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CHAPTER 1 

INTRODUCTION 

A number of common, ubiquitous species .of soil ·fungi produc;:e 

metabolite~ which are highly toxic to animals, whereas other species 

produce metabolites without·toxicity and sometimes with des.irable anti-. 

biotic activity. Aspergillus parasi,ticus; Speare, produces a well known 

toxin, termed aflatoxin, which exerts an extreme toxici~y to most animal 

species and is the most. potent carcinogenic mycotoxin known., The growth 

of this fungi; resulting in synthesis of aflatoxin, is of cqnsiderable 

concern for imp~oper handling and stor9ge of farm commodities .. It is 

likely that aflatoxin will continue to be.found in food and feedstuffs. 

wherever warm and moist weather conditions, faulty or inadequate storage 

fac;:ilities, or human error may produce circumstances favorabl_e for 

fungal g rowtt:,. 

Oriental people have used selected fungi species in their food 

preparation for increasing the assortment and quality of their food. 

Among the common sol 1. fungi employed extensively iin these food fermen-
' 

tations are Muter species. Thfs fungi produces ho known toxic sub-

stance, but apparently does syntheitze antlblosic s~bstcinces. The 

production of antibiosic sybstances by Mucor species may contribute.to 

the increased nutritional value of the fermented foods. 



Initial studies ·screening several fungi for their antagonistic 

effects c;>n ~: parasiticus indicated Mucor species 1 inhibi.ted aflatoxin 

synthesis. 

The objective of this study was to develop techniques to ew~luate 

M~cor induced antil:>iosic activity and to determine factors ·influencing 

biological control of t~is phenomena. 

2 



CHAPTER i i 

LITERATURE REVIEW· 

De Bary, in 1879, was among the first to emphasize the significance 

of the antagonist]c relations among microorganisms (19), Various 

theories conce1n!ng the mechanism of aotagonism were summarized by 

Waksman (19) as fol lows: 

1. Exhaustion of.nutrients in medium, 

2. Physlco-chemical changes produced by the growing 
organism in the medium, including changes in osmotic 
pressure, surface tension, oxidation-reduction 
potential and reaction, 

3, Production of specific enzymes, elt~er by the 
antagonist it~elf or as a result of autolysis 
of the antagonized cells. 

4. Produ~tion and liberation of specific substances, 
which have a fungi static .and fungicidal action., 

5, Certain types of reactions, which may be desig­
nated as, action at a distance. 

6. Space competition antagonism, 

Among these various types of antagonism, the most definite, and 

the one which Is best understood, is the formation of antagonistic sub-

stances (19), The abundance of antagonistic substances produced by many 

fungi and bacteria ls greatly influenced by the energy and nitrogen 

sources In the medium. Fungi may produce both growth-Inhibiting and 

growth-promoting substances. With specific procedures, it Is possible 

to separate one fr5m the other (5,20). 



Discovery of the aflatoxins ~nd eluGidation of the circumstances 

associated with their occurrence as food contaminates, as well as their 

potent ~iologlcal effect~; have collectively engendered. many research 

investigations with diverse object~ve~ ~nd approaGhes (24). Legator 

and Withrow (14) reported aflatoxin suppresses mitosis and DNA synthe-

sis in human lung.cells, Gabliks, et _al. (10) studi~d aflatoxin Bl 

wi~h embryonated eggs and found that duck embryos were four to five 

times more susceptible than chicken embryos,. They also demonstrated. 

that the cell number decreased and the protein, ONA, and RNA content 

per cell increased with increased aflatoxin concentration. In cell 

cultures, lethality has been reported at concentrations.of 1-5 ug./ml., 

of medium. Inhibition of growth and mitotic rate has. been.reported at 

concentrations.of 0.03 ug./ml, (15). 

The production of aflatoxin is affected by environmental condi-

tions (8). The optimum.temperature for production of aflatoxin Bf was, 

24°c, when incybated for a period of 5 to 10 days in nature, However, 

when the temperature is.below 15°c and the humidity is less than 75% 

the molds were found to no longer produce aflatoxin (2). 

4 

Chang and Lynd (6) illustrated that the peak of aflatoxln synthesis 

0 occurred with 72-96 hour incubations.in saturated humidity at 30 £. · 

Ciegler et al. (7) also suggested that yields were.usually attained in 

72 hours after which aflatoxin concentration decl ined,rapi~ly. The 

aflatoxin conc~ntration decl lned more rapidly than the rate of autolysis 

of mycelial material. 

In general, it is considered that Phycomycetes bull~ up relatively 

simple metabolic products and are not capable of synthesizing the 

complex molecules characteristic. _of many antibiotic.s (12,18), Within 
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this clas~ of fungi, antibiotic materials have been isolated (16,18,22), 

One of.the antimicrobial compounds is a polypeptide synthesized by 

Mucor pusillus NRRL 2543 (16). Wang et al~ (23) suggest not only that 

Phycomycetes are capable of synthesizing antibi-0tics~ but_also that 

thes~ biochemical functions may-be a valuable c~iterion for supple­

menting morphological charac~ers in taxonomy of Jungi (1'1, 17), The 

antibiotic producing ability of.Phycomycetes~ therefqre~ merits further 

study. Furthermore, it is well established that antibiotics,. in addi­

tion to minimizing infections, also stimulate growth in animals, par.., 

ticularly thosi whose diets are deficie~t in any one.of several 

vitamins, amino acids, or some growth factors still unkl')own, The 

finding of antibacterial compounds produced by molds commonly used in 

oriental food.fermentations, therefore, offers a better understanding of. 

the true value of fermented foods, 

Procedures are out! ined (1,3, 13) for quantitation of antagonistic 

effects between. microorganisms .. Johnson and Curl ( 13) suggest. that 

probably the most.important factor in the selection of a.test method 

for a certain pathogen is the time lag between the application of the 

test organism and the ant~gonlst. A pur~ culture of an organism was 

inoculated upon an artificial medium; after several days incubation, 

another organism was added and the specific effect was determined ~0,21), 

These tests may indicate the selective .nature of t~e antagonist_lc action 

and give some.quantitative estimates about the intensity of this. 

ac,tivity, Further studies might require growing the antagonist In 

liquid culture and test filtrates for antimicrobial activity (13), 

Procedyres using filter papers (3,13,23) for the antimicrobial assay 

are practiced. 



CHAPTER 111 

METHODS AND MATERIALS 

Procedures wi.11 be. presented in three parts ·to conform with the 

sequence of the progressive phases for this st;udy, 

l. Methods for the Mucor sp. x ~· paraslticus culture 
inhibition and antibi6sic interactions. 

2, Separatio~ and quantitation of Mucor antibiosic 
factor. 

3, Statistical analysis for per cent inhibition and 
problt estimate, 

1. Methods for the Mucor sp. x A. paraslticus culture inhibition 
and antibioslc interactio~s.-

Initial studies involved numerous trial and error culture 

composition experiments that systematically established suitable broth 

media composition and cultijre conditions for near optimum growtb of 

both organisms, yet suitable for high aflatoxin synthesis by~· para~ 

siticus. 

The standardized broth media contained per liter: 

Steam (H 20} soluble extract from 25.6 ground whole.oats 

Steam (H 20) soluble extract from 12.8 ground bermuda grass hay 

53 grams yeast extract. 

49 grams malt extract 

The challenge cultures were prepared with 20 ml. broth media per 

500 ml. wide mouth Erlenmeyer flask;. In tr!pl icate per treatment, with. 
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sixteen treatments, and 48 culture$ per experiment, Media was· 

autoclaved for 15 minutes at ·15 psi, cooled to room temperature a~d 

Inoculated. One .. half of the cL1ltures. were Inoculated with Mu~or,mycelia 

su.spens ion, approx l mate 1 y 10 mg/f 1 ask. The rema i r;, i n·g ha 1 f was i nocu".' 

lated with~· parasiti9~s spc::>re.suspe.nsicm, EilPPr~xirnately 5 x 106 

spores/culture, The opposite organism as a·challenge was· inoculated. 

into base cultures :at successive ,12 hour intervals. 

Another study.utll ized both Grgc:1n!sms inoculated at the .same time 

resulting in an ini~ial competition fr0m time zero for these cultures. 

The mycel ial growth was.~eter~lned at 24 hour Intervals 0r at the 

designated time.intervals required in challenge cultul"e s~udies. The 

mycelial ·pads were ca~efully removed from the c:lllture flasks an~ the 

excess 1 lquid media removed before drying at 70°c and·weighing. Chal­

lenge culture effeGts were measured by the amount of mycelia produced 

as compared to the check c1,1l tures .. 

The quantities of aflatoxin produced.were afso .used as another 

measure of the activity of A. parasiticus Jnfluences by Mucor. An 

aflatoxin analysis proc;:edure was developed for the re.sidual 1 iquid br0th 

from these challenge culttJres as follows:, 

A. 

B, 

c. 

o. 

E. 

Add ]5 ml. 20% lead ac;:eti;lte, heat.to boi.ling tempE!rature 
for 15 minutes and filter. 

Filtrate extracted with CHC1 3. 

Evaporate CHCl~ fraction to dryness and then bring to 
quantita~ive volume with CHC1 3., 

Separa~e CHCl~ soluble fraction for aflatoxins wfth 
TLC, nonfluor~scent silica gel, 25 micron thickness, 
developed with 12% acetone.in CHC1 3. 

Quantitate fluorescent aflatoxin spots with Turner 
Fluoromet~r TLC scanner.attachment and determine 
concentration with prepared standard curves. 
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2. Separation and quantitation of Mucor antibiosic factor., 

Extractions from Mucor mycelia were screened using both filter 

paper and TLC silica gel pl~tes for chromatographic separations of 

antagonist.le components, Mucor mycelium was produced In large quanti­

ties with bu·1k culture technique. After 72 hours of growt~, Mucor. 

mycelium was. harvested from shallow (lmm) broth media.grown in 2 ljte~ 

flasks, 50 ml./flask. The fresh mycelia was then extracted with Bloor'.s · 

lipid extraction procedure that inc1ude.d ethanol:diethyl ether (3:1), 

100 mL/Lgram dry mycel ia (flr~t extraction); diethyl ether:ethanol 

(3:1), 100 ml./1.gram dry mycella: (second extraction). The total 

solvent of .the extraction was .removed usil1'g a rotciry vacuum evaporator. 

The remaining :extraction residue was firsi+ washed with non-pG>lar 1 lpld 

solvent (hexane:diethyl ether:ace.tic acid, :90:10:l) to r·emove. the non-

polar components; A polar lipld solvent (thloroform:methanol :water, 

65~35:3) was then used to remove the polar 1 ipids. These crude.extracts 

were brought to a quantitative .fJnal volume equivalent to the weight of 

the dry mycelia extracted ·(].gram =·l ml.), 

These 1 i pi d extracts were spotted in bands on fluorescent, l .mm 

thick silica gel plates, and deyeloped with the non-polar solvent 

system, figures 1 and 2, The plates were.removed after separation, air 

dried, and saturated .with~· paras.iticus spore suspensions in Czapek­

Dox broth. The inoculated; developed plates were placed in saturated 

humidity at 30°c for 24 hours. Visual izat•on was accomplished by 

spraying,the plate with a 2% iodfne in ethanol solution. The areas 

that remained unstained were those areas of A. parasiticus inhibition 

tf:iat contrast with the dark iodine .stained areas ,of mycelial growth, 

figures 3 and 4. 



The silica gel was then removed from the_ areas of inhibition for 

extraction of antibiosic components. The silica gel antibiosic areas 

were extracted with polar solvent. The polar solvent extraction was 

evaporated under an air·sveam where a bilaye,r.was forme~. The two 

layers were separated and the volumes-of the two layers were adjusted 

to be equal to a 10 fold dilution of the crude extract. 

The upper layer was diluted as needed for .analysi·s _of its 

antagonistic effects-on A. parasiticus. Small. portions were p]<;1ced in 

test tubes ~nd. dried under an air stream. Each component sample was 

brought to a final volume of .100 ul. This total sample was.spotted on 

Whatman #4 filter paper disks (4.25 cm.) with the 100 ul. _placed in the 

c~nter of the paper as a single droplet;. The filter disk was.,supported 

only at the outer edge by placing .it on _the top of a class cylinder for 

the spotting procedure. This technique al.lowed the solvent droplet tQ 

diffuse uniformly from the disk center. The dried filter disk. was,then­

saturated with an A. para.sit i cus. spore Czapek Dox br9th medium suspen­

sion u~ing an apparatus consJsting of.circular cut indentations and 

channels in plexiglass. This apparatus al.lowed the suspension to 

uniformly diffuse toward the center of the filter disk from the edge 

When It was. kept flat ~y anothe~ circular cut piece of plexiglass. 

This apparatus is shown·in figure 5, 

The inoculated disk was placed in a petri dish and these culture 

dishes randomly placed within a filter paper 1 ~ned glas~ tank having a 

free .water surface. The developing ·tank was inc~~ate~ at .30°C for 

72 hours. 

After incubation, the filter dl.sks .were submerged in 2% iodine in 

ethanol solution, the iodine solution was then drained from the disks. 
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and readings taken following 3 minutes and 30 minutes reaction time. 

The developed disks were placed in the color analyzer attachment of the 

Bausch & Lomb Spectronic 20 for absorbance readings. Absorbance read­

ings were proportional to the amount of inhibition with numerical values 

correlated to the amount of inhibition, These values.were compared to 

standard values obtained by this same quantitation procedure using 

concentrations of the fungicide N - (trichloromethylthio) - 4 -

cyclohexene - I ,2 - dicarboximide (Captan), 

The color analyzer attachment of the Bausch & Lomb Spectronic 20 

used for the iodine stain quantitation is shown in figure 6, 

Duplicate filter disks were determined for each treatment with 

three experiments for each extraction and three experiments for the 

standard fungicide, N - (trichloromethylthlo) - 4 - cyclohexene - I ,2 -

dicarboximide (Captan), with duplicates for each treatment level, 

3, Statistical analVtls for percent inhibition and probit estimate, 

The raw data, recorded as absorbance (Abs), was punched into IBM 

computer ·cards on an I BM Keypunch 029, Each absorbance va 1 ue was con­

verted to% transmission by the formula: Trans, =2,30259(2,0-Abs,). 

Calculation of the probit was found by the formula: 

PROBT = Probit(Trans; x 0.01). 

The slope-ratio analysis (9) was assumed val !d when the print outs 

indicated a significant F value for l !near effects and non-significant 

F values for the quadratic, cubic, and quartic effects, When curvature 

occurred, the curves were plotted to find these trends, 



Linear response tr~nds were used to calculate the computed linear 

regression values to estimate the relative potency and cc;,nfldence 

limits (9). The ana·lyses were made usi11g the prob it .. and transm.issi.on 

values for comparing the reh1tionships between thes~ two responses •. 

l l 



CHAPTER IV 

RESULTS AND DISCUSSION 

Antagonistic interactions between M~cor sp. and~· parasiticus 

were demonstrated by antibiosic studies evaluating their metabolic 

inhibition apparent with several different variables. The antibiosic 

procedures, involving challenge cultures, gave important clues ~o the 

actions of each microorganism with cultural competition, 

Challenges with Mucor sp. as the base culture, when inoculated 

with~- parasiticus, had no significant effect on the Mucor. The 

growth remained approximately the same for each set of challenge cul­

tures with exception to the challenge at the initial inoculation time. 

This treatment resulted in both an increased mycelial weight and afla­

toxin lev~s produced from the small amounts of A, parasiticus mycelia. 

Even though aflatoxin was produced in the zero time challenge, shown 

in Table I, there was an inhibitory effect on the~· parasiticus 

mycel ial growth. 

Table I also illustrates definite antagonistic action when 

Mucor sp. is inoculated into an~· parasiticus base culture. The 

inoculation of the challenge initially, and after 24 hours of base 

culture growth, produced aflatoxih in higher concentrations than the 

O time. The two treatments with antagonistic activity indicated that 

small quantities of Mucor are stimulatory to aflatoxin production with 

the 24 hour challenge; whereas, with the initial time, a larger quantity 
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TABLE I 

EFFECTS OF ·INCUBATION TI ME FOR B,ASE CULTURE; 
PRECEDING CHALLENGE CULTURE INOCULATION, 

ON GROWTH AND AFLATOXIN SYNTHESIS 

Base Mucor Base fl· para. Base 
Culture A. para. Chai l enge Mucor Challenge 

Time (Hr.) 1 Myce 1 i a 12 Aflatoxin3 Mycel ial Aflatoxin 
dry wt. g ug/ml dry wt.. g ug/rnl 

0 0,53 o.oo 0.88 11 .~8 

0,57 39,57 0,47 i2 l . 65 

12 0.54 o.oo 0.89 s-2,l 4, 1.5 

24 0.36 o.oo o.88 16.75 
"111.i,1.-.. 

36 o.44 0.00 o.88 10.41 

48 o.4o o.oo 0.90 8.94 

60 0.39 o.oo 0.93 4.15 

72 o.44 o.oo O .91. 7,99 

I. Number of incubation hours at 30°c preceding ch~llenge culture 
inoculation to base culture~ · · 

2. Mycel ial dry wt. as the mean of.triplicate 20 ml. cultures .. 

3, Aflatoxin, pooled B1 and G1, synthesized per 20 mls, culture 
media. · 



Fi gu e I, 

Fi gu re 2 . 

No pola r So ven Sepa ra Ions o Nonpo l a r Mu c r Myce l ial 
Ext ract ion with TLC Vi sual i zed i n Long Wa ve Ult avi o l et 
Llgh (3 60-366nm) 

Nonpo l a r So l en Separa ions of Nonpo l a r Muco r Myce l ial 
E t rac ion wi h TLC Vis al ' zed by c% lod ine-E hano l 
So l l on 1n Inca ndescen t Li gh 
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TABLE 11 

EFFECTS OF INCUBATION TIME ON GROWTH AND SYNTHESIS 
OF AFLATOXIN FROM A. PARASITiCUS CULTURES 

CHALLENGED wnH MUCOR 

Incubation 

1 Hours 

36 

48 

60 

72 

84 

96 

l 08 

l 20 

Culture Yield 

Mycel i al 2 
dry wt .. g 

o. 13 

0.22 

0.26 

0.29 

0.28 

0.34 

0,44 

0.54 

Aflatoxin3 
ug/ml 

0.00 

o.oo 

0.00 

0.00 

0.00 

9,65 

11 .85 

33,61 

l. Number of incubation hours for mixed base and challenge cultures 
before termination. 

2. Mycel ial dry wt. as the mean of triplicate 20 ml. cultures. 

15 

3, Pooled aflatoxin B1 and G1, synthesized per 20 mls. culture media. 



16 

of Mucor was produced resulting in an inhibition of~- parasiticus 

mycel ial growth causing an inhibition of aflatoxin production. 

For better understanding the effects apparent wi~h the initial 

challenge cultures, additional studies were undertaken to determine the 

transformations occurring at different stages.of growth. The'cultures. 

were all challenged at zero time and harvest.ed at 12 hour inte.t'vals for 

quantitation. Results of these studies are shown in Table I I. No afla-

toxin was produced at 72 hours and aflatoxin was produced in only small 

concentrations after 96 hours, Chang and Lynd (6) reported maximum 

aflatoxin production between 72 and 96 hours. In previous studies, 

mycelial weights were less than the unchallenged cultures of fl, para-

siticus and were comparable to the Mucor culturesa Data in Table I I 

also shows that with increased time both mycelial weight and aflatoxin 

levels increased, indicating ti· parasiticus developed some adaptation 

to inhibitory effects approximately 96 hours after the challenge 

occurred. This phenomena may result from the rapid growth of Mucor 

allowing early production of the inhibitory compound blocking A. para-

siticus at early growth stages, Mucor decreased in growth vigor after 

72 hours allowing the fl, parasiticus to become more competitive, 

Apparently with the inhibitory compounds still ,present, the ti· parasit-

icus apparently under a stress condition, res4Jted 'in more aflatoxin 

production per unit of mycel ia. Thus at 96 hours the inhibitory com- . 
• 

ponent was not adequate to Inhibit aflatoxin and mycel ial production. 

At 120 hours, apparently the inhibitory component was less concentrated, 

but still inhibitory to mycelial growth although stimulatory to afla-

toxin production, 



Figure 3. 

Figure 4 . 
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Inh i b i tion of A. Pa rasit icus Growth on Filter Paper - Czapek 
Dox Media and Increased Captan Levels Visualized with 2% 
Iod i ne-Ethanol Solution 

Inh i bi t ion of A. Pa ras i t icus Growth on Filter Paper - Czapek 
Dox Med ia and Inc reased Leve l s of Ant i b ios i c Muco r 
Component . Uppe r Pa i red Spots, Firs t Incubation Series; 
Lower Pa ' red Spots, Seco nd Incubat ion Se r ies 



TABLE I I i 

EFFECTS OF CAPTAN CONCENTRATION AND DETECTION TIME 
WITH IODINE QUANTiTATION FOR INHIBITION 

OF A, PARASITICUS GROWTH 

Cap tan 
Co~centrailon [x] % Transmission {.560nm) [f (x)] 

ug/ml 3 min, 30 min, 

Blank· 25 0 1 43,7 

25 24,5 39,8 

50 36,3 58.8 

100 58,9 87. 1 

200 58,9 93,4 

400 58,9 89. 1 

800 67.6 95,5 

Slope of the fitted straight 1 ine: ,342 ,381 
f(x) =a+ b(x), Oix~lOO 

F values: Effects due to treatment, Captan levels= 123.27 
Effects due to reaction time= 304,0l 
F values were highly significant, 

18 



TABLE iV 

CAPTAN CONCENTRATION AND. I OD I NE DETECT I ON RESPONSE 
FOR STANDARD INHIBITION OF A. PARASITICU~ 

Cap tan 
Concentration · 

ug/ml 

Blank 

O· 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

30,9 

30.2 

42.6 

71.6 

88 .1, 

88. l 

89. 1 

92,3 

90,2 

89.1 

86. 1. 

89.1 

% Transmission (560nm) 
Experimental Series 

11 I! I 

42.2 39.8 

43,2 4L2 

41.6 40.3 

46.2 50.7 

62.4 63 .1 

67.6 69.2 

76,7 87. 1 

89. l 83.2 

88. 1 ~3.3 

94 .. 4 93.3 

93,3 93,3 

93,3 93.3 

MEAN 

37,9 

38.2 

41.5 

56.2 

71.2 

75,0 

84,3 

88.2 

90.5 

92.3 

90.9 

91.9 

% Transmissipn value for each experlment is the me~n of duplicate 

culture~ after 30 minutes rieaction time with iodine solution. 
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The procedure for determining inhibition was evaluated by using 

a standard fungicide, N - (trichloromethylthio) - 4 - cyclohexene -

20 

l ,2 - dica~boximide (Captan) and these results obtained were compared 

for response trend distortions and the concentratlons required for 

maximum inhibition.· The filter disks, allowed to react only 3 minutes 

with iodine, were discolored by the residual iodine giving distorted 

readings; Table Ill. Following 30 m.inutes reaction time, the residual 

iodine ~ad diffused from the filter disks, except for the 12 - unsatu­

rated lipid stained areas, allowing a direct proportional relationship 

between the amount of inhibition and% transmission. Captan concentra­

tions above 100 ug/g active ingredient equivalent, gave complete inhi­

bition with constant minimum readlngs approaching 100% transmission 

(0 absorbance); therefore; the standard curve for fungicide .inhibition 

was developed with concentrations below lOOug/g. 

Table IV presents values for the standard inhibition response 

determined with Captan levels, The higher concentrations have approxi­

mately equal values because at these higher inhibition levels the color 

analyzer reflectance attachment of the Spectronic 20 Is most sensitive 

to a relatively small central portion of the filter disk, Figure 3 and 

6. The concentration F value$ were highly si9nificant with C. V. 

ranging from 2 to 10%. The experimental series I of Table IV had 

overall high absorbance levels which were less desirable for statisti­

cal evaluations. Analysis of variance indicated a small quadratlc 

effect on the 5 level ahalysis, although the linear effect was highly 

significant, In the 3 level analysis the quadratic effect was .removed. 

The Mucor components were extracted and purified for determina­

tion of the antagonistiG inhibition of~- paraslticu!, Fugures 1 and 2. 



TABLE V 

RELATIVE INHIBITION OF MUCOR EXTRACT TO A, PARASITICUS 
WI TH I OD I NE SOLUT !ON QUANT ITATI ON 

Mucor Component 

ug/ml 

Blank 

0 

2 

3 

4 

5 

46.5 

47,5 

43,2 

67.9 

82.9 

90.9 

93.0 

Incubation Series 

% Transmission (560 nm) 

11 MEAN 

40.9 43.7 

40.7 44. 1 

45.0 44. 1 

66.3 67. 1 

82.5 82.7 

90.2 90,6 

93°0 93.0 

% transmittance values are means of duplicate cultures from three 

repeated experiments for each Mucor Incubation series~ 
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Figu re 5 , 

Figu re 6. 

Transpa rent Plast ic Base wi th Depressed Circular Groove 
Patterns for- Un i form Impregnat ion of Filter Paper 
Di sks wi th fl· Pa ras i t icus Spore Suspensions 

Adaptat ion of the Bausch and Lomb Spec ron ic 20 Co lor 
Ana lyzer Reflec tance Attac hmen fo Quant i t a ti on of 
A. Pa ras it icus Growt h and inh i b i t ion 
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TABLE VI 

E~TIMATES OF MUCOR COMPONENT INHISITION, AS PERCENT EQUIVALENT 
TO CAPTAN LEVELS ANTllHOSIC TO A., PARASITICUS · 

Mucor 
Component 

ug/ml 

2 

3 

4 

5 

% Inhibition 
Incubation Series 

I . 11 MEAN 

9,9 12,7 1 l, ~ 

49, 1 46.6 47,7 

73,0 72,4 72,7 

85,7 84 .. 6 85,2 

89,0 89.0 89.Q 

Cap tan 
Level % Inhibition 

ug/ml 

20 35,3 

30 52,9 

40 59,5 

50 74,9 

60 81. 7 

Mucor component figures shown are means of 6 cultures in each series, 
% Inhibition was estimated from% ~rans1 read.ings calculated as; 
(%T-37) 1.~9 ~ % Inhibition. The value 37 was% trans. with zero 
inhibition, 1.59 factor Is assumed with 100% trans. resulting in 
complete inhfbition. 
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CONC. 

ug/g 

l 
2 
3 
4 
5 

CONC. 

ug/g 

2 
3 
4 

%Trans, 

51.6 
63.5 
75,7 
87;8 

100.0 

%Trans, 

68.9 
79.3 
89.6 

TABLE V 11 

COMPARISONS OF EQUIVALENT INHIBITION BY GRAPHED ESTIMATIONS 
FOR PERCENT TRANSMISSION AND PROBIT ANALYSIS OF CAPfAN 

AND MUCOR COMPONENT ANTIBIOSIC TO A. PARASITICUS -
Five Level Slope-Ratio Analysls 

MUCOR SER I ES # l MUCOR SERIES #2 
Estimated ug/g Estimated ug/g 

Prob it Captan Eqv. %Trans, Prob It Captan Eqv. 

%Trar;is, Prob it %Trans, Prob it 
Equatron Equation Equation Equation 

-o. 12 10.0 5,6 51.5 0,00 10.0 10.0 
o.41 25.5 26.2 63.8 0,41 25.9 26.3 
0.96 41 0 7 . 46.8 76.0 0.82 42.0 42 0 1 
L49 57.6 68,0 88.o L23 57,8 58.4 
2,01 73.4 88.o 100 .o 1 . 63 73,5 73,5 

Three Level Slope-Ratio Analysis 

MUCOR SERIES #1 MUCOR SERIES #2 
Estimated ug/g Estimated Llg/g 

Prob it Captan Eqv. · %Trans,, Problt Captan Eqv. 

%Trans. Prob it %Traiis, Prob it 

o.68 
Equation Equation Equation Equation 

35.0 40.5 67 .o · 0,52 33.2 38.5 
Lll 45.4 57,3 78.0 0.95 44 0 1 52.0 
l.53 59,5 71.3 89.0 1.38 58.8 66.3 

1. Values shown are means of duplicate cultures in al] experiments repeated 
three times. All concentration F values are highly significant. 

N 
.i;;-
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TABLE VI 11 

TABLES OF ANALYSES OF VARIANCE 

AOV 1 s for Slope Ratio Analysis Using Five Levels 

SOURCE d.f. MEAN.· SQUARES 

Mueor I Mueor 11 Standard 

%Trans. Probit %Transi Probit. %Trans. Probit 

Runs 2 108 L 19 14 0.01 882 1.03 

Cone 1 4 2520 4.25 2352 2,59 959 1.04 

Runs x Cone. 8 55 o.48 20 0.03 71 0.07 

Dup, 15 77 0.46 39 0.05 28 0.04 

c. v. '~ 9,8 22.8 6.o 20.0 11.0 27.0 

AOV 1 s for Slope Ratio Analysis Using Three Levels 

SOURCE d. f. MEAN SQUARES 

Mueor I Mueor I! Standard 

%Trans. Probit %Trans .. Probit %Trans. Probit 

Runs 68 0.23 23 0.02 56 0.08 

Cone. 2 715 0.92 846 L 12 378 0,39 

Runs x Cone, 2 66 0,07 30 0.03 28 0,05 

Dup. 6 124 0. 15 58 0.07 32 0.03 

c. v. * 10.0 27,2 6.9 20.2 7,4 36,3 

* ~ Error Mean Sguare x 100 c. v. = Overall Mean 



TABLE IX 

POTENCY ESTIMATION OF MUCOR COMPONENTS WITH CAPTAN 
STANDARDS FOR t.· PARASITICUS INHIBITION 

Resppnse Surface with Five Levels 

26 

Response 95% Limits\ 
Values a~ · Source Regression Rel. Potency Lower Upper 

%Transml ttance Cap tan V1!144.010+0,778x 
Mucor I V•39,59l+l ,2125x 1, 559 1 , 159 2, 189 
Mucor 11 V•39,935+1.189x 1. 528 1 . 136 2, 145 

Prob It Cap tan y .... o.276+0.026x 
Mucor I v .. -o.617+0,053x 2.038 1 , 230 4. 138 
Mucor 11 Vim·0,403+0,04lx 1 ,577 0,900 3,257 

Respon~e Surface wt th .Three Leve 1 s 

Response 95% Limits 
Values as Source Regression Rel. Potency Lower Upper 

%Transmittance Cap tan y ... 33,369+0.944x 
Mucor I Y•48. 808+ l , 077x l . 141 0,058 2,746 
Mucor 11 V::;45.080+1.163x 1 . 232 0;065 2,952 

Prob it Captc:1n V-=-0.608+0.030x 
Mucor I V•-0.198+0,039x l. 300 o.666 3,390 
Mucor II V=;-0,377+0,043x l; 433 0,749 3.720 

Calculated with slope ratio assay method proposecl by Finney (9). 
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The values of Table V illustrate the in~bition of~· parasiticus by the 

components extracted from different increase cultures of Mucor. These 

values were first converted empirically to% inhibition with a direct 

interpolation that estimated fungicidal activity of the Mucor component 

as compared to the standard Captan response. Table VI summarizes the 

results of this method indicating the component as 12.5 times the 

Captan per equivalent weight in fungicldic effects to A. parasiticus 

growth. 

Level of inhibition data may be considered as dose response and 

statistically analyzed by several methods. Table Vt exhibits the 

observations that show the fungicical activity for the Mucor component 

to be 12.5 times as active as the Captan. A standard Captan level­

response was used to estimate the fungicidal equivalents of Captan in 

Table VI I and VI I I. Probit values were determined for relative inhi­

bition levels apparent with the mid-near linear portion of a sigmoidal 

plot. A comparison of% transmission .and prob its indicated 1 ittle 

difference in relative potencies. It should be noted that the slope 

and intercept found by the% transmission lines were respectively 

different from slope and intercept found by using probits. When three 

levels of the concentration were used the quadratic trends were less 

than when five levels were used. 

Relative potency was calculated as described by Finney (9). Limits 

of confidence determined for relative potencies showed the five level 

analyses gave smaller ranges than the three level analyses. The slope­

ratio analysis described by Finney (9) allows calculations of limits for 

relative potency values, Table !X. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The objectives of this study were: (1) determine antibiosi~ 

interactions between a Mu.cor sp, association and A, parasiticus, 

(2) develop procedures for determining inhibition of.~. parasiticus 

growth and aflatoxin synthesl~ by Mucor components, and (3) statis­

tically determine the relative potency using a standard fungicide, 

N - (trichloromethylthio) - 4 - cyclohexene - 1,2 - dicarboximide. 

(Captan). Challenge cultures were used for determining antibiosls 

apparent between Mucor sp. and~, parasi;ticus, Mycelial weight and. 

aflatoxin synthesis parameters.were evaluated with the c~allenge 

cultures. A laboratory procedure was devised to determine relative 

inhibition of fungal growth, with 112 - ethanol staining, using the 

color analyzer reflectance attach~ent of the Bausch & Lomb Spectronic 

20, A slope":'ratio analysis procedure described by Finney (9) was used 

to obtain the relative potency of the Mucor component,, 

Challenge cultures indicated that Mucor sp, do ,metabolize 

antibio~ic components inhibiting A, parasit!cus growth and aflatoxin 

synthesis, These mat~rials were extracted and the ~ntlbiosic inhi­

bition wa~ determined by iodine visual itatlon. A slope-ratio analysls 

showed that the Muc;:or component was .establ I shed to be approxima~ely. 

1.5 times the fungicidal activity to~· parasit!cus than equivalent 
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weights of the active ingredient within a standard fungicide, N -

(trichloromethylthio) - 4 - cyclohexene - 1 ,2 - dicarboximide (Captan) . 

• 
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