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Abstract
The banana peels accounts for approximately 36% of the total fruit weight yet are mostly
discarded as waste or used only for animal feeding. However, studies have shown that this
by-product is rich in phenolic compounds and is a traditional treatment. The levels and
composition of phenolic compounds are influenced by various factors. The purpose of the
present study was to evaluate the effect of ripeness and extraction conditions on
polyphenol content and antioxidant activity of banana peels (Musa paradisiaca L.) by
analysing the total phenolic content (TPC) and using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assays. Results have shown that yellowish green coloured
banana peels exhibited significantly higher antioxidant activity as compared to mature
(green-coloured) and ripe (yellow-coloured) peels. The optimal extraction conditions
include ethanol concentration of 50%, material/solvent ratio of 1:40 (w/v), extraction time
of 1.5 hrs and temperature of 60°C. Under these conditions, the obtained TPC and the
antioxidant activity was approximately 9.93 mg GAE/g and 50 μmol TE/g, respectively.
Quantitative results by HPLC indicate the presence of quercetin-3-glc, vanillic acid,
caffeic acid, ferulic acid, gallic acid and epicatechin.

1. Introduction
During the last few decades, the application of
natural compounds with biological activities has been the
subject that captures scientists’ and social awareness
(Andrs-Lacueva et al., 2009). Approximately half of the
currently used pharmaceutical products are sourced
directly or indirectly from products of natural origin,
especially plants (Gohil et al., 2010; Arif and Fareed,
2011; Veeresham, 2012; Smeriglio et al., 2016; Jannat et
al., 2019). Antioxidants, such as polyphenols, are widely
used in many aspects of life. These compounds are
commonly found in all parts of the plants and
agricultural products (vegetables and cereals), playing an
essential role in the organoleptic properties of foods
(Haminiuk et al., 2012). The research on the acquisition
and application of polyphenol compounds has been
exploited on medicinal plants such as red gobs (Nguyen
et al., 2018), and many other plants grown in Vietnam
(Thu et al., 2004; Mai et al., 2007; Nguyen et al., 2016;
Nguyen et al., 2019). However, due to the lack of an
*Corresponding author.
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effective recycling scheme, the by-products of plants
used for polyphenols extraction are mostly discarded as
wastes, causing a tremendous burden to the environment
and production cost. In this regard, one of the typical
examples in Vietnam is banana peel.
Bananas are a popular and heavily used crop in
Vietnam. In addition to daily use as a dessert, bananas
are also used as a raw material for the production of
various domestic and export goods. For example,
Siamese bananas are widely grown to provide materials
for making baked and dried products. The development
of this industry disposes of a significant amount of
banana peels, accounting for approximately 36% of the
total weight of the fruit (Rebello et al., 2014). However,
previous studies have shown that this is a valuable
source of phenolic compounds with high antioxidant and
antibacterial activities (Cai et al., 2004; Anhwange et al.,
2008, Chabuck et al., 2013). Hellendoorn et al. (2011)
determined the presence of phenolic compounds from
the peel of nine different bananas grown in India and its
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antioxidant capacity. Kapadia et al. (2015) also
demonstrated the banana's antimicrobial resistance.
Extraction of polyphenols from Siamese banana peels
would be the premise for the application of this source of
polyphenols in the development of safe biological
product lines while contributing to limiting waste
polluting the environment and improving economic
value for bananas. Studies on the acquisition of
polyphenols from banana peels in Vietnam have also
been interesting in recent times. However, the full
investigation of suitable conditions for extracting
polyphenols from banana peel sources in Vietnam in
general and the Mekong Delta, in particular, has not been
officially published.
Therefore, the initial study was carried out with the
aim to determine the effect of ripeness of raw materials
from Siamese banana peel and extraction conditions (by
extraction method and liquid-solid extraction) that are
suitable for obtaining polyphenols with high antioxidant
activity.
2. Materials and methods
2.1 Instruments
Green sapodilla bananas at 3 different maturity
levels were directly acquired at the banana orchards in
An My commune, Ke Sach District, Soc Trang province,
Vietnam to investigate polyphenol activity. The ripeness
of the banana was selected based on TCVN 9687: 2013.
Matured Siamese banana peels were sampled at
points of sale of baked bananas in a residential area of 91
B, Nguyen Van Linh Street, An Khanh Ward, Ninh Kieu
District, Thanh Hoa. The banana peels were kept in a
clean, cool place and collected samples within 1 hr after
peeling.
Tools and equipment: Thermostats (Memmert,
Germany), vacuum rotary evaporators (Yamato BM510,
Japan); optical measuring machine (Jinhua 722, China),
oven (Shellab - CE3F –2, USA); Cold centrifuge
(Hermle Z216MK, Germany), Colorimeter (NH300,
China); Analytical balance 4 odd numbers (PA214
Ohaus, United States) and common analytical and
laboratory instruments.
Chemicals: Ethanol, Folin - Ciaucalteu, DPPH (2,2 –
Diphenyl – 1 – picrylhydrazyl), gallic acid (Merck,
Germany);
Trolox
(6-hydroxy-2,5,7,8tetramethylchroman-2-carboxylic acid) (Sigma, USA).
Other chemicals of analytical standards are obtained
from Merck (Germany).

eISSN: 2550-2166

2.2 Research methods
2.2.1 Method of preparing banana peel powder
After being brought to the laboratory, the banana
peels were immediately subjected for preliminary
removal of over-ripe, peeled pods, then washed again
with clean water, chopped and dried at 50-55°C to
almost constant mass (lower than 10%) according to the
sample preparation method of Fatemeh et al. (2012) and
Rebello et al. (2014). The samples of dried banana peel
powder were stored in vacuum PA packaging (20 g/bag).
2.2.2 Methods of analysis and identification of
indicators
Basic chemical criteria: humidity (%); total protein
(%); Total lipids (%), reducing sugars (%), ash (%),
carbohydrates (%) were determined based on AOAC
2005.
Total polyphenol content (TPC, % GEA/g CKNL):
Colorimetric method with gallic acid as standard. FolinCiocalteu reagent as an oxidant, determined at 738 nm
(Siddiqua et al., 2010).
DPPH antioxidant activity (TEAC, µmol TE/g
CKNL): Use a modified free radical determination
method, with a reference material of DPPH (2,2Diphenyl-1-picrylhydrazyl) and Trolox, measured the
colour change from violet to light yellow at 517 nm
(Fatemeh et al., 2012).
2.2.3 Extract polyphenols from banana peel pulp by
extraction method
The method of extracting polyphenols from banana
peel powder and the extraction method according to
Ehiowemwenguan et al. (2014). The sample (20 g) was
soaked in a solvent with a suitable ratio, stirred with a
magnetic stirrer (300 rpm) at a similar temperature and
time to Ehiowemwenguan et al. (2014). After extraction,
the sample was vacuum filtered, to remove the residues.
The extract after filtration was centrifuged at 4°C, 4000
rpm with an equal volume to analyse polyphenol content
(TPC, mg GAE/g CKNL) and DPPH antioxidant activity
(TEAC, µmol TE/g CKNL) in banana peel extract. The
results are calculated on the dry matter content (CKNL).
2.2.4 Methods of data collection and processing
The experiments were randomly repeated 3 times,
with 1 or 2 change factors. The results of the previous
experiment were selected as a fixed parameter for the
following experiments. Data were collected and
processed by Statgraphics Centurion software 15.2.
Analysis of variance (ANOVA) according to LSD test,
Duncan to determine the difference between the mean of
the treatments.
© 2022 The Authors. Published by Rynnye Lyan Resources
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2.3 Experimental arrangement

The objective of the survey was to determine the
chemical composition of the banana peel powder, and to
know the moisture content of fresh ingredients and dried
powders, as a basis to calculate the polyphenol content
obtained in further experiments.
To determine the moisture content, the collected
fresh banana peels were classified into 3 degrees of
ripeness, cleaning and slicing treatment (2-3 mm). Then,
the samples were finely ground analysed of the moisture
content at three levels of ripeness.
Banana peels, after being dried, pulverized (BPF)
according to the method described in Section 2.2.1, are
used to conduct analysis of basic chemical criteria,
including moisture (%), total protein (%), total lipid (%),
reducing sugar (%), ash (%) and carbohydrates (%).
Sample weight/ripeness: Fresh sample: 50 g/sample
× 3 replicate = 150 g; Dry powder sample: 50 g/sample ×
3 iterations = 150 g.
2.3.2 Effect of raw maturity on the acquisition of
polyphenols from banana peel powder

The objective of the experiment was to change the
polyphenol activity in banana peel powder corresponding
to 3 different ripeness levels: Unripe (completely green
skin); Mature maturity (green skin turns yellow) and
fully ripened (completely yellow skin). The banana peel
powder at three levels of ripeness was extracted by
Ehiowemwenguan et al. (2014) are presented in section
2.2.3. In this survey, the extraction solvent was distilled
water, the ratio of material and water was 1:10 (w/v),
stirred by magnetic stirrer (300 rpm) at room temperature
(28-30°C) for a period of 3 hrs. Based on the results of
the survey, the degree of change of polyphenol content
according to each maturity of the raw material, thereby
selecting the appropriate ripeness for the next study.
2.3.3 Conditions for extracting polyphenols from
banana peel powder
Factors affecting the efficiency of polyphenol
collection from banana peel powder were investigated
one after another. For each sample tested, 20 g of banana
peel with appropriate ripeness (from the survey in
section 2.3.2) was selected and used to extract
polyphenols by extraction method (described in section
2.2.3).
The effect of the ratio of banana peel powder and
extraction solvent was studied using distilled water as
solvent at various ratios from 1:5; 1:10; 1:20; 1:30; 1:40
eISSN: 2550-2166

and 1:50 (w/v, g/mL) within 3 hrs at room temperature
condition (28-30°C).
Based on the ripeness of appropriate banana peels,
the proportion of materials and solvents was selected to
investigate the effects of ethanol concentration on the
efficiency of polyphenol extraction. In this experiment,
distilled water was replaced with ethanol at
concentrations ranging from 0, 10, 30, 50, 70 and 90% at
similar temperature conditions and extraction time (2830°C and 3 hrs, respectively).
The interaction of temperature and extraction time
with the extraction method that affects the ability to
receive polyphenols was investigated. In this experiment,
the extraction process was adjusted to 5 levels of
temperature (from 30°C to 70°C) and 7 levels of
extraction time (from 30 mins to 3.5 hrs). From a
temperature of 40°C, a circulating extraction system was
used to help limit solvent loss.
3. Results and discussion
3.1 Chemical composition of raw materials
The moisture content of fresh banana peels at 3
maturity levels was determined, and the basic chemical
composition of the banana peel pulp is used as the basis
for extraction and polyphenols. The results are presented
in Table 1.
Survey results show that the moisture content of
fresh banana skin is very high and varied between the
three levels of ripeness. Of all banana peel samples, the
green banana skin had the highest moisture content
(90.05%), followed by the yellow-green fruit (88.16%)
and completely ripe fruit (81.12%). The results obtained
are almost similar to the moisture analysis results of the
same kind of fresh bananas according to the study of
Aboul-Enein (2016). With high moisture content, the
banana peels are quickly damaged, and the large
moisture content makes the difference in concentration
between the two phases decrease, preventing the
solvent's movement from penetrating deeply into the
material, slowing down the amplification process. The
solute molecules dispersed into solvents and
consequently reduced the rate of the extraction process,
which takes a long time of thermal action to acquire
polyphenols. Besides, fresh raw materials with high
moisture content will reduce the concentration of
selected extraction solvent, affecting extraction
efficiency. Therefore, it is necessary to separate the type
of moisture in the banana skin, producing banana peel
powder with suitable moisture content. This is also a
condition for sample homogenization.
The preparation of the banana peel powder is carried
© 2022 The Authors. Published by Rynnye Lyan Resources
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Table 1. Results of chemical composition analysis of Siamese banana peel powder
Level of ripeness (indicated by the banana peel color)
Ingredient
Completely green Yellowish green
Bright yellow
Moisture of fresh banana peel (%)
90.05±0.54c
88.16±0.17b
81.12±1.12a
b
a
Moisture of Siamese Banana Powder (%)
8.12±0.67
7.15±0.16
7.65±0.32ab
The chemical composition of banana peel powder
Protein (%cbk)
10.17±0.56ab
11.73±0.45c
9.33±0.37a
Lipid (%cbk)
14.26±0.48a
16.37±0.66ac
17.11±0.52c
a
a
Carbohydrate (%cbk)
62.91±2.13
60.92±1.86
62.39±1.78a
c
a
Ash (%cbk)
12.63±0.67
10.93±0.42
11.06±0.44ab
Values are presented as mean±SD. Values with different superscript within the same row are significantly different according to
the LSD test at 95% confidence.

out by drying the material at a temperature of 50°C to a
nearly constant reduction in mass to transfer to grinding,
homogenizing samples and refrigerating, dark packaging
to prevent the destruction of polyphenols. The drying of
raw materials also contributes to the inactivation of the
enzyme polyphenol oxidase and helps to preserve raw
materials in the long run. Results of moisture analysis of
the pulp made from banana peel powder showed that the
moisture content of the dried banana pulp could be
reduced to values of 7 to 8%, lower than 10% as
recommended, namely moisture of green Siamese
banana peel powder is 8.12±0.67%, yellowish-green
Siamese banana peel powder is 7.15±0.16% and for
cases of fully ripe banana peel is 7.65±0.32%. Green
banana peels have a high initial moisture content,
hardshell structure, and difficult moisture drainage, so it
is difficult to lower the humidity below 8% as in the case
of yellow and yellowish green banana peels. Prolonged
drying time can cause the reduction of bioactive
substances that are easily oxidized in banana peels (Toor
and Savage, 2006). This is the parameter used to
calculate the polyphenol content and activity obtained in
subsequent surveys.
In terms of chemical composition, the analysis
results showed that the protein content (calculated on the
dry matter content) of the banana peel powder is quite
high and there is an irregular fluctuation between 3
levels of ripeness, with the value corresponding to the
ripeness from green to yellowish-green and completely
yellow is 10.17%; 11.73% and 9.33%, respectively.
There are not many studies on the changes of chemical
composition in banana peel powder to explain the
fluctuation of protein as well as other components
according to maturity level. However, the study of
Romelle et al. (2016) also found that the protein
fluctuation range in banana skin is 10.44±0.38%
(calculated on the dry matter content). One of the rare
studies on the nutritional content of banana peels
according to the different ripeness of Tartrakoon et al.
(1999) only showed that at the three levels of the nine
surveyed are green, almost nine and nine have a change
eISSN: 2550-2166

in decreasing moisture content, and the protein content
(not explicitly mentioned is the result determined on the
total mass amount of ingredients or only on dry matter
content) corresponding to 3 levels of ripeness is 5.19;
6.61 and 4.77% - the same variation as the survey
results. In general, the protein content is high, so the
interaction between protein and polyphenols is
inevitable. Polyphenols are known to make complexes
with proteins, resulting in changes in the structural,
functional and nutritional properties of both compounds.
These interactions are not covalent bonds, but
hydrophobic interactions that are sustained by hydrogen
bonds (Yuksel et al., 2010). A surprising result is that the
lipid content in banana peel pulp is high, accounting for
14.26 to 17.11% of CKNL so it may also be an adverse
cause for the extraction of polyphenols. The data
collected are consistent with the research of Tartrakoon
et al. (1999) - outstandingly high lipid content, more
than double the value when compared to protein (10.66
to 14.56% and increases with the maturity of the banana
skin) (Tartrakoon et al., 1999). However, the study of
Romelle et al. (2016) found only about 8.4% of the lipid
is present in a banana skin. However, these results also
indicate that it is important to note that the presence of
relatively high concentrations of lipids in banana peel
powder will have an impact on the extraction process
and affect solvent concentration (Fatemeh et al., 2012).
Occupying a sizable part of the banana peel powder is
carbohydrates (60.92 to 62.91%). Many studies have
demonstrated the interaction between polyphenols and
carbohydrates such as those of Le Bourvellec et al.
(2009) and Padayachee et al. (2012), mainly
hydrophobic interactions, covalent bonds and hydrogen
bonds (the link between the OH group of polyphenols
and oxygen atoms in glycoside bonds of
polysaccharides). From the results of the analysis, it is
necessary to select the ripeness of the banana peel
appropriately to improve the effectiveness of extraction
and acquisition of polyphenols highly effective.
3.2 Effect of ripeness of materials
The ripeness of the starting material is the major
© 2022 The Authors. Published by Rynnye Lyan Resources
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antioxidant activity was not much different (e.g.
18.97±1.32 µmol TE/g CKNL and 20.81±1.37 µmol TE/
g CKNL, respectively). In addition, the polyphenol
content obtained when extracting banana peel powder
with water at the ratio of 1:40 (w/v) and 1:50 (w/v) was
not significantly different. As the amount of extracted
water continued to increase, the amount of polyphenols
obtained did not increase but tended to be asymptotic.

Table 2. Changes in the polyphenol TPC content and
antioxidant activity according to raw material maturity
Total polyphenols
(TPC)
Ripeness
(mg GAE/g CKNL)
Green
0.77±0.02b
Yellowish green
1.55±0.08a
Bright yellow
0.51±0.02c

Antioxidant activity
(TEAC)
(µmol TE/g CKNL)
12.23±0.311b
16.91±0.345a
6.27±0.498c

Values are presented as mean±SD. Values with different
superscript within the same row are significantly different
according to the LSD test at 95% confidence.

Values with different accompanying letters in the
same row represent statistically significant differences
according to the LSD test at 95% confidence. The values
shown in the table are the average of 3 replicates.
In many fruits, antioxidant activity depends on
polyphenol content. Research by Gruz et al. (2011) on
tea tree fruit showed that antioxidant capacity depends
on polyphenol content. In general, the correlation
between polyphenol content and antioxidant activity is
quite linearly correlated. This suggests that polyphenol
compounds may play a major role in the antioxidant
activity of each maturity.
This has practical implications for the selection of
maturity level (yellowish-green skin) as the starting
material for further studies. The recovery of banana peel
by-products for the acquisition of polyphenol and the use
of polyphenols for the food and medicine industries
should be considered.
3.3 Effect of material and solvent ratio
The effect of the ratio of material and solvent (w/v)
on the extraction efficiency of polyphenols from banana
peel powder at maturity (yellowish-green skin) is shown
in Figure 1.
The results showed that the efficiency of extracting
polyphenols from banana peel powder reached the
highest at the ratio of materials and solvent used was
1:50 (w/v), the total polyphenol content was 3.48 mg
GAE/g CKNL, higher than the ratio 1:10 by 2.7 times. In
parallel, antioxidant activity also increased as the
extraction solvent increased. At the ratio of banana peel
and the solvent ratio of 1:40 (w/v) and 1:50 (w/v), the
eISSN: 2550-2166

Figure 1. Effect of proportion of materials and solvents
(distilled water) (w/v) on the efficiency of polyphenol
extraction from banana peels.

According to Kossah et al. (2010), the relationship
between TPC and DPPH is quite complicated, not
following any rules. The amount of solvent is too low,
which is not enough to motivate the process of osmosis,
diffusion into raw materials, the extraction compounds
are not completely dissolved into the solvent, making it
difficult for the filtration process and leading to low
extraction efficiency. In addition, the higher the amount
of solvent, the greater amount of oxygen dissolved into
the solvent. Therefore, the presence of oxygen in the air
weakens the antioxidant activity of polyphenols.
Moreover, the process of dissolving biological
substances into solvents is a physical process. The
increasing amount of solvent enhances the permeability
of biologically active substances. When the ratio of
solvent and material is large, the difference in
concentration between solvent and solute becomes
larger. Therefore, many bioactive substances are soluble
if more water is used (Cacace and Mazza, 2003). This
shows that selecting the right ratio of materials and
solvents not only enhances the efficiency of TPC
acquisition but also helps minimize the waste of solvents
to save costs. Therefore, a ratio of 1:40 (w/v) between
banana peel material and solvent was chosen as a fixed
factor for further research.
3.4 Effect of concentration of ethanol
Ethanol was used in the experiment as a solvent
because of its non-toxic properties. It was also a
commonly used solvent in extracting polyphenols from
© 2022 The Authors. Published by Rynnye Lyan Resources
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Table 2 show that the highest polyphenol extraction
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remaining maturity and antioxidant activity (the ability
to trap free radicals DPPH was similar to reach
16.91±0.345 µmol TE/g CKNL.
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banana peel powder of Shengjiu et al. (2014). The results
showed the clear effect of adjusting ethanol
concentration on the efficiency of polyphenol acquisition
and antioxidant activity of the extract. The total content
of polyphenols from the pulp extract was shown in
Figure 2. However, TPC tends to decrease when the
concentration of ethanol increases to 70%. The TPC
change is similar to the change in the antioxidant
capacity of the extract, in which the antioxidant activity
reaches its maximum value (31.29±1.44 µmol TE/g
CKNL) at the ethanol concentration of 50%.

kept constant to investigate the effect of temperature and
extraction time. The results from Table 3 show that the
extraction efficiency increases very quickly when the
temperature increases from 30°C to 60°C. As the
temperature continues to increase, the extraction
efficiency tends to decrease (including TPC and TEAC)
but at a slowly decreasing rate. From the results in Table
3, the antioxidant capacity and TPC content reached the
highest value (e.g. 50.02 µmol TE/g CKNL and 9.93 mg
GAE/g CKNL, respectively) at 60°C within 1.5 hrs.
Research by Schmidt et al. (2015) also suggested using
the temperature of 60°C and 50% ethanol for 30 mins to
obtain polyphenols from flowers and corn. This shows
that the conditions of extraction will depend on the type
of material and are influenced by many external factors.
3.6 Identification of bioactive compounds

Figure 2. Effect of ethanol concentration (%) on total
polyphenol content TPC and antioxidant activity from banana
peel extract.

Using HPLC technique to quantify the presence of
polyphenol compounds in the extract from Siamese
banana peel powder. Survey results show that using a 50
mg/10 mL solution of banana peel extract has identified
the presence of Quercetin-3-glc., vanillic acid, 3-hydroxy
benzoic acid, caffeic acid, ferulic acid based on the
corresponding retention time. Details are shown in the
annex in Figure 4.

Figure 3 shows the colour change of the extract
obtained at different concentration levels. In addition to
the increasing concentration of polyphenol content. The
colour of the extract also changed from light brown to
dark yellow when there is an increase in solvent
concentration, which indicates that many undesirable
compounds and chlorophyll were also extracted.

Figure 3. Colour change of polyphenol extract at ethanol
concentrations.

The study of Shengjiu et al. (2014) also proposed
using 50% ethanol to obtain polyphenols from banana
peel pulp. Recent studies by Schmidt et al. (2015) also
used 50% ethanol to extract polyphenols from dried
flower and corn powders. Based on the results of the
survey, 50% ethanol concentration is the most
appropriate value to obtain polyphenols from the banana
peel extract.
3.5 The interaction effect of extraction temperature and
time
The appropriate value of the investigated factors was
eISSN: 2550-2166

Figure 4. HPLC graphs determine the presence of flavonoids
in banana peel extract at 360 nm.

The content of polyphenol compounds was identified
by comparing with the calibration graph of the change of
polyphenol content of the corresponding standards
© 2022 The Authors. Published by Rynnye Lyan Resources
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Table 3. Changes in total polyphenol content and antioxidant activity of polyphenol extracts from banana peel powder due to the
interaction of temperature and extraction time

30

40

50

60

70

0.5
1.0
1.5
2.0
2.5
3.0
3.5
0.5
1.0
1.5
2.0
2.5
3.0
3.5
0.5
1.0
1.5
2.0
2.5
3.0
3.5
0.5
1.0
1.5
2.0
2.5
3.0
3.5
0.5
1.0
1.5
2.0
2.5
3.0
3.5

Total polyphenol content
(mg GAE/g CKNL)
2.84±0.36a
4.00±0.32b
5.98±0.31def
7.36±0.28hi
8.14±0.33j
8.31±0.32k
7.89±0.31ij
4.31±0.38bc
6.56±0.41fg
8.21±0.39jk
9.25±0.35lmn
9.70±0.32no
9.54±0.36mno
8.78±0.28kl
5.93±0.33de
7.85±0.31ij
9.16±0.34lmn
9.68±0.41no
9.79±0.42no
9.50±0.36mno
8.41±0.32jk
6.29±0.31efg
7.87±0.41ij
9.93±0.32o
9.53±0.28mno
9.02±0.31lm
8.20±0.36jk
6.77±0.41gh
4.74±0.28c
6.63±0.32g
7.28±0.34hi
7.33±0.33hi
6.78±0.35gh
5.62±0.31d
3.87±0.35b

Antioxidant activity
(µmol TE/g CKNL)
11.41±1.52a
16.56±1.47b
25.79±1.68efg
30.93±2.01ijk
31.95±1.72k
28.87±1.31hij
21.68±1.43cd
16.15±1.25b
28.55±1.41hij
36.84±1.77lm
41.03±1.51op
41.12±1.52op
37.09±1.36lm
28.96±1.12hij
23.99±1.52de
35.46±1.23l
42.81±1.47opq
46.06±1.86rs
45.20±1.78qrs
40.23±1.51no
31.16±1.36jk
26.76±1.27fgh
37.28±1.33lm
50.02±1.87t
47.58±1.51s
44.19±1.46qr
38.29±1.42mn
28.27±1.51ghi
24.44±1.22ef
27.88±1.23gh
43.44±1.41pqr
40.85±1.39op
38.11±1.42lmn
31.26±1.36jk
20.30±1.32c

Values are presented as mean±SD. Values with different superscript within the same column are significantly different according
to the LSD test at 95% confidence.
Table 4. The polyphenol component is present in the banana peel extract
The order in the Time saved (minutes) Concentration of ingredients
The polyphenol components
chart
(mg/g dry extract)*
Theory
Reality
Quercetin-3-glc
3/H4.18
10.424
10.25
0.5317±0.0071
p-Hydroxybenzoic acid
2/H4.19
3.297
3.298
2.4685±0.0085
Ferulic acid
4/H4.19
3.638
3.65
0.1525±0.0047
Caffeic acid
5/H4.19
3.75
3.762
0.0702±0.0036
Vanillic acid
8/H4.19
5.141
5.152
0.3484±0.0028
Total
2.5713±0.0040
* The result is calculated based on the corresponding calibration curve y = ax + b where y is the peak area, x is the content of the
components (mg/mL), calculated on a 50 mg sample of an extract high in 10 mL 80% MeOH contains 1% formic acid.
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summarized in Table 4. In the composition of phenolic
compounds, epicatechin was also detected at position 7
of Figure 5, yet it was not listed in Table 4 due to the
lack of calibration curve equation.
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