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Abstract The purpose of this study was to investigate the
inhibitory effect of essential oils (thyme, clove and cinnamon)
in vapour phase against the major fungal diseases of mango
in vitro and in vivo. Thyme oil vapour (5 pL/Petri plate)
completely inhibited the mycelial growth of Colletotrichum
gloeosporioides and Lasiodiplodia theobromae under in vitro
condition. Thyme oil vapour at 66.7 uL L' significantly
reduced artificially inoculated C. gloeosporioides and
L. theobromae in mangoes for 4 days. GC/MS analysis re-
vealed thymol, eugenol and benzofuran, 3-methyl as the dom-
inant compounds in thyme, clove and cinnamon oils, respec-
tively. The activities of defence and antioxidant enzymes in-
cluding peroxidase, chitinase, phenylalanine ammonia-lyase,
[3-1,3-glucanase, catalase and superoxide dismutase were en-
hanced by thyme oil (66.7 uL L") treatment and also help to
maintain the phenolic content. Hence, postharvest thyme oil
vapour treatment may prove to be an alternative means of
controlling disease in mangoes.
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Introduction

Mango (Mangifera indica L.) is considered as a functional
tropical fruit due to its delicacy flavour, nutritional value and
health benefits and high market demand (Sivakumar et al.
2011). However, mango is highly susceptible to several dis-
eases, resulting in significant economic losses and quality de-
terioration (Tian et al. 2010). The Colletotrichum
gloeosporioides [Penz] causing anthracnose and
Lasiodiplodia theobromae [Pat] causing stem-end rot are the
most serious postharvest mango pathogens. Disease control is
attained primarily by the postharvest application of fungicides
such as prochloraz, carbendazim, thiabendazole and benomyl
(Khan et al. 2001), though continuous use of these fungicides
has resulted in the emergence of resistant strains of pathogens
and potential risks on the environment and human health
(Droby et al. 2009). Due to increasing consumer demand for
organically produced fruits, the quest for natural environmen-
tal friendly alternative products and processes has become
important for the fruit industry (Sivakumar et al. 2011).

Plant extracts, including essential oils, have been examined
as alternative measures against pathological breakdown
(Ahmed et al. 2007). Essential oils are natural volatile aroma-
tic compounds, characterized by a strong odour, and are
formed by aromatic plants as secondary metabolites. The re-
port suggests that essential oils have fungicidal properties
against postharvest diseases of tropical fruits and vegetables,
and they are also safer to the environment than synthetic fun-
gicides (Imelouane et al. 2009). The application of essential
oil in the vapour phase is preferred than in the liquid phase
owing to its volatility, which leads to better activity, requires
less amount and does not change sensory properties of food-
stuffs (Laird and Phillips 2011).

Regnier et al. (2008) reported that using essential oil of
Lippia scaberrima, rich in (d)-limonene, R-(—)-carvone and
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1,8-cineole, was an effective in vivo control measure against
two mango postharvest spoilage pathogens. Previously, it has
been also reported that some essential oils have the potential
function of enhancing antioxidant capacities in various kinds
of fruits like raspberries (Jin, Wang et al. 2012a) and straw-
berries (Shao et al. 2013) and also defence-related enzyme
activities in avocado fruits (Periyar Selvam, Sivakumar,
Soundy and Lise Korsten 2013b). However, to the best of
our knowledge, no data are available on the inhibitory effects
of thyme oil vapour against mango pathogens and no reports
on enhancing antioxidant enzyme activities by essential oils in
mango fruits.

Only little information is available on the effect of essential
oils on induced defence-related enzymes such as chitinase,
phenylalanine ammonia-lyase (PAL), 3-1,3-glucanase, perox-
idase (POD) activity and total phenols and their impact on
reactive oxygen species (ROS) metabolism (superoxide anion,
hydrogen peroxide [H,O,] and hydroxyl radical) [Wang et al.
2008] and ROS scavenging activity catalysed by enzymes
(Periyar Selvam, Sivakumar, Soundy and Lise Korsten
2013b). These enzymes are the major antioxidant enzymatic
systems for protecting cells against oxidative damage caused
by free radicals. Hence, the development of appropriate appli-
cation of essential oil treatment in the vapour phase, the effects
of essential oil vapours on disease control, defence and anti-
oxidant enzyme activity need to be investigated.

The objectives of the study were (1) to evaluate the effects of
essential oil treatment (vapour phase) against fungal mango post-
harvest pathogens such as C. gloeosporioides and L. theobromae
by in vitro; (2) to test the effects of essential oil against the
postharvest pathogens in inoculated mangoes (in vivo); and (3)
to determine the responses of defence-related enzymes (chitinase,
PAL, {3-1,3-glucanase, POD), phenolic compounds and ROS
metabolism (superoxide dismutase and catalase) in treated
mangoes (cv. Banganapalli and Totapuri).

Materials and Methods
Materials

Thyme (Thymus vulgaris), clove (Syzygium aromaticum) and
cinnamon (Cinnamomum zeylanicum) essential oils obtained
by hydrodistillation were acquired from Cyrus Enterprises,
Chennai, Tamil Nadu, India, and stored at 4 °C until further
use. Media were obtained from HiMedia, Mumbeai, India. All
chemicals and reagents were purchased from Sigma-Aldrich,
USA, and Sisco Research Laboratories, Mumbai, India.

Isolation of Pathogens

The postharvest pathogens C. gloeosporioides and
L. theobromae were isolated from equatorial and stem-end
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rot regions of the infected mango fruits, respectively. The pure
cultures were maintained in sterile potato dextrose agar (PDA)
medium at 25 °C with occasional subculturing.

In Vitro Antifungal Assay

The essential oils were evaluated for in vitro antifungal activ-
ity using the disc volatilization method (Dafarera et al. 2000;
Tzortzakis and Economakis 2007). The Petri plates (90 x 15-
mm diameter) containing the sterile PDA medium were inoc-
ulated with 6-mm diameter disc of 7-day-old culture of each
tested pathogen. To these Petri plate lids, a 6-mm diameter
sterile Whatman filter paper disc was placed using a double-
sided tape. Different volume concentrations of oils were added
onto this filter paper disc (1 to 8 pL), and plates with disc
containing sterile distilled water served as control (Arrebola
etal. 2010). The plates were sealed with parafilm immediately
to avoid vapour fuges and incubated at 25 °C for 7 days. The
radial mycelia growth of C. gloeosporioides and
L. theobromae was measured using a Vernier caliper (mm)
and denoted as percentage inhibition of radial mycelial growth
(IRMG %) using the following formula:

(de-dt) x 100

IRMG (%) = -

where dc and dt are the radial mycelial growth measurements
in control and treatments, respectively. Assays were per-
formed thrice with three replicates per treatment.

Effects of Essential Oils on Artificially
Pathogen-Inoculated Mango Fruit

Freshly harvested, unblemished mango fruit cvs. of
Banganapalli and Totapuri were acquired from a local farm
(Kattankulathur village, Chennai, India) based on uniformity
in size and colour and absence of damage and decay. The
fruits were disinfected by dipping them in 70% ethanol for
1 min, rinsed with sterilized distilled water and air-dried be-
fore wounding. Spore suspensions of the tested pathogen were
prepared by flooding 14-day-old culture with sterile distilled
water and gently rubbing with a glass rod. The suspension was
filtered through a muslin cloth for the removal of mycelial
fragment, and it was adjusted to 1 x 10® spores L' using a
haemocytometer.

Following which, the fruits were wounded uniformly
(2 mm deep and 6 mm wide) with a sterile cork borer at three
adjacent places on stem-end region and three adjacent wounds
on equatorial region. The spore suspension (20 uL) of
C. gloeosporioides (10° spores L™") was inoculated at the
equatorial region and L. theobromae (10° spores L") at the
stem-end region and was left to air-dry. After inoculation, the
fruits were placed in 27 x 19.5 X 9-cm boxes. Petri plate
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containing a Whatman no. 1 filter paper (35-mm diameter)
was placed inside the box (90% RH) containing the inoculated
fruits, and the corresponding essential oil was spotted on the
sterile filter paper. The specific volume concentrations of es-
sential oils: thyme (16.7, 33.3 and 66.7 puL/L), clove (26.7,
53.33 and 106 pL/L) and cinnamon (26.7, 53.33 and 106 pL/
L) were calculated according to the volume of the box. The
boxes were tightly closed with lid immediately after loading
the essential oil to avoid vapour fuges. The untreated fruits
were used as control, and commercial fungicide carbendazim-
treated (0.05% for 5-min dip) fruits were used as a positive
control. One set of fruits was opened on day 4 and another set
on day 6. The experiment was done twice with 12 replicate
fruits per specific essential oil for each volume concentration.
Fungal growth was recorded on days 4 and 6. The severity of
disease in the inoculated fruits was measured, and the results
were expressed as lesion diameter in millimetre. The average
was calculated from all the wounds [24 fruits x 3 (3 wounds
per fruit per pathogen)]. The disease incidence was calculated
according to Xing et al. (2010) using the following equation:

Number of infected wounds

Disease incidence (%) = :
(%) Total no of inoculated wounds

x 100

Determination of Defence Response-Related Enzymes
and Total Phenolic Content in Treated Mango Fruits

Fruit exposed to 66.7 uL/L thyme oil and 106 nuL/L clove and
cinnamon oil vapour treatments were subjected to the analysis
of enzyme activity (PAL, 3-1, 3-glucanase, chitinase, POD,
superoxide dismutase (SOD), catalase (CAT)) and total phe-
nolic content. Sample preparation for the determination of
enzyme activity: 1 g of fruit tissue samples from 15 fruits were
collected (2 mm away from the wound) and homogenized
with specific chilled buffers using a mortar and pestle. The
resulting suspension was centrifuged at 15,000xg for 30 min
at 4 °C, and a supernatant was used to determine the enzyme
activity. For the measurement of POD and CAT activities,
sodium phosphate buffer (100 mM, pH 7.0) was used whereas
sodium phosphate buffer (100 mM, pH 7.8) was used for SOD
activity determination. For chitinase and (3-1,3-glucanase, the
samples were extracted with 50 mM sodium acetate buffer
(pH 5.0). The PAL activity was assayed using borate buffer
(100 mM, pH 8.8) having 5 mM (-mercaptoethanol and
2 mM EDTA.

PAL (EC 4.3.1.5) activity was estimated according to Assis
et al. (2001), with minor modification following Periyar
Selvam, Sivakumar, Soundy and Lise Korsten (2013b). The
75 uL of enzyme extract was incubated with 150 pL of
50 mM borate buffer (pH 8.8) consisting of 20 mM L-phenyl-
alanine for 60 min at 37 °C. The enzyme reaction was stopped

by adding 75 1L of 1 M HCI after incubation time. The pro-
duction of cinnamate was measured at 290 nm (Multiskan GO
Microplate Reader, Thermo Scientific, Finland). Specific en-
zyme activity (U) was defined as the nanomolar amount of
cinnamic acid produced per milligram of protein in 1 min,
U mg ' protein.

The activity of 3-1,3-glucanase (EC 3.2.1.39) was assayed,
following the method of Abeles et al. (1971) with a slight
modification reported by Periyar Selvam, Sivakumar,
Soundy and Lise Korsten (2013b). The enzyme extract
(100 puL) was added to equal volume of 2% (w/v) laminarin
(Sigma-Aldrich, USA) and incubated at 40 °C for 24 h. Then,
25 pL 3,5-dinitrosalicylic reagent was added and mixtures
were heated in boiling water for 5 min to stop the reaction.
The amount of reducing sugar released from the substrate
laminarin was recorded at 540 nm (Multiskan GO
Microplate Reader, Thermo Scientific, Finland). Enzyme ac-
tivity was expressed in units: one unit was defined as the
amount of enzyme required to catalyse the formation of mi-
cromolar amount of glucose equivalent per milligram of pro-
tein in 1 min, U mg ' protein.

The activity of chitinase (EC 3.2.1.14) was analysed ac-
cording to Abeles et al. (1971) with slight modification. The
reaction mixture contained 125 uL of 2% (w/v) dye-labelled
chitin azure (Sigma-Aldrich, USA) in 50 mM sodium acetate
buffer (pH 5.0) and 600 uL of enzyme extract and incubated at
40 °C for 120 min. The reaction was terminated by adding
25 uL of 1 M HCl after the incubation period. The supernatant
of the sample was measured at 550 nm (Multiskan GO
Microplate Reader, Thermo Scientific, Finland). One unit
was denoted as the amount of enzyme needed to mediate the
formation of a nanomolar amount of product per milligram of
protein in 1 min, U mg ' protein.

POD (EC 1.11.1.7) activity was determined by following
the Jiang et al. (2002) method with some modifications report-
ed by Periyar Selvam, Sivakumar, Soundy and Lise Korsten
(2013b). Thirty-six microlitres of enzyme extract was added
to 144 uL buffered substrate (100 mM sodium phosphate,
pH 7.0, and 20 mM guaiacol) and incubated for 5 min at
30 °C. Thereafter, 72 uL of H,O, (100 mM) was added and
the increase in absorbance was recorded at 460 nm for 2 min
(Multiskan GO Microplate Reader, Thermo Scientific,
Finland). One unit of POD enzyme activity was expressed
as the amount of enzyme that causes a change in absorbance
per milligram of protein per minute, U mg ' protein.

Total Phenolic Content Analysis

The fruit samples were extracted with acetone/water (1:1), and
the total phenolic content was determined by the Singleton
et al. (1999) method with slight modification. The sample
extract (9 pL) and Folin-Ciocalteu reagent (109 uL) were
added to the microtiter plate well and incubated for 3 min.
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Thereafter, 180 puL of sodium carbonate (7.5%) solution was
added to each well and incubated at 50 °C for 5 min. The
absorbance was measured at 760 nm (Multiskan GO
Microplate Reader, Thermo Scientific, Finland). Gallic acid
was used as standard, and the results were expressed as milli-
gram of gallic acid equivalent per gram of fruit (mg/g).

Determination of Antioxidant Enzyme Activities

CAT (EC 1.11.1.6) activity was estimated by the Beers and
Sizer (1952) method with a slight modification shown by
Periyar Selvam, Sivakumar, Soundy and Lise Korsten
(2013b). The reaction mixture comprised 150 pL sodium
phosphate buffer (100 mM, pH 7.0), 50 uL of H,O,
(100 mM) and 50 uL of enzyme extract. The decomposition
of hydrogen peroxide was recorded at 240 nm (Multiskan GO
Microplate Reader, Thermo Scientific, Finland). The activity
of enzyme was expressed as units per milligram of protein per
minute, U mg ' protein. One unit was defined as the amount
of catalase required to convert 1 pmol of H,O, min L.

SOD (EC 1.15.1.1) activity was determined according to
the Constantine and Stanley (1977) method with minor mod-
ification reported by Periyar Selvam, Sivakumar, Soundy and
Lise Korsten (2013b). The reaction mixture (200 puL) consists
of 100 mM sodium phosphate buffer (pH 7.8), methionine
(13 mM), 75 uM of nitroblue tetrazolium (NBT), EDTA
(10 uM), riboflavin (2 uM) and 100 uL of enzyme extract.
The mixture was illuminated using a fluorescent lamp
(60 pmol m 2 s~ ') for 10 min, and the absorbance was noted
at 560 nm (Multiskan GO Microplate Reader, Thermo
Scientific, Finland). Identical solutions were kept under the

&

i -8 Thyme oll

105 - o=Clove oil
—A— Cinnamon oil

100 4 7’/1 —l—l7
05 ] . 4

90 ] "
85 4
804 /
75 &
70] " ' 7

] x

65

60 -/

55 4 i /
] ¥
45.: . /

40
3]

inhibition of C. g/loeosporioides (%)

Volume concentration of Essential oil (uL/ Petriplate)

1 1 ] 1 1 1 1 1 1

dark which served as a blank. The activity of enzyme was
expressed as units per milligram of protein, U mg ™" protein
where one unit of SOD activity was stated as the amount of
enzyme that caused 50% inhibition of NBT. All the enzyme
assays were carried out for each treatment in triplicates per
sample.

The total protein content of the enzyme extracts was esti-
mated according to the dye-binding method of Bradford
(1976), and bovine serum albumin (BSA) was used as a
standard.

Statistical Analysis

An entirely randomized design was adopted, and the data were
analysed by ANOVA using SPSS v.19.0 (SPSS Inc., Chicago,
IL, USA). The mean values were compared by Duncan’s HSD
test at p < 0.05.

Result and Discussion
In Vitro Antifungal Assay

The antifungal activities of different amounts of tested essential
oils after 7 days of incubation are depicted in Fig. la, b. The
obtained results revealed that the type of essential oil and its
different volume concentrations significantly affect the mycelial
growth (p < 0.05) of C. gloeosporioides and L. theobromae.
Thyme oil completely (100%) inhibited the mycelial growth at
a volume concentration of 5 ul/Petri plate (Fig. 2a, b), while
8 uL/Petri plate volume concentration of clove and cinnamon
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Fig. 1 Effect of essential oils against mango postharvest pathogens in in vitro condition. a Percentage inhibition of radial mycelial growth of
Colletotrichum gloeosporioides. b Percentage inhibition of Lasiodiplodia theobromae. Vertical bars represent the standard error of the mean
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Fig. 2 a In vitro studies- a
C. gloeosporioides. b In vitro
studies-L. theobromae

b

Control

oils were needed. Thyme essential oil was most effective in
inhibiting the evaluated pathogens. Similar results were report-
ed previously for thyme oil exerting potent antifungal activity
against avocado and peach postharvest pathogens (Periyar
Selvam, Sivakumar and Soundy 2013a; Elshafie et al. 2015).
Bosquez-Monila et al. (2010) reported that 0.06% thyme oil
inhibited C. gloeosporioides with a slight rate of growth in food
poison technique. However, in our investigation, 5 pL/Petri
plate thyme oil showed complete inhibition of
C. gloeosporioides in the vapour phase method (Fig. 1a).
Hence, our study supports the previous evidence that the vapour
phase shows greater efficiency than when applied by direct
addition as large amount is needed in biological effect than in
gaseous form (Laird and Phillips 2011). Similarly, in our pre-
vious work, thyme oil vapour (5 pL/Petri plate) showed com-
plete inhibition against C. gloeosporioides and L. theobromae
isolated from mango (Anand Babu et al. 2016). The antimicro-
bial mechanism or mode of action of essential oils may be due
to their direct inhibitory effect on pathogen growth, spore ger-
mination (Arrebola et al. 2010), disruption of cellular mem-
brane and cellular metabolism, which leads to cell death
(Ultee et al. 1999).

Control

In vitro studies - C. gloeosporioides

In vitro studies - L. theobromae

Thyme oil

Essential Oil Composition

GC-MS analysis revealed a prevalence of aromatic monoter-
penes: thymol (23.88%) and o-cymol (23.88%), aliphatic
monoterpene: terpinolene (23.88%) and cyclic monoterpene:
[3-pinene (7.83%) as major components in thyme oil. These
compounds are common in plant essential oil and are attrib-
uted to provide them various biological properties such as
antimicrobial activity (Bill et al. 2014). The composition of
essential oil is similar with the earlier report suggested by
Asllani and Toska (2011) where thyme oil of Elbasan region
showed the presence of thymol (32.02%). Variation in essen-
tial oil components may be influenced by geographical vari-
ables, harvesting time, extraction process and quantification
conditions (Burt 2004; Gende et al. 2010). Predominant com-
ponents of clove oil were eugenol (37.42%), phenol, 2-
methoxy-3-[2-propenyl] (29.33%) and caryophyllene
(16.15%). Similarly, the main constituents of cinnamon oil
were benzofuran, 3-methyl, caryophyllene, curcumene,
cinnamyl acetate and linalool in the proportion of 17.97,
13.34, 12.85, 12.29 and 11.04%, respectively, which mainly
attribute the antimicrobial activity of these essential oils.

@ Springer



1136

Food Bioprocess Technol (2017) 10:1131-1141

Effect of Essential Oil Vapours on Artificially Infected
Mangoes

All treated mango fruits showed significant (p < 0.05)
inhibition of decay when compared to the control fruits
(Tables 1 and 2). The incidence and severity of disease
caused by C. gloeosporioides and L. theobromae in both
cultivars of mango fruits decreased by increasing the
volume concentration of essential oils. Even though,
clove and cinnamon oils (106 pL/L) showed significant
(p < 0.05) reduction of infection, thyme oil at 66.7 uL/L
showed highest reduction in disease incidence and sever-
ity of anthracnose and stem-end rot (Fig. 3a, b), which
increased with incubation time (Tables 1 and 2). It is
notable that thyme oil (66.7 pL/L) showed prominent
control on anthracnose and stem-end rot disease than
the commercial treatment (carbendazim 0.05% for 5-
min dip) in both the mango cultivars after day 4
(Tables 1 and 2).

Inoculated fruits exposed to all postharvest treatments
showed an increase in disease incidence on day 6. Thyme
oil (66.7 uL/L) treatment showed significantly (p < 0.05)
more effects on postharvest diseases in both Banganapalli
and Totapuri fruits than other treatments including
carbendazim treatment on day 6 (Tables 1 and 2). This
result is consistent with the earlier studies which empha-
sized on the action of thyme oil against postharvest decay
in apricot and plum (Liu et al. 2002). The inhibitory

Table 1
(cv. Banganapalli and Totapuri)

activity of thyme oil against fungal pathogens observed
under vapour treatments could be due to hydroxyl groups
in antimicrobial components forming hydrogen bonds
with active enzymes resulting in deactivation and affect-
ing the biosynthesis of mycotoxins (Juglal et al. 2002).
The advantage of vapour phase treatment over solution
treatment is that the microbial growth and sporulation
could be inhibited by low volume concentration of essen-
tial oil. The amount of essential oil vapour and its dura-
tion time are the important factors in the inhibition of the
growth of pathogens by essential oils. The present study
confirmed the effects of thymol which showed significant
(p < 0.05) inhibition against the postharvest pathogen in
mango fruits and supports previous evidence that
monoterpenoid phenols have a broad-spectrum antimicro-
bial activity (Davidson and Naidu 2000).

Effect of Essential Oils on PAL, 3-1,3-Glucanase,
Chitinase and POD Activity

Among all the essential oil treatments and carbendazim
treatment, thyme oil vapour (66.7 pL/L) significantly
(p < 0.05) induced the PAL enzyme activity on day 4
and after which it decreased gradually (Table 3).
However, higher PAL enzyme activity was observed in
Totapuri when compared to Banganapalli, but the thyme
oil (66.7 uL/L) induced PAL activity in Banganapalli was
almost similar to that of carbendazim. (3-1,3-Glucanase

Effect of essential oils on incidence and severity of anthracnose disease on fourth and sixth day incubations in artificially infected mango fruits

Treatment Volume Incidence of anthracnose (%) Severity of anthracnose (lesion diameter in mm)
concentration
(uL/L) Day 4 Day 6 Day 4 Day 6
Banganapalli Totapuri Banganapalli Totapuri Banganapalli Totapuri Banganapalli  Totapuri
Thymeoil 167 uL/L  5894+08" 559068 7502+03" 7242+08" 1525+09" 12.94+0.7° 1921+06" 16.11+04°
Thyme oil 333 uL/L  3927+0.6° 3449+1¢  5213+0.8° 49.63+02° 1147+02% 972+0.6° 12.63+02% 10.84+0.1°
Thymeoil ~ 66.7 uL/L  11.57+£03* 11.51£02* 17.36+0.7° 162+0.6* 7.12+0.1° 630+0.1*° 859+0.1* 7.94=0.1°
Clove oil 267 ulL/L  69.13+£03" 62.15+0.5" 8378+02' 80.53+03 183+05% 1597+03"7 2051+1.12 1892+03°
Clove oil 533 uL/L  46.61 £02% 4297+0.4" 6132+03% 57.81+04% 1145+02% 1045+02% 16.76+0.1° 15.89+0.2°
Clove oil 106 uL/L 17.56 £ 0.3° 1542 +02° 209+1° 19.94+0.1° 8.15+04° 86+02° 11.81+0.1° 10.84+0.2°
Cinnamon 267 uL/L  7223+05 70.69+0.7 8436+0.8 79.41+02" 193+02" 1624+0.17 23.84+03" 2099 +0.5
oil
Cinnamon 533 pL/L 4356 +03" 39.03+0.6° 59.06+127 53.95+0.6% 1238+03° 1045+02% 19.55+03" 17.83+0.1¢
oil
Cinnamon 106 pL/L 2238+029 18.59+0.3° 2658+02¢ 2347+04Y 9.09+0.1° 862+02° 11.08+04° 11.06+02°
oil
Carbendazim 0.05% 1581 £03% 14.62+0.5° 1946+02° 18.07+0.6° 825+0.1" 6.59+0.6° 925+02* 7.73+0.5
Untreated ~ — 88.17+04% 9270+ 1.1 100+0! 100 + 0¢ 22.65+0.5 24+0.12 28.01 +£04" 26.83 +0.48
control

Values in the table are denoted as mean + standard deviation (n = 72). Different letters indicate significant difference (p < 0.05) analysed by Duncan’s

multiple range test
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Table 2 Effect of essential oils on incidence and severity of stem-end rot disease on fourth and sixth day incubations in artificially infected mango
fruits (cv. Banganapalli and Totapuri)

Treatment Volume Incidence of stem-end rot (%) Severity of stem-end rot (lesion diameter in mm)
concentration
(uL/L) Day 4 Day 6 Day 4 Day 6
Banganapalli Totapuri Banganapalli Totapuri Banganapalli Totapuri Banganapalli Totapuri
Thyme oil  16.7 uL/L 5231404 4973 +0.1" 69.27+0.8" 63.34+03" 13.16+0.8¢ 10.71 £0.2° 16.53+0.3% 14.64 +0.3¢
Thyme oil ~ 33.3 pL/L 3552+ 0.9° 30.57+04° 50.1+04° 47.82+02" 997+0.8° 831+02% 11.92+0.6° 10.61+0.3°
Thyme oil ~ 66.7 pL/L 8.64+03" 846+02" 1352+02% 1192+07* 537+03" 458+04* 739+02" 642+04°
Clove oil 26.7 uL/L 6329+ 041 559+09 7951+08 67.66+04" 147+02° 1332+02%8 18.65+03° 16.97+0.2°
Clove oil 533 ulL/L 41.67+03" 38.63+02% 57.62+0.7% 4627+0.1° 1034+05° 853+03% 12.51+02° 10.54+02°
Clove oil 106 pL/L 1359 +£0.5° 12.36+05° 1935+0.1° 16.69+0.6° 7.7+02°  638+02° 10.14+05° 9.173+04°
Cinnamon  26.7 pL/L 677709 6533+06 8251+03 7558+03" 1529+0.5° 14.96+05" 2028 +0.5" 19.55+0.2"
oil
Cinnamon  53.3 pL/L 4291 +03% 3628+02" 5481 +0.1"7 51.44+1.1% 1056+0.5° 9.55+0.1° 1644+0.7¢ 14.83+0.49
oil
Cinnamon 106 pL/L 1856 £02% 1691 +09¢ 23.18+0.6° 21.76+02% 847+0.1° 737+02° 10.56+03% 9.61+0.1°
oil
Carbendazim 0.05% 1135£04° 937+02° 1627+03% 13.62+03% 543+02° 464+04" 7.66+04* 636+02°
Untreated ~ — 83.16 £ 0.6 89.2+0.6 100+ 0" 100 + 0K 22714070 22.02+08 2824+0.7% 27.12+0.7%
control

Values in the table is denoted as mean =+ standard deviation (n = 72). Different letters indicate significant difference (p < 0.05) analysed by Duncan’s

multiple range test

activity increased significantly in inoculated Totapuri and
Banganapalli, exposed to thyme (66.7 uL/L) and
carbendazim (0.05%) on day 4, which then gradually
decreased (Table 3), though higher activity was observed
in Totapuri fruits. Clove (106 uL/L) and cinnamon oils
(106 puL/L) also exhibited a significant induction of
enzyme activity but lower than thyme oil vapour treat-
ment. Chitinase activity was significantly higher in
Totapuri fruits when exposed to thyme oil vapour
(66.7 uL/L) than carbendazim (0.05%) or other treated
fruits (Table 3). Banganapalli showed lower chitinase
activity when compared to Totapuri fruits in the presence
of thyme oil vapour (66.7 uL/L). Conversely, higher
chitinase activity was observed in Banganapalli exposed
to thyme oil (66.7 uL/L) when compared to other
treatments. These results are in agreement with the find-
ings of Periyar Selvam, Sivakumar, Soundy and Lise
Korsten (2013b) who reported that thyme oil vapour
induced chitinase and f3-1,3-glucanase activity in avocado
fruits. -1,3-Glucanase belongs to the PR-8 family;
pathogenesis-related (PR) proteins have potential defence
mechanisms against fungal infection, which degrade the
pathogen cell wall directly or by releasing oligosaccharide
elicitors of defence reactions indirectly (Zhao et al. 2008).
Chitinase belonging to the PR-2 family can also degrade
chitin, a component of the pathogen cell wall.

POD exhibited significantly higher activity in thyme
oil (66.7 uL/L) and carbendazim (0.05%) treated mango

fruits when compared to other oil-treated and oil-untreated
control fruits (Table 3) on day 4, which increased gradu-
ally till day 6 except untreated control. However, POD
activity was higher in Banganapalli fruits exposed to all
treatments including untreated control when compared to
Totapuri. It is evident from this research that the thyme oil
treatment (66.7 uL/L) enhanced the defence response-
related enzyme activities. POD is involved in various pro-
cesses associated with cell wall reinforcement, including
oxidation of phenols and lignification (Brisson et al.
1994). Previous researchers have demonstrated the rela-
tionship between the higher activity of chitinase and (3-
1,3-glucanase and stimulated disease resistance against
postharvest decay (Mauch et al. 1988). Our results clearly
state that thyme oil (66.7 uL/L) treatment can induce the
activities of POD, PAL, {3-1,3-glucanase and chitinase,
which plays a significant role in disease resistance in
mango fruits. The constitutive increases in antioxidant
titre (enzymatic and non-enzymatic) in tissues may be
due to the activity of essential oils as “signalling
molecules”. It is possible that different methods of appli-
cation indicate varied results and different fruit crops re-
spond differently to the treatments.

Effect of Essential Oils on Total Phenolic Content

Total phenolic content was higher in infected Totapuri
fruits when compared to infected Banganapalli fruits,
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Fig. 3 a In vivo- cv. Banganapalli. b In vivo- cv. Totapuri

when subjected to different treatments on day 4 of

storage, which then declined gradually (Table 3).
Furthermore, the application of thyme oil (66.7 uL/L)
treatment helped to maintain the total phenolic content
in infected mango fruits than carbendazim-treated fruits
during the incubation period. Clove (106 pL/L) and
cinnamon oils (106 pL/L) also maintained the total phe-

nolic content when compared to untreated control fruits.

Phenolic compounds play a significant role in scaveng-

ing free radicals. Thus, these compounds may help to
protect cells against the oxidative damage caused by
free radicals (Zhang et al. 2008). PAL is the primary

enzyme involved in the biosynthesis of active metabo-

[enuass? J0 109 € dqeL

lites such as phenols, tannin and lignin (Singh et al.

2010). The current study indicates that the increasing
activity of both phenolic content and PAL occurred
concurrently, and similar findings were reported in

strawberry (Shao et al. 2013).
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Fig. 4 Effect of essential oil
treatment on antioxidant enzyme
activities (superoxide dismutase)
in artificially pathogen-inoculated
mango fruit cvs. Banganapalli
and Totapuri. a Day 4. b Day 6.
Different letters indicate
significant difference (p < 0.05)
analysed by Duncan’s multiple
range test

Day-4

100 4

SOD activity (U mg™ protein)
s 3 S

~
=3
2

N NN

Volume concentration of Essential oil (4L /L)

Effect of Essential Oils on Antioxidant Enzymes

The influence of thyme oil treatment (66.7 uL/L) on SOD
activity was significantly (p < 0.05) higher among all the
treatments (Fig. 4). The fruits exposed to different post-
harvest treatments exhibited a slight increase in SOD ac-
tivity on day 4, and a slight decrease in activity was ob-
served on day 6. Thyme oil (66.7 uL/L) and carbendazim
(0.05%)-treated Totapuri fruits showed increased SOD ac-
tivity than the Banganapalli cultivar, when compared to
clove (106 pL/L), cinnamon (106 pL/L) and untreated
control fruits. Banganapalli fruits subjected to thyme oil
(66.7 uL/L) treatment showed increased SOD activity,
which was almost similar to carbendazim (0.05%) treat-
ment. SOD contains metal-binding motifs that mediate the
dismutation reaction of O,- into H,O,, and the CAT con-
verts H,O, to O, and H,O (Gill and Tuteja 2010). Our
results indicate that mango fruits exposed to essential oils

B3 ov. Banganapalli
£ cv. Totapuri

Control Carbendazim Thyme 66.7 Clove 106 Cinnamon 106

E= ov. Banganapalli

140+ S cv. Totapuri

Day- 6

oo
2=

60

SOD activity (U mg™” protein)
S

Control  Carbendazim Thyme 66.7 Clove 106 Cinnamon 106
Volume concentration of Essential oil (uL /L)

had increased antioxidant enzyme activities (SOD and
CAT) than the control without treatment, which is concor-
dant with the findings suggested by Bill et al. (2014).
Thymol or eugenol essential oil components could induce
constitutive increases in the antioxidants of plant tissues,
including enzymatic and non-enzymatic systems (Jin, Wu
et al. 2012b). Hence, it may be concluded that the fruits
subjected to thyme oil (66.7 uL/L) treatment enhanced the
antioxidant mechanism or secondary metabolites, which
triggers the antioxidant capacity and free radical scaveng-
ing activity. CAT enzyme activity also showed similar
trend as SOD, where thyme oil (66.7 puL/L) and
carbendazim (0.05%) treatment enhanced the enzyme
activity in both Totapuri and Banganapalli fruits than
those of the control and other treated fruits on day 4 and
declining on day 6 (Fig. 5). However, thyme oil (66.7 nL/
L)-treated Totapuri fruits showed higher CAT activity than
Banganapalli. Hence, all treatments significantly

Fig. 5 Effect of essential oil a @@ cv. Banganapalli | b EEEH cv. Banganapalli
treatment on antioxidant enzyme Day-4 £Jcv. Totapuri Day- 6
activities (catalase) in artificially 304 f f 9
pathogen-inoculated mango fruit - § " 3 281 ] 7 !
cvs. Banganapalli and Totapuri. a 5 25 % 7
Day 4. b Day 6. Different letters £ 3 § :‘
indicate significant difference T 204 2
(p < 0.05) analysed by Duncan’s g 5
multiple range test. Vertical bars 2 s E
represent the standard error of the g %
mean T 104 it

e <

< (8}

O 054

0.0 4 L

Volume concentration of Essential oil (uL /L)

Control Carbendazim Thyme 66.7 Clove 106 Cinnamon 10

Volume concentration of Essential oil (pL /L)
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(p < 0.05) enhanced the activities of antioxidant enzymes
in mango fruits compared to untreated control fruits. In
our investigation, we observed that thymol showed higher
impact on antioxidant enzyme activities, which concur to
the previous findings of Jin et al. (2012a, b) and Periyar
Selvam, Sivakumar, Soundy and Lise Korsten (2013b),
where the essential oils induced the antioxidant enzyme
activities in raspberry, bayberry and avocado fruits,
respectively.

Conclusion

Our findings suggest that the application of thyme oil
(66.7 uL/L) significantly reduced the disease incidence
and severity of anthracnose and stem-end rot caused by
C. gloeosporioides and L. theobromae than cinnamon
(106 uL/L) and clove (106 pnL/L) in both the mango cul-
tivars. However, the effectiveness of thyme oil (66.7 pL/
L) on the anthracnose and stem-end rot decay control was
greater in Totapuri fruits than in Banganapalli fruits. This
correlated with the enhanced activity of antioxidant and
defence enzymes, higher levels of phenolic content and
resistance of fruit tissue against infection during storage
in Totapuri fruits. It is evident from our experiment that
the effect of thyme oil vapour treatment differs among
cultivars. Further investigation needs to be carried out in
the future in naturally infected fruits in order to offer an
effective decay control measure to the organic mango fruit
industry. Due to its lesser price, thyme oil could be re-
ported as cost-effective for commercial application.
Thyme oil fumigation treatment can be considered as a
better alternative treatment due to the low volume concen-
tration used in anthracnose and stem end rot decay con-
trol. Thus, these essential oils have the great potential to
preserve the quality and safety of fresh produce.
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