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Abstract

Tomato is a significant vegetable crop with numerous health benefits derived from its carotenoids, flavonoids and other
phytonutrients contents. This work studies the nutritional qualities and carotenoids contents of five different cultivars of
tomatoes (San Marz, Nasmata, Roma VF, Ogbomoso local and 4-lobes). The variations of pH, titratable acidity, reducing
sugar, total solid, lycopene and beta-carotene contents of these tomatoes were investigated under ambient temperature
and field ripening techniques and the mean values of these parameters investigated at different ripening stages and
techniques were compared. Lycopene contents were significantly higher (p <0.05) in tomatoes subjected to field ripening
compared with those ripened under ambient temperature. The highest lycopene content (17.18 pg/g) was observed in
Roma VF cultivar at fully-ripe stage under field ripening technique while the lowest value (0.64 pg/g) was in 4-lobes
cultivar at semi-ripe stage under ambient temperature ripening. Similar trend was observed in the variation of beta-
carotene (a pro-Vitamin A index) among the tomato cultivars. The evaluated reducing sugar contents (ranging from 1.84
to 5.23 pg/g) were significantly higher (p < 0.05) in fully-ripe tomatoes compared to semi-ripe ones under field ripening
and the trend was reversed for some cultivars under ambient temperature ripening. The titratable acidities of the tomatoes
were significantly higher at the semi-ripe stage (0.24 to 0.38 %) under field ripening than those obtained under ambient
temperature ripening (0.15 to 0.25 %). The pH of the tomatoes ranged from 3.58 to 4.07 and 3.46 to 5.40 under field and
ambient temperature ripening, respectively, and the higher pH values obtained under ambient temperature ripening
condition could make such tomatoes unsuitable in tomato processing plants. Consumption of tomatoes for the purpose
of dietary antioxidant lycopene and pro-Vitamin A could maximally be achieved at fully-ripe stage under field ripening

condition.
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1.0 Introduction

Tomato (Solanum lycopersicum) is a standout among the most significant
World vegetables that are regularly consumed (Shankara et al., 2005). It
contains several phytochemicals such as carotenoids (lycopene and beta-
carotene), phenolic compounds, ascorbic acid (Raiola et al., 2014),
flavonoids and phenolic acids, especially chlorogenic acids (Slimestad and
Verheul, 2009). The antioxidant constituents of tomatoes such as lycopene
and beta-carotene could help in fighting against free radicals in human
body and this has made tomatoes the fruit of interest to many researchers
(Ansari and Gupta, 2004). Other health benefits of tomatoes include good
eye sight, good gut health, protection against cardiovascular diseases,
prevention against skin problem and urinary tract infection, among others
(Stahl and Sies, 2003). Tomato products like ketchup, paste and juices are
also rich lycopene sources (Burton-Freeman and Reimer, 2011). The
antioxidant activities of lycopene could be linked to its singlet oxygen
quenching ability and to scavenge peroxyl radical, which makes it to be
effective against cancer incidences (Devasagayam et al., 1992). The
presence of lycopene in human blood at a high concentration helps in
fighting mutagens, which cause cancer as a result of DNA damages, and
this powerful phytonutrient act as a strong antioxidant in a natural defense
pathway. On the other hand, beta-carotene is a pro-vitamin A, which has
been identified as important photochemical useful in the prevention of
coronary diseases and cancer (Stahl and Sies, 2003). The concentrations of
lycopene and beta-carotene vary considerably among species, lineage or
cultivars. Besides vitamin A, tomato also contains other vitamins such as
thiamine (B1), riboflavin (B2), pantothenic acid (B3), niacin, folic acid,
biotin, ascorbic acid (C) and a-tocopherol (E). Furthermore, numerous
studies have reported the significance of ascorbic acid to human health due

to its strong antioxidant activity (Abdulnabi et al., 1997).

The nutritional qualities and antioxidant components in fruits and vegetable
crops are influenced by various pre-harvest and post-harvest factors (Opara
and Al-Ani, 2010; Fawole et al., 2012; Kahlaoui et al., 2018;). Other factors
such as tomato variety, techniques of cultivation, locality and the period of
sampling may influence the nutritional composition of tomatoes (Sudrez et
al., 2008).

Therefore, this work aims to examine the effect of ripening techniques and
the degree of ripeness on the variations in total solids, pH, titratable acidity,
reducing sugar and carotenoids (like lycopene and beta-carotene) contents

of five tomato cultivars, that are commonly grown in Nigeria.

2.0 Materials and Method

Sample preparation

The seeds of San Marz, Roma VF, Ogbomoso-local tomato cultivars were
obtained locally from a farm settlement at Onipaanu Village area located
in Surulere Local Government Area of Oyo State, Nigeria while Nasmata
and 4-lobes cultivars were collected at the International Institute of
Tropical Agriculture (IITA), Ibadan, Oyo State, Nigeria. The five tomato
cultivars were planted in an organic farmland (in the absence of fertilizer)
at Kuye Area, Ogbomoso, Nigeria (Latitude 8°8'0”"N, Longitude 4°16’0"E)
between June and September, 2015. Identification of the tomatoes was
carried out at the LAUTECH Herbarium, Ogbomoso, Nigeria, with
deposited voucher numbers LHOS521, LHO522, LHO523, LHO524 and

LHOS525, for San Marz, Roma VF, Ogbomoso-local, Nasmata, and 4-lobes,
respectively. Random selection of the tomatoes was made with respect to
the cultivars and ripening stages and the harvested tomatoes were collected
into a non-transparent polythene bags in order to prevent light exposure.
The tomatoes were subsequently washed with distilled water and drained
just before homogenization. Tomatoes ripened under ambient temperature
condition were picked at the breaker stages and ripened in the laboratory
(30 + 3 °C). Various tomatoes (about 500 g) were chopped into about lcm
cube pieces, blended and homogenized using an electric blender
(Crownstar blender, Model No: MC-D299) for a set of analysis.

Analysis of the total solid, pH, titratable acidity and reducing sugar
contents

Determination of pH of tomatoes serum samples was carried out using a
digital pH-meter (JENWAY 3520). The homogenized tomato sample was
titrated against 0.01 M NaOH with phenolphthalein indicator to estimate
the titratable acidity (which is calculated as % citric acid) (AOAC, 2005).
Total solid contents were analyzed by drying the tomato serum (3 g) in an
oven, previously set at a temperature of 105°C for 3 hours (AOAC, 2005).
The reducing sugar contents were quantified as previously described
(Johnson et al., 1966). The tomato serum (1 ml) was mixed with 99 ml of
distilled water, which correspond to a dilution factor of 100. 5 % phenol
solution (1 ml) was added to 1 ml of the aliquot earlier prepared followed
by quick addition of 5 ml of concentrated H,SO,. The solution was then
allowed to cool and the absorbance was measured at 490 nm with the use
of Genesys 10S V1.200 spectrophotometer (Buck Scientific, USA).
Reducing sugar was then estimated from an already prepared calibration
curve, using Beer-Lambert’s law.

Carotenoids extraction and quantification

Extraction of lycopene and beta-carotene was done using solvent extraction
method as reported earlier (Perkins-Veazie et al., 2001), with the use of the
extraction solvent mixture containing methanol, hexane and acetone
(1:2:1). Any triglyceride present in the extract was saponified by washing
with a solvent mixture containing 20% KOH/ methanol, distilled water and
methanol (1:1:1). This is followed by additional washing with distilled
water while the upper hexane layer was kept. The absorbances of the
hexane extracts were taken at 450 and 502 nm with the aid of a Genesys
10S V1.200 spectrophotometer (Buck Scientific, USA). Lycopene and -
carotene concentrations were then estimated simultaneously as previously
reported (Abdul-Hammed et al., 2013; Fish, 2012).

Data analysis

The experimental determinations of each parameter were performed in
triplicates and the mean values as well as standard deviations were
obtained. The significant variations between these parameters were tested
with respect to different ripening techniques and ripening stages using two-
way Analysis of Variance (ANOVA) at a = 0.05 level of significance. The
statistical analysis was performed on OriginPro 8 software (OriginLab
Corp., Northampton, MA).

3.0 Results and Discussion

pH variation in tomato cultivars
The pH values of the five tomato cultivars vary with the degree of ripeness
as well as the ripening techniques (Figure 1). The pH values of tomatoes
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ranged from 3.58 to 3.98 and 3.80 to 4.07 for semi-ripe and fully-ripe
tomatoes, respectively, under field ripening condition as compared to 3.46
to 5.40 and 3.72 to 5.35 respective ranges observed under ambient
temperature ripening condition. This is in agreement with previously
reported trend (Abdul-Hammed et al., 2009). The variation of the mean pH
values of the tomatoes ripened under field ripening were insignificant (p >
0.05) within the cultivars, however significant differences (p < 0.05) exist
between the mean pH values of semi-ripe and fully-ripe tomatoes under the
same condition. Under ambient temperature ripening techniques, the mean
pH values obtained were significantly different (p < 0.05) with respect to
both the ripening stages and cultivars. The desired pH of below 4.5 is a
desirable trait since tomato products are classified as acidic foods and the
growth of harmful microorganisms in the processed products is inhibited
under acidic conditions (da Silva et al., 2008). The low pH values obtained
at all ripening stages indicate high acidity which correlates well with total
fruit flavour (Kader, 1978). Therefore it is likely that the tomatoes ripened
under ambient temperature ripening condition would be less sweet than
those ripened under field ripening condition, as good correlation between
high acidity (low pH) and sweetness has been previously established (Doris
etal., 2001).

Tomato titratable acidity

The three major components of fleshy fruits are pH, titratable acidity and
reducing sugar contents and they all, together with sugars and volatile
flavour compounds, contribute to the sourness and sweetness indices of the
fruits (Abdul-Hammed et al., 2012; Cohen et al., 2014). Different ripening
techniques and degree of ripening influence tomatoes titratable acidity as
shown in Figure 2. Under field ripening technique, the titratable acidity
values range from 0.24 to 0.38 % and 0.18 to 0.32 % for semi-ripe and
fully-ripe tomatoes, respectively, while the values ranging from 0.15 to
0.25 % and 0.15 to 0.33 % were observed for semi-ripe and fully-ripe
tomatoes under ambient temperature ripening conditions, respectively. It
was observed that the semi-ripe tomatoes have slightly higher acidity than
full-ripe tomatoes under field ripening technique whereas, the fully-ripe
tomatoes were observed to have higher acidity under ambient temperature
ripening condition. The differences in the mean titratable acidity values
between the two ripening stages and among the cultivars were statistically
significant (p < 0.05).

Total Solid contents

The total solid content is an important parameter which contributes to the
economic importance of tomato in tomato processing industries as well as
the desirable longer shelf life of the fruits (Abdul-Hammed et al., 2012).
As shown in Figure 3, the total solid contents of the tomatoes ranged from
5.61 to 7.21 % and 6.54 to 8.31 % in fully-ripe and semi-ripe tomatoes
under field ripening condition, respectively, while the ranges under
ambient temperature technique were 4.09 to 7.16 % and 5.12 to 7.00 %,
respectively. Of all the cultivars, Ogbomoso local cultivar has the highest
total solid content (8.31 %) which was obtained at the semi-ripe stage of
the field ripening technique, while the lowest value (4.09 %) was obtained
in fully-ripe San Marz tomatoes under ambient temperature ripening
condition. This agrees well with another report which showed that the total
solid contents of cultivated tomatoes range between 4.5 and 8.5 % of its
fresh weight (Javanmardi and Kubota, 2006). The total solid contents of
the tomatoes were statistically significant (p < 0.05) with respect to the
cultivars as well as the degrees and stages of tomato ripeness.

Reducing Sugar contents

The reducing sugar contents of the tomato cultivars under study were
shown in Figure 4. For field ripening technique, the least and highest
reducing sugar contents (1.84 and 5.12 pg/g) were obtained in semi-ripe
Nasmata and fully-ripe Ogbomoso-local tomatoes, respectively, while the
least and highest values (2.33 and 5.23 pg/g ) were observed for semi-ripe
Nasmata and Ogbomoso-local tomatoes under ambient temperature
ripening condition, respectively. Significant differences (p < 0.05) exist in
the reducing sugar contents between the cultivars as well as the degrees and
stages of tomato ripeness. This claim is also in line with experimental
results in previous reports (Ibrahim et al., 2017; Kaur et al., 2006). Sugar
and organic acid contents of a particular tomato fruit is greatly dependent
on the ripening stages. As reported previously, tomato ripens in different
stages with the total sugar content increasing to approximately 4 %.
Glucose predominates at the unripe stage, whereas fructose dominates at
fully-ripe stage (Anthon et al., 2011; Davies and Kempton, 1975; Yelle et
al., 1988). Conversely, as tomatoes continue to mature after ripening, the
sugar contents reportedly declined (Anthon et al., 2011).

Lycopene contents in tomato cultivars

Lycopene is a carotenoid that has been reported to be a strong antioxidant
and its consumption has been linked to the prevention of cancers, such as
prostate cancer, and as a strong protective agent against neurodegenerative
diseases (Rao et al., 1998). The variation of the lycopene contents of the
tomatoes under study with different stages and techniques of ripening is
shown in Figure 5. The lycopene contents ranged from 0.47 to 17.18 pg/g
and 0.64 to 7.75 pg/g for the field and ambient temperature ripening
techniques. Under field ripening condition, fully-ripe Roma VF tomatoes
have the highest lycopene content (17.18 pg/g) while lower values were
observed in semi ripe tomatoes with the lowest value (0.47 pg/g) obtained
in semi-ripe 4-lobes tomatoes. The lycopene contents are generally lower
in tomatoes ripened under ambient temperature condition and a further
decreasing trend was also observed from fully-ripe to semi-ripe tomatoes
with the highest (7.75 pg/g) and lowest (0.64 pg/g) in fully-ripe Roma VF
tomatoes and semi-ripe San Marz tomatoes. These values fall within the
reported range of tomatoes lycopene contents (Raffo et al., 2002). The
differences in the mean lycopene contents between the two ripening stages
and among the cultivars were statistically significant (p < 0.05). Reports
showed that more than 80% of the total lycopene dietary intake are from
fresh tomato and its commercial products, when consumed in large quantity
(Amiri-Rigi and Abbasi, 2016). Our observation also supported the
assertion that fully-ripe tomatoes that are ripened under field condition are
better sources of lycopene when compared to those subjected to ambient
temperature ripening technique, as observed in other local tomato cultivars
(Abdul-Hammed et al., 2012).

Beta-carotene contents

Beta-carotene content (pro-vitamin A index) of the tomato cultivars vary
with degree and technique of ripeness (Figure 6). Under field ripening
condition, beta-carotene contents ranged from 0.78 to 2.47 pg/g and 4.09
to 5.64 pg/g for semi-ripe and fully ripe stages, respectively, while lower
values which range from 0.59 to 0.85 pg/g and 1.17 to 2.80 pg/g were
observed for semi-ripe and fully ripe stages, respectively, under ambient
temperature ripening condition. These values are within the same range in
previous reports on some tomato cultivars (Baranska et al., 2006; Garande
and Patil, 2014). The trend in the variation of beta-carotene contents was
similar to those observed for lycopene contents, and higher beta-carotene

contents were also observed in fully-ripe tomatoes. However, it was noted
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that the B-carotene contents of the tomato cultivars under the field ripening damage due to its antioxidant activity. (Wang and Russell, 1999), Dietary
technique are significantly higher (p < 0.05) than those obtained under beta-carotene are recommended by medical authorities rather than
ambient temperature ripening technique. Although beta-carotene is present carotenoid supplements, and a minimum level of beta-carotene
in many foods, it is also taken orally as a dietary supplement. It contributes consumption important for human health is yet to be determined, and the
significantly to the orange color of several fruits and vegetable crops such controversy regarding the beta-carotene supplements intake continues
as mangoes, papayas, carrots, tomatoes and sweet potatoes, among others (Patrick, 2000), although strict vegetarians depend on beta-carotene as their
(Kidmose et al., 2005). Beta-carotene has been identified as a singlet main source of vitamin A daily requirements.

oxygen quencher and an immune modulator thereby helping to reduce the
incidences of cancer, and is also reported to be protective against DNA
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Figure 1: Variation in pH of fully and semi ripe tomatoes of five cultivars under (A) field and (B) ambient temperature ripening. Mean
values and standard deviations are reported for triplicate analysis. The differences between the mean values were significant at p < 0.05.
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Figure 2: Variation in titratable acidity (measured as % citric acid) of fully and semi ripe tomatoes of five cultivars under (A) field and (B)
ambient temperature ripening. Mean values and standard deviations are reported for triplicate analysis. The differences between the mean
values were significant at p < 0.05.

This journal is © The Nigerian Young Academy 2019 Annals of Science and Technology 2019 Vol. 4 (1) 48-55 |51



Total Solid

Reducing Sugar

Ibrahim et al., 2019 Influence of techniques and ripeness degree on carotenoid profile

8.5 +

8.0 Il Semi Ripe

[ Fully Ripe I Semi Ripe
I Fully Ripe

Total Solid

San Marz  Nasmata RomaVF  Ogbo.Loc 4 Lobes SanMarz  Nasmata RomaVF Ogbo.Loc 4 Lobes

Cultivar Cultivar

Figure 3: Variation in total solid (%) contents of fully and semi ripe tomatoes of five cultivars under (A) field and (B) ambient temperature

ripening. Mean values and standard deviations are reported for triplicate analysis. The differences between the mean values were significant
atp <0.05.

5.5

5.5

5.0 4 B

I Semi Ripe 5.0
I Semi Ripe
I Fully Ripe

B Fully Ripe

4.5 -

4.0 4

3.5+

Reducing Sugar

3.0 S

2.5

2.0 -
San Marz Nasmata Roma VF Ogbo. Loc 4 Lobes San Marz Nasmata RomaVF  Ogbo. Loc 4 Lobes

Cultivar Cultivar

Figure 4: Variation in the reducing sugar contents (ng/g) of fully and semi ripe tomatoes of five cultivars under (A) field and (B) ambient
temperature ripening. Mean values and standard deviations are reported for triplicate analysis. The differences between the mean values
were significant at p <0.05.
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Figure S: Variation in the lycopene contents of fully and semi ripe tomatoes of five cultivars under (A) field and (B) ambient temperature
ripening. Mean values and standard deviations are reported for triplicate analysis. The differences between the mean values were significant
atp <0.05.
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Figure 6: Variation in the beta-carotene contents of fully and semi ripe tomatoes of five cultivars under (A) field and (B) ambient
temperature ripening. Mean values and standard deviations are reported for triplicate analysis. The differences between the mean values
were significant at p < 0.05.
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4.0 Conclusion

The pH, titratable acidity and reducing sugar of five cultivars of tomato
under study revealed that variations exist in these parameters depending on
the cultivar, degree of ripening and the ripening technique employed.
Consumption of tomatoes for the purpose of sweetness is encouraged at a
semi-ripe stage while for economic and industrial processing, field ripened
(fully-ripe) tomatoes could be of more importance, the high pH values
obtained at ambient temperature ripening conditions are undesirable.
Commonly available cultivar (Ogbomoso-Local) in the locality of the
environment in which the experiment was carried out (Ogbomoso town,
Oyo state, Nigeria) is more desirable at semi-ripe and fully-ripe stages
under field ripened technique. Consumption of tomatoes for the purpose of
dietary antioxidant lycopene and pro vitamin A index of tomatoes (B-
carotene) is encouraged at fully-ripe stage under field ripening condition.
Hence, cultivation, harvest and postharvest handling of tomatoes should be
given proper attention in our agricultural practices while consumption of
tomatoes and its products should be included as a major part of our diets

due to its enormous dietary and economic importance.
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