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.Abstract : Toxigenic cultures of the fungus Aspergillus flavus/parasiticus were
incubated in synthetic liquid and solid media containing coconut oil or its hydrolysis
products as the sole source of carbon. All fungus cultures tested grew in media with
coconut oil and metabolised free fatty acids. Among the different ¢srbon sources
tested, glycerol and lauric acid supported the highest growth of fungal mycelia and
largest accumulation of aflatoxin B1. Capric and caproic acids were poor carbon
sources for the growth of mycelia and accumulation of aflatoxin B1. The high afla-
toxin B1 accumulation observed in coconut oil ‘and its hydrolysis products, glycerol
‘and lauric acid, explains both the high potential of grated coconut and the low
-potential of copra meal media for aflatoxin accumulation reported under field and
laboratery conditions,

1. Introduction

Accumulation of the carcinogenic fungal metabolite, aflatoxin B1 in the
processing and storage of food is a matter for serious concern. Of the food
Substrates tested for their ability to support the production of aflatoxins,
grated coconut kernel was the most supportive natural substrate under
laboratory conditions.! However, ‘growth of fungus and accumulation of
‘aflatoxins in copra meal (poonac) were extremely rare even under high

moisture conditions® when compared with copra in which fungal growth and -

aflatoxin accumulation are common.

Copra meal appears to be either deficient in a constituent necessary
for fungal growth or contains an inhibitory substrate. The moisture content
in coconut kernel drops from 44% to 7% on conversion to copra. The oil
content in copra drops from 64% to 8%, at constant moisture level, on
conversion to copra meal.* The inability of copra meal to support fungal
growth and.aflatoxin accumulation is therefore believed to be linked to
either the absence or low levels of coconut oil in copra meal.

' In this study, coconut oil and its hydrolysis products, glycerol and
fatty acids, were examined for their ability to support growth of Aspergillus
flavus/parasiticus and accumulate aflatoxins under laboratory conditions
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With a view to understanding the role of coconut oil in making grated
coconut an excellent medium for aflatoxin accumulation.

2. Materials and Methods
2.1 Cultures

Aspergillus flavus/parasiticus cultures isolated from copra and peanuts and
toxigenic strain Aspergillus parasiticus NRRL 2999 were maintained in
' ‘Difco’ Potato Dextrose Agar and ‘Difco’ Czapek Dox Agar at 25°C.

2.2 Liquid growth media (broth)

Liquid growth media were prepared by dissolving 0.5g peptone in 100 ml tap
water and mixing with 3g of the relevant carbon source. The suspensions
~ were ultrasonicated for 5 minutes and autoclaved at 121°C for 15 minutes in
500 ml conical flasks. The carbon sources used were coconut oil, glycerol,
capric acid, caproic acid, lauric acid,.palmitic acid and stearic acid.

2.3 Solid growth media

Peptoﬁé (lg) was dissolved in 100 ml of tap water and mixed with 3g of
carbon source. The solutions were boiled with 2g agar and autoclaved at
121°C for 15 minutes. The media were poured into sterile petri dishes.

2.4 Growth a.nd toxin accumulation in broth

Broth media (100 ml) containing coconut oil as the sole source of carbon
were inoculated in 500 ml conical flasks with spore suspénsions (1 ml) of
Aspergillus flavus culture (Table 1) in 0.1% Tween 80. The cultures were
incubated static, in the dark, at room temperature (25 * 2°C) for 11 days.
The flasks were steamed for 10 'minutes at atmospheric pressure.

. The. mycelia were separated from the broth by filtering through
washed, dried and pre-weighed Whatman Ne.1 filter: papers. The mycelia on
filter papers were washed with chloroform, dried over calciam chloride and
weighed. ’

The free fatty acid content was estimated with 10 mil of filtered broth
by titrating against 0.1N sodium hydroxide.’ '

The residual fat in the broth was weighed by extracting 10 ml of broth )
with three .10 ‘ml portions of chloroform, drying in anhydrous sodium
sulphate and evaporating the pooled extract to dryness. o
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Table 1. Production of mycelia, free fatty acids and aflatoxin B1 and the residual fat
observed’ on inoculating a synthetic broth medium with Aspergillus flavus
isolates from copra and Aspergillus ﬂavus/parasitzcus NRRL 2999 followcd
by incubation in the dark for 11 days at 25°C.

vaspergillu_s Mycelial FFA* Residual Aflatoxin B1
‘flavus weight "~ % (as fat/g/50 ml " ug/kg
isolate @ lauric) ) :
F 6 0.67 0.38 0.02 N.D.
F 7 | 0.15 0.40 0.06 N.D.
F 8 ’ 0.33 _0.46 0.01 N.D.
F 58 0.13 0.25 0.03 N.D.
F 63 028 '0.4’1 ' 0.03 ' N.D.
F 73 0.19 Co2s. 0.02 ’ N.D.
"‘FJ X 0.25 - 0.42 ) 0.05 N.D.

NRRL 2999 002 0.10 0.05 N.D.

* Initial FFA of medium was 0.02%

N.D. — not detected (medium detectable level 10 ug/kg)

The aflatoxin Bl in broth (10 ml) was estimated by. the extraction
‘with 70% aqueous acetone and visual estimation on thin layer chromato-
grams,

2.5 -_.Time_ course variation of growth

‘Broth medJa (100 ml) with coconut oil and without (control) as the sole
source “of carbon, were inoculated in 500 ml conical flasks with spore
“suspensions’ (1 - ml) of Aspergillus parasiticus NRRL 2999 in 0.1%
“Tweeri 80’. The cultures were incubated static, in the dark, at room
temperature (25 * 2)°C. Culture flasks in duplicate were removed at 2 day
. intervals, steamed for 10 minutes at atmospheric pressure and examined for
- mycelial growth and free fatty acid as described earlier.
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Table 2. Production of"hyccliﬂ and aflatoxin Bl by Aspergillus parasiticus NRRL
2999 inoculated into broth media containing different carbon sources and
incubated static in the dark at 25° C for 18 days

carbon myccliai aflatoxin B1 Initial Final
source weight ug/kg pH pH
' @® '
. Glycerol 0.38 N.D. 6.6 7.4
0.14 tr 6.6 8.0
Capric acid 0.02 N.D. 6.6 5.6
0.00 N.D. 6.6 6.5
Caproic acid 0.01 N.D. 4.4 _ 7.3‘
0.03 ‘ N.D. 40 7.1
Lauric acid 0.10 _ N.D. 6.6 - 6.8
6.11 _ r _ 6.6 7.9
Palmitic acid - - 0.07 ) N.D. 7.3 7.9
' o 0.05 N.D. 7.3 - 8.4 .
étcaric-acid : 0.10 - N.D. 6.6 7.5
1 0.00 s N.D. 66 8.3
Control 012 N.D. 6.4 8.3
o.o_3> N.D. 6.4 6.7
' tr‘ = traces

N.D. = not detected (minimum detectable limit 10 ug/kg)

2.6 (_‘r_rthh’ of broth with diffe_rent carbon sources

Broth media (100 ml) containing different sources of carbon as sole source
- (Table 2) were inoculated with spore suspensions of Aspergillus parasiticus
NRRL 2999 in 0.1% ‘Tween 80°. The cultures were incubated static, in the

dark, at room temperature (25 + 2°C) for 18 days. The mycelial weight and
-aflatoxin accumulation in broth were estimated as described earlier. .
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Table 3. Growth characteristics of Aspergillus’ parasiticus ' NRRL 2999 -on solid
: synthetic media containing different carbon sources when incubated static in-
the dark at 25°C. ' : o

carbon ‘ : " growth on day*
source - . » 3 4 - 5 6 _
Glycerol + : . _;4 - +5 C 46

Capric acid ' - - = = —

Caproic acid - S — o=

Lauric acid . + . +3 +4 +5
Palmitic acid - ' +2 » +3 3
Stearic acid + +4 s +5 +5
Ethanol - + | .+2, 43
Glucose S+ _ +4 +5 +6s

Coconut meal +2 ) +4 . . +5 +7s

"*(==no growth; +1 = faint growth; +2 = 025.cm thick; +3 = 1 cm thick;
+4 = 1.5 cm thick; +5 = 70% area of medium covered with growth; +6 = 90% area
of medium covered with growth; +7 = medium totally covered with growth).

s = sporulated

2.7 ‘Growth on solid media with different carbon sources

Agar media in petri dishes containing different sources of carbon as sole
source were streaked in the middle with spores of Aspergillus parasiticus
NRRL 2999 (Table 3) and Aspergillus flavus Y4 (Table 4) till sporulation
was observed at least with 8 carbon sources incubated at (25 + 2)°C in the
dark. Longer incubations were avoided as accumulation of aflatoxin B1 in
- solid cultures tend to drop after sporulation. The growth of mycelia was
expressed by measuring the thickness of the streak (+1 = faint growth;

+2 = 0.5 cm thick; +3 = 1 cm thick; +5 = 70% of medium covered with
growth; +6 = 90% medium observed with growth; +7 = medium totally .
covered with growth). The petri dishes were steamed for 10 minutes and the
contents analysed for the presence of aflatoxins. :
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Table 4.  Growth characteristics and aflatoxin accumulation in synthetic solid media
containing different carbon sources when incubated static with- toxigenic
Aspergillus flavus'Y 4at 25°C in.dark

growth on day aflatoxin.uBl
. . Hg/kg
2 s _ 10 :
Glycerol +3 +4 +5's 110
Lauric acid v +1 +1 +2'5 - 88
Palmitic acid +2 +3 t4s 38
Glucose (control) +4 ' +5 +6s v 88

s — sporulated

+1 to +6 same as in Table 3

3. Results and Discussion
3.1 Growth of fungi in coconut oil

All fungi tested grew in the broth media containing coconut oil as the sole
source of carbon (Table 1). This is in contrast to what was reported with

. copra meal (poonac) where there was no growth of fungi under experimental
conditions.” The. increase of free fatty acid content (FFA) observed
indicated that lipolysis occurred along with growth of fungi although
aflatoxin accumulation and lipolysis by Aspergillus flavus are not related to
each other.? The varying pattern of FFA observed with time course-
suggested that the fatty acids were probably bcmg assimilated by the fungi
as they were produced during lipolysis (Figure 1)

The low residual fat content observed in the media strongly suggested
that the coconut oil was being assimilated by the fungi during their growth,
This possibility was further supported by the high mycelial welght observed

_in broth medla containing coconut oil (Figure 1). -



myce’lial wt. g.
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Figu1'c 1.

5 7 9 11
days

Time course variation in growth and tree fatty acid production in the
presence and absence of coconut oil in synthetic broth media by Aspergillus
parasiticus NRRL 2999 when mcubated at 25°C.

Free fatty acid — prcsencc of coconut o0il ®

. absence of coconut oil ©

Mycelial weight — presence of coconut oil 4
' absence of coconut oil .t

O
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3.2 Fungal growth in hydrelysis products of coconut oil

Of the different hydrolysis products of coconut oil tested (Table 2) glycerol
appeared to be the prime source of carbon for mycelial growth,
Arseculeratne et al' speculated that the high aflatoxin producing/accumu-
lating ability of grated coconut was because of the higher concentration of
glycerol available from it.

Of the fatty acids tested lauric acid showed the highest potential for
mycelial growth and accumulation of aflatoxins and palmitic acid was next.
Gupta et al® also have observed the high potential of lauric acid to support
aflatoxin production. Among the edible oils coconut oil is rich in lauric acid,

~ palmitic acid and glycerol: This may be one of the factors for the high
aflatoxin producing potential of grated coconut when compared with other
natural substrates. :

The inability of capric and caproic acids to support fungal growth and
aflatoxin accumulation was noted both in liquid (Table 2) and solid
(Table 3) media. These acids are present in low concentrations in coconut
oil. However, the increase in pH observed in the media (Table 2) showed that
the acids are assimilated even to a small extent during the growth of fungi.

3.3 Aflatoxin accumulation

At times, very low or no aflatoxin accumulation occurs in liquid media.
However, traces of aflatoxin B1 were observed only with glycerol and lauric
acid when tested in liquid media with a highly toxigenic Aspergillus culture
(Table 2). Enhanced accumulation of aflatoxins was noted in'solid media
with glycerol and lauric acid (Table 4). Although glucose induced a better
growth of mycelia than glycerol and lauric acids aflatoxin production in
glycerol .and lauric acid was much higher than in glucose in relation to
mycelial growth. »

4. Conclusion

The observations from these experiments help to explain the paradox of

grated coconut being an excellent medium for aflatoxin accumulation

- whereas copra meal is not. The vital difference is the absence in copra meal
of a high concentration of coconut oil which on hydrolysis produces glycerol

- and lauric acid sufficient to support fungal growth and aflatoxin accumula-
tion in grated coconut.
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