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Abstract

Guavas is a perishable fruit has a very short postharvest life this generates the necessity to search for new
technologies to extend fruit life. The objective of this study was to determine the beneficial effects of hydro-
cooling, salicylic acid (SA) and citric acid (CA) as postharvest applications on guava (Psidium guajava L.) fruit
quality during cold storage. Mature (yellowish-green) and freshly-harvested guava fruits were subjected to pre-
cooling by using tap water at 2°C for 10minutes (Hydro-cooling) and/or combined with SA and CA at 2 and
4mM and control (tape water) as dipping solutions, followed by storage at 10°C and 90-95% relative humidity
for 28 days. The results cleared that, Hydro-cooling companied with SA at 4mM postharvest treatment recorded
the lowest fruit weight loss %, decay %, total sugars, SSC%, pectin methylesterase activity and retarded fruit
color changes (Hunter “L”, “b” and “a”) as compared with others treatments till 28 days of cold storage.
Furthermore, it maintained higher fruit firmness, acidity%, and vitamin C content during all storage (7, 14, 21
and 28 days) periods and extended fruit shelf life after storage as compared to control. The results suggested
that, hydro-cooling technique combined with dipping in SA at 4mM postharvest treatment could be use for
maintain guava fruit quality under cold storage at 10°C and 90-95% RH. for 28days and prolong guava fruits

shelf life.
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Introduction

Guava (Psidium guajava L.) is one of the most
important fruit trees grown in tropical and sub-
tropical regions in about sixty countries of the
world (Saxena and Gandhi, 2014). Guava fruits are
delicious, rich in vitamin ‘C’, carotene, thiamine,
antioxidants, pectin and minerals like calcium,
phosphorus and iron. Guava fruits are consumed as
fresh fruits and industrial as jam, jelly, nectar etc.
(Boora, 2012). In Egypt, guava trees are grow in
total area reached about 37343 feddan and fruiting
about 32674 feddan, yielding about 339520 tons
(Anonymous, 2017). This fruit is highly perishable,
sensitive to bruising and mechanical injuries and
has a short shelf life due to its delicate skin which
offers a little protection against stresses as the
injury that may developer of diseases such as soft
rot resulting wastes during storage and shortened
the shelf life. Moreover, it is a climacteric fruit that
show activity in the respiratory rates and high rate
of ethylene production and consequently show fast
ripening of fruits (Jain et al., 2003). The sharing
and exporting guava fruits could be enhanced
throughout properly handled after harvest. So, the
research for new technologies that could reduce the
perishable, delay fruit ripening and enhances shelf
life period after harvest is necessary (Mitra et al.,
2012). Several procedures were suggested for
achieving these purpose as like pre-cooling,
applications of antioxidants and natural growth
regulators.

Pre-cooling technique is considered as a critical
process to maintain fruits and vegetables (Turk and
Celik, 1994). Pre-cooling was first introduced at

1904 (Baladhiya and Doshi, 2016) since then it has
been given various definitions such as the removal
of field heat from freshly harvested fruits in order to
slow down metabolism and reduce deterioration
prior to transport or storage also (Rudnucki et al.,
1991). It is pointed out that pre-cooling is likely the
most important technique used in the maintenance
of fruit freshness and marketable (Baird, 1976).
The principal methods of pre-cooling for the
perishable fruits includes room cooling, hydro-
cooling, forced air cooling, package icing, vacuum
cooling, with many variations within these
techniques (Wang, 2010). Various pre-cooling
methods were recommended. The choice of cooling
method for different fruits and vegetables are
influenced by different factors. Hydro-cooling was
developed as an outgrowth of celery washing. It is a
popular method because of simplicity and
effectiveness. Hydro-cooling essentially is the
utilization of cold water for lowering the
temperature of fruits before further packing. There
are various types of hydro-cooling techniques as
lick conventional type, immersion type and batch
type (Baladhiya and Doshi, 2016).

Cold storage technique is considered as one of
the most effective methods to maintain fruit quality
throughout reducing fruit respiration rate, ethylene
production, ripening, senescence and decay
incidence as well as reduces the enzymatic
activities which retard fruit softening and extending
shelf-life of perishables fruits (Bron et al., 2005).
Moreover, Jobling (2001) stated that, for every
10°C increase in fruit temperature the rate of
respiration is roughly doubled or even trebled. For
example an apple fruit held at 10°C ripens and
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respires about 3 times as fast as that held at 0°C.
This increase in respiration has a direct impact on
the shelf-life of fruits. In this respect, pre-cooling at
2°C of guava fruits and storage at 10°C showed a
beneficial effect on visual appearance of fruits,
delayed changes of color, reduced physiological
weight loss, incidence of fruit browning and
enhanced soluble solids content, also showed an
acceptable visual appearance of the fruits up to 3.6
weeks compared to 1.6 and 1.3 weeks for the fruit
stored at 5 and 15°C, respectively (Silip and Hajar,
2007).

Antioxidants like ascorbic acid, citric acid, and
sodium benzoate are commercially used in post-
harvest sectors and food industries. These
compounds reduce or delay the free radical
formation and cell membrane deterioration which
occurs by lipoxygenase and lipid peroxidation
reactions,  subsequently  prevents  different
degenerative pathways that encourage ethylene
production which may lead to accelerating the
ripening (Bousquet and Thimann, 1984). Citric
acid is an antioxidant; its effects might due to their
tissue activity (Gordon, 1990). So, it has been used
to inhibit the activity of polyphenol oxidase this
maintains browning activity at minimum levels
(Ahvenaien, 1996). Citric acid effect on polyphenol
oxidase activity thought decreasing tissue pH would
decrease polyphenol oxidase activity (Altunkaya
and Gokmen, 2008).

Salicylic acid, (2-hydroxybenzoic acid, C7HgO3)
is an endogenous plant growth regulator (Asghari
and Aghdam, 2010) it plays an important role in
metabolic and physiological responses in plants.
Also, It is a natural and safe phenolic compound
that effectively controlling post-harvest losses of
horticultural crops. Moreover, it delays the ripening
of fruits through inhibition of the ethylene
biosynthesis and action (Asghari and Aghdam,
2010). Several researchers cleared the beneficial
effects of salicylic acid on maintaining fruit quality
and extending shelf life of numerous of fruits
during storage as like kiwifruit (Aghdam et al.,
2010), strawberry (Shafiee et al., 2010) peach
(Tareen et al.,, 2012), mango (Netravati et al.,
2015) and Murcott mandarin (Ennab et al., 2020).
Therefore, the present treatments was conducted to
study the potential effects of hydro-cooling, citric
acid and salicylic acid on maintaining the quality of
guava fruits during cold storage and extending the
shelf life at room temperature.

Materials and Methods

This investigation was conducted during 2017
and 2018 seasons on guava fruits (Psidium guajava
L.) collected from 10 years old trees growing in a
private orchard, ElI Nubaria region, El- Behaira
Governorate, Egypt. The trees were planted at 5 x 5
m spacing in sandy soil under the drip irrigation

system. The fruits were harvested at the maturity
stage (yellowish-green) in the third week of August
according to Mercado-Silva et al. (1998). The
selected fruits were uniform in shape, size and free
of visible symptoms of decay. The harvested fruits
were trans-located in plastic boxes, under ambient
temperature (25+2°C) immediately (within 2hours
after harvest) to the laboratory of Postharvest and
Handling, Fruits Department, Horticulture Research
Institute, ARC, Giza, Egypt. The selected fruits
were cleaned and 10 fruits were used for achieving
the initial quality parameters at the picking date.
The remaining fruit samples were divided into two
main groups each one contains 300 fruits; the first
one separated into five sub groups and then dipped
in tap water at 25+2°C (P1) for 10 mints containing
sodium hypochlorite at 0.2% as a surface sterilizer
in addition to one of the five concentrations of
salicylic acid, citric acid solutions at 2.0 and 4.0
mM and control. The second one was also divided
into five sub groups and subjected to hydro-cooling
treatment (P2) through dipping in cold water at 2°C
for 10 mints with the same above-mentioned
immersion treatments. So, this study included the
following ten treatments of two factors (A & B).

The first factor (A) comprised of Hydro-cooling
treatments as follows:
P1: Control as dipping in tap water at room
temperature (25 + 2°C ) for 10 mints.
P2: Hydro-cooling as dipping in cold water at
2°C for 10 mints
The second factor (B) contained five concentrations
of salicylic acid and citric acid as follows.
T1 Control
T2 dipping in salicylic acid at 2.0 mM
Ts dipping in salicylic acid at 4.0 mM
T4 dipping in citric acid at 2.0 mM
Ts dipping in citric acid at 4.0 mM

Salicylic acid (SA) was prepared by dissolving
SA powder in 5ml ethanol alcohol and then raised
to 10 liters of tap water. However citric acid was
dissolved directly in tap water.

All fruits were air-dried to remove the surface
moisture and then packed in carton boxes (15 fruits/
carton). All the boxes were stored in a cold room at
10°C and 90-95 relative humidity (RH) for 28days.
A sample of each treatment (carton box) was taken
out every 7days up to the end of the storage period
to evaluate guava fruit quality during storage. The
following parameters were measured:

Fruit physical characteristics

Weight loss%o:

Fruit weight loss percentage was calculated
depending on the initial weight of fruits as the
following equation:
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Weight loss% = WO-Wly100

WO
Where: WO = fruit weight at harvest time and
W1= fruit weight after each storage period (7, 14,
21 and 28 days)

Decay percentage:

Fruit decay percent was calculated by recording
the number of decayed fruits every seven days of
cold storage and calculated as percentages of the
initial number of stored fruits in help with the
following equation:

N1
Decay% = — X100
NO

Where: NO= initial number of stored fruit and N1
= number of decayed fruits at the specified storage
period (7, 14, 21 and 28 days).

At the picking date and during the storage
period, the following parameters were conducted.

Fruit Firmness:

Fruit firmness was measured at two equatorial
sites of three guava fruits per replicate by using a
hand dynamometer apparatus model FDP1000 with
an 8mm plunger tip (Watkins and Harman, 1981).
Fruit firmness value was expressed as kg/cm?.

Fruit color changes

The skin color of guava fruits was determined
calorimetrically by using Hunter Color apparatus
(Colorflex XE, Hunter Lab). The color values were
expressed as Hunter scale (L, a, and b). The
readings were recorded for each sample at three
different points on the equatorial region of fruit.
Data of Hunter ‘L’ indicates lightness of the fruit (0
for black and 100 for white) color, ‘a’ value
represents greenness and redness (- 80 for green and
80 for red). Similarly, ‘b’ represents yellow and
blue colors (80 for yellow and -80 for blue) and 0 is
considered neutral (McGuire, 1992).

Fruit chemical characteristics:
Vitamin C (ascorbic acid)

Vitamin C was estimated according to
Ranganna (1997). Fruit samples (50g) were mixed
with 50ml oxalic acid solution (3%) by using a
blander. the extracts were filtrated and then titrated
against 2, 6-dichlorophenol-indophenol solution.
The results were expressed as mg ascorbic acid
perl00g of fruit.

Pectin methylesterase activity (PME)

The activity of Pectin methylesterase enzyme
was determined as described by Anthon and
Barrett (2006) using 50g of fruits sample. The
results were calculated as pmol /100g of fresh
weight per hour (unit/ h).

Soluble solids content (SSC %), titratable acidity
% and SSC/acid ratio

Fruit juice SSC% was measured with the help of
a hand refractometer and expressed in °Brix. Fruit
acidity percentages were assayed using 10ml of
fruit juice titrated against 0.1 N NaOH in the
presence of an indicator (phenolphthalein) as
described by A.O.A.C. (2000). The data were
expressed as citric acid percentages. SSC/acid ratio
was calculated depending on SSC% and titratable
acidity recorded data.

Shelf life (days)

After 28 days of cold storage, guava fruit
samples from each treatment (five fruits) were
placed at ambient conditions (25+2°C and 60-65%
RH) as shelf life experiment. It was terminated
when about 50% of fruits became unacceptable to
marketing (lost the shining - very soft - sharking -
decayed). The number of days was recorded and
considered as shelf-life period for fruits.

Statistical analysis

The experiment treatments were arranged in
randomized complete blok design with two factors,
Hydro-cooling (A) and postharvest treatments (B).
The collected data were analyzed as a factorial
experiment using analysis of variance (ANOVA)
according to Snedecor and Cochran (1980) with
the help of the MSTAT-C statistical package
software (M-STAT, 1993). The differences among
means were compared by using Duncan’s multiple
range tests (DMRT) at 0.05 levels according to
Duncan (1955). Also, Person correlation coefficient
(r) was calculated for some chosen fruit characters.

Results and Discussion

Weight loss%

The results illustrated as Figures 1a , b showed
that, hydro-cooling by using tap water at 2°C for
10min treatment was effective in reducing
physiological weight loss percent of guava fruits
during cold storage at 10°C and 90- 95 relative
humidity (RH) till 28 days as compared to dipping
in tap water at room temperature (25 + 2°C).
Moreover, postharvest application of citric acid at 2
and 4mM (T, and T3) as well as salicylic acid at 2
and 4mM (T, and Ts) as dipping treatments for
10mintes regardless Hydro-cooling treatment
showed a positive effect on physiological weight
loss percentages of fruits throughout all storage
periods (from 7 to 28 days of cold storage) as
compared to control. In this respect, the application
of SA at 4mM (Ts) treatment showed the lowest
percentage of fruit losses until the end of storage
time (28 days). This trend was true during both
seasons of the study. Concerning the interaction,
data of Table 1 clear that, the loss in fruit weight
percent was increased with the incidence of storage
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time. Hydro-cooling combined with dipping
treatments were effective in reducing the percent of
physiological weight loss of guava fruits as
compared with control. In this respect, guava fruits
subjected to Hydro-cooling combined with salicylic
acid at both 2and 4mM (P,T. and P,Ts) treatments
showed the significant lowest weight loss percent in
both seasons.

Fruit decay %

The data illustrated in Figures 2 a, b show that,
hydro-cooling (tap water at 2°C for 10m) treatment
reduced decay percentages of guava fruits till 28
days of cold storage (10°C and 90- 95RH) in both
seasons as compared with control (dipping in tap
water at room temperature). At the same time,
postharvest application of citric acid (T, and Ts3) and
salicylic acid (T4 and Ts) as dipping treatments for
10m, regardless hydro-cooling treatment reduced
decay percentages of fruits throughout all storage
periods as compared to control (T1). In this respect,
the application of citric acid (CA) as well as salicylic
acid (SA) at all concentrations, did not show any
decay percentages until 14 days of cold storage.
Moreover, the application of SA at 2 and 4mM (T4
and Ts) did not show any decay percent after 21 days
of cold storage in both seasons. Whoever, the
application of SA at 4mM (Ts) recorded the lowest
fruit decay percentages. In this respect, the
application of citric acid (CA) as well as salicylic
acid (SA) at all concentrations, did not show any
decay percentages until 14 days of cold storage.
Moreover, the application of SA at 2 and 4mM (T4
and Ts) did not show any decay percent after 21 days
of cold storage in both seasons. Whoever, the
application of SA at 4mM (Ts) recorded the lowest
fruit decay percentages at the end of storage (28
days) during both seasons. Also, all post-harvest
applications (T2, T3, T4, and Ts) alone or in
companied with hydro-cooling treatment did not
record any fruit decay after 14 days of cold storage
(Table 2). Moreover, the application of SA (T4 and
Ts) alone as well as T3, T4 and Ts in combined with

hydro-cooling also did not show any fruit decay till
21days of storage. This trend was cleared during both
seasons. Whoever, with the incidence of storage
time, T3, T4 and Ts applications combined with
hydro-cooling recorded the lowest percentages of
fruit decay at 28 days of storage in the first season.
By the second one, the interaction among hydro-
cooling and both T4 and Ts dipping treatments
prevent guava fruits against decays, since it did not
record any decayed fruits till 28days of cold storage.
However, control fruits recorded the highest
percentage of decay in all storage periods and
seasons.

Fruit firmness

Data presented in Table 3 show that, hydro-
cooling treatment was effective in maintaining guava
fruit firmness under cold storage since it recorded the
highest values throughout all storage periods as
compared to control during the two seasons.
Regarding dipping treatments, data of the same Table
(3) clear that guava fruits dipped in Salicylic acid
(SA) solutions (T4 and Ts) showed the highest values
of firmness as compared with the others in the first
season. By the second season, the application of SA
at 2mM (T4) recorded the significant highest values
as compared with others. However, the guava fruit of
control recorded the lowest values during both
seasons.

Concerning the interaction between hydro-
cooling and dipping treatments, it could be noticed
that, guava fruits that subjected to SA at 2 and 4mM
(T4 and Ts) treatments regardless hydro-cooling
showed the highest values of firmness after 7 days of
storage, but with the incidence of storage time,
application of both CA and SA in combination with
hydro-cooling (P2T2, P2Ts, P2T4, and P,Ts) treatments
were more effective to maintaining fruit firmness till
28days of cold storage in the first season. However,
the interaction between hydro-cooling and SA (P,Ts)
treatment reached the highest significant values of
firmness during all storage periods (from 7 to 28
days) in the second season.
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Figure 1. Effect of hydro-cooling (A), citric acid and salicylic acid (B) concentrations on average of weight loss % of both

12 4 |7l oT2 aT3 aT4 oTs

10 A

Weight loss %

Storage priods (days)

(B)

seasons of guava fruits during cold storage during 2017 and 2018 seasons.

T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, T= Salicylic acid at 2mM and Ts= Salicylic acid at 4mM.
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Table 1. Effect of hydro-cooling and immersion in citric acid and salicylic acid on physiological weight loss %
of guava fruits during cold storage at 10°C and 90-95RH, during 2017 and 2018 seasons

2017 2018
Treatments Cold storage periods (days) Cold storage periods (days)
7 14 21 28 Mean | 7 14 21 28 Mean
Interaction
PiT: 597 6.86% 9.14% 1226 8.56" | 4.83% 5728  8.42*  10.22*¢ 7.30%
P1T> 495> 562°  6.03° 10.48° 6.77¢ | 433* 513" 7.11° 992" 6.62B
P1Ts 4.29° 4.94%  6.15° 10.62> 6.50¢ | 4.02°° 4.66° 6.62¢ 9.08° 6.10°
P1T4 417¢ 4709 5679 928 596° | 425° 469° 547¢  855¢  574P
P1Ts 3319 4.30° 5290 827  5.29% | 3.44% 422¢ 513 8.11°  5.23F
P.T1 5.16° 5.65° 7.74°  10.11°¢ 7.17® | 4.08" 487 741> 871 6.27¢
P.T, 415° 528 572¢ g11°f 5820 | 375% 4319 557¢ 8.07° 543F
P.T3 3.10% 4.18%  550% 7.86f 5.165 | 3.21°  4.06° 4.87f 6.15f 4.57F
P2T4 2.68° 3.78"  4.89f 6.529  4.47F | 2.55f 3.68° 4159 5329  3.93¢
P.Ts 1.83" 3617 5.05f 6.299  4.25F | 2.22f 3.43% 4179 5129  3.74¢
Mean 3.96° 4.89¢ 6.14® 8.98° 3.67° 4.48° 589% 7.93*

Means followed by the same letters in each column, except mean row are not significantly different at level P <

0.05 according to DMRT.
P:=Dipping in tap water at room temperature at 25 £ 2°C for 10mints, P>.= (Hydro-cooling) Dipping in tap water
at 2 for 10 mints , T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, Ts= Salicylic acid at 2mM and
Ts= Salicylic acid at 4mM.
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Decay %
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Figure 2. Effect of hydro-cooling (A) citric acid and salicylic acid (B) on average decay% of both seasons of guava fruits
during cold storage at 10°C and 90-95 RH during 2017 and 2018 seasons
T1=Control, T,= Citric acid at 2mM, Ts= Citric acid at 4mM, T4= Salicylic acid at 2mM and Ts= Salicylic acid at 4AmM.

Table 2. Effect of hydro-cooling and immersion in citric acid and salicylic acid on fruit decay % of guava fruits
during cold storage at 10°C and 90-95RH, during 2017 and 2018 seasons

2017 2018
Treatments Cold storage periods (days) Cold storage periods (days)
7 14 21 28 Mean | 7 14 21 28 Mean
Interaction
PiT1 0.00* 13.33* 20.00* 26.67¢ 15.00*| 0.00*  6.678  13.33* 20.00* 10.00%
PiT> 0.00® 0.00° 13.33* 20.00° 8.33% | 0.00*® 0.00° 6.67° 13.33" 5.00%
PiT3 0.00® 0.00° 13.33" 13.33¢ 6.67¢ | 0.00*8 0.00° 6.67° 6.67¢  3.34€
P1T4 0.00*® 0.00° 0.00¢ 13.33¢ 3.33F | 0.00®@ 0.00° 0.00° 6.67° 1.67°
PiTs 0.00* 0.00° 0.00¢ 6.67¢ 1.67F | 0.00*8 0.00° 0.00° 6.67° 1.67°
PoTy 0.00* 6.67° 13.33® 13.33° 8.33% | 0.00*8 0.00° 6.67° 13.33® 5.00®
PaT> 0.00* 0.00¢ 6.67° 13.33° 5.00° | 0.00° 0.00> 6.67° 6.67° 3.34¢
P2T3 0.00* 0.00° 0.00¢ 6.67¢ 1.67F | 0.00*6 0.00° 0.00° 6.67° 1.67°
PoT4 0.00* 0.00° 0.00¢ 6.67¢ 1.67F | 0.00*8 0.00° 0.00° 0.0 0.00%
P,Ts 0.00* 0.00° 0.00¢ 6.67¢ 1.67F | 0.00*8 0.00° 0.00° 0.0 0.00%
Mean 0.00° 2.00° 6.678 12.67° 0.00° 0.67° 4.00®6 8.00"

Means followed by the same letters in each column, except mean row are not significantly different at level P < 0.05

according to DMRT.
P1=Dipping in tap water at room temperature at 25 + 2°C for 10mints, P2= (Hydro-cooling) Dipping in tap water at 2 € for 10
mints , T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, Ts= Salicylic acid at 2mM and Ts= Salicylic acid at 4mM.
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Table 3. Effect of hydro-cooling, and immersion in citric acid and salicylic acid on fruit firmness (Kg/cm?) of
guava fruits during cold storage at 10°C and 90-95RH, during 2017 and 2018 seasons

2017 2018
Treatments Cold storage periods (days) Cold storage periods (days)
7 14 21 28 Mean | 7 14 21 28 Mean
Pre-cooling treat.
P1:Control 3.98> 358 317° 281> 3398 | 372> 336> 2.95° 259° 3158
P,:Hydro-cooling | 4.22¢ 3.93* 3.68° 3.35* 3.80" | 438 4.01* 371* 3.37* 3.87°
Dipping treat.
T,:Control 3.82¢ 3.19¢ 261° 225° 297¢ | 358 3.19° 2.66¢ 2.27¢ 293P
T2:CA2 mM 4,03®% 373> 342> 295" 3548 | 3.81« 350 3.14° 281" 331°
T3:CA 4mM 4,03 375> 347" 3.20% 3.617B| 4.03* 3.70° 3.38" 295"  352BC
T4:SA 2 mM 430 4.02° 3.84* 348  3.91~ | 425 386® 356® 3322 3.75B
T5:SA 4mM 4322 4.09° 3.82%8 352° 3.94% | 460° 4.20° 3.90° 354 406"
Interaction
P1Ty 3.53¢ 294¢ 212¢ 186 2.61¢ | 3.319 273" 2,019 1.72" 2446
P1T, 3.83¢ 340 3.05° 250° 3.20® | 3.489 321¢ 2857 2519 3.01F
P1Ts 3.90° 353" 318" 2.90° 3.38®% | 363" 3.32¢ 3.000 2479 3.11F
P1T4 431 3.97° 3.77* 3.29* 3.84~ | 3.85° 352¢ 321° 3.01°f 3.40F
P1Ts 434  4,05° 375 3.49° 391~ | 4.34° 401° 3.66° 3.22¢ 3.81C
P,T1 410° 3.44°> 3.09° 2.64 3328 | 3.85° 3.64% 331% 2827 3.41F
P.T, 423% 405 3.79% 340 3.87A | 4139 378 3.42¢ 3.11% 3.61P
P.T; 4.16%® 3.97° 375 349  3.84A | 4.42° 407° 3.76" 3.42¢ 3.928C
P.T,4 429° 4.07*° 3.90° 3.66° 3.98" | 4.65° 4.19® 391" 363" 4.108
P,Ts 431% 4.12% 388 355° 397A | 4.86° 438 4.14* 385 4317
Mean 410~ 3.76"® 3.43° 3.08° 4,05% 3.69° 3.338 298¢
Initial value=4.47 Initial value=5.18

Means followed by the same letters in a column under each category except mean row are not significantly different at level

P < 0.05 according to DMRT.

P:=Dipping in tap water at room temperature at 25 + 2°C for 10mints, P>= (Hydro-cooling) Dipping in tap water at 2 € for 10
mints , T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, Ts= Salicylic acid at 2mM and Ts= Salicylic acid at 4mM.

Pectin methylesterase activity (PME)

Data presented in Table 4 show that, the activity
of PME was severely affected by the use of hydro-
cooling (P2) treatment, especially with the incidence
of storage time versus control. Guava fruits that
received P, treatment recorded the lowest activity
values during 14, 21 and 28 days of cold storage. On
the contrary, fruits of control (P1) treatment showed
the highest values during all storage periods in the
two seasons. Also, the application of both salicylic
acid and citric acid were effective in reducing the
activity of this enzyme. In this respect, the
application of T4 and Ts were more effective since it
showed the lowest enzyme activity during both
seasons. With regarding interaction, it could be
noticed that fruits subjected to hydro-cooling plus T
or Ts treatments recorded the lowest enzyme activity
in the first season. In the second one, the application
of hydro-cooling plus Tstreatment reached the lowest
enzyme activity. However, control treatment showed
the highest values in both seasons.

The results of the above-mentioned guava fruit
characters were confirmed, since Pearson correlation
coefficient data showed highly negative correlation
between weight loss % and fruit firmness (-0.97™),
total chlorophyll (-0.98™), vitamin C (-0.94™) and
acidity % (-0.98™); and positive correlation with

decay % (0.94™), SSC% (0.98™), PME activity
(0.96™) and total sugars % (0.97™). Here we can
point out that, reducing physiological weight loss%
as a result of treatments might be reflected to
maintain fruit firmness and retarding fruit decay and
PME activity. These results could be explained
according to the fact that hydro-cooling of fruit helps
to remove field heat which reduces the rate of
biochemical reactions lick respiration, transpiration
and ethylene production rates (Shiri et al., 2013).
The retardation of different biochemical process is
reflected to reduces the loss of fruit moisture
consequently reduced weight loss, fruit freshness,
delayed fruit senescence with raising the fruit
resistance and maintains fruit firmness (Bal and
Celik, 2010). Also, hydro-cooling retarded the
hydrolysis of the starch and breakdown of insoluble
propectin into soluble pectin (Mattoo et al., 1975).
Moreover, the application of salicylic acid (SA)
encourage the accumulation of phenolic compounds,
induce numerous defense genes and increase the
activity of antioxidant enzymes that enhanced
resistance of fruits against fungal attack (Xu and
Tian, 2008). Also, SA applications retained the
higher firmness after 6days of shelf life and reduced
free radicals in bananas fruit (Alali et al., 2018).
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Table 4: Effect of hydro-cooling, and immersion in citric acid and salicylic acid on Pectin methylesterase activity
(Unit/h/100g F.W.) of Guava fruit during cold storage at 10°C and 90-95RH during 2017 and 2018 seasons

2017 2018
Treatments Cold storage periods (days) Cold storage periods (days)
7 14 21 28 Mean |7 14 21 28 Mean
Pre-cooling treat.
P;:Control 0.69° 0.88* 1.04* 1.16* 0.94~ |0.84*® 0.97* 1.11* 1.10* 1.01A
P2:Hydro-cooling | 0.628 0.73° 0.86° 0.95° 0.79® |0.76% 0.84® 0.88° 0.92° 0.858
Dipping treat.
T1:Control 0.89% 1.11* 1.41* 139 1.204 |1.0060 1.11® 1.30* 1.11* 1.13°
T2:CA2mM 0.73* 0.82°> 1.01° 1.13* 0.93% |0.90* 1.01* 1.11° 1.20° 1.06"
T3:CA 4mM 0.62c 0.78"™ 0.85¢ 1.07° 0.838¢ | 0.79* 0.91° 0.93° 0.97° 0.908
T4:SA 2 mM 0.54° 0.66° 0.76° 0.87° 0.71¢ |0.71¢ 0.77° 0.86* 0.90° 0.81BC
T5:SA 4mM 0.50° 0.65° 0.73° 0.82° 0.68° [0.62¢ 0.72° 0.78° 0.85> 0.74¢
Interaction
P1T1 0.95* 1.27* 153* 146* 130 |1.07* 1.24* 155 114> 125~
P1T, 0.77° 0.92° 1.18% 131° 1,058 |0.91° 1.06° 1.19° 1.34 1138
P1Ts 0.64 0.83* (0.92° 1.29° 0.92°¢ |0.86° 0.98¢ 1.08° 1.11°* 1,01¢
P1T4 0.58% 0.70¢¢ 0.81° 0.93¢ 0.76° |0.73¢ 0.81® 0.92¢ 0.97¢ 0.86°
P1Ts 0.50° 0.67¢ 0.75° 0.83Y 0.69%F |0.62¢ 0.76°" 0.83° 0.92¢ 0.78F
P.T: 0.83° 0.94> 129 1.32° 1.10® |0.93° 098 1.05° 1.08* 1.01¢
P, T, 0.68° 0.72« 0.84* 0.95° 0.80° |0.88™ 0.96° 1.03° 1.06° 0.98°
P.Ts 0.60% 0.73% 0.78° 0.85¢ 0.74°F | 0.72¢ 0.84¢ 0.78° 0.83° 0.79F
P.T4 0.50° 0.61¢ 0.71° 0.80¢ 0.66F |0.68¢ 0.72 0.79° 0.83° 0.76F
P.Ts 0.50° 0.63¢ 0.70¢ 0.81° 0.66F |0.61° 0.689 0.73" 0.78° 0.70F
Mean 0.708 0.85%® 1.004 1.15% 0.808 0.95%® 1.054 1.104
Initial value= 0.46 Initial value= 0.53

Means followed by the same letters in a column under each category except mean row are not significantly

different at level P < 0.05 according to DMRT.

P:=Dipping in tap water at room temperature at 25 + 2°C for 10mints, P>= (Hydro-cooling) Dipping in tap water
at 2 € for 10 mints , T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, T4= Salicylic acid at 2mM and

Ts= Salicylic acid at 4mM.

This result is in agreement with the founding’s of
Bons and Dhawan, (2006) on guava, (Kulkarni et
al, (2004) on mango fruits, Kazemi et al. (2011) on
apple and Zahra and Ahmad (2013) on peach cv.
‘Elberta’.

Vitamin C content

Data presented in Tables 5 indicate that, the use
of hydro-cooling treatment (P;) was better to
maintaining vitamin C contents of guava fruits under
cold storage, where it recorded the highest values of
vitamin C contents throughout all storage periods as
compared to control during the two seasons.
Moreover, all dipping treatments were effective in
maintaining this fruit quality attribute during cold
storage versus control especially Salicylic acid
solution at 4mM (Ts) treatment compared with the
others in both seasons. The interaction between
hydro-cooling and immersion treatments cleared an
enhancement of vitamin C contents, especially the
fruits that subjected to combination between hydro-
cooling and Salicylic acid at 4mM (Ts) treatment
which showed the highest values as compared with
others during all storage periods (from 7 to 28 days),
however, the fruits of control (P1T1) showed the
lowest values. This trend was true in both seasons.
This may be ascribed to the fact that vitamin C is a

heat-sensitive substrate, so hydro-cooling treatment
may inhibit the degradation of ascorbic acid. Also,
citric acid and salicylic acid treatments play an
important role in retarding fruit ripening process as
lick respiration rate and prevent the free radical
formation as well cell membrane disintegration that
occurs by the reaction of lipoxigenase and lipid
peroxidation, which minimizing the onset of fruit
ripening with maintaining fruit quality (Reddy and
Sharma 2016). These results are in line with the
findings of Trivedi and Desai (2006) on guava and
Suriyan et al, (2017) they summarized that,
salicylic acid at 2.0mM as postharvest immersion
treatment was effective in maintaining vitamin C
content of ‘Kimju’ guava fruits.

Fruit color changes (Hunter L, a and b)

Data illustrated in figure 3 indicate that, generally
the Hunter ‘L’ and ‘b’ values were increased with the
incidence of storage time whereas the negative
Hunter ‘a’ value was decreased. This trend was more
pronounced with guava fruits of control as compared
with that received hydro-cooling treatment. Guava
fruits treated by citric acid (T, and T3) and that
received salicylic acid (Ts and Ts) showed lower
values Hunter ‘L’ and ‘b’ and higher value of Hunter
‘a’ as compared to control. The lowest Hunter ‘L’
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and ‘b’; and highest Hunter ‘a’ values were recorded
with Ts treatment in both seasons. The combination
between hydro-cooling and postharvest immersion
treatments was effective in reducing both Hunter ‘L’
and ‘b’ and increasing Hunter ‘a’ values. These
results indicating progressive development of skin
color of guava fruits of control (T1) from green to
yellow (Table 6) as compared to other treatments,
where the improvement of yellowness (Hunter ‘b”)
and skin lightness (Hunter ‘L’) values and loss of
skin greenness (Hunter ‘a’) of guava fruits during
cold storage were much earlier in guava fruits of
control (T1). The decrease in Hunter ‘a’ (greenness)
which was accompanied with increasing in
yellowness (Hunter ‘b’) values and loss of skin
greenness of T treatment during storage may be due
to increases of the activities of chlorophyll degrading
enzymes including chlorophyllase, chlorophyll
oxidase and peroxidase (Jain et al., 2001). these
results were in accordance with Lo'ay and El

Khateeb (2011) they indicated that, postharvest
application of salicylic acid delayed the ripening
process of guava fruits through suppressed the
respiration rate, reduced ethylene production and also
delayed the onset of the respiratory climacteric
during cold storage, however the control fruits
showed a raped increase in respiration rate with a
typical climacteric peak. The reducing of respiration
rate in treated fruits may be ascribed to delaying the
ripening process as showed by Barman and Asrey
(2014) on mango and Sahar and Wahab (2015) on
apricot. The results of guava fruit color character
were confirmed, since Pearson correlation coefficient
data showed highly negative correlation between
fruit yellowness (Hunter ‘b”) color and fruit SSC (-
.98™), SSC/acid ratio (-0.99™), pectin methylesterase
(-0.98™) and total sugars (-0.96™); and highly
positive correlation with vitamin C (0.97™) and
acidity% (0.96™).

Table 5. Effect of Hydro-cooling, and immersion in citric acid and salicylic acid on vitamin C content (mg/100g
F.W.) of Guava fruit during cold storage at 10°C and 90-95RH, during 2017 and 2018 seasons

2017 2018
Treatments Cold storage periods (days) Cold storage periods (days)
7 14 21 28 Mean |7 14 21 28 Mean
Pre-cooling treat.
P1:Control 87.64° 76.04> 64.44> 55.24° 70.84B |75.00° 68.80° 62.40° 57.07° 65.82°8
P,:Hydro-cooling | 92.98° 78.98% 68.78° 61.38% 75.53* |83.30® 76.47° 70.20® 65.47* 73.86"
Dipping treat.
Ti1:Control 81.60° 64.60° 51.60° 42.10° 59.98% |71.30¢ 62.08° 55.36° 50.19¢ 59.74F
T2:CA2mM 85.50¢ 72.00¢ 61.00¢ 48.00¢ 66.62° | 73.46% 66.24% 59.76% 56.68° 64.04°
T3:CA 4mM 89.16° 77.16° 67.66° 56.66° 72.66C | 77.12° 72.24° 66.99° 59.79° 69.03¢
T4:SA 2 mM 94.60° 84.10° 73.10° 68.60° 80.10% | 82.40° 78.29° 7296° 67.17° 75.218B
T5:SA AmM 100.70* 89.70° 79.70*° 76.20*° 86.58" | 91.49° 84.33* 76.45% 72.55° 81.20°
Interaction
P1T1 80.81" 61.819 47.81" 40.819 57.81¢ |70.15° 58.339 50.51" 46.63" 56.41'
P1T> 82.24" 72.24° 60.24" 45.24" 64.99F | 70.23° 63.58" 58.769 53.25¢ 61.46"
P1Ts 85.75° 76.75Y 66.75° 51.75° 70.25P° |71.45° 68.74° 62.45° 54.929 64.39¢
P1T4 90.57% 81.57¢ 71.57% 66.57¢ 77.57C |77.54% 73.82¢ 67.59¢ 62.75° 70.43F
P1Ts 98.83" 87.83® 75.83® 71.83° 83.58% |85.64> 79.55° 72.68° 67.82° 76.42C
P,T1 82.39" 67.39" 55.399 43.39" 62.14F | 72.45° 65.83" 60.20"% 53.749 63.06C"
P2T> 88.75¢ 71.75° 61.75" 50.75° 68.25° | 76.69¢ 68.89° 60.75°" 60.11" 66.61F
P.Ts 92.57¢ 77.57¢ 68.57% 61.57¢ 75.07C |82.78° 75.74% 71.52° 64.65¢ 73.67°
P2T4 98.63" 86.63° 74.63" 70.63" 82.63% |87.25° 82.76° 78.33° 71.58" 79.98B
P.Ts 102.57% 91578 83.57¢ 80.57% 89.57A | 97.33* 89.11* 80.22% 77.27% 85.98"
Mean 81.26~ 77.51B 66.61¢ 58.31° 71.40% 72.64% 66.308 61.27¢
Initial value=106.16 Initial value= 102.85

Means followed by the same letters in a column under each category except mean row are not significantly

different at level P < 0.05 according to DMRT.

P:1=Dipping in tap water at room temperature at 25 + 2°C for 10mints, P>= (Hydro-cooling) Dipping in tap water
at 2 € for 10 mints , T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, Ts= Salicylic acid at 2mM and

Ts= Salicylic acid at 4mM.
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Figure 3. Effect of hydro-cooling and postharvest applications on average values of both seasons of guava fruits
lightness (Hunter “L”), greenness (Hunter “b”), and yellowness (Hunter “a”) during cold storage at 10°C
and 90-95% RH.

P:=Dipping in tap water at room temperature at 25 + 2°C for 10mints, P>= (Hydro-cooling) Dipping in tap water

at 2 € for 10 mints , T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, T4= Salicylic acid at 2mM and

Ts= Salicylic acid at 4mM.
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Table 6. Effect of hydro-cooling, and immersion in citric acid and salicylic acid on guava fruits lightness
(Hunter “L”), greenness (Hunter “b”) and yellowness (Hunter “a”) during cold storage at 10°C and

90-95RH, in 2017 and 2018 seasons

2017 2018
Treatments Cold storage periods (days) Cold storage periods (days)
7 14 21 28 Mean 7 14 21 28 Mean
Interaction Hunter “L”
PiT1 65.92 67.3* 69.22  63.6% 66.5° 68.7¢  69.6° 71.28 68.1%  69.4A
PiT, 65.2% 66.7® 67.5° 66.00 66.4° 67.6% 68.4% 69.8%  70.02 69.0~
PiT3 64.4%® 65.1° 66.2°° 66.4® 65.5°B | 66.0° 66.4° 67.2° 68.6® 67.08C
PiT4 63.9% 6454 6539 66.12  65.0°B | 65.4¢ 65.7%¢ 66.4¢ 67.3  66.28¢
PiTs 63.1% 63.9¢ 64.19 63.3¢ 63.6° 65.1° 65.7°°  66.2° 66.5°  65.98¢
P,T: 63.5® 65.3°° 66.2° 65.1%c 65178 | 66.6%¢ 67.4% 68.3% 67.0° 67.3°
P,T, 62.3° 64.6° 649 66.0° 64.4°B | 65.6° 66.2°° 66.8° 67.3® 66.58C
P,T3 62.5° 64.0¢ 64.9% 655 64.2°B | 64.8° 65.3° 66.0° 66.8°  65.78C
P,T,4 63.2% 63.9¢ 6439  65.1%¢ 64.1°B | 64.6° 64.8° 65.7¢ 66.2°  65.3¢
P,Ts 62.2° 63.0¢ 63.69 64.0¢ 6328 64.9° 64.6° 65.4°¢ 66.0°  65.2¢
Mean 65.98 66.48 67.34 6747 63.6° 64.88 65.6~ 65.1%
Initial value= 61.6 Initial value= 64.5
Interaction Hunter “a”
PiT, -3.28 -2.82 -2.52 -2.12 2,78 | -4.00 -3.42 -2.32 -2.0? -2.94
PiT, -4.0° -3.9¢ -2.8P -2.6° -3.38 | 520 -4.7¢ -3.3¢ -2.7° -4.0¢
PiT3 -4.2¢ -3.7° -3.2¢ -2.9¢ -3.58 | -5.5¢ -4.9¢ -4.0%  -3.4d -4,5P
PiT,4 -4.9% -4.54 -3.8¢ -3.24 -4.1P | -5.7¢ -5.2¢ -4.2¢ -3.6¢ -4.7P
P1Ts -5.1¢f -4.8¢ -4 .4¢ -4.39 478 | -6.3% -5.6f -5.19 -4.6f -5.4F
P,T, -3.7b -3.1° -2.8° -1.92 2,94 | -4.28 -3.7b -3.0° -2.3b -3.38
P,T> -4.7¢ -4.34 -3.3¢ -2.8¢ .3.8C | -52° -4.0° -3.8¢ -3.4¢ -4.1¢
P,Ts -5.0¢ -4.5¢ -4.2¢ -3.5¢ -4.3% | -6.1¢ -5.3¢ -4.8f -4,1° -5.1F
P,T4 -5.3f -5.0¢f -4.2¢ -4.0f -4.65 | -6.5° -6.8" -5.5 -4.4f -5.8¢
P,Ts -5.69 -5.2f -4.9f -4.90 -5.1F | -6.7° -6.39 -5.7h -5.3¢ -6.0¢
Mean -5.5P -5.0¢ 428  -36° -4.68 -4.28 -3.64 -3.2A
Initial value= -6.13 Initial value= -7.25
Interaction Hunter “b”
PiT: 30.22 32,58 256% 20.1F 27.1B¢| 32.32 3392 32.3% 303" 32278
PiT, 28.5% 292b 302° 31.2¢ 29.8°| 31.8% 329% 3378 3422 332A
PiT3 27.4° 28.7° 29.0bc 30.1%> 28.8AB| 31.4%  325% 3372  34.0% 32978
P1iT,4 25.3¢ 26.1%¢  27.4% 282  26.8BC| 29.6° 30.7¢¢  31.3 334%  31.38C
PiTs 242¢0  24.8% 265% 2730 257CDl 28.3d 28.9¢ 30.3¢ 32.4%  30.0¢P
P,T, 28.5% 305 324*® 30.1% 304~ | 31.7% 336° 32.8% 31.6% 32478
P,T, 27.5P 29.1° 29.8> 305° 292~ | 30.5°¢ 324% 32.8% 3392 32478
P,T3 25.2¢ 26.8° 27.3«¢ 27.8% 26.88¢| 30.0° 31.3¢  322% 333 31778
P,T, 23590 24.7% 265% 26.0% 252CDP| 28.2¢ 29.5%  30.2¢ 32.0%  30.0¢P
P,Ts 22.4¢ 23.1°  246° 249¢ 238P | 27.7¢ 28.2¢ 29.8¢ 30.4° 29.0°
Mean 30.2¢ 31.48  319%8 3267 26.38 27.6~A 27.94 2767
Initial value= 21.4 Initial value= 27.3

Means followed by the same letters in a column under each category except mean row are not significantly

different at level P < 0.05 according to DMRT.

P:1=Dipping in tap water at room temperature at 25 + 2°C for 10mints, P>= (Hydro-cooling) Dipping in tap water
at 2 € for 10 mints , T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, T4= Salicylic acid at 2mM and

Ts= Salicylic acid at 4mM.

Total sugars of fruits

Data in Table 7 show that, total sugars of
guava fruits was reduced by the use of hydro-
cooling treatment (P,) as compared with control
(P1) throughout all cold storage periods (7, 14, 21
and 28) and seasons. Moreover, guava fruits that
treated by both citric acid (T, and T3) and salicylic
acid (T4 and Ts) showed a reducing effect on total

sugars during cold storage in both seasons. the
application of T. and Ts treatments showed the
lowest values of total sugars after 7 days of cold
storage however, Tstreatments recorded the lowest
values during other storage times (14,21 and 28
days) as compared with others and control (T1) in
the first season. By the second season, both T4 and
Ts treatments recorded the lowest values during all
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storage periods. However, the fruits of control (T1)
showed the highest percentages of total sugars in
both seasons. The interaction between hydro-
cooling and dipping treatments cleared a reduction
effect on the total sugar percent of fruits. Guava
fruits that subjected to hydro-cooling plus salicylic
acid at both concentrations (P,Ts and P;Ts)
recorded the lowest values of total sugar however,
control fruits (T:) and T, showed the highest
values in most cases during both seasons.

Juice SSC%

Data of Table 7 clear that, guava fruits that
subjected to postharvest hydro-cooling (P2)
treatment showed a reduction of accumulation of
SSC% versus control (P1). The fruits that treated
byT. and Ts recorded the significant lowest
percent after 7 days of cold storage in the first
season; however, the application of Ts showed the
lowest values after 14, 21 and 28 in the same
season as well as all storage periods in the second
one. Whereas, guava fruits of control (T1) showed
the highest values during the two seasons.
Regarding interaction effects, the same Table (9)
indicated that, the combination between
postharvest hydro-cooling technique and dipping
substances (P2Ti, P2T2, P2Ts, P2Ts and P;Ts)
treatments were more effective than tap water at
room temperature plus immersion substances
(P1T1, P1T,, P1Ts, P1T4 and P1T5). Guava fruits
received PiTs treatment showed the lowest SSC
percentages in all storage periods and seasons.
However, fruits of control (PiT1) recorded the
highest values during the two seasons.

Titratable acidity

The titratable acidity of guava fruit juice was
affected by the use of hydro-cooling application as
compared to tap water at room temperature (Table
8). Where, hydro-cooling application (Py)
maintained juice acidity at high percent versus
control (P1) till 28 days of cold storage in both
seasons of the study. Also, postharvest
applications of salicylic acid and citric acid
showed a decrease in juice acidity as compared to
control (T;) during all storage periods in both
seasons. The application of Ts treatment was more
effective, where it recorded the highest values
during all storage periods in both seasons. The

combinations between hydro-cooling and salicylic
acid as well as citric acid treatments helped to
maintain fruit acidity as compared to control. In
this respect, guava fruits subjected to PTs
recorded the highest values of juice acid; however,
fruits of control (P1T1) showed the lowest values
during all storage periods. This trend was recorded
during both seasons.

SSClacid ratio

Data illustrated in Table 8 clear that, guava
fruits that subjected to hydro-cooling (P2)
treatment showed the lowest SSC/acid ratio as
compared to control (P1) in all cold storage periods
in both seasons. Moreover, the use of dipping (T,
Ts, T4 and Ts) treatments was effective in reducing
SSClacid ratio as compared to control (T1) during
cold times. Guava fruits treated by Ts showed the
lowest SSC/acid ratio as compared to others;
however, control treatment (T:) showed the
highest values. This trend was true during both
seasons. The combination of hydro-cooling and
salicylic acid as well as citric acid treatments
helped to reduce the SSC/ acid ratio during cold
storage. The application of P,Ts cleared the lowest
values; however, control (PiT1) recorded the
highest ratio. This trend was shown in all storage
periods and both seasons. The reduction of total
sugars of hydro-cooled and salicylic immersed
fruits during cold storage may due to hydro-
cooling immediately after the harvest alleviates
field heat of guava fruits that restricted respiratory
activities and inhibited water loss hence slow
down the release of sugar during starch hydrolysis
and liberating reducing sugars (Abdel-salam and
Ismail, 2017). Also, these treatments delayed fruit
ripening and senescence through stimulating the
accumulation of active compounds and antioxidant
enzymes such as catalase, peroxidase and
superoxide dismutase which reduced free radical
levels, lipid peroxidation, retarding fruit softening
and inhibiting ethylene biosynthesis (Huang et al.,
2007). This explains the decrease in SSC% and
maintains the higher values of titratable acidity
under cold storage (Azzu, 2016). However, these
presses may be faster in control fruits. These
results are in agreement with those of Awad
(2006), Makwana et al. (2014) on mango and
Alali et al. (2018) on bananas cv. ‘Grand Nain’.
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Table 7. Effect of Hydro-cooling, and immersion in citric acid and salicylic acid on total sugars % and SSC %
of Guava fruit during cold storage at 10°C and 90-95RH, during 2017 and 2018 seasons

2017 2018
Treatments Cold storage periods (days) Cold storage periods (days)
7 14 21 28 Mean | 7 14 21 28 Mean
Pre-cooling treat. Total sugars %
P1:Control 464* 527* 567° 568 532% | 416° 4.80* 529 549° 4942

P,:Hydro-cooling  3.83°  4.16° 4.64° 4.87° 437° | 3.14° 3.61° 414> 445" 3.84°

Dipping treat.

T1:Control 5.16% 5778 6.17* 538® 5622 | 453 518 5828 5832 5342

T,:CA2 mM 471> 528° 562° 595 53092 | 4.10® 4.66° 526° 5572 4.90°

T3:CA 4mM 427° 466° 5.12° 545° 487° | 3.70° 4.21° 4.62° 4.92° 4.36°

T4:SA 2 mM 3.73¢ 4169 475 519° 4.46P | 3.06c¢ 3584 3979 437¢ 3.749

Ts:SA 4mM 3.32¢  3.71° 4149 4.40° 3.89° | 2.87° 3.42¢ 3919 418 3.59

Interaction
P.Ty 5.72% 6.53* 6.83 511% 4§05 | 4.84® 584* 6.40°® 6.15% 5812
P.T, 5.10% 582° 6.20° 6.64*® 6.942 | 4608 531° 6.128 6.302 5582
P.Ts 473> 520¢ 561° 6.10° 541P | 425° 4.70° 5.00° 543" 485°
PiT, 422 4819 540° 593° 500t | 3.60° 4.05¢ 4.44° 4.80° 4.22°
P.Ts 3.449 4009 4.33¢F 460 4.09% | 353¢ 4109 4.50° 4.76bc 422°
P,T, 460> 500° 550° 564° 5.19° | 422° 452¢ 523 550" 487°
P,T> 4.32b¢ 4,744 5 04 5.26¢ 4.84¢ 3.60° 4.004 4.40°¢ 4.84°¢ 4.21°
P,Ts 3.81¢ 4.124 4.62¢ 4.80¢ 4.344 3.14¢ 3.71¢ 4.24°¢ 4.40¢ 3.87°¢
P,T4 3.23¢  350° 4.109 4.45F 382F | 252¢ 3107 3509 3.93 3.269
P,Ts 3.20¢  3.42¢ 3949 4207 369" | 2200 2739 3329 360° 2.969
Mean 450¢ 5158 5554 5707 4.05¢ 4658 5.15%8 54047
Initial value=2.21 Initial value=2.08
Pre-cooling treat. SSC %
P1:Control 5.82 7.42 8.82 9.72 7.9 | 492 6.42 7.7° 8.5? 6.92

P2:Hydro-cooling  5.4° 6.8° 7.6° 8.3 7.0° | 4.1° 5.7° 6.6° 7.7° 6.0°

Dipping treat.

T1:Control 6.72 8. 5% 9.62 10.1* 8.82 | 542 7.28 8.0? 5.8? 7.52
T2:CA2mM 5.9b 7.6° 8.6° 9.2° 780 | 5.22 6.6° 7.3° 5.5% 6.9°
T3:CA 4mM 5.7b 7.4b 8.0¢ 9.0b 7.50 4.3b 6.2b 7.2b 5.1bc 6.5P
T4:SA2 mM 5.1°¢ 6.6° 7.7° 8.7° 7.0¢ 4.0 5.6° 7.1b 49°¢ 6.0¢
Ts:SA 4mM 4.7° 4.7¢ 7.1¢ 8.1°¢ 6.4 3.8b 4.74 6.4°¢ 4.48 5.4¢
Interaction
P1T1 6.62 8.92 10.0¢ 10.72  9.1* | 6.0° 7.7° 8.7° 9.8? 8.12
P.T> 6.2b 7.8b 9.2b 9.7b 8.20¢ | 5 4b 6.9° 7.6¢ 8.6¢ 7.1°
PiTs 5.8° 7.7%¢ 8.3¢ 9.7b 7.9 | 4.7 6.7° 7.8° 8.8¢ 7.0°
P1T,4 5.7¢ 6.9¢ 8.3¢ 9.3« 7.6% | 4.3¢ 5.8¢ 7.4° 7.8¢f 6.3¢
P1Ts 4.7¢ 5.9¢ 8.1° 9.0d 6.99 | 4.3° 5.0 7.0¢ 7.69 6.0¢
PoT1 6.72 8.0b 9.2b 9.5b¢ 8.4b | 4.7¢ 6.7° 7.3¢ 9.1° 7.0°
P.T, 5.6¢ 7.4° 8.0« 8.6° 7.4 | 50¢ 6.3¢ 7.0¢ 8.0° 6.6¢
P2T3 5.5¢ 7.0¢ 7.7¢ 8.3¢f 7.1% | 4.0f 5.7¢ 6.5¢ 7.7% 6.0¢
P2Ta 459 6.2° 7.0¢ 8.0f 6.4" | 3.69 5.3¢ 6.7¢ 7.2 5.7f
P.Ts 4.7¢ 5.4f 6.1 7.19 5.8 3.3h 439 5.7f 6.3 4,99
Mean 4.65P 7.10¢ 8.208  9.00% 3.70° 6.05¢ 7.158  8.10%
Initial value= 3.8 Initial value=3.1

Means followed by the same letters in a column under each category except mean row are not significantly
different at level P < 0.05 according to DMRT.

P:1=Dipping in tap water at room temperature at 25 + 2°C for 10mints, P>= (Hydro-cooling) Dipping in tap water
at 2 € for 10 mints , T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, Ts= Salicylic acid at 2mM and
Ts= Salicylic acid at 4mM.
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Table 8. Effect of hydro-cooling, and immersion in citric acid and salicylic acid on acidity% and SSC/ acid ratio
of Guava fruit during cold storage at 10°C and 90-95RH, during 2017 and 2018 seasons

2017 2018
Treatments Cold storage periods (days) Cold storage periods (days)
7 14 21 28 Mean | 7 14 21 28 Mean
Pre-cooling treat. Acidity%
P;:Control 0.78° 0.67° 056 034> 059 | 0.95° 0.79® 058> 0.47° 0.70°
P,:Hydro-cooling 0.96* 0.80* 0.61® 0.50* 0.72% | 1.07* 0.89* 0.69* 0.60° 0.81?%
Dipping treat.
T1:Control 0.75¢ 058 0.46° 033" 053> | 0.90° 0.70° 0.49° 0.42° 0.63°
T2:CA2mM 0.80° 0.68> 0.54% 0.39® 0.60%° | 0.95° 0.79®® 0.56° 0.46 0.69>
T3:CA 4mM 0.85¢ 0.73* 0.63* 0.41* 0.65%° | 1.00® 0.84®® 0.60° 0.52°%¢ .74
T4:SA 2 mM 0.93® 0.80* 0.65* 0.48® 0.72% | 1.07® 0.90® 0.73% 0.59® 0.82%
T5:SA 4mM 1.02* 0.89® 0.68 051* 0.78% | 1.15* 0.98* 0.80* 0.69* 0.91°
Interaction
P1T1 0.70F 0559 041" 0.27" 048" | 0.829 0.68° 043" 0.38 0.58f
P1T, 0.72¢ 0.61" 052% 0.34%® 055 | 0.90° 0.72¢ 0.50° 0.40° 0.63°
P1Ts 0.74" 0.66° 0.61° 0.32° 0.58° | 0.95° 0.76° 0.53° 0.44° 0.67¢
P1T4 0.83¢ 0.71¢ 0.62° 0.35® 0.63¢ | 1.00¢ 0.82° 0.68° 0.51¢ 0.75¢
P1Ts 0.92° 0.82° 0.65* 043¢ 0.71° | 1.10° 0.96® 0.75° 0.62° 0.86°
P.T: 0.80% 0.61"F 0.50° 0.38¢ 0.57¢ | 0.98% 0.72°¢ 0.54° 0.45% 0.67¢
P.T, 0.88% 0.749 0559 043¢ 0659 | 1.00¢ 0.85° 0619 0.52¢ 0.75¢
P.T; 0.95° 0.80° 0.64* 050° 0.72° | 1.05° 091> 0.67° 0.60° 0.81°
P.T,4 1.03* 089" 067 0.61*® 080° | 1.13* 0.97°% 0.77° 0.66° 0.88°
P.Ts 1122 0.96* 0.71* 059 0.85* | 1.20*@ 1.00® 0.84® 0.75*  0.952
Mean 0.79A 074~ 0598 0428 0.91% 0.84"B 0.648C¢ 0.54¢
Initial value=1.27 Initial value=1.33
Pre-cooling treat. SSC/ acid ratio
P.:Control 12.74* 17.59* 23.63* 41.16* 23.78% 9.53% 13.55% 21.29* 27.75* 18.03?
P2:Hydro-cooling 10.06° 14.02° 19.43° 2558" 17.279 7.66° 11.11° 16.01° 20.48" 13.81°
Dipping treat.
T1:Control 1426 21.56% 30.27% 44.99° 27.77% 10.54* 16.03* 25.23* 32.71* 21.13%
T2:CA2mM 12.54° 17.37° 23.60° 34.80° 22.08% 9.72®  13.63° 20.62° 27.29° 17.82°
T3:CA 4mM 11.62° 15.74> 19.22¢ 33.71° 20.07° 8.39*¢  12.37° 18.97° 24.30° 16.01°
T4:SA2 mM 9.97¢® 13.41° 18.13° 28.84° 17599 7.51° 10.77¢ 15.33¢ 20.05¢ 13.42¢
T5:SA 4mM 8.61¢ 10.93¢ 16.42¢ 24,529 15.12¢ 6.81° 8.84  13.11° 16.22° 11.25¢
Interaction
PiT1 15.14% 23.45° 34.15* 54.44* 31.80%| 12.20* 17.21® 29.53* 36.32% 23.812
PiT2 14.17° 19.34° 25.38° 40.29° 24.80°| 10.44° 15.14° 23.20° 31.50" 20.07°
P1iT3 13.24° 17.73° 20.16° 42.81° 23.49°| 9.16° 14.08° 22.26° 29.09° 18.65°
PiT4 11.69¢ 15.35¢ 19.84° 38.00¢ 21.229| 8.30¢ 11.95¢ 16.767 23.14¢ 15.049
P1Ts 9.46f 12.07" 18.62"F 30.23" 17597 | 7.55° 9.38" 1467" 18.71" 12.57f
P2T:1 13.38° 19.67° 26.40° 35.53° 23.74°| 8.88% 14.86° 20.93¢ 29.11° 18.44°
P2T> 10.91¢ 15.41¢ 21.82¢ 29.309 19.36° | 9.00° 12.12¢ 18.03° 23.08 15.56¢
P.Ts 10.00F 13.75° 18.287 24.60" 16.669 | 7.62°  10.66° 15.679 19.50° 13.36°
P2T4 8.259 11.469 16.429 19.67° 13.95"| 6.73" 9.59"  13.90' 16.979 11.79¢
P2Ts 7.779 979"  14.23" 1881 1265 | 6.08° 8309 1155 13.73" 9.92"
Mean 11.4° 15.81¢ 21.53%8 33.377 8.60°  12.33¢ 18.65% 24.115

Initial value= 5.82

Initial value=5.17

Means followed by the same letters in a column under each category except mean row are not significantly

different at level P < 0.05 according to DMRT.

P:=Dipping in tap water at room temperature at 25 + 2°C for 10mints, P.= (Hydro-cooling) Dipping in tap
water at 2 € for 10 mints , T:=Control, T.= Citric acid at 2mM, Ts= Citric acid at 4mM, T4= Salicylic acid at
2mM and Ts= Salicylic acid at 4mM.

Fruit shelf life

Shelf life in days at room temperature experiment

was started directly after 28 days of cold storage.

Figure 4 show the enhancement effect of hydro-
cooling as well as citric acid and salicylic acid (SA)
treatments on extending the shelf life of guava fruits
over control. Fruits treated with SA (Ts) in the first
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season as well as Ts and Te in the second one showed
the highest extending shelf life of guava fruits. The
interaction between hydro-cooling and SA treatments
was more effective in this respect as compared to
control, especially T4 and Ts treatment in both
seasons. This enhancement effect on the shelf life
period might due to the role of both hydro-cooling
and post-harvest dipping treatments that reduced
physiological loss in weight, reduced rate of
ripening, reduced rate of respiration, reduced
spoilage, shelf-life and preserved quality in several

fruits and vegetables; viz.,Cherry (Manganaris et al.,
2007), Tomato (Shahi et al., 2012) and Plum
(Martinez et al., 2003). Moreover, SA increased
phenolic compounds and enhanced resistant systems
as previously shown in this study. These results are
in line with those of Tareen et al. (2012) and
Amanullah et al. (2017) who concluded that,
exogenous applications of SA is a beneficial
postharvest treatment to increase the shelf life of
guava fruit during short term storage.

4.5 1

3.5 1

2.5 1

1.5 1

Shelf life in days

0.5 1

5 - B Tap water

OPre-cooling

First season

T T el ol wlm

Second season

Postharvest applications

Figure 4. Effect of hydro-cooling, citric acid and salicylic acid on shelf life of guava fruits in days under room temperature after

cold storage at 10°C and 90-95RH. during 2017 and 2018 seasons
T1=Control, T2= Citric acid at 2mM, Ts= Citric acid at 4mM, Ts= Salicylic acid at 2mM and Ts= Salicylic acid at 4mM.

Conclusion

Postharvest treatment of guava fruits, especially
hydro-cooling by using the hydro-cooling technique
combined with immersion in salicylic acid at 4mM
solution (SA) for 10 m could be used for preservation
of guava fruits quality under cold storage at 10°C and
90-95% RH. This combination cleared a positive
effect on fruit quality until 28 days of cold storage,
where it maintained fruit quality attributes such as
firmness, acidity as well as decreased decay
incidence, ripening, SSC % and retarded fruit color
changes compared with control. The present study
demonstrates the efficacy and potential of both
hydro-cooling and SA aqueous solution in extended
Guava fruit shelf life after cold storage.
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