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Abstract !

/
Penicillium citrinum and Penicillium expansum are primarily associated
with the spoilage of wide variety of fruits and derived food products.
Increasing demand of consumers for preservative (synthetic) free food Article History

has led the researchers to explore natural substances for controlling Received: 22 March

spoilage and pathogenic microbes. Past researches have demonstrated
the antimicrobial activities of spices. Present study was undertaken
to assess the growth inhibitory activities of aqueous extracts (AEs),
essential oils (EOs) and powdered (PD) forms of 10 spices towards
P. citrinum (MTCC2553) and P. expansum (MTCCZ2006). PD spices were
evaluated for their growth inhibitory potential using spice agar method.
Impregnated paper disc method was followed for the antifungal screening
of AEs and EOs, while broth dilution method was opted for the determination
of their minimum inhibitory concentrations. Results revealed that AEs
of all the spices were found ineffective, whereas PD forms of three spices,
namely, Cinnamomum cassia (Blume), Cuminum cyminum and Syzygium
aromaticum, significantly arrested the growth of both the fungal strains.
Nevertheless, EOs of Allium sativum, Brassica juncea, C. cassia (Blume),
C. cyminum, Mentha piperita, Ocimum sanctum and S. aromaticum,
exhibited remarkable antifungal activities against both the fungi.
P. citrinum was more susceptible as compared to P. expansum, towards
tested substances. According to our results, PD spices, being cheap and
safe, may be persued as ‘green antimicrobials’ along with spice EOs,
for in vivo studies to extend the shelf life of fruits and their processed
products. Therefore, this study would prove a great help to the agricultural
sector and food processing industry.
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Introduction

Fruits are perishable by nature and their low pH
values give fungi a competitive advantage over
most bacteria and yeasts, thereby making them
more prone to fungal onslaught. Among the most
encountered species of fungi responsible for the
spoilage of fruits and derived products, belong to
the genus Penicillium."

A novel emerging fungal pathogen often seen on
moldy citrus fruits, which hails from the above stated
genus is Penicillium citrinum."? It has been isolated
from cucumber, dried wine fruits, grapes, lemon,
oranges, persian lime, sweet lime and tomatoes.?®
Occurrence of P. citrinum has also been reported on
capsicum sp. during pre-harvest, harvest, and post-
harvest stages,” where it serves as the predominant
source of mycotoxin citrinin, which poses serious
health concerns and economic threat, globally, due
to its potential hepatotoxicity and nephrotoxicity to
humans and adverse impact on valuable agricultural
commodities.®

Another broad spectrum fungal pathogen is
Penicillium expansum, and it is the only Penicillium
species that can express pathogenicity over a variety
of fruits, viz., apricots, avocadoes, citrus, grapes,
kiwi fruits, mangoes, nectarines, plums, pome
fruit, stone fruit, strawberries and tomatoes.®" P,
expansum is also well known for causing the rotting
of apples and pears, and is mainly responsible for the
production of mycotoxin patulin in juices extracted
from the rotted fruits."'2 Consumption of patulin
contaminated food products may lead to various
health hazards in humans involving gastrointestinal
disorders, nausea and pulmonary congestion along
with possible carcinogenic, genotoxic, immunotoxic,
neurotoxic and teratogenic effects.

Till date, use of synthetic chemicals is prevalent to
control the growth of microbes for the preservation
of raw agricultural commodities and processed food
products, which is continuously being challenged
by consumers and scientific community due to their
possible toxicity, harmful effect on environment,
high cost and development of resistant races of
pathogens.' Hence, there is an increasing demand
of natural preservatives, those are safe, cost
effective and eco-friendly.">'® Spices being of plant
origin, undoubtedly, lie under this category.
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India is the world’s largest consumer, exporter,
and producer of spices.'” Despite the fact that use
of spices for the preservation of food products
dates back history, these precious horticultural
crops are widely being rediscovered for their
antioxidant and antimicrobial properties, for last
few decades. Although, various findings have been
reported on the antimicrobial activities of spice
extracts and some spice phtyochemicals, such
as allicin, cinnamic aldehyde and eugenol etc.,
towards several pathogenic microbes of animals
and humans (Aspergillus spp., Bacillus spp.,
Enterococcus faecalis, Escherichia coli, Listeria
monocytogenes, Pseudomonas spp., Salmonella
spp., Shigella sonnei, Staphylococcus aureus,
Vibrio parahaemolyticus and many others).®-23
It has also been well documented that EOs and
their components bind with the lipid bilayer of the
bacterial cellmembrane and mitochondria, and alter
the cell structures.? But, there is scanty information
available on the inhibitory effect of spices on fungi
causing the spoilage of fruits and vegetables.

Considering above aspects in mind, present study
was designed to investigate growth inhibitory
potentials of AEs, EOs and PD forms of some Indian
culinary spices, towards phytopathogenic Penicillium
citrinum (MTCC2553) and Penicillium expansum
(MTCC2006). In comparison to previous researches,
which mainly focused on antimicrobial properties
of spice EOs, we screened PD spices as well,
because spices in their later form are most commonly
used in day-to-day domestic culinary practices
in India as an important seasoning ingredient.
Secondly, PD spices cost less as compared to their
corresponding EOs, those involve expensive and
tedious methods of production.

Therefore, this study would serve as harbinger to
establish spices as ‘green antimicrobials’ to extend
the shelf life of fruits and vegetables and derived
products, which would be contributing to agricultural
sector and food processing industry, equally.

Materials and Methods

Procurement and Preparation of Spice Samples
PD spice samples

Plant parts of Allium sativum (As), Mentha piperita
(Mp) and Zingiber officinale (Zo), were procured
in their fresh forms, from a local grocery shop.
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Ocimum sanctum (Os) leaves were hand plucked
from a home grown plant. Peels of As bulbs and Zo
rhizomes were removed manually with knife. Fresh
forms of aforementioned 4 spices were washed with
distilled water to remove the extraneous matter, and
were subsequently dried under ambient conditions
in shade.

Dried plant parts of Brassica juncea (Bj), Cinna-
momum cassia (Blume) (Ccb), Cuminum cyminum
(Ccem), Curcuma longa (Cl), Syzygium aromaticum
(Sa) and Trigonella foenum-graecum (Tf-g) were
purchased from a spice wholesaler of local market,
and were manually cleaned to remove extraneous
material.

Dried forms of spices thus obtained, were ground
to powdered (PD) forms with the help of a grinder
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in the laboratory and were stored in hermatically
sealed jars till their further use.

Botanical features of Indian culinary spices used in
current study are presented in Table 1.

EOs of Spices

EOs of spices were purchased from Aroma
Chemicals Pvt. Limited, India. Company assured
the purity of the spice EOs to be more than 98.0 %.

AEs of Spices

Spice AEs were prepared by the method described
elsewhere.?' All the AEs were collected in sterilized
glass vials, and were further used within 2 h. of their
preparation, at various concentration levels as per
the requirement of experiment.

Table 1: Botanical features of Indian culinary spices used in current study

Botanical names Indian names English names Family Plant parts of
spices used
Allium sativum L. Lehasun Garlic Liliaceae Bulbs
Brassica juncea L. Sarson Brown Mustard Crucifereae Seeds
Cinnamomum cassia (Blume)  Dalchini Cinnamon Lauraceae Bark
Cuminum cyminum L. Jeera Cumin Apiaceae Seeds
Curcuma longa L. Haldi Turmeric Zingiberaceae = Rhizomes
Mentha piperita L. Paudina Mint Labiateae Leaves
Ocimum sanctum L. Tulsi Holy Basil Lamiaceae Leaves
Syzygium aromaticum L. Laung Clove Myrtaceae Flower Buds
Trigonella foenum-graecum L. Methi Fenugreek Leguminosae Seeds
Zingiber officinale L. Adarak Ginger Zingiberaceae = Rhizomes

Fungal Strains and Growth Conditions

Pure cultures of Penicillium citrinum (MTCC 2553)
and Penicillium expansum (MTCC 2006) were
procured from Microbial Type Culture Collection
(MTCC), Chandigarh, India Potato dextrose broth
medium (PDB) and Potato dextrose agar medium
(PDA) (Hi Media, India) were used for the cultivation
of both the fungi (temperature of incubation: 25°
C ; duration of incubation : 48 h-96 h), as per the
recommendations of MTCC. Initially, the growth
of both the fungi appeared as white mycelium on
PDA that turned to greenish to bluish green in colour
as the spores matured.

Preparation of Fungal Inoculum

For the preparation of inoculum, bluish green
spores of P. citrinum and P. expansum were
harvested from 15 days old slants by adding
0.05% of Tween 80 ((Central Drug House (CDH),
India)). These harvested spores were quantified by
a haemocytometer to adjust at 107 spores/mL.

Screening Inhibitory Activities of Spice Samples
Spice Agar Method

Spice agar method?* was used for the determination
of inhibitory potentials of PD spice samples.
Freshly prepared fungal inoculum (100 pL) was
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evenly spread over the surface of solidified PDA
petri plates previously supplemented with various
concentrations of PD spices (0.1 - 5.0 (%,w/V)).
Seeded petri plates were incubated at 25°C for 30
days (total incubation period), and were examined
for the growth of fungi at a regular interval of 12
h., consistently. The time for the initiation of fungal
growth on petri plates were recorded. A control set
of experiment (without any PD spice sample), was
also conducted, parallelly.

From the results of spice agar method, minimum
inhibitory concentrations (MICs) of PD spice
samples were derived. For the sake, concentrations
of spices (COS (%, w/v)) were plotted on the
x-axis and days of inhibition (DOI) were plotted on
the y-axis of graph (Figure 1). Then, 40%, 60%
and 80% levels of total incubation period (30 days),
were calculated. Afterwards, from each referred
level, a horizontal line was drawn to intersect
the curve. Subsequently, a perpendicular line
was drawn from the point of intersection, which
corresponded to the concentration of spice sample.
MIC was the concentration of PD spice sample
which did not allow the fungi to grow up to 80%
level, i.e., 24 days.

Impregnated Paper Disc Method

Impregnated paper disc method, narrated by
someone else?® was opted for screening antifungal
activities of AEs and EOs of spices. Results were
presented as net zones of inhibition (mm) after
subtracting diameter of filter paper discs (6mm) from
the diameter of measured inhibitory zones.

Broth Dilution Assay

Broth dilution assay,? was used to determine
minimum inhibitory concentrations (MICs) of AEs
and EOs (which exhibited distinct inhibitory zones
during impregnated disc method). PDB containing
2000 yL/mL of test EOs were serially diluted two fold
each with PDB to get concentration levels of 1000,
500, 250, 125, 62.50, 31.25, 15.62, 7.81, 3.90, 1.95,
0.97, 0.48, 0.24, 0.12, 0.06 pyL/mL. Then, 100 pL
of inoculum of test fungi was added to them. Mixtures
thus obtained were incubated at 25°C for 96 h. After
the stipulated incubation period, 100 pL of above
mixture was spread on the surface of solidified PDA
plates. The later were incubated for 96 h, at 25 °C
to notice the lowest dilution of test samples, which
did not show any visible growth of fungi.

*During impregnated paper disc method and broth
dilution assay, dimethylsulphoxide (DMSO) (CDH,
India), was used as a negative control agent.
All the above experiments were conducted thrice,
simultaneously.

Statistical Analysis

Results of zone inhibition assay were statistically
analyzed by using SPSS version 7.5 and were
expressed as the mean + standard deviation.

Results

Inhibitory Activities of PD spices

Data presented in Table 2 indicate that PDA petri
dishes incorporated with PD forms of Ccb, Ccm and
Sa, at their different concentration levels (from 0.1
to 5.0 (%,w/v)), potentially inhibited P. citrinum (Pcit)
and P. expansum (Pexp). On the contrary, Bj, Cl, Mp,
Os, Tf-g and Zo, up to their highest concentration
level of 5.0% (w/v), were found ineffective in inhibiting
test fungal strains, and their growth in culture media
in the form of white mycelium was observed on the
2nd day of incubation as in control set of petri dishes
without any PD spice sample. However, As displayed
very weak inhibitory effect only towards Pcit, and
former at 5.0% level, delayed the growth of later by
4 days. It is obvious from the data of spice agar
method that both the fungi responded in their own
peculiar manner towards various concentrations of
Ccb, Ccm and Sa. Ccb and Sa at a concentration
level as low as 0.1% (w/v), exerted their inhibitory
effects towards Pcit, while growth of Pexp was
delayed by both the aforestated spices at their 0.2%
levels (w/v).

It was also noticed that number of days of inhibition
increased with the increase in the concentration
of PD spices. And, Sa at concentration levels
of 2.0% (w/v) and 3.0% (w/v) delayed the growth
of Pcit and Pexp respectively, by 30 days. Similarly,
Ccb at 3.0% (w/v) level, hindered the visible growth
of both the test fungi throughout the incubation
period. On the other hand, Ccm up to 1.5% (w/v)
was found to be ineffective towards test fungi, and
showed its inhibitory effect at a concentration level
of 2.0% (w/v) by impeding the growth of Pcit and
Pexp for 5 days and 4 days, respectively. At 5.0%
(w/v) level, Ccm delayed the visible growth of Pcit up
to 21 days, and that of Pexp up to 17 days, and was
thus unable to produce the desired growth inhibitory
effect even at its highest stated concentration level.
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It is worth mentioning here that different levels
of inhibition were generated by different concentrations
of referred spices towards both the microbes under
question (Figure 1, Table 3). Ccb and Sa produced
40%, 60% and 80% levels of inhibition towards both
the fungal strains, while in case of Ccm, 80% level
of inhibition was not detected. Though, a positive
and direct relation was observed between different
levels of inhibition generated and the concentration
of PD spices used (Figure 1). The concentration
of spice which produced 80% level of inhibition
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against test fungi was considered as minimum
inhibitory concentration (MIC) (Figure 1, Table 3).
It is quite noteworthy that lower concentrations
of PD spices were required to produce any given level
of inhibition against Pcit as compared to Pexp.

On the basis of days of inhibition produced and MIC
values obtained, PD spice forms can be put in the
following order in terms of their decreasing inhibitory
effect towards fungal strains : Pcit : Sa> Ccb>
Ccm; Pexp : Ccb> Sa> Ccm.

Table 2: Effect of different concentrations of PD spices on growth of fungi

Spice Days of Inhibition
Conc.
(%,wiv) As Ccb Ccm Sa

Pcit Pexp  Pcit Pexp Pcit Pexp Pcit Pexp
0.0 2 2 2 2 2 2 2 2
0.1 2 2 3 2 2 2 4 2
0.2 2 2 5 3 2 2 7 3
0.4 2 2 7 4 2 2 9 4
0.6 2 2 8 7 2 2 11 6
0.8 2 2 12 9 2 2 16 9
1.0 2 2 14 12 2 2 20 11
1.5 2 2 18 17 2 2 28 14
2.0 2 2 23 21 5 4 >30 21
25 2 2 29 27 8 5 >30 26
3.0 2 2 >30 >30 10 8 >30 >30
3.5 2 2 >30 >30 14 1 >30 >30
4.0 2 2 >30 >30 16 12 >30 >30
4.5 4 2 >30 >30 19 15 >30 >30
5.0 5 2 >30 >30 21 17 >30 >30

As: Allium sativum, Ccb: Cinnamomum cassia (Blume), Ccm: Cuminum cyminum
Sa: Syzygium aromaticum, Pcit: Penicillium citrinum, Pexp: Penicillium expansum

Table 3 : Levels of inhibition generated by PD spices

Levels of Spice concentration (%, w/v)
Inhibiton
Ccb Ccm Sa
Pcit Pexp Pcit Pexp Pcit Pexp
40% 0.80 1.00 3.28 4.00 0.70 1.20
60% 1.50 1.60 4.30 NOB 0.90 1.60
80% 2.10 2.23 NOB NOB 1.30 2.30

Ccb: Cinnamomum cassia (Blume), Ccm: Cuminum cyminum, Sa: Syzygium aromaticum,
Pcit: Penicillium citrinum, Pexp: Penicillium expansum, NOB: Not observed
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Fig. 1: Levels of inhibition generated by PD spices

Inhibitory Activities of Aes and EOs of Spices

Results (Table 4) of impregnated paper disc method
show that petriplates poured with AEs of test spices
did not show any growth inhibitory zone towards
Pcit and Pexp. Same response of test fungi was
observed towards EOs of CI, Tf-g and Zo, and also
with the control set of petriplates incorporated with
DMSO. Contrastingly, EOs of As, Bj, Ccb, Ccm, Os,
Mp and Sa displayed distinct zones of inhibition (mm)
of varying diameters towards both the fungi under
observation. Itis obvious from the data that Pcit gave

wider growth inhibitory zones as compared to Pexp
towards all the spice EOs. Based on the measured
diameters of inhibitory zones, the following ranking
of spice EOs in their descending order can be made
towards fungal strains :

Pcit : Ccm> Sa> Ccb> Bj> As> Mp> Os ; Pexp : Sa>
Bj> As= Ccm> Ccb> Mp> Os.

MICs of EOs (which exhibited inhibitory zones during
impregnated paper disc method), were determined
using broth dilution assay, and are enlisted in
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Table 5. Data revealed that MIC values of EOs  obtained, effectivity of spice EOs in descending order
towards Pcit ranged from 3.90 pyL/mL- 62.50 yL/  towards fungi can be put as :
mL, and towards Pexp, MIC values varied from 7.81 Pcit : Ccb= Ccm= Sa> As= Bj= Mp> Os; Pexp : Ccb>
pL/mL- 62.50 pyL/mL. On the basis of MIC values  As= Bj= Ccm= Sa> Mp> Os.

Table 4: Inhibitory activities of AEs and EOs

Spices Zones of Inhibition (mm)
DMSO (5pL) EO (5pL) AE (10pL)

Pcit Pexp Pcit Pexp Pcit Pexp
As NOB NOB 27.10+0.56 24.00+0.21 NOB NOB
Bj NOB NOB 40.50+£0.09 32.00+0.12 NOB NOB
Ccb NOB NOB 41.50£0.16 19.50+0.29 NOB NOB
Ccm NOB NOB 42.10£0.51 24.10+1.00 NOB NOB
Cl NOB NOB NOB NOB NOB NOB
Mp NOB NOB 12.50£0.33 12.00£0.38 NOB NOB
Os NOB NOB 10.30£0.57 10.10£0.12 NOB NOB
Sa NOB NOB 42.00+£0.67 34.00+0.50 NOB NOB
Tf-g NOB NOB NOB NOB NOB NOB
Zo NOB NOB NOB NOB NOB NOB

As: Allium sativum, Bj: Brassica juncea, Ccb: Cinnamomum cassia (Blume),

Ccm: Cuminum cyminum, CI: Curcuma longa, Mp: Mentha piperita,

Os: Ocimum sanctum, Sa: Syzygium aromaticum, Tf: Trigonella foenum-graecum,
Zo: Zingiber officinale, Pcit: Penicillium citrinum, Pexp: Penicillium expansum,
NOB: Not Observed, DMSO: Dimethylsulphoxide.

Table 5: Minimum inhibitory concentrations (MICs) of EOs

Spices MICs

DMSO EOs

Pcit Pexp Pcit Pexp
As NOB NOB 7.81 15.62
Bj NOB NOB 7.81 15.62
Ccb NOB NOB 3.90 7.81
Ccm NOB NOB 3.90 15.62
Mp NOB NOB 15.62 62.50
Os NOB NOB 31.25 62.50
Sa NOB NOB 3.90 15.62

As: Allium sativum, Bj: Brassica juncea, Ccb: Cinnamomum cassia (Blume),

Ccm: Cuminum cyminum, Mp: Mentha piperita, Os: Ocimum sanctum,

Sa: Syzygium aromaticum, Pcit: Penicillium citrinum, Pexp: Penicillium expansum,
NOB: Not Observed, DMSO: Dimethylsulphoxide.
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Discussion

Spices are well known for their flavouring and
therapeutic properties. Mainstream scientific
community readily accepts spices as antimicrobial
agents. Present in vitro trials clearly suggest that
spice forms under investigation showed marked
variability in inhibiting phytopathogenic Pcit and
Pexp. As per our observations, EOs of spices
arrested the fungal growth most potentially, followed
by PD spices, whereas AEs were found totally
ineffective. Our findings are in consistency with
the results of Hetta et al., those elucidated that
EOs and PD forms of some spice plants (black
cumin, cinnamon, clove, cumin and marjoram),
have antibacterial activities against Bacillus spp.
isolated from raw and processed meat, to which
they further added that inhibitory potential of EOs
was stronger than the PD forms of the same plant.?®

Furthermore, results of our study revealed that
amongst PD forms of spices, Ccb and Sa, arrested
the growth of Pcit and Pexp, most significantly
followed by Ccm and As, while Bj, Cl, Mp, Os,
Tf-g and Zo, proved ineffectual. This variation
in the antifungal activities shown by PD spices
may be attributed to their volatile EOs. Rio et al.
and many others have postulated that functional
properties of spices reside in their volatile EOs,
which in turn consist of a myriad of phytochemicals,
viz., alcohols (farnesol, menthol), aldehydes
(cinnamic aldehyde, cuminic aldehyde), polyphenols
(eugenol, resveratrol), terpenoids (thymol) and thiols
(allicin and allylisothiocyanate), preferably known
as bioactive components.?7:282° Aforestated
components are basically responsible for the
antimicrobial activities of spices, either by causing
degradation of cell wall/ cytoplasmic membrane,
leakage of cellular components or by affecting their
genetic material, protein synthesis, electron transport
system, nutrient uptake, enzymatic activities and
energy production inside the cell, adversely.2°30:31

Therefore, low effectivity of As and non effectivity
of Bj, Cl, Mp, Os, Tf-g and Zo, in their PD forms
in current study, may be either due to their less
amount of EOs or due to the substantial loss
of volatile antimicrobial components during the
process of drying and grinding. It is quite evident
from our results, wherein EOs of Bj, Mp and Os
exhibited growth inhibitory effects, while PD forms of
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referred spices did not show any antifungal activity.
Moreover, greater antifungal potential of Sa, Ccbh and
Ccm may be attributed to their high amount of EOs
and chemical composition of EOs. Past researches
have demonstrated that Sa comprises 15-20% EO,
which is primarily eugenol (80-85%).3? Likewise,
Ccb also consists of considerable amount of EO
that ranges from 0.9-4.0% with major constituent
being cinnamic aldehyde,* and Ccm contains 2.5-
4.5% of EO, and is mainly composed of cuminic
aldehyde.® Though, it deserves special attention
that amount of EO in Ccb is far less as compared
to Sa, but antifungal activities shown by PD forms
of these 2 spices towards Pcit and Pexp, were close
to each other as per our observations. Similarly,
Ccm has more amount of EO as compared to Ccb,
but in terms of generation of days of inhibition, PD
form of former proved less effective than the later.
This discrepancy in results, thus can be attributed
to different chemical structures of major bioactive
components of EOs of spices and their specific
mode of action. Other related factors responsible for
greater antifungal potentials of PDCcb and PDSa
may include the pH, volatility, molecular weight and
diffusion of antimicrobial components in growth
medium along with type of microorganism implicated
in the study. However, exact mechanisms of action
of these bioactive components towards Pcit and
Pexp at molecular levels are not yet understood, and
would remain a line of future research.

Similar reasons can be given for differential antifungal
activities shown by EOs of spices towards Pcit and
Pexp, during broth dilution assay and impregnated
paper disc method, where EOs of Mp and Os were
less potent in inhibiting test fungi as compared to
EOs of As, Bj, Ccb, Ccm and Sa, towards both the
test fungi. Our results were in agreement with the
findings of De-Montijo-Prieto et al., wherein they
reported antimicrobial activities of 13 EOs from
different herbs, spices, fruits and vegetables towards
some common food borne pathogens.®

The altogether inert nature of 10 AEs in current trials
could be due to the insolubility of hydrophobic
antimicrobial components of EOs in water. It is
suggested that the hydrophobicity of the EOs and
their bioactive components is the detrimental factor
which makes them to get accumulated in the lipid
bilayer of the cell membrane and mitochondria,
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rendering them more permeable to external agents
Gonelimali et al. also found that aqueous extracts
of Hibiscus sabdariffa and Syzygium aromaticum
did not show antimicrobial activity against Candida
albicans.™

It was also notable that inhibitory effect of EOs and
PD forms was more pronounced against Pcit as
compared to Pexp. Though, reasons for greater
susceptibility of Pcit need further elucidation.

Conclusion

Concludingly, Ccb, Ccm and Sa, in their two test
forms, i.e., EOs and PD forms, inhibited Pcit and
remarkably, and hence, may be considered as
‘potent inhibitors’. Conversely, CI, Tf-g and Zo did
not show any growth inhibitory activity, in their any
test form, and may be categorized as ‘non inhibitors’.
Hence, PD forms of Ccb, Ccm and Sa, being cheap
and safe, may find a place as ‘natural antimicrobials’
along with EOs of As, Bj, Ccb, Ccm, Mp Os and
Sa, to retard the growth of Pcit and Pexp in order
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to extend the shelf life of fruits and processed food
products. This study would help to reduce post
harvest loss of valuable agricultural commodities
and meet the ever increasing consumers’ demand
of wholesome food which is natural and free from
harmful chemical additives.
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