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Abstract In this study, a comparative analysis was carried out between the ‘Beta Tiny’ and ‘TY Nonari’ cherry tomato
cultivars harvested at the pink and red stages. Samples of the red stage were stored at room temperature for 9 days, during
which physicochemical qualities, antioxidant compounds, and activities were measured. As cherry tomato ripening and
storage progressed, firmness was reduced, whereas the lycopene content increased. Total phenolic content and antioxidant
activity showed no significant changes as ripening and storage progressed; however, total flavonoid content of ‘Beta Tiny’
showed a significant increase (p<0.05). The main polyphenols in the two cultivars were identified as chlorogenic acid,
rutin, and (-)-epigallocatechin gallate, among which chlorogenic acid showed a significant decrease (p<0.05) as ripening
and storage progressed. A strong correlation was found between total phenolic and flavonoid content (R=0.744), and
ABTS radical scavenging activity (R=0.975). Additionally, a negative correlation was shown by lycopene and chlorogenic

acid (R= —0.934).
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Introduction

Tomatoes are a fruit widely consumed worldwide, and as they
are enriched with functional compounds, including vitamins, amino
acids, flavonoids, polyphenols and carotenoids, tomatoes are
regarded as a functional food (Kamiloglu et al., 2013; Zanfini et
al., 2010). The most well-known phytochemical compound in
tomatoes is lycopene, which accounts for approximately 80% of
the total carotenoids (Rosales et al., 2011). According to Dumas et
al. (2003), lycopene is responsible for the red color of tomatoes,
defining the commercial value of tomatoes as well as reducing the
risk of chronic diseases, including cardiovascular diseases and
cancer (Garcia-Valverde et al., 2013). Lycopene also exhibits a
higher level of antioxidant activity than luteolin or B-carotene as it
contains long-chain conjugated double bonds (Gémez-Romero et
al., 2007). Rosales et al. (2011) reported that B-carotene, a type of
carotenoid found in tomatoes, is not as nutritionally valuable as
lycopene as it accounts for only 7% of total carotenoids. Johnson
et al. (1997), on the contrary, reported that B-carotene is another
important carotenoid compound as the bioavailability of lycopene
increases upon consumption with B-carotene.

Cherry tomatoes (Solanum lycopersicum var. cerasiforme) are
tomatoes of 2-3 cm size with high contents of sugar (fructose and
glucose) organic acids (citric acid and malic acid), vitamins and
minerals, which are higher than tomatoes in general (Kim et al.,
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2012). Cherry tomatoes are climacteric fruits whose respiratory rate
and ethylene production dramatically increase during the ripening
stage to reduce the shelf life, making it difficult to maintain the
freshness after harvest (Park et al., 2016). The transportation and
storage conditions for quality control have become increasingly
important, with increased consumption of fresh fruits and vegetables
(Fagundes et al., 2015). Notably, the ripening of tomatoes could
affect the color, firmness, taste, and antioxidant compounds, and
many studies have attempted to find ways to delay the ripening of
tomatoes and increase the storage period (Ilahy et al., 2011; Lee et
al,, 2013; Park et al, 2019). Cherry tomatoes are harvested in
various ripening stages from the breaker stage to the red ripe
stage, depending on the consumer and market preferences (Ilahy et
al,, 2011). During the ripening process of tomato, changes occur to
the physicochemical quality, such as a color of the fruit surface
and firmness, which are critical indicator of the shelf life and
consumer sensory satisfaction (Bhandari and Lee, 2016; Fagundes
et al., 2015). The color change in fruits and vegetables is a
particularly important indicators of the shelf life and ripening stage
(Fagundes et al., 2015). Tomatoes exhibit a multitude of colors
throughout ripening as chlorophyll is gradually degraded and
carotenoids produce lycopene, carotene, -carotene, xanthophylls, and
hydroxylated carotenoids (Giuliano et al., 1993). The antioxidant
compounds in tomatoes are influenced by genetic and environmental
factors as well as the ripening stage, with the contents of lycopene
and B-carotene, in particular, being more influenced by ripening
stage than cultivar (Leonardi et al., 2000). Thus, for nutritional or
commercial purposes, it is highly significant to investigate the
changes in the physicochemical quality and antioxidant composition
of cherry tomatoes based on the ripening stage.

Numerous studies have been conducted to investigate the
physicochemical quality and antioxidant composition of cherry
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tomatoes in relation to the cultivar and the ripening stage (Kavitha
et al, 2014; Opara et al., 2012). However, few studies have
analyzed the changes in physicochemical quality and antioxidant
composition of tomatoes during storage at room temperature after
purchase. This study has thus compared the physicochemical
quality, antioxidant compounds and activities of two cherry tomato
cultivars of Chungcheong province, based on the ripening stage
upon harvest and storage days.

Materials and Methods

Materials for experiment

‘Beta Tiny’ cultivar was harvested in April 2020 on a farm
located in Buyeo-gun of Chungcheongnam-do, with the ‘TY
Nonari’ cultivar harvested in June 2020 on a farm located in
Yesan-gun of Chungcheongnam-do. The ripening stage of cherry
tomatoes was categorized into the pink stage (50% of fruit surface
turns into red color) and the red stage (100% of fruit surface turns
into red color) based on the color of fruits. Cherry tomatoes in the
stage were stored at room temperature for 9 days for subsequent
analyses. Harvested cherry tomatoes were analyzed with respect to
physicochemical quality, including the color on the day of harvest,
soluble solid content (SSC), pH, titratable acidity (TA), firmness,
and the lycopene content. Cherry tomatoes were snap-frozen using
liquid nitrogen at —196°C, then stored in a —20°C freezer for
subsequent analyses of antioxidant compounds and activities.

Color

The color of cherry tomato, according to the ripening stage and
storage day, was measured using a colorimeter (Chroma meter
CR-400, Minolta, Tokyo, Japan). The color was expressed in
lightness (L*, dark to light, on a scale of 0-100), redness (a*), and
yellowness (b*) as the mean of triplicate measurements. The
Chroma meter was calibrated regularly using the white calibration
plate (Y=87.8, x=0.3156, y=0.3229)

SSC, pH, TA, firmness

To measure SSC, pH, and TA, 30 cherry tomato samples were
homogenized using a blender (JB 3060, Braun Co., Kronberg,
Germany). SSC was measured using a digital refractometer (PAL-
1, Atago Co., Ltd., Tokyo, Japan) and expressed in the unit of
°Brix, and pH was measured using a pH meter (Starter300, Ohaus
Co., Ltd., Parsippany, NJ, USA). For TA, a method of neutralization
titration was used, whereby 1 g of the blended solution was mixed
with 100mL distilled water, to which 3-4 drops of 1%
phenolphthalein indicator was added for the reaction with 0.1 N
NaOH. The measured TA was expressed as the content of citric
acid, a key organic acid in tomatoes. The firmness of cherry
tomatoes was measured using a fruit penetrometer (FHM-I1,
Dementra Co., Ltd., Tokyo, Japan) with 12010 mm cone-shaped
probe, and the resistance upon the entry of the probe was
measured and expressed in Newton (N).

Sample extraction
Aqueous methanol (80%) was used for the extraction of cherry

tomatoes. A 300 mL volume of 80% methanol was added to 30 g
of the frozen sample, followed by homogenization using a blender;
twice for 3min blending and once for 2min blending. The
homogenized solution was filtered using a vacuum filtration
apparatus and Whatman #2 filter paper (Whatman International
Ltd., Kent, England), followed by concentration using a rotary
vacuum concentrator (N-1000, Eyela, Tokyo, Japan). The concentrated
solution was stored at —20°C for subsequent analysis of antioxidant
compounds and activities (Yang et al., 2019).

Total flavonoid content

Total flavonoid content of the cherry tomato extract was
measured using the colorimetric assay method (Shin, 2012).
Briefly, 1 mL of the extract, 4 mL of deionized water, and 0.3 mL
of 5% NaNO, were mixed, vortexed, and incubated for 5 min at
room temperature for the reaction to take place. Then, 0.3 mL of
10% AICl, was then added, and the mixture was vortexed and left
for 6 min reaction at room temperature, after which the total
volume was adjusted to 10 mL by adding 2 mL of 1 N NaOH and
2.4 mL of deionized water. The absorbance of the test solution was
measured at 510 nm using a spectrophotometer (Optizen POP,
Mecasys, Daejeon, Korea). The standard calibration curve was
drawn with rutin hydrate, and the total flavonoid content was
expressed as mg rutin equivalents (RE)/100 g fresh weigh (FW).

Total phenolic content

Total phenolic content of the cherry tomato extract was measured
using the Folin-Ciocalteu colorimetric assay method (Aryal et al.,
2019; Yang et al., 2019). A total of 0.2 mL of the diluted extract
was mixed with 2.6 mL of deionized water and 0.2 mL of Folin-
Ciocalteu’s phenol reagent. The mixture was vortexed and left for
6min at room temperature and 2mL of 7% NaCO, was then
added. The mixture was vortexed and left for 90 min reaction at
room temperature in a dark room. The absorbance of the test
solution was measured at 750 nm using a spectrophotometer
(Optizen POP). The standard calibration curve was drawn with
gallic acid, and the total phenolic content was expressed as mg
gallic acid equivalents (GAE)/100 g FW.

Lycopene content

Lycopene content of the samples was measured according to
Bicanic’s method with some modifications (Bicanic et al., 2005).
A total of 1g of sample was mixed with deionized water,
methanol, and diatomite (No. 545), and then vortexed. A glass
filter (3G4) was set up with a 100 mL volumetric flask, and
pressure was applied using an aspirator (AAA71015, Jeio Tech
Co. Ltd., Daejeon, Korea), then the mixture containing cherry
tomatoes was poured in. Methanol was then added for the suction
filtration until the yellow color of the residual extract turned
transparent. The glass filter was connected to a fresh 100 mL
volumetric flask, and benzene was added until the red color of the
residual extract turned transparent. The solution was massed up to
the total volume of 100 mL using benzene, to be used as the test
solution. The absorbance of the test solution was measured at 487
nm using a spectrophotometer (Optizen POP), and the lycopene
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content was expressed as mg/100 g FW.

C xD x 1000

Lycopene (mg/100 g)= S % 1000

C: Concentration of lycopene (ug/mL),
estimated from the calibration curve

D: Dilution ratio of the test solution

S: Amount of collected samples (g)

Polyphenol content

Individual polyphenols in cherry tomato extract were analyzed
using high-performance liquid chromatography (HPLC) according
to the method described in Chen et al. (2001). The cherry tomato
extract was diluted 5-fold (KH,PO,:MeOH:water=2:3:15) and
filtered using a 0.45 mm syringe filter. Ten mL of the filtrate was
injected to the Eclipse XDBC-18 column (150x4.6 mm, 5 pm,
40°C), and separation was carried out using HPLC (Agilent, Santa
Clara, CA, USA). As the mobile phase, acetic acid (3%) and
methanol were used in a gradient condition. The detector was set
to 280 nm wavelength and 1.0 mL/min flow rate, and 10 uL of
sample was injected for the analysis. The standard calibration
curve was drawn with gallic acid, protocatechuic acid, catechol,
catechin, chlorogenic acid, (-)-epigallocatechin gallate, caffeic acid,
epicatechin, syringic acid, 4-methycatechol, epicatechin gallate, p-
coumaric acid, ferulic acid, and rutin. The polyphenol content was
expressed as mg/100 g FW.

DPPH radical scavenging activity

To test the antioxidant activity of the cherry tomato extract
based on DPPH radical scavenging activity, the method described
in Brand-Williams et al. (1995) was modified and used in this
study. A 50 pL of the diluted sample solution and 2,950 pL of 0.2
mM DPPH solution were mixed and left to react for 30 min at
room temperature in a dark room. Absorbance was then measured
at 517 nm using a spectrophotometer (Optizen POP). The standard
calibration curve was drawn with vitamin C, and the DPPH radical
scavenging activity was expressed as mg vitamin C equivalents
(VCE)/100 g FW.

ABTS radical scavenging activity

To test the antioxidant activity of the cherry tomato extract
based on ABTS radical scavenging activity, the methods described
in Sridhar and Charles (2019) and Yang et al. (2019) were
modified and used in this study. A total of 20 uL of the diluted
sample solution and 980 uL. of ABTS solution were mixed and
left to react for 10 min at 37°C. Absorbance was then measured
using a spectrophotometer (Optizen POP) at 734 nm. The standard
calibration curve was drawn with vitamin C, and the ABTS radical
scavenging activity was expressed as mg VCE/100 g FW.

Statistical analysis

For the statistical analysis of each experimental result, the SPSS
20 program (SPSS Inc. Chicago, IL, USA) was used to perform
the analysis of variance (ANOVA). Duncan’s multiple range test
was used to test the significance of differences among the samples
(p<0.05). To analyze the correlations among the mean values of
each variable, Pearson’s correlation coefficient was used. The data
were expressed as the meantstandard deviation from triplicate
determination.

Results and Discussion

Color

Changes in the cherry tomatoes color, according to the ripening
stage and the storage day are shown in Table 1. The sample on
the storage day of 9 showed the highest a* value for ‘Beta Tiny’
(15.78+1.54) and ‘TY Nonari® (17.54£1.56), while ‘Beta Tiny’
showed a significant increase (p<0.05) in a* value as the ripening
and storage progressed. In addition, both cultivars showed a
significant increase in a* value as the ripening progressed from the
pink stage to the red stage, while a significant decrease was found
for L* and b* values of ‘Beta Tiny’ and b* value of “TY Nonari’.
Bhandari and Lee (2016) measured the color of various cherry
tomato cultivars in relation to ripening stage, and reported that a*
value was significantly higher but L* and b* values were
significantly lower in the red stage than the pink one. In general,
b* value increases from the breaker stage to the pink stage but

Table 1. Hunter L*, a*, b* color of ‘Beta Tiny’ and ‘TY Nonari’ cherry tomatoes

Cultivar Sampling days L* (Lightness) a* (Redness) b* (Yellowness)

Pink stage 48.610.80°V 7.094+2.18° 13.33£1.11°

Red stage 46.06+0.74° 11.96+1.03¢ 9.45+0.90°

‘Beta Tiny’ Storage day 3 45.69+0.67¢ 13.6241.22° 10.42+0.69"
Storage day 6 46.84+0.59° 14.73+1.26° 9.89+0.75¢

Storage day 9 46.17+£0.37¢ 15.78+1.54* 9.45+0.85°

Pink stage 48.18+1.30* 9.69+2.26° 18.73+2.18°

Red stage 47.95+0.78" 14.65+1.45° 9.20+0.90°

“TY Nonari’ Storage day 3 48.05+£0.37° 15.63+1.29 9.40+0.70°
Storage day 6 47.50+0.67° 15.51+1.31° 9.53+0.85¢

Storage day 9 43.85+0.83¢ 17.54+1.56* 11.39+1.38"

YMean separation within columns by Duncan’s multiple range test (p<0.05) (n=3)
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Table 2. Soluble solid content (SSC), pH, titratable acidity (TA), and SSC/TA ratio of ‘Beta Tiny’ and ‘TY Nonari’ cherry tomatoes

Cultivar Sampling days SSC (°Brix) pH TA (%) SSC/TA ratio
Pink stage 7.11£0.09%) 4.00+0.01° 0.89+0.08° 7.994
Red stage 8.20+0.09" 4.15+0.01¢ 0.86+0.07* 9.53¢
‘Beta Tiny’ Storage day 3 7.73+0.05¢ 4.19+0.01° 0.72+0.07° 10.74%
Storage day 6 7.79+0.15° 4.22+0.01° 0.78+0.08" 9.99"
Storage day 9 7.89+0.06 4.26+0.01° 0.70+£0.07° 11.27°
Pink stage 7.81£0.07° 4.01£0.01° 0.82+0.08° 9.52¢
Red stage 8.71+0.09 4.21£0.01¢ 0.66£0.09* 13.20
“TY Nonari’ Storage day 3 8.91+0.03" 4.24+0.00° 0.72+0.06™ 12.38™
Storage day 6 8.77+0.13" 4.26+0.01° 0.59+0.07 14.86°
Storage day 9 8.76+0.10° 4.27+0.01° 0.76+0.09™ 11.53°
"Mean separation within columns by Duncan's multiple range test (p<0.05) (n=3)
decreases from the pink stage to the red stage. This is due to the 2.5
yellow-colored B-carotene being most abundant in the pink stage a —e—BetaTiny’  —@—°TY Nonari’
for tomatoes (Fraser and Bramley, 2004). 20 |
z
SSC, pH, TA, and SSC/TA ratio 2 15
The SSC, pH, TA, and SSC/TA ratio of cherry tomatoes s
according to the ripening stage and storage day are shown in Table E 1.0
2. For both cultivars, SSC was the lowest with significance in the =
pink stage, and the highest SSC was found for ‘Beta Tiny’ in the 05 |
red stage (8.20+0.09°Brix) and for ‘TY Nonari’ on storage day 3
(8.9120.03°Brix). The pH of cherry tomatoes is influenced by the 0.0

key organic acids, citric acid and malic acid (Adedeji et al., 2006).
For both cultivars, the lowest pH was observed in the pink stage,
whereas the pH showed a trend of significant increase in line with
the increase in ripening stage and storage day. According to Lee et
al. (2004), the pH of tomatoes increased with an increase in
storage day at 25°C. Regarding TA, ‘Beta Tiny’ showed no
significant difference between the pink stage and the red stage,
while ‘TY Nonari’ showed a significantly higher level in the pink
stage than in the red stage. According to Verheul et al. (2015), the
level of TA decreased as the ripening of cherry tomatoes
progressed. The taste of fruit is generally more outstanding when
the SSC/TA ratio is high; i.e. with a certain level of high sugar
content and adequate acidity. The SSC/TA ratio was the highest on
storage day 9 for ‘Beta Tiny’ and on storage day 6 for ‘TY
Nonari’.

Firmness

The firmness of cherry tomatoes according to the ripening stage
and storage day is shown in Fig. 1. For cherry tomatoes in
general, softening occurs due to a metabolic change induced by
respiration and the action of pectinase, so that the firmness
decreases during the storage (Park et al., 2019). The firmness of
‘Beta Tiny’ was 1.93+0.23 N in the pink stage, 1.38+0.20 N in the
red stage, and 1.30+0.18 N on storage day 3, whereas the lowest
firmness (1.14+0.16 N) was observed on storage day 9. The
firmness of ‘TY Nonari’ was the highest in the pink stage
(1.90+0.17 N) and the lowest with significant values on storage

Pink Red Storage  Storage  Storage
stage stage day 3 day 6 day 9

Fig. 1. Changes in firmness of ‘Beta Tiny’ and ‘TY Nonari’
cherry tomatoes during the storage. Different letters indicate
significant differences by Duncan’s multiple range test (p<0.05).

day 9 (0.97021N). The firmness of ‘Beta Tiny’ and TY
Nonari~ decreased by 28.50 and 36.84%, respectively, as they
matured from the pink stage to the red stage, and declined by
17.39 and 19.17%, respectively, as they were stored on the red
stage to storage day 9.

Total flavonoid content

The total flavonoid content of cherry tomatoes according to the
ripening stage and storage day is shown in Table 3. The total
flavonoids of ‘Beta Tiny’ and ‘TY Nonari’ in the pink stage were
17.43+£2.75 and 21.71+1.56 mg RE/100 g FW, respectively. Flavonoids
in tomatoes are synthesized more abundantly in the fruit surface
than in the pulp, with the most well-known flavonoids being
naringenin, chalcone, and rutin (Bovy et al., 2007). Among them,
rutin - (quercetin-3-O-rutinoside) is the most valued flavonoid
compound based on antioxidant properties and bioavailability to
humans (Slimestad and Verheul, 2005). ‘TY Nonari’ showed no
significant difference in total flavonoid content in relation to
ripening and storage. ‘Beta Tiny’, on the other hand, showed the
highest total flavonoid content (24.10+1.58 mg RE/100 g FW) on
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Table 3. Total flavonoids, total phenolics, and total antioxidant activity of ‘Beta Tiny’ and ‘TY Nonari’ cherry tomatoes

Cultivar Sampling days Total flavonoids Total phenolics DPPH? ABTS?
(mg RE/100 g FW)  (mg GAE/100 gFW) (mg VCE/100 gFW) (mg VCE/100 g FW)

Pink stage 17.43+£2.75") 56.33+3.02° 37.78+2.55° 54.20+3.64°

Red stage 18.75+1.66° 56.47+1.68* 39.89+0.64* 52.994+0.57*

‘Beta Tiny’ Storage day 3 19.75+1.24® 56.35+0.70° 39.22+1.00° 53.01+0.88°
Storage day 6 20.09+2.05% 57.46+1.03* 41.18+0.83" 54.61+0.98°

Storage day 9 24.10+1.58° 58.48+1.87* 41.06+1.62° 55.87+1.27*

Pink stage 21.71+1.56* 64.33+0.79* 39.74+0.39* 62.52+1.81*

Red stage 22.78+2.82° 64.64+3.65" 39.40+4.65* 61.05+4.44*

“TY Nonari’ Storage day 3 23.29+1.66" 63.54+1.79* 38.85+1.95 60.72+1.50"
Storage day 6 22.73+0.80° 64.61+0.83* 41.39+1.25° 61.85+1.78"

Storage day 9 23.49+1.33° 66.90+0.09* 41.79£2.57* 64.51+0.44*

"Mean separation within columns by Duncan's multiple range test (p<0.05) (n=3)

PDPPH: DPPH radical scavenging activity
JABTS: ABTS radical scavenging activity

storage day 9. Results indicated that the genotype of cherry
tomatoes as well as ripening stage and storage day had a crucial
impact on the antioxidant composition. According to Bovy et al.
(2002), the compound rutin in tomatoes is rarely detected when
the fruit color is green; however, its content rapidly increases as
ripening progresses. In this study, the total flavonoid content of
‘Beta Tiny’” was the highest with significance (p<0.05) on storage
day 9, which is presumed to be due to the synthesis of rutin in the
fruit peel during the storage.

Total phenolic content

Total phenolic content of cherry tomatoes according to the
ripening stage and storage day is shown in Table 3. Compared to
tomatoes in general, cherry tomatoes have approximately 3-4 times
higher total phenolic content. This is attributed to cherry tomatoes
having a greater surface area to volume ratio, while the phenol
compounds in tomatoes are more abundantly found in the fruit
surface than in the pulp (Choi et al., 2014). The total phenolic
content of ‘Beta Tiny’ and ‘TY Nonari’ showed no significant
difference in relation to ripening and storage. However, the total
phenolics of ‘Beta Tiny’ and ‘TY Nonari’ in the pink stage were
56.3343.02 and 64.33+0.79 mg GAE/100 g FW, respectively. The
total phenolic content of cherry tomatoes has been reported to
either remain constant or show no significant change in the study
by Cano et al. (2003) where the total phenolics of tomatoes were
analyzed in relation to the ripening stage, and in the study by
Slimestad and verheul (2005) where the total phenolics of orange-
yellow cherry tomatoes were analyzed during storage for three
weeks.

Lycopene content

Lycopene content in cherry tomatoes according to the ripening
stage and storage day is shown in Fig. 2. With the increase in the
ripening stage and storage day, lycopene content in the ‘Beta Tiny’
cultivar significantly increased (p<0.05). In the ripening process of
tomatoes, chlorophyll is degraded and the synthesis of lycopene

._
B
o

—_ —

o >

o o
T T

Lycopene mg /100 g FW
o0
(=)

6.0
40 r
20 r
—&— ‘Beta Tiny’ —&—‘TY Nonari’
0.0 ¢
Pink Red Storage Storage Storage
stage stage day 3 day 6 day 9

Fig. 2. Changes in lycopene contents of ‘Beta Tiny’ and ‘TY
Nonari’ cherry tomatoes during maturity and storage. Different
letters indicate significant differences by Duncan’s multiple range
test (p<0.05).

among the carotenoids is promoted (Slimestad and Verheul, 2005;
Pék et al., 2010). The lycopene content in cherry tomatoes was
reported to increase as the ripening progressed in the study by
Opara et al. (2012). In this study, as the ripening progressed from
the pink to the red stage, the lycopene content showed an
approximately 3-fold (‘Beta Tiny’) or 7-fold (‘TY Nonari’)
increase, and from the red stage to storage day 9, the lycopene
content increased to 67.28% in ‘Beta Tiny’ and 32.83% in ‘TY
Nonari’. The lycopene contents of ‘Beta Tiny’ and ‘TY Nonari’
on storage day 9 were 9.15+£0.06 and 12.34+0.41 mg/100 g FW,
respectively.

Polyphenol content

The polyphenol content in cherry tomatoes according to the
ripening stage and storage day is shown in Fig. 3. The main
polyphenols in the two cultivars were identified as chlorogenic
acid, rutin, and (-)-epigallocatechin gallate. Chlorogenic acid
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Polyphenol contents mg/100 g FW

LiLe

® Chlorogenic acid
® Rutin

(-)-Epigallocatechin gallate

IH

Pink stage Red stage| Storage | Storage | Storage |Pink stage|Red stage Storage | Storage | Storage
day 3 day 6 day 9 day 3 day 6 day 9
‘Beta Tiny’ ‘TY Nonari’

Fig. 3. Polyphenol contents of ‘Beta Tiny’ and ‘TY Nonari’ cherry tomatoes. Vertical bars represent standard deviation and the different
letters above the bar indicate significant differences based on Duncan’s multiple range test (p<0.05).

content in both cultivars showed a significant decrease (p<0.05) as
ripening and storage progressed. Chlorogenic acid is a key phenol
compound in tomatoes that accounts for 75% of the total phenolic
content in green cherry tomatoes and 35% in red cherry tomatoes
(Slimestad and Verheul, 2009). When orange-yellow cherry
tomatoes were stored at 20°C for three weeks and the content of
chlorogenic acid was measured, the content was found to decrease
as the storage day increased (Slimestad and Verheul, 2005). The
rutin content in ‘Beta Tiny’ and ‘TY Nonari’ in relation to the
ripening stage and storage day fell in the range of 2.03-2.87 mg/
100 g and 4.56-5.52 mg/100 g, respectively, while the content of
(-)-epigallocatechin gallate fell in the range of 1.80-2.65 mg/100 g
and 1.78-2.63 mg/100 g, respectively.

Antioxidant activity

Antioxidant activity in cherry tomatoes according to the ripening
stage and storage day is shown in Table 3. The DPPH and ABTS
radical scavenging activities in ‘Beta Tiny’ were 37.78-41.18 and
52.99-55.87 mg VCE/100 g FW, respectively, while those in ‘TY
Nonari’ were 38.85-41.79 and 60.72-64.51 mg VCE/100g FW,
respectively. Both cultivars showed no significant difference in
antioxidant activity in relation to ripening stage and storage day.
ABTS radical scavenging activity in tomatoes in general has been
reported by previous studies as 29.44+1.60 mg VCE/100 g FW
(Chun et al., 2005) and 39.1+3.1 mg VCE/100 g FW (Floegel et
al., 2011), indicating that the ABTS radical scavenging activity
found in this study for cherry tomatoes was higher.

Correlation analysis

Correlations among the physicochemical quality, antioxidant
compounds, and activities of cherry tomatoes are presented in
Table 4. A strong correlation was found between a* value
indicating redness and the contents of lycopene (R=0.930) and (-)-
epigallocatechin gallate (R=0.755). Total flavonoid content in
cherry tomatoes showed a strong correlation with the total phenolic

content (R=0.744) and the contents of lycopene (R=0.585) and
rutin (R=0.495), as well as DPPH and ABTS radical scavenging
activities (R=0.699 and R=0.710, respectively). Total phenolic
content also showed a markedly high correlation with the content
of rutin (R=0.867) and ABTS radical scavenging activity
(R=0.975). On the contrary, a strong negative correlation was
found between the key phenol compounds in cherry tomatoes;
lycopene and chlorogenic acid (R=-0.934). Antioxidant activity
and all antioxidant compounds showed a significant correlation,
and a particularly strong correlation was found between the total
phenolic content and the antioxidant activity. Tomatoes exhibit a
relatively high content of total phenolics in comparison to other
antioxidant compounds, which led to the high correlation between
the total phenolic content and the antioxidant activity (Bhandari
and Lee, 2016).

Conclusion

In this study, the physicochemical quality, antioxidant compounds
and activities of cherry tomatoes were comparatively analyzed
according to the cultivar, the ripening stage, and the storage day.
The two examined cultivars both showed an increase in a* value
and lycopene content with the increase in ripening stage and
storage day, while the firmness was reduced. The total flavonoid
content of the ‘Beta Tiny’ cultivar showed a significant increase as
ripening and storage progressed, and the highest content with
significance was found in cherry tomatoes on storage day 9. The
total phenolic content, on the other hand, showed no significant
difference between the two cultivars, and among polyphenol
compounds, chlorogenic acid content was reduced in line with the
increase in ripening the stage and the storage day. A strong
correlation was found among the total phenolic, flavonoid content
and ABTS radical scavenging activity, while a markedly high
negative correlation was found between the contents of lycopene
and chlorogenic acid.
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