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ABSTRACT 

The efficacy and safety of ammoniation procedures for reducing aflatoxin hazards 

in com were determined by exposing naturally incurred aflatoxin B1 (AFB1) contaminated 

com (17, 354, and 7,500 ng AFBdg) to various ammoniation processes. Treatment with 

gaseous NH3 or NH40H under appropriate conditions resulted in 93-99% decrease in 

AFB1 levels. No significant reversion of aflatoxin was observed (reversibility < 0.05%). 

Moisture content in com and holding temperature were the crucial factors influencing the 

efficacy of ammoniation. 

14C-AFB1 spiked corn sample (1 ).lCi/kg, original AFB1=7500 ng/g) was subjected 

to sequential isolation and separation procedures (CH2C4 and CH30H extraction, followed 

by acetic acid and NaOH treatment or Pronase E digestion) to determine the distribution 

of ammonia/aflatoxin reaction products. Approximately 12% of the added radioactivity 

was volatilized during ammoniation; 19 and 13% with C~C~ and CH30H extraction, 

respectively; and 19% with acid-base treatment or Pronase digestion. The fmal matrix 

following either the acid-base treatment or Pronase digestion contained 37% of the added 

radioactivity . 

The above isolates were then tested using the Salmonella/microsomal mutagenicity 

assay (TA1oo). Purified AFB1 showed positive response around 10 ng/plate. All isolates 

from ammonia treated and untreated aflatoxin-contaminated com did not exhibit positive 

mutagenic potential. Further study provided the evidence of C~C~ extractable "unknown 

interfering materials" in the corn which may bind with aflatoxin and/or block the 
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mutagenic activity of aflatoxin. These substances were not separated from the aflatoxins 

by the TLC. Funher studies are required using different sequential solvent fractionation 

processes and different procedures of the Ames test to evaluate this phenomenon. 

Male F-344 rats were fed diets containing ammonia-treated and untreated 

aflatoxin-contaminated and aflatoxin-free com for 14 day period. Terminal liver tissues 

were analyzed for AFB1-DNA adducts. No AFB1-induced DNA adducts were detected in 

controls and animals fed diets containing 75 ng AFB1/g and 20 ng AFB1+237 ng 

ammonia/AFB1 reaction products. These data conf'mn the efficacy and permanency of the 

ammonia process to reduce aflatoxin levels and evidence of safety through absence of 

AFB1-DNA adducts in rat liver. 
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Aflatoxins are a group of unavoidable natural contaminants produced by molds, 

primarily Aspergillus flavus and A. parasiticus as secondary metabolites. Aflatoxin 

contamination of foods and feeds can result from mold contamination before and during 

harvest, or improper storage of the product (Busby and Wogan, 1984). Foods and 

feedstuffs most commonly invaded by aflatoxins are com, peanuts, and cottonseed 

(Bullerman, 1979; Stoloff, 1982). Risks posed to man can be from direct consumption of 

the contaminated product, such as com and peanut products, or from consumption of 

foods produced by animals that have ingested the aflatoxin-contaminated product 

themselves, such as milk and eggs. 

Presently, 18 different types of aflatoxins have been identified, of which AFBl is 

the most important in terms of occurrence and toxicity and the most potent of the 

naturally occurring carcinogens (Wogan,1973; 1976). The carcinogenicity, mutagenicity, 

teratogenicity, and acute toxicity of aflatoxins have been well documented (Ellis et 

al.,1991). AFBl has induced liver cancer in all species of laboratory animals tested 

(Wogan, 1973) and is an extremely potent carcinogen to the rat and rainbow trout. In 

susceptible experimental animals, cancer has been induced at doses as low as comparable 

to contaminated human diets (Campbell and Stoloff, 1974; Buss et al., 1990). 

Undoubtedly, prevention is the best method for controlling the contamination. 

However, if contamination occurs, other measures must be established and applied to 
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remove or reduce the risk of using contaminated products. 

Decontamination, based on 1) physical, chemical, or biological removal; or 2) 

physical or chemical inactivation, is one of the major procedures to monitor the 

contamination. Scientists have focused on decontamination research for over twenty years. 

Although many other materials and/or methods can reduce the aflatoxin levels in 

contaminated crops, ammonia decontamination is the most effective and economically 

feasible method (Norred et ai., 1983; Park et ai., 1988). 

In order to evaluate the safety and efficacy of any aflatoxin decontamination 

process, research must focus on criteria which will determine whether the procedure will 

be acceptable (Park and Lee, 1990), such as: a) the capability to destroy, inactivate or 

remove the toxin (Le., efficacy and permanency study under different ammoniation 

conditions), b) identification of aflatoxin/decontamination reaction products (Le., 

investigating the distribution of the ammonia/aflatoxin reaction products in the 

ammoniated commodities where solvent extraction combined with radio-labelled AFBI 

are usually used), c) determination of the effect of the feed matrix on aflatoxin (Le., 

tracing the fate of aflatoxin after ammoniation and monitoring the interaction between 

ammonia and aflatoxin with and without the present of commodity matrix), and d) 

evaluation of any toxic residues in the ammoniated products or foods derived from 

animals fed the decontaminated products (Le., studying the potential toxicity and possible 

carcinogenicity and mutagenicity of ammonia/aflatoxin reaction products which could 

occur in human foods derived from animals fed the ammoniated aflatoxin-contaminated 

product). 
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Data from researches conducted over the past twenty years support, as a whole, 

the safety and efficacy of the ammoniation process (Park et al., 1988). Ammoniation of 

animal feeds containing aflatoxin is currently permitted in Arizona, Texas, and California 

for cottonseed; North Carolina, Texas, Alabama, Georgia, and South Mrica for corn; and 

France, Senegal, Brazil and Sudan for peanut cakes/meal (Park, 1993). The process is still 

under review by the FDA, however, whose primary concern is the potential toxicity and 

possible carcinogenicity of ammonia/aflatoxin reaction products which could occur in 

human foods derived from animals fed the ammoniated aflatoxin-contaminated product. 

Literature review indicated that systemic efficacy and safety evaluation of the 

ammoniation procedure has been conducted with cottonseed, but not with corn. 

The objectives of this project were: 1) to study the efficacy and permanency of 

different ammoniation procedures on reducing aflatoxin levels in corn; 2) to identify the 

distribution of ammonia/aflatoxin reaction products in ammoniated corn using solvent 

extraction combined with uniformly ring-labelled 14C-AFB1; 3) to determine the possible 

mutagenicity of ammonia/aflatoxin reaction products; and 4) to evaluate the carcinogenic 

potential of the ammoniated aflatoxin-contaminated corn by feeding rats rations containing 

the ammonia-treated aflatoxin-contaminated corn to determine the effect of the 

decontamination process on the formation of AFB1-induced DNA adducts in rat liver. 
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Aflatoxins are a group of toxic secondary metabolites (mycotoxins) produced 

primarily by Aspergillus flavus and A. parasiticus growing on agricultural commodities 

in the field and/or while the products are stored. The discovery of aflatoxins could be 

traced back to the 1960s when the outbreak of ''Turkey X" disease in south-east England, 

which resulted in the deaths of about 1 00,000 young turkeys and tens of thousands of 

ducklings and young pheasants (Buehi and Rae, 1969). Deaths on sueh a scale, together 

with their serious economic implications, stimulated intensive investigations and 

eventually to toxic metabolites responsible for the disease were isolated and called 

"aflatoxins" (Heathcote and Hibbert, 1978). The word aflatoxin is formed from the 

following set up, the first letter "A" for the genus Aspergillus, the next set of three letters, 

"FLA" for the speciesjlavus, and the noun "TOXIN" meaning poison (Ellis et al., 1991). 

Chemically, aflatoxins are difuranoeoumarin derivatives (Buchi and Rae, 1969). Aflatoxin 

BI (AFB I) has a molecular weight of 312 and an empirical formula of C17HI20 6• It 

decomposes without melting at 268-269°C (Beuchat, 1978). Presently, 18 different types 

of aflatoxins have been identified with aflatoxins B1, B2, 01' O2, Ml and M2 being the 

most common (Beuchat, 1987; Figure 2.1). Of these, Bl and GI occur most frequently, 

with BI having the most potent toxicity. The letters B and a refer to the fluorescent 

colors (blue and green, respectively) observed under long-wave ultraviolet (UV) light and 



21 

o 0 
II II 

o 0 
II II 

Gl G2 

0 0 
II II 

OH 

I 
0 0 

Ml M2 

Figure 2.1. Structures of common aflatoxins. 
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the subscripts 1 and 2, to the separation patterns of chemically similar compounds on thin 

layer chromatographic plates (Bulleonan, 1979). The letter M for M, and M2 refer to the 

milk where these two toxins were primarily identified. 

Of the known mycotoxins, the most important from the viewpoint of direct hazard 

to human health are the aflatoxins (Scott 1973). They are also the most extensively 

investigated mycotoxins. A. flavus will grow and produce aflatoxin on most agricultural 

commodities, many processed foods and beverages, and certain laboratory media. A. 

flavus generally produces only aflatoxin BI and B2 in the field, whereas A. parasiticus 

produces aflatoxin the four aflatoxins (BI' B2, G I, and Gz}(Beuchat, 1978). Optima for 

fungal growth and aflatoxin production are 2-3 weeks at 25-30°C and 88-95% relative 

humidity. Aflatoxin can be a serious problem of peanuts, com, cottonseed meal, rice, 

sorghum and other grains, Brazil nuts, pecans, and tree nuts in general (Stoloff, 1976). 

The effect of aflatoxins on animals is quite different depending on age, sex, 

species, nutritional condition of the animal, dosage level, frequency, and composition of 

the diet. Sensitivity to the toxins varies greatly from species to species. For example, the 

LDso ranges from 0.5 mg/kg for the ducking to 60 mglkg for the mouse. Rats, pOUltry 

(especially ducks), and trout are highly susceptible to effects of aflatoxin, whereas sheep, 

hamsters, mice, and pigs are fairly resistant (Christersen et al., 1977). The organ primarily 

affected is the liver, but changes can be seen in most other organs (Butler, 1969). Death 

usually results from liver damage. The carcinogenicity, mutagenicity, teratogenicity, and 

acute toxicity of aflatoxins have been well documented (Ellis et al.,1991). Of the 18 

known aflatoxins, AFB, is the most important in teons of occurrence and toxicity and the 
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most potent of the naturally occurring carcinogens (Wogan, 1973; 1976). AFBI has 

induced liver cancer in all species of laboratory animals tested (Wogan, 1973) and is an 

extremely potent carcinogen to duck, rat, and rainbow trout (Table 2.1, Linsell, 1985; 

Table 2.2, Hsieh, 1986). In susceptible experimental animals, cancer has been induced 

at doses as low as comparable to contaminated human diets (Campbell and Stoloff, 1974; 

Buss et ai., 1990). 

The significance of the risk due to mycotoxin contamination is dependent on the 

toxicological properties of the compound (acute, subacute, chronic, reproductive, 

mutagenicity, teratogenicity, and carcinogenicity) as well as the extent of human exposure 

(occurrence, incidence, and contamination level). Although a direct cause/effect 

relationship has not been confirmed, the association between mycotoxin exposure and the 

incidence of human primary liver cancer (PLC) is suggested by dose-dependent 

correlations of exposure to aflatoxins and PLC incidence rates in some areas of Africa 

and Asia (Shank et ai., 1972; Peers and Lin sell , 1973; Peers et aI., 1976; Van Rensberg 

et ai., 1985; Hsieh, 1986; Peers et ai., 1987; Groopman et ai., 1988; Yeh et ai., 1989). 

In 1987, the International Agency for Research on Cancer (IARC, 1987) concluded that 

there was sufficient evidence to classify aflatoxin as a human carcinogen although the 

direct effect of aflatoxin on human PLC has not been revealed. 
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Table 2.1. Carcinogenicity of AFB\ depicting dosage and period of oral exposure.a 

Species Dose/kg.BW Period of exposure Tumor incidence 

Duck 30 pg 14 months 8/11 (72%) 

Trout 8 pg 1 year 27/65 (40%) 

Monkey 100-800 mg >2 years 3/42 (7%) 

Rat 100 pg 54-88 weeks 28/28 (100%) 

Mice 150 pg 80 weeks 0/60 (0%) 

a Table adapted from Linsell, 1985. 
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Table 2.2. Liver cancer data from aflatoxin B. feeding studies with rats.a 

Study Strain AFB. in Incidence of Reference 
number of rats diet(ppb) liver cancer 

I Fischer 0 0/18 (0) Wogan et al., 

1 2/22 (9%) 1974 

5 1122 (5%) 

15 4/21 (19%) 

50 20/25 (80%) 

100 28/28 (100%) 

II Fischer 0 0/16 (0) Nixon et al., 

20 5/13 (38%) 1974 

ill Wistar 0 0/17 (0) 

20 0/20 (0) 

100 7/17 (100%) 

IV Porton 0 0/46 (0) Butler & Barnes, 

100 17/26 (47%) 1968 

500 25/25 (100%) 

\" USC 0 019 (0) Alfin-Slater et al .. 

1 0/16 (0) 1969 

10 OlIO (0) 

a Table adapted from Hsieh, 1986. 
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Efficacy of Aflatoxin Decontamination via Ammoniation 

Aflatoxin contamination can result from fungal contamination before, during, and 

after harvest. The occurrence of aflatoxins is worldwide, particularly in products such as 

com, peanuts, peanut butter, and cottonseed (park et al., 1988; Ellis et al., 1991). Risks 

posed to man can be from direct consumption of the contaminated foodstuffs, such as 

com and peanut products, or from consumption of foods produced by animals that have 

ingested the aflatoxin-contaminated feeds themselves, such as milk and eggs. 

Undoubtedly, prevention is the best method for controlling the contamination. However, 

if contamination occurs, other measures must be established and applied to remove or 

reduce the risk of using contaminated products. 

Decontamination, based on 1) physical, chemical, or biological removal, or 2) 

physical or chemical inactivation, is one of the major procedures to monitor the 

contamination. Scientists have focused on decontamination research for over two decades. 

Although many other materials and/or methods such as methylamine with or without lime 

(Park et al., 1981; Mann et al., 1971), roasting (Conway et al., 1978), chlorine gas 

(Samarajeewa er aI., 1991), etc., can reduce the aflatoxin levels in contaminated crops, 

ammonia decontamination is the most effective and economically feasible method (Norred 

et al., 1983; Park et al., 1988). Ammoniation of animal feeds containing aflatoxin is 

currently permitted in Arizona, Texas, and California for cottonseed; North Carolina, 

Texas, Alabama, Georgia, and South Africa for com; and France, Senegal, Brazil and 

Sudan for peanut cakes/meal (park, 1993). 

In order to evaluate the safety and efficacy of any atlatoxin decontamination 
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process, Park and Lee (1990) suggested that research must focus on criteria which will 

determine whether the procedure will be acceptable, such as: a) the capability to destroy, 

inactivate or remove the toxin, b) identification of aflatoxin/decontamination reaction 

products, c) determination of the effect of the feed matrix on aflatoxin, and d) evaluation 

of any toxic residues in the ammoniated products or foods derived from animals fed the 

decontaminated products . These items will be the focus of this review. 

Chemistry of Aflatoxin Ammoniation 

The proposed chemical reaction scheme was summarized by Park et ai. (1988) as 

depicted in Figure 2.2. The fragmentation of AFB, by ammonia starts with the opening 

of the lactone ring (Figure 2.2, I; Coomes et ai., 1966). This hydrolytic scission occurs 

readily under basic condition and is reversible if the ammoniation process is carried out 

under mild conditions or when the exposure time is not sufficient and is followed with 

an acid treatment (Vesonder et ai., 1975; Giddey, 1977; Schroeder et ai., 1985). When 

the reaction is allowed to proceed further, the compounds formed do not revert back to 

AFBI' Decarboxylation of the intermediate carboxylate ion (Figure 2.2, II) yields aflatoxin 

D, (AFD" Figure 2.2, III), which has been found to be 130-450 times less mutagenic than 

AFB, (Schroeder et ai., 1985; Lee et ai., 1981). The term D, was applied to the major 

reaction product because of the decarboxylation step (Lee et al., 1974). Fragmentation of 

the ~-keto acid moiety furnishes the benzobifuran (Figure 2.2, V) with molecular weight 

206 (Cucullu et ai., 1976), which is formed in greater abundance under high temperature 

and pressure conditions and is not necessarily a decomposition product of AFD, (Coker 

et ai., 1985). 
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Figure 2.2. Proposed fonnation of aflatoxin-related ammonia decontamination 
products (Figure adapted from Park et at., 1988). 
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Studies have demonstrated that the proportion of aflatoxin/ammonia reaction 

products may be different depending on the presence/absence of meal matrices and the 

condition of ammoniation, i.e., temperature and pressure applied and whether ammonium 

hydroxide or ammonia gas is the ammonia source (Park et ai .• 1988). Generally, meal 

matrices reduce or eliminate conversion of aflatoxin into the compounds detected in 

model reactions (Table 2.3, Park and Lee, 1990), while increased quantities of 

aflatoxin/ammonia reaction products were fonned under reaction conditions using pure 

AFBI than when the aflatoxin-contaminated meal matrix was ammoniated (Lee et ai., 

1974; Lee and Culullu, 1978; Park et ai., 1984; Lee et ai., 1985). With respect to the 

whole chemical reaction profile, however, many by-products are still unknown or 

unidentified. To trace the fate of aflatoxin after ammoniation, it is necessary to monitor 

the interaction between ammonia and aflatoxin and investigate the distribution of the 

ammonia/aflatoxin reaction products, where solvent extraction combined with radio

labelled AFB1, such as 14C-AFBl' is usually used (Lee et aI., 1979; Park et aI., 1981, 

1984; Lawlor et ai., 1985). 

Factors Affecting the Efficacy of Ammoniation 

In the last 20 years, many ammoniation procedures have been developed and 

applied in different commodities by various area or countries (Coker et ai., 1985; Park 

et ai., 1988; Park and Lee, 1990; Park, 1992). These procedures focus primarily on two 

techniques: 1) atmospheric pressure ammoniation at ambient temperature (AP/ AT) where 

the product is sealed in plastic bags or bins for 2 to 3 weeks, and 2) high pressure and 

high temperature (HP/HT) ammoniation where treatment duration is less than one hour 



Table 2.3. Relative levels of conversion of aflatoxin BI to aflatoxin DI.
a 

Products/Substrate 

Pure aflatoxin B I 

Cultured aflatoxin-containing peanut meals 

Cultured aflatoxin-containing cottonseed meals 

Aflatoxin-spiked peanut and cottonseed meals 

a Table adapted from Park and Lee, 1990. 

b Lee et ai., 1974. 

c Lee and Cucullu, 1978. 

Aflatoxin BI to DI (%) 

30b 

0.31c 

0.1 c 

0.9c 

30 
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(Park et ai., 1988). Studies have conflrmed that the ammoniation procedure reduces 

aflatoxin levels in contaminated products by 99%. Factors affecting the efficacy of the 

ammoniation procedure have been reported by Bagley (1979) as follows: 

Level of ammonia applied 

Although 0.5 .... 7.4% ammonia was used by previous studies (Thiesen, 1977; 

Bagley, 1979; Coker et ai., 1985), the range usually used was around 0.5% to 4.0% 

regardless of whether HP/HT procedure or API AT procedure was used (Koltun et ai., 

1979; Lough, 1979; Fowler, 1979; Newell, 1979; Jorgenson and Price, 1981; Price et aI., 

1982; Ewaidah, 1984). The higher the ammonia level applied, the greater the efficacy 

could be achieved within this range (Brekke et aI., 1977a, b). 

Moisture level of treated product 

Previous studies have shown that the process was more effective in destroying 

aflatoxin when the moisture content of the corn was increased (12.5 .... 22.5%)(Brekke et 

ai., 1977a, b). Higher moisture level, though not high enough to form caking, may allow 

the ammonia permeation of the meal more readily and evenly than lower moisture levels. 

Although 6% to 30.5% moisture have been reported previously (Helme and Prevot, 1973, 

1975; Prrvot and Jemmali, 1977; Lesieur, 1977; Thiesen, 1977), 10 .... 20% was used 

predominately in both HP/HT and AP/AT techniques (Koltun et ai., 1979; Lough, 1979; 

Fowler, 1979; Newell, 1979; Jorgenson and Price, 1981; Price et aI., 1982; Piva et al., 

1981, 1983; Ewaidah, 1984). 
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Holding temperature 

This is one of the significant differences between API AT and HPIHT. Studies have 

found that the ammoniation process is temperature dependent. The higher the temperature 

applied, the greater the efficacy obtained, and also, the shorter the duration to reach a 

specific reduction required (Brekke et al., 1977a, b; Bagley, 1979; Piva et al., 1981, 1983; 

Mashaly et ai., 1983; Coker et ai., 1983). 

Duration of exposure to ammonia 

The longer the meal is exposed to ammonia, the greater the efficacy of reduction. 

The time required to reach a specific reduction is also dependent upon the holding 

temperature. A longer process time is required for API AT process than for HP/HT 

process. This is another difference between these two techniques: the HP/HT procedure 

is usually carried out in less than one hour, whereas the API AT procedure usually lasts 

for 2 ..... 3 weeks to reach a sufficient reduction (park et ai., 1988). 

Safety Evaluation of the Ammoniation Products 

Changes of Product Constituents (Nutritional Value) by Ammoniation 

One problem with ammoniation is whether the ammonia treatment changes the 

product constituents and therefore changes the nutrition value of the commodities. Many 

studies have been conducted and most were based on chemical analysis before and after 

ammoniation. Generally, the ammoniation process increases levels of total nitrogen (Mann 

et ai., 1971; Brekke et al., 1977b, 1978; Bagley, 1979; Koltun et al., 1979; McGhee et 

ai., 1979; Conkerton et al., 1980; Park et ai., 1981; Peplinski et al., 1983), nonprotein 
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nitrogen (Brekke et ai., 1978; Bagley, 1979; Koltun et ai., 1979), and soluble solids 

(Brekke et ai., 1978; Bagley, 1979; Peplinski et ai., 1983). Immunochemical and gel

electrophoretic protein patterns changed with increased levels of total and nonprotein 

nitrogen (Conkerton et ai., 1980). Cystine, methionine, lysine (Mann et ai., 1971; 

Waldroup et ai., 1976; Koltun et aI., 1979; McGhee et ai., 1979), nonreducing sugar 

levels (Bagley et ai., 1979; McGhee, 1979; Conkerton, 1980) and the nitrogen solubility 

index (Mann et ai., 1971; Koltun et ai., 1979; Peplinski et ai., 1983) are usually reduced. 

Reduction in protein efficiency ratio (PER) may be a result of ammoniation (Mann et ai., 

1971). No significant changes have been observed for starch (Brekke et aI., 1977b; 

McGhee et ai., 1979; Peplinski et ai., 1983) and lipid (Mann et ai., 1971; Brekke et ai., 

1977b, 1978; Bagley, 1979; McGhee et ai., 1979; Peplinski et ai., 1983) components. 

Generally, ash (Mann et ai., 1971; Brekke et aI., 1977b; Peplinski et ai., 1983), soluble 

solids (Brekke et ai., 1978; Bagley, 1979; Peplinski et ai., 1983) and crude fiber (Mann 

et ai., 1971; Peplinski et ai., 1983) levels increased as a result of the process. These 

changes, however, were not caused exclusively by ammonia but also by the high 

temperature and harsh conditions used in the process, i.e. other procedures might also 

cause these changes if high temperature and/or harsh conditions were applied. Reductions 

in nitrogen solubility and available lysine were expected because of the effect of heat on 

the meal (Mann et ai., 1971). Harsher conditions usually result in additional reduction of 

nitrogen solubility and lysine level (Koltun et ai., 1979). 
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Potential Adverse Biological Effects Caused by Ammoniation 

Chemical analyses have showed that ammoniation can effectively reduce aflatoxin 

levels in contaminated commodities accompanied with the production of some known 

and/or unknown by-products. The next question is "Can these by-products cause any 

adverse biological effects on the consumers, i.e. animals and/or human beings?" To 

answer this question, a lot of experiments have been carried out. These studies can be 

classified into two major categories: nutritional and toxicological (safety) evaluation 

studies. 

Nutritional evaluation studies 

In this area, nutritional status evaluation parameters such as weight gain, organ 

weight/body weight ratio, PER, net protein utilization (NPU) etc., and production 

evaluation parameters such as the quality and quantity of milk, eggs etc., were usually 

used. These studies were designated to find out if there were any potential adverse effects 

on animal growth or on the quality and quantities of animal products caused by feeding 

ammonia-treated feeds. Both domestic and laboratory animals were used including rats, 

mice, ducklings, swine, chickens, lambs, trout, turkeys, dairy and beef cattle, etc. Some 

of the results obtained from rat experiments were summarized in Table 2.4. 

Toxicological (safety) evaluation studies 

A complete profile of toxicological evaluation usually include acute, metabolic, 

subacute, chronic, reproductive, mutagenicity, teratogenicity, and carcinogenicity studies. 

Many in vivo and in vitro methods have been established for the safety evaluation of the 

ammonia-treated products. Unquestionably, in vivo studies using mammals can give more 



Table 2.4. Safety evaluation of ammoniated feeds in rats. 

Strain Feed 

F-344 Corn 20% 

F-344 Corn with 
14C-AFB 

1 

F-344 Corn 

Duration and observations 

92 weeks; no liver lesions, no chronic toxicity; normal hemoglobin, 

hematocrit, and serum alkaline phosphatase activity; no liver neoplasia; 

thyroid carcinoma: 1/8 in male; 2/11 in female 

72 hr excretion and absorption study: 78% excretion (vs 67% in untreated 

corn); decrease 14C compounds binding to the liver; 8% urine excretion 

of radioactivity (vs 10% in untreated com) 

72-96 hours; normal in body weight(BW), liver weight, single dose 

Reference 

Norred et al., 

1983 

Norred et al., 

1981 

Norred et al., 

hexobarbital sleeping times, hepatic microsomal concentrations of protein, 1979 

cytochrome P-450 & bs, serum alkaline phosphatase activity 

N/A Cottonseed 90 days; lower PER; similar digestibility; normal BW; normal hematology 

meal, 25% value; normal liver function parameters 

Mann et aI., 

1971 

Ul 
VI 
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valuable toxicological information than in vitro studies. However, the use of feeding trials 

to evaluate toxicity and chronic effects of detoxified aflatoxin is time consuming and 

expensive (Draughon and Childs, 1982). In preliminary screening studies it is not 

economically feasible to conduct such feeding trials. On the other hand, some in vitro 

toxicity studies, such as the Ames test (Salmonella typhimuriumlmammalian microsomal 

mutagenicity test, Ames et al .• 1973a, 1975), or other short-term in vivo toxicity studies, 

such as the brine shrimp toxicity assay (Draughon and Childs, 1982) and chick embryo 

bioassay (Trager and Stoloff, 1967; Vesonder et al., 1975; Park et al., 1981) have been 

established and applied in the toxicological evaluation of aflatoxin decontamination 

procedures in the last 20 years. The present review will focus on mutagenic and 

carcinogenic studies, which usually are the primary concern in toxicological evaluation. 

A. Determination of the mutagenic potential of ammonia/aflatoxin reaction products 

and ammoniated commodities by the Ames test 

The mutagenic potential of AFB, has been intensively studied by various 

bioassays, such as the Ames test, micronucleus analysis, sister chromosome exchange, etc. 

The mutagenic effects induced by AFB, are actually started by microsomal activation of 

the mixed function oxidase to the epoxide form, i.e., AFB,-8,9-epoxide. The possible 

mechanism of AFB, mutagenesis "may be initiated by an AFB,-DNA binding process, 

leading to the formation of single-stranded gaps as a result of inhibition of DNA 

polymerase activity at DNA binding sites. This stimulates an error-prone repair system 

that may induce mutation by ( 1) insertion of erroneous nucleotides opposite spontaneously 

occurring apurinic sites or (2) through errors during filling of single-stranded gaps that 
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do not contain additional DNA lesions." (Ellis et al., 1991). 

For mutagenic potential studies, the Ames test is the in vitro method most widely 

used in the prediction of known animal carcinogens as mutagens and in the screening of 

chemicals (Ames et ai., 1973a, band 1975; McCann et aI., 1975a, b and 1976) as well 

as the evaluation of aflatoxin decontamination products for mutagenicity (Draughon and 

Childs, 1982; Schroeder et ai., 1985; Lawlor et aI., 1985; Patel et ai., 1989; Jorgensen et 

ai., 1990; Samarajeewa et ai., 1991). The availability of the Ames test to detect known 

in vivo animal carcinogens as in vitro bacterial mutagens makes this bacterial detection 

system an extremely promising tool in predicting carcinogenic potential of unknown 

compound (Wong and Hsieh, 1976). However, as Maron and Ames (1983) indicated, it 

is important to recognize the limitations of the assay as well as the advantages, and, 

ultimately, a battery of tests is needed so that the strengths of one test can compensate 

for the inadequacies of another in detecting specific classes of mutagens. Ames and 

McCann (1981) estimated the correlation between carcinogenicity and mutagenicity to be 

about 83%. A few classes of carcinogens such as polychlorinated pesticides have been 

tested by this assay and failed to show positive results (Rinkus and Legator, 1979, 1981; 

Ames and McCann, 1981). 

In principle, the Ames test is a short-term in vitro assay used to detect chemically 

induced mutagenesis caused by two types of DNA altered Salmonella typhimurium. The 

result can be obtained in 48 hours. The types of mutation detected are the base-pair 

substitution and the frame-shift. Both of these alterations cause changes is the reading 

frame of the DNA and result in three kinds of coding errors: 1) Sense- where the codon 
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had been altered but still reads for the same protein; 2) Non-sense- where the codon has 

been changed and makes no sense and reading stops; and 3) Missense- where the codon 

reads for a different protein. 

A set of histidine-requiring (His+) Salmollella t)'plzimurillm strains is used for 

mutagenicity testing. The mutation characteristics of the test strains have been described 

in detail by Maron and Ames (1983): Each tester strain contains a different type of 

mutation in the histidine operon and other mutations that greatly increase their ability to 

detect mutagens. One mutation (rfa) causes partial loss of the lipopolysaccharide barrier 

that coats the surface of the bacteria and increases permeability to large molecule 

mutagens that do not penetrate the normal cell wall (Ames et ai., 1973a). The other 

mutation (IlvrB) is a deletion of a gene coding for the DNA excision repair system, 

resulting in greatly increased sensitivity in detecting many mutagens (Ames, 1971; Ames 

et ai., 1973a). For technical reasons, the deletion excising the llvrB gene extends through 

the bio gene and, as a consequence, these bacteria also require biotin for growth. Standard 

tester strains. TA97, TA98, TAlOO, and TA102 contain the R-factor plasmid, pKMlOl. 

These R-factor strains are reverted by a number of mutagens that are detected weakly or 

not at all with the non R-factor parent strains (McCann et al., 1975b; Levin et al., 1982). 

TA100 and TA98 are most commonly used in aflatoxin-induced mutagenic studies 

(Draughon and Childs, 1982; Schroeder et al., 1985; Lawlor et al., 1985; Jorgensen et al., 

1990). TA100 detects mutagens that cause base-pair substitutions and TA98 detects 

various frameshift mutagens (Maron and Ames, 1983). 

Maron and Ames(1983) also emphasized that the tester strain genotypes should 



39 

be confirmed a) immediately after receiving the cultures, b) when a new set of frozen 

permanents or lyophilized cultures are prepared, c) when the number of spontaneous 

revertants per plate falls out of the normal range, or d) when there is a loss of sensitivity 

to standard mutagens. In many laboratories the tests for genotypes are included in each 

mutagenicity assay. The confirmation test usually consists of four parts: histidine 

requirement (confmned by demonstrating the histidine requirement for growth on 

selective agar plates), lIvrB mutation (confmned by demonstrating UV sensitivity), rfa 

mutation (tested by crystal violet sensitivity), and R-factor (tested by the presence of the 

ampicillin resistance factor). 

Since these bacteria are mutant strains and very sensitive, they must be handled 

with care to prevent any alterations. Some factors that may influence the growth of the 

tester strain, and consequently affect the experimental result are discussed below. 

Spontaneous reversion (Maron and Ames. 1983): Spontaneous reversion of the 

tester strains to histidine independence is measured routinely in mutagenicity experiments 

and is expressed as the number of spontaneous revertants per plate. 

Each tester strain reverts spontaneously at a frequency that is characteristic of the 

strain. Acceptable ranges of spontaneous reversion may be somewhat different in various 

laboratories but they should be relatively consistent within a laboratory. The following 

ranges are based on historical values and are therefore more reliable for TA98 and TAloo 

than for the new strains (T A97, TA102) which have been in use for only a short time. 

Revertants/plate without S9 (microsome enzyme mixture obtained from liver homogenate 

centrifuged at 9000 g, see next section) are: TA97 (90-180), TA98 (30-50), TAloo 
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(120-200), TA102 (240-320). The numbers may be vary slightly on plates containing S9. 

Somewhat different ranges of spontaneous reversion rates may be observed over a long 

period of time but there should not be extreme fluctuations from one experiment to the 

next. 

A deviation that is obviously outside the acceptable range is an indication that the 

genetic characteristics of the strain in question (or the growth medium) should be tested. 

Abnormally high spontaneous reversion may indicate contamination or the accumulation 

of back mutations by repeated sub-culturing, if this is the case the strain may be 

recovered by re-isolation from the frozen master copy. A decrease in the spontaneous 

reversion frequency of the R-factor strains accompanied by sensitivity to ampicillin, and 

a corresponding insensitivity to the appropriate diagnostic mutagens, are indications of 

R-factor loss. This can be partial or complete. 

Spontaneous reversion is also influenced by the histidine concentration and 

consequently, fluctuations in the histidine content of the top agar will be reflected in 

corresponding fluctuations in the number of spontaneous revertants on the plates. 

Ethylene oxide used to sterilize Petri plates and other disposable plastic ware is 

a potent mutagen for TA1535 and TAlOO. Residues of ethylene oxide on the plates can 

greatly increase the numbers of revertant colonies of these strains. Petri plates sterilized 

with ethylene oxide should not be used in mutagenicity assays. 

Nutrient broth from Difco, previously used for growing cultures of the tester 

strains, has been found to induce mutations in TA1535 and TA100 without S9 activation 

(Maron et al., 1981). Oxoid nutrient broth No.2 has been used in replace of Difco 



41 

nutrient broth for growing the tester strain cultures. Unfortunately, any nutrient broth that 

contains proteins extracted from beef at high temperatures is likely to be mutagenic to 

some extent. 

Mammalian liver S9: Some pro-mutagens and/or pro-carcinogens must be activated 

by liver enzymes to express their mutagenicity and/or carcinogenicity. For ill vitro studies, 

rat liver is the most convenient source of activating enzymes. S9 is a liver homogenate 

centrifuge supernatant fraction obtained from centrifuging liver homogenate at 9000 g (so 

called S9). 

For efficient detection of a wide variety of carcinogens requiring metabolic 

activation, it is essential that S9 be prepared from chemically induced animals. Studies 

have found that liver from Aroclor-induced rats is efficient for detecting different classes 

of carcinogens (Ames et al., 1973b; Kier et al., 1974). S9 preparations from induced rats 

are superior to those from non-induced rats for the activation of B(a)P, 3-

methylcholanthrene, and 2-acetylaminofluorene (Ames et al., 1975). Malaveilee et al. 

(1979) studied the factors determining the concentration of liver proteins for optimal 

mutagenicity of chemicals in the Salmonella microsomal assay. S9 obtained from 

untreated, phenobarbitone- or Aroclor-treated rats were used in that study. They found 

that the S9 concentration required for optimal mutagenicity of AFBI depended on the 

source of S9 and on the concentration of the test compound. The effect of Aroclor 

treatment on the microsome-mediated mutagenicity of AFB 1 was assay-dependent. In the 

liquid assay, AFBI mutagenicity was decreased, whereas in the plate assay it did not 

change or was increased. 
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In Qin and Huang's study (1985), the ability of retinol in altering mutation 

frequencies induced by seven carcinogens was studied in Salmonella/microsomal assay 

using TA98, TA100, TA102 and TA1535. All three retinoids (retinol, retinoic acid, retinyl 

acetate) caused a significant reduction of AFB,-induced His+ revertants in a dose

dependent manner. In a subsequent study, Qin and Huang (1986) compared the activation 

activities of S9 prepared from liver of mice fed a high or low level of vitamin A with 

TA98 treated with AFB, or B(a)P using three doses of S9 (50, 100, and 200 plfplate). S9 

fractions from mice with a high liver vitamin A level were consistently less potent than 

S9 fractions from mice with a low liver vitamin A level in activating AFB, to its 

mutagenic metabolites. 

In the study of Rubano et al. (1990), hamster liver S9 prepared from control 

animals and animals given 30% glucose in drinking water 48 h before killing was used 

in studies of B(a)P and AFB,-induced mutagenesis. The result showed that B(a)P-induced 

mutagenesis in TA100 was reduced 38.5% while AFB1-induced mutagenesis was 

increased 36% by S9 from glucose-treated hamsters. Similar results were found in a study 

reported by Teel and Strother (1990). 

The above information indicate the importance of using the same source and same 

concentration of S9 in the same project in order to compare and evaluate the experimental 

results. 

Type of assays: Plate incorporation test is the standard method of the Ames test. 

Besides, some modification assays have been developed to meet the specific requirements 

of some compounds, such as urine assay, desiccator assay, preincubation test, spot test, 
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etc. (Maron and Ames, 1983). Among these, only the plate incorporation test and 

preincubation test are commonly used in the determination of the mutagenic activity of 

AFB I· 

In plate incorporation test, the mutagen, bacteria, and S9 mix are added directly 

to the top agar, mixed, poured onto the minimal glucose agar plate, hardened, and 

incubated at 37°C for 48 hours. Maron and Ames (1983) suggested that compounds that 

are negative can be retested using the preincubation procedure, the most widely used 

modification test, in which the mutagen, S9 mix, and bacteria are incubated at 37°C for 

20 min or at 30°C for 30 min and then added the top agar. The mutagenic activity of 

AFBI has been determined using both plate incorporation and preincubation procedures 

and in all cases the preincubation assay is of equal or greater sensitivity than the plate 

incorporation assay (Matsushima et al., 1980). The increased activity is attributed to the 

fact that the test compound, S9, and bacteria are incubated at higher concentrations in the 

preincubation assay than in the standard plate incorporation test (Prival et al., 1979). 

Carrier solvents: Compounds to be tested for mutagenicity are routinely dissolved 

in dimethyl sulfoxide (DMSO) if they are insoluble in water. Chemicals that are also 

insoluble in DMSO must be dissolved in alternative solvents (Maron and Ames, 1983). 

Toxicity of the chemicals: Most mutagens are also toxic to the bacteria at some 

concentration range, and consequently the number of revertants on the plate usually 

decreases in the toxic range (usually at higher concentrations). This may not be a problem 

with most strongly positive mutagens such as BP or AFBI which show a linear dose

response relationship with the tester strains at concentrations below the range of strong 
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toxicity (Maron and Ames, 1983). When the test compound is weakly mutagenic and 

strongly toxic, however, it may be difficult to find a range of concentrations in which the 

mutagenic potential is not masked by toxicity. If one were to test a compound at only one 

concentration which happens to be in the toxic range (the descending portion of the 

curve), the results would be misleading as to the quantitative mutagenic activity of this 

compound. 

B. Determination of the carcinogenic potentials of ammonia/aflatoxin reaction 

products and ammoniated commodities by aflatoxin-induced DNA adduct formation 

Covalent binding to DNA is a property common to a large number of chemical 

carcinogens (Lutz, 1979). The carcinogenic mechanism for AFBI involves enzymatic 

oxidation of AFBI to an epoxide and subsequent covalent binding to DNA, predominantly 

at the N-7 atom of guanine (Figure 2.3). The formation of aflatoxin-DNA adducts has 

been implicated in the initiation and the promotion of primary liver cancer (PLC) (Miller 

and Miller, 1981; Gorelick, 1990). AFB1-DNA adduct formation has been used as a 

biomarker to detect the level of human exposure to aflatoxin (Santella, 1991). 

The first AFB1-DNA adduct was identified as 2,3-dihydro-2-(N7-guanyl)-3-

hydroxy-AFB1 (AFB1-N
7-Gua)(Essigmann et al.1977), the major product liberated from 

DNA in vitro with AFBI and a rat liver microsomal activation system. Its presence was 

subsequently confirmed in vivo (Lin et aI., 1977; Croy et al., 1978; Benautti et al., 1988). 

Most of the AFBI-DNA adducts are unstable both in vivo and in vitro and break down 

to AFBI formamidopyrimidine lAFB1-FAPyr), the persistent adduct (Groopman et a/., 

1981; Lee et aI., 1989). The linear relationship between AFB1-DNA adduct formation and 
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Figure 2.3. Metabolic pathways for activation and subsequent detoxification of 
aflatoxin B\ (Figure modified from Gorelick, 1990). 
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the level of AFBI exposure has been well established in experimental animals (Groopman 

et aI., 1987). Determination of aflatoxin related adducts formation in experimental animals 

induced by aflatoxin-contaminated commodities before and after ammoniation, therefore, 

could be an effective method to estimate the carcinogenic potential of the ammonia

treated aflatoxin-contaminated commodities, which is necessary for safety evaluation of 

the ammonia decontamination procedures since aflatoxin itself is one of the most potent 

chemical carcinogens. 

Many questions, however, are still to be answered in this area, such as, "Does the 

ammoniation process affect the formation of AFB1-DNA adducts?", "Can the ammonia/ 

aflatoxin reaction products bind with DNA covalently?". To date only one study has 

addressed the liver DNA binding of ammonia/aflatoxin reaction products (Schroeder et 

ai., 1985). The result from that study showed: 1) AFD1, one of the ammonia/aflatoxin 

reaction products (Figure 2.2, ill), was 130-fold less mutagenic than AFBI in the Ames 

test, and 2) the in vivo covalent binding to liver DNA of 14C-AFDI was non-detectable 

and at least 280-times lower than that for AFB 1, although AFDI still has the 8,9a double 

bond on the bifuran ring. Obviously, further studies are required to obtain a valuable 

toxicological evaluation profile. 

Quantitative detemlination ofaflatoxin-macromoiecular adducts in biological specimens 

With respect to aflatoxin-DNA adduct measurement, many advanced methods have 

been developed to quantitatively or qualitatively detect aflatoxin and aflatoxin-DNA 

adducts in biological specimens (Groopman et al., 1981, 1982, 1984; Groopman, 1988; 

Croy and Wogan, 1981a; Wogan and Gorelick, 1985; Wild et ai., 1986a; Autrup et al., 
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1987; Wogan, 1989; Koh et ai., 1989). The methods can be classified as two major 

groups: chromatographic and immunochemical techniques. Since each method has its 

advantages and disadvantages, the recent research tends to combine two or more 

techniques together to overcome some disadvantages of each single method. 

Modified thin-layer chromatography (TLC): TLC is the first method established 

for determination of aflatoxin contamination in agricultural commodities. Aflatoxin is 

extracted from the sample, dissolved in a selected organic solvent, spotted on the thin

layer silica gel plate with the standards, and then developed in a developing tank using 

selected organic solvents. The results can be obtained by reading the developed plate 

under UV light. The advantages of this method are: 1) separation can be achieved at a 

minimal expense, given a good adsorbent and a pure solvents; 2) separation can be 

achieved in minimal time; 3) since this is an 'open-column' type chromatographic system, 

the whole plate can be visualized which guarantees success in the separation of unknown 

mixtures (Hamilton and Hamilton, 1987) and detecting each kind of aflatoxin at the same 

time. It is widely used in screening agricultural products. AOAC has approved through 

interlaboratory validation studies a series of official methods on the application of this 

technique (AOAC, 1990). The disadvantages of TLC include low sensitivity, somewhat 

time consuming (compared to other chromatographic techniques), and some of the 

solvents used in the analysis are toxic and carcinogenic which pose health risks to the 

analyst (Groopman and Donahue, 1988). 

Since the level of aflatoxin metabolites and/or aflatoxin-DNA adducts in the 

biological specimens is much lower than the level of aflatoxin in contaminated 
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commodities, TLC is not sensitive enough to be used with biological samples. To 

overcome these disadvantages, a modified method, TLC with 32p Postlabeling Assay, has 

been developed (Randerath et al., 1985; Gupta et al., 1987). This technique can detect 

microgram amounts of adducts of DNA without requiring radioactive aflatoxin. In this 

assay, aflatoxin-DNA adducts are enzymatically digested to normal nucleotides and 

nucleotide adducts and then both are modified by enzymatic incorporation of 32p by 

radioactive A TP. Following separation from the normal nucleotides by TLC, the adducts 

are quantified by measuring the radioactivity of digestion using autoradiograms. Use of 

this technique with elimination of normal nucleotides before 32p labeling enhances the 

sensitivity of detection and quantitation by several orders of magnitude, i.e., to a level of 

one adduct in greater than 1010 nucleotides for aromatic carcinogen-DNA adducts (Gupta 

et at., 1987). 

Affinity antibody column with high performance liquid chromatography (HPLC): 

The principle of HPLC is similar to TLC. The major advantages of HPLC include high 

resolution, speed, sensitivity, unique detectors, reusable columns, ideal for large molecules 

and ionic species, easy sample recovery and automatic operation. Its major limitations 

include equipment cost and the experience necessary to obtain good results (Johnson and 

Stevenson, 1978). This method, like TLC, has been combined with other techniques in 

the determination of aflatoxin-DNA adducts in biological samples. These kinds of samples 

usually contain some nonspecific interfering materials which often prevented the 

attainment of the high sensitivity. A new technique, immunoaffinity chromatography 

coupled with HPLC, was developed by Groopman and his colleagues (Haugen et al., 
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1981; Groopman et at., 1982; 1984; 1986) with subsequent modifications within the last 

ten years (Groopman et at., 1985; Groopman and Kensler, 1987; Groopman et at., 1987; 

Groopman and Donahue 1988; Wild et at., 1988). 

The fonnation of highly specific multiple noncovalent-bounds between toxins and 

the immobilized antibody on a solid phase is the basic principle of the immunoassay. In 

this assay, the affinity column serves as an isolation and concentration tool for aflatoxins 

through a one-step absorption of aflatoxins from the interfering materials in sample 

matrices. This is the most important analytical advantage of the monoclonal antibody 

affinity column (Groopman 1988; Groopman and Donahue 1988). At the present time, 

it appears that about 95-98% of the aflatoxin residues bound to DNA have been accounted 

for by chemical structure analysis. This work provides the chemical basis for producing 

monoclonal antibodies that recognize these DNA adducts so that the antibodies can be 

employed as highly specific probes for quantifying the occurrence of adducts as well as 

other products of AFBI metabolism in biological samples, such as serum and urine 

(Groopman et a/., 1986). 

Vicam Aflatest-l 0-2B 11 affinity column, which recognizes the cyclopentanone part 

of aflatoxin molecule structure and specific to aflatoxin BI and B2, has been used to 

isolate, purify, and identify AFBI-DNNalbumin adducts (Gan et at., 1988; Sabbioni et 

a/., 1990; Groopman et a/., 1992a). Whereas Vicam Aflatest-P column. which recognizes 

the furan part of aflatoxin molecule structure and specific to aflatoxin BI• B2• GI• and G2• 

has been used in aflatoxin detection in agricultural commodities (Trucksess et a/ .• 1991). 
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Competitive radioimmunoassay (RIA): In RIA, a specified amount of radio-

labeled AFBI-DNA adduct (antigen, tracer) is mixed \vith an amount of antibody 

sufficient to result in a 50% binding of the tracer. At this ratio, small changes in either 

antibody or antigen tracer affect the tracer-antibody binding. On addition of a sample of 

nonradioactive antigen (inhibitor), some bound tracer is displaced. AFBI-DNA adduct 

concentration in the sample is quantified by comparing the value for inhibition of tracer

antibody binding with similar values of a standard curve. Major advantages of the method 

are high sensitivity and specificity. The disadvantages include health hazard and disposal 

difficulties presented by radioactive materials, and some of the radioisotopes used, i.e., 

32p, have short half lives (Trucksess et ai., 1991). 

Enzyme-linked immunosorbent assay (ELISA): In ELISA procedures, either the 

antibody or the antigen is bound to an enzyme. Following a competition assay fonnat, as 

with RIA, quantitation of the product fonned by conversion of a suitable substrate by that 

enzyme serves as the analytic determinant. Depending on the product generated, visible 

color is measured spectrometrically and a weak signal is magnified. In general, ELISA 

has lower detection limits than competitive RIA and requires less DNA (Koh et aI., 

1989). Several commercial test kits have been collaboratively studied and approved by 

the AOAC as official first action methods for screening aflatoxins in several commodities 

(Park et al., 1989a,b; Trucksess and Young, 1990). They compare favorably with the 

conventional TLC and HPLC methods (Trucksess and Young, 1990). The immunoaffmity 

column can also be used prior to the ELISA. 
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Advantages of direct determination of carcinogen-DNA adducts in organisms and factors 

influencing the determination 

Compared to other markers of exposure to carcinogens or to other short -term 

assays, the direct in vivo measurement of carcinogen-DNA adducts in human tissues or 

biological fluids has some theoretical advantages (Koh et ai., 1989): 

1. They are measurable and easily quantifiable by modem analytic techniques. 

2. Antibodies that recognize these adducts specifically can be developed (i.e., they 

do not react with either the DNA or carcinogen alone). 

3. Antibodies to the adducts can characterize the actual site of carcinogen binding 

and provide information on the exact nature of DNA damage induced. 

4. Adducts appear to be sensitive markers of DNA damage. DNA modification can 

occur at frequencies of 1 in lOS nuc1eotides in target tissues. At present, DNA 

adduct assays can determine changes in 1 in 1010 nucleotides. 

5. The major DNA adducts described so far are generally the same in diverse 

species and tissues. 

6. Problems of estimating the dose received at the tissue level from exposure data 

are obviated by quantitative measurements of absorption, i.e., the "biologically 

effective dose". That is the amount of activated agent that actually reacts with the 

critical cellular DNA target. 

7. Levels in different tissues provide dosimetry data that may predict cancer in 

those organs. 

Because of these advantages, measuring concentrations of DNA adducts could 
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supply a quantitative risk assessment index and serve as a means of surveillance by 

approximating both the extent of exposure and risk of tumorigenesis in human 

populations. However, there are some factors which can influence the formation and the 

measurement of aflatoxin-DNA adducts and, therefore, lead to false conclusions. Koh et 

al.(1989) suggested that the following items should be taken into consideration when any 

of the above methods or techniques is used to determine the adducts: 

1. The chronic or acute nature of the exposure: A lot of laboratory animal 

experiments have demonstrated that different nature of exposure, i.e., using single-dose 

exposure (acute) or low-dose and long-term exposure (chronic), may result in the 

difference of the formation and persistence of aflatoxin-DNA adducts in tissues or 

biological fluids (Schrager et ai., 1990; Swenberg et ai., 1989; Lange et aI., 1990). 

2. The presence of tumor promoters and co-carcinogens or anti-carcinogens: There 

has been some evidence showing that a very strong correlation has been established 

between human PLC and hepatitis B virus (HBV) infection (Stoloff, 1983; Yeh et ai., 

1989; Bechtel, 1989; Hsieh et ai., 1988). Lee et al.(1989) proposed a conceptual 

framework for testing a hypothesis of the interaction between aflatoxin exposure and HBV 

infection on the carcinogenic procedure of PLC. In his opinion, PLC induced by aflatoxin 

can be promoted by HBV infection. 

Recently, Food and Drug Administration (FDA) scientists, Center for Food Safety 

and Applied Nutrition, reported that "the estimated potency of aflatoxin for individuals 

negative for hepatitis B was determined as 8.8 mg/kg/day (FDA, 1993), which is about 

8-fold lower that the 1979 FDA potency estimate based on less precise epidemiological 
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studies." For individuals positive for hepatitis B, the FDA scientists stated "the estimated 

potency was 230 mg/kg/day". The scientists developed potency estimates for aflatoxin 

using biological information to formulate a specific multistage model for aflatoxin and 

hepatitis B risk assessment. The lower potency for aflatoxin was based on the proposed 

model. 

Animal experiments with rats (Marinovich and Lutz, 1985; Toskulkao and 

Glinsukon, 1987; Wang et at., 1990) indicated a co-carcinogenic effect of ethanol on the 

covalent binding of AFBl to liver DNA. 

On the other hand, there are many inhibitors (anti-carcinogenic compounds) in the 

human diet. Bhattacharya and co-workers' studies (Firozi et ai., 1986; Bhattacharya and 

Firozi, 1988; Bhattacharya et al., 1989; Goswarni et at., 1989; Prabhu et at., 1989; 

Francis et at., 1989) have shown that vitamin A, natural carotenoids, retinoids, (3-carotene, 

ascorbic acid, copper, zinc, linoleic acid, BRA, BHT, riboflavin, plant flavonoids, etc. 

have the potential to inhibit some enzymes which are involved in the activation of 

aflatoxin and also inhibit the formation of aflatoxin-DNA adducts in vivo and/or in vitro. 

3. The chemical stability of the adducts and the kinetics of their formation and 

removal: In animal models, adduct half-lives vary with compound and tissue but are 

generally on the order of several days. The removal of DNA adducts has also been 

investigated in some human cohort studies. The examination of urine samples can give 

information about the level of exposure only if performed regularly over a long period 

of time. Studies performed in different species, including primates, suggested that 

aflatoxin exerts its carcinogenic effect only if administered often enough, in the 
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appropriate dosage, and for a certain period of time. The accumulation of the permanent 

adduct may well depend on host factors as well as on the amount and the frequency of 

the dietary exposure (Lee et ai., 1989). 

Numerous studies have attempted to correlate human exposure to aflatoxins 

through the measurement of urinary excretion of AFBJ-guanine adducts (Autrup et ai., 

1985, 1987; Garner et ai., 1985; Groopman et at., 1985, 1992a,b). Many laboratory 

animal experiments have been carried out under single-dose exposure (administration). 

However, the actual human situation usually is at low-dose and long-tenn exposure. 

Proportionality between exposure dose and DNA adduct level has indeed been reported 

with single dose of AFBJ (Croy and Wogan, 1981b; Appleton et al., 1982). With chronic 

exposure, Buss et ai.(1990) indicated that the level of DNA adduct is a result of 

continuous formation and removal, and it is the steady-state DNA damage reached after 

some time that probably determines the lifetime risk of cancer. They studied the dose

response relationship for the steady-state level of DNA adducts reached in rat liver DNA 

at levels of human exposure to AFB J. Male F-344 rats were given 3H-AFBJ in the 

drinking water at the dose levels of 2.2, 73, 2100 nglkglday for 8 weeks. The level of 

DNA adducts did not increase significantly after 4 weeks, indicating that a steady-state 

for adduct formation and removal had nearly been reached. At 8 weeks, the adduct levels 

were 0.91, 32 and 850 nucleotide-aflatoxin adducts per 109 nucleotides, i.e. clearly 

proportional to the dose. 

4. Types of adducts formed and the biologic importance of each adduct type: 

Some of the animal tests have shown that the formation and persistence of aflatoxin-DNA 
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adducts in tissues or biological fluids are quite different (Swenberg, 1989; Schrager et aI., 

1990; Lange et aI., 1990). In the cases of mUltiple adducts being formed, some may 

correlate better with tissue susceptibility for cancer than others. AFB1-N
7-Gua (as well as 

AFB1-FAPyr) is the major adduct in urine samples. However, the target organ of various 

aflatoxins is different. For AFB 1, liver is the major target organ, whereas kidney is the 

target organ for aflatoxin G1 (Wild et ai., 1990a). This differentiation may influence 

adduct formation and removal, and, therefore, affect the determination of adducts in 

biological fluids. 

5. Variation in DNA repair and DNA sequence: Specific DNA repair mechanisms, 

particularly excision repair (involving endonuclease, exonuclease, DNA polymerase, and 

ligase) or spontaneous depurination, may affect adduct levels. Some experiments have 

demonstrated that there is a binding specificity of AFBI to DNA (Benautti et ai., 1988; 

Yu et ai., 1990), which is: Poly[d(G-C)] > polydGpolydC > polydG > polydC, with no 

detectable binding to poly[d(A-T)]. The component of DNA sequence in various species 

may be related to the presence of different susceptibilities to aflatoxin in different species. 

6. Background levels of adducts in controls: Since there are many environmental 

factors which may affect the level of aflatoxin-DNA adducts, background levels between 

test and control groups is very important particularly when the experiment is designed as 

a human epidemiological study where there are many more uncontrollable factors in the 

natural environment than in the laboratory. For example, Pegram et ai. (1989) indicated 

that caloric restriction may reduce the formation of AFBI-DNA adduct in rat liver. 

However, it is difficult to control or accurately calculate the calorie intake for human 
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individuals during long-tenn epidemiological studies. 

7. Host factors: The genetic heterogeneity of metabolic activation, especial the 

activity and distribution of key enzymes, among different species, strains or individuals 

should be considered. Many experiments have demonstrated that there is a varied 

susceptibility to aflatoxin in different species (Groopman et at., 1987; Goeger et at., 1988; 

Bailey et al., 1988; Ball et at., 1990; Gorelick, 1990). For human being, the composition 

of the diet is much more complex than for laboratory animals. The presence of other 

carcinogens (promo tors) and inhibitors (anti-carcinogens) should be detected 

simultaneously. Dragsted et ai. (1988) indicated that some food metabolites in human 

urine (urinary aflatoxin-like substances) have affmity to selected monoclonal AFBI 

antibodies and interfere with the determination of aflatoxin-DNA adducts. Age and sex 

of animals or human subjects also influence the adduct level. Both animal experiments 

and human epidemiological studies have shown that the susceptibility of subjects to 

carcinogens was not the same for all ages (Hsieh, 1986; Pegram et at., 1989). 

8. Use of albumin adducts in combination with DNA adducts: Different types of 

adducts can offer different types of exposure infonnation. Urine DNA adducts 

detennination may give evidence for total recent exposure. Whereas, based on the half

life of albumin being about 20 days, and aflatoxin binding does not alter the half-life of 

albumin (Wild et at., 1986b; Sabbioni et at., 1987), the measurement of aflatoxin albumin 

adducts (the major type is aflatoxin-lysine in rats) would give a measure of exposure over 

several weeks/months. 

The chemical and physical properties of the major serum albumin adduct of AFB\ 
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has been recently investigated by Sabbioni (1990). Monoclonal antibody affinity 

chromatography has been used to determine the aflatoxin-serum albumin adducts in 

human samples (Groopman and Donahue, 1988). Methods used for quantitation of 

aflatoxin-albumin adducts have been reviewed recently by Wild et al. (1990b). A 

combination of the hydrolysis ELISA for large scale screening followed by confmnatory 

analysis in positive samples by HPLC fluorescence is suggested as an optimum 

methodology. Detection of both urinary AFBl-DNA adducts and serum AFBI-albumin 

adducts can give a more detailed profile of exposure. Furthennore, combined with the 

infonnation of AFBl-DNA binding in the liver, an extensive profile of AFBI metabolism 

. 
could be obtained (Groopman et al., 1992a). Unfortunately, most of the previous 

experimental studies could not provide such a picture. The presence of adducts (both 

DNA and albumin) are indicators that aflatoxin has invaded the subjects (animals and/or 

human beings), and probably may initiate tumor fonnation. 

An alternative fate of the reactive AFBI epoxide is conjugation with glutathione 

(GSH), which is catalyzed by GSH transferases (GSTs) (Figure 2.3). Nonreactive AFBl-

glutathione (AFBl-SG) is then eliminated via the bile and/or urine. The importance of 

AFBl-SG conjugation in protection against AFBl-DNA binding has been demonstrated 

in vivo in hamster, rat, and mouse by depletion of GSH and subsequent increase of AFB l-

DNA binding (Lotlikar et al. 1984; Gorelick, 1990). Hamster liver cytosol inhibited 

binding to exogenous DNA or nuclear DNA to a greater extent (50-80%) when compared 

to rat liver cytosol (5-20%) (Raj et al. 1984; Lotlikar et al. 1984). Thus, inhibition of 

AFBl-DNA binding by AFBI conjugation with GSH in vitro has been correlated with low 
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susceptibility to AFBI tumorigenesis in rodents. 

AFB1-Sa conjugation and its breakdown products have been detected in rat and 

hamster urine samples (Raj and Lotlikar, 1984). Quantification of these breakdown 

products in urine may be a useful method to monitor relative formation of the aSH 

conjugate in different species (Gorelick, 1990), and therefore, to indicate the potential 

species differences in susceptibility to AFBJ tumorigenesis. However, at present no 

additional comparative studies were found in the published literature. At this point, 

another question could be asked: Do the aflatoxin decontamination products bind to aSH 

easier than AFB I? Do, therefore, the ammonia-treated aflatoxin-contaminated commodities 

have less potential to bind with DNA than the non-ammonia treated commodities? 

In conclusion, aflatoxin ammoniation procedures have been used worldwide for 

more than 20 years and have been shown to reduce aflatoxin levels effectively in different 

commodities. The present review indicates, however, the knowledge about the properties 

of ammonia-related aflatoxin decontamination products is still limited. Many questions 

mentioned above still have to be investigated in the future studies. The present study will 

address the efficacy and permanency of arnmoniation procedure on reducing aflatoxin 

levels in com, the distribution and mutagenic potentials of the ammonia/aflatoxin reaction 

products, and the effect of the ammonia decontamination process on the formation of 

AFBJ-induced DNA adducts by feeding rats with the ammonia-treated aflatoxin

contaminated com. 
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EFFICACY AND PERMANENCY OF AMMONIA TREATMENT 

ON REDUCING AFLATOXIN LEVELS IN CORN 

ABSTRACT 
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Yellow corn naturally incurred with aflatoxin BI (AFBI, 12,500 ng/g) was mixed 

with aflatoxin-free corn to obtain com samples with various levels of AFBI (17,354, 400, 

6,300, and 7,500 ng/g). All samples were subjected to ammonia treatment under different 

conditions for 60 min. Treatment variables included ammonia level, moisture level of the 

corn, holding temperature, and pressure applied. Moisture content of the corn (8%) was 

adjusted to 12% and 16%, respectively. Four ammoniation procedures were conducted for 

each moisture level: a) 1.5% and 2.0% gaseous NH3 at 4O-45°C and 55 psi; b) aqueous 

NH40H (2.0% as NH3) at 121°C and 17 psi; c) sequential treatment of a) and b); and d) 

aqueous ~OH (2.0% as NH3) at 25°C and 55 psi. For the treatment with 2% gaseous 

NH3, reduction in levels of AFBI in samples with 12% moisture ranged from 52.7 to 

67.7%, while samples with 16% moisture ranged from 79.4 to 93.1%. Treatment with 

NH40H alone at elevated temperatures (b) or following gaseous NH3 treatment (c) 

resulted in reduction of AFBI content by greater than 99%. Treatment with ~OH at 

25°C (d) showed a lower efficiency on reducing AFBI levels. The permanency of the 

process was studied by exposing the ammoniated corn to HCI (pH 2.0 at 37°C for 2 

hours) to simulate stomach acidity. The results showed no significant reversion of 

aflatoxin (reversibility less than 0.05%). These findings suggest that at high temperature 
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aqueous NH40H or gaseous NH3 can effectively reduce AFBI levels in corn. The present 

study also demonstrated that the moisture level of the product and holding temperature 

were the crucial factors that influence the efficacy of aflatoxin decontamination with 

ammoniation. 

INTRODUCTION 

Aflatoxins are a group of toxic secondary metabolites produced primarily by 

Aspergillllsf/avlls and A. parasiticus. Aflatoxin contamination can result from unavoidable 

fungal invasion before and during harvest, or improper storage of the product. The major 

commodities affected by aflatoxin are com, peanuts, and cottonseed (Bullerman, 1979; 

Stoloff, 1982). Unquestionably, prevention is the best method for controlling the 

contamination. However, if contamination occurs, other measures must be established and 

used to remove or reduce the risk of the utilization of aflatoxin-contaminated product. 

Ammonia decontamination procedures, along with appropriate aflatoxin monitoring 

programs, have been used to reduce aflatoxin levels in selected commodities for more 

than 20 years (park et al. 1988, Park, 1993). Although many other materials and/or 

methods such as monomethylamine with or without lime (Mann et al., 1971; Park et al., 

1981), roasting (Conway et al., 1978), chlorine gas (Samarajeewa et al., 1991), etc., can 

reduce the aflatoxin levels in contaminated crops, ammonia decontamination is the most 

effective and economically feasible method for reducing aflatoxin contamination (Norred 

and Morrissey, 1983; Park et aI., 1988; Ellis et al., 1991; Park, 1993). A variety of 

ammoniation programs are currently permitted in Arizona, Texas, and California for 
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cottonseed; North Carolina, Texas, Alabama, Georgia, and South Africa for corn; and 

France, Senegal, Brazil and Sudan for peanut cakes/meal (park, 1993). 

The ammoniation process reduces aflatoxin levels in animal feeds between 95-99% 

depending on the conditions used (Park et aI., 1988). Several aflatoxin/ammonia reaction 

products have been identified (Lee et al., 1974; Cucullu et al., 1976; Lee and Cucullu, 

1978; Lee et al., 1979; Lee et aI., 1981; Lee et al., 1984; Park et al., 1984). The chemical 

effect of ammonia on aflatoxin inactivation starts with the opening of the lactone ring of 

AFB 1, forming an ammonium salt with the resulting hydroxy acid (Figure 2.2., CHAPTER 

2). This hydrolytic scission occurs under basic condition and is reversible if the 

ammoniation process is carried out under mild conditions or when the exposure time is 

not sufficient and is followed with an acid treatment (Vesonder et al., 1975; Giddey, 

1977; Schroeder et aI., 1985). These data suggest the importance of confirming the 

permanency of the ammoniation process. The present study, the first part of the project. 

addressed to the efficacy and permanency of various ammoniation procedures on reducing 

aflatoxin levels in corn. The aflatoxin/ammonia reaction products formed in the 

ammoniated corn treated by the most effective procedure will be used in the further 

studies of this project. 

MA TERIALS AND METHODS 

Corn Sample Preparation 

Yellow corn naturally incurred with AFBl was provided by Walker Cottonseed, 

Inc., (Stanfield, AZ). It was ground in a Wiley mill, passed a No. 20 mesh screen, and 
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blended to assure uniformity (AFB 1=12,50Q±100 ng/g, n=3), then, mixed with ground 

aflatoxin-free yellow corn (AFB1=1+0 ng/g, n=5) obtained from local supplier of animal 

feed, to obtain corn samples with various AFBI levels: 17+7 (n=5), 354+41 (n=5) 

.... 400+28 (n=2), and 6,300+0 (n=2)-7,500+707 (n=2) ng/g, which represent low, medium, 

and high aflatoxin contamination levels, respectively. 

Ammoniation Procedure 

For the laboratory study, three 50 g corn sample (8% moisture) were applied into 

erlenmeyer flasks with screwed cap, respectively; aqueous NH40H was added to obtain 

2% NH3 and additional water to obtain 16% moisture (by calculation). The com samples 

were stirred with glass rod to assure uniform distribution of NH40H and moisture and 

exposed to 121°C at 17 psi for 60 min. 

For the pilot study, corn samples (8% moisture) were adjusted to 12 or 16% 

moisture, as appropriate, by adding water to the corn (2 .... 3 kg) in the plastic bag, mixing 

and holding under sealed conditions for 5-6 days at room temperature (ca. 21°C) to get 

equilibrium. Moisture levels were determined using a moisture meter TF 933C (Marconi 

Instruments, Northvale, NJ). The corn samples were then exposed to different treatments 

(ammonia, 1.5-2%; moisture, 8-16%; pressure, 55 psi; temperature, 25-45°C; duration, 

60 min) in a pilot plant (Walker Cottonseed, Inc., Stanfield, AZ). 

Anatoxin Determination 

Aflatoxin levels in samples before and after decontamination treatment were 

determined in triplicate unless specified otherwise using the AOAC approved 

immunoaffmity column procedure (AOAC Method 991.31, Trucksess et al., 1991. 
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Recovery=87-100%). Briefly, 50 g of ammoniated corn sample plus 5 g NaCl were 

soaked in 40 ml 0.1 N HCI for 5 minutes to neutralize the mixture (pH=6-7), then 

extracted with 160 ml pure methanol in a blender at high speed for 1 min (for non

ammoniated sample, 100 ml of 80% methanol in water was used and without HCl 

soaking). The extract was flltered through Whatman #4 filter paper. Ten (10) ml of the 

flltered extract was mixed with 40 ml distilled water (Milli-Q purified) and flltered with 

Whatman 934-AH glass microfibre filter paper. Ten (10) ml of microfibre filtered extract 

was then passed through the immunoaffinity column (Aflatest P, Vicam, Cambridge, MA), 

eluted with 1.0 ml methanol and collected in a borosilicate test tube (fluorometer cuvette). 

One (1) minute after addition of 1 ml of 10% bromine developer in water, the total 

aflatoxin concentration was determined by fluorimetry. The aflatoxin levels in 

ammoniated corn samples were also tested with different HCI soaking time (1, 5, and 10 

min, respectively) to demonstrate the effect of HCI soaking on changing aflatoxin levels 

in the ammoniated corn. 

Reversibility Study 

The reversion of inactivated AFBI to the parent compound was studied by 

exposing the ammoniated com (50 g) to 0.2 N HCI (40 ml), mixed (pH 2.0), and kept in 

a 37°C water bath for 2 hours to simulate stomach acidity. AFBI levels in the HCI treated 

sample were, then, determined as described above without the addition of HCl. 

Statistics 

Student's t test was used to examine the difference between two means of the 

aflatoxin levels after ammonia treatment. Differences with P<0.05 were considered 
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significant. One-way analysis of variance (ANOVA, Rosner, 1986a) was used if the 

comparison was required among more than two means of aflatoxin levels to examine any 

differences. Differences with P<0.05 were considered significant. If a significant 

difference was found among the treatments, Newman-Keuls multiple comparisons 

procedures (Rosner, 1986b) was used to identify the distinct treatments. 

RESULTS AND DISCUSSION 

Efficacy Study 

In the recent decade, many ammoniation procedures have been developed and 

applied to different commodities worldwide (Coker et al., 1985; Park et al., 1988; Ellis 

et al., 1991; Park, 1993). These procedures focused primarily on two techniques: 1) 

atmospheric pressure ammoniation at ambient temperature (AP/AT) where the product is 

sealed in plastic bags or bins for 2 to 3 weeks, and 2) high pressure and high temperature 

(HP/HT) where treatment duration is less than one hour (Park et al., 1988). Studies have 

confirmed that the ammoniation procedure reduces aflatoxin levels in contaminated 

products by 99% using appropriate conditions. The present study was designed to obtain 

additional information on the most efficient and practical applications of the ammoniation 

procedure by following a battery of experiments with varied ammoniation conditions 

reported to influence the efficacy of the ammoniation indicated by Bagley (1979). 

Level of ammonia applied: Although ammonia levels ranging from 0.5% to 7.4% 

have been previously reported (Thiesen, 1977; Bagley, 1979; Coker et al., 1985), the 

concentration usually used is between 0.5% to 4.0% regardless of whether the HP/HT 
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procedure or AP/AT procedure was used (Koltun et al., 1979; Lough, 1979; Fowler, 1979; 

Newell, 1979; Jorgenson and Price, 1981; Price et ai., 1982; Ewaidah, 1984). The higher 

the ammonia level applied, the greater the efficacy could be achieved within this range 

(Brekke et ai., 1977a, b). In the present study, increasing the ammonia level from 1.5% 

to 2.0% for corn samples with 12% moisture did not significantly increase the efficacy 

of aflatoxin inactivation (Table 3.1 and Figure 3.1, P>O.05). The possible reason may be 

related to the intensity of the increase (0.5%) not being significant. 

Moisture level of treated corn: Previous studies have shown that the process was 

more effective in destroying aflatoxin when the moisture content of the corn was 

increased (12.5-22.5%)(Brekke et ai., 1977a, b). The higher moisture level, although not 

high enough to form caking, may allow the ammonia to penneate the meal more readily 

and evenly than the lower moisture. In the present study, the efficacy of gaseous ammonia 

to reduce AFB 1 levels in corn was increased significantly when the moisture was 

increased from 12% to 16%, i.e., AFBI reduction efficiency increased from 53-65% to 

80-93% when 2.0% ammonia was used (Tables 3.1 and Figure 3.1). Similar results were 

showed on Table 3.2 and Figure 3.2 when ammoniation procedure was hold at 25°C using 

aqueous NH40H. However, increasing moisture in the product make it necessary to 

reduce moisture levels after treatment due to increased potential of aflatoxin re-formation 

from fungal activity. Also, higher moisture levels may shorten the storage stability due 

to increased growth of microorganisms and enzyme activity. 



Table 3.1. Effect of high pressure/moderate temperature ammonia treatmene on 
reducing aflatoxin levels in com. 

Original 

AFB1(ng/g) 

17 
354 

7,500 

354 
7,500 

17 
354 

7,500 

Moisture 

(%) 

12 
12 
12 

12 
12 

16 
16 
16 

Gaseous NH3 
(%) 

1.5 
1.5 
1.5 

2.0 
2.0 

2.0 
2.0 
2.0 

Residual 

AFBl(nglg) 

6+ 1 (n=2)82 
114+5(n=4)b 

2,600+1()(f 

168+ 16(n=2)b 
2,633+153c 

4+l(n=2)8 
39+ 1 (n=5)b" 

517+142c
" 

1 Additional Treatment Parameters: 55 psi, 40-45°C, 60 min. 

Reduction 

(%) 

64.7 
67.7 
65.3 

52.7 
64.9 

79.4 
88.9 
93.1 

66 

2 Mean with * is significantly different from the means at the same contaminated level 
(with common letter superscript; *, P<0.05; **, P<O.Ol). 
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Table 3.2. Effect of temperature and corn moisture on the efficacy of NH40H 
decontamination procedure. 

AFBI before Moisture Temperature AFBI after Reduction 
treatment (ng/g) (%) cae) treatment (ng/g) (%) 

400 12 25 3901 2.5 
400 16 25 1601 60.0 

6,300 12 25 5,2001 17.5 
6,300 16 25 3,6001 42.9 

354 12 121 2+0 99.4 
354 16 121 2+0 99.4 

7,500 12 121 161 99.8 
7,500 16 121 31+7 (n=2) 99.6 

1 Student's t test could not be done since the analyst recorded the mean of triplicate 
analyses only. 
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Holding temperature: The ammoniation process is temperature dependent. The 

higher the temperature applied, resulted in greater efficacy; in addition, at elevated 

temperature a shorter duration resulted in equal reduction (Brekke et a/., 1977a, b; 

Bagley, 1979; Piva et al., 1981, 1983; Mashaly et al., 1983; Coker et aI., 1983). The 

current study confirmed these reports in that when temperature increased from 25°C to 

121°C, the reduction of aflatoxin increased significantly, i.e., from 43-60% reduction at 

25°C to> 99% at 121°C for com samples containing 16% moisture (Table 3.2 and Figure 

3.2). However, the adverse effect of high temperature on the nutrient composition in 

commodities as well as the equipment necessary for the treatment, should be taken into 

consideration. Early studies have shown that cystine, methionine, lysine (Mann et aI., 

1971; Waldroup et al., 1976; Koltun et al., 1979; McGhee et al., 1979), nonreducing 

sugar levels (Bagley, 1979; McGhee et al., 1979; Conkerton et al., 1980), and the 

nitrogen solubility index (Mann et al., 1971; Koltun et al., 1979; Peplinski et al., 1983) 

are usually reduced after ammoniation. Reduction in PER (protein efficiency ratio) may 

also be a result of ammoniation (Mann et a/., 1971). These changes, however, are not 

caused exclusively by temperature but also by the ammonia and other harsh conditions 

used in the process. Reduction in nitrogen solubility and available lysine was expected 

because of the effect of heat on the meal (Mann et al., 1971). Harsher conditions usually 

result in additional reduction of nitrogen solubility and lysine levels (Koltun et al., 1979). 

The present study also showed a synergetic interaction between the moisture level 

of the treated product and the holding temperature, i.e., the reduction of AFBl increased 

from 53-68% with 12% moisture at 4O-45°C (using 2% gaseous NH3) to >99% with 16% 



71 

moisture at 121°C (using aqueous NH40H as 2% NH3) (Table 3.3 and Figure 3.3, 

P<O.OOl). Reductions of aflatoxin levels by treatment with NH40H alone (121°C, 17 psi, 

60 min, Table 3.4 and Figure 3.4) or with NH3 followed by NH40H (Table 3.3 and Figure 

3.3) were more than 99%. The NH40H procedure seems more effective than gaseous NH3 

procedure; however, the latter appe: ,s to have more practical applications. 

Reversibility Study 

The fragmentation of AFBI by ammonia starts with the opening of the lactone ring 

(Figure 2.2, I; CHAPTER 2). This hydrolytic scission is reversible under mild conditions, 

such as occurring in the monogastric stomach (Hameed, 1992). The reversion of reaction 

products back to the parent AFBI have been observed under acidic conditions when the 

exposure time and process conditions were not sufficient (Vesonder et aI., 1975; 

Schroeder et ai., 1985) or when Ca(OH)2' used in tortilla manufacture, initially reduced 

aflatoxin levels (Price and Jorgensen, 1985). In the present study, 40 ml 0.1 N HCI was 

used in the aflatoxin analysis procedure for ammoniated corn samples to neutralize the 

mixture. This process has been demonstrated to not significantly change aflatoxin levels 

in the ammoniated corn (Table 3.5). 

To study the possibility of reversion of decontamination reaction products to the 

parent compound after ammonia treatment, 40 ml 0.2 N HCI was added to 50 g of 

ammoniated corn sample to get fmal pH=2.0 and maintained at 37°C (water bath) for 2 

hours. Aflatoxin levels were tested again. The results (Table 3.6) showed no significant 

reversion of inactivated aflatoxin to the parent aflatoxin (reversibility=O .... 0.05%). In 
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Hameed's study (1992), a 30 min soak of the ground com in 0.1 N HCI previous to 

analysis was used to give an idea about the permanent nature of aflatoxin destruction. He 

found that aflatoxin levels remaining in the com were sometimes high when the meal was 

treated with acid before analytical extraction. Other times levels were about the same. No 

reformation was observed during extrusion with NH..OH alone. 

In conclusion, the present study demonstrated that aqueous NH40H or gaseous 

NH3 can be used effectively to reduce AFB, in com. The aqueous NH40H procedure 

(121°C, 17 psi, 60 min) appears to be more effective than the gaseous NH3 procedure; 

however, the gaseous NH3 process has more practical industrial application. As reported 

previously, the current study also demonstrated that moisture content in the commodity 

and holding temperature are crucial factors that influence the efficacy of ammonia 

decontamination procedures. 



Table 3.3. Effect of corn moisture level and holding temperature on efficacy of ammonia decontamination processes 
using sequential treatment of gaseous NH3 and aqueous NH40H. 

Original Gaseous NH3 treatmentl 

aflatoxin Moisture NH3 Residual Initial 
(ng/g) (%) (%) (ng/g) reduction(% ) 

354 8 4 

12 1.5 114+5(n=4)8 67.7 
12 2.0 168+16(n=2)8 52.7 
16 2.0 39+ 1 (n=5)8" 88.9 

7,500 8 
12 1.5 2,600+1oob 65.3 
12 2.0 2,633+152b 64.9 
16 2.0 517+142b

- 93.1 

1 Additional treatment parameters: 55 psi, 40-45°C, 60 min. 

2 Additional treatment parameters: 17 psi, 121°C, 60 min. 

3 Expressed as reduction of the original level of the aflatoxin. 
<4 Not perfonned. 

Agueous NH40H treatmene 
Moisture NH3 Residual Total 
(%) (%) (ng/g) reduction(% )3 

16 2.0 2+0 99.4 
16 2.0 2+08

--
5 99.4 

16 2.0 56 98.6 
16 2.0 ND 100.0 

16 2.0 116 99.8 
16 2.0 156 99.8 
16 2.0 1006 98.7 
16 2.0 106 99.9 

5 Mean with * is significantly different from the means at the same contaminated level (with common letter superscript; 

comparison also conducted between column 4 and column 8; *, P<O.05; **, P<0.01). 

6 Student's t test could not be done since the analyst recorded the mean of triplicate analyses only. 
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Table 3.4. 

Original 
AFB!(ng/g) 

354 

7,500 

Comparison of the effect of gaseous NH3 and aqueous NH40H 
treatment on reducing aflatoxin levels in corn!. 

Gaseous NH3 treatmenf Aqueous NH40H treatmenf 

Residual Reduction4 Residual Reduction4 

AFB1(ng!g) (%) AFB!(ng/g) (%) 

39+1(n=5Y 88.9 99.4 

93.1 31±7(n=2)b* 99.6 

! Corn samples with 16% moisture and 2% ammonia (as NH3 gas) were used. 

2 Gaseous NH3 treatment: 55 psi, 4O-45°C, 60 min. 

3 Aqueous NH40H treatment: NH40H as NH3 (2%), 17 psi, 121°C, 60 min. 

4 Expressed as reduction of the original level of the aflatoxin. 
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5 Mean with * is signilicantly different from the means at the same contaminated corn 

(with common letter; *, P<0.05; **, P<O.OI). 
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Table 3.5. 

Original 
AFBI 
(ng/g) 

354 
354 

7500 

<1 
17 

354 

The effect of HCI soaking on the aflatoxin residue levels in 
ammoniated corn samples. 

AFBI levels in ammoniated corn samples (ng/g) 
HCI soaking (minY non-HCI soaking; 

1 5 10 

1073 

____ 4 
125+11(n=4) 
423 

26003 

AFBI levels in non-ammonia treated com samples (ng/g) 

< 1 +0 (n=4) 
17+7(n=5) 

354+41 (n=5) 

I 50 g of ammoniated corn sample plus 5 g NaCI were soaked in 40 ml 0.1 N HCI 

then extracted with 160 ml pure methanol. 

2 No Hel soaking and extracted with 100 ml of 80% methanol in water. 

3 Singular analysis. 

4 Not performed. 
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Table 3.6. Permanency of aflatoxin inactivation in corn following ammonia treatment. 

Original 
AFB\(ng!g) 

Residual AFB1(ng/g) 
after ammonia treatment 

Gaseous NH3 treatment 

17 
354 

7,500 

32 

39+ 1 (n=5) 
517+142 

Aqueous NH~OH treatment 

17 
354 

7,500 

2+0 
2+0 

31+7(n=2) 

AFBl(ng/g) after 
HCl treatmentl 

2+1(n=2) 
4+1 (n=2) 

345+7 (n=2) 

3+1 (n=2) 
3+l(n=2) 

36.±I(n=2) 

Reversibility 
(%) 

o 
o 
o 

a 
o 
0.05 

1 Treatment conditions: 40 ml 0.2 N HCl (pH 2) at 37°C for 2 hours; corn sample with 

16% moisture. 

2 Mean of triplicate analyses. 
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ABSTRACT 
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The distribution of ammonia/aflatoxin reaction products in corn was investigated 

in the present study. Uniformly ring-labeled 14C-aflatoxin Bl (AFB1) was added to corn 

(1.0 llCi/kg) containing 7,500 llg naturally incurred AFB1/kg. Aflatoxin levels were 

reduced by 93% after ammonia treatment. Distribution of radiolabeled AFB 1 was used to 

follow the modification of AFBI and the ammonia/aflatoxin reaction compounds, which 

were separated and isolated through a series of chemical extraction/partition procedures. 

Samples of the ammoniated corn were fractionated through sequential extraction with 

methylene chloride (C~C~) and methanol (CHJOH), then treated with acetic acid and 

sodium hydroxide, or exposed to proteolytic enzyme digestion followed by C~CI2 

extraction. Approximately 88% of the added radioactivity was detected in the corn after 

treatment (Le., 12% of aflatoxin reaction products were volatile), ca. 20% was extracted 

with methylene chloride, and ca. 13% with methanol. Treatment with acid and base 

released 18.8% of the added radioactivity. Similar amounts (19.1%) of aflatoxin-related 

compounds were liberated after enzymatic digestion with Pronase E. The remaining corn 

matrix after acid-basic treatment or Pronase digestion contained ca. 37.0% of the original 

radioactivity . 
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INTRODUCTION 

Aflatoxin contamination has been a worldwide economic and health hazard. 

Attempts to utilize grain containing relatively low levels of aflatoxin often results in costs 

to livestock producers due to decreased feed efficiencies, reduced weight gain, impaired 

immunity, and other symptoms of acute aflatoxicosis and also the presence of aflatoxins 

or its metabolites in milk, meat tissue, or eggs (Norred 1982). Therefore, once the 

contamination occurs, it is necessary to take some measures, such as physical, chemical 

or biological removal or use chemical or physical inactivation, if one hopes to use the 

aflatoxin-contaminated agricultural products. 

Ammonia decontamination treatment has been demonstrated to be one of the most 

effective and economically feasible chemical inactivation methods widely used in 

aflatoxin-contaminated animal feed treatment (Brekke et a/., 1977a; Ellis et al., 1991; 

Park, 1993). When gaseous NH3 was used at elevated temperatures and pressures, a 95 

to 98% reduction in total aflatoxin concentration in peanut meal has been reported (Moss 

and Smith, 1985). Whole com grain has been treated with ammonia to reduce aflatoxin 

levels under atmospheric pressure and ambient temperature conditions, and evidence 

support that atmospheric ammoniation process of com is a safe and effective method for 

detoxifying corn (Norred and Morrissey, 1983). Whole cottonseed (Jorgensen and Price, 

1981) and cottonseed meal (Park et al., 1984) have been decontaminated to less than 20 

ng/g of aflatoxin when were treated with ammonia under pressure. However, to evaluate 

the safety and efficacy of a decontamination process, research must focus on criteria 

which will determine if the procedure is acceptable such as a) the capability to destroy, 
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inactivate or remove the toxin; b) identification of aflatoxin/decontamination reactions 

products; c) determination of the effect of the feed matrix on aflatoxin; and d) evaluation 

of any toxic residues in the ammoniated products or foods derived from animal fed the 

decontaminated products (Park et al., 1988; Park and Lee, 1990). 

Several ammonia/aflatoxin reaction products have been identified since 1970s 

(Lee et al., 1974; Cucullu et al., 1976; Lee and Cucullu, 1978; Lee et al., 1979; Lee et 

al., 1984; Park et al., 1984). Cucullu and co-workers (Cucullu et al., 1976) studied the 

reaction products formed when peanut meals were submitted to the ammoniation process 

using heat and pressure. Trace amounts of major aflatoxin/ammonia reaction products 

aflatoxin D1 (AFD1, molecular weight 286) and another with a molecular weight of 206 

were identified. Other studies with peanut meal (Lee and Culullu, 1978; Lee et al., 1979), 

however, indicated that the average conversion of AFB1 to AFD1 was <1% and no MW 

206 compound was detected. In Park's study with cottonseed meal (Park et al., 1984), 

neither AFD1 nor the 206 MW compound was observed. In a model system, Lee and co

workers (1984) found out that ca. 20% of the reaction products was identified as an MW 

206 compound, ca. 60% consisted of fragments of AFBh each having an MW < 200, and 

the remaining 20% was lost as volatile compounds. Haworth et al. (1989) summarized 

that the amount of conversion of AFB1 to AFD1 and to the 206 MW compound was ca. 

30% and 23%, respectively, when reactions were carried out in model systems without 

a meal matrix present. He suggested that the model system may be inappropriate for 

characterizing aflatoxin by-products actually produced in an ammoniated meal matrix. 

The present study was conducted to determine the distribution of ammonia/ 
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aflatoxin reaction products in ammonia-treated aflatoxin-contaminated corn. Fractions 

isolated from the ammoniated corn following the sequential fractionation/partition 

procedure will be used in the further study, i.e., mutagenicity study, of this project. 

MA TERIALS AND METHODS 

Sample Preparation 

Uniformly ring-labeled \4C-AFB\ (in solid form, 88.7% chemical purity; specific 

activity=48.811Ci/llmole or 343 dpm/ng, Moravek Biochemicals, Inc., Brea, CA; provided 

by Dr. Hsieh, University of California at Davis) was suspended in chloroform, mixed with 

100 ml of methanol in certain amount, and uniformly distributed in 0.5 kg of aflatoxin

contaminated ground com (AFB\=7,500 ng/g, CHAPTER 3). After air-dried this spiked 

corn was then mixed with 3.2 kg of un-spiked corn yielding 3.7 kg corn containing \4C_ 

AFB\ at a concentration of ca. 1.0 llCi/kg. Of this, 2.0 kg was submitted to ammonia 

treatment in a pilot plant equipment (Walker Cottonseed Inc., Stanfield, AZ) using a 

closed vessel, high pressure/moderate temperature procedure. The rest of the radiolabeled 

corn was served as un-treated control. The conditions of the ammonia procedure used 

were: a) moisture content of the com adjusted to 16%; b) ammonia concentration, 2%; 

c) vessel pressure, 55 psi; d) temperature, 40-45°C; and e) duration, 60 min. After 

treatment the ammoniated com was air-dried and three 50 g test portions were removed 

for aflatoxin determination (AOAC Method 99l.31, Trucksess et al., 1991; CHAPTER 

3). Additional portions of the treated com were subjected to sequential fractionation! 

partition procedure described below. 
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Fractionation of Ammoniated Ground Corn 

Aflatoxin/ammonia reaction products were isolated through sequential extraction, 

partition and digestion procedures which were similar to those used in previous studies 

in cottonseed meal (Park et al., 1984). The process scheme is presented in Figure 4.1. 

Solvent Extraction 

Methylene chloride extraction and thin layer chromatographic (TLC) analysis 

Four hundred (400) g of ammoniated ground com was extracted with methylene 

chloride (CH2C~) using a 1:5 (w/v) ratio. The mixture was shaken on a wrist-action 

shaker (Wrist Action Shaker, Pittsburgh, PA) at speed grade 2 for 30 min and fIltered 

with Whatman #4 fIlter paper (used for all fIltration steps unless specified otherwise). The 

extract was concentrated to ca. 500 ml in a flask, sealed with paraflim, and kept at 4°C 

until further analysis. The com matrix residue was air-dried in a hood for 20 min and then 

dried in a forced-draft oven for 2 hr at 70°C to remove residual solvent. The dried residue 

was weighed between each successive extraction operation. 

The CH2C12 extract was adjusted to 400 ml. Ten (10) ml of this extract was 

transferred to a pre-weighed vial, evaporated to dryness with a nitrogen (N2) stream and 

weighed. The dry material was then re-suspended with 1000 III of CH2C~, applied on the 

TLC plate (Silica gel HL, Analtech, Inc., Newark, DE) with 50 III in each spot and 7 

spots in total. Standard aflatoxin B1, B2, G1, and G2 (Aflatoxin Band G mixture, Sigma 

Chemical Company, St Louis, MO) was used as controls. The plate was developed with 

chloroform/acetone (9:1, v/v) for 75 min and observed under ultraviolet (UV) light. 

Fluorescent band appearances were marked, scraped from the plate, collected in the 
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beaker according to the Rr, extracted with chloroform/acetone (9: 1, v/v; 5 ml x 2), filtered 

(Whatman #5 fllter paper), and collected fIltrates in a weighed vial. This material was air

dried, weighed, and re-suspended in 500 J.11 of chloroform/acetone (9: 1, v/v). Of this, 250 

III was subjected to radioactivity determination. 

Methanol extraction and acetone-hexane partition 

The corn matrix after C~CI2 extraction was extracted with methanol (CH30H) as 

described above. The CH30H extract was concentrated and adjusted to 500 ml and 50 ml 

of this was applied to a separatory funnel. The remainder was stored at 4°C until further 

analysis. Fifty (50) ml acetone-water (30-70, v/v) and 50 ml of CH2C~ were added to the 

separatory funnel, shaken for 60 seconds and allowed to equilibrate. Since a clear 

separation was not obtained, an additional 50 ml of CH2Cl2 and 80 ml of methanol were 

added and shaken again. Mter equilibration, the aqueous phase (upper layer) was removed 

and applied to another separatory funnel, and 50 ml of acetone was added, shaken for 60 

seconds, and flltered. The flltrate was evaporated to dryness in a hood with a N2 stream; 

the residue transferred to a weighed vial using CH30H, and dried under N2• The organic 

phase (lower layer) from the flrst separatory funnel was concentrated to ca. 20 ml and 

100 ml hexane added, mixed, and flltered. The soluble fraction was evaporated under N2 

and transferred with hexane to a weighed vial and dried under N2. The fIltered precipitate 

was dried in air for 20 min and then in a forced-draft oven at 70°C for 2 hr. Individual 

weights of all precipitates (aqueous and organic) and the corresponding soluble fractions 

were recorded. 
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Acid and Base Treatment 

Following CH30H extraction, a 50 g portion of the corn matrix residue was added 

to an erlenmeyer flask with screwed cap, 200 ml 0.1 N acetic acid added, stoppered and 

this mixture placed in a water bath at 90°C for 2 hr. Then an additional 200 ml 0.1 N 

acetic acid was added and kept in the water bath for one hour. Following incubation the 

mixture was centrifuged at 380 g for 5 min (since the material was very thick, only the 

less thick top portion was poured into the centrifuge tube). The supernatant was poured 

into a beaker, placed in a 50°C water bath and evaporated to dryness under N2. Then, 100 

ml methanol was added. A cloudy light yellow suspension with some insoluble "film like" 

materials appeared after vigorous stirring. After filtration, both of the soluble fraction and 

the residue were evaporated to dryness and weighed. The solid residue (centrifuge pellet), 

together with the remainder solid residue from the acid treatment, was exposed to an 

alkaline treatment by adding 200 ml 0.2 N NaOH. Additional 0.2 N NaOH (ca. 25-40 ml) 

was used to adjust the pH to ca. 10-11. Distilled water was added to make a smooth 

slurry. The slurry was mixed and filtered. Both the flltrate and the residue were evaporate 

to dryness under N2 in a hood and weighed. 

Enzymic Digestion 

After CH30H extraction, the corn matrix residue was also submitted to enzymic 

digestion using Pronase E (Sigma Chern. Co., St. Louis, MO) according to the procedure 

described by Park et al. (1981, 1984). Pronase E (100 mg) was mixed with water (200 

ml) to form a slurry (pH 7.0) and pre-incubated at 37°C for 2 hours. The corn matrix after 

CH30H extraction (25 g) was added into the slmry and incubated at 37°C for 24 hours 
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(digestion) with periodic shaking. After digestion, the aqueous soluble portion was 

separated from the residue by suction-filtration. The precipitate was dried in oven at 82°C, 

mixed with 100 ml C~C~, shaken on wrist-action shaker at speed grade 2 for 30 min, 

fil.tered, and both the residue and fIltrate (Pronase-solid-soluble phase) dried and weighed. 

The aqueous soluble fraction of the digestion obtained from suction filtration step was 

partitioned with 100 ml C~CI2 to yield aqueous/organic phases. Both the aqueous 

fraction (Pronase-soluble-aqueous phase) and the organic portion (pronase-soluble-organic 

phase) were dried and weighed. 

Radioactivity Determination 

14C-radioactivity concentrations were determined for the non-ammonia treated corn 

and the ammonia-treated com after each step, and also for each extracts obtained 

throughout the separation scheme (Figure 4.1). Test portions (five of ca. 200 mg for each 

sample) were oxidized using Packard Tri-Carb sample oxidizer, Model 306 D (Packard 

Instrument Company, AMBAC industries, Inc. Downers Grove, ill) and subsequent counts 

computed (2-10 min counting) using a Beckman liquid scintillation counter, Model LS 

2800 (Beckman Instruments, Inc., Fullerton, CA). Relative error was around 10%. 

RESULTS AND DISCUSSION 

The result of the radioactivity determination for the non-ammonia treated corn 

samples (1954 + 84 dpm/g, n=4, Table 4.1) indicated the uniform distribution of the 14C_ 

AFBI in com. The aflatoxin concentration of the ammoniated corn was 517+142 ng/g 



Table 4.1. Radioactivity distribution in com matrix residues following sequential fractionation procedure. 

Specific Total Radioactivity 
Weight activity radioactivity concentration Weight 14C-Activity/Weight 

Sample (g) (dpm x 103/g) (dpm x 104) (%) (%) ratioa 

Untreated com 400.0 1.95+0.08(n=4) 78.00 100.0 100.0 1.00 

Ammoniated corn 400.0 1.71 +0. 13(n-5) 68.40 87.7 100.0 0.88 

CH2CI2 residue 346.5 1.54+0.10(n=5) 53.36 68.4 86.6 0.79 

CH30H residue 330.3 1.31 +0.20(n=5) 43.27 55.5 82.6 0.67 

Acid-base residue 286.0 1.00+0.10(n=5) 28.60 36.7 71.5 0.51 
following CH30H 
extraction 

Pronase residue 299.2 0.95+0.11 (n=5) 28.42 36.4 74.8 0.49 
following CH30H 
extraction 

a Calculation based on dividing percentage of radioactivity by percentage of weight. A higher ratio indicates a higher 
concentration (density) of radioactivity in the matrix. 

00 
00 
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showing a reduction of 93%. The distribution of radioactivity in the corn matrix residues 

after fractionation is illustrated in Table 4.1 and Figure 4.2. About 88% of the 

radioactivity added to the corn was detected after ammoniation, i.e., 12% of that activity 

was volatilized after ammoniation. Another 19.3 and 12.9% of the radioactivity was 

extracted with CH2Clz and CHJOH, respectively. An additional ca. 19% was removed 

either by acid-base treatment or by enzymic digestion. Approximately 37% of added 14C_ 

AFBI activity, i.e., naturally incurred aflatoxin equivalent, remained in the corn matrix 

following extraction with CH2C12 and CHJOH, and acid-base treatment or enzymic 

digestion. These results were similar to the previous study in cottonseed meal (park et al. 

1984). In that study, 14C_AFBI was added to naturally incurred aflatoxin-contaminated 

cottonseed meal (4000 ].lg AFB "kg), and ammoniated at 100°C and 40 psi for 30 min. 

About 14% of added radioactivity was volatilized during the ammoniation. Approximate 

24% of added radioactivity was extracted with C~C~ after previously extracted with 

petroleum ether. Following Pronase digestion, the C~CI2 extraction accounted for an 

additional 19% of total radioactivity and there remained 37% of original radioactivity in 

the meal matrix. With respect to acid-basic treatment, however, only 8.6% of the total 

radioactivity was released, resulting in 45.1 % of the activity remaining in the meal matrix. 

The difference observed in that study and in the present study could be the result of 

different matrices (cottonseed versus corn), ammoniation procedure (different ammonia 

level, time, temperature, and pressure), and solvents used in the isolation procedure (In 

the cottonseed meal study, petroleum ether was used before C~CI2 extraction, and 

NH4HCOJ was used instead of NaOH). 
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The distribution of the radioactivity proportions in corn extracts is presented in 

Table 4.2 and Figure 4.2. Since AFBI was the only radiolabeled material added in the 

corn sample, the distribution of the radioactivity in different extracts is a measure of 

relative concentration of the aflatoxin decontamination by-products. AFBI equivalents 

were calculated based on the specific radioactivity of 14C_AFB1. Apparent discrepancies 

between AFB1, equivalents calculated by either radioactivity concentrations or percentage 

of naturally incurred AFB1, may be due to incorrect information on 14C-AFBI specific 

activity received or formation of volatile compounds during isolation/separation 

procedures. Extracts from C~CI2' Pronase soluble organic phase (PSO), hexane, and 

acetone have a higher radioactivity than those from CH30H extraction, acid and base 

treatment, Pronase soluble aqueous phase (PSA), and pronase solid soluble phase (PSS). 

Should the by-products have any mutagenic and/or carcinogenic potentials, fractions with 

a higher radioactivity will have a higher possibility of being detected. 



Tnhll' 4.2. Radioat'livily dislrihulion in ammonillied com exlracls following sequenlial fractionation procedure. 

Specific Distribution of Total specific AFB. AFB. 
activity. extract" aflatoxin/ammonia activity. extract equivalent(nglg) equivalent(nglg) 

Extract (dpm x 103/g) reaction products (dpm x 1~lkgt radioactivityd naturally incurred" 
extract(% )b 

CH2CI2 9.0±1.2(n=5) 19.3 376 1096 1448 

CH30H 3.8±4.4{n-3) 12.9 252 735 968 

Acetic acid 3.6,tO.9(n-5) 

NaOH 1.9,tO.2(n=-5) 18.8 f 367 107()& 1410 

PSAh 2.9±0.2(n .. 5) 

PSOi 11.3±2.5(n=5) 

PSSi 1.9± 1.2(n-5) 19.1 f 372 1085& 1433 

Hexane 8.S;tO.4{n-S) ---k 

Acetone 8.3±I.I(n-5) 

" Five 200 pI aliquots of each extract used for radioactivity determinations. 400 g sample used in fractionation/partition procedure. 

b Calculations based on radioactivity concentrations remaining in residue following extraction (Column 5. Table 4.1). 12.3% volatilized during 

ammoniation procedure. 

C Calculations based on total radioactivity added to corn x % aflatoxin/ammonia reaction products in each extract. 

d Calculations based on total specific activity of .4C-AFB •• 343 dprnlng. e Naturally incurred AFB. concentration in corn ca.7500 nglg. 

f Total aflatoxin/ammonia reaction products for all acid-base treatment or Pronase digestion fractions. Both followed CH30H extraction (Figure 4.1). 

& Average of specific activity for all acid-base treatment or pronase digestion fractions. 

h PSA- Pronase-soluble-aqueous phase. i pso- Pronase-soluble-organic phase. j PSS- Pronase-solid-soluble phase. k Data not determined. 

\C 
tv 
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Aflatoxlls are soluble in C~CI2' the fIrst solvent used in the fractionation 

procedure. Should unreacted aflatoxins remain in the ammoniated corn, it would be 

extracted by CH2C~ and detected by TLC analysis. Comparing with the aflatoxin 

standards, TLC analysis of the C~CI2 extract (Table 4.3) confIrmed the presence of AFBl 

(RrQ.6), which represented 1.4% of the total radioactivity concentration on the TLC 

plate. Since the CH2C~ extract accounted for 19.3% of total added radioactivity (Table 

4.2), and AFBl accounted for 1.4% of total radioactivity in the CH2C~ extract based on 

TLC analysis, AFB 1 in the C~CI2 extract accounted for ca. 7% of the total added 

radioactivity (1.4%/19.5% = 7%), i.e., 93% of the original AFBl has been destructed. This 

result confIrmed the efficiency of ammonia treatment (reduction of AFBl in ammoniated 

corn = 93% by immunoaffmity column-fluoromitrica1 analysis). Another blue fluorescent 

spot at Rr 0.5 was judged to be AFB2a by comparing to the Rr of AFBl standard 

derivatized by trifluoroacetic acid, and accounted for 6.1 % of total radioactivity of CH2C12 

extract applied on TLC plate. The 14C-activity/weight ratios for both fluorescent spots 

were very low indicating these compounds were in very low concentrations relative to 

aflatoxin decontamination products. In cottonseed meal study (Park et al. 1984), the band 

represented for unchanged AFBl accounted for 3.1 % of the total dpm of the fraction. As 

stated above, the differences between previous study (Park et al. 1984) and the present 

study could be the result of different commodities (cottonseed versus corn) studied, 

different ammoniation conditions applied, and different methods/solvents used in 

fractionation/partition procedures. 
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Table 4.3. Radioactivity distribution of ammonia/aflatoxin reaction products in the 
methylene chloride soluble fraction separated by TLC. 

Color under UV Radioactivity Weight 
concentration(% )8 (%)b 

0.9 Blue-green 50.0 41.7 
0.7 Blue-green 32.8 10.9 
0.6d Blue 1.4 8.9 
0.5 Dark blue 6.1 6.8 
0.4 Blue 1.4 4.7 
0.3 Yellow-brown ----e 9.5 
0.2 Blue 9.5 
0.1 Light blue 8.4 8.0 

8 % radioactivity of the total 14C-activity used in TLC analysis. 

b % weight of the total amount used in TLC analysis. 

C Calculation based on dividing % radioactivity by % weight. 

d Corresponding to standard AFB1• 

e Non-detectable. 

14C-Activity/Weight 
ratioC 

1.2 
3.0 
0.2 
0.9 
0.3 

1.0 



CHAPTER 5 

MUTAGENIC POTENTIAL OF AMMONWAFLATOXIN 

REACTION PRODL"CTS IN CORN 

ABSTRACT 
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Extracts/fractions obtained from previous study (CHAPTER 4) were investigated 

for mutagenic potential using Salmonella/ microsomal mutagenicity assay (the Ames test, 

TA 100 tester strain). 2-Aminofluorine and pure aflatoxin Bl (AFB1) were used as 

positive controls. Although pure AFBl showed mutagenic response to TA100 at the dose 

level of ca. 10 ng/plate, all of the isolates tested, including those obtained from the non-

ammonia treated aflatoxin-contaminated corn containing 7500 ng AFBdg, failed to show 

positive results in the Ames test. These results indicated the difference of mutagenic 

response between the pure aflatoxins and the aflatoxins naturally incurred in corn. 

Preparative thin layer chromatography (TLC) was applied to CH2Clz extracts (the fraction 

contained aflatoxins) obtained from aflatoxin-contaminated com with and without 

ammonia treatment in an effort to separate aflatoxins and/or ammonia/aflatoxin reaction 

products from the "unknown interfering materials" existing in the com matrix. Each of 

the fractions separated by TLC was tested by the Ames test with 89 activation and none 

of them showed mutagenic response to TA100. CH2Cl2 extract in DMSO obtained from 

non-ammonia treated aflatoxin-free com was spiked with pure AFBl and tested by TAlOO 

with 89 activation. Again, no positive results were obtained. These findings provide 

further evidence of "unknown interfering materials" in the com which may "bind" with 
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aflatoxin and/or can be extracted by CH2Cl2 together with aflatoxin, and, therefore, block 

the mutagenic activity of aflatoxin in the Ames test. Those materials were not separated 

from the aflatoxins by the TLC technique used in the present study. Further studies are 

required using different sequential solvent fractionation processes and different procedures 

of the Ames test to evaluate this phenomenon. The mutagenic potential of the ammoniated 

corn and the aflatoxin decontamination products formed by the ammoniation can not be 

made in the present study although the ammonia treatment did effectively reduce aflatoxin 

levels in corn. 

INTRODUCTION 

Chemical analyses have shown that ammoniation can effectively reduce aflatoxin 

levels in contaminated commodities accompanied with the production of ammonia! 

aflatoxin reaction products. Some of these by-products have been identified (Lee et al., 

1974; Cucullu et al., 1976; Lee and Cucullu, 1978; Lee et al., 1979; Lee et al., 1984; 

Park et al., 1984) while others are still unknown or unidentified (Figure 2.2, CHAPTER 

2; Park et al., 1988). To trace the fate of aflatoxin after ammoniation, monitor the 

interaction between ammonia and aflatoxin, and investigate the distribution of the 

ammoniated aflatoxin by-products, solvent extraction combined with 14C-AFBl labeling 

have been used to isolate these by-products from ammoniated com as described in the 

previous study (CHAPTER 4). In order to investigate the toxicity of these by-products 

remaining in the ammoniated corn, toxicological studies including mutagenesis and 

carcinogenesis studies have to be undertaken so that a safety evaluation can be made 
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before the utilization of the ammoniated commodities. 

Unquestionably, in vivo studies using mammal spices can give more valuable 

toxicological information than in vitro studies; however, the use of feeding trials to 

evaluate toxicity and chronic effects of detoxified aflatoxin is time consuming and 

expensive (Draughon and Childs, 1982). For preliminary screening studies, it is not 

economically feasible to conduct long-term feeding trials. On the other hand, ill vitro 

toxicological studies, such as the Ames test (Salmonella typhimuriwn!mammalian 

microsomal mutagenicity test, Ames et al., 1973a; 1975), are much more economic and 

time saving. For evaluating mutagenic potential, the Ames test has been most widely used 

in the prediction of known animal carcinogens as mutagens and in the screening of 

chemicals (Ames et al., 1973a, band 1975; McCann et al., 1975a, band 1976) as well 

as the evaluation of aflatoxin decontamination products for mutagenicity (Draughon and 

Childs, 1982; Schroeder et al., 1985; Lawlor et al., 1985; Haworth et al., 1989; Patel et 

al., 1989; Jorgensen et al., 1990; Samarajeewa et ai., 1991). However, limitations of the 

Ames test should be taken into consideration. Maron and Ames (1983) suggested that a 

battery of tests is needed so that the strengths of one test can compensate for the 

inadequacies of another in detecting specific classes of mutagens. Ames and McCann 

(1981) estimated the correlation between carcinogenicity and mutagenicity to be about 

83%, i.e., ca. 83% of chemicals testing positive in this mutagenic assay are mammalian 

carcinogens. Several factors, such as the level of spontaneous reversion, source and 

concentration of S9, procedure of the assay (Le., plate incorporation test or preincubation 

test), solubility of chemicals in carrier solvent, toxicity of chemicals to the tester strain, 
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etc., may influence the growth of the tester strain, and consequently affect the 

experimental result (Maron and Ames, 1983). 

A set of histidine-requiring Salmonella typhimurium strains has been used for 

mutagenicity testing (Maron and Ames, 1983). Of these, TAloo and TA98 are most 

commonly used in aflatoxin-induced mutagenic studies (Wong and Hsieh, 1976; Draughon 

and Childs, 1982; Schroeder et al., 1985; Lawlor et al., 1985; Haworth et al., 1989; 

Jorgensen et al., 1990). TAlOO detects mutagens that cause base-pair substitutions and 

T A98 detects various frameshift mutagens (Maron and Ames, 1983). Since these bacteria 

are mutant strains and very sensitive, they must be handled with care to prevent any 

alterations. 

In the present study, TAlOO tester strain was used to determine the mutagenic 

potential of the extracts/fractions obtained from previous study(Figure 4.1, CHAPTER 4). 

MA TERIALS AND METHODS 

Chemicals and reagents 

All chemicals and biochemicals, including AFB!. 2-aminofluorine (2-AF), 

dimethylsulfoxide (DMSO), magnesium sulfate (MgSO,,'7H20), citric acid monohydrate 

(C6HsOiH20). potassium phosphate (~HPO,,). sodium ammonium phosphate 

(NaHNH"P04'H20), potassium chloride (KCI), sodium chloride (NaCl) , magnesium 

chloride hexahydrate (MgC12'6H20), sodium dihydrogen phosphate (NaH2P04·H20). 

disodium hydrogen phosphate (N~HP04)' sodium hydroxide (NaOH), D-(+) glucose, D

biotin, L-histidine'HCI, j3-nicotinamide adenine dinucleotide phosphate (NADP), Glucose-
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6-phosphate, ampicillin trihydrate, crystal violet, were purchased from Sigma Chemical 

Co. (St. Louis, MO). Bacto Agar was purchased from Difco Laboratories (Detroit, 

Michigan). Petri plates (Becton Dickinson Labware 1029) were obtained from Baxter 

Diagnostics Inc. (Scientific Products Division, McGaw Park, ll) and Oxoid Nutrient Broth 

No.2 was ordered from Oxoid USA Inc. (Columbia, MD). 

Sample preparation 

Com sample extracts (Figure 5.1) were obtained by the sequential fractionation! 

partition procedures described in CHAPTER 4 (Figure 4.1). Each extract was dissolved 

in and subsequently diluted with DMSO (Extracts A, B, C, D, H, and I, Figure 5.1) or 

sterilized distilled water (Extracts E, F, and G, Figure 5.1) to make a serial dilutions of 

test sample. At least 5 dose levels of each extract were tested depending on the 

availability of the materials (dose levels ranged from 0.6 J.lg to 73.5 mg extract/plate). 

AFBl (dissolved in DMSO, 1-100 ng/plate) and 2-AF (dissolved in DMSO, 20 J.lg/plate) 

were used for positive controls in each section of the experiment. DMSO and sterilized 

distilled water were used for solvent controls. 

C~C12 extracts (Extract A, Figure 5.1) obtained from aflatoxin-contaminated corn 

with and without ammonia treatment were separated into several fractions using thin layer 

chromatography (TLC) as described in CHAPTER 4 except preparative silica gel plates 

(1 mm thickness) were used. Briefly, CH2Cl2 extracts dissolved in DMSO and pure AFBl 

in DMSO were spotted on the preparative silica gel plates (AFBl equivalent = 171.4 J.lg 

for each sample), developed with chloroform/acetone (9: 1) for 60 min. Each separated 

band observed under ultraviolet (UV) light was marked along the outline, scraped from 
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each plate, combined and collected according to the Rr. extracted with chloroform/acetone 

(9: 1), and filtered with Whatman #4 fIlter paper. The filtrates were evaporated to dryness 

under N2 stream in a hood, and then, dissolved in and serially diluted with DMSO. The 

fIltrate containing AFBl (Band 2, RrO.56-0.81, Table 5.5) obtained from the non-ammonia 

treated corn sample was diluted with dose levels ranged from 1 to 3,500 ng AFBI 

equivalents/plate. Other fIltrates including the background residue on the TLC plate and 

each of the filtrates obtained from ammonia-treated corn sample were diluted to make a 

five dose levels (437.5-7,000 ng AFBl equivalents/plate). 

C~C~ extract (Extract A, Figure 5.1) in DMSO, obtained from the non-ammonia 

treated aflatoxin-free com was spiked with different levels of pure AFBl to make a serial 

dilutions (dose levels ranged from 1 to 2,000 ng AFBdplate). 

S9 preparations 

S9 preparations (Aroc1or-1254-induced.Sprague-Dawley male rat liver homogenate, 

2 ml/vial) were purchased from Molecular Toxicology Inc. (Annapolis, MD). S9 was 

stored at -80°C freezer before preparation of the S9 mix. 

Salmonella typhimurium (TAtOO) tester strain 

Salmonella typlzimurium TAloo tester strain was kindly provided by Dr. Bruce 

Ames, University of California, Berkeley, CA. The bacteria were stored and grown for 

use as described by Maron and Ames (1983). 

Confirmation of tester strain 

Tester strain activity was confirmed for histidine requirement, ria mutation (crystal 

violet sensitivity), and R-factor (ampicillin resistance) as described by Maron and Ames 
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(1983) immediately after receiving the master strain, when a new set of frozen permanents 

was purchased or when a fresh culture was grown before each mutagenic assay. 

Ames test procedure 

The detailed procedure has been described by Maron and Ames (1983). Plate 

incorporation procedure with and without S9 activation was conducted in triplicate for 

each fraction/extract (Figure 5.1) obtained from aflatoxin-contaminated com sample with 

and without ammonia treatment, as well as for positive and solvent controls. For the 

fractions obtained from aflatoxin-free corn, the CH2C12 extract fractions separated by TLC 

from aflatoxin-contaminated corn with and without ammonia treatment, and the CHzCl2 

extract obtained from aflatoxin-free corn spiked with pure AFB1, the Ames test with S9 

activation assays were conducted. Briefly, 50 ).11 aliquots (unless specified otherwise) of 

each dilutions or controls, together with 100).11 TA100 culture, was mixed with 2 ml top 

agar and applied to previously poured Petri plates. For S9 activation assays, 500 ).11 of S9 

mix (containing 4% S9 preparation) was added before plating. 

RESULTS A~D DISCUSSION 

The mutagenic potential of pure AFBI was judged at a concentration of ca. 10 ngj 

plate with S9 activation and no mutagenicity was observed in the absence of S9 in the 

dose range tested (1-100 ngjplate). No cytotoxicity to the tester strain was observed with 

and without S9 activation in this dose range. In the presence of S9, 2-AF showed the 

average revertants/plate at ca. 2060 + 430 (n=19) while no mutagenicity was observed at 

the absence of S9 activation (average revertants/plate = 175 ± 109, n=18). 
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The results of mutagenic assays, conducted with S9 activation on the extracts 

isolated from AFB)-contaminated ammonia-treated corn, are summarized in Table 5.1 and 

shown on Figures 5.2 .... 5.5. CH2Cl2 extract was tested in the range of 10 to 73,500 

llg/plate. Whereas, CH30H extract, NaOH treatment extract, and Pronase soluble aqueous 

(PSA) fraction were tested from 10 to 5,000 llg/plate; acid treatment, hexane and acetone 

extracts, 10 .... 100 llg/plate; Pronase-E soluble organic (PSO) phase, 0.6 .... 58 llg/plate; and 

Pronase-E solid soluble (PSS) phase, 0.6 .... 56 llg/plate according the availability of 

individual material. None of the samples except AFB) and 2-AF controls showed 

mutagenic potential. To study the potential of direct mutagenic activity of the ammonia

related aflatoxin reaction products, Ames test without S9 activation was also undertaken 

and no mutagenic response was detected at the same dose levels as carried out in the S9 

activation assays (Table A.l in APPENDIX A). 

Extracts obtained from aflatoxin-free corn with and without ammonia treatment 

were also tested with S9 activation to detect any possible mutagenic effects caused by 

ammoniation process alone (background mutagenic potential). The results showed no 

mutagenic response (Table 5.2 and 5.3). 



Table 5.1. Mutagenicity of ammonia/aflatoxinB reaction products isolated from ammonia-treated aflatoxin-contaminated 
corn (Average TAlOO revertants/plate, with S9). 

Fraction Solvent Extract concentration {l!g!olate} 
control 10 100 250 500 1,000 5,000 7,350 14,700b 73,500c 

CH2Cl2 122+31 147±15 193±106 217+27 234+90 176,±43 133+53 137+80 109±52 68+13 
(n=14) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) 

CH30H 122±31 163±11 139±12 156+8 157+14 16O±27 101.±4 
(n=14) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) 

NaOH 131±39 15Q±104 144±96 144+86 157+116 163±102 149±95 
(n=13) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) 

PSA 131±39 126±114 181±l34 157+ 102 167±114 158±109 191±70 
(n=13) (n=6) (n=6) (n=6) (n=5) (n=5) (n=5) 

• Aflatoxin Bl tested at 1xlO-3
, 1xlO-2

, 2.5xlO-2,5xlO-2
, 75xlO-2

, and 1xlO-1 llg/plate induced 138±37 (n=13), 234,±159 (n=15),280+138 

(n=15), 459±312 (12), 505±220 (n=15), and 889+309 (n=13) revertants/plate. Spontaneous revertants = 126±31/plate (n=15). 

b 100 pI extract/plate. 

c 500 pI extract/plate. 

-o .;.. 



Table 5.1.-- Continued. 

Fruclion Solvenl Exlrucl 
Control 0.6 3 5 6 

PSO I 22±3 I 127±19 I 22±5 141±25 
(n=14) (n=3) (n=3) (n=3) 

PSS 122±31 121±11 132±18 116,±24 
(n=14) (n=3) (n=3) (n=3) 

Acid 131±39 1 57±118 1 49±1 12 
(n=13) (n=6) (n=6) 

Hexane 122±31 125±121 107+75 
(n=14) (n=6) (n=6) 

Acetone I 22±3 I 255±224 94±19 
(n=14) (n=6) (n=3) 

conccntralion 
10 28 29 

156,±11 
(n=3) 

119±47 
(n=3) 

152±99 
(n=6) 

152±88 
(n=6) 

161±109 
(n=6) 

50 56 

123+12 
(n=3) 

1 82±104 
(n=6) 

125±71 
(n=6) 

222±153 
(n=6) 

(~g/l2latc} 
58 100 

160±50 
(n=3) 

154+80 
(n=6) 

132±92 
(n=6) 

I 39±69 
(n=6) 

...... 
o 
VI 
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Figure 5.2. Mutagenic response of Salmonella typhimurium (TAIOO) 
to AFBI and aflatoxin-related decontamination by-products 
isolated from ammonia-treated aflatoxin-contarninated corn 
by methylene chloride and methanol extraction (Extract A 
and B, respectively, Figure 5.1). 
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Figure 5.3. Mutagenic response of Salmonella typhimurium (TAlOO) 
to AFB 1 and aflatoxin-related decontamination by-products 
isolated from ammonia-treated aflatoxin-contaminated com 
by acetone and hexane extraction (Extract C and D, 
respectively, Figure 5.1). 
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Figure 5.4. Mutagenic response of Salmonella typhimurium (TAl 00) 
to AFB 1 and aflatoxin-related decontamination by-products 
isolated from ammonia-treated aflatoxin-contaminated com 
by acid and base treatment (Extract E and F, respectively, 
Figure 5.1). 
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Figure 5.5. Mutagenic response of Salmonella typhimurium (TAl 00) 
to AFB J and aflatoxin-related decontamination by-products 
isolated from ammonia-treated com by Pronase treatment 
(Extract G, H, and I, respectively, Figure 5.1). 
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Table S.2. Mutagenicity of fractions of ammonia-treated aflatoxin-free com following fractionation procedure (Average 
TAIOO revertants/plate, with S9, in triplicate)a. 

Fraction Solvent Extract concentration {l!g/Qlate} 
controlb 1 5 10 50 100 250 500 1,000 5,000 

CHzClz 110±22 105±17 106±45 100±7 123±47 93±9 109±22 

CH30H 110±22 112+15 102±27 83±29 99±29 79+12 74±18 

Acid 133±66 106.±1O l12±22 112±22 119±40 69+19 106.±24 

NaOH 133±66 I 26±24 108±23 93±7 11O±32 91+12 108+34 

PSA 133±66 87±13 126±23 124+12 124±32 131±14 149±17 

PSO 110±22 80±10 96±1O 88+10 111±1O 94±.4 

PSS llO±22 107±16 98±9 98±19 99±9 109±14 

Hexane 110±22 74+4 99±24 84+10 96±29 72±18 

Acetone II O± 22 117±9 119±22 100+6 96±20 89+8 

a Aflatoxin BI tested at lxlO-3
, IxlO-2

, 2.5xI0-2,5xlO-2
, 75xlO-2

, and IxlO-1 pglplate induced 103+16 (n=6), 195+68 (n=6), 

314+77 (n=6), 530+112 (n=6), 650+79 (n=6), and 903+67 (n=6) revertants/plate with S9; and 100+7 (n=6), 150+72 (n=6), 

86+ II (n ... 6), 127+49 (n-6), 94+ 12 (n=6), and 149+74 (n-6) revertants/plate without S9. Spont,meous revertants ... III + 17/plate 

with S9 (n=6); and 11 0+33/plate without S9 (n=6). 

b Two assays combined (n=6). 

...... 

...... 
o 



Table 5.3. Mutagenicity of fractions of non-ammonia treated aflatoxin-free com following fractionation procedure 
(Average TAIOO revertants/plate, with S9, in triplicate)8. 

Fruclion Solvenl Exlrucl concentralion (l!g/Qlale} 
conlrolb I 5 10 50 100 250 500 1,000 5,000 

CH2Cl2 11O±22 95±12 87+24 86±14 102±24 66±11 79±26 

CH30H 110±22 76±6 76±18 86±9 90±22 86±6 81±17 

Acid 133+66 103±15 122±23 108±13 111±22 107±14 111+17 

NaOH I 33±66 105±8 80±16 I 23±9 86±9 112±21 94±7 

PSA 133+66 80+4 100+28 79±12 99±3 98±7 139±4 

Acetone 1 I Q±22 97±5 111±36 111±6 118±16 94±16 99±28 

PSO 110+22 12Q±13 97±7 92±20 96±1O 90+2 

PSS 110+22 88+11 103+14 100+12 109+13 I 10+22 

Hexane 110+22 92+22 82+7 92+23 114+17 98+18 

a Aflatoxin BI tested at lxl0-3
, lxlO-2

, 2.5xl0-2,5xlO-2
, 75xlO-2

, and lxl0-1 pglplate induced 103+16 (n=6), 195+68 (n=6), 

314+77 (n=6), 530+112 (n=6), 650+79 (n=6), and 903+67 (n=6) revertants/plate with S9; and 100+7 (n=6), 150+72 (n=6), 

86+ 11 (n=6), 127+49 (n=6), 94+ 12 (n=6), and 149+74 (n=6) revertants/plate without S9. Spontaneous revertants = III + 17/plate 

with S9 (n=6); and 11 0+33/plate without S9 (n=6). 

b Two assays combined (n-=6). 
.-. .-. .-. 
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Contrary to expectation, the results of these mutagenic assays failed to show 

mutagenic response to TAloo with S9 activation in any of the extracts/fractions obtained 

from the aflatoxin-contaminated corn containing naturally incurred 7500 ng AFB)/g (Table 

5.4; Figure 5.6-5.9). No mutagenic response to TAlOO without S9 activation in any of 

those extracts/fractions (Table A.2, APPENDIX A) was observed. These results suggest 

a difference of mutagenic potential between the pure aflatoxins and the aflatoxins 

naturally occurring in corn and/or an interfering substance in the CH2C~ extract. Other 

factors may be considered to be possible reasons for this difference. 

The effect of corn matrix on naturally incurred AFB) comparing to spiked purified 

AFB) in unknown. In order to separate aflatoxins and ammonia/aflatoxin reaction products 

from potential "unknown interfering materials" existing in the corn matrix, which could 

bind to aflatoxins and/or aflatoxin related by-products, TLC was applied to the C~CI2 

extracts (the fraction which contained aflatoxins) obtained from aflatoxin-contaminated 

corn with and without ammonia treatment. Each of the fractions (bands) separated by 

TLC, together with the extract of the background residue on the TLC plate, was tested 

by the Ames test with S9 activation. Unexpectedly, all of the TLC fractions showed no 

mutagenic response to TAloo (Table 5.5 and 5.6; Figure 5.lD-5.l5). 



Table 5.4. Mutagenicity of fractions of non-ammonia treated aflatoxin-contaminated com following fractionation 
procedure (Average TAI00 revertants/plate, with S9Y. 

Fraction Solvent Extract concentration (I!g!Qlate} 
control 10 100 250 500 1,000 5,000 

CHzClz
h 108+24 106+7 113+16 98+12 119+53 153+49 94+18 

(n=12) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) 

CH30H 108+24 85+31 121+56 150+50 185+85 187+80 140+41 
(n=12) (n=8) (n=9) (n=9) (n=9) (n=9) (n=9) 

NaOH 111+29 121+58 135+50 112+41 129+58 106+40 129+59 
(n=10) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) 

PSA 111+29 355+309 161+40 335+307 132+10 137+27 365+210 
(n=lO) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) 

"Aflatoxin BI tested at lxlO-3
, 1x1O-2

, 2.5xlO-2,5xlO-2
, 75xlO-2

, and lxlO-1 JIg/plate induced 132±40 (n=11), 218±162 (n=12), 243±103 
(n-12), 356±103 (n-II), 482±IS6 (n-12), and 891±311 (n-IO) revertants/plate. Spontaneous rcvcrlunls - I 35±341plalc (n-IO). 

bCH2CI2 extract tested at other 3 series in triplicate: 1) IxlO-3
, I X 10-2

, 2.5xlO-2,5xlo-2
, 75xlO-2

, and IxlO-1 JIg/plate induced l42±43, 
l7Q±44, 159±55, 176±50, 122±8, and Il8±27 revertants/plate (solvent control = 109±22 revertants/plate); 2) 2xlO-3

, 2xlO-2, 5xlO-2, 

IxlO-I, 1.5xlO- l
, and 2xlO-1 JIg/plate induced 173±24, 287±184, 154±6, 302±241, 140±1O, and 271±205 revertants/plate (solvent 

control=126±22 revertants/plate); 3) 25, 250, 312.5, 625, 1250, and 2500 JIg/plate induced 79±6, 83±16, 81±16, 66±9, 78±7, and 87±26 
revertants/plate (solvent control= 1 07±32 revertants/plate). 

...... ...... 
Vl 



Table 5.4. -- Continued. 

Fraction Solvent Extract 
control I 5 

PSO 108±24 141±18 356+347 
(n=12) (n=3) (n=3) 

PSS 108±24 107±1O 287+281 
(n=12) (n=3) (n=3) 

Acid 111±29 100±25 113±50 
(n=10) (n=6) (n=5) 

Hexane lO8±24 \o7±19 98±40 
(n=12) (n=6) (n=5) 

Acetone 108±24 271±258 115+16 
(n=12) (n=3) (n=3) 

concentration 
10 50 

118±19 192±47 
(n=3) (n=3) 

116±15 325±268 
(n=3) (n=3) 

l00±.24 103±36 
(n=6) (n=5) 

139±54 131±42 
(n=6) (n=6) 

149±54 122±19 
(n=3) (n=3) 

{I!£Il2late} 
100 

243+35 
(n=3) 

132±12 
(n=3) 

108 
(n=l) 

1 56±47 
(n=5) 

358±345 
(n=3) 

.... .... 
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Figure 5.6. Mutagenic response of Salmonella typhimurium (TAIOO) 
to AFB J and methylene chloride and methanol extracts 
(Extract A and B, respectively, Figure 5.1) of untreated 
aflatoxin-contaminated com. 
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Figure 5.7. Mutagenic response of Salmonella typhimurium (TAIOO) 
to AFBI and acetone and hexane extracts (Extract C 
and D, respectively, Figure 5.1) of untreated aflatoxin
contaminated com. 
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Figure S.S. Mutagenic response of Salmonella t)phimurium (TAlOO) 
to AFB 1 and acid and base treatment fractions (Extract E 
and F, respectively, Figure 5.1) of untreated aflatoxin
contaminated corn. 
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Figure 5.9. Mutagenic response of Salmonella typhimurium (TAIOO) 
to AFBJ and Pronase treatment fractions (Extract G, H, 
and I, respectively, Figure 5.1) of untreated aflatoxin
contaminated corn. 
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Table 5.5. Mutagenicity of CH2C~ extract fractions separated by TLC from ammonia
treated aflatoxin-contaminated com (Average TA100 revertants/plate, with 
S9, in triplicate). 

1LC AFB 8 

--I equivalent (ng/plate) 
fractions 437.5 875 1750 3500 7000 

Band 1 (RrO) 
(Sample residue 
around the base line) 90±9 68±40 83±20 71±31 
98±35 
Band 2 (RrO.56-0.81)b 
(Brown-yellow line with 
light blue background) 67±26 65±17 62±29 59±23 63+13 

Band 3 (RrO.71-0.93) 
(Yellow line overlapped 
with green band) 81±24 70±36 69±6 113±28 67±22 

Band 4 (RrO.66-0.97) 
(Green band) 85±3 79±15 61±2 55±32 80±4 

Band 5 (RrO.91-1.0) 
(Brown band) 46±3 76±12 661.11 127±16 103±24 

Background residue 82±9 63±16 55±18 47±17 45±19 

8Aflatoxin B1 tested at 1xlO·3, 1xlO,2, 2.5x1O'2,5xlO'2, 75x1O'2, and 1x1O'1 llg/plate induced 
76+15, 118+37, 246+53, 357±.47, 738±143, and 777±144 revertants/plate with S9; and 
93±1O, 114+55, 101+7, 131+40, 72±7, and 108±11 revertants/plate without S9. Solvent 
control (DMSO) = 71+28 revertants/plate (n=6) with S9 and 87+6 revertants/plate (n=6) 
without S9. Spontaneous revertants = 89+3/plate with S9 and 89+5/plate without S9. 2-AF 
induced 1629+284 revertants/plate with S9 and 89+10 revertants/plate without S9. 

b Contained AFB1. 
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Figure 5.10. Mutagenic response of Salmonella typhimurium (TAl 00) to 
AFB) and fractions separated by TLC from CH2Cl2 extract 
obtained from ammonia-treated aflatoxin-contaminated com 
(Band I and 3, respectively, Table 5.5). 
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Figure 5.11. Mutagenic response of Salmonella typhimurium (TAIOO) to 
AFB J and fractions separated by TLC from CH2Cl2 extract 
obtained from ammonia-treated aflatoxin-contaminated corn 
(Band 4, 5, and background residue, respectively, Table 5.5). 



Table 5.6. Mutagenicity of fractions separated by TLC from CH20 2 extract obtained from non-ammonia treated aflatoxin
contaminated com and CH20 2 extract from non-ammonia treated clean com spiked with pure AFB. (Average TA100 
revertants/plate, with S9, in triplicate). 

TLC 
fractions 

AFB." equivalent (nglplate) 
1 10 25 50 75 100 200 437.5 500 875 WOO 1750 2000 3500 7000 

Band 1 (RFO)-Sample residue around the base line 57±7 49±11 74+8 51+6 80+34 

Band 2 (RFO.75-0.83)-Blue band (Contained AFB •. ) 
68±18 85±14 83±16 73±5 80+9 69±9 72±30 47±1O 67±32 38±6 39±12 

Band 3 (RFO.78-G.86)-YeIlow line 91+22 70±14 92+18 81j:4 74±20 

Band 4 (RFO.78-0.93)-Green band 108±5 74±22 100+7 77±11 103±25 

Band 5 (RFO.91-1.0)-Brown band 84+10 7l±8 74j:18 97±8 87±19 

Background residue 80±23 93±29 55+20 79±22 89±4 

CH2Cl2 extract from non-ammonia treated aflatoxin-free corn spiked with pure AFB. 
41±13 44+7 73+4 54±17 65j:4 62+39 60+2 56±IB 87±23 106±32 

"Aflatoxin B. tested at lxlO·3, IxlO-2
, 2.5xlO-2,5xlO-2

, 75xlO·2, and lxlO-· pg/plate induced 76±15, 118±37, 246±53, 357j:47, 
738±143, and 777±144 revertants/plate with S9; and 93±IO, 114j:55 , 101+7, 131±40, 72±7, and 108±1l revertants/plate without 
S9. Solvent control (DMSO) = 71±28 revertants/plate (n=6) with S9 and 87+6 revertants/plate. Spontaneous revertants = 89+3/plate 
with S9 and 89±5/plate without S9. 2-AF induced 1629±284 revertantslplate with S9 and 89±1O revertants/plate without S9. 

...... 
t-.> 
t-.> 



800 

600 

400 

200 

1 10 

123 

-e- Aflatoxin B 1 

.... Band 1-Sample residue around the base line 
+ Band 3 (Rf=.78-.86) 
- Solvent control (DMSO, 50ul/plate) 

100 1000 10000 

Concentration per Plate (ng) 

Figure 5.12. Mutagenic response of Salmonella typhimurium (TAIOO) to 
AFB I and fractions separated by TLC from CH2Cl2 extract 
obtained from non-ammonia treated aflatoxin-contaminated 
corn (Band I and 3, respectively, Table 5.6). 
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Figure 5.13. Mutagenic response of Salmonella typhimurium (TAlOO) to 
AFB\ and fractions separated by TLC from CHzClz extract 
obtained from non-ammonia treated aflatoxin-contaminated 
corn (Band 4, 5, and background residue, respectively, 
Table 5.6). 
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Figure 5.14. Mutagenic response of Salmonella typhimurium (TAlOO) to AFB 1, 

AFBI spiked in the CH2Cl2 extract obtained from non-ammonia 
treated aflatoxin-free com (Table 5.6), and fractions separated by 
TLC containing AFB, from CH2Cl2 extracts obtained from 
aflatoxin-contaminated com with and without ammonia treatment 
(Band 2 in Table 5.5 and Table 5.6, respectively). 
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To demonstrate the existence of the "unknown interfering materials" in corn, 

CH2C~ extract (Extract A, Figure 5.1) in DMSO obtained from aflatoxin-free corn 

without ammonia treatment was spiked with pure AFBI and tested by TA100 with S9 

activation. No positive results were obtained (Table 5.6 and Figure 5.15). These fmdings 

indicated the possibility of the existence of some "unknown interfering materials" in corn, 

which may "bind" with aflatoxins and can not be separated from the aflatoxins by the 

TLC technique used in the present study. 

The effect of "unknown interfering materials" on the mutagenic activity of 

aflatoxin in corn may be related to the meal matrix effect on the formation of the 

aflatoxin related by-products during ammoniation. Lee and co-workers (1984) used a 

model system to study the mutagenic potential of ammonia-related aflatoxin reaction 

products. Uniformly labeled 14C_APBI was mixed with nonlabeled BI, distributed on an 

inert carrier, and subjected to ammoniation (4% ammonia) at 100°C for 30 min at 40 psi. 

The reduction of AFBI level was over 99%. Of the structural alterations, ca. 20% was 

identified as an MW 206 compound, ca. 60% consisted of fragments of APB I, each 

having an MW < 200, and the remaining 20% was lost as volatile compounds. Based on 

this study, Haworth and co-workers (1989) conducted the Ames test (TA100) to evaluate 

the mutagenic potential of the fractions separated in the Lee's study (Lee et a/., 1984). 

The results of mutagenic assays indicated that all fractions tested exhibited some degree 

of mutagenicity, but all were significantly less mutagenic than APBh i.e., ammoniation 

process can reduce the mutagenic potential of APBI by degradation APBI to AFBI related 

by-products. The fraction containing the MW 206 degradation product exhibited a positive 



127 

mutagenic response at 10 llg/plate (lOOO-fold less mutagenic than AFB l). Though only 

the MW 206 entity was observed in Lee's study (Lee et al., 1984), Haworth et al. (1989) 

reviewed that the amount of conversion of AFBl to AFDl and to the 206 MW compound 

was ca. 30% and 23%, respectively, when reactions were carried out in model systems 

without a meal matrix present (Lee et al., 1974; Cucullu et al., 1976; Lee et al., 1984). 

For practical application, however, meal matrix is always present. Study with peanut meal 

(Lee and Culullu, 1978; Lee et al., 1979) indicated the average conversion of AFBl to 

AFDl was < 1 % and no MW 206 compound was detected. For cottonseed meal (Park et 

al., 1984), neither AFDl nor the 206 MW compound was observed. Haworth et al. (1989) 

summarized that more mutagenic activity was observed when AFBl was ammoniated in 

the model system without meal matrix than when actual AFBl-contaminated meal matrix 

was ammoniated. The possible reason was that the mutagenic compounds formed when 

pure aflatoxin was ammoniated in a model system may not be found in the ammoniated 

meal matrix studies since the meal matrix constituents apparently influence the formation 

of ammoniated aflatoxin by-products. Haworth et al. (1989), therefore, concluded that the 

model system may be inappropriate for characterizing aflatoxin by-products actually 

produced in an ammoniated meal matrix. 

The meal matrix constituents, containing the "unknown interfering materials", 

however, may also influence the mutagenic activity of aflatoxins which naturally occur 

in the commodities. In Lawlor's study with cottonseed meal (Lawlor et ai., 1985), 

purified AFBl was mutagenic at a concentration of ca. 5 ng/plate, which was comparable 

to the present study. The C~C~ extract of the ammoniated meal after Pronase digestion 
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(which corresponds to PSO phase in the present study) exhibited a similar response when 

180 J,lg of this fraction was applied to each plate. This is ca. 30,OOO-fold less mutagenic 

than AFB 1• Other fractions produced no detectable mutagenic responses at the 

concentrations tested (10-1000 J,lg extract/plate) using tester strain TA1oo. C~CI2 extract 

from untreated meal showed mutagenic response in the range of 33 to 100 J,lg extract 

!plate, which is ca. 2,OOO-6,OOO-fold less mutagenic than pure AFB1• This result indicated 

the possibility of the existence of the "unknown interfering materials" in the cottonseed 

meal and the effect of these materials on the mutagenic potential of aflatoxins in the 

commodities. In the present study, the highest dose of PSO phase was 100 J,lg/plate due 

to the limitation of material. None of the ammoniated com extracts showed any detectable 

mutagenic response at the dose range tested (0.6 J,lg to 73.5 mg/plate, Table 5.1 and 

Figures 5.2-5.5). So did the extracts from non-ammonia treated aflatoxin-contaminated 

corn (Table 5.4; Figure 5.6-5.9). The differences between the present study and Lawlor's 

study (Lawlor et a/., 1985) may be related to the difference of the meal matrix effects 

(corn versus cottonseed). 

Another factor which may affect the mutagenic activity of AFBI in corn was the 

solvents used for aflatoxin extraction, i.e., the sequential fractionation procedure. One of 

the differences between Lawlor's study (Lawlor et aI., 1985) and the present study is the 

fractionation procedures. In Lawlor's study, the ammoniated product was treated with 

petroleum ether before CH2Clz extraction. This pre-treatment may eliminate some 

"unknown interfering materials" in com which could be also extractable by C~Clz. Since 

aflatoxins are not soluble in petroleum ether, this pre-treatment may serve as a "clean-up" 
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step to separate aflatoxins from the "unknown interfering materials". After that, the 

"relatively purified" aflatoxins in corn can be extracted by CH2Cl2, and then, show 

mutagenic response in the Ames test though the mutagenic potential is much lower 

(2,000-6,OOO-fold less) than the pure AFBl (Lawlor et al., 1985). While in the present 

study, CH2C~ was the fITst solvent used in the fractionation procedure. The "unknown 

interfering materials" in corn were extractable by C~CI2 along with aflatoxins, which, 

in turn, block the mutagenic activity of aflatoxins in the Ames test. 

Price and co-workers used acetone to extract aflatoxin and aflatoxin related by

products from com samples to study the effects of processing on aflatoxin levels and on 

mutagenic potential of tortillas (Price and Jorgensen, 1985) and other corn snack (Camou

Arriola and Price, 1989) made from naturally contaminated corn. The results indicated 

different mutagenic potentials with different methods though the authors didn't compare 

the intensity of those mutagenic potentials with the pure AFB 1• These results indicated 

that the "unknown interfering materials" in corn were not extracted by acetone as 

aflatoxin. 

In addition, the procedure of the Ames test may also be a factor which influence 

the intensity of the mutagenic potential. Although the plate incorporation test is the 

standard method of the Ames test, Maron and Ames (1983) suggested that compounds 

that are negative with plate incorporation procedure can be retested using the 

preincubation procedure, in which the mutagen, S9 mix, and bacteria are incubated at 

3rC for 20 min or at 30°C for 30 min and then added the top agar. The mutagenic 

activity of AFBI has been determined using both plate incorporation and preincubation 
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procedures and in all cases the preincubation assay has an equal or greater sensitivity than 

the plate incorporation assay (Matsushima et ai., 1980). The increased activity has been 

attributed to the fact that the test compound, S9, and bacteria are incubated at higher 

concentrations in the preincubation assay than in the standard plate incorporation test 

(Prival et ai., 1979). In Lawlor's study with cottonseed meal (Lawlor et ai., 1985), 

preincubation procedure was used instead of the plate incorporation test as with the 

present study. 

In summary, fIndings obtained from the present study, combined with the previous 

studies, indicated the possibility of the existence of the "unknown interfering materials" 

in the corn which may "bind" with aflatoxin and/or can be extracted by CH2Clz together 

with aflatoxin, and, therefore, block the mutagenic activity of aflatoxin in the Ames test. 

If that is the case, it is necessary to re-evaluate the previous studies in which similar 

procedures as the present study did were used to estimate the mutagenic potential of the 

ammoniated aflatoxin-contaminated commodities and of the ammonia/aflatoxin reaction 

products. Further studies are required using a battery of sequential solvent fractionation 

processes and different procedures of the Ames test. The conclusion of the mutagenic 

potential of the ammoniated corn and the aflatoxin decontamination products formed by 

the ammoniation can not be made in the present study although the ammonia treatment 

did effectively reduce aflatoxin levels in corn. Carcinogenic studies, therefore, become 

more important in the safety evaluation since the limitations of the Ames test. The fInal 

phase of this project will evaluate the formation of aflatoxin-induced DNA-adducts in rats 

fed diets containing aflatoxin-contaminated corn with and without ammonia treatment. 



ABSTRACT 

CHAPTER 6 

CARCINOGENIC POTENTIAL OF AMMONIATED 

AFLATOXIN-COl\iAMINATED CORN IN RATS 
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Male F-344 rats were continuously exposed to AFBI and ammonia/AFBI reaction 

products through diets containing 5% ammonia-treated and/or untreated aflatoxin-

contaminated and aflatoxin-free corn for 14 day period. Terminal liver tissues were 

analyzed for AFBI-DNA adducts. Urine and serum samples were also collected for further 

study. No AFBcinduced DNA adducts were detected by HPLC in controls (0, 19, and 96 

ng AFBtlg) and animals fed diets containing 24 or 75 ng AFBtlg from non-ammoniated 

AFB1-contaminated corn; and 2 ng AFBl+16 ng ammonia/AFB1 reaction products or 20 

ng AFBl+237 ng ammonia/AFB1 reaction products from ammonia-treated AFB1-

contaminated corn. These data confirm the efficacy and permanency of the ammonia 

process to reduce aflatoxin levels and evidence of safety through absence of AFBI-DNA 

adducts in rat liver. The changes of the patterns of the formation of AFB1-N
7-GUA in 

liver DNA in the present study could be related to the low-dose continuous exposure, the 

source of AFBI (derived from naturally AFBI incurred com in which some component(s) 

/contaminant(s) may affect the absorption of AFBI from the diet), the administration of 

AFBI (mixed in the diet in which the component may influence the absorption of AFBI 

in the G-I tract and the removal of the DNA adducts from liver), and the chemical 

stability of AFBI-N
7-GUA and the kinetics of their formation and removal. 
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Further study dealing with the urine and serum samples collected in the current 

study is necessary to identify the pattern of the AFBI albumin binding in the serum and 

the removal of AFB l -N7-GUA in urine since the dose level and the administration of 

AFBI are different from previous studies. 

INTRODUCTION 

The carcinogenicity, mutagenicity, and teratogenicity of aflatoxins have been well 

documented (Ellis et al., 1991). In laboratory studies, AFBI has induced liver cancer in 

all the species of animals tested (Wogan, 1973) and is an extremely potent carcinogen to 

the rat. In susceptible experimental animals, cancer has been induced at doses comparable 

to contaminated human diets (Campbell and Stoloff, 1974; Buss et al., 1990). The 

mechanism of the carcinogenesis of aflatoxin involves enzymatic oxidation of AFBI to 

an epoxide and subsequent covalent binding to DNA, predominantly at the N-7 atom of 

guanine (Figure 2.3, CHAPTER 2). The formation of aflatoxin-DNA adducts is 

considered a crucial step in the carcinogenic initiation (Miller and Miller, 1981). Many 

experimental studies have shown a positive linear relationship between aflatoxin exposure 

and the formation of aflatoxin-DNA adducts (Groopman et al., 1987) which also has been 

used as a biomarker to detect human exposure to aflatoxin (Santella, 1991). The 

determination of the AFBI-induced DNA adduct formation and removal, therefore, has 

been widely used in the evaluation of the carcinogenic potential of AFBI in the animal 

models (Koh et al., 1989) as well as in the epidemiological studies (Koh et al., 1989; 

Santella, 1991). 
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In order to evaluate the safety of any aflatoxin decontamination process, research 

must focus on criteria which will determine whether the procedure will be acceptable, 

such as evaluation of any toxic residues in the ammoniated products or foods derived 

from animals fed the decontaminated products (Park et ai., 1988; Park and Lee, 1990). 

Extensive carcinogenicity studies, therefore, should be undertaken to determine the 

carcinogenic potential of the ammonia/aflatoxin reaction products remaining in the 

ammoniated commodities since the parent aflatoxin is a potent chemical carcinogen. 

Determination of aflatoxin related adducts formation in experimental animals induced by 

aflatoxin-contaminated commodities before and after ammoniation, therefore, could be an 

effective method to estimate the carcinogenic potential of the ammonia-treated aflatoxin

contaminated commodities. Many questions, however still need to be answered in this 

area, i.e., the effect of ammoniation process on the formation of AFB1-DNA adducts, the 

binding efficiency of the ammonia/aflatoxin reaction products to the DNA molecule 

comparing to that of the parent aflatoxin, etc. The up date data available are limited 

(Schroeder et al., 1985) concerning the liver DNA binding of ammonia/aflatoxin reaction 

products. Obviously, additional studies are required to achieve a more complete profile 

of the safety evaluation for an ammonia decontamination product. 

The present study focused on the effect of ammoniation treatment on the formation 

of AFB1-induced DNA adduct in rats fed ammonia-treated aflatoxin-contaminated corn. 

Low doses of AFBI was used in an attempt to approach the environmental exposure to 

AFB 1 and ammonia/aflatoxin reaction products by administrating the ammonia-treated 

AFB1-contaminated corn to the laboratory animal through diet. 
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Chemicals and Materials 
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Purified AFBI was purchased from Sigma Chemical Co. (St Louis, MO) and 14C_ 

AFBI (88.7% chemical purity, specific activity=48.8 llCi/llmole) from Moravek 

Biochemicals (Brea, CA). All other chemicals were HPLC grade obtainable commercially. 

14C-AFBl labeled com samples (lllCi/kg) or un-labeled corn samples with and without 

ammonia treatment were prepared as described in CHAPTER 3 and CHAPTER 4. 

Animals and Diets 

Male Fischer-344 rats, 200 + 10 g (Charles River Breeding Laboratories) were 

housed individually in metabolic cages maintained on a 12 hour light-dark cycle at 20-

23°C and a relative humidity of 45-55%. Because of the limitation of laboratory facilities, 

the experiment was divided into two sections with treatment 1 ..... 4 (except No. 1-003 and 

1-017 in treatment 1, APPENDIX B) in section 1 and treatment 5-8 (plus No. 1-003 and 

1-017 in treatment 1, APPENDIX B) in section 2, respectively. The animals were adapted 

to experimental conditions and fed the basal diet (AIN-76A, Table 6.1, Research Diet 

Inc., New Brunswick, NJ; Tables B.1 and B.2, APPENDIX B) for 2 days (section 1, mean 

initial weight=205.4+4.60 g) or 4 days (section 2, since the average initial weights 

(183.6+10.67) were lower than that of rats in section 1) before the start of the experiment. 

The animals were then randomly assigned to different treatments (Table 6.2) with 6-8 

animals in each group. The duration of the feeding experiment was 14 days. Feed and 

water were provided ad libitum. Fresh diet was supplied every 4-5 days. Feed intake and 

animal body weights were recorded weekly (Tables B.3 and B.4., APPENDIX B). 



Table 6.1. Basal Diet fonnula (AIN~ 76 Purified Diet).8 

Ingredient Weight (%) Calorie (%) 

Casein 20.0 20.4 
DL-methionine 0.3 0.3 

Cornstarch 32.5 33.2 

Sucrose 32.5 33.2 

Cellulose 5.0 

Com oil 5.0 11.5 

AIN Mineral mixb 3.5 0.4 

AIN Vitamin mixC 1.0 1.0 

Choline bitartrate 0.2 

100.0 100.0 

apormulated by Research Diet Inc. (New Brunswick, NJ) from J. Nutr. 

107:1340-1348, 1977 and J. Nutr. 110:1726, 1980. 

b See Table B.1 in APPENDIX B. 

C See Table B.2 in APPENDIX B. 
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Table 6.2. 

Treatment 
code 

1 

2 

3 
4 

5 
6 

7 

8 

Experimental Design. 

Description 

AIN-76A diet + 5% untreated aflatoxin-free corn 

AIN-76A diet + 5% ammonia-treated aflatoxin-free corn 

AIN-76A diet + untreated aflatoxin-free corn + 20 ppb pure AFBI 

AIN-76A diet + untreated aflatoxin-free corn + 100 ppb pure AFBI 

AIN-76A diet + 5% untreated 354 ppb AFBI contaminated corn 

AIN-76A diet + 5% ammonia-treated 354 ppb AFBI contaminated corn 
AIN-76A diet + untreated 14C-AFBl labeled 7500 ppb AFBl contaminated com 

+ untreated aflatoxin-free com to make up 5 % corn in diet 

AIN-76A diet + ammonia-treated 14C-AFBI labeled 7500 ppb AFBI contaminated comc 

+ ammonia-treated aflatoxin-free cornd to make up 5 % corn 

8 Analyzed by Aflatest-P immunoaffinity column coupled with fluorometry method (Trucksess et ai., 1991). 

AFBI in diet 
(ng/gt 

o 
o 

19 

96 

24 

2 (16)b 

75 

20 (237)C 

b The concentration of ammonia/aflatoxin reaction products in the ammoniated corn (calculation based on the reduction of 

AFBI level from 354 ng/g to 39 ng/g (Table 3.1) and 12% was volatilized during ammoniation (Table 4.1)). 

c The quantity applied is corresponding to the untreated l4C-7500 ppb AFBI contaminated corn applied in treatment 7. 

d The quantity applied is corresponding to untreated aflatoxin-free corn applied in treatment 7. 

C The concentration of ammonia/aflatoxin reaction products in the ammoniated corn (calculation based on the reduction of 

AFBI level from 7,500 ng/g to 517 ng/g (Table 3.1) and 12% was volatilized during ammoniation (Table 4.1)). -VJ 
0\ 
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Stock diets were prepared by purchasing the AIN-76A diet for rodent (Research 

Diet Inc., New Brunswick, NJ) minus corn starch. The corn starch component for each 

treatment diet was replaced with ground com as outlined in Table 6.2. Diets were stored 

at -20ac until given to animals. 

Sample Collection 

Urine and feces samples from animals in treatments 1, 2, 7, and 8 were collected 

daily throughout the entire period, pooled by treatment, and stored at -20°C and -80aC for 

further study of the distribution of radioactivity. Urine collective containers were 

suspended in acetone/dry ice. 

At the termination of the experiment, the animals were euthanized using COJether 

anesthesia and blood collected by cardiac puncture. Blood samples were obtained using 

syringes containing ca. 10 mg EDT A and transferred to a 14 ml centrifuge tube. Sera 

were obtained by centrifuging the blood samples at 3,000 rpm (ca. 1000 g) and stored at-

80aC further study. After euthanasia, the rat liver was rapidly excised, blotted with 

absorbent towel, weighed, frozen in liquid N2, and stored in pre-cooled tubes at -80aC 

until analysis. 

Chemical and Biochemical Analysis 

1. Dietary AFBl determination 

All diet rations were analyzed for AFB J by Aflatest-P immunoaffmity column 

coupled with fluorometry method as described in Chapter 3 (Trucksess et a/., 1991) 

except no HCl was applied. 
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2. Isolation of liver DNA 

The procedure of Groopman et al.(1992a) with some modifications was used to 

isolate liver DNA and analyze for AFB1-DNA adducts. Briefly, the entire frozen liver (ca. 

8-12 g) was cut into ca. 10 pieces with a razor blade and transferred into a 100 ml 

beaker. Five (5) volumes per gram weight of HKM buffer (containing 0.025 M sucrose, 

0.025 M KCI, 0.005 M MgC~, and 0.05 M Hepes) were added and the mixture 

homogenized using a Polytron at speed 5 for ca. 30 sec. using up and down strokes. The 

homogenates were then centrifuged at 1000 g for 10 min at 4°C. The supernatant was 

discarded and the pellet re-suspended in 35 ml HKM buffer containing 0.05% Triton-X-

100. This suspension was centrifuged and washed again. The pellet was then re-suspended 

in 35 ml of the original HKM buffer (without Triton-X-l00) and centrifuged and washed 

once more. To the re-suspended pellet (7 ml of original HKM buffer), 1.0 ml 10% SDS 

and 2.5 ml of 4 M NaCI were added and mixed gently. Then, 20 ml of chloroform! 

isoamyl alcohol (24: 1) were added, shaken vigorously using a wrist action shaker (Wrist 

Action Shaker, Pittsburgh, PA) at speed 10 for 20 min at ambient temperature and the 

phases separated by centrifugation at 1000 g for 20 min. The upper layer (aqueous phase) 

was transferred carefully to a 50 ml beaker (on ice) and the nucleic acids recovered from 

the aqueous epiphase by precipitation with 20 ml of ice-cold ethanol. The nucleic acids 

were spun onto glass rods and dried ill vacuo. 

3. HPLC analysis of hepatic AFB1-DNA adducts 

Milli-Q water was added to dry isolated DNA and heated for 15 min at 37°C in 

a heating block. The dissolved DNA was hydrolyzed using 1 N HCI and heated for 15 
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min at 100°C. On cooling the solution was neutralized with 1 M ammonium formate, pH 

4.5. The DNA content was determined spectrophotometrically by the method of Sambrook 

et al. (1989). The ratio of OD26d'OD28Q was always more than 1.6 (Table B.6., APPENDIX 

B). Nucleic acid hydrolysates were further analyzed for specific adducts by reversed phase 

chromatography using a CIS ODS Ultrasphere column (Rainin Instrument Co., Woburn, 

MA). Chromatography was performed at 35°C or 55°C with a Beckman model 344 liquid 

chromatograph coupled to a Hewlett-Packard 1040M diode array detector using a 25 min 

gradient of 10-18% ethanol/20 mM triethylammonium formate (pH 3.0) at 1.0 ml/min. 

The retention times of AFB1-DNA adducts were determined using authentic standards 

synthesized as described by Groopman et al. (1981). The recovery of the assay was 

85-95% with limit of detection of 11.1 ng 2,3-dihydro-2-(N7-guanyl)-3-hydroxy-AFBI 

(AFB1-N7-GUA). 

Statistics 

Treatment groups were initially compared by one-way analysis of variance 

(ANOVA, Rosner, 1986a) to examine any treatment differences in feed intake, growth 

(weight gain), liver/body weight ratio (LW/BW), and feed efficiency. Differences with P 

< 0.05 were considered significant. If a significant difference was found among the 

treatments, Newman-Keuis multiple comparisons procedure (Rosner, 1986b) was used to 

identify the distinct groups. 
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RESULTS AND DISCUSSION 

1. Feed intake, growth, LW/BW, and feed efficiency 

It has been proposed that the levels of AFB, used in this study (maximal= 96 

ng/g) would not significantly influence the growth of the animals. Therefore, there should 

be no statistically significant differences between treatments in feed intake and weight 

gain; however, some individual animals may have higher susceptibility to AFB, than 

others, which may affect their liver function and appetite which would result in less feed 

intake and lower weight gain. 

The data of feed intake are presented in Table 6.3. For feed intake in week 1, rats 

in treatment 1 consumed more feed than rats in treatments 2 (p < 0.01),3 (P < 0.01), and 

6 (P < 0.05). When comparing the results between treatment 1 to 2, at fIrst glance, it 

appears that ammonia treatment itself may have inhibited feed consumption rather than 

pure AFB, (comparing treatment 1 to 3 and 4). In week 2, however, there is no significant 

difference between all treatments (P > 0.05). For total feed intake, treatment 3 was 

significantly less than treatments 1 (P <0.01) and 8 (P < 0.05); and treatment 2 was less 

than treatment 1 (P < 0.05), which may attribute to the differences existing in week 1. 

Therefore, the differences observed in feed intake in the present study may have been 

caused by the variation between adaptation periods as described in "MATERIALS AND 

METHODS" and individual animal dissimilarities as stated above. 

The results of animal growth were summarized in Table 6.4. ANOV A showed that 

there was no significant differences between treatments in initial, week 1, and final body 

weights. However, Newman-Keuls multiple comparisons indicated that there were 



Table 6.3. Feed intake in each treatment (g. Mean±SD). 

Treatment Week 1 Week 2 Total 
code intake intake intake 

1 (8a
) 110.0+5.8 101.1±8.3 211.1±1O.8 

2 (7) 97.2+5.0"lb 94. 2±6. 8 191.4±9.2"1 

3 (7) 96. 2.±6.4" " 1 93.0±7.0 189.3±11.3""I;·s 

4 (7) 102.1+7.5 95.8±8.6 197.9±14.6 

5 (6) 101.9±3.3 97.5±3.9 199.3+7.2 

6 (5)C 98.5+3.3"1 99.0,:t4.7 197.5,t6.9 

7 (6) 104.5+7.2 101.l±3.5 205.6±9.7 

8 (6) 105.6±8.3 103.4±,8.4 209.Q±14.8 

a Animal number in each treatment. 

b Mean with * and treatment code indicated is significantly different from the mean of 
that treatment within the same column (*, P <0.05; **, P<O.Ol). 

C Data from one of the rats (No. 6-025, APPENDIX B) was not used in calculation since 
feed consumption in the second week was restricted by unsuitable fixing of the feeder 
(Le., the rat could not reach the diet). 
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Table 6.4. Growth and liver weight in each treatment (g, Mean±SD). 

Treatment Initial Week 1 Week 1 Final Week 2 Total Liver LW/BW 
code weight weight gain weight gain gain weight Ratio 

1 (SI) 200.4.±12.2 225.S±1O.5 25.5±6.4 247.S±12.9 21.9±4.7 47.4+9.7 10.1+1.4 .04+.005 

2 (7) 205.6±4.9 225.S±6.5 20.1±3.3*7·8 243.7±9.4 19.2±5.4 39.3±6.S 9.5±.S .04,±.002 

3 (7) 204.7±5.5 224.2±5.3 19.5±4.0*7,8 242.0+6.9 17.S±3.S 37.3+7.2*8 9.1±1.2*7 .04±.003 

4 (7) 205.1±4.0 225.6±7.3 20.5+3.9*7,8 244.9±9.8 19.3j:4.2 39.S±7.2 9.S±1.1 .04,±.OO3 

5 (6) 202.2±5.4 225.4±5.6 23.1±3.2 247.9±6.7 22.5±2.3 45.6±4.7 1O.5±.5 .04±.001 

6 (5)b 202.5±5.2 225.2±7.7 22.7±3.6 246.3±11.3 21.1±5.1 43.8+S.1 9.7±.9 .04,±.002 

7 (6) 202.1±5.4 230.0±6.5 27.9±2.5 250.6±6.0 20.6±3.0 48.5+3.9 1O.9±.5 .04,±.OO2 

S (6) 201.O,±S.8 228.4,±11.4 27.3j:4.2 251.0+13.9 22.7j:4.7 50.0,±5.5 1O.6±1.2 .04,±.003 

• Animal number in each treatment. 

b Data from one of the rats (No. 6-025, APPENDIX B) was not used in calculation since feed consumption in the second week 

was restricted by unsuitable fixing of the feeder (Le., the rat could not reach the diet). 

C Mean with * and treatment code indicated is significantly different from the mean of that treatment within the same column 

(*, P <0.05; **, P<O.OI). 

...... 
~ 
tv 



143 

significant differences in weight gain in week 1 with treatments 2, 3, and 4 were significantly 

lower than treatments 7 and 8 (P < 0.05). There was no significant difference between treatment 

in weight gain in week 2 (P > 0.05). For total weight gain, treatment 3 was significant lower than 

treatment 8 (P < 0.05). These results indicated that the differences existing in weight gain were 

consistent with those happened in feed intake. This further confrrmed that the differences of 

weight gain resulted from the differences of feed intake. Individual animal differences in age, 

which is related to growth rate, and/or initial weight. may have also contributed to the differences 

in weight gain. For example. No. 1-003 in treatment 1 had an initial weight of 177.0 g (Table BA. 

APPENDIX B). which. although not big enough to cause a significantly difference in mean weight 

from other treatments. was much lower than the average weight of all animals (200.3±7.92 g) in 

the whole section of the experiment. This lower weight suggests that the animal was younger. and 

thus resulted in having higher growth rate than other animals as was indicated by the weight gain 

(Table B.3. APPENDIX B).For liver weight (Table 6.4), although treatment 3 was significantly 

lower than treatment 7 (P < 0.05). there was no significant difference between any treatments in 

LW/BW ratio (p> 0.05). This result further confirmed that the APB! levels administered to the 

rats in the present study (0-96 ng/g) were not high enough to cause acute aflatoxicosis. which is 

characterized by hepatic necrosis and/or increases in liver weights. In the current study. doses 

comparable to chronic human exposure were designed. 

Calculations (Table 6.5) based on weight gain and feed intake indicated that feed 

conversion efficiencies in week 1 in treatments 2. 3. and 4 were significantly lower than treatment 

7 (P < 0.05); treatments 3 and 4 were also lower than treatment 8 (P < 0.05). In week 2 and total 

feed efficiency for all treatments, however, showed no significant difference. These results were 

also consistent with those observed in feed intake and growth, and further supported the 



Table 6.5. Feed efficiency (g body weight/g feed. Mean±SD). 

Treatment Week 1 Week 2 Total 
code efficiency efficiency efficiency 

1 (8") . 23±. 05 . 22±.04 . 22±. 04 

2 (7) .21+.0307b .20±.05 .21±.03 

3 (7) .20+.0307
•
8 . 19±.03 .20±.03 

4 (7) .20+.03"7,8 .20±.04 . 20±. 03 

5 (6) .23+.03 .23±.02 . 23±.02 

6 (5)0 .23+.03 .21±.05 . 22±. 04 

7 (6) .27+.02 .20±.03 . 24,±. 02 

8 (6) .26±.02 . 22±.04 . 24,±.0 1 

• Animal number in each treatment. 

b Mean with * and treatment code indicated is significantly different from the mean of 
that treatment within the same column (*. P <0,05; **. P<O,OI). 

o Data from one of the rat (No. 6-025. APPENDIX B) was not used in calculation since 
feed consumption in the second week was restricted by unsuitable fixing of the feeder 
(Le .• the rat could not reach the diet). 
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conclusion that the differences between treatments in feed intake were mainly caused by the 

variation of adaptation periods rather than by ammoniation and/or aflatoxin. 

2. AFB1-DNA adduct formation 

The risk of tumor formation from exposure to a chemical carcinogen is dependent 

on the exposure, the potency of the carcinogen, and the individual host reaction. To study 

the patterns of aflatoxin-induced DNA adduct formation and removal, most of previously 

laboratory studies using repeated/chronic exposure were conducted at the dose levels 

much higher than the environmental exposure and limited published data provide 

information of low-dose chronic exposure (Lutz, 1987; Buss and Lutz, 1990). Those 

studies were usually carried out in 2 week period with interval sampling (Croy and 

Wogan, 1981b; Groopman et ai, 1992a; Wild et al., 1986b). With respect to the 

methodology of the determination of aflatoxin-induced DNA adduct in liver, both 

radioimmunoassay (RIA) and HPLC were applied. The peak of the formation of AFB1-N7
-

GUA was observed at ca. 2 hr after dosing in most of the single-dose studies (Croy and 

Wogan, 1981b). For repeated/chronic exposure, however, the level of DNA adduct is a 

result of continuous formation and removal, a steady-state could be reached at ca. 2-4 

weeks depending on the dose level used (Croy and Wogan, 1981b; Wild et al., 1986b 

Buss et al., 1990). 

The current study was designed to expose the experimental animals to the AFB\ 

at the levels as low as the FDA permitted maximal limits in the human diet, i.e., 20 ppb 

and in some of the food producing animals, i.e., 100 ppb for mature swine, beef and 

poultry, derived from the AFB\-contaminated corn with and without ammonia treatment 
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accounting for 5% in the purified AIN-76A diet to identify any changes in the AFB l-

DNA binding at the continuous exposure condition. Corresponding levels of purified 

AFBl were used as positive controls. The feed ration contained 5% com which replaced 

part of the cornstarch in the purified diet. AFBl intake during the experimental period is 

presented in Table 6.6. The range of total AFBl intake was between 0 to 21.1 }Jg, Le., 

daily intake was ca. 0 ..... 1.5 }Jg/animal or 0-5.9 }Jg/kg body weight, which was much lower 

than most of the previous AFBl chronic exposure studies (Croy and Wogan, 1981b: 10 

x 25 }Jg AFBdkg body weight i.p. in 14 days; Groopman et ai, 1992a: 10 X 250 }Jg/kg 

body weight via gavage in 14 days). 

The analysis of AFBl-N'-GUA in the single rat liver samples randomly sampled 

from each treatment indicated that the AFBl-N'-GUA was non-detectable in any of the 

selected samples. Some of the results are illustrated in Figures 6.1 .... 6.5. Figure 6.1. shows 

the UV spectrum of standard AFBl-N'-GUA (A) and the reference (B), and the HPLC 

chromatography (C) of standard AFBl and AFBl-N'-GUA conducted on August 13, 1993. 

The retention time of the standard AFBl-N'-GUA was ca. 22-23 min, and AFB l, ca. 49 

min (Analysis of the standards on August 16, 1993 is also showed on Figure 6.3). The 

HPLC and UV analysis of sample 6-007 is presented in Figure 6.2. Part C of this figure 

shows a peak with the retention time (48 min) similar to standard AFB 1 although the 

concentration of AFBl in treatment 6 was as low as 2 ng/g. Similar peaks were also 

observed in samples 7-023 and 8-020 in Figures 6.4 and 6.5, respectively; however, the 

height/area of these peaks appear to have no significant difference although AFBl 

concentrations in treatments 6, 7, and 8 were 2, 75, and 20 ng/g, respectively. In addition, 



Table 6.6. Aflatoxin intake during the experimental period. 

Animal Total feed Final body Total AFB. AFB. intake Animal Total feed Final body Total AFB. AFB. intake 
code consumption(g) weight(g) intake (pg) (ng)/g weight code consumption(g) weight(g) intake (pg) (ng)/g weight 

--- -- "--_._. .-.-~. 

'"W' ______________ •• _ ••• __ •• _________ •• __ 

1-298 216.7 258.2 0 0 5-004 199.7 250.0 4.8 19.2 
1-301 218.9 264.3 0 0 5-005 194.0 239.8 4.7 19.4 
1-320 225.2 264.0 0 0 5-013 205.8 249.6 4.9 19.8 
1-315 209.5 247.0 0 0 5-018 208.9 259.0 5.0 19.4 
1-303 190.5 238.9 0 0 5-019 189.8 245.4 4.6 18.6 
1-313 213.3 239.8 0 0 5-022 197.5 243.3 4.7 19.5 
2-300 200.3 263.3 0 0 6-007 201.9 254.8 .4 1.6 
2-304 184.0 240.0 0 0 6-008 203.7 250.7 .4 1.6 
2-307 179.2 237.7 0 0 6-010 186.2 228.8 .4 1.6 
2-310 196.0 245.0 0 0 6-016 199.6 241.4 .4 1.7 
2-306 187.4 243.2 0 0 6-024 196.1 255.8 .4 1.5 
2-317 188.0 240.9 0 0 6-025 202.9 247.4 .4 1.6 
2-296 204.8 244.5 0 0 7-002 218.1 252.5 16.4 64.8 
3-312 167.9 236.8 3.2 13.5 7-011 198.6 246.4 14.9 60.5 
3-311 197.2 253.2 3.7 14.8 7-012 197.6 241.4 14.8 61.4 
3-322 188.4 245.6 3.6 14.6 7-014 196.7 250.5 14.8 58.9 
3-309 184.6 234.7 3.5 14.9 7-023 206.2 254.8 15.5 60.7 
3-316 200.7 246.6 3.8 15.5 7-026 216.4 258.1 16.2 62.9 
3-308 187.2 241.3 3.6 14.7 8-001 227.4 258.3 4.5 17.6 
3-302 198.8 235.5 3.8 16.0 8-006 186.6 230.7 3.7 16.2 
4-318 189.7 248.4 18.2 73.3 8-015 213.2 250.8 4.3 17.0 
4-299 212.8 259.6 20.4 78.7 8-009 204.5 243.0 4.1 16.8 
4-314 196.6 242.4 18.9 77.8 8-020 221.4 271.8 4.4 16.3 
4-297 219.3 254.6 21.1 82.7 8-021 201.0 251.5 4.0 16.0 
4-305 186.2 232.0 17.9 77.1 1-003 212.8 240.0 0 0 
4-319 202.1 237.2 19.4 81.8 1-017 201.8 230.0 0 0 
4-321 178.5 240.0 17.1 71.4 

.-
~ 
-..1 
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the high background noise resulted in the inconclusive identification of these peaks. 

Three un-resolved peaks at retention time between 23 and 26 min were observed 

m each of the three samples where the first part of UV spectrum was identical. 

Comparing the UV spectrum of these samples with that of the standard AFB1-N
7-GUA, 

suggest these peaks are not AFB1-N7-GUA. Neither could these peaks be aflatoxin 

decontamination by-products binding with guanine since the UV spectrum of sample 7-

023 (Figure 6.4.C, rats were fed diet containing non-ammonia treated corn) also showed 

the similar picture. These compounds could be certain component(s) or contaminant(s) in 

the diet/com which may have similar structures and could be absorbed via G-I tract to 

liver and, in turn, isolated along with liver DNA. The later part of the UV spectrum (from 

wavelength> 300 nm) of the three samples, however, is quite different between samples. 

This part of spectrum was also different from the UV spectrum of standard AFB1-N7
-

GUA although the spectrum of sample 6-007 is more similar to that of standard AFB 1-N
7
-

GUA than that of the other two samples. Summarizing the UV spectrum of the samples 

as a whole, the first part with wavelengths <300 nm was very similar between all samples 

and quite different for when wavelengths >300 nm although some similarity existed 

between samples 7-023 and 8-020. Again, the reference UV spectrums (part B of Figures 

6.2, 6.4, and 6.5) showed similarity for the flrst part (ca. <300 nm) and dissimilarity for 

the later part (>300 nm) of spectrum. Samples 7-023 and 8-020 showed the greatest 

agreement. 

Other HPLC peaks, indicated as 1,2,3,4 and 5 in Figures 6.2,6.4, and 6.5, were 

present in all samples regardless of the high background noise. These could be common 
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components/contaminants in the diet/corn or in the rat liver although they were not 

identified in the current study. 

Concerning the exposure levels of AFBl and/or ammonia/aflatoxin reaction 

products in treatments 6, 7, and 8 (AFBl (ng/g) = 2+16 ammonia/AFB l equivalents, 75, 

and 20+237 ammonia/AFB l equivalents, respectively), rats in treatments 6 and 8, in which 

ammonia-treated AFBl-contaminated corn were fed, did not have a significantly higher 

potentials of the in vivo covalent binding to liver DNA than that of treatment 7 with 75 

ng AFBtlg in diet. 

In order to increase the adduct concentration, samples were pooled within the 

treatment. Although the samples have been concentrated, the levels of AFB l-N7-GUA 

adducts formed were below the background noise. 

Findings obtained from the present study indicate that the ammonia treatment did 

not cause any increase in the covalent liver DNA binding at the exposure level of as high 

as 20 AFBl + 237 ammonia/AFB l equivalents ng/g since the characteristic AFB l-N7-GUA 

adduct could not be detected. Schroeder's study (Schroeder et a/., 1985) for the liver 

DNA binding of ammonia/aflatoxin reaction products, demonstrated that AFD1, one of the 

ammonia/aflatoxin reaction products, was 130-fold less mutagenic than AFBI in Ames test 

(TA100), and the in vivo covalent binding to liver DNA of [14C]AFDI was non-detectable 

and at least 280-times lower than that for AFB 1, although AFDI still has the 8,9a double 

bond on the bifuran ring. 

With respect to the patterns of the formation of the AFB1-N
7-GUA, results 

obtained from the current study were quite different from the previous studies. Wild's 
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study (Wild et al., 1986b) used male Wistar outbred rats (190-210 g), AFBl was 

administrated daily at a dose level of 2 x 0.5 pg eH]AFBI by stomach intubation for 24 

days. Acute exposure was accomplished by administrating a single dose of 10, 100 or 200 

pg/kg eH]AFB l . Twenty-four hours after a single dose a constant ratio was found 

between levels of aflatoxin bound to plasma protein and that bound to liver DNA. In total 

0.98-2.15% of the administered dose was bound to the plasma protein at this time point. 

Binding of aflatoxin to plasma protein in chronic exposure accumulated to a level 3-fold 

higher than that seen after a single dose. Levels of binding reached a plateau between 

days 7 and 14 of the treatment and then remained stable until the end of the experiment. 

Binding to liver DNA was also accumulative, 2.5-fold and in parallel to plasma protein, 

where binding reached a plateau between days 7 and 14 of treatment. 

The dose of AFBI used in Wild's study (Wild et al., 1986b) for chronic exposure 

was comparable to the present study. The changes of the patterns of the formation of 

AFB 1-N
7-GUA in liver DNA in the present study could be explained for some possible 

reasons. Primarily, as mentioned before, the dose levels used in the current study was 

much lower than most of previous studies (Croy and Wogan, 1981b; Groopman et ai, 

1992a). The low level of exposure increased the difficulty of adduct isolation and analysis 

due to the limitation of analytical methods. The highest AFBl intake was 5.9 llg/kg body 

weight daily by calculation. Based on the conversion of administered AFBl to AFB1-N
7

-

GUA in liver, Le., ca. 1% (Croy and Wogan, 1981b; Wild et al., 1986b), the highest level 

of AFB1-N
7-GUA in the liver samples could be ca. 15 ng, which was just around the limit 

of detection (11.1 ng). For rats in treatments 5, 6, 7, and 8, AFBl was derived from 
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naturally AFBI incurred corn in which some component(s) /contaminant(s) may affect the 

absorption of AFBI from the diet. The ratio of conversion of administered AFBI to AFB l -

N7-GUA in liver could be less than with purified AFB I. 

Another reason could be the administration of AFBI in the previous studies, i.e., 

gavage (Groopman et ai, 1992a), stomach intubation (Wild et al., 1986b), i.p.(Croy and 

Wogan, 1981b), drinking water (Buss et ai., 1990), etc., was different from the present 

study where continuous exposure through diet was used. The difference in administration 

together with the dose levels and the component of diet may influence the absorption of 

AFBI in the G-I tract and the removal of the DNA adducts from liver since both the 

activation and detoxification of AFBl are related to some enzyme systems, i.e., mixed 

function oxidases (cytochrome P4SO) for activation, and glutathione S-transferases for 

detoxification (conjugation). The activity of these enzyme systems are affected by the 

nature of exposure, i.e., single dose exposure or chronic/continuous exposure. 

In addition, the chemical stability of AFB l -N
7-GUA and the kinetics of their 

formation and removal should be taken into account. AFB1-Ni-GUA is unstable both ill 

vivo and ill vitro and breaks down to AFBI formamidopyrimidine (AFB1-FAPyr), the 

persistent adduct (Groopman et ai., 1981; Lee et ai., 1989). At low-dose continuous 

exposure, the detection of this adduct would be even more difficult since the activity of 

DNA repairing systems, particularly excision repair (involving endonuclease, exonuclease, 

DNA polymerase, and ligase) or spontaneous depurination, may affect adduct levels. 

Studies have demonstrated that difference in the nature of exposure, using single-dose 

exposure (acute) or low-dose and long-term exposure (chronic), may result in the 
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difference of the formation and persistence of aflatoxin-DNA adducts in tissues or 

biological fluids (Schrager et ai., 1990; Swenberg et ai., 1989; Lange et at., 1990). 

It will be interesting to compare urine and serum samples collected in the current 

study to identify patterns of the AFBI albumin binding in the serum and the excretion of 

AFB 1-N
7-GUA in urine since the dose levels and the administration of AFBI are different 

from previous studies. Previous studies have demonstrated that the pattern observed in 

urine and/or serum was similar to that observed in the liver binding (Groopman et ai., 

1992a; Wild et aI., 1986b). The examination of urine samples could give information 

about the levels of contamination with exposure over a long period of time. Studies 

performed in different species, including primates, suggested that aflatoxin exerts its 

carcinogenic effect only if administered often enough, in the appropriate dosage, and for 

a certain period of time. The accumulation of the permanent adduct may well depend on 

host factors as well as on the amount and the frequency of the dietary exposure (Lee et 

ai., 1989). 
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SUMMARY AND CONCLUSIONS 

Aflatoxin contamination is a worldwide problem. The carcinogenicity, 

mutagenicity, teratogenicity, and acute toxicity of aflatoxins have been well documented. 

Obviously, preventing fungal growth is the best method to avoid toxin production and 

contamination. If contamination does occur, however, other measures must be taken to 

either remove or destroy the aflatoxins so that safe utilization of the contaminated 

commodity can be assured. 

Data from previous studies over the past twenty years demonstrate that ammonia 

treatment is one of the most effective and economically feasible method for aflatoxin 

decontamination. The process is still under review by the FDA, however, whose primary 

concern is the potential toxicity and possible carcinogenicity of ammonia/aflatoxin 

reaction products which could occur in human foods derived from animals fed the 

ammoniated aflatoxin-contaminated product. 

As previously stated, the objectives of this project were: 1) to study the efficacy 

and permanency of various ammoniation procedures on reducing aflatoxin levels in com; 

2) to investigate the distribution of ammonia/aflatoxin reaction products in ammoniated 

corn; 3) to determine possible mutagenicity of ammonia/aflatoxin reaction products in 

ammoniated corn; and 4) to evaluate the carcinogenic potential of the ammoniated 

aflatoxin-contaminated corn in rats by determining the effect of the decontamination 

process on the formation of AFB1-induced DNA adducts in rat liver. 

Naturally aflatoxin-incurred yellow corn (AFB1 = 12,500 ng/g) was blended with 
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non-contaminated corn to obtain corn samples containing different levels of AFBI (7,500, 

6300, 400, 354, and 17 ng AFBdg). Moisture content of the com (8%) was adjusted to 

12 and 16%, respectively. Four ammoniation procedures were applied for each moisture 

level. The efficacy and the permanency of the ammoniation procedures was conftrmed. 

Treatment with gaseous NH3 or ~OH under appropriate conditions resulted in 93-99% 

decrease in AFBI levels. No signillcant reversion of aflatoxin was observed (reversibility 

< 0.05%). Moisture content in corn and holding temperature were the crucial factors 

influencing the efficacy of ammoniation. 

Mter ammoniation, 14C-AFBI spiked corn sample (1.0 )lCi/kg; original AFBI = 

7,500 ng/g) was subjected to isolation and separation procedures to determine the 

distribution of ammonia/aflatoxin reaction products. Distribution of radiolabeled AFBI 

was used to follow the modification of AFBI and the ammonia/aflatoxin compounds. The 

ammoniated com was extracted sequentially with methylene chloride and methanol, and 

treated with base and acid aqueous solvents or exposed to Pronase digestion followed by 

CH2C~ extraction. Approximately 12% of the aflatoxin was volatilized during 

ammoniation procedure. Another 19.3 and 12.9% of the radioactivity was extracted with 

C~C~ and methanol, respectively. Treatment with acid and base released 18.8% of the 

added radioactivity. Similar amounts (19.1%) of aflatoxin-related compounds were 

liberated after enzymatic digestion with Pronase E. The remaining corn matrix after acid

basic treatment or Pronase digestion contained ca. 37.0% of the original radioactivity. A 

fluorescent spot on TLC representing 6.1% of CH2Cl2 extractable compounds contained 

a compound which reacts chromatographically similar to AFB:!a' 
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Extracts/fractions obtained above and from aflatoxin-free corn and untreated AFB 1-

contaminated corn were then tested for mutagenic potential using the Salmonella/ 

microsomal mutagenicity assay with TAloo tester strain. 2-Aminofluorine and purified 

AFBl were used as positive control. Although pure AFBl showed positive response to 

TAloo around 10 ng/plate. all of the isolates tested. including those obtained from the 

non-ammonia treated aflatoxin-contaminated corn (AFB 1=75oo ng/g) , failed to show 

positive results in the Ames test. These results indicated the difference of mutagenic 

response between the pure aflatoxins and the aflatoxins occurring naturally in corn. 

Preparative thin layer chromatography (TLC) was applied to CH2C~ extracts (the fraction 

which contained aflatoxins) obtained from aflatoxin-contaminated com with and without 

ammonia treatment in an effort to separate aflatoxins and/or ammonia/aflatoxin reaction 

products from the "unknown interfering materials" existing in the com matrix. Each of 

the fractions separated by TLC was tested by the Ames test with S9 activation and none 

of them showed mutagenic response to TAl00. CH2Cl2 extract in DMSO obtained from 

non-ammonia treated aflatoxin-free corn was spiked with pure AFBl and tested by TAloo 

with S9 activation. Again. no positive results were obtained. These findings indicate the 

possibility of the existence of "unY..flown interfering materials" in the com which may bind 

with aflatoxin and/or can be extracted by C~C~ along with aflatoxin. and, therefore. 

block the mutagenic activity of aflatoxin in the Ames test. If that is the case, it will be 

necessary to re-evaluate previous studies in which similar procedures. as the present 

study. were used to estimate the mutagenic potential of the ammoniated aflatoxin

contaminated commodities and of the ammonia/aflatoxin reaction products. Besides. since 
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these substances were not separated from the aflatoxins by the TLC technique used in the 

present study, further studies are required using a battery of sequential solvent 

fractionation processes and different procedures of the Ames test to evaluate this 

phenomenon. The mutagenic potential of the ammoniated com and ammonia/aflatoxin 

reaction products was non-conclusive in the current study although the ammonia treatment 

did effectively reduce aflatoxin levels in com. 

In the [mal phase of this project, male F-344 rats were fed diets containing 

ammonia-treated and untreated aflatoxin-contaminated and aflatoxin-free corn for 14 day 

period. Liver, urine and serum samples were collected for further study. Terminal liver 

tissues were analyzed for AFB1-DNA adducts. No AFB1-induced DNA adducts were 

detected by HPLC in controls (0, 19, and 96 ng AFBdg) and animals fed diets containing 

24 or 75 ng AFBdg from non-ammoniated AFB1-contaminated com; and 2 ng AFBl+16 

ng ammonia/AFB1 reaction products or 20 ng AFBl+237 ng ammonia/AFB1 reaction 

products from ammonia-treated AFB1-contaminated com. These data confirm the efficacy 

and permanency of the ammonia process to reduce aflatoxin levels and evidence of safety 

through absence of AFB1-DNA adducts in rat liver. The changes of the patterns of the 

formation of AFBcN7-GUA in liver DNA in the present study could be related to the 

low-dose continuous exposure, the source of AFBI (derived from naturally AFBI incurred 

corn in which some component(s) /contaminant(s) may affect the absorption of AFBI 

from the diet), the administration of AFBI (mixed in the diet in which feed components 

may influence the absorption of AFBI in the G-I tract and the removal of the DNA 

adducts from liver), and the chemical stability of AFB1-Ni-GUA and the kinetics of their 
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formation and removal. 

Further studies of urine and serum samples collected in the current study are 

necessary to identify patterns of the AFBl albumin binding in the serum and the removal 

of AFBl-N
7-GUA in urine since the dose level and the administration of AFBl are 

different from previous studies. 
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APPENDIX A 

DATA OF MUTAGENIC STUDY 



Table A.1. Mutagenicity of ammonia/aflatoxin8 reaction products isolated from ammonia-treated aflatoxin-contaminated 
corn (Average TA100 revertants/plate, without S9) 

Fraction 

CH2Cl2 

CH30H 

NaOH 

PSA 

Solvent 
control 

124+44-
(n=15) 

124+44-
(n=14) 

131+29 
(n=14) 

131+29 
(n=14) 

Extract 
10 100 250 

99+20 125+46 105+17 
(n=6) (n=6) (n=6) 

91+2 68+9 132+53 
(n=3) (n=3) (n=3) 

106+17 97+17 130+22 
(n=3) (n=3) (n=3) 

106+17 97+17 145+15 
(n=3) (n=3) (n=3) 

concentration (u~plate) 

500 1,000 5,000 7,350 14,7oob 73,5OOc 

117+21 89+13 72+19 125+55 107+34 67+34 
(n=6) (n=6) (n=6) (n=5) (n=6) (n=6) 

88+12 81+29 108+40 
(n=3) (n=3) (n=3) 

147+11 127+15 124+22 
(n=3) (n=3) (n=3) 

118+15 118+13 146+14 
(n=3) (n=3) (n=3) 

8Aflatoxin B) tested at 1xlO-3
, 1xlO-2

, 2.5xlO-2,5xlO-2
, 75xlO-2

, and 1xlO-1 pg/plate induced 104+31 (n=18), 131+53 
(n=17), 120+40 (n=18), 118+40 (n=17), 122+35 (n=17), and 136+46 (n=18) revertants/plate_ Spontaneous revertants = 
117+30/plate (n=22)_ 

b 100 pI extract/plate. 

c 500 1.11 extract/plate. 
...... 
~ 



Table A.I.-- Continued 

Fraction 

PSO 

PSS 

Acid 

Hexane 

Acetone 

Solvent 
control 

124+44-
(n=15) 

124+44-
(n=15) 

131+29 
(n=14) 

124+44-
(n=15) 

124+44 
(n=15) 

Extract 
0.6 1 3 

192+48 120+8 
(n=3) (n=3) 

154+63 113+32 
(n=3) (n=3) 

90+2 
(n=3) 

65+8 
(n=3) 

126+62 
(n=3) 

concentration (u)!/plate) 
5 6 10 28 29 50 56 58 100 

199+25 135+38 165+48 
(n=3) (n=3) (n=3) 

122+70 74+10 117+30 
(n=3) (n=3) (n=3) 

116+8 96+11 120+37 110+31 
(n=3) (n=3) (n=3) (n=3) 

120+21 104+18 72+3 86+22 
(n=3) (n=3) (n=3) (n=3) 

101+16 105+15 115+33 128+56 
(n=3) (n=3) (n=3) (n=3) 

-~ 



Table A.2. Mutagenicity of aflatoxin Bt in non-ammonia treated aflatoxin-contaminated corn after fractionation 
procedure (Average TA100 revertants/plate, without S9) 

Fraction Solvent Extract concentration (l:!glDlate} 
control 10 100 250 500 1,000 5,000 

CH2Cl2
b 123+41 130+36 64+9 64+13 57+15 42+18 67+19 

(n=12) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) 

CHJOH 123+41 127+50 115+42 140+26 119+39 114+38 191+96 
(n=12) (n=6) (n=6) (n=3) (n=6) (n=6) (n=6) 

NaOH 128+36 113+29 115+32 110+39 117+29 114+25 204+95 
(n=12) (n=6) (n=6) (n=6) (n=6) (n=6) (n=3) 

PSA 128+36 136+41 123+47 141+17 141+24 148+23 185+20 
(n=12) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) 

8Aflatoxin BI tested at lx1O-3
, 1x1O-2

, 2_5x1O-2,5x1O-2
, 75x10-2

, and 1x1O-1 pg/plate induced 113+24 (n=12), 135+45 (n=l1), 
111+37 (n=12), 148+85 (n=12), 115+30 (n=12), and 147+49 (n=12) revertants/plate_ Spontaneous revertants/plate =141+70 
(n=15)_ 

bCH2Cl2 extract tested at other 3 series: 1) 1x1O-3
, 1x10-2

, 2.5x1O-2,5x1O-2
, 75x10-2

, and 1xlO-1 pg/plate induced 138+16, 138+17, 
121+24, 126+28, 119+34, and 117+23 revertants/plate (solvent control = 154+38 revertants/plate); 2) 2x1O-3, 2xlO-2, 5x1O-
2, 1x 10-1 

, L5x1O-I
, and 2x1O-1 pg/plate induced 83+4, 104+34, 89+2, 96+29, 83+7, and 100+14 (solvent control = 153+36 

revertants/plate); 3) 25, 250, 312_5, 625, 1250, and 2,500 pg/plate induced 90+9, 83+21, 77+9, 76+15, 89+21, and 83+8 
revertants/plate (solvent control = 114+16 revertants/plate)_ -0\ 

0\ 



Table A.2.-- Continued 

Fraction Solvent Extract concentration (ug/j2late) 
control I 5 10 50 100 

PSO 123+41 114+13 115+63 87+10 112+5 120+81 
(n=12) (n=6) (n=6) (n=6) (n=5) (n=6) 

PSS 123+41 123+23 102+17 107+19 101+18 122+40 
(n=12) (n=6) (n=6) (n=6) (n=6) (n=6) 

Acid 128+36 118+15 108+13 131+28 124+5 156+31 
(n=12) (n=6) (n=6) (n=5) (n=5) 

Hexane 123+41 120+9 145+57 115+14 117+10 174+130 
(n=12) (n=6) (n=6) (n=6) (n=6) (n=6) 

Acetone 123+41 76+24 105+17 112+47 98+15 118+40 
(n=12) (n=5) (n=6) (n=6) (n=6) (n=6) 

.-
~ 
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Table B.l. AIN-76A Mineral Mixture· 

Ingredient 

Calcium phosphate, dibasic (CaHP04) 

Sodium chloride (NaCI) 

Potassium citrate, monohydrate (K3C6Hs07'H20) 

Potassium sulfate ~S04) 

Magnesium oxide (MgO) 

Manganous carbonate (43-48% Mn) 

Ferric citrate (16-17% Fe) 

Zinc carbonate (70% ZnO) 

Cupric carbonate (53-55% Cu) 

Potassium iodate (KI03) 

Sodium selenite (N~Se03'5H20) 

Chromium potassium sulfate [CrK(S04)2'12H20] 

Sucrose, finely powdered 

TOTAL 

* To be used at 3.5% of the diet. 

g/kg mixture 

500.0 

74.0 

220.0 

52.0 

24.0 

3.5 

6.0 

1.6 

0.3 

0.01 

0.01 

0.55 

118.03 

1,000.00 

Reference: American Institute of Nutrition. 1977. Report of the ad hoc committee 
on standards for nutritional studies. J. Nutr. 107: 1340-1348. 

169 



Table B.2. AIN-76A Vitamin Mixturel 

Ingredient 

Thiamin'HC1 

Riboflavin 

Pyridoxine.HCl 

Nicotinic acid2 

D-Calcium pantothenate 

Folic acid 

D-Biotin 

Cyanocobalamin (vitamin B-12, 0.1 %) 

Retinyl palmitate (vitamin A) 

vitamin E acetate (500 IV/g) 

Cholecalciferol (vitamin D, 100,000 ill/g) 

Menadione sodium bisulfite (vitamin K, 62.5% menadione) 

Sucrose, finely powdered 

TOTAL 

1. To by used at 1 % of diet. 

2. Nicotinamide is equivalent. 

g/kg mixture 

0.6 

0.6 

0.7 

3.0 

1.6 

0.2 

0.2 

1.0 

170 

0.8 (400,000 IU) 

10.0 (5,000 IU) 

1.0 (100,000 IU) 

0.08 

978.42 

1,000.00 

Reference: American Institute of Nutrition. 1977. Report of the ad hoc committee on 

standards for nutritional studies. J. Nutr. 107: 1340-1348. 



Table B.3. Record of feed consumption (g)8. 

Animal Initial Final Consumption Initial Final Consumption Week 1 
code weight Ih weight Ie section ld weight 2h weight 2u section 2d consumption 

1-298 172.7 109.9 62.9 185.9 141.1 44.8 HYl.7 
1-301 182.2 118.4 63.8 181.7 136.4 45.3 109.1 
1-320 176.5 111.0 65.5 183.6 135.7 47.8 113.3 
1-315 177.4 110.7 66.7 194.7 151.5 43.2 109.9 
1-303 188.9 129.9 59.l 184.3 145.9 38.4 97.4 
1-313 178.4 109.4 69.0 186.1 140.9 45.2 114.2 
2-300 178.9 120.8 58.2 186.9 143.7 43.2 101.4 
2-304 185.3 125.8 59.4 183.6 147.5 36.1 95.5 
2-307 180.4 120.2 60.2 185.4 148.0 37.4 97.6 
2-310 175.1 116.2 58.9 183.9 146.0 37.9 96.8 
2-306 182.0 127.4 54.6 183.9 148.5 35.4 90.0 
2-317 175.5 118.6 56.9 179.1 142.5 36.6 93.5 
2-296 177.2 116.0 61.3 183.1 139.0 44.1 IOS.3 
3-312 174.1 118.4 55.7 186.5 154.5 32.0 87.7 
3-311 181.2 122.4 58.8 188.3 149.5 38.8 97.5 
3-322 176.5 118.0 58.5 188.4 150.1 38.3 96.8 
3-309 176.4 117.8 58.6 188.2 151.2 37.0 95.5 
3-316 177.3 113.9 63.5 188.7 150.4 38.3 101.8 
3-308 178.2 126.6 51.6 191.2 154.1 37.0 88.6 
3-302 177.8 114.4 63.4 186.5 144.4 42.1 lOS.5 
4-318 182.8 122.2 60.5 189.5 150.3 39.3 99.8 
4-299 188.7 120.9 67.8 191.4 147.2 44.2 112.0 
4-314 183.5 122.1 61.4 189.8 150.0 39.8 101.2 
4-297 180.6 115.0 65.6 196.5 153.7 42.8 108.3 
4-305 179.4 117.5 61.9 183.7 144.1 39.6 101.5 
4-319 181.4 118.4 63.0 189.0 148.4 40.6 103.6 
4-321 185.2 132.1 53.1 181.1 146.1 35.1 88.1 

...... 

.....:J ...... 



Table B.3.-- COllfillued. 

Animal Initial Final Consumption Initial Final Consumption Week 2 Total 
code weight 3b weight 3c section 3d weight 4b weight 4C section 4d consumption consumption 

1-298 200.2 123.3 76.9 180.2 148.1 32.1 109.0 216.7 
1-301 195.5 118.6 76.9 182.9 150.0 32.9 109.8 218.9 
1-320 195.6 115.3 80.3 185.9 154.3 31.6 111.9 225.2 
1-315 197.3 125.5 71.8 167.1 139.3 27.8 99.6 209.5 
1-303 190.4 125.1 65.3 178.6 150.9 27.7 93.0 190.5 
1-313 204.2 130.5 73.7 176.4 150.9 25.5 99.1 213.3 
2-300 195.1 124.1 71.1 169.0 141.2 27.8 98.9 200.3 
2-304 197.9 136.6 61.2 177.2 150.0 27.2 88.4 184.0 
2-307 201.1 144.7 56.4 178.3 153.1 25.3 81.7 179.2 
2-310 203.7 133.3 70.4 174.9 146.1 28.8 99.2 196.0 
2-306 200.5 132.3 68.1 176.6 147.3 29.2 97.4 187.4 
2-317 193.4 127.8 65.6 163.8 134.9 28.9 94.5 188.0 
2-296 200.8 129.9 70.9 182.3 153.7 28.6 99.5 204.8 
3-312 202.5 145.1 57.4 180.5 157.7 22.8 80.2 167.9 
3-311 203.7 135.1 68.6 156.2 125.1 31.1 99.7 197.2 
3-322 192.4 128.6 63.8 160.9 133.1 27.8 91.6 188.4 
3-309 203.9 138.9 65.0 175.5 151.4 24.1 89.1 184.6 
3-316 201.2 131.7 69.5 163.3 133.9 29.4 98.9 200.7 
3-308 212.4 143.1 69.3 159.8 130.6 29.3 98.6 187.2 
3-302 198.9 131.4 67.4 179.5 153.8 25.8 93.2 198.8 
4-318 200.7 136.7 64.1 177.1 151.2 25.9 90.0 189.7 
4-299 198.4 128.8 69.6 169.1 137.9 31.2 100.8 212.8 
4-314 206.6 136.4 70.2 172.9 147.7 25.2 95.4 196.6 
4-297 199.7 121.4 78.3 169.0 136.3 32.7 111.0 219.3 
4-305 188.9 128.5 60.4 170.3 145.9 24.4 84.8 186.2 
4-319 198.9 127.4 71.4 163.0 l35.9 27.1 98.5 202.1 
4-321 200.0 137.6 62.4 161.0 133.0 28.0 90.4 178.5 

.-
-....) 
tv 



Table B.3.-- Colltillued. 

Animal Initial Final Consumption Initial Final Consumption Week 1 
code weight Ib weight l c section Id weight 2b weight 2c section 2d consumption 

5-004 192.4 132.5 59.9 174.4 132.1 42.3 102.2 
5-005 195.2 134.6 60.6 173.0 134.5 38.4 99.0 
5-013 190.9 128.1 62.8 187.5 145.0 42.5 105.3 
5-018 195.1 134.1 60.9 183.1 138.1 45.0 106.0 
5-019 193.1 136.4 56.7 185.1 144.1 41.1 97.7 
5-022 194.2 132.9 61.3 184.6 145.2 39.3 100.6 
6-007 196.0 140.4 55.6 176.1 134.5 41.6 97.2 
6-008 196.2 132.9 63.3 184.6 144.9 39.7 103.0 
6-010 192.7 137.4 55.2 173.4 134.4 38.9 94.2 
6-016 194.3 135.0 59.3 188.2 147.6 40.6 99.9 
6-024 195.0 137.8 57.3 178.6 137.3 41.3 98.5 
6-025 197.4 135.1 62.2 176.6 161.2 15.4 77.6 
7-002 198.8 132.5 66.2 179.6 134.1 45.4 111.7 
7-011 187.3 127.8 59.5 171.9 129.5 42.4 102.0 
7-012 193.8 138.1 55.7 173.8 130.2 43.6 99.3 
7-014 192.5 137.3 55.2 176.1 135.1 41.0 96.2 
7-023 196.7 137.1 59.6 171.4 128.1 43.4 103.0 
7-026 190.9 121.4 69.5 182.7 137.4 45.2 114.7 
8-001 189.8 123.1 66.8 175.5 124.2 51.3 118.1 
8-006 188.3 129.8 58.5 180.5 143.1 37.4 95.9 
8-015 186.6 131.0 55.5 173.6 127.8 45.8 101.3 
8-009 193.9 129.3 64.6 171.8 129.2 42.6 107.2 
8-020 192.5 126.1 66.4 174.5 129.3 45.2 111.6 
8-021 185.6 124.3 61.4 175.7 137.4 38.3 99.7 
1-003 180.3 110.0 70.3 170.5 124.7 45.9 116.2 
1-017 183.7 107.9 75.8 171.4 134.8 36.6 112.4 

..... 
-.....I 
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Table B.3.-- Continued. 

Animal Initial Final Consumption Initial Final Consumption Week 2 Total 
code weight 31> weight 3c section 3d weight 4b weight 4c section 4d consumption consumption 

5-004 185.8 132.3 53.5 179.9 135.9 44.0 97.5 199.7 
5-005 184.9 132.0 52.9 181.6 139.4 42.1 95.0 194.0 
5-013 183.4 128.1 55.3 181.3 136.0 45.3 100.6 205.8 
5-018 191.6 134.0 57.6 184.7 139.4 45.3 102.9 208.9 
5-019 179.9 129.8 50.1 184.2 142.3 41.9 92.1 189.8 
5-022 183.7 130.5 53.3 182.5 138.9 43.7 96.9 197.5 
6-007 168.9 110.4 58.5 172.0 125.8 46.2 104.7 201.9 
6-008 169.9 112.8 57.1 173.4 129.7 43.7 100.8 203.7 
6-010 180.9 127.0 53.8 186.7 148.4 38.2 92.0 186.2 
6-016 180.9 123.5 57.4 170.8 128.4 42.3 99.8 199.6 
6-024 180.0 125.2 54.7 179.7 136.9 42.8 97.5 196.1 
6-025 177.8 107.5 70.4 175.0 120.1 54.9 125.3 202.9 
7-002 185.8 125.2 60.6 177.0 131.2 45.8 106.4 218.1 
7-011 178.0 123.6 54.4 174.3 132.1 42.3 96.7 198.6 
7-012 176.4 123.3 53.0 172.1 126.9 45.2 98.3 197.6 
7-014 183.2 128.2 55.0 184.2 138.8 45.4 100.4 196.7 
7-023 183.5 127.5 56.1 176.9 129.8 47.1 103.2 206.2 
7-026 182.8 123.0 59.8 181.4 139.5 41.9 101.7 216.4 
8-001 182.9 121.7 6l.2 180.7 132.6 48.1 109.3 227.4 
8-006 177.3 125.7 51.6 175.5 136.4 39.1 90.7 186.6 
8-015 175.3 112.4 62.8 173.3 124.2 49.1 111.9 213.2 
8-009 173.4 117.1 56.3 164.9 123.9 41.0 97.3 204.5 
8-020 180.2 119.1 61.1 175.6 126.9 48.7 109.8 221.4 
8-021 178.8 123.3 55.5 183.1 137.2 45.9 101.4 201.0 
1-003 178.0 122.8 55.1 163.3 121.8 41.5 96.6 212.8 
1-017 173.8 123.2 50.6 165.1 126.2 38.8 89.4 201.8 

• Rats given diets in four increments. Initial and fmal weights recorded for each feeding. Total feed consumption is sum of all increments. Feeder ...... 
refilled with appropriate diet. b Initial weight of feed for increment. C Final weight of feed for increment. d Feed consumption for increment. -...J 

~ 



Table B.4. Record of rat body weight and liver weight (g). 

Animal Initial Week 1 Week 1 Week 2 Week 2 Total Liver LW/BW 
code weight weight weight gain weight weight gain weight gain weight ratio 

1-298 214.5 237.5 23.0 258.2 20.7 43.7 11.3 .04 
1-301 208.0 238.2 30.2 264.3 26.1 56.3 12.1 .05 
1-320 207.9 234.5 26.6 264.0 29.5 56.1 10.7 .04 
1-315 203.9 227.5 23.6 247.0 19.5 43.1 8.9 .04 
1-303 203.0 219.1 16.1 238.9 19.8 35.9 10.3 .04 
1-313 201.1 224.9 23.8 239.8 14.9 38.7 7.6 .03 
2-300 214.1 239.1 25.0 263.3 24.2 49.2 11.2 .04 
2-304 208.7 227.5 18.8 240.0 12.5 31.3 8.9 .04 
2-307 207.7 226.5 18.8 237.7 11.2 30.0 9.1 .04 
2-310 204.4 222.1 17.7 245.0 22.9 40.6 9.9 .04 
2-306 203.0 219.2 16.2 243.2 24.0 40.2 9.7 .04 
2-317 201.5 221.7 20.2 240.9 19.2 39.4 8.9 .04 
2-296 200.0 224.2 24.2 244.5 20.3 44.5 9.2 .04 
3-312 211.4 225.5 14.1 236.8 11.3 25.4 8.2 .03 
3-311 209.5 232.8 23.3 253.2 20.4 43.7 10.2 .04 
3-322 207.6 228.7 21.1 245.6 16.9 38.0 10.2 .04 
3-309 205.1 219.1 14.0 234.7 15.6 29.6 7.7 .03 
3-316 202.2 223.8 21.6 246.6 22.8 44.4 10.0 .04 
3-308 201.7 220.8 19.1 241.3 20.5 39.6 9.3 .04 
3-302 195.3 218.5 23.2 235.5 17.0 40.2 8.6 .04 
4-318 210.0 229.9 19.9 248.4 18.5 38.4 9.5 .04 
4-299 209.7 237.1 27.4 259.6 22.5 49.9 11.4 .04 
4-314 206.2 227.0 20.8 242.4 15.4 36.2 8.9 .04 
4-297 206.0 229.1 23.1 254.6 25.5 48.6 10.9 .04 
4-305 202.0 217.2 15.2 232.0 14.8 30.0 8.5 .04 
4-319 202.0 221.4 19.4 237.2 15.8 35.2 9.3 .04 
4-321 

..... 
199.7 217.6 17.9 240.0 22.4 40.3 10.2 .04 -...l 
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Table 8.4.-- ColltilZued. 

Animal Initial Week 1 Week 1 Week 2 Week 2 Total Liver LW/BW 
code weight weight weight gain weight weight gain weight gain weight ratio 

5-004 210.7 229.6 18.9 250.0 20.4 39.3 10.8 .04 
5-005 198.5 218.8 20.3 239.8 21.0 41.3 10.0 .04 
5-013 200.3 227.3 27.0 249.6 22.3 49.3 10.1 .04 
5-018 207.2 232.7 25.5 259.0 26.3 51.8 11.1 .04 
5-019 199.3 224.5 25.2 245.4 20.9 46.1 10.7 .04 
5-022 197.4 219.2 21.8 243.3 24.1 45.9 10.1 .04 
6-007 208.6 23l.0 22.4 254.8 23.8 46.2 10.3 .04 
6-008 199.3 223.4 24.1 250.7 27.3 51.4 10.5 .04 
6-010 198.3 215.2 16.9 228.8 13.6 30.5 8.8 .04 
6-016 198.5 221.7 23.2 241.4 19.7 42.9 8.7 .04 
6-024 207.7 234.5 26.8 255.8 21.3 48.1 10.3 .04 
6-025 199.6 197.5 -2.1 247.4 49.9 47.8 10.9 .04 
7-002 198.5 230.2 31.7 252.5 22.3 54.0 11.5 .05 
7-011 201.8 230.0 28.2 246.4 16.4 44.6 10.6 .04 
7-012 196.8 220.8 24.0 241.4 20.6 44.6 10.5 .04 
7-014 199.1 226.0 26.9 250.5 24.5 51.4 11.4 .05 
7-023 204.9 232.8 27.9 254.8 22.0 49.9 11.2 .04 
7-026 211.5 240.2 28.7 258.1 17.9 46.6 10.2 .04 
8-001 204.2 237.9 33.7 258.3 20.4 54.1 11.7 .05 
8-006 187.5 212.7 25.2 230.7 18.0 43.2 9.8 .04 
8-015 199.1 224.8 25.7 250.8 26.0 51.7 10.8 .04 
8-009 198.7 225.9 27.2 243.0 17.1 44.3 9.4 .04 
8-020 214.7 245.0 30.3 271.8 26.8 57.1 12.2 .04 
8-021 202.0 223.9 21.9 251.5 27.6 49.5 9.9 .04 
1-003 177.0 214.8 37.8 240.0 25.2 63.0 10.0 .04 
1-017 187.4 210.2 22.8 230.0 19.8 42.6 9.6 .04 ..... 

~ 
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Table B.S. Data of feed efficiency (g body weight gain/g feed consumption). 

Animal Week 1 Week 1 Week 1 Week 2 Week 2 Week 2 Total Total Total 
code gain (g) consumption (g) efficiency gain (g) consumption (g) efficiency gain (g) consumption (g) efficiency 

1-298 23.0 107.7 .21 20.7 109.0 .19 43.7 216.7 .20 
1-301 30.2 109.1 .28 26.1 109.8 .24 56.3 218.9 .26 
1-320 26.6 113.3 .23 29.5 111.9 .26 56.1 225.2 .25 
1-315 23.6 109.9 .21 19.5 99.6 .20 43.1 209.5 .21 
1-303 16.1 97.4 .17 19.8 93.0 .21 35.9 190.5 .19 
1-313 23.8 114.2 .21 14.9 99.1 .15 38.7 213.3 .18 
2-300 25.0 101.4 .25 24.2 98.9 .24 49.2 200.3 .25 
2-304 18.8 95.5 .20 12.5 88.4 .14 31.3 184.0 .17 
2-307 18.8 97.6 .19 11.2 81.7 .14 30.0 179.2 .17 
2-310 17.7 96.8 .18 22.9 99.2 .23 40.6 196.0 .21 
2-306 16.2 90.0 .18 24.0 97.4 .25 40.2 187.4 .21 
2-317 20.2 93.5 .22 19.2 94.5 .20 39.4 188.0 .21 
2-296 24.2 105.3 .23 20.3 99.5 .20 44.5 204.8 .22 
3-312 14.1 87.7 .16 11.3 80.2 .14 25.4 167.9 .15 
3-311 23.3 97.5 .24 20.4 99.7 .20 43.7 197.2 .22 
3-322 21.1 96.8 .22 16.9 91.6 .18 38.0 188.4 .20 
3-309 14.0 95.5 .15 15.6 89.1 .18 29.6 184.6 .16 
3-316 21.6 101.8 .21 22.8 98.9 .23 44.4 200.7 .22 
3-308 19.1 88.6 .22 20.5 98.6 .21 39.6 187.2 .21 
3-302 23.2 105.5 .22 17.0 93.2 .18 40.2 198.8 .20 
4-318 19.9 99.8 .20 18.5 90.0 .21 38.4 189.7 .20 
4-299 27.4 112.0 .24 22.5 100.8 .22 49.9 212.8 .23 
4-314 20.8 101.2 .21 15.4 95.4 .16 36.2 196.6 .18 
4-297 23.1 108.3 .21 25.5 111.0 .23 48.6 219.3 .22 
4-305 15.2 101.5 .15 14.8 84.8 .17 30.0 186.2 .16 
4-319 19.4 103.6 .19 15.8 98.5 .16 35.2 202.1 .17 
4-321 17.9 88.1 .20 22.4 90.4 .25 40.3 178.5 .23 -'-l 

'-l 



Table B.s.-- Continued. 

Animal Week 1 Week 1 Week 1 Week 2 Week 2 Week 2 Total Total Total 
code gain (g) consumption (g) effIciency gain(g) consumption (g) effIciency gain (g) consumption (g) effIciency 

5-004 18.9 102.2 .18 20.4 97.5 .21 39.3 199.7 .20 
5-005 20.3 99.0 .20 21.0 95.0 .22 41.3 194.0 .21 
5-013 27.0 105.3 .26 22.3 100.6 .22 49.3 205.8 .24 
5-018 25.5 106.0 .24 26.3 102.9 .26 51.8 208.9 .25 
5-019 25.2 97.7 .26 20.9 92.1 .23 46.1 189.8 .24 
5-022 21.8 100.6 .22 24.1 96.9 .25 45.9 197.5 .23 
6-007 22.4 97.2 .23 23.8 104.7 .23 46.2 201.9 .23 
6-008 24.1 103.0 .23 27.3 100.8 .27 51.4 203.7 .25 
6-010 16.9 94.2 .18 13.6 92.0 .15 30.5 186.2 .16 
6-016 23.2 99.9 .23 19.7 99.8 .20 42.9 199.6 .21 
6-024 26.8 98.5 .27 2l.3 97.5 .22 48.1 196.1 .25 
6-025 -2.1 77.6 -.03 49.9 125.2 .40 47.8 202.9 .24 
7-002 31.7 111.7 .28 22.3 106.4 .21 54.0 218.1 .25 
7-011 28.2 102.0 .28 16.4 96.7 .17 44.6 198.6 .22 
7-012 24.0 99.3 .24 20.6 98.3 .21 44.6 197.6 .23 
7-014 26.9 96.2 .28 24.5 100.4 .24 51.4 196.7 .26 
7-023 27.9 103.0 .27 22.0 103.2 .21 49.9 206.2 .24 
7-026 28.7 114.7 .25 17.9 101.7 .18 46.6 216.4 .22 
8-001 33.7 118.1 .29 20.4 109.3 .19 54.1 227.4 .24 
8-006 25.2 95.9 .26 18.0 90.7 .20 43.2 186.6 .23 
8-015 25.7 101.3 .25 26.0 111.9 .23 51.7 213.2 .24 
8-009 27.2 107.2 .25 17.1 97.3 .18 44.3 204.5 .22 
8-020 30.3 111.6 .27 26.8 109.8 .24 57.1 221.4 .26 
8-021 21.9 99.7 .22 27.6 101.4 .27 49.5 201.0 .25 
1-003 37.8 116.2 .33 25.2 96.6 .26 63.0 212.8 .30 
1-017 22.8 112.4 .20 19.8 89.4 .22 42.6 201.8 .21 

...... 
-....] 
00 
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Table B.6. Data of rat liver DNA content. 

Animal Code 00260 00280 Ratio of 260/280 mgDNNml 

1-003 .8460/.8551 .4724/.4764 1.790/1.794 3.542 

1-017 .9094/.9153 .5091/.5099 1.786/1.795 3.801 

1-298 .5559/.5893 .3273/.3483 1.698/1.692 1.965 

1-301 .5920/.5821 .3407/.3330 1.737/ln48 2.446 

1-303 .4000/.3777 .2373/.2217 1.685/1.703 1.620 

1-313 .2453/.2489 .1436/.1457 1.708/1.707 1.030 

1-315 .1986/.1944 .1156/.1127 1.718/1.725 .819 

1-320 .2279/.2363 .1347/.1370 1.691/1.724 .967 

2-296 .3659/.3653 .2201/.2180 1.661/1.675 1.523 

2-300 .3470/.3280 .2130/.1980 1.629/1.656 1.406 

2-304 .3034/.3073 .1787/.1827 1.692/1.681 1.272 

2-306 .3009/.2971 .1784/.1733 1.686/1.714 1.246 

2-307 .4004/.3671 .2253/.2064 1.777/1.778 1.599 

2-310 .4353/.4269 .2544/.2546 1.710/1.676 1.796 

2-317 .3236/.3203 .1922/.1837 1.679/1.743 1.41 

3-302 .4191/.4156 .2520/.2446 1.663/1.669 1.739 

3-308 .4386/.4404 .2689/.2693 1.631/1.635 1.831 

3-309 .4116/.4113 .2376/.2374 1.732/1.732 1.714 

3-311 .1996/.2040 .1164/.1209 1. 714/1.687 .841 

3-312 .3779/.3586 .2270/.2116 1.664/1.694 1.534 

3-316 .3464/.3459 .2123/2106 1.628/1.642 1.442 

3-322 .3680/.3680 .2290/.2289 1.607/1.651 1.533 

4-318 .1944/.1886 .011511.1083 1.688/1.741 1.798 

4-299 .5673/.5661 .3284/.3293 1.727/1.719 2.316 

4-314 .4253/.4266 .2470/.2510 1.72111.699 1.775 

4-297 .4150/.4100 .2437/.2404 1.702/1.705 1.718 

4-305 .3793/.4167 .2240/.2679 1.693/1.705 1.742 

4-319 .4733/.47fJJ .2804/.2757 1.687/1.707 1.967 
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Table B.6.-- Continued. 

Animal Code OD260 OD280 Ratio of 260/280 mgDNNml 

4-321 .5060/.4246 .2966/.2496 1.706/1.701 1.939 

5-004 .5913/.5651 .3377/.3256 1.756/1.735 2.409 

5-005 .5219/.5946 .3017/.3437 1.729/1.729 2.326 

5-013 .6203/.5847 .3574/.3334 1. 735/1. 753 2.510 

5-018 .5671/.5414 .3334/.3171 1.707/1.740 2.310 

5-019 .6087/.5894 .3497/.3416 1.740/1.725 2.496 

5-022 .5083/.5054 .2929/.2887 1.735/1.750 3.142 

6-007 .8599/.8421 .4866/.4691 1.767/1.795 3.546 

6-008 .8117/.8079 .4554/.4504 1.782/ln93 3.374 

6-010 .6610/.6770 .3706/.3763 1. 783/1.804 2.791 

6-016 .6276/.6323 .3541/.3580 1.772/1.766 2.625 

6-024 .6784/.6956 .3826/.3886 1.773/1.790 2.863 

6-025 .5777/.6050 .3191/.3394 1.782/1.767 2.464 

7-002 .6209/.6026 .3509/.3456 1.769/1.743 2.549 

7-011 .5999/.5713 .3449/.3324 1.739/1.718 2.440 

7-012 .5687/.5839 .3304/.3383 1.721/1.725 2.401 

7-014 .6367/.6734 .3691/.3881 1.724/1.735 2.729 

7-023 .5160/.5763 .3037/.3353 1.699/1.718 2.276 

7-026 .6487/.5783 .3803/.3397 1.705/1.702 2.556 

8-001 .8650/.8427 .4934/.4794 1.753/1.757 3.558 

8-006 .7836/.7616 .4487/.4336 1.746/1.756 3.219 

8-015 .6714/6796 .3919/.3943 1.713/1.723 2.815 

8-009 .6691/.6531 .3883/.3761 1.723/1.737 2.755 

8-020 .7951/.7661 .4554/.4370 1. 745/1. 753 3.253 

8-021 .8586/.8220 .4939/.4660 1.738/1.763 3.501 
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