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Abstract

The objective of the present study was to investigate the effectiveness of the post-harvest treatments of abiotic elicitors, that
is, calcium chloride (CaCl,) and salicylic acid (SA) on physicochemical and biochemical parameters in relation to activities
of antioxidative enzymes in carrot to enhance shelf life. Carrot of variety Punjab Carrot Red was harvested, washed, surface
dried and treated with CaCl, (1, 1.5 and 2%) or SA (1, 1.5 and 2 mM) for 5 min, while distilled water was used as the control.
Treated as well as untreated carrots were placed in open trays and stored under refrigerated (5+ 1 °C, 90% RH) conditions
for 63 days. Treatment of carrots with CaCl, and SA showed a reduction in changes in physiological weight, color, total
soluble solids, ascorbic acid, titratable acidity, total phenolics, carotenoids, antioxidant activity and TBA reactive compound
as compared to untreated samples. Higher activities of antioxidative enzymes, that is, catalase (CAT), superoxide dismutase
(SOD), glutathione reductase (GR), peroxidase (POD), dehydro-ascorbate-reductase (DHAR) and monodehydro-ascorbate-
reductase (MDHAR), were found in treated carrots as compared to untreated carrots during the whole storage period. SA
treatment exhibited more usefulness in maintaining the quality of carrot than CaCl, treatment. Among all the treatments,
1.5 mM SA exhibited the highest antioxidative enzyme activities and slowest changes in biochemical quality of carrot during
storage. Thus, 1.5 mM SA can be used to extend the shelf life of carrot during refrigerated storage.
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Introduction

Carrot (Daucus carota L.) is a globally important vegetable
crop from the Apiaceae (Umbelliferae) family, grown exten-
sively in India during the winter season. Because of its nutri-
tious value and high bioactive component concentration, it
has high importance and recognition. It is used as food as
well as for medicinal purposes. It consists of nutrients like
carbohydrate, protein, fibers that have cholesterol lower-
ing properties, minerals like potassium, sodium, calcium,
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phosphorus, trace mineral molybdenum, aromatic com-
pounds, vitamin A, thiamine, riboflavin, color and refreshing
characteristics (Kaur et al. 2012). Like many other colored
vegetables, carrot is a gold mine of antioxidants, that is,
a-carotene, f-carotene, phytochemicals and glutathione. It
increases resistance against blood and eye diseases (Isaac
and Maalekuu 2013). Fresh grated roots are used in salads,
and tender roots are pickled.

However, consumption and sales of vegetables produced
are hindered on average between 10 and 40% due to improper
post-harvest operations, storage and marketing. There is con-
stant deterioration in quality of vegetables during storage
due to post-harvest metabolic processes. During storage,
several biochemical changes take place in vegetables that
result in deterioration of quality. These detrimental changes
include browning, weight loss, increased susceptibility to
microbial spoilage, high respiration rate, off flavor devel-
opment, acidification, reduced firmness and discoloration
which are due to the activity of many enzymes (Luo et al.
2015a, b; Huang et al. 2017). The major cause of oxidative
damage during senescence is generated through biochemical
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reactions resulting in production of reactive oxygen species
(ROS) like superoxide (02'_), hydrogen peroxide (H,0,),
hydroxide radicals (OH™) and singlet oxygen (O,) (Luo
et al. 2011). The active oxygen species formed during stress
damage cellular compartments including carbohydrates,
lipids, proteins and nucleic acid (Blokhina et al. 2003). In
plant cells, these damaging effects of free radicals ROS are
protected by the antioxidant defense system which includes
both enzymatic and non-enzymatic systems (Kabiri et al.
2012). The non-enzymatic compounds generally are the low
molecular mass antioxidants, such as ascorbate, glutathione,
B-carotene and a-tocopherol, whereas the enzymatic system
includes ROS interacting enzymes such as superoxide dis-
mutase (SOD, EC 1.15.1.1), peroxidase (POD, EC 1.11.1.7)
and catalase (CAT, EC 1.11.1.6) and the enzymes regenerat-
ing the reduced forms of antioxidants such as mono-dehy-
dro-ascorbate reductase (MDHAR, EC 1.6.5.4), dehydro-
ascorbate reductase (DHAR, EC 1.8.5.1) and glutathione
reductase (GR, EC 1.6.4.2) (Luo et al. 2015a). Environment
conditions around product may change the rate of biochemi-
cal reactions which in turn may change the level of these
antioxidants and antioxidative enzymes; thus, quantification
of these reactions during storage is important.

Research efforts are required to develop inexpensive and
effective strategies that minimize undesirable changes and
to deliver safe and quality products with better shelf life
stability to the consumers. Several post-harvest treatments
employ certain chemicals/plant growth hormones to has-
ten or delay ripening, to improve and maintain the color
and quality by slowing down the metabolic activities of the
perishables and to reduce losses thus increasing overall eco-
nomics (Pila et al. 2010).

The calcium chloride (CaCl,) role in the physiology
of plant tissue is well recognized. Calcium application
strengthens the cell wall by forming cross-links or bridges,
while protecting the functional and structural integrity of
membranes and delaying membrane lipid catabolism thus
extending the storage life of fresh vegetables (Yang et al.
2017; Tappi et al. 2016). Zhang et al. (2018b) also sug-
gested that Ca®* inactivates the enzyme polygalacturonase
(PG), which is responsible for the breakdown of cell wall
materials and components like pectins, thereby playing a
critical role in maintaining vegetable quality. It also delayed
senescence in vegetables with no detrimental effect on con-
sumer acceptance (Lester and Grusak 2004). Salicylic acid
(SA) (o-hydroxybenzoic acid) is known as a signal mol-
ecule in the induction defense mechanisms in plants. SA
exhibits a high potential in controlling post-harvest losses
of horticultural crops and can decrease ROS (Asghari and
Aghdam 2010). It has been recently accepted that SA is a
safe chemical used to control post-harvest quality or quan-
tity losses of perishable crops (Supapvanich and Promyou
2013). The role of SA has been investigated against chilling
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injury in tomato (Ding et al. 2002), alleviation of browning
of post-harvest bamboo shoot (Luo et al. 2012), delaying
ripening in banana (Srivastava and Dwivedi 2000), shelf life
enhancement in Kiwi fruit (Aghdam et al. 2011) and radish
(Devi et al. 2018). With attention to consumer’s demand for
healthy products, studies on the application of post-harvest
treatments, along with cold storage, are today considered of
strategic importance. In this context, the aim of this study
was to evaluate the effect of post-harvest application of
exogenous calcium and salicylic acid on extending the shelf
life of carrot in terms of changes in activities of antioxidant
enzymes and associated biochemical constituents during
refrigerated storage.

Materials and Methods
Collection and Storage of Carrot

This study was conducted in the laboratories of the Depart-
ment of Processing and Food Engineering, Punjab Agricul-
tural University, Ludhiana. The Punjab Carrot Red variety
was raised following the recommended agronomic and cul-
tural practices. Carrot was harvested and washed with dis-
tilled water to eliminate dirt and other pollutants. Samples
were dipped in different concentrations of aqueous solutions
of CaCl, (1.0%, 1.5%, and 2.0%) and SA (1 mM, 1.5 mM
and 2.0 mM/1) for 5 min, whereas carrots dipped in distilled
water served as control. After surface drying, carrots were
placed openly in corrugated cartons and stored in cold store
at 5+ 1 °C and 90 +£4% relative humidity. Samples (5 kg)
were placed in each tray, and five trays were kept for each
treatment. After weekly intervals, a half kg sample was taken
from each tray, pooled for each treatment and analyzed for
quality parameters and activities of antioxidative enzymes.

Estimation of Physicochemical and Biochemical
Quality Parameters

Physicochemical Quality Parameters

Physiological loss in weight was periodically calculated by
percentage of differences between initial weight and final
weight of tested carrot divided by their initial weight (Wang
et al. 2014). Color of carrot was measured by using Minis-
can XE plus Hunter lab Colorimeter (USA) as lightness (L)
and redness (a) value after calibrating the colorimeter with
standard white and black plates. The ‘L’ and ‘a’ values were
recorded at D 65/10° and were compared to the standard
values of fresh carrot (Znidarcic and Pozrl 2006). Total solu-
ble solids (TSS) content was measured with a hand-held
‘ERMA’ refractometer and reported as Brix (Znidarcic and
Pozrl 2006).
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Biochemical Parameters

Estimation of Titratable Acidity (TA), Ascorbic Acid and Carot-
enoids For estimation of TA, the carrot sample (1 g) was
homogenized with 50 ml distilled water in pestle and mortar
and was filtered. Then, the filtered extract (5 ml) was titrated
with NaOH 0.1 N using phenolphthalein as an indicator
until the appearance of a light pink color. The volume of
NaOH used was noted and was expressed as percent malic
acid (Wang et al. 2012). For estimation of ascorbic acid, the
carrot sample (1 g) was crushed in pestle and mortar using
metaphosphoric acid—acetic acid solution (10 ml) and was
filtered. Ascorbic acid content was determined by titrating
the standard ascorbic acid (0.2 mg/ml) with 2,6-dichloro-
phenol indophenol dye (Mau et al. 2005). The quantita-
tive extraction of carotenoids was done as per the method
described by Vimala and Poonghuzhali (2015) with some
modifications. The carrot sample (1 g) was crushed in pestle
and mortar and extracted using acetone (10 ml). The extract
was covered with aluminum foil to prevent photo-bleaching.
The combined mixture was finally placed on a shaker at
140 g for 30 min and then centrifuged at 13,000g for 15 min.
A final volume of supernatant was made to 100 ml by add-
ing acetone. Carotenoid content was determined by taking
the absorbance at 450 nm, and results were expressed as
mg/100 g FW. Carotenoids were calculated from a standard
curve prepared simultaneously using high purity f-carotene
(1-10 mg/ml).

Extraction and Estimation of Phenolic Compounds Phe-
nolic compounds were extracted by crushing a carrot sam-
ple (1 g) and refluxed with 80% methanol (5 ml) for 1 h.
The refluxed sample was filtered, and the volume was made
to 10 ml with 80% methanol and was used for estimation
of phenolic compounds. For estimation of total phenols,
the methanolic extract (0.5 ml) was evaporated to dryness
and the residue was dissolved in 6.5 ml of distilled water.
To this, Folin’s reagent (0.5 ml) was added and shaken
thoroughly. After 5 min, a saturated solution of Na,CO;
(1 ml) was added and the reaction mixture was incubated
at room temperature for 1 h. The absorbance of blue color
was read at 760 nm against a blank. The concentration of
total phenol was determined from a standard curve pre-
pared simultaneously using gallic acid (10-50 ug) (Wang
et al. 2013). For estimation of flavonoids, the methanolic
extract (3 ml) was evaporated to dryness. The residue left
was dissolved in 0.1 M methanolic solution of aluminum
chloride (10 ml). Intensity of the yellow color so devel-
oped was read at 420 nm against a blank. The concen-
tration of total soluble flavonoids was determined from a
standard curve prepared simultaneously using rutin (40—
200 pg/ml) (Popova et al. 2004).

Estimation of Total Antioxidant Activity The method of
Dasgupta and De (2006) was used for the estimation of total
antioxidant activity. To the crushed carrot sample (1 g),
distilled water (10 ml) was added. Samples were boiled
for 1 h in boiling water bath and left overnight. To 2 ml
of the above extract, 1 ml of total antioxidant activity rea-
gent (0.6 M H,SO,, 28 mM sodium phosphate and 4 mM
ammonium molybdate mixed in equal amounts before
use) was added and the mixture was incubated at 95 °C for
90 min. After cooling, the intensity of blue color was read
at 695 nm. The total antioxidant activity was measured as
ascorbic acid equivalent (mg/g) and was determined from a
standard curve prepared simultaneously using ascorbic acid
(40-200 pg/ml).

Extraction and Estimation of Thiobarbituric Acid (TBA)-Reac-
tive Compounds TBA-reactive compounds were deter-
mined according to Hodges et al. (1999). The carrot sample
(2 g) was homogenized in distilled water (4 ml). To 4 ml
of this homogenate, 10% TCA (4 ml) was added and the
solution was filtered through filter paper. To 4 ml of filtrate,
0.06M thiobarbituric acid (1 ml) was added and the solution
was heated for 10 min at 100 °C. After cooling, the absorb-
ance was read at 532 nm. The content of MDA was calcu-
lated using 1.56 as the extinction coefficient.

Extraction and Estimation of Antioxidant Enzymes
Extraction of CAT, SOD, GR and DHAR

Carrot (0.5 g) was homogenized in 5 ml of cold (4 °C)
extraction buffer (0.1 M sodium phosphate buffer (pH 7.0)
containing 1% (w/v) insoluble polyvinyl pyrrolidone and
1 mM EDTA) using a pre-chilled pestle and mortar. The
mixture was then centrifuged at 13,000g for 10 min at 4 °C.
The supernatant was collected from the centrifuged material
and was analyzed for enzyme activities on a spectropho-
tometer (Rayleigh UV-2601). For assaying CAT enzyme,
enzyme extract (0.1 ml) was added to chilled 0.1M sodium
phosphate buffer pH 7.0 (1.9 ml). The reaction was started
by adding H,O, (1 ml) to the reaction mixture. The rate
of decrease in absorbance at 240 nm was calculated at
30-s intervals for 3 min. Enzyme activity was expressed as
umoles of H,O, decomposed /min/g FW using 0.0394 as the
extinction coefficient (Omar et al. 2012).

For estimation of SOD, the reaction mixture (3 ml) con-
tained 200 mM methionine (0.2 ml), 2.25 mM nitro blue
tetrazolium (0.1 ml), 1 mM EDTA (0.1 ml), 0.1 M Na,CO,
(0.1 ml), 0.1 M sodium phosphate buffer of pH-7.0 (1.5 ml)
and distilled water (0.95 ml). The enzyme extract (0.1 ml)
was added at last, and the reaction was started by adding
2 uM riboflavin (0.1 ml). The test tubes were then placed
under normal sunlight for 30 min for the development of
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blue color. The reaction was stopped by keeping the tubes
in the dark. The activity was expressed as the amount of
enzyme required for the 50% inhibition of photochemical
reduction in NBT according to the method described by
Xing et al. (2008).

For estimation of GR, the enzyme extract (0.1 ml) was
added to 1 mM NADPH (1 ml), 5 mM oxidized glutathione
(1 ml) and 1.5 mM MgCl, (0.9 ml) in 0.1M phosphate buffer
of pH-7.0 (1 ml). The activity was observed spectrophoto-
metrically by observing the decrease in O.D at 340 nm at
30-s interval for 3 min. The activity was expressed as pmol
NADPH oxidized /min/mg FW using 6.22 as the extinction
coefficient (Omar et al. 2012).

For estimation of DHAR, enzyme extract (0.1 ml) was
added to 0.1M phosphate buffer of pH-7.0 (1.4 ml), 1 mM
EDTA (0.1 ml), 2.5 mM glutathione reduced (0.2 ml) and
0.2 mM dehydro-ascorbate (0.2 ml). DHAR was assayed by
measuring the reduction in dehydro-ascorbate at 265 nm at
30-s intervals for 3 min on a spectrophotometer. The activity
was expressed as nmol/min/g FW using 14 as the extinction
coefficient (Huang et al. 2013).

Extraction and Assay of POD

POD was extracted, and activity was analyzed using the
method described by Agiiero et al. (2008). A carrot sam-
ple (0.2 g) was homogenized in cold (4 °C) 0.1M Tris—HCl
buffer of (pH-7.0) (2 ml) containing 1 mM EDTA, 1% (w/v)
polyvinyl pyrrolidone and 10 uM B-mercaptoethanol using a
pre-chilled pestle and mortar. The mixture was then centri-
fuged at 13,000g for 10 min, and the supernatant was ana-
lyzed for enzyme activity. For assaying the activity, chilled
guaiacol (3 ml), enzyme extract (0.1 ml) was added. The
reaction was started by adding H,O, (0.1 ml) and the rate
in decrease in absorbance at 470 nm was measured at 30 s
interval for 3 min using a spectrophotometer. The activity is
expressed as umoles/min/g FW by using 26.6 as the extinc-
tion coefficient.

Extraction and Assay of MDHAR

MDHAR was extracted, and activity was analyzed using the
method described by Huang et al. (2013). A sample (0.2 gm)
was homogenized in cold (4 °C) 50 mM Hepes buffer of
pH 7.6 (2 ml), using a pre-chilled pestle and mortar. The
mixture was then centrifuged at 13,000g for 10 min. The
supernatant was collected and analyzed for enzyme activity.
The reaction mixture (2 ml) contained 50 mM Hepes buffer,
pH 7.6 (1.5 ml), 1 mM NADPH (0.2 ml), 2.5 mM ascor-
bate (0.2 ml) and enzyme extract (0.1 ml). The reaction was
started by adding 20 pl of ascorbate oxidase (1 mg/10 ml) to
the reaction mixture. MDHAR was assayed by decrease in
absorbance monitored at 340 nm at 30-s intervals for 3 min.
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The activity of enzyme was expressed in nmoles/min/g FW
using 6.2 as the extinction coefficient.

Statistical Analysis

Experimental data were expressed as mean + standard error
of three replicates. The critical difference at 0.5% level was
analyzed using a fully randomized design as factorial, with
three replications in CPCS software. Two-way analysis of
variance (ANOVA) was used to determine the significance
of differences.

Results

Effect of CaCl, and SA Treatment on Carrot
Physicochemical and Biochemical Parameters

Physicochemical Parameters

Physiological loss in weight significantly (p <0.05)
increased with an increase in storage period in all treated as
well as control samples. Treatment with SA and CaCl, was
effective in minimizing weight loss. Reduction in weight
was lower in 1.5% CaCl, and 1.5 mM SA-treated samples
as compared to the other concentrations of CaCl, and SA,
respectively (Table 1). After 49 days of storage, weight loss
in control samples was 34.36%, whereas in 1.5% CaCl, and
1.5 mM SA, it was 20.33 and 19.86%, respectively. With
regard to color characteristics of carrot, the L* (indicates
lightness) and a* (indicates redness) values decreased along
the storage period. The decrease was more profound in the
untreated than the treated samples indicating better reten-
tion of color in treated samples. The L* value of untreated,
1, 1.5 and 2% CaCl, was 35.8, 41.5, 43.5 and 39.8, whereas
that of the 1, 1.5 and 2 mM SA-treated samples was 42,
40.7 and 41.7, respectively, on day 49 (Table 1). The a*
values of untreated, 1%, 1.5%, 2% CaCl, were 15.5, 17.8
26.3 and 16.2 and in 1 mM, 1.5 mM and 2 mM, whereas
those of SA-treated samples were 17.5, 26.4 and 17.4,
respectively, on day 49 (Table 1). Irrespective of the chemi-
cal treatments, TSS of carrot increased gradually with the
advancement of storage period. Treatments of carrot with
SA and CaCl, slowed down the increase in TSS. However, a
slower increase in TSS content was found with SA treatment
as compared to CaCl,. The TSS of carrot increased from
7.2° Brix at day 0 to 12.5° Brix in untreated, 11.8° Brix in
1% CaCl,, 11.5° Brix in 1.5% CaCl, and 11.9° Brix in 2%
CaCl,-treated carrot on day 49. Similarly, with SA treatment
the TSS content increased to 11.6, 11.2 and 11.4° Brix with
the treatment with 1, 1.5 and 2 mM SA after same period of
treatment (Table 2). Among all the treatments, 1.5 mM SA
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was found as the most effective in maintaining changes in
weight loss, color and TSS.

Biochemical Parameters

Titratable Acidity (TA), Ascorbic Acid and Carotenoids An
significant (p <0.05) increase in TA (% malic acid) content
was observed with increase in storage period in both treated
as well as untreated carrot showing maximum acidity of
0.348 in untreated, 0.295 in 1% CaCl,, 0.268 in 1.5% CaCl,,
0.308 in 2% CaCl,, 0.281in 1 mM SA, 0.255in 1.5 mM SA
and 0.308 in 2 mM SA on day 28 of storage and declined
thereafter (Table 2). SA- and CaCl,-treated samples showed
slower changes in TA as compared to untreated samples.
However, the treatment of carrot with SA proved to be bet-
ter in maintaining the TA as compared to CaCl,-treated and
untreated carrot throughout the storage period. Among dif-
ferent CaCl, and SA treatments, 1.5% CaCl, and 1.5 mM
SA treatments were more effective than their other concen-
trations, respectively. Ascorbic acid content of carrot first
increased and then decreased with advancement in storage
period irrespective of chemical treatments. An increase in
ascorbic acid content was found up to day 42 in untreated,
1% CaCl,- and 2 mM SA-treated samples followed by a
decline. However, with 1.5%, 2% CaCl,, 1 mM and 1.5 mM
SA treatment the increase was up to 49 days of storage
(Table 2). The slower changes in ascorbic acid content were
observed in carrot with CaCl, and SA treatments as com-
pared to untreated samples. However, the change in ascorbic
acid content was slowest in 1.5 mM SA-treated carrot. A
decline in carotenoid content of carrot was observed with
increase in storage period in all treated and untreated sam-
ples. The rate of decrease of the pigment was significantly
slower in treated samples as compared to the untreated car-
rot. Among CaCl,-treated samples, the carotenoid decline
was slowest in carrot treated with 1.5% CaCl, followed by
1 and 2% CaCl, treatments. Among SA, the decline rate
of carotenoid content was slowest in carrot treated with
1.5 mM SA followed by 1 and 2 mM treatments (Table 4).
SA at 1.5 mM concentration maintained the highest value of
carotenoids after 63 days of storage.

Effect of CaCl, and SA Treatment on Carrot Phenolic
Compounds

Phenolics were notably dissimilar among the treatments
(Table 3). Phenol and flavonoid contents of carrot first
increased up to a certain period of storage and then declined
thereafter with the increment in storage period. Increase in
phenol content was observed up to day 42 in untreated, 1%
CaCl,- and 2 mM SA-treated samples whereas for 1.5%, 2%
CaCl,, 1 mM and 1.5 mM SA this increase was recorded
up to day 49 (Table 3). Flavonoid content of carrot also

increased up to day 21 of storage and then decreased. Carrot
treated with CaCl, and SA showed a slower rise or decline
in phenolic content as compared to untreated ones. Among
CaCl,-treated carrots, changes in flavonoid contents were
slower with 1.5% CaCl, treatment as compared to 1 or 2%
CaCl, treatment, whereas with SA treatment, the slower
changes in content of flavonoids was found in 1.5 mM SA-
treated carrot as compared to 1 or 2 mM SA-treated carrot.

Effect of CaCl, and SA Treatment on Carrot Total
Antioxidant Activity and TBA-Reactive Compounds

Total antioxidant activity comprises lipophylic and hydro-
philic antioxidant activity. The total antioxidant activity
increased throughout the storage period (Table 3). However,
changes in antioxidant activity were smaller in 1.5% CaCl,-
and 1.5 mM SA-treated carrot with regard to their further
CaCl, and SA concentrations. TBA reactive compounds
of carrot were observed to increase up to day 14 and then
decreased afterwards with the increase in storage period.
During the whole storage period, the content of TBA reac-
tive compounds was less in treated samples as compared
to untreated samples. Among CaCl,, the slowest changes
were found in samples treated with 1.5% CaCl, with a mean
value of 1.58 in carrot on day 49 whereas among SA treat-
ment, the slowest increase was found in samples treated with
1.5 mM SA with a mean value of 1.50 in carrot on day 49,
respectively, where control samples show TBA value of 1.69
during the same period (Table 4).

Effect of CaCl, and SA Treatment on Carrot
Antioxidant Enzymes

Normally in the beginning, all the treatments showed
enhancement for activities of all the antioxidant enzymes
in carrot and then decreased afterwards with the increase
in storage period. During the whole storage period, carrot
treated with SA and CaCl, exhibited a higher increase in
activity of all the enzymes than the untreated samples. The
activity of enzyme CAT significantly (p <0.05) increased
and reached a high level at day 35 in all the treatments
except in samples treated with 1.5% CaCl,, 1 and 1.5 mM
SA in which the increase in activity was for a longer stor-
age period, that is, day 42 and then dropped at the end of
the storage period (Table 5). The activity of enzyme SOD,
POD and DHAR significantly (p <£0.05) increased up
to day 42 in all the treatments except in 1.5%, 2% CaCl,,
1 mM and 1.5 mM SA where the increase was witnessed
up to day 49 and then decreased afterward. SOD, POD and
DHAR activity remained lower during the storage period in
untreated carrot than CaCl,- and SA-treated carrot (Tables 5,
6). GR activity reached a high level at day 35 in untreated,
1% CaCl,- and 2 mM SA-treated carrot, whereas 1.5%, 2%

@ Springer



Journal of Plant Growth Regulation (2019) 38:1529-1544

1536

€0°0 F 060" 0—AIATIOR JUBPIXOTUR PUR 60’ F L6 L—SPIOUOARY ‘01°0 F L 06—Ss[ouayd 810} :onfeA renrug
A1oAnoadsar “aSe10ls Jo sAep pue sjuUIEaI) JUSISIP 18 SON[EA ULSW UIM)IQ QOUIIJIP [BONIID Juasaidal § pue [ Jo senfea (D

(301182 JO UOTIRIOLIAIOP 0) ANP PAUIULIDAP JOU SAN[BA) PU "SUOTBUIULIIIP 921y} JO S F UBSW I8 SON[BA

pu pu  [00FEST €00FSHT 100FST'1 100F€0'T 100F¥€8°0 100F L¥S0 100F2LEO T
T00F8S'T 900F0ST  OI'0FLY'I 90°0F 67’1 100F90T T00FL80 200F69°0 T00F 6150 100F61€0 Sl
Y0'0F89'1 TO0FLS'T 100F 841 TO0FIET TO0FS8I'T 100F26°0 100F€L0 T00F€TS0 10°0F6£€°0 [
() proe o1AoIes
€00F6LT SO0FTLT 100F9ST T00F 81 T00FCET T00FCI'T 100F68°0 9I'0F TS0 10°0F90%°0 4
(010 SI T00F89'1 100F¥9T  200FCS'T YOOFOr'1 OT0FHI'T 100F98°0 T00FCLO TO0FLISO T00FSIC0 Sl
3600 S pu pu  ZO0FEST YOOFSH'T T00FITT 100F$6°0 1000F9L°0 100F¥¥S°0 200F9¢0 I
8€0°0 L pu puU  SO0FLYT YO0F 651 €0'0F 0PI T00F9T'1 10°0F 6860 T0'0F909°0 10°0F8TH0 0
(%) spHIo[y> wniore)
K)1AT)OR JuRpIXONUY
pu pu  SI'0F99°¢I 90°0F 9’91 LT'OF8O'LI SO'0F60'81 80°0F61°91 €0'0F 9Tl €I0F68'8 4
600FST'8 LOOFS8LOT  €1'0F99CI 80°0F #1°91 SI'0F0£91 9I'0FLS'LT LOOFSOHIT LOOFOETI 0I'0F L6°L Sl
YO'0FI9L'6 SO0FOLTI  OI'0F6SSI SO'0F8E LI LO'OF 8861 LOOFT6'81 LOOFTHO1 LOOFESTI 80°0FTI'6 I
(Nw) proe d1[4d1[eS
SO0FH9TT 600F68CI  600FILII 80°0F¥8'LI 01'0F 20T SO'0FI8°61 TI0FES91 TI0F60°€El 60°0FCS6 4
6050 S 90°0F 26’8 LOOFSSTT  SO0FITII TIOFTH 9l 80°0F IT'8I 0I'0F€T8I ST'0FSEST 0I'0F 65Tl Y0'0F¥0'8 Sl
911°0S pu PuU  H0'0FH0'6 SO'0F0r'6 80°0F06'91 1T0F 1561 90°0F#8°SI SO'0F68°CI 6C0F8L'S I
9IT0.L pu pu  120F09'6 60°0F€8°SI S0'0F88'81 90'0F#8'1C TTOF0E81 YO'0OF8EEl SO'0F01°01 0
(%) @puIo[y> wnio[e)
SpIOUOAR[H
pu pu  ZI'0FL08I 600F 1261 600F TH8I1 TI0F €591 900FT'LET SI'0F8Tel 900F ' 101 4
SO0FSehI €00FTS9T  €00FS 681 TO0F8TLI YO0F T €91 T00F6°6¢1 90°0F 'Sl 10°0F0011 YO'OFSH'S6 Sl
T00F £85I YOOF8ILL  SO0FL'S6I T00FSS8I TO0F8 VLI 100F6'8S1 100F 1°0€1 1000FS 911 T00F 10766 I
(Nw) proe o1[4d1[es
TO0FTLST 100FST81  TO'0F980C T00F 861 SO0FLH8I1 T00F S €91 100F8THI Y0'0F €0CI LOOFT€01 4
L6T0SL €00F ¢8I TO0F8ILL  TOOFEE6I €00F99LI T00F 6691 YOOF ¥ SHI S0'0FT 9Tl T00F 0911 90'0F9°S6 Sl
650°0 S pu PU OO FE6SI T00F ¥ T8I YO0F98LI €0°0F8¢ST 0I'0F€9¢l €00F¢6I1 20°0F S 001 I
650°0.1 pu pu OO FL'SSI TI'0F6'60T 60'0F9961 LOOFTOLI €00F ¢ LST EI0F88el 9T 0F 7901 0
(%) epuIo[y> wnid[e)
sjouayd R0,
€9 €S 6 T S 8T 1T ! L
(so0>d) ad (8) shep o3eI101g (1) syuounyeary,

SUONIPUOD Paje

-193 11301 Jopun 25e10)s Surmnp joired jo (/8w jusreamba proe o1qioose) A1anoe jueprxonue pue (M4 3 001/Sw) sprouoaey ‘(M 3 001/Sw) sjouayd [830) oY) UO V'S pue {[DeD Jo 19T € d|qeL

pringer

Qs



1537

Journal of Plant Growth Regulation (2019) 38:1529-1544

K1eanoadsar ‘a3e103s Jo SAep pue S)USWIEAT) JUISIJIP & SON[BA UBSUWI Ud0MIOq QOUIRJJIP [eoNLI0 Judsardar § pue 7 Jo senea gD

(301183 JO UOTIEIOLISNOP 0} NP PAUTULISIOP JOU SON[EA) PU "SUOT)BUTULISIOP 9IY) JO S F UBSW dIE SON[BA

G0'0 F 86 Z—SPIOULJ0IeD pue G()'() F 8 [—punodwod 9A1oBAI Y, :on[eA [eniuf

pu pu €0°0FI1¥°0 100+¢S°0 200+65°0 200+29°0 200+89°0 100+20'T SO0FHST [
€00F 970 SO0FLYO 200+850 200+09°0 200+99°0 €0'0FCL0 WOFITT 00F9Y'T W0FLIT 1
Y00+ LT0 200F6€0 1000+ 150 €0°0F¥S0 200+090 LO'OF¥9°0 $0°00F€L0 TO0FLI'T SO'0F6ST 1
(Nw) proe J1[AdIES
SO0FICO €0°'0F8€0 10°0+0S°0 200+95°0 €0°0F6S0 200+09°0 70°0+59°0 200F660 SO'0F68'T C
9680 SI €00F1¥°0 200F9+°0 200+95°0 200+8S°0 €0°0F279°0 €0'0F¥9°0 LO'0F69°0 YO0+ +TT POOFIT'C ST
€00 S pu pu 00+€€0 100+¢€S°0 200F090 700+€9°0 700+ L9°0 €0°0FST'T T00FEL'T I
€0°0.L pu pu LO0OF0L0 100+15°0 200+850 $0°0+09°0 $00++9°0 900+ 180 €00F 1T 0
(%) apHIo[yd wnIoTe)
sprousjore))
pu pu EI0F¥9'1 0T0+2CS'T €0°0F68'T P00+ L6'T €00F0¢T YOOFET'E P00+ LET C
YO0+ CH'T SO0FLY'T 00+F0S'T $00+8S'T $0'0+T9'T SO0FI8T IT0+0€C SO0FTrT 900+ L8'T Sl
200+8H'T €0'0F6v'1 SO'0FEST LOOFPST €0'0F99°'1 P00+ 16T Cro++vee 80°0+96'C €00F¥8C 1
() proe orfAorfeg
100+ 18T 00+F6S'T SO0F¥9'1 00+1I8'T 700+S8'T €00+ 10T LO0OF€E0T w00+0r°¢ 100F+L'C C
P10 SI €0°0F9Y'1 T100F€S°T 10°0+8S°T SO0FI191 80'0FLLT 100+ L8'T €00+9¢C ¥0'0+0S°C 90°0+06'T Sl
SS00S pu pu LO'0F99'1 S00F9LT 00+C8T €0°0F16'T Y00++CTC Y00+ €0°¢ 100+ 161 I
SS0'0.L pu pu 00+69'1 €0°0+26'1 90°0+96'T €0°0+90C $0'0+61'C 900+F6I1°¢ $0°0+98°C 0
(%) apIo[yd wnrore)
spunodwod aAnoRaI Vg,
€9 €S 6% [44 ¢ 8¢C 1T 14! L
(co0>d) ad (S) skep o3eI01g (1) syuduyear],

suonIpuod pajeraSLIyar Jopun a5e10)s SurLmp jo1red Jo (8 oo/Sw) sprousjored pue (VA JO S/JAM) spunodwod 9Anoeal Y1, 94l U0 VS pue (e Jo 10 ¥ 3|qelL

pringer

a's



Journal of Plant Growth Regulation (2019) 38:1529-1544

1538

ST'0F€8°€€—A0d PUB S0 F [0'88—1LVD ‘€0°0F9S0—AOS :dn[eA [enIuf
A1oAT)02dsa1 a3e10)S JO SABp pUE SJUSWILAIT]} JUIIHIP 18 SAN[EA UBSUW USIM]IG DUSISPIP [BONLID JudsaIdal § pue 7 Jo sanfea (1D

(101183 JO UOTIEIOLIS)OP 0} NP PAUIULISIOP JOU SIN[BA) PU "SUOT)BUIULISIOP 9IY) JO HS F UBSW dIE SON[BA

pu pu 90 0FT L8l 90°0F0°€ST SI'OFTSET  600F€S0T  600FEH81 60°0F9°CST 90°0F09°¢6 4
LY 0F6'881 08°0F0CIC  600F99LC  900FS6ST  TIOFSPET  CIOFI60C  900F 9981 TI0F 8¢St 60'0F05°S6 Sl
90°0F 1'981 SFOFI'C0T  CIOFHTLL  900FSIST  TI'0FT8ET  0I'0F8€0T  TI'OFTESI TIOFT°LST 90'0F09°16 I
() proe o1Ad1es
110F€ 191 LOOFS98T  60°0F9°697 SI'0FO0EST  900F8TIECT  600FTLOT  900F 681 600F ¢TSI £0'0F 0676 4
6520 SI 80°0F T ELI SI'OFSTI0C  900F67TLC  CI'0FE9ST  TIOFISET  600F6'80C  600FC 681 90'0F9°¢ST TI'0F 0596 Sl
6,60 S pu pu  TI'OFEOLI 600FEYST  900F9TET  600F890C  TI'0OFHT8I 90°0F L'€ST 90°0F 0t 16 I
6L60.L pu pu  90°0FETII 90°0FF'8Pc  600FT8IC  90°0F0T0T  600FC8LI 60°0F0THI 90'0F0L'S8 0
(%) spuIo[yo wniore)
Kanoe od
pu pu  YLOFEETT 8L0FSLET 8SOFTLLT  660F8TCT  €CTFHL6I 86°0FLTLI 88'0F S 0TI z
89'0F LTI 8S0FS89T LY TFLOST SFIFIIPE SFIFTTI8C  860F¥6CC  T60FS861 LTOFTLSY 790F6LTI Sl
S8'0F 0TI SFOFS8ST  THOFS9¢T S8OFIS0E  TEOFS6LT  SOTFHSIT  TEOFLEOI LLOFYLLY TEOFLLIT I
(Nw) proe o114o11Es
95'0F9'601 9TOFI'IPI  TLOFTHET 88'1FTIST  9TOFISLT  0SOFEETT  TLOFSH6I TS0FS8SI LOTFS 0TI 4
O°E S SPOFEETI SCOFTT8  YEOFIT9T S6TFSTI0E  860FL8LT  TOTF96TC  0TOFTLGI 8TOFLSLI YLOFTITI Sl
6VI°L S pu pu  YLOFYLIT LUTF89IT  LU'TFVYLT €O TFY'LTT SO'TFSS61 L60FS 891 SO 1F 96Tl I
6V1°1.L pu pu  8LTFTOSI STTFS 891 SCTFS89T  890F99IT  860F9TLI SO'TF8SST SLOFHSII 0
(%) SpHO[Y> wnioe)
Aanoe 1vD
pu pu  €O0FSIOI 100F659'1 100FT8S'1 TO0F DT T00FILTT T00F T8Il T00F096°0 (4
100F €T TOOFLEYT  T00FHSLT SOOFPSLT T0°0F889'1 YO 0FIPS' 100F60€'1 €00F 10T 1 YOOFLOO'T ST
€00F8ITT 100F9LTT  TO0FIEL'] €0°0F00L'T 100FTE9'] 100F9ZS'1 100FE€LTT T00FOPIl T00F1L60 I
() proe d14o1es
T00FH01'T €O0FLETT  100FH89'1 100F €9’ T00FL8Y'T SO0F66T1 TO0FISIT T00FS80'T T00F8€6°0 T
12905y COOFILIT 100F9ZET  T00FIELT €00F0TLT YOOF 1891 T00FE8HT T00FS6TT 100F 68Tl 10°0F966°0 ST
€200 S pu Pu  €00FTIOI 100F8L9'1 €00F 1651 T00FLEV'T €00FS8ITT 100F 6601 €0°0F 9160 I
€20°0.L pu pu  T00FTTST 100FT6ST T00F 0611 100F9LT'1 T00F890°1 €0'0F120°1 100F2€6°0 0
(%) SpHO[Yo WnId[E)
Ajanoe qos
€9 €S 6 4% 93 8T 1T 4! L
(0059 ad (§) skep oFe101g (1) syusunear],

SuonIPuOd pojeraSLIyar Jopun 95e10)s SurLmp J011ed Jo (M A S/urwysojowy) OJ pue (M S/uruysejowr) 1y (S/s1un) qOS Jo ANANOE QWAZUD dAnRPIXONUR U0 VS Pue {[De) Jo 1095 § d|qel

pringer

Qs



1539

Journal of Plant Growth Regulation (2019) 38:1529-1544

OT'TFTI'9TT—IVHAN PUB 29'0F S'€LT—dVHA ‘990 F $8'98—yD :dn[eA [eniuf
A1oAT)0adsa1 a3e10)s JO SABp pUE SJUSWILAI]} JUIMIP 18 SON[BA UBSUW USIM]IG IDUISYIP [BONLID Judsaidal § pue 7 Jo sanfea (1D

(301189 JO UOTIRIOLIAJOP 0) ANP PAUIULID)AP JOU SAN[BA) PU "SUONBUIULIIIP 921y} JO S F UBSW I8 SIN[BA

pu pu  STOFE'866 S60F6TIOL  990F8E8L  890F908S  STOF908F  T60OFSISE 80 F8'€ET T
9STFHLI6  SSOFLIS6  SI'TFH900I  OFTF66£0I LEOFHSE8  TOTFILIO  09vFL9TS 8O TF6I68C  SOOFHEVC Sl
8LTFL888  T0TFLIL6  8S0F8¢86 POTFHSE0T  $OFLLIS  LOTFSTLS  TSOFIVLY  S90F908¢ 0STFLTET [

() proe o1&o1es
86°0FL8E8  SFIFECOI6  SETFI8SH S6OFILOOT  860FE€88L  SSTIFTI9S  880F6T9F 8P OFI6LE T80FI€ET 4
ogcsy LLOFSTE8  PCTIFLYI6  €9TFTIO0N  8FIFTILOL  880F6TI8  160F6019  00TFSTIS  SrEFTese STFYIVC Sl
YIS pu pu  9'0F7986 SFIFICION  09°0FL96L  TTIFISLS  $L0F999F  88°0F8I8E [7'0FTSET I
LY.L pu pu  8L0FE8YS €O TFEET6 LEOFHSEL  09°0F98SS  800FESEr  SI'TF8PIE T60FSLIT 0
(%) spIo[y> wniore)
Aanoe YVHAW

pu pPuU  T6'0FTL69 6£°0FTTIL POTFILIL  860F6T9S  SYOFI'IEh  660F8T6T SLOFS 80T T
LOTFTL69  #HOFTT6L  £F0FT608 PPOF1I8L SO0FS6CL  STOFSO6LS  8LOFTSEr  TLOFLS6T SO'TFT 60T Sl
88°0F8YL9  LSOF68L  89°0FLH08 SOTFLSIL 8L0FF0CL  TSOFTHYIS  TLOFS8Ty 8P 0OFTH8T TIIF0°20T I

(Nw) proe d114d1[eS
90 1F8769 60 TFTH6L  0TIF6108 LEOF6'LLL TEOF68IL  8F0F6'69S  TOTFSTEY  89°0FH'68C 85°0F L'90T 4
gpzgy ~O80FO6S69  TOTFLCEL  TOTFSTIS TI1F9T8L 8L°0F88CL  LSOF6'8LS  8LOFSOk OV IFSI6T SE0F6'60C Sl
3560 S pu pu  080FSELY TLOFS89L CUTFITCIL  860F8T9S  TLOFS8Ty  TLOFLSST ¥0'T F+'90C I
8€6°0.L pu pPuU  8F0F 6659 SOTFLSEL ELTIFE069  COTFT6SS  SHOFILIY  STIFHI9T I TF1661 0
(%) @puIo[y> wnio[e)
Aanoe YvHA

pu pu  $9°0F+'80CT LEOFELYE 0S0FL66Y  9TIFOPPE  8€0FS0ST  LYOFSPLI SS'0F8€01 4
9S0FI'SSS  650F9019  SHOFIH89 68°0F 8679 SFOFEPCS 80 TF069¢  PITFITOT  9T0F 8981 160FI'STI Sl
POTFIVEY  €OTFS09S  $90FS019 TOFIPES TTIFIULIS  vLOFOLYE  $LOF6LST  TLOFHESI LLOF6'LOT I

(Nw) proe o1[4d1[es
99°0FECS9Y  S8OFS09S  I80F09H9 86°0F9¥6S SI'TF6HIS  €90F899¢  990FSEHT 9P 0F88SI TLOFYT6 4
o7y SYOFTOIS  SLOFOES  TLOFH6S9 I€TF9¥%19 69°0FECE€TS  6F0FEPIE  LOOFS09C  8COFHTLI LYOFSHIT Sl
0£8°0 S pu pu  PITFECLYE LUTFEC LY LSOFLSIS  TO0F9ECLE  SLOFYEST  6L0F 6691 WOFI66 I
0¢8°0.L pu pu  680F6TST S90F9¢ELE 89°0F9V6y PO TFELYE  690F89TC  67°0F80ST ¥9°0F 0916 0
(%) spHO[Yd WnIdE)
K1AnoR YD
€9 €S 14 (4% S¢ 8T 1T ! L
(so0>d) ad () shep o5e101g  (I) SIUSWIIESI],

SUONIPUOd PIAJRId

-S11y01 Jopun 95e10)s SuLINp J011Ed JO (M S/urw/sojow) YYHAIN Pue (M S/urwysejowt) YVHA ‘(MA S/utwysajowru) IO Jo ANANOE SWAZUS 9ANBPIXONUER U0 VS Pue {[De) Jo 109d 9 3|qe]

pringer

a's



1540

Journal of Plant Growth Regulation (2019) 38:1529-1544

CaCl,-, 1 mM and 1.5 mM SA-treated carrot had higher
GR activity up to day 49 and then decreased thereafter with
the increase in storage period (Table 6). MDHAR in carrot
showed a steady increase up to day 42 in all the treated as
well as untreated carrot and then decrease thereafter with the
increase in storage period (Table 6).

Discussion

Weight loss of carrot during storage might be due to the loss
of water through transpiration and respiration as indicated
by Petriccione et al. (2014). During transpiration, water
is lost due to differences in vapor pressure of water in the
atmosphere and the vegetable surface while during respira-
tion with loss of one carbon atom one molecule of water
is produced resulting in reduction in weight loss. SA and
CaCl, treatments significantly decreased percent weight loss
during the storage period, and our results are in agreement
with the findings of Yanmaz et al. (1999). Babu et al. (2015)
reported that reduction in respiration and transpiration in
loquat fruits by Ca>" treatments. Reduction in weight loss
in CaCl,-treated carrot might be due to the fact that CaCl,
had the ability to strengthen the cell walls of fruits and veg-
etables, resulting in prevention of excessive moisture loss
which then retained weight of fruits and vegetables (Yang
et al. 2017; Pila et al. 2010). Pectin is a major component
of the cell wall and is related to tissue firmness because
of its solubilization and depolymerization during ripening
and storage (Zhang et al. 2018a). CaCl, had the ability to
stabilize the membrane system of fruits and vegetables by
the formation of Ca-pectate which increases rigidity of the
middle portion and the cell walls of the carrot root there by,
maintaining the dry matter content by preventing the deg-
radation of the cell wall (Zhang et al. 2018b). Researchers
have reported that the uptake of exogenous calcium ions by
fruits and vegetables is related to an increase in the fraction
of ionically bound pectin, thus promoting the cell-to-cell
adhesion and enhancing cell wall stability (Yang et al. 2017).
Liu et al. 2017 also reported that during apricot storage, sig-
nificant changes in the concentration and nanostructure of
cell wall pectins revealed their disassembly and degradation
which could be retarded by 1% w/v calcium chloride treat-
ment. Previously, CaCl, application had also been reported
to slow down the rates of weight loss in different fruits and
vegetables (Tareen et al. 2012; Pila et al. 2010). SA had been
reported to decrease normal respiration rate and closing of
stomata (Wolucka et al. 2005) which might be the reason for
lower weight loss in SA-treated carrot. These data indicate
that the treatments can effectively prevent moisture loss of
carrot by coating its surface, the migration of moisture from
the inner of vegetable to surface slowed down, leading to

@ Springer

reduced rate of moisture loss and possibly reduced respira-
tion rate.

Color is one of the critical factors determining consumer
acceptance of the quality of vegetables because it is an indi-
cator of the degree of freshness, extent of fruit deterioration,
even infestation of disease as well as contamination (Chen
et al. 2011). Decrease in L* and a* color values during stor-
age might be due to dehydration of external tissue layers
which has been indicated as a main reason of surface discol-
oration (Devi et al. 2018). Better moisture retention in the
treated samples over control could have aided in keeping the
sample tissue exterior wet and therefore prevented surface
discoloration. According to Jia et al. (2005), carrot having
high L* and a* values was reported with fine visual quality.
The significantly less overall color changes observed in all
treated groups was highly due to the gas barrier properties
of coating layers, which reduced the rate of oxygen diffu-
sion into the fruits, resulting in less metabolic or other bio-
chemical processes that could have caused undesirable color
changes for carrot (Chong et al. 2015).

TSS content is a major quality parameter, which is cor-
related with texture and composition (Peck et al. 2006). It is
a marker of sweetness and ripeness of fruits and vegetables.
Increase in TSS might be attributable to an increase water
loss and due to metabolic activity in them resulting in the
conversion of starch to sugars (Abugoch et al. 2016). The
more water lost, the more TSS value increases. Sobral et al.
(2017) reported that higher total soluble solids (TSS) inhibit
the decrease in ascorbic acid and have a positive effect on
protection of fruit against oxidation, thus extending the shelf
life of vegetables. The less increase in TSS of CaCl,- and
SA-treated vegetables was attributed due to the slowing
down of respiration and metabolic activities as indicated
by Pila et al. (2010). TA is a measure of the concentration
of organic acids present in fruits and vegetables, which are
important in maintaining quality and also influencing stabil-
ity thus considered as an indicator of maturity or spoilage
(Hasib et al. 2012). During storage, the acid constitution of
fruits and vegetables had been shown to influence by meta-
bolic changes linked to ripening and enzymatic activities in
live tissues (Bhattarai and Gautam 2006). In all treated as
well as untreated samples, a decrease in TA during the later
period of storage was probably due to metabolic conversion
of organic acid into carbon dioxide and water during respira-
tion as indicated by Tadesse and Abtew (2016). In the cur-
rent study, CaCl, and SA treatments slowed down changes
in TA of carrot and were thus effective in delaying carrot
ripening. The slower change in TA in treated carrot might
be due to the reduced metabolic activities in these samples
because of the coating layer acting as a protection against
metabolic changes (Xin et al. 2017). According to Liu et al.
(2009), increased levels of TA can be caused by increased
respiration rate and production of high level CO,, which
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affects the glycolytic enzyme systems and results in accu-
mulation of acids. The slightly lower TA observed in treated
samples as compared to control sample was suggested to
be due to the coating layer acting as a protection against
spoilage microorganisms, which resulted in less off-flavors
of fruits and lower amounts of acidic compounds produced
within samples (Chong et al. 2015). However, TA was not
affected by SA in mango (Ding et al. 2007) and by CaCl, in
peach (Manganaris et al. 2005). A decrease in carotene con-
tent in carrot during storage at 4 °C has also been reported
by Yanmaz et al. (1999) and Lee et al. (2011).

Ascorbic acid is heat liable, and its retention is often
monitored when evaluating post-harvest storage effects
on storage and nutritional quality of fruits and vegetables
(Mathooko 2003). Decline of vitamin C content in vegeta-
bles with increase in storage period has been observed by
Arvanitoyannis et al. (2005). As suggested by Lee and Kader
(2000), the decay of vitamin C content in vegetables during
advanced period of storage was attributed to degradation of
ascorbic acid which is due to oxidation that could take place
because of the existence of catalysts and oxidizing enzymes.
High maintenance of ascorbic acid content at the end of the
storage period in treated samples might be due to a lowered
rate of respiration, and ethylene production is in accordance
with the results of Renhua et al. (2008). The plant pigment
such as carotenoid not only contributes to the color appear-
ance and but also exhibits anticarcinogenic and chemopro-
tective effects for human beings (Lee et al. 2013). Results
showed that exogenous CaCl, and SA treatment promoted
the pigment formation, and this may also help to explain
the higher accumulation of biomass in the CaCl,- and SA-
treated group. A gradual increase in ascorbic acid content
and in total phenolic content during storage might be respon-
sible for the increase in the antioxidant activity of carrot as
they are the major non-enzymatic antioxidants (Ali et al.
2011). Phenolic compounds are the secondary metabolites
of plants, and they have the ability to act as antioxidants.
A slower increase in total phenolics in carrot treated with
CaCl, and SA might be due to slow ethylene synthesis which
in turn slowed down the activity of phenylalanine ammonia
lyase enzyme, responsible for biosynthesis and accumulation
of phenolic compounds (Yao and Tian 2005). Maria et al.
(2010) also reported that phenolics gave a high contribu-
tion to the antioxidant activity and triggered antagonistic
and synergistic effects in the antioxidant power of natural
mixtures. Antioxidant activity increased at a slower rate in
CaCl,- and SA-treated carrot, indicating that CaCl, and SA
treatments notably affected the metabolic process in carrot
during storage.

The anti-oxidation enzyme system was activated to scav-
enge the accumulated ROS (Li et al. 2017; Xu et al. 2017).
Under ordinary conditions in plants, the total sum of ROS is
determined by the balance between several ROS producing

pathways and the capability of the enzymatic and non-enzy-
matic mechanisms to deal with them, whereas under stress
conditions, the plant’s capability to remove ROS is slower as
compared to its formation, and this could be the consequence
leading to oxidative damage (Laspina et al. 2005). SOD has
a lead role in the antioxidative defense mechanism. The
superoxide radicals thus formed due to oxidative damage
are converted into hydrogen peroxide by this enzyme (Ruth
et al. 2002). The increase in activity of the SOD enzyme
could be correlated with the increase in activity of CAT and
POD activity as they both are the key components of cellular
antioxidant systems. Hydrogen peroxide produced by SOD
is disintegrated by CAT and POD enzymes that are localized
in the peroxisomes and cytosol, into water and oxygen. Both
enzymes, that is, CAT and POD, use hydrogen peroxide as
a common substrate. Moreover, exogenous CaCl2 and SA
significantly (p <0.05) decreased the H,O, content by rising
higher activities of POD and SOD compared with control
group. POD catalyzes the oxidation of phenolic compounds
to form quinone compounds. During storage, the increase in
activities of POD and CAT was higher and was for longer
storage periods, thus protecting the carrot from the damag-
ing effect of reactive oxygen species, therefore, prolonging
the shelf life of carrot. Elevated CAT and POD in treated
samples would lower H,0, levels, which in turn lessens the
degree of lipid peroxidation (TBARS) and membrane dam-
age as compared to untreated samples. Decline in activities
of these enzymes at higher stages of senescence is related
to the loss of H,0, scavenging capacity (Ng et al. 2005)
indicated by higher increase in the TBA reactive compounds.
These enzymes were reported to extend food freshness by
protecting the integrity of membranes and were also related
with stress tolerance and gene encoding the enzyme reported
to up regulate post-harvest (Xing et al. 2008). In the antioxi-
dant system, these enzymes, that is, CAT, SOD and POD,
could be induced by the second messengers such as Ca**
and ROS resulting in increased activity by calcium (Chen
et al. 2018).

The increased GR activity could be related to the fact that
during storage, the SH content of vegetables increased as
GR is the enzyme that reduces glutathione disulfide to the
sulthydryl form which is an important cellular antioxidant
and protects the thiol groups on enzymes and regenerate
ascorbate that further reduces oxidative stress (Mittler et al.
2004). GR also may remove H,0O, by maintaining additional
constructive levels of glutathione (reduced) and oxidized
within chloroplasts (Jiang and Huang 2001). Meanwhile,
DHAR uses the glutathione as the reducing agent to reduce
dehydro ascorbate to ascorbate while monodehydro-ascor-
bate (MDHA), a primary product of ascorbate peroxidase
can return into the ascorbate pool by MDHAR (Chan-
jirakul et al. 2006). The increase in DHAR and MDHAR
activities could be correlated with the increase in content
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of ascorbate as also indicated by Jimenez et al. (2002). The
increased DHAR and MDHAR activity and lower oxidation
level in the fruit and vegetable ascorbate pool are correlated
with decreased loss in firmness (Stevens et al. 2008). Our
results also indicated possible involvement of antioxidative
enzymes, that is, POD, SOD and CAT, GR, DHAR and
MDHAR in scavenging the ROS and thus maintaining the
shelf life of carrot for longer periods of storage in CaCl,- and
SA-treated carrot as compared to untreated carrot.

Conclusion

Treatment of carrot with CaCl, and SA along with stor-
age at 5 °C slowed down the changes in physiological and
biochemical parameters as compared to untreated carrot,
respectively. Higher enhancement in the activities of antioxi-
dative enzymes, that is, SOD, CAT, POD, GR, DHAR and
MDHAR, was also found in treated carrot during storage.
In conclusion, among all the treatments studied, 1.5% SA
maintained the quality of carrot for a longer period prob-
ably by reducing the oxidative stress to a larger extent due
to enhanced activities of antioxidative enzymes and thus can
be used to extend the shelf life of carrot.
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