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ABSTRACT

The objective of this research was to determine the distribution 

of aflatoxin in milk and milk products. Whole milk was processed 

into cheddar curd cheese and fluid whey. The whey was subjected to 
centrifugal separation to partition the milk fat into a whey cream prod
uct. The fat-separated whey was then fractionated into a protein con

centrate and a permeate. Two sample lots of these products representing 

large-scale, commercially produced products were provided by United 

Dairymen of Arizona. The remaining three sample lots represented a 

laboratory-scale processing operation, closely resembling the commercial 

products.

The relative amounts of aflatoxin partitioned into each prod
uct were determined for all sample lots. Slightly more than half of 

the aflatoxin partitioned with the whey in the first step. No 

aflatoxin was found in the whey cream. Aflatoxin in the commer

cially produced samples showed an affinity for the final permeate por

tion, with only small amounts appearing in the protein concentrate. In 

the laboratory separations of milk constituents, the majority of the 

aflatoxin remained with the protein concentrate portion. Commercial 

processing of highly aflatoxin contaminated milk, which might be sub

ject to non-food or feed disposal, into these products would be an 

effective means of utilization.



INTRODUCTION

The dairy industry currently faces a problem of considerable 

magnitude regarding* the contamination of bovine milk by a hydroxylated 

mold metabolite, aflatoxin Current toxicological research shows

that aflatoxin is a potent carcinogen to many animal species. This 
lends considerable justification for public health concern associated 

with consumption of aflatoxin (AFM^) contaminated milk and milk pro
ducts. To offer the consumer milk of pure and wholesome quality, stan
dards must be established^

The Food and Drug Administration^ (FDA) first step for the 
regulation of aflatoxin in various foods was to assess the health risks. 

Unfortunately, the direct risks to humans from ingestion of aflatoxin 

are extremely difficult to measure. Therefore, risk assessments must 

rely on mathematical treatment of animal toxicological and epidemiologi

cal studies. Science has a fair amount of uncertainty resulting in the 

problem of how to treat these data. This necessitates imposing assump

tions as to the probability or likelihood that aflatoxins will, indeed, 

harm humans (Rodricks, 1979).

There are two means of minimizing dietary exposures to 

aflatoxins. The FDA can establish either action or tolerance levels for 

confiscation procedures. Tolerances are set when there is full and com

plete information available concerning the levels of human exposure and 

sensitivity of species to deleterious effects (Rodricks, 1979). Setting



an action level is employed when the FDA needs to establish some regula
tion, but there is not enough information proving that the contaminant 

is a health hazard. Action levels are temporary in order to attempt to 

protect the consumer until the human health effects are known with 
certainty (Rodricks, 1979).

The FDA1s initial approach to the control of aflatoxin in food 
commodities was to place an action level of 20 parts per billion (ng/g) 

total aflatoxins Those food commodities affected are ones
which can be contaminated directly by mold growth, can be consumed by 

humans, and that enter interstate commerce. Animal feeds are one cate

gory of such commodities and consist of corn, peanut meal, whole cotton

seed, and cottonseed meal. In the placing of an action level of 20 

parts per billion on animal feeds, the FDA. felt that there was reason

able certainty that undetectable levels of aflatoxins would not occur in 

edible products (meat, eggs, and milk) of animals fed regulated meal.

In 1973, the FDA conducted a surveillance program to determine 

whether aflatoxin could be found in commercially produced milk from 

dairy farms feeding 20 ppb or less aflatoxin contaminated meal. In 24 

of the 320 samples taken, aflatoxin was found with levels ranging 
from less than 0.1 ppb to 0.4 ppb. Sixteen of the positive samples were 

found in Arizona. The FDA concluded, at that time, that the incidence 

and levels of contamination were not high enough to justify immediate 

regulatory action for milk and milk products. By means of further 

lowering the already low incidence of aflatoxin in the milk, the FDA 

called upon the states and the individual farmers for voluntary control 

of feeds that did not enter interstate commerce (FDA, 1977a).



As this FDA regulatory activity applies only to commodities 
shipped in interstate commerce, there is no control of the feed that is 
produced on the farm where it is also consumed. This became evident 

during a Southeastern corn contamination problem in 1977 when aflatoxin 
levels rose above 20 ppb in two-thirds of the crop, A survey by the FDA

in four states where the contaminated corn was being fed resulted in the

conclusion that there was significant AFM^ levels in the fluid milk prod
ucts in those areas. Sixty-three percent of all the Southeastern milk 

samples collected from retail food markets and 80% of the samples from 

the state of Georgia indicated high levels of AFM^, 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 be totally effective.

At that -time j the FDA Commissioner established an action level of 

0.5 ng/ml (ppb or ng/g) for AFM^ in fluid milk products. This was based 

upon the consideration that infants, young children, and the aged are 

very likely to be more susceptible to the toxic effects of aflatoxin 

(FDA, 1977c).

These 1977 guidelines took into consideration potential health 
dangers to the most susceptible segment of the public, as well as the 

effect on the economics of the situation. If any milk exceeds the 

0.5 ppb level, it is not to cross state lines. In the state of Arizona, 

by the Governor's decree, milk exceeding this limit would be dumped. 

Hundreds of thousands of dollars may be lost when an especially high 

contamination of dairy feeds results in dairy products that exceed the 

Federal allowable maximum of AFM^.



A desirable alternative to milk disposal would be the processing 

into products where the levels of contamination would be decreased well 

below the 0.5 ppb action level. More information needs to be gathered 
regarding the effects of processing and storage in naturally contaminated 

milk. Investigations into the rapid disappearance of AFM^ in naturally 
contaminated raw milk raised some questions that might well apply -to
other dairy products as well as to the effects of processing (McKinney 

and Cavanaugh, 1977). Is aflatoxin inactivated by chemical change from, 

the action of enzymes naturally.present in dairy products? Or is 

bacterial action or some other mode of chemical action responsible? Per
haps aflatoxin M^ in the milk products is not being completely extracted 

(Purchase, 1972). Once AFM^ is present in the milk, there are no known 

acceptable means of chemical detoxification or elimination^ Methods of 

physical detoxification, elimination, or partitioning are promising.
Separation of milk into commercially produced products or into 

various constituent fractions is one method. This research followed 

AFM^ during partitioning of whole milk into curd cheese and whey. 

Surprisingly, there has been little research on the further separation 

of fluid whey and the distribution of the AFM^ in the resulting 

products.

Consequently, the objective of this study was to determine the 

fate of AFM^ pursuant to whole milk being fractionated into various 

separated components. Sample lots consisted of two large-scale commer

cially processed products and of three laboratory fractionations. Com

parison of the two levels of separation was done in relation to the dis

tribution of AFM^ in the various fractions. Conclusions were drawn



concerning possible commercial use of these products with their relative 
concentrations of



LITERATURE REVIEW

Growth of either of two common molds, Aspergillus flavus or 

Aspergillus parasiticus^ in various foodstuffs results in the production 

of a group of toxic metabolites, aflatoxin, which are acutely toxic and 
carcinogenic to a variety of animal species (Butler and Barnes, 1963)• 

Aflatoxin was discovered as a result of an investigation into a poultry 

epidemic in England in 1960. Actually, observations of the clinical 
symptoms (hepatitis, necrosis of liver cells, and prolonged blood 

clotting time) were not confined to turkeys but included ducklings, 

calves, and pigs. The severe economic losses England faced were found 

to be due to a shipment of. groundnut meal from Brazil (Allcroft and 

Carnaghan, 1962). This peanut meal was also associated with a hepatic 

problem occurring in ducklings in Uganda (Asplin and Carnaghan, 1961).

A similar incident also occurred in the United States in the spring of 
1960 in which a shipment of trout raised in a commercial hatchery and 

fed groundnut meal from Brazil was inspected at the California border. 
Many fish were found to have hepatomas (Wolf and Jackson, 1963).

The study of the Brazilian peanut meal revealed profuse mold 

hyphae which were later identified to be Aspergillus flavus. A second 

mold, Aspergillus parasiticus ̂ icepncoduc.e.d the same field symptoms when 
found in meals. Laboratory testing of these two molds found a group of 

fluorescent compounds that could be extracted and purified. These two

6



molds are the only aflatoxin-producing molds that have so far been 
isolated from aflatoxin contaminated commodities (Figure 1).

Environmental conditions play heavily on whether growth is 
favored in susceptible commodities. Favorable mold growth conditions 
can sometimes exist during field growth of the crops. Such condition^ 
may also prevail in crop storage environments. This can be corrected 

with human intervention. But factors such as insect damage, drought 

stress, and the weather cannot be controlled to prevent mold growth and 
aflatoxin production (Stoloff, 1977).

At an early stage in aflatoxin studies, the effects of the toxic

meal on lactating dairy cattle and transmission of the toxin into the

resulting lacteal secretion was studied. Allcroft and Carnaghan (1962, 

1963) found that a toxin was excreted into the milk of cows fed a con

taminated groundnut meal with a concentration of 20%. Extracts of the 

milk fed to ducklings induced liver lesions identical to those from 

animals fed pure AFB^, although thin-layer chromatography (TEC) of the 
milk extracts showed that no AFB^ was present. They concluded from this 

that the toxin had biological properties similar to AFB^ and that the 

toxin concentration in the milk appeared to be related to the degree of 

toxic concentration of the meal. Analysis of the milk showed that the 

toxin was associated with the casein fraction of the milk and was not 

reduced upon pasteurization.

De longh, Vies, and van Pelt (1964) fed dairy cows a ration con

sisting of 15% of a highly toxic groundnut meal. TLC of extracts com

pared contaminated milk, pure AFB^, A. ftavus extract, and known uncon
taminated milk. A fluorescent spot with an Rf value of 0.4 appeared in
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Figure 1. Aflatoxin Structures.



the chromatograms of the contaminated milk sample as well as the AFB^ 
and A. flavus samples. A duckling bioassay was carried out on the milk 
from the cows fed contaminated meal. The milk induced bile duct prolif
erations with eventual mortality in two of four animals. To test the 

hypothesis that AFB^ had been changed into another toxic compound, pure 

AFB^ was fed to lactating rats and the milk of these and control rats 
compared for appearance of additional fluorescent compounds by TLC.

From these results, it was confirmed that the lactating rat is able to 
convert B^ into a "milk toxin."

Butler and Clifford (.1965) showed that the conversion of the 

AFB^ to the "milk toxin" was taking place in the liver, and that its 

appearance in the liver and blood coincided with the disappearance of 
the B^ within a matter of hours. Several days after the disappearance 

of AFB^, AFM^ also disappeared.

In the early period of testing, it was apparent that sheep were 

resistant to the effects of aflatoxin. No other animal tested up to that 

point had shown this distinction. Allcroft et al. (1966) pursued this 

resistance and administered a dose (.1 mg/kg) of mixed aflatoxins to three 

yearling sheep. Upon sacrifice of the. sheep two hours later, the liver, 

kidney, and urine samples showed two fluorescent spots on TLC chromato

grams. At an Rf value of 0.5, blue-violet spots were identified first as 

AFB^, and then as AFM^. Blue-violet spots at an Rf of 0.2 from the three 

extractions were identified specifically as the "milk toxin" AFM^. The 

early designation of the "milk toxin" as AFM^ was later changed to AFM^ 

when it was discovered that Allcroft's AFM^ was identical to AFB^.



10
The evidence of the "milk toxin" in urine was substantiated by 

Masri et al. (1967) when crystalline was found in the milk of a cow 

and urine of a sheep dosed with AFB^. Since the "milk toxin" had now 
been found in a variety of places in an animal, Allcroft suggested, using 
"aflatoxin M" instead of "milk toxin," still designating its origin in 
milk but making it more applicable to the recent findings.

Repetition of the sheep experiments (Allcroft et al., 1966) by 

Holzapfel, Steyn, and Purchase (.1966) led to the discovery of the struc

ture of AFM^ and APM^ based on melting points, crystallography, ultra- 

violet spectra, formation of acetyl derivatives, x—ray diffraction, 
infrared spectra, and nuclear magnetic resonance spectra. Holzapfel et 

al. presented evidence that AFM^ was a hydroxylated derivative of AFB^ 

with an empirical formula of C ^ H ^ O y , having one more oxygen atom than 
AFB^. AFM^ was identical to AFM^ with the exception that the former had 
two more hydrogenations due to the lack of a double bond on the first 

furan ring.

Excretion of Aflatoxin into Milk

Estimates vary as to the minimum quantity of AFB^ necessary for 

appearance in milk of dairy cattle. Factors such as the experimental 

method used, the analytical sophistication, and the biological varia

bility can influence these estimates. Some researchers have measured 

the total excretion of a single massive dose, while others have employed 

the steady daily dosage technique. Cattle of different breeds and ages 

have been used as the experimental animals as well as goats (Purchase,

1972), sheep (Nabney et al., 1967), and rats (de longh et al., 1964).
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Large doses of AFB^ are needed to cause acute toxicity in dairy 

cattle. Heat stress and suboptimal rations increase the harmful effects 
of aflatoxin, reduce the animalTs stability to detoxify the toxin, and 

impair the animal's immune response system (Mertens, 1977). Feed intake 
was significantly depressed by both low and high levels of aflatoxin, 

and this depression occurred within 12 hours after the first dose 

(Mertens, 1978). Mertens and Wyatt (1977) also found a decrease in milk 
production which might have been directly or indirectly associated with 

the decreased ration intake. Fehr, Bernage, and Vassilopoulos (1968), 

Masri, Garcia, and Page (1969), and Polan, Hayes, and Campbell (1974) 

fed varying amounts of AFB^ to dairy cattle and observed that intake of. 
any portion of the ration was unaffected by the levels of the dose, and 

that there was no effect on milk production.

The concentration of AFM^ in milk seems to depend more on intake 

of contaminated feed than on milk yield (van der Linde et al., 1964) or 

milk quality (Fonseca, del Nery, and Silveira, 1974). Allcroft and 

Roberts (1968) first suggested a linear relationship between the amount 

of AFB^ ingested and the concentration of AFM^ excreted in the milk.
The lowest AFB^ intake required to give detectable amounts of AFM^ by 

acetone extraction was found to be between 0.6 and 0.9 mg/day by 

Allcroft and Roberts (1968). Fehr et al. (1968) reported 0.4-0.6 mg/day 

was required and that about 1% of the AFB^ was converted into AFM^ for 

excretion into the milk. Allcroft, Roberts, and Lloyd (1968) determined 

from collection of the daily outputs of milk, urine, and feces that 

0.35% of the AFB^ ingested was converted into AFM^ in the milk, and that 
AFM^ was found to be higher in concentration in the urine and feces.
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The excretion of AFM^ into the milk depends on the effectiveness or rate 
of excretion of the urinary and fecal routes and the degree of activity 
of the mammary gland as an excretory organ as well as a secretory organ 
(Masri et al., 1969).

As seen, the estimates of the percentage of aflatoxin consumed 

that is excreted in the milk varies from 0.2 (Polan et al., 1974) to 3.2 

(Masri et al., 1969). AFM^ appears in cow's milk within two days of 

ingestion (van der Linde et al., 1964) of contaminated feed or within 

five hours of the administration of an oral dose of purified AFB^ by 

mouth (Allcroft et al., 1968; McKinney et al., 1973; Polan et al.,
1974). There does not seem to be any relation between the level of 

aflatoxin in the feed nor the level in the milk prior to withdrawal of 

the contaminated milk and the time required for total excretion 
(Stoloff, 1979).

Effects of Processing 

Brewington, Weihrauch, and Ogg (1970) found no AFM^ in whole 

milk, dry skim milk,. or canned evaporated milk samples collected from 

across the United States. They concluded at that time that there was no 
cause for concern about AFM^ contamination in milk and milk products.

We now know that AEM^ does appear in various dairy products, including 

cow's, goat's, and buffalo's milk (Paul and Kalra, 1976), but to what 

degree of level in each fraction is still under research and debate.

Grant and Carlson (.1971) conducted partitioning experiments with 

artificially contaminated dairy products. When AFM^ was partitioned 

between equal volumes of skim milk and cream, 75% of the added amount
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was recovered in the skim milk fraction. Therefore, during normal 
creaming of the milk contaminated with AFM^, the cream would have 10% of 

the toxin. During buttermaking, portions of cream were spiked with AFM^ 

resulting in 60% recovery in the buttermilk. Kiermeier and Mashaley 
(1977) agreed with these findings and postulated that perhaps there was 
a constant ratio of AFM^ to the solids-not-fat constant.

In a study into the effects of heat processing on the AFM^ con
tent of milk. Purchase et al. (1972) found an inverse relationship 

between the temperature of processing, and the amount of AFM^ that could 

be detected. A 33% reduction occurred on batch pasteurization at 62°C 

for 30 minutes and a 45% reduction on batch pasteurization at 72°C for 

45 seconds. The above samples were from naturally contaminated milk.

As expected with this decrease in AFM content, a corresponding decrease
. ■ " - L  _ , ‘ ■ • •" •• :

in toxicity occurred, as measured by duckling bioassay. Kiermeier and 

Mashaley (.1977) found reductions in AFM^ content of 12% for naturally 
contaminated milk heated for 40 seconds at 75°C and 40.5% for arti

ficially contaminated milk heated for 30 minutes at 74°C. Stoloff et 

al. (1975) found no reduction for artificially contaminated milk upon 

batch pasteurization at 63°C for 30 minutes. Contradiction in the above

experiments may have been due to differences in natural versus arti

ficial contamination by AFM^.and to the fact that AFM^ may not be

destroyed by the heat but is merely rendered unextractable with solvents

used.

Storage at various temperatures and for various lengths of time 

seems to decrease the amount of AFM^ present in dairy products. For 

whole milk (artificially contaminated), frozen and stored at -180C, a
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45% reduction occurred after 120 days with a detectable change starting 
at 68 days (Stoloff et al., 1975). Kiermeier and Mashaley (1977) 
reported that at the same temperature (-18°C) a 30% decrease occurred in 

artificially contaminated milk within seven days but that the decrease 
in naturally contaminated milk was much less. At +5°C3 the AFM^ content 

decreased by 11 to 25% during one to three days of storage in naturally 

or artificially contaminated milk (Kiermeier and Mashaley, 1977). AEM^ 

disappeared rapidly from natural raw milk after storage at 32°C. After 

six days, only 20% of the AFM^ was still present (McKinney et al.,

1973).
Further partitioning experiments have been reported in cottage 

cheese processing. There are various opinions on how the aflatoxin is 

partitioned during separation of cheese and whey. During cottage cheese 
production from skim milk contaminated with known amounts of AFM^, 50% of 

the AFM^ was found in the curd, 40% in the whey, and 10% in the water 

washings (Grant and Carlson, 1971). Purchase et al. (1972) found a 65% 

reduction of the total AFM^ during the process of making cottage cheese 

using direct acidification and then reported 100% recovery in the whey, 

none being found in the cheese. Purchase et al. theorized that the 
absence of the aflatoxin in the cheese might be due to the inability of 

the duckling bioassay to detect aflatoxin in the cheese, or due to the 

differences in processing methodology. Either direct acid or rennet 

precipitation may be used to separate out the casein fraction. Purchase 

et al. explain that the use of rennet precipitation might remove.a frac
tion containing the aflatoxin from the milk that is not removed by the 

acid curdling. Analysis of further studies tends to disagree with
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the conclusion of Purchase et al. (.1972) . No definite parallel can be 

drawn as to the amounts of aflatoxin recovered in either the cheese or 
the whey and the type of precipitation used.

McKinney et al. (1973) found 80% of the AFM^ associated with the 
curd, and during storage studies on both the whey and curd found that no 

appreciable decrease in the AFM^ levels occurred after four months of 

storage at 0°C. Stoloff et al. (1975) reported that 86% of the AEM^ 

appeared in the separated whey with a 20% reduction occurring during the 

process of making the cottage cheese. Kiermeier and Buchner (1977b) 

reported values ranging from 57.2 to 59.4% AFM^ in the cottage cheese 

and 38.5 to 41.7% in the whey. Heat treatments of cheese samples for 
5 minutes at 80°C did not reduce the AFM^ content, but storage at 

refrigeration temperatures, for two weeks increased the AFM^ content. The 
AEM^ levels did not change in the whey fractions upon storage for 40 

days (Kiermeier and Buchner, 1977b).
In another study, Kiermeier and Buchner (1977a) found 41.4 to 

47.4% AFM^ recovered in the whey and 48.0 to 54.1% in the curd. During 

washing of the curd, the AFM^ was reduced by 7% with an equal volume of 

water to the cheese, and by 22% when washed with 2.5 times its volume 

of water.



METHODS AND MATERIALS

The primary method used for extraction of AEM^ from dairy 

samples was that of Pons, Cucullu, and Lee (1973), as modified by 

Stubblefield and Shannon (1974). Based upon experience with this 

official AOAC method, several additional changes were made.
In preparing the 20% lead acetate solution, glacial acetic acid 

was not added. Evaporation to dryness of the quantitative CHCl^ sample 

was done with air, not nitrogen. In addition, the cellulose chromato

graphic column was not used. All chemicals used in the extraction of 

AFM^ were MCB Manufacturing Chemists Reagent Grade with the exception of 

the acetone, which was Fisher Scientific Co. Certified ACS Grade.

The spotting specifications were different from the original 

method. Glass plates (10 cm x 18 cm) were coated with 0.5 mm thick 

Absorbosil-1 (Applied Science Laboratories, Inc., State College, 

Pennsylvania). The plates were activated at 121°C for two hours. 

Chromatography was performed in covered, but unlined, glass TLC tanks. 

Solvents used were chloroform (MCB Manufacturing Chemists, Reagent Grade 

ACS), acetone (Fisher, Certified ACS), isopropanol (Mallinckrodt analyti

cal reagent), toluene (Mallinckrodt analytical reagent), ethyl acetate 

(Matheson, Coleman and Bell industrial grade), and 88% formic acid 

(Mallinckrodt analytical reagent).

The activated plates were scored to allow spotting of two sample 

extracts and three sets of standards (Figure 2). Twenty-five microliters
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Figure 2. Spotting Specifications for TLC.
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of sample were spotted along with three standards usually consisting of 
1 ixl9 2 yl, and 3 yl of 0,5 ng/yl concentration, Standards of AFM^ were 
obtained from R. D, Stubblefield, U.S. Department of Agriculture,
Peoria, Illinois.

After spotting chloroform solutions of AFM^ standards and 
chloroform solutions of AFM^ extracts of samples, plates were developed 

bidimehsionally. The first dimension was in chloroform:acetone:iso- 
propanol (85:10:5) until the solvent front reached the scoring line.

The plate was removed, air-dried, turned 90°, and developed for the 

second dimension in toluene:ethyl acetate:formic acid (60:30:10). An 

alternative to the above solvent systems is ether:water:methanol 

(95:1:4) and chloroform:acetone:isopropanol (85:10:5). After being 

air-dried for several minutes, the plates were examined using a Chromato- 

vue cabinet (Ultraviolet Products, Inc., San Gabriel, California) using 

254 nm light.

All samples from lots A and B were analyzed using the Pons 

method. Quantities of samples: provided afforded triplicate analysis of 
each product. Sample lot B was also analyzed once using the Stubblefield 

method.

The second method used for the extraction of AFM^ was by 

Stubblefield (1978). Again, spotting specifications were modified from 

the method. The plates were prepared, spotted, and developed as 

described in the modifications on the Pons procedure. One exception was 

that 20 yl of benzene:acetonitrile (1:9) solutions of sample extracts 
were spotted. Solvent systems were ether:water:methanol (95:1:4) and 

chloroform:acetone:isopropanol (85:10:5). The solvents used were
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anhydrous absolute ether (MCB Manufacturing Chemists, Reagent Grade 

ACS), methanol (MCB Manufacturing Chemists, Reagent Grade ACS), benzene 
(Mallinckrodt analytical reagent), and acetonitrile (Mallinckrodt 

analytical reagent). The Stubblefield procedure, in addition to the Pons 
method, was used on sample lots B, C, D, and E.

Confirmation of AFM^ was done using the official AOAC method 
(Trucksess, 1976).

United Dairymen of Arizona Samples 

Sample lots A and B were obtained from United Dairymen of 

Arizona. Dates of production for sample lot A were August 27 to 

September 7, 1978. Sample lot B was produced on January 14, 1979. All 
samples were kept at ^4°C until analysis. Samples consisted of whole 

milk, unseparated whey, stirred cheddar cheese curd, separated whey, 

whey cream, condensed whey proteins, and permeate (Figure 3).

Production of the commercial samples was as follows; milk was 

pasteurized at 71.6°C and placed in 18,144 kilogram vats at 32.2°C. 

Starter (1-2% lactic acid starter) was added as the milk was being 

pumped into the vat. When the vat was full, a small amount of CaCl^ was 
added to enhance curd firmness. Double strength rennet was then added 

and the contents mixed well with agitators. When the milk set to a 

solid mass, the agitators were started and the curd mass cut into 2-6 mm 

squares. Heat was applied to the vat jacket, raising the temperature of 

the curds slowly to 38.9°C. The agitator was stopped to remove 50% of 

the whey. The curds were then stirred in the balance of the whey. At 

this time, the curds and whey were pumped to a drain table where the
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Figure 3. Sample Lots A and B, United Dairymen of Arizona.
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rest of the whey was removed. The curd was stirred on the table for 
about one hour. Salt (1-1/2%) was added to the curd. It was then 

' transferred to 227 kilogram barrels, labeled stirred curd cheese, and 
sent to major cheese manufacturers for production of American process 
cheese. Ratio of curd to unseparated whey was typically 10:90.

The whey resulting from curd production was pumped to a centrif

ugal cream separator where most of the residual milk fat was removed.

The whey cream came off the separator at about 40% butterfat and was 

called whey cream. Of the initial 90% unseparated whey, 0.3% results in 

whey cream. The separated whey then was pumped to an ultrafiltration 
unit where the protein was removed from the whey. The ultrafiltration 

unit consisted of cellulose acetate membranes sized to fractionate all 

molecules in the whey that were greater than 10,000 molecular weight. 

This concentrated the whey protein on one side of the membrane and 

allowed the lactose and other small organic and inorganic molecules to 

pass through. The product that comes through the membrane was called 

permeate (about 76% of separated whey). The permeate had about 5% 

solids which were mostly lactose and ash. The permeate can be made into 

lactose or further condensed for animal feed. The remaining 13% protein 

concentrate was pumped to an evaporator for further condensing and then 

. to a spray dryer where it was made into dried whey protein concentrate 

(Figure 4).

Laboratory Production of Samples 

Sample lots C and D were produced from six liters of whole 

pasteurized milk obtained from a local dairy on December 13, 1978. This
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Remaining whey removed on drain table, 

curds stirred on table tor I hour, 

l^ %  salt added

Used for making 
American cheese

Stirred cheese
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Figure 4. Stirred Cheddar Curd Cheese Processing.
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milk was tested and confirmed by UDA (United Dairymen of Arizona) labs 
to be naturally high in AFM^ concentration. The six liters were stored 

at 0°C until used. For production of samples approximating sample lots 

A and B, Rowland’s (1938) procedure was followed. Modifications con
sisted of the quantities used for. each separation. All quantities out
lined in the procedure were increased by a factor of 40. Due to the 

resulting large quantities of filtrate at the completion of each separa
tion, a smaller aliquot of the preceding filtrate was used for the next

separation step. Kjeldhal methods described were not used.
Globulin and albumin fractions were collected on Whatman #2 

filter paper in a Buchner funnel. Protein and paper were immediately 
resuspended in 150 ml of a physiological saline solution (0.85% 

Mallinckrodt Analytical Reagent NaCl) and shaken vigorously for three 
minutes. The flask was then allowed to stand overnight before analysis. 

Protein fractions were resuspended in only enough saline solution for 

one Pons analysis and one Stubblefield analysis.

To allow complete precipitation in each step, samples were 

allowed to stand for 72 hours. All chemicals used in the production of 
samples were Mallinckrodt Analytical Reagent Grade.

At the completion of each separation for sample lot C, four

aliquots were drawn, two for analysis by Pons’ procedure and two for use 

in Stubblefield's method. Sample lots D and E had six aliquots drawn, 

affording triplicate analysis of the two procedures.



Artificially Contaminated Milk 
Sample lot E consisted of artificially contaminated products.

800 ml of pasteurized, homogenized whole milk (Carnation Company,

Phoenix, Arizona) purchased at a local grocery store were used. This 

milk, at 70°C, used eight days before the pull date, was artificially 

contaminated with 3.0 ml of 0«5 ng/yl AFM^ standard. This would give a 
theoretical value of 1.9 ng/ml (1.9 parts per billion) AFM^ 

concentration.

An 800-ml aliquot was divided into two equal parts with 400 ml 

being used for the production of the samples and the remainder for actual 

whole milk analysis for AFM^ concentration.

Treatment, of Data 

Determination of the amounts of AFM^ in the different products 

must take into account the concentration factor. That is, the amount of . 

product produced during each successive step relative to the total 

amount of whole milk initially used. Approximate yields for sample lots 

A and B during each step of separation were provided by United Dairymen 

of.Arizona. Yields for sample lots C, D, and E were derived algebra

ically from the volumes used.

The derivation used on all sample lots of the relative amounts 

of AFM^ found in each product is shown in Figure 5. All numerical 

quantities are examples and do not represent any specific data collected 

during the actual research.

Whole milk (100%) was found to have an average AFM^ concentra

tion of 0.20 ng/gram or 200 ng/1000 grams. The first separation
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100% 

AVERAGE Mj 
CONCENTRATION 

=0.20ng/g  

or 2 0 0 n g /l0 0 0 g

STIRRED
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20% 
AVERAGE M| 

CONCENTRATION 
= 0 3 0 n g /g  

(300n g /l000g )(.2 ) = X 

6 0 0 n g /l0 0 0 g = X

80%  
AVERAGE M| 

CONCENTRATION 

= 0 0 5 n g /g  

(5 0 n g /l0 0 0 g )(.8 ) = X 

4 0 0 n g /l0 0 0 g = X

Figure 5. Derivation of Relative Amounts of Aflatoxin in Samples.
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produced 80% unseparated whey with an average AFM^ concentration of
0.05 ng/g or 50 ng/1000 g. To find the amount of AFM^ contamination 
with respect to the total initial concentration in the whole milk, the 
average of 50 ng/kg is multiplied by 0.8 (from 80%) to give 40.0 ng/kg. 
Theoretically, the sum of the final concentrations in unseparated whey 
and stirred cheddar cheese curd should equal the total AEH^ in the 

original whole milk. Reduction of AFM^ concentration occurs during pro
cessing. To find the percent reduction: 200 ng/kg - (40.0 ng/kg + 60.0

ng/kg) divided by 200 ng/kg equals a 50% reduction. Therefore, with a 

50% reduction from the initial amount found in the milk, 40% of the AFM^ 

separated with the unseparated whey. All figures were expressed in 
nanograms per 1000 grams of whole milk.



RESULTS AND DISCUSSION 

Pons Method

The Pons et al» (1973) procedure with modifications by 
Stubblefield and Shannon (.1974) was used for the determination of AFM^ 

in sample lot A. When the research was initiated in August 1978, the 

Pons method was the method of choice.

The spotting specifications were different from the original 

method. Pons et al. use one-dimensional TLC for their visual analysis. 
For whole milk, the Pons procedure does not eliminate extraneous 

fluorescing compounds. If run one-dimensionally, these other compounds 

interfere with the visual quantification of the AFIxL̂ . Therefore, 

bidimensional TLC improves AFM^ resolution. . This modification was used 
throughout all sample lots, even though some of the sample products, 

such as condensed proteins and the permeate, typically produce very clean 
plates.

Pons et al. (.1973) recommend use of a cellulose chromatographic 

column for extracts of nonfat dry milk, evaporated and condensed milk, 

and for cheeses. The column helps to distinguish AFM^ from other 

fluorescent compounds that may be close to the Rf of the AFM^ when the 

plates are run one-dimensionally. In this study, the columns were not 

used, as the visual resolution of AEM^ was adequate and interference by 

other fluorescing compounds was minimal with bidimensional TLC.

27
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All chemicals used during the extraction of AFM^ were MCE 

Manufacturing Chemists Reagent Grade with the exception of the acetone, 
which was Fisher Scientific Company Certified ACS Grade» Certified ACS 

grade acetone, rather than the Reagent Grade'acetone as recommended by 
Pons et alo (1973), improved TLC plate quality.

Twenty-five microliters have been found to be the best sample 
size to spot on the TLC plate. This is due to the usually very low, 

barely detectable amounts of AFM^ present in the dairy samples.

Chromatography was performed in covered, but unlined, glass TLC 
tanks. Aluminum foil was used to cover the tanks to prevent the degra

dation of the AFM^ by overhead fluorescent lights. Solvent systems 

initially consisted of chloroform:acetone:formic acid (85:10:5) and 

toluene:ethyl acetate:formic acid (60:30:10) (TEF). Several months into 
the study, the TEF suddenly and consistently thereafter failed to 

develop either the sample or the AFM^ standards. Repeated tests with 

fresh solvents, newly prepared TLC plates, and other variable changes 
still did not produce the desired results.

After experimentation with several other solvent system combina

tions, ether:water:methanol (.95:1:5) and chloroform:acetone:isopropanol 

(85:10:5) were determined to be the best substitutes for the Pons 

procedure.

Stubblefield Method

In November 1978, the University of Arizona Department of Nutri
tion and Food Science participated in a collaborative study with R. D. 

Stubblefield (U.S. Department of Agriculture, Peoria, Illinois). This
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study, was conducted to determine the acceptability of Stubblefield's- 
newly developed procedure and its applicability to milk and milk 
products.

Stubblefield's (1978) new procedure was the second method used 
in the analysis of AFM^. It was used in conjunction with Pons' method 
on sample lots B, C, D, and E.

Twenty microliters of benzenesacetbnitrile (1:9) solution of 

sample extracts were spotted. The solubility of AFM^ in benzene: 
acetonitrile is thought to be equal to that in chloroform, but makes for 
a well-defined AFM spot on the TLC.

Sample Lot A

The onset of the research occurred at a time when there was a 

significant AFM^ problem in Arizona milk. In August 1978, a large 
amount of highly contaminated whole cottonseed and cottonseed meal 

entered the dairy ration chain in Arizona, causing AFM^ levels in the 

milk to rise sharply. This incidence attracted the public's attention,
Inecessitating state adopted controls. Other states had taken on the 

guidelines set by the FDA. Adoption of state controls resulted in 
mandatory testing of feeds and milk. As the majority of the Arizona 

produced milk is processed through United Dairymen of Arizona (UDA), the 

quality control laboratory allocated some AFM^ testing to The University 

of Arizona.

Inexperience with AFM^ and the procedures required to analyze 

dairy products played an important part in the results of sample lot A.
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Vast numbers of milk samples were delivered weekly to the University for 

analysis. It was at this time that sample lot A was received.

Sample lot A underwent at least three freeze-thaw cycles before 

completion of the experiment. Stoloff et al. (1975), Kiermeier and 

Mashaley (.1977), and McKinney et al. (1973) have all found reductions in 
the amount of AFM^ present in frozen dairy samples, although repetitive 
freezing and thawing effects have not been studied.

Sample lot A was comprised of 48 subsamples. Each sample was 
analyzed three times. There were seven products in sample lot A, as 

described in Methods and Materials. Figure .6 shows a refined version of 
the results of the 48 samples. Values shown are averages for each 

product.

It was felt that as a first approach to the analysis of the many 

results it would be helpful to group the samples according to their 

dates of production. Due to incomplete and inconsistent labeling and 

collection of samples during the fractionation processes, however, this 

was not possible. It was decided to treat all 48 samples as one produc

tion unit, hence sample lot A. „ .

Figure 6 shows the treatment of the data for the det-ermination of 

the amounts of AFM^ in the different products, taking into consideration 

the concentration factor. All figures are expressed in nanograms per 

1000 grams of whole milk. This improves the ease of understanding the 
meaning of the relative amounts of AFM^ found. An expression of parts 

per billion alone does not give a true impression of AFM^ distribution.
The AFM^ concentration in whole milk was 43 ng/kg. Some 

researchers have studied the effects of heat processing on the AFM^
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AVERAGE AFLATOXIN
PRODUCT

Whole milk 

Unseparoted whey 

Stirred curd cheese 

Separated whey 

Whey cream 

Condensed proteins 

Permeate

0 .043

0.014
0 .1 4 6

0.016

0.000
0 0 4 6

0.023

WHOLE MILK  
4 3 0  ng/kg 

100% Af. M|
37%  REDUCTION

STIRRED CURD CHEESE 
10%

0.146 x I0 0 SX 
I4.6=X  

54.0% Af. Mi

UNSEPARATED WHEY- 
90%

0.014 $£900s X 
I2 .6 SX 

4 6 0 %  Af. M.

WHEY CREAM 
0.3%  

0.000% 0.3= X 
0=X  

0.0%Af.M|

SEPARATED WHEY 
89.7%  

0.016% 8 9 7  = X
14.4s X  

IOO.O%Af Mj

PERMEATE 
76.2%  

0.023% 762= X 
I7 5 = X

 —  1
CONDENSED PROTEIN 

13.5 %
0 .0 4 6  % I35=X  

6 2  =X

Figure 6. Aflatoxin Levels in Products from Sample Lot A.
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content of whole milk. Purchase et al. (1972) found the higher the 

temperature of processing5 the smaller the amount of AFM^ that could be 
detected. Kiermeier and Mashaley (1977) also found reductions, whether 
for naturally contaminated milk or for artificially contaminated milk. 
Unfortunately, all whole milk samples received from UDA had been 
pasteurized and no collection of raw milk undertaken.

First-step separation produced unseparated whey and stirred curd 
cheese. Since 90% of the original whole milk became the unseparated whey 

fraction, 12.6 ng/kg of AFM^ were found. 14.6 ng/kg AFM^ were parti

tioned with the remaining 10% in the stirred cheddar cheese curd.

Opinions vary as to the amount of AFM^ that can be expected to be found 

in these two fractions. McKinney et al. (1973) found.80% of the AFM^ 

associated with the curd. Stoloff et al. (1975) reported 86% of the 

AFM^ in the whey. Kiermeier and Buchner (1977b) found an average of 
58.3% in the curd and an average of 40.1% in the whey.

Ideally, the sum of the values in the unseparated whey and the 

stirred cheddar cheese curd should equal the total AFM^ value in the 

original whole milk. Actually, a 37% reduction occurred during the 

partitioning. Stoloff et al. (1975) reported a 20% reduction occurred 

during the process of making cottage cheese. Purchase et al. (1972) 

found a 65% reduction. Taking into consideration this 37% loss during 
processing, 46% of the AFM^ was found in the whey and 54% in the curd.

The next step in the process was the separation of the whey 

cream from the whey. The resulting separated whey, 89.7% of the 

original unseparated whey, was found to have 14.4 ng/kg AFM^. No 

detectable amounts of AFM^ were found in the whey cream. The value of
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14.4 ng/kg is more than the original 12.6 ng/kg. Therefore, if one can 
expect a reduction of AFM^ at every step, the value of 12.6 ng/kg in the 
unseparated whey must be low, making the percentage of AFM^ found in the 

unseparated whey higher. At this point, the distribution of AFM^ 

between curd and whey is approaching 50:50.

The final step was the fractionation of the separated whey into 
whey protein‘concentrate and the permeate. Based upon the amounts of 
the constituents making up each fraction, whey protein concentrate com

prised 13.5% of the separated whey. This fraction was found to have 

6.2 ng/kg AFM^. The permeate (.76*2%) had an average AFM^ level of

17.5 ng/kg. Again, it is seen that the sum of the levels in individual 

fractions does not add up to the total in the original, leading to the 

assumption that the value for the separated whey was low, further 

increasing the unseparated whey value. It can now be assumed that a 

somewhat larger percentage of the AFM^ appears in the unseparated whey 

than in the stirred cheddar cheese curd.

Sample Lot B

As compared to sample lot A, sample lot B was incomplete. Pro

ducts included unseparated whey, stirred cheddar cheese curd, condensed 

proteins, and permeate. Whole milk, separated whey, and whey cream were 

not available (Figure 7).

A value of 0.20 ng/kg AFM^ in the whole milk was previously 

determined by the quality control laboratory for UDA and no samples were 

available for confirmation.
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PRODUCT AVERAGE AFLATOXIN M, 
(ng/g)

Whole milk 0 2 0 0

Unseparated whey 0 .0 3 3

Stirred curd cheese 0 .0 4 3

Condensed protein 0 .0 3 3

Permeate 0 0 3 3

WHOLE MILK 
2 0 0  ng/kg 
100% At M.

83%  REDUCTION

SffRRED CURD CHEESE 
10%

0 0 4 3  x 100=X
4.3=X 

12.6%At Mi

I
UNSEPARATED WHEY 

90%
0 .0 3 3  x9 0 0 =X 

29.7^X 
87.4%  At Mi

WHEY CREAM 

not available
SEPARATED WHEY 

not available

ASSUMPTION: 0.3% REDUCTION

PERMEATE 
76.2%  

0 .0 3 3 X 762=X 
25.1 = X 

84 .8% At M,

CONDENSED PROTEIN 
13.5% 

0 .033x l35= X  
4.5=X 

15.2% At M.

Figure 7. Aflatoxin Levels in Products from Sample Lot B.
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Assuming the UDA value was correct9 a much larger (83%) reduc

tion occurred during the stirred cheddar cheese curd production. It can 

be seen that the distribution of the AFM^ between the cheese and the 

unseparated whey was much different than in sample lot A; 87.4% of the 
AFM^ appeared to stay with the whey fraction, supporting the data of 
Stoloff et al. (1975).

The remaining data on the distribution of AFM^ in the protein 
concentrate and permeate are in agreement with sample lot A. If, as in 

A, 100% of the AFM^ found in the unseparated whey remains with the 

separated whey, then only a 0.3% reduction occurred during the last 

step. Then again, the major portion of the AFM^ stayed with the per

meate and only a small fraction was found in the condensed proteins.

Sample lot B was analyzed using both the Pons and the 
Stubblefield procedures. Sample extracts from both methods were then 

taken to United Dairymen of Arizona to use their High Pressure Liquid 

Chromatograph for comparison with the TLC results obtained at the 

University. Exact figures from the HPLC were not relayed to this 

researcher due to the loss of the HPLC readout. It was observed, 

though, that the Pons extracted samples produced many impurities on the 

readout, making any quantitation of AFM^ impossible. The Stubblefield 

extracted samples were clean and AFM^ was readily identifiable.

Sample Lot C

Sample lot C was the first laboratory processing lot. The milk, 

provided by a local dairy farm on December 13, 1978, was held at 0°C,
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but had two thaw-outs and subsequent re-freezings for purposes other 
than production of lots C and D (Figure 8).

Storage at various temperatures and for various lengths of time 
has an effect on the amount of AFM^ present in dairy products. Reduc

tions ranging from 11% to 80% at varying temperatures and times of 

storage, have been reported (Stoloff et al., 1975; Kiermeier and 

Mashaley, 1977; McKinney et ale, 1973). Increases in the amount of AFM^ 

present in frozen samples have also been found (Witcomb, 1978).

Analysis of this whole milk at the time of collection revealed 
3.0 ng/g (UDA analysis) and 2.5 ng/g (University of Arizona). Analysis 

of the whole milk aliquot for sample lot C in February 1979 revealed an 

average of 0.64 ng/g, a 76.7% reduction over the two months of storage 

and handling.

Of all the sample lots, lot C showed the smallest percentage of 
reduction (6%) during the cheese processing. 86.3% of the AFM^ appeared 

to be in the casein-fat fraction, supporting the conclusions of McKinney 

et al. (1973). The amount of casein-fat produced in sample lots C, D, 

and E seemed greater than the commercially produced samples. This was 

because the casein-fat fraction of the lab samples had a greater per

centage of water. UDA curd cheese was salted and stirred, resulting in

more whey (moisture) being drawn off. A decrease in the percentage of 

casein would lower the relative amounts of AFM^ in the casein and

increase the amount in the whey.

The second step, milk fat removal by centrifugal separation of 

the whey (as in sample lots A and B) , was not included in Rowland’s
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PRODUCT
AVERAGE AFLATOXIN M| 

(ng/g)

Whole milk 0 -6 4 0

Separated whey 0 .1 3 0

Casein fat fraction 1 .360

Separated proteins 0 .1 6 4

j Water fraction . 0 .0 0 7

WHOLE MILK 
6 4 0  ng/kg  
100% Af. M|

6% REDUCTION

CASEIN FAT FRACTION 
. 3 8 3 %

1.36 x 3 8 3 =X 
520.9=X 

86 .3%  Af.M,

SEPARATED WHEY 
61.7% 

0.13x617 = X 
802=X  

13.3% Af. Mi

47.6% REDUCTION

WATER FRACTION 
77.7%  

0.007x777=%  
5.4=X 

12.9% Af.M,

SEPARATED PROTEINS 
2 2 .3%  

0.164x223=%
36 6=% 

87.1% Af.M,

Figure 8. Aflatoxin Levels, in Products from Sample Lot C.
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(1938) procedure. During precipitation of the casein, 100% of the milk 
fat precipitates with the cheese.

During the final fractionation, a 47.6% reduction occurred. The 

addition of the magnesium sulfate and then the trichloroacetic acid most 

likely contributed to this reduction. The albumin and globulin pro

teins, collected as a precipitate on filter paper, were suspended in 

150 ml of a physiological saline solution (0.85% NaCl). Both the Pons 
and Stubblefield procedure require relatively large amounts of any solid 
for extraction of the AFM^. The amounts of both proteins collected were 

toO small for analysis; hence, the suspension in the saline solution.

The proteins were analyzed separately, but the results combined for the 
treatment of the data so that the laboratory produced sample lots more 

closely resembled the commercially produced lots. In all cases of 

sample lots C, D, and E, no AFM^ was found in the albumin protein por

tion. In sample lot C, 87.1% of the AFM^ was found in this protein 

fraction and the remaining 12.9% in the aqueous portion. This latter 

portion consisted of lactose, ash, minerals, water, and the 15% tri

chloroacetic acid (TGA) used to precipitate the protein.

The TGA interfered with the Pons procedure on all the laboratory 

produced sample lots leaving only TGA as the final extraction. No 

aflatoxin was found when this TGA was spotted on TLC plates. In an 

effort to combat this problem, the final water portion was neutralized 

(from pH 1.5 to pH 7.0) with the addition of sodium hydroxide pellets.

No AFM^ was found in any of the neutralized portions even though the 

treatment removed the TGA. The TGA did not interfere with the 

Stubblefield procedure and AFM^ was found.
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Sample Lot D

Sample lot D was the second laboratory produced sample lot. The 
aliquot was drawn from the whole milk supplied by the local dairy in 
December 1978 and underwent two freeze-thaw cycles before use (Figure 9).

The D aliquot was stored at 0°C for four months. In this
instance, storage for four months did not affect the AFM^ as severely as

in sample lot C. The 48.7% redaction, from 2.75 ng/g to 1.41 ng/g, is
in agreement with the 45% reduction after 120 days found by Stoloff et

al. (1975) .

The effect of processing on the total amount of AEM^ in sample 

lot D was magnified, resulting in a 73.5% reduction. The distribution 

of the AFM^ was almost equal; 54.2% was found in the whey and 45.8% in 

the casein fraction. These values, along with the total amount of curd . 

precipitated as compared to the whey produced, are similar to sample 

lot A.

A very large portion (86.9%) of AFM^ was lost during the separa

tion of the albumin and globulin proteins, again perhaps due to the 
addition of the magnesium sulfate and the TCA. As in C, the majority 

(.75%) of the AFM^ partitioned with the proteins, leaving only 25% in the 

remaining water fraction. The albumin proteins again had no AFM^.

Sample Lot E

Whole milk, purchased from a local food market, was artificially 
contaminated with 3.0 ml of 0.5 ng/yl AFM^ standard. After thorough 

mixing, the milk was subjected to the same processes as sample lots C 

and D. Aliquots of this spiked milk revealed an AFM^ value of 0.66 ng/g.
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PRODUCT AVERAGE AFLATOXIN M, 
(ng/g)

Whole milk 1.410

Separated whey 0 .240

Casein fat fraction 1.090

Separated proteins O H O

Wafer fractions 0 .0 0 8

WHOLE MILK
1410,0 ng /kg  
100%  Af. Mi

73 .5%  REDUCTION

CASEIN FAT FRACTION 
15.7% 

l.09x I57*X
171.ISX 

45.8 %Af. Mi

SEPARATED WHEY

0 ,2 4 x 8 4 3 = )  
2 0 2 .3 s: 

54.2%  Af. I 'I

86.9%  REDUCTION

WATER FRACTION 
81.9%

0 .0 0 8 X8I9SX 
6.6=X

25.0%  Af. M;

SEPARATED PROTEINS 
184%

0.11 x 181s X 
19.9s X

7 5 .0  %Af. M|

Figure 9. Aflatoxin Levels in Products from Sample Lot D.
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a 65.3% reduction from the theoretical value that should have resulted 
from the addition of the AFM^ standard (Figure 10).

During the collaborative study of Stubblefield's method, a 
common problem arose. After the addition of 125 ml of chloroform and 
10 ml of saturated NaCl to the 50 ml of whole milk, a stable suspension 

formed. The chloroform could only be separated by centrifuging. The 
spiked samples of whole milk for analysis by Stubblefield's procedure 

formed the same suspension but could not be separated by centrifuging, 
thus making analysis impossible.

Some researchers have found the majority of the AFM^ is in curd 

cheese (McKinney et al., 1973). The findings in sample lot E, closely 
following the commercial percentages of whey to cheese, support their 

hypothesis; 67.3% of the AFM̂ . was found in the casein fraction as com

pared to only 32.7% in the whey. Slightly more than three-fourths of 

the remaining AFM^, after a 79.9% reduction possibly due to the magnesium 

sulfate and the TCA, was found in the water fraction of the final pro

cessing step. This is contrary to the sample lots C and D; 21.4% was in 

the proteins where, again, zero AFM^ was found in the albumin proteins.

Many contradictions arise when comparing results from naturally 

and artificially contaminated milk. Kiermeier and Mashaley (1977) have 

found a 30% decrease in artificially contaminated milk during frozen 

storage. The decrease in naturally contaminated milk was much less, but 

the exact amount was not reported. The fact that the AFM^ standard 

addition did not result in the expected contamination level raises 

further questions about the use of artificially contaminated milk 

products.
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PRODUCT AVERAGE AFLATOXIN M| 
(ng/@)

Whole milk 0 .6 6 0

Separated whey 0 .0 5 0

Casein fa t fraction 0 .520

Separated proteins 0.010

Water fraction 0 .0 0 8

WHOLE MILK
6 6 0 .0  ng/kg
100% Af M|

80.7%  REDUCTION

CASEIN FAT FRACTION 
16.5%

0.52 X I65.SX 
85.©=X 

67.3%  Af. Mi

SEPARATED WHEY 
83.5%

0 0 5 x 8 3 5 = X  
41.7 =X

32.7%  Af. Mj

79.9%  REDUCTION

WATER FRACTION 
82.1%

0 .0 0 8  x 821=X 
6 6 = X  

78.6%  Af. M|

SEPARATED PROTEINS 
17.9%

0 .0 1 x I79= X  
1.8 =X 

21.4% Af. M|

Figure 10. Aflatoxin Levels in Products from Sample Lot E.



SUMMARY

Recent developments on the use of high pressure liquid chroma

tography (HPLC) indicates that it is becoming the most accurate method 

for the quantitation of AFM^o The use of this method is vital for accu

rate resultso Quantitation by TLC is a visual estimation, using the AFM^ 
standard spots as references. Viewing one particular spot, three expe
rienced lab technicians may arrive at three different estimations. Fac

tors such as overhead light intensity, use of corrective lenses by the 

viewer, and design of the chromatography cabinet will greatly influence 

their decisions. It has also been found that the ultra-violet light used 

to view the sample spot can diminish the intensity. The margin of. error 

from the use of the TLC is large due to the extreme subjectiveness of 

this method.

Use of the HPLC would necessitate the use of a very clean sample 

extract, possibly by Stubblefield’s method of extraction of AFM^. Accu

rate measurement by the HPLC was not possible in this laboratory with a 

Pons extracted sample, due to the many other compounds left in the final 

extract.

Commercial processing of very highly contaminated milk may 

result in products that can be utilized, if the quantities involved 

justify the operation. It can be concluded that a little more than half 

of the AFM^ present after the effects of cheese making will be present 

in the whey. Upon further processing of this whey, it seems that either
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zero or negligible amounts of AFM^ will separate out with the whey 
cream. The very small amount of milk fat collected from the whey would 

not justify the use of the highly contaminated milk. Further processing, 

though, into the condensed proteins and the permeate would indicate that, 
on a commercial basis, the majority of the AFM^ partitions with the lac
tose or permeate portion.

The whey protein concentrate from ultrafiltration processes at a 

dairy manufacturing plant are further condensed and then dried. This 

dried whey protein powder is then utilized in foods such as frozen dairy 

desserts, bakery products, and baby foods. It is also used to blend 

with soya flour for overseas food programs. If the whey protein powder 
can be assured of having below maximum federal standards of AFM^, the 

processing, of highly contaminated milk would partially be justified.
The final portion, or the permeate, contains about 5% solids, 

being predominantly lactose and ash. This product may be further pro

cessed to produce lactose or it may be condensed and used for animal 

feed. Since the majority of the AFM^ partitioned with this permeate, 
use of it for animal feed would necessitate further research regarding 

its biological effects. This would be important whether or not the 

animal involved is a food-producing species.

The results of sample lots C and D did not follow the conclu

sions of the commercially produced sample lots A and B during the last 

step of processing. In the laboratory samples, over three-quarters of 

the AFM^ partitioned with the protein fraction. This may be an incorrect 
assumption due to the effects of the method of separation on the AFM^. 

Rowland1s procedure is a well-established method of milk separation.
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But very large reductions occurred during the final step, whereas only 

small reductions were found in the industry samples. Taking these reduc
tions into considerationi perhaps more of the AFM^ could be expected to 

be found in this final water fraction, as in the commercially separated 

samples.

In summary, over half of the AFM^ can be expected to be found in 
the whey fraction after cheese production. Negligible amounts will occur 

in the whey cream from this whey. Finally, an average of 75% of the 

remaining AFM^ will be partitioned with the water or permeate fraction, 

with only small amounts left in the proteins.
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