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In Vietnam, banana is a popular fruit that is grown and consumed as a ripe fruit or used for cooking.
During industrial processing, its peel is removed as a waste product (about 18%—-33% of the whole fruit)
containing many bioactive compounds useful for human health. The aim of this study was to determine the
effects of extraction conditions such as the ratio of solvent to solid (ml/g), extraction temperature (°C), and
extraction time (minutes) on extraction yield such as total polyphenol and flavonoid contents (TPC and
TFC, respectively). The response surface methodology and Box—Behnken design were used to optimize
the extraction of antioxidant compounds from “Xiem” banana peels cultivated in U Minh district, Ca Mau
province, Vietnam. The results showed that the most important variable in the extraction process was
solvent concentration. Optimal conditions were found to be 60%, 76:1, 68°C, and 48 minutes for solvent
concentration, solvent-to-solid ratio, temperature, and time, respectively, resulting in the maximum TPC and
TFC, 62.41 mgGAE/g and 6.98 mgQE/g, respectively.

1. INTRODUCTION

Vietnam is known for its rich biodiversity, with many nutritious
tropical fruits easily found in the Mekong Delta region. Banana
(Musa species) is a popular and nutritious tropical fruit and
is produced and consumed yearly in our country, and it is an
important crop in subtropical and tropical regions which provide
a great source of nutrients and energy. Bananas are generally
classified as “dessert” sweet bananas, which are cooked and eaten
raw but can also be eaten when fully ripe [1]. The main by-product
of bananas is the peel, which accounts for 18%-30% of the whole
fruit [2]. Several recent studies reported that banana peel contained
potential antioxidant compounds such as vitamin A, vitamin
C, carotenoids, and phenolic compounds, which are the most
abundant antioxidants in the pulp of bananas as well as in banana
peels [3]. Banana peel is also known to have higher antioxidant
activity than banana pulp [4,5], containing high antioxidant
capacity, such as phenolic compounds, anthocyanins, carotenoids,
catecholamines, sterols, and triterpenes [6]. Preliminary studies
suggested that it has a large amount of phenolic compounds and
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potent antioxidant properties, which may contribute to the plant's
medicinal properties. Moreover, it may be used for medicinal
purposes or functional food products.

Extraction plays an important role in the production and
purification of bioactive compounds from plant materials and
by-products [7]. Some phytochemical extraction techniques can
be divided into three groups, that is, traditional, innovative, or a
combination of these two techniques. The extraction efficiency
of antioxidant compounds depends on several factors including
extraction method, time, temperature, sample size, sample texture,
solvent type and concentration, pH, ratio of sample and solvent,
and the diffusivity of the solvent in the materials [§-10]. Due to
the complexity of the structure and properties of the bioactive
compounds and the structure of the extracted materials, no
universal extraction procedure is available [11]. The effect of
extraction parameters on extraction yield of phytochemicals was
reported for different plant materials, for example, the effect
of extraction conditions on the yield of catechin extracts from
green tea leaves [12] and tiger nut by-products [13]. The study
on extracting polyphenol content and antioxidant capacity from
orange peels showed an important influence of temperature [14].
In fact, it is also necessary to have separate extraction parameters
for each type of material due to the difference and diversity in
phytochemical content [15].
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The response surface methodology (RSM) was used to evaluate
the effects of several process variables and their interactions [16].
RSM is a set of statistical and mathematical techniques useful
for developing, improving, and optimizing processes, whereas
the response of interest is influenced by a number of factors
(independent variables). RSM not only determines the effect of
the independent variables but also creates a mathematical model
that describes chemical or biochemical processes [17]. There
have been very few previous studies on the effect of solvents
and extraction parameters on the extraction yield of phenolic
compounds and antioxidants from banana peels. The selection of
the appropriate extraction solvent is an overlooked variable for
extraction efficiency and ending applications. According to the
Food and Drug Administration, there are a number of solvents that
are permitted for use in the food and pharmaceutical sectors [18],
because of toxic solvent residues in the extracts.

In the present study, a dual solvent system of ethanol and water was
applied with the consideration for the future use of the extracts as
dietary supplements or food preservatives. Therefore, the aim of
this study was to investigate the effects of different solvents which
are allowed to be applied in the food and pharmaceutical fields and
to determine the influence of optimizing the extraction parameters
using conventional solvent techniques to maximize the recovery
of antioxidant compounds from banana peel.

2. MATERIALS AND METHODS

2.1. Sample Preparation

Banana peels are obtained from the processing of banana products
with simultaneous research in our laboratory. It is washed
thoroughly with tap water, then chopped, and soaked in sodium
metabisulfite (500 ppm). The peels were dried at 60°C until the
moisture content was less than 12%. The dried peel was ground
into a fine powder and sieved. Finally, the obtained powder was
packed in vacuum PA bags and stored at room temperature (28 +
2°C) for further use.

This study was conducted from June 2020 to May 2021 at the
Department of Food Technology, Can Tho University, Vietnam.

2.2. Chemicals and Reagents

Gallic acid, quercetin, and Folin-Ciocalteu were purchased from
Sigma-Aldrich (MO). The deionized water and other chemicals
used in this study were of analytical reagent grade.

2.3. Optimization of Extraction Process

Dried samples (2 g) were used for extraction. The optimization
of the extraction process was designed using the Box—Behnken
design according to the RSM [17] with six center runs that were
used, giving a total of 18 experimental runs. Each factor was
surveyed with three levels, coded as —1, 0, and + 1. The dependent
variables (responses) analyzed were TPC and TFC of product. The
levels of variables are shown in Table 1. The transparent extracts
were obtained by filtering (Whatman No. 4 filter paper) and then
TPC and TFC of the extracts were analyzed.

Table 1: Experimental range and levels of the independent variables.

Levels of code
Variables (extraction parameter)

il 0 1
A: solvent to solid ratio (ml/g) 50 70 90
B: extraction time (minutes) 30 45 60
C: extraction temperature (°C) 60 70 80

2.4. Determination of TPC

The Folin-Ciocalteu assay was used for this method [19]. The
absorbance of the reaction solution containing a polyphenol
compound extracted from banana peel and reagent was measured
at 738 nm. TPC was calculated as mg gallic acid equivalent per
gram sample (mgGAE/g) through a standard curve obtained (y =
0.0025x + 0.0632, R*> = 0.9957).

2.5. Determination of TFC

The reaction between the flavonoid compounds in the extract with
aluminum chloride (10%) formed a yellow solution, which was
recorded at 415 nm [20]. Results are based on a standard curve
measured at the same wavelength (y = 0.1273x — 0.7303, R> =
0.9903). TFC is calculated as mg of quercetin equivalent per gram

sample (mgQE/g).

2.6. Statistical Analysis

The Statgraphics Centurion XV.I application was used to fit the
model to the observed data using the RSM. The effect of the
independent variables on the model for response (Y) is shown in

Y=b+bAd+bB+bC+bAB+bAC+bBC+bA>+bB +
b,C? (1)

where 4, B, and C are independent variables and b, b , b.,...b, are
offset, interaction, and squared effects. The selection model was
mainly based on the R? value obtained from the regression.

3. RESULTS AND DISCUSSION

3.1. Solvent Selection for Extraction

This extraction mainly uses a solvent to separate the desired
components from the plant cells. Makasana et al. [21] showed
that the maximum solvent extraction efficiency was achieved
when solvent mixtures, especially alcohol mixed with water,
were used. It could be explained that when ethanol:aqueous
solvent was applied, the water caused some plant components to
expand and soften, and ethanol can be easily exposed in the plant
matrix thereby increasing the extractability. The obtained results
showed that a 60% ethanol concentration showed high extraction
efficiency of biological compounds in banana peel extract (Table
2). At higher concentrations, perhaps because the amount of water
was not enough to soften the cell walls, the extraction efficiency
was markedly reduced. In addition, since ethanol has a lower
boiling point and is safe for human consumption and it can also be
easily evaporated during extraction, a 60% ethanol concentration
was chosen for further experiments.
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Table 2: Extraction TPC and TFC yield of banana peel.

Solvents TPC (mgGAE/g) TFC (mgQE/g)
Water 50.21 +0.87 5.11+0.09
Water—ethanol (80%—20%) 52.14+0.67 5.67+0.12
Water—ethanol (60%-40%) 58.13 +0.66 6.03+0.18
Water—ethanol (40%—60%) 62.42 +0.56 6.67+0.21
Water—ethanol (20%—80%) 57.13+0.43 6.12+0.11
Ethanol absolute 53.23+£0.23 5.87+0.15

Values are expressed as mean =+ standard deviation.

3.2. Optimization of Extraction Process

The three factors that greatly affected the extraction process
of banana peel powder are temperature, time, and material/
solvent ratio. The efficiency of the process was assessed by
total polyphenol content (mgGAE/g) and total flavonoid content
(mgQE/g). The optimization process was carried out according to
the RSM. In the optimization process, the independent variables of
extraction temperature (4), extraction time (B), and solvent/solid
ratio (C) were measured with the levels according to the Box—
Behnken model.

Optimization of the dried banana peel extraction process was
performed with 18 runsand 3 repetitions. The TPC and TFC obtained
in the extract ranged from 46.01 to 62.88 mgGAE/g and from 5.54
to 7.44 mgQE/g, respectively. Model fitting plays an important
role in explaining the accuracy of the RSM mathematical models,
predicting the optimal value of the variance and the interaction
between the selected parameters. The regression models obtained
using the RSM for analysis of variance are presented in Table 3.
The coefficient of determination (R?) is a measure of goodness of
fit [22]. This investigation revealed that the R* for TPC and TFC

Table 3: Analysis of variance for TPC and TFC.
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were 0.98 and 0.89, respectively, indicating that 98% and 89%
of the trial’s TPC and TFC could match those predicted by the
models accordingly. The RMSE value is a measure of the standard
deviation of the prediction errors and the lack of fit is an indicator
of the null hypothesis. The fit of the model was also evaluated
through the p value of lack of fit. A good correlation model should
have a good fit between the actual data and the model’s predictions;
therefore, a model built with a statistically significant lack-of-fit
test is desirable [23]. The lack of fit of the TPC and TFC models
has a p value > 0.05 (Table 3), so the fit of the model is very high.
In addition, the p value, which represents the confidence level of
the models, is significant because the p value of the models is less
than 0.05, which further confirms the reliability of the models with
predictive responses in the current study [24].

The standardized effects of each factor were shown in Figure 1.
From Figure 1, it was seen that TPC and TFC under extraction
using ethanol were significantly affected by linear, quadratic, and
cross effects. The p values of the independent variables, square
variables, and interacting variables are less than 0.05, expected for
AC interaction for TFC.

The regression models were obtained using Equation 2 and 3.

TPC =-597.7 + 1.934 + 2.51B + 15.2C — 0.0064> — 0.0094B —
0.0094C - 0.007B* - 0.017BC — 0.1C* 2)

TFC=-12.6 +0.174 + 0.29B + 0.18C — 0.00094> — 0.00084B —
0.002B*— 0.0008BC — 0.001C=. 3)

The response surface and main effects plot showed the interaction
between TPC of banana peel powder extract and temperature,
extraction time, and solvent/solid ratio (Figs. 2 and 3). At the
appropriate time, temperature, and solvent/solid ratio parameters,
the solvent dissolved the substances in the raw materials, which

TPC TFC
Source
SS® Df? MSe F-ratio p value SS Df MS F-ratio p value

Lack of fit 22.461 27 0.832 0.96 0.553 0.889 27 0.0329 0.22 0.542
Pure error 13.007 15 0.867121 0.012 15 0.00078
Total (corr.) 2033.97 53 8.176 53
Coefficient of R?=98.26%; R*> Adj. = 97.90% R?> = 88.98%; R> Adj. = 86.72%
determination
*Sum of square.
*Degree of freedom.
“Mean of square.
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Figure 1: Standardized Pareto charts for (a) TPC and (b) TFC.
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Figure 2: Main effects plot for TPC in extract.
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Figure 3: Estimated response surface plot for TPC in extract.

led to an increase in the total polyphenol content in the extract.
TPC increases with an increasing extraction temperature, but when
the temperature is too high, the content of biological compounds
tends to decrease. When the extraction temperature increases,
the solubility and diffusivity of polyphenol compounds and the
conversion and wetting of the extracted material increase and the
viscosity of the solvents decreases, resulting in the increase in the
extraction efficiency of polyphenol compounds [8,25].

Extraction time had an effect on extraction efficiency. Polyphenol
content increased with increasing extraction time. However,
when the extraction time was too long, the extraction efficiency
might be reduced due to oxidation decomposition. This can be
explained by Fick's second law of diffusion: as the extraction

time increases, the content of substances in the material diffuses
from the cell to the outside [26]. However, the extraction yield
of bioactive compounds would not increase after a certain time.
This time interval depends on other extraction conditions such as
solvent, extraction temperature, and material/solvent ratio as well
as the nature of the material and compound to be extracted [27].
With a longer extraction time, the polyphenol compounds inside
and outside the raw materials had almost reached equilibrium,
so the extraction would be slowed down. In addition, these
compounds could be oxidized by many factors from the extraction
environment such as temperature, light, and oxygen [28].
Similarly, when the solvent/solid ratio increased, the polyphenol
content also increased, and then it reached equilibrium before
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Figure 5: Estimated response surface plot for TFC in extract.

decreasing. Due to the increase in the ratio of solvent/solid, it led
to the difference in the concentration gradient of the substances
to be extracted in the raw materials with the extraction medium.
The extraction efficiency decreased [29].

Similar to the trend of TPC under different extraction conditions,
TFC increased with increasing extraction temperature and time,
but when the extraction temperature and time were too high or
too long, the content of bioactive compounds tended to decrease
(Figs. 4 and 5). As mentioned above, polyphenols and flavonoids
were well soluble in ethanol-containing solvents, and long-term/
high-temperature extraction could facilitate solvent penetration

into the cell matrix of raw materials thereby improving the
extraction yield. Oxidation could also occur which tends to reduce
antioxidant compounds [30,31].

An overlay plot helps to identify combinations of experimental
factors which simultaneously optimize some responses. It does so
by maximizing the desired function. The goals for each response
are currently set to maximize TPC and TFC. Based on the overlay
plot in Figure 6, the optimal extraction conditions were found as
76:1 (solvent : solid, ml/g) at 68°C for 48 minutes. Under these
conditions, the TPC and TFC of the extract were 62.41 mgGAE/g
and 6.98 mgQE/g, respectively.
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Figure 6: The overlay plot for TPC and TPC in extract at different conditions.

4. CONCLUSION

The RSM could be effectively and accurately applied in predicting
TPC and TFC in banana peel extract. The obtained banana peel
extract had high levels of TPC and TFC, which are substances
with antioxidant activity, so in further research, it is recommended
that the study should be applied to food/medical products as a
source of natural antioxidants.
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