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Abstract

A mesophilic strain of Aspergillus niger isolated from cassava effluent samples produced extra-
cellular glucoamylase in submerged culture containing 2% (w/v) soluble or sweet potato starch.
On soluble starch medium the maximum glucoamylase activity in the culture filtrate was 9.40
U/mg compared to 8.24 U/mg on sweet potato starch culture filtrate. The mycelial dry weight for
both media was 494 and 418 mg respectively. The maximum glucoamylase activity was obtained
at a growth temperature of 40°C and pH 4.5. The implication is that the bioprocess of utilizing
sweet potato starch in the culture is attractive due to its relatively cheaper availability in Nigeria,
making it even more favorable when economics is considered.
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1. Introduction

Aspergillus niger remains one of the most important microorganisms with biotechnological potentials. Since
1919, A. niger has been exploited industrially in the production of citric acid. Its scope of practical importance
was further broadened in the last three decades, when the organism was developed as an important transforma-
tion host to over-express food enzymes that are well established as technical aids in fruit processing, baking, and
in starch and food industries. Amyloglucosidase, pectinase and protease were originally produced by A. niger in
surface culture [1] and later in submerged culture [2]. Recently, amyloglucosidase has been exploited for indus-

How to cite this paper: Ubalua, A.O. (2014) Sweet Potato Starch as a Carbon Source for Growth and Glucoamylase Produc-
tion from Aspergillus niger. Advances in Microbiology, 4, 788-795. http://dx.doi.org/10.4236/aim.2014.412087



http://www.scirp.org/journal/aim
http://dx.doi.org/10.4236/aim.2014.412087
http://dx.doi.org/10.4236/aim.2014.412087
http://www.scirp.org
mailto:alfreduba@yahoo.com
http://creativecommons.org/licenses/by/4.0/

A. O. Ubalua

trial hydrolysis of starch to glucose, maltose, and low molecular weight dextrins. Besides the production of food
enzymes, citric acid is also produced almost exclusively by the fermentation of A. niger and A. wentii. Citric
acid is the primary acidulant in the food and beverage industries and also in foods such as soft drinks, fruit juices,
desserts, jams, jellies, candy and wine [3].

Medium composition is a prerequisite for successful growth and enzyme production by microorganisms. Me-
dium ingredient such as soluble starch is imported and considerably expensive in sub-Saharan Africa necessitat-
ing the search for local alternatives. In Nigeria, agricultural produce like roots and tubers, are abundant; and a
valuable percentage are perennially lost due to inadequate storage and processing. The use of starches as raw
materials is attractive because of the enormous post-harvest losses associated with our agricultural produce and
the ability to obtain high root yields of sweet potato from marginal agricultural soils in our country Nigeria. The
possibility that cheap raw materials can increase the yield of amylases has not received much attention. More-
over, the economy and sustainability of many fermentation processes depends to some extent on the cost of car-
bohydrate raw materials [4]. Complex fermentation media which gave optimum production of amylases have
been reported [5], but not much attempts have been made to develop cheap substrate for optimum production of
amylases. The regular use of soluble starch-based fermentation media is not commercially viable for industries
in the tropics. For efficient commercial production, a continuous effort is being made to find cheaper substrate
sources. Locally available carbon and nitrogenous sources are the decisive factors in the optimum production of
enzymes, and these differ very much from substrate to substrate. In this study, the potential of obtaining signifi-
cant yield of amylase in a mesophilic strain of A. niger isolated from cassava effluent using locally available and
cheap sweet potato starch in comparison with the conventional soluble starch was investigated.

2. Materials and Methods
2.1. Isolation of Aspergillus niger

Aspergillus niger used in this study was isolated from cassava effluent samples. Samples were collected with
clean sealed cellophane bags and analyzed immediately. Each sample was evenly mixed with sterile distilled
water in a test tube and serially diluted. A 0.1 ml of the diluent was plated on potato dextrose agar (PDA; Sigma
Chemical Co., St. Louis, MO, USA) medium fortified with 0.1 mg/ml of streptomycin, in triplicate. Incubation
was at room temperature for 48 h. After 48 h of incubation, all morphologically contrasting colonies were puri-
fied by repeated streaking. Purified isolates were also scored for starch hydrolysis as described by Chu [6]. This
was done with PDA medium containing 1% soluble starch. Ability to hydrolyse starch was demonstrated by
streaking the isolates on the PDA plates and incubation was at room temperature for 48 h before flooding with
Grams iodine. In situ enzyme production was observed with the clearing of zone of whitish appearance in the
areas surrounding the isolate. Identification was on the basis of the structures bearing spores, stolon, and conidia.
The observed structures were compared with the standard descriptions in Barnett and Hunter [7]. The initial se-
lection of the amylase-producing A. niger was based on the formation of clearance zone with iodine solution on
the isolation medium containing 1% soluble starch.

2.2. Profile of Growth and Amylase Induction from Aspergillus niger

250 ml Erlenmeyer flasks were used for the amylase production. Each contained 50 ml of the culture medium of
the following composition in g/l: Soluble starch (20), peptone (0.5), K,HPO, (1), KH,PO, (0.60), MgSO,-7H,0
(0.10), CaCly-2H,0 (0.10) (MS). The pH of the medium was adjusted to 7.0 with 1 N H,SO, and/or 1 N NaOH
before sterilization at 121°C for 15 minutes. Spores of 48 h old cultures of A. niger were harvested by washing
with 5 ml of sterile distilled water. The concentration was adjusted to 4 x 107 spores/ml with a haemocytometer
and a 0.5 ml of the spore suspension was used to inoculate the medium. Fermentation was performed with mild
agitation on a rotary shaker at 200 rpm for 72 h and at room temperature. The following variables were moni-
tored daily: protein content, enzyme activity, specific activity, and starch depletion. For comparative purposes,
the soluble starch in the amylase producing medium was substituted with sweet potato starch. Filtration was
done with Whatman No. 5 filter paper (diameter 15 cm, and aperture size 2.5 um) dried to constant weight at
60°C and the filtrates thus obtained were taken as the crude enzyme and used for growth measurements.

2.3. Extraction of Starch Milk

Mature sweet potato roots were peeled and washed with clean water and allowed to dry at room temperature.
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They were subsequently disintegrated with a grater. The pulps were placed on a muslin cloth, sieved and flushed
with clean water until the starch stream ceases. The crude starch milks were kept in a refrigerator overnight to
discourage microbial growth and degradation. The supernatants were decanted leaving the precipitated starch.

2.4. Purification of the Starches

Three (3) liters of clean water equivalent to three times the volume of the crude starch was added and stirred un-
til all the starch was suspended in the water. The suspension was undisturbed until sedimentation ceases. The
supernatant was decanted leaving the sediments in a plastic bucket. An equivalent volume of fresh clean water
was added again to the volume of the starch sediments and stirred until the starch was suspended in the water.
The starch slurry was filtered through a muslin cloth sieve of about 125 micron pore size and flushed with water.
The filtrates were allowed to sediment for 20 minutes and the supernatants decanted. This procedure was re-
peated two times yielding a clean starch cake.

2.5. Quality Control of the Starches

A teaspoonful sample was taken from the top of the clean starch cake sediment and dissolved in a 15 ml of water
in a test tube. The tube and its content were centrifuged for 20 minutes at 2000 rpm and a small sample was
drawn from the boundary between the liquid and the sediment using a pipette. Observation was done under a
microscope (magnification x100). Absence of particles in the sample under observation confirmed its purity.

2.6. Drying and Storage

The starch cakes were spread on a table and allowed to dry. They were pulverized with a milling machine
(Thomas Wiley Mill-model Ed-5, Philadelphia, USA, 1982), stored in bottles and preserved in a refrigerator
(Haier Thermocool, model HRF-350, 2001).

2.7. Assay of Amylase Production

Amylase activity was determined in 1 ml containing 0.5 ml of 1% (w/v) soluble starch, 0.1 ml of the enzyme
solution and 0.4 ml of 0.1 M phosphate buffer (pH 6). After 5 min at 25°C, reducing sugar was determined by
the method of Nelson [8]. One unit of amylase is defined as the amount of enzyme that releases one pmole of
reducing sugar (with glucose as standard) per minute under the assay conditions. Specific activity was expressed
as U/mg protein.

2.8. Physicochemical Properties of the Enzyme

2.8.1. Effect of pH on Growth and Amylase Production
Buffered amylase medium was used for the determination of the growth measurements. The pH range consid-
ered was 3, 4, 5, 6, and 7. The flasks were incubated at room temperature for 7 days.

2.8.2. Effect of Temperature on Growth and Amylase Production
Aspergillus niger culture was incubated at various temperatures (25°C - 70°C) for 7 days. Optimum temperature
for growth and amylase activity were also determined.

2.8.3. Analysis of Data

All experiments were carried out in triplicate and data subjected to statistical analysis using Gen Stat. Discovery
Edition 3, HP1 1ES UK.

3. Results and Discussion

3.1. Characterization of the Fungal Isolate

The growth of the isolate on potato dextrose agar was rapid. The organism was slightly brownish with smooth
surface on potato dextrose agar (Plate 1) and with contrasting yellow colour on the reverse side of the culture
plate (Plate 2). Conidiophores were upright, simple and terminating in a swelling bearing phialides at the apex
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with many colours. The organism demonstrated starch hydrolyzing ability by showing area of clear zone along
the line of streaking after 36 h incubation and flooding with Grams iodine solution (Plate 3). Based on its grow-
th, morphological appearance and microscopic structures the organism was identified as Aspergillus niger.

Plate 1. Aspergillus niger.

Plate 3. Aspergillus niger showing whitish area of zone of clearing after incubation and flooding with Grams

iodine solution.
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3.2. Amylase Production by Aspergillus niger

Growth progression and pattern of A. niger, amylase production is as shown in Figure 1. Complex media are of
essence for the optimum production of amylase by A. niger. Induction of extracellular glucoamylase was highest
in growth medium containing 2% (w/v) soluble starch, followed closely by sweet potato starch. A maximum
amylase activity of 8.24 U/mg was produced on sweet potato growth medium at the end of stationary phase
compared to 9.40 U/mg on soluble starch medium (Figure 1). The observed maximum activities coincided with
48 h of incubation (Figure 1) which corresponded to the organisms early stationary phase. Sani et al. [9] and
Uguru et al. [10] observed highest amylase activity in Aspergillus sp. grown on starches from cassava peel and
yam peel at the late and early stationary phase respectively. At these maximum amylase activity productivity
stages, about 58% of the sweet potato starch was utilized in the growth medium compared to 71% of the soluble
starch implying that soluble starch in the medium was easily metabolized by the organism. However, the ability
of sweet potato starch medium to induce a competitive optimal amylase titre of 8.24 U/mg compared to 9.40
U/mg on soluble starch medium is remarkable and advantageous in the sub-Saharan Africa. Therefore, since
sweet potato starch is cheap and readily available compared to soluble starch, it could serve as a possible alter-
native for the cost-effective production of amylases when used as culture medium ingredient especially in
sub-Saharan Africa.

3.3. Substrate Specificity of Amylase Production by Aspergillus niger

To determine the effect of medium composition on the production of amylase, A. niger was grown in mineral
salts media devoid of carbon source (sweet potato and soluble starch). Growth of A. niger and amylase produc-
tion were assessed at the end of the fourth day. Mycelial dry weight produced in the medium without carbon
source was 58 mg (50 ml). But when the organism was grown in soluble or sweet potato starch alone, growth
increased appreciably to 273 and 249 mg respectively (Figure 2). The corresponding amylase activity was 0.13
and 0.08 U/mg respectively. The implication is that carbon source is indispensable for optimum production of
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Figure 1. Growth progression and glucoamylase production from a mesophilic
strain of A. niger in mineral salts medium supplemented with sweet potato or
soluble starch. Amylase activity in soluble starch medium (¢); amylase activity in

sweet potato starch medium (m).
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Figure 2. Effects of medium composition on growth and glucoamylase produc-
tion by a mesophilic strain of A. niger on growth medium containing soluble
starch and sweet potato starch.

the enzyme. Similarly, when soluble or sweet potato starch was added to the complete amylase growth medium,
there was upward increase in biomass production to 494 and 418 mg. These values coincided with an increase in
amylase production of 92 and 66 U/mg for soluble and sweet potato starch media respectively. The significance
of this experiment is that for optimum growth and induction of amylase, mineral salts, nitrogen source and car-
bon source are of utmost importance. Although there is not much variation in the observed biomass produced in
both media, amylase synthesis was higher in the soluble starch MS medium compared to sweet potato starch MS
medium. It is therefore concluded that the ability of sweet potato starch MS medium to promote a comparable
optimum biomass production and glucoamylase activity of 66 U/mg compared to 92 U/mg on soluble starch MS
medium is remarkable in the quest to develop affordable local alternatives for industrial applications in the
sub-Saharan Africa.

3.4. Physicochemical Properties

The pH of a growth medium plays an important role in enzyme secretion as they are sensitive to the concentra-
tion of hydrogen ions present. There exist a close relationship between amylase synthesis and the utilization of
carbon source. pH variations during fermentation may give information about the amylase production, such as
the start and the end of the enzyme production period and could also affect product stability in the medium [11].
In this study, the optimum pH for the activity of amylase was observed to be 4.5. The growth of A. niger on 2%
(w/v) sweet potato or soluble starch containing medium at various pHs considered produced variable amylase
activities. At pH 3.0, amylase activity of 1.4 + 0.2 U/mg was recorded compared to pH 4.5 that recorded maxi-
mum activity of 9.1 + 0.2 U/mg at the end of the fourth day of incubation on soluble starch medium (Figure 3).
Growth on sweet potato starch medium compared favourably by producing an activity of 8.2 + 0.4 U/mg at the
end of the fourth day of incubation. Beyond the fourth day of the experimental period, activity decreased pro-
gressively. Increasing acidity and alkalinity was not favourable for the amylase production and activity for both
media. Earlier studies have revealed that fungi required slightly acidic pH and that bacteria requires neutral pH
for optimum growth [12] thus confirming the observed pH optimum of 4.5 obtained in this study for a meso-
philic strain of Aspergillus niger. Several authors have also reported that fungi of Aspergillus sp. such as A.
oryzae, A. ficuum and A. niger were observed to give significant yields of amylase at a pH range of 5.0 - 6.0 in

submerged fermentation [13] [14].
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Temperature is critical and the influence of temperature on amylase production is related to the growth of the
organism. Aspergillus niger grown on 2% (w/v) sweet potato starch medium produced an amylase activity of 8.1
U/mgat a temperature of 40°C compared to 45°C (6.2 = 0.05 U/mg) at the end of the fourth day of incubation
(Figure 4). Low levels of amylase activity were produced at a temperature of 25°C (1.2 + 0.001 U/mg) and 35°C
(4.1 £ 0.003 U/mg). But at 60°C and 70°C the activity dramatically dropped to 1.10 + 0.001 U/mg and 0.8 +
0.05 U/mg. Soluble starch medium produced a slight higher amylase activity of 9.2 U/mg at 40°C and 1.30 £
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Figure 3. Effect of pH of growth medium on amylase synthesis by a
mesophilic strain of A. niger grown on soybean meal and peptone. Amylase
activity on soybean meal (¢) and amylase activity on peptone (m).
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Figure 4. Effect of incubation temperature on growth and glucoamylase
synthesis by a mesophilic strain of A. niger grown on sweet potato or solu-
ble starch. Amylase activity on soluble starch medium (m); amylase activity
on sweet potato starch medium (4)



A. O. Ubalua

0.002 U/mg at 70°C (Figure 4). The expression of low levels of activity at 35°C and 75°C could be attributed to
poor growth of A. niger at these two temperature extremes. The observed optimum temperature of amylase pro-
duction in this study is within the range of the findings of many authors in the literature [11] [15]-[17].

4. Conclusion

The study demonstrated that locally available sweet potato starch could promote good yield of glucoamylase
from A. niger. Although soluble starch medium yielded higher titres of the enzyme, there is a possibility of in-
creasing amylase yield through medium optimization and provision of optimal growth conditions. Moreover, the
strategy of the enzymatic hydrolysis of starch by the locally isolated novel enzyme opens up very interesting
perspectives for industrial exploitation especially in the sub-Saharan Africa in view of the relative high cost of
the conventional soluble starch. Another important point to be noted is that the bioprocess utilizing sweet potato
starch is attractive due to its relatively cheaper availability throughout the year in Nigeria.
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