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Abstract. Banana peel contains starch, protein, fat, total fiber, unsaturated fatty acids, pectin, amino
acids, polyphenols, and micronutrients. Horn banana peel has many benefits, namely, it can be
processed into a natural antioxidant material that can minimize banana skin waste. The banana peel
extraction method used is Ultrasound Assisted Extraction. Ultrasound-assisted extraction at optimal
conditions produces good levels of total polyphenols with a short extraction time. In the use of
ultrasonic no additional chemicals or other materials are needed. This study aims to determine the
effect of extraction time (10, 20, 30 minutes), extraction temperature (20, 30, 40 °C), and solvent ratio
(gr/mL) (1:25, 1:30, 1:35) on polyphenols. The Design Expert V13 program with Response Surface
Methodology (RSM) Box-Behnken Design (BBD) was used to determine the combination of
extraction parameters that lead to optimal results for total polyphenol content. Based on the research
that has been done, it can be stated that the extraction parameters affect the total polyphenol content.
The highest total polyphenol content was 61,007 mg GAE/g sample with the extraction conditions at
an extraction temperature of 30°C, an extraction time of 30 minutes, and a ratio of banana peel powder
to a dissolution of 1:30 g/mL.

Keywords: Banana Peel, Polyphenols, and Ultrasound-Assisted Extraction

1. Introduction

Bananas are a fruit that contributes around 30% of fruit production in Indonesia [1].
Based on the Central Statistics Agency and the Directorate General of Horticulture in 2021, it
was reported that the amount of banana production in East Java reached 2.116.974 tons with
the highest number of banana producers in Indonesia [2]. Until now, the banana plant that is

often used is still limited to the fruit part, while other parts of the banana plant are considered
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waste and there is little further processing of some of these parts [3]. The peel of the horned
banana (Musa Paradisiaca var. Typica) is one of the by-products of using bananas [4]. Horned
banana peels are not widely used by the public, banana peels can be processed into fertilizer,
purifying water, and heavy metals, lead (Pb) and copper (Cu) [5-7]. However, banana peel
processing in Indonesia has not been utilized optimally compared to the amount of banana
production in Indonesia [8]. Banana peel contains starch (3%), protein (6-9%), fat (3.8% - 11%)),
total fiber (43.2% - 49.7%), and unsaturated fatty acids, pectin, amino acids, and micronutrients
[9]. Based on research conducted by Idah (2017) on banana peel extraction, shows that the total
polyphenol content is 3.50104 w/v or 35.0104 mg GAE/g extract.

Antioxidant behavior is related to anthocyanins and the constituents of antioxidants are
anthocyanins [10]. Anthocyanins are polyphenolic derivative compounds contained in various
types of plants and have many important physiological functions in every living organism.
Anthocyanins in plants are widely used in the food, health, and cosmetic industries because
they do not have harmful effects. Currently, there are 700 types of anthocyanins isolated from
various types of plants and they have been identified, including pelargonidin, cyanidin,
peonidin, delphinidin, petunidin, malvidin, and anthocyanidin glycosides Banana peels are rich
in several antioxidants [11]. Banana peels also contain active compounds, namely tannins,
saponins, flavonoids, and phenols [12]. Phenolic compounds are bioactive secondary
metabolites that are channeled by cicamic acid, pentose phosphate, and the phenylpropanoid
pathway [13]. Phenolic compounds are divided into subgroups of phenolic acids, flavonoids,
tannins, and stilbenes based on the number of attached phenolic hydroxyl groups and the
structure that links the benzene ring [14]. Phenolic compounds are known to be able to prevent
and treat several diseases such as arteriosclerosis, brain dysfunction, cancer, and diabetes [15].

Several extraction methods can be used to extract polyphenols from banana peels, one
of which is UAE (Ultrasound-Assisted Extraction) [16]. The UAE method under optimal
conditions produces a good amount of phenolic when compared with the heat reflux method
[17]. The maceration method requires a long extraction time and produces a smaller yield
compared to the UAE method [18]. When using ultrasonics, no additional chemicals or other
ingredients are needed [19]. The UAE method also doesn’t cost too much [20]. Extraction using
the UAE method also produces high yields [21]. The use of ultrasonics in the process of
extracting organic compounds in plants and grains with organic solvents occurs quickly [22 —

26]. The cell walls of the material can be broken down with ultrasonic vibrations so that the
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contents can be released easily [27]. The use of conventional methods for banana peel extraction

can be seen in Table 1.

Table 1. Research on Various Types of Ultrasound-Assisted Extraction Methods

Raw

Target

. Method Solvent Extraction condition Yield
Material Compound
Temperature 30, 45,
Cratoxylum . 60, 75 °C, Time 10, 20,
Cromossum Ultrasonic 30, 40, 50 minutes
SSp. ASSlSte.d Ethanol Ratio 1:10, 1:20, 1:30, Polyphenol 40'00i1'(.)0 mg/lOO
Formosum Extraction 1:40, 1:50 and Ethanol g gallic acid
[28] (UAE) concentration 0, 25,
50, 75, 100%
Pumpkin Ultrasonic Temperature 30, 40,
P Assisted 50°C, Time 10, 20, 30 44.09+1.09 mg/100
and peach E . Methanol . qP Polyphenol llic acid
[29] )Egic]{:z)on mlnwglg:sg §n70 O/ower g gallic aci
b b 0
Temperature 30°C,
Ultrasonic Frequency 40 kHz,
Dayak Assisted Power 100%, Time 30, 2.20 mg GAE/gram
Onion [30]  Extraction Aquadest 45, 60, 75 minutes, Polyphenol Dayak onion
(UAE) solvent volume 200,
240, 280, and 320 mL
Temperature 10, 20,
Ultrasonic 30°C and preeliminary
Kaffir Lime Assisted treatment of kaffir lime L 0
[31] Extraction Ethanol peel consisting of dried Essential oil 11.730%
(UAE) orange peel and fresh
orange peel
Ultrasonic Time 15, 30, 45
Mangosteen  Assisted o,  Minutes, and ultrasonic . 0
Skin[32]  Extraction ~ Canol96% T litudes 35,50, ~ Antioxidant 6.71%
(UAE) 65%
Ultrasonic Time 15, 30, 45
Red Dragon Assisted Aquadest and minutes and
Fru[lg 38]k1n Extraction Citric Acid Amplitudes 65% and Anthocyanin 24.074 ppm
(UAE) 95%
Ultrasonic Without treatment
—60° )
Cocoa Shell Assisted Aquadest and Temperature 50. 60°C . (88.38%), aquadest
. which was carried out Antioxidant solvent (90.61%),
[34] Extraction Ethanol
(UAE) for 3 hours ethanol solvent
(92.78%)
. Ethanol solvent 80%
Ultrasonic with ratio 1:10
Cocoa Shell ASSlSte.d Ethanol 80%  frequency 40 kHz, 296 ~ Antibacterial 107.8+27.0 pm
[35] Extraction o
W, 55°C for 45
(UAE) minutes
Ultrasonic
Cocoa Shell Asszstgd Ethanol 96% Operatlop Time 2x30 Antibacterial 20
[36] Extraction minutes
(UAE)
Microwave ]3%22316?6 Aquadest, Ethanol 50
Pomegranat Assisted and 70% and 70%. Methanol 50 Polvphenol 199.4 mg GAE/g
ePeel [37]  Extraction ' °c and 70%. Ratio 60/1 Olypheno dry skin
(MAE) and 70% mL/g. Power 600 W
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Raw. Method Solvent Extraction condition Target Yield
Material Compound
UX; ".i;’:f MARE, ethanol 55%,
P Power 140 W for 45
Lime Peel  (UAE) and sq;onds with 8 .
38] Microway Ethanol 55%  repetition of extraction Polyphenol 54.4 mg GAE/g
Ivs?s t: de steps. UAE, ethanol
Extraction 55%, amplitudes 38%,
M AEI) and time 4 minutes
Time 2, 3, and 4 hours.
Chavot Ratio 1:5, 1:10, and
[3%;]0 ¢ Percolation Ethanol 1:15. Ethanol Polyphenol 2.50 mg EAG/g
concentration 30, 50,
70%
0% =
Cocoa Shell Ethanol and Ethanol solvent 70% Phenol, Ethe61n9(;1870>) 4
© Maceration  Acetone: Wate and acetone:water Tannin, and ” o .
[40] . (7:3) Flavonoid Acetone:water (7:3)
) =8.327%
Kepok Banana peel water
. o concentration 20%, .
Bane[lil'il]Peel Maceration  Alcohol 97% 40%, 60%, 80%, and Antioxidant 60.50 ppm
100%
Stirring 110 and 200
Green Tea . rpm. Size 80 — 100 o
[42] Maceration Aquadest mesh, Temperature Polyphenol 29.3%
80°C
. Temperature 75, 85,
Arabtea and and 95°C. Ratio 1:100,
o f?e;‘;kin Maceration Ethanol 2:100, and 3:100. 2 Polyphenol 8.089%
[43] types of coffee arabica

and robusta

The solvent used in this research is 96% ethanol, ethanol is an organic solvent that

contains polarity according to anthocyanin [33]. Choosing an extraction time that is too long to
extract banana peel will require more energy and can damage the bioactive compounds being
extracted [44]. The length of extraction time is also in line with the quantity of extract produced,
this is because the length of contact between the material and the solvent is greater [45]. When
the material reaches the saturation point, the increase in extract yield will stop or run out [46].
Too long sonication time can increase the temperature of the solution compared to the rate of
temperature reduction by the extraction temperature controller so that it can degrade the
extracted anthocyanin content [47]. An increase in temperature during the extraction process is
too high along with a reduction in viscosity and surface tension can cause only a few bubbles
to burst [48]. The temperature in the ultrasonic bath is controlled by the external circulation of
the water bath thermostat and a predetermined frequency [49]. Temperature control is very

necessary for maintaining consistency of extraction temperature with the heat exchanger
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principle [50, 51].

This research aims to determine the effect of extraction temperature, extraction time, and
solvent—material ratio on the extraction of polyphenolic compounds from horn banana peels.
The ultrasonic-assisted extraction method was chosen as a conventional extraction method

because it is cheap, simple, and efficient.

2. Material And Methods
2.1 Materials

Horn banana peel was obtained from Klakah Village, Klakah District, Lumajang
Regency, East Java. Ethanol with a concentration of 96%, distilled water, Na,CO3 (p.a. Merck),
folin ciocalteu reagent (p.a. Merck), and gallic acid (p.a. Merck). All reagents were analytical

grade and were used without further purification.

2.2 Equipment
The tools used are Ultrasonic Batch (BAKU BK-1200 1.47L), oven (Envilife), UV-Vis
Spectrophotometer 752 AP, Analytical Balance (Pioneer), and Blender (Philips HR-2115), glass

beaker, spatula, aluminum foil, and watch glass.

2.3 Methods
2.3.1 Determination of Extraction Parameters

The research formulation design and response analysis were carried out using the
Design — Expert V13 program with Response Surface Methodology (RSM) Box — Behnken
Design. In this study, the dependent variable was the concentration of extracted polyphenolic
compounds. The independent variables are extraction time, ratio of horn banana peel powder
to solvent, and temperature with limit values of 10 to 30 minutes, 0.285 to 0.4 gram/mL, and
30 to 50°C respectively. These values are introduced to the program to obtain the selected

combination as in table 2.

Table 2. A combination of Extraction Parameters was Used in this Study

Run Time Extraction Ratio Banana Peel with Solvent Temperature (°C)
(minutes) (g/mL)
1 20 1:30 40
2 20 1:30 40
3 20 1:30 40
4 20 1:35 30
5 10 1:30 30

doi.org/10.19184/jobc.v411.957
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Run Time Extraction Ratio Banana Peel with Solvent Temperature (°C)
(minutes) (g/mL)
6 30 1:25 40
7 20 1:35 50
8 30 1:30 50
9 20 1:25 30
10 30 1:30 30
11 10 1:25 40
12 10 1:35 40
13 20 1:30 40
14 10 1:30 50
15 20 1:25 50
16 30 1:35 40
17 20 1:30 40

2.3.2 Extraction of Horned Banana Peel Waste

The banana peel is cut into small pieces and then dried using an oven at a temperature
of 50°C [52]. The water content produced during this drying process is 8.4%. The dried fruit
skin is mashed using a blender (1). The sample is then sieved to the desired particle size at 80
mesh [23]. Banana peel powder was dissolved in 96% ethanol with a predetermined ratio (Table
2). The mixture was put into an extraction container and subjected to ultrasonic treatment with
varying times and temperatures (Table 2) according to the following scheme (Figure 1). The

mixture was filtered with filter paper and the filtrate obtained was collected as an extract.

b
¢/-’- ———— Erlenmeyer Flask
\
o

e Ultrasonic Tool

Figure 1. Schematic Representation of Ultrasonic Assisted Extraction of Horned Banana Peel Waste
2.3.3 Water Content Analysis

Determination of water content uses the drying method or thermogravimetric method,
which is done by drying the material in an oven at a temperature of 105 — 110°C until a constant
mass is obtained. Water content is defined as the mass ratio of the water phase to the solid
phase, expressed as a percentage [53 — 55]. Calculation of the percentage of water content can

be calculated using the formula:
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Initial Mass—Final Mass (Constant)

% Water content = x 100% (1)

Initial Mass

2.3.4 Determining Total Polyphenol Content

The total polyphenol content in each filtrate was determined using the Folin — Ciocalteu
method of Norra et al. (2016) with slight modifications [60, 61]. This method is easy to perform,
fast, and does not require expensive reagents [62]. The measurement begins by mixing 0.5 mL
of 50% Folin — Ciocalteu reagent with 0,5 mL of sample filtrate. The mixture was stirred until
homogeneous and left for 5 minutes, then 4 mL of 7.5% Na>COs3 and distilled water were added
until the volume became 10 mL. samples were incubated for 30 minutes at room temperature.
The absorbance of the filtrate was measured using a UV — Vis Spectrophotometer at a
wavelength of 765 nm in triplicate [64, 64]. A Calibration curve for a standard solution of gallic
acid with concentrations of 1, 2, 3, 4, and 5 ppm was created. Total polyphenol content was
expressed as gallic acid equivalents in mg per gram dry weight of simplicial (mg GAE/g) [65].
Total polyphenol content can be determined using Equation 2 [66].

Vs (ml)xC (%)pr
B

Total Polyphenol Content = (2)

where Total polyphenol content in mg GAE/g, Vs is sample volume (mL), C is polyphenol

concentration (mg/L), Fp is dilution factor, and B is mass of banana peel extract (g).

2.3.5 Data Analysis

This research used Design Expert 13 software and Response Surface Methodology
(RSM) with Box Behnken type to determine the effect of parameters (extraction time,
extraction temperature, and ratio between Horned powder and solvent) on total polyphenol

content. A total of 17 combinations of extraction conditions will be applied to carry out an

Analysis of Variance (ANOVA).

3. Results And Discussion
3.1 Extraction of Total Polyphenol Content from Horned Banana Peel

This research was carried out from November 2022 to March 2023 at the Basic and Process
Laboratory, Chemical Engineering Study Program, Department of Mechanical Engineering, Faculty
of Engineering, University of Jember. This research used Tanduk banana skin to be extracted and
tested for total polyphenol content using the UAE extraction method. The water content value of the

Banana Peel material is 8.4%. The total polyphenol content test in the extraction of horn banana peel
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waste using the UAE method was carried out using the spectrophotometric method [67].
Spectrophotometric determination of polyphenol levels used Folin — Ciocalteu reagent. The hydroxyl
group of the phenolic compound reacts with the Folin — Ciocalteu reagent to form a tungsten
molybdenum complex blue which can be detected using a spectrophotometer. The addition of 7.5%
Na>COs in the process of determining polyphenol levels aims to create alkaline solution conditions,

this is because polyphenols and Folin — Ciocalteu can only react in alkaline conditions [68].

Determination of total polyphenol content using a standard solution, namely gallic acid
(GAE). The use of gallic acid as a measurement standard is because gallic acid is a derivative
of hydroxybenzoic acid which is a simple phenolic acid. The organic acid phenol content is
pure and stable. The total polyphenol content is expressed in GAE (gallic acid equivalent), that
is the equivalent number of milligrams of gallic acid in 1 gram sample [69]. Determination of
total polyphenol levels in samples using the linear equation of the gallic acid standard curve, y
=0.0863x +0.0029 (R?=0.9952). An R-value that is close to 1 indicates the regression equation
has approached linearity [70, 71]. The results of the analysis of the polyphenol content of
Horned Banana Peel can be seen in Table 3

Table 3. Total Polyphenol Content in the Filtrate Resulting from the Extraction of Horned Banana Peels

Run Extraction Time Ratio Banana Peel with Temperature (°C) Polyphenol yield (mg
(minutes) Solvent (g/mL) GAE/g sample)
1 20 1:30 40 46.573
2 20 1:30 40 47.386
3 20 1:30 40 45.353
4 20 1:35 30 35.319
5 10 1:30 30 38.238
6 30 1:25 40 54.330
7 20 1:35 50 32.758
8 30 1:30 50 31.326
9 20 1:25 30 48.247
10 30 1:30 30 61.007
11 10 1:25 40 56.793
12 10 1:35 40 44.142
13 20 1:30 40 46.776
14 10 1:30 50 53.485
15 20 1:25 50 37.239
16 30 1:35 40 49.265
17 20 1:30 40 45.557
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Based on the results of the research data in Table 3, it shows that the maximum total
polyphenol content was obtained in the 10th running, 61.007 mg GAE/g sample, and the
minimum total polyphenol content was obtained in the 8th running, that is 31.326 mg GAE/g
sample. The 10th running obtained optimal results due to the maximum conditions in extracting
polyphenols from horn banana peel waste, under the conditions of extraction time of 30
minutes, extraction temperature of 30°C, and the ratio of banana peel powder to solvent of 1:30.
Phenolic compounds are the compounds most commonly extracted from horn banana peels.
The total polyphenol content obtained from this research was greater when compared to
research conducted by Ida (2018), the total polyphenol content of plantain peel extract had an
average total phenolic content of 35 mg GAE/g [52]. In research conducted by Yulis (2020),
the phenolic content of Muli banana peel extract was 100.016 mg GAE/g and Kepok banana
extract was 32.176 mg GAE/g [12]. The difference in total levels of polyphenols produced is
due to differences in extraction conditions and other factors that influence the extraction

process, one of which is the type of banana peel extracted [72, 72].

3.2 Statistical Analysis

The results of research on polyphenol extraction from horned banana peel waste using
the UAE method were analyzed by a Design Expert. Response surface analysis using Design
Expert aims to determine appropriate data processing analysis. Data processing carried out
included response analysis of total polyphenol content, Analysis of Variance (ANOVA) and
also determining optimum extraction conditions [74]. Data on total polyphenol levels were then
analyzed using Analysis of Variance (ANOVA) to prove that the parameters used in the
extraction process could influence total polyphenol levels. ANOVA results are presented in

Table 4.
Table 4. The Results of Analysis of Variance (ANOVA)

Source Sum of Df Mean Square F-Value p-Value
Square
Model 1123.99 9 124.89 245.86 <0.0001 Significant
A- 98.02 1 98.02 192.97 <0.0001
Temperature
B-Times 1.34 1 1.34 2.63 0.1488
C-Rasio d/p 154.22 1 154.22 303.60 <0.0001
AB 504.63 1 504.63 993.43 <0.0001
AC 17.84 1 17.84 35.12 0.0006
BC 14.39 1 14.39 28.32 0.0011
A? 179.45 1 179.45 353.27 <0.0001
B? 162.55 1 162.55 320.00 <0.0001
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Source Sum of Df Mean Square F-Value p-Value
Square
c? 8.37 1 8.37 16.48 0.0048
Residual 3.56 7 0.5080
Lack of Fit 0.6306 3 0.2102 0.2874 0.8331 No significant
Pure Error 2.93 4 0.7313
Cor Total 1127.54 16

Based on the table above which was obtained using Design Expert software. The F
Model value of 245.86 implies that the model is significant. There is only a 0.01% chance that
an F value of this size could occur due to noise. The P — P-value of the model is <0.0001, this
indicates that the model is significant. A significant model shows that the model has a real
influence on the response to total polyphenol levels [75]. A model p-value of less than 0.05
indicates that the model is significant, while a model that isn’t significant can be indicated by
a p-value greater than 0,1. Variables said to be appropriate can be seen from the p-value. The
results of the ANOVA data show that the temperature variable (A) and the ratio of banana peel
powder to solvent (C) have significant values. This shows that the temperature variable and the
ratio of banana peel powder to solvent have a real influence on the response of total polyphenol
levels in the extraction process. Meanwhile, the time variable (B) has an insignificant value,
this shows that the time variable doesn’t have a real influence on the response of total
polyphenol levels in the extraction process, this insignificant time variable is caused by the time
range being too low compared to the optimum time.

The F-value of lack of fit is 0.2874, indicating that lack of fit isn’t significant for pure
error, the possibility of noise occurring from this value is 83.31. This shows that the model used
to adjust the response variable is good at implying the relationship between the response value
and the independent variable. Lack of fit which is not significant indicates that the model
selection is appropriate because the appropriate model is lack of fit which is inversely
proportional to the p-value [76]. Meanwhile, the value of the Sum of Square (SS) model is
1123.99. The sum of squares is a measure of the deviation of experimental data based on the
average value of the data. This value is obtained from the deviation between the group average
value and the overall average value. The SS value is used to calculate the Meam Square (MS)
value. The MS value is obtained by dividing the SS value by df. The MS model value in the
table above is 124,89 [77, 78].

doi.org/10.19184/jobc.v411.957
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Table 5. Model Summary
R? adjusted R? predicted
0.9968 0.9928 0.9870

Model analysis using design expert software shows that the model is appropriate. The
criteria for a suitable model are shown by the difference between R? adjusted and R? predicted.
Based on the table 5, the predicted R? of 0.987 is accordance with the adjusted R? of 0.9928.
This is as expected because the corresponding difference value is less than 0.2. The research
results can be declared according to the model if the resulting R? value exceeds 0.75 or is close
to 1 [75, 79, 80]. The ANOVA results produce an R value of 0.9968, which indicates that the
model is following the research results. The resulting R? adjusted value of 0.9928 shows that
there is a strong relationship between the parameters of extraction time, extraction temperature
of Horned Banana Peel powder, and the ratio of Horned Banana Peel powder to solvent on the
response to total polyphenol levels [75]. Total polyphenol content in response to extraction

parameters was modeled using Equation 3:

Total Polyphenol Content = 46.33 — 3.504 + 0.4088B + 4.39C — 11.234AB — 2.11AC —
1.90BC — 6.534% + 6.21B% — 1.41 C* 3)

where,
A = temperature
B =time
C =ratio of banana peel powder to solvent

The values A, B, and C are respectively the parameters of extraction temperature,
extraction time, and the ratio of Horn Banana Peel powder to solvent. If the parameter
coefficient is negative then there is a decrease in the value of the total polyphenol content, and
the opposite applies [75]. When the temperature decreases, the total polyphenol content also
decreases, indicated by the temperature parameter (A) being negative. Meanwhile, when time
and the ratio of horn banana peel powder to solvent increase, the total polyphenol content also
increases as indicated by the time parameter (B) and the ratio of horn banana peel powder to
solvent (C) is positive. Based on Equation 3, all extraction parameters statistically influence the
total polyphenol content. The relationship between experimental data and model data is

presented in Figure 2.
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Predicted vs. Actual

Predicted
1

Figure 2. Graph of experimental data vs model data
Figure 2 shows that the graph of experimental data with model prediction data is very
accurate, there is a strong correlation between experimental data and model data. The distance
between the data and the trendline shows the accuracy of the data. The closer of the data is to
the line, the more accurate the data will be [81]. Based on this research, the data plot touches a
line which shows that the experimental data is close to the model data, supported by a R? value

of 0.9968.
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3.3 3D Surface Analysis of the Effect of Extraction Parameters on Total Polyphenol Content
a) b)

Total Polyphenol Content (mg GAE /g)
Total Pdyphenol Conlent (mg GAE /g)

C: Ratio bip (gil)

)

Total Polyphenol Content (mg GAE /g)

C: Ratio bip (gil)

Figure 3. Respon Surface Analysis of Total Polypehenol Content as a Function of a) Extraction temperature and
time, b) Extraction temperature and solvent ratio, and c) Extraction time and solvent ratio.

Figure 3 is a graph showing the effect of each extraction parameter (extraction time,
extraction temperature, and ratio of Horned Banana Peel powder to solvent) on total polyphenol
content. The figure shows that there is a combination of parameters that influence the response
value through color differences. The optimum total polyphenol content resulting from this
research was 61.007 mg GAE/g sample. Based on the total polyphenols obtained, it is estimated
that the maximum total polyohenol extraction can be achieved when the combination of
extraction temperature and extraction time is 30 °C and 30 minutes respectively.

The factor that influences extraction is extraction temperature. The increases
temperature in the extraction process needs to be considered because high temperatures with
long extraction times and exceeding the optimum limit can result in the loss of compound in
the solution due to the evaporation process, and conversely if the extraction temperature is too
low, it will result in not all active compounds being extracted from the material so that the
results is low [86, 92]. Temperature conditions that are too high can thermally damage the target

compound [84]. This is also in line with what was stated by Anal (2014), that at high
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temperatures and longer extraction times, some phenolic compounds are likely to be oxidized
and experience a decrease in extract yield [85]. Bioactive components such as polyphenols are
not resistant to temperatures above 50°C, so they can changes in structure, physiochemical
properties and the resulting extract is small, high heat results in the evaporation of some
phenolic compounds resulting the decomposition of lycopenene, vitamins C and A [91].
Changes in the structure of polyphenols are characterized by not being detected when
polyphenols are tested using a spectrophotometer. Low temperatures and fast extraction time
also produce extracts that are not optimal so that the polyphenol extract obtained is low [87].
The higher extraction temperature ca result in greater solubility of phenol compounds in the
ethanol solvent and also the higher temperature will result in the cell wall network of solid
particles becoming softer, making it easier for teh solute to move into the solvent, but
temperatures above 45°C will result in damage to the material being processed extract and
undergo structural changes resulting in a decrease in total phenol [88, §89].

Winanta (2015) [90] explained that the longer the extraction time, the greater the
quantity of material extracted due to the greater chance of contact between the material and the
solvent, so that the resulting extract will increase to the saturation point of the solution [90].
Long extraction time produces a greater quantity of extract, this is because the contact time
between the material and the solvent is longer [45]. However, when the material reaches the
saturation point, the increase in extract yield will stop or run out [46]. Increasing the sonication
time initially has a positive effect, but afterward the results tend to decrease over time [95]. In
research conducted by Yilmaz and Tavman (2017), extraction time needs to be paid attention
to in order to avoid the effects, because it can reduce yield due to decreased mass transfer due
to cavitation bubbles [81, 94]. This condition caused by the maximum mass transfer that has
been achieved and the degradation effect is caused by cavitaton which results in degradation of
the solute [95, 96]. Cavitation is the formation of bubbles in a fluid flow due to a decrease in
pressure in the fluid to below the saturated vapor pressure. Cavitation bubbles in the material
are created from ultrasonic bubbles. When the bubble burst close to the cell wall, it results in
the formation of a shock wave and liquid jets which cause the cell wall to rupture. This rupture
of the cell wall causes components inside the cell to mix with the solution [93]. Extraction times
that are too long result in the extract being hydrolyzed, while short extraction times result in

not all active compounds being extracted from the material [33].
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The ratio of ingredients to solvent is crucial because the amount of solvent used must
be sufficient to dissolve the desired compound [97]. According to Figure 3, the ratio parameters
of Horned Banana Peel powder to solvent show that the higher the ratio of horned banana peel
powder to solvent, the higher the total level of polyphenols produced. These results are in
accordance with the research conducted by Bancha et al. (2014) which stated that there was an
increase in total polyphenol levels when using a ratio of ingredients to solvent from 1:30 to
1:50 g/mL [82]. This is also supported by the statement of Aulia & Wijanarko (2018), that the
increase in total polyphenols increases as the solvent ratio increases [98]. However, according
to Zhang et al. (2018) using a ratio of ingredients to solvent that is too high will cause a long
extraction time [84]. Low total polyphenol yields from the extraction process can also caused
by the presence of undesirable components [81]. The greater the liquid — solid ratio, the higher
the mass transfer in the solvent due to the favorable concentration gradient during diffusion and

the lower viscosity of the system increasing the cavitation effect [95].

4. Conclusions

Based on the research results, it can be concluded that the extraction parameters
(extraction time, extraction temperature, and ratio of horned banana peel powder to solvent)
influence the total polyphenol content. The optimum total polyphenol content from the results
of this study was 61.007 mg GAE/g which was obtained under extraction conditions with an
extraction temperature of 30°C, extraction time of 30 minutes, and a ratio of horned banana

peel powder to solvent of 1:30 g/mL.
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