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Tomato spoilage is a major concept of annual revenue wastage in some countries
in Africa. In the Northern part of Nigeria, tomato fruits glut has been major problem due
to the activities of microorganisms during transportation and storage before sales to the
final consumers. This has led to the spoilage of tones of this important fresh produce
over decades. Spoilage was initiated in fresh tomato fruit by conditioning them to semi-
humid environment and storage at 27+2°C for 14days during which the microbiological
and chemical evaluation was examined. Seven organisms were isolated from the
decomposed tomato fruits and characterized using genomic DNA extraction, polymerase
chain amplification of rRNA and sequence determination. The bacterial isolates were
identified on the basis of the 16S rDNA as Bacillius laterosporus, Lactobacillus salivarius
and Proteus vulgaris while, yeasts and filamentous fungi were identified on the basis of
26S rDNA as Saccharomyces cerevisiae, Saccharomycopsis fibuligera, Rhodotorula
musilaginosa, Aspergillus flavus, Aspergillus niger and Fusarium oxysporum. Three
of the identified organisms namely; Bacillus subtilis, Aspergillus niger and
Saccharomyces cerevisiae were isolated from the decomposed and control samples. The
pH of the decomposing samples showed significant (p<0.05) increase with concomitant
decrease in titratable acidity after storage for 8 days. There was significant (p<0.05)
increase in the vitamin K of decomposed tomato (8.76 — 9.45 mg/100g) at the end of 14
days storage when compared control (1.09mg/100g). The carotenoid fractions of the
decomposed samples decreased significantly (p<0.05) except malvidin which increased
significantly (7.99 - 9.02mg/100g) compared with the values of fresh sample (4.96mg/
100g) that was used as control.

Key words: Tomato, spoilage, microbes, vitamins, carotenoids.

Tomatoes are considered to be one of the
most important fruit in the western diet, based on
the amount consumed, mineral compositions and
vitamins constituent mostly A and C. The fruits
are high in carotenoids mainly beta-carotene; a
vitamin A precursor and lycopene that constitute
the bright red colour pigment.There are different
varietiesinclude Solanumhabrochaites, Solanum
sitien, Lycopersicon chilense, Lycopersicon
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pennelli, Solanumlycopersicum var. cerasiforme
among others. Many hundreds of cultivar varieties
with different type and size, either organic, hybrid
or genetically modified exist. Most cultivars
produce red fruits. However, anumber of cultivars
with yellow, orange, pink, purple, green, or white
coloursare also common scenes (Allen, 2008).

In Nigeria, annual total areaof onemillion
hectares is reported to be cultivated for tomato
production and tomato makes up about 18% of
average daily consumption. Nigeria is actually
ranked the second largest producer of tomato in
Africa and thirteen largest producers in the
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world.Despite being the second largest producer
of tomatoes in Africa after Egypt, with the
production capacity of 1.2 million metric tons
annually, Nigeriaisanet importer of tomatoesand
tomato pastes spending over N11 billion on it
annually, asituation which expertsand farmers say
is unnecessary and a waste of resources (Daily
Trust, 2013). In the past decades in Nigeria, not
less than 50% of tomato produced is lost due to
attack by spoilage microorganisms during
distribution to various parts of the country as a
result of poor handling practices and
transportation facilities, inadequate marketing
structure in addition to poor storage and
preservation methods.

Different tomato cultivars are grown in
various regions of Africaand all over the world.
“Lycopersicon esculentum is mass produced
among farmersin Western parts of Africaespecialy
in the Northern parts of Nigeria,while,
Trichosanthescucumerina (Snake Tomato) is
commonly grown in the South-Western
region.Diversities of microbial genera including
Pseudomonas, Shigella, Proteus, Geotrichum,
Rhizopus, Mucor and yeasts have been isolated
from decomposed tomato. Tomatoesthat have been
modified using genetic engineering have been
developed but only commercially availableinfew
countriessuch as South Africa where it is
sometimesimported to few Nigerian supermarkets
like Shoprite. A typical lesser known commercially
available genetically modified tomato fruitswasa
variety named the ‘FlavrSavr’, which was
engineered to have a longer shelf life
(Redenbaughet al., 1992). Scientists have
continued to devel op tomatoes with new traits not
found in natural crops in order to provide better
nutrition, increased resistance to pests and
environmental stress. The effort to reduce rate of
spoilage in most African countries through
conversion to various products such as tomato
paste, tomato juice or other products had not been
sufficient to stop this high rate of lost.

Therefore, this studyfocuseson the
isolation and identification of microorganisms
responsible for the spoilage and effects of the
microbial activities on the inherent vitamin and
carotenoid profiles of tomato (Lycopersicon
esculentum) fruitsin storage.
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MATERIALSANDMETHODS

Sour cesand identification of tomato sample

Tomato samples were purchased at four
major raw fruits selling pointsin [lorinTownship,
Nigeria. The selling pointswerel ocated at different
markets namely;Mandate (M D), | pata(lP), Ganmo
(GM)and Oja-0ba(OB). The sampleswere packaged
in a clean sterile polyethylene bags before
transferred to the laboratory of the Department of
Home Economics and Food Science,University of
[lorin.The tomato sample was identified as
Lycopersicon esculentum (Lycopersiconly
copersicon) at the Herbarium of the Department of
Plant Biology,University of llorin before further
analysis.
I nitiation of tomato spoilagein anartificially humid
environment

Fifteen healthy tomato fruitswere placed
on three different porcelain discs inside glass
desiccators containing moist cotton wool which
created an artificially humid environmenttoinitiate
spoilage. The tomato samples were store for 14
days in the desiccators during which spoilage
parameterswere monitored.
| solation of microor ganisms

Nutrient Agar (NA), Potato Dextrose Agar
(PDA) and Mdlt Extract Agar (MEA) were prepared
according to the manufacturer’s specifications
before used for the isolation of bacteria, moulds
and yeasts respectively. Sampleswere taken from
the semi humid desiccators and aseptically mashed
using sterilized pestle and mortar before used for
microbiological analysis. Three sets of serial
dilutions from 10? to 10* were prepared for the
isolation of bacteria, while the dilutions 10? to
10 were prepared for the isolation of fungi
(Oladoyeet al., 2014).
I noculation of sampleson growth medium

Each of the diluents (0.1ml) was
aseptically placed on nutrient agar, malt extract agar
and potato dextrose agar platesintriplicate. Sterile
glass spreader was used to spread the inoculums
over the surface of the agar plates. After
inoculation, the nutrient agar plateswereincubated
at 37+2°C for 24 hours, while the potato dextrose
agar and malt extract agar plateswere incubated at
27+2°C for 1-3 days. The growth of moulds and
yeasts were assessed every 24 hours.



KAYODE & AFOLAYAN: STUDY OF TOMATO FRUITS IN STORAGE

Evaluation of the microbial population in
decomposingtomatofr uit

Nutrient Agar, Potato Dextrose Agar and
Malt Extract Agar (Oxoid, UK) were used for the
enumeration of bacteria, moulds and yeasts
respectively inthe samples. Attheend of 24 hours
for bacteria and 48 hours for moulds and yeasts,
culture plates with colonies having < 300 colonies
for bacteriaand between 10 and 130 discretegrowth
foci for moulds and yeasts were selected for
counting. The figures obtained were thereafter
expressed as colony forming unit (cfu) per gram
(g) of the sample. Thereafter, the mixed cultures
were sub-cultured repeatedly to obtain distinct
axenic cultures.
Extraction of Deoxyribonucleicacid (DNA) from
yeast

The cultures of moulds and yeasts DNASs
were extracted according to the methods of
Connerton(1994) and Oladoyeet al. (2014). Thiswas
also donetwicefor each organism. Afterwards, 50l
of 2.5M NH4A cand 300 ul of propan-2-ol wereadded
to precipitate the DNA. This was followed by
centrifugation at 12500 rpm for 5 minutes at room
temperature (27°C) beforeit wasdried under vacuum
and stored in the cold room at 4°C.
Amplification of mould and yeast genomic DNA

Polymerase Chain Reaction (PCR)
reactionswere carried out according to James and
Jack (2000) and Cocolinet al. (2002) asreported by
Oladoyeet al. (2014). The PCR products were
electrophoresed in a 1% agarose gel for 3 hours
before using primers to amplify the D1 region of
the 26SrDNA.
Sequence of purified mould and yeast genomic
DNA-PCR products

Each of the purified PCR products (20 pl
aliquots) of amplified DNA of the organismswere
transferred into PCR tubes|abelled appropriate bar
codes. Thetubeswerelater sent to MWG Biotech
in Germany for DNA sequencing using the
amplification primers. Thereafter, the nucleotide
sequences of all the isolates were matched with
existing sequence databases using the Basic L ocal
Alignment Search Tool (BLAST) to identify the
moulds and yeasts isolates based on query
coverage and maximum identity in the databases.
Identification of the organisms was further
confirmed by the use of the DISTANCE TREE
matching.
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Vitamins profiles of the decomposed tomato
fruitsafter storage

The vitamin profiles of the sample was
analysedaccording to the modified method of
AOAC (2006). After removing the samples from
the storage chamber at less than 4°C, they were
made to attain room temperature (27+2°C) on the
laboratory work bench before careful pressing and
compl ete homogeni zationusing a pestle and mortar
toavoid ball formation. Then, 0.10gof eachsample
was weighed into a 10ml beaker followed by
extraction. Afterward, the extract was concentrated
tothevolumeof1.0ml for chromatographic analysis.
Carotenoids profilesof the decomposedtomato
fruitsafter storage

The carotenoids extraction was carried
out according to the modified method of Shigeaki
Takagi asdescribed in: Determination of green leaf
carotenoids. Ten grams of each sample was
weighed and transferred to a glass stoppard flask
and treated with ethanol until the sasmplewasfully
soaked and then shaken every hour for thefirst six
hours and then filtered into a pre-cleaned
borosilicate beaker. The filtrate (extract) was
collected and evaporated to dryness using hitrogen
stream. Then, 7.5 ml of acetonewas added to 0.1g
of each concentrated extract beforeleaving at room
temperature (25+2°C) for one hour inthe dark. The
homogenate was filtered through a 12mm What-
manfilter paper. The extraction wasrepeated three
timeswith the same volume of acetone; afterwards
the extracts were combined and evaporated under
reduced pressure. Theresidue was re-extracted by
an equal proportion of the mixture of diethyl ether
and petroleum ether. There-extracted mixture was
concentrated to 2ml in an agilent vial for gas
chromatography analysis.
Statistical Analysis

Mean and standard error were calcul ated
for all data using Microsoft Excel Software
(Microsoft Corporation). While Least Significant
Differencetest was used to compare differencesbe
tween treatments at 95% confidence level of
individual variable (Chase andBown, 1997).

RESULTS
The pH which ranged between 4.79 and

4.87 before storage significantly (p>0.05) increased
to the range between 5.13 and 6.05 on day 8 and
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Table 1. pH and Titratable acidity of the tomato sample in storage

Market / Market Source of Tomato Sample

Storage | pata Ganmo Oja-oba Mandate

Day pH TA pH TA pH TA pH TA

(9/1009) (9/1009) (9/1009) (9/1009)

1 4.80%£0.05 0.16%+2.04 4.87%0.32 0.15%#1.42 4.79%+0.12 0.18+3.54 4.86*t0.18 0.15+2.72
3 4.85+0.17 0.12%+2.89 4.82*0.05 0.10+2.25 4.82%+0.15 0.14%+2.05 4.89%+0.21 0.09°+2.89
5 4.87%+0.00 0.09°1.98 4.82%+0.00 0.10%+2.18 4.87°0.05 0.09%+2.43 4.950.12 0.07°+3.35
7 5.65%0.12 0.09%+2.31 4.87%+0.28 0.10%2.59 5.64°+0.05 0.09%+1.56 4.98*+1.09 0.10°+3.34
9 6.05°+0.06 0.07°+3.24 5.13°+0.36 0.08°+3.43 5.71°+0.05 0.07°+2.87 5.20+0.00 0.06’+2.86
11 6.21°+0.10 0.07°+3.33 5.96’+0.33 0.08*+4.45 6.00°+0.00 0.07°+2.45 6.50°+0.21 0.05°+2.05
13 6.30°+0.33 0.05°+2.70 6.05°+0.05 0.05°+2.78 6.33°+0.01 0.04’+2.30 6.54’+0.26 0.04’+2.43
15 6.30°+0.02 0.03"+2.65 6.12°+0.29 0.05°+3.02 6.38°+0.00 0.03"+2.40 6.58"+0.10 0.02’+2.81

Means in the column not followed by the same superscripts are significantly (p<0.05) different; Values are means of
three replicate determinations.

Table 2. Identified microbial isolates from the decomposed tomato samples

Isolate’s Code Maximum Identity Identified Organism
NAIP 1 99 Bacilluslaterosporus
NAGM 2 929 Bacilluslaterosporus
NAOB 3 100 Bacilluslaterosporus
NAMD 4 99 Bacilluslaterosporus
NAIP 1 100 Enterobacteraerogenes
NAGM 2 100 Enterobacteraerogenes
NAOB 3 99 Enterobacteraerogenes
NAMD 4 100 Enterobacteraerogenes
NAOB 98 Proteus vulgaris

NAIP 1 99 Lactobacillus salivarius
NAGM 2 100 Lactobacillussalivarius
NAOB 3 98 Lactobacillussalivarius
NAMD 4 100 Lactobacillus salivarius
PDAGM 99 Aspergillusflavus

PDAIP 1 100 Aspergillusniger

PDAGM 2 100 Aspergillusniger

PDAOB 3 100 Aspergillusniger
PDAMD 4 100 Aspergillusniger

PDAIP 1 100 Fusariumoxysporum
PDAOB 2 100 Fusariumoxysporum
MEAIP 1 100 Saccharomyces cerevisiae
MEAGM 2 100 Saccharomyces cerevisiae
MEAOB 3 98 Saccharomyces cerevisiae
MEAMD 4 100 Saccharomyces cerevisiae
MEAIP 1 98 Saccharomycopsisfibuligera
MEAGM 2 96 Saccharomycopsisfibuligera
MEAIP 100 Rhodotorulamusilaginosa

Key: NA=nutrient agar, PDA=potato dextrose agar, MEA=malt extract agar,
| P=Ipata market, GM=Ganmo market, OB=0Oja-oba market, MD=Mandate
market, 1 to 4=Isolates obtained from samples
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Table 3. Occurrence of microbial isolates intomatoes purchased from the markets

Microbial isolate

Market Source of Tomato Sample

Control Ipata Ganmo  Ojaoba Mandate
Enterobacteraerogenes - + + + +
Lactobacillus salivarius - + + + +
Bacilluslaterosporus + + + + +
Proteus vulgaris - - - + -
Aspergillusflavus - - + - -
Aspergillusniger + + + + +
Fusariumoxysporum - + - + -
Saccharomycescerevisiae + + + + +
Saccharomycopsisfibuligera - + + - -
Rhodotorulamusilaginosa - + - - -

Table 4. Vitamin profile of the decomposed tomato samplesin storage
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Vitamin Fresh Tomato Decomposed Tomato Samples After Storage Period
(mg/100g) (Control) Ipata Ganmo Oja-oba Mandate

A 2.042+0.54 1.23°+1.12 1.25°+0.97 1.24°+0.76 1.30°+1.00
B1 6.07%1.54 5.44°+1.21 5.86%+0.76 5.57°+1.00 5.02°+0.97
B2 1.47%£0.54 1.11°+0.62 0.99°+0.43 1.11°+0.51 1.11°+1.04
B3 3.19°+1.13 2.97+1.27 2.85°+1.12 2.92+2.05 2.97%£1.07
B5 1.41%1.44 1.31%+1.32 1.39%+1.05 1.36%+1.65 1.27°+1.58
B6 2.17+1.44 1.89°+1.65 1.882°+0.97 1.90°+1.25 1.88°+1.35
B9 6.18+1.47 4.70+1.32 4.70+1.33 4.69°+1.09 4.07°+1.22
C 20.55+0.87 18.44+0.03 18.45°+1.08 17.87¢£0.00 18.01°+1.43
E 4.31+0.00 4.041°+2.02 4.10°+1.59 4.06+1.21 4.13+0.97
K 1.10°1.76 9.45°+0.98 8.76°+1.33 9.31%1.62 8.99%+1.87

Means in the role not followed by the same superscripts are significantly (p<0.05) different; Values are

means of three replicate determinations.

Table 5. Carotenoid profile of the decomposed tomato samples in storage

Carotenoid Profiles Fresh Tomato

Decomposed Tomato SamplesAfter Storage Period

(mg/100g) (Contral) Ipata Ganmo Oja-oba Mandate
Malvidin 4.96°+1.02 8.62*+0.64  9.02%+2.05  7.99°+0.75 8.78%+0.89
Beta-Crytoxanthin ~ 3.65%0.07 2.34°+0.64  2.76%+2.10  2.58°+1.55 2.67°+1.70
Lycopene 6.23+2.05 5.64°+1.61  5.49+123 5.67°+0.00 5.39°+1.05
Carotene 4.07%+2.12 3.68°+1.18  2.88+0.54  3.05+0.87 2.12°40.33
Lutein 1.47%0.94 1.08+1.07  1.55°+1.44  1.18+1.33 1.86%+1.42
Zeaxanthin 4.24°+0.00 3.37*%+1.00 2.55°+0.02 2.93°+0.32 2.82°+0.92
Antherxanthin 4.97%+1.20 2.19°+1.46  2.92°+193  2.26°+2.00 2.50°41.32
Astaxanthin 2.71+0.26 1.07°+0.66  1.52°+0.54  1.35°+1.98 1.12+0.98
Violaxanthin 9.1542.32 4.31°42.02  4.66°+0.12 4.71°+1.56 4.64,£1.76
Neoxanthin 3.972+1.45 3.03+0.94  3.07°+0.76  3.00°+1.00 3.65"+0.93

Means in the role not followed by the same superscripts are significantly (p<0.05) different; Values are

means of three replicate determinations.
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steadily increased to between 6.12 and 6.58 on day
14 when the experiment wasterminated. Therewas
significant(p<0.05) decreasein titratable acidity of
the samples after storage for 8 days (Table 1).
Figure 1 showsthe result of bacterial count of the
decomposed tomato samples during the storage
period. The sample purchased from |pata market
(IPT)showed highest loads of viablebacterial count
(51x10°cfu9). Thisvaluewas significantly (p<0.05)
different from the results of samplescollected from
the other markets.

Table 2 shows the microbial isolates
identified from the decomposed tomato samples.
Based on the query coverage and maximum identity
in the databases, nine microbial species were
identified. Theisolated organisms consist of three
bacterial species. Bacillus laterosporus (NAIP 1,
NAGM 2, NAOB 3and NAMD 4), Proteuswvulgaris
(NAOB), Streptococcuslactis (NAIP1, NAGM 2,
NAOB 3 and NAMD 4), three species of yeast:
Saccharomycescerevisiae (MAEIP 1, MEAGM 2,
MEAOB 3, MEAMD 4), Saccharomycopsis
fibuligera (MEAIP 1 and MEAGM 2) and
Rhodotorula musilaginosa (MEAIP),and three
filamentous fungi: Aspergillus flavus(PDAGM),
Aspergillusniger(PDAIP 1, PDAGM 2, PDAOB 3
and PDAMD 4), and Fusarium oxysporum(PDAIP
1 and PDAOB 2) (Table 2).Theisolates from the
spoilt tomatoes were identified as Bacillus
megaterium, Listeria monocytogens, Bacillus
laterosporus, Morganella morganii, Aspergillus
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Fig. 1. Total bacterial count of decomposed tomato
samplesin storage
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niger, Aspergillusflavus, Absidia corymbifera and
Fusariumoxysporum (Ibrahim et al., 2011).

Table 3 indicated the frequency of
occurrence ofthe various microbial isolatesin the
tomato samples. Bacillus laterosporus,
Aspergillus niger and Saccharomyces cerevisiae
were isolated from both decomposed and control
tomato samples. While, Enterobacter aerogenes
and Lactobacillus salivarius were isolated from
thediverse decomposed samples(Table 3).

Table 4 shows the effect of deterioration
on vitamin profiles of the open pollinatedtomatoes
in storage. There was significant decreased inthe
vitamins components of the decomposed samples
except vitamin K (rangefrom 8.76 —9.45 mg/100g)
which significantly increased (p>0.05) compared
with fresh tomato (control) sample (1.09mg/100g).
The presence of some microbial speciesin the
decomposed samples isindicative of common
contaminants of tomato fruits and some of the
microbial strains may have been responsible for
the significant (p>0.05) increase in vitamin K of
the decomposed samples as observed in Table
4.Table 5 showseffect of spoilage on thecarotenoid
profiles of the open pollinated tomatosamples in
storage. At the end of storage period, the
carotenoid fractions of the spoiled tomatoes
samples significantly (p<0.05) decreased, except
malvidin (7.799 — 9.02 mg/100g) that increased
significantly (p>0.05) compared with the values
(4.96mg/100g) of fresh tomato sample (contral).
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Fig. 2. Yeast count of decomposed tomato samples
in storage
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Fig. 3. Mould count of decomposed tomato
samples in storage

DISCUSSION

The significant (p<0.05) decrease in
titratable acidity of the samples after storagefor 8
days as indicated in Table 1may be attributed to
fruit senescenceduring storage (El-Ghaouthet al .,
1991; Garciaet al., 1998a). A change in pH may
also be associated with somefactors such as effect
of treatment on the biochemical condition of the
fruit, slow rate of respiration and metabolic activity
(Jitareeratet al., 2007). Theartificially semi humid
environment that was created in the glass container
inwhichthe sampleswere stored toinitiate spoilage
of the tomato may have effectively speed up fruit
senescence and also created favourable
environmental conditionsthat speed up the growth
of microorganisms in the tomato during storage,
which resulted in increased pH with concomitant
decrease in acidity of the samples. The increase
noted in pH may also be attributed to the breakup
of acids with respiration during storage (Pesiset
al., 1999). Increased activity of citric acid during
ripening or reductionin acidity may be dueto their
conversion into simple sugars and their further
utilization in the metabolic processes of the fruit
(Abbasiet al., 2009). Acidity is an important
property in assessing the quality and acceptability
of fruits. As such,an extremely low or highacid
content in fruits depicts bad quality and not
recommended for good fruits (Jiang et al ., 2004).
The high loads of microbial count and diversities
of microbial speciesisolated from the decomposing
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samples agreed with the reports of Brackett (1992)
who established the presence of microorganisms
in decomposed tomato fruitsat different pH levels
such as bacteria (pH 6.0-8.0), yeasts (pH 4.5-6.0
and filamentous fungi (pH 3.5-4.0). The presence
of yeastsin the spoilt sampleisin agreement with
past findings. Garzaet al.(1994) isolated three heat
resistance strains of Saccharomyces cerevisiae
from spoiled peach puree at pH 4 and
7.Pichiaanomala, Hyphopichiaburtonii and
Saccharomycopsisfibuligera are spoilage yeasts
that have been isolated from par-baked breads
packaged under modified atmosphere; these
yeasts are causative agents of chalk mould defects
on foods (Deschuyffeleeret
al.,2011).Aspergillusniger, Aspergillusflavus and
Rhizopusstolonifer have been associated with the
spoilage of bread (Okoko and Ogbomo, 2010),
decomposed fruits and vegetables (Geethaet al.
2011). Ibrahimetal. (2011) isolated some bacterial
and fungal speciesthat are potential producers of
volatile compounds from spoilt tomatoes; the
authors identifiedthe organismsas Bacillus
megaterium, Listeria monocytogens, Bacillus
laterosporus, Morganella morganii,Aspergillus
niger, Aspergillusflavus, Absidia corymbifera and
Fusariumoxysporum (lbrahimet al., 2011)
Theresignificant increasein vitamin K of
decomposed compared with control sample The
presence of some microbial species in the
decomposed samples is indicative of common
contaminants of tomato fruits and some of the
microbial strains may have been responsible for
the significant (p>0.05) increase in vitamin K of
the decomposed samples as observed in Table
4.Gorbach (1996) reported the capacity of some
intestinal microflora synthesizing vitamin K asa
cofactor in the production of important clotting
factors such as prothrombin and formation of
bones. The author reiterated the role played by
the enzymes synthesized by some intestinal
bacteriain the metabolism of numerous vitamins
(Gorbach, 1996). The significant (p>0.05) increase
in malvidin constituent of the spoilt tomatoes may
be attributed to the quality and composition of
inherent acids of the tomato fruits which may be
precursors of thiscolour pigment. Thisobservation
is in agreement with the findings of Ribereau-
Gayonet al. (2006) who reported some acids as
precursors of volatile phenolic compounds

J PURE APPL MICROBIO, 8(6), DECEMBER 2014.
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produced by microorganisms. Malvidin-3-
monoglucoside is a major compound that
constitutes the red pigment in many fruits such as
grape and tomato. The compound is pH sensitive,
unstable and changes from bright red at low pH
because of the flavyliumcation to murky blue at
high pH because of the quinoidal base which is
uncharged (Ribereau-Gayonet al., 2006).

CONCLUSON

Theartificially humid environment used
for storage of the open pollinated tomatoes
encouraged rapid spoilage at room temperature
(27+2°C) with concomitant increaseinthe microbial
loads, pH, and titratable acidity. It is evidenced
from the results that different species of
microorganismsgroup namely; bacteria, yeastsand
filamentous fungi are common contaminants
responsiblefor spoilage of open pollinated tomato
samples. The marketsfrom wherethe sampleswere
purchased did not show clear disparity in pH,
titratable acidity and microbial loads as evidenced
by unique pattern of spoilage and effects on
vitamins and carotenoids composition of the
decomposed tomatoes. However, Proteusvulgaris,
Aspergillusflavus and Rhodotor ula musilaginosa
had the least frequency of occurrence among the
markets from where the samples were obtained.
The identities of the organism (s) responsible for
thesignificant (p>0.05) increaseinvitaminK inthe
spoilt samples may be of interest to researchers
and should be investigated; since the vitamin has
earlier been reported useful as a cofactor in the
production of prothrombin and formation of new
bones.
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