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Abstract

Ber (Ziziphus maurtiana Lamk), commonly known as Indian jujube, is an underutilized fruit and native to India and adoption
to varied climatic conditions. Fruits are small, round to oblong in shape with thin and glossy skin. The ber fruits passes
antioxidant, antiflammatory and antibacterial properties but its quality deteriorates rapidly after harvest. Therefore, increasing
the shelf life of harvested fruits investable in order to ensure their availability for long period. Considering this experiment
was conducted to study the effect of pre-harvest spray of Salicylic Acid @200, 400, 600 ppm and Propyl Gallate @150, 300 and
450 ppm on, along with control (water spray only) storage quality of Banarasi Karaka fruits. Fruits of uniform in size were
harvested at physiological maturity (December, January and February) and after washing and drying under shade on blotting
paper were packed in CFB and using paper cutting on Cushing material and kept at room temperature (24°C) and Stored fruit
were evaluated on zero day and thereafter at 2days interval over a period of 8 days for different parameters. The highest
palatability rating minimum decay loss, physiological loss in weight and minimum loss in chlorophyll was recorded with SA
(600 ppm) which was followed Propyl Galalte (450 ppm). However, in these parameter increased with irrespective of treatments

advancement of storage period.

Introduction

Ber (Zizyphus mauritiana Lamk.) which is also
known as Chinese apple, Indian plum, Masau and Chinese
date and belong to the family Rhamnaceae and very often
called King of Arid fruits. It is considered to have
originated in India but found growing widely in China,
Africa, Afghanistan, Malaysia, Australia, and Fiji. The
commercial cultivation of ber in India is confined to
Punjab, Haryana, Rajasthtan, Gujarat, Madhya Pradesh,
Maharashtra and Andhra Pradesh (Pareek and
Vashishtha, 1983). In India, the total area under ber fruit
covered has been 50 thousand hectare. Producing 6.3
MT fruits annually (NHB, 2017). The Ziziphus species
are distributed throughout the tropical, subtropical and
temperate regions of both the hemisphere (Rendle, 1972).
It is hardy in nature, able to grow on poor soil and suitable
for low cost of production. There are 125 varieties of ber
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grown in different parts of India (Abhang et al., 2015)
as an underutilized fruit crop and providing good nutrition
and fuel to poor farmer’s. It is one of the world’s most
nutritious fruit crops which contains Vitamin A, minerals,
like calcium, Phosphorus and iron (Ermosele et al., 1991,
Al-Niami et al., 1992, Pareek, 2002). Roots, bark leaves
and Fruits have medicinal properties and also contain
various types of bioactive substances such as triterpene
acid volatile oil, glycosides, saponins and flavonoids that
have wide pharmacological effects on humans (Zhao et
al., 2008). It is eaten as raw and processed into candy,
murabba, pickled and beverage. It is easily digestible
because has a laxative effect, the pulp is sweet and rich
in flavor. Ber fruits are within the reach of the poor
people, hence rightly known as ‘Poor man’s apple’ (Bal
and Uppal, 1992). Limited availability, economic
constraints, lack of knowledge and information, and lack
of demand for nutritious foods are critical factors that
limit poor people’s access to such foods. Ber can thrive
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well under adverse conditions, viz., salinity, drought and
waterlogging. However, high post-harvest losses are the
major constraint in developing the ber fruit industry in the
country. In theory, the agriculture sector could help address
this problem by helping at-risk groups to generate more
income and by making nutritious foods more available,
affordable, acceptable, and to increase the postharvest
life of fruits.

The word salicylic acid derived from Latin word Salix
meaning willow tree which is distributed in whole plant
kingdom (Raskin et al., 1990). Salicylic acid is also an
endogenous plant growth regulator with phenolic nature,
which participates in the regulation of several physiological
processes in plants, such as stomata closure, ion uptake,
inhibition of ethylene biosynthesis and transpiration (Khan
et al., 2003). It is used as a food additive in handling
harvested fruits to delay ripening processes of some fruits
as well as enhancing the tolerance of fruits against
pathogens, particularly at the early maturity stage (Cao
et al., 2006). Furthermore, salicylic acid was reported to
reduce fruit weight loss and softening (Shafiee et al.,
2010). SA is an endogenous signal mediating local and
systemic plant defense responses against pathogens. It
has also been found that SA plays a role during the plant
response to abiotic stresses such as drought, chilling, heavy
metal toxicity, heat, and osmotic stress. SA is assigned
diverse regulatory roles in the metabolism of plants
(Popova et al., 1997). It contributes to maintaining
cellular redox homeostasis through the regulation of
antioxidant enzymes activity (Durner and Klessig, 1995,
1996; Slaymaker et al., 2002) and induction of the
alternative respiratory pathway (Moore ef al., 2002), and
to regulate gene expression by inducing an RNA-
dependent RNA polymerase which is important for
posttranscriptional gene silencing (Xie et al., 2001). It
serves as a regulator of biogenesis of chloroplasts
(Uzunova and Popova, 2000) and activity of
photosynthesis Fariduddin et a/.(2003), gravitropism
(Medvedev and Markova, 1991), inhibition of fruit ripening
(Srivastava and Dwivedi, 2000) and of other processes.

Propyl Gallate is the n-propyl ester of gallic acid (3,
4, 5- trihydroxybenzoic acid). It is stable and neutral or
slightly acidic in nature but is unstable when heated or in
mild state it behave as alkaline (Bentz et a/. 1952) and is
soluble in ethanol. It discolors in the presence of iron or
when it is exposed to air or light for long periods of time
(Elder, 1985). Propyl Gallate is a phenolic compound and
a free-radical scavenger which is used to prevent the
free-radical peroxidation of lipids and that free radicals
can be generated by ionizing radiation, chemical reaction,
oxidation, or enzymatic reactions (Gutteridge and Fu,
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1981). It is a generally recognized as safe (GRAS)
antioxidant to protect fats, oils, and fatcontaining food
from rancidity that results from the formation of peroxides
and have antibacterial activity. Hence, it is used for
inhibition of germination of seed, prevention of food and
preservative and enhancement of postharvest life of fruits.
The fruit growers are much more benefited, if postharvest
life can be extended without deterioration in the quality
of fruits. The peak season of harvesting of ber in North
India is mid-March to mid —April. However, from
beginning of April to end of April there is paucity of local
fruit in the market and extension in shelf life of ber fruits
will make their availability in the market and will fetch
good income to growers with this background the present
investigation was carried out for a period of two
consecutive years

Materials and Method

The proposed study was conducted in the garden of
Horticulturist Unit, BHU Varanasi during twenty-one plant
of Banarasi Karaka ber was selected and tagged.
Standard cultural practices and proper plant protection
measures were followed by out during the crop period.
Three pre-harvest sprays (December, January and
February) of Salicylic Acid @ (200, 400 and 400 ppm)
and Propyl Gallate @ (150, 300 and 450 ppm) were applied
on all the selected plants. Fruits were harvested at full
maturity and stored for 8 days at 25C. There were seven
treatments each with three replications under CRD. Each
replication contained two kilogram fruits. The fruit were
analyzed at two days interval over a period of 8 days for
physiological characters in storage.

Data were analyzed under CRD at 0.05% level of
probability under two -way ANOVA by Using OPSTAT
software (CCS, HAU, Hlsar) Haryana, to determine the
fruit weight loss, decay loss and chlorophyll loss of fruit.

Physiological loss in weight %

The cumulative physiological loss in weight of fruits
was calculated in per cent at two days interval on initial
weight using the formula as given below

PLW % = Initial weight — final weight/Initial weight x 100

The decay loss of fruit was worked out on the basis
of weight. Decay loss happened due to over ripening
and pathogenic infection of fruits. The decayed fruits
were weighed on the day of each interval. Weight of
decayed fruits included the total weight of fruits decayed
up to the date of observation. Chlorophyll content was
following the method as suggested by Thimaah (1999)
using 80% acetone. The peel weight of S5gram was taken
of crushed and centrifuged for 15min at 5000rpm. The
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supernatant was filtered and kept in spectrophotometer
at observance of 663 and 645nm.

Results and Discussion

The analyzed data presented in table 1, showed
statistically significant treatments on storage period.
However, the interaction of treatment x days was non-
significant. The minimum (0.41 and 0.46 mg/100g) loss
of chlorophyll was found with Salicylic acid treated fruit
(600 ppm)) followed by Propyl Gallate with (450 ppm).
The maximum loss was found in control in two years.
Similarly, adverse effect of salt stress on chlorophyll
content in strawberry (Kaya et al., 2002) and fruit treated
with 0.25 mMSA showed that there was not increase in
chlorophyll content but 0.50 and 1.00 mM SA
spectacularly increased the chlorophyll content Salicylic
acid under salt stress inhibited the chlorophyll content in
leaves of many crops (Parida & Das, 2005). The inhibition
of chlorophyll might be owing to revention of ethylene
production and accumulation (Fariduddin et al., 2003.,
Kaya et al., 2007) In waterlogged condition treated
tomato with salicylic acid exhibited the chlorophyll content
but in normal condition SA increased the chlorophyll
content due to its anti-oxidative nature which is protecting
chloroplasts and preventing chlorophyll degradation from
the toxic reactive oxygen radicals (Bowler et al., 1992;
Aono et al., 1993. Salicylic acid increased chlorophyll
content in barley El-Tayeb (2005), Gunes et al. (2007) in
maize and Yildirim ef a/. (2008) in cucumber. Enhancing
effect of SA on photosynthetic capacity can be attributed
to its stimulatory effects on Rubisco activity and pigment
contents. Sinha et a/ (1993) revealed that chlorophyll and
carotenoid contents of maize leaves increased with SA
treatments in lead stress condition. The metabolic aspect
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of plants supplied with SA or its derivate shifted to a
varied degree depending on the plant type and the mode
of application of SA. The application of SA (20 mg/ml)
to the foliage of Brassica napus, improved the chlorophyll
content. Foliar application and dipping treatments of
salicylic acid increased the pigment content in wheat
(Hayat et al., 2005) or in rapeseed (Ghai et al., 2002).
In sunflower 0.001-10 M SA increased chlorophyll while
ImM SA decreased both chlorophyll and carotenoids
content in cotyledon (Cag et al., 2009).Decay loss (%).

Decay loss (%)

The data was present in table 2 indicated that fruit
treated with Salicylic Acid (600 ppm) showed the
minimum (5.06 and 5.38 %) and (4.02 and 4.32 %) decay
incidence whereas the fruits under control exhibited the
maximum (6.80 and 7.09 %) and (6.48 and 6.82 %) decay
loss. Salicylic Acid and Propyl Gallate have known for
their antioxidant properties that help to maintain the
membrane structure, as well as provide protection from
oxidative damage (Yao and Tian, 2019; Apelbaum et al.,
2004). SA is known to induce the accumulation of
hydrogen peroxide (H,0,) levels in plant tissues which
acts as a signal activating the SAR (Klessig & Malamy,
1994; Tian, et al., 2007). It also increases ROS associated
with OB which may contribute to resistance via several
mechanisms, including directly killing the invading
pathogen (Dempsey et al., 1999). Some researches
indicate that 2mmolL. SA showed direct fungal toxicity
on Monilinia fructicola and significantly inhibited the
myecelial growth and spore germination of the pathogen
in vitro (Yao & Tian, 2005). Endogenous application of
salicylic acid exhibits resistance to diseases (Raskin,
1992). Several findings indicated that exogenous

Table 1: Effect of salicylic acid and propyl gallate on chlorophyll content of ber fruits.

Chlorophyll (mg/100g)
Treatment X 2017 2018
Days after storage Days after storage
0 an 4th 6th 8th Mean 0 an 4th 6th 8th Mean

Control 0.52 0.22 0.15 0.10 | 0.08 0.21 0.58 028 | 016 | 012 | 011 | 025
(SA,200 ppm) 0.61 0.34 022 015 | 0.11 0.28 0.69 040 | 022 | 016 | 013 | 032
(SA,400 ppm) 0.68 0.39 0.25 019 | 0.14 033 0.77 048 | 031 | 022 | 015 | 038
(SA,600 ppm) 0.76 045 036 028 | 021 041 0.81 058 | 040 | 031 024 | 046
(PG150ppm) 0.57 0.30 0.20 013 | 0.10 0.26 0.64 032 | 018 | 019 | 011 | 028
(PG 300 ppm) 0.65 037 0.23 020 | 0.11 032 0.73 040 | 028 | 016 | 013 | 034
T7 (PG450,ppm) | 0.72 040 0.30 022 | 017 0.36 0.79 044 | 038 | 028 020 | 041
Mean 0.64 0.35 0.25 018 | 0.13 0.71 041 | 027 | 020 | 0.15
CD Value Days 0.056 Days 0.039

Treatment 0.047 Treatment 0.033

Treatment X Days N/A Treatment X Days N/A
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Table 2: Effect of salicylic acid and propyl gallte on decay loss of ber fruits.

Decay Loss (%)
Treatment X 2017 2018
Days after storage Days after storage

an 4th 6th 8th Me’aﬂ an 4th 6th 8th Me’aﬂ
Control 3.70 6.30 7.62 832 | 648 395 6.93 838 | 9.12 | 7.09
(SA,200 ppm) 270 5.67 6.88 735 | 565 352 6.55 768 | 860 | 658
(SA,400 ppm) 232 4.68 6.52 7.10 | 515 3.10 5.80 680 | 815 | 596
(SA,600 ppm) 2.16 3.89 484 521 402 2.74 5.10 615 | 755 | 538
(PG150ppm) 3.10 6.20 725 810 | 616 3.78 6.81 788 | 874 | 6.80
(PG 300 ppm) 3.50 5.14 6.48 725 | 559 338 6.35 730 | 840 | 635
(PG450,ppm) 230 412 525 632 | 449 292 535 654 | 175 | 5.64
MEAN 282 5.14 6.40 7.09 331 6.12 724 | 833
CD Value Days 0441 Days 0373

Treatment 0333 Treatment 0282

Treatment X Days N/A Treatment X Days N/A

Table 3: Effect of salicylic acid and propyl gallate on PLW of ber fruits.
Physiological loos in weight (%)
Treatment X 2017 2018
Days after storage Days after storage

an 4th 6th 8th Me’aﬂ an 4th 6th 8th Me’aﬂ
Control 328 6.28 8.92 10.10 | 7.14 4.10 7.65 920 | 1035 | 7.82
SA,200 ppm 2.50 590 832 960 | 658 334 6.75 880 | 975 | 716
SA, 400 ppm 2,60 552 7.82 852 | 611 293 6.10 830 | 932 | 6.66
SA, 600 ppm 228 492 6.80 735 | 533 247 520 745 | 812 | 581
PG150 ppm 3.12 6.10 8.52 980 | 6.88 3.50 729 911 | 987 | 744
PG 300 ppm 272 5.65 8.15 920 | 643 3.19 6.42 865 | 915 | 685
PG450,ppm 242 520 725 855 | 585 2.74 5.74 7775 | 842 | 616
MEAN 2.70 5.38 797 9.01 3.18 645 846 | 9.28
CD Value Days 0469 Days 0347

Treatment 0354 Treatment 0262

Treatment X Days N/A Treatment X Days N/A

application of SA have induced the expression of many
defense genes (Loake and Grant, 2007; Wang et al.,
2006). Further, it has been reported that Postharvest
treatment of table grapes with SA before coating with
chitosan significantly enhanced the efficacy of coating
and decreased fruit total decay (Asghari et al., 2009).
The excessive water accumulation in fruits treated with
SA has a damaging impact on fruits. However, increased
AA activity under SA might be used for mitigation of
excessive water content. Similar findings have been
reported in Kiwifruits where fungal decay reduced
remarkably under vapour treatment through minimization
in activities of CAT and APX (Aghdam et al., 2011).
Zeng et al., (2006) reported that SA treated fruits
exhibited increased activity of GIU than control during 4
days. However, the level of water and the rate of O,

generation were noted to be higher than there in control
within 8 days of storage. Similar finding in salicylic acid
treated apple and pear fruits have been reported by Yu
and Zheng (2006) ; Yu et al. (2007).

Physiological loss in weight (%)

The physiological loss in weight of stored ber fruit
increased during storage period irrespective of treatments
applied. Salicylic acid (SA) treated fruits showed the
lowest fresh weight loss (5.33 and 5.81 %) and (5.04
and5.69 %) when applied as pre-harvest and postharvest
treatments during 2016-17 and 2017-2018 as compared
to other treatments. The highest weight loss (7.14 and
7.82 %) and (6.90 and 7.67 5) was recorded under
control. The fruits treated with propyl gallate (PG) also
maintained the lower weight loss than those the control.
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The lower weight loss in fruits treated with propyl gallate
and salicylic acid may be due to reduction in respiration
rate of fruits (Asgharia and Aghdam, 2005). The weight
loss occurs due to biological activities respiration and
transpiration consisting of metabolism. Because salicylic
acid an electron donor which prevents normal respiration
and it decreases respiration rate and fruit weight loss by
stomata closing (Manthe ef al., 199; Zheng and Zhang,
2004). Further, Shafiee et al. (2010) reported that, fruits
of strawberry dipped in salicylic acid solution had less
weight loss than control. SA acid activated the defense
mechanism and cell wall strengthening enzyme in
association with PAL (phenylalanine ammonia lyase)
activity in pear. Addition of SA induced expression of
enzymes that were important to PAL pathway by the
PAL gene. Wolucka et al. (2005) reported that fruits
which received SA in their nutrient solution showed less
smaller weight loss than there devoid of fruits without
SA in their nutrient solution. The weight loss is mainly in
combined reflection of metabolic activity, respiration and
transpiration.

Conclusion

Salicylic acid and Proopyl Gallate reduced losses of
cv Banarasi Karaka ber fruits. Their use as pre and
postharvest treatments could be a promising tool for
enhancing nutritional quality of fruits and extending storage
life which could be beneficial for long distance transport
and fetching remunerative price to growers, specially
during the period when there exists a glut situation in the
local markets.
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