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ABSTRACT 

Aflatoxin Bi (AFBi) was added to sterilized skim milk in differ

ent concentrations. Development of acidity, time of milk coagulation, 

and the morphological changes of three different strains each of Lacto

bacillus bulgaricus and Streptococcus thermophilus used as single and 

mixed cultures were studied. Milk that had been naturally contaminated 

with 0.6 pg aflatoxin (AFMj)/L was inoculated with the same strains. 

AFBj caused a thickening and granule formation in some of the 

cells of L. bulgavicus and S. thermophilus, an increase in the chain 

lengths of S. thermophilus, and an increase in acid production by L. 

bulgavicus, but it did not affect acid production by S. thermophilus. 

AFMj inhibited the growth of L. bulgaricus, caused a decrease in 

the chain length of S. thermophilus, and caused a decrease in acid pro

duction by L. bulgaricus and S. thermophilus. AFMj (0.6 yg/L) in mixed 

cultures of L. bulgaricus and S. thermophilus retarded milk coagulation 

during yoghurt manufacture by 23-33 h. 

ix 



INTRODUCTION 

One of the most common problems in the production of fermented 

dairy products, such as buttermilk, sour cream, cheese, and yoghurt, 

has been slow or insufficient development of acidity and the resulting 

production of an abnormal product (Foster et al., 1959). This has 

usually been attributed to contaminating microorganisms, sanitizing 

compounds, antibiotics, and bacteriophage. 

The addition of antibiotics, such as penicillin, caused morpho

logical changes to lactic acid bacteria when present in milk at concen

trations of 0.1 to 1.0 unit/ml of milk. Because milk is the normal 

nutrient medium for lactic acid bacteria it contains the various sub

stances that influence the development of these bacteria (Stoltz and 

Hankinson, 1953; Baughman and Nelson, 1958; Liska, 1959). A great deal 

of effort has gone into attempts to eliminate the causes of this prob

lem. Recently it was reported that still another cause for slow 

acid production may exist. The fungal metabolite, aflatoxin, which 

may be found in certain dairy feeds (especially those containing 

corn, cottonseed, or peanuts), has been shown to have antimicrobial 

activity on a variety microorganisms (Arai, Ito, and Koyama, 1967; 

Sutic and Banina, 1978). It is obvious that aflatoxin has economic 

and nutritional significance to agricultural interests and to the 

public which consumes milk and milk products. The latter investiga

tors found that aflatoxin B^ (AFBj) in milk at levels normally seen 

commercially caused a delay in the coagulation time of the curd. 

1 
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AFBi is found in milk only when cattle have been dosed with 

extremely high amounts of AFBi and very little (0.3%) of the ingested 

AFBi is found in milk (Hesseltine, 1969). The prevalent aflatoxin in 

milk is aflatoxin Mj (AFMi). The concentrations of AFMi seen naturally 

in even the most heavily contaminated milk are approximately 1,000 

times less than the concentrations used by Sutic and Banina (1978; 

1980; 1981). The use of AFBj instead of AFMj by these investigators, 

probably because of availability and cost, is really not applicable to 

dairy industry interests. 

The question of whether or not AFMi affects the morphology of 

lactic acid bacteria and causes a delay in the coagulation time of cul

tured dairy products in amounts likely to be found in milk needs to be 

resolved. Different strains of lactic acid bacteria need to be treated 

with AFBi and AFMi in various concentrations to determine whether or 

not the morphological and biochemical changes in lactic acid bacteria 

can be attributed to AFBi and AFMi. Because of my uncertainty as to 

the levels which were used in earlier studies, and because of the 

prohibitive cost of using AFMi at those levels, AFBi was added to milk 

in various concentrations until changes in the morphology of three 

strains of Lactobacillus bulgavicus or three strains of Streptococcus 

thermophilus were verified or until a difference in acidity or time of 

coagulation was noted. The effect of AFBi at different concentrations 

upon time of coagulation of mixed cultures was also studied. Finally, 

milk that was naturally contaminated with AFMi (0.6 pg/L) was inocu

lated with the same six strains of lactic acid bacteria. Morphology 
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changes of bacterial cells, titratable acidity, and time of coagula

tion for single and mixed cultures were recorded. 



REVIEW OF THE LITERATURE 

Aflatoxins 

Aflatoxins represent a group of secondary fungal metabolites 

discovered in England during 1960 and 1961 as the result of the death 

of young turkeys fed aflatoxin-contaminated peanut meal. The peanut 

meal had supported the growth of Aspergillus flavus and as a result 

of a warm and humid climate the mold had formed the toxic metabolites, 

later named aflatoxins (Sargeant et al., 1961; Wogan, 1966; Hessel-

tine, 1969; Purchase, 1972). The generic name "aflatoxin" was sub

sequently applied to the group of toxic compounds produced by this 

fungus (Wogan, 1966). Subsequently, a number of other fungi, includ

ing species of Peniaillum, Aspergillus, and Ehizopus, were reported 

to produce compounds that were similar to aflatoxins (Hesseltine, 

1969). 

Chemical and Physical Nature of Aflatoxins 

The aflatoxins consist mainly of four compounds that are 

fluorescent when viewed under ultraviolet (UV) light. Figure 1 shows 

the structure of these four components. The two which emit blue 

visible light under UV illumination are called AFBi and aflatoxin B2 

(AFB2); the other two which fluoresce with a yellow-green color are 

called aflatoxin Gi (AFGi) and aflatoxin G2 (AFG2). It is known that 

AFBi is the most toxic and carcinogenic aflatoxin, followed in order 

by AFGi, AFB2, and AFG2 (Marth, 1967). AFBj has been detected in 

peanuts and peanut products, cottonseed, basic feeds, and certain 

4 



5 

OCH. 

Aflatoxin B Aflatoxin Bj 

OCH, 

Aflatoxin G Aflatoxin G 

OH 

OCH 

Aflatoxin M2 

OH 

Aflatoxin M 

Figure 1. Structural formulae of the various aflatoxins 
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other common feed sources (Schroeder and Boiler, 1973). The molecular 

formula of AFB1 was established as Ci7H120g (Wogan, 1966). Typically, 

AFB2 and AFG2 are present only in smaller quantities. These compounds 

exhibit such toxic and hepatocarcinogenic characteristics that they 

pose a threat to animal and human health when present in feed and food 

sources (Wogan, 1966; Purchase, 1972). AFMj, aflatoxin M2 (AFM2), and 

aflatoxin Pi (AFPi) are hydroxylated derivatives of AFBi and AFB2 that 

are consumed by mammals, converted in the body, and excreted in the 

urine, feces, and milk (Allcroft, Roberts, and Lloyd, 1968). The 

structure of the aflatoxin molecule also affects its toxicity. The 

presence of the additional oxygen in the G compounds results in a 

reduction in toxicity by a factor of two; whereas the unsaturated com

pounds are approximately 4.5 times as potent as the dihydro-derivatives 

(Marth, 1967). Aflatoxin, as well as other chemicals that contain an 

a-$ unsaturated lactone ring, are carcinogenic. It is possible that 

this functional group may be responsible for the over all biological 

effect of aflatoxin (Legator, Zuffante, and Harp, 1965). 

Excretion of Aflatoxin Mi into Milk 

When cows eat feed that contains aflatoxin, AFM^ and AFM2 are 

excreted in the milk and associate principally with the protein frac

tion (Polan, Hayes, and Campbell, 1974; Allcroft and Carnaghan, 1963; 

de Iongh, Vies, and van Pelt, 1964). Although AFMi and AFM2 are less 

toxic than AFBj and AFB2, AFMj retains it toxicity and carcinogenicity 

for many animals (Allcroft and Carnaghan, 1963; Allcroft et al., 1966; 
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Masri et al., 1967; Marth, 1967; Allcroft and Roberts, 1968; Polan 

et al., 1974; Frazier and Westhoff, 1978). 

The concentration of AFMj in milk seems to be dependent more 

on the intake of contaminated feed than on milk yield (van der Linde 

et al., 1964) or milk quality (Fonseca, del Nery, and Silveira, 1978). 

Allcroft and Roberts (1968) suggested a relationship between 

the amount of AFBj ingested and the concentration of AFMj excreted in 

the milk. They found that the lowest AFBj intake required to give 

detectable amounts of alfatoxin by their extraction procedure was 

between 0.6 and 0.9 mg/d. Of this, about 1% of the AFB1 was converted 

into AFMi and excreted into the milk (Fehr, Bernage, and Vassilopoulos, 

1968). Allcroft et al. (1968) found that somewhat less (about 0.35%) 

of the ingested AFBj was converted into AFMi in the milk and that 

AFMj was found in high concentrations in the urine and feces. AFMj 

appeared in cows' milk within 2 d of ingestion (van der Linde et al., 

1964) of contaminated feed, or within 5 h of the administration of an 

oral dose of purified AFBj (Allcroft et al., 1968; McKinney et al., 

1973; Polan et al., 1974). There does not seem to be any relationship 

between the level of aflatoxin in the feed or the level in the milk 

prior to withdrawal of the contaminated milk and the time required for 

total excretion (Stoloff, 1979). The excretion of AFM} into the milk 

depends on the effectiveness or rate of excretion by the urinary and 

fecal routes and the degree of activity of the mammary gland as an 

excretory as well as a secretory organ (Masri, Garcia, and Page, 

1969). 
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Biological Effects of Aflatoxin Bj 
and Other Aflatoxins 

AFBi affects the organs of man and animals and has other harm

ful effects on microorganisms and plants. However, AFBi has been 

shown to be a hepatocarcinogen, mutagen, teratogen, protein synthesis 

inhibitor, and has been shown to disrupt cells and to cause lesions 

and tumors in the skin and in most internal organs of the vertebrate 

animal species tested (Heathcote and Hibbert, 1978; Rodricks, Hessel-

tine, and Mehlman, 1977; Horeau, 1979). These harmful effects depend 

upon the concentration of aflatoxin, the kind of animal or microorgan

ism, the length of time that the animal or microorganism is exposed, 

and the age of the animal or microorganism (Burmeister and Hesseltine, 

1966). Aflatoxins in general have the following effects in biological 

systems: 

1. All living things so far reported are susceptible in some 

way to aflatoxins (Hesseltine, 1969). 

2. Older animals are more resistant to aflatoxin than younger 

ones, one of the most sensitive animals being the day-old 

duckling (Carnaghan, Hartley, and O'Kelly, 1963). 

3. Among invertebrate animals, the effect of feeding aflatoxin 

is liver damage and especially the proliferation of the 

bile duct cells (Hesseltine, 1969). 

4. The toxicity of aflatoxin has been demonstrated in such 

diverse animal species as brine shrimp, insects, protozoa, 

chickens, turkeys, ducks, pheasants, goats, swine, sheep, 

guinea pigs, and cattle. Aflatoxins have an inhibitory 



effect on some bacteria, especially Bacillus and Streptomyaes. 

Among green plants it causes albinism or chlorophyll defici

ency and inhibition of seed germination (Schoental and White, 

1965). 

5. The only site of retention of aflatoxin in the animal body 

is the liver. The remainder of the aflatoxin is either 

excreted in the urine and feces or decomposed. Studies with 

rats and radioactively labeled aflatoxin indicated that 25% 

to 30% of the toxin was metabolized to CO2, 25% was excreted 

in the urine, 25% was contained in feces, and 6% to 9% appeared 

in the liver. The nature of compounds present in urine and 

feces has not been determined, and the metabolic pathways are 

not fully understood (Wogan, 1966). 

6. The immediate effect of aflatoxin on protein synthesis in 

the liver is one of inhibition (Hesseltine, 1969). 

7. Continued feeding of aflatoxin is not required for the 

induction of tumors (Hesseltine, 1969). 

8. The RNA content of liver cells decreases when the animal 

consumes aflatoxin (Hesseltine, 1969). 

9. Aflatoxin at a level of 5 ppm completely blocks the growth 

of human cells (Hesseltine, 1969). 

10. Aflatoxin suppresses mitotic division in heteroploid and 

diploid human embryonic lung cells (Hesseltine, 1969; 

Legator and Withrow, 1964). 
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11. AFBj suppresses mitosis, inhibits DNA synthesis, and produces 

giant cell formations in the tissue culture in a manner simi

lar to some alkylating agents (Gabliks et al., 1965; Legator, 

1966). 

12. AFBj binds to both native and denatured DNA in vitro (Sporn, 

Dingman, and Phelps, 1966). 

13. AFBi is teratogenic to hamsters (Elis and DiPaolo, 1967). 

The first step of the United States Food and Drug Administra

tion (FDA) in the regulation of aflatoxin in various foods is to assess 

human health risks. Unfortunately the precise risks of human ingestion 

of aflatoxin cannot be measured. Therefore, risk assessment must rely 

on the mathematical treatment of animal toxicological information and 

upon epidemiological studies of human population. Scientists have 

been attempting to resolve the problem of how to treat these data. 

Effects of Aflatoxin upon Microorganisms 

While investigating the sensitivity of microorganisms to afla

toxin, Burmeister and Hesseltine (1966) found that among the 390 micro

organisms tested (comprising 30 genera of bacteria, 34 genera of fungi, 

4 genera of algae, and 1 protozoan), 12 species of the genus Bacillus, 

Clostridium3 and Streptomyces were inhibited when 30 pg of crude 

aflatoxin/ml (36% pure) was incorporated into the growth substrate. 

A strain of Bacillus brevis and two strains of B. megaterium were most 

sensitive to aflatoxin, being inhibited at 10 and 15 yg/ml, respec

tively. Yeasts were not inhibited by concentrations of 40 yg of the 

cruce aflatoxin/ml. Results of these studies showing sensitive 
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bacteria and nonsensitive microorganisms are shown in Tables 1 and 

2 .  

Other studies have shown that 5 yg of AFBj/ml similarly 

affected Escherichia coli by (1) reducing the synthesis of DNA/mg 

protein, (2) producing filamentous forms, and (3) decreasing the 

nucleotide incorporating activity of DNA polymerase (Wargg, Ross, 

and Legator, 1967). 

Lillehoj and Ciegler (1967), in their studies with Flavobae-

terium aurantiaaum, discovered that 80% of DNA synthesis was inhibited, 

and that RNA production was reduced 48% and protein synthesis 32% when 

these microorganisms were treated with 50 pg of AFBi/ml. 

Arai et al. (1967) found that various aflatoxin preparation 

and AFBj were inactive against common Gram-positive and Gram-negative 

bacteria at a concentration of 100 yg/ml. Both of the above exhibited 

a narrow and limited range of antimicrobial activity at 25 to 50 jjg/ml 

against various strains of Streptomyoes and Noaardia. The antimicro

bial action of AFBj was confirmed by a bioautogram after thin-layer 

chromatography. Among seven aflatoxin-sensitive and resistant strains 

of microorganisms, N. asteroides IFM8 was found to reduce the concen

tration of AFBi and other unidentified fluorescent components in a 

crude preparation. 

Lillehoj, Ciegler, and Hall (1967), in their studies of the 

removal of AFBj from liquid cultures by resting and growing cells of 

F. aurantiaaum NRRLB-184, found that cells grown in the presence of 

5 ppm or higher levels of aflatoxin developed aberrant morphological 

forms. The most striking morphological change was the increased 
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Table 1. Aflatoxin-sensitive microorganisms 

Lowest Concentration 
of Crude Aflatoxin 

Number of Inhibiting Growth3 

Microorganism Strains (yg/ml) 

Bacillus megaterium 1 5 

B. brevis 1 10 

B. megaterium 2 15 

B. megaterium 3 20 

B. licheniformis 1 20 

B. sphaericus 1 20 

B. subtilis 1 20 

B. thuringiensis 1 20 

B. alvei 1 30 

B. bombysis 1 30 

B. cereus 5 30 

B. licheniformis 3 30 

B. macerans 2 30 

B. pumilus 1 30 

B. subtilis 3 30 

B. technicas 1 30 

B. cereus 2 40 

B. thuringiensis 2 40 

Clostridium sporogenes 1 30 

Streptomyces sp. F. 2672 1 20 

a. The crude aflatoxin precipitate contained a total of 36% pure 
aflatoxin. 



13 

Table 2. Microorganisms not inhibited by 30 pg of aflatoxin/ml 

Taxon Number of Genera Number of Species 

Pseudomonoadales eubacteriales 5 26 

Rhizobaiaoeae 1 1 

Mioroaocoaoeae 3 3 

Laatobaoteraaeae 4 12 

Achromobacteraceae 3 6 

Enterobaoteriaaeae 5 7 

Corynebaateriaceae 1 3 

Bacillaeeae 2 18 

Hyphomiarobiales 1 1 

Aetinomyoetales 3 14 

Yeasts 16 38 

Other fungi 18 25 

Algae 4 — 

Protozoa 1 1 
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length of the cells. The ends of the filamentous cells were swollen 

and often branched. F. aurantiaaum grown with penicillin (20 units/ml) 

produced aberrant forms similar to those observed with aflatoxin. 

These concentrations of toxin partially inhibited growth, and the 

nature of the inhibition suggested that aflatoxin interfered with cell 

wall synthesis. Incubation of 1011 resting cells per ml with 7 pg of 

AFBi/ml during a 4-h period resulted in complete toxin removal from a 

buffered aqueous medium. They also showed that autoclaved cells and 

cell wall preparations could remove a fraction of the aflatoxin from a 

test system. The toxin removed by autoclaved cells and cell walls 

could be extracted by washing with water, but the AFB^ removed by 

intact cells could not be extracted into the liquid phase. The uptake 

of AFBj by resting cells was sensitive to temperature and pH. Prepara

tions of ruptured F. aurantiacum were not able to remove or modify the 

aflatoxin in an aqueous solution. 

Lillehoj and Ciegler (1968) indicated that after a 12-h incu

bation period, 5 yg of AFBj/ml inhibited 95% of the growth of B. mega-

tevium NRRL-B-1368, but there was no inhibition by 2.5 to 1 yg/ml. 

After 4 h of incubation viable organisms decreased from 3.8 X 107/ml 

in the controls to 5.0 X lO^/ml in a growth medium containing 50 yg of 

AFBj/ml. Viability was not significantly decreased, however, when the 

organisms were incubated with the same concentration of aflatoxin 

either under nitrogen at 5°C or in the presence of bacteriostatic 

concentrations of tetracycline. Binding experiments showed that 

4.0 X 109 organisms/ml took up approximately 7.0 yg of AFBi/ml. 

They found that after five aqueous washes of the organisms, 20% to 25% 
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of the toxin remained bound. The tightly-bound toxin was removed by 

ultrasonic treatment of the organisms and chloroform extraction of the 

sonicate. Removal of cell walls by lysozyme following toxin uptake 

released 23% of the initially bound toxin, and osmotic rupture of the 

protoplasts released an additional 7%. Toxin was also taken up by both 

intact and ruptured protoplasts. Removal of nucleic acids from the 

membranes did not alter their capacity to bind AFB1# 

Lillehoj and Ciegler (1969) also showed that various concentra

tions of AFB} inhibited macromolecular synthesis in B. aereus NRRL-B-

569 and NRRL-3537. The effect of the toxin on DNA, RNA, and protein 

production was compared with elaboration of a specific enzyme. Syn

thetic capacity of actively growing cells was determined by measuring 

the incorporation of 3H-thymidine, llfC-uracil, and 11+C-L-Leucine into 

DNA, RNA, and protein, respectively. Addition of 50 pg of AFBi/ml to a 

growth medium containing 0.5 X 107 cells/ml reduced DNA and RNA produc

tion 60% to 80%, whereas protein synthesis was reduced less than 40%. 

Aflatoxin inhibition of the production of penicillinase by an inducible 

strain of B. aereus was compared with the synthesis of this enzyme in a 

constitutive strain. Simultaneous addition of 50 yg of AFBi/ml and 

penicillin to an inducible strain did not interfere with enzyme syn

thesis. Incubation of the cells with toxin for 2 h before induction 

reduced the production of penicillinase 45% to 60% relative to the 

control. The magnitude of inhibition was approximately the same in 

constitutive and inducible strains. 

When B. mega.tein.uin NRRL-B-1368 cells and spores were grown on 

trypticase soy broth and trypticase soy agar containing 3.8 yg of 



AFBi/ml, there was an initial 30% kill of cells after inoculation into 

toxin-containing trypicase soy broth (Beuchat and Lechowich, 1971a). 

The first 3.5 h of incubation were followed by a logarithmic growth 

phase in which the generation time was 75 min as compared to 20 min 

for a control culture. Chemical analysis revealed an increase in 

protein, DNA, and RNA on a percent cell basis and a percent dry weight 

basis when B. megaterium was grown in toxin-containing trypticase soy 

broth. There was a concurrent decrease in the total amounts of cellu

lar protein, DNA, and RNA synthesized in toxin-containing trypticase 

soy broth. Amino acid analysis of control and test cell walls showed 

little or no difference in cell wall composition. About 97% sporula-

tion of B. megateriim occurred after 3 d on control trypticase soy 

agar, although 6 d were required to attain 65% sporulation on toxin-

containing trypticase soy agar. Although germination of spores was 

not inhibited by 4 pg of AFBj/ml, outgrowth was. No significant dif

ferences were observed in the heat resistance, protein, DNA, RNA, or 

dipicolinic acid content of spores formed on toxic or nontoxic 

trypticase soy agar. 

Beuchat and Lechowich (1971b) indicated that morphologically 

abnormal cells were produced by B. megateviwn NRRL-B-1368 in response 

to AFBj. Filamentous forms were characterized by early granulation 

and unusually large and numerous deposits of poly- (3-hydroxy butric 

acid within the cells. Pantoyl lactone was without effect as a 

reversing agent for the observed inhibition of cell septum formation. 

B. megaterium cells and spores produced in toxin-containing (3.8 yg of 

AFBj/ml) and control trypticase soy broth and on trypticase soy 
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agar (TSA) were observed by using phase contrast and electron micro

scopy. Transfer of aberrant forms of control TSA yielded macrocolonies 

with daughter cells morphologically indistinguishable from untreated 

cells. Agar slide cultures of filamentous cells transferred to control 

TSA indicated that normal cells were formed. Electron photomicrographs 

showed a decreased number of mesosomes in filamentous cells as compared 

to control cells. There were no observable morphological differences 

in spores formed on toxin-containing or control TSA. 

The effect of AFBj on the growth and morphology of pure and 

mixed cultures of rumen bacteria was studied at concentrations of 10 to 

100 yg/ml of growth medium (Mathur, Smith, and Hawkins, 1972). Growth 

was inhibited at all concentrations of AFB^, and inhibition was greater 

as the concentration increased. In all experiments, growth inhibition 

was followed by recovery to growth rates similar to that of control 

cultures. Bacteria in the lag phase of growth were more susceptible to 

the toxin than bacteria in exponential growth. Thin-layer chromato-

grams of chloroform extracts of aflatoxin-treated cultures had one 

fluorescent compound which corresponded to AFBj. Microscopic examina

tion of aflatoxin-treated and control cultures of single species of 

bacteria revealed distinct differences. A coccus present mainly as 

singlets and doublets in control cultures existed mainly as chains in 

the presence of aflatoxin. A bacillus grown with aflatoxin was 2 to 5 

times its normal length. 

Mathur, Smith, and Hawkins (1976) found that no fluorescent 

metabolites were produced in vitro in a study of the growth and mor

phology of Streptococcus bovis and of mixed rumen bacteria in the 
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presence of AFBi. Ruman bacteria (mixed cultures and S. bovis) 

incubated with 50 pg of AFBj/ml grew in long chains, whereas cells in 

control cultures were mainly doublets with some short chains. Growth 

of mixed rumen bacteria and S. bovis cultures was inhibited by AFBi. 

The optimal induction dose of AFBi to induce bacteriocin syn

thesis in Serratia maroesoens was 20 yg/ml, which on the average 

increased the number of bacteriocin producing cells by a factor of 

11.5 (Buck and Dave, 1980). Doses less than 5 yg or more than 40 yg/ml 

did not have a pronounced stimulating action. The optimum incubation 

time for maximum bacteriocin synthesis was 1-5 h. 

When L. bulgarious (two strains) and S. thermophilics (two 

strains) as single and mixed cultures were incubated in sterilized skim 

milk, AFB^ caused the cell size of L. bulgarious to lengthen 5-8 times 

(Sutic and Banina, 1978). The presence of AFBi in sterilized skim milk 

caused S. thermophilics to form chains with 27 or more cells, while 

control cells formed chains consisting of mostly 2 cells. AFBi caused 

an increase in the acidity of milk inoculated with L. bulgarious 

during the first 24 h of incubation, whereas S. thermophilics cultures 

showed a reduction in acidity under the same conditions. In mixed 

cultures of L. bulgarious and S. thermophilus, milk coagulation was 

delayed 30-70 rain by AFBi as compared to control milk without afla-

toxin. 

Sutic and Banina (1980) reported that during fermentation, 

AFBi increased the cell width of Laotobaoillus helvetious, slightly 

decreased the width of the cells of L. oasei, and caused L. bulgarious 

cells to become elongated. L. bulgarious cell chains became thickened 
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in parts and some cells formed granules. In the presence of AFBi, 

S. laotis and S. thermophilus formed longer chains; in addition, some 

cells showed thickening. The toxin also increased acid production by 

L. helvetious but caused a decrease in the acidity of L. oasei cul

tures. In mixed cultures of L. bulgavicus and S. thermophilics and in 

yoghurt starter, the presence of 15-50 yg of AFBi/ml retarded milk 

coagulation by 90-105 min in relation to AFB}- free controls. 

Sutic and Banina (1981) reported that concentrations of 0.11, 

0.22, and 0.44 yg of AFB^/ml caused changes in cell diameter in two 

strains of Lactobaoterium helveticum, L. helvetiaus, and one strain of 

L. casei. In the presence of AFBj S. laotis formed longer chains than 

control cultures. 



MATERIALS AND METHODS 

AFBi was added in exponential increments to sterilized skim 

milk (0% fat). Cultures of lactic acid bacteria were added to each 

milk sample, both separately and together. Milk that was naturally 

contaminated with AFMi was inoculated with either single or mixed 

lactic acid cultures. During incubation at 37-45°C, aliquots were 

aseptically removed for preparation of microscope slides and for the 

determination of titratable acidity. The time for the complete coagu

lation of milk when inoculated with lactic acid bacteria separately 

and when used conjointly was determined. Slides were viewed, photo

graphed, and examined for morphological changes in the lactic acid 

bacteria. 

Six different strains of lactic acid bacteria, L. bulgariaus 

strains 27558, 11842, and 21815, and S. thermophilics strains 19987, 

14485, and 19258, and four different media (#17, 183, 416, and 1006) 

for the cultivation of these strains were used (Appendix A). All test 

strains were obtained as freeze-dried cultures in vials from the 

American Type Culture Collection, Rockville, Maryland. 

Reviving Freeze-dried Culture 

After opening the vial containing the freeze-dried cultures, 

0.3 ml of liquid medium (#416 lactobacillus MRS broth) was aseptically 

added to the vial with a sterile Pasteur pipette. The vial was vigor

ously agitated, and the total mixture was transferred to a test tube 

20 
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containing 5-6 ml of the recommended broth or agar (Alexander et al., 

1980). 

Culture Media 

L. bulgariaus strain 27558 was cultivated aerobically in medium 

#17 at 37°C. L. butga.rn.ous strain 11842 was cultivated anaerobically 

in medium #1006 at 45°C. The pH of this medium was adjusted to 6.3. 

L. bulgariaus strain 21815 was cultivated anaerobically in medium #416 

at 45°C. S. thermophilus strain 19987 was cultivated aerobically in 

medium #183 at 37°C. S. thermophilus strain 14485 was cultivated 

aerobically in medium #17 at 37°C. S. thermophilus strain 19258 was 

cultivated aerobically in medium #17 at 37°C. All strains were cul

tured for 24 h. All test strains were maintained by inoculation into 

sterilized skim milk twice a week with 0.2-0.3 ml of culture. 

Sample Preparation 

Crystalline AFB1 obtained from Sigma Chemical Company (St. 

Louis, MO) was weighed and transferred into five separate vials. The 

individual vials contained 0.5, 1.0, 2.0 (2 vials), and 4.0 mg of crys

talline AFBj. To dissolve the AFBj 1 ml of methylene chloride was added 

to each of the five vials. One ml of commercially obtained skim milk 

that had been sterilized by autoclaving at 121°C for 15 min was added 

to each vial. A stream of nitrogen gas was used to evaporate the 

methylene chloride from the vials in a water bath at 35-45°C. After 

evaporation of the methylene chloride, the milk containing aflatoxin 

from each vial (except one of the 2-mg/ml vials) was transferred into 
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test tubes containing 9 ml of sterilized skim milk. The different con

centrations of AFBj obtained were 50, 100, 200, and 400 |ig/ml. 

The milk containing aflatoxin from the test tube remaining, con

taining 2 rag/ml, was transferred into a test tube containing 9 ml of 

sterilized skim milk then varying concentrations of AFB^ were prepared 

by removing 50, 100, 200, 400, 800, 1,600, and 3,200 pi with a micro-

pipette, and adding each to a test tube containing 10 ml of sterilized 

skim milk. Thus, 1, 2, 4, 8, 16, 32, and 64 yg of AFBj/ml were prepared. 

All of the tubes containing sterilized skim milk contaminated with AFBj 

were inoculated with 0.2-0.3 ml of a pure 24-h-old culture. The same 

medium (sterilized skim milk) without aflatoxin was used as a control. 

Each strain of L. bulgariaus and S. thermophilics was separately inocu

lated into each of the tubes containing the different concentrations of 

AFBj in sterilized skim milk. Samples were incubated at 37°C for S. 

thermophilics (strains 19987 and 14485) and at 45°C for S. thermophilics 

(strain 19258) and for L. bulgariaus (strains 27558, 11842, and 21815). 

A 10-ml sample of each culture was removed at intervals of 6, 24, 48, 

and 72 h for titratable acidity determinations and the preparation of 

microscope slides. 

Slide Preparation and Staining 

The stain solution was prepared according to the Levowitz-

Weber modification of the Newman-Lampert stain (Houster, 1972). The 

following procedure was employed: 0.6 g of certified methylene blue 

chloride was slowly added to 52 ml of 95% ethyl alcohol and 44 ml of 

tetrachlorethane in a 200-ml flask and swirled until dissolved. The 

mixture stood for 12-24 h at 4.4 to 7.2°C and then was passed through 
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filter paper (Whatman No. 42). Four ml of glacial acetic acid was added 

and the mixture was stored in a clean, tightly closed bottle. From each 

sample a 10-yl portion was spread over a 1-cm2 circular area. The films 

then were dried at 40-50°C for 5 min (Houster, 1972). The slides con

taining fixed films were submerged singly or in groups into the stain 

solution for 2 min. The excess stain was drained off by resting the 

edge of the slide on absorbent paper and the slide was dried with warm 

forced air. The dried slides were rinsed in three changes of tap water 

at 35-45°C, then were drained and air dried before microscopic examina

tion. 

Measurement of Titratable Acidity 

Acidity of skim milk was determined by using titration with 

0.1 N sodium hydroxide using two drops of phenolphthalein (0.1% in iso-

propanol) as an indicator. The acidity was calculated as follows: 

ml of NaOH X Normality X 90 
A Acidity = — x.ooo * 100 

wt. of sample 
(Houster, 1972) 

Morphological Changes 

Stained slides were examined by using a binocular bright-field, 

light microscope containing a calibrated ocular micrometer, with oil 

immersion objective with each filar division equal to 1.11 pm. Cell 

lengths of 10-20 cells of L. bulgariaus (different strains and differ

ent concentrations) were measured by reading the length of the cell 

under the microscope and then multiplying the length in filar units 

by a factor of 1.11 to obtain the length in micrometers. For 
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S. thermophilus (different strains and different concentrations) 10-20 

chains were measured by counting the cells for each chain. 

A Zeiss universal microscope (Zeiss Inc., Oberkochern, West 

Germany) with phase contrast light, Neofluar X 100 objective (Zeiss 

oil immersion Neofluar), was used to make photomicrographs. Kodak 

panatomic X, ASA 32, film was used. The negatives were printed on 

Kodak poly-contrast RCII paper. 

Aflatoxin Mj 

Dried whole milk (3.7% fat) was obtained from United Dairymen 

of Arizona in Tempe. This milk came from cows which had eaten, as 

part of the dairy ration, whole cottonseed that had been naturally 

contaminated with AFBi. The milk had been spray-dried with an inlet 

temperature of 200°F and an outlet temperature of 120°F. It was stored 

at freezer temperature (-20°F) for 6 months before reconstitution. 

Of this naturally contaminated dried whole milk, 1 g was mixed with 

9 g of sterilized water to reconstitute the whole milk. The reconsti

tuted whole milk was analyzed for AFMi using the method of Stubblefield 

(1979) modified for thin layer chromatography. The amount of AFMi 

this reconstituted whole milk'was 0.6 pg/L. 

Whole milk (3.68% fat) without AFMi was obtained commercially 

and used as a control. This whole milk was spray-dried with an inlet 

temperature of 195°C and an outlet temperature of 85cC, using a Niro 

spray-dryer (Niro Atomizer, Copenhagen, Denmark). It was then recon

stituted as previously described. 
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Two-tenths to 0.3 ml of a pure 24-h culture of each strain of 

L. bulgarious and S. thermophilus were separately inoculated into each 

of the tubes containing either naturally AFM^-contaminated milk or 

the control milk. 

Samples were incubated at 37°C for S. thermophilus (strains 

19987 and 14485) and at 45°C for S. thermophilus (strain 19258) and 

L. bulgarious (strains 27558, 11842, and 21815). A 10-ml sample of 

each culture was removed at 6, 24, 48, and 72 h for determination of 

titratable acidity and for preparation of microscope slides. Slide 

preparation and staining, measurement of titratable acidity, and 

observation of morphological changes were carried out as previously 

described with AFB^. 

The Mixed Cultures 

A commercial culture was obtained from Natural Sales Company, 

Pittsburgh, Pennsylvania, as a dried, powdered culture containing a 

selected strains of S. thermophilus and L. bulgarious with lactose 

and skim milk powder. A total of 9 different mixed cultures were 

prepared by mixing 50% of each culture of L. bulgarious with 50% of 

each culture of S. thermophilus. The cultures were classified as 

follows: 

1. Culture //I—Commercial starter 

2. Culture n--L. 
S. 

bulgarious strain 27558 
thermophilus strain 19987 

3. Culture #3-—L. 
S. 

bulgarious strain 11842 
thermophilus strain 19987 

4. Culture #4--L. bulgarious strain 21815 
S. thermophilus strain 19987 
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5. Culture #5--L. 
S. 

bulgariaus strain 27558 
thermophilus strain 14485 

6. Culture #6--L. 
S. 

bulgariaus strain 11842 
thermophilus strain 14485 

7. Culture Hi--L. 
S. 

bulgariaus strain 21815 
thermophilus strain 14485 

8. Culture #8--L. 
S. 

bulgariaus strain 27558 
thermophilus strain 19258 

9. Culture #9— -L. 
S. 

bulgariaus strain 11842 
thermophilus strain 19258 

10. Culture #10-—L, . bulgariaus strain 21815 
j5. thermophilics strain 19258 

All of the above-mentioned cultures were cultivated and maintained in 

sterilized skim milk as described previously. 

Three different concentrations of AFBi in sterilized skim milk 

(50, 100, and 200 pg/ml, respectively) were inoculated with 10 differ

ent mixed cultures. AFBi concentrations were prepared in the same 

manner as described previously in the section on sample preparation. 

The milk naturally contaminated with AFMj was also inoculated 

with the same 10 mixed cultures. 

Sterilized skim milk and reconstituted whole milk free of 

aflatoxin were used as controls. All the tubes representing each 

treatment were inoculated with 0.2 to 0.3 ml of each of the 10 differ

ent mixed cultures and were then incubated at 45°C. The time required 

for complete coagulation was determined by periodically inverting the 

tubes and noting when the coagulum no longer separated. 



27 

Statistical Analysis 

Data were analyzed using analysis of variance with a computer 

program (Factorial Anova) from Sokal and Rohlf (1969) that had been 

modified to run on the Cyber 175 at the University of Arizona Computer 

Center. For the analysis of variance of percent titratable acidity, 

the data were transformed using the arcsin transform option in the 

computer program. F ratios of variance were used to test for signifi

cant differences at the 95% level of confidence. 



RESULTS AND DISCUSSION 

To resolve the question of whether AFBi or AFMi affects the 

morphology of lactic acid bacteria used in yoghurt manufacturing and 

causes a delay in setting time for complete coagulation, milk to which 

AFBi had been added in varying concentrations from 1 to 400 yg/ml was 

inoculated with three different strains of L. bulgaricus and three 

different strains of S. thermophilus as single and mixed cultures. In 

addition, a commercial culture was compared with the mixed cultures 

described above. Lactic acid bacteria were also inoculated into milk 

naturally contaminated with AFMi (0.6 pg/L). Time of coagulation and 

length of cells for L. bulgaricus and the number of cells per chain for 

S. thermophilus were measured at 6, 24, 48, and 72 h. 

AFBi caused changes in the shape of lactic acid bacteria and 

increased acid development by some strains of L. bulgaricus. There 

was no measurable difference in the morphology of lactic acid bacteria 

incubated in control milk or in milk naturally contaminated with 0.6 

yg of AFMj/L. However, AFMi greatly increased the time required for 

coagulation and reduced acid formation. 

Morphological Properties of Lactic Acid 
Bacteria Treated with AFBi 

Streptococcus thermophilus 

When S. thermophilus was treated with AFBi the shape of the 

cocci tended to become irregular and formed long chains, and the cells 
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were thicker in some parts of the chain. The effect of AFBi on the 

morphology of three strains of S. thermophilus inoculated into milk 

with varying concentrations of AFBi and incubated at 6, 24, 48, and 

72 h is shown in Table 3 and Figures 2, 3, and 4. The results shown 

in Table 3 indicate that the average number of cells per chain of three 

different strains of S. thermophilus increased significantly during 

fermentation of milk in direct proportion to increasing concentrations 

of AFB]. The greatest change in the average cell number was seen in 

milk with 50 yg of AFBj/ml after 72 h of incubation with S. thermo

philus strain 19258. Figure 2 shows an example of S. thermophilus in 

the control medium (without aflatoxin) in which chains of 2-8 cells are 

seen. In the presence of AFBi the number of the cells in the chain 

increased drastically to 40 or more (Figure 3). In some cases, 

S. thermophilus cells became irregular in shape, were swollen, and 

formed granules when grown in milk contaminated with AFBj (Figure 4). 

Statistical analysis (Table B-l) indicates that there was a signifi

cant difference between the strains of S. thermophilus with respect 

to the chain length. Strain differences are illustrated in Figure 5, 

which shows that the greatest changes were observed for S. thermophilus 

strain 19258 while being incubated in the presence of 50 yg of AFBi/ml; 

strains 14485 and 19987 were most affected in 400 yg of AFBi/ml. The 

concentration of AFBi in the milk also significantly increased the 

chain length of S. thermophilus (Table B-l). There was no significant 

increase in the chain length of S. thermophilus during incubation time. 

There was a significant but unexplainable interaction between the 

strain and the time. The greatest cell number per chain occurred in 
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Table 3. Effect of aflatoxin Bi on the average number of cells in 
chain of Streptoooous thermophilics 

Aflatoxin Bj (yg/ml) 

Culture Time Control 1 4 16 50 400 

6 3.8 6.0 7.2 8.3 10.6 11.2 

Strain 24 3.5 5.7 5.5 6.1 11.1 12.0 
19987 

48 3.3 5.2 5.0 7.8 9.3 8.2 

72 3.2 4.4 8.9 8.3 10.0 10.2 

6 5.3 8.8 7.3 10.8 12.0 14.1 

Strain 24 7.7 8.3 6.6 7.4 14.3 12.3 
14485 

48 7.1 9.1 11.4 9.3 9.9 13.7 

72 7.0 8.6 9.3 10.4 10.0 13.1 

6 5.8 5.8 4.9 5.3 7.9 7.7 

Strain 24 9.8 8.8 11.2 9.8 12.0 11.9 
19258 

48 12.2 12.2 11.1 11.2 14.4 16.7 

72 11.0 12.2 11.0 11.1 22.1 13.0 



Figure 2. Streptococcus thermophilus after 6 h 
incubation at 37°C in sterilized skim 
milk. -- Magnification, X 1250. 
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Figure 3. Streptococcus thermophiZus after 48 h 
incubation at 37°C in sterilized skim 
milk containing 50 ~g of aflatoxin 
B1/ml. -- Magnification, X 1250. 

Figure 4. Streptococcus therrnophiZus after 24 h. 
incubation at 37°C in sterilized skim 
milk containing 400 ~g of aflatoxin 
B1/ml. -- Magnification, X 1250. 
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milk with the highest concentrations of AFBj at 50 and 400 yg/ml after 

72 and 48 h, respectively (Figure 6). 

These results compare with those obtained by other investiga

tors who studied the effect of aflatoxin and antibiotics upon lactic 

acid bacteria. Baughman and Nelson (1958) found similar morphological 

changes with S. thermophilics that tended to form extremely long, 

irregularly shaped chains in the presence of 0.3 unit of penicillin/ml. 

Liska (1959) reported that penicillin affected the morphology of 

S. laotis, S. thermophilics, and Leuaonostoc dextranieum in a similar 

manner. Mathur et al. (1976) found that 50 yg of AFB^/ml caused an 

increase in the chain length of S. bovis. Sutic and Banina (1978) 

found that 50 yg of AFBj/ml caused the chains of S. thermophilics to 

become longer and form irregular shapes after 72 h of incubation. The 

increase in the length of chains of S. thermophilics when treated with 

AFBi may be due to the action of aflatoxin as an alkylating agent, 

acting much as does mitomycin C, since both of them increased the 

average number of bacteriocin-producing cells (Buck and Dave, 1980; 

Iijima, 1962). Furthermore, alkylating agents are known to be muta

genic and carcinogenic. The inhibitory capacity of aflatoxin toward 

nucleic acid synthesis has been ascribed to its potential as an 

alkylating agent (Legator et al., 1965; Wargg et al., 1967). 

The reason for the formation of intracellular granules is not 

yet clear, but it is possible that AFBj has an effect on the chromo

somal rearrangements, and that effect of AFBi parallels its carcino

genicity and its teratogenicity (Elis and DiPaolo, 1967). 
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Lactobacillus bulgavicus 

Various concentrations of AFBj caused three different strains 

of L. bulgariaus to become irregular; cell length, however, was not 

significantly affected by AFBj^ over all incubation times. The data 

shown in Table 4 suggest that the average cell length of L. bulgavious 

strain 27558 incubated in 400 pg of AFBi/ml for 72 h was the most 

affected. This same concentration incubated for the same time affected 

the other strains (11842 and 21815) only slightly. Figure 7 shows 

cells of L. bulgavious in the control medium, while Figure 8 shows 

cells of L. bulgavious exposed to AFBj were swollen in some parts and 

formed granules. Figure 9 shows the difference between the three 

strains of L. bulgavious. Statistical analysis (Table B-2) shows that 

AFBj and time of incubation had no significant effect on the cell 

length of L. bulgavious. Strain 27558 had significantly greater cells 

length than strains 11842 and 21815 (Figure 9). Significant interac

tions occurred between strain and time, and between strain and concen

tration. The relationship between the time and the effect of AFBj on 

the cell length is presented in Figure 10. In contrast, Lillehoj et 

al. (1967) found that when F. auvantiaoum NRRL-B-184 was treated with 

5 ppm or higher AFB^, the cell length changed and the ends of the fila

ments were swollen. They also found similar changes with 20 units of 

penicillin/ml. Wargg et al. (1967) found that E. ooli produced fila

mentous forms when treated with 1 |ig or 5 ug of crystalline AFBj/ml. 

Similar changes were reported when B. megatevium NRRL-B-1368 was 

treated with 3.8 pg of AFBj/ml. Filamentous forms and granules were 

found in some parts of the chain (Beuchat and Lechowich, 1971b). 
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Table 4. Effect of aflatoxin Bi on the average cell length of 
Laotobacillus bulgavicus (ym) 

Aflatoxin Bi (pg/ml) 

Culture Time Control 1 4 16 50 400 

6 3.09 3.05 2.89 2.80 2.66 2.60 

Strain 24 2.90 2.99 2.97 3.10 3.71 3.73 
27558 

48 3.56 4.70 4.65 4.54 5.69 4.93 

72 3.90 4.24 4.37 4.68 4.53 4.94 

6 4.93 3.41 3.34 4.00 3.36 3.62 

Strain 24 3.18 3.18 3.67 3.63 3.81 3.78 
11842 

48 3.13 3.35 3.92 3.55 3.54 3.69 

72 3.01 3.25 3.14 3.46 3.55 3.68 

6 3.13 3.47 3.65 3.57 3.56 3.34 

Strain 24 2.86 3.63 3.63 3.45 3.31 3.56 
21815 

48 3.16 3.36 3.84 3.52 3.58 3.51 

72 3.35 3.39 3.54 3.51 3.60 3.56 



Figure 7. Lactobacillus bulgaricus after 6 h 
incubation at 45°C in sterilized 
skim milk. --Magnification, X 1250. 

Figure 8. Lactobacillus bulgaricus after 72 h 
incubation at 45°C in sterilized skim 
milk containing 50 ~g of aflatoxin 
B1/ml. -- Magnification, X 1250. 

38 



39 

E 3. 

h CJ 

LU 
O 

LU 
> 
< 

O—o 27558 
118^2 

AFLATOXIN CONCENTRATION (yg/ml) 
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Sutic and Banina (1978) found that the greatest change in cell length 

of L. bulgaricus was obtained with 15 pg of AFBj/ml after 48 h of incu

bation. Mathur et al. (1972), when using 10-100 pg of AFBj/ml, found 

that Bacillus grew to 2 to 5 times normal length. Pulvertaft (1952) 

found that penicillin in low concentrations caused morphological 

changes in E. coli, which became swollen and formed longer cells. 

These results showed that with increasing toxin concentration the 

changes in the morphology of S. thermophilics were greater than those 

of L. bulgaricus (Figures 11 and 12). This suggests that S. thermo-

philus is more sensitive to AFBj in that the effects of AFBj are more 

clearly manifest in cultures of S. thermophilus. 

Effect of Aflatoxin Bj on Acid Production 

L. bulgaricus tended to produce somewhat more acid when treated 

with AFBi as compared with S. thermophilus incubated under the same 

conditions. The effect of AFBj upon acid formation by three strains of 

L. bulgaricus and by three strains of S. thermophilus incubated in 

sterilized skim milk to which varying concentrations of AFB^ were 

added can be seen in Tables 5 and 6. L. bulgaricus strain 27558 pro

duced more acid than strains 11842 and 21815 under the same conditions 

(Table 5), and S. thermophilus strain 19258 produced more acid than 

strains 19987 and 14485 under the same conditions (Table 6). The pro

duction of acid by L. bulgaricus is significantly affected by AFBi 

concentration by time of incubation and by the strain of L. bulgaricus. 

Strain and time differences are to be expected (Table B-3), but the 

increase in acidity produced when the concentration of AFB^ is 
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Table 5. Effect of aflatoxln Bj on the acidity of milk inoculated with Lactobacillus bulgaricusa 

Aflatoxin Bj (yg/ml) 

Time 
Culture (h) Control 1 2 4 8 16 32 64 50 100 200 400 

6 4.210 4.026 4.103 4.018 4.087 3.812 3.622 3.212 3.816 4.067 4.079 4.039 
Strain 24 7.693 7.828 7.870 7.777 7.734 7.736 6.191 7.998 7.755 7.887 7.805 7.751 
27558 48 7.847 7.853 7.595 7.749 7.674 7.476 7.342 7.026 7.898 7.996 8.019 7.979 

72 5.093 7.740 10.865 7.923 7.866 7.584 7.358 7.156 7.933 7.906 7.975 7.902 

6 2.363 2.377 2.370 2.384 1.830 1.883 1.866 1.738 2.465 2.432 2.445 1.892 
Strain 24 6.228 10.573 6.279 5.816 6.110 6.161 6.126 6.020 6.354 5.962 4.549 2.205 
11842 48 6.947 7.219 7.168 6.904 6.692 7.070 6.478 6.771 7.080 6.680 7.249 2.242 

72 6.590 7.173 6.907 7.136 7.096 6.717 6.892 6.383 7.180 6.933 7.044 2.190 

6 2.137 3.001 3.698 3.689 3.725 3.729 3.071 3.829 2.808 2.917 3.885 2.563 
Strain 24 5.355 5.926 5.951 6.812 6.514 5.537 5.649 5.573 6.089 5.788 5.779 6.323 
21815 48 6.527 6.302 6.326 6.885 6.702 6.690 6.602 6.771 5.822 6.812 6.373 6.097 

72 6.602 6.587 6.511 6.950 6.552 6.990 6.930 6.990 6.419 6.491 6.854 6.432 

a. Data transformed according to the formula arcsin /% acidity 



Table 6. Effect of aflatoxin Bj on the acidity of milk inoculated with Streptooeus thermophilusa 

Aflatoxin (pg/ml) 

Culture 
Time 
(h) Control 1 2 4 8 16 32 64 50 100 200 400 

6 3.273 3.298 3 .293 3 .497 2 .917 3.396 2.731 2.796 1.952 1.977 3.263 3.622 
Strain 24 5.211 5.684 5 .814 5 .655 5 .623 5.693 5.208 5.649 6.037 6.448 5.498 5.658 
19987 48 7.191 6.430 6 .798 7 .306 7 .200 6.597 6.627 7.265 6.018 8.352 7.044 7.189 

72 7.749 7.777 7 .908 8 .443 7 .619 8.327 7.965 7.770 7.961 8.054 8.268 8.320 

6 3.140 4.039 3 .459 4 .099 3 .506 3.454 4.234 3.396 3.608 3.377 3.268 4.107 
Strain 24 2.773 5.057 0 .976 4 .560 3 .525 4.810 4.051 3.893 3.859 3.543 3.648 3.923 
14485 48 4.871 2.945 5 .001 4 .574 4 .851 4.420 5.504 4.617 4.356 4.450 4.450 4.435 

72 3.459 4.737 4 .606 5 .001 4 .002 4.737 4.538 5.047 3.927 4.932 4.925 4.276 

6 4.055 4.222 4 .280 4 .315 3 .876 4.175 4.119 4.179 3.492 3.430 4.663 2.984 
Strain 24 5.912 5.441 5 .748 5 .525 5 .492 5.474 5.742 5.796 5.377 5.389 6.220 5.370 
19258 48 5.884 9.295 6 .341 6 .839 6 .086 6.732 6.567 6.763 6.226 6.313 6.687 5.895 

72 6.615 6.778 7 .058 7 .133 6 .966 7.122 6.016 7.084 6.675 7.009 7.301 7.007 

a. Data transformed according to the formula arcsin /% acidity 
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increased has yet to be explained. Table 5 indicates that L. bulgarieus 

strain 27558 produced more acid after 72 h in 2 pg of AFBi/ml, strain 

11842 produced more acid after 24 h in 1 pg of AFBi/ml, and strain 21815 

produced more acid after 72 h in 16 and 64 pg of AFBi/ml. 

The production of acid by S. thermophilus was not significantly 

affected by the concentration of AFB^, but was affected by differences 

in time of incubation and between differences in strains (Table B-4). 

S. thermophilus strain 19258 produced more acid in 1 pg of AFBj/ml after 

48 h; strain 14485 produced more acid in 32 pg of AFBj/ml after 48 h; 

strain 19987 produced more acid in 4 pg of AFBj/ml after 72 h (Table 6). 

Sutic and Banina (1978) found that the greatest values for acid produc

tion were with 30 pg of AFBi/ml after 72 h for an unidentified strain of 

L. bulgarieus and with 30 pg of AFBi/ml after 72 h for an unidentified 

strain of S. thermophilus. In these investigations the highest acidity 

was found with 2 pg of AFBj/ml after 72 h for L. bulgarieus and with 

1 pg of AFBi/ml after 48 h for S. thermophilus. 

The fact that L. bulgarieus produced more acidity than S. 

thermophilus may be due to the inhibitory action of aflatoxin control

ling cell proliferation. It is also possible that the organisms could 

metabolize or grow but could not divide. The same phenomenon has been 

observed with streptomycin (Stoltz and Hankinson, 1953). The difference 

between my results and those obtained by Sutic and Banina (1978; 1980; 

1981) may be due to variations among strains of lactic acid bacteria, 

and the activity and sensitivity of aflatoxins of different strains of 

lactic acid bacteria. 



4 7  

Mixed Culture Treated with Aflatoxin Bi 

To determine the effect of AFBj on the coagulation time of 

mixed cultures compared to the commercial culture, nine mixed cultures 

and one commercial culture were incubated at 45°C in milk containing 

50, 100, and 200 pg of AFBj/ml until coagulation was completed. 

These were also compared with culture grown in milk without aflatoxin. 

The results indicate that the mixed cultures are more sensitive 

to the AFBi than the commercial culture (Table 7). The time of the 

milk coagulation was delayed 80-120 minutes in all mixed cultures as 

compared to the control and all levels of AFBi in the commercial cul

ture. The time of coagulation of the commercial culture was not 

delayed by AFB^. The longest time of coagulation was 5 h and 15 min 

in 200 yg of AFBj/ml for culture #5 while the shortest time of coagula

tion was 3 h for the control and other samples of the commercial cul

ture. Statistical analysis (Table B-5) shows there was no significant 

difference among concentrations of AFBi over all levels of culture, 

but there was a significant difference among cultures over all levels 

of concentration. Sutic and Banina (1978) found that the longest time 

required for coagulation was 5 h and 45 min for one unidentified 

culture with 15, 30, and 50 yg of AFBi/ml, and the shortest time was 

3 h for the control of the commercial culture. 
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Table 7. Effect of aflatoxln Bj on the coagulation time of milk Inocu
lated with mixed cultures of lactic acid 

Time in Hours 

Number Aflatoxin Bj (yg/ml) 

Culture 
OL 

Culture Control 50 100 200 

Commercial Culture 1 3 3 3 3 

Lactobacillus 
bulgaricus 27558 

Streptococcus 
thermophilus 19987 

2 3.75 4 4 3.50 

L. bulgaricus 11842 
S. thermophilus 19987 

3 3.75 3.75 4 3.75 

L. bulgaricus 21815 
S. thermophilus 19987 

4 3.75 5 4.83 4.58 

L. bulgaricus 27558 
S. thermophilus 14485 

5 3.91 3.83 3.41 5.25 

L. bulgaricus 11842 
S. thermophilus 14485 

6 3.66 3.50 3.25 3.25 

L. bulgaricus 21815 
S. thermophilus 14485 7 4 4 4.25 4 

L. bulgaricus 27558 
S. thermophilus 19258 

8 3.58 4.41 4.41 4.66 

L. bulgaricus 11842 
S. thermophilus 19258 

9 3.25 4.58 3.16 3 

L. bulgaricus 21815 
j5. thermophilus 19258 

10 3.50 5.16 4.75 4.83 
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Growth and Morphological Properties of Lactic Acid 
Bacteria Treated with Aflatoxin Mi 

Streptococcus thermophilics 

When S. thermophilus was grown in milk contaminated with AFMj, 

the cocci tended to form short chains and growth was inhibited. The 

average chain length of three strains of S. thermophilus grown in milk 

contaminated with 0.6 pg of AFMj/L for 6, 24, 48, and 72 h is seen in 

Table 8. These results indicate that the average number of cells per 

chain decreased during fermentation of milk with AFMi, the greatest 

change occurring after 72 h of incubation with S. thermophilus strain 

14485 and 19258. Statistical analysis (Table B-6) indicates that there 

was a significant difference in chain length between the strains of 

S. thermophilus. Strain difference is illustrated in Figure 13. 

Lactobacillus bulgaricus 

Aflatoxin Mj at a concentration of 0.6 yg/L has no appreciable 

effect on the cell length of L. bulgaricus (Table 9). The greatest 

change in cell length was with L. bulgaricus strain 27558 after 48 h 

of incubation. AFMj also inhibited the growth of these bacteria; the 

strain most affected was 21815 (Table 9). 

Statistical analysis (Table B-7) indicates that there was no 

significant difference in length of cells between the strains of 

L. bulgaricus, and 0.6 pg of AFM^/L in milk had no significant effect 

on cell length of L. bulgaricus over 72 h at p s 0.05 level, but could 

have a significant effect when p J 0.1 level is chosen. 
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Table 8. Effect of aflatoxin Mj on the average number 
the chain of Streptoaocaus thermophilus 

of cells in 

Culture 
Time 
(h) Control 

0.6 yg of 
Aflatoxin Mi/L 

6 5.0 4.5 

Strain 19987 
24 

48 

5.8 

5.9 

4.3 

2.7 

72 5.7 2.7 

6 6.7 6.5 

Strain 14485 
24 

48 

7.5 

7.9 

3.4' 

4.5 

72 7.8 3.0 

6 6.6 4.7 

Strain 19258 
24 

48 

7.1 

7.3 

3.5 

3.0 

72 8.1 3.1 



o—o 19937 Control 
5—5 19987 Aflatoxin Mi 
•—• IM85 Control 
»—» 1M;85 Aflatoxin Mi 
•—• 19258 Control 
Q—• 19258 Aflatoxin Ml 

0.5 

24 48 72 

TIME (h) 

Figure 13. Mean number of cells per chain of Streptoaaus 
thermophilus as a function of time and aflatoxin Mi 
treatment 
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Table 9. Effect of aflatoxin Mi on the average cell length of 
Lactobacillus bulgavicus (ym) 

Time 0.6 yg of 

Culture (h) Control Aflatoxin Mi/L 

6 3.66 3.27 

24 3.55 3.44 
Strain 27558 

48 3.61 4.94 

72 3.94 3.94 

6 3.44 3.72 

24 3.33 3.66 
Strain 11842 

48 2.72 3.89 

72 3.61 4.44 

6 3.39 0 (no growth) 

24 3.61 0 (no growth) 
Strain 21815 

48 3.66 3.99 

72 3.72 3.83 
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Effect of Aflatoxin M^ on Acid Production 

The rate of acid production by three different strains of 

L. bulgarious and three different strains of S. thermophilics was 

greatly reduced in milk containing 0.6 pg of AFMj/L. Acid production 

by those six strains incubated in AFMj-contaminated whole milk com

pared with acid production in uncontaminated milk during incubation is 

shown in Table 10. No acid was produced by these strains of lactic 

acid bacteria in contaminated milk during the first 24 h, and acidity 

in most cases was considerably less than the control after 48 and 72 h. 

Finally, acidity of L. bulgarious strain 21815 and S. thermophilus 

strain 19258 was more in the contaminated milk than in the non-

contaminated milk after 72 h of incubation. 

Statistical analyses (Tables B-8 and B-9) indicate that acid 

production varied according to difference in strain, time of incuba

tion, and treatment. These differences are illustrated in Figures 14 

and 15. 

Mixed Culture Treated with Aflatoxin Mi 

Nine mixed cultures and one commercial culture were incubated 

at 45°C in reconstituted whole milk containing 0.6 pg of AFMj/L until 

coagulation was completed. Reconstituted whole milk without AFMj was 

used as a control for each treatment. The results indicate that the 

investigated lactic acid bacteria in mixed culture and those in the 

commercial culture had similar sensitivity to the AFMj. Table 11 

shows the differences in the time of coagulation and in the acidity 

at coagulation for the mixed cultures and the commercial culture. 
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Table 10. Effect of aflatoxin on acid production by Lactobacillus 
bulgaricus and Streptococcus thermophilus3-

Time 0.6 yg of 
Culture (h) Control Aflatoxin Mj/L 

Lactobacillus 6 3, .1043 0, .0000 
bulgaricus 24 7, .1847 0, .0000 

Strain 27558 48 7, .3586 1, .1355 
72 7, .1157 3, .3497 

6 4, .8416 0. .0000 
L. bulgaricus 24 7, .8124 0, .0000 
Strain 11842 48 8, .5533 3, ,261 

72 8, ,6390 6, .4329 

6 1, .5216 0. .0000 

L. bulgaricus 
24 
48 

2, 
1, 
.1260 
.9050 

0, 
1. 
.0000 
,1139 

Strain 21815 
72 2, .2785 2, ,9328 

Streptococcus 6 3. .5728 0, .0000 

thermophilus 24 6 .1153 0, .0000 

Strain 19987 48 7. ,2021 4. ,5054 

72 7. .8808 5. ,9717 

6 3. .5316 0. ,0000 
S. thermophilus 24 7, .5965 0. ,0000 

Strain 14485 48 7, .3112 2. ,6066 

72 8, .1669 3. ,8321 

6 2, .8846 0. ,0000 

S. thermophilus 24 2, .3243 0. ,0000 

Strain 19258 48 3. .1626 2. ,1797 

72 2. .5042 3. ,4485 

a. Data transformed according to formula arcsin /% acidity 
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Table 11. Effect of aflatoxin on the coagulation time and acid 
production of milk inoculated with mixed culture of lactic 
acid bacteria3 

Contaminated with 
Control 0.6 yg of Aflatoxin Mi/L 

Culture Time Acidity Time Acidity 
Number (h) % (h) % 

1 8 3.68 34 3.18 

2 7 5.68 40 1.71 

3 7 4.94 34 4.19 

4 7 3.98 33 4.43 

5 8 4.04 38 2.21 

6 10 5.78 33 1.69 

7 8 4.03 33 4.58 

8 10 4.58 36 3.57 

9 9 4.46 38 4.54 

10 8 4.48 36 4.64 

a. Data transformed according to formula arcsin acidity. 
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AFMj increased the coagulation time of milk inoculated with various 

mixed cultures that were used as starter cultures in fermented dairy 

products. Culture //2 was the most affected by AFMi; culture #6 was the 

least affected. In all cases, the time of coagulation was lengthened 

at least 25 h by AFMi. The acidity of the contaminated cultures at 

coagulation was the same as those of the respective controls except for 

cultures #2, //5, and #6. In these cultures the acidity was lower in 

the contaminated sample than in the controls (Table 11). 

Statistical analysis (Table B-10) indicates that differences in 

coagulation time between cultures were insignificant. The effect of 

AFMi upon coagulation time was very significant in all cases of milk. 

Statistical analysis indicates also that there was a significant effect 

of strain and AFMi upon the final acidity of the coagulated product 

(Table B-ll). 

All strains of S. thermophilics were more affected by AFMi with 

respect to acid production and the change in cell size than were strains 

of L. bulgaricus (Figures 16, 17, 18, and 19). The decrease in acid 

production, the growth inhibition, the increasing coagulation time, 

and the shortening of the chain length of S. thermophilus may possibly 

be due to the control cell proliferation by AFMj. AFMi could act as an 

antibiotic such as tyrothricin by causing physical damage to the 

starter culture itself or by interferring with the biochemical conver

sion of glucose to lactic acid (Stoltz and Hankinson, 1953). 

Sutic and Banina (1978) claimed that in milk samples contam

inated with AFBi and inoculated with yoghurt starter, coagulation time 

was delayed for several hours or was completely inhibited. I could 
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Figure 16. Kean number of cells per chain of Streptococcus 
thermophilus as a function of time and aflatoxin Mi 
treatment for all strains 
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function of time and aflatoxin Mj treatment for 
all strains 
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not duplicate their results with AFBi. However, when AFMj, the afla-

toxin which appears in milk, was used, coagulation was significantly 

slower. Apart from possible harm to human health associated with 

consumption of milk and milk products contaminated with aflatoxin, the 

AFMj causes undesirable effects upon lactic acid bacteria. 

All of the changes caused by AFBj and AFMj are dependent upon 

a concentration of aflatoxin, the activity of microorganism, and bac

terial strains. In my investigation only one concentration of AFM^ 

was used; AFMj is less common and therefore more expensive to produce. 

The extreme sensitivity of lactic acid bacteria to AFMj and their 

apparent resistance to AFBi was entirely unexpected. This researcher 

suggests that more work with various concentrations of AFMj be carried 

out because AFMi is probably the toxin of most interest to dairy inter

ests. Its effects upon the lactic acid bacteria and delay of lactic 

acid formation in fermented dairy products will be of value in pointing 

out the additional benefits for the removal of aflatoxin-contaminated 

feeds from the dairy ration, and for the necessity of continued moni

toring of dairy products in the world. 



CONCLUSIONS 

The results obtained in these investigations showed that AFBi 

significantly affected the morphological properties of S. thermophilus. 

Lactic acid bacteria were not equally sensitive to varying concentra

tions of AFBj. The number of cells of S. thermophilus increased in the 

chain with increasing toxin concentration at the same intervals of time 

and under the same conditions. There was no increase in the length of 

cells of L. bulgarieus with increasing toxin concentration. 

AFBi increased the acid development of L. bulgarieus in ster

ilized skim milk. AFBi did not have as much effect upon strains of 

lactic acid bacteria used in this study as in other investigations. 

AFMj significantly decreased the acid development of L. bulgarieus and 

S. thermophilus, shortened the chain length of S. thermophilus, inhib

ited the growth of L. bulgarieus, and slightly increased the cell 

length of L. bulgarieus. AFMi affected cell size and acid production 

by S. thermphilus more than that of L. bulgarieus cultures. AFMi also 

significantly increased milk curdling time for the mixed cultures and 

for the commercial culture. The investigated strains were more sensi

tive to the AFMj in the mixed cultures than in the single cultures. 

Milk coagulation time was delayed for 23-33 h in whole milk with 0.6 pg 

of AFMj/ml as compared with control milk. 
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APPENDIX A 

MEDIA FORMULAE 

Medium #17 Tomato Juice, Yeast Extract Milk 

Filter canned tomato juice through paper. Leave overnight at 10°C 
Adjust pH to 7.0. 

Skim milk 100.0 g 

Tomato juice 100.0 ml 

Yeast extract 5.0 g 

Add distilled water to 1.0 L 

Medium #416 Lactobaeiltus MRS Broth (D 881) 

Bacto-proteose peptone #3 10.0 g 

Bacto-beef extract 10.0 g 

Bacto-yeast extract 5.0 g 

Dextrose 20.0 g 

Tween 80 1.0 g 

Ammonium citrate 2.0 g 

Sodium acetate 5.0 g 

Magnesium sulfate 0.1 g 

Maganese sulfate 0.05 g 

Dipotassium phosphate 2.0 g 

Add distilles water to 1.0 L 

Medium #183 Skim Milk (D 32) 

Dissolve bacto-skim milk in distilled water and sterilize. Adjust 
pK to 6.4. 

Bacto-skim milk 100.0 g 

Distilled water .1000.0 ml 
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Medium #1006 Lactobacillus Medium 

Trypticase (BBL) 10.0 g 

Yeast extract (Difco or BBL) 5.0 g 

Tryptose (Difco) 3.0 g 

^POij 3.0 g 

K2HP0it 3.0 g 

Salt solution R (see below) 5.0 ml 

Tween 80 1.0 ml 

Na acetate 1.0 g 

L. cysteine HCL 200.0 mg 

Agar 20.0 g 

H20 1.0 L 

Glucose 0.5% 

Adjust pH to 6.3 
Salt solution R 

MgSO^. 7 H20 11.5 g 

FeS04.7 H20 0.68 g 

MnSO. .2 H O 2.4 g 
4 2 

H20 100.0 ml 

Store in the cold 

Source: Difco Laboratories Incorporated, 1953; Gherna and Pienta, 
1980; DeMan, Rogosa, and Sharpe, 1960. 



APPENDIX B 

STATISTICAL ANALYSES 
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Table B-l. Statistical analysis for chain length of Streptococaus thermophilus incubated 
with aflatoxin Bj 

Source of 
Variation 

Degrees 
of 

Freedom 
Sum of 
Squares 

Mean 
Square 

Expected 
MS 

F 
Ratio P Value 

Strain (A) 2 1559.3861 779.6931 A/E 22.55 < 0.001 

Time (B) 3 543.8153 181.2718 B/AB 0.74 N, .S. 

Cone. (C) 5 2959.9903 591.9981 C/AC 15.05 < 0.001 

Strain X Time (AB) 6 1472.4472 245.4097 AB/E 8.04 < 0.001 

Strain X Cone. (AC) 10 393.4472 39.3447 AC/E 1.29 N. .S. 

Time X Cone. (BC) 15 234.5931 15.6395 BC/ABC 0.51 N, .S. 

Str. X Time X Cone. (ABC) 30 900.9194 30.0306 ABC/E 0.98 N, .S. 

Error (E) 648 19774.5000 30.5162 

A = Random; B,C = Fixed Levels; N.S. = Not Significant 

S.D. = 5.524 



Table B-2. Statistical analysis for cell length of Lactobacittus butgcaricus incubated 
with aflatoxin 

Source of 
Variation 

Degrees 
of 

Freedom 
Sum of 
Squares 

Mean 
Square 

Expected 
MS 

F 
Ratio P Value 

Strain (A) 2 14.710 7.3552 A/E 11.74 < 0.001 

Time (B) 3 39.0369 13.0123 B/AB 0.70 N. .S. 

Cone. (C) 5 13.9946 2.7989 C/AC 2.40 N. .S. 

Strain X Time (AB) 6 111.6919 18.6153 AB/E 29.71 < 0.001 

Strain X Cone. (AC) 10 11.6693 1.1669 AC/E 1.86 < 0.05 

Time X Cone. (BC) 15 27.4914 1.8328 BC/ABC 2.16 < 0.05 

Strain X Time X Cone. (ABC) 30 25.4553 0.8485 ABC/E 1.35 N. ,S. 

Error (E) 648 405.9926 0.6265 

A = Random; B,C = Fixed Levels; N.S. = Not Significant 

S.D. = 0.792 



Table B-3. Statistical analysis of arcin transforms of percent acidity for Laotohaciltus 
bulgaricus treated with aflatoxin 

Source of 
Variation 

Degrees 
of 

Freedom 
Sum of 
Squares 

Mean 
Square F Ratio P Value 

Cone. 11 22.3024 2.0275 3.95 < 0.001 

Time 3 374.0924 124.6975 242.84 < 0.001 

Strain 2 56.9789 28.4894 55.48 < 0.001 

Time X Cone. 33 13.9878 0.4239 0.83 N, .S. 

Strain X Cone. 22 39.6466 1.8021 3.51 < 0.001 

Strain X Time 6 6.8702 1.1450 2.23 < 0.050 

Strain X Time X Cone. 66 33.8938 0.5135 

N.S. = Not Significant 



Table B-4. Statistical analysis of arcsin transforms of percent acidity for Streptococcus 
thexmopkilus treated with aflatoxin Bj 

Source of 
Variation 

Degrees 
of 

Freedom 
Sum of 
Squares 

Mean 
Squares F Ratio P Value 

Cone. 11 4.9319 0.4484 1.21 N.S. 

Time 3 187.1421 62.3807 168.10 < 0.001 

Strain 2 99.5151 49.7575 134.08 < 0.001 

Time X Cone. 33 6.0476 0.1833 0.49 N.S. 

Strain X Cone. 22 6.7940 0.3088 0.83 N.S. 

Strain X Time 6 56.1248 9.3541 25.21 < 0.001 

Strain X Time X Cone. 66 24.4913 0.3711 

N.S. = Not Significant 
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Table B-5. Statistical analysis of culture and alfatoxin Bj concen
tration interaction of mixed cultures for all times 

Source 
Sum of 
Squares 

Degrees 
of 

Freedom 
Mean 
Square 

ID 
Number 

AB 16542.5000 27 609.3519 1 

Cone. A 1835.0000 
* 

3 611.6667 2 

Culture B 41512.5000 9 4612.5000 3 

2256250.0000 1 2256250.0000 4 

2 Factors Output Code = 0 
Transformation Code = 0 
Number Levels per Factor = 4 10 

Lactobacillus Streptococcus 
bulgavicus thermophilus 

11842 + 14485 220.210.195.195. 

21815 + 14485 240.240.255.240. 

27558 + 19258 275.265.265.280. 

11842 + 19258 195.275.190.180. 

21815 + 19258 270.310.285.290. 

Commercial 180.180.180.180. 

27558 + 19987 225.240.240.210. 

11842 + 19987 225.225.240.225. 

21815 + 19987 225.300.290.275 

27558 + 14485 235.230.205.315 
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Table B-6. Statistical analysis of chain length of Streptococcus 
tkermophilus in milk with aflatoxin Mj 

Source of 
Variation 

Degrees 
of 

Freedom 
Sum of 
Squares 

Mean 
Square F Ratio P Value 

Strain 2 71.5583 35.7792 4.23 0.016 

Treatment 1 507.5042 507.5042 60.04 

Time 3 10.7792 3.5931 N.S. 

Treatment X 
Strain 2 23.9083 11.9542 N.S. 

Time X Strain 6 26.8083 4.4681 N.S. 

Time X Treatment 3 90.6458 30.2153 3.57 0.15 

Time X Treatment 
X Strain 6 21.5917 3.5986 N.S. 

Error 216 1825.7000 8.45232 

N.S. = Not Significant 

S.D. = 2.9073 
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Table B-7. Statistical analysis of Lactobacillus bulgariaus in milk 
with aflatoxin Mj 

Source of 
Variation 

Degrees 
of 

Freedom 
Sum of 
Squares 

Mean 
Square F Ratio P Value 

Strain 2 0.5099 0.2550 N.S. 

Treatment 1 2.0572 2.0572 3.58 0.005(N.S) 

Time 3 8.8919 2.9640 5.16 0.002 

Treatment 
X Strain 2 0.7900 0.3950 N.S. 

Time X Strain 6 1.425 0.2374 N.S. 

Time X Treatment 3 2.6595 0.8865 N.S. 

Time X Treatment 
X Strain 6 3.9355 0.6559 N.S. 

Error 216 124.0325 0.5742 

Note: Control values at 6 and 24 h substituted for missing data 
at 6 and 24 h contaminated milk. 

N.S. = Not Significant 

S.D. = 0.7578 
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Table B-8. Statistical analysis of acid (arcsin transforms) produced 
by Lactobacillus bulgavicus in milk with aflatoxin Mj 

Source of 
Variation 

Degrees 
of 

Freedom 
Sum of 
Squares 

Mean 
Square F Ratio P Value 

Time 3 81.8996 27.2999 780.09 

Strain 2 97.7372 48.8686 1396.41 

Treatment 1 162.9137 162.9137 4655.23 

Time X Strain 6 15.3551 2.5592 73.13 

Time X Treatment 3 24.6081 8.2027 234.39 

Treatment X 
X Strain 2 44.9974 22.4987 642.89 

Treatment X 
Strain X Time 6 6.8869 1.1478 32.80 < 0.0005 

Error 24 0.8399 0.0350 

S.D. = 0.1871 
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Table B-9. Statistical analysis of acid (arcsin transforms) produced 
by Streptoeoeous themtophilus in milk with aflatoxin Mj 

Source of 
Variation 

Degrees 
of 

Freedom 
Sum of 
Squares 

Mean 
Square F Ratio P Value 

Time 3 99.3561 33.1187 251.32 

Strain 2 52.4835 26.2417 199.13 

Treatment 1 131.3985 131.3985 997.11 

Time X Strain 6 18.2866 3.0478 23.13 

Time X Treatment 3 20.3729 6.7919 51.53 

Treatment 
Strain 2 28.2453 14.1227 107.17 

Treatment X 
Strain X Time 6 7.7447 1.2908 9.80 < 0.025 

Error 24 3.1627 0.1318 

S.D. = 0.3630 
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Table B-10. Statistical analysis of time of coagulation of milk with 
aflatoxin Mi inoculated with mixed cultures 

Degrees 
Source of of Sum of Mean 
Variation Freedom Squares Square F Ratio P Value 

Cultures 9 32.0500 3.5611 N.S. 

Treatment 1 3726.4500 3726.4500 ***** < 0.001 

Treatment X 
Culture 9 36.0500 4.0056 

Table B-ll. Statistical analysis of acidity (arcsin transforms) of 
milk with aflatoxin Mj with mixed cultures 

Source of 
Variation 

Degrees 
of 

Freedom 
Sum of 
Square 

Mean 
Square F Ratio P Value 

Cultures 

Treatment 

9 

1 

9.1345 

11.9615 

1.0149 

11.9615 

0.35 

266.11 

Treatment X 
Cultures 

Error 

9 

20 

26.2471 

0.8990 

2.9163 

0.0450 

64.88 0.001 

S.D. = 0.2120 
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