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ABSTRACT 

Six lactating Holstein cows received ammonia-treated 

or untreated aflatoxin-contaminated whole cottonseed (AFWC) 

or pure AFB1 with their regular ration. Treatments were: 

AFWC (5,010 ppb AFB 1 ), 4 kg/day; the same AFWC treated with 

1.5% anhydrous ammonia and 10% water; pure AFB1 (2.2 mg twice 

daily) given in capsules; same amount AFB1 treated with 50% 

NH 40H for 26 days at 29°C; same amount ammoniated AFB1 acid

ified to final pH of 5.0; same treatment as first except 

concentration of AFB1 was 5,511 ppb. Levels of aflatoxin M1 

(AFM 1 ) in milk were monitored before, during, and after each 

treatment, and conversion and feed-through ratios were cal

culated. Feed consumption and milk production were also 

measured. Mutagenicity of acetone extracts of spray-dried 

milk was determined using Salmonella/microsomal assay. 

Ammoniation of AFWC did not reduce concentration of 

AFB1 to below FDA action level; however, when the seed was 

fed, the concentration of AFM1 in milk was less than FDA ac

tion level (0.5 ~g/L). Ammoniation of AFB1 was very effec

tive in reducing levels of AFM1 in milk of treated cows to 

less than the FDA action level. 

The average AFB1/AFM1 conversion ratios for the 

steady-state period of AFM1 excretion in milk while giving 

xi 



xii 

AFWC and AFB1 was 1.06% and 1.18%, respectively. Ammoniation 

of AFWC reduced the average AFB1/AFM1 ratio to 0.20% during 

the constant-state period of AFM1 excretion in milk. 

The ration containing AFWC (5,010 or 5,511 ppb AFB
1

) 

caused a highly significant decrease in total milk produc

tion and feed consumption. Pure AFB1 significantly decreased 

total feed consumption; ammoniated AFB1 decreased total milk 

production significantly. 

Complete disappearance of AFM1 from milk after dis

continuing Treatments 1-6 was 120, 48, 95, 72, 96, and 120 

h, respectively. 

Under these laboratory conditions, significance of 

the results of the Ames test was questionable. 



CHAPTER 1 

INTRODUCTION 

Mycotoxins are produced by some fungi under certain 

conditions of temperature, moisture, and storage conditions. 

Aflatoxin has been found to be the most potent known hepato

carcinogen to some experimental animals. Mycotoxins may be 

among the world's most significant food contaminants. As is 

well known, aflatoxin B1 (AFB1 ) is metabolized by dairy cat

tle and its metabolite aflatoxin M1 (AFM1 ) is excreted in 

milk. Aflatoxin M1 can also be transmitted to the eggs of 

laying hens and to various tissues of animals that are used 

as food (Fischbach and Rodricks, 1973). 

Mycotoxins may produce birth defects, abortions, 

tremors, cancers, or other defects. Crops often contaminated 

include corn, peanuts, cottonseed, tree nuts, wheat, rye, 

barley, and rice. The demonstration in the early 1960s that 

mycotoxins in the feed killed 100,000 turkeys in England 

stimulated much scientific investigation. The Brazilian 

peanut meal given as a supplement to these young turkeys 

was responsible for their death. The extent of fungus 

growth and toxin elaboration is related to temperature, rela

tive humitiy, nature and moisture content of the substrate, 

maturity of the seed or other plant material, nature of 

1 
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competing microorganisms, and the ability of the fungus to 

invade the seed or other plant material (Council for Agri

cultural Science and Technology (CAST), 1979; Marth, 1967). 

During the years 1977-1981 events involving large

scale aflatoxin contamination of corn, cottonseed, and pea

nut crops have served to direct attention to the problem of 

AFM1 in milk (Applebaum and Marth, 1982). 

Although the Food and Drug Administration (FDA) has 

responsibility for the safety and wholesomeness of animal 

feed [FDA action level is 20 parts per billion (ppb) total 

aflatoxin], its primary concern is for the safety and whole

someness of the animal tissue and milk when used as food. 

The appearance of AFM1 in market milk became an actuality 

in the southeastern part of the United States in 1977 and in 

the State of Arizona in 1978 when nature and man conspired 

to introduce a larger than usual amount of aflatoxin into 

the dairy feeds of those regions (Stoloff, 1980a). 

Aflatoxin in the feed of food-producing animals is 

of concern because it can be found in the food produced or 

obtained from those animals. The FDA (Gardner, 1974) con

ducted a survey on the commercial milk produced from lac

tating cows fed aflatoxin-contaminated meal containing 20 

ppb or less. The FDA survey of milk products disclosed 

AFM1 in slightly less than 1% of the samples analyzed. Lev

els of AFM1 found were in the range of 0.05 ppb to 0.4 ppb 
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of whole fluid milk. In Arizona, all 16 samples of dairy 

products had detectable aflatoxin (> 0.1 ppb). In this 

case, the FDA did not believe the levels found were high 

enough to justify regulatory action for milk and milk prod

ucts. In order to further reduce the already low incidence 

of AFM1 in milk, the FDA called upon the states and the 

individual farmers for voluntary control of feeds that did 

not enter interstate commerce. 

As the FDA regulatory activity applies only to 

commodities shipped via interstate commerce, there is no 

control of the feed produced on the farm where it is also 

consumed. This became evident during a southeastern United 

States corn contamination problem in 1977 when aflatoxin 

levels rose above 20 ppb in two-thirds of the crops. A sur

vey by the FDA in four states where the contaminated corn 

was being fed resulted in the conclusion that there were 

significant AFM1 levels in the fluid milk produced in those 

areas. Sixty-three percent of all milk samples collected 

from southeastern retail food markets and 80% of the samples 

from the State of Georgia indicated high levels of AFM 1 . 

The highest level found was reported to be 4.0 ng/mL. This 

led to the conclusion that state and voluntary methods of 

control may not have been completely effective (Miller, 

1970). 
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The FDA has recently conducted studies that show 

aflatoxin contamination of milk in at least four southeast

ern states is a potentially serious public health problem. 

The FDA (1977) established the action level of 0.5 ppb for 

the AFM1 contamination of fluid milk. The reason for the 

significantly lower level allowed in milk was based on the 

consideration that infants and young children are very 

likely to consume considerable quantities of milk, and they 

are also likely to be more susceptible to the carcinogenic 

effects of aflatoxin. 

Objective of Study 

The objective of this study was to determine the 

effects of feeding lactating dairy cows either ammoniated 

or nonammoniated whole cottonseed naturally contaminated 

with high levels of aflatoxin as part of the dairy ration. 

Pure AFB 1 , ammoniated pure AFB1 , and acidified ammoniated 

pure AFB1 were also fed. The time of the appearance in the 

milk and the time of disappearance of AFM1 from milk after 

changing rations, the feed consumption, and milk production 

were measured, and the aflatoxin conversion ratio (percent

age of AFM 1 /AFB 1 ) was calculated. In addition, the muta

genic activity of aflatoxin and its degradation products in 

acetone extracts of dried milk samples obtained during 

period of expected high aflatoxin excretion throughout the 

feeding of the experimental rations were tested. 



CHAPTER 2 

LITERATURE REVIEW 

Mycotoxins are a group of naturally occurring toxic 

and hepatocarcinogenic compounds that may cause a threat to 

animal and human health when found in feed and food sources 

(Purchase, 1972). Aflatoxins are produced by mold, especi-

ally Aspergillus flavus and Aspergillus parasiticus, where 

growth is favored by a warm and humid climate (Polan, Hayes, 

and Campbell, 1974). They appear to compete best in the 

microbiological world when the water activity is relatively 

low (0.84 to 0.86) and the temperature is relatively high 

(25°C-40°C). Aflatoxin-producing strains of these two fungi 

are distributed worldwide in soil and air (Stoloff, 1977). 

Aflatoxins may be found in agricultural commod
ities before and at harvest or may be produced dur
ing storage after harvest. Although most attention 
has been given to the occurrence of aflatoxins in 
oilseeds, especially peanut, cottonseed, and coconut 
(copra), ... at least 10 different mold metabolites 
have been designated as aflatoxins. . . . Different 
aflatoxins may be produced in widely varying amounts 
and proportions, depending upon the genetic capabili
ties of the fungus, the substrate and the environ
mental conditions ... (Goldblatt, 1971, p. 605). 

Aspergillus flavus and Aspergillus parasiticus are 

the primary sources of aflatoxins B
1

, B
2

, G
1

, and G
2

. Of all 

known mycotoxins they are of most concern to regulatory 

authorities because their carcinogenicity (particularly 

5 



6 

potent in the case of AFB1 ) and their implications regard

ing human health on a worldwide basis. Usually AFB1 is the 

major aflatoxin present in agricultural crops; and cotton

seed usually is contaminated with only aflatoxins B1 and 

B2 . Aflatoxin M1 is a toxic metabolite found in the milk 

of lactating cows consuming feed contained with AFB1 (Scott, 

1978) . 

Several investigators have found that aflatoxins 

are acutely toxic, carcinogenic, teratogenic, and mutagenic 

(Applebaum and Marth, 1982; Barnes, 1970; Ciegler, 1975; 

Goldblatt, 1969; Hayes, 1978a, 1978b; Keyl and Booth, 1971; 

Lee et al., 1981; Newberne and Butler, 1969; Schabort and 

Steyn, 1969; Schmidt and Panciera, 1980; Sinnhuber et al., 

1980). Aflatoxin B1 is found naturally in the largest amounts 

and is the most toxic of the group. When aflatoxin is in

gested by some food-producing animals, the contaminant or 

one of its toxic metabolites may be transferred to milk, 

eggs, or various organs (Applebaum and Marth, 1982; Arm

brecht, 1971; Lynch, 1972; Masri, Garcia, and Page, 1969; 

Polan et al., 1974; Purchase, 1972). Of particular concern 

to those in the dairy industry is the aflatoxin commonly 

referred to as the "milk toxin" or AFM1 (Applebaum and 

Marth, 1982). 

"The hepatic microsomal mixed-function oxidase sys

tem of the cow converts some of the ingested AFB1 into AFMl 



7 

which is excreted in milk. •. Several forms of aflatoxin 

can appear in milk, but the major form is the hydroxylated 

aflatoxin B1 (AFM1 ) (Applebaum et al., 1982a, p. 752). 

Aflatoxin B1 given to animals disappears at different rates, 

depending on the animal species. Only a small portion of the 

administered aflatoxin is found unaltered in the excretion 

or secretions of the animals tested. The cytoplasmic and 

microsomal enzymes are responsible for the oxidation or 

reduction of most of the aflatoxin in the liver cells 

(Stoloff, 1980b, p. 227). 

The lactating animal converts, in part, aflatoxin B1 

the feed to a hydroxylated compound (Stoloff et al., 1975; 

Holzapfel, Steyn, and Purchase, 1966; Masri et al., 1967; 

Allcroft and Carnaghan, 1962, 1963; AIIcroft et al., 1966; 

de Iongh, VIes, and van Pelt, 1964). The other common afla

toxins, B2 and G1 , are converted similarly to compounds 

designated as M2 and GM1 , respectively (Stoloff et al., 

1975; Allcroft and Carnaghan, 1962; de Iongh et al., 1964; 

Patterson and Roberts, 1970). 

The mutagenicity of aflatoxin M1 is about 3% of that 

of aflatoxin B1 , approximately the same as AFB 1 . Except for 

aflatoxicol, with 23% of the potency of AFB1 , all the other 

metabolites are weaker mutagens than AFM1 (Stoloff, 1980b). 

Seven feeding cow studies (Allcroft and Roberts, 1968; 

Kiermeier, 1973; Masri et al., 1969; McKinney et al., 1973; 



Polan et al., 1974; van der Linde et al., 1964) indicated 

that the percentage of ingested aflatoxin B1 converted to 

aflatoxin M1 in milk, calculated as the pooled average, is 

approximately 1% (Kiermeier, 1973). An observation better 

suited to control and regulatory purposes is that an AFB1 

level of 300 ng/g in the feed could result in a 1 ng/ml 

level of AFM1 in the milk (Stoloff, 1980b). 

Aflatoxin M1 retains the toxicity of AFB1 but is 

less carcinogenic. Aflatoxin M1 appears to be associated 

with protein fraction of milk, and hence the AF is present 

not only in fluid milk but also in products made from this 

milk. Brackett and Marth (1982b) reported that AFM1 has 

been found in commercial samples of milk and cheeses, and 

the cheeses showed an increase in concentrations of AFM1 

in the final cheese over that in milk. 

Aflatoxin Structure 

Nesbitt et al. (1962) purified and characterized 

the toxin produced by certain strains of Aspergillus flavus. 

Two spots which fluoiesce in ultraviolet light, when using 

thin-layer chromatography are obtained, "one running at RF 

approximately 0.6 and having a violet-blue fluorescence and 

the other running slightly more slowly and having a green 

fluorescence" (Nesbitt et al., 1962, p. 1062). These two 

spots are referred to as aflatoxin B and aflatoxin G, 

8 



9 

respectively. Aflatoxin B was shown by microanalysis and 

mass spectrometric examination to have the empirical formula 

C17H1206· 

Hartley, Nesbitt, and O'Kelly (1963) isolated four 

toxic compounds from sterilized groundnuts which had been 

inoculated with toxin-producing strains of Aspergillus 

flavus. The four toxic compounds were referred to as afla

toxins B1 , B2 , G1 , and G2 , in order of decreasing RF value 

on silica gel chromatoplates. The compound named by Nesbitt 

et al. (1962) as aflatoxin B is now called aflatoxin B1 . 

Aflatoxin G1 is identical to the compound previously 

described by Nesbitt et al. as aflatoxin G. Aflatoxins B2 

and G2 had not been previously described. Also, Hartley et 

al. elucidated the molecular formula of aflatoxins B1 , B2 , 

G1 , and G2 (which are C17H1206' C17H1406' C17H1207' and 

C17H1407' respectively) by using elementary analysis and 

mass spectrometric determinations. Preliminary biological 

tests of the aflatoxins on day-old ducklings indicated 

aflatoxins B1 and G1 were more toxic than B2 and G2 . Afla-

toxin B1 wasconverted to B2 by hydrogenation for 15 min in 

ethanol at room temperature and atmospheric pressure. The 

double bond present in B
1

, which is saturated in B2 , is 

adjacent to an ether oxygen. 

Holzapfel and Steyn (1966) isolated and character

ized aflatoxins M1 and M2 (Fig. 1). Aflatoxin M1 was shown 
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Figure 1. Structures of aflatoxins 

by microanalysis and mass spectrometry to have the empirical 

formula C17H1207 which contains one oxygen atom more than AFB 1. 

Metabolism of Aflatoxin 

Both metabolism and activation of aflatoxin B1 or 

its metabolites to mutagens is primarily a microsomal mixed-

function oxidase dependent system (Garner, 1973; Czygan et 

al., 1973). This complex enzymatic system has been resolved 
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into three essential components: a flavo-protein (NADPH

cytochrome P-450 reductase), a phospholipid (phosphatidyl 

choline), and a hemoprotein (cytochrome P-450) that func

tions as a terminal oxidase (Ito, 1982). Metabolism of 

aflatoxins by the microsomal mixed-function oxidase system, 

a complex organization of cytochrome-coupled, 02- and NADPH

dependent systems, occurs mainly on the endoplasmic reticu

lum of liver cells and other organs. During the course of 

metabolism, highly reactive metabolites may be generated 

which have the capacity to react covalently with DNA, RNA, 

and protein (Busby and Wogan, 1981). 

Biological Effects of Aflatoxin 

There are currently 13 aflatoxin compounds which 

have been shown to occur in nature. All of these compounds 

possess a coumarin nucleus fused to a bifuran moiety and in 

addition contain either a pentenone ring or a 6-membered 

lactone. Different toxins cause different biological 

effects, and because of diagnostic difficulties usually only 

the more acute and dramatic manifestations are observed. 

The toxic dose of aflatoxin for humans is not established, 

but strong circumstantial evidence from Southeast Asia, 

India, and Africa, plus a suspect case in Germany, indicates 

that aflatoxins have been involved in human death, particu

larly among children. The response of monkeys to acute 



doses ofAFB1 is similar to an acute children's disease 

(Reye's Syndrome) (Ciegler, 1974; Bourgeois et al., 1971). 
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Vomiting, fever, diarrhea, coma, and convulsions are the 

most common symptoms of this disease in both monkeys and 

children. Histopathology reveals fatty degeneration of 

liver, heart, and kidneys; marked cerebral edema with neural 

degeneration; and lymphocytolysis. Anorexia, liver damage, 

and stopping of growth are the most common symptoms in 

domestic animals (Ciegler, 1975). 

Chang et al. (1963) determined the biological activ

ity of AFB 2 , which was isolated from cultures of Aspergillus 

flavus grown for 7 days at 30°C on sterilized crushed wheat, 

in day-old male white Pekin ducklings. The biological 

effects of this toxin were reduction in growth and liver 

size and the extent of bile-duct hyperplasia. 

Lee et al. (1981, p. 16) reported that degradation 

"of the lactone ring of AFB1 [by ammonia] results in a non

fluorescent compound that has greatly reduced biological 

activity." 

Aflatoxins have been shown to have carcinogenic 

activity in many species of animals. The liver was the 

priamry target organ in which aflatoxins induced hepato

cellular carcinomas. Also, aflatoxins have other biologi

cal effects which include mutagenicity; inhibition of DNA, 

RNA synthesis; inhibition of protein and lipid synthesis; 
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alteration of steroid hormone mechanism; inhibition of mem

brane transport; and covalent binding to micromolecules 

including nucleic acid, DNA, RNA, and protein (Busby and 

Wogan, 1981; Heathcote and Hibbert, 1978). 

Aflatoxin M1 in Milk 

Several studies have been conducted to show the 

relationship between ingested aflatoxin and the excretiqn 

of AFM1 in milk. 

Allcroft et al. (1966), for example, studied the 

occurrence of aflatoxin in tissue, urine y and milk of sheep. 

Mixed aflatoxins, consisting of AFB 1 , 36%; AFG 1 , 52%; AFB 2 , 

3%; AFG 2 , 2%), was dissolved in dimethylformamide and given 

to three yearling sheep (1 mg/kg). All were killed 2 h 

later, and the liver and kidney were removed so that analy

sis for aflatoxin could be performed by thin-layer chromat

ography (TLC). Urine and milk samples were also obtained and 

analyzed for the presence of alfatoxin. Results show that 

urine, liver, and kidney extracts of all the sheep examined 

contained aflatoxins B1 and G1 and the "milk toxin," while 

the milk extracts contained only the milk toxin. 

Allcroft and Roberts (1968) gave cows diets contain

ing different concentrations of aflatoxin and followed the 

levels of AFM1 in the milk. The daily dose given to the 

cows ranged from 0.875- to 24.5-mg AFB 1 . Results indicate 
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that the quantity of AFM1 excreted in milk was in direct pro

portion to the ingested AFB 1 . 

Masri et ale (1969) gave 6 lactating cows a known 

amount of AFB1 and monitored the level of AFM1 in the milk. 

The source of AFB1 was rice cultures which had been inocu

lated with Aspergillus flavus. The results show general 

correlation between the dosage of AFB1 and the concentration 

of AFM1 in milk for the 6 cows investigated. Results also 

indicated that AFM1 was excreted in the urine and feces of 

the cows in quantities comparable to that excreted in the 

milk. 

Polan et ale (1974) gave 4 lactating cows pure AFB1 

over a 14-day period. Aflato}cin B1 was administered on a 

twice-daily basis at levels of 10, 50, 20, 250, and 1,250 

ppb of the concentrate. No AFM1 could be detected in milk 

samples from cows receiving 10 ppb in the concentrate, al

though AFM1 was detected in milk samples of cows given the 

two highest AFB1 levels (250 and 1,250 ppb). Polan et al. 

suggested that in order to ensure only negligible quantities 

of aflatoxin in milk, concentration of aflatoxin in the feed 

shou ld not exceed 50 ppb. Only a trace amount of AFM1 ('" 0.01 

~g/L) was found in milk samples of cows that received 50 

ppb in the concentrate. 

Patterson, Glancy, and Roberts (1980) fed 6 lactat

ing cows a ration contaminated with approximately 10-~g 
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AFB1 /kg and followed the concentration of AFM1 in milk sam

ples which varied between 0.01 and 0.33 ~g/L. The results 

indicate that the conversion of the ingested AFB1 to AFM1 

in the milk was approximately 2.2%. 

Ammoniation of Contaminated Cottonseed 

When aflatoxins were chemically characterized in 

1963 by Hartley et al., intensive research was concentrated 

on methods to inactivate or destroy them (Kolton et al., 

1979). 

According to Dwarakanath et al. (1968, p. 93), pub

lications by Carnaghan (1964) and Pomeranz (1964) indicate 

"that heat treatments alone, either dry or wet, do not ef

fectively eliminate aflatoxins from contaminated cottonseed 

or peanut meals and tend to impair the nutritive quality of 

the product." 

Chemical inactivation affords a promising means of 

increasing the safety and availability of all feeds. Treat

ment of oilseed meals with hydrogen peroxide, methylamine, 

sodium hydroxide, ozone, and other chemical reagents 

achieved some degree of success, but generally these treat

metns were not economically practical for commercial appli

cation. Treatment with ammonia appears to be the most prom

ising means for inactivating aflatoxin in oilseed meals 

(CAST, 1979). Gardner et al. (1979) determined optimum 
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pilot plant processing conditions to inactivate aflatoxin in 

cottonseed meals by ammoniation and translated these data to 

commercial-scale equipment for evaluating processing effici

ency and effectiveness. The large-scale runs were also con

ducted to prepare a sufficient quantity of detoxified ammo

niated cottonseed meal for biological testing. Cottonseed 

meal hydrated to 12.5% was treated with ammonia for 30 min 

at 90°C-135°C under 40-50 psig. These conditions reduced 

the total aflatoxin from 519 ppb to less than 5 ppb. Subse

quent 2-year rat-feeding studies indicate no histopatholog

ical abnormalities or other adverse results in the animals 

fed this ammoniated cottonseed meal. 

When contaminated cottonseed is processed for oil, 

most of the toxin is concentrated in the meal which is used 

chiefly as a protein supplement for livestock and poultry 

feed. In the United States, aflatoxin contamination is 

largely in the areas of Arizona and the Imperial Valley of 

California which produce about 530,000 tons of cottonseed 

annually. In 1977, field contamination in Arizona was high, 

and there was evidence that aflatoxin levels increased in 

some storage situations. High temperatures in Aguust and 

September and relatively high rainfall for Arizona during 

late summer and fall were the major contributing factors 

(CAST, 1979). 
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Because cotton and dairy are major industries in Ari

zona, The University of Arizona has developed a field process 

for detoxification that is carried out at atmospheric pres

sure and ambient temperatures (APAT). Jorgensen and Price 

(1981) treated aflatoxin-contaminated cottonseed (800 ppb 

total AF) with ammonium hydroxide under varing ammonia con

centrations (0%, 1.0%, 1.4%, and 2.0%) with moisture content 

of 0%, 7.5%, 10.0% "and 12.5% added at temperatures of 21°C, 

32°C, and 43°C. The cottonseed was stored for either 5, 10, 

or 15 days at atmospheric temperature. This detoxification 

process reduced the concentration of aflatoxin in cottonseed 

from 800 ppb to less than the FDA action level (20 ppb) un

der conditions of 2.0% ammonia, 12.5% added moisture, at 

43°C for 15 days, and 2.0% ammonia, no added moisture, at 

43°C for 15 days. 

At the present time in the United States, detoxifi

cation of aflatoxin-contaminated cottonseed by using ammonia 

is receiving the most attention of any method. The FDA has 

approved, on a trial basis, the use of ammoniated cottonseed 

meal in ruminant feeds for the purpose of increasing the 

nutritional value of this feed, not for AF destruction. 

Chemical assays of the detoxified aflatoxin-contaminated 

cottonseed in one study (Ciegler, 1977) indicate that there 

was a decrese in nutritional value. 
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Ammoniation of Pure Aflatoxin Bl 

Lee et ale (1974) treated the pure AFBl with ammo

nium hydroxide at 100°C under pressure (40-50 psig) for 1 h. 

The major product formed from their reaction was character-

ized as a nonfluorescent phenol of molecular weight 286 

(AFD1 ). It is postulated that the new product arose from 

opening the lactone ring of AFBl during ammoniation, forma

tion of ammonium salt of the resultant hydroxy acid, and 

loss of carbon dioxide from this a-keto acid (Fig. 2). 

Acidification of the compound did not regenerate AFB 1 • 

206 

AFLATOXIN D. 

l 
HO 

I~ 
~ 

j 
550 OCH, 

(Il KETO ACID) 

~
O.: 

I I 
o A oeli, 

206 

Figure 2. Proposed scheme for formation of the 
major products of ammoniation of pure aflatoxin Bl 
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Cucullu et al. (1976) isolated and purified a second 

compound from the reaction of 4 mg of AFBl with 3 ml of con

centrated ammonium hydroxide under elevated temperature 

(100°C) and pressure for 1 and 3 h. The compound was iden

tified as a nonfluorescent phenol with a molecular weight of 

206 which retained the difuran moiety but lacked both the 

lactone carbonyl and the cyclopentenone ring characteristic 

of AFB1 (Fig. 2). 

Vesonder et al. (1975) studied the chemical reaction 

of ammonium hydroxide on AFB1 at room temperature in vitro. 

Aflatoxin B1 (2.6 mg) was stirred at room temperature with 

25 ml of concentrated ammonium hydroxide (17 N) for 21 h. 

The reaction mixture was acidified with hydrochloric acid and 

extracted with chloroform. Acidification of an aflatoxin 

solution that had been reacted for 21 h with ammonium hyrox

ide resulted in almost complete recovery of AFB1 are consis

tent with the reversible opening of the lactone ring by 

ammonium hydroxide. A similar reaction mixture (without 

hydrochloric acid), which was stirred at room temperature 

for 8, 10, 11, 14, and 18 days and dried on a rotary evapo

rator at 60°C yielded a brown product upon which acetone 

extraction gave a mixture of substituted O-coumaric acid 

and AFB
1

• The brown residue (50%) was found to be nontoxic 

to chicken embroyos at 0.32-~g/egg (Vesonder et al., 1975). 
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Draughon and Childs (1982) mixed pure AFB1 with 11 

concentrations of ammonium hydroxide. Evaluation of the 

detoxified AFB1 was carried out using the brine shrimp 

assay. The Salmonella/mammalian microsome mutagenicity test 

(Ames test) was used for evaluation of the mutagenic potency 

of the detoxified AFB 1 • Ammonium hydroxide reduced fluo-

rescence by 94%. Detoxification of 20 ~g AFB1 by NH40H 

significantly (p < .02) decreased toxicity of aflatoxin to 

brine shrimp. As the percentage of fluorescence decreased, 

the percentage of survival of brine shrimp increased. 

Mutagenic Activity of Aflatoxin 

Mutagens are classified into two types, each with 

different modes of action. The first type of mutagen is the 

frameshift mutagen. These mutagens have the ability to 

intercalate in the DNA base-pair stack and also to react 

covalently with the DNA. It appears that a frameshift muta

tion occurs during DNA replication or repair when a mutagen 

stabilizes a shifted pairing in DNA (Ames et al., 1972). 

The second type of mutagen is called the base-pair substitu

tion mutagen. The two strands of the double helix that form 

the basic structure of chromosomes are a series of nucleo

tides strung together in a long molecule which constitutes 

the genes. The base-pair substitution mutagens have the 

ability to alter one of the nucleotides into a different 
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nucleotide. Because it is the ordering of nucleotides that 

determines the structure of a protein, changing the sequence 

of one nucleotide will make a protein nonfunctional and may 

thus alter a cell's growth (Ames et al., 1975). 

"A base pair is about 50 A2 in area, and a planar aro

matic system, such as acridine, is about the right size to 

intercalate between two base pairs, causing a stabilization 

of the shifted pairing" (Ames et al., 1972, p. 3130). 

In 1973, Garner reported that AFB1 binds strongly 

to DNA in the presence of microsomal enzymes. 

Polycyclic aromatic compounds which have a ring struc

ture planar enough to intercalate in the DNA base-pair stack 

may stabilize a shifted pairing in a repetitive sequence of 

bases. During DNA replication or repair, this may well re

sult in the addition or deletion of base pairs in the DNA 

sequences. Aflatoxins have been classified as frameshift 

mutagens (Ames et al., 1975; Isono and Yourno; 1974). 

McCann, Choi, Yamasaki, and Ames (1975) measured 

the mutagenic potency of about 300 carcinogen and noncar

cinogen chemicals by using the Salmonella/microsome Ames 

test. According to their analysis on the fungal toxins 

(aflatoxins B1 , B
2

, B
2

, aflatoxicols M
1

, G
1

, P
1

, G
2
), they 

found that AFB1 was the most carcinogenic among those 

fungal toxins. Also, results indicated a high correlation 

betwween carcinogenicity and mutagenicity where 90% of the 



carcinogenic compounds were found to bemutagenic in the 

Salmonella/microsome test. 
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Ames, McCann, and Yamasaki (1975) developed two new 

tester strains (TA 100 and TA 98) by transferring a resis

tance transfer factor (R factor) to their standard tester 

strains TA 2535 and 1538, respectively. These two new 

tester strains were very sensitive to mutagens which caused 

frameshift mutation on base-pair substitutions. 

McCann, Spingarn, Kobori, and Ames (1975) reported 

that strains TA 100 and TA 98 contain an R factor plasmid 

which causes increased mutagenesis with certain mutagens 

like aflatoxins. They recommended that TA 98 and TA 100 be 

added to the set of tester strains used for determination 

of mutagenicity. Also, they reported that the Salmonella/ 

mammalian-microsome mutagenicity test (Ames test) had been 

found to be useful because of its advantages of having no 

requirement for special facilities, its high reliability, 

the shortness of time (48-72 h), and its economy. 

Wong and Hsieh (1976) determined the mutagenicity 

of the aflatoxins and various animal metabolites by using 

the TA 98 Ames tester strain. Results indicated that afla

toxin B1 was found to be the most mutagenic aflatoxin. The 

mutagenic potency of aflatoxins and various animal metabo

lites were determined in decreasing order as follows: 
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aflatoxin B1 , aflatoxicol, aflatoxin G
1

, aflatoxin M
1

, 

aflatoxicol H1 , aflatoxin Q1' aflatoxin B2 , aflatoxin P1' 

aflatoxin G2 , and aflatoxin B2a . Aflatoxin M1 was found to 

be 3.3% as mutagenic as aflatoxin B1 . 

Uwalfo and Bababunmi (1979) studied the mutagenic

ity of AFM1 relative to that of AFB1 using five Ames tester 

strains of Salmonella typhimurium (TA 98, TA 100, TA 1535, 

TA 1537, and TA 1538). The results obtained using the TA 98 

Ames tester strain indicated that the mutagenicity of AFMl 

relative to that of AFB1 is about 3%, which confirmed the 

results obtained by Wong and Hsieh (1976). Also, they found 

that by using the TA 200 Ames tester strain, the relative 

mutagenicity of AFM1 to that of AFB1 is 10%. The conclusion 

was that tester strain TA 100 is more sensitive for determin-

ation of the mutagenic potency of both AFB1 and AFM 1 . 

The activities of the aflatoxin compounds that have 

been tested in the toxicity assay suggested that the toxic 

metabolite is activated at the 2,3-double bond. This result 

led to the suggestion that the reactive metabolite of afla

toxin may be a 2,3-epoxide which causes carcinogenicity and 

mutagenicity (Miller, 1970; Garner, Miller, and Miller, 

1972) . 



CHAPTER 3 

MATERIALS AND METHODS 

Dairy Herd Selection 

Six lactating Holstein cows were selected from the 

herd of the University of Arizona Experimental Farm in Tucson 

for this study. The cows were approximately equal in size 

and age and were in good health. The cows were placed in a 

pen and individually fed a dairy ration. 

Treatments 

In this study, 6 different treatments were conducted. 

Intervals of 6 days between treatments allowed complete dis-

appearance of AFM1 from the milk. For Treatments 1, 2, 4, 

and 5, 3 lactating Holstein cows (designated as A, B, and C) 

were selected. Three different lactating Holstein cows 

(designated as A1 , B
1

, and C1 ) were selected and used for 

Treatments 3 and 6. The treatments conducted are described 

below. 

Treatment 1: Aflatoxin-contaminated 
Whole Cottonseed (5,010 ppb AFB 1 ) 

The 7 days before treatment were called the accommo-

dation period during which a dairy ration consisting of 4.4-

lb aflatoxin-free whole cottonseed (WC), 9-lb alfalfa cubes, 

24 
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and 12-lb mixed grain (concentrate) was fed 2 times daily. 

After the accommodation period, each of the lactating cows 

was given the same quantity of dairy ration given during the 

accommodation period except for replacement of the 4.4-lb 

AF-free WC with 4.4-lb aflatoxin-contaminated WC (5,101 

ppb AFB 1 ) (AFWC-1) twice daily for another 7 days. When the 

AFWC-1 in the dairy ration was discontinued, it was replaced 

with AF-free we in the same dairy ration. The daily feed 

consumption and milk production were monitored before and 

during feeding, and for 2 days after discontinuance of feed-

ing the AFWC-1. Analysis of AFM1 in milk samples was contin

ued for 6 days after treatment to determine the time period 

required for disappearance of AFM1 from milk. 

Treatment 2: Ammoniated Aflatoxin
contaminated Whole Cottonseed 

During the first 7 days, the lactating cows (A, B, 

and C) were fed the same AF-free dairy ration given to the 

cows for Treatment 1. Then the AF-free WC in the ration 

was replaced with ammoniated AF-contaminated WC (AAWC) which 

was fed to the cows for another 7 days. When the AAWC was 

withdrawn, it was replaced with AF-free WC. The analysis 

of AFM1 in the milk and the measurement of the daily milk 

production and feed consumption were carried out the same 

as described in Treatment 1. Analysis of the level of AFM1 
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in milk was continued for 4 days after discontinuing the 

AAWC. 

Treatment 3: Pure Aflatoxin Bl 

Three different lactating Holstein cows (designated 

as Al , Bl , and Cl ) were selected for this treatment. Each 

.cow was fed a twice-daily dairy ration consisting of 4.4-lb 

AF-free WC, 6.6-lb alfalfa cubes, and 7.5-lb mixed grain 

for a 19-day period After 7 days of feeding the cows the 

AF-free dairy ration, 1 capsule containing pure AFB 1 (2.2-mg 

AFB1/capsule) was given orally, morning and evening, for 

the next 7 days during feeding. Daily feed consumption and 

milk production were measured before and during administra-

tion of AFB 1 , and the measurements were continued for 2 

days after discontinuing treatment. In this treatment, the 

analysis of the AFMl level in milk samples was continued 

for 5 days after discontinuance of the pure AFBl to deter

mine the time period required for disappearance of AFMl 

from the milk. 

Treatment 4: Ammoniated Pure 
Aflatoxin Bl 

This treatment was carried out exactly the same as 

Treatment 3; however, the cows used for this treatment were 

the same 3 cows used for Treatments 1 and 2. The cows were 

fed the same quantity of dairy ration fed during Treatments 

1 and 2. After feeding the AF-free dairy ration for 7 days, 
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the cows were given capsules (orally) containing ammoniated 

pure AFB1 , 1 each at the morning and evening feedings, for 

an additional 7 days. Each capsule contained 1.I-ml ammo-

niated AFBI solution, which was equal to the volume of pure 

AFBI solution (dissolved in CH 2C1 2 ) that was placed in each 

capsule for Treatment 3. The analysis of AFMl in the milk 

and the measurement of the daily milk production and feed 

consumption were carried out in the same manner as for 

Treatments 1, 2, and 3. 

Treatment 5: Acidified Ammoniated 
Aflatoxin Bl 

This treatment was run exactly the same as Treatments 

3 and 4 except that the ammoniated AF was acidified before 

placing it in the capsule. Also, the lactating cows A, B, and 

C) used in Treatments 1, 2, and 4 were used for this treatment. 

Treatment 6: Aflatoxin-contaminated 
Whole Cottonseed (5,511 ppb AFB 1 ) 

This treatment was carried out exactly the same as 

was Treatment 1; however, the cows used for this treatment 

were the same cows used for Treatment 3 (AI' B1 , and C1 )· 

Each cow was fed the same dairy ration as described earlier. 

The only difference between this treatment and Treatment 1 

was the concentration of AFBI in the cottonseed (5,010 ppb 

AFBI for Treatment 1 and 5,511 ppb AFBI for Treatment 6). 

The analysis of AFMl in milk and the measurement of daily 



food consumption and milk production were carried out in 

the same manner as described previously. 

Dairy Ration 

28 

The lactating Holstein cows were placed in a pen 

and individually fed a dairy ration consisting of whole 

cottonseed, alfalfa cubes, and mixed grain. The quantity 

of dairy ration administered to each cow was ample to 

ensure that each cow received her needed requirement. The 

first days (7 days) of the treatments served as an accommo

dation period during which each cow was fed a known amount 

of AF-free dairy ration. The remaining dairy ration was 

collected to determine the daily feed consumption of each 

cow. The exact quantities of the dairy ration required and 

the feed consumption of each cow were determined during the 

accommodation period. The dairy ration was administered to 

each cow after milking, and each cow was fed separately in 

order to monitor the feed consumption during the AFBl trial 

feeding. The first dairy ration was given 1 h after the 

morning milking and the second ration was given 0.5 h after 

the evening milking. 

In the case of Treatments 1, 2, and 6, the naturally 

high AF-contaminated we or the ammoniated AF-contaminated 

we was combined with mixed grain and administered to the 

cows. After consumption of this mixture, the alfalfa cubes 

were given to the cows. 



Collection of Naturally High 
Aflatoxin-contaminated 
Whole Cottonseed 

A search was conducted for a source of naturally 
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high AF-contaminated WC. A major problem encountered dur-

ing this investigation was in locating cottonseed that had 

high levels of aflatoxin contamination. A sufficient quan-

tity was located at a commercial diary farm in the Phoenix, 

Arizona area. The cottonseed was presented free-of-charge. 

The first sample of cottonseed (about 240 lb) brought from 

the Phoenix farm was discarded because the AFB1 level was 

not high enough (containing only 334 ppb AFB1 or less) for 

running this experiment. Ten cottonseed samples were then 

collected from different locations on the same Phoenix farm 

and were separated and placed in 10 plastic bags with a 60-

to 75-lb capacity. The samples were transferred to the 

University of Arizona for determination of the AFB1 level 

of aflatoxin for feeding the cows. After determination of 

the AFB1 level for each sample, 4 of the samples (Nos. 2, 

3, 6, and 8) were found to contain a high level of AFB1 

(4,453, 5,566, 4,453, and 6,680, respectively), but the 

remainder (Nos. 1, 4, 5, 7, 9, and 10) was found to contain 

less than 2,000 ppb AFB1 (Table 1). The 4 cottonseed sam

ples with the highest level of AFB1 were mixed together 

completely and 15.0 lb of this mixture was ground using a 

Hammermill grinder and was then analyzed for AFB1 level. 
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Table 1. Concentration of aflatoxin Bl (AFBl) and afla-
toxin B2 (AFB2 ) in the whole cottonseed samples 

Cottonseed AFBI AFB2 Total 
Sample Weight Level Level Aflatoxin 
Number (lb) (ppb) (ppb) Level 

1 59.5 200.4 60.1 260.1 

2 66.5 4,453.3 1,336.0 5,789.3 

3 64.5 5,566.6 1,670.0 7,236.6 

4 55.3 601. 2 180.3 781. 5 

5 55.3 601.2 180.3 781. 5 

6 59.5 4,453.3 1,336.0 5,789.3 

7 63.25 400.8 120.0 520.8 

8 68.25 6,680.0 2,004.0 8,684.0 

9 66.5 534.4 160.32 694.7 

10 61.3 796.5 186.4 982.9 



The mixture of cottonseed samples was found to contain 

5,010 ppb AFB 1 • This was fed to the lactating Holstein 

cows at a rate of a total of 4 kg per cow per day. 

Materials Used 

Chemicals Used 
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The solvents used in the extraction of AFM1 from milk 

were the highest purity and grade required. They were ob-

tained through the University of Arizona stores: acetone 

(RG-ACS)--MCB Manufacturing Chemist; toluene (AR)--J. T. 

Baker Chemical Company, anhydrous ether (RG-ACS)--MCB Man-

ufacturing Chemist; methylene chloride (RG--ACS)--Fisher 

Scientific Company; benzene (AR)--Mallinckrodt; and aceto-

nitrile (AR). 

Silica Gel 60 was purchased from American Scientific 

Products (Tempe, AZ). Six 5-mg vacuum-sealed vials of pure 

crystalline AFB1 were purchased from Sigma Chemical Company 

(St. Louis, MO). Aluminum-backed Silica Gel 60 plates were 

bought from Currin Matheson Scientific, Inc. (Maryland 

Heights, MO). 

Culture Mediums and Reagents 
for Ames Test 

Ampicillin, D-glucose-6-phosphate, L-histidine, and 

B-nicotinamide adenine dinucleotide phosphate (NADP) were 

purchased from Sigma Chemical Company. Biotin, Nutrient 
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Broth, and Bacto-Agar were obtained from Difco Laboratories 

(St. Louis, MO). Other reagents used included: sodium 

ammonium phosphate, sodium chloride, potassium chloride, 

citric acid, magnesium chloride, sodium phosphate, magne

sium sulfate, crystal violet, and dextrose. 

Method of Measurement 

Daily feed consumption and daily milk production 

for each cow were monitored for 5 days prior to administra

tion of AF, during administration of AF, and for 2 days 

after discontinuation of AF. Determination of the feed 

consumption was made by giving each cow a known quantity 

of the dairy ration in each feeding and subtracting the 

part remaining from the given dairy ration to determine 

the exact quantity of the feed consumed. 

Analysis of Aflatoxin in Cottonseed 

The method of Pons and Franz (1977) was employed for 

extraction of AFBl and AFB2 from the cottonseed. In the 

present study at least 50 lb of cottonseed per sample was 

uniformly ground by using a Hammermill grinder. The ground 

sample was then mixed thoroughly after which 25 g was re

moved and added to 250-ml acetone and mixed at medium speed 

for about 5 min in a blender. The mixture then was filter

ed through Whatman no. 2 filter paper into a 500-ml gradu

ated cylinder: the first 200 ml of filtrate was collected 
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and transferred to a 600-ml beaker. A lead acetate solu

tion (40 ml) and 60-ml water were added to the filtrate 

which was stirred and left standing for 5 min until flocu

lation occurred. Then 10-g acid-washed Celite and 100-ml 

water were added to the floculated filtrate. The mixture 

was stirred and filtered through WhatmanlNo. 2 filter 

paper. The first 300 ml of filtrate was collected and 

transferred to a 500-ml separatory funnel. The filtrate 

was washed twice with 50-ml portions of hexane, which 

removed lipids, and then the hexane layer (top) was dis

carded. The remaining acetone phase, which had been col

lected in a beaker, was transferred again to the same 

separatory funnel and washed with 2 50-ml portions of 

methylene chloride. The methylene chloride (bottom) was 

kept and filtered through Na 2S04 to remove excess water. 

The filtrates were collected in a 300-ml round-bottomed 

flask and evaporated to near dryness at 50°C on a rotary 

evaporator. The nearly dry residue in the round-bottomed 

flask was transferred to a very small vial by 2 washings 

with methylene chloride. The methylene chloride was evap

orated in a water bath at 50°F with a stream of nitrogen 

gas, and the residue was reconstituted with 0.2-ml benzene

acetonitrile (98:2) for TLC analysis. Visual quantitation 

of AFB1 was by the TLC method (Association of Official 

Analytical Chemists Method, 1980) for AFB1 in cottonseed 



products (26.058-26.059). The quantity of AFB1 was deter

mined by comparing the spotted cottonseed extract with a 
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known concentration of AFB1 standard (1.0 ng/ml). Longwave 

UV light in a viewing cabinet was used for visual quantita-

tive determination of AFB 1 • In the present study, dupli

cate analyses for AFB1 were performed. 

Ammoniation and Acidification Process 

Ammoniation of the Naturally High 
Aflatoxin-contaminated Cottonseed 

A large sample of the aflatoxin-contaminated cotton-

seed used in Treatment 1 for feeding the 3 lactating Holstein 

cows was ammoniated for reduction of the level of AFB 1 . 

Before ammoniation, the cottonseed was tested many times 

at the end of the Fall of 1982 for AFB1 and was found to 

contain between 4,453 to 6,680 ppb AFB 1 . Addition of anhy

drous ammonia and water to the cottonseed and subsequent 

packing into a 15-T white polyethylene bag (9 mil) were 

accomplished with a Silopress (Miller Manufacturing Co., 

Grand Island, NB, for Silopress, Inc., Sioux City, IA) 

packer. The bag was sealed immediately to prevent leakage 

of the anhydrous ammonia. The aqueous ammonia and the 

water was metered to the cottonseed through the Silopress 

machine at a rate calculated to give 1.5% ammonia and 17%-

18% total moisture to the feed. Figures 2-8 show the or-

dered steps of the cottonseed ammoniation process. After 



Figure 3. Source of naturally high aflatoxin-contaminated 
whole cottonseed (5,010 ~g AFB 1 /kg cottonseed) 

Figure 4. Tractor used for transferring cottonseed to the 
Silopress for processing 
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Figure 5. Silopress used for the ammoniation process of 
the aflatoxin-contaminated cottonseed 

Figure 6. Silopress filled with the aflatoxin
contaminated cottonseed 
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Figure 7. Tank containing anhydrous ammonia used for 
ammoniation process 

Figure 8. Sealed polyethylene bags containing the 
processed ammoniated cottonseed 

37 
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5 wk of reaction, a 50-lb sample of cottonseed was removed 

and analyzed for AFB1 . 

Preparation of Aflatoxin 
B1 Capsules 

Two brown, sealed bottles, each containing 50-mg 

crystalline AFB1 (Lot 12 F-4000), were obtained from the 

Sigma Chemical Company. The crystalline AFB1 was trans

ferred to a 50-ml volumetric flask and diluted with methy-

lene chloride and brought to volume. By dissolving the 

100-mg crystalline pure AFB1 in 50-ml methylene chloride, 

a solution containing 2-mg AFB 1 /ml was prepared. Digest

ible capsules obtained from the University of Arizona Farm 

were first filled with a highly purified wood cellulose 

(Brown Company, Berlin, NH) and then 1.1 ml of the prepared 

aflatoxin solution was added to the cellulose in each cap-

sule. The capsules were placed under a hood until all the 

methylene chloride evaporated after which they were placed 

in a freezer at -20°C for storage until needed. 

Ammoniation of the Crystalline 
Aflatoxin B1 

A total of 100-mg crystalline AFB1 was purchased in 

2 brown, sealed bottles of 50 mg each (Lot 102 F-4000) from 

Sigma Chemical Company. The 100-mg crystalline pure AFB1 

was reacted with 20-ml 50% NH 20H solution in the brown, 

vacuum-sealed bottles. The reaction mixture was shaken 
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(200 rpm) for 26 days at 29°C. The ammoniated AFB1 solution 

was transferred to a 50-ml volumetric flask and dissolved in 

ethanol. The final pH was 12. Digestible capsules were 

then filled as described previously. 

Preparation of the Ammoniated 
Acidified Aflatoxin B1 

A total of 100-mg AFB1 was reacted with 20-ml 50% 

NH40H solution by stirring in a brown, vacuum-sealed bottle 

at a temperature of 29°C. After 26 days of reaction, the 

ammoniated pure AFB1 solution was transferred to a 50-ml 

volumetric flask and dissolved in ethanol. The ammoniated 

AFB1 solution was acidified to a final pH of 5 using concen

trated hydrochloric acid. The acidified ammoniated AFB1 

in 1.1 ml of solution was placed in each of the digestible 

capsules as previously described. 

Sampling of Milk 

Milk samples were taken from the morning milking and 

placed into plastic containers with a capacity of 1 gal each. 

They were refrigerated to 4°C for 1 h and then analyzed for 

AFM
1

. Before administration of the aflatoxin to the cows, 

control samples of milk were collected and analyzed immedi-

ately for AFM1 . The daily milk production was monitored 

for 5 days prior to and during administration of aflatoxin, 

and for 2 days after discontinuing aflatoxin administration. 



Analysis of Aflatoxin Ml 
in Milk 
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Analysis of AFM1 in milk was carried out by the 

method of Stubblefield (1979). In this method of analysis, 

50-ml whole, raw liquid milk was shaken vigorously with 

10-ml saturated sodium chloride solution and 125-ml me thy-

lene chloride (CH 2C1 2 ) in a 250-ml separatory funnel for 

60 sec. Two layers, methylene chloride (bottom layer) and 

water (top layer), were formed inside the separatory fun-

nel. The methylene chloride layer was passed through anhy-

drous Na 2S04 for removal of the excess water, filtered 

through Whatman No. 2 paper into a 100-ml graduated cylin-

der, and the volume of the filtrate was recorded. 

Silica Gel 60 (No. 7734) was prepared by washing it 

first with methanol (MeOH) and then with methylene chloride. 

The washed silica gel was placed in an oven for activation. 

Two grams of the activated Silica Gel 60 (1% H20) was slur

ried in methylene chloride and poured onto a glass column 

(1.0 cm 1.0. x 30 cm). After the silica gel was settled, 

1.5-g anhydrous sodium sulfate was added to the column 

above the settled silica gel. 

The entire milk filtrate was drained through the 

glass column and collected in a250-ml beaker. The graduated 

cylinder and the glass column were washed with 2- to 10-ml 

methylene chloride and drained through the column. The 
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column was rinsed with 25-ml acetic acid/toluene (1:9 v/v, 

10-ml hexane, and 25-ml acetonitrile/ether/hexane (2:3:5 

v/v/v). These rinse solutions were discarded. Finally, 

40-ml acetone/methylene chloride (1:4 v/v) was used to 

elute the AFM1 • The eluent was evaporated to near dryness 

at 50°C by using a rotary evaporator under vacuum. The 

nearly dry residue was transferred with 2 washings of meth

ylene chloride into dram vials. The methylene chloride 

was evaporated by a stream of nitrogen gas, and then the 

residue was dissolved in a known quantity of benzene/ 

acetonitrile (9:1) for TLC analysis. 

The dissolved milk extract was spotted on a TLC 

plate (20 x 20 cm) and dried at room temperature. The TLC 

plates were developed in an unequilibrated TLC tank, pro

tected from light by covering the outside of the tank with 

aluminum foil. The developing system, which consisted of 

methanol/ether/water (95:4:1), was allowed to move until 

it was approximately 1 cm from the top of the TLC plate. 

The plates were removed and air dried, and the quantity 

of AFM1 was determined by comparing the spotted milk ex

tract with a known concentration of AFM1 standard (0.5 ng/ 

ml). Visual quantitative determination of AFM1 was carried 

out by using a longwave UV light in a viewing cabinet. 
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High Pressure Liquid Chromatography 

High pressure liquid chromatography (HPLC) was used 

in the quantitative determination of AFM1 in milk for 

Treatment 6 only. Aflatoxin M1 was extracted and purified 

by using the Stubblefield (1979) method described previ

ously. Instead of applying the sample to the TLC plate, 

it was injected onto a HPLC column. The HPLC system 

included a Waters HPLC modular unit, C18 reverse phase 

column, M600A pump, Wisp 710A automatic injector, 420E 

fluorescence detector (365-400 nm), 440 detector (365 nm), 

and a data module integrator. The mobile phase was water

methanol-acetonitrile (59 + 22 + 19) at a flow rate of 1.0 

ml/min. 

Mutagenicity of Milk Extracts 

Preparation of Milk Samples 

A milk sample from each cow was collected before 

and during the steady state of AFM1 excretion in milk of 

each of the previously described treatments and stored in 

a freezer at -10°C for 2-3 months. Analyses of the AFM1 

in milk samples were by the TLC procedure of the Stubble

field method (1979). Samples were lyophilized for 48 h 

using a Virtis-50 equipped with a vacuum regulator adjusted 

to regulate vacuum between 50 and 200 microns. Shelf 

temperature was maintained at -2°C. 
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Mutagenic Assay 

The dried milk samples were extracted by using the 

method of Felton et ale (1981) which involved the follow

ing procedure: 10-g dried milk and 50-ml acetone were 

homogenized in a blender at medium speed for about 5 min. 

The mixture was filtered through Whatman No.2 filter paper 

into a 250-ml flask. The solids were again homogenized in 

acetone and filtered into the same 250-ml flask. The com

bined filtrate was cooled to -18°C for 8 h to induce pro

tein precipitation and then was filtered through Whatman 

No.1 filter paper into a 125-ml round-bottomed flask. 

Acetone was evaporated at 50°C using a vacuum rotary evap

orator. The remaining residue was transferred with 2 wash

ings of acetone into a small glass bottle. The acetone 

was then evaporated in a water bath at 50°F using nitrogen 

gas, and the residue was placed under a hood for 3 days to 

allow some of the remaining water to evaporate. 

The tester strains of Salmonella typhimurium (TA 98 

and TA 100) were supplied by Dr. Leonard Bjeldanes, Univer

sity of California, Berkeley. Strains were stored accord

ing to the procedure of Ames et ale (1975). A preliminary 

test was carried out before running the Ames test to deter

mine if the bacteria had been altered during storage. The 

growing cultures were prepared 1 day before the preliminary 

test by using the Ames et ale procedure. The preliminary 
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test involved 3 separate tests: histidine, crystal violet, 

and ampicillin. 

The histidine test involved using minimal glucose 

agar (MGA) plates (2 plates/culture). Some samples were 

prepared with histidine and some without. In preparing 

the histidine MGA plates, O.l-ml sterile O.l-M histidine 

and O.l-ml sterile 0.5 mM-biotin were added directly to 

the surface of the MGA plates. Using a sterile spatula, 

the histidine and biotin were spread completely over the 

plate and allowed to dry. The plates were streaked with 

the culture strains to be tested. In preparing the MGA 

plates without histidine, the plates were streaked only 

with microbial culture swabs. The plates were placed in 

an incubator for 24-48 h and observed for the presence of 

colonies. 

The crystal violet test involved using Nutrient 

Broth Agar (NBA) plates which were streaked with culture 

strains. Sterile filter disks were placed in the crystal 

violet by using sterile forceps and then placed onto the 

previously inoculated plates. The NBA plates were placed 

inverted in an incubator for 24 h. 

The ampicillin test involved using the NBA plates 

which had been streaked with a line of ampicillin by using 

a sterile loop. After drying, the bacteria were streaked 
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in lines across the ampicillin line. The plates were placed 

in an incubator for 24 h. 

After the preliminary test was concluded, the mas

ter plates were prepared in the following manner. A solu

tion of O.l-ml sterile O.l-M L-histidine, O.l-ml sterile 

0.5-mm biotin, and O.l-ml ampicillin was added to the sur

face of the MGA plates. The plates were left overnight to 

dry and then were incubated with strains TA 98 and TA 100. 

The plates were incubated at 37°C for 24 h. 

The Ames test was run directly after the prelimi

nary test. Glass tubes containing 15-ml nutrient broth 

were incubated from the master plate with the strains TA 

98 and TA 100 by using a sterile loop. The glass tubes 

were capped loosely and placed in an agitator (low speed) 

in the incubator at 37°C for 17 h. 

The top agar was melted in a double boiling bath 

and a 5-ml solution of sterile 0.5-mM histidine and 0.5-mM 

sterile biotin was added and swirled. The melted top agar 

was kept in a double water bath at a temperature between 

45°C to 50°C to prevent hardening of the agar. The 5-9 

mix, which was prepared immediately before running the 

Ames test, was prepared during the melting of the top agar 

and was kept on ice for up to 2 h. Using a sterile dis

posable glass test tube, 0.1 ml of the sample was mixed 

with 2-ml top agar, O.l-ml bacteria, and 0.5-ml 5-9 mix. 



The contents of the glass tube were mixed with a Vortex 

mixer and poured onto the surface of the MGA plates. The 

plates were immediately tilted and rotated to ensure that 

the top agar. completely covered the plate. After harden

ing of the top agar, the plates were inverted and placed 
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in an incubator at 37°C for 48 to 72 h, after which rever

tant colonies were then counted. Control plates for deter

mining the spontaneous reversion rate were prepared with 

and without the S-9 mix. 

Milk samples from the cows were analyzed 3 times 

in duplicate. Preparation of mediums, solutions, and the 

S-9 mix was conducted according to the procedure of Ames 

et ale (1975). All media were prepared, sterilized at 15 

lb, 121°C, and stored at room temperature. The chemical 

solutions were autoclaved or sterilized by filtration and 

were stored in a refrigerator at 4°C. 

Statistical Analysis of Data 

Statistical analyses of data were done by using a 

computer program to calculate two-way analysis of variance 

and to determine the correlation coefficients. Means were 

separated using least significant difference at p < 0.05%. 

Differences between total milk production and feed consump

tion before and after treatments were tested for signifi

cance by the t test (Snedecor and Cochran, 1973). 
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The conversion ratios were calculated by dividing 

the total AFM1 in milk by the total AFB1 in the ration and 

multiplying by 100. The feed-through ratios were calcu

lated by dividing the level of AFM1 (~g) per kg of the milk 

by the level of AFM1 (~g) per kg of the total ration. 



CHAPTER 4 

RESULTS AND DISCUSSION 

In this study, trials involving the feeding of AFB1 

in different forms to lactating dairy cows were made to 

determine the time of appearance of AFM1 in milk, the time 

of disappearance of AFM1 from the milk, feed consumption, 

milk production, and the aflatoxin conversion ratio (% M1/ 

B1 ). Also, the mutagenic activity of AFM1 and its degrada

tion products in acetone extracts of milk samples from 

cows given whole cottonseed naturally contaminated with 

high levels of aflatoxin, ammoniated cottonseed, pure AFB 1 , 

ammoniated pure AFB1 , and acidified ammoniated AFB1 were 

observed. Salmonella typhimurium TA 98 and TA 100 were 

used because these two strains are effective in the muta

genic assay of aflatoxins. 

Treatment 1 

Table 2 shows the appearance of AFM1 in milk from 

the 3 cows (A, B, C,) fed 20.04-mg AFB1 per day from the 

naturally high aflatoxin-contaminated (5,010 ppb AFB 1 ) whole 

cottonseed (AFWC-1). Analysis of milk samples from the in

dividual cows indicates that under these conditions 5 days 

are necessary to reach the maximum level of AFM1 in milk. 

48 
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Table 2. Aflatoxin M1 concentration in milk samples from 
each cow during Treatment 1a 

Time Aflatoxin M1 Concentration in Milk (lJg/L) during 
Treatment 

(day) Cow A Cow B Cow C 

1 3.49 4.02 2.81 

2 4.07 8.05 5.09 

3 9.4 11. 8 9.2 

4 10.2 14.4 11.1 

5 14.4 18.5 13.7 

6 14.5 20.0 13.8 

7b 14.7 20.5 13.8 

a. Aflatoxin-contaminated whole cottonseed--5,010 
ppb aflatoxin B1 (20.04-mg AFB 1 /cow/day). 

b. Treatment was discontinued at end of Day 7. 
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Immediately after feeding the cows the ration containing 

AFWC-1, the AFM1 in milk began to rise rapidly. The highest 

levels of 14.7-, 20.5-, and 13.8-~g AFM1/L milk for Cows A, 

B, and C, respectively, were reached on Day 7. Initial 

appearance of AFM1 in milk samples occurred on Day 1 of the 

feeding AFWC-1. Concentrations of AFM1 in the milk varied 

between cows, although each was fed an equal level of AFWC-1 

in its ration. Results shown on Table 2 incidate that the 

AFM1 in milk samples from the 3 cows was constant on Days 

5, 6, and 7 after feeding the highly contaminated seed. 

Feeding the AFWC-1 increased the level of AFM1 in the milk 

6 to 41 times more than the action level set by the Food 

and Drug Administration (0.5 ppb) for fluid milk). 

Table 3 shows the disappearance of AFM1 in milk 

after discontinuing the feeding of AFWC-1. Complete recov

ery 'of AFM1 in milk samples occurred after 120 h of with

drawal of AFWC-1 from the ration. This indicates that if 

the lactating cows were fed the AFWC-1 (5,010 ppb) in their 

rations, 120-144 h are required for complete freedom from 

AFM1 in the milk. The disappearance of AFM1 from the milk 

was very rapid during the first 24 h, after which the dis

appearance of AFM1 irom the milk slowed considerably. 

Levels of AFM1 in milk samples from Cows A, B, and 

C with response time during the feeding of the AFWC-1 ration 

and after its withdrawal are shown in Figure 9. 
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Table 3. Disappearance of aflatoxin Ml from milk samples 
after Treatment l a 

Time Aflatoxin Ml Concentration in Milk (llg/ L ) after 
Treatment 

(h) Cow A Cow B Cow C 

Initial 14.7 20.5 13.8 

+ 24 6.02 6.98 5.62 

+ 48 3.41 3.98 3.33 

+ 72 0.80 0.87 0.72 

+ 96 0.12 0.09 0.06 

+120 0.00 b O.OOb O.OOb 

+144 O.OOb O.OOb O.OOb 

a. Aflatoxin-contaminated whole cottonseed--5,010 
ppb aflatoxin B1 (20.04-mg AFBl/cow/day). 

b. Aflatoxin Ml undetected using the analytical 
method with sensitivity of O.OI-llg aflatoxin MIlL milk. 
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Figure 9. Concentration of aflatoxin M1 in milk samples with 
response time during feeding and after withdrawal 
of the ration containing aflatoxin-contaminated 
whole cottonseed (5,010 ppb aflatoxin B
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Table 4 relates the effect of feeding the 3 cows 

the AFWC-1 ration upon total milk production. A daily fluc

tuation in milk production of each of the cows during this 

treatment was observed. The total milk production before 

and after feeding the AFWC-1 ration was measured. Varia

tion between total milk production before and after feeding 

the AFWC-1 as examined by the! test (Snedecor and Cochran, 

1973) showed the decrease in total milk production seen in 

Table 4 to be highly significant (p < 0.01). 

Total feed consumption for the 3 cows before and 

after feeding AFWC-1 is shown in Table 5. Variations in 

daily feed consumption by all 3 cows occurred during the 

trial. A highly significant decrease in the total feed con

sumption after feeding AFWC-1 (p < 0.01) was observed (Table 

5). Both the milk production and the feed consumption were 

significantly decreased by the inclusion of AFWC-1 (20.4-mg 

AFB1 per cow per day) in the ration. 

Table 6 shows the level of AFB1 in each kg of ration 

(~g/kg), the total AFM1 in the milk per day (~g), the con

version ratios (%), and the feed-through ratios during feed

ing the ration containing AFWC-l (20.04-mg AFB 1 /day) for a 

period of 7 days. 

Data on Table 6 indicate that the percentage of 

ingested AFB1 that was converted to AFM1 (conversion ratios) 

varied for each cow. The amount of AFB1 converted to AFM1 
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Table 4. Effect on total milk production of Treatment 1a 

Milk Production (kg/day) 

Day Cow A Cow B Cow C Average 

Before Treatment b 

12.3 15.2 16.2 14.6 

After Treatment 

1 11.5 15.0 16.0 

2 9.32 13.0 15.3 

3 10.9 11.4 12.6 

4 8.86 14.5 14.2 

5 12.0 15.9 13.7 

6 11. 0 13.5 14.1 

7 10.0 15.3 12.4 

8 9.5 13.1 14.0 

9 10.2 13.0 15.0 

Average c 10.4 13.9 14.1 12.8d 

a. Aflatoxin-contaminated whole cottonseed--5,010 
ppb aflatoxin B1 (20.04-mg AFB 1 /cow/day). 

b. Average milk production for 5-day period before 
treatment. 

c. Average milk production for Days 1-9 of treat-
mente 

d. Highly significant (p < 0.01). 
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Table 5. Effect on total feed consumption of Treatment 1a 

Feed Consumption (kg/day) 

Day Cow A Cow B Cow C Average 

Before Treatment b 

21.0 21.2 22.0 21.4 

After Treatment 

1 21.5 22.3 21.9 

2 18.3 20.7 21. 7 

3 17.6 20.0 20.3 

4 17.6 21. 7 21.5 

5 18.6 20.0 20.4 

6 19.9 16.9 19.5 

7 18.3 19.8 21.9 

8 15.7 19.6 20.1 

9 14.0 18.1 20.1 

Average c 17.0 19.9 20.8 19.5d 

a. Aflatoxin-contaminated whole cottonseed--5,010 
ppb aflatoxin B1 (20.04-mg AFB 1 /cow/day). 

b. Average feed consumption for 5-day period 
before treatment. 

c. Average feed consumption for Days 1-9 of treat-
mente 

d. Highly significant (p < 0.01). 



Table 6. Conversion ratio and feed-through ratio during 
feeding the cows aflatoxin-contaminated whole 
cottonseed (5,010 ppb aflatoxin B1 (AFB

1
)) 

(Treatment l)a 

Conversion 
Ratio % Ratio of 
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Day 

Total AFM1 
in Milk/ 
Cow/Day 

( \lg) 

\lg AFB1/ 
kg Total 
Ration 

M1 in Milk/ 
B1 in Feed 

B1 in Feed/ 
M1 in Milkb 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

day. 

p. 72). 

40.1 
37.9 

101. 4 
90.4 

172.8 
159.5 
147.0 

60.3 
104.47 
134.5 
208.8 
204.2 
270.0 
313.7 

44.9 
77.9 

115.92 
157.6 
188.4 
194.6 
171.1 

Cow A 

932.1 
1,095.1 
1,138.6 
1,138.6 
1,077.6 
1,007.0 
1,095.1 

Cow B 

898.7 
968.1 
908.2 
923.5 

1,002.0 
1,185.8 

Cow C 

915.1 
923.5 
987.2 
932.1 
982.4 

1,027.7 
915.1 

0.20 
0.19 
0.50 
0.45 
0.86 
0.80 
0.73 

0.30 
0.53 
0.67 
1.04 
1.35 
1. 35 
1.56 

0.22 
0.39 
0.58 
0.70 
0.94 
0.97 
0.85 

267 
269 
120 
112 

74 
69 
74 

222 
119 

84 
64 
54 
59 
49 

325 
181 
107 

84 
72 
74 
66 

a. Each lactating cow was fed 20.04-mg AFB1 per 

b. Equation from Rodricks and Stoloff (1977, 
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was affected by both the quantity of milk produced and the 

concentration of AFM1 in the milk. The highest conversion 

ratios, which were reached after 5 days of feeding the 

treatment ration, varied from 0.73% to 1.56%. These results 

agree with the results reported by McKinney et al. (1973) 

who fed 4 lactating cows a ration containing aflatoxin

contaminated cottonseed (5.82-mg AFB 1 /day). They found the 

conversion of AFB1 to AFM1 to vary from 0.43% to 1.38% after 

a 72-h period during which maximum conversion of AFB1 to 

AFM1 was reached. Comparison of the results of the present 

study with those of McKinney et al. (1973) suggests that 

the conversion ratios of AFB1 in the ration to AFMl in the 

milk are almost the same even though approximately 4 times 

as much AFB1 was given in this study. This indicates that 

the absorption and metabolism of AFB1 from naturally con

taminated sources is approximately the same regardless of 

the level of AFB 1 in the feed. Data shown in Table 6 indi

cate the feed-through ratio under the condition of this 

treatment was varied from 49-74 after 5 days of the treat

ment, during which the constant excretion of AFM1 in milk 

was reached. 

Treatment 2 

In Treatment 2 ammoniation of the naturally high 

aflatoxin-contaminated whole cottonseed was done by using 

the atmospheric pressure and ambient temperature method of 
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ammoniation (APAT) (Price et al., 1981). It was important 

to determine the efficiency of the ammoniation method in 

reduction of the level of AFB1 in the AFWC. The time period 

required for ammoniation of the aflatoxin-contaminated feed 

has been usually 3 wk. In this treatment, the time period 

for ammoniation was continued for 5 wk because the cotton

seed contained very high concentrations of AFB1 (5,010 ppb). 

After the ammoniation process was concluded, analysis of 

the ammoniated feed indicated the cottonseed still contained 

334 ppb AFB
1

• The most important result obtained in the 

present study is that after the ammoniated feed containing 

334 ppb AFB1 was fed to Cows A, B, and C, the highest level 

of AFM1 reached in the milk was 0.20 ~g/L of milk which was 

below the action level set by the FDA (0.5-~g AFM1/L milk). 

Ammoniation of the AFWC using the APAT method was effective 

in reducing the highest level of AFM1 in milk samples from 

Cows A, B, and C from 14.7-, 10.5-, and 13.8-~g AFM1/L milk 

(Day 7) to .18-, .19-, and .18-~g AFMl/L milk (Day 7), re

spectively (Tables 2 and 7), without decreasing the level of 

AFB1 in the AFWC to the FDA action level of 20-~g AFB 1 /kg 

seed. 

Data relating to the appearance of AFM1 in milk from 

the cows fed rations containing ammoniated aflatoxin

contaminated WC (AAWC) are shown in Table 7. Results shown 

on this table indicate a slight increase in the level of AFM1 
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Table 7. Aflatoxin M1 concentration in milk samples from 
each cow during Treatment 2a 

Time Aflatoxin M1 Concentration in Milk (~g IL) during 
Treatment 

(day) Cow A Cow B Cow C 

1 0.04 0.06 0.04 

2 0.09 0.08 0.08 

3 0.11 0.12 0.12 

4 0.14 0.15 0.16 

5 0.18 0.20 0.18 

6 0.18 0.19 0.18 

7b 0.18 0.19 0.18 

a. Ammoniated aflatoxin-contaminated whole cotton-
seed. 

b. Treatment was discontinued at the end of Day 7. 
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in the milk began as soon as Day 1 after feeding the cows 

rations containing the AAWC. After 7 days the highest level 

(0.20 ~g/L) was reached. This was less than the FDA action 

level for liquid milk. The concentration of AFBl in milk on 

Days 5, 6, and 7 was roughly the same for each lactating cow. 

Table 8 shows the disappearance of AFM1 in milk sam

ples after withdrawal of the ammoniated feed from the ration. 

Withdrawal of the ammoniated feed was replaced with the same 

quantity of AF-free cottonseed on Day 7 of the treatment. 

This table shows that 48 h was sufficient time for complete 

removal of AFM1 from the milk after discontinuance of Treat

ment 2. 

Table 8. Disappearance of aflatoxin Ml from milk samples 
after Treatment 2a 

Time Aflatoxin M1 Concentration in Milk (~g/L) 
after 

Treatment 
(h) Cow A Cow B Cow C 

Initial 0.18 0.19 0.19 

+ 24 0.05 0.06 0.05 

+ 48 O.OOb O.OOb O.Oob 

+ 72 O.OOb O.OOb O.oob 

a. Ammoniated aflatoxin-contaminated whole cotton-
seed. 

a. Aflatoxin M1 undetected using the analytical 
method with sensitivity of O.Ol-~g aflatoxin M1/L milk. 



Figure 10 shows the level of AFM1 in milk samples 

during feeding and after withdrawal of the AAWC. 
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The effect of feeding the 3 lactating cows the AAWC 

on total milk production is presented in Table 9. Ammonia

tion of the AF-contaminated cottonseed, which reduced the 

level of AF in the feed, undoubtedly caused the formation 

of AF degradation products. So, in Treatment 2 interest was 

focused on monitoring the effect of the degraded AF in the 

cottonseed on milk production. Table 9 indicates that the 

total milk production before and after feeding the rations 

containing the ammoniated cottonseed is approximately the 

same (the difference was 0.06 kg, which was not significant). 

Therefore, feeding ammoniated cottonseed to lactating cows 

which contained degraded AF caused no reduction in milk 

production. 

Table 10 shows the effect of feeding Cows A, B, and 

C the ammoniated seed on total daily feed consumption which 

was monitored daily for the individual cows before and 

after treatment. Results shown on Table 10 indicate that 

the difference between the total feed consumption before 

and after feeding the cows (0.5 kg) was not significant 

(p < 0.05). This indicates that feeding the lactating cows 

a high quantity (4 kg) of AAWC did not change their appe

tite. Also, it could be concluded that the degraded AF due 

to the ammoniation process did not affect feed consumption. 
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Figure 10. concentration of aflatoxin Ml in milk samples 
with response time during feeding and after with
drawal of the ammoniated alflatoxin-contaminated 
whole cottonseed 
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Table 9. Effect on total milk production of Treatment 2a 

Milk Production (kg/day) 

Day Cow A Cow B Cow C Average 

Before Treatment b 

13.4 15.1 16.2 14.9 

After Treatment 

1 14.1 15.2 18.2 

2 13.4 15.2 17.8 

3 14.0 13.8 16.4 

4 12.6 15.7 14.8 

5 13.6 15.8 13.6 

6 13.8 14.5 16.7 

7 12.3 14.2 17.0 

8 13.7 15.7 15.4 

9 13.4 14.7 14.5 

Average c 13.4 15.0 16.04 14.84d 

a. Ammoniated aflatoxin-contaminated whole cotton-
seed. 

b. Average milk production for 5-day period before 
treatment. 

c. Average milk production for Days 1-9 of treat-
ment. 

d. Not significant. 
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Table 10. Effect on total feed consumption of Treatment 2a 

Feed Consumption (kg/day) 

Day Cow A Cow B Cow C Average 

Before Treatment b 

20.0 22.1 22.3 21. 5 

After Treatment 

1 20.3 22.4 22.3 

2 23.1 20.9 22.8 

3 21. 8 19.6 22.2 

4 22.3 21.1 18.4 

5 19.8 21.1 22.0 

6 19.3 21.1 21.5 

7 18.7 20.8 21.5 

8 18.7 20.8 21. 7 

9 19.2 21. 0 21.1 

Average c 20.4 21. 0 21.6 21. Od 

a. Ammoniated aflatoxin-contaminated whole cotton-
seed. 

b. , Average feed consumption for 5-day period 
before treatment. 

c. Average feed consumption for Days 1-9 of treat-
ment. 

d. Not significant. 
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Results presented in Table 11 show the total AFM1 

in the milk (~g/day), concentrations of AFB
1

/kg ration, con

version ratios, and the ratios of B1 in feed/M 1 in milk for 

the 3 cows under the conditions of this treatment. 

Analysis of the ammoniated cottonseed after 5 wk 

indicates that the seed still contained about 336-~g AFB
1

/kg 

cottonseed. Results suggest that the value of the conver

sion ratio of AFB1 to AFM1 is slightly affected by the quan

tity of milk produced. 

Data on Table 11 indicate that after 96 h of feeding 

AAWC, during which maximum levels of AFM1 in the milk were 

reached, the conversion of ingested AFB1 to AFMl varied from 

0.17% to 0.25%. This means conversion ratios were very low 

when cows were fed rations containing AAWC. The possible 

explanation for this is·that ammoniated cottonseed is more 

susceptible for degradation in the rumen and omasum than 

the nonammoniated seed. This possible explanation was sug

gested according to the study done by Engel and Hagemeister 

(1978) who reported 40% of the AF was degraded in vitro by 

rumen fluid. These results indicate that the percentage 

of ingested AFB1 converted to AFM1 while feeding rations 

containing AAWC are about 5 to 6.2 times less than the per

centage of the ingested AFB1 converted to AFM1 during feed

ing of the nonammoniated AF-contaminated cottonseed. Also, 



Table 11. Conversion ratio and feed-through ratio during 
feeding the cows the ammoniated aflatoxin
contaminated whole cottonseed (Treatment 2)a 

Conversion 
Ratio % Ratio of 
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Day 

Total AFM1 
in Milk/ 
Cow/Day 

(ll g) 

llg AFB1/ 
kg Total 
Ration 

M1 in Milk/ 
B1 in Feed 

B1 in Feed/ 
M1 in Milkb 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

0.54 
1. 21 
1. 54 
1. 76 
2.45 
2.48 
2.21 

0.91 
1. 22 
1. 66 
2.36 
3.16 
2.76 
2.70 

0.73 
1. 42 
1. 97 
2.37 
2.45 
3.01 
3.06 

Cow A 

65.8 
57.8 
61.3 
59.9 
67.5 
69.2 
71. 4 

59.6 
63.9 
68.2 
63.1 
63.3 
63.3 
64.2 

59.9 
58.6 
60.2 
72.6 
72.6 
62.1 
62.1 

Cow B 

Cow C 

0.04 
0.09 
0.12 
0.13 
0.18 
0.19 
0.17 

0.07 
0.09 
0.12 
0.18 
0.25 
0.21 
0.20 

0.05 
0.11 
0.15 
0.18 
0.18 
0.23 
0.23 

1,645 
642 
557 
427 
375 
384 
396 

993 
798 
568 
420 
316 
333 
337 

1,497 
732 
501 
453 
337 
345 
345 

a. Each lactating cow was given rations containing 
4-kg ammoniated cottonseed which still contained 334-119 
af~atoxin B1 per kg of cottonseed after 5 weeks of ammoni
at1.on. 

b. Equation from Rodricks and Stoloff (1977, 
p. 72). 



data on Table 11 indicate that the feed conversion ratio 

after 4 days of treatment varied from 316-396. 
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Figure 11 shows the effect of feeding the 3 cows the 

nonammoniated AF-contaminated whole cottonseed (20.04-mg 

AFB
1

/Qay) vs. the ammoniated AF-contaminated cottonseed on 

the AFM1 content in the milk. Data indicate that on Day 7 

of feeding both nonammoniated and ammoniated seed, the 

ammoniation process reduced the AFM1 in milk from 16.3- to 

O.18-~g AFM1/L in milk, which was less than the FDA action 

level (O.5-~g AFM1/L milk). According to these results, 

the ammoniation process used in this study caused a 99% 

reaction in the AFM1 level in milk. 

Treatment 3 

Table 12 shows the appearance of AFM1 in milk from 

the 3 lactating cows (AI' B1 , C1 ) during administration of 

pure AFB1 (4.4 mg per cow per day). The maximum level of 

AFM1 in milk of individual cows was reached after a 5-day 

period of giving the AFB
1

• One day after giving the cows 

the AFB
1

, AFM1 began to appear in the milk and reached its 

highest level (6.47-~g AFM1/L milk for Cow C1 ) in the milk. 

Administration of the AFB1 (Day 6) increased the level of 

AFM1 in the milk at a rate of 1.5 to 13 times more than the 

FDA action level for fluid milk. Data shown on this table 

indicate that on Days 5, 6, and 7 the AFM1 content in milk 
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Figure 11. Effect of feeding the lactating cows ammoniated 
aflatoxin-contaminated whole cottonseed on reduc
tion of aflatoxin M1 content in milk 

a. Each point represents an average for the 3 cows. 
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Table 12. Aflatoxin M1 concentration in milk samples from 
each cow during Treatment 3a 

Time Aflatoxin M1 Concentration in Milk (lig/L) during 
Treatment 

(day) Cow A1 Cow B 1 Cow C1 

1 0.753 1. 36 2.11 

2 1. 40 2.11 3.00 

3 1. 81 2.56 4.17 

4 2.08 2.87 4.66 

5 2.33 3.75 5.63 

6 2.64 4.08 6.47 

7b 2.62 4.17 6.40 

a. Pure aflatoxin B1 (4.4 mg/cow/day). 

b. Treatment discontinued at the end of Day 7. 
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was approximately constant for all 3 cows. These results are 

approximately the same as those obtained by Applebaum et ale 

(1982b) when they administered AFB1 to 10 lactating cows for 

7 days. Six of the cows were given 13-mg pure AFB1 and 3 re

ceived 13-mg impure AFB 1 , and 1 was given 25-mg pure AFB 1 • 

They found that the level of AFM1 in the milk reached its 

maximum level between Day 5 and Day 7 of the treatment. 

Data shown on Table 13 indicate that 96 h was neces-

sary for complete disappearance of AFM1 from milk after dis

continuance of administration of pure AFB1 for lactating 

Cows A
1

, B
1

, and C
1

. These results also agree with results 

Table 13. Disappearance of aflatoxin M1 from milk samples 
after Treatment 3a 

Time 
after 

Treatment 
(h) 

Initial 

+ 24 

+ 48 

+ 72 

+ 96 

a. Pure 

Aflatoxin M1 

Cow A1 

2.62 

0.892 

0.115 

0.047 

O.OOb 

aflatoxin B1 · 

Concentration in Milk (llg/ L ) 

Cow B1 Cow C1 

4.17 6.4 

1. 08 1. 34 

0.16 0.243 

0.555 0.090 

O.OOb O.OOb 

b. Aflatoxin M1 undetected using the analytical 
method with sensitivity of O.l-~g aflatoxin M1/L milk in 
all samples 96 and 120 h after treatment. 
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reported by Applebaum et ale (1982b) that showed that complete 

disappearance of AFM1 from the milk occurred no later than 

Day 3 or Day 4 post treatment. Results in the present study 

indicate AFM1 content in the milk from the 3 cows 48 h after 

cessation of the pure AFB1 was less than the action level 

set by the FDA (Table 13). If the lactating cows were given 

pure AFB1 (4.4 mg/day), 96 h was required for complete dis

appearance of AFM1 in the milk, while 48 h was required for 

reduction of the AFM1 to less than the FDA action level. 

The disappearance of AFM1 from milk was very rapid during 

the first 24 h (67%-80%) while it was slow during the last 

48 h. 

The AFM1 content in milk samples from Cows A1 , B1 , 

and C1 response with times during feeding the pure AFB1 and 

after withdrawal of the pure AFB1 is illustrated in Figure 

12. 

Table 14 shows the effect on total milk production 

after administering the AFB1 solution. A fluctuation in 

daily milk production occurred during this treatment. 

Results presented in Table 14 indicate the difference in 

total milk production during and after administration of 

the pure AFB1 in capsules was small. Differences between 

total milk production before and after treatment were not 

significant. 
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Table 14. Effect on total milk production of Treatment 3a 

Milk Production (kg/day) 

Day Cow Al Cow Bl Cow Cl Average 

Before Treatmentb 

5.75 10.6 16.0 10.8 

After Treatment 

1 4.20 7.73 13.2 

2 4.66 10.1 14.5 

3 4.66 9.66 14.2 

4 3.86 10.1 14.2 

5 3.97 9.43 14.1 

6 4.77 10.0 16.7 

7 4.89 8.52 13.1 

8 5.34 9.56 15.0 

9 5.0 10.2 15.1 

Average c 4.59 9.48 14.8 9.62d 

a. Pure aflatoxin B1 (4.4-mg AFB1 /cow/day). 

b. Average milk production for 5-day period before 
treatment. 

c. Average milk production for Days 1-9 of treat-
ment. 

d. Not significant. 
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Data on total feed consumption for the 3 cows before 

and during administration of the AFB1 (4.4 mg per day per 

cow) are shown in Table 15. The difference in total feed 

consumption before and during treatment was 1.8 kg. The 

t test for significance indicated a significant decrease 

(p < 0.05) in feed consumption due to the treatment. 

Table 16 shows the AFM1 content per kg of the 

ration, the total AFM1 in the milk, the conversion ratios, 

and the ratios of B1 in feed/M 1 in milk during administra

tion of the pure AFB1 (4.4-mg AFB 1 /cow/day) for the 3 lac

tating cows. The conversion ratios after 4 days of giving 

the pure AFB 1 , during which maximum AFM1 content in milk 

was reached, varied from 0.21% to 2.5%. After 5 days of 

administering the aflatoxin, during which maximum levels of 

AFM1 in the milk were reached, the feed-through ratios for 

all 3 cows varied from 43-108 (Table 16). 

Comparison of the conversion ratios during which 

the cows received a daily dose of 4.4-mg AFB1 (0.29%-2.5%) 

with the conversion ratio during which the cows received 

the AF-contaminated whole cottonseed (20-mg AFB 1 /day, 

0.73%-1.56%) indicated the average conversion ratio was 

significantly higher for the cows who received the pure 

AFB 1 · 
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Table 15. Effect on total feed consumption of Treatment 3a 

Feed Consumption (kg/day) 

Day Cow A1 Cm" B1 Cow C1 Average 

Before Treatment b 

17.5 17.1 17.4 17.3 

After Treatment 

1 16.3 16.8 16.3 

2 15.3 15.8 14.4 

3 13.0 14.6 16.8 

4 13.0 15.2 16.8 

5 15.0 15.3 16.8 

6 15.3 15.3 15.7 

7 15.4 15.0 15.4 

8 15.8 15.7 16.1 

9 15.9 16.0 15.9 

AverageC 15.0 15.5 16.0 15.5d 

a. Pure aflatoxin B1 (4.4-mg AFB 1 /cow/day). 

b. Average feed consumption for 5-day period 
before treatment. 

c. Average feed consumption for Days 1-9 of 
treatment. 

d. Significant (p < 0.05). 
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Treatment 4 

In this treatment, 1.1 ml of the ammoniated AF solu

tion was added to each capsule and administered orally to 

the lactating cows. The purpose of this treatment was to 

compare the effect of feeding the lactating cows equal quan

tities of the pure AFB1 (Treatment 3) or ammoniated AFB1 

(Treatment 4) on the level of AFM1 in milk. Feed consump

tion and milk production after administration of ammoniated 

pure AFB1 were also determined. 

The appearance of AFMl in milk from Cows A, B, and C 

given the ammoniated pure AFBl (AAB 1 ) is shown in Table 17. 

AFMl appears in milk 1 day after commencement of treatment 

with the ammoniated AFB 1 • The highest level of AFMl in the 

milk, reached after 6 days of treatment, was 0.5-, 0.48-, 

and 0.48-~g AFMl/L milk for Cows A, B, and C, respectively. 

These results indicate that the ammonia was effective in 

reducing the AFMl concentration in the milk. Aflatoxin Ml 

content in the milk samples from the 3 cows was approximately 

constant between Day 5 to Day 7 of the treatment. 

Table 18 shows the disappearance of AFMl from milk 

samples after ceasing the administration of AAB l . Using the 

analytical method with a sensitivity of O.Ol-~g AFMl/L milk, 

it was shown that the time period required for complete 

freedom of AFMl in the milk samples was 72 h after cessa

tion of Treatment 4. 
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Table 16. Conversion ratio and feed-through ratio during 
feeding the cows the pure aflatoxin B1 rationa 

Day 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

Total AFM1 
in Milk/ 
Cow/Day 

(llg) 

3.16 
6.52 
8.43 
8.03 
9.25 

12.6 
12.8 

10.5 
21.3 
24.7 
30.0 
35.4 
40.8 
35.5 

27.9 
43.5 
54.2 
67.1 
96.3 

198.5 
83.8 

llg AFB]/ 
kg Total 
Ration 

Cow A 1 

269.9 
287.6 
338.5 
338.5 
293.3 
287.6 
285.7 

Cow B1 

261. 9 
278.5 
301. 4 
289.5 
287.8 
287.6 
293.3 

Cow C 1 

269.9 
395.6 
261. 9 
261. 9 
261. 9 
280.3 
285.7 

Conversion 
Ratio % 
M1 in Milkl 
B1 in Feed 

0.07 
0.15 
0.19 
0.18 
0.21 
0.29 
0.29 

0.24 
0.48 
0.56 
0.68 
0.80 
0.92 
0.81 

0.63 
0.99 
1. 34 
1. 53 
2.19 
2.50 
1. 90 

Ratio of 
B1 ~n Feedl 
M1 ln Milk b 

400 
204 
188 
140 
125 
108 
108 

192 
131 
117 
101 

76 
71 

70 

128 
102 

62 
56 
46 
43 
44 

a. The daily total pure aflatoxin B1 given to each 
cow was 4.4 mg. 

b. Equation from Rodricks and Stoloff (1977, 
p. 72). 
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Table 17. Aflatoxin M1 concentration in milk samples from 
each cow during Treatment 4a 

Time Aflatoxin M1 Concentration in Milk (J.Ig/L) during 
Treatment 

(day) Cow A Cow B Cow C 

1 0.14 0.12 0.12 

2 0.28 0.25 0.29 

3 0.36 0.31 0.33 

4 0.44 0.41 0.42 

5 0.49 0.47 0.47 

6 0.50 0.48 0.48 

7b 0.50 0.48 0.47 

a. Ammoniated pure aflatoxin B1 . 

b. Treatment discontinued at the end of Day 7. 
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Table 18. Disappearance of aflatoxin M1 from milk samples 
after Treatment 4a 

Time 
after 

Treatment 
(h) 

Initial 

+ 24 

+ 48. 

+ 72 

+ 96 

a. 

Aflatoxin 

Cow A 

0.50 

0.15 

0.05 

O.OOb 

O.OOb 

Ammoniated pure 

M1 Concentration in Milk (~g/L) 

Cow B Cow C 

0.48 0.47 

0.12 0.12 

0.04 0.04 

O.OOb O.OOb 

O.OOb O.Oob 

aflatoxin B1 . 

b. Aflatoxin M1 undetected using the analytical 
method with sensitivity of O.Ol-~g aflatoxin MIlL milk in 
all samples 72 and 96 h after treatment. 

Data illustrated in Figure 13 relate the level of 

AFM1 in milk samples to time of administration and after 

cessation of administration of the AAB
1

• 

Results relating the effect on total milk production 

of the 3 lactating cows (Ar B, C) while receiving the AAB1 

treatment are shown in Table 19. 

These results indicate a significant difference (p 

(p < 0.05) between total milk production before and after 

administration of the AAB 1 . Giving the lactating cows 4.4 

mg of the AAB1 per cow per day significantly decreased the 

total milk production under the conditions of this treatment. 
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Figure 13. Concentration of aflatoxin M1 in milk samples with 
response time during administration and after 
withdrawal of the ammoniated pure aflatoxin B1 
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Table 19. Effect on total milk production of Treatment 4a 

Milk Production (kg/day) 

Day Cow A Cow B Cow C Average 

Before Treatment a 

13.5 15.0 15.5 14.6 

After Treatment 

1 13.4 15.8 14.8 

2 11. 8 12.0 15.5 

3 10.5 12.1 15.2 

4 11.8 13.64 16.6 

5 10.9 12.7 16.7 

6 12.2 12.1 16.0 

7 9.5 11.8 16.1 

8 9.8 12.04 16.3 

9 10.2 11.1 18.8 

Average c 11.12 12.3 16.2 13.3d 

day) . 
a. Ammoniated pure aflatoxin B1 (4.4-mg AFB 1 /COW/ 

b. Average milk production for 5-day period before 
treatment. 

c. Average milk production for Days 1-9 of treat-
ment. 

d. Significant (p < 0.05). 
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Table 20 shows the effect of the ammoniated AFB1 on 

total feed consumption. The daily total feed consumption 

was monitored before and after giving the AAB1 for each 

cow. The difference (0.81 kg) between the total feed con

sumption before and after treatment was not significant. 

Figure 14 shows the effect of feeding the cows the 

ammoniated AFB1 vs. the same quantity of nonammoniated pure 

AFB1 (4.4 mg/day) on the AFM1 content in the milk. Accord

ing to these results, ammoniation of the AFB1 which was fed 

caused a reduction of AFM1 in the milk from an average of 

4.4 to 0.45 ~g/L. Feeding the lactating cows the AAB1 

caused a reduction of 89% in the AFM1 level in the milk 

samples. 

Treatment 5 

In this treatment attempts were made to determine 

the effect of acidifying the ammoniated AFB1 and giving it 

to lactating cows on the AFM1 levels in the milk, feed con

sumption, and milk production. 

Table 21 shows the appearance of AFM1 in milk from 

all 3 cows while receiving the acidified ammoniated AFB1 

(AAAB
1

). The maximum AFM1 level was reached between Day 5 

and Day 7 of the treatment. In comparing the concentration 

of AFM1 in milk in this treatment with the concentration of 

AFM1 in milk when the cows were given the ammoniated AFB1 
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Table 20. Effect on total feed consumption of Treatment 4a 

Feed Consumption (kg/day) 

Day Cow A Cow B Cow C Average 

Before Treatment b 

19.4 21.4 21.6 20.71 

After Treatment 

1 19.6 22.4 22.2 

2 20.4 22.4 22.5 

3 18.9 22.5 22.0 

4 20.1 22.5 21.8 

5 18.8 21. 6 21.8 

6 13.4 19.2 19.3 

7 16.3 20.8 19.2 

8 15.0 20.1 19.9 

9 17.5 20.2 20.1 

Average c 17.8 21. 2 20.9 19.9d 

a. Ammoniated pure aflatoxin B1 (4.4 mg/cow/day). 

b. Average feed consumption for 5-day period 
before treatment. 

c. Average feed consumption for Days 1-9 of treat-
mente 

d. Not significant. 
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Figure 14. Effect of giving the lactating cows ammoniated 
pure aflatoxin B1 on aflatoxin M1 content in milk 

a. Each point represents an average for the 3 cows. 



Table 21. 

Time 
during 

Treatment 
(day) 

1 

2 

3 

4 

5 

85 

Aflatoxin M1 concentration in milk samples from 
each cow during Treatment 5a 

Aflatoxin M1 Concentration in Milk (pg/L) 

Cow A Cow B Cow C 

0.38 0.31 0.32 

0.85 0.57 0.52 

1.08 0.01 0.78 

1. 64 1. 32 1. 26 

1. 75 1. 55 1. 55 

1. 87 1. 60 1. 56 

1. 89 1. 60 1. 56 

a. Acidified ammoniated pure aflatoxin B1 . 

b. Treatment was discontinued at the end of Day 7. 
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(Table 17), it is concluded that acidification caused a sig

nificant increase in the level of AFMl in milk to above the 

FDA action level of 0.5-~g AFMl/L milk (Table 21). 

Data shown on Table 22 relate to the disappearance 

of AFMl from milk from the 3 lactating cows after discontinu

ance of AAAB
I

. Under these conditions, 96 h was required 

for reaching the point where no AFMl could be detected in 

milk samples. Within 24 h after cessation of the treatment, 

the level of AFMl became less than the FDA action level of 

0.5-~g AFMl/L milk. 

Data illustrated in Figure 15 relate to the level of 

AFMl in milk samples in response to time during administra

tion and after discontinuance of AAAB I . 

Table 23 gives data on the effect of AAABI on the 

total milk production of the 3 cows. Results presented in 

this table indicate that the difference between the total 

milk production before and after treatment was very small 

(0.3 kg). This difference was nonsignificant. It could be 

concluded that giving the cows acidified AFBI had no effect 

on the total milk production. 

Data showing the effect of giving the cows AAABI on 

total feed consumption is shown in Table 24. Total feed 

consumption before and after administration of the AAABI was 

approximately the same. This result indicates that giving the 

cows AAABI caused no change in total fe~d consumption. 



Table 22. 

Time 
after 

Treatment 
(h) 

Initial 

+ 24 

+ 48 

+ 72 

+ 96 

+120 

87 

Disappearance of aflatoxin M1 from milk samples 
after Treatment Sa 

Aflatoxin M1 Concentration in Milk (~g/L) 

Cow A 

1.90 

0.29 

0.17 

0.08 

O.OOb 

O.OOb 

Cow B 

1. 60 

0.26 

0.16 

0.06 

O.OOb 

O.OOb 

Cow C 

1. 54 

0.26 

0.16 

0.06 

O.OOb 

O.OOb 

a. Acidified ammoniated pure aflatoxin B1 . 

b. Aflatoxin M1 undetected using the analytical 
method with sensitivity of O.Ol-~g aflatoxin M11L milk in 
all samples 96 and 120 h after treatment. 
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Table 23. Effect on total milk production of Treatment 5a 

Milk Production (kg/day) 

Day Cow A Cow B Cow C Average 

Before Treatmenta 

10.5 14.3 16.6 13.8 

After Treatment 

1 10.5 11.0 17.4 

2 12.0 12.3 15.0 

3 11.0 15.2 16.8 

4 10.9 13.4 18.4 

5 9.4 13.3 16.7 

6 7.1 15.5 13.8 

7 10.1 12.5 15.2 

8 10.5 17.5 16.8 

9 9.0 15.5 16.8 

Average c 10.1 14.2 16.32 13.5d 

a. Acidified ammoniated pure aflatoxin B1 . 

b. Average milk production for 5-day period before 
treatment. 

c. Average milk production for Days 1-9 of treat-
mente 

d. Not significant. 
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Table 24. Effect on tota 1 feed consumption of Treatment 5a 

Feed Consumption (kg/day) 

Day Cow A Cow B Cow C Average 

Before Treatmentb 

19.4 21.4 21.6 20.71 

After Treatment 

1 21.1 21. 71 22.5 

2 19.6 21. 6 22.5 

3 21.3 22.04 20.8 

4 20.63 23.0 22.4 

5 16.54 21. 7 21.3 

6 19.0 20.6 20.4 

7 21. 7 22.12 22.4 

8 17.95 20.8 21.9 

9 29.8 20.7 21.4 

Average c 19.9 21.0 21.5 20.9 d 

a. Acidified ammoniated pure aflatoxin B1 . 

b. Average feed consumption for 5-day period 
before treatment. 

c. Average feed consumption for Days 1-9 of treat-
ment. 

d. Not significant. 
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Results illustrated in Figure 16 show the concentra

tion of AFM1 in milk when the cows were given AFB
1

, ammoniated 

AFB
1

, and acidified ammoniated AFB 1 • The data indicate that 

treating the AFB1 with ammonia lowered the level of AFM1 in 

milk to below the FDA action level of 0.5-~g AFM1/L milk; how

ever, acidification of the ammoniated AFB 1 , which was given 

to the same cows, raised the level of AFM1 back to a level 

above the FDA action level. These levels were, however, only 

a fraction of the original levels when the cows were fed 

AFB1 with no treatment. This increase occurred after 7 days 

of treatment during which maximum concentration of AFM1 in 

the milk was reached (approximately 3 times above the FDA 

action level of 0.5-~g AFM1/L milk). This result means that 

acidification of the ammoniated AFB1 closed some of the open 

lactone rings which caused an increase in the percentage of 

ingested AFB1 that was converted to AFM1 in milk. Also, 

data shown on this table indicate that feeding AAAB1 to the 

cows caused a recovery of about 40% of the original AFM1 

level in the milk on Day 7 of the treatment during which 

maximum AFM1 content in milk was reached. This result is 

in agreement with those of Beaudry (1982) who allowed 1.1-

mg crystalline AFB1 to react with 10 ml of a 50% NH 40H solu

tion under aerobic conditions with stirring at room tempera

ture. After 3 days, a 1-ml aliquot was taken from the 

stirred sample and adjusted to pH 7 with a 0.1 N acetic acid 
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Effect of giving the lactating cows pure ammoniated 
aflatoxin B1 and acidified ammoniated aflatoxin B1 
on aflatoxin M1 content in milk 

Each point represents an average for the 3 cows. 
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solution and analyzed using HPLC. The results of this anal-

ysis show the conversion of the reaction product back to 

AFB
1

• Analysis of a O.5-ml aliquot of a 9-day unstirred 

sample acidified to final pH of 5 showed a complete recon-

version to AFB 1 • It also seems to indicate that the open 

lactone form of AFB1 is much more susceptible to metabolic 

breakdown, possibly by the rumen microorganisms, than is 

the closed-ring form. This may illustrate one of the rea-

sons that ammoniation of AF-contaminated feeds for ruminants 

has been so successful. 

Treatment 6 

Table 25 shows the appearance of AFM1 in milk from 

the second group of cows (A 1 , B1 , C
1

) during the feeding of 

the ration containing AF-contaminated WC (5,511 ppb AFB l ) 

(AFWC-2). The highest levels of AFM1 were 8.25%, 15.59%, 

and 27.74% ~g AFM1/L milk (Fig. 17) for cows A1 , B1 , and C1 , 

respectively. Treatment increased the level of AFM1 in the 

milk 4 to 55 times more than the FDA action level. 

Data shown on Table 26 show the disappearance of 

AFM. from milk after discontinuing the feeding of AFWC-2. 
~ 

Complete disappearance of AFM1 from milk samples occurred 

120 h after withdrawal of the AFWC-2 from the ration. The 

disappearance of AFM1 from milk samples from Cows A1 , B1 , 

and C
1 

was very rapid during the first 24 h (63%, 58%, and 

69% for Cows Al , B
1

, and C1 , respectively. 
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Table 25. Aflatoxin M1 concentration in milk samples from 
each cow during Treatment 6a 

Time Aflatoxin M1 Concentration in Milk (~g/L) during 
Treatment 

(day) Cow C1 

1 5.7 

2 10.4 

3 12.5 

4 16.10 

5 19.17 

6 27.74 

7b 25.47 

a. Aflatoxin-contaminated whole cottonseed--5,511 
aflatoxin B1 (22.04-mg AFB 1 /cow/day). 

b. Treatment discontinued at the end of Day 7. 
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Figure 17. High pressure liquid chromatogram of aflatoxin M1 in milk 
from cows fed aflatoxin-contaminated cottonseed (22.04-mg AFB

1
/cow/day), Day 6 
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Table 26. Disappearance of aflatoxin M1 from milk samples 
after Treatment 6a 

Time Aflatoxin M1 Concentration in Milk (llg/L) after 
Treatment 

(h) Cow A1 Cow B1 Cow C1 

Initial 8.52 15.6 25.47 

+ 24 3.12 6.6 7.9 

+ 48 0.98 3.13 2.32 

+ 72 0.09 0.65 0.56 

+ 96 O.OOb 0.05 0.04 

+120 O.OOb O.OOb O.OOb 

+144 O.OOb O.Oob O.OOb 

a. Aflatoxin-contaminated whole cottonseed--5,511 
ppb aflatoxin B1 (22.04-mg AFB 1 /cow/day). 

b. Aflatoxin M1 undetected using the analytical 
method with sensitivity of O.Ol-11g aflatoxin M1/L milk in 
all samples 120 and 144 h after treatment. 
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The levels of AFM1 in milk samples from Cows AI' B1 , 

and C1 with response time during feeding and after withdrawal 

of the AFWC-2 ration are shown in Figure 18. 

Results relating to the effect of feeding the 3 cows 

AFWC-2 on total milk production are presented in Table 27. 

Variation in the daily milk production occurred in all 3 

cows during this treatment. The difference between the cows 

during this treatment. The difference between the total 

milk production before and after feeding the ration of AFWC-2 

showed a highly significant decrease (p< 0.01) in milk pro

duction. This result agrees with the result obtained in 

Treatment 1 which indicates that a different group of cows 

on essentially the same ration also suffered a highly sig

nificant decrease in milk production during Treatment 6. 

Results obtained also indicate that there is a 

highly significant decrease in total feed consumption due 

to feeding the cows AFWC-2 (Table 28). This result agrees 

with the result obtained in Treatment 1 during which dif

ferent cows were given a similar ration. 

Results presented in Table 29 show the total AFM1 

in the milk per day, concentration of AFB1 ration, conver

sion ratios, and ratios of AFB1 in feed/AFM 1 in milk while 

feeding the ration of AFWC-2 (22.04-mg AFB1 /cow/day) for 

a period of 7 days. After 5 days of feeding the AFWC-2 

ration, during which maximum levels of AFM1 in the milk 

were reached, the conversion of ingested AFB1 to AFM1 in 
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Figure 18. Concentration of aflatoxin M1 in milk samples from 
Cows AI' Bl , and Cl with response time during and 
after feeding the ration containing aflatoxin
contaminated whole cottonseed (5,511 ppb AFB 1 ) 



99 

Table 27. Effect on total milk production of Treatment 6a 

Milk Production (kg/day) 

Day Cow A1 Cow B1 Cow C1 
Average 

Before Treatmentb 

8.08 12.86 17.54 12.83 

After Treatment 

1 6.5 10.8 12.3 

2 8.0 10.7 15.0 

3 7.5 10.0 14.9 

4 7.2 11.3 17.0 

5 7.1 11. 3 15.8 

6 8.5 10.7 15.5 

7 6.3 10.1 15.5 

8 6.3 10.0 15.1 

9 6.6 10.8 16.8 

Average c 6.88 10.6 15.3 10.90b 

a. Aflatoxin-contaminated whole cottonseed--5,511 
ppb aflatoxin B1 (22.04-mg AFB 1 /cow/day). 

b. Average milk production for 5-day period before 
treatment. 

c. Average milk production for Days 1-9 of treat-
ment. 

d. Highly significant (p < 0.01). 
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Table 28. Effect on total feed consumption of Treatment 6a 

Feed Consumption (kg/day) 

Day Cow A1 Cow B1 Cow C1 Average 

Before Treatment b 

lS.22 lS.ll 17.4 lS.88 

After Treatment 

1 14.3 14.1 16.8 

2 13.9 14.1 16.8 

3 14.1 14.0 16.8 

4 13.7 13.1 16.2 

S 13.S 13.1 lS.9 

6 12.S 12.S 14.9 

7 12.0 11. 8 11.2 

8 13.2 13.6 13.3 

9 12.7 12.3 14.3 

Average c 13.3 13.2 lS.l 17.88d 

a. Aflatoxin-contaminated whole cottonseed--S,Sll 
ppb aflatoxin B1 (22.04-mg AFB 1 /cow/day). 

b. Average feed consumption for S-day period 
before treatment. 

c. Average feed consumption for Days 1-9 of treat-
ment. 

d. Highly significant (p < 0.01). 



Table 29. Conversion ratio and feed-through ratio during 
feeding the cows aflatoxin-contaminated whole 
cottonseed (5,511 ppb aflatoxin B1 (AFB

1
)) 

(Treatment 6)a 

Conversion 
Ratio % Ratio of 
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Day 

Total AFM1 
in Milk/ 
Cow/Day 

(llg) 

llg AFB,/ 
kg Total 
Ration 

M1 in Milk/ 
B1 in Feed 

B1 i, n Feed/ 
Ml.' 1 k b M1 l.n 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

day. 

p.72). 

27.3 
40.0 
53.9 
54.0 
56.1 
55.4 
53.7 

55.8 
71.6 
82.4 

114.8 
172.2 
166.8 
157.6 

70.1 
15.6 

186.2 
274.7 
302.9 
419.9 
394.8 

Cow A1 

1,541.5 
1,585.9 
1,559.0 
1,609.1 
1,632.9 
1,763.5 
1,837.0 

Cow B 1 

1,563.4 
1,563.4 
1,574.6 
1,682.7 
1,682.7 
1,763.5 
1,868.1 

Cow C
1 

1,312.1 
1,312.1 
1,312.1 
1,360.7 
1,386.4 
1,479.5 
1,868.1 

0.12 
0.18 
0.24 
0.24 
0.25 
0.25 
0.24 

0.26 
0.32 
0.37 
0.52 
0.78 
0.76 
0.71 

0.31 
0.71 
0.85 
1. 25 
1. 37 
1. 95 
1. 79 

367 
312 
217 
212 
208 
208 
217 

297 
238 
192 
166 
108 
113 
119 

230 
126 
105 

84 
72 
53 
73 

a. Each lactating cow was fed 22.04-mg AFB1 per 

b. Equation from Rodricks and Stoloff (1977, 
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milk varied from 0.25% to 1.95%. This result approxi-

mately agrees with the result obtained in Treatment 1 dur-

ing which the highest conversion ratio, reached after 5 

days of treatment (20.04 mg per cow per day), varied from 

0.85% to 1.57%. Data in Table 29 also indicate that the 

feed-through ratios under the condition of this treatment 

varied from 53-217 during which the steady state of AFM1 

excretion in milk was reached. 

Salmonella/mammalian-microsome 
Mutagenic Test (Ames Test) 

In this study, the mutagenic activity of AFM1 and 

its degradation production in milk samples from cows given 

aflatoxin-contaminated whole cottonseed, ammoniated cotton-

seed, pure AFB 1 , ammoniated pure AFB
1

, and acidified ammoni

ated AFB1 were observed. Salmonella typhimurium TA 98 and 

TA 100 were used because these two strains are most effec-

tive in accessing the mutagenic assay of aflatoxins (Ames 

etal.,1975). 

Data on Table 30 show the means of the number of 

revertants/plate inmilk samples obtained from cows given 

aflatoxin-contaminated cottonseed and ammoniated ccttonseed. 

No significant difference in mutagenic activity was seen 

between the two treatments (p < 0.05) as measured by strain 
I 

TA 100. 
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Table 30. Mutagenic activity of milk obtained from cows 
given rations containing naturally high 
aflatoxin-contaminated cottonseed and ammoniated 
cottonseed 

Strain Strain 
Cow TA 100a TA 98 a 

Cows Given Contaminated b c Cottonseed ' 

A 461 238 

B 353 241 

C 403 234 

Cows Given Ammoniated Cottonseed c 

A 353 d 

B 266 d 

C 336 d 

a. Mutagenic activity is expressed in the means 
of numbers of revertant colonies per plate. 

b. Each cow was given a ration containing 4 kg 
naturally high aflatoxin-contamined whole cottonseed per 
day which contained 5,010 ppb aflatoxin B1 . 

c. Assay of the mutagenic activity in milk samples 
from the 3 cows was carried up when the aflatoxin M1 con
tent in milk reached the maximum level. 

d. Plates completely covered with diminutive colo-
nies. 
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Table 31 shows the means of the number of revertants 

per plate in milk samples obtained from cows given pure 

AFB 1 , ammoniated pure AFB 1 , and acidified ammoniated pure 

AFB 1 • Data on this table indicate that the mutagenic activ

ity in milk from cows given ammoniated pure AFB1 was approx

imately double the mutagenic activity in milk obtained from 

cows given pure acidified AFB 1 . These results seem to indi

cate that although ammoniation reduced the level of AFB 1 , 

its degradation products were more mutagenic than the orig

inal parent. 

Figure 19 shows the profiles of means of the number 

of revertants per plate as a function of different treat

ments. However, the mutagenic activities, expressed with 

Bars A, B, and E, show no significant difference. 

Bars C, D, and E, which express the mutagenic activ

ities of milk samples obtained from cows given pure, ammoni

ated and acidified ammoniated AFB1 are significantly differ

ent (p < 0.05). 

This was the first attempt to determine the mutage

nicity of extracts of milk obtained from cows given AFB1 or 

AF-contaminated feed. However, the interpretation of the 

results is questionable because of the difficulties with 

the Ames test which occurred during this experiment. Appli

cation of the Felton et ale (1981) method of mutagen extrac

tion which had been used previously for other foods was not 
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Table 31. Mutagenic activity in milk obtained from cows 
given pure aflatoxin B1 (4.4-mg AFB 1 /day per 
cow), ammoniated pure aflatoxin B

1
, and acidified 

ammoniated pure aflatoxin B1 with Salmonella 
typhimurium 

Cow 
Strain 
TA 100a 

Cows Given Pure Aflatoxin B1b 

A1 299 

B1 259 

C1 309 

Cows Given Ammoniated Pure Aflatoxin B b 
1 

A 615 

B 643 

C 644 

Cows Given Acidified Pure Aflatoxin B1b 

A 364 

B 405 

C 414 

Strain 
TA 98 a 

115 

131 

160 

c 

c 

c 

c 

c 

c 

a. Mutagenic activity is expressed in the mean of 
numbers of revertant colonies per plate. 

b. Assay of the mutagenic activity in milk from 
the cows was carried up when the aflatoxin M1 content in 
milk reached the highest level. 

c. Plates completely covered with diminutive colo-
nies. 
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completely successful in removing the butter fat and water 

from the milk extract. This undoubtedly caused interference 

and possibly an error in the results obtained from the Ames 

test. There is also a possibility that some contamination 

occurred during the evaporation of the last traces of water 

from the milk extract under the hood. 

The difficulties during the many attempts to deter

mine the mutagenicity of extracts from dried milk samples 

led to the conclusion that the results obtained from the 

Ames test might be of uncertain value. Both tester strains 

should have given more accurate and predictable results 

instead of either a complete overgrowth or a complete ab

sence of growth, both of which occurred often. It is recom

mended that the test for mutagenicity of these samples be 

repeated. 



CHAPTER 5 

CONCLUSIONS 

The concentration of AFM1 excreted in the milk was 

in direct proportion to the ingested amount of AFB 1 • 

The required time period for complete disappearance 

of AFM1 from milk after discontinuing the treatments, i.e., 

aflatoxin-contaminated cottonseed (5,010 ppb AFB 1 ), ammoni

ated cottonseed, pure AFB 1 , ammoniated pure AFB 1 , acidified 

ammoniated pure AFB 1 , and aflatoxin-contaminated cottonseed 

(5,511 ppb AFB1 ), was 120, 48, 96, 72, 96, and 120 h, respec

tively. 

In all treatments, AFM1 concentrations in the milk 

samples varied from one cow to another although each cow 

was fed an equal level of AFB 1 . 

Feeding the lactating cows a ration containing whole 

cottonseed highly contaminated with aflatoxin (5,010 or 5,511 

ppb AFB
1

) caused a highly significant decrease (p < 0.01) in 

both total milk production and total feed consumption. Feed

ing the lactating cow the same quantity of the ammoniated AF

contaminated whole cottonseed caused no reduction in either 

total milk production or in total feed consumption. Giving 

the lactating cows the pure AFB1 (4.4-mg AFB 1 /day/cow) or 

the acidified ammoniated pure AFB1 had no effect on the total 
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milk production, but giving the cows the ammoniated afla

toxin B1 significantly decreased (p < 0.05) total milk pro

duction. There was a significant decrease in total feed 

consumption by the cows receiving the pure AFB1 (4.4-mg 

AFB 1 /cow/day) while there was no effect on total feed con

sumption by cows receiving the ammoniated pure AFB1 or ammo

niated acidified pure AFB
1

. 

The conversion ratios, after reaching steady-state 

excretion of AFM1 while feeding aflatoxin-contaminated 

whole cottonseed, varied from 0.85% to 1.65%. During 

administration of the pure AFB1 (4.4 mg/day/cow), the con

version ratios after 4 days of treatment, during which 

steady-state excretion of AFM1 was reached, varied from 

0.21% to 2.5%. Ammoniation of the contaminated cottonseed 

which still contained 334 ppb AFB1 , significantly reduced 

the conversion ratios to 0.17-0.25% during the steady 

state of excretion of AFM1 in milk. 

Ammoniation of the AF-contaminated cottonseed 

(5,010 ppb AFB
1

) by using the APAT method did not reduce 

the level of AFB1 below the FDA action level; however, 

when this ammoniated seed was fed to the cows, the concen

tration of AFMl in the milk was less than the FDA action of 

0.05 ppb AFM 1 . According to these results, it would appear 

that ammoniation of cottonseed is an effective process for 

reducing levels of AFM1 in the milk. Ammoniation of the 
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pure AFB1 administered to lactating cows was very effective 

in reducing the level of AFM1 in milk to less than the FDA 

action level. However, acidification of the ammoniated 

pure AFBl given to the same cows raised the level of AFM1 

in milk to above the FDA action level. This result means 

that acidification of the ammoniated AFBl closed some of 

the lactone rings which caused an increase in the percentage 

of ingested AFB1 that was converted to AFM1 in milk. 

Ammoniation of the AF-contaminated cottonseed 

caused a slight reduction in the mutagenic activity in 

acetone extracts of dried milk samples. However, no signi

ficant difference in mutagenic activity was found between 

the 2 treatments with strain TA 100. The mutagenic activ

ity in acetone extracts of dried milk samples obtained from 

cows given ammoniated pure AFB1 was approximately double 

the mutagenic activity of that obtained from cows given pure 

or acidified AFB
1

. This difference in the mutagenic activ

ity was significant (p < .05) with strain TA 100. However, 

because of the difficulties faced during running the Ames 

test, I recommend that the test for mutagenicity of AF

contaminated milk be repeated. 
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