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ABSTRACT

The objectives of this study were to develop a soy extended

semidry Thuringer sausage and study its sensory characters to study

its potential as a substrate for toxin production if contaminated by

Aspergiilus parasiticus or Peniciliium citrinin.

Thuringer sausage was formulated by adding 0, 5, 10, 15 and 20%

hydrated textured soy protein. The cooked and smoked products were

subjected to sensory evaluation on an eight point hedonic scale. The

addition of soy did not affect the pH of the final product. A linear

relationship between the sensory score and soy level was observed. It

was concluded that Thuringer sausage can be formulated by adding up

to 12% hydrated soy protein without causing any adverse affect on the

product. A reduction in premix time was achieved.

Slices of nonextended (NE), soy extended (SE) and commercial

(CM) sausages were infected separately with 10^ spores of A.

parasiticus and P. citrinum and maintained at equilibrium relative

humidities of 80% and 93% at 21°C and at 31°C. Samples were analyzed

for aflatoxin , aflatoxin and citrinin at 7, 14, 21, and 28 day

intervals. A. parasiticus grew well on all three sausage samples.

Toxin levels were detected as early as 7 days and remained detectable

until 28 days. The effect of relative humidity (RH) and temperature

on toxin production varied with each sample, but the incubation time

did not show any effect. Overall, higher levels of aflatoxin B^ were

detected at 80% RH than at 93% RH and at 21 °C than at 31 °C. Higher



levels of were detected in CM samples than in NE and SE samples.

Aflatoxin production followed the same patterns as those of afla-

toxin in NE and SE samples, but in CM samples more was pro

duced at 31 °C than at 21 °C. More was produced in CM and SE

samples than in NE samples.

Citrinin production was sporadically detected in all three samples.

The CM sausage samples appeared to be the best and SE to the worst

substrates for citrinin production. Citrinin was detected more fre

quently at 93% RH than at 80%. All three sausage samples were

equally hazardous if contaminated by toxigenic fungi, and addition of

soy neither increased or decreased toxin production potential by toxi

genic fungi.
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CHAPTER I

INTRODUCTION

Interest In the use of vegetable proteins as additives or

components of foods has increased markedly in recent years. Proteins

derived from soybeans constitute the major portion of plant proteins

used as meat extenders. Cottonseed protein is the second most

important source in the world, but its application in meat products has

not been very successful. Other proteins being studied as potential

extenders include peanut (Aguilera et al., 1980), tobacco leaf protein

(Kung et al., 1980), dry beans (Chang and Satterlee, 1979), and

unconventional cereals (Inglett, 1977). The rising cost of meat

products has encouraged the development and utilization of new

products derived form plants (Gallimore, 1974). The major objectives

have been to extend meat products with less expensive materials that

do not markedly decrease nutritional properties or flavor of the

product. Thus far soy proteins have proved to be the most useful

materials to meet the objectives (Siegel et al., 1979).

The role of soy proteins in the sausage industry is well known.

Isolates of soy proteins are recognized for their rheological, gelling,

emulsifying and stabilizing properties. They are established as

functional ingredients in many meat, poultry and fish products

(Kadane, 1979). The production of soy proteins has been steadily

increasing. In 1976, 38,700 metric tons (MT) of textured soy protein

(TSP) were produced. In 1985, the production of TSP is estimated to



be 77,000 M.T. (Minor and Callimore, 1977; Agullera etal., 1980).

The continued Increase In the consumption of soy proteins may be due

to their use In USDA school lunch and other low cost Institutional

feeding programs (Campbell, 1981).

The functionality, economy, nutritional value, consistency,

reduced cooking losses are some features for the Increased popularity

of soy proteins (Terrell and Stanlec, 1975; Lyon et al., 1980; Fatlma

et al., 1982). Slegel et al. (1979) noted that research on soy proteins

has resulted In the development of nonmeat proteins with specific

physical properties for use as meat extenders. Different sausage

products have been developed by adding varying levels of soy and

other vegetable proteins. Acceptability of these products mainly

depended upon the type of plant protein and the nature of the

product. However, It Is suggested that 8 to 10% of total meat can be

substituted with soy proteins without affecting the characteristics of

the products (Modic, 1979).

Addition of soy proteins to meat creates an environment which

promotes the growth of spoilage bacteria (Draughon, 1980). Numerous

reports suggest that the soy extended meat products undergo bacterial

spoilage at a more rapid rate than nonextended ones (Stansbury, 1975:

Craven and Mercurl, 1977; Bell and Shelef, 1978; Keeton and Melton,

1978; Draughon, 1980; Harrison, 1980). Besides bacterial spoilage,

mold contamination of meat products Is of serious concern.

Molds of the genus Penlcllllum and Asperglllus are widely

distributed In nature and many produce secondary metabolites called



mycotoxins. Mycotoxins are proven to be carcinogenic and teratogenic

to many animal species and humans. Presence of toxigenic fungi in

meats and meat products has been reported by many researchers

(Bullerman et al., 1969a, 1969b, Alperden et a!., 1973a, 1973b; Ayers

eta!., 1974; Wu eta!., 1974a, 1974b; Hadlok eta!., 1976; Incze

et a!., 1976; Leistner et a!., 1977). Production of mycotoxins has also

been reported in soy beans (Davis and Diener, 1970; Gupta and

Venkatasubramanian, 1975).

This research was undertaken based on the facts that (a) myco

toxins are hazardous to human health, (b) soy extended sausage

products are feasible and economical, and (c) toxigenic fungi may grow

and produce mycotoxins on sausage products. The objectives of the

project were to develop a soy extended Thuringer sausage and study

its potential as a substrate for growth and toxin production by

Aspergillus parasiticus and Penicillium citrinum at varying levels of

temperature and relative humidity, and over incubation times.



CHAPTER II

LITERATURE REVIEW

I. PLANT PROTEINS IN MEAT PRODUCTS

Soy and other plant proteins have been widely used as meat

extenders in recent years (Maga, 1973; Pearson, 1973; Lin et al.,

1975; Coltry et al., 1976; Sofos et al., 1977; Modic, 1979; Bushway

et al., 1982). The use of soy isolates and concentrates in processed

meats has been reviewed (Rakosky, 1974).

Common ingredients which are used in sausage manufacture

include cereal flours, starch, corn syrup or corn solids (Forrest

et al., 1975). Extensive research concerning incorporation of soy and

other plant proteins in meat products has been reported (Anderson

and Lind, 1975; Bowers and Engier, 1975; Drake etal., 1975; Fatima

et al., 1982). However, reports related to use of soy proteins in

coarse chopped sausage products have been very limited. Coltry

et al. (1976) studied the use of textured vegetable protein in pork

sausage. Soy and fish protein concentrates have been used with

mechanically processed beef to prepare summer sausage (Drake et al.,

1975; Berry et al., 1979). The acceptance of such products ranged

from moderate to high depending upon the level of added plant

protein. Comminuted meat products have been investigated for

possible extension with plant proteins (Smith et al., 1973; Lin et al.,

1975; Sofos and Allen, 1977; Bushway etal., 1982). Attempts with

cotton seed protein did not produce desirable products (Smith et al..



1973). Soy protein Isolates and concentrates caused Instability In

products containing 30% fat and were less desirable than products with

8% fat levels (Sofos et al., 1977). Addition of 3% potato starch did not

effect sensory and chemical properties of the product (Bushway et al.

1982). Sunflower concentrates were also added to welners with

moderate success (Lin et al., 1975). Wilding (1974) discussed the use

of textured soy flour In meat blends for chill and pizza toppings.

II. HISTORICAL ASPECTS OF SOYBEANS

The soybean [Glyclne max (L) Merr] probably first emerged as a

domesticated species In the North China plains around the eleventh

century B.C. and later was Introduced to Manchurl. During the first

three decades of the 20th century soybean production was largely

confined to the Orient, However, by the late 40s and 50s, the United

States production surpassed that of the Orient. In the Far East the

soybean, sometimes called "The cow of China," was consumed In many

different forms. In the seventeenth century, soybeans were known to

Europe as an exotic food plant from the Orient. However, soybeans

did not become popular In Europe at that time, possibly because of

competition from milk products and the nutty taste of soy milk

(Hymowltz, 1970). Recent developments In soybean processing offer a

potential solution to protein needs of the rapidly growing world

population (Meyer, 1967). Llener (1978) concludes that no other

single source of plant protein could contribute so greatly and so

promptly to the protein gap. Among oilseeds, the soybean assumes a



most prominant position; not only is its protein content high (30-56%)

but this protein, when properly processed, is of good nutritional

quality (Wilding, 1971). Ziemba (1975) predicted that the proteins

from cereal grains and soybeans will ultimately fill the world protein

gap.

The Nature of Soy Proteins

Soy proteins are used in various forms as extenders (Table 1).

As a result of intensive industrial and academic research and wide

exposure in the market place, soy proteins have become standard

protein additives for the food industry. It is generally believed that

the proteins in soy products are the primary determinants of the

functional properties while the carbohydrate components play only a

minor role (Satterlee, 1981). About 90% of the soy proteins are

storage proteins; the remaining 10% are made up of intracellular

enzymes, protein inhibitors, lectins and membrane proteins (Kinsella,

1979). Based on sedimentation rates, the soybean storage proteins are

divided into four major groups. The molecular weight, total protein

percentage and the principal component of each group are described in

Table 2.

As can be seen in Table 2, the 7s and 11s fractions predominate

in the soybean and are probably responsible for functionality. It is

the ability of soy proteins to mimic the functional properties of many

traditional proteins that makes this protein one of the most important

plant proteins in our food systems (Satterlee, 1981). Soy proteins

perform different functions in different food systems. Table 3 lists



 

Table 1. Protein Products from Soybeans.

Full fat flakes, grits and flour
Defatted flakes, meal, grits and flour
Defatted-toasted flakes, meal, grits and flour
Soy concentrate
Isoelectric soy protein isolate and soy proteinate
Textured vegetable protein (TVP), extended meal and grits
Textured soy concentrate
Spun soy isolate

Source: Satterlee, 1981.

Table 2. Chemical Characteristics of Soy Proteins.

Protein fraction
by mean

sedimentation

. coefficient

Molecular

weight
(daltons)

% of
Total

protein
Principal
component

2S 8,000-50,000 22 Trypsin inhibitors,
cytochrome C

7S 60,000-210,000 35 Lipoxygenase, globulin,
lectins amylases

IIS 350,000 33 Globulins

15S 600,000 10 Polymeric globulins

Source: Satterlee, 1981.



Table 3. Functional Properties of Soy Proteins.

Functional

property Mode of action Food system
Preparation

used^

Water

absorption
Hydrogen bonding of
water, entrapment,
drip prevention

Meats, sausages
bread, cakes

F, C

Gelation Protein matrix forma
tion and gelling

Meats, curd
cheese

C, 1

Cohesion-

adhesion
Acts as adhesive
material

Meats, sausage,
baked goods,
pasta products

F, C, 1

ELasticity Disulfide links in

gels
Meats, bakery 1

Emulsification Formation and stabi
lization of fat

emulsions

Sausages, bologna,
soups, cake

F, C, 1

Fat Absorp
tion

Binding of free fat Meats, sausage,
doughnuts

F, C, 1

Flavor binding Absorption, entrap
ment, release

Simulated meats
bakery

C, 1, H

F = soy flour; C = soy concentrate; I = soy isolate; H = soy
hydrolyzate.

Source: Kinsella, 1979.



various food systems In which soy proteins offer different functional

properties.

ill. MICROBIOLOGICAL ASPECTS OF SOY EXTENDED MEATS

Microbiological safety of soy extended meats is a subject of

controversy. The reports published have conflicting opinions.

However, a majority of researchers conclude that soy extended meat

products have shorter shelf life and higher bacterial counts

(Stansbury, 1975; Craven and Mercuri, 1977; Keeton and Melton, 1978;

Bell and Shelef, 1978; Draughon etal., 1981; Harrison, 1981).

Stansbury (1975) reported that ground beef containing 20% soy at 0°C

had a shorter shelf life than nonextended samples. He also reported

that aerobic mesophilic and psychrophilic counts were significantly

higher in soy extended samples than in nonextended ones. Seideman

et al. (1977) observed higher psychrotrophic counts in formulations

containing soy and mechanically deboned beef. Higher total aerobic

and coliforms counts in soy extended ground beef were reported

(Craven and Mercuri, 1977; Keeton and Melton, 1978; Draughon et al.,

1981; Harrison, 1981). Bell and Shelef (1978) reported that the

addition of 25% textured soy protein (TSP) to ground beef reduced the

shelf life by 2.2 days. All microbial counts except coliforms increased

in beef soy blends upon storage at compared to controls. Sikes

and Maxcy (1979) pointed out that combining plant and animal proteins

may stimulate the growth of certain bacteria which may not otherwise

grow on either medium alone. Observations made by Craven and

Blankenship (1983) suggest a similar idea. They observed an increase

in heat resistance in Salmonella in soy extended beef patties.
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The microbiology of sausage products has been investigated

(Joseph et a!., 1978; Sofos et a!., 1979; Craven and Blankenship

1983). Joseph et al. (1978) reported that substitutions of meat with

15-30% structured soy protein fiber in dry fermented salami did not

create any microbiological problems. No effect on pH and lactic acid

content was observed. Sofos et al. (1979) reported that production of

botulinal toxin was equal or less rapid in soy extended frankfurters

than in nonextended ones.

IV. MYCOTOXINS IN SOYBEANS

By 1974, it was evident that even in countries like the United

States, where highest standards of harvesting and storage are prac

ticed, crops were regularly contaminated with mycotoxins (Shotwell

et al., 1969; Stoloff, 1977). Aflatoxin production occurs most readily

in commodities with high fat content grown in warm and humid cli

mates. It is perhaps due to this reason that corn is the cereal most

likely to be contaminated. It is estimated that 80% of the Americans'

exposure to aflatoxins in their diets can be attributed to corn products

(Osborne, 1982). Because of the importance of the soybean crop and

the frequent occurrence of mycotoxins in cereal grains; concern about

potential mycotoxin production in soybeans has arisen. Dorworth and

Christensen (1968) reported that soybeans held under controlled

temperature and moisture were contaminated by molds such as

Penicillium and Aspergillus species. Intact soybeans are generally

regarded as resistent to mold invasion (Mislivec and Bruce, 1977).
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The predominant contaminating species are considered to be the

Aspergillus glaucus group. A total of 11 toxigenic species of

Penicillium and Aspergillus were detected Mislivec and Bruce, 1977).

Davis and Diener (1970) were able to obtain considerable amounts of

toxin (48-138 pg/g) from unshelled soy beans incubated for 21 days.

Sheretz et al. (1976) were also able to detect toxins in soybeans

inoculated with Aspergillus isolates. Presence of aflatoxins in soy

beans was also reported by other workers (Shotwell et al., 1969; Bean

etal., 1972; Nagarajan etal., 1973). On the other hand some

researchers failed to detect mycotoxins in soy beans (Chang et al.,

1966; Hesseltine et. al., 1966). They considered soy beans to be poor

substrates for toxin production by toxigenic fungi. Factors such as

humidity (Hesseltine et al., 1966) and zinc content are reported to

play a role in toxin production. Gupta and Venkatasubramanyan

(1975) were able to increase aflatoxin from 0.32 to 2.25 mg/100 g by

addition of zinc. Toxin content was also reported to decrease with

addition of phytates (O'Dell and Savage, 1960). They concluded that

phytic substances tie up Zn which is an essential substance for

aflatoxin production in soy beans. Autoclaving soy beans caused an

increase in toxin production (Nagarajan etal., 1973; Gupta and

Venkatasubramanyan 1975). Shotwell et al. (1978) concluded that the

enzymes present in unsterilized beans may have an effect on toxin

production, or the enzymes may degrade the toxin once it is produced.

Strains that produced aflatoxin G.| also produced aflatoxin B.|. More
G.| in relation to B.| was produced in soybeans than in wheat grains
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(Hesseltine et al., 1970). Aflatoxin is found to be produced by

Aspergillus parasiticus during fermentation of soysauce; little aflatoxin

was degraded in 6 weeks. Addition of lactic acid increased the degra

dation process (Maing et al., 1973).

V. MYCOTOXINS IN PROCESSED MEATS

Molds frequently occur on meats and are responsible for undesir

able characteristics such as discoloration and off odors along with the

potential risk of mycotoxin production. For some products such as

fermented sausage of the Hungarian and Italian types, the presence of

mold contributes to a characteristic appearance and flavor as well as to

serve as preservatives (Leistner etal., 1977). During summer

months, temperatures of 30-35°C usually prevail at which time heavy

mold growth occurs on processed meats, particularly on the flesh side

of country cured hams. Processors usually consider mold growth as a

sign of proper aging (Ayers et al., 1971). The predominant fungal

flora recovered from processed meats are Penicillium and Aspergillus

(Strzelecki et al., 1968; Bullerman and Ayres, 1968; Bullerman et al.,

1969a, 1969b; Sutic et al., 1972; Alperden et al., 1973a; Ayres et al.,

1971; Hadlok et al., 1976). Penicillia prevail on refrigerated products

with low water activity while aspergilli predominate on products with

high water activity. Some of the penicillia are considered desirable

while the aspergilli on meats are always considered undesirable

(Leistner et al., 1977). Park et al. (1983) reported that summer

sausage can support growth and toxin production by A. flavus while it

is a poor substrate for A. parasiticus.
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Aflatoxins are produced in large quantities in fermented sausages

by toxigenic strains of A. flavus and A. parasiticus if the products

are stored at 20° to 25°C (Bullerman et a!., 1969a, 1969b; Alperden

eta!., 1973b; Ayres eta!., 1974; Park eta!., 1983). Besides the

temperature factor, others such as water activity and purity of the

starter culture are also considered crucial for toxin production (Incze

and Frank, 1976). The toxicity of such toxins was tested in chicken

embryos (Incze and Mihaiyi, 1976). Sterilized beef infusions and beef

pieces supported growth and toxin production by A. flavus. The

detected range of toxin levels was 11-15 yg/g meat. No toxin was

detected in raw meat, which may be due to competition from bacterial

flora (Wildmann et al., 1967). Ceigler et al. (1972) suggested that

amino acids in ripened sausages may react with mycotoxins, particu

larly penicilic acid, and convert them into nontoxic derivatives.

Mycotoxins such as sterigmatocystin and cyclopiazonic acid which

are produced by A. versicolor are also of potential importance in

processed meats (Leistner et al., 1977). A. versicolor is quite often

recovered from meats, especially from products with relatively low

water activity. A large number of Penicillium and Aspergillus isolated

from processed meats were able to produce toxins in culture media

(Alperden et al., 1973a, 1973b; Hall and Ayres, 1973). Country cured

hams which were inoculated with toxigenic A. versicolor demonstrated

the presence of sterigmatocystin in considerable amounts. The

presence of other mycotoxins such as ochratoxin (Ayres et al., 1974),

patulin (Alperden et al., 1973a), penicillic acid (Ceigler et al., 1972),
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and citrinin (Wu et al., 1974a, 1974b) has been reported in processed

meats. Toxicity of citrinin to chick embryos was confirmed (Wu et al.,

1974b).

Based on information available thus far it is evident that

microorganisms respond differently in combinations of soy proteins and

meats when compared to either of the substrates. It is also evident

that processed meats as well as soy proteins support toxigenic fungi

and toxin production.

VI. AFLATOXINS

The existence.of aflatoxins became recognized with the occurrence

of Turkey "X" disease in England where 100,000 turkey poults died of

a mysterious disease in 1960. Simultaneous investigations by Blount

(1961) and Asplin and Carnaghan (1961) showed that the common

factor was the presence of groundnut meal, contaminated with mold

growth. Later Sargeant et al. (1961) showed that a metabolite of the

common mold Aspergillus flavus was the responsible agent. Since that

time, aflatoxins have become topics of extensive research and enormous

amounts of scientific information have been published on this topic.

Aflatoxins are produced primarily by some strains of Aspergillus flavus

and most if not all strains of Aspergillus parasiticus (Diener and

Davis, 1969).

Chemical Properties

Aflatoxins are a large group of closely related compounds. The

four major ones are aflatoxins B^, B^, and (Figure 1), of these
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and occur most frequently and in larger quantities (Bullerman,

1979). They were assigned the names aflatoxin B and aflatoxin C

because they fluoresce blue and green, respectively, under ultraviolet

light (Van Walbleek, 1973). The further designation of B^, B2, ,

Gj is based upon their separation into individual components when

analyzed by thin layer chromatography (Mirocha and Christensen,

1976; Stoloff, 1977). The aflatoxin B group contains a coumarin

molecule fused to a bifuran structure and a cyclopentenone ring which

is replaced in by a six-membered lactone (Van Walbleek, 1973).

Aflatoxins Bj and G2 lack a double bond in the bifuran structure and

are designated as. the dihydro derivatives of aflatoxin B^ and G^,

respectively (Goldblatt, 1969). Aflatoxin B^ has absorption maxima

(ultraviolet) at 223, 265, and 362 nm. It is slightly soluble in water,

insoluble in hexane and soluble in chloroform and alcohol (Pons and

Goldblatt, 1969).

Occurrence

Aflatoxin-producing fungi are distributed throughout the world in

air and soil. A. flavus is a seed-inhabiting fungus which is capable

of invading a wide variety of food crops (Diener and Davis, 1969).

They are naturally found in edible nuts such as peanuts, Brazil nuts,

pistachio nuts, almonds; in cereal grains such as corn, rice, barley,

oats, wheat; and oil seeds such as cottonseed and soybeans (Coker,

1979). Surveys reported by Hesseltine (1974) indicated that incidence

and levels of aflatoxins in cereal grains and their products was low.

However during 1977 aflatoxin contamination in corn was intense in
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most Southeastern states of the United States. Half of the crop

became unmarketable because the aflatoxin levels exceeded that of

FDA's allowable limit (20 ppb) (Ayres, 1978). Because cereal grains

are transported around the world, there are essentially no areas of the

world that can be considered aflatoxin-free (Hesseltine, 197U).

Peanut and peanut products have a high risk of contamination by

aflatoxins (Jones, 1975). In an analysis carried out in 1964 on

farmers' stock peanuts from nine different areas of the United States,

peanuts were found to contain up 95 yg/kg of toxin (Taber and

Schroeder, 1967).

Aflatoxin M^, a hydroxylated product of B^, was found in cows'

milk (Allcroft and Carnaghan, 1963). Consumption of aflatoxin con

taminated feed resulted in the excretion of hydroxylated products of

B^ and B^ (aflatoxin and M2) (Allcroft, 1969). The levels of

excreted were directly related to the B^ levels in the feed (Purchase,

1973). Early studies (Allcroft and Carnaghan, 1963; Keyl etal.,

1970) on aflatoxin residues in meat tissues of animals fed a contami

nated diet indicated no sign of build up of toxins in meats. However,

aflatoxins have been detected by more recent studies in the tissues of

pigs (Krogh et al., 1973a), beef cattle (Purchase, 1973) and poultry

(Van Zytveld et al., 1970) fed contaminated feed. Stubblefield et al.

(1981) indicated that in steers fed with purified aflatoxin B^, toxin

was retained in heart, kidney, skeletal muscle and liver. The highest

quantity was in the kidney (145.9 ng/g), while the lowest was in the

muscle (12.9 ng/g). Aflatoxin residues have also been detected in

milk and in human liver (Purchase, 1972; Campbell and Stoloff, 1974).
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In samples collected from various parts of the world, particularly

from Africa and Asia, aflatoxins were detected in biologically signifi

cant levels in a large number of commodities. Aflatoxin was detected

in 41 of 74 samples of haricot beans and other pulses from the Sudan

in concentrations ranging from 50-1000 yg/kg (Habish, 1972). Mung-

beans and other beans from Thailand and Hong Kong and root crops

such as sweet potatoes and casava were found to contain aflatoxins.

Sun dried sweet potatoes in Taiwan had aflatoxins at levels of 10-

180 yg/kg (Tung and Ling, 1968). Casava and potatoes from the

Philippines were found to be highly contaminated with aflatoxin

(Wogan, 1968).

Aflatoxin was also detected in spices such as cayenne peppers

(Scott and Kennedy, 1973), Indian chili powder (Shank et al., 1972),

black pepper (Suzuki et al., 1973), capsicum (Scott and Kennedy,

1973), and nutmeg (Suzuki et al., 1973; Beljaars et al., 1975). Other

food products which were reported to be contaminated include dried

fish, unrefined vegetable oil (Shank et al., 1972) sorghum (Tripathi,

1973) and pecans (Lillard et al., 1970).

Metabolism

The metabolism of aflatoxin, its effect on nucleic acids and

protein, and the resulting pathophysiological effects have been

thoroughly reviewed (Wogan, 1969; Patterson, 1977).

The aflatoxin molecule is biodegraded in at least six ways

(Patterson, 1977) (Figure 2):
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Figure 2. Routes of biodegradation of aflatoxin.
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a. Attack by hydrogen or water molecule

b. Degradation of bisuifuranoid moiety

c. Demethylation of methoxycoumarin structure

d. Hydrolylic fission of the 7.8.C-0 bond in the coumarin ring

e. Reduction in the cyclopentanone moiety

f. Hydroxylation at one or more points prior to conjugation.

The formation of less toxic aflatoxin and from aflatoxin

and Bj is the result of 4-hydroxylation (Allcroft and Cornaghan,

1969). A nontoxic 2-hydroxylation product was shown in in vitro

experiments with rat livers (Patterson et al., 1969). 0-demethylation

products were obtained by Shank and Wogan (1965) in rats injected

with 1UC labeled aflatoxins. Bassir and Emafo (1970) also obtained

similar products in vitro with liver slices from several animal species.

The phenolic compound thus formed from aflatoxin B^ in the liver is

commonly referred to as aflatoxin (Dalezios et al., 1971). Hydro-

lytic fission of the coumarin structure can be achieved by simply

boiling an aqueous solution of aflatoxin B^ which also causes detoxi

fication. A coumaric acid of the corresponding toxin will be formed,

but such a metabolite has not been isolated from animal tissue (Coomes

et al., 1966). The formation of a secondary alcohol by reduction of

cycopentenone moiety of aflatoxin B^ was first described by Detroy

and Hesseltine (1968) as a product of in vitro transformation by the

steroid reducing fungus Dactylium denobroides. This metabolite was

found to be 18 times less toxic than aflatoxin B^. Absidi repens and

Mucor griseo-Cyanus can also convert aflatoxin into a similar product
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(Detroy and Hesseltine, 1969), which was later named aflatoxicol. its

structure was confirmed in 1970 (Detroy and Hesseltine). The reduc

tion of the 2-3 double bonds of aflatoxin which required NADH or

NADPH as a cofactor was achieved in vitro with liver preparations of

chick, duckling, guinea pig and mouse. The resulting products from

aflatoxin and reduction were aflatoxin 82 and M^, respectively.

They were considered to be less toxic than and (Patterson and

Allcroft, 1970). Masri et al. (1974) described the formation of a

22-hydroxylation product of aflatoxin B^, which they called aflatoxin

. Aflatoxin was produced in vitro using monkey liver microsomal

preparations. Formation of the 2, 3-epoxides (8, 0-epoxoides

according to iUPAC recommendation; Hsieh, 1979) may be a factor by

which carcinogenic activity of aflatoxins can be explained (Patterson,

1977). Schoental (1970) proposed that aflatoxin epoxide might be the

active form of the toxin, which is involved with chronic effects of the

pathogenicity.

Aflatoxin is converted into one or more biologically active

metabolites in the liver (Figure 3). The toxin, before entering the

liver cell, must pass through the plasma membrane, a process which

differs from species to species (Portman et al., 1970). Therefore, the

susceptibility of animals to acute and chronic effects of toxin poisoning

depends upon the fate of the toxin. The onset of toxicological effects

depends upon the balance among hepatocellular uptake, rate and type

of liver metabolism and the speed and the route of elimination by the

body (Patterson, 1977). This is shown schematically in Figure 4.
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Biological Effects

Biological effects of aflatoxins have been reviewed by Goldblatt

(1969), Detroy et al. (1971), monographed by Purchase (1974) and

Wyllie and Morehouse (1978). The broad range of biological effects of

aflatoxins probably relates to reactions with cell nucleoproteins and

nucleic acids which ultimately affect protein synthesis and cellular

integrity (Wogan, 1966). The liver is considered to be the primary

target organ (Coker 1979). Among all the aflatoxins, B^ is the most

potent (Diener and Davis, 1969; Wogan, 1973) and toxicity studies

have involved primarily aflatoxin B^. The toxicity of aflatoxins

depends upon the level of toxin in the feed and the susceptibility of

the animal. The most susceptible animal known thus far is the rainbow

trout, which shows pathological signs (or lesions) with a dose of ppb

in the diet (Wogan, 1973); the mouse is considered to be the most

resistant with a of 60 mg/kg body weight (Barnes et al., 1970).

The values of various animal species are: rabbits 0.3, ducklings

0.34, pigs 0.62, dogs 1.0, turkey 1.4, and chick 6.5 mg/kg body

weight (Patterson, 1977).

Depending upon toxin consumption and the animal's susceptibility,

the toxic effects may occur as (a) an acute and clinically obvious

disease (b) a chronic, less clinically apparent disease such as

impairment of health and productivity, and (c) an impairment of

resistance and immune response (Pier et al., 1977). Acute aflatoxin

poisoning has been described in poultry, swine, cattle, dogs and

several laboratory animals (Allcroft, 1969; Edds, 1973; Pier et al..
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1977; Carlton and Szezech, 1978). Impairment of liver function and

fatty change occur within 3-6 hours of injection of aflatoxin .

These changes are followed by necrosis of hepatocytes (Cysewski

etal., 1968; Carlton and Szezech, 1978). Necrosis of the kidney

tubules has been reported in rats, guinea pigs and subhuman primates

(Carlton and Szezech, 1978). Subacute aflatoxicosis resulting from low

levels of toxin intake resulted in reduced weight gain and lowered

productivity in poultry and livestock (Keyl and Booth, 1970;

Neuberne, 1973; Pier et al., 1977).

Toxicity of aflatoxins to humans was confirmed by epidemiological

studies. One of the recent episodes of acute aflatoxin poisoning was

in 1979 involving 900 people with 106 fatalities. Contaminated corn was

identified to be the source of the problem (Krishnamachari et al.,

1975). In Uganda, where the incidence of human liver cancer is high,

Alpert et al. (1971) established a correlation between dietary aflatoxin

B^ and incidence of the disease. Peers et al. (1976) suggested a

correlation between dietary aflatoxin levels and incidence of hepatic

carcinoma in Switzerland. Incidences of liver cancer in Mozambique

(Van Rensburg et al., 1979) and in the Philippines (Campbell and

Salamat, 1971) are related to aflatoxin contamination of the diet. In

Thailand, Reye's syndrome was linked to aflatoxin poisoning (Shank

1978). In the United States Reye's syndrome is characterized as one

of the possible causes of infant mortality (CAST, 1979). The human

body converts most of the aflatoxin B^ into less carcinogenic sub

stances, but in the process some other toxic metabolities are formed
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which Is dependent upon the metabolic state and the resistance of the

victim.

VII. CITRININ

CItrlnIn Is a yellow crystallne metabolite that was first Isolated as

a pure compound In 1931 from Penlcllllum citrlnum (Hetherlngton and

Ralstrick, 1931). The antibiotic properties of citrlnin were described

by Ralstrick and Smith (1941), but It was too toxic to be used as

antibiotic. CItrlnIn Is also produced by thirteen other species of

Penlcllllum and some aspergllll such as A. terreus (Ralstorick and

Smith, 1941), A. navlous (TImonIn and Rouatt, 1944), and A. candidus

(Tandon et al., 1969). Occasionally, citrlnin occurs with other

mycotoxins such as patulln (Harwig et al., 1973; Clegler et al., 1977)

and ochratoxin (Scott et al., 1970).

Physical and Chemical Properties

CItrlnIn Is a bicycllc compound with a free carboxyllc acid group

(Figure 5) (Harwig and Munroe, 1975). It forms yellow needle-like

crystals when crystallized from cold ethanol. It has a molecular weight

of 250 and Its melting point ranges from 172 to 179°C depending upon

the rate of heating (Cartwrlght et al., 1949). Ultraviolet absorption

In 95% ethanol occurs at 222,253, and 319 nm. The flourescent

excitation and emmlsslon maxima In 95% ethanol are at 336 and 521 nm,

respectively (Neely et al., 1972).

CItrlnIn Is slightly soluble In water, but highly soluble In dilute

sodium hydroxide and sodium carbonate or In sodium acetate and In
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Figure 5. Structure of citrinin.
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most organic solvents. Citrinin is slightly sensitive to heat or light;

however, some decomposition takes place with flourescent light (Neely

etal., 1972). It is thermolabile in acidic and alkaline conditions

(Kawashiro et al., 1955). Color reactions with citrinin include orange

color in alkaline solution, brown in FeCI^ (Hetherington and Raistrick,

1931), and deep wine red with hydrogen peroxide followed by sodium

hydroxide (Tauber et al., 1942). Brown et al. (1949) first proposed

the structure of citrinin (Figure 5).

Occurrence

Citrinin has been detected in wheat, rye, oats and barley. In

some of these grains citrinin was formed in combination with ochra-

toxin A. Penicillium viridicatum was isolated from the samples also

(Scott et al., 1970). Citrinin, together with ochratoxin, was observed

in barley and barley oat mixtures obtained from districts in Denmark,

where the incidence of porcine nephropathy was high (Krogh et al.,

1973b). Citrinin was also detected in Indian ground nuts infected with

A. flavus, P. citrinum and A. terreus (Subramanyam and Rao, 1974).

Citrinin was suspected to have been present in yellowed rice from

Japan (Van Walbeek, 1973; Harwig and Munroe, 1975). Also the toxin

has been detected in rotten apples (Harwig et al., 1973) and country

ham (Wu et al., 1974a) P. citrinin has also been isolated from peanuts

(Diener, 1960) and dent corn (Mislivjc and Tuite, 1970).

Biological Effects

Porcine nephropathy in Danish swine was associated with the

injestion of moldy rye and barley, and the incidence was often high
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following harvesting periods (Krogh etal., 1973b). Similar nephro-

pathy has been reported in Ireland, Norway and Sweden (Elling and

Muller, 1973). Pathological lesions such as swelling of kidney and

tubular necrosis were observed in rabbits and guinea pigs injected

with acutely lethal doses of citrinin (25 mg/kg body weight) (Ambrose

and DeEds, 1946). Such necrosis was also observed in rats and pigs

48 hours postmortem when the animals were given citrinin at levels of

48-100 mg/kg body weight for 2 days (Krogh et al., 1970). Chronic

kidney degeneration was observed in rabbits injected with critinin

(20 mg/kg body weight) intravenousely (Ambrose and DeEds, 1946).

Nephrotoxicity has also been reported in beagle dogs fed rice cultures

of citrinum (Carlton et al., 1973). Besides nephrotoxicity, citrinin

was also reported to cause vasodilation, bronchoconstriction and

increased muscular tone in rabbits (Ambrose and DeEds, 1946). The

LDgQ values for rabbits were 67 mg/kg by subcutaneous and intraperi-

tonea( injection. For guinea pigs the values were 37 mg/kg by sub-

utaneous injection, and for rabbits the LD^^ values were 19 mg/kg by

intravenous injection. Effects of citrinin on humans included slight

irritation of nasal passages of laboratory workers upon unintentional

inhalation of citrinin (Ambrose and DeEds, 1946). However, intra-

dermal injection of citrinin solution in man did not cause local irritation

(Ambrose and DeEds, 1946; Chu, 1946).

Citrinin exhibits antibacterial effects against Gram positive

organisms, particularly Bacillus subtilis (Timonin and Rouatt, 1944).

It also prevents black rot of cabbage by inhibiting Xanthamonas
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campestris (Rao and Tirumalachar, 1960). Citrinin is also a potent

inhibitor of Saccharomyces cerevisiae and Candida albicans (Betina and

Ruckova, 1971).

Metabolism

Citrinin was reported to be absorbed rapidly into the gastro

intestinal system (Ambrose and DeEds, 1945). Wang and Ting (1950)

observed peak levels of blood citrinin (33-67 mg/ml) within 5 minutes

after injecting a single dose of citrinin (24-44 mg/kg) in rabbits. The

toxin remained in the blood for 24 hours. In blood, about 20% of the

injected citrinin was bound to plasma proteins (Wang etal., 1950).

Excretion studies carried out with dogs indicated that 72% of citrinin

injected intravenousely appeared in the urine within 48 hours (Wang

and Ting, 1950). In rats, Chu (1946) detected citrinin in blood at

levels of 3 to 250 yg/ml after intramuscular injection or introduction

into ligated esophagus or intestine. Products of citrinin metabolism

have not been investigated; however, dihydrocitrinins were suggested

as metabolic products of citrinin (Wang and Ting, 1950).
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CHAPTER I I I

DEVELOPMENT OF SOY EXTENDED THURINCER SAUSAGE

I. INTRODUCTION

Sausage research thus far has emphasized emulsion type sausages

(Smith etal., 1973; Lin et ai,, 1975; Sofos and Allen, 1977; Sofos

etal., 1977; Terrell etai., 1979; Bushway etal., 1982). Reports

pertaining to coarse-ground sausages such as semidry and dry

sausages have been very limited (Drake et al., 1975; Berry et al.,

1977; Kadane, 1979; Modic, 1979). Modic (1979) reported that in dry

sausage such as "Sremska" and "Tee," 8-10% total meat can be sub

stituted with rehydrated textured soy protein (TSP) without negative

effects on the finished product. Appearance of such products has

been improved by not showing wrinkles and the processing time has

been reported to be shortened with soy extended products (Kadane,

1979). Soy proteins are reported to have some antioxidant activity

(Pratt, 1972; Sanger and Pratt, 1974) which would be a beneficial

factor in sausage products. Addition of soy protein in emulsion type

products was not as acceptable as in dry sausage products (Terrell

et ai., 1979). The objective of the research is to substitute meat with

textured soy protein (TSP) in an intermediate moisture product such

as semidry Thuringer sausage and to study the sensory properties.

II. MATERIALS AND METHODS

The Thuringer sausage was formulated according to the procedure

suggested by Karmiich et al. (1973) with modifications in cooking
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temperature, relative humidity and holding time. Components

included: beef trim—6.81 kg; pork trim—4.54 kg; salt—226.80 g;

dextrose—85.05 g; spice mix—113.4 g; sodium nitrite—1.7 g; and

starter culture 42.5 g.

The spice mix was provided by Legg Packing Company, Inc.,

Birmingham, Alabama. Frozen starter culture, Lactacel MC (Microlife

Techniques, Sarasota, Florida) containing Pediococcus cervesiae and

Lactobacillus plantarum was diluted in water (1 part culture to 3 parts

water (v/v)) before use.

Sausage Formulation

Beef and pork trim were ground through a 0.64 cm plate. The

meat and other ingredients were mixed throughly and divided into five

batches. Each batch was ground again through a 0.32 cm plate after

the addition of 0, 5, 10, 15 or 20% hydrated (2 parts of water to 1

part of soy protein) soy protein (Bontrae Central Soy, Chem Way

Div., Fort Wayne, Indiana) by weight. Soy protein was substituted

for meat making certain that the beef/pork ratio remained the same.

The ground sausage was stuffed into 5.08 cm by 40.64 cm fibrous

cellulose casings. The stuffed sausages were rinsed with water at

82°C and hung for 15 hours in a chilled room at 0°C. The sausages

were weighed and transferred to a smokehouse. The smokehouse was

programmed for a cooking and smoking cycle of 43°C dry bulb and

29°C wet bulb with continuous smoke for 10 hours then cooked at

115°C for 1 hour so that the internal temperature of sausages reached

60°C. The sausages were cooked in the smokehouse
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and washed with hot water, dried, weighed and transferred to a H°C

chilled room. The product was stored for 5 days at 4°C before evalu

ation by a sensory panel.

Microbiological Analysis

Eleven grams of each sausage sample were weighed aseptically into

a sterile blender jar, 99 ml of sterile distilled water were added and

the mixture was blended for 30 seconds. Serial dilutions were pre

pared for total bacterial count, coliform count and lactic acid bacteria

count. Pour plates were prepared with Standard Methods agar for

total bacterial counts, Violet Red Bile Agar (VRB) for coliform counts

and All Purpose Tween (APT) for lactic counts, and they were incu

bated at 32°C. VRB plates were read after 24 hours incubation and

the others after 48 hours incubation according the the guidelines of

the American Public Health Association (APHA, 1972; Speck, 1976).

Samples for bacterial counts were taken at two stages: immediately

before stuffing and immediately prior to sensory evaluation.

Chemical Analysis

Measurements of pH were made prior to stuffing and before

sensory evaiuation. Samples weighing approximately 30 g were blended

for 1 minute with ICQ ml of distilled water. The mixture was filtered

through Whatman No. 1 filter paper under vacuum. The pH of the

filtrate was measured with a pH meter which was calibrated with com

mercial buffers of pH 7.0 and pH 4.0 (Haymon, 1979).
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Proximate Analysis

Percent protein, fat, moisture and ash were determined on

duplicate samples obtained from the final product according to AOAC

(1980) methods.

Sensory Evaluation

Sausages were cut into slices (0.5 cm thickness) with a Hobart

meat slicer. A three digit number was assigned to each level of soy

extended sausage. Five sausage samples (0%, 5%, 10%, 15%, and 20%)

were randomly arranged and served at one time on a plate accompanied

by unsalted crackers to a sensory panel consisting of 25 persons. All

samples were served under fluorescent light. The members of the

panel were asked to rate the samples on an eight point hedonic scale

(Larmond, 1977) where 1 = disliked extremely and 8 = liked extremely.

The panelists were asked to comment on overall acceptability. Three

replications were made and the data were analyzed by analysis of

variance (Steel and Torrie, 1960). When significant, means were

separated by Duncan's Multiple Range Test (Duncan, 1955).

I II. RESULTS AND DISCUSSION

Total bacterial counts and lactic counts were approximately equal

in unprocessed samples (Figure 6). Therefore, the lactic acid bacteria

required for the fermentation were the predominant microflora. During

the smoking and cooking process, the total counts were reduced by

log^Q 2.0/g and lactics were reduced by 3 log^^ cycles (Figure 6).

Coliform counts in unprocessed sausage were the same in all samples.
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However, no coliforms were detected in samples obtained from the

processed product at a dilution of 1:10.

The pH in the unprocessed products ranged from 5.78 to 6.13

(Table 1). There was a significant difference (p < 0.05) in pH of the

nonextended and soy extended samples but not among various soy

extended sausage samples. The pH of the final product ranged from

4.77 to 4.87 with no difference among samples (p < 0.05) A decrease

in pH was apparent during processing. This decrease progressed to a

common end range among all the treatments. The pH decrease with 0%

soy was significantly different from that of samples containing 15 and

20% soy. This may be attributed to the increased availability of

carbohydrate for lactic acid producing bacteria during fermentation.

Similar results for soy extended ground beef were obtained by Keeton

and Melton (1978). Although the pH of soy extended and nonextended

sausage products was significantly different before processing, a

reduction in pH was accomplished during processing by which products

of uniform pH were obtained.

Table 4 also indicates the percentage moisture loss during

processing. The nonextended sample lost 8.34% moisture, while the

soy extended samples lost in the range of 6.3 to 7.4%. This can be

attributed to the high water binding capacity of the textured soy

protein. No relationship was demonstrated between the amount of soy

and the percentage of moisture loss.

Table 5 presents the data from the proximate analysis. Moisture

content of the samples varied with varying levels of soy ranging form
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Table 4. Measurements of pH and Moisture Loss In Thuringer Sausage
During Fermentation Processing.

Moisture

pH of pH of pH Decrease loss during
% Hydrated Unprocessed Processed during processing

soy sausage sausage processing (%)

0% 5.78a 4.85a 0.94a 8.34a

5 5.90b 4.87a 1.03ab 6.32b

10 6.03b 4.80a 1.23bc 7.41b

15 6.05b 4.80a 1.27c 6.52b

20 6.13b 4.77a 1.37c 6.78b

abc,.
Means within columns sharing the same letter are not signifi-

cantly different (p < 0.05).

Table 5. Proximate Analysis of Processed Sausage Samples

% Hydrated
soy Moisture Fat Protein Ash

0 51.2a 23.9a 16.7a 2.9a

5 51.4a 24.lab 17.8a 3.0a

10 52.9ab 25.2abc 17.8a 2.9a

15 52.7ab 25.9bc 17.8a 3.0a

20 53.6b 26.2c 18.0a 3.2a

abc,,
Means within treatments sharing the same letter are not sig-

nificantly different (p < 0.05)•
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51.4 to 53.6% while the nonextended sausage sample had a moisture

content of 51.2%. The relationship between increasing soy level and

increasing moisture retention was observed by Coltry et al. (1976) in

pork sausage, and our study partially substantiated such a relation

ship. The significant increase in moisture content was with the 20%

soy extended sausage sample. Increased moisture retention in the 20%

soy sausage may become an important factor in commercial operations.

Fat contents also followed similar patterns to moisture contents.

The only difference was between nonextended and and 20% soy

extended sausage samples. There was no difference in the protein

content of sausage samples (p < 0.05), suggesting that the soy protein

compensated for the meat protein in soy extended samples. The

relationship between protein and moisture remained approximately at 1

to 3 ratio. This is a common range for sausage products (Terrell

et al., 1977). Ash content was also not significantly different among

the samples (p < 0.05).

A linear relationship (r = 0.98) between sensory scores and soy

level was observed (Figure 7) in the sausage samples. An important

observation was that none of the 25 panelists scored any sample less

than 5 (5 = like slightly). The mean scores for sausage containing 0%,

5%, 10%, 15% and 20% soy were 6.4, 6.2, 6.1, 5.8 and 5.7 respectively

thus showing a linear trend. Samples containing 15% and 20% soy

received somewhat low scores. Using Figure 7 a sausage processor

could determine the level of soy he might use and the type of
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consumer response he might expect and evaluate the most economical

combination. For example, if a processor wants to make a product

that would be liked moderately (panel score of 6) he can do so by

adding 12% hydrated soy. A processor could add up to 20% soy and

expect a mean panel score of 5.6 (midway between moderately and

slightly liked). These results were similar to the results obtained by

Baldwin et al. (1975) with soy extended turkey and beef patties and

that observed by Coltry et al. (1976) in soy extended pork sausage.

Berry et al. (1979) reported that there is a decrease in color intensity

and an increase in toughness with increased soy content in fermented

dry salami. Even, though no attempts were made in this study to

measure the color intensity or toughness objectively, no such obser

vations were indicated by any panelists in the comments section of the

sensory panel form. Soy extended samples agreed with all characteris

tics such as pH range, moisture, protein and fat levels suggested by

Terrell et al. (1977) as suitable in sausage formulations.

Another important result was a reduction in processing time. The

processing took 11 hours as compared to approximately 20 hours in the

process described by Kramlich et al. (1973). This is approximately a

45% savings in processing time which would contribute to savings in

cost. The shorter time arises from more rapid fermentation with soy

present. Target pH was reached sooner.

Plant proteins play an important role in the world's food supply.

By using plant proteins a substantial reduction in the prices of meat

products can be achieved, especially when the meat prices are steadily
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increasing and the soy prices are decreasing. Bird (1974), con

sidering soy prices at the time, reported that 5 million dollars a year

savings could be achieved by using soy extended meats in the nation's

school lunch system. In 1971, the Food and Nutrition Service

approved the use of up to 30% textured soy protein in the class A

menu for National School Lunch Programs (USDA, 1971). Based on

present meat and soy prices, the savings could be much higher than

what is reported in 1974. increasing meat prices affect the sausage

industry and are passed on to the consumers. This type of formula

tion resulted in a product of acceptable quality and achieved a

reduction in processing time, which would mean a substantial savings

for processors and consumers.
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CHAPTER IV

AFLATOXIN ANALYSIS

I. INTRODUCTION

Afiatoxins are proven to be potent carcinogens (Wogan and

Newborne, 1967) and powerful hepatotoxins (Patterson, 1973). The

analysis of afiatoxins in food products, particularly in animal tissue

products which contain high levels of fat, is essential for regulatory,

quality control and research purposes. Several methods of aflatoxin

analysis are available both by thin layer chromatography (TLC)

(Engebrecht et al., 1965) and by High Pressure Liquid Chromato

graphy (HPLC) (Pons, 1976, Engelstrom et al., 1977). Sample puri

fication is achieved by using silica gel columns (Pons, 1979). Sausage

products provide good substrates for toxigenic fungi. Because of

complexity the contaminated sausage products pose difficult problems in

aflatoxin analysis.

I I. MATERIALS AND METHODS

Microorganisms

Aspergillus parasiticus NRRL 3145 was obtained from the Northern

Regional Research Laboratory Peoria, Illinois. It was maintained on

2%/20% yeast extract/sucrose agar and periodically transferred onto

fresh medium.
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Preparation of Spore Suspension

Five mi of sterile 0,005% Triton X was added to slants containing

the fungus, shaken well and the spores were counted microscopically.

The suspension was then diluted to obtain a solution containing one

million spores per ml.

Preparation of Sausage Samples

Sausage samples containing 0 and 12.5% textured soy protein

(rehydrated with 1:3 water v/v for 15 min) and a commercial brand

Thuringer (obtained from local market) were sliced into 8 mm thickness

slices weighing approximately 25 g. The sausage slices were hung on

a looped thread and suspended above the salt solution in a wide mouth

jar (Figure 8). The slices were first immersed in 1% NaOCI for 30 sec

then rinsed with sterile water, blotted with sterile cotton gauze and

prepared for inoculation (Wu et al., 1974).

inoculation

One half ml of spore suspension was evenly sprayed on both sides

of the slice with a tuberculin syringe. The inoculated slices were

hung in two sets of wide mouth 946 ml Mason jars, one set containing

saturated KNO^ and the other set containing saturated (NH^jj^SO^^ to

obtain equilibrium relative humidities of 93% and 80% respectively

(O'Brien, 1948, Bullerman et al., 1969b). The inoculated sausage

slices were incubated at 31°C ±2 or 21°C ±2. Samples were pulled out

at 1, 2, 3 and 4 week periods and stored in a freezer at -10°C until

extraction.



SAMPLE

SALT

SOLUTION

Figure 8. Mason jar containing sausage sample.
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Extraction of Aflatoxin

Extractions were carried out by the Gregory and Manley (1981)

procedure with some modifications in homogenization and column

cleanup. The moldy sausages were thawed, the string and casing

were removed. The slices were then weighed and cut into small pieces

and placed in a Virtis homogenizer jar. Two g of citric acid and

8.4 ml saturated NaCI were added to the sample and homogenized for

1 min. The homogenized sample was then transferred into a 250 ml

Erienmeyer flask. Sixty ml acetone was added to the flask and it was

shaken for 5 min on a Burrell Wrist Action shaker. Two g of celite

was added to the flask and shaken again for 2 min. The sample was

filtered with a Whatman no. 1 filter paper under vacuum. The filter

cake was collected into a 250 ml flask and 40 ml of general extraction

solution (GES) was added. GES was prepared by combining 169 ml

HjO, 101 ml saturated NaCI, 725 ml of acetone and 4.85 g citric acid.

Samples were mixed again with the wrist action shaker for 5 min. The

material was filtered through Whatman No. 1 filter paper under

vacuum. The filtrates were pooled and diluted to 120 ml with GES.

To 60 ml GES filtrate, 8 ml of 40% lead acetate soln, 30 ml HjO and

2.8 g (NH^)2 S0^ were added and it was mixed on the wrist action

shaker for 5 min. The material was filtered again through Whatman

no. 1 filter paper under vacuum. The filtrate was transferred into a

separatory funnel, and lipids were removed by extracting with 40 ml

petroleum ether. The GES layer was extracted with 20 ml chloroform.

The aqueous layer was extracted with 20 ml chloroform-acetone (50 +
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50). The chloroform-acetone layer was collected and pooled with the

chloroform layer and evaporated to dryness under vacuum in a rotary

evaporator.

Sample Cleanup

Silica gel columns (Figure 9) were prepared by suspending silica

gel (60-200 mesh) in chloroform (8 g in 40 ml CHCI^). The slurry was

poured into 60 cm long glass columns. Excess chloroform was drained

and 1 g Na^SO^ was placed above the silica gel. Two ml of chloroform

were added to the flask containing dried sample to suspend the

material. Then the chloroform was poured into the silica gel column.

The chloroform layer was drained through the column and discarded.

Aflatoxins were collected with 50 ml chloroform: methanol (97:3) and

evaporated to dryness. The dry flask was rinsed with 2 ml methylene

chloride. The methylene chloride containing aflatoxins was filtered

through a 0.5 y microfilter into 3 ml vials and stored at -10°C.

Recovery of Aflatoxin: Part I

Experiments were conducted to determine if components in the

sausages themselves influenced the fluorescence of aflatoxins and

. Extracts of fresh nonextended (NE), soy extended (SE) and

commercial (CM) sausage samples were prepared according to the

procedure described by Gregory and Manley (1981); 100 yl of extract

from each sausage type was evaporated to remove methylene chloride

and brought back to 100 yl with chloroform to which 20yl each of pure

aflatoxin and were added. A standard was prepared with 20 yl
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SOLVENT

NaSO^

SILICA GEL SLURRY IN CHCI3

Figure 9. Silica gel cleanup column.



 

48

of pure aflatoxin and (1 ug/yl in CHCi^) in 100 yl chloroform.

Five yl of each sample and 5 yl of the standard were spotted on a

linear k silica gel plate (LD6D .250 y, Whatman, Clifton, NJ). Plates

were developed in a chloroform: acetone (90:10) solvent system

(Strzelecki et al., 1969).

The fluorescence was read using a SD 3000 spectrodensitometer

(Schoeffel Instrument Co. Westwood, NJ). The instrument was

adjusted for excitation of 365 nm and emission of 465 nm, slit width of

1.5 nm and band width of 1.5 nm. Chromatograms were obtained on

the SDC 300 Density computer (Schoeffel Instrument Co. Westwood,

NJ). Toxins were quantitated by measuring peak areas. Experiments

were conducted in duplicate. Means and standard deviations were

calculated.

Recovery of Aflatoxins: Part II

Experiments were conducted to determine recoveries of aflatoxins

8^ and from each sausage type. Levels of 10, 50 and 100 yg of

pure aflatoxin (1 yg/yl in chloroform) were spiked into nonextended,

soy extended and commercial sausage samples weighing approximately

25 g. The samples were held for 30 minutes to evaporate the solvent.

The toxin extraction and clean up procedures were carried out

according to the Gregory and Manley method (1981). Aflatoxin G^ and

were analyzed from the same sample. A 5 yl sample was spotted in

a linear k silica gel plate along with four levels (2 yg, 5 yg, 10 yg

and 20 yg) of pure standards of G^ and B^. The fluorescence was

read as described in part I. Based on the fluorescence of standards.



49

a standard curve was developed, which was used to quantitate afla-

toxin and In sausage samples. This experiment was performed

in three replicates and each sample had a duplicate. In addition, each

TLC plate was read twice. Means and standard deviations were calcu

lated.

ill. RESULTS AND DISCUSSION

Toxin Recovery: Part I

Recovery was measured in terms of increased or decreased flu

orescence of pure aflatoxins added to sausage extracts compared with

pure toxins in chloroform. Table 6 indicates the observed fluorescence

of sausage extracts (in chloroform) with known quantities of aflatoxin

and added compared to pure aflatoxin B^ and in chloroform.

The total toxin content of the control (5 yl) was measured to be

0.714 yg. Fluorescence levels were based on the assumption that

0.714 yg of pure aflatoxin B^ and gsve a 100% fluorescence and any

variations in fluorescence are attributed to the dissolving medium

(sausage extracts). The mean fluorescence of aflatoxin B^ in sausage

extracts was observed to be 108.0% while that of was 93.7%. The

level of fluorescence was not different among the samples. The

nonextended sausage extract had a B^ fluorescence of 111.8% (±11.0)

and a fluorescence of 97.9% (±15.6), the soy extended sausage

extract showed a mean fluorescence of 105.4% (±5.4) and 89.7% (±6.1)

for B^ and G^ respectively. Gommercial sausage extract showed a

mean fluorescence of 106.7% (±9.5) and 93.4% (±8.3) for B^ and G^
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Table 6. Fluorescence Levels of Sausage Extracts Spiked with 20 yg
Each of Aflatoxin and .

Sample
type

% Fluorescence^

. aflatoxin

Standard

Nonextended

Soy Extended
Commercial

100

111.8 (±11.0)
105.4 (±5.4)
106.7 (±9.5)

100

97.9

89.7

93.4

(±15.6)
(±6.1)
(±8.3)

Mean 108.0 93.7

All data are the means and standard deviations of duplicate
samples and duplicate runs.
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respectively. The standard deviation for fluorescence ranged from

5.4 to 11.0% and fluorescence from 6.1 to 15.6%. Based on the

observed fluorescence of B^ and toxin in sausage extracts, the

extracts appeared to have no significant effect on fluorescence of the

toxins.

Toxin Recovery; Part II

This part of the experiment was conducted to test the efficiency

of our extraction technique when a known quantity of toxin was added

to sausage samples and the entire system was subjected to the extrac

tion procedure. Sausage samples spiked with 10 pg of pure aflatoxin

B^ and G^ did not show detectable amounts of fluorescence on the TLC

plates and the peaks obtained on the chromatograms were not clear

enough to calculate toxin levels. Due to these facts, only the samples

spiked with 50 yg and 100 yg of aflatoxins B^ and G^ were used for

toxin recovery. The sausage samples, spiked with 50 yg of aflatoxins

had B^ recoveries ranging from 35.0% to 41.5% (Table 7) with a mean

of 38.7% while the G,| recoveries ranged from 46.6% to 49.7% with a

mean of 47.9%. The standard deviations for individual samples ranged

from 3.5 to 10.8% for B^ and 5.5 to 20.4% for G^. This set of samples

had higher recovery of G,j than B,| . Recoveries of aflatoxin B,| and

G,| were similar among the three types of sausage samples. Sausage

samples spiked with 100 yg of toxin had different recovery patterns

than the 50 yg spiked samples. The aflatoxin B,j recovery levels

ranged from 111.5% to 157.2% with an overall mean of 135.2%, while the

G^ recoveries ranged from 79.9% to 138.7% with an overall mean of
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Table 7. Recoveries of Aflatoxin B and G, from Three Types of
Thuringer Sausage Spiked with 50 and ICQ yg of Pure Afla
toxin in 25 g Sample.

% Aflatoxin
a

recovery

Sample
type

50 yg spiked 100 yg spiked

^1
Nonextended 41.5

(±10.8)
47.4

(±5.5)
157.2

(±48.6)
138.7

(±48.1)

Soy Extended 35.0

(±3.5)
49.7

(±20.4)
136.8

(±22.8)
79.9

(±20.1)

Commercial 39.5

(±5.7)
46.6

(±18.8)
111.5

(±15.7)
101 .6

(±37.9)

Mean

S.D.
38.7

2.7

47.9

1.3

135.2

22.9

106.7

24.2

All data are the means and standard deviations of three repli
cates each with a duplicate sample and duplicate TLC analysis.
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106.7%. The standard deviations for ranged from 15.7 to 48.6% and

for the standard deviations were between 20.1 and 48.1%. The

type of sausage did not affect the recovery levels of either toxin.

Higher percentages of recoveries were observed in sausage samples

spiked with 100 yg toxins than with 50 yg spiked samples. This was

indicated by the recovery levels of 38.7% for 8^, 47.9% for , in

samples spiked with 50 yg toxin and 135.2% for , 106.7% for G^ in

the samples spiked with 100 yg of toxin. Loss of fluorescence (quench

ing or loss of toxin) was not observed in samples in part I of the

experiment in which toxins were directly added to the sausage

extracts. Therefore, the problem lies in the extraction procedure.

The extraction medium consisted mainly of acetone, petroleum ether,

lead acetate, NaCI and citric acid. Meat components which were

removed during extraction process (i.e. fats, pigments) may have

interfered with the detection of aflatoxins either by inactivating or by

binding with them thus causing a loss of fluorescence. This inter

ference was observed only in samples spiked with 50 yg aflatoxins

possibly because 50 yg is close to the minimum level of detection.

Higher levels of G^ than B^ were observed in 50 yg spiked samples,

whereas higher levels of B^ than G^ were observed in samples spiked

with 100 yg of toxin (Table 7). A conversion of B^ to G^ and vice

versa may occur when both toxins are present if oxidative enzymes are

present. These factors present a difficult problem in the quantitation

of aflatoxins, in meat products.

Table 8 indicates the mean peak areas of various levels of afla

toxins B^ and G^ which were obtained to develop regression lines for
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Table 8. Means and Standard Deviations of Peak Areas of Various
Levels of Aflatoxin B, and G. Used to Develop Individual
Daily Standard Curves.

yg of Toxin spotted
Statistical ^

description 2 5 10 20
of

peak areas B^ G^ B^ G^ B^ G^

Mean^ 122.6 203.5 365.2 547.4 878.3 1200.9 1313.5 2053.8
std dev^ 41.3 90.8 174.7 208.8 685.6 783.1 341.1 833.2

g

Means and standard deviations of 10 observations each with
duplicate runs.
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quantitation of aflatoxins used in recovery experiments. Large

standard deviations ranging from 41.3 to 208.8 yg (33.7 to 38.1%) for

and 90.8 to 833.2 yg (40.6 to 44.6%) were observed with pure

afiatoxins at various times. These large deviations, plus the problems

with recoveries, made experiments difficult to duplicate with confi

dence. These problems also raise questions about the reliability of the

published analytical procedures in fermented sausages. A better

extraction system and a more suitable method of reading fluorescence

is needed to study afiatoxin problems in meat products. Because of

these problems, actual quantitation of aflatoxins was abandoned until

future research can be conducted. Instead a format was developed to

express the calculated toxin levels in terms of numerical values.

These values, ranging from 1 to 5, covered a broad range of toxin

values and are presented in Table 9.

Afiatoxin B^ in Sausage Samples

Aspergillus grew well in sausage samples. Afiatoxin B^ levels in
nonextended (NE) sausage samples increased until week II and then

stabilized during the remainder of the incubation period at 21°C.

Afiatoxin B^ reached a maximum at 1 week and then declined at 31 °C

(Table 10). Higher levels of toxin were observed at 80% RH than at

93%. This phenomenon was observed at both temperature levels. In

nonextended sausage samples relative humidity (RH) was a dominant

factor in afiatoxin B^ production. However, no toxin was detected at

week IV at 31 °C and 93% RH. This could be an error in detection

process or quantities might have been too low to detect. In soy
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Table 9. Aflatoxin Ranges Found To Be Present in Sausage Samples
versus Assigned Numerical Values.

Aflatoxin (mg/g.) sausage Assigned numerical value

0.0001-0.0050 1
0.0051-0.1500 2
0.1501-1.0000 3
1.0001-2.0000 n

2.0001 and above 5
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extended (SE) examples the toxin production leveled off at week I

without much change during the remaining period of incubation. More

toxin was produced at 21oc than at 31°C. The levels of relative

humidity did not affect toxin levels in SE samples at 21 °C, however, at

31 oc more toxin was observed at 80% RH than at 93%. In commercial

sausage (CM) toxin production leveled off at week I and did not

change during the rest of the incubation period. More toxin was

produced at higher temperature (31 °C) than at lower temperatures

(21OC). Relative humidity variations did not affect toxin production at

both temperature levels. The determining factor for maximum toxin

production varied with each sample. In NE sausage the determining

factor was the relative humidity (80%). In soy extended sausage the

determining factor was the temperature (210C), while in CM sausage

the determining factor was the combination of 31 ̂ C temperature and

incubation period. Variations in other environmental factors tested did

not affect the toxin production. The product specificity and optimum

conditions have been reviewed in the literature. The optimum condi

tions for toxin production in soy beans was 30°C at 99% RH (Davis and

Diener, 1970), 28-32°C in rice (Sorensen etal., 1967) 24-32°C in

synthetic medium at 90% RH (Northholt et al., 1976). Higher levels of

toxin were detected at 20°C than at 300C in stored meats (Bullerman

et al., 1969a). Substrate variations may also have contributed to the

toxin production in each type of sausage. SE sausage was different

than NE and CM samples because of Its soy protein content. The

commercial sausage had different spice and meat combinations than soy
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extended and nonextended sausage made in our laboratory. The

complexity of meat-meat and meat-soy combinations are possibly

responsible for variations in toxin levels. Although there were

differences in toxin production in the NE and SB sausages, they

followed no predictable trend.

Aflatoxin in Sausage Samples

Table 11 shows the aflatoxin production in sausage samples.

In nonextended (NE) sausage, toxin production leveled off at week II

without changing much during the remainder of the incubation period.

Temperature variations showed little effect on toxin production, how

ever, more toxin was generally produced at 80% than at 93% RH. The

similar optimum conditions were observed for aflatoxin production.

In soy extended (SE) samples, toxin levels remained approximately the

same throughout the four week incubation period with a slight decrease

in week I I. More toxin was produced at 21° than at 31°. Relative

humidity did not show any effect as in the case of aflatoxin 8^. In

commercial sausage (CM) a steady increase in toxin production was

observed at 21°C with increasing incubation time, however, no such

effect was seen at 31 °C. More toxin was produced at 21 °C than at

31 °C. RH had no effect at 21 °C but at 31 °C more toxin was produced

at 93% RH than at 80% RH.

The overall production of aflatoxin and was approximately

the same in nonextended sausage. However, more was produced

than B^ in soy extended and commercial sausage. Studies with afla-

toxins B^ and indicated that addition of textured soy protein (TSP)
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to the substrate did not cause an increase in production but

resulted in increased aflatoxin production (Patterson, 1977).

Afiatoxin is a base catalyzed oxidation product of aflatoxin ,

thus in soy extended and commercial sausage there may have been an

increase in base catalyzed hydrolysis resulting in higher levels afla

toxin G^. Lower quantities of aflatoxin B^ can also be explained in

terms of acid catalyzed conversion of aflatoxin B, to B., and B.. .
1 2 2a'

which is less fluorescent, harder to detect (Lindenfelser and Ciegler,

1970) and also 200 times less toxic than B^ (Lillehoj and Ciegler,

1969). Availability of zinc has been stated as a required factor for

aflatoxin production (Gupta and Venkatasubramanyan, 1975). Commer

cial sausage samples had higher levels of toxins than soy extended and

nonextended samples. The soy extended samples may have contained

phytates which affect Zn availability. However, because of similarities

in toxin content of soy extended and nonextended samples the role of

Zn appears unimportant in fermented sausage. Nitrate and pepper are

suggested to reduce growth and toxin production while sucrose and

garlic powder are found to stimulate the toxin production (Bullerman

et al., 1969b). The composition of the mixture of spices used in the

commercial sausage and in the spice mix used in preparation of

Thuringer sausage are not known. The differences in spices may have

some effect on higher levels of toxin in commercial sausage. It can be

assumed that the spice combinations might cause a reduction in B^

levels and an increase in G^ levels either by influencing conversion of

^1 ^1 inducing G^ biosynthesis. Because of complexity of
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meat and legume systems other factors not studied may have influenced

aflatoxin levels in Thuringer sausage.

It is suggested that toxigenic strains produce mycotoxins only in

stress conditions. Environmental and nutritional stress conditions are

suggested to stimulate aflatoxin production (Osborne, 1982). The

environmental stress causes an inhibition in the uptake of nutrients

and prevents replicatory growth leading to a metabolic imbalance.

Such metabolic imbalance triggers secondary metabolism by which

secondary metabolites such as aflatoxins are synthesized (Bu'lock,

1965). High protein, low carbohydrate foods support the fungus

growth but not toxin production under normal conditions (Bullerman,

1981). Carbohydrates are considered to be important for triggering

secondary metabolism whereby acetyl CoA, acetates and other small

molecules formed by primary metabolism are channeled into secondary

metabolic products (Patterson, 1977). The stress factors may also

vary with the substrate. Besides temperature, relative humidity and

substrate composition, the strain of the fungus also influences the

production of aflatoxins (Diener and Davis, 1967). Mycotoxins may not

be present in foods unless they are subjected to some type of stress

after being contaminated. Since sausage products are nutritious and

provide a good substrate, one way of preventing mycotoxin contamina

tion is to control the environmental conditions so that the fungi would

not grow and liberate toxin. As far as textured soy protein (TSP) is

concerned, it does not cause a substantial nutritional imbalance to

initiate excessive aflatoxin B^ production, but it does have a role in
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increased aflatoxin production if is present. These results are

in contrast to literature on bacterial quality of meat products, where

soy extended products are reported to be spoiled sooner than non-

extended ones. Since fermented sausages are more susceptible to

mishandling in terms of storage temperatures, mold growth can take

place fairly frequently. However, mold growth is customarily washed

away without getting concerned about the possible mycotoxin contami

nation. A slight increase in temperature of meat display cases or home

refrigerators may create suitable conditions for fungal growth and

possible toxin production by toxigenic strains of Aspergillus flavus and

A. parasiticus.

The procedures used for aflatoxin analysis (Gregory and Manley,

1981) were not highly successful for Thuringer sausage. The quanti

ties of toxin produced may not have been large enough or the pre

formed toxins may have been inactivated or modified because of the

interaction between the extraction solvents and the components of

meat/meat and meat/soy combinations. The detection processes by thin

layer chromatography (Strzelecki etal., 1969) were also not repro

ducible. Investigations cited in the literature did not focus on tightly

controlled recovery experiments. Before we consider the soy extended

meat products free of fungal contamination problems, suitable analytical

procedures must be developed. It is important to establish the status

of fungal contamination and toxin production in soy extended products.

From our study, it is apparent that aflatoxins B^ and G^ can be

produced in fermented sausages in both soy extended and nonextended

varieties.
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CHAPTER V

CITRININ ANALYSIS

I. INTRODUCTION

Citrinin Is one of the earliest described toxins. Its toxicity is

not as serious a health threat as that of aflatoxins. It is described as

a nephrotoxin in various species of animals. The naturally occurring

levels of citrinin were not significant enough to cause toxic effects in

laboratory animals (Friis et al., 1969). Because of its less common

occurrence and lower concentrations in food and feed stuffs, its con

tribution to pathogenicity might be limited. Presently there is no

evidence of citrinin being a major cause of kidney disease in the

United States (CAST, 1973). However citrinin is found to cause

kidney damage, growth retardation and eventual death in laboratory

animals (Ambrose and DeEds, 1946; Carlton and Tuite, 1970). There

fore, the presence of citrinin in foods may be hazardous to humans

and animals (Wu et al., 1974a). Its synergistic effect must also be

considered, particularly when foods are contaminated with several

types of molds.

II. MATERIALS AND METHODS

Microorganisms

Penicillium citrinin NRRL 5927 was obtained from Northern

Regional Research Laboratory, Peoria, Illinois. It was maintain on
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2%/4% yeast extract/sucrose agar and transferred periodically onto a

fresh medium.

Sample Preparation and Inoculation

The preparation of spore suspension, sample and inoculation of

spores were carried out in the same way as described in Chapter IV

for aflatoxin analysis.

Extraction of Citrinin

Citrinin was extracted by the procedure described by Jackson

and Ciegler (1978) with some modifications. The sausage samples were

thawed, thread and casing were removed and weighed. The samples

were cut into small pieces, placed in a Virtis homogenizer jar and

homogenized with 10 ml chloroform for 1 minute. The homogenized

material was transferred into a 250 ml flask and another 60 ml

chloroform was added to it. The material was shaken for 5 minutes on

a Burreli wrist action shaker. After shaking was completed, 25 ml

H^O and 10 ml conc. H^SO^ were added to the sample and allowed to

stand for 30 minutes. The sample was shaken again for 5 minutes and

filtered through Whatman No. 1 filter paper under vacuum. The

filtrate was transferred into a separatory funnel. The aqueous layer

was washed with 25 ml water and extracted with 40 ml 0.1 M NaHCO^.
The chloroform layer was reextracted with another 40 ml of 0.1 M

NaHCO^. The NaHCO^ layers were pooled and filtered with Whatman

No. 1 filter paper under gravity. The amount of filtrate was measured

and recorded, 10 ml of filtrate was saved for quantitation and the rest

was discarded.
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Quantitation of Citrinin

A citrinin standard curve was developed by the procedure

described by Damodaran et al. (1973). Pure citrinin (1 pg/vti in

chloroform) was dispensed into a series of 13 x 125 mm test tubes at

the levels of 5, 10, 20, 50 and 100 pg. Tubes were allowed to sit

undisturbed for 10 minutes to evaporate the chloroform. To each

tube, 3 ml of sodium carbonate-bicarbonate buffer (pH 10.0), 1 ml of

Folin's reagent and 1 ml of 15% Na^CO^ solutions were added. Tubes

were shaken well and incubated at 370C for 20 minutes. The blue

color which developed was read with a double beam spectrophotometer

(Shimadzu UV 190, Shimadzu Corp. Kyoto, Japan) at 640 nm, then

absorbance and standard deviations were calculated (Table 12).

Citrinin in extracts was calculated by the following regression

equation:

y = 0.0065X - 0.032

A formula was generated using the regression equation as follows:

Citrinin („g/g sampie) = x (V sa^HSW)] "CF

where

y = Absorbance

Vex = Total Volume of Sample Extract (ml)

Vsam = Volume of sample used in analysis (3 ml)

SW = sample weight (g)

CF = correction factor for each sausage type (Table 13)
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Table 12. Absorbance of Citrinin at Various Levels Used in Colori-
metric Reaction

•

Vol Absorbance Standard

yl mean deviation

5 0.014 0.0015

10 0.032 0.004

20 0.085 0.004

50 0.287 0.028

100 0.620^^ 0.019

2
r = 0.997; Intercept -0.032; slope 0.0065

g|

Mean of three replicates,

y = 0.0065X + (-0.0032).

Table 13. Absorbance of Unspiked Sausage Extracts.

Sample
type

Rep
1

Rep
2

Rep
3

Mean^ Standard

deviation

Nonextended 0.210 0.179 0.157 0.182 0,022

Soy Extended 0.240 0.241 0.254 0.245 0.006

Commercial 0.030 0.152 0.022 0.068 0.059

^Correction
extracts.

factor (CF) for citrinin quantitation from sausage
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Recovery of Citrinin from Sausage Samples: Part I

Experiments were conducted to determine if any interference by

tyrosine was occurring in the detection process of the mycotoxin

citrinin, because these two compounds react similarly with folin reagent

and both result in a blue color which can be read at 640 nm. Sausage

samples of approximately 20 g were extracted as described previously.

Three ml of extracts was used for the colorimetric reaction (Damoderan

et al., 1973). The blue color developed was read with a double beam

spectrophotometer (Shimadzu UV 190, Shimadzu Corp. Kyoto, Japan) at

640 nm. Means and standard deviations were calculated from three

replicates. Each observation was made in duplicate.

Recovery of Citrinin from Sausage Samples: Part 1 1

Experiments were conducted to evaluate any interference in

detection of citrinin by components of the sausage when known

quantities of the toxin were carried through the actual extraction

process. Levels of 50, 100, and 200 yl of pure citrinin (1 yg/yl in

chloroform) were spiked into nonextended, soy extended and commer

cial sausage samples weighing approximately 20 g. The samples were

held for 30 minutes to evaporate the solvent, the sausage extraction

and quantitation were carried as previously described.

11 1. RESULTS AND DISCUSSION

Table 13 indicates the absorbance of sausage samples when

extracts were subjected to the colorimetric reaction with folin reagent.

One of the main reacting constituents which may mimic citrinin is

tyrosine, thus tyrosine content interferes with citrinin quantitation.
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Mean absorbance of soy extended sausage samples was higher than

nonextended and commercial samples indicating the presence of free

amino acids including tyrosine in large quantities. The large quanti

ties may be the result of increased mechanical processing which the

textured soy protein has undergone thus causing increased protein

breakdown and the release of free amino acids. In addition, soy bean

may itself have high tyrosine content. The commercial sample showed

least absorbance indicating least interference if citrinin were to be

present in the sample, however, a large standard deviation among

replicates is evident. In estimating citrinin in high protein foods it is

essential to study. the background absorbance; this aspect was not

looked into in the previous studies reported in the literature.

After considering background absorbance, the actual quantitation

of recovery in sausage samples were carried out by using the differ

ence in absorbance of spiked sample extracts and the unspiked sample

of the same type of sausage. In some cases the soy extended samples

showed lower absorbance levels for spiked samples than that of the

unspiked sample, thus making it impossible to estimate the actual

quantity of citrinin. In commercial and nonextended samples the

citrinin recovery was calculated by using absorbance difference in the

standard regression equation (Y = 0.0065x - 0.032, Table 12). Based

on this method for nonextended samples showed recoveries of 274.9,

779.6, and 2379.8 yg of toxin for samples containing only 50, 100,

200 yg toxin. While the commercial samples showed 221 .6, 339.3 and

381.6 yg in 50, 100, 200 yg spiked samples. These values are
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corrected for background levels. These large quantities cannot be

citrinln. Possibly some of the free amino acids were released during

the extraction process and were reacting in the same way as citrinin

and causing the blue color to develop. Because of these discrepancies

actual quantitation of citrinin was abandoned. Instead a quantitative

method was used in identifying sausage samples that showed the

presence of citrinin. Citrinin levels detected in sausage inoculated

with P. citrinum were very low. In most samples, none was detected

after correction for background color caused by free amino acids.

Where citrinin was detected certain trends were apparent.

Citrinin Distribution in Thuringer Sausage

Table 14 indicates the citrinin distribution in different types of

Thuringer sausage samples maintained at 21 °C after being inoculated

with Penicillium citrinin spores. Even though the toxin distribution

was sporadic certain patterns were observed. Citrinin was more

frequently detected at a relative humidity of 93% than at 80%. Overall,

11 of the 48 samples (22.9%) showed a detectable level of toxin. Toxin

detection was more frequent (48%) in commercial sausage samples than

in nonextended and soy extended samples. The quantities detected in

commercial samples ranged from 19.21 yg/g to 77.9 yg/g of sausage.

Citrinin was least frequently detected (6.2%) in soy extended sausage

samples. The detection levels on soy extended ranged from 7.95 yg/g

to 12.49 yg/g sausage. Levels of toxin in nonextended sausage

samples ranged from 13.23 to 67.45 yg/g of sample. .



 
 

 
 

  

 
 

 

Ta
bl

e 
14

. 
Pr
es
en
ce
 o

r 
Ab
se
nc
e 

of
 C

it
rl
ni
n 

in
 
Sa

us
ag

e 
Sa
mp
le
s 

at
 2
1°

C 
an
d 

at
 
Di

ff
er

en
t 

Re
la

ti
ve

H
u
m
i
d
i
t
y
 a
n
d
 
I
n
c
u
b
a
t
i
o
n
 
P
e
r
i
o
d
s
.

W
e
e
k

1
W
e
e
k

I
I

W
e
e
k

H
i

W
e
e
k

I
V

%
R
h

%
R
h

%
R
h

%
R
h

8
0

9
3

8
0

9
3

8
0

9
3

8
0

9
3

S
a
m
p
l
e
 t
y
p
e

R
e
p

R
e
p

R
e
p

R
e
p

R
e
p

R
e
p

R
e
p

R
e
p

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

N
o
n
e
x
t
e
n
d
e
d

N
D
 
+

N
D

N
D

N
D

N
D

N
D

N
D

N
D
 
N
D
+

N
D

N
D
 
N
D
+

N
D

S
o
y
 e
x
t
e
n
d
e
d

N
D
 
N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D
 
N
D
+

N
D

N
D
 
N
D

N
D

N
D

C
o
m
m
e
r
c
i
a
l

N
D
 
N
D

N
D

N
D

N
D

N
D
+

N
D

+
N
D
+

+
+

N
D

N
D

N
D

N
D
 
=
 
N
o
t
 
D
e
t
e
c
t
a
b
l
e
.

+
 =
 
T
o
x
i
n
 
w
a
s
 
d
e
t
e
c
t
e
d
.



72

Table 15 indicates the citrinin distribution in sausage samples

incubated at 31°C. The relative humidity played a more prominent role

at 31®C than at 21°C. None of the samples incubated at 80% RH showed

detectable levels of citrinin. The duration of incubation from 1 week

to 4 weeks did not show any affect on citrinin production or detection.

The frequency of detection was higher (37.5%) in commercial sausage

than in the other two types of samples. The quantity of citrinin

detected ranged from 22.74 pg to 145.89 yg/g of sausage. Citrinin

was least frequently detected in soy extended sausage samples (6.2%).

Among the nonextended samples, 18.7% had a detectable level of

citrinin. Quantities ranged from 13.23 yg to 26.20 yg/g of sausage.

A comparison of Tables 14 and 15 showed that the incubation

temperature did not affect toxin distribution among the samples. The

number of samples determined to contain citrinin remained approxi

mately the same at both temperatures. Overall, the condition which

favored toxin occurrence was the higher relative humidity (93%), and

commercial sausage was the best substrate for toxin production.
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CHAPTER VI

SUMMARY

The use of soy and other vegetable proteins has become popular

in recent years. Among plant proteins, soy proteins are the most

common meat extenders in various products. The new environment

created by meat soy combination is known to contribute favourably to

bacterial growth. Toxigenic fungi have been identified in processed

meats as well as in soy beans. Environmental factors are known to

influence the toxin production in contaminated foods. The objectives

of this study were to develop a soy extended semidry Thuringer

sausage and study its sensory characters, and to study its potential

for production of the mycotoxins citrinin and aflatoxin.

Thuringer sausage was formulated by adding 0, 5, 10, 15 and 20%

textured soy protein. The products were cooked and smoked at

appropriate temperatures and relative humidities. Samples were

prepared in three replications and sensory evaluation was performed on

an eight point hedonic scale. A relationship between pH level and soy

content was observed among unprocessed samples. The pH ranged

from 5.78 for 0% soy samples to 6.13 for 20% soy samples. The

processed samples did not show any such relationship. The pH of

processed samples ranged from 4.77 to 4.87 with no significant dif

ference among samples (p < 0.05). A linear relationship was observed

between soy content and taste panel scores. Based on the taste panel

scores it can be concluded that soy extended Thuringer sausage can be
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formulated by adding up to 12% hydrated soy protein without any

adverse effect on the product. A reduction in processing time was

achieved.

The toxin production potential of the sausage samples was inves-

tigated by inoculating 10 spores of Aspergillus parasiticus or

Penicillium citrinum onto slices of nonextended (NE), soy extended

(SE) and commercial (CM) sausage. The inoculated slices were hung

in mason jars with a looped thread over saturated solutions of KNO^ or

to obtain relative humidities of 93% and 80% respectively at

21°C and 31°C. Samples were analyzed in 7, 14, 21, and 28 day inter

vals for aflatoxin , aflatoxin and citrinin. Two replications each

containing a duplicate was performed. Recovery experiments for all

three toxins were carried out using blank sausage extracts and spiked

sausage samples. The identification and quantitation of toxins were

performed by thin layer chromatography using regression equations

developed with pure toxin standards.

The level of aflatoxin recovery depended upon the level of toxin

present in the sample; 50 ng in 20 g sample appeared to be a

detectable limit. The extraction process and the chemicals used in

extraction caused a loss of fluorescence and/or loss of toxin. Com

ponents in sausage such as fats, pigments, and free amino acids which

were removed during extraction appeared to interfere with the detec

tion process. Recoveries could not be replicated with confidence.

Samples with pure toxins showed standard deviations ranging from

38-44%. Because of interference and large standard deviations actual
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quantitation of aflatoxins in sausage products was difficult to achieve,

instead a quantitative method was used in identifying and describing

afiatoxin and in sausage samples.

Aspergillus grew well in sausage samples. Toxin levels were

detected in all three sausage types as early as 7 days and remained

detectable until 28 days. Overall incubation time did not effect the

toxin levels. The effect of environmental factors varied with different

type of sausage. In nonextended (NE) sausage, higher afiatoxin

was detected at 80% relative humidity (RH) than at 93% RH. The

temperature variations did not show any influence on toxin levels. In

soy extended (SE) sausage samples, more afiatoxin B^ was produced at

21 °C than at 31 °C, more toxin was detected at 80% RH than at 93% RH.

In commercial (CM) sausage, more toxin was produced at 31°C than at

21 °C. Although there was a difference in toxin production in NE and

SE samples, they followed no predictable trends. Higher levels of

afiatoxin B^ were detected in CM sausage than in NE and SE sausage

types.

The levels of afiatoxin C^ followed the same patterns as that of

afiatoxin B^ in nonextended and soy extended samples, showing higher

levels at 80% RH than at 93% in nonextended samples and higher levels

at 21°C than 31°C in soy extended samples. In commercial sausage

samples, in contrast to B^, more C^ was produced at 31°C than at

21°C. At 31°C more toxin was produced at 93% RH than at 80% RH.

Overali afiatoxin B^ and C^ levels were the same in nonextended

samples, but in soy extended and commercial samples more C^ was
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detected than B^, suggesting higher production of or acid base

catalyzed conversion of to .

Because of interference from fats, free amino acids and other

components in sausage products, actual quantitation of citrinin could

not be achieved. Instead a qualitative measure was used to identify

toxin presence or absence. Detection of citrinin was sporadic among

sausage samples. Citrinin was more frequently detected at 93% RH

than at 80% RH. Overall 11 of the 48 samples (22.9%) showed a

detectable level of citrinin. Toxin was more frequently detected in

commercial sausage samples and less frequently detected in soy

extended samples. . The factor of relative humidity played a more

prominent role at 31°C than at 21°C.

Even though no actual quantities of aflatoxins or citrinin were

measured, mere presence of these toxins in Thuringer sausage is an

important consideration for the safety of such products when contami

nated. Addition of soy protein neither increased nor decreased the

risk of potential for toxin production. Since temperature and relative

humidity have proven to be important factors in toxin production,

these products should be properly stored. An efficient method for

toxin analysis and quantitation is an urgent necessity.
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SENSORY EVALUATION SHEET

DATE TASTER PRODUCT

You wi ll be receiving five samples of semi-dry (summer) sausage to evaluate
for overall acceptabi l ity. Whi le evaluating take Into consideration flavor,
texture, and color. Mark at the point that best describes your feeling about
the sample. Please give a reason for your decision. Also Indicate the sample
which you prefer most In the space provided at the end of the sheet. An honest
expression of your personal feeling wi ll be valuable to this research.

Like extremely

Like very much

Like moderately

LIke s 11ght1y

Dislike siIghtly

Dislike moderately

Dislike very much

DlslIke extremely

REASON REASON REASON REASON REASON

Which sample do you prefer? (please write In the code number)
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