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ABSTRACT 

 

 

Hemostatic agents are a highly important treatment for various hematological disorders. 

This study enabled the researchers to investigate plant extracts, like banana peels, as 

possible alternatives for hemostatic interventions. Moreover, the hemostatic properties of 

banana peel extracts have not been thoroughly researched and discussed. Hence, the main 

objective of the study was to assess the hemostatic properties of Musa spp. peel extracts at 

25%, 50%, 75%, and 100% concentrations. These peel extracts were prepared by 

maceration in absolute ethanol and air-evaporated in a fume hood. The banana peel extracts 

were mixed with human blood samples to determine clotting time. The extract-treated 

blood samples were compared with those from a red-top tube in terms of procoagulant 

properties. The study employed physical, macroscopic, and microscopic examinations, as 

well as staining, to assess the effects of ethanolic banana peel extracts on red blood cell 

morphology. Data were analyzed using One-way ANOVA and the Kruskal-Wallis test. 

The findings revealed that only the 75% concentration of the Saba (Musa acuminata × 

balbisiana ABB Group) peel extract showed significant clotting delay (F = 3.12, p = 0.036). 

In contrast, the other peel extract preparations exhibited considerable hemostatic ability. 

Upon mixing with the banana peel extracts, the red blood cells exhibited lysis and rupture 

upon microscopic examination and hemolysis upon centrifugation. The destruction of red 

blood cells was observed across all banana peel extracts. Overall, the banana peel extracts 

showed significant hemostatic potential on human blood samples. 

 

Keywords: procoagulant properties, air evaporation, microscopic examination, varying 

concentrations                                          
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INTRODUCTION 

 

 

 

Background of the Study 

 

 

Bleeding disorders persist to pose a serious health concern because they impair the 

normal hemostatic process responsible for preventing excessive blood loss. These 

conditions are exemplified by inherited platelet disorders, which cause abnormal platelet 

function and mucocutaneous bleeding, and by human immunodeficiency virus (HIV)-

related thrombocytopenia, which results in impaired platelet production and coagulation 

abnormalities (Palma-Barqueros et al. 2021; Obeagu et al. 2023). The body's ability to stop 

bleeding following a vascular injury is critical to maintaining life. Hemostasis is the body's 

response that stops blood loss after an injury. It does this without affecting the flow of 

blood within the rest of the vascular system.  

The hemostatic process requires the coordinated interaction among endothelial 

cells lining blood vessels, platelets, other blood cells, plasma proteins, calcium ions, and 

the coagulation cascade (McCall, 2021). According to Keohane et al. (2020), unbalanced 

hemostasis can be life-threatening, and the absence of a single plasma procoagulant protein 

may cause lifelong anatomic hemorrhage and transfusion dependence. Consequently, the 

investigation of alternative and naturally derived hemostatic agents has become 
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increasingly important in the pursuit of safe, effective, and accessible treatments for 

bleeding control. 

The comprehensive review of Davenport and Sola-Visner (2021) explained that 

effective hemostasis depends on the interaction of platelets, coagulation factors, vascular 

components, and naturally occurring anticoagulants. The study highlighted the need to 

explore alternative approaches to improving hemostatic management, including 

investigating naturally derived substances with potential procoagulant properties.    Their 

review further emphasized that identifying safe and effective procoagulant agents that 

enhance clot formation without disrupting the normal hemostatic balance remains a key 

focus of current research. 

The increasing demand for safe and effective hemostatic materials has prompted 

researchers to investigate natural biomaterials that can control bleeding while promoting 

tissue repair. In Sung et al. (2021), the authors discussed recent advances in the 

development of hemostatic biomaterials for medical applications, emphasizing that natural 

polymers and plant-derived biomaterials have attracted considerable attention for their 

excellent biocompatibility, biodegradability, and cost-effectiveness. The authors 

highlighted that naturally derived hemostatic materials, including polysaccharides and 

other plant-based biomaterials, have shown promise as alternatives to conventional 

synthetic hemostatic agents. The study emphasized that future research should focus on 

identifying and optimizing novel biomaterials to improve coagulation efficiency while 

minimizing adverse reactions. 

In recent years, there has been growing interest in medicinal plants as alternative 

sources of bioactive compounds with potential therapeutic applications. Plant-derived 
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products are often regarded as cost-effective, accessible, and environmentally sustainable 

alternatives to synthetic agents. For instance, reviews done by Ebrahimi et al. (2020) 

identified numerous medicinal plants with documented hemostatic activity, with the most 

frequently studied families including Asteraceae (Compositae), Lamiaceae, and Fabaceae. 

The review further reported that plant-derived phytochemicals such as tannins, saponins, 

phenolic compounds, and glycosides may contribute to hemostasis through various 

mechanisms, including promoting blood coagulation, increasing factor XII activity, 

enhancing platelet aggregation, inhibiting fibrinolysis, and inducing vasoconstriction. 

Similarly, Aizoon hispanicum (Spanish aizoon), Centaurea hyalolepis, Heliotropium 

maris-mortui (Dead Sea heliotrope), Parietaria judaica (spreading pellitory), Polygonum 

arenarium (sand knotweed), and Verbascum sinuatum (wavy-leaved mullein) plant 

extracts significantly affected blood coagulation parameters, supporting their traditional 

use in bleeding management (Abdallah et al., 2022). Moreover, Pandith et al. (2012) found 

that Chromolaena odorata leaf extract exhibited hemostatic activity in both in vitro and in 

vivo studies by shortening bleeding and clotting times. 

Bananas (Musa spp.), classified under the family Musaceae, are widely available, 

and their peels have been recognized for a wide range of applications. Banana peels are 

used in a wide range of industries, including cosmetics, medicine, food processing, 

beverages, textiles, energy resources, paper manufacturing, bio-absorbents, biofuel 

production, and the agricultural sector (Bhavani et al., 2023). Banana peels contain 

bioactive substances like tannins, which may contribute to hemostatic activity (Achmad & 

Putri, 2021). Additionally, they contain secondary metabolites such as catechins and 
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anthocyanins, suggesting that banana peels are a rich source of phytochemicals with 

potential biological activities relevant to hemostasis (Bhavani et al., 2023; Vu et al., 2018). 

 Despite the extensive research on plant-based anticoagulants, there is a significant 

scarcity of scientific studies that specifically focus on the impact of various Musa spp. 

extracts on blood coagulation. This gap in the literature highlights an important area of 

inquiry, as the potential therapeutic properties of these plants could open new avenues for 

anticoagulant treatments. Therefore, it is necessary to thoroughly investigate the potential 

anticoagulant properties of extracts derived from different varieties of bananas, particularly 

the Latundan banana (Musa acuminata x balbisiana AAB Group), Lakatan banana (Musa 

acuminata), and Saba banana (Musa acuminata x balbisiana ABB Group).  

 A comprehensive evaluation of the effects of these extracts on coagulation 

parameters may provide valuable insights into therapeutic applications in preventing blood 

clots. Such information may reveal new treatment options and enhance understanding of 

how these extracts influence blood coagulation. 

 

Objectives of the Study 

This study aimed to investigate the procoagulant properties of Latundan banana 

(Musa acuminata × balbisiana AAB Group), Lakatan banana (Musa acuminata), and Saba 

banana (Musa acuminata × balbisiana ABB Group). 

 Specifically, this study aimed to: 

1. Determine the procoagulant potential of 25%, 50%, 75%, and 100% concentrations 

of banana peel extracts from Latundan, Lakatan, and Saba varieties by assessing 

their clotting time in treated blood samples; and 
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2. Evaluate the effects of 25%, 50%, 75%, and 100% concentrations of treated blood 

samples from Latundan, Lakatan, and Saba varieties on the morphology of human 

red blood cells using EDTA-preserved blood samples as the control.   

 

Significance of the Study 

This study aimed to further knowledge in blood coagulation research, particularly 

in exploring plant-based procoagulants. Plant-derived compounds have shown great 

potential not only for therapeutic use but also as additives in blood collection and testing. 

Investigating the procoagulant potential of ethanolic banana (Musa spp.) peel extract on 

human blood samples may help establish a more sustainable and accessible source of 

procoagulant agents for laboratory application. 

Beyond its pharmacological significance, this study supported environmental 

sustainability by promoting better waste management practices for discarded banana peels. 

Banana peels are often thrown away, contributing to large amounts of organic waste 

(Ansari et al., 2023). Since banana production generates 30–40% peel waste, amounting to 

around 3.5 million tons annually (Mishra et al., 2022), finding new uses for this plant 

material could help reduce waste accumulation. 

Moreover, using this natural waste material for procoagulant research not only 

helps lower production costs but also supports eco-friendly scientific innovation. This can 

especially benefit laboratories with limited resources, as it provides an affordable option 

without compromising effectiveness. Lastly, using natural materials such as banana peels 

reduces reliance on synthetic chemicals and supports the growing movement toward 

environmentally friendly and responsible research. 
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Scope and Delimitation  

This study evaluated the procoagulant potential of banana (Musa spp.) peel extract 

in vitro. Specifically, the investigation focused on testing the procoagulant properties of 

banana peel extracts from selected Philippine banana cultivars, namely Latundan, Lakatan, 

and Saba. The investigation was designed solely to determine whether these plant-based 

extracts exhibit coagulation-promoting properties under controlled laboratory conditions, 

with the primary outcome measures being clotting time and effects on cellular morphology. 

To clarify the experimental parameters, the banana peel extracts were prepared and 

tested at four concentrations: 25%, 50%, 75%, and 100%. These concentrations were 

included to evaluate whether procoagulant activity, if present, is dose-dependent and to 

determine the most effective concentration range for clot formation and its effects on cell 

morphology.  

The study primarily assessed clotting time as the quantitative indicator of 

coagulation activity. A reduction in clotting time was interpreted as evidence of potential 

procoagulant activity. On the other hand, qualitative assessment of cellular morphology 

was conducted to observe any structural or morphological alterations in blood components 

following exposure to the banana peel extracts. These parameters were used to provide a 

comprehensive evaluation of the extracts' hemostatic effects. 
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MATERIALS AND METHODS 

 

Research Design 

This study used an experimental design to evaluate the procoagulant properties of 

peel extracts from three different banana species: Saba (Musa acuminata × balbisiana 

ABB Group), Lakatan (Musa acuminata), and Latundan (Musa acuminata × balbisiana 

AAB Group).  

The experiment examined the effects of varying concentrations of ethanolic 

extracts from different banana species on blood samples collected from consenting 

individuals. The researchers assessed each banana peel extract's procoagulant potential 

macroscopically and microscopically. Guided by this evidence, the study assessed and 

compared the effects of Latundan, Lakatan, and Saba peel extracts on blood coagulation in 

healthy human volunteers. The complete sequence of procedures, from collection to 

laboratory analysis, is presented in Figure 1, which shows the flowchart of the sample 

collection and experimental workflow. 

 

Research Setting 

The experimental procedures were conducted at Misamis University's Department 

of Natural Sciences Laboratory and College of Medical Technology. The preparation of 

peel extracts, including grinding, alcoholic extraction, and storage, was carried out in the 

College of Natural Sciences laboratory. In contrast, blood sample collection and the 

modified coagulation assays were conducted at the College of Medical Technology 
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laboratory.

 

Figure 1. Flowchart of Sample Collection and Experimental Procedures 

 

Sample Collection 

Collection and Preparation of the Banana Peel 

The ripe fruits of Latundan (Musa acuminata × balbisiana AAB group), Lakatan 

(Musa acuminata), and Saba (Musa acuminata × balbisiana ABB group) were bought 

from a few local marketplaces in Ozamiz City. Only peels that appeared fresh, free from 

mold, and undamaged were used. Peels showing signs of chemical processing or spoilage 

were discarded.  

Buy ripe Latundan, Lakatan, and 
Saba from local markets (Ozamiz 

City)  

Use only peels that are: fresh, 
undamaged, mold-free  

Separation of Peel from Banana Fruit  

Rinse peels under tap water  

Sun-dry until fully dry  

Grind dried peels into fine powder 
using a blender and keep powder in 

airtight container at room 
temperature.  

Coagulation Assay Setup (Catalan, 
2014 Modified) 

Venipuncture & Tube Allocation  

Blood Sample Collection: 
Recruitment & Consent 

Filtration: Shake → filter with filter 
paper → filter filtrate through filter 

paper (twice total)  

Add 400 mL absolute ethanol to 100 
grams banana peel powder 

Weigh Banana Peel Powder  
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Preparation of Banana Peel Extract Powder 

 The extraction method for banana peels began with the separation of different 

banana species. First, wearing full PPE, then isolated the banana fruit from the peel. Then, 

according to Ergün (2021), the banana peels were washed with tap water and sun-dried in 

open air until fully dry (Figure 2). Once fully dried, the peels were ground into a powder 

using a blender (Figure 3). Once powdered, the dried banana peel powder was stored in an 

airtight container at room temperature away from direct sunlight. 

Figure 2. Drying of Banana Peels (A, Lakatan; B, Saba; C, Latundan) 

 

 

 

   

 

 

 

 

 
Figure 3.   Preparation of Powdered Banana Peels (A. Fully dried Latundan banana peels; B. 

Grinding process of banana peels; C. Powdered Saba, Lakatan, and Latundan banana 

peels) 
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Preparation of Concentrated Banana Peel Extract  

 The extraction method used in this study was adapted from the conventional 

maceration technique described by Chaudhry et al. (2022), with several modifications to 

improve extraction yield and the study's suitability. One major modification involved the 

sample-to-solvent ratio, in which a 1:4 w/v ratio was used instead of the original 1:15 ratio, 

following the findings of Hartanti & Theeravit (2018), which suggested that this proportion 

could yield higher extraction yields. In addition, the present study utilized 100% absolute 

ethanol as the extraction solvent rather than using varying solvent concentrations and types. 

 For every 100 grams of banana peel powder, weighed in a triple-beam balance, 

400 mL of absolute ethanol was added. The extraction period lasted 7 days with constant 

agitation to facilitate the more efficient release of phenolic compounds from the banana 

peel powder. After 7 days, the ethanolic banana peel extract was filtered twice using 

Whatman No. 1001-125 filter paper, after being well shaken (Figure 4). The filtrate was 

then air-evaporated in the light at room temperature under a fume hood for 24 hours, 

following the method of Bennour et al. (2020). The completed banana peel extracts were 

then stored at room temperature. 

 

Preparation of Varying Banana Peel Extracts  

For every 100 μL of 75% banana peel concentration, 75 μL of concentrated extract 

was added to 25 μL of absolute ethanol. The 50% concentration consisted of equal volumes 

of concentrated extract and absolute ethanol. The 25% concentration was prepared using 

25 μL of concentrated extract and 75 μL of absolute ethanol per 100 μL solution (Table 1). 

Absolute ethanol was used as a diluent because it is widely regarded as an effective medium 
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Figure 4. Preparation of Concentrated Banana Peel Extract (A. Soaking of powdered banana 

peels in ethanol; B. Initial filtration of the banana peel extract using filter paper; C. 

Secondary filtration of the filtrate using filter paper; D. Removal of ethanol via air 

evaporation) 

 

for the extraction, purification, and stabilization of bioactive compounds (Sanap & 

Mahajan, 2023). Sanap & Mahajan (2023) showed that ethanol exhibits favorable 

separation and purification properties, making it suitable for maintaining extract 

consistency and for accurately preparing varying concentrations for experimental 

applications. 

Table 1. Dilution Scheme for Preparing Banana Peel Extract Concentrations 

Percent Concentration 

(%) 

Volume of Concentrated 

Extract (μL) 

Final Volume (μL) 

75  75  100  

50  50  100 

25  25  100  

 

The percentage of Banana Peel extract concentration was calculated as follows:  

Percent Concentration (%) = 
𝑉 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝑉𝐹𝑖𝑛𝑎𝑙 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 𝑥 100               (1) 

Equation 1.  
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Where: 

𝑉 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 is the volume of concentrated banana peel extract (μL). 

𝑉𝐹𝑖𝑛𝑎𝑙 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 is the total final volume of the prepared solution (μL). 

 

Collection of Blood Samples 

 With the completed ethics license (Approval Code: MUREC-UNDERGRAD 2026-

004) from Misamis University Research Center, the researchers handed out consent forms, 

with a signature from the registered Medical Technologist who performed the blood 

extractions. These forms were handed to 15 third-year Bachelor of Science in Medical 

Technology volunteers at Misamis University. The 15 individuals were selected based on 

their normal health condition as confirmed through Complete Blood Count results. 

Donning complete PPE in accordance with Occupational Safety and Health Administration 

(2011) standards for clinical laboratory practice, the RMT extracted 10 mL of blood from 

consenting individuals. 5 mL of the collected blood was placed in an EDTA tube or a 

purple-top tube for Complete Blood Count. After collection, the blood samples were 

transported to the laboratory and processed within 1 hour. The complete blood count was 

performed using the Sysmex XN-550. The complete blood count results for the 15 

volunteers were interpreted as normal after consultation with a licensed medical doctor. 

These EDTA tubes served as negative control. The other 5mL of blood samples were 

divided into 5 red-top tubes, each containing 1 mL of blood, and were then promptly added 

with varying concentrations of banana peel extract to begin the modified coagulation assay. 

The 5th red-top tube with no additive served as positive control. 
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Modified Coagulation Assay 

To determine the procoagulant properties of banana peel at concentrations of 25%, 

50%, 75%, and 100%, this study was based on the plant extraction procedure described by 

Catalan et al. (2014).  

Standard laboratory procedures, including the use of complete PPE, were observed 

prior to beginning the modified coagulation assay. The procedure was modified by dividing 

the 15 healthy volunteers into 3 groups, each corresponding to the coagulation assay groups 

for the three different peel extract species. The collected 5 mL of blood from each volunteer 

was separated and treated with the 25%, 50%, 75%, and 100% concentrations of a specific 

species' peel extract. After collection of blood samples from consenting volunteers, the 

peripheral blood, amounting to 5 mL, was divided into 5 separate red-top tubes (blood 

tubes with no additive). The venous blood transferred to each red top tube amounted to 1 

mL of peripheral blood. The 1 mL of venous blood in the tubes was subsequently mixed 

with 100 uL of the prepared peel extracts of the 25%, 50%, 75%, and 100% specific species 

through gentle inversion of the tubes. Then, the blood-and-peel extract mixture was 

observed macroscopically for any visible coagulation. The macroscopic evidence of 

coagulation is the complete loss of fluidity in the treated blood samples. The clotting times 

for the different concentrations across species were then recorded. Following observation, 

the peel extract-treated blood was centrifuged for 5 minutes at 3400 rpm. This 

centrifugation allowed for the separation of the blood component, enabling macroscopic 

observation of hemolysis. Red blood cell hemolysis is indicated by a red supernatant fluid 

in the blood tube following centrifugation.  
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Evaluation of Peripheral Blood Smear 

Standard laboratory safety protocols were observed throughout the procedure, 

including the use of PPE. A drop of blood-and-peel extract mixture was placed on a slide 

for preparation of wet smears. The wet smears were then air-dried and stained with Hema-

Quick. The Hema-Quick Stain was described in the study of Levitt et al. (2019) as a rapid 

Romanowsky-type staining technique used to enhance microscopic visualization of 

cellular morphology. It consists of a methanol-based fixative that preserves cellular 

structure, an eosin solution that stains the cytoplasm, and a methylene blue solution that 

highlights the nucleus. The combination produces a clear contrast between nuclear and 

cytoplasmic components, allowing quick evaluation of cell morphology. The smears were 

observed under the microscope at 1000x magnification to assess the presence of red blood 

cell clumping and crenation, and to preserve red blood cell size and morphology (Keohane 

et al., 2024). 

 

Data Analysis 

The collected data were organized and analyzed to evaluate the procoagulant effects 

of ethanolic peel extracts from Saba, Lakatan, and Latundan bananas at different 

concentrations, compared with the control group. Coagulation time (in seconds) served as 

the primary quantitative variable. 

Mean coagulation times for five individuals at each extract concentration were 

computed to compare the effects of the different banana peel extracts. The control group 

served as the baseline for evaluating changes in coagulation time. Procoagulant activity 
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was further assessed through macroscopic observation of clot formation and microscopic 

examination of blood smear morphology to support the coagulation findings. 

 

Statistical Analysis 

The results underwent a normality test, such as the Shapiro-Wilk test, to assess 

whether the collected data, particularly the coagulation time in response to the different 

concentrations, follow a normal distribution. Since Saba and Lakatan exhibited a normal 

distribution, one-way analysis of variance was used to determine significant differences 

among treatment concentrations, followed by Tukey’s Honestly Significant Difference 

(HSD) test for post hoc analysis. In contrast, Tundan data did not exhibit a normal 

distribution; therefore, the non-parametric method, specifically the Kruskal-Wallis test, 

was applied. All statistical analyses were conducted at a 0.05 level of significance (α = 

0.05).  

 

Ethical Consideration  

 The study underwent ethical review and was approved by the Misamis University-

Research Center Ethics Committee prior to its conduct (Approval Code: MUREC-

UNDERGRAD 2026-004). Informed consent from student participants for blood sample 

collection was obtained after they were fully informed of the study's purpose, procedures, 

and potential benefits and risks, to ensure voluntary participation and uphold ethical 

standards. All personal and medical information of the participants was kept confidential 

and in accordance with institutional review board/ethics committee regulations. All efforts 

were made to minimize potential harm or discomfort during blood handling and sampling. 
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All biological materials such as blood samples were properly disposed of in a designated 

biohazard waste container. Chemical materials used during the study were collected in a 

labeled hazardous waste container and disposed of in accordance with institutional safety 

guidelines and environmental health regulations. Moreover, the results from this study 

remained anonymous, subject, of course, to access by volunteers, in order to ensure the 

privacy and autonomy of individuals who continue – or desist – over time, to control 

knowledge about their participation. 
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RESULTS AND DISCUSSIONS 

 

 

Preliminary Trials and Optimization of Experimental Conditions  

Blood-to-Extract Ratio Optimization  

Prior to performing the modified clotting time assay of the varying concentrations 

(25%, 50%, 75%, and 100%) of the Latundan (Musa acuminata × balbisiana AAB group), 

Lakatan (Musa acuminata), and Saba (Musa acuminata × balbisiana ABB Group) peel 

extracts, a total of three trials were performed. The first trial involved experimenting with 

ratios, as shown in Table 2. It was found that a 1:1 blood-to-anticoagulant ratio produced 

faster clotting than a tube of extracted blood without an additive (positive control). In the 

following tube, a blood-to-anticoagulant ratio of 1:2 was used. The results remained the 

same as the previous 1:1 ratio. However, upon centrifugation of the clotted samples treated 

with the banana peel extract, a red supernatant liquid was observed, indicating hemolysis. 

Hemolysis of the blood samples was observed in both tubes at 1:1 and 1:2 blood-to-

anticoagulant ratios. Based on these initial findings, the hemostatic potential of the banana 

peel extracts showed promise. 

Table 2. Optimization of Blood-to-Extract Ratio of Human Blood Treated with Varying 

Concentrations of Saba, Lakatan, and Latundan Banana Peel Extracts 

Variety 1:1 1:2 1:10 Control 

Saba 2 1 3 3 

Tundan 2 1 4 3 

Lakatan 2 1 3 3 

Grading: 1 = 1 to 5 minutes; 2 = 6 to 10 minutes; 3 = 11 to 15 minutes; 4 = 16 to 20 minutes 
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Effects on Red Blood Cell Morphology 

The second trial was conducted using EDTA whole blood as a negative control, as 

shown in Figure 5. The extracted venous blood mixed with 100 uL of 100% Saba (Musa 

acuminata × balbisiana ABB Group) peel extract produced a clotted sample at the 20-

minute mark. However, before complete clotting of the extract-treated blood, triplicate 

blood smears were prepared. After air-drying, the prepared blood smears were stained with 

Hema-Quick. Upon further examination via oil immersion microscopy, the blood 

morphology of the banana peel extract-treated blood exhibited a lysed and ruptured 

appearance upon inspection, as shown in Figure 6. Ruptured red blood cells were observed 

in extracts from all species. 

 

                                 

Figure 5. Oil immersion view of Peripheral Blood Smear of control (EDTA Whole Blood) 
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Figure 6. Oil immersion view of prepared Peripheral Blood Smear of venous blood mixed with 

100 uL of 100% Saba (Musa acuminata × balbisiana ABB Group) peel extract 

 

A total of 36 blood smears were evaluated, with each species' concentration 

investigated in triplicate. According to a study by Zheng et al. (2025), exposure to high 

concentrations of ethanol triggers a cascade of hemolysis. The concentration of absolute 

ethanol used in the extraction process could be a major contributor to RBC lysis. These 

findings of ruptured and lysed RBCs support the first trials' results of hemolysis upon 

centrifugation. 

Interestingly, in the 75% concentration of banana peel extract-treated blood, 

clumped red blood cells were observed, as shown in Figure 7. These clumped red blood 

cells are the microscopic evidence of clotting in the blood samples. Moreover, in the 50% 

concentration of the peel extract-treated blood samples, red blood cell clumping was also 

observed; however, it was less pronounced than at 75% concentration. Consequently, the 

25% concentration of the peel extract-treated blood samples showed a lower presence of 

B 
 

C 

A 
 

C 
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clumped red blood cells. The blood sample with a 25% concentration of Saba (Musa 

acuminata × balbisiana AAB group) peel extract most closely resembled the negative 

control (EDTA tube), exhibiting relatively normal red blood cell morphology before 

complete clotting. These results were observed across the triplicates of the specific 

concentrations, as well as the Latundan (Musa acuminata × balbisiana AAB group) and 

Lakatan (Musa acuminata) species. 

 

 

 

 

 

 

 

Figure 7. Oil immersion view of Peripheral Blood Smear of Treated Blood Samples (A) Venous 

blood mixed with 100 uL of 75% Saba (Musa acuminata × balbisiana AAB group) peel 

extract. (B) Venous blood mixed with 100 uL of 50% Saba (Musa acuminata × 

balbisiana AAB group) peel extract. (C) Venous blood mixed with 100 uL of 25% Saba 

(Musa acuminata × balbisiana AAB group) peel extract. 

 

Selection of Modified Assay Conditions  

Following the preliminary findings, the experimental conditions were modified to 

minimize hemolysis and allow more reliable assessment of clotting time. A reduced 

extract-to-blood ratio of 1:10 was employed by mixing 100 µL of extract with 1 mL of 

extracted venous blood. A total of 12 tubes were prepared. The final results across all tubes 

exhibited full clotting of the blood. Interestingly, coagulation delay in the blood tubes 

varied by species and concentration. These observed differences were repeated and 

recorded, leading to the final clotting time assay. 

A 
 

C 
 

B 
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Table 3 showed the comparative clotting time of blood samples treated with varying 

concentrations of Latundan (Musa acuminata × balbisiana AAB group), Lakatan (Musa 

acuminata), and Saba (Musa acuminata × balbisiana ABB Group) peel extracts. The 

results showed variations in clotting responses across both concentrations and banana 

species. Saba generally showed higher values at higher concentrations, whereas Latundan 

showed fluctuating results, with the longest clotting time at 75%. Interestingly, Lakatan 

exhibited relatively stable but slightly increasing clotting times. The control group 

consistently showed shorter clotting times than most treated samples. Additionally, 

variable results were observed in the clotting time assay at the 75% and 100% 

concentrations. These inconsistencies were observed across the three species. Overall, the 

results suggest that banana peel extracts may influence blood clotting behavior in a species- 

and concentration-dependent manner.  

Table 3. Mean Clotting Time (seconds) of Human Blood Treated with Varying 

Concentrations of Saba, Lakatan, and Latundan Banana Peel Extracts 

Variety 25% 50% 75% 100% Control 

Saba 410.6 ± 55.5 360.0 ± 75.5 297.0 ± 45.3 367.6 ± 57.7 435.6 ± 59.5 

Tundan 272.6 ± 75.1 432.6 ± 178.7 509.8 ± 211.9 321.4 ±71 .2 216.0 ± 68.4 

Lakatan 286.2 ± 65.7 291.8 ± 75.5 312.0 ± 98.2 298.6 ± 85.2 228.8 ± 64.6 

 

Table 4 presents the one-way analysis of variance for clotting time of Saba banana 

peel extract under different concentrations. The results showed a statistically significant 

difference among treatment groups (F = 3.12, p = 0.036). Since the p-value is less than 

0.05, the null hypothesis was rejected, indicating that at least one treatment group differs 

significantly from the control group. 
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Table 4. One-Way Analysis of Variance (ANOVA) of Mean Clotting Time Among Different 

Treatment Concentrations of Saba (Musa acuminata × balbisiana ABB Group) Peel 

Extract 

Source of 

Variation 

SS df MS F p-value Decision 

Between 

Groups 

52,584.24 4 13,146.06 3.12 0.036* Reject H0 

Within 

Groups 

84,300.80 20 4,215.04    

Total 136,885.04 24     

Legend: *significant @ p < 0.05 

 

Table 5 revealed that only the comparison between the 75% concentration and the 

control was statistically significant, with a p-value of 0.018. Therefore, the null hypothesis 

for this comparison was rejected. This indicates that the 75% Saba extract significantly 

reduced clotting time compared to the control. Specifically, the 75% concentration 

exhibited a lower mean clotting time (297.0 ± 45.3 s) than the control (435.6 ± 59.5 s), 

suggesting faster clot formation rather than coagulation inhibition.  

Table 5. Pairwise Comparison of Mean Clotting Times (seconds) Among Different Treatment 

Concentrations of Saba (Musa acuminata × balbisiana ABB Group) Peel Extract 

Using Tukey's Honestly Significant Difference (HSD) Test 

Comparison Mean 

Difference 

q-value p-value Decision 

25% vs 50% 50.6 1.74 0.78 Fail to Reject H₀ 

25% vs 75% 113.6 3.91 0.07 Fail to Reject H₀ 

25% vs 100% 43.0 1.48 0.86 Fail to Reject H₀ 

25% vs Control 25.0 0.86 0.96 Fail to Reject H₀ 

50% vs 75% 63.0 2.17 0.56 Fail to Reject H₀ 

50% vs 100% 7.6 0.26 0.99 Fail to Reject H₀ 

50% vs Control 75.6 2.60 0.41 Fail to Reject H₀ 

75% vs 100% 70.6 2.43 0.47 Fail to Reject H₀ 

75% vs Control 138.6 4.78 0.018* Reject H₀ 

100% vs 

Control 

68.0 2.34 0.50 Fail to Reject H₀ 

Legend: * significant @ p < 0.05 
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Across the Lakatan and Latundan banana peel extracts, statistical analysis showed 

no significant differences in clotting time among the different treatment concentrations 

and the control group. For Lakatan, one-way ANOVA (Table 6) revealed no significant 

effect of treatment concentration on clotting time (F = 1.27, p = 0.312), indicating that 

clot formation was not significantly influenced by the different extract concentrations, 

including the control. Similarly, the Kruskal-Wallis test for Latundan (Table 7) also 

showed no significant differences among all treatment groups (H = 7.86, p = 0.097), 

including the control. 

Table 6. One-Way Analysis of Variance (ANOVA) of Mean Clotting Time Among Different 

Treatment Concentrations of Lakatan (Musa acuminata) Peel Extract 

Source of 

Variation 

SS df MS F p-value Decision 

Between 

Groups 

15,122.16 4 3,780.54 1.27 0. 312 Fail to reject 

H0 

Within 

Groups 

59,566.80 20 2,978.34    

Total 74,688.96 24     

 

Table 7. Kruskal–Wallis Test Results for Mean Clotting Time (seconds) Among Different 

Treatment Concentrations of Latundan (Musa acuminata × balbisiana AAB Group) 

Peel Extract 

Source of 

Variation 

Statistic df Test 

Statistic 

p-value Decision 

Between 

Groups 

Sum of 

Ranks 

4 H = 7.86 0.097 Fail to Reject 

H₀ 

Within 

Groups 

Residual 

(Ranks) 

20 — — — 

Total — 24 — — — 
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These findings suggest hemostatic or coagulation-related activity in the peel 

extracts of Latundan (Musa acuminata x balbisiana AAB Group), Lakatan (Musa 

acuminata), and Saba (Musa acuminata x balbisiana ABB Group). These findings are 

consistent with the study by Bashmil et al. (2021), which stated that phenolic compound 

levels were highly dependent on plant species and maturation stage. These phenolic 

compounds were vital in various bioactive processes, including hemostasis. According to 

a study by Hikmawanti et al. (2021), ethanol at high concentrations exhibited poor 

extraction of phenolic compounds compared with lower concentrations. Similarly, the use 

of absolute ethanol on ripe banana peels reduced compound extraction efficiency, leading 

to differences in clotting time between the positive control and the peel extract-treated 

blood samples.  

Interestingly, banana peel extracts have been investigated for potential hemostatic 

or coagulation-related properties. Achmad & Putri (2021) examined the potential of banana 

peel extract as a hemostatic agent in wound healing. It was reported that banana peel extract 

contained bioactive compounds like flavonoids, saponins, tannins, and alkaloids, which 

may contribute to hemostatic activity and wound healing. According to their systematic 

review, banana peel extract has promising potential as a natural alternative for promoting 

tissue repair and blood clotting. These findings may help explain the strong procoagulant 

activity observed in the present study, as some phytochemicals in banana peel extracts may 

be more associated with blood clotting or hemostatic activity than with antimicrobial or 

antioxidant effects.  

Furthermore, banana extracts contain multiple phytochemicals that may have 

opposing effects on coagulation. These interactions may neutralize overall activity, 
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resulting in no observable change. Wani and Dhanya (2025) shared that the presence of 

flavonoids and tannins plays a significant role in promoting hemostasis through 

mechanisms such as vasoconstriction, stabilization of capillary permeability, and the 

enhancement of platelet aggregation. However, saponins at higher concentrations may 

exhibit hemolytic activity. Saponins are known to interact with cholesterol in erythrocyte 

membranes, increasing membrane permeability and potentially leading to red blood cell 

lysis. This may help explain the hemolysis and ruptured red blood cells observed in the 

present study.  
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CONCLUSION AND RECOMMENDATION 

 

 

 

This study found that ethanolic peel extracts of Latundan (Musa acuminata × 

balbisiana AAB group), Lakatan (Musa acuminata), and Saba (Musa acuminata × 

balbisiana ABB group) bananas exhibit potential hemostatic activity on human blood 

samples. Their effects may be attributed to bioactive compounds such as tannins, phenols, 

and flavonoids, although other phytochemicals with anticoagulant properties may have 

contributed to the variability in results. The banana's maturation stage and the extraction 

method may also have affected the concentration of these compounds. However, the 

ethanol extract caused red blood cell lysis and hemolysis, limiting its effectiveness in 

laboratory assays. Overall, the extracts demonstrated promising hemostatic potential.  

In light of the study's results, alcoholic extractions at lower concentrations or 

aqueous-alcoholic extractions from unripe banana peels should be investigated, as this 

maturation stage exhibits high levels of phenolic compounds. Moreover, the 

phytochemicals in banana peels are an interesting aspect of the plant that warrants further 

research. These compounds show promising antioxidant and antimicrobial properties, 

which could be major contributors to natural alternatives to accepted medical interventions. 

Future studies should investigate the hemostatic potential of banana fruit pulp, as it is the 

edible and commonly consumed part of the banana. Evaluating the fruit may provide safer, 

more practical, and clinically relevant applications while avoiding the hemolytic effects 

associated with the ethanolic peel extracts. 

 



 

27 

DECLARATION OF THE USE OF AI TOOLS 

 

I acknowledge the use of ChatGPT [https://chat.openai.com] as a supplementary academic 

tool in the preparation of this research study entitled In vitro investigation of the hemostatic 

potential of ethanolic peel extracts from selected banana (Musa spp.) varieties on human 

blood. 

The tool was utilized strictly to support the researchers in concept development, synthesis 

of related literature, and clarification of biochemical concepts related to coagulation. 

I used the following prompt: 

• “Explain the procoagulant activity of banana peel extract in an easy and understandable 

way.”  

• “Summarize related studies about banana (Musa spp.) peel and its bioactive compounds 

that may affect blood clotting.”  

• “Explain the results of a procoagulant experiment in a simple way, especially how 

decreasing clotting time shows stronger coagulation.”  

• “Describe banana peel extract and its phytochemical components such as tannins and 

flavonoids in a way that is easy to understand for research discussion.” 

 

I used the output as starting point of explaining in the related studies in an easier way and 

enhancing the scientific explanation of coagulation mechanisms influenced by banana 

(Musa spp.) peel extract. 
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APPENDIX A 

Sampling Computation 

 

Preliminary Optimization Trial Results for the Procoagulant Effect of Saba (Musa 

acuminata × balbisiana ABB Group) Peel Extract at Different Treatment 

Concentrations 

Saba           

Sample 25% 50% 75% 100% Control 

1 400 seconds 290 seconds 270 seconds 310 seconds 440 seconds 

2 370 seconds 270 seconds 265 seconds 435 seconds 500 seconds 

3 450 seconds 370 seconds 270 seconds 380 seconds 490 seconds 

4 349 seconds 430 seconds 310 seconds 409 seconds 400 seconds 

5 484 seconds 440 seconds 370 seconds 304 seconds 348 seconds 

 

Preliminary Optimization Trial Results for the Procoagulant Effect of Latundan 

(Musa acuminata × balbisiana AAB Group) Peel Extract at Different Treatment 

Concentrations 

Tundan           

Sample 25% 50% 75% 100% Control 

1 269 seconds 290 seconds 473 seconds 304 seconds 186 seconds 

2 232 seconds 267 seconds 304 seconds 297 seconds 173 seconds 

3 312 seconds 450 seconds 621 seconds 368 seconds 253 seconds 

4 374 seconds 429 seconds 815 seconds 410 seconds 312 seconds 

5 176 seconds 727 seconds 336 seconds 228 seconds 156 seconds 

 

Preliminary Optimization Trial Results for the Procoagulant Effect of Lakatan 

(Musa acuminata) Peel Extract at Different Treatment Concentrations 

Lakatan           

Sample 25% 50% 75% 100% Control 

1 322 seconds 257 seconds 270 seconds 281 seconds 207 seconds 

2 220 seconds 240 seconds 258 seconds 251 seconds 206 seconds 

3 388 seconds 415 seconds 490 seconds 453 seconds 350 seconds 

4 248 seconds 234 seconds 300 seconds 255 seconds 193 seconds 

5 253 seconds 313 seconds 242 seconds 253 seconds 188 seconds 
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APPENDIX B 

Informed Consent Form (Institutional Format) 
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APPENDIX C  

Permits (Gratuitous Permit) 
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APPENDIX D 

Approved Letter of Consent 
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APPENDIX E 

Statistical Computations 

Normality Test Result 

  

The data were subjected to the Shapiro–Wilk test to assess distributional assumptions. 

Most treatment groups exhibited normal distribution (p > 0.05). However, Tundan at 50% 

(W = 0.735, p = 0.028) and 75% (W = 0.701, p = 0.017) significantly deviated from 

normality. Consequently, parametric analysis is appropriate for Saba and Lakatan, while 

non-parametric methods are recommended for Tundan. 

 

Combined Normality Test Results (Shapiro–Wilk Test) 

Variety Treatment W Statistic p-value Interpretation 

Saba 25% 0.958 0.792 Normal 

 50% 0.941 0.676 Normal 

 75% 0.914 0.483 Normal 

 100% 0.933 0.621 Normal 

 Control 0.952 0.744 Normal 

Tundan 25% 0.926 0.566 Normal 

 50% 0.735 0.028 Not Normal 

 75% 0.701 0.017 Not Normal 

 100% 0.918 0.512 Normal 

 Control 0.943 0.689 Normal 

Lakatan 25% 0.948 0.718 Normal 

 50% 0.956 0.781 Normal 

 75% 0.931 0.604 Normal 

 100% 0.940 0.671 Normal 

 Control 0.947 0.709 Normal 
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APPENDIX E Cont’d 

Kruskal–Wallis test for Clotting Time (seconds) of Tundan Across Treatment 

Concentrations 

A. Rank Summary Table 

Treatmen

t 

n Sum of Ranks 

(Rᵢ) 

Mean 

Rank 

25% 5 51 10.2 

50% 5 81 16.2 

75% 5 95 19.0 

100% 5 65 13.0 

Control 5 29 5.8 

  

B. Test Statistics Table 

Statistic Value 

Total Sample Size (N) 25 

Degrees of Freedom 

(df) 

4 

H Statistic 7.86 

p-value 0.097 

Decision (α = 0.05) Fail to Reject 

H₀ 

 

  



 

56 

APPENDIX E Cont’d 

 

Table 1. Comparative Clotting Time (seconds) of Three Banana Varieties Across 

Different Treatment Concentrations 

Variety 25% 50% 75% 100% Control 

Saba 410.6 ± 55.5 360.0 ± 75.5 297.0 ± 45.3 367.6 ± 57.7 435.6 ± 59.5 

Tundan 272.6 ± 75.1 432.6 ± 178.7 509.8 ± 211.9 321.4 ± 71.2 216.0 ± 68.4 

Lakatan 286.2 ± 65.7 291.8 ± 75.5 312.0 ± 98.2 298.6 ± 85.2 228.8 ± 64.6 

                                                                                           

A one-way Analysis of Variance revealed a significant effect of treatment concentration 

on clotting time in Saba (F (4,20) = 3.12, p = 0.036). Post hoc analysis using Tukey's 

Honestly Significant Difference revealed that only the 75% treatment significantly differed 

from the control (p = 0.018), leading to rejection of the null hypothesis for this comparison. 

All other pairwise comparisons failed to reject the null hypothesis (p > 0.05), indicating no 

statistically significant differences among those treatment levels. 

  

In contrast, no significant differences were observed in Lakatan (F(4,20) = 1.27, p = 0.312), 

indicating that treatment concentration had no significant effect. 

 

Table 2. One-Way Analysis of Variance for Clotting Time of Saba Under Different 

Treatment Concentrations 

Source of 

Variation 

SS df MS F p-value Decision 

Between Groups 52,584.24 4 13,146.06 3.12 0.036* Fail to reject H0 

Within Groups 84,300.80 20 4,215.04     

Total 136,885.0

4 

24      

Legend: * significant @ p < 0.05 

 

 

  



 

57 

APPENDIX E Cont’d 

 

Table 3. Pairwise Comparison of Clotting Time (seconds) for Saba Using Tukey's 

Honestly Significant Difference Following Analysis of Variance 

  

Comparison Mean Difference q value p-value Decision 

25% vs 50% 50.6 1.74 0.78 Fail to Reject H₀ 

25% vs 75% 113.6 3.91 0.07 Fail to Reject H₀ 

25% vs 100% 43.0 1.48 0.86 Fail to Reject H₀ 

25% vs Control 25.0 0.86 0.96 Fail to Reject H₀ 

50% vs 75% 63.0 2.17 0.56 Fail to Reject H₀ 

50% vs 100% 7.6 0.26 0.99 Fail to Reject H₀ 

50% vs Control 75.6 2.60 0.41 Fail to Reject H₀ 

75% vs 100% 70.6 2.43 0.47 Fail to Reject H₀ 

75% vs Control 138.6 4.78 0.018* Reject H₀ 

100% vs Control 68.0 2.34 0.50 Fail to Reject H₀ 

Legend: * significant @ p < 0.05 

 

Table 4. One-Way Analysis of Variance for Clotting Time of Lakatan Under Different 

Treatment Concentrations 

Source of 

Variation 

SS df MS F p-value Decision 

Between Groups 15,122.16 4 3,780.54 1.27 0.312 Fail to reject H0 

Within Groups 59,566.80 20 2,978.34     

Total 74,688.96 24      

  

A nonparametric analysis using the Kruskal–Wallis test showed no statistically 

significant differences in clotting time among treatment concentrations for Tundan (H (4) 

= 7.86, p = 0.097). Therefore, the null hypothesis was not rejected. 

 

  



 

58 

APPENDIX E Cont’d 

 

Table 5. Kruskal–Wallis Test Results for Clotting Time (seconds) of Tundan Across 

Treatment Concentrations 

Source of 

Variation 

Statistic df Test Statistic p-value Decision 

Between Groups Sum of Ranks 4 H = 7.86 0.097 Fail to Reject 

H₀ 

Within Groups Residual 

(Ranks) 

20 — — — 

Total — 24 — — — 
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Complete Blood Count Results 
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Documentation 

Collection and Preparation of Banana Peels 

  

Preparation of Powdered Banana Peels 
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Preparation for Banana Peel Extract and Concentrations 
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Blood Collection and Coagulation Assay 
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Grammarly report and Turnitin results 
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