Med. J. 2011, 22, 46–57. [Google Scholar]

	



Hosseini-Vashan, S.J.; Golian, A.; Yaghobfar, A. Growth, immune, antioxidant, and bone responses of heat stress-exposed broilers fed diets supplemented with tomato pomace. Int. J. Biometeorol. 2016, 60, 1183–1192. [Google Scholar] [CrossRef] [PubMed]

	



Alefzadeh, T.; Bouyeh, M.; Hoven, R.V.D.; Seidavi, A.; Laudadio, V.; Tufarelli, V. Effect of dietary dried orange (Citrus sinensis) peel powder and exogenous multi-enzymes on growth and carcass traits and ileal microflora of broiler chickens. Pak. J. Zool. 2016, 48, 1891–1897. [Google Scholar]

	



Sherif, S.K. Response of growing rabbits to stoking density and dietary supplementation with ascorbic acid, and vitamin e under summer conditions. Egypt Poult. Sci. J. 2018, 38, 831–846. [Google Scholar] [CrossRef]

	



Maćkowiak, K.; Trolińsk, I.L. Contemporary view on the role of vitamin C in human physiology and pathology. Now. Lek. 2007, 4, 349–356. (In Polish) [Google Scholar]

	



Hoppel, C. The role of carnitine in normal and altered fatty acid metabolism. Am. J. Kidney Dis. 2003, 41, S4–S12. [Google Scholar] [CrossRef]

	



El-Shazly, A.H.M.; Ahmed, N.S.; Mohamed, A.Y.I.; Elhossary, G.G.; Elsebaee, F.M.M. The potential prophylactic effect of orange peel administration on fatty liver and hyperlipidemia in an animal model of dietinduced obesity. Egypt J. Food Sci. 2017, 45, 57–66. [Google Scholar]

	



Andres, A.I.; Petron, M.J.; Delgado-Adamez, J.; Lopez, M.; Timon, M. Effect of tomato pomace extracts on the shelf-life of modified atmosphere-packaged lamb meat. J. Food Process. Preserv. 2017, 41, e13018. [Google Scholar] [CrossRef]

	



Correia, C.S.; Alfaia, C.M.; Madeira, M.S.; Lopes, P.A.; Matos, T.J.S.; Cunha, L.F.; Prates, J.A.M.; Freire, J.P.B. Dietary inclusion of tomato pomace improves meat oxidative stability of young pigs. J. Anim Physiol. Anim. Nutr. 2017, 101, 1215–1226. [Google Scholar] [CrossRef] [PubMed]

	



Horváth, M.; Babinszky, L. Impact of selected antioxidant vitamins (Vitamin A, E and C) and micro minerals (Zn, Se) on the antioxidant status and performance under high environmental temperature in poultry. A review. Acta Agric. Scand. A Anim. Sci. 2019, 68, 152–160. [Google Scholar] [CrossRef]

	



Gulcin, İ. Antioxidants and antioxidant methods: An updated overview. Arch. Toxicol. 2020, 94, 651–715. [Google Scholar] [CrossRef] [PubMed]

	



Hernández, P. Enhancement of nutritional quality and safety in rabbit meat. In Proceedings of the 9th World Rabbit Congress, Verona, Italy, 10–13 June 2008; pp. 1286–1300. [Google Scholar]

	



Mourão, J.L.; Pinheiro, V.M.; Prates, J.A.; Bessa, R.J.B.; Ferreira, L.M.A.; Fontes, C.M.G.A.; Ponte, P.I.P. Effect of dietary dehydrated pasture and citrus pulp on the performance and meat quality of broiler chickens. Poult. Sci. 2008, 87, 733–743. [Google Scholar] [CrossRef] [PubMed]

	



Sayed, A.N.; Abdel-Azeem, A. Evaluation of dried tomato seeds as feedstuff in the diets of growing rabbits. Int. J. Agro Vet. Med Sci. 2012, 6, 263–268. [Google Scholar] [CrossRef]

	



Samman, S.; Brown, A.J.; Beltran, C.; Singh, S. The effect of ascorbic acid onplasma lipids and oxidisability of LDL in male smokers. Eur. J. Clin. Nutr. 1997, 51, 472–477. [Google Scholar] [CrossRef] [PubMed]

	



Polidori, M.C.; Mecocci, P.; Levine, M.; Frei, B. Short-term and long-term vitamin C supplementation in humans dose-dependently increases the resistance of plasma to ex vivo lipid peroxidation. Arch. Biochem. Biophys. 2004, 423, 109–115. [Google Scholar] [CrossRef] [PubMed]

	



Jung, U.J.; Lee, M.K.; Park, Y.B.; Kang, M.A.; Choi, M.I. Effect of citrus flavonoids on lipid metabolism and glucose-regulating enzyme mRNA levels in type-2 diabetic mice. Int. J. Biochem. Cell Biol. 2006, 38, 1134–1145. [Google Scholar] [CrossRef] [PubMed]

	



Abdulameer, Y.S. The effects of dietary vitamin C and Citrus sinensis peel on growth, hematological characteristics, immune competence, and carcass characteristics in broilers exposed to heat stress. Iraq. J. Vet. Sci. 2018, 32, 253–260. [Google Scholar] [CrossRef]

	



Berg, G.J.V.D.; Beynen, A.C. Influence of ascorbic acid supplementation on copper metabolism in rats. Interfaculty Reactor Institute, Delft University of Technology. Br. J. Nutr. 1992, 68, 701–715. [Google Scholar] [CrossRef] [PubMed]

	



Khaled, F.A.; Ali, M.S.; Radad, H.S. Influence of ascorbic acid supplementation on hematological parameters and free radical in adult male rabbits. Saudi J. Biomed. Res. 2019, 4, 244–247. [Google Scholar]

	



Anticona, M.; Jesus Blesa, J.; Frigola, A.; Esteve, M.J. High biological value compounds extraction from citrus waste with non-conventional methods. Foods 2020, 9, 811. [Google Scholar] [CrossRef] [PubMed]

	



Prasad, N.; Ramteke, P.; Dholia, N.; Yadav, U.C.S. Therapeutic interventions to block oxidative stress-associated pathologies. Emerging roles of nutraceuticals and functional foods in immune support. In Immunity and Inflammation in Health and Disease; Academic Press: Cambridge, MA, USA, 2018; pp. 341–362. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Feed ingredients and chemical composition of experimental diets (% DM basis).






Table 1. Feed ingredients and chemical composition of experimental diets (% DM basis).





	
Feed Ingredients (%)

	
Control

	
Experimental Diets (%)




	
Chemical Composition (%DM Basis)






	
Soybean meal (44%CP)

	
20.9

	
DM

	
87.88




	
Barley

	
32.0

	
OM

	
90.84




	
Wheat bran

	
9.20

	
CP

	
17.02




	
Clover hay

	
31.0

	
CF

	
13.28




	
Molasses

	
3.00

	
EE

	
1.98




	
Limestone

	
0.70

	
NFE

	
58.56




	
Di- Ca- phosphate

	
2.20

	
Ash

	
9.16




	
DL-Methionine

	
0.40

	
Methionine 2

	
0.68




	
NaCl

	
0.30

	
Methionine + cysteine 3

	
0.76




	
Vit.-Min. premix 1

	
0.30

	
Lysine 4

	
0.99




	
Total

	
100

	
Calcium 5

	
1.27




	

	

	
Available Phosphours 6

	
0.54




	

	

	
Digestible energy (Kcal/Kg DM; calculated) 7

	
2867.7








1 Mineral and vitamin mixture supplied per kg of diet: Vitamin A 10,000 IU, Vitamin D3, 1800 UI; Vitamin E, 15 mg; vitamin K3, 4.5 mg; Vitamin B1, 0.5 mg; Vitamin B2, 4 mg; Vitamin B12, 0.001 mg; Folic acid, 0.1 mg; Pantothenic acid, 7 mg; Nicotinic acid, 20 mg; I, 1 mg; Mn, 60 mg; Cu, 5.5 mg, Zn, 75 mg; Fe, 40 mg; Co, 0.3 mg; Se, 0.08 mg; Robenidine, 52.8 mg. 2–7 Calculated on the basis of the ingredients composition.
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Table 2. Ascorbic acid content of orange peel and tomato pomace extracts.
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	Vitamin
	Orange Peel Extract
	Tomato Pomace Extract





	Ascorbic acid (mg/100 g DM)
	59
	14.03
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Table 3. Growth performance of growing rabbits fed diets supplemented with AA, OPE and TPE during different ages.






Table 3. Growth performance of growing rabbits fed diets supplemented with AA, OPE and TPE during different ages.





	
Items

	
Experimental Diets

	
p-Value




	
Control

	
AA

	
OPE

	
TPE

	






	
Initial body weight (g/rabbit)

	
604.33 ± 27.39

	
602.00 ± 24.74

	
604.66 ± 25.39

	
604.67 ± 18.12

	
0.9998




	
Final body weight (g/rabbit)

	
1872.33 b ± 44.75

	
2040.69 a ± 49.39

	
2087.00 a ± 30.86

	
2089.33 a ± 27.40

	
0.0005




	
Body weight gain (g/rabbit)




	
Weeks 5–9

	
20.84 b ± 1.62

	
22.71 ab ± 1.09

	
24.74 a 0.71

	
24.26 a ± 0.73

	
0.066




	
Weeks 9–13

	
19.75 ± 1.56

	
22.93 ± 1.16

	
22.56 ± 1.08

	
23.01 ± 0.77

	
0.170




	
Weeks 5–13

	
20.13 b ± 0.82

	
22.84 a ± 0.77

	
23.53 a ± 0.59

	
23.57 a ± 0.36

	
0.0019




	
Feed consumption (g/rabbit/day)




	
Weeks 5–9

	
70.03 c ± 0.58

	
75.30 b ± 1.34

	
82.83 a ± 0.79

	
84.50 a ± 1.15

	
<0.0001




	
Weeks 9–13

	
92.13 b ± 0.99

	
94.88 b ± 1.26

	
98.60 a ± 1.35

	
99.24 a ± 1.39

	
0.0005




	
Weeks 5–13

	
82.31 c ± 0.62

	
86.18 b ± 1.17

	
91.59 a ± 0.95

	
92.69 a ± 0.98

	
<0.0001




	
Feed conversion ratio (g feed/g gain)




	
Weeks 5–9

	
3.36 ± 0.39

	
3.32 ± 0.17

	
3.35 ± 0.09

	
3.48 ± 0.17

	
0.7000




	
Weeks 9–13

	
4.66 ± 0.47

	
4.14 ± 0.28

	
4.37 ± 0.24

	
4.31 ± 0.15

	
0.2300




	
Weeks 5–13

	
4.09 ± 0.17

	
3.77 ± 0.19

	
3.89 ± 0.10

	
3.93 ± 0.07

	
0.4859








AA = ascorbic acid, OPE = orange peel Extract, TPE = tomato pomace extract. a,b Means with different superscripts in each raw differ significantly (p < 0.05).
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Table 4. Effect of dietary supplementation of AA, OPE and TPE on carcass characteristics of growing rabbits at 13 weeks of age.
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Items

	
Experimental Diets

	
p-Value




	
Control

	
AA

	
OPE

	
TPE

	






	
Pre-slaughter weight (g)

	
1913.3 ± 43.72

	
2066.7 ± 79.63

	
2140.0 ± 73.65

	
2158.3 ± 119.03

	
0.2280




	
Hot carcass weight (g)

	
1136.67 b ± 33.33

	
1305.0 a ± 40.10

	
1363.33 a ± 31.79

	
1278.33 a ± 31.66

	
0.0015




	
Dressing (%)

	
59.41 ± 1.28

	
63.14 ± 1.77

	
63.71 ± 0.86

	
59.23 ± 3.10

	
0.3104




	
Liver (%)

	
3.93 ± 0.59

	
5.26 ± 0.58

	
3.81 ± 0.26

	
3.88 ± 0.16

	
0.1410




	
Heart (%)

	
0.35 ± 0.07

	
0.39 ± 0.10

	
0.31 ± 0.07

	
0.31 ± 0.08

	
0.8994




	
Kidneys (%)

	
0.87 ± 0.10

	
0.82 ± 0.11

	
0.77 ± 0.07

	
0.70 ± 0.03

	
0.5670




	
Spleen (%)

	
1.62 ± 0.59

	
1.98 ± 0.30

	
1.94 ± 0.21

	
1.81 ± 0.43

	
0.9226




	
Cecum (%)

	
16.48 ± 0.90

	
13.34 ± 0.41

	
13.36 ± 1.83

	
11.99 ± 0.27

	
0.0795




	
Kidneys fat (%)

	
0.93 a ± 0.11

	
0.66 b ± 0.08

	
0.47 c ± 0.03

	
0.44 c ± 0.07

	
0.0006




	
Abdominal fat (%)

	
0.92 a ± 0.08

	
0.62 b ± 0.02

	
0.11 c ± 0.02

	
0.17 c ± 0.04

	
0.0003




	
Back fat (%)

	
0.54 a ± 0.04

	
0.46 b ± 0.003

	
0.38 bc ± 0.01

	
0.33 c ± 0.04

	
0.0054




	
Edible giblets (%)

	
5.16 ± 0.54

	
6.47 ± 0.58

	
4.89 ± 0.40

	
4.88 ± 0.25

	
0.1223




	
Total edible parts (%)

	
64.62 ± 1.68

	
69.69 ± 1.78

	
68.65 ± 0.99

	
64.48 ± 3.32

	
0.259




	
Total non-edible parts (%)

	
35.38 ± 1.69

	
30.31 ± 1.79

	
31.35 ± 0.99

	
35.52 ± 3.32

	
0.2594








AA = ascorbic acid, OPE = orange peel extract, TPE = tomato pomace extract. Edible giblets (%) = (liver (g) + kidney (g) + heart (g)/pre-slaughter weight (g)]*100%; total edible parts (%) = (carcass weight (g) + weight of edible giblets (g)/pre-slaughter weight (g)*100%. a,b,c Means with different superscripts in each raw differ significantly (p < 0.05).
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Table 5. Effect of dietary AA, OPE and TPE supplementation on the chemical composition of rabbits meat.
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Items

	

	
Experimental Diets




	
Control

	
AA

	
OPE

	
TPE

	
p-Value






	
DM

	
26.92 ± 0.23

	
26.65 ± 0.15

	
26.89 ± 0.10

	
26.50 ± 0.05

	
0.2425




	
CP

	
22.20 ± 0.11

	
22.17 ± 0.17

	
22.51 ± 0.24

	
22.74 ± 0.08

	
0.1585




	
EE

	
3.43 a ± 0.03

	
2.92 b ± 0.07

	
2.62 bc ± 0.21

	
2.33 c ± 0.03

	
0.0004




	
Ash

	
1.29 ± 0.12

	
1.57 ± 0.06

	
1.76 ± 0.33

	
1.43 ± 0.04

	
0.3447




	
Ascorbic acid (mg/100 g DM)

	
0.006 d ± 0.003

	
0.379 a ± 0.03

	
0.340 b ± 0.11

	
0.313 c ± 0.05

	
0.0018








AA = ascorbic acid, OPE = orange peel extract, TPE = tomato pomace extract. a,b,c,d Means values with the same letter within the same row did not differ significantly (p > 0.05).
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Table 6. Effect of dietary supplementation of AA, OPE and TPE on plasma parameters and antioxidative status of the growing rabbits.






Table 6. Effect of dietary supplementation of AA, OPE and TPE on plasma parameters and antioxidative status of the growing rabbits.





	
Items

	
Supplementations (mg/kg DM)

	




	
Control

	
AA

	
OPE

	
TPE

	
p-Value






	
Plasma parameters

	

	

	

	

	




	
Total protein (g/dL)

	
5.53 b ± 0.025

	
6.40 a ± 0.003

	
5.61 b ± 0.08

	
6.25 a ± 0.006

	
0.0001




	
Albumin (g/dL)

	
3.84 ± 0.15

	
3.66 ± 0.01

	
3.58 ± 0.52

	
3.23 ± 0.003

	
0.489




	
Globulin (g/dL)

	
1.69 c ± 0.13

	
2.74 ab ± 0.01

	
2.03 bc ± 0.46

	
3.02 a ± 0.01

	
0.0151




	
Total cholesterol (mg/dL)

	
121.69 a ± 1.28

	
11.20 b ± 0.41

	
103.37 c ± 2.27

	
102.22 c ± 1.48

	
<0.0001




	
Triglycerids (mg/dL)

	
123.0 ± 0.62

	
96.62 ± 0.31

	
97.15 ± 1.30

	
75.88 ± 7.86

	
0.3666




	
LDL (mg/dL)

	
89.29 a ± 1.24

	
80.11 b ± 0.04

	
68.37 bc ± 8.08

	
63.32 c ± 0.32

	
0.0081




	
VLDL (mg/dL)

	
22.93 ± 1.76

	
21.00 ± 1.70

	
19.43 ± 4.26

	
15.18 ± 5.56

	
0.5332




	
Total lipids (mg/dL)

	
156.01 ± 25.05

	
144.24 ± 16.43

	
127.10 ± 10.74

	
115.19 ± 6.58

	
0.3590




	
Ascorbic acid (mg/L)

	
157.26 b ± 0.63

	
197.69 a ± 0.58

	
199.61 a ± 0.88

	
174.55 ab ± 0.29

	
0.060




	
Antioxidative status

	

	

	

	

	




	
T-AOC (mmol/L)

	
1.28 ± 0.006

	
1.33 ± 0.003

	
1.31 ± 0.007

	
1.35 ± 0.02

	
0.076




	
SOD (u/L)

	
28.20 b ± 0.22

	
30.30 ab ± 0.07

	
33.87 a ± 1.03

	
34.19 a ± 2.04

	
0.017








a,b,c Mean values with the same letter within the same row did not differ significantly (p > 0.05). T-AOC = total antioxidant capacity (mmol/L), SOD = Superoxide dismutase (U/L).
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Table 7. Effect of dietary treatments on economic efficiency of rabbits diets.
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Items

	
Experimental Diets




	
Control

	
AA

	
OPE

	
TPE






	
Initial weight (Kg)

	
0.60

	
0.60

	
0.60

	
0.60




	
Final weight (Kg)

	
1.87

	
2.04

	
2.09

	
2.09




	
Average total weight gain/rabbit (kg)

	
1.27

	
1.44

	
1.48

	
1.49




	
Total revenue/rabbit (USD) 1

	
4.04

	
4.59

	
4.73

	
4.74




	
Total feed intake/rabbit (kg) 2

	
4.61

	
4.83

	
5.13

	
5.19




	
Price of feeding/kg (USD)

	
0.31

	
0.32

	
0.31

	
0.31




	
Total feed cost/rabbit (USD)

	
1.43

	
1.54

	
1.60

	
1.62




	
Net revenue/rabbit (USD)

	
2.62

	
3.05

	
3.13

	
3.11




	
Economic efficiency(EE) 3

	
1.84

	
1.98

	
1.95

	
1.92




	
Relative economic efficiency (REE) 4

	
100.00

	
107.81

	
106.22

	
104.54








1 Price of one Kg/live body weight on selling was USD 3.19. 2 Net revenue = Price of rabbit (USD)—Total feed cost (USD). 3 Economic efficiency = Net revenue/Total feed cost (USD). 4 Relative economic efficiency (REE) = EE of treatments/EE of the control (assuming that the relative economic efficiency of the control diet is 100).
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