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ABSTRACT

Castor seed is important because of the castor oil content (40 — 57%). The oil enjoys
tremendous world demand in the pharmaceutical, paint, cosmetics, textile, leather,
lubricant, chemical, plastic, fibre, automobile and engineering industries. Castor oil,
aside being a renewable resource, it is biodegradable and eco-friendly. Agricultural
products are natural habitats of fungi and these materials contain cellulose, hemi-
cellulose, starch, oils and other complex organic compounds. The ability of the fungi
to exist in these environments largely depends on their ability to produce enzymes
capable of breaking down the various organic materials to provide their nutrients.
Castor seeds and castor oil are good sources of nutrients for fungal growth and
development. Fungi are capable of producing lipases which can hydrolyze fats or oils
to fatty acids thereby increasing the free fatty acids of the produce and this is a
deteriorating effect. Lipid degradation takes place when seeds or their oils are
damaged by improper storage conditions or are exposed to certain microorganisms.
Studies were carried out on the ability of nine fungal species namely: Aspergillus
tamarii Aspergillus chevallieri, Penicillium chrysogenum, Cephaliophora irregularis,
Syncephalastrum racemosum, Aspergillus flavus, Aspergillus ruber, Aspergillus
terreus and Aspergillus niger to produce extracellular lipases in stationary liquid
medium using quantitative and qualitative indices including, dry mycelia mass, free
fatty acid and peroxide values. These studies showed that all the mould species
exhibited lipolytic activity to varying levels as confirmed by formation of blue halo
round the fungal colonies. The highest level of lipolytic activity (96.88% +1.12%)
was produced by Aspergillus tamari. which was also characterized by highest mycelia
dry yield (2.54 mg/40ml + 0.20 mg/40ml), while Cephaliphora irregularis produced
the least lipolytic activity (3.10 % +0.18%). The highest peroxide value (38.1 meg/kg
+ 1.17meq/kg) was obtained in the medium inoculated with Aspergillus tamarii while
the least (6.20 meqg/kg+0.58)meq/kg was with Aspergillus terreus after 30 days of
storage. The study showed that Aspergillus tamarii and Aspergillus flavus grew well
and readily caused lipolytic activity when cultured in medium containing castor oil as
the only carbon source, suggesting that these fungal species contributed significantly
to castor oil bio-deterioration.
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INTRODUCTION

Castor oil is globally important oil and had been used in the production of over 300
industrial products [1]. However, like most vegetable oils, lipid deteriorating effect
occurs when seeds or their oils are damaged by improper storage conditions or are
exposed to certain microorganisms such as fungi [2]. Fungi are capable of producing
lipase; a glycerol ester hydrolase, a principal enzyme involved in the hydrolysis of
seed lipids (triacylglycerol) to free fatty acids and glycerol [3].

Due to their high extracellular complex enzyme production, fungi have been
implicated in the quality deterioration of many vegetable oils and oil seeds [4]. Some
workers earlier reported the presence and activity of fungal lipases in the deterioration
of grains and oil seeds and their associated oils. For instance, [5] reported the
involvement of a number of mesophilic fungi and three thermophilic ones in the
deterioration of oil palm fruits and palm oil. [6] Reported the deterioration of cotton
seeds, soya beans and melon seeds and their oils by mesophilic moulds. In the same
vein, [7] reported that fungal lipases of Aspergillus and Penicillium species were
responsible for the lipid hydrolysis of wheat grains, while [8] reported the lipolytic
activity of some moulds on wild mango (lrvingia gabonensis). For instance, the
involvement of a number of mesophilic fungi and three thermophilic ones in the
deterioration of oil palm fruits and palm oil as well as the deterioration of cotton
seeds, soya beans and melon seeds and their oils by mesophilic moulds were reported
[9, 10]. However, little appears to be known on the lipase activity of these mesophilic
fungi on castor seeds in storage.

The present study was, therefore, designed to confirm and provide more information
on the lipolytic activity of nine fungal species (Aspergillus tamarii, Aspergillus
chevallieri, Penicillium chrysogenum, Cephaliophora irregularis, Syncephalastrum
racemosum, Aspergillus flavus, Aspergillus ruber, Aspergillus terreus and Aspergillus
niger) isolated from naturally infected stored castor seeds.

MATERIALS AND METHODS

Sample Collection

Wild castor (Ricinus communis L.) seeds were collected from stores in four locations
based on the segmentation used by Kogi state Agricultural development programme
(Kabba, Ankpa, Ogaminana and Ajaka), Nigeria.

Two hundred gramme seed lots from each location were collected in triplicates from
100kg-sacks of seeds using a grain probe and stored in sterile polyethylene bags. In
all, 12 stores in Kogi State were visited and 36 samples were collected. The samples
weighed 200 — 400g and were conveyed to the levorotary of the Department of
Microbiology of the Ahmadu Bello University, Zaria until required. The temperature
of the stores at the point of sample collection was recorded using a thermometer (0 —
100°C)0. The storage temperature after collection was atmospheric room temperature
(27+1°C).
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Isolation of Fungi from the Seeds

Ten grammes (approx 24 seeds) from each seed sample were taken as sub-samples for
the isolation of mycoflora. The sub-samples were surface-sterilized by immersion in
1% sodium hypochlorite (NaOCI) solution for thirty seconds and rinsed three series of
sterile distilled water.

Based on 6 seeds per dish, the surface-sterilized seed were directly plated on SDA
that contained chloramphenicol (100ml/L) in accordance with the procedures of the
International Seed Testing Association (ISTA, 1976). The plates were then kept at
room temperature (27 + 1°C) for 7 — 12 days for e examination. Examination for the
presence of fungi on the seeds was carried daily using a dissection microscope and
compound light microscope (Magnification X 100). Fungal isolates were obtained
directly from fungal colonies on the seeds by plating fungal spores or mycelium on
Sabouroud Dextrose Agar (SDA) complemented with chloramphenicol (100mg/L).
Percentage frequency of each fungus was calculated as total number of seeds on
which a particular fungus appeared per dish/total number of feeds per dish. Pure
cultures of the fungal isolates were transferred on to fresh SDA slants and stored at
room temperature for identification.

Identification of Fungal Isolates

Identification of the isolated fungi was carried out at the crop protection department
of the Ahmadu Bello University, Zaria with reference to mycological texts [11] and
confirmed by the Global Plant Clinic of the Common Wealth Agricultural Bureau
International (CABI), London

Quantitative Determination of the Lipolytic Activity of the Fungi

The lipolytic ability of the mould species was determined as described by Oso [3]. A
basal medium was prepared as described by OSO, 1974, using castor oil as sole
carbon and energy source. The pH of the medium was adjusted to 7.0 with 0.2M
NaOH, and was dispensed into 250ml conical flasks at 20ml per flask. To the liquid
medium in each flask, 20ml of castor oil (Integrated Oil Mills Itd, Trikania, Kaduna
State, Nigeria. Batch No. 0660216), was added and autoclaved at 121°C for
15minutes.

Preparation of the Inoculum

A pure culture of each of the nine isolates was grown for five days on Sabouraud
Dextrose Agar (SDA) complimented with chloramphenicol (100mg/L to inhibit the
growth of bacteria) in Petri-dishes. One disk (5mm diameter) of agar and mycelium of
each isolate were asceptically introduced into the flasks using a sterile cork borer. An
uninoculated mixture in the flask served as control. Each complete treatment was
replicated three times and was incubated at room temperature (27 + 1°C) conditions
for 30 days.

At intervals of 15 days, one complete set of the treatment was withdrawn and the
percentage free fatty acids, peroxide values and dry weight of mycelium were
determined. The dry weight of mycelia, free fatty acids and peroxide values were
determined.
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Qualitative Determination of Lipolytic Activity of the Fungi

The lipolytic ability of the isolates was tested using the method as described by [3].
The medium contained castor oil (Integrated Oil Mills Limited No.17 Tricania,
Kaduna, Kaduna state.) 100ml, 0.1% aqueous Nile blue sulphate solution 50ml,
Bactotryptone 5g, agar 15g and distilled water to make up 1 liter. The pH was
adjusted to 7.0 with acetate buffer solution and autoclaved at 1.05cm? at 121°C for 15
minutes, cooled and dispensed into Petri-dishes. Before pouring into the Petri-dishes,
the medium was vigorously shaken to ensure that the oil appeared in form of tiny
globules well dispersed in the orange-pink medium. The inoculum was a pure culture
of each of the nine isolates grown for five days on Sabouraud Dextrose Agar (SDA)
complemented with chloramphenicol (100mg/L) in Petri-dishes. Each plate was
centrally and asceptically inoculated with a disk (5mm diameter) of agar and mycelia
of the isolates. For each fungus, three plates were inoculated and an uninoculated
plate containing the medium served as control and all the plates were incubated at
room temperature (28 + 1°C) and examined daily for a blue halo formation around
each fungal colony for two weeks.

Dry Weight of Mycelia

Growth was determined by the dry weight of mycelia produced on the medium as
adopted by [9] .The dry weight of mycelia was obtained by harvesting the mycelia on
the growth medium by filtration through a dried and pre-weighed No. 1 Whatman
filter paper (9cm diameter) in a Buckner funnel. The mycelia were washed with
chloroform to remove any adhering oil and the filter paper together with mycelia were
dried in an oven at 80°C for 24 hours, cooled in a desiccator and weighed using
analytical balance. The difference in weight gives the mycelia dry weight.

Free Fatty Acid Value.

The free fatty acid value was determined using method [10]. A solvent mixture of
25ml ethanol (95%) and 25ml diethyl ether was neutralized with 0.1M ethanolic
potassium hydroxide (KOH) using phenolphthalein as indicator. Two grammes of oil
sample was dissolved in the neutralized solvent mixture and titrated with 0.1M KOH
solution until a faint pink colour appeared in the supernatant alcohol for 15 seconds.
The acid value was calculated. Thus:

Acid Value= 56.1 xTxV
M

Where T = Molarity of ethanolic acid

V =Volume of KOH used

M = Mass in grams of test sample
The free fatty acid was calculated thus:

% Free Fatty Acid = Acid Value
2
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Peroxide Value

The peroxide value was determined using method [10]. Two grammes of the extracted
castor oil was weighed into a 200ml conical flask already containing of 20ml acetic
acid — chloroform solution (2 parts of acetic acid to 1 part of chloroform) and 1ml of
saturated Kl solution (4 parts of KI in 3 parts of distilled water) was added and
allowed to stand in the dark for exactly one minute. Thirty milliliters of distilled water
was added and titrated with 0.002M solution of sodium thiosulphate using 1ml of 1%
starch solution as indicator (the indicator was prepared by dissolving 1 g of soluble
starch powder in enough cold water to form a thin paste and adding 100ml of boiling
water and boil with stirring). A blank was run simultaneously but the volume of
sodium thiosulphate used for the blank is usually negligible.

The peroxide value was calculated thus:

PV=VxXxT X100
M

Where:V = Volume of Na,S,03 used
T= Molarity of Na,S,03

M = Mass of the test sample in grammes

RESULTS

Table 1, presents the mean values of the free fatty acids liberated from oil by the
hydrolysis of castor oil by the isolates (triplicates of same sample of castor seeds). All
the isolates exhibited lipolytic activity but to varying levels. Aspergillus tamarii had
the highest lipolytic activity (96.88+1.12%) and followed by Aspergillus flavus with
89.74+0.39 %, while Cephaliophora irregularis had the least lipolytic activity (3.10+
0.18%).

Table 2 shows the peroxide value of the castor oil upon hydrolysis by the isolates.
Peroxide value is a measure of the extent of oxidation of the oil. The free fatty acids
released upon hydrolysis were oxidized to form hydroperoxides. The highest peroxide
value was obtained in the medium inoculated with Aspergillus tamarii (38.10+
meqg/kg) and followed by that inoculated with Syncephalastrum racemosum (35.40+
meq/kg). The medium inoculated with Aspergillus terreus had the least peroxide
value (6.20+ meq/kg).

Table 3 presents the biomass of the isolates grown on castor oil, Aspergillus tamarii
had the highest dry weight of mycelia (2.54+mg/40ml) and followed by Aspergillus
flavus (2.00£0.43 mg/40ml) and Syncephalastrum racemosum (1.90+0.30 mg/40ml),
while Aspergillus niger had the least (0.63+0.34 mg/40ml).

All the isolates grew well on the castor oil /nile blue sulphate medium forming a blue
halo round the colony of each fungus (Table 4). The formation of a blue halo
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indicated that the isolate was able to break down the oil to liberate free fatty acids
which subsequently reacted with the orange-pink colour of the oil/nile blue sulphate
medium to produce the blue halo.

DISCUSSION

This study showed that all the nine fungi caused increase in the free fatty acids (FFA)
of the oil in the liquid medium to varying levels. The highest level of lipolytic activity
was significantly (P<0.05) produced by Aspergillus tamarii (Table 1), which was also
characterized by highest mycelia dry yield (Table 3), followed by Aspergillus flavus
(Table 1) both in the same taxonomic group, while Cephaliphora irregularis
produced the least lipolytic activity (Table 1). The highest oxidative value (peroxide
value) was obtained in the medium inoculated with Aspergillus tamarii (Table 2),
while Aspergillus terreus had the least peroxide value (Table 2) after 30 days of
storage. Except Cephaliphora irregularis and Penicilium chrysogenum, all the fungal
species caused increase in free fatty acid above 20%, the value after which rancidity
of oil becomes noticed [3].

The varying lipolytic activity of these fungi agreed with [11], who reported similar
observation on melon seed oil. In the same name Ward and Diener made similar
report on fungi associated with peanut oil and [8], on wild mango (Irvingia
gabonensis). The increased level of free fatty acid content could be attributed to the
activity of extracellular lipases from the infecting fungi and the slight increase in the
(FFA) content of the control experiment after 4 weeks might be due to auto -
oxidation of the triglycerides [2]. This reason is supported by Kuku (1980) and
Ogundero (1981) who reported similar results for melon seeds and groundnuts
respectively.

The differences in the lipolytic activity may be attributed to differences in their lipase
enzyme production capacity which could be due to differences in their lipase enzyme
production capacity which relates to the rate at which they carried out the hydrolysis
of the triglycerides to release FFA and glycerol. This reason is supported by Negedu
et al., (2011); Bhattacharya and Raha, (2004); Bankole and Joda, (2004) [14, 15, 16]
who reported that the ability of a fungus to exist on an organic matter would depend
on its ability to produce the necessary enzymes and also the capacity of the
extracellular enzyme production in the substrate.

In addition, the lipolytic activity showed by these fungi might be as a result of
individual species showing specificity and preferences in the utilization of component
fatty acids as carbon sources [17]. The fact that Aspergillus tamarii had the highest
dry weight of mycelium on the growth medium could be due to its faster rate of
hydroysis and consumption of the products of the lipolysis, free fatty acids and
glycerol [17, 18].

It has been reported that very high amount of lipase in products can lead to extensive
breakdown of fats with concomitant release of low molecular weight fatty acids that
may result in the development of undesirable rancid flavours usually associated with
deteriorating and deteriorated oilseeds, oils and oil-containing products [12, 13,14].
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Increase in the FFA content of oil hampers bleaching, deodorization and increased
rancidity, resulting in higher cost of processing, as well as low quality products [10].
Therefore, limits are set at 5% for the level of FFA which can be tolerated in product
[19].

CONCLUSION

From this study it has been shown that castor oil, which is the economic end product
of castor seed is negatively affected by the lipolytic activity of associated fungi and
ultimately reducing the commercial value in the market, therefore the presence of any
fungus in such oil is not desirable and effort should be geared towards prevention,
since any percentage increase in the free fatty acid beyond the allowable limit attracts
penalty in price reduction in the market.

In addition, the production of hydroperoxides, which are themselves unstable and
further oxidation or decomposed to by-products, such as epoxides, aldehydes,
ketones, hydrogen sulphide that are responsible for the beany and off flavours of
deteriorating oils or oil-containing products. Other negative impacts may also be
associated with fungal growth in oil seeds and their oils which may require some
studies.
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Table 1: Free fatty acid liberated at 30 days of growth on castor oil medium
(with castor oil as sole carbon source)

Name of isolate Lipolytic activity as % Free fatty acid
15 days 30 days
Aspergillus chevallieri 215 +1.18 80.89 +1.50
Aspergillus tamari 34.64 +1.13 96.88 +1.12
Penicillium chrysogenum 6.53 +0.35 13.80 +0.15
Cephaliophora irregularis 1.88 +0.09 3.10 +0.18
Syncephalastrum racemosum 8.93 +0.97 87.03 +2.99
Aspergillus flavus 22.09 +1.72 89.27 +0.39
Aspergillus rubber 15.60 +0.13 72.14 +0.96
Aspergillus terreus 18.05 +0.15 55.51 +0.86
Aspergillus niger 63.17 +1.39 59.94 +27.56
Control (un-inoculated medium) 9.30 +0.41 11.32 +0.41

Values are means of triplicate determinations

Published by African Scholarly Science Communications Trust

20-4444030, Nairobi, KENYA
www.aj fand net




I # ‘ Scf olarly, Peer G{ewe ,
i \

African Journal of Food, Agriculture, Nutrition dnd [: --ImePnL

Table 2: Quantitative determination Peroxide value (meg/kg)

s/n Isolates Peroxide value

(mea/kg)

15 days 30 days
1. Aspergillus chevallieri 5.02 +0.17 20.24 +1.11
2. Aspergillus tamari 7.35 +0.75 38.12 +1.17
3. Penicillium chrysogenum 2.16 +0.18 1049 +141
4. Cephaliophora irregularis 2.31 +0.62 10.17 +0.87

5. Syncephalastrum racemosum 5.77 +0.52 35.44 +1.39

6. Aspergillus flavus 4,60 +0.87 26.52 +1.34
7. Aspergillus ruber 2.36 +0.47 25.21 +1.49
8. Aspergillus terreus 1.42 +0.26 6.20 +0.58
9. Aspergillus niger 201 +0.01 27.88 +1.92

Control (un-inoculated medium) 2.18 +0.21 505 +0.18

Values are means of triplicate determinations
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Table 3: Dry weight of mycelia of the isolates

Scf olarly, Peer G{ewe .

Isolates Dry weight at 15 days Dry weight at 30 days
(mg/40ml) (mg/40ml)
Aspergillus tamari 1.33 +0.66 2.54 +0.20
Aspergillus chevallieri 0.70 +0.34 1.52 +0.70
Penicillium chrysogenum 0.73 +0.13 1.43 +0.74
Cephaliophora irregularis 0.83 +0.29 1.34 +0.59
Syncephalastrum racemosum 1.20 +0.08 1.90 +0.30
Aspergillus flavus 0.97 +0.68 2.00 +0.43
Aspergillus ruber 0.74 +0.45 1.20 +0.02
Aspergillus terreus 0.75 +0.17 1.28 +0.44
Aspergillus niger 0.60 +0.16 0.63 +0.34

Control(un-inoculated medium)

Values are means of triplicate determinations
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Table 4: Qualitative lipolytic activity of the isolates on castor oil/nile blue
sulphate medium

Isolate Lipolytic activity
Aspergillus chevallieri. +
Aspergillus flavus +
Aspergillus niger +
Aspergillus ruber +
Aspergillus tamarii. ++
Aspergillus terreus +
Cephaliophora irregularis +
Penicilium chrysogenum +
Syncephalastrum racemosum +
+ = Lipolytic activity

++ = High lipolytic activity
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