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Antifungal Effect of Aloe-Vera Gel on Fungal Organisms
Associated with Yam (Dioscorea Rotundata, Poir) Rot
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Abstract: Investigations were carried out to test the potency of Aloe vera gel extract on fungal organisms
assoclated with yam rot. These fungi were isolated and identified as Fusarium oxysporium Schlech ex. Fr.,
Rhizopus oryzae, Went, Botryvodiplodia theobromae Pat and Fusarium solani. Mart sacc. Pathogenicity test
was carried out to confirm these organisms as the pathological agents of the yam rot. The Aloe vera gel at the
different concentrations of 25, 50 and 100% did not inhibit the growth of these fungi when tested for its
antifungal potency, p = 0.05. The result of this study showed that Aloe vera gel did not actually mtuibit fungal
growth as the there was progression in the growth and development of the fungi.
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INTRODUCTION

Aloe vera (4loe barbadensis) is one of the natures
wonder plants (Duke, 1985). The botanical kingdom has
about one and half million species. It 15 a herb of great
medicinal potential, some of the claims include
improvement of conditions of debility, relief of headaches,
healing of skin injuries. Aloe vera works in synergy with
other medications increasing their efficacy without
conflict in desired results (Atherton, 1998). Tt has no
adverse side effects (Tumlinson, 2003). Tt is desirable to
search for new types of fungicides of chemical origin
for the control of yam rot. Fungicides of plant origin
are specific biodegradable, cheap, readily available
and environmentally safe than synthetic chemicals
(Okigbo and Ogbonna, 2006). The unportance of the crop
vam (Dioscorea rotundata) to the economy of Nigerians
as food and medical values cannot be over emphasized.
This research is therefore, aimed at investigating the
potency of Aloe vera as an antifungal agent against yam
rot organisms.

Aloes are like Cactus in appearance but are actually
perennial, succulent plant with yellow flowers. They
belong to the family Liliaceae from the Corrolliferaceae
division of the monocotyledon (Hutchinson and Howel,
1974). Historical evidence suggests that Aloe plant
originated in the warm dry climates of Africa, Latin
America and the Carribean. However, because the plant 1s
readily adaptable and man has been eager to carry it with
him from place to place, it is now found in many lands. Th-
Uphof and Cramer (1968) have reported the following

species, Aloe keayi, Aloe ferrox, Aloe variegate, Aloe
saponaria, Aloe marcrocarpa and Aloe barbadensis
(Aloe vera).

Aloe vera (dloe barbadensis) 1s a stemless or very
short stemmed succulent plant growing up 80-100 cm tall
spreading by offsets and root sprouts. The leaves are
lanceolate, thick and fleshy, green to grey green with
serrated margin. The flowers are produced on a spike up
to 90 cm tall, each flower pendulous with yellow tubular
corolla 2-3 ¢m long. The matured plant buds off young
seedlings from the root and detaches from the plant
(Atherton, 1998).

Aloe vera 1s relatively easy to care for in cultivation
in frost-free climates. The species require well drained
sandy potting soil in moderate sunlight.

Aloe vera contains a broad spectrum of free ammo
acids, steroids, polysaccharides, sapomns, ligmmn,
Anthraquinones, salicylic acid and vitamins A, B, B,, B,
B:, B, C, E, folic acid and minerals such as calcium,
copper, lodine, ron, magnesium ete. (Waterworth, 1976).
Aloe vera has been used externally to treat various skin
conditions such as cuts, burns and eczema (Farrar, 2005).

Yam (Dioscorea rotundata): Yam 1s the common name
for some species m the genus Dioscorea (family
Dioscoreaceae). These are perennial herbaceous vines
cultivated for the consumption of their starchy tubers in
West Affica, Asia, Latin, America, Oceania, Islands of the
south pacific, South East, Asia, India, the carribean and
parts of Brazil. Nigeria alone accounts for considerably
more than half of the world’s total production of yam
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(Eay, 1987). Yam tubers can grow up to 2.5 m in length
and weigh up 70 kg (150 pounds). Dioscorea rotundata,
the white yamn is the most important cultivated yams and
mainly found in Africa. There are over 200 cultivated
varieties between them. They are large plants, the vmes
can be long as 10-12 m. The tubers most often weigh
about 2.5-5 kg (6-12 pounds). After 7-12 months growth,
the tubers are harvested In Africa, they are pounded into
paste to malce traditional dish fufi (Kay, 19872 Tams can
be cooked in various ways by boiling, roasting and frying.
Tam in MNigeria is also produced into various staple
intermediate end product (Okaka ef of., 1991) which are
used for direct consumption by animals, used as basic
ingredients for snacks or made into flour. Tam is of very
high value as food where it 15 a major source of
carbohydrates, minerals, vitammns B6 and C and dietary
fibre (Coursey, 1983).

Onayerni (1983) reported that over 5084 of the yam
tubers produced and harvested in MNigeria are lost in
storage. The disease causing agents reduce the quantity
of yvam produced and also reduce the quality by malking
them unappealing to the consumer. Yam is prone to
infection right from the seedling stage through harvesting
and even after harvesting in storage (Amusa ef af., 2003}
Tams are subjected to several diseases. There are
different genera of fungi that have been reported in
association with storage deterioration in yam tubers
(Moon, 1978, Ckigbo and Ikediugwu, 2000). Plant extracts
have been successtully used to control diseases in plants
and tuber crops (Amadioha and Obi, 1999, Onifade, 2002,
Clkigho and Emoghene, 2004; Okigbo and Nmelka, 2005
This study was therefore, undertaken to mnvestigate if
Aloe vera gel has any antifungal property against fungal
organisms associated with yam rot.

MATERIALS AND METHODS

Sample collection: Ten yam tubers with symptoms of rot
were obtained from Elke-TUkwu market in Owrerrt, Imo State.
The diseased yam tubers were packaged in polyethylene
bags and talcen to the laboratory of Imo State University,
Owrerri, where they were assessed for microbial (fungal)
presence.

Five stands of Aloe vera used in the experiment were
collected trom Unecle Ray market garden, Owerrl, Imo State

(Fig. 1).

Media preparation: The medium used was Potato
Dextrose Agar (PDAY prepared according to  the
manufacturer’s instruction About 396 g of powdered
PDA medim was dissolved in 1 L of stenile distilled
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Fig. 1. Aloe vera plant: Source of plant material

water and sterilized by autoclaving at 121°C at 15 p.s.i for
15 min and allowed to cool before pouring carefully into
20 sterile Petri dishes Two drops of lactic acid was added
to the solution to inhibit any bacterial growth The Petr
dishes that contained the medium was incubated for 24 h
at room temperature (28°C) to check for sterility before use
as described by Cheesbrough (2004,

Isolation of pathogens: Fotted yam tubers wererinsed in
distilled water, surface sterilized with 70% ethanol and cut
open with a sterilized knife About 20 pieces (3 mm in
diameter) of the infected vam tissues were picked from the
point of advancement of rot with a flamed sterilized
forceps and inoculated on a solidified Potato Dextrose
Agar (PDAY medium. Two replicates were made for each
of the ten yam tuber samples and twenty plates inoculated
on. The moculated plates were incubated at room
temperature (28°C) and observations made daily for
possible fungal growth. Subculturing was done to obtain
pure cultures of the isolates. Stock cultures were prepared
using  slants of Potatoe Dextrose Agar (PDAY In
McCarteny bottles and stored in a refrigerator at 4°C.
Cultural characteristics of the fungi were chserved and
recorded. Occurrence of the organisms was recorded as
follows:

100

Total number of plates

Total number of fungal ccourrence 1

Identification of organisms: The identification of the
isolates  was done by examining the isolates
macroscopically  and  microscopically.  The colony
characteristics, spores, mycelium either septate or not,
cotiidium, were talen note of These structural featires
were matched with standards in Barnet and Barry (1972)
and Booth (1971).
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Pathogenicity studies: Ten fresh healthy tubers of yam
were washed with tap water and distilled water
respectively and thereafter sterilized with 70% ethanol.
Cylindrical dises (4 mm) were removed from the tubers
with a sterile 4 mm cork borer. The 4 mm discs of 5 days
old cultures of the 1solates were used to plug the holes
created 1n the tubers, respectively. The discs of the tuber
in the cork borer was replaced and then sealed with
Vaseline jelly to make it air tight. Sterile PDA disc used in
place of the culture discs served as the control. This
was done for all the isolates obtained in pure culture
(Okigbo and Nmeka, 2005; Okigbo and Ogbonna, 2006).

Two replicates were made for each orgamsm. The
moculated tubers and the control were each enclosed n
a sterile polyethylene bag and incubated for eight days at
room temperature (25-37°C). A micro-humid environment
was provided by enclosing a sterile water soaked aseptic
cotton wool 1n each set up.

Measurement of rot: The extent of rot was determined by
using a sterilized and flamed knife to cut open the
inoculated yam tuber from the point of inoculation to
obtain identical halves. A sterilized transparent ruler was
used to measure the depth of rot. The actual depth was
determined by substracting the initial depth (2 cm) from
the final depth (ie., final depth-mitial depth = actual
depth. Also in determimng the degree of rot in diameter,
the initial diameter (4 mm) was subtracted from the final
diameter of rot to get the actual diameter of rot. The area
of rot was calculated as follows:

Idl = Areaof diameter
D = Diameter

L = Depth

I = 22/7 (constant)

The spread of dry or wet rot was calculated for both
lengths, depth and width 1.e diameter and recorded.

Reisolation was carried out using a sterilized and
flamed scapel. Small pieces of rotted tissue about 1 mm
from the advancing edge of the rot were removed from the
mnfected tuber and asceptically inoculated into PDA media
in Petrn dishes and were incubated for 72 h at room
temperature. Subculturing was done to get pure cultures
of the organisms. The colony and microscopic features of
the organisms identified according to the standards of
Barnet and Barry (1972) and Booth (1971).

Preparation of plant materials (Extracts): Four large fresh
leaves of Aloe vera collected from the lower portion of
plant were thouroughly washed under running water and
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sunsecquently with distilled water and air dried at 25°C for
2 h in the laboratory. Thereafter they were dipped into
70% ethanol for surface sterilization.

Crude extraction of Aloe vera gel: The fresh leaves of
Aloe vera were slit lengthwise with flamed sterilized kaufe
and the gel removed by pressing gently into a sterilized
glass. The gel was used immediately in the preparation of
the media (Tumlinson, 2003).

The raw gel was used as 100, 50 and 23%
concentrations; for 50% concentration 50 ml, of raw gel
was dissolved in 50 mL of distilled water and for 25%
concentration, 25 mL of raw gel was dissolved m 75% mL
of distilled water (Mallam and Hones, 1945).

Activity of extract on fungal growth: The method of
Amadioha and Obi (1999) was used to determine the effect
of the extract on fungal growth. Two perpendicular lines
were drawn at the bottom of the plate, the pomnt of
intersection indicating the center of the plate. This was
done before dispensing PDA into each of the plants.

About 5 mL of the extract was dispensed into the
Petri-dish after which 20 mL of melted PDA was poured
into each plate, shaken together and allowed to solidify.
Two replicates were made for each gel concentration i.e.,
3 treatments.

Control experiments were set up without the addition
of the Aloe vera gel. The fung) tested were Fusarium
oxysporium, Botrvodiplodia theobromae, Rhizopus
oryzae and Fusarium solami and were repectively
inoculated at the aforementioned pomt of mtersection of
the prepared medium. Six plates were prepared for each
organism and one control experiment each.

Daily readings were taken for 5 days measuring the
diameter of growth on the plates.

Experimental design: Experimental design used involved
Randomized Complete Block Design (RCBD). Analysis of
Variance (ANOVA) to separate the means using Least
Significance Difference (LSD) to determine levels of
significance.

RESULTS

The isclation and identification of the causative
organisms of the rotted yam tuber, four fungi were
identified according to the standards of Barnet and Barry
(1972) and Booth (1971) as Fusarium solani Mart sacc.
Rhizopus oryzae Went, Batrvodiplodia theobromae Pat.
and Fusarium oxysporium Schelechr Ex Fr (Table 1,
Fig. 2-5). The percentage occurrences of the isolates
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Table 1: Macroand micro features of the fungl (Isolates)

Isolates Colony characters

Iictoscopy

Identified organism

& Arial moycelivem, dense, was sparse, white/smyish
with tinge of bluish brown colouration

B Fastand rapid growth. Whitich with
black spores and millky underneath.

[ White to dirty white, black underneath

o Growth of FDA iz rapid. White asrial

mycelium tinged with pink purple colour

Ilany micro and macro corddia present.

Chlamydospores present, abundant and owal,

tertninglly and intercalary positioned

Coenocytic (non-septate) has sporangio head

(sporangiurm), flat collumnella and spores are single celled
Ilscelivm are septate, chlamydospores are intercalary

atd tertninial, conddia are 2 celled

Microand macro corddia are present, macro conddia slightly
sickle celled with apical cell and foot shaped basal cell,
chlamydospores are present. singleand somein pairs

Flsariura salemi (Fig.

Fhizopus orpeae (Fig. 3

Botryadiplodia theabraviaes
(Fig. 4)

Flscvivr oxp sporium
(Fig 5)

Fig. 2: a) Culture Plate of Fusarinm solani, b) shows the micro and macro spores, ¢) Shows chlamydospores and large

mMacros pores

[C3]

Fig. 3: a) Culture plate of Rhizopus oryzae, b) Shows mycelium and sporangium, ¢) Shows the columella, sporangium

and spores
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k)

Fig 4: Culture a) Hyphae, conidivm and Chlamydospores, ) of B theobromoe

()

Ly

e

Fig 5: Culture a) Conidia, b)and ) Hyphae of Flisarium oxpsporum

(Table 2% showed that Flsavium oxpsporium  and
Botrrodiplodia theobromae ocourred more than others,
33.3% each. The mean diameters of rots exhibited by the
respective fungi were shown in Table 3, Bhizopus orpeae
exhibited a wider rotted area (2537 cm in the
pathogenicity  fests followed by Sotrpodiplodic
theabramae (1720 cry. Fisarium soland (1265 om),
Fusarium oxpsporiwm (1.38) and control (0.0 crm). The
Fusarium species produced dry rots light browm to
orange  brown in colouration. BRhizopus  oryzae
produced extensive wet rot light browmn in colour while
B theobromoe also produced wet rot coffee to black
colouration but not as extensive as that of & oryeqe. The
control produced a brownish thickened layer around the
cut area probably due to healing process in response to
the cut.

The antifungal effects of different concentrations
of Aloe wera gel extracts were shownin Tabled and 5
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Tale 2 Pecentaze ocourence of isclated fang in the motted ymm

Isalates Oeantencs (5
Fusayium s clarg 53353
FRlgzopus ovygae 53355
Banyodipladia theoky ovnae 1688
Fusariumoxpsporum 16.67

Tale 3. Bot messuremert of the pathogernicity fests

Mean length  Mean diameter Areaof
Isolates of rat (cm) of roticm) rot (cm)
Fusarium s olarg 23 1.75 1285
Rigzopus ovyzoe 15 4.25 2537
Barpodiplodia theolr omae 15 385 17.20
Fusarium oxpsporum 0.4 11 138
Comtrol 0.0 0.0 0.0

reprezenting the first day growth measurements and the
5th day growth measurements, respectively. The daily
readings of fungal growth measured in centimeter
increased each day in anthretic progression irrespective
of gel concentration in the experimental and the contral.
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Table4: Antifungal effects of different concentrations of Aloe vera gel

extracts
Organisms 1000 50% 25% Control
Fusarium oxysporim 0.7+ 0.1 0.8£0.1 0.65+0.05 1.0+0.2
Botryodiplodia theobromae  2.05+£0.05 1.8£0.0  1.8+0.0 205005
Rhizopus oryzae 4.85+0.25 3.1+0.1 3.2540.25 4.5+0.2

Fusarivm solani 1.7+0.1 1.85+0.15 1.85+0.05 1.850.15

Table 5: Antifungal effects of different concentrations of Aloe vera gel

extracts
Organisms 10006 500% 25% Control
Fusarium oxysporim 2.6:0.4  1.8+£0.2 2.8+0.5 3.2+0.3
Botryodiplodia theobromae  8.5£0.0  8.5+0.0 8.5+00 8.5+0.0
Rhizopus oryzae 8.5+0.0  8.5£0.0 8.5+00 8.5+0.0
Fusariym solani 8.5£0.0  8.5:0.00 8.5+00 8.5+0.0
Mean replication+3.D (mum)
DISCUSSION

The organisms associated with the rot of white yam
in this study were Fusarium solani, Rhizopus oryzae,
Fusarium oxysporium and Botryodiplodia theobromae.
These fungi have been associated with post harvest rots
(Ogundana et af., 1970, Okigbo, 2004). Rotting n storage
probably starts in the soil and progresses in storage. In
most cases, IMICTOOIZANISIS gainl access 1to  yams
through natural openings and wounds that occur during
harvesting and transportation from field to storage barn
(Ogundana et al, 1970). The soil adhering to the
harvested tubers contain many microorganisms that
could be pathogenic to the tubers. Osagie (1992) and
Okigbo and Ogbonna (2006) confirmed this ascertion.

The thick layering on the surface of the control tuber
i the pathogenicity studies was probably a healing
process in reaction to the cut since the tissues were still
living and performing physiological functions supported
by Ekundaya and Nagvi (1972).

Fungicidal activity of some plant extracts n
controlling different plant pathogens have been reported
by Tewari and Nayak (1991), Okigbo and Emoghene (2004)
and Okigbo and Nmeka (2005).

The present investigation showed that Aloe vera gel
in concentrations 25, 50 and 100% proved ineffective
against the fungal organisms that caused rot in white yam.
This could be due to a possible metabolization of any
antifungal elements in Aloe vera. It could also be that
Aloe vera gel contains some vitamins that may have
encouraged the growth of the fungal organisms or could
be due to envirenmental conditions that could have made
the gel meffective against the pathogens.

According to Serrano ef al. (2006), Aloe vera gel
proved effective in the control of dermatophytes causing
skin diseases. The likely reasons according to them
included the likelihood for Aloe vera gel to work well
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under body temperature and may be more fungicidal to
pathogenic fimgi on human skin than on those causing
yam rot. It could also be that the gel does not have a
fungicidal effect but a fingistatic effect was able to stop
the growth of the pathogenic fungi on the skin while the
body immune system destroys them thereby repairing the
skin (Farrar, 2005).

CONCLUSION

Aloe vera gel could be tested for a preservative role
in yam storage. Aloe vera gel can be used as preservative
as the study at the Umversity of Mighel Hemandezin
Alicante, Spain by Serrano et al. (2006) showed that
grapes at 1°C coated with this gel could be preserved for
35 days against 7 days of untreated grapes. According to
the researchers, the gel operates through a combination
of mechanics preventing the entry and establishment of
fungal pathogens.
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