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			Abstract | Due to rising bacterial resistance and heightened public awareness of health and food-safety issues, antibiotics are no longer allowed as growth promoters in the chicken industry. There is the need to search for safe antibiotic alternatives and to improve long-term feed management practices that support better chicken health and growth. This study examined the comparative efficacy of methanol and hexane extracts of M. oleifera seeds on avian Escherichia coli blse and their effects on zootechnical, biochemical and gut microbiota parameters in broilers. A total of 250 21-day-old Cobb 500 male broilers (500.16 ± 0.73 g live weight) were randomly allocated into five treatments with five replicates and 10 chickens per replicate. Animals received basic diet without extracts and antibiotics (negative control or T0); with 1 g doxycycline (positive control or T1); or 74.73 mg hexane extract (T2); or 5.03 mg methanol extract (T3); or 19.40 mg combined methanol and hexane extract (T4). The extract doses in the feed were calculated according to the minimal inhibitory concentration. Compared with the hexane extract (291.9 mg/ml) and its combination (75.78 mg/ml), the methanol extract of M. oleifera seeds showed the best antibacterial activity at a low dose (19.69 mg/ml). Birds receiving M. oleifera seed extracts had significantly greater carcass weights than those in the negative control group. The hexane extract of M. oleifera promoted greater (p = 0.044) total protein (6.34 g/dl) than the other treatments did. The results for total coliforms revealed that the addition of M. oleifera extracts did not lead to significant variations (p > 0.05) among the different experimental groups. Overall, the methanol extract of M. oleifera seeds had the best low-dose antibacterial activity against avian E. coli blse, and the different extracts used significantly improved carcass weight. Based on this, the M. oleifera seed extracts may therefore be used as a potential feed additive in poultry farming.
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			INTRODUCTION

			Antibiotic growth promoters (AGPs) are antibiotics added to animal feed at sub-therapeutic doses to improve growth and feed efficiency (Niewold, 2007). While they initially increased productivity in intensive livestock systems, later studies raised concerns about possible risks to human health (Wickramasuriya et al., 2024). After more than seven decades of use in food-producing animals such as poultry (Dibner and Richards, 2005; Miyakawa et al., 2024) widespread antibiotic use contributed to the emergence and spread of antimicrobial resistance genes in the gut microbiota, with potential downstream risks for humans (Kim and Ahn, 2022). Given the regulatory restrictions on AGPs and the increasing expectations from consumers, producers and researchers have been prompted to identify strategies that can sustain intensive animal production while still ensuring an adequate and continuous supply of meat and eggs. In line with this need, studies evaluating potential substitutes for AGPs have gained prominence as an important research priority (Kurt et al., 2019). Finding substitutes for antibiotics, previous studies have focused mainly on phytobiotics or phytogenics. Plant extracts and their biologically active constituents represent some of the most commonly applied phytogenic products in poultry nutrition (Hashemi and Davoodi, 2012). Several uses of these plants have been reported (Renata et al., 2021) because of their potential to improve production performance (Rahimi et al., 2011; Costa et al., 2020), as well as animal health (stability of the gut microbiota) (Urban et al., 2024). They are also used for their antimicrobial (Walter et al., 2011; Renata et al., 2021), biochemical and immunomodulatory (Renata et al., 2021; Abd El-Ghany, 2020; Khan et al., 2021) properties. Moreover, in addition to their antifungal properties (Aondo et al., 2018; Khan et al., 2021), plant extracts used as phytogenic feed additives improve zootechnical performance, intestinal wall histomorphology, biochemical profiles, carcass characteristics and the intestinal bacterial profile of broilers more than antibiotics do (Renata et al., 2021). 

			As a promising plant, M. oleifera, is classified as an important herbal plant due to its immense medicinal and nonmedicinal benefits (Pareek et al., 2023). It is a Moringaceae family of trees and shrubs comprising 14 species, of which Moringa oleifera is the most known and widely used (Rakotomamonjy, 2016). M. oleifera contains antinutritional substances such as trypsin inhibitors, phytates, tannins, oxalates, cyanide, and saponins that can hinder the absorption of protein, minerals, vitamins, and polyphenols (Richter et al., 2003; Abd -  Elhakim et al., 2018). To address this, specific solvents are used during extraction (methanol and hexane extraction) to reduce the concentration of these antinutritional factors and enhance nutrient availability. Plant extracts (leaves, seeds, roots, flowers, pods and stems) of M. oleifera are known to be rich in polyphenols and flavonoids. Recent modern microbiological studies have shown that the hexane extracts of M. oleifera and M. stenopetala strongly inhibited three bacterial species (Salmonella typhii, Vibrio cholerae and Escherichia coli) that cause water-borne diseases (Walter et al., 2011; Pareek et al., 2023), indicating that M. oleifera and M. stenopetala possess antibacterial properties, particularly at low doses.

			In view of the various studies carried out on phytobiotics in general and, more specifically, on the versatile virtues of M. oleifera, the use of this plant and its extracts could constitute one of several strategies to be included in national or even global action plans to combat antimicrobial resistance. This could have a greater impact when a formula is included for the administration of doses of extracts for targeted action directly in the gut, enabling treatments to be controlled by the administration of so-called adequate doses, as it is essential to know the exposure to the drug at the site of infection (Nielsen and Friberg, 2023). The polarity of the solvent affects the efficiency of extraction of bioactive compounds (Kaczorová et al., 2021). Thus, methanol, a polar solvent, would extract a higher amount of phenolic and flavonoid compounds, leading to a stronger antibacterial activity than that obtained with hexane, a non-polar solvent. The present study aimed to evaluate the comparative efficacy of methanol and hexane extracts of M. oleifera seeds on avian E. coli blse, as well as their effects on zootechnical parameters, the intestinal microbiota and some biochemical parameters of Cobb 500 broilers.

			MATERIALS AND METHODS

			Study site

			The present study was carried out between April and November 2024 in three different areas in Ngaoundéré (Cameroon): at the Laboratory of Chemistry and Environment of the Faculty of Science, University of Ngaoundere; at the Laboratory of the Institute of Agriculture Research for Development (IARD), and at a private experimental poultry farm located in the peri-urban area. 

			Sources of treatments and preparation of M. oleifera seed extracts

			The plant material, consisting of M. oleifera seeds, was collected from Ngaoundere town, Cameroon, and air-dried in the shade at room temperature. botanical identification keys were used for species identification (Spichiger et al., 2002), with reference to the International Code of Botanical Nomenclature (Greuter, 2003). The dried M. oleifera seeds were cleaned and ground to powder via an electric grinder and a fine sieve (1.25 mm mesh) to enable hexane and methanol extractions, which were carried out in the Laboratory of Chemistry and Environment of the Faculty of Science, University of Ngaoundere. The recovered powder was sieved and stored in hermetically sealed glass vials protected from light until use. 500 g of powder was macerated in 3 L of methanol. A similar quantity of powder was macerated in 3 L of hexane. After 24 hours of maceration at room temperature, the products obtained were filtered through Whatman (No 1) filter paper and concentrated in a rotary evaporator. The extracts obtained were weighed and stored in a refrigerator at 4°C until use (Gata-Gonçalves et al., 2003). The extraction yield (EY) of M. oleifera seeds, estimated as a percentage (Figure 1), was calculated in relation to the weights of the plant material used, according to the formula proposed by Ambang et al. (2011):
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			Figure 1: Extraction yield according to silvent. It appears that the extraction yield is higher with the hexane extract (40%) compared to the methanol extract (20%).

			Phytochemical screening of Moringa oleifera extracts

			This phytochemical screening was carried out to characterize the alkaloids (Dohou et al., 2004), phenolic compounds (Talla et al., 2016), triterpene steroids and flavonoids (Fankam et al., 2011), tannins saponins, glycosides and anthraquinones (Fankam et al., 2011) present in M. oleifera extracts. Our phytochemical study was qualitative. 

			In vitro susceptibility studies

			Determination of the minimum inhibitory concentrations 

			The minimum inhibitory concentration is defined as the lowest concentration able to prevent any visible growth after an incubation period of 18-24 hours. The minimum inhibitory concentrations (MIC) of the methanol and hexane extracts of M. oleifera seeds were determined via the microdilution method using Muller Hinton broth (MHB) in 96-well microplates. The plant extracts (methanol, hexane and mixed extracts (v/v)) were first dissolved in 10% dimethyl sulfoxide (Naz et al., 2020) to reach a concentration of 900 microlitres per millilitre, and twofold dilutions were made with the culture broth. The methanolic and hexanic extracts were prepared separately and then mixed in equal proportions (1:1, v/v) to produce the final combined extract for testing, with 450 µL of each (Mohammad et al., 2016). Each test sample and growth control (broth plus dimethyl sulfoxide, either without plant extract or with antimicrobial compounds) was inoculated with 100 µl of bacterial suspension containing 5 × 106 UFC/ml and incubated for 24 h at 37°C. After incubation, a 40 µL solution of resazurin (0.1 g resazurin tablet dissolved in 1000 ml sterile distilled water) was added to each sample, and the mixture was incubated for 30 min at 37°C. Bacterial proliferation was assessed by an observable shift in color from violet to pink or colorless (scored visually). All tests were performed in triplicate to evaluate each dilution for the target bacterial strain and to establish the MIC.

			Determination of minimum bactericidal concentration (MBC)

			The Minimum Bactericidal Concentration (MBC) is the lowest concentration of crude M. oleifera seed extract that killed 99.99% of the organisms tested. The MBC was determined by adding 50 µl aliquots of the serial dilution that showed no visible growth after incubation in the MIC test and adding 50 µl developer (resazurin) to 100 µl Muller–Hinton broth (Nkala et al., 2019). After incubation at 37°C for 24 hours, the presence of bacterial growth was indicated by a pink color, and colorless or purple wells indicated the inhibition of bacterial growth by the extract. Control streaks from each well were run on Mueller–Hinton agar medium to visually observe the lowest concentration that indicated growth inhibition.

			Determination of the combined action of methanol and hexane extracts

			The values of the different fractional inhibitory concentrations (FIC) were determined according to the method proposed by Alshareef (2021).

			In vitro antibacterial activity of M. oleifera seed extracts against Escherichia coli

			The antimicrobial activity of M. oleifera seed extract against E. coli was tested via the microdilution method. The organism was identified at Cameroon’s national veterinary laboratory and inoculated at the IARD, Wakwa, Cameroon. On the basis of IARD, it was inoculated into nutrient broth (Mueller Hinton) and incubated for 12 h at 37 °C to reach a turbidity of 0.5 McFarland. A uniform microbial culture broth was used.

			In vivo study

			Diets formulation and experimental design 

			A total of 250 21-day-old male Cobb 500 chicks (500.16 ± 0.73 g live weight) were purchased from the Société de Provenderie du Cameroun (SPC) already vaccinated against Newcastle disease and infectious bronchitis, and a routine check was carried out. Using a completely randomized design, the chicks were allocated into 25 pens (each pen serving as an experimental unit). The five dietary treatments were randomly distributed to the pens, with five replicates per treatment; thus, each replicate pen contained 10 birds. Birds were reared on the floor in pens of 2.5 m×1.0, with partitions made from galvanized wire mesh. Each pen was lined with white wood shavings as litter. This study was carried out following the applicable guidelines and regulations, and received ethical approval from the Scientific Research and Ethics Committee of the School of Veterinary Medicine and Sciences, University of Ngaoundéré, Cameroon (Ref. No. 2021/2022/061/UN/ESMV/DAACRS/SSFC of 27 March 2024).

			The centesimal composition of the ingredients and the chemical composition of the experimental diet are presented in Table 1.

			Doses of extracts in chicken diets

			The dose of extracts to be incorporated into the diet was determined by the following formula, adapted from the formulas proposed by Medbullets Step 1 and the Collège National de Pharmacologie Médicale (CNPM). In our approach, we adapted pharmacological models described in the literature to obtain an exploratory estimate of the dietary doses based on the MIC values determined in vitro (Medbullets Step 1 and CNPM) (Ricard et al., 1967; Velmurugu and Abdollahi, 2021). Since the intended site of action was primarily intestinal, we assumed, for the sake of simplification, a theoretical bioavailability of 1. This assumption was not meant to reflect true systemic bioavailability; rather, it was used to presume that the entire administered extract remained available within the intestinal lumen, which represented the main target site against enteric pathogens.
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			VDT: volume of the digestive tract, representing 3.2% of the chicken’s live weight (Ricard et al., 1967; Velmurugu and Abdollahi, 2021).

			Target concentration = MIC × 4

			Bioavailability: represents the fraction of extract that reaches the intestine.

			Table 1: Experimental diets.

			
				
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							
							Growth (21-35 d)

						
							
							Finishing (35-42 d)

						
					

					
							
							Ingredients (kg/100 kg)

						
							
							T0

						
							
							T1

						
							
							T2

						
							
							T3

						
							
							T4

						
							
							T0

						
							
							T1

						
							
							T2

						
							
							T3

						
							
							T4

						
					

					
							
							Corn meal

						
							
							48

						
							
							48

						
							
							48

						
							
							48

						
							
							48

						
							
							56

						
							
							56

						
							
							56

						
							
							56

						
							
							56

						
					

					
							
							Remoulage

						
							
							17.5

						
							
							17.5

						
							
							17.5

						
							
							17.5

						
							
							17.5

						
							
							11.5

						
							
							11.5

						
							
							11.5

						
							
							11.5

						
							
							11.5

						
					

					
							
							Soya cake 49

						
							
							15

						
							
							15

						
							
							15

						
							
							15

						
							
							15

						
							
							14

						
							
							14

						
							
							14

						
							
							14

						
							
							14

						
					

					
							
							Groundnut cake

						
							
							7.5

						
							
							7.5

						
							
							7.5

						
							
							7.5

						
							
							7.5

						
							
							7.5

						
							
							7.5

						
							
							7.5

						
							
							7.5

						
							
							7.5

						
					

					
							
							Doxycycline

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Hexane extract

						
							
							0

						
							
							0

						
							
							0.07473

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0.07473

						
							
							0

						
							
							0

						
					

					
							
							Methanol extract

						
							
							0

						
							
							0

						
							
							0

						
							
							0.00503

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0.00503

						
							
							0

						
					

					
							
							combined methanol and hexane extract

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							0.0194

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							0.0194

						
					

					
							
							Concentrate 10%

						
							
							10

						
							
							10

						
							
							10

						
							
							10

						
							
							10

						
							
							10

						
							
							10

						
							
							10

						
							
							10

						
							
							10

						
					

					
							
							Bone meal

						
							
							2

						
							
							2

						
							
							2

						
							
							2

						
							
							2

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Belgotox

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
							
							0.15

						
					

					
							
							Total

						
							
							100.15

						
							
							100.15

						
							
							100.224

						
							
							100.155

						
							
							100.169

						
							
							100.15

						
							
							100.15

						
							
							100.224

						
							
							100.155

						
							
							100.169

						
					

					
							
							Nutritive values

						
					

					
							
							Dry matter (%)

						
							
							89.47

						
							
							
							
							
							
							89.47

						
							
							
							
							
					

					
							
							Crude protein(% DM)

						
							
							20.59

						
							
							
							
							
							
							19.00

						
							
							
							
							
					

					
							
							Fibre (% DM)

						
							
							1.62

						
							
							
							
							
							
							1.71

						
							
							
							
							
					

					
							
							Crude cellulose (% DM)

						
							
							3.47

						
							
							
							
							
							
							3.66

						
							
							
							
							
							 

						
					

					
							
							Metabolizable energy (kcal/kg DM)

						
							
							2820.85

						
							
							
							
							
							2998.45

						
							
							
							
							
					

				
			

			On the basis of the calculations via this formula, birds in each group received one of the following treatments during the study period: base diet without extracts or antibiotics (negative control or T0); base diet with 1 g doxycycline/kg DM (positive control or T1); base diet with 74.73 mg hexane extract/kg DM (T2); base diet with 5.03 mg methanol extract/kg DM (T3); and base diet with 19.40 mg combined methanol and hexane extract/kg DM (T4).

			Growth performance

			Chicks were first weighed to obtain the initial mean body weight (500.16 ± 0.73 g). Thereafter, body weights were recorded weekly over a 3-week period using digital scales (SH-125; range 1–7000 g) to determine weekly body weight gain. For feed utilization, the diet offered each day was weighed prior to feeding, and the remaining feed (refusals) was collected and weighed before the next feeding. Daily feed intake (FI) was determined as the difference between the amount offered and the amount refused. The feed conversion ratio (FCR) was then computed as FI divided by body weight gain.

			Carcass characteristics

			On the 42nd day of age, 2 broilers per experimental unit × 5 replications were slaughtered to record carcass characteristics. Body weight was averaged per compartment or replication. The calculated variables were carcass percentage (%) and the relative weights of several organs (gizzard, liver, heart, legs, abdominal fat and intestinal weight). The relative weight of each organ was calculated by dividing the weight of the carcass or that of the corresponding organ by the live body weight of the bird (Gorenz et al., 2024).

			Biochemical parameters

			At 42 days of age, blood samples were collected randomly from five birds per replicate pen. After puncturing the birds’ branchial veins with sterile needles and using 5 mL syringes, approximately 4 mL of blood was drawn into two sets of sterile tubes for serum biochemical determination. The samples designated for serum analyses were then centrifuged at room temperature for 10 min at 3000 rpm to separate the serum (Iyaode et al., 2020). The serum biochemical indices (total cholesterol, glucose and total protein) were analysed at the IARD Physiology and Biochemistry Laboratory in Wakwa, Cameroon. Proportioning was colorimetric, and the absorbance was measured via a spectrophotometer. 

			Evaluation of the effects of different M. oleifera seed extracts on the intestinal microbiota

			On the last day of the feeding study, one bird from each replicate, i.e., a total of five chickens per treatment, was randomly selected and transported in an appropriate car to the IARD Laboratory. The chickens were slaughtered, and the caecal and rectal contents were collected to determine the total number of viable coliforms. The determination of E. coli and coliform populations followed the procedure of Sudatri (2021) via the scatter method in Eosin Methylene Blue (EMB) agar media. Five grams of the digested sample was put into an Erlenmeyer flask containing 0.1% peptone water solution with a volume of 45 ml, resulting in a 10–1 dilution. Planting was carried out at dilution levels of 10-1 to 10-7, to count the growing bacterial colonies via the cup count method, namely, by selecting the number of colonies that grew ranging from 30–300 colonies. We used total coliforms as a general indicator of enteric bacterial load and intestinal microbial balance. The in vitro study had already demonstrated antibacterial activity of the extracts against isolated Escherichia coli strains. The in vivo assessment of total coliforms was therefore used as a complementary indicator of the overall intestinal impact of the treatments.

			Statistical analysis

			The recorded data were entered into an Excel spreadsheet (version 2019) and analysed via SPSS (ver. 20.0, Chicago, IL, USA). The normality and homogeneity of variance of all the data collected were first examined via the Kolmogorov–Smirnov test and Levene’s test. One-way analysis of variance (ANOVA) followed by Duncan’s test was subsequently performed to investigate the differences in growth performance, carcass characteristics, relative proportions of organs, biochemical parameters and the gut microbiota of broilers among the different treatments. As for the biochemical parameters, we average the 5 birds per replicate pen first. For all the analyses, a significance level of 5% was fixed.

			RESULTS

			Phytochemical screening of Moringa oleifera seed extracts

			The results of the phytochemical screening of M. oleifera seed extracts revealed the presence of several chemical compounds belonging to various families of secondary metabolites. The presence of these compounds varied according to the type of solvent used (Table 2). Indeed, alkaloids, triterpenes and flavonoids were present in all the different M. oleifera seed extracts analysed (methanol and hexane). However, tannins, anthraquinones and glycosides were absent from all the extracts. Saponins and phenolic compounds were found only in the methanol extract.

			Compared with the hexane extract, the methanol extract was found the richest in chemical compound families (with a strong presence of flavonoids, triterpenes, saponins and phenolic compounds).

			Table 2: Phytochemical screening of Moringa oleifera seed extracts.

			
				
					
					
					
				
				
					
							
							Compound family

						
							
							Methanol extract

						
							
							Hexane extract

						
					

					
							
							Alkaloids

						
							
							+

						
							
							+

						
					

					
							
							Flavonoids

						
							
							+++

						
							
							+

						
					

					
							
							Triterpenes

						
							
							+++

						
							
							+++

						
					

					
							
							Tannins

						
							
							-

						
							
							-

						
					

					
							
							Saponins

						
							
							+++

						
							
							-

						
					

					
							
							Phenolic compounds

						
							
							++

						
							
							-

						
					

					
							
							Anthraquinones

						
							
							-

						
							
							-

						
					

					
							
							Glycosides

						
							
							-

						
							
							-

						
					

				
			

			(-) : Absence, (+) : presence, (++):strong presence

			Antibacterial activity of Moringa oleifera seed extracts

			The in vitro antibacterial activity of M. oleifera seed extracts was assessed against E. coli Blse. Minimal inhibitory concentration (MIC) values for the antibacterial activity of M. oleifera seed extracts were obtained (Table 3). The methanol extract of M. oleifera seeds had significantly greater antibacterial activity, with a minimum MIC value of 19.69 mg/ml. In comparison, the highest MIC value was obtained for the hexane extract of M. oleifera seeds (291.9 mg/ml). An intermediate MIC value (75.78 mg/ml) was recorded for the mixture of hexane and methanol extracts.

			Table 3: In vitro antibacterial activity of M. oleifera seed extracts against E. coli.

			
				
					
					
					
				
				
					
							
							Extracts

						
							
							MIC  (mg/ml)

						
							
							CMB  (mg/ml)

						
					

					
							
							Hexane

						
							
							291.9

						
							
							/

						
					

					
							
							Methanol

						
							
							19.64

						
							
							78.57

						
					

					
							
							Hexane+ Methanol

						
							
							75.78

						
							
							303.21

						
					

				
			

			/: no bactericidal effect; MIC: Minimal inhibitory concentration; MBC: minimum bactericidal concentration.

			The methanol extracts and the combination of extracts had bactericidal effects, with MBC values close to those of the MIC, highlighting their bactericidal characteristics. In contrast, the hexane extract had no bactericidal effect.

			Effects of Moringa oleifera seed extracts on broiler growth performance

			Table 4 shows the performance of broilers according to treatment. The incorporation of M. oleifera seed extracts (methanol, hexane or hexane + methanol mixture) into the broiler diet had no significant effect (P ˃ 0.05) on feed intake and weight gain. The feed conversion ratio of broiler chickens fed diets T0, T1, T3, and T4 were comparable and were significantly (p<0.05) higher than those in chickens fed diet T2.

			Effects of Moringa oleifera seed extracts on the carcass characteristics of broilers

			The effects of M. oleifera seed extracts on broiler carcass characteristics are shown in Table 5. Carcass weight was significantly (p < 0.05) greater in birds fed M. oleifera seed extracts than in those in the negative control group (T0). On the other hand, live weights and carcass yields remained comparable (P ˃ 0.05) irrespective of diet.

			Effects of Moringa oleifera seed extracts on the relative proportions of organs

			Table 6 shows that the addition of moringa extracts to the broilers’ diet did not significantly (p˃0.05) influence the relative proportions of organs studied (heart, gizzard, legs, head and liver).

			Effects of Moringa oleifera seed extracts on biochemical parameters

			Table 7 shows that blood glucose and cholesterol concentrations were not significantly influenced by the incorporation of M. oleifera extracts into broiler diets. However, The total serum protein levels in broiler chickens fed diets T0, T1, T2, and T3 were comparable and were significantly (p<0.05) higher than those in chickens fed diet T4. 

			Effects of Moringa oleifera seed extracts on the gut microbiota

			The effects of M. oleifera seed extracts on the gut microbiota, more specifically on coliform bacteria, are presented in Figure 2. The results revealed that the addition of extracts at different specific concentrations resulted in no significant difference (p˃0.05) between treatments. Nevertheless, it was observed that the lowest coliform population (7.46 log cfu/g) was recorded in birds that received the hexane-methanol extract mixture (T4).

			Table 4: Performance of broilers according to treatment.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Treatments

						
							
							p

						
					

					
							
							
							T0

						
							
							T1

						
							
							T2

						
							
							T3

						
							
							T4

						
							
					

					
							
							DFI (g/day)

						
							
							107.18± 3.31a

						
							
							120.37 ± 5.7 a

						
							
							103.7 ± 7.68 a

						
							
							115.25 ± 5.02 a

						
							
							105.83 ± 6.56 a

						
							
							0.09

						
					

					
							
							DIWG (g/day)

						
							
							45.19 ± 1.36 a

						
							
							55.23 ± 3.38 a

						
							
							55.08± 1.35 a

						
							
							52.38 ± 4.01 a

						
							
							51.14 ± 1.2 a

						
							
							0.27

						
					

					
							
							FCR

						
							
							2.44 ± 0.03b

						
							
							2.45 ± 0.11b

						
							
							2.03 ± 0.12 a

						
							
							2.50 ± 0.07b

						
							
							2.20 ± 0.17 ab

						
							
							0.02

						
					

				
			

			a,bValue within line with different superscripts differ at p < 0.05; T0: Base diet without extracts or antibiotics; T1: Base diet with 1 g Doxycycline/kg DM; T2: Base diet with 74.73 mg hexane extract/kgDM; T3: Base diet with 5.03 mg methanol extract/kg DM; T4: Base diet with 19.40 mg combined methanol and hexane extract/kgDM; DFI= daily feed intake; DIWG: daily individual weight gain; FCR= feed conversion ratio.

			Table 5: Effect of M. oleifera seed extracts on carcass characteristics of broilers.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Treatments

						
							
							p

						
					

					
							
							T0

						
							
							T1

						
							
							T2

						
							
							T3

						
							
							T4

						
					

					
							
							LW (g)

						
							
							1826.66 ± 90.61 a

						
							
							1918.33 ± 19.64 a

						
							
							1878.33 ± 41.26 a

						
							
							1850 ± 108.27 a

						
							
							1815 ± 83.11 a

						
							
							0.946

						
					

					
							
							CW (g)

						
							
							1272.33 ± 32.34 a

						
							
							1408.33 ± 6.74c

						
							
							1310.67 ± 17.18ab

						
							
							1355.3 ± 41.16b

						
							
							1309.67 ± 18.25ab

						
							
							0.001

						
					

					
							
							CY (%)

						
							
							69.58 ± 1.22 a

						
							
							73.41 ± 0.99 a

						
							
							69.80 ± 1.22 a

						
							
							72.86 ± 3.62 a

						
							
							72.05 ±1.92 a

						
							
							0.151

						
					

				
			

			a,b,cvalue within line with different superscripts differ at p<0.05; LW: live weights; CW: Carcass weight; CY: carcass yields; T0: Base diet without extracts or antibiotics; T1: Base diet with 1 g Doxycycline/kg DM; T2: Base diet with 74.73 mg hexane extract/kgDM; T3: Base diet with 5.03 mg methanol extract/kg DM; T4: Base diet with 19.40 mg combined methanol and hexane extract/kgDM.

			Table 6: Effect of M. oleifera seed extracts on relative proportion of organs.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Variables (%)

						
							
							Treatments

						
							
							p

						
					

					
							
							T0

						
							
							T1

						
							
							T2

						
							
							T3

						
							
							T4

						
					

					
							
							Heart

						
							
							0.80 ± 0.02 

						
							
							0.70 ± 0.01 

						
							
							0.91 ± 0.02

						
							
							0.77 ± 0.03 

						
							
							0.67 ± 0.04 

						
							
							0.784 

						
					

					
							
							Liver

						
							
							3.26 ± 0.10

						
							
							2.93 ± 0.13 

						
							
							3.22 ± 0.32

						
							
							2.93 ± 0.07

						
							
							3.04 ± 0.13

						
							
							0.556

						
					

					
							
							Gizzard

						
							
							3.42 ± 0.39 

						
							
							2.47 ± 0.12

						
							
							2.66 ± 0.1

						
							
							2.45 ± 0.23

						
							
							3.28 ± 0.55

						
							
							0.178

						
					

					
							
							Legs

						
							
							5.63 ± 0.47 

						
							
							5.20 ± 0.24 

						
							
							6.25 ± 0.01 

						
							
							5.63 ±0.41

						
							
							5.62 ± 0.45 

						
							
							0.422

						
					

					
							
							Head

						
							
							3.29 ± 0.21

						
							
							2.98 ± 0.08 

						
							
							3.34 ± 0.26

						
							
							3.28 ±0.1

						
							
							3.10 ± 0.25 

						
							
							0.677

						
					

				
			

			T0: Base diet without extracts or antibiotics; T1: Base diet with 1 g Doxycycline/kg DM; T2: Base diet with 74.73 mg hexane extract/kgDM; T3: Base diet with 5.03 mg methanol extract/kg DM; T4: Base diet with 19.40 mg combined methanol and hexane extract/kgDM.

			Table 7: Effect of M. oleifera seed extracts some biochemical parameters.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							
							Treatments

						
							
							p

						
					

					
							
							T0

						
							
							T1

						
							
							T2

						
							
							T3

						
							
							T4

						
					

					
							
							Glucose (mmol/l)

						
							
							6.22   ± 0.34a

						
							
							5.98  ± 0.27a

						
							
							6.24  ± 0.71a

						
							
							6.33  ± 0.23a

						
							
							5.44 ± 0.11a

						
							
							0.103

						
					

					
							
							Total proteins (g/dl)

						
							
							6.21 ± 0.51b

						
							
							5.81  ± 0.93ab

						
							
							6.34 ± 0.59b

						
							
							5.85 ± 0.14 ab

						
							
							4.89  ± 0.17a

						
							
							0.044

						
					

					
							
							Cholesterol (mg/dl)

						
							
							200.85  ± 23a

						
							
							203.28  ±37a

						
							
							199.47   ± 25a

						
							
							197.85   ± 12a

						
							
							207.20   ± 15a

						
							
							0.140

						
					

				
			

			a,b Value within line with different superscripts differ at p<0.05; T0: Base diet without extracts or antibiotics; T1: Base diet with 1 g Doxycycline/kg DM; T2: Base diet with 74.73 mg hexane extract/kgDM; T3: Base diet with 5.03 mg methanol extract/kg DM; T4: Base diet with 19.40 mg combined methanol and hexane extract/kgDM.
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			Figure 2: Effects of M. oleifera seed extracts on the gut microbiota

			DISCUSSION

			Antibiotics have been used as a growth promoter for decades to increase meat production, accelerate poultry growth and prevent disease. The intensive use of antibiotics has led to the development of resistant pathogens with serious effects on public and environmental health, making it imperative to find alternatives to antibiotics as growth promoters in this sector. For this reason, the use of M. oleifera seeds and extracts could be a strategy to combat antimicrobial resistance and increase poultry production. The aim of the present study was to evaluate the comparative antibacterial efficacy of methanol (a highly polar solvent) and n-hexane (a nonpolar solvent) extracts of M. oleifera seeds and their combination on avian E. coli and their effects on zootechnical and biochemical parameters and on the gut microbiota of Cobb 500 broilers. Phytochemical screening of M. oleifera seed extracts revealed the presence of several chemical compounds belonging to various families of secondary metabolites. Alkaloids, triterpenes and flavonoids were present in all the extracts (methanol and hexane) of the M. oleifera seeds analysed. However, tannins, anthraquinones and glycosides were absent from all the extracts. Saponins and phenolic compounds were found only in the methanol extract. These results are similar to those of Ayirezang et al. (2020), whose analysis of phytochemical compounds found in M. oleifera seeds independently of the extraction solvent used revealed the presence of alkaloids, resins, terpenoids, tannins, flavonoids, glycosides and saponins, among others. The differences observed are probably because the phytobiotic components of plants vary according to the environmental conditions of the growing area (Radkowska, 2013). Determination of the chemical compounds present in M. oleifera seeds clearly revealed that plants synthesize bioactive or phytobiotic compounds to protect themselves against invasive pathogens such as bacteria, viruses and fungi (Kikusato, 2021).

			The results of the antibacterial activity revealed that the methanol extract of M. oleifera seeds (EMGMO) had the maximum antibacterial activity, with the lowest MIC of 19.69 mg/ml, in contrast to the hexane extract of M. oleifera seeds (EHGMO) (291.9 mg/ml), whereas the mixture of hexane and methanol extracts (EHMGMO) (v/v) achieved an intermediate MIC of 75.78 mg/ml. These MIC results corroborate those of Walter et al. (2011), who showed that both methanol and hexane extracts inhibited the E. coli responsible for waterborne diseases but contradict that hexane extracts at higher concentrations were numerically more effective against E. coli than methanol extracts were. The opposite was true in this study, probably due to differences in the phytobiotic compositions responsible for the antibacterial effect. The results of this study are similar to those of Romanucci et al. (2020), whose MIC and MBC values for tri-terpenes generally ranged from 17.1 to 21.6 mg/ml against E. coli, demonstrating the effective bactericidal activity of at least one phytobiotic compound present in the methanol extract of M. oleifera seeds. The significant variation in chemical composition might explain the variations observed in the antibacterial activity of extracts from the same part of the plant used. Similarly, a trend has been shown indicating that extracts richer in flavonoids exhibit the highest antibacterial activities (Beddou, 2015). It may be assumed that the antagonistic effect is due mainly to the excessively high MIC value of the hexane extract and the consequent reduction in the content of phytobiotic active compounds, which in this case reduces the antibacterial effect. 

			The incorporation of the different extracts into the broiler diet did not significantly influence (p > 0.05) the feed intake. This lack of a significant effect contrasts with the findings of some studies but is consistent with those of other authors. Tekce et al. (2020) and Abou-Elkhair et al. (2020) reported improved feed intake in response to different forms and doses of M. oleifera in the diet. However, Macambira et al. (2022) reported that the inclusion of Moringa leaf powder at concentrations up to 6% did not significantly affect feed intake in broilers. The results of this study are in line with the latter work, suggesting that seed extracts, such as leaves, do not significantly influence feed intake at certain doses. Paul et al. (2018) reported a reduction in feed intake with an aqueous extract of M. oleifera leaves, suggesting that the type of extract (aqueous extract, methanol or hexane extract, powder) and the part of the plant used (leaves or seeds) could lead to variations. The average daily gain (ADG) was not significantly influenced by the incorporation of the different extracts in the broiler diet. These results are in line with the studies of Wahab et al. (2020). However, Dey and Partha (2013), suggested that Moringa may improve digestibility and nutrient absorption, which may be reflected in an increase in the ADG and total weight gain of the subjects. Compared with the other groups, the group receiving hexane extract from the diet presented the best feed conversion ratio, although no significant differences were observed. These results corroborate the observations of Paul et al. (2018), who reported an improvement in FCR with an aqueous extract of Moringa leaves compared with antibiotic treatment. On the other hand, these results disagree with those of Khan et al. (2012), who reported that the addition of Moringa meal to the broiler diet reduced feed conversion efficiency. These variations are thought to be because the bioactive components of the hexane extracts of the seeds differ from those of the leaves or their aqueous extracts, which reduces their potential to improve feed efficiency. 

			The carcass yield was not significantly influenced (p>0.05) by the different treatments, although the diet containing doxycycline had the highest value (73.41%). On the other hand, the carcass weights of batches that consumed a base diet with 5.03 g methanol extract/kg DM were significantly greater (p<0.05) than those of the negative control. These results are partially consistent with the work of Mousa et al. (2017), who reported that M. oleifera may be responsible for the increase in carcass weight and yield, which could be explained by the presence of antioxidants (ascorbic acid, tocopherol) that reduce oxidative stress and increase protein absorption (Qwele et al., 2013). 

			The different extracts did not significantly affect (p > 0.05) the serum glucose concentration or cholesterol level. On the other hand, significant differences (p<0.05) were observed in the total protein values. The highest total protein values (6.34 g/dl) were recorded in birds fed a diet containing hexane extract of M. oleifera seeds. Similar results were reported by Khan et al. (2021), who reported that M. oleifera can increase serum and plasma total protein concentrations. The serum cholesterol content of birds fed M. oleifera seed extracts in their diet was not significantly different from that of the Doxy batch or the negative control. These results diverge from the work of Dey and Partha (2013), who noted a decrease in plasma cholesterol with M. oleifera. This discrepancy could be attributed to differences in the active compounds in the leaves and seeds or to variations in the blood products used. 

			The addition of M. oleifera seed extracts to the broiler diet did not result in significant differences in coliform populations between the different experimental groups (p > 0.05). However, notable variation was observed between the treatments. This result agrees with the latter study (hexane + methanol) of M. oleifera seeds presented the lowest coliform population (7.46 log cfu/g), whereas the batch treated with the hexane extract presented the highest population (8.56 log cfu/g). This observation could be linked to the variability of the antimicrobial properties of the extracts, which depend on their specific chemical compositions, including the polyphenols and triterpenes that inhibit the growth of pathogens such as E. coli (Romanucci et al., 2020). The results of this study are in agreement with those of Farahat et al. (2021), whose supplementation with plant extracts significantly reduced the number of coliform bacteria.

			CONCLUSION

			This study aimed to assess the comparative efficacy of methanol and hexane extracts of M. oleifera seeds on avian Escherichia coli bacteria and their effects on zootechnical, biochemical and gut microbiota parameters in broilers. The methanol extract of M. oleifera seeds had the best low-dose antibacterial activity against avian E. coli bacteria. M. oleifera seed methanol extracts contribute significantly to improving the total protein content of birds. Birds receiving M. oleifera seed extracts had significantly greater carcass weights than those in the negative control group. However, it does not significantly influence the others production performance or total coliforms. On the basis of the results obtained, the M. oleifera seed extracts could therefore be used as a feed additive in poultry farming, especially in broilers. 
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Efficacy of Methanol and Hexane Extracts of Moringa oleifera Seeds on
Avian Escherichia coli and their Effects on Zootechnical Performance,
Biochemical Parameters and the Gut Microbiota of Broilers
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Romania.

Abstract | Due to rising bacterial resistance and heightened public awareness of health and food-safety issues, antibiotics
are no longer allowed as growth promoters in the chicken industry. There is the need to search for safe antibiotic
alternatives and to improve long-term feed management practices that support better chicken health and growth. This
study examined the comparative efficacy of methanol and hexane extracts of M. oleifera seeds on avian Escherichia coli
blse and their effects on zootechnical, biochemical and gut microbiota parameters in broilers. A total of 250 21-day-old
Cobb 500 male broilers (500.16 + 0.73 g live weight) were randomly allocated into five treatments with five replicates
and 10 chickens per replicate. Animals received basic diet without extracts and antibiotics (negative control or TO0);
with 1 g doxycycline (positive control or T1); or 74.73 mg hexane extract (T2); or 5.03 mg methanol extract (T3); or
19.40 mg combined methanol and hexane extract (T4). The extract doses in the feed were calculated according to the
minimal inhibitory concentration. Compared with the hexane extract (291.9 mg/ml) and its combination (75.78 mg/
ml), the methanol extract of M. oleifera seeds showed the best antibacterial activity at a low dose (19.69 mg/ml). Birds
receiving M. oleifera seed extracts had significantly greater carcass weights than those in the negative control group.
The hexane extract of M. oleifera promoted greater (p = 0.044) total protein (6.34 g/dl) than the other treatments did.
The results for total coliforms revealed that the addition of M. oleifera extracts did not lead to significant variations
(p > 0.05) among the different experimental groups. Overall, the methanol extract of M. oleifera seeds had the best
low-dose antibacterial activity against avian E. co/i blse, and the different extracts used significantly improved carcass
weight. Based on this, the M. o/eifera seed extracts may therefore be used as a potential feed additive in poultry farming.
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