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Abstract

Tomato (Lycopersicum esculentum) although, second largest
crop produced across the world, is a highly perishable commodity.
Consequently, pre and postharvest treatments are critical in order
to enhance the shelf-life and nutrition. Therefore, two popular Indian
tomato cultivars namely Hisar Arun and Kashi Vishesh in their Mature
Green, Breaker and Mature Red stages were treated with 1%, 2% and
5% Calcium chloride in order to increase their shelf life and stored
at 5°C, 10°C and 15°C temperatures. The changes in non-enzymatic
antioxidants namely ascorbic acid, Lycopene, Carotenoid, and Total
Phenol were recorded up to 21 days of storage. Our investigation
revealed a linear increase in the ascorbic acid at 5°C when treated with
5% CaCl2 (~40%) while Lycopene (45%) and carotenoids (25%) have
shown comparative moderate increment at 10°C storage when treated
with 1% CaCl2. Our analysis suggests that low (1%) concentration of
CaCl2 is the most effective in controlling the increase of investigated
non-enzymatic antioxidants in both cultivars. Moreover, hybrid cultivar
tomatoes exhibited delayed deterioration compared with local type and
can be recommended for long-time storage.
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Introduction a small amount of time accounting to be 14 to 21
Tomato (Lycopersicum esculentum) belongs to  days’.In fact, tomatoes are known to possess a high
Solanaceous family, the tomato is utmost extensively ~ quantity of sugar and acid contents which are the
used as a food crop. As tomato is a climactericand  main factors contributing to its flavor?. Keeping the
perishable vegetable, it is prone to degradation in  fresh appearance of tomatoes along with its nutrition
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even after harvesting is an undying task imposed by
the consumers. External appearance, quality and
nutritional content of tomato fruits can be maintained
by controlled storage temperature®. Moreover, the
temperature controlled environment has been known
to have a direct control of the metabolic activities
in the tomatoes and thus proven to enhance the
shelf life of the tomatoes with preserved nutritional
qualities. Further, it is undeniably one of the most
significant measures invoked in maintaining and
even augmenting the shelf-life of tomatoes®.

Numerous biochemical and physiological processes
of fruits and vegetables are controlled by the
association of calcium ion which is believed to play
a key role in retaining quality. The rate of ethylene
production and respiration in tomato fruits reportedly
decreased by increasing the level of calcium ions®.
Thus, treatment of fruits with CaCl, resulted in
improving the firmness of the fruits and decreased
deteriorations physiologically thereafter leading
to reduced respiration, decrement in ethylene
production, and delay in fruit ripening®. Various
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Fig. 1: Percent Change in the Ascorbic Acid
content during storage in tomato fruits treated
with different concentrations of CaCl, at
different storage temperatures.
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investigations revealed that calcium chloride
treatment on tomato reduced post-harvest decay
quantitatively in terms of development in the lycopene
and ascorbic acid content, controlled development
of physiological disorders, strengthening of the skin
constituting cell walls, and providing the tissues
with improved resistance, reduced production of
enzymes which thus limit infections, control ripening,
and rotting thus inevitably improving the quality and
shelf-life of tomato’. In parallel, storage temperature
is an important factor in maintaining quality and
increasing the shelf life of tomatoes by reducing
moisture loss and decelerating biochemical changes
during ripening. In the context of two varieties of
the tomatoes abundantly consumed in India, we
conducted the CaCl, treatment on them to find the
optimum storage temperature and biochemical
changes for ensuring better quality for consumption
with optimized shelf life.

Materials and Methods

The experiments were conducted in the research
laboratory of the SHUATS, Allahabad. Two cultivars
of tomato fruit(L. esculentum) namely properly.
Ascorbic, (a Local variety) and Kashi Vishesh, (a
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Fig. 3: Percent change in the Lycopene content
during storage in tomato fruits treated with
different concentrations of CacCl, at different

storage temperatures

hybrid variety) were harvested from the experimental
field of Department of Forestry in SHUATS
(25°24'50.4"N, 81°50'58.5"E). Following the color
based maturity stages, as prescribed in the USDA
color chart8, we picked the tomatoes corresponding
to three particular maturity stages visually namely
Green (Mature Green), Breaker and Red (Mature
red) and further graded according to shape size,
color, and appearance. After grading, tomatoes were
washed with water and air dried. Next, the tomatoes
were treated with 1%, 2% and5% CaCl, solution
for 15 minutes and stored at 5°C, 10°C, and 15°C
temperatures for 21 days, the analysis was done
after every 7 days. The storage duration is chosen
to be 21 days in order to perform a comprehensive
comparison for all the maturity stages of the
tomatoes as, after this time duration, the sample of
the mature red stage of tomatoes would succumb
to degradation and fungal activities. Over-ripened
tomatoes of different treatments with the passage
of time during storage were excluded from the trial.

Changes in quality of tomato during storage
Ascorbic Acid

The ascorbic acid content was estimated by using
spectrophotometric method®. The 1.0 g fresh sample
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Fig. 4: Percent change in the total phenol
content during storage in tomato fruits treated
with different concentrations of CaCl, at
different storage temperatures

was extracted with 10ml of 0.4% freshly prepared
oxalic acid and were then centrifuged with 8000
rpm for 20 min. The 3ml solution was maintained
by the addition of 1 ml aliquots of supernatant
and 2 ml of 0.4% oxalic acid afterward 7 ml of 2,
6-dichlorophenol indophenol dye solution was
added. The absorbance of the test mixture was
recorded instantaneously at 518nm after mixing the
test solution properly.Ascorbic acid was estimated
using a calibration curve prepared against a highly
pure ascorbic acid.

Carotenoids

1g of the sample was ground in mortar and pestle
with 80% methanol and then centrifuged. The
supernatants obtained was concentrated to dryness
and dried. The dried residue of the supernatant was
then dissolved in 15 ml of diethyl ether. After this,
15 ml 10% methanolic KOH was added for removal
of alkali the obtained mixture was then washed
with 5% ice-cold saline water. The collective saline
washings were extracted with ether (3:15 v/v). Both
the ether extract obtained were mixed together and
washed till alkali-free with cold water. The alkali-free
ether extract was dried over anhydrous Na,SO,
for two hours in the dark. Using Ether as a blank
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absorbance of filtered alkali-free ether extract were
taken at 450nm?°,

Lycopene

1.0g of tomato sample, as weighed into a conical
flask, was transferred into a volumetric flask and
filled with distilled water to reach 100 ml mark. After,
proper mixing it was transferred into a separating
funnel in which 25ml of petroleum ether was also
added. It was shaking vigorously for about 15
minutes. The aqueous layer was run off and the
absorbance of petroleum ether layer was recorded
at 505nm."

Total Phenol

1 gm of fresh sample was centrifuged with 10 ml
of 50% MeOH: H,0 (1:1). 3 ml of test mixture was
prepared by the addition of 1 ml of FCR (1 N), 2 ml of
freshly prepared 20% Na,CO, in 1 ml aliquots of the
supernatant. The mixture prepared was then mixed
properly using cyclomixer and then maintained to 25
ml with water which is then kept at room temperature
for 30 minutes. After completing 30 min absorbance
was taken at 725 nm. Graphs were prepared using
the standardized gallic acid solution of different
concentrations and total phenol content have been
expressed in mg/100 gmaterial®.

Statistical Analysis

Each treatment has been repeated thrice to reduce
human error, which is evident by the similar result
obtained with this exercise. All the datasets were
next subjected to multifactor ANOVA with SPSS
11.0 for windows. A significant effect was assessed
at 5% (p < 0.05) level of significance and the mean
was separated using the least significant difference
(LSD) procedure.

Results and Discussions

Effect of Calcium Chloride treatment on Ascorbic
Acid content of tomatoes

Figure 1 provides a comprehensive evolution of the
two varieties of tomato (named Hisar Arun and Kashi
Vishesh) for a duration of 21 days when treated
with a varying amount of CaCl, concentration [1%,
2%, and 5%] and by changing the three storage
temperature in the range of 5-15 degrees. For a
better representation, while figure 1 shows the
evolution derived in the form of relative difference
(w.r.t. the value at day zero) in percentage, Table
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1 provides the actual values recorded from the
experiments. The evolution corresponding to Hisar
Arun tomato is plotted with full lines while that
corresponding to Kashi Vishesh tomato is shown
in dotted. Further, as mentioned earlier, the three
stages of tomato are put under investigation namely
Mature Green, breaker, and full-ripe as shown in
red, blue and green colors, respectively. In general,
while we find the percentage increase in the ascorbic
acid content in all the investigations, as following,
we brief specific characteristics conclusions from
this investigation.

A significant increase in the ascorbic acid content
up to 14 days in all stages (Mature Green, Breaker
and mature red), temperatures (5°C,10°C and
15°C) and concentrations (1%, 2% and 5 % CaCl,)
in both cultivars (Kashi Vishesh and Hisar Arun).
On the other hand, storage after 14 days leads
to a saturation in the acid content followed by a
decreasing trend. From the data, it can be concluded
that ascorbic acid content increased on increasing
concentration of calcium chloride in all the observed
condition. Breaker tomato fruit had the maximum
ascorbic acid content followed by mature red and
Mature Green. Maximum content (25.014 mg/100g)
were found at 5% CaCl, concentration after 14 days
of analysis stored at 15 °C in Hisar Arun variety while
minimum (9.327 mg/100g) were found at 1% CaCl,
concentration after 7 days of analysis stored at 5°C
in Kashi Vishesh variety. From the figure, treatment
with 5% concentration of CaCl, led to a significantly
higher rate (up to 40 %) of increment of the acid in
all stages, temperature and both cultivars. The rate
of increment was observed higher in the Mature
Green stage trailed by mature red and Breaker stage
in both cultivars. The rate of increase in the ascorbic
acid content was found to be maximum at Mature
Green stage T9 (35-45%) in both cultivars however
that recorded minimum corresponding to mature red
stage of Hisar Arun variety (8%).

As we can see from plot T1, the ascorbic acid content
in Mature Green stage increased up to 18 % in Kashi
Vishesh variety (10.236 Mg/100g) after 14 days of
storage under treatment, while in the case of Hisar
Arun variety, it increases up to only 15 % (13.879
mg/100g) in same time interval and then both started
decreasing. Mean value of ascorbic acid content
to be ranging between 15 to 283mg/100g in tomato
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fruits's. Further, the range may vary within 8 and 59
mg/100 based on the cultivar variety, which agrees
to the results obtained in our investigation. This
reduction of nutrients and deterioration are reported
to be instigated by transpiration and respiration, the
key physiological processes'. The non-linear rate of
change in the AA content over the storage period of
21 days may be attributed to the oxidation process,
which is understood to be caused by the catalyst
and oxidizing enzymes'®. Moreover, according to
some researchers’, the reason for high ascorbic
acid content in calcium-treated fruits might be that
metabolic activities were fast as compared to that in
untreated fruits. In this context, the increase in the
content of ascorbic acid as the storage temperature
is subject to an increment that is indicative of the
fact that fruit is still undergoing the process of
ripening'®, while a decrease in the aforementioned
content indicates a senescent fruit. The ascorbic acid
content in tomato deteriorated from 21.63 mg/100g
at the start of the trial, attaining the minimum 13.53
mg/100g in 1.5 % CaCl, after 9 days of storage'”. In
agreement with our findings, ascorbic acid content to
be increasing with the ripening of the tomatoes until
a stage where the same has shown a decreasing
trend'®. This suggests that harvesting the tomatoes
at a suitable maturity stage may retain the nutrition
level over the long storage period.

Effect of CaCl, treatment on Carotenoid content
in tomatoes during storage

The lycopene is considered accountable for the
bright red color of most fruits e.g. Pineapple,
orange, lemon, grapefruit, strawberry and tomato
etc.19. As tomatoes reach to the maturity stage,
the carotenoid content decreases. Investigation of
carotenoid content for the Hisar Arun and Kashi
Vishesh cultivars revealed a generally increasing
trend up to 14 days after which it starts decreasing
(actual values reported in Table 2).

Rates of increment were found to be higher in the
mature red stage of Hisar Arun variety in all set of
observations. From the figure 2, it can be concluded
that on increasing concentration of calcium chloride,
the rate of increment slows down as noted in T3
where the percentage increase is up to 27% while
in T9 the same reached only up to 21%. Further,
the temperature is found to play an important role
in affecting carotenoid’s content during storage. At

temperature 5°C the content increases slowly (8-
16%) followed by that resulted for 10°C temperature
(15-22%) while that corresponding to 15°C revealed
maximum increment (20-27%). After 14 days of
storage, carotenoids content start decreasing in all
the samples under study. The increase in carotenoids
can be attributed to the unmasking of the carotenoids
following chlorophyll degradation during ripening of
tomatoes'’. A similar trend in the carotenoids has
been reported in mangoes and passions fruits.

The investigation of Lycopene content is crucial
as the same is found to increases in tomato fruits
during ripening. The evolution of the Lycopene
content, recorded over a period of 21 days for
which the tomatoes were stored, is shown in figure
3 (actual experimentally recorded values are given
in Table 3).The overall evolution enables us to note
that during primary stages of ripening, lycopene
content progressively increased while after a certain
level, the same started decreasing. Similar trends
were also found in the investigation of ascorbic
acid content. Lycopene content increased relatively
slowly in the Kashi Vishesh variety compared
with that of the Hisar Arun variety at each level of
concentration, temperature, and days of storage.
Further, the rate of increment in the lycopene
content after 21 days of storage was found to be
maximum (~ 65%) in T9 while minimum (~33%)
in T1 corresponding to the Mature Green stage of
Hisar Arun variety. Moreover, lycopene content is
found to be maximum in all the stages treated with
5% CaCl, followed by that for 2% CaCl, and then
for 1% concentration of CaCl,.Minimum lycopene
content with the value of 0.03mg/100g in fruit when
treated with 1% CaCl, followed by 3% CaCl, with a
value of 0.06 mg/ 100g,?' in agreement to the rate
of increment of the lycopene content recorded in our
analysis. Further, thermal processing of tomatoes,
the increase in the extractable lycopene content
in processed products when compared with the
fresh tomatoes®'. The change in lycopene content
in the fruits and vegetables may be attributed to its
reaction with free radicals. This results in disruption
of polyene chain??23,

Effect of CaCl, treatment on the Total Phenol
content in tomatoes during storage

Itis crucial to quantify the post-harvest change in the
total phenol content of tomatoes as such extensively



402

MISHRA & Prakash Curr. Agri. Res., Vol. 6(3) 395-406 (2018)

6¢S'v ¥cll'6V
Y€9'Y ¥G26°09
G6Y'v FE6E°6Y
9¢S'v Flv.l6vy
6.9V F71€09
VEY'Y Flcl'8Yy
Lyy'y ¥€.8°8Y
86Y'v FLEV'6F
8.8V FrII'8Y
0¥9'v *166°0S
8LLY FEV8'IS
8€9'Y ¥/98°6Y
¥859'v *¥0.£°0S
Y¥9'v ¥8E0' IS
L6V'V Flev'6y
Evv'y ¥618°8Y%
o'y ¥8c0'6¥
8/EVv FGI1'8Y
/8Lv ¥€09'¢S
798y F.E€°€S
8¥V.v ¥8/.1°¢S
8¢SV F¥G.L'6¥
8¢L'v ¥6S6°IS
09%'v +¥800°6¥
687’y Free'6v
9SGy ¥GG6°6Y
L0V'Y FLcv'8Y
960 ¥600°GY
paJ ainjep

€89y F£9€°09
clS'v G896V
L/EYV ¥660°8Y
Ivy'vy +298'8Y
c9€'y F6E6°LY
lecy FSy oy
SYEY FIGL' LY
LSV FEE6°9Y
LSy ¥9/9°GY
0Sc'v ¥669'9%
080t FE€E8 VY
G98'C FG./lv'cvy
SOL'Y Fchi'aPy
766'€ F¥988'CY
€498’ FGve'ey
866'C FcE6'EY
168°€ ¥9G/.¢y
69L°€ Fccv' Iy
9lv'vy Fcce'8y
69C¢'v F1LI6°9Y
860'v F1E0'SY
Y9L'vy ¥29/L°G¥
YE0'V FILEE VY
/¥8'€ ¥l
160V FE€S6'vY
096'c Fclg'ey
818'C F1G6'IY
0c€'c Fc8Y'9€
Jayealg

G/2'€ ¥166°'GE
€EL'e FECY' Ve
896'C FLI9'Ce
8G0°'€ F1L09'€e
9v6'c F2lE'Te
ce8'c Feeh'ie
L06'Cc F9/8°LE
8€/'¢ ¥£60°0€
1192 F¥S9.°8¢
298'c ¥eSv'ie
€1L'2 FII8'6¢2
¥19'¢ ¥£2.'8¢
c69'c ¥..9'62
8E€G'C ¥688°LC
Svv'c ¥£98'9¢
665°Cc ¥299'8¢2
96¥'¢ Flev'Le
10¥'e FL¥v'92
€/8'C ¥89G°I€
89/'¢ Flev'0e
829'C *188'8¢
6LLC ¥9/8'62
909'¢ ¥2€9'8¢
6.v'c Flve LS
¥¥S'¢ ¥896°LC
¥ey'e ¥9€9°9¢
192’ F0S8'Y¢
106°} ¥196°02
uaaib ainjep

(unuy JesiH) |e20]

8G¥'€ ¥200'8¢€
06¥'€ F¥5E€'8€
9Ye'€ F¥€L.°9€
8G€'€ ¥€06'9¢€
GEY'E FGv.L'LE
Gcg'€ Fevv'ee
¥9¢’€ ¥€/.8°G€
¥6¢’€ ¥€02'9¢€
€L1'E ¥2/8V¢€
GEY'E€ FcGL'LE
G/¥'€ ¥981°8€
GEE'E FEV9'9€
LB6E°€ FEEE'LE
cEV'E FrIL'LE
¢lc’€ ¥2¢S6°9€
¥/2'€ ¥€86°GE
c0€'€ F1629¢€
/9¢’€ ¥106°G€
81G°€ ¥199'8¢€
1/G°€ FIVC6€E
09%'€ ¥G2c0'8€
/8€'€ Flec'LE
¥8¥'€ ¥G8c'8€
€GE'C FEV8'9€
¢lc’€ F196°G€
LIE€ FIGV'9€
lve'€ ¥019°GE
LOLV'E FrviI'vE
paJ ainjep

le6'¢c F¥60°¢cE
0S88'¢c FLIE'IE
9l/.'¢ ¥1G8°6¢
/8¢ F189°I€
€v.'¢ ¥8Y1°0€
¢€9'¢c ¥£c6'8¢
818'¢ ¥£96°0€
G0L'¢ ¥9¢l'6¢
¥¢9'¢ ¥G€8'8¢
€88'¢c F189°I€
cvl'c FOEL'0€
€99'¢ ¥c¢Gl'6¢
89/'¢ ¥E€cv'0€
899'¢ Frlc'6¢
19G°¢ Fcvl'8¢
9/9'¢ *clv'6¢
Gl9'¢c ¥€€.L'8¢
G0G'¢c FvcG'Lc
6.6'¢c Flv.L'cE
1€6'¢c ¥€Lc'cE
88.'¢ ¥GE€9°0€
G98'¢c FG8Y'IE
08.'¢ ¥915°0€
G09'¢c ¥.¢9'8¢
€0L'¢ ¥¥0L'6¢
0€9'¢ ¥£06'8¢
¢cS'c Fcll'le
91€'¢ F9G¥'GeC
Jayealg

6EY'C ¥208'9¢
98¢'¢ *¥G¢l'Ge
980°'¢ *0¢6'ce
¥92'¢ *188't¢
Yri'e F¥95°€e
9v6'L F/8E°LC
¥GlL'e #¥G/9'¢€e
cv0'c ¥Svvee
ce6’lL ¥9ec’ e
G66°L F¥c6'le
S16°'L ¥6¥0°Ie
678} F¥2€ 02
L16'L FE00'te
L6L} FLYL6L
6ELL FYLL'6L
8¢6°L *16l'Ie
S¥8'L ¥gle0e
¥9L°} *28E'61
G60'¢c *¥20'€e
/10'¢ ¥29l'ce
L26'L FLEL'Le
166°} ¥6.8°l¢c
168} *6¥8°02
6LL} *GYS6L
L€8'L F2cl'0e
LS. FOve 6l
YE9'L FES6°LL
Yey' L #199°Gl
uaaib ainjep

(usaysiA 1usey) pughH

skeq g
skeq v
sheq £
skeq g
skeq v
sheq £
skeq g
skeq v
sheq £
skeq g
skeq v
sheq £
skeq g
skeq v
sheq £
skeq g
skeq v
sheq £
skeq g
skeq v
sheq £
skeq g
skeq v
sheq £
skeq g
skeq v
sheq £

feao
sheq

Oom_‘

e,

108D %S
0.0}

0.5

Oom_‘

e,

108D %2
0.0}

0.5

oom F

°10eD %1
2,04
oXe!

‘dwa] *ouo)d

SHNJy 0}ewo} pajeal; {jgen ul uoipuoa JualayIp e 1apun abelols Buuinp (M4 wbpeo L/Bw) Jus1uoo suadoah ul sabueyd :g sjqel



403

MISHRA & Prakash Curr. Agri. Res., Vol. 6(3) 395-406 (2018)

G0"0>=d 1e Jueolubis ale pue (g = U) UONBIASP pJepuelS F UBBW aJe Sanjea ||y

¢SL°0 ¥LeS¢cl
€280 F6LL°E}
/8L°0 FLLL'EL
L€L0F6L1°Ch
0620 FOLL'E}
€9/.°0 FGLLCl
2040 ¥90L' L}
Ly, 0 FEVY St
¢cl'0¥6¢0°¢ch
€60 ¥Glccl
¢8.°0 ¥9c0'el
9.0 ¥¢€L ¢l
€0L0FLLL' L
6€L°0 FLIECH
6120 %/86°}1
/890 ¥8Y¥' L1
Gc/'0 ¥€80°¢Cl
GOL'OFLVL L
€1L°0F8/8°LI
96/°0 ¥565°¢C
0€L°0 ¥/91°¢l
069°0 ¥86%° L |
L1LOFev6 L
G0L'0 FOSL L
€90 FEIC L
669°0 F¥S9'L|
/89°0 €SV’ L1
099°0 26601

€66°0 F¥9S'9l
¢80° F0¥0'8}
9€0'} ¥0L2° L1
896°0 FLEL'OI
EV0'L F/8E°LI
200" 79829}
¢E6'0 FYEG'GI
¥86°0 ¥G6E€°9}
9G66°0 ¥0E€6°G 1
046°0 ¥€L1°91
G0’ Fyve LIt
GO00'| FEVL 9Ol
GE6°0 ¥¢8S'GI
086°0 FEEC 9}
GG6°0 ¥806°G 1
6060 F1SG1°G1
656°0 F186'G}
26’0 ¥8EG'GI
cv6'0 FE0L'G
866°0 ¥8¢9'9}
G96°0 F080°9}
¢l6'0 ¥e61°Gl
L¥6°0 FL8L°G}
L€6°0 FLIG'GL
G680 F606'V |
G260 FOLY'GI
016°0 #¥LL'G1
0880 ¥€99'v |

9¢cl'| F€9/.°81
Lec'L #¥9¥€°0C
891l ¥G9¥'61
960} ¥G9¢'81
9LL"L F¥09°6}
SEL'L ¥816°81
/S0 FOL9° LI
VL L FE9G°81
180" #6208}
LOL'L FeveE8L
VLI L F0L5°6)
6€1"L F066°8}
Y90'L FLEL' LI
chL'L F1EG8L
G80'} ¥6.0°81
GE0'} ¥GSC' L1
¢80’ FSE0'8}
960" F€09' LI
290’ FE€69° LI
Scl'L FovL '8l
880} ¥GE1'81
8E0'} ¥L0€°LL
80" ¥996°L}
8G0'| F¥E9' LI
810 FG26'9}
6170 FOLY LI
€e0’L FGlC' L1
900} #1491

Y650 ¥968°6
¥€9°0 ¥G9G°0}
819°0 ¥¢62°0}
98G°0 ¥€4.°6
190 €201
009°0 F000°0}
0450 #8056
16S°0 0586
185°0 ¥689'6
065°0 ¥8¢8'6
2190 ¥8/2°0}
G090 F160°0}
¢LS0 F1¥S'6
L65°0 ¥6¥8'6
185°0 ¥889°'6
899°0 ¥1.¥'6
G8G'0 F0S.'6
L/S0 F719'6
9/5°0 ¥909'6
¢65°0 ¥£L98°6
€890 ¥€ILL6
£/99°0 ¥6v¥'6
1850 6896
¥.5°0 ¥€.9°6
8550 ¥66¢'6
Y950 F¥0v'6
L9G°0 ¥8¥€°6
7G50 ¥1€2°6

6890 FG8Y'L |
8€.°0 ¥L0ECt
8120 ¥696°| 1
989°0 Focv' L}
SLLOFLIG LE
6690 FLSO' L}
0L£9°0 FL9L° LI
1690 F61LG° L
089°0 ¥8EE"L |
889°0 FOLV L}
61L°0+886°L}
9020 F¥OL' LI
699°0 FOS L LI
069°0 ¥86%"L |
690 FLIE L}
G99'0 ¥9L0° L}
2890 F6SE" L}
€290 FEILC L
CL90FL6L L
9890 FLEV LI
1190 ¥062' 1
7990 #¥L0° L1
G190 FeSc' Lt
6990 FSGL LI
95990 F¥E€6°0}
c99°0 FLEO L
659°0 ¥¢86°0}
€590 ¥9/8°01

6820 FGSL°EL
9180 FE60 'V |
618°0 ¥8¥9°El
6810 ¥GvL'€l
128'0 FLL9°€L
108'0 FOVEEL
¢lL0 ¥298'¢cl
G6.°0 FOvcEl
¢80 F1¥0'€El
68L°0 FLv1'€EL
€280 FLILEI
8080 FOLY'E}
69/°0 ¥¢c8'¢cl
¢6.0 ¥¢0cEl
1820 ¥F¢1OEl
G9/2°0 ¥9vLCl
€80 F¥0°El
€./.°0 188°¢l
89/°0 F108'¢Cl
¥8.°0 F090°€}
G1/°0 ¥Ge6'ch
¥9.°0 ¥0vL¢l
€1/°0 ¥988°¢Cl
69/.°0 ¥618°¢Cl
8G/°0 F9¢9'¢l
€9L°0 FvLLClH
092°0 ¥099°¢l
GG/2°0 ¥165°¢Cl

skeq e
sfeq v1
sheq £
skeq Ie
skeq v1
sheq £
skeq Ie
sfeq v1
sheq £
skeq Ie
skeq v
sheq £
skeq Ie
sfeq v
sheq £
skeq Ie
skeq v
sheq £
skeq Ie
sfeq v1
sheq £
skeq Ie
skeq v
sheq £
skeq L2
sfeq v1
sheq £
feq o

OQmF

e,
108D %S
0.0}

0.9

o X1
‘1080 %e
2,01

Oom F
108D %1
2.0k

0.9

paJ ainjep

Joyealg

uaaib ainjep

paJ ainjepy

Jayealg

udaib ainjepy

(unay JesiH) |e207

(ysaysiA 1usey) pugiy

sheq

dwa) *ou0)

S1inJ} 012WO} Pajeal) Z|JeD Ul UoRIPUOI JudIaIp B Japun abelols Buunp (M4 wbo|/Bw) Juajuod jouayd [elol ul sabueyd :p ajqeL



MISHRA & Prakash Curr. Agri. Res., Vol. 6(3) 395-406 (2018)

distributed naturally occurring substance in fruits
and vegetables have the capability of scavenging
superoxide and hydroxyl radical. In this regard, as
shown in Figure 4, the percentage difference of total
phenol content, as determined in the two varieties
of the tomatoes, treated with 1%, 2% and 5% CaCl,
and subsequently stored at various temperature
for 21 days while the actual recorded values of
TP content are provided in Table 4. In general, we
found an increasing trend until 14 days of storage
in the total phenol content in tomato in the course
of ripening. In particular, the same have shown a
significant increase in the fruits, which were treated
with 1% calcium chloride and stored at 5° C during
the entire analysis. According to many authors,
during initial progression phase, a reduction was
found in total phenolics content in fruits where the
fruitis dignified to be physiologically mature and thus
prone to initiation of ripening. The presence of higher
concentration of phenolics during the early stage
of development provides a protection mechanism
to the phytohormones like auxins, gibberellin,
and cytokines?4, which plays an important role in
cell division and cell enlargement. In the present
investigation, the rate of falling of total phenolic was
maximum (25%-10%) in T9 where the elevation rate
was also large in all maturity stages in both cultivars.
From the figure, we can evaluate that on increasing
concentration of calcium chloride from 1% to 5%, the
rate of increase of total phenolic content enhanced
during storage in all maturity stages.

In particular, tomato fruits stored at 5°C depict slower
increase rates in total phenol content in all treated
samples. Soluble phenolic contents are understood
to be accumulated in the main compartment of a cell
namely vacuole. The effect of storage temperature
reflects in the form of building up of toxic intermediate
in cells owing to change in the cell membrane
permeability and activity of an enzyme associated
with the membrane?. This explains the increment of
total phenol content recorded in our investigation.
Moreover, calcium prevents senescence-induced
stress by main—taining the strength of its membrane®,
and thus delays the release of phenolic compounds.

404

Conclusion

Tomato is used as an integral part of the human
diet. Being a climacteric fruit, the tomato is prone to
irreversible changes leading to a reduction in its shelf
life. Therefore, this paper investigated the evolution
of non-enzymatic antioxidants of the two most
commonly consumed Indian tomato cultivars namely
Hisar Arun (a Local variety), and Kashi Vishesh (a
hybrid variety) which were harvested at different
maturity stages namely Mature green, Breaker, and
Mature red and treated with varied concentration
(1%, 2% and 5 %) of calcium chloride (CalCl,) at
various storage temperatures 5°C,10°C and 15°C.
Changes in Ascorbic acid, Lycopene, Carotenoid,
and Total Phenol contents were recorded during
storage and it was found that above mentioned
non-enzymatic antioxidants except carotenoids
increased till 14 days after which there was a decline
in the quality of the parameters. On the other hand,
carotenoid content in tomatoes increased up to 21
days for all maturity stages. It is to note that the rate
of increase in the carotenoid content is found to be
high for the mature red stage in comparison to the
mature green stage.

In conclusion, tomato fruits harvested at breaker
stage retained the significantly higher amount of
Ascorbic Acid after 14 days of storage compared to
fruit harvested at the mature green and red stage.
Additionally, our investigations are suggestive of 1%
CaCl, treatment to be the most effective in terms of
offering a definitive control in the rate of evolution of
non-enzymatic antioxidants of the tomatoes such as
lycopene and carotenoids. Further, although Hisar
Arun (Local) variety is found to retain more nutritional
content than Kashi Vishesh (hybrid) variety, latter
shows higher shelf life.
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