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The study was conducted in Kilosa District to assess spoilage loss of stored Maize (Zea mays L.) and 
Groundnuts (Arachis hypogaea L.) due to mycotoxins and its effect on household food security. The 
sample of approximately 10 kg of maize and 5 kg of groundnuts were stored in a small polythene bag 
for 9 months. The data collected were maize grains and groundnuts kernel which were later sorted into 
rotten and discolored and further counted as spoiled grains expressed in percentages. The losses were 
estimated by the count and weighing method. The damaged kernels were determined and calculated as 
percentages using the Statistical Analysis System (SAS® Version 9.4). The average weight loss of 
maize and groundnuts were 20.8% and 14.5% respectively as a result of mycotoxin contamination. 
The estimated annual revenue loss in U$D was about 179, 116.37 (=268, 674, 555 Tshs) in maize. 
Further analysis indicated that 22% of farmers lost up to 10 kg of groundnuts and 31.9% of farmers 
lost up to more than 10 kg of groundnuts as a result of aflatoxin contamination. Maize and groundnuts 
spoilage in the study area was caused by poor handling and storage conditions such as insufficient 
drying. Some of the suggested solutions to mycotoxin threat in Kilosa District include: early 
harvesting, prevention of kernel damage during harvesting, adequate drying and proper storage below 
13 % moisture for maize and below 7% moisture for groundnuts, and keeping storage facilities clean 
and dry. 
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INTRODUCTION 
 
In addressing issues of food security, agricultural production 
has gained considerable attention from researchers and policy 
makers (Godfray et al., 2010, Tilman et al., 2011), but food 
spoilage, storage, and transport have received much less 
attention. Ensuring global food security represents one of the 
greatest challenges facing humanity in the 21st century. The 
pressures on food production are immediate, but by 2050 the 
world will need to increase agricultural production by at least 
30 % in order to feed its anticipated population of 9 billion 
(FAO, 2012). A multitude of fungal pathogens cause diverse 
diseases like rusts, smuts, blasts, blotches and mildews of staple 
crops, which ultimately destroy enough food annually to feed 
600 million people, approximately 8.5 % of the total population 
(Fisher et al., 2012). Human beings require a reliable food 
supply to meet metabolic requirements for maintenance, 
growth, and reproduction. All food spoils and some 
deterioration occur through the spontaneous breakdown of 
complex organic molecules.  
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However, most spoilage of food meant for human consumption 
is caused by microorganisms, which effectively compete with 
humans for limited and valuable food resources. Given access 
to unprotected foodstuffs, bacteria and fungi rapidly colonize, 
increase in population, and produce toxic and distasteful 
chemicals such as mycotoxins (Blackburn 2006, Pitt and 
Hocking, 2009).  Food contaminated by mycotoxins may affect 
the taste and food safety, and consequently reduce the price 
consumers are willing to pay. Mouldy grain may still be 
saleable, but only at a reduced price. The damaged grain or 
other food maybe be less appealing to consumers and therefore 
attract a lower price in the market. Farmers and traders may not 
be able to access certain high value markets if their products are 
damaged or contaminated, and thus they realize lower sales 
prices. Worldwide, approximately 25% of the world’s food 
crops are significantly contaminated with mycotoxins (CAST, 
1989; WHO, 1999).  Mycotoxins contaminations in stored 
produce cause both quantitative and qualitative loss. 
Quantitative loss indicates the reduction in physical weight, and 
can be readily quantified and valued, example a portion of grain 
damage by pests or lost during transportation. A qualitative loss 
is contamination of grain by moulds includes loss in nutritional 
quality, edibility, consumer acceptability of the products and 
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the caloric value (Zorya et al., 2011; Kader, 2005). Economic 
loss is the reduction in monetary value of the product due to a 
reduction in quality and or/ quantity of food (Tefera, 2012). 
Food quality and safety issues resulting from mycotoxin 
contamination are significant obstacles for improving nutrition 
and agricultural production while linking smallholder farmers 
to markets. The ingestion of such mycotoxin contaminated 
grains by animals and human beings has enormous public 
health significance, because these toxins are capable of causing 
diseases in man and animals (Bhat and Vasanthi 2003, TFDA, 
2012). In addition, to health concerns, mycotoxins can restrict 
maize trade and limits income of smallholder farmers, because 
of food safety concern and trade restrictions (WHO, 2006). 
Numerous moulds may be involved in groundnut and maize 
spoilage, such as species of Aspergillus, Penicillium, Fusarium 
and of. However, other types of mycotoxins such as 
Zearalenone, Deoxynivalenol, Ochratoxins, and T-2 toxins, 
HT-2 toxins have also been reported (Mboya et al., 2011; 
Kimanya et al., 2014; Kamala et al., 2015). Mycotoxins 
contamination causes a reduction in grain quality, through the 
utilization of stock carbohydrates and proteins and producing 
also oxidative mellowness of the grains (Lacey and Magan, 
1991). These phenomena interact with other adverse factors 
such as immaturity, mechanic injury, unfavorable 
environmental conditions, incorrect drying, storage and 
processing factors, all of which contribute to the deterioration 
of the product quality and flavor, which means a reduction of 
product quality and economic loss (Ahmed and Pattee, 1987). 
 
Mycotoxins have a significant impact on economic and trade. 
Losses due to contamination, yield losses due to diseases, 
losses in animal productivity, human health costs, and cost due 
management and prevention (Schmale and Munkvold, 2015) 
plus regulatory and research costs related to mycotoxins 
(Hussein and Brasel, 2001). Researchers categorized economic 
losses into two main groups: direct and indirect economic 
losses. Direct economic losses are those related to reducing 
crop yields for growers and animal performance (morbidity and 
mortality) and rejection of crops by the international market 
(PACA, 2013). While indirect economic losses are those costs 
related to reduce the marketable value of the product, and costs 
associated with monitoring, research, loss of consumer 
confidence and increased processing costs (PACA, 2013). 
Further, the economic losses of mycotoxins have both domestic 
and international trade effects. In domestic, economic losses 
occur at all stages of the product value chain from the 
producers (farmers) to the final consumer (WHO, 2006). On the 
other hand, in the international market, products that exceed the 
maximum tolerance level of mycotoxins are either quarantines 
and confiscated at the port-of-entry, assigned a lower price or 
diverted to animal feeds (PACA, 2013). Therefore, the present 
study was carried out with the objective of assessing the 
spoilage losses inflicted to the stored maize and groundnuts due 
to mycotoxins and suggesting the possible control options of 
minimizing spoilage loss in the study area.  
 

MATERIALS AND METHODS 
 
Experimental trials were carried out in the four surveyed 
villages. The sample of approximately 10 kg of shelled maize 
grain and 5kg of groundnuts kernel were stored in a small 
polythene bag for 9 months from August 2010 to April 2011.  

The damage and losses of maize and groundnuts were 
evaluated using the count and weighing method. The count and 
weigh method developed by Adams and Schulten (1978) was 
used in the experiment to determine the spoiled loss due to 
mycotoxin contaminations. The data collected were rotten and 
discolored maize and groundnuts grains which were further 
counted as spoiled grains expressed in percentages. The 
damaged kernel characteristics which were determined during 
this study include:  mouldy kernel, and off colour kernels. Here 
it must also be put in minds that; the visual absence of mould, 
however, does not mean that kernels do not contain the toxin. 
Intact corn kernels may contain the fungus and the toxin but 
show no sign of the fungal contamination. In severe cases, the 
corn shucks will become "glued" to the kernels in the cob. To 
control the initial moisture content (MC), freshly harvested 
maize was dried until below 14 MC as a range commonly 
recommended for safe storage and for groundnuts was dried 
until below 7 MC. Keeping grain moisture content below the 
level required by fungi (mold) to grow will minimize spoilage 
and poor quality grain is more likely to spoil, especially during 
the warmer months. 
 
Procedure used in estimating % weight loss of grains 

 
The grains were separated into undamaged and damaged 
categories, the latter being separated according to cause. The 
resultant data were substituted in the formula shown in 
Equation 1. 
 

  (1) 
  Where,  
 
 Wu  = weight of undamaged grains 
 Nu              = number of undamaged grains 
 Wd = weight of damaged grains 
 Nd = number of damaged grains 
 
The estimate annual revenue loss in U$D for groundnuts was 
calculated using mathematical formula shown in Equation 2. 
 

  (2) 
 

Where, 
 
ARL = Annual revenue loss (in USD) 
AVRP = Average annual production (in Tons) 
AVC = Average contamination (%) 

The export loss of maize/groundnuts at international market is 
given by mathematical expression shown in Equation 3 as 
developed by Wu (2004). 
 

   (3) 
 

Where; 
 

 
 

i    = Crop (maize or  groundnuts), 
j    = Nation, 
k   = International mycotoxin standard (fumonisin, 

aflatoxin), 
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Pi      = World price for food crop i per unit volume, 
Wi, j     = Total export weight (in metric tons) of crop i from 

nation, 
r i, j, k    = Fraction of export volume of crop i from nation j, 

 rejected at international mycotoxin standard  k and 
PDF

ijk
dk = Probability density function 

 
Statistical Data Analysis 
 
Data were analyzed using Statistical Analysis System (SAS® 
Version 9.4, SAS Institute Incorporation, USA). 
 

RESULTS  
 
Spoilage loss of maize due to fumonisin contamination across 

the four villages in Kilosa District, 2010/2011 season. The 

cumulative total loss due to mould damage in nine months of 

maize storage was about 20.8% of the total stored grains 

(Fig.1). Incremental losses were observed in December to 

March, the period which coincides with high rainfall in the 

study area. The results also showed that undamaged maize 

grain estimated to worth U$D 0.33 per kg (=495 Tshs/kg), and 

the maize grain with 10% damage estimated to worth only U$D 

0.285 per kg (=427.50 Tshs/kg), and with 20% damage it worth 

only U$D 0.275 per kg (=412.50 Tshs/Kg (Fig.2).  

 

The estimated annual revenue loss in U$D was about 179 

116.37 (=268, 674, 555 Tshs). If this commodity has to be 

exported at a world market, a nation’s total export loss of a 

particular food crop, given a particular internationally imposed 

mycotoxin standard, can be calculated using the Wu (2004) 

mathematical model described in equation 3. Specifically, in 

the international market, products that do not meet the aflatoxin 

standards are either rejected at the border, rejected in channels 

of distribution, assigned a reduced price, or diverted to non-

human or even non-fee uses. 
 

 
 

Fig. 1. Cumulative spoilage loss due to fumonisin (%) for the 
stored maize grain after 9 months of storage in Kilosa District, 

Tanzania 
 

Contamination of food by microbes and chemicals also has 
economic consequences due to rejection of exports and loss of 
credibility as trading partners. Capacity to implement effective 
food safety controls is of vital importance to agricultural and 
food exports from developing countries.  

For example, importing countries frequently require guarantees 
that minimum standards of hygiene have been applied in the 
manufacture of a food product and that food do not have 
excessive mycotoxins contamination. The exporting country 
must be able to comply with these requirements and 
demonstrate that compliance has been achieved. While basic 
scientific and technical infrastructure is clearly vital, 
administrative structures, management, financing and human 
capital are also important elements. Indeed, the experiences of 
many countries suggest that lack of efficient management or 
sustainable levels of resources can seriously compromise the 
effectiveness of food safety controls.  
 

 
Fig. 2. Relationship between fungal spoilage in stored maize and 

relative price 
 
Spoilage loss of groundnuts due to aflatoxin contamination 
in the four surveyed villages in Kilosa District, 2010/2011 
season 
 
The cumulative total loss due to mould damage in nine months 
of groundnuts storage was about 14.5% of the total stored 
groundnuts (Fig.3). Incremental losses were observed in 
December to March, the period which coincides with high 
rainfall in the study area. The results from this study also 
indicated that, in a survey of 72 farmers about 22.2% (16/72) of 
farmers lost more than 10 kg of groundnuts as a result of 
aflatoxin contamination.  Farmers indicated that they were only 
rejecting rotten nuts, which were infested by fungus. The 
highest volume of rejected groundnuts was above 10 kg 
(31.9%) (Fig. 4).  
 

 
 

Fig.3. Cumulative spoilage loss due to aflatoxin (%) for the stored 
groundnuts after 9 months of storage in Kilosa District, Tanzania 
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Fig.4. Amounts of rejects of groundnuts due to aflatoxins 

contaminations 
 

DISCUSSION 
 
Grain export like the maize has a significant driving force for 
overall economic growth, increase farmers’ income and 
poverty reduction (Diao et al., 2013). However, maize in most 
parts of the country are contaminated with mycotoxins well 
above acceptable levels (TFDA, 2012) thus, posse’s greater 
economic losses and risk to agricultural export and trade. 
Spoiled maize cause great concern among farmers due to the 
loss of maize quality and quantity. In this study, the spoilage 
loss due to mould infection in the stored maize amounted to 
4,330.62 tons of maize per year equivalent to one-fifth of the 
total maize production (20,622 tons per year). This spoiled 
amount of maize would be enough to feed 23,730 people for 
the whole year (at about 0.5 kg/day/person at an estimated 
value of 11.1 US Dollars per 100 kg bag of maize). It has been 
reported by Fandohan et al. (2003) that storage fungi 
contributes to loss of more than 50 % of maize grain in tropical 
countries, and ranks second after insects as the major cause of 
deterioration and loss of maize. According to Williams and 
McDonald (1983), when storage moulds invade maize grain 
they cause rot, kernel discoloration, loss of viability, vivipary, 
mycotoxin contamination, and subsequent seedling blights. 
Kossou and Aho (1993) reported that fungi could cause about 
50 to 80% of damage on farmer’s maize during the storage 
period if conditions are favourable for their development. 
Africa loses an estimate of sixty seven (67) million US dollars 
annually from export rejects due to high levels of mycotoxins 
in food and agricultural produce coming from developed 
countries (Atanda et al., 2013).  
 
In 2005, groundnuts losses in Argentina caused by biotic 
disease-causing agents at the postharvest level were estimated 
at 4.1 million tons of grains or 6–8% of total production, this 
represented a loss of income amounting to US Dollars 6.1 
million to producers (SAGPyA, 2006). Tiongson and Gacilos 
(1990) observed an inverse relationship between the price of 
maize grits and aflatoxin content in the Philippines i.e. the 
lower the level of aflatoxin content the higher the price of 
maize grits. For example, Compton et al. (1998) used focus 
groups of grain traders in Ghana to estimate price discounts 
based on samples of insect damaged maize. They found a 
0.60% to 0.97% price reduction for every 1% of insect-
damaged maize kernels beyond a threshold of 5% to 7% 
damage. Jones (2012) asked grain traders in Malawi to choose 
between samples of maize labeled with different price levels.  

In the 10% to 30% damaged kernel range, they found that a 1% 
increase in percent of damaged kernels resulted in a price 
discount of 2.8% to 3.6% depending on the total damage level, 
but little evidence of a discount below 10% damage. 
Accordingly, Cardino-Bermundo et al. (1991) concluded that 
moisture content and colour of the commodity determines the 
price of corn grain in the Philippines. Bottema and Altemeier 
(1990) and Wattanutchariya et al. (1991) indicate that moisture 
content and colour are the two most important factors in grain 
price formation in Indonesia and Thailand. In these countries 
the grain trader (middleman) measures the two factors through 
sensory evaluation and visual observation.  
 
Generally, local grain traders and processors do not use 
laboratory equipment, like moisture testers, to measure grain 
attributes. The trader discounts wet or discolored grain by 
deducting a certain percentage off the gross weight of grain. 
Alternatively, the trader deducts a percentage off the market 
price to get the price per unit weight of wet or discoloured 
grain. The discounts increase with the wetness of grain. As 
Cardino Bermundo et al. (1991) observed damaged grain in the 
Philippines; traders reduced the gross weight or the unit price 
of the produce by a factor ranging from 30% to 50%. These 
potential losses in value can make a substantial difference to a 
family’s livelihood due to low value (carbohydrate) starch. 
Withdrawing contaminated crop without alternative uses may 
heighten economic losses and affect food security among the 
poor. Low or volatile prices pose significant problems for 
farmers and other agents in food chains who risk losing their 
productive investments if price falls occur while they are 
locked into strategies dependent on higher price levels to be 
viable. Farmers who have already planted their crop are the 
classic example. Poor smallholders who do not have access to 
credit may have difficulty financing the crucial inputs needed 
to plant again and stay in business. Many farmers in 
developing economies may not be operating on a sufficiently 
large scale to be able to carry over income from one season to 
another. Thus, both the welfare of the family and the viability 
of the farm may be threatened by excessive volatility. 
Uncertainty may also result in sub-optimal investment 
decisions in the longer term. 
 

Conclusion  
 
Mycotoxins contaminations attract an attention because of the 
significant economic losses associated with their impact on 
trade and the livelihoods of people. The average weight loss of 
maize and groundnuts were 20.8% and 14.5% respectively as a 
result of mycotoxin contamination. Some of the suggested 
solutions to maize and groundnuts spoilage threat in Kilosa 
District includes: good agricultural practices, early harvesting, 
prevention of kernel damage during harvesting, adequate 
drying and proper storage below 13% moisture for maize and 
below 7% for groundnuts, keeping storage facilities clean and 
dry and physical separation of damaged grains. It is very 
important to undertake further research that will help small-
scale farmers to meet international quality standards and 
continue to profitably market their crops, as well as to adapt to 
those practices that minimize risks to mycotoxin 
contamination. There should also be extensive awareness 
programmes across all villages in the district. Awareness of 
mycotoxin problem and management strategies should be 
extended to inform farmers, traders, processors, extension 
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officers, other agriculture research partners, private sector, 
government regulatory agencies and the ministry of agriculture 
and food security about the risk of mycotoxins contaminations 
would reduce tremendous grain losses and training of the 
smallholders is necessary in order to achieve food security and 
improved nutrition.  
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