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ABSTRACT

Yam is an important crop in Nigeria, where it is produced both as food and cash crop. Fusarium
rots of yam are among the most important postharvest pathogens of yam worldwide, causing a lot
of postharvest losses in stored yam tubers. Lactic acid bacteria (LAB) lower the pH and create an
environment that is unfavorable to pathogens and spoilage organisms. In vitro inhibition of
fusarium spp by LAB was investigated; mono-culture and multi-culture were used. The inhibition
tests were carried out with pure cultures of LAB and fusarium spp. The pure culture of actively
growing Fusarium was used to inoculate Potato Dextrose Agar medium aseptically and then
incubated at room temperature for 72h. The diameter of the growing Fusarium was measured,
after which less than a loop full of actively growing (18-24 h) LAB isolates were used to inoculate
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the medium containing the growing Fusarium at a known distance in the same plate. The whole set
up was incubated at 30°C and inhibition zones on Fusarium by the LAB were observed 24 hourly
for 96h. The tests were carried out for mono-culture and multi-culture in triplicate. The inhibition
zone ranged from 43 to 100% in mono-culture plate and multi-culture plate ranged from 40 to
113%. The slightly larger inhibition in the multi-culture plate may be due to much pressure on the
Fusarium. Hence LAB may be used to control rot caused by Fusariumin in stored yam, which can
improve yam tuber storage for better economic growth.

Keywords: Yam; lactic acid bacteria; Fusarium; inhibition; postharvest.

1. INTRODUCTION

Yams (Dioscorea spp.) are an important food,
source of income generation and basis of culture
in West Africa [1,2] About 5 million hectares are
used for the cultivation of yams in about 47
countries in tropical and sub-tropical regions of
the world. Nigeria uses about 3 million hectares
of land for yam production and hence the highest
(68 percent) yam producer in the world.
Unfortunately, it is also the highest yam loser in
the world. Annually 30 per cent of its production
is lost [2].These losses occur mostly during
storage. Microorganisms especially the fungi are
important agents of deterioration and spoilage of
this crop during storage. Fusarium rots of yam
are among the most important postharvest
problems worldwide causing a lot of postharvest
losses in stored yam tuber [3].

Lactic acid bacteria produce various compounds
such as organic acids, diacetyl, hydrogen
peroxides and bacteriocins or bactericidal
proteins during lactic fermentations [4,5]. Lactic
acid bacteria lower the pH and create an
environment that is unfavorable to pathogens
and spoilage organisms [6]. There are various
traditional methods for storage of crops such as
curing, chemical control and sprout control in
storage. Traditional and modern yam barns
however, have been shown to lead to storage
losses both quantitatively and qualitatively.
Thiabendazole (TBZ) has been effectively used
to control yam rot and has been registered as the
only effective chemical against dry rot [7]. The
resistance of Fusarium spp such as Fusarium
moniliforme and Fusarium solani to TBZ as
reported by Longerfield [8] has called for
alternative means of handling this disease. In
addition TBZ is highly toxic and environmentally
hazardous hence the need for biological control
of yam rot as this is non-toxic and
environmentally friendly or safe.

This research aims at investigating the use of
Lactic acid bacteria (LAB) for the control of
postharvest rot of yams caused by Fusarium spp.

2. MATERIALS AND METHODS

2.1 Sources of Materials

2.1.1 Source of Fusarium spp

A plug of infected portion of yam was grown on
Potato Dextrose Agar (PDA). Sub-culturing was
carried out several times to obtain a pure culture
which was identified using fungi atlas and other
morphological characterization. Further culturing
on Saboraut Dextrose Agar (SDA) and on
Complete Medium (CM).

2.1.2 Source of Lactic Acid Bacteria (LAB)

The ogi-used in this work was produced using
the method of Ngoddy and |hekeronye [9] Maize
grains (Zea mays) were cleaned and steeped in
clean water for two days in a pot. The water was
decanted and the grains wet-milled and sieved
with muslin cloth. The pomace was discarded
and the starch suspension was allowed to
sediment during which natural fermentation was
allowed to take place for 2-3 days. The
fermented water was inoculated on acidified
nutrient agar (NA) and subsequently on de Man
Rogosa Sharpe (MRS) aseptically and incubated
in an incubator at 25°C for 2 days (48 hours).
Each isolated colonies were further subculture
until pure culture was obtained, Gram staining
and biochemical characteristics were done for
proper identification [10].

2.1.3 Inhibition of Fusarium spp with LAB

A loop full of LAB (S=LAB with small colony,
M=LAB with medium colony LAB with small
colony and L=LAB with large colony) each was
used to inoculate a pure culture of well-
established Fusarium spp lawn at equidistant.
The reaction was noted 24 hourly for 96 hours.
Small whitish colony (LABS) was further sub-
cultured and used for further inoculation and
reactions recorded.
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2.1.4 Inhibition test with pure cultures

Inhibition test were carried out with Fusarium spp
pure cultures established on Potato Dextrose
Agar (PDA). The diameter of the growing
Fusarium spp was measured, after which less
than a loop full of 18-24 h experimental LAB
isolates were used to inoculate the medium
containing the growing Fusarium spp at a known
distance in the same plate. The whole set up was
incubated at 30°C and changes in the growth of
both the Fusarium spp and the LAB were
observed 24 hourly for 96h. The tests were
carried out for monoculture and multi culture in
triplicate.

2.1.5 In vitro Inhibition tests by different LAB
dilutions

A concentrate of the LAB was made using
Normal saline (0.9% NaCl). Double dilutions (of
1/10, 1/20, 1/40, 1/80, 1/160 and 1/320) were
then made from the concentrate as described by
Okigbo and Omodamiro [11]. These dilutions
were used to test for the inhibitory effect of LAB
on Fusarium spp in-vitro. The dilution that gave
the highest inhibition was taken as the working
dilution.

2.2 Statistical Analysis

The collected data in this research work were
evaluated for significant differences (5%
probability level) in their means with Analysis of
Variance (ANOVA). Fisher’'s Least Significant
Differences (LSD) was wused for means
separation to determine significant differences
using Statistical Analysis System (SAS) 2002-
2008.

3. RESULTS AND DISCUSION

There were three distinct whitish colonies tagged
S=small whitish colony; M=medium whitish
colony and L=large whitish colony, on the NA as
well as on the de Man Rogosa Sharpe (MRS)
media as shown in Plate 1. Table 1 shows the
results of the biochemical analysis for the
characterization and identification of the isolated
LAB. The probable identities of the Lactic acid
Bacteria were  Lactobacillus  acidophilus,
Lactobacillus plantarum and Lactobacillus casei.
The Photomicrographs of these organisms are
shown in plates 2, 3 and 4 for Lactobacillus
acidophilus (S) Lactobacillus plantarum (M) and
Lactobacillus casei (L) respectively.
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Plates 5, 6, 7 and 8 shows pure cultures of
Fusarium spp on different media Fusarium pure
culture SDA, Matured growing Fusarium spp on
CM, Young growing Fusarium spp on PDA and
Matured growing Fusarium spp on PDA
respectively for further identification. Further
culturing on Saboraut Dextrose Agar (SDA)
indicated white mycelia that had pink
pigmentation at maturity. On Complete Medium
(CM) the white mycelium developed purple
pigmentations at maturity confirming the identity
of the fungus as Fusarium nygamai. The growth
was very rapid growth (which is part of
characteristics feature of Fusarium spp).

The probable Fusarium spp was identified as
Fusarium nygamai. Plates 9 and 10 shows
inhibition of Fusarium nygamai by LAB. Table 2
shows the diameter of F. nygamai after
inoculation, there was decrease in the diameter
from 48hrs. Table 3 shows the results of the
inhibitory effect of each of the three colonies on
the Fusarium. Fig. 1 shows the Percentage
inhibition of F. nygamai by LAB, L. plantarum
accounted for 47-97% inhibition, L. casei induced
41-77% inhibition and Lactobacillus acidophilus
caused 39-76% inhibition within the same period)
all the colonies shows some levels of inhibition
but the small colony gave the highest inhibition
(88.06%), hence it was used for further inhibitory
studies. All these goes to show that LAB has an
inhibitory effect on the growth of F. nygamai.

Table 4 contains the results of the inhibition of
Fusarium nygamai by L. plantarum, L.
acidophilus and L. casei in mono-culture and
multi-culture. The inhibition zone ranged from 43-
100% in mono-culture while the mixed culture
plate it had a range from 40-113%. The slightly
larger inhibition in the mixed culture plate may be
as a result of much pressure on the Fusarium
nygamai, induces by the growth of other
microorganisms.

L. plantarum showed the highest inhibition of
100%, in mono culture plates and 113%, in multi
culture plate against Fusarium nygamai after 96
h incubation while L. acidophilus and L. casei
inhibited with lower inhibition zones (60% & 63%)
for both organisms in mono-culture and multi-
culture respectively. However after 72 h, the
inhibition zone for L. acidophilus was significantly
higher (p<0.05) than that of L. casei while at 96 h
the inhibition zones for both organisms had the
same values.
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The effect of dilution on the inhibition of Fusarium
nygamai by L. plantarum is shown in Table 5
After 24h of inoculation; dilution 1:160 had the
highest percentage inhibition (33.3%) (p<0.05).
Dilution 1:40 induced an inhibition zone of 30.0%
which was significantly higher than other dilutions
(p<0.05) except for 1:160. Observed inhibition
zone was lowest for 1:20 and 1:80 (20%
inhibition in both cases). However at 48 h, the
1:40 dilution showed the highest inhibition of
66.7% (p<0.05) followed by dilution 1:10 which
gave 60% inhibition. The other dilutions were
observed to induce longer inhibition zones. The
same pattern was observed for incubation
periods of 72 h and 96 h. The 1:40 dilution gave

the highest inhibition zones, while the inhibitory
effects of 1:160 dilution was the lowest.

Klein [12] and Stiles [13] all reported inhibitory
effects of Lactobacillus plantarum against both
Bacteria and Fungi which are pathogenic
microorganisms of food spoilage. Oyetayo et al.
[5] had reported the inhibitory effect of
Lactobacillus acidophilus on pathogen in acetic
acid rich food. Oyetayo et al. [5] also reported
inhibitory effect of Lactobacillus casei in their
work on safety and protective effect of
Lactobacillus casei and Lactobacillus acidophilus
on food.

Table 1. Biochemical analysis of small, medium and large whitish colony of lactic acid

bacteria (LAB)

Biochemical reactions Small whitish Medium whitish Large whitish

colony* colony** colony***
Gram RXN Gram +ve rod Gram +ve rod Gram+ve rod
Asculin hydrolysis + + +
Nitrare reduction - - -
Arginine hydrolysis - - -
Catalase - - -
Sporulation Non-spring Non-sporing Non-sporing
Motility Non-motile Non-motile Non-motile
Gas & Acid production Gas acid Gas acid Gas acid
Glucose - + - + - +
Arabinose $ - $ - $ -
Galactose + $ + $ +
Lactose + + + + $ +
Manitol - - - + $ +
Maltose $ + $ + $ +
Rafinose $ - $ + $ +
Sarbitol $ - $ + $ +

* Lactobacillus acidophilus**Lactobacillus Plantarium™***Lactobacillus casei
$ = not determined

Plate 1. Small; Medium and Large whitish
colonies

Plate 2. Lactobacillus acidophilus x100
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Plate 3. Lactobacillus plantarumx100 Plate 4. Lactobacillus casei x100

Table 2. Diameter of Fusarium nygamai after inoculation with LAB

Duration (Hour) Fusarium nygamai
Diameter(mm)
Small colony* Medium colony** Large colony***
Ohr 30.0 30.0 30.0
24hrs 30.2 30.2 30.2
48hrs 26.0 29.0 28.0
72hrs 22.0 26.0 25.0
96hrs 16.0 24.0 23.0
*Lactobacillus acidophilus **Lactobacillus Plantarium™**Lactobacillus casei
Table 3. Zone of inhibition of the Fusarium nygamai by LAB
Duration (Hour) Zone of inhibition (mm)
Small colony (mm) Medium colony (mm) Large colony (mm).
0 hr 0.0 0.0 0.0
24hrs 0.2 0.2 0.2
48hrs 4.2 1.2 2.2
72hrs 8.2 4.2 5.2
96hrs 14.22 6.2 7.2

*Lactobacillus acidophilus **Lactobacillus Plantarium***Lactobacillus casei

L casei | 4833

LAB L.Plantarium |SESEN38.39

LT e — A

0 20 40 60 80 100

PERCENTAGE INHIBITION (%)

Fig. 1. Percentage inhibition of Fusarium nygamai by LAB
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The work of Yang and Clausen [14] shows that
L. casei and L. acidophilus supernatant retained
antifungal activity against T. viride (80%) at pH
6.4. In the work of Vina and Carol [15], LAB was
evaluated to determine if the same antimicrobial
properties can be used to inhibit mould fungi that

ol

SUCH K DIGITAL PIX

Plate 5. Fusarium spp pure culture SDA

typically colonized wood. Based on biomass
measurement  cell-free  supernatants  from
Lactobacillus acidophilus grown in MRS broth
inhibited 95-100% growth of three mould fungi
and one strain fungus associated with wood—
based building material.

Plate 6. Matured growing Fusarium spp
onCM

Plate 7. Young growing Fusarium spp on PDA
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Plate 8. Matured growing Fusarium spp on PDA

Table 4. Zone of inhibition of Fusarium nygamai by LAB in Mono-culutre and Multi-culture

plates

Duration Diameter of inhibition (%)
(Hours) Mono- Culture Multi- culture

LABS LAB M LAB L LSDgosy LABS LABM LABL  LSDggs
24 Nsd nsd Nsd nsd Nsd nsd nsd nsd
48 602 46° 43° 2.446 67° 43° 40° 0.04
72 93? 50° 53° 0.020 1032 53° 60° 1.312
96 100 60° 60° 2.579 1132 63° 63° 0.035
Total 163 156 156 - 283 159 163 -

nsd = no significant difference (all at 0% inhibition)
Means with the same superscript in each column are not significantly different (p>0.05) from one another

Table 5. Effect of Dilution on the Inhibition of Fusarium nygamai by Lactic Acid Bacteria

Dilution Percentage (%)
24h 48h 72h 96h

1:10 20.00% 60.00° 70.00° 76.66°
1:20 23.33° 46.66° 53.33° 70.00°
1:40 30.00° 66.66° 80.00° 86.66°
1:80 20.00° 33.33° 36.66° 36.66°
1:160 33.33a 26.66° 33.33° 33.33°
LSDg 05 4,738 0.8569 4.381 0.028

Means with the same superscript in each column are not significantly different (p>0.05) from one another

Plates 9. Inhibition of Fusarium by LAB Plates 10. Inhibition of Fusarium by LAB
(Front view) (Back view)
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4. CONCLUSION

The study shows that LAB could be used for the
control of postharvest rot of yams caused by
Fusarium spp (Fusarium nygamai) hence the
reduction in the yam losses due to Fusarium
nygamai rots. Further work to be done in the
mode of application of this findings and chemical
evaluation of the yam.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Orkwor GC, Asiedu R, Ekanayake IJ. Food
Yams: Advance. Book Builders Ltd Z
Awosika Avenue Old Bodija, Ibadan
Nigeria. 1998;13-37.

Asiedu R. Interview-Yams: Nigeria Loses
More than World Production by this day
live, Tuesday 24 September; 2013.
Updated 14:24.

Rowe MC. Resistance to Thiabenzole and
Thiodphanate methyl in Canada Isolates of
Fusarium Sambucinum. Euphytica Journal
Spinger Netherland. 1993;71(3):185—-192.
Zhenna Y. Antimicrobial Compounds and
Extracellular polysaccharides produced by
lactic acid bacteria. Structures and
properties. Academic Dissertation
Department of food Technology, University
of Helsinki 61; 2000.

Oyetayo VO, Adetuyi FC, Akinyosoye FA.
Safety and  Protective effect of
Lactobacillus acidophilus and Lactobacillus
casei used in as probiotic agent in vivo.
African J. Biotechnol. 2003;2:448-452.

10.

11.

12.

13.

14.

15.

James MJ. Modern Food microbiology 6"
Edition. An ASPEN publication. ASPEN

publishers, Inccontnersbin, Mary land.
2000;113-117.
Schisler DA. Evaluation of vyeast for

Biological control of Fusarium dry-rot of
potatoes. J. of Microbiology. 1995;339-
551.

Longerfield E. Thiabendazole resistance in
Fusarium 7 NR coeruleum Nachrichten
blat des Deutschen. 1990;71:623-629.
Ngoddy, Ihekeronye. Integrated Food
Science and Technology for the Tropics.
1985;226-270.

Cowan ST. Manual for the identification of
medicinal bacteria. Cambridge University
Press, Cambridge. 1985;62-69.

Okigbo RN, Omodamiro OD. Antimicrobial
Effect of Leaf Extracts of Pigeon Pea
(Cajanus cajan (L) millsp.) on some human
pathogen; Journal of Herbs, spices and
medicinal plant. 2006;12(1/2):117-127.
Klein G, Pack A, Bonaparte C, Reuter G.
Taxonomy and Physiology of Robiotic
Lactic acid bacteria. Intl. J. Food Microbial.
1998;41:103-125.

Stiles ME, Wilhelm H, Holzapfel. Lactic
acid bacteria of foods and their current
taxonomy. Int. J. Food Microbial.
1997;36:1-29.

Yang VW, Clausen CA. Antifungal effect of
essential oils on Southern yellow pine. Int.
Biodeterioration and  Biodegradation.
2007,;59:302-306.

Vina WY, Carol AC. Determinating the
suitability of  Lactobacilli  antifungal
metabolites for inhibiting mould growth.
World J. of Microbiology and
Biotechnology. 2005;21:977-981.

© 2015 Omodamiro et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=761&id=5&aid=6771

416



