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Abstract

Ber (Ziziphus mauritiana Lamk.) is an important arid fruit tree cultivated in arid regions, valued for its unique taste, appeal-
ing texture, and high nutritional content. To minimize quality degradation during storage, the study aimed to investigate
the effect of pre-harvest foliar application of different chemicals viz., 0.5%,1.0%, 1.5% CaCl,, 0.5%, 1.0%, 1.5% Ca(NO;),;
1 mM, 2 mM salicylic acid; 0.25%, 0.5% boric acid and a control treatment (tap water). These treatments were applied
15 days prior to harvest in the experimental orchard CCS Haryana Agricultural University, Regional Research Station,
Bawal, which is located at latitude 28.09°N, longitude 76.59°E, and 266 m above mean sea level to analyze their effects on
the physico-chemical attributes of the fruit. The data was analyzed using a randomized block design. Among different treat-
ments, the pre-harvest spray of 1.5 percent Ca(NO;), (T,) performed better in terms of average fruit weight (13.24 +0.19
and 14.26 +0.20 g), TSS (20.70+0.18 and 21.50 +£0.22°B), total sugars (12.47 +£0.24 and 12.51 £0.27%) while minimum
titratable acidity 0.21+0.01% (Ty), 0.28 +0.01 (T;), TSS/acid ratio 98.6+1.0 (T¢) and 72.1 +1.0 (T;). However, 1 mM
salicylic acid was found to be better in terms of ascorbic acid (59.5+ 1.5 and 73.2 + 1.4 mg/100 g pulp) and phenol content
(239.4+6.3 and 275.4+7.3 mg GAE/ 100 g pulp) observed in ambient and low-temperature storage conditions, respectively.
Pre-harvest application of different chemicals reduced physicochemical properties of ber during storage at a very slow rate
compared to control. The performance of quality parameters under low-temperature storage was found to be better than that
of ambient temperature storage conditions. The fruit weight, titratable acidity, TSS: acid, ascorbic acids, and phenol content
decreased with storage up to 10 days of storage; however, TSS and total sugars increased initially and thereafter decreased.
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Introduction India to southwestern Asia. Also, India is one of the world's

leading producers of ber, with a cultivation area of 52,000

Ber (Ziziphus mauritiana Lamk.) is one of the important
fruit trees belonging to the family Rhamnaceae. It is one
of the ancient fruit trees, and its origin is said to be from
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hectares and an annual production of 5.31 lakh metric tonnes
[1]. The tree is a resilient and salt-tolerant species capable of
thriving in marginal lands [2]. Commonly referred to as the
"poor man’s fruit" or "Chinese date," it is highly regarded
for its substantial economic potential, low cultivation costs,
and broad environmental adaptability, particularly its resil-
ience to drought conditions. Often termed the "King of Arid
Fruits," it is prized for its ability to withstand challenging
growing conditions, making it an essential crop in arid and
semi-arid regions. The fruits are medium-sized, ovate to
round in shape, with an average weight ranging from 15
to 25 g. It develops a greenish to golden-yellowish tinge at
the ripening stage. Fresh jujube fruits are perishable with
a short post-harvest life, especially for fully mature fruit,
which lasts less than one week when preserved at ambient
temperature [3]. Therefore, fruits are available only during
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the main season in the local market. During peak harvest-
ing season, there is a glut in the market; hence, the prices
go very low, and crops become less remunerative. Different
researchers have suggested some chemicals to increase the
shelf life of ber fruits, as well as improve their quality.

The ber fruit is composed of protein, ash, fat, fiber, and
moisture content 4.44-6.87%, 2.67-3.45%, 1.85-2.84%,
1.29-1.92%, and 15.42-21.35%, respectively for different ber
cultivars [4]. Additionally, it provides 0.02—0.038 mg/100 g
of riboflavin, 0.7-0.9 mg/100 g of niacin, 0.2-1.1 mg/100 g
of citric acid, and 65-76 mg/100 g of ascorbic acid. The
fruit also contains around 22 g/100 g of sugars, 0.6 g/100 g
of dietary fiber, and a caloric value of 104 kcal/100 g, based
on fresh weight [5]. Many researchers claimed that jujube
possessed health-beneficial properties such as anti-oxida-
tion, anti-fatigue, immunomodulation, anti-allergy, liver
protection, anti-cancer, anti-inflammation, anti-aging, anti-
hyperglycemic, etc. [6].

The pre-harvest application of different chemicals,
including calcium nitrate, calcium chloride, salicylic acid,
and boric acid, may improve the yield, quality, and shelf life
of the fruits. It also enhances the availability of fruits for
longer periods and increases the income of the orchardist.
Pre-harvest calcium treatments stabilize cell walls, ensure
permeability, and protect them from enzymatic degradation
[7], which results in the expression of genes influencing
higher fruit production and quality [8] and delay senes-
cences. The application of calcium decreases the activities
of oxidative enzymes, like ascorbate oxidase, oxidase, per-
oxidase, polyphenol oxidase, and catalase, which slow down
the ripening process, rates of color change, softening, and
generation of CO, and ethylene production. It also helps to
decrease TSS and acids at a lower rate than the control [9].

Salicylic acid (SA) treatment slows down the process
of ethylene biosynthesis and effectively reduces the tran-
spiration and respiration rate by controlling the degrada-
tion of cell wall, eventually increasing the shelf life of the
fruits. Pre-harvest foliar application of SA with different
concentrations (1.0 mM, 2.0 mM, and 3.0 mM) at 15 and
30 days before harvest improved the quality and shelf life
of ber fruits[10]. However, it limits the spread of post-har-
vest fungal diseases. Pre-harvest treatments with boric acid
(0.2-0.6%) were helpful in improving the quality of ber
fruits during storage [11].

Ber fruit has a shelf life of 4 to 5 days, and the overall
quality of ber fruit depends upon the storage conditions,
especially temperature and humidity. During high tempera-
tures and low relative humidity storage, fruit starts spoil-
age rapidly [12]. Fresh jujube fruits have more transpiration
losses, softening, alcohol fermentation, browning, surface
pitting, and even decomposition, all of which lead to post-
harvest spoilage during the supply chain [13]. To reduce the
degradation of ber, different pre and postharvest treatments

are used, such as different foliar treatments, low-temperature
storage, coatings, etc. Low-temperature storage decreases
spoilage by reducing the respiration process. The appear-
ance of the fruits and their nutritional value decreases dur-
ing spoilage. Organic acids have great potential to improve
the quality of fruits and postharvest products. In recent
years, exogenous application of natural organic acids could
be applied to manage the postharvest quality of fruit and
enhance shelf life [14].

Currently, there is limited information on the impact of
pre-harvest and pre-storage treatments on the quality of
fruits. Therefore, the present study was conducted to evalu-
ate the effects of various pre-harvest foliar treatments on
ber fruit quality. Different chemicals were tested, including
calcium chloride (CaCl,) at concentrations of 0.5%, 1.0%,
and 1.5%; calcium nitrate (Ca(NOs),) at 0.5%, 1.0%, and
1.5%; salicylic acid at 1 mM and 2 mM; and boric acid at
concentrations of 0.25% and 0.5%. A control treatment con-
sisting of tap water spray was also included for comparison.

Materials and methods
Experimental site

The study was carried out at the Experimental Orchard,
Chaudhary Charan Singh Haryana Agricultural University,
Regional Research Station (CCSHAU, RRS), Bawal, Rewari
(Haryana), India, located at 266 m above the mean sea level
with coordinates of 28°09' North latitude and 76°59" East
longitudes. All chemicals used in this study were of analyti-
cal grade.

Weather and climate

The climate of Bawal is typically arid to semi-arid, with
very hot and dry summers and bitterly cold winters. The cli-
matic conditions of Bawal are characterized by dryness, high
temperature, and scanty rainfall. During summer months,
the temperature reaches around 45 °C accompanied by hot
and dry winds; however, the temperature drops to the freez-
ing point, followed by frost during the winter season, i.e.,
December and January. Bawal received 80-85% of total
rainfall (about 647 mm) from July to September (2022) and
15-20% (about 128 mm) received during winter months,
i.e., December to February (2022-23) due to western distur-
bances. Relative humidity increases with the onset of mon-
soons, which fall with the withdrawal of monsoons. Monthly
mean wind speed varies from 3 to 8 km/h.
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Treatment details

The experiment was conducted on thirty-three-year-old uni-
formly grown ber trees planted at 8 mx 8 m spacing, which
were selected randomly with three replications in randomized
block design. A total of eleven pre-harvest foliar sprays 0.5%
CaCl, (T)), 1.0% CaCl, (T,), 1.5% CaCl, (T5), 0.5% Ca(NO;),
(T,), 1.0% Ca(NOs), (T5), 1.5% Ca(NO;), (T¢), 1 mM Sali-
cylic acid (T,), 2 mM Salicylic acid (Ty), 0.25% Boric acid
(Ty), 0.5% Boric acid (T ), Control — tap water (T, ;) was done
at 15 days before harvest, i.e., in the first week of February
when the fruit matured physiologically but green in color on
ber (Ziziphus mauritiana Lamk.) cv. Gola during 2022-23.
The air temperature during spray was 18.0 °C (Max 20.6 °C
and Min 8.5 °C). The fruits were harvested at the mature stage
(when brown tings appear on the fruit’s skin) from the respec-
tive treatment. After sorting, these fruits were kept in a per-
forated polybag for storage study at ambient temperature and
low-temperature storage conditions (10 °C). The changes in
physicochemical parameters were studied on alternate days
up to 10 days after storage.

Average fruit weight (g)

Ten uniform-sized fruits free from insects, pests, and diseases
were picked from each quarter of a randomly selected tree.
The fruits of each replication were weighed on top pan digital
electric balance. It was repeated for each treatment and repli-
cation. The average value of fruit weight was calculated and
expressed in grams (g).

Total soluble solids (°B)

A hand refractometer (0—32°B) was used to measure the total
soluble solids (TSS). The juice extracted from the randomly
selected fruit was put on the prism of the hand refractom-
eter, and the value reflected was noted. The refractometer was
already set at 20 °C, so a correction factor was not required.
The refractometer was calibrated with the help of distilled
water after each reading.

Titratable acidity (%)

Titratable acidity was estimated by using the method given
in AOAC [15]. Five grams of fruit pulp was thoroughly mac-
erated and diluted to a final volume of 50 ml with distilled
water. The filtrate of 20 ml was taken, and added a drop of 1%
phenolphthalein indicator. It was titrated against N/10 sodium
hydroxide. The titration continued until the appearance of a
light pink color at least 15 s as the endpoint. The titratable
acidity was calculated using the following formula:
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Citric acid (%)

0.0064 x vol. of % NaOH used X Vol. made

- weight of fruit sample X vol of sample taken for titration

TSS/acid ratio

The ratio of total soluble solids to titratable acidity was
calculated using the formula given below:

Total soluble solids
Titratable acidity

TSS/acid ratio =

Sugars content

For sugar content, a method of Hulme and Narain [16]
was used. 5 mL of the aliquot was taken in a clean test
tube, and 4 mL of hydrochloric acid (HCl) was added. The
test tube was then covered with aluminum foil and placed
in a boiling water bath at 80 °C for 15 min to hydrolyze
complex sugars. After hydrolysis, the solution was neu-
tralized by gradually adding anhydrous sodium carbonate
(Na,CO;) until effervescence ceased completely. The test
tubes were then cooled under running tap water. Follow-
ing this, 5 mL of potassium iodide (KI) and 3 mL of acetic
acid were added, which could result in an orange-yellow
color due to iodine formation. The solution was then
titrated against standard sodium thiosulphate (Na,S,05)
using starch as an indicator, and the titration continued
until the solution changed from blue to milky white, indi-
cating the endpoint.

Ascorbic acid (mg/100 g pulp)

Ascorbic acid was estimated using the method mentioned
in AOAC [15]. Five grams of pulp were taken and mashed
with 3% meta-phosphoric acid, and the volume was made to
25 ml with HPO;. Two ml of aliquot was titrated against 2,6-
dichlorophenol indophenol dye. The appearance of a rose
pink color for at least 15 s was the endpoint of the titration;
it was followed for standard ascorbic acid also and calculated
as per the formula given below:

Ascorbic acid

_ Titrate value X total volume X 100
Standard ascorbic acid reading X ml of sample x Wt. of fruit taken

Phenol content (mg GAE/100 g pulp)

The total phenol content was estimated using the method
given by Singleton and Rossi [17] using Folin Ciocalteu
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Reagent (FCR) based on the colorimetric oxidation/ reduc-
tion reaction of phenols. Results are expressed in mg of Gal-
lic Acid Equivalent (GAE) per 100 g pulp on a fresh weight
basis.

Total phenol content

_OD X dilution factor X Volume made up (ml) X 100
"~ Aliquot (ml) x weight of sample taken (g) X 1000 x 0.02

Statistical analysis

Statistical analysis for comparison of data for the signifi-
cance level between the treatments was analyzed using Excel
and python powered software GRAPES, as suggested by
Gopinath et al. [18]. The significance level is marked with
the alphabet given in each box of the table.

Results and discussion

The results of pre-harvest foliar application of different
chemicals on changes in physico-chemical properties of ber
cv. Gola during storage at ambient temperature and low tem-
perature (10 °C) conditions are elaborated and discussed in
this section (Fig. 5). Pre-harvest chemicals consist of eleven
treatments, such as foliar spray applied 15 days before har-
vest at the physiological maturity of fruit (green mature)
during afternoon hours. The fruits from these plants were
harvested at a mature stage when brown tings appeared on
the skin of the fruit. The sorted fruits were kept in perforated
ploy bags under ambient and low-temperature storage condi-
tions to study the changes in physicochemical properties on
alternate days for up to 10 days.

Effect of treatments and storage conditions
on physicochemical properties of ber

The present investigation exhibited that the average fruit
weight decreased in all treatments with an increased stor-
age period. The fruit weight decreased less under low-tem-
perature storage conditions than under ambient temperature
storage conditions (Table 1). All the treatments positively
influence fruit weight compared to the control. The pre-
harvest foliar application of chemical treatments retained
higher fruit weight than control. The fruits collected from
the pre-harvest application of 1.5% Ca(NO;), (Ty) treat-
ment retained more fruit weight, i.e., 13.24+0.19 g and
14.26 +0.20 g 10 days after storage under ambient as well as
low-temperature storage conditions, respectively (Table 1).
At the same time, the lowest fruit weight was (11.13+0.17
and 12.53+0.16 g) retained in the control/ water spray treat-
ment in both the storage conditions.

Table 1 Changes in fruit weight (g) of ber fruits in response to pre-harvest application of chemicals during storage at different conditions

Low temperature storage (10 °C)

Ambient temperature storage

Treatments/

Storage period

10

2 days 4 days 6 days 8 days 10 days

0 day

13.14+0.19
13.60+0.15¢
14.00+0.19°
13.37+0.15°
13.84+0.15°
14.26 +0.20*
14.03+0.17°
13.37+0.17°
13.03+0.15

13.61+0.17¢
14.06+0.17°
14.46+0.20°

14.07+0.17¢
14.49+0.19¢
14.85+0.18"
1428 +0.18°
14.72+0.16°
15.07 £0.20*
14.73+0.15°
14.22+0.17"

14.81+0.17°
15.14+0.14°

14.39+0.17"

14.55+0.18'
14.97 +0.20°
15.28+0.18"

14.70+0.18'
15.10+0.17¢
15.40+0.18°

11.99+0.18¢
12.54+0.15¢
13.00+0.17°
12.27+0.15°
12.82+0.19°
13.24+0.19*
13.23+0.17%
12.25+0.16°

12.66+0.18"
13.19+0.17°
13.63+0.16°
12.92+0.15
13.46+0.17¢
13.85+0.19*
13.80+0.17°
12.89+0.16
12.50+0.18

13.29+0.17"
13.82+0.18¢
14.20+0.17°

13.86+0.16¢
14.37+0.18¢
14.75+0.18°
14.09 +0.16
14.63+0.18°
15.00+0.17*
14.75+0.18°
14.14+0.17°

14.29+0.16
14.75+0.18 <
15.08+0.18"
14.49+0.16°
14.96+0.38°
15.28+0.18"

14.70+0.198

T,

15.10+0.22%

T,

13.54+0.19
14.08+0.18¢

14.45+0.19°

15.40+0.18%

13.84+0.16
14.31+0.17¢
14.69+0.19*

14.61+0.18¢
15.03+0.15°
15.35+0.18*
14.96+0.19¢

1476 +0.19¢
15.17+0.18¢
15.48+0.20*
15.09+0.18¢

14.90+0.22¢
15.30+0.18°
15.60+0.21%
15.20+0.18¢

14.90 +0.20°"¢

T,

15.30+0.22%
15.60+0.21%

Ts

14.35+0.19°
13.54+0.19
13.14+0.17

Ts

14.40+0.17°
13.82+0.18°

14.914+0.17*

15.2040.21b¢

14.50+0.18"
14.26+0.17

14.66+0.19"
14.44+0.18
14.85+0.18"

14.80+0.20"
14.60+0.18

14.48+0.16°
14.16+0.17¢

14.80 +0.22"¢"
14.60+0.17"

g

13.93+£0.16"  13.49+0.19" +

14.31+0.17°
13.53+0.18

14.66+0.19f

15.00+0.17"

11.81+0.18"
12.10+0.18"
11.13+0.17

13.74+0.18"

13.33+0.19°

13.83+0.16
13.03+0.17

12.80+0.15¢
11.93+0.16

141140175 13.48+0.18¢
13.34+0.19' 12.66+0.16

14.57+0.17%

15.00+0.17%"
14.30+0.17

12.53+0.16"

14.13+£0.18%  13.92+0.17%

14.30+0.17%

13.81+0.17"

3); the superscript letters with in column are indicating the significant different at p<0.05

+SD (n=

Mean +

@ Springer



3604 A.Yadav et al.

Bhat et al. [19] also observed that pre-harvest application
of calcium salts increased the fruit weight of the pear. The ERERC R
i in frui ight might be b he calci i FIIIIIRRRIS
increase in fruit weight might be because the calcium nitrate Ha 4 H 4 HH 4 H A
. . . . . A S & 8 F X I T
provides fast-acting nitrate (nitrogen) along with strength- clesgsss22asg¢=
building calcium. Calcium plays a vital role in changes in
cell turgor pressure and cell elongation in fruits, while nitro- SR EEzaTaE o
o . . e . ., S O O o O o o ©o o o O
gen also plays a significant role in cell division. Additionally, HoHoH H H H H H H H A
S . L . o . BRI 838383¢8
calcium is involved in auxin signaling and acidification of s as g RS R
w|Z2 282 2 xS a R
the cell wall, allowing cell wall expansion, which increases
fruit weight [20]. Soil application of calcium becomes una- cat ez i el
. . S S S 3 O S S 33 S S
vailable for plant systems as it is immobile in plant sys- HHIHIHIHIDH T
tems. Therefore, the foliar application of calcium helps in ISR = I I I
. . . . . . . . o - - - - - - - - - -
the formation of calcium pectate; it increases rigidity in the
cell wall and middle portion. The decrease in fruit weight 2 L TEELoLTT e
.. =} : :
was smaller and slower under low-temperature conditions. R IFIRIRIRIRG
N . . . k= FREJIIIEII
The average fruit weight decreases with an increase in stor- g P IS B B B
. . . . . . . < - - - - - = = = = = =
age period, likely due to higher transpiration and respiration g
losses with the advancement of maturity. Calcium also helps g g cht b arey
— S :
to decrease the weight loss process during storage because 3 I35 99% 9
. . . . = % O O 0 0 90 0 9 9O 9 9 9
it strengthens the cell wall or maintains fruit firmness and o | g oSt drro2anl
. . I o e |l === - = = = =
tissue rigidity, which reduces the transpiration or respiration 13
.. . . ] e w oy a w o= L o
rocess [21]. A similar trend of decrease in average fruit w | E Tl o da T
g @5 228228 xreqy
weight in mangoes during storage was observed by Vish- S | g 2939395339393 599 %
k] - S O © O o o o o © O
wakarma et al. [22]. =2 |2 RIS I B I
S |5 lolEEEnens x|,
2 =)
E . =
P teegrERaE | ¥
. Q N N . N N
Total soluble solids (°B) B L3533 FIFRTIR 5| 5
£ F|28S8RRE88RE| &
, 2 slczesg=zxgdgzezd | §
All the treatments applied 15 days before harvest were effec- 8 e
. .. . . = - w kS
tive in retaining TSS. Total soluble solids under ambient § CE R kiR ERE T £
.. . . . e i - == = =| B
temperature storage conditions increased with an increase Z E' E' E, E‘ E' E' E' E' E' E' E' &
. . . > @ =) g=
in storage period up to 8 days after storage in Tj, T¢, T, E Flzg § 5 § = Z39 § Z B!
and Tg. In contrast, in other treatments, it increased up 0 * 2
. . . o, =)
to 6 days after storage, while in control (water spray), it S EEEREEERE R
i 0 S 33333 3 S S| g
increased up to 4 days after storage (Table 2). Thereafter, 2 BEREE 3 E' E' Z' E' Z' 3 5
TSS decreased in the respective treatment. However, under =4 zleazanInaxe I =T
- . 3 TlgesesgsaLag x| &
low-temperature storage conditions, TSS increased up to = © 2
10 days after storage, except in control, where it increased ‘@ TS B Y B B LW BN g
R = A d - = ada = adaa = a
up to 8 days after storage. Among different treatments, T = 2959593959595 9955 31 2
retained the highest TSS at 10 days after storage under ambi- g 282888888288 2
T | O N QN DN XX O N D | e
ent (20.70+0.18°B) and low temperature (21.50 +0.22°B) ks b R -
storage conditions (Table 2). Souza et al. [23] revealed simi- /! T P e - 2
. . . e TE et agganl g
lar results when fruits were treated with 1.0 percent calcium R SSccSSc eSS £
= | g 2
chloride; it showed higher soluble solids just before storage. 2|13|5|R 3888338888 =
. . . QO | |T | &5 0 & © 0 &N © >~ 0 o >~ | =
Mandloi et al. [24] reported the highest TSS (17.15°B) in 0 - I I
. . . —_ > =
pomegranate fruits treated with pre-harvest foliar spray of o | & w 8 5 % 2 L o5 & . B = g
: : : P = | B fxeihnagwgenl 3
1.0 percent calcium nitrate. Applying calcium increases the g |2 S scsas8sSsa 33| 2
. . = 5 H H +H +H H H H H OH 44 =
translocation and accumulation of photosynthates and solu- s |2|z|83838328888338cs¢2| =
S . . . 2 | E < ] @
ble solids in the fruits, thereby increasing the total soluble gl<ls|====2=2==52519
solids[25]. TSS under ambient temperature storage condi- _§ 3 g
tions increased at a fast rate during storage; however, it also C z § tfl
. .. N Q
increased under low-temperature storage conditions but at a 2 |ED g
. R . 2|55 R
slow rate. Metabolic activities like transpiration losses and S &S (AL TS LS Gl
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respiration processes are high under ambient temperature
storage conditions, which causes an increase in TSS due to
loss of moisture and juice [26].

TSS increased due to the breakdown of polysaccharides
(cellulose, starch, and pectic substances) into simple sugars
and water loss [27, 28]. Chawla et al. [29] found a similar
trend of increase in TSS up to the 9th day of storage in guava
fruits and, after that, decreased from the 12th day onward
after storage. The reduction of TSS on the 10th day after
storage might be due to the loss of solids through respira-
tion and transpiration. Present results regarding TSS are in
accordance with the findings of Selvan and Bal [30] in guava
and Mahajan and Dutt [31] in pear. Goutam et al. [32] also
followed a similar trend of TSS; it increased up to the 10th
day after storage in guava.

Titratable acidity (%)

Titratable acidity in ber fruits decreased with an increase
in storage period in all the treatments under ambient and
low-temperature storage conditions. Titratable acidity after
10 days of storage was recorded as the lowest (0.21 +0.01%)
in T under ambient temperature storage conditions, whereas
under low-temperature storage conditions, it was observed
as the lowest (0.28 +0.01%) in T,. The highest titratable
acidity was observed in control under both the storage condi-
tions, i.e., ambient temperature, and low-temperature storage
conditions, i.e., 0.51+0.01 and 0.51 £0.01% at zero days
and 0.35+0.01 and 0.39+0.01% at 10 days after storage,
respectively (Table 3). The decrease in respiratory activi-
ties under low-temperature storage was lesser than under
ambient temperature storage conditions, which led to a
decrease in the hydrolysis of organic acids [33]. Kanwal
et al. [10] also observed the minimum acidity in ber fruits
treated with 1 Mm salicylic acid. Minimum acidity in fruits
may be ascribed to the higher accumulation of sugars, bet-
ter translocation of sugars into fruit tissues, and conversion
of organic acids into sugars [34]. The acidity decreased at a
faster rate under ambient temperature storage, which may be
due to faster metabolic activities at higher temperatures. The
decline in titratable acidity might be due to the utilization
of organic acids during respiration and metabolic processes,
which convert acids into sugars [35]. The acidity decreased
during the storage may be due to chemical interaction with
the organic constituents of fruit and the reversal glycolytic
pathway [36]. These results are in close agreement with
Jawanda et al. [37] in Ber and Parven et al.[38] in papaya.

TSS/acid ratio
These findings exhibited a significant increase in TSS/acid

ratio with pre-harvest chemicals spray compared to control.
TSS/acid ratio increased with the storage period in all the

Table 3 Changes in titratable acidity (%) of ber fruits in response to pre-harvest application of chemicals during storage at different conditions

Low temperature storage (10 °C)

Ambient temperature storage

Treatments/
Storage
period

4 days 6 days 8 days 10 days

2 days

0 day

10

0.36+0.01° 0.33+0.01¢

0.37+0.01¢ 0.35+0.01"

0.40+0.019

0.39+0.01¢ 0.36+0.01¢ 0.34+0.02¢ 030+0.02¢ 046+0.01° 044+0.02° 0.41+0.02% 0.38+0.02"

0.41+0.02°

0.46+0.02¢

0.32+0.01°

0.34+0.01" 0.32+0.018 0.29+0.018

0.37+0.02f

0.39+0.01°

0.38+0.01° 0.35+0.01° 033+0.01° 023+0.017 0.45+0.03% 0.42+0.01%

0.34+0.02¢8 0.32+0.01%

0.45+0.01%¢ 0.40+0.01°
0.39+0.02°

0.38+0.01°

0.41+0.01°

0.36+0.03¢

+ 0.29+0.01¢ 0.27+0.01" 0.26+0.01°

0.42+0.01°

0.45+0.01°

+ 047+0.01° 0.45+0.01* 043+0.01°

0.49+0.03°

0.35+0.01°* 0.51+0.01*
0.33+0.02

0.37+0.02°

0.39+0.01°

0.42+0.03"* 0.39+0.01°

0.51+0.03*
0.49+0.01°

+ + 0.37+0.01° + 046+0.01° 0.45+0.02* 042+0.01° 040+0.01° 0.35+0.01°
0.25+0.01! 0.21+0.01¢

0.30+0.02"

0.44+0.01°

0.37+0.01% 044+0.01° 0.43+0.01> 0.40+0.02¢ 0.37+0.019 0.32+0.01°

0.22+0.02" 0.36+0.02¢

0.22+0.011

0.32+0.011

0.37+0.01¢

0.29+0.01%

+ + + 0.36+0.01F  035+0.01° 032+0.01' 0.30+0.01" 0.28+0.01"
0.27+0.01°  0.38+0.01¢

0.28+0.01%

0.28+0.01" 0.26+0.01'
0.29+0.01¢

0.34+0.02¢ 0.31+0.01"

0.33+0.01" 0.31+0.01"

0.36+0.02¢

0.37+0.01¢

0.40 +0.02¢

0.37+0.01¢ 0.34+0.02"

0.40+0.014

0.41+0.02°

0.41+0.01°¢

0.43+0.01¢

0.38+0.01°

0.33+0.01¢

0.36+0.02° 0.32+0.02° 0.48+0.02°> 0.46+0.03° 0.43+0.01°

0.38+0.02°

0.48+0.01°

+ 0.39+0.01° 0.36+0.02° 0.31+0.01°

0.46+0.01*

0.49+0.01°

0.35+0.01F  033+0.01f 032+0.01f 030+0.019 044+0.02¢ 043+0.02°¢ 0.42+0.01>

0.39+0.01°

0.44 +0.02¢

10

0.42+0.01* 0.39+0.01*

0.44+0.01°

046+0.01* 044+0.01* 0.41+0.02* 0.39+£0.01* 0.35+0.01* 0.51+0.01%

0.51+0.01°

11

3); the superscript letters with in column are indicating the significant different at p <0.05

Mean=+SD (n

Springer



3606

A.Yadav et al.

Low temperature storage (10 °C)

0

Ambient temperature storage

0 day

Table 4 Changes in TSS: acid of ber fruits in response to pre-harvest application of chemicals during storage at different conditions

Treatments/

@ Springer

10

4 days 6 days 8 days 10 days

2 days

Storage period

58.5+1.5°
63.4+1.0¢
72.1+1.0°
52.6+1.1F

51.7+1.0f
55.7+1.3°

47.6+1.0°
51.6+1.0°
57.7+1.2°
43.0+0.2f
46.7+1.0°
50.0+1.12

43.4+0.9°
46.3+1.0¢
52.8+1.0

40.4+1.0°

39.8+0.9°
43.1+1.1°

37.8+1.1¢
39.8+1.2¢

593+1.3°
65.2+1.1¢

53.8+1.0f
58.5+1.0°

525+ 1.1
56.6+1.0°

46.9+1.1°
50.3+1.1¢

463+1.0¢

432+1.1°
559+ 1.1°

37.8+1.08
39.8+ 1.0

47.2+1.0°

63.1+1.0

47.1+1.1°

50.3+1.1*

472+12°

347+1.1°

88.7+1.1°

77.0+0.9°
51.4+1.2f

54.1+1.1f

69.7+1.0
50.0+1.2f

61.3+1.2°

448+1.1°

T,

37.9+1.0¢
40.0+0.9°

27+1.1°

53.1+1.3f

59.7+1.1°¢

4044121

347+1.0"

Ty

59.7+0.9°
67.2+1.0%

503+ 1.1

42.0+1.1°

37.1+0.9¢

50.3+1.0*

523+ 1.0f

46.7+1.0°

T,

55.7+1.0°
633+1.0

54.4+1.3°

449+1.1*

98.6+1.0*

95.9+1.3*

82.0+1.1°

66.0+1.2°

42741.2¢
60.3+1.0°

37.1+1.08
50.3+1.0%

Ts

70.0+1.1°

56.9+1.0%

51.1+0.9°

445+1.1°

49.4+1.3*

49.2+1.0%

87.7+1.3"

70.0+£1.1°¢

76.2+1.3°

69.3+1.4°

68.6+1.0%

60.0+1.1°

552+1.0%

52.7+1.2°

49.2+1.0

Ts

66.9+1.1°

432+1.0°

46.1+1.1°

59.0+1.2°

46.1+1.0¢

T;

60.0+1.0°

51.4+1.0f
54.2+1.0¢

445+1.0¢8

487+1.0%
46.0+1.2f

423+1.0°

37.1+1.0¢
41.1+0.9¢

33.5+1.2°

59.1+1.1°¢

53.6+1.1°

64.9+1.0%
52.1+1.1f

46.6+1.2°

42.6+1.2¢

48.0+1.3¢

Ty

65.8+1.1¢

49.0+1.0¢
409+1.18

448+1.1°

38.9+1.0%
42.6+1.0°
353+1.0°

65.7+1.2¢

62.5+1.3¢

61.8+0.9¢

56.0+1.2°

37.1+1.08
41.1+1.0°

33.5+ 1.0

Ty

472+1.0¢

383+ 1.1°F

45.1+1.18

23+1.1°

38.7+1.08

Tl()

48.6+1.2°8

442+0.1¢

3); the superscript letters with in column are indicating the significant different at p <0.05

Mean=+SD (n

treatments; the highest TSS/acid ratio was recorded in T at
50.3+1.0 and 50.3 + 1.0 at zero days and 98.6 + 1.0, while
T;had 72.1+1.0 at 10 days after storage under ambient and
low-temperature storage conditions, respectively (Table 4).
The application of calcium slows down respiration and meta-
bolic activities, which delays the degradation of TSS [9].
Over time, the degradation of acids into soluble solids as the
structural formula of acid is similar to glucose; therefore, a
decrease in acid is correlated with an increase in TSS/acid
ratio [39]. Similar results were also observed by Mandal
et al. [40] in guava, Sarrwy et al.[41] in date palm, and Sidhu
et al.[42] in strawberry. The titratable acidity decreased
with the storage period in the current study, as described in
Table 3. Therefore, a decrease in the denominator increases
the ratio.

Total sugars (%)

Total sugars increased significantly with a spray of dif-
ferent concentrations of pre-harvest chemicals com-
pared to the control. Initially, total sugars increased in all
the treatments during storage up to 6 days after storage,
except control, where it was increased up to 4 days after
storage (11.98 +0.24%). However, in T5(12.83 +0.27%),
Te(12.88 +0.25%), T,(12.62 +0.28%), and Ty
(12.31 £0.27%), it increased up to 8 days after storage;
after that, it started declining under ambient temperature
storage conditions (Table 5). Maximum total sugars were
recorded as 10.16 £0.27% and 10.16 +0.27% at zero days
and 12.47+0.24 and 12.51 +0.27% at 10 days after storage
in T4 under both the storage conditions, i.e., ambient and
low-temperature storage, respectively. The polymeric sugars,
viz., starch and pectin, serve as substrates for respiratory
metabolism or converting into monosaccharides [43]. The
increase in total sugars with the advancement of the storage
period may be due to the breakdown of complex organic
metabolites into simpler molecules. At the later stages of
storage, a decline in sugar content may be attributed to the
utilization of sugars along with other organic acids as sub-
strates in the respiration process [44]. The major role of
calcium is to strengthen the cell wall as calcium pectate; it
ultimately delays the respiration process or degradation or
consumption of sugar.

Ascorbic acid (mg /100 g pulp)

The ascorbic acid content was retained more with an
increase in the storage period in all the treatments during
storage at ambient and low-temperature storage conditions
compared to control. The retention of maximum ascorbic
acid content (59.5+1.5 mg /100 g pulp and 73.2+ 1.4 mg
/100 g pulp) was recorded in T, treatment 10 days after
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storage under ambient and low-temperature storage condi- T A
tions, respectively (Table 6). BT T RV =R V=
- S L 2 | H 4H HHH HHHHHH
Pre-harvest application of calcium inhibits the decline in Floe—~maawosn~ < on
. . . . o S = 1 v = N B G B —
ascorbic acid content in Nanfeng tangerines [45]. Kanwal =R IR~ N RO N S
et al. [10] reported the highest ascorbic acid (57.66 mg/100 g f e o oy s o o E S
pulp) in ber fruits treated with 1.0 Mm salicylic acid. The e H- T RV=JV- B V- R
. . . . o | H H H H H HHHH O HH
catalytic effect of salicylic acid on the manufacturing of 2l —~c 90+ wnnan
. . . .. 3 SIS =B RN B o oo SR e B
ascorbic acid from sugars or suppression of the activity of e lrgx2d8gr®xr
oxidative enzymes, or even both, may be responsible for an H o m % e oo o oo B A
increase or retention in ascorbic acid [46]. Ascorbic acid Y N R - B S V- R T
. o oo | HH H H H H H O H O H
content was reduced during the storage of fruits in both stor- 2 lnoa—~90wn o <90 .
ditions: the d ' bic acid b d £ S|lgcsgdrcuedgl
age conditions; the decrease in ascorbic acid was observe 5 o |25 23885 Kxxry
more under ambient temperature than under low-temper- g f o m B e oo ow o B S
.y A0 F — — O n 0N O
ature storage conditions. Low temperature suppresses the 38 B R - R v
. = oo | HoH H H H HH H H O H
activities of oxidative enzymes and also reduces the losses ) Lleontanan xomn
. . . O [ O AN T O v A > < o> o~
through metabolic activities. Ascorbic acid decreased dur- E0|3 [2532q 88 R2x®
ing storage may be due to oxidation of enzymes such as = | S S o w W oe s o4 o B o=
. . . . ~ S Tt AN~ = n X O
ascorbic acid oxidase, catalase, peroxidase and, polyphenol & & Y = Y e B= B A = R
. . L . £ HoH o HHH H
oxidase, etc. [20, 47]. The decrease in ascorbic acid during S ls L lemn o =9 <o —<wa
. . . . . @ 0 O N v A >~ 0w YV oA
storage is caused by the reduction of antioxidant potential Ple|2 83520988328 xx
. . . . Lo €| 8
in fruits [48]. Results obtained regarding ascorbic acid are 5|8 o o og e 4 g o= o=
. . . . . . 1 S AN AN - 1n o o o
in confirmation with Ngullie [49] in mango, Davarynejad = g P - BV BN B S V- SV Ve R
. . . g 8 HoHH HHHHHHHH
et al. [50] in plum, Gill and Bal [51] in ber, and Habibi et al. El® oot mao=da—~
[52] in orange 2122|2538 3E8%8%
ge. Sl le ~NN—NNNN~~—<W
° =}
= NN " AT S
Total phenol content (TPC) (mg GAE/100 g pulp) 2 R T TR AR ARV-JEN-JN- vy BV
s 2 | H H HHHHHHHHH|
= S NI BT =
. . . 2 o N R N R I A AR B
The phenol content decreased with an increase in the stor- g S 1282888 =228
age period from zero to 10 days after storage under ambi- g 5 o o T . &=
... . 5 = e ¢ ks
ent and low-temperature storage conditions in all the treat- 8 NV BV SR S0
. . . . [+
ments. The decrease in phenol content is more significant g 2 é' ,iﬁ' :;' ill ,i' :?' é' :2' A ;2' M &
. 1 z 2 IV i A 3 =
under ambient temperature storage conditions than under = = g § g ®© o E § i\ EE&8 &5
= A x 2 =2z e
low-temperature storage conditions. All the treatments were g - . w0 E
. . . ) T 9 e o 8 m o 5 . S
found effective in the retention of phenol content compared z BN S A T = I e o
—
- HoH 4+ H HHH HH A H| S
to the control up to 10 days after storage under both stor: E g lamcecnmssan| 8
age conditions. Among different pre-harvest treatments, the g = E § § 2 c% § (%\ g z 3 e i
highest phenol content was observed in T, treatment, i.e., = . 2
. (9] b L=y o0
239.4+6.3 mg GAE/100 g pulp under ambient temperature 2 e ® &N A en 5
3 <+ v S F n S~ O F < <
and 275.4+7.3 mg GAE/100 g pulp 10 days after storage = o | H H HHH HHHHHH|E
o 2 2leSe a0 =g
under 1(.)w—tempe.rature storage conditions (Table 7). 8 ;. % = § § § ﬁ § E S
The increase in total phenolic content with the applica- E o =
. - . .. . . 50 g o o s o B e o« | E
tion of salicylic acid (SA) indicates the delay in the ripen- S| g R R
X K R . o | 8 <+ O v O~ O < =
ing process. The ripening of grapes was delayed with the E|2 |, | #HHHHHHHHHHH|S
. T, el Do aaaaal 9
application of salicylic acid [53]. Kanwal et al. [10] observed g2 S lgesssxdge gl .
similar results that the ber fruits treated with 1.0 mM sali- slg |t T YT adaa T
. . . o Lo on B
cylic acid recorded maximum TPC (263.93 mg GAE/100 g = | 5 B M UAL D o w| &
. . = S n S 8 N~ 8 o < | 3
pulp). As per previous studies in Kinnow, SA treatments 2|5 PRI IR IR IR TR A H o
. . . ‘s AN~ AN A O — A~
declined ethylene production during storage. SA also helps £ | 5’ 2SI enSal =
in the accumulation of phenolic substances along with 8 <lo |maa~adaaa===|o
increasing antioxidant activity and prevents cell membrane g__:vs > g
degradation by destroying free radicals [54]. Fruit weight, ©lE o 2
. . g . . ~
titratable acidity, TSS/acid ratio, and total sugars decreased @ % S g
. . . Q2 | 0o S — = @
at a slower rate with pre-harvest application of 1.5 percent ClEQRIFEFEFFEFFEFEFRSEE] =
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Table 8 Correlation Matrix

. Parameters TSS Titratable acidity ~ TSS:acid  Ascorbic acid  Sugars Phenol
(Pearson) among different
parameters TSS 1.000"  -0.384"" 0.573" 0.266" 0.638™  0.352"
Titratable Acidity ~ -0.384™  1.000™ -0.931" -0.270" -0.348™  -0.589"
TSS: Acid 0.573"  -0.931"" 1.000"" 0.294" 0.616™  0.618"
Ascorbic Acid 0.266"  -0.270" 0.294" 1.000"" 0.311" 0.832""
Sugars 0.638"  -0.348" 0.616" 0.311° 1.000”  0.477"
Phenol 0.352""  -0.589™ 0.618"™ 0.832" 0.477""  1.000™

“significant at 5%, ““significant at 1% and NS non-significant

20.0

19.5 A

19.0 A

TSS

18.5 A

18.0

17.5

Acidity

Fig.1 Correlation of TSS with acidity

Ca(NOs), (T¢) during storage; however, ascorbic acid and
TPC with ImMsalicylic acid (T). The preharvest applica-
tion of salicylic acid enhances the activities of the enzyme
phenylalanine ammonia-lyase (PAL), which is involved in
the initiation of the biosynthesis of phenolic compounds
[55].

Correlation effect

All the parameters have significant correlations (positive or
negative) with each other at the level of 1% except ascorbic
acid, which correlated significantly at 5%. All the parameters
have a positive correlation with TSS except titratable acidity,
which correlated negatively (Table 8). TSS had a negative
correlation with titratable acidity (Fig. 1), whereas sugars
had a positive correlation (Fig. 2). Titratable acidity with
ascorbic acid and phenol had a negative correlation (Fig. 3,
4 and 5).

Conclusion
The ber fruits are consumed fresh and have less shelf life;

during peak harvesting season, there is a glut in the mar-
ket, causing post-harvest losses, and the orchardist gets less

20.0 A

19.5 A

19.0 A

TSS

18.5 A

18.0

17.5 T 1

60 70 80
AsbAcid

Fig.3 Correlation of acidity with ascorbic acid

price, or the crop becomes uneconomic. To maintain the
quality of fruits for a longer period, the preharvest applica-
tion of chemicals and storage of fruits under ambient and
low-temperature conditions was studied. The performance of
quality parameters under low-temperature storage was found
to be the best as compared to ambient temperature storage
conditions. Fruit weight, TSS, acidity, total sugars, ascorbic
acid, and phenol content were found to be higher under low
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Fig.4 Correlation of acidity with phenol

temperatures, whereas TSS: acid was found to be higher
under ambient temperature storage conditions. The physico-
chemical parameters such as fruit weight, titratable acidity,

ascorbic acid, and phenol content decreased, whereas TSS,
TSS: acid, and total sugars increased initially with an
increase in storage period thereafter decreased. On an
overall basis, pre-harvest application of T, (1.5 percent Ca
(NO3),) was found effective in maintaining the quality of
fruits in terms of average fruit weight (13.24 +0.19 and
14.26+0.20 g), TSS (20.70+0.18 and 21.50+0.22°B),
total sugars (12.47 +0.24 and 12.51 £0.27%) while titrat-
able acidity 0.21 +0.01% (T,), 0.28 +£0.01 (T,), TSS/acid
ratio 98.6 +1.0 (T¢) 72.1 + 1.0 (T3) in ambient and low-tem-
perature storage conditions, respectively. However, | mM
salicylic acid was found to be better in terms of ascorbic acid
(59.5+1.5 and 73.2 + 1.4 mg/100 g pulp) and phenol con-
tent (239.4 +6.3 and 275.4 +7.3 mg GAE/ 100 g pulp). The
preharvest-treated fruits stored under ambient temperature

Fig.5 Effect of different pre-
harvest treatments on ber fruits
under ambient temperature

storage conditions at 10 days
after storage

Ti: 0.5%CaCl,

0000600 (0000000

Ts: 1.5%CaCl,

Te: 1.5%Ca (NO3)2

(000002000

Ts: 2 mMSalicyclic acid

@ Springer

T11: Control-Tap water



Response of pre-harvest application of chemicals on physico-chemical properties of ber... 3611

conditions are suitable for up to 8 days, while low-tempera-
ture stored fruits are suitable for consumption up to 10 days.
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