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Abstract: Moringa oleifera is a miracle plant rich in nutrients, antioxidants, and antibiotic properties. Present study was designed to evaluate various biochemical attributes of leaves and flowers of M. oleifera. Plant parts (leaves, flowers) of M. oleifera, collected from different roadsides of Multan district, Punjab, Pakistan, were used as experimental material. Result indicates that alkaloids, saponin, carbohydrates, fats, and protein had a high value in the aqueous extract of both leaves and flowers of M. oleifera. Whereas phenol content was high in methanolic leaves extract and the phenol contents were high in aqueous extract of flowers. The extract yield of M. oleifera leaves and flowers both showed a higher percentage in aqueous extract (57.5%), followed by methanol extract and lowest in ethyl acetate extract. Flavonoids contents were higher in ethyl acetate extract of leaves (33.67%) and aqueous extract of flowers (53.71%). While crude fiber was high in methanolic extract of leaves (12.40%) and in flowers crude fiber was high in ethyl acetate extract (15.86%). The moisture contents were higher in leaves (8.87%) than flowers (7.3%) and similarly, ash percentage in flowers (52.60%) than leaves (41.84%). Ethyl acetate extracts of M. oleifera leaves show antibacterial activity against Pseudomonas aeruginosa while methanolic extract of M. oleifera flowers shows antibacterial activity against Xanthomonas sp. Maximum growth inhibits show in all extracts of leaves against Aspergillus flavus, F. oxysporum, and P. glabrum except for the concentrated aqueous extract of leaves. While in flowers maximum growth inhibits all extracts against P. glabrum, A. niger, and A. flavus except the diluted ethyl acetate extract. Phytochemicals present in different parts of moringa have significant edible and commercial potential. Moringa extracts exhibited significant antimicrobial activity, therefore have applications in pharmaceuticals.
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1  Introduction

The family Morinaceae has 13 known species, including Moringa oleifera [1], which is locally grown in Afghanistan, sub-Himalayas (India, Pakistan, and Bangladesh), Caribbean island, Southeast Asia, Arabia, South America, and Africa. Moringa was dispersed worldwide to tropic and sub-tropic countries [2,3]. Different countries gave the Moringa tree different names, i.e., English Drumstick plant, Mom’s Finest companion; Horseradish plant; Hindi-Shajmah, Mungaara, Segra, Shajna [4]. M. oleifera is termed as ‘horseradish’ plant, ‘drumstick’ plant ‘ben-oil plant’ or ‘cabbage plant’, ‘mom’s finest companion’ or ‘wonder plant [5,6], and widely grown throughout Pakistan [7]. It is a deciduous, fast-growing, and drought-tolerant tree [8,9].

M. oleifera is multipurpose plant, used as a vegetable and possess medicinal potential against many disorders [10,11]. All parts of M. oleifera, from the root to the leaves, are very useful as a fodder spice, food, natural coagulant, fuel, fertilizer [9,11], domestic cleaning agent, biopesticide [12–14] as well as in fine machine lubricating oil, lumber, textile industry, fencing, enhance growth hormones, charcoal, hair-care products, perfumery, water clarification, etc. [15,16]. Extracts, powder and oil of different parts of Moringa plants are commercially available as dietary supplement [1].

Seven times much higher vitamin C is present in moringa as compared to oranges; vitamin A is ten times more than carrots, similarly, much higher Ca and protein than milk, fifteen % higher K as compared to bananas, and M. oleifera contains 25 times much Fe as compared to spinach [17–19].

In Ayurveda, about 300 diseases are claimed to be cured with the moringa leaves and recent studies support the claim [13]. Several phenolic compounds found in Moringa, especially chlorogenic acid, gallic acid, p-coumaric acid, syringic acid and vanillic acid etc. are source of antimicrobial properties of different plant parts [20]. All parts are used traditionally to treat many diseases such as antispasmodic, antiseptic, wound healing, antidiabetic, antimicrobial, cholesterol-lowering, anti-inflammatory, tuberculosis, antioxidant, and anticonvulsant activities [17,21].

Various studies on nutritional, phytochemical, and antibacterial actions in water, ethyl acetate, or alcohol extracts of plant parts were carried out in the world and found a potential medicinal and nutraceutical plant [19,22]. In our present study, different samples from roadside plants in the arid area were used with the assumption that spatial plant distribution not only changes plant growth potential but also their phytochemical properties. Current study was designed to evaluate biochemical attributes of aqueous, methanol and ethyl acetate extracts of M. oleifera parts (leaves and flowers) to determine its antimicrobial, antifungal, and phytochemical activities.

2  Materials and Methods

Leaves and flowers of healthy and uninfected M. oleifera plants were collected from different roadsides of Multan district, Punjab, Pakistan (latitude: 30.181 and longitude: 71.492). The area is hot and dry, with sandy to sandy loam soil. The plant leaves (randomly selected from different positions of plant) were collected during January month and flowers were harvested in February and March. The collected parts were washed with water and air-dried at room temperature for three weeks. Subsequently, air-dried samples were ground with an electric grinder until the sample was in coarse powder form. The powder samples were stored in an airtight container and kept at room temperature for further use. All the analysis described were performed at least in triplicate and average values are described.

2.1 Extraction of Moringa oleifera Samples and Estimation of Moisture and Ash Contents

Air dried sample of M. oleifera leaves and flowers (150 g, of each batch), was separated equally into three conical flasks (each containing 50 g air dried sample) and 100 ml ethyl acetate (100 ml) was added in one conical flask. About 100 ml methanol was added to the second flask while in the third bottle 100 ml distilled water was added. These three conical flask mixtures were kept in an incubator shaker to incubate at 60°C at 150 rpm (revolution per minute) for 24 h. After incubation, the mixture was filtered with filter paper (Whatman No. 1) of each flask. The filtrates were divided into three different beakers and covered with fine-pored aluminum foil. The solvent was allowed to evaporate at 65°C in a hot air oven to collect ethyl acetate, methanol, and distilled water extracts.

The dry extract yield depends on the arid mass and is studied by the subsequent equation:

Yield(g/100gofplantdrymaterial)=(W1×100)/W2

whereas W1 indicates extract weight after solvent evaporation and W2 is dry plant material.

To determine moisture contents ground dry sample (1 g) was taken in a known weighted beaker and kept in an oven at 105°C for 8 h. After cooling down, the sample was weighted to determine the water loss and moisture content using equation below:

Moisturecontentsinpercentage(%)=W1−W2/W1×100

where W1 = Weight of air-dried plant sample and W2 = weight of oven-dried plant sample.

Air-dried plant sample (2 g) was incinerated in a Muffle furnace at 600°C for 6 h. Subsequently, samples were left cool down and re-weighted to calculate the percentage of ash using equation below.

Totalashpercentage(%)=Ashweight/initialweightofsample×100

2.2 Phytochemical Analysis

2.2.1 Determination of Crude Alkaloids

Harborne method was used to determined crude alkaloids. A sample of 2.5 g was taken in a 250 mL beaker added with 90 ml of ethanol and 10 ml of acetic acid for 4 h after wrapping. After that, the sample was filtered and placed on a water bath to one-fourth of its original volume. Ammonium hydroxide in concentrated form was added dropwise in extract till reached precipitation and allowed to settle down. Precipitations were collected and again filtered after washing with dilute ammonium hydroxide and dried to measure alkaloids [9,23].

Percentageoftotalalkaloids=W2−W1/Wo×100

where, W1 = Weight of filter paper, W2 = Weight of sample; Wo = weight of the dry flask.

2.2.2 Determination of Saponins

Obadoni and Ochuko method was used to Saponins contents were determined following procedure already described [24]. Briefly, each plant sample (5 g dry powder) was mixed 50 ml of 20% of aqueous ethanol in a conical flask and heated with continuous stirring on a water bath for 4 h at 55°C. Then filtrated and the residue was again re-extracted through 20% of 50 ml ethanol. Again, this mixture was reheated on a water bath at 90°C for reducing the mixture to 10 ml. This mixture was shifted in a separating funnel of 250 ml capacity and added 20 ml diethyl ether. The aqueous layer was retrieved by shaking vigorously. After being thrown away ether layer formed, and the purification processes were repeated. Further, added n-butanol (15 ml) and washed with 10 ml of sodium chloride (5% aqueous sol.) twice. After washing, the sample was heated on a water bath, dried in an oven to calculate saponin as a percentage [24].

2.2.3 Determination of Total Phenolics

A sample extract of 100 μL was taken and mingled with Folin Ciocalteu’s reagent (250 μl) for 5 min at room temperature. Then, 1.5 ml of 20% sodium bicarbonate was added to the extract and incubated for 2 h at room temperature. With a spectrophotometer (Cintra 1010, GBC Scientific Equipment, Melbourne, Australia), the absorbance at 765 nm was measured. By using various gallic acid concentrations, a standard curve was constructed to calculate total phenolic contents (TPC) as equivalents of gallic acid measured in µg/mg of dried extracts [25].

2.3 Determination of Total Flavonoids

Distilled water (4.5 ml) and (NaNO2 (0.03 ml) were added to 250 μl sample extract, and 10% of 0.03 ml of AlCl3 was added and mixture was kept for five minutes at 25°C. After 5 min, that mixture was further treated with 2 ml of 1 M NaOH. 10 ml of distilled water were included to dilute the mixture, and absorbance was calculated at 510 nm. The results were shown as catechin equals (CE) μg/mg of dried extract of leaves or flowers [24].

2.4 Determination of Total Carbohydrate

Association of Official Analytical Chemists (AOAC) Method was used to determine total carbohydrates [26]. Briefly, dried powder of leaf tissues (0.2 g) were homogenized in ethanol extract (5 ml) at 80°C (15 min). Ethanol evaporation was allowed under vacuum at 70°C, subsequently extract was mixed with chloroform and centrifuged (5 min). The absorption was recorded at 630 nm.

2.5 Determination of Crude Fiber

Petroleum ether was added in 2 g of dried sample for removal of fat. Subsequently, the sample was boiled with H2SO4 for 30 min, then filtrated and washed with water. The sample was again boiled with 200 ml sodium hydroxide for 20 min. The sample was filtered and again washed with water and 25 ml ethanol. Residues (W1) were transferred to an ashing dish for drying filtrate for 2 h on 130°C cool (W2), again heated for 30 min at 600°C and cooled, weighted W3 [26].

Crudefiber(%)=Weightofdigestedsample−Weightofashsample/Weightofsample×100

2.6 Determination of Total Fat

Total fat in the dried samples was extracted with petroleum ether (5–6 h) in the Soxhlet extractor apparatus (Model: H-2 1045, Extraction Unit, Sweden) [26]. Subsequently, the extract was poured into the petri plate and was dried to a constant weight. The fat contents (percent) of the sample were calculated using equation

Totalfat(%)=(weightoftheetherextract/weightoftheoriginalsample)×100

2.7 Detection of Protein

For determination of protein contents plant dry sample (1 g) was digested using concentrated sulfuric acid and digestion mixture in Kjeldahl apparatus (Model D-40599, Behr Labor Technik, Gmbh-Germany) [26]. The mixture was heated and boiled. After that, this clear or colorless sample was diluted to a volume of 250 ml. Methyl red, indicator, was mixed with the solution and titrated with H2SO4 (0.1 N) to determine nitrogen contents and protein (%) was attained (N% × 6.25).
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2.7.1 Crude Protein Analysis

The Chapman and Pratt (1961) method was used for N digestion, distillation, and quantification. Five grams of dry Moringa leaves and flower were ground, passing through a 2 mm sieve, and digested in sulfuric acid in the presence of a mixture of K2SO4, CuSO4, FeSO4 (10:05:01) using a micro Kjeldahl apparatus to determine N content. Crude protein was calculated by multiplying N content by the factor 6.25.

2.8 Determination of Antimicrobial Activity

Yeast extract (1.25 g), tryptone and sodium chloride (2.5 g) were added in 250 ml of distilled water and maintained the medium pH to 7.2. After maintaining the pH, 3.75 g agar was added in distilled water with continuous stirring and heating until a clear solution was obtained. Now the medium was sterilized in autoclave at 120°C for 20 min. After cooling, the media was poured into Petri plates under sterile conditions or near the flame and kept the plates at room temperature to become hardened. For preparing the bacterial inoculum, 0.25 g of yeast extract, 0.5 g of tryptone, and sodium chloride were dissolved in 50 ml of distilled water. This solution was transferred to 1/3rd in each test tubes and inoculated each test tube with 50 µl of old bacterial culture broth and closed the test tubes. After that, the test tubes were placed on a shaker at 200 rpm, 37°C for 12 h. Antibacterial activity was assessed with the disc diffusion method. Then plates were placed in an incubator for 8–12 h at 37°C and observed the growth inhibition, following the procedure described earlier [27].

2.9 Antifungal Activity

Malt extract medium was used to determine antifungal activity. For media preparation, 1.6–1.7% malt extract, 2% agar was taken and NaOH was used to maintain the pH of the medium 5.5. Then media was kept in an autoclave at 0.1 c, 121°C for 20 minutes to sterile it. After cooled down the medium was poured into Petri plates. 50 μl of prepared solution of antibiotics amphotericin B (1%w/v) was added in the medium before pouring into Petri plates to avoid contaminants. For inoculation of the fungal species, the fungal spores were transferred in the middle of the Petri plates with the help of a loop and sealed the plates with parafilm, and kept for 3 days in an incubator at 27°C. After the formation of spores, the pure fungal culture was placed at 4°C. The antifungal activity of the plant extracts was analyzed via the disc diffusion method. Four discs were placed in the plates and after pouring the samples and fungicide and sterile distilled water in the discs the fungal spores were inoculated in the center of the Petri plates. Then plates were incubated at 27°C for 48–72 h [28].

2.10 Statistical Analysis

All measurements were performed in triplicate; treatment means, and standard deviations were calculated using Microsoft Excel. Treatment means were statistically analyzed by ANOVA and Duncan’s multiple range tests to identify significant differences among treatment means (P < 0.05) (SAS Institute, 1988).

3  Results and Discussion

The antimicrobial activity of the aqueous, methanol, and ethyl acetate extracts of M. oleifera leaves and flowers is presented in Table 1. The maximum zone of inhibition measured was found to be observed in Pseudomonas aeruginosa as 29.5 mm in a concentrated sample of ethyl acetate extract of moringa leaves. Whereas aqueous extract of moringa leaves also showed positive potential against P. aeruginosa (concentrated: 26 mm and diluted 16 mm), Pseudomonas syringae (concentrated: 24.5 and diluted 11.5 mm), and Xanthomonas (16.5 mm). Methanol extract of moringa leaves also showed notable activity against P. aeruginosa (16.5 mm), P. syringae (13.5 mm), Staphylococcus aureus (15 mm), and E. coli (15 mm). On the other hand, Methanol extract of moringa flowers possess strong antimicrobial potential against P. aeruginosa (concentrated: 22 mm and diluted 10 mm), P. syringae (concentrated: 16.5 mm and diluted 7 mm), S. aureus (concentrated: 23 mm and diluted 11.5 mm), Xanthomonas (concentrated: 26.5 mm and diluted 12.5 mm) and E. coli (concentrated: 24 mm and diluted 11.5 mm). Ethyl acetate extract inhibited the growth of P. aeruginosa (concentrated: 19.5 mm and diluted 8 mm), Bacillus subtilis (concentrated: 26.5 mm and diluted 14 mm), and E. coli (concentrated: 17 mm and diluted 8 mm).
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The antifungal activity of M. oleifera leaves and flowers extracts (aqueous, methanol, and ethyl acetate) is presented in Table 2. The results indicated significant antifungal activities of M. olifera leaves and flowers. Maximum growth inhibits show in all extracts of moringa leaves against Aspergillus flavus, F. oxysporum and P. glabrum except for the concentrated aqueous extract of moringa leaves. While in moringa flowers maximum growth inhibits in all extracts against P. glabrum, A. niger, and A. flavus except the diluted ethyl acetate extract.
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In our present study, research work has done on aqueous, methanol and ethyl acetate extract of M. oleifera leaves and flowers (Fig. 1) which was not previously studied. Maximum extract yield was obtained using aquous extraction method, however, lowest extract yield was obtained from ethyl acetate extraction. In the present experiment, two parts of M. oleifera, i.e., leaves and flowers showed slight variation in moisture percentage. Similar moisture percentages in various parts of M. oleifera were reported earlier, except flower [29].
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Figure 1: Extract yield of Moringa oleifera leaves and flowers

In the current research, M. oleifera leaves showed slightly higher moisture contents as compared to flowers (Fig. 2). Similar moisture contents in the leaves of Moringa oleifera were reported earlier [30]. The percentage of ash in flowers was higher as compared to leaves of M. oleifera (Fig. 2) Ash contents in leaves of M. oleifera was 35%. Moringa methanolic extracts of leaves have the highest value of phenol [29]. The sequence of phenolic contents in different extracts of M. oleifera leaves was Methanol > ethyl acetate > aqueous, while in flower extract, the sequence of phenolic content was aqueous > methanolic > ethyl acetate (Table 3).

[image: images]

[image: images]

Figure 2: Moisture and ash contents (%) in dried powder of Moringa plant parts

Phenolic content in the leaf of moringa was reported to be higher than in seeds and flowers [31]. Phenolic compounds of M. oleifera leaves and seeds show different results in different extracts [15]. The result shows that M. oleifera methanolic and aqueous extract of leaves had a high value of phenol content than the petroleum benzene and chloroform. The current study revealed that flavonoid content was higher in ethyl acetate extract of leaves of M. oleifera while flowers showed that aqueous extract had a high value of total flavonoids content (Table 1) Maximum value of total flavonoid contents were observed in chloroform extract of M. oleifera [15]. Flower extract of moringa had the highest total phenol content in methanol, however, lower in chloroform extract. While it shows the highest total flavonoid content in aqueous extract of flower [32]. Moreover, the ethanolic extract of M. oleifera leaves contains flavonoids but it was less than the methanolic extract of seed [33].

Various M. oleifera extracts revealed that alkaloids values were high in aqueous extract and lowest in ethyl acetate extract. Likewise, moringa flower extracts were also showed that aqueous extract had a higher value of alkaloids as compared to methanolic and ethyl acetate extracts (Fig. 4). Similarly, M. oleifera leaves had a high value of alkaloids in aqueous extract than other extracts [34]. Methanolic extract of moringa leaves contains higher alkaloids than the hexane extract [33].
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Figure 4: Crude Alkaloids contents in Moringa plant parts obtained using different extraction methods

In current data, aqueous extract of M. oleifera leaves had a high value of saponin content, and low saponin contents were found in ethyl acetate extract. Likewise, the aqueous extract of the moringa flower also has high saponin content as compared to other extracts (Fig. 5). Although saponin was reported to be absent in the aqueous extract of moringa leaves [35], however, another study indicated that saponin was high in methanolic extract of moringa leaves than methanolic extract of seeds [33]. Carbohydrate was maximum in leaves aqueous extracts and the minimum value was noted in ethyl acetate extracts. In different flower extracts of M. oleifera, carbohydrate contents were high in aqueous extract and low carbohydrate contents were found in ethyl acetate extract (Table 1) Carbohydrates contents in moringa leaves varied from 55.97% [36] to 41.2 mg g–1 in dry leaf powder [22].
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Figure 5: Saponin contents (μg/g) in Moringa plant parts obtained uring different extraction methods

Recent research depicted that different extracts of M. oleifera leaves and flowers had different protein content. Aqueous extract of moringa leaves had high protein content while ethyl acetate extract contains low protein content. Whereas in the Moringa flower, the aqueous extract had high protein content while ethyl acetate extract had low protein content (Table 1). Moringa leaf reported to contains protein, however, is lower than seed. Very limited information is available regarding protein contents in the different extracts of leaves and flowers of M. oleifera [37]. Moreover, protein contains in moringa leaves was 6.8% in dry leaf powder samples [22]. The crude fiber contents in aqueous, methanol and ethyl acetate extract in moringa leaves and flowers were also studied. According to the result, ethyl acetate extract had a high value of crude fiber content and the least in methanol extract of moringa leaves. However, in moringa flowers high content of crude fiber in ethyl acetate extract, followed by methanol extract and lowest in the aqueous extract (Fig. 3). The aqueous extract of M. oleifera leaves has the highest fat content and is low in ethyl acetate extract. Whereas in moringa flower high-fat content in aqueous extract and low in ethyl acetate extract (Table 1). Although, the presence of significant fat contents in moringa leaves is reported [36].
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Figure 3: Crude Fiber Contents extracted from Moringa plant parts using different extraction methods

Antibacterial activity of the plant extracts was studied against six different bacterial species P. aeruginosa, P. syringae, B. subtillis, S. aureus, Xanthomonas, and E. coli and compared the results with Amoxycillin. The maximum zone of inhibition measured was found to be observed in P. aeruginosa as 29.5 mm in the concentrated sample of ethyl acetate extract of moringa leaves. The maximum antibacterial activity of methanolic extract of moringa leaves against S. aureus was 23.6 mm [38]. Whereas maximum growth inhibition was found up to 25.5 mm and 20 mm for methanol extracts of moringa leaves and seeds respectively against E. coli, Pseudomonas aeruginosa, Shigella dysenteriae, and Shigella Flexneri [33]. Ethyl acetate extracts of the moringa leaf also showed no inhibition activity against S. aureus, Pseudomonas sp., Klebsiella sp., and E. coli but alcohol extract of leaves produced a little zone of inhibition as 7 to 8 mm against S. aureus [22]. Water, methanol, ethanol, and petroleum ether extracts of M. oleifera significantly vary in different plant parts, i.e., leaves (28 mm), flowers (23 mm), seeds (18 mm), and pulp (15 mm) [39]. All extract of moringa parts showed high antibacterial activity against E. coli compared to S. aureus. Eethanolic extract of moringa leaf indicated a maximum zone of inhibition against E. coli as 22 mm and S. aureus as 25 mm [35].

Antifungal activity of extracts of moringa flowers and leaves was analyzed against four fungal pathogens including A. flavus, A. niger, F. oxysporum, and P. glabrum. moringa leaves extracted in different solvents showed antifungal activity against A. niger, A. fumigatus, and Candida albicans [40]. Generally higher concentration of phytochemicals in the plant extract resulted in better control of fungal species, except A. niger, showing no effect of methanol extract of leaves. Moreover, diluted aqueous extracts [aqueous leaves extract for A. niger; aqueous leaves extract for F. oxysporum); ethanolic flower extract for A. flavus) can be attributed to the lower concentration of certain phytochemicals.

The results indicated significant activity of methanol extract as compared to other extracts including ethanol, ethyl acetate, water, and acetone in A. niger. Aqueous and methanolic extract of leaves inhibited the growth of A. flavus [38]. Ethyl acetate extract of moringa leaves found to be an effective antifungal agent against A. flavus and Trichoderma sp. [39]. The aqueous and ethanol extracts of moringa leaves possess stronger antifungal potential against Saccharomyces cerevisiae, Candida albicans, and Candida tropicalis [40]. Antifungal activity of phytoextracts can be attributed presence of flavonoids [40].

4  Conclusions

Moringa oleifera possess significant medicinal importance with appreciable quantities of various phytochemicals including phenols, flavonoids, alkaloids and saponin. The extract yield of its leaves and flowers shows a high percentage in aqueous extracts. The moisture content was high in M. oleifera leaves. Variation in the presence of Ash contents, fiber contents, other phytochemicals, and secondary metabolites in both parts of M. oleifera demonstrate promising results. Moringa extracts (leaves and flower) showed appreciable antifungal and antimicrobial activities. Suitable extraction material can increase the concentration of various phytochemicals leading to higher pharmaceutical value.
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Table 1: Effect of different Moringa oleifera extracts on growth inhibition zone (mm) of various bacterial

species
Moringa oleifera extracts  Pseudomonas Pseudomonas  Staphylococcus Bacillus  Xanthomonas Escherichia
aeruginosa syringae aureus subtilis coli
Leaves Aqueous Conc. 26.0 24.5 — — 16.5 —
extract Dil.  16.0 11.5 — — — —
Methanol Conc. 16.5 13.5 15.0 — — 15.0
extract Dil. 6.5 - - - - 5.0
Ethyl acetate Conc. 29.5 — — 14.5 — 19.5
extract Dil.  15.0 5.0 - 5.00 — 9.5
Flowers Aqueous Conc. 16.0 19.5 — — 24.0 —
extract Dil. 6.0 9.0 - - 11.0 -
Methanol Conc. 22.0 16.5 23.0 — 26.5 24.0
extract Dil.  10.0 7.0 11.5 - 12.5 11.5
Ethyl acetate Conc. 19.5 — — 26.5 — 17.0
extract Dil. 8.0 - - 14.0 - 8.0
Positive control 24.5 23.5 24.5 23.0 23.0 22.0

Negative control — — — _ _ _
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Table 3: Phytochemicals and secondary metabolites in different extracts of Moringa oleifera leaves and flowers

Parameters Moringa oleifera leaves Moringa oleifera flowers

Aqueous Methanol Ethylacetate Aqueous Methanol Ethylacetate

extract extract extract extract extract extract

Mean + S.E Mean + S.E Mean + S.E Mean = S.E Mean + S.E Mean + S.E
Phenolics (%) 8.463 £0.349 14.517 £0.905 12.177 £0.422 18.770£1.012 13.00 £ 0.894 9.222 £+ 0.863
Flavonoids (%)  18.05 £ 1.069 18.18 +£2.194 33.67 + 0.593 53.71 £ 0.854 43.68 £1.631 12.79 +1.525
Carbohydrates 56.33 £ 0.318 5346 +£0.233 50.50 £ 0.231 48.36 £ 0.680 46.50 £ 0.231 42.50 £ 0.208
(ng/mg)
Total fats (%) 4400 £ 0.264 3.367 £0.318 2.133 £ 0.260 3.337 £0.127 2.320 £0.104 1.830 £+ 0.090
Crude 23.560 £0.234 22.533 £0.219 21.487 +0.095 24.260+0.071 21.500 +£0.121 20.477 + 0.105

Protein (%)
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Table 2: Effect of different extracts on fungal growth inhibition of various fungal species

Moringa oleifera extracts Fungal species
A. flavus  A. niger  F. oxysporum P glabrum
Leaves Aqueous extract Conc. + + + +
Dil. + - + +
Methanol extract Conc. + - + +
Dil. + + +
Ethyl acetate extract ~ Conc. + + + +
Dil. + + + +
Flowers Aqueous extract Conc. + + + +
Dil. + + - +
Methanol extract Conc. + + + +
Dil. + + + +
Ethyl acetate extract ~ Conc. + + + +
Dil. - + + +
Fungicide
Water - - - -

Note: (—), no growth inhibition; (+), growth inhibit; Aq., aqueous extract; Met., methanol extract; Et., ethyl acetate extract; Conc, concentrated/pure
sample; Dil., sample diluted to 50%.
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