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ABSTRACT

Peanuts contribute significantly to food security western Kenya due to their high
nutritional value and cash crop potential. Howeteg, crop is highly susceptible to aflatoxin
contamination. Yet little information is availaben the extent of contamination in the
region. This study explores the level and extentaitamination of peanuts by aflatoxins,

Aspergillus sectionFlavi, Rhizopus andPenicillium spp. in western Kenya.

A survey of 769 households was carried out in thsi® and Homa bay districts of Kenya.
Information on peanut pre- and post-harvest prastwas collected through person-to-person
interviews. Aflatoxin levels of samples collecttdm each household were determined by
indirect competitive ELISA method. Isolation Agpergillus sectionFlavi, Penicillium and
Rhizopus spp. was done on Modified Dichloran Rose BengalDRB) agar, while
identification of specific fungal species was dome Czapek yeast extract agar (CYA).
Screening isolates &. flavus andA. parasiticus for aflatoxin production was done in high
sucrose yeast extract (YES) liquid medium, andatftegoxin types identified on TLC plates,

using analytical grades of aflatoxin,B,, G; and G as reference standards

Common household preparation techniques (roastimaking peanut paste and boiling
peanuts) were evaluated for effectiveness in reduaflatoxin levels in peanuts. The boiling
procedure was modified to test the effectn@fgadi (locally available salt used mainly to
soften legumes, vegetables or maize while cookiag)monium persulphate and sodium
hypochlorite during soaking. &yadi, sodium bicarbonate and locally prepared ash was

subsequently used to boil the nuts after soaking.

Aflatoxin levels ranged from zero to 75R8/kg. Most samples were safe to consume, based
on the European Union and Kenya Bureau of Standalelsance levels, with 63.7 per cent of
all samples having undetectable levels, and ori¢ per cent being contaminated based on
KEBS standards. Peanuts from the Busia districichvhas more of Lower Midland 1 (mean
annual rainfall of 1600-1800 mm) and Lower Midlahdmean annual rainfall of 1300-1700
mm) agro-ecological zones had significanii§=L4.172;P=0.0002) higher levels of aflatoxin
compared to the Homa bay district, that has moreghef drier Lower Midland 3 agro-
ecological zone (mean annual rainfall of 900-150Qnmproved cultivars had significantly

(x°=9.748;P=0.0018) lower levels of aflatoxin compared to lozaltivars. Over 60 per cent



of all samples had. flavus S-strain,A. flavus L-strain andA. niger. A. flavus S-strain was
positively correlated with aflatoxin levels. As eqted, grading of peanuts post-harvest
significantly reduced the incidence Afflavus S- and L-strains, while peanuts collected from
farmers who belonged to producer marketing gro@asaisignificantly lower incidence &f
flavus S- and L-strainsA. niger and Rhizopus spp. The incidence d&. flavus L-strain, A.
niger andRhizopus spp. was significantly higher in local landracespared to the improved

cultivars. Over 60 per cent of isolates produceldtakin B;.

Intermediate processes such as sorting and delgulgdrio a significant decline in levels of
aflatoxin. Soaking peanuts in water, magadi, Na@l ammonium persulphate significantly
reduced aflatoxin levels by 27.7, 18.4, 18.3 ar@lder cent respectively; while boiling the
peanuts in magadi, local ash, baking powder andwatluced aflatoxin levels by 43.8, 41.8,
28.9 and 11.7 per cent respectively. Usimagadi during boiling increased the acceptability
of the boiled peanuts while reducing the aflatdeiels.

The impact of aflatoxin levels in peanuts studiethis research is within safe limits except a
few samples, and therefore aflatoxin contaminatbmpeanuts at household level is not a
serious threat. Contamination by aflatoxin and fh@stest fungi can be reduced by focusing
on improved control strategies for wetter and mmuenid zones such as planting improved
peanut cultivars and controlling pre-harvest peshage. Conventional household peanut
preparation techniques should be explored as gesaitatoxin management strategies in
Kenya. The aflatoxin binding properties of locadlyailable salts such asagadi and locally

prepared ash should be further investigated.
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CHAPTER 1: STATEMENT OF THE PROBLEM

1.1 Introduction

Peanuts Arachis hypogaea L.) are a profitable and reliable -owing to theapability to
produce even during drought seasons- crop in wesk@mya's Nyanza and Western
provinces, and are planted in both the short ang tainy seasons. In this region, peanuts are
mainly used in relishes served with the stapld sidiize porridge commonly referred to as
ugali; boiled; ground and made into a sauce; and roasteftied (Anonymous, 1992;
Anonymous, 2005). Peanuts are sold as raw kerradsted nuts, or processed into peanut
butter. The nuts are rich in protein (Mehan et H891) and are an ideal alternative to fish,
which is more expensive in western Kenya, therelayipg a significant role in food

security.

Peanuts, maizeZéa mays L.) and tree nuts are common substrates for ailato
contamination (Lisker et al., 1993; Richard and a&b2008). The fungi responsible for the
production of the toxins are mainBspergillus flavus and Aspergillus parasiticus, and to a
lesser extenfspergillus nomius. In peanuts, aflatoxins can be produced at bottpthe and
post- harvest stages (Waliyar et al., 2008). Dueh® adverse effects associated with
aflatoxin contamination especially in maize and m#s, many countries have strict
regulatory control measures, especially with regardolerance levels in food and fodder.
Many governments, for example Kenya and Malawi,ehascently scaled up awareness

raising campaigns regarding aflatoxin contamination

In Kenya, awareness raising campaigns have beéndiacute cases of aflatoxin outbreaks,
mainly from maize (the staple food) or its produ®hepard, 2003). Other potential food
substrates for aflatoxin, such as peanuts - whietequally important as a food crop in some
regions and seasons in Kenya, are often overlookedte outbreaks in the country have
overshadowed chronic (and often sub-clinical) ieaices of aflatoxin poisoning, which are
more pervasive and have adverse effects on humathh@®larasas et al., 2008; Wild and

Turner, 2002). Reporting of toxicity in Kenya hascanot been systematic and only
incidences of high mortality are reported (Ngindale 1982; Nyikal et al., 2004), as chronic
incidences are usually attributed to other causesddition to there being no monitoring

system.



Erratic rainfall, high temperatures, high humidiigd smallholder production conditions are
considered to be conducive to high levels of aketgproduction. Damage of pods and
kernels during weeding, harvesting, drying and dpamtation can lead to contamination.
Most peanuts produced in western Kenya are sotaigr informal marketing systems whose
environmental conditions (open stalls exposed & wieather) favour fungal development,

making monitoring and enforcement of safety stasslanpractical.

Local varieties planted in the area are susceptibldiseases and pests that result in plant
stress, predisposing the peanuts to aflatoxin cangion (Hell et al., 2000; Chapin et al.,
2004). In spite of this, peanut production in wastéenya is increasing due to initiatives by
the International Crops Research Institute for3eeni Arid Tropics (ICRISAT). ICRISAT
has introduced improved varieties bred for diseasestance, and seed bulking programs to
meet the increasing demand for high quality sedatienregion. It is yet unknown if the new

varieties offer greater control of aflatoxin contaation.

Extensive research on aflatoxin contamination dmal pgrevalence of\spergillus section
Flavi has been conducted in West Africa (Kpodo et @961 Cardwell and Cotty, 2002;
Bankole and Adebanjo, 2003; Atehnkeng, 2008), hatstame level of research has not been
conducted in East Africa. In particular, very fetudies have been conducted in Kenya
(Gachomo et al.,, 2004). Due to its importance agtaple as well as incidences of acute
poisoning involving many fatalities, most aflatoxiesearch in East Africa has focused on
maize, with very little attention on peanut, desgeing an important food crop and potential
export crop. Therefore, baseline contamination If&eveand the evidence of aflatoxin
contamination is not known. Quantitative inforioaton the risk of exposure to aflatoxin is

necessary for decision-making and policy decisions.

1.2 Problem statement

This study was designed to establish the exteaflatoxin contamination and the incidence
of Aspergillus section Flavi, Penicillium spp. andRhizopus spp. in peanuts sampled in
households in western Kenya, and to identify factassociated with contamination of

peanuts with aflatoxin or aflatoxin producing fungi



1.3  Sub-problems

To address the problem above, the study explonedsiab-problems.

Sub-problem 1: To determine the prevalence andoifactssociated with aflatoxin
contamination of peanut samples from householdgestern Kenya.

Sub-problem 2: To assess the incidenceAgpergillus section Flavi, Penicillium, and
Rhizopus species in peanut samples from households in weKimya and
the factors associated with their incidence.

Sub-problem 3: To establish the incidence of Aft&ioB,, B,, G, and G produced byA.
flavus andA. parasiticus isolated from peanut samples from households in
western Kenya.

Sub-problem 4: To evaluate common household préparpractices used in western Kenya

and their effectiveness in reducing levels of aftat.

1.4  Study limits and general assumptions

Households from two districts, i.e. Busia and Hobag, participated in this study. More
districts could not be accommodated due to findmmastraints. The two districts were also
chosen based on differences in production systemsating habits that could have affected
peanut production and consumption practices. It agsumed that the two districts were
representative of the western region of Kenya. dses where household heads were not
available for personal interviews, it was assunteat the information given by the party
present was credible. While Busia district is prad@ntly of the Luhyia ethnic community,
Homa bay district is predominantly of the Luo ethcommunity. The findings resulting from
variations in cultural practices may not necesgdré inferred for other areas with similar

agro-ecological zones.

1.5 Outline of the thesis



Chapter one sets out the background to the prolgessents the sub-problems, assumptions
and study limits. Chapter two presents a gendtatature review on the topic and discusses
the importance of peanuts in Kenyan diets, the oflpeanuts with regard to food security,
factors that predispose peanut crops to aflatoximtaomination and the effect of
contamination on health and trade. The chapter adsivesses tolerance levels for aflatoxin
contamination in peanuts and discusses the vaaaaidable standards. Control strategies for
aflatoxin contamination are presented. Chapteetdiscusses the characteristics of the study

area and includes socio-economic indicators andi lse patterns.

The three subsequent chapters are presented sigs afepapers that address the four sub-
problems of the study. Chapter four addressesoaifatprevalence and factors associated
with aflatoxin contamination of peanuts from westéenya. Chapter five addresses sub-
problem two and three, evaluating the incidenc&spérgillus sectionFlavi, Penicillium spp.
andRhizopus spp. in western Kenya and factors that affeciribelences and the presence of
Aflatoxin By, By, Gy and G in A. flavus andA. parasiticus isolated from samples. Chapter six
discusses the common household processing technicgesl to prepare peanuts in western
Kenya and their effectiveness in reducing aflatd&irels. Chapter seven summarises the key
findings of the three research chapters and presén¢ overall conclusions and

recommendations of the study.
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CHAPTER 2: LITERATURE REVIEW

2.1 The peanut crop and its role in food security

Peanut Arachis hypogaea L.) or groundnut, is a four-foliate legume of the fantbbaceae.

Native to South America, peanut is produced in @hindia, the United States of America
and many Sub-Saharan African countries. Developmgntries account for 92 per cent of
total global groundnut production (Talawar et 2005; ICRISAT, 2005). The four common
market types are: i) Spanish-small kernels withdigatbrown skins-, ii) Runner-have a
consistent medium size-, iii) Virginia-have an extarge kernel size- and iv) Valencia-have

three or more kernels to a shell and are bright (fedinformatics, 2005).

Peanut is high in protein (26 to 39 per cent)(4atto 59 per cent) and carbohydrates (11 per
cent) (Nelson and Carlos, 1995; Atasie, Akinhanmd ®jiodu, 2009). It contains several
minerals, including Na (42.0 mg/100g), K (705.11/bf§g), Mg (3.98 mg/100g), Ca (2.28
mg/100g), Fe (6.97 mg/100g), Zn (3.2 mg/100g) arftid?55 mg/100g) (Atasie et al., 2009),
as well as vitamins E, K and B (Technical Advis@pmmittee, 1997). Due to its high
nutritional value, it has several uses such as imgaand therapeutic food, in confectionery,

and as an animal feed.

In Kenya, the crop is mainly grown in parts of thganza and Western provinces, and to a
lesser extent in the Rift valley, Coast and Eastgovinces (Anonymous, 2004). In these
regions, peanut is significant both as a cash aod fcrop, and has at least two harvest
seasons per year. Value addition techniques aienemdiary at farm level and the nuts are
most commonly sold as whole kernels. Its use fbhas not been fully exploited in Kenya,

owing to a lack of processing equipment. Howeweitjatives to introduce oil presses and
shellers by ICRISAT in collaboration with non-gomerental organizations, such as

Compatible Technology International (CTI), are gagnmomentum.

Most commercially available peanuts are processeshiall and micro-enterprises, a sector
that contributes approximately 18 per cent of Késyaross Domestic Product (Mitullah,

2003). Many traders operate in the informal marketere produce is not subject to the
scrutiny of regulatory agencies. Some farmers harganised themselves into producer

marketing groups (PMG) through public-private sedtutiatives, to exploit economies of
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scale, facilitating access to improved seeds, ntarkand better bargaining power
(Anonymous, 2009). Such groups are able to payrdgular inspections by the Kenyan
Bureau of Standards (KEBS). However, inspectiors ot widespread and effort and

resources are required to scale up such initiatives

2.2 Aflatoxins and their occurrence in peanuts

Aflatoxins are secondary metabolites produced\&pergillus flavus, Aspergillus parasiticus
and Aspergillus nomius (Kurtzman et al., 1987; Klitch and Pitt, 1988). @pim growth
conditions forA. flavus during post harvest are betweerf@%&nd 38C and humidity levels
of 0.993, with production of aflatoxin occurring optimalgt 25C and 0.99 @ (Giorni et
al., 2009). Several types of aflatoxins exist, that four main types are Aflatoxin;BB,, G
and G, with Aflatoxin B, being the most toxic (Olaru et al., 2008). A commoetabolite of
Aflatoxin B;and B is Aflatoxin My and M found in the milk of animals that have consumed
contaminated feed (Bahout and El-Abbassy, 2004hiléAbothA. flavus andA. parasiticus
can produce the B toxin#, parasiticus (more prevalent in peanuts than in other crops) al
produces the G toxins (Diener et al., 1987; Kligetd Pitt, 1988)A. nomius produces both B

and G toxins and is morphologically similarAoflavus (Vaamonde et al., 2003).

Aflatoxin is found in many food commodities, butnemon substrates are maize and peanuts
(Lisker et al., 1993). Contamination is found imigas products and at all points in the value
chain including in peanut butter, unrefined oilapet snack foods and reject nuts (Mehan et
al.,, 1991). Fungal species and different mycotoxawexist. For exampleRhizopus
stolonifer, Fusarium spp., Penicillium spp., Eurotium repens, among others, have been
isolated from samples of stored peanuts in Kenyack@mo et al., 2004). Youssef et al.
(2008) found aflatoxins, sterigmatocystin, ochraiex and zearalenone coexisting in
Egyptian peanut kernels. Similarly, more than ongotoxin can be produced by the same
fungus. For exampld. flavus produces aflatoxin and cyclopiazonic acid (Lis&eal., 1993;
Vaamonde et al., 2003).

Humans and animals come into contact with aflatéixiough several channels such as direct
ingestion of contaminated products (Wagacha andhdfut, 2008), transmission through
milk as My and My metabolites (Bahout and El-Abbassy, 2004), anduidin consuming the



meat of animals reared on contaminated feed. Tkie ttan also pass through human skin
(Wagacha and Muthomi, 2008) through direct contétit contaminated produce. Aflatoxin

can also pass through the respiratory system, idlgetn people engaged in peanut
harvesting, shelling, storage, marketing and trariaion (Mehan et al., 1991). Populations
with poor nutritional and health status are tygicahore vulnerable to aflatoxin poisoning

(Hendrickse, 1984; Gong et al., 2002; Anonymou$4).9

2.3 Status of baseline data on aflatoxin andlspergillus sectionFlavi contamination

in peanuts

Although not much work has been done in Kenya, sd\s&tudies in key producer countries
have been conducted to establish baseline datflainxin contamination in peanuts. In the
United Stated for example, Toyofuku et al. (20G8p&d the distribution of aflatoxin in non-
irrigated peanuts and in particular, that of AflatoB; and total aflatoxin. All three lots
showed evidence in the single kernel probabilitysiy of peaks at about concentrations of
10° and 5x16ng/g, and a partial peak at a concentration of 85rfy/g. Horn (2007), has
shown a high genetic diversity in populations datixigenic fungi inAspergillus section
Flavi in the United States. A study by Okano et al. @00f Aflatoxin B and Aflatoxin G
contamination in peanuts imported into Japan frarious countries, including isolates of
Aspergillus, found that aflatoxin contamination in imported pe@nfrom China was mainly
as a result oA. parasiticus, while contamination by Aflatoxin B and Aflatoxin B/ peanuts
from South Africa was as a result of both parasiticus and A. flavus. Contamination in
peanut-based animal feed has also been studiddseweral studies conducted in India. The
extensive research in India is due to the impodasfgeanuts in region, with peanuts being a
major component of the country’s poultry and lieest feed. For example, Ahamad et al.
(2009) found high concentrations of Aflatoxin B broiler finisher mash and groundnut oil
cake from samples collected in Namakkal area ofilliiadu. Prevalence of Aflatoxin;Bn
peanuts has also been shown by FengQuin et al9Y20@hinese peanut butter and sesame

paste samples.

A survey by Elzupir et al. (2009) on aflatoxin camination in animal feeds in Khartoum
State in Sudan, showed aflatoxin contamination ltewé over 64 per cent of all samples

analysed. Over 80 per cent of manufactured ratreer® contaminated with between 54.41



and 579.87ug/kg aflatoxin. Aflatoxin B was the most common contaminant in the samples.
Another study by Odoemelam and Osu (2009) in Negeémvestigated contamination of
edible grains marketed in the Niger Delta regionAlfiatoxin B; and found that peanuts had
the highest levels of AflatoxinB

Studies on mycobiodata have shown regular contaimmaf A. flavus in peanuts. Youssef et
al. (2008) foundA. flavus, A. niger, A. ficuum, Penicilliums spp and Fusarium spp. in
Egyptian peanut kernels. Soil samples in major peanowing areas of Gujarat in India
showed predominancg flavus (Kumar et al., 2008), with a positive correlatioetweenA.
flavus soil population and aflatoxin contamination in peekernels. Gonzalez et al. (2008),
also foundA. flavus, Rhizopus spp. andrusarium spp. as the prevalent fungi in peanut hulls

from Sao Paulo state in Brazil.

2.4 Effects of aflatoxins in peanuts on health

Peanuts have a high protein and oil content, aay alsignificant role in nutrition in many
developing countries. In western Kenya, other semirof protein, especially fish, are
expensive, and so peanuts remain a less costlgipralternative. Therefore, efforts should
ensure minimal losses from aflatoxins in termswdlily and quantity. It has been found that
populations with poor nutritional and health statsisch as the one in the study area, are
typically more vulnerable to aflatoxin poisoning giftirickse, 1984; Gong et al., 2002;
Anonymous, 1984). Despite this, most past effartsed at addressing food security in these
areas have laid emphasis only on nutritional qualitd food availability and ignored food

safety improvements for public health (Unneveh30

Contamination of peanuts by aflatoxins can occuinduproduction, storage, transportation
and marketing (Nigam et al., 2009). Health effezte varied and range from a minor
irritation to death. Acute effects have been reggbih both humans and animals (Ngindu et
al., 1982; Nyikal et al., 2004; Garland and Rea@®)7) and can be linked to the various
aflatoxin outbreaks reported in several parts efwlorld. The effect on humans and animals
depends on a number of factors, including speagies,tingestion levels, susceptibility

(Hussein and Brasel, 2001), age (Meissonnier et 2005), aflatoxin concentration

(Meissonnier et al., 2005), gender, and duratioexgosure (Bunger, 2005). Among animals,
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ruminants are more resistant to the adverse effettaflatoxin ingestion compared to

monogastric species (Hussein and Brasel, 2001).

Epidemiological, clinical and experimental studiegseal that exposure to large doses (>6000
ng at once) of aflatoxin may cause acute toxicdgoampanied by symptoms such as acute
hepatitis, jaundice, oedema, vomiting and sometidezgh (Jolly et al., 2007; Nyikal et al.,
2004). Chronic effects are as a result of expoBuréwer doses for prolonged periods and
may result in carcinogenic and immunosuppressitecef and stunted growth in children
(Gong et al., 2002, Hendrickse, 1997), liver cimisoand reproductive problems (Cousin et
al., 2005). Williams (2004), has shown that conentiinfection with hepatitis B virus during
aflatoxin exposure increases the risk of primarpatecellular carcinoma. Both aflatoxins
and hepatitis B virus act synergistically in theiaegy of liver cancer (Montesano et al.,
1997, Groopman et al., 1996).

2.5 Factors that influence fungal colonisation andflatoxin production

Contamination of peanut by aflatoxin producing fuagd subsequent toxin production can
occur at pre- and post- harvest (Dorner, 2008; ldalet al., 2008). Several factors therefore

influence fungal colonisation and toxin production.

Aflatoxin contamination of groundnut is widesprealdere the crop is grown under rain fed
conditions (Reddy et al., 2003). End-season drostieiss and elevated soil temperatures
common in Sub-Saharan Africa promote aflatoxin aomhation (Bankole et al., 2006;
Rachaputi et al., 2002). Attack of peanut pods éstp and diseases contribute to aflatoxin
contamination (Mehan et al., 1991; Waliyar et 2003). Some varieties are less susceptible
than other varieties (Kasno, 2004; Reddy et aD320Poor seed storage, mechanical damage
during harvesting, poor or inadequate drying, aodrpransportation lead to conditions
conducive to contamination (Waliyar et al., 2006nels and Duncan, 1981; Bilgrami and
Choudhary, 1990).

2.6 Tolerance limits established for aflatoxin irpeanuts and peanut products

11



Establishing tolerance levels of aflatoxin in peapuwoducts - and indeed in other crop
commodities - has remained contentious resultingdifferent standards for the same
commodity. Efforts have been made to harmonisedstas, but no common standards have
been agreed upon, partly due to competing tradedsts (Egmond, 2000; Kendra and Dyer,
2007). For populations that rely on peanut as aceoaf food, tolerance levels for aflatoxin
have a direct impact on food availability and saf&tricter standards are unlikely to improve

health significantly as local produce is not neagssubjected to inspection (Wu, 2004).

Dimanche (2001) has shown that the strict Européaion standard would negatively affect
export opportunities especially for African coueginot able to meet these strict regulations.
Otsuki et al. (2001) illustrate that the Europeamadd regulation on aflatoxins resulted in
reduced trade flow (63 per cent lower than when @odex Alimentarius international
standards were followed). Several factors havgegaa role in establishing limits and
regulations for peanuts and peanut products. Thedede survey data, toxicological data,
method of analysis, aflatoxin distribution, andiségtion (ICRISAT, 2007).

Inconsistencies in standards are shown by therdiifetolerance levels in reference to the
same commodity across countries and economic cosiongs According to the Codex
Alimentarius, tolerance levels for aflatoxin in pe#s intended for further processing is
15ug/kg (Codex Alimentarius, 1995). The EU has onéhefstrictest standards, that specifies
2 ug/kg Aflatoxin B, and 4ug/kg total aflatoxins (Wu, 2004). India allows g@/kg of total
aflatoxin in their peanuts while for the US Foodddbrug Administration, a safe limit for
peanuts for human consumption is 2§/kg (Kpodo and Bankole, 2008). According to the
Uganda Bureau of Standards, tolerance levels fatoxin in peanuts are 10y/kg (personal
communication by David Eboku, Uganda National Bureau of Standards). In Kenya, the safe
limit for peanuts and corn for total aflatoxin w2&ug/kg but, this has recently changed to 10
ng/kg of total aflatoxin in peanuts or maize (KerBareau of Standards, 2007). Countries
such as Cuba, Dominica, Malaysia and Portugal lzave tolerance to aflatoxin in peanuts
(ICRISAT, 2007).

Animal feed has higher tolerance levels for aflatoas compared to peanuts for human

consumption (Odoemelam and Osu, 2009). Accordinipé Codex Alimentarius Aflatoxin
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M, in milk is 500 ng/l (Rahimi et al., 2009). SeveEalropean countries have put tolerance
levels for Aflatoxin M as 50ng/l (Rahimi et al., 2009).

2.7 Methodologies for aflatoxin determination

Various methods are suggested for testing levebflatoxin and depend on factors such as
cost effectiveness, precision, and number of sasripdéeng analysed. Equally important is the
sampling strategy as this significantly affects thargin of error in analysis of results
(ICRISAT, 2007). Pascale and Visconti (2008) hawearized the various methodologies
available for mycotoxin analysis as including THiayer Chromatography (TLC), Gas
Chromatography (GC), High Performance Liquid Chrtogeaphy (HPLC), Liquid
Chromatography/Mass Spectrometry (LC/MS), Enzymekéd Imunosorbent Assay
(ELISA), and rapid tests. ELISA procedures are rinest widely used serological tests for
aflatoxin analysis due to their simplicity, adaplio and sensitivity (ICRISAT, 2007).
ELISA procedures allow for analysis of multiple gdes which is ideal for screening
purposes. HPLC has the advantage of being highlgithee and has good selectivity, and is
easily automated. However, HPLC’s major challersgisi high cost, making it unsuitable for

routine analysis.

Emerging technologies for mycotoxins analysis idelulateral flow devices (LFDs),
Fluorescence Polarization Immunoassay (FPIA), tafta Spectroscopy, -capillary
electrophoresis, fibre-optic immunosensors and oubéely imprinted polymers (Pascale and
Visconti, 2008). Whichever method that is usedusth@nable detection of tolerance levels,
to facilitate monitoring programs and ensure iragional trade safety (Pascale and Visconti,
2008).

2.8 Management strategies for aflatoxin in peanuts

Management includes strategies that either preangi contamination or aflatoxin
production. Such strategies can either target prepost-harvest stages. Breeding peanut
cultivars for resistance has been extensively reked by ICRISAT, even though no variety
has yet been suggested as totally resistant tsiftacontamination (Pettit, 1986; Waliyar et

al., 1994). Use of bio-control agents is proposedaabetter pre-harvest tool as use of
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fungicides or chemicals can add to production cddteponents of bio-control agents also
suggest that breeding for disease resistant ceopgieé consuming and does not address the
problem of emerging virulent fungal species (Rdasan et al., 2009). Bio-control agents
have been shown to reduce contamination in field78y98 per cent (Horn and Dorner,
2009). A possible bio-control agent is use of naxigenic strains ofA. flavus and A.
parasiticus (Horn and Dorner, 2009; Dorner, 2009eptomyces spp. (strain ASBV-1) has
also been shown to be a promising bio-control ag@ninhibiting A. parasiticus in peanuts,
reducing the viability ofA. parasiticus spores by as much as 85 per cent (Zucchi etG08)2
Another possible bio-control agent that has begastigated idrichoderma harzianum and
Trichoderma viride that were found to effectively suppress the groeitpeanut moulds and
to significantly reduce Aflatoxin Band B (Gachomo and Kotchoni, 2008).

Another effective control measure for pre-harveffatexin contamination in peanuts is
irrigation that eliminates drought stress (Craufatdal., 2006; Reddy et al., 2003; Sudhakar
et al., 2007). However, the suitability of irrigatiin many African regions remains uncertain

as most of the peanut is grown under rain-fed $ralaler conditions.

Soil treatments such as application of lime (tha)/ manure (10 t/ha) and cereal crop residue
(5 t/ha) at the time of sowing have also been &ffeén reducing A .flavus seed infection and
aflatoxin contamination in peanuts by 50-90 pertdenstudies conducted at ICRISAT
research stations in Niger and Mali (Waliyar et 2008). Waliyar et al. (2008) have also
suggested other cultural practices such as sumimegling, selecting planting dates to take
advantage of periods of higher rainfall, maintagngood plant density in the fields, removing
prematurely dead plants, managing pests and dse#sgely harvesting and excluding

damaged and immature pods, as control strategiegléboxin contamination.

Drying of pods quickly, controlling storage pestgring pods or kernels with less than 10
per cent moisture content and use of mechaniceslhiers, are possible post-harvest control
strategies (Waliyar et al., 2008). Even thougheheagthods are cost effective for small-scale
peanut farmers, adoption has mainly been hindeyesbbio-economic constraints including
farmers’ attention to other revenue generatingviiets (Waliyar et al., 2008). Sorting also
reduces aflatoxin levels. This includes either narsorting (Awuah et al., 2009; Kaaya et
al., 2006; Dorner, 2008) or sorting at a commeriggaél using electronic sorting machines
(Whitaker et al., 2005; Pitt, 2003; Dorner, 2008).
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Peanut processing methods such as roasting (Kaaya 2006; Ogunsanwo et al., 2004) also
reduce aflatoxin levels. Using machinery such asstiers, shellers and hermetic packaging
protects peanuts from mold and reduces aflatoxirpeanuts (Pramawati et al., 2006).
Physical cleaning and separation procedures reroomtaminated and physically damaged
kernels and can reduce aflatoxin levels by 40 tp&0cent (Park, 2000). Gamma irradiation
reduced Aflatoxin Bin peanut kernels by up to 70 per cent in Bra2rhfo et al., 2003). A
10 per cent KO, treatment of peanuts reduced aflatoxin levels ianpés in the laboratory
(Conzane et al., 2002), while gaseous ozonatiorbbas proposed as a means of detoxifying
peanuts (Proctor et al., 2004). ICRISAT has preddbat integrated approaches including a
combination of host resistance, soil amendments ivite, organic supplements to enhance
water holding capacity, use of antagonistic biotomnagents, and awareness raising

campaigns could be most effective in reducing afiat levels (Waliyar et al., 2008).

Aflatoxins continue to pose challenges with regéwdfood security, especially in the
developing world. Paucity of data in several paftthe region makes it difficult to establish
facts about the extent of the problem in Kenya.sTéiudy seeks to establish baseline
information on aflatoxin contamination of peanutmgdes from western Kenya. This

information will be important in influencing poliagnd strengthening monitoring systems.
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CHAPTER 3: DESCRIPTION OF THE STUDY AREA AND PRODUC ER
MARKETING GROUPS

3.1 Socio economic infrastructure, population andeography, based on the

Republic of Kenya'’s district development plans forthe period 2002-2008

Busia District is one of the districts of the West@rovince covering an area of 1,261.3km
137 knf of which is part of Lake Victoria. The district &ivided into six administrative
divisions, namely Nambale, Butula, Funyula, Budglamownship and Matayos. These
divisions are further divided into 30 locations a®@ sub-locations (Republic of Kenya,
20027). Homa bay District is one of the twelve distriofghe Nyanza province and covers an
area of 1,160.4 krhpf which 29.5kr is water. The district is divided into six adminggive
divisions namely Rangwe, Asego, Ndhiwa, Nyarong@nd and Kobama divisions. Kobama
division was originally part of Riana division. Tlkvisions are further sub-divided into 26
locations and 63 sub-locations (Republic of Ker3@)d).*

Of the total area, Busia has 924 %ai arable land while Homa bay has 97 7kifhe Busia
District has a higher female population compare#éitona bay, with female: male ratios of
100:89 (Republic of Kenya, 208Pand 100:110 (Republic of Kenya, 2@)2respectively.
Both districts have a relatively high infant moittalrate of 75 deaths in every 1000 live
births (Republic of Kenya, 2082 and 137 deaths in every 1000 live births (Repubfi
Kenya, 200B) in Busia and Homa bay respectively. Accordingstatistics from antenatal
clinics, the HIV prevalence rate in Homabay is ently 24 per cent (Republic of Kenya,
2002), and 33 per cent in Busia district (Republic a#riga, 2003). This is much higher
than the national prevalence of 6.7 percent anchilygrovince’s prevalence of 15.1 percent
(Central Bureau of Statistics, 2004). Despite tbkatively high awareness levels in both
districts, cultural practices conducive to the agref HIV are still prevalent and have led to
decreased agricultural productivity. In both dddty, there is a high proportion of youths and
high dependency ratios, mainly due to unemploymemd the adverse effects of HIV
(Republic of Kenya, 20G2 Republic of Kenya, 2003).

In both districts, agriculture is a major contributo household income. In Busia, 35.4 per

cent of household income comes from agriculturep(Réc of Kenya, 2002 and 52 per

! The administrative boundaries are discussed gswkee in 2006, the year which the study wasried out.
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cent in the Homa bay District (Republic of Keny®02). Average farm sizes in both
districts are small, with an average of 2.5 ha usiB and 2.0 ha in Homa bay. Main food
crops include maize, cassava and sorghum. Cagis amolude sugar cane, peanuts, cotton
and rice (Republic of Kenya, 20@2Republic of Kenya, 20@8. While sugar cane is grown
at a larger scale in the two regions, peanut imiparown under smallholder conditions.

Figure 3.1 illustrates land use patterns in the@asd Homa bay districts.

Busia District Homa Bay District

] Division boundary
B Towns'Market centres
< Roads
Lenduse) Lard eover
[ ] Rainfed herbaceous crop {Subsistence)
[:2:7] Scattered {in natural vegetation or other) Reinfed herbaceous crop {field density 2040% of polygon area)
Isolated {in natural vegetation or other} Rainfed herbaceous crop {field density 40-20% polygon area)

Rainfed shrub crop {TeatCoffee)
Figure 3.1: Land use patterns in the Busia and Homday Districts of Kenya (FAO-

Very open trees (40-15% crown cover)
Africover, 2002).

Closed shrubs

Open {general) shrubs {6-15% crown cover)

Shrub savannah or tree and shrub savanna

Closad herbaceous vegetation on permanently flooded land
Natura waterbodies

Rica Filds

Absolute poverty levels in both districts are higlith an average of 66 per cent in Busia and
73.3 per cent in Homa bay. Figure 3.2 shows thesitlenf poor people (persons living on
less than a United States dollar per person pey idaBusia and Homa bay. Even if the
districts have fairly well distributed road netwsyka small proportion of these are tarmac,
restricting movement of farm produce to main madegitres (Figure 3.2). Less than 12 per

cent of all roads in the districts are bitumen #imel majority of roads become impassable
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during the rainy seasons. Both districts have aa af Lake Victoria, making fishing a

significant source of livelihood. However, a watt@nsport system is not well developed.

Basic educational facilities (up to primary leveRist in both districts. However, secondary
level and tertiary educational institutions arerseaaccompanied by high school dropout
levels. Adult literacy is higher in men than womeé&r example, in Busia, the literacy level
among adult males is 76 per cent but only 55.3gesit for women (Republic of Kenya,

2002).

Busia District Homa Bay District

] Division boundary
® Towns\Market centres

#™. . Roads
Density of Poor people {per km2)
>250
I 200 - 250
[ 150-200

100 - 150

' 50-100
10-50
<10

Figure 3.2: Density of poor people-persons livingdlow one dollar per day-in Busia and

Homa bay Districts, Kenya(Thornton et al., 2002).

Both districts are poorly served by medical fa@ht with few medical centres, a lack of
nursing staff and a shortage of medicines beingnajallenges. The doctor to patient ratio
is dismal in both districts, with a ratio of 1 docto 41,200 patients in Busia (Republic of
Kenya, 2002) and 38, 707 patients in Homa bay (Republic ofyer2002).
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Unlike Homa bay, Busia has benefited from a ruledteification programme, and the district
has most of the high potential regions served witttricity. This has led to emergence of

several service industries, such as restauramsetsops, bars and bakeries.

3.2 Producer marketing groups (PMG’s)

Producer marketing groups (PMGs) were initiated003 under the Technical Assistance for
Rural Growth and Economic Transformation (TARGETYject with ICRISAT as lead
agent, and Catholic Relief Services (CRS) and TeSknve Kenya as collaborating agencies.
The groups were set up to boost the livelihoodseainut, pigeonpea and chickpea farmers in
Kenya, Tanzania and Uganda. The main objectivethefproject were to promote market-
demanded legume varieties; strengthen seed magketystems; improve rural grain
marketing businesses; and enhance linkages betwemtucers and markets (ICRISAT,
2003). The PMGs were seen as a vehicle throughhwépecific challenges facing peanut
farmers could be addressed including lack of impdoseeds; diseases (especially leaf spot
and rosette virus); poor agronomic practices; afiat contamination; labour intensive
shelling practices; varying marketing needs; thednfor different varieties; and inadequate

marketing information.

Producer marketing groups targeting peanuts inréggon were established in the main
peanut producing areas including the Homa bay,8asd Siaya districts. PMGs consist of
about 30 members each, with a gender balance. Eesmtithin the groups in Kenya have
benefited from new peanut varieties introduced ®GRISAT; improved peanut agronomic
practices, improved post-harvest handling practieduced shelling labour due to machines,
and training on management of aflatoxin contamamatin the long term, members have
benefited from improved local capacity to produgel anarket peanuts through better
coordination of production and marketing resultingncreased household incomes, better

food security and nutrition, and a sustainable gdowt seed system.
Producer marketing groups offer an opportunity fawareness creation about the

management of aflatoxins in peanuts. The socio-@oinindicators discussed earlier in this

chapter indicate a need to raise the incomes ofdes through agriculture that contributes to
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livelihoods of people in the region. Improving gtability of the peanut crop could benefit

farmers by increasing incomes from sales and impgptheir health status.
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CHAPTER 4: PREVALENCE AND FACTORS ASSOCIATED WITH
AFLATOXIN CONTAMINATION OF PEANUTS FROM WESTERN KEN  YA?

4.1 Introduction

Peanut is an important crop in terms of nutritiovd ancome in western Kenya. The nuts
contain high levels of protein (Desai et al., 1988} are relatively affordable compared to
other sources of protein (Mayatepek et al., 1982)western Kenya, peanut has the added
appeal in that two crops can be harvested in a Yéastern Kenya encompasses Nyanza and
Western provinces, which are the main peanut pliaduareas in the country, according to
the Crop Development Division Annual Report of 200¥nonymous, 2004). Nyanza
Province is the country’s largest peanut produciéh 4,723 hectares under production
while Western Province with 2,667 ha ranks thitgé@Eastern Province (Anonymous, 2004).

Most of the produce is traded in local markets (@ggy 2006).

Aflatoxin contamination of peanuts poses a riskdman health and is a major constraint to
trade in Africa (Lubulwa and Davis, 1994). Litteeknown about the prevalence or levels of
aflatoxins in peanuts harvested in western Kenyavéver, several indicators and anecdotal
evidence suggests possible human exposure toxaflatd-irst, western Kenya has repeatedly
recorded high levels of stunting in children (CaehBureau of Statistics, 2003), an aspect
often positively correlated with long-term ingestiof sub-lethal doses of aflatoxins (Gong et
al., 2002; Bhat and Vasanthi, 2003). Second, ernainfall, high temperatures and high
humidity prevalent in the major production areasta peanut infection and development of
aflatoxin. Wet and humid areas have been linkddgber levels of aflatoxin-producing fungi
in other parts of Eastern Africa (Udoh et al., 20B@aya and Kyamuhangire, 2006) and
Nigeria (Atehnkeng et al., 2008). Third, peanut¥anya are produced under small holder
conditions, characterised by mechanical damageds,poor harvesting, drying and storage
methods, linked to aflatoxin contamination of peaglsewhere in sub-Saharan Africa (Jones
and Duncan, 1981; Bilgrami and Choudhary, 1990;iysalet al., 2008). Fourth, many

farmers plant local varieties that are susceptibleliseases such as rosette virus, mould

2 This paper was published as: Mutegi CK; Ngugi Hendriks, SL; Jones RB (2009). Prevalence anafact
associated with aflatoxin contamination of peaffids Western Kenya. International Journal of Food
Microbiology: 130: 27-34
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infestation and leaf spot (Ogwang, 2006). Whileedses and pests of peanuts are common in
western Kenya smallholder cultivation that usesimah investment in inputs precludes the
use of modern management tactics such as chemasdicides; stress from diseases can
predispose peanut plants to aflatoxin contaminatiéell et al., 2000; Chapin et al., 2004;
Timper et al., 2004; Kaaya et al., 2005).

In spite of the paucity of data on aflatoxin, prodon of peanuts in western Kenya is on the
increase due to recent initiatives. For example,ltiiernational Crops Research Institute for
the Semi Arid Tropics (ICRISAT) has introduced imoyped varieties and seed bulking
programs to meet increasing demand for high quaésd. Increased production will require
peanut traders in the region to seek external nmtkat impose strict safety standards. These
stringent measures are mainly driven by the heaigiications of aflatoxins, which are both
carcinogenic and immunosuppressive (Fooladi andatffeaky, 2003), and the common
presence of this mycotoxins in peanut and maizdymts (Council for Agricultural Sciences
and Technology, 1989). For example, the EuropeanniJfiEU) market has a tolerance level
of 2 pg/kg for Aflatoxin B, and 4ug/kg for total aflatoxin for peanut kernels impattieito
the EU (Sobolev, 2007).

To ensure aflatoxin requirements for external mrkee attained, there is a need to develop
sampling procedures suited to local productionesystand identify factors associated with
high levels of aflatoxin contamination. Informati@m factors that influence the level of
aflatoxin is critical to developing mitigating stegies appropriate for the region. This study
was undertaken to establish baseline levels oftcadla in peanuts harvested in western
Kenya, identify factors associated with high levelsflatoxin and to model the relationship
between these factors and the likelihood of a pesample from western Kenya exceeding

the national aflatoxin regulatory threshold.

4.2 Methods

4.2.1 Survey and peanut sample collection

A household survey was carried out in Busia and &ldmay districts in western Kenya

(Figure 4.1). These districts were chosen basedhein significance in terms of peanut
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production, and because they offered contrastingr@mments, under which peanuts are
cultivated. In Busia district, peanuts are mainigvgn in the wetter and more humid Lower
Midlands (LM) agro ecological zone (AEZ), otherwisderred to as LM1. In contrast, in the

Homa bay district the crop is mainly produced ia tliier LM3 zone.

Legend
Agreo-ecological zones

LM1 . .
LM2 & Sampling points

I:l LM3 | Location boundary

Busia District [ ] civision boundary

Figure 4.1: Sampling areas within the Busia and Hom bay districts, stratified based on

agro-ecological zones. Some sampling points may dap on the map

The survey was based on a total of 769 peanut-ggwiouseholds, with 384 and 385
respondents from Busia and Homa bay districts, easmely. Information was collected

through personal interviews using a pre-tested tepresaire, which was developed after
conducting focus group discussions involving 40 dddparticipants from Busia and Homa
bay districts, respectively. The participants werawn from peanut farmers, village elders,
community leaders and provincial administrationffstdhereafter 40 randomly selected
households were used to pre-test the developediouesire, 20 from Asego division of

Homa bay district and 20 from Butula division of 8 district. Each of the 40 households

was selected by staggering every fourth househdlthirwvthe location administrative
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boundary, the starting point being the fourth hbate from the division’s agricultural office,

from where activities for the day commenced.

For the purposes of sampling, the district wagtifizd into Agro-Ecological Zones (AEZS),
namely LM1, LM2 and LM3, where peanut is commonigwn. The AEZs are determined
based on altitude, mean annual rainfall, tempesatwapotranspiration and the probability of
successfully growing the main crops of that zoraetdold and Schmidt, 1982; Ngugi et al.,
2002). The sample size for each AEZ was proport®ta acreage under peanut production
(Table 4.1). Production statistics were obtaineaimfrthe Ministry of Agriculture, while
updated information on the AEZ mapping was acquireth the Geographic Information
Systems Centre at the World Agro Forestry Centrairdbi, Kenya. Within the AEZs,
farmers were randomly selected at village leveinf list compiled by the extension staff of

the Kenya Ministry of Agriculture (MOA).

Table 4.1: Number of peanut samples obtained from households in défent agro-
ecological zones (AEZ) within each of the two disitts surveyed in western Kenya,
August 2006

District
AEZ Busia Homabay Total
Lower Midland1 193 (221) 32 (487) 225
Lower Midland 2 152 (174) 161 (2455) 313
Lower Midland 3 39 (45) 192 (2930) 231
Total (n) 384 385 769

*Values in parenthesis represent peanut produatibedtares.

Data collected through the survey included:
» farm size
» whether or not respondents practiced crop rotation

* number of times a crop was weeded per season
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» fertiliser use (whether commercial fertilisers, amg fertilisers or no fertiliser was
used on the crop)

* pest and disease management practices (commesgsttiges, organic pesticides,
cultural methods, and no control method at all)

» whether or not respondents perceived drought, ierrainfall, damage by moles
and/or rats as production problems

» type of cultivar(s) planted (whether improved ardblandrace)

» aspects of peanut utilisation (e.g., methods ofl fo@paration and whether crop was
sold)

+ extent of awareness about aflatoxin.

Farmers were also asked whether they belongedPimducer Marketing Group (PMG). A
PMG is a group of local peanut farmers brought tiogie for the purposes of sourcing
markets and to facilitate technology transfer (Mutet al., 2007). A one kilogram peanut
sample was obtained from each interviewed housefooldflatoxin testing. The sample was
drawn from different parts of the farmer’s storagmntainer and thoroughly mixed. The

samples were assayed for levels of aflatoxin asriesi below.

4.2.2 Determination of levels of aflatoxin

A 200 g sub-sample was drawn from each one kilngsample and ground into a fine
powder using a dry mill kitchen grinder (Kanchan Itéurpose Kitchen Machine, Kanchan
International Limited, Mumbai, India). The groundnsple was then sub-divided into two
equal portions. The powder was triturated in 70 pent methanol (v/iv 70 ml absolute
methanol in 30 ml distilled water) containing 0.Brpcent w/v potassium chloride in a
blender, untithoroughly mixed. The extract was transferred tmaical flask and shaken for
30 min at 300 rpm. The extract was then filteredulgh Whatman No.41 filter paper and
diluted 1:10 in phosphate buffered saline contars00 £/t Tween-20 (PBS-Tween) and
analyzed for aflatoxin with an indirect competitineLISA (Waliyar et al., 2008 by

preparing an aflatoxin-bovine serum albumin conjaga carbonate coating buffer at 100
ng/mt concentration and dispensing 150 jn each well of the Nunc-MaxiSOtpELISA

plates®.

¥ Nunc A/S, Kamstrupvej 90, P.O.Box 280, DK-4000, Rioe, Denmark
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The plates were incubated at %7 for one hour before the toxin solution was cattecand
stored in a large glass bottle for disposal. Ttetgsl were washed in three changes of PBS-
Tween, allowing a holding time of three minutes p@&sh. The plates were blocked with a
200 e per well solution of 0.2 per cent bovine serumualin (BSA) in PBS-Tween and
incubated at 37C for one hour. The blocked plates were then washeatree changes of
PBS-Tween allowing three minutes for each washthBowashed plates, 100 ul of peanut
kernel extract was added followed by 50 ¢f antiserum. Instead of the peanut kernel
extract, 100 ul aliquots of different concentrasiasf Aflatoxin B, (25 ng to 100 pg) were
added into the first 20 wells (two rows of 10 wedlach) to serve as a standard. The plates
were then incubated for one hour at°g7to facilitate reaction between the toxins and the

antibody.

The plates were subsequently washed in three chanfePBS-Tween, allowing three
minutes for each wash. A dilution of 1:1000 goati-aabbit IgG labelled with alkaline
phosphatase was prepared in PBS-Tween contair@nged.cent BSA. A 150 {ualiquot was
added to each well, and incubated for one hour7#tC3 The plates were washed in three
changes of PBS-Tween, added a 130 pger well of substrate solution (p-nitro phenyl
phosphate prepared in 10 per cent diethanolamifierbpH 9.8) and incubated for about one
hour at room temperature. Absorbance was meastréd5anm in an ELISA plate reader

(Multiskan Plus, Labsystems Company, Helsinki, &iral).

4.2.3 Statistical analyses

In order to characterise the distribution of afi@tolevels, samples were grouped into
categories with established economic (levels usddpose trade restrictions) or biological
relevance (based on lspof various animal species), based on their aflataxintent (Table
4.2). For each district, the percentage of samplesch category was calculated and plotted
against median values for the categories to olftaguency distribution histograms. To test
if the resulting frequency distributions were samilfor the two districts, the data were
subjected to Kolmogorov-Smirnoff and the Mann-WaitrlJ two samples tests (Sprent and
Smeeton, 2001). Several probability distributiondels (negative binomial, gamma and

lognormal distributions) were also evaluated foeithability to describe the frequency
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distributions. Goodness of fit for the probabilitistribution models was assessed by analysis
of deviance using GenStat Ver 9.1 (Lawes Agricaltufrust, Rothamsted Experimental
Station).

To identify factors associated with different levelf aflatoxin, the samples were grouped
into three categories based on their aflatoxin examntsamples with <fig/kg; >4 pg/kg to
<20pg/kg, and >2Qug/kg. The <4ug/kg category represents the EU regulatory limittédal
aflatoxins (Felicia, 2004); peanuts in the seconoug would be rejected in the EU but
accepted under the Kenya Bureau of Standards (KEB®&$ (Felicia, 2004), while nuts in
the third category would be rejected under the KEBE EU standards. Categorical data
analysis by means of contingency tables was useabdess for association between these

aflatoxin categories and descriptive variables.

Table 4.2: Amounts of aflatoxin with biological and or economic relevance used to
establish frequency distributions of aflatoxin levés in the Busia and Homa bay
Districts

Category mic Category based on biologic

points plotted and/ or economic relevance Description of economic or biological relevance

(ng/kg) (ng/kg)
0 0 Undetectable leve
2 >0-<4 Permissible levels for total aflatoxins undex ElJ
regulations (Sobolev, 2007)
12 <20 Permissible levels for total aflatoxins ading to
KEBS (Mehan et al., 1991)
60 20-100 Not safe for human consumption under KEBS
standards, but safe for animal feed ( Mehan et al.,
1991)
55C 10C-100cC Based orLDs,0f various animal species (Mehan et
1991)
1500 1000-2000 Based on k§bf various animal species (Mehan et al.,
1991)
400( 200¢-600( Manifestation of sickness sympto-nausea

headaches, rash (Biological Safety Working Group,
undated)
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The relationship between factors identified asificantly associated with levels of aflatoxin
and the likelihood of a sample exceeding Kenyagulatory limit of 20ug/kg (hereafter
considered contaminated) was modelled using atlogisgression approach. The binary
response variable was the sample level of aflatPxir) whereby 1= >2Qug/kg and 0 = <20
pg/kg. All variables with a significant associatigf < 0.05) were tested as explanatory
variables and those found to be insignificant wan@pped to obtain the most parsimonious
model. Categorical data analyses (Stokes et a@)Q)2@ere carried out using SAS Ver. 9.1
(SAS Institute, Carry, NC).

4.3 Results

4.3.1 Levels of aflatoxin in peanut samples frow Busia and Homa bay districts

The levels of aflatoxin ranged from 0 to 2,68Tu6/kg and from O to 7,525.Qg/kg in
samples from Busia and Homa bay districts, respagti Overall, 63.7 per cent of all
samples had undetectable levels of aflatoxin whitel per cent were contaminated based on
KEBS standards; 2.1 per cent of the samples weselitable even for animal feed (i.e.,
exceeded 100ug/kg) based on FDA action levels. miigbrov-Smirnoff (K-S) and the
Mann-Whitney U two samples tests showed that tleguency distributions of aflatoxin
levels in samples from the two districts were digantly different (K-SP = 0.325; Man-
Whitney U-test:P = 0.798 for equal distribution). For both distsichowever, the resulting
distributions were highly skewed to the left inding that most of the samples were safe,
based on the KEBS and EU regulatory limits (Figdr2) (In Figure 4.2, fitted values are
frequencies obtained from fitting the gamma prolighdistribution function to the observed

values)

The distributions were generally well fitted by gaa, negative binomial and lognormal
distributions, with the gamma distribution providithe best fit for samples from the two
districts (e.g., deviance values for the three nwdeere = 17.94, 22.72 and 36.13,
respectively, for samples from Busia district).
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Figure 4.2: Frequency distribution of levels of afhtoxin in peanuts from Busia (A) and
Homa bay (B) based on mid-points of aflatoxin categyies with biological and/or

economic importance.

4.3.2 Factors associated with levels of aflatoxin

Figure 4.3A shows percentage of samples in eatheothree categories of aflatoxin levels
plotted against the district of origin, i.e., BusiaHoma bay. A highly significant association
(x*>= 14.172;P = 0.0002) was found between district of samplginrand aflatoxin levels.

The percentage of safe samples according to KEB&datds was lower in Busia district
(82.62 per cent) compared to Homa bay district§9Iper cent). While 10.70 per cent of
samples from Busia district had aflatoxin level9x&)/kg, only 4.09 per cent of samples

from Homa bay were in this category.

There was a highly significanle( =11.983;P = 0.0005) association between AEZ and
aflatoxin levels. A pattern was also noted wherdbg, percentage of contaminated samples
declined with decreasing precipitation across #gon (i.e. from the wet LM1 AEZ to the
drier LM3 AEZ; Figure 4.3B). The frequency of saeplcontaining <4ug/kg of aflatoxin
was 81.78 per cent in LM1, 86.06 per cent in LM2 &3.49 per cent in LM3. Conversely,
samples with aflatoxin levels oP® pg/kg were 10.28 per cent in LM1, 8.71 per cent 2L
and 3.26 per cent in LM3. Samples that would hatreerwise been accepted under the
KEBS regulations but rejected under the EU regotetivere 7.94 per cent, 5.23 per cent and
3.26 per cent for LM1, LM2 and LM3, respectively.
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Figure 4.3: Percentage of samples in the three caferies of levels of aflatoxin plotted
against district of origin of the sample (A), agroecological zones (B), cultivar type (C),

and farmer response to whether or not the crop wadamaged by moles (D).

A strong association was noted between levels ofoaila and cultivar improvement status
(improved versus local landrace) whereby improvedtivars had significantly lower
percentages of contaminated samples=(9.748;P = 0.0018 as shown in Figure 4.3C).
Indeed, for cultivars with a sufficient sample sfme> 45) a significant associatiog’€ 4.27;
P=0.0388) between individual cultivars and levelsafibtoxin was also noted, with more
samples from the improved cultivars having lowesels of aflatoxin compared to the local
cultivars (Table 4.3). For example, while improvadtivars ICGV 12988 and ICGV 12991
had 92.75 per cent and 95.56 per cent of their Emnpespectively, below 4g/kg,
Homabay Local and Local Red had 87.16 and 77.7&@er in the same category. On the
other hand, ICGV 12988 and ICGV 12991 had 5.80 qut and 4.44 per cent of the
respective samples with aflatoxin leveOg/kg, while Homabay Local and Local Red had

4.59 per cent and 15.97 per cent of the samplésdrcategory.
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A significantly higher proportion of samples ob&ihfrom farmers who reported damage
from moles as a problem had higher levels of afiat@ompared with those from farmers
who had not experienced rodent damage. While 82¢mt of peanut samples from farmers
reporting moles as a problem had less thatg/kg per sample, over 88 per cent of the
samples from farmers who had no problem with tleist pvere in this category of less than 4
Hg/kg (x* = 4.449;P = 0.0349; Figure 4.3D).

Although the proportion of samples with <20 pg/Kgaflatoxin was numerically higher for
farmers belonging to PMGs (which, among other @@ train farmers on methods to
mitigate aflatoxin contamination) than non-PMG memsh the association was not
statistically significant X> = 3.61; P = 0.0573). No significant association was detected
between levels of aflatoxin and use of fertilizensymber of times the crop was weeded,;

application of crop rotation; disease and pestrobot drought during the cropping season.

Table 4.3: Association between levels of aflatoxend cultivars commonly grown

in Busia and Homa bay districts of western Kenya, Agust 2006

Percent of samples with different levels

of aflatoxin
Status of
Cultivar cultivar n <4 ng/kg <4-<20ug/kg =20ug/kg
CG7 I 74 89.19 8.11 2.70
Homabay local L 109 87.16 8.26 4.59
ICGV88 I 69 92.75 1.45 5.80
ICGV 12991 I 135 95.56 0.00 4.44
Local red L 144 77.78 6.25 15.97
Uganda red I 100 81 9.00 10.00
Valencia red I 47 91.49 2.13 6.38

YLocal landrace = L; improved variety = |

X*=4.27;P=0.0388.
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4.3.3 Relationship between factors associated higth levels of aflatoxin and the

likelihood of finding a contaminated sample

Logistic regression analysis indicated that aflatdevel (AL) was only significantly affected
by district of sample origin (DT), and cultivar imgvement status (CIP), but with no
significant interaction between the two (Table 4®)e negative value of the estimate CIP
indicates that samples obtained from improved valsi were less likely to exceed the
regulatory limit. The fitted model describing thislationship was: logit (AL) = -2.306 +
0.051 DT — 0.594 CIP. The test for goodness-ofBit0.968;P = 0.325) indicated that the
model fitted the data well. Including AEZ as an lexyatory variable did not significantly
improve the fit of the model. Based on this modbk odds of a sample from Busia
exceeding Kenya’s regulatory limit (2@/kg) were 2.65 times higher (Waid = 9.183;P =
0.0024) than those for a sample from Homa bayidistfhe odds for a sample from an
improved cultivar exceeding this threshold weref lfatlds ratio = 0.552) of those for a

sample obtained from a local landrace.

Table 4.4: Parameter estimates from a logistic regssion relating levels of aflatoxin

with district of sample origin and cultivar improve ment status

Parameter DF Estimate SE  Waldy? P>x?
Intercept 1 -2.306 0.215 115.11 <0.0001
District 1 0.488 0.161 9.18 <0.0024
Cultivar improvement 1 -0.594 0.288 4.27 0.0387

4.4 Discussion

In this study, the prevalence and levels of afletdr peanuts from western Kenya were
investigated. The factors associated with highlewé aflatoxin were identified, and the risk
of a peanut sample from the region exceeding thiema regulatory threshold of 2g/kg
determined. The levels of aflatoxin ranged fromozés >7525ug/kg and were highly
variable; that most peanuts from western Kenyagareerally safe for human consumption
but that a small proportion of the samples contavery high levels of aflatoxins. The data

also show that peanuts from local landraces ansetliarvested in the more humid agro-
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ecological zones within the region were more likielypbe contaminated with aflatoxins than

those from improved cultivars and/or from less hdiagro-ecological zones.

The data for describing the incidence of aflatdewels were well fitted by gamma, negative
binomial and lognormal probability distributionshi$ observation has two key implications.
First, in comparing levels of aflatoxin for any gping variable (e.g. AEZs, cultivars,

agronomic practices, etc.), the median is a mogampiate statistic than the arithmetic
mean, because of the highly skewed distributiotheflevels as shown by frequency plots.
The second implication is that in designing sangplimotocols for regulatory purposes, the
skewed nature of the distributions in incidencaiftdtoxin levels will need to be taken into
account. By identifying the gamma distribution he most suitable function for analysing
data on the incidence of aflatoxin, the resultoetevell with those of Berry and Day (1973),
who recommended the gamma distribution for modgllievels of aflatoxin when most

samples contain undetectable levels. Their study ovadietary aflatoxin samples from the

Murang’a District in central Kenya.

Over 92 per cent of the samples were within Kenyedgilatory limit (20ug/kg), while over
87 per cent of the samples were also within thetstr EU regulatory limit of 4ug/kg,
indicating that at a household level, most peahatge acceptably low levels of aflatoxin.
These results are consistent with studies conduekssivhere in Africa. For example, a
survey carried out in Egypt reported low levelsafiitoxin in unshelled and shelled raw
peanuts (ElI-Khadem, 1990), while in post-harvestesgs on rain-fed and irrigated peanuts in
Sudan, none of the samples obtained from the holdgtisited contained aflatoxin levels of
more than 15ug/kg (Singh et al., 1989).

This study also showed lower levels of aflatoximtaonination of peanuts at household level
compared to maize, as has been reported in a swfv8%0 maize products conducted in
Kenya in 2004, including in the Busia district, wiae>55 per cent of the samples exceeded
the 20pg/kg limit while 35 per cent had aflatoenéls >100 pg/kg (Lewis et al., 2005). This
observation implied that the risk of human expostaeaflatoxin from consumption of
peanuts is much lower than that associated witltaooimated maize. The significance of this

observation is clearer when one considers thateny peanuts are eaten as a side dish,
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sauce or snack and are consumed in relatively ssimadlunts compared to maize, which is
consumed in larger amounts of 0.4 kg/person/dagBérd, 2003).

Nevertheless, a market survey of peanut aflatoxintammination would be insightful in
understanding the contribution of market outletsthe risk of aflatoxin exposure since
additional contamination and aflatoxin accumulaticen occur at various stages in the
informal peanut marketing cycle. The likelihood lagher contamination in market outlets
increases when one looks at previous studieshthat documented high fungal and aflatoxin
prevalence and incidence in marketed peanut kereds their by-products (Verma and
Agarwal, 2000; lla et al., 2001; Le Anh, 2002). §imfers that processing introduces greater
contamination than present at harvesting and duhegsale of the dried product, possibly

due to the several handling stages introduced &¢far product gets to the end consumer.

Of all the factors studied, only the source of skengigin (district or agro-ecological zone),
damage by moles, cultivar improvement status aftidvautype were significantly associated
with the levels of aflatoxin in peanut samples.vitrasly, it was documented that significant
correlations existed between AEZ and aflatoxin Ievethereby a wet and humid climate
tends to aggravate aflatoxin levels. In neighbotilganda, for example, aflatoxin levels in
maize samples were higher in more humid areas caupa the drier areas (Kaaya et al.,
2006). Similar results were obtained in a recenvesu of maize samples from Nigeria
(Atehnkeng et al., 2008). The significantly higleetds of peanuts from the Busia District
being contaminated compared with those from the &dmay District could be partly
attributed to the distribution of AEZ within thestlicts; the wetter and humid LM1 is mainly
found in Busia District while the drier LM3 is m&nfound in Homa bay District. It is
difficult to pinpoint the specific causes of higHewvels of aflatoxin in the wet humid zone,
but it is probable that high moisture does notvalfor sufficient drying of nuts, that are in
most cases dried on bare ground or polythene sledtemesteads or in fewer instances
dried in the field, in the study regions. This eagible due to frequent rainfall during the
peanut harvesting months of July and December. Memyét is not possible to resolve the
issue conclusively in the present study becausedhaut samples analyzed were taken from
on-farm storages, probably well after aflatoxin qurction had occurred. Regardless of the
actual causes, strategies aimed at mitigating flatogin contamination and human exposure
will likely be more effective if they are targetéal the wetter and more humid areas of the

Busia District.
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Unimproved local varieties were associated withharglevels of aflatoxin compared to
improved cultivars. These results concur with tlerkaof Hell et al. (2003), who discovered
a positive correlation between the growing of logadieties and increased aflatoxin levels of
maize in Benin. The resistance status of the ardiassessed in this study to colonization by
aflatoxin-producingAspergillus species is not known. However, improved variegieserally
tend to be selected for increased yield and resistdao diseases that may reduce their
susceptibility to infection byAspergillus spp. Moreover, local landraces such as Homa bay
Red, Uganda Red and Red Valencia, have been rdprtee susceptible to rosette virus,
stem rot and mould (Ogwang, 2006), and positiveetations between diseases and aflatoxin
contamination of peanuts have been documented Iy mesearchers ( Lynch and Wilson,
1991; Udoh et al., 2000; Kasno, 2004; Robertsonttgowgl., 2007).

Attack by moles was also found to be significaathsociated with aflatoxin levels. Damage
by moles predisposes pods to colonization by afilatproducing fungi. Similar damage by

terrestrial arthropods has been reported (Dickal.et1999). At the same time, the damage
increases moisture levels of pods and grains, asmented by Hell et al., (2000). Pod

damage also exposes the kernels to colonizati@ilatoxin-producing and other saprophytic

fungi (Chapin et al., 2004).

The observation that membership in a PMG was igoifcantly associated with levels of

aflatoxin was surprising because PMG members areeil on pre- and post-harvest peanut
handling practices that should result in a redactiothe level of contamination (Mutegi et

al., 2007). The reasons for this observation werteimvestigated but it is possible that the
awareness-raising program has not been undertakendnough to have an impact. The
specific message being delivered through the PM&g afso need to be reviewed to ensure
that more information about aflatoxins, especigltgctices that reduce the level of peanut
contamination, are covered. ldentifying the reasehg PMGs were apparently not effective

at reducing the aflatoxin contamination is esséntiecause long-term strategies for aflatoxin
control will depend on the use of such groups asnags for disseminating appropriate
control strategies. In the short term, the riskafédtoxin exposure in western Kenya can be

minimized by focusing control strategies on the enbumid agro-ecological zones such as
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LM1, emphasizing planting of improved cultivars gmatecting the crop from damage by
rodents!
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CHAPTER 5: ASSESSMENT OF FUNGI CONTAMINATING PEANUT S IN THE
BUSIA AND HOMA BAY DISTRICTS OF WESTERN KENYA °

51 Introduction

Infection or infestation of major food crops suchpeanuts by mycotoxins producing fungi
pose a major safety concern. Contamination of predby mycotoxins can occur at
production, acquisition and handling of raw matsrigprocessing, storage and distribution
(Bastianelli and le Bas, 2002). Common fungal sgecapable of infecting or infesting crops
and their produce includaspergillus, Penicillium, andFusarium species (Bastianelli and le
Bas, 2002; Pacin et al., 2002; Gachomo et al., 2B@dsravi et al., 2007). Most of these
fungi produce mycotoxins, such as aflatoxins, oxias, zearalenone and cyclopiazonic
acid. Contamination of food systems by these mydntopose a major health and food

safety concern in many eastern and southern Aficoamtries (Siame and Nawa, 2008).

Among the mycotoxins produced by these fungi, aflext has received considerable attention
due to its highly potent nature (van Egmond, 198®0d and Trucksess, 1998). Aflatoxin
producing fungi are found in sectidgdavi of the genusAspergillus (Cardwell and Cotty,
2002; Horn, 2007). In particular, aflatoxins arequced mainly byAspergillus flavus Link

ex Fries,Aspergillus parasiticus Speare and to a lesser extefdpergillus nomius (Dorner,
2002; Vaamonde et al., 2003). In addition to pradgcaflatoxins,A. flavus, which is
ubiquitous, also produces cyclopiazonic acid (Vaadeoet al., 2003; Dorner, 2008
flavus can infect and multiply in peanuts at both pred gost-harvest stages (Cotty et al.,
1994; Mutungi et al., 2008). Aflatoxin is also a joracontaminant of several other crops
including maize and tree nuts (Hill et al., 198%bas et al., 2002; Abbas et al., 2004;
Fandohan et al., 2004; Sobolev, 2007). Other effe¢tfungal contamination in peanuts
include pre-emergence and seedling rot caused.hwyiger, A. flavus, Rhizopus species

Penicillium, andlerotiumrolfsii, among others (Subrahmanyam et al., 1992).

While the likelihood of contamination of many fo@dmmodities with aflatoxin remains
high, research efforts addressing the aflatoxiflgms in Kenya have focused on maize (the
staple food) following outbreaks in the easterrigaf the country (Muriuki and Siboe, 1995;

> Paper submitted to the International Journal ofdAdiicrobiology, manuscript reference number FOOD-D-
09-01090
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Nyikal et al.,, 2004; Lewis et al., 2005; Probstatt 2007; Okioma, 2008). However,
considering the diversity of Kenyan foods, undgrerting in other commodities is possible
as toxicity in these foods- including peanuts-is not monitored. Ombui et al. (2001) noted
that many food borne disease outbreaks are oftafertneported due to inadequate
investigation, monitoring and reporting systems kawk of diagnostic facilities. In addition,
climatic factors and prevalence of predisposingdigcsuch as, mechanical damage, drought
stress during the late stages of pod developmedtatiack by pests and diseases that provide
ideal environments for fungal development (Bilgraand Choudhary, 1990; Waliyar et al.,
2005a; Kaaya and Kyamuhangire, 2006) suggest KatiHood of contamination. Peanut
production in Kenya is dominated by small holdetsoge handling practices often favour
fungal contamination. For example, peanuts areeeiteft in the field to dry, dried on
polythene sheets, or directly on the ground (Mutsgal., 2007). Nuts are stored in rooms
that are not well ventilated, resulting in moistiméld up. Furthermore, peanut vendors are
often situated near busy and dusty roads or tempatauctures where conditions increase

the risk of contamination.

Previous studies have isolated fungi from pearutsaistern Africa (Ismail, 2001; Gachomo
et al., 2004). Ismail (2001) found a high prevakentA. flavus, A. niger andPenicillium spp.

in samples of peanut and desiccated coconut fromoblaand Kampala. Similarly, a study
by Gachomo et al. (2004) on peanut samples cotlefitam markets in Nairobi, Kenya,

found R. stolonifer, Penicillium, A. parasiticus and A. flavus among other fungi. However,

these studies did not quantify the relationshipwieen the incidence of specific fungal
species and levels of aflatoxin. Thus the relaitimportance of aflatoxin-producing species in
the genusAspergillus with regard to peanut contamination with aflatoxireastern Africa is

not known.

Species within theA. flavus group (referring to bothA. flavus and A. parasiticus) are
responsible for producing various types of aflatex{Cotty, 1997). For example, S-strain
isolates ofA. flavus produce Aflatoxin Band B (Kurtzman et al., 1987; Egel et al., 1994). In
a recent study, a household survey of peanut ptmsiuand processing in western Kenya
found some very high levels of aflatoxin in sampli@dutegi et al., 2009). Further
investigation is necessary to establish correlatibatween the levels of aflatoxin and the
type and prevalence of fungi in peanut sampless Triformation is required to understand

the potential risk of peanut contamination in ortteimplement and recommend measures to
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reduce the associated health risks and identifyigeaic strains that could act as biological
control agents. The objectives of the study wer® iassess the prevalence of fungi in the
genusAspergillus in peanuts from western Kenya; ii) to determinesthier the prevalence of
fungi in the genugspergillus is associated with levels of aflatoxin in peanitpsto identify
factors correlated with the incidence of fungi Ime tgenusAspergillus; iv) to establish the
prevalence of Aflatoxin B B,, G; and G, in peanuts from western Kenya, and v) to identify

factors associated with the incidence of thesdadia types.

52 Methods

5.2.1 Sampling

Samples and information relating to each sample gedilsered through a household survey
conducted in western Kenya in 2006 and detailhefsampling methodology are published
elsewhere (Mutegi et al., 2009). Information wallexbed through personal interviews using
a pre-tested questionnaire that was developed afieducting focus group discussions
involving 40 and 44 participants from the Busia &aima bay districts, respectively. A one-
kilogram sample was obtained from each surveyeddimnld and assigned to batches based
on the division within the district from which theyere obtained, and stored in a cold room
until processed. Of the 769 samples obtained sd&tples, consisting of 252 from Busia and
184 from Homa bay, were randomly selected and asiséy the presence @spergillus
sectionFlavi, Rhizopus, Penicillium and the 4 main aflatoxin types, namely, B,, G; and
Gy. Ten replicate plates of each sample were usadglisolation. For each district, samples

were selected to represent administrative divisions

5.2.2 Isolation and identification é&pergillus species

Isolation of Aspergillus sectionFlavi was carried out using Modified Dichloran Rose Bénga
Agar (Horn and Dorner, 1998). The medium was mexgbdoy mixing 10 g glucose, 2.5 g
peptone, 0.5 g yeast extract, 1g #d,, 0.5g MgSQ.7H,0O, 20 g agar and 25 mg Rose
Bengal in 1¢ of distilled water. The pH of this medium was trejusted to 5.6 using 0.01
M HCI. The medium was autoclaved for 20 minute$2%°C and a pressure of 15 psi, and

cooled in a water bath at 8C. To inhibit bacterial growth and ensure thedium was
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semi-selective foAspergillus sectionFlavi fungi, 5 ml of 4 md! dichloran (in acetone), 40
mg/t streptomycin (in 5 r distilled water) and 1 mg/chlortetracycline (in 10 fhdistilled

water) was added to the medium through a sterl® im syringe filter after cooling to 50
°C. The medium was then poured on to 90 mm platdsatiowed to settle for 2 to 3 days

before use.

Preparation of samples for plating was performedhmyoughly mixing the one kilogram
sample. Two sub-samples (100 g each) were weighddbéended in a kitchen grinder
(Kanchan Multipurpose Kitchen Machine, Kanchan dméional Limited, Mumbai, India).
From each of the 100 g ground samples, 10 repficait@.5 g each were placed in calibrated
centrifuge tubes, into which 10tnof 2 per cent water agar solution (prepared byrapd g
agar in 100 m sterile water) was then added and mixed thoroughlyolume of 0.2 ni of
the solution was then pipetted onto Modified Dichlo Rose Bengal medium in the 90 mm
Petri-plates under aseptic conditions. The plateevincubated for three days at%, after
which the colonies were identified and classifi€dtal colony counts and colony counts for
A. flavus L-strain, A. flavus S-strain,A. parasiticus, A. alliaceus, A. tamarii, A. niger and
Penicillium species per plate were recorded. The presendasenee oRhizopus species in

each plate was also recorded.

The medium used for identification of fungal spscimsed on cultural and morphological
characteristics was Czapek Yeast Extract Agar (CY#)ich was prepared by mixing one
gram KHPQ,, 10 nt Czapek concentrate, 5 g powdered yeast extrag},s2@rose and 15 g
agar in X of distilled water. The pH of the medium was thadiusted to 7.2 before
autoclaving for 20 minutes at 12C and a pressure of 15 psi. Thereafter, the medam
allowed to cool in a water bath to 80 and approximately 20 trwas poured into 90 mm
sterile Petri dishes and left to cool overnight emd laminar flow hood. Pure colonies on
MDRB agar medium were then streaked onto the platesplaced into an incubator at°&D
for seven days. Different species Adpergillus sectionFlavi were distinguished, based on
colony colour, texture, and conidial morphology rweristics (Klich, 2002), and by
comparison with reference strains obtained from Bruce Horn (USDA National Peanut

Research Lab, Dawson, Georgia, United States ofrisaje
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5.2.3 Screening isolates Afflavus andA. parasiticus for aflatoxin production

Screening of isolates for aflatoxin production wdase in high sucrose yeast extract (YES)
liquid medium (Horn and Dorner, 1998), from 252 &i@# isolates from Busia and Homa
bay districts respectively. The YES medium was areg by dissolving 150 g sucrose, 20 g
yeast extract (Difco), 10 g soystone and 40 g glado X distilled water, and an adjusted
pH of 5.9 effected with 0.25 M HCI. Aliquots ofr@¢ of the broth were dispensed into & m
vials that were then lightly screwed and autoclafee0 minutes at 129C and a pressure of
15 psi Conidia from uncontaminated coloniesfofflavus andA. parasiticus were picked up
with a sterile inoculating needle and used to ifateuthe vials containing 2 fnof YES
medium. The vials were then incubated in the darRGe’C for seven days, during which
there was intermittent shaking using a vortex shaRabsequently, the vials were removed
from the incubator and 2 imof chloroform was pipetted into each vial. The tae was
vortexed for about 60 seconds per sample anddeftand overnight under a fume hood.
Using a micro-pipette, ft¢ of the chloroform extract was spotted on silichGfeTLC plates
(EMD Chemicals Inc., Darmstadt), along with analgtigrade standards of aflatoxing B,

G: and G. Toxigenic strains were used as positive contifihe plates were then allowed to
develop in a solvent consisting of chloroform, acet and distilled water in a ratio of
88:12:1.5, respectively, until the solvent coveadmbut 90 per cent of the plate length. The
plates were transferred to a dark room and scarethé presence of the four aflatoxins under
UV light. The scoring was based on the presen@bsence of specific aflatoxin types.

5.2.4 Analysis of peanut samples for aflatoxintean

A 200 g sub-sample was drawn from each one-kiloggample after thoroughly mixing and
grounding it into a fine powder using a dry miltdhen grinder (Kanchan Multipurpose
Kitchen Machine, Kanchan International Limited, Moam India). The sample powder was
then sub-divided into two equal portions. The powaas triturated in 70 per cent methanol
(v/v 70 mt absolute methanol in 30¢ndlistilled water) containing 0.5 per cent w/v paiam
chloride in a blender, untthoroughly mixed. The extract was transferred tmaical flask
and shaken for 30 min at 300 rpm. The extract was filtered through Whatman No.41
filter paper and diluted 1:10 in phosphate buffesadine containing 500 ¢4 Tween-20

(PBS-Tween) and analyzed for aflatoxin with aniiedi competitive ELISA (Waliyar et al.,
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200%) by preparing an aflatoxin-bovine serum albumimjogate in carbonate coating
buffer at 100 ng/ri concentration and dispensing 150 [n each well of the Nunc-
Maxisorpg® ELISA plate§.

The plates were incubated at 87 for one hour before the toxin solution was caéécand
stored in a large glass bottle for disposal. Tteegsl were washed in three changes of PBS-
Tween, allowing a holding time of three minutes p@&sh. The plates were blocked with a
200 e per well solution of 0.2 per cent bovine serumualin (BSA) in PBS-Tween and
incubated at 37C for one hour. The blocked plates were then washeatree changes of
PBS-Tween allowing three minutes for each washthiBowashed plates, 10Q f peanut
extract was added followed by 5@ jof antiserum. Instead of the peanut extract, 100 u
aliquots of different concentrations of Aflatoxin 25 ng to 10(g) were added into the first
20 wells (two rows of 10 wells each) to serve asamdard. The plates were then incubated

for one hour at 37C to facilitate reaction between the toxins andahtbody.

The plates were subsequently washed in three chanfdPBS-Tween, allowing three
minutes for each wash. A dilution of 1:1000 goati-aabbit IgG labelled with alkaline
phosphatase was prepared in PBS-Tween contairznged.cent BSA. A 150 {ualiquot was
added to each well, and incubated for one hour7&tC3 The plates were washed in three
changes of PBS-Tween, added a 130 pger well of substrate solution (p-nitro phenyl
phosphate prepared in 10 per cent diethanolamifierbpH 9.8) and incubated for about one
hour at room temperature. Absorbance was measuréd5anm in an ELISA plate reader

(Multiskan Plus, Labsystems Company, Helsinki, &ial).

5.2.5 Statistical analyses

Fungal incidence was determined using frequeneaieles and the number of samples from
which a particular species was isolated recordead poportion of total number of samples
assayed. Associations between the incidence cdrécplar fungal species with various
categorical variables were investigated based oalysis of contingency tables with

appropriate chi-squared tests. The categoricahlbbes evaluated in these tests included:

® Nunc A/S, Kamstrupvej 90, P.O.Box 280, DK-4000, Rioe, Denmark

55



« district of sample origin;

» agro-ecological zone (AEZ) from which sample wakected;

» specific cultivar;

» cultivar type (i.e. whether a local landrace or ioyed);

» whether or not crop rotation was practiced durlmgdrowing period of the sample;

» whether or not the farmer used commercial fertilingoeanut production;

* number of times a sample was weeded (0, 1-to 2tione);

* harvesting method (whether a farmer harvested bgd hpulling, digging, a
combination of hand pulling and digging or use xém);

« whether or not grading of the nuts was carried out;

» whether or not the nuts were sorted; and

» a categorical variable created by grouping sampdsgd on their levels of aflatoxin.

Samples were grouped into three categories basedeimaflatoxin content: samples with:

<4 pg/kg, >4 pg/kg to <20 pg/kg, or >20ug/kg. The_4 pg/kg category represents the
European Union regulatory limit for total aflatogirfFelicia, 2004); peanuts in the second
group would be rejected in the European Union batild be accepted under the Kenya
Bureau of Standards (KEBS) limits (Felicia, 2004ile nuts in the third category would be

rejected both under the KEBS and EU standards. oddsions between incidence of

Aflatoxin B, By, Gi, and G and these categorical variables were also stumezhtegorical

data analysis.

The relationship between total colony count andtein levels per sample was analyzed
with linear regression, with total colony countthe explanatory variable, and aflatoxin level
as the response variable. Linear regression vegasumed to study the relationship between
aflatoxin levels recovered in each sample (respeas@able) and colony counts per sample
of A. flavus L-strain, A. flavus S-strain andA. parasiticus (as explanatory variables). Logistic
regression analysis was used to investigate thaiorkhips between the incidence Af
flavus L-strain, A. flavus S-strain,A. parasiticus, A. niger, Penicillium andRhizopus (counts

as response variables) and aflatoxin categoriesvels as other variables (listed for
correlation studies above). All analysis was comeldicusing GenStat Ver 9.1 (Lawes

Agricultural Trust, Rothamsted Experimental Station
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53 Results

5.3.1 Prevalence of fungal species in peanuts frenBusia and Homa bay Districts

The prevalence oA flavus L-strain, A. flavus S-strain, and\. niger was generally high, with
over 60 per cent of samples in both districts andlli agro-ecological zones showing levels
of contamination (Figure 5.1 and 5.3). Converstiigre was a low prevalence Aftamarii,

A. alliaceus andA. cadetus, with incidences being less than 12 per cent, @@t and 2 per
cent, respectively, in both districfEhe prevalence oA flavus S-strain,A. niger, A. tamarii,
Rhizopus spp. andPenicillium spp. was higher in Busia District compared to Hopay
District. In contrast, the incidence éf flavus L-strain, A. alliaceus, A. caeletus and A.
parasiticus was higher in Homa bay than in Busia. Only thédence ofPenicillium spp.(x?

= 10.86;p < 0.001)and Rhizopus spp. speciesyt = 12.78;p < 0.001) was significantly
correlated with districts of sample origin, withhagher prevalence for both species being
noted for samples from Busia district. For examifile,incidence oPenicillium spp. in Busia

district was 50 per cent of all samples comparet @4 per cent for samples from Homa bay
district (Table 5.1).
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Figure 5.1: Incidence of fungal species isolateddm peanuts in the Busia and Homa bay
Districts of Kenya.
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Table 5.1: Associations between the incidencefoihgal species and cultivar
type, membership to a producer marketing group, digict of sample origin

and grading as a post-harvest practice, August 2006

Fungal species Descriptive factor y*value P value

Per cent of samples within each cultivar

type

Improved Landrace
Local Landrace (255) (179)

A. flawus L-strain 82 73 4.28 0.039
A. niger 73 54 17.15 <0.001
Rhizopus spp. 48 37 5.02 0.025

Per cent of samples belonging to a PMG
group or not
Non PMG member

(268) PMG member (168)
A. flaws L-strain 84 70 11.52 <0.001
A. flavus S-strain 72 61 5.97 0.015
A. niger 72 54 15.95 <0.001
Rhizopus spp. 48 37 4.98 0.026

Per cent of samples graded/not graded

Do not grade (152) Grade (284)
A. flawus L-strain 86 74 7.70 0.006
A. flavus S-strain 74 64 4.86 0.027

District of sample origin

Busia (252) Homabay (184)
Penicillium spp. 50 34 10.86 <0.001
Rhizopus spp. 51 34 12.78 <0.001

numbers in parenthesis indicate actual sampleesiakiated.

The prevalence oA flavus L-strain in LM1, LM2 and LM3 was 74 per cent, 81r pent and
79 per cent of samples respectively, while the glence ofA. flavus S-strain in LM1, LM2

and LM3 was 68 per cent, 67 per cent and 68 pet, cespectively. Despite its lower
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incidence (14 per cent, 24 per cent and 28 perindn¥ll, LM2 and LM3, respectively)i.
parasiticus was statistically significantlyyf = 7.36;p < 0.025) associated with AEZ, with
incidence being highest in samples from LM3. Theas also a significanf{ = 10.36;p <
0.006) association between incidencePefiicillium spp. and AEZ, with an incidence of 52
per cent in LM1, 35 per cent in LM2 and 48 per daritM3 (Table 5.2).

5.3.2 Identifying factors associated with peararitamination by specific fungal species

Investigations on the relationship between totdbmp counts, colony counts of aflatoxin
producing speciesA( flavus L-strain, A. flavus S-strain andA. parasiticus) and levels of
aflatoxin recovered per sample indicated that @nlffavus S-strain was positively correlated
with aflatoxin levels § < 0.001;r = 0.545). Figure 5.2 shows the relationship betwee
incidence of fungal species and the three categmieaflatoxins (categories described in
methodology). Samples with less than 4 pg/kg cftafin levels had a 77 per cent incidence
of A. flavus L-strain, while those in categories of 20>and >20 pg/kg aflatoxin levels had
over 85 per cent incidence @& flavus L-strain. There was a significant associatigh (
=42.19;p < 0.001) between samples in specific aflatoxirel@ategories and the presence of
A. flavus S-strain, whereby the percentage/offlavus S-strain was significantly higher in
samples that had higher aflatoxin levels.flavus S-strain was isolated in 62 per cent of
samples with less than 4 pg/kg aflatoxin levelsp@Bcent of samples with between 4 pg/kg
to <20 pg/kg and 100 per cent of those with >20 pughigure 5.2). In spite of the relatively
predominant presence &f niger, Rhizopus spp, Penicillium spp.and A. parasiticus, there

were no significant associations between thesealugyges and aflatoxin levels.
All fungal species assayed were present in allthinee agro-ecological zoneA. flavus L-

strain A. flavus S-strain andA. niger were predominant in all AEZs but no statistically

significant difference was noted in the incideno®ag the zones (Figure 5.3).

59



100 1

<4 ug/kg
80 b N >4-<20ug/kg
= >20ug/kg

60 1

Incidence (%)

Fungal species

Figure 5.2: Incidence of fungal species isolated dm peanuts with different levels of
aflatoxin in samples obtained from the Busia and Hma bay districts of western Kenya
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Figure 5.3: Incidence of fungal species isolateddm agro-ecological zones LM1, LM2
and LM3 of the Busia and Homa bay districts in westrn Kenya
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Table 5.2: Associations between the incidence ofrfgal species and AEZ, number of

times that the peanut crop is weeded, and harvestinmethod, August 2006

Fungal species Descriptive factor v’ value P value

AEZ from which sample was collected

LM1 (133) LM2 (199) LM3 (104)
A. parasiticus 14 24 28 7.36 0.025
Penicilliumspp. 52 35 48 10.86 <0.001
Number of times a sample was weeded
Once (72) Twice (330) Thrice (33)
A. flavus L-
strain 85 79 58 9.11 0.011
Harvesting method
Hand pulling
Hand pulling Hand digging  and digging
(147) (106) (181)
Rhizopus 48 32 47 8.03 0.018

numbers in parenthesis represent actual samplesaeated.

An assessment of the relationship betweenniger and individual cultivars showed a
significant §* = 21.96;p < 0.003) association, whereby the incidencé.afiger was higher

in some local cultivars compared to improved vage{Table 5.3). Similarly, peanuts of the
Local Red variety had the highest incidenceRbizopus spp. (64 per cent), while the
improved cultivars Valencia Red and CG7 had theskivpercentage (26 per cent and 27 per
cent,y® = 26.14:p < 0.001) ofRhizopus species, respectively.

There was also a significant association betwedtivau improvement status (whether a
sample was an improved variety or a local landrace)A. flavus L-strain ¢ = 4.28;p =
0.039), A. niger (x* = 17.15;p < 0.001) andrhizopus spp. §* = 5.02;p = 0.025), with
improved cultivars showing lower contamination ca@mga to local landraces (Table 5.1).
For example, 82 per cent of the samples belongnthé local landrace category were

contaminated withA. flavus L-strain, compared to 73 per cent belonging to ithproved
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cultivars, while 73 per cent of the local landrasese positive foA. niger compared to only

54 per cent of improved cultivars (Table 5.1; Fey6r4).

Table 5.3: Incidence and test statistics for assation between fungal species other
than members ofAspergillus sectionFlavi and specific peanut cultivars grown in

western Kenya, August 2006.

Fungal
species Cultivar 2 P value
Homabay ICGV ICGV Local Uganda Valencia
Local CG7 12988 12991 Red Red Red

Sample
size (n) 63 48 39 76 87 83 19
A. niger’ 76 56 49 53 68 78 68 21.96 0.003
Rhizopus
spp? 37 27 49 38 64 45 26 26.14 <0.001

*number of samples analyzed for each cultivar.

Yper cent of samples contaminated with the species.

Grading of peanuts as a post-harvest practice feigntly reduced contamination b
flavus L-strain ¢* =7.7;p = 0.006) andA. flavus-S strain {* = 4.86;p = 0.027), as shown in
Table 5.1. The incidence @& flavus L-strain andRhizopus spp was significantly associated
with method of harvesting. Farmers who first doguad the peanut crop to loosen the soil
and then pulled the plant out had a significangfy=< 7.12;p = 0.029) lower incidence (72
per cent) ofA. flavus L-strain, compared to samples that were harvesttétr by hand
pulling (81 per cent) or hand digging (85 per cesjne (Table 5.2). The incidence of
Rhizopus spp. was significantlyyf = 8.03;p = 0.018) higher in samples that were harvested
by hand puling (48 per cent) compared to samplaswere harvested by hand digging (32

per cent).
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Figure 5.4: Incidence of fungal species in local @nimproved cultivars sampled from the

Busia and Homa bay districts of western Kenya

Membership to a Producer Marketing Group (PMG) aaignificant effect on the presence
of four of six of the fungal species screened ngmlflavus L-strain, A. flavus S-strain, A.
niger and Rhizopus species. Higher incidences of the four speciesswecorded among
farmers who did not belong to a PMG (Table 5.1). &ample, whiléA. flavus L-strain was
isolated from 84 per cent of the samples from RM( farmers, the incidence was reduced
to 70 per cent among farmers who belonged to PM@'s 11.52;p < 0.001). Likewise,
while the incidence of. flavus S strain in samples from non-PMG farmers was 72cpet,
this strain was isolated from only 61 per centahples from farmers belonging to a PMG
(x* = 5.97;p = 0.015). The incidence @. niger was higher (72 per cent) in samples from
non-PMG members compared with 54 per cent in sasrfpien PMG farmersyf = 15.95;p

< 0.001).

Most farmers (>85 per cent) did not use fertiliz€here was no significant association
between fertilizer application and the incidence anfy of the fungal species assessed.
However, there was a significanf = 4.98;p = 0.026) association between the number of
times the crop was weeded and the incidend® fitvus L-strain. As the number of weeding
events increased, the incidence Afflavus L-strain reduced (Table 5.2). No significant

association was noted between the fungal typesifand crop rotation practices.
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5.3.3 Factors related to the incidence of peaoutatnination

Logistic regression analysis indicated that PMG imership was the only variable
significantly related with the incidence #éf flavus S-strain when all explanatory variables
were included in the model (Table 5.4). The modeidered grading as a post-harvest
practice not significantly associated with the fusgcompared to when grading was assessed
without including the membership variable in thelgsis (Table 5.1). The value of the odds
ratio indicated that produce belonging to farmer®MGs was only 60 per cent as likely to
haveA. flavus S-strain contamination compared to that for non-PM@&nbers. The model
found to be best suited to describe the presendeftd#vus L-strain was one that included the
specific cultivar, district of sample origin, hastmg mode and the number of times a crop
was weeded (Table 5.4). Only ICGV 12988 recordgdificantly lower levels ofA. flavus
L-strain compared to the Homa bay Local varietynfies from the Homa bay District were
only 0.4 ¢ = 0.035) times as likely to be contaminated wAthflavus L-strain as samples
from the Busia District. A combination of hand d and hand digging during harvesting of
the peanuts also reduced the chance of contaminadib A. flavus L-strain by almost half
(odds ratio = 0.42p = 0.014), compared to pulling plants from the gruThe number of
times the plots were weeded was also significametigted p = 0.005) with the incidence of
A. flavus L-strain. Crops that were weeded three timesehbmiver incidence oA. flavus L-

strain compared to those weeded once (Table 5. 4).

The incidence oA. niger was significantly (0.0k p < 0.032) related to various factors that
included AEZ, the specific cultivar, and whethemat the sample was taken from a farmer
belonging to a producer marketing group (Table .5.480or example, samples that were
collected from LM1 AEZ were more than twice as k& be contaminated with. niger
compared to samples collected from the LM3 regibab(e 5.4). The odds of samples from
improved cultivars of CG7, ICGV12988, ICGV 12991irge contaminated withA. niger
were almost a quarter those of the Homa bay Loeslety (Table 5.4). Moreover, the
likelihood of a sample being contaminated wAtmiger reduced by a half (0.5¢;= 0.019) if
the farmer was a PMG member, compared to samp¢sdime from non-PMG members.
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Table 5.4: Parameter estimates from logistic regssion model$ relating the incidence

of fungal species with descriptive variables of peat samples collected in August 2006.

Parameter
Fungal species Descriptive variable estimaté s.é P- value  Odds ratio
A. flavus S-strain  Estimate constant 0.943 0.137 <0.001 2.567
PMG membership -0.522 0.210 0.013 0.593
Aflavus L-strain Estimate constant 2.728 0.710 <0.001 15.310
ICGV12988 -1.471 0.618 0.017 0.230
Homa bay district -0.947 0.449 0.035 0.388
Hand digging and hand
pulling -0.875 0.355 0.014 0.417
Weeding thrice -1.543 0.552 0.005 0.214
A. niger Estimate constant 1.219 0.348 <0.001 3.384
LM1 0.842 0.326 0.01 2.321
CG7 -0.923 0.432 0.032 0.397
ICGV 12988 -1.102 0.463 0.017 0.332
ICGV 12991 -0.930 0.390 0.017 0.394
Local Red -1.021 0.419 0.015 0.360
PMG membership -0.615 0.261 0.019 0.540
Penicillium spp. Estimate constant 0.870 0.339 0.01 2.387
LM2 -0.842 0.276 0.002 0.431
Homa bay district -1.025 0.274 <0.001 0.358
Hand pulling and hand
digging -0.659 0.274 0.016 0.517
Rhizopus spp. Estimate constant -0.553 0.261 0.034 0.575
Local Red 1.145 0.344 <0.001 3.141

*models for each fungal species are separated lijngons lines.

Ynegative sign indicates that the incidence of timgél species declines in relation to the varidble.
g., Incidence oA. flavus L-strain was lower in the Homa bay than in theiBusstrict.

“standard error of the parameter estimate.

Only the cultivar Local Red was significantly reldtwith incidence oRhizopus, with the
likelihood of sample contamination Whizopus tripling (odds ratio = 3.141) in samples of
this cultivar. The presence &Enicillium species in the samples could be explained by a

model fitted with variables for AEZ, district of rsgle origin and harvesting mode (Table
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5.4). Harvesting produce with a combination ofdhdigging and pulling halved the chances
of contamination withPenicillium spp. (odds ratio = 0.51p; = 0.016), in comparison with
samples that were harvested by hand puling alcm@pfs from the Homa bay District were

0.4 times less likely to be contaminated wenicillium compared to those from Busia.

5.3.4 Incidence of specific aflatoxin types and relatidpswith total aflatoxin levels, AEZ,

cultivar type and district of sample origin

Between two and thirty-eight isolates per samplesvessayed for aflatoxin levels, depending
on the number oA. flavus andA. parasiticus isolates recovered. Overall, the most common
toxin type was Aflatoxin B followed by Aflatoxin B, G; and G, with a percentage
incidence of 67 per cent, 46 per cent, 39 per aadt29 per cent, respectively, among the
isolates screened. There was no significant adsatidetween toxin types and AEZ or
cultivar type. However, there was a significantoagstion between the district of sample
origin and the incidence of Aflatoxin;@ontaminationy? = 5.48;p = 0.019), with isolates
from 45 per cent of samples from the Busia Distpigiducing Aflatoxin G, compared to
only 32 per cent of samples from the Homa bay Ris{Figure 5.5). This was in spite of the
fact that there was no significant difference irvalence ofA. parasiticus between the

districts.

66



60 N Busia
=3 Homabay

40

A IH |
0 T T r

AFB1 AFB2 AFG1 AFG2

Incidence of toxin presence (%)

Aflatoxin types
Figure 5.5: Incidence of Aflatoxin B, By, G; and G, production by A. flavus and A.

parasiticus isolated from peanut samples obtained from Busiaral Homa bay districts.
Between two and thirty-eight isolates per sample we assayed for aflatoxin production
depending on the number ofA. flavus and A. parasiticus isolates recovered.

In comparing toxin types and levels of aflatoxarsignificant association was found between
toxins produced by samples and aflatoxin level®vered in the samples (Table 5). The
incidence of Aflatoxin Bin samples was 44 per cent, 31 per cent and 88querf® =15.01;

p < 0.001) in aflatoxin categories of <4ug/kg, 20pg/kg and >20ug/kg respectively.
Similarly, the incidence of aflatoxin type; @ samples was 36 per cent, 54 per cent and 70

per cent? =10.92;p = 0.004) in aflatoxin categories of <4pg/kg, 26pg/kg and >20pg/kg
respectively (Table 5.5).
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Table 5.5: Association between Aflatoxin B B,, G; and G, and categories of levels of
total aflatoxin in peanut samples collected from Bsia and Homa bay districts of

western Kenya, August 2006.

Percentage of samples with different levels ofitota

Toxin type aflatoxin® v P-value
<4 uglkg >4 - 20 ug/kg >20 ug/kg

Aflatoxin B; 66 77 87 5.64 0.059

Aflatoxin B, 44 31 83 15.01 <0.001

Aflatoxin G; 36 54 70 10.92 0.004

Aflatoxin G, 27 31 23 4.05 0.132

*based on a total of 436 total samples assayed.

5.4 Discussion

This study assessed the prevalence of fungal specgeanuts from western Kenya, focusing
on sectionFlavi of the genusAspergillus, as well as fungi from other genetiaat may
produce mycotoxins. The factors associated with ith@dence of these fungi were
investigated. The predominant species across #igat (i.e., species with over 60 per cent
incidence) werd\. flavus L-strain A. flavus S-strain andA. niger, with an incidence of 78 per
cent, 68 per cent and 65 per cent, respectivelgs@Hungi have been isolated at similar
levels of incidence in peanuts previously (Adebejaal., 1994; Awuah and Kpodo, 1996;
Gachomo et al., 2004), but this is the first studythe region to quantify the association
between the incidences of specific species witleltewf aflatoxin in peanut samples from
East Africa. To the best of the authors’ knowleddes is also the first study to document the
incidence ofA. caeletus, A. alliaceus and A. tamarii in the region. Despite their low
prevalenceA. caeletus, A. alliaceus andA. tamarii were isolated from the samples from both
Busia and Homa bay districts, and their occurreacéow incidence is in line with the

observations of Horn (2005), who documented thpseeiss in the United States of America.

The high incidence oA. flavus-S strain that produces aflatoxin (Cotty and Cardw&899;
Egel et al., 1994) and in particular, the more potflatoxin B; and B, implies a present
risk of aflatoxin contamination of peanuts from tegs Kenya. In as much as the incidence

of A. flavus L-strain was high, it did not lead to a positivarelation with aflatoxin and this
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could be attributed to the fact that most of thstilains were atoxigenic. Since the factors that
trigger aflatoxin production are not well understparigilance in pre- and post-harvest
handling of peanuts is needed to avert the riskushan exposure because the toxins can be
produced at both stages. The confirmation of oecwwe of other species that produce toxins,
such asA. tamarii [which produces cyclopiazonic acid (Horn et aR9&)] andA. alliaceus

that produces ochratoxin A (Bayman et al., 2008jjeuscore the need to screen peanuts not
just for aflatoxin, but also for other detrimentaycotoxins. The risk of human exposure is
intensified by the fact that contamination leadsreégection of nuts in lucrative markets,
mostly based on aflatoxin levels. The rejecteddpoe finds its way into local markets,
increasing the risk of aflatoxin exposure to ungesipg local consumers. For example,
before a monitoring system was established to ater aflatoxin levels of peanuts destined
for the European markets, peanuts that were rejdoteexport from Malawi due to high

levels of aflatoxin were then sold on the local kea(Mkoka, 2007).

There was a predominance of Aflatoxin &d B types across samples, and a significantly
higher incidence of Aflatoxin Gin the Busia district, compared to the Homa bayriit. Not
surprisingly, the high incidence @& flavus S-Strain was associated with greater aflatoxin
levels. This particular strain has been found todsponsible for the production of aflatoxins,
and especially the more potent B toxins. The higtidence ofA. flavwus S-strain could
therefore have been responsible for the high imzdeof the B toxins. of A similar trend has
been found in other studies, whereby fhdlavus S- strain has been found to be the main
source of aflatoxin (Egel et al., 1994; Cotty arardvell, 1999; Abbas et al., 2002) in the
United States and in maize from Kenya (Probst.e2807) . Although the majority of the
samples in this study were safe according to betlEU and KEBS regulatory limits (Mutegi
et al., 2009), the high incidence oA. flavus L-strain andA. flavus Sstrain, implies a
likelihood of increased aflatoxin levels if safeepand post-harvest management practices are
not adhered to. In spite of the fact that thereewwar significant differences in the incidences
of A. flavus S- and L-strains oh. parasiticus between districts or agro-ecological zones, their
incidences were high, a fact that could have coated to high levels of aflatoxin in Busia
(Mutegi et al., 2009). Logistic regression showeat tsamples from Homa bay were only 40
per cent as likely to be infected with flavus L-strain, as peanuts from Busia. Again the
growth conditions for the fungus in Busia distticat is wetter and more humid than Homa

bay district could have contributed to their higimidence in Busia, and subsequently led to

69



a higher incidence of the ,Goxins that were reported to be significantly l@ghn Busia
district as compared to Homa bay district.

The presence of other fungal species sucReagcillium spp.,A. niger, andRhizopus spp.
indicates a likelihood of contamination from othexins produced by these fungi (e.g.,
cyclopiazonic acid and patulin), because it is fids4o0 have more than one toxin type from
the coexisting fungi (Speijers and Speijers, 200Bpr exampleA. niger and Penicillium
species can both produce ochratoxins (Sweeny ams$ddg 1987; Wilson et al., 2002A.
flavus, in addition to producing aflatoxins, is also dalpaof producing cyclopiazonic acid
(Horn et al., 1996; Horn and Dorner, 1999; Vaamoeidal., 2003). CertaiRenicillium spp.
are known to produce patulin (Spadaro et al., 2008ke et al., 2009) and citrinin (Singh et
al., 2008).The prevalence of such fungi shouldrefege, be of concern since such toxins
could be present in peanuts from western Kenyan ¢lieugh their occurrence was not

investigated in this study.

Significant associations were found between fusgekies and factors such as cultivar type,
specific cultivars, AEZ, aflatoxin levels and crapanagement practices. The higher
incidence ofA. flavus, A. niger and Rhizopus spp. in local landraces compared to the
improved varieties was not surprising. Mutegi let(2009) have shown that local landraces
have a higher likelihood of being contaminated wattatoxin than improved cultivars.
Previous studies have also shown susceptibilityooél varieties to fungal contamination
elsewhere (Middleton et al., 1994). Variety impnonant programs are also generally tailored
to reducing susceptibility to diseases, and thislc@xplain why improved varieties were
likely to show a lower incidence of fungal contaation compared to the local varieties. In

addition,A. flavus has the ability to live as a saprophyte in partgsolife cycle.

Almost all farmers interviewed sort their peanutdutegi et al., 2007) but there was no
significant association between sorting and thedewce of fungal species, because the
sample size of those who sorted compared to thbsedid not, was skewed. However, there
was a significantly higher incidence of baihflavus L-strain andA. flavus Sstrain among
ungraded peanuts. Grading is mainly conductedniarketed peanuts (Mutegi et al., 2007).
Grading criteria includes assessing parameters asidize of nut (which, in the process, is
likely to eliminate shrivelled nuts), discolorati@which, in the processes, is likely to get rid

of nuts that are visibly mouldy), and broken n@&sch criteria are therefore likely to reduce
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the incidence of aflatoxin-producing fungi and hayeen demonstrated to be negatively
correlated with levels of aflatoxins (Waliyar et,2008; Mutegi et al., 2009). Moreover,
logistic regression analysis showed that membeitshRMGs was significantly related to the
incidence ofA. flavus S-strain. The observation that grading was nadsdwt contradict this
conclusion. Rather, it indicates that in the motlet effects of grading in the model were
confounded with those of PMG membership. This wagseeted, given that PMG members
are trained to reduce aflatoxin contamination usipgroaches such as grading and sorting
(Mutegi et al., 2007).

Samples that were harvested by hand-pulling or {tbgging had a significantly higher
incidence ofA. flavus L-strain compared to samples that were harvestedjwa combination

of hand pulling and hand digging. This could bglamed because of the high levels of
damage to pods that occurs when a farmer usessaxedsrce in pulling up a peanut crop or
when digging it out. Depending on which harvestingthod is used, there is an increased
likelihood that the pods of peanuts would be dardageesating an entry point for fungi. For
example, pulling crops from very firm ground widdd to breakages, and so does digging
crops from the ground, which could wound the podscombination of the two methods
would effectively enable for lose crop to be pullggand for subsequent digging to be done
to loosen any firm soil around the crop. Wounddahi{s have higher concentrations of
aflatoxin and high incidences of fungal colonizatigiorn, 2005). The mode of harvesting
has also been shown to affect aflatoxin levels earuts as evidenced by Waliyar et al.
(2005a).

There was a significant association between merhigete a PMG and incidence in all but
two fungal species assessed. This was as expeetedise PMGs were established to assist
farmers to strengthen their marketing abilities @odimprove their profit margins, by
improving both pre- and post-harvest handling pecast (Mutegi et al., 2007). Therefore, it
was expected that farmers who belonged to PMGs dvenlbrace practices that improve
peanut quality and safety through proper drying@darg and storage. Such practices have
consistently been shown to reduce the level ofarirtated peanuts (Gowda et al., 2002;
Turner et al., 2005; Waliyar et al., 2008).

The most common type of toxin was Aflatoxin Bthe most potent of the aflatoxins (Stoloff

et al.,, 1991). This can be explained in part leyhigh incidence of. flavus S-strain in our
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samples. Our data also corresponds well with resiilbther studies that have documented a
similar predominance in AflatoxinsBLisker et al., 1993; Awuah and Kpodo, 1996). #sw
observed that as the total aflatoxin levels in@dashe incidence of AflatoxinBgenerally
increased, which accords well with the findingsHifrn and Dorner (1999), who found a
positive correlation between Aflatoxin Broduction and cyclopiazonic acid production, in

both S- and L- strains &. flavus.

Moreover,A. parasiticus was present in 22 per cent of all samples testeatlis study. The
presence ofA. parasiticus would thus explain the presence of &d G aflatoxins in our
peanut samples. Hill et al. (1985) recorded simiaults, whereby peanut kernels showed 10
to 30 per cent contamination levels farparasiticus, unlike maize kernels that were almost
exclusively infected byA. flavus. In addition to producing Aflatoxins ;Gand G, A,
parasiticus is also capable of producing Aflatoxing &1d B. This could have contributed to

the high proportions of the two aflatoxin types (kkman et al., 1987; Egel et al., 1994).

The predominance ofA. flavus in the samples indicates a high risk of aflatoxin
contamination. The reason as to wAy flavus L-strain did not correlate positively with
aflatoxin levels could have been due to its ataxig@ature. The high incidence Af flavus
S-strain, which usually produces Aflatoximp Bind B, underscores the need for more
vigilance and implementation of preventive measutest reduce the risk of aflatoxin
accumulation in contaminated peanuts. The isolatfomixed cultures of fungi shows that it
is likely that peanuts in western Kenya are conteat@d with more than one type of
mycotoxin. Further studies are required to deteemirthis is the case. Planting improved
peanut cultivars, combined with good crop manageéraad post-harvest handling practices
iS necessary to deter the proliferation of fungsdcses and reduce the risk of mycotoxins

contaminatior.
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CHAPTER SIX: REDUCING AFLATOXIN LEVELS IN PEANUTS:
EVALUATION OF COMMON HOUSEHOLD PREPARATION TECHNIQU ES
USED IN WESTERN KENYA®

6.1 Introduction

Arachis hypogaea L. (peanut) is an important food crop of high nutriabvalue, widely used

in food and in the production of confectionery. R@a are easily cultivated and require very
few inputs under smallholder production systemse fibts contain between 26 and 39 per
cent protein, 47 to 59 per cent oil, and about édgent carbohydrates (Nelson and Carlos,
1995; Atasie, Akinhanmi and Ojiodu, 2009). In sedateveloping nations, peanut is used
extensively in school feeding programs; therapetdmds; weaning foods (South African
National Monitoring Programme, 2004; Plahar, Okemiel Gyato, 2005); food aid supplies
such asPlumpy Nut (Briend, 2009), a ready-to-use therapeutic food{R) used by United
Nations agencies in areas such as the Darfur ragfi®@udan and in Niger; and animal feed
manufacture (Akano and Atanda, 1990; Offiah andsiyde, 2007).

In Kenya, peanut is important as both a food andsh crop (Agong, 2006). Common ways
of consuming peanuts at the household level inciodsting, making a peanut sauce (that is
then mixed with vegetables or consumed as a sisle with starches) and boiling. Lower
grade peanut is used as feed for poultry. At a ceroral level, nuts are mainly sold raw,
roasted or fried, and sold through middle men tibage industries or large scale industries
for making peanut-based snacks and confectionenesthrough informal markets to

consumers.

Peanut is predisposed to aflatoxin contaminatiaskgr, Michaeli and Frank, 1993; Dorner
and Cole, 2002; Rachaputi, Wright and Kroschi, 2@&bolev, 2007) at both pre- and post-
harvest stages (Asis et al., 2005; Waliyar et 2005). Developed countries manage
contamination levels through strict monitoring aimdproved storage (Ito et al., 2001;
McAlpin et al., 2002; Wilson et al., 2002). On tbentrary, in many developing countries
where production and utilization largely take plage small unregulated systems,
contamination remains high, due to a number ofofacti) cultivation of unimproved

landraces, which are associated with a higher @mgd of contamination, ii) delayed

8 Paper in preparation for submission to Food Cortwarnal Different format for referencing used due to
journal requirements.
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harvesting, iii) inadequate drying, iv) weak tramgption systems, and v) poor storage
conditions (Mutegi et al., 2007; Mutegi et al., 2D0

The impact of aflatoxin contamination is felt mare the developing countries, mainly
affecting the health of the nation’s population aaducing trade of contaminated products.
The standards set by most developed nations fatoafh level limits are also difficult for
producers in developing nations to attain, resglim the rejection of agricultural products
from developing nations in international marketie Trejected products are subsequently
diverted to the local markets, exposing the lo@aistimers to increased levels of aflatoxin
exposure. Moreover, nuts considered as spoilt afiging are usually not discarded, but find
their way into the food chain at different stages,example, for feeding poultry, or are sold
in markets for consumption at lower prices. Themefan integrated approach to addressing
aflatoxin contamination is required. In order to dféective and to be easily adopted, such
approaches need to be affordable and to meet alftiueferences. Effective approaches can

also be used as a platform to raise awarenesS§@prsatices.

Making use of compounds that are already used éyoital people during food preparation,
to reduce levels of contamination in peanuts iswag of addressing the aflatoxin problem,
keeping in mind people’s cultures. For exampt@ggadi (also referred to aggata), an
alkaline mineral salt used as a cooking aid maimlgoften foods, has been shown to reduce
levels of aflatoxins (Mutungi et al. 2008). Thesghmrs found that the salt has a high ionic
strength (5.6 x @S m?), as well as a composite nature. Alkaline metjipical of both
magadi and local ash, enhance the opening of the lactmeof aflatoxins, resulting in
water-solublep-keto acid derivatives (Parker and Melnick, 196lutungi et al. (2008)
showed that soakinguthokoi (dehulled maize) imgata, sodium hypochlorite or ammonium
persulphate decreased aflatoxin levels by 28 tpef2cent, while boilingnuthokoi in igata
decreased aflatoxin levels by over 80 per cent.il&ily, the alkaline nature of local ash
made of peels from lIrish potatoes, banana and besmsh is used to soften legumes,
vegetables and grains during cooking could redecel$ of aflatoxins in peanuts during their
preparation.

Research has also shown that some traditional fwedaration processes such as sorting
(Rheeder et al., 1992; Desjardins et al., 1998y&za¢t a., 2003) and washing (Rheeder et al.,

1992; Desjardins et al., 1998) are effective inumdg aflatoxin levels in foodstuffs. The
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three methods that are commonly used in westerry&eatl involve sorting before actual
cooking, while boiling involves a washing stage.hD#ing of maize during the study by
Mutungi et al. (2008) was shown to reduce aflatexinmaize by an average of 46.6 per cent.
Soaking and discarding the soak water is also camdwing boiling. The purpose of this
study was, therefore, to establish the effect akting, boiling and peanut sauce processing
techniques on aflatoxin levels and to assess tfiectebf adding commonly available

substances to boiled peanuts on aflatoxin levedlscansumer acceptability.

6.2  Methodology

6.2.1 Sample collection

Extension staff collected samples from traders also belonged to a women’s group that
marketed peanut products in the Nambale divisioBusfia district. The women'’s group was
selectively sampled, based on the ease of accad&mgroup, even though individual traders
within the group were randomly selected using thegister, by assigning each member a
number and randomizing these in EXceThe samples were collected a day before the
experimental work was conducted, whereby a 5 kgpsamf peanuts was purchased from
each trader. The sample was drawn using a metghicn sampler and portions drawn from
different parts of the sack. Samples were alsectdt from a processing company (hereafter
referred to as Company A for confidentiality reagoand from the Gikomba market in
Nairobi, which is a formal market with defined $&talSamples from Company A were
randomly selected at the factory premises, whitepdas from the market were bought from
randomly selected vendors, with the vendors allgwis to sample from different parts of the
sacks using a grain sampler. Samples from the wangoup were used in field and lab
experiments while samples from Company A and tHe@ba market were used only in the

laboratory experiment.

6.2.2 Moisture determination

Initial moisture content of samples was determinsithg the oven drying method. Samples

were first ground using a kitchen blender (Senatoter grinder, Amargum Overseas PVT
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Ltd, India) for one minute. Ten grams of grounchpée were placed on aluminium foil, and
placed in an oven (Memmert ULM 500 Schutzart ov8ohwabach-Frg, Germany). The
samples were dried at 10% overnight and the net weight of the dried samptes

determined after drying. The moisture content easulated as a difference between final
and original weight divided by original weight cdraple, and multiplied by 100 to give the

percentage of moisture. Each sample was repli¢hted times.

6.2.3 Effect of various practices applied duringee peanut preparation methods

performed under field conditions, on aflatoxin lesve

A previous survey by Mutegi et al. (2007) foundtth@asting, boiling and preparation of
peanut paste are the most common household prigparatethods of peanuts. This
experiment was to document the progression of @aflatlevels at each stage of the three
processing methods, without any control on pararsetee., as they would have been
prepared by each individual in their homesteadam@es were prepared using these three
techniques by the ten farmers randomly selected fiee women’s group from the Nambale
division of Busia district. Although every effortas made to reproduce typical household
settings, the exercise was executed at a centlglilzee for logistical reasons, as well as to
dispatch experimental instructions easily to fasneAs a first step in this experiment, the
women were asked to sort what they considered torfilhuman consumption from a lot of
5kgs sample. The discarded produce was storedagelyaand transported in cooler boxes to
Nairobi for analysis, to determine the levels datmixins. Thereafter, 500g of produce was
sampled from the clean nuts and re-sorted intoyisdnr home consumption and what was
considered as good quality seed for planting. Pisadentified for home consumption (used
in the subsequent stages of preparing the thfesratit types of peanut products) were then
roasted for 9 to 15 minutes (the exact duration wetermined by each farmer’s prior
experience) at 110 to 15C (determined by placing a thermometer in a latoafsting nuts),
and half of the roasted sample was dehusked. Ti® were salted during roasting by
sprinkling them with a salt solution (salt is udyahpplied in water solution to ensure
uniform distribution on the nuts), prepared by diggg 3.1 to 6.04 g of salt in 10 to 35¢(m
water, depending on each farmer. Aflatoxin levetsavdetermined as described in section
6.2.6, for each of the samples of nuts identifiedseed or home consumption (roasted and

dehusked nuts).
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In preparing the peanut paste, the ten farmers asether sample of about 500g each, and
again sorted it for seed and for home consumptibhe sample for home consumption was
pounded using a mortar and pestle, mixed with 20800 nt of water and placed onjiko

(a locally made charcoal-burning stove commonlydusg middle and low income families
in Kenya), and stirred until it was cooked. Theafiproduct had the consistency of porridge.
Again, depending on the individual farmer, the dogkime ranged from 8 to 16 minutes at
temperatures of between %2 and 94C. The pH of the water used ranged from 6.36 to 6.9
Salt was added towards the end of cooking (betvZe®rand 6.2 g). The aflatoxin levels of
the nuts classified as intended for seed, homeutopson, and cooked samples were
determined as described in section 6.2.6. Thenvelof water added by each farmer, the
time taken to cook, the amount of salt, and theopwater used for cooking the peanut paste

were recorded.

Boiled peanuts were prepared by first soaking ab00tg of sample in water overnight. The
water was poured out and the peanuts were rinsdd cd@an water. The nuts were then
boiled and allowed to simmer for 35 to 54 minutasilicooked. The pH of the water used to
clean the soaked peanuts ranged from 5.15 to wf2ile the pH of water after completion of

boiling was 6.45 to 7.21. Completion of the cookprgcess was subjectively determined by
the participants by placing a nut between the infileger and thumb and pressing it, and
assessing the ease with which it crumbled. Aflatoeivels of soaked as well as boiled
peanuts were determined as described in sectiof. 6he amount of water added, the pH
and the temperature of the water during boiling evegcorded. Ten replicates of each

treatment were made.

6.2.4 Effect of various stages in the three pepreparation methods performed under

controlled laboratory conditions on aflatoxin level

Samples from two different sources were used Herlaboratory tests. Ten two kilogram
samples of sorted peanuts were purchased from waradars in the Nambale division of
Busia district. Samples of spoilt peanuts, sold kiwer price for poultry feeding, were also
obtained for testing. A second sample was souficed a peanut processor, Company A.

This sample contained peanuts that were not saitfinl sale as whole nuts, but which are
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used for making peanut butter. These samples weredsfor 5 months without proper
ventilation to accelerate aflatoxin contaminatitfsing the results obtained from the field
experiment as a guide, optimum conditions for hgiliroasting and peanut sauce preparation
were determined by conducting preliminaries in ldd@oratory. These conditions were used
to prepare samples using the three methods (rgastailing and making peanut paste). For
roasting 250 g of nuts were heated to i@Gor eight minutes on a frying pan, on an electric
stove. Thirty millilitres of salt solution (prepatrdy dissolving 15 g of common salt in 250
met of distilled water) was sprinkled on the nuts dgrthe roasting process. For the boiling
treatment, 250 g of nuts were boiled in a saucecpataining one litre of tap water. The pH
of water used to wash nuts before boiling was $53.51. The pH of water after boiling the
samples ranged from 6.45 to 7.21. The peanuts baited at a temperature of 82 for 50
minutes each. The temperature was maintained dulatng the heat from the stove. The
peanut paste was prepared by cooking 500 g of grpaanuts in 500 fmof water (with a pH

of 8.93) at 9¢°C for 8 minutes. Three grams of salt were addeditdsithe end of cooking.
Ten replicates of each preparation method were nwu levels of aflatoxins were

determined for each replicate sample before ard tfe preparation.

6. 2.5 Effect of boiling of peanuts in locally dahle softening salts on levels of aflatoxins

To assess the effects of locally available sattdewels of aflatoxins, an experiment was
conducted, which involved a modification of the ldag and boiling stages as described
above. The treatments involved soaking producengyler in ammonium persulphate (2 per
cent), or sodium hypochlorite (1 per cent) or 10 g&gadi. Plain water was used as a

control.

The soaked nuts were subsequently boiled for 5Qitminat 92C in 2.5 gt of magadi, 50

met/e of locally prepared ash or 100gbf baking powder (sodium bicarbonate), with plain
water being used as a control. Thirteen samplese wesed, and the experiment was
replicated three times, with samples from thrededdit sources, namely, the Nambale
division of Busia district, the Gikomba market aBdmpany A. The ash was prepared by
first drying 2 kgs peels from beans, 3 kgs of banaeels and 0.5 kg of Irish potato peels, the
three crop residues that are locally used to peepah for softening food. The proportions

taken were based on what was used in various holdselluring their preparation as a
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cooking aid. The dry peels were then burnt usifiga The ash was then sprinkled with 200
m{ water and put out in the sun again to dry. Theadity was poured into a half kg plastic tin
that had minute perforations at the bottom, andaste pressed firmly in the tin until it was
half full. Water was added and allowed to percoktevly through the ash overnight. The
filtrate was collected in a plastic bottle, seated stored in a dark place. It was used at a
concentration of 50 @it of water, which is approximately the concentratiosed in
softening the food by the local people. Moisteels of initial samples were also recorded.

Aflatoxin levels were determined prior to soakiafier soaking and after boiling.

6.2.6 Aflatoxin analysis

A 200 g sub-sample was drawn from each samplegesehd into a fine powder or blended
into a fine paste depending on the initial statetrif sample, using a kitchen grinder
(Kanchan Multipurpose Kitchen Machine, Kanchan dméional Limited, Mumbai, India).
The ground sample was then sub-divided into twaakpartions of 100 g each. The powder
was triturated in 70 per cent v/iv methanol (70 bdaute methanol in 30 ml distilled water)
containing 0.5 per cent w/v potassium chloride iblender, untilthoroughly mixed. The
extract was transferred to a conical flask and ehdkr 30 min at 300 rpm. The extract was
then filtered through Whatman No.41 filter paped afiluted 1:10 in phosphate buffered
saline containing 500 pl/Oween-20 (PBS-Tween) and analyzed for aflatoxinhwain
indirect competitive ELISA (Waliyar et al. 200bby preparing an aflatoxin-bovine serum
albumin conjugate in carbonate coating buffer & h@/ml concentration and dispensing
150 ul in each well of the Nunc-MaxisSHELISA plateS. Absorbance was measured at 405
nm in an ELISA plate reader (Multiskan Plus, Lalbegss Company, Helsinki, Finland).

6.2.7 Sensory evaluation

Peanuts of the same variety, harvested at the siameeand from the same vendor were
purchased from the Kawangware market. All nuts i&med to be spoilt were first removed
and the clean nuts sub-divided into four lots. Pe@anut were soaked overnight in clean,

lukewarm water after which the water was drainefd Bach lot was then boiled either in

9 Nunc A/S, Kamstrupvej 90, P.O.Box 280, DK-4000, Ride, Denmark
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magadi, baking powder, local ash, salt or plain watethatconcentrations stated above, for a
period of about 50 minutes. The nuts were alloweddol to a warm temperature, before
being served to 30 trained panellists from difféteackgrounds that included lab technicians,
scientists, security guards, cleaners, and offaéea&gues. Treated peanuts were presented
simultaneously to each panellist, labelled as KMiviled in magadi), KNM (boiled in
baking powder), NKM (boiled in ash), MNK (boiled piain water) and MKN (boiled in
water and salt). The samples were presented iriedélisposable plastic plates and coded
in 3-digit numbers to eliminate bias. Each panellias asked to rank the four samples using
an ordinal scale (Watts, Ylimaki, Jeffery and Elia889), for flavour, appearance, texture,
and overall acceptability. The most preferred samyds ranked “1” while the least preferred
was ranked as “5”. The panellists were also aségve any additional comments to support

their scores.

6.2.8 Statistical analyses

To study the effects of different processing teghes on changes in levels of aflatoxin at
various stages of processing, values denoting ketfletoxin levels were subjected to a
natural logarithm transformation to stabilize theriance. The preparation stages analyzed
were:

1. initial stage (i.e., levels of aflatoxin in the sales prior to the nuts being
subjected to any sorting or preparation method)rtirep for home
consumption, roasting and dehusking stages fotingatechnique

2. initial stage, sorting for home consumption, waghend boiling for the
boiling technique; and

3. initial stage, sorting for home consumption andkiog of peanut paste stages

for peanut paste processing technique.

The differences in aflatoxin levels between onegestand another were presented as
percentages. To determine if there was any sigmificlifference between two different
stages, sources, or methods, a repeated measur€&VANvas performed, and
significance determined at a 5 per cent confiddecel. Effects of soaking and boiling
produce in different compounds on the aflatoxirelewas determined by first converting

aflatoxin levels at initial, soaking and boilingages into their natural logs. The
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differences in aflatoxin level at each stage wemrded as percentage differences of the
log. Data on each attribute assessed in the sempsatyation experiment was ranked for
each sample and a total rank obtained. Least gignifdifferences were used to compare
summative rankings for each sample at the 5 pdramtiidence level. Comparisons were
made in relation to the sample boiled in water aali. All analyses were performed,
using Genstat (Discovery Edition, copyright 200@wes Agricultural Trust Rothamstead

Experimental Station).

6.3 Results and discussions

6.3.1 Results for the sorted peanuts

Of all the ten samples of spoilt peanuts, 80 mart diad moisture levels below 8 per cent,
while only two samples had moisture content oftéligover 8 per cent (8.92 and 8.37 per
cent). The levels of aflatoxin in the spoilt sanspleere high ranging from 15.93 to

6762.81ug/kg (Table 6.1). Fifty percent of thesndiscarded by the traders had levels of
aflatoxin greater than 4000 pg/kg, while 30 pertdead over 200upg/kg, with one sample
having 76.7 pg/kg.

Table 6.1: Aflatoxin content of discarded nuts fromten traders
in Busia district

Sample no  Moisture content (%) Aflatoxin level (kay/
Farmer 1 7.08 6762.81
Farmer 2 6.90 76.69
Farmer 3 7.13 4613.35
Farmer 4 8.37 8502.24
Farmer 5 6.66 4126.50
Farmer 6 8.92 4968.74
Farmer 7 7.01 15.93
Farmer 8 7.24 277.45
Farmer 9 7.10 508.25
Farmer 10 6.93 926.70
Range 2.26 8486.31
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Only one farmer's produce had aflatoxin levels lésan 20 pg/kg. The high levels of
aflatoxin observed in the discarded component ef shmples were within the ranges that
were reported previously from different samplesagtd in the region (Mutegi et al. 2009).
In that study, samples were analyzed prior to sgréind it is likely those with high levels of

aflatoxin would have been discarded after sorting.

Based on a pair-wise T-test of 17 samples, there we differencesR=0.135) in levels of
contamination between samples identified as sw@tédol home consumption and seed, with
some of the seed sample having higher aflatoxiel¢exompared to home consumption
samples, even though participants classified nuted for seed as having the best quality.
For example, after sorting, Sample 17 had aflatéevels of 3.7 pg/kg in the nuts intended
for home consumption, compared to 9.3 pg/kg inrthis destined for seed use (Table 6.2).
The moisture content of all but one sample of ninéd excluded spoilt produce was below
6.5 per cent (Table 6.2). These results accord thitise of Galvez et al. (2003) who also
showed that sorting can substantially reduce lew€laflatoxin in contaminated nuts, even
when initial levels are very high. The resultsoaiadicated that whereas sorting can
substantially reduce the risk of exposure to afiatoits effectiveness cannot be solely relied
upon as peanuts that look physically clean coulll ¢ contaminated. Moreover, the
subjectivity of the person sorting could lead tepdirities in sorting, necessitating the need to

combine sorting with other safety practices.

Despite participants’ awareness of the poor qualftgliscarded nuts, such nuts eventually
find their way into products in the food chain. lexample, discarded nuts are usually sold at
a lower price as poultry feed or given to poulttyname, or sold to cottage industries for
making peanut butter. This can lead to aflatoxiisquing since aflatoxin has been shown to
accumulate in animal products (El-Gohary, 1996;Skyed et al., 2000) as well as to
contaminate peanut butter (Omer et al., 1998; Sirepl2003). The seed category is usually
considered the cleanest and hence all peanut$owfeat standard than seed quality is used to
prepare food at home rather than for planting. Hameit is clear that sorting does not

guarantee the consumer of a safe product.
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Table 6.2: Aflatoxin and moisture content of sortecbeanut sample$
collected from members of a farmer group in Busia idtrict, Kenya

Aflatoxin content of Aflatoxin content
samples destined  of samples

Moisture content for home intended for
Sample No (%) consumption (pg/kg) planting (Lg/kg)

1 6.2 4050 3.4
2 6 26.3 3.7
3 6.2 4050 4.6
4 6.1 1.7 4.7
5 6.1 15 5.8
6 6.1 10.3 5.2
7 6.1 4050 4.3
8 6.1 6.7 4.3
9 6.2 5.7 6
10 6.2 6.2 4.8
11 94 6.6 3.7
12 6.4 4.1 3.7
13 6.2 3.7 4.3
14 6.2 6.2 3.7
15 6.3 3.7 111
16 6.3 8.9 4.7
17 6 3.7 9.3
18 6 8 3.7
19 6 8.5 3.7
20 6 5 3.7

*Samplesanalyzed were those used for roasting and preparafipeanut pas
Sample 1, 2 and 7 were restricted during analgsis/oid their leverage on the
output. SE of the mean=1.580.

6.3.2 Aflatoxin levels at different stages of pesing

The changes in aflatoxin content were more notabkamples with initially high levels of

aflatoxin. For example, for the boiling experimetiie peanut sample from Company A
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which had initially averaged 675.4 pug/kg (SE=1.aBatoxin declined by 38.7 per cent after
sorting compared with 17.8 per cent decliRe@.001) from peanuts from the field source
that had lower initial levels of aflatoxin thatesaged 12.0 (SE=1.23). Previous studies have
shown a similar trend, whereby samples with ifitifigher aflatoxin levels had resulted in
larger declines of aflatoxin compared to those \#s. Tabata et al. (1994) obtained a 66 per
cent reduction in aflatoxin concentration in masamples treated with 1.0 per cent w/v
ammonium persulphate compared with over 90 peraegitadation of pure aflatoxins treated
with 1 per cent w/v ammonium persulphate at’@0 Lopez-Garcia and Park (1998) also
suggested that aflatoxin distribution in maize fi@ts during processing may be influenced
by contamination levels. Fondahan et al. (200%) &dsind no aflatoxin in discarded hulls and
embryo in the preparation afawe (a solid-state fermented dough used in Benin, Tagbh
Nigeria for cooking several dishes-Hounhouiganlgti®93) from maize, as the aflatoxin

levels were already so low in the cleaned initzhple.

In the field experiment where peanut preparatiat@dures were not controlled, there was a
significant decline in levels of aflatoxin at vau® stages of processing, within the same
method P = 0.043; LSD 1.331; Table 6.3). For example, waghof nuts reduced the
aflatoxin levels by an average of 36.2 percent,levBorting of peanuts for peanut paste
processing reduced aflatoxin levels by 86.9 perdeamh the initial peanuts. Reduction of
aflatoxin levels resulting from sorting has beersaived in other studies (Rheeder et al.,
1992; Desjardins et al., 1998). As the sorting amel manually by hand, its success in
reducing aflatoxin levels is subjective. Fondaharale (2005) noted that hand sorting of
visibly mouldy grains with the aim of reducing myoxin levels was likely to depend on the

ability of the people responsible for this activity

There was no differencé® (= 0.213) in levels of aflatoxin due to source at:over the
different stages within each method (boiling, pratian of peanut sauce and roasting) in
the lab experiment. This implied that the changeafiatoxin levels for peanuts from the
farmers in Nambale and those from Company A werdlai. This observation enabled us
to combine the results from the two sources of ptawithin the laboratory experiment
and look at the means at each processing stageafdr method. There was a general

decline in the levels of aflatoxin during procesgsihut this was not always significant.
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Table 6.3:. Log mean$of aflatoxin levelsat different stages of peanut processing in tf
field

Peanut preparation stages Boiling Peanut pastengnaki Roasting
Initial 3.28a,b 2.06a 1.91a
Sorting for home consumption 4.09b 3.85b 1.75a
Washing 26la - e
Boiling 524c e
Peanut paste making = ----- 280ab e
Roastng e e 1.73a
Dehusking e e 2.05a

*LSD between means within the same method = 1.331

In the boiling experiment, aflatoxin levels deceshafter sorting by 32.1 per cent, while after
washing, the aflatoxin content reduced by 37.2 get. Percentage decline of levels of
aflatoxin because of boiling was 20.9 per cent.réhveas, however, no significant decline in

aflatoxin levels between the washing and boiliragyes (Table 6.4).

Table 6.4:. Log mean$of aflatoxin levels at different stages of peanut

processing in the laboratory

Peanut preparation stages Boiling Peanut pastengiaki Roasting
Initial 4.70c 4.06b 3.65b
Sorting for home consumption 3.19b 3.31b 3.44b
Washing 200a - e
Boiling 225 - e
Peanut paste making = ----- 209%a 0 -
Roastng e e 3.84b
Dehusking e e 2.46a

*LSD between means within the same method and witfbined sources =0.8686
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During peanut paste processing, there was a deofirg7.8 per cent in aflatoxin levels
between the nuts sorted for home consumption anddbked paste. There was an 11.9 per
cent decline in levels of aflatoxin because of tiogs while dehusking peanuts after roasting
reduced levels of aflatoxin by 35.9 per cent overoasted nuts. The study by Njapau et al.
(1997) also showed a substantial decline in rogsézthuts. Overall, the percentage decline
between sorted nuts for home consumption and boilksl peanut paste or dehulled nuts was
46.7, 62.5 and 39.7 per cent respectively. Thggests that these three methods are viable
processes for reducing aflatoxin levels in peanlatsarticular, this study showed that the
sorting performed in the three processes was \igeytve in reducing aflatoxin levels. Such
effectiveness has been illustrated in past studies ding that of Fondahan et al. (2005),
who found that practices such as sorting, winnovand washing reduced mycotoxins by up
to 91 per cent, during preparation of maize progluesing traditional methods. The
effectiveness of washing produce before cooking leen illustrated by Shetty and Bhat
(1999), who found that 74 per cent of fumonisingeveemoved by washing maize grains,
immersing them in water and removing the uppertiwmac The mechanism behind reducing
aflatoxin levels during washing and sorting is thteysical removal of spoilt nuts during
sorting, while the wash water during washing predesbound to carry along aflatoxins that

are not bound.

Dehusking peanuts is practiced by some peopleljobafore eating roasted peanuts, even
though it is not common practice. In this studyhutking reduced levels of aflatoxins. Its
effectiveness in reducing aflatoxin levels implibat it could be encouraged as a practice
during consumption of roasted peanuts. The redugtio levels of aflatoxins recorded in our
study because of dehusking match those of Mutungi.2008) who recorded an average
decline of 46.6 per cent in aflatoxin levels of diédd maize, during the preparation of
muthokoi. However, Siwela et al. (2005) noted a 92 per ceatrease in aflatoxin levels of
dehulled maize meal. It is important to note thahwling does not eliminate all aflatoxin.
This can be explained by the fact that althougtiaser colonization of seeds by aflatoxin
producing fungi is predominant, the fungi are alapable of penetrating the seed (Lopez and
Christensen, 1967). Aflatoxins have been fountidaelatively heat stable (Alberts et al.,
1990; Sinha, 1998), and this could explain why dineatest reductions in aflatoxin levels
occurred during the stages prior to actual cookiligconsistency in sorting and preparation
processes between traders during the field expetiomuld explain inconsistency in some of

the results, as evidenced in Table 6.2.
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6.3.3 Effect of soaking and boiling peanuts usiagous salts

Soaking produce in different solutions significgnttduced R = 0.027; LSD=17.88) levels
of aflatoxin, regardless of the solution used. Réasoaked in watemagadi, NaOCI, and
ammonium persulphate recorded percentage declings.d, 18.4, 18.3, and 1.6 per cent,

respectively (Figure 6.1).
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Figure 6.1:. Percentage overall means for reductiolevels of aflatoxin in peanuts
soaked in different salt solutions (LSD=17.88; n=39

The action of soaking peanuts in water and throveiway the wash water before boiling is
therefore an important stage in preparation of dabipeanuts. Alternatively soaking the
peanuts irmagadi is also effective as shown above. A significafitedence P < 0.001) was
also observed with regard to where the peanuts daome (Table 6.5). For example,
percentage decline of aflatoxin levels in peanotked in ammonium persulphate was 15.5
per cent, 7.8 per cent and -18.2 per cent for sesnpbtained from Company A, Busia and
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Gikomba markets, respectively. Samples from Gikarhlad the lowest initial levels of
aflatoxin, with only two samples having more thah [2g/kg. Soaking of produce in water
reduced levels of aflatoxin as shown in the stugyMutungi et al. (2008). This could be
explained by the fact that aflatoxins are relagivaluble in water (Cole and Cox, 1981), and
could have been washed out with the soaking whlawever, the decline in aflatoxin levels
in peanuts soaked in ammonium persulphate werasibigh as those noted by Mutungi et
al. (2008), who assessed the effect of ammoniusufErate on the decontamination process
of naturally contaminated maize, by soaking it i fer cent ammonium persulphate for 6 or
14 hours, at 25C. Soaking peanuts in sodium hypochlorite emagiadi significantly reduced
aflatoxin levels, even though the percentage decim maize was higher than what we
recorded (Mutungi et al. 2008). Significant loss¥saflatoxin after soaking irmagadi
solution has been shown to occur over prolongegisggeriods (over 6 hours) and has been
attributed to a slow hydrolysis of hemicellulosegtie grain pericarp by sodium bicarbonate,

a major component ohagadi (Mutungi et al. 2008).

Boiling the peanuts imagadi, local ash, baking powder and water reduced leviedgl@toxin
in the peanuts by 43.8 per cent, 41.8 per cen® @8 cent and 11.7 per cent, respectively,

relative to the initial sample (Figure 6.2).
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Figure 6.2: Means for percentage changes in aftain levels of boiled peanuts
(LSD=41.80; n=39)
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However, there was however, no significant diffeenn per cent reduction of aflatoxin
because of boiling the peanuts in any of the thotgtions tested implying that all the boiling
media were effective. Again, the largest percemtdgcline was noted for samples that
originated from Company A, which also had the hgjhaitial aflatoxin levels (Table 6.5).
For example, samples from Company A resulted iedink in aflatoxin levels of 52.4, 48.3,
29.6 and 13.4 per cent when the nuts were boildddally prepared ash, baking powder,
magadi and plain water, respectively (Table 6.5). Useneigadi also led to the highest
percentage decline in levels of aflatoxin from wad sources (76.1 per cent, 33.2 per cent
and 29.6 per cent drop in levels in samples fronsiBuGikomba and Company A,
respectively). The results above therefore show libding peanuts irmagadi, local ash or
baking powder are all effective in reducing aflatoXevels in boiled peanuts. Their
effectiveness can be attributed to their alkaliagire (Parker and Melnick, 1966; Mutungi et
al. 2008).

Table 6.5: Means of changes in levels of aflaioxin soaked and boiled peanuts from

three sources

Source Busia Gikomba Company A

Soaking medium

Ammonium persulphate 7.79:98 -18.249.98 15.1549.98
Igata 3.46+17.28 13.49+9.98 34.2849.98
Sodium hypochlorite 40.819.98 5.91+12.22 12.3249.98
Water 89.984.98 -20.2548.64 24.1548.64

Boiling medium

Local ash 33.721.6 37.448.7 52.448.7
Baking powder 29.941.6 8.848.7 48.348.7
Igata 76.121.6 33.248.7 29.648.7
Tap water 0387.5 37.543.4 13.487.5

*LSD=31.16; n=39, for comparing means within thesacolumn due to the soaking medium

YLSD=72; n=39, for comparing means within the sawiaran of boiling medium

95



6.3.4 Sensory evaluation of peanut samples coivkdifferent media

The tabulated critical value for 32 panellists &damples aP = 0.05 (Watts et al. 1989)
was 35. With regard to taste, only boiling in plaiater gave a significantly different taste as
compared to boiling inmagadi, baking powder, local ash or table salt, and vimes least
preferred sample (Table 6.6). The most preferemhpts were those boiled magadi and
salted water. Peanuts that were boilednagadi were the most preferred with regard to
colour, with the least preferred being those boite@lain water. Samples boiled magadi,
salted water and baking powder were ranked as gasignificantly better colour compared
to those boiled in water (Table 6.6).

Table 6.6: Tabulated sums of ranking for acceptance test for peanutsboiled in

various treatments shown to reduce levels of aflakin

Overall
Sample boiling treatment Taste Colour  Texture acceptability
Peanuts boiled in plain water 119 129 106 110
Peanuts boiled in igata 85 67 79 79
Peanuts boiled in baking powder 93 86 108 98
Peanuts boiled in local ash 102 104 95 114
Peanuts boiled in salt water 81 92 93 79

*Tabulated critical value #&=0.05 for 32 panellists and 5 samples is 35

YOnly safe peanuts purchased from the local store wsed in this test

With regard to texture, no significant differencasanoted by the panellists between samples.
With regard to overall acceptability, panellistekad peanuts boiled imagadi as highly as
peanuts boiled in salted water (Table 6.6). Tlastlereferred peanuts were those boiled in
plain water or in local ash. The results show fiednuts boiled imagadi are as acceptable
as peanuts boiled in salt and water. The fact pleainuts soaked in various salts scored
equally or better with regard to various attributesmpared to the conventional boiling means
adoption would not be hindered. In addition toiaddlavour to the peanuts, the compounds

also double up as softening agents, saving on ngokine. They have an economic
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advantage of being readily available and affordalléh no cost for ash and only about $0.8
dollars/kg ofmagadi.

6.4 Conclusions

The study investigated the effectiveness of bojlipganut paste preparation and roasting of
peanuts in reducing levels of aflatoxin. The resaliowed that sorting, washing, dehusking,
that are preparation stages are effective in reduaiflatoxin in the peanuts. Roasting
peanuts before grinding in the preparation of pe@aste can significantly reduce aflatoxin

levels.

Boiling peanuts in locally available salts was fdun be effective in reducing aflatoxin. In
addition to reducing aflatoxin levels in the peanutoiling in magadi also enhanced the
sensory attributes of the boiled peanuts. The pwitiose nature afagadi, local ash and
even baking powder as both softening agents asasetbompounds that reduce aflatoxin in
peanuts makes their adoption easy. During thisystsplecific concentrations of ammonium
persulphate, sodium hypochlorite amelgadi were used to soak peanuts for a specific time.
As further investigations, various concentratiofighese compounds should be tested over

various times to see if their effect on reducingtakins could be optimized.

Further investigation on the ionic composition ofdlly prepared ash to determine its ionic
strength is recommended. Overall, the study recenmu® further investigations on
traditional processing of peanuts in reducing thaffatoxin levels. The study also
recommends further exploration of batiagadi and local ash in boiling of peanuts, as they

are easily available, affordable, easily preparatitzave a multipurpose use.

Peanuts given to poultry at household level weghlii contaminated, and in spite of the
success of sorting in reducing aflatoxin in peanfiois home consumption, it does not
guarantee a safe product. The continuous needs® asvareness through extension staff on
guality and safety aspects of peanuts, and expl@@ntamination options for already

contaminated nuts cannot be over emphasized. Tigistdo be done bearing in mind that the
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safety standards in the country are now strictéth wafe limits in aflatoxin levels being

reduced to 10 pg/kg compared to the previous k&0 pg/kd®.
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CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS

Food safety is key to achieving food security. Tie@ortance of peanuts in food security is
underscored by its high nutritive value and impatcgaas a cash crop. However, its value is
threatened by its susceptibility to aflatoxin coniaation. Despite the crop’s significance in
the diets of people in western Kenya, the exterdflatoxin contamination in peanuts in the

region is not documented.

Therefore, this study set out to determine theityual peanuts with regard to aflatoxin levels
and Aspergillus sectionFlavi contamination from households in western Kenydatakin
levels in samples were quantified and factors aatet with the levels were investigated.
Fungi in theAspergillus sectionFlavi group were also assessed. Other fungi isolated finem
samples includedPenicillium spp. andRhizopus spp. Aflatoxin B, By, G; and G were
identified as these types have direct impact orptitency of aflatoxin contamination. Lastly,
household peanut preparation techniques were askéss their effectiveness in reducing

levels of aflatoxin in the peanuts.

To achieve these objectives, aflatoxin analysis peaformed by indirect competitive ELISA
method. This method had the advantage of allowinglyasis of numerous samples.
Information on pre- and post-harvest peanut prestizas collected by using personal
interviews. The protocols for identifying variofisgi are well documented and recognised.
Protocols were drawn from existing methods. Thaskided using Modified Dichloran Rose
Bengal (MDRB) agar for isolation ofspergillus sectionFlavi, Penicillium and Rhizopus
spp. and identification of specific fungal specieish Czapek yeast extract Agar (CYA).
Screening isolates for aflatoxin production Ayflavus andA. parasiticus was done in high
sucrose yeast extract (YES) liquid medium, andatfitegoxin types identified on TLC plates,

using analytical grade standards of aflatoxin®, G; and G,
Typical household preparation methods for peanutsewselected and conducted under

controlled conditions in the laboratory to exploie common practices controlled

contamination.
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The findings showed that 7.54 per cent of samplepassed the KEBS tolerance limits.
However, the range of aflatoxin levels varied cdasably among samples, and was between
zero and 2,687.fg/kg in Busia and zero and 7,5g§/kg in Homa bay. Busia District had a
larger area that was covered by the wetter Loweatldvid 1 and Lower Midland 2 zones,
compared to Homa bay District that had a largea avered by the drier Lower Midland 3
agro-ecological zone. There was a significait11.983; P=0.0005) association between
AEZ and aflatoxin levels, with the percentage oftaminated samples decreasing with
lower precipitation. Thus, the drier Lower MidlaBchad more samples with lower aflatoxin
levels compared to the wetter Lower Midland 1 aoaver Midland 2 agro-ecological zones.
It was not surprising therefore, that samples fiBusia had significantly higher levels of
aflatoxin compared to those from Homa bay. Whidewt 10.70 per cent of samples from the
Busia District had aflatoxin levels greater thanu2gkg, only 4.09 per cent of samples from

Homa bay fell into this category.

There was a significany?=9.748; P=0.0018) association between levels of aflatoxid an
cultivar, with improved cultivars showing lower damination in samples compared to local
cultivars. Samples from farmers who experiencatlems with moles in their peanut fields

had significantly higher levels of aflatoxin becawd pod damage.

The predominant fungi in the peanuts from eithsetritit wereA. flavus L-strain,A. flavus S-
strain andA. niger. There was a significantly higher incidence Rifizopus spp. and
Penicillium spp. in samples from Busia compared to samples titee Homa bay District.
Total aflatoxin levels were also found to be sigaintly correlated with the colony counts of
A. flavus S-strain, with aflatoxin levels increasing witttiease in colony counts &f flavus
S-strain. A higher per cent &. flavus S-strain was isolated from samples that had higher
aflatoxin levels. Therefore, samples with less tAaug/kg aflatoxin had lower isolates &t

flavus S-strain compared to samples with more thapdRg aflatoxin content.

Improved cultivars showed a significantly lowerighence ofA. flavus L-strain, A. niger and
Rhizopus spp. compared to local cultivars, while grading aspost-harvest practice
significantly reduced the levels & flavus S- and L-strains. Higher incidences/Afflavus

S- and L-strainsA. niger andRhizopus spp. were recorded in samples from farmers who did
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not belong to a PMG. AflatoxinBB,, G; and G were found in isolates &. flavus andA.

parasiticus, with the most common being Aflatoxin.B

Rejected peanuts that are fed to poultry had regkl$ of aflatoxins (ranged from 15.93 to
over 6000ug/kg). There were no significant differences iratdkin levels between what the
farmers considered peanut for seed and peanutfwsetnold consumption, even though the
farmers considered peanut for seed to be less roomted with aflatoxin than that for

household consumption.

Changes in aflatoxin levels at different stagesawking were more notable in samples that
had initially high levels of aflatoxin. Sorting améashing peanuts significantly reduced levels
of aflatoxin. De-husking nuts after roasting alseduced aflatoxin levels. Overall, peanut
paste, cooking, roasting and boiling of peanutsealito declines in aflatoxin levels, albeit at
different rates. Soaking peanuts before boilingither watermagadi, NaOCI| or ammonium
persulphate all lead to declines in aflatoxin leviel the peanuts, with soaking magadi
being as effective as the conventional soakingatew Boiling peanuts imagadi, local ash
and baking powder (sodium bicarbonate) were allabygeffective in reducing aflatoxin
levels. Peanuts boiled magadi had the best taste and compared well with the exttional
peanuts boiled in water and salt. There was nerdiffce in appearance between peanuts
boiled inmagadi, salt or baking powder, and respondents repottatithese peanuts tasted
better than peanuts boiled in plain water. Ovetth most preferred peanuts were those

boiled inmagadi and conventional salt.

7.1 Conclusions

In conclusion, the level of aflatoxin varied coresiably among the samples but the majority
of samples had aflatoxin levels within the Kenyadaw of Standards and European Union
tolerance levels for total aflatoxins. Howeveeg thcidence of aflatoxin producing fungi was
high including contamination b4 flavus S- and L-strain, ané. niger. Rhizopus spp. and
Penicillium spp. were also prevalent, but other group&spergillus sectionFlavi such asA.
caeletus, A. tamarii andA. alliaceus are not prevalent. AflatoxinBB;, G; and G were
found in the samples, Aflatoxin;Band B being themost predominant. The high levels of
aflatoxin producing fungi may exceed tolerance leviesafe pre- and post-harvest practices

are not adhered to. Control strategies during pepraduction should be directed to the
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wetter Lower Midland 1 and Lower Midland 2 agro-legical zones. Improved cultivars
and reduced pest damage reduced aflatoxin leveleipeanut samples. Producer Marketing
Groups promoted peanut grading and provided trginam this. Grading produce
significantly reduced the levels of fungal contaation in peanuts. Commonly used
household preparation techniques (roasting, boilmgi making of peanut paste) were
effective in reducing levels of aflatoxin in alrgadontaminated produce, as did sorting and
dehusking contaminated peanuts in food preparati@cally available salts effectively

reduced aflatoxin levels, without negatively affiegtsensory attributes.

7.2 Recommendations

The study illustrates the presence of contaminationpeanuts and the possibility of
contamination levels increasing in the absencefs#f pre- and post-harvest practices among
sampled households in western Kenya. Various astame urgently required to prevent,
control and mitigate contamination and its effathaman and animal health and its negative

impact on export market opportunities.

Prevention can be addressed by raising awarenessgth campaigns and promoting sound
practices at all stages of the value chain. Vasetespecially those introduced by ICRISAT,
have been found to be promising in reducing lew#lsaflatoxin. Farmers ought to be
encouraged to grow these varieties. The improvedets are also bred for disease

resistance, and are therefore less prone to diseasgared to the local varieties.

Control strategies should include encouraging pegraduction in regions less conducive to
aflatoxin contamination - such as in the Lower Mial 3 agro-ecological zone. Preventive
measures should be adopted in regions that arby ltkepredispose peanuts to aflatoxin
contamination such as the wetter Lower Midland d aower Midland 2 areas where peanuts

are an important crop.

Farmers need to be encouraged to join producer etiagk groups that train farmers in
grading, sorting and other helpful control techeisj@nd practices and encourage the use of
these and provide cost-effective collective oppaties for quality control through the

Kenyan Bureau of Standards. The success of PM@seirmarketing of peanuts should be
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used by government institutions to scale up thecephto other regions. Government
extension staff can use the PMGs as avenues to faaners on various aspects of peanut

production, processing and marketing.

There is a need to encourage and facilitate Ha2aralysis and Critical Control Points

(HACCP) training programs for various peanut praduowing to the continued increase in
peanut production and its potential as a cash iecorop. This could be done effectively
through the Kenyan Bureau of Standards. Alreadgh sfforts are being realised with the
help of collaborative efforts between Peanut Caliabive Research Support Programme
(CRSP), ICRISAT, KARI and KEBS, where extension k&s and peanut processors are

being trained on HACCP management systems for peamad peanut products.

Mitigating approaches for aflatoxins in peanuts chde include conventional peanut
preparation processes that should be encouragaa adoptable way of managing aflatoxins.
Due to their affordability and familiarity, adoptiaf these practices is simplified. Emphasis
needs to be laid on specific processing such amgaf peanuts and, de-husking, and even
washing nuts before cooking. Home Economics Departsineed to include modifications
to peanut boiling in their training programs as aeams of encouraging safe eating habits
among farmersMagadi, which is locally available and cheap needs tem&uraged during
boiling as it has superior sensory attributes anahi effective medium for reducing levels of

aflatoxin in boiled peanuts.

7.3 Recommendations for further research

Recently, the tolerance level for aflatoxins in m&a and other food commodities by the
Kenya Bureaus of standards was lowered fronu@®g to 10pg/kg. An assessment on the
implications of such a move on the food availapnits a vis health implications needs to be
carried out. Further, as a possible control measesearch on the use of atoxigenic strains of
A. flavus as a possible bio-control agent needs to be pdrgueaddition to breeding for
resistance, as this would be a cost effective meamsanaging aflatoxins in peanuts. The

research should be built on the high presende fhavus L-strains found in the region.
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Post harvest mitigating strategies can be advabgedudying the ionic properties of locally

available ash. In addition, the success of ottesoor ash concoctions that are used to either
soften food or as mineral supplements especiallgrbgnant women need to be investigated
for their effectiveness in reducing aflatoxin leselThe soils eaten by women should be

investigated for their ability to bind aflatoxins human and animal food/feeds.
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