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ABSTRACT

This study was performed to explore the efficacy of combining more than one postharvest treatment in
maintaining some quality attributes and reducing fungal pathogenicity in cold-stored guava fruits. The
investigated postharvest treatments included the control, CaCl, (4%), lemongrass oil (2 dm’ kg™), gamma (y)
irradiation (0.2, 0.4 and 0.6 kGy), 0.4 kGy y irradiation + CaCl, (4%), and 0.4 kGy vy irradiation + lemongrass
oil (2 dm? kg™). The studied physiochemical attributes included weight loss, decay percentage, fruit firmness,
total soluble solids (TSS), titratable acidity (TA), and vitamin C content. Different fungal species were also
isolated from decayed fruits and were identified as Alternaria alternata, Alternaria solani, Aspergillus niger,
Botrytis cinerea, Fusarium solani and Rhizopus stolonifer. The severity of infection for the different fungi was
determined, and an in vitro antifungal assay was conducted for lemongrass oil. All the investigated treatments
generally reduced decay and water loss percentages, and controlled TSS, TA and vitamin C decrements that
occurred during cold storage. On the other hand, higher irradiation doses generally increased fruit softness,
and the 0.4 kGy vy dose did not contribute to the overall fruit quality when coupled with CaCl, and lemongrass

oil, compared to CaCl, and lemongrass oil treatments alone.
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INTRODUCTION

Guava (Psidium guajava L.) is a widely-grown fruit
in tropical and subtropical regions that belongs to
the family Myrtaceae. It is regarded as a “super
fruit” due to its remarkable nutritional value and
numerous health-promoting qualities (Razali et al.,
2015). Moreover, guava is commercially rewarding
even without much care (Negi and Rajan, 2007).
Improper postharvest handling and microbial
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attacks account for 25-40% of the harvested guava
fruit loss (Pandey et al., 2010). Unfortunately,
long-term use of fungicides to reduce postharvest
losses caused by pathogenic fungi have resulted in
several concerns such as development of fungicide-
resistant strains of fungi, environmental pollution
and human health problems (Shahi et al., 2003;
Antunes and Cavaco, 2010). That is why there is
interest in developing safe, applicable, low-cost
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postharvest protocols aiming to extend the shelf-
life of this perishable climacteric fresh produce
and maintain its quality above consumer standards.
Such approaches improve supply chain efficiency,
widen export prospects, enhance profitability, and
contribute to the fulfilment of market needs with
regard to quantity and quality.

Unlike ambient conditions in which guava
fruits become overripe and mealy within a week,
refrigerated storage maintains the quality of most
fruits by reducing disease incidence and slowing
down enzymatic reactions and physiological
activity, and thus delays ripening and senescence,
and extends shelf-life (Bron et al., 2005).
Postharvest applications of calcium salts also
extend the shelf-life of many fruits by maintaining
firmness and minimizing respiration rate, protein
breakdown and disease incidence. Moreover, this
practice has proved to be useful for retaining the
quality of guava fruits (Hiwale and Singh, 2003;
Selvan and Bal, 2005). Calcium salts can also
reduce pathogen spore germination, sporulation
and growth, and form complexes with plant cell
walls, which improves structural integrity, retards
tissue softening and delays ripening (Silva et al.,
2012; Cruz et al., 2015). It is also well known that
ionizing radiation reduces microbial load and thus
prolongs fruit and vegetable shelf-life (Pandey
et al., 2010). Essential oils (EOs) have also been
reported to extend the shelf-life of fruits (Abd-Alla
et al., 2008; Garcia et al., 2008) and fruit juices
(Tserennadmid et al., 2011). The advantages of EOs
also include their versatile uses, non-toxic nature
and wide acceptance by consumers (Antunes and
Cavaco, 2010). EOs are plant-derived volatiles with
a hydrophobic nature, which are known to possess
antiviral, antibacterial, antifungal and insecticidal
properties (Burt, 2004). Lemongrass (Cymbopogon
citratus) oil is one of the widely used EOs that
has been granted a GRAS (generally regarded as
safe) status (Palhano et al., 2004). Although the
chemical composition of lemongrass essential oil
varies according to genetic diversity, habitat and
agronomic treatments (Paviani et al., 2006), its
leaves are characterized by its main constituent,
citral, which is a combination of neral and geranial
isomers (Carlson et al., 2001). Tzortzakis and
Economakis (2007) reported that lemongrass oil has
potential in limiting pathogen spread by lowering
the spore load in storage/transit atmospheres as well
as in being used as an alternative food preservative.

In this study, ionizing radiation was combined
with other widely used environmentally friendly

compounds as postharvest treatments to evaluate the
efficacy of combining those treatments in extending
the shelf-life of the guava fruit and maintaining its
quality during cold storage.

MATERIAL AND METHODS

Sample collection and preparation

This investigation was conducted during the 2014
and 2015 seasons. ‘Baladi’ guava fruits were
harvested at commercial maturity (yellowish green)
from an orchard located in Al-Salhiya, Al-Sharquia
Governorate, and transported immediately to the
Postharvest Laboratory in the National Center for
Radiation Research and Technology (NCRRT),
Cairo, Egypt. Defective fruits were discarded, and
only intact, physically sound fruits of uniform size
and colour were selected, rinsed in tap water and
air-dried. For each of the following treatments,
150 fruits were divided equally into 6 cartons
(replicates), three of which were used for non-
destructive determinations and the other three were
used for destructive determinations.

Treatments

The treatments were as follows: (1) Control:
5 min. soak in tap water; (2) CaCl,: 5 min. soak
in 4% CaCl, solution; (3) Lemongrass oil: crude
lemongrass oil at a concentration of 2 dm?® kg! fresh
fruit was administered to four filter papers that were
stapled to the four inner corners of the carton cover
immediately before cold storage; the lemongrass oil
was obtained from SEKEM Company, Cairo, Egypt;
4) 0.2 kGy v irradiation; (5) 0.4 kGy vy irradiation;
(6) 0.6 kGy v irradiation; (7) 0.4 kGy vy irradiation
followed by 4% CaCl, application; (8) 0.4 kGy y
irradiation followed by lemongrass oil (2 dm? kg™
fresh fruit) application.

Fruit irradiation was performed at dose rates of
2.35 and 2.06 kGy h™! in the 2014 and 2015 seasons,
respectively, in NCRRT, using a self-contained
dry-storage gamma irradiator (Indian gamma cell
GE 4000A) that uses *°Co as a radiation source.
Afterwards, the fruits were divided and stored
in three refrigerators (one replicate or block
per refrigerator) at a temperature of 8 +£ 1°C and
90% relative humidity for 20 days, during which
physiochemical determinations were conducted
regularly every 5 days.

Physiochemical determinations

The initial fruit quality evaluation was conducted
immediately before treatments and cold storage.
Juice samples required for the physiochemical
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evaluations were manually extracted from the
fruits using hand pressure and filtration through
cheesecloth.

Fruit firmness was measured using a Magness-
Taylor penetrometer (pressure tester) with
a standard 5/16-inch plunger. Readings were taken
in two positions on each tested fruit, averaged
and recorded in Ib inch? prior to mathematical
conversion to kPa.

Weight loss (%) was determined according to
equation 1.

Fruit initial weight — Fruit weight on sampling date

Weight loss (%) =

Fruit initial weight X 100 (1)

Fruit decay (%): All unmarketable fruits were
considered as decayed, and decay percentage was
calculated according to equation 2.

Decay (%):% x 100 (2)

a = number of decayed fruits at time of sampling,
and b = initial number of stored fruits

Total soluble solids (TSS) content (%) was
determined in the juice directly extracted from
fruits, with a Carl Zeiss hand refractometer (AOAC
2003).

Titratable acidity (TA) (%) was expressed as
a percentage of citric acid and calculated as
described in AOAC (1990) using equation 3.

mL of NaOH x Normality x 0.067
mL juice used

TA % =

x 100 (3)

Vitamin C content was determined and expressed
in mg ascorbic acid per 100 g fresh weight (FW) of
fruit according to AOAC (1990).

Microbiological studies

At the end of the storage period in the 2014 season,
decayed fruits from each treatment showing
symptoms of rotting were surface-sterilized with
absolute ethanol and rinsed twice in sterile distilled
water. Rotten portions of these fruits were cut
off with sterilized scalpels, homogenized using
a sterilized laboratory blender and immediately
transferred into sterile conical flasks, which were
then wrapped tightly and stored under aseptic
conditions for further use (Balali et al., 1995). The
medium used for fungal isolation in this study
was fresh Potato Dextrose Agar (PDA, Merck
KGaA, Darmstadt, Germany) supplemented with
30 mg dm? chloramphenicol to prevent bacterial
contamination (Adamu et al., 2009). Twenty dm?
of sterile liquid medium was poured into Petri
dishes that were inoculated afterwards with 1 dm?
of different dilutions of homogenized guava pulp,

which was spread evenly over the surface of the
medium (Pelczar, 1993). The inoculated plates were
incubated at 25°C for a week, during which they were
observed daily. The observed colony development
was continuously re-isolated promptly onto PDA
slants to maintain pathogenicity of the inocula.
Identification of the fungal isolates was carried
out by microscopic observation according to the
appropriate taxonomic key and description (Booth,
1977; Raper and Fennell, 1977; Domsch et al., 1980;
Moubasher, 1993) in Mycological Laboratory 2
(ML 2), Faculty of Science, Zagazig University.

The pathogenicity test was carried out for the
fungal isolates identified in this study. Freshly
harvested healthy guava fruits were rinsed in
sterile water, air-dried at room temperature, then
surface-sterilized using 80% ethanol. Afterwards,
the fruits were wounded by making holes in them
using sterile 5 mm-diameter cork borers and
inoculated with mycelial discs of the same size
cut out from pure culture plates of the isolates and
plugged into the holes made in the fruits. Control
fruits were inoculated with sterile PDA plugs. All
the inoculated fruits were put into sterilized carton
boxes and incubated at room temperature (28 =+
2°C). The severity of infection was calculated after
5 and 10 days according to equation 4, as described
by Morcos (1984). For each fungus, three replicates/
cartons, each containing 5 inoculated fruits, were
tested.

External rotten area of a fruit

Severity of infection = X 100 (4)

Total area of the same fruit

Based on the inhibition in radial mycelial
growth and conidial germination of all the isolated
pathogenic fungi cultured on PDA, an antifungal
assay of lemongrass oil using the poison food
technique was conducted. A 5-mm agar disc from
a pure culture of each fungus was placed in
the centre of a PDA plate containing different
concentrations of lemongrass oil [0.0 (control), 0.5,
1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 ug dm~] dissolved
in 1% Tween 80 as an emulsifying agent. Growth
measurements were taken when the control plates
had reached full growth (fungus had reached
plate edge) at 25°C. For each treatment, 9 plates
were prepared, among which each 3 represented
a replicate.

Statistical analysis

The experiment was laid out using a Completely
Randomized Block Design (CRBD). Three
replicates per treatment were evaluated for fruit
quality attributes. The experimental data obtained
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was subjected to analysis of variance (ANOVA) at
a confidence level of 95%, which is the procedure
used for testing the differences among means
of two or more treatments, and the differences
between means were detected using least significant
difference (LSD) at p < 0.05. All data was analyzed
using statistical software (MSTATC 2.10, Russell
D. Freed).

RESULTS AND DISCUSSION

Weight loss

The results presented in Table 1 show that all
stored guava fruits recorded weight loss at the
end of the storage period. Similar results have
been reported for guava (Hossain et al., 2014) and
several other fruits and vegetables (Orathai and
Lih-Shang, 2012; Geransayeh et al., 2015). In this
regard, Munoz et al. (2008) stated that the rate at
which water is lost depends on the water pressure
gradient between fruit tissue and the surrounding
atmosphere, and on the storage temperature. Alves
et al. (2004) also reported that increased weight
loss is caused by increased metabolic activity
and moisture evaporation through the skin. In
agreement with the results by Hossain et al. (2014),
we also found that the radiation treatments reduced
water loss compared to the control and maintained
marketability of the fruits throughout the whole
storage period. Our results also reveal that the
lemongrass oil treatments were useful in controlling
weight loss. This agrees with the results by Serrano
et al. (2005), who found that applications of EOs
significantly decreased weight loss percentage in
cherries and grapes. Similarly, Tian et al. (2011)
reported reduced weight loss and significantly
increased shelf-life of strawberry and tomato
fruits in response to eucalyptus and cinnamon oil

treatments. Jhalegar et al. (2015) attributed the
efficacy of EOs in decreasing weight loss to reduced
rates of respiration and ethylene production, which
might have inhibited water loss from fruits. In this
regard, Mahajan et al. (2009) reported that fruits
became shrivelled and unmarketable if weight
loss during storage exceeded 5%. Finally, CaCl,
treatments also reduced water loss from the stored
guava fruits compared to the control. Taking this
into consideration makes all the investigated
treatments beneficial in this regard compared to
the untreated (control) fruits. Limiting weight loss
in guava fruits during cold storage with the aid
of CaCl, treatments had been previously reported
by Mahajan et al. (2011) and Deepthi et al. (2016).
The success of the treatment is probably attributed
to its effectiveness in maintaining membrane
functionality and integrity, and thus in reducing
losses of phospholipids and proteins and ion leakage
(Lester and Grusak 2004). Finally, it is worth
mentioning that although the irradiation treatments
reduced water loss, coupling them with CaCl, and
lemongrass oil was of no added value in terms of
fruit moisture retention.

Decay

The results presented in Table 2 show that the
earliest incidence of decay was recorded for the
untreated (control) fruits after 10 days of cold
storage and was of statistical significance in the
2015 season only. With continued storage, further
decay was recorded for the control fruits in both
experimental seasons. On the other hand, the
treatments incorporating CaCl, or lemongrass oil,
or 0.6 kGy vy irradiation totally eradicated decay
throughout the whole storage period. It was also
noticed that 0.2 kGy y-treated fruits started to show
a slight decay percentage after 15 days of cold

Table 1. Effect of postharvest treatments on guava fruit weight loss (%) during cold storage

Storage period 2014 Storage period 2015

Treatments

5 days 10 days 15days 20 days 5 days 10 days 15 days 20 days
Control 0.79 a 1.99 a 4.90a 5.77a 0.93 ab 2.22a 4.67 a 6.03 a
CaCl, (4%) 0.56 ¢ I.11c 3.05¢ 351c 0.73d 1.32d 324c 3.66 de
C. citratus EO (2 dm® kg™) 0.63bc 1.50b 3.83b 4.00 be 0.92 ab 1.74 be 3.42 be 4.51 bed
0.2 kGy y 0.66bc  1.20c¢c 3.76 b 3.95bc 0.90 ab 1.68 be 321c 4.43 bed
0.4 kGy y 0.73ab 1.50b 3.82b 4.08 be 0.87 be 1.60 bed 3.46 be 4.69 be
0.6 kGy y 0.80 a 195a 391D 4.28b 1.0la 1.85b 3.99 ab 5.03b
0.4 kGy y + CaCl, (4%) 0.55¢ 1.0l ¢ 3.00c 348¢c 0.74 cd 1.33d 3.0lc 348¢
04kGyy+ 059¢  1.19¢  31lc  3.83bc 085bed  144cd  355bc  4.12cde

C. citratus EO (2 dm® kg™)

Means bearing the same letter within a column are not significantly different at p < 0.05
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Table 2. Effect of postharvest treatments on guava fruit decay percentage during cold storage
Storage period 2014 Storage period 2015
Treatments
5 days 10 days 15days 20 days 5 days 10 days 15 days 20 days
Control 0.00 1.33 2.67 a 8.00 a 0.00 2.67 a 4.00 a 9.33a
CaCl, (4%) 0.00 0.00 0.00 b 0.00 b 0.00 0.00 b 0.00b 0.00 ¢
C. citratus EO (2 dm® kg™") 0.00 0.00 0.00 b 0.00 b 0.00 0.00 b 0.00b 0.00 ¢
0.2 kGy vy 0.00 0.00 1.33ab 2.67b 0.00 0.00b 2.67a 4.00b
0.4 kGy v 0.00 0.00 0.00 a 1.33b 0.00 0.00 b 0.00b 0.00 ¢
0.6 kGy v 0.00 0.00 0.00 b 0.00 b 0.00 0.00b 0.00b 0.00 ¢
0.4 kGy v + CaCl, (4%) 0.00 0.00 0.00 b 0.00 b 0.00 0.00b 0.00b 0.00 ¢
%%CIESLZSE 0Qdmkgy 0 0.00 0.00b  0.00b 0.00 0.00b 0.00b 0.00 ¢
Means bearing the same letter/no letters within a column are not significantly different at p < 0.05
Table 3. Effect of postharvest treatments on guava fruit firmness (kPa) during cold storage
Storage period 2014 Storage period 2015

Treatments

0days 5days 10days 15days 20 days 0days Sdays 10days 15days 20 days
Control 6136 48.95 4826 29.65b 23.44b 59.29 4895ab 42.06ab 28.96b 21.37bc
CaCl, (4%) 55.85 48.26 36.54a 2827a 5447a 4895a 36.54a 2896a
C. citratus EO (2 dm® kg™) 55.16  48.26 33.78ab 27.58a 51.71ab 47.57ab 2827b 23.44b
0.2 kGy vy 55.16 48.26 30.34b 27.58a 49.64 ab 44.82ab 26.89 bc 21.37 be
0.4 kGy v 5240 42.06 28.96b 20.68b 46.88 ab 42.06ab 25.51 bc 20.68 be
0.6 kGy v 4895 4137 2137c¢ 1448c 46.19b 40.68b 22.06c 18.62¢
0.4 kGy y + CaCl, (4%) 55.16  48.26 34.47ab 30.34a 5447ab 46.88ab 3585a 2827a
04 kGyy + 55.16  48.26 34.47ab 27.58a 51.02ab 44.13ab 29.65b 22.75bc

C. citratus EO (2 dm® kg™)

Means bearing the same letter/no letters within a column are not significantly different at p < 0.05

storage in both experimental seasons. Our results
regarding the effect of y irradiation on decay are
in agreement with the results of Hossain et al.
(2014), who reported that irradiating guava fruits
prior to storage delayed ripening and prevented
decay for 19 days in cold storage. Moreover, it is
worth mentioning that EOs in the vapour state
are more effective in exerting their antifungal and
antimicrobial control than their liquid phases (Tyagi
and Malik, 2010), thus reducing decay, which agrees
with our results. This is possibly due to the better
attachment of oil molecules in the vapour phase
to the lipophilic fungal mycelia, compared with
the liquid phase (Inouye et al., 2000). And finally,
Mahajan et al. (2011) reported that postharvest
application of CaCl, extended storage life of guava
fruits and reduced spoilage and attributed that to
its positive role in delaying fruit senescence by
maintaining cell wall integrity and thus reducing
decay.

Fruit firmness

As presented in Table 3, guava fruit firmness
dropped with the duration of storage. Similar results

have been reported for guava (Razali et al., 2015)
and other climacteric fruits such as mangos (Abd El-
Monem et al., 2013). This effect can be attributed to
increased solubilisation of pectins during ripening
(Jovyn et al., 2015). In this regard, Celestino et al.
(2016) partially attributed mango fruit softness to
pectinesterase and polygalacturonase activities
in the mesocarp of the fruit. Paliyath et al. (2008)
confirmed such results by stating that events that
occurred during ripening and senescence reflected
the deterioration of cellular structures and, in
particular, of the cell membrane. This degradation
and quality loss are enhanced by Reactive Oxygen
Species (ROS) produced in response to different
kinds of stresses that occur before and after harvest,
which in turn cause oxidative damage (Valenzuela
et al., 2017). This may explain the relatively reduced
firmness recorded for irradiated fruits. In contrast,
lemongrass oil played a positive role in maintaining
guava fruit firmness during storage. Its effect can
be due to the previously mentioned role of EOs in
reducing respiration rate and ethylene production,
and hence deterioration (Jhalegar et al., 2015).
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On the other hand, postharvest CaCl, treatments
reduced the softness of guava fruits during storage,
which is a result similar to that reported by Mahajan
et al. (2011) for guava. The positive effect of CaCl,
on fruit firmness might be attributed to the possible
role of Ca* in the bridging of anti-parallel pectic
polysaccharide homogalacturonan (HG), which
plays a vital role in maintaining cell wall integrity
and cell-wall cohesion, with negatively charged
carboxyl groups (Lionetti et al., 2010). The positive
effect of calcium may also be explained by its role
in reducing the accessibility of cell wall-degrading
enzymes to cell wall component substrates (Vicente
et al., 2009). In this regard, it is worth mentioning
that Akhtar et al. (2010) and Gupta et al. (2011)
reported that higher CaCl, concentrations retained
firmness more than its lower concentrations.

188

The results presented in Table 4 show that TSS
increased in all treatments as storage progressed
until the 10th day, after which decreases were
recorded. Mahajan et al. (2011) and Deepthi et al.
(2016) confirmed this trend followed by TSS in
guava fruits during cold storage. Our result also
agrees with the findings of Pandey et al. (2010), who
found that physiochemical parameters increased
in stored guava fruits for up to 8 days. TSS
increases have also been reported for other fruits
such as mango and strawberry (Abd El-Monem et
al., 2013; Geransayeh et al., 2015). The detected
increases in TSS are possibly due to the increased
activity of starch hydrolyzing enzymes (Zhong
and Xia, 2007), while the subsequent decline in
TSS is probably because sugars (main contributor
to TSS) are consumed along with other organic
acids as substrates in the respiration process (Ball,
1997). The role of CaCl, in controlling the TSS

drops found in this study can be confirmed by the
findings of Deepthi et al. (2016) and might be due
to its role in delaying metabolic activity in fruits
during storage. This is in agreement with increased
levels of TSS reported in response to respiration
inhibiting treatments (Yonemoto et al., 2002). It was
also found that lemongrass oil controlled the decline
in TSS, and this might be indirectly attributed
to its inhibitory effect on respiration and other
bioactivities that consume sugars, which are the
main constituent of TSS. Finally, no consistent trend
was noticed for the effect of irradiation on TSS,
although its role was negligible in controlling the
reductions in TSS. Moreover, coupling irradiation
with CaCl, and lemongrass oil slightly reduced their
effect in controlling those reductions.

TA

As shown in Table 5, all the investigated treatments
produced increments in TA until the 5th day, after
which TA decrements were recorded. Lemongrass
oil played a positive role in retaining TA, and this
might be due to the delayed ripening imposed by
the EO. This result agrees with the results reported
by Hossain et al. (2014), who found that TA in
guava fruits increased for a few days until the
ripening peak before it started to decrease towards
the end of the storage period. The TA reduction
control in the lemongrass oil-treated fruits might
be attributed to its role in inhibiting respiration and
other physiological activities in fruits (Jhalegar et
al., 2015), and hence ripening. General reduction in
TA during storage has also been reported for other
fruits such as pineapple (Ibrahim et al., 2014). The
controlled TA reduction detected in this trial in
response to lemongrass EO is in accordance with
the results reported for thymol-treated strawberry
(Geransayeh et al., 2015). The decrements in TA

Table 4. Effect of postharvest treatments on total soluble solids (%) in guava fruits during cold storage

Storage period 2014 Storage period 2015

Treatments

0days 5days 10days 15days 20 days Odays Sdays 10days 15days 20 days
Control 1123 12.03 12.62 11.56 10.24 11.14 12.63 13.25 12.14 10.75 ab
CaCl, (4%) 11.82 1222  11.87 11.06 12.29 12.71 1234 11.50a
C. citratus EO (2 dm® kg™) 11.27 1211 1172 1144 11.61 12.47 12.07 11.78a
0.2 kGy y 12.02 1270 11.80 10.77 12.50 13.21 12.27 11.20 ab
0.4 kGy y 1233 1292  11.83 10.52 11.86 12.45 11.38  10.11 ab
0.6 kGy y 1250  13.02 11.65 10.08 13.13 13.67 11.07 9.58b
0.4 kGy y + CaCl, (4%) 1145 12.12 1134 10.88 11.91 12.61 11.78 11.13 ab
04 kGyy+ 1190 1236 11.60  10.85 1226 1273 1253 11.76a

C. citratus EO (2 dm® kg™)

Means bearing the same letter/no letters within a column are not significantly different at p < 0.05
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Table S. Effect of postharvest treatments on titratable acidity (%) in guava fruits during cold storage
Storage period 2014 Storage period 2015

Treatments

0days 5days 10days 15days 20 days Odays Sdays 10days 15days 20 days
Control 0.32 0.35 033 028c¢c 022¢ 0.30 0.34 0.30 025b 0.20c
CaCl, (4%) 0.34 034 03la 026D 0.33 0.31 028a 025a
C. citratus EO (2 dm® kg™) 0.34 034 03la 028a 0.33 0.31 029a 025a
0.2 kGy vy 0.34 033 0.30ab 0.23c¢ 0.33 0.31 028a 025a
0.4 kGy v 0.34 0.33  030abc 0.23 ¢ 0.34 0.30 0.26b 024 ab
0.6 kGy v 0.35 033 0.29bc 0.22¢ 0.34 0.30 0.25b 023D
0.4 kGy v + CaCl, (4%) 0.34 033 031a 026D 0.33 0.31 0.28a 025a
%.4;;(:315:}30 @ dm' k) 034 033 030ab 027ab 0.33 031  028a 025a
Means bearing the same letter/no letters within a column are not significantly different at p < 0.05
Table 6. Effect of postharvest treatments on guava vitamin C content (mg 100 g! FW) during cold storage

Storage period 2014 Storage period 2015

Treatments

0days 5days 10days 15days 20 days Odays Sdays 10days 15days 20 days
Control 193.8 1925 1759 132.8  88.0 198.9 201.5 180.7 130.6b 101.8b
CaCl, (4%) 194.1 180.9 1359 97.4 209.6 186.6 145.8ab 119.4 ab
C. citratus EO (2 dm’ kg™) 1983 1852 1457 984 212.9 1847 152.6ab 122.7a
0.2 kGy vy 193.0 1795 133.0 894 204.6 163.8 163.5a 124.7a
0.4 kGy vy 193.6 1804 1350 953 208.9 1725 162.1a 1289a
0.6 kGy vy 197.4 1849 1402 974 211.5 181.1 1609a 131.1a
0.4 kGy v + CaCl, (4%) 1951 1827 1395  96.1 204.8 1839 1653a 1264a
04 kGyy + 199.5 1839 147.0  99.5 216.4 1793 1719a 131.0a

C. citratus EO (2 dm® kg™)

Means bearing the same letter/no letters within a column are not significantly different at p <0.05

might be attributed to the conversion of organic
acids to sugars or to the degradation through
respiration (Machado et al., 2015). Doreyappy
and Hudder (2001) and Rathore et al. (2007) also
reported that acidity variation among different
treatments might be attributed to the extent of
citric acid degradation as a function of citric acid
glyoxylase activity during ripening.

CaCl, had an effect similar to that recorded for
lemongrass oil in controlling TA drops in guava
fruits during storage. This result confirms the
findings of Mahajan et al. (2011) and Deepthi et al.
(2016), who reported a general decline in TA during
cold storage of guava fruits and added that the falls
were slower in CaCl,-treated fruits compared to the
control. TA retention in CaCl -treated fruits might
be due to decreased hydrolysis of organic acids
and subsequent accumulation of these acids, which
are oxidized at a slower rate because of decreased
respiration (Gupta et al., 2011). In other words,
it might be due to delayed ripening induced by
CaCl, (Mahmud et al., 2008). On the other hand,

irradiating fruits prior to CaCl, and lemongrass oil
treatments was of no use in further retention of TA.

Vitamin C

The results presented in Table 6 show that the
ascorbic acid concentration in guava fruits recorded
general decreases with the duration of cold storage.
The decrements are in agreement with the results
reported by Mahajan et al. (2011), Hossain et al.
(2014) and Deepthi et al. (2016). In contrast, Razali
et al. (2015) and Gil et al. (2006) had reported
increases in ascorbic acid content in guava and
mango. In this regard, Ibrahim et al. (2014)
reported that increases in pineapple vitamin C at the
beginning of the storage period were later followed
by decreases. The reductions in ascorbic acid
content might be attributable to its susceptibility to
oxidative destruction during ripening (Veltman et
al., 2000). Lee and Kader (2000) and Singh et al.
(2005) reported that the decrease in ascorbic acid
content during storage is due to its conversion to
an inactive form (dehydroascorbic acid) under the
action of ascorbic acid oxidase, and due to the action
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of other oxidizing enzymes such as peroxidase,
catalase and polyphenol oxidase.

In agreement with previously reported results
for guava (Hossain et al., 2014; Razali et al., 2015),
the investigated irradiation treatments increased
the concentration of ascorbic acid in guava fruits
compared with non-irradiated fruits. Similar
results had been reported by Pandey et al. (2010),
who recorded general decrements in guava vitamin
C content after the 8th day in cold storage. In this
regard, Razali et al. (2015) reported that UV-C
irradiation increased the total antioxidant and total
polyphenol contents in guava fruits and attributed
that to the activation of a defence mechanism which
perceived irradiation as an abiotic stress (Barka et
al., 2000). Similarly, CaCl, treatments resulted in
higher ascorbic acid concentrations compared with
the control fruits at the end of the storage period.
These findings are in agreement with the results
reported earlier for guava and apple (Mahajan et
al., 2011). Moreover, lemongrass oil treatments also

increased vitamin C concentration in guava fruits.
Similar results had been recorded by Geransayeh et
al. (2015) when they treated strawberry with thymol
EO.

Microbiological studies

Six different fungal species were isolated from all
decayed fruits and were identified as Alternaria
alternata, Alternaria solani, Aspergillus niger,
Botrytis cinerea, Fusarium solani and Rhizopus
stolonifer. The results presented in Figure 1 show
that although A. niger recorded the most pronounced
infection after 10 days of incubation, R. stolonifer
recorded the severest infection 5 days earlier. All
the pathogenic fungi isolated from decayed guava
fruits recorded significant differences in infection
severity in-between, 5 days after inoculation, with
A. alternata and A. solani displaying the least
pronounced infection. At the end of the incubation
period, A. alternata and A. solani persisted in
recording the lowest infection severity percentage.

Table 7. Guava pathogenic fungi growth inhibition (%) induced by lemongrass oil

C. citratus oil

Growth inhibition (%)

concentration Alternaria Alternaria Aspergillus Botrytis Fusarium Rhizopus Mean (B)
(ug dm?) alternata solani niger cinerea solani stolonifer

0.5 1231 15.71 1031 17.01 2031 1031 143 E
1.0 357h 39.7h 40.7h 60.0g 44.7h 44.7h 443D
1.5 603 g 68.7 efg 64.3 fg 85.0 be 603 g 80.0 cde 69.8 C
2.0 85.7 be 91.3 abc 80.3 cd 100.0 a 72.0 def 100.0 a 88.2B
2.5 100.0 a 100.0 a 100.0 a 100.0 a 81.3 bed 100.0 a 96.9 A
3.0 100.0 a 100.0 a 100.0 a 100.0 a 85.6 be 100.0 a 97.6 A
35 100.0 a 100.0 a 100.0 a 100.0 a 92.7 ab 100.0 a 98.8 A
4.0 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 100.0 A
Mean (A) 743 C 76.9 BC 74.5C 82.8A 69.6 D 79.4 AB

Means bearing the same letter within a column are not significantly different at p < 0.05
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It was also noted that the infection severity
percentages for A. solani and F. solani were not
significantly different at the end of the experimental
period. Finally, it can be concluded that the 4. niger,
R. stolonifer and B. cinerea pathogenic fungi cause
the severest symptoms of rotting when inoculated
on guava fruits that are stored at 28 + 2°C.

The results displayed in Table 7 show clearly that
lemongrass oil is an effective fungal growth inhibitor.
Regardless of the fungal pathogen, lemongrass
oil concentrations of 2.5, 3.0, 3.5 and 4 ug dm?
inhibited fungal growth very effectively compared
with the lower concentrations, and total growth
inhibition was achieved when the PDA medium was
supplemented with a concentration of 4 pg dm=.
Generally, greater growth inhibition was correlated
with higher lemongrass oil concentrations, and the
differences recorded between the concentrations of
0.5, 1.0, 1.5, 2.0 and 2.5 pg dm™ were statistically
significant. On the other hand, regardless of the
lemongrass oil concentration used, B. cinerea was
found to be the most sensitive and F. solani to be
the most resistant to the inhibitory effect imposed
by lemongrass oil. Here it is worth mentioning
that (B. cinerea, R. stolonifer) and (R. stolonifer,
A. solani) and (A. solani, A. niger, A. alternata)
did not show significant differences in-between in
terms of growth inhibition induced by lemongrass
oil. It was also found that supplementing the PDA
medium with the concentrations of lemongrass oil
of 0.5 or 3.5 or 4.0 pg dm™ resulted in insignificantly
different growth inhibition percentages for all the
fungi tested at a given concentration.

In this regard, Jhalegar et al. (2015) reported that
lemongrass oil did not only delay decay initiation,
but also inhibited/decreased overall decay in
Kinnow mandarin fruits caused by Penicillium
digitatum and P. italicum. Moreover, lemongrass
oil was reported to exhibit a broad spectrum of
fungitoxicity by completely inhibiting the growth
of 35, 45, and 47 fungal species at 500, 1000, and
1500 ppm, respectively (Mishra and Dubey 1994).
Tzortzakis and Economakis (2007) reported that
lemongrass oil significantly reduced subsequent
colony development of B. cinerea, R. stolonifer and
A. niger, and other fungal pathogens in vitro. This
effect was achieved by altering fungal reproduction
and growth in different ways. At a concentration
of 25 ppm, lemongrass oil inhibited up to 70% of
fungal spore production, and at a concentration of
500 ppm, it completely retarded fungal sporulation.
Moreover, it reduced spore germination and germ
tube length of B. cinerea and R. stolonifer, and its

effect in this regard was concentration dependent.
However, lemongrass oil (up to 100 ppm) was found
to accelerate spore germination of 4. niger.

CONCLUSIONS

1. Despite the beneficial effect of irradiation on cold-
stored guava fruits in general, coupling it with
calcium chloride or lemongrass oil treatments
was of no added value.

2. Lemongrass oil and CaCl, exerted strong
inhibitory effects on fungal growth and
physiological activity in guava fruits during cold
storage.

3. Besides consumer concerns regarding irradiated
foodstuffs, there are incentives for further
research incorporating widely accepted essential
oils and calcium salts rather than irradiation in
guava postharvest trials.
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