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B-fructofuranosidases have wide applications in diverse industrial sectors such as the food, confectionary, and
pharmaceutical industries. This study was aimed at the optimization of 3-fructofuranosidase production froma
filamentous fungus, under submerged fermentation condition, using orange peel as a low-cost substrate. Fungi
were isolated from decaying orange fruit and screened for §-fructofuranosidase production. The fungal strain
with the most appreciable enzyme production was identified as Aspergilius flavus IBIK-02 by the sequencing of the
internal transcribed spacer region of the ribosomal DNA. 3-fructofuranosidase production from the selected
fungus was optimized using the conventional one-at-a-time approach by studying the effect of each of the
medium parameters incubation period, carbon sources, nitrogen sources, pH, and temperature on the enzyme
production. Also, the influence of four independent parameters (initial pH, temperature, inoculum
concentration, and orange peel concentration) on B-fructofuranosidase production was studied using the Box
Behnken Design (BBD) of response surface methodology (RSM). The coefficient of determination (R’)
obtained was 0.9600 showing that the quadratic model used for the prediction was significant (P>0.05). At the
end of the experiment, the optimal levels of the four significant variables (initial pH, temperature, inoculum
concentration, and orange peel concentration) were 6, 35 °C, 2.0% v/v, and 2% w/v, respectively, which
produced 122.48 U/mL B-fructofuranosidase. The enzyme production increased by about 5-fold in the
optimum fermentation medium condition by RSM compared with the medium optimized through the one-
factor-at-a-time approach. This study has revealed that the statistical process development for the production of
B-fructofuranosidase from A. flavus IBK-02, using orange peel as a low-cost substrate, could be used for
industrial and biotechnological applications.
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ABSTRACT

Submerged fermentation .

INTRODUCTION

B-fructofuranosidases (EC 3.2.1.26), also known
as invertases, catalyze the irreversible hydrolysis
of the B-1,2-glycosidic linkage in sucrose
molecule to obtain an equimolar mixture of D-
glucose and D-fructose, known as invert sugar
(Rustiguel e# al., 2015). B-fructofuranosidases are
produced by bacteria, fungi, higher plants and
some animals (Aung ez al., 2019). However, the
majority of industrial applications of the enzyme
are derived from particular fungi and bacteria
sources because they are easier to manipulate, and
produce enzymes that are more controllable and
predictable (Awad ez al., 2013; Gracida-Rodriguez
etal., 2014).

B-D-fructofuranosidases are used in several
sectors such as the food, beverage, bakery and
pharmaceutical industries due to their wide

biotechnological applications (Alves ez al., 2013).
Invert syrup, obtained from sucrose hydrolysis is
approximately 1.5 times sweeter than sucrose and
possesses functionally more desirable properties
like high solubility and hygroscopic nature
(Keramat ef al, 2017; Soares et al., 2019).
Therefore, it is used in the confectionary industry
as humectants in the manufacture of chocolate-
coated soft-centered sweeteners, candy products,
fondants, and after-dinner mints (Taskin ez a/,
2013). In the pharmaceutical industry, it is used as
medication formulas or drugs in products such as
cough syrups, digestive aid tablets, and powdered
milk for infants' foods (Kulshrestha ez a/., 2013).
Production of lactic acid and ethanol via
fermentation of molasses, a by-product of the
sugar cane industry has also been reported
(Karandikar, 2007).
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Globally, fruit and vegetable wastes generated
from industrial processing account for 30 to 50%
of the input materials (Di Donato ¢ al., 2011).
Most of these wastes are generated from
preliminary operations such as peelings and
cuttings. The indiscriminate disposal of these
wastes into the environment results in pollution
hazards that are detrimental to its biological and
physical components. However, agro-industrial
wastes such as fruit peels are rich in moisture,
carbohydrates, proteins, and other compounds
which promote the growth of microorganisms
leading to the production of a significant yield of
enzymes and other value-added products (Ghosh
et al., 2014; Dapper et al, 20106). Increasing
demands, high nutrient costs, and environmental
concerns have stimulated interest in the utilization
of the agro-wastes as cost-effective substrates for
the production of the enzyme. Several studies
have evaluated different agro-wastes as cost-
effective substrates for B-fructofuranosidase
production (Rustiguel e# a/., 2015: Qureshi e al.,
2017). As a result of the enormous size of the
wastes generated globally and their biochemical
characteristics, several studies have been carried
out to transform the wastes to value-added
products such as enzymes, organic acids, and
bioethanol (Ghosh ezal., 2014).

The genus Aspergillus comprises several species
useful in food fermentations and biotechnological
applications (Varga and Samson, 2008). Some of
these species have been implicated in B-D-
fructofuranosidase production such as_A. versicolor
(Dapper et al., 2016) A. niger (Oyedeji et al., 2017,
Tasar and Tasar, 2022), and A. carbonarins (Batista
etal.,2022).

The optimization of fermentation parameters
such as pH, temperature, incubation period, and
carbon and nitrogen sources, is one of the
approaches employed for the achievement of
high enzyme yield during the process (El-Hadi e7
al., 2014). The conventional optimization
procedure is to study the effect of these factors
individually while keeping the others constant.
However, the one-factor-at-a-time approach does
not often result in the optimized yield of the
enzyme or consider the possible interactions
between the factors. On the other hand, statistical
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optimization methods offer a more reliable,
effective, and economical technique of achieving
high yield of products (Tasar, 2015). The response
surface methodology (RSM) is a mathematical
and statistical technique widely used to determine
the effects of several variables and their
interactions and to optimize different
biotechnological processes (Zafar ez al., 2010). It
has been extensively applied to optimize the
culture medium and other process parameters for
producing several enzymes (Ottoni e al., 2012).
On an industrial scale, the RSM technique is used
to determine the feasibility of economic
procedures meant to lower operational costs by
using the optimized culture medium for the
enzyme or by-product synthesis (Chang ef al,
2000).

This study aimed to statistically optimize the
extracellular B-fructofuranosidase production
from a fungus isolated from decaying orange fruit,
using agro-waste as a low-cost substrate, under
submerged fermentation conditions.

MATERIALAND METHODS

Collection and preparation of agro-wastes
Orange (Citrus sinensis) and pineapple (Ananas
comosus) peels were obtained locally from the fruit
market. They were shredded and prepared by
exhaustive washing with distilled water, dried at 60
°C for 48 h and thereafter milled and sieved to
uniform 35 mesh sizes. They were stored in clean,
dried, airtight containers and kept in the
refrigerator at 4 "C and were subsequently used as
substrate in enzyme fermentation media (Ahmed
¢tal., 2010).

Isolation of fungi and screening for f-
fructofuranosidase production

Fungal strains were isolated from decaying orange
fruits and characterized by morphological and
microscopical examinations using lactophenol
cotton blue solution mount (Benson, 1990). The
isolates were screened for their relative (-
fructofuranosidase production under submerged
fermentation conditions. The fungal strain
exhibiting the most appreciable enzyme
production was then selected for further studies
and maintained on potato dextrose agar (Fluka, St.
Louis, Mo, USA) slants at 4 °C.



Opyedeji et al.: Production of B-fructofuranosidase from Aspergillus flavus IBK-02

Molecular characterization and identification
of selected fungus

Total genomic DNA from selected filamentous
fungus was extracted from PDA growth medium
using the Zymo Research (ZR) Fungal/Bacterial
DNA Miniprep " kit (ZYMO RESEARCH,
USA). The internal transcribed spacer (ITS)
sequence of fungal ribosomal DNA was amplified
by polymerase chain reaction (PCR) using the
primers ITS 4 (5" TCCTCC GCT TAT TGA TAT
GC-3") and ITS 5 (5-GGA AGT AAA AGT CGT
AAC AAG G-3') (White et al. 1990). The PCR
product was resolved by electrophoresis on an
agarose gel (1.5%) and observed under UV light. It
was then isolated and sequenced using the same
PCR primers. The fungal ITS sequence was
deposited into GenBank Data Library with the
accession number KX462776.1. A homology
search was performed with GenBank database
and the homologous sequences were selected for
phylogenetic analysis by using the neighbor-
joining (NJ) method. A phylogenetic tree showing
an evolutionary relationship with other -
fructofuranosidase-producing fungal species in
the GenBank was constructed using Molecular
Evolutionary Genetics Analysis (MEGA 7.0.21).

Submerged fermentation for enzyme
g y
production

B-Fructofuranosidase was produced by
submerged fermentation in Eflenmeyer flasks
(250 mL) containing 100 mL of medium
composed of KH,PO, (1.0 g), KaHPO4 (6.27 g),
MgSO4 (0.25 g), peptone (5.0 g), biotin (0.0005
mg), thiamine (0.005 mg), CaSO4 (0.005 mg),
FeSO4 (0.5 mg), MnSO4 (0.26 mg), ZnSO4 (0.1
mg), CuSO4 (0.5 mg) all dissolved in 1L distilled
water. Fruit peel (10.0 g) was added as the
substrate (carbon source). The initial pH of the
medium was adjusted to 6.0 and the culture

medium was inoculated with 5><105 spores/mL
and incubated at 30 °C for 5 days. After
incubation, the cultures were filtered through glass
fibre filter paper (Whatman GF/A), and the cell-
free supernatants were used to estimate (-
fructofuranosidase activity. Fermentation was
carried outin triplicates.
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B-fructofuranosidase assay

B-Fructofuranosidase activity was determined by
estimating the amount of reducing sugars released
in a reaction mixture containing 0.02 mL of 1.0
%w/v sucrose in sodium acetate buffer (0.05 M,
pH 4.5) and 0.01 ml. of the enzyme extract
(Bergmeyer and Bent, 1974). The reaction was for
60 min at 35 °C. Reducing sugars were quantified
by the addition of 3.0 mL of glucose oxidase-
peroxidase reagent (Sigma-Aldrich, St. Louis, Mo,
USA) and further incubation for 5 min at 35 °C.
The absorbance was read at 540 nm. One unit of
enzyme activity was defined as the amount of
enzyme necessary to liberate 1.0 umol glucose per
milliliter per minute under the assay conditions.

Screening of agro-wastes (fruit peels) as
substrates for enzyme production

The different agro-wastes orange peel, pineapple
peel, and equal concentrations of orange and
pineapple peels were each incorporated into the
fermentation medium, as sole carbon source at
1.0%"/, concentration. After inoculation with
standardized spore suspension of fungus, the
flasks were incubated at 30 "C for 96 h. At the end
of incubation, the culture supernatant was assayed
for enzyme activity.

Optimization of B-fructofuranosidase
production using the one-factor-at-a-time
approach

Effect of incubation period on B-
fructofuranosidase production

The time course (24 to 196 h) of B-
fructofuranosidase production in the
fermentation medium was determined. At twenty-
four houtly intervals, the B-fructofuranosidase
activities were evaluated.

Effect of pH on production of B-
fructofuranosidase

The effect of pH on the production of §-
fructofuranosidase was determined by adjusting
the pH of fermentation media to different levels
3.0to 7.0. Each of the media, adjusted to different
level, was inoculated with standardised spore
suspension (5 x 10" spore/ml.) and incubated for
120 h at 30 "C. Cultures were then filtered through
glass fibre filter paper and the supernatant was
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assayed for enzyme activity.

Effect of temperature on production of B-
fructofuranosidase

The influence of temperature on production of 3-
fructofuranosidase was studied by varying the
incubation temperature of fermentation culture
from 25 to 60 °C. After incubation for 120 h, cell-
free supernatant were obtained by filtration and
enzyme production determined.

Effect of carbon sources on the production of p-
fructofuranosidase

Various carbon sources (glucose, fructose,
sucrose, thamnose, maltose, starch, mannose, and
orange peel), at 1.0% w/v, were investigated for
their effect on B-fructofuranosidase production in
the fermentation medium. Incubation was for 120
hat30°C.

Effect of different concentrations of orange
peels on B-fructofuranosidase production
The production medium was supplemented with
various concentrations of orange peels (0.5, 1.0,
1.5, 2.0, 2.5, and 3.0%w/v). At the end of
incubation, enzyme activity was determined.

Effect of nitrogen sources on the production of
B-fructofuranosidase

Different nitrogen sources were investigated for
their effects on B-fructofuranosidase production
by supplementing the fermentation medium with
each of the following: (NH,),SO,, NH,Cl, KNO,,
NaNO,, Ca(NO,),, casein, peptone, and urea.
They were added at 0.5%w/v concentrations.

Optimization of p-fructofuranosidase
production using response surface
methodology

The optimization of B-fructofuranosidase
production from A. flavus IBK-02 was carried out
by using the response surface methodology
software. The four parameters of initial pH,
incubation temperature, orange peel
concentration, and inoculum concentration were
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chosen based on the results of the one-factor ata
time approach. The Box-Behnken Design (BBD)
was used for the optimization of B-
fructofuranosidase production from the fungi and
the study of interactions of the four variables. The
software suggested a total of 29 runs of
experiments in different combinations of the
selected parameters. Each of the factors in the
design was studied at three different levels (-1, 0,
+1) and the coded and real values of the variables
are presented in Table 1. A regression analysis was
performed on the data obtained from the design
experiments. Analysis of variance and multiple
regression analysis were performed at p < 0.05
using Design Expert Version 7.1.5 statistical
software (Stat-Ease Inc., Minneapolis, USA).
Enzyme activity was taken as the dependent
variable or response.

A second-order polynomial equation was used to
predict the relationship between the independent
variables and response as follows:

Y=p+8A+B+EC+ED+B,AB+pACH
p.AD + 8,BC + §,BD + ,CD + g A"+ BB +
p.C+B8,D°

Where Y is the predicted B-fructofuranosidase
response; f, is the model constant; g, 8, . f, are
linear coefficients; g, f,. 8., f., and f, are cross-
product coefficients; g, 8, f. and §,are quadratic
coefficients and A, B, C, D, AB, AC, AD, BC, BD,
CD, A’, B, C’, D’ are the independent variables.
The quality of fit of the polynomial model
equation was expressed by the coefficient of
determination R’.

Triplicate determinations were carried out for
each of the 29 experimental runs and the means
were reported as response.

Statistical analysis

All data were subjected to statistical analysis for
determination of mean and standard deviation
using SPSS version 16. Experiments were carried
outin triplicates.
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Table 1: Range and levels of experimental variables selected for optimization of B-fructofuranosidase

production from Aspergillus flavus IBK-02

Parameters Level of factors

Symbol -1 0 +1
Initial pH A 4 5 6
Incubation temperature (°C) B 25 30 35
Inoculum concentration (%) C 1 2 3
Orange peel concentration (%) D 1 2 3

RESULTS

Screening of fungi for B-fructofuranosidase
production

Seven fungal strains isolated from decaying
orange fruits were screened for §-
fructofuranosidase production under submerged
fermentation conditions. The fungal strain IBK-
02 was found to exhibit the highest (-
fructofuranosidase-production ability and was
therefore selected for further studies.

Fungal strain identification

The study fungus, isolated from decaying orange
(Citrus sinensis) fruit, was identified both by its
morphological characteristics and the sequencing

of the ITS region of the ribosomal DNA. The 600
bp fragment of the sequence showed 100%
identity with other A. flavus strains. This sequence
was deposited in the GenBank of the National
Center for Biotechnology Information (NCBI)
under accession number KX462776.1. The study
strain was therefore designated as 4. flavus IBK-
02. A phylogenetic tree was constructed based on
the alignment of the sequences from the
ribosomal genes from some _Aspergillus species.
Phylogenetic analysis revealed a close relationship
between this species and other fungal species in
the GenBank that have been implicated in 3-
fructofuranosidase production. There was a
distant relationship with Rhizopus oryzae, a non-3-
fructofuranosidase-producing fungus (Figure 1).

24 Aspergillus niger JQDB0438.1

33|— Aspergillus niger AF029359.1

100l — Aspergillus fumigatus JQ080439.1

81

76

L[ Aspergillus niger DQ233218.1
98 Aspergillus niger L06844. 1

ggl Aspergillus niger KY657577.1

Aspergillus flavus KX462776.1 Study strain

Aspergillus niger D(Q233219.1

0.1

Rhizopus orvzae KX035094.1

Figure 1: Phylogenetic relationship between Aspergillus flavus IBK-02 and other B-fructofuranosidase-
producing Aspergillus strains in Genbank. GenBank accession numbers are included. Rhizopus
oryzaewas used as an outgroup. Bar, 20% sequence divergence.
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Screening of fruit peels as substrates for -
fructofuranosidase production from fungus
B-Fructofuranosidase production was observed
with the use of the two fruit peels, individually and
in equal combination, as substrates for
fermentation. Orange peel was observed to be the
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best substrate for B-fructofuranosidase
production from _A. flavus 1IBK-02, with B-
fructofuranosidase activity of 27.47 * 0.32
U/mlL, followed by an equal combination of
orange and pineapple peel and, pineapple peel

(Figure 2).

30 A

activity (U/mL)
s & 8B B

p-Fructofuranosidase

=1
|

Pineapple peel

Agro-waste

Orange pee Orange + Pineapple

pee

Figure 2 Screening of agro-wastes (fruit peels) as substrate for 3-fructofuranosidase production

trom A. flavus IBK-02.

Optimization of p-fructofuranosidase
production using one-factor-at-a-time
approach

Effect of incubation period on B-
fructofuranosidase production from fungus
Minimum enzyme activity of 12.77  0.15 U/mL

was observed at 24 h which increased with the
incubation period and reached maximum at 120 h
with enzyme activity of 25.44 + 0.80 U/mL. The
enzyme production gradually declined to 9.98 £
0.10 U/mL at the end of the 216 h fermentation
period (Figure 3).

30

= RV
| I

activity (U/mL)
=

B-Fructofuranosidase

LA
1

=]

24 48 72

96 120 144 168§ 192
Incubation period (h)

Figure 3. Effect of incubation period on B-fructofuranosidase production from A. flavus IBK-02.
Each value represents the mean of triplicate determinations with + SD



Opyedeji et al.: Production of B-fructofuranosidase from Aspergillus flavus IBK-02 415

Effect of pH on B-fructofuranosidase 0.26 U/mL). Enzyme production then decreased
production from fungus gradually with increasing pH reaching the
Aspergilius flavus IBK-02 exhibited maximum §- ~minimum value of 9.41 £ 0.19 U/mL at pH 7.0
fructofuranosidase production at pH 5.0 (24.99 = (Figure 4).

— — (] ] Laa
o] (] o] (7] [}
1 1 1 1 ]

il

L
1

p-Fructofuranosidas ¢ activity
(UfmL)

=

Figure 4: Effect of pH on B-fructofuranosidase production from A. flavus IBKK-02 at 30 “C. Each value
represents the mean of triplicate determinations with = SD

Effect of temperature on B-fructofuranosidase  0.40 U/ml.). Enzyme production then decreased,
production with the increase in temperature, down to a
Aspergillus flavns TBK-02 exhibited maximum $- minimum value of 7.13 * 0.45 U/mL at 60 °C
fructofuranosidase production at 30 °C (23.45 £  (Figure5).

30 A

Pt b [d [
e T WP o I
1 1 1 1

activity {UfmL})

L]

[-Fructofuranos idee

[}

T
35 40 45 50 535 60
Temperature (°C)

T
25 30

Figure 5: Effect of temperature on 3-fructofuranosidase production from fungus using orange peel as
substrate.

Effect of carbonm sources on - ascarbon source in fermentation medium (24.93
fructofuranosiddgeproduction * 0.46 U/mL). This was followed by use of
Aspergillus flavns TBK-02 exhibited maximum §-  sucrose (21.74£0.15U /mL) and fructose (5.00 =
fructofuranosidase production with orange peel 0.41 U/mL) as carbon soutces (Figure 6).
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Carbon sources

Figure 6: Effect of different carbon sources on §-fructofuranosidase production from 4. flavus IBK-02.

Effect of orange fruit peel concentration on B- 2.0% w/v. This was followed by a decrease in
fructofuranosidase production from fungus enzyme production as the orange peel
The fungus exhibited maximum - concentration increased to 3.0% w/v (24.99 *
fructofuranosidase production (25.62 + 0.32  0.26 U/mL) (Figure 7).

U/mL) with an orange peel concentration of

30
-
§ .25 -
E E 20 -
£ = 15 -
Se
£% 5]
ﬂl- {} T T T T T T

0.z 1 1.5 2 25 3
Orange peel (substrate) concentration (%)

Figure 7: Effect of orange peel concentration on -fructofuranosidase production from 4. flavus IBK-02.

Effect of nitrogen sources on p- A flavus IBK-02 (22,42 £ 0.44 U/mL), followed
fructofuranosidase production from fungus by urea (19.27 £ 0.59 U/mlL). The minimum
Peptone was observed to be the best nitrogen ¢nzyme production was observed using
source for B-fructofuranosidase production from ammonium sulphate as a nitrogen source (Figure

8).
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Figure 8: Effect of nitrogen sources on B-fructofuranosidase production from fungus.

Effect of inoculum concentration on B-
fructofuranosidase production from fungus

B-Fructofuranosidase production from A. flavus
IBK-02 was maximum when fungal spore

inoculum concentration of 2.0% v/v (25.06 £
0.26 U/mlL) was used in the fermentation
medium. Enzyme production then decreased as
inoculum concentration increased (Figure 9).

35 -

R 8
1

—
LM
1

activity (U/mL)
=

L BN
I

Hin

p-Fructofuranosidase

1%

2%
Inoculum concentration

3% 4% 5%

Figure 9: Effect of inoculum concentration on B-fructofuranosidase production from 4. flavus IBK-02.

Optimization of B-fructofuranosidase
production using experimental design
Optimization of [-fructofuranosidase
production from A. flavus IBK-02, using the Box-
Behnken experimental plan with the observed and
predicted responses for the experimental runs is
presented in Table 2.

The effect of the factors on B-fructofuranosidase
production was expressed in a second-order
polynomial regression equation of the form:

B-fructofuranosidase activity (U/mL/min) =
843.89200 — 112.39917 x Initial pH — 22.0703 x
Temperature — 112.59400 x Inoculum
concentration — 57.13233 x Orange peel

concentration + 0.35700 x Initial pH x
Temperature + 9.50250 x Initial pH x Inoculum
concentration + 6.83500 x Initial pH x Orange
peel concentration + 1.05000 x Temperature x
Inoculum concentration + 7.00000E-003 x
Temperature x Orange peel concentration +
6.018000 x Inoculum concentration x Orange peel
concentration + 7.17350 x Initial pH’ + 0.32299 x

Temperature2 + 4.96600 x Inoculum
concentration” + 3.13725 x Orange peel
concentration’.

This regression equation provided the level of §3-
fructofuranosidase production as a function of
initial pH, incubation temperature, inoculum
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concentration, and orange peel concentration.

The statistical significance of each of these factors
was evaluated using the analysis of variance
(ANOVA). From the ANOVA table (Table 3), the
model was found to have an F-value of 24.03
implying that the model was significant and there
was only a 0.01% chance that the model F-value
could occur due to error. Probability values of
“Prob < F < 0.05” indicated that such model
terms are significant. Thus, A, B, D, AC, AD, BC,
CD, A’, B’, C* and D’ are significant model terms
for maximizing B-fructofuranosidase production
from A. flavus (Table 3). The “Lack of fit F-value”
of 1.81 implies the Lack of fit is not significant,
relative to the pure error. The non-significant lack
of fitis good for the model to fit. Prob < F value
of lack of fit indicated that the quadratic model
was valid and adequate for the optimization of the
factors for optimum production of the enzyme.
The summary of the ANOVA for (-
fructofuranosidase production from A. flavus is
presented in Table 4. The multiple correlation
coefficient (R”) value obtained was 0.9600. The
closeness of the multiple correlation coefficient
(R’ value to 1 indicated a better correlation
between the observed and predicted values. The
coefficient of variation (C.V.%) in this study was
2.57% while the ratio obtained for §-
fructofuranosidase adequate precision was

15.170.

Three-dimensional (3D) response surface plots
were used to analyze the optimal levels and
interaction effects of the factors or variables in
maximizing B-fructofuranosidase production
tfrom A. flavus. The possible combinations of
variables in maximizing enzyme production are
presented in Figures 10 and 11. From the analysis
of the 3D response plot between pH and
inoculum concentration in Figure 10a, it could be
observed that an increase in pH with a decrease in
inoculum concentration led to an increase in $3-
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fructofuranosidase production. The 3D plot
between pH and orange peel concentration in
Figure 10b showed that an increase in pH with a
decrease in orange peel concentration led to an
increase in B-fructofuranosidase production.
Analysis of the 3D plot between inoculum
concentration and orange peel concentration in
Figure 10c showed that an increase in orange peel
concentration with an increase in inoculum
concentration led to an increase in enzyme
production. Figure 10d shows the 3D response
plot between temperature and inoculum
concentration. From the plot, it could be observed
that an increase in temperature correlated with an
increase in inoculum concentration for increased
enzyme production. Figure 11a shows that an
increase in temperature with a simultaneous
increase in orange peel concentration led to an
increase in the B-fructofuranosidase
concentration,

The response surface plot between pH and
temperature in Figure 11b showed that a slight
decrease in pH with an increase in temperature led
to an increase in B-fructofuranosidase production.
Maximal B-fructofuranosidase production of
122.48 U/mlL was achieved from A. flavus IBK-02
at pH 6.0, temperature 35 °C, 2.0% v/v inoculum
concentration and orange peel concentration
2.0%v/v (Table 2). This corresponds to an
approximately 5.0-fold increase in A. flavus B3-
fructofuranosidase production due to RSM
optimization.

The validity of the proposed model was estimated
by prediction of A. flavus B-fructofuranosidase
production for each trail of the matrix. The
experimental results obtained showed that the
maximum observed B-fructofuranosidase
production (12248 U/ml) was in excellent
agreement with the predicted value (120.2 U/mL)
inrun 22.
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Table 2: Box Behnken experimental design matrix and results of optimization of 3-fructofuranosidase

production from A. flavus IBK-02.

Run pH Incubation Inoculum Orange peel Observed - Predicted §-
temperature  concentration concentration fructofuranosidase fructofuranosidase
(°C) (%) (%) activity (U/ml) activity (U/ml)

1 5 30 2 2 97.66 90.13
2 5 35 2 1 104.84 105.8
3 5 35 1 2 100.68 103

4 5 30 2 2 95.17 94.03
5 5 25 2 3 96.58 99.67
6 5 30 3 1 86.08 88.39
7 6 30 2 1 96.18 90.94
8 6 25 2 2 94.88 99.46
9 6 30 3 2 118.89 115.6
10 5 35 2 3 106.86 109.4
11 4 30 2 1 100.48 99.1

12 6 30 2 3 118.68 115.6
13 4 35 2 2 104.01 109.3
14 5 30 1 3 98.44 95.69
15 5 30 2 2 94.06 89.96
16 5 35 3 2 116.80 113.7
17 4 30 3 2 96.94 923

18 5 30 3 3 98.02 110.4
19 5 30 2 2 94.44 88.86
20 6 30 1 2 98.94 96.09
21 5 25 2 1 93.38 96.21
22 6 35 2 2 122.48 120.2
23 5 25 3 2° 91.74 93.8

24 4 25 2 2 95.46 95.7

25 5 25 1 2 102.84 104.1
26 4 30 2 3 97.46 97.23
27 5 30 1 1 106.60 101.6
28 5 30 2 2 97.02 92.16
29 4 30 1 2 114.90 110.8
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Table 3: Analysis of variance (ANOVA) for the Box Behnken quadratic model for B-
fructofuranosidase production from A. flavus IBK-02

-value
Source Sum of Squares df Mean square F-Value Pf ob > F
Model 2245.64 14 160.40 24.03 < 0.0001*
A-Initial pH 88.84 1 88.84 13.31 0.0026*
B-Temperature 437.54 1 437.54 65.54 < 0.0001*
Ccoflf:e’fl‘;l:;lm 0.71 1 0.71 0.1 0.7499
IC)O '&ff;gid 169.80 1 169.80 25.44 0.0002*
AB 12.74 1 12.74 1.91 0.1887
AC 361.19 1 361.19 54.10 < 0.0001*
AD 186.87 1 186.87 27.99 0.0001*
BC 110.25 1 110.25 16.51 0.0012%
BD 4.900E-003 1 4.900E-003 7.340E-004 0.9788
CD 194.88 1 194.88 29.19 < 0.0001*
A2 333.79 1 333.79 50.00 < 0.0001*
B2 422.93 1 422.93 63.35 < 0.0001*
C2 159.96 1 159.96 23.96 0.0002*
D2 63.84 1 63.84 9.56 0.0080%
Residual 93.46 14 6.68
Lack of Fit 76.52 10 7.65 1.81 0.2987
Pure Error 16.94 4 4.24
Cor Total 2339.11 28

A-pH; B-Incubation temperature; C-Inoculum concentration; D-Orange peel concentration; R’=
0.9600; Adj R’= 0.9201; Predicted R*= 0.8003; Adeq Precision 15.170; df- degree of freedom; C.V =
2.57%; * Statistically significant (P < 0.05)

Table 4: Summary of the ANOVA for -fructofuranosidase production from A. flavus IBK-02

Variance parameter Value
Standard deviation (SD) 2.58

Mean 100.69
Coetficient of variation (C.V.%) 2.57

PRESS 467.23
Multiple correlation coefficient (R?) 0.9600
Adjusted R-squared 0.9201
Predicted R-Squared 0.8003
Adequate Precision 15.170
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DISCUSSION

Fungal strains isolated from decaying orange fruit
were screened for their relative B-
fructofuranosidase production abilities, under
submerged fermentation conditions. The strain
IBK-02 exhibiting the most appreciable enzyme
production was selected for further study. It was
presumptively identified by phenotypic method as
Aspergillus sp. IBK-02. Several species of fungi
have been implicated in the decay of orange fruits
(Tournas and Katsoudas, 2005; Akinmusire,
2011). Fruits generally contain high levels of
sugars and nutrient molecules and their low pH
values make them particularly susceptible to
fungal decay (Singh and Sharma, 2007).

The identity of the fungus was confirmed by
molecular identification method, based on the
fungal I'TS region (gene) sequencing and analysis,
as Aspergillus flavus 1IBK-02 with a maximum
identity of 100% to other similar species. Several
strains of _A. flavus have been implicated in -
fructofuranosidase production (Uma e# a/., 2010;
Matei et al, 2017). Phylogenetic comparative
analysis revealed a close relationship between the
fungus and other fungal species in the
GENBANK implicated in B-fructofuranosidase
production.

Orange peel was the best substrate for (-
fructofuranosidase production out of pineapple
peel and, an equal combination of the two fruit
peels. These fruit peels are rich in moisture,
carbohydrates, protein, fat, and other compounds
(Wijngaard ez al., 2009). The peels are rich sources
of nutrients such as carbohydrates, and the
sufficient sugars and protein they contain will
promote the growth of microorganisms,
producing a significant yield of useful enzymes
(Bennet ¢# al., 2002). Studies on the utilization of
different agro-wastes as cost-effective substrates
for B-fructofuranosidase production from
Aspergillus and other fungal species include the use
of wheatbran (Giraldo ezal., 2011), pineapple peel
(Oyedeijt et al., 2017), date syrup (Qureshi e al.,
2017), pineapple crown waste (Batista ez a/., 2022),
and cassava-soybean (Osiebe ez al, 2023). The
difference in the suitability of the fruit peels as
substrates for B-fructofuranosidase production
could be attributed to the differences in the
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concentrations of the nutrient molecules in the
different peels leading to differences in microbial
growth and enzyme production.

The optimization of B-fructofuranosidase
production from the test fungus, using the one-
factor-at-a-time approach, revealed the following
parameters for optimum enzyme production:
incubation period 120 h, initial pH 5.0,
temperature 30 “C, orange peel as the best carbon
source, nitrogen source peptone and fungal spore
inoculum concentration 2.0%v/v. The application
of response surface methodology (RSM) for
optimization of B-fructofuranosidase production
from fungi allows the simultaneous determination
of the main and interaction effects of important
factors on enzyme production. Response surface
methodology is a collection of statistical and
mathematical techniques convenient for
developing, improving, and optimizing processes
in which several variables influence the response
of interest (Myers ¢/ al., 2009). The optimization
of processes involving varying one factor while
the other factors were kept at their constantlevels,
that is, the one-factor-at-a-time approach is unable
to consider the interactive effect among all the
factors on the outcome (Bas and Boyaci, 2007).
Moreover, the approach is time-wasting,
laborious, and wasteful of reagents. Response
surface methodology can be used to overcome
these limitations since its application can identify
and quantify the various interactions among
several parameters with fewer experimental runs
(Shankar ez al., 2015). The optimum values of the
process variables were obtained from the
quadratic regressions. The adequacies of models
were justified through analysis of wvariance
(ANOVA). Prob > F-value less than 0.05 indicates
that the model terms are significant while values
greater than this indicate the model terms are not
significant. Therefore, it can be assumed that the
developed statistical model is reasonably accurate.
In this study, fitting the data to various models
(linear, two factorial, quadratic, and cubic) and
their subsequent ANOVA revealed that (-
fructofuranosidase production was most suitably
defined with the quadratic polynomial model. The
parameter combination eliciting the maximum
response of 122.48 U/mL for A. flavus IBK-02 3-
fructofuranosidase production was initial pH
(6.0), temperature (35 °"C), inoculum
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concentration (2.0%) and orange peel
concentration (2.0%v/v). This corresponds to an
approximately 5.0-fold increase in A. flavus B3-
fructofuranosidase production due to RSM
optimization. Results from this study have
demonstrated a significant increase in the enzyme
production from A. flavus IBK-02, through RSM
compared to the non-optimized condition. A
good correlation between the experimentally
obtained data and predicted data specified by the
model indicates that the Box Behnken design
could be effectively applied to optimize the
process for B-fructofuranosidase production
from the study fungus. Statistical experimental
design had also been used to improve the yield of
extracellular -fructofuranosidase from strains of
A. carbonarius (Batista et al., 2021) and A. niger
(Tasar and Tasar, 2022).

CONCLUSION

B-fructofuranosidase is utilized in several
biotechnological applications in diverse industties.
In this study, Aspergillus flavus IBK-02 isolated
from decaying orange fruit was efficient in (-
fructofuranosidase production. Orange peel was
used as a low-cost substrate for production of the
industrially-important enzyme from the fungus,
under submerged fermentation conditions.
Optimized enzyme production was successfully
achieved using the statistical optimization tool
response surface methodology (RSM), leading to a
five-fold increase in B-fructofuranosidase yield.
The parameter combination eliciting optimum 4.
flavus IBK-02 B-fructofuranosidase production
was initial pH (6.0), temperature (35 "C), inoculum
concentration (2.0% w/v), and orange peel
concentration (2.0% w/v). This corresponds to an
approximately 5.0-fold increase in A. flavus B-
fructofuranosidase production due to RSM
optimization. This study has demonstrated an
enhanced B-fructofuranosidase production from
A. flavus IBK-02 using orange peel as a low-cost
substrate, and the RSM as a statistical optimization
tool.
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