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In this study, six commercial cherry tomato cultivars were analysed for variations in biochemical and technological
parameters. Significant differences were observed among cultivars with respect to their technological and functional
quality attributes. About 2.48-fold variation in titratable acidity, 2.47-fold variation in total phenolics, 4.13-fold
variation in total carotenoid and 7.68-fold variation in lycopene contents were recorded. The total antioxidant
activity and respiration rate were also found to vary about 1.85-fold and 1.48-fold, respectively. The highest
antioxidant activity and total phenolic content were found in the Cherry tomato hybrid no.! followed by Pusa cherry
tomato-1. Hierarchical cluster analysis revealed that Cherry tomato hybrid no. 1, Pusa cherry tomato-1, and Nagmoti
cultivars were abundantly rich in phytochemical and bioactive compounds.
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Daily consumption of fruits and vegetables should be increased in the diet as they are
important sources of biologically active compounds. Most edible fruits and vegetables supply
a balanced combination of bioactive molecules like vitamins C and E, polyphenols and
carotenoids, along with complex carbohydrates and dietary fibre. Dietary consumption of
bioactives has several health benefits as well as having anticarcinogenic, anti-mutagenic, and
anti-inflammatory molecules (Bruno et al., 2018). Oxidation is required for the energy
production in plants, but overproduction of reactive oxygen species (ROS) damages cells and
hampers their normal functions. These ROS attack DNA and proteins, which ultimately
cause ageing of cells (Arak et al., 2008). Consumption of dietary antioxidants can detoxify
excess ROS and protect the organs against oxidative damage.

In recent years, popularity of cherry tomatoes (Solanum lycopersicum var. cerasiforme)
has increased due to the generally higher sugar content and concentrations of many health-
promoting bioactives (antioxidants, carotenoids, ascorbic acid, phenolic compounds, etc.)
than conventional tomatoes (BRANDT et al., 2003; Lenuccr et al., 2006; HELYES et al., 2008).
Similarly to others, colour of the ripe berries ranges from red to yellow, green, and black due
to the introgression of a wide range of spontaneous or induced colour mutations (ILAHy et al.,
2019). The fruit are attached to long panicles, and their diameters vary from 1.5 to 3.5 cm.
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Quality components such as size, firmness, colour, taste, and nutritional value are significant
for marketing of tomato fruit (ILany et al., 2018).

The aim of the present work was to evaluate the variation of health-promoting bioactive
compounds among the six cherry tomato cultivars grown inside a polyhouse. The effect of
these compounds of selected cultivars in terms of their correlation coefficient was also
evaluated and presented.

1. Materials and methods

1.1. Experimental material and treatments

Cherry tomato cultivars, namely Cherry tomato hybrid no.1, Wild Texas, Pusa cherry
tomato-1, Yellow pear, NSL cherry, and Nagmoti were grown inside a polyhouse at the
Centre for Protected Cultivation Technology, Indian Agricultural Research Institute (IARI),
New Delhi, India. Seedlings were germinated in multi celled plastic plug trays. A well
decomposed and sterilized soil-less medium containing cocopeat, vermiculite, and perlite
(3:1:1) was used as substrate. 30-day-old seedlings were transplanted in a semi climate
controlled polyhouse of 30x30x6 m size. Flowering started 3 months after transplanting of
seedlings. After observing the visual appearance, fruit were harvested at commercial ripened
maturity (Fig. 1), pre-cooled at room temperature. Healthy and uniform fruit were selected
for further experiments.

(a) (b)

Fig. 1. Pictorial view of (a) Pusa cherry tomato-1 (b) Yellow pear at stage of maturity

1.2. Chemicals

Chemicals and reagents of analytical grade used for the study were procured from Merck
India, Ltd.
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1.3. Physical and physiological parameters

Dry matter (%) was determined by drying a known weight of the whole tomato reduced into
identical pieces in oven at 60+5 °C to constant weight. Respiration rate was measured by
placing 500 g of fresh fruit in an airtight container having twist-top lid fitted with a silicone
rubber septum at the center of the lid. After 4 h, the headspace gas was sucked through a
hypodermic hollow needle and placed in an auto gas analyser (Model: Checkmate 9900 O,/
CO,, PBI Dansensor, Denmark) and the results were expressed as ml CO,kg'h!.

1.4. Biochemical and functional parameters

Total soluble solids content (%) of homogenized tomatoes were estimated using Fisher hand
refractometer (0—50 °Brix) at 20 °C. Titratable acidity (%) was estimated by standard titration
method with 0.1 N NaOH using phenolphthalein indicator. Ascorbic acid (mg/100 g) was
estimated by AOAC (2000) method. Lycopene from homogenized tomato extracts was
estimated as reported by BRanDT and co-workers (2003). Total carotenoids (mg/100 g of fruit
weight) were determined by method described by SHARPLESS and co-workers (1999). Total
phenolic content (mg GAE/100 g) was determined by method of SINGLETON and Rosst (1965).
Antioxidant capacity (umol Trolox equiv./g) was determined by “CUPRAC” method, as
standardized by Aprak and co-workers (2008).

1.5. Statistical analysis

The experiment was conducted in a completely randomized design, taking thirty fruit of each
cultivar with three replicates. Results were analyzed using analysis of variance, and the mean
values were compared by Duncan’s multiple range test (DMRT). Two-way analysis of
variance was performed using PROC GLM of SAS 9.3 software (SAS Institute, Cary, NC,
USA), and significant effects (P<0.05) were noted. Further, a significant difference amongst
the means was determined by Tukey’s HSD test. Principal component analysis (PCA) was
carried out to find the linear relationship among the different variables to identify the trait that
causes maximum proportion of variability in the cultivars.

2. Results and discussion

2.1. Dry matter

The highest dry matter content was found in Cherry tomato hybrid no.1 (7.66%) followed by
Pusa cherry tomato-1 (7.43%), while the lowest (5.47%) content was found in Wild Texas
(Table 1). The results substantiated that Cherry tomato hybrid no.1 is having better processing
characteristics owing to its higher dry matter and soluble solids contents. MaLUNDO and co-
workers (1995) also reported that TSS is the main component of dry matter. The other
possibility of high dry matter content could be linked with higher fruit firmness, total sugars
and soluble solids contents. The observed results were in agreement with those reported by
Rapzevicius and co-workers (2016), where the dry matter and soluble solids contents of
tomatoes ranged from 5.645 to 7.670% and 3.98 to 5.25%, respectively. ABOAGYE-NUAMAH
and co-workers (2018) reported significant variation in dry matter contents of the six varieties
of tomatoes cultivated in Brong Ahafo region of Ghana.

Acta Alimentaria 2019



KANNAUIJIA et al.: BIOACTIVE PROPERTIES OF CHERRY TOMATOES

S0'0>d e Jua1djJop \ﬁuﬁmo@_ﬁwmm jou aJe SI9] HQCOm‘SQSm Quwres AY) Yym SuedjA

:8000°0FI1°0  »60°0FOC9 a90°'0F0€'9 :90°0F81°9 pSTOF88°0T «80°0FLE'6 800FITEL 6L 8FEIBSS  -61°0FILEl nowseN
»8000°0FLO0  60°0FS6°L 390°0F76°S :90°0F68°S :STOFBE0E 280°0F6L Y a80°0F097  o6L°8FO0°0LS 461 0F6S V1 AL10yd TSN
»8000°0F50°0  »60°0F00"9 a90°0F1S9 p90°0FLLY 1ISTOFIP 91 280°0FCT'1 a80°0FSLY  »OL'8FOS YOV »61°0F6C 01 Tead MO[[oA
a8000°0780°0  460°0709°8 90°0FEY 'L 90°0FE6'Y aSTOFCEST a80°0FC0°9 280°0FIV'E  o6L'8FOSTOL  o61°0F69 V1 [-07ewo) ALy esng
»8000°0FLO°0  260°0F00°S p90°0FLY'S 90°0F06°'S SSTOFCLLY p80°0F09°¢ o80°0F0TE  pOL'8FOSSEY  61'0FCYEL SBXAL PI'M
a8000°0F80°0 :60'0F01 :90'0F99'L 490°0F61'S sSTOF8LTT p80°0F6L'E -80°0FLY € 6L 8F0001 261'0F86°91 ["0u LAY 01ewo) A112Y)
Kyrproe el JUAIUOD SPIOU3}0IBD SJUBPIXONUE
J1qereniy, SS.L 19peWw A1 uonendsdy  proe 91q100SY QuadooA] &L sorjouayd [ejo], 1eor sIeAnn))

SIEAT[NO 0)BWIO) ALIOYD JUSIAHIP U s1ojoueled [eo1S0[0UT00) PU. [ITWAYJ0TY ‘T /gL

Acta Alimentaria 2019



KANNAUIJIA et al.: BIOACTIVE PROPERTIES OF CHERRY TOMATOES 5

2.2. Respiration rate

Table 1 shows that cv. Nagmoti had higher respiration rate (6.18 ml CO, kg h™!) followed
by Wild Texas (5.90 ml CO,kg! h''), while Yellow pear had the lowest value (4.17 ml CO,
kg! h''). Reduction in respiration rate could be attributed to the higher firmness of fresh
cherry fruit due to lower activity of cell wall degrading enzymes (YAMAN & BAYOINDIRLI,
2002). The lower rate of respiration and lower pH values positively correlated with each
other. The higher metabolic rate of fresh tomato could be a cause for the faster rate of
reduction of titratable acidity and increased pH values (TiGisT et al., 2013).

2.3. Total soluble solids

Cherry tomato hybrid no.l showed highest TSS (10.0 °Brix) followed by Pusa cherry
tomato-1 (8.60 °Brix), while the lowest value was obtained in Wild Texas (5.0 °Brix) (Table
1). This variation in TSS content was mainly due to the presence of higher dry matter content
as also substantiated by MaLunpo and co-workers (1995). The TSS of different cherry tomato
cultivars ranged from 5.83 to 9.27 °Brix (CsamBaLik et al., 2014) and 4.7 to 8.6 °Brix,
respectively (CoyaGgo-Cruz et al., 2018).

2.4. Titratable acidity

Highest titratable acidity was found in Nagmoti cultivar (0.114%) followed by Cherry tomato
hybrid no.1 (0.08%), while the lowest (0.05%) value was found in Yellow pear cultivar (Table
1). GeoraE and co-workers (2004) reported the range of titratable acidity (0.256 to 0.704 %)
in tomato genotypes. TiGisT and co-workers (2013) reported variation in titratable acidity
from 0.748 (cv. Melkasalsa) to 0.889 (cv. Marglobe Improved) in different tomato cultivars.

2.5. Ascorbic acid (4A)

NSL cherry cultivar had the highest ascorbic acid content (30.38 mg/100g) followed by Pusa
cherry tomato-1 (25.32 mg/100 g), while lower value was observed in Yellow pear (16.46
mg/100g) showing about 1.85-fold variation (Table 1). GETINET and co-workers (2008)
reported the AA content in the range of 11.2 to 25 mg/100 g for the selected tomato cultivars.
Similarly, CsamBaLIK and co-workers (2014) reported AA content of six different genotypes
of cherry tomatoes ranging from 8.3 to 16.7 mg/100 g.

2.6. Total antioxidant capacity

Among the different cherry tomato cultivars, the highest antioxidant capacity (16.98 pmol
Trolox equiv./g) was recorded in Cherry tomato hybrid no.1, followed by Pusa cherry
tomato-1 (14.69 pumol Trolox equiv./g), while the lowest antioxidant activity was in NSL
cherry (10.29 pumol Trolox equiv./g) (Table 1). The reason behind the higher antioxidant
capacity in Cherry tomato hybrid no.1 was higher phenolic content as proved in present
study. Growing season, area of cultivation and cultivars also have influence on bioactive
compounds of cherry and pigmented tomato fruit (LEnucct et al., 2006).
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2.7. Total phenolic content

In the study, total phenolic content ranged from 404.50 ng GAE/g FW (cv. Yellow pear) to
1000 pg GAE/g FW (cv. Cherry tomato hybrid no.1), depicting 2.47-fold variation (Table 1).
Variation in phenolic content was due to the difference in metabolic activity, which leads to
consumption of phenols by the fruit tissues immediately after harvest. Loss of cell wall
integrity and varietal characteristics may sometimes result in lower levels of phenols. This
variation might also be due to a difference in the genotypic background of cherry tomato
cultivars (CsaMBaLIK et al., 2014). The presence of quantitative trait loci for phenylalanine,
which is the substrate for phenylalanine ammonia-lyase for polyphenol biosynthesis, in the
cultivars/genotypes also affected phenols (ScHAUER et al., 2006).

2.8. Total carotenoid and lycopene content

Results depicted that the highest total carotenoid content (13.21 mg/100 g) was found in cv.
Nagmoti, while the lowest carotenoid content (3.20 mg/100 g) was found in cv. Wild Texas.
Nagmoti cultivar showed the highest lycopene content (9.37 mg/100 g) followed by Pusa
cherry tomato-1 (6.02), while the lowest value (1.22 mg/100 g) was found in cv. Yellow pear
(Table 1). Genetic factor is one of the most important factors for lycopene content, but the
effect of environmental conditions was also reported by Giruntint and co-workers (2005).
Also, CsamBaLIk and co-workers (2014) reported lycopene (6.2-14.9 mg/100 g) and
f-carotene (0.52—1.03 mg/100 g) contents of six cultivars and landraces.

2.9. Coefficient correlation between bioactive compounds and antioxidant activity

Table 2 shows significant positive correlation (R>=0.877) between total antioxidant activity
(CUPRAC) and total phenolic content. Similarly, total carotenoids were found positively
correlated with lycopene content (R?>=0.759). For lycopene content and TA, significant
positive correlation (R?=0.946) was observed. In addition, positive correlation among dry
matter and total phenolics values (R>=0.808); and among dry matter and TSS (R?>=0.823)
values was observed. OBouLBIGA and co-workers (2018) reported strong positive correlation
between lycopene and fS-carotene content of tomato cultivars.

2.10. Principal component analysis of cherry tomato cultivars

The observed value of PCA analysis showed that three out of nine principal components have
Eigen value higher than 0.7, which contributes to 91.74% of total variation (Table 3). In
Figure 2, the variables are related to one another if they are close to each other in the same
geometric plane of biplot and higher distance from variables are negatively correlated. Total
antioxidants, ascorbic acid and total phenolics are positively correlated to PC1 but negatively
correlated to PC2. PCA has been applied by several authors in order to establish the
relationship between various quality parameters as well as sensory attributes of cherry
tomatoes (CsaMBALIK et al., 2014; Coyaco-Cruz et al., 2018).
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Fig. 2. Graphical representation showing the variation of bioactive compounds using principal component analysis
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Fig. 3. Hierarchical cluster analysis of different cultivars based on evaluated quality attributes

2.11. Hierarchical cluster analysis of cherry tomato cultivars

Cluster analysis was carried out by the method of ‘Average Linkage Cluster Analysis’ from
the average distances between the bioactive parameters. In the present study, the scale from
0-1.6 was used to determine the relationship between the different cultivars (Fig. 3). The
entire cluster was split into four sub-clusters. The first cluster was divided into two major
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sub-clusters. Cluster-1 has two closely related cultivars namely NSL cherry and Nagmoti
with average root means square distance of 0.0591 between them. In cluster-2, Wild Texas
and Yellow pear cultivar are closely related with an average distance of 0.118 for all bioactive
components. Fourth cluster contained only one cultivar Cherry tomato hybrid no.1, which is
almost homogeneous to all other five cultivars with respect to bioactive compounds.

3. Conclusions

Significant differences in terms of bioactive compounds and biochemical parameters were
observed in the evaluated cultivars. Total antioxidant activity and total phenolic content were
highest in Cherry tomato hybrid no.1, however, total carotenoids content was maximum in
cv. Nagmoti. The total antioxidant activity had maximum linear correlation with total
phenolics content. Principal component analysis validated that significant differences in
terms of antioxidant activity, total phenolics, ascorbic acid and total carotenoids contents
were observed in the selected six cultivars. Findings of this study can offer an opportunity to
use cherry tomato for processing purpose. The evaluated cultivars also have the potential to
increase the intake of bioactive compounds through diet, with developing functional food
products beside fresh consumption.

The financial support and laboratory facilities provided by ICAR-CIPHET, Ludhiana, and ICAR-IARI, New Delhi
are duly acknowledged.
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