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ABSTRACT

Amylases (EC 3.2.1.1) are cellwall degrading enzymes associated with the pathogenicity of microorganisms in the spoilage
of tomato fruits. The use of amylase in many industries has made it very important to optimize production process to
achieve maximum yields. Screening and partial purification of Amylase from Aspergillus niger isolated from tomato
(Lycopersicon esculentum Mill.) fruits was studied. Amylase producing fungi were isolated from fresh tomatoes kept at
ambient temperature (28£1°C). Isolates were characterized on the basis of their morphological and cultural techniques. Partial
purification of amylase was carried out by ammonium sulphate precipitation. The enzyme activity was determined and
optimum conditions were obtained. The molecular weights of the crude and partially purified Amylase were determined by SDS
PAGE method. A total of five isolates were obtained using basic screening technique for amylase activity, one of the isolates
(Isolate code F2) exhibited maximum amylase activity. The fungi isolate code F2 was identified as Aspergillus niger.
Optimum conditions for Amylase AMY F2 were ascertained at pH 6.0; temperature 30°C; substrate concentration of
0.3mg/ml, and time of heating of less than 10min. The molecular weights of the crude and partially purified Amylase AMY F2
were found to be 55kDa and 35kDa respectively by SDS PAGE method. Microorganisms had been an encouraging means of
economical production of enzymes in large scale for the food and drug industry.
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ABSTRAIT

Les amylases (EC 3.2.1.1) sont des enzymes dégradant les parois cellulaires associées a la pathogénicité des microorganismes
dans la détérioration des fruits a la tomate. L'utilisation de I'amylase dans de nombreuses industries a rendu trés important
d'optimiser le processus de production pour obtenir des rendements maximaux. Le dépistage et la purification partielle de
l'amylase d'Aspergillus niger isolés a partir des fruits a la tomate (Lycopersicon esculentum Mill) Ont été étudiés. Les
champignons producteurs d'amylase ont été isolés a partir de tomates fraiches conservées a température ambiante (28 £1 ° C).
Les isolats ont été caractérisés en fonction de leurs techniques morphologiques et culturelles. La purification partielle de
l'amylase a été réalisée par précipitation au sulfate d'ammonium. L'activité enzymatique a été déterminée et des conditions
optimales ont été obtenues. Les poids moléculaires de I'Amylase brut et partiellement purifiée ont été déterminés par un procédé
SDS PAGE. Au total, cing isolats ont été obtenus en utilisant une technique de dépistage basique pour l'activité amylase, I'un
des isolats (code isolé F2) présentait une activité amylase maximale. Le code isolant F2 des Fusions a été identifié comme
Aspergillus niger. Les conditions optimales pour Amylase AMY F2 ont été déterminées a pH 6,0; température 30 ° C;
concentration de substrat de 0,3 mg / ml et temps de chauffage de moins de 10 min. On a trouvé que les poids moléculaires de
I'amylase brute et partiellement purifiée étaient respectivement de 55 kDa et 35 kDa par le procédé SDS PAGE. Les
microorganismes ont été un moyen encourageant de production économique d'enzymes a grande échelle pour l'industrie
alimentaire et pharmaceutique.
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) has fleshy
endocarp which belongs to the berry class (1). They
are rich in nutrients such as vitamins, minerals,
dietary fiber and protein (2). Tomato fruits have 95%
water and 4.5% carbohydrate (3). In view of these,
the tomato fruit is often attacked by microorganisms
most especially during and after harvest, which
makes tomato spoilage to occur often (4).
Microorganisms which are related with the
deterioration of tomato fruits can attack them after
harvesting; or during the process of storage and
distribution (5). The spoilage usually occurs on the
fruits after a period of time (6). The plant cell wall
which is a protective layer that coats the outer
surface usually plays many roles, including
controlling movement of water into the fruit (7). It
also filters potentially damaging UV light, and limits
attack by pathogens (5). In Nigeria, tomatoes are
kept at the open markets; the fruits are often
displayed in baskets and on benches for the
prospective customers, thereby exposing them to
opportunistic  microbial  infections especially
mycotoxins (8) . Post-harvest Infections in tomato
fruits could occur during storage, transportation,
packaging and distribution (loading and offloading)
at various point of sale at which bacteria and fungi
are present (9). Adequate knowledge and careful
handling procedure of the tomatoes can reduce
wastage of the fruits (10). Previous study on
deterioration of tomatoes by microorganism showed
that post-harvest damages are mostly due to attack
by fungi such as Aspergillus niger, Aspergillus flavus
and Rhizopus stolonifer of up to 90% prevalence
(7,11). Thus, there is need for constant research to
isolate the fungi associated with tomato fruits
deterioration with the view to providing suitable
solutions of preserving the tomato fruits, keeping
them fresh up to when they reach the consumers
(12). This helps to ensure all year round availability
and to protect the public health (13).Contamination
of fresh tomatoes by microorganisms occurs
naturally because the fruits are exposed to the
environments during harvest, transportation and
storage (7). Hence, the tomato normal flora and
pathogen contamination often occurs at different
points (14). Tomato micro flora which are mostly
fungi found on fresh tomato fruits are the yeasts and
molds (8). Microorganisms are present everywhere
and around us (15). Pathogens such Escherichia
coli and Listeria monocytogenes may be found on the
cell wall of the fresh tomato fruits and this are of
public health impact (7). Enterobacteriaceae and Gram
negative bacteria of the genus Pseudomonas may also
be found the surface of tomato fruits. Yeast of the
genus Saccharomyces populations of 105-106 cfu/ml
had been reported (8, 16). Bacterial populations
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ranging from 104 - 10° cfu/ml and mold from the
genus Aspergillus and Rhizopus with population
ranging from 104 - 10% spores/ml in fresh tomatoes
had also been reported (5). Growth of pathogenic
microorganisms on the intact surface of fresh tomato
is not common as the microbes cannot produce cell
wall degrading enzymes until they gain entrance
into the tomatoes where they can get nutrients and
water (17). Damage to the cell wall of the tomato
fruits therefore helps the food borne pathogens to
grow and multiply, most especially under room
temperatures (7). Refrigerator temperature arrests
the growth of microorganisms while those that
could survive extremely low temperatures still grow
when the cell walls are broken due to the fact that
released fluids serve as nutrients for the
microorganisms (8,18).

Fungi such as Aspergillus niger can produce different
cell wall degrading enzymes that breaks down large
polysaccharides into simple reducing sugars which
are used up for growth and multiplication (19). These
enzymes have a lot of industrial and environmental
importance. For example, they are used in brewery,
food processing and bioremediation of organic
pollutants (19,20). Amylases (EC 3.2.1.1) are
extracellular enzymes which catalyzes starch
hydrolysis (21). The enzyme catalyzes the
breakdown of a-1,4-O-glycosidic bonds in
polysaccharides by leaving a-anomeric
configuration in the resulting compounds (22). The
amylase family exists in two forms as either starch
modifying enzymes or starch hydrolyzing enzymes
(7). Amylases can be recovered from different sources
of plants, animals and microorganisms origin (23).
Some amylases require calcium ions (Ca2*) for their
optimum activity and structural stability (21).
Amylases have a wide range of industrial
application which ranges from production of
dextrins, sugar syrup and sweeteners (23). They are
usually imported because of their application in the
breweries, bakery and factories making soaps and
detergents (24). Amylase makes up to 40% of
enzyme production in the world (23). However,
prolonged storage of amylases often results in
reduced activity (21).

MATERIALS AND METHODS

One hundred and eighty (180) fresh tomato fruits
were purchased from the Ota market, Ota, Ogun
State, Nigeria. They were sorted, washed and
transported to the microbiology laboratory of the
Department of Biological Sciences, Covenant
University, Ota, Ogun State in sterile polythene
bags. Sixty (60) samples designated as P were
stored in a locally made post-harvest storage
system, the second set of sixty (60) fruits
designated R were stored in the refrigerator and



the last set of sixty (60) fruits designated C were
stored at ambient temperature in the laboratory.
All samples were analyzed and sampling was done
for a period of fourteen days.

Isolation of microorganisms from the tomato fruit
samples

The total spore count was determined by pour plate
method, each tomato fruit samples was diluted
using sterile distilled water. One (1) milliliter of the
dilution of 104 was plated onto Sabroaud Dextrose
Agar (SDA) and incubated at room temperature for
3-5 days for the fungal population.. Fungal samples
were collected from the center of the growth
covering the plates with the aid of sterile
inoculating needle. The samples were smeared on
glass slides and stained with lactophenol cotton
blue (9).

Identification of the fungal isolates

The fungi isolated in this research were identified
using identification methods contained in the

illustrated Handbook of Fungi (25). The colony color,
pattern of growth, and sporulation style were
observed (6). Microscopic observation was carried out
on the mature sporulating growths five days after
inoculation on SDA  plates. Morphological
characteristics like arrangement and shape of spores,
type of sporangia, and type of hyphae, presence or
absence of septa on hyphae were examined under the
high power objective of a compound binocular
microscope (26). Microscopic examination was carried
out after Gram staining the Yeast isolates, while
Lactophenol blue staining was carried out on the
remaining fungal isolates which are molds (27).

Preparation of fungal
production of enzymes

A spore suspension containing 15ml of sterile
distilled water and three drops of tween 80 solution
was used to obtain the spore from a 120 h-old
culture of each fungal isolate. The suspension was
centrifuged at 4000rpm for 6 minutes. The
supernatant was discarded and replaced with 10ml
of sterile distilled water. The spore suspension was
diluted serially from 10 to 107. The fungal spores
were counted using the Neubauer Counting
Chamber according to the method of (28).

spore suspension for

Growth of Isolated Fungi in Basal Salt Medium
Containing Starch

The Basal Salt Medium, for the growth of the isolated
fungi and the enzyme production, was prepared
according to the method of (29) containing (in one
liter): KH,POyq - Z.Og, (NH4)2804 - 1.4g, MgSO4 7H,0 -
0.3g, CaCl; - 0.3g, Urea - 0.3g, Tween 80 - 1ml, Yeast
extract - 0.4g, FeSO4 .7H2O - 5mg, MnSO4 - 1.6mg,
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ZnSOy - 1.4mg, CoCly - 2.0mg. The medium was
supplemented with 1% (w/v) soluble starch. One
hundred milliliters of growth medium was inoculated
with 1 ml of an aqueous spore suspension containing
approximately 5 x 106 spores/ml, 8 x 106 spores/ml
and 10 x 106 spores/ml of isolated fungi F1, F2 and F3
respectively. Experimental flasks contained the
inoculated sterilized medium while control flasks
contained only the sterilized medium. Both
experimental and control flasks were incubated
without shaking according to the method of (30) for
eight days at room temperature (25°C).

Crude Enzyme Extraction by Filtration

To separate the liquid enzyme mixture and the
mycelia mat along with the spore bodies’ filtration
technique was employed. The mixture was filtered
through Whatman No. 1 filter paper and then
centrifuged at 5,000 rpm for 30 minutes according to
the method of (31). This served as the crude enzyme.

Amylase Assay

Amylase activity was determined using the method
described by (21) whereby the reaction mixture
consisted of 2 ml of 0.2% (w/v) starch in 0.2M citrate
phosphate buffer at pH 6.0 as substrate and 0.5 ml of
enzyme. The control experiments consisted of only 2
ml of the prepared substrate. The content of the
experimental and control test tubes were incubated
at 35°C for 20 minutes. The reaction in each test tube
was terminated with 3 ml of 1N Hydrochloric acid.
The enzyme (0.5 ml) was then added to the control
tube. Two milliliters of the mixture from each of the
set of experimental and control was transferred into
new set of clean test tube. 3ml of 0.1N Hydrochloric
acid was added into the content of each new test
tubes after which 0.1 ml of iodine solution was
added. The optical density reading was taken at
670nm. One unit of enzyme activity was defined as
the amount of enzyme which produced 0.1 percent
reduction in the intensity of the blue color of starch -
iodine complex under conditions of the assay.
Specific activity was calculated as enzyme units per
milligram protein.

Ammonium sulphate precipitation

Ammonium sulphate precipitation was done
according to the method described by (31). Solid
Ammonium sulphate of analytical grade was added
to crude enzyme preparation to 90% saturation. The
solution was then kept at 4°C for 24h. After 24 h, the
precipitate was removed by centrifuging at 5000rpm
for 30 minutes, the supernatant was decanted and
the precipitate was then dissolved again in 1ml of
0.2M citrate phosphate buffer (pH 6.0). The enzyme
solution was dialyzed overnight against five changes
of the similar buffer. Dialysis was done in acetylated
cellophane tubing prepared from Visking dialysis



tubing (Gallenkamp) as described by (32). The
protein content of the dialysate was determined by
the method of (33,34). Enzyme assay of the dialysate
was also determined as described above.

Effect of Temperature on Amylase AMY F2

To determine the optimum temperature for the
amylase production, the partially purified enzyme
were subjected to various temperatures; 20°C, 25°C,
30°C, 35°C, 40°C and 45°C for 20 min. The enzyme
activity was determined as previously described by
(21)

Effect of pH on Amylase AMY F2

The effect of pH on the enzymes activity was
determined by varying the pH of the substrate from
4.5 to pH 8. The substrate consisted of 0.2% (w/v) of
soluble starch dissolved in 0.2M citrate phosphate
buffer pH 6.0 of varying pH. Incubation was at 35°C
for 20 min. Amylase activity was determined as
previously described by (23).

Effect of Substrate Concentrations on Amylase AMY
F2

The effect of various substrate concentrations was
determined using various concentrations of starch in
0.2M citrate phosphate buffer; 0.05%, 0.1%, 0.15%,
0.2%, and 0.25%. The reaction mixture contained 1ml
of starch and 0.5ml of enzyme incubated at 35°C for
20 min. Amylase activity was determined as
previously described by (30).

Effect of Time of Heating on Stability of Amylase
AMY F2

The effect of time of heating on the stability of
Amylase enzyme was determined. Samples of
partially purified enzyme was heated at 80°C for
different periods of time (0, 5, 10, 15, 20, 25, 30 min)
respectively. The reaction mixtures consisted of 1 ml
of starch and 0.5ml of the enzyme solutions.
Amylase activity was determined as previously
described by (21).

Molecular weight determination of Amylase AMY
F2

The crude enzyme and ammonium sulphate
precipitated amylase sample were loaded on SDS-
PAGE and a protein profile was obtained according to
the method of (35). The molecular weight of the
enzyme was determined by comparing them with the
molecular weight marker. The ammonium sulphate
precipitated sample was run on native PAGE. The
native gel placed over the Starch agar gel was then
subjected to zymogram staining as described by (35).

RESULTS

Enumeration of Fungal Population

The total fungal spore count for the tomato fruits
stored in the post-harvest storage system was within
the range of 1.0 x 105 - 4.0 x 10¢spores/ml while
those fruits stored in the refrigerator had fungal
spore count range of 1.0 x 105> - 3.0 x 10%spores/ml
and fungal spore count of 2.0 x 102 - 4.0 x
101spores/ml for the fruits stored at ambient
temperature (Table 1).

TABLE 1: ENUMERATION OF FUNGAL POPULATION

Days Post-Harvest Storage System (P) Refrigerator Ambient temperature
spores/ml (R) ©
spores/ml spores/ml
2 1.0X10° 1.0 X 10° 1.2X10°
3 3.0 X105 4.0 X10° 2.0X10%
4 3.0X10° 2.0 X105 4.0X10°
5 5.0 X10° 1.0 X 10° 1.0 X 10¢
6 3.0 X106 4.0 X10° 2.0X10°
7 4.0 X106 2.0 X106 2.0X10°
8 3.0 X106 3.0 X106 5.0 X10°
9 4.0 X106 2.0 X106 1.0 X 10m
10 4.0 X106 1.0 X 10¢ 2.0 X 10¢
11 4.0 X106 1.0 X 106 1.0 X 106
12 2.0 X106 1.0 X 10¢ 2.0 X106
13 1.0 X 106 NG 4.0 X106
14 1.0 X 106 NG 2.0 X102

KEY: NG - No growth
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Production of Amylase

Identification of Fungal Isolates The amylase produced by fungal isolate code F2
The result revealed five pure fungal isolates from obtained from tomato fruits stored at the ambient
tomato fruits (Lycopersicum esculentum Mill.). Gram temperature on day 7 produced amylase with a
reaction result revealed presence of yeast total activity of 0.266 units/ml, protein content of
(Saccharomyces cerevisae) while the molds were 0.338 mg/ml and a specific activity 0.787 units/mg
identified to be Aspergillus flavus, Aspergillus niger, proteins and a yield of 63% after ammonium
Rhizopus stolonifer, and Aspergillus fumigatus (Table sulphate precipitation (Table 3).
2).
TABLE 2: IDENTIFICATION OF THE FUNGAL ISOLATES
Isolate Colony Nature of  Asexual spore Somatic Identity of Fungi
code Colour hyphae structure Isolates
F1 Deep green  Septate Globose conidia Filamentous Aspergillus flavus
colony
F2 Blackish Septate Globose conidia Filamentous Aspergillus niger
colony
F3 Cotton white Non septate Sporangiospore Filamentous Rhizopus stolonifer
F4 Light green Septate Globose conidia Filamentous Aspergilus fumigatus
colony
F5 Shiny milky  No hyphae Budding cells Unicellular Saccharomyces
colony cerevisae
(moist)

TABLE 3: PARTIAL PURIFICATION OF AMYLASE OBTAINED FROM MICROORGANISMS ISOLATED FROM
TOMATO (Lycopersicon esculentum MILL.) FRUITS

Enzyme Protein step Total Activity ~ Protein Specific Yield Purification fold
code (units/ml) (mg/ml) activity (%)
(units/mg)
AMY F2 Crude extract 0.27 0.34 0.79 100.00 1.00
Ammonium 0.17 0.02 9.33 63.00 1.86
sulphate
precipitation

Characterization of Enzymes

Effect of Temperature on Amylase AMY F2

The temperature of incubation affected the
amylase activity tremendously. The activity of
amylase AMY F2 increased with an increase in A
incubation temperature until an optimum was
reached (Figure 1). Subsequent increase in
temperature beyond the optimum temperature led
to reduction in the enzyme activity. The optimum
temperature for amylase AMY F2 was 30°C.

Y R N LT T T T

Effect of pH on Amylase AMY F2

The pH of the reaction mixtures had effect on the
activities of the amylase produced both by the fungi
isolate F2. The enzyme activities increased as the pH
increases and also decreased when the optimum pH
value was reached. The optimum pH for amylase B
AMY F2 was at pH 6.0 (Figure 2). M——

FIGURE 1: EFFECT OF TEMPERATURE
PARTIALLY PURIFIED AMYLASE AMY F2
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FIGURE 2: EFFECT OF PH ON PARTIALLY PURIFIED
AMYLASE AMY F2

Effect of Substrate Concentration on Amylase AMY
F2

The activity of the amylase produced by fungi F2

isolated from tomato fruits increases with an

increase in concentration of the substrate. This

continued to increase untii an optimum

concentration of substrate was attained (Figure 3).

The optimum substrate concentration of AMY F2

was 0.30 mg/ml.

Effect of Heat on Amylase AMY F2

The activity of amylase on heating at 80°C decreased
with an increase in the time of heating. When the
amylase was subjected to heat for 2 minutes,
activities of approximately was lost. Amylase AMY
F2 was completely inactivated after 10 minutes of
heating (Figure 4).
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FIGURE 3: EFFECT OF SUBSTRATE
CONCENTRATION ON PARTIALLY
PURIFIED AMYLASE AMY F2
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FIG. 4: EFFECT OF HEAT (80°C) ON PARTIALLY
PURIFIED AMYLASE AMY F2
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PLATE 1: ASPERGILLUS NIGER ISOLATED FROM
TOMATO (LYCOPERSICON ESCULENTUM MILL.)
FRUITS

PLATE 2: SDS PAGE OF THE CRUDE AMYLASE AMY
F2

25
20

17

PLATE 3: SDS PAGE OF THE PARTIALLY PURIFIED
AMYLASE AMY F2
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Molecular Weight Determination of Amylase AMY
F2

Molecular weight of the crude Amylase and partially
purified Amylase AMY F2 are 55KDa and 35KDa
respectively (Plate 2 and 3).

DISCUSSION

The result of this research had the total fungal
population ranges between 1.0 x 10° and 4.0 x
10¢spores/ml for the tomato fruits stored in the post-
harvest storage system, those in the Refrigerator
ranges between 1.0 x 105and 3.0 x 106spores/ml while
the tomato fruits stored at ambient temperatures had
fungal population range of 2.0 x 102 and 4.0 x
10"spores/ml. This results is similar to the finding of
(36) having an average fungal counts ranging
between 1.3 x 103 and 2.0 x 103spores/ml and
identified them to be Aspergillus niger, Rhizopus
stolonifer, ~ Fusarium  oxysporium,  Saccharomyces
cerevisiae, Alternaria alternate, Penicillium digitatum and
Geotrichum candidum. (37) also reported an average
fungal count of 54 x 105spores/ml and 2.0 x
103spores/ml for Penicillium notatum and Aspergillus
flavus at ambient temperature for tomato samples
from new Benin Market in Edo State, Nigeria.

The fungi isolated from the tomato fruits were
members of the yeast family Saccharomyces cerevisae
and the mold family Aspergillus niger, Aspergillus
flavus, Aspergillus fumigatus, Rhizopus stolonifer. (21)
reported Aspergillus sp. and Saccharomyces cerevisae as
the fungi associated with spoilage of tomato fruits.
(38) also reported two fungi, Aspergillus flavus and
Rhizopus stolonifer after five days of storage of fresh
tomatoes at ambient temperatures.

The result of this research revealed the ability of some
fungal isolates to produce Amylase. (31) and (39)
reported production of amylase from fresh tomato
fruits. The production from fungi and yeasts has also
been reported by (21). The production of amylase
from microorganisms isolated from other sources
were also reported from other fruits and vegetables
(40), bread (28), Irish potato (30) and even soil (41).

Members of the genera Aspergillus, Rhizopus and
Saccharomyces were reported by (7,42,43) for their
potentials to secrete a number of cell wall degrading
enzymes.

The optimum temperature of amylase produced in
this study was 30°C. This is in support of the reports
of (23,39). (28) had earlier reported that the optimum
temperature for amylase production by Penicillium
citrinum ranges from 30°C - 35°C depending on
source. However, this report contrasts with earlier



reports by (23) and (44) which reported that amylase
production by was optimum at 37°C. Optimum pH
was identified as 6.0 for Amylase AMY F2. This
result confirmed that of previous researchers that
who reported that amylase was most active between
pH 50 and 6.0 (43). The optimum substrate
concentration for the starch was 0.25mg/ml. (23)
reported optimum substrate concentration of
0.20mg/ml for amylase. In this research, the effect of
time of heating was investigated at 80°C over a
period of 30min revealed loss of enzyme activity
within 10min of heating. This confirmed earlier
reports by (23,28,45). (30) revealed that amylase was
active for over 5min of heating at 80°C. There was
continuous reduction in the enzyme activity as heat
was applied. After 10min of heating, enzyme activity
was completely lost in all enzymes as was also
revealed by (21) .
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