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Abstract
Ambon banana peel (ABP) is rich in phenolic compounds yet unstable to light and heat. Foam-
mat drying (FMD) protects bioactive components and facilitates the development of nutraceutical 
products. This study aimed to formulate and evaluate FMD granules containing ABP for their 
antioxidant and antihypertensive activities. Granules were prepared with ABP at 1% (F1), 2.5% 
(F2), and 5% (F3) w/w, combined with 6% Tween-80 and 15% maltodextrin, dried at 40 °C for 60 
min, and blended with excipients. Physical characteristics, pH, flowability, and antioxidant activity 
(ABTS assay) were assessed. Antihypertensive effects were tested in Wistar rats induced with 
2% NaCl and treated orally for 14 days; captopril (5 mg/kg BW) served as a positive control. 
Data were analyzed by one-way ANOVA. All formulations produced free-flowing granules with 
a moisture content <2% and a dissolution time <5 min. Antioxidant inhibition increased with 
ABP content, with F3 showing the highest activity (71.3 ± 1.4%). F3 also achieved the greatest 
reductions in systolic (≈31%) and diastolic (≈39%) blood pressure, approaching the effect of 
captopril. Moreover, F3 exhibits strong antioxidant activity and significant antihypertensive 
effects, indicating potential as a sustainable nutraceutical for the management of hypertension. 
Further studies on product stability and clinical efficacy are warranted. 
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Formulasi dan Uji Aktivitas Anti-Hipertensi Granul Foam Mat 
Drying Kulit Pisang Ambon sebagai Nutrasetikal

Abstrak
Kulit pisang Ambon (ABP) mengandung senyawa fenolik yang tidak stabil terhadap cahaya 
dan panas tinggi, sehingga perlu dilakukan proteksi terhadap kandungannya menggunakan 
metode foam-mat drying (FMD). Studi ini bertujuan untuk menentukan potensi granul FMD 
yang mengandung ABP sebagai nutraseutikal antihipertensi. Persiapan ABPFMD dibuat 
dengan variasi ABP dengan konsentrasi 1% (F1), 2,5% (F2), dan 5% (F3) dalam rasio 1:1 
dengan aquades dan dicampur dengan 6% Tween-80 dan 15% maltodekstrin.  Campuran 
dikeringkan dalam oven pada suhu 40°C selama 2 jam.  Sediaan diuji secara organoleptik, 
aktivitas antioksidan dengan metode ABTS, dan aktivitas antihipertensi diuji secara in vivo. 
Hewan-hewan dibagi menjadi kelompok kontrol sehat (HC), kontrol positif (PC; captopril 5mg/kg 
BB), kontrol negatif (NC; tanpa perlakuan), dan perlakuan F1-F3. Data yang diperoleh dianalisis 
secara statistik menggunakan one-way ANOVA. Hasil uji organoleptik menunjukkan bahwa 
semua ABPFMD memenuhi kriteria granul yang baik. Lebih lanjut, F3 menunjukkan aktivitas 
antioksidan tertinggi sebesar skor inhibisi 71,30 ± 1,40%. Hasil uji in vivo menunjukkan F3 
dengan persentase penurunan sistol tertinggi sebesar 31,04 ± 2,34% dan diastol sebesar 38,87 
± 2,23%. Secara keseluruhan, ABPFMD berpotensi untuk dikembangkan lebih lanjut sebagai 
nutraseutikal antihipertensi.

Kata Kunci: anti-hipertensi, antioksidan, foam-mat drying, kulit pisang ambon, nutrasetikal
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1.	 Introduction

The World Health Organization (WHO) predicts that 
the prevalence of hypertension will reach 1 billion 
individuals globally by 2021, with approximately 67% 
residing in developing countries.1 The WHO forecasts 
indicate that by 2025, hypertension will rise to 29% 
among adults. According to the 2018 Riskesdas data, 
the prevalence of hypertension among individuals over 
18 years in Indonesia rose to 34.1%, resulting in an 
annual mortality count of 427,218, affecting a total of 
63,309,620 individuals in the country.2

Hypertension is regarded as a silent killer because 
of its potential to induce abrupt death while being 
identified gradually. The examination results indicated 
that 13.3% of individuals were undiagnosed, 23.4% 
were unaware of their hypertension, 35.72% of those 
with hypertension experienced hypercholesterolaemia, 
resulting in strokes, and 32.3-45.5% of patients were 
either non-compliant or irregular in their medication 
adherence, complicating the attainment of normal 
blood pressure.3 Treatment for hypertension is 
essential to avert elevated blood pressure and 
consequences, including hypercholesterolaemia, 
renal impairment, and coronary artery disease.4 
Drug therapy in hypertensive patients has multiple 
challenges, including patient noncompliance with 
medication and the emergence of side effects affecting 
the kidneys and liver.5 Offering nutraceutical forms 
may improve adherence of patients and the general 
populace in hypertension prevention.6

The component of ambon banana peel can be 
utilized as nutraceutical. The Ambon banana peel 
methanol extract exhibits significant antioxidant 
activity, with an IC50 ranging from 56 to 108 ppm.7 
Ambon banana peel extract has been utilized in 
dietary therapy for individuals with hypertension and 
hypercholesterolaemia, demonstrating a significant 
reduction in blood pressure and body weight.8 Ambon 
banana peel extract is recognised as non-toxic and 
offers protection to the liver and proximal renal tubules.9 
Ambon banana peel extract comprises flavonoids and 
proteins that can markedly lower blood sugar levels for 
a duration of 24 days of dosing.10 The methanol extract 
of banana peel may serve as a gastroprotective agent 
for the stomach.11 The ethanol extract and banana peel 
nanoemulsion exhibit multiple deficiencies, including 
the necessity for an extended extraction duration, 
reliance on organic solvents, the requirement for 
specialised equipment in nanoemulsion formation, 
and the instability of extract results due to oxidation, 
necessitating a protective process for the flavonoids in 
banana peels.12

Foam mat drying (FMD) is a process employed to 

safeguard color pigments and antioxidants derived 
from plants.13 The FMD process involves incorporating 
a foaming agent into the material designated for drying. 
FMD drying has numerous advantages, such as 
operating at low temperatures, below the freezing point, 
and under vacuum conditions, hence preventing the 
rapid degradation of bioactive components that are very 
susceptible to elevated temperatures and oxidation.13 
FMD can produce finished products, particularly 
nutraceutical drinks with desirable attributes, including 
colour, flavour, and aroma, akin to fresh vegetables, 
along with a porous structure, low moisture content, 
and elevated water activity.14 Previous study indicated 
that the moderate drying temperature in the FMD 
process can reduce scent evaporation and enhance 
colour preservation in powder.15

The use of ethanol and methanol extracts incurs 
significant expenses and generates hazardous waste.12 
Dry extracts from banana peels are prone to oxidation 
and challenging to include into food or beverages.16 The 
preparation of foam mat–dried banana peel requires a 
relatively short time.17 The purpose of this study was 
to obtain an Ambon banana peel FMD granule that 
can be developed into a nutraceutical beverage for a 
hypertension complementary therapy. The availability 
of nutraceutical goods can enhance patient adherence 
to medication compared to treatment with solely 
synthetic pharmaceuticals.

2.	 Materials and Method

2.1.	Tools

The instruments employed include a pH meter, a 
granule flow rate tester, a tap densitometer, a particle 
size analyser (Electrolab), a UV-Vis spectrophotometer 
(Shimadzu), and Kent Scientific CODA.

2.2.	Materials

The materials utilized were Ambon banana peels 
sourced from Dusun Ngareanak, Singorojo District 
of Boja, Kendal Regency, Central Java. Plant 
identification was carried out by the Laboratory 
of Ecology and Biostatistics, Faculty of Biology, 
Diponegoro University (110325), with the result of the 
species Musa paradisiaca L.

Additional ingredients utilized in the production of 
foam mat drying (FMD) with pharmaceutical grade 
were Tween 80, maltodextrin, sucrose, avicel PH 101, 
magnesium stearate, and aerosil. The reagents utilized 
for the antioxidant test were ABTS (2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)), ethanol 96% 
and potassium persulfate obtained from PT Kairos 
Indonesia.
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2.3.	Methods

2.3.1.	Production of Foam Mat Drying (FMD)
	 Containing of Ambon Banana Peel (ABP)

Ambon Banana Peel (ABP) is combined with water in 
a 1:1 ratio (100 g ABP: 100 ml water) and blended. 
Thirty gram of blended ABP was mixed with 6% Tween 
80 foaming agent and stirred for eight minutes. Fifteen 
percent maltodextrin was incorporated into the mixture 
and swirled for three minutes. ABP was positioned on 
a baking pan lined with 1 mm thick aluminum foil and 
dehydrated in a tray dryer at a temperature of 40°C for 
60 minutes. Weight measurements are recorded every 
30 minutes until stability is achieved. 

The FMD granules were obtained and then added with 
other excipients as displayed in Table 1.

2.3.2.	Physical Test of ABP-FMD

Physical test was conducted including physical 
appearance, including homogeneity, foaming capacity, 
pH, and granule flow rate and angle of repose.18

2.3.3.	Antioxidant Activity of ABP-FMD

Antioxidant activity was assessed utilizing the ABTS 
technique.19,20 An amount of 2.5 mM potassium 
persulfate and 7.6 mM ABTS diammonium salt was 
made into aqueous solutions. The two solutions were 
combined and diluted using analytical-grade ethanol. 
The finished solution was incubated for 6 hours in 
darkness at ambient temperature. Absorption was 
quantified with a spectrophotometer (Shimadzu 
UV-1800) at a wavelength of 734 nm. The inhibition 
percentage of ABTS was determined using the 
formula: [(A0 − As) / A0] × 100%, where A0 represents 
the absorbance of the blank solution.

2.3.4.	In vivo Antihypertensive Activity

This study received ethical approval from the Health 
Polytechnic of the Ministry of Health, Number 1358/
EA/F.XXIII.38/2024. The animals used were Wistar 
rats aged 2–3 months and weighing 150–250 grams. 
The rats were obtained from Faculty of Veterinary, 
Universitas Gadjah Mada. The acclimatized Wistar rats 

were categorized into seven groups, each comprising 
eight rats: Group 1-3 were given ABP FMD of 1% 
(F1), 2.5% (F2), and 5%(F3) respectively; Group 4 
was given Captopril 5mg/kgBB; Group 5 was given 
with 1% CMC Na solution and Group 6 were healthy 
rats without any induction or treatment. Induction 
was performed by providing a 2% NaCl solution for a 
duration of 7 days for Group 1-5. Nutraceutical therapy 
using ABP FMD was administered for a duration of 14 
days. Blood pressure measurement was conducted 
using the CODA Mouse Tail-Cuff® both prior to and 
following treatment. Testing was conducted prior to 
induction, seven days following 2% NaCl induction, 
and fourteen days after product administration. Blood 
pressure findings were examined and compared with 
negative controls, positive controls, and baseline 
controls.21

2.3.5.	Data Analysis

Physicochemical stability data were examined utilizing 
a linear regression analysis. Blood pressure data were 
analyzed using a t-test to assure the antihypertensive 
modeling. One-way ANOVA was used to analyze 
the blood pressure before and after treatment in all 
formulas, as well as the percentage of reduction in 
blood pressure.

3.	 Result

3.1.	The physical characteristic result of ABP-FMD

Figure 1 illustrates the outcomes of ABP-FMD. Table 
2 displays the physical characteristics of ABP FMD 
granules.

The physical characteristics data can be seen in Table 
1. The FMD banana peel is a light yellow, dry powder 
that flows effortlessly. The drying results using the 
FMD process indicated a powder yield of 109 grams 
and a recovery percentage of 109%.

3.2.	The result of antioxidant activity test of ABP FMD 
Granules

Table 3 shows the result of the antioxidant activity of 
banana peel FMD granules. The antioxidant activity 
test results for banana peel FMD granules showed 

Table 1. The formula of ABP-FMD nutraceutical granules

Formula
Percentatage (% w/w)

F1 F2 F3
ABP FMD 1 2.5 5

Aerosil 2 2 2

Mg Stearate 1 1 1

Avicel PH 101 add to 100%
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that all formulations achieved inhibition percentages 
exceeding 50%. The statistical test findings indicated 
that all formulas were significantly different (p = 0.042). 
This results from variations in concentration among the 
formulations. Elevating the concentration of banana 
peel FMD can enhance the inhibition percentage.

3.3.	The result of in vivo antihypertensive activity of 
ABPFMD.

Table 4 and Figure 2 show the result of the 
antihypertensive activity of ABPFMD. The formulation 
with a 2.5% concentration demonstrated a reduction in 
systolic blood pressure of up to 31.04% and diastolic 
blood pressure of up to 38.87%. These results suggest 
that FMD granules may contribute to blood pressure 
reduction.

4.	 Discussion

The results for the physical characteristics of ABP-FMD 
align with recent research indicating that the foaming 
approach can increase granule volume and mass, 
thereby improving recovery.13,22 The nutraceutical 
granules of ABP FMD were white to yellowish and free-
flowing. The results of the loss-on-drying test indicated 
that all formulations had a moisture content of less 

than 2%. This aligns with prior research indicating 
that a water content below 5% yields a porous dry 
powder that readily dissolves in water.23 The granules 
generated by the FMD process exhibited ideal physical 
properties, with a moisture content of less than 2%, 
a dissolution time of under 5 minutes, and a pH of 
below 7. These measurements demonstrate that the 
granules possess excellent physicochemical stability 
and are suitable for use as instant beverages.

The FMD procedure, which utilizes foaming additives 
such as maltodextrin and Tween 80, is responsible for 
the granules’ low water content (<2%). The decrease 
in water content is crucial for enhancing products’ 
shelf life. Granules with less water content are less 
susceptible to chemical breakdown, oxidation, or 
microbial proliferation. The findings align with the study 
of Singh et al.24 which demonstrated that the FMD 
method yields powder with minimal water content, 
hence preserving the stability of bioactive chemicals. 

FMD banana peel granules dissolved within less than 
five minutes. This indicates that these granules possess 
a porous structure and readily disperse in water. The 
brief disintegration period is a benefit of granules for 
use in instant beverages. In the pharmaceutical sector, 
granules with rapid dissolution rates are valued for 

Table 2. The result of the physical characteristics of ABP-FMD granules

Parameter
Formula

F1 (1%) F2 (2.5%) F3 (5%)
Loss on drying (%) 1.29± 0.20 1.32 ±0.12 1.28 ±0.32

Flowability time (s) 5.25 ± 0.45 5.21 ± 0.25 5.36± 0.30

Angle of repose (°) 26.25 ± 1.15 27.30 ±0.78 29.42 ± 0.82

Solubility (seconds) 148 ± 15 178 ± 21 185 ± 25

pH 5.35 ± 0.28 5.41 ± 0.25 5.27 ± 0.38
Data displayed n= 3±Standard deviation

Figure 1. The result of (A) ABP FMD, and (B) Nutraceutical granules containing ABP-FMD (F1-F3).
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improving consumer use. The flowability of the granules 
was assessed using the angle of repose, yielding a 
value between 26° and 29°. This range signifies that 
the granules fall inside the easy-to-flow group. This 
attribute is crucial in large-scale production processes, 
particularly for ensuring consistent filling of packaging 
or containers. These results align with flowability time 
and angle of repose, indicating that FMD granules are 
good and easily flowable.18 

The outcomes of the physical assessment of FMD 
banana peel granules correspond to a granule 
solubility time of under 5 minutes. FMD granules and 
effervescent granules are typically advised to dissolve 
within 10 minutes. According to these findings, FMD 
banana peel granules are classified as readily soluble. 
The pH test results indicated that all pH values were 
below 7, indicating that the FMD results were acidic. 
This is affected by the composition of banana peels, 
specifically by protein and beta-carotene, as well as 
by the timing of harvest.25 The pH of the granules, 
below 7, indicates acidity. The acidity is affected by 
the levels of protein, beta-carotene, and phenolic 
compounds in banana peels. This characteristic is 
beneficial as items with an acidic pH generally exhibit 
greater stability against chemical deterioration during 
storage. Furthermore, an acidic pH enhances the 
product’s appeal as a nutraceutical beverage, giving it 
a refreshing flavor.

Based on the linear regression results, the R-squared 

value is 0.9982, indicating that ABP concentration 
affects antioxidant activity. Antioxidant activity 
assessed by the ABTS assay indicated that banana 
peel FMD granules exhibited an inhibitory percentage 
of over 50%. This value is substantial, particularly for 
items derived from natural substances. The increase 
in antioxidant activity at higher formula concentrations 
corroborates the significance of flavonoid content in the 
granules in neutralizing free radicals. This aligns with 
previous study indicating that an increase in banana 
peel ethanol extract enhances antioxidant activity.26 
The rise may be attributed to the phenolic component 
of banana peel, which acts as an antioxidant.27 Banana 
peels include minerals like iron, magnesium, calcium, 
and potassium.28 Banana peels are recognized for 
their content of phenolic and flavonoid chemicals, 
which are the primary contributors to antioxidant 
action. Flavonoids contribute by donating electrons to 
free radicals, thereby interrupting the oxidation chain 
reaction. Research conducted by Ida et al. corroborates 
this conclusion, demonstrating that the ethanol extract 
of banana peels exhibited substantial antioxidant 
activity alongside elevated flavonoid contents.29

A key feature of the FMD method is its ability to preserve 
the stability of bioactive chemicals, such as flavonoids 
and phenolic compounds, which are typically prone 
to oxidation during conventional drying methods. 
This technique also preserves the product’s color and 
fragrance, which are crucial for consumer approval. 
Compared with commercial antioxidant products such 

Table 3. The result of antioxidant activity of banana peel FMD granules

Formula Percentage of Inhibition (%) R2

F1 58.45 ± 1.47b,c

0.9982F2 65.78 ± 1.22a,c

F3 71.30 ± 1.40a,b

Data displayed n = 3±Standard Deviation. a: significantly different with F1; b: significantly different with F2; c: significantly different with F3

Table 4. The result of in vivo antihypertensive test of ABP FMD

Formula
Before Induction (mmHg) Day 7 (after Induction) (mmHg) Day 21 (After 14 days of treatment) (mmHg)
Systole Diastole Systole Diastole Systole Diastole

F1 117.00±2.12 81.80 ±2.05 177.00 ± 2.24* 137.60 ± 5.59* 136.00 ± 5.43*#c,d,e,f 124.40 ± 3.36* c,d,e,f

F2 110.00 ± 5.80 81.00 ± 2.20 178.40 ± 5.20* 145.80 ± 4.20* 135.00 ± 4.60 #c,d,e,f 116.00± 5.60* c,d,e,f

F3 119.20 ± 2.77 81.20 ± 2.84 182.20 ± 4.49* 138.80 ± 5.26* 125.60 ± 3.36*#a,b,d,e,f 84.80 ± 3.27* a,b,d,e,f

Captopril 108.60 ± 3.13 83.40 ± 3.36 183.0 ± 5.07* 144.20 ± 5.15* 111.20 ± 4.49*#a,b,c,e 83.80 ± 3.83* a,b,c,e

CMC Na 111.40 ± 2.61 82.60 ± 4.56 184.20 ± 4.82* 147.80 ± 4.87* 180.40 ± 4.56 a,b,c,d,f 140.20 ± 3.96  a,b,c,d,f

Normal 112.20 ± 1.44 81.72 ± 2.46 113.41 ± 3.71 a,b,c,e 80.41 ± 2.12 a,b,c,e

Data displayed n = 8 ± standard deviation
*	 significantly different with the blood pressure data before induction
#	 significantly different with the blood pressure data after induction (Day 14)
a.	 significantly different with F1
b.	 significantly different with F2
c.	 significantly different with F3
d.	 significantly different with Captopril
e.	 significantly different with CMC Na
f.	 significantly different with normal group
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as vitamin C, the study’s results indicated that banana 
peel granules showed competitive activity. The 
71.30% inhibition rate for the formula with the highest 
concentration suggests that these granules may serve 
as an alternative to natural antioxidants, particularly 
for individuals seeking to avoid synthetic compounds. 

In this study, captopril was used as the positive 
control. This is due to the similar effects of banana 
peel constituents, such as flavonoids and phenolic 
compounds. The flavonoid structure that enhances 
ACEI activity comprises the following components: (a) 
the catechol moiety in the B-ring, (b) the double bond 
between C2 and C3 in the C-ring, and (c) the ketone 
group at C4 in the C-ring.30 The antihypertensive 
mechanism is likely due to the concentration of 
phenolic compounds in banana peels, which helps 
lower blood pressure by mitigating the effects of salt 
in the body.30

Captopril, used as a positive control, reduced systolic 
and diastolic blood pressure by 39.17% and 41.79%, 
respectively. Although the granules do not fully match 
captopril, the 8% discrepancy indicates significant 
potential for FMD granules as an adjunctive therapy. 

Polyphenols extracted from banana peels have been 
shown to effectively lower systolic and diastolic blood 
pressure.31 Experimental studies in hypertensive rats 
showed that banana peel polyphenols at 150 mg/
kg/day reduced systolic arterial pressure (SAP) by 
16% and diastolic arterial pressure (DAP) by 18%, 
comparable to the antihypertensive drug captopril at 5 
mg/kg/day. 32 These are the primary active ingredients 
responsible for the antihypertensive effects.

 Protocatechuic aldehyde is one of the key polyphenolic 
compounds isolated from banana peels. 32 The banana 
peel mechanism, as an antihypertensive, increases 

nitric oxide (NO) production, a potent vasodilator that 
relaxes blood vessels. 33 The potassium contained in 
banana peel also helps to reduce blood pressure.34,35

FMD-based products offer benefits for packing 
and storage due to their stability, flowability, and 
readily soluble properties.36 This process is more 
environmentally sustainable because it avoids using 
organic solvents that generate harmful waste. Using 
banana peel waste as a raw material may create 
added economic value.

This study was limited by the relatively small animal 
sample size and short intervention period, which may 
not fully capture long-term antihypertensive effects. 
The active compounds (flavonoids, phenolics, and 
potassium) were inferred from prior literature but not 
quantified in the formulated granules, so their direct 
correlation with bioactivity remains to be established. 
Moreover, only one drying condition and formulation 
matrix were tested; optimization of temperature, 
foaming agents, and excipient composition could 
further enhance stability and palatability. Future 
research should therefore quantify the key bioactive 
constituents in each formulation and conduct 
stability testing under various storage and packaging 
conditions.

5.	 Conclusion

The FMD nutraceutical granules with 5% ABP 
showed the highest antioxidant activity and the 
greatest reduction in blood pressure compared with 
the negative controls, F1 (1%) and F2 (2.5%). This 
approach may contribute to the valorization of banana 
peel wast while generating high-value products. It is 
recommended to determine the product’s stability in 
storage and in various types of packaging.

Figure 2. The result of the percentage of blood pressure reduction (%).   a:  significantly different with F1; b: significantly different 
		  with F2; c: significantly different with F3; significantly different with Captopril; significantly different with CMC Na 
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