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A B S T R A C T

Production of thermostable invertase from Aspergillus niger IBK1 cultivated under submerged fermentation,
using pineapple peel as a low-cost substrate, was investigated. Effects of some physical and nutritional factors
such as pH, temperature, carbon sources and nitrogen sources on invertase production were studied. The
enzyme was purified and characterized to evaluate its potentials for industrial applications. Maximum yield of
invertase (24.20 ± 0.38 U/mL) was at 120 h fermentation period at pH 5.0 and 35 °C. Sucrose, glutamic acid
and peptone all enhanced enzyme production. The invertase was partially purified by sephadex G-100 gel
filteration chromatography, after which a 34.57-fold increase in specific activity and a yield of 8.78% was
achieved. Native molecular weight of the enzyme was 67.7 ± 0.21 kDa using gel permeation chromatography on
Sephadex G-100. The optimal pH and temperature of activity were 4.5 and 60 °C, respectively. The enzyme was
highly stable at temperature 35–65 °C and at pH 3.0–6.0. Km and Vmax values for sucrose were 21.93 ±
3.72 mM and 35.71 ± 2.02 U/min/mL respectively. Na+, K+, Ca2+ and EDTA all enhanced the activity of A.
niger IBK1 invertase while Mg2+ showed inhibitory effect. This study reveals invertase from A. niger IBK1 has
potentials for industrial and biotechnological applications

1. Introduction

The global industrial enzymes market worth 3.3 billion and 4.2
billion US dollars in 2010 and 2014, respectively, has continued to
grow (Singh et al., 2016). However, the major challenge in compre-
hensive application of enzymes in industry has been their high
production cost (Jana et al., 2013). A significant proportion of this is
attributed to growth substrate (Prasad et al., 2011). The utilization of
renewable resources such as agro-industrial residues as cheap and
readily available substrates for enzyme production has therefore been a
subject of intense research. This is with a view to having an alternative
way of cost-effective enzyme production and waste management. Agro-
industrial wastes are generated in large amounts every year and their
reuse in processes is of particular interest due to their renewability,
low-cost and characteristics that allow production of different value
added products (Borghi et al., 2009). Pineapple peel is a by-product of
the pineapple juice processing industry. Its production in large
quantities results in serious waste disposal problems which lead to
environmental pollution hazards, if not utilized (Rani and Nand, 2004).
Interestingly the peel contains a considerable amount of soluble sugars

which may be used a substrates in microbial fermentation for produc-
tion of value added products such as enzymes (Siti Roha et al., 2013).

Invertases [β-D-fructofuranosidase (E. C. 3.2.1.26)] catalyze the
hydrolysis of α-1,4-glycosidic bonds of sucrose and release equimolar
mixtures of monosaccharides D-glucose and D-fructose called invert
sugar (Mobini-Dehkordi et al., 2008). The enzyme attacks the non-
reducing fructofuranoside terminal residues of β-fructofuranosides
such as sucrose and raffinose (Veana et al., 2011). Invertases exist
widely in the biosphere especially in plants and microorganisms, where
they occur both intracellularly and extracellularly (Rashad et al., 2006;
Hussain et al., 2009). By providing plants with fuel for respiration and
carbon and energy for the synthesis of different compounds, invertases
play important roles in plant growth and development (Kulshrestha
et al., 2013). Invertase is used in the inversion of sucrose in the
preparation of invert sugar and high fructose syrups (HFS). Invert
syrup is approximately 1.5 times sweeter than sucrose with wide
applications in the food and pharmaceutical industries because of its
functionally more desirable properties like high solubility and hygro-
scopic nature (De Almeida et al., 2005; Aranda et al., 2006). It is
therefore used as humectants in the manufacture of chocolate-coated
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soft-centred sweeteners, candy products, fondants and after-dinner
mints. Invertases are used in the pharmaceutical industry as digestive
aid tablets, powder milk for infants’ foods, as calf feed preparation,
assimilation of alcohol in fortified wines and in the manufacture of
inverted sugars as food for honey bees (Rashad and Nooman, 2008).
Microbial invertases may also catalyze the synthesis of short chain
fructooligosaccharides in which one to three fructosyl moieties are
linked to the sucrose skeleton by different glycosidic bonds depending
on the source of the enzyme (Sangeetha et al., 2005; Linde et al., 2009).
Fructooligosaccharides are one of the promising ingredients for func-
tional foods since they act as prebiotics and exert beneficial effects on
human health (Kurakake et al., 2009; Coman et al., 2012; Rolim,
2015).

In this study, we explore the cost effective production of invertase
by Aspergillus niger IBK1, under submerged fermentation, using
pineapple peel as an alternate substrate. Subsequent purification and
characterization of the enzyme were then carried out.

2. Material and methods

2.1. Preparation of pineapple peels

The agro-industrial waste pineapple peel (Ananas comosus) was
obtained locally from the fruit market. It was prepared by exhaustive
washing with distilled water, dried at 70 °C for 48 h in an oven and
milled to 35 mesh sizes.

2.2. Isolation and maintenance of fungal strain

The fungal strain used in this study was isolated from deteriorating
orange fruits and was characterized by colonial morphology and
microscopical examinations using lactophenol cotton blue solution
mount according to Benson (1990). It was identified as a strain of
Aspergillus niger IBK1 and was maintained on potato dextrose agar
(Fluka Sigma, St. Louis, Mo, USA) slants at 4 °C.

2.3. Submerged fermentation for enzyme production

Invertase was produced by submerged fermentation (SmF) in
Erlenmeyer flasks (250 mL) containing 100 mL of medium composed
of KH2PO4 (1.0 g), K2HPO4 (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), CaSO4 (0.5 mg) all
dissolved in 1 L distilled water. Pineapple peels (10.0 g) was added
as the substrate. Initial pH of the medium was adjusted to 6.0 and the
culture medium was inoculated with 1×106 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 for the estimation of invertase activities. Fermentations were
carried out in triplicates.

2.4. Determination of invertase activity and protein concentration

Invertase 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 according to Bergmeyer and Bernt
(1974). Reaction was for 60 min at 35 °C. Reducing sugars were
quantified by 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
µmol glucose per milliliter per minute under the assay conditions.
Protein content was quantified according to Bradford (1976), using
bovine serum albumin (Sigma-Aldrich, St. Louis, Mo, USA) as stan-
dard.

2.5. Effect of incubation period on fungal growth and invertase
production

The time course (24–192 h) of invertase production by fungus was
determined and compared with fungal growth. At twenty four hourly
intervals, the invertase activities were assessed. Also, the mycelia dry
weights of the fungus, obtained after culture filtration and drying at
70 °C, were determined.

2.6. Effects of fermentation conditions and nutritional parameters on
invertase production

2.6.1. Effects of pH on production of invertase from A. niger IBK1
The effect pH on production of invertase from A. niger IBK was

determined by adjusting the pH of fermentation media to different
levels 3.0–8.0. Each of the nedium, adjusted to different level, was
inoculated with standardised spore suspension (1×106 spore/mL) and
incubated for 120 h at 35 °C. Cultures were then filtered through glass
fibre filter paper and supernatant was recovered as crude enzyme.
Production of invertase was quantified according to standard assay
procedure earlier described.

2.6.2. Effects of temperature on production of invertase from A. niger
IBK1

The influence of temperature on production of invertase from A.
niger IBK was studied by varying the incubation temperature of
fermentation culture from 25 to 60 °C. After incubation for 120 h,
cell-free supernatants were obtained by filteration and production of
invertase determined according to standard assay procedure.

2.6.3. Effects of carbon sources on production of invertase from A.
niger IBK1

The effect of some carbon sources on production of invertase from
A. niger IBK was evaluated by supplementing the fermentation
medium with different carbon sources. These were sucrose, glucose,
fructose, rhamnose, maltose, starch, mannose and pineapple peel
(1.0% w/v). Incubation was for 120 h at 35 °C. Cultures were then
filtered through glass fibre filter paper and supernatants obtained as
crude enzyme. Production of invertase was quantified according to
standard assay procedure.

2.6.4. Effects of nitrogen sources on production of invertase from A.
niger IBK1

The effect of some nitrogen sources on production of invertase from
A. niger IBK was evaluated by supplementing the fermentation
medium with different carbon sources. These were nitrogen sources
(NH4)2SO4, NH4Cl, KNO3, peptone, yeast extract, urea, NaNO3,
Ca(NO3)2. Incubation was for 120 h at 35 °C. Cultures were then
filtered through glass fibre filter paper and invertase activities present
in supernatant was determined according to standard assay procedure.

2.6.5. Effects of amino acids on production of invertase from A. niger
IBK1

The effect of amino acids on production of invertase from A. niger
IBK was evaluated by supplementing the fermentation medium with
some amino acids which included alanine, cysteine, glutamine, glycine,
threonine, leucine, glutamic acid and valine (0.5% w/v). Incubation
was for 120 h at 35 °C. The fermentation media were filtered through
glass fibre filter and cell-free supernatants were recovered as crude
enzyme preparations which were assessed for production of invertase
according to standard assay procedure.

2.6.6. Effects of pineapple peel concentrations on production of
invertase from A. niger IBK1

The effect of different concentrations of pineapple peel (0.2%, 0.4%,
0.6%, 0.8%, 1.0% and 1.2% w/v) on production of invertase from A.
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niger IBK was studied. Culture was incubated for 120 h at 35 °C. The
supernatant was obtained and production of invertase determined
according to standard assay procedure.

2.7. Purification of invertase

Cell-free, crude enzyme filterate of A. niger was dialyzed overnight
in 0.05 M citrate phosphate buffer, pH 6.0 at 4 °C. It was lyophilized by
using the freeze dryer (Labconco, USA) and then resuspended in
3.0 mL of 0.05 M citrate phosphate buffer, pH 6.0. Invertase activity
and protein were estimated. It was then loaded in Sephadex G-100
(1.0×50 cm; Sigma Chemical Company, St. Louis, MO, USA) chroma-
tographic column previously equilibrated with 0.05 M citrate phos-
phate buffer, pH 6.0. Fractions of 1.0 mL were collected at a flow rate
of 18 mL/h and those with activities were pooled, dialyzed in 0.05 M
citrate phosphate buffer, pH 6.0 overnight at 4 °C and then used for
biochemical characterization.

2.8. Determination of invertase molecular mass

The native molecular mass of the extracellular invertase from A.
niger IBK1 was determined by gel filteration in Sephadex G-100
chromatographic column using the same conditions described above.
Lysozyme (15,000 Da), chymotrypsinogen (25,000 Da), ovalbumin
(45,000 Da) and bovine serum albumin (67,000 Da) were used as
standard proteins.

2.9. Effect of pH and temperature, and kinetic properties of purified
enzyme

Effect of pH on invertase activity was determined over a pH range
3.0–8.0. Stability to different pH conditions was studied by incubating
the enzyme for 1 h in buffers with different pH values (3.0–8.0). The
residual activities were then determined. The following buffer systems,
at the indicated pH values, were used: 100 mM sodium acetate buffer,
pH 3.0–5.0; 100 mM citrate phosphate buffer, pH 6.0; 100 mM Tris-
HCl buffer, pH 7.0 and 8.0.

The influence of temperature on the activity of A. niger invertase
was studied by incubating aliquot of the enzyme with the substrate at
the temperature range 35–80 °C. Thermal stability was investigated by
incubating the enzyme, without substrate, for 1 h, in the temperature
range 35–80 °C. The aliquots were then assayed for residual activities.

Kinetic parameters Km and Vmax were determined with sucrose as
substrate at concentrations 10–80 mM, using the non-linear regression
analysis software (Graph pad Prism 5).

2.10. Effect of metal ions and chemical reagents on invertase activity

The influence of some cations (K+, Na+, Mg2+, and Ca2+) and the
chelating agent ethylenediamine tetraacetic acid (EDTA) on invertase
activity were investigated by adding 10.0 mM of each metallic chloride
and EDTA to the reaction mixture. Invertase activity was determined
following the standard assay procedure. The results were presented as
relative activities (%).

2.11. Statistical analysis

All data were subjected to statistical analysis for determination of
mean and standard deviation using SPSS version 16. Experiments were
carried out in triplicates.

3. Results and discussion

3.1. Effect of incubation period on growth and invertase production

The effect of fermentation period on invertase production from A.

niger IBK1 over 196 h period was studied (Fig. 1). There was
appreciable invertase production after 72 h (15.29 ± 0.60 U/mL) in-
cubation. Invertase production increased with time until 120 h when
maximum yield (21.46 ± 0.60 U/mL) was obtained. The increased
invertase production might be due to utilization of pineapple peel by
A. niger IBK1 for growth and hence enzyme production. However,
beyond 120 h there was decrease in the production of invertase (Fig. 1).
This decline could be due to exhaustion of glucose, a primary
metabolite obtained in the degradation of the substrate, which is
required for growth, or increase in the concentration of metabolic
wastes secreted into the fermentation medium (Mamma et al., 2008).
Mycelium mass also increased in direct proportion to enzyme produc-
tion reaching a peak at 168 h incubation (Fig. 1). This result is similar
to those of Mahesh et al. (2012) and Aliaa and Atalia (2015) who also
reported 120 h as the optimum incubation period for maximum
invertase production by Aspergillus spp M1 isolated from honey comb
and A. terreus isolated from marine environment, respectively.
However, higher incubation period of 154 h was reported by
Chelliapan and Madhanasundareswari (2013) for maximum invertase
production by a strain of Aspergillus sp. Optimum invertase produc-
tion at incubation period of 96 h was however reported for strains of A.
ochraceus and A. flavus by Guimaraes et al. (2007) and Uma et al.
(2010), respectively.

3.2. Optimization of fermentation conditions for invertase production

There was appreciable invertase synthesis at the acidic pH range
4.0–6.0, with maximum invertase synthesis occurring at pH 5.0
(Fig. 2). A similar optimum pH was observed for invertase production
by A. flavus (Uma et al., 2010). Invertase activity was highest (24.20 ±
0.38 U/mL) at temperature of 35 °C (Fig. 3). Above this value invertase
production decreased steadily. The fungus exhibited stability up to
60 °C, indicating its biotechnological potential. Similar optimum
temperature value was reported for invertase secretion by a strain of
Penicillium expansum Link (Kashif et al., 2015). During enzyme
production at differing temperatures, stabilization of metabolic net-
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work is supposedly by the folding of proteins of the metabolic network
itself, most probably by acquiring chaperones (Borges and Ramos,
2005; Rajoka et al., 2005).

Maximum invertase synthesis was achieved by the use of sucrose
(22.64 ± 0.34 U/mL) as carbon source followed by pineapple peel
(18.15 ± 0.33 U/mL) (Table 1). Sucrose was also observed to be the
best carbon source for invertase synthesis by fungal species (Uma et al.,
2010; Mahesh et al., 2012; Shankar et al., 2013). Siti Roha et al. (2013)
reported that pineapple peel contains a considerable amount of soluble
sugars such as sucrose which makes it suitable for use as a substrate in
microbial fermentations. This composition would make the use of
pineapple peel for fungal growth attractive because of its low cost and
availability of carbon and nitrogen sources and minerals. Agro-
industrial residues such as pineapple peel are therefore suitable
substrates for microbial cultivation and production of molecules with
biotechnological importance such as enzymes and other value added
products (Rosales et al., 2007; Selvankumar et al., 2011). Several agro-
industrial residues have also been used for invertase production by
filamentous fungi such as A. caespitosus (Alegre et al., 2009), A. niger
GH1 (Veana et al., 2014) and A. phoenicis (Rustiguel et al., 2015).
Pineapple peel was therefore selected for the fermentation process in
this study. The use of such agro-industrial residues also reduce the
accumulation and consequent environmental hazards associated with
them. The best pineapple peel concentration for enzyme production
was 1.2% w/v (Table 1). Invertase production was most pronounced
with the use of the amino acid glutamic acid and peptone as the
nitrogen source (Table 1). Shafiq et al. (2003) also observed peptone to
be the best nitrogen source for invertase production by fungi. The
preference for glutamic acid is likely due to its relative ease of entry
into amino acid metabolism since it has been described as playing
pivotal role in the metabolism of amino acids in living cells (Kelly and
Stanley, 2001).

3.3. Purification and determination of molecular mass of enzyme

The steps used for invertase purification are shown in Table 2. The
enzyme was purified 34.56-fold with 8.78% recovery (Table 2). These
values are higher than those reported previously (Kashif et al., 2015;
Uma et al., 2012). The native molecular weight of the purified invertase
from A. niger was estimated by gel permeation chromatography on

Sephadex G-100 to be 67.7 ± 0.21 kDa.

3.4. Characterization of purified invertase

3.4.1. Effect of pH on purified invertase activity and stability
The purified invertase was optimally active at the acidic pH 4.5

(Fig. 4). Similar optimum pH value was reported for mycelial invertase
of A. phoenicis (Rustiguel at al., 2015), but a pH of 5.5 was observed for
invertase of Saccharomyces cerevisiae NPRL Y-12632 (Mona and
Mohammed, 2009). Invertase was stable at acid pH range 3.0–6.0 but
maximum stability was observed at pH range 3.5–5.0 (Fig. 5). Sabu
et al. (2005) reported the pH dependent enzyme activity being
determined by the nature of the amino acids at the active site, which
undergoes protonation and deprotonation according to environmental
pH.

3.4.2. Effect of temperature on purified invertase activity and
stability

The optimal temperature for invertase activity was observed at
60 °C (Fig. 6). Invertase was stable at range 35–70 °C retaining 76.2 ±
0.29% of its original activity at 70 °C (Fig. 7). This indicates the
thermostable nature of the enzyme and hence potential industrial
applications. Similar optimum temperature for activity was reported
for extracellular invertase of A. phoenicis (Rustiguel at al., 2010), but
optimal temperature of 55 °C was observed for invertase activity of A.
niger AS0023 (L’Hocine et al., 2000). One of the outstanding advan-
tages of conducting biotechnological processes at elevated tempera-
tures is minimization of risk of contamination and deterioration of both
substrates and reaction products by common mesophiles (Haki and
Rakshit, 2003).

3.4.3. Kinetic properties of invertase
The Michelis-Menten constants Km and Vmax values obtained for

the purified invertase were 21.93 ± 3.72 mM and 35.71 ± 2.02 U/min/
mL respectively (Fig. 8). A Km of 15.66 mM was obtained for A. terreus
invertase using sucrose as substrate (Reis et al., 2010). The Km value
obtained for sucrose hydrolysis by the invertase from A. niger in this
study shows that this enzyme has higher affinity for sucrose compared
to those produced by Rhodotorula glutinis with a Km of 227 mM
(Rubio et al., 2002) and by the bacterium Bifidobacterium infantis,
with a Km of 24.23 mM (Warchol et al., 2002), among others.

3.4.4. Influence of cations and ethylenediamine tetraacetic acid
(EDTA) on invertase

The purified enzyme from A. niger IBK1 was incubated with various
metal ions (Na+, K+, Ca2+ and Mg2+) at 10 mM concentrations. Among
these tested ions, Na+, K+ and Ca2+ all enhanced the invertase activity
(Table 3). These cations might be involved in holding the substrate in
an appropriate position for an efficient action of the active site within
the enzyme (Sparta and Alexandrova, 2012). They might also help in
removing enzyme inhibitors and or protecting the enzyme against
thermal denaturation at high temperatures. Invertase activity was
stimulated at 10 mM EDTA (Table 3). This implies that the enzyme
is fairly stable to chelating agents and that rules out the possibility that
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Table 1
Effect of nutritional factors on invertase production.

Carbon source Sucrose Glucose Fructose Rhamnose Maltose Starch Mannose Pineapple peel

Invertase (U/mL) 22.64 ± 0.34 12.12 ± 0.20 12.61 ± 0.70 9.65 ± 0.21 14.01 ± 0.47 15.80 ± 0.76 9.41 ± 0.29 18.15 ± 0.33
Pineapple peel concentration (%) 0.2 0.4 0.6 0.8 1.0 1.2
Invertase (U/mL) 12.37 ± 0.43 12.90 ± 0.17 14.85 ± 0.59 15.10 ± 0.29 16.17 ± 0.09 20.26 ± 0.23
Nitrogen source (NH4)2SO4 NH4Cl KNO3 Peptone Yeast extract Urea NaNO3 Ca(NO3)2
Invertase (U/mL) 18.32 ± 0.58 16.1 ± 0.21 13.16 ± 0.44 21.17 ± 0.43 16.59 ± 0.53 11.47 ± 0.46 16.91 ± 0.51 17.49 ± 0.40
Amino acid Alanine Cysteine Glutamine Glycine Threonine Leucine Glutamic acid Valine
Invertase (U/mL) 16.10 ± 0.34 11.14 ± 0.18 6.12 ± 0.25 12.92 ± 0.20 9.12 ± 0.17 2.43 ± 0.24 22.63 ± 0.25 2.54 ± 0.10

O. Oyedeji et al. Biocatalysis and Agricultural Biotechnology 9 (2017) 218–223

221



metal ions are bound to the enzyme for activity as had been reported
for some proteins. Chelating agents such as EDTA inactivate enzymes
by either removing metal ions from the enzyme or by binding inside the
enzyme as a ligand (Zeng et al., 2014).

4. Conclusion

The filamentous fungus A. niger IBK1 has good prospects for high
titre of invertase production using pineapple peel as a low-cost,
renewable substrate. The properties of the invertase suggest that it
has good biotechnological potential for industrial utilizations such as
the production of high invert sugar for the food and other industries.

The enzyme is thermostable and stable to acidic pH, characteristics
which make it advantageous for industrial high invert fructose syrup
production, as all conditions prevent microbial contamination and
undesired colour formation. Relatively low Km and high Vmax values are
other indices that may make the enzyme suitable for such applications.
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Table 2
Purification steps of A. niger invertase.

Purification Steps Volume Enzyme Activity Total Activity Protein Concentration Total Protein Specific Activity Yield Purification Fold
(mL) (U/mL) (U) (mg/mL) (mg) (U/mg) (%)

Crude enzyme 400.0 11.4 4560.0 12.7 5080 0.90 100 1
Lyophilization 3.0 251.99 755.97 9.8 29.4 25.71 16.58 28.57
Sephadex G-100 9.0 44.48 400.32 1.43 12.87 31.10 8.78 34.56
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Fig. 8. Non linear regression plot for kinetic parameter of invertase from A. niger IBK1
using Graph Pad Prism. Incubation period 1 h.

Table 3.
Influence of cations and EDTA on activity of invertase produced by A. niger IBK1.

S/No. Addition Relative activity (%)

1 None (Control) 100
2 NaCl 121.33
3 KCl 109.67
4 CaCl2 103.33
5 MgCl2 98.67
6 EDTA 110.00
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