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Abstract: The study envisages the screening of some edible salt varieties like table salt, Rock salt and Himalayan salt for their efficacy
against food spoilage fungal pathogen Aspergillus niger. Different concentrations of the salt varieties were prepared and using disc
diffusion methods were screened for their efficacy. It was found that almost all the salt concentration had good antifungal activity. The
mycelial growth of the fungus was significantly suppressed in rock and Himalayan salt at all concentrations and comparatively the
process was lower in table salt. The study shows that the Himalayan salt was the best antifungal agent compared to rock salt and table
salt. Further studies with more concentration will give an idea on its threshold capacity.
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1. Introduction

Food loss, causes considerable environmental and economic
damage wherein fresh produce accounted for nearly 20% of
this loss (Alimelli et al., 2007).Generally, about 30 % fruits
and vegetables are rendered unfit for consumption due to
spoilage after harvesting. India annually produces fruits and
vegetables of the value of about Rs. 7000 crores and wastage
may be of the order of Rs. 2100 crores. This is a huge loss of
valuable food even when the minimum food requirement of
the population is not met. The issue of food losses is of high
importance as they have an impact on food security for poor
people, on food quality and safety, on economic
development and on the environment. Fungal spoilage of
dairy foods is manifested by the presence of a wide variety
of metabolic by-products, causing off-odours and flavours,
in addition to visible changes in colour or texture (Gram et
al 2002). Aspergillus and related molds generally grow
faster and are more resistant to high temperatures and low
water activity. That’s why they are probably best known for
spoilage of grains, dried beans, peanuts, tree nuts, and some
spices (Cairns etal., 2015). As a consequence of limited
antifungal therapeutic options and timely diagnostics,
mortality rates can be extremely high, caused by invasive
aspergillosis or other systemic mycoses (Meyer etal., 2016).
Several types of modified atmosphere packaging (MAP)
have been developed to retard growth of pathogenic and
spoilage organisms (Guynot et al., 2003; Dalgaard et al.,
2006; Ercolini et al., 2006). However, microbes are
endlessly innovative and eventually seem to circumvent the
barriers we set up against them. Therefore, further strategies
and multiple hurdles are utilized to extend the shelf life, but
these procedures must be assessed for compatibility with
different foods so that there are no significant organoleptic
changes in the foods caused by the treatment of
preservatives. From time immemorial salt is an important
part of our food and they are essential for functioning of our
brain and nerves as they support electrical impulses in the

body. Salt is commonly used to flavour the food, and as food
preservatives. Sea salt or Rock salt (Sendha namak) in its
purest form is made of Sodium Chloride, but unrefined and
depending on its source it contains various trace minerals
like potassium, zinc, manganese, calcium and iron. It can be
used as a healthy substitute of common salt as it is rich in
minerals and does not pose health problems like high blood
pressure, puffiness in the body or eyes. Rock salt Lamps
serve as natural air ionizers that can remove harmful ions
from air we breathe (Sarker et.al., 2016). Himalayan salt is
rock salt or halite mined at the Khewra Salt Mine in Khewra
in Punjab region of Pakistan. It is similar to table salt plus
mineral impurities and consists of 95-98% sodium chloride,
2-4% polyhalite (potassium, calcium, magnesium, sulphur,
oxygen, hydrogen), 0.01% fluoride, 0.01% iodine and small
amounts of numerous trace minerals wherein the impurities
in some veins of salt give it a pink, reddish, or beef red
colour (Sarker etal., 2016). There are reliable reports
showing around 25 nutrients and non-nutritive minerals in
pink salt (Shah, 2009, Rahman et al 2015, Flavia Fayet -
moore et. al., 2020). Table salt or iodised salt is the most
common type of salt used in home kitchens as it dissolves
easily. It is an industrial salt refined to about 99 percent
sodium chloride and contains additives to prevent it from
clumping together. New type of salt has recently appeared in
the market and they claim to be less harmful to health than
current commercial salt (Carapeto et.al., 2018). Sodium
chloride is a known antifungal agent used routinely in the
aquaculture industry (Stockwell et.al., 2012). Similarly other
salts like Ammonium Phosphate, Potassium carbonate,
Potassium bicarbonate, Sodium carbonate and Sodium
carbonate inhibits the growth rate of Fusarium solani
(Ghadiri et.al., 2013). On the other hand, suppressive effect
of sodium and calcium salts applied individually (or)
combined with the yeast Saccharomyces cerevisiae was
reported against Alternaria solani (EI-Mougy et.al., 2009).
The efficacy of salts such as Potassium phosphate dibasic
sodium chloride, sodium sulphate and trisodium phosphate

Volume 13 Issue 1, January 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WwWWw.ijsr.net

Paper ID: SR231219195610

DOI: https://dx.doi.org/10.21275/SR231219195610 214



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

as possible alternatives to synthetic fungicides for the
control of fusarium oxysporum, were also reported
(Turkkan, 2013). Similarly inorganic salts viz., Ammonium
molybdate, Ammonium oxalate, Cupric sulphate, EDTA,
Ferric Chloride, Ferrous sulphate, Potassium meta bi
sulphate and Zinc sulphate were tested against Fusarium
solani, Fusarium oxysporum, Rhizoctonia solani and
Phytophthora infestans (Rani et.al., 2016). A laboratory
experiment was conducted to study salts types and effect of
their concentrations on the growth of Aspergillus niger and
Penicillium oxalicum (Waheed et al., 2019).Likewise, a
study was undertaken to determine and compare the sodium
and potassium contents in selected salts (table salt, coarse
salt, French sea salt, Himalayan pink salt and bamboo salt)
(Tan et al., 2016).Based on the information cited above this
study tries to screen some of the common edible salt
varieties for their potential efficacy against a common food
spoilage fungus Aspergillus niger.

2. Methodology

Aspergillus niger isolate was used in this study. The cultures
were locally isolated from spoilt bread mold, identified by
standard procedure and confirmed with the culture collection
maintained by local expertise. The fungal strains were
maintained on Potato Dextrose Agar (PDA) slants and stored
at 4°C, which served as stock cultures for future use. The
disc diffusion assay method of lennette (1985) as described
by Rabe & Van Staden (1997) was used with some
modifications to determine the rate of inhibition in growth of
the fungus in different salt concentrations. The diluted
fungal cultures were spread over PDA plates using sterile L-
rods. About 0.2 ml of each of the extract was applied in
Whatman’s No:1 filter paper discs (5 mm diameter) and
allowed to dry before being placed on the top layer of the
PDA plate containing the Aspergillus colony. The plates
were incubated at 27°C for 72 hours and the diameter of
inhibition zones were recorded.

Three different edible salt varieties were used for this study
i.e. Table salt, Rock salt and Pink (Himalayan) salt. The salt
types were obtained from local shops, where it was easily
available. They were sterilized in autoclave for 15 minutes at
121°C at 15 Ibs. and stored before use. The salt varieties
were diluted to 5, 10, 15 % (w/v) using distilled water and
stored aseptically before application as per standard
procedures. The effect of the salts on the mycelial growth of
the fungal species were assayed according to Mecteau et al
(2002), with a slight modification. Discs dipped in distilled
water was maintained as control.

The fungal mycelium was transferred from 7-day old
cultures in the centre of the plate and the plates were sealed
with parafilm and incubated at 24°C. Mycelial growth was

measured every day until the growth reached the edge of the
petri plates. Each treatment was replicated 3 times and the
experiment was repeated twice. The mycelial growth was
determined in PDA amended with salts at concentrations of
5, 10, 15 % (w/v) for each salt variety respectively. The
results were recorded by measuring the zone of growth
inhibition around the disc measured from centre and was
expressed in mm diameter.

3. Results and Discussion

This study evaluated the inhibitory activity of different salt
varieties against Aspergillus niger, a common food spoilage
fungus at different concentrations (Table 1; Fig. 1; Plate 1).

Table 1: Inhibition zone diameter for different salt
concentration against Aspergillus niger.

Inhibition zone diameter (mm) / Average
Salt variety salt Concentration (%) (mm?
5 10 15 Control
Table salt 6 6 7 0 6.3
Rock salt 7 9 11 0 9.0
Himalayan salt | 9 12 15 0 11.6

The different salt varieties had some potential antifungal
activities against the test pathogen. The table salt had the
least inhibition potential among the different salts tested. It
is reported that there was minimum inhibition at 5%
concentration and increased only at the highest test
concentration of 15%. The average inhibition was around
6.3 mm. it shows that the common table salt, since it is a
refined product lacks natural antifungal characteristics. It is
suspected that the supplementation of lodine in the table salt
contributes to the antifungal effects.

The rock salt on the other hand has a significant inhibition
rate compared to table salt wherein it showed a significant
inhibition zones in all the concentration studies with a peak
at 15%. The significant increase may be due to its unrefined
state. The average inhibition was around 9 mm.
Comparatively it can be said that rock salt in spite of its
crudeness and low user friendliness, is a capable antifungal
agent. Nevertheless, it is used for most of the preservation
processes.

Himalayan salt is known for its therapeutic characteristics. It
has not failed here too as the test results show a significant
inhibition zone in its lowest concentration and it was quite
more than the averages shown by table salt or rock salt. The
inhibition zone increases significantly for all the test salt
concentrations and peaked at 15% with the maximum of
15mm. It shows that the pink salt or the Himalayan salt has
the most antifungal capability compared to the other two test
salts.

Volume 13 Issue 1, January 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WwWWw.ijsr.net

Paper ID: SR231219195610

DOI: https://dx.doi.org/10.21275/SR231219195610 215



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

=

Salt concentration(%s) vs Inhibition zone (nam)

15

p—
Lh

37
—

p—
o
=41

]

%%

N

I
[
m//‘ld-a

Inhibition Zone (mm)

YY)

Salt concentration (%)
OTable salt SRocksalt SHimalayan salt

Figure 1: Inhibition zone diameter for different salt concentration against Aspergillus niger.

There had been numerous studies with many non-edible
commercial salts against some pathogenic fungi, which had
similar antifungal characteristics, some of which include
sodium salts (Mecteau et al 2002). Comparatively the
sodium salts used by them had significant antifungal
potential. It can be said that this study to had similar
antifungal characteristics with edible salt i.e. Sodium
chloride. Similar results with Sodium chloride was reported
by Waheed et al in 2019 who showed significant Aspergillus
mycelial growth suppression on increase in salt
concentration.

In another study Abdel-Kader et al (2012) too showed
gradual increase in inhibition zones using calcium chloride,
wherein it reduced the mycelial growth of Fusarium solani.
However, Reid et al (2001) reported that sodium chloride
was more effective than other chloride salts in controlling
Fusarium oxysporum. Similarly, Amira et al., (2021) report
the effect of some salts on sweet pepper, which has the
mention of Sodium salt as good inhibitor of Aspergillus
niger among other pathogens too. This report confirms the
present study that NaCl is a natural antifungal agent.

But in contrast, in a study by Palmer et al (1997) and
Turkkan (2013) had reported that sodium chloride did not
have significant antifungal potential i.e. it did not reduce the
mycelial growth of some fungal species, but stimulated its
growth. This is consistent with Juniper and Abbot, (2006)
study, which confirmed that salinity inhibits both of spore
growth and mycelium formation. On the contrary Fungi is
also known to be tolerant of salt concentration but to some
extent. Similar were the results of (Madigan and Marrs,
1997) who found that the fungi use salts with concentrations
of less than 10% in the current of cellular proteins with high
levels of sodium chloride in the outer medium in order to
achieve the required balance for salt adaptation.

To conclude the study, it is reported that the mycelial growth
of the fungus was significantly suppressed in rock and
Himalayan salt at all concentrations and comparatively the
process was lower in table salt. The inhibition factor was
significant in Rock salt and was highest in Himalayan salt.
The study shows that the Himalayan salt was the best
antifungal agent compared to rock salt and table salt. It can
be attributed to the unrefined nature of the rock salt and
Himalayan salt as it contained more minerals along with
sodium, iron and zinc, so it can be concluded that Himalayan
salt is beneficial to our health and is recommended for safe
consumption.

References

[1]

[2]

(3]

[4]

[5]

6]

[7]

8]

[9]

[10]

[11]

Abdel-Kader M M, EI-Moughy N S, EI-Gammal N G,
Abd El-Kareem F & Abd-Alla M A, 2012. Laboratory
evaluation of some chemicals affecting pathogenic
fungal growth. J. Applied Sci. Res., 8(1): 523-530.
Alimelli A, Pennazza G, Santonico M, Paolesse R,
Filippini D, D'amico A, Lundstrom I, and Di Natale C.
2007. Fish freshness detection by a computer screen
photoassisted based gas sensor array. Analytica
Chimica Acta 582:320-328.

Amira, M., Tawfik, Ali M. Koriem, Sayed, E. Younis
and M.I.Elian, 2021.Effect of some salts on the
mycelial growth and spore germination of fungi caused
fruit rot of sweet pepper post-harvest diseases
pathogens. J.Product. & Dev.26(3):433-446.

Cairns TC, Studholme DJ, Talbot NJ, Haynes K. 2015
New and improved techniques for the study of
pathogenic fungi. Trends Microbiol.;24:35-50.
Carapeto Crisitna, Silvia brum, Maria joo rocha, 2018.
Which table salt to choose? Journal of nutrition food
sciences. 8(3):1-4.

Dalgaard P, Madsen HL, Samieian N, and Emborg J.
2006. Biogenic amine formation and microbial
spoilage in chilled garfish (Belone belone belone)-
effect of modified atmosphere packaging and previous
frozen storage. J Appl Microbiol 101:80-95.

El-mougy Nehal. S, Mokhtar, Abdel-Kader.M.20009.
Salts application for suppressing potato early blight
disease. Journal of plant protection research.49(4):353-
361.

Ercolini D, Russo F, Torrieri E, Masi P, and Villani F.
2006. Changes in the spoilage-related microbiota of
beef during refrigerated storage under different
packaging conditions. Appl Environ Microbiol
72:4663-4671.

Flavia Fayet - Moore, Cinthya wibisono, Prudence
Carr, Emily duve, Peter petocz, Graham Lancaster,
Joanna mcmillan, Skye marshall, Michelle blumfield.
2020. An analysis of the mineral composition of pink
salt available in Australia. Journal of foods. 9:1-15.
Ghadiri Mohammad Reza, Alireza dalili, Abdolreza
frotan, Masoud zaker, Bahare rahmanifard and Mahsan
dalili , 2013. Study on antifungal activity of some salts
on growth and dry rot development of fusarium solani
(MART) sacc. American-Eurasian journal of agric
environ science. 13(5):668-672.

Gram L, Ravn L, Rasch M, Bruhn JB, Christensen AB,
and Givskov M. 2002. Food spoilage—interactions

Volume 13 Issue 1, January 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WwWWw.ijsr.net
DOI: https://dx.doi.org/10.21275/SR231219195610

Paper ID: SR231219195610

216



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Paper ID: SR231219195610

between food spoilage bacteria. Int J Food Microbiol
78:79-97.

Guynot M, Marin S, Sanchis V, and Ramos AJ. 2003.
Modified atmosphere packaging for prevention of
mold spoilage of bakery products with different pH
and water activity levels. J Food Prot 66:1864-1872.
lennette E.H., 1985. Manual of clinical microbiology.
IV Ed. Amer. Asso. For Microbiology, Washington
DC.:978-987.

Juniper, S. and Abbott, L.K. 2006. Soil Salinity delays
germination and limits the growth of hyphae from
propagules of arbuscular mycorrhizal
fungi.mycorrhiza, 16: 371-374.

Madigan, M.T. and Marrs, B.L. 1997. Extremophiles.
Scientific American, 276(4): 66-71.

Mecteau M.R., J. Arul, and R.J. Tweddell. 2002. Effect
of organic and inorganic salts on the growth and
development of Fusarium sambucinum, a causal agent
of potato dry rot. Mycol. Res. 106 : 688-696.

Meyer V, Andersen MR, Brakhage AA, Braus GH,
Caddick MX, Cairns TC, 2016, Current challenges of
research on filamentous fungi in relation to human
welfare and a sustainable bio-economy: a white paper.
Fungal Biol Biotechnol.;3:6.

Palmer C L, Horst R K & Langahana R W, 1997.Use
of bicarbonates to inhibit in vitro colony growth of
Botrytis cinerea. Plant Disease, 81:1432-1438.

Rabe T., Van Staden, J., 1997. Isolation of an
antibacterial sesquiterpenoid from Warburgia salutaris.
J. Ethnopharm.73:171-174

Rahman A. U.; Islam, A.; Farrukh, M. A., 2015. An
Improved Method for the Preparation of Analytical
Grade Sodium Chloride from Khewra Rock Salt.
World Applied Sciences Journal, v. 8, n. 1, p. 61-65,
Rani Anju, Gyanika Shukla , Raj singh , Permod
kumar, Vineet girdharwal , Chhaya singh , Maneesha

[22]

[23]

[24]

[25]

[26]

[27]

[28]

singh , 2016. In vitro comparative study of antifungal
activity of inorganic salts against plant pathogenic
fungi. International journal of engineering sciences
research technology. 5(5):293-296.

Reid, T.C., Hausheck, M.K. and Kizilkaya, K.
2001.Effect of Sodium chloride on commercial
Asparagus and of alternative forms of chloride salt on
Fusarium crown and root rot. Plant Dis. 85:1271-1275.
Sarker Apurbo, Arittra ghosh, Kinsuk Sarker,
Debojyoti basu and Prof, Dr.Dhrubo jyoti sen. 2016.
Haltte; The rock salt; Enrmous health benefits. 2016.
World journal of pharmaceutical research. 5:1-10.
Shah, S. I, 2009, Stratigraphy of Pakistan.
Government of Pakistan Ministry of Petroleum &
Natural Resources Geological Survey of Pakistan, .
Stockwell Michelle Pirrie, John Clulow , and Michael
Joseph Mahony, 2012, Sodium chloride inhibits the
growth and infective capacity of the amphibian chytrid
fungus and increases host survival rates. Journal of
Plos One.7:1-7.

Tan W. L., Azlan, A. and Noh, M. F. M., 2016,
Sodium and potassium contents in selected salts and
sauces, International Food Research Journal 23(5):
2181-2186.

Turkkan, Muhareem , 2013. Antifungal effect of
various salts against Fusarium oxysporum f. sp.cepae,
the causal agent of Fusarium basal rot of onion.
Journal of agricultural sciences. 19:178-187.

Waheed Ali Ahmed, Ali Amer Dahham, Ebthal
Kadhim Azra, Jawad A. Kamal and Hussein M.
Khaeim, 2019. Concentrations effect of Some salts on
growth of Aspergillus niger and Penicillium oxalicum.
Plant Archives.19(2) : 310-312.

Volume 13 Issue 1, January 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WwWWw.ijsr.net
DOI: https://dx.doi.org/10.21275/SR231219195610

217



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

PLATE 1

EfTect of different concentration of salt varieties on Aspergilius niger

Table salt

Rock salt

Himalayan salt
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