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Abstract 

I1flatoxins are secondary metabolites produced by the jimgi Aspergillus jlavlls and A. 

parasiticus that grow on a variety of agricultural commodities and other processed products 

like peanut buttet: l1j1atoxin B1 (AFBl) is the most toxic of all the ajlatoxins produced by these 

fimgi. COn/amination of foodstuff by AFBI is a major food safety concern in developing 

countries in the tropics, because of its adverse elfixt on human and animal health. This study 

was conducted in order to assess the level of aflatoxin contamination using HPLC method and 

detection of salmonella by conventional method in peanut butter collectedji"Oll1 Addis Ababa 

supermarkets and other retailers. Analysis of aflatoxin in ready to eat roasted peanut was also 

parr o.fthe invesligalion. Study samples were collected ji'DIn all margins of the Addis Ababa 

Ihrough dividing the city in to four directions so as to address every sampling point. 

Accordingl), forty eight samples of peanut buller and 10 samples of roasted peanut were 

randomly collected ji"Oll1 the market, analyzed by duplicate and mean values were reported. 

Ol.lt of 48 samples, 45 samples were collectedji-omlocal brands. The results showed that 93% 

of local samples o.fpeanut butler had aflatoxins ranged ji-om 3. 92pglkg to 547.85pglkg, with 

mean total aflatoxin of 98. 24pg/kg ± 111.18 SD; showing great variation of contamination 

among samples. Contamination range of AFBI in peanut buller was 2.65pglkg to 270pglkg 

with mean value of 51.94 pglkg ± 65.33 SD. All roasted peanut samples were contaminated 

lvith aflatoxin with maximum contamination of 216.48 pg/kg and minimum value was 1.86 

pg/kg; having mean value of 58. 78 pglkg ±75.56 SD. The potent AFBI was recorded up 

to158.83 pg/kg than other types of ajlatoxins (AFB2, AFG1 and AFG2) in roasted peanut 

samples with mean value of 43.86 pglkg ± 61.07 SD. Salmonella was detected in 7% (n=3) of 

samples of peanut butta Oil separation was seen in 24% (n =11) of peanut butter samples. 

Cumulatively, 81.82% peanut buller and roasted peanut found in Addis Ababa markets were 

.fi!1fnd to be unsqfe as per codex maximum permissible limit for ajlatoxin (90 pglkg). 

Contamination of pathogens in peanut buller was significant as fltr as human safety is 

considered. There is a need for awareness creation at all levels of the peanut value chain, 

especially for end consumers, campaigns to raise consumer demand for safe, high-quality 

.food. 

KEY WORDS: A.flatoxins clean--up, peanut bullet; roasted peanut, Salmonella. 
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l. Introduction 

Groundn ut (Arachis hypogaea L.) is an oil seed produced all over the world and believed to have 

originated in Cent ral American region from where they spread to other parts of the world 

(Scltaluri el aI. , 20 12). The word "ground nut" is also used interchangeably with "Peanut" (SPG, 

2009). It is consumed in the form of snacks such as salted nuts, confectionary sauce, cafeteria 

drinks, and peanut butter. Botanically, groundnut is a legume although it is widely identified as a 

nut and has sim ilar nutricnt profi le wi th tree nuts (Ros, 2010). Peanut butter is made by gri nding 

dry roasted ground nuts into a paste (Mutegi el al. , 2009). 

Thc init ial step in processlllg the groundnut is harvesting, which typically begins with the 

mowing of mature ground nut plants. It was once thought that afl atoxin fo rmation onl y occurred 

at postharvest, i. c. during storage, but it is now well documented that aflatoxin production also 

occurs in the field prior to harvest. Risk factors for aflatoxin contamination include three or more 

weeks drought during pod fo rmation, high moisture relative humidity (83%) at 30 °C and high 

temperature (optimum between 2S -3S°C), rainfa ll at the end of the growing season that 

postponcs harvest and prevents dry-down. In terms of storage conditions, grains with moisture 

levcls above 9% and moderate temperatures (28°C to 33°C) increase the risk of aflatoxin 

contamination. After postharvest, the groundnut value chain starts with the farmers who either 

consumc their produce or se ll it loca lly at markets to rural retailers or loca l wholesalers who 

store the produce fo r 3- 12 months. If the quality of thi s storage is poor, then these fac ilities can 

act as incubators for A .. flavus proliferation and afl atoxins production and are a key point fo r 

intervention to rcd uce aflatoxin contamination before products reach consumers (Emmanuel, 

2009). 

It is poss ible to buy raw peanuts instead of shelled peanu ts or peanut pods. The manufacturing 

process is briefly described hereunder. Good qual ity ground nut pods are sorted out and destoned 

before shelling them in openers. Shelled peanuts are graded according to sizes to ensure only bi g 

or bold peanuts are taken up for process. Roasting is done at aro und 160 °C fo r 40-60 minutes 

depend ing upon the moi sture contents. Roasting reduces water contents to around I % which 

increases the shelf li fe of peanuts and helps deve lop fl avo ur. After roast ing, peanuts are cooled 

and then blanched (removal of outer red skin) . After blanching each peanut is inspected to 

re move discoloured (grey or black) nu ts. Peanuts are then ground in peanu t butter mill in two 



stages to producc fin e and creamy butter. The outlet temperatu re is around 65-75 0c. All 

ingredients like sa lt, sugar and stabil izers are added during this process. A sc raped surface heat 

exchanger is used for coo ling. The out let temperature depends upon the type of stabilizer used. 

Peanut butter is filled in Pet Jars or metal drums as per the instructions of the buyer (Alicia, 

2006). 

T here are many c laims about the origin of peanut butter. Africans ground peanuts into stews as 

earl y as the 15 th century. The Chinese have crushed peanuts into sauces for centuries. Civil war 

soldie rs dined on "peanut porridge." [n 1890, an unknown St. Louis phys ician supposedly 

encouraged the owner of a food products company to process and package ground peanut paste 

as a nutritious protein substitute for people with poor teeth who couldn ' t chew meat. The 

phys ician apparently had experimented by grinding peanuts in his hand-cranked meat grinder. 

Bayle mechanized the process and began selling peanut butter out of barrels for about 6 cents per 

pound (SPG, 2009). 

Peanut butter is a good source of protein, folic acid and other B vitamins, mineral s and dietary 

fiber. Whether you choose smooth or chunky peanut butter, the nutrient content is the same. A 

two-tablespoon serving of peanut butter provides I gS calories, providing at least 28% of the 

Recommended Dietary A llowance (RDA) of protein for children under 10, and at least 12.5% of 

the RDA for teens and adults (Aryana e( af, 2000). 

Peanu t butter will not spo il like a perishable food , but because of its high oi l content, it may 

develop rancidity during storage . Rancidity gives the product an "old , oi ly" off-flavor. It is 

subj ect to a number of microbial , chemical and physical deteriorative changes, which affect the 

final quality of the fini shed product. The shelf life is greatly dependent on the quality and 

condi ti ons of the peanuts used fo r making the peanut butter. Deterioration of peanut butter arises 

from put refaction o f protein fraction caused by bacterial metabolism; darkening, which results 

from an interaction between sugar and protein in the product and; oxidative rancid ity that 

develops in the unsaturated porti on of oil when it is exposed to air (Flor e( af, 2006). 

The most seri ous problem of natural peanut butter is the tendency of the o il to separate. Oil is 

rel eased during the grinding of peanuts. The improvement of emulsion stability in peanut butter 
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is characteri zed by the absence of two layers of oil and meal phase during ordinary conditions of 

storage, and improved texture, consistency, spread abi lity, flavor, co lor as we ll as nutritional 

value. Without stabilizers, the peanut meal sett les at the bottom and forms a hard layer while the 

oi l remains on top (Aryana el ai, 2000). 

Stud ies publ ished in Argentina and China indicated that peanut butters from both countries have 

been shown to have higher free fatty acid percentages and peroxide values compared to U.S. 

peanut butter. High free-fatty acid percentages may indicate poor handling, immaturity, mold 

gro wth or other quali ty prob lems (SPG, 2009). 

Peanut butter has been linked with safety issues like mycotox in, specifically afl atoxin and 

sa lmonella. For instance, importers of Peanut butter products imported into New Zealand from 

A ustralia , have a responsib ility under the Food (importer General Requirements) Standard 2008 

LO ensure imports are of minimal risk for anatox in and Salmonella (PM!, 20 13). 

Various trad itional methods are employed in the processing and preservation of the peanut and its 

products and some of these practi ces encourage fungal growth and mycotoxin production 

(Nau ti ya l, 2002). In addition to fungal growth, bacterial growth; like Salmonella contamination 

are usua lly encountered in peanut butter. This becomes a serious health concern since it is very 

di rficuit to remove once in food (Moss, 1996). 

Groundnuts that are used as raw materials for peanut butter processing are liable to co lonization 

by fungal molds during handling, storage and transportation, exposing them to the ri sk of 

contamination with afl atox in (Mutegi et al. , 2012). Thus , Peanut butter has been monitored for 

a fl atox in contamination at different stages during its large-scale production starting from raw 

shelled peanuts up to the final product (Andrew, 2011). 

If raw groundnuts are contaminated with aflatoxins, there is a high ri sk of exposure to the 

consumer through consumption of peanut butter processed from such gro llndnuts . Practices such 

as poor storage and handling within the peanut butter cottage industry could contribute to further 

allatox in contamination of peanut butter (Ndung' u el aI. , 2013). 

3 



MycOlox ins have received considerable attention due to their significance in agricultural loss and 

human health. Amongst the mycotoxins that are known to cause human diseases, aflatoxins have 

been stud ied most. Aflatox in (B 1, B2, G I and G2) belongs to a group of fu ngal toxi ns known as 

mycotoxins. It was discovered some 40 years ago in England fo llowing a poisoning outbreak 

caus ing 100,000 turkey deaths. Afl atox in poses a potential threat to food sa fet y. As aflatoxin is 

epidemiologicall y implicated as carcinogen in humans and an environmental contaminant which 

is widespread in nature, it poses chronic toxicity than acute tox icity (I-IKSAR, 200 I). 

Among aflatoxin groups; B I, B2, Gland G2, Aflatoxin BI (AFB I) is a great concern in human 

health. AFB I has been extensively linked to human primary liver cancer in which it acts 

synergist ically wi th Hepatitis B Virus (HBV) infection and was classified by the International 

Agency for Research on Cancer (rARC) as a human carcinogen (group 1 carcinogen) (Williams 

el al., 2004). 

Contamination of a fl atox in in peanut and peanut products has been reported in different 

countries. According to Mutegi el al (20 I 0), there are many cottage industries in Nairobi that 

prod uce peanut buller. High aflatoxin levels up to 22 ~lg/kg in groundnut products such as 

roasted nuts and peanut buller have been reported in Nairobi . 

Carlos el al (2009) summarized the data on aflatoxin contamination 111 peanuts and peanu t 

products from several countries during 1982-1994, including Senegal, Mex ico, United States, 

Ph il ipp ines, India, UK and Nigeria, and concluded that afl atoxin occurrence is extremely 

variable worldwide, with incidences ranging from 30 to 100%, at levels up to 2,888 ~lg ' kg-I . 

To our knowledge, there is no research based data has been generated on afl atoxin contamination 

in products of peanuts, except for raw peanut and other commodities in Ethiopia. For instance, 

cufa el al (1996) had made investigation and determined the level of aflatoxins contamination in 

shiro and ground red pepper in Addis Ababa in 1996 and found aflatoxin levels ranged from 100 

to 500 ~l gkg- l and 250 to 525 ~l gkg-I , respectively. 

About 4.5 billion people, mostl y in developing countri es, are at risk of chronic exposure to 

allatoxins li'om contaminated food crops. Therefore, in order to avo id the toxicity, the levels of 
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allatoxins and similar toxic compounds in foodstu ff have to be monitored closely, and to be kept 

undcr cont ro l continuously. Otherwise, related hea lth effects like acute and chronic intoxications, 

and cvcn deaths, will st ill be an issue (Shuaib el aI. , 20 10). 

On the othcr hand, over the last several decades, a number of outbreaks of sal monellosis have 

been associated with the consumption of ready-to-eat low-moisture products, including 

chocolate, powdered infant formula, raw almonds, toasted oats breakfast cereal, dry seasonings, 

paprika-seasoned potato chips, dried coconut, infant cereals and, more recently, peanut butter and 

children 's snacks made of puffed rice and corn with a vegetab le seasoning. Although Salmonel/a 

outbreaks from low-moisture products are relatively rare, they often impact large numbers of 

pcople. More than 200 cases were attributed to toasted oats cereal in II states between Apri l and 

June 1998, more than 600 cases were attributed to peanut butter in 47 states between August 

2006 and May 2007, and more than 500 cases have been attributed to peanut butter and peanut 

butter-containing products in 43 States between September 2008 and January 2009. Due to the 

la rge number of unreported cases of sa lmonellos is for all types of products, the actual number of 

cases was likely much higher (Yuhuan, 2009). 

[n Ethiopia, one specific case of contamination was hap pened in Plumpy' nut product 

manufactured by a company called Hilina (Company engaged in producing Read y to Use 

Therapcu ti c Foods, RUTF). The claims of contaminations were received from customers 

(UN ICE and Wf'P). According to investigation report (20 13) generated by the company and 

communicated to the customers, claim was regarding Salmonel/a detection in one batch of 

Plumpy' nul. According to the report, production was ceased for atleast 4 months and detai led 

investigation was carried out. Accordingly, contaminated cartons were segregated and rejected. 

A f1atoxin was also ano ther claim in one batch of finished product showi ng above permiss ible 

limit of those customers (>5pg/kg), (Hilina, 2010). Hence, both reports of the company 

suggesting the necessity of further research on identical products like peanut butter to see 

contamination level of products because both RUTF and Peanut butter are peanut based 

products that need identical attention. 

In general , there is no research based information on the safety of peanut butter in Ethiopia. 

Howevcr, as per informat ion obtained fro m tra ining held by Ethiopian Standard Agency for small 
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and large scale food processors on Food safety during March 20 11, it was reflected that there 

was lack of knowledge and awareness among processors regarding pathogenecity and 

l11ycotoxins. Microbial sa fety, specifically common outbreaks li ke salmonella in the product has 

not becn studied as most enterpreanurs are simply engaged in production of peanut butter 

w ithout any safety knowledg. Hence, due to the nature of pathogenicity of salmonella and 

toxicity of the a fl atox in, health related issues should be the main concern to all researcheres of 

the fi eld and government. 

Previous studies have not investigated the status of aflatoxin and pathogenic contamination 111 

pcanut butter from cottage industry of Addis Ababa. Hence, more assessments on foodstuff are 

needed to identify public health strategies that could be integrated with current agricultural and 

processing approaches to reduce possible problems associated with the consumption of aflatoxin 

and pathogen contam inated food in Ethiopia . 

l.1. Statement of the problem 

Now days, Processed groundnut is widely consumed by most people (wide age group) in 

divcrsified ways includ ing peanut but1er which is used as spread for bread or biscuits, in cookies, 

sand wiches, candies and frostings or icings. Recently, peanut butters are also drunk at cafeterias 

and restaurants as peanut tea. According to Ethiopian Food Corporation ( 1998), the use of such 

processed foods in Ethiopia is increasing. So, it is possible to observe that consumption of peanut 

buttcr has been increasing and hence different peanut butter processers w ith different market 

brands havc been emerged in the market at alarming rate. The trend of life of society in cities has 

incrcased the demand of such ready to eat food like peanut but1er. 

Thc dCl11and for thc product is met through local productio n and import. According to the report of 

Southern Na ti ons and Na tional Peoples' Regional State Investement Bureau (20 II ), during the peri od 

2000 - 2006 a total of 53,3 11 kg butter have been imported from abroad with an average annual 

import of 4,544 kg. Moreover, the required demand of peanut butter for loca l market during 20 10 

was 16,236kg and forecasted up to 19,337kg, 20,497kg, 2 1 ,727kg and 32,670kg for the year 2013, 

2014. 20 15 and 2022, respective ly. According to retai lers in the fi eld, the loca l supply of peanut 

buttcr is at least twice the imported one. Therefore, by considering the var ious factors, the demand 

for pean ut bulter is projected by employing an average annual growth rate of 6%. However, 

regardless of the increasing demand of the product, the safet of the product has got less atte nsion. 
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As per different information from media, patients with li ver problems and I-lepatisis B virsus are 

growing in Ethiopia. According to Ramesh, el of. , (2003), epidemiological studies carried out in 

several parts of Africa and Asia ind icate a correlation between exposure to aflatoxins and 

primary liver cancer. The risks associated with exposure to aflatoxins are enhanced by 

simultaneous exposure to hepatitis B virus and possibly hepatitis C viruses. Recent studies 

carri ed out in West Afri can countri es including; Benin, Gambia, and Togo ind icate chronic 

exposure of population groups and fetuses to dietary aflatoxins. Chi ldren exposed to aflatoxin 

may become stunted , underweight, and more susceptible to infectious disease in childhood later 

life (Ramesh el 01. 2003). In Ethiopina too, dietary exposure to aflatoxins is considered among 

the possible causes for high level of chronic li ver diseases (Fufa, I 996). In a research conducted 

by Chala ( 1996) on afl atoxin content of ground nut fro m eastern Ethiopia, heavy contamination 

of anatox in is reported (i .e. 11 ,900 "lglkg). The amount reported by Chala is within the level of 

contamination that had caused sudden fata lities in India which was between 6.25 -15.6 ppm 

(Agag, 2004). Products which use thi s crop as recipe, such as peanut butter, could pose a danger 

to consumers. 

On the other hand, due to poor post harvest handling of peanut and lack of awareness, microbial 

contaminations are also expected as processers may not process the peanut butters under good 

hygienic environment and right temperature. As a result, salmonellosis wo uld possibly be an 

issue in the peanut butter, as reported in other countries. 

Plenty of researches have revealed that Salmonella contamination is a common outbreak in 

differen t world countries. Accordingly, peanut butter produced in Ethiopia has not been assessed 

fo r Salll10nella contamination. The reason for ex istence of Salmonella in peanut butter could be 

due to the presence of cross contamination risks that may arise from premises of processors. The 

problem is also ag ravated due to the fact that no national standards and contro lling mechani sms 

for all processers of peanut butter and ready to eat roasted peanut. 

[n addition ,the peanut bullers imported fro m different countries have not been assessed regard ing 

anatoxin and microbial contaminations. 

Howeve r, regarding both types of contaminat ions in Ethiopia, specific case of I-lilina (Company 

engaged in Producing RUTF) can be raised here as an example. Similar peanut based product 

like peanut butter known by the brand name "Plumpy'nut" (RUTF) has showed contamination of 

anatox in (12 "lg/kg) and Salmonella since few years ago in differen two batches of the product 
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(IIilina, 2010; I-Iilina 2013). Likewise other similar cases may be appeared in many peanut butter 

processors. 

Therefore different investi gations have been made on raw peanut. However, no research based 

data is availab le regard ing aflatoxin and Salmonella contamination in peanut butter in our 

country. Processors thought that bad and infested kernels of peanut can be used for peanut butter 

production because quality criteria for such product are not clear for most of the processors and 

consumers. Thi s undestanding will result in production of highly contaminated product with 

anatoxin. Local peanut butter has been produced traditionally on a small scale and as such has 

been given little or no attention on the microbiological quality and mycotoxin safety. As a result, 

the safety of Ethiopian processed peanut butter is lacking in literature. 

Thus, this research aimed at seeing the degree of aflatoxin and Salmonella contamination in 

commercially processed peanut butter in Addis Ababa markets. Ready to eat roasted peanut was 

also part of this investigation. 

1.2. Research Question 

.:. To what extent are commercially processed peanut butter and roasted peanut contaminated by 

anatoxin? 

.:. Is thcrc any contamination of Salmonella in processed peanut butter? 

.:. Do standards of anatoxin and salmonella exist in Ethiopia? 

1.3. Signilicance of the study 

Understanding and knowledge of food safety among most societal members are limited. Lower 

level of educational background within the community and lack of researches on food safety 

would lower the awareness of the Issue. Whereas, the existence of food safety related risks 

including aflatoxin and pathogens more commonly Salmonella have been far and wide in 

Ethiopia. This study, therefore , will help consumers to have an idea about aflatoxin and 

pathogens safety and hence primarily be benefited. Processors will develope knowledge about 

the safety of peanut butter and hence this study will urge them to deve lope good hygienic and 

manufacturing practice. Government regulatory bodies can use the study result for estab lishing 
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different local standards. Moreover, the study will be a baseline data for the next comll1g 

researches; including on peanut and peanut products and other food related risk assessment. It 

helps consumers in alerting on food safety and quali ty matters as well. 

1.4. Objectivcs: 

Genera l Objectives: 

To detcrmine the status of aflatoxin and Salmonella contamination in local and imported peanut 

butter and ready to eat roasted peanut traded in Add is Ababa markets. 

Specific Objectives 

>- To assess the aflatoxin content of peanut butter from different brands fou nd in Addis 

Ababa market. 

>- To analyze aflatoxi n content of ready to eat roasted peanut collected from di ffere nt 

retailers 

>- To analyze Salmonella 111 peanut butter from different brands found in Addis Ababa 

market. 

>- To determine the quality of peanut butter intems of oil separation. 

>- To cross check the availabi li ty of Ethiopia standards on Aflatoxin and Salmonella. 
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2. Litc l·atu l·c Rcvicw 

2.1. Overview of Peanut and Pcanut buttcr 

Pcanut (Ground nut) is one of the most important crops in different parts of the world because it 

is not only a usefli1 crop for rotation wi th corn and other cerea ls, but also a cash crop (Geleta el 

al., 2007). Peanut occupies an important position in the developing countries; the major peanut 

producing countries are India, China and the United States (Cynthia, 2009) . 

The lowland areas of Ethiopia have considerable potential for increased o il crop production 

including groundnut. T he estimated production area and yield of gro undnut in Ethiopia in 

20 I 0/20 II croppi ng scason were 49,603 hectares and 716,068 quintals, respecti vely, and the 

largcst groundnut production areas are fou nd in Oromiya (32967. 8 ha) , Benshangul-Gumuz 

(9968.73 ha), SNNPR (635.04 ha) and in Amhara (344.57 ha) regional states (CSA, 201 1). 

Somalia and Gambcla regional states also produce a considerable amount of groundnuts 

(i\.lcmayehu et aI. , 20 14). 

Rcscarch rcsu lt showed that groundnut fa rmers can produce groundnut yields of 2000 kglha or 

more, but the national average yield produced by the farmers in Ethiopia is considerably low, 

1200kg/ha . Similarly, Central Statistics Agency of Ethiopia (2009) survey report revealed that 

1123 kg/ha average yield of groundnut per year (Gezahagn, 2013). 

Mo re than 300 different varieties of peanuts are grown worldwide, which include Virginia, 

Va lencia, Georgia runner, Tennessee red , Tennessee white and many others. They are usually 

consumed after roasti ng or bo iling, and also processed into di fferent forms such as peanut butter, 

candy, chocolates, cakes, and others. Peanuts vary in color from red to brown and are usually 

coarse in their appearance (Seltaluri et (II. , 20 12). 

The nutritional importance of peanuts is due to the energy and growth supplementing 

constitucnts present in them. These include 49 % fat by weight (of which about 14 % arc 

sat urated fa tty acids, 5 1 % are monounsaturated fatty acids (mostl y oleic acid) and 33 % are 

polyunsaturated fatly acids (mostl y linoleic acid), 16 % carbohyd rates, 9 % fibre and 25 % 

protein along with , vitamins, minerals, some organic acids and purines (Odu 2012). 
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It is estimated that as much as 30% of the population from many countries 111 the world is 

suffering from malnutrit ion (FAO, 2000). Peanuts, which are a rich source of protein and 

essenti al amino acids, can help in preventing malnutrition. Moreover, peanuts contain lipids and 

carbohydrates which are energy rich compounds, capable of complementing the basic energy 

demands of the human body (Settaluri el ai, 2012) . 

Peanut butter is a food paste made primarily from ground dry roasted peanut and is popular in 

the Philippines, North America, the Netherlands and the United Kingdom. It is mainly used as a 

sandwich spread, sometimes in combination (peanut butter and jelly sandwich) (Odu 20 12). 

Composition of peanut butter may vary and it may contain added palm oi l or partially 

hydrogenated vegetable oil. For peanut butter manufactured from roasted peanuts only, the fatty 

acid compos it ion depicted above applies. Peanut butter, which is not manufactured exclusively 

from roasted peanuts is not sufficiently characterized in relation to the claimed effect because of 

its unknown fatty acid composition. Peanut butter manufactured exclusively from roasted 

pcanuts, which are the subject of the health claim, are sufficiently characterized in relation to the 

claimed effect. The claimed effect is "helps achieve normal cholestero l levels by reducing blood 

to tal Low-Oensity Lipoproteins (LOL)-cholesterol and thereby promoting heart health". LOL 

carries cholestero l from the liver to peripheral ti ssues, including the arteries . Elevated LOL­

cho lestcrol , by convention > 160 mg/dL (>4.1 mm01lL), may compromise the normal structure 

and fl.lI1ct ion of the arteries (EFSA, 2011). 

New research sho ws that a higher unsaturated-fat, lower-carbohydrate, peanut and peanut butter 

di et fo r weight loss reduces the risk of cardiovascular disease by 14% compared to baseline. The 

pcanut rich, higher unsaturated-fat di et resulted in favorable heart-health benefits and also had 

the added cardiovascular benefit of maintaining "good" hi gh-density lipoprote in (BOL) 

cho lesterol and lowering tr iglyceride levels. In addition, people who ate the moderate-fat di et 

were able to favorab ly affect certain cholesterol ratios, which are increasingly seen by hea lth 

profess ionals as a more comprehensive assessment of heart di sease risk. Thus, a balanced diet 

with peanuts and peanut butter can help with weight loss, whi le improving heart health and 
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eating sati sfaction! The key is to replace foods high in saturated fat with peanuts and peanut 

butler (Pelkman, 2004). 

However, pa rallel to the broad advantages of peanut and peanut butler, there is a concern related 

to peanut all ergy. Peanut a llergy affects approximately 1.6% of school age chi ldren. Peanut is 

one of the few allergens that are capable of causing life-threatening reactions. Current treatment 

of food allergies includes avo idance of the tri gger food and treatment of a severe reaction with 

epinephrine (Watson e/ ai, 2013). In other study of Settaluri (20 12), It was found in 0.4% to 

0.6% of persons, pa rticularly in children, consumption of peanuts in any form lead to allergic 

reactions, some severe . These may deve lop in the childhood or could be due to a family history 

of peanut all ergy 

In addition, peanut butter has been frequently associated with mycotoxins and food illness in 

wh ich initial contamination is traceable to food handlers. Numerous epidemiological reports and 

studies have implicated foods of ready to eat origin as the major vehicles associated with 

mycotoxins and illness caused by food- borne pathogens (Odu 2012). 

2.2. Toxicological Point of View 

2.2.1. Mycotoxins 

Mycotox ins arc secondary metabolites produced by microscopic fi lamentous fungi , which can 

deve lop on food crops (groundnut, maize, wheat, etc.) and in some cases on commodities of 

animal origin (meat products, sausages). Mycotox ins are harmful to vertebrates when they are 

absorbed through ingestion, inhalation, or dermal absorption. It has been shown that ingestion of 

contaminated food/ feed is the main source of mycotox in exposure to both humans and animals 

(Ajoy el ai, 2010; I1unga, 2012). 

Mycotoxins are mainly produced by fungal species belonging to the genera Aspergillus, 

Penicillium and Fusarium which are ubiquitous in the environment (Klich, 2007). Under varying 

conditions, also depend ing on the species and strain , specific f'ungi produce a particular 
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mycotoxin, specific fungi produce many mycotoxins or again a specific mycotoxin is produced 

by a variety of fungi (Viljoen, 2003). 

The word mycotox in comes from the Greek word ' mykes', meal1lng mould, and 'toxicum ' 

mean ing poison, and the diseases caused by them are called mycotox icoses. Historica lly, 

mycotox ins have probab ly been present in food and feed since early in the history of humanity 

and some of their effects have been recognized for centuries (Vi ljoen, 2003). 

There have been many mycotoxin-related outbreaks in the past century which have led to 

numerous deaths, e.g. ' yellow rice disease' in Japan and Alimentary Toxic Aleukia which killed 

many Russian people. In the 1930s, another ' Russian ' di sease linked to mycotoxin exposure in 

the Ukraine led to the death of many horses (ll unga, 20 12). 

Scienti sts estimate that there are 300 to 400 mycotoxins presently identified with more being 

isolated as new techniques and processes evolve. But, the scientific interest has thus far been 

concentrated simply on more or less 10 compounds presenting a known toxico logical impact on 

human and animal health. A list of mycotox ins significantly impacting agricultural commodities 

would include aflatoxins, zearalenone and trichothecenes, ochratoxin and fumonisinsm (Ajoy el 

01.,20 I 0; Wu el 01., 20 II) . 

But, the scientific interest in mycotoxins and their implications fo r human and animal health 

began in the 1960s when 100 000 young turkey poultry died in England from a seemingly new 

disease, 'Turkey "X" disease " followed suddenly by the death of as many as 5,000 partridge and 

pheasants poult ry on a single fa rm, 14,000 ducklings on another farm and severe losses of 

duckli ngs, reported from as far as Kenya and Uganda; these events triggered renewed attention 

being paid to the mystery killer di sease (Ajoy el 01. , 20 I 0; llunga, 20 12) . 

Li terature review by Kumar el al. (2008) on the incidence of mycotoxins in some commerciall y 

important agricul tural commodi ties concluded that high ri sk commodities fo r mycotox in 

contamination were corn and ground nul. Similar conclusion was also drawn by Wagacha e/ al. 

(2008) Ii'om the African perspective too, in which aflatoxins widely occured in groundnuts. 
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2.2.2. Atlatoxins 

2.2.2.1. Natural Occurrence 

Aflatoxins are mycotoxins that have been well -known since the outbreak of Turkey "X" disease' 

in England , first isolated and characterized from A;pergilius jlavus; this mould is a common 

contaminant of poorly stored grains (Klich , 2007). 

[n crops undcr scvere drought stress, peanuts begin to dry in the ground, and under these 

conditions luxuriant growth of A. jlavus can occur, with high aflatoxin production (IARC, 1998). 

A flatoxin is the secondary metabo lite produced by specific strains of A;pergilius. These species 

contaminate various agricultural commodities either before harvest or at post-harvest stages 

under favorable conditions of temperature and humidity. A;pergillus is a large genus of mould 

which gro ws at an optimal range of temperature of 28-33 °c and at the water activity of about 

0.83-0.97. The aflatoxigenic moulds are principally found in soils and decaying vegetation 

(l fKSAR, 200 I). 

A .. f/alil/S , 11. parasilicus and 11. 1100nius occur in warmer parts of the world such as tropical region 

whcre temperature and moisture are high. They have a higher affinity of growth in nuts and 

oil sceds. Countries in latitudes between 400N and 400S which includes all of Africa are 

sll sceptible to aflatoxin contamination (PACA, 2012). 

2,2.2.2. Chllrllcte.-istics of Aflatoxin 

Aflatoxin is class ified into a number of subtypes. However, the most important ones are B 1, B2, 

G I and G2, di stingui shed by the ir fluorcscent colour under ultraviolet light. In addition, the 

aJlatoxin B, present in contaminated peanut meal fed to cows, is metabolized by the cow and 

excreted in the milk as aflatoxin MI-also a potent liver toxin. AFB 1 is usua ll y found in the 

highest concentration followed by AFG 1, AFB2 and AFG2. (Yousif e/ ai, 2010). 
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Figure I: Structures of natura lly occurring afl atoxins 

Source: (fARC, 1993) 

Unlike Aspergillus, which often looks greenish to the naked eyes, aflatoxins are odourless, 

tasteless and colourless. Chemically, they are stable in food and resistant to degradation under 

normal cooking procedures. It is difficult to eliminate afl atoxin once it is produced. 

Accumulation of aflatoxin is dependent upon weather conditions. Before harvest, the ri sk fo r the 

development of aflatox in is greatest dur ing major droughts. When soi l moisture is below normal 

and temperatures are high, the number of Aspergillus spores in the air increases. These spores 

infect crops through areas of damage caused by insects, and inclement weather. Once crops are 

infected, plant stress occurs, the production of aflatoxin is favoured (Cynthia, 2009). 

The four compounds are di stinguished on the color of their fluorescence under long-wave 

ultraviolet illumination (B = blue, G = green), with the subscripts relating to their relative 

chromatographic mobility. Aflatoxins are slightly so luble in water (1 0-30 ( ~lg/ml) , inso luble in 

non-po lar solvents, and freely soluble in moderately polar organic solvents (e.g., chloroform and 

met hanol) . The lactone ring is susceptible to alkaline hydrolysis; aflatoxins are al so degraded by 

ammon ia or sodium hypochlorite. The melting points of aflatoxins are very high ranging 
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between 237-289 °C, so al1atoxins can not readi ly be degraded under normal home cooking 

conditions such as boiling and frying (approx. 150 °C) (Omer, 200 I). 

During post-ha rvest stage, prolife ration of afl atox in can be exacerbated in susceptible 

commoditics under storage conditions such as hot and humid storage envi rolU11ent (J-IKSAR, 

200 1). 

A fl atox in due to the invas ion of A5pergillus jlavus of the peanut (ground nut) pod is a serious 

prob lem in the internati onal perumt market and has seri ously hampered the export business of the 

developing countries (Cynthia, 2009). 

The presence of afl atox ins in peanut products in Afri ca has been recognized as a potenti al danger 

to human heal th (WHO, 2006). 

2.2.2.3. Hea lth Implication / Toxicity of aflatoxins 

Human exposure to aflatox in is principall y through ingestion of contaminated foods. Inha lati on 

of the tox ins may also occur occasiona ll y due to the occupationa l exposure (I-IKSAR, 200 I). 

Aflatox in contaminatio n of key staples maize, groundnuts and so rghum occurs above safe levels 

in many Afri can countries. Prevalence data from Africa suggests that afl atox in contamination in 

maize, ground nuts and sorghum is higher than the European Union aflatoxin standard (4 ~lg/kg) 

and that of USA (20 ~l g/kg) in many countries. However, even afl atoxin exposure at low leve ls 

can result in measurable human hea lth impacts (PACA, 201 2). 

A study conducted in India indicated that 2 1 % of the contaminated groundnut samples availab le 

in the India n market we re not suitable for human consumption as they contained afl atox in B I 

abo ve the Indian permissible limit of 30~lg/Kg (Bhat et al., 1997). 

Afl atox ins are considered to be genotox ic carcinogens and have been shown to cause cancer in 

laboratory an ima ls by reacting with DNA. In humans, afl atoxins have been linked to liver cancer 
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in a nu mber of developing countries, where it is common for some foods that are an important 

pilrt o f the diet to contain high levels of aflatoxins (Judy, 1998). 

Aflatoxins are reported to be toxic to a wide range of organisms, from bacteria to vertebrates and 

primates. Wide differences in toxicity have been detected among the various chemical members 

of the aflatoxin family. The relative potency of the four aflatoxin types as assessed in ducklings 

is, AFB I > AfG I > AFB2> AfG2 with LDSO values of 0.36, 0.78, 1.70, and 3.44 mg/kg, 

respectively (Leo 20 13). 

However, data on clinical aflatoxicosis in humans is limited although evidence exists for 

ailatoxicoses of human populations in many areas of the world. Evidence of acute aflatoxin 

toxicity has been reported from Taiwan and Uganda; it is characterized by vomiting, abdominal 

pain, pulmonary oedema, and fatty infiltration and necrosis of the li ver, but the intake level was 

not reported. An outbreak of aflatoxin poisoning as a result of the consumption of a heavily 

moldy corn (6-16 mg anatoxin/kg), was also described in Western India (Omer, 200 I) 

Furthermore, according to Yousif et al. (20 I 0) and William el al. (2004), among the naturall y 

occurring aflatoxins (B I, B2, G I and G2) , aflatoxin B I is the most important for humans and 

animals by its frequency and toxic compound, and is responsible for renal complications, 

immunological and canccrigenique. 

According to Yousif el al. (20 I 0) , aflatoxin contamination in Sudanese groundnut and ground nut 

products and found that percentage of aflatoxin contamination was 2%, 64%, 14% and II % for 

kernels, butter, cake and roasted ground nuts, respectively. They confirmed that aflatoxin B I was 

predominant in all samples followed by G I, B2, and G2. 

Omer el al. (1998) carried out a comparison of aflatoxin contamination of peanut products in two 

areas of Sudan. On the basis of ' clinical experience and Khartoum hospital records ', the authors 

suspected that incidence of hepatocellular carcinoma (HCC) or primary liver cancer was 

substantially higher in western Sudan than in central Sudan. The study was carried out in 1995 

and invo l ved selection of peanut butter samples from local markets using a staged sampling 

approach to identify markets in the two study areas. Samples were characterized as to how they 

17 



had been stored and were analysed for al1atoxin B I by I-IPLC. Mean aflatoxin B I levels were 

much higher in ' high-risk' western Sudan (87.4 ± 197.3 flg/kg) than in central Sudan (8.5 ± 6.8 

flg/kg). 

[n other stud y of Omer ef al. (200 I) highlighted that in a Sudanese case-control study of liver 

cancer, a relationship was found between reported ingestion of peanut butter and liver cancer in a 

region with high anatox in contamination of peanuts, but no such relationship in a region with 

low contamination of Peanuts. 

Ramjee ef al. (1992) and Williams el al. (2004), pointed exposure to a flatoxin as a causal or 

aggravating factor fo r kwashiorkor in African children and suggested that cfu'onic exposure to 

allatox ins was associated with impai red immunity, malnutri tion and liver cancer which is the 

thi rd most common cause o f death fro m cancer in Afi·ica. 

Some of the common effects of chronic aflatoxicosis include impaired food conversion, slower 

rates of growth, and a decrease in absorption of various micronutrients (Jolly e/ al., 2007). 

A natox in contamination of ground nuts therefore poses a risk to human health and has been 

identified as a major constraint to trade in Africa (Ndung'u ef aI., 2013). Acute and chronic 

toxici ty of al1atox ins have been demonstrated in several animal species including birds, fi sh, 

domestic animals and primates. Cases of human acute aflatoxicosis have been recently been 

reported in Kenya where the largest and the most severe documented aflatoxicosis poisoning 

outbreak resu lted in the levcl as high as 8,000 flg/kg in Kenya in 2004, causing 125 deaths out of 

317 case-patien ts (Azziz, 2005 ; Wagacha e/ aI., 2008). In India where 106 deaths were al so 

reponed out 0 f 400 cases and other places in Asia such as Malaysia (Andrew, 201 1). 

One of the first major documented reports of aflatox ins in humans occurred in western India in 

1974 where 397 persons were affected and 108 persons died . More than 150 villages were 

involved (Lewis ef aI., 2005). 

T here is also mounting ev idence implicating aflatox ins as an important factor in infant under­

nutr ition and impaired growth in children under fi ve years old . This has been attributed to 

allatoxin suppress ing the immune system and absorption of micronutrienls (Andrew, 20 1 I). 
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In Benin and Togo, children in high aflatoxin exposure zones were found to gain 22 percent less 

height than children in low-exposure zones. Chi ldhood exposure to afl atoxin in the Gambia was 

also associated with immune suppression. Growth and immune impairment are criti cal in 

predispos ing children to the infecti ons that resu lt in the high morbidity and mortality in African 

popu lations (WHO, 2005). To thi s end, there was no similar research found in Eth iopia. 

In 1993 the International Agency for Research on Cancer (IARC) classified AFB I and mixtures 

of aflatoxins as Group I carcinogens, i.e. substances that can cause cancer in humans (Andrew 

20 II ). 

2.2.2 .4. Review of related WOI'/{S done on Aflatoxins contamination around 

the world. 

fn a recent study by Ndung' u el ai, (2013), 37% of groundnuts and their products including 

peanut butter and peanut flour sampled from Nairobi , Nyanza and Western Kenya did not meet 

the I 0 ~lg/kg total aflatoxin limit set by the Kenya Bureau of Standards. Peanut butter is one of 

the mai n products of groundnut processing which is used as a sauce or spread in many 

households in Kenya (Campos-Mondrag6n el ai., 2009). Most of the peanut butter consumed in 

Nairobi is produced in the cottage industry. High aflatoxin levels up to 22/kg in groundnut 

products such as roasted nuts and peanut butter have been reported in Nairobi (Mutegi el ai., 

20 I 0). 

Another repo rt of Mutegi el al. (2013) showed that, independent of provenance, 69% of peanut 

butter products and 75% of sampled split nuts had aflatoxin leve ls exceeding 10 mg/kg. Only 4% 

of the peanuts and peanut products would have been accepted under the KEBS regu lation but 

rejected under the EU regu lations. However, 37% of the sampled peanuts wo uld have been 

declared unfit fo r human consumption under the KEBS (> 1 0 mg/kg). In three province of Kenya 

contam inat ion level of aflatoxin vari es. In Nairobi, Nyanza and Western Kenya percentage of 

aJlatoxin contami nation in roasted peanut greater than 4~lg/kg were 56.2%, 24.7% and 39.5%, 

respect ively. 
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Research conducted in Sudan showed that AFB I concentrations in peanut butter was between < I 

flg/kg (detection limit is I ~lg/kg) and 78 1 ~lg/kg. Sixty-three percent of the samples from West 

Suda n werc above the permissible level of I 0 ~lglkg, and 50% of the samples from Central Sudan 

exceeded thi s levc l (Omer, 200 I). 

A Korean survey of different nuts and their products marketed in South Korea showed that 9 out 

of 85 samples including peanuts, peanut butter, and pistachios were contaminated with aflatoxins 

( 10.6% of incidence), The most contaminated nut was peanut (roasted) with va lues ranging from 

2.00-28.24 ~lg/kg and a mean of 10.67 ± 12.3 0 ~l glkg for total a fl atoxins (7.97 ± 7.75 ~lglkg for 

an atox in B I). (Mehrdad el al. , 2011) . 

In a study by Ismail el al. (2010), from about 196 nuts and their products in Malaysia, 16.3% of 

the products showed contamination between 17.2 to 350 ~lg/kg. The highest aflatoxin 

contem,84I ppb was recorded in ground nut paste in Ghana during 2010 (RASFF, 2011). 

Accord ing to Freitas et al. (1998) in Brasil , aflatoxin B I was detected in Peanuts and its 

products including roasted peanut and peanut butter upto max . 1789ppb and from total of 80 

samples, 4 1 happened to be positive. Similarily, Zhang el al. (1996); indicated that in Asia more 

specificall y, in China, Malaysia and Philippines, 235 of 594 samples (Peanut butter and roasted 

peanut) were contaminated with Aflatox in B I at levels ranging from 1 to 244~lg/kg. 

Accordi ng to Carl os el al. (2009), the occurrence of aflatoxins in Brazi li an foodstuff has been 

frequent ly reported , and is a particular problem in peanuts, with up to 52% of the samples 

analysed bcing positive for aflatoxins. In the state of Sao Paulo, contamination of unprocessed 

peanuts and peanut products by AFB 1 was reported in the period 1988-1999 with mean levels 

ranging from 5 I to 420 flg ·kg-l. Although the levels of aflatoxins are presumed to be lower in 

proccssed laods, due to quality contro l systems applied by the industry especially after the 

implementation of the tolerance limit in 2002. 

The stud y of Carlos el al. (2009) ephesised that after the implementation of tolerance limit in 

Brazilian foodstuff, the incidence of aflatoxin in both processed and un processed peanut has 
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b~en decreased ; because, on his find ing, the incidence of aflatoxin in unprocessed peanut was 

signi leantl y decreased from 52% to 39.6% of samples analyzed with mean concentration of total 

aJl atox ins (12.88 ± 2.42 pg 'kg-l) and no sample of salty roasted peanut had aflatoxin 

concentrations above the tolerance limit adopted in Brazi l. In Brazil, good manufacturing 

pract ices (GMP) have become compulsory for peanut industries since 2003, when the National 

Health Surveillance Agency issued the regulation. Hence the author concluded that , the decrease 

in aflatoxin in Brazil ian peanut products in recent yea rs may be a consequence of specific 

changes in industries that have implemented GMP. 

Report from Shami el al. (20 I 0) sho wed that twenty two samples (18.33%) of the one hundred 

and twenty samples of peanut and peanut butter studied in Sudan showed similar contamination 

level of aflatoxin B I with level of aflatoxin B 1 studied in Botswana, in a range of (0.8 - 16.00 

flg/ Kg) for the raw shelled peanut samples and for peanut butter were (3 .2 - 16.00 flg/ Kg). 

Moreover, Shami el al. (2000) and Ali et al. (1999) had declared almost similar occurence of 

ArB I in peanut bulter upto (53.33%) and 50% in their respective survey reports. 

[n recent study conducted in Bamako (capital cityofMali) and Kita (other market area of Mali) 

10 assess the occurrence of aflatox ins in peanut butter indicated that 90% of peanut butter 

samples from Bamako and Kati contain detectable aflatoxin B I in a range of Oflg/kg -

I 89.29flg/kg. The mean level of aflatonin B 1 in peanut betters ana lyzed was 4 ftg/kg in Bamako 

and 34.086flg/kg in Kita. Referring to the European standard which is 5 flg/kg, peanut butlers 

purchased in Bamako are good in terms of aflatox in content, and product from Kita were heavily 

contaminated by the aflatoxin B 1. These high contaminated peanuts butters made in home 

en tered the local market distribution system, resulting in widespread aflatoxin contamination 

(Keita el aI., 2013). 

The stud y conducted in Papua New Gui nea to assess the prevalence of AFB 1 contamination in 

some foodstuff revealed that 13 samples of Peanut butter showed aflatoxin contamination with 

mean and med ian values of 3.8flg/kg and 1.9 respectively having contamination range between 

below detection to 16.7p g/kg. The AFBI levels in 53.8% of the samples were below 2.0pg/kg 

and 92.3% were below I O.Oflg/kg and 15.0flg/kg. None of the peanut butter samples were highly 
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contami nated with AFBI . The dried roasted peanut group has mean AFB I level (6. 1 ~lg/k g) with 

the ra nge of (0.0 - 29. 3 ~lg/kg) , (Chilaka, 201 2). 

The UK Committee on toxicity of chemicals in food , consumer prod ucts and the environment 

has, si nce 198 1, recommended that afl atoxin concentrations in food should be reduced to the 

lowes t leve ls technologically achievable. The European Commiss ion's Scientifi c Committee fo r 

r ood al so concluded that there was a need to reduce a fl atox in exposure to the lowest level 

achievable (Judy, 1998). 

A Cler peanuts are shelled, several phys ical procedures such as colour sorting, density flotation, 

blanching and roasting are routinely used by processors to reduce afl atoxin levels by 99%. The 

co lour so rting process was developed originally to reject commerciall y unacceptable di scoloured 

nuts , but as fungal growth is a prime cause of discolouration, the process is also an effective non­

ck struetive means of removing most nuts containing afl atox ins. In crops under severe drought 

stress, peanuts beg in to dry in the ground, and under these conditions luxuri ant growth of A. 

jlOVLlS can occur, with high afl atoxin production. In thi s case, blanching removes skins, and 

roast ing to increase di scoloration which perm its colour sorting to be carried out. Roasted peanuts 

must be sold undcr inert gas atmospheres to suppress development of rancidity (L6pez-Garcia e/ 

al., 1999). 

The precence of aflatoxin in food is , however, oft en over looked due to pub lic ignorance about 

their ex istence. Apart fro m economic issues, ethical considerations also playa ro le during the 

manufacturing process o f food products using heavil y contaminated commodities. Instead of 

exc ludi ng these from the food process, unscrupulous manufacturers sometimes dilute 

contaminated agricultural products such as peanuts with good- quality products to an acceptable 

level be low the regualotry level or market term as such when no regulatory measures are 

enfo rced (Bhat e/ al., 20 I 0). 

Study conducted in Ethiop ia showed that Ii-om total 52 raw peanut samples analyzed for 

all alOx ins presence, the result showed that 38 samples found to be contaminated with afl atox ins 

in a range of concentration between 0.57pglkg and 447.02pglkg, from which 1'13 I was 
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predominantly found upto 324.34~lg/kg (73.07%). The finding categorized the results against 

international standards of European Union (4~lg/kg) and FDA (20~lg/kg), and accordingly, 83.33 

% and 91.67 % of newly harvest peanut collected from three localities were below 4 ppb and 20 

ppb respectively. Contrarily, from samples of peanut stored for one year, only 4 % and 52 % 

were below the up mentioned international standards, due to handling problem (Eshetu, 2010). 

According to Ali e/ al. (1999), when the initial content of aflatoxin was high in the raw shelled 

peanut, a high level of afl atox in contamination can be expected in its final products such as 

peanut cand y and peanut butter. On the other hand, the low level of aflatoxin contamination in 

the peanut products has always been associated with the use of high quality raw materials (raw 

shelled peanut) that contain an acceptable low initial level of aflatoxin. Besides, some literatures 

re nected that various peanut processing techniques, such as shelling, drying under sunlight, 

boil ing with salty watcr, and roasting, were also found to be useful in reducing the aflatoxin 

content in the products; which of course needs more detailed invesigation and thi s paper did not 

focus on recommended statements. 

To our local experiencc, most local processors of peanut butter have no technical knowledge on 

the quality of peanut. They simply produce and sell their product without any due attension on 

their product quality. Absence of local standards on aflatoxin, low support and contro l of 

regulatory bodies on peanut and peanut product manufactuers aggravates the problem. 

2.2.2.5. l<:conomic Impact of Aflatoxins 

The economic impact of aflatoxins was derived directly hom crop, livestock losses, and, 

indirectly, from the cost of regulatory programs designed to reduce risks to animal and human 

health . The Food and Agri culture Organization (FAO) estimates that 25 % of the world's food 

crops are affected by mycotoxins, of which the most notorious are aflatoxins (WHO, 2006). 

Atlatox ins cause economic and trade problems at almost every stage of marketing of ground nut 

cspcciall y during export. Earlier reports indicated that over a decade, the export of groundnut 

productions from India has declined from 550 metric tons (va lued at US$ 42.5 million) to 265 
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metric tons (valued at US$32 .5 million) due to the presence of aflatoxins (Surendranatha el al. , 

2011 ). 

Aflatoxin contam ination can result in di rect economic impact through export rejections from 

importcrs with stringent a flatoxin regulations such as the European Union (EU) countri es. 

Betwecn 2007 and 2012, the EU alone has issued 346 notifications to Afri can countries (PACA, 

2012). 

A fl atox ins losses to livestock and poultry producers from aflatox in-contaminated feeds include 

death and the more subtle effects of immune system suppress ion, reduced growth rates, and 

losscs in fced efficiency. Other adverse economic effects of aflatoxins include lower yield for 

food and fi ber crops (Anon, 1989). 

A fl atoxin contamination of peanut affects the quantity and quality produced and marketed. The 

al1atoxin contaminated peanut is tainted and cannot be marketed and must be thrown away. 

Awuah el al. (2009) statcd that about 5 to 15 percent of peanut in Ghana were discarded during 

so rting. This rcduces the supply of peanut marketed at the farm level. Lower quali ty peanut is 

less attractive to buyers who offer a lower price for atlatox in contaminated peanut. Hence it is 

expected that aflatoxin will lower fa rmer revenue and increase production and marketing ri sks 

(Cynthia, 2009). 

FAO cstimates that many basic food s could be contaminated with mycotox in producing fungi, 

contributing to huge globa l losses of foodstuff, about 1000 million metri c tons each year (Bhat el 

a/., 20 10). 

2.2.2.6. Legislation 

There is currentl y harmonized European Commiss ion (EC) legislation on mycotoxins. In 

England this legis lat ion is implemented by the Contaminants in Food (England) Regulations 

2003 [S. 1. 2003 No. 1478], and sets limits for atlatoxins in food including peanuts, edible nuts 

and their products. Parallel legislation exists fo r Scotland, Wales and Northern Ireland. The 

regulatory limits are 2 ~l g/kg for B I and 4 ~lg/kg for total aflatoxins (Judy, 1998). 
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On the other hand, to protect consumers and farm animals, regulatory limits have been adopted. 

National and internat ional institutions and organizations such as the EC, the US Food and Drug 

Admin istration (FDA), WHO and FAO have recognized the potential hea lth risks to animals and 

humans posed by consuming aflatoxin-contaminated food and feed .In an attempt to harmonize 

the current to lerances to aflatoxin wh ich ex ist in different countries, the working group on 

mycotoxins of the WHO and FAO proposed maximum limits of ISflglKg for total aflatoxins in 

raw groundnuts based on a sample size of20 Kg (Bhat ef 01. , 1996). 

The potential economic problems associated with a level of 1O,lg/Kg and the public health 

implications ofa level of IS,lg/Kg, as compared to 10flg/Kg for aflatoxins in foods, are two main 

issues in the selling of maximum levels for aflatoxins in groundnuts intended for further 

processing. Many countries considered the level of IS,Ig/Kg to be a reasonable limit that could 

be achieved by producing countries, thus facilitating international trade, considering that a lower 

level would constitutc a trade barrier due to the finding of the evaluation of the Joint FAO/WHO 

Expert Committee on food Additives (JECFA) that this may not offer a significant improvement 

in public health . However, genotoxic properties of aflatoxin, uncertainti es in risk assessment, the 

As Low As is Reasonable Achievable principle, and inadequate data on the effect of a level of 

IOflglKg on the avai labi lity of groundnuts in the world market support the continued 

consideration of the lower leve l (Anna, 2012). 

Codex Alimentarius Commission and the JECFA have adopted the maXll1ll1m limit for total 

ailatox ins as IS ,lg/Kg in raw peanut, and 10 ,lg/Kg in peanut processed for human consumption , 

which means that half of those concentrations are applicable in terms of AFB I (Codex, 200 I ; 

tARC, 1995). 

T he issue of food safety in A£i"ica is one which interacts with and is frequently subj ect to issues 

of food security, especial ly in geographic areas where food shortages are caused by recurrent 

natural wcather phenomena such as drought. In addition, many subsistence farm ing communities 

in Africa are reli ant on the consumption of home-grown crops, irrespective of the quality 

considerations normally app lied in the developed world. Nevertheless, some African 

gove rnments have instituted food safety regulations to control mycotoxin, espec ially aflatoxin, 
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contam ination of the national food supply and research into natural occurrence of afl atoxins in a 

range of local foods is widely conducted (RASH', 20 11 ) 

According to the FAO (2004) at least 100 countries have specific regulations to deal with 

mycotox ins or with at least regulatory limits on aflatoxins; 13 countries do not have specific 

regulat ions while 50 countries, of which 40 are from Africa, have no regulations/no data exist. 

Only cight Afri can countrics have ex isting regulations for aflatox in, viz. Cote d ' ]voire, Egypt, 

Kenya, Malawi , Nigeria, Senegal, South Africa and Zimbabwe. 

Limits fo r an atoxin in food products in Kenya are 10 mg/kg total aflatoxin and 5 mg/kg anatoxin 

B I (AfB I) in peanu ts and other food grains (KE BS, 2007). However, the high cost of testing 

di scourages the majority of the farmers, processors and traders from testing their products. This 

sctback, in the absence of adequate knowledge, is fi.uther compounded by the reluctance of 

consumers to pay the extra cost of a tested product, when there is a readily available alternati ve 

(Mutcgi el ai, 201 3) . 

East Africa countries had jointly set a limit on aflatoxin in peanut butter upto maximum of 

ISpg/kg for tota l anatoxin and 5elg/kg for AFB 1. Development of the East African Standards has 

bcen necess itated by the need fo r harmoni zing requirements governing quality of products and 

scrvices in the East African Community (EAC, 20 13). 

2.2 .2.7. HPLC System 

For anatox ins analysis several methods have been developed over the last 30 years. Because of 

the advances in technology, the better clean-up procedures and the combination of both, a higher 

sensitivity has been registered, High Performance Liquid Chromatography (HPLC) with 

n uorescence detection becoming the most used analytica l methodology in laboratory. Other 

advances have regarded the environment, as the replacing of chlorinated solvents, preferred in 

the past, by aqueous mixture of methanol or acetonitrile, that are also more compatible with 

an ti bod ies, recently introduced in many app lications . These reagents marked a turning point in 

the sample preparation step as we ll as in the identification phase, showing a high flexibility in 

many prac ti cal situa tions in which reliable, rapid and simple analyses are required to reduce 

costs (Anna, 20 11 ). 
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2.3. Pathogenic point of view 

2.3.1. Descl"iptioll on Salmonella 

Salmonella spp. is bacteria that cause salmonellosis, a common form of food borne illness in 

humans. Outcomes liOln exposure to Salmonella spp. can range from mild symptoms to severe 

disease and can be fatal. Salmonella spp. is carried by a range of domestic and wild animals and 

bi rds and has been wide ly iso lated from the environment. Salmonella spp. is gram-negative, non­

spore forming rod-shaped bacteria and is members of the famil y Enterobacteriaceae. Salmonella 

.ljJp. is classed as facultative anaerobic organisms as they do not require oxygen for growth (Jay 

el al. 2003). The genus Salmonella is divided into two species: S. enlerica (comprising six 

subspecies) and S. bongori. Over 99% of human Salmonella spp. infections are caused by S. 

enlerica subsp. el1/erica (l3ell, 2002; Crum-Cianflone 2008). 

Salmonella spp. has relatively simple nutritional requirements and can survive for long periods 

of time in foods and other substrates. Salmonella spp is influenced by a number of factors such 

as temperature, pH , water activity and the presence of preservatives. The temperature range for 

gro,,~h of Salll10nella spp. is 5.2-46.2°C, with the optimal temperature bei ng 35-43°C. 

Salmonella spp. will grow in a broad pI-I range of3.8-9.5, with an optimum pH range for growth 

01'7- 7.5 (lCMSI', 1996). 

There is a common misconception that low numbers of Salmonella spp are not a problem in low 

moisture foods li ke Peanut butter because these products do not support Salmonella growth. 

However, low numbers of Salmonella in foods can cause illness, and the presence of the 

organism in low moisture ready-to-eat foods must be prevented (Nei l, 2009). 

Heat resistance of Salmonella spp. in food is dependent on the composition, pH and water 

activity of the food. The heat resistance of Salmonella spp. increases as the water activity of the 

food dccreases. Water activity (aw) has a significant effect on the growth of Salmonella spp. , with 

the opt imum aw being 0.99 and the lower limit for growth being 0.93 (lCMSF 1996; Podolak el 

01. 20 I 0). I'oods which are high in fat and low in moisture, such as chocolate and peanut butler, 
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may havc a protecti ve cfrect aga inst heat. In low pH cond itions the heat resistance of Salmonella 

spp. is reduced (Jay el al., 2003; Shachar el al., 2006; Podolak el al., 20 10). 

Sprcad ing of contaminants can occur when nuts are exposed to untreated, recirculated water. 

Thcre are likely multiple sources of Salmonella and E. coli in tree nuts and ground nut harvesting 

resu lts in significa nt m ixing of the nuts with soil and plant debris. Contami nants picked up at 

harvest may then be sprcad to the edible kernels before or during shelling. Moisture may also 

play a rol e in amplificat ion of contaminants if the harvested and dry product is not protected 

from irri gation watcr or rainfa ll (Nei l, 2009). 

Si milarl y, water introduced into shelling or further processing facilities has been associated with 

mu ltiplicati on and potenti a l persistence of some strains within the post-harvest environment. 

faci lity contamination may lead to sporadic contamination of fini shed raw and processed 

product. For thi s reason, a robust environmental monitoring program for Salmonella should be 

implcmented for any facility process ing, handling and/or packaging the fi nal nut product 

(Em pres. 2012). 

The post-proccss contamination of peanut butter and spreads with Salmonella may result in 

survival in these products during their shelf life at 5 °C and poss ibly at 2 1 °C, depending on the 

formulation (8urnctt el al. , 2000). 

Although Salmonella cells do not mU ltiply because of the low a IV, the organism may survive for 

re lat ivcly long periods of time in the product. The author concl uded that reduction of Salmonella 

during sto ragc cannot bc predicted so lely on the basis of aw. Interactions between low a IV and 

environmental factors such as storage in air or under vacuum and temperature appear to play an 

important role in Salmonella survi val. It was reported that Salmonella may survive for months in 

foods such as chocolate, peanut butter and pepper. The combination of high fat and low aw might 

havc a synergistic effect on Salmonella survival (Podolak, 20 I 0) 

Salmonella can persist for pro longed periods of time in the dry state and in low-moisture 

products. The ability of the organism to survive under dry and other adverse environmental 

conditio ns makes it difficult to control. Although some reduction of numbers occurs in low 
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moisture foods during storage, the degree of reduction depends on many factors such as storage 

te mperature and product fo rmulation. In challenge studies, Salmonella was detected in chocolate 

products after 1-9 month storage at room temperature, in peanut butter products after 6-month 

storage at room temperature and after storage for more than 6 months at refri geration 

temperature (Burnett el a/., 2000). 

in add ition, study from Mali indicated that peanuts butters sold in Mali are generally prepared in 

a traditional way and under conditions of unhealthy hygiene. The conditions of production and 

storage of these peanut butters and especially their exposure to the air at the time of sa le and 

packaging used are potential sources of contamination by pathogenic microorganisms. These 

contaminants can cause food poisoning and selling of poor-quality peanut butters in the markets 

(Babana el al., 20 I 0). In add ition, the consumption of more and more of peanut butters expose 

more people to serious di seases (typhoid fever, diarrhea). So it is urgent to act, and quickly, to 

deal with such an event ual ity (Keita el al., 20 13). 

2.3 .2. Symptoms of disease 

Outcomes of exposure to non-typhoidal Salmonella spp. can range from having no effect, to 

co loni zing of the gastrointestinal tract without symptoms of illness (asymptomatic infection), or 

colonization with the typ ical symptoms of acute gastroenteriti s. Gastroenteritis symptoms are 

generall y mild and may include abdominal cramps, nausea, diarrhea, mild fever, vomiting, 

dehydration, headache and/or prostration (WHO/FAO, 2002). 

Severe disease such as septicaemia sometimes develops, predominantly in immune compromised 

individuals. This occurs when Salmonella spp. enter the bloodstream, leading to symptoms such 

as high fe ver, lethargy, abdominal and chest pain, chills and anorexia; and can be fatal. A small 

number of ind ividuals develop a chronic condition or sequelae such as ru·thritis, appendicitis, 

meningitis or pneumonia as a consequence of infection (HohmarU1, 2001 ; WHO/FAO, 2002; 

mA,201 2) . 
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Salmonellosis is one of the most commonly reported enteric illnesses worldwide, being the 

second most freqLlen tly reported caLise of enteric illness in Australia (behind campylobacteriosis) 

(Jay el 01. , 2003). 

2.3.3. Incidence of illness and outbreak data 

Outbreaks attri buted to Salmonella spp. have predominantly been associated with animal 

produc ts such as eggs, poultry, raw meat, milk and dairy products, but also include fresh 

produce, sa lad dressi ng, fruit juice, peanut butter and chocolate (Jay et aI., 2003). 

Salmonel/a outbreaks from low-moist1lre products are relatively rare but often impact large 

numbers of people. In the US between 1996 and 2006, of 64 outbreaks (with 598 1 cases) of 

sa lmonell osis reported for FDA-regulated foods (excluding eggs), only 2 were from low­

moisture processed food products. However, the two outbreaks attributed to low-moisture food 

products (toasted oats cereal and peanut butter) involved a large number of illnesses. During the 

course of the outbreak investigations, CDC reported 628 cases attributed to peanut butter in 47 

states between August 2006 and May 2007. These two outbreaks eventually accounted for 1037 

cl inica ll y confi rmed cases of illness (CDC, 2007). 

Moreover, a second major Salmonella outbreak in the US attributed to peanut butter and products 

containing peanut-derived ingredients involved more than 500 cases in 43 states between 

September 2008 and January 2009. Overall, more than 700 infections and 9 deaths were 

reported as of April 20, 2009, and resulted in more than3, 900 food products being recalled , 

resu lting in the largest food recall in U.S. hi story (Neilh, 2009; PEM, 2009; Lindhardt, 2009). 

A survey of food-borne outbreaks in the United Kingdom found cross-contamination to be a 

significant contributing factor in 32. 1 % of the cases (Powell , 1998). An investigation of 

Solmonel/a spp. Cross-contam ination in an oilmea l process ing plant found that controlling traffi c 

now (personnel and materials), rodents and airborne dust were key factors in reducing 

contamination rates (Morita el 01., 2006). In two maj or peanut butter salmonellosis outbreaks, 

uncontrolled dust in the production faci lities was thought to be a major contributing facto r 

(Almond, 2009). 
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Survey conducted by the World Health Organization (WHO, 1995) that indicated a significant 

proportion of European food borne outbreaks could be traced back to cross contamination. The 

report ind icated that factors contributing to the presence of pathogens in prepared foods included 

insufficient hygiene (1.6%), cross contamination (3.6%), processing or storage in inadequate 

rooms (4.2%), contaminated equipment (5.7%), and contamination by personnel (9.2%). In a 

compi lation of outbreaks in the United Kingdom where the contributing factor was known, cross 

contamination accounted fo r 57% of all occurrences (Powell et al., 1998). 

Most outbreaks underscore the difficulty in eradicating Salmonella from the environment of dry 

product manufacturing fac ilities and illustrate the wide diversity of low-moisture products that 

can be contaminated with Salmonella and cause illness. These outbreaks also highlight the need 

to rcinforce industry preventive contro l measures through guidance based on the best avai lable 

in formation. Because of the outbreak of food borne illness linked to Salmonella contamination of 

peanut butter, AOAC International's subsidiary Research Institute, Gaithersburg, Md. , launched a 

ncw program, Emergency Response Validation, designed to respond immediately to emerging 

food contam ination cri ses by rapidl y evaluating test kits for specific bacteria in specific foods 

once a crisis is identified (Nei l, 2009). 

The presence of Salmonella in low-moisture products is a concern because low numbers of 

Salmonella in foods can cause illness. This is contrary to a common misconception that low 

numbers of Salmonella are not a problem in low-moisture foods because these products do not 

support Salmonella growth. Salmonella does not need to grow to cause illness; in some instances 

infection has occurred from consuming low-moisture products contaminated with less than I 

cfu/g depending on the host, the product, and the Salmonella strain. For example, several 

incidents invo lving low numbers of Salmonella in chocolate have been reported over the years. 

In an outbreak attributed to paprika and paprika-powdered potato chips, Salmonella was found at 

0.04-0 .05 cfu/g in the snacks. In the 2006-2007 outbreak associated with peanut butter, 

Salmonella was found at 1.5 MPN/g in an unopened jar and a lower level was found in another 

product sample (Yuhuan, 2009). 
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2.3.4. Sa/mon ella control elements 

The key factors include the control of employee traffi c patterns to minimize the possibility of 

cross-contamination and the control of rodents and wi ld birds. The International Commission on 

Microbiological specification fo r Foods (ICMSF) recognizes that, while it is not possible to 

prevent the introduction of pathogens into food processing facilities, it is crucial to minimize 

thei r presence (ICMSF, 2002). 

Contamination of low-moisture products wi th Salmonella is of concern in operations wi thout an 

inacti vation step (such as a dry-blending operation) or when it occurs after the inactivation step. 

Salmonella outbreaks associated with low-moisture products may occur due to the inclusion of 

contaminated (raw) ingredients, insufficient processing, or post-processing contamination 

(Codex, 2008). 

According to Codex (2008), to minimize the ri sk of Salmonella contamination the following 

scven elements should be applied to control Salmonella in low-moisture products: 

I . Prevent ingress or spread of Salmonella in the process ing facility. 

2. Enhance the stringency of hygiene practices and contro ls in the Primary Salmonella Control 

area. 

3. Apply hygienic design principles to building and equipment design. 

4. Prevent or minimize growth of Salmonella within the facility 

5. Establi sh a raw materials/ingredients contro l program. 

6. Val idate control measures to inactivate Salmonella. 

7. Estab li sh procedures for verification of Salmonella controls and corrective actions. 

Al l of thcse issues are re levant to the production of peanut butter so as to m1l11ml Ze 

contam ination of pathogens like salmonella. 

According to joint statement by the WHO-WFp·UNSCN-UNICEF (2007), the tolerance limit of 

Salmonella in ready to use therapeut ic foods should be negatice or zero per 125g of test sample. 
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2.4. Control of contaminations as a general 

As a contro l of any contam ination from products, different measure could be applied. As is 

implied in the expresscd hope that "wi th fu rther improvements in agri cul tural practice it wou ld 

bccome feasible \0 insist on lower levels" the best approach is prevention. And the first step is 

recognition and awareness that the problem and threat exist. A major problem is motivation of 

untrai ned personnel at a ll stages of culture, harvest, transportation, and processing. 

Ccontaminations in agricultural products may occur, while plants are growing in the field , duri ng 

harvesting and hand ling, during storage, and even during process ing. According to different 

authors, high moisture is the single most important cond ition contributing to mould. Temperature 

is also very important, but moisture contro l is crucial in mould and bacteri al prevention. The safe 

moisture level varies no t only with the crop, but also with the length of time it is to be left in 

sto rage, the temperature of storage, weather conditions in the area, the design of the storage 

facil iti es and still other factors. (Leo, accessed on October 25,20 13). 

Dohlman (2003) proposed a strategy to reduce both health risks and the economic costs 

assoc iated with mycotoxins. Food producers must be more aware of mycotox in effect, and 

thercfore, handl ing practices that would mi nimize mycotox in contamination. Moreover, another 

solut ion wou ld be to encourage the adoption of process-based guidelines (good agricultural 

pract ices or good manufacturing practices (GMPs). 

Sevcral cultural practices such as sorting, sieving, tumbl ing, winnowing and drying, that were 

used by the traders are recommended as ways of reducing a fl atox in contamination of peanuts. 

Sorting out physica ll y damaged and infected grains from prod uce can result in 40 to 80% 

reduction in aIlatoxin levels (Mutegi el ai, 20 \ 3). 

In addi tion, based on Eshetu's (20 11 ) recommendation, electronic sorting and hand-picking of 

damaged, immature or mould-infested pods can significantly reduce the contamination of 

groundnuts in shel l. Good hygienic practice is the way to prevent salmonella contaminations. 
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Botwana govcrnmcnt had banned peanut buller imported from South Africa because of higher 

al1atoxin content of the product (Republic of Botswana press release, 2012). However, no 

agrcab le ini'ormation was obtained regardi ng control of such items in our case, Ethiopia. 
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3. Meth ods and Materials 

3.1. DesC/"iption of the study site: 

The study was conducted in Addis Ababa. Addis Ababa has 10 sub cities having woredas in each 

01' the sub cities. Addis Ababa is a major trade center for peanut with many cottage industries 

that process raw peanut, roasted and splitted peanut, and peanut butter. In addition, the 

addrcsscs written on packaging of peanut butter products indicate the site of their estab li shement; 

which support s the evidence that most processers of peanut are found in Addis Ababa. This 

clearly indicates that there was a high demand of peanut and peanut products in Addis Ababa, 

hence, it was chosen as a study site. 

Samples were collected from all margins of the city and analyzed at Bless Agri Foods Laboratory 

(accredited laboratory in ISO 17025 requirements for nearly 20 chemical and microbial 

parameters; sister company of Hilina Enriched Foods PLC). The laboratory is establ ished at the 

hcart of Lege taCo town, 20km far away from Addis Ababa to the North East. 

3.2. Sampling technique 

Samples of peanut butter were selected from a variety of retail outlets, including supermarkets, 

smal ler shops and market stall s across Addis Ababa. A wide range of brands was covered in 

order to ensure that the survey was representative of the supply of the products to consumers in 

Addis Ababa. Before sampl ing was employed, sampl ing sites were divided in to four direction 

for case of sampl ing; North, South, East, West, so as to address most locations and minimize 

missed brands. All brands of peanut butter obtained during sampling periods were included in the 

stud y. Of course, the absence of a particular brand means only that the product was not included 

in thi s survey. So, out of 48 samples, 40 samples were from different brands and the remaining 8 

samples were selected twice during course of sampling. For roasted peanut, samples were 

co llceted from Merkato (potential area) and different streets of Addis Ababa based on the 

availab ility. 
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3.3. Sample collection 

A total of forty eight samples of peanut butler were randomly selected from different 

supermarkc ts and retailers for both Aflatoxin and Salmonella analyses. All kind of brands were 

collected from Nort h, South, East and West to simply add ress all sampling points. Accordingly, 

samplc dis tribution scenario was; 12 samples (9 were different brands) from North; II samples 

(l0 were di ITcrcnt brands) from South; 13 diffe rent brands of samples from East and 12 samples 

(8 wcre different brands) from Western part of Addis Ababa. Out of these 48 samples, 45 

samples were from local producers and 3 samples were imported products (collected from East, 

West and South). 

Sam pic col lection sequence was East, West, South and then North. 

[n addition, a total of ten samples of roasted peanut each weighing 3 kg were randomly collected 

from street vendors and distribution point (Merkato) . 

Approxima tely I kg of each type of peanu t butter brand was taken. Where the product was so ld 

in packs of Icss than I kg, a number of retail packs were purchased, ensuring that all came fro m 

the samc batch, and these were mixed thorough ly before taking a sample for analysis. 

3.4. Laboratol'Y Analyses 

3.4.1. Procedure for Aflatoxin ana lyses 

3.4.1.1. Apparatus 

H PLC system consisti ng of auto sampler, pump, column oven, fluorescence detector, PC with 

chromatography software, Photochemical reacter fo r post co lumn derivatization system, I-IPLC 

column, Weighing balance, immunoaffinity column, Afl aCLEANTM (LCTech PIN lOS 14), 

refrigerator, spatu la, I3eakers (25ml , 100ml, 250ml & 500ml), funnel, high-speed blender, 

Single-use syringcs (l0 mL (PP), 0.2 ,lm fi lter disks, sample preparation vials with screw cap 

and sealing ring, ppipettcs (l ml & 10m I), whatman fi lter paper, Vaccum pump, lab tissues and 

other necessa ry laboratory glass wares and equipment were used for the analyses of the aflatoxin 

at the Bless Agrifood laboratory. 
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3.4.1.2. Chemicals and reagents for aflatoxin analysis 

Chemicals and reagents used for Aflatoxin analyses were: l-lPLC grade water, aceton itrile, 

Na21-] PO" • 121-120, n-I-Iexene, NaCI, methanol , aflatoxin standard , The AFB I, AFB2, AFG 1, and 

AFG2 standard were obtained from Sigma- Aldrich (Ref A6636 - Batch No, lI 8K4094), The 

pure reference standards were stored in the dark at 4°C. Standard solutions of all four aflatoxins 

were prepared in methanol and stored in the dark at 4°C for up to 6 months, 

3.4.1.3. Sample extraction 

A well mixed composite 20g of sample and 2g of sodium chloride was weighed and put into 

hi gh-speed blender jar. An extraction solut ions; I-IPLC grade methanol l-lPLC grade water 

(80:20, v:v) and 50ml of n-hexane were measured and added into the jar and blended for 3 

minute at high speed, The homogeni zed sample was then filtered through a plaited fi lter paper 

The oily part was again separated from the aqueous layer by suspending for some minutes into 

funnel. The oily part was suspended on the upper part of aqueous layer , The aqueous layer was 

collected at the bottom of the funnel. Extract ions of aflatox in from the test samples were 

performed according to the official methods of AOAC 2005,08, 

3.4.1.4. Clean up 

Accurate 7ml of the aqueous sample filterate was taken by glass syring barrel in which its tips 

was fitted wi th 0,2 elm filter disks for better fi lteration, A 43ml of PBS-buffer (PH 7,2) so lution 

and the measured 7ml sample were mixed together and passed tlU'ough the prepared immune 

affinit y co lumn (Before adding the mixture, the immune affinity column was openned to drain 

the sto rage buffer until the level reached the upper frit ) at a flow rate of 2-3 mllmin, The sample 

let to drain through the co lumn until there was no more sample in the co lumn and then the 

column was washed with 10 ml distilled water and residual water was expelled from the 

immuno aninity column by a gentle gas stream or vacuum, The retained aflatoxin in the column 

was eluted by 2ml of I-IPLC-grade methanol. All of the methanol elution was collected into the 

sample vial and ready for injection into HPLC system, The preparation procedure was 

cmployed based on the method described by AOAC Official Method 2005 ,08(24) , 
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A B 

Figure 2: AJ Glass syring barrel in which its tip was fitted with 0. 2 ~ filter disk; Bf Immune 

affinity column fitted widl filter paper. 

3.4.1.5. Executing analysis of aflatoxins 

HPLC Conditions: 

Column: 

Column Temp.: 

Mobile Phase A: 

Mobile phase B: 

Mobile phase C: 

Isocratic: 

Flow rate: 

Detection: 

Injection 

Zorbax Eclipse plus C1S, 

4.6xI50mmx5~ 

39 DC 

HPLC grade water 

Metllanol 

Acetonitrile 

A: B: C; 65: 25: 15, 12min 

1.0 mLfmin 

Ex: 355 nm, Em: 455 run, gain = 10, attenuation=4, fluorescence. 

20 J.lL 

Electrochemical Current: 100 J.LA setting 

Reacti on coil: 0.5 mm i.d*34 cm long peek tubing 

(From the exit of KOBRA cell to the entrance of FLD) 
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The limit of detections of aflatoxin GI and Bl were improved by post-column electTOchemical 

bromo-derivatization and fluorescence detector. The analysis was shorlened into 8 minutes 

without compromise of resolution ofaflatoxins (in order to completely elute all the component in 

sample, the analysis time was set for 11 minutes). Meanwhile, it was shown from the 

chromatograms for real samples that the cleanup of sample was effective by pre-column inunune 

affinity colwnn. It was proved that the method in the work could be applied for determination of 

aflatoxins at trace level in real samples, and method is fast and accmate. 

Del'ivitization 
Since only the aflatoxins B2 and G2 readily fluorescence, aflatoxin Bl and Gl must be 

derivatized prior to detection. Accordingly, this was achieved photo chemically by irradiation 

with UV li ght at 254nm with a photochemical reactor (LC Tech UVE, Germany). 

• 
h'': 'e 

Fig.3: The photochemical reactor UVETM for post-column deriYatization 

HPLC determination 

The eluted aflatoxin-methanol solution was directly measmed by HPLC for its aflatoxin content 

using HPLC conditions as described in the method. 
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3.4.1.6. Analytical Quality Assurance 

3.4.1.6.1. Ma terials 

Pure reference standards for the different aflatox ins were obtained from Sigma-Aldrich and 

included aflatox in B I (Ref A6636 - Batch No. 118K4094), aflatox in B2 (Ref A9887 - Batch No. 

029K4062), aflatoxin G I (Ref AO 138 - Batch No. 069K400 I) and aflatoxin G2 (Ref A0263 -

Batch No. 0 18K40 19). The pure reference standards were stored in the dark at 4°C. 

Standard so lu tions of all four aflatoxins were prepared in methanol and stored in the dark at 4°C 

ror up to 6 months. 

Standard reference material (SRM) of aflatoxins in peanut butter was obtained from N1ST 

(Standard Reference Material® 23 87) and stored in the dark at -20°C. 

Maize Rroficiency test material: was obtained from FAPAS (FAPAS® Proficiency test 04166). 

The va lidation was perfo rmed using replicate analyses of the standard solutions, standard 

reference materi al and proficiency test samples mentioned above. 

3.4.1.6.2. Lincal'ity 

A series of standard curves were prepared over a concentration range of S - SO Ilg/1 (S , 10, 20, 

30, 50.0 pg/L) from a stock solution of total aflatox ins in methanol. The concentration of the 

ind ividual a fl atox ins ranges from O.S to S Ilg/L for AFG2; from 2 to 20 IlglL for AFG I; from O. S 

to S pg/L [or AFB2 and from 2 to 20 ,lg/L for AFB 1. Dilutions were prepared in the mobi le 

phase. Each so lution was injected as I-1PLC conditions described above and the data obtained 

[rom peak area versus each aflatoxi n was treated by linear least square regress ion analys is. The 

correlation coefficients (R2) were calculated for a standard so lution and the minimum linearity 

was (R2) 2: 0.9972) (Appendix B). The standard curves were evaluated for reproducibility. 

Table I : Calibration curves for aOatoxins 

Linear regression analyses 

(y=bx+a) 

Aflatoxins Range a b Correl ation coefficient (R2) 

AFG2 O.S-S pg/kg 0 0.07 108 0.9980 . 
ArG I 2-20flg/kg 0 0.02578 0.9972 

AFB2 0.5-5'lg/kg 0 0.13560 0.9990 

ArBI 2-20pg/kg 0 0.0523 1 0.9990 
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Quantilicmion of the actual aflatoxin in ppb (~Lg!L or ~Lg/kg) is based on the following formula 

(AOAC 2005.08): 

Aflatoxin, ng/g (ppb) = A x (Til) x (lIW) 

Wherc: 

A = ng of aflatox in as eluated 

T = fina l tcst so lution eluate, vo lume (~LLI) 

= vo lume e luate injected into Lc (~LL) 

W = mass (g) of commodity represented by final extract 

3.4.1.6.3. Detection limit 

The lowest conccn tration in a sample that can be detected , but not necessaril y quantified, under 

test condition were determined by the aflatoxin concentration yielding a signal-to noise ratio of 

at least 3: I (SIN ? 3). The limit of detection was measured for all 4 aflatox ins by injecting 

standard so lut ions of different concentrations and measuring for each substance the amo un t 

injected on the column and the SIN values. 

The signal-to noise ratio was determined by the equation: 

SIN = 2H/h 

Where: 

H: height of the peak corresponding to the component 

h = absolute value of the largest noise fluctuation from the base line of the chromatogram of a 

blank so lution. 

Approximate LOD values are summarized in the table below and range from 3 to 13 pg. 
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Table 2: Limit or detec tion (LOD) of aflatoxins 

Allatox ins ng injected on column SIN LOD, pg 

AI'G2 0.0 10 6.3 4.7 

AI'G I 0.040 9.0 13.3 

AI'B2 0.010 9.3 3.2 

ArB I 0.040 15.3 7.8 

3.4.1.6.4. Accuracy a nd Precision 

The accuracy and precision of the method were determined by single or replicate analysis of 

samples containing known aflatoxin amounts. For that purpose, test sta ndards (prepared 

separately from the cali bration standards), the standard reference materia l (SRM) and the 

proliciency test sample were used. 

The results for the test samples are given below. The accuracy ranged fi-om 94.2 to 108.3 % 

Ta ble 3: Accuracy of the method for the determination of afl atoxins in test samples 

ug/ L ug/L 

Test sa m p le Aflatoxi n added found Accuracy 

1 AFG2 1.00 0.94 94.4 - _.- -_. 
A FG1 4.00 3.77 j 94.2 

A FB2 1.00 1.08 107.5 - -
A FB1 4.00 4.17 104.3 

2 AFG2 2.00 2.07 103.3 

AFG1 8.00 8.29 103.7 

AF B2 2.00 2.14 106.9 -
AFB 1 8.00 8.66 108.3 

The dup licate resul ts for the SRM sample are given be low. In these analyses, the crude peanut 

bu ller ex tract was analyzed in duplicate using two different Immunoaffi nity co lumns. The 

accuracy ranged from 96 to 111 % and the precision from 3.6 to 3.7%. 

Ta ble 4:_Accuraey and precision of the method fo r the determination ofafl atoxins in SRM 

(peanut butter) samples. 

ug/kg ug/kg 

ref. f o und found 

Aflatox in cone. ( 1) (1) mea n S.D. C.V. Accu racy 

A F132 0.70 0.76 0.80 0.78 0.03 3.6% 111.4% 

AFB1 4.20 3. 92 4.13 4.03 0.15 3.7% 95.8% 
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Resu lts fo r the replicate analysis of the proficiency test sample in maize are given below. 

The accuracy and precision (C.Y.) ranged from 88.3 % to 99.0 % and from 2. 1 to 9.4%, 

respecti vely. 

Table 5: Accuracy and precision of the method of afl atoxin in a proficiency test sample (maize). 

ug/kg fo u nd r I 1 I 

Af latox in ug/ kg 1 2 3 4 5 6 7 me an S.D. C.V. Accuracy 

added 

AFG2 2.2 1.94 1.57 1.71 1.77 1.97 2.02 2.02 1.86 0.18 9.4% 95.7% 

AFG1 2.28 2.61 2.13 2.04 2.39 2.36 2.25 2.36 2.31 0.19 8. 1% 88.3% 

AF132 2.09 2.31 2.15 2.2 2.25 2.19 2.23 2.26 2.23 0 .05 2.4% 96.4% 

AF131 6.53 6.67 6.64 6.39 6.75 6.45 6.72 6.59 6 .60 0.14 2.1% 99.0% 

Tota l AF 12.72 13.53 12.49 12.34 13.16 12.97 13.22 13.23 12.99 0.43 3 .3% 96.0% 

3.4.1.6.5. Over all repeatability 

The reproducibil ity of the method was determined by rep licate extraction (2 samples), cleanup 

analyses (2 repli cates per extract) and injections (3) of the maize proficiency test sample. The 

bctween-assay reproducibility, expressed as the coefficient of variation (C.Y.) ranged from 1.5 to 

20.8 % for the different allatoxins and was 3.8 % for the total sum of aflatoxins. Looking at the 

withi n-assay rep roducibility, it appears that there is an excellent precision fo r the different 

injecti ons, but a somewhat lower reproducibil ity (higher C.Y. values) for the clean-up analyses. 

The results for all four allatox ins were summarized in the tab le below. 

Table 6:_Reproducib ility of the method fo r the determination of aflatoxins in maize. 

Anatoxin Within-assay (Injections) Within-assay (clean-up), Between-assay (overall 

n=3 n= 2 method) n=2 
AFG2 3.4% 18.4% 20.8% 

AFGI 4.0% 3 1. 0% 18.2% 

AFI32 1.3% 4.7% 1.5% 

AFBI 2.5% 6.2% 3.3% 

Total AF 2. 1% 2.4% 3.8% 
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3.4.1.6.6. Recovery 

The recovery of standards was processed wi th every batch of sample. The sample was used to 

assess recovery with value between 60 and 120% classed as valid (RASFF, 2011). Accordingl y, 

Thc ex traction recovcry of AFB I and AFB2 from the IlTImunoaffi nity columns was measured by 

spiking 40-1111 volumes o f crude ex tracts of standard reference material (assigned value 4.13 

fIg/kg AFBI and 0.80 ug/kg AFB2) with additional amounts of aflatoxins (lOng AFB2 and 40 

ng AFB I in 5ml of methanol) corresponding to total theoretical concentrations of 5.68 ug/L 

AFB I and 1.28 ug/L AFB2. These sp iked samples were then loaded onto the immunoaffinity 

column and analyzed in duplicate by the HPLC method. The resu lts are tabulated below. 

Table 7: Ext raction recovery of AFB I and AFB2 from peanut butter. 

(SRM sample spiked with additional amounts of aflatoxins) 

Aflatoxins Trial I Trial 2 

Theoretica l cone., Concentration Recovery Concentration 

pg/kg found , fIg/kg fou nd, pg/kg 

AFBI 5.68 6.58 11 6% 6.50 

AFB2 1.28 1.05 82% 1.09 

% Recovery = (Resu lt found/ Result expected) X 100 

3.4.1.6.7. Valida tion of the Method 

Recovery 

11 4% 

86% 

Bless Agr i Food Laboratory Service PLC participated in a proficiency test to assess the inter­

laborato ry accuracy and prec ision by analyzing a profi ciency test sample in maize. The results 

are sLimmarized in lhe table below and demonstrated the valid ity of the method. 

T bl 8 R It I'll a e CSLl s 0 fi fi flt le pro lclencyestor a . aOXlllS 111 maIze. 
Ailaloxi ns Value assigned, pg/kg Value found , fI g/kg Analytical recovery Z-seore 

AFBI 6.53 6.60 101.1 0 

AFB2 2.09 2.23 106.7 0.3 

AFG I 2.28 2.31 101.3 1.1 

AFG2 2.20 1.86 84.5 -0.7 

Total AI' 12.72 12.99 102.1 0.1 
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3.4.2. Procedure for Sa/monel/a analyses 

Samples co llected from Addis Ababa Supermarkets for Salmonella analyses was tested at Bless 

Agri Food Laboratory Service PLC based on the AOAC 967.25. 

3.4.2.1. Equipment and Materials 

Blende r (stomacher), steri le Erlenmeyer flasks of various vo lumes, mass balance, incubator (35 

DC ±2 DC), water bath 49 DC ± I DC, sterile spoons for sample transfer, sterile culture dishes ( 15 x 

100 mm), glass or plastic, sterile pipettes (wi th 0.01 ml graduations, 5ml and 10mi witht 0.1 ml 

graduati ons), inoculat ing needle and inoculating loop, steri le test or culture tubes, PH meter and 

other miscelaneous material s. 

Reagents: KIll so lutions, I3rilliant green solution (1 %), Alpha-naphthanol , Metyl red solution, 

Kovac 's. 

3.4.2.2. Media and Reagents 

Lactose broth,selenite cystine (SC) broth, Tetrathionate (TT) broth, Xylose lysine desoxycholate 

(XLD) agar, Bektoen enteric (B E)agar, Triple Sugar Iron Agar, Lysin Iron Agar, Bismuth sulfite 

(I3S),MR-VP broth, simmons citrate agar, MacConkey agar, . Positive control was Salmonella 

ellteritidis and blan k run was an inoculated nutrient media. 

3.4.2.3. Sample pI-epa ration 

3.4.2.3.1. Pre cnrichemenet media: 

Lac tose broth was used for dilution purpose. Representative and homogenized samples of 25g 

was weighed in steril ized Erlenmeyer flask (250ml vo lume) . The test sample was incubated with 

previously sterili zed lactose broth for 24hr ± 21u' at 35DC ± I DC to favo r the repair and growth of 

stressed or sub lethally injured Salmonella ari sing from exposure to hear, fj'eez ing, desiccation, 

preservati ves, high osmoti c pressure or wide temperature fluctuations. 
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3.4.2.4. Sa mple analyses 

3.4.2.4.1. Selective enrichemen t 

Med ia used wee Tetrathionate broth and Selenite Cystine broth : After incubating the sample for 

24hr ± 2hr at 35DC ± I DC appropriate pre-enrichment medium, proceeded by transferring I ml 

sample homogenate on to Tetrathionate (TI) and Selenite cysteine (SC) broths. Incubate TI and 

SC broth at 35DC ± I DC for 241u' ± 2hr. The analyses were conducted in dupli cate in each step. 

3.4.2.4.2. Selective plating 

Enrichment cultures were streaked onto selective differenti al agars . Hektoen Enteri c agar, 

Bismu th sulfite (BS) and Xylose lysine desoxycholate (XLD) agar fo r the iso lation of 

Sa/monel/a. Each agar was incubated for 24hr ± 2hr at 35 DC. 

According to typical co lony characteri stics depicted in each agar, detection of Salmonella was 

checked. Blue-green to blue co lonies with or without black centers was veri fi ed in HE agar. Pink 

co lonies with or without black centers in XLD; brown, gray or black or methalic sheen in BS 

were veri ed for presence of Salmonel/a. 

[fno typica l colony characteristics were observed, the result of Salmonel/a in the test sample was 

reported as absent or not detected. In case of any observation of typical co lony characteristics, 

further con fi rmatory test was performed (as ind icated in screening test). 

3.4.2.4.3. Screening test 

Tri ple Sugar Iron Agar (TSI), Lysin Iron (LI) Agar, XLD Agar, Hektoen Enteric Agar, 

MacConkey aga rs we re used in the screening test. The medium that showed typical co lony 

characteri st ics was inoculated in TSI and LI for 241u' ± 2hr at 35 Dc. The presence of alkaline 

slant and acidic (ye llow) bUll with or without blackening was checked in TSI agar. Purple slant 

or purple bU ll was also checked in LI. In the absence of typical or susp icious Salmonella 

co lonies, iso lat ion step and biochemical confirmatory test were conducted. Media used in 

isolation step were: I-IE, XLD and MacConkey Agars. Typical co lony characteristics in iso lation 

step were similarily checked for HE and XLD as indicated in selective plating and colorless I 

transpare nt co lony was checked for MacConkey agar. Media used in biochemical confirmatory 
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test were: MR- VP broth, tryptophane broth and Simon's citrate agar. MR-VP and Simon's citrate 

were incubated for 96hrs ± 2hrs at 35°C. Tryptophan broth was checked after 241m of incubation 

period at 35°C. Typica l co lony characteristics in biochemical confirmatory test were: red or 

pink color on the surface in MR-VI' broth; lack of red color at the surface in tryptophan broth ; 

blue slant. 

3.5. I)ct'crmination of oil scpanltion 

Composit ion of Peanut butter may vary and it may contain added palm oil or partia ll y 

hydrogenated vegetable oil (EFSA, 2011). The most serious problem of natura l peanut buttcr is 

the tendency of the oil to separate during storage as it has negative impact on purchase and 

gcneral quality of peanut butter. The samples under thi s investigation were checked if there were 

oi l separation or not. Aryana el al. (2000) explained what oil separation mean; it is characterized 

by the absence of two layers of oil and meal phase during ordinary conditions of storage. Hence 

based on this principle, through mere observation, the oil separation was checked (Table 14). The 

ex tent of surface o il is explained by the word "very noticeable" (borrowed from EAS document) 

if the surface oil is very visible and could be flow or poured. 

3.6. Data analysis 

Data obta ined during the test of aflatoxin was analyzed and reported by mean ± SD, media, 

weighted mean and, percentage using Microsoft excel. Regress ion analys is was also used to 

determine the linearity of the results for validation. Regarding Salmonella analyses, the percent 

of the detection out of the total samples was reported. 
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4. Result and Discussion 

4.1. Contamination level of Aflatoxin in Peanut butter 

4.1.1. Local peanut butter 

All 48 peanut butter sampl es were collected and assayed in dupli cate for total aflatoxin contents. 

Out of these 48 samples, 45 samples \"ere local products and th e mean yalue for each sample 

was calcul ated. From total of 45 samples, 42 samples (93 .33%) showed aflatoxin contamination 

by the ie\'ei ranged from 3.92J.1g/kg to 547.85J.1g/kg. These samples showed a mean total 

aflatoxin of 9824J.1g/kg ± 1 J 1. J 8SD (The median 54.5G J.1glkg). Great variation of aflatoxin 

contamination was observed (Appendix A) among samples of peanut butter as standard deviation 

is greater than mean value (Figure 4) . About 7% (G. 77) of samples (n=3) showed below detection 

limit. 
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Fig. 4: Distribution of aflatoxin contamination in local peanut butter samples (see Appendix A) 

Samples of peanut butter were systematically collected fro m supermarkets and small retailers 

and the incidence of aflatoxin contamination in this product was found to be 93.33%. This 

percentage of incidence agrees with 90% of incidence in Mali (keita el a / 20 13). but \\'ith less 

mean value (incomparable) of aflatoxin contamination than this study. 
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[n contrary, the incidence of aflatoxin in thi s study is much higher than most findings from other 

countries. Report from Omer el a/ (200 [) showed less percentage of contamination of the peanut 

butter (64%) from samples collected in Sudan. Another report of Mutegi et al (20 [3) e[ueidates 

that , 69% of peanut butter products had aflatoxin leve ls exceeding 10 mg/kg in Kenya. In 

addition, the result 0[' present study completely differes from peanu t butter of Papua New Guinea 

in which all samples have below < 20~lg/kg with mean value 3.8~lg/kg (Chi[aka, 20 12). In other 

studies, A Korean survey of different nuts and their products marketed in South Korea showed 

that 9 out of 85 samples including peanuts and peanut butter, were contaminated with aflatoxins 

( 10.6% of incidence). Study by Ismai [ el a/ (2010) conducted in Malaysia, revealed that from 

about [96 nuts and their products including peanut butter, [6.3% of the products showed 

contamination; both studies showing incidence of aflatoxi n contamination much less than this 

study (93 .33%). The higher aflatoxin incidence in this study, comparing with others, might ari se 

[rom absence of understading about qua lity of peanut, more specifically aflatoxin, among peanut 

butter processors of Ethiopia. However, the range of aflatoxin concentration of this study was 

3.92pg/kg to 54 7.85~lg/kg which is sli ghtl y comparable with that of Ismail et a/ (20 I 0), 

betwcen 17.2 to 350 ~lg/kg ; But, compared to this study, higher aflatoxin content (841 pg/kg) 

was recorded in ground nut paste in Ghana during 2010 (RASFF, 20 11 ). 

Ol11er el al. (2001 ) reported that aflatoxin B I causes liver cancer in Sudan. According to Yousif 

el al. (20 10), aflatox in contamination in Sudanese groundnut and ground nut products and found 

that percentage of aflatoxin contamination was 2%, 64%, 14% and II % for kernels, butler, cake 

and roasted groundnuts, respectively which is sti ll less than contamination level of present study 

intcrms of peanut butter. 

Moreover, aflatoxin result of the present study is much higher than the result reported by Mutegi 

el al (20 I 0) which showed aflatoxin levels up to 22pg Ikg in peanut butte r. 

Acco rding to present study, the four types of aflatoxin components were detected in the different 

ranges; AFBI , AFB2, Af'G [ and AFG2 were detected by the concentration range of2.65 to 270, 

0.6710 2 1. 81 ~ l g/kg, 0.87 to 247. 1 ~lg/kg and 0.5 to 13.03 ~lg/kg, respectively. 

Among the naturally occurring aflatoxins (B I, B2, G I and G2), aflatoxin B I is the most 

important for humans and animals by its frequency and toxic compound and in thi s study, it was 
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found to be the most contaminating type of anatoxin in 93% of total samples, followed by AFG I 

(88.89%). This order of contamination (AFB I & AFG I, AFB2, AFG2) was simi lar with report 

of Yousif e/ al (20 10 ) and Eshetu (20 I 0), although Eshetu 's was in raw peanut. They confirmed 

that anatox in B I was predominant in all samples followed by G I , B2, and G2 which agreed with 

the find ing of the present study. 

Occurrence o f AFB I from 45 sampled peanut butter under the present study ind icated that 42 

(93%) we re contaminated at a level ranging from 2.65 to 270 ~Lglkg with mean value of 51.94 

~Lg/kg ± 65.33 SO . This range of AFB I contamination is in line with result of Ali e/ al (1999) 

cond ucted in Phi li ppincs ranged from 1.00 ~LgI Kg to 244 Ilgl Kg, but differing in percentage 

of contami nated samples (60%). In other way, 93% of samples in this study showed 

contamination by AFB I than samples studied in phili ppines with 60% contamination but havi ng 

comparable amo unt of AFB I . Samples of Peanut butter co llected from western Sudan (Omer, 

200 I) had rnean± SD of AFB I much higher (87.4± 197.3 ~Lg/kg) than mean± SD value of present 

stud y (51.94 ±65.34 ~Lg/kg). 

Moreover, Omer (200 I) reported that the AFB I concentrations in peanut butter was between <I 

~l gl Ikg (detection limit is I ~Lg/kg) and 78 1 ~l glkg. Sixty-three percent of the samples from West 

Sudan were above the permissib le level of 10 Ilg/kg, and 50% of the samples from Central Sudan 

exceeded thi s level. Higher concentration was observed in Sudanese survey. however, 84% of 

samples of present stud y showed above 10 IlglKg which could be showing higher contamination 

than study of Sudan. 

Neverthel ess, find ing of present study is signifi cantl y much higher than that of Shami e/ al 

(2000) whose report indicated less contamination of AFB I in peanut based product conducted in 

sudan and Botswana ranging (3.2 - 16.00 ~Lgi Kg). 

Hence, for the justification of contamination of products, thi s study shares the idea of Ali e/ al. 

( 1999), when the initial content of aflatoxin was high in the raw shelled peanut, a high level of 

anatox in contamination can be expected in its final products such as peanut candy and peanut 

butler. On the other hand, the low level of aflatoxin contamination in the peanut products has 

always been associmed with the use of high quality raw materials (raw shell ed peanut) that 
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conta in an acceptable low initi al level of aflatoxin. Contamination level of aflatoxin in samples 

or peanut buller was high. Most of the peanut butter in Add is Ababa is made by cottage sca le 

manufacturers, from nuts that elude inspection mechani sms and are therefore likely to be 

contaminated. Considering that peanut butter is not a product constituting of whole kernel s and 

that it s final presentation does not exhibit physical aspects of deterioration of nuts, traders and 

processors are likely to take advantage of thi s and charU1ellow grade peanuts for making peanut 

bUller. Such nuts, which are cheaper than wholesome kernels, are characterized by discoloration, 

shriveling, and breakages, aspects that have been positively linked wi th aflatoxin contamination. 

Hence, processors may not sort out fungally infested kernes due to higher cost of peanut in the 

market. 

4.1.2. Impo.-ted Peanut butter 

['rom total sampled peanut butter products (n = 48), only three samples were imported product 

found from the market during sampling period. The reason for limited imported brands in Addis 

Aba ba market may be due to very high price compared to local brands. Meaning, the price of one 

imported brand prod uct was more than 5 times higher than the price of local brand product. As a 

resul t. very limited imported peanut butter brands were found in the market. Thus, compari son 

bet ween local and imported brands of peanut butter in terms of aflatoxin contamination was not 

feas ible. 

Table 9: Aflatoxin results of imported peanut butter 

Aflatoxin ()lg/kg) 

Code of sample G2 Gl B2 Bl Total 

PB-I6 ND NO ND ND NO 

P8-1 7 ND ND ND ND ND 

('IWi ND 1. 19 ND 1.09 2.28 

NO = Not detected 

The aflatoxin content of all imported peanut was under acceptance range of any international 

limit. The minimum result was NO and the maximum contamination was 2.28~lg/kg.When 

compared to local products, only three samples (7%) from local products showed below 

detecti on limiUt indic<l tcs that imported peanut butler might be imported from country where 
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regulation of anatoxin is implemented. Result of anatoxin from local producers showed that 

export of the product to any country implementing regulatory limit might not possible due to 

higher contamination of aflatoxin. Eventhough comparison between local and imported peanut 

bullers is not feas ible due to very limited number of samples from imported products; 

contamination of local products by anatoxin is higher than imported products as all imported 

products showed below acceptance limit (Table 9). 

4.2. Aflatoxin Resll/fs of Roasted Pean llt samples 

Samplcs of roasted peanut were co llected from diffe rent area of Addis Ababa so ld by street 

vendo rs and shops so as to investigate the level of aflatoxin. Those samples wo uld be considered 

as ready to eat roasted peanuts as snacks. Mostly roasted peanuts have been packed or mixed 

with other roasted cereals/legumes in small amount and so ld in the markets. During the 

investigation , it was observed that most retailers of ready to eat roasted peanut collected their 

item !i'om onc area, even from limited shops, in Merkato. Very few of them ( according to verbal 

comm unication) bought from other places. Representative 10 samples were collected fro m 

retail ers and shops and analysed in duplicate for their aflatoxin content as depicted in the table 

below. 

Table 10: Average aflatoxin results of roasted peanut samples (mean ± SD). 

Sample code Aflatoxins (~tg/kg) Total 

G2 Gl B2 Bl 

RPI ND I.S6±0.09 1.46±0.07 1O.04±0.S6 13.06±0.40 

RP2 ND 5.37±0.1.65 20.1± 10.02 141.79±39.90 167.59±48.39 
Rl)3 ND ND 1.19±0. 15 10.9±0.53 12. 1±0.69 

RP4 1.41±0.29 3.0 1±0.1.29 1.2±0.57 4.l3±0.1.41 9.75±0.73 

RPS 10.11 ±0.IS 2S.S4±O.3.17 14.52±3.24 30.ll±0.1 6 80.28±0.07 

RP6 8.77± 1.24 18. 18±2 .81 J3.29±0. 11 20.2±4.24 60.44±1.00 

RP7 ND 2.S I±0.28 ND 2.63±0.OS S. 14±0.33 

RP8 1.42±0.OS 47.02±4.70 9.22±0.77 IS8.83±10.66 216.48±16.16 
R])9 2.3 1±0.0 1 28. 13±2.83 2.66±0.31 16.1 2±1.93 49.2± 1.21 

RPIO 0.71±0.00 l.lS±O.SO ND ND 1.86±0.SO 

ND=Not Detected ,or below detection limit (O .Spg/kg) 

From 10 co ll ected samples of roasted peanut, all showed aflatoxin contami nation ranging from 

1.86 elg/kg to 216.48 elg/kg having mean value S8.78~lglkg ± 7S .56 SD (Median 17.0?,lg/kg) 
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which showed a great variabi lity of afl atoxin contamination among samples as the samples have 

larger standard deviation than mean va lue. The concentration range and mean value of aflatoxin 

in this study showed greatcr difference from survey conducted in Korea (Mehrdad el al ,2011 ) 

havi ng range of 2.00- 28 .24 ~lg/kg and mean of 12.30 Ilg/kg ± 67SD. There is also a signifi cant 

d i [ference in mean va lue of AFB I ( the most potent type of aflatoxin) between samples of thi s 

stud y (43 .86 ~lg/kg ±6 1.07 SD ) and finding of similar author Mehrdad et al (20 II ) (7.97 Ilg/kg ± 

7.75 SD). Chilaka (20 12) from Guinea also reported mean value of AFBI up to 6. I~lg/kg with 

mcd ian 1.9pg/kg and all samples were below 20~lg/kg interIm of total aflatoxin, which is very 

smallcr contaminati on compared to the present study. 

Sim ilarily, Yousif el (I I (201 0) reported less contamination of roasted peanut 111 Sudan with 

percentage of II % than present study. But, he confirmed that aflatoxin B 1 was predominant in 

all samples followed by G I , B2, and G2 which agrees with the present study. It is clearl y 

obscrved that resul t of thi s study ,in both mean value and contamination ranges, showes higher 

contamination than specified surveyes; the reason may be due to less knowledge among 

processors and absence of regulatory limit regarding aflatoxin in our country. 

In other study by f're itas et al (1998) of Brasil, upto 1789~lg/kg of AFB I was detected in peanut 

and peanut products including roasted peanut which showes higher contamination than this 

study. In the same country, the incidence was reported upto 52% by carlos et a/ (2009) . 

Howcvcr, after implementation of tolerance limit for aflatoxin in Brazilian food stuffs including 

peanut and pcanut product, the incidence had significantly minimized to a 39.6% ; with all 

samples of roasted pcanut below detection limit. From both authors, it could be understood that 

the higher contamination of aflatoxin in roasted peanut could ari se from absence of standard or 

rcgulatory limit by government and Good Manufacuring practice among processors of peanut 

which could be applied to our case, Ethiopia. 

However, the resu lt of thi s investigation is inline with resu lt of Zhang et at ( 1996) , from Asia 

who re ported Af'B 1 from I to 244~lg/kg from less than half percent of total samples. 

Invcst igation out put of thi s study revcaled that all of the samples collected for analyses were 

contaminated with AFB I, AFG I, AFB2 and AFG2 to the levels of 90%, 90%, 80% and 60% 

respcctively; found in the order of the relati ve potency of the fo ur afl atoxin types as assessed in 
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duckli ngs, A[,B I > AFGI > AFB2> AFG2 ( Leo, 20 13 ; Omer, 200 1). These contamination 

Icvels wcre [ound to be more greater than similar stud ies as discussed above. This evidence leads 

us to say peanut [rom Ethiopian fa rmers was highl y contaminated ancl can be confirmed by 

study o[ Eshetu (20 I 0) li·om Ethiopia, who studied contamination level of aflatoxin in raw 

peanut [rom Eth iopian [a rmel's and reported upto 73% of samples were contaminated between 

0. 5 7 ~lg/k g to 44 7.02~lg/k g (AFB I up to 324 .3 4~lg/kg) . 

Apart from contamination of raw peanut, however, the high cost of testing discourages the 

majority of the fa rmers, processors and traders from testing their products. This setback, in the 

absence of adequate knowledge, is fu rther compounded by the reluctance of consumers to pay 

the ex tra cost of a tested product, when there is a readily available alternative (Mutegi el al, 

2( 13). 

4.3. Evaluation of aflatoxin res ults against different intel'llational standards 

The samples included in thi s investigation have been analyzed under relia ble method (as verified 

in the methodo logy), HPLC, and the results were evaluated under different internation standards 

f'or the rejection percentage as detailed in the table below. The evaluatin of results against 

different intcrnational standards included only local samples so as to ease evaluation and 

generali ze quality of peanut butter from Addis Ababa markets. 

Table I I: Percentage of rejected loca l samples due to aflatoxin (~lg/kg) under di fferent 

internation standards. 

';;Iantlard EU 

I,roduet Total AI' AFBI 
>4 >') 

Pcanut butter 9 1J% 93 .. 33 

Roasted 90% 90% 
1"'~~I\ .. t 

"cghtcd mean 90. 8:2% ' 92 .73 
% 

Codex 

Total AI' AFB I 
> JO >5 

84.44%. 88.89 

70% 90% 
"-
~. 

81.82 89 .09 
% 

WH OIFAO 

Total AF 
>30 

60% 

40% 

56. 36% 

~ All values within the same row are cumulative, thus do 1101 addup 10 J DD%. 
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EAS 

Total AF 
> 15 

77% 

50% 

72.09% 

APBI 
>5 

88.89 

90% 

89.09 
% 



The ca tegories of investigated samples were peanut butter and roasted peanut. The reason to 

compare results of these samples against EU, Codex and WI-IO/FAO is to see the percentage of 

rejected samples or to summarize the percentage of samples that fits for human consumption 

from Addis Ababa market in terms of aflatoxins contamination. Due to the absence of local 

standard on af1atoxin, the stud y results were eva luated against the standards of aforementioned 

in ternati onally recogn ized bodies. 

More than 9 1 % of Peanut butter samples so ld in Addis Ababa supermarkets and retailers could 

be rejected under European Union (EU) standard, if these products were exported to European 

countries. Moreover, upto 60% of peanut butter samples could be rejected under WHO/FAO 

standard . 

When both catego ri zed samples, peanut butter and roasted peanut, were evaulated by a single 

mean (Weghted mean), more than 90% samples could be rejected under EU. Relatively, 

minimum rej ection wou ld be recorded under WHO/FAO, if both samples were marketed 111 

countries using WI-IO/FAO standard. Maximum rejection of samples under EU is due to 

stringent standard of EU (:S4~lg/kg). 

When local peanut butters were compared against East African Standard (EAS), 77% of products 

were rejected for total aflatoxin content and 89% of products did not conform to the specification 

of Af'81. In addition, 90% of samples of roasted peanut collected under this investigation did not 

comply with the EAS (:S5 ~lglkg) for its AFBI. As a cumulative report, 89% of peanut products 

(peanut butler and roasted peanut) traded in Addis Ababa market were highly contamicated and 

could not fit for human consumption under East African Standard (EAS). 

Moreover, thi s study has fo und that 84.44% (Table II) of peanut butter samples have afl atox in 

va lue exceed ing 10flglkg of codex limit where as Mutegi et al (20 13) from Kenya reported upto 

69% which is less than Iinding of thi s study. The same author reported percentage of aflatox in 

contamination from roasted peanut collected fro m Nairobi exceeding 10flglkg was upto 56.2% 

which is still far less than finding of this study (70%). The higher percentage in contamination 

may arise from absence of regulatory limit of aflatox in in Ethiopia, but kenya has the regulatory 

limit on af1atox in. 

Samples of Peanut butter and roasted peanut from Guinea have fulfilled gOflg/kg criterion of 

FDA by 100% and 85 % respectively (chilaka,2012) which is below results of this study. The 
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practice of standard illlpleillemat ion and food safety training on peanut buller [or collage 

indust ri es Illay be the reason for ex isted difference between two countries. 

Accord ing to Eshetu 's (2010) finding [rolll Ethiopian farmers, newly harvested peanut has lower 

an atoxin contamination; upto 83.3 3 % and 91.67 % of hi s samples co llected from Ethiopian 

fa nners were below 4 ppb and 20 ppb respective ly. Contraril y from one year stored samples onl y 

4 % and 52 % were below the aforesaid international standards. Accord ing to hi s investigation, 

raw peanuts were less contaminated at the farm point, but very contaminated after longer 

handling. The present study concluding most of these infested samples where used by processors 

and thi s in turn led to contamination of more than 90% of peanut butter and ready to eat roasted 

pcanuts by aflatoxin (considering that peanut butter and ready to eat roasted peanut are sourced 

from thi s farm ers) . This variation in aflatoxin might happen due to poor storage and 

transportation system whi ch support the growth of aflatoxin producing [·ungi. Mehrdad el af. 

(2011) also just ified such contamination of aflatoxin that occurred after harvest could be due to 

lack of regu lations or poor enforcement, which make the use of such contaminated commodities 

inevitable. 

During thi s investigation, all brands of peanut butter obtained during sampling were included in 

the study. Evethough samples were randomly picked from supermarkets and shops, brand 

incl usion was the major concern throughout the research timeframe. However, there might be 

brands not included in the study which ex isted during study. In addition, only Supermarkets and 

shops found in Addis Ababa were included in sampling plan. Other brands of peanut butter may 

exist in Surrounding to wns of Addis Ababa city. Thus, this study hopes next coming works wi ll 

complement thc thi s job tluough inclusion of all towns and cities of Ethiopia to generall y speak 

abo ut quality of Ethiopian peanut buller and other peanut products.No imported roasted peanut 

has been obtained in any market point. 

4.4. Invcstigation .·csults on Salmonella 

4.4.1. Local pcanut buttcr 

This survey was conducted to obtain information on the presence of pathogen in peanut butler 

currcntl y availablc in the market of Addis Ababa. In thi s regard , the study a imed at investigat ing 

the prescnce of Salmonella in different brands of peanut butter traded in Addis Ababa markets. 
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Accordingly, 48 samples of peanut butter were randomly collected from supermakets and shops 

and analyzcd at Bless Agri Foods Laboratory PLC. Out of 48 samples, 45 samples were from 

loca l producers and the remaining 3 samples we re imported product. From total of 45 loca l 

samples, Salmonella was detccted in 3 samples of peanut butler (Table 12) and Salmonella was 

absent in the remaining 45 samples. 

The reason to investi gate pathogenes specifically Salmonella was that there have been different 

rcport es from different countries that ind icated presence of Salmonella in low moisture foods 

commonl y in peanut butter. The tolerance limit of Salmonella in ready to use therapeutic food s 

(RUTf') should be zero per 125g. Its contamination could be happen, as general, due to absence 

o r good manufacturi ng practices and good hygienic practices among food processors 

Table 12: Analyses results of Salmonella in 45sampled peanut butter from local producers 

No. 

2 

3 

4 

5 

6 

7 

Sample code 

PB1 - PB3 

P84 

PB5- BP1 9 

P820 

PB21- PB30 

P83 1 

PB32 - PB45 

Result 

Not detected 

Detected 

Not detected 

Detected 

Not detected 

Detected 

Not detected 

Low-moisture products such as peanut butter have been implicated in outbreaks of salmonellosis 

as highlighted in different studies. According to invetigation result of thi s study (Table 12), it is 

imperati ve to kno w how such products in our market are contaminated with pathogenes 

(Salmonella) . As different standards limit Salmonella to zero leve l for human consumption, 3 

dctections out of 45 samplcs may indicate the presence of poor manufacturing practices among 

processo rs. In addition, based on the specific strain of Salmonella, it might have affected the 

consumers of the produc ts as small amount can leads to human illness. These three detection 

may be meaningful when refered to the report of Yuhuan (2009). The report said , in the 2006-

2007 out brcak associated with peanut butter, Salmonel/a was found at 1.5 MPN/g (Most 

Pro bable Number per gram) in an unopened jar and a lower level was found in another product 

sample . Infection has occurred from consuming low-moisture products contaminated with less 

than 1 c fu/g depending on the host, the product, and the Salmonella strain (Yuhuan, 2009). 
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The samples, in which those detection of salmonella were recorded, have higher aflatoxin 

concentration (93 .16~lg/kg, 242.71 ~lg/kg and 265 . 34~lg/kg ). Where there was higher aflatoxin 

contamination, there was also contamination of Salmonella. This indicates lack of understanding 

of any quality criterion among processors and confirming that under what circumstances these 

producers were process ing thei r products. 

Hence, these three samples can talk more about severity of problem and indicating: poor 

sanitation practices, poor equipment design, improper maintenance or poor ingredient control etc 

in those facilities of small sca le processors found in Addis Ababa. According to Neilh (2009) , 

PEM (2009) and Lindhardt (2009), the concequence of such probrem ended up by various food 

borne illness outbreaks and food recall s because of actual or potential contamination cuased by 

Salmonella 5jJ in peanut butter product occurred during the year 2008 in USA , and resulted in 

morc than3, 900 food products being recalled. When come to Ethiopia, how many outbreaks 

have been appeared and reco rded in this regard( as peanut butter processors are appearing at 

al arming rate)? Unkwown! Might any salmonella related di seases come due to consumption of 

peanut butter yet? No research based data is available so far! Tracing such cases to the main 

causes is very di fficult or controversial. But the present study would be saying there might be 

people whose health were affected through consumption of contaminated peanut butter, and 

necessitate the implementation of Good Hygiene practice and HACCP principle at processors 

premises, strong regulation by government. If possible processors should: analyze Salmonella in 

their products as part of quality assurance; establish "high hygiene" zones with more stringent 

hygiene requirements and procedures, and analyze the air systems as dust is one factor for 

contamination of salmonella . According to Powell (1998), eros-contamination between raw 

goods and linished goods should be controlled because it is a significant contributing factor in 

32.1 % of the cases. 
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Fig 5: Typical colony characteristics observed in Simmon's citrate agar (deep blue color) and 

MR-VP agar (pink to red color in addition of methyl red). 

There are considerable data on outbreaks of salmonell osis in different countries. But, there are a 

velY limited number of researches found to see the incidence of salmonella contamination in 

peanut butter against tltis study. 

Upcoming works may Jill the gap of this study through analyzing most pathogenic microbial 

parameters and covering all products of peanut butter produced throughout the country so as to 

see the microbiological quality of peanut butter produced in Ethiopia. 

4.4.2. ImpOl·ted peanut butter 

There were limited numbers of peanut butter brands in Addis Ababa markets. From total of 48 

coll ected samples from the market, only 3 imported brands were found during sampling period. 

Table 13: Analyses result of Salmonella in imported peanut butter samples 

Code of samples 

PB46 

PB47 

PB48 

Result 

Not detected 

I 'ot detected 

Not detected 
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Analyscs of Salmonella lVas conducted for the 3 samples and Salmonella was not detected (Table 

13) . Duc to very limited number of imported peanut samples, comparison with local products 

intcrms of salmonel la percentage contam ination was fo und to be not feas ible. However, 

Salmonel/a was absent in thc three samples because thi s products might come from countries 

wherc stringent follow up of pathogens is implemented, unlike local production system. 

4.5. Descl'iption of quality of peanut butter in tel'ms of oil separation 

4.5.1. Loca l peanu t butter 

The extent of surface oil is explai ned by the word "very noti ceable" (borrowed fro m EAS 

documcnt) if the surface oil is very visible and could be fl ow or poured. Accordingly, out of 45 

local samples co llected fro m markets of Addis Ababa , 11 samples showed oil separation. 

According to Eth iopian Food Corporation (1998), the use of processed foods such as peanut 

butler in Ethiopia is increasing. The most serious problem of natural peanut butter is the 

tende ncy of the o il to separate during storage as it has negative impact on purchase and general 

quality of peanut bu tler. 

Table 14: Local samples of peant butter that showed oil separation 

Sampk code Oil separation 
-

PB2 Very noticeable 

1'134 Very noticeable 

PBS Very noticeable 

1'810 Very noticeable 

PB20 Very noticeable 

P1323 S lightly noticeable 

PB25 Very noticeable 

1'1327 Very noticeable 

PB31 Very noticeable 

P1338 Slightly noticeable 

PB43 Very noticeable 
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The reason to oil separat ion may show inapropriate preparation or due to extra added oil. FloI' e/ 

al. (2006) explains output of such problem as; oil separation in peanut butter may develop 

rancidi ty during storage and gives off-flavor at the point of tasting. According to different 

literatures, deterioration of peanut butter can arise from oxidative rancidity that develops in the 

unsaturated portion of oil when it is exposed to air as it was observed in above samples of thi s 

study. Thus , oil separation can potentially be converted to rancidity. However, due to scope 

limitation and budget constraints, thi s study didnot encompase the analyses of free fatty acids 

and peroxide value to see the degree of rancidity. 

Si milar studies conducted in Argentina and China indicated that peanut butter of both countries 

showed higher free fally acid percentages and peroxide values compared to U.S. peanut butter 

(SPG,2009) 

When looking further into the previous aflatox in results and oil separation, both have a common 

point of interception. Meaning, there were 7 top samples of peanut butter showing max imum 

allatox in contamination (>200pg/kg) and 5 of them had showed oil separation . Thi s simply 

impl ies to the logic that manufacturer of those samples did not know how to select good quality 

peanut and how to prepare the product. High aflatoxin contamination along with oil separation 

makes the product risky for consumption. 

Quali ty criteria and controlling mechanism on those product shou ld be implemented by 

government to protect hea lth of consumers. From manufacturer's side, they should first 

understand how to deliver good products to the market for the sake of healthy community. They 

have to adopt HACCP principles to their premises so as to minimize ri sks related to product they 

produce. In the absence of quality criteria, any food product may not be safe for consumption. In 

actual sense, intervation is necessary in this regard . 
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4.5.2. Imported Peanut butter 

[n three samples of imported peanut butters, there was no observed oil separation. Samples of 

imported peanut butter have a very good spread as its oi l was not separated from the remaining 

pas te. The absence of oil on the su rface of the paste gives the gua rantee that the product can be 

stored relatively longer durati on without rancidity when compared to local products. 

4.6. Standards on Aflatoxin and Salmonel/a 

Different countri es have their own standards regarding any thing. Food standard is one of the 

most important standard category fo r many countries . There are internationally used or accepted 

food standards prepared by UNICEF, WHO, FAO, WFP, codex etc. Different countries may 

adopt standards from those international organizations or prepare their own ones. Table 15 

indicates different standards on afl atoxin. Regarding Salmonella, most countries of the world use 

standards of Codex which indicates absentll25g. 

Table 15: Some intcrnation and national Pemissible limits for aflatoxin (~lg/kg) (as an example) 

COLlntr~ Totlll Aflatoxin AIi'Bl Reference Remark 
(Max) (Max) 

Ell 4flg!kg ") PACk 2012: Judy. 1998 Sorghum and others 

WHOIFAO 15 Bhal el al .. 1996 Groundnut ready to 
~n' 

30 Moss. 1996 An) food for human 
consumption 

COdex 10 5 Codex 2001 In processed peanut 

Ii'DA 20 Chilaka (20 12) All ki nd of foods 
llSA 20 (PACA. 2012) Sorgh um anel other foods 

LIuJia 30 Bhat el al., 1996 Groundnul ready to eat 

Kenya 10 5 Ndu ng' u el ai, (20 13). Peanut butter and others 
(Mutcgi el ai, 20 13. 

Zimbabwe 20 5 Siwela, 1999 Any food for human 
consumption 

South Africa 10 5 MRC pol icy brief In a 11 food 
Papua Ne" \0 Chilaka (20 12) 
East Africa 15 5 EAC.20 13 Peanut butter 
Standard 

Ethiopia ? .) " 
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As a prccautionary measures, countries should have standards to control the quali ty and safety of 

food items. The rewards of this act wi ll protect the health of consumers. Citizens could 

potcntia ll y be utilized when their health is protected against any pathogenical and mycotoxica l 

risks . i-ience, health should be a prime issue! In thi s regard, food produced locally andlor 

imported from abroad must be free of any hazards. Because, chemical, physical and 

microbiological hazards are frequentl y affecting different segment of socities. Specially 

Sa/monella from microbes and aflatoxin from chemical toxins are being the causes of human 

illncss as highlighted in different literatures. According to specification of UNICEF and MSF 

(Medecins Sans Frontieres) on RUTF , for example, salmonella is the most serious or highest 

priority microbes recieving a great attention in read y-to-use lipid based therapeutic and 

supplementary food s. From chemical toxin, aflatoxin is a primary quality requirement in RUTFs. 

Recalling I-lilina 's case (Ethiopia), both afl atoxin and salmonella in RUTF were claims of 

contamination rai sed from its customers: international NGO's like UNICEF and MSF. The first 

claim was product (one batch of Plumpy' nut) contamination by a fl atoxin above permissible limit 

oj" the customer 's specification( <5>lg/kg ). To resolve the problem, detailed investigation was 

perfo rmed by company and the cause for contamination was identified. Different sorting 

machines we re installed in peanut process line. To minimize the potencial cause of 

contamination, farmer level training was held for peanut producers. The training by I-lilina had 

also addressed those stakho lders playing a role on value chain of peanut butter. The second claim 

by customers was regarding salmonella issue. SalmoneLLa was detected in one batch of 

plumpy'nu t. To investigate the problem, the factory ceased production for minimum of 4 months. 

The investi gation spectra were wide due to nature of SalmoneLLa. Detailed corrective actions 

includi ng hygiene sufficiencycy, cross contamination , process ing points, storage adequacy, 

equipment cleanliness, and employees training were taken to so lve the problem. 

[n general , the problems highlighted here are showing that contamination of pathogens and 

mycotoxins may escape and exist even in sophesticated and system certified food manufacturing 

plants. In this regard, what about quality of food products processed under small scale 

processors? Problems appcared in Hilina might similarily be happened in those small scale 

peanut butter processors. The only means to know is through regulations by government. All thc 
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issues discussed here is to emphasis that there are an alarming problems in food items specially 

manufac tured under small scale processors. Studies reveali ng that uncontro lled exposure of 

consumers by pathogens li ke salmonella and mycotoxins like afl atox in are common in Eth iopia. 

But, no standard is avai lable in Eth iopian Standard Agency regarding Aflatox in and Salmonella 

in peanut butter. According to information fro m Ethiopian Food, Medic ine and Health Care 

Administration and Control Authority, no standard is available regarding salmonella and 

Aflatox in. The authori ty has informa lly using codex standards for microbiologica l parameters 

and afl atox in. No speci fi c limit for aflatox in. Any absence of experi ence on afl atoxin by the 

authority meaning no inspecton has been conducted regarding aflatoxin in peanut and peanut 

products. 

Howcvcr, cven if there is no standard of peanut but1er on afl atox in and salmonella in Ethiopia, 

East Ali·ican community (EAC) has jointly established standard on afl atoxin in peanut butter. 

This establishcd standard or specification of peanut butter showed that maximum acceptable total 

anatoxi n in peanut butter shall be :s l 5 ~l g!kg and for AFBI shall be 5 ~lg/kg (Table 15). In 

addition, the standard stated that peanut butter shall be free of pathogenic organisms and shall 

conform to the microbiological requirements (moulds max 103/g and E.colf zero per gram of 

sample). The standard did not specify Salmonella, but stated the absence of pathogens as a 

general. In th is case, Ethiopia had participated in establ ishing the standard. The tricky issue here 

is Ethiopia did not adopt the standard to the existing local situation. Thus, no standard or 

regulatory limit on peanu t and peanut products has been put for both Aflatoxin and Salmonella in 

Ethiopia. 

According to information obtained from Eth iopian Standard Agency, however, Afri can Regional 

Swndards Organization (ARSO) adopted di fferent standards related to afl atoxins in different 

food prod ucts which will be part of Ethiopian standards. Meaning, about 13 types of standa rds 

are in progress to be adopted by Ethiopian Standards Agency. 
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::l. Conclusion and Recommendation 

5.1. Conclusion 

According to investi gation conducted, 93% of samples of peanut butter products traded in Addis 

Ababa markets had total aflatoxins ranged li'om 3 .92~lg/kg to 547.85 ~lg/kg , wi th mean total 

aJlatoxin o f 98.24~lg/kg ± 111.1 8 SD. From thi s, 91%, 84% and 77% of samples showed 

concentrat ions over the to lerance limi t establi shed by European union, codex and East African 

Communi ty, respectivel y. In add ition, Peanut butter samples showed the highest AFB 1 

concentration ranged from 2.65 ~lglkg to 270~lglkg with mean value of 5 1.94 ~lglkg ± 65.33 SD. 

Maximum rejection of samples in AFB 1 was recorded under EU regulatory limit up to 91 % 

followed by Codex and EAS (89%). The analysis was conducted using HPLC technique. 

All samples of Ready to eat roasted peanut collected from street vendors of Addis Ababa city 

were contaminated by total aflatoxin ranged from 1.86 ~lg/kg to 2 16.48 ~lg/kg having mean value 

5~ . 78 fLg/kg ± 75.56 SD. The potent AFB 1 was detected in samples upto maximum value of 

158 .83 ~lg/kg with mean value 43.86 ~lg/kg ± 61.07 SD. Roasted peanut sold by street vendors 

have relati ve ly smal ler aflatox in contamination than peanut butter, because sell ers of the roasted 

peanuts usc comparatively good peanut than processors of peanut butter as it could visual ly be 

checked during consumption of roasted peanut. 

Most peanut butter brands and roasted peanut contain aflatox in well in excess of the maximum 

levels laid down by d iffe rent internationall y recognized bodies . So, the level of afl atoxin 

contami nation obtained in this study is very serious as fa r as human safety is concerned. 

A natoxi n BI (AF B I), which is a highl y toxic, mutagenic, carcinogenic and immunosuppress ive 

compound. has occmed in higher contamination range in 91 % of the samples. It implies that 

people who consume these samples could develop health compl ication and hence thi s 

intox icati on may impose primarily liver cancer to them or synergisticall y act up on liver with 

I-Jcpathes is B virus. Thus, contamination of peanut butter by AFB 1 would be a major food 

sa fet y concern in those products produced in cottage ind ustries of Addis Ababa, fo r the reason 

that of its adverse effect on human and animal heal th . The results ind icated that a tl atoxin 
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contamination of peanut products could be a public health concern in Ethiopia, since it 

contributes to the general human exposure to these tox ins, especially among children. 

Analyses of Salmonella have revealed that 3 samples of peanut butter showed detection. As 

Salmonella can cause illness, three samples of detection is significant as far as food safety is 

considered. The resu lt oj' the study has suggested that cross contamination plays a majo r ro le for 

presence of Salmonella in the products. Cross contamination is the transfer of bacteria from one 

surface, object or place to another. Limited exposure of processors to the technical knowledge 

and general awareness of food safety could also be one factor for production of unsafe products. 

[n relation to gencra l qual ity of peanut butter, specificall y oi l separation, 24% of samples under 

study have showcd oil separation to an extent can potentiall y cause rancidity. Oil separation in 

peanut butter may develop rancidity during storage and gives off-flavor at the point of tasting. 

Consequently, deteri oration of peanut butter can ari se from oxidative rancid ity that develops in 

the unsaturated portion of oil when it is exposed to air. This problem substantiated the use of 

improper processing method, absence of knowledge, or wrong formulation. 

[n due course of research, it was observed that where there was high oil separation, there was 

a lso higher allatoxin contamination noted in the same samples; it may be deduced that there 

could be peanut butter processors who engaged in the process with no understand ing of qual ity 

criteri a. 

Ethiopia has no standard on Aflatox in and Salmonella so far. Those bodies that are in charge of 

regulating and controlling food processors have no means to blame the processors of peanut 

butter fo r low quality product. Standard is very important for peanuts and peanut butter as they 

arc inexpensive sources of protein. The ex istence of regulatory and controlli ng acts is very 

important in minimizing the incidence of food contaminations. For instance, due to absence of 

regulatory systems among cottage industries , hi gher aflatoxin contamination was recorded than 

111 0s t results indicated in various survey reports. 
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5.2. Rccommcndation 

High aflatoxin contamination at market level especially in peanut and peanut products implies 

that the prevailing post-harvest handling practices are insufficient in controlling contamination 

and in some cases, have worsened contamination levels. On top of this, the absence of awareness 

about aflatoxin and inefficient technical knowledge on how to produce among most cottage 

proccssors worsen the problem. Hence, several cultural practices such as sorting, sieving, 

winnowing and drying should be practiced by the traders and processors as ways of reducing 

anatoxin contamination from peanuts to be sure only good, wholesome kernels are used in 

peanut butter. 

Thc bacteriological quality of traditionally processed peanut butter creates a potential danger 

with regard to pub li c hcalth. As such, the isolation of organisms like Salmonella sp, which are of 

public health significance in traditionally processed peanut butter, could pose health hazards to 

consumers. Therefore, processors of the product should take care of cross contamination during 

production and should implement HACCP principles to their process line. 

There is a need for awareness creation at all levels of the peanut value chain, especially for end 

consumcrs, campaigns to raise consumer demand for safe, high-quality food. 

Comprehensive, multi-sectoral approaches are required to reduce and control aflatoxin 

prevalence and exposure in Ethiopia. 

Unless stri ct monitoring measures for aflatoxin and pathogenic microbes are put in place, 

condemned nuts wi ll continue to be available in the markets for human consumption. I-Ience, 

Quality criteria and controlling mechanism on those products should be implemented by 

regulatory bodies to protect health of consumers. Education of the local producers by regu latory 

bodies on the use of the hazard analysis cri tical point (HACCP) concept from the raw material 

through processing stages to storage and lor retailing is advocated in view of possible microbial 

and mycological hazards in traditionally processed peanut butter. There is a need for systematic 

and universally appl icable approach to food safety control ; enforcing proper sanitation and 

monitoring of products by relevant regulatory bodies. Intervation is necessary in this regard! 
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Traders and manufacturers are obligated by law to countercheck the safety and quality of food 

products they manufacture, sell , distribute, market or import into the country. Meaning, they 

should practice to test their products by themselves or via sending their samples to available 

analyt ical laboratories for verifying the compliance of safety and quality of their products. [n this 

regard, affordable costs for raw materials and product analysis should be given an attention! 

Wider investigations regarding peanut butter produced all the way through Ethiopia are required 

to precisely gene rali ze the prevalence of the aflatoxin and salmonella in the country. 

Furthermore, stud y of other serious pathogens in food items, degree of aflatoxin intoxication 

among consumers (risk assessment studies); unli ke HPLC, low cost, rapid and easy methods for 

aflatox in determination could be the next works to be handled by upcoming researchers which 

this study did not address. 
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