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Abstract The study investigated the effects of fludiox-
onil (FLU) on the postharvest quality of pomegranate fruit
(cv. Wonderful). Fruits were dipped in FLU concentrations
(control, 150, 300 and 600 mg/L) and stored for 4 months at
5°C and 90-95% relative humidity (RH) plus an additional
4 days at 20°C and 65% RH. Effects of FLU were evalu-
ated on physiological responses, quality and sensory attrib-
utes. Results showed that fruit weight loss and decay inci-
dence were reduced by FLU treatment, with fruit treated
with 600 mg/L concentration showing the best results.
Fruit respiration rate was more influenced by storage dura-
tion than FLU concentration. The severity and occurrence
of physiological disorders increased with storage duration
but were more pronounced in fruits treated with FLU. Stor-
age duration influenced fruit colour whereas aril colour was
affected by FLU concentration. Untreated fruit showed bet-
ter aril redness and chroma although treated fruit also had
acceptable red colour. Chemical quality attributes of fruit
juice were not significantly affected by FLU concentrations.
Fruit treated with FLU had significantly (p <0.05) higher
total phenolic content during storage although lower ascor-
bic acid content was observed compared to untreated fruit.
Treating fruit with FLU resulted in better sensory attributes
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with regards to crispness, juiciness and sweetness. Overall,
this study showed that fruit treated with FLU at 600 mg/L
had the best quality with respect to decay incidence, weight
loss, total phenolics and sensory attributes.
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Abbreviations

FLU Fludioxonil

BMC Benzimidazole carbamate
TBZ Thiabendazole

US E.P.A United States Environment Protection Agency
Al Active ingredient

SE Standard error

TA Titratable acidity

TSS Total soluble solids

MPA Metaphosphoric acid

CI Chilling injury

AA Ascorbic acid

GAE Gallic acid equivalent

Introduction

Pomegranate (Punica granatum L.) is a non-climacteric
fruit and is an important horticultural crop in many tropical
and subtropical regions of the world [1]. The edible por-
tion of the fruit is comprised of arils that can be consumed
fresh, as juice or used as flavouring and colouring agents [2,
3]. The fruit juice is high in sugars, vitamins, organic acids,
polysaccharides, polyphenols and essential minerals [4].
Pomegranate fruit has recently captured consumer inter-
est because of its reported beneficial health properties [5].
Several researchers have reported the chemo-preventative,
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anti-inflammatory and antibacterial properties of pome-
granate fruit (and its derived products), which have been
attributed to its high antioxidant capacity [3, 6, 7]. Ben-
eficial properties of pomegranates against atherosclero-
sis, certain cancers and other degenerative diseases have
also been reported [8, 9]. One of the challenges limiting
the use of pomegranates is the limited postharvest life.
When the fruit is stored under ambient conditions, stor-
age life is limited to only a few weeks and therefore cold
storage is recommended, with temperatures between 0 and
10°C depending on cultivar [5]. At the same time, relative
humidity during storage should be maintained at 90-95%
to prevent desiccation of the skin because the fruit is very
prone to moisture loss [5, 10]. However, high humidity
promotes the growth of micro-organisms and enhances
fruit decay [11]. Fruit decay is a major cause of posthar-
vest loss during storage of pomegranate fruit. The major
postharvest decay diseases during fruit storage include grey
mould—caused by Botrytis cinerea (which develops under
the recommended storage conditions of 5-8 °C and 90-95%
RH), heart rot — caused by Aspergillus niger and Alternaria
ssp., and Penicillium rot — caused by different species of
Penicillium, including P. digitatum and P. implicatum [1,
12]. To reduce the incidence of fruit decay, fungicides are
used both as preharvest and postharvest treatments of fruit.
Preharvest fungicides include fenhexamid, azoxystrobin
and tebuconazole [13] and postharvest fungicides include
methyl 2-benzimidazole carbamate (BMC), thiabendazole
(TBZ) and fludioxonil (FLU), among others [14].

A shift in interest to naturally occurring compounds as
antimicrobial agents or as components for chemical synthe-
sis of new active ingredients, together with the understand-
ing of their structures and properties, has motivated the
synthesis of new broad spectrum “natural mimetic” fungi-
cides that have different mechanisms of action from previ-
ously registered ones [15, 16]. To cope with problems asso-
ciated with resistance development to ‘older fungicides’ by
current and emerging fungal pathogens, a number of novel
fungicides have been developed for horticultural crops [15].
Among these is fludioxonil, a broad-spectrum fungicide
with a different mode of action compared to older regis-
tered chemicals [13]. Fludioxonil, together with pyrimeth-
anil and azoxystrobin were categorised as reduced-risk
compounds by the United States Environment Protection
Agency (US E.P.A) [17]. This indicates that they have more
advantageous properties compared to old fungicides and
have extensively been assessed for control of green mould
in California [17]. Fludioxonil is a synthetic analogue of
pyrrolnitrin belonging to the class of phenylpyrroles and is
considered a reduced risk pesticide by the US E.P.A [11,
18]. Fludioxonil inhibits spore germination, germ tube
elongation, and mycelium growth of B. cinerea and induces
morphological alterations of germ tubes [18]. The mode of
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action is by inhibition of the transport-associated phospho-
rylation of glucose and the prevention of glycerol synthesis
[19, 20]. Fludioxonil has been used as postharvest treat-
ment for stone fruit, pome fruit, pomegranates, kiwi fruit,
and citrus [20]. Developed in the mid-1900s to control Bot-
ryrtis cinereas in viticulture, it is also highly effective on a
large number of pathogens, including Botrytis spp., Penicil-
lium spp., Monilia spp., Alternaria spp, Sclerotinia ssp [11,
18]. Although the application of fludioxonil has been stud-
ied on pomegranate [11, 21], these studies majorly focused
on control of fungal pathogens and decay incidence, as well
as crop residue levels. There is limited information on the
sole influence of FLU concentrations on the postharvest
quality of pomegranate fruit, a factor that may affect the
sensory and antioxidant property of fruit [22]. In addition,
the different cultivars used from different climatic regions
in previous studies may also influence the response of
fruit to the chemical. Therefore, the aim of this study was
to evaluate the effects of treating harvested whole pome-
granate fruit with different concentrations of fludioxonil on
the physiological response, physico-chemical and sensory
quality attributes, and antioxidant properties.

Materials and methods
Plant material and chemicals

Pomegranate fruit (cv. Wonderful) were handpicked dur-
ing commercial harvest from Heinrich F.R. Schaefer (HFR)
farm in the Western Cape (33°44"26.185”S 18°44'41.193"E)
in South Africa and transported in a well-ventilated vehicle
to the Postharvest Technology and Research Laboratory at
Stellenbosch University. Fruits were selected based on uni-
form size and colour, and absence of physical damage such
as cracks, sunburn and bruises.

The fungicide was a commercial formulation of FLU
(Scholar®, Syngenta, South Africa) containing 23% active
ingredient (AI).

Treatments

Upon arrival at the laboratory, fruits were divided into four
different treatment groups, each comprised of 108 fruits.
Treatments were performed by dipping a batch of fruits in
15 L of scholar solution (Al 23% fludioxonil). The four
applied treatments were:

Control: immersion in water.

Immersion in 150 mg/L fludioxonil.
Immersion in 300 mg/L fludioxonil.
Immersion in 600 mg/L fludioxonil.
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After immersion of each batch for 2 min, fruit surface
was left to thoroughly dry at ambient room conditions
(20+2°C and 65+5% RH) for 12 h before transfer to cold
storage (5 +0.7°C and 95 +2% RH).

Packaging and storage

Fruits were packed inside commercial ventilated cartons
(0.4 m long, 0.3 m wide and 0.133 m high) used for post-
harvest handling of pomegranate fruit and put in cold
storage for 4 months. Each treatment comprised 108 fruits
and packaged according to industry practice, each carton
contained 12 fruits and a total of 9 cartons per treatment.
Temperature and relative humidity within the cold room
was recorded daily using Tiny Tag TV-4500 data loggers
(Gemini Data Logger, Sussex, UK). At the end of cold
storage, a batch of fruits (n=10) from each treatment
was placed under ambient storage (20-24 °C and 65-70%
RH) for a 4-day period to simulate reasonable retail sale
period. Fruits were then analysed for incidence of physi-
ological disorders, physico-chemical, sensory and phyto-
chemical properties after cold storage and shelf life. Ten
fruits were randomly selected from 9 cartons at each stor-
age interval. Data collected from ten randomly selected
fruits were used for statistical analysis (n=10). Measure-
ment of all parameters was carried out on a monthly inter-
val and results were presented as mean + standard error
(SE).

Fruit respiration rate and physiological disorders
Respiration rate

Fruit respiration was measured using a closed system as
described by Caleb et al. [23]. In five replicates, two fruits
of known weight were placed in a glass jar containing a
rubber septum. The jar was sealed hermetically with vase-
line to ensure a vacuum seal. Fruits were incubated for 2 h
at 20°C then gas composition inside each glass jar was
measured using a calibrated O,/CO, analyser (Checkmate
3, PBI Dansensor, Ringstead, Denmark). Carbon diox-
ide production was presented as mL CO, kg~'h~! of five
determinations.

Weight loss

Ten randomly selected fruits per treatment were used for
this purpose. Fruits were weighed individually at monthly
intervals during storage using an electronic scale (Met-
tler, Toledo, Switzerland, 0.0001 g accuracy). Cumulative
weight loss of each fruit was calculated as:

W = [(W, —=W)/W,] x 100 (1)

where W is the cumulative weight loss (%) of fruit; Wo is
the weight (g) of fruit at the beginning of storage; Wi (g) is
the weight of fruit at the storage time.

Decay incidence

Fruit decay incidence was visually assessed as total rots.
Fruits with external decay appearance were counted and
discarded. Percentage of discarded fruits was calculated
using the formula:

Fruit decay (%)
= [(Number of discarded fruit at each sampling date)/
(Total number of fruit)] x 100 2)

Incidence of chilling injury, husk scald and aril browning

Indices and incidences of chilling injury and husk scald and
index of aril browning were assessed monthly. The severity
(index) of disorders were assessed using a four-level scale
as described by Fawole and Opara [5]; where O0=none
(no symptom), 1=traces (1-25%), 2=slight (26-50%),
3 =moderate (51-75%) and 4 =severe (76—-100%).

A physiological disorder index was calculated by mul-
tiplying the scores of severity by the number of affected
fruits and dividing by the total number of assessed fruits
[5, 24]:

Disorder index = 2 value of scale) X (number of fruit

with the corresponding scale number) /(total number of fruit)
3)
Disorder incidence = [(Number of affected fruit)/

(Total number of fruit)] x 100 “)

Physico-textural attributes
Whole fruit and aril colour

Colour parameters in CIELAB coordinates (L*, a*, b¥)
were measured using a Chroma meter (CR-400, Minolta
Corp, Osaka, Japan). Ten fruits per treatment were used
to monitor changes in external colour by measuring peel
colour at two opposite spots on individual fruit, while aril
colour was determined by placing the arils in a colourless
glass Petri dish. Colour intensity or chroma (C*) and hue
angle (h°) were calculated using the equations (5) and (6)
[5, 25].

1/2

Cx = (a¥* + bs?) 5)

h° = arctan (b * /a *) (6)
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Furthermore, total colour difference (TCD) between the
peel (external) and arils (internal) was calculated as;

TCD = \/(L#g= L¥P + (a%g— a*P + (%= b*2  (7)

where L*;, a*, and b*; are the colour parameters of the
peel (reference value), while L*, a* and b* are the colour
values of the aril [2].

Chemical quality attributes
Titratable acidity, total soluble solids and pH

Titratable acidity (TA) was measured by diluting 2 ml of
fresh juice with 70 ml of distilled water and titrating with
0.1 M NaOH to an end point of pH 8.2 using a Metrohm
862 compact titrosampler (Herisua, Switzerland). The
results were expressed as percentage of citric acid (% CA).
Total soluble solids (TSS, °Brix) was measured using a
digital refractometer (Atago, Tokyo, Japan) calibrated with
distilled water. The pH values were determined at room
temperature using a calibrated pH meter (Crison, Model
00924, Barcelona, Spain). BrimA, a criterion for consumer
fruit juice acceptance was expressed as BrimA=TSS —k *
TA, where k is the tongue’s sensitivity index, which nor-
mally ranges from 2 to 10. A value of k=2 was used to
avoid a negative BrimA index [26]. As such, a high BrimA
value would indicate high total soluble solids content thus
fruit will be perceived as sweet with a slight sour taste,
whereas a low BrimA value would mean high titratable
acids hence the fruit would be perceived as extremely sour
due to human tongue sensitivity. All measurements were
made on ten individual fruit juice samples for each.

Phytochemical analyses
Ascorbic acid content

Ascorbic acid concentration was determined colorimetri-
cally in triplicate using the method described by Bar-
ros et al. [27] with some modifications Fawole et al. [7].
Pomegranate juice (PJ) was extracted with 1% metaphos-
phoric acid (MPA) (0.5 mL of PJ to 14.5 mL of 1% MPA).
Mixture was vortexed for 2 min and sonicated for 3 min in
cold water before centrifugation (Merk, Eppendorf AG,
Germany) at 4472 g force for 10 min at 4°C. Approxi-
mately, 1 mL of the supernatant was mixed with 9 mL of 2,
6-dichlorophenolindophenol (dye), vortexed for 2 min and
incubated in the dark for 10 min before the measurement
read at absorbance 515 nm against a blank. Ascorbic acid
content of each sample was calculated on the basis of the
calibration curve of standard L-ascorbic acid. Results were
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expressed as milligram of ascorbic acid per a 100 mm of
crude pomegranate juice (PJ) (mg AA/100 mL).

Total phenolic content

Folin—Ciocalteu (Folin C) method as described by Makkar
et al. [28] was used to determine the total phenolic con-
tent in triplicate. Pomegranate juice (1 mL) was extracted
with 50% methanol in a centrifuge tube. The mixture was
sonicated in cold water for 10 min and thereafter centri-
fuged (Merk, Eppendorf AG, Germany) at 4472 g force for
15 min at 4°C to prevent interference of particles during
measurement of absorbance. About 50 pL of diluted aque-
ous methanolic juice extracts in the test tube was mixed
with 450 pL of 50% methanol followed by the addition of
Folin C reagent (500 pL) and 2.5 mL of sodium carbonate
solution after 2 min. The mixture was vortexed and incu-
bated in a dark chamber for 40 min at room temperature
(20°C) before measuring the absorbance at 725 nm using
an UV-Visible spectrophotometer (Thermo Fisher Scien-
tific, Madson, USA). The results were presented as mean
of duplicate analyses and expressed as milligrams of gal-
lic acid equivalent per 100 mL of crude pomegranate juice
(mg GAE/ 100 mL).

Sensory attributes

Sensory evaluation was carried out using a trained panel of
6 members of the Postharvest Technology Research Group
at Stellenbosch University who are familiar with the char-
acteristic taste of pomegranate fruit and regular consumers
[29]. Panelists received further orientation on pomegran-
ate sensory attributes [30]. Sensory evaluation was carried
out on arils (10 g) served at 21 °C on Petri dishes randomly
coded [26]. The descriptive test required panelists to rate
the intensity of the attributes on a scale of 0—4 (0O=none,
1 =slight, 2=moderate, 3=much, 4=very much). Pome-
granate of the ‘Wonderful’ cultivar is a sweet—sour culti-
var and its acidic content contributes the taste of the cul-
tivar. The sour taste is only undesirable when the sourness
is extreme as can sometimes happen in some fruits. The
descriptive attributes evaluated for the study included sweet
taste, sour taste, crispness, astringency, off flavor, juiciness,
grittiness and hardness. Sensory evaluation was not carried
out beyond 3 months of storage due to decay and limited
sample size.

Statistical analysis
Statistical analysis was carried out using Statistica soft-

ware (Statistica version 14.0, StatSoft Inc., Tulsa, USA).
Data were subjected to factorial analysis of variance
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(ANOVA) at 95% confidence interval. Main effects (FLU
concentration and storage duration) and their interaction
effects (between concentration*storage duration) were also
assessed. Post-hoc test (Duncan’s Multiple Range Test) was
used to test for statistical significance such that observed
differences at p <0.05 were considered significant.

Results and discussion
Physiological response
Fruit respiration rate

Results showed that fruit respiration rate was influenced
mainly by storage duration (p <0.0001), with increase in
respiration rate between 1 and 3 months of storage fol-
lowed by a decline in the last month regardless of FLU
concentration (Fig. 1). The first month of storage showed
differences in fruit respiration rate, with fruit treated with
150 and 600 mg/L FLU concentration showing the high-
est and lowest respiration rates, respectively. Thereafter,
fruit respiration rate followed a similar trend with no sig-
nificant difference among FLU concentrations as storage
progressed (Fig. 1). Respiration of pomegranate fruit has
been found to increase with advancement of storage [5,
31]. The initial increase in respiration could be due to
increased fruit stress as a result of senescence and meta-
bolic reactions as these phenomena have been reported to
trigger respiration of pomegranate fruit [5]. The decline
in respiration at the end of storage could possibly be due
to excessive senescence, physiological disorders and cell
death of the membrane due to reduced number of living
cells [21]. Therefore, treating pomegranate fruit with
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3 A xB=02879
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Fig. 1 Effect of fludioxonil concentration on respiration rate of
pomegranate fruit during storage for 4 months at 5°C and an addi-
tional 4 days at 20°C. Each data point represents mean and error
bars designate standard error (SE). ----Respiration rate at harvest.
Numerical values for A and B are p-values. (Color figure online)

fludioxonil did not significantly affect the respiration
rate of stored fruit since the changes were mainly influ-
enced by the duration of storage as confirmed by statis-
tical analysis (FLU concentration: p=0.2760; Duration:
p<0.0001).

Weight loss

Weight loss is considered as the main cause of loss of vis-
ual quality in horticultural produce as excessive transpira-
tion leads to desiccation, shriveling and hastened senes-
cence. In the present study, fruits lost weight over the
entire storage period but the magnitude was dependent on
FLU concentration of fludioxonil treatment as evidenced
by the significant effects of concentration (p <0.0001) and
storage duration (p <0.0001) (Fig. 2). After cold storage,
fruit treated with FLU at 150 mg/L concentration showed
the highest weight loss (26.8%) compared with those
treated with 300 mg/L (20.9%) or 600 mg/L (21%) FLU
(Fig. 2). In particular, fruit treated with 150 mg/L. FLU
concentration had higher weight loss (8.5, 15.8, 21.8 and
26.9%) after storage (1, 2, 3 and 4 months, respectively).
Since weight loss is linked to respiration rate [5], the high
weight loss could be explained by the high respiration rate
that was observed for this treatment after the first and last
month storage, all along the storage duration (Fig. 1).

Fruit decay
Fruit decay is a major cause of postharvest loss during

storage of pomegranate fruit. Fruit decay increased with
storage time. Low decay incidences were observed after

40 g Control =9 150 mg/L =mmm 300 mg/L == 600 mg/L

a
b
b b
4
Fig. 2 Cumulative weight loss of pomegranate fruit treated with flu-
dioxonil during storage for 4 months at 5°C and an additional 4 days

at 20°C. Each data point represents mean and error bars designate
standard error (SE). Numerical values for A and B are p-values
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Fig. 3 Influence of fludioxonil concentration on physiological dis-
orders on pomegranate fruit during storage for 4 months at 5°C and
additional 4 days at 20°C. External decay (a), internal decay (b), aril
browning (c)

the first 2 months of storage but more fruit were decayed
as storage progressed (Fig. 3a). High decay incidence
was observed for control fruits especially after 3 and
4 months of storage. It is also worth mentioning that per-
centage fruit decay seemed to decrease with FLU con-
centration at the end of the storage period (4 months),
with 150, 300 and 600 mg/L having 10.8, 12.4 and 15.8%
lower decay compared to control respectively (Fig. 3a).
The decrease in decay among treated fruit is expected
since fludioxonil is a fungicide with excellent protective
and preventive activity on a large number of pathogens
[21]. Fludioxonil is a reduced-risk fungicide that has a
wide spectrum against many pathogens and has been
used to control decay in a number of fruits such as cit-
rus [32]. It has also been shown to be highly effective at
low rates against large spectrum of fungi such as Botrytis
cinerea and Penicillium spp [21]. Despite FLU reducing
the decay in the fruit, complete control of decay was not
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achieved, possibly because FLU is non-systemic and is
not able to move deep through the peel of the fruit [32].

Internal decay

The major internal decay disorder observed was heart rot,
also known as black heart, caused by Aspergillus niger
and Alternaria spp., which is characterised by a mass of
black arils [33]. This is a preharvest disease that affects
the postharvest quality of pomegranate fruit and from
the results, it increased with storage of fruit during the
study (Fig. 3b). Fruit treated with 150 mg/L FLU con-
centration developed internal decay earlier but main-
tained the same percentage decay throughout the storage
duration whereas 300 mg/L and control fruit developed
decay after storage for 2 months. The highest concentra-
tion (600 mg/L) developed decay latest and had the low-
est percentage internal decay at the end of storage. No
direct relationship can be drawn on the effect of fludiox-
onil on the internal decay of pomegranate fruit as some
treatments had higher decay than untreated fruit although
it could possibly be that fludioxonil reduced the growth
and proliferation of the fungi that caused internal decay
after long storage. The efficacy of FLU on internal decay
could be questionable because despite being an excellent
protective and preventative fungicide, its curative activity
is decreased on old established latent infections because
it is a non-systemic fungicide and also due to the diffi-
culty of the solution in entering the crown of pomegran-
ate fruit [21]. Therefore, being a preharvest condition
[34], this could probably best be prevented by observing
good agricultural practices and application of preharvest
treatments.

Aril browning

Aril browning increased with progressive storage of fruit
with untreated fruit consistently showing lower brown-
ing of arils compared to treated fruit throughout the stor-
age duration (Fig. 3c). Aril browning has been associated
with enzymatic oxidation and chilling injury in pome-
granate fruit [35]. FLU is a non-systemic fungicide [21]
and hence does not migrate deep into the fruit. Therefore,
its protective effect could be more external with no direct
effect on internal (aril) browning.

Chilling injury incidence and severity
Chilling injury (CI) developed from the first sampling

date, with an increase in chilling injury percentage inci-
dence as storage advanced indicating an increase in
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Fig. 4 Effect of fludioxonil on chilling injury incidence and index of
pomegranate fruit during storage for 4 months at 5°C and additional
4 days at 20°C

number of affected fruit with advancing storage period.
Control fruits had a low incidence of CI while fruit treated
with 150 and 300 mg/L FLU concentrations had high
incidences throughout the storage period with incidences
of 68.6 and 66.8% CI, respectively, at the end of storage
(Fig. 4a). Despite the occurrence of chilling injury, the
severity of the physiological disorder (index) remained
below trace level for all concentrations throughout the
storage period (Fig. 4b). During chilling conditions, there
is a change in state of lipid cell membranes from liquid-
crystalline to solid-gel state, which causes deleterious
effects on the tissues [31, 36]. From the results, it is appar-
ent that fludioxonil does not possess antioxidant proper-
ties that could have reduced chilling injury symptoms in
treated samples. Despite its strong antifungal property
[21], this study suggests that fludioxonil may indeed have
no effect on the occurrence and or the severity of chilling
injury on pomegranate fruit regardless of concentration.
A similar observation was reported for citrus (oranges,
lemon, grapefruit and clementine mandarins) treated with
fludioxonil and imazalil at 20 °C [16].
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Fig. 5 Effect of fludioxonil on husk scald incidence and severity of
pomegranate fruit during storage for 4 months at 5°C and additional
4 days at 20°C

Husk scald incidence and severity

Husk scald, which manifests as peel browning, together
with weight loss and skin pitting are the main physi-
ological disorders responsible for market downgrading in
pomegranates [37]. Husk scald incidence increased with
prolonged storage. Husk scald was observable after the
first 2 months of storage albeit at low incidences, but the
disorder greatly increased by the end of the storage trials
(fourth month) (Fig. 5A). After the first 2 months, con-
trol fruit had the lowest husk scald incidence while fruit
treated with 300 mg/L FLU concentration had the highest
incidences (Fig. 5a). After 3 months, 150 mg/L concen-
tration showed the lowest scalding but by the end of stor-
age, regardless of treatment, all fruits had developed husk
scald (Fig. 5a). Husk scald severity (index) was low for
the first 2 months of storage with all treatments having
below trace scalding (Fig. 5b). After 3 months of storage,
scalding was between trace and slight with fruit treated
with 600 mg/L concentration showing the lowest inci-
dence. The last month of storage was prominently char-
acterised by high scald severity between moderate and
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severe although control fruit showed the lowest severity
(Fig. 5b). This indicates that treating fruit with fludiox-
onil was not effective in alleviating husk scald in pome-
granate fruit. This is in agreement with D’Aquino et al.
[37] who reported no significant effect of fludioxonil on
husk scald and overall appearance of pomegranate fruit
(cv. Primosole) during 12 weeks of storage at 8 °C. Husk
scald is as a result of enzymatic oxidation of the phenolic
compounds in the fruit peel. Tissue browning is reported
to be due to oxidation of phenolic compounds into qui-
none compounds under aerobic conditions by polyphe-
nol oxidase. The quinones then undergo polymerization
forming brown pigments thus leading to browning [38].
Zhang and Zhang [38] reported enzyme-mediated dena-
turation of skin tannins as the basis for pomegranate
fruit browning. This was further buttressed by D’Aquino
et al. [21] who observed that husk scald of “Wonderful’
pomegranate at 6 or 10 °C decreased and progressed at a
slower rate when the tension of oxygen reduced, however,
the incidence of scald increased after transfer of fruit to
20°C in conventional atmosphere. The development of

scald in all fruits at the end of storage (Fig. 5b) indicates
the relevance of combining FLU treatment with other
treatments that can reduce oxygen supply to the fruit dur-
ing storage, for instance, physical treatments like wrap-
ping, coatings and controlled atmosphere.

Fruit peel and aril colour parameters
Fruit peel colour

Colour of pomegranate is an important quality attribute
that is fundamental for consumer preference [25]. Gener-
ally, peel redness (a*) decreased with storage for all con-
centrations, with significant differences observed in peel
redness after 3 months of cold storage (Table 1). Changes
in peel redness were influenced by storage duration
(p<0.0001). The decrease in redness could be the result of
alteration of peel colour pigments due to senescence during
storage and also peel browning as a result of physiological
disorders [10]. Peel colour intensity (C*) followed a simi-
lar pattern with progressive storage, with significant effect

Table 1 Peel and aril colour parameters of pomegranate fruit treated with fludioxonil during storag e for 4 months at 5 °C and additional 4 days

at 20°C

Storage duration ~ FLU Concentra-  Peel Aril TCD

(month) tion (mg/L)

a* C h° a* C* h°

Harvest 425+13  51.7+1.0 347=+x1.1 16.3+0.7 18.1+0.8 243410 462409

1 0 (Control) 382425%  49.1+1.6° 38.6+2.8" 2024139 2234+14%  249412% 403+1.8%°
150 39.5+1.4%  48.5+12° 354+1.49  183+1.0%% 2024100 2334+1.5® 433+1.9°
300 37.4423% 46715 365427 202+£0.9% 21.6x+1.1°% 246+1.6* 38.3+1.6%%
600 383417 467+1.3% 3514159 17.9+0.9°%" 194411340 2224+ 0.9% 41.1+1.4%°

2 0 (Control) 36.1£1.9% 474114 399+24% 209417 228+1.9®  22.7+0.8"% 39.142.3%d
150 3334140 449408 41.1+£1.8%¢ 17.94£0.9"%" 19241.0%%1 2131+0.6® 40.9+1.4%°
300 353+1.6 473+1.2% 41.5+1.9% 19.1+0.8% 21.0+0.9% 238+0.9% 42.3+2.1%
600 33.841.5%0 44441.1% 404+£1.7°¢ 17.1£0.7%  18.9+0.8%%T  23.941.4% 3824 1. 7%k

3 0 (Control) 349422 479414 431425  20.6+1.0°  222+1.1%¢ 214+0.5® 43.8+1.7°
150 29.1+1.0%" 382+0.8" 41.9+1.91* 153+0.6" 16.8+0.6° 23.5+1.1% 35441.6°
300 30.5+1.5%0 41.8+1.1% 439+1.8° 169+0.9% 184+1.1°  21.3+0.8" 36.9+0.9%
600 30.9+£1.2°° 425410 43.6+1.5%  17.1£0.7°%  18.6+0.8%  21.9+0.5® 43.6+2.0°

4 0 (Control) 285137 403+08% 446421 214+1.1° 229+1.12 20.5+0.5° 33.1+1.9°
150 260+1.1" 3524077 41.6x2.1% 18.5+£0.9%¢ 204+ 1.1 243+1.1° 289+2.3
300 262+1.0%  36.1+£09" 42.7+1.9% 19.6+1.1°%° 21.6+1.1%% 240+14% 29.8+1.9
600 259+1.1" 3854099 474+15  17.1+0.7°%0 183409  233+12® 337+1.6%

Significance level Concentration (A) 0.1570 <0.0001 0.6152 <0.0001 <0.0001 0.6146 0.1238
Storage duration  <0.0001 <0.0001 <0.0001 0.0483 0.0598 0.1932 <0.0001
(B)
AxB 0.7878 0.0033 0.7304 0.6649 0.7566 0.0595 0.0052

Data presented as mean + SE.

Different letters across concentration and storage duration for each attribute differ significantly (p <0.05) according to Duncan’s multiple range

test.

SE standard error
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of FLU concentration (p<0.0001) and storage duration
(p<0.0001) (Table 1). It is, however, worth mentioning
that after 3 months of storage, control fruit had the high-
est colour intensity (C* = 47.88) while fruit treated with
150 mg/L FLU concentration had the lowest values (C* =
38.23) (Table 1). Storage duration affected peel hue angle
(h®) (p<0.0001), which generally increased with fruit stor-
age with no significant differences observed at all stor-
age periods for all concentrations (Table 1). Again, this
indicates loss of red colouration in fruit peel with storage
duration possibly due to the development of physiological
disorders such as husk scalding in fruits and degradation
of anthocyanin pigments [10]. The findings in the current
study corroborate the report by D’Aquino et al. [37] who
found that treating ‘Primosole’ pomegranate fruit with
FLU (at 600 mg/L) had no significant effects on the overall
appearance after cold storage at 8 °C for 12 weeks.

Aril colour

Results showed a decrease in aril colour redness (a*) for all
treatment concentrations after the first 3 months of storage

followed by a slight increase with long storage. The effect
of FLU concentration was significant (p=<0.0001) with
untreated fruit having highest aril a* from the second to the
last month of storage (Table 1). The initial decrease in aril
a* could be attributed to browning of arils due to alteration
of red colour pigments [10]. A similar trend was observed
for aril colour intensity (C*) with untreated fruit having
significantly higher aril C* throughout the storage dura-
tion and significant effect of concentration (p=<0.0001)
(Table 1). The high C* in untreated fruit corresponds with
the highest aril a* indicating greater anthocyanin biosyn-
thesis in control compared to treated fruit. The high a*
and C* in untreated fruit can be related to the lower aril
browning that was observed for untreated fruit (Fig. 3c).
However, although arils from treated fruit had lower C*
and a* values, the aril colour was sufficient enough for con-
sumption. Aril hue angle (h°) differed with storage of fruit
with no significant differences observed among all concen-
trations at all storage times (Table 1). The total colour dif-
ference (TCD) indicates the colour disparity between the
peel and aril and this was influenced by the storage dura-
tion. TCD decreased during storage however, no significant

Table 2 Chemical attributes and juice colour of pomegranate fruit treated with fludioxonil during storage for 4 months at 5°C and additional

4 days at 20°C

Storage duration (month) FLU Concentration (mg/L) pH TA (% citric acid) TSS (°Brix) BrimA

Harvest 3.3+0.0 1.7+0.1 16.2+0.2 12.8+0.2

1 0 (Control) 2.9+0.1" 2.5+0.3 14.8+0.2¢ 9.8+0.6¢
150 3.1+0.18 2.5+0.2° 15.24+0.25¢ 10.3 +0.3°f
300 3.2+0.1% 2.1+0.1% 15.8+0.3% 11.6+0.3%¢
600 3.4+0.0% 2.0+0.2% 16.0+0.2%® 11.940.55¢

2 0 (Control) 3.3+0.2%f 1.4+0.1° 15.24+0.454 12.8+0.6°
150 3.8+0.1° 1.4+0.1°% 16.1+0.2° 13.1+0.3°
300 3.3+0.0%f 1.3+0.18" 15.6+0.2:%¢ 13.1+0.4°
600 3.2+0.0%" 1.4+0.1% 15.3+0.2+¢ 12.6 +0.2%%

3 0 (Control) 3.5+0.1% 22+0.2% 14.7+0.4¢ 10.2+0.6"
150 32+0.1° 1.7+£0.1%f 14.7+0.2¢ 11.4+0.3¢%¢
300 3.6+0.0® 1.8+0.0%% 15.3+0.25¢ 11.8+0.25¢
600 3.7+0.1* 1.9+0.1¢¢ 14.9+0.2 < 11.2+0.4%f

4 0 (Control) 3.6+0.0 1.3+0.08" 14.6+0.2¢ 12.00.22d
150 3.4+0.1%¢ 1.1+0.1M 13.7+0.4° 11.3£0.5%f
300 3.440.0%% 0.9+0.11 13.4+0.3° 11.5+0.4%
600 3.440.0% 0.9+0.11 13.3+0.2° 11.4+0.3¢%

Significance level Concentration (A) 0.1723 0.0004 0.664 0.0223
Storage duration (B) <0.0001 <0.0001 <0.0001 <0.0001
AxB <0.0001 0.1826 0.0001 0.0020

Data presented as mean+ SE

Different letters across concentration and storage duration for each property differ significantly (p <0.05) according to Duncan’s multiple range

test
TA titratable acidity, 7SS total soluble solids, SE standard error
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differences were observed among concentrations during
storage with the exception of month 3 (Table 1).

Chemical properties
pH, titratable acidity, total soluble solids and BrimA

There were slight fluctuations observed in pH during
storage of fruit (Table 2), with a significant interaction
(p<0.0001) between FLU concentration and storage
duration. With regard to TA, changes were driven by
both storage duration (p<0.0001) and FLU concentra-
tion (p=0.0004) (Table 2). In general, TA decreased
with prolonged storage duration except after month 3
where slight increases were observed probably due to
the concentration of acids resulting from weight loss
[5]. Organic acids (which mainly contribute to titratable
acidity) have been reported to be the major substrates for
respiration during storage of pomegranate fruit [5] hence
the reduction in TA as storage advanced.

There was a general decrease in TSS during storage
with no significant (p=0.6640) effect of concentration
on TSS values (Table 2). At the end of storage, no signif-
icant differences were observed among the treated fruit,
which had lower TSS values than control fruit. In addi-
tion, a significant interaction (p=0.0001) between con-
centration and storage duration was observed (Table 2).
This indicates that storage duration had a prominent
effect on TSS decrease, but FLU concentration seemed
to amplify this influence of storage duration. A similar
reduction in TSS during storage of pomegranate fruit has
been previously reported [5, 24]. However with regard
to the postharvest treatment of pomegranate fruit, Mir-
dehghan et al. [36] observed no changes in TSS during
storage of pomegranate fruit treated with polyamines.
In the current study, the observed reduction in TSS with
prolonging storage duration could be attributed to the
utilisation of sugars in some metabolic processes such as
fruit respiration during storage [5]. The loss of volatile
compounds, which may occur concomitantly with water
loss, also play a role in TSS decrease.

BrimA is based on changes in soluble solids and
titratable acidity and determines the characteristic
taste and flavour of fruits [10]. BrimA was influenced
by FLU concentration (p=0.0223), storage duration
(p=<0.0001) and the interaction of the two factors
(p=0.0020) (Table 2) and generally increased after the
first 2 months and thereafter decreased after the last
2 months of storage. The first 3 months of storage were
characterised by lower BrimA in control fruit indicating
lower sweet taste according to human tongue sensitivity.
However, by the end of storage, control fruit had higher
BrimA compared to treated fruit (Table 2).
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Fig. 6 Changes in ascorbic acid concentration (a) and total phenolic
concentration (b) of pomegranate fruit during storage for 4 months
at 5°C and additional 4 days at 20°C. Each bar represents mean and
error bars denote standard error (SE) of the mean. Bars followed by
different letters are significantly different at p<0.05 according to
Duncan’s multiple range test. Red lines Represents values at harvest.
Numerical values for A and B are p-values. (Color figure online)

Phytochemicals
Ascorbic acid (AA) content

Ascorbic acid content decreased as storage progressed
with significant differences observed among FLU con-
centrations and a significant interaction between FLU
concentration and storage duration (p <0.0001) (Fig. 6a).
The decrease in ascorbic acid during storage could be
attributed to conversion of ascorbic acid to dehydroascor-
bic acid, which decreases the active form of ascorbic
acid [39]. Untreated fruit on the other hand consist-
ently showed high AA content compared to treated fruit
throughout the storage period (Fig. 6a) and this could
be as a result of concentration due to weight loss. This
seemed to highlight a negative influence of FLU treat-
ment on AA content. Arendse et al. [39] also reported
a decrease in AA content with progressive storage of
‘Wonderful’ pomegranate fruit stored at 5 and 7.5 °C for
5 months.
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Fig. 7 Radar plot showing averaged sensory scores of pomegranate
fruit treated with fludioxonil during storage for 3 months at 5°C and
additional 4 days at 20°C. The plot represents storage at month 1 (i),
month 2 (iii) and month 3 (iii)

Total phenolic content (TPC)

A significant reduction was observed in TPC during stor-
age of pomegranate in this study with all FLU concentra-
tions having less than 150 mg GAE/100 mL at the end
of the storage duration (Fig. 6b). There was a significant
interaction between FLU concentration and storage dura-
tion (p=0.0032) and fruits treated with FLU had higher
TPC than untreated fruit for the first 3 months of storage
(Fig. 6b). This showed that treating fruit with fungicide
resulted in greater TPC than control for up to 3 months

of storage. A similar decrease in phenolic content during
storage of pomegranate fruit has been previously reported
[5, 40]. The reduction in phenolic content during storage
of pomegranate fruit can be attributed to alteration of phe-
nolic compounds as a result of enzymatic activity [5].

Sensory attributes

The sensory analysis showed that sweet taste, crispness and
juiciness was scored higher in fruit treated with 600 mg/L
FLU concentration (Fig. 7a) while sour taste, grittiness and
hardness were scored higher in control and 300 mg/L. FLU
treated fruit. Off flavour was generally low while astrin-
gency was more pronounced for 150 mg/L and 300 mg/L
FLU concentration. Pomegranate fruit is characterised by
high sweet taste, crispness and juiciness, moderate sour
taste and astringency and absence of off-flavour. Therefore
treating pomegranate fruit with the highest concentration
(600 mg/L) of fludioxonil achieved the best sensory char-
acteristics after storage for 1 month. No great differences
were observed between samples after 2 months of stor-
age (Fig. 7B). After 3 months of storage, 600 mg/L. FLU
treated fruit had high crispness, juiciness, hardness and
sour taste and low off-flavour and grittiness while control
had high sweet taste and 150 mg/L FLU had high astrin-
gency (Fig. 7c). The erratic evolution of grittiness could
be attributed changes in fruit to physiology during stor-
age. Untreated fruit had good sensory quality although
600 mg/L FLU concentration retained the best characteris-
tics for most sensory attributes in terms of crispness, juici-
ness and low off-flavour.

Pearson’s correlation analysis of physiological
responses and disorders

Pearson’s correlation showed that fruit weight loss
increases with increased respiration and decay as indicated
by the moderate positive correlation (r=0.63 and r=0.77
for respiration rate and weight loss respectively) (Table 3).
Fruit weight loss had strong and positive correlations with
fruit decay, chilling injury, scald and aril browning indi-
cating the impact of such physiological disorders on fruit
weight. Chilling injury correlated strongly with aril brown-
ing supporting findings by Elyatem & Kader [41], who
reported that chilling injury affects fruit internal quality.
Husk scald strongly associated with fruit decay (Table 3)
suggesting that development of scald enhances susceptibil-
ity of fruit to decay possibly due to increased senescence.
This is also true for internal decay, which had moderate
positive correlations with respiration rate, weight loss,
chilling injury, scald and aril browning.
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Table 3 Pearson correlation coefficient matrix between assessed physiological disorders

Variables Respiration Weight loss  Fruit decay CI severity % CI inci- Scald sever- % Scald  Aril brown-  Internal decay
rate dence ity inci- ing
dence
Respiration 1 0.632 0.247 0.589 0.707 0.274 0.562 0.509 0.595
rate
Weight loss 1 0.766 0.690 0.733 0.864 0.860 0.912 0.566
Fruit decay 1 0.267 0.348 0.867 0.761 0.734 0.489
CI severity 1 0.970 0.573 0.573 0.741 0.577
% CI inci- 1 0.596 0.679 0.782 0.715
dence
Scald severity 1 0.848 0.926 0.524
% Scald 1 0.917 0.691
incidence
Aril browning 1 0.635
Internal decay 1

Values of correlation coefficient >0.5 are highlighted in bold

Conclusions

Treating pomegranate fruit with FLU concentrations
improved fruit attributes such as fruit decay, weight loss,
fruit firmness and total phenolic content. The sensory
attributes of FLU treated fruit were maintained espe-
cially when fruit were treated with 600 mg/L FLU con-
centration. However, the fungicide was not beneficial
in improving parameters such as aril browning, chilling
injury, scalding, aril redness and ascorbic acid content.
Therefore further studies should be carried out on the use
of hurdle technology where the fungicide may be used
in combination with other technologies such as physical
treatments to fully harness the potential of the chemical
in postharvest technology.

Acknowledgements This work is based upon research supported
by the South African Research Chairs Initiative of the Department
of Science and Technology and National Research Foundation. The
authors are grateful to the South African Postharvest Innovation
Programme (PHI) and Pomegranate Growers’ Association of South
Africa (POMASA) for the award of a research grant.

References

1. S.K. Roy, D.P. Waskar, Pomegranate in Postharvest Physiol-
ogy and Storage of Tropical and Subtropical Fruits, ed. by S
Mitra (CAB International, Wallingford, 1997), pp. 365-374

2. F.A. Al-Said, U.L. Opara, R.A. Al-Yahyai, Physico-chemi-
cal and textural quality attributes of pomegranate cultivars
(Punica granatum L.) grown in the sultanate of Oman. J. Food
Eng. 90, 129-134 (2009)

3. U.L. Opara, M.R. Al-Ani, Y.S. Al-Shuaibi, Physico-chemical
properties, vitamin C content, and antimicrobial properties

@ Springer

10.

11.

12.

13.

of pomegranate fruit (Punica granatum L.). Food Bioprocess
Tech. 2, 315-321 (2009)

S.A. Al-Maiman, D. Ahmad, Changes in physical and chemical
properties during pomegranate (Punica granatum L.) fruit matu-
ration. Food Chem. 76, 437-441 (2002)

O.A. Fawole, U.L. Opara, Effects of storage temperature and
duration on physiological responses of pomegranate fruit. Ind.
Crop. Prod. 47, 300-309 (2013)

E.P. Lansky, R.A. Newman, Punica granatum (pomegranate)
and its potential for prevention and treatment of inflammation
and cancer. J. Ethnopharmacol. 109, 177-206 (2007)

O.A. Fawole, N.P. Makunga, U.L. Opara, Antibacterial, anti-
oxidant and tyrosinase inhibition activities of pomegranate fruit
peel methanolic extract. BMC complement. Altern. Med. 12,
1-11 (2012)

S.U. Mertens-Talcott, P. Jilma-Stohlawetz, J. Rios, L. Hingorani,
H. Derendorf, Absorption, metabolism, and antioxidant effects
of pomegranate (Punica granatum L.) polyphenols after inges-
tion of a standardized extract in healthy human volunteers. J.
Agr. Food Chem. 54, 8956-8961 (2006)

M. Aviram, N. Volkova, R. Coleman, M. Dreher, M.K. Reddy,
D. Ferreira, M. Rosenblat, Pomegranate phenolics from the
peels, arils, and flowers are antiatherogenic: studies in vivo in
atherosclerotic apolipoprotein E-deficient (EO) mice and in vitro
in cultured macrophages and lipoproteins. J. Agric. Food Chem.
56, 1148-1157 (2008)

E. Arendse, O.A. Fawole, U.L. Opara, Influence of storage
temperature and duration on postharvest physico-chemical and
mechanical properties of pomegranate fruit and arils. J. Food 12,
389-398 (2014)

S. D’Aquino, M. Schirra, A. Palma, A. Angioni, P. Cabras, A.
Gentile, E. Tribulato, T. Agroalimentari, Effectiveness of fludi-
oxonil in control storage decay on pomegranate fruit. Acta Hor-
tic. 818, 313-318 (2009)

R. Labuda, K. Hudec, E. Pieckovd, J. Mezey, R. Bohovi¢, S.
Matéova, S.S. Lukaé, Penicillium implicatum causes a destruc-
tive rot of pomegranate fruits. Mycopathologia 157, 217-223
(2004)

H. Forster, G.F. Driever, D.C. Thompson, J.E. Adaskaveg, Post-
harvest decay management for stone fruit crops in California
using the “reduced-risk” fungicides fludioxonil and fenhexamid.
Plant Dis. 91, 209-215 (2007)



Effect of exogenous fludioxonil postharvest treatment on physiological response,...

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

D. Errampalli, N.R. Brubacher, J.R. DeEll, Sensitivity of Penicil-
lium expansum to diphenylamine and thiabendazole and posthar-
vest control of blue mold with fludioxonil in ‘McIntosh’apples.
Postharvest Biol. Tech. 39, 101-107 (2006)

M.L. Gullino, P. Leroux, C.M. Smith, Uses and challenges of
novel compounds for plant disease control. Crop Prot. 19, 1-11
(2000)

M. Schirra, S. D’Aquino, A. Palma, S. Marceddu, A. Angioni, P.
Cabras, B. Scherm, Q. Migheli, Residue level, persistence, and
storage performance of citrus fruit treated with fludioxonil. J.
Agr. Food Chem. 53, 6718-6724 (2005)

J.E. Adaskaveg, L. Kanetis, A. Soto-Estrada, H. Forster, A new
era of postharvest decay control in citrus with the simultaneous
introduction of three new ‘reduced-risk’ fungicides. Proc. Int.
Soc. Citricult. 10, 999-1004 (2004)

H.J. Rosslenbroich, D. Stuebler, Botrytis cinerea-history of
chemical control and novel fungicides for its management. Crop
Prot. 19, 557-561 (2000)

L. Vaquero-Fernandez, A. Saenz-Herndez, J. Sanz-Asensio, P.
Fernandez-Zurbano, M. Sainz-Ramirez, B. Pons-Jubera, M.
Lépez-Alonso, S.-1. Epifanio-Fernandez, M.T. Martinez-Soria,
Determination of cyprodinil and fludioxonil in the fermentative
process of must by high-performance liquid chromatography—
diode array detection. J. Sci. Food Agr. 88, 1943-1948 (2008)
M. Brycht, B. Burnat, S. Skrzypek, V. Guzsvany, N. Gutowska,
J. Robak, A. Nosal-Wierciriska, Voltammetric and corrosion
studies of the fungicide fludioxonil. Electrochim. Acta 158, 287—
297 (2015)

S. D’Aquino, A. Palma, M. Schirra, A. Continella, E. Tribulato,
S. La Malfa, Influence of film wrapping and fludioxonil applica-
tion on quality of pomegranate fruit. Postharvest Biol. Tech. 55,
121-128 (2010)

E. Feliziani, G. Romanazzi, D.A. Margosan, M.F. Mansour,
J.L. Smilanick, Effect of field treatments with fungicide, potas-
sium sorbate, or chitosan on postharvest rots and quality of table
grapes. Proc. IInd IS on Discovery and development of innova-
tive strategies for postharvest disease management Eds.: M. Wis-
niewski et al. Acta Hort 1053, 257-264 (2014)

0O.J. Caleb, P.V. Mahajan, U.L. Opara, C.R. Witthuhn, Modelling
the respiration rates of pomegranate fruit and arils. Postharvest
Biol. Tech. 64, 49-54 (2012)

F. Artes, J.A. Tudela, M.I. Gil, Improving the keeping quality of
pomegranate fruit by intermittent warming. Eur. Food Res. Tech-
nol. 207, 316-321 (1998)

P.B. Pathare, U.L. Opara, F.A.J. Al-Said, Colour measurement
and analysis in fresh and processed foods: a review. Food Bio-
process Tech. 6, 36-60 (2013)

O.A. Fawole, U.L. Opara, Changes in physical properties, chemi-
cal and elemental composition and antioxidant capacity of pome-
granate (cv. Ruby) fruit at five maturity stages. Sci. Hort. 150,
37-46 (2013)

L. Barros, M. Ferreira, B. Queiros, I.C.F.R. Ferreira, P. Baptista,
Total phenols, ascorbic acid, B-carotene and lycopene in Portu-
guese wild edible mushrooms and their antioxidant activities.
Food Chem. 103, 413—419 (2007)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

H.P.S. Makkar, P. Siddhuraju, K. Becker, Plant secondary
metabolites (Humana Press. Inc, New Jersey, 2007), pp. 74-75
L. Chen, U.L. Opara, Texture measurement approaches in fresh
and processed foods—a review. Food Res. Int. 51, 823-835
(2013)

L. Vazquez-Aragjo, K. Koppel, E. Chambers 1V, K. Adhikaria,
A.A. Carbonell-Barrachina, Instrumental and sensory aroma
profile of pomegranate juices from the USA: differences between
fresh and commercial juice. Flavour Frag. J. 26, 129-138 (2011)
K. Barman, R. Asrey, R.K. Pal, Putrescine and carnauba wax
pretreatments alleviate chilling injury, enhance shelf life and pre-
serve pomegranate fruit quality during cold storage. Sci. Hort.
130, 795-800 (2011)

S. D’Aquino, A. Palma, A. Angioni, M. Schirra, Residue levels
and efficacy of fludioxonil and thiabendazole in controlling post-
harvest green mold decay in citrus fruit when applied in com-
bination with Sodium bicarbonate. J. Agric. Food Chem. 61,
296-306 (2013)

H.M. Yehia, Heart rot caused by Aspergillus niger through split-
ting in leathery skin of pomegranate fruit. Afr. J. Microbiol. Res.
7, 834-837 (2013)

D. Ezra, B. Kirshner, M. Hershcovich, D. Shtienberg, I. Kosto,
Heart rot of pomegranate: disease etiology and the events lead-
ing to development of symptoms. Plant Dis. 99, 496-501 (2015)
S.H. Mirdehghan, M. Rahemi, Effects of hot water treatment on
reducing chilling injury of pomegranate (punica granatum) fruit
during storage. Proc. 5th Int. Postharvest Symp. Acta Hortic.
682, 887-892 (2005)

S.H. Mirdehghan, M. Rahemi, S. Castillo, D. Martinez-Romero,
M. Serrano, D. Valero, Pre-storage application of polyamines by
pressure or immersion improves shelf-life of pomegranate stored
at chilling temperature by increasing endogenous polyamine lev-
els. Postharvest Biol. Tech. 44, 26-33 (2007)

S. D’Aquino, M. Schirra, A. Gentile, E. Tribulato, S. La Malfa,
A. Palma, Postharvest lecithin application improves storability of
‘Primosole’ pomegranates. Acta Hortic. 934, 733-739 (2012)
Y.L. Zhang, R.G. Zhang, Study on the mechanism of browning
of pomegranate (Punica granatum L. cv. Ganesh) peel in differ-
ent storage conditions. Agr. Sci. China. 7, 65-73 (2008)

E. Arendse, O.A. Fawole, U.L. Opara, Effects of postharvest
storage conditions on phytochemical and radical-scavenging
activity of pomegranate fruit (cv. Wonderful). J. Hort. Sci. 169,
125-129 (2014)

M. Sayyari, S. Castillo, D. Valero, H.M. Diaz-Mula, M. Serrano,
Acetyl salicylic acid alleviates chilling injury and maintains
nutritive and bioactive compounds and antioxidant activity dur-
ing postharvest storage of pomegranates. Postharvest Biol. Tech.
60, 136-142 (2011)

S.M. Elyatem, A.A. Kader, Post-harvest physiology and storage
behaviour of pomegranate fruits. Sci. Hort. 24, 287-298 (1984)
B.G. Defilippi, B.D. Whitaker, B.M. Hess-Pierce, A.A. Kader,
Development and control of scald on Wonderful pomegranate
during long-term storage. Postharvest Biol. Tech. 41, 234-243
(2006)

@ Springer



	Effect of exogenous fludioxonil postharvest treatment on physiological response, physico-chemical, textural, phytochemical and sensory characteristics of pomegranate fruit
	Abstract 
	Introduction
	Materials and methods
	Plant material and chemicals
	Treatments
	Packaging and storage
	Fruit respiration rate and physiological disorders
	Respiration rate
	Weight loss
	Decay incidence
	Incidence of chilling injury, husk scald and aril browning

	Physico-textural attributes
	Whole fruit and aril colour

	Chemical quality attributes
	Titratable acidity, total soluble solids and pH

	Phytochemical analyses
	Ascorbic acid content
	Total phenolic content

	Sensory attributes

	Statistical analysis
	Results and discussion
	Physiological response
	Fruit respiration rate
	Weight loss
	Fruit decay
	Internal decay
	Aril browning
	Chilling injury incidence and severity
	Husk scald incidence and severity

	Fruit peel and aril colour parameters
	Fruit peel colour
	Aril colour

	Chemical properties
	pH, titratable acidity, total soluble solids and BrimA

	Phytochemicals
	Ascorbic acid (AA) content
	Total phenolic content (TPC)

	Sensory attributes
	Pearson’s correlation analysis of physiological responses and disorders

	Conclusions
	Acknowledgements 
	References


