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Optimization of extraction and
structural characterization of
bioactive compounds from Musa
balbisiana peel
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Musa balbisiana peel, a largely underutilized by-product, is konwn as a source of bioactive compounds.
This study aims to investigate the extraction of polyphenols and saponins from M. balbisiana peel by
microwave-assisted extraction (MAE) combined with optimized extraction conditions by response
surface methodology (RSM). In addition, the biologically active constituents in the extract were also
determined. Phytochemical screening and quantification revealed that the peel extract was rich

in polyphenols and saponins, with total polyphenol content (TPC) and total saponin content (TSC)

of 48.82 mg GAE/gDM and 57.18 mg/gDM, respectively, under optimal conditions (81.09% solvent
concentration, 4.39 s/min irradiation cycle, 44.54 min microwave time). FT-IR and Raman spectroscopy
confirmed the presence of characteristic functional groups of polyphenols and saponins. The purified
fraction contained oleanolic acid, which was identified as the major compound after improving the
extract’s purity. These findings provide insights into the chemical composition to explain the biological
activity of M. balbisiana peel.
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The Musaceae family includes Musa balbisiana, which is common in countries with tropical climates. Its parts
are commonly known to contain high levels of polyphenols, flavonoids, tannins and saponins—secondary
compounds with potent antioxidant, anti-inflammatory, antibacterial and inhibitory activities of many enzymes
involved in many disorders in the body'?. M. balbisiana peel has hypoglycemic properties in both in vitro and
in vivo models’, as well as the ability to inhibit the enzymes tyrosinase, xanthan-oxidase, and lipase, which are
related to skin disorders, gout and obesity*. M. balbisiana fruit contains high levels of polyphenols and saponins,
which demonstrate great antioxidant, antibacterial, antifungal, and anti-MCF-7 breast cancer cell properties>®.
Dwiana Savitri et al. demonstrated that M. balbisiana peel extract has anti-inflammatory effects against acne
vulgaris by suppressing nodule formation, inhibiting bacterial growth, and decreasing proinflammatory cytokine
production’. Thus, it is necessary to study to improve the efficiency of obtaining extracts rich in bioactive
substances from M. balbisiana peel, as well as to determine the chemical components to provide a basis for
explaining the biological activities of banana peel extracts.

To overcome the disadvantages of traditional extraction methods, such as maceration or Soxhlet, which
consume a lot of time, energy and solvent and have limited efficiency, the microwave-assisted extraction method
(MAE) is increasingly popular in research to obtain extracts rich in bioactive substances®. Shijarath et al. found
the optimal conditions for obtaining polyphenol and tannin-rich extracts from banana peel by microwave-
assisted aqueous extraction and demonstrated the effectiveness of this method®. Anal et al., Musa acuminata peel
was used as the material for polyphenol extraction. The results showed that M. acuminata peel is a rich source
of phenolic compounds with strong antioxidant activity, contributing to slowing down the oxidation process in
fish oil. The obtained extracts showed potential in inhibiting lipid oxidation in fish oil, suggesting the possibility
of application as a natural antioxidant in the food industry'’. In short, MAE is a nonconventional technique that
offers a highly efficient, green extraction approach that reduces processing time and solvent consumption while
maintaining the stability of heat-sensitive compounds, demonstrating broad applicability in both functional
food and medicinal plant studies!!.

M. balbisiana is a common plant species in Vietnam and has been used in traditional medicine for ages.
However, they are not particularly valuable in daily life. Despite the extensive research on Musa sp., there is a
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notable lack of systematic studies on the extraction of bioactive compounds, such as polyphenols and saponins,
from M. balbisiana peel using microwave-assisted extraction (MAE), as well as on comprehensive characterization
of its chemical composition and the relationship between its constituents and biological activities. To address this
gap, the present study investigated and optimized MAE conditions to obtain extracts with high total polyphenol
content (TPC) and total saponin content (TSC) using response surface methodology (RSM). The functional
groups present in the extracts were characterized through FT-IR and Raman spectroscopy, and the extracts were
fractionated to identify the predominant compound in the purified fraction via NMR analysis. The findings
provide optimized extraction parameters, detailed chemical profiles, and insights into the biological compounds
of M. balbisiana peel extracts, highlighting the species’ potential as a valuable source of natural bioactives for
applications in pharmaceuticals and functional foods.

Materials and methods

Materials

M. balbisiana peel was collected in An Hoa ward (Tam Nong district, Dong Thap province, Vietnam), collected

from fruit reaching about 80-85% ripeness and harvested from the tree after about 115-120 days from flowering.

The peel was cleaned, sliced, and dried at 60 °C!2 to a moisture content below 10% before being ground into

particles of less than 80 mesh. The powder was stored in a sealed bag at 4 °C and used for all experiments*.
Chemicals: Folin-Ciocalteu reagent, gallic acid (Merck). Chemicals and standards used in the study were of

analytical grade and sourced from Merck and Sigma Andrich.

Methods

Phytochemical screening

The phytochemical screening of M. balbisiana peel was conducted using the following procedure. The peel
powder was soaked sequentially in solvents at a raw material-to-solvent ratio of 1:20 (w/v) using distilled water,
80% methanol (v/v), and 80% ethanol (v/v) for 24 h at room temperature with constant shaking. All mixtures
were passed through Whatman No. 1 filter paper. The resulting filtrates were analyzed for phytochemical
screening to determine bioactive compound groups, including saponins, alkaloids, tannins, terpenoids,
glycosides, anthocyanins, steroids, flavonoids, and polyphenols (Table 1).

Effects of microwave-assisted extraction on bioactives from Musa balbisiana peel

1 g of raw material (according to dried mass) and add MeOH solvent with investigated concentrations (40,
50, 60, 70, 80%) before adjusting the raw material/solvent ratio to 1/30 w/v. Then, the sample was treated with
investigated powers (90, 180, 270, 360 and 540 W) for the intervals of 20, 30, 40, 50, and 60 min with the
investigated microwave irradiation cycle of 2, 3, 4, 5 s/min. Then, the sample continued to be incubated in a
60 °C thermostatic bath for 60 min. After treatment, residue was removed from the mixture by filtering, and
then UV-Vis photometry (Genesys 10S UV-VIS, Thermo Scientific, USA) was used to determine TPC and TSC.

Optimization of the extraction by response surface methodology (RSM)

Screening experiments: Conduct screening experiments to determine the influence of four factors: solvent
concentration (%), microwave power (W), microwave irradiation cycle (s/min), and microwave time (min).
Minitab 19 software was used to construct the experimental matrix and analyze experimental data. The
parameters provided by the data processing results indicate the level of influence of each factor.

Optimization experiments: The RSM method was used to investigate the optimal extraction conditions. The
optimal experimental Box Behnken (BBK) was chosen for the design experiments. The experimental matrix was
established using JMP 10 software with 03 factors and 03 levels (-1, 0, + 1). From four investigated factors, namly
solvent concentration (%), microwave power (W), microwave irradiation cycle (s/min), and microwave time
(min), three variables exhibiting the most significant effects on the extraction process were identified through
preliminary screening and subsequently selected for optimization. The dependent variables (response variables)
were total polyphenol content (Y, mgGAE/gDM) and total saponin content (Y,, mg/gDM). The full quadratic
regression is represented in the following equation (Eq. 1).

Groups Test Phenomena References
Saponin steroid 5 mL NaOH 0.5N (pH =13) + 3 sample drops Foamy and durable 13
Saponin triterpenoid | 5 mL HCl 0.1N (pH=1) + 3 sample drops Foamy and durable 13
Tannin React to vanillin/ H,SO, Positive when it turns a deep red colour 1
Flavonoid React to NaOH 10% Appears dark yellow s
Alkaloid React to the Wagner reagent Brown precipitate appears 15
Steroid React to Liebermann-Burchard reagent Appears green, pink, orange or red (permanent colour) u
Glycoside Reaction of Keller-Killian A reddish-brown colour appears between two layers of liquid | *
Anthocyanin 1 mL sample+5 mL pH=1 Appears red s
1 mL sample+5 mL pH=4.5 Appears purple
Phenolic 50 pL sample + 500 pL H,O +2-3 drops FeCl, (5%) | Blue-black precipitation s
Carotenoid React to acetone Clear liquid with a dark yellow colour 1

Table 1. Phytochemical tests of M. balbisiana peel extract.
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where Y is the predicted response, B0, Bi, Pii, and Pij are the regression coefficients for the intercept, linear,
quadratic and interaction terms, and Xi and Xj are the independent variables. The experimental results obtained
by the BBK design will be imported and analyzed using the JMP 10 software.

FT-IR, Raman, NMR spectra determination

The M. balbisiana peel extract was purified preliminarily via a liquid-liquid extraction process with petroleum
ether (PE), then n-butanol-water to eliminate impurities such as lipids and pigments. After obtaining the
solution, FT-IR and Raman spectra were determined. FT-IR spectrum of the peel extract was recorded on a
Tensor 37 Brucker (Bruker Optics, USA) with a KBr beam detector in the absorption mode of 400-4000 cm 116,
The Raman spectrum of the peel extract was recorded on a Raman Cora 5X00 spectrometer (Anton Paar, USA).
The obtained fractions were continued to be subject to silica gel column chromatography with the elution
solvent system of chloroform: methanol (A), ethyl acetate: n-hexane (B), chloroform—n-hexane (C) to collect
the fraction with higher TPC and TSC content. The purity was checked by TLC (Thin Layer Chromatography).
The purified fraction was determined by the "TH-NMR and *C-NMR nuclear magnetic resonance spectra on a
Bruker Advance DPX-500 NMR spectrometer (Bruker, Berlin, Germany). Purified samples were ultrasonically
treated at 75.5 MHz and 27°C, then dissolved in D,O at a concentration of 20 ug/mL for 'H-NMR and *C-NMR
spectroscopy!’.

Analytical methods
Determination of saponin content (TSC): TSC was determined according to the method of Chen et al.!8. The
results were expressed in mg/gDM. Saponin content was calculated according to the formula:

TSC(mgGAE/gDM) = (Cx x V x F x 1000)/m )

Cx is the saponin concentration from the standard curve; V is the volume of extract (mL); F is the dilution factor;
and m is the mass of dry matter in the raw material sample (g).

Determination of total polyphenol content (TPC): TPC was quantified by the Folin-Ciocalteu method based
on the study of Feduraev et al. (2019). The absorbance was measured at 765 nm'?. Total polyphenol content was
calculated by the formula:

TPC (mgGAE/gDM) = ax V/m (3)

where: TPC (mg gallic acid/g dry mass), a is the value from the standard curve with gallic acid (ug/mL); V is the
volume of extract solution (mL), and m is the mass of dry matter in the raw material sample (g).

The content of flavonoid (TFC), alkaloid (TKC), tannin (TTC), steroid content (TStC), anthocyanin (TAC),
and carotenoid (TCC) was determined via UV-Vis spectrophotometry methods. TFC was determined by the
colourimetric method as described by Chlopicka et al.?’. TKC was based on the UV-Vis spectrophotometric
method and the reaction of alkaloids with bromocresol green (BCG) to determine total alkaloid content; Atropine
was used in the standard curve?!. TTC was determined, and tannin content was performed according to the
method of Tambe et al.?2. TStC was determined by tetrazolium according to the Vietnamese Pharmacopoeia V.
TAC was determined using the differential pH method. In principle, anthocyanin pigments undergo reversible
structural changes with pH changes, which are manifested by different absorption spectra. When pH=1.0, the
colour in the oxonium form predominates, and the colourless hemiketal forms predominate at pH=4.5%*, TCC
was determined as described by Kotikov4 et al.?>.

Data analysis

Experiments were arranged in 3 replicates, and the results are presented as mean + SD. Experimental data were
analyzed using SPSS Statistic 20 (IBM Corporation), Minitab 19 (Minitab, LLC) and JMP 10 (SAS Institute Inc.)
software systems. Duncan’s new multiple-range tests were used to determine mean differences, and results were
considered significant at p <0.05. Graphs were drawn using Excel 2019 (Microsoft Corporation).

Results and discussion

Phytochemical screening and quality analysis of bioactive compounds

Phytochemical screening was performed as described in Sect. “Phytochemical Screening”. The groups of
substances giving characteristic colour results with the reagents were further quantified. The results are presented
in Table 2.

From the results of Table 2, it can be seen that the anthocyanins and steroid tests appeared with unclear
signals. The saponins, polyphenols, tannins, and flavonoid compounds appeared with distinct characteristics
shown through the observed colour intensity. The extract from M. balbisiana peel contains a higher content
of saponin and polyphenol, with 36.06 mg/gDM (TSC) and 28.09 mgGAE/gDM (TPC), in particular.
The extraction efficiency is attributed to the interaction between the solubility of the solvent and the target
compounds. It becomes necessary to study and evaluate the appropriate solvent for each material’s structure
and composition since each part has its own unique structure and composition®®. Polar solvents such as ethanol
and methanol are more effective in extracting bioactive substances than water or non-polar solvents such as
hexane. This is also confirmed by previous studies on the recovery of bioactive substances from plants, such
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Phytochemical screening | Content
Groups MeOH | EtOH | Aqueous | MeOH EtOH Aqueous
Polyphenols | TPC (mgGAE/gDM) | +++ | +++ | ++ 28.09%0.56° | 22.67+0.56" | 17.06+0.34°
Saponins TSC (mg/gDM) HHE | e | 36.06+£0.55% | 31.89+0.42° | 20.94+0.75°
Tannins TTC (mgGAE/gDM) | + + + 1.84+0.05° | 0.99+0.23f. | 1.15+0.04¢
Flavonoids TFC (mgCE/gDM) | ++ ++ + 13.78£0.45° | 10.15£0.68° | 1.45%0.008¢
Alkaloids TKC (mg/gDM) + + + 3.32£0.27° |230+0.51¢ | 1.37+0.08¢
Carotenoids | TCC (mg/gDM) + + + 521+0.519 | 4.57£0.96¢ |2.43+0.41¢
Steroids TStC (mg/gDM) - - - - - -
Anthocyanins | TAC (mg/gDM) - - - - - -

Table 2. Phytochemical screening and content of active ingredients of M. balbisiana peel extract. (+) present
moderately; (++) present strongly; (+++) present very strongly; (-) signifies absence. Different letters in the
row indicate statistically significant differences at p <0.05.

as polyphenols and flavonoids. Because their derivatives are often polar (containing many phenol groups in
the structure) and, therefore, dissolve better in polar solvents than in non-polar solvents?’. The use of aliphatic
alcohols (methanol, ethanol) and polar organic solvents (acetone, ethyl acetate) is the most common choice for
extracting polyphenols and saponins from plant substrates?.

Thus, the phytochemical screening and quantitative results of active ingredients in M. balbisiana peel extract
in different solvents (methanol, ethanol, and distilled water) indicate that the methanol solvent resulted in higher
extraction efficiency than ethanol and water. In addition, the polyphenol and saponin content was higher than
that of other active ingredients, so TPC and TSC were chosen as target objects for further extraction experiments.

Effects of microwave-assisted extraction method on obtaining polyphenols and saponins-
rich extracts from Musa balbisiana peel

The effects of solvent concentration, microwave power, microwave irradiation cycle and extraction time on
the extraction efficiency to obtain an extract rich in polyphenols and saponins are presented in Table 4. The
experimental results showed that 70% methanol was a suitable solvent concentration for obtaining an extract rich
in TPC and TSC from M. balbisiana peel. Solvent concentration has a great influence on the extraction process,
such as extraction efficiency, extraction rate, and the compounds to be extracted. As the solvent concentration
increases, cell penetration accelerates, and the extraction of natural compounds becomes easier. The structure
of the desired compounds can be damaged by a solvent concentration that is too high, leading to a reduction or
loss of biological activities. In contrast, low solvent concentration can result in poor extraction efficiency because
saturation has not been reached, leading to poor ability to pull substances out of the sample. Microwave power
can also change the extraction equilibrium and mass transfer conditions, affecting the release of polyphenols and
saponins. The suitable power for extracting polyphenols and saponins from M. balbisiana peel was 270 W. At
higher power, the extraction efficiency of the extract is significantly reduced. This phenomenon occurs because
the microwave power is too high, causing the chemical decomposition of bioactive compounds in the extract.
Therefore, the extraction efficiency of antioxidants obtained from TSC and TPC was lower. The report of I.
Hismath et al. showed that increasing microwave power is related to an increasing temperature at a certain level
that can simultaneously decompose the polyphenol compounds that have been collected or even break down the
polyphenol structure that remains in the plant cells. Besides, it also causes the solvent to evaporate, increasing
the cost of the research process?.

It can be seen that the general trend of increasing the microwave time from 20 to 40 min is accompanied
by an increase in TPC and TSC of M. balbisiana peel extract. After 40 min, the extraction efficiency gradually
decreased, which explains that the extract has reached a final equilibrium between the solute concentration in
the raw material and the solution according to FicK’s second law of diffusion. Extending the time may result
in degradation of phenolic compounds due to exposure to oxygen. Another report by Liu et al. optimized the
extraction conditions of flavonoids from sweet potato leaves (SPL) with a raw material/solvent ratio (1/40,
w/v), using 72% ethanol as solvent at 57 °C for 76 s, obtaining the highest flavonoid extraction efficiency of
91.65+3.37%. This finding suggests that optimizing extraction parameters, such as temperature, solvent
concentration, and time, is crucial for maximizing yield, with an optimal duration beyond which compound
degradation or equilibrium limits further improvement.

Several studies have shown that the percentage of extraction yield tends to increase with increasing microwave
frequency in the MAE method; however, higher exposure to microwave power may cause the degradation
of bioactive compounds®. Therefore, the selection of an appropriate microwave irradiation cycle in MAE is
necessary to achieve high recovery in quality and quantity. Based on the results from Fig. 1, the extraction
efficiency of TSC and TPC compounds was investigated at different microwave irradiations ranging from 2 to
5 s/min. At the irradiation from 2 to 4 s/min, the TSC and TPC changed significantly and reached the highest
level at 4 s/min. However, the TSC and TPC content obtained tended to decrease significantly at 5 s/min. This
may be due to the decomposition of biological compounds when the sample is exposed to microwave radiation
for a long time. The results obtained from this study are consistent with the report of N.V. Tang et al. (2017),
who also chose the microwave frequency level of 4 s as the optimal parameter for MAE to extract saponin from
Phyllanthus amarus®..
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Fig. 1. Effects of MAE on saponins and polyphenols extraction. (A) Solvent concentration, (B) Microwave
power, (C) Microwave irradiation cycle, (D) Microwave time. Note: Different letters in the column indicate
statistically significant differences at p < 0.05.

Finally, the extraction efficiency from M. balbisiana peels increased with the increase in microwave time
from 20 to 40 min. However, when the time was extended to 60 min, the TPC and TSC tended to decrease. This
shows that increasing the extraction time did not increase TPC, and TSC recovered because the amount of the
polyphenol and saponin of the raw material was fixed. On the other hand, the longer the microwave treatment
time, the amount of polyphenols and saponin, which are sensitive to high temperatures, were exposed to heat for
a longer time, so some of them would be decomposed, leading to a decrease in TPC and TSC values.

Thus, the selection of the extraction process parameters, which included methanol 70%, power 270 W,
microwave irradiation cycle of 4 s/min and microwave treatment time of 40 min was chosen from these
experiments. The extraction method using intermittent microwaves combined with a methanol incubation at
60 °C for 60 min after microwave treatment in this study may have produced a synergistic effect in enhancing
the recovery of bioactive compounds from M. balbisiana peel. Microwave energy disrupts the complex
lignocellulosic structure of banana peel, weakens the cell wall, and increases the contact between the solvent and
the material. The incubation process after microwave treatment further facilitates the penetration of methanol
into the plant tissue, thereby more effectively solubilizing compounds such as polyphenols and saponins. The
combination of physical (microwave) and chemical (solvent incubation) extraction processes may have resulted
in higher extraction yields than either method alone. The incubation process after microwave treatment further
facilitated the penetration of methanol into the plant tissue, thereby more effectively dissolving compounds
such as polyphenols and saponins. The combination of microwave and solvent incubation extraction processes
may have resulted in higher extraction yields than either method alone. Further studies are needed to clarify
the influence of parameters such as temperature, incubation time, and solvent polarity on this synergistic effect.

Optimizing the extraction

Screening experiment design

The purpose of the screening experiment was to discover the primary effects and interactions of the investigated
factors on polyphenols and saponins extraction from M. balbisiana peel. A 2-level full factorial experimental
design was utilized in the study, which involved four influencing factors: solvent concentration (X, ), microwave
power (X,), microwave irradiation cycle (X,), and microwave time (X,). The results are presented in Fig. 2.
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Fig. 2. The influence of the investigated factors on TPC and TSC from M. balbisiana peel extract.

No |X, |X, |X, |Y,: TPC (mgGAE/gDM) | Y,: TSC (mg/gDM)
1 |-1|-1]0 |[3951 49.56
2 |-1]1 |0 |4312 53.08
3 |1 |[-1]0 |4022 51.98
4 |1 |1 |0 |46.08 54.15
5 |0 |-1]-1[4125 51.24
6 |0 |-1]1 [4323 53.36
7 |0 |1 |-1|4401 53.09
8 |0 |1 |1 |4693 55.41
9 |-1]0 |-1]3978 50,61
10 |1 |0 |-1]41.82 51.06
11 |-1|0 |1 |4397 54.28
12 (1 |0 |1 |4532 54.39
1310 |0 |0 |469 55.82
14 |0 |0 |0 |4752 56.27
1510 |0 |0 [4933 57.84
Table 3. Experimental results of RSM—BBK design of experiments for polyphenols and saponins extraction.

The influence of solvent concentration, microwave power, irradiation cycle and time was calculated using
Minitab 19 software. The TPC and TSC in the extract were significantly affected by solvent concentration,
microwave irradiation cycle, and microwave time, as demonstrated by the results. Thus, the three factors that
had the greatest influence were chosen for optimal experimental design.

Optimizing experimental design

The optimal conditions were determined by constructing and applying separate quadratic polynomial regression
models for each reaction in this study. Through initial screening experiments, three factors that significantly
affected TPC and TSC were selected for optimizing MAE conditions with two objectives. These factors were
coded as X, X, and X, respectively, which correspond to three experimental levels: — 1, 0, and +1. Specifically,
the levels set for X, (methanol concentration) were 70%, 80% and 90%, respectively; X, (irradiation cycle) 3, 4
and 5 s/min; and X, (microwave time) 30, 40 and 50 min. The extraction efficiency was analyzed by constructing
the RSM and analyzing the influence of each factor using this code in the experimental design. The JMP 10
software was used to analyze the experimental data according to the established model (Table 3). The analysis
findings showed that the independent variables have linear and square effects, interact with each other, and have
regression coefficients (Table 4).

The good fit of the model is indicated by the R2 value in the range of 0.8-0.9%. Moreover, the F value of lack
of fit (p>0.05) is used to evaluate the model’s fit. The analysis of variance values requires significant values to
make the model empirical (p <0.05).

From the results in Table 4, the polynomial equation has the following form after removing coefficients
without statistically significant meaning.

Yy = 47.94+ 1.99X, + 1.57X5 — 3.42X7 — 2.29X3 — 1.49X7
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Intercept 47.94* 56.64* X, —3.42* -2.57*
X, 0.88 051 X, -2.29 -1.88*
X, 1.99* 1.2* X, -18* - L49*
X, 1.57* 1.43* R? 0.96 0.94
X, 0.56 -0.34 R?adj 0.88 0.83
X5 -0.17 -0.09 F value (model) 13.39* 8.61*
X, 0.24 0.05 F value (lack of fit) | 0.46* 0.68*

Table 4. Regression coefficients of TPC and TSC extraction model. p values were determined at a 0.05 level.
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Fig. 3. Response surface plot illustrating the effects of factors on the extraction of TPC and TSC from Musa
balbisiana peel.

Yy = 56.64 + 1.2Xs + 1.43X5 — 2.57X}7 — 1.88X7 — 1.49X5

It can be discerned from the regression equation (Y, Y,) that most factors have a certain influence on the
objective function. After conducting ANOVA analysis using JMP, with the peel extract containing TPC, TSC
reached a maximum at 48.82 mgGAE/gDM, 57.18 mg/gDM, respectively, when extracted under the following
conditions: methanol 81.09%, microwave irradiation cycle 4.39 s/min, microwave time 44.54 min. The RSM
demonstrates how the investigated factors affect TPC and TSC, and the model that predicts optimal conditions
is simulated in Fig. 3.

Optimization process verification: the experiment was carried out under optimized conditions (repeated
3 times). The experimental TPC and TSC results were 47.49 +0.43 (mgGAE/gDM), 54.95+0.21 (mg/gDM),
respectively, compared to the predicted values of 48.82 (mgGAE/gDM) and 57.18 (mg/gDM), respectively. This
result differed by < 5%, indicating that the experimental saponin content did not differ significantly from the
content predicted by the quadratic regression model.

Scientific Reports|  (2025) 15:41031 | https://doi.org/10.1038/s41598-025-24874-z nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

350

250+

150

Intensity (counts)

100

<-258.85

- 403.63

400

Raman and FT-IR spectroscopic characterization of preliminary purified extracts from M.
balbisiana peel

A preliminary purified M. balbisiana extracts were spectroscopically analyzed using Raman and FT-IR
techniques to determine its major phytochemical constituents. The Raman spectrum of the extract of M.
balbisiana peel displays a series of vibrational bands characteristic of both saponins and polyphenols. Peaks
observed at approximately 264 , 402 and 470 cm ! are attributed to skeletal C-C vibrations within cyclic or
fused-ring systems, which are structural features typical of the oleanane-type triterpenoid core present in many
saponins*»*. A distinct peak at 827 cm™! corresponds to B-anomeric vibrations associated with glycosidic
linkages, indicative of saponin structures wherein sugar moieties are covalently attached to aglycones such
as oleanolic acid®®. Supporting this assignment, the band at~1035 cm™ is consistent with C-O stretching
vibrations in glycosidic bonds and polyhydroxylated systems, characteristic of both saponins and polyphenols®’.
The presence of polyphenolic compounds is further supported by a cluster of bands in the 600-850 cm™! and
1200-1650 cm™! spectral regions. Specifically, peaks at 677 and 726 cm™! correspond to aromatic C-H out-of-
plane bending vibrations, typically associated with phenolic compounds such as flavonoids and phenolic acids?®.
Additional evidence for aromatic functionalities includes bands at 1216 and 1261 cm™}, attributed to C-O-C
and phenolic ring deformations, respectively, and a prominent band at approximately 1657 cm™!, indicative of
C=C stretching in conjugated aromatic systems>. Collectively, these features strongly suggest the presence of
flavonoid-type polyphenols, which are common constituents of plant secondary metabolites (Fig. 4).

The FT-IR spectrum further corroborates the Raman spectroscopic findings. A broad and intense absorption
band at 3494 cm™ signifies a high density of hydroxyl groups, key functional groups in both polyphenols and
the sugar moieties of saponins. The peak at 2939 cm™! is assigned to aliphatic C-H stretching, primarily arising
from CH, and CHj; groups within the hydrophobic triterpenoid backbone of saponins. A carbonyl stretching
band at 1690 cm™ is indicative of carboxylic acid functionalities. In the fingerprint region, absorption bands at
1210, 1091, and 1033 cm™! correspond to C-O and C-C stretching modes associated with carbohydrate residues
and ether linkages, consistent with the structures found in both saponins and polyphenols. The sharp band at
826 cm™! further supports the presence of B-glycosidic linkages. Additionally, bands at 1459 and 1386 cm™" are
attributed to CH, and CHj; bending vibrations, reinforcing the presence of a saturated hydrocarbon framework,
characteristic of triterpenoid saponins with out-of-plane bending of aromatic C-H bonds and glycosidic
linkages*’, confirming the co-existence of polyphenolic and saponin structures within the extract. Notably,
oleanolic acid—a triterpenoid saponin aglycone—exhibited a 77.3% spectral match when comparing the FT-IR
spectrum of the extract with reference library spectra, providing strong evidence for the presence of saponins
(Fig. 5).

NMR spectroscopic characterization of purified fraction from M. balbisiana peel extract

The structure of the isolated compound was elucidated based on a detailed analysis of its 'H and *C NMR
spectra in DMSO-ds. The data are in excellent agreement with those reported for the pentacyclic triterpenoid
oleanolic acid (CsoH4s03), a well-characterized natural product widely found in medicinal plants. The IH-NMR
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Fig. 4. Raman spectrum of preliminary purified M. balbisiana peel extract.
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Fig. 6. 'H-NMR Spectra of the major isolated compound from M. balbisiana peel extract.

and *C-NMR spectra of the compound called VC in the purified fraction isolated from M. balbisiana peel
extract are presented in Figs. 5 and 6.

In the '"H-NMR spectrum, a key diagnostic resonance appears at 8 5.15 ppm (1H, t, J=3.7 Hz), characteristic
of the olefinic proton at C-12. This signal confirms the presence of a A'2(13) double bond, a structural hallmark of
the oleanane-type triterpenoid skeleton. Additionally, a broad singlet at § 11.13 ppm corresponds to a carboxylic
acid proton, indicating the presence of a free carboxylic acid group at the C-28 position. The high-field region (8
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0.70-1.20 ppm) contains multiple singlets and doublets attributable to methyl groups, consistent with the seven
methyl substituents typically found in the oleanane framework. These include methyl groups at positions C-23
through C-27, as well as C-29 and C-30, located on tertiary and quaternary carbons of the triterpenoid backbone.
The '*C-NMR spectrum further supports the structural assignment. A downfield resonance at § 179.03 ppm is
attributed to the carboxylic acid carbon at C-28. Two prominent signals at § 122.0 and 144.3 ppm correspond
to sp*-hybridized olefinic carbons at C-12 and C-13, respectively, consistent with the A'?(13) unsaturation. The
remaining 27 carbon signals fall within the expected chemical shift ranges for aliphatic methyl groups (8 ~ 15-
32 ppm), methylene/methine carbons (§~20-60 ppm), and oxygenated or bridgehead quaternary carbons
(6~70-80 ppm). Notably, a resonance at § 78.0 ppm is assigned to the C-3 carbon bearing a hydroxyl group,
another diagnostic feature of oleanolic acid. A detailed comparison of all proton and carbon chemical shifts with
literature data (Table 5)*!. Taken together, the 'H and 1*C NMR data, in conjunction with previously reported
spectral characteristics, strongly support the identification of the isolated compound VC as oleanolic acid. The
proposed structure of this compound is presented in Fig. 7 and 8.

Conclusion

This study demonstrated that Musa balbisiana peel is a rich source of bioactive compounds, with saponins and
polyphenols as the predominant constituents. MAE was shown to be an effective method for obtaining extracts
enriched in these compounds, and the optimized extraction conditions were established via the RSM method.
Structural characterization using FT-IR and Raman spectroscopy confirmed the presence of characteristic
functional groups, while NMR analysis identified oleanolic acid as the major triterpenoid in the purified fraction.
These findings highlight the potential of M. balbisiana peel as a natural source of bioactive compounds for
applications in pharmaceuticals and functional foods. Further studies on the biological activities of the extracts
should be carried out to support their targeted use in specific products and to expand the knowledge base for
practical applications.

VC compound Reference®”
Carbon No | 8'3C (ppm) | §'H (ppm, multiplicity, J in Hz) | Assignment 8'3C (ppm) | 8'H (ppm, multiplicity
C-1 38.05 1.18-1.35 (m) CH, (ring methylene) 39.0 1.02-1.57 (m)
C-2 26.94 1.64-1.81 (m) CH, (ring methylene) 28.1 1.82
C-3 76.82 4.27 (dd, J=10.0, 4.8) CH (hydroxylated methine) 78.2 3.44 (dd)
C-4 38.38 - Quaternary carbon 39.4 -
C-5 54.79 0.90-1.15 (m) CH (tertiary) 55.9 0.88 (dd)
c-6 25.59 1.25 (m) CH, 18.8 1.36-1.58
C-7 32.82 1.22-1.34 (m) CH, 33.4 1.36-1.53
C-8 38.87 - Quaternary carbon 39.8 -
C-9 47.08 2.76 (m) CH (tertiary) 48.2 1.71(tr)
C-10 36.60 - Quaternary carbon 374 -
C-11 23.36 1.81 (m) CH, 23.8 1.96
C-12 121.05 5.16 (t,]=3.7 Hz) Olefinic CH 122.6 5.15 (tr)
C-13 143.83 - Olefinic quaternary carbon 144.8 -
C-14 40.80 - Quaternary carbon 422 -
C-15 27.20 1.20-1.80 (m) CH, 28.4 1.12-2.19
C-16 22.61 1.96 (m) CH, 238 1.96-2.12
C-17 45.68 - Quaternary carbon 46.7 -
C-18 41.32 2.99 (tr) CH (tertiary) 42.1 3.3(dd)
C-19 45.45 1.80-1.83 (m) CH, 46.6 1.32-1.83
C-20 30.39 - Quaternary carbon 31.0 -
C-21 33.31 1.40-1.55 (m) CH, 343 1.23-1.46
C-22 32.41 1.58-1.65 (m) CH, 33.2 1.82-2.04
C-23 28.23 0.90 (s) CH,; 28.8 1.24
C-24 16.85 0.88(s) CH; 16.5 1.02
C-25 15.09 0.68 () CH, 15.6 0.93
C-26 18.01 0.88 (s) CH; 17.5 1.04
C-27 25.59 1.09 (s) CH; 26.2 1.30
C-28 178.55 12.02 (s) COOH (carboxylic acid proton) | 180.0 -
C-29 32.09 0.72 (s) CH; 33.4 0.97
C-30 22.90 0.86 (s) CH; 23.8 1.02

Table 5. The comparison of 'H-NMR and *C-NMR spectra of the VC compound and the reference.
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