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 INTRODUCTION  

Banana fruit plays a crucial role in human nutrition around the world, and it is good for 

digestive and heart health. Consuming bananas helps boost potassium, magnesium, 

vitamin B6, and they are rich in serotine and dopamine, which are neurotransmitters that 

help improve mood and reduce stress. The plant belongs to the Musaceae family, genus 

Musa, this fruit category encompasses around 70–75 species globally [1], which includes 

over 1,000 distinct banana varieties [2].  Remarkably, only a handful of these varieties 

gain recognition in health circles. Notably, Musa sapientum variety Muraru (local name 

in Maragua, Kenya), unlike the familiar golden yellow color bananas, it remains green or 

green-yellow when ripe [3]. Additionally, Muraru banana exhibit thicker peels and a 

firmer texture compared to Pisang Mas [3]. Although Onyango et al. [3]  acknowledged 

its similarities to Cavendish and Gros Michel, Muraru peels remain unexplored in terms 

of the potential that could provide additional benefits to human health.  

Research has shown that banana peels have a higher abundance of bioactive compounds 

compared to the pulp [4]. Phytochemicals are natural compounds found in plants that 
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ABSTRACT 

Banana peels can be utilized in many ways such as nutraceuticals to prevent or cure diseases. 

Therefore, it is important to understand the phytochemical composition, antioxidant capacity, 

and safety profile of Musa sapientum variety Muraru peels. The study identified the chemical 

composition of unripe and ripe banana (Muraru) peels of the Musa sapientum, along with their 

antioxidant capacity, and evaluated the oral acute and sub-acute toxicity of the hydroethanolic 

extracts. Qualitative and quantitative phytochemical analyses were performed, and GC-MS was 

used in the identification of bioactive compounds present. The DPPH total antioxidant activity 

was used to evaluate the scavenging percentage and IC50. Acute and sub-acute toxicity tests 

were done for the hydroethanolic peel extract. Hematology, biochemistry, and relative organ 

weight were analyzed, and the sub-acute group organs were further analyzed for 

histopathology. Flavonoids, tannins, and phenols were found abundant in both unripe and ripe 

banana peels. GC-MS showed that the peels were rich with lipids, fatty acids, and terpenoids. 

The unripe peels showed significant total antioxidant capacity. No significant difference (p> 

0.05) was observed in hematology, biochemistry, or relative organ weight compared to the 

normal controls. Histopathological examination of the liver, lung, heart, kidney, and spleen 

showed normal tissue orientation in all treated groups. Unripe and ripe banana peels both 

contained rich secondary metabolites, which greatly influence their antioxidant capacity. The 

toxicity profile indicated that the hydroethanolic peel extract is nontoxic. 
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have various biological effects on the human body. A previous study showed that banana 

peels are rich in phenolic compounds, carotenoids, flavonoids, tannins, terpenes, 

alkaloids, glycosides, and phytosterols, all of which offer significant dietary benefits with 

positive effects on human health and well-being [5]. Endogenous antioxidants are 

molecules produced naturally within the body that help neutralize harmful free radicals 

and protect cells from oxidative damage. Exogenous antioxidants help fix this imbalance 

by lowering free radicals, promoting the growth of healthy cells, protecting cells from 

premature and abnormal ageing, fighting age-related molecular degeneration, and 

boosting the immune system, which prevents or manages chronic diseases [6]. Bioactive 

compounds have various mechanisms and properties to function as antioxidants, anti-

inflammatory, anticancer, and antidiabetic agents and strengthen the body's defenses 

against various illnesses [5]. 

However, bioactive compounds classified as secondary metabolites, while known for 

their pharmacological effects, can also exhibit toxicological properties in both humans 

and animals [7-9]. It is important to evaluate the toxicological properties of medicinal 

plants before using them to make new drugs or improve the effectiveness of treatments 

that are already in use [7]. Studies have demonstrated that non-nutritive parts of the 

banana plant, such as the flower, pseudo-stem, and leaf, are non-toxic [10]. Nevertheless, 

the toxicity profile of banana peels remains inadequately elucidated. Therefore, it is 

imperative to elucidate the safety profile of Muraru peels. 

The abundant presence of bioactive compounds in banana peels positions them as 

promising candidates for nutraceutical applications. However, it is crucial to elucidate 

both the antioxidant capacity and toxicological profile of banana peels. This study aims 

to assess the acute and subacute toxicity of Muraru peel hydro-ethanol extract, as well as 

its antioxidant activity and phytoconstituents. 

 

MATERIALS AND METHODS 

Plant material and preparation 

M. sapientum variety ‘Muraru’ bananas were bought from a local farm in Maragua, Kenya. 

Verification of the banana species was done at the Jomo Kenyatta University of 

Agriculture and Technology (JKUAT) Botany Department, and the herbarium accession 

number is MCM- JKUATBH/001/2023. The bananas were acquired at their mature unripe 

stage, and unripe and ripe stages 1 and 4, respectively [11], where used in this study. The 

peels were prepared for lyophilization according to [12]. After lyophilization, peels were 

blended into powder and stored in zip-lock bags wrapped with aluminum foil in a -200C 

refrigerator for further studies.   

 

Sample extraction 

The cold maceration extraction method was employed for both unripe and ripe peels 

using two different solvents: absolute methanol and 70% ethanol (hydro-ethanolic), 

following the procedures outlined by Oyeyinka and Afolayan [13]  and Siddique et al. 

[14]. The ratio of solid to solvent used was 1:10, and the mixtures were soaked for 72 

hours at 21°C in a shaker rotating at 121 rpm. Afterward, they were filtered using a 0.1 

Whatman filter paper. 

http://www.bsmiab.org/plant-trends


3 

 

www.bsmiab.org/plant-trends 

 

 

Mahora et al., Plant Trends. 2024 March; 2(1): 01-15 

Phytochemical characterization and screening 

Qualitative phytochemical screening 

To identify the presence of phytochemical derivatives in methanolic and hydroethanolic 

extracts, standard phytochemical screening was conducted. The detection of flavonoids, 

tannins, saponins, steroids, alkaloids, glycosides, phytosterols, phenols, and terpenoids 

was detected according to the protocol by Kibria & Kar [15].  

 

Quantitative phytochemical screening 

The quantitative phytochemical analysis of total phenolic content (TPC), total tannin 

content (TTC), and total flavonoid content (TFC) were determined according to the 

standard protocols of  Oyeyinka and Afolayan [13], Aboul-enein et al. [16], and Santhosh 

and Suriyanarayanan [17].  

 

Gas chromatography mass spectrometry  

The Shimadzu GC-MS (Qp2010SE, Japan) was utilized, and the National Institute of 

Standards and Technology (NIST) library was employed to predict the names of scanned 

compounds based on the mass-to-charge ratios of the compounds. 

 

Total antioxidant capacity   

The DPPH (1,1-diphenyl-2-picrylhydrazyl) assay was conducted according to 

Chaudhary et al. [18]. The absorbance was measured at 517 nm using a 

spectrophotometer (UV 1800, Shimadzu). 

Scavenging ability (%) =  Abs(control) –  Abs(sample)/Abs(control) x 100  

where Abs (control) indicates the absorbance of DPPH radical + methanol, and Abs 

(sample) is the absorbance of DPPH radical + sample extract or standard. 

 

Experimental animals 

Albino rats of the Wistar strain, weighing between 150 to 190 g and aged between 7-8 

weeks, were obtained from the Small Animal Facility for Research and Innovation 

(SAFARI) of the Jomo Kenyatta University of Science and Technology (JKUAT). Twenty-

one female animals were housed under standard laboratory conditions of 22 ± 3 °C, a 

relative humidity of 30%, and a 12 h light and dark cycle. The rats had free access to a 

standard pellet diet (Unga Feeds™) and water ad libitum. Animal bedding, comprising 

shredded paper, was changed twice a week.  

In accordance with ethical standards, the Animal Use and Care Ethics Review Committee 

at Jomo Kenyatta University of Science, Agriculture, and Technology, Kenya 

(JKU/ISERC/02316/1014) granted ethical approval. The conducted experiments were 

designed to minimize animal suffering, and the experimental protocols strictly followed 

the guidelines outlined in the National Institutes of Health’s Guide for the Care and Use 

of Laboratory Animals [19]. 

http://www.bsmiab.org/plant-trends
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Analysis of acute toxicity  

The acute toxicity of the hydroethanolic extract was tested to determine the safety of the 

agent following the guidelines set by the Organization for Economic Cooperation and 

Development (OECD) No. 423 [20]. Twelve healthy females in four groups (n = 3) were 

used, receiving 2000 mg/kg, 1000 mg/kg, 500 mg/kg, and the normal control group 

received 0.5% Tween 80 dissolved in distilled water, used as a vehicle, with a dissolving 

volume of 1 ml/100 g. The animals were allowed to acclimatize for one week before 

experimentation. Prior to the toxicity test, animals were fasted overnight but provided 

with water. After oral administration of the hydroethanolic peel extract, with the use of 

oral gavage, animals were observed for the first 30 min, 4 h, and 24 h for signs of 

morbidity, mortality and once daily over a period of 14 days [20-21]. On the 15th day, all 

the animals were fasted for 12 h and then euthanized using chloroform. No sign of 

morbidity or mortality was observed, therefore, the approximate lethal dose (LD50) of the 

peel hydroethanolic extract was estimated to be higher than 2000 mg/kg. 

 

Analysis of subacute toxicity  

The subacute toxicity analysis of the hydroethanolic extract was assessed on nine healthy 

female animals (n = 3). The normal control group received Tween 80 (0.5%) dissolved in 

distilled water; two groups received 500 mg/kg and 250 mg/kg of the hydroethanolic peel 

extract, dissolved in 1 m/100 g, administered orally once every day for a period of 28 

days. Animals were observed daily for any sign of morbidity. On the 29th day, all the 

animals were fasted for 12 h and then euthanized [20]. 

 

Preclinical evaluation 

The general behavior, body weight, and feed-water intake of the rats were observed 

during the acclimatization period. After the administration of the hydroethanolic peel 

extract, each rat was continuously monitored [22].   

 

Hematology analysis  

Blood samples were obtained via cardiac puncture using a syringe and needle, and they 

were deposited into EDTA-containing tubes. Hematological parameters were conducted 

using the automated Mindray BC-5000 hematological analyzer from Shenzhen, China 

[23]. 

 

Biochemical analysis 

Blood samples for biochemical analysis were placed into non-anticoagulant tubes for sera. 

An automated Roche-Reflotron dry chemistry analyzer (Roche Diagnostics, Germany) 

was employed for liver and kidney damage markers, alanine transaminase (ALT), 

aspartate transaminase (AST), creatinine, and urea, respectively [24]. 
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Histopathology analysis 

After euthanasia, the liver, lung, kidney, spleen, and heart organs were surgically 

removed, examined for abnormalities, and weighed. Relative organ weight (ROW) was 

calculated using the following equation as described [25]. 

Relative organ weight =  Absolute organ weight (g)/ Body weight (g) of rats on final day ×  100  

The subacute-treated group organs were taken for histopathological analysis, according 

to Kamsu et al. [26]. Stained tissue sections were photographed using photomicrographs 

and documented for subsequent analysis by a pathologist. 

 

Statistical analyses 

All the data was expressed as mean ± standard error of the mean (SEM). The difference 

between treated and control groups of acute and subacute toxicity tests were determined 

by one-way analysis of variance (ANOVA). Values were considered significant at p < 

0.05. All statistical analysis was done using GraphPad Prism (student) version 8.4.3 for 

Windows. 

 

RESULTS  

Qualitative and quantitative phytochemical profile   

The preliminary qualitative phytochemical profile of Musa sapientum var Muraru showed 

unripe peels had a significant number of compounds in the hydroethanolic extracts. 

While the ripe peel showed more compounds in methanolic extracts. Flavonoids, tannins, 

phytosterols, phenols, and terpenoids secondary metabolites were present across all the 

peel extracts (Table 1). The quantitative phytochemical profile showed that unripe and 

ripe Muraru peels are rich in phenolics, tannins, and flavonoids (the most abundant) 

(Table 1).  

 

Table 1. Qualitative and quantitative phytochemical profile for unripe and ripe Muraru peels. 

Qualitative profile Unripe 

methanol 

Unripe 

ethanol 

Ripe 

methanol 

Ripe 

ethanol 

Flavonoids + + + + 

Tannin + + + + 

Saponins - + - - 

Steroids - + + - 

Glycosides - + - + 

Phytosterol + + + + 

Phenols  + + + + 

Terpenoids + + + + 

Alkaloids  + + + + 

Quantitative profile     

Total Phenolic Content in mg (GAE)/g 185.80  169.70  176.90  155.40  

Total Tannin Content in mg (TAE)/g 53.35  49.40 47.70  46.75  

Total Flavonoids Content in mg (RT)/g 427.20  395.50 297.60  290.20  

+ Present; - Absence. GAE: Gallic Acid Equivalent; TAE: Tannic Acid Equivalent; RT: Rutin Equivalent  

 

Gas chromatography- mass spectrophotometry of Muraru peels  

The chromatograms of unripe and ripe peels confirmed the presence of unsaturated fatty 

acids, saturated fatty acids, triterpenoids, terpenoids, fatty acids, steroids, and vitamin E 

(Figure 1). Unripe ethanolic peel extracts revealed seven compounds, with terpenoids 

http://www.bsmiab.org/plant-trends


6 

 

www.bsmiab.org/plant-trends 

 

 

Mahora et al., Plant Trends. 2024 March; 2(1): 01-15 

(92.82%) being the most abundant. The unripe methanolic extract had five compounds, 

comprising terpenoids (85.32%) and triterpenoids (12.05%). The ripe ethanolic extract 

exhibited six compounds, with terpenoids (92.40%) being the most predominant. The 

ripe methanolic extract contained five compounds, including fatty acids (31.87%), 

unsaturated fatty acids (30.88%), and lipids (30.22%). 

 

 

Figure 1. GC-MS chromatogram of Muraru unripe and ripe peel extracts. A) Unripe ethanolic extracts showing 

the presence of undecane (alkane), hexadecenoic acid, methyl ester (saturated fatty acid), 9,12-octadecadienoic 

acid, methyl ester (unsaturated fatty acid), methyl 8,11,14-heptadecatrienoate (fatty acid), thunbergol 

(triterpenoid), and 9,19-Cycloergost-24(28)-en-3-ol, 4,14-dimethyl-, acetate, (3β,4α,5α)- (terpenoids). B) Unripe 

methanolic extracts showing the presence of 2,4-Di-tert-butylphenol (phenols), Pyrrolidine-2-carboxylic acid, 

methyl-phenyl-amide (saturated heterocycle), Decanedioic acid, bis(2-ethylhexyl) ester (fatty acid), 9,19-

Cyclolanostan-3-ol, 24-methylene-, (3β)- (triterpenoid) and 9,19-Cycloergost-24(28)-en-3-ol, 4,14-dimethyl-, 

acetate, (3β,4α,5α)- (terpenoids). C) Ripe ethanolic extracts showing the presence of melezitose (trisaccharide), 

Hexadecanoic acid, ethyl ester (saturated fatty acid), 3,7,11,15-Tetramethyl-2-hexadecen-1-OL (phytol), 9,19-

Cycloergost-24(28)-en-3-ol, 4,14-dimethyl-, acetate, (3β,4α,5α)- (terpenoids) and Androst-1-en-3-one, 4,4-

dimethyl-, (5alpha)- (steroid). D) Ripe methanolic 14-methyl-pentadecanoic acid, methyl ester (fatty acid), 9,12-

Octadecadienoic acid, methyl ester (unsaturated fatty acid), 9,12,15-Octadecatrienoic acid, methyl ester (lipid), 

Heptadecanoic acid, 15-methyl-, methyl ester (saturated fatty acid) and alpha. Tocopheryl acetate (vitamin E).  
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Effect of Muraru peels extract on antioxidant activity 

Unripe peel extracts showed significant total antioxidant capacity compared to the ripe 

peel extracts (Figure 2). Further, the effect of the activity was seen in the Inhibitory 

Concentration at 50%, where the unripe peel extracts showed a lower IC50 compared to 

the ripe peel extracts. Unripe methanolic and hydroethanolic extracts have an IC50 of 

73.70 μg/ml; 102.77 μg/ml respectively. While the IC50 for methanol and hydroethanolic 

ripe peel extracts were 147.99 μg/ml; 243.45 μg/ml respectively. The lower the IC50 value, 

the higher the antioxidant capacity. 

 

Figure 2. The colorimetric DPPH antioxidant assay revealed that Muraru peels have significant antioxidant 

capacity. Total antioxidant capacity varied with the peel state, with the unripe peels in both solvents revealing 

the highest scavenging percentage compared to the ripe peel state. The scavenging percentage of the peel 

extracts against free radical DPPH was 70.12%, 63.99%, 59.91%, and 48.06% at the highest concentration (200 

μg/ml) for unripe methanolic, unripe hydroethanolic, ripe peel methanolic, and ripe peel hydroethanolic 

extracts, respectively. Ascorbic acid was used as the standard for the assay, which also showed that the 

scavenging percentage increases with an increase in concentration, with 200 μg/mL being the optimum 

concentration.  

 

Effect of Muraru peels extract on acute toxicity 

Hydroethanolic extracts were used to assess the toxicity of the peels. During the acute 

toxicity of the peel, no sign of morbidity was noted, and no motility was incurred 

throughout the doses used in the 14-day period of observation. All animals displayed 

normal clinical signs and behavior. The weight of the animals during the acute toxicity 

assessment showed a gradual increase from the initial stage to the end of the treatment 

(Figure 3A). 

Hemogram analysis showed that all doses of Muraru peel hydroethanolic extract did not 

induce significant changes (p > 0.05) in all the measured parameters (Table 2). 

Furthermore, there was no alteration in kidney and liver enzymes. Creatinine, urea, ALT, 

and AST values showed no significant (p > 0.05) changes among the groups (Table 2). 
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Figure 3. The effect of Muraru peel hydroethanolic extract on body and organ weights during the acute and 

subacute toxicity tests. A) The mean weight of animals during the acute toxicity study. B) The mean body 

weight of Wistar rats during the subacute study. C) The relative organ weight obtained after the acute toxicity 

study. D) The relative organ weight obtained after the subacute toxicity study. The organs in both acute and 

subacute toxicity tests during harvesting did not show any change in color or enlargement. Relative organ 

weight was calculated as a percentage of the absolute weight. Values are expressed as a mean ± SEM (standard 

error mean). The error bars represent SEM (n = 3 rats/group). 

 

Table 2. Effects of Muraru peel ethanol extract on blood parameters in the acute toxicity study.  

Parameters Units 500mg/kg 1000mg/kg 2000mg/kg Control p-value 

RBC 106 /μL 7.32±0.19 7.23±0.12 7.72±0.17 7.93±0.04 0.1387 

HB g/dL 13.15±0.32 13.40±0.17 14.10±0.25 13.68±0.09 0.0570 

HCT % 37.35±0.55 39.85±2.26 38.03±1.11 38.80±0.52 0.5887 

MCV fL 55.85±0.79 54.15±0.39 54.45±1.14 54.28±1.16 0.5541 

MCH Pg 20.20±0.76 19.15±0.24 19.85±0.52 18.68±0.06 0.1587 

MCHC g/dL 34.83±0.46 35.45±0.35 37.33±1.12 34.68±0.45 0.0565 

PLT 103/μL 781±4.42 796.50±9.08 804.75±9.66 808.25±4.35 0.0889 

MPV fL 6.90±0.27 7±0.25 6.73±0.11 6.75±0.12 0.7471 

WBC 103/μL 6.28±0.11 6.31±0.12 6.22±0.11 6.55±0.06 0.8813 

NEU 103/μL 0.715±0.02 0.75±0.08 0.88±0.06 0.89±0.03 0.0595 

LYM 103/μL 3.72±0.20 3.87±0.11 3.55±0.18 4.06±0.07 0.1541 

MON 103/μL 0.01±0.00 0.03±0.01 0.02±0.0 0.02±0.0 0.3162 

EOS 103/μL 0.02±0.01 0.01±0 0.01±0.00 0.02±0.01 0.2030 

NEU % % 11.42±0.42 11.88±1.03 14.26±0.86 13.64±0.48 0.0542 

LYM % % 59.31±3.61 61.43±1.85 57.09±3.43 62±0.68 0.5721 

MON % % 0.2±0.04 0.40±0.1 0.36±0.04 0.34+-0.10 0.3274 

AST μ/L 113.50±14.34 117.25±17.38 119.38±18.94 114.95±13.84 0.9943 

ALT μ/L 56.65±5.68 55.40±5.19 62.83±2.32 64.48±2.91 0.3871 

Creatinine mg/dL 0.49±0.03 0.50±0.04 0.54±0.03 0.50±0.04 0.8314 

Urea  mg/dL 50.65±3.25 50.68±0.77 58.15±9.44 47.20±3.44 0.5374 

RBC: Total red blood cell count; HB: hemoglobin; HCT: Hematocrit; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean 

corpuscular hemoglobin concentration; PLT: Platelet count; MPV: Mean platelet volume; WBC: Total white blood cell count; NEU: Neutrophils; LYM: 

Lymphocytes; MON: Monocytes; EOS: Eosin; %: Percentage. All values are expressed as a mean ± SEM (n = 3).  
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Effect of Muraru peels extract on subacute toxicity 

The subacute toxicity of the hydroethanolic peel extract showed no sign of morbidity in 

all the doses, and no mortality occurred throughout the study. There was significant 

weight gain, which was noticed over the 28 days of subacute toxicity testing in all the 

groups (Figure 3B). The hemogram assay showed no significant difference (p > 0.05) 

between the treatment groups and the control group (Table 3). Serum biochemistry of 

the liver and kidney enzymes showed no significant difference (p > 0.05) from the control 

group (Table 3). The relative organ weight of the treatment groups showed no significant 

differences (p > 0.05) among the groups (Figure 3D). 

The histopathology of the lung, liver, heart, spleen, and kidney was conducted for the 

subacute toxicity test, where administration of the hydroethanolic extract was done 

orally for 28 days. When the histology of the lung, liver, heart, spleen, and kidney from 

the treated animals was examined, normal morphological features were observed (Figure 

4). 

 

Table 3. Effects of Muraru peel hydroethanolic extract on blood parameters in the subacute toxicity. 

Parameters Units 250mg/kg 500mg/kg Control p-value 

RBC 106 /μL 7.81±0.09 7.82±0.05 8.55±0.21 0.0693 

HB g/dL 14.50±0.55 15.13±0.06 15.73±0.17 0.0526 

HCT % 41.85±1.81 41.85±1.81 42.20±1.64 0.6956 

MCV fL 55.85±1.30 55.40±1.09 55.25±1.74 0.9376 

MCH Pg 19.40±0.45 19.23±0.31 19.33±0.67 0.7968 

MCHC g/dL 34.75±0.22 34.75±0.36 34.93±0.30 0.1109 

PLT 103/μL 877.75±10.25 864.75±9.41 897.50±1.50 0.1100 

MPV fL 7.48±0.58 7.28±0.32 6.25±0.34 0.1966 

WBC 103/μL 5.87±0.37 6.43±0.59 5.98±0.32 0.8382 

NEU 103/μL 0.84±0.19 1.43±0.07 1.30±0.11 0.0869 

LYM 103/μL 4.05±1.21 4.70±0.33 4.51±0.19 0.7641 

MON 103/μL 0.01±0.00 0.02±0.0 0.02±0.0 0.3186 

EOS 103/μL 0.01±0.0 0.2+-0.2 0±0.0 0.4465 

NEU % % 14.37±3.27 22.92±2.78 21.69±0.9 0.1027 

LYM % % 68±19.60 74.14+-5.14 75.66+-2.81 0.7504 

MON % % 0.40±0.10 0.36±0.08 0.34+-0.08 0.9593 

AST μ/L 111.33±9.60 136.40±12.28 114.38±9.43 0.2762 

ALT μ/L 48.63±1.26 52.52±2.77 46.65±9.47 0.8190 

Creatinine mg/dL 0.50±0.02 0.48±0.03 0.44±0.03 0.0940 

Urea  mg/dL 50.40±1.04 48.63±1.64 48.10±1.51 0.3320 

RBC: Total red blood cell count; HB: hemoglobin; HCT: Hematocrit; MCV: Mean corpuscular volume; MCH: Mean 

corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; PLT: Platelet count; MPV: Mean 

platelet volume; WBC: Total white blood cell count; NEU: Neutrophils; LYM: Lymphocytes; MON: Monocytes; EOS: 

Eosin; BAS: Basophiles; %: Percentage. Values are expressed as a mean ± SEM (n = 3 rats/group and p < 0.05).  
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Figure 4. Morphologies of various organs following sub-acute toxicity. Micrographs of lung, liver, heart, spleen and 

kidney after 28 days of administration of hydroethanolic Muraru peel extracts. Hematoxylin and eosin stain 

(Magnification 400×). 

 

DISCUSSION  

Over centuries, people have been using plant materials to improve health, treat, and 

manage various diseases due to the presence of secondary metabolites. This study 

explored the qualitative phytochemicals of unripe and ripe peels. Both unripe and ripe 

peels showed the presences of flavonoids, tannins, phytosterols, phenols, alkaloids, and 

terpenoids. The study results aligned with those by Kibria and Kar [15] and were 

consistent with research on unripe Kepok and Kultuk peels conducted by Agung et al. 

[27]. The qualitative results showed the effects of solvent polarity in phytochemical 

extraction as they varied in number. These results were similar to those of González-

Montelongo et al. [28] and Sundaram and Anjum [29]. A study by Ehiowemwenguan et 

http://www.bsmiab.org/plant-trends


11 

 

www.bsmiab.org/plant-trends 

 

 

Mahora et al., Plant Trends. 2024 March; 2(1): 01-15 

al. [30], showed that ethanol solvent was the best for the extraction of phytochemicals in 

M. sapientum peels.  

The quantitative profile revealed that both unripe and ripe peels are rich in phenolics, 

tannins, and flavonoids (most abundant). The findings of this study are consistent with 

previous studies on the phytochemical composition of banana peels, including Kepok 

and Kultuk varieties [27], and extraction methods utilizing ethanol solvent [30], notable 

differences were observed. For instance, the quantitative profile of Muraru peels revealed 

a higher abundance of flavonoids compared to total tannins, differing from the ratios 

reported in M.  sinensis peels [13]. Additionally, chromatographic analysis highlighted 

the presence of terpenoids, triterpenoids, lipids, and fatty acids, consistent with prior 

studies on M. sapientum peels [31-32] albeit with variations in compound diversity. 

Further, the chromatogram of the peels showed an abundance of terpenoids, 

triterpenoids, lipids, and fatty acids. Puraikalan [32] study revealed that M. sapientum 

peels were rich in terpenoids and triterpenoids, although their varieties showed more 

compounds than the current study. The study by Mordi et al. [31]  also revealed the 

presence of fatty acids, palmitic acid, linoleic acids, and methyl esters. However, a 

difference was noted, as their study showed more compounds than the current study. 

The extracts showed significant antioxidant activity with unripe peel, with higher 

activity compared to ripe peel in both methanolic and hydroethanolic extracts. 

Furthermore, unripe peel extract showed the lowest IC50 compared to the ripe peels. 

Mature unripe peel extracts showed increased antioxidant activity compared to mature 

ripe peel extracts; these results correspond with the study of Sandaram et al. [29].  Note 

that the current study’s lower IC50 value indicates high antioxidant activity in the sample. 

The banana extracts showed strong and moderate antioxidant activity, affirming their 

efficacy in combating oxidative stress [33].  

Secondary metabolites are produced in nature to serve survival functions for plants and 

these have also played an important role in the improvement of the health of humans. 

When comparing the secondary metabolites found in Muraru peels, a variation was seen 

compared with other studies. This greatly influenced the qualitative, quantitative, GC-

MS, and antioxidant capacity of Muraru peels. This is attributed to differences in banana 

varieties used, the extraction methods employed, the state and quality of the solvent, and 

variances in geographical locations. Geographical factors such as soil type, climate, 

altitude, and sunlight exposure can influence the composition of phytochemicals. This 

diverse array of phytochemicals contributes to the richness and uniqueness of the plant's 

bioactive compounds.  

Muraru peels contain flavonoids, phenols, and tannins that can help with inflammation, 

diabetes mellitus, and cancer. They can also lower cholesterol and bad cholesterol, and 

they can eliminate bacteria [34-35], which makes them useful for herbal medicine and 

nutraceutical use. The most abundant compounds, terpenoids, and triterpenoids, in M. 

sapientum var. Muraru peels exert multifaceted effects on tumor development, inhibiting 

initiation, promoting apoptosis, and suppressing angiogenesis. These compounds also 

offer diverse biological activities, including antioxidant, anti-inflammatory, and 

cardiovascular protective effects [36-37]. The peel's rich plant oils, containing lipids and 

therapeutic components like fatty acids and steroids, contribute to its potential to manage 

diseases. Secondary metabolites such as flavonoids, alkaloids, terpenoids, tannins, and 

phenols, found in abundance, greatly influenced the antioxidant activity of Muraru peels. 

Several studies [38-39] have found these compounds to play a significant role as 

antioxidants. Oxidative stress deregulates cellular functions, leading to 

neurodegenerative diseases, gastro-duodenal pathogenesis, cancer, premature aging, 

inflammation, cardiovascular, and endocrine/metabolic dysfunction [40-41]. Therefore, 

http://www.bsmiab.org/plant-trends


12 

 

www.bsmiab.org/plant-trends 

 

 

Mahora et al., Plant Trends. 2024 March; 2(1): 01-15 

exogenous antioxidants like those found in Muraru peels can balance reactive oxygen 

species, preventing their occurrence and enhancing the management of chronic diseases 

and their complications.  

In our current study, the peels did not exhibit any signs of toxicity in acute toxicity tests, 

with an LD50 greater than the limit dose of 2000 mg/kg. According to the classification by 

the Ministry of Agriculture, Food and Fisheries [42], substances with an LD50 above 2000 

mg/kg are considered non-toxic. Furthermore, repeated doses of Muraru peel 

hydroethanolic extract administered over 28 days showed no signs of morbidity and no 

mortality.  Furthermore, the rats' behavior patterns, skin, fur, eyes, salivation, and 

occurrence of diarrhea showed no discernible changes. Throughout the acute and 

subacute toxicity studies, the animals consistently demonstrated weight gain. Weight 

loss is recognized as a prominent signal for health issues and excessive toxicity [43]. 

Importantly, the peel hydroethanolic extract induced no significant effects on the relative 

organ weights of the treated groups compared to the control group. The assessment of 

relative organ weights is crucial for identifying potential organ damage due to exposure 

to toxic substances. The extent of toxicity and the ratio of body weight would alter the 

weight of a damaged organ [44]. These reflect the overall safety profile of banana peel 

hydroethanolic extract.  

The hemopoietin system functions as a sensitive target for toxic compounds and serves 

as a key indicator of physiological and pathological status in both humans and animals. 

During both acute and subacute tests, the banana peel hydroethanolic extract did not 

significantly alter the red blood cell (RBC) indices, suggesting that it has no effect on 

erythropoiesis, red blood cell morphology, or osmotic fragility. White blood cells (WBCs) 

play a crucial role in defending against infectious agents, tissue injury, or inflammation. 

Importantly, no significant changes were noted in neutrophils, lymphocytes, and 

monocytes in response to the banana peel extract, suggesting that the Muraru peel extract 

did not challenge the immune system of the animals in both acute and subacute tests. All 

of these results show that the hydroethanolic extract of the Muraru peel has a calming 

effect on hematological parameters, indicating that it may be safe for blood-related 

functions. Given that the analysis of hematological parameters provides valuable 

insights into blood-related functions and aids in diagnosing conditions such as anemia, 

infections, acute hemorrhagic states, allergies, and immune deficiencies [45]. 

Assessing liver and kidney function is crucial to evaluating the potential toxicity of 

herbal formulations and drugs [46]. Urea serves as an indicator of kidney function, while 

creatinine is employed as a marker for the glomerular filtration rate. ALT is a sensitive 

marker for detecting liver cell damage, and AST is present in RBCs, heart, kidney, and 

skeletal muscles [46]. These parameters were examined to determine potential alterations 

induced by the peel hydroethanolic extract. The absence of significant changes in ALT, 

AST, creatinine, and urea levels, recognized indicators of liver and kidney functions, 

suggests that the acute and subacute administration of the extract did not adversely affect 

hepatocytes, kidneys, or the normal metabolism of the rats. The safety of the extract is 

further evident in the morphology of the organs, which displayed no alterations or 

lesions.  

Hence, the wealth of bioactive compounds found in M. sapientum var. Muraru peels, 

coupled with their high antioxidant capacity and safety profile, positions them as 

valuable candidates for nutraceutical applications. These versatile peels could potentially 

be utilized in various functional foods, dietary supplements, or natural health products 

aimed at promoting wellness and preventing oxidative stress-related diseases. 
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CONCLUSION  

M. sapientum var Muraru unripe and ripe peels are rich in alkaloids, phenols, terpenoids, 

flavonoids, tannins, and phytosterols. The peels exhibit significant antioxidant activity, 

supported by an IC50 indicating moderate to strong activity. The results of acute and 

subacute oral toxicity studies on M. sapientum var Muraru peel hydroethanolic extract 

indicate its non-toxic nature across all tested groups, with no observable morbidity. 

These findings suggest that the peels could serve as a valuable source of bioactive 

compounds and can be efficiently utilized, minimizing waste. These findings position 

Muraru peels as promising candidates for pharmacological and therapeutic applications 

as nutraceuticals in improving oxidative stress. 
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