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Toxin producing fungi are potentially affecting human and animal health and
should be eradicated. Toxigenicity of thirteen sorghum gain molding fungi belonging to
Aspergillus, Fusarium and Penicillium species was evaluated in this study using HPLC.
Potential of garlic (Allium sativum) juice for controlling these fungi was also examined
in vitro. Obtained results indicated that most of evaluated fungi were toxigenic. Aspergillus
flavus var. columnaris was the highest producer of aflatoxin-G (2 to 3ppb) and Aspergillus
terreus was the highest aflatoxin-B (2 to 4ppb) producer. Meanwhile, Fusarium
verticillioides was the highest producer of fumonisin (19.10 ppb) and zearalenone (21.40
ppb) but Fusarium nygamai was the highest producer of vomitoxin (31.30 ppb). On the
other hand while Penicillium chrysogenum was the highest producer of patulin (38
ppb), P. oxalicum produces the highest amount of Citreoviridin (37 ppb). Sorghum grain
molding fungi was successfully suppressed in vitro by garlic juice. Aspergillus terreus
was the most sensitive fungus to garlic juice (85.56% inhibition) followed by Fusarium
thapsinum (77.41% inhibition) and Penicillium funiculosum (75.19% inhibition).
Penicillium isolates were generally the most sensitive to lowest (1.25%) concentration of
garlic juice. They exhibited 52.97 and 52.59% inhibition in the growth of Penicillium
chrysogenum and Penicillium oxalicum respectively.
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Grain sorghum (Sorghum bicolor L.) is
one of the main food and feed crops with total
world production reached about 63 million ton1. In
addition; many sorghum grain based manufactures
are depending on such grains2. Sorghum grain
rotting diseases or grain molds are widespread and
devastating diseases that quantitatively and
qualitatively affect sorghum yield3,4. These fungi
cause seed deterioration, reduce seed germination
capacity, seedling diseases and may result in
systemic plant diseases5. Aspergillus, Fusarium

and Penicillium have been frequently involved in
sorghum grain mold6. In addition, such fungi may
also produce in vitro and/or in vivo harmful
mycotoxins affect both human and animal health7,8.

Although synthetic fungicides are
effective against many phytopathogenic fungi,
their potential effects on human and animal health
as well as on the environment should be concern.
Nonchemical fungicides however, will be safer and
ecofriendly antifungal treatments9,10.

Several nonchemical strategies including
plant-derived products were used to control
mycotoxigenic fungi and reduce mycotoxins in
agricultural commodities11, 12. Many herbaceous
and medicinal plants were successfully used
against sorghum seed borne mycoflora
worldwide13,14. Among promising and safer plant
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substances frequently used against seed-borne
mycoflora; garlic is very pronounced. It has an
abroad antimicrobial properties15, 16 and efficient
against Aspergillus and Penicillium fungi as well
as mycotoxin production17-19.

The present study aimed to investigate
antifungal activity of garlic juice against toxigenic
sorghum grain rotting fungi.

MATERIALS  AND  METHODS

Grain molding isolates
Thirteen isolates belonging to twelve

species representing three fungal genera i.e.
Aspergillus, Fusarium and Penicillium were used.
Tested grain molding fungi were mainly recovered
from sorghum samples collected from different
locations (markets) in Riyadh, Saudi Arabia.
Assessment of aflatoxin

Aflatoxin production was examined for
Aspergillii grown on SMKY liquid medium20.
Analysis of aflatoxin was performed on HPLC21.
Aflatoxins were extracted from homogenized culture
filtrates using methanol solution (80:20 methanol/
isolate filtrates). Solvents were then evaporated
under vacuum, dried residues containing aflatoxin
were dissolved in 1 ml of methanol: acetic acid:
water solution (1:1:3 v/v) and stored in dark vials
or subjected immediately to HPLC analysis.
Assessment of Fusarium toxins

Fumonisin, zearalenone and vomitoxin
production of Fusarium isolates were analyzed
using HPLC (22). Isolates were grown on sterilized
SMKY liquid medium for 10 days at 27±2°C. Fungal
culture of each treatment was blended with 5 g
sodium chloride and 100 mL of methanol: water
(80:20) solution at a high speed for one min, then
filtered through glass micro-fiber filter. Ten ml of
the filtrate was diluted with 40 ml of wash buffer
and filtered again through 1 µm micro-fiber filter
prior to HPLC analyses.
Assessment of Penicillium toxins

Citreoviridin and patulin production were
evaluated by HPLC for Penicillium isolates, grown
on malt extract broth. Cultured isolates were
incubated at 27±2°C for 7–10 days, after which
mycotoxins were extracted using acetonitrile: water
solution (5:95v:v). Solvent was then evaporated
under vacuum. Dried residues were dissolved in 1
ml of the same solution and then filtered through a

0.45 µm micro-filter prior subjecting to HPLC
analyses23.
Garlic juice preparation

Fresh garlic bulbs were blended and
homogenized for 5 minutes in enough quantity of
distilled water (1mL water/1gm garlic bulb v/w), by
the aid of electric blender. Obtained juice was then
filtered through one layer sheath clothes and used
immediately or stored at 4°C until used17.
Evaluation of garlic antifungal activity

Four concentrations i.e: 1.25, 2.5, 5.0 and
10.0% of garlic juice were examined. Crude solution
of garlic juice was added to sterilized, PDA just
before solidification to obtain required
concentrations. Supplemented media was
immediately poured into 9-cm Petri plates. Five mm
diameter plugs cutting from the margin of 7-days
old fungal colonies were placed in the center of
such plates17. Three replicate plates were used for
each treatment and untreated plates were served
as control. Cultures were incubated at 27±2°C and
radial growth measured daily for 7-10 days.
Obtained data were statistically analyzed.
Statistical analysis

Analysis of variance (ANOVA) was
performed with the MSTAT-C statistical package,
Michigan State Univ., USA). Least significant
difference (LSD) was used to compare means.

RESULTS

Assessment of mycotoxins
Results of the present study revealed that

sorghum grain molding Aspergillus flavus var.
columnaris and Aspergillus terreus  were
aflatoxigenic. While, Aspergillus flavus var.
columnaris was the highest producer (2-3 ppb) of
aflatoxin G, Aspergillus terreus was the highest
aflatoxin-B producer (2-4 ppb). Meanwhile,
Aspergillus niger failed to produce any detectable
aflatoxin (Table 1).

All tested fusaria except one were toxigenic
with variable productivities. Fusarium
verticillioides was the highest producer of
fumonisin (19.10 ppb) and zearalenone (21.40 ppb).
On the other hand, Fusarium nygamai was the
highest producer of vomitoxin (31.30 ppb) although
it failed to produce zearalenone (Table 2).

In respect of Penicillium mycotoxins; P.
chrysogenum was the highest producer of patulin
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Table 2. Mycotoxin productivity of sorghum grain molding Fusarium species

S. No Isolates Mycotoxin (ppb)

Fumonisin Vomitoxin Zearalenone

1. Fusarium verticillioides 3.50 - -
2. Fusarium verticillioides 19.10 12.10 21.40
3. Fusarium semitectum 4.60 23.40 17.90
4. Fusarium nygamai 11.70 31.30 -
5. Fusarium thapsinum - - -
6. Fusarium sp. 2.10 14.10 12.30

Table 3. Mycotoxin productivity of sorghum
grain molding Penicillium species

S. Isolates Mycotoxin (ppb)

No Citreoviridin Patulin

1. P. chrysogenum - 38
2. P. funiculosum - 12
3. P. oxalicum 37 25
4. P. griseofulvum 10 -

Table 1. Aflatoxin productivity of sorghum grain molding Aspergillus species

S. No Isolates Mycotoxin (ppb)

B1 B2 G1 G2

1. A. flavus var columnaris 2.00 1.00 2.00 3.00
2. Aspergillus niger - - - -
3. Aspergillus terreus 4.00 2.00 1.00 2.00

(38 ppb) and P. oxalicum was produced the highest
amount of citreoviridin (37 ppb). Meanwhile, neither
P. chrysogenum nor P. funiculosum could produce
any citreoviridin as well as no detectable patulin
could produce by P. griseofulvum (Table 3).
Garlic antifungal activity

Figure (1) indicated that garlic
concentrations, fungal isolates and their interaction
were highly significant sources of variation in
fungal linear growths. Garlic concentration was the
most important as source of variation in linear
growth of the tested fungi.

Sorghum grain molding fungi was
significantly inhibited by all tested concentration
of garlic juice. Garlic antifungal activity was
generally increased as concentration increased.
Isolates responses to garlic juice were existed

regardless of the concentration used. The most
inhibited Aspergillii by all tested concentrations
of garlic juice was Aspergillus terreus with about
85.56% inhibition (Fig. 2). Inhibitory effects of
garlic were significantly differed among
concentrations used as well as from Aspergillus
isolate to the other within the same concentration.
Similar trend was observed with tested Fusarium
isolates. Fusarium thapsinum was the most
sensitive followed by Fusarium verticillioides with
about 77.41% and 70% inhibition respectively (Fig.
3). Meanwhile, Penicillium isolates were generally
the most sensitive even to the lowest (1.25%)
concentration of garlic juice. They exhibited 52.97
and 52.59% inhibition for, Penicillium
chrysogenum and Penicillium oxalicum
respectively (Fig. 4).
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Fig. 1. Relative contribution of concentration (C), Isolates (I) and their  interaction (IxC) in variation of fungal growth

Fig. 2. Antifungal activity of garlic juice against sorghum grain molding Aspergillii

Fig. 3. Antifungal activity of garlic juice against sorghum grain molding Fusarium
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DISCUSSION

Mycotoxins occurrence both in vitro and
in situ  had frequently been discussed27.
Association of aflatoxigenic Aspergillii as well as
other toxigenic genera with sorghum grains had
frequently documented28,29. Mycotoxigenic seed-
borne Aspergillii had previously been isolated
from both freshly harvested and stored Brazilian
sorghum30. Fumonisin, vomitoxin and zearalenone
were also exerted by Fusarium isolates recovered
from sorghum grains31,32. Production of these
mycotoxins by sorghum grain molding Fusarium
has frequently been documented33, 34. Citreoviridin
and/or patulin were proved to produce by sorghum
grain Penicillium isolates35.

Sorghum grain molding fungi in this study
were in vitro inhibited by all concentrations of
garlic juice. The role of garlic in controlling seed
borne phytopathogenic fungi had frequently been
discussed36,37. It was also reported that Allium
sativum was effectively inhibited seed borne
infection (by about 88-97%) of sorghum grains in
Bangladesh13. In addition, garlic were potentially
inhibited mycotoxigenic fungi in many studies over
countries and its  aqueous extracts could be applied
as a good natural food preservative against
mycotoxin producing fungi 5,19,38.

It was reported that composition as well
as phytochemical properties of Allium sativum
functional groups might explain its important role
as potent antifungal16,26. Garlic allicin, decomposes

into several effective compounds such as
diallylsulphide, dialyldisulphide, diallyltrisulphide,
allyl methyl trisulphide, dithiins and ajoene serve
as antimicrobial agents39,40. Moreover, observed
variation in fungal sensitivity to garlic juice could
be attributed to differences in the rate of garlic
constituent’s penetration through the fungal cell
wall and cell membrane structures41. Furthermore,
application methods and strains variation may lead
to variable results42.

CONCLUSION

Garlic juice effectiveness against
sorghum grain molding fungi particularly
mycotoxigenic genera, suggest its possible use in
controlling cereal spoilage fungi. Meanwhile, the
use of water base juice provides an alternative to
chemical solvents minimizing the risk of chemical
exposer.

ACKNOWLEDGMENTS

This work was supported by King Saud
University, Deanship of Scientific Research,
College of Science Research Center.

REFERENCES

1. Food and Agricultural Organization F.A.O.
Global information and early warning system
(GIEWS) on food and agriculture. Food Outlook

Fig. 4. Antifungal activity of garlic juice against sorghum grain molding Penicillium



J PURE APPL MICROBIO, 7(1), March 2013.

106 YASSIN et al.:  EFFECT OF Allium sativum AGAINST FUNGI

report, FAO Trade and Markets Division. FAO,
Rome, Italy, 2011; pp 186.

2. Murty, D.S., Renard, C.: Crop production in
tropical Africa. Sorghum CTA, 2001; p 78.

3. Erpelding, J.E., Prom, L. Seed mycoflora for
grain mold from natural infection in sorghum
germplasm grown at Isabela, Puerto Rico and
their association with kernel weight and
germination. Plant Pathol. J., 2006; 5:106–112.

4. Singh, S.D., Navi, S.S. An in vitro screening
technique for the identification of grain mold
resistance in sorghum. Indian Phytopathol. 2001;
54: 35–39.

5. Rodriguez, H.R., Frederiksen, R.A., Rooney,
W.L., Kollo, I. Grain molding fungi association
in food type sorghum kernels and effects on
germination. Plant Pathol. J., 2006; 5: 221–227.

6. Fakhrunnisa, M.H.H., Ghaffar, A. Seed-borne
mycoflora of wheat, sorghum and barley. Pak.
J. Bot., 2006; 38:185–192.

7. David, M.S., Manfred, M., Leane, L.
Mutagenicity of the mycotoxin patulin in
cultured Chinese hamster V79 cells, and its
modulation by intracellular glutathione. Arch.
Toxicol., 2005; 79: 110-121.

8. Palanee, T., Dutton, M.F., Chuturgoon, A.
Cytotoxicity of aflatoxin B1 and its chemically
synthesized epoxide derivative on the A459
human epithelioid lung cell line. Mycopath. 2001;
151: 155–159.

9. Onyeagba, R.A., Ugbogu, O.C., Okeke, C.U.,
Iroakasi, O. Studies on the antimicrobial effects
of garlic (Allium sativum  Linn), ginger
(Zingiberofficinale Roscoe) and lime (Citrus
aurantifolia Linn). Afr. J. Biotechnol., 2004; 3:
552-554.

10. Yassin, M.A., El-Samawaty, A.M.A., Moslem,
M., Bahkali, A., Abd-Elsalam, K.A. Fungal biota
and occurrence of aflatoxigenic Aspergillus in
postharvest corn grains. Fresenius
Environmental Bulletin, 2011; 20(4):903-909.

11. Mohana, D.C., Raveesha, K.A. Anti-fungal
evaluation of some plant extracts against some
plant pathogenic field and storage fungi. J. Agric.
Technol., 2007; 4(1): 119-137.

12. Reddy, K.R.N., Nurdijati, S.B., Salleh, B. An
overview of plant-derived products on control
of mycotoxigenic fungi and mycotoxins. Asian
J. Plant Sci., 2010; 9(3): 126-133.

13. Masum, M.M.I., Islam S.M.M., Fakir, M.G.A.
Effect of seed treatment practices in controlling
of seed-borne fungi in sorghum. Sci. Res. Essay.,
2009; 4(1): 022-027.

14. Somda, I., Leth, V., Sereme, P. Antifungal effect
of Cymbopogon citratus, Eucalyptus
camaldulensis and Azadirachta indica oil extracts

on sorghum seed-borne fungi. Asian J. Plant Sci.,
2007; 6:1 182-1189.

15. Irkin, R., Korukluoglu, M. Control of Aspergillus
niger with garlic, onion and leek extracts. Afr. J.
Biotechnol., 2007; 6(4): 384-387.

16. Obagwu, J., Korsten, L. Control of citrus green
and blue molds with garlic extracts. Eur. J. Plant
Pathol., 2003; 109: 221-225.

17. Ismaiel, A.A. Inhibitory effect of garlic extract
of Penicillic acid production and growth of
Penicillium hirsutum. Third Environ. Conf., Fac.
of Science, Zagazig Univ., 2008; pp. 45-58.

18. Pereira, M.C., Chalfoun, S.M., Pimenta, C.J.,
Angélico, C.L., Maciel, W.P. Spices, fungi
mycelial development and ochratoxin A
production. Sci. Res. Essay., 2006; 1(2): 038-
042.

19. Salim, A.B. Effect of some plant extracts on
fungal and aflatoxin production. Int. J. Academic
Res., 2011; 3(4): 116-120.

20. Diener, U.L., Davis, N.D. Aflatoxin production
by isolates Aspergillus flavus. Phytopathol.,
1966; 56: 1390-1393.

21. Stroka, J., Anklam, E., Jörissen, U., Gilbert, J.
Immuno-affinity  column  clean-up  with  liquid
chromatography post column bromination for
determination of aflatoxins in peanut butter,
pistachio paste, fig paste and paprika  powder:
collaborative  study.  J. Assoc. Anal. Comm.
Inter., 2000; 83: 320-340.

22. Mazzani, C., Borges, O., Luzon, O., Barrientos,
V., Quijada, P. Occurrence of Fusarium
moniliforme and fumonisins in kernels of maize
hybrids in Venezuela. Braz. J. Microbiol., 2001;
32: 345-349.

23. O’Brien M., Nielsen, K.F., O’Kiely, P., Forristal,
P.D., Fuller, H.T., Frisvad, J.C. Mycotoxins and
other secondary metabolites produced in Vitro
by Penicillium paneum Frisvad and Penicillium
roqueforti Thom isolated from baledgrass silage
in Ireland. J. Agric. Food Chem., 2006; 54: 9268-
9276.

24. Block, E., Naganathan, S., Putman, D., Zhao,
S.H. Allium chemistry: HPLC analysis of
thiosulfinates from onion, garlic, wild garlic
(ramsom), leek, scallion, shallot, elephant (great-
headed) garlic, chive, and Chinese chive.
Uniquely high allyl to methyl ratios in some
garlic samples. J. Agric. Food Chem., 1992; 40:
2418-2430.

25. Lanzotti, V. The analysis of onion and garlic.
Journal of Chromatography A., 2006;1112: 3-
22.

26. Ogita, A., Fujita K., Tanaka, T. Enhancement of
the fungicidal activity of amphotericin B by
allicin: Effects on intracellular ergosterol



J PURE APPL MICROBIO, 7(1), March 2013.

107YASSIN et al.:  EFFECT OF Allium sativum AGAINST FUNGI

trafficking. Planta Med., 2009; 75(3): 222-226.
27. Amadi, J.E., Adeniyi, D.O. Mycotoxin

production by fungi isolated from stored grains.
Afr. J. Biotech., 2009; 8(7): 1219-1221.

28. Da Silva, J.B., Pozzi, C.R., Mallozzi, M.A.B.,
Ortega, E.M., Correa, B. Mycoflora and
occurrence of aflatoxin B1 and fumonisin
B1during storage of Brazilian sorghum. J. Agric.
Food Chem., 2000; 48: 4352-4356.

29. Yassin, M.A., El-Samawaty, A.M.A., Bahkali,
A., Moslem, M., Abd-Elsalam K.A., Hyde, K.D.
Mycotoxin-producing fungi occurring in
sorghum grains from Saudi Arabia. Fungal
Divers., 2010; 44: 45-52.

30. Da Silva, J.B., Dilkin, P., Fonseca, H., Correa,
B. Production of aflatoxins by Aspergillus flavus
and of fumonisins by Fusarium species isolated
from Brazilian sorghum. Braz. J. Microbiol.,
2004; 35:182-186.

31. Isakeit, T., Prom, L.K., Wheeler, M., Puckhaber,
L.S., Liu, J. Mycotoxigenic potential of ten
Fusarium species grown on sorghum and in
vitro. Plant Pathol. J., 2008; 7(2):183-186.

32. Leslie, J.F., Zeller, K.A., Lamprecht, S.C.,
Rheeder J.P., Marasas, W.F.O. Toxicity,
pathogenicity and genetic differentiation of five
species of Fusarium from sorghum and millet.
Phytopathol., 2005; 95: 275-283.

33. Blaney, B.J., Dodman, R.L. Production of
zearalenone, deoxynivalenole, nivalenole and
acetylated derivatives by Australian isolates of
Fusarium graminearum and Fusarium
pseudograminearum in relation to source and
culturing conditions. Aust. J. Agric. Res., 2002;
53: 1317-1326.

34. Thakur, R.P., Rao, V.P., Agarkar, G.D., Solunke,
R.B., Bhat, B., Vavi, S.S. Variation in occurrence
and severity of major sorghum grain mold
pathogens in India. Indian Phytopath., 2006; 59:

410-416.
35. Kurtzman, M.A.D., Blackburn, J.A. Evaluation

of several culture media for production of patulin
by Penicillium species. Int. J. Food Microbiol.,
2005; 98: 241-248.

36. Kiran, B., Lalitha, V., Raveesha, K.A. Screening
of seven medicinal plants for antifungal activity
against seed borne fungi of maize seed. Afr. J.
Basic Appl. Sci., 2010; 2(2-3): 99-103.

37. Ruhul Amin, A.B.M., Rashid M.M., Meah.,
M.B. Efficacy of Garlic Tablet to Control Seed-
Borne Fungal Pathogens of Cucumber. J. Agric.
Rural Dev., 2009; 7(1&2): 135-138.

38. Tagoe, D., Baidoo, S., Dadzie, I., Kangah, V.,
Nyarko H. A comparison of the antimicrobial
(antifungal) properties of onion (Allium cepa),
ginger (Zingiber officinal) and garlic (Allium
sativum) on Aspergillus flavus, Aspergillus niger
and Cladosporium herbarum using organic and
water base extraction methods. Res. J. Medic.
Plant., 2011; 5(3): 281-287.

39. Harris, J.C., Cottrell, S.L., Plummer S., Lloyd,
D. Antimicrobial properties of Allium sativum
(garlic). Appl. Microbiol. Biotechnol., 2001; 57:
282-286.

40. Jabar, M.A., Al- Mossawi, A. Susceptibility of
some multiple resistant bacteria to garlic extract.
Afr. J. Biotechnol., 2007; 6: 771-776.

41. Tatsadjieu, N.L., Dingamo, J.P.M., Ngassoum,
M.B., Etoa, F.X., Mbofung, C.M.F.
Investigations on the essential oil of Lippia
rugosa from Cameroon for its potential use as
antifungal agent against Aspergillus flavus Link
ex. Fries. J. of Food control., 2009; 20: 161-
166.

42. Holley, R.A., Patel, D. Improvement in shelf-
life and safety of perishable foods by essential
oils and smoke antimicrobials. J. Food microbiol.,
2005; 22: 273-292.


