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ABSTRACT 

Naturally-contaminated yellow dent corn containing 

1,574 p £ total aflatoxin per kg was treated with 2Vj.or 3% 

NaOH at 100°C for 2 or 5 minutes respectively. After 

washing, the moisture was adjusted by soaking or autoclaving 

and the product was deep fried for 10 or 15 minutes to 

produce a corn snack. Samples were taken after each process

ing step. Aflatoxin levels and mutagenic activity of acetone 

extractions of alkaline and acidified products were meas

ured. There was over 99X destruction of the aflatoxin in the 

final product. Acidifying products after each stage and 

prior to analysis caused reformation of as much as 18% of the 

original aflatoxin, however, the acidified final product 

showed no reformation at all. Mutagenic activity detected by 

both strains TA 98 and TA 100 of Salmonella typhimurium 

decreased along with the process. Mutagenicity of the final 

product was equal to that of the negative controls. Acidifi

cation of the product caused a corresponding increase in 

mutagenic activity. Both manufacturing processes were 

effective in aflatoxin destruction and reduction of mutagenic 

activity. 

vi ii 



CHAPTER 1 

INTRODUCTION 

Aflatoxins represent a group of toxic-metabolites 

produced by the ubiquitous molds Aspergillus flavus and A. 

parasiticus. Among all the mycotoxins, aflatoxins have 

received the most attention because they have been reported 

as contaminants in a number of human foodstuffs (Armbrecht, 

1972) and because of their carcinogenic, mutagenic and 

teratogenic nature (Hayes, 1981). 

Corn is one of the three commodities that is most 

likely to be contaminated with aflatoxin. This condition 

occurs periodically according to unfavorable climatic 

conditions (Goldblatt, 1969) as well as insufficient measures 

to prevent mold growth during storage (Wilson et al, 1979). 

Corn is used extensively for animal and for human consumption 

after it is processed. Examples are corn grits, corn cereal, 

tortillas and more recent corn snack items. The limewater 

soaking which is part of the tortilla making process and the 

baking process have been shown to reduce the amount of 

aflatoxin in tortillas (Price and Jorgensen, 1985). Although 

previously it was thought that complete destruction was 

achieved during treatment with alkali, recent evidence has 

1 



2 

indicated that a reformation of aflatoxin nay occur under 

acidic conditions such as those which occur in the stomach 

(Price and Jorgensen, 1985). This may occur in other 

products under other conditions. There also is a necessity 

to test for any biologically active by-products of processing 

on aflatoxincontaminated products. One of the tests which 

has been accepted is the Salmonella/mammalian microsome 

mutagenicity test (Maron and Ames, 1983). 

The objectives of the present work are: 

1) Evaluation of two processes for the production 

of a corn snack for destruction of aflatoxin in naturally-

contaminated corn. 

2) Test for the possibility of reformation of 

degraded aflatoxin under acidic conditions. 

3) Test acetone extracts of products from each 

stage of the process for mutagenicity using the Ames 

Salmonella/mammalian microsomal assay. 



CHAPTER 2 

LITERATURE REVIEW 

Aflatoxin Detoxification 

There is a need for detoxification of aflatoxin 

(AF) contamination in food and feed crops, since growth of 

this toxigenic mold and elaboration of its toxin has not 

been prevented by improved practices in culture, harvest

ing, drying, storage and handling. However, much progress 

has been made since AF was discovered in reducing the 

incidence and severety of AF contamination (Dollear, 1969). 

The detoxification methodologies of mycotoxins in 

foods and feeds need to be practical and economical. These 

methods have to decrease the concentrations of toxins to 

safe levels, should not produce any toxic degradation 

products, and mantain adequate nutritional values (Doyle et 

al, 1982). Among the many procedures for detoxifying 

mycotoxins, only a few have apparent practical applica

tions. Use of the method and its application on a commer

cial scale depend upon the food being detoxified. Promis

ing physical and chemical degradation methods have been 

tested for the inactivation of AFs. 

3 
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Physical Degradation 

Heat and irradiation have been studied for their 

effects on AF. The isolated AF have been found to be 

stable up to their melting points of around 250eC (Feuell, 

1966). However, a decrease in the amount of AF takes place 

after a heat treatment is applied. Waltking (1971), using 

forced heated air at 400°F (204°C) in roasting of contami

nated peanuts showed an average loss, after roasting, of 

40-50% of AFBi originally present. The raw peanuts had an 

average of AF contamination of 627 Hg/kg, and that of the 

roasted peanuts was 314 ng/kg. 

J. Reiss (1978) added crystalline AFBi to the dough 

of whole-meal wheat bread at levels of 10.8 and 5.4 Mg/g* 

During preparation and baking for 30 min at 120°C, of 

whole-meal wheat bread AF was reduced 80-90%. Reiss observed 

a significant decrease of AFBi content of 60* in the course 

of kneading while preparing bread. He assumed that this 

degradation was caused by oxidative or hydrolytic processes 

or both. 

Stoloff and Trucksess (1981) used corn grits 

naturally contaminated with AF at 29.8 ng/g for making 

boiled grits; portions of the boiled grits were used for 

making pan-fried grits. From analyses of the products 

before and after preparation of the table-ready products, 

it was determined that 28 9% of the AF found originally could 
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be reduced after the grits were boiled 30 Bin in boiling 

water. The reduction of AFBi after the grits were fried, 20 

min at 350°F (177 C), was 34±10%. Also naturally-contami

nated cornmeal was used for making corn muffins. A reduction 

of 13±4% of AFBi was found after baking the muffins. 

Moisture content of the heated product is a critical 

factor in Af degradation as the presence of moisture contrib

utes to the rate at which heat can degrade AF. Mann et 

al (1967) studied the effect that heat and moisture have on 

AF in oilseed meals. They observed that increasing the 

moisture content of the meal resulted in increased rates of 

AF degradation when temperature and heating time were held 

constant. Heating meal containing 30% moisture for 2-5 hr at 

100°C resulted in degradation of approximately 85% of the 

original toxin. When similar meal containing 6.6% moisture 

was treated with same conditions, about 50% of the AF was 

degraded. 

Stoloff and Trucksess (1981), found that the higher 

the moisture content the higher the decrease in the amount 

of AF. They cooked grits in boiling water, first with 710 

ml (3 cups) water for each 175 g (1 cup) of grits, and 

second with four cups. The decrease of AF was 34±10% and 

53*8% respectively. Coomes et al (1966) reported reduction 

of AFBi in peanut meal from 7,000 to 340 Mg/kg by auto-

claving 60% moist meal 15# and 120°C for 4 hr. They did not 
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find a significant decrease when autoclaving a 10% moisture 

meal. 

Pure AF in solution or on thin layer chromatogra

phy (TLC) plates are sensitive to ultraviolet light; however, 

there is also no agreement for practical use of such treat

ment for destroying AFs. Feuell (1966), reported that 

exposing a thin layer of peanut meal 10 cm below a UV 

light source for 8 hr caused no apparent change in fluores

cence of the toxin. When extracts of UV-treated peanut 

meal were fed to ducklings, they died within a few days and 

had liver lesions characteristic of those produced by 

AF. Feuell reported that the original AFBi level probably 

was between 7,000 and 10,000 tig/kg. 

Shantha and Sreenivasa Murthy (1981), showed that 

sunlight destroyed 83 and 50% of the toxin added to casein 

and groundnut cake flour, respectively. They added 0.5 Mg 

of AFBi per g of flour. In a previous study these authors 

(1977), studied the effect of sunlight on the toxin levels 

in groundnut oil. They found that sunlight can destroy AF 

and its biological activity present in oil. Exposure of 

the groundnut oil containing up to 33 mg/1 to sunlight for 

15 min completely destroy all AF, whereas, exposure of the 

same oil for 2 hr to short and longwave UV irradiation 

destroyed only 40-45* of the toxin. Extending the exposure 

time to 18 hr led to 80-85% destruction of AF. 
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Chemical Degradation 

The structural formulae of the most commonly oc

curring AFs are shown in figure 1. The most reactive 

functional groups for ease of attack by chemical reagents 

are the lactone ring of AFs Bi and B2, and the two lactone 

rings of AFs Gi and G2. These delta-lactones can be readily 

opened by hydrolysis with strong alkalis such as sodium 

hydroxide. It can be anticipated that a decrease in tox

icity, mutagenicity and carcinogenicity following hydrolysis 

it will occur. Other functional groups of these AFs are less 

readily attacked by chemical reagents. 

Acid Treatment 

Degradation of AF and decrease of its biological 

activity can be accomplished by aqueous solutions of strong 

acids. These catalyze the addition of water to AFBi and 

AFGi and convert them to the corresponding hemiacetals 

AFBza and AFG2a. Pons et al (1972) using a pH 3.0 solution 

needed 6 hr at 100°C to convert 95X of the 50 Mg FBi solution 

to AFB2a. He also achieved the same percent conversion while 

heating at 100°C for 10 min at pH 1.0. Since these are 

fairly drastic conditions, it is not likely that the use of 

acid solutions is a viable alternative for detoxifying 

agricultural commodities. Besides such a treatment will 

leave AF B2 and G2 little affected. 
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Figure 1. Structure of Aflatoxins. 
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Base Treatment 

Alkali treatments have been especially useful in 

eliminating AF from some foods and feeds. A diversity of 

inorganic and organic bases have been evaluated for their 

effect on AF (Marth and Doyle, 1979). Gaseous or aqueous 

ammonia is an effective and economically feasible reagent 

for chemical inactivation of AF of a variety of feedstuffs 

(Price et al, 1982; Jorgensen and Price, 1981; Moerck et 

al, 1980; Nofsinger and Anderson, 1979; Brekke et al, 1978; 

Brekke et al, 1977a, 1977b; Gardner et al, 1971; Mann et 

al, 1971). Norred (1981), treating corn naturally contami

nated with 1,000 Mg/kg total AF obtained a destruction of 

99* of the AFs, The atmospheric ammoniation of corn is 

effective for detoxifying corn utilized for livestock 

feeding although the decontaminated materials may have 

off-flavors and off-odors, and possibly toxic residues. In 

addition, ammonia vapors themselves are toxic and explo

sive, and the corn resulting from the process is often 

difficult to handle, darkened in color and must be marketed 

at a discount. 

Calcium hydroxide, lime, is another means for 

reducing AF content in corn. Ulloa-Sosa and Shroeder 

(1969), inoculated white corn kernels with spores of A. 

flavus. They followed a domestic recipe from Mexico for 
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making tortillas. Around 70* reduction of AF was obtained. 

Their initial AF concentration was 49.11±20.92. 

Price and Jorgensen (1985), studied the effects of 

processing on AF levels in tortillas made from naturally-

contaminated corn. They treated the 130 Mg/kg total AF 

yellow corn with different conditions varying the percent

age of Ca(0H)2, cooking time, and holding time. They 

obtained as much as 85* overall reduction of AFBi. They 

also acidified all products prior to analysis to determine 

the effects of acid on the degradation products because the 

human has an acid stomach. The chemical analysis of this 

samples showed higher levels of AF indicating reformation 

of the AFBi. This reversion ranged from 12 to 44* of the 

original AF level. 

Another alkali reagent that has been used for 

reduction of AF is sodium hydroxide. Dollear (1969) 

cooked a peanut meal containing 113 fig/kg total AF with 2* 

sodium hydroxide and 22* moisture, the total AF content 

was reduced to 18 pg/kg. When cooked with 2* sodium hydrox

ide and 30* moisture only traces, around 5 \xg/kg, of total AF 

were detected. 

Moerck et al (1980) treated naturally-contamina

ted yellow dent corn containing 235 pg/kg of AFBi and AFB2, 

and an adjusted moisture content of 20* with different 

concentrations of NaOH. The final concentrations of NaOH 



were 0.5, 1.0, and 2.0% based on the dry matter of the 

corn. Around 50% decrease in AF Bi and AF B2 resulted 

after treatment with 0.5% NaOH. Treatment with 2.0% NaOH 

was especially effective in eliminating AF Bi and AF B2. 

All these treatments were done for 24 hr at ambient tempera

ture. Subjecting corn to NaOH treatment did not appear to 

alter the color of the corn but surface stickiness was 

evident. 

Draughon and Childs (1982) treated highly purified 

(>95%) AFBi with eleven concentrations of sodium hydroxide 

(0-25mg). Addition of 5 mg NaOH decreased fluorescence to 

32.8%. Concentration between 5 and 20 mg reduced fluores

cence to 20%. Increasing the concentration to 25 mg reduced 

fluorescence below 10%. All the NaOH aliquots had 20 vig 

AFBi . 

Mutagenicity of Aflatoxin 

All molecules, including DNA, are subject to some 

spontaneous or induced denaturation, which is to say that 

chemical bonds are sometimes altered in a random way. 

These changes in DNA are potentially more dangerous than 

those in other molecules, for instance the denaturation of 

an enzyme. Such changes alter the genes themselves and 

produce germinal as well as somatic mutations. Germinal 

mutations may result in genetic disorders, reduced fertility, 

fatal syndromes, or abortion. Somatic mutations may lead to 



neoplasia (tumors), cancer, cell death, terata (malforma

tions), or unknown diseases (Casciano, 1982). 

It has been demonstrated that food can contain 

chemicals with mutagenic activity. These foodborne mutagens 

are either naturally-occurring substances, contaminants, or 

substances formed during the processing and/or preparation of 

foods (Taylor, 1982). AF is an example of a foodborne 

mutagen that is known to be a carcinogen. 

Ames et al (1972) have proposed that AF have a 

planar-structure configuration, and an electrophilic moiety 

capable of a strong stacking interaction with DNA causing 

additions or deletions of nucleotides during replication or 

repair synthesis. Mutations are of several types: base 

substitutions, frameshifts, and larger lesions. The first 

two and especially frameshift mutations are capable of being 

detected by the proper strains of Salmonella used by the Ames 

Test. 

Base-pair substitution occurs when one of the 

nucleotides has been substituted for a different nucleo

tide. This will result in the making of a non-functional 

protein and a cessating of cell growth. This happens 

because the structure of proteins is determined by the 

ordering of nucleotides. 

Frameshift mutations result from additions or 

deletions of DNA base pairs from genes encoding polypeptide 
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chains in a repetitive sequence of bases. For example, one 

frameshift mutation (deletion type) in the histidinol 

dehydrogenase gene, hisD3052, takes place with a probably 

loss of a G.C pair from a DNA repeat of -G-G-G- in one 

strand and -C -C-C-  in the other (Isono and Yourno, 1974). 

Carcinogenicity of Aflatoxins 

Wogan (1973; 1976) has reviewed the carcinogenicity 

of mycotoxins in experimental animals. AFBi, the most 

potent of the naturally-occurring carcinogens, is carcino

genic to a variety of species including the rat, duck, 

rainbow trout, salmon, guppy, mouse, hamster, ferret and 

the Rhesus monkey. The main organ target is the liver 

where AFBi causes hepatocellular carcinoma. Few compara

tive carcinogenesis experiments have been done with AF 

other than AFBi (Wogan, 1976). AFGi was shown to be half 

as potent as AFBi in rats and rainbow trout. These findings 

correlate with the study of Wong and Hsieh (1976) on the 

mutagenicity of AF related to their metabolism and carcino

genic potential. They found that AFBi has the highest 

mutagenic potential over the other three naturally-occuring 

AF. 

The reactive forms of some carcinogens were examined 

by Ames et al (1972b) and found to be frameshift mutagens 

that can intercalate and react with DNA. AFBi satisfies the 

requirement of having a nearly planar aromatic ring system, 



presumably capable of a stacking interaction with DNA, and a 

potentially reactive part of the molecule (Ames et al, 

1973b). It has been proposed that this carcinogen causes 

cancer by somatic mutation. It has been shown that AFBi is 

carcinogenic as well as mutagenic because of its particular 

structure. 

AFBi requires metabolic activation to form the 

ultimate carcinogen and mutagen. Considerable evidence is 

now available to support the hypothesis that activation of 

AFBi to the ultimate carcinogen and mutagen involves epoxi-

dation of the double bond in the terminal furan ring 

(Essigmann et al, 1977; Swenson et al, 1977). The epoxide 

decomposes to form a carbonium ion at C-2, which attacks 

nucleophilic sites in DNA, especially on the guanine mole

cule. Recent evidence suggests that the N-7 of guanine is 

preferentially attacked. AFBi is biotransformed to an 

alkylating agent by mammalian enzymes, a process which is 

beyond the metabolic capacity of most microorganisms. In 

testing for mutagenicity, bacterial systems are supplemented 

with mammalian tissue extract (usually liver homogenates) and 

cofactors (Ames et al, 1973b; Hayes, 1981). 
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Mutagenesis Assay Methods 

There are many mammalian mutagenesis assay systems 

as well as submammalian systems to detect potential mutagens 

and carcinogens. Many of the mammalian systems are currently 

being developed or are already in use. These can be in-vitro 

or in-vivo mammalian assays. 

The mammalian in-vitro systems also detect base-

pair substitutions and frameshift mutations. The cultured 

cells most often used for this type of mutation are: the 

Chinese hamster ovary cell, CHO (O'Neill and Hsie, 1979), 

the mouse lymphoma L5178Y (Moore-Brown and Clive, 1979), 

V79 hamster cells (Chang et al, 1979), and the human lympho-

blast (Thrilly, 1979). One advantage of these systems is 

that the target molecule is a mammalian genome (Casciano, 

1982). 

The use of the intact mammal in mutagenicity/carci

nogenicity testing provides the closest approach to the 

metabolic conditions in man. The in-vitro and submammalian 

systems do not adequately simulate the in-vivo condition, 

that is, route of administration, absorption, distribution, 

effective dose to the target cell, etc. There are several 

in-vivo tests that can measure base substitution, frame-

shift mutations, chromosomal effects, and primary DNA 

damage in somatic and germ cells (Casciano, 1982). Rusell 

and Matter (1980) have reviewed several of these methods. 



Depending upon the test used, each one has its own draw

backs . 

There are several submammalian test methods for 

detecting chemical mutagens. These submammalian systems 

can utilize bacteria, lower eukariotes (Anderson and 

Longstaff, 1980), and insects (Wurgler et al, 1977). 

Here, only the Ames Test will be discussed because it is 

the one used in this research. 

Characteristics of the Bacteria Utilized 
to Detect AF as Mutagens 

In this research the submammalian test system used 

is the Salmonella/mammalian-microsome test called the Ames 

Test (Ames et al, 1975; Maron and Ames, 1983). This test 

has been designed to detect base pair and frameshift mutagen 

in certain mutant strains of Salmonella typhimurium. a 

prokariotic organism. The reason for using this bacteria 

system lies in the fact that DNA, the target molecule, is 

identical at the structural level in all living organisms. 

The mutagenicity test uses S_;_ typhimurium strains 

that require histidine. The test measures the effect of a 

mutagen on the reversion to histidine independence of a 

tester strain. Some strains were designed to detect frame-

shift mutagens; others to detect mutagens that cause base-

pair substitutions. S_^_ typhimurium strains TA 98 and 

TA 100 will be discussed since they are the ones used in thi 



research. For a better knowledge of how these strains 

were designed through many genetic changes from the wild type 

parents S^. typhimurium LT2 to the adequate detecting frame-

shift mutation TA 98 and for base-pair substitution TA 100 

refer to: Ames et al (1971; 1972a; 1972b; 1972c; 1973a; 

1973b), McCann et al (1975; 1976). 

The difference between the strains TA 98 and TA 100 

that makes them detect a certain type of mutation resides 

in the way these two bacteria were mutated to make them 

require histidine. Reversion requires a compensating 

mutation, almost invariably of the same general type as the 

original; i.e., base substitutions are corrected by base 

substitutions, frameshifts by frameshifts (Isono and Yourno, 

1974). TA 100 contains the base-pair mutation hisG46, and it 

is in the hisG gene that codes for the first enzyme of 

histidine biosynthesis. This mutation substitutes -GGG- in 

one strand and -CCC- in the other (proline) for -GAG- and 

-CTC- (leucine) in the wild type organism. The strain will 

detect mutagens that cause base-pair substitutions primarily 

at one of the G-C pairs ''Ames et al, 1983). 

TA 98 contains the frameshift mutation hisD3052, 

and it is the hisD gene that codes for the enzyme histi-

dinol dehydrogenase. Frameshift mutagens can stabilize the 

shifted pairing that often occurs in repetitive sequences 

or the carcinogen-sensitive "hot spots" of the DNA, resulting 



in a frameshift nutation which restores the correct reading 

frame for histidine synthesis. The hisD3052 mutation has the 

DNA sequence -GCGCGCGC-, -GCGCGCGC- 8 repetitive -GC-

residues near the site of a -1 frameshift deletion in the 

hisD gene (Isono and Yourno, 1974). 

There is no other difference between these two 

strains than the one explained above. However, they have 

some other genotypes, that are common to both, used for 

mutagenesis testing. These strains lack the excision 

repair system for DNA because of a deletion through the 

uvrB gene region of the chromosome; this makes them much 

more sensitive to any mutagen that alters the DNA in a way 

that would be normally repaired by this system. For techni

cal reasons, the deletion excising the uvrB gene extends 

through the bio gene and as a consequence , the bacteria also 

requires biotin for growth. 

The deletion of the gal operon and the deep rough rfa 

mutation eliminates the polysaccharide side chain of the 

lipopolysaccharide (LPS) that coats the bacterial surface 

down to the ketodeoxioctanoate-lipid core, making the 

bacteria more permeable and completely nonpathogenic (Ames et 

al, 1973a). 

These strains also contain an R factor plasmid that 

increases mutagenesis with certain mutagens, like AF. This 

factor has specific regions of the pKMlOl DNA that are 



19 

essential for enhancement of UV and chemical mutagenesis, 

replication, and ampicillin resistance (Ames et al, 1975b; 

Langer et al, 1981). 

The use of short-term mutagenicity tests such as 

the Ames test for identifying potential carcinogens in the 

food supply must be viewed with caution at the present 

time. One should recognise that neither short-term mutageni

city tests nor long-term carcinogen bioassays in animals 

provide completely accurate results that can always be 

confidentially used to predict human risk from exposure 

to a chemical. The short-term tests can be valuable toxico-

logical tools. These tests serve a useful function for 

certain purposes such as identifying food components that 

warrant further toxicological evaluation. They are relative

ly inexpensive, rapid, and easy to carry out; they measure 

specific DNA damage; and they are easily adapted to inclusion 

of exogenous metabolic activation systems. These tests may 

hold considerable promise for the future in terms of carcino

gen identification. "Further development of new and improved 

short-term assays may eventually allow the use of these tests 

to replace the cumbersome, long-term carcinogenicity tests in 

animals. However, at present, the deficiencies of these 

tests for that purpose must be recognized, and the data 

generated by these tests should be interpreted with a certain 

degree of caution" (Food Safety Council, 1980). "These 



systems are not readily amenable to detection of chromosome 

aberrations; and the existence in man of factors which 

influence mutagenic activity of a compound (i.e., concentra 

tion, absorption, distribution, metabolism in a target cell 

etc.) makes it difficult to extrapolate to man the effects 

observed in these organisms" (Casciano, 1982). 



CHAPTER 3 

MATERIALS AND METHODS 

The purpose of this study was to investigate the 

effect of a commercial process and of a process developed 

at the University of Arizona (UA), for making a corn snack, 

on the destruction of aflatoxins and their mutagenic activity 

in naturally-contaminated yellow dent corn. 

The sample of naturally-contaminated yellow dent 

corn used for this investigation in the making of a corn 

snack was a part of field contaminated corn originally from 

the state of Texas. It was not the same variety which is 

normally used to make the commercial corn snack. After 

extensive searching throughout the Southern U.S. and Northern 

Mexico for white corn of a type similar to that used in 

commercial practices, we concluded that we could not find, at 

least at that time, a naturally-contaminated sample. 

Procedures for the Preparation of the Corn Snack 

Commercial procedure: 1.5 kg of corn was added to a 

boiling solution of 2.5* w/v sodium hydroxide and the 

mixture was boiled for 2 minutes. The caustic treated corn 

was rinsed with fresh cold tap water to remove pericarps and 

lye. The dehulled corn was soaked in 155°F water for about 
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1.5 hours. The soaked corn was deep fat fried in 400°F 

vegetable oil for about 5 minutes. The final snack was 

cooled to room temperature. 

University of Arizona procedure: 1.5 kg of corn 

was added to a boiling solution of 3X w/v NaOH and the 

mixture boiled for 4 minutes. The lye treated corn kernel 

were rinsed with fresh cold tap water. The dehulled corn 

was cooked in a pressure cooker for 15 minutes under 15 lb 

of pressure. The cooked corn was deep fat fried in 385°F 

vegetable oil for about 10 minutes, and later cooled to 

room temperature. 

Analytical procedure 

The method used for extraction and cleanup of corn 

samples for quantification of aflatoxins was according to 

the procedure of Thean et al (1980). 

Thin-layer chromatography plates (UniplateT•M• by 

Analtech, Inc.) were used. Developing solvent was 100 ml 

of chloroform-acetone (90:10). The dry extract of afla-

toxin was dissolved in an appropriate final volume of 

benzene-acetonitrile (98:2). 
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Acidification of Samples 

Samples from each step were acidified to a final pH 

of 2. The acid was added during the first step of the 

extraction. Methanol-0.IN HC1 (160-40 ml) was added to 50 

gr of sample. The blended product was allowed to rest for 

half hour. The extraction procedure was continued as 

above. 

Mutagenic Assay 

AF for the mutagenic assay was extracted with 

acetone according to Felton et al (1981). For acidifi

cation of samples, 5 gr of corn kernels were extracted with 

25 ml acetone-lN HC1 (85-15) twice. The two filtrates were 

placed together and rested for half hour. The extraction 

was continued according to the above method. 

A set of histidine-requiring typhimurium strains, 

TA 98 and TA 100 were used for the mutagenic assay. They 

were generously supplied by Dr. Dennis P.H. Hsieh, University 

of California-Davis. The strains were checked following the 

procedure of Maron and Ames (1983). 

The mutagenicity test was carried out according to 

Maron and Ames (1983). Interpretation of mutagenicity in 

the Ames assay was done according to the 2-fold rule (Carnes 

et al, 1985), which states that a compound is significantly 

mutagenic if the test compound doubles the mean spontaneous 

mutation frequency. 



Statistical Analysis of Data 

Statistical analysis of data was done by using a 

computer program to calculate 3-way analysis of variance 

and determine the correlation coefficients. Means were 

separated using least significant difference at P<0.05X 

(Steel and Torrie, 1960). 



CHAPTER 4 

RESULTS AND DISCUSSION 

The quantitative determination according to the 

method of Thean et ai (1980) gave a mean of total aflatoxin 

as 1,574 yg per kg (ppb). The content of AFBi was 1,180 

and for AFB2 393 ^ig/kg. These values are somewhat higher 

than those reported previously (Price and Jorgensen, 1985; 

Shotwell et al, 1981; Norred, 1981; Moerck et al, 1980; 

FAO and UNEP, 1979; McMillian et al, 1977). This high 

contamination was desirable because the purpose of this 

study was to follow the changes on aflatoxin levels and on 

mutagenic activity in corn as affected by the steps in the 

process of the corn snack. The stages involved in both 

processes are as follows: 

* Original sample 

* Lye treatment 

* Washing 

* Moisture adjustment 

* Frying 

25 
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Results Obtained with the UA Method 

Table 1 shows the AF levels in corn following the 

UA process. It was found that the 3* w/v NaOH treatment 

under boiling conditions during 5 minutes decreased the 

AF levels from 1574 ppb total AF to 107 ppb (93*). Washing 

had no effect upon the AF since aflatoxin is not soluble in 

water but moisture adjustment and deep fat frying decreased 

the AF to 2* and 1* respectively. These results of afla

toxin reduction are in agreement with the findings of 

Moerck et al (1980). They treated the 235 ppb of AFBi and 

AFB2 naturally contaminated yellow dent corn with 2* w/w 

NaOH for 24hr at ambient temperature. Aflatoxin was reduced 

to non-detectable levels. Draughon and Childs (1982) treated 

twenty micrograms of highly purified (>95*) AFBi with 

different concentrations of NaOH (0-25mg) and reduced 

fluorescence by 92*. 

Effect of Acid Treatment 

Table 2 shows the results of acidification on AF 

levels. Each sample was acidified with HC1 0.1N for one 

half hour to a final pH of 2 after each stage of process

ing. This was to take into account the acidity of the 

human stomach. After acidification each sample was analyzed 

for AF. With the acidification of the lye treated products 

it was found out that 16.9* of the AFBi reformed back to the 

active form. This showed that there was a 76* reduction of 
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Table 1. Means of aflatoxins in products at the different 
stages of UA process. 

Stage of Process AFBi AFBz Total AF 

Raw corn 1, 180 393 1,574 

Lye trm't* 80 27 107 

Washing* * 80 27 107 

Moisture adjustment*^ 16 5 21 

Frying^" 2 0 2 

Aflatoxin levels are expressed in ng/kg (ppb). 

• 3* w/v NaOH, 5 minutes under boiling conditions. 

*• Cold tap water. 

Pressure cooker, 15 psig for 15 minutes. 

Deep fat frier, 385°F for 15 minutes. 
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AFBi compared with the 93% at the same stage without acid 

conditions. This difference between the acidified and non 

acidified was highly significant. 

With the washing step a 3.4* reformation of AFBi 

and 4.5% for AFB2 was obtained as compared to the values of 

its counterpart with no acidification. These differences 

were not significantly different. 

The aflatoxin levels of the subsequent stages were 

the same as those ones with no acid treatment. The levels 

of aflatoxin at these two stages were so low that if any 

reformation occurred it was not appreciably detected by 

TLC. It also shows that the open-ring form of AF is more 

susceptible to further breakdown by pressure and heat than 

is the closed ring form. 

It was found that the values of the acidified 

process were significantly higher than for those not treated 

with acid, for the UA process. 

These percentages of reformation were lower from 

those of Price and Jorgensen (1985) who found as much as 

51* of the original level in corn tortillas, and of Parker 

and Melnick (1966) who found nearly 100* reconversion in 

refined vegetable oils. 

Results Obtained with the Commercial Process 

Table 3 shows the aflatoxin levels in corn follow

ing the commercial procedure. It was found that the 2Vt* w/v 



Table 2. Means of aflatoxin of acidified products at the 
different stages from UA process. 

Stage of process AFBi AFBa Total AF 

Raw corn 1,180 393 1,574 

Lye trm't 280 120 400 

Washing 120 44 164 

Moisture adjustment 16 5 21 

Frying 2 0 2 

Aflatoxin levels are expressed in fig/kg (ppb). 

The conditions of each stage are the same for those 
reported in table 2. 

HCl 0.1 N was used to acidify samples to a final pH 
of 2, and rested each sample for 30 minutes. 
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NaOH treatment under boiling conditions for 2 minutes 

decreased AF levels from 1,574 ppb total AF to 149 ppb 

(90*). Washing did not affect the levels of AF but further 

treatment such as moisture adjustment and deep fat frying 

decreased the AF to 21 ppb and 2 ppb respectively. For both 

processes the final AF levels were decreased below the 

maximum concentration of AF (20 ̂ g/kg) permitted in food

stuffs recomended by the FDA (Labuza, 1983). 

Effect of Acid Treatment 

Results shown in table 4 are on aflatoxin levels 

after acidification of the products from the commercial 

process. The same final pH of 2 was reached at each stage 

after being processed and prior to chemical analysis. 

Approximately 14% of AFBi was reformed after lye treatment, 

close to the value obtained by the UA process. There is no 

significant difference between the two processes at this 

stage under acidic conditions. 

In the washing step a 10.4* aflatoxin reformation 

resulted compared to the levels obtained with its analogous 

stage with no acid treatment. There is no significant 

difference on aflatoxin reformation between this stage and 

the lye treated stage. 

An 8.3* reformation was found to occur in the 

moisture adjustment step, this did not happen with the 

UA process where no reformation ocurred at all. The reduc 



Table 3. Means of aflatoxin in products at the different 
stages from the Commercial Process. 

Stage of process AFBi AFBs Total AF 

Raw corn 1, 180 393 1,574 

Lye trm't* 112 37 149 

Washing** 112 37 149 

Moisture adjustment*^ 16 5 21 

Frying^" 2 0 2 

Aflatoxin levels are expressed in Mg/kg (ppb). 

• 2%% w/v NaOH, 2 minutes under boiling condi
tions . 

** Cold tap water. 

Open vessel, 155eF for about 1 hrs. 

Deep fat frying, 400°F for 10 minutes. 



32 

tion percentage of the remaining aflatoxin was lower at this 

stage, 52%, against 86.7% with the other process. This may 

be accounted for the treatment being less severe since an 

open vessel was used. The final stage had the same overall 

reduction of 99%, being the final aflatoxin level of 2 ug/kg. 

Reformation of the open-ring form to the original 

AF was also lower from those reported (Price and Jorgensen, 

1985; Coomes et al, 1966; Parker and Melnick, 1966). 

Process Comparison 

By computing a 3-way statistical analysis of variance 

it was found: 

1) There was a small significant difference between 

the two processes. The commercial process did show little 

higher means for total AF levels during but not at the end of 

processing. 

2) There was a significant difference on afla

toxin levels for stage of processing. 

3) Acidification had a significant higher differ

ence . 

4) Interactions for stage of process x pH x method 

were not significant. They exerted the same decreasing 

effect on aflatoxin levels. 



Table 4. Means of aflatoxin of acidified products at the 
different stages from the Commercial process. 

Stage of process AFBi AFB2 Total AF 

Raw corn 1, 180 393 1,574 

Lye trm't 280 93 373 

Washing 234 78 313 

Moisture adjustment 112 37 149 

Frying 2 0 2 

Aflatoxin levels are expressed in t*g/kg (ppb). 

The conditions of each stage are the same for those 
reported in table 3. 

HC1 0.1 N was used to acidify samples to a final pH 
of 2, and rested each sample for 30 minutes. 
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Mutagenicity Results Obtained with the UA Method 

Results shown in table 5 illustrate the mutagenic 

activity using the Ames test with both strains of S. 

typhimurium TA 98 and TA 100, after the naturally contami

nated yellow dent corn was processed. There was a very 

high decrease in mutagenic activity, for both strains, on 

the lye treated products. This high reduction on mutageni

city parallels the high degradation of aflatoxin. 

The mutagenic activity results from the washing 

step were not significantly different from those of both 

strains from the prior stage. This indicates that muta

genicity remained constant since aflatoxin levels did not 

change at these two steps. 

Moisture adjustment did have a significant lower 

mutagenic activity. The frying stage did not show muta

genic activity at all for the two strains of S_i_ typhimurium 

since the mean of the values of revertants in this stage 

is the same for the mean of spontaneous revertants. This 

indicates that the final corn snack product do not possess 

mutagenic activity. 

Effects of Acidification on Mutagenicity 

Results seen in table 6 show the mutagenic activity 

represented by the number of revertants for TA 98 and TA 

100 after being acidified. Acidification was performed 

after each stage of the process was carried out. The same 
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Table 5. Means of mutagenic activity in products at the 
different stages from the UA process. 

Stage of process TA 98 i S.D. TA 100 ± S.D. 

Raw corn 841 ± 98 1,810 ± 99 

Lye trm't 79 13 77 11 

Washing 70 11 64 5 

Moisture adjustment 14 3 28 6 

Frying 0 0 

Means of mutagenic activity are expressed as the 
number of revertant colonies per plate. The spontaneous 
revertants have been substracted already. 

The mean of spontaneous revertants for TA 98 was 
37. 

The mean of spontaneous revertants for TA 100 was 
190. 

Correlation coefficients of AFBi with TA 98 and TA 
100 are 0.969 and 0.973 respectively. 

Correlation coefficients of AFB2 with TA 98 and TA 
100 are 0.969 and 0.970 respectively. 
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decreasing effect for mutagenic activity was found, al

though, the means of the revertants were significantly higher 

than from those with no acid treatment. This was in agree

ment with the higher levels of aflatoxins that occured after 

a sample had been treated with HC1. Reformation of aflatoxin 

not only brought an increase in the levels of this mycotoxin 

but also an increase on mutagenic activity. The frying step 

decreased the remaining mutagenic activity from the last 

stage to non detectable levels. 

Mutagenicity Results Obtained 
with the Commercial Process 

Table 7 shows the mutagenic activity expressed by 

the number of revertants associated with the amount of 

aflatoxin levels after the corn was treated under the 

commercial process. All stages were effective in decreas

ing mutagenicity. The highest reduction in mutagenic 

activity also occurred after the naturally contaminated 

corn was treated with the boiling 2 X lye solution for 2 

minutes. There was no significant decrease in mutagenic 

activity in the washing step. However, there was a signifi

cant effect in each of the subsequents steps. The final 

corn snack product did not show any detectable mutagenic 

compound. 
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Table 6. Means of mutagenic activity in acidified prod
ucts at the different stages from the UA process. 

Stage of process TA 98 ± S.D. TA 100 ± S.D 

Raw corn 782 ± 45 1,539 ± 159 

Lye trm't 310 47 329 59 

Washing 129 68 150 120 

Moisture adjustment 23 6 90 20 

Frying 0 0 

Means of mutagenic activity are expressed in the 
number of revertant colonies per plate. The spontaneous 
revertants have been substracted already. 

The mean of spontaneous revertants for TA 98 was 
37. 

The mean of spontaneous revertants for TA 100 was 
190. 

Correlation coefficients of AFBi with TA 98 and TA 
100 are 0.969 and 0.973 respectively. 

Correlation coefficients of AFB2 with TA 98 and TA 
100 are 0.969 and 0.970 respectively. 
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Effects of Acidification on Mutagenicity 

The effects of acid treatment on mutagenic activity 

after being processed according to the commercial process 

are shown in table 8. There was a significant difference 

between the mutagenic activity of the non-acidified samples 

with those which had been acidified. Acidified samples 

resulted in higher mutagenicity. The highest reduction of 

mutagenic activity resulted from application of sodium 

hydroxide, and did not show a significant difference with 

the washing step. The final two steps had a significant 

decreasing effect on mutagenicity giving a final non muta

genic product. 

Treatment Comparison for Mutagenicity 

There was a significant difference between the two 

processes. The means for the number of revertants were 

significantly higher for the commercial process. However, 

both processes had similar effects on mutagenic activity 

reduction. 

pH played an important role on the mutagenic activity 

at each stage of processing. A decrease in pH had a signifi

cant increase in the number of revertants. The result of an 

increase in mutagenicity will depend on the percentage of 

aflatoxin reformation. The higher the reformation of 

aflatoxin, the higher the mutagenic activity. 
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Table 7. Means of mutagenic activity in products at the 
different stages from the Commercial process. 

Stage of process TA 98 ± S.D. TA 100 ± S.D 

Raw corn 881 ± 99 1,410 * 87 

Lye trm't 167 23 202 45 

Washing 147 36 200 32 

Moisture adjustment 22 8 49 10 

Frying 0 0 

Mutagenic activity is expressed in the number of 
revertant colonies per plate. The spontaneous revertants 
have been substracted already. 

The mean of spontaneous revertants for TA 98 was 
37. 

The mean of spontaneous revertants for TA 100 was 
1 0 0 .  

Correlation coefficients of AFBi with TA 98 and TA 
100 are 0.969 and 0.973 respectively. 

Correlation coefficients of AFB2 with TA 98 and TA 
100 are 0.969 and 0.970 respectively. 
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The stage of processing also had a significant 

effect on the reduction of mutagenic activity. There was a 

decreasing effect as we progressed in the direction toward 

the final stage in the making of the corn snack. A very 

high significant difference occurred after sodium hydroxide 

was applied. Another important fact was that a complete 

reduction on mutagenic activity was reached after the last 

stage, frying, has been done. 
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Table 8. Means of mutagenic activity in acidified products 
at the different stages from the Commercial 
process. 

Stage of process TA 98 * S.D. TA 100 ± S.D. 

Raw corn 734 ± 56 1,515 ± 335 

Lye trm't 334 30 354 38 

Washing 307 37 351 53 

Moisture adjustment 170 45 241 20 

Frying 0 0 

Mutagenic activity is expressed in the number of 
revertant colonies per plate. The spontaneous revertants 
have been substracted already. 

The mean of spontaneous revertants for TA 98 was 
37. 

The mean of spontaneous revertants for TA 100 was 
190. 

Correlation coefficients of AFBi with TA 98 and TA 
100 are 0.969 and 0.973 respectively. 

Correlation coefficients of AFB2 with TA 98 and TA 
100 are 0.969 and 0.970 respectively. 



CHAPTER 5 

CONCLUSIONS 

Naturally-contaminated yellow dent corn with a 

total aflatoxin content of 1,574 yg/kg was treated with two 

different processes for making a corn snack. Samples were 

taken after each of the four processing stages, and they were 

chemically assayed for aflatoxin. Each sample was acidified 

to a final pH of 2 before analysis to determine the extent of 

reformation of the open-ring form of AF which might occur in 

the monogastric stomach. In addition, acetone extracts taken 

from the naturally-contaminated corn and from the alkaline 

and acidified products from each stage were evaluated for 

mutagenicity by the Ames Salmonella/Mammalian-microsome 

mutagenicity test, using S_j_ typhimurium tester strains TA 98 

and TA 100. 

The following conclusions were reached: 

1. Both processes described in this work were 

effective in reducing total AF levels. Almost complete 

destruction of AF was obtained. The initial total AF level 

of 1,574 Mg/kg was reduced to the final AF level of 2 

Mg/kg. 
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2. The sodium hydroxide treatment is a very impor

tant step since most of the AF degradation occurred during 

this stage. From the final 99* reduction of the total AF 

levels that is reached in both processes 93* reduction 

occurred at this stage by the UA process, and 90* reduction 

with the commercial process. Sodium hydroxide in conjunction 

with the boiling conditions is a very potent alkali chemical 

for degrading AF. 

3. The washing treatment did not affect the AF 

levels since this step is done in order not to have any 

further degradation but for removing any sodium hydroxide 

and hull residuals. 

4. The subsequent two steps, moisture adjustment 

and frying caused over 98* reduction of the total remaining 

AF. Although this accounts only for about a 9* reduction 

of the original total level. 

5. More importantly, acidification of the final 

product showed that there was no reformation of the base 

degraded aflatoxin after the whole process was carried 

out eventhough there was some reformation in the product 

after the first treatment. 

6. The response of both strains of S_;_ typhimurium 

TA 98 and TA 100 was satisfactory for measuring reduction 

of mutagenicity on corn samples. The Ames test indicated 

that mutagenicity of acetone extracts from samples at each 



44 

stage decreased as the making of the corn snack progressed. 

The final product gave numbers of revertants equal to those 

of the unprocessed corn. There was no difference whether the 

product was acidified or not. This decrease had a high 

correlation (r=0.97) with the destruction of AF. 

The results of this investigation indicate that 

both processes for making Cornnuts had the same reducing 

effect on AF levels and their mutagenic potential. The 

highest reduction on aflatoxin and their mutagenic activity 

occurred after the boiling sodium hydroxide solution had 

been applied. The subsequent stages, moisture adjustment 

and frying, gave a product with almost complete degradation 

of AF with no detectable mutagenic activity. More impor

tant, it changes the AF so that a reversion to the original 

molecule will not occur when the product is in the acid 

stomach. Although the process yields a safe product to 

humans, it is recomended that high quality corn with minimal 

aflatoxin contamination be process rather than relying on the 

process for degradation of aflatoxins. 
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