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ABSTRACT 

Aflatoxin ia the most potent, naturally-occuring 

hepatocarcinogen known to man. It ia a secondary metabolic 

product of the food molda Aspergillus flavus and Asper

gillus parasiticus, which often contaminate a wide variety 

of food commodities. Chemical treatments are us-ed to 

eliminate aflatoxin from food commodities, and the most 

promising one of these is ammoniation. The ammoniation 

of Aflatoxin under APAT conditions has been shown to 

occur only when oxygen is present. The reaction product 

is stable at room temperature at pH 12, but reverts back 

to AFB^ when the pH is lowered. 

vi 



CHAPTER 1 

INTRODUCTION 

Aflatoxins are the secondary metabolic products of 

several species of the food molds Aspergillus flavus and 

Aspergillus parasiticus, which contaminate a wide variety 

of agricultural commodities. Several forms of aflatoxin 

(B^, Bg, G1, G2) occur in nature. Aflatoxin B^ (AFB^), the 

most common and toxic form, is the most potent, naturally-

occuring hepatocarcinogen known to man. 

Ammoniation as a means to treat contaminated food

stuffs, and subsequently inactivate AFB^, is of interest to 

food scientists and toxicologists alike. There are 

currently two ammoniation processes being studied; high 

temperature-high pressure (HTHP) ammoniation and atmospher

ic pressure-ambient temperature (APAT) ammoniation. 

High temperature-high pressure ammoniation is 

carried out as a high-pressure ammoniation reaction for a 

relatively short period of time. Lee and Cucullu (1978) 

have determined the mechanism of action and final product 

for this process. 

Atmospheric pressure-ambient temperature ammonia

tion is carried out on the farm for longer periods of time 

than the HTHP ammqniation (Price et al.f 1982). The mech

anism of action for the APAT procedure and its reaction 
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product(s) are unknown. An understanding of this mechan

ism and its reaction product(s) would be of great use to 

food scientists in their efforts to eliminate aflatoxin 

from contaminated foodstuffs. 

It is the purpose of this thesis to examine the 

APAT ammoniation of pure crystalline AFB^ versus time, to 

observe the formation of a more polar product of reaction, 

based on results by Vesonder et al. (1975), and to isolate 

this product for analysis of its chemical structure. 



CHAPTER 2 

LITERATURE REVIEW 

History 

In 1960, "Turkey X" disease resulted in the death 

of nearly 100,000 young turkeys in Southwestern England. 

In addition, tens of thousands of ducklings and young 

pheasants, in the same general area, were dying of a dis

ease similar to "Turkey X". In that same year, an inspec

tion of commercially hatched trout at the California state 

border revealed a large outbreak of hepatoma (Wolf and 

Jackson, 1963). 

Before 1960 the incidence of a disease similar to 

"Turkey X" was reported in guinea pigs, dogs, cats, rab

bits, and turkeys, with the implication of Aspergillus 

flavus in some (Heathcote and Hibbert, 1978). The large 

loss of poultry in 1960 spurred an intense effort to 

elucidate the cause and nature of this disease. 

"Turkey X" manifested itself in the form of loss 

of appetite, resultant lack of growth, and pathological 

changes in the liver. Carnaghan and Sargeant (1961) con

cluded that the two outbreaks had a common cause. The 

cause was shown to be dietary, not infectious, and there 

were no pathological organisms present in the affected 

birds. The condition of the sick turkeys improved after 

3 
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a change in diet (Swarbrick, 1960), and Blount (1961) 

found that Brazilian peanut meal was a common dietary 

factor among the poultry. 

Allcroft et al. (1961) showed that a chloroform 

extract of the peanut meal produced a toxic material that 

was capable of producing disease in ducklings. Paper, 

chromatography by Sargeant et al. (1961) showed a single 

spot fluorescing blue under ultraviolet light. Nesbitt 

et al. (1962) and Hartley (1963) showed that the single 

spot fluorescing blue under ultraviolet light, could be 

split into four main components when thin layer 

chromatography (TLC) was used. These four components were 

designated by fluorescence as B^, B^, G^, (B-blue, 

G-green). A confirmatory test was introduced in 1962 that 

involved the spraying of the four components with a 50 per

cent sulphuric acid solution. This procedure caused a 

change in color under fluorescence from blue or blue-green 

to bright yellow (Smith and McKernan, 1962). 

In 1962, Nesbitt et al. suggested that the chemical 

formula of AFB^ was C^H^O^. Asoa et al. (1963) eluci

dated the structure of AFB^ as we know it today. Con

firmed by other studies, its structure and that of B^, G^, 

Gg are shown in Figure 1. 
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Fig. 1 Chemical structures of AFB1, AFB2, AFG^ , AFG2> 
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Human Toxicity 

Much information concerning human toxicity and 

aflatoxins is inferred from animal studies. Verret et al. 

(1964) conducted chick embryo assays and found values 

of 0.25 ug/egg for AFB.J when injected via the air sac, 

and 0.4-8 ug/egg when injected via the yolk. AFG^ , when 

injected via the yolk at a dose of 1.0 ug/egg, produced 

60 percent mortality. A review article by Goldblatt and 

Dollear (1977) gives values of 0.125 ug/egg for AFB2 

and 2.7 ug/egg for AFG2> 

Carnaghan et al. (1963)» in studying oral LD^q 

doses for single day old ducklings, found values of: 

0.36 mg/kg for AFB^, 1.7 mg/kg for AFBg, 0.78 mg/kg for 

AFG1, and 2.45 mg/kg for AFG,,. Oral LD^Q AFB1 values for 

the rat were determined by Butler (1964-) to be 7.2 mg/kg 

for a 100g male and 17.9 mg/kg for a 150g female. Weanling 

rats were determined by Wogan (1965) to have AFB^ 

values of 5.6 mg/kg for males and 7.4- mg/kg for the females. 

These studies indicate the toxic nature of afla

toxins, and the small amount necessary in an oral dose to 

produce toxemia. Other studies have indicated that exposure 

early in life and/or prolonged low dosage consumption of 

aflatoxins may be toxic to man. Rat studies can only sug

gest toxicity to man; 'there are other studies that more 

directly support this suggestion. 
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Strong statistical evidence from Mozambique 

(VanRensburg, 1974-) and Kenya (Peers and Linsell, 1973) 

has linked primary hepatic cancer frequency to consump

tion of aflatoxin-contaminated peanuts and peanut products. 

Stewart (1965) found that the incidence of liver cancer in 

Mozambique was 500 times greater than in the United States. 

Non-whites in the United States share the same incidence 

of liver cancer as whites, while in Africa the incidence 

of liver cancer can reach 67 percent of all cancers reported 

(Stewart, 1965). Oettle (1964-) states that the incidence 

of stomach, large bowel, breast, brain, ovary, endometrial 

and leukemic cancers in Africa is rare compared to the 

western world. 

Carbohydrate sources stored from harvest to harvest 

over rainy seasons in lesser developed countries would 

provide excellent conditions for fungal growth. Many 

grain products from an Addis Abba market contained Asper

gillus flavus, and various carbohydrate products from 

parts of Africa contained AFB,j (Seigenthaler, 1964; 

Allcroft et al., 1961). 

Milk containing aflatoxin and treated with rennet 

will retain the aflatoxin mainly in the casein, although 

some will be found in the whey (Allcroft and Carnaghan, 

1963). Thus, cheese and butter could be implicated in 
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human aflatoxicosis. Naftalin (1954) found that rats fed 

casein from English milk did not develop liver necrosis. 

Occurence 

Aflatoxin production occurs when a toxin-producing 

Aspergillus flavus strain is allowed to grow on the proper 

substrate. Many times the substrate is one of a wide 

variety of agricultural commodities such as corn, barley* 

wheat, and rice (Wogan, 1968). Peanuts and peanut meal 

were the first commodities found to contain aflatoxins 

(Sargeant et al., 1961). Cottonseed and cottonseed cakes 

have also been shown to contain aflatoxin (Ashworth et al., 

1971 ). 

Animal products may show signs of aflatoxins if the 

animal was fed highly contaminated meal (Rodricks and 

Stoloff, 1977). Cows fed contaminated meal show the forma

tion of other aflatoxins in their milk; these are called 

aflatoxins and (Heathcote and Hibbert, 1978). 

Many human foods give rise to aflatoxins when 

innoculated with Aspergillus flavus (Frank, 1966). Buchanan 

et al. (1975) found aflatoxin in figs and that this fruit 

seemed very susceptible to infection while sun-drying on 

the tree. 

Meat products, such as cured hams and salami, have 

been found to contain aflatoxins, these being primarily AFB 

and AFB^ (Bullerman et al., 1969). The only food that 

1 
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appears to be totally free from aflatoxin formation is 

raw honey (Hilldrup et al., 1977). 

Factors Affecting Production 

Many factors, both in the laboratory and in the 

field, are involved in the production of aflatoxins. These 

factors include aeration, atmosphere, temperature, humidity, 

moisture content, light, and pH. 

Ciegler et al. (1966) found that differences in 

aeration rate of cultures directly affects aflatoxin pro

duction. They also found that aflatoxin levels decreased 

significantly as oxygen levels were decreased, regardless 

of the C02 level in the atmosphere. The best temperature 

for toxin production was found to be 25* C for Aspergillus 

flavus, and 25-35*0 for Aspergillus parasiticus. Optimum 

incubation time was 7-15 days. Optimum relative humidity 

was found to be 85 percent, and the minimum Rh was set at 

83 percent. 

Seeder et al. (1969) found that aflatoxin produc

tion was optimized with peanut kernels of 25 percent mois

ture content. It was also shown that Aspergillus flavus 

could grow on flour with a 16 percent water content, and 

its growth was inhibited on flour with a 1U percent mois

ture content. Joffe and Lisker (1969) observed light to be 

deleterious to aflatoxin production. Their work also indi

cated that initial pH of the medium affected toxin produc

tion. 
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Harvest Control of Aflatoxins 

Because contamination does occur in the field as 

well as at other points in harvesting a commodity, much 

effort has been given to the control and minization of 

aflatoxin production. These efforts include harvest tech

niques, crop screening, storage control, and chemical 

treatments. 

A possible preharvest control may be involved with 

the selection of a seed with a coat that is less permeable 

to Aspergillus flavus or Aspergillus parasiticus molds. 

Studies by Christiansen et al. (1959> 1960, 1963) indi

cated permeability of the cottonseed coat. Subsequent 

testing by Mayne (1966, 1969) showed that cotton seeds 

with a less permeable coat are less susceptible to invasion 

by Aspergillus flavus and that toxin production in less 

permeable seeds is negligible, 

Christiansen et al. (1960) also showed that the 

storage of cotton seed at higher moisture levels increases 

the level of permeability, over a period of time, of some 

of the less permeable seeds. Moisture iB a factor that 

significantly affects toxin production both during harvest 

and post-harvest storage. 

Mechanical damage to crops, as well as moisture, 

will determine how well the invading mold will grow (U.S.' 

Agricultural Research Service, 1968). For these reasons, 
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mechanical damage during harvest must be avoided and proper 

post-harvest drying/storage techniques should be utelized. 

If harvesting and storage methods fail to adequately 

control aflatoxin production, then crop screening may be 

used. There are many methods to remove contaminated por

tions of a commodity based on sight removal of damaged, 

discolored, or moldy portions of a crop. These methods 

are rather succesful in many instances, reducing final 

aflatoxin to negligible levels (Goldblatt, 1968; Wogan, 

1968). 

There are some instances whei'e sight removal will 

not work, such as in the screening of contaminated cotton

seed. In this instance, the screening process is best 

facilitated by removing the seeds that flouresce greenish-

yellow under ultraviolet light (Whitten, 1968; Ashworth et 

al., 1968). 

Much of today's aflatoxin problem occurs in the 

field prior to harvesting. It has been found that A. flavus 

mold will grow on many commodities while the plant itself 

is growing (Heathcote and Hibbert, 1978). When this occurs 

and harvest/screening methods fail to reduce aflatoxin 

levels enough, then the only alternative is to treat the 

infested crop with some means of detoxification. 
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Detoxification; Chemical Treatments, Excluding Ammoniation 

There are many methods to treat contaminated food

stuffs for the elimination of aflatoxins, but to be func

tionally useful, a treatment must be: economical, simple, 

proficient, result in non-hazardous residues, and cause 

minimal nutritional impairment. 

Heat treatment and treatment with aflatoxin degrad

ing organisms have both been shown to reduce aflatoxin 

levels in some foods, but chemical treatment of contaminated 

food is most commonly used for the reduction of aflatoxin 

levels. Such treatments include extraction, use of oxidiz

ing agents, acid treatments treatment with bases, and 

ammoniaiton. For the purposes of this thesis, ammoniation 

is given a heading separate from "treatment with bases". 

Most extraction techniques have been applied to 

oil-seed meals, as this is the only instance in which such 

a technique is likely to be successful. A dilute sodium 

bicarbonate solution was found by Sreenivasamurthy et al. 

(1965) to have completely removed aflatoxin from peanut 

meal, and to have also removed 33 percent of the protein. 

King et al. (1961) used an acetone, hexane, and water solvent 

system to efficiently remove aflatoxin from peanut meal 

with minimal losses of other components. Gardner et al. 

(1971) used such a system to reduce aflatoxin levels to less 

_3 
than 30 x 10 ppm in peanut cake. He also found that 
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similar results could be achieved for cottonseed and peanut 

meals by using an acetone/water system. Pons and Evans 

(1967) stated that extraction with a 70 percent acetone 

solution followed by conventional oil extraction was 

effective in removing aflatoxin from flaked cottonseed 

meal. 

Several agents effectively oxidize some of the 

aflatoxins, but only hyrogen peroxide, which destroys all 

aflatoxins, has shown promise in the treatment of food 

(Carter et al., 1974). Peanut meal containing 90 ppm afla

toxin, was treated by Sreenivasamurthy et al. (1967) with 

six percent for  ̂  minutes at pH 9.5 and 80"C. The 

treated meal was non-toxic when fed to ducklings and had 

been shown to be 97 percent reduced in aflatoxin levels. 

It is known that acids destroy the biological 

activity of AFB^ and AFG^ by converting them into herai-

acetals designated AFBga and AFG,^ (Button and Heathcote, 

1968). However, because conditions required are so drastic 

and often leave AFB^ and AFG^ intact, acid treatments have 

not achieved broad usage (Pons et al., 1972; Pohland, 1968). 

Treatment with bases is effective and economical 

and has has much practice in food treatment. Sodium hydrox

ide is used in the refining of crude oil-seed oils. Parker 

and Melniek (1966) have shown that the standard refining 
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process reduces aflatoxin levels'fro. less than 1 ug/kg. 

Epsoy (1972) succesfully used calcium hydroxide to reduce 

aflatoxins in copra, peanut, and cottonseed meals. 

Ammoniation of Aflatoxin 

Of all detoxification techniques, ammoniation 

shows the most promise for use with oil-seed meals. The 

process was first patented by Masri et al. (1969), and 

2 
involved the use of ammonia gas at 48 lbs/in pressure for 

30 minutes at a temperature of 118*C. 

This process, first used on a pilot plant scale, 

was demonstrated by Gardner et al. (1971), in which treat

ment of ton lots of contaminated cottonseed meal (e.g. 500 

ppb aflatoxin) reduced levels to below 5 ppb. This process 

was also used by Anderson Clayton and Company and by Casa 

Grande Cotton Oil at about this same time on a commercial 

scale; however, in 1978, FDA approval was withdrawn because 

it was felt that the process was in violation of the 1958 

Food Additive Amendment to the 1938 Food, Drug, and 

Cosmetic Act (Price, 1982). Several resultant animal 

feeding studies from the work of Gardner et al. (1971), 

using this process, showed no indication of aflatoxins. 

Ammoniation of peanut meal by Prevot (1974)» at three 

atmospheres, resulted in a loss of cysteine. At lower 

pressures this did not occur. 

Cucullu et al. (1976) carried out model laboratory 

ammoniation reactions with AFB^ which' resulted in the 
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formation of two major products.. A scheme postulated to 

explain the results suggests an opening of the lactone 

ring, resulting in the formation, of an ammonium salt of 

AFB.J . This ammoniated phenolic keto-acid then loses 

ammonia to form a free beta keto-acid. The beta keto-acid 

then decomposes into carbon dioxide (C0^) and Aflatoxin 

(AFD^) or to a furofurophenol with a molecular weight of 

206. The scheme is represented in Figure 2. 

Lee and Cucullu (1978) conducted experiments com

paring the model reaction conversion rate (AFB^ to AFD^) 

versus the conversion rate achieved in the ammoniation of 

culture and spike peanut and cottonseed meals. Their 

results indicate that under model conditions* 10 percent: 

of AFB.J was unaffected by ammoniation and 10 percent was 

converted to AFD^ . In cultured and spiked meals, an aver

age of 0.36 percent AFB^ was unreacted, and 0.37 percent 

was converted to AFD^. The reaction conditions involved 

in the ammoniation process were 100'C for three hours. 

Corn has been used as another medium to determine 

the efficiency of the ammoniation process. Brekke et al, 

(1977) used a process to ammoniate contaminated corn at 

4.9'C for 12 days. A sample of corn, chemically determined 

to have no detecable levels of aflatoxin, was divided in 

two; one half served as control and the other was ammonia

ted. Two controls and two treated samples were fed to 
• 

rainbow trout to observe toxicity effects, Ammoniation was 
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Fig. 2 Proposed scheme for ammoniation of AFB^ at HTHP. 



17 

found to reduce carcinogenicity of contaminated corn to 

that of basal diets. Ammoniation inactivated the aflatoxin 

without harming the nutritive value of the corn. Similar 

results were obtained by Norred (1979) using a process 

based on Brekke's work. 

The above mentioned experiments involved ammonia

tion at above ambient temperatures and/or pressures, which 

has been demonstrated to inactivate aflatoxin by forcing 

the reaction to occur. It would be of value, however, if 

such an inactivation could be carried out without the need 

for elevated temperature or pressure. Jorgensen and Price 

(1981) and Price et al. (1982) have carried out investiga

tions to determine the effectiveness of an atmospheric-

pressure/ambient temperature (APAT) ammoniation process of 

aflatoxin contaminated cottonseed. 

Brekke et al. (1978) ammoniated corn at 17.6 per

cent moisture for 14- days at 25 *C. The AFB^ level of the 

corn was reduced from 1000 ug/kg to 10 ug/kg. Storage of 

4.86 metric tons of corn at 10 percent moisture for seven 

months with a 1.1 percent NH^ treatment resulted in reducing 

the AFB^ level from 90 ug/kg to undetectable levels. Animal 

feeding tests showed no toxicity, and that NH.OH and NH_ 
4 5 

gas were felt to inactivate AFB^ with equal effectiveness. 

Nofsinger and Anderson (1979) also investigated the 

inactivation of aflatoxin in contaminated corn using ammonia 

treatment at low temperatures. They varied both moisture 



1 8 

content of the corn and the percentage of NH^ used. For 

these experiments, however, only aqueous ammonia (NH.OH) 
4 

waB used, and at times the temperature of the reaction was 

set at slighlty above 0*C to simulate winter storage con

ditions. The results indicate a decline in aflatoxin 

levels even after the addition of only a small percentage 

of NH.OH, baBed on dry corn weight. 
4 

It is felt that the chemical process by which the 

ambient reaction occurs is virtually the same as that at 

higher temperatures and pressures. The first step involve 

and the most crucial, is the opening of the lactone ring 

to form an ammonium salt. Because of the unknown nature 

of the product(s) of such a reaction, further mechanisms 

are still speculative. Some work, however, has been done 

to help shed light on the subject. 

Bergot et al. (1977) used coumarin as a parent 

compound to react with ammonia under ambient conditions 

(20 days at room temperature). Coumarin, which is struc

turally similar to aflatoxin, undergoes a Michael addition 

to form beta-aminohydrocoumaric acid (Figure 3). It is 

suggested that this mechanism may be more directly in

volved in aflatoxin inactivation rather than a simple open 

ing of the lactone ring by hydrolysis. 

A contrasting report by Martin and Gardner (1977) 

involved the observation of the chemical and enzymatic 

oxidation of AFB^, and the resultant effect on nucleic 
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Fig. 3 Michael addition of coumarln molecule. 
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acids. Their investigations showed no opening of the 

lactone ring even thogh AFB^ was incubated at pH 9.0. 

This, however, was not an ammoniation process. 

Veaonder et al. (1975) prepared a mixture of AFB^ 

and a U.5 percent (5N) NH^OH solution which was stirred at 

room temperature for 18 days and then dried by rotary evap

oration at 60*C to yeild a brown product.. Acetone extrac

tion accounted for 50 percent of the brown solid and was 

composed of a mixture of AFB^ and a substituted Q-coumaric 

acid. The other 50 percent was found to be non-toxic to 

chick embryos and was not identified. Some of its proper

ties were: 1) insolubility in acetone; 2) solubility in 

water and methanol; 3) absorption at 265 nm in ultraviolet 

light and a broad absorbance plateau from 300 to 362 nm; 

and i) not volatile enough for analysis by mass spec

trometry. 

It is the purpose of this thesis to perform 

this experiment under modified conditions, to isolate the 

main product of the reaction, and to try and identify its 

chemical structure. 



CHAPTER 3 

MATERIALS AND METHODS 

Solvents and Standards 

All solvents and standards used were of highest 

purity and grade required. Acetonitrile (HPLC Grade) was 

obtained from Burdick and Jackson Laboratories, Inc., 

Muskegan, MI. Methanol, acetone, and chloroform were 

obtained from Fisher Scientific Co., Fair Lawn, NJ. Di

methyl sulfoxide (DMSO) was obtained from Sigma Chemical 

Co., St. Louis, MO. A 50 percent NH^OH solution was 

obtained from Ricca Chemical Co., Arlington, TX, and a 

29.2 percent (Mallinckrodt) NH.OH solution was also used. 
4 

Pure crystalline Aflatoxin B1 (AFB^) was obtained 

in 5 mg quantities in brown vacuum-sealed vials from Sigma 

Chemical. Also obtained from Sigma was a mixture of AFB^ , 

AFBg. AFG^, AFGg standards in a sealed brown vial. Pure 

glacial acetic acid was obtained from J.T. Baker Chemical 

Co., Phillipsburg, NJ. 

HPLC 

High Pressure Liquid Chromatography (HPLC) analysis 

was employed using a system composed of two model M4-5 

solvent delivery systems, a model 71 OB WISP auto-injector, 

a model 720 system controller, a model 730 data module, 

21 
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and a model 4-4-1 U.V. detector, (Waters Associates, Milford, 

MA). Further experimental and confirmatory analysis was 

carried out on a Spectra Physics 8000-B (San Jose, CA) HPLC 

system. Analysis with both systems was carried out at 365 

nm, however, the detector in the Waters' system was later 

changed to a dual channel model 4-4-0, which allowed simul

taneous monitoring of the 34-0 and 365 nm wavelengths. 

A Beckman (Berkley, CA) Ultrasphere-ODS 5 (4-.6 m m  

I.D. x 25 cm) reverse phase column, proceeded by a guard 

column (Waters Assoc.) packed with C0:PELL-0DS (Whatman Inc., 

Clifton, NJ), was employed using a gradient system. This 

involved an initial three minutes of 100 percent double 

distilled water (DDW) at -a flow rate of 2 ml/min and then 

linear conversion to 100 percent acetonitrile at 30 minutes 

and 2 ml/min. A very effective separation was achieved by 

the use of this system. Absorbance was determined by a 

Beckman 54.1 (Berkley, CA) U.V. spectrophotometer. 

TLC 

Thin-Layer Chromatography (TLC) analysis with known 

standards (AFB^, AFBj» AFG1, AFGg), using a 9:1 (v/v) 

chloroform/acetone solution in unequilibrated tanks, was 

employed. Plates were coated with Adsorbasil + 1 (Applied 

Science Div., Milton Roy Co., State College, PA) to a 

thickness of 0.25 ma. 
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Experimental 

Experiment No. 1. Crystalline AFB^ (5 mg, Sigma) 

was reacted with 5 ml of a 29.2 percent NH.OH solution in 
A 

a brown vacuum-sealed vial at room temperature in the dark. 

Successive 2 ml aliquots were withdrawn at days 5i 10, 15» 

25, and 35. Each 2 ml aliquot of days 5, 10, 15> and 25 

was taken to complete dryness under N2 gas in a 60*C water 

bath. The adhering brown residue was then extracted with 

methanol and acetone by the method of Vesonder et al. 

(1975). DMSO was also used for a subsequent extraction. 

TLC analysis was then employed. 

Experiment No. 2. The crystalline AFB^ was reacted 

in the same manner as in experiment 1. Successive 2 ml 

aliquots at days 5f 10, 15» 25, and 35 were diluted to 10 

ml with 3x distilled water, then frozen at -20*C and 

lyophilized. The resultant lyophilized products were 

stored at -20*C, Dried samples from days 15» 25, and 35 

were dissolved in a 1:1 mixture (v/v) of acetonitrile/DDW, 

and were used for TLC and HPLC analysis. 

Experiment No. 3. A separate 5 rag vial of AFB^ 

was reacted with 10 ml of a 50 percent NH.OH solution for 
4 

4-0 days under conditions as in experiments 1 and 2. After 

4.0 days the vial was stored at -20*C. 

• Analysis of the 4-0 day sample was meant to be both 

confirmatory and in addition to the above mentioned experi

ments. Several different methods of preparation were 
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employed. One 0.3 ml aliquot was added to 1 ml of DDW and 

vigorously mixed with 5 ml of chloroform for 30 seconds. 

A second 0.3 nil aliquot was taken to dryness at room tem

perature using gas and then dissolved in pure aceto-

nitrile. Both samples were analyzed using HPLC at 365 nm. 

A third 0.3 ml aliquot was incubated in a plastic 

tube (rather than glass; as per all other aliquots) for 24 

hours at 60"C under aerobic conditions. After 24- hours 

the aliquot was taken to dryness at room temperature using 

Ng gas and dissolved in the 1:1 acetonitrile/DDW mixture. 

This was analyzed at 365 nm using HPLC. 

A final 0.3 ml aliquot was taken to dryness in a 

rotary evaporator (Buchler Instruments, Fort Lee, NJ) at 

60*C for an hour. The resultant was dissolved in the 1:1 

acetonitrile/DDW mixture and analyzed using TLC. This 

analysis was performed by a third party in order to corrob

orate my previous findings. 

Experiment No. A. A 1.1 mg sample of AFB^ was 

reacted with 10 ml of a 50 percent NH^OH solution under 

aerobic conditions with stirring in a brown vial at room 

temperature.. U.V. analysis was done at time zero, as was 

HPLC analysis of a direct 10 ul injection. The sample was 

analyzed at 365 nm. 

A 1.5 ml aliquot was removed at time zero, shortly 

after stirring had been initiated. This was allowed to 

react separately from the sample that was undergoing 
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spinning. Analysis of 10 ul injections at days 2 and 9 

were accomplished monitoring both 365 and 34-0 nm wave

lengths . 

One ml of the stirred sample was neutralized with 

0.1Nacetic acid to a final pH of 7. This was analyzed 

using the Spectra Physics system, and the results were 

confirmed by the analysis of a 0.5 ml aliquot of the 9 day 

unstirred sample that was acidified to a final pH of 5 

using pure glacial acetic acid. This confirmation was 

done using the Waters system in the two pen mode monitor

ing 365 and 34-0 nm. 

Approximately 1 ml of the post 9 day reaction sol

ution was extracted for its final reaction product for 

mass spectral analysis. This involved the collection of 

the HPLC peak in methanol, evaporating it at room temper

ature using Ng gas, and re-dissolving it in pure methanol. 

This solution was then concentrated in preparation for mass 

spectral analysis, which was done by solid-probe method 

using a Finnigan GC/Mass Spectrometer. 

Experiment No. 5. A comparative study of the 

ammoniation of AFB^ under N,, and 0^ conditions was done 

using a suitably constructed apparatus. This apparatus 

consisted of two septum-sealed test tubes connected with 

an inert plastic tubing. The first tube was a 50 percent 
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NH.OH solution (Ricca Chemical) reaervior and the second 
4 

tube was the ammoniation reaction vessel. 

The desired gas was allowed to flow into the 

reservior tube via an inlet hypodermic needle (A) and was 

bubbled through the reaervior via an inert plastic tubing 

connected to this needle. The gas was then allowed to 

exit via a hypodermic needle (B) which was not inserted 

far enough through the septum to allow it to come in con

tact with the reservior. This was done to insure that any 

NH.OH escaping did so in a gaseous state. 
4 

Exit needle (B) was connected to an inlet needle 

(C) in the second tube, via an inert plastic tubing. This 

then allowed the gas to be bubbled through the 50 percent 

NH^OH (Ricca) solution in which the AFB^ was solubilized. 

Inlet needle (C) had a plastic tubing connected to it in 

the same manner as inlet needle (A). An exit needle (D) 

then allowed the excess gas to escape into the surrounding 

atmosphere. 

The purpose of the reservior tube was to compensate 

for the loss of any NH.OH that may have occured in the 
4 

reaction tube as a result of the gas being bubbled through 

the liquid. A diagram of the apparatus is shown in 

Figure 4. 

Two 1 mg samples of AFB^ were solubilized in 10 ml 

of a 50 percent NH.OH solution (Ricca) and allowed to 
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Fig. U* Diagram of apparatus for Experiment No 
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react under the appropriate atmosphere. Injection samples 

were removed from the reacting tube via hypodermic syringe. 

This was done at the onset of solubilization of the AFB„ 
1 

(T=0), before the gas was turned on, and then every 15 

minutes for the first hour. Samples were then removed 

every one-half hour after the first hour, up to 2£ hours 

for the Ng reaction, and up to 3 hours for the 0^ reac

tion. 

For the reaction, the AFB^ was kept inside the 

sealed reacting tube with the Ng gas flowing for a full 

hour prior to the addition of the NH^OH. This was to 

insure complete anaerobic conditions at the onset. The 

NH.OH was inserted through the septum via hypodermic needle 
4 

not by using the exit needle (D). 

For the 0^ reaction, the AFB^ was placed into the 

tube and the NH.OH was added shortly afterwards. The sep-
4 

turn was then sealed and compressed air was bubbled through 

the system. 

Samples were analyzed for AFB^ and decomposition 

products using a 1Ou Partasil 0DS-2 (Whatman Inc., Clifton, 

NJ) reverse phase column with a mobile phase of 60 percent 

DDW and 40 percent acetonitrile and run at 2ml/min on the 

Spectra Physics 8000-B system at 363 nm. Results were con

firmed using the Waters system at 365 nm. The data was 

plotted as percent recovery from T=0 versus time. 
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RESULTS 

Experiment No. 1. The crystalline AFB^ was soluble 

in the NH^OH solution used, as was the case in all experi

ments. A brown residue was found to adhere to the sides of 

the glass tube. This residue became darker as time pro

gressed. According to Vesonder et al. (1975) this residue 

should have been soluble in acetone. In this instance it 

was not. Some was soluble in acetonitrile and it was total

ly soluble in DMSO. 

The methanol fraction of days 5, 10, 15, and 25 

was taken to dryness with gas, dissolved in DMSO, and 

plated with an AFB^ standard dissolved in DMSO. On the 

same plate were the insoluble adhering fractions for days 

5, 10, 15, and 25, that had been dissolved in a 1:1 (v/v) 

DMSO/methanol mixture. A second AFB^ standard in DMSO was 

plated with these. The plate was analyzed with U.V. at 

365 nm and then put into an iodine tank. The results of 

this are shown in Figure 5. A time point labeled with an 

M indicates the methanol soluble fraction and a D indicates 

the adhering fraction solubilized in the 1:1 mixture. 

Light shades indicate what was observed under U.V. light 

and dark shades indicate the streaking observed after 

exposure in the iodine tank. In view of the fact that 

2 9  
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streaking appeared in both standards, it was felt that DMSO 

would not make a good applications solvent, and that the 

results were negative. 

Experiment No. 2. The results of experiment 1 

necessitated a modification in procedure to avoid adherence 

to the glass tube. A lyophilization step was used as a 

substitute for the drying at 60'C under Ng gas. 

The lyophilized aliquots yielded brown powders that 

became darker at each time point. These ranged from a 

light amber color at day 5, to a dark brown at day 35. 

These powders were found to be partially soluble in a wide 

variety of solvents, but were totally soluble in a 1:1 

(v/v) acetonitrile/DDW mixture and DMSO. 

TLC analysis showed no difference between days 25, 

and 35, and a sample from day 4-0 when plated simultaneously 

with standards. Day 4-0 sample was plated directly from 

solution; AFB^ was the only flourescent compound to be 

present at all time points. Spraying this plate with a 25 

percent H_S0, solution yielded no new bands. Treatment of 
<• 4 

a similarly made plate in an iodine tank also showed no 

other bands. These results were confirmed by myself using 

HPLC and by another party using TLC, 

Figure 6 is a chromatogram of a HEEC run of AEB^j 

standard dissolved in acetonitrile. Figures 7 and 8 ai*e 

similarly run chrpmatograms of the lyophilized powders of 
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Fig. 6 HPLC chromatogram of AFB1 standard in acetonitrile. 
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Fig, 7 HPLC chromatogram of T=25» Experiment No. 2. 
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20.69 • 

Fig. 8 HPLC chromatogram of T=35, Experiment No. 2. 
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days 25 and 35, respectively. These powders were dissolved 

in the 1:1 acetonitrile/DDW mixture* No significant differ

ence in the elution pattern of AFB^ was observed, as can 

be seen from these chromatograms. VeBonder indicated a 50 

percent reduction of AFB^ by day 18. HPLC analysis indica

ted a reaction of contaminants' ranging from 3 percent to 

less than 1 percent when compared to the AFB^ peak area, 

to have occured. A slight formation of some water soluble 

components was observed. 

Experiment Ho. 3. Figure 9 is a chromatogram of 

the 0.3 ml aliquot that was mixed with chloroform. Figure 10 

is a chromatogram of the 0.3 ml aliquot that was incubated 

at 60*C for 24 hours in a plastic tube. In every manner 

of preparation of the 4-0 day sample, AFB^ was the only 

flourescent compound to be present. TLC showed AFB^ to be 

the only compound present under U.V., after HgSO^ treatment, 

after iodine treatment, and after charring of the plate at 

110*C. These findings were confirmed by myself using HPLC 

(Figures 8, 9, 10) and by another party using TLC. 

These results indicated the need for oxygen in 

order for the reaction to proceed. All previous vial3 of 

AFB.J had been sealed under vacuum and the seals were not 

broken during the experiment. 

Experiment No. 4. Figure 11 is an U.V. scan of 

the unstirred solution at time zero. Figure 12 is a . 
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Fig. 9 T=40» chloroform extract, Experiment No. 3« 
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Fig. 10 T=40, Incubated 24. hours at 60"C, Experiment No. 
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Pig. 11 U.V. scan of APB1 in 50% NH^OH at T=0, Exp. No. 4 
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Fig. 12 HPLC of AFB1 in 50% NH^OH at T=0, Exp. No 
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chromatogram of a direct 10 ul inj'ection of the same solu

tion. Both indicate AFB^ to be present; HPLC shows an 

elution time of approximately 22.8 minutes. A direct 10 ul 

injection of the unstirred sample at day 2 (Figure 13) 

showed no noticeable amount of AFB^ to be present. All 

chromatograms were run at .005 AUFS, the most sensitive set

ting. In the place of AFB^ vras a sharp peak eluting at 20 

minutes and a large peak at 2 minutes (Figure 13). In addi

tion to these peaks, three closely eluting peaks were 

observed, at 34-0 nm, to elute at about 16.5 minutes (Figure 

14). At this point the detector was changed to a model 4-4.0 

with a dual channel for the simultaneous monitoring of the 

365 and 340 nm wavelengths. 

At day 3 a 1 ml aliquot was taken from the stirring 

sample and brought to pH 7 with a .1 N acetic acid solution 

and analyzed by a third party, using the Spectra Physics 

HPLC system. The results of this analysis showed the con

version of the reaction products back to AFB^. The results 

of the day 2 findings at 365 nm we're confirmed at this 

point by a direct 10 ul injection onto the column from the 

stirring reaction. No AFB^ was present. 

The reaction was allowed to continue to day 9» at 

which point the unstirred aliquot was again examined at 

365 and 340 nm (Figure 15). It was found that the peak 

which had eluted at 20 minutes on 365 and 340 nm was no 
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longer present and that the three peaks that had eluted at 

16,5 minutes at 34-0 nm were no longer present. The peak 

eluting at about 2,3 minutes in the water soluble phase 

was still present and appeared to have enlarged slightly. 

At this point a sample of the unstirred reaction (Figure 15) 

was compared to the stirred reaction (Figure 16) and was 

found to give a very similar chromatographic readout. A 

sample of the unstirred reaction was then acidified to pH 5 

with glacial acetic acid and a direct injection then 

was made onto the column. Figure 17 is the chromatogram 
/ 

of that run, which shows a complete conversion of the 2.3 

minute peak back to AFB^. 

The water soluble peak, eluting at 2.3 minutes was 

collected off the column in methanol, taken to dryness, 

dissolved in methanol and concentrated for mass spectral 

analysis. This was attempted even though the injection 

of 1 ul of the concentrated peak now showed two peaks 

co-eluting (Figure 18). Because this concentration pro

cedure was completed late in the day, the unknown sample 

in methanol was put into a -20*G freezer overnight. The 

mass spectral analysis done on the next day (Figures 19a 

and 19b) showed only AFB^ to be present in the sample. 

Experiment No. 5. A very sharp and significant 

decline in "AFB^ (approximately*60 percent decrease) tfas 

observed at 15 minutes of the 0^ reaction. A further 



Fig. 16 10 ul inject, Day 9, atirred, at 365 and 340 nm. 
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Fig 19a 
* 

Mass spectral analysis of stored unknown. 
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Fig. 19b Mass spectral analysis of stored unknown. 
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decrease was noted at 30 minutes, with the resulting time 

points indicating a very slow decline thereafter. The 

formation of peaks is observed in the solvent front during 

this reaction. 

Although a slight fluctuation around the mean value 

occured in the N,, reaction, no significant change in AFB^ 

level was observed after 2 hours and 15 minutes. No sig

nificant change was observed in the solvent front during 

this reaction. 

Figure 20 shows the comparative results of the 

and reactions over time. 
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CHAPTER 5 

DISCUSSION 

AFB.J is not soluble in water and yet becomes solu-

bilized in NH.OH. This indicates that some chemical action 
4 

is occuring to allow the AFB^ to become soluble. The lac

tone ring in the AFB^ molecule is the area most likely to 

react and is given preferential interest by researchers. 

A plating of a 5 ul portion directly from the 4.0 day sample 

showed AFB.J to be the only compound fluorescent under long 

wave U.V. light. A 25 percent HgSO^ spray and placement 

of a similarly made plate into an iodine tank showed no 

non-fluorescent compounds to be present. If the lactone 

ring had opened, it would be reasonable to expect it to 

have a significantly different R^ on TLC than AFB^. Since 

this did not occur, yet AFB^ was soluble in NH^OH, there 

is an indication that some other site may be involved in 

this process. This reaction, however, may be likely only 

under anaerobic conditions. 

Since this thesis is the first study of the effects 

of aerobic versus anaerobic conditions on the APAT ammonia-

tion of AFB1, a significant point can be raised; namely 

that oxygen is essential for the lactone-ring site reaction 

to occur. A 0.3 ml aliquot of the 4-0 day sample was 

52 
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incubated at 60*C in a plastic tube for 24- hours. Air was 

present in the tube and yet no reaction was observed 

(Figure 10). In the same manner (and only under slightly 

modified conditions) a fresh sample, stirred under aerobic 

conditions for not more than 5 minutes and then allowed to 

sit at room temperature for two days, showed a complete 

reaction of the AFB^ with the concomitant formation of more 

polar reaction products (Figures 13*14-) - These differences 

are significant in that they tend to indicate that the in

corporation of oxygen into the NH^OH solution is necessary 

to initiate the reaction. HPLC analysis at day 9 of this 

reaction showed no significant differences between stirred 

and unstirred samples (Figures 15,16), and yet, a complete 

reaction had occured in both, in contrast to results shown 

in Figures 9 and 10. Both U.V. and HPLC analysis at time 

zero showed AFB^ to be present (Figures 11,12). Under the 

reaction conditions stated (1.1 mg AFB^ in 10 ml of 50 

percent NH.OH at APAT conditions), it seems plausible that 
4 

the reaction is spontaneous after a brief incorporation of 

air into the medium. Figures 13 and 14-, the chromatograms 

from day 2 at 365 and 34.0 nm, indicate such a reaction in 

progress. 

That oxygen is necessary for the reaction to 

proceed may be of importance to food scientists working 

with this problem. Generally it had been assumed that 
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only a concentrated ammonia solution was the prime requisite 

for ensuring an efficient reaction. The results of experi

ment 5 clearly show that the incorporation of oxygen in 

with the ammonia is critical for the development of new, 

more practical, more efficient, and economical methods for 

large batch detoxification of foodstuffs. Instead of 

flushing a polyethylene bag (containing contaminated food

stuff) with just ammonia gas and not getting an efficient 

reaction, one could flush such a bag with an oxygen/ammonia 

mixture, which might then allow for a faster and more 

efficient reaction. 

Heat may not be an essential factor at APAT condi

tions unles applied for a sustained period. Polyethylene 

bags containing foodstuff and reacted with an oxygen/ammonia 

mixture might have their reaction rate increased if they 

were allowed to be exposed to sunlight and temperatures of 

100*F for at least a few consecutive days. 

The reaction product observed in this reaction was 

not stable at pH 7 or pH 5• It appears to be rather stable 

at pH 12. The product does not appear to be stable in 

methanol at -20*C. Said product is soluble in water, 

methanol, and acetonitrile. It can also be taken to dry

ness at room temperature with gas, be brought up in 

methanol, and remain somewhat stable for a short period of 

time at room temperature. This precludes any possibilty 

that the product was formed under anaerobic conditions 
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but converted back to AFB^ before analysis could proceed. 

Experiment No. 5 also shows that this is not likely. 

The product is very polar in respect to AFB^ and 

is soluble in water, whereas AFB^ is not. This suggests 

the likely opening of the lactone ring and the formation 

of two hydroxyl groups. The lactone ring could be opened 

and the compound would still absorb at 365 nm if the other 

ring structures were left intact. It is known that the 

lactone ring will1.open up when ammoniation at HTHP occurs. 

The product's instability at a pH lower than 12 would be 

correct, in that as you proceed away from the initial con

ditions, the lactone ring closes. This does not preclude 

the possibilty of other sites having also been reacted in 

unison with the lactone ring. The stirred sample at day 3 

and the unstirred at day 9 were both reversible with acidi

fication. 

Heating of the anaerobically reacted AFB^ would 

not force it to react, however, it is possible that longer 

exposure to heat under aerobic and unstirred conditions 

could force the reaction to go further and become 

non-reversible at a certain point. Analysis of any 

non-reversible product at this point would help to confirm 

the reaction mechanism. 

Two further experiments could be carried out to 

elucidate the structure of the product. In the first, a 
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1:1 (v/v) mixture of methanol and ammonia could be used to 

react with AFB^ under aerobic conditions in a sealed vial 

with stirring. Direct injection of 10 ul onto HPLC would 

confirm a reaction, if any, and a subsequent concentration 

of the original solution by drying with N2 gas would pro

ceed direct mass spectral analysis. In the second experi

ment, the reaction product, in NH.OH solution, would be 
4 

placed into a sample containing carbon disulfide or carbon 

tetrachloride for IR analysis. An IR scan would be made 

and then a few drops of glacial acetic acid would be added 

to the cell and several consecutive scans would be made 

and compared. The formation of a lactone peak would be 

sought and the reduction of the peaks corresponding to a 

carboxyl group would then occur. 

i 



CHAPTER 6 

CONCLUSION 

Aflatoxin (AFB^) is soluble in NH^OH solutions 

of varying concentrations. Atmospheric-pressure/Ambient-

pressure (APAT) ammoniation of AFB^ to yield a more polar 

reaction product does not occur under anaerobic conditions, 

but the AFB^ is made soluble. This NH^OH-solubilized AFB^ 

is stable even when incubated at 60*C for 2k hours. A 

slight incorporation of oxygen into the reacting medium 

produces a complete reaction of 1.1 mg of AFB^ in 10 ml of 

a 50 percent NH.OH solution in three days. Oxygen is 
4 

critical for the reaction to proceed; no significant change 

in AFB.J level is observed under anaerobic conditions. The 

reaction is more polar than AFB^ , absorbs II. V. at 365 and 

34-0 ni, and is soluble in water,acetonitrile, and methanol. 

Said product is not stable at pH 7 or pH 5 or in methanol 

at -20*C, and reverts back to AFB^ under these conditions. 

This product is stable at pH 12 at room temperature. 
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