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Abstract: A significant part of fruit production is wasted annually, a material of high value without
use, causing environmental and social damage. These residues from agro-industrial processes, or
those that can no longer be used in the market, can be recycled and generate value-added products by
pretreatments/hydrolysis. One of the important pretreatments is acid hydrolysis, which can produce
xylooligosaccharides (XOS) from biomass, a product of great commercial value in the food and
pharmaceutical markets, mainly due to its prebiotic potential. Bananas, oranges, and guava generate
a large volume of waste and represent much of Brazil’s fruit production. The dilute acid hydrolysis
resulted in XOS production of 37.69% for banana peel, 59.60% for guava bagasse, 28.70% for orange
bagasse, and 49.64% for restaurant residue. XOS were quantified by a liquid chromatograph system
with a Bio-Rad Aminex HPX-87C column. The results show that, for this type of material and
hydrolysis, the ideal conditions to produce XOS are high temperature, low time, and high acid
concentration for banana peel residue (160 ◦C, 15 min, and 3% H2SO4), low temperature, low time,
and high acid concentration for guava bagasse (100 ◦C,15 min and 3% H2SO4), high temperature
and acid concentration with low time for orange bagasse (160 ◦C,15 min and 3% H2SO4) and high
temperature and time and high acid concentration for restaurant waste (160 ◦C, 55 min and 3%
H2SO4). This study identified acid hydrolysis conditions that maximized XOS production with a
low amount of xylose production using agro-industrial and food residues, also showing the high
potential of the chosen residues through the high yields of XOS production.

Keywords: agro-industrial waste; biomass; acid hydrolysis; xylooligosaccharides; prebiotic

1. Introduction

Total waste generation in Brazil in 2020 reached 225.965 tons/day, according to the
2021 Panorama of Solid Waste in Brazil, prepared by the Brazilian Association of Public
Cleaning and Special Waste Companies (ABRELPE). Of this total, approximately 52% is
made up of organic material (fruit, vegetables, and food in general), and 39.8% of waste was
not disposed of correctly. The big waste of food, solid waste generation, and a lack of proper
food management plans have become an increasing problem. Especially in restaurants,
the variety and quantity of food offered exceeds the need for consumption, resulting in
the occurrence of leftovers and waste, which contributes to the increase in solid waste
generation [1]. This scenario shows that it is essential to properly plan food preparation
and conscientiously use the resources, implementing preventive measures for solid waste
generation. Besides reducing losses and waste in the food chain, it is possible to recycle
them, rather than throw them away, by processing them and obtaining products with value
added [2,3].

The consumption of processed foods generates residues that require alternatives for
their recycling and reuse. Food industries also produce tons of by-products during food
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processing. Fruit and vegetable by-products, which can be derived from preparation and
processing, represent the most abundant part. Generally, food by-products are used as
animal feed or for the production of biofuels, biogas, and biomaterials. However, due to
their active compounds, they have been recycled and transformed for use in other industrial
fields such as cosmetics, pharmaceuticals, and food [4,5].

Among the main fruits produced in Brazil, orange leads in volume, totaling 16.7 mil-
lion tons from orchards in 2015, which corresponded to 40.9% of the total fruit crops.
Among the Brazilian states, São Paulo leads the production, with 12.3 million tons, repre-
senting 73.3% of the volume produced [6]. The second most-produced fruit in Brazil, in
volume, is the banana, which had a volume of about 6.7 million tons in 2017, with the main
producers in the states of São Paulo and Bahia [7]. Another fruit of increasing national
production is guava, which grew by 11% in its planted area in the year 2018 [8], with
growing consumption of fresh fruit and also industrialized derivatives from guava fruit [9].
In addition to this growth, the greatest diversity of guava species is found in the country,
which occupies a prominent position among the world’s guava producers [10,11]. The
industrial process of food production and local consumption in a restaurant are sources of
waste. The main challenge regards food waste from restaurants is its chemical composition,
which can vary according to the food components/ingredients (vegetables). However,
a selection of waste from pre-prepared food was characterized as a material similar to
lignocellulosic biomass components [1].

The use of fruit and restaurant waste (applying lignocellulosic biomass technology) is
fundamental as an economical and sustainable alternative. However, the development of
fractionation processes is necessary for the use of compounds present in biomass [12]. In
order to fractionate the lignocellulosic material, several methods are used, such as pretreat-
ments in acid, alkaline, organic solvents, and ionic liquids, each with its advantages and
disadvantages [12–14]. Given the costs involved and sugar recovery at the end of the pro-
cess, dilute acid, steam explosion and alkaline pretreatments are the most used for biomass
fractionation [15]. In addition, acid pretreatment/hydrolysis has the advantage of short
reaction time but, in contrast, degradation products (furfural) and monosaccharide (mainly
xylose) formation occur [16]. Pretreatment with diluted acid allows for the fractionation of
hemicellulose into oligosaccharides and monosaccharides by cleavage of the xylan chain
glycosidic bonds. This breakdown depends on variables such as the type of acid used,
the concentration, reaction time, and temperature [17]. Acid hydrolysis was applied to
sugarcane bagasse evaluating acetic and sulfuric acids. The optimized process indicated 1%
acetic acid resulting in 18.41% of XOS, and 2% sulfuric acid resulting in 90.13% of XOS [18].
The strong acid showed better action in the xylan hydrolysis, probably due to the partial
dissociation of the acetic acid, and its lower pH modification in comparison to sulfuric acid.

Xylooligosaccharides are a product of great industrial interest, and they can be ob-
tained from xylan-rich lignocellulosic materials such as agro-industrial waste (abundant
sources of lignocellulosic biomass) [19,20]. XOS have food and pharmaceutical importance
as they can stimulate beneficial microorganisms’ growth [21]. For the solubilization and/or
hydrolysis of xylan present from the hemicellulosic fraction, different processes can be
performed, among which is acid hydrolysis of biomass [18,22], applied in this study. Acid
hydrolysis can collaborate for the feasibility of the process due to low cost compared to
enzymatic hydrolysis. The present study evaluated the main fruit/food wastes produced
in Brazil: banana peel, guava bagasse, orange pomace, and restaurant pre-prepared residue.
The direct application of the acid in the biomass was evaluated instead of previous xylan
solubilization, which is traditionally applied for XOS production. Industrial fruit waste was
evaluated and we identified its potential for bioactive compound production, contributing
to recycling waste and producing added value compounds. The biomass was submitted to
dilute acid pretreatment to produce XOS, determining the experimental conditions that
maximize XOS content with low xylose production.
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2. Results and Discussion
2.1. Xylooligosaccharide Production

The xylooligosaccharides production (yield) was reported as the percentage of XOS
produced in relation to the mass of the original hemicellulose. The chemical composition
and total hemicellulose were reported in a previous study [23]. The highest yield was
obtained under the following conditions: for banana peels, the highest XOS yield produced
was 37.69%, at high temperature, short reaction time, and high acid concentration (160 ◦C,
15 min and 3% H2SO4); for guava bagasse the yield was 59.60% of XOS at low temperature,
short reaction time, and high acid concentration (100 ◦C, 15 min and 3% H2SO4); for
orange bagasse, the highest XOS yield occurred at a high temperature, short reaction
time and high acid concentration (160 ◦C, 15 min and 3% H2SO4), which was 28.70%; for
restaurant pre-prepared waste, the highest XOS yield was 49.64%, occurring under the
highest experimental conditions (160 ◦C, 55 min and 3% H2SO4) (Table 1). Each of the
biomasses showed a different maximum XOS yield, which was dependent on a specific
experimental condition. Sulfuric acid was necessary at 3% concentration for the maximum
XOS yield of all the biomass. The temperature was dependent on the material, varying
from 100 to 160 ◦C. Reaction time was identified from 15 to 55 min, also depending on the
biomass. Each of the biomasses needs a specific condition to reach a maximum XOS yield.

Table 1. Xylooligosaccharides and xylose yield by acid hydrolysis of biomasses using a factorial
design 23 with acid treatment (H2SO4 %, m/v, reaction time (min) and temperature (◦C)).

Banana Peels Guava Bagasse Orange Bagasse Restaurant Waste

Percentage (%, Base Dry Mass)

Assay Temp
(◦C)

Reaction
Time
(min)

H2SO4
(%) Xylose XOS Xylose XOS Xylose XOS Xylose XOS

1 100 15 1 0.21 7.72 0.00 2.29 0.14 2.03 0.00 9.27
2 160 15 1 0.96 18.94 1.77 3.13 0.50 0.79 0.05 6.92
3 100 55 1 0.29 4.64 0.05 3.36 0.03 0.60 0.00 5.34
4 160 55 1 1.11 5.75 3.53 2.67 1.98 3.61 0.78 11.76
5 100 15 3 0.25 30.07 0.03 59.60 0.03 17.11 0.00 26.86
6 160 15 3 2.64 37.69 5.69 28.07 3.03 28.70 0.00 22.68
7 100 55 3 0.37 30.75 0.26 31.52 0.25 17.69 0.25 26.87
8 160 55 3 2.11 32.23 2.94 28.88 3.00 24.65 4.58 49.64
9 79.55 35 2 1.21 16.72 0.18 40.75 0.05 24.29 0.00 14.62

10 180.45 35 2 0.94 17.41 0.53 14.78 1.34 11.75 1.80 16.16
11 130 1.36 2 0.00 0.00 0.00 15.81 0.06 19.76 0.07 13.05
12 130 68.64 2 1.60 16.11 3.16 17.47 0.48 16.35 0.21 9.92
13 130 35 0.32 0.34 2.59 0.00 1.85 0.81 9.47 0.00 1.58
14 130 35 3.68 1.93 17.22 2.65 14.31 3.10 15.10 1.14 17.40

15 * 130 35 2 0.84 16.25 0.70 15.69 1.02 11.34 0,30 12.78

* Central point in triplicate.

XOS yield was reported to be 44.5% for sugarcane bagasse and 45.18% for sugarcane
pulp residual hemicellulose [24,25]. Under the optimal conditions for the brewery’s spent
grain (temperature of 170 ◦C, acetic acid concentration of 5%, and reaction time of 30 min),
a yield of 6.9% of XOS and 8.9% of xylose were reported (Wen et al., 2019). With tobacco
stalk (temperature of 100 ◦C, acid concentration of 0.25 mol/L of H2SO4, and reaction time
of 30 min), a yield of 13% of XOS and 14% of monosaccharides were reported [26]. These
results show the great potential of the fruit waste biomasses used in the present study since
the optimum conditions for each biomass presented higher XOS contents with much lower
xylose concentrations (Table 1). Corroborating the present study, the literature showed a
specific condition for each biomass. This fact is probably related to the recalcitrance of the
biomass, involving the organization of the plant cell wall and chemical composition [12].
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After 24 h, enzymatic hydrolysis of xylan, the highest yield of XOS produced from
banana peels, guava bagasse, orange bagasse, and restaurant waste were 53.38%, 57.38%,
49.24%, and 47.25%, respectively [1]. For banana peel and orange bagasse via enzymatic
hydrolysis, the XOS yield was higher than in the present study; however, for guava bagasse
and restaurant waste, XOS yield after diluted acid hydrolysis was similar. Therefore,
considering only XOS yield, there would be no need for solubilization of the xylan present
in the last two residues for there to be an improvement in XOS yield. The different yields
based on the enzymatic hydrolysis versus acid hydrolysis should consider the need for
xylan previous solubilization, enzyme production, and enzyme possible purification (with
the aim of to avoid xylose release). With acid hydrolysis, xylose will be produced; however,
specific conditions can minimize its production. Depending on the xylose concentration,
the purification of the XOS could be avoided.

In addition, liquid hot water (LWH) treatment was applied for the same residues, and
the highest XOS yield obtained were 32.28% using banana peel after 160 ◦C treatment and
15 min reaction time, only 8.21% using guava bagasse with 172.43 ◦C treatment and 35 min
reaction time, 66.13% using orange bagasse after 130 ◦C treatment and 35 min reaction
time, and 33.42% using restaurant waste with 130 ◦C treatment and 6.72 min reaction
time [23]. The same temperature and reaction time led to a higher XOS yield using banana
peel residue after diluted acid hydrolysis, which also occurred for guava bagasse using a
low temperature and shorter reaction time. Orange bagasse XOS yield was significantly
higher after LWH treatment using a lower temperature and higher reaction time. However,
restaurant waste presented higher XOS yield after diluted acid hydrolysis using a higher
temperature and reaction time.

With the objective of XOS production, a low formation of xylose is desired. For this
reason, it is important to optimize the acid hydrolysis to maximize XOS content with low
xylose production. In this study, acid was applied at diluted conditions considering the
percentage of the mass of acid per mass of material. For xylose yield, the maximum value for
banana peel was 2.64%, at a high temperature, short reaction time, and high concentration
of acid (160 ◦C,15 min, and 3% H2SO4); for guava bagasse, the highest content was 5.69%
at a high temperature, short reaction time and high concentration of acid (160 ◦C, 15 min
and 3% H2SO4); for orange bagasse, the highest xylose content was 3.10% that occurred at
a medium temperature and reaction time and high acid concentration (130 ◦C, 35 min and
3.68% H2SO4—star point); for restaurant waste, the highest value was 4.58%, occurring
under the highest conditions (160 ◦C, 55 min and 3% H2SO4). For sugarcane bagasse,
contents of 7 to 13% of xylose were reported using acid hydrolysis [27]; and 8.9% of xylose
was reported for brewery’s spent grain [28], higher values than those found in the present
study, which shows the potentiality of the studied biomass, considering that the lower
xylose formation is advantageous for the study objective.

2.2. Central Composite Design Model Fitting

The acid concentration variable had a significant positive effect on the XOS content for
all biomasses. In the case of restaurant residue, the interaction of temperature and reaction
time variables also had positive significance (Tables 2 and 3). The effect of acid concentration
had its most pronounced standardized value for all biomasses when compared to the effects
obtained by the other independent variables. These results could show that for banana
peels, guava bagasse and orange bagasse, the model using the axial points did not lead
to the best result, and a first-order model could be more appropriate for the analysis of
these biomasses. With a first-order model for banana peel, it was possible to observe the
significance of acid concentration, temperature, reaction time, and curvature. Although
the curvature is significant, the analysis with the rotational points did not lead to a second-
order model adjustment. For this reason, the statistical analysis followed the standard
design data. For guava and orange bagasse, temperature, acid concentration, and the
interaction between the two parameters were statistically significant. The same happened
for orange bagasse.
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Table 2. Analysis of variance (ANOVA) for acid hydrolysis of biomass of banana peels and
guava bagasse.

Banana Peels

SS df MS F p-Value

Curvature 65.00 1 65.00 27.86 0.034
T—Temp (◦C) 55.12 1 55.12 23.62 0.039
t—Time (min) 55.12 1 55.12 23.62 0.039

H2SO4 (%) 1081.12 1 1081.12 463.34 0.002
T + t 36.12 1 36.12 15.48 0.058

T + H2SO4 1.12 1 1.12 0.48 0.559
t + H2SO4 15.12 1 15.12 6.48 0.126
Lack of Fit 1.12 1 1.12 0.48 0.559
Pure Error 4.67 2 2.33

Total SS 1314.54 10
R2 0.9956

Guava Bagasse

SS df MS F p-Value

Curvature 3.19 1 3.19 9.56 0.0906
T—Temp (◦C) 10.12 1 10.12 30.37 0.0314
t—Time (min) 0.12 1 0.12 0.37 0.6026

H2SO4 (%) 1596.12 1 1596.12 4788.37 0.0002
T + t 1.12 1 1.12 3.37 0.2076

T + H2SO4 15.12 1 15.12 45.37 0.0213
t + H2SO4 1.12 1 1.12 3.37 0.2076
Lack of Fit 3.12 1 3.12 9.37 0.0922
Pure Error 0.67 2 0.33

Total SS 1630.73 10
R2 0.9977

SS is the sum of squares, df is the degree of freedom, MS is the mean squares. Q refers to quadratic parameters
and L to linear parameters.

Table 3. Analysis of variance (ANOVA) for acid hydrolysis of biomass of orange bagasse restau-
rant residue.

Orange Bagasse

SS df MS F p-Value

Curvature 2.76 1 2.76 2.76 0.2384
T—Temp (◦C) 55.12 1 55.12 55.12 0.0177
t—Time (min) 0.12 1 0.12 0.12 0.7575

H2SO4 (%) 820.12 1 820.12 820.12 0.0012
T + t 0.12 1 0.12 0.12 0.7575

T + H2SO4 36.12 1 36.12 36.12 0.0266
t + H2SO4 3.12 1 3.12 3.12 0.2191
Lack of Fit 10.12 1 10.12 10.12 0.0862
Pure Error 2.00 2 1.00

Total SS 929.63 10
R2 0.987

Restaurant Residue

SS df MS F p-Value

T—Temp (◦C) (L) 48.29 1 48.29 36.22 0.0265
t—Time (min) (Q) 71.73 1 71.73 53.80 0.0181
t—Time (min) (L) 38.58 1 38.58 28.93 0.0329
t—Time (min) (Q) 13.82 1 13.82 10.37 0.0844

H2SO4 (L) 1041.32 1 1041.32 780.99 0.0013
H2SO4 (Q) 1.84 1 1.84 1.38 0.3609
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Table 3. Cont.

Restaurant Residue

SS df MS F p-Value

T + t 162.00 1 162.00 121.50 0.0081
T + H2SO4 24.50 1 24.50 18.37 0.0503
t + H2SO4 84.50 1 84.50 63.37 0.0154
Lack of Fit 503.39 5 100.68 75.51 0.0131
Pure Error 2.67 2 1.33

Total SS 1980.94 16
R2 0.7445

SS is the sum of squares, df is the degree of freedom, MS is the mean squares. Q refers to quadratic parameters
and L to linear parameters.

For the analysis, the response variables used were the contents of the oligomers of
interest (XOS and xylose) in the hydrolysate fraction. The contents of these oligomers are
directly related to the potential of the residue since XOS production can provide prebiotic
formulation. On the other hand, xylose content can disrupt this objective. High production
of XOS with low xylose release is ideal for the goal of the present study. The study focused
on the analysis of acid hydrolysis conditions that would allow for an effective release
of XOS with a small generation of xylose. In addition, analyzing the potential of the
biomass was chosen for this purpose since not enough studies of this biomass were found.
The statistically significant effects of XOS production as the dependent variable and the
independent variables (T, t, and acid concentration) of greatest pretreatment significance
for each biomass are presented in Figures 1 and 2.
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Figure 1. Response surface and contour plots showing xylooligosaccharides production by acid
hydrolysis of banana peels and guava bagasse. (A,B) represent the banana peel residue, (C,D) the
guava bagasse.
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restaurant residue.

For restaurant waste, the model using the axial points resulted in the best yield, as the
second-order model was more appropriate for the analysis of this biomass acid hydrolysis
for XOS production. The parameters that showed significance for this biomass were the acid
concentration and the interaction between temperature and reaction time. Surface graphs
were prepared to analyze the XOS production according to the significant parameters. With
banana peel residue, a higher yield was observed in the combined regions of the highest
acid concentrations and medium to high temperatures (Figure 1A,B). For guava bagasse
residue (Figure 1C,D), the best conditions of XOS production were under the conditions
of the highest acid concentrations and lower to medium temperature. For orange bagasse
residue (Figure 2A,B), the higher XOS production was at the highest concentrations of
acid and temperature. For restaurant waste (Figure 2C,D), the higher XOS production was
under the conditions of higher temperature and acid concentration.

The combination of acid concentration and temperature, considering increasing the
level of the acid in the pretreatment, could contribute to the banana peels, orange bagasse,
and restaurant residue hydrolysis increasing the release of XOS. For guava bagasse, the
increase in acid concentration and decrease in temperature could result in a better XOS
yield by dilute acid pretreatment. However, these conditions based on acid concentration
increase certainly result in higher xylose release, which is not desirable.

3. Material and Methods
3.1. Agro-Industrial and Food Waste

The materials used were fruit and restaurant waste: banana peel, guava bagasse,
orange pomace, and restaurant residue consisting of leaves and vegetable peel/leaf. The
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residues of guava and orange were donated by the companies Predilecta and Selial, respec-
tively. The banana peel was recovered in the local market. The residues were oven-dried at
60 ◦C, ground with a knife mill, and selected with a 20-mesh sieve [29,30].

The biomasses were chemically characterized to determine cellulose/glucan, lignin,
and hemicellulose content as reported elsewhere [31]. The chemical characterization was
performed with 300 mg of extractive-free biomass, hydrolyzed by 3 mL of 72% (m/m)
sulfuric acid at 30 ◦C for 1 h. The reaction was stopped by the addition of 82 mL of distilled
water and then autoclaved at 121 ◦C for 1 h. After cooling the hydrolyzed solution was
filtered through a previously tared crucible porous plate. The solid residue was washed
with distilled water, and oven-dried at 105 ◦C to determine insoluble lignin. The liquid
fraction obtained was quantified by high-performance liquid chromatography (HPLC) to
determine glucose, xylose, arabinose, and acetic acid.

The amount of total hemicellulose in the biomass was calculated with the sum of xylan
contents, arabinan, and acetyl groups. The sum of the components resulted in the average
of hemicellulose, which was 38.42, 28.33, 31.04 and 20.58% for banana peel, guava bagasse,
orange bagasse, and restaurant waste, respectively [23].

3.2. Acid Hydrolysis

The acid hydrolysis of the biomass was performed by applying a 23 experimental
design with star rotational points (Table 4). The acid hydrolysis independent variables
studied were temperature (◦C), reaction time (min), and acid concentration (H2SO4 %,
m/v—acid with purity > 95%) [15,32]. The response-dependent variables studied were
xylooligosaccharides and xylose.

Table 4. Experimental design 23 with rotational star points, central and coded, and real levels of the
independent variables for biomass acid hydrolysis.

Coded Value Real Value

Assay Temperature Reaction
Time H2SO4

Temperature
(◦C)

Reaction
Time
(min)

H2SO4 (%,
m/v)

1 −1 −1 −1 100 15 1
2 +1 −1 −1 160 15 1
3 −1 +1 −1 100 55 1
4 +1 +1 −1 160 55 1
5 −1 −1 +1 100 15 3
6 +1 −1 +1 160 15 3
7 −1 +1 +1 100 55 3
8 +1 +1 +1 160 55 3
9 −1.41 −1.41 0 79.55 35 2

10 +1.41 +1.41 0 180.45 35 2
11 0 0 0 130 1.36 2
12 0 0 0 130 68.64 2
13 0 0 −1.41 130 35 0.32
14 0 0 +1.41 130 35 3.68

15 * 0 0 0 130 35 2
* Central point assay in triplicate.

Around 5 g of each biomass was placed in 50 mL stainless steel reactors and heated
in a thermostated bath, according to each condition of the experimental design (Table 4).
Acid hydrolysis was performed with 15 different conditions with triplicates under central
point conditions. After the reaction time, the reactor was cooled in an ice bath and the
hydrolysate was filtered with filter paper, separating the solid and liquid fractions, which
was prepared for HPLC analysis [30].

The yield in XOS was calculated by the relation between the mass of generated
oligomers and the mass of hemicellulose present in the biomass. The yield of the xylose
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produced from the hemicellulose was calculated by the relationship between the generated
xylose mass and the initial hemicellulose mass. The concentration of XOS (mg/mL) was ob-
tained by summing the concentrations of X2 + X3 + X4 + X5 +X6 present in the hydrolysate,
determined by liquid chromatography and calculated the yield in percentage, with X2 as
the nomenclature for xylobiose (X2), xylotriose (X3), xylotetrose (X4), xylopentose (X5) and
xylohexose (X6).

3.3. Determination of XOS

After the acid hydrolysis, the hydrolysate and the solid residue were vacuum-filtered
using filter paper. The pH of the samples was adjusted between 5 and 9 with 1 mol/L
sodium hydroxide (NaOH). The hydrolysate was filtered using a syringe filter with 0.22 µm
pore size and xylose and XOS quantified by HPLC. High-performance liquid chromatogra-
phy (HPLC—Shimadzu, model NEXERA XR) under the following conditions: BIO-RAD
Aminex HPX-87C (300 × 7.8 mm) column; temperature: 80 ◦C; eluent: ultrapure water with
0.6 mL/min flow; sample volume: 20 µL; detector: refractive index at 80 ◦C (Shimadzu, RID
model) with an analysis time of 15 min. Xylose (X1) (Sigma), xylobiose (X2), xylotriose (X3),
xylotetraose (X4), xylopentaose (X5), and xylohexaose (X6) (Megazyme-Ireland) solutions
were used as standards.

3.4. Design Experiment for Biomass Pretreatment

The results were analyzed using STATISTIC 7 software, generating ANOVA, surface
graphs, and data for the evaluation of the dependent and independent variables in the
production of xylose and xylooligosaccharides.

4. Conclusions

The acid hydrolysis resulted in high production of XOS with low xylose yield using
fruit and restaurant pre-prepared waste. The acid concentration was the most significant
variable since the highest XOS percentages occurred under the conditions of higher acid
concentrations. XOS maximization in relation to xylose production is a fundamental
point to use acid hydrolysis. The production of XOS was about 25 times higher than
the production of xylose for banana peel residue, 147 times higher for guava bagasse,
94 higher for orange bagasse, and 38 times higher for restaurant waste. All the biomass
waste presented high XOS yields by acid treatment, with emphasis on guava bagasse,
which presented higher XOS production, with low xylose production. In terms of a future
study on the XOS production from industrial fruit waste, understanding the prebiotic effect
is of great interest for application.
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