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ABSTRACT

Tomato (Solanum lycopersicum) is one of the most widely consumed fresh
vegetables in the world. Due to its low shelf-life, it is processed into paste with
added chemical preservatives. Pleurotus tuberregium (P.t.s) is a good source
of bioactive compounds effective against microbial growth, in addition to its
load of other nutrients. In this study, the physicochemical, microbial,
antioxidant activity and sensory properties of packaged tomato paste
supplemented with Pleurotus tuberregium sclerotium flour were investigated
using standard methods. The tomato pastes and Pleurotus tuberregium
sclerotium flour were mixed in ratios of 100:0, 95:5 and 90:10 after which they
were stored in low-density polyethylene and plastic containers at ambient
temperature. There was a haphazard decrease in the fungal count of the
supplemented samples during storage. A progressive increase in antioxidant
activity at different inhibition levels was observed, with the samples packaged
in plastic having the highest value at 100mg/ml titration. The DPPH value
range obtained for (Day 0), (Day 4) and (Day7) were 4.7 - 49.9%, 50.2 -53.8%
and 50.0% - 52.2%, respectively. A slight decrease in vitamins and minerals
composition of treated samples as compared to the control was evident after
storage period. Moderate addition of 5 to 10% Pleurotus tuberregium
sclerotium flour is effective in improving the physicochemical properties,
vitamins and minerals content, antioxidant activity, sensory properties and
microbial stability of the paste stored in plastic container.

Keywords: Tomato paste, Pleurotus tuberregium sclerotium, low density
polyethylene, plastic container, chemical composition

69


https://doi.org/10.4314/agrosh.v20i1.7S
mailto:Kolawole.fl@unilorin.edu.ng

INTRODUCTION

Tomato (Solanum lycopersicum) is a widely consumed fruit for nutritional and
culinary purposes. It is an important source of vitamins and minerals such as
vitamins A, C and E, and calcium, potassium, and phosphorus (Correia et al.,
2015). It also contains health promoting phenolic compounds, pigments and
other antioxidants (Silva-Beltran et al., 2015). Tomato paste is an intended
product for preserving fresh tomatoes and making them available in another
variety for consumption. It is known for its convenience, easy access for
culinary purpose and has a longer shelf-life than fresh tomatoes. Chemical
preservatives are thus used to preserve commercial tomato paste but some
of these preservatives have been associated with some adverse health issues
in different test systems (Turkoglu, 2007). Pleurotus tuberregium (the
sclerotia- producing mushroom) is a tropical mushroom that produces the
edible sclerotium or an underground tuber as well as the mushroom fruiting
body (Iwuagwu and Onyekweli, 2002). It has been reported that the sclerotia
of Pleurotus tuberregium (Fries) Singer is a good source of minerals
(Magnesium, Sodium, Calcium, Potassium and Iron) as well as bioactive
compounds effective against microbial growth (Ikewuchi and Ikewuchi, 2010).
The methanolic and aqueous extracts from Pleurotus tuberregium sclerotium
(P,t.s) have been found to be effective against some bacteria strains (Anyawu
et al., 2016). These nutritional and antimicrobial properties of Pleurotus
tuberregium remain under exploited in the production of foods. Tomato paste
especially, is a commonly consumed product in households and the inclusion
of Pleurotus tuberregium could be an easy means of incorporating important
nutrients such as bioactive glucans in the diets of people and as well serve as
a bio preservative. However, at home levels, pastes made from vegetables
and pastes are prone or susceptible to microbial spoilage and chemical
disintegration. Food flours are versatile and could be easily produced and
incorporated into different products. Therefore, this study aims to evaluate the
effect of Pleurotus tuberregium sclerotium flour addition on the chemical,
antimicrobial and sensory properties of packaged tomato paste.

MATERIALS AND METHODS

Tomatoes and Pleurotus tuberregium sclerotium (P.t.s) were sourced from a
local market in llorin, Kwara State, Nigeria. The tomato paste was processed
using the method described by lwe (2002) with slight modification. Briefly, the
fresh tomatoes were washed, blanched for three minutes and cooled by
submerging in cold water. The skin was peeled off and the seed cavity was
removed and then pulped in a blender. The pulp was heated in an open pot
at 100°C for 45 minutes to concentrate the paste. P.t.s was peeled, sliced and
milled into flour using a locally fabricated milling machine.
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Formulation of Tomato Paste

Three samples were produced from tomato paste and Pleurotus tuberregium
sclerotium in the following proportions; 100/0; 95/5 and 90/10. The samples
were then packaged in sterilized low-density polyethylene and plastic
containers at ambient temperature for further studies while the control sample
was subjected to analyses immediately.

Analyses

Moisture content was determined using the method of moisture determination
as described by Association of Official Analytical Chemist (1990). pH
determination was carried out using pH meter (Jenway 3505, Bibby Scientific,
London, UK). The total acidity was determined according to AOAC (2005)
official method. The viscosity of the samples was determined using Ostwald
viscometer. Ascorbic acid was estimated by the method of AOAC (2005).
Spectrophotometer (Jenway 7305, Bibby Scientific, London, UK) was used for
determination of vitamin A. The spectrophotometer was set up to a wavelength
of 436 nm and cuvette- containing pet-ether (blank) was used to calibrate to
zero point. After the concentration of alpha-carotene was calculated, the
vitamin A (Retinol) was calculated by using the following: 6ug of alpha-
carotene is equivalent to 1ug of retinol equivalent. Antioxidant activity was
determined using DPPH Radical scavenging Assay (Liyana-Pathiranan and
Shabhidi, 2005).

Microbiological Analysis of Tomato Paste

Qualitative bacteriological analysis of the samples was carried out using total
plate count on nutrient agar (NA) while fungi isolation was also done using
potato dextrose agar (PDA). The counts were expressed in cfu/ml. Total
microbial counts of the samples were determined every 48hr till the last stage
(Balogun et al., 2015).

Sensory Evaluation

This was carried out by 20 semi-trained panelists using a 9-point Hedonic
scale; where 1 =dislike extremely and 7 =like extremely as described by
Lawless and Heyman (2010).

Statistical Analysis

Analysis of Variance (ANOVA) was used to analyzed all data while significant
difference (p < 0.05) among the means was determined using Least
Significant Difference (LSD) of Statistical Package for Social Science (SPSS)
version 16.0.
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RESULTS AND DISCUSSION

Physicochemical Properties Chemical

The moisture contents of the samples varied significantly (p<0.05). For
samples stored in plastic and low-density polyethylene bags respectively,
values of 60.5 - 90.6% and 60.4 - 92.4% for (Day 4) and 60.5- 90.7% and 60.9
- 92.6% for (Day 7) were obtained as compared to (Day 0) with a value range
of 60.4- 90.5%. There was a slight increase in the moisture content during
storage with the control having the highest moisture content and the paste
treated with 10% p.t.s having the lowest. The moisture content of the samples
stored in low-density polythene was greater than the samples stored in plastic
container. Nonetheless, the increase in the moisture content of tomato paste
with Pleurotus tuberregium sclerotium flour packaged in both materials is still
within the limit (90.63%) for longer shelf-life as reported by Abdulsalam (2012).
It is noteworthy in this study that inclusion of Pleurotus tuberregium sclerotium
significantly reduced the moisture content of samples which may be an
advantage in terms of preservation and microbial storage (Balogun et al.,
2012).

The pH values of samples with Pleurotus tuberregium sclerotium were
generally lower than the sample with no P.t.s giving an indication that
supplemented samples were more acidic. The pH value decreased in both
packaging materials on addition of P.t.s with sample containing 10% having
the least of all values. The pH values decreased from 4.40 to 4.05 (Day 0),
3.90 to 3.80 for (Day 4) and 3.80 to 3.70 (Day 7) for the control sample and
sample containing 10% P.t.s stored in plastic container. Similarly, samples
stored in low—density polythene had values decreasing from 4.40 to 4.05 (Day
0), 3.95 to 3.50 (Day 4) and 3.80 to 3.40 (Day 7) for the control sample and
sample containing 10% P.t.s, respectively. However, samples stored in low-
density polyethylene had lower pH values. Total titratable acidity (TTA)
increased within the storage period for all samples stored in plastic container
and low-density polythene packaging materials compared to value obtained
for DAY 0. This result is in line with the work of Joseph et al. (2015), who
reported an increase in TTA of tomato paste treated with oil and citric acid and
stored in low-density polyethylene and plastic containers. The general
decrease in the pH and correlating increase in TTA values as the storage time
increased might be due to increase in microbial activities, biochemical activities
and chemical reaction with storage time (Campos et al., (2006); Okanlawon et
al., (2002).

Though the viscosities of the samples decreased significantly (p < 0.05) in all
the samples with storage time, that of the samples stored in low-density
polyethylene was higher than the samples stored in plastic containers. The
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sample treated with 10% P.t,s (CTX) had the highest viscosity throughout the
storage period, which may be attributed to the addition of P.t.s flour to the
paste. P.t.s flour has been reported as a thickener in traditional soups
preparation (Gbolagade et al., 2006). Since the viscosity of tomato paste
depends on the pectin, total soluble solids and size distribution of insoluble
constituents (Joseph et al., 2015), this shows that P.t.s has conferred some of
these properties on the samples as confirmed in this study.

There was generally a slight decrease in the vitamins C and A contents of the
samples in both plastic containers during storage (Table 2). Vitamins C values
ranging from 43.6mg/g to 44.6mg/g and 43.5mg/g to 44.6mg/g were obtained
for samples stored in plastic and low-density polythene, respectively. Sample
treated with 10% P.t.s, had the highest Vitamin A content. Samples stored in
plastic container gave generally higher values. This result agrees with the
previous work of Joseph et al. (2015) who reported that Vitamin A and C losses
may occur under storage conditions due to degradation by light and heat in the
storage environment. Rai et al. (2012) also reported that ascorbic acid content
of tomatoes decreases during storage at ambient temperature. In addition, the
lower permeability of plastic container compared with low-density polythene
could have helped reduce the microbial population that would otherwise cause
alteration in the nutritive values (Okorie et al, 2004; Guine et al., 2007).

Antioxidant Activity

There were significant differences (p < 0.05) in the antioxidant activity of
tomato paste samples during the storage period at 20, 40, 60, 80 and
100mg/ml (%) inhibition level mg/ml (Figure 2). There was a progressive
increase in the antioxidant activity of tomato paste samples treated with p.t.s
in plastic containers and low-density polythene during storage. Treated pastes
packaged in plastic containers showed greater activity than the samples
packaged in low-density polythene. At 100mg/ml titration the value range of
48.7-49.9%, 50.7-53.8% and 50.0-52.2%, was obtained for Day 0, Day 4 and
Day7 for samples stored in plastic containers, respectively. The value range
of 48.7-49.9%, 50.3-52.4% and 49.8-51.9%, was obtained for Day 0, Day 4,
and Day 7 for samples stored in low-density polyethylene respectively. The
sample with 10% p.t.s recorded the highest values while the control had the
lowest values during storage.

The increase in the antioxidant activity of the treated tomato paste could be
due to the addition of Pleurotus tuberregium since it could serve as an
alternative source of antioxidants with no side effects (Oranusi et al., 2014).
However, there was a slight decrease in the antioxidant activity on the 7th day
of storage. Antioxidants present in tomato and Pleurotus tuberregium
sclerotium are compounds that inhibit oxidation (Eunok and David, 2009; Toor
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and Savage, 2004; Oyetayo, 2011). Dietary intake of antioxidants found in
tomato and tomato products such as carotenoids and flavonoids help to
decrease risk of chronic disease, such as breast cancer and prostate and
cardiovascular diseases (Agarwal and Rao, 2000).

Microbial Stability

Values obtained for microbial count (bacterial and fungal) revealed that there
was an increase in the bacterial count and fungal count of the samples stored
in plastic containers and low-density polythene in (DAY 0) to (DAY 7).
However, there was a decrease in the fungal count of the samples treated with
5% and 10% Pleurotus tuberregium sclerotium compared to the control sample
in both packaging materials during and after storage. The trend observed in
the low-density polyethylene stored samples could be because of higher
permeability of O2, CO2, pH and other gases (Joseph et al., 2015).

Pleurotus tuberregium sclerotium had some effect on microorganisms as
shown in Figure 1. Increase in bacterial count compared to the control sample
during storage for all samples could be possibly due to the Pleurotus
tuberregium sclerotium not being effective against the bacterial strains in the
samples, since identification of bacteria present was not done. In addition, the
medium or storage temperature may support the growth of the kind of bacteria
present. Increase in the fungal count but lower compared to the control sample
might be due to the bioactive compound present in the Pleurotus tuberregium
sclerotium. Contamination of the sclerotium powder cannot be ruled out as a
possible reason for the increased bacterial count as stated by Oranusi et al.,
(2014). The moisture level and rich chemical composition of the sclerotium also
dictates the associated bacteria and fungi that will have favorable environment
to proliferate. This could have contributed to the associated microflora in the
tomato paste.

Sensory Evaluation

The sensory evaluation of samples revealed that all the samples were
acceptable in terms of aroma, taste and after-taste as assessed by the
panelists (Table 3). The control sample had the highest value of (8.03) for
overall acceptability while sample containing 10% P.t.s had the lowest value
of (5.13). The control sample was the most preferred which was followed by
the sample with 5% Pleurotus tuberregium sclerotium. On the whole, all the
samples were scored favourably in terms of their sensory characteristics.
Sensory evaluation is an important tool to assess the acceptability of new food
products by consumers (Kolawole et al., 2013).
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CONCLUSION

Pleurotus tuberregium sclerotium flour improved the physicochemical
properties and antioxidant activity of tomato paste. There was a decrease in
the fungal load but not in the bacterial content of the samples; further studies
may be required on this aspect. The samples with highest concentration of
Pleurotus tuberregium performed better in all cases studied. Also, the samples
stored in plastic container gave improved results compared to those stored in
low-density polyethylene in terms of ascorbic acid retention and microbial
stability during storage. Thus, the addition of Pleurotus tuberregium sclerotium
flour would be effective in improving the physicochemical properties,
micronutrient content and antioxidant activity of tomato paste with acceptable
sensory properties.

Table 1. Moisture content and viscosity of stored tomato paste samples

SAMPLE DAY 0 DAY 4 DAY 7
Moisture
content
(%)
|XCTA | 90512 £0.014 | 90.61°+ 0.028 | 90.67240.014 |
TCXA  62.28"+0.049 64.54°1+0.014 64.67°+0.014
|CTXA | 60.42°40.028 | 60.48°+0.014 | 60.53°+0.014 |
XCTB  90.51% +0.014 92.39°+0.071 92.59°+0.014
| TCXB  [62.28°+0.049 | 64.79°+0.042 | 64.89°+0.035 |
CTXB  60.42°+0.028 60.44°+0.030 60.86°+0.021
| Viscosity | | | |
XCTA 445 +0.014 43.7°+ 0.000 43.6°°+0.000
| TCXA | 44.6240.014 | 43.9°40.000 | 43.8°+0.014 |
CTXA  44.6°+0.007 44.12£0.057 44.1+0.014
|XCTB | 44.5240.014 | 43.67°40.007 | 43.5°40.014 |
TCXB  44.6%+0.014 43.8°+0.007 43.6"°+0.000
|CTXB | 44.6°40.007 | 43.9°4+0.007 | 43.8°+0.007 |

The values in the same column with different superscript are significantly
different (p<0.05). Values are means of duplicate determination.
Key; XCT is the control; 100% tomato paste and 0% Pleurotus tuberregium
sclerotium. TCX: 95% tomato paste and 5% Pleurotus tuberregium sclerotium
and CTX: 90% tomato paste and 10% Pleurotus tuberregium sclerotium. A:
Plastic container  B: low density polythene. 0, 4 and 7 indicates Day 0, Day
4 and Day 7 respectively.
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Table 2: Ascorbic acid (mg/g) and Vitamin A (ug/g) content of stored

tomato samples

SAMPLE DAY 0 DAY 4 DAY 7
Ascorbic  acid
(mg/g)
XCT A 44.5 +0.014 43.7°+ 0.000 43.6+0.000
TCX A 44.62+0.014 43.9°40.000 43.8°+0.014
CTX A 44.6240.007 44.1240.057 44.1240.014
XCT B 44.5 +0.014 43.6°+0.007 43.5°+0.014
TCX B 44.624+0.014 43.8°+0.007 43.6°+0.000
CTXB 44.62+0.007 43.92+0.007 43.82+0.007
Vitamin A (ug/g)
XCT A 55.61¢+0.014 55.30°+ 0.021 55.24°40.014
TCX A 55.65°+0.007 55.59°+0.007 55.57°+0.000
CTX A 55.712+0.014  55.672+0.028 55.662+0.014
XCT B 55.61¢+0.014  55.09°+0.014

55.04°4+0.057
TCX B 55.65°+0.007 55.52+0.035

55.51°+0.007
CTXB 55.7124+0.014  55.6224+0.028

55.6221+0.000

The values in the same column with different superscript are significantly
different (p<0.05). Values are means of duplicate determination.

Key; XCT is the control; 100% tomato paste and 0% Pleurotus tuberregium
sclerotium, TCX: 95% tomato paste and 5%
sclerotium, CTX: 90% tomato paste and 10% Pleurotus tuberregium
sclerotium. A: Plastic container, B: low density polythene. 0, 4 and 7 indicates
Day 0, Day 4 and Day 7 respectively.

76

Pleurotus tuberregium



Table 3: Sensory evaluation of treated tomato paste

SAMPLE APPEARANCE COLOR AROMA TASTE AFTERTASTE OVERALLACC

XCT 8.232 £0.63 8.202+0.61 7.402 £1.04 7.372+£0.89 7.072+£0.94 8.032+0.56
TCX 6.20° +1.24 6.17°+1.05 | 6.872°+1.07 | 6.10°+1.19 | 5.83P+ 1.23 6.33°4+1.27
CTX 4.77°+£1.43 4.60°+1.43 6.33°+1.27 5.17°+1.18 5.20°+1.56 5.13°+1.53

The values in the same column with different superscript are significantly
different (p<0.05). Values are means of duplicate determination.

Key; XCT is the control; 100% tomato paste and 0% Pleurotus tuberregium
sclerotium, TCX: 95% tomato paste and 5% Pleurotus tuberregium
sclerotium, CTX: 90% tomato paste and 10% Pleurotus tuberregium
sclerotium. A: Plastic container, B: low density polythene. 0, 4 and 7 indicates
Day 0, Day 4 and Day 7 respectively
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Figure 1: Fungal and microbial count of tomato paste treated with
Pleurotus tuberregium sclerotium flour
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Figure 2: Antioxidant activity of tomato paste samples
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