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Abstract

This study assessed the potential of using fruit and vegetable waste, including
banana and mango peels and carrot pomace, to produce xylanase enzymes via
solid-state fermentation with Aspergillus brasiliensis. Fruit and vegetable waste
was collected from Nakuru city, dried for 24 hours at 70°C, then ground into
0.5 mm powder. Box-Behnken Design (BBD) was employed to optimize fer-
mentation parameters, where pH levels were adjusted to 4.0, 5.0, and 6.0. The
substrates were inoculated with 1 x 10° spores/mL of Aspergillus brasiliensis
and then incubated at 25°C, 30°C, and 35°C for a duration of 96, 120, and 144
hours in triplicate. Aspergillus brasiliensis produced xylanase, which is indi-
cated by a clear zone around a sample hole in a medium containing xylan.
Data analysis using Minitab and SAS 9.4, with significance levels set at p <
0.05, revealed that pH and cultivation time significantly influenced enzyme
activity, whereas temperature did not. Optimal conditions for maximal en-
zyme activity were pH 4.2, a cultivation time of 100.9 hours, and a temperature
of 25°C. Interaction effects between pH and time impacted enzyme activity. Fur-
ther evaluation included the effects of enzyme concentrations (ranging from 0
to 1500 IU) on various properties of cookies. Xylanase treatments significantly
affected cookie texture, with reductions in hardness and increased fracturabil-
ity, diameter, and thickness with increasing enzyme concentration. Changes
in color and viscosity were noted, although Farinograph properties remained
relatively unaffected. Changes in time and temperature, depending on enzyme
concentration, had notable effects on the onset of gelatinization, maximum
viscosity, and end of the cooling period. Consumer acceptability scores indi-
cated high ratings for cookies treated with xylanase, reflecting positive percep-
tions of the product. This study highlights the potential of utilizing fruit and
vegetable waste for xylanase production, with promising implications for waste
utilization and food processing.
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1. Introduction

Fruit and vegetable waste (FVW) represents a significant portion of the total
global food waste, estimated at 1.3 billion metric tons, with FVW alone accounting
for up to 60% of this total [1]-[3]. This waste stream primarily comprises seeds,
skins, rinds, and pomace, which are rich sources of bioactive compounds such as
carotenoids, polyphenols, dietary fibers, vitamins, enzymes, and oils [3] [4]. The
depletion of these nutrients not only worsens food insecurity but also poses envi-
ronmental risks due to wasteful resource use.

Banana peels, often discarded or used as animal feed, contain a composition
rich in starch (3.5% - 6.3%), ash content (9% - 11%), crude protein (5.5% - 7.87%),
crude fat (2.24% - 11.6%), and carbohydrates (59.51% - 76.58%), including poly-
saccharides such as hemicellulose [5] [6]. Despite concerns about their high tan-
nin levels for animal consumption, the nutritive value of banana peels suggests
potential applications beyond mere feedstock. Solid-state fermentation offers a
promising approach to utilizing banana peels as a substrate for the production of
cellulolytic and hemicellulolytic enzymes, thereby providing a more valuable use
for this waste material [5].

Mango peels and stones, which account for 35% - 60% of the total fruit weight,
are significant waste products in the mango processing industry. The composition
of mango peel varies depending on factors such as cultivar, ripening stage, soil,
and climate conditions, with moisture content ranging from 62% to 83%, carbo-
hydrates (>70%), total dietary fiber (35.5% - 78.3%), protein (1.5% - 6.6%), and
other bioactive compounds such as gallic acid, ferulic acid, and catechin [7]. Cur-
rently discarded as waste, mango peel waste contributes to environmental pollu-
tion and serves as a breeding ground for undesirable bacteria and pests. The utili-
zation of mango peel waste for extracting bioactive components could effectively
address these issues [8].

Carrot pomace, a by-product of carrot juice extraction, constitutes 30% - 50%
of the residual carrot material during production. Despite being commonly used as
feed or manure, carrot pomace contains valuable vitamins, minerals, and dietary
fiber, with a fiber composition of 3.88% pectin, 12.3% hemicellulose, 51.6% cellu-
lose, and 32.1% lignin [9] [10]. Adopting a circular economy approach, which em-
phasizes reducing, recycling, reusing, recovering, and restoring, can unlock the
potential of these waste products, thereby contributing to sustainable develop-
ment and effective waste management [2] [11] [12].

Xylan is a key part of hemicellulose and the second most common natural pol-

ysaccharide in the world; it offers a promising stream for valorizing FVW. Com-
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prising different monosaccharides and organic acids linked by glycosidic and ester
bonds, xylan can serve as a substrate for microbial xylanase production. Filamen-
tous fungi, such as Aspergillus sp. and Trichoderma sp., are commonly employed
for industrial-scale xylanase production due to their high extracellular enzyme
production capacity [13] [14]. Solid-state fermentation proves advantageous in
this context, offering better adaptation to the medium, higher enzyme production,
reduced bacterial contamination, and the possibility of obtaining concentrated
enzymes with minimal water usage [2].

The purpose of this study was to assess the potential of fruit and vegetable waste,
specifically banana peel, mango peel, and carrot pomace, for the production of
commercially valuable products, including xylanase enzymes, through solid-state
fermentation. This approach aligns with the principles of a circular economy, con-

tributing to sustainable development and effective waste management.

2. Materials and Methods
2.1. Study Area

The optimization of parameters for xylanase enzyme production was conducted
in various laboratories. The Microbiology and Chemistry Laboratory at Egerton
University’s Njoro main campus was used for substrate preparation and solid-
state fermentation. Enzyme activity was assessed using spectrophotometry in the
Biotechnology Laboratory at Egerton University. Additionally, cookie baking and
consumer tests were conducted at the Kenya Industrial Research and Develop-
ment Institute (KIRDI) in Nairobi, Kenya.

2.2. Sampling Site

Banana and mango peels were sourced from the local fresh market in Nakuru City,
while carrot pomace was obtained from Orchard Juice Ltd. in Nakuru City. All

samples were transported to Egerton University for further analysis.

2.3. Substrate Preparation

Carrot pomace, mango peel (MP), and banana peel (BP) were cleaned with dis-
tilled water, oven-dried at 70°C for 24 hours, and then milled into a powdery form
with a particle size of 0.5 mm. The powdered substrates were stored in polythene

bags for future use [3] [14].

2.4. Optimization of Enzyme Production under Solid-State
Fermentation

The Aspergillus brasiliensis EGER23 strain, which was previously isolated [3], was
sub-cultured on PDA media for seven days to prepare a fresh inoculum. Banana
and mango peels, along with carrot pomace, were homogeneously blended.
Twenty-five grams (25 g) of the blended mixture were transferred to each of the
three (3) 500 mL Erlenmeyer flasks, and each flask was moistened with 10 mL of

the basal salt solution and trace metal solution. The composition of the basal salt
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solution was (g/L): NaCl, 30.00; KCl, 0.75; MgSO4, 7.00; NH,CI, 0.5; K,HPO,, 2.5;
KH,PO,, 0.5. The moisture content was adjusted to 80% using distilled water. The
blended mixtures in the three flasks were autoclaved at 121°C for 15 minutes. The
flasks were then cooled to room temperature, and the inoculum was added at a
concentration of 1 x 10° spores/ml. The flasks were shaken thoroughly to mix the
inoculum with the mixtures and then incubated at various temperatures (25°C,
30°C, and 35°C) and pH levels (4.0, 5.0, and 6.0) for different durations (96 hours,
120 hours, and 144 hours) as per [15]. Following incubation, the mixture was fil-
tered using a sterile muslin cloth to separate the extract and residue. The extract
was further filtered using a 0.45 um syringe filter to obtain the crude xylanase

enzyme.

2.5. Determination of Enzyme Activity

To confirm the presence of xylanase enzyme in the crude extract, a 2% substrate
solution of xylan was incorporated into agar media, autoclaved at 120°C for 15
minutes, poured into plates, and left to cool to room temperature. Three uniform
holes of 5 mm were made in each plate, with two holes filled with the crude extract
and one with sterile distilled water as a control. The clearance zone around the
holes was used to indicate the presence of xylanase enzyme in the extract [14].
Subsequently, xylanase activity was measured by incubating different concentra-
tions (known amounts) of the substrate solution with the crude enzyme solution
at 37°C for 60 minutes (Table 1). The substrate solution was composed of 2%
artificial xylan in 0.1 M sodium phosphate buffer. The released reducing sugars
were measured using the 3,5-dinitrosalicylic acid (DNS) method, and enzyme ac-
tivity was determined at 540 nm using a spectrophotometer, where one pumole/
min of enzyme activity is equal to micromoles of product produced per minute
[16].

Table 1. Concentration of substrate vs. crude enzyme.

Substrate concentration Crude enzyme concentration Total volume
0.3 ml 0.7 ml 1 ml
0.6 ml 0.4ml 1 ml
0.9 ml 0.1 ml 1 ml

According to Table 1, the known concentration is used to estimate the un-
known enzyme activity from the x-y graph, based on the enzyme activity formula
in Equation (1) [17].

Xylanase activity (pmol/min) = $x 1000/(7'x W) (1)

where S'is the amount of xylose (pug) corresponding to the measured absorbance
on the standard curve; 1000 is the conversion factor between mg and pg; T'is the
reaction time (which is 60 min in this case); and W, is the molecular weight of
xylose (150.13 g/mol).
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2.6. Protein Assay

The protein content of the culture supernatants was assessed using Bovine Serum
Albumin (BSA) as a standard reference [18].

2.7. Enzyme Effects on Farinograph Properties of the Wheat Flour

Whole wheat was procured from a local market in Nairobi (Nyamakima), sorted,
washed, and oven-dried at 70°C for 24 hours. The wheat was milled using a Bra-
bender model 880101.003 miller in the Food and Innovation Laboratory at the
Kenya Industrial Research and Development Institute (KIRDI) in Nairobi. The
enzyme with the highest activity was applied at varying dosages (0, 250, 500, 750,
1000, and 1500 IU) to evaluate its effects on the Farinograph properties of the
flour. The concentrations (0, 250, 500, 750, 1000, 1500 IU) were selected to cover
a wide spectrum of enzyme activity levels, and they increased in regular incre-
ments (250 IU), enabling a systematic investigation of how increasing enzyme
dosage influences the dough properties measured by the Farinograph-AT (AACC
54-21) [19].

2.8. Viscograph Properties

The Brabender Viscograph-E was utilized to assess the effect of the enzyme on the
onset of gelatinization, highest gelatinization temperature, viscosity during hold-
ing, and viscosity at the end of cooling, following AACC method number 22-10
[20].

2.9. Cookie Baking and Analysis

Cookies were baked following AACC Method No. 10-54 with slight modifications
[21]. The ingredients included shortening, salt, sugar, baking powder, flour, and
milk powder. A mixture of 500 g of milled wheat flour, 200 g of sugar, 5.4 g of
baking powder, 143 g of fat, 2.3 g of salt, and a milk powder solution made by
dissolving 17.5 g of milk powder in 50 mL of water was prepared. The ingredients
were mixed at a regular speed of 63 rpm for 7 minutes, rolled to a thickness of 0.2
cm, and manually shaped into cookies with a diameter of 6.5 cm using a cookie
cutter. The cookies were baked at 182°C for 15 minutes, then left to cool and

packed for analysis and sensory evaluation.

2.9.1. Textural Properties
The TA XT.plus Texture Analyzer was used to measure the hardness and fractur-
ability of the cookies. The diameter and thickness of the cookies were measured

manually using a caliper [22].

2.9.2. Calorimeter

The values for a (position of the color on the green () to red axis (+)), b (position
of the color on the blue (-) to yellow (+) axis), and L* (the lightness of the color,
where 0 = black, 100 = white) of the cookies were measured using a colorimeter
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(Chroma Meter CR-400) in three replications according to AACC Method No.
14.22.02 [23].

2.9.3. Sensory Analysis

Consumer acceptance was conducted at KIRDI after 24 hours of baking, using a
7-point hedonic scale to assess the product’s properties [24]. The panelists were
BSc Food Science students from universities in the Nairobi area, undertaking in-
ternships at KIRDI at the time of the evaluation. The panel comprised 15 males

and 15 females, and all participants were over 18 years of age.

2.10. Experimental Design

The response surface methodology-based Box-Behnken design (BBD) was used
to collect data for optimizing the three parameters for enzyme production: pH
(4, 5, 6), time (96, 120, 144 hours), and temperature (25°C, 30°C, 35°C). These
were the independent variables, and enzyme activity was the dependent variable
[18].

2.11. Data Analysis

Minitab software was used to analyze the data for optimization, and the results
were described statistically using a second-order polynomial regression model.
The statistical model (second-order polynomial equation) is as shown in Equa-
tion (2):
Y =S+ LK+ Xy + B3 X +ﬂ11X12 "‘ﬂzzxz2
+ B Xd B X Xy + BiaX Xy + Py X, X

where Yis the response (enzyme activity in pumol/min), pmol.

2

S is the model intercept.

X1, X; and X; are independent factors under study (temperature, pH, and time),
and

B B and B are linear coefficients.

SAS 9.4 was used to analyze the data from the texture analyzer, colorimeter,
Farinograph, and Viscograph. Each experiment was conducted in triplicate, and
the level of significance was determined by the analysis of variance technique
(ANOVA) at p < 0.05. Mean differences were explained using Tukey.

3. Results and Discussion

3.1. Xylanase Production by Aspergillus brasiliensis EGER23

The study aimed to evaluate the potential of fruit and vegetable waste, including
banana peel, mango peel, and carrot pomace, for the production of xylanase en-
zymes using Aspergillus brasiliensis (formerly known as Aspergillus niger) through
solid-state fermentation [18]. Xylanases are enzymes that hydrolyze beta-1,4-xy-
lan, a major component of plant cell walls, into xylose [14] [25]. In food pro-
cessing, xylanases improve wheat dough and baked products. They are also used

in the extraction of coffee, plant oils, and starch and for the clarification of juices
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[26]. Xylanases are generally produced using substrates that are rich in xylan [27].
To produce the enzyme in large quantities, the choice of substrate and production
conditions is important. In this study, fruit and vegetable waste was used as the
substrate. Firstly, the ability of Aspergillus brasiliensisisolate to produce xylanases
was evaluated. The crude enzyme extracts degraded xylan in the media, indicated
by the clear zone around the sample hole, unlike the case of distilled water used
as a control, where there was no clear zone. The observation was done within 24
hours. This reaffirmed the presence of xylanase enzyme in the crude extract (Fig-
ure 1). This result was in line with other studies that have demonstrated the utility

of Aspergillus strains in the production of xylanases [25] [26].

Control

(a)

Control

(b)

Figure 1. Xylan-containing samples were incubated with crude extract and sterilized dis-

tilled water (as a control) for 24 hours. (a) Clear zones before Congo red staining; (b) Clear
zones after Congo red staining.

3.2. Optimization of Parameters for the Production of the Xylanase
Enzyme with Maximum Activity

Industrial enzymes are mostly produced through the fermentation process, and
therefore optimizing the fermentation conditions is important for the growth of
the organism and the production of the target enzyme [28]. Table 2 presents a
response surface ANOVA for the optimization of three factors (pH, time, and
temperature) on enzyme activity using a Box-Behnken design (BBD). The “Model
F-value” (3.56) and p-value (0.006) indicate that the overall model was statistically

significant (p < 0.05), meaning that it adequately explains the relationship between
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the factors and enzyme activity. The variable parameters of 25°C, 30°C, and 35°C,
pH levels of 4.0, 5.0, and 6.0, and different cultivation durations of 96 hrs, 120 hrs,
and 144 hrs were used. For the main effects, the linear pH and cultivation time
terms had a significant impact (p = 0.003 and 0.032, respectively) on enzyme ac-
tivity, suggesting that altering the pH level and cultivation time could significantly
affect enzyme activity. This is further supported by the high F-values (10.88 and
5.16, respectively). However, the linear temperature term was not statistically sig-
nificant (p = 0.430), suggesting that within the tested range, temperature did not
significantly affect enzyme activity. The response surface optimization regression
model (Table 3) and surface plots (Figure 2) provided further insights into the
relationship between the independent variables and the xylanase activities. There
was a negative linear effect of pH of cultivation of A. brasiliensis on enzyme activ-
ity, where an increase in pH value resulted in a decrease in enzyme activity, which
conforms to the findings of xylanase activity reported by [27], where it was
demonstrated that xylanases from A. niger had the highest activity for cells culti-
vated at a pH of 4.0 - 5.0, and the activity reduced with an increase in pH value.
In our study, the highest enzyme activity was observed in cells cultivated at a lower
pH of 4.2, which conforms to the acidic nature of xylanases [16] [29]. However,
the lowest pH evaluated in this study was 4.0, which suggests that the optimal
cultivation pH of the xylanase enzyme-producing organisms may not have been

assessed.

Table 2. Response surface ANOVA for the optimization of pH, time, and temperature on enzyme activity.

Source DF Adj SS Adj MS F-Value p-Value
Model 9 463,783,128 51,531,459 3.56 0.006
Linear 3 226,877,740 75,625,913 5.22 0.006
pH 1 157,560,176 157,560,176 10.88 0.003
Time 1 74,708,336 74,708,336 5.16 0.032
Temperature 1 9,309,622 9,309,622 0.64 0.430
Square 3 47,765,616 15,921,872 1.10 0.368
pH*pH 1 2,498,599 2,498,599 0.17 0.681
Time*Time 1 32,059,301 32,059,301 2.21 0.149
Temperature*Temperature 1 3,297,468 3,297,468 0.23 0.637
2-Way Interaction 3 95,955,675 31,985,225 221 0.112
pH*Time 1 87,673,267 87,673,267 6.06 0.021
pH*Temperature 1 386,127 386,127 0.03 0.872
Time*Temperature 1 10,883,041 10,883,041 0.75 0.394
Error 25 361,882,766 14,475,311
Lack-of-Fit 4 41,466,063 10,366,516 0.68 0.614
Pure Error 21 320,416,703 15,257,938
Total 34 825,665,894
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Table 3. Response surface optimization regression model.

Enzyme Enzyme activity = 167,719 — 20,680-pH — 1807-Time + 563-Temperature + 585-pH? + 3.67-Time? —
activity 27.9-Temperature® + 110.4-pH-Time — 42-pH-Temperature + 9.7-Time-Temperature
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Surface Plot of Enzyme activity vs Temprature, Time
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Figure 2. Surface plots of the effects of temperature (a), time (b), and pH (c) on xylanase
activity.

Similar to pH, cultivation time exhibited a negative linear effect on enzyme ac-
tivity, whereby increasing cultivation time of Aspergillus brasiliensis decreased
the xylanase activity. Previous research by [17] [30]. demonstrated that peak xy-
lanase activity was achieved after 72 hours (3 days) of incubation when producing
xylanases using A. niger. This level of activity remained stable for up to 6 days
before showing signs of decrease. The observed stabilization in enzyme activity
over time could be attributed to the depletion of nutrients in the fermentation
medium, which can affect the physiology of the organisms [31]. Similar results
with shorter cultivation periods have been reported in other species such as As-
pergillus fumigatus and Aspergillus flavus, while longer cultivation periods have
been observed in strains of Rhizopus oryzae and Aspergillus fumigatus 28] [32].
Our findings suggest that shorter cultivation periods may be ideal for industrial
production, offering advantages such as minimizing contamination risks and en-
hancing process economy [33]. There was no significant effect of temperature on
enzyme activity that could be attributed to the interactive relationship between
pH and time, where the overall impact of temperature becomes less pronounced
in the presence of other optimized conditions. Furthermore, pH and time can sig-
nificantly influence the growth and metabolism of Aspergillus brasiliensis. While
the selected temperature might fall within the optimal range for growth and en-
zyme production, it suggests that the chosen temperature was either within the
microorganisms’ adaptable limits or within the optimum conditions for their
growth and enzyme production. However, our optimum temperature giving max-

imum activity was 25°C (Figure 3). This conforms to the results of [27], who ob-
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tained the highest xylanase activity at 25°C, and the enzyme activity kept decreas-
ing with an increase in temperature up to 60°C as a result of protein denaturation.

For the interaction effects, the pH-time interaction term was significant (p =
0.021), implying that the combined effect of pH and time on enzyme activity was
not merely additive. Instead, they could have a synergistic or antagonistic effect
depending on the specific combination of pH and time chosen. However, none of
the other two-way interaction terms (pH-temperature, time-temperature) were
statistically significant (p > 0.05), suggesting that the combined effects of these
factors on enzyme activity were likely additive within the tested range. The lack-
of-fit F-value (0.68) and p-value (0.614) indicate that the model adequately fit the
data, and there was no evidence of unusual curvature in the response surface.
None of the individual factors (pH, time, or temperature) exhibited a significant
quadratic effect on enzyme activity within the tested range. As illustrated in Fig-
ure 3, the results show that optimizing parameters greatly increases the chance of
exceeding 10,000 pumole/min enzyme activity. The calculated probability of reach-
ing the minimum activity level is 99.98% by setting the pH to 4.2, the time to 100.9
hours, and the temperature at 25°C (optimum conditions).

optmal L h = T e

- g .| i

D: 09998 '~ [41616] [100.9128] [25.0344]
Low 20 6.0 25.0

N I

Enzyme a
Targ: 10000.0
¥ = 1.0002+04
d = 0.99934

Figure 3. Optimal pH, time, and temperature for xylanase activity above 10,000 umole/
min.

3.3. Effect of Xylanase Concentration on the Farinograph
Properties of Wheat Flour

Table 4 shows the results of the Farinograph properties of wheat flour treated with
different enzyme concentrations. The mean squares for “Treatment” were not sta-
tistically significant for any of the Farinograph properties, suggesting that the dif-
ferent enzyme concentrations did not significantly affect the water absorption ca-
pacity (WAC), stability, breakdown, development time, or Farinograph quality
time (FQN) of the wheat flour. For replicates and Error, the mean squares for
replicates were generally similar to those for “Error” for most properties, indicat-
ing that the replicates were consistent, and the experimental error might have
been relatively high for some properties. The R* values for all properties were
moderate (ranging from 0.23 to 0.61), indicating that the replicates and error ex-
plain a significant portion of the variance in the measurements. For water absorp-
tion capacity (WAC), there was no statistically significant difference in WAC
across all enzyme concentrations except at 1500 IU. The dough appeared to absorb

a similar amount of water regardless of enzyme treatment. Both stability and
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breakdown showed a slight decrease with increasing enzyme concentration (from
0 to 750 IU). At higher concentrations (1000 and 1500 IU), the values stabilized,
suggesting that the enzymes might have weakened the dough structure initially,
but the effect plateaued at higher concentrations. There were no statistically sig-
nificant differences observed in development time across all concentrations. FQN
showed a significant decrease at 750 IU compared to the control (0 IU). However,
the values recovered somewhat at higher concentrations. This suggests that the
enzyme treatment might negatively affect dough quality at a specific concentra-
tion but does not have a consistent impact across the entire range. Our results are
similar to [34]. who reported that adding xylanase into the flour had no significant

influence on the farinographic properties of the dough.

Table 4. Farinograph properties of wheat flour treated with xylanase at different concentrations.

Conc. (IU) WAC Stability Breakdown Dev. time FQN
0 63.70 £ 0.15* 5.31 £0.01* 7.03 £ 0.02° 3.27 £0.07¢ 66.67 + 0.88*
250 63.47 +£0.03* 5.26 £ 0.10° 6.21 +£0.02° 3.27 £0.03* 63.67 + 0.33%¢
500 63.40 £ 0.10* 5.18 £ 0.10° 6.30 + 0.03° 3.17 £ 0.01* 65.00 + 0.58%
750 63.70 = 0.06* 4.52 +0.00° 5.78 £0.13¢ 3.21 +£0.08* 61.00 £ 0.58°
1000 63.20 £ 0.15* 4.47 +0.05° 6.20 +0.03° 3.08 £ 0.01* 63.33 +0.33%¢
1500 62.40 +£0.12° 4.46 +0.08° 6.21 +0.05° 3.08 + 0.06* 62.33 + 1.45%

Values are means + standard errors of triplicate measurements. Means with the same letter within the column are not significantly
different at p < 0.05; Conc. = Concentration; Dev. Time = Development Time; FQN = Farinograph Quality Time; WAC = Water

Absorption Capacity.

3.4. Effect of Xylanase on Viscograph Properties of Wheat Flour

Tables 5-7 present the effects of enzyme concentration (IU) on the pasting prop-
erties of the wheat samples, measured with a Viscograph. The data were catego-
rized into three tables: viscosity (Table 5), time (Table 6), and temperature (Table
7). Compared to the control, there was a general trend of decreasing viscosity with
increasing enzyme concentration (250 to 1500 IU) for most parameters in Table
5, including maximum viscosity, start of holding period, start of cooling period,
end of cooling period, end of final holding period, breakdown, and setback. This
suggests that the enzymes were influencing the rheological characteristics of the
flour by breaking down xylan/polymers in the sample, leading to a reduction in
its thickening ability. This finding aligns with previous studies that have demon-
strated the xylanase’s structural degradation of the dough leading to changes in
viscosity [35]. Interestingly, the time parameters in Table 6 (beginning of gelati-
nization, maximum viscosity time, start of holding period, start of cooling period,
end of cooling period, end of holding period, breakdown, and setback) exhibited
minimal changes across all enzyme concentrations. This suggests that the xylanase
action primarily targeted the structural components of the flour, leading to alter-
ations in its rheological properties, rather than influencing the kinetics of the past-
ing process. These findings are consistent with studies that have reported minimal

changes in pasting time parameters in response to enzymatic treatments [20]. The
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temperature values in Table 7 also showed minimal variation across enzyme con-

centrations, indicating that the enzymes did not significantly (p < 0.05) alter the

temperatures at which pasting transitions occurred. This suggests that the enzy-

matic treatment did not impact the thermal properties of the flour or induce

changes in the temperature-dependent transitions during the pasting process.

These findings provide valuable insights into the specific effects of enzyme con-

centration on the pasting properties of flour samples and highlight the potential

for enzymatic treatments to modulate rheological characteristics without affecting

pasting kinetics or thermal behavior.

Table 5. The impact of enzyme concentration on the viscosity of cookie flour at different evaluation points.

Conc. Beginning of Maximum Start of Start of the End of the  End of the final
(IU)  gelatinization  viscosity holding period cooling period cooling period holding period Breakdown Setback
0 14.00 + 0.58* 64.00 + 3.61* 60.33 +3.18* 45.00 +£2.31* 162.00 + 8.08* 211.67 + 14.24* 19.00 = 1.53* 124.00 * 6.56*
250 14.00 + 0.58* 45.67 +2.03° 40.00 + 1.73* 31.00 + 1.53> 118.00 + 5.13°> 156.00 + 6.08"> 15.00 + 1.15%® 82.67 + 2.33%
500 14.00 £ 0.00° 42.33 +1.76° 37.67 +£3.33*> 30.33+1.20> 110.67 + 8.95°> 142.67 + 11.89" 12.67 + 0.88** 78.67 + 4.91*°
750 14.00 +£ 0.58* 41.00 +2.65° 36.00 + 1.53* 30.00 + 1.53> 110.00 + 3.61°> 141.00 + 3.79"> 12.67 + 0.88%® 78.00 + 1.73%
1000  14.33 £0.33* 40.00 +2.89* 39.00 +2.08> 29.00 +2.08"> 107.00 +4.73> 135.33 +8.51> 12.00 + 1.53" 76.00 + 4.58
1500 14.67 £0.33* 37.00 + 1.53* 35.00 + 1.53> 27.00 +2.52° 101.00 + 3.51®> 128.00 +2.31®> 12.00 + 1.53% 50.33 + 21.74®

Values are means + standard errors of triplicate measurements. Means with the same letter within the column are not significantly
different at p < 0.05.

Table 6. Change in time with varying enzyme concentrations at different Viscograph evaluation points.

Conc.
019))
0
250
500
750
1000
1500

Beginning of
gelatinization
28.79 + 0.64°
30.12 £ 0.69%
30.51 + 0.54®
30.81 * 0.55%
31.26 £ 0.63®
31.71 £0.11*

Maximum

Start of

Start of the

End of the

End of the final

viscosity  holding period cooling period cooling period holding period

39.60 £ 0.03*
39.56 +£0.13*
39.50 + 0.04%®
39.45 + 0.04%®
39.38 £ 0.03%®
39.24 +0.02°

42.00 + 0.00?
42.00 + 0.00*
42.00 + 0.00?
42.00 + 0.00*
42.00 + 0.00?
42.00 + 0.00*

57.00 £ 0.00*
57.00 = 0.00*
57.00 £ 0.00*
57.00 = 0.00*
57.00 £ 0.00*
57.00 = 0.00*

99.00 + 0.007
99.00 + 0.00?
99.00 + 0.007
99.00 + 0.00?
99.00 + 0.007
99.00 + 0.00?

114.00 + 0.00°
114.00 + 0.00*
114.00 + 0.00°
114.00 + 0.00*
114.00 + 0.00°
114.00 + 0.00*

Breakdown

0.00 £ 0.00*
0.00 + 0.00*
0.00 £ 0.00*
0.00 + 0.00*
0.00 £ 0.00*
0.00 + 0.00*

Setback

0.00 £ 0.00*
0.00 + 0.00*
0.00 £ 0.00*
0.00 + 0.00*
0.00 £ 0.00*
0.00 + 0.00*

Values are means + standard errors of triplicate measurements. Means with the same letter within the column are not significantly
different at p < 0.05.

Table 7. Changes in temperature following increased enzyme concentration at various Viscograph evaluation points.

Conc.  Beginning of Maximum vis- Start of hold- ~ Start of the End of cooling End of the final
(IU)  gelatinization cosity ing period  cooling period period holding period Breakdown  Setback
0 72.57 £0.99° 89.20 + 0.06* 93.00 £ 0.00* 93.00 + 0.00° 32.57 +£0.03* 30.10 £ 0.00* 0.00 + 0.00* 0.00 + 0.00°
250 75.10 £ 1.01*® 89.13 £0.09*° 92.90 + 0.06*° 93.00 £ 0.00° 32.47 £ 0.03*® 30.10 + 0.00* 0.00 + 0.00° 0.00 + 0.00°
500 75.80 £ 0.81* 89.13 £0.24* 92.90 + 0.06* 93.00 £ 0.00° 32.43 +0.03*> 30.10 + 0.00* 0.00 + 0.00* 0.00 + 0.00*
750 76.57 £0.97*° 89.07 £ 0.03* 92.83 £0.03* 93.00 £ 0.00* 32.43 +0.03** 30.07 + 0.03* 0.00 £ 0.00* 0.00 % 0.00*
1000 76.80 £ 0.57*° 88.87 £0.09° 92.77 £0.09* 92.90 +£0.06* 32.40 + 0.06> 30.07 + 0.03* 0.00 + 0.00* 0.00 % 0.00°
1500 77.33 £0.12*  88.70 £0.12* 92.77 £0.03* 92.90 £ 0.06*° 32.30 £0.00° 30.07 £0.03* 0.00 + 0.00* 0.00 + 0.00?

Values are means + standard errors of triplicate measurements. Means with the same letter within the column are not significantly
different at p < 0.05.
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3.5. Effect of Xylanase on Properties of Cookies

3.5.1. Textural Properties

Figure 4 presents the results of the impact of different treatments (xylanase con-
centrations) on the textural properties of cookies. The textural properties analyzed
include hardness, fracturability, diameter, and thickness of cookies. Xylanase
treatments had a discernible effect on the textural properties of the cookies. All
textural parameters exhibited a statistically significant (p < 0.05) association with
enzyme concentration. An increase in enzyme concentration resulted in a de-
crease in cookie hardness (Figure 4(a)). Conversely, the fracturability, diameter,
and thickness of the cookies demonstrated an upward trend, indicating an in-
crease with higher enzyme concentrations (Figures 4(b)-(d), respectively). The

decrease in cookie hardness with increasing xylanase concentration agrees with
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Figure 4. Textural properties of cookies treated with different enzyme concentrations. (a)
represents cookie hardness; (b), cookie fracturability; (c), cookie diameter; (d), cookie
thickness.

several studies. For example, [22] reported a significant softening effect of xy-
lanase on cookies prepared with wheat flour. In a similar study, [36] noted that
the addition of xylanase decreased the hardness of cookies. The decrease in the
hardness of cookies can be attributed to the partial degradation of arabinoxylans
in the flour, resulting in a more relaxed gluten network. [29] also found that the
application of xylanases from Aspergillus niger causes dough softening. There-
fore, in this study, xylanase action may enhance the tendency of the cookies to
break or crumble more easily, leading to an increase in the observed fracturability.

The effect of xylanase on cookie thickness and diameter could not be directly ex-
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plained. Therefore, it could be important to analyze dough rheology (spreadability
and stretchability) after xylanase treatment.

3.5.2. Effect of Enzyme on Color of Cookies

The data in Table 8 present the color properties of cookies treated with different
enzyme concentrations, ranging from 0 to 1500 IU. The “Treatment” effect, ie,
the level of enzyme concentration, had the highest mean squares for all colorimet-
ric properties (L*, a*, and b*). These values were statistically significant (p <
0.001), suggesting that the different enzyme concentrations significantly influ-
enced the color properties of the cookies. The impact of the xylanase enzyme on
cookie color was significant, and this effect varied with different dosages com-
pared to the control. There was a general decrease in lightness (L*) with increasing
enzyme concentration. Cookies treated with higher enzyme concentrations ap-
peared darker than those treated with lower concentrations. The difference be-
came statistically significant (p < 0.05) at 1000 IU and higher. These results agreed
with those reported by [37], where bread crumb L values were found to decrease
with the addition of xylanase. While there appeared to be a slight increase in red-
ness (a*) with increasing concentration, the differences were not statistically sig-
nificant across all concentrations except at 1500 IU. However, the treatments were
significantly higher than the control (0 IU). [37] discovered that the redness value
(a*) increased with the addition of xylanase, which conforms to our study. Similar
to redness, there was a slight upward trend in yellowness (b*) with increasing xy-
lanase concentration, but the changes were not statistically significant, although
the treatments were significantly higher than the control. When the enzyme dos-
age was lower, there was a reduced breakdown of complex sugars, leading to de-
creased readiness for participation in the Maillard and caramelization reactions,
which are the primary determinants of product color [37] [38] Consequently, the
cookies appeared lighter. On the other hand, higher enzyme dosages exhibited de-
creased L values, indicating a darker product color. The a and b values showed an
increased shift towards more positive values, signifying a color spectrum extending

towards red (in the case of a*) and more yellow/brown tones (in the case of b*).

Table 8. Color properties of cookies treated with different enzyme concentrations (IU).

Conc. (IU)
0
250
500
750
1000
1500

L* a* b*
67.59 +0.62* 7.98 £0.37¢ 24.26 + 0.45°
67.20 £ 1.91* 11.92 + 0.96° 28.41 £0.18%
61.04 + 0.94® 12.11 £ 0.76° 29.43 £0.18*
61.16 + 2.47% 12.61 +0.32° 29.66 = 0.76*
58.60 + 0.80° 13.31 £0.21° 29.89 £ 0.72*
55.78 + 1.05° 16.38 + 0.22° 30.61 £ 0.57%

The values presented are means + standard deviations of triplicate measurements. Means with the same letter along the column are

not significantly different at p < 0.05; Conc. = Concentration.
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3.5.3. Consumer Acceptability of Cookies by Sensory Attributes

The radar chart (Figure 5) depicts the average consumer acceptability scores for
various sensory attributes of cookies prepared from flour treated at different xy-
lanase concentrations (IU). The polygon closer to the outer edge indicates higher
acceptability. Consumers rated most sensory aspects, including appearance, color,
aroma, and overall acceptability, highly across all enzyme concentrations, with
scores ranging between 6.00 and 6.60 on a hedonic scale of 1 (dislike extremely)
to 7 (like extremely). This high rating suggests that consumers found the cookies
to be appealing and palatable regardless of the xylanase concentration used in
their preparation. Similar findings have been reported in previous studies. For ex-
ample, in a study by [39], researchers evaluated the sensory attributes of baked
cakes supplemented with enzyme-treated flour and found that consumers rated
the attributes highly, indicating a positive perception of the product. This con-
sistency in consumer acceptance aligns with the results of our study and under-
scores the feasibility of incorporating enzyme-treated flour in bakery products.
Taste received the highest scores among all sensory attributes, followed by appear-
ance and color. This finding implies that consumers placed more weight on the
taste profile of the cookies, which may have influenced their overall perception of
the product. Texture scores showed some variation across different enzyme con-
centrations but remained within a highly acceptable range. While texture is an
important sensory attribute that can significantly impact consumer perception,
the minor variation observed in our study suggests that the addition of xylanase
did not adversely affect the texture of the cookies. This finding is supported by the
work of [40], who demonstrated that enzyme supplementation in baked goods

can improve texture attributes without compromising overall acceptability.

- 0IU === 1000 IU
- 250 1U == 1500 IU
500 IU
w750 1U
Aroma

7 Appearance

Taste ) Overall

Figure 5. Consumer acceptability of cookies based on sensory attributes using 7-point he-
donic scores.

Overall, the results indicate that the incorporation of xylanase in cookie prepa-
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ration did not result in significant differences in sensory attributes compared to
the control cookies. This suggests that consumers found the enzyme-treated cook-
ies to be equally acceptable, if not more so, than their counterparts. Therefore,
incorporating xylanase in cookie production is not only feasible but may also en-
hance certain sensory attributes, particularly taste, without compromising overall

acceptability.

4. Conclusion

The findings of this study demonstrate the feasibility of utilizing fruit and vegeta-
ble waste, including banana peel, mango peel, and carrot pomace, for the produc-
tion of xylanase enzymes using Aspergillus brasiliensis through solid-state fer-
mentation. Optimization of fermentation parameters revealed that pH and culti-
vation time significantly influenced enzyme activity, while temperature had no
significant impact within the tested range. The interaction between pH and time
also played a crucial role in enzyme activity, suggesting a synergistic or antagonis-
tic effect. Textural properties, color, and pasting properties of cookies treated with
xylanase enzymes exhibited significant changes, indicating potential applications
in food processing. Despite the alterations in these properties, no significant im-
pact was observed on Farinograph properties. Consumer acceptability scores fur-
ther support the feasibility of incorporating xylanase enzymes in cookie produc-
tion, with high ratings across sensory attributes. Overall, the study underscores
the potential of utilizing agricultural waste for enzyme production and highlights
the value of xylanase enzymes in food processing applications. These findings
contribute to the growing body of research on sustainable waste utilization and
enzyme technology, with implications for the food industry and environmental
sustainability efforts.
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