






























Potential benefits to the pig meat, poultry meat, and 
hen eggs livestock sectors 

Tables I 1-13 show the potential benefits from a 
technology that improves control of aflatoxins in 
maize and peanuts, and benefits that accrue to the pig 
meat, poultry meat, and hen eggs livestock sectors, 
respectively. The results in these tables are also based 
on production and consumption of pig meat, poultry 
meat, and hen eggs in 70 regions of the world. The key 
parameter in the generation of these estimates is the 
weighted cost reductions in the different livestock 
sectors (see Table 6) attributable to the reduction in 
aflatoxin contamination of maize and peanut-based 
feedstuffs for livestock. 

The total discounted benefits from the three 
livestock sectors in the three countries are estimated to 
be as follows: 

• Indonesia gains a total of about $AU34 million with 
$AU6 million estimated to accrue to the pig meat 
sector, $AUI2 millions to the poultry meat sector, 
and $A Ul6 million to the hen eggs sector. 

• The Philippines gains a total of about $A U49 million 
with $AU37 million estimated to accrue to the pig 
meat sector, $AU4 millions to the pOUltry meat 
sector, and $AU8 million to the hen eggs sector. 

• Thailand gains a total of about $AU41 million with 
$AU 11 million estimated to accrue to the pig meat 
sector, $A U 18 millions to the poultry meat sector, 
and $AU 12 million to the hen eggs sector. 

• The estimated benefits to the livestock sectors in 
Australia and the rest of the world are negligible. 

The potential human health benefits to Indonesia, 
Philippines, and Thailand 

Tables 14 and 15 show the flow of human health 
benefits that could potentially flow from a technology 
developed fro m ACIAR PN8806 and PN9104 that 
reduces aflatoxin contamination of maize and peanuts 
used for human consumption. 

The annual human health benefits were estimated in 
Lubulwa and Davis (1994). The flow of human health 
benefits is conditional on adoption of a technology in 
the maize and peanut production sectors. The human 
health benefits are assumed to accrue to countries that 
collaborated in ACIAR PN8806 and PN9104. There 
are no human health benefits to Australia because the 
current quality control regimes in the maize and peanut 
production sectors reduce the human exposure to afla­
toxins to negligible, innocuous levels. 
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The human health benefits over a 30-year time 
horizon to the three collaborating countries are as 
follows: 
• Indonesia's economic surplus is estimated to 

increase by a total of $AU364 million of human 
health benefits, with $AUI93 million as benefits 
from the reduction in mortality rates and morbidity 
rates attributed to primary liver cancer from the 
consumption of aflatoxin-contaminated maize, and 
$AU171 million as benefits from the reduction in 
mortality rates and morbidity rates attributed to 
primary liver cancer from the consumption of 
aflatoxin contaminated peanuts. 

• The Philippines' economic surplus is estimated to 
increase by a total of$AU56 million of human health 
benefits, with $AU52 million as benefits from the 
reduction in mortality rates and morbidity rates 
attributed to primary liver cancer from the 
consumption of aflatoxin contaminated maize, and 
$AU4 million as benefits from the reduction in 
mortality rates and morbidity rates attributed to 
primary liver cancer from the consumption of 
aflatoxin contaminated peanuts. 

• Thailand's economic surplus is estimated to increase 
by a total of $AU38 million of human health 
benefits, with $AUIO million as benefits from the 
reduction in mortality rates and morbidity rates 
attributed to primary liver cancer from the 
consumption of aflatoxin contaminated maize, and 
$AU28 million as benefits from the reduction in 
mortality rates and morbidity rates attributed to 
primary liver cancer from the consumption of 
aflatoxin contaminated peanuts. 

The potential net benefits of ACIAR PN8806 and 
PN9J04 

This section adds the benefits discussed at the 
beginning of the 'Results' section to give the total 
potential benefits of the ACIAR projects, PN8806 and 
PN9104. The research costs incurred by ACIAR, by 
the Australian commissioned organisation, and by the 
collaborating institutions in Indonesia, Philippines, 
and Thailand are taken into account to estimate the net 
present value of the two projects and the associated 
internal rate of return. The discounted total research 
costs are about $AUO.94 million. 

The total discounted potential benefits from a tech­
nology that developed as a result of the two projects 
are estimated to be about $AU937 million over a 
30-year time horizon. These are the sum of increases in 



welfare to the producers and consumers of maize and benefits from reduced incidence of primary liver 

peanuts, the producers and consumers of pig meat, cancer in Indonesia, Philippines, Thailand, and the rest 

poultry meat, and hen eggs, and the human health of the world. 

Table 11. Flow of benefits accruing to Australia. Indonesia. Philippines, Thailand, and the rest of the world due to research to 
reduce aflatoxins in feedstuffs in the pig meat sector in $AU million. 1990. 

Year no. Australia Indonesia Philippines Thailand Rest of the Global 
world total 

Start PN8806 1988 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

2 1989 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

3 1990 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

Start PN9104 4 1991 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

5 1992 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

End PN8806 6 1993 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

End PN9104 7 1994 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

8 1995 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

9 1996 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

\0 1997 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

II 1998 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

12 1999 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

13 2000 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

14 2001 ($0.0001) $1.32 $7.85 $2.53 $0.00 $11.69 

15 2002 ($0.0001) $1.53 $9.15 $2.96 $0.00 $13.64 

16 2003 ($0.0001) $1.75 $10.46 $3.38 $0.00 $15.59 

17 2004 ($0.0001) $2.06 $11.77 $3.55 $0.00 $17.37 

18 2005 ($0.0002) $2.06 $11.77 $3.55 ($0.01 ) $17.37 

19 2006 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

20 2007 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

21 2008 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

22 2009 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

23 2010 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

24 2011 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

25 2012 ($0.0002) $2.06 $11.77 $3.55 ($0.0\) $17.37 

26 2013 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

27 2014 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

28 2015 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

29 2016 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

End of planning horizon 30 2017 ($0.0002) $2.06 $11.77 $3.55 ($0.01) $17.37 

Discount rate 0.08 0.08 0.08 0.08 0.08 0.08 

Discounted benefits ($0.0005) $6 $37 $11 $0 $54.63 
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Table 12. Flow of benefits accruing to Australia, Indonesia, Philippines, Thailand, and the rest of the world due to research to 
reduce aflatoxins in feedstuffs in the poultry meat sector, in $AU million, 1990, 

Year Australia Indonesia Phili ppines Thailand Rest of the Global 
no, world total 

Start PN8806 1988 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

2 1989 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

3 1990 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

Start PN9104 4 1991 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

5 1992 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

EndPN8806 6 1993 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

EndPN9104 7 1994 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

8 1995 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

9 1996 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

\0 1997 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

11 1998 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

12 1999 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

13 2000 $0.0000 $0.00 $0.00 $0.00 $0.000 $0.00 

14 2001 ($0.0001) $2.42 $0.87 $4.04 $0.000 $7.33 

15 2002 ($0.0001) $2.82 $1.01 $4.72 $0.000 $8.55 

16 2003 ($0.0001) $3.22 $1.15 $5.39 ($0.001) $9.77 

17 2004 ($0.0001) $3.79 $1.30 $5.66 ($0.002) $10.74 

18 2005 ($0.0001) $3.79 $1.30 $5.66 ($0.002) $10.74 

19 2006 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

20 2007 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

21 2008 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

22 2009 ($0.0001) $3.79 $1.30 $5.66 ($0.004) $10.74 

23 2010 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

24 2011 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

25 2012 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

26 2013 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

27 2014 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

28 2015 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $\0.74 

29 2016 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

End of planning horizon 30 2017 ($0.0001) $3.79 $1.30 $5.66 ($0.003) $10.74 

Discount rate $0.0800 0.08 0.08 0.08 $0.080 

Discounted benefits ($0.0003) $11.77 $4.07 $18.06 ($0.007) $33.89 
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Table 13. Flow of benefits accruing to Australia. Indonesia, Philippines, Thailand, and the rest of the world due to research to 
reduce aflatoxins in feedstuffs in the hen eggs sector, in $AU million, 1990. 

Year Australia Indonesia Philippines Thailand Rest of the Global total 
no. world 

Start PN8806 1988 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

2 1989 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

3 1990 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

StartPN9104 4 1991 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

5 1992 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

EndPN8806 6 1993 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

EndPN9104 7 1994 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

8 1995 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

9 1996 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

10 1997 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

11 1998 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

12 1999 $0.00000 $0.00 $0.00 $0.00 $0.000 $0.00 

13 2000 $0.00000 $0.00 $0.00 SO.OO $0.000 $0.00 

14 2001 (SO.00002) $3.26 $1.61 $2.66 $0.000 $7.53 

15 2002 ($0.00002) $3.80 $1.88 $3.10 $0.000 $8.79 

16 2003 ($0.00002) $4.35 $2.15 $3.55 $0.000 $\0.04 

17 2004 ($0.00002) $5.11 $2.42 $3.72 $0.000 $11.25 

18 2005 ($0.00003) $5.11 $2.42 $3.72 ($0.00l) $11.25 

19 2006 ($0.00003) $5.11 $2.42 $3.72 ($0.001) $11.25 

20 2007 ($0.00003) $5.11 $2.42 $3.72 ($0.001) $11.25 

21 2008 ($0.00004) $5.11 $2.42 $3.72 ($0.001) $11.25 

22 2009 ($0.00004) $5.11 $2.42 $3.72 ($0.002) $11.25 

23 2010 ($0.00004) $5.11 $2.42 $3.72 ($0.002) $11.25 

24 2011 ($0.00004) $5.11 $2.42 $3.72 ($0.002) $11.25 

25 2012 ($0.00004) $5.11 $2.42 $3.72 ($0.002) $11.25 

26 2013 ($0.00004) $5.11 $2.42 $3.72 ($0.002) $11.25 

27 2014 ($0.00004) $5.11 $2.42 $3.72 ($0.002) $1 J.25 

28 2015 ($0.00004) $5.11 $2.42 $3.72 ($0.002) $11.25 

29 2016 ($0.00004) $5.11 $2.42 $3.72 ($0'(X)2) $11.25 

End of planning horizon 30 2017 ($0.00004) $5.11 $2.42 $3.72 ($0.002) $11.25 

Discount rate $0.08000 0.08 0.08 0.08 $0.080 

Discounted benefits ($0.00010) $15.87 $7.58 $11.88 ($0.003) $35.33 

91 



Table 14. Flow of human health benefits accruing to Australia. Indonesia, Philippines, Thailand, and the rest of the world due 
to research to reduce allatoxins in maize used for human consumption, in$A U million. 1990 

Year Australia Indonesia Philippines Thailand Rest of the Global total 
no. world 

Annual benefits from Lubulwa and Davis $0 $132 $31 $8 $0 $117 
(1994) 

Flow of benefits conditional on adoption of a technology which reduces allatoxins in maize 

Start PN8806 1988 $0 $0 $0 $0 $0 $0 

2 1989 $0 $0 $0 $0 $0 $0 

3 1990 $0 $0 $0 $0 $0 $0 

Start PN91 04 4 1991 $0 $0 $0 $0 $0 $0 

5 1992 $0 $0 $0 $0 $0 . $0 

End PN8806 6 1993 $0 $0 $0 $0 $0 $0 

End PN9104 1 1994 $0 $0 $0 $0 $0 $0 

8 1995 $0 $0 $0 $0 $0 $0 

9 1996 $0 $0 $0 $0 $0 $0 

10 1991 $0 $0 $0 $0 $0 $0 

11 1998 $0 $0 $0 $0 $0 $0 

12 1999 $0 $0 $0 $0 $0 $0 

13 2000 $0 $0 $0 $0 $0 $0 

14 2001 $0 $40 $11 $2 $0 $53 

15 2002 $0 $46 $13 $3 $0 $62 

16 2003 $0 $53 $15 $3 $0 $11 

17 2004 $0 $62 $11 $3 $0 $82 

18 2005 $0 $62 $11 $3 $0 $82 

19 2006 $0 $62 $17 $3 $0 $82 

20 2007 $0 $62 $17 $3 $0 $82 

21 2008 $0 $62 $11 $3 $0 $82 

22 2009 $0 $62 $17 $3 $0 $82 

23 2010 $0 $62 $17 $3 $0 $82 

24 2011 $0 $62 $17 $3 $0 $82 

25 2012 $0 $62 $17 $3 $0 $82 

26 2013 $0 $62 $17 $3 $0 $82 

27 2014 $0 $62 $17 $3 $0 $82 

28 2015 $0 $62 $17 $3 $0 $82 

29 2016 $0 $62 $11 $3 $0 $82 

End of planning horizon 30 2017 $0 $62 $17 $3 $0 $82 

Discount rate 0.08 0.08 0.08 0.08 0.08 

Discounted benefits $0 $193 $52 $10 $0 $255 
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Table IS. Flow of human health benefits accruing to Australia. Indonesia. Philippines. Thailand. and the rest of the world due 
to research to reduce aflatoxins in peanuts used for human consumption. in SA U mill ion, 1990 

Year Australia Indonesia Philippines Thailand The rest of Global total 
no. the world 

Annual benefits from Lubulwa and Davis $0.00 $%.50 $2.20 $16.00 $0.00 SI 14.70 
(1994) 

Flow of benefits conditional on adoption of a techno\ogy which reduces aflatoxins in peanuts 

Start PN8806 1988 $0 $0 $0 $0 $0 $0.00 

2 1989 $0 $0 $0 $0 $0 SO.OO 

3 1990 $0 $0 $0 $0 $0 $0.00 

Start PN91 04 4 1991 $0 $0 $0 SO $0 $0.00 

5 1992 $0 $0 $0 SO $0 $0.00 

EndPN8806 6 1993 $0 $0 $0 $0 $0 $0.00 

EndPN9104 7 1994 $0 $0 $0 $0 $0 $0.00 

8 1995 $0 $0 $0 $0 $0 $0.00 

9 1996 $0 $0 $0 $0 $0 $0.00 

10 1997 $0 $0 $0 $0 $0 $0.00 

11 1998 $0 $0 $0 $0 $0 $0.00 

12 1999 $0 $0 $0 $0 $0 $0.00 

13 2000 SO SO $0 $0 $0 $0.00 

14 2001 SO $29 $1 S5 $0 $34.41 

15 2002 SO $34 $1 S6 $0 $40.15 

16 2003 $0 $39 $1 $6 $0 $45.88 

17 2004 $0 $43 $1 $7 $0 $51.62 

18 2005 $0 $48 $1 $8 $0 $57.35 

19 2006 $0 $53 $1 $9 $0 $63.09 

20 2007 $0 $58 $1 $10 $0 $68.82 

21 2008 $0 $63 $1 $10 $0 $74.56 

22 2009 $0 $63 $1 $10 $0 $74.56 

23 2010 $0 $63 $1 $10 $0 $74.56 

24 2011 $0 $63 $1 $10 $0 $74.56 

25 2012 $0 $63 $1 $10 $0 $74.56 

26 2013 $0 $63 $1 $10 $0 $74.56 

27 2014 $0 $63 $1 $10 $0 $74.56 

28 2015 $0 $63 $1 $10 $0 $74.56 

29 2016 $0 $63 $1 $10 $0 $74.56 

End of planning horizon 30 2017 $0 $63 $1 $10 $0 $74.56 

Discount rate 0.08 0.08 0.08 0.08 0.08 

Discounted benefits $0 $171 $4 $28 $0 $203 

93 



These benefits are distributed as follows: Indonesia 
gains by $AU542 million, Philippines by $AUI77 
million, Thailand by $AUl33 million, and the rest of 
the world by $AU85 million. 

The net present value of this flow of benefits after 
taking into account the research costs is estimated at 
$AU936 million, and the internal rate of return for the 
two projects is estimated at 69%. 

These estimates are shown in Table 16. They need to 
be interpreted with caution. First of all, they are not 
benefits that directly flow from a technology developed 
under PN8806 and PN91 04. As indicated earlier, these 
two projects did not develop any technology. However, 
they provided the basis, the justification for the devel­
opment of a technology that could lead to the flow of 
benefits in Table 16. The results in Table 16 indicate the 
potential benefits from such a technology that leads to 
better control of aflatoxins in maize and peanuts. 

Finally, other donor countries (for example, Japan 
and Canada) had projects in Southeast Asia that con­
tributed to the awareness of aflatoxin contamination in 
maize and peanuts in Southeast Asia at the same time 
as when the ACIAR PN8806 and PN9104 were being 
undertaken. It would thus be an over-estimation to 
assume that all the benefits in Table 16 are from infor­
mation generated by PN8806 and PN9104. Estimation 
of the proportion of the benefits from the two ACIAR 
projects is impossible without data on the funding of 
aflatoxin research in Southeast Asia from other 
sources and the quality of intellectual and other inputs 
from the different funding sources. 

Sensitivity analyses 

The results in Table 16 are based on a number of 
assumptions, including the following: 
• the cost of research that generates the aflatoxin 

control technology are implicitly assumed to be 
zero; and 

• the technology that leads to better control of 
aflatoxins in maize and peanuts does not change the 
farm-level costs. 
This section summarises the sensitivity analyses 

which were used to explore the implications of 
changes in these assumptions. 

Costs of research that generates better control of 
aflatoxins in maize and peanuts 

Table 16 does not take into account the costs 

problem is that those costs are unknown. An interesting 
question to ask is how much would these research costs 
have to be to reduce the net benefits in Table 16 to zero, 
assuming that they were incurred annually from the end 
of ACIAR PN9104 in year 7 to the beginning of 
adoption of the technology in year 13? 

In the case where total benefits include human health 
benefits, technology development research costs would 
have to be about $AUl273 million (equivalent to an 
annual flow of $AU248 000 for 7 years) in Table 16 to 
reduce the net benefits to zero. That is, the total research 
costs would have to increase by over 1100 times the 
total discounted research costs for ACIAR PN8806 and 
PN9104 for the net discounted benetlts to fall to zero. 
Even then the internal rate of return would be about 
10% over the 30-year time horizon. Excluding human 
health benefits, technology development research costs 
would have to be about $AU764 million (equivalent to 
an annual now of $AUl47 000 for 7 years) in Table 16 
to reduce the net benefits to zero. 

Changes in farm-level costs as a result of a better 
control of aflatoxins in maize and peanuts 

One of the possible farm-level technologies that was 
explored under PN9104 was the use of non-toxigenic, 
competitive Aspergillus flavus and Aspergillus para­
siticus as a solution to the aflatoxin problem in peanuts. 
Under this approach, strains of non-toxigenic compet­
itive Aspergillus flavus and Aspergillus parasiticus are 
added to soils resulting in competitive exclusion of the 
toxigenic strains of these fungi. The research under 
PN9104 established this approach as potentially appli­
cable in Thailand and probably in other countries in 
Southeast Asia, and may be the long term solution to 
the aflatoxin problem, at least in peanuts8. 

This section explores the implications of changes in 
farm-level costs for the net present value and the 
internal rate of return in Table 16. 

The following question was posed: assuming that a 
technology to control aflatoxins in maize and peanuts 
leads to an increase in farm-level costs of producing 
maize and peanuts equal to 10% of farm-gate prices, 
how would the net present value of benefits and the 
corresponding internal rate of return in Table 16 be 
affected? 

incurred in developing a technology that leads to better 8 Dr John Pit!, CSIRO, North Ryde, Sydney (personal 
control of aflatoxins in maize and peanuts. One communication, June 1995) 
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Table 16. ACIAR PN8806 and 91 04: the flow of research costs and benefits accruing to Australia, Indonesia. Philippines, Thailand, and the rest of the world due to researeh 
to reduce aflatoxins in maize and peanuts used for human consumption and as feedstuffs, $AU million, 1990 

Year Australia Indonesia Philippines Thailand Rest of the world Total benefit~ Research cost~ Net benefits 
no 

Start PN8806 1988 $0 $0 $0 $0 $0 $0 0.200825 ($0.200825) 

2 1989 $0 $0 $0 $0 $0 $0 0.308093 ($0.308093) 

3 1990 $0 $0 $0 $0 $0 $0 0.249498 ($0.249498) 

Start PN9104 4 1991 $0 $0 $0 $0 $0 $0 0.333957 ($0.333957) 

5 1992 $0 $0 $0 $0 $0 $0 0.414347 ($0.414347) 

End PN8806 6 1993 $0 $0 $0 $0 $0 $0 0.130847 ($0.130847) 

End PN9104 7 1994 $0 $0 $0 $0 $0 $0 $0 

8 1995 $0 $0 $0 $0 $0 $0 $0 

9 1996 $0 $0 $0 $0 $0 $0 $0 

10 1997 $0 $0 $0 $0 $0 $0 $0 

1998 $0 $0 $0 $0 $0 $0 $0 

12 1999 $0 $0 $0 $0 $0 $0 $0 

13 2000 $0 $0 $0 $0 $0 $0 $0 

14 2001 $0 $104 $37 $28 $15 $184 $184 

~ 15 2002 $0 $121 $43 $33 $17 $214 $214 

16 2003 $0 $138 $49 $37 $20 $245 $245 

17 2004 $0 $160 $56 $40 $22 $277 $277 

18 2005 $0 $166 $56 $41 $24 $287 $287 

19 2006 $0 $173 $56 $42 $26 $297 $297 

20 2007 $0 $179 $57 $43 $29 $307 $307 

21 2008 $0 $185 $57 $44 $31 $317 $317 

22 2009 $0 $185 $57 $44 $32 $318 $318 

23 2010 $0 $185 $57 $44 $32 $318 $318 

24 20ll $0 $185 $57 $44 $32 $318 $318 

25 2012 $0 $185 $57 $44 $32 $318 $318 

26 2013 $0 $185 $57 $44 $32 $318 $318 

27 2014 $0 $185 $57 $44 $32 $318 $318 

28 2015 $0 $185 $57 $44 $32 $318 $318 

29 2016 $0 $185 $57 $44 $32 $318 $318 

End of planning horizon 30 2017 $0 $185 $57 $44 $32 $318 $318 

Discount rate 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 

Discounted benefits and cost~ $0 $542 $177 $133 $85 $937 $0.94 $936 

In:emal rate of return $0.94 69% 



An increase in farm-level costs equal to 10% of the 
farm-gate price of maize and peanuts would reduce 
the net present value of benefits from $AU936 
millions to $AU901 million and the internal rate of 
return would drop slightly from 69 to 68%. When 
human health benefits are excluded, an increase in 
farm-level costs equal to 10% of the farm-gate price of 
maize and peanuts would reduce the net present value 
of benefits from $AU479 million to $AU445 million 
and the internal rate of return would drop slightly from 
60.86 to 60.06% 

Impact on Scientific Knowledge 

On the issue of the scientific impact of PN8806, King 
(1991) concluded that: 

This research has comprehensively defined the fungal 
flora and associated mycotoxins in major durable com­
modities in Thailand as an indicator of the status of 
commodities in Southeast Asia in general. This has 
never been done before. and is a significant 
achievement, adding greatly to the world knowledge of 
fungal spoilage of tropical stored commodities and the 
consequent potential for mycotoxin formation 

Similar conclusions were made about the project by 
Miller (1993). Appendix C lists the papers published 
to date from the two research projects. 

Human and Institutional Capacity 
Building Impacts ofthe Project9 

Project 8806 involved an active training program for 
scientists from participating countries. During the 
project. eight scientists from collaborating laboratories 
in Indonesia. Philippines, and Thailand received 
training at the CSIRO Food Research Laboratory for 
approximately four weeks each. Four scientists were 
trained in techniques for isolation and identification of 
fungi from foods, and four in the techniques for 
extraction, detection, and quantification of mycotoxins. 

Concluding Remarks 

This paper has estimated the potential benefits from 
two ACIAR projects on fungi and aflatoxins. The 
assessment acknowledges that the two ACIAR 

9 This section draws heavily on King (1991). 
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projects were not designed to develop technologies to 
control aflatoxin contamination in maize and peanuts. 
However, the information the two projects generated 
could be catalytic in the development of technologies 
either at farm level or in the postharvest sector that 
could reduce or even eliminate aflatoxin in maize and 
peanuts and aflatoxicosis in the human population and 
in livestock (pigs, poultry, and egg laying chickens) in 
Indonesia, Philippines, and Thailand. 

It is estimated that a technology that eliminates 
aflatoxins in maize and peanuts could generate up to 
$AU936 million in discounted net benefits over a 
30-year time horizon and an associated internal rate 
of return of 69% (Table 16). If one excludes the 
human health benefits, such a project could generate 
a net present value of about $AU479 million over a 
30-year horizon with an associated internal rate of 
returnof61%. 
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Appendix A: Objectives of ACIAR 
Projects PN8806 and PN9104 

ACIAR project PN8806 had the following objectives: 

(a) To isolate and identify fungi growing in specific 
commodities and to detennine the mycotoxins 
they are capable of producing. 

(b) To assess the significance of each species as a 
spoilage fungus or mycotoxin producer on the 
basis of their relative prevalence. 

(c) To develop a computer database of fungi 
significant in Asian commodities, including 
incidence, mycotoxins, and factors influencing 
toxin production. 

(d) To assess the mycotoxin status of each commodity 
by assaying the samples for specific mycotoxins, 
with samples of major commodities being assayed 
throughout their postharvest history. 

(e) To attempt to correlate fungal invasion with visual 
deterioration, Le. develop simple techniques for 
quality monitoring. 

(f) To train Asian microbiologists and chemists in the 
standard methods being used, so that mycological 
and mycotoxin quality can be assessed locally but 
be comparable throughout the region. 

(g) To explore techniques for simplified or quicker 
identification of important mycotoxigenic fungi, 
including development of computer-assisted keys. 

(h) To assess, where appropriate, the impact of 
improved handling, drying, and storage procedures 
on the incidence of both fungi and mycotoxins. 

(i) Where identifiable problems can be pinpOinted, to 
seek solutions in collaboration with local 
authorities in tenns of agricultural practice, 
handling, and storage. 

G> To undertake fundamental studies on the influence 
of environmental factors, especially water activity 
and temperature, on the growth of, and toxin 
production by, more significant fungi encountered. 
Such data will be of great value in assessing the 
efficacy of drying and storage treatments designed 
to inhibit fungal growth and toxin production. 
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ACIAR project PN91 04 had the following objectives: 

(a) To monitor peanut crops for the presence of 
Aspergillus flavus from the time of planting, 
through nut development, harvest, and storage. By 
this means, to clearly establish the main times of 
Aspergillus flavus entry into peanut plants and nuts, 

(b) At the same time, to assess the development of 
atlatoxins in the nuts, again over the whole time 
span of nut development, harvest, and storage. 

(c) To positively identify Aspergillus flavus and 
Aspergillus parasiticus, together with the related 
species Aspergillus nomius, and hence to 
determine the comparative distribution of these 
species in Thai peanuts and soils used for peanuts. 

(d) Using this infonnation, to assess the efficacy of 
techniques, currently under development at the 
CSIRO Food Research Laboratory, for reducing 
Aspergillus flavus invasion under Asian field 
conditions. 

(e) If such experiments are successful, to plan field 
trials at one or more promising techniques. 

(f) In glasshouse studies at the CSIRO Food Research 
Laboratory, to carry out preliminary studies on 
Aspergillus flavus and Aspergillus parasiticus 
invasion in maize. 

(g) To study the influence of storage on Aspergillus 
flavus invasion, using peanuts obtained from 
commercial storage in Thailand. 

(h) To assess the effect, if any, of such postharvest 
invasion on the efficacy of preharvest techniques 
designed to limit aflatoxin fonnation by 
introducing nontoxigenic competitive Aspergillus 
flavus strains into Thai peanuts, 



Appendix B: Production, Consumption, and 
Trade Status of Commodities Susceptible to 

Fungi and Aflatoxicosis 

TableBl. The production, consumption, and trade status of maize in 70 regions of the world, 1990. 

Country/Region Production 1988 to 1990 Consumption 1988 to 1990 Trade status 
('000 t) ('000 t) 

Bangladesh 3.04 3.04 Non trader 

Bhutan 0.00 0.00 Non trader 

India 9374.00 9375.79 Net importer 

Nepal 1231.00 1301.00 Net importer 

Pakistan 1184.50 1184.86 Net importer 

Sri Lanka 57.50 \04.46 Net importer 

Burma 186.16 182.45 Net ex porter 

Indonesia 6766.26 6652.72 Net exporter 

Kampuchea (Cambodia) 55.00 55.00 Non trader 

LaosPDR 66.57 56.57 Net cxporter 

Malaysia 35.00 1343.87 Net importer 

Phili ppines 4853.89 5218.37 Net importer 

Thailand 3722.27 2489.32 Net exporter 

Vietnam, Socialist Republic 728.00 694.00 Net exporter 

China. People's Republic 95000.00 84963.36 Net exporter 

Mongolia 0.00 0.00 Non trader 

Fiji 1.95 2.80 Net importer 

Papua New Guinea 1.45 3.95 Net importer 

Samoa (Western) 0.00 0.05 Net importer 

Solomon Is. 0.00 0.00 Non trader 

Tonga 0.00 0.00 Non trader 

Vanuatu 0.70 0.70 Non trader 

Other South Pacific 0.55 5.89 Net importer 

Ethiopia ]636.00 2216.00 Net importer 

Kenya 2630.00 2641.50 Net importer 

Malawi 1342.98 1527.98 Net importer 

Mozambique 452.91 672.91 Net importer 

Tanzania 2445.00 2765.00 Net importer 

Uganda 584.00 609.00 Net importer 

Zambia 1092.67 1672.23 Net importer 

Zimbabwe 1993.30 1645.70 Net exporter 

Zaire 870.00 970.00 Net importer 

]00 



Table B1. (Continued) The production, consumption, and trade status of maize in 70 regions of the world, 1990. 

Country/Region Production 1988 to 1990 Consumption 1988 to 1990 Trade status 
Cooo t) ('000 t) 

Ivory Coast 484.00 460.00 Net exporter 

Ghana 552.60 611.10 Net importer 

Nigeria 1831.50 1831.50 Non trader 

Cameroon United Republic 380.00 406.69 Net importer 

Angola 180.00 245.00 Net importer 

Madagascar 155.00 140.90 Net exporter 

Sudan 20.00 40.00 Net importer 

Africa-2 964.82 1100.76 Net importer 

Africa-3 829.64 805.49 Net exporter 

Africa-4 107.90 134.70 Net importer 

Africa-5 300.00 327.00 Net importer 

Africa-6 314.00 702.72 Net importer 

Africa-7 16.23 133.43 Net importer 

Turkey 2100.00 2603.87 Net importer 

Egypt. Arab Republic 4798.64 6505.78 Net importer 

Africa-I 438.40 2447.00 Net importer 

Other West and North Africa 890.37 2835.40 Net importer 

Brazil 21339.44 24035.41 Net importer 

Colombia 1213.30 1155.80 Net exporter 

Peru 621.09 1067.43 Net importer 

Venezuela 1002.40 1321.80 Net importer 

Bolivia 406.68 403.23 Net exporter 

Ecuador 465.40 465.46 Net importer 

Me)(ico 14635.44 17221.14 Net importer 

Argentina 5049.00 4042.46 Net exporter 

Chile 823.15 950.22 Net importer 

Paraguay 1138.94 888.94 Net exporter 

Uruguay 112.31 153.72 Net importer 

Latin-America 1 3210.15 5063.69 Net importer 

Latin-America 2 30.04 361.30 Net importer 

Asia-Developed 4870.10 17623.28 Net importer 

Australia 200.00 199.92 Net e)(porter 

Canada 7157.00 7095.01 Net exporter 

USA 201508.00 153033.68 Net exporter 

USSR 9900.00 26805.38 Net importer 

Japan 0.80 15727.72 Net importer 

Developed 1-2 42218.67 49890.84 Net importer 

Developed 3-4 11359.43 15508.06 Net importer 

World Total 477939.13 492704.32 

Source: FAO (1994). 
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TableB2. The 3-year average production, consumption and trade status of peanuts in 70 regions of the world 

Country/Region Production 1988 to 1990 Consumption 1988 to 1990 Tradestatus 
(t) (t) 

Bangladesh 45.25 45.25 Net importer 

Bhutan 0 0 Net importer 

India 8,611.00 8,464.26 Net importer 

Nepal 0 0.93 Net importer 

Pakistan 82.88 82.89 Net importer 

Sri Lanka 7.53 7.5 Net importer 

Burma 472.19 472.19 Net importer 

Indonesia 879.73 921.85 Net importer 

Kampuchea (Cambodia) 2.67 2.67 Net importer 

LaosPDR 5.61 5.61 Net importer 

Malaysia 5.03 38.66 Net importer 

Philippines 37.43 69.34 Net importer 

Thailand 162.34 160.04 Net importer 

Vietnam, Socialist Republic 212.06 110.58 Net importer 

China, People's Republic 5,807.77 5,391.46 Net importer 

Mongolia" 0 0 Non trader 

Fiji 0.34 0.47 Non trader 

Papua New Guinea 0.82 0.98 Non trader 

Samoa (Western) 0 0 Non tradcr 

Solomon Is. 0 0 Non trader 

Tonga 1.63 1.63 Net importer 

Vanuatu 1.82 1.82 Non trader 

Other South Pacific 0 0 Non trader 

Ethiopia 52.33 52.04 Non trader 

Kenya 8.77 8.76 Net importer 

Malawi 77 68.08 Net importer 

Mozambique 111 110.25 Net importer 

Tanzania 56.3 56.3 Net importer 

Uganda 150.33 150.33 Non trader 

Zambia 29.53 32.84 Net importer 

Zimbabwe 116.21 108.21 Net importer 

Zaire 423.33 423.33 Net importer 

Ivory Coast 127 135.62 Non trader 

Ghana 207.53 207.53 Non trader 

Nigeria 999.07 1,018.50 Net importer 

Cameroon 99.33 99.39 Net importer 

Angola 20 24.86 Net exporter 

Madagasear 30.9 30.9 Net importer 

Sudan 332 298.34 Net importer 

Afriea-2 1,316.86 1,375.62 Net importer 

Africa-3 189.05 186.71 Net importer 
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Table D2. (Continued) The 3-year average production, consumption and trade status of peanuts in 70 regions of the world 

Country/Region Production 1988 10 1990 Consumption 1988 to 1990 Tradestatus 
(I) (I) 

Africa-5 107.1 107.1 Nel importer 

Africa-6 2.17 2.1 Net importer 

Africa-7 1.89 3.18 Net importer 

Turkey 57.67 55.04 Net importer 

Egypt, Arab Republic 30.75 28.36 Net importer 

Africa-I 57.07 60.75 Net exporter 

Other West and North Africa 33.8 36.68 Net exporter 

Brazil 151.76 155.15 Net importer 

Colombia 6.54 6.53 Net importer 

Peru 4.5 4.57 Net importer 

Venezuela \8.14 21.28 Net importer 

Bolivia 17.82 17.81 Net importer 

Ecuador 20.29 20.29 Net exporter 

Mexico 108.16 123.02 Net importer 

Argentina 330.81 171.39 Net importer 

Chile 0 3.83 Non trader 

Paraguay 42.39 26.88 Net importer 

Uruguay I 1.85 Non trader 

Latin-America I 104.22 104.45 Net importer 

Latin-America 2 3.47 10.23 Non trader 

Asia-Developed 133.77 191.05 Net importer 

Australia 28.28 38.2 Net importer 

Canada 0 97.6 Non trader 

USA 1,749.97 1,387.39 Net exporter 

USSR 4 86.27 Non trader 

Japan 36.4 179.24 Non trader 

Developed 1-2 199.68 372.27 Net exporter 

Developed 3-4 0 469.5 Non trader 

Worldlotal 24075.83 24075.83 

Source: FAO (1994). 

Table D3. The 3-year average production, consumption, and trade status of pig meat in 70 regions of the world. 

Country/Region Production 1988 to 1990 Consumption 1988 to 1990 Trade Status 
('000 t) ('000 t) 

Bangladesh 0 0 Non trader 

Bhutan 0 0 Non trader 

India 358.75 358.75 Net importer 

Nepal 9.34 9.34 Non trader 

Pakistan 0 0 Net importer 
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TableB3. (Continued) The 3-year average production, consumption, and trade status of pig meat in 70 regions of the world. 

CountrylRegion Production 1988 to 1990 Consumption 1988 to 1990 Trade Status 
('000 t) ('000 t) 

Sri Lanka 1.46 1.47 Net importer 

Burma 81.22 81.22 Non trader 

Indonesia 279.58 280.54 Net importer 

Kampuchea (Cambodia) 34.25 34.25 Non trader 

LaosPDR 51.4 51.4 Non trader 

Malaysia 184.64 192.53 Net importer 

Philippines 603.22 605.41 Net importer 

Thailand 335.17 334.49 Net exporter 

Vietnam, Socialist Republic 725.33 725.25 Net exporter 

China, People's Republic 21,405.00 21,209.45 Net exporter 

Mongolia* 5.69 5.69 Non trader 

Fiji 0.55 0.56 Net importer 

Papua New Guinea 26.7 28.57 Net importer 

Samoa (Western) 1.39 1.44 Net importer 

Solomon Is. 1.71 1.75 Net importer 

Tonga 1.51 1.54 Net importer 

Vanuatu 3.88 3.88 Net importer 

Other South Pacific 2.27 4.72 Net importer 

Ethiopia 0.93 0.93 Non trader 

Kenya 5.01 5.01 Net exporter 

Malawi 10.4 10.41 Net importer 

Mozambique 10.8 10.88 Net importer 

Tanzania 8.06 8.08 Net importer 

Uganda 29.89 29.89 Non trader 

Zambia 7 7 Non trader 

Zimbabwe 11.39 11.18 Net exporter 

Zaire 29.43 30.7 Net importer 

Ivory Coast \4.03 16.2 Net importer 

Ghana 12.29 12.31 Net importer 

Nigeria 40.04 40.05 Net importer 

Cameroon 15.61 16.94 Net importer 

Angola 17.2 25.17 Net importer 

Madagascar 38.32 38.32 Net exporter 

Sudan 0 0 Non trader 

Africa-2 36 36.46 Net importer 

Africa-3 29.22 31.06 Net importer 

Africa-4 18.8 21.06 Net importer 

Africa-5 8.05 8.05 Non trader 

Africa-6 7.9 7.97 Net importer 

Africa-7 8.92 18.49 Net importer 
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Table 83. (Continued) The 3-year average production. consumption, and trade status of pig meat in 70 regions of the world. 

CountrylRegion Production 1988 to 1990 Consumption 1988 to 1990 Trade Status 
('000 t) ('000 t) 

Turkey 0.32 0.32 Net importer 

Egypt, Arab Republic 2.17 3.92 Net importer 

Africa-I 0.98 1.02 Net importer 

Other West and North Africa 0.69 2.99 Net importer 

Brazil 1,100.00 1,102.83 Net importer 

Colombia 122.13 122.66 Net importer 

Peru 88.51 88.52 Net importer 

Venezuela 126.58 126.35 Net exporter 

Bolivia 63.79 64.01 Net importer 

Ecuador 64.94 65.05 Net importer 

Mexico 781.74 835.02 Net importer 

Argentina 205.33 201.86 Net exporter 

Chile 112.17 112.17 Net importer 

Paraguay 120.54 120.65 Net importer 

Uruguay 14.25 14.52 Net importer 

Latin-America I 205 210.11 Net importer 

Latin-America 2 24.7 60.86 Net importer 

Asia·Developed 1,842.27 1.815.00 Net exporter 

Australia 307.34 299.29 Net exporter 

Canada 1,169.09 927.94 Net exporter 

USA 7,083.90 7,411.74 Net importer 

USSR 6,631.67 6,847.68 Net importer 

Japan 1,575.87 1.936.17 Net importer 

Developed 1-2 8,362.70 8,761.09 Nel importer 

Developed 3-4 13,646.02 12,428.08 Net exporter 

World lolal 68125.05 68125.05 

Source: FAO (1994). 

Table 84. The 3-year average production, consumption. and trade status of poultry meat in 70 regions of the world 

CountrylRegion Production 1988 to 1990 Consumption 1988 10 1990 Trade Slatus 
('000 I) ('000 t) 

Bangladesh 74.1 74.1 Non trader 

Bhutan 0 0 Non trader 

India 282.6 282.6 Net exporter 

Nepal 7.3 7.3 Non trader 

Pakistan 162.1 162.1 Non trader 

Sri Lanka 12 12.1 Net importer 

Burma 96.7 96.7 Non trader 

Indonesia 450.1 450.2 Net importer 
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Table 84. (Continued) The 3-year average production, consumption, and trade status of poultry meat in 70 regions ofthe world 

Country/Region Production 1988 to 1990 Consumption 1988 to 1990 Trade Status 
('000 t) ('0001) 

Kampuchea (Cambodia) 23.2 23.2 Non trader 

LaosPDR 23.4 23.4 Non trader 

Malaysia 333.7 335.6 Net importer 

Philippines 261.3 261.5 Net importer 

Thailand 622 503.8 Net exporter 

Vietnam, Socialist Republic 160.5 160.5 Non trader 

China. People's Republic 2,823.20 2,834.70 Net importer 

Mongolia'" 0.4 0.4 Non trader 

Fiji 5 4.9 Net exporter 

Papua New Guinea 4.3 6.3 Net importer 

Samoa (Western) 0.4 2.3 Net importer 

Solomon Is. 0.2 0.2 Net importer 

Tonga 0.2 1.1 Net importer 

Vanuatu 0.4 0.5 Net importer 

Other South Pacific 1.4 11.5 Net importer 

Ethiopia 75.6 75.7 Net importer 

Kenya 43.5 43.5 Net exporter 

Malawi 9.2 9.2 Net importer 

Mozambique 20.6 21.2 Net importer 

Tanzania 23 23 Non trader 

Uganda 25.7 25.7 Non trader 

Zambia 18.1 18.1 Net exporter 

Zimbabwe 9.8 10.2 Net importer 

Zaire 16 38.7 Net importer 

Ivory Coast 43.6 49.3 Net importer 

Ghana 11 14.5 Net importer 

Nigeria 237.7 237.8 Net importer 

Cameroon 17.1 17.8 Net importer 

Angola 7.1 20.2 Net importer 

Madagascar 81.6 81.6 Net exporter 

Sudan 16.9 16.9 Non trader 

Africa-2 106.5 108.3 Net importer 

Africa-3 66.3 77.7 Net importer 

Africa-4 10.1 23 Net importer 

Africa-5 4.9 4.9 Non trader 

Africa-6 4.5 8.5 Net importer 

Africa-7 14.7 22.9 Net importer 

Turkey 259.6 258.6 Net exporter 

Egypt, Arab Republic 208.7 223.5 Net importer 

Africa-I 299.6 300.1 Net importer 
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Table 84. (Continued) The 3-year average production, consun.ption, and trade status ofpouJtry meat in 70 regions of the world 

Country/Region Production 1988 to 1990 Consumption 1988 to 1990 Trade Status 
('000 t) ('000 t) 

Other West and North Africa 720.2 775.1 Net importer 

Brazil 2.187.50 1,922.20 Net exporter 

Colombia 241.6 242.S Net importcr 

Peru 249 249.2 Net importer 

Venezuela 360.5 349.4 Net exporter 

Bolivia 27.3 27.3 Net importer 

Ecuador 61.4 61.4 Net importer 

Mexico 70S.8 767.9 Net importer 

Argentina 37[,6 371.5 Net exporter 

Chile IIS.6 110.9 Net exporter 

Paraguay 28.2 28.2 Non trader 

Uruguay 27.1 24.1 Net exporter 

Latin-America I 349.9 386.8 Net importer 

Latin-America 2 107.1 192.2 Net importer 

Asia-Developed 1.166.60 1,577.50 Net importer 

Australia 396.6 393.9 Net exporter 

Canada 716 753.6 Net importer 

USA 10,182.80 9,692.10 Net exporter 

USSR 3,271.70 3,463.20 Net importer 

Japan 1,429.00 1,720.50 Net importer 

Developed 1-2 4,270.70 4,188.40 Net exporter 

Developed 3-4 4.340.40 3.945.50 Net exporter 

World total 38302.5 38302.5 

Source: FAO (1994). 

Table 85. The 3-year average production. consumption, and trade status of hen eggs in 70 regions of the world 

Country/Region Production 1988 to 1990 Consumption 1988 to 1990 Trade status 
('000 t) ('000 t) 

Bangladesh 75.2 7S.2 Non trader 

Bhutan 0 0 Non trader 

India 1131 1130.5 Net exporter 

Nepal 15.4 15.9 Non trader 

Pakistan 208.1 208.1 Non trader 

Sri Lanka 4S.1 4S.1 Net importer 

Burma 47.2 47.2 Non trader 

Indonesia 487 486.9 Net importer 

Kampuchea (Cambodia) 14.7 14.7 Non trader 

LaosPDR 31.7 31.7 Non trader 

Malaysia 190.5 17[,9 Net importer 
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Table B5. (Continued) The 3-year average production. consumption, and trade status of hen eggs in 70 regions of the world 

Country/Region Production 1988 to 1990 Consumption 1988 to 1990 Trade status 
('OOOt) ('000 t) 

Phili ppines 321.7 322.2 Net importer 

Thailand 247.7 240.7 Net exporter 

Vietnam, Socialist Republic 162.5 159.1 Non trader 

China, People's Republic 7366.3 7324.4 Net importer 

Mongolia* 1.8 1.8 Non trader 

Fiji 2.3 2.5 Net exporter 

Papua New Guinea 2.9 2.9 Net importer 

Samoa (Western) 0.2 0.2 Net importer 

Solomon Is. 0.3 0.3 Net importer 

Tonga 0.3 0.3 Net importer 

Vanuatu 0.3 0.3 Net importer 

Other South Pacific 3 3.1 Net importer 

Ethiopia 78.7 78.7 Net importer 

Kenya 40.3 40.3 Net exporter 

Malawi Il.l 11.1 Net importer 

Mozambique 12.8 12.8 Net importer 

Tanzania 37.2 37.2 Non trader 

Uganda 13.3 13.3 Non trader 

Zambia 33.2 33.1 Net exporter 

Zimbabwe 12.8 12.7 Net importer 

Zaire 7.9 7.9 Net importer 

Ivory Coast 15.2 15.2 Net importer 

Ghana 10.9 10.9 Net importer 

Nigeria 225 225 Net importer 

Cameroon 11.6 12.1 Net importer 

Angola 3.9 4.4 Net importer 

Madagascar 21.9 21.9 Net exporter 

Sudan 24.8 24.9 Non trader 

Africa-2 57.6 58.2 Net importer 

Africa-3 47.6 47.6 Net importer 

Africa-4 3.8 4 Net importer 

Africa-5 5.2 5.2 Non trader 

Africa-6 2.1 3.2 Net importer 

Africa-7 8.7 8.7 Net importer 

Turkey 351.3 345.7 Net exporter 

Egypt, Arab Republic 161.4 162.7 Net importer 

Africa-I 342.7 349.5 Net importer 

Other West and North Africa 505.8 522.4 Net importer 

Brazil 1246.7 1244.8 Net exporter 

Colombia 249.2 249 Net importer 
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Table BS. (Continued) The 3-year average production, consumption, and trade status of hen eggs in 70 regions of the world 

CountrylRegion Production 1988 to 1990 Consumption 1988 to 1990 Trade status 
('0001) ('000 t) 

Peru 104.2 104.3 Net importer 

Venezuela 131.2 130.7 Net exporter 

Bolivia 31.2 31.2 Net importer 

Ecuador 47.5 47.5 Net importer 

Mexico 1049 1057.7 Net importer 

Argentina 303 303.2 Net exporter 

Chile 89.9 89.3 Net exporter 

Paraguay 35.8 35.8 Non trader 

Uruguay 21.7 19.4 Net exporter 

Latin-America 1 320.4 323.7 Net importer 

Latin-America 2 37.6 46.4 Net importer 

Asia-Developed 1053.5 1189.4 Net importer 

Australia 201.4 200.2 Net exporter 

Canada 324.2 329.6 Net importer 

USA 4036.7 3995.3 Net ex porter 

USSR 4713.7 4721 Net importer 

Japan 2406.2 2433.4 Net importer 

Developed 1-2 3223.1 3319.5 Net exporter 

Developed 3--4 4325.5 4115.2 Net ex porter 

World total 36353.7 36353.7 

Source: FAO (1994). 
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Appendix C: Impact of Projects PN8806 
and PN9104 on Scientific Knowledge 

This appendix uses the scientific papers produced as a result 
of the two research projects to indicate the project's contri­
bution to scientific knowledge. The publications resulting 
from the projects, either directly or peripherally, are listed 
below. There may be others from collaborators in partici­
pating countries of which we are not aware, particularly those 
in local language publications. 

1988 

Pill, J.1. 1988. A laboratory guide to common Penicillium 
species. CSIRO Division of Food Processing, North Ryde, 
New South Wales. 

Pitl. J.I. and Klich. M.A. 1988. A laboratory guide to 
Aspergillus species and their teleomorphs. CSIRO Division 
of Food Processing, North Ryde, New South Wales. 

1990 

Hocking. A.D. 1990. Responses ef fungi to modified 
atmospheres. In: Champ. B.R, Highley, E. and Banks. HJ., 
ed .. Fumigation and Controlled Atmosphere Storage of 
Grain. ACIAR Proceedings 25, 70-82. 

1991 

Champ. B.R. Highley, E., Hocking, A.D. and Pill, 1.1 .• ed .• 
1991. Fungi and mycotoxins in stored products. Proceedings 
of an international conference. Bangkok, Thailand. 23-26 
April 1991. ACIAR Proceedings No. 36, 270p. 

Dharmaputra, O.S., Tjitrosomo, H.S.S., Sidik, M. and Umaly, 
RC. 1991. The effects of phosphine on some biological 
aspects of Aspergillus .flavus. In: Champ. RR., Highley, 
E., Hocking. A.D. and Pit!, J.I., ed., 1991. Fungi and 
mycotoxins in stored products. Proceedings of an 
international conference, Bangkok, Thailand, 23-26 April 
1991. ACIAR Proceedings No. 36. pp. 244-248. 

Hocking, A.D and Banks, HJ. 1991. Effects of phosphine 
fumigation on survival and growth of storage fungi in 
wheat. Journal of Stored Products Research, 27,115-120. 

Hocking, A.D. and Banks, HJ. 1991. Effects of phosphine on 
the development of storage mycoflora in paddy rice. 
Proceedings of the 5th International Working Conference 
on Stored Products Protection in Bordeaux, France. 1991. 
Fleurat-Lessard, F. and Ducom, P .. ed., pp. 823-831. 

Hocking, A.D. 1991. Effects of fumigation and modified 
atmosphere storage on growth of fungi and production of 
mycotoxins in stored gmins. In: Champ, B.R., Highley, E., 
Hocking, A.D. and Pitt, J.I., cd., 1991. Fungi and 
mycotoxins in stored products. Proceedings of an 
international conference, Bangkok, Thailand, 23·-26 April 
1991. ACIAR Proceedings No. 36, pp. 145-156. 

Hocking, A.D. 1991. Isolation and identification of 
xerophilic fungi in stored commodities. In: Champ, B.R.. 
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Highley, E., Hocking, A.D. and Piu, 1.1 .• ed., 1991. Fungi 
and mycotoxins in stored products. Proceedings of an 
international conference, Bangkok. Thailand, 23-26 April 
1991. ACIAR Proceedings No. 36, pp. 65-72. 

Pill. J.J. 1991. Advances in the taxonomy of spoilage fungi. 
In: Champ, B.R.. Highley, E., Hocking, A.D. and Piu. J.I., 
ed., 1991. Fungi and mycotoxins in stored products. 
Proceedings of an international conference, Bangkok, 
Thailand, 23-26 April 1991. AClAR Proceedings No. 36, 
pp. 32-38. 

Pill, 1.1. 1991. Penicillium toxins. In: Champ, B.R., Highley, 
E., Hocking, A.D. and PiU, J.I., cd., 1991. Fungi and 
mycotoxins in stored products. Proceedings of an 
international conference, Bangkok, Thailand, 23-26 April 
1991. AClAR Proceedings No. 36, pp. 99-103. 

Pit!, 1.1. and Hocking, A.D. 1991. Significance of fungi in 
stored products. In: Champ, B.R., Highley, E., Hocking. 
A.D. and Piu, J.I .• ed., 1991. Fungi and mycotoxins in 
stored products. Proceedings of an international 
conference. Bangkok. Thailand, 23-26 April 1991. 
ACIAR Proceedings No. 36, pp. 16-21. 

Quitco, R 1991. Aflatoxin studies in the Philippines. In: 
Champ. B.R., Highley, E., Hocking, A.D. and Piu, J.l., ed., 
1991. Fungi and mycotoxins in stored products. 
Proceedings of an international conference, Bangkok, 
Thailand, 23-26 April 1991. ACIAR Proceedings No. 36, 
pp. 180-187. 

Sanimtong, A. and Tanboon-Ek. P. 1991. Detection of 
aflatoxin BI by enzyme-linked immunosorbent assay in 
Thailand. In: Champ. B.R., Highley, E., Hocking, A.D. 
and Piu, 1.1 .. ed., 1991. Fungi and mycotoxins in stored 
products. Proceedings of an international conference. 
Bangkok, Thailand, 23-26 April 1991. ACIAR 
Proceedings No. 36, 227. 

Siriacha. P., Tanboon-Ek, P. and Buangsuwon. D. 1991. 
Aflatoxin in maize in Thailand. In: Champ, B.R, Highley, 
E., Hocking, A.D. and Piu. J.I., ed., 1991. Fungi and 
mycotox ins in stored products. Proceedings of an 
international conference, Bangkok, ll1ailand, 23-26 April 
1991. ACIAR Proceedings No. 36, pp. 187-193. 

Wheeler, K.A. Hurdmann, B.P. and Pilt, 1.1. 1991. Influence 
of pH on the growth of some toxigenic species of 
Aspergillus, Penicillium and Fusarium. International 
10urnal of Food Microbiology, 12,141-150. 

Wheeler, K.A., Miscamble, B.F., NG, M., Hocking. A.D. and 
Bhudhasamai. K. 1991. Survey of fungi and mycotoxins 
associated with maize and other commodities in Thailand. 
In: Champ. RR., Highley. E., Hocking, A.D. and Pilt, J.I., 
cd., 1991. Fungi and mycotoxins in stored products. 
Proceedings of an international conference, Bangkok, 
Thailand. 23-26 April 1991. ACIAR Proceedings No. 36. 
pp. 214-216. 



Zahari, P., Bahri, S. and Maryam, R. 1991. Mycotoxin 
contamination of peanuts after harvest in Sukabami. West 
Java. Indonesia. In: Champ, B.R .• Highley. E., Hocking. 
A.D. and Pilt. J.I .• ed., 1991. Fungi and mycotoxins in 
stored products. Proceedings of an international 
conference. Bangkok. Thailand. 23-26 April 1991. 
ACIAR Proceedings No. 36. 

1992 

Wheeler, K.A. and Hocking, A.D. 1992. Interactions between 
xerophilic fungi associated with dried salted fish. Journal 
of Applied Bacteriology. 74,164-169. 

Hocking. A.D. and Banks. H.J. The use of phosphine for 
inhibition of fungal growth in stored grains. International 
Conference on Controlled Atmosphere and Fumigation in 
Grain Storages. Winnipeg. June, 1992. 

1993 

Dyer, S.K. and McCammon, S. 1993. Detection of toxigenic 
isolates of Asper/?iIlus flavus on coconut cream agar. 
10urnal of Applied Bacteriology, 76, 75-78. 

Miller, J.D., Savard, M.E., Sib ilia, A., Rapior, S., Hocking, 
A.D. and Pill, J.I. 1993. Production of fumonisins and 
fusarins by Fusarium moniliforme from Southeast Asia. 
Mycologia, 85, 385-391. 

Pilt, 1.1., Hocking, A.D., Bhudhasamai, K., Miscamble. B.F .• 
Wheeler, K.A. and Tanboon-Ek. P. 1993. The normal 
mycoflora of commodities from Thailand. I. Nuts, 
oilseeds. International Journal of Food Microbiology, 20, 
211-226. 

1994 

Gibson, A. M., Baranyi, J. Piu, J. I. Eyles. M. J. and Roberts, 
T. A. 1994. Predicting fungal growth: the effects of water 
activity on Asper/?ilIus flavus and related species. 
International 10umal of Food Microbiology, 23, 419-431. 

Hocking, A.D., Miscamble. B.F. and Pill, 1.1. 1994. Water 
relations of Alternaria alternata. Cladosporium 
cladosporioides, Cladosporium sphaerospermum, 
Curvularia lunata and Curl!. pallescens. Mycological 
Research, 98, 91-94. 

Piu, J.1. 1994. The current role of Asper/?illus flavus and 
Penicillium in human and animal health. Journal of 
Medical and Veterinary Mycology, 32, Supplement I. 
17-32. 

PiU. J.I .• Hocking, A.D., Bhudhasamai, K., Miscamble, RE, 
Wheeler, K.A. and Tanboon-Ek, P. 1994. The normal 

III 

mycoflora of commodities from Thailand. 2. Beans, rice 
small grains and other commodities. In preparation for 
International Journal of Food Microbiology. 23,35-53. 

Hocking, A.D., Miscamble, B.F. and Pit!, 1.1. Influence of 
solute and substrate on the water relations of some 
Chaetomium and Fusarium species. (in preparation) 

Hocking, A.D. and Miscamble, B.P. Water relations of some 
Zygomycetes isolated from food. (In preparation). 

1995 

PiU, 1.1. and Hocking, A.D. 1995. Fungi and food spoilage. 
Edition 2. Chapman and Hall, London. 

Piu, 1.1. and Miscamble, RP. 1995. Water relations of 
Asper/?illus flavus and closely related species. Journal of 
Food Protection, 58: 86-90. 

Pilt, 1.1., Hocking, A.D., Miscamble, B.F., Dharmaputra, 
O.S., Sardjono, Kuswanto. K. and Noor, Z. 1995. The 
normal mycoflora of commodities from Indonesia. I. Nuts 
and oil seeds ( in preparation). 

PiU, H., Hocking, A.D., Miscamble, B.F., Dharmaputra, 
O.S., Sardjono, Kuswanto, K. and Noor, Z. 1995. The 
normal mycoflora of commodities from Indonesia. 2. 
Other commodities ( in preparation). 

Piu, 1.1., Hocking, A.D., Miscamble, B.F., Quitco, R.T. and 
Andeles, S.C. 1995. The normal mycoflora of 
commodities from Philippines. (in preparation). 

Pit!, 1.1., Hocking, A.D .. Tobin, N.F., NG, M .• Tanboon-Ek, 
V.M., Suhardi, P. and Esteves, L. 1995. Mycotoxin 
contamination in commodities from Southeast Asian 
sources (in preparation). 

The Australian Mycotoxin Newsletter 

During 1989-90, agreement was reached between ACIAR 
and the Australian Mycotoxin Data Ccntre at the CSIRO 
Food Research Laboratory on joint publication of the Aus­
tralian MycotOXin Data Centre Newsletter. A small injection 
of funds from Project PN8806 enabled commencement of the 
publication of the Australian Mycotoxin Newsletter as an 
insert in the ACIAR Postharvest Newsletter. The Australian 
Mycotoxin Newsletter consists of a comprehensive abstract 
service for world mycotoxin literature compiled by Mrs 1. Co 
Eyles. Editorials. news on mycotoxin meetings, and book 
reviews arc also published. The first issue appeared in March 
1990, and since then. the Australian Mycotoxin Newsletter 
has been published quarterly and distributed with the AClAR 
Postharvest Newsletter. 



Mycotoxin Contamination of Grains-a Review of 
Research in Indonesia 

Srikandi Fardiaz* 

Abstract 

Mycotoxins affect the agricultural economies of many countries. interfere with trade, reduce animal production. and affect 
human health. The five most agriculturally-important mycotoxins are aflatoxin. ochmtoxin. deoxynivalenol, zearalenone, and fu­
monisin. Moulds that produce aflatoxin grow more frequently in warm climates, and grains originating from tropical countries 
such as Indonesia are frequently contaminated with aflatoxin. Food surveys in West Java, Indonesia, showed that many market 
foods, particularly peanut-based products, contained aflatoxin in high concentrations. The tropical climate and traditional 
processing methods favour contamination of peanuts by aflatoxin-producing moulds. Research has concentrated on the effects of 
various processing methods. including fermentation, oil extraction, peanut butter processing, and irradiation, on the aflatoxin 
contents of peanuts; and the effect of fumigation on the aflatoxin contents of cereal grains and nuts. All of these processing 
methods reduce the aflatoxin contents significantly. However, depending on the concentration of aflatoxin in the raw material, 
and the processing method. the final products may still contain aflatoxin in concentrations harmful to humans. 

IN Asia, mycotoxins have strong negative impacts on 
trade, particularly on markets in the European 
Economic Community (EEC). It has been estimated 
that between 25 and 50% of all commodities, espe­
cially staple crops, are contaminated by mycotoxins. 
Pcanut meal imports into the EEC fell by 50% between 
1980 and 1990, and imports of copra by 75%, 
primarily because of stringent regulations for aflatoxin 
(Miller and Beardall 1994). At the present time more 
than 300 different fungal species with variable toxic 
effects are known (Nassif 1992). However, there are 
five mycotoxins of agricultural significance: aflatoxin, 
ochratoxin, and three Fusarium toxins, deoxyniva­
lenol, zearalenone, and fumonisin (ACIARlCSIRO 
Team 1994). All of these mycotoxins cause animal 
disease and have major effects on animal productivity. 
Additionally, there is widespread human exposure to 
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deoxynivalenol, fumonisin, and aflatoxin, with conse­
quent effects on human health. 

The growth of fungi and production of toxins are 
dependent upon environmental factors, particularly 
weather conditions such as warm temperatures and high 
humidity. Therefore, grains in tropical and subtropical 
regions are particularly susceptible to fungal infestation 
and consequently mycotoxin contamination. Also, 
moulds that produce aflatoxin are more frequent in 
warm climates. On the other hand, Fusarium toxins 
occur in regions with a moderate climate, sometimes at 
temperatures approaching O°C (Nassif 1992). 

In North America and Europe, mycotoxins in feed­
stuffs cause losses in animal production estimated at 
tens of billions of dollars per year (Miller and Beardall 
1994). However, the mycotoxin-management strategies 
used in those countries are not univcrsally applicable to 
Asia, including Indonesia. Thc application of existing 
technologies to manage postharvest contamination in 
staple crop production, plus education and extension 
packages directed at commercial farmers, will help to 
reduce the risk of mycotoxin contamination. 



Mycotoxin Limits in Food and 
Feed-Differences between Countries 

Regulations defining mycotoxin tolerances for interna­
tional trade comprise a major limiting factor for 
market access for products of some countries. Limits 
and regulations for aflatoxins and other mycotoxins in 
food and feedstuffs have expanded since 1981. Current 
V.s. Food and Drug Administration (J<UA) policy for 
aflatoxins in human foods is based on the assumption 
that, until demonstrated otherwise, any animal car­
cinogen should be considered a human car­
cinogen-and that, as an unavoidable carcinogenic 
contaminant, aflatoxins should be present at the lowest 
practical levels. The FDA regulatory limits for afla­
toxins in food and feed are presented in Table 1. 

Table I. Current total aflatoxin limits established by the 
FDA. 

Food and feed 

Human foods (except milk) 

Milk 

Animal feeds (except as listed below) 

Cottonseed meal (used for mature beef. 
pig. and poUltry rations) 

Limit 
(!lg/kg, ppb) 

0.5 

20 

300 

Maize for breeding beef cattle, breeding 100 
pigs, or mature poultry 

Maize for finishing pigs 200 

Maize for feedlot beef cattle 300 

Source: Park (1993). 

The differences between aflatoxin tolerances in various 
countries are sometimes quite large. Limits for aflatoxins 
in foods in ditTerent countries vary from 0 to 50 j.1gIkg, 
where zero is based on the capability of the analytical 
method (Table 2). Five Ilglkg was the most common 
maximum limit used by regulators for aflatoxin B1• The 
most widely used level for aflatoxin Ml in milk was 0.5 
Ilglkg for North and South America and the Common­
wealth of Independent States (formerly the USSR) and 
0.05 !lg/kg for European nations. For animal feeds, the 
limits varied from 10 to 300 J.lg/kg, depending on use 
(park 1993). The Ministry of Health, Indonesia, proposed 
the limit of 20 j.1gIkg for total aflatoxins in certain foods 
such as peanuts and peanut products, maize and maize 
products, spices, and cereals and cereal products. 
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Mycotoxin Contamination in Cereal 
Grains and Peanuts-Case Studies in 

West Java 

Contamination of food and feed with mycotoxin is 
well documented in most countries with developed 
economies, where thousands of analyses are conducted 
per year. However, only very limited analyses have 
been done in Indonesia. Various mycotoxins were 
qualitatively detected in cereals, legumes and coffee 
and cocoa beans as reported by Sukardi (1983) and 
presented in Table 3. Aflatoxin was detected in all 
samples, while zearalenone, ochratoxin, trichothecene, 
citrinin, penicillic acid, and sterigmatocystin were 
detected in some samples. This result indicates that 
aflatoxin is the most common mycotoxin in grains. 

Food surveys in West Java showed that many market 
foods, particularly peanut-based products, contained 
aflatoxins in concentrations harmful to humans (Table 4). 
The tropical climate and traditional processing methods 
favour contamination of peanuts by aflatoxin-producing 
moulds. Some samples of ground peanuts in the forms of 
peanut sweets, peanut sauce, or peanut butter, contained 
aflatoxins at very high concentrations, while fried and 
boiled peanuts had relatively low concentrations of afla­
toxin. The traditional fermented food such as fermented 
peanut presscake ('oncom') contained aflatoxin higher 
than the limit (20 ppb) established by FDA or proposed 
by the Indonesian Ministry of Health. 

Dharmaputra et aJ. (1989) studied the contamination 
of Aspergillus flavus and aflatoxin in peanuts collected 
from markets in West Java, and found that 80% of the 
samples with moisture content ranging from 3.6 to 
11.0% contained more than 30 ppb of aflatoxin B\. 
They reported that first-grade peanuts did not always 
contain lower counts of A.flavus. 

A study by Sutikno et al. (1993) on aflatoxin in duck 
feeds reported that 98% of the samples were contami­
nated. In maize-based mixed feeds, maize was the 
primary source of aflatoxin contamination. The 
incidence of aflatoxin contamination in maize was 
high, i.e. 97% of 138 samples tested contained 
aflatoxin with an average of 100±94 ppb. The per­
centage of samples contaminated with aflatoxin at 
levels less than 50 ppb was 30%, between 51 and 100 
ppb it was 20%, and higher than 100 ppb 40%. The pre­
dominant aflatoxin found in maize was B 1 with Bz, G l • 

and G being the next highest. All of these were also 
found in the mixed diets. Another study on the aflatoxin 
contamination in maize collected from Lampung. 



Sumatra, reported that 100% of the maize samples 
contained aflatoxin Bb while 31 % contained aflatoxin 
B2, and 86% of the samples contained aflatoxin at more 
than 30 ppb (Dhannaputra et al. 1993). 

The results of these limited surveys indicate that 
peanuts and maize are the commodities most suscep­
tible to aflatoxin contamination, while other cereal 
grains such as rice and soy bean are less susceptible. 
Peanuts present a special problem because the fruit, 
after fertilisation, penetrates into the soil, where various 
fungi contaminate the shell, seed, and testa. Much of the 
damage sustained by peanuts occurs after the crop has 
been dug but before it is dry. Mechanical damage in har­
vesting, improper drying and storage, and insect infes­
tation are important factors. In Indonesia, there are 
several practices that tend to raise moisture content in 
crops and thus favour mould growth. These include 
manual harvesting of peanuts from fields flooded with 
water to soften the earth, storing crops that are still wet, 
and harvesting and storing dry crops in humid weather. 

The Effects of Processing and Fumigation 
on the AOatoxin Contents in Peanuts and 

Cereal Grains 

Traditional fermentation of peanuts 

The effects of traditional fennentation processes on 
the aflatoxin contents in peanuts were studied by Edi et 
al. (1990) and Fardiaz et a!. (1993). Peanuts were con­
taminated with aflatoxin-producing mould, i.e. 
Aspergillus flavus, and incubated at 30°C for 6 days. 
The oil was extracted by hydraulic pressure, and the 
peanut presscake processed to make a fennented 
product called 'oncom'. To make 'black oncom', the 
presscake was fennented with Rhizopus oligosporus, 
and to make 'red oncom' the presscake fennentation 
was with Neurospora sitophila. Aflatoxin contents 
were analysed after each step of processing by HPLC. 
Soaking of peanut presscake in water for 24 hours 
reduced the aflatoxin content to 48.6%, and it was 

Table 2. Frequency distribution of (proposed) tolerated amounts of aflatoxin B 1 alone or the sum of aflatoxins B I. 8 2, and 0 1 
in food, in various countries. 

Aflatoxin Tolerated amount (J.1g1kg) 

0 5 10 15 20 

BI (n = 30) 5/2H 14 1 2 2 

Total (n - 35) 3/1" 3/2a 8 5 8 

Source: Park (1993). 
"Counlries had different tolerances for different products. 

Table 3. Mycotoxins detected in various grains. 

Grain 

a 

Maize + 

Rice + 
Sorghum + 

Groundnuts + 

Cottonseed, soybean, coconut, and sunflower seed + 
Peanut oil, coconut oil, and olive oil + 

Other legumes 

Coffee beans 

Cacao beans 

Source: Sukardi (1983). 

+ 

+ 

+ 

25 30 

2 

0 3 

b c 

+ 

+ 

+ 

+ 

+ 

35 40 

0 0 

0 

Mycotoxin" 

d e 

+ 
+ 

+ 

aa - aflaloxin; b - zearalenone; c - ochratoxin: d - trichothecene; e - citrinin; f - penicilli<:: add; g - sterigmatocystin 
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reduced further to 42.9% after steaming at 95°C for 90 
minutes. Fermentation of peanut presscake by R. oli­
gosporus reduced the total aflatoxin content to 13.4%, 
while fermentation by N. sitophUa reduced the total 
aflatoxin content to 41.1 % of the original aflatoxin 
content in peanut presscake (Fig. I). Aflatoxin BI 
appeared to be the most sensitive to soaking and 
steaming processes. The decrease in aflatoxin content 
during soaking and steaming might be due to leaching 
since aflatoxin is relatively resistant to heat. 

Processing peanuts into peanut butter 

Investigation was carried out by Fardiaz and Jenie 
(1992) on the effect of conventional peanut buffer 
processing on aflatoxin levels. Aflatoxin contami­
nated peanuts were roasted in a pan at 160°C for 20 

minutes, cooled to room temperature, and sorted to 
remove epidermis and gemls. A meat grinder was 
used to grind the roasted peanuts. Figure 2 shows the 
changes in aflatoxin content of peanuts during 
processing into peanut butter. The highest concen­
tration of aflatoxin was B I' with G2 and B2 being the 
next highest. Aflatoxin G 1 could not be detected. 
Roasting of peanuts reduced the total aflatoxin level 
to 18.9% of the original level, and sorting peanuts to 
remove epidermis and microorganisms also removed 
some aflatoxin, reducing the level to 59.5% of 
original. The final product still contained total 
aflatoxin at levels as high as 40.5% of the original. 
This result indicates that allatoxin is relatively stable 
to roasting, even when heated to temperatures as high 
as 160°C for 20 minutes. 

Table 4. Aflatoxin contents of some peanuts, peanut products and cereal grains collected from West Java. 

peanuts 

Peanut sweets 

Fried peanuts 

Roasted peanuts 

Boiled peanuts 

Peanut sauce 

Peanut butter 

Peanut oil 

Peanut presscake 

Fermented peanut presscake roncom') 

Fried 'oncom' 

Coconut presscake 

Maize 

Rice 

Soybean 

180 

927 

0-566 

170 

0-8 

0 

0-100 

10 

66-600 

83 

30-134 

9 

61 

126 

21-69 

67 

41 

0 

0-69 

0-26 

0-26 

0-25 

0 

G, 

353 e (n - 20) 

f 

0-700 a 

83 e (n = 5) 

3-33 a 

0 e (n = 5) 

0-67 a 

0 a 

34-267 a 
49 e (n - 5) 

7-135 a 

5 a 

82 e (n - 20) 

174 e (n = 20) 

21-53 b (n - 3) 

120 e (n = 39) 

83 e (n = 16) 

0 b(n- 3) 

0-11 b(n= 3) 

0-25 d (n = 20) 

0-20 en -40 

0-20 d (n = 80) 

0 d(n= 14) 

"a- Roedjito (1971): b Rahayu and Ostroswki (1980): c - Kusbiantoro (1984): d- Muhilal 19800; e- Muhilal1986b: f - Purbasari and 
Fardiaz (1992). 

115 



120 

100 
....:'E 
j ~ 80 
5 8 u_ 
C '" 60 'x .~ 
B·~ 
'" 0 40 
~~ 

20 

o 

g 8 

N. sitophila R. oligosporus 

IIIIIIII Presscake IIIIIIII Soaking rnlll Steaming 

CJ 1 d fermentation !lilll 2d fermentation CJ 3d fermentation 

Figure 1. The effect of fennentation process on the afla­
toxin content of peanuts (Edi et al. 1990; Fardiaz 
et at. 1993). 
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Figure 2. The effect of peanut butter processing on the 
aflatoxin content of peanuts (Fardiaz and Jenie 
1992). 

Extraction of peanut oil 

The effects of different oil extraction methods on the 
aflatoxin content of peanut oil were studied by Fardiaz 
(1992). Oil was extracted from aflatoxin-contaminated 
peanuts by three different methods: wet rendering, 
hydraulic pressure, and solvent extraction. The changes 
in aflatoxin levels during extraction of peanut oil are 
presented in Figure 3. Wet rendering was the most 
effective method for reducing aflatoxin levels in peanut 
oil, while hydraulic pressure was the least effective. 
Heating peanuts at a minimum temperature of 60°C for 
several hours with hydraulic pressure and solvent 
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extraction appeared to partially reduce aflatoxin levels, 
and removal of the water soluble component from 
peanuts markedly reduced levels. Solvent extraction 
effectively reduces aflatoxin levels in peanut oil. 
However, solvent extraction is the most expensive 
method to extract oil from agricultural products. 

Irradiation of peanuts and nutmeg 

The effect of irradiation on the aflatoxin content of 
peanuts was studied by Fardiaz and Irawati (1994). 
Aflatoxin-contaminated peanuts were irradiated in 
plastic bags at 10, 20, and 30 kGy. Aflatoxin B] 
appeared to be the most sensitive to irradiation and 
aflatoxin levels were reduced by 45.3% after irradiation 
with a dose of 30 kGy. Aflatoxin G] (36.2%) was the 
next most susceptible with G2 (29.4%), and aflatoxin 
B2 (26.63%) exhibiting greater resistance to irradiation 
(Fig. 4). A dose of 10 kGy did not significantly reduce 
the aflatoxin content of peanuts, particularly aflatoxin 
G2, and at 30 kGy the reduction in all aflatoxin contents 
was less than 50%. The results indicate that the dose of 
irradiation permitted in grains in Indonesia, which is up 
to I kGy, is not enough to destroy aflatoxin that has 
already contaminated the grains. 
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Figure 3. Effects of oil extraction methods on the aflatox­
in content of peanut oil (Fardiaz 1992). Wet ren­
dering: (1) Raw peanuts; (2) Epidennis removal; 
(3) Grinding, pressing, filtration. and separation 
of oil; (4) Heating 55-60°C, 45 min; (5) Crude 
oil. Solvent extraction: (I) Raw peanuts; (2) 
Drying 60°C. 18 hrs; (3) Extraction (hexane); 
(4) Crude oil. Hydraulic pressure: (I) Raw pea­
nuts; (2) Grinding and heating 60°C. 16 hrs; (3) 
Crude oil. 
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Figure 4. Effects of irradiation on the aflatoxin content in 
peanuts (Fardiaz and Irawati 1994). 

Another study on the effect of irradiation on the 
growth of aflatoxin-producing mould and aflatoxin 
production in peanuts and nutmeg was carried out by 
Hilmy (1994). Growth of Aspergillus flavus in the 
samples was delayed for I, 2, and 3 days after irradi­
ation with 0.5, 1.0, and 1.5 kGy, respectively. Irradi­
ation at 3 and 5 kGy completely inhibited the growth of 
the mould in all samples. Production of aflatoxin B) by 
A. flavus in peanuts was detected after 6 days of incu­
bation, and doses of 0.5 and 1.0 kGy could not com­
pletely inhibit the production of aflatoxin B) by A. 
flavus, although the production decreased at higher 
dose of irradiation (Fig. 5). Production of aflatoxin B) 
in nutmeg was detected after 21 days of incubation, and 
irradiation at doses of 0.5 and 1.0 kGy signit1cantly 
decreased the production of aflatoxin BI (Fig. 6). This 
result indicates that nutmeg is not as good a substrate as 
peanuts for production of aflatox in by A.flavus. 
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Figure 5. Effect of irradiation on the production of afla­
toxin Bl in peanuts at 97% relative humidity 
(Hilmy 1994). 

117 

Fumigation of cereal grains 

In Indonesia, maize is the second most important crop 
after rice. Dharmaputra et al. ( 1990) studied the effect of 
CO2 fumigation on storage fungi and aflatoxin pro­
duction in maize. Stacks of maize were enclosed in PVC 
plastic sheets and treated with CO2 for storage periods 
that ranged from 10 to 120 days. The concentration of 
CO2 used was 2.4 kglt. The control groups consisted of 
stacks of maize enclosed in plastic sheets without 
treatment with CO2, and stacks that were not enclosed 
in plastic. Twelve species of mould were isolated from 
the stored maize, one of them being A. flavus. Fumi­
gation with CO2 had no significant effect on the total 
population of fungi and the population of most species 
of fungi. The total population of fungi increased signifi­
cantly with the length of storage. The aflatoxin B I con­
centrations in maize enclosed in pla~tic sheets with and 
without fumigation with CO2 were not significantly dif­
ferent, but were significantly lower than the control or 
untreated maize (Fig. 1). The aflatoxin content 
increased with length of storage time. 

Another study by Dharmaputra et at. (I992a,b) used 
phosphine as a fumigant in maize storage. Phosphine is 
a fumigant effective for controlling insects during 
long-term storage of rice. Stacks of stored maize were 
treated with phosphine for 5 days at a concentration of 2 
glt. The control consisted of stacks that were not treated 
with phosphine. Eleven species of mould were isolated 
from the stored maize, onc of them being A. flavus. 
There was no significant difference in aflatoxin B 1 
content of maize in control stacks and in stacks treated 
with phosphine. It was concluded that aflatoxin-pro-
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Figure 6. Effect of irradiation on the production of afla­
toxin B I in nutmeg at 97% relative humidity 
(Hilmy 1994). 



ducing mould was not killed by phosphine, so that 
aflatoxin was still produced during storage. 

Dharmaputra et at. (1992a,b) also studied the effect of 
phosphine on the growth of fungi and aflatoxin pro­
duction in soy bean meal during storage. Stacks of 
soy bean meal were fumigated with phosphine at a con­
centration of 2.1 glt, and the control stacks were 
untreated. Fumigation was done at the beginning of the 
experiment and 95 days later, and samples were 
analysed periodically for mould and aflatoxin levels up 
to 190 days. Seventeen microbial species were isolated 
from the stored fumigated soybean meal, including A. 
flavus. Phosphine fumigation reduced the fungal popu­
lation in soy bean meal stacks, but the effect was not per­
sistent. Treatment with phosphine reduced the 
production of aflatoxin B I in soybean meal, but 
prolonged storage of both treated and untreated soy bean 
meal increased aflatoxin B 1 content (Fig. 8). 
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Effect of CO2 fumigation on the production of 
aflatoxin B 1 in peanuts during storage (Dhar­
maputra et at. 1990). 
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Conclusions 

The differences between aflatoxin limits in foods and 
feeds in various countries are quite large, and in foods 
vary from 0 to 50 j.tg/kg. In Indonesia, peanuts and 
maize are the commodities most susceptible to 
aflatoxin contamination, and many peanut-based 
products collected from market contained aflatoxin in 
concentrations hannful to humans. 

Various processing methods and treatment with 
fumigants during storage could partially. but not 
totally, reduce aflatoxin content in cereal grains. 
However, the final products, or stored products, may 
still contain aflatoxin at high concentrations. 
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Overview of Aflatoxin Contamination of Selected 
Agricultural Commodities in Malaysia 

A. Mat Isa and H. Abidin* 

Abstract 

The extent of total aflatoxin contaminations of selected agriculture commodities, as shown by screening studies begun in 1981, is 
discussed. Commodities screened were: raw, shelled peanuts and peanut products; black and white pepper; spices; dried cocoa 
beans; copra; and paddy and milled rice. Livestock produce, namely fresh milk, eggs and chicken liver, were also analysed. 

Results of recent screening studies (1992-1995) on raw, shelled peanuts have generally shown a slightly lower level of con­
tamination than those reported earlier (1981-1985). The 'Mengelembu' type, processed peanut was found to be free of aflatoxin 
contamination, whereas peanut butter and satay sauce were contaminated. 

Pepper, spices, dried cocoa beans, and copra were found to be contaminated to some extent whereas paddy and rice were relatively 
free from aflatoxin contamination--even though A. jlavus was isolated from some samples. One sample of fresh milk was found to be 
contaminated with aflatoxin M J at 0.24 ppb and some eggs and liver samples were also positive. Although there has been some 
sereening since 1981, more extensive screening is needed to give a complete picrure of the aflatoxin contamination problem. 

ALrnOUGH Malaysia is becoming a manufacturing 
economy, like other ASEAN countries it is still 
dependent on agriculture for some economic activity. 
Malaysian commodities of economic importance are 
oil palm, rubber, rice, cocoa, and timber. Other com­
modities play a minor role but are important as indus­
trial erops and also for the socioeconomic well-being 
of the people. These crops include coconut, pepper, 
tobacco, pineapple, coffee, tea, fruits, flowers, vege­
tables, legumes, and tubers, 

Malaysia has a tropical climate with high tempera­
tures around 28-31 °C and heavy rainfall throughout 
most of the year. The average relative humidity 
ranges from 70-80% during the wet season and 
50-60% during the dry season. Commodities stored 
under these conditions easily deteriorate and become 
very susceptible to contamination by moulds 
including mycotoxin-producing strains and species. 
As well as during storage, commodities can become 
contaminated by mycotoxin at anyone of various 

* Food Technology Research Centre, MARDI, GPO Box 
1230 I, 50774 Kuala Lumpur, Malaysia. 
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points in the food chain from production through 
harvesting, storage, distribution, processing, and 
consumption. 

The occurrence of anatoxins 

Aflatoxins are a class of mycotoxins produced by 
the fungi Aspergillus flavus and Aspergillus para­
siticus which grow on improperly stored foods and 
feedstuffs under high moisture and temperature condi­
tions. Aflatoxins are among the most potent carcin­
ogens known today (Anon. 1984a). They were initially 
discovered as contaminants of the peanut meal 
component of duck and turkey feed that caused a 
rapidly fatal liver destruction. Aflatoxins were subse­
quently shown to induce liver cancers in rats. In 
sub-Saharan Africa, where moulds contaminate foods, 
liver cancer is frequent. And in Japan, where moulds 
are frequently used for fermentation, the rate of 
stomach cancer is high. An impressive reminder of the 
hazard of anatoxin to human health is an episode in 
India in 1974 in which there was acute poisoning of 
400 people. The aflatoxins were in maize at concentra­
tions ranging from 0.25-15.6 ppm and caused 106 
deaths (Van Rensburg 1977). 



At least 18 types of aflatoxins have been reported. 
although only 13 of these are considered to occur 
naturally (Diener 1981). Of these, five are considered 
to be the major aflatoxins: BI, B2• G1, G2, and M1• 

Aflatoxin BI occurs most frequently and in the largest 
quantities. It is also the most toxic of all aflatoxins. 
Aflatoxin M I is a derivative of aflatoxin B I and is 
found only in milk, egg, faeces, etc. of animals that 
have ingested aflatoxin Bl-contaminated feeds (Anon 
1984a). 

Conditions for aflatoxin production 

The lower moisture limit for growth of fungi and 
aflatoxin production on a natural substrate is a water 
activity (aw) of 0.85. This aw level corresponds to a 
moisture content (m.c.) of 9-10% for nuts and oil 
cakes, and 16.5-18.5% for various cereals. The 
optimum temperature range for aflatoxin production is 
25-30°C. Aflatoxin can be produced very rapidly 
within 48 hours of mould infestation and large quan­
tities of aflatoxin produced within 7-10 days of infes­
tation (Anon 1984a). The growth of A. flavus on a 
commodity does not necessarily imply that aflatoxin 
will be present. Also, it is possible to detect aflatoxin 
in a product when the mould is no longer growing in it. 

Aflatoxin Problems in Selected 
Commodities 

A report by Lim (1964) on an outbreak of a disease in 
1960 on two pig farms in Melaka was probably the 
first indication of an aflatoxin problem in Malaysia. 
The disease caused gross liver damage and was con­
sidered to be associated with the introduction of diet 
containing imported peanut meal. Later, Urn and Yeap 
(1966) reported the detection of aflatoxins in various 
feed ingredients imported into the country, including 
several types of oil cakes and meals. 

Surveying for aflatoxins in food and agricultural 
produce was first begun by IMR in 1965. Samples of 
groundnut and groundnut oil for cooking were 
examined (Chong and Beng 1965). Since then various 
studies and reviews have been published (Mat Isa and 
Tee 1984; Tee and Siti Mizura 1984). Since 1981, 
most surveys for aflatoxins in foods and agricultural 
produce have been undertaken by the Food Tech­
nology Research Centre of MARDI. 

In this paper the extent of aflatoxin contamination of 
several commodities and some of their products, as 
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detected by screening studies carried out since 1981, is 
discussed. The commodities screened have been 
groundnut and groundnut-based products, black and 
white pepper, spices, dried cocoa beans, copra, paddy 
and milled rice (Mat Isa and Abidin 1990), fresh milk, 
eggs, and chicken liver (Abidin and Mat Isa 1992). 

Peanuts and peanut-based products 

It is generally accepted that peanuts and maize are 
the commodities most susceptible to aflatoxin contam­
ination. In Malaysia, raw shelled peanuts are available 
in almost all retailed outlets throughout the country. It 
is widely used as an ingredient or as a base material in 
a variety of popular foods and dishes. 

In screening studies carried out from 1981-1984 
(Mat Isa and Tee 1984), afltoxins were found in about 
59% of raw shelled peanut samples. However, all 
Mengelembu-type peanuts were found to be free 
from aflatoxin contamination. This may be because 
of the stringent method of processing and drying of 
Mengelembu-type peanuts. Peanuts intended for 
processing into Mengelembu type are usually 
processed within 48 hours after harvest. About 80% 
of peanut butter samples were found to be contami­
nated by aflatoxins. Local peanut butter contained 
higher levels of aflatoxins than imported peanut 
butter. The two popular peanut products, satay sauce 
and rempeyek, were also found to contain higher 
levels of aflatoxin. 

In another screening study (Anon. 1985), a total of 
96 samples of raw shelled groundnut was randomly 
collected from retail outlets in most major towns 
throughout most of Peninsular Malaysia and analysed 
for total aflatoxin. The range of moisture content was 
from 5-11 % with the majority of samples having a 
moisture content of around 7-8%. For safe, long-term 
storage of raw, shelled groundnuts, the moisture 
content should be below 7.5%. Of the 96 samples 
analysed, 88.5% were positive for aflatoxins. Samples 
that displayed visual evidence of mouldiness generally 
contained high levels of aflatoxin. 

In a more recent screening study carried out in 
1992-1995, a total of 403 samples of raw shelled 
groundnut was randomly collected from retail shops 
in all major towns in the states of Selangor (227 
samples), Negeri Sembilan (112 samples), and 
Melaka (64 samples). The modified minicolumn 
method (Anon. 1992) was used to analyse the 
samples (Table I) for aflatoxin. Samples from 



Selangor showed much lower levels of contamination 
than those from Negeri Sembilan and Melaka. Only 
5.8% of samples from Selangor were unsuitable for 
human consumption because of levels of aflatoxin 
above 40 ppb. Most of these came from Hulu Langat 
district (Abidin and Mat Isa 1994). In general, results 
of these recent screening studies showed slightly 
lower levels of aflatoxin contamination in raw 
shelled peanuts than those reported earlier (Mat Isa 
and Tee 1984; Anon. 1985). 

Black and white pepper 

Pepper, both black and white, is a major export 
eommodity, especially for Sarawak. A screening 
study was carried out in 1984 and 1985 (Anon. 1985; 
Mat Isa and Nazarifah 1986) on 51 samples of black 
pepper and 16 samples of white pepper received from 
the Pepper Marketing Board (PMB), Kuching, 
Sarawak. The moisture content range was from 
7-16% with the majority of samples having a 
moisture content of around 9-11 %. However, all 
samples were positive for aflatoxins. Aflatoxin con­
tamination in pepper is thought to result from tradi­
tional processing and storage methods. However, 
pepper intended for export has been reprocessed 
(including recleaning) to reduce the extent of contam­
ination and microbial loads. 

Spices 

A total of 155 samples from 19 different types of 
commonly-used home spices was analysed for 
aflatoxin contamination (Anon. 1987). The samples 
included dry as well as wet spices. The moisture 
content of dry spices is in the range of 3.5% for 
'rempah kurma' to 13.1 % for dried chillies, with the 

majority of samples in the range of 7-11%. Wet 
samples, such as 'cili boh', may have moisture levels 
as high as 72%. All samples were found to contain 
aflatoxins. This is probably because of storage condi­
tions at retail outlets where these products are 
generally kept for long periods in open containers and 
subject to environmental changes, and possible con­
tamination. 

Dried cocoa beans 

In a screening study of dried beans from small­
holders, FAMA collecting and grading centres, and 
estates, in the states of Selangor and Perak, 36 repre­
sentative samples were collected and analysed (Anon. 
1986). Moisture content was found to be in the range 
5.3-13.8% with half of the samples 11-13.8% m.e. 
About 31 % of the samples were found to be contami­
nated by aflatoxins. Samples with the highest levels of 
aflatoxin had moisture contents in the higher range of 
11-13.8%. Therefore, keeping dried beans below 7% 
m.c. as recommended is very important for preventing 
contamination by moulds and thus anatoxin. 

Copra 

A total of 36 copra samples from smallholders, 
FAMA collecting centres, and private copra proc­
essors in the states of Selangor and Perak was 
collected and analysed in 1981 and 1984 (Anon. 1981, 
I 984b). About 69% of the samples were found to 
contain an appreciable amount of aflatoxin. Tradi­
tional methods of drying and storing of copra make it 
very susceptible to mould and anatoxin contamination. 
However. contamination of aflatoxin in copra does not 
have a direct impact on human health because almost 
all of the toxins remain in the copra cake after oil 

Table 1. Total aflatoxin content in mw shelled peanuts in the states ofSelangor. Negeri Sembilan. and Melaka. 

Total aflatoxin levels (ppb) 

States No. +ve 5-10 10--20 20-4D 40-80 80-160 >160 

Selangor 227 54 26 8 7 5 4 4 

% 23.8 11.5 3.5 3.1 2.2 1.8 1.8 

NegeriSembilail 112 65 28 14 9 14 

% 58.0 25.0 12.5 8.0 12.5 

Melaka 64 43 14 12 6 9 2 

% 67.2 21.9 18.8 9.4 14.1 3.1 
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extraction. Studies on peanut oil also confirmed that 
refinement of crude oil removed the toxins and 
rendered the oil harmless. 

Paddy and rice 

In a screening study carried out in 1981 and 1982 
(Anon. 1982), only 6 of 77 samples of stored paddy 
analysed were positive for aflatoxins. All 22 samples of 
stored rice of various grades from four LPN complexes 
in the MUDA area were found to be free from aflatoxin 
contamination. Only one of seven samples of rice flour 
analysed showed atlatoxin contamination at a level 
lower than 4 j.lglkg. Rice and rice products are con­
sidered low risk commodities even though A. flavus was 
isolated from some of the negative aflatoxin samples. 

Milk, eggs, and chicken liver 

In screening studies during 1990 and 1991 (Abidin 
and Mat Isa 1992), 59 samples of locally produced 
fresh milk, 50 samples of eggs, and 24 samples of liver 
were collected from main wet markets in the major 
towns of Selangor, Negeri Sembilan, and Meiaka, and 
analysed for atlatoxin M 1• Only one sample (1.7%) of 
fresh milk from Selangor was contaminated with 
aflatoxin M, at a level 0.24 ppb. A total of ten samples 
(20%) of eggs was found to have aflatoxins with levels 
ranging from 0.16-0.41 ppb. However, only three 
samples (12.5%) of liver were found to contain 
atlatoxin at levels between O.17-D.67 ppb. 

Existing Preventive Measures and 
Regulatory Control 

There are no regulations governing mycotoxin con­
tamination of stored commodities in Malaysia. 
However, it is generally accepted that commodities 
should be dried to a safe moisture content of about 
13% for cereals and less than 8% for commodities con­
taining high fats and oils, and that the relative humidity 
of the storage site should be below 60%. Malaysia's 
tropical climate, with a high rainfall and temperature 
throughout most of the year, means that ideal condi­
tions for storage are difficult to achieve. 

There are standards for some stored commodities. 
For example, the Standard Malaysian Cocoa (SMC) 
grade one (A, B, and C) specifies that mouldy beans 
should be less than or equal to 3%, the SMC grade two 
(A, B, and C) should be less than or equal to 4%, and 
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the substandard may contain more than 4% mouldy 
beans. However, it is very difficult to enforce such 
control at the retail level, especially for a commodity 
like raw shelled peanuts. 

Since the aflatoxin problem was not recognised 
until the I 960s, it was not covered by the Sale of Food 
and Drug Ordinance. 1952-which governed the 
food regulations in Malaysia until 1985. However, 
regulations goveming aflatoxins in foods in other 
countries such as the U.K. and the USA were used as a 
reference. With the introduction and implementation 
of the Food Regulations. 1985, through the Food Act 
1983. the permissible level of aflatoxin in foods is 
now specified. Table II of the Fifteenth Schedule 
(Regulation 39) states that the maximum permitted 
proportions of mycologica\ contaminant (aflatoxin or 
any other mycotoxin) is 35 j.lglkg. This regulation 
stipulated that there shall be no importation, prepa­
ration, advertisement for sale, or selling, of any food 
that contains mycological contaminants in a pro­
portion greater than that specified in the table. This 
regulation has been enforced since then. 

Conclusion 

Of the commodities discussed, raw shelled peanuts 
and their products, except for 'Mengelembu' type 
peanuts, are the ones most susceptible to mould 
growth and subsequent atlatoxin contamination. 
Recent screening studies have generally shown a 
slightly improved percentage of contaminated samples 
over earlier ones. Since mould infection is considered 
a storage problem, a study should be made of methods 
for improved storage of peanuts, especially raw 
shelled groundnuts, in homes and shops. 

Since pepper, both black and white, is an export 
commodity, further study on processing methods and 
drying to reduce or possibly eliminate moulds and 
aflatoxin contamination is warranted. Spices comprise 
another group of commodities for which a study of 
improved storage methods is urgently needed. Since 
cocoa is becoming more important as an export com­
modity, it also merits further studies on better methods 
of drying and storage, and possibly the effect of further 
processing on aflatoxin levels. Although copra seems 
to be highly contaminated, fortunately contaminants 
remain in the press cake and are not carried into the oil. 
Stored paddy and rice, Malaysia's staple food, were 
found to be safe, although some samples showed 



positive results. Some samples of livestock products 
such as fresh milk, eggs, and chicken liver were 
positive for aflatoxins but only at a relatively low level 
of contamination. 

From the scant literature on aflatoxins in Malaysia, 
it is clear that much more work needs to done on this 
very important subject. The screening work carried out 
so far has not provided a comprehensive and accurate 
picture of the mycotoxin contamination problem in 
Malaysia. There needs to be a greater awareness of the 
need for control mcasures. Thus there is a need for a 
more extensivc and systematic screening program of 
susceptible commodities, local and imported, to under­
stand and evaluate the extent of the mycotoxin 
problem. Efforts should be made to identify the stages 
of contamination by the toxin so that the problem can 
be effectively tackled and prevented. The need to 
prevent and control mycotoxin contamination should 
be continually emphasised at all levels, from pro­
duction or import point right up to consumption. A 
consumer awareness program is also needed. 
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The Challenges of Mycotoxin Research and 
Development Work on Foods and Feedstuffs 

in the Philippines 

Irene L. Villapando* 

Abstract 

This paper summarises the outcomes of a national seminar-workshop focusing on means of solving fungi and mycotoxins 
problems in food and feedstuffs in the Philippines. Included are detailed assessments of actions needed, by sector and com­
modity. A framework is developed for mycoloxins research and development activities in the Philippines_ 

THE first research report published on mycotoxins in 
the Philippines was in 1964. Subsequently, 
mycotoxin studies were initiated by the (then) Food 
and Nutrition Research Center in 1967 (Dalmacio 
1993). Since then, the agriculture, trade, and health 
sectors of the government have undertaken various 
studies on mycotoxins. The private sector has also 
been responsible for some mycotoxin research, but 
there is no accurate estimate of this research. It was 
not until early 1993 that the first assembly of scien­
tists, researchers, planners, policy makers, and other 
interest groups in the private and public sectors, was 
convened by the government. The aim of the 
assembly was to develop an integrated program to 
control fungi and mycotoxins in foods and fodder. 
The assembly was convened as an offshoot of the 
International Conference on Fungi and Mycotoxin in 
Stored Products held in April 1991 in Thailand which 
recommended the design and implementation of a 
strategy and action plan on fungi and mycotoxin 
research and development work. 

The First National Seminar-Workshop for an Inte­
grated Control of Fungi and Mycotoxins in Philip­
pines Foods and Feedstuff, held in 1993 examined: 

* ARD Consultants, P.O. Box 10361. Broadway Centrum, 
Quezon City 1 112. Philippines. 
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research and development (R&D) activities; research 
utilisation and problems; and constraints and gaps in 
the control of fungi and mycotoxins in food and 
fodder in the Philippines. The aim was to develop a 
national strategy and action plan for four commodity 
groups: grains, coconut. other foods, and feeds. After 
a comprehensive situation analysis, the workshop 
formulated the vision, mission, and objectives for 
each of the commodity groups, identified the compo­
nents of the plan, and recommended appropriate 
mechanisms for implementing the plan. The 
summary of assessment and plan of action, and 
commodity group reports, are given in Annexes A 
and 8, respectively. The target areas identified for 
implementing a plan of action for the control of fungi 
and mycotoxins are the R&D community, the public 
sector, and the various stakeholders in the food and 
fodder industries. 

The R&D community is faced with problems of lack 
of a database and lack of coordination among the 
agencies concerned. There remains a research gap that 
needs to be narrowed using the limited resources for 
R&D available. The wealth of information available in 
the country needs to be translated into useable forms 
by way of policies and regulations. This information 
needs to be transferred not only to poiicymakers but 
also to important users such as farmers, traders, proc­
essors, and consumers. 



Long Term 
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Plan 
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Development 
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Implementation 
Instruments 

Outputs 

Outcomes 

I 
i 
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Comprehensive Development Plan 

• Production-related issues 
• Post-production-related issues 
• Processing-related issues 
• Marketing-related issues 
• Consumption-related issues 

I 
Medium Term Development Plan 

• Research 
• Training & extension 
• Policy advocacy 
• Administrative & financial 

i 
• Institutional development 

I 
I 

Programs I Policies, 

• Research I Rules & Regulations 

• Training 
Extension 

· Institutional development 

I 
I 

I 
• Coordinated research, training & extension activities 

I 

• Adequate research incentives & resources 
• Database 
• Safety practices in place 
• Quality assurance methods available 
• Awareness among industry stakeholders 
• Appropriate policies, rules & regulations in place 

Reduced fungi & mycotoxin contamination, and therefore: 

• Increased trade 
Better incomes 

• Safety for humans and animals 

i 

Figure 1. Suggested framework for fungi and mycotoxin research and development work in the Philippines. 

Suggested Framework for Mycotoxin 
R&DWork 

The challenge to the R & D community and all stake­
holders in the food and fodder industries is how to 
achieve the desired outcome of the program based on 
the plan of action generated by the national 
seminar-workshop. Given this challenge, a framework 
for mycotoxin research and development work is 
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suggested (Figure I). This framework, which follows 
the planning model developed by Serote (1995), is one 
that could provide direction to achieve the vision or 
desired outcome of the proposed program. 

First, there is the need to develop a long-term 
framework that could be documented in a compre­
hensive development plan covering a period of 20-30 
years. This comprehensive development plan would 
address the production, postproduction, processing, 



marketing, and trade-related issues bearing on the 
control of mycotoxins. The suggested time-frame is 
20-30 years, since a long gestation period would be 
needed before the desired outcome of any R&D work 
could be achieved. 

The second component of the suggested framework 
is a medium-term development plan covering a period 
of 6 years. Note that the reduced time-frame of 6 years 
takes political considerations into account, since this is 
the term of government in the Philippines. In addition, 
sectoral plans of government usually cover the same 
time-frame. This medium-term development plan 
would consist of five components: research, training 
and extension, policy advocacy, institutional devel­
opment, and administrative and financial management. 
These components would, in turn, address the issues 
identified in the comprehensive development plan: 
production, postprod uction, processing, marketing, 
and trade-related issues. 

The medium-term development plan should detail 
the implementation instruments which could be 
divided into programs/projects/activities and pol­
icies/ruleslregulations. The first set of implemen­
tation instruments-that is, the various 
programs--could cover research, training and 
extension, institutional development, and adminis­
trative and financial components. The second set 
(policies/rules/regulations) could cover the policy 
advocacy component. The outputs in the implemen­
tation of identified programs/projects/activities 
together with policies, rules, and regulations to guide 
the attainment of the desired outcomc or vision of the 
overall program are expected to address the problems 
and constraints identified during the 
seminar-workshop. 

Finally, the outcome of the desired outputs is the 
vision of the overall program; that is, a greatly reduced 
fungi and mycotoxin contamination, which should 
translate to higher incomes for farmers and other 
stakeholders, increased trade, and safe foods and 
fodder. 

Model for an Integrated Mycotoxin R&D 
Work 

While the suggested framework is meant to guide 
implementors towards achieving the desired outcome 
of the overall program, a model for integrating R&D 
activities becomes useful in an environment where 
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numerous players are at work. In designing this 
model, there is a need to define the word devel­
opment. 

Development is used in various contexts including 
economic, political and social, and in almost all disci­
plines including agriculture, health, and trade. It has 
been defined in many ways depending on the disci­
pline. In general, however, it is a process of transfor­
mation towards improvement or betterment. As in 
most disciplines, including agriculture, planners are of 
the view that to achieve development six elements are 
needed. These are: peoplc. products, resources, means 
of production or technology, links, and organisations. 

LINKS 

~ 

h Organisations 1--
l L 

N ~ N 

Technology of 
K r means 01 -I Products K 

production 

S 
I I 

s 

LINKS 

Figure 2. Suggested model for integrating mycotoxin 
R&D work in the Philippines. 

Relationships between these elements are shown in 
Figure 2. 

Again, the challenge to the R&D community is to 
orchestrate all projects and activities by identifying the 
specifics of the elements in the model and link these 
elements to ensure that the desired outcome of the 
overall program, that is reduced mycotoxin contami­
nation in foods and fodder, is achieved. In the Philip­
pines, steps are being taken towards this end. For 
example, the plan of action calls for an inter-agency 
committee to oversee in-country activities. An 
inventory of resources, including available labora­
tories, equipment and experts is being undertaken. 



Much needs to be done, however, to create awareness 
among policymakers, industry stakeholders, and the 
general public-and to develop a database for use by 
the research community and other users. But, unless all 
elements of development are linked, it will be difficult 
to achieve the desired outcome of this development 
work. 
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Target 

R&D 
community 

Government 
regulatory and 
implementing 
agencies 

Agriculture! 
Industry/ 
Producers! 
Processors! 
Traders 

Consumers 

I 
Technical 
information 
and transfer 

Annex A. Summary of Assessment and Plan of Action 

Problems/constraints 

Inadequate; no databasc/baseline 
information 

Unfilled research gap 

Inadequate; no R&D 
resources/incentives 

Inadequate: no technology transfer 

Lack of coordination 

Lack of quality assurance 

Inadequate sampling methods 

Inadequate safety practices 

Inadequate government practices 

Inadequate enforcement and control 

Lack of coordination among agencies 

Inadequate surveillance meehanism 

Inadequate postharvest facilities 

Inadequate information and awareness 

Lack of concern 

Inadequate information and awareness 

Policy making bOdU 

I 
Research Monitoring 

and and 
development regulation 

Plan of action 

Coordinative mechanism for R&D and technical transfer 

Resource generation for research and incentives 

National Testing/Monitoring Center 

Training in quality and safety procedures and sampling 

Coordinative mechanism for policy formulation, enforcement 
and surveillance 

National Testing/Monitoring Center 

Study/recommendation for improved policies (policy 
advocacy) 

Establish reporting system 

Revitalisation of Codex Alimentarius Coordinating Committee 

Development of grading/pricing schemes 

Training in quality and safety procedures and sampling 

Training program for producers/manufacturers 

Training in quality and safety procedures and sampling 

Self-monitoring 

Organisation/strengthening/sustenance of 
cooperatives/associations 

Information campaign 

Mycotoxin Consciousness Week 

Use of mass media 

Proposed structure of an inter-agency coordinating group 
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Annex B. Situation Analysis by Commodity Group 
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GRAINS 

Constraint/problem area Cause Effect Recommended solution Strategic action plan Proposed implementing Agencies involved 
guideline 

Socio-economic concerns 

I. Non-availability! Financial constraints Quality deterioration Organise massive promo- l. Linkage with media, Memorandum of Agree- NAPHIRE and NFA 
non-adoption of and loss to producers tion, training & informa- training and extension ment among concerned 
appropriate postharvest tion dissemination of organisations for massive government and private 
technologies appropriate postharvest promotion, training and organisations, training 

technologies information dissemina- and extension organisa-
tion tions 

Lack of price incentives Undue influence of mid- Organise and strengthen 2. Linkage among con- Coordination with Coop- NAPHIRE and NFA 
dlemen farmers cooperative with cerned government & erative Development 

adequate government and private organisations & Authority & financial 
private sector support financial institutions for institutions 

strengthening farmers, 
cooperatives 

Lack of effective infor- Health risks to humans 
mat ion dissemination and animals 

2. Lack of general aware- Ineffective!inefficient Health risks to humans Organise massive promo-
ness on mycotoxin prob- information dissemina- and animals tion, training & informa-
lems & appropriate tion tion dissemination of 

~ control measures among appropriate postharvest N 
producers, traders, and technologies 
consumers 

3. Lack of concern from No price incentive for Health risks to humans Conduct effective gen-
some sectors of the indus- quality grains and animals eral education campaign 
try (e.g. traders) 

Ineffective implementa-
tion of existing regUlations 

Government policies/regulations 

I. Inconsistent implemen- Budgetary constraints Entry of mycotoxin-con- Seek appropriate execu- I. Educational cam- Multi-media approach NAPHIRE and NFA 
tation of government poli- taminated grains in the tive and legislative action paign the bad effects of 
cies and regulations (e.g. market on the problem aflatoxins 
monitoring/surveillance) 

Bureaucratic red tape Health risks to humans Inform Food! Agriculture 2. Submission of work- Multi-media approach NAPHIRE and NFA 
and animals Committee (Congress) shop proceedings to Con-

of the problem gress for appropriate 
executive and legislative 
action 

Ineffective enforcement 
of existing regulations 



Constraint/problem area Cause Effect Recommended solution Strategic action plan Proposed implementing Agencies involved 
guideline 

2. Low priority for Lack of awareness Slow work in research & Conduct information Review existing policies 
research & development among policymakers on development campaign for policy- on mycotoxins: conduct 

the magnitude & sever- makers of seminars on 
ity of the problem ins for 

Provide incentive & 
training for workers 

3. Poor coordination Absence of network Fragmented/uncoordj- Seek creation of a net- 3. Provision of materials NAPHIRE and NFA 
among agencies among concemed agen- nated and overlapping work of mycotoxins on mycotox ins; conduct 

des work on mycotoxins of seminars on mycotox-
ins for policymakers 

4. Training of workers on Source funds (local and 
occupational safety International) 

5. Creation of a 
body/councilicommittee 
to coordinate different 
agencies working on 
mycotoxins 

TecbnologicaUtecbnicaI concerns 

I. Lack of rapid detection Expensive methods Non-enforcement of Develop cheap. rapid. I. Research 10 develop Research proposals for Joint effort with FNRI as 
w methods for early surveil- existing rules and regula- simple. and practical cbeap. rapid. and simple funding lead agency. BAI, BPI, w 

lance tions mycotoxin detection methods for afla- NPF. NAPHTRE. UPLB. 
methods toxin/mycotoxin detec- BFAD 

tion 

2. LackJabsence of appro- Absence of network of Variability of results Seek creation of 2. Creation of interlab FNRI 
priate reference laboratory laboratories among laboratories inter-laboratory testing testing centres 
for detection and analysis centre Identify laboratories 

- Establish a common 
method 
- Develop research 
materials 

3. Difficulty in carrying Lack of awarenesslappre- Non-representative sam- Reorient/train technical 3. Reorientation of analy- NAPHIRE 
out sampling procedures elation of critical impor- pie which may lead 10 personnel sis on sampling 

tance of sampling unreliable 

Deyelop appropriate R&D on sampling 
sampling devices devices 

Evaluate existing sam- Research and evaluation Research proposals for NFA 
pling protocol, on existing sampling funding 

lecnniques. standard pr0-

cedures for adapting 



w 
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Constraint/problem area 

4. Prohibitive cost of 
mycotoxin analysis 

5. Non-adoption of 
proper detoxification tech-
nologies 

Cause Effect 

Expensive chemi- Ineffective monitoring by 
calslaflatoxin standards agencies 

Lack of aflatoxin stand-
ards 

Lack of awareness of Health risks to humans 
proper technologies and animals 

High cost of detoxifica-
tion methods 

Recommended solution Strategic action plan Proposed implementing Agencies involved 
guideline 

Secure additional fund- 4. Reduction of cost of Reference laboratory to FNRI 
ing for mycotoxin analy- analysis tie-up with work on the proposed 
sis from government and chemical company tie-up 
private agencies 

Provide proper informa- 5. Proper information on NAPHIRE 
tion on effective and cheap and effective 
cheap detoxification detoxification through 
technologies seminars/distribution of 

information materials 



COCONUT 

Problem/con- Cause Effect Recommended Strategic action Implementing Resource Duration Agencies Remarks 
~traint solution plan guideline requirement involved 

I. Lack of sus- Low priority Termination/sus- Provide maxi- Creation of a Memorandum P5M toP50M Continuing PCOPAJCORA, Requires for-
tained funding given to pension of mum regular foundation for of Agreement per year CHAPCOM eign assistance 
for R&D pro- rc:-..carchers projects budget alloca- R&D to be pro- initially 
gram~ tion for myco- vided by the pri-

toxinR&D vate seClor 

Change of man- Provide a~sisl-
agement admin-
istration 

2. Lack of ma~- Lack of Ignorance of Organise a ma'- Linkage/net- Memorandum PJOM per year 1993-1988 PCA (lead Requires for-
sive information funds/manpower farmers on sive information working with of Agreement agency), PIA, eign a,sistance 
dissemination properficld drive media/farmers with media UCAP,BAi, 
program practices !traders DECS 

/industrieslfeed 
manufacturers 
for information 
drive 

3. Lack of Lack of legisla- No enforcement Ask for addi- Executive order Creation of PO.5M per year 1993 until PCA (lead 
police power, tion of laws and reg- tional powers for additional inter-agency approved agency), UCAP w 

VI PCA to enforce ulations for enforcement powers to PCA task force 
policies/orders of orderslpoli- for enforcement 

des of orders/poli-
Conduct of 

des series of meet-
ings/follow-ups 

4. Lack of incen- Low yield; not Farmel'l; reson- Organise a Conversion of Conduct of P5M per year 1993-1998 PCA(lead 
tivellow eco- well organised ingto loan strong farmers SFCO inws series of meet- agency), CDA 
nomic returns farmel'l; sharks coopemtive strong fanners ings/seminars 
for farmers/pro- cooperative 
ducel'l; 

Poor quality of 
copra produced 

Cutt ing of coco-
nut trees 

5. Lack of coor- No coordinating Disorganised Seek the creation Linkage/net- Memorandum PO.25M per year Continuing PCA (lead 
dinatedR&D body R&D of a centralised working with of Agreement agency), 
programs coordinating different with founda- FNR1-NOBT, 

body for myco- research institu- tions/agencies UPLB.DA, 
toxinR&D tions/academies PCRDF, UCAP, 

for centralised PCARRD, 
coordination PClERD 
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Problem/con- Cause Effect Recommended Strategic action Implementing Resource 
straint solution plan guideline requirement 

series of meet-
ings/semi-
nars/workshops 

6. Lack of incen- Lack of recogni- Sickness, death Move for the Creation of an Conduct of 
lives for myco- tion/funding and lack of revision of sal- association fOr series of meet-
toxin researchers mycotoxin ana- arylcompensa- mycotoxin ings/follow-ups 
{analysts lysIs/researchers tion/benefits for researchers/ana-

Problem/constraint 

Peanuts 

Postharvest handling - drying - storage 
facilities 

Maize and other susceptible products 

Lack of baseline information on maize-based 
and other susceptible products (e.g. milk, 
liver-based. dried ttsh) 

Imported goods/products 

Lack of control on imported peanuts and other 
susceptible products 

mycotoxin ana- lysts for bene-
lysts/researchers fitslreforms 

FOOD 

Cause 

Inadequate information. knowledge of farmers 
and warehouse personnel 

Lack of incentives to produce aflatoxin-free 
products 

Farmers not organised 

Low priority 

Lack of resources and facilities 

Inadequate government resources 

Effect 

Uncontrolled contamination 

Unknown health risks 

Unknown contamination 

Duration Agencies Remarks 
involved 

1993 until All agen-
implemented cies/institu-

tion/academies 
involved in 
mycotoxin R&D 

Recommended solulion 

Provide technical assistance (infonnalion cam­
paign, training) 

Include aflatoxin in grddinglpricing schemes 

Organise fanners 

Enforce adherence to prescribed action levels 
for aflatoxins by processors 

Conduct surveys (including methods for valida­
tion and sampling) 

Provide adequate facilities 

Conduct training courses for laboratory ana­
lysts; organise 

Implementation/enforcement of Consumer Act 
of 1990 



Problem/con-
straint 

I. Lack of aware-
ne,s of livestock 
misers and feed-
millers 

2. Lackiabsence 

'-" 
-.J 

Cause 

Lack of informa· 
tion campaign 

Lack of funds 

Lack of man-
power 

Lack of aware-
ness/lack of sta-
listics/no 
incidence survey 

Low priority for 

disea.ses 

and manpower 

Prohibitive cost 
of analysis 

Lack of stand-
ards 

Lack of rapid 
tests 

Lack of test pro­
tocols 

Effect Recommended 
solution 

Low priority Set up a national 
given to problem mycotoxin mon-

itoring and test-
ing centre for 
livestock 

Inadequate pro- Set up a database 
grams for post- network for 
harvest mycotoxins in 

feeds and myco-
toxicosis in anj~ 
mals 

Improper han- Declare a 
dling and storage National Myco-
procedures toxin Conscious-

ness Week 

Conduct infor-
mation cam-
paign 

Revitalise the 
Codex Alimen-
tarius Standards 
Committee of 
DA 

Establish a 
research and 
training centre 

FEEDS 

Strategic action Implementing Resource Duration Agencies Remarks 
plan guideline requirement involved 

J.I Physical Conduct of PO.OIM (net- 5 yean;; to be BAI. BFAR. Requires for-
inventory of all series of meet- work) continued by NFA.PCA. eign assistance 
existing labom- ings local funding NAPHIRB, 
tories FNRI 

1.2 Identification Memorandum P500M(NTC) 
of areas to be of Agreement 
strengthened 

1.3 Formulation 
of a plan for a 
national testing 
centrellabora-
lory network 

2.1 Physical Conduct of P5M (continu- 2 years BAI. UPLB Short term 
inventory of all series of meet- ing) PCARRD project 
researches and jngs 
studies 

2.2 Identification Creation of task 
of area.s force(s) 

2.3 Formulation 
of a plan includ· 
ing sources of 
information. 
methods of col-
lection and eval-
uation 



Problem/con· Cause Effect Recommended Strategic action Implementing Resource Duration Agencies Remarks 
straint solution plan guideline requirement involved 

3. Incompatible Higher mycotox- Reports of 3. Tapping of Executive order PO.05M Annual celebra- BAI,NGOs 
production/con- icosis incidence myco- NGO and pro- tion 
sumption centres toxin-related dis- fessional 

eases groups, press, 
media for cele-
bration of 
National Myco. 
toxin Conscious-
ness Week. e.g. 
PHILSAN, 
PSAS,PSPVM 

3.1 Lack of trans-
portation facilities 

3.2 Warehous-
ing/storage 

4. Lack of will· Lack ofpre- 4.1 Physical Conduct of PO.2M Bi-annual BAJ.ATI 
ingness to invest mium for higher inventory of all series of meet-
in higher quality quality products existing training ings 
feeds facilities and 

modules Memorandum 
v.> of Agreement 
ao 

4.2 Identification 
of areas 10 be 
strengthened 

4.3 Formulation 
of a plan for the 
training modules 

5. Revival of the Special Order As need arises DA 
DA Codex Cam· 
mince 

6. Inclusion of Administrative PO.OIM Monthly BAI 
the mycotoxin Order 
problems in the 
animal health 
monitoring 
report 

Source: Report of the First National Seminar-Workshop for an Integrated Control Program on Fungi and Mycotoxins in Philippines Food and Feedstuff, 23-24 February 1993. 



Control of Aflatoxin Contamination in Maize 
in Thailand 

Suparut Kositcharoenkul* 

Abstract 

Thailand maize production has increased rapidly in the past decade and aflatoxin contamination has become the major problem 
for export maize and maize for local consumption. Postharvest technologies for controlling aflatoxin were studied and extended 
to components of the maize production system. These include field drying. mechanical drying. chemical and physical treatment, 
storage system. and management of handling. Field drying and mechanical drying are the most effective ways to control aflatoxin 
contamination. Many chemicals have been tested for their ability to control and detoxify aflatoxin but none has been applied 
commercially. Aflatoxin detection techniques such as ELISA and minicolumn have been developed. Carbon dioxide fumigation 
and storing moist maize in tightly-closed, plastic-lined, jute bags have been studied and are being applied to maize produced for 
local consumption. 

Thailand is a tropical country with a hot and humid 
climate most of the year. Since the national social and 
economical development plans were instigated about 
30 years ago maize production has been growing very 
rapidly. Production has increased from I Mtlyear 
during late 19605 to 4.7 Mt in the 1988-989 crop year 
(Wattanutchariya et al. 1991) and more than 70% is 
exported. While the production of maize has 
remained quite stable in recent years, the devel­
opment of the animal feed industry in the past decade 
has resulted in an increase in domestic demand for 
maize. This reduced the export share to only one-fifth 
of total production in 1991 and the government has 
tried to boost maize production to 6 Mt. With this 
need to increase maize production but without appro­
priate postharvest facilities and knowledge to 
maintain a high quality, aflatoxin has become a major 
factor affecting maize both for export and domestic 
consumption. 

• Division of Plant Pathology and Microbiology, Department 
of Agriculture, Bangkhen, Bangkok. Thailand. 
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Controlling Aflatoxin 

In 1985 the Thai Government established the National 
Committee of Mycotoxin Control in Agricultural 
Commodities. Several national and international 
research projects (Thai-UK, Japan, USA, UNDP, 
FAO, etc.) were established and have succeeded in 
developing appropriate technology for controlling 
aflatoxin in maize. These technologies are being 
implemented and evaluated on a commercial scale. 
Measures to control aflatoxin contamination include 
field drying, mechanical drying, ensiIing, and manipu­
lation of cropping patterns. 

Field Drying 

Field drying is the process whereby maize is left 
standing unharvested in the field for a period after 
plant maturity. Studies in Thailand (Kawasugi et al. 
1988; Kawashima et a!. 1990; Nagler et a!. 1989) have 
strongly suggested that field drying from 2-4 weeks 
may significantly reduce aflatoxin levels in maize. 
Field drying reduces the moisture content (m.c.) to 
18-22%. This renders subsequent mechanical drying 
to achieve 14% m.C. more economicaL 



Disadvantages of field drying are: planting of a 
second crop may be delayed and may not be possible 
in some instances; there may be an increased risk of 
losses from storms or other natural hazards in some 
areas; and the farmer may have to bear the financial 
loss unless they are adequately compensated for 
weight loss from reduced moisture content. 

Mechanical Drying 

The UK-Thai Aflatoxin in Maize Project has iden­
tified a set of criteria, called the UK-Thai Project 
(UTP) System, shown to reliably lower aflatoxin 
content in maize during the rainy season. With the 
UTP system, maize is first field-dried on the stalk for 
1-2 weeks before harvesting to reduce moisture 
content to 18-22%. It is then shelled within 24-48 
hours of harvest, and loaded into a dryer within 12 
hours of shelling. Thus, within 48 hours, it is dried to 
14% m.c., with no part exceeding 15%. Aflatoxin 
content is monitored rapidly by a special adaptation of 
the bright greenish-yellow fluorescence (BGYF) test. 
Maize dried to 14% m.c. by the UTP system can safely 
be stored for a minimum of 2 months with no increase 
in aflatoxin content. Using this system, twenty-five 3 t 
batches of maize were successfully processed with a 
mean total aflatoxin content of 2.5 ppb and a range of 
~16 ppb at drying sites in two provinces. The system 
is now being used commercially for about 50 000 t of 
maize. 

Chemical Treatment 

Various chemical agents have been studied as inhibitors 
of Aspergillus flavus and aflatoxin formation in Thai 
maize. These include ethylene oxide, sulfur dioxide, 
theobromine, ethyl alcohol, methyl alcohol, acetic acid, 
propionic acid, sodium diacetate, sodium bisulfite, 
ammonia, and ammonium polypropionate (Chualprasit 
et al. 1985; Kawashima et al. 1990; Pupipat et aL 1986; 
Tanboon-Ek et al. 1987; Tanboon-Ek 1989). 

While chemical treatments were reported to be 
effective in inhibiting A.flavus it should be noted that 
only one treatment, a mixture of propionic acid and 
ammonium bis propionate was tested on a commercial 
scale (Tanbook-Ek et al. 1987). Other experiments 
were generally conducted at the laboratory level. 
Application of propionic acid and ammonium bis pro­
pionate, at a rate of 6-7 Ut maize, could prevent the 
incidence of aflatoxin for more than 3 months. 
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However, discolouration of maize kernels--and 
odour, and corrosive characteristics of the 
chemical-were reported. 

The costs and benefits of alleviating aflatoxin 
problems by chemicals in Thai maize have been 
studied (Arunolog 1987). The results generally 
indicated that the possibility and feasibility of these 
chemicals being used in the marketing system are still 
unclear. Some chemical treatments appeared to be 
effective only under some conditions; for example, use 
of ammonia gas for high moisture content maize and 
ammonium propionate for maize with an initially low 
aflatoxin content. 

Carbon dioxide fumigation has been used to control 
aflatoxin at local markets before maize can be mechan­
ically dried. This method is economical and practical. 

A simple control measure for A.flavus and aflatoxin 
in high moisture maize has been developed (Siriacha et 
al. 1991). Maize of high moisture content (30-35%) 
was tightly packed in high density polyethylene bags 
(45 !lITI). These bags were protected by outer jute bags. 
A. flavus and aflatoxin were not detected from maize 
stored in the plastic bags for 1-3 months. The 
dominant microorganism in the plastic bags was 
Lactobacillus plantarum. The toxigenic bacteria, Sta­
phylococcus aureus, Clostridium botulinum, and C. 
perfringen, were not detected. Nutritional value of 
maize stored in the plastic bags was not significantly 
different from freshly harvested maize and com­
mercial feed maize. Furthermore, it was proven that 
the stored maize could be used as feed for broiler 
chickens without any deleterious effect on consumers. 

Cropping Pattern 

There are two main growing seasons in Thailand. 
About 90% of the annual crop can be planted and 
harvested during the rainy season. The remaining \0% 
is planted during the middle to end of the rainy season, 
and harvested at the beginning of the dry season. The 
new cropping pattern suggested is aimed at harvesting 
the maize in the dry season to avoid conditions that 
favour high aflatoxin levels. This should be done by 
planting maize in July and harvesting in November. 
The results of many studies (Kawashima et al. 1990; 
Kawasugi et al. 1988; Nagler et al. 1989; Wirawat 
1984) have indicated that maize harvested in the dry 
season should have lower moisture contents and 
produce low aflatoxin maize. 



Detoxification 

Approaches to detoxification of aflatoxin contami­
nated grain and feed in Thailand have included 
physical, chemical, and biological treatment. 

The toxicity of aflatoxin B I contaminated maize and 
peanuts was reduced by a simple treatment with safe 
chemicals including ammonium salts (3-5%) in 20% 
moisture at room temperature 100GC for I hour. It was 
found the ammonium bicarbonate or ammonium 
carbonate generally reduces aflatoxin in maize and 
peanut to levels of 82-96% and 69-80% of the total 
toxin, respectively. 

Chokethaworn et al. (1990) studied the effectiveness 
of ammonium bicarbonate, sunlight, short- and 
long-wavelength ultraviolet light, moisture, temper­
ature and time period of treatment for reducing bio­
logical toxicity of aflatoxin in crops such as peanut, 
maize, and mungbean. Samples were well mixed with 
solid ammonium bicarbonate with 20% moisture and 
kept at room temperature for three days. Ammonium 
gas was then evaporated from the treated samples in the 
open air or a sunny place for one day. It was found that 
ammonium bicarbonate treatment could detoxify 
aflatoxin BI in the cereals by 81-100%. Exposure of 
crop samples to ultraviolet light or sunlight for 5 hours 
reduced aflatoxin levels by 25-30%. Combining 
ammonium bicarbonate and sunlight or ultraviolet light 
irradiations enhanced the detoxification effect to about 
60%. The biological toxicity of the treated cereals was 
tested on experimental chickens. The decrease in 
toxicity from aflatoxin reduction was confirmed. 

It was concludcd that treatment by ammonium bicar­
bonate, heat, and sunlight significantly detoxified 
aflatoxin in cereals. Since these methods are simple and 
economical, they should be further introduced to 
fanners for detoxifying aflatoxin in their agricultural 
products. 

Some chemisorbents (inorganic sorbent materials) 
with the capacity to tightly bind and immobil ise myco­
toxins in the gastrointestinal tract of animals have been 
tested. Natural zeolite, HSCAS (hydrated sodium 
calcium aluminosilicates), and bentonite have been 
added to broiler feeds (Charoon-Kiatkamcharn 1993) 
and to feed for growing pigs (Puminn 1993). Studies 
demonstrated that adding these three aluminosilicate 
products to the feed of broiler chicks and growing pigs 
reduced aflatoxin. 
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Detection 

The detection procedure is necessary to monitor 
aflatoxin levels and control measures. The Department 
of Medical Science has developed a 'plastic mini­
column' for aflatoxin analysis in foods by using bev­

erage-clear plastic tube as a robust minicolumn. 
Department of Agriculture has developed a simple and 
rapid 'DOA I' and 'DOA 2' minicolumn method 
(Kositcharoenkul et al. 1995; Kositcharoenkul 1993, 
1995) for aflatoxin detection in maize and peanuts, 
respectively, which can be used as a local quality 
control test by laboratories and people in rural areas. 

New techniques such as ELISA are being 
developed. The Department of Agriculture has 
produced an antibody against aflatoxin B I and an 
ELISA test kit for aflatoxin detection in agricultural 
commodities (Tanboon-Ek et al. 1991). Chiang Mai 
University has also had some success in developing an 
ELlS A method for aflatoxin B I in food. 

Conclusion 

There is a need to develop the essential components of 
an aflatoxin management system for preventing, 
detecting, and detoxifying aflatoxins. Optimal 
methods for food and feed production, harvesting, 
storage, and processing also need to be developed. 
This will foster an integrated approach to the control of 
aflatoxin, with broad implications for agriculture and 
the health of animals and humans. 
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Aflatoxin in Animal Feeds and Effects on Poultry 
Production in Vietnam 

Duong Thanh Liem and Le Anh Phung* 

Abstract 

Studies of incidences of aflatoxicosis in poultry in Vietnam have shown that feeding with contaminated peanut cake was the most 
common cause. Solutions to the problem lie in pre-treating contaminated feed or substituting rice or soybean based feeds for 
peanut and maize based feeds. 

INDUSTRIALISATION of agriculture introduces 
problems absent from traditional systems. One of these 
is mycotoxicosis in poultry. The major causes of the 
increase in poultry mycotoxicosis in Vietnam likely 
include: 
• The increasing number of crops which force farmers 

to use varieties with a short growing time. and to 
harvest in the rainy season when drying of harvested 
crops is slow. 

• High-yield grains have high moisture content and 
take a long time to dry. 

• In large· scale production. grains are stored in larger 
quantities and this promotes conditions favourable 
to fungal growth. 

• The industrial high-yield breeds of poultry are very 
susceptible to aflatoxins. 

Observations on Atlatoxicosis in Poultry 

Aflatoxin in animal feed samples 

Aflatoxin levels are highest in peanut cake. with 
maize grain the next highest (Table 1). The levels in 
maize harvested during the rainy season are higher 
than in maize harvested during the dry period of the 
year. Aflatoxin levels are lower in rice. by-products of 
rice. and soybean and soy bean by-products than in 
peanut cake and maize. 

... University of Agriculture and Forestry. Thu Doe. 
Ho-Chi-Minh City, Vietnam. 

143 

Table 1. Aflatoxin levels in some animal feed samples. 

Feeds n Average Maximum 
(ppb) (ppb) 

Maize grain 25 205 600 

Broken rice 2 22 25 

Soybean grain 50 50 

Rice bran 3 29 55 

Sesame oil cake 3 8 10 

Coconut oil cake 7 17 50 

Soybean oil cake 4 12 50 

Peanut oil cake 29 1200 5000 

Dry cassava powder 40 

Source: Food and Commodities ComroJ Cemer. 

Observation in aflatoxicosis in poultry 

Aflaxtoxicosis was first observed at Phuoc Long 
duck farm in exotic ducks (Cheery Valley) fed on con­
centrate (Table 2). When the manager changed the 
feed to a traditional one based on rice. the duck health 
improved and production levels recovered. 

The second observation was on breeding chickens. 
in which embryonic mortality of eggs increased up to 
80%. The toxicosis was attributed to peanut cake. 

The third observation was on exotic Super-meat 
ducks fed on concentrate containing contaminated 
maize. Feed containing aflatoxin killed more than 
20 000 ducklings. 



Table 2. Poultry production losses attributed to 
aflatoxicosis. 

Year Farm Loss 

1983 Phuoc Long duck farm 2000 ducks 

1991 Binh An chicken fann 50 000 eggs 

1992 Duck-meat farm 20 000 ducklings 

Studies on prevention of aOatoxicosis 

Avoiding feed likely to be contaminated 

Results of an on-fann study of the effects of substi­
tuting soy bean cake for peanut cake as feed for laying 
hens are shown in Tables 3 and 4. 

The substitution of soy bean for peanut cake improved 
egg quality as indicated by hatchability ratio. However, 
there was a lag of 1-2 months before the improvement. 

It has been concluded that fanners should not sub­
stitute maize and peanut feeds for the more traditional 
rice-based feeds. 

There were two observations of aflatoxicosis in 
Cheery Valley duck fed on concentrate. The first 
occurrence was in 1991 (2000 ducks lost) and the 
second in 1992 (20000 ducklings lost). The fanners 
affected have reverted to using rice-based feed rather 
than maize and peanut products. 

Pre-treatment of poultry feeds to eliminate aflatoxins 

In an on-fann study of Super-meat duck it was 
shown that pretreatment of feeds could improve the 
health and food-conversion of ducks (Tables 5 and 6). 

Hatchability of chicken eggs was also improved 
by feeding hens on feed pre-treated with ammonia 
(Table 6). 

Table 3. Effects on egg hatchability of substituting soybean cake for peanut cake. 

Incubated eggs Embryonic egg ratio (%) Lethal embryonic ratio (%) Hatching ratio (%) 

Peanut cake 

Soy bean cake 

3591 

3391 

Source: Duong Thanh Liem et al. 1993. 

91.1 

95.2 

84.5 

34.7 

5.9 

56.4 

Table 4. Effects of the substitution of soybean cake for peanut cake on egg incubation in a breeding fann. 

Periods 

Initial period of peanut feeding (3 months) 

Final period of peanut feeding (3 months) 

Initial period of soybean substitution (2 months) 

Final period of soybean substitution (3 months) 

Source: Duong Thanh Liem et al. 1993 

Table 5. Effect of pre-treatment of peanut cake on 
Super-meat duck. 

Dieta 

Control Lot I Lot 2 

Live weigh of 8-week-old ducks (g) 2292 2671 2904 

Feed conversion 3.5 3.1 2.8 

Lethal ratio 36.7 o o 

a Control: Diet with 15% peanut cake (2000 ppb aflatoxin); Lot I: Diet 
with peanut cake pre·treated with ammonia; Lot 2 : Diet with 
soybean. 
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Number of eggs 

100000 

39135 

18119 

48 669 

Hatching ratio (%) 

63.6 

16.0 

30.6 

80.4 

Table 6. Effect of pretreatment of peanut cake with 
ammonia on hatchability of chicken eggs. 

Ratio (%) 

Embryonic egg ratio 

Hatching ration 

Control 

76.9 

69.2 

Dieta 

Lot I 

86.2 

73.8 

Lot 2 

89.2 

83.1 

• Control: Diet with 15% peanut cake; Lot I: Diet with 15% peanut 
cake pre·treated with ammonia; Lot 2: Diet with 15% soy bean cake. 



Conclusions 

• Since poultry are very susceptible to aflatoxicosis, it 
is important to use feeds with low levels of aflatoxin 
such as rice and soybean, rather than feeds such as 
peanut and maize that are more likely to be 
contaminated. 

• Contaminated poultry feeds can be used if they are 
pre-treated for aflatoxins. 
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• Farmers need to improve postharvest handling 
facilities to prevent crop products becoming 
contaminated. 
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