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ABSTRACT

The effects of antimicrobial food additives on growth

and ochratoxin A production by strains of Aspergillus

sulphurous NRRL 4077 and Penicillium viridicatum NRRL 3711

were investigated! At pH 4.5» in order to obtain 100^

inhibition of both mycelium and toxin production, 0.02, O.O67,

0.0667, and 0.2% of potassium sorbate, methyl paraben,

sodium bisulfite, and sodium propionate were required,

respectively. At pH 5-St 0.134^ of potassium sorbate and

0.067% of methyl paraben completely inhibited the growth

and ochratoxin A production by both fungi. Sodium bisulfite

at 0.1% and sodium propionate at 0»6k% were found to inhibit

fungal growth by the following percentages, respectively:

A. sulphureus NRRL 4077, 45.45^, P. viridicatum NRRL 3711.

89.38%-, A. sulphureus NRRL 4077-, 79-91^, P. viridicatum

NRRL 3711, 88.^5%. For toxin inhibition, the following

percentages were achieved according to their previous

sequence: 97'l?. 99•89. 99=40, and 100^.
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CHAPTER I

INTRODUCTION

• The ochratoxins comprise a group of chemically

related secondary metabolites isolated from culture

extracts of seven species of Aspergillus and seven species

of Penicillium. Ochratoxin A, 7-carboxyl-5-chloro-8-hydroxy-

3f^-dihydro-3-R-methyl isocoumarin linked to L-phenylalanine,

is the most important metabolite both in respect to

occurrence and toxicity. Toxin formation is influenced by

pH, temperature, incubation time, and water activity of

the substrates.

——>The first detection of ochratoxin A as a natural

contaminant was in a USDA-ARS survey of corn for aflatoxins,

ochratoxins, and zearalenone. Since that time the mycotoxin

has been found in wheat, barley, green coffee beans, peanuts,

dried white beans, oats, grain sorghum, rye, rice, pecans,

and mixed feed. The toxin is retained as a residue in the

tissue of animals when contaminated feed is ingested.

Therefore, transfer of ochratoxin A from animal feed to

human food is possible.

Ochratoxin A has been found toxic to rats, chickens,

swine, hens, turkeys, Japanese quails, ducklings, mice,

Guinea pigs, dogs, cattle, goats, and fish. The toxicologic

responses to ochratoxin A vary with the dose, duration of

exposure, animal species, and age. Most alternations occur

1



 

in the liver, gut, lymphoid tissues, and especially in the

renal tuhules. Ochratoxin A is teratogenic in the mouse

and chicken embryo, and is carcinogenic to trout when fed

in conjunction with the co-carcinogen, sterculic acid.

Using chemicals to preserve foods is not new. Several

food additives termed as GRAB (generally recognized as safe)

have been shown to prevent mold grow at certain

^ k'Y
concentrations and pH values. However, specific studies of ̂

the chemical inhibition of ochratoxin A are not available.
H4,

This experiment was undertaken to determine the effects of

four antimicrobial food additives on ochratoxin A production

and mycelial formation by A. sulnhureus NRRL 4077 and

. P. viridicatum NRRL 3711'
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CHAPTER II

REVIEW OF THE LITERATURE

I. CHEMISTRY OF OCHRATOXINS

Chemical Structures and Properties

The ochratoxins constitute a group of structurally-

related, secondary metabolites produced by several species

of Aspergillus and Penicillium. The basic structure of

these toxins is shown in Figure 1. Ochratoxin A, 7-carboxyl-

5-chloro-8-hydroxyl-3,4-dihydro-3-R-methyl isocoumarin

linked to L-g-phenylalanine, was the first toxin to be

discovered in this group (van der Merwe et al., I965) .

Ochratoxin B, C, D, g, and the methyl and ethyl esters of

ochratoxin A and ochratoxin B have all been isolated from

fungal cultures under laboratory conditions (Steyn, 1977)

Ochratoxin a is a mammalian metabolic product of

ochratoxin A that can be found in the intestine, liver,

urine, and feces of rodents (Hult et al., 1976)« It also

can be produced by acid hydrolysis of enzymatic reaction

of ochratoxin A. By means of thin layer chromatography on

silica gel and spectrophotometric methods, Pitout (I969)

reported that ochratoxin A is hydrolyzed by carboxypeptidase

and chymotrypsin to form ochratoxin a- However, under

natural, non-laboratory conditions, only ochratoxin A and

very rarely, ochratoxin B have been encountered. Therefore,

3
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for all pratical purposes, only ochratoxin A is a natural

contaminant of foods and foodstuffs (Shimoda, 1979)* Some

of the most important properties of ochratoxins are

summarized in Table 1.

Stability of Ochratoxin A

Ochratoxin A is a very stable compound. It does not

decrease substantially in ethanol even after one year

of storage in the refrigerator (Chu and Butz, 1970). In

cereal products some degradation occurs with time. Thus,

Trenk et al. (1971) recovered only ^7-^8^ and 36-^7^ of

ochratoxin A added to oatmeal and rice and stored for 12

weeks at and 28oC , respectively. When cereals

containing ochratoxin A were autoclaved for up to three

hours, 12.5-31-5?^ still survived depending upon the amount

of water in the cereals (Trenk et al., 1971) • In the

processing of beans by canning, 11^ of ochratoxin A was

destroyed after one hour of heating at 12loC compared to

34^ reduction in ochratoxin A content when canned moldy

beans were heated for four hours (Harwig et al., 197^)*

The stability of ochratoxin A in brewing of beer has

also been investigated. Krogh et al. (197^3-) observed that

during malting and brewing, ochratoxin A was completely

degraded from moderately contaminated barley lots. The use

of highly contaminated barley resulted in transmission of

ochratoxin A into the beer, but only 2-7?^ of the initial
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content was detected. Chu et al. (1975) found that

ochratoxin A was partially lost during brewing with most

of the loss occurring during the malt mash, boiled wort,

and final fermentation stages. About 25^ of added mycotoxin

was recovered from completed beer at a dose of 10 p.g/g of

cereal. Nip et al. (1975) studied the fate of ochratoxin A

in brewing by adding [) ®H)]ochratoxin A to the raw material

at 1- and 10- [ig/g levels during mashing in a conventional

microbrewing process. Large portions {2Q-2>9%) of the added

toxin were recovered in spent grain, with less recovery in

the yeast (8-20^) and beer {lk-l8fo) .

II. NATURAL OCCURRENCE

Ochratoxin-producing Fungi

Asnergillus ochraceus Wilhelm, a species of the

A. ochraceus group, was first found to be an ochratoxin A

producer. According to Raper and Fennell (I965), this group

includes the species A. sulphureus (Fres.) Thom & Church,

A. sclerotiorum Huber, A. alliaceus Thom & Church,

A. auricomus (Gueguen) Saito, A. melleus Yukawa,

A. ochraceus Wilhelm, A. ostianus Wehmer, A. elegans

Gasperini, and A. netrakii Voros. Lai et al. (I968, 1970)

A. melleus Yukama and A. sulphureus (Fres.) Thom &

Church to be ochratoxin A producers. Ciegler (1972) found

that A. ochraceus Wilhelm, A. sclerotiorum Huber,

A. alliaceus Thom & Church, A. ostianus Wehmer, A. melleus
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Yukawa, and A. sulphureus (Pres.) Thorn & Church produced

not only ochratoxin A, but also penicillic acid on liquid

media and in cereal grains. Extensive studies by Hesseltine

et al. (1972) indicated that ochratoxin A and ochratoxin B

production is common to seven species in the A. ochraceus

group c

In addition to the fungi in the A. ochraceus family,

Penicillium viridicatum Westling was discovered to be a

source of ochratoxin A (van Walbeek et al., 1969). Scott

et al. (1972) isolated both ochratoxin A and citrinin from

grains with P. viridicatum Westling or P. palitans Westling.

To date, seven species of Aspergillus and seven

species of Penicillium have been reported as ochratoxins

producers (Table 2). However, not all strains of the

species mentioned are capable of ochratoxin A production.

Natural Occurrence of Ochratoxin-producing Fungi

Most of the ochratoxin-producing fungi are widespread

in nature and have been characterized as the storage fungi.

A. sclerotiorum was isolated by Huber (1933) from surface

washing of normal apples. A. alliaceus was originally

discovered as a wound parasite of onions (El-Helaly et al.,

1962) . A. alliaceus and A. petrakii are known to have been

isolated from dead insects (Raper and Fennell, I965). The

ability of members of the A. ochraceus group to withstand

high osmotic pressure is reflected by their frequent



Table 2. Producers of Ochratoxins.

Penicillium Link

Monoverticiliata:

P. frequentans series:

Asymmetrica-Lanata:

P. commune series:

Asymmetrica-Fasciculate:

P. viridicatum series:

P. cyclooium series

Biverticiliata-Symmetrica:

P. purpurogenum series:

P. funiculosum series:

P. purpurrescens Sopp

P. commune Thom

P. viridicatum Westling
P. palitans Westling

P. cyclopium Westling

P. variabile Sopp

P. verruculosum Peyronel

Asperigillus Micheli

Asperjgillus ochraceus group; A. sulphurous (Pres.) Thom
& Church

A. sclerotiorum Huber

alliaceus Thom & Church
A. melleus Yukawa

A. ochraceus Wilhelm
A. ostianus Wehmer

A. petrakii Voros

Source: Bullerman, 1979; Hesseltine et al., 1972;
Krogh, 1978; Shimoda, 1979-
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occurrence in the Orient on dried and salted fermented fish

products. A. ochraceus, A. melleus, A. ostianus, and

A. sulphurous have been isolated from such foods (Hesseltine

et al., 1972). A. sulphurous and A. melleus also have been

found in Brazil nuts (van Walbeek et al., 19^9) and

soybeans (Mislivec and Bruce, 1977)

A. ochraceus is the most commonly occurring fungus in

the A. ochraceus group. It has been frequently isolated from

stored grain (Wallace and Sinha, I962), peanuts (Doupnik

and Peckham, I97I), soil, insects, decayed vegetables

(Raper and Fennell, I965), damaged tobacco (Welty and Lucas,

1968), sorghum (Christensen et al., I968), brewery hops

(van Walbeek et al., I969), black and red peppers

(Christensen et al., I967), rice (Yamazaki et al., 197d),

corn (Chu, 1974b), pecans (Doupnik and Bell, 1971)f country

cured ham (Escher et al., 1973)> soybeans (Mislivec and

Bruce, I977), dried beans (Mislivec et al., 1975)i flour

and bread (Bullerman and Hartung, 1973)» wheat, rye

(van der Merwe et al., I965)» and poultry feed (Bacon et

al., 1973).

P. viridicatum and P. cyclopium are the two most

common species in the genus of Penicillium which can

produce ochratoxin A. Both of them have been isolated from

beans (Mislivec et al., 1975)> wheat grain, oats, rye,

barley, peanuts, mixed feed (Scott et al., 1972), soil,

vegetables (Raper and Thom, 19^9)> soybeans (Mislivec and
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Bruce, 1977)» fruit-filled pastries (Kuehn and Gunderson,

1962), and corn (Koehler, 1938; Davis et al., 1975).

P. viridicatum was also found in country cured ham (Escher

et al. , 1973)* It is the chief mold which develops in corn

and grains stored at low temperatures (Scott et al., 1972;

Semeniuk and Barre, 19^3)• P> cyclopium is not only widely

distrihutedj but also commonly causes a bulb rot in

liliaceous plants (Raper and Thom, 1949). P. palitan has

been discovered in fruits, cheddar cheese, coconut oil

(Raper and Thom, 1949), fruit-filled pastries (Kuehn and

Gunderson, 1962), mixed feed (Scott et al., 1972), and

inshell pecans (Schindler et al., 1974). P. commune.

Z* purpurrescens, P. variabile. and P. verruculosum appear

to be comparatively rare in naxure. They were mainly

isolated from soil (Raper and Thom, 1949).

Natural Occurrence of Ochratoxin A

Ochratoxin A was first reported as a natural contaminant

by Shotwell et al. (I969) in a USDA survey of corn for

aflatoxins, ochratoxins, and zearalenone. Since that time

the mycotoxin has been found in a variety of plant products

in countries of North America and Europe (Table 3 and

Table 4). Although ochratoxin A mainly occurs in cereals,

it can be isolated from animal sources. When farm animals

are exposed to feed containing ochratoxin A, a portion of"

the ingested toxin will be retained as residues in the
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tissues with increasing concentrations from fat, muscle,

liver to kidney (Krogh et al., 1974c; Krogh et al., 1976a;

Krogh et al., 1976b; Krogh et al., 1976c). According to

Krogh et al. (1976b), ochratoxin A disappears from tissues

exponentially, with RLg^values in the range of 3-5 days.

In a survey of slaughtered pigs, ochratoxin A was found in

18 out of 19 pigs delivered from a farm where ochratoxin

A-contaminated barley was used, with residue levels up to

67 M-g/kg (Krogh, 1978). Residues of ochratoxin A have also

been observed in kidney, liver, and muscular tissue of

slaughtered poultry, at concentrations between 4.3 to 50

(ig/kg (Elling et al., 1975; Krogh et al., 1976a). Recently,

Hult et al. (1979» 1980) determined ochratoxin A in blood

of slaughtered pigs in Sweden. From blood samples of 279

randomly selected pig herds, 47 herds were found to contain

more than 2 ng of ochratoxin A per milliliter of blood.

Blood from 14 herds contained more than 10 ng of ochratoxin

A per milliliter of blood. The highest value was 280 ng/ml.

The concentration of ochratoxin A in the blood can act as

an index to calculate the amount of ochratoxin A in the

feed given to the pigs. Because the only observable lesion

which developed in animals was kidney damage, the remaining

parts of the carcasses might pass meat inspection. Therefore,

transfer of ochratoxin A from animal feed to humam food is

possible.
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III. TOXIN FORMATION

Ochratoxin A production is determined by several

factors; incubation time, pH, temperature, water activity,

(Aw), substrates, and amount of aeration.

Incubation Time

The optimum time for ochratoxin A formation is in the

range of 6 to days with incubation temperatures of 22 to

3O0C. Sansing et al. (1973) found that the peak production

of ochratoxin A by A. ochraceus occurred at 2$°C after 10

and 12 days incubation on a nutrient solution, but the yields

were not significantly different from those obtained at

8 and 1^ days. Usually higher incubation temperature requires

less time for maximum toxin production. Therefore, they also

found that ochratoxin A production at 30°C after 6 and 8 days

incubation was in the range of peak ochratoxin A production

at 25°C, but dropped off rapidly with continued incubation.

Studying the conditions for production of ochratoxin A by

Aspergillus species in a synthetic medium incubated at 22

to 270c, Lai et al. (I97O) found that A. sulphurous

produced maximum amounts of ochratoxin A within 8 to 10

days, and the amounts were reduced only slightly by

incubating cultures for as long as 20 days. Trenk et al.

(1971) reported the optimum time for ochratoxin A production

ranged from 7 "to 14 days at 28^0 in different cereal

products. Lillehoj et al. (I978) examined the kinetics of



16

toxin accumulation in submerged culture of Ao sulphureus

in modified Czapek solution and found the highest

ochratoxin A levels occurred on day 11 and day 12 of

incubation at 28 and 22oC, respectively. However, they

concluded that a marked reduction in toxin levels at both

incubation temperatures occurred during the period after

maximum ochratoxin A accumulation (Figure 2). A longer

period of 19 tc 21 days of incubation at 22oC to give a

maximum yield of ochratoxin A was also recorded (Schindler

and Nesheim, 1970)• The decrease of ochratoxin A after

maximum accumulation might due to two reasons:

lo degradation by light.

2. autolysis of cells to release some proteolytic enzymes

which can break down ochratoxin A.

pH

Not much research has been done on the relationship

between pH and ochratoxin A production. Lai et al. (1970)

studied the effect of pH on ochratoxin A production and

growth of A. sulphurous in a synthetic medium buffered with

either sodium phosphate or citric acid-sodium citrate plus

Na2HP04 and incubated at 22 to 27°C for 8 days. They found

that maximum ochratoxin A production was attained at pH

6.0 to 6.3 within the range of pH 3-0 to 7.8. The optimum

pH for mycelial growth was around pH 5-0 (Figure 3)' Using

a nutrient solution of kfo sucrose and 2fo yeast extract with
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400
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<
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Figure 2. Production of ochratoxin A "by a
strain of A. ochraceus in a
modified Czapek solution incubated
at 20 and 28°C (Lillehoj et al.
1978).
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Figure 3. Effect of pH on ochratoxin A production
and growth of Aspergillus sulphureus
NRRL 4077 in a synthetic medium for 8
days at 22 to 27°C. Medium was buffered
with 0.15 M sodium phosphate (pH 5.0 to
7.8), or with 0.1 M citric acid-sodium
citrate (pH 3.0 and 4.0) plus I.5 g of
Na2HP04 per liter (Lai et al. , I970).
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an initial pH of Sansing et al. (1973) reported that

high pH values of 7-6 to 8.2 coincided with high ochratoxin

A production at 25°C for 8 to Ik days incubation.

Temperature and Water Activity

Temperature and water activity are the two most

important factors for ochratoxin A formation. Generally,

they are affected by one another. At optimum Aw, the

temperature range for ochratoxin A production by

A. ochraceus is 12 to 37°C with the optimum temperature

around 25 to 31°C (Bacon et al., 1973* Northolt et al.,

1979; Sansing et al., 1973; Trenk et al., 1971)i whereas

that of P. cyolopium and P. viridicatum is k to 31°C with

the optimum temperature around 2k°C (Harwig and Chen, 197^;

Northolt et al., 1979)' However, very low levels of

ochratoxin A, produced by A. ochraceus, were detected in

corn, rice, and wheat bran at k°C (Trenk et al., 1971).

Studying a strain of A. ochraceus which can produce both

penicillic acid and ochratoxin A on poultry feed. Bacon

et al. (1973) reported that a combination of low temperature

and low Aw favors the production of penicillic acid; high

temperature and Aw favors the production of ochratoxin A.

Oohratoxin A began to accumulate at an Aw of 0.85, whereas

maximum production occurred at an Aw of 0.95 at 30®C.

Harwig and Chen (197^) found that an Aw of O.9O to O.93

is most favorable for production of toxin by P. viridicatum
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in wheat and barley at 250C . Northolt et al. (1979)

adjusted the Aw of agar media by addition of sucrose or

glycerol, and determined that the minimum Aw values for

ochratoxin A production by A. ochraceus. P. cyclonium. and

P. viridicatum were between O.83-O.87, O.87-O.9O,

O.83-O.86, respectively. They also found that O.99 is the

optimum Aw value for toxin formation by A. ochraceus. and

that 0i95~0•99•are the best Aw values for P. viridicatum

and Pc cyclopium at 2^■°C . The conditions for growth and

ochratoxin A production by some species are illustrated in

Figure Figure 5» and Figure 6.

Natural Substrates

Most commodities from which the ochratoxin-producing

fungi were isolated are good substrates for ochratoxin A

production. Trenk et al. (1971) studied the effects of

natural substrates on ochratoxin A production by

A. ochraceus. Chopped corn was found to be the best

substrate for production of toxin. Polished rice and wheat

bran yielded comparable amounts of toxin, but required

longer incubation. Bleached flour did not support the

production of large amounts of ochratoxin A.

Synthetic and Semi-synthetic Media

Synthetic and semi-synthetic media have been

developed. MYE (mycological broth + 0.5?^ yeast extract)

supports toxin formation by A. ochraceus (van Walbeek et



 

A. ochraceus NRRL 3519

21

Rate of Growth (mm/day) Ochratoxin A (mg)

2.5

37
0.95 31

240.90

16
0.85 12

Water Activity
0.80

8 o
Temperature C

Figure 4. Growth and ochratoxin A production by one
strain of Aspergillus ochraceus on malt
extract sucrose agar (MES) under various
conditions of water activity and
temperature (Northolt et al., 1979),
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P. viridicatum RIV28

Rate of Growth (mm/day) Ochratoxin A (mg)

0.4

I
310.95

24
90

16
12

4

0.85

Water Activity
p

Temperature °C

Figure 5. Growth and ochratoxin A production hy one
strain of Penicillium viridicatum on
Czapek maize extract sucrose agar (CMS)
under various conditions of water activity
and temperature (Northolt et al,, 1979).
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p. cyclopium NRRL 6065

Rate of Growth (mm/day) Ochratoxin A (mg)

2.5

310.95
24

0.90
16

12

4

0.85

Water Activity 8 Temperature °C
0.80

Figure 6. Growth and ochratoxin A production by one
strain of Penicillium cyclopium on Czapek
maize extract glycerol agar (CMG) under
various conditions of water activity and
temperature (Northolt et al., 1979).
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al., 1968). YES {2fo yeast extract and 15?^ sucrose) is good

for ochratoxin A production "by both A. ochraceus and

P. viridicatum (van Walbeek et al., I968 and I969). More

specific studies for the production of ochratoxin A by

A. ochraceus in YES media were performed by Davis and

associates (I969). By varying the sucrose concentrations

from 0 to 32.fo, they reported that peak ochratoxin A

production (29 mg/lOO ml) occurred in sucrose and 2%

yeast extract medium. The fungal growth continued to

increase directly higher concentration of sucrose from ^

to 32?^ without a corresponding increase in ochratoxin A

production. Ochratoxin B was produced only when the sucrose

concentration was 8?S or higher. Among many nitrogen sources

tested, glutamic acid and proline were best for toxin

production. After adding Vfo L-phenylalanine to a nutrient

solution with kfo sucrose, 2% yeast extract, and some trace

elements, Yamazaki et al. (I970) found significant increase

in ochratoxin A production. Lai et al. (I97O) investigated

culture conditions for ochratoxin A production by species

of Asnergillus with different sugars. The most toxin was

produced by A. sulphureus from sucrose and glucose and

decreasing amounts from maltose, mannose, galactose, xylose,

and arabinose. The fungus did not grow on lactose. Trace

elements Fe , Zn^"^, Cu^"^ , B^"*", and Mo^"*" were not needed

for good growth and ochratoxin A production by A. sulphurous.

but they were required by A. ochraceus and A. melleus.
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However, for maximum production of ochratoxin A by

— ' sulphurous I 100 mg potassium/liter, 25 mg phosphorus/

liter, and 300 mg magnesium sulfate/liter were necessary.

The effect of zinc, copper, and iron levels on the

production of ochratoxin A by A. ochraceus in a synthetic

medium in a shake culture was also determined by Steel et

al. (1973) Optimum concentrations of ZnSO^ , CuSo^ , and

FeCl3 were 0.055 to 2.2 mg/liter, 0.00^ to 0.04 mg/liter,

and 1.2 to 2k mg/liter, respectively.

Amount of Aeration

Sansing et al. (1973) found that maximal amounts of

ochratoxin A were produced by A. ochraceus in 25 ml of

medium/125 ml flask and 75 ml of medium/500 ml flask at

25*^0 in stationary culture in 8 days. No ochratoxin A was

produced in shake culture. The medium used was a nutrient

solution of kfo sucrose and 2% yeast extract.

IV. BIOSYNTHESIS OF OCHRATOXIN A

The present evidence indicates that ochratoxin A is

synthesized by an enzyme reaction directly linking the

L-g-phenylalanine and dihydroisocoumarin moiety (ochratoxin

a). Although the biosynthesis of phenylalanine via the

shikimic acid pathway has not actually been demonstrated

during ochratoxin A biosynthesis, its wide-spread

occurrence in other species and forms of life makes it
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reasonable to assume its functioning (Lehninger, 1975)•

Searcy et al. (I969) investigated the biosynthesis of

ochratoxin A by A. ochraceus Wilhelm using phenylalanine-

1-^^C and sodium acetate-2-^^C . Results showed that

phenylalanine was incorporated unaltered into the

phenylalanine moiety of ochratoxin A. They also found that

the isocoumarin moiety was mostly derived from acetate

condensation. Studying the biosynthesis of ochratoxin A by

A. ochraceus using phenylalanine-U- , sodium acetate-l-^'*C ,
14

and methionine- CHg, Steyn et al. (1970) concluded that

the isocoumarin moiety was formed by the condensation of

five acetate units in a head-and-tail fashion and the

carboxy carbon of the amide group was derived from the

pool. The involvement of the unit in ochratoxin A

formation was confirmed by Yamazaki et al. (1971) using

13ethionine competitive inhibition and C-Nf/LR techniques.

13Sodium C-formate was incorporated solely into the carboxy-

carbon of isocoumarin moiety.

Still provoking question about the biosynthesis of

ochratoxin A is the stage of chloronation in the molecule.

Some evidences indicate that chlorination may occur at an

early stage along the biosynthetic path (Wei et al., 1971) •

According to Huff and Hamilton (1979)» the chlorination

can be accounted for by assuming the intervention of an

enzyme called chloroperoxidase. While ochratoxigenic lungi

have not been examined for chloroperoxidase, chloroperoxidase
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occurs widely in plants, animals and microorganisms and

represents the agent invoked in the biosynthesis of over

200 naturally occurring halogenated compounds (Sinda et

al., 1973).

X~ + HA + Hj Oj chloroperoxidase AX + HjO + 0H~

X = Halogen doner

HA = Halogen acceptor

A proposed scheme for the biosynthesis of ochratoxin

A is summarized in Figure 7 (Huff and Hamilton, 1979) .

V. CHEMICAL ANALYSIS

General Considerations

Ochratoxins exhibit fluorescence when exposed to

ultraviolet light. This phenomenon is the basis for

chemical analysis of ochratoxin A. In order to get the

best and most accurate results, however, some factors

must be taken into account:

li Interaction of ochratoxin A with benzene. When

ochratoxin A is crystallized from benzene, the product

usually contains one mole of benzene. In the making of

standard solutions of ochratoxin A by weight, this factor

must be considered (Chu, 197^b).

2. Effects of pH and solvent on fluorescence properties

and molar absorptivity. Golinski and Chelkowski (I978)

studied the spectral behavior of ochratoxin A in different

solvents. They reported that solvent polarity greatly
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influences the fluorescence spectra. The fluorescent

excitation and emission maxima under different conditions

are summarized in Table 5. The molar absorptivity of

ochratoxin A was also found to be solvent and pH dependent

(Table 1; Golinski and Chekowski, I978).

3- Phbtodecomposition by ultraviolet light exposure. Neely

and West (1972) observed that ochratoxin A was photodecomposed

upon prolonged exposure to ultraviolet light. Therefore,

analysis of ochratoxin A should be carried out under subdued

light (Chu, 197^b).

Analytical Methods

Thin layer chromatography (TLC) is a frequently used

method for ochratoxin identification and quantitation.

Ochratoxin A is seen as a green fluorescent spot under

longwave ultraviolet light on TLC plates. The sensitivity

can be increased by treating the TLC plates with ammonia

fumes which change the fluorescence of ochratoxin A to blue

with a greater intensity (Trenk and Chu, I97I). The

applications are shown in Table 6. A spectrophotometrie

method for the quantitative measurement of ochratoxin A was

reported by Hult and Gatenbeck (I976). In the method

described, ochratoxin A is cleaved into ochratoxin a and

phenylalanine, using carboxypeptidase A. Detection is based

on the difference in the fluorescent excitation spectra of

ochratoxin A (3SO nm, maxima) and ochratoxin a (3^0 nm.
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Table 5. Fluorescent Properties of Ochratoxin A under
Different Conditions,

Conditions of Excitation Emission
Determination Wavelength (nm) Wavelength (nm)

Acidic, aqueous or 330-3^0 465 and 475
TLC plate

Basic, aqueous or 36O-390 427-450
TLC plate exposure
to NH3

1.2 X IQ-" - 1.5 X 10-® 330-340 465
in EtOH

1.5 X 10"® - 8.0 X 10"^ 376 426
in EtOH

Source: Chu, I974.
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maxima) in an alkaline buffer solution of pH 7.5O. The

quantitation of ochratoxin A can be achieved by measuring

the loss of fluorescent intensity at 380 nm. The

sensitivity was ̂  ug/kg in barley and barley meal with an

average recovery of 90%. Recently, high pressure liquid

chromatography (HPLC) has been developed for the

identification and quantitation of ochratoxin A in foods,

using the extraction solvents and cleanup procedures in

Table 5- HPLC has the advantages of good resolution, high

degree of precision, reproducibility, and sensitivity

(Hsieh et al., 1976; Pens, 1976). Hunt et al. (I978)

determined a sentivity of 12.5 |J.g/kg with recoveries

ranged from 60 to 95% in different foodstuffs. Josefsson

and Moller (1979) studied high pressure liquid

chromatographic determination of ochratoxin A in cereals.

A detection limit of 1-5 pg/kg and recoveries of 5^.7-92.3^

were observed. Moreover, they found the adjustment of pH

of mobile solvents to k.5 is necessary to get a sharp peak

of ochratoxin A. The best sensitivity of 0.0^ nanograms

was reported by Engostrom and associates (1977) with a

HPLC system including one pBondapak/C^g column and a solvent

system of acetonitrile:water:acetic acid 55:^5:2 (v/v/v).

A purification method for ochratoxin A, using liquid-liquid

extractions and a final cleanup by HPLC, was also

described (Peterson and Ciegler, 1978).
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Biological Assay

Several 'biological assay systems are available for

ochratoxin A quantitation by utilizing microorganisms

(Broce et al., 1970), brine shrimp (Brown, I969)» chicken

embryos (Choudhury and Carlson, 1973)» day-old chickens

(Chu et al., 1972)1 tracheal organ cultures (Cardeilhoc

et al., 1972), and zebra fish larvae (Abedi and Scott, 1969)-

Biological assay can be used not only to supplement the

results of chemical detection and confirmation of the

presence of ochratoxin A in foodstuffs, but also to

determine the biological activities. Usually an acute or

inhibitory dose is used as the indicator for quantitation.

However, the dose is greatly affected by the individual

differences among testing species. Therefore, it is

required to have large sample sizes in order to get a good

reproducibility.

Several immunologic assays have also been developed

to detect low concentrations of ochratoxin A in small

samples of blood, urine, kidney, tissue, biopsy etc.

Chu et al. (1976) studied the production of antibodys

against ochratoxin A after repeated injection of different

protein-ochratoxin A conjugates to rabbits. Bovine serum

albumin-ochratoxin A was found to be the best antigen. The

IgG antibody was specific for ochratoxins A and C, but not

specific for ochratoxins B, a, and other coumarin

derivatives. The percentage of binding between ^H-labeled
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ochratoxin A and IgG was reduced by unlabeled ochratoxin A.

The sensitivity for ochratoxin A detection was in the range

of 0.5 to 10 ng/0.5 ml sample. Aalund et al. (1975)

reported a radioimmunoassay for ochratoxin A. Ochratoxin A

was covalently coupled to electrophonetically pure bovine

IgG for antigen formation. The antigen was injected into

rabbits at a dose of 1.0 mg conjugate protein. Rabbits

produced anti-ochratoxin A antibody and the antisera was

• 125used with I-egg albumin-ochratoxin A as the radioactive

antigen. Free ochratoxin A inhibited immunoprecipitation

of the radioactive antigen. The procedure showed a lower

limit of detection at 20 ppb of ochratoxin A.

VI. TOXICOLOGY

Toxicity of Ochratoxins

In addition to being associated with spontaneous

nephropathies in chickens (Filing et al., 1975; Krogh et

al., 1976a) and in swine (Krogh et al., 1976b,c),

ochratoxin A has been found toxic to many test animals,

including hens (Choudhury et al., 1971) 1 turkeys (Prior et

al., 1976), ducklings (van der Merwe et al., 1965; Pruchase

and Nel., 1967), chicks (Chu and Chang, 1971; Huff et al.,

197^; Galtier et al., 1976), Japanese quails (Prior et al.,

1976), rats (Purchase and Theron, I968; Galtier et al.,

197^; Kanisawa et al., 1977; Hayes et al., 1977)» mice
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(Sansing et al., I976), Guinea pigs (Thacker and Carlton,

1977) » dogs (Szczech et al., 1973a,b), cattle (Ribelin et

al., 1978), brine shrimp (Brown, I969), swine (Szczech et

al., 1973c), and bacteria (Singer and Roschenthaler, I978) .

The toxicological responses to ochratoxin A vary with the

dose, duration of exposure, animal species, age, and route

of administration of the toxin. The acute dose of

ochratoxin A for various biological system is listed in

Table 7■

Clinical signs of ochratoxin A also vary with animal

species, dose, duration of administration, age, and

reproductive stage of the test animal. While the main

pathological changes may occur in the liver, gut, and

lymphoid tissues, the most consistent alternation is renal

tubular damage (Shimoda, I979) .

Structure-toxicity Relationships

Chu et al. (1972) studied the structural requirements

for ochratoxins intoxication. They reported that the

phenolic hydroxyl group in the dissociated form is

necessary for toxicity by ochratoxins. This was demonstrated

by the fact that ochratoxin 0 failed to induce toxin effect

after the phenolic hydroxy group was chemically modified.

They also found that the toxicity of ochratoxins is

closely related to the acid dissociation constant of the

phenolic hydroxyl group. Ochratoxin A and ochratoxin C,
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with a pK near neutral pH 7.05 to 7*10, were determined the

most toxic. The acid dissociation constant of ochratoxin B

is ten times smaller than that of ochratoxin A, whereas the

toxicity of this toxin is about ten times less.

Teratogenesis

Treatment of pregnant mice with ochratoxin A

dissolved in propylene glycol at a dose of 5 mg/kg body

weight by intraperitoneal injection on gestation days 7-12

resulted in increased prenatal mortality, decreased fetal

weight, and various fetal malformations (Hayes et al., 197^).

Anomalies of the head, eyes, face, digits and tails were

the most common defects and these included exencephaly,

anophthalmiamicrophthalmia, cleft lip, median facial cleft,

short jawsj syndactyly, and polydactyly. The malformation

rate was greatest in fetus from mothers injected on

gestation day 8.

Still et al. (1971) administered ochratoxin A

dissolved in sodium bicarbonate to bred female

Sprague-Dawley rats on gestation day 10 by oral intubation

at doses of 6.25, 12.5> and 25 mg/kg body weight.

Ochratoxin A at all levels induced fetal death and

resorption. Brown et al. (I976) administered ochratoxin A

orally to bred Sprague-Dawley-derived young adult rats at

doses of 0.25, Oo50p 0.75, 1, 2, or 8 mg/kg body weight

on days 6 through 15 of gestation. They observed that at
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doses greater than 1 mg/kg acute ochratoxicosis A and

nearly 100^ loss of litters resulted. Doses of 0.75 mg/kg

were embryotoxic and teratogenic and doses of 0.25 and 0,50

mg/kg were principally teratogenic. Gross abnormalities

included subcutaneous edema, short snout, open eyes, and

shortened body. Visceral abnormalities included small left

atrium of the heart. Skeletal malformations consisted of

wavy ribs, agenesis of sternebrae, and asymmetry of

Sternebrae.

Gilani et al. (1978) conducted experiments to

evaluate the teratogenicity of ochratoxin A given to

developing chick embryos. Ochratoxin A was dissolved in

propylene glycol and injected into embryonating chicken

eggs at doses ranging from 0,0005 to 0,007 mg/egg. The

injections were made into the air sacs of eggs after 48,

725 and 98 hours of incubation. All embryos were examined

at day 8. Short and twisted limbs, short and twisted neck,

microphthalmia, exencephaly, everted viscera, and reduced

body size were detected.

The teratogenic potential of ochratoxin A has also

been studied in the hamster. Hood et al. (I976)

administered by intraperitoneal injection ochratoxin A

dissolved in 0.IN sodium bicarbonate to pregnant golden

hamsters on one of gestation days 7 to 10 at doses of 2.5

to 20 mg/kg body weight. The largest dosages when given on
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day 71 8, or 9 increased prenatal mortality and on day 9

diminished fetal growth. Most frequently observed

malformations were micrognathia, hydrocephalus, short tail,

oligodactyly, syndactyly, cleft lip, micromelia, and heart

defects.

Tumorogenesis

Ochratoxin A was found to be carcinogenic to rainbow

trout when fed at a dose of 20 p,g/kg of diet together with

the cocarcinogen sterculic acid. On the other hand,

administering 10 |ig ochratoxin A/mouse suspended in 0.1 ml

peanut oil to male and female CBA mice twice weekly for

36 weeks, Dickens and Waynforth (I968) reported that

ochratoxin A was not tumorogenic in mice. Purchase and

van der Watt (1971) administered ochratoxin A by

subcutaneous injection or by oral intubation to male and

female Wistar-derived rats to study the long-term toxicity

of ochratoxin A to rats. The results showed that ochratoxin

A did not cause tumors in the rats. The International

Agency for Research on Cancer concluded in 1976 that all

ochratoxin A studies were inadequate in terms of the

number of animals used and survival rates, and that no

evaluation of ochratoxin A as a chemical carcinogen could

be made (Kroghj 1978).
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VII. METABOLISM AND BIOCHEMICAL EFFECTS

Metabolism

Studying the metaholism of ochratoxin A in male Wistar

rats given an intraperitoneal injection of 10 mg/kg of the

toxin dissolved in O.IN sodium hicarhonate, Nel and Purchase

(1968) detected ochratoxin A in the blood, liver, and kidney

within 30 minutes of dosing. Ochratoxin A and ochratoxin a

were also found in the urine and feces.

In a quantitative analysis of the excretion of ochratoxin

A after feeding 500 ̂ g ochratoxin A daily to male Wistar rats

for 6 days, van Walbeek et al. (1971) reported that about

10^ of ochratoxin A consumed was excreted in the urine and feces.

A portion of the ochratoxin A was metabolized to ochratoxin a

and excreted mainly in the urine.

Doster and Sinhuber (1972) studied the rates of

hydrolysis of ochratoxin A and ochratoxin B in vitro by

bovine carboxypeptidase A and by enzymes in crude extracts

of rat tissues. With rat tissue extracts, ochratoxin B was

hydrolyzed at a rate 6 to 8 times faster than ochratoxin A.

Ochratoxin B was also hydrolyzed much faster than ochratoxin A

using carboxypeptidase.

Galtier (197^a) studied the transport of ochratoxin A

in male Wistar rats fed a single dose of 10 mg/kg body

weight ochratoxin A. Considerable amounts of ochratoxin A

were detected in the plasma where the maximal concentration

was obtained 8 hours after administration. Further studies
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of the distribution in the tissues and the elimination of

ochratoxin A and ochratoxin a in male Wistar rats under

same conditions were conducted (Galtier, 1974b). The data

showed that ochratoxin A was absorbed by the stomach and

that it was distributed particularly to the liver, kidney,

and muscle. Ochratoxin a was recovered in the cecum and

the large intestine indicating hydrolysis of ochratoxin A

by microbial flora.

Patterson et al. (I976) studied the metabolism of

ochratoxin A and ochratoxin B in the pigs. A mixture of

the two mycotoxins (0.38 and O.I3 mg/kg body weight) was

fed to pigs daily for 8 days during early pregnancy.

Compared with ochratoxin A, ochratoxin B was poorly

absorbed and preferentially hydrolyzed in the intestinal

tract. As a result, ochratoxin A and its hydrolysis

product ochratoxin a were excreted in the feces, but

ingested ochratoxin B was not found in the feces since it

was completely hydrolyzed to ochratoxin ̂ . Ochratoxin A

and the two metabolites, ochratoxin a and ochratoxin g,

were also excreted in the urine. Neither toxin crossed the

placenta to the fetus.

Chang and Chu (1977) investigated the fate of

ochratoxin A in male Sprague-Dawley rats given a single

intraperitoneal injection of 1 milligram ochratoxin A and

"''^C-ochratoxin A. Radioactivity in the serum reached a

maximum within 30 minutes of injection of the toxin and



the concentration was equivalent to about 90^ of the

dose. During the first 8 hours5 70 to 80^ of the

radioactivity was in unaltered ochratoxin A whereas after

24 hours $6% of radioactivity was ochratoxin A. Thirty

minutes after injection, the liver and kidney each contained

4.5 and 4.4?5 of the injected dose, respectively. The

activity decreased thereafter and 1 to 2% of the injected

radioactivity was found in the liver or kidney 24 hours

after injection. Ochratoxin A was excreted primarily in the

urine, either as the unchanged toxin or its metabolite,

ochratoxin a. Excretion in the feces was less significant

and was mainly in the form of unchanged toxin.

Biochemical Effects

a. Protein Binding

Pitout and Nel (I969) studied the inhibitory effect

of ochratoxin A on the hydrolysis of N-carbobenzoxyglycyl-

L-phenylalanine by bovine carboxypeptidase A. Ochratoxin A

was found to be a competitive inhibitor of carboxypeptidase

A. The effect was about 70?^ after 30 minutes. No

inhibitory effect of ochratoxin a on the enzyme was

observed.

Chu (1971) investigated the interaction of ochratoxin

A with bovine serum albumin by spectrophotometrie,

spectrophotofluorometrie, equilibrium dialysis, and

Sephadex gel filtration analyses. The absorption maximum
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of ochratoxin A shifted to a longer wavelength after the

interaction. The fluorescent properties of ochratoxin A

were also altered in the presence of bovine serum albumin.

One mole of bovine serum albumin bound 1.86 to 2.i|-7 moles

of ochratoxin A depending on the reaction temperature. No

binding between ochratoxin A and T-globulin was observed.

Chu (I97^a) studied the interaction of different

ochratoxins with bovine serum albumin by equilibrium

dialysis, solubility, and spectrophotometric analyses.

The absorption maxima shifted to longer wavelengths (365-

377 nanometers for ochratoxin B and 38O-39O nanometers for

ochratoxin C) as a result of interaction, but the spectra

of ochratoxin a and ochratoxin g were not altered. One

mole of bovine serum albumin bound one mole of ochratoxin a

and ochratoxin g, about two moles of ochratoxin B and about

three moles of ochratoxin C. Both hydrophobic and ionic

bonds were considered important in the binding.

b. Mitchondrial Effects

Moore and Truelove (1970) discovered that ochratoxin A

and ochratoxin a at low concentration (1.0-^.3 mM)

inhibited ADP-stimulated (state 3) respiration in

mitochondria isolated from rat liver.

Meisner and Chan (197^) studied the effects of

ochratoxin A on mitochondrial transport systems. Their

results suggested that ochratoxin A acted to produce a



competitive type of inhibitory pattern of mitochondrial

transport carriers located in the inner membrane.

Respiration stimulated by ADP was progressively inhibited

up to O.ij- mM ochratoxin A. The mycotoxin had a competitive

type of inhibition with respect to the binding of

dicarboxylic acidsf adenine nucleotides and inorganic

phosphate.

c. Carbohydrate Metabolism

Suzuki et al. (1975) studied the effect of ochratoxin

A on carbohydrate metabolism in male Wistar rats. A marked

depletion of glycogen in liver and an increase of serum

glucose in ochratoxin A treated rats were noted. Glycogen

synthetase activities were reduced whereas phosphorylase a

activity was increased in the liver. Howeveri according to

the effects by Pitout (I968), Heller and Roschenthaler

(1978), Huff et al. (1979)> and Warren and Hamilton (I98O),

it is believed that ochratoxin A inhibits the phosphorylase

enzyme system. Specifically, the binding of cAMP to protein

kinase which subsequently activates the enzyme phosphorylase

b kinase is inhibited by ochratoxin A. The inhibition is

of the non-competitive type, at least up to a concentration

of 100 fig/ml ochratoxin A (Heller and Roschenthaler, I978) .

As a result, ochratoxin A produces accumulation of

glycogen in rat and chicken livers.



VIII. CONTROL

As mentioned before, ochratoxin A is a very stable

compound. It is almost impossible to get rid of all the

mycotoxin once it is produced in foods or feedstuff.

Prevention of fungal growth by proper drying appears

presently to be the most efficient means of controlling

contamination with ochratoxin A.

Chemical treatment can be used to reduce or prevent

fungal growth and ochratoxin A production in grains and

animal feeds. The effects of insecticides and fumigants on

the production of mycotoxins in wheat were investigated by

by Vandegraft et al, (1973a,b). None of the insecticides or

fumigants reduced aflatoxins or ochratoxin A formation.

Nevertheless5 an organophosphate insecticide, dichlorvos,

was found to inhibit ochratoxin A production by A. ochraceus

in yeast extract sucrose medium and on corn (Wu and Ayres,

197^)• The insecticide at the lowest concentration of 0,1

mg/lOO ml of medium had no effect on fungal growth or

ochratoxin A production. Production of ochratoxin A was

reduced by 2^% at a level of 1 mg/lOO ml of medium. At a

concentration of IO-3O mg/lOO ml of medium, dichlorvos

inhibited from 50 to 80% of ochratoxin A production. A

similar inhibitory effect was also observed on corn.

Vandegraft et al. (1975) studied the effects of grain

preservatives on production of aflatoxin and ochratoxin A
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on corn. Corn was treated with either 2% ammonia or Y/o

propionic ycid. Both ammonia and propionic acid

significantly reduced mold growth and subsequent aflatoxin

and oohratoxin A formation. Growth and the formation of

mycotoxins were inhibited more by propionic acid than

ammonia.

Specific studies of the chemical or physical

reduction of oohratoxin A content and the detoxification

procedures in relation to reduction of oohratoxin A

concentrations in grains and other materials are not

available.

IX. ANTIMICROBIAL FOOD ADDITIVES

Four groups of chemicals which are officially

accepted as direct food additives by regulatory agencies

of the United States and many other countries are

discussed to reveal their properties, safety, regulatory

status, antimicrobial activities, and uses.

Esters of o-Hydroxybenzoic Acid or Parabens

;00-R R = alkyl groups

The alkyl esters of p-hydroxybenzoic acid comprise

a group of antimicrobial agents which have been used widely



k9

in cosmetic and pharmaceutical products. All of the

p-hydrobenzoic acid esters commonly used in foods are white,

free-flowing powders. Methyl ester is odorless or has a

faint characteristic odor and a slight burning taste

according to Food Chemical Codex (1972)c The solubilities

of the esters are inversely related to the number of carbon

atoms in the ester group (Furia, 1972). The parabens are

stable against hydrolysis during autoclaving and resist

saponification (Furia, 1972).

The acute toxicity of p-hydroxybenzoic acid esters

declines with a reduction in the chain length. The LD5Q of

the methyl and propyl esters after being fed to mice is in

the region of 8 g/kg body weight; while the respective

figures for the sodium salts are 2 and 3>7 g/kg body

weight (Lueck, 1980). The methyl, ethyl, and propyl

parabens are listed in category A(l) by the Joint FAO/WHO

Expert Committee on Food Additives with an ADI up to 10

mg/kg body weight (FA0/1/\JH0, 1979) • p-Hydroxybenzoic acid

esters are rapidly and completely absorbed from the gastro

intestinal tract and hydrolyzed to form p-hydrobenzoic acid

which is excreted via the urine. No accumulation is likely

to occur (Lueck, 1980).

/5-

Category A(l) additives are those which have been
fully^cleared by the Joint FAO/WhO Expert Committee on Food
Additives and have either been given an "acceptable daily
intake" or have not been limited toxicologically.
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Under U.S. Food and Drug Administration regulations, methyl

and propyl parabens are "generally recognized as safe"

(GRAS) when used as food preservatives with total addition

limits of 0.1^ (21 CFR 18^.1490 and 18^.1670).

The antimicrobial activity of p-hydroxybenzoic acid

esters is proportional to the chain length (Furia, 1972).

However, due to the low solubilities in water, lower esters

are commonly used. The parabens destroy the cell membrane

and denature protein in the interior of the cell. They also

compete some coenzymes (Lueck, 1980). As p-hydroxybenzoic

acid esters are non-dissociating compounds, their

antimicrobial action is indepentent of the pH value of the

medium to be preserved. They are effective up to pH 9

(Lueck, 1980). The parabens are most active against molds

and yeasts but are less effective against bacteria

especially Gram negative bacteria.

The methyl and propyl parabens are used in fat

products, dairy products, meat and fish products, baked

goods, beverages, beer, fruit products, jams and jellies,

and syrups.

Sulfur Dioxide and Sulfites

Sulfur dioxide has been used in foods for many

centuries. The earliest known use was the treating of wines

in Roman times. Besides antimicrobial functions, various

forms of sulfites have been used to prevent browning during
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processing of light-colored fruits and vegetables (Furia,

1972). Sulfur dioxide is a colorless, non-flammable gas,

with a suffocating odor. SOj is applied to foods as a gas

or as a solution of the gas in water. The different sulfite

salts, white powders with an odor of SO2, offer the

convenience of handling as dry chemicals. When dissolved

in water, these sulfites form sulfurous acid (H2SO3),

bisulfite ion (HSOg") and sulfite ion (SOg"). The relative

proportion of each form depends on the pH of the solution

which is controlled by the starting materials or the

addition of acid or alkali (Table 8).

The toxicity of sulfites was reviewed by the Institute

of Food Technologists' Expert Panel on Food Safety and

Nutrition and the Committee on Public Information (1975) •

The "no-effect level" for rats was 72 mg of SOg/kg/day,

and the "no-effect level" for pigs and Japanese quails was

approximately I.5 to 2 times higher, respectively than for

rats. The ADI of sulfites, established by the FAO/WHO, is

0.7 mg of SOg/kg body weight. The normal metabolic processes

of the body convert sulfites to sulfates with the aid of an

enzyine, sulfite oxidase. Sulfates are excreted in the urine.

Sulfur dioxide and sulfites are generally recognized

as safe when used in accordance with good manufacturing

practice except that they are not used in meats or in foods

recognized as sources of vitamin (21 GFR I82.3616,

182.3637, 182.3739, 182.3766, 182.3798, and 182.3682).
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Nevertheless I the use level is limited by the fact that,

at residue levels above 500 ppm, the taste begins to be

noticeable (Furia, 1972).

The pH value of the foods to be preserved is an

important factor governing the antimicrobial effect of

sulfitesi The most powerful action is that of the

undissociated sulfurous acid which is predominant at low

pH values. Even though it is less effective, the bisulfite

ion also has an antimicrobial action. The optimum pH for SOj

and sulfites is between 2.5 and 5»0. The mechanism of

action is based on the sulfurous acid blocking the enzymes

of the microorganisms by reducing essential disulfide

linkages (Furia, 1972; Lueck, 1980). Sulfurous acid and

its salts are used mainly against bacteria, and are less

effective against yeasts and molds.

SOj and sulfites can be applied to dehydrated fruits

and vegetables, fruit juices, syrups, and wines.

Sorbic Acid and Its Salts

CHg-CH-CHCH-CHCOOR R = H, Na, K

Sorbic acid is used both as a free acid and as its

sodium and potassium salts. Sorbic acid is a white, free-

flowing powder with a characteristic odor. It is only

slightly soluble in water {O.lSfo). The alkali salts of

sorbic acid have the advantage of good water solubilities.

Potassium sorbate, the most widely used in food applicatiors,
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is a white, fluffy powder with a water solubility of

139.2 g/lOO ml at 200c (Sofos et al., 1979; Furia, 1972).

Sorbic acid was found harmless to rats and dogs when

incorporated in their diets to the extent of 5^- Its

toxicity is lower than that of sodium benzoate. The LDg^

of sorbic acid is about 10 g/kg body weight in rats. The

LDgj, of sodium sorbate has been determined as 5.94 and 7*16

grams, respectively (Sofos et al., 1979; Lueck, I98O). The

ADI accepted by FAO/WhO is 25 mg/kg body weight. Sorbic

acid is utilized in the body in a way similar to other

fatty acids except the first step of p-oxidation,

a,P-dehydrogenation, is omitted. The half-life of sorbic

acid in the body is 40-110 minutes, depending on the

dosage. Under normal conditions of alimentation, sorbic

acid is completely oxidized to CO2 and HjO (Sofos et al.,

1979) .

Sorbic acid and its salts are generally recognized

as safe for use in foods (21 CFR I82.3089f 182.3225,

182.3640, and 182.3795). The maximum permissible quantity

for most countries is between 0.1 and 0.2% (Lueck, I98O).

Sorbates inhibit growth of molds, yeasts and many

bacteria, although their action against bacteria is not as

comprehensive as that against molds and yeasts. The

antimicrobial activity of sorbates depends on the pH of

the substrates. At low pH values the amount of undissociated

acid, the effective form, increases (Table 8). The
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antimicrobial action of undissociated acid is based on the

inhibition of various enzymes in the microbial cell. The

optimum pH ranges is between 3*0 and 6.5 (Lueck, I98O).

Sorbic acid and its salts can be added to cheese and

cheese products, meat products, baked goods, beverages,

fruit juices, wines, fish products, vegetables, jams and

jellies, salads and fruit cocktails, dried fruits, pickles

and pickled products, and margarine.

Propionic Acid and Its Salts

CH3-CH2COOR R = H, Na or (CH3-CH2C00)2Ca

Propionates have been used in the USA on a large scale

in the preservation of bread and on a small scale to preserve

cheese for over ^0 years. Propionic acid is an oily liquid

having a slightly pungent, rancid odor. It is miscible with

both water and alcohol. The sodium and calcium salts are

white, free-flowing, readily soluble powders. The sodium

propionate is more soluble, dissolving at the rate of

150 g/lOO ml of water at lOQoC (Furia, 1972).

The LD5Q of propionic acid for rats is between 2.6

and ^.3 g/kg body weight. The acute toxicity of sodium

and calcium propionate is in the same order of magnitude.

The administration of a diet comprising 75^ bread with

sodium propionate to testing animals over one year produced

no sign of organic damage (Lueck, I98O). Propionic acid

and its salts are listed in category A(l) by FAO/WHO without



56

specified ADI c Propionic acid and propionates are readily-

absorbed by the digestive tract. There is no risk of their

accumulation in the body as they are metabolized in the body

in a similar manner as other fatty acids. The final

metabolites are HjO and COj (Lueck, I98O).

Propionic acid, sodium and calcium propionates are

considered GRAS (21 CFR 182.3081, 182.3784, and 182.3221).

No upper limits are imposed except for bread, rolls and

cheese which come under Standard of Identity. Sodium and

calcium propionates are limited to O.JZfo of flour in white

bread and rolls and 0,'}8fo in the corresponding v/hole wheat

products. In cheese products they are limited to 0.3^

(Furia, 1972).

The inhibitory action of propionic acid and its salts

is due to the fact that they accumulate in the cell and

block metabolism by inhibiting enzymes. Like other

preservatives the pH values of the substrates are of great

importance to the antimicrobial action because of the amount

of undissociated form (Table 8). Propionates are active

against molds, but have no activity against yeasts with

the optimum pH ranges between 2.5 and 5-0 (Lueck, I98O).

Propionates are mainly used in baked goods and dairy

products.



 

CHAPTER III

MATERIALS AND METHODS

I. TEST ORGANISMS

' Aspergillus sulphureus NRRL i|-077 and Penicillium

viridicatum NRRL 3711» kindly offered by the Northern Regional

Research Laboratory, were used in this study. A. sulphureus

NRRL 4077 was grown on yeast extract sucrose agar {2% yeast

extract, kfo sucrose, 1.5^ agar) slants and P. viridicatum

NRRL 3711 was grown on potata dextrose agar slants for 2

weeks at 32°C. The cultures were maintained at ̂ ^C.

11. GROWTH MEDIUM

The fungi were grown in 500 ml Erlenmeyer flasks

containing 100 ml autoclaved yeast extract sucrose broth

(YES) which contained 20 g yeast extract and 40 g sucrose

in 1 liter distilled water or equivalent.

III. ANTIMICROBIAL FOOD ADDITIVES

Table 9 shows the antimicrobial food additives and

concentrations used. Methyl paraben was obtained from Ueno

Fine Chemical Industries, Inc. (Osaka, Japan), sodium

propionate and sodium bisulfite were purchased from Fisher

Scientific Company, and potassium sorbate was supplied by

l'^i~K Industries, Inc. (Westwood, N.J,). Appropriate amounts

57
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Table 9• Antimicrobial Food Additives and Concentrations
Used in Growth Studies.

Antimicrobial
food additive

Concentration
(fo)

a
Amount of food

additive/100
ml solvent (g)

Na propionate

Methyl paraben

Na bisulfite

K sorbate

0

0.1000

0.2000

0.3200
0.4800
0.6400

0

0.0111

0.0222

0.0333
0.0670

0

0.0167
0.0334
0.0500
0.0667
O.O834
0.1000

0.1200

0

0.0110

0,0220
0,044Q
0,0670
0.1340

0

10.00

20.00

32.00
48.00
64.00

0

1.11

2.22

3.33
6.70

0

1.67
3.3^
5.00
6.67
8.34
10.00

12.00

0

1.10

2.20
4,40
6.70
13.^0

One ml of solvent was added after autoclaving to 99
ml of YES broth in each treatment.
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of antimicrobial food additives were dissolved in 100 ml

solvent (Table 9) used in this experiment. For sodium

propionate, sodium bisulfite, and potassium sorbate, the

solvent used was distilled water. Methyl paraben was dissolved

in 75^ ethanol due to its low solubility in water. The

solutions were filtered sterilized by using a Millipore filter

with 0.4-5 M-Hi filter paper and vacuum, sealed and stored at

4-00 until needed.

IV. GROWTH STUDIES IN YES BROTH WITH FOOD ADDITIVES

Two pH values, 4.5 and 5'5» were evaluated. Sodium

propionate and potassium sorbate are salts of strong bases

and weak acids. When they are dissolved in water, the pH is

expected in the basic range. On the other hand, the pH of

0.04N sodium bisulfite solution is 4-.56 (Skoog and West, I976) .

Methyl paraben is a non-ionic compound. The pH values of the

YES medium were adjusted according to Table 10 using 6N and

IN hydrochloric acid before adding food additives. The

medium was sterilized at 12loC for 15 minutes. Food addtives

were added by transfering 1 ml of the solutions made in

section III to 99 ml YES broth. Conidial suspensions were

prepared by scraping spores from the surface of l4-day-old

YES or potato dextrose agar slants into 5 ml aqueous, sterile

solution of Triton X (O.OO^fo). The spores were counted in a

Petroff-Hausser counting chamber. Using an Eppendorf pipet

4-700 (Brinkmann Instrument, Inc.), the liquid medium was
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Tatle 10. pH Changes of Autoclaved YES Broth before
and after Adding Different Levels of
Antimicrobial Food Additives.

Food additive C one e n tra ti on pH pH
a

w Before After Before After

Na propionate 0 4.50 4.50b 5.50 5.50
0.1000 4.50 4.88^ 5.22 5.50
0.2000 4.5c 5.12^ 4.99 5.50
0.3200 4.50 5.27° 4.79 5.50
O.kQOO 4.50 5.42^ 4.59 5.50
0.6k00 4.50 5-55^ 4.37 5.50

Methyl paraben 0 4.50 4.50 5.50 5.50
0.0111 4.50 4.50 5.50 5.50
0.0222 4.50 4.50 5.50 5.50
0.0333 4.50 4.50 5.50 5.50
0.0670 4.50 4.50 5.50 5.50

Na bisulfite 0 4.50 4.50 5.50 5.50
0.0167 4.50 4.50 5.56 5.50
0.0334 4.50 4.50 5.57 5.50
0.0500 4.50 4.50 5.58 5.50
0.0667 4.48 .4.50 5.58 5.50
O.O834 4.48 4.50 5.63 5.50
0.1000 4.47 4.50 5.73 5.50
0.1200 4.47 4.50 5.76 5.50

K sorbate 0 4.50 4.50 5.50 5.50
0.0110 4.47, 4.50 5.43 5.50
0.0220 4.45 4.56 5.47 5.50
0.0440 4.40 4.50 5.43 5.50
0.0670 4.35 4.50 5.40 5.50
0.1340 4.20 4.50 5.33 5.50

Determined by Model 12 Research pH meter
(Corning Scientific Instrument).

ith sodium propionate at pH ̂ .5 only in order
to bring the final pH of YES broth down to 4.5» 1 ml
of 0.7N, l.^N, 2.24N, ̂ .3^N, and 6.ON hydrochloric acid
was added to YES medium after adding 0.1000, 0.2000,
0.3200, 0.^800, and O.SkOOfo sodium propionate, respectively.
This was due to the fact that if the pH values of the
YES broth were brought down before adding sodium
propionate to give final pH of 4.5, the desired values
were below 4.0 which caused precipitation of yeast
extract.
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inoculated by adding 10^ spores of each strain. Triplicate

flasks were prepared for each concentration. The cultures

were incubated at 25°C for 14 days. Experiments were

replicated twice.

V. TOXIN ASSAY

Extracti on

Ochratoxin A was extracted from the broth following

the procedures of Scott et al. (1971). The chloroform extracts

were combined and dried by filtering through anhydrous sodium

sulfate to remove any water. The chloroform was evaporated

at 60oG using a flash evaporator (Rotovap^) to dj'yness. The
residue was reconstituted with 5 ml chloroform. After

filtering through a 0.45 |im millipore filter, the samples

were sealed in vials and quantitated by HPLC for ochratoxin A.

High Pressure Liquid ChromatOjgraphy

The liquid chromatograph used was a Waters Associates

Model 6000A (Water Associates Inc.) equipped with a Model

440 UV detector operating at 340 nm, Model 420-C and 420-E

fluorescence detector fitted with a 360 nm excitation filter

and a 440 nm cut-off emission filter, M6000 pump, and U6K

septumless injector. A q-Porasil (Waters Associates Inc.)

column, a solvent system of benzene-acetic acid-methanol

(90:10:5 v/v/v), and a 25 qm sample injection syringe

(Hamilton Inc.) were also used. Chromatograms were recorded
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on a Omniscribe recorder (Houston Instrument) with the chart

speed of 0.2 inch/minute. The average retention time for

ochratoxin A was around 3 minutes and ^0 seconds when the

flow rate was 1 ml/minute. Figure 8 shows the representative

chromatograms of ochratoxin A.

Thin-layer Chromatography

Qualitatiye analysis of ochratoxin A by thin layer

chromatography was also performed if needed. Samples were

spotted on Redi (Fisher Scientific Company) plates which were

precoated with silica gel G and activated at 90°C for 30

minutes. The TLC plates were developed with benzene-acetic

acid (90:10 v/v).

Calculation ^

5 mg of pure crystalline ochratoxin A were purchased

from Sigma Co. (St. Louis, Mo). It was dissolved in 50 ml

benzene as standard solution. It was kept at OoC and in the

dark to avoid degradation. Before injecting samples into

HPLC, the final volume in the vials was measured.

Toxin (mg/100 ml YES) = prr Wr Wv ^(HstdMGstdM Vi ̂ 2^^;

Where ConCgrpj-, = concentration of standard solution in mg/ml.

H = peak height in millimeter.

G = GAIN for fluorescence detector

Vj_ = volume injected into HPLC in pL.
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STD = standard solution.

SAM = sample.

VolipQ^ = final volume in the vial in milliter.

VI. MYCELIAL GROWTH INHIBITION

After extraction, the mycelium was separated from the

hroth culture "by filtering with a Buchner funnel using vacuum

and Whatman #1 filter paper. The mycelial mat was transferred

to a preweighed filter paper, dried at IGQoC for ̂  hours,

and then weighed on a Mettler analytical "balance to determine

dried weight.

VII. STATISTICAL ANALYSIS AND EXPERIMENTAL DESIGN

An analysis of variance was performed to analyze data.

The General Linear Model was used for the analysis of

balanced or unbalanced data. When significant differences

were found, the Duncan's Multiple Range Test was used to

determine significant differences among means. The randomized

block experimental design was used.

VIII. PRELIMINARY TESTS

Table 11 shows ochratoxin A production as affected by

different levels of sugar. Sucrose was found a better source

than glucose. 2% yeast extract and sucrose was best for

ochratoxin A production. Higher levels of glucose favored

ochratoxin B production.
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Table 11a Ochratoxin A and Ochratoxin B Production by
Asnergillus ochraceus NRRL 317^ in Liquid Medium
with 2'fo Yeast Extract and Different Levels of
Sucrose and Glucose.

Concentration

(%)
Sucrose* Glucose*

Ochratoxin

(
A Ochratoxin B
mg/lOO ml)

Ochratoxin A Ochratoxin B
(mg/lOO ml)

k 0.33000 0.00173 O.OkkSS 0.00131

6 0.05300 0.00185 0.01653 0.00124

8 0.01981 0.00196 0.00797 0.00269

10 0.01500 0.00207 0.00810 -

12 0.01808 0.00138 0.00860 0.00944

16 0.01519 0.00185 0.00655 0.01185

20 0.01885 0.00138 O.OOkZZ 0.01474

*

The pH of the medium was 5•5* Incubation time = Ik days.
Incubation temperature = 25°C.
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Originally, the maximal levels for each food additive

were going to be used in this study. Those were 0.1?^ for

methyl paraben, 0.2% for potassium sorbate, 0.32% for sodium

propionate, and 500 ppm for sodium bisulfite. Two more

concentrations between controls and maximum permitted levels

had also been picked up for each food additive. However,

methyl paraben and potassium sorbate were found to completely

inhibit fungal growth at a very low level. At pH 5.5, 500

ppm sodium bisulfite and 0.32% sodium propionate did not

completely inhibit mold growth. Therefore, lower levels were

chosen for methyl paraben and higher concentrations were

tested for sodium bisulfite and sodium propionate (Table 9).

A study was performed to determine the reproducibility

of the HPLC system used by injecting standard solution 10

times at concentrations of 0.1, O.05, 0.01, O.OO5, and 0.001

mg/ml.



CHAPTER IV

RESULTS AND DISCUSSIONS

I. PRELIMINARY TESTS

Growth Medium

As shown in a previous chapter (Table 11), ochratoxin

A production depended upon level and type of sugar. It was

found that peak ochratoxin A production occurred in growth

medium containing Wfo sucrose and 2% yeast extract. Sucrose

supported ochratoxin A formation better than glucose. The

amount of ochratoxin A produced was inversely proportional

to sugar concentr-ations while ochratoxin B increased slightly

with increasing sugars.

Another reason for choosing the 2% yeast extract and

kfo sucrose as the growth medium was that Gooding et al. (1955)

reported that salts and sugars have marked synergistic effect

on sorbic acid fungistatis. In designing research to study

the antifungal activity of potassium sorbate when applied to

grains, lower sugar concentrations are preferred since most

grains contain only low levels of sugar. Thus, the YES

broth with 2% yeast extract and k'fo sucrose used in this

study provides a good model of a grain since the sugar level

was low.

6?
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Separation. Resolutiont and Re-producibility of Ochratoxin A

by HPLC

Throughout this experiment, peak heights were used to

calculate the concentration of ochratoxin A. It was important

to get sharp, symmetric, and well-separated peaks for

quantitative determination. Several combinations of solvent

systems, columns and detectors were tested with the HPLC.

Initially, a 0-18 reverse phase column was tested with the

mobile solvent of acetonitrile;water;acetic acid 555^5:2

(v/v/v). Both a UV detector operating at 3^0 nm and a

fluorescence detector with a 36O nm excitation filter and a

^^0 nm emission filter were used. It was found that the

fluorescence detector had higher sensitivity and better

reproducibility than the UV detector. The fluorescence

detector also had the advantage of omitting some interfering

peaks because only substances which contain an electron

donating group or multiple conjugated bonds would be picked

up by fluorescence detector (Pomeranz and Meloan, 1978).

However, there still were metabolites in the sample solution

which resulted in incomplete separation of the toxin peak.

On TLC plates, ochratoxin A was well-separated from other

metabolites using the developing solvent of benzene:acetic

acid 90:10 (v/v). The same solvent could also be feasible on

HPK). Therefore, it was decided to try a p-Porasil polar

phase column with benzene: acetic acid 90:10 as the mobile

phase to elute the ochratoxin A. Because of its greater

sentivity, the fluorescence detector was used. The standards

were found to give sharper, better peaks with this system
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when compared to the C-18 column acetonitrile:water:acetic

acid 55'-^5! 2 system. For samples, all peaks separated

satisfactorily. Nevertheless, the retention time for ochratoxin

A was 13 minutes and 15 seconds when the flow rate was 1

ml/minute. With this retention time, it could take more than

20 minutes for one injection. In order to decrease the

retention time, the polarity of the mobile phase was increased

by changing the ingredients to benzene:acetic acid:methanol

90:10:5 (v/v/v). Under this system, the peak for ochratoxin

A was sharp and symmetrical. The retention time was changed

to approximately 3 minutes and 40 seconds. Although the

resolution also decreased with increasing polarity, the

separation was still satisfactory for quantitation (Figure 8).

Table 12 shows the reproducibility of the HPLC system used

by injecting standard solutions of ochratoxin A at different

concentrations 10 times. The coefficient of variation ranged

from 2.4 to 6^.

II. MYCELIAL INHIBITION

Figures 9 to 12 show the effects of potassium sorbate,

methyl paraben, sodium bisulfite, and sodium propionate on

growth of A. sulphureus NRRL 4077 P. viridicatum NRRL

3711 in YES broth at two pH values. The ability of the food

additives to inhibit mycelium production varied widely.

However, by analysis of variance, a significant decrease

(p<.05) in mycelial weight was obtained with the addition
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Table 12. Reproducibility of HPLC System with a n-Porasil
Column and a Solvent System of Benzene:Acetic
Acid:Methanol 90:10:5 at Flow Rate of 1 ml/
Minute.

Concentration of
standard solution

(mg/ml)
Mean^

S tandard

deviation of
mean

C .V.

0.1 219.5^ 6.451 2.94

0.05 178.3 4.234 2.38

0.01 12^.2 7.^35 5.99

0 .005 130.3 6.885 5.28

0.001 12^.2 6.888 5.55

3.Mean of peak height of 10 injections.

^The peak height is subject to change with changing
the volume of injection and the GAIN of the fluorescence
detector.
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of all four antimicrobials (Appendix Tables A-1 to A-4).

Potassium sorbate was the most effective antimicrobial in

this study for reducing fungal grov/th at lower pH values

since only l/lO of the maximum permitted level was required

to get 100^ inhibition. However, it was found to completely

inhibit fungal growth at 0.13^1-^, 2/3 of the regulatory level,

when the pH of the broth was 5'5- Originally, 0, 0.022, 0.0^4,

0.067, 0.13^^ were studied for potassium sorbate. Nevertheless,

mycelium production was not detected even at 0.022^ at pH ^.5.

Therefore, one additional level, 0.011%, was selected. At

pH ^.5» most of the inhibition occurred between 0.011 to

0.022^. It was found that the effectiveness of potassium

sorbate at pH ̂ .5 was approximately seven times higher than

that of pH 5>5 according to level used and percentage inhibition.

Methyl paraben was also found 100^ effective in inhibition

of mycelial growth at 2/3 of the maximum permitted level, 0.1^.

The growth inhibition patterns were similar with methyl paraben

regardless of the pH values (Figure 10). A significant decrease

in weight of mycelial mat began with 0.033^ methyl paraben.

The levels studied for sodium bisulfite and sodium

propionate were up to twice as much as the maximum permitted

levels for foods due to their poor effectiveness at pH 5'5«

The percentages of inhibition for sodium bisulfite at the

maximum regulatory level at pH 5-5 were: A. sulphureus NRRL

NRRL ̂ 077, 8.95?^; P. viridicatum NRRL 37111 10.6^'fo•, those at

0.1^ were: A. sulphureus NRRL ̂ 077, P- viridicatum
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3711» 89.38% (Table A-3)• It was found that sodium bisulfite

was the only food additive that did not completely retard

fungal growth at the maximum permitted level, 500 ppm, at

pH The percentages of inhibition were 85.16% for

A. sulphurous NRRL ̂ 077 and 90.89% for P. viridicatum NRRL

3711. In order to obtain 100^ inhibition, 667 ppm sodium

bisulfite was required at pH For sodium bisulfite,

significant decreases in mycelial weight occurred between

33^ to 500 ppm at pH ^.5 and 83^ to 1000 ppm at pH 5.5»

respectively (Figure 11). The reduced antifungal activity of

sodium bisulfite at pH 5.5 vs. k.5 is typical of antimicrobials

which are most active in the undissociated form.

The practical use of sodium propionate as fungal

inhibitor was significantly related to pH. At the maximum

permitted level, there was only 13.31% inhibition for

A. sulphurous NRRL 4077 at pH 5.5 compared to 100% at pH 4.5

and similiarly l6.04% compared to 100% for P. viridicatum

NRRL 3711. At the concentration of 0.64% sodium propionate,

79.91 and 88.45% inhibition was achieved at pH 5.5 for

A. sulphurous NRRL 4077 and P. viridicatum NRRL 3711»

respectively (Table A-4).

P. viridicatum NRRL 3711 was found to produce more

mycelium than A. sulphurous NRRL 4077- It was also found

that both strains produced more mycelial mat at pH 4.5 than

that at pH 5.5. Similiar results were reported by Lai et al.

(1970). Generally, the inhibition patterns for antimicrobial
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food additives were almost identical for A. sulphurous NRRL

^077 and Pi viridicatum NRRL 3711 at pH 4i5i However 1 at

pH 5-5 and at higher concentrations, the former was found

more resistant to the antimicrobials than the latter

Figure 9 to 12).

III. TOXIN INHIBITION

Figure I3 to I6 show the effects of antimicrobial

food additives on ochratoxin A production by A. sulphurous

NRRL 4077 and P. viridicatum NRRL 3711 in YES broth at two

pH values. Again, by analysis of variance, the addition of

food additives resulted in a significant decrease in

ochratoxin A production when tested at the significance

level (Appendix Table A-5 to A-8). Actually, the ochratoxin

A decrease followed a logarithmic scale. The major decreases

occurred between controls and the lowest levels tested for

each additive at both pH values except sodium bisulfite at

pH 5.5. The overall percentages of inhibition at the maximum

permitted levels levels were: potassium sorbate, 100^ for

both molds and pH values; methyl paraben, 100^ for both

fungi and pH values; sodium bisulfite, 99.78% for

A. sulphurous NRRL ̂ 077 a-t pH ^.5i 60.35?^ fo^ A. sulphurous

NRRL ̂ 077 at pH 5>5% 99-06% for P. viridicatum NRRL 3711

at pH ̂ .5i and 58.95?^ for P. viridicatum NRRL 3711 at pH 5.5;

sodium propionate, 100% for both molds at pH 4.5, 87.17%

for A. sulphurous NRRL 4077 at pH 5.5, and 94.68% for
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P. viridicatum NRRL 3711 at pH 5-5 (Tables A-5 to A-8). By

increasing the concentrations of sodium bisulfite and sodium

propionate to 0.1 and 0.6^^, more than ^0'fo inhibition in

ochratoxin A production was achieved for both strains and

pH values.

Generally, toxin production decreased as mycelium

formation decreased. However, inhibition of toxin was more

significant than mycelial inhibition by antimicrobials.

Although the reason for this has not been shown experimentally,

it is a logical finding since toxin biosynthesis uses the

excess acetate and malonate formed by primary biosynthesis.

Thus, even small changes in primary biosynthesis can have

large effects on secondary biosynthesis.

A. sulphureus NRRL ̂ 077 produced about 100 times more

ochratoxin A than P. viridicatum NRRL 3711 while the latter

produced more mycelial weight than the former in YES broth

without antimicrobial food additives. Therefore, it was not

surprising to find that the overall percentages of inhibition

for A. sulphureus NRRL 4077 were higher than those of

P. viridicatum NRRL 3711- Lai ei al. (1970) reported that ̂

pH 5-5 is better for ochratoxin A production than pH 4.5•

Nevertheless, in this study, no significant difference in

ochratoxin A formation was observed as a result of pH difference

when control flasks were compared at pH 4.5 and 5»5'- 14 was also

found that the standard deviations of toxin means were much

higher than the standard deviations of mycelium means. The
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large variation for toxin could be due to the fluctuation

of incubation temperature, extraction procedures, HPLC

quantitation (Table 12), and biological differences. Despite

a report by Chu and Butz (1970) that ochratoxin A is very
*

stable when stored at refrigeration temperatures, the

degradation of standard solution for HPLC determinations

could also be a factor contributing to the variation.

IV. FINAL COMMENTS

Trenk et al. (1971) indicated that ochratoxin A can

persist in foods even after 3 hours of autoclaving. The

removal of ochratoxin A would be difficult once foods are

contaminated and the best protection would be to prevent toxin

formation through proper drying and addition antimicrobial

agents. The effectivenesses of four antimicrobial food

additives and the effects of pH values were evaluated in

YES broth to provide future applications in grains.

It is well known that the activity of antimicrobial

food additives, except for the parabens, is dependent upon

pH. Usually, the lower the pH, the higher the effectiveness.

The optimum pH range for sodium propicnate and sodium

bisulfite is between 2.5 to 5*0 and between 3*0 to 6.5 for

potassium sorbate. Parabens are effective at above pH 7

(Furia, 1972). In this study, as expected, potassium

sorbate and methyl paraben were effective for inhibiting

fungal growth at low concentrations at both pH ̂ .5 and 5>5'
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Although the level required to completely inhibit fungal

growth and ochratoxin A production was same for methyl

paraben at pH 4.5 and 5-Si the percentages of inhibition

were still affected by pH. Sodium propionate failed to

inhibit growth and toxin production by A. sulphureus NRRL

4077 and P. viridicatum NRRL 3711 at the maximum permitted

level and twice the maximum regulatory level at pH 5-5'

Vandergraft et al. (1975) reported that no ochratoxin A

was detected in corn when the corn was treated with Vfo

propionic acid. The pH of corn is around pH 6.0 (Ockerman,

1978)' A level between 0.64?S and Vfo is expected to have lOOfo

in inhibition of ochratoxin A production. Sodium bisulfite

can not feasibly be added into foods sinoe its strong odor

is detectable when the level exceeds 500 ppm. However, it

could be applied to animal feeds to inhibit ochratoxin

production because of low toxicity and low cost.

One thing that must be pointed out here is that in ^

this experiment, the optimum conditions for mycelium growth

and ochratoxin A production were actually used. They were:

(1) medium YES broth with 2% extract and ^fo sucrose

(Table 11; Davis et al., I969).

(2) incubation temperature 25°C (Bacon et al., 1973!

Northolt et al., 1979i Trenk et al., 1971i Harwig and

Chen, 1974).

(3) incubation time l4 days. Although 8 to 12 days were

usually reported as the optimum time for ochratoxin A
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formation, there was no significant drop when incubation

was extended to l4 days (Sansing et al. 1973: Lai et al.,

19?0; Trenk et al., 1971). The antimicrobial action for

most antifungal food additives is mainly fungistatic

It may require longer incubation period to reach peak

toxin production.

(^) pH pH ̂ .5 and 5.5 were evaluated. As mentioned before,

pH 5.5 is best for mycelial formation and is also good

for ochratoxin A production (Lai et al., 1970).

(5) amount of inoculum 10^ spores which was unusually high

compared to natural occurrence of mycotoxin-producing

fungi (Bothast et al., I978).

For the above reasons, it can be assumed that if

ochratoxin A and mycelial production were inhibited under

optimum growth conditions, they can also be inhibited under

other conditions.

Finally, there are several studies that need to be

carried out to look at other aspects of this experiment. One

study needs to increase the levels of sodium propionate and

sodium bisulfite to get 100% inhibition in both mycelium and

toxin production at pH 5.5. This same experimental design

should be repeated using corn or grains as substrate to

determine the difference between YES broth and natural

substrates. The pH values for corn and some grains are in

the range of 5*5 "to 6.0 (Ockerman, 1978). To get 100%

inhibition, higher levels of antimicrobials would probably
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be required. The interactions of food additives with food

components and the way to apply food additives into grains

or foods should also be considered.



CHAPTER V

CONCLUSIONS

This experiment has provided an initial evaluation of

the effectiveness of potassium sorhate, methyl parahen,

sodium propionate, and sodium "bisulfite in inhibiting growth

and toxin production by A. sulphurous NRRL 4077 and

P. viridicatum NRRL 3711 in artificial culture medium. Both

potassium sorbate and methyl paraben were found 100?^ effective

against fungal growth and ochratoxin A production in YES

broth below their maximum permitted levels in food when

tested at pH 4.5 and 5-5' The effectiveness of sodium

propionate was significantly affected by pH. It can be

applied most effectively at low pH values. Sodium bisulfite

appeared to be the least feasible for control of ochratoxin-

producing fungi.

Antimicrobials were ranked as to effectiveness by

comparing the level required for complete inhibition in

ochratoxin A production to the maximal level permitted in

food. At pH 4.5i the most effective one was potassium sorbate,

followed by sodium propionate, methyl paraben, and sodium

bisulfite, respectively. However, at pH 5*5» "the most

effective ones were methyl paraben and potassium sorbate,

followed by sodium propionate and sodium bisulfite.

For foods having pH around 5'0i such as rye and

sorghum, the antimicrobial of choice would be methyl paraben

87
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or potassium sorbate. Whereas, corn silage and similar

products which have pH around ij-.5 could he treated with

methyl parahen, potassium sorhate, or sodium propionate.

Future studies should estimate the levels of the above

antimicrobial food additives needed for complete inhibition

of ochratoxin A production in grains.

For HPLC determination, it was found that the

fluorescence detector had better reproducibility, sensitivity,

and resolution. A |i-Porasil column and a benzene:acetic acid:

methanol 90:10:5 (v/v/v) mobile phase at a flow rate of

1 ml/minute was used because this system resulted in good

resolution and short retention time of ochratoxin A.
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Table A-1. Effects of Potassium Sorbate on Growth of Ochratoxin A
Producers in Yeast Extract Sucrose Broth Incubated at
25°C for 2 Weeks.

Strain

Level

Mycelium Mean
and Standard

Deviation

jbM.
Percent

Inhibition

A. sulphureus ^.5 0 1.52555 + 0.05175a
NRRL -^077 0.011 1.37245 + 0.04262b 10.04

0.022 0 c 100
0.044 0

0 .067 0

0.134 0

A. sulphureus 5.5 0 1.46791 + 0.03636a
NRRL W77 0.011 - - -

0 .022 1.46396 + 0.05688a 0.27
0.044 1.33525 + 0.09770b 9.03
0.067 0.91538 + 0.08009c 37.64
0.134 0 d 100

P. viridicatum 0 1.96442 + 0.05603a
NRRL 3711 0.011 1.82257 + 0.06347b 7.22

0.022 0 c 100

0 .044 0

0.067 0

0.134 0

P. viridicatum 5.5 0 1.97958 + 0.03810a
NRRL 3711 0.011 - - -

0.022 1.89980 + 0.05346a 4.03
0 .044 1.58818 + ■0.06958b 19.77
0.067 1.11948 + 0.14983c 43.45
0.134 0 d 100

Mean of 2 replications.

Values with the same letter are not significantly different
at 0.05 level using Duncan's Multiple Range Test.
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Table A-2. Effects of Methyl Paraben on Growth of Ochratoxin A
Producers in Yeast Extract Sucrose Broth Incubated
at 25°C for 2 Weeks.

Strain

A. sulphureus 4.5
NRRL 4077

A. sulphureus 5-5
NRRL 4077

P. viridicatum 4.5
NRRL 3711

P. viridicatum 5-5
NRRL 3711

Level

i%)

Mycelium Mean
and Standard
Deviation
(g/lOO ml broth)

Percent
Inhibition

0 1.63808 ± 0.10506a
0.011 1.51713 ± 0.09464b 7.38
0.022 1.52588 ± 0.07553b 6.85
0.033 0.31858 ± 0.02186c 80.55
0.067 0 d 100

0' 1.50951 ± 0.14117a
0.011 1.28823 ± 0.09275b 14.66
0.022 1.28207 ± 0.07009b 15.07
0.033 0.31202 ± 0.04878c 79.33
0.067 0 d 100

0 2.24o60 ± 0.1373 ab
0.011 2.2658O ± 0.20255a -1.12
0.022 2.07848 ± 0.12802 b 7.24
0.033 0.06007 ± 0.01471 c 97.32
n.067 0 c 100

0 2.15153 ± 0.03603a
0.011 2.00922 ± 0.02234b 6.61
0.022 2.01602 ± 0.08845b 6.30
0.033 0.49927 ± 0.03217c 76.79
0.067 0 d 100

Mean of 2 replications.

Values with the same letter are not significantly different
at 0.05 level using Duncan's Multiple Range Test.
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Table A-3. Effects of Sodium Bisulfite on Growth of Ochratoxin A
Producers in Yeast Extract Sucrose Broth Incubated at
25°C for 2 Weeks.

Strain PH

A. sulnhureus 4.5
NRRL 4077

Mycelial Mean
and Standard

Level Deviation
{%) (g/lOO ml broth)

0

0.0167
0.0334
0.0500
0.0667
0.0834
0 .1000

1.51593
1.40073
1.16938
0.22490

0

0

0

Percent
Inhibition

0.04904a
0.07769a
0.155B0b
0.2465BC

d

7.60
22.86
85.16
100

A. sulphurous 5-5
NRRL 4077

0

0.0167
0.0334
0.0500
0.0667
0.0834
0.1000

1.83440
1.78498
1.77405
1.67027
I.6I872
1.55703
1.00060

0.09295a
0.07691ab
0.10273abc
0.05748 bed
0.03732
0.05959
0.28121 e

2 .67
3.29
8.95

cd 11.76
d 15.12
45.45

P. viridicatum 4.5
NRRL 3711

P. viridicatum 5.5
NRRL 3711

0

0.0167
0.0334
0.0500
0.0667
0.0834
0.1000

0

0.0167
0.0334
0.0500
0.0667
0.0834
0.1000

1.99062
1.90433
1.71927
0.18131

0

0

0

2.51555
2.45100
2.20242
2.24972
2.06698
2.01606 ±
0.26703 ±

0.06810a
0.03073a
0.27233b
0.19872c

d

4.32
13.63
90.89
100

0.12611a
0.07090a
0.08173b
0.03330bc
0.09755 cd
0.10141 d
0.29308 e

2.57
12.45
10 .64

17.83
19.86
89.38

*Mean of 2 replications.

Values with the same letter are not significantly different
at 0.05 level using Duncan's Multiple Range Test.
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Table A-'t-. Effects of Sodium Propionate on Growth of Ochratoxin A
Producers in Yeast Extract Sucrose Broth Incubated at
250c for 2 Weeks.

Strain

Level

Mycelial Mean
and and Standard
Deviation Percent

Inhibition

A. sulphureus 4.5 0 1.57653 + 0.04266a
82.88NRRL iJ-077 0.10 0.26990 + 0.02431b

0.20 0 c 100

0.32 0

0 .48 0

0.64 0

A. sulphureus 5.5 0 1.45913 + 0.03030a
-0.99NRRL 4077 0.10 1.47358 + 0.00982a

0 .20 1.46573 + 0.01932a -0.45
0.32 1.26497 + 0.19570b 13.31
0.48 0.85993 + 0.11583c 41.07
0.64 0.29310 + 0.02736d 79-91

P. viridicatum 4.5 0 1.88410 + 0.05156a
83.83NRRL 3711 0.10 0.30470 + 0.01425b

0.20 0 c 100

0.32 0

0.48 0

0.64 0

P. viridicatum 5.5 0 1.99073 + 0.07736a
3.37NRRL 3711 0.10 1.92358 + .0.05272a

0.20 1.92218 + 0.08934a 3.44
0.32 1.67135 + 0.05417b 16.04

0.48 0.28710 + 0.03877c 85.58
0.64 0.22987 + 0.11801c 88.45

Mean of 2 replications.

Values with the same letter are not significantly different
at 0.05 level using Duncan's Multiple Range Test.
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Table A-5. Effects of Potassium Sorbate on Ochratoxin A Production
in Yeast Extract Sucrose Broth Incubated at 25°C for
2 Weeks.

Level

Toxin Mean and
Standard Deviation Percent

Inhibition

A.

. CLXli

sulohureus 4.5 0 2.29752 ± 0 .U-^OS^a
69.69NRRL 4077 0.011 0.69639 + 0,08938b

0.022 0 c 100

0 .044 0

0.067 0

0.134 0

A. sulohureus 5.5 0 1.91^^^63 + 0.37531a

NRRL 4077 0.011 - - -

0.022 0.47246 ± 0.13037b 75.32
0 .044 0.19637 + 0.0i^971c 89. 7A

0.067 0.00466 0.00085c 99.76

0.13^ 0 c 100

P. viridicatum A.5 0 0.02163 + 0.00i^56a
79.62NRRL 3711 0.011 0.00443 + 0.00156b

0 .022 0 c 100

0.044 0

0.067 0

0.134 0

P. viridicatum 5.5 0 0.01884 + 0.00353a

NRRL 3711 0.011 - - *"

0 .022 0.01i^'59 ± 0.00157b 22 .34
0.044 0.012^1 ± 0.00112b 34.04

0.067 0.00716 0.00204c 61.70

0.13^ 0 d 100

%ean of 2 replication.

Values with the same letter are not significantly different
at 0.05 level using Duncan's Multiple Range Test.



110

Table A-6. Effects of Methyl Paraben on Ochratoxin A Production
in Yeast Extract Sucrose Broth Incubated at 25°C for
2 Weeks.

Level

Toxin Mean and

Standard Deviation
Strain

Percent

Inhibition

A. sulphureus ^.5 0 2.73335 + 0.45138a
NRRL U-077 0.011 0.11170 + 0.04933b 95.91

0.022 O.OOk^k + 0.00258b 99.83
0.033 0.00308 + 0.00079b 99.89
0.067 0 b 100

A. sulnhureus 5.5 0 1.59132 + 0.33540a
74.38NRRL kQ77 0.011 0.40773 + 0.22765b

0.022 0.04919 + 0.02762c 96.91
0.033 0.00275 + 0.00137c 99.83
0.067 0 c 100

P. viridicatum 4.5 0 0.01926 + 0.00681a

NRRL 3711 0.011 0.02114 + 0.02540a -

0.022 0.00278 + 0.00252b 85.57
0.033 0.00018 + 0.00017b 99.07

0.067 0 b 100

P. viridicatum 5.5 0 0.02289 + 0.00849a
40.15NRRL 3711 0.011 0.01370 + 0.00455b

0.022 0.00779 + 0 .00388c 65.97
0.033 0.00127 + 0.00050d 94.45
0.067 0 d 100

Mean of 2 replications.

Values with the same letter are not significantly different
at 0.05 level using Duncan's Multiple Range Test.
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Table A-?. Effects of Sodium Bisulfite on Ochratoxin A Production
in Yeast Extract Sucrose Broth Incubated at 25°C for
2 Weeks.

Strain PH
Level

(%)

*

Toxin Mean and
Standard Deviation
(mg/lOO ml broth)

Percent
Inhibition

A. sulnhureus
NRRL ^■077

^.5 0
0.0167
0.033^1
0.0500
0.0667
0.083'+
0.1000

2.I8815 + 0.22707a
O.iJ-1628 ± 0.21090b
0.26k35 ± 0.1i|4-i|-6c
0.00479 + 0.005271

0  d
0
0

80.98
87.92
99.78

100

A. sulnhureus
NRRL iJ-077

5.5 0
0.0167
0 .033'+
0.0500
0.0667
0.083U'
0.1000

2.516'+2 ± 0.29365a
2.12951 ± 0.24822b
1.95018 ± 0.16693b
0.99764 ± 0.17313c
0.46043 ± 0.136251
O.I8639 ± 0.098216
O.07II8 ± 0.06437e

15.38
22.44
60.35
81.70
92.59
97.17

P. viridicatum
NRRL 3711

^.5 0
0.0167
0.033'+
0.0500
0.0667
0 .083'+
0.1000

0.02137 ± 0.00326a
0.00440 ± 0 .00152b
0.00204 ± 0.00131c
0.00020 ± 0.000241

0  d
0
0

79.41
90.45
99 .06

100

P. viridicatum
NRRL 3711

5.5 0
0.0167
0.033'+
0.0500
0.0667
0.083'+
0 .1000

0.02246 ± 0.00756a
0.01939 ± 0.00268a
0.01210 ± 0.00213b
0.00922 ± 0.00162b
0.00437 ± 0.00267c
0.00078 ± 0 .00036cd
0 .00003 ± 0 .00006 d

13.67
46.13
58.95
80.54
96.53
99.89

Mean of 2 replications.

Values with the same letter are not significantly different
at 0.05 level using Duncan's Multiple Range Test.
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Table A-8. Effects of Sodium Propionate on Ochratoxin A Production
in Yeast Extract Sucrose Broth Incubated at 25° C for

.  2 Weeks.

Strain JEl

Toxin Mean and

Level Standard Deviation Percent

A. sulrhureus 4.5 0 1.61143 + 0.31108a
NRRL 4077 0.10 0.01761 + 0.00545b 98.91

0.20 0 c 100
0.32 0

0.48 0
0.64 0

A. sulnhureus 5.5 0 1.77079 + 0.46931a
NRRL 4077 0.10 1.43048 + 0.33076b 19.22

0.20 0.63516 + 0.26825c 64.13
0.32 0.22728 + 0.09986d 87.17
0.48 0.20184 + 0.24400d 88.60
0 .64 0.01059 + 0.01l44d 99.40

P. viridicatum ^'5 0 0.01918 + 0.00379a
NRRL 3711 0.10 0.00587 + 0.00247b 69.40

0.20 0 c 100

0.32 0

0.48 0

0.64 0

P. viridicatum 5.5 0 0.02126 + 0.00686ab
NRRL 3711 0.10 0.03471 + 0.02468a -

0.20 0.01244 + 0.00488ab 41.49
0.32 0.00113 + 0.00035 b 94.68
0 .48 0.00019 + 0.00013 b 99.11
0.64 ND b 100

Mean of 2 replications.

Values with the same letter are not significantly different
at 0.05 level using Duncan's Multiple Range Test.
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