
Evaluation of immunochemical assays for on-
site determination of aflatoxin in cottonseed

Item Type text; Thesis-Reproduction (electronic)

Authors Njapau, Henry, 1956-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:13:00

Link to Item http://hdl.handle.net/10150/277801

http://hdl.handle.net/10150/277801


INFORMATION TO USERS 

The most advanced technology has been used to photograph and 

reproduce this manuscript from the microfilm master. UMI films the 

text directly from the original or copy submitted. Thus, some thesis and 

dissertation copies are in typewriter face, while others may be from any 

type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 
to order. 

University Microfilms International 
A Bell & Howell Information Company 

300 North Zeeb Road. Ann Arbor. Ml 48106-1346 USA 
313/761-4700 800/521-0600 





Order Number 1342980 

Evaluation of immunochemical assays for on-site determination 
of aflatoxin in cottonseed 

Njapau, Henry, M.S. 

The University of Arizona, 1990 

U  M I  
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





EVALUATION OF IMMUNOCHEMICAL ASSAYS FOR 

ON-SITE DETERMINATION OF AFLATOXIN IN COTTONSEED 

by 

Henry Njapau 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF NOTRITION AND FOOD SCIENCE 

In Partial Fulfillment of the Requirements 

For the Degree of 

MASTER OF SCIENCE 

WITH A MAJOR IN FOOD SCIENCE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 9 0 



2 

STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at the University of 
Arizona and is deposited in the University Library to be made 
available to borrowers under rules of the Library. 

Brief quotations from this thesis are allowable without 
special permission, provided that accurate acknowledgment 
of source is made. Requests for permission for extended 
quotation or reproduction of this manuscript in whole or in 
part may be granted by the head of the major department or the 
Dean of the Graduate College when in his or her judgement the 
proposed use of the material is in the interest of 
scholarship. In all other instances, however, permission must 
be obtained from the author. 

This thesis has been approved on the date shown below: 

SIGNED 

APPROVAL BY THESIS DIRECTOR 

C DrA Douglas L. Park 
Assoc. Professor of Nutrition and 

Food Science 

Date 



3 

DEDICATION 

Words and deeds cannot express my gratitude to them who 

greatly sacrifice their comfort to help strangers in need. In 

their name - the Rusk Family, I dedicate this manuscript to 

the betterment of all mankind. 

To Muchimba, Ngambo, Chisola and Chipwila, who endured miles 

and years of separation, may it bring hope and fulfillment. To 

my dear friends, Haji, Tothusi and Nick, who held their 

emotions till the completion of this work, I say may God 

bless. 



ACKNOWLEDGMENTS 

4 

My sincere gratitude to Dr. D.L. Park, Associate Professor of 

Food Toxicology, for his valuable guidance in the planning and 

execution of the study, and the preparation of this 

manuscript. I would like to thank Sam Rua Jr. for excellent 

technical assistance. Further gratitude is extended to Karen 

V. Jorgensen for assisting in the analysis of some of the 

samples. The assistance of Professors R.L. Price and C.W. 

Weber, is also greatly acknowledged. 

This project was partially funded by the National Cottonseed 

Products Association, Office of the State Chemist (Arizona), 

Arizona Cotton Research and Protection Council, Food and Drug 

Administration (1-R01-FDA1461-01) and the following commercial 

organizations in Arizona: Walker's cottonseed (Stanfield), 

Arizona Grain Inc. (Casa Grande), Casa Grande Oil Mill (Casa 

Grande), Producers Cotton Oil Co. (Phoenix), Valley Industries 

(Peoria), Western Cotton Services (Phoenix) and Wilber-Ellis 

Co. (Chandler). 



5 

TABLE OF CONTENTS 

LIST OF ILLUSTRATIONS 7 

LIST OF TABLES 8 

ABSTRACT 10 

INTRODUCTION 11 

LITERATURE REVIEW 19 

Historical perspective 19 

Occurrence of aflatoxin 22 

Biosynthesis of aflatoxin 26 

Metabolism of aflatoxin 27 

Toxicity of aflatoxin 30 

Prevention of exposure to aflatoxin 33 

Aflatoxin detection methods 35 

Conventional chemical methods 36 

Screening methods 44 

Principles of immunoassays 54 

Use of immunoassays in aflatoxin analysis 66 

MATERIALS AND METHODS 71 

Materials 71 

Testing locations 74 

Methods 75 

Analysis of results 88 

RESULTS AND DISCUSSION 90 

Comparison of on-site and laboratory 



6 

results 91 

Effect of aflatoxin level on agreement 
between on-site and laboratory results 98 

Effect of temperature on agreement of 
on-site and laboratory results 101 

Effect of relative humidity on agreement 
of on-site and laboratory results 106 

Comparison of immunochemical test kit 
results with TLC 109 

Agreement between results of immunochemical 
test kits . 117 

CONCLUSIONS AND FUTURE DEVELOPMENTS 

REFERENCES 

120 

125 



Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

LIST OF ILLUSTRATIONS 

1. Chemical structures of the four major 
aflatoxins 12 

2.1 Aflatoxin-protein conjugation routes.. 56 

2.2 Antibody recognition sites on the 
aflatoxin molecule ..... 60 

4.1 Percent agreement between on-site and 
laboratory results of immunochemical 
test kits 100 

4.2 Percent agreement between results of 
immunochemical test kits and TLC 113 

4.3 Distribution of aflatoxin levels as 
determined by quantitative test kits 
and TLC 115 



LIST OF TABLES 

8 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

2.1 Physical, chemical and biological 
properties of aflatoxin 

Table 

2 . 2  Cross reactivities of antibodies used 
in aflatoxin analysis 

3.1 List of immunochemical test kits used. 

3.2 

3.3 

4.1 

4.2 

4.3 

On-site temperatures and relative 
humidity on test days 

Comparison of procedural steps of 
immunochemical test kits for 
aflatoxin analysis 

Comparison of on-site and laboratory 
performance of immunochemical methods 
for aflatoxin in whole cottonseed 

Percentage of samples with reported 
values above 20 ug aflatoxin per 
kilogram by each test method based on 
qualitative estimates 

Agreement between on-site and 
laboratory results of immunochemical 
methods within concentration ranges 
determined by TLC 

37 

62 

72 

76 

79 

93 

96 

99 

4.4a Comparison of aflatoxin test results 
determined on-site and in the laboratory 
using immunochemical methods at varying 
temperatures 102 

4.4b Changes in the number of assays giving 
values above 20 ug/Kg aflatoxin using 
immunochemical test methods when 
comparing on-site to laboratory results 
according to temperature ranges 104 

4.5a Comparison of on-site and laboratory 
performance of immunochemical methods 
according to percent relative humidity 
ranges 107 



9 

4.5b Changes in the number of assays giving 
values above 20 ug/Kg aflatoxin using 
immunochemical test methods when compar
ing on-site to laboratory results accor
ding to relative humidity ranges 108 

4.6 Comparison (% agreement) between 
immunochemical kits and thin layer 
chromatography results from laboratory 
assays only 110 

4.7 Comparison (percent agreement) between 
laboratory results of immunochemical 
test kits and TLC within concentration 
ranges 112 

4.8 Percent agreement between immunochemical 
test kits in determining aflatoxin 
levels in cottonseed in the field 
and laboratory 118 



10 

ABSTRACT 

The performance of four immunochemical test kits in detecting 

aflatoxin contamination in cottonseed under non-laboratory 

conditions was evaluated. Naturally contaminated cottonseed 

was analyzed at cotton gins, ammoniation plants, cotton oil 

processing plants, a dairy farm and at the University of 

Arizona. Evaluation was based on the ability to determine 

aflatoxin concentrations as more or less than 20 ppb when 

analyzed on-site and in the laboratory using a common extract. 

Comparison of results from both locations showed excellent 

agreement (Afla-20 Cup 86±6%, (n=188); Agri-Screen I, 75±9%, 

(n=56); Agri-Screen II, 93±5%, (n=106); Agri-Chek, 93±4%, 

(n=156) and Aflatest-10, 90±4%, (n=178)). Overall agreement 

between on-site and laboratory results was 88%. Comparison of 

kit results to those of TLC demonstrated a low potential for 

obtaining false negative values. From these results the kits 

can reliably be used to screen cottonseed for aflatoxin 

contamination under non-laboratory conditions. 
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CHAPTER I 

INTRODUCTION 

Sources of naturally occurring toxic substances that may be 

encountered in food and feedstuffs include plants, animals and 

microorganisms (fungi and bacteria). Without adequate 

precautions to control or eliminate such substances a 

potential health hazard to the consumer exists. Mycotoxins are 

a group of naturally occurring toxic chemical compounds 

produced by fungi on food crops owing to unavoidable pre-

harvest and storage conditions favorable to fungal growth. 

Ingestion of foods contaminated with sufficiently high levels 

of mycotoxins leads to illness and even death in man and 

animals (Goldblatt, 1977). Often, relatively small quantities 

are consumed over long periods of time which may facilitate 

the development of diseases such as hepatocellular carcinoma. 

Among the over 800 mycotoxins discovered to date (Robb et al., 

1990), aflatoxins (Figure 1) are the most potent 

hepatocarcinogens and toxins. Aflatoxins are characterized as 

Bt, B2, G, and G2 depending on their fluorescence properties. 

Their metabolites and reaction products, including Mlf a 

metabolite of aflatoxin B, found in milk of dairy cows exposed 

to aflatoxin contaminated feed, have also demonstrated toxic 



Aflatoxin B, Aflatoxin B,  

Aflatoxin G, Aflatoxin 

Figure 1 Chemical Structures of the Four Major Aflatoxins 
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These mycotoxins are produced by toxigenic strains of 

Aspergillus flavus Link and Aspergillus parasiticus Speare 

(Diener and Davis, 1969). The fungi invade a variety of crops, 

including corn, rice, wheat, cottonseed, peanuts and sorghum 

and produce aflatoxins in the moisture content and temperature 

range of 14-25% and 25-45°C, respectively (Edds, 1979). 

Although mostly occurring in warm and humid climates, 

aflatoxins have been detected in foodstuffs in other regions 

of the world (Edds, 1979). 

The significance of the risk from mycotoxins is dependent on 

their toxicological properties (acute, chronic, mutagenic or 

reproductive) as well as the extent of exposure to the 

consumer. The toxicity will vary according to age species and 

breed, with younger animals being more susceptible (Edds, 

1979). In man, aflatoxins have been incriminated in the 

etiology of acute hepatitis (Krishnamachari et al., 1975), 

Reye's syndrome (Shank et al., 1972), cirrhosis in 

malnourished children (Alma et al., 1971), Kwashiorkor 

(Coulter et al., 1986) and hepatocellular carcinoma (Linsell 

and Peers, 1977). The United Nations' International Agency for 

Research on Cancer (IARC) has classified aflatoxin as a 



14 

probable human carcinogen (IARC, 1987). Epidemiological 

studies in Southeastern Africa and Southeastern Asia appear to 

have established a quantitative association between the 

consumption of foodstuffs contaminated with aflatoxin and the 

high incidence of liver cancer in the regions (Van Rensburg, 

1985). There are, nevertheless, some objections to this 

correlation (Stoloff, 1989). 

There is no doubt that human foodstuffs and animal feeds can 

become contaminated with aflatoxins. It is also undeniable 

that the best way to control the presence of aflatoxins in 

foods and feeds is to prevent their formation in the field and 

during storage. Educational efforts by agricultural extension 

personnel have increased the awareness of farmers and 

middlemen regarding appropriate farming and handling 

practices. Agronomic practices and development of crop 

varieties resistant to fungal invasion could reduce aflatoxin 

contamination in the field and during storage. However, 

agricultural husbandry by itself, will not prevent aflatoxin 

contaminated foodstuffs reaching the consumer as contamination 

may also occur at various stages during processing. Regular 

monitoring at every stage of production, marketing and 

distribution by chemical tests remains an important component 

of aflatoxin prevention programs. 
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Eighty percent of the world's population lives in developing 

countries, most located in tropical climates (WHO,1985). In 

these warm and humid regions agricultural products are 

predisposed to mold (fungi) infestation, resulting in the 

possible occurrence of aflatoxins in foodstuffs. Many of these 

countries lack the economic capability to create the 

infrastructure, and train personnel to meet the requirements 

of conventional chemical methods for assaying foodstuffs for 

aflatoxin contamination. 

In Zambia, for instance, the bulk of the food is produced by 

village communities that are spread across the country. 

Products entering commercial channels end up at various 

storage facilities, where conditions may be inadequate to 

prevent fungal invasion. At these locations acceptance or 

rejection of foodstuffs is based on visual percent-moldy-grain 

counts. Because visually moldy kernels may not necessarily 

contain aflatoxins and clean kernels may contain aflatoxins, 

the risk of allowing contaminated grain into commerce or 

rejecting uncontaminated grain is high. As for the crop 

retained for home consumption, little is known of its 

condition. The fact that all reports of acute human poisoning 

are from developing countries is unlikely to be a coincidence. 

It is probable that reported cases of aflatoxicosis represent 

a small fraction of actual occurrences. 
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The sporadic and uneven occurrence of aflatoxins (Park and 

Pohland, 1986), necessitates the screening of large numbers of 

samples to minimize statistical variance. The combination of 

dispersed locations and the large numbers of samples required 

necessitates assay methodology that can be performed in the 

field rapidly and with minimum technical dexterity. Thin layer 

and liquid chromatographic methods have been developed, 

validated and are still used in a variety of situations (Park 

and Pohland, 1986; Shephard, 1986). There are several 

disadvantages to using these methods for rapid screening. They 

are expensive, time consuming and require a laboratory set-up. 

A number of immunochemical assays using aflatoxin specific 

polyclonal (Chu, 1986a) and monoclonal (Groopman et al., 1988) 

antisera have been developed. The potential of immunoassays to 

rapidly assay for low levels of aflatoxins in cottonseed, 

corn, wheat, peanuts and peanut products, milk and body 

fluids, has been reviewed (Chu, 1986a; Shepherd, 1987; Pestka, 

1988). In most studies, the performance of immunochemical 

methods has been comparable to and often more sensitive than 

thin layer chromatography (TLC) and high performance liquid 

chromatography (HPLC). The advantages offered by these methods 

include high specificity and low levels of detection, a 

reduction in assay time, simplified extraction procedures and 

the capability to routinely screen large quantities of 
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samples. 

Commercial production of stable, solid-phase-coupled aflatoxin 

antibody has greatly enhanced the potential of immunoassays as 

a rapid screening tool. The performance of some of the 

available immunoassay kits under laboratory conditions has 

been demonstrated in inter-laboratory validation studies for 

corn, peanuts and cottonseed (Trucksess et al., 1989; Park et 

al., 1989a and b; and Koeltzow and Tanner, 1990). 

Environmental conditions in the field are subject to 

fluctuations, raising the possibility of encountering extremes 

of temperature and humidity. In order to be effective as 

screening tools, the kits should perform satisfactorily in 

environments different from laboratories because non-

laboratory conditions are more likely to be encountered in a 

screening or monitoring program. No studies have been carried 

out to date to assess the performance of these kits on a farm 

or at a dockyard where where such conditions may exist. It is 

therefore, necessary to evaluate the performance of these kits 

under such conditons. 

The objective of this study was to determine the applicability 

of the Aflatest-10, Afla-20 Cup, Agri-Chek and Agri-Screen 

immunoassay test kits, all of them commercially available in 

the United States, to screen adequately for aflatoxin in 



18 

cottonseed under non-laboratory conditions. This would be 

accomplished by comparing their performance on-site and in the 

laboratory. It was hoped that once proven comparable in this 

study the kits would perform similarly with other crops. 
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LITERATURE REVIEW 

2.1 HISTORICAL PERSPECTIVE. 

The term 'aflatoxin' was coined by a group of British 

scientists (Government Interdepartmental Working Party on 

Groundnut Toxicity) (Nesbitt et al., 1962), that was 

investigating the deaths of thousands of young turkeys and 

ducklings on farms in Southeast England in I960, from what was 

called Aspergillus flavus toxicity. They called the suspected 

agent Aspergillus FLAvus TOXIN. The hitherto unknown disease 

was called 'Turkey X.' 

Long before the discovery of the aflatoxins, episodes of 

mycotoxin poisoning were recorded. Cadieux-Ledoux (1985), 

cites medieval chronicles in which thousands of people are 

reported to have died from what was then known as St. 

Anthony's fire because of its burning sensation. This malady, 

now known as ergotism, is a result of consumption of grain 

(rye) infested with Claviceps purpurea (Park and Pohland, 

1986). Consumption of overwintered and mold infested grain in 

Soviet Siberia has since 1931 (Forgacs, 1962), been associated 

with the occurrence of the frequently fatal disease called 



20 

Alimentary Toxic Aluekia (ATA). The causative organism is a 

fungus known as Fiisarimn sporotrichioides. which was infecting 

primarily proso millet. In 1954 a non-infectious but rather 

sporadic disease was described in guinea pigs raised on 

pelleted diets known to contain up to 15% peanut meal (Paget, 

1954). These and several other incidents occurring prior to 

1960 did not seem to generate as much interest among the 

scientific community as the Turkey X episode. 

Observations made by early investigators showed no deleterious 

effect of fungi on the health of animals. Ronk and Carrick 

(1931) reported that chicks fed a diet containing 20% moldy 

corn grew as rapidly as those on control diet. The corn was 

largely infected with Rhizopus and Penicillium with smaller 

amounts of Diplodia. Aspergillus and Fusarium moniliforme. 

Growth reduction and sometimes death was observed by Vinson et 

al. (1945) in chicks exposed to diet a containing Fusarium 

araminearum. When the diet was fortified with vitamin Bj, the 

effect was reversed, leading the workers to conclude that the 

toxic effect was a result of vitamin deficiency and not a 

toxic factor in the diet. In another investigation, a diet 

containing up to 20% Aspergillus svdowi promoted growth and 

prevented paralysis, pellagra and polyneuritis in chicks 

(Gorcia et al., 1935). The findings by Gorcia et al., 
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demonstrated that the fungus could be a beneficial 

source of vitamins. The discovery of antimicrobial activity of 

Penicillium notatum by Fleming in 1928 enhanced the status of 

fungi as useful organisms. Furthermore, Aspergillus orvzea and 

Aspergillus sofae produce commercially-useful diastatic and 

proteolytic enzymes, used extensively in the Orient for food, 

beverage and condiment fermentation. In general, molds were 

more likely to be regarded as beneficial than harmful. Tanner 

(1944) and Christensen (1951) were therefore reflecting 

prevailing opinion when they concluded independently that 

there was very little evidence that moldy (fungi-infected) 

corn caused illness. Forgacs (1962) characterized the 

understanding at the time when he stated that, "among the 

maladies afflicting man and animals the mycotoxins are 

certainly the least understood and least investigated". 

The Turkey X episode was associated with the consumption of 

moldy peanut meal from Brazil (Lancaster et al., 1961). The 

causative fungus was identified as Aspergillus flavus 

(Austwick and Ayerst, 1963) and the toxic agent isolated and 

identified as fluorescing blue and green under long wave ultra 

violet light (De Iongh, et al., 1962). The designations 

aflatoxin 'B' (for blue) and aflatoxin 'G' (for green) were 

derived from this fluorescence. Their chemical structures were 

illustrated by Asao et al (1963). Additional stimulus came 
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from the work of Lancaster et al (1961) who showed that rats 

fed rations containing 20% of the toxic meal developed 

multiple liver tumors and lung metastases. Rainbow trout, fed 

diets in which contaminated cottonseed had been incorporated, 

also developed tumors (Wolf and Jackson, 1963). A toxic 

factor of less potency than the then known aflatoxin B was 

subsequently isolated from milk of cows fed contaminated diets 

(De Iongh, et al., 1964). 

2.2. OCCURRENCE. 

The fungi that produce aflatoxin are distributed worldwide and 

grow and produce aflatoxins on many different substrates when 

environmental conditions are suitable for their growth. 

Commodities usually affected include, corn, rice, sorghum, 

cassava, peanuts, cottonseed and treenuts, (Norred, 1986). 

Other foodstuffs potentially capable of being contaminated 

are, milk, meat, peanut butter and eggs. Food crops may be 

infested in the field or when harvested and prepared but 

improperly stored (Lillehoj et al., 1976). The fungi are 

particularly adapted to the warm and humid climates of the 

Central and Eastern Africa, Southeast Asia, Central America 

and the Southeastern United States. The monsoon-type climate 

of the Southwest United States also creates conditions 

conducive for Aspergillus flavus proliferation in cottonseed. 
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Temperate regions may encounter aflatoxin through the 

importation of contaminated commodities for direct human 

consumption or as constituents of animal feeds. 

Aflatoxin production is influenced by the genotype of the 

organism as well as the physical and chemical environment in 

which it is growing. Of 115 isolates of flavus from mixed 

feeds only 65 were toxigenic (Moreno et al., 1988). Natural 

substrates differ in their ability to support aflatoxin 

production. More aflatoxin is produced on corn, cottonseed, 

wheat and rice than sorghum, peanuts and soybean (Lacey, 

1986). Among the most important criteria of the environment 

are plant stress (such as that produced by drought 

conditions), temperature, water activity (moisture) and insect 

damage. Interaction with other microbes may also influence 

aflatoxin production. 

Corn growing in the field becomes more susceptible in the 

silking stage (Lacey, 1986). Infection usually occurs through 

the silk, peaking when the moisture is 16-21%. Fungi 

contaminating crops in the field may remain dormant in storage 

unless conditions are altered to favor their growth. When 

conditions become favorable, fungal growth produces carbon 

dioxide, water vapor and heat. If the grains are also damaged, 

equilibration of biologically available water in the grain 
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(water activity) with that in the environment occurs much 

faster thereby reducing resistance to fungal invasion. These 

events may be localized, creating 'hot spots' where toxin 

production can be extremely high (Milton and Pawsey, 1988). 

Optimal aflatoxin production is attained at 30°C with a water 

activity ratio of 0.86-0.90. Below a water activity level of 

0.80 (an equivalent of about 18% moisture) A. flavus growth 

and toxin production are limited even at elevated temperatures 

of 32°C (Trucksess et al., 1988). 

Cottonseed may be invaded by fungi before harvest or in 

storage. Invasion may occur through nectaries of the vascular 

system (Klich and Chimielewsk, 1985) and when carpels separate 

at maturity (Ashworth, 1971). The exit holes of pink bollworm 

(Pectinophora aossvpillal larvae in 23 days and older bolls 

also provide a route for infection (Cotty, 1989a). Drying in 

times of drought damages the protective nucellus membrane 

exposing the embryo to infection and aflatoxin contamination. 

Toxin formation starts 6-10 days after infection in bolls 

mainly located in the middle one-third of the plant (Lee et 

al., 1986). 

Fungi invade peanuts at any time conditions are favorable. 

Fungi penetrate kernel producing more toxin towards the end of 
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the growing hyphae (Lee, et al.,1967). Damage to the pods 

enhances invasion, particularly at optimal conditions of 30°C 

and 0.95 water activity. In all cases the number of infected 

kernels or seeds is usually small and not uniformly 

distributed. The quantity of toxin in affected kernels or 

seeds may vary from a fraction of a nanogram per gram to as 

high as 5 mg/g of seed in cottonseed, 0.5 mg/g in corn and 

1.0 mg/g in peanuts (Lee et al., 1980). Once formed, 

aflatoxins will remain in the host kernel for a long time. 

They are resistant to heat and not destroyed by cooking 

although roasting may reduce the content by 40-60% (Edds, 

1979) . 

The effects of other microbes on aflatoxin production has been 

documented. Prior invasion by Fusarium moniliforme (Wicklow et 

al., 1988) enhances aflatoxin production in corn, whereas 

Aspergillus niqer inhibits Aspergillus flavus proliferation 

and toxin production (Lacey, 1986). Aspergillus parasiticus 

will grow well but not produce aflatoxin in the presence of 

Aspergillus candidus. 
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2.3. BIOSYNTHESIS. 

The aflatoxins are classified as secondary metabolites. The 

synthesis of biomass (anabolism) and production of energy to 

drive such reactions (catabolism) is frequently referred to as 

primary metabolism. Unlike primary metabolites which are a 

requirement of the growing organism, secondary metabolic 

products are of no obvious benefit to the producing organism 

(Smith and Moss, 1985). Some secondary metabolites are active 

against other microorganisms (antibiotics), plants 

(phytotoxins) or animals (mycotoxins). Their production may 

therefore be a defensive adaptation. 

Production is thought to occur during a shift from the 

logarithmic growth phase (tropophase) to the differentiation 

phase (iodophase). The biochemical events leading to the 

iodophase remain obscure. Enzymes of aflatoxin biosynthesis, 

such as methyltransferase, have been observed to sharply 

increase before mycelial growth begins to decline (Cleveland 

and Bhatnagar, 1990). It has been postitulated that 

degradation of lipid peroxides may lead to the formation of 

intermediates that are converted to aflatoxin. Zinc, iron (II) 

and ascorbic acid, which cause lipid peroxidation, are 

associated with higher yields of aflatoxin (Dutton, 1988). 
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What is known is that polyketide intermediates, which are the 

initial products of secondary metabolism, are built by a 

cyclic process analogous to fatty acid biosynthesis. When the 

tricarboxylic acid cycle is repressed and the reduction-

elimination-reduction step in fatty acid biosynthesis is 

omitted, the resulting compound is very reactive and under

goes a series of condensation reactions forming the compounds 

called polyketides (Outton, 1988). Through a series of 

biosynthetic reactions involving norsoloric acid, averufin and 

sterigmatocystin aflatoxin Bj (AFB,) is formed. There are two 

main hypotheses regarding the synthesis of the other 

aflatoxins. It has generally been assumed that aflatoxin Bt is 

the precursor of the other aflatoxins. However, recent 

investigations by Henderberg et al. (1988) and Yabe et al. 

(1988) showed no evidence of the precursor role of aflatoxin 

B,. The later group hypothesized that the double bonded AFBt 

and aflatoxin Gt (AFG,) arise from intermediates in the 

biosynthetic pathway that are different from those of 

aflatoxin B2 (AFB2) and aflatoxin G2 (AFG2). 

2.4 METABOLISM. 

Humans are exposed to aflatoxin by consumption of contaminated 

foodstuffs or products of animals exposed to sufficiently high 
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levels of aflatoxin contamination in feeds. Orally ingested, 

the most common route, the toxin is readily absorbed through 

the gastro-intestinal tract into the portal blood and carried 

to the liver (Hsieh, 1983). In the liver, aflatoxin is 

metabolized by mixed function oxygenases that are isozymes of 

cytochrome P4S0, localized on the endoplasmic reticulum. These 

systems are also present, though to a limited level, in the 

lung, kidney and skin (Groopman, et al., 1988). Aflatoxin Bt 

is converted by various isozymes, regulated by the Ah locus to 

hydroxylated products (aflatoxins Q,, Pt, Mt, and aflatoxicol) 

and the reactive 8,9-epoxide (Koser et al., 1988). 

Other than aflatoxicol, which is only preceded by AFBt in 

mutagenicity (Wong and Hsieh, 1976), the rest of the 

hydroxylated products do not seem to be good substrates of 

the isozyme, which catalyzes the formation of the reactive 

epoxide, despite retention of the C8-C9 double bond. They are 

instead converted by phase II enzymes to water soluble sulfate 

and glucuronic acid esters and excreted. Small amounts of 

unconjugated metabolites like aflatoxin H, and occasionally 

the parent AFB, may enter the general circulation and 

subsequently partition into milk, eggs, meat and urine. 

It has recently been demonstrated that, in vitro, the epoxide 
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is stable at room temperature for more than 12 hours (Baertsch 

et al., 1988), and it is capable of covalently reacting with 

nucleophilic centers such as DNA, RNA and protein. The epoxide 

reacts with DNA with regio and stereo specificity at N7 of 

deoxyguanosine, causing phase transitions and other forms of 

mutations. The isolation of the AFBj-DNA adduct, 8,9-dihydro-

8-(N7-guanyl)--9-hydroxy AFB, (Baerstch et al., 1988) is proof 

that binding and genetic damage occurs. Excision repair 

mechanisms of the genetic system cut off the damaged 

(aflatoxin bound) portions of DNA and are excreted. Cells 

deficient in excision repair (uvr) mechanisms are more 

sensitive to the lethal effects of AFB, (Stark, 1986). The 

epoxide may also be enzymatically hydrated to form 8,9-

dihydro-8,9-dihydroxy-B, (B,-diol) (Hsieh, 1983) which, under 

physiological conditions, is capable of forming schiff's base 

with primary amino acids. The formation of schiff's bases 

produces chemical lesions that may lead to the manifestation 

of biological effects (Smith and Moss, 1985). The activation 

reaction to the epoxide therefore poses a biological hazard 

and constitutes a putative mechanism. 

Epoxide detoxification may occur through conjugation with 

reduced glutathione to form excretable mercapturic acids. This 

pathway does not seem to be effective in all species. Valsta 
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et al (1988) showed that it was not significant in rainbow 

trout and salmon. 

2.5 TOXICITY. 

Aflatoxins can profoundly affect the health of most animal 

species. Symptoms related to aflatoxicosis have been described 

in poultry, rodents, fish and mammals (including man). Animals 

demonstrate variable susceptibilities to aflatoxin depending 

on genetic factors (species, breed and strain), physiological 

factors (age, nutrition and disease state) and environmental 

factors (climate and husbandry). The effects initially 

manifest themselves at the molecular or cellular level. 

Activated aflatoxin may affect the initiation locus by binding 

mRNA thereby altering its interaction with ribosomes (Lyman et 

al., 1988). This modification imbalances enzyme levels, 

ultimately affecting energy, carbohydrate and lipid 

metabolism. Cellular malfunction is subsequently transformed 

into tissue damage in the liver, the primary target organ, and 

to a lesser extent lungs and kidneys. The induced disease 

syndromes may be slight, have different clinical 

manifestations and can easily be confused with other diseases 

caused by bacteria or nutrient deficiencies and imbalances. 

Allcroft and Carnaghan (1963) reported variations in the 

susceptibility of ducklings and turkey poults when compared to 
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chickens. Similar variations occur between cattle and swine. 

Acute toxic effects, usually a result of ingesting high 

quantities of the toxin, cause observable effects such as 

massive hemorrhage, necrosis and death. The Turkey X episode, 

involving the deaths of thousands of birds within a few weeks, 

is characteristic of acute toxicity. Similarly the threefold 

increase in mortality observed at a broiler operation in North 

Carolina (Smith and Hamilton, 1970) and the deaths of 30 out 

of 250 pigs at a Mississippi swine farm (Hayes et al., 1978) 

within a few days is also characteristic of acute toxicity. 

All incidences were linked to the consumption of large 

quantities of aflatoxin because withdrawal of contaminated 

feed reversed the symptoms. 

Acute toxicity in man is only occasionally encountered or is 

not frequently reported. However, a few outbreaks sometimes 

resulting in deaths have been recorded. Two incidences in 

India, in 1974, involved a substantial number of deaths. In 

one incident (Krishinamachari et al., 1975), 397 people were 

admitted into hospital with fever, vomiting and anorexia. 

There were 106 fatalities with death being preceded by massive 

intestinal hemorrhage. It was estimated that the people had 

been consuming an average of 6 mg/person/day of aflatoxin for 

an unknown number of days. In the second episode (Tandon and 
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Tandon, 1988), 97 out of 997 patients died of aflatoxicosis 

related symptoms. Food from surviving house-holds contained 

0.1-1.1 mg/Kg aflatoxin. In Kenya, 12 out of 20 people 

admitted into hospital died after suspected consumption of 

about 38 ug/Kg body weight of aflatoxin over an unspecified 

period (Ngindu et al., 1982). Reye's syndrome (encephalopathy 

and fatty degeneration) is endemic in children in Thailand. 

Shank et al., (1972) reported isolation of aflatoxin from 23 

infants who died from the disease in that area. 

In chronic toxicity, where small amounts are consumed over 

long periods of time, there is a relative lack of immediate 

visible changes. Cattle, pigs, and poultry display reduced 

productivity. Growth is retarded, milk and egg production are 

reduced, and there is a generalized loss of strength. Loosmore 

et al., (1964) reported cows fed aflatoxin contaminated 

cottonseed meal going-off feed with a resultant 25-50% drop in 

milk production. Prolonged exposure has been shown to cause 

liver cancer in laboratory animals. After 30 weeks on a diet 

containing 20% toxic groundnut meal, rats were observed to 

have developed grossly enlarged livers characterized by 

yellowish lobulated hepatomas and blood- or bile-filled cysts 

(Lancaster et al., 1961). The rhesus monkey, the closest 

biological model to man, has proven to be susceptible to 

aflatoxin carcinogenicity. Sieber et al (1979) administered 
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aflatoxin (i.p.) to 47 monkeys and recorded a 19% (5/26) tumor 

incidence in animals surviving more than six months. 

Van Rensburg (1985) pooled data from investigations in 

Swaziland (Peers et al, 1977), Uganda (Alpert et al, 1971), 

Mozambique (Van Rensburg et al, 1974) and Thailand (Shank et 

al, 1972), and showed a highly significant relationship 

between the amount of aflatoxin consumed and the occurrence of 

liver cancer in the affected populations. A similar 

relationship could not be established in the United States 

(Stoloff, 1983), suggesting field aflatoxicosis may not arise 

from a single etiological agent. Other detrimental factors 

like hepatitis B virus, if occurring at the same time, may 

contribute to the manifestation of the disease (Yeh et al 

1989) . The nutritional status is also important. Malnourished 

children in the Sudan have had aflatoxin isolated from their 

livers, stool and urine, probably a result of reduced activity 

of detoxification mechanisms (Hendrickse et al 1982 and De 

Vries, et al., 1990). 

2.6 PREVENTION OF EXPOSURE. 

Various approaches have been attempted to prevent aflatoxin 

contamination of food crops and their subsequent consumption 

by humans and animals. Educational efforts by agricultural 



34 

extension personnel have increased the awareness of farmers 

and middlemen regarding appropriate farming and handling 

practices. There are several agronomic practices, i.e. 

irrigation (Bhat, 1987), weeding (Teich and Nelson, 1984), 

minimal insect or mechanical damage and reduction of storage 

moisture (Dickens, 1983), that could reduce aflatoxin 

contamination. Development of crop varieties resistant to 

fungal invasion is being actively studied. Resistant varieties 

of pearl millet (Bhat, 1987) are being widely cultivated in 

India. McCormick et al (1988) isolated an inhibitor of 

aflatoxin production in young developing cottonseed. Park et 

al (1988) reported alkaline detoxification technologies that 

considerably reduce aflatoxin in contaminated crops. 

Widescale application of these discoveries and technologies 

has been limited in most cases. The cottonseed aflatoxin 

inhibitor factor is absent in older seeds, which are still 

susceptible to contamination. The use of atoxigenic strains of 

A. flavus, which seem to limit the production of aflatoxin by 

toxigenic strains, has been advanced by Cotty (1990). Strain 

stability i.e. ability to mutate, and virulence have yet to be 

fully studied. Seven cultivars of cottonseed, commonly grown 

in Arizona (Cotty, 1989a) and 215 strains of corn in the 

Southeast (Davis et al, 1985) were found to be equally 

susceptible to aflatoxin formation. The use of alkaline 
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detoxification methods for hvunan foods has not been evaluated. 

Combinations of conditions that favor aflatoxin formation 

occur in certain years. For example, in 1977, the Southeastern 

states of the United States experienced drought conditions 

that facilitated aflatoxin formation in the corn crop (Norred, 

1986) . Similarly in 1981, adverse weather conditions resulted 

in extensive contamination of Arizona cottonseed (Park and 

Stoloff, 1989). Regular monitoring by chemical tests is 

currently the most effective approach of preventing aflatoxin 

consumption. The method must, however, be simple and 

inexpensive. It should also have a capability of handling 

large numbers of samples and be sufficiently versatile to be 

performed outside a laboratory. 

2.7 AFLATOXIN DETECTION METHODS. 

Aflatoxin (mycotoxin) analysis can be approached at two 

different levels: a rapid screening test to determine presence 

or absence, and quantitative tests to determine actual amounts 

of the toxin. Screening is more suited to field situations, 

provided the technique used has sufficiently high resolution 

and selectivity to detect low levels (in the parts per billion 

range) of aflatoxin in the complex chemical milieu of 

agricultural commodities. 
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2.7.1 CHEMICAL METHODS. 

Numerous chemical procedures have been published for the 

analysis of aflatoxin in agricultural commodities (Park and 

Pohland, 1986; Van Egmond and Paulsch, 1986 and Wilson, 1989). 

These methods, based on the physical and chemical properties 

of aflatoxin, are quantitative and require substantial sample 

cleanup. The aflatoxins are soluble in slightly polar organic 

solvents and have fluorescent properties that enable detection 

at low levels. Table 2.1 lists properties of the aflatoxins 

pertinent to their analysis. 

2.7.1a Thin layer chromatography (TLC). 

TLC is based on the competitive distribution of an analyte 

between a mobile and stationary phase (usually silica gel 

coated glass plate). The distance moved by the analyte spot 

(RF) (qualitative) and its intensity under ultra violet (UV) 

light (quantitative) are compared to a known standard. Early 

methods of aflatoxin analysis were laborious, i.e. samples 

were defatted by a six hour soxhlet extraction, partitioned 

into a single or combination of solvents, cleaned by heavy 

metal precipitation and the toxin determined by paper 

chromatography under UV light (Sargeant et al, 1961) . De Iongh 

et al. (1962) 
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TABLE 2.1 PHYSICAL. CHEMICAL AND BIOLOGICAL PROPERTIES OF 

AFLATOXINS UTILIZED IN ANALYSIS. 

PROPERTY TYPE OF AFLATOXIN 

B1 B2 G1 G2 

Molecular weight 312 314 326 328 

Fluorescence Blue Blue Green Green 

UV excitation (mu) 365 365 365 365 

UV emission (mu) 425 425 450 450 

Relative fluorescence 

intensity 1 8 5 13 

Relative toxicity 

to duckling 1 0.21 0.45 0.10 

From Pons and Goldblatt, 1965. 

introduced the use of TLC glass plates coated with silica gel 

and related chromatographic behavior (RF) to toxicity. 

Quantification on both paper (Coomes and Sanders, 1963) and 

TLC (Broadment et al., 1963) was by a classification system 

based on fluorescence. Chromatograms were classified as very 

high (>2000 ppb), high (500 - 2000 ppb), medium (100 - 500 

ppb) and negative or low (<100 ppb). The methods lacked 

sensitivity and analysis time was of the order of six to 
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twelve hours. 

Nesheim (1964) published a 'rapid' TLC method applicable to 

the analysis of aflatoxins in peanut products. The Nesheim 

method, commonly called BF (Best Foods method), utilized 

liquid:liquid partition of toxin and fat, reducing assay time 

to 2-3 hours. A collaborative validation study by Campbell and 

Funkhouser (1966) led to its adoption as 'official first 

action' by the Association of Official Analytical Chemists 

(AOAC) (AOAC 26.032-26.036). Various scientists adapted the 

method to suit different commodities, cottonseed (Pons and 

Goldblatt, 1965); corn and peanut butter (Eppley, 1966; and 

Eppley et al.,1968). The Eppley method, which was later called 

the CB (Contaminants Branch of the FDA), was adopted by the 

AOAC and still is the reference method for aflatoxin (AOAC 

26.026-26.031). The level of detection for the CB method was 

much lower than BF but assay time was much longer because of 

the addition of a column cleanup step. Speed had therefore 

been compromised for sensitivity. 

These procedures utilized a visual comparison of aflatoxin 

standards spots to those of the extract on TLC plates prepared 

in the laboratory. Quantitation, it was argued, was 

compromised by possible variation in plate thickness and 

visual acuity. The large amounts of solvents required was and 
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still is expensive and disposal of such quantities of 

potentially hazardous solvents (i.e. chloroform) is difficult. 

Subsequent advances in TLC methodology focused on reducing 

error, cost and time. Pons and Franz (1977) introduced a 

smaller cleanup column that reduced solvent volume threefold 

and cut assay time to one and half hours. Factory coated 

plates (with ordinary silica gel or microparticulate silica 

gel for higher performance (HPTLC) (Stubblefield, 1986)) 

reduced human error. Two dimensional (Van Egmond and Paulsch, 

1986) and bidirectional (Jewers et al, 1989) chromatography, 

and densitometric instrumentation (Beckwith and Stoloff, 1968) 

increased the sensitivity and precision of TLC. Use of 

prepacked cleanup cartridges also reduced analysis time 

(Bradburn, 1990a). 

These changes to TLC methodology increased sensitivity and 

reduced analysis time. However, increased sophistication 

substituted the cost of solvents with that for equipment such 

as densitometers. The advantage of sensitivity afforded by the 

use of high performance thin layer chromatography (HPTLC) 

plates over regular plates is masked by the cost of an HPTLC 

system. Therefore, as sensitivity increased, actual cost and 

sophistication also increased thus confining the technology to 

trained personnel in well-equipped laboratories. Although thin 



40 

layer chromatography is still widely used and is considered 

relatively inexpensive, when performed without sophisticated 

equipment, it is still tedious, especially when the 

painstaking component of accurately spotting samples on the 

plate is considered. 

2.7.1b High performance liquid chromatography (HPLC). 

High performance liquid chromatography or high pressure liquid 

chromatography, as it was originally called, is considered the 

benchmark in aflatoxin analysis because of its higher 

resolution and sensitivity when compared to TLC. The 

principles are similar, except in HPLC the stationary phase is 

a silica gel packed column. Time taken by toxin to pass 

through the column under fixed conditions is constant and is 

called retention time (qualitative). The area under the toxin 

peak is proportional to concentration (quantitative). The 

concept was introduced by Sieber and Hsieh in 1973, who termed 

the technique 'high speed liquid chromatography.' Resolution 

and sensitivity, requiring 1000 ng AFBj to elicit a response, 

was low. It was also compromised by the use of UV detection 

(Pons, 1976) and normal phase solvents such as chloroform 

(less polar than the column packing), which strongly quenched 

AFB, and AFB2. Silica gel packed flow cells (Panalaks and 
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Scott, 1977) enhanced fluorescence and detection to 75 pg B, 

(Thean et al., 1980), despite being unstable over a period of 

hours or days, which could result in changes in their response 

(Beaver, 1989). Coupled with the cost and difficulties of 

disposing halogenated solvents, the technique became less 

popular. 

Reverse phase HPLC, which utilizes non-polar material 

chemically bonded to silica gel, making the column less polar 

than the eluting solvent, was introduced together with 

methanol and acetonitrile as substitute solvents. It also 

became necessary to convert aflatoxins B, and Gt to their 

hemiacetals B2a and G2a before column injection, as they do not 

exhibit strong fluorescence in these solvents (Beebe, 1978). 

The modification increased sensitivity and lowered the 

detection limit to 5 pg AFBt (Pons, 1979). A collaborative 

study by Campbell et al. (1984), however, showed no 

significant difference in interlaboratory precision by both 

reverse and normal phase HPLC over conventional TLC. 

Consequently, the methods were not adopted by the AOAC. A 

modified liquid chromatographic method, collaboratively 

validated by Park et al. (1990), has been adopted 'official 

first action' for corn and peanut butter for contamination 

levels greater than 13 ppb aflatoxin. Post-column 
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derivatization with aqueous iodine which enhances the 

fluorescence of AFBj and AFGt without affecting that of AFB2 

and AFG2 has been reported to increase sensitivity to fifty 

times that of conventional HPLC (Chamkasem et al., 1989). 

High performance liquid chromatography has partly superseded 

thin layer chromatography in the analysis of foods and feeds 

for aflatoxin. In quantitative precision, standard deviations 

of 3-8% may be expected with HPLC as compared to 10 and 25% by 

densitometric and visual TLC, respectively (Pauls et al., 

1986). Similarly, densitometric quantitation is superior to 

visual quantitation by a factor of 5 (Shepherd et al., 1987). 

Improved precision and low detection limits have been achieved 

through increased sophistication in equipment and techniques. 

Analyte residue purity, which requires extra cleanup, has been 

an important aspect of this achievement. An HPLC system is an 

expensive and delicate piece of equipment that requires highly 

trained personnel. Additional pumps required for post column 

iodination further complicate operations confining utility of 

such a system to an established laboratory. Sensitive 

densitometers used with TLC are as expensive as HPLC machines. 

A similar degree of competence is required for both TLC and 

HPLC, with the former requiring greater operator skills and 

attention to detail. Using HPTLC increase sensitivity three to 
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four tines over normal TLC. The technique, however, requires 

extra care and time to produce small spots for good 

dispersion. 

Chemical methods are, therefore, not applicable to a field 

situation where time and operator skills are often lacking. 

They lack practical aspects necessary for the ruggedness of a 

farm or dockyard use. 

2.7.lc Prepacked Cartridges. 

Prepacked cartridges have been widely used as a replacement 

for laboratory-packed silica gel cleanup columns (Kozloski, 

1986). Several types such as 'Sep-Pak' (Waters Assoc., 

Millford, Mass., USA) and 'Bond-Elut' (Analytichem 

International, Harbor City, CA, USA) are available on the 

market. They are basically used as second stage cleanup 

columns, requiring that the sample be subjected to BF type 

initial extraction and cleanup. The extract from these columns 

is then analyzed by TLC or HPLC. Shepherd et al. (1987) 

estimated that cleanup using these cartridges is ten times 

shorter than conventional CB columns. For commodities such as 

milk, cartridges have been used as the only cleanup step 

(Bradburn et al., 1989; Tomlins, 1989). This results in a 

saving on both time and solvents. They, however, offer no 
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other advantage or simplification such as may be required in 

the field. 

2.7.2 SCREENING METHODS. 

A screening method is defined as a method that will rapidly 

and reliably eliminate (screen) a large number of negative 

test samples in order to restrict the number of samples 

requiring the application of a rigorous method (Horwitz, et 

al., 1978). Such methods, applied in situations where it is 

sufficient to know the presence or absence of a toxin or 

whether or not the content is above a specified cut-off point, 

include: physical separation, bioassays, minicolumns and 

immunoassays. It has been argued (Pons and Goldblatt, 1965) 

that techniques used in determining the presence or absence of 

aflatoxin using UV fluorescence are misleading because of the 

inverse relationship between fluorescence and toxicity (Table 

2.1). In nature, however, agricultural commodities, except 

corn, are rarely contaminated with all four aflatoxins in 

significant quantities (Wilson, 1987). Cottonseed and peanuts 

are often contaminated with aflatoxins Bt and B2 and less 

frequently with aflatoxins G, and G2. Even in corn, where all 

four may be present, they occur in the ratios; Blf B2, Gt and 

G2 (1.0:0.1:0.3:0.03),the most highly fluorescent being the 
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least in quantity (Groopman et al.f 1988). Furthermore, 

antibodies utilized in immunoassays mainly recognize AFBt. The 

effect of AFG2 on the interpretation of screening assay result 

in terms of quantity and actual risk, is therefore minimal. 

2.7.2a Physical screening methods. 

Crudely, physical separation involves hand isolation of 

visibly moldy, discolored, cracked and shrivelled kernels from 

sound ones. The premise is that field infestation by aflatoxin 

producing fungi often occurs in damaged kernels and that they 

will be shrivelled. A stipulated percentage of visibly-moldy 

kernels is used in peanuts and corn as a basis for acceptance 

or rejection (Dorner and Cole, 1989 and Shotwell, 1983). 

Advanced forms of physical separation may involve 

sophisticated electronic sorting machines. Density, (weight) 

is also applied in liquid sedimentation techniques where 

infected and shrivelled kernels float. In some commodities 

such as cottonseed, weight is not applicable because 

contaminated and clean seeds may be in the same weight range 

(Cucullu et al., 1977). 

The association of the occurrence of a Blue Greenish-Yellow 

Fluorescence (BGYF), to the presence of &. flavus and 
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&. parasiticus and presumably aflatoxin, has been the basis of 

the "blacklight test". In cottonseed, the fungi produce kojic 

acid in the lint (Harsh et al 1969) and possibly aflatoxin in 

the seed. Host peroxidases convert the kojic acid into a 

fluorescing substance that is visible under long wave UV 

radiation (365 nm) in a darkened environment. A correlation 

between fluorescence and aflatoxin content has been reported 

in cottonseed (Russel, 1984) and corn (Fennel et al., 1973). 

BGYF is highly related to pathogenic aggression but not to 

aflatoxin production (Cotty, 1989b) . It will occur on actively 

metabolizing seeds including those invaded by non-toxigenic 

species. Contradictory results have been recorded with the use 

of BGYF. Cucullu et al (1972) found 52% of BGYF cottonseed to 

be negative for aflatoxin. Seasonal variations in aflatoxin 

positive BGYF seed has been observed. The relationship between 

BGYF and aflatoxin occurrence in cottonseed is limited to 

periods free of rainfall. Fluorescence diminishes after 

appreciable precipitation and is not observed on maturing 

cottonseed (Marsh et al., 1969). Kwolek and Shotwell (1979) 

devised a formula relating the weight of fluorescent corn 

kernels to aflatoxin content. It was found that the 

relationship varied from farm to farm. They concluded the 

method was too imprecise for practical use. 
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The BGYF technique, therefore,tests for acids and enzymes 

associated with Aspergillus. Presence of BGYF may not indicate 

aflatoxin occurrence with any certainty. Its use in screening 

is limited. 

2.7.2b Bioassays. 

The effect of a toxin on any biological system offers the 

possibility of screening foods and feedstuffs for the presence 

of that toxin and also offers confirmatory evidence of the 

deleterious properties of the substance. 

Biological assays (bioassays) have been developed using 

microorganisms, birds, fish, plants and animal tissue 

cultures. The presence of a toxic substance will impair or 

inhibit the biochemical activity of the test organism and 

manifest in the cessation of cell growth or division and 

ultimately lead to death. Ideally the system would only 

respond to the specific toxin, be sensitive with a specific 

end point and possibly simple enough to be performed on a farm 

and within a short time. 

The susceptibility of day-old ducklings was the first bioassay 

for aflatoxin devised by Asplin and Carnaghan (1961). An 

aqueous suspension of the extract containing the toxin was 
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introduced into the gizzard. After seven days hepatic lesions 

were assessed on an empirical basis, using the symbols +, ++, 

+++, ++++. The limit of detection (i.e. limit of response) for 

peanut extract was estimated by Patterson (1983) to be 100 

ug/Kg. The Chick Embryo test, whose initial incubation period 

was 20 days (Verret et al., 1964) has been adopted by the AOAC 

(AOAC 26.084- 26.089) with observations starting after four 

days. It is regarded to be more sensitive than the duckling 

test. Hepatic lesions, malformations mortality in excess of 

background are regarded as an indicator of toxin occurrence 

and toxicity respectively. 

The brine shrimp (Artemia sp) larvae assay is another 

presumptive test widely used in toxicology laboratories. A 24 

hour incubation of the larvae at 31°C yields some percentage 

of inactive shrimp. Percent mortality is related to 

concentration of toxic material. Bacillus meaaterium 

(Clements, 1968) and Photobacterium phosphoreum (Yates, 1986) 

have also been used as indicators of aflatoxin occurrence. 

Cell culture techniques have been applied to aflatoxin 

analysis. Sanders (1984) developed a simple and rapid method 

using baby hamster kidney cells to detect aflatoxin in animal 

feeds. The assay is based on a change in pH caused by changes 

in metabolic activity of affected cells, resulting in a change 
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of the color of an indicator added to the test system. 

The use of these bioassays in screening is much more limited 

than techniques previously reviewed. Although relatively 

simple and sometimes sufficiently sensitive, they can be 

performed only in a designated laboratory. They are likely to 

have 'unstable endpoint markers' as a result of variations in 

species, strain, age and the environment. Prelusky et al 

(1987) observed a rapid decrease in chick embryo sensitivity 

as age at dosing increased from the first day of incubation. 

While working with brine shrimp, Prior (1979) observed an 

increase in mortality using feed extracts that contained no 

chemically detectable aflatoxins. The false positives were 

attributed to fatty acids commonly occurring in feeds. Cell 

lines may eventually lose their original properties resulting 

in varied responses (Buckle and Sanders, 1990). These 

variations in response, and the strict experimental conditions 

required make this technique inapplicable to a field 

situation. 

2.7.2c Minicolumns. 

Minicolumns are widely used in rapid screening for aflatoxin 

in corn, peanuts, cottonseed and mixed feeds (AOAC 26.014-

26.019 and 26.020-26.025). They involve extraction, 
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purification, concentration and column development. The 

technique was introduced by Holaday (1968) as an alternative 

to chemical methods. The column, a 4 on i.d. x 45 mm length, 

was packed with silica gel and stored at 78-80% relative 

humidity for 24 hours. It was then developed in extract with 

the solvent ascending the column. To dissipate interfering 

substance, the column was warmed for 5 minutes at 60°C before 

being exposed to UV light for aflatoxin detection. Assay time 

was estimated to be 15-25 minutes, with a detection limit of 

5 ppb. Velasco (1972) modified the procedure to a more 

efficient descending technique. Further additions included the 

use of columns with standard aflatoxins as reference (Pons et 

al., 1973). Contamination levels were categorized according to 

the level of intensity. Cucullu et al (1972) adapted the 

minicolumn for screening cottonseed. The extract was 

partitioned into benzene to minimize water's quenching 

effects, and alumina was included to trap gossypol. The total 

assay time was 15 minutes with a detection limit of 10-20 ppb. 

Additional cleanup steps resulted in decreasing the level of 

detection in cottonseed to 5 ppb (Romer, 1975). 

Collaborative studies by Shannon and Shotwell (1979), and 

Holaday (1981), showed that the minicolumn was more 

segregative than visual methods and was certified effective 
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and subsequently adopted by the AOAC for screening. The 

currently used Holaday-Velasco and Romer minicolumns are made 

of layers of florisil, silica gel and neutral alumina 

sandwiched between layers of a drying agent (often anhydrous 

sodium sulphate) and glass wool. Aflatoxin is trapped on top 

of the florisil layer, and presence is determined visually 

under ultra violet radiation. Ramakrishna et al (1989), have 

modified the minicolumn to a quantitative level, utilizing a 

formula to estimate levels of aflatoxin after on-column 

confirmation of aflatoxin with trifluoroacetic acid. Elution 

speed and band sharpness have been increased by the use of 

pressure drainage (Sashidhar et al., 1988). 

The minicolumn technique is relatively simpler and faster than 

conventional chemical methods or bioassays. The advantage of 

simplicity is, however, reduced by variations that may result 

from hand packing and its requirement for sample purification. 

Column stability after application of sample extract is 

limited to 10-15 minutes as the fluorescent toxin band 

diffuses thereafter (Pons et al., 1973). Commodities like 

wheat and sorghum contain phenolic substances that are 

coextracted and fluoresce under ultra violet light, and 

residual fatty acids in peanut samples cause quenching of 

aflatoxin fluorescence (Sashidhar et al., 1988). Until the 

quantitative technique is collaboratively validated and 
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production of stable uniformly-packed and specific columns is 

achieved the current minicolumns may not be ideal. 

2.7.2d Immunoassays. 

The basic antigen-antibody reaction provides a means of 

developing a very sensitive and specific analytical procedure. 

Since the reported use of antibodies for quantitative 

analytical purposes (Heidelberger and Kendall, 1932), 

immunoassays have been used in a wide range of fields that 

include, diagnostic medicine and pesticides (Gosling, 1990), 

mycotoxins (Chu, 1984) and fish toxins (Chu and Fan, 1985). 

There are three types of immunochemical methods: 

radioimmunoassay (RIA), enzyme-linked immunosorbent assay 

(ELISA) and affinity columns. All utilize highly specific 

antibodies that are capable of recognizing minute quantities 

of aflatoxin, greatly increasing the sensitivity of the assays 

over conventional chemical methods. RIA and ELISA are based on 

competitive binding between unlabeled toxin in the sample and 

labeled toxin in the assay system for specific binding sites 

on antibody molecules. In RIA a radio-labeled toxin is used 

whereas a toxin-enzyme conjugate is used in ELISA. 

Immunoaffinity assays, on the other hand, utilize the 

recognition of a specific toxin by a specific antibody as the 

toxin comes in contact with the antibody in a column. The 
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column may also be used as a cleanup device prior to further 

analysis by other methods. 

The development of immunochemical methods for mycotoxin 

analysis has progressed rapidly in recent years. EL1SA has 

superseded RIA because of its simplicity, cost effectiveness, 

sensitivity and relative safety. In addition RIA requires 

extensive sample cleanup (Pestka, 1988), has a limited shelf-

life and presents problems of disposing radioactive waste 

(Blake and Gould, 1984). Currently, ELISA methods are 

available for the detection of several mycotoxins (aflatoxins, 

the trichothecenes, zearalenone, ochratoxins) in cottonseed, 

barley, wheat, peanuts, milk, corn and body fluids (Dorner and 

Cole, 1989). 

Depending on the purpose and type of equipment available, 

these assays may be used for qualitative, semiquantitative and 

quantitative analysis. In their simplest form, ELISA 

techniques are designed to rapidly give a visual indication of 

whether or not the toxin or analyte content of a sample 

exceeds a specified amount. This relative simplicity and 

inherent low cost makes them an ideal screening method. 
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2.7.2e(i). Antibody production. 

When higher vertebrates are exposed to material of foreign 

origin, antibodies (immunoglobulins) are elicited as part of 

the immune response of the animal. Antibodies are high 

molecular weight proteins that are capable of recognizing and 

binding the substance that caused their formation (the 

immunogen). In order to elicit an immune response, however, 

the immunogen must be sufficiently large, of the order of 

10,000 molecular weight units (Pestka, 1988). Aflatoxins (with 

a molecular weight of about 320) are too small to elicit an 

immune response on their own. They can elicit such a response, 

if conjugated to a larger substance, usually a protein or 

polypeptide carrier. 

Conjugation may be achieved through the introduction of a 

carboxymethyl oxime at the carbonyl group of the 

cyclopentanone ring of aflatoxin or the conversion of AFBt to 

the hemiacetal AFB2a. The hemiacetal is then converted to a 

hemiglutarate and conjugated to the protein through a water 

soluble carbodiimide (WSC) (Chu, 1986a). The oxime is 

conjugated to a protein like bovine serum albumin (BSA) and 
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purified by dialysis or affinity chromatography. Figure 2.1 

outlines the two frequently used routes of conjugating the 

aflatoxin molecule to a protein moiety. 

The ability of the immunogen to elicit the desired immune 

response depends on the amount of hapten as well as its 

orientation. The presence of spacer alkyl chains, such as 

glutarate, and attachment to free lysl groups on the protein 

induce a greater immune response (Chu, 1984). The purified 

immunogen is combined with an immune stimulant (adjuvant) such 

as mineral oil (Freund's incomplete adjuvant) or mineral oil 

combined with dried heat-killed bacteria (Freund's complete 

adjuvant) (Vaag and Munck, 1987). 

Antibodies are produced by B-lymphocytes. Each cell 

synthesizes an antibody different from that synthesized by 

other cells in the same animal. Such antibodies are 

heterogenous and called polyclonal. Their specificity is 

usually broad within similar structural analogs such as 

aflatoxins. Monoclonal antibodies are produced through the 

proliferation of individual antibody producing cells in tissue 

culture. The cultured cell line is injected in mice spleen and 

ascitic fluid, containing the antibodies, is collected after 

10-14 days (Kaveri et al., 1987). Monoclonal antibodies 

exhibit a much lower degree of interassay variation and yield 
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Immunization is often by multiple-site injections in the back 

of an albino rabbit. Booster doses may be administered 

monthly. Usable antisera is obtainable in 12-16 weeks (Pestka, 

1988). The antisera is purified by ammonium sulphate 

precipitation and Sepharose 'S' ion exchange (Candlish et al., 

1988). When frozen or lyophilized, whole antisera may be 

stable for at least one year (Newsome, 1986). 

2.7.2e(ii). Toxin-enzyme conjugate. 

Coupling of toxin to enzyme is achieved by the oxime water 

soluble carbodiimide route, or the ̂ a glutaraldehyde method. 

The enzymes often used are alkaline phosphatase and horse

radish peroxidase. The conjugate is purified and dialyzed 

against phosphate buffered saline (PBS) (Singh and Jang, 1987) 

and may be stable for several months or possibly years 

(Scharpe, 1976). The type of linkage between aflatoxin and the 

enzyme may affect the affinity of the antibody for the toxin-

enzyme complex. 
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Antibodies nay be coupled to polystyrene (Chu and Lee, 1988), 

filter paper (Trucksess et al., 1989), sepharose (Candlish et 

al., 1988), glass beads (Heeschen and Bluthgen, 1990) or 

specialized membranes such as Immobulon (Singh and Jang, 

1987). The standard microtiter plate is a transparent 

polystyrene plastic unit (12 cm x 8 cm x 1.5 cm) with 96 wells 

(7 mm i.d. x 10 mm depth) molded into it. The antibody or 

toxin-enzyme conjugate is diluted in a buffer and added to the 

wells. After 24 hours incubation, the plates are washed and 

dried. Plates coated using carbonated buffers could be stored 

for six months (Chu and Lee, 1988) to one year (Morgan et al., 

1983). 

2.7.2e(iv). Antibody specificity. 

The binding sites on an antibody are directed at a minor 

structure on the immunogen surface (an epitome or determinant) 

and not the immunogen complex as a whole (Vaag and Munck, 

1987). The epitome is often the three dimensional structure of 

the region most distal to the site of attachment to the 

protein carrier (Chu et al., 1987). In this way, antibodies 

exhibit exquisite specificity and can discriminate minor 

differences in the chemical structure of the antigenic 
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determinant. If the epitome structural confirmation is present 

on precursors, analogs or metabolites, cross reactions may 

result. The site of attachment to protein, hence, plays a 

crucial role in directing antibody recognition of antigens. 

Antibodies produced in response to aflatoxin conjugated to the 

carrier through the cyclopentanone ring will recognize the 

dihydrofuran portion of the molecule and distinguish 

structural variations in that region. Similarly conjugates 

made by coupling the protein to the dihydrofuran ring will 

recognize the cyclopentanone (Chu, 1986b). The reaction 

between antibody and antigen is non-covalent, and the strength 

is dependent on the complimentarity of the corresponding 

structures (Daussant and Bureau, 1984). Figure 2.2 shows the 

two major attachment sites on an aflatoxin molecule. 

Choice of the antigenic determinant may be critical depending 

on the matrix in which the toxin is expected to be found. The 

majority of aflatoxin B, transformations occur through the 

dihydrofuran moiety. The formation of the reactive-epoxide, 

acid catalysis to form a hemiacetal, phase II hydroxylations 

and binding to DNA and proteins, occur through this portion of 

the molecule. If the matrix is a body fluid or is likely to be 

under-going active metabolic transformations, antibodies 

specific for this region may not recognize the modified 
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Since the aflatoxins are structurally analogous (except for 

the gamma lactone in AFG, and AF62) in the two possible 

epitomes, some level of cross reactivity is expected, 

particularly if the dihydrofuran ring is the site of 

recognition. The nature of antibody specificity for aflatoxin 

is such that only total aflatoxins can be reliably measured 

using the majority of the antibodies produced against 

aflatoxin Bj. Table 2.2 shows percent cross reactivities with 

other aflatoxin analogs of some antibodies produced for 

aflatoxin Bt. Values not originally given as percentages by 

the sources were calculated based on the amounts required to 

displace 50% of the labelled toxin in the assay system. 

2.7.2e(v). The assay procedures. 

Initial ELISA procedures involved standard extraction, cleanup 

(sometimes including use of minicolumns) and reconstitution 

into a buffer. It was soon realized that the specificity of 

the antibody-aflatoxin reaction did not require extensive 

isolation of the toxin. Current assays typically employ an 

initial extraction into aqueous methanol followed by direct 

dilution in a buffer. Optimal aflatoxin extraction dilution of 
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methanol is 70-85% for corn (Bradburn, 1990b). AOAC method

ology for determining aflatoxin in cottonseed stipulates the 

TABLE 2.2 PERCENT (%) CROSS REACTIVITIES OF SELECTED 

ANTIBODY PREPARATIONS WITH DIFFERENT AFLATOXINS. 

antibody Type % reaction with source 

AFBt AFB2 AFG, AFG2 

Polyclonal 100 4 1 0.01 Fan and Chu, 1984 

Polyclonal 100 28 100 22 Morgan et al, 1986 

Monoclonal 100 100 5 4 Groopman and 

Donahue, 1988 

Monoclonal 100 20 34 17 Dixon-Holland 

et al.,1988 

Monoclonal 100 . 20 25 — Kaveri et al., 1987 

use of aqueous acetone (AOAC 26.052-26.060). Aqueous acetone 

is not compatible with antibodies therefore it is substituted 

with aqueous methanol (Pestka, 1988). 

The commonly used versions are indirect and direct competitive 

ELISA. In indirect competitive ELISA, the microtiter plates 
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are coated with a protein-toxin conjugate. The sample extract 

and an anti-aflatoxin antibody are added to the wells and 

allowed to react. Binding of the antibody to the plate-bound 

toxin is inhibited by free toxin in solution (if present) from 

the sample. If the sample contains no toxin, the antibody will 

bind to the plate-bound toxin. The plates are often washed 

with PBS buffer and Tween 20 (polyoxyethylene(20) sorbitan 

monolaurate, Trucksess et al., 1989). A second enzyme bound 

antibody (goat anti-rabbit IgG peroxidase) is then added. This 

antibody will recognize and bind the first antibody, which is 

itself bound to the toxin on the plate. The enzyme on the 

second antibody may also be alkaline phosphatase. After 

another incubation and washing, a chromogen (or substrate) is 

added. The chromogen is hydrolyzed by the enzyme to produce a 

colored product. 

Several chromogens have been used for the different enzymes. 

Nitrophenyl phosphate (Morgan et al., 1986) and 

4-methylumbelliferyl phosphate (Vaag and Munck, 1987), have 

been used as substrates for alkaline phosphatase. O-toluidine 

(Chu, 1984), Tetramethyl- benzidine (Trucksess et al., 1989), 

O-phenylenediamine (Chu and Lee, 1988) or 2,2-azino-di-3-

ethyl-benzthiazole (ABTS) (Ram et al. ,1986), have been used as 

substrates for the enzyme horse-radish peroxidase. The choice 

of a particular substrate is based on several characteristics. 
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Chu (1984), recommended ABTS as being stable and sensitive. On 

the other hand, Park et al. (1989b), found tetramethyl-

benzidine to be superior to ABTS in terms of high intensity 

and contrast of color. The color reaction is stopped after a 

predetermined optimal period by addition of dilute hydrogen 

fluoride in citrate buffer (Park et al., 1989b), dilute sodium 

hydroxide (Lawellin et al., 1977), sodium azide in citrate 

buffer (Singh and Jang, 1987) or dilute mineral acid (Candlish 

et al.,1988). 

In direct competitive ELISA, the plates are coated with an 

anti-aflatoxin antibody. Sample extract is added, 

simultaneously or sequentially, with aflatoxin-bound enzyme. 

The enzyme-bound toxin competes with free toxin from the 

sample for the bound antibody. After washing to remove 

unreacted free toxin and enzyme-bound toxin, a chromogen 

(substrate) is added for color development. The color reaction 

is stopped as in indirect ELISA. In both cases, the 

concentration of toxin in the sample, will be inversely 

proportional to the amount of conjugated toxin-enzyme bound to 

the antibody in the microtiter well. Since intensity of color 

developed is directly proportional to the amount of enzyme 

bound to the plate, the intensity of the color is also 

inversely proportional to the amount of toxin in the sample. 

Estimates of aflatoxin quantity are made visually by comparing 
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to a standard, or calculated in reference to a standard curve. 

Direct ELISA is one step shorter than indirect ELISA. However, 

usefulness of this advantage was questioned by Dierk et al. 

(1986), who observed that antibodies adsorbed directly to the 

solid phase (as in direct ELISA) recognized the antigen less 

efficiently than those bound to an antigen on the solid phase 

(as in indirect ELISA). 

2.7.2e(vi). Iromunoaffinity columns. 

An anti-aflatoxin antibody is adsorbed to silica gel or 

Sepharose 4B gel (Candlish et al., 1988). The material is 

suspended in a buffer solution and slurried into a small 

column (approx. 50 mm x 10 mm). The solid phase antibody 

reaction, and the antibody itself, are sufficiently stable for 

storage at ambient temperature for extended periods of time. 

The sample extract is diluted with distilled water to attain 

appropriate methanol concentration (Trucksess et al., 1990). 

It is passed through the column by gravity or mechanical 

force. Aflatoxin is captured by the antibody and retained on 

the column while the rest of the material passes through. The 

toxin is eluted from the column with absolute methanol 

(Trucksess et al., 1990), or dimethyl sulfoxide (DMSO) 

(Groopman and Donahue, 1988). Quantities are estimated by 
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comparing fluorometric reading of sample eluate to a quinine 

sulfate standard with similar fluorescence characteristics to 

aflatoxin B,. 

2.7.3. USE OF IMMUNOASSAYS IN AFLATOXIN ANALYSIS. 

Engvall and Perlman (1971) described early work on the 

detection of immunoglobulin G by enzyme immunoassays. They 

indicated the potential usefulness of this method for routine 

analysis despite loss of 30-40% of enzyme activity during 

conjugation. Over the last 20 years, numerous methods have 

been developed using polyclonal (Chu, 1984; and Pestka, 1988) 

and monoclonal (Groopman and Donahue, 1988; Dixon-Holland et 

al., 1988; and Kaveri et al., 1987) antibodies for the 

determination of mycotoxins in foods and feedstuffs. The 

potential of enzyme immunoassays and immunoaffinity columns to 

rapidly assay for low levels of aflatoxins in cottonseed, 

corn, wheat, peanuts and peanut products, milk and body 

fluids has been reviewed (Chu, 1986b; Shepherd et al., 1987 

and Pestka, 1988). They offer significant advantages in terms 

of reduced assay time, simplified extraction without sample 

cleanup, increased specificity and, in some cases, sensitivity 

greater than TLC, HPLC and RIA (Herry, 1990 and Chu, 1984). 
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The toxin is extracted from the sample matrix by blending for 

1-2 minutes using a relatively safe solvent (aqueous methanol) 

without loss of efficiency. Unlike conventional methods 

requiring several cleanup steps, the extract is used 

directly after filtering. Because antibodies recognize only 

the analyte(s) of interest, interference from coextractants is 

eliminated and specificity is increased. Solvent volumes 

utilized (at microliter quantities) greatly reduce cost and 

disposal problems. Assay time has also been gradually reduced. 

A typical ELISA assay that took 14 hours in 1977 (Lawellin et 

al., 1977), or 2 hours in 1985 (Jackman, 1985), can currently 

be run in less than an hour (Park and Njapau, 1989). 

Simplified versions of immunochemical assays, specifically 

designed for screening, permit the analysis of 10 samples 

within an hour (Trucksess et al., 1989). 

The reliability of immunochemical assays has been determined 

by various workers. In milk, aflatoxin levels as low as 3 ppt 

(ng/Kg) are detectable (Heeschen and Bluthgen, 1990). This 

represents a level of detection ten times lower than TLC. When 

applied to cottonseed, corn, peanuts and peanut products, and 

wheat, aflatoxin contamination in the 1-5 ppb range is 

reliably detectable (1981; Lee et al., 1990; Fan and Chu, 1984 

and Chu and Lee, 1988). In most of these studies recoveries 

have been good (averaging over 80%) with acceptable 
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coefficients of variation (<20%). ELISA was used in assaying 

for aflatoxins in yellow corn and peanut meal in an Aflatoxin 

Sample Check Survey Program organized by the International 

Research on Cancer, Lyon, France, in 1980. The results were to 

be in excellent agreement with TLC and HPLC (El-Nakib et al., 

1981). 

The stability of antibodies coupled to solid phases and that 

of toxin-enzyme conjugates has facilitated the production on 

a commercial basis of rapid screening immunoassay kits. There 

are currently about 18 commercial kits that can be used for 

various analytical purposes (Park and Njapau, 1989; Patey et 

al., 1989). The kits used most often in the United States 

include: the AOAC-approved Agri-Screen (Neogen Corp.), 

Aflatest-10 affinity column (Vicam Corp.) and Afla-20 Cup 

(International Diagnostics Systems Corp.). The Agri-Chek 

(Idexx Corp.) and Ez-Screen are also widely used but have not 

yet been approved by the AOAC. In the United Kingdom the 

Biokit (Cortecs, Diagnostics Ltd.) and Aflasure B (Cambridge 

Life Sci.) are used. Commercial, ready-to-use kits, have 

increased the potential of immunoassays as a rapid screening 

tool even in locations with no formal laboratory. The 

laborious steps of immunogen preparation, antibody 

purification and solid phase coupling have been eliminated 

from the routine. 
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Pestka (1988) cautioned on the use of kits, pointing to 

various scientific and practical aspects that needed 

verification. He emphasized that limits of detection, 

reproducibility and assay time needed validation. He also 

pointed out that antibodies and enzyme conjugates may be 

inactivated under extremes of both humidity and temperature. 

The performance of most of the commonly used kits has been 

evaluated in collaborative and/or single laboratory studies 

for detecting aflatoxin in corn, cottonseed, peanuts and 

peanut products and milk. Trucksess et al., (1989), 

collaboratively evaluated the Afla-20 Cup and found greater 

than 90% correct responses for cottonseed and peanut butter 

above 20 ppb total aflatoxin. Good correlation with TLC was 

observed by Park et al (1989a), for the Agri-Screen kit 

(visually and instrumentally) when used to assay aflatoxin in 

corn and peanut butter. The Aflatest-10 has been validated 

for corn, cottonseed, raw peanuts and peanut butter (Trucksess 

et al., 1990). The performance was noted to be in excellent 

agreement with TLC. Similarly, Koeltzow and Tanner (1990) have 

evaluated the Afla-20 Cup and Agri-Screen kits, for spiked and 

naturally-contaminated corn, in comparison with the Holaday-

Velasco minicolumn and TLC. They observed lesser differences 

between the kits and TLC than between the kits and the 

minicolumn in naturally contaminated corn. They also reported 
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that temperatures up to 30°C had no apparent effect on the 

performance of the kits tested. 
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MATERIALS AND METHODS 

3.1 MATERIALS 

3.1.1 Immunochemical kits. 

Four aflatoxin immunochemical test kits, commercially 

available on the United States market, were evaluated in this 

study. The kits were supplied by the companies listed in table 

3.1. Each kit was supplied with reagents and, where 

applicable, accessories necessary for analysis as outlined 

below. 

Aflatest-10. 

Immunoaffinity columns (25), syringe (10 mL), hand pump - (20 

mL syringe barrel and plunger), fluorometer cuvettes - (12 x 

75 mm borosilicate test tubes) (25), bromine developer 

solution (0.01%). Stored at ambient temperature. 
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TABLE 3.1 LIST OF IMMUNOCHEMICAL TEST KITS USED IN THE STUDY 

AND THEIR SUPPLIERS. 

IMMUNOASSAY KIT TYPE SOURCE 

Aflatest-10 affinity column Vicam Corp. Somerville, 

MA, 02145. 

Afla-20 Cup ELISA International Diagnostic 

Systems Corp., St. 

Joseph, MI, 49085. 

Agri-Screen ELISA Neogen Corp., Lansing, 

MI, 48912. 

Agri-Chek ELISA Idexx Corp, Portland, 

ME, 04101. 

Afla-20 Cup 

Antibody coated solid support - (attached to analytical cup 

made of porous polyethylene (3.2 cm diameter x 2.5 cm high, 

capacity 4 mL) (25), Aflatoxin-enzyme conjugate - (aflatoxin 

Bj-horse radish-peroxidase), Wash solution - (phosphate 

buffered saline, Tween 20 and thimerosal), Buffer - (0.1% 
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bovine serum albumin in phosphate buffered solution with 

thimerosal), Substrate (tetramethylbenzidine as solution A and 

0.2% hydrogen peroxide in aqueous citric acid as solution B), 

and negative control - (phosphate buffered saline). Storage 

temperature, 4-8°C. 

Agri-Screen. 

Antibody-coated solid support - (8 or 12 well polystyrene 

microtiter strips), Mixing wells - (8 or 12 well polystyrene 

microtiter strips), Aflatoxin - enzyme conjugate 

(lyophilized horse-radish peroxidase, supplied with distilled 

water as hydration solution), Substrate - (tetramethyl

benzidine in citrate buffer and hydrogen peroxide in citrate 

buffer supplied separately), Stopping reagent - (hydrogen 

fluoride in a solution of citric acid, sodium hydroxide and 

EDTA), Aflatoxin standards - (equivalents of 0, 10, 20 , 35, 

and 50 ppb (quantitative) or 20 ppb alone (qualitative) and 

1 mL spring syringes with tips (designed to dispense a preset 

amount of about 100 uL). Storage temperature, 4-8°C. 

Agri-Chek. 

Antibody-coated solid support - (8 x 12 polystyrene microtiter 
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well strips held in one plastic casing), Aflatoxin-enzyme 

conjugate - (B,- horseradish peroxidase) Substrate - (0-

phenylenediamine.2HCl (OPD) tablets and citrate-phosphate 

buffered diluent containing hydrogen peroxide supplied 

separately), Sample diluent - (phosphate buffered solution) 

and aflatoxin standards - (0.0, 5.0, 12.6, 19.6, 120.0 ppb). 

All reagents in solution contained protein stabilizers and 

preservatives). Storage temperature, 2-7°C. 

3.1.2 Thin layer chromatography. 

Precoated TLC plates, Uniplate silica gel HL (20 x 20 cm) 

(cat. No. 46511) supplied by Analtech Inc., Newark, DE 19711. 

3.2 TESTING LOCATIONS. 

Tests were conducted at six field locations in the areas of 

Stanfield, Casa Grande and Tucson, Arizona between June, 1988 

and July, 1990. The locations fall into the categories of 

cotton gins, ammoniation plants (ammonia is used to 

decontaminate aflatoxin-contaminated seed), a dairy farm, 

cottonseed oil processing plants, feed mills and an open space 

at the University of Arizona. Actual tests were performed on 

21 occasions (days) within the specified period. Of the 21 
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days, 11 were at the various locations and 10 days in an open 

space within the University grounds. Comparative tests were 

also conducted in the Food Toxicology Research Laboratory, 

Department of Nutrition and Food Science, University of 

Arizona, Tucson. Temperature and relative humidity for each 

test day was estimated from weather data, supplied by the 

Arizona Meteorological Office (AZMET), for the locality or 

nearby locations where a station did not exist in the area. 

Temperatures for the occasions when the tests were done at the 

University were recorded using a thermometer as the tests were 

being conducted. Temperature and relative humidity for each 

field assay day are shown in Table 3.2 

3.3 METHODS. 

3.3.1 Sample Collection and Preparation. 

Whole cottonseed samples of unknown aflatoxin contamination 

levels were collected and analyzed at the various locations. 

On every visit (at each site), six to ten three-pound samples 

of whole cottonseed were collected using a 3-inch vacuum probe 

(Probe-A-Vac)(Park, et al., J. Assoc. Off. Anal. Chem, in 

press). Approximately 1 Kg of each sample was dehulled in a 

ultracentrifugal mill (Retsch, Brinkman, ZM 1, Westbury, NY) 

with the grinding screen removed, followed by fine grinding in 
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TABLE 3.2 FIELD TEMPERATURE AND RELATIVE HUMIDITY ON EACH 

TEST DAY. 

DATE LOCATION TEMPERATURE f°Cl RELATIVE HUMIDITY 

06/10/88 Marana 37.2 7.6 

08/10/88 Casa Grande 38.5 13.8 

08/11/88 Casa Grande 37.5 12.1 

11/17/88 Marana - -

12/12/88 Casa Grande 21.3 22.2 

02/03/89 Casa Grande 19.5 37.1 

05/23/89 Casa Grande 37.5 7.7 

05/31/89 Casa Grande 32.3 10.5 

06/13/89 Maricopa 27.5 10.3 

06/28/89 Maricopa 27.5 18.3 

09/06/89 Maricopa 27.5 22.7 

01/14/90 University 26.0 23.1 

06/18/90 University 40.0 11.7 

06/25/90 University 44.0 17.9 

06/27/90 University 42.0 10.3 

06/29/90 University 38.5 29.4 

07/01/90 University 39.5 15.2 

07/11/90 University 30.0 -

07/13/90 University 29.0 38.6 

07/15/90 University 26.5 65.8 

07/17/90 University 8.5 -



77 

the sane mill with a 2.0 mm grinding screen installed such 

that the ground material passed a No. 18 sieve. The entire 

ground sample was mixed in a twin shell blender for 20 minutes 

prior to taking a test portion. 

A 50g test portion was extracted with 250 mL methanol:water 

(80+20) for 1.0 minute at high speed in a Waring blender. The 

mixture was gravity settled for 15 minutes and filtered 

through Whatman No. 4 filter paper. From this common extract, 

a portion was used for all immunochemical analyses on-site 

while the remainder was retained under refrigeration at 4°C 

for immunochemical and TLC analyses in the laboratory. 

3.3.2 Aflatoxin analysis. 

All assays in the field and laboratory were single assays from 

the 80% methanol common extract. Laboratory assays were 

conducted approximately 24 hours after field assays using the 

same kits and methodology. TLC was also conducted in 

laboratory to confirm presence or absence of aflatoxin in the 

samples. 
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3.3.2a. Immunoassays. 

The assays were conducted according to manufacturer's 

specifications with the relative concentrations of methanol 

adjusted accordingly. As specified in the procedures for the 

immunochemical methods, all reagents were allowed to stand for 

one hour at room temperature before assays could be started. 

This protocol was not followed in the field. For field assays, 

the kits were kept in an ice chest until 15-20 minutes before 

assay time. At the time of analysis a sufficient amount of 

reagents for the kit was removed and not cooled again until 

the completion of analysis. Immunoassay methodology showing 

relative dilutions and estimated assay time are summarized in 

Table 3.3. Detailed protocols are outlined below. 

3.3.2a(i). Aflatest-10. 

Prior to the initiation of the assay, a fluorometer (Sequoia 

Turner Model 450 with 360 nm excitation filter and 450 nm 

emission filter, Sequoia-Turner Corp. Mountain View CA) was 

allowed to warm up for 30 minutes. It was then calibrated 

using a blank and the 20 ppb aflatoxin equivalent standard. 

The blank (0 ppb aflatoxin) was inserted into the fluorometer 

and the zero knob adjusted to a reading of zero (0) on the 

dial. The 20 ppb standard was then inserted and, using the 
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TABLE 3.3 COMPARISON OF PROCEDURAL STEPS OF IMMUNOCHEMICAL 

TEST KITS FOR AFLATOXIN ANALYSIS 

Activity Aflatest-10 Afla-20 Cup Agri-Screen Agri-Chek 

faffinitv column) fELISA) fELISA) fELXSA) 

Me0H:H,0 70+30 80+20 55+45 70+29+1* 

Extract used 20 mL 100 UL 100 UL 100 UL 

Minimum Incub

ation Timefmin) N/A 1 5 30 

Washing 2x10 mL 1.5 mL 10X0.5 ml 5x0.5 mL 

H„0 RS HiO HiO 

Color 

DeveloDment 15-30 secsb 1 min 5 min 10 min 

Number of Analy

tical stecs 6 5 10 10 

Min time 

Reouired 12 min 5 minc 15 mind 45 mind 

Nature of semi- positive/ sem sem 

Test Quantitative neaative Quantitative Quantitative 

•Methanol:water:dimethylformamide. 

Reaction time with bromine. 

Simultaneous analysis up to three samples possible. 

'Simultaneous analysis up to ten samples possible. 

^Reagent supplied 
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span knob, the fluorometer was adjusted to display 20. 

Although the technique recommended the use of 70% methanol for 

extraction, 80% methanol was used for extraction in order to 

provide a common extract for all the methods. Five mL of this 

common extract was diluted with 15 mL of distilled deionized 

water. The entire 20 mL was passed through the column at a 

flow rate of approximately 2 drops per second. This was 

achieved by the use of a hand pump. The column was then washed 

twice with 10 mL portions of deionized water. Absolute 

methanol (l.o mL) was passed through the column to elute the 

aflatoxin. The eluate was collected in a cuvette and mixed 

with 1.0 mL of bromine developing solution (ca. 0.025%) for 

about 5 seconds. The cuvette was then inserted into the 

fluorometer and the reading recorded within 30 seconds. The 

fluorometer was used both in the field and the laboratory. 

3.3.2a(ii) Afla-20 Cup. 

The manufacturer of the kit stipulated the use of 80% 

methanol. The extract, therefore, required no further 

dilution. Before running the actual samples, a negative 

control was run (using two drops of the negative control 

solution instead of sample extract) to test the performance of 

the reagents. One hundred microliters of sample extract was 
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nixed with 200 uL of buffer. One hundred microliters of the 

mixture was applied to the center of the cup and allowed to 

react for exactly one minute. Two drops (100 uL) of enzyme 

solution were added to the cup and let to react for one 

minute. The cup was then washed with 30 drops (1.5 mL) of wash 

solution. Ten drops of each of the substrate solutions were 

mixed in a small vial (ca 1.0 mL) and added to the cup. Again, 

one minute reaction time was allowed and the results read. 

Appearance of blue color meant the sample contained less than 

20 ppb and no blue color meant the test sample contained more 

than 20 ppb aflatoxin. Results were recorded as negative (<20 

ppb aflatoxin) or positive (>20 ppb aflatoxin). The procedure 

and interpretation of results was the same in the field and 

laboratory. 

3.3.2a(iii) Agri-Screen. 

The recommended methanol:water ratio was 55+45. To attain this 

dilution, 6.9 mL of the common extract was diluted to 10 mL 

with distilled deionized water. Enzyme conjugate solution was 

prepared by mixing all contents of a hydration solution with 

lyophilized enzyme conjugate. The contents were mixed and a 

preset amount was added to mixing wells. Preset amounts of 

dilute extract and standard were added to the mixing wells 

containing the enzyme conjugate solution. The contents were 
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mixed by depressing the syringe about 3-5 times. Another 

preset amount for each sample and standard mixture was then 

transferred to an antibody coated well and allowed to incubate 

for 5 minutes. While incubating, the substrate was prepared by 

mixing the trimethylbenzidine solution with the peroxidase 

solution. After 5 minutes, the antibody coated wells were 

gently rinsed (ca 10 times with a water bottle) with distilled 

deionized water and slightly tapped against a paper towel to 

remove residual water. The substrate (preset amount) was then 

added to each well and the mixture allowed another 5 minutes 

incubation for color development. The color reaction was 

stopped by addition of a preset amount of stopping reagent. 

In the field, results were read by visually comparing sample 

color to that of a standard. A color intensity less than the 

standard was interpreted to mean the sample contained more 

aflatoxin than the standard it was being compared to. Results 

were recorded as equal to a particular standard concentration 

or between two standards. In the laboratory, results were also 

read visually and by a pre-warmed (30 minutes) ELISA reader 

(Titertek Multiscan III MC/340 Eflab, Finland) at 620 and 690 

nm. Two wave lengths were used because the color obtained 

(purplish red) has absorption maxima about 650 nm. 
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3.3.2a(iv) Agri-Chek. 

Manufacturer's recommended extraction solvent was 

methanol:water: dimethyl-formamide (DMF) (70+29+1). The common 

extract (8.75 mL) plus 0.1 mL of DHF was diluted to 10 mL with 

distilled deionized water. Twenty-five microliters of the 

diluted extract was diluted further by addition of 475 uL of 

sample diluent, to attain a final dilution of 1:20. Fifty 

microliters of the sample from the second dilution and 50 uL 

of each aflatoxin standard were added to separate antibody 

coated wells, followed by 50 uL of aflatoxin conjugate 

solution. The mixture was incubated for 30 minutes. While 

incubating, the substrate was prepared by dissolving one 

substrate (OPD) tablet in 10 mL of substrate buffer in a 25 ml 

vial or beaker. After 30 minutes, the microtiter wells were 

gently rinsed with distilled deionized water and tapped 

against a clean paper towel to remove excess water droplets. 

Substrate solution (100 uL) was then added and the mixture was 

incubated for 10 minutes for color development. Stopping 

reagent (100 ul of 0.1N HCl, prepared in the laboratory) was 

added at the expiration of the color development period. 

In the field, sample and standard colors were compared 

visually and samples were classified as being equal to a 

particular standard or between two standards. The same visual 
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classification was used in the laboratory in addition to the 

use of an ELISA reader (Titertek Multiscan III, MCC/340, 

Eflab, Finland) at 450 and 490 nm. 

3.3.2a(v) Laboratory estimation of aflatoxin content for 

Agri-Screen and Agri-Chek 

Readings were obtained at each of the two wavelengths. A mean 

value of the readings was calculated. The mean absorbance for 

the individual standards and sample(s) were expressed as 

ratios or percentages of the mean standard blank reading. The 

concentration of the standards was plotted on the x-axis and 

the ratios or percentages for the same standards plotted on 

the y-axis on a semilogarithmic graph paper. A smooth curve 

was drawn through the data points. The concentration of the 

unknown was determined by locating its ratio or percentage on 

the y-axis and drawing a parallel line to the curve, and then 

dropping a line to the x-axis. The point at which the line 

intersected the x-axis was read out as the concentration of 

the unknown. 



3.3.2a (vi) Calculation of percent inhibition. 
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1. Mean value. 

Absorbance at A nm + Absorbance at B nm = Mean value 
2 

2. Ratios or Percentages. 

Mean absorbance of x standard or sample = O.X or XX% 
Mean absorbance of standard blank 

3.3.2b. Thin layer chromatography. 

Thin layer chromatography was performed, together with 

laboratory immunochemical assays, approximately 24 hours after 

field assays were done. Fifty mL of extract was placed in a 

400 mL beaker containing 5 g of celite (diatomacious earth). 

Thirty (30) mL of distilled deionized water and 20 mL of 0.66M 

ammonium sulfate ((NH4)2S04, 80 g/L) were added. The mixture 

was stirred for about 1 to 2 minutes and filtered through 

Whatman No. 4 filter paper. Fifty mL of the filtrate were 

placed in a 250 mL separatory funnel, followed by 10 mL of 

dichloromethane. The mixture was shaken for one minute and 

allowed to separate into two distinct phases. The lower 

dichloromethane layer was drained into a 25 mL beaker. A 

second 10 mL portion of dichloromethane was added to the 
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separatory funnel, and the partitioning repeated. It was 

observed in our laboratory that the first partitioning 

extracted 90-95% of extractable aflatoxin from aqueous 

methanol. The two organic phases containing the toxin were 

mixed and evaporated to near dryness under nitrogen. The 

contents were quantitatively transferred to a 10-dram vial 

using a small volume of dichloromethane. The vial contents 

were then evaporated under nitrogen and reconstituted in 200 

uL of benzene:acetonitrile (98+2). Ten uL of sample was 

spotted, on the same plate with varying amounts (1, 2, 3 and 

5 uL) of aflatoxin standard (0.5 ug/mL B, and 0.15 ug/mL B2), 

2 cm from the baseline of a precoated TLC plate. The plate was 

developed with chloroform:acetone (9+1) in an unlined tank for 

40-45 minutes. The plate was then air dried in a fume hood 

and viewed under long wave ultra violet light (360 nm). 

Quantities were estimated by comparing sample spot 

fluorescence to that of standards. Samples fluorescing more 

than the 5 ul standard were diluted and respotted. 

3.3.2b(i) Calculation of aflatoxin quantities. 

a. The sample content (in grams) in the final extract was 

estimated using the calculation below: 
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g (sample) /200 uL - 50 a x *n mt. v sn mT. = 5 g / 200 uL. 
250 mL X 100 mL X 200 UL 

Cottonseed was assumed to be a high fat content material, 

therefore, the 50 mL removed for analysis contained 5-6 mL fat 

(AOAC 26.03Id). After correcting for the fat, the extract 

represented 9 g starting material and the final 200 uL 

contained 4.5 g. This was the weight used in the calculations 

below instead of the 5 g in the calculation. 

b. Concentration of aflatoxin in the sample was calculated 

according to the following formula: 

ug / Kg = S x Y x V 
X x W 

Where S = uL of aflatoxin standard equal to unknown. 

Y = concentration of aflatoxin standard in ug/mL. 

V = uL of final dilution of sample. 

X = uL of sample spot giving intensity equal to 

S. 

W = mass of sample represented by final extract 

in g. 
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3.4 ANALYSIS OF RESULTS. 

3.4.1 Classification and organization. 

The results obtained on-site and in the laboratory were 

classified in two categories, i.e. below or above 20 ppb. 

Readings above 20 ppb were assigned the figure '1' and those 

below the figure '0'. A particular kit's results were 

considered in agreement if the pair of results from the field 

and laboratory was either (0,0) or (1,1), and disagreeing if 

the pair was (0,1) or (1,0). This system was used to make 

qualitative comparisons between locations, between kits and 

between kits and TLC (laboratory results only). Other 

qualitative comparisons such as those for the effect of, 

concentration, temperature and relative humidity were also 

based on the same system. Quantitative comparisons, for those 

kits that gave actual values were made using the values 

obtained. Agreement was expressed as a percentage and a 95% 

confidence interval was calculated using the formula below. 



Interval range = za/2 . VlRl-II) 
n 
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Where, za/2 = z value corresponding to area 

equivalent to half that of the 

confidence coefficient 0.95 in a 

statistical table. 

II = observed ratio of agreement 

n = number of assays 

3.4.2 Statistical analysis. 

Statistical analysis of qualitative data expressed on a 

nominal scale, was done by the McNemar and Chisquare tests of 

independence (Conover, 1980). Quantitative comparisons for the 

Aflatest-10 kit was done by the Mann-Whitney test. Comparisons 

between test methods that gave actual values were done by the 

Duncan's Multiple Range test (Ott, 1988). The tests were 

performed using the statistical package, Minitab (Ryan et 

al.,1985). 
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RESULTS AND DISCUSSION 

This study evaluated the performance of four immunochemical 

assay kits, currently available on the US market, for the 

determination of aflatoxin in cottonseed, under non-laboratory 

conditions. The kits were assessed with regard to their use as 

screening tools in aflatoxin monitoring and survey programs. 

There were no specific non-laboratory conditions identified 

for investigation. What is described as on-site, field or non-

laboratory in this discussion included partial enclosures such 

as a garage shade (used at one test site), open air spaces, 

trailers without air conditioning and sometimes any type of 

room made available at the test site. On-site temperatures, 

measured by the investigator or estimated from AZHET data for 

those days when assays were conducted, ranged from 8-49°C. 

Estimates of relative humidity (all from AZMET) were between 

7 and 65%. Other environmental conditions such as wind speed, 

precipitation, dust and sunlight were not measured. The Food 

Toxicology Research Program laboratories at the University of 

Arizona, referred to as "laboratory" had a temperature range 

of 22-27°C and approximately 20-36% relative humidity 

throughout the study. 



91 

Comparisons were mainly made on a qualitative basis. Single 

assay readings were determined visually and classified as 

being negative or positive based on the 20 ppb cut-off point. 

Results were considered in agreement when an assay reading on-

site was similar to that obtained in the laboratory from a 

common extract. Except for Aflatest-10, all assays on-site 

were visual estimates. Quantitative comparisons were made for 

those kits that recorded actual values i.e. the Aflatest-10 

using a fluorometer, and Agri-Screen and Agri-Chek using an 

ELISA reader. The Agri-Screen kit was subdivided into Type I 

and Type II, a classification based on accuracy. Type II, 

according to the manufacturer, is more accurate because of an 

improved antibody coating system. Where the single name Agri-

Screen has been used, it refers to Type II alone or when fewer 

than 10 readings from Type I were included. 

4.1 Comparison of on-site and laboratory results. 

A total of 198 assays were conducted on-site and in the 

laboratory using the immunoassay kits and TLC. On some days 

some of the test kits were not used because of expired or 

unavailable reagents. In other instances results from one 

location were lost. Results from such test dates were not 

included in the comparisons. As a result there are variations 

in the number of assays being compared in all categories. 
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Table 4.1 demonstrates that the results obtained on-site and 

in the laboratory for aflatoxin determination were comparable. 

The only significant difference (p< 0.04) in performance 

observed was for the Agri-Screen I test kit, in the comparison 

of on-site visual estimations to those by an ELISA reader in 

the laboratory. This difference may be attributed to an 

unstable component of the test system that is no longer part 

of the test kit, as demonstrated by the performance of Agri-

Screen II that is a more recent version of the same test 

system. 

Individual agreement using the 20 ppb cut-off point ranged 

from 75% for Agri-Screen I to 99% for Agri-Screen II ELISA 

reader, with the least agreeing kit having the widest 95% 

confidence interval for similar performance. The 95% 

confidence intervals for laboratory and on-site agreement 

estimated from this study reflect close similarity in 

performance, except for Agri-Screen I. Differences in the size 

of the intervals may be attributed to kit precision and the 

varying number of samples upon which they were based. Overall 

agreement was estimated to be 88%. 

There was an apparent variation in the performance of 

individual kits. This discrepancy may be attributed to the 

ability of the analyst to perceive differences in color 



TABLE4.1 COMPARISON OF ON-SITE AND LABORATORY PERFORMANCE OF IMMUNOCHEMICAL METHODS FOR THE 

DETERMINATION OF AFLATOXIN IN WHOLE COTTONSEED. 

KIT NUMBER OF PERCENT 95% CI McNEMAR CHISQUARE 

NAME ASSAYS AGREEMENT TEST PROBABILITY 

Afla-20 Cup 188 88 (82,94) SIMILAR 0.13 

Aflatest-10 178 90 (86,94) SIMILAR 0.10 

Agri-Screen I (visual) 56 75 (64,86) SIMILAR 0.14 

(reader) 36 78 (64,92) DIFFERENT 0.04 

Agri-Screen II(visual) 106 93 (88,98) SIMILAR 0.12 

(reader) 97 99 (97,101) SIMILAR 0.04 

Agri-Chek (visual) 156 93 (89,97) SIMILAR 0.10 

(reader) 148 87 (82,92) SIMILAR 0.07 

Mean agreement (all kits) 88 

CI = Confidence intreval. 
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intensity. The detection phase of the Afla-20 Cup is based on 

the appearance of a blue color. Coloration implied an 

aflatoxin concentration below 20 ppb. This distinct end point 

was supposed to simplify the reading of the results hence 

minimizing analyst error. However, the color formation was not 

distinct for borderline samples making the readings subject to 

visual acuity. The Agri-Chek and Agri-Screen (types I and II) 

also employ color development but in a graded fashion where 

small variations in the color produced was dependent on the 

amount of aflatoxin present in the sample extract. Visual 

estimation was, in this case, also compromised by the 

inability of the analyst to determine whether or not sample 

coloration was slightly less, equal to or slightly above the 

concentration of the standard. For these kits, samples with 

concentrations of aflatoxin near the kit's threshold could 

possibly have been classified in one category (negative) on-

site and in another category (positive) in the laboratory. 

Similar ambiguity was noted by Wickle et al., (1990), who 

concluded that the kits were not appropriate for analysis of 

samples whose aflatoxin concentration was near the cut-off 

point. The Aflatest-10 immunoaffinity column is based on the 

measurement of the fluorescence of a reaction product between 

bromine and aflatoxin. Since a fluorometer was used on-site 

and in the laboratory, analyst technique and site conditions 

may account for the variation. 
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Another source of variation is a possible change in the 

structure or degredation of the aflatoxin molecule over the 

24-hour period resulting in less toxin being made available to 

the antibody. The concentration of aflatoxin in an aqueous 

methanol extract has been shown to decrease over time. In a 

preliminary report, Park et al., (1990, American Chemical 

Society, in press), reported a decrease in aflatoxin 

concentration in aqueous methanol (80%) extracts of cottonseed 

stored at 4°C over a period of 10 days. According to this 

report, there was approximately a 20% decrease in reported 

aflatoxin levels over the first 24 hours. In contrast, Dorner 

and Cole (1986), reported that aflatoxin extracted into 

methanol from peanuts remained stable for at least three 

months at 0°C. When comparing qualitative values determined 

on-site and in the laboratory for this study, there was no 

indication of appreciable loss of aflatoxin during the 24 hour 

period between assays (Table 4.2). Trucksess et al., (1989), 

postulated the possibility of interfering substances in 

cottonseed complexing with the antibody, making it 

unavailable. Similarly Fukal et al., (1986), reported 

interferences by small concentrations of cuomarins, estradiol 

and cholesterol, in the analysis of aflatoxin by RIA. In this 

study the effect of such interferences could only have caused 

the variations if their actions were environmentally 



TABLE 4.2 raRCENTAGE OF SAMPLES WITH REPORTED VALUES ABOVE 20 ug 

AFLATOXIN /Kg BY EACH TEST METHOD*! BASED ON QUALITATIVE ESTIMATES. 

KIT LOCATION 

FIELD LAB 

Visual Reader 

Afla-20 Cup 42 42 -

Aflatest-10 28 - 28 

Agri-Screen 48 52 55 

Agri-Chek 43 48 52 

TLC - - 20 

Mean (immunoassays only) 40 42 54 

aBased on 130 matched assays. 
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dependent. A more plausible theory may be that differences 

between laboratory and on-site conditions may have caused 

minor effects in kit and analyst performance. Actual inter-

assay variations for the kits were not determined. 

Quantitative comparisons for on-site and laboratory results 

were also made for the Aflatest-10 using the Mann-Whitney 

test. Agreement between on-site and laboratory results was 

highly significant (p< 0.04), i.e. the kit performed with 

equal precision on-site and in the laboratory. 

The agreements in Table 4.1 are based on all results from the 

study. Since variations in aflatoxin concentrations in the 

samples and temperature and relative humidity at testing 

locations were encountered during the course of the study, it 

was decided that their effects should be evaluated using 

available data. Statistical evaluation of these parameters, 

i.e. concentration, temperature and relative humidity were 

conducted by placing on-site assay data in the various 

categories of each parameter. Concentration levels were 

estimated using TLC and classified into three categories; 0-

10, 11-20 and 21-30 ppb. There were a few samples above 30 ppb 

that were not used in the analysis of the effect of 

concentration. Temperature and relative humidity 

classifications were based on practical aspects. The ranges 
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for each of the categories were set so that there were 

sufficient assay results in each group. 

4.2. Effect of aflatoxin level on agreement of on-site and 

laboratory results. 

Table 4.3 shows percent agreement of on-site and laboratory 

kit performance within the three concentration categories. 

There was 84, 85 and 97% agreement for the concentration 

ranges 0-10, 11-20 and 21-30 ppb, respectively. Aflatoxin 

concentration in the sample extract did not significantly 

affect kit performance at either testing location. However, 

there were minor variations between concentration categories, 

with the higher concentration displaying greater overall 

agreement, almost 100% above 20 ppb (Figure 4.1). When 

comparing individual test kit performance, the Aflatest-10 

affinity column showed a decrease in agreement with increasing 

concentration. It should be pointed out that there was a 

relatively small number of samples at the higher concentration 

level that could have affected the outcome of these 

comparisons. 



TABLE 4.3 AGREEMENT BETWEEN ON-SITE AND LABORATORY RESULTS OF IMMUNOCHEMICAL METTHODS WITHIN 

CONCENTRATION RANGES DETERMINED BY TLC. 

KIT NAME CONCENTRATION RANGE in ug/Kg AFLATOXIN 

0-10 11 -20 21-30 

Assavs % Agreement Assavs % Aereement Assavs % Aereement 

Afla-20 Cup 121 85±6 23 78±17 15 99±5 

Aflatest-10 111 96 ±4 23 83 ±15 15 76±18 

Agri-Screen II 61 87±8 23 83±17 15 99± 5 

Agri-Screen IIR 59 95 ±6 19 94±11 14 99±5 

Agri-Chek 102 93 ±5 21 81±17 14 99±5 

Agri-Chek R 102 84±7 23 82±16 15 99±5 

Mean agreement 90 85 97 

to to 

R = Titeitek Multiscan Reader. 
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4.3. Effect of temperature on agreement of on-site and 

laboratory results 

Manufacturers' specifications for the kits included an 

operating temperature range of 23-29°C (room temperature). The 

possibility of enzyme or antibody denaturation at high 

temperatures prompted the use of an ice chest for temporary 

storage of the kits during on-site assay time. The kits were 

kept in the ice chest until 15-20 minutes before assay time 

when used at temperatures higher than stipulated. They were 

therefore, exposed for a short period of time in addition to 

that needed for actual analysis. Temperatures encountered in 

the field were divided into the following ranges; 8-12, 18-22, 

23-29, 30-36 and 37-49°C. 

Table 4.4a shows comparisons between on-site and laboratory 

results of immunochemical kits within the various temperature 

ranges. There was good agreement between aflatoxin test 

results obtained under the various temperature ranges and 

those from the laboratory for all the kits. The effect of 

temperature on combined kits' performance was not significant 

when tested by linear regression using kits' agreement 

percentages. When individual temperature ranges were tested by 

the chisquare test for independence, the Agri-Chek kit showed 



TABLE 4.4a COMPARISON OF AFLATOXIN TEST RESULTS DETERMINED ON-SITE AND IN THE LABORATORY USING 

IMMUNOCHEMICAL METHODS AT VARYING TEMPERATURES 

KIT NAME TEMPERATURE RANGE °C 

8- 12 18 -22 23 -29 30 -36 37- 49 

Afla-20 Cup 21a 86+15ft 16 94+12 50 96+5 30 93 ±9 76 83+11 

Aflatest-10 21 90+13 16 75+21 50 92+8 26 65+18 76 91+6 

Agri-Screen 21 95+9 20 99+5 60 88+11 20 90+13 60 87+8 

Agri-Chek 21 99+5 19 99+5 50 98+4 26 99+5 65 86+8* 

Mean agreement 92 92 93 86 86 

aNumber of assays 

^Percent agreement and 95% confidence interval 

^Significant difference by Chi square at p < 0.05 
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a significant difference (p< 0.05) in performance in the 37-

49°C range. This was consistent with the length of exposure to 

the environment. The Agri-Chek kit had the longest assay time 

(40 minutes) when compared to Agri-Screen (15 minutes) and the 

Afla-20 Cup (4 minutes). A lesser effect was expected on the 

Aflatest-10 kit, which was normally stored at room 

temperature. 

Subtle differences were noted when the results were examined 

on a pairwise basis. It was found that there was a general 

bias towards lower values as temperature increased. More 

samples recorded as being above 20 ppb in the laboratory were 

read as being below 20 ppb at higher temperatures in the field 

(Table 4.4b). Although this was not significant for 

individual test kits, except for the Agri-Chek, when the 

changes for all kits were compared, the effect of temperature 

was significant (p< 0.10) by linear regression. Based on this 

computation, the changes in test values were related to 

changes in temperature (R2 = 0.238). The effect of temperature 

on combined kit performance was attributed to the 37-49°C 

range and the response of the Agri-Chek test kit because other 

temperature ranges and test kits showed little variation. The 

discrepancy between percent agreement results and those of 

pairwise comparisons is due to a possible masking effect of 



TABLE 4.4h CHANGES IN THE NUMBER OF ASSAYS GIVING VALUES ABOVE 20 ug/Kg AFLATOXIN USING 

IMMUNOCHEMICAL TEST METHODS WHEN COMPARING ON-SITE TO LABORATORY RESULTS 

ACCORDING TO ASSAY TEMPERATURE 

KIT NAME TEMPERATURE RANGE °C 

8-12 18-22 23-29 30-36 37-49 

Afla-20 Cup +2 -1 0 -2 -2 

Aflatest-10 +2 +2 +3 -1 -3 

Agri-Screen -1 0 -1 -1 -5 

Agri-Chek 0 0 +3 0 -10* 

Net change (all kits) +3 + 1 +5 -4 -20* 

(+)Increase in number of assay results above 20 ug/Kg aflatoxin 

(-)Decrease in number of assay results above 20 ug/Kg aflatoxin 

^Significant at p< 0.05 
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the percent agreements used in the first analysis. 

Studies carried out by other investigators indicate findings 

similar to those reported here. Wickle et al., (1990), found 

that the Agri-Screen kit performed equally well at 4°C as at 

room temperature in assaying for aflatoxin at 0, 10, 20 and 50 

ppb in corn. Koeltzow and Tanner (1990) also evaluated the 

performance of the Agri-Screen I, Afla-20 Cup and an Aflatest-

P affinity column (similar to Aflatest-10 used this study), at 

18, 24, and 30°C. Their results showed no change in the 

performance of the kits although these temperature levels vary 

only slightly from the manufacturers' recommended range (23-

29°C). Reports by other workers indicate that portions or all 

of the immunochemical assay could be performed at 37°C or 

higher. Fan and Chu (1984), performed all incubation steps of 

an indirect ELISA methodology for aflatoxin at 37°C for more 

than one hour without introducing any significant variation in 

the results. Similarly, Parkinson et al., (1988), in an ELISA 

method for determining Hepatitis B surface antigen, performed 

the incubation of antibody and test sample at 45°C for 30 

minutes, and reported no impairment of the test system by the 

high temperature. 

The rates and extent of chemical reactions are expected to 
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change with changes in temperature. In this study color was 

observed to be lighter and developed slowly at low 

temperatures but was deeper and developed much faster at the 

higher temperatures. It was also observed that the substrate 

for the Agri-Chek kit began changing color even before it was 

added to the microtiter wells containing the sample extract 

and enzyme conjugate when used above 40°C. At this temperature 

addition of a stopping reagent did not effectively stop the 

progression of color change for the Agri-Chek and Agri-Screen 

(I and II) kits. 

4.4. Effect of relative humidity on agreement of on-site and 

laboratory results. 

Relative humidity was classified according to the following 

categories: 7-12, 13-20, 21-30 and 37-66%. Table 4.5a shows 

comparisons of on-site and laboratory test results. There was 

good agreement between field and laboratory results for 

individual test kits within the various relative humidity 

ranges. No significant differences in aflatoxin test results 

were observed. Further examination of the results showed a 

bias towards lower values for assays performed at low 

humidity. More on-site assay readings were recorded as being 

below 20 ppb than in the laboratory (Table 4.5b). A linear 



TABLE 4.Sa COMPARISON (PERCENT AGREEMENT) OF ON-SITE AND LABORATORY RESULTS OF 

IMMUNOCHEMICAL TEST METHODS ACCORDING TO RELATIVE HUMIDITY RANGES. 

KIT NAME % RELATIVE HUMIDITY 

7-12 13-20 21-30 37-65 

Afla-20 Cup 57a 84±106 25 84±14 40 90±9 36 94±8 

Aflatest-10 57 93 ±7 25 92±11 40 92±8 36 86±11 

Agr-Screen 42 88±10 20 80±18 40 90±9 30 97±6 

Agri-Chek 51 86±9 20 85±16 40 99±3 30 97±6 

Mean agreement (all kits) 87 85 92 94 

aNumber of assays 

^Percent agreement plus 95% confidence interval 



TABLE 4.5b CHANGES IN THE NUMBER OF ASSAYS GIVING VALUES ABOVE 20 UG/Kg AFLATOXIN USING 

IMMUNOCHEMICAL TEST METHODS WHEN COMPARING ON-SITE TO LABORATORY RESULTS ACCORDING 

TO RELATIVE HUMIDITY RANGES. 

KIT NAME % RELATIVE HUMIDITY 

7- 12 13 - 20 21 - 30 37 - 65 

AfIa-20 Cup -5 +4-4 0 

Aflatest-10 -5 +2 -1 +4 

Agri-Screen -7 -2 +4 -1 

Agri-Chek -7 -3 0 +1 

Net change (all kits) -24* +1 -1 +4 

(+)Increase in number of assay results above 20 ug/Kg aflatoxin. 

(-)Decrease in number of assay results above 20 ug/Kg aflatoxin. 

•Significant at p<0.05 
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regression analysis of the changes in the number of positives 

(i.e. readings above 20 ppb) showed that the differences were 

not significant. It would appear however, that the 7-12% 

relative humidity category causes a considerable bias towards 

lower values (more assays recorded as less than 20 ppb). 

4.5. Comparisons of immunochemical test kit results with thin 

layer chromatographic analysis. 

Thin layer chromatography (TLC) estimates of aflatoxin levels 

in the extracts were not assumed to have provided the correct 

concentrations to which the immunochemical methods were to be 

compared. Since naturally contaminated cottonseed with unknown 

aflatoxin levels was used in the study, it was felt 

appropriate to use a conventional TLC method as a basis of 

classification of the results. 

Comparisons with TLC were made at qualitative and quantitative 

levels. Qualitative comparisons were based on the 

positive/negative system in reference to the 20 ppb cut-off 

point. Quantitative comparisons were made using actual values 

obtained by the Aflatest-10, Agri-Screen (I and II) and Agri-

Chek instrumental readings. Table 4.6 shows qualitative 

comparisons between TLC and immunochemical kits results. 

Agreement of TLC test results with those of immunochemical 



TABLE 4.6 COMPARISON (% AGREEMENT) BETWEEN IMMUNOCHEMICAL KITS AND THIN LAYER 

CHROMATOGRAPHY RESULTS FROM LABORATORY ASSAYS ONLY 

KIT NAME ASSAYS % AGREEMENT 95% CI McNEMAR TEST 

Afla-20 Cup 188 74 (68,80) DEFF** 

Aflatest-10 188 79 (73,85) SIMI 

Agri-Screen I 56 57 (44,70) DIFF* 

Agri-Screen IR 46 33 (18,48) DIFF«"» 

Agri-Screen II 106 69 (60,78) DIFF** 

Agri-Screen IIR 100 74 (65,83) DIFF** 

Agri-Chek 176 72 (65,79) DIFF** 

Aeri-Chek R 110 69 r60.78* DIFF** 

Mean agreement all kits 66 

CI = Confidence interval, R = Elisa Reader 

McNemar test (SIMI= Similar, DIF= Different at *p< 0.05 and **p<0.01) 
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kits in field (71%) and laboratory (66%) was moderate. Except 

for Aflatest-10, all the other immunochemical test kits had 

results significantly different (p< 0.05) from those obtained 

by TLC. When comparisons of test results were made according 

to concentration ranges, it was observed that the disagreement 

was confined to levels estimated to be below 20 ppb, 

particularly the 11-20 ppb range (Table 4.7 and Figure 4.2). 

Several reasons may be advanced to explain the localization of 

the disagreement. TLC values may be inaccurate, such that 

sample readings determined to be within this category were 

actually higher and the immunochemical assay kits were more 

efficient in their estimation. Conversely, the immunochemical 

kits may have a threshold much lower than is officially stated 

by the manufacturers. In such an instance, the kits may 

determine samples below 20 ppb as positive (false positives). 

This premise is only applicable if the standards supplied for 

the Aflatest-10, Agri-Chek and Agri-Screen are actually lower 

than the equivalent of 20 ppb, and the Afla-20 Cup is set to 

develop color at a much lower concentration. The observations 

by Trucksess et al., (1989), that the Afla-20 Cup identified 

58% of cottonseed samples at 10 ppb as being above 20 ppb tend 

to support the latter hypothesis. 

Quantitative comparisons between TLC, Aflatest-10, Agri-Screen 

and Agri-Chek results were made by the Duncan's Multiple Range 



TABLE 4.7 COMPARISON (PERCENT AGREEMENT) BETWEEN LABORATORY RESULTS OF IMMUNOCHEMICAL 

METHODS AND THIN LAYER CHROMATOGRAPHY WITHIN CONCENTRATION RANGES. 

KIT CONCENTRATION RANGE in ug/Kg AFLATOXIN 

0-10 11-20 21-30 

Afla-20 Cup 121a 79 ±86 DIF*c 23 17 ±15 DIF** 15 87±17 SIM 

Aflatest-10 121 93 ±5 SIM 24 38± 19 DIF** 15 67 ±24 SIM 

Agri-Screen II 61 75±11 DIF* 24 04±8 DIF** 15 93±13 SIM 

Agri-Screen IIR 59 83 ±10 SIM 19 00 DIF** 14 93±13 SIM 

Agri-Chek 117 80 ±7 DIF* 22 00 DBF** 15 93±13 SIM 

Agri-Chek R 65 77 ±10 DIF* 23 00 DIF** 15 93±13 SIM 

Mean agreement 81 10 88 

aNumber of assays, ^Percent agreement plus 95% confidence interval 
cMcNemar test (SIM = similar, DIF = Different at *p < 0.05, and **p< 0.01 
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test. There was a significant difference (p< 0.01) between the 

test results of the four methods. The multiple range test 

showed that the Aflatest-10 kit and TLC gave similar results 

and the Agri-Chek and Agri-Screen kits were also similar. No 

other similarities were established. Figure 4.3, demonstrates 

the differences in aflatoxin concentration distribution as 

determined by Aflatest-10, the two ELISA kits combined and TLC 

in a matched set of assay results. TLC and Aflatest-10 depict 

similar distribution but different from that depicted by the 

ELISA kits (Agri-Chek and Agri-Screen). The distribution 

displayed by TLC and Aflatest-10 is similar to that expected 

in a naturally contaminated lot (Tiemstra, 1969). The 

difference becomes more distinct beyond the 50 ppb midpoint 

range. 

The variation may indicate differences introduced by the use 

of a common 80% methanol extract, particularly for Agri-Screen 

for which 55% methanol is recommended for sample extraction. 

Since 55% methanol will extract less aflatoxin from a sample 

than 80%, the test kit is probably based on the fraction of 

aflatoxin originally extracted from a sample. 

Similar results from collaborative and single laboratory 

studies have been published on the performance of 

immunochemical methods when compared to conventional chemical 
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Figure 4.3 Distribution of aflatoxin concentrations 
in samples assayed by quantitative tests. 
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methods like TLC and HPLC. Jackman (1985), observed that 

despite good agreement between ELISA, TLC and HPLC, there was 

a considerable increase in apparent aflatoxin contaminations 

in milk when defined by ELISA. Trucksess et al., (1989), 

collaboratively evaluated the Af la-20 Cup and reported the kit 

identifying 33% of corn and 58% of cottonseed samples 

containing 10 ppb as being above 20 ppb. A subsequent 

evaluation by Trucksess et al., (1990), still reported the 

Afla-20 Cup as classifying 50% of cottonseed samples 

containing 10 ppb as being above 20 ppb. In the same report 

the Aflatest-10 kit was shown to be quantitatively in good 

agreement with TLC. Furthermore, Koeltzow and Tanner (1989), 

observed a similar agreement between TLC and the Aflatest-10 

test kit for assaying aflatoxin in corn. Wickle et al., 

(1990), evaluated the performance of immunoassay kits used at 

grain elevators and observed a 17% false positive rate below 

20 ppb and 100% agreement with HPLC above 26 ppb. 

Observations slightly varying from those reported here have 

also been published by various investigators. Koeltzow and 

Tanner (1990), evaluated the performance of the Afla-20 Cup, 

Agri-Screen I and Agri-Chek kits at various corn handling 

locations. They found that in the 13-15 ppb range the Afla-20 

Cup, Agri-Screen I and Agri-Chek had 4, 16 and 16% false 

positive rates, respectively. The same kits were reported to 
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correctly identify only 60% (Afla-20 Cup) and 31% (Agri-

Screen I) of samples above 20 ppb. However, since these 

workers also reported that TLC gave 16% false negative and 58% 

true positive rates in the two categories, there was 

substantially greater agreement between the kits and TLC than 

has been found in this study. Park et al.r (1989a), reported 

excellent correlation on a go/no go basis between the Agri-

Screen I kit and TLC for cottonseed and mixed feeds. 

Quantitatively there was equally wide variation in the test 

results reported. Mean values for the kit from a collaborative 

study were 35±15 and 41±12 for TLC values of 36 and 85 ppb 

respectively. In a follow-up collaborative study by Park et 

al., (1989b), the same kit was also found to be in excellent 

agreement with TLC on a go/no go basis in corn and roasted 

peanuts, but gave actual values higher than those for TLC. In 

both studies go/no go agreement was greater than 90%. Patey et 

al., (1989), assessed the performance of three immunoassay 

kits available in the United Kingdom. They reported excellent 

agreement on a go/no go basis in peanut butter despite 

quantitative values being distinctly higher for ELISA. 

4.6. Agreement between results of the immunochemical test 

kits. 

Table 4.8 shows percent agreements between assay results of 



TABLE 4.8 PERCENT AGREEMENENT BETWEEN IMMUNOCHEMICAL TEST KITS IN DETERMINING AFLATOX1N 

LEVELS IN COTTONSEED IN THE FIELD AND LABORATORY 

KIT/KIT LOCATION 

LAB FIELD 

Afla-20 Cup/Aflatest-10 199a 78±6& DIF+c 199 81 ±5 DIF* 

Afla-20 Cup/Agri-Screen I 78 77±9 SIM 56 85±9 SIM 

Afla-20 Cup/Agri-Screen II 111 87±6 SIM 111 81±7 SIM 

Afla-20 Cup/Agri-Chek 178 89 ±5 SIM 182 87±5 SIM 

Aflatest-10/Agri-Screen I 68 78 ±9 DIF* 56 80±9 DIF** 

Aflatest-10/Agri-Screen II 111 76±8 DIF* 107 72±8 DIF** 

Aflatest-10/Agri-Chek 172 85 ±5 DIF* 177 87±5 DIF* 

Agri-Screen I/Agri-Chek 67 88±8 SIM 50 90±8 SIM 

Agri-Screen II/Agri-Chek 111 81 ±7 SIM 107 92±5 SIM 

Mean agreement (all kits) 82 84 

aNumber of assays, ^Percent agreement plus 95% confidence interval, 
cMcNemar test (SIM = Similar, DIF = Different at *p< 0.05 and **p< 0.01) 
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the kits on-site and in the laboratory based on qualitative 

comparisons. The Afla-20 Cup's results were different 

(p< 0.05) from those of the Aflatest-10 but similar to Agri-

Chek and Agri-Screen I and II under both conditions. 

Similarly, the Aflatest-10 was different (p< 0.05) from Agri-

Chek and Agri-Screen I and II. There was no significant 

difference between the results of Agri-Chek and Agri-Screen I 

and II in the field and laboratory. Overall the kits had a 

mean agreement of 82% on-site and 84% in the laboratory. 

Wilson and Beaver (1990), reported finding differences between 

the same immunochemical kits. They also reported that results 

of the Agri-Chek kit were similar to those obtained by HPLC. 

Because aflatoxin concentration levels in the samples were not 

known, it was not possible to determine which method gave the 

correct value. Similarly this study could not determine which 

of the test methods was better than the others. 
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CONCLUSIONS AND FUTURE DEVELOPMENTS 

Consumption of aflatoxin contaminated foodstuffs is 

deleterious to the health of the consumer. Little is known 

however, of actual exposure to aflatoxin, particularly in 

developing countries where the risk is much more than in 

technologically-developed countries. Limiting dietary exposure 

to aflatoxin will improve the general health of a population. 

This goal is feasible, provided appropriate resources and 

technologies are utilized. In order to succeed, cost 

effective, versatile and simple methodologies with a high 

sample throughput are required. 

It has been demonstrated from the results in this study that 

all the four immunochemical kits tested can be used under non-

laboratory conditions without appreciable loss of accuracy, 

provided an ice chest is used to control temperature. The 

excellent agreement between on-site and laboratory assay 

results shows equitable performance and the versatility of 

these test kits. Individually, the effects of environmental 

conditions appear minimal with the Agri-Chek kit showing some 

level of susceptibility. Overall, temperatures higher than 
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37°C nay induce changes in the assay systems that might result 

in a higher rate of negative samples. This study has shown 

that the kits may not operate normally above 37°C. It may 

therefore be inferred that high temperature probably in 

combination with low humidity may cause the greatest 

malfunction of the test kits. Inferences concerning 

temperature and relative humidity have been made with caution 

because of weaknesses in the data base. All the relative 

humidity data were based on estimates, sometimes from stations 

a few miles from the assay location. Part of the temperature 

data used were also from locations only in the area of the 

test sites. In addition the effects were assessed on 

qualitatively classified data that may lead to overexpression 

or quenching of actual variations. Since the study was not 

designed to test these parameters, observations made here 

about the effect of aflatoxin concentration in the samples, 

temperature and relative humidity, on the test kits may not be 

reproducible. What has been highlighted, however, is the 

possibility that these factors could alter the performance of 

the immunochemical test kits. 

The disagreements between immunochemical and TLC results 

reported in this study may reflect different underlying 

principles between the assay methodologies. The immunochemical 
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assay kits are designed for screening and nay have an in

built safety factor in the form of a lower threshold than is 

actually stated. This is advantageous in monitoring, because 

samples classified as negative and allowed into commerce will, 

with a reasonable degree of certainty, contain very little or 

no aflatoxin at all. Those that are determined to be positive 

should be re-analyzed using conventional methods. The combined 

cost of re-analysis and initial screening will be lower than 

that of analyzing all samples by conventional chemical methods 

such as TLC or HPLC. TLC is designed to estimate the exact 

aflatoxin content of a sample. 

Immunochemical kits have a high potential as screening tools 

in aflatoxin monitoring programs. They are relatively cheaper, 

faster and more versatile than chemical methods. The cost is 

decreased in terms of labor, time spent on the assay, and the 

limited number and small volumes of solvents required. In this 

study, it was estimated that 10 samples took 50 minutes by the 

longest ELISA kit method and one and half hours by the 

affinity column, which was far much less the than 5-6 hours 

required for TLC analysis. Other than supplied kit reagents, 

the only solvent required was methanol. The kits, with all 

accessories and solvents necessary for analysis, were easily 

transported to testing locations because they fit into the 

trunk of any vehicle. Because they can be used under field 
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conditions, tests on a go/no go basis could be conducted on 

location providing prompt results. This greatly reduces delays 

in movement of food lots that may require aflatoxin testing. 

They are an ideal tool for inspectors of regulatory agencies 

like the Food and Drug Administration and United States 

Department of Agriculture. 

Immunoassay kits may find greater application in developing 

countries where transportation is limited. Since the 

requirements occupy a small volume and have little weight they 

can be transported in one small vehicle. While moving from 

site to site or village to village tests could be conducted 

according to the following plan: 

1. The car is used as a source of electric power. 

2. Representative samples are collected. 

3. A sample is ground in a portable grinder or in a 

village mortar. 

4. A portion of the sample is extracted in a Waring blender 

for one minute or hand shaken for 30 minutes and 

filtered. 

5. The filtrate is tested and the results are recorded. 

6. The team moves on to the next village or site. 

Much still remains to be done before the kits can be used 
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reliably in the field on a wider scale. The effects of various 

environmental conditions, singly and in combinations need to 

be ascertained under carefully controlled experiments. 

Furthermore, the kits need to be collaboratively studied on a 

true on-site basis as opposed to laboratory type studies. One 

critical element of the current systems is overall stability 

of the kits. Hickle et al., (1990), reported that the Agri-

Screen kit failed to function when exposed to 13-29°C (room 

temperature) for a period of two days. If they have to be 

widely used in screening, particularly in developing 

countries, all reagents must be sufficiently stable at room 

temperature over long periods of time. Without such 

improvements their use will remain limited to locations with 

refrigeration. To reduce the number of samples requiring 

confirmation by conventional methods efforts should be made to 

narrow the apparently wide threshold range of the ELISA kits. 
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