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The aflatoxins, carcinogenic and toxic mold meta- 

bolites of Aspergillus flavus, were isolated and deter- 

mined in cottonseed meal and other feedstuffs.  This new 

quantitative method uses an acetone soxhlet extraction to 

remove the toxins from the defatted meal.  The residual 

triglycerides, phospholipids and pigments were removed 

from the acetone by filtration of the cooled solution. 

The aflatoxin was further isolated by evaporating the 

acetone and redissolving the residue in hot methanol. 

After cooling, the insolubles were discarded and the 

methanol-soluble materials taken up in chloroform.  The 

chloroform solution was spotted on silicic acid thin layer 

chromatographic plates along with suitable standards. 

After development with 9:1 (v/v) chloroform:acetone, the 

chromatographic plates were examined under ultraviolet 

light. 

Complete recovery of aflatoxin, within limits of 

visual discrimination, was obtained by this isolation 



procedure as indicated by extraction efficiency and in- 

ternal standard data.  Twenty-five cottonseed meals were^ 

analyzed by this method and nine meals contained afla- 

toxin B, at levels from 17 to 190 parts per billion. 

Fluorodensitometry, a new instrumental technique, 

was used to compare standards and samples containing afla- 

toxin directly from the thin-layer chromatographic plate. 

This procedure eliminates the errors inherent in the 

visual comparison method and permits greater sensitivity 

and accuracy.  Amounts of aflatoxin B^ as low as 8.0 x 

10   micrograms can be detected by this technique. 

The results obtained by this procedure were sub- 

stantiated by duckling assay and trout feeding trials. 
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ISOLATION AND DETERMINATION OF AFLATOXIN IN 
COTTONSEED MEAL AND OTHER FEEDSTUFFS 

INTRODUCTION 

Microbiological contamination of foodstuffs and sub- 

sequent spoilage is a continual and wide spread problem 

in the preservation and storage of the worldte food supply. 

The occasional contamination of foodstuffs by molds has, 

until recently, centered principally upon the resultant 

economic losses associated with the deterioration of the 

quality of the commodity. 

It has been commonplace to regard mold-damaged foods 

as acceptable for use in animal feeds.  However, occasion- 

al reports have appeared during the past three decades, 

in which ingestion of mold-contaminated foodstuffs has 

been clearly associated with a variety of toxicity syn- 

dromes in man and domestic animals. 

The sudden deaths of more than 100,000 turkeys in 

England in 1960, after they had consumed a ration con- 

taining moldy peanut meal, led to the eventual discovery 

that mold metabolites were the toxic agents.  The mold 

was identified as a strain of Asperqillus flavus and the 

lethal substances were called aflatoxins. 

At about the same time, there occurred an epizootic 

of liver cancer in rainbow trout in the United States and 

Europe which appeared to be related to the feeding of dry 

feed ingredients generally in a pelleted form.  Peanut 
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meal was not one of the ingredients used in the trout 

ration.  A variety of substances were suspected: contam- 

inants such as pesticides, solvent residues, minerals and 

viruses were carefully considered.  Intrinsic factors 

including gossypol, cyclopropenes, oxidized and altered 

fats were also implicated in this hepatoma outbreak.  The 

research described in this thesis has led to the elucida- 

tion of the trout liver carcinogen which was subsequently 

proven to be aflatoxin. 

The purpose of this research was to isolate and de- 

termine aflatoxin in cottonseed meal and other feedstuffs 

used in the preparation of animal rations.  New and more 

sensitive procedures were devised for the assay of this 

toxic mold metabolite in a variety of feed materials. 

By the use of selective solvents and specialized tech- 

niques such as thin-layer chromatography and fluoroden- 

sitometry, it was possible to detect and determine levels 

of aflatoxin as low as one part per billion (ppb) in 

cottonseed meal. 



LITERATURE REVIEW 

In Britain during 1960, an outbreak of a new disease 

occurred in turkeys.  This disease, which was character- 

ized by liver lesions, was responsible for the death of 

over 100,000 birds in a period of a few months (12). 

This "turkey X" disease was associated with the presence 

of peanut meal in the diet, which was found to be contam- 

inated with a mold identified as Aspergillus flavus (9). 

A metabolite of this mold, named aflatoxin, was later 

found to be the toxic agent (40). 

Coincident with the outbreak of "turkey X" disease 

was an occurrence of liver lesions in hatchery-reared 

trout in the Western United States (37, 48).  The appear- 

ance of the disease in trout seemed to be related to the 

recent shift of trout rations from raw meat and fish ma- 

terials to dry commercial pelleted feeds, which contained 

fish meal, cottonseed meal, wheat screenings and milk 

products as protein sources.  Peanut meal, the vector 

for the aflatoxin contamination in the turkey incident, 

was not a component of these trout rations. 

In 1963, Wolf and Jackson (50) demonstrated that 

cottonseed meal was the source of a carcinogen in com- 

mercially pelleted feeds.  By feeding rainbow trout 

(Salmo gairdneri), a ration containing beef liver and 

cottonseed meal, they produced a significant incidence 

of liver lesions.  When the commercial ration was fed, 



liver lesions also occurred.  Feeding the same ration 

without its cottonseed component did not induce liver 

lesions.  In June of 1964, it was found in this labora- 

tory that several cottonseed meals contained aflatoxin 

and these meals were capable of producing liver cancer 

(hepatoma) in trout and bile duct proliferation in duck- 

lings (23, 42). 

Characteristics of Aflatoxin 

Aflatoxin is a collective term used to describe four 

compounds of the coumarin type.  The four aflatoxins, 

B.. , Bp, G, and Gp, are named for their fluorescent char- 

acteristics; B, and Bp appear blue and G, and Gp appear 

green under ultraviolet radiation at 365 mp.  The number 

designation refers to the migration on a thin layer 

plate; B.. moves the greatest distance from the origin 

followed by Bp, G.. and Gp, respectively. 

The aflatoxin structures have been elucidated by 

Asao, e_t al^. (8) , Chang, et al_. (16) and by Hartley, 

Nesbitt and O'Kelley (26) and are as shown in Figure 1. 

The aflatoxins are heat stable and have high thermal 

decomposition points: B,, 265 0C; Bp, 305 "C; G , 305 0C; 

G2, 230 "C (45).  This heat stability leaves aflatoxin 

unchanged by pasteurization or heat sterilization processes 

now used for food products (2).  Like most lactones, 

aflatoxins are quite susceptible to attack by aqueous 



alkali, which ruptures the lactone ring and renders them 

innocuous (46).  The aflatoxins are unstable to oxygen 

on a silica gel thin layer plate, as evidenced by a fad- 

ing of their fluorescent intensity after a few minutes 

of exposure to air. 

Aflatoxin B Aflatoxin G 

Aflatoxin G 

Figure 1.  Structures of Aflatoxins 

Perhaps the most useful characteristic of the afla- 

toxins is their distinct fluorescence in ultraviolet 

light.  When excited with light at 365 myi,   the aflatoxins 

B, and Bp have an emission maximum at 435 mp (15).  Under 

the same conditions, aflatoxin G, and Gp have an emission 

maximum at 450 mu (15). 

Aflatoxin affects many animals including turkeys 

(39), ducklings (9), trout (50), swine (25), monkeys (44), 

rats (28), chickens (9) and cattle (4).  The damage to 

the animal by aflatoxin is usually limited to the liver, 



but the pancreas and kidney may also be affected (9). 

In general, aflatoxin initially causes bile ductal pro- 

liferation, which may be followed by liver lesions and 

parenchymal cell degeneration.  Prominent symptoms of 

chronic aflatoxin toxicity include inappetence, reduced 

growth rate, dullness, staggering gait and convulsions 

(1). 

The extreme toxicity of aflatoxins is reveal.ed by the 

single dose LD  values for 50 g day-old ducklings: B^, 

18 jag; B2, 85 jig; G1, 39 yg; and G2, 173 ^ag (15). 

Determination of Aflatoxin 

A number of chemical methods have been proposed for 

the isolation and determination of aflatoxin in peanuts 

and peanut products (2, 13, 19, 20, 21, 27, 32, 39, 40). 

It was found in this laboratory that the methods used for 

peanuts would not clearly separate the aflatoxin from 

interfering material of the cottonseed extracts and the 

low levels of aflatoxin present in cottonseed extracts 

could not be quantified (23).  Most of these published 

procedures were based on the original procedure suggested 

by Tropical Products Institute (13).  The latter method 

uses petroleum ether or diethyl ether soxhlet extraction 

to remove lipid followed by a soxhlet extraction with 

methanol.  The methanol is then diluted with water, the 

mixture extracted with chloroform and the chloroform 



extract spotted on a TLC plate with alumina as the sta- 

tionary phase.  The plate is then developed with a solu- 

tion of chloroform:methanol 98.5:1.5 (v/v).  Quantifica- 

tion is based on the fact that the lowest observable 

fluorescence is approximately equal to 6 x 10  _jjg afla- 

toxin B.. . 

Various modifications of this procedure for peanut 

meal have also been proposed (7, 19, 21).  These modified 

procedures also gave unsatisfactory results when used 

with cottonseed samples because of low levels of afla- 

toxin, less than one ppm, and the high levels of impuri- 

ties present in the final extract applied to the TLC 

plate. 

While the procedure for the isolation and measure- 

ment of aflatoxin in cottonseed meal was being completed 

in this laboratory, Pons and Goldblatt reported a method 

for the determination of aflatoxin in cottonseed samples 

(35).  This method, an adaptation of the gossypol deter- 

mination (36), uses 70 percent aqueous acetone to extract 

aflatoxin from cottonseed meal.  Aqueous lead acetate and 

water are added to the acetone extract and after volume 

reduction, the lead acetate precipitate is removed by 

centrifugation and the filtrate extracted with chloroform, 

The concentrated chloroform extract is spotted on MN- 

Silica Gel G-HR and developed with chloroform:methanol 

97:3 (v/v).  The Pons and Goldblatt method was used in 
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this study and will be discussed later (35). 

Two other chemical assays have been proposed for the 

determination of aflatoxin.  Oscillographic polarography 

(24) has been used to measure relatively pure samples of 

aflatoxin, but this technique requires preparative TLC 

and does not lend itself to routine analysis of the ex- 

tracts from cottonseed meals.  The second method (30) 

depends on ultraviolet absorption analysis of the extract. 

Similarly this method requires very high amounts of afla- 

toxin, and therefore is of little value for routine anal- 

ysis of samples. » 

In addition to the chemical methods for aflatoxin 

assay, one biological tnethod is being used by many in- 

vestigators.  This method originally demonstrated by 

Armbrecht, et al_. (6), involves feeding a suspected toxic 

extract by stomach tube to day-old ducklings.  After 

seven days of decreasing dosage, the animal is sacrificed 

and the livers are sectioned, stained and examined.  Bile 

duct poliferation score is used as an index of aflatoxin 

concentration in the fed extract. 

Perhaps a more sensitive animal for aflatoxin detec- 

tion is the rainbow trout (41).  Long term feeding trials 

indicate that 8 ppb of aflatoxin B.. in the diet will 

cause a 42 percent incidence of hepatoma, or a total of 

0.8 ;jg aflatoxin B, will induce liver cancer in one year 

(41).  The long term feeding study cannot be used on 



routine samples but it indicates a correlation with the 

chemical methods in this laboratory (see Table 10). 
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EXPERIMENTAL 

Meal Samples 

Cottonseed Meals 

Samples 1 thru 16 and Sample 19 were obtained from 

the National Cottonseed Products Association  and repre- 

sent a cross-section of cottonseed meals produced in the 

United States.  Samples 17 and 18 were used by Harold 
p 

Wolf  in his feeding trials with rainbow trout.  Samples 
3 

21 thru 25 were obtained by Professor R.O. Sinnhuber  for 

trout feeding experiments.  Sample 21 was supplied by 

Jesco-Products  and is the cottonseed meal used in the 

Commercial Ration. 

Commercial Ration Components 

4 
Samples 26 thru 35 were obtained from Jesco-Products 

and are components of the Santa Monica Trout Feed.  The 

Santa Monica ration, Sample 36, was also obtained from 
4 

Jesco-Products. 

National Cottonseed Products Association, Memphis, 
Tennessee 

2 
Harold Wolf, California Department of Fish and Game, 
Sacramento, California 

3 
Prof. R.O. Sinnhuber, Dept. of Food Science, Oregon 
State University, Corvallis, Oregon 

Jesco-Products, P.O. Box 2145, Santa Monica, California 
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Toxic Peanut Meal 

Sample 3 7 was obtained from G.C. Solomon  and was 

found to contain 10 ppm aflatoxin. 

Preliminary Experiments 

The following experiments were performed on two 

cottonseed meals, i.e., an expeller meal (Sample 25) and 

a prepressed solvent extracted meal (Sample 20).  Both 

types of meals are commonly incorpoirated into animal 

rations. 

The method of extractior* as described by Broadbent, 

et al_. (13) was used.  Triglycerides were first removed 

by hexane  soxhlet extraction of 25 g meal (30 solvent 

exchanges, 3 hr).  This was followed by a methanol soxhlet 

extraction (20 solvent exchanges, 2 hr) of the defatted 

meal.  An equal volume of water was added to the methanol 

extract and this mixture extracted with three 50 ml por- 

tions of chloroform.  The chloroform extract was dried 

over anhydrous sodium sulfate, evaporated to dryness with 

a rotary evaporator and taken up in 3 ml chloroform. 

Column Chromatoqraphy 

Column chromatography was used in an attempt to 

5 
G.C. Solomon, Armed Forces Institute of Pathology, Wash- 
ington, D.C. 

All solvents used were redistilled USP grade. 
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remove impurities from the chloroform extracts obtained 

from cottonseed meal.  A 1 ml portion of the extract was 

placed on a colvimn (2 x 50 cm) of 18 g activated silicic 

acid (Mallinchrodt A. R. grade, 100 mesh). 

Mixtures of chloroform:acetone and chloroform:metha- 

nol were tested as elution solvents.  The development of 

the column was followed using an ultraviolet lamp (100 

watt flood bulb, 365 rap.  emission maximum) and the blue 

and green fluorescent fractions collected in separate 

flasks.  These fractions were evaporated to dryness and 

dissolved in ethanol for spectrophotometric examination 

using the Beckman DK-1 Spectrophotometer. 

Preparation of TLC Plates 

7 
Glass thin layer plates  (20 x 20 cm) were thorough- 

ly washed with detergent and dried.  The plates were 

7 7 spread with Silica Gel G  or MN-Silica Gel G-HR  station- 
7 

ary phase using an adjustable TLC spreader  set at 0.25 

mm.  The plates were air dried (250C) for one hour and 

then activated (105 "O for two hours in a vertical posi- 

tion.  The plates were cooled over indicator silicic acid 

in a desiccator with an air entrance through a drying 

tube containing silicic acid.  Plates were stored under 

these conditions and new plates were prepared weekly. 

7 
Brinkmann Instruments Inc., Westbury, N.Y. 
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Continuous Flow TLC 

Silica Gel G plates were streaked with 1 ml extract 

on a line 1 cm from the edge of the plate.  The plate 

was then placed in a filter paper-lined developing cham- 

ber, which had been equilibrated with the movin'g phase 

solvent.  Solvents tested included chloroform:methanol 

97:3 (v/v), chloroform:methanol 95:5 (v/v), chloroform: 

acetone 95:5 (v/v) and chloroform:acetone 9:1 (v/v).  Af- 

ter the plate had developed for four hours, it was re- 

moved from the chamber and viewed under ultraviolet light 

(365 my.  emission maximum).  The blue fluorescent band 

was then removed, dissolved in 50 ml chloroform:methanol 

9:1 (v/v), and the solution filtered.  The filtrate was 

evaporated on a rotary evaporator and the residue taken 

up in 5 ml ethanol for ultraviolet spectrophotometric 

examination. 

TLC Moving Phases 

Silica Gel G TLC plates were spotted with cottonseed 

extracts (2 and 4 ;ul portions) and developed with the 

following moving phases: acetone; acetone:chloroform mix- 

tures; acetone:chloroform:benzene; acetone:benzene; and 

acetone:hexane (volume ratios are listed in Table 2). 

The separation of aflatoxin B.. from aflatoxin Bp and the 

removal of impurities from the aflatoxins were used as 
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criteria for evaluation of the systems.  These results 

are tabulated in Table 2. 

Extract Solubility Studies 

To test the solubility of the chloroform extract in 

various solvents, a 1 ml portion of the extract was placed 

in a 15 ml test tube and 9 ml solvent was added.  Solvents 

used included hexane, acetone, benzene and methanol.  Of 

these solvents, only acetone precipitated impurities 

without substantial loss of aflatoxin as determined by 

spotting the filtrates on a TLC Silica Gel G plate and 

developing with chloroform:methanol 97:3 (v/v). 

Extraction and Purification of Meals 

OSU Procedure 

A 25 g sample of ground (1 mm screen) cottonseed 

meal was defatted with hexane for a minimum of 20 ex- 

changes in a Soxhlet extractor.  The residual meal was 

dried by drawing a stream of air through the extractor 

and the aflatoxin was removed from the meal by acetone 

extraction with a minimum of 20 solvent exchanges.  The 

acetone extract was cooled overnight at -18 "C and the 

resulting precipitate was filtered and washed with 20 ml 

of cold acetone.  The acetone fractions, containing afla- 

toxin, were combined and evaporated to dryness using a 
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rotary evaporator.  The residue was next dissolved in 

100 ml of hot methanol.  The methanol solution was then 

cooled (-18 0C) overnight and the resulting precipitate 

was filtered and washed with 20 ml of cold methanol.  The 

combined filtrate, containing aflatoxin, was diluted with 

an equal volume of water and extracted with three 20 ml 

portions of chloroform.  The chloroform portions were 

combined and dried over anhydrous sodium sulfate.  After 

filtration, the solution was evaporated to dryness.  The 

residue was diluted to 3 ml with chloroform and this 

solution was used for spotting on Silica Gel G TLC plates. 

Quantitative Aspects of the Acetone Extraction 

A 20 g sample of acetone-extracted meal was re-ex- 

tracted with acetone for at least 20 solvent exchanges 

in a Soxhlet extractor.  The acetone was then removed 

from the extract and the residue was diluted with 0.5 ml 

chloroform.  This solution was spotted on a TLC Silica 

Gel G plate along with various standard solutions.  The 

method for equating these spot intensities is outlined 

on page 19 of this thesis.  This procedure was performed 

on Heals 20 and 25.  In both cases only one percent resid- 

ual aflatoxin B.. was detected. 

A 20 g sample of acetone-extracted meal was re-ex- 

tracted with methanol for at least 20 solvent exchanges 

in a Soxhlet extractor.  The methanol was then removed 
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from the extract and the residue was diluted with 0.5 ml 

chloroform.  Upon quantification,less than one percent 

residual aflatoxin B, was detected from Meals 20 and 25. 

Stability of Aflatoxin in Refluxincf Acetone 

A sample of crude aflatoxins (60% B,, 20% G^^   and 20% 
P 

Bp and Gp) was obtained from Dr. G.N. Wogan . Asolutionof 

9.6 mg/1 crude aflatoxins was prepared in acetone and..70 ml 

this solution was placed in a 250 ml flask.  A reflux 

condenser was provided and 10 ml aliquots were removed 

at zero, one, two, three and four hours of refluxing. 

The absorbance at 362 mp.  was measured with the Beckman 

DU Spectrophotometer and no loss in absorbance was noted 

in the samples over the reflux period.  The samples were 

then diluted to one-tenth the original concentration with 

chloroform, spotted on a Silica Gel G TLC plate and de- 

veloped with chloroform:acetone 9:1 (v/v).  There was no 

detectable change in any of the aflatoxins' concentration 

over the reflux period. 

Quantitative Aspects of the Liquid-liquid Extraction 

A 25 g sample of Cottonseed Meal 23 was defatted 

with hexane.  The residual meal was next extracted with 

acetone and 3.14 pg of aflatoxin B was added to this 

p 
Dr. Gerald N. Wogan, Department of Nutrition and Food 
Science, Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
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acetone extract.  Based on the original weight of meal 

used, the calculated aflatoxin B.. level was 125 ppb. 

Three trial runs were then made by the proposed method 

and values are reported on page 40- 

Recovery of Aflatoxin B, Internal Standard 

A 25 g sample of Cottonseed Meal 23 was mixed with 

3.14 ;jg of aflatoxin B.. (5 ml of 0.63 jjg aflatoxin B,/ml 

chloroform) and dried at 75 "C for 30 minutes.  The meal 

was then extracted and the extract purified by the OSU 

procedure.  The final extract was analyzed by fluoroden- 

sitometry described subsequently in this thesis. 

Recovery of Aflatoxin B^, G, and G0 Internal Standard 

At the time this thesis was being written, no stand- 

ards were available for aflatoxin Bp, G, or Gp.  Crude 

aflatoxin was on hand to check the OSU procedure for the 

retention of these three aflatoxins.  A 25 g sample of 

Meal 23 was mixed with a 9.6 jjg crude aflatoxin in 1 ml 

chloroform and dried at 75 "C for 30 minutes.  The meal 

was then extracted and the extract purified by the OSU 

procedure.  The final chloroform extract was brought to 

10 ml and spotted against known 0.96 pg/ml crude afla- 

toxin on a Silica Gel G plate.  After development with 

chloroform:acetone 9:1 (v/v) and viewing the plate with 

ultraviolet light, no detectable decrease in intensity 
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of the four aflatoxin spots was noticed. 

TLC Analysis of Extracts 

Preparation of Standard Aflatoxin B.. 

A sample of pure aflatoxin B.. was obtained from Dr. 
p 

G.N. Wogan  and dissolved in ethanol to approximately 

10 jag aflatoxin B,/ml.  The concentration of this solu- 

tion was determined using the Beckman DU Spectrophotome- 

ter according to the data provided by Asao, ejt al_. (8) 

(Mole wt. 312; ^Et0H 223, 265, 362 mp;  e - 25,600, 

13,400, 21,800). 

Aliquots of the quantified solution were then di- 

luted to 0.126, 0.188, 0.251, 0.314 and 0.396 pg afla- 

toxin B,/ml chloroform.  Chloroform was selected because 

of the superior TLC spotting characteristics of this 

solvent. 

Visual Comparison of Sample with Standard Aflatoxin B-. 

To determine the ability to visually discriminate the 

intensity of the aflatoxin B, spots, two 2 pi portions of 

each standard (as prepared above) were applied to a Silica 

Gel G pla-t;e and developed with chloroform: acetone 9:1 

(v/v)9. 

9 
Spots were applied using 2 pi disposible micropipettes, 
Kensington Scientific Corp., 1717 Fifth Street, Berkeley 
10, California 
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Upon viewing the plate under ultraviolet light, as many 

comparisons were made as possible.  The results from this 

experiment are indicated in Table 6. 

In an attempt to eliminate observer bias, a random 

spotting procedure was devised to be used in the deter- 

mination of aflatoxin B, in cottonseed meals.  The TLC 

plate was placed on a positioning paper which had 13 

spotting locations marked.  These positions started 2 cm 

from each side of the plate and were 1.2 to 1.3 cm apart. 

Randomly, the notations 1, 2(1), 2, 2(2), 3, 2(3), 4, 

2(4), 5, 2(5), 1 pi, 2 pi and 5 jul were placed in spot- 

ting locations.  Each of the five standards were given 

a number and 2 p.1  and 4 pi of each standard was spotted 

at its designated location.  The notation 1 refers to 

2 pi of standard 1 and the notation 2(1) refers to 4 pi 

of standard 1.  In the positions 1 pi, 2 pi and 5 pi, 

appropriate portions of the extract to be analyzed were 

spotted.  The plate was thep placed in an equilibrated, 

filter paper lined chamber and developed for 45 minutes. 

The plate was removed from the chamber and the extract 

aflatoxin B^ spots were equated to as many standard spots 

as possible under ultraviolet light (365 mp emission 

maximum).  The extract spots were easily distinguished 

from the standard spots because the extract always exr- 

hibited some fluorescence at the origin.  After intensity 

comparisons were made, the amount of aflatoxin B.. at each 
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sample spot was determined and the concentration of eifla- 

toxin B1 in the sample extract was determined for each 

spot.  The concentration of the aflatoxin B  in the meal 

was then calculated using the equation: 

ppb Aflatoxin B.. = (ml extract) (jug aflatoxin B, /ml 
extract)  

Wt. Meal. v in Kg 

The values for each spot were averaged and the standard 

deviation was calculated using the equation: 

Standard deviation = + £  (XJ - m) 
i=l  n - 1 

where: x. = observation 
i m  = mean 

n  = number of observations 

Fluorodensitometric Comparison of Sample with Standard 
Aflatoxin B 

The Photovolt fluorodensitometer employed in this 

technique consisted of a recorder, a multiplier photo- 

meter, an ultraviolet light source, a phototube unit, 

TLC stage equipment and filters.  The ultraviolet light 

passed from a mercury vapor lamp (320-390 rryj emission), 

through a primary filter (365 mjj band), through a primary 

slit (1 x 25 mm) and to the stationary silica gel phase 

on the plate.  The aflatoxin B.. absorbed the 365 mp light 

and emitted fluorescent light at 425 mp (be).  This light 

passed through the glass plate, the secondary slit (0.1 

x 6 mm), the secondary filter (445 mu band) and into the 
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phototube.  The secondary filter permitted only the emit- 

ted or visible fluorescent light to pass into the photo- 

tube; all ultraviolet light from the lamp was screened 

out. 

The developed TLC plate to be read was placed on the 

stage with the stationary phase down and the response 

selector switch set at five.  At this setting, the area 

under the recorded response is a logarithmic function of 

the light intensity.  The zero line was adjusted with the 

dark point control and sensitivity control on the multi- 

plier photometer unit.  As a check for interfering mate- 

rial, the sample was first spotted on Silica Gel G plate 

and developed with chloroform:acetone 9:1 (v/v).  The 

plate was positioned so that the aflatoxin B.. spot was 

in the light path.  The sensitivity was adjusted using 

the full light control to give the desired pen travel. 

The plate was scanned from the origin to the solvent 

front for each sample and for an aflatoxin B.. standard. 

For quantitative analysis, 2 pi and 4 pi portions 

of the five standard solutions were spotted along with 

1, 2 and 4 ;jl portions of sample extract.  Also, 1, 2 and 

4 pi portions of sample extract were spotted and 2 pi of 

a standard aflatoxin B.. solution was spotted over the 

extract spots.  These three spots served as internal 

standards.  After the Silica Gel G plate was developed 

with chloroform:acetone 9:1 (v/v), the plate was placed 
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so that the direction of scan was perpendicular to the 

direction of development.  The plate was positioned over 

the aflatoxin B.. standard of highest concentration and 

the recorder response adjusted with the full light con- 

trol.  The plate was then scanned by means of the motor 

drive on the TLC stage and the recorder.  The peak areas 

were determined by A = Jg base x height and the log area 

was plotted against aflatoxin B, concentration.  The con- 

centration of the sample was determined by interpolation 

from this plot. 

Standard deviation was calculated from the three 

sample aflatoxin B, areas.  After development and fluoro- 

densitometry, the aflatoxin B.. added for an internal 

standard was subtracted from the interpolated sample 

value. 

The sensitivity of the method was limited by the 

presence of interfering materials and their separation 

from aflatoxins on the TLC plate.  Pure aflatoxin B^ in 

amounts as low as 8 x 10"  ;jg on a TLC plate could be 

quantified.  With lesser amounts, instrument noise became 

a problem and the fluorescence background on the plates 

interfered with the symmetry of the peaks on the scan. 

Pons and Goldblatt Determination of Cottonseed Meal 

Cottonseed Meals 19, 20, 22 and 25 were extracted 

and the extracts purified by the method proposed by Pons 
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and Goldblatt (35).  A 25 g sample was weighed into a 

500 ml standard taper Erlenmeyer flask and the sample 

covered with a layer of six mm solid glass beads.  To 

this meal, 250 ml of 70 percent aqueous acetone was added 

and the flask stoppered and shaken rigorously for 30 min- 

utes with a Burell mechanical wrist action shaker.  The 

extract was then filtered through rapid filter paper 

(Whatman No. 4, fluted) and 175 ml of clear filtrate col- 

lected. 

This filtrate was placed in a 500 ml standard taper 

round bottomed flask and 70 ml of distilled water and 

20 ml lead acetate solution  added.  This solution was 

reduced to 175 ml using a rotary evaporator.  After vol- 

ume reduction, the solution was centrifuged for ten min- 

utes at 2000 rpm and the centrifugate was decanted into 

a 250 ml separatory funnel.  The precipitate was then 

dispersed in 75 ml of acetone:water 20:80 (v/v), stirred 

and recentrifuged for ten minutes at 2000 rpm.  The wash 

solution was then added to the original centrifugate in 

the separatory funnel.  The combined solution was ex- 

tracted with two 50 ml portions of chloroform and this 

extract dried over anhydrous sodium sulfate.  This, ex- 

tract was then evaporated with a rotary evaporator and 

the residue taken up with 2 ml of chloroform. 

200 g ACS lead acetate trihydrate and 3 ml glacial 
acetic acid dissolved in one liter distilled water 
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This chloroform solution was spotted on a MN-Silica 

Gel G-HR TLC plate and developed with chloroform:methanol 

97:3 (v/v).  The sample was quantified by equating the 

intensity of the blue fluorescent aflatoxin B.. spot with 

standard aflatoxin B.. .  The visual method or the fluoro- 

densitometry method described above was used to compare 

standards with sample.  Aflatoxin B.. , in ppb, was ob- 

tained by the equation: 

ppb Aflatoxin B.. = (ml extract) (.p.g  aflatoxin B.. /ml 
extract)  

(O.VMWt. Meal.  " 5 in Jcg 

Special Methods Used for Determination of 
Aflatoxin B.. in Lipid Extracts 

A lipid extract of Cottonseed Meals 20 and 25 added 

to the control ration (composition listed in Table 1) was 

fed to rainbow trout (diets 10-1964 and 11-1964, respec- 

tively).  This lipid was extracted using ethanol:diethyl 

ether 3:1 (v/v) by percolation using 16 liters of solvent 

for four pounds of cottonseed meal.  The extract was con- 

centrated with a rotary evaporator, yielding a dark, 

highly viscous residual oil. 

A 4.0 g sample of the oil was added to 100 ml metha- 

nol in a 125 ml erlenmeyer flask.  The mixture was heated 

at reflux until the sample dissolved, transferred to a 

2 50 ml separatory funnel and the flask rinsed with two 

10 ml portions of methanol.  Then 100 ml of water was 
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added to the separatory funnel and this solution extracted 

with three 30 ml portions of hexane.  The aqueous phase 

was then extracted with three 30 ml portions of chloro- 

form.  This chloroform extract was dried over anhydrous 

sodium sulfate and the solvent removed by evaporation. 

The residue was taken up in 100 ml of hot acetone, and the 

acetone solution was purified by the OSU procedure de- 

scribed previously, and aflatoxin was determined by the 

visual method.  Because of the high aflatoxin B.. concen- 

tration in the oil from Sample 20, the final extract 

volume was brought to 30 ml for visual quantification. 

Preparation of Extracts for Duckling Assay 

A 1.0 kg sample of Cottonseed Meal 20 was placed in 

a large cloth bag (12 x 40 cm) and soxhlet extracted with 

hexane for ten exchanges (12 hours).  The sample was air 

dried and re-extracted with methanol for 15 exchanges 

(20 hours).  The methanol extract was filtered through 

Whatman No. 4 paper, and the filter paper washed with 

100 ml of methanol.  The extract was cooled at -18 "C 

for 15 hours, filtered and evaporated to dryness.  The 

residue was taken up in 500 ml of hot methanol and trans- 

ferred to a separatory funnel.  An equal volume of water 

was added and the solution was extracted with four 200 ml 

portions of chloroform.  The chloroform extract was dried 

over anhydrous sodium sulfate and the solution filtered. 
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All the solvent was removed using a rotary evaporator 

and 50 ml of chloroform added.  The chloroform solution 

was transferred to a one liter flask, 500 ml of acetone 

added and extract cooled to -18 0C overnight.  The solu- 

tion was filtered, evaporated to dryness and transferred 

to a 100 ml volumetric flask with 50 ml of chloroform. 

Two 1 kg batches of Cottonseed Meal 20 were extract- 

ed and purified as indicated above, and the final chloro- 

form extracts combined to obtain 100 ml of extract repre- 

senting a total of 2050 g meal.  An 80 ml aliquot from 

this solution was placed in a 500 ml round bottom stand- 

ard taper flask and evaporated to dryness with a rotary 

evaporator.  Trace chloroform was removed azeotropically 

by dissolving the residue in 200 ml ethanol and the solu- 

tion evaporated to dryness on a rotary evaporator.  The 

residue was treated twice as above and then the flask 

containing the residue was placed in a vacuum desicator 

and pressure reduced to 50 yi  for 30 minutes. 

After the ethanol treatment, the residue was taken 

up in 34 ml propylene glycol, and this solution was pre- 

pared for duckling assay.  Also a solution of 45 p.g  afla- 

toxin B.. /ml propylene glycol was prepared and concentra- 

tion verified by ultraviolet spectrophotometric quanti- 

fication. 

A portion of the 100 ml final chloroform extract was 

quantified by visual TLC method and the extract contained 
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3.82 p.g  aflatoxin EL /ml chloroform.  The propylene glycol 

solution therefore contained 8.98 ;ug aflatoxin B-./ml. 

Each duckling in group one (five ducklings/group) re- 

ceived 0.263 ml of this solution diluted to 5.6 ml with 

propylene glycol.  The group two ducklings received 1.05 

ml of the solution diluted to 5.6 ml with propylene gly- 

col.  Two other duckling groups, three and four, received 

a dosage of 4.8 and 19.2 ;ug of aflatoxin B.. , respectively. 

Groups five and six served as controls. 

The biological assay for aflatoxin was carried but 

by Food and Drug Research Laboratories   and the results 

are shown in Table 9. 

Rainbow Trout Feeding Experiments 

Feeding experiments were performed as indicated by 

Sinnhuber, erb al. (42).  Rainbow trout eggs, artificially 

spawned on a single day, were obtained in December, 1963, 

and the fish after hatching in January were given their 

initial feeding with the particular ration being tested. 

Three hundred fish per lot were held in 200 gallon, fiber- 

glass, circular tanks supplied with a continuous flow of 

well water (five gal/min) at a constant temperature of 

12 0C with an oxygen content of 8.5 to 9.5 ppm.  The diets 

were fed at 90 percent of the ad libitum amount.  Each 

Food and Drug Research Laboratories, Maurice Avenue, 
at 58tb Street, Maspeth, N.Y. 
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lot (two lots were carried for each diet) received only 

the diet indicated for the entire experimental period. 

The feeding frequency varied from six times each day when 

the fish were small; to once a day, when they became sev- 

eral inches in length. 

After six months on the diet, a sample, representing 

approximately ten percent of the fish in each tank, was 

taken, using a specially designed net for random sampling. 

The fish were anesthetized with tricaine methane sul- 

fonate, examined for gross abnormalities, and placed in 

Bouin•s fixative.  A representative sample of the livers 

in each lot was embedded in paraffin, skip-sectioned and 

stained with hemotoxylin and eosin.  Samples were also 

taken after nine and 12 months on diet. 

Diets fed were Oregon Test Diet-OTD (1-1964) and 

Commercial Ration-SM (2-1964).  Composition of these 

diets is presented in Table 1. 

Additional diets fed were: 

5-1964   OTD + 20% Cottonseed Meal 20 
6-1964   OTD + 20% Cottonseed Meal 25 
7-1964   OTD + 20% Cottonseed Meal 23 
8-1964   OTD + 20% Cottonseed Meal 24 
10-1964   OTD + 0.789% Cottonseed Meal 20, lipid 

extract 
11-1964   OTD + 2.1% Cottonseed Meal 25, lipid 

extract 
15-1964   OTD + 7.9 ppb Aflatoxin B.. 
25-1964   OTD + 4.0 ppb Aflatoxin Br 
26-1964   OTD +0.8 ppb Aflatoxin Br 
24-1964   OTD + 800 ppm Peanut Meal 37 



29 

Table 1.  Composition of Commercial Ration and Oregon 
Test Diet. 

Ore sqon Test Diet-OTD (1-1964) 

6. Casein 49.4% Salts .9% 
Dextrin 15.6 Carboxymethyl- 
Corn Oil 13.9 cellulose 1. .3 
Gelatin 8.7 Calcium carbonate 0. .9 
Vitamin Mix 3.6 

Commercial Ration-SM (2-1964) 

6, Wheat screenings 2 5% Meat meal .6% 
Fish meal 21 Liver meal 6. .6 
Cottonseed meal 20 Brewer's yeast 6. .6 
Distillers Salt 2 

solubles 4 Alfalfa meal 0. .7 
Dried skim milk 3 Vitamin premix 1. .7 
Blood meal 3 

Diets 5-1964 through 24-1964 were adjusted with control 

ration components to give a ration that was isocaloric 

and isonitrogenous to the original diet (1-1964).  Re- 

sults obtained from these feeding trials are listed in 

Table 10. 



30 

RESULTS AND DISCUSSION 

Preliminary Investigations 

Column Chromatography 

Silicic acid column chromatography was found to be 

unsuitable for purification of methanol extracts from 

cottonseed meal.  Elution of the blue and green fluores- 

cent bands with 500 ml chloroform gave fractions which 

were heavily contaminated with brown colored compounds. 

Due to the impurities present, considerable dilution of 

the samples was necessary before spectrophotometric ex- 

amination (using a Beckman DK-1) could be completed. 

The fractions exhibited increasing absorbance from 365 

mp to 220 mp but no absorbance maxima at 360 mp, which 

was the absorbance maxima for the four aflatoxins (30). 

The elution of the silicic acid column with chloro- 

form: methanol 99:1 (v/v), 98:2 (v/v), 97:3 (v/v) and 

95:5 (v/v) increased the rate of development but did not 

improve the separation of aflatoxin from impurities. 

Silicic acid columns using chloroform:acetone 99:1 (v/v), 

97:3 (v/v) and 95:5 (v/v) as eluting solvents also in- 

creased the rate of development of the blue and green 

fluorescent bands but did not improve the separation. 

It was clear that an alternate purification would be re- 

quired. 
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Continuous Flow TLC 

Continuous flow TLC was also unsuccessful in the 

isolation of aflatoxins from a methanol extract of Cotton- 

seed Meals 20 and 25.  Extracts of the blue fluorescent 

bands were highly fluorescent under ultraviolet light 

but failed to exhibit a distinct absorbance maxima in the 

365 mju to 220 mju range.  However, this investigation re- 

vealed that chloroform:acetone 9:1 (v/v) was better than 

the chloroform:methanol solvent systems tested for the 

separation of the blue fluorescent material from the 

brown impurities on the TLC plate. 

TLC Moving Phases 

The results from these experiments (see Table 2) 

indicated that chloroform:acetone 9:1 (v/v) was a much 

better solvent for developing Silica Gel G plates for 

aflatoxin assay than chloroform:methanol 97:3 (v/v) as 

indicated by Trager, et al_. (43). 

This new solvent system separated the aflatoxins 

from the impurities.  Less streaking on the TLC plate was 

encountered with Sample 20 and no streaking was present 

for Sample 25.  Aflatoxin B.. was separated from aflatoxin 

Bp with R^ values of 0.36 and 0.30, respectively.  The 

chloroform:methanol 97:3 (v/v) solvent system caused ex- 

cessive streaking of the Silica Gel G plate, forming a 



Table 2.  Evaluation of Moving Phases for TLC of Cottonseed Extracts on Silica 
Gel G. 

Moving Phase 

Removal of Aflatoxins 
from Impurities 

Sample 20   Sample 25 

Separation of 
Aflatoxin Bj and B, 
Sample 20 Sample 2! 

Rp Values 
of Afla- 
toxin B-, 

Acetone 

Acetone:benzene 1:1 (v/v) 

Acetone:hexane 1:1 (v/v) 

Acetone:benzene:chloroform 
1:1:3 (v/v) 

Chloroform:acetone 1:1 (v/v) 

Chloroform:acetone 4:1 (v/v) 

Chloroform:acetone 9:1 (v/v) 

Chloroform:acetone 19:1 (v/v) 

Chloroform:methanol 9 7:3 (v/v) 

Fair Fair Poor Poor 0.60 

Fair Fair Poor Poor 0.50 

Poor Poor Good Good 0.40 

Poor Poor Fair Good 0.35 

Fair Good Poor Poor 0.55 

Good Excellent Fair Good 0.48 

Good Excelli snt Good Excellent 0.36 

Good Excelli ent Fair Good 0.30 

Poor Poor Fair Fair 0.48 
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fluorescent blue streak from the spotting origin to the 

solvent front.  The usual development time required for ■'-. 

the solvent front to reach 15 cm was 40 minutes for chlo- 

roform: acetone 9:1 (v/v) compared to 55 minutes for chlo- 

roform: methanol 97:3 (v/v).  Also, the aflatoxin B.. spot 

was smaller in diameter and higher in fluorescent blue 

intensity. 

Extract Solubility Studies 

The problem of reducing the impurities in the final 

chloroform extract was approached with the hope that an- 

other, more selective, solvent for extraction might be 

found.  The methanol used for soxhlet extraction was a 

good solvent for aflatoxins, but the hot extraction used 

would also extract pigments, lipids, steiroids, phospho- 

lipids, as well as, meal fines (collodial sized particles 

of meal).  When the meal extracts were diluted with nine 

parts methanol or nine parts benzene, no precipitate was 

formed.  When diluted with acetone or hexane, both ex- 

tracts formed copious precipitates.  The filtrates from 

the hexane treatment contained no aflatoxin, but the 

acetone filtrate retained the aflatoxin and removed ap- 

proximately 70 percent of brown waxy precipitate. 

OSU Extraction and Purification Procedure 

A new procedure, based on acetone extraction, was 
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devised for cottonseed meal.  The meal was first soxhlet 

extracted with he.xane to remove triglycerides.  The meal 

was then soxhlet extracted with acetone for a minimum of 

20 solvent exchanges.  This second extraction removed the 

aflatoxin from the meal.  The acetone extract was cooled 

overnight at -18 "C.  During the cooling process, phos- 

pholipids and meal fines were precipitated and formed a 

thin, waxy film on the sides of the flask.  The filtrate 

was evaporated and taken up in hot methanol.  This metha- 

nol was cooled at -18 "C overnight and filtered.  Only a 

slight amount of precipitate was removed by this filtra- 

tion.  Changing the solvent from acetone to methanol 

avoided emulsions when extracting with chloroform.  Sta- 

ble emulsions were formed when aqueous acetone solutions 

were extracted with chloroform which could be broken only 

by the addition of considerable sodium chloride. 

The methanol extract was diluted with an equal vol- 

ume of water and the solution extracted with three 50 ml 

portions of chloroform.  This chloroform extraction left 

the water soluble pigments in the aqueous phase while the 

aflatoxin was transferred into the chloroform phase. 

Figure 2 indicates the general extraction and purifica- 

tion procedure. 

The extract and standard aflatoxin B.. solutions were 

spotted on a Silica Gel G plate and developed with chlo- 

roform race tone 9:1 (v/v) in a filter paper lined chamber. 
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25.0 g Cottonseed Meal 

Hexane Extract 

Extracted 
Meal 

1) Soxhlet extract with 
hexane for 20 solvent 
exchanges 

1) Air dry meal 
2) Soxhlet extract with ace- 

tone for 20 solvent ex- 
changes 

Acetone 
Extract 

1) Cool to -180C 
overnight 

2) Filter 

Precipitate 
1 

Filtrate 

f  
Filtrate 

1) Evaporate 
solvent 

2) Dissolve res- 
idue in 
100 ml hot 
methanol 

3) Cool to -180C 
overnight 

4) Filter 

Precipitate 

1) Add equal volume water 
2) Extract with three 50 ml 

portions chloroform 

Chloroform Extract Aqueous Extract 

1) Dry over sodium sulfate 
2) Evaporate solvent 
3) Dissolve in 3 ml chloroform 

Aflatoxin Extract 

Analysis by TLC 

Figure 2.  Diagram of the Extraction and Purification of 
Cottonseed Meals for Aflatoxin B, Assay. 
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The plate was developed for 40 minutes and reached a 

height of 15 cm above the spotting origin.  The plate was 

viewed with a fluorescent lamp (365 mp emission maximum) 

and the blue fluorescent intensity of the sample was com- 

pared to the standards. 

Tables 3 and 4 show the levels of aflatoxin B.. in 

cottonseed meals and ration components used in trout 

feeding studies.  Of the 25 cottonseed meals assayed, 

nine contained measurable amounts of aflatoxin B.. .  The 

remaining 16 cottonseed samples contained less than the 

amounts indicated on Table 3.  These amounts were ob- 

tained by increasing the concentration of extract spotted 

on the TLC plate until streaking occurred.  Whenever 

streaking occurred no comparison could be made and there- 

fore, no assay value reported.  The standard deviations 

represent limits of visual differentiation of aflatoxin 

B-, spots on the TLC plates and not sample-to-sample stand- 

ard deviations.  An explanation for this limit of visual 

differentiation will be discussed later. 

Four of the 16 commercial ration components could 

not be assayed because of streaking on the TLC plate. 

Three of these meals, Sample 26, 31 and 33, are consider- 

ed negative because they do not appear blue under fluo- 

rescent light (365 m^i emission maximum).  When aflatoxin 

B^ (0.25 x 10  >ig) was added to a 10 pi spot the streak 

appeared blue.  Wheat screenings, Sample 29, and the 
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Table 3.  Aflatoxin B.. Levels in Cottonseed Meals.' 

Meal 
2 

Process ppb Aflatoxin B Remarks 

1 PPS <5 

2 PPS <5 

3 SP 35 + 3 Trace Bp present 

4 SP <10 

5 SP <10 

6 SP 17 + 2 B2 present 

7 SP 33 + 4 
4 

Trace B2 present 

8 SP <5 

9 SP <5 

10 SP <5 

11 SP <7 White streak 

12 so <5 White streak 

13 PPS <5 White streak 

14 PPS <10 

15 SO <5 

16 SO 88 + 5 B2 present 

17 SP <1 

18 PPS 32 + 3 B2 present 

19 PPS 150 + 30 B2 present 

20 PPS 190 + 40 B2 present 

21 PPS <10 

22 SP 19 + 7 

23 sp <1 

24 3 none <5 

25 SP 80 + 15 B2 present 

Assayed by the OSU procedure followed by visual compari- 
son of sample with standard aflatoxin B, 

> ■L 

"PPS = screwpressed followed by hexane extraction; SP = 
screwpressed; SO = solvent extracted by commercial hexane 

Unprocessed glandless meal 
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Table 4.  Aflatoxin B, Levels in Commercial Ration Com- 
ponents. ? 

Meal Meal Type ppb Aflatoxin B., Remarks 

22 Cottonseed Meal2 190 + 40 Bp present 

23 Cottonseed Meal3 <1 

24 Cottonseed Meal4 <5 

25 Cottonseed Meal3 80 + 15 Bp present 

26 Fish Meal — Yellow streak 

27 Meat Meal <5 

28 Dried Skim Milk <5 

29 Wheat Screenings — Blue streak 

30 Blood Meal <5 

31 Vitamin Premix — White streak 

32 Solulac <5 

33 Alfalfa Meal — Red streak 

34 Liver Meal <5 

35 Brewers Yeast <5 

36 Commercial Ration — Blue streak 

37 Peanut Meal 10 |,000 B2, G1 and Gp 

present 

Assayed by the OSU procedure followed by visual compari- 
son of sample with standard aflatoxin B.. 

Sqrewpressed followed by hexane extraction 

Screwpressed 

Unprocessed glandless meal 

Whole commercial ration compounded as indicated in 
Table 1 

Quantification of this meal not possible because of 
excess streaking 
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whole commercial ration, Sample 36, produced a blue flu- 

orescent streak when spotted on Silica Gel G and developed 

with chloroform:acetone 9.1 (v/y).  These samples may 

contain aflatoxin EL but no quantification could be made. 

Work is presently being conducted in an attempt to further 

purify these extracts and to determine possible aflatoxin 

contamination. 

Quantitative Aspects of the OSU Procedure 

Acetone Extraction 

The thoroughness of the acetone extraction was ex- 

amined by re-extracting Cottonseed Meals 20 and 2 5 with 

both methanol and acetone.  The solvent was then removed 

by evaporation and residual extract was then spotted from 

chloroform.  In the case of Meal 20 (original level of 

180 ppb) methanol extracted 1.4 ppb aflatoxin B, and 

acetone extracted 2.0 ppb.  For Meal 25 (original level 

80 ppb) methanol extracted 0.5 ppb while acetone extracted 

less than 0.5 ppb.  In both cases, the original acetone 

extraction left only one percent residual aflatoxin. 

Aflatoxin Stability in Acetone Extraction 

A solution of crude aflatoxin showed no decrease in 

absorbance at 360 mp.  after four hours of refluxing with 

acetone.  Also, TLC showed no change in the concentration 
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of the four aflatoxins during the four hour reflux period. 

It seems apparent that aflatoxin is not destroyed during 

the soxhlet extraction period. 

Liquid-liquid Extraction 

The recovery of aflatoxin from the liquid-liquid 

extraction was examined by the addition of a 3.14 jjg por- 

tion of aflatoxin B, to the acetone extract of Cottonseed 

Meal 23.  This meal was selected because it produced a 

clean final extract and was found to contain less than 

1.0 ppb by assay.  When fed to rainbow trout, no hepa-.. 

tomas were observed when meal was present in the ration 

at a 20 percent level (see Table 10).  Based on the orig- 

inal weight of meal used, the calculated aflatoxin B.. 

level was 125 ppb.  The values found were 124 +_ 29 ppb, 

120 +_ 24 ppb, 118 +.2 7 ppb or an average of 121 +.2 7 ppb. 

This indicates complete recovery of aflatoxin, within the 

limits of observation. 

Aflatoxin B.. Internal Standard Recovery 

The entire OSU procedure was checked by adding 3.14 

jjg aflatoxin B, to Cottonseed Meal 23.  The meal was then 

extracted and extract purified by this procedure and the 

final extract was quantified.  Based on the original meal 

weight, the meal contained 125 ppb aflatoxin B,.  The 

value obtained by the assay was 127 +. 24 ppb, which 
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indicates total recovery of aflatoxin B.. internal stand- 

ard within the limits of detection. 

Recovery of Aflatoxins B^, G.. and G,, 

When Sample 23 was treated with crude aflatoxin and 

the OSU procedure performed no decrease in intensity of 

the aflatoxin Bp, G, and Gp was observed.  Work is pres- 

ently being undertaken to prepare enough aflatoxins Bp, 

G1 and Gp for TLC standards. 

Visual Comparison of Sample with Standard Aflatoxin B.. 

The method described by De longh, e_t al. (21) was 

used to compare the intensity of the blue aflatoxin B, 

spot with the standard spots on the developed TLC plate. 

Their method compares 1, 2 and 4 ;jl spots of sample to 

1, 2 and 4 ^il spots of standard applied to the plate. 

Values obtained by this method were found to be unreli- 

able because spotting of standard and unknowns of the 

concentrations specified allowed the observer to equate 

two samples whose concentration varied by as much as 50 

percent.  This was because the standards and unknowns 

were spotted in even multiples of concentration, i.e. 1, 

2 and 4 jul.  Even though this method had excellent pre- 

cision (standard deviation of zero for three readings was 

commonly found), the accuracy was highly questionable. 

A second problem existed because there was only one 
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standard aflatoxin B.. solution.  If this standard solu- 

tion evaporated, the standard concentration, as well as, 

the assay values would increase. 

In an attempt to overcome these problems, five 

standard solutions were prepared.  Two and four micro- 

liters of each standard were spotted along with one, two 

and five microliters of extract.  To avoid observer bias, 

the spots were applied at random.  The concentrations of 

the standards are indicated in Table 5.  The two dupli- 

cate concentrations in the standards (2 ^1 standard #3 = 

4 ;jl standard #1; 2 jal standard #5 = 4 >il standard #4) 

serve as a cross check on the standard concentrations as 

well as, a 2 ^al to 4 jal spot intensity check. 

Table 5.  Concentration of Aflatoxin B, Standards. 

Standard Concentration ^g B1 /2 Pi jjg  B1/4 jal 

1 0.126 >ig/ml 0.25 X io-3 0.50  x   IO-3 

2 0.188 0.38 0.75 

3 0.251 0.50 1.00 

4 0.314 0.63 1.25 

5 0.396 0.75 1.50 

Three samples of Cottonseed Meal 25 were analyzed 

by the OSU procedure to find if visual differentiation 

had a greater effect on aflatoxin B, values than sample- 

to-sample variation.  The values and their limits of 

visual discrimination were 86 _+ 17 ppb, 82 _+ 19 ppb and 



43 

75 +_  20 ppb.  The sample-to-sample average and standard 

deviation was 81 _+_ 6 ppb using the 86 ppb, 82 ppb and 

75 ppb values.  The average visual discrimination value 

obtained from _+ 17 ppb, +_ 19 ppb and +_ 20 ppb was _+ 19 

ppb.  Since sample-to-sample standard deviation was _+ 6 

ppb and average visual discrimination standard deviation 

was +_ 19 ppb, it was clear that visual discrimination 

contributed greater than sample-to-sample variation to 

the total random error of the analysis.  For this reason 

the standard deviations listed in this thesis are dis- 

crimination deviations and not sample-to-sample devia- 

tions. 

In an attempt to find the large error in visual 

discrimination, two 2 pi portions of each standard solu- 

tion were spotted on a TLC plate in the random order 

four, two, three, one, two, five, four, one and three. 

After development, the plate was viewed with fluorescent 

light and comparisons made.  Table 6 indicates comparisons 

made and calculated percent error.  This calculated'error 

was obtained by dividing the correct standard concentra- 

tion into the difference between the two standards com- 

pared.  The errors were then averaged for each standard 

and plotted in Figure 3. 

These comparisons were repeated using random spot 

locations and similar results were obtained.  Figure 3 
_3 

indicates a maximum error when 0.50 x 10  ^ig aflatoxin 
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_3 
B, was spotted.  At less than 0.5 x 10  p.q,   the spots 

faded and comparisons were most likely made by fading 
_3 

characteristics and not intensity.  Above 0.5 x 10  pg, 

the spots were very distinct and with increasing intens- 
_3 

ity better discrimination was made.  At 0.5 x 10  jjg, 

the spots did not fade and low intensity gave poor dis- 

crimination. 

The higher standard deviations of visual discrimina- 

tion, as much as 25 percent of the mean value, may be ex- 

plained by this "blind spot".  It is therefore important 

that personnel actually making visual comparisons be 

aware of this potential source of error. 

Table 6.  Visual Comparisons Between Aflatoxin B.. Stand- 
ards. 

Compa: risons Percent 
Error 

Average 
Standard Standa rd Percent Error 

1 not visi ble — — 

2 2 0 0 

3 5 
4 

87 
56 

71 

4 3 
5 

36 
20 

28 

5 3 
5 
4 

47 
0 

17 
21 
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Fluorodensitometry Technique 

The fluorodensitometry technique was used to quanti- 

fy the final extracts from the OSU procedure and the Pons 

and Goldblatt procedure.  Figure 4 shows a TLC plate scan- 

ned from origin toward the solvent front (a development 
_3 

scan) of a 0.75 x 10  jig portion of aflatoxin B.. .  Fig- 

ure 5 shows a development scan of 2 ^JI Cottonseed Meal 

20 (diluted from 3 ml to 18 ml for quantitative assay). 

In both cases aflatoxin B.. has an R„ value of 0.36.  The 

R,. value of aflatoxin B  in both the sample and standard 

must be the same because proper alinement must be made 

for the quantification scan. 

The plate was then turned 90 degrees so that the 

direction of scan was perpendicular to the direction of 

development (parallel to spotting line) and scanned.  The 

resultant scan of Meal 20 extract (in 18 ml chloroform) 

is shown in Figure 6.  The areas were determined and log 

peak area of the standards are plotted against standard 

concentration in Figure 7.  The concentration of the sam- 

ple was interpolated from this plot and concentration of 

aflatoxin B, in the extract determined.  From these data, 

six concentration values were obtained.  Three of the 

values came from the 2, 4 and 5 ;jl spots and three values 

were obtained from subtracting the aflatoxin B.. added for 

an internal standard from the interpolated internal 
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standard spots.  The concentration of aflatoxin B.. , in 

ppb, was then determined in the meal.  Results comparing 

visual and photodensitometry values for four meals are 

reported in Table 7. 

Table 7.  Comparison of Visual and Fluorodensitometry 
Methods for the Determination of Aflatoxin B. 

.. -, Fluoro- Fluoro- 
116 cL -L Visual densitometry   Visual densitometry 

19 150 +_ 30 ppb 146 +_ 19 ppb   150 ppb 153 +_ 14 ppb 

20 190 +_ 40 182 _+ 12 150 178 +_ 15 

22 19 _+ 7 22 +_ 3 20 23 _+ 5 

25   80+15 82+6 110 90+9 

These results reveal that the fluorodensitometry 

technique gives lower standard deviations and when com- 

paring it with the Pons and Goldblatt method gives more 

compatible values than by visual data.  Also, the photo- 

densitometer can detect as low as 8 x 10- p.g  aflatoxin 
_5 

B, as compared to 25 x 10   pq  aflatoxin B.. using the 

visual method (see Figure 3). The lower limit is deter- 

mined by instrument noise and fluorescence background on 

the TLC plate. 

Comparison of OSU Procedure with the Pons and Goldblatt 
Procedure 

Results obtained by these two procedures are 
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presented in Table 7. It is clear that both assays give 

similar results. For quantification of the aflatoxin B^. 

in cottonseed meals, both methods are equally reliable. 

Impurity Removal 

The final extract weights for the Pons and Goldblatt 

procedure range from 5 to 15 mg and for the OSU procedure 

they range from 2 5 to 75 mg.  According to Pons and Gold- 

blatt (35), methanol extracts of cottonseed meals yield 

118 to 2 30 mg residue.  When comparing fluorodensitometry 

scans of the TLC plates spotted with extracts, both pro- 

cedures indicated very low fluorescence intensity due to 

compounds other than aflatoxin. 

Procedural Difficulties 

The OSU procedure has two disadvantages when applied 

to materials other than cottonseed, such as the ration 

components analyzed as indicated in Table 4.  When peanut 

meal and dried skim milk samples were extracted a large 

amount of meal fines were encountered during soxhlet ex- 

traction.  This problem was alleviated if 0.5 ml distilled 

water was added to the meal just before extraction with 

hexane.  This problem was not encountered with cottonseed 

meal samples because moisture levels were high enough to 

permit a clean extraction. 

A second problem encountered was the formation of a 
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strong emulsion with wheat screenings, Meal 29, at the 

aqueous methanol-chloroform extraction step.  This condi- 

tion also existed with the Pons and Goldblatt procedure 

with Meal 29.  Work is presently being undertaken to fur- 

ther purify the extract before chloroform extraction. 

The Pons and Goldblatt procedure has several serious 

handicaps when used to analyze cottonseed meals.  Of pri- 

mary importance is the failure of this method to provide 

for the recovery of detoxified meal.  This makes reassay 

of the meal for residual aflatoxin difficult since only 

70 percent of the toxin is removed from the meal.  To re- 

move the remaining toxin, the aqueous acetone would first 

have to be evaporated from the meal and then the meal re- 

extracted with another solvent to remove the remaining 

toxin.  Reassay of detoxified meal is a distinct advantage 

of the OSU procedure since it allows for another procedure 

to be carried out to determine completeness of solvent 

extraction.  Moreover, such meal may be fed to experi- 

mental animals to determine meal toxicity. 

A second problem with the Pons and Goldblatt proce- 

dure was noticed when the lead acetate-acetone-water so- 

lution was evaporated from 340 ml to 250 ml total volume. 

Frothing of the extracts occurred during this evaporation. 

Consequently, some materials were frequently lost during 

analysis and the procedure had to be repeated. 

Finally, another problem with the Pons and Goldblatt 
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procedure was encountered with the stationary TLC phase 

>(MN-Silica Gel G-HR).  At times, this material had a very 

high fluorescent background which made visual or fluoro- 

densitometric quantification difficult.  Also, this phase 

was difficult to spread because it became very viscous 

90 seconds after the addition of water.  After develop- 

ment with chloroform:methanol 97:3 (v/v), the aflatoxin 

spots were more diffuse than those obtained by the OSU 

procedure and thus harder to distinguish. 

Lipid Extracts 

The lipids obtained from Cobtonseed Meals 20 and 25 

were analyzed as described in the Experimental section. 

The results are listed in Table 8.  This method could 

also be used to determine aflatoxin B.. in edible oils 

such as cottonseed oil, corn oil or peanut oil. 

Table 8.  Aflatoxin B, in Cottonseed Lipids used in Trout 
Feeding Experiments. 

Meal 

Aflatoxin 
Bi in 
lipid 

Trout 
Ration 

No. 
Lipid Level 
in Ration 

Aflatoxin 
B-L in 

Ration 

20 

25 

1,935 ppb 

175 

10-1964 

11-1964 

0.79 % 

2.1 

15.3 ppb 

3.7 

Duckling Assay 

The ducklings in all six groups of the eight day 
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^.flatoxin test grew and ate normally and survived the 

test period.  Histopathological examination (Table 9) 

disclosed no abnormalities in the livers of the propylene 

glycol control group or of the ducks fed the basal diet 

alone.  The characteristic finding associated with afla- 

toxin, bile duct hyperplasia, was seen only in the group 

receiving the higher dose of cottonseed extract (group 

two) and both groups (three and four) that received afla- 

toxin.  Bile duct hyperplasia was quantified as described 

by Newberne, ejb a^L. (33) and Armbrecht and Fitzhugh (6). 

According to this method, morphological changes are 

scored from zero to four for increasing severity, aver- 

aged and multiplied by ten.  The scores observed are sum- 

marized in Table 9. 

Table 9.  Responses of Ducklings in Eight-day Aflatoxin 
Test. 

Dose,       Relative   Bile Duct 
Group ^g Aflatoxin B..     Dose       Score 

1 Cottonseed 
Extract 2.3 

2 Cottonseed 
Extract 9.4 

3 Aflatoxin B, 4.8 

4 Aflatoxin B 19.2 

5 Propylene Glycol   

6 Control _ —— _ 

4 20 

2 12 

8 32 

0 0 

0 0 
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If a linear relationship exists between bile duct 

hyperplasia score and ^g aflatoxin B1 , the cottonseed 

sample contains 209 ppb aflatoxin B.. .  The bile duct hy- 

perplasia score is less sensitive and precise than the 

chemical analysis, but the 209 ppb aflatoxin B.. in the 

sample comes quite close to the 182 _+ 12 ppb found by the 

OSU procedure and fluorodensitometry technique. 

Rainbow Trout Feeding Study 

Table 10 indicates the results of a 12 month feeding 

trial with rainbow trout.  When cottonseed meal contamin- 

ated with aflatoxin B.. was fed to rainbow trout, hepatomas 

were produced (see diets 5-1964 and 6-1964).  No hepatomas 

were observed when cottonseed meal which contained no de^ 

tectable amount of aflatoxin was fed (see diets 7-1964 

and 8-1964). 

Feeding studies also indicated that cottonseed lip- 

ids containing aflatoxin B.. produced hepatoma.  Compari- 

son of diets 15-1964 and 25-1964 to 1-1964 indicated that 

aflatoxin B.. was an agent responsible for hepatoma in- 

duction.  There may be present in cottonseed other com- 

pounds which enhance hepatoma in rainbow trout.  Work is 

presently underway to determine the contribution of cyclo- 

propene fatty acids and gossypol to the development of 

hepatoma in trout. 



Table 10.  Incidence of Hepatoma in Rainbow Trout Fed Rations Containing Aflatoxin. 

Diet                                Aflatoxin B 6 months 9 months  . 12 months 
No.             Description            ppb No. % No.     % No. % 

1-1964   Oregon Test Diet (OTD)            0 0/19 0 0/15   0 0/10 0 

2-1964   Commercial Ration                ?3 10/20 50 20/20 100 20/20 100 

5-1964   OTD + 20% Cottonseed Meal 20     36.5 1/17 6 8/14  57 31/40 77 

6-1964   OTD + 20% Cottonseed Meal 25     15.3 2/10 20 4/15  27 31/40 77 

7-1964   OTD + 20% Cottonseed Meal 23      0.20 0/14 0 0/11   0 0/10 0 

8-1964   OTD + 20% Cottonseed Meal 24      1.25 0/10 0    — 0/40 0 

10-1964   OTD + 0.79% Cottonseed Lipid 20  15.1 1/10 10 6/12  50 31/42 74 

11-1964   OTD + 2.1% Cottonseed Lipid 25    3.7 0/13 0 0/10   0 5/10 50 

15-1964   OTD + 7.9 ppb aflatoxin B1        7.9 1/10 10 1/12   9 5/12 42 

25-1964   OTD + 4.0 ppb aflatoxin B1        4.0 0/8 0 2/14  14 2/13 15 

26-1964   OTD + 0.8 ppb aflatoxin B^^        0.8 0/7 0 0/10   0 0/12 0 

24-1964   OTD + 800 ppm Peanut Meal 37      8.0 2/23 9 5/12   42 20/30 67 

Values given are combined results for two lots of fish 
2 
Aflatoxin B values obtained by OSU procedure 

3 ■'• Commercial ration could not be analyzed by OSU procedure because of streaking on 
TLC plate cr! 
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SUMMARY AND CONCLUSIONS 

A procedure was developed to isolate and determine 

aflatoxin in cottonseed and other feedstuffs.  Meal sam- 

ples were defatted with hexane and the aflatoxins removed 

from the meal by acetone extraction.  The contaminating 

pigments and residual lipids were removed from the acetone 

by filtration of the cold solution.  The aflatoxin was 

further concentrated by evaporating the acetone and re- 

dissolving the residue in hot methanol.  After cooling, 

the insolubles were discarded and the methanol-soluble 

material taken up in chloroform.  The chloroform solution 

was spotted on silicic acid TLC plates along with suit- 

able aflatoxin B, standards.  After development with 9:1 

(v/v) chloroform:acetone, the chromatographic plates were 

examined under ultraviolet light. 

In summary, the following results were obtained: 

1. The OSU procedure achieved quantitative extrac- 

tion of aflatoxin from cottonseed meal as shown by 

internal recovery and extraction efficiency data. 

2. A new TLC solvent system (chloroform:acetone 

9:1 v/v) was developed which achieved greater im- 

purity removal and increased aflatoxin B.. spot in- 

tensity by decreasing spot diameter. 

3. The error involved in visual quantification de- 

pended on the ability to discriminate fluorescent 
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intensities. 

4. Fluorodensitometry, a method of fluorescence 

quantification, was used to remove observer bias 

and errors in visual discrimination.  This new tech- 

_3 
nique increased sensitivity from 0.25 x 10   p.g  for 

_3 
visual to 0.08 x 10  jjg aflatoxin B . 

5. Both the OSU procedure and the Pons and Goldblatt 

procedure (35) gave similar results, indicating both 

are equally reliable procedures for the isolation 

and determination of aflatoxin. 

6. The duckling assay and rainbow trout feeding 

studies substantiated the assay values obtained by 

the OSU procedure. 
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