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ABSTRACT

The aims of this work were to investigate the effect of salicylic acid (SA) immersion on the physicochemical quality maintenance and
biologically active compounds enhancement of ‘Kimju’ guava. The fruit were immersed in water (control) and 2 mM SA solution and stored
at 12 = 1 °C, 90 = 2% RH. The observed factors were pigments, total sugars, total soluble solids (TSS), total acidity (TA), firmness
and pectin components, bioactive compounds such as ascorbic acid (AsA), total phenols (TP), total flavonoids (TF) and the activities of
antioxidant enzymes including peroxidase (POD) and catalase (CAT). The total chlorophylls chlorophyll @ and b contents of the treated
fruit were higher than those of the control. The SA immersion did not affect the total carotenoids concentration and TSS whilst it delayed
the increase in total sugars and lowered TA content. The fruit softening was delayed by the SA immersion due to the control of soluble
pectin increase and insoluble pectin decrease. The antioxidant activity and the concentrations of AsA, TP and TF were enhanced by the
SA immersion. The SA immersion also stimulated POD activity but did not induced CAT activity. In conclusion, 2.0 mM SA immersion is
an effective postharvest treatment maintaining quality and improving nutritional values of ‘Kimju’ guava.
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INTRODUCTION

Guava (Psidium gnajava 1..) is a tropical fruit which belong
to the Myrtaceae family. Guava fruit is a rich source of
dietary fibre, vitamin C and bioactive compound including
antioxidants (Singh, 2011). In Thailand, many varieties of
guava have been commercially grown such as ‘Klom Salt’,
‘Paen Srithong’, ‘Vietnam’ and ‘Kimju’, which are also
exported to neighbour countries such as Singapore and
Malaysia (Ruzaina et al., 2013). Guava fruit is commonly
classified as climacteric fruit which exhibits ethylene
production and respiration rate increment during ripening
(Eliane et al., 2005). Although some guava varieties grow in
nonclimacteric manner (Azzolini et al., 2005), Thai guava
varieties have climacteric manner (Singh, 2011; Silip, 2013).

Guava fruit are commonly consumed at full mature stage
with crisp and firm texture. Generally, guava fruit is highly
perishable and undergo rapid ripening in 3-4 days at room
temperature. Rapid ripening is a main problem affecting
quality of Thai guava fruit due to the fruit softening,
chlorophyll content decreases and carotenoid content
increases, skin brightness decrease, the development
of skin browning and rots (Ruzaina et al., 2013). Thus,
low-temperature storage is practical way to slow ripening
process and minimize postharvest losses where the proper
storage temperature for guava fruit must be in the range
of 8-15 °C (Singh, 2011).

Salicylic acid (SA) belongs to phytohormone which classified
as a phenylpropanoid compound and stimulated by biotic and
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abiotic stresses to induce defense responses (Supapvanich
and Promyou, 2013). Moreover, it is also classified as an
ethylene inhibitor (Gerailoo and Ghasemnezhad, 2011).
Exogenous SA application has been used to maintain
postharvest quality, extend shelf-life, control diseases and
alleviate physiological disorders during storage (Asghari
and Aghdam, 2010). It is also considered as generally
recognized as safe (GRAS) compound for postharvest use
(Supapvanich and Promyou, 2013). The optimum dosage
of SA non-toxic to plants is in the range of about 0.5-2mM
(Babalar et al., 2007). Many previous works had reported
beneficial effects of exogenous SA application on fruit
and vegetables. SA could delay ripening process (Stivastava
and Dwivedi, 2000), maintain firmness (Promyou and
Supapvanich, 2016,), reduce the loss of chlorophyll content
(Wei et al., 2011, Supapvanich et al., 2015), alleviate chilling
injury (Yang et al.,, 2012), induce pathogenic resistance
(Asghart and Aghdam, 2010) and improve nutritional
value by enhancing bioactive compounds and antioxidants
(Supapvanich and Promyou, 2013; Asghari and Aghdam,
2010). Thus, SA application might be an effective alternative
improving postharvest storability and maintaining quality of
guava fruit. Our preliminary work found that SA immersion
at the concentration of 2.0 mM maintained good visual
appearance and prevented skin browning of ‘Kim Ju’ guava
fruit during cold storage (Mahasub and Supapvanich, 2016).
The objective of this study was to evaluate the effect of
2.0 mM SA immersion on physicochemical quality and
bioactive compounds enhancement in ‘Kimju’ guava during
cold storage.

MATERIALS AND METHODS

Plant materials and specific preparation

Guava (Psidium gnajava) plants cv. ‘Kimju’ fruit were
grown in an orchard at Nakon Nayok province. Fruits
were harvested after 100 days of anthesis and delivered to
Plant Production Laboratory, Department of Agricultural
Education, KMITL within 2 h. Fruits quality and maturity
were screened using #* value which was in the range of -17
to -15 and without any physical damage. Afterward, they
were rinsed with tapped water two times and air-dried at
room temperature. Fruits were divided into two groups;
the first group was immersed in water for 10 min and the
second group was immersed in 2 mM SA for 10 min. After
immersion, the fruit were air-dried at room temperature
and individual fruits were wrapped with a LDPE film
(commercial film for guava) and covered with foam
net. The fruit were stored at 12 £ 1 °C, 90 £ 2 % RH
for 18 days. Three replications (3 guava fruits) of each
treatment were used to determine pigments, TSS, TA, total
sugars, firmness, soluble and insoluble pectins, antioxidant
capacity, bioactive compounds including TP, TE, AsA and
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the activities of antioxidant enzymes such as POD and
CAT of the fruit during storage.

The assays of chlorophylls and carotenoids

A 3 g of guava fruit skin was homogenized with 20 mL
of absolute ethanol. The homogenized sample was stirred
for 15 min and filtered through a Whatman No. 1 filter
paper. The sample was rinsed with absolute ethanol four
times. The collected solution was adjusted to 100 mL
using absolute ethanol. The absorbances were observed
at the wave length of 654, 663 and 470 nm using Hekios
UV-—visible spectrophotometer (Thermo Spectronic,
Cambridge, UK).

Total chlorophyll and carotenoid contents were calculated as
described by Kirk (1968). Chlorophyll # concentration was
calculated as (11.75 X OD ) — (2.35 X OD_ ), chlorophyll
b concentration was calculated as (18.61 X OD,_ ) —
(3.96 X OD_ ) and total chlorophylls concentration was
then calculated as the sum of chlorophyll z and chlorophyll
b. Total carotene was calculated as [(1000 X OD470) — (2.27
X Chlorophyll a) — (81.4 X chlorophyll b)]/227. Chlorophyll
a, chlorophyll b, total chlorophylls and total carotenoids
were expressed in microgram per g fresh weight (ug g™).

TSS, total sugars and TA contents measurements
Total soluble solids content was measured by using a
hand-held refractometer (ATAGO MNL-112, Japan) and
expressed in per-cent (%0). Total sugars concentration was
determined according to the method of DuBois et al.
(1956). A 10 g of guava was pulverized and squeezed. 1 mL
of guava juice was adjusted to 50 mL with distilled water
which 1 mL of diluted sample was mixed with 0.05 mL
of 5% phenol and 5mL of H_SO,. The sample was left at
room temperature for 30 min. Absorbance was recorded at
490 nm wavelength. Data was expressed in mg glucose per
g fresh weight. Total acidity of guava fruit was determined
using titrimetric method. Five mL of guava juice was
titrated with 0.1 N NaOH using 1% (w/v) phenophthalene
as the indicator. Total acidity was calculated and expressed
as the percentage of citric acid.

Firmness measurement

Fruit firmness was measured at the middle part of the fruit
using a TA Plus Texture Analyzer (Lloyds, England) with
a 6 mm cylindrical probe and expressed in N.

The assays of soluble and insoluble pectin substances
The acetone insoluble solid (AIS) was prepared by
homogenizing guava tissue in acetone as described
by Seymour et al. (1987). All enzymes in the AIS was
inactivated by adding phenol: acetic acid: water (2:1:1,
v/v/v) solution. The mixture was left at room temperature
by 1 h and filtered through a GF/A filter paper. The
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sample was rinsed with 50 mL of acetone for three
times and dried in a desiccator for 3 days. Approximately
0.05 g of the AIS was suspended into 20 mL of 50 mM
Ethylenediaminetetraacetic acid (EDTA) consisting of
50 mM sodium acetate, pH 7, solution and then stirred
for 6 h at room temperature. The sample was filtered
through a GF/A filter paper and the supernatant was
collected. The pallet was re-suspended in 20 mL of 50 mM
sodium carbonate (Na,CO,) consisting of 20 mM sodium
borohydride (NaBH,) solution and then stirred at 4 °C for
20 h followed by 2 h at room temperature. The sample was
filtered through a GF/A filter paper and the filtrate was
retained. The both extracts were precipitated using absolute
ethanol by making up to concentration of ethanol to 80%.
10 mL of 1M H,SO, was mixed with the precipitate and the
mixture was boiled for 2 h and then filtered through GF/A
filter paper. The hydrolyzate of 50 mM EDTA extracted
sample was used to assay soluble pectin and the hydrolyzate
of 50 mM Na,CO, extracted sample was used to assay
insoluble pectin. Both pectin substances were determined
using method of Ahmed and Labavitch (1977). The data
was presented as mg galacturonic acid (GalA) per g AIS.

Antioxidant capacity, TP and TF assays

A 3 g of guava tissue was homogenized with 5 mL of 80%
(v/v) ethanol and then 15 mL of distilled water was added.
The sample was filtered by using Whatman No.1 filter paper.
The filtrate was used to determine antioxidant capacity, total
phenols (TP) and total flavonoids (TF) concentrations.
Ferric reducing antioxidant potential (FRAP) method
which described by Benzie and Strain (1996) was used to
determined antioxidant capacity. 0.1 mL of the extract was
mixed with 2.9 mL FRAP reagent, consisting of acetate
buffer pH 3, 10 mM 2,4,6-tripyridyl-1,3,5-triazine (TPTZ)
and 20 mM ferric chloride hexahydrate in the ratio of 10:1:1
(v/v/v),and incubated at room temperature for 30 min for
measuring absorbance at 630 nm wavelength. The data was
presented as mmole Trolox equivalents per g fresh weight
(mmol TE g'). TP concentration was assayed using the
method of Slinkard and Singleton (1977). 1 mL of the
extract was mixed with 1 mL of 50% (v/v) Folin—Ciocalteu
reagent and then 2 mL of saturated Na,CO, solution was
added. The mixture was left at room temperature for
at least 30 min before measuring absorbance at 750 nm
wavelength. The data was presented in term of mg gallic
acid per g fresh weight (mg GA g). TF concentration was
determined using method described by Jia et al. (1999).
1 mL of the extract was mixed with 3 mL of distilled
water, 225 uL. of 0.5% NaNO,. The mixture was left for
6 min and then 450 pL. of 10% AICL.6H,O was mixed and
left for 5 min and then 1.5 mL of 1 M NaOH was added.
The absorbance at 510 nm wavelength was measured. The
data was presented as mg catechin equivalents per g fresh
weight (mg catechin g™).

622

Total ascorbic acid assay

A 3 gof guava tissue was homogenised with 20 mL of cold
5% metaphosphoric acid and then centrifuged at 12000
x g for 20 min at 4 °C. The total AsA concentration was
determined according to the method of Hashimoto &
Yamafuji (2001). A 1.6 mL of the extract was added into
0.8 mL of 2% di-indophenol. After that, 1.6 mL of 2 %
thiourea and 0.4 mL of 1% dinitrophenol hydrazine were
added into the mixture. The mixture was left at 37 °C for
3 h and then 2 mL of 85% sulphuric acid was mixed, and
the mixture was then incubated at room temperature for
30 min. Absorbance at 540 nm wavelength was measured.
Data was expressed as ug AsA per g fresh weight.

POD and CAT activities assays

A 3 g of guava tissue was homogenised with 20 mL of
0.1 M phosphate buffer (pH 6.5) containing 0.3 g of
polyvinylpolypyrrolidone (PVPP). The suspension was
stirred at 4 °C for 3 h and then filtered through a Whatman
No. 1 filter paper. The supernatant was held at 4 °C until be
used. G-POD (EC 1.11.1.7) and CAT (EC 1.11.1.6) activities
were modified from the method of Andrade Cuvi et al.
(2011). The reaction mixture for G-POD assay contained
600 uL. of 0.5% (v/v) guaiacol, 500 uL. of sample and 1.6 mL
of phosphate buffer (pH 7.0). The reaction started when
300 uL of 0.059 M H,O, was mixed. Enzyme activity was
determined by monitoring the increase in the absorbance at
470 nm wavelength. The unit (U) of G-POD activity was
presented in term of AOD,_ per min per g fresh weight.
One mL of reaction mixture for CAT assay contained 0.1
M phosphate buffer (pH 7.0), 0.15 mM H,O, and 250 uL.
of the sample. Aliquots of 150 uL of the reaction mixture
were taken at 0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 min and then
added to the test tubes containing 300 ulL. of 0.02 M TiCl,,
200 uLLof H,SO, and 1.35 mL of distilled water. Absorbance
at 410 nm wavelength was measured. One unit (U) of the
enzyme activity was defined as the amount of enzyme
consuming of H,O, per min per g fresh weight.

Statistical analysis

The data was presented as the mean of three replications
and standard error (SE) bar. Statistical analysis was carried
out using ANOVA and the means compared by the least
significant difference (LSD) test at a significance level of
P <0.05.

RESULTS AND DISCUSSION

Effects of SA immersion on skin pigments

The changes in pigments extracted from guava skin such
as chlorophyll @, chlorophyll 4, total chlorophylls and total
carotenoids content during storage were shown in Fig 1. The
loss of greenness and increase in yellowness are known as

Emir. J. Food Agric e Vol 29 e Issue 8 e 2017



Supapvanich, et al.: Postharvest quality of guava was maintained by SA

the main problems affecting visual acceptability of guavas.
We found that 2 mM SA immersion enhanced chlorophyll
a, chlorophyll 4 and total chlorophylls contents in ‘Kimju’
guava. We found the marked increases in all chlorophyll
compounds during storage for 3 days. Afterward, they
were decreased. The total carotenoids content increased in
3 day storage period and then remained constant over the
storage. The different change in total carotenoids content
between SA immersed and untreated guava fruit were not
found. The evidence indicated that 2 mM SA immersion
did not affect the total carotenoids change in ‘Kimju’ guava
fruit during cold storage. Meanwhile, total chlorophyll,
chlorophyll 2 and chlorophyll / contents of the guava
fruit were induced by SA compared to the control. It is
widely acknowledged that exogenous SA treatment retards
ethylene biosynthesis and increases chlorophylls in plant
(Zhao et al., 1995; Khodary, 2004; Kovacik et al., 2010).
Cao etal. (2009) and Zhang et al. (2015) reported that the
loss of skin chlorophyll in cucumber fruit was delayed by
SA treatment. Furthermore, exogenous SA application
maintaining total chlorophyll concentration had been
reported for kiwi fruit (Bal and Celik, 2010), asparagus
(Weietal., 2011) and lemon basil (Supapvanich et al., 2015).

Effect of SA immersion on TSS, total sugars and TA
contents

Fig. 2 shows TSS, total sugars and TA contents of
‘Kimju’ guava during storage. The TSS content of both
SA immersed and control fruits seemed constant during

the storage (Fig. 2A). We found that SA immersion
retarded the increased total sugars content in ‘Kimju’
guava during storage (Fig. 2B). The total sugars content
of the control was increased and reached to the peak
on day 9 whereas that of SA immersed fruit remained
constant until day 9. Afterward, total sugars content of
both SA immersed and control fruits were decreased
markedly. The TA content of control fruit was lower
than that of 2 mM SA immersed guava fruit over the
storage (Fig. 2C). An increase in TA content was detected
in SA immersed fruit during storage for 6 days and then
remained constant throughout the storage whilst that of
control fruit was slightly increased during 3-day storage
period and then remained constant over the storage.
The lower total sugars and higher TA contents of SA
immersed fruit suggested that the ripening process was
retarded by SA. It is commonly acknowledged that SA
is an ethylene inhibitor due to inhibiting ACC synthase
and ACC oxidase production as well as their activities
(Supapvanich and Promyou 2013). Moreover, both
sucrose-phosphate synthase and invertase activities are
consequently retarded after the inhibition of ethylene
production (Asghari and Aghdam, 2010). The increased
TA content in SA immersed fruit might cause the
increased citrate efflux by SA as described by Yang et
al. (2003). The similar evidence with this work was also
reported for ‘Bright Pear]’ nectarine which 2 mM SA
treatment obviously induced the concentrations of citric
acid and total acids in ripe fruit compared to the control
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Fig 1. Chlorophyll a (A), chlorophyll b (B), total chlorophylls (C) and total carotenoids (D) contents of ‘Kimju’ guava fruit immersed with 0 and
2 mM SA during storage at 12 + 1 °C for 15 days. Vertical bar represent SE of the means (n=3).
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Total sugars content
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Fig 2. Total soluble solids (TSS) (A), total sugars (B) and total acidity (TA) (C) contents of ‘Kimju’ guava fruit immersed with 0 and 2 mM SA
during storage at 12 + 1 °C for 15 days. Vertical bar represent SE of the means (n=3).

(Azzu, 20106). In wax apple (Syzygium samarangenes), an
increase in TA content was also found in preharvest SA
treated fruit whereas that of the untreated fruit remained
constant over cold storage (Supapvanich et al., 2017).

Effects of SA immersion on flesh firmness and the
content of pectic compounds

The flesh firmness and the contents of both soluble and
insoluble pectins of ‘Kimju’ guava were shown in Fig. 3.
The fruit softening was obviously supressed by 2 mM SA
immersion (Fig. 3A). The rapid decrease in firmness of the
control was found during 6-day period and then constant
over the storage. The pattern of firmness change in SA
immersed fruit was similar to that of the control but it was
significantly higher than that of the control throughout
storage period (P = 0.05). The maintained firmness of SA
immersed fruit was due to the delay of increased soluble
pectin content (Fig. 3B). Soluble pectin content in the
control increased rapidly and was significantly higher than
that of SA immersed fruit during storage (P < 0.05). No
significant difference in insoluble pectin content of both
SA immersed and control fruits were found during first
period of storage. On day 18 of the storage, insoluble
pectin content in SA immersed fruit was significantly
higher than that of the control (P =< 0.05). These indicated
that SA immersion could delay pectin modification in
‘Kimju’ guava during storage. In the similar vein, 2 mM
SA immersion delayed the increase in soluble pectin and
maintained insoluble pectin in ‘Kaeck Dam’ papaya during
storage (Promyou and Supapvanich, 2016). The similar
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result was also reported for peach fruit treated 2 mM SA
(Khademi and Ershadi, 2013). It has been demonstrated
that SA retards fruit softening by inducing cell swelling
(Zhang et al., 2003), maintaining membrane integrity
(Asghari and Aghdam, 2010), inhibiting the activities
of cell wall hydrolases (Srivastava and Dwivedi, 2000)
and delaying the modification of cell wall components
(Supapvanich and Promyou, 2013; Promyou and
Supapvanich, 2016).

Effects of SA immersion on antioxidant capacity and
bioactive compounds

Fig. 4 shows the changes in antioxidant capacity, AsA, TP
and TF contents in the ‘Kimju’ guava during storage. The
antioxidant capacity, AsA, TP and TF contents of SA
immersed fruit were enhanced and higher than those of
the control throughout storage. The evidence indicated
that SA could improve nutritional quality of guava by
inducing the accumulation of bioactive compounds. It
had been demonstrated that exogenous SA usage induces
defense mechanism in plant by mediating phenylpropanoid-
flavonoids pathway, which yields phenolic compounds
including phenolic acid and flavonoids (Lu, 2009; Asghari
and Aghdam, 2010). The enhanced antioxidant potential
by exogenous SA application was due to the evaluation
of phenylpropanoid-flavonoids pathway (Dokhanieh
et al.,, 2013). Moreover, exogenous SA could enhance
dehydroascorbate reductase activity involving the increase
in AsA content (Chen et al., 2011). Many previous works
also reported that exogenous SA treatment induced the
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Fig 4. Antioxidant capacity (A), total ascorbic acid (AsA) (B), total phenols (TP) (C) and total flavonoids (TF) (D) contents of ‘Kimju’ guava fruit
immersed with 0 and 2 mM SA during storage at 12 + 1 °C for 15 days. Vertical bar represent SE of the means (n=3).

accumulation of bioactive compounds in cornelian cherry
fruit (Dokhanieh et al., 2013), navel orange fruit (Huang
et al., 2008), wax apple fruit (Supapvanich et al., 2017) and
papaya fruit (Supapvanich and Promyou, 2017).
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Effects of SA immersion on the activities of antioxidant
enzymes

The effect of SA immersion on the activities of G-POD
and CAT of ‘Kimju’ guava fruit were presented in Fig. 5.
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Fig 5. Guaiacol-peroxidase (G-POD) (A) and catalase (CAT) (B) activities of ‘Kimju’ guava fruit immersed with 0 and 2 mM SA during storage at

12 + 1°C for 15 days. Vertical bar represent SE of the means (n=3).

G-POD activity increased throughout storage and could
be enhanced SA immersion. CAT activity decreased during
storage for 6 days and then remained constant until day
12. In this period, CAT activity of both SA immersed and
control fruit were similar. Afterwards, CAT activity of SA
immersed fruit was increased and significantly higher than
that of control (P = 0.05). It is commonly acknowledged
that the inducement of defense mechanism in plant by SA is
also due to the enhancement of the activities of antioxidant
enzymes. Among a range of antioxidant enzymes, PODs
constitute an important enzymes involved in numerous
processes during plant development and stress response
(Passardi, et al., 2005). Mika et al (2010) suggested that SA
treatment enhances plasma membrane - bound G-PODs in
plant resulting to increase plant tolerance against oxidative
stress. Many previous works reported the enhancement
of POD activity by exgeous SA application in many kinds
of fruit such as navel orange (Huang et al., 2008), peach
(Cao et a., 2010), kiwifruit (Kazemi et al., 2011), sweet
cherry (Giménez et al., 2016), wax apple (Supapvanich
et al., 2017), longan (Suiubon et al., 2017). Unlike, many
previous works reported that SA induces CAT activity in
many fruits such as wax apple (Supapvanich et al., 2017),
pomegranate (Dokhanieh et al., 2016), cucumber (Zhang
etal., 2015) and sugar apple (Mo et al., 2008); however, this
evidence showed that SA did not induce CAT activity in
‘Kimju’ guava. This might be due to the forming of SA-
binding protein/catalase causing the inhibition of CAT
activity as described by Conrath et al. (1995). Furthermore,
certain previous studies also reported that exogenous SA
application reduced CAT activity and induced POD activity
in navel orange (Huang et al., 2008), sweet cherry (Chan and
Tian, 20006; Tian et al., 2007) and jujube (Cao et al., 2013).

CONCLUSIONS

Exogenous SA immersion at 2 mM induced chlorophyll a,
chlorophyll b and total chlorophylls contents in guava fruit
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skin and delayed the increase in total sugars and decrease
in TA. SA-immersed fruit had higher firmness than the
control which due to lower soluble pectin and higher
insoluble pectin contents. Antioxidant capacity, bioactive
compounds such as total phenols, flavonoids and ascorbic
acid contents and antioxidant enzyme such as POD were
enhanced by SA. Interestingly, SA immersion did not
induce CAT activity in ‘Kimju’ guava. 2 mM SA immersion
is an effective postharvest treatment for maintaining quality
and improving nutritional value in guava fruit.
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