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ABSTRACT

Aflatoxins are a group of mycotoxin®ainly produced byAspergillus flavusand A.
parasiticus mostly oncereals and peanutéflatoxins adversely affectood and feed
safetythereby affecting humamd animal health as well as trad@nditions for growth

of fungal contaminants anproductionof mycotoxinsvary from region to region and
among different products This study investigatedevels of fungal and aflatoxin
contamination in marketgoeanutdn Kericho and Eldoret town# total of 228 samples
were collectedusing stratifiedsystematicsamplingfrom both towns: 140 from formal
(raw: 30; roastedoated 66; roasted deoated:44) and 88 (raw: 48; roasted coated: 35;
roasted decoated: 5) from iformal marketsDiversity and populationsf fungal species
contaminang peanuts wre determinedby culturing ground samples on Modified
Dichloran Rose Bengal Agar. Aflatoxiavels werequantified using indirect competitive
enzymelinked immunosorbent aay Correlation betweerthe incidence of major
aflatoxinproducing fungal species and aflatoxin contamination levelss also
establishedSevenmajor fungal specieand straingsolatedfrom peanut samplewere
AspergillusflavusL strain A. flavusS stain, A. parasiticus, Atamarii, A. caelatus, A.
alliaceusandA. nige. Otherisolatedfungal generavere Fusarium Penicillium, Mucor
and Rhizopus Aflatoxin levels averaged46.8ug/kg (range: 0 to 234%g/kg) for raw,
56.5 ug/kg (range: 0 to 3821g/kg) for roasted coatednd 19.9ug/kg (range: 0 to 201
Ho/kg) for roasted deoated peanut sample$he level of aflatoxin contamination
differed significantly (p O 0 .bé&vBedn raw peanut samples from formal and informal
markets both in Eldoret and Kericho townsThere was no significant differen¢ep O
0.05)in aflatoxin contamination levels of roasteda®ated peanut samples from formal
and informal market dlets. Overall, the total aflatoxin levelsn 43% of peanus and
peanutproductsexceeded thd 0 € g / degulatory limit set by the Kenya Bureau of
StandardsRaw peanuts were the most contaminated with more than 50% of the samples
having aflatoxin levelsl@ovelOe g /. Khgre was a positive and significant correlation
(R*=0.63; pO 0 .bénveepn aflatoxin levels and the population of major aflatoxin
producing fungal specieé&¢pergillus flavud. andS strainandA. parasiticuscombined

in raw peanutsanpled fromformal market outlets in EldoreTotal aflatoxin in raw
peanut samples from Kericho informal market outlets was positivelysemificantly
correlated (R= 0.81; pO 0.05) with the population oAspergillus flavus(L and S
strains) In roastecdtoated peanut samples from formal market ouitteEdoret aflatoxin
levels correlated positively and significantly wilspergillus flavusS strain (R=0.37; p

O 0.05).Roasted deoated peanutserethe least contaminategith only 40% and 22%

of samples exceeding &nya Bureau of Standardsthresholdin informal andformal
markets, respectivelyRoasting de-coating and packaging of peanuts reduced the
incidence of aflatoxisproducing fungi and aflatoxin productionhere is need to create
awarenessmong peanut traders and the public on prd@erdling of peanuts artealth
risks associated witbonsuning unsafe peanut products.
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CHAPTER ONE
1.0INTRODUCTION
1.1. Background Information
Peanut Arachis lypogaeal) also known as groundnut or earthnut is an annual crop
grown for its edible oil and protein rich kernel seeds borne in pods that develop and
mature below the soil surface (Atasieal, 2009). Itis native to Eastern South America
(Atasieet d., 2009) but is mainly grown in China, India, USA and many-Sabaran
African countries including Kenya (CampoMandragonet al,2009; Mutegi, 2010).
Within Kenya, peanuts are mainly grown in parts of Nyanza, Western, Rift Valley, Coast
and Eastern Pwinces. In these regionthe crop is growmn at least two seasons per year
(Mutegi, 2010). By 2010, World Food Programme in Kenya was reported to buy about

50,000 metric tones of cereals and groundnuts from Kenya (Oywag)2010

According to Wuet al, (2011) the trend of peanut production by developing countries
including Kenya has been increasing over the last decade and is predicted to continue for
the next three decades. From 19992, Kenya produced 0.05% (10 million kg) of the

Wor | dbs p ecton whes deyelopind gountries produced 91% of the global
statistics (23.94 million tons). From 26@10 0 3 , Kenyads production
(30 million kg) of the worldds production
0. 05% of trbdectiowwheh degekping countries will be producing 93% of

the global statistics (44.33 million tons of peanuts). In 2010, FAO statistics indicated a
production of 99,072 metric tones of groundnuts with shell in Kenya, harvested from

19,291 hectares (FA®RIAT, 2012).Peanut is high in protein (26 to 39%), fat (47 to



59%) and carbohydrates (11%) (Nelson and Carlos, 1995; Agasie 2009). It also
contains severalminerals, including sodium (42.0 mg/100g), potassium (705.11
mg/100g), magnesium (3.98 mgdDg), calcium(2.28 mg/100g),iron (6.97 mg/100g),
zinc (3.2 mg/100g) anghosphorug10.55 mg/100g) (Atasiet al, 2009),as well as
vitamins E, K and BDue to its high nutritional value, it has several uses such as in

weaning, therapeutic food, confextery, and as an animal feed.

A major challenge in peanut production is fungal contamination. Fungi are among
various plant pathogens and major spoilage agents of food and feed. According to Makun
et al. (2010), infection of plants by fungi not only rétsuin reduction in crop yield and
quality with significant economic losses but also contamination of grains with
mycotoxins. Mycotoxins are toxic secondary metabolites that are produced by some
fungal species and contaminate food and feed (Jay, M@dlauchlinand Little, 2007;
Richard, 2007; Russe#t al, 2010). Aspergillus flavusand A. parasiticusare fungal
species that have a particular affinity for nuts and oilseeds, anlearain producers of
aflatoxins which arethe most toxic and carcinogencompounds among the known
mycotoxins (Yuet al,2004).Peanuts and maize are the main sources of human exposure
to aflatoxin because they are highly consumed worldwide (13.3 million tons of peanuts
were consumed in 206003 with a projected consumptiai 16.32 million tons in
2030) and unfortunatelare the most susceptible crops to aflatoxin contamination

(Waliyar et al, 2009; Mutegiet al, 2009;Mutegi, 2010Wu and Khlanwiset, 2010).



1.2. Problem Statement and Justification

Aflatoxins are potehh mycotoxins that cause impaired growth and immune system
suppression. They are carcinogemjtagenic and teratogeni&flatoxins affect quality

of the produce and food safetyrecent reports indicate that aflatoxins are common in
peanus and grains irdifferent parts of Keny@Mutegi, 2010; Muteget al, 2010; Oywa,
201(, b and are a serious health problem. In order to minimize consequehces
aflatoxin on food security, trade, healtlind meet international and national mycotoxin
regulatory standds, there is need to monitor fungal species and mycotoxin
contamination periodically. The purpose of this study teseforeto investigate the
level of fungal and aflatoxin contamination in marketed peamuEdoret and Kericho
towns in Kenya with a view to assessinghealth risks of consuning peanutsand

identifying strategie®f minimizing aflatoxin production

1.3. Objectives

Broad objective

To assess the fungal and aflatoxin contamination levels of diffeeamutproducts from

various market outts in Eldoret and Kericho towns of Rift Valley region in Kenya.

Specific objectives

1. To determinethe incidence of aflatoxin producing fungipeanutproducts marketed
in different outlets in Eldoret and Kericho towns.

2. To establish the prevalence of abt&in in differentpeanutproducts from Eldoret and

Kericho towns.



3. To compare aflatoxin contamination levelspgeanutproducts from various market

outlets in Eldoret and Kericho towns.

1.4. Hypotheses

1. The incidence of aflatoxin producing fungi does vary in different peanut products
in different outlets from Eldoret and Kericho towns.

2. There is no variation in the prevalence of aflatoxipganutproducts marketed in
Eldoret and Kericho towns.

3. There is no difference in aflatoxin contaminatievels inpeanufproducts from

various market outlets in Eldoret and Kericho towns.



CHAPTER TWO
2.0.LITERATURE REVIEW
2.1 Mycotoxins
Mycotoxins are fungal toxic secondary metabolttest causéealth problems in humans
and animals(Park et al., 2007; Hedayatet al, 2007). Mycotoxins are byproducts of
metabolism that are not essenfiai fungal growth and developmentThey serve as a
defensive force for molds, because they can actually limit the role of competitive
microorganisms in theicinity. They are produced by few fungal speciesvhen they
colonize crops in the field or during storad#acLauchlinand Little, 2007; Wagacha and
Muthomi, 2008). Mycotoxins are a problem in both tropical and temperate regions in
indigenous and importiecrops MacLauchlinand Little, 2007).They attract worldwide
attention because of the significant economic losses associated with their impact on
human and animal health, productivity, economics of their management and trade
(Wagacha and Muthomi, 2008)Some mycotoxins are poisonous if eaten in sufficient
guantity. Numerous mycotoxins have been studied and identi@ddarticular interest

are mycotoxins that affect man.

2.2. Mycotoxins in Crops

Many grains, fruits and vegetables can support fungadttp under certain conditions
(Garbutt, 1993). Agricultural attention to mycotoxins has focused on maize, nuts, and
fruit crops because of their susceptibility to mold growth and their importantieein
human diet.Maize and peanuts are the most frequyeafifected crops by aflatoxin

(Jacobsert al, 2007 Battilani, 2010. Other susceptible crops include wheat, sorghum,



millet and cassavavlycotoxins contaminate mps into two pleses(Bhat and Vasanthi,
2003 Cotty et al. 2008 Battilani, 2010 Hell and Mutegi, 2011) The first phase is
during crop developmenfpre-harvest stage): fungal speciesontaminatephysically
damaged angbhysiologicallystressectrops duringthe growing seasanContamination
builds up after maturation when the crop is exposedvarm humid conditions. The
second phaseay occur to the crop prior to harvest in field or aftarvest, whichs,
during transportation, storage ar any point until the crop consumedIn addition to
climatic conditions sociceconomic andigrononic factorsalsocontribute to mycotoxin
contamination of food and feed in Afric@vagacha and Muthomi, 2008ell and
Mutegi, 2011).Farm and food industries make every effort to eliminate mycotoxins

because they carot onlycause illnesbut alsodevaluecrops.

2.3. Major Groups of Mycotoxins

Major groups of economically damaging mycotoxins inclaflatoxins, ochratoxins,
trichothecenes and zearalenonéiflatoxins, a group of polyketidderived
furanocoumarins, are the most toxic and carcinogenic cangs among the known
mycotoxins (Yuet al, 2004). Among at least6 to 20 structurally related aflatoxins,
there are four major groups:1 BAFB,;), B, (AFB2), G; (AFG1) and G (AFG;) so
designated based on their blue and yelfpeen fluorescencéf{weny, 1977; Wuet al,
2011). They are produced by many species Adpergillus including A. flavus A.
parasiticus and A. nomius Others areA. pseudotamarji A. bombycis and A.

ochraceoroseuqVarga et al, 2003; Caryet al, 2005). These toxinscontaminate



agricultural commodities and pose a potential risk to livestock and human heal#t (Yu
al., 2004; Hedayatet al, 2007).

Ochratoxins consist of a group of at least seven structurally related secondary metabolites
including ochratoxinA, B and C (Jay, 199 MacLauchlinand Little, 2007) Ochratoxin

A, discoveredn the mid 1960s MacLauchlinand Little, 2007), is the most toxic and
prevalentas a natural contaminant of stored grains (Bené&rdl, 2001; MacLauchlin
and Little, 2007) It is primarily praluced byAspergillus especiallyA. ochraceusin
tropical regions Gachomeet al, (2004)isolatedthis species in fresh peanuts marketed
within Nairobi, Kenya. Octatoxin A is also producedy Penicillium notably P.
verrucosumin cereals and cereal prodsdn temperate regions (Benfort al, 2001;
USDA, 2006). Ochratoxin Ais also found immanyother raw and processed foodasr
examplepealuts, beans, soya beans, barlelieat,pulses dried fruits, dried fish citrus
fruits) and beveragesuch aswine, beerand grape juice(Garbutt, 1993; Benforeét al,
2001;USDA 2006,MacLauchlinand Little, 2007)Serious health effects othratoxinA

in humans and livestockfof example poultry and pigs) have been documented
(MacLauchlinand Little 2007) and inade impairing immune system functipsausing
neural abnormalitieand development of urinary tract tumaut®ntamination of humans
by Ochratoxin Acan be througteating contaminatedoods such agork and bead

(USDA, 2006).

Trichothecenes are a groop mycotoxins produced b$tachybotryspp. and Fusarium
spp. (Samsoret al, 1995). They are deadly mycotoxins if ingested in large amounts and

can severely damage the entire digestive tract and cause rapid death due to internal



hemorrhaging (Garbutt, 93). Jacobset al, (2010)reported that exposure to toxigenic
mold (Stachybotryshartarum)led toinfantle pulmonary hemosideros(a condition in

which victims cough upplood from lung}in Cleveland in 1990 Chronic exposure to-T

2 toxin and HF2 toxin, categorized asichothecenes A, can cause damage to the bone
marrow, the immune system and eventually death (Garbutt, 1998}oXin and HT2

toxin were reported to be responsible for alimentary toxic aleukia durin@ebend

World War (Lutsky andMor, 198]. Bhavanishankar and Shantha (2006) fousitdxin

up to 38.89 mg/kg in pearsutnarketed in Mysore, India. Type Bidhotheceneshat
include deoxynivalenglalso referred to as vomitoxinand nivalenolare majorly
produced byFusariumcerealis F. culmorumandF. graminearum(Samsoret al, 1995

in wheat, barleymaize rice and sorghum (Canady al, 2001; Muthomiet al, 2004).
Symptoms associated with deoxynivalenol include hemorrhage and necrosis of the
digestive tract, neural problems,rimine system suppression, lack of blood production in
the bone marrow and spleen, and possible reproductive problems such as birth defects

and abortion (USDA, 2006).

Zearalenoneiclude at least five naturally occurring compounds that are produced by
Fusaium species, mainlyc. graminearumF. culmorumandF. tricinctum.These fungal
species are associated with maize and invade the field at the silking stage especially
during heavy rainfallMoisture levelsabove 26 following harvestingcausefungi to

grow and produce toxirSusceptibleropsincludewheat, barley, sorghum and ri¢iay,

1991). To avoid growth oFusariumspp in grains during storage the moisture level



should be less thah4%. Zearalenone causes infertility, abortion or othegroduction

problems(USDA, 2006).

2.4.Historical Perspective 6 Aflatoxicosis Outbreaks

Aflatoxicosis refers to an infection caused by consuming commodities contaminated by
aflatoxins. Aflatoxins were first isolated in 196 after a disastrous outbreak termed
turkey-X disease resulted in the death of over,@00 turkeys in Englands a result of
using acontaminategboultry feedthat contaired peanuts imported from BraziGargeant

et al, 1961) In 1974, four hundred people were affected amshe hundreddied in
northwest Indiaas a result of consumption of heavily aflatoxin contaminated maize
containing up to 1900 parts per billion (ppb)hile ather smaller outbreaks have been

reported from Thailand and MalaysidcLauchlinand Little, 2007).

In 1977, sigriicant correlationof liver cancer withaflatoxin ingestion was established
fromastudy carried out i n(OWany 1®7/g & d00d8evese r i Ct
cases of aflatoxin ingestion were reported in Kenyarwdwer 450 people were affected
and125 of themdied after consuming aflatoxin contaminated mdRmbstet al, 2007

Oywa, 201@). The deaths were mainly associated with homegrown maize that had not
been properly dried before storada. addition, harvesed maize grain had not fully
maturedand was more susceptible to infection. Following the outbreak, a survey of 65
markets in Kenyawvas undertaken and it wasstablished thab5% of maize samples

exceeded ththenKenya regulatory limit of 2@pb (this has since been revised to 10 ppb
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for total aflabxin), 35% exceeded 108pb while 7% exceeded 10@pb (Probstet al,

2007).

In 2010, maize harvests in 29 distriftsm Coast and Eastern Provinces were declared to
be unfit for human consumptidoy the Government of Kenyafter 2.3 million bags,
equivalent tanearly twaothirds of the total grain harvesteneconfirmed havingaflatoxin
exceeding the regulatory thresho(@ywa, 2010a;Oywa and Nzia, 2010)This
contamination was attributed tagbonged rainfall that did not allow the maize to/ d
(moisture content of the harvest was up to 16% while the recommend8&dL85%),
poor postharvest handlingpractices and unfavorable storage conditions (Oywa,
2010a,H.

2.5. Aflatoxins and Aflatoxigenic Fungi

Aflatoxins are primarily produced bpspergillus species(Jay, 1991; Garbutt, 1993;
MacLauchlinand Little, 2007)Aspergillus flavusindA. parasiticusare the predominant
species responsible faflatoxin contamination of crops prior to harvest or dustugage

(Yu et al, 2004;Klich, 2007;0ywa, 201@; Wu et al, 201). At least16 to 20different
types of aflatoxin are produced, with aflatoxin B1 considered to be the most toxic. The
presence oA. flavusdoes not always indicate harmful levels of aflataiacobseret al.,
2007) Aspergilus flavusproduces AFBand AFB while A. parasiticusproduces AFB
AFB,, AFG; and AFG (Yu et al, 2004).Other aflatoxigenic spcies includeA. nomius
that produ@sB andG aflatoxins(Dorner,2002) A. pseudotamarii, A. bombyasdA.

ochraceoroseugvargaet al, 2003; Caryet al, 2005).
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Aflatoxin is a problem particularly in developing countries in titogics and subtropics
(Battilani, 2010) It is estimated that more than 4.5 billion people in developing countries
may be chronically exposed to aflatoxin in their diets (Oywa, B018ccording to the
World Health Organization (WHO), Kenya is among the Africanntoes faced with

serious aflatoxin problems.

Peanutis a substrate of choice for extensive aflatoxin produdipA. flavus (Bankole

and Adebanjo, 2003)Aspergillus flavusalso grows in a wide range of dietary
components including maize, wheat, beaseyabeanscotton seed, andtree nuts
(Olweny, 1977 Jay, 1991; Gachomoet al, 2004 MacLauchlin and Little, 2007).
Aspergillus flavugs common and widespread in nature and is most often found when
certain grains are grown under stressful conditiom$ s drought. The mold occurs in
soil, decaying vegetatiofBankole and Adebanjo, 20p3hay and grains undergoing
microbiological deterioration and invades all types of organic substrates whenever and
wherever the conditions are favorable for its groittygh moisture content and high
temperature) Aspergillus parasiticusis most prevalent in peanuts and uncommon in

aerial crops such as maize and cottongeledn et al., 2009.

2.6. The genusAspergillus

2.6.1. AspergillussectionFlavi group

The genet diversity inthe population ofAspergillussectionFlavi has been documented
by Horn (2007). Aspergillus flavusbelongs to sectionFlavi which contais an

assemblage of phylogenetically related aflatoxigenic and-aflatoxigenic species
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(Peterson, 2008)AbdelHadi et al. (2011) identified 18 strainef Aspergillussection
Flavi group 13 of which wereaflatoxin-producersfrom Egyptian peanutsGiorni et al,
(2007) isolated 70 strainwithin AspergillussectionFlavi from maize destined for animal
feed in Italy. The strainsincluded toxigenic A. flavus (dominant at 93%)and A
.Jparasiticus Mutegi et al. (2012) recovered. flavusS strain A. flavusL strain A.
parasiticus, Atamarii, A. caelatusand A. alliaceusmembers of sectioflavi group in

peamutssampledrom Western Kenya.

2.7.Factors Affecting Occurrence and Production d Aflatoxin in Peanuts

Contamination of crop seeds By flavusandA. parasiticusmay occur in field or during
storage (Klich, 2007)Biological factorg(crop susceptibilit and its compatible toxigenic
fungi), environmental factors, harvesting, storage, handling and processing all contribute
to aflatoxin contamination of creggMahuku and Nzioki, 2001 Mutegi et al, (2007)

noted that panut production in Kenya is domindtby small holders whose handling
practices favour fungal contaminatioficcording to Hell and Mutegi (2011){flatoxin
contamination of food and feed in Africa is increasing ttuenvironmentalagronomic

and socieeconomic factorsFungal growth and atoxin contamination ariereforethe
consequence of interactions among the fungus, the peanut and the environment. The
appropriate combination of these factors determithe infection and colonization of
peanus, and the type and amount of aflatoxin gwoed.In addition a suitable substrate

is required for fungal growth and subsequent toxin production, although the precise
factors that initiate toxin formatiorarenot well understoodSubstrate and insedamage

of the host plant are majadetermining factors in mold contaminationand toxin



13

production. Aflatoxin formation is also affected by associated growth of other molds or

microbes(Bhatnagaet al, 2002.

Environmental and agronomic factors arejon factors thatinfluence pod and seed
infection by the aflatoxirproducing fungi and aflatoxin productid@AC/RCP, 2004
These factorvary from one location to another and between seastithen the same
location. To be effectivéen reducing aflatoxin production incidencgzreharvest and
postharvest control measuresf peanuts must be taken into considera(iGAC/RCP,

2004).

2.7.1. Environmental factors

Fluctuation in climatic factors influences aflatoxigenic fungi in the environment and
predisposes the host to contamination by altering cropl@@went and affecting insects
that create wounds on which aflatoyproducers proliferate (Cotty and JahGarcia,
2007). According to Bankole and Adebanjo (2003), mycotoxin contamination is favoured
by plant stress, high ambient humidity that preventsoiingh drying, andnappropriate

storage practices.

Dry hot conditions affect crop in field while warm and wenditionsfavour the produce
in storage (Cotty and Jaintgarcia, ®07). According to Wottom and Strange (1987),
peanut susceptibility increasdse to reduction in phytoalexin production during drought
stress. Stress of the plant in field and poor stocagelitions such asxcessive heat and

moisture, pest crop damage and Igmgriod of storageof the produce & the main
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predisposing factorto aflatoxin contamination (Wet al, 2011). Under high humidity,

dry seed absorbs wathence increasing its moisture content that favours the extent of
fungal contamination (Cotty and Jai@arcia, 2007)Some environmeat conditiors

are favorable to fugal infection and subsequent aflatoxin contaminatérpeanuts.
Contaminationof peanutsby aflatoxinis influenced byhigh temperaturesprolonged
drought conditionshigh moisture contenbefore and during harvesting heavy rains
during the growing seson and poor pos$iarvest handlindy farmers(Oywa, 201@).

The recommendedafe moisturecontentfor peanuts is below 10 percer@AC/RCP,
2004) thatis, lower than that of maize which 18 t013.5 per cenfOywa, 2010; Hell et

al., 2003. Inadequat drying or improper storage of food commoditas also factors
influencing the occurrence of aflatoxinimid tropics According toBhat and Vasanthi
(2003), climatic conditions such as high temperature and moisture, unseasonal rains
during harvest, rad flash floods lead to fungal proliferation and production of
mycotoxins. The optimum temperature for aflatoxin production has been found to be

between 24C and 28C (Jay, 1991), Z& and 32C (USDA, 2006).

2.7.2. Agronomic factors

Aspergillusflavus is widespread and often found when certain grains are grown and
harvested under stressful conditions. The mould occurs in soil, decaying vegetation, hay,
and grains undergoing microbiological deterioration, invading all types of organic
substrates whenevehd conditions are favorable for its growt@ywa, 2010). Seed
quality (variety, size,damage, diseasgdyecific crop growth stages, poor fertility, high

crop densities, and weed competition have been associated with increased mold growth
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and toxin prodation (CAC/RCP, 2004)In addition, thepracice of allowing peanuts to

dry out in the field predispos¢he kemels toA. flavusinfection (CAC/RCP, 2004)

2.7.3.Biotic factors

Susceptible developing cropsrea predisposed to fungal contaminatidhrough
mechanical damages by birds, mammals and insects €Galg 2003).Diverse insects

(like corn borers on maize, pink bollworm on cotton, lesser corn stalk borer on peanut)
vector aflatoxinproducing fungi andhey cause damage that alle the fungi to gan
accessincreasing the chances of aflatoxin contaminat&tephenson and Russell, 1974;
Dieneret al, 1987;Dowd, 2003 Guoet al, 2003. Storage pests also play significant
role in contamination of foods with toxigenic fungi€ll et al, 2003; Lanboni and Hell,

2009).

2.8 .Implications of Aflatoxins on Human and Animal Health

2.8.1. Aflatoxins and human health

Aflatoxins are heat stable and survive most cooking meth@blgeqy, 1977). Aflatoxin
contamination makes commodities unfit for humamsumption. There is a general
consensus that aflatoxin contamination of foods affects people and their livelihoods; it is
particularly serious for poor people who have little choice regarding the food they
consume. USAID (2012) reported that exposureflaicxin is a health problem rooted in

the whole food chain and requires a multidisciplinary approach for analysis and

management.
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Aflatoxicosis is a disease produced through poisoning by exposure to aflatoxian@\u
Khlangwiset,2010). Exposure to aflaxin is mostly throughingestion of contaminated

food (Richard, 2007; Wagacha and Muthomi, 20@8tegi, 2010 but also by the dermal

and inhalation routes (Wagacha and Muthomi, 2008tegi, 2010).The disease can be
acute or chronic. When aflatoxin is oesumed it may alter intestinal integrity or
modulate the expression of cytokines and proteins that signal to each other and to
immune system components resulting in stunted growth in children and immune

suppressiofWu and Khlangwiset, 2030

The ingesbn of high levels of aflatoxin can be fatal, while chronic exposure may result
in serious health conditions such as cancer and liver cirrhosis, weakened immune
systems, and stunted grow®u and Khlangwiset2010). Aflatoxin plays an important
role in human hepateellular carcinomdliver cancey, increase susceptibility to diseases
especially in children and childhood gree yearsmortality and reduatlife expectancy
(Makunet al, 2010).In 1987, the International Agency for Research on CandAR(C)
placed aflatoxin B1 on the list of human carcinogetidRC, 1987) Specific P450
enzymes in the liver metabolize aflatoxins into a reactive oxygen species (afl&@p3ins
epoxide), whichmaybind toproteins and asse acute aflatoxicosis or to DNA andlute

liver cancer (Wild and Gong, 2010; Wu and Khlangwiset, 20IB® primary disease
associated with intakef aflatoxin is liver cancer. According to WHO (2008)yer
cancer ighe third leading cause of cancer death witlf3bousand t&00thousanchew
cases each year. Strosnid¢ral. (2009 reported that 80% of these deaths occur in East

Asia and Suisaharan Africa. In addition tover cancer, #atoxins cause cancer of the
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gut, lungs and human breast (Cotty and Jascia, 2007). These toxiredso impair
child developmen{underweight, neurological impairmensyppress immune system and

lead todeath when in severe acute expog@etty and Jaim&arcia, 2007).

The syndrome of acute aflatoxicosis is characterized by vomiting, abdominal pain
pulmonary edema, convulsions, coma, and death with cerebral edema and fatty
involvementof the liver, kidneys, and hegiVilliams et al, 2004) Humans are exposed

to aflatoxins by consuming foods contaminated with products of fungal gr&uth
exposue is unavoidable because fungal growth in foods is not easy to prevent. Heavily
contaminated food supplies are not permitted in the market place in developed countries,
but concern still remains for the possible adverse effects that result frontetomg
exposure to low levels of aflatoxin in the foedpply. More than 5 billion people in
developing countries worldwide arestimated to beat risk of chronic exposure to
aflatoxins through contaminated foods (Strosnideral, 2006) Evidence of acute
aflatoxicosis in humans has been reported from many parts of the wddding Kenya,

Uganda Taiwan, India, and many othdacobsewt al, 2007; Probset al, 2007.

The expression of aflatoxirelated diseases in humans may be influenced by age, sex,
nutritional status, and/or concurrent exposure to other causative agents such as viral
hepatitis(HBV) or parasite infestatio(Bennet and Klich, 2003 The limited availability

of food, environmental conditions that favor fungal development in crops and
commodities, lack of regulatory systems for aflatoxin monitoring and control are among

conditions that enhance the likelihood of acute aflatoxicosis in hu(#énst al, 201J).
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2.8.2. Aflatoxins and animal health

Some mycotoxins are acutely toxic and canse vomiting and feed refusal by livestock
(Lubulwa and Davis, 19). Several studies have shown tladilatoxin B1, aflatoxin M1,
and aflatoxin G1 cause various types of cancer in different animal spedibe
susceptibility of individual animals tolatoxin varies considerably depending on species,
age, sex, and nutritiofBennett and Klich, 2003)ngestion of #atoxin by animalsmay
cause liver damage, decreased nphoduction, decreased eggroduction, immune
suppression, embryo toxicjtygrowth impairment, increased mortality rate, anemia
among othergLubulwa and Davis, 1998; Wet al, 2011).Y ounganimalsarethe most
susceptibleto aflatoxin effects among the other age grouiace aflatoxins can also
affect animals with devastating resuliisen contaminated food should not be converted

into animal feeds.

2.9. Testing for Aflatoxin

The presence of aflatoxjproducersn a given food/feedloes not mean that aflatoxins
are present, but does increase the risk for aflatoxin production (Jacetbak 2007).
Aflatoxins are not destroyed during foaehd feed manufacturing processé&siven the
potential longterm effects ofaflatoxins leading to significant economic and health
hazards, it is essential to test the faow foodproducts for afleoxins before their
consumption \(Valiyar et al, 2009 and ensure that their levels in food supply are
minimized (Makunet al, 2010). Several testing methods and technologies used in
identifying the level of contamination in various foodstuffs have beeveldped.

Mycotoxins are analyzed by either quick tests or confirmatory tests.
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2.9.1. Quick tests

Quick tests or screening are rapid solutions that can be usdfeldranalysis and as a
first set of measures for rejection/acceptance of food/ feed. dfgeysed to determine
whether samples are positive for some mycotoxins (Yiannikouris and Haladi, 2012;
Vincelli et al, 2012). Quick tests include immunoassays, &nzyme Linked
Immunosorbent AssayELISA), which use antibodies to detect mycotoxins, dmd t
layer chromatographyTLC) testing Eurofins, 2008011, Yiannikouris and Haladi,
2012; Vincelliet al, 2012). Thee rapid testprovide fast results and may take only a few

minutes to one day.

ELISA is commonly chosen due to its speed and thefsignt number of samples that

can be analyzed, and @vailable assemiquantitative tests for various concentration
levels and range&LISA requires a simple preparation and inexpensive equipment and is
highly sensitive, good for screening but can somes$ lead to false positive results
(Vincelli et al, 20139. Thin-layer chromatographyT(C) test is simple, inexpensive test

for aflatoxin and can be applied in the same way as ELISA, with better repeatability and
less crosseactivity, but TLC requiresfurther sample cleaop and a consequent increase

in the amount of time needed to obtain a precise réfaiyar et al, 2009 Yiannikouris

and Haladi, 2012; Vincelkt al, 2012).
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2.9.2. Use of lateral flow devices

Other strategiessed as alternat to quick testinclude using lateral flow devices such

as immunostrips, immunodipsticks and immunofiltration with immobilized antibodies on
their surfaceThese techniques are able to rapidly test for the main groups of regulated
mycotoxins, but need tbe used with caution due to crassctivity and falseositives

(Yiannikouris and Haladi, 2012)

2.9.3.Confirmatory tests

Quantitative confirmatory tests use higeformance liquid chromatograplfiAiPLC), or

gas chromatography coupledthivUV or fluorescent detectio(FLD) (Yiannikouris and
Haladi, 2012; Vincelliet al, 2012). HPLCUV or HPLGFLD is used to separate,
identify and quantify compounds according to their chemical propeftiesy are used
when quick tests are strongly positive. A numbeHPLC methods exist for analyzing
aflatoxin, usually based on the AOAC approved method for corn and peanut butter
These methods are capable of lower quantitation limits and usually show more
specificity. They can confirm results and provide more aceuratormation about the
amount of mycotoxin presenfThey arehighly sensitive, very specific and accurate
(Waliyar et al, 2009 Yiannikouris and Haladi, 2012; Vincellet al, 2012). The
disadvantage®f these methods include more expensive instrumenggtimuch more
skilled technical requirements, higher cost per analysis, long run time for analysis
(several days to a week), and focus on group of toxins .of similar chemical structure at
one time. Thus, with these methods, testing for a range of t@guges significant time

and investment.
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2.10.Regulation of Aflatoxin Contamination in Peanuts

To protect human and animal health, action and tolerance levels of different aflatoxin
types and aflatoxin total in food and feed have been established éredifinstitutions

or organizationsn different countriesThe US Food and Drudministrationhas set the

maxi mum safe | evel f or kg dor pdanutsa forl fautanx i n t
consumptonThe European Union set the maxi mum |
peanutsandilsr ocessed profdoctsobtald 4f ketgl{2®;i n g/
Kubo, 2012) while the Government of Kenya (ugh Kenya Bureau of Standards

(KEBS) and the UN World Food Programrhaveset the maximum safe level of total
aflatoxin in maize and peanuts at 10 eg/ Kk

that was allowed before levels were reviewed (KEBS, 2007).

2.11.Strategiesfor Aflatoxin Control and Prevention

Aflatoxins contaminate agricultural commodities and cause health pobiehumans
and animals Measures and strategies ¢ontrol and preveh aflatoxin will lead to
economic gains and health improvemekitany solutions against aflatoxin production

have been proposed by mycotoxin researchers (Bankole and Adebanjo, 2003).

2.11.1. Prevention of mold contamination and growth

According to Hell andMutegi (2011) field management practices that increase yield can
reduce the risk of aflatoxiproduction Preharvest procedures for aflatoxin reduction
with reference to fungi includéhe use of resistant varieties, crop rotation, wiefied

planting, weed conol, reduction of insect infestation, application of fertilizer to reduce
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plantstress andrigation to avoid drought stress (Hell and Mutegi, 2011; Okoth, 011
Rapid and proper dryingsorting, sanitation, smokinguse of botanicals or syntheti
pesticides as storage protectapt®per transportationsawell as packaging are among
post harvest strategies to prevent fungal contamination and subsequewki@flat

production(Bankole and Adebanjo, 2003; Hell and Mutegi, 2011)

2.11.2. Drying

The moisture content of the produce after harvesisually 26 to 396 which mustbe
reducedto 1214% on weight basisfor safe storage with minimatieterioration
(Noomhorm and Cardona, 198%ccording to CAC/RCR2004, safe moisture content
level in peants should be less than 10Rapid drying ofnewly harvestegeanutss one

of the mycotoxin controland preventiommeasures tavoid losses imuality and quantity

of the producgNoomhorm and Cardona, 1989; Bankole and Adebanjo, 2003; Hell and
Mutegi, 2AL1). Sun dryingwhichis the oldest and common way of reducing the moisture
content of any crops normally slower than using mechanical drierswhich are
equipmentghat artificially use heated airduring thedrying process(Noomhorm and

Cardona (1989).
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CHAPTER THREE
3.0.MATERIALS AND METHODS
3.1.Study Area
The study was conducted in Eldoret and Kericho to(#ngure 3.1) within Rift Valley
region, in Kenya. Eldorettown® 1 6 5 4 8165N5, 5 83666 E) is | ocat ed i n
21002700 m above seaMel, 300 km North West of Nairobi on the trafBican
highway and 65 km North of the equator. Eldoret is the fifth largest town in Kenya with a
total urban population of 252,061 by 2009 census (Republic of Kenya, 20@®}he
administrative centre dfiasin Gishu Countin the Rift Valley regionlts climate is cold

and wet, with an average temperature ¢f2@nd mean annual rainfall of 1,124 mm.

Kerichotown (2 26 06°4 69053606 E) | ies within the high
ValleyinKenya,dj acent to Kenyads biggest water c
located in the south west of the country at 2096 m above sea level, 263 km North West of
Nairobi. It is centrally located at 70 km to Kisumu, 100 km to Nakuru and 130 km to
Eldoret. The climate in Kericho is characterized by cool temperatures ranging
betweed6°C and 20°C, and high rainfall averaging between 1,466 and 2,000 mm

per annum. Kerichods tot al ur ban popul ati ¢

(Republic of Kenya, 2009
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3.2.Field Survey and Collection ¢ Peanut Samples

Two hundred and twentgight (228)peanutsamples of 0.&%g each were collected from
formal and informal markets in both study towns: one hundred and eighteen (118) from
Eldoret and one hundred and ten (110) from Kericho tov@me hundred andorty

peanut samples were from formal (raw: 30; roasted: 66; rodstedated: 44)and 88

(raw: 48; roasted35; roasted deoated: 5) from informal marketsWithin each town,
stratified systematic sampling plan was followed in acquiring samples of peanut products
on sale.The sampling points within the towns are shawrigure 3.1 for Kerichoand
Eldoret Samples were collected from hawkers, open markets, retail slaops,
supermarketstockists. Sizes gbeanut sampkefrom each market outlet are shown in
Appendix 1. Formal markets referred to stockists, shops amgersoarkets while
informal markets included hawkers and open markets. Half a kilogram sample of raw
shelled, roasted and roastedadated peanuts was collected from each vendor operating
formal and informal market outlet§he collected samples were pagkd, well sealed in

a sterile polythene bag and then transported to the laboratory where they were kept in a
cool dry place at room temperature (2@5 °C) until laboratory analyses. FiguB2

shows different types of peanut products sampled from infomagkets in Kericho and
Eldoret towns.Background information on the source and handling of peanuts on sale
was gathered through direct observations and-t@face interviews using a semi
structured questionnaire. Information sought included the typearfut product, nature

of market outlet, packaging material, source of the peanut products, mode of transport to
the market, storage conditions, whether peanuts were sorted before selling and criteria

used, and the time interval between buying and selling
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Figure 3.2: Different types of peanuts and peanuts products being marketeith
informal market outlets of Kericho and Eldoret towns, Kenya, during the study

period.

(A) Informal roasting of peanut$B) De-coatedroasted peanut$C) Paclaged coatedpeanuts,
(D) Paclaged coatedandde-coatedpeanuts(E) Raw peanutslisplayedn an open market
(Source: Author, July 2011)
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3.3.SamplePreparation

Eachthoroughly mixedpeanut samplereighing25Qg, (drawnfrom 500 g peanut sample)

was ground to a fingpowder using a Black and Decker blender machine (BX3&25
Type 02 Shanghai China). Two replicates of 100 g each were weighed usimg
analytical weighing machine. One replicate was used for mycological analysis; the other

for aflatoxin analysis and thremaining 50g for moisture content determination.

3.4.Moisture Content Determination

Low constant temperature oven method was used as prescribed by the International Seed
Testing Association1©085, 200%. Two replicateof 1g each (wet weight) were draw

from 50 g peanut powder stkample before ovedrying. Aluminum foil papers were
weighed usingan analytical weighing machine and labeled. Eachréglicate waghen
wrapped in the weighedaluminum foil paper and placed in the oven which was
maintainedat a temperature 0103 + 2C. Thewrapped peanupowder was dried to a
constant dry weight. For each replicate, moisture content was calculated using the

following formula and the two replicate values were thereafter averaged.

wetweight - dry weight
wet weight

Moisture content (%) = 3100
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3.5. Microbial Analysis

3.5.1. Preparation of media for isolation and identification ofAspergillusspecies
Isolation and identification of different fungal species, maifgpergillusspp., in the
peanut sampke was carried out on Modified Dichloran Rose Ben@dDRB) Agar
medium(Horn and Dorner, 1998 he medium was prepared by mixing d0glucose,
2.59g peptone, 0.9 yeast extract, §j KH,PO, 0.5g MgSQ, 7H,0, 20g agar, and 25ig
rose Bengal in 1 L distéd water. The pH of this medium was adjusted to 5.6 using
0.01M HCI. The medium was autoclaved for 20 minutes afc2ihd a pressure of 15
psi, and cooled in a water bath at®0 To inhibit the growth of bacteria and making the
medium semi selective fAspergillusspecies, 5ml of 4nmigdichloran (in acetone), 40
mg/l streptomycin (in 3nl distilled water) and ing/l chlortetracycline (in 1énl distilled
water) were added to the medium through a sterile Qri5syringe filter paper after
cooling to 56C. The medium was dispensedpproximately20 ml per plate) in

disposable Petri dishes and allowed to settléorto threedays before use.

3.5.2. Preparation of peanut samples for plating

From the 100 g ground peanut ssdmple, two susamples of & g each were weighed

and transferred into falcon tubes into which 10 ml of 2% water agar solution (2 g of agar
dissolved in 100 ml sterile distilled water) were added and mixed thoroughly. The first
subsample was serial diluted to 1@Gnd the second t@0? Six replicates for each
sample (three replicates for 1@nd three replicates for TPcomprising 0.2 ml each of

the solution was pipetted onkddDRB medium plates under aseptic conditions. The plates
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were incubated for seven days at 3D after whch wlonies were observed and
identified.

3.5.3. Identification of fungal species and counting of colonies

After seven days of incubation, fungal colonies were identified and differentiated to
species or strain level based on their cultural and morplwalogharacteristics. For
different Aspergillus species, macroscopic identification was done using reference
cultures obtained from the ICRISAT Plant Pathology laboratory. These reference cultures
were subcultured at the same time of plating of the peaamplesAspergillus flavug.-
strainand A. flavusS-strain were identified based on the colour of spores and size of
sclerotia. Aspergillus parasiticuscolony is low, yellow and smoothAspergillus
alliaceuscolony is characterized by formation of bigewotia. Aspergillus tamariihas
raised colony that is yellostark green in centre, cottoand granularColonies of other
isolated fungakontaminantsvere also recordednd in somecases identified to genus
level. Digital photographs were taken usingghlisensitivity Sony Camera 7.2 Mega
Pixels (Model no. DSE65Q Sony cybershort 7.2 mega pixels, QuezQity,
Philippines) to show nacroscopic distinctive features of identified fungal species isolated
from various peanut sampleBhe colony forming unit4 CFUs) ofeach fungal species
were counted using the&allenkamp colony counter (Gallenkamp manufacturer
Frodsham, England The population (CFU/g peanufs of the fungal speciesas

determinedising the formulae

CFU/g peanuts = colonycc?un_t >
(volumeplatect dilution factor)
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Volume plated was 0.2 mthile dlution factors were 0.25 for first dilutio(0™") and

0.025 for second dilution (%

3.6. Aflatoxin Analysis

The level of total aflatoxin in each composite sample was determinedndiyect
competitive Enzyme Linked Imumosorbent Assay (ELISAmethod approved by
Associationof Analytical Chemists (AOAC). A 100 g subsample powder was well
mixed and 2@ taken, triturated in 2@ vv methanol(70 ml absolute methanol in 3l
distilled water) containing 0% w/v potassium leloride in blender for about 2 minutes.
The extracts were transferred to a conical flask and shaken for 30 min@E@3 gm.
The extract was filtered througithatman number 41filter paper, and then transferred to
a sterile container, stored in a freemetil analysis for total aflatoxin. The extracts were

analyzed for aflatoxin level at the Plant Pathology laboratolf@RISAT-India.

3.7.Data Analyses

Data on CFUs and aflatoxin levels were compared among market types (formal and
informal), peanut prduct types (raw, roasted coated and roadi&doated and towns
(Eldoret and Kericho). The diversity of fungal species contaminating peanut products in
various market types and different towns was compared based on Simpson diversity

index values using tHermula:

i=1
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WhereS = number of s piecCC!:Uest(?r;SIOe‘f'e§ 1, 2, é
TotalCFUs

Lower index value indicates that a few species dominate over the others.

For aflatoxin levels, samples were grouped into four categories bastxio aflatoxin

content aperstandards b¥uropean Union EU), Kenya Bureau of Standard¥&KEBS)

andFood and Drug AdministratiolrDA): < 4 & 40ckgy , %162 0 ¢ and X0
eg/l.Rganut in the first <categoerBUPeadutsdn € g/ k C
second categorid-1 0 ¢ gdulk lee jejected by EU but acceptéy KEBS. Category

three contains peanuts that could be rejected by both EU and KEBS and accepted under

FDA while those in last category could be rejected by IKEEBS, and DA.

The response variable aflatoxin level was not normally distributed and did not have
constant variance; therefore the assumptions for paramégeist did not hold (Shapiro

Wilk test for Normality: p< 0.001 and Bartlett's test for homogeneity ofiaaces: p<
0.001). Hence in comparing any two groups of the variables, th@arametric Mann
Whitney U (Wilcoxon ranksum) statistical test was used to analyze the data. In
comparing more than two groupfatawere analyzed usingNOVA under unbalanced
design (GenStat version 14. The means were separated using Least Significant
Difference (LSD) att% level of significanceSPSS version 16 statistical softwavas

alsoused tagenerate frequenciesdtests of significancecludingcorrelation analysis
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CHAPTER FOUR
4.0.RESULTS
4.1.Background Information on Marketed Peanuts n Kericho and Eldoret Towns
During the study period, existing formal market outlets for peanuts were found to be
supermarkets in Kericho and both supermarkets and retail sh&p$oiret. The informal
outlets were municipal open markets (for both towns), stationed hawkers who roasted
peanuts as theyelB (in both towns) and mobile/errant hawkers (in both towRgjure

4.1 There were no stockist§ peanutsn either town.

Figure 4.1 Proportion of market outlets in Kericho and Eldoret towns, Rift Valley,
Kenya.

Supplies to trades and supermarkets in both towns did not have their base in the same
towns.Six means of transport for peanuts in informal markets weesl butdomnated
by walking and use ofrucks (Figure 4.2). In Eldoret town, peanutsvere supplied

through open (40%) and closed (35%)ckks and minibus (25%)In addition,walking
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and bicycle meansvere mainly used from different estates around Eldoret tdwn.

Kericho, peanuts armaainly supplied through openticks(60%).
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Figure 4.2 Mode of transport for peanutsin informal markets in Kericho and

Eldoret towns, Rift Valley, Kenya.

Three types of peanproducts- shelled raw peanuts, roasted coated pisaand roasted
de-coated peanufis weremarketedn Kericho and Eldoret town&®aw peanutsnarketed
in informal markebutletsin Kericho and Eldoret townsere sourced frorBusia, Migori

and Oyugis in Kenyaand fromMalawi and TanzaniéFigure4.3).
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Migori

0%

Figure 4.3 Sources of raw peanutanarketed in informal markets in Kericho (A)

and Eldoret (B) towns, Rift Valley, Kenya.

Identity of raw and roasted peanuts in formal market outlets were labeled on packaging
materials indicating the name of supermarketinotustry/enterprise that packaged or
roasted themAppendcesl.1,1.2 and 1.3 Seventeen different industries/enterprises of
peanuts displayed in formal markets were recorded. In some cases, the source of
packaged peanuts could not be ascertained fhamabeling. However, roastgeanuts

that were beingmarketed packaged in informal were not labeled and their exact
geographical sources could not be identified and traders did not know the exact source of

their nuts.

Different packaging materials forepnuts marketedin Kericho and Eldoret towns

included used newspaper, used printing paper, and polythene paper (Biguréwo
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types of packaging materigl&ppendcesl.4 and 15) dominated in informal markets for
roastedpeanuts sold by hawkers: aiglhi plastic bag$32% in Kericho; 41% in Eldoret
and used newspapeis% in Kericho; 22% in Eldorgt All raw peanuts from informal

marketswere stored in polypyrene bags amerenot packaged.

50 4
a5 H Kericho
40 1 M Eldoret
35 -
S
;30 1
(&}
g 25 -
p
g 20 -
o
15
10
i u

Used newspaper Polythene paper Unpackaged Used printing paper

Figure 4.4: Types of packaging materials used in inforral peanut markets in

Kericho and Eldoret towns, Rift Valley, Kenya.

Storage of peanuts in market outlets was done under various conditions: home room
temperaturg20-25°C), generally practiced by hawkersall (top covered with iron sheet

and free movingair underneath), Shopstore made of wooden structure, raised and
ventilated,and store made of stones/ bricks with ventilatiowire mesh window)The
proportion of vendors who stateheir peanuts (rayeanuts)in salls and home room
temperature/ hous@mainly roasted peanutglominated in both Kericho and Eldoret

towns(Figure 4.9.
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Figure 4.5 Storage structures and conditionsof peanutsmarketed in Kericho and

Eldoret towns, Rift Valley, Kenya.

Most of peanut vendors (65%9)ld the products thaverenot sorted. HoweveEldoret

town had higher proportion (33%) of vendors who pradtib@rough sorting of peanuts

than in Kericho town (14%)Criteria used in sorting focused on removing rotten,
undersized seeds, shrunk, damaged seeds and imgp(itiare 4.6). Thoroughness of
sorting was judged based on the number of sorting criteria that were combined in a given
sorting activity. Combinations of criteria were therefore retained in Figéras captured

from interviewees.
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Figure 4.6. The proportion (%) of criteria used in sorting of peanuts in Kericho and

Eldoret towns, Rift Valley, Kenya.

Time interval between buying and sellinter{gth of storage perioddf peanuts in
informal marketsrangedbetweenl- 90 day. The proportion of those whsold their
products withina day was higher 71%), generallyfor roastedpeanuts that are sold
through hawking, while 11% of raw peanut vendsnkl their produds between 60 and
90 days The length of period taken between buying and selling was mosHythan
seven daygFigure 4.7. Most of peanut products in formal markets (supermarkete

sold between one and six montkig(ire4.9).
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Figure 4.7 The length of storage period (days) of peanuts in Kericho and Eldoret

towns, Rift Valley, Kenya.
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Figure 4.8 The Length of storage period (months) for peanutssold in formal

market (supermarket) in Kericho and Eldoret towns, Rift Valley, Kenya.
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4.2.Moisture Content of Marketed Peanuts n Kericho and Eldoret Towns

The moisture content gieanutproducts sampled from Kericho and Eldoret towns ranged
from 0.0 (from roasted peanut$) 9.6%(from raw peanuts)Roasted peanuts had lawe
moisture contenthan raw peanuts(Table 4.1) However, herewas no significan{ p O
0.05)differencein moisture content levelsmong the analyzgaeanutproducts

Table 4.1: Moisture content (%) on wet weight basisof different peanut products

sampled from Eldoret and Kerichotowns, Rift Valley, Kenya

Eldoret Kericho
Peanut product Formal Informal Formal Informal
Raw 4.67a 443 3.32a 420
Roasted coated 3.6(n 1.7 3.4% 2.78
Roastedle-coated 1.7 N/A* 2.66a 2928
Mean 3.34 3.10 3.14 3.30

AN/ A0 meduning the damping periodhe product was not found on safe
informal market of EldoretMeans followed by same letter in the table are not

significantly differentMu | t i vari ate anal ysi sp0005.sher ds p

4.3. Fungal Secies Identified fom Various Peanut Products

SevenAspergillusspecies A. flavusL strain A.flavusS strain A.parasiticus, A. tamarii,

A. caelatus, A. alliaceusndA. nige - were isolated from various peanut samples. Some
peawut samples wermfectedwith one type ofAspergillusspecies or strai(Figure 4.9);

while athers were contaminated with more than one fungal species (Fgldg Other
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isolated fungal genera includeducor, RhizopusFusariumas well as unidentified

genera.

Figure 4.9 Macroscopic distinctive features of identified fungal species isolated
from peanutproducts sampled from Eldoret and Kericho towns Rift Valley, Kenya.

Aspergillus flavusL strain with yellow-green smoottspores(plate A); Aspergillus flavusS
strain with formation of numerous small screlofjplate B); Aspergillus parasiticusvith low
colony, goldenand smooth sporefplate C); Aspergillus alliaceus colony characterized by
formation of big screlotigplateD). (Source: Author, March 2012)
























































































































