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ABSTRACT

Seeds of Cumin (Cuminumcyminum L., Family — Apiaceae, in Hindi — Jeera) are used in the
cuisines of different cultures and has medicinal importance. The fungitoxic properties of vapors of
essential oil extracted from Cumin seeds have been investigated against five species of Aspergillus
viz. A. flavusLink, A. fumigatus Fresenius, A. nidulans(Eidam) Wingate, A. nigervan Tieghamand A.
terreusThom, causing biodeterioration of paper manuscripts in Gorakhpur. The fungitoxicity was
determined in vitro as minimum inhibitory concentration (MIC), minimum lethal concentration
(MLC) and inoculum density sustained at MIC and higher doses (fungicidal or fungistatic nature). It
is concluded that this oil is effective against all the five selected species of Aspergillusand can be
recommended for further in vivo investigations against various species of Aspergillus. It is also
suggested that the oil should be tested in vitro and in vivo against species of Aspergillus causing
diseases in birds, animals and humans too, in order to explore the possibility of their use as a
chemotherapeutic agent.
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INTRODUCTION

Species  of

of Aspergillus demonstrate  oligotrophy where

Aspergillus Micheliare they are capable of growing in nutrient-depleted

highly aerobic and are found in almost all

oxygen-rich  environments,  where they
commonly grow as molds. These species are
common contaminants of starchy foods and
grow in or on many plants and trees. In addition

to their growth on carbon sources, many species

environments, or environments in which there
is a complete lack of key nutrients. Species of
Aspergillus are common saprobes, responsible
for natural degradation of a variety of organic
matter and deterioration in storage of a number

of commodities including grains, vegetables,
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fruits, paper, textiles and leather etc.'®. In
India, damage to cultural properties by fungal
biodeterioration IS enormous. Paper
manuscripts and paintings are damaged by
fungi, including Aspergillus and other fungal

genera’.

Species of Aspergillus are  important
medically and commercially also. More than
60 Aspergillus species are medically relevant
pathogens®. Occasionally, some species of this
genus are opportunistic pathogens in the
respiratory tracts of birds and animals,
including man and cause serious diseases’.
Aspergillosis is the group of diseases caused
by Aspergillus spp. In humans, the major forms
of disease are allergic broncho-pulmonary
acute invasive

aspergillosis, aspergillosis,

disseminated  invasive  aspergillosis  and
aspergilloma, a "fungus ball" that can form

within cavities such as the lungs.

The inappropriate use of synthetic
fungicidescause adverse effects on ecosystems
and a possible carcinogenic risk’®*3. These
synthetic fungicidesare mostly non-
biodegradable, heavily pollute the environment,
adversely affect the non-target organisms and
deface and destroy the cultural objects™.
Moreover, the fungi develop resistance against
in turn become

these fungicides, which

ineffective®®.

Therefore, there is an urgent need to

develop new management system to reduce the

dependence on synthetic fungicides. Recent
trends favor the use of alternative substances
derived from natural plant extracts to control
these fungi. Volatile essential oilsof plant origin
have shown antifungal activity against a wide
range of fungi'®*’. These natural substances do
not deface and destroy the objects including
cultural properties, are biodegradable, eco-

friendly, cause no pollution and non-toxic.

In recent years, volatile constituents of
various higher plants, i.e., many essential oils
and their constituent terpenoids, have shown
potent fungitoxic activity in their vapors against
Aspergillus spp. and other fungi. Use of such
volatiles for protection of stored foods against
fungal infestation and also for controlling
fungal diseases of crops has been suggested'®
24 A perusal of literature proves that of all these
plants and their parts, Cumin seeds oil is a
potent fungitoxicant against an array of fungi,
including Aspergillus spp.?>°.

Therefore, the present investigation has
been done with an aim to investigate the
fungitoxic properties of vapors of essential oils
Seeds of

(Cuminumcyminum L., Family — Apiaceae, in

extracted from Cumin

Hindi — Jeera) against five species of
Aspergillus viz. A. flavus, A. fumigatus, A.
nidulans, A. niger and A. terreus, causing
biodeterioration

of paper manuscripts in

Gorakhpur.
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MATERIALS AND METHODS
(1) Fungal Strains Used as Test Fungi

Five strains of  Aspergillus viz. A.
flavus, A. fumigatus, A. nidulans, A. niger and
A. terreusisolated from deteriorated pages of
Webster’s New International Dictionary of the
English Language, 1934°> were used as test
fungi. These fungi were examined by Direct
Observation and were isolated by direct lifting
with inoculation needle and by Standard Blotter
Method?’ and Agar Plate Method (Czapek Dox
Agar®and Streptomycin Rose Bengal Agar®).
The fungi obtained in mixed culture were
purified by streaking on PDA Medium.
(ii) Plant Material

Seeds of Cumin (Cuminumcyminum L.,
Family — Apiaceae, in Hindi — Jeera) was
obtained from local market of Gorakhpur.
(iii) Extraction of Essential Oil

Essential oil of the Cumin seeds was
obtained byhydrodistillation in Clevenger’s

apparatus.

% Mycelial Inhibition = Gc - Gty 100
Gc

Where, Gc = Colony diameter of the control set,

(iv) Assessment of Antifungal Activity of
Essential Oil

Antifungal activity of vapors of
extracted essential oil was assessed by the
inverted Petri plate technique™.

A 5 mm. diameter inoculum disc of the
test fungus, cut from the periphery of the
mycelial colony of a seven days old culture,
was inoculated on 10 ml. Czapek Dox Agar
medium in an 80 mm. diameter Petri dish. The
dish was then inverted and the requisite amount
of oil in 0.5 ml. acetone, soaked on a 25 mm.
diameter sterile filter paper disc, was placed
inside the dish on its lid. Sterile distilled water,
taken in place of oil in 0.5 ml. acetone, was
used as control. Every experiment was repeated
ten times and the average of results was
recorded. The dishes were incubated at 25° + 1
°C, and on 7" day, fungitoxicity was recorded
as per cent inhibition of mycelial growth,

calculated by the formula:

Gt = Colony diameter of the treatment set.

The dose of vapors of essential oil was
expressed as ppm (parts per million), i.e., parts
(volume) of oil per million parts of aerial
volume inside the Petri dish available for
diffusion of oil vapor, arbitrarily assuming that
the given volume of oil volatilizes to produce
an equal volume of vapor®

The Corning glass Petri dish (80 mm.

diameter) used in this study had an average
inner volume of 60 £ 2 ml., of which 10 ml.
was occupied by the medium and 50 ml.
medium-free aerial space was available for
diffusion of oil vapour. The ppm dose of oil
was calculated by progression as the amount of
oil (ul) used per liter of medium-free aerial

space available for diffusion of oil vapor.
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Inoculum disc

Area for vapour diffusion

Filter paper disc soaked
with oil

Figure 2. Inverted Petri plate Technique

(v) Minimum Inhibitory Concentration
(MIC)

The minimum inhibitory concentration (MIC)
of essential oil vapor was determined by
observing per cent inhibition of mycelial
growth of the test fungus by progressively
lower doses of oil, in the range of 100 — 10
ppm. The minimum dose required for 100%
inhibition (fungistatic/fungicidal) was recorded
as the MIC. The fungistatic/fungicidal nature of
oil fungitoxicity was observed at the MIC and
higher doses for determining the minimum
lethal (MLC),

concentration which was

recorded as the minimum dose required for
fungicidal action®™.
(vi) Nature of Fungitoxicity
For determining the nature of
fungitoxicity of essential oil vapor, the
treatment and control sets were prepared at
MIC. After 7 days of incubation, the mycelial
discs were removed from the Petri plates and
re-inoculated on the fresh medium. The
presence/absence of mycelia growth in the re-
inoculated discs proved the
fungistatic/fungicidal nature of the toxicity of

vapors, respectively*.
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(vii) Inoculum Density Sustained

Inoculum density sustained by vapors of
oil at MIC and hyper MIC doses was
determined by increasing the number of

OBSERVATIONS

inoculums discs in each assay dish of the

treatment set in arithmetic progression of 2, up

9

to a maximum of 24  discs?

Table 1. MIC* and nature of fungitoxicity of seeds of Cumin (Cuminumcyminum L., Family —

Apiaceae) oil vapors against five strains of Aspergillus

Concentration Per cent Mycelial Inhibition Nature of
of Oil (ppm) A. flavus A. fumigatus A. nidulans A. niger A.terreusThom | Fungitoxicity
Link Fresenius (Eidam) van Tiegham **
Wingate (at MIC)
10 84.8 82.4 84.6 80.0 90.2 +
20 100 100 100 100 100 -
50 100 100 100 100 100 -
100 100 100 100 100 100 -
* = Minimum Inhibitory Concentration (fungicidal/fungistatic)
*x + = Fungistatic Nature (presence of mycelial growth in re-inoculated discs)

= Fungicidal Nature (absence of mycelialgrowth in re-inoculated discs)

Table 2. Inoculum density sustained (Number of inoculum discs of 5 mm. diameter

inhibited)
Test Fungi Inoculum Density Sustained
At MIC dose (20 ppm) At Hyper MIC dose
(5 x MIC dose =5 x 20 = 100 ppm)

A. flavusLink 2 22
A. fumigatus Fresenius 2 24
A. nidulans(Eidam) 1 22
Wingate

A. nigervan Tiegham 1 20
A. terreusThom 2 24

RESULTS AND DISCUSSION

Data of Table — 1 reveal that minimum
inhibitory concentration (MIC) of oil vapors of
seeds of Cumin is 20 ppm dose, at which the oil
shows fungicidal nature against all the five
strains of Aspergillus viz. A. flavus, A.
fumigatus, A. nidulans, A. nigerand A. terreus,
causing biodeterioration of paper manuscripts
in Gorakhpur. At 10 ppm dose also, it is

effective, but is fungistatic in nature and

mycelial growth is present in re-inoculated
discs. The nature of fungitoxicity reveals that at
the same 20 ppm dose, the mycelial growth is
Therefore,
of the

absent in re-inoculated discs.
minimum lethal concentration (MLC)
oil is also 20 ppm. Consequently, MIC and
MLC, both values are 20 ppm against all the
aforesaid five species of Aspergillus.

Data of Table — 2 reveal that vapors of Cumin

seeds oil can inhibit not more than two
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inoculum discs of the all five species of the test
fungus Aspergillusat MIC dose. However, at
hyper MIC dose (5 x MIC), these vapors retain
fungitoxicity for appreciably higher inoculum
density and a maximum of 24 inoculum discs of

5 mm. diameter are inhibited.

CONCLUSION

It is therefore, concluded that essential
oil vapors of Cuminumcyminumseeds is
effectively toxic at very low dose of 20 ppm.
against all the five species of the selected test
fungus — Aspergilluscausing biodeterioration
of paper manuscripts in Gorakhpur. Also, it can
inhibit high inoculums density at hyper MIC
dose. Therefore, it is recommended for further
detailed study under in vivo conditions to
protect our cultural heritage in paper and

textiles damaged by Aspergillus spp. and other

REFERENCES

1. C. Aranyanak. Microscopical Study of
Fungal Growth on Paper and Textile. In:
Biodeterioration of Cultural Property 3.
Aranyanak, C. and Singhasiri, C. Eds.
Proceedings of the 3rd International
Conference, Bangkok. 82-102, 1995.

2. IreneArroyo. The role of fungi in the
deterioration of movable and

immovable cultural  heritage. E-
Conservation Magazine, Spain. 40-50,
2007.

3. K.G. Mukerji, K.L. Garg and A.K. Mishra.
Fungi in deterioration of museum
objects. In: Biodeterioration of Cultural
Property 3. Aranyanak, C. and
Singhasiri, C. Eds. Proceedings of the

cellulolytic fungi.

It is also suggested that the oil should be
tried in vitro and in vivo against species of
Aspergillus causing diseases in birds, animals
and humans too, in order to explore the
possibility of their use as a chemotherapeutic
agent.

ACKNOWLEDGEMENTS

Authorsare thankful to the Principal, St.
(P.G.) College,
facilities and encouragement, and to Prof. V.N.

Andrew’s Gorakhpur for

Pandey of Department of Botany, DDU

Gorakhpur  University for his valuable

suggestions. Shivani Srivastava is thankful to
Dept. of Science & Technology, New Delhi for

financial support under SoRF (DISHA

Fellowship).

3rd International Conference, Bangkok.
226-241, 1995.

4. Mamta Srivastava and NeerajSrivastava.
Fungal deterioration of cultural
commodities in paper. J. Liv. World,
14(1) : 51-53, 2007.

5. MamtaSrivastava, M.K.Arya and
NeerajSrivastava.  Cellulolytic  fungi
causing biodeterioration of Webster’s
dictionary in Gorakhpur. International
Journal of Biological Technology, 2
(Special Issue) : 216-220, 2011.

6. A.Unger and W.Unger. Detection method of
biological damage in wooden cultural
property: a review. In: Biodeterioration
of Cultural Property 3. Aranyanak, C.

IN VITRO DETERMINATION OF FUNGITOXICITY OF CUMIN SEED OILAGAINST ASPERGILLUS SPP. - Shivani Srivastava and Neeraj Srivastava

2016 Vol. 4 (Issue 4) Page 32



NATIONAL CONFERENCE ON

CHANGING ENVIRONMENT, PLANTS, DISEASES AND HUMAN HEALTH- VULNERABILITY AND IMPACT ASSESMENT FOR
ADAPTATION TO CLIMATE CHANGE: THE ROAD TO FUTURE
Organised by: Department of Botany, St. Andrew’s College (PG), Gorakhpur

and Singhasiri, C. Eds. Proceedings of
the 3rd International Conference,
Bangkok. 181-186, 1995.

7. O.P. Agrawal. An Overview of Problems of

Biodiversity of Cultural Property in
Asia. In: Biodeterioration of Cultural
Property 3. Aranyanak, C. and
Singhasiri, C. Eds. Proceedings of the
3rd International Conference, Bangkok.
14-34, 1995.

8. C. Thomand M. Church . The Aspergilli.

Baltimore: The Williams & Wilkins
Company, 1926.

9. E.S. Beneke and A.L. Rogers. Medical

10.

11.

12.

13.

Mycology Annual. Burges Pub. Co.
U.S.A,, 1970.

Research Council Board of Agriculture.
Regulating pesticides in food. The
Delaney  Paradox. Pub. National
Academy Press, Washington DC, 288,
1987.

K.A. Osman andS. Al-Rehiayam. Risk
assessment of pesticides to human and
the environment. Saudi J. Biol. Sci., 10 :
81-106, 2003.

S. Masuduzzaman, M.B. Meahand M.M.
Rashid. Determination of inhibitory
action of Allamanda leaf extracts
against  some important plant
pathogens.J. Agric. Rural Dev., 6(1-2) :
107-112, 2008.

N. GanesanSiva, N.Banumathi and
Muthuchelian. Antifungal effect of leaf
extract of some medicinal plants against
Fusarium oxysporum causing wilt
disease of Solanum melongena L.
Ethnobot. Leafl., 12 : 156-163, 2008.

14.

ZS. Khan and S.  Nasreen.
Phytochemical  analysis, antifungal
activity and mode of action of methanol
extracts from plants against pathogens.
Journal of Agricultural Technology,
6(4) : 793-805, 2010.

15. M.A. Zhonghua and T.J. Michailides.

16.

Advances in understanding molecular
mechanism of fungicide resistance and
molecular  detection of  resistant
genotypes in phytopathogenic fungi.
Crop Prot., 24 : 853-863, 2005.

V.N. Pandeyand A.K. Srivastava.
Prevention of fungal damage to our
cultural heritage of wood and leather by

volatile constituents of higher
plants. In: Biodeterioration of Cultural
Property 3. Aranyanak, C. and
Singhasiri, C. Eds. Proceedings of the
3rd International Conference, Bangkok.
542-554, 1995.

17. M.S.Abd-Alla, K.M. Ataliaand M.A.M.

El-Sawi. Effect of some plant waste
extracts on growth and aflatoxin
production of Aspergillus flavus. Annals
Agric. Sci., 46 : 579-592, 2001.

18. A.Yaouba, N.L.Tatsadjieuet al. Antifungal

properties of essential oils and some
constituents to reduce foodborne
pathogen. Journal of Yeast and Fungal
Research, 1(1) : 001-008, 2010.

19. Andreia de A.Morandin, N.A.S.Pin,

A.C.Alecio, M.J. Katoet al.
Composition and  screening  of
antifungal activity against
Cladosporiumsphaerospermum and C.
cladosporioides of essential oils of
leaves and fruits of Piper species.
African Journal of Biotechnology,
9(37): 6135-6139, 2010.

IN VITRO DETERMINATION OF FUNGITOXICITY OF CUMIN SEED OILAGAINST ASPERGILLUS SPP. - Shivani Srivastava and Neeraj Srivastava

2016 Vol. 4 (Issue 4) Page 33



NATIONAL CONFERENCE ON
CHANGING ENVIRONMENT, PLANTS, DISEASES AND HUMAN HEALTH- VULNERABILITY AND IMPACT ASSESMENT FOR
ADAPTATION TO CLIMATE CHANGE: THE ROAD TO FUTURE
Organised by: Department of Botany, St. Andrew’s College (PG), Gorakhpur

20.

21.

22.

23.

24,

25.

26.

Mehmet Musa Ozcanand Fahad Y .Juhaimi.
Antioxidant and antifungal activity of
some aromatic plant extracts. Journal of
Medicinal Plant Research, 5(8) : 1361-
1366, 2011.

A.A.Mostafa, A.N. Al-Rahman and A.
Abdel-Megeed. Evaluation of some
plant extracts for their antifungal and
antiaflatoxigenic activities. Journal of
Medicinal Plants Research, 5(17): 4231-
4238, 2011.

M. Barkatand A. Bouguerra. Study of
antifungal activity of essential oils
extracted from seeds of
Foeniculumvulgure Mill. for its use as
food conservative. African Journal of
Food Science, 6(9) : 239-244, 2012.

A. Naeiniand H. Shokri. Chemical
composition and in vitro antifungal
activity of the essential oil from
Cuminumcyminum  against  various
Aspergillus strains. Journal of Medicinal
Plants Research, 6(9); 1702-1706, 2012.

A.C.Shukla,R.S. Yadav, S.K. Shahi and A.
Dikshit. Use of plant metabolites as an
effecsanchis, tive source for
management of post harvest fungal
pests: a review. Current Discovery, 1(1)
: 33-45, 2012.

GurdipSingh and SumitraMaurya.
Antimicrobial, antifungal and
insecticidal investigations on essential
oils — an overview. Natural Product

Radiance, 4(3) : 179-192, 2005.

Sunita Bansod and  MahendraRai.
Antifungal activity of essential oils from
Indian medicinal plants against human
pathogenic Aspergillus fumigatus and A.

27.

28.

29.

30.

31.

niger. World Journal of Medical
Sciences, 3(2) : 81-88, 2008.

P. Neergaard and A. Saad . Seed health
testing of rice. Indian Phytopath. 15: 85-
111, 1962.

K.B. Raper and C. Thom. A Manual of
Penicilia. Pub. The Wiliams and
Wilkins Co. Baltimore, 1949.

P. Martin. Use of acid rose Bengal and
streptomycin in the plate method for
estimating soil fungi. Soil Sci. 69 : 215-
232, 1950.

G.P. Rao and A.K.. Srivastava. Toxicity of
essential oils of higher plants against
fungal pathogens of sugar cane. In:
Current trends in sugar cane pathology.
Eds. G.P. Rao, A.G. Gillaspiejr, P.P.
Upadhyay et al. International Books and
Periodicals, New Delhi, 347-365, 1994.

R.H. Garber and B.R. Houston. An
inhibitor of Verticilliumalbo-atrumin
cotton seeds. Phytopathology, 49 : 449-
450, 1959.

IN VITRO DETERMINATION OF FUNGITOXICITY OF CUMIN SEED OILAGAINST ASPERGILLUS SPP. - Shivani Srivastava and Neeraj Srivastava

2016 Vol. 4 (Issue 4) Page 34



