
AN ABSTRACT OF THE THESIS OF 

Sergio C. Feijoo for the degree of Master of Science in Food Science and Technology 

presented on January 9, 1991 

Title:    Rapid Assay for Bacillus Proteinases in Raw Milk as Detected by a Simple 

Casein Denaturation Method 

Abstract approved:   w   „ 
^       \^     Floyd W. BodjtMt 

A casein agar diffusion method was developed to detect and quantify pertinent 

levels of proteinases produced in raw milk supplies by heat resistant Bacillus 

sporeformers. In order to optimize the required heat treatment conditions of raw milk 

samples, trials that involved a combination of different temperatures and times were 

evaluated. A heat treatment of 750C for 20 min was the most effective for recovering the 

highest number of surviving spores. A sporulation broth containing five different 

minerals and supplemented with 0.2% nonfat dry milk was used to maximize spore 

production in all heat-treated samples. 

A 6-casein based assay detected proteinase activity from raw milk samples that 

ranged from 0.093 to 4.034 units/mg which corresponded to zones of B-casein 

precipitation in the B-casein agar of 5.0 and 15.0 mm respectively, and was compared to 

Protease Type VIII (from B. licheniformis). This assay correlated well with the 

fluorescein isothiocyanate casein-labeled assay (FITC), R=0.995 (Protease Type VIII). 



Proteases of Bacillus origin such as Protease Type IX, X, XV and XXXI were also 

evaluated but were rejected in favor of a broader range of activity expressed by Protease 

Type VIII. For an initial set of 370 raw milk samples, no quality deterioration, such as 

coagulation or bitter taste was observed in heat-treated (750C for 20 min) and incubated 

samples (7.20C for 10 days). However, during the winter season, 18 of 75 incubated 

samples (7.20C for 10 days) tasted slighdy bitter and exhibited a slight degree of casein 

precipitation. One sample coagulated but exhibited no proteinase activity on the 6-casein 

agar gel, hence it was considered a false negative. The positive results for proteinase 

activity from raw Grade A samples tested by the B-casein agar diffusion method did not 

correlate either with fresh spore counts (R=0.21) or post-heat treatment incubation counts 

(R=0.03) or with psychrotrophic sporeformer counts (R=0.06). 

The B-casein agar diffusion method is simple, rapid and sensitive to Bacillus spp. 

proteinases, but was unreliable in projecting results related to the psychrotrophic 

sporeformer count. Consequently, further research is required to establish optimum 

conditions (time and/or temperature) and inoculum volumes into sporulation broth for 

attainment of a more positive correlation between B-casein agar precipitation zones and 

psychrotrophic sporeformer populations of either raw or processed milk samples. 
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Rapid Assay for Bacillus Proteinases in Raw Milk as 

Detected by a Simple Casein Denaturation Method 

INTRODUCTION 

Heat-resistant sporeforming psychrotrophic bacteria produce proteolytic enzymes 

in raw milk that are responsible for causing marked deterioration of milk quality (bitter 

off-flavor and/or protein coagulation: sweet curdle). In general, the microbiological 

procedures that are used for isolating, enumerating and confirming the presence of 

thermoduric psychrotrophs are laborious, time consuming and do not directly provide 

information about potential proteolytic activity. Thus, the adoption and development of 

a simple, rapid and sensitive assay for relatively low concentration of protease in raw 

milk could suffice to provide early awareness or warnings about problem milk supplies. 

Another important feature of such a method is that it could be both qualitative and 

quantitative. 

Currently, with increased success in controlling post-pasteurization contamination 

by gram negative psychrotrophs, attention has turned to sporeforming bacteria, which 

have developed psychrotrophic growth characteristics, and the group which predominantly 

comprises this category is Bacillus species. These microorganisms appear in the raw milk 

supply from contaminated water, from teats of cows (McKinnon and Pettipher, 1983), 

from soil and milkstone deposits in bulk tanks and pipeline gaskets (Cannon, 1972), 

and/or post-pasteurization contaminants (Phillips and Griffiths, 1986). While in the spore 

state,   these   organisms   are   able   to  produce   degradative   enzymes   (e.g.   lipases, 
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phospholipases and proteinases) similar to those of non-sporeforming psychrotrophs, 

which result in flavor and quality defects in dairy products (Cousins, 1982). 

The combination of both thermoduric and psychrotrophic properties within the 

same microorganisms represents marked potential for causing spoilage in perishable milk 

products. The use of higher pasteurization temperatures and extended refrigerated storage 

of raw and pasteurized milk and cream products increases substantially the significance 

of this group of microorganisms. 

The proposed methodology to detect residual protease activity of psychrotrophic 

Bacillus involved the use of B-casein in a special agar mediuim for quantitating the extent 

of proteolysis. The movement or progress of a precipitated protein has been reported to 

be directly proportional to the concentration of proteolytic enzyme obtained from prepared 

milk samples (Lawrence and Sanderson, 1969). 

The objective of this research was to establish a rapid and simplified test to detect 

and quantify low levels of proteinase, produced by heat-resistant sporeforming Bacillus 

in Grade A raw milk. Currently there is no available simplified and rapid method for the 

determination of residual microbial proteinase in either heat treated milk samples or 

processed milk products. 



REVIEW OF LITERATURE 

Prevalence of Thermoduric Psychrotrophs in Milk 

The current trends of the dairy industry toward prolonged refrigerated storage of 

raw milk prior to processing, the application of higher pasteurization temperatures, and 

the extended times for distribution and storage of processed milk before consumption has 

served to bring greater focus on the importance of the microbial group known as 

thermoduric psychrotrophs. The presence of these Gram positive, sporeforming bacteria 

in raw and processed milk has been extensively documented and investigated over the last 

20 years or more in the United States and Great Britain. In early reviews, studies on 

thermoduric bacteria (Hitemann, 1940; Thomas et al., 1950; Jayne-Williams, 1960; and 

Franklin, 1960) have reported on the incidence, significance, influence of heat treatment, 

and the effects of the organisms on the quality of fluid milk and cream. Various 

investigators have emphasized the variable nature of sporeforming microorganisms and 

their several points of entry into milk (animals, bedding, feed, pasture, milking equipment 

and storage tanks, transport tankers, and processing equipment) throughout the stages of 

production and processing of milk products. Most notably, the earlier published studies 

pointedly indicate that all isolated sporeforming microorganisms were essentially 

mesophilic in nature, although occurrence of some thermophilic sporeformerss were cited 

(e.g. required incubation temperatures in the range of 55-650C for growth and 

enumeration).    A wide variety of Bacillus has been isolated from either raw and/or 
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pasteurized milks (Table 1).   B. subtilus, B. licheniformis, and B cereus have been the 

most often encountered Bacillus species, and B. cereus var. mycoides, B. circulans, B. 

coagulans, and B. megaterium have generally been isolated less frequently (Thomas et 

al., 1950, Meer et al., 1987). Numerous countries have reported finding Bacillus in raw 

milk supplies, namely Australia, Great Britain, France, Holland, India, Italy, Japan and 

the United States. Defects linked to these organisms have been reported since 1903 and 

the association of B. cereus and B. cereus var. mycoides with sweet curdling and the 

"bitty" defect was reported as early as 1938 (Jayne-Williams, 1960).  This investigator 

demonstrated that the development of bitty cream could be suppressed when the product 

was stored at 50C, which was indicative of the non-psychrotrophic properties of the 

isolates.   Although extensive studies were apparently conducted, these investigators did 

not   indicate  if  the  bacterial   isolates   simultaneously  possessed   thermoduric   and 

psychrotrophic characteristics. 

The  official  or more  definitive  terminology  "psychrotrophic  bacteria"  was 

established at the 1976 International Dairy Federation meeting.   Psychrotrophs were 

defined as "those microorganisms that are able to grow at 70C or less; irrespective of their 

optimal growth temperature" (Collins, 1981).  It appears that thermoduric psychrotrophs 

may have originated from mesophilic microorganisms that eventually adapted the ability 

to grow at low temperatures. This explanation (Grasskopf and Harper, 1974) is based on 

the observation that specific isolates of Bacillus lost their ability to grow at refrigeration 

temperatures when maintained for sometime at 2\0C as compared to the psychrotrophic 

characteristics of previously isolated Bacillus spp. 



Table 1 Psychrotrophic  Bacillus   species   commonly   isolated   from   raw   and 
pasteurized milks. 

Organism Reference Organism Reference 

B. brevis 1,2,5,7 B. lentus 3,7,8 

B. cereus 2,3,4,5,6,7,8 B. licheniformis 1,3,5,7,8 

B. cereus var. 7 B. maceraus 1,2,3,4,5,8 
mycoides 

B. circulans 1,2,3,5,6,7 B. megaterium 1,2,3,5,8 

B. coagulans 1,2,3,5,6,7 B. polymyxa 1,2,4,5,6,7,8 

B.firmus 2,7 B. pumilus 1,3,6,7,8 

B. laterosporus 1,6,7 B. subtilus 1,3,4,6,7,8 

References: 1) Shehata and Collins (1971); 2) Chung and Cannon (1971); 3) Grasskopf 
and Harper (1974); 4) Washam et al. (1976); 5) Johnson and Bruce (1982); 
6) Sharma et al. (1984); 7) Phillips and Griffiths (1986); 8) Meer, R. 
(1987). 
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Grasskopf and Harper (1969)  first reported the presence of psychrotrophic 

sporeforming bacteria in both raw and pasteurized milk. In their study, the loss of quality 

of pasteurized milk stored at 40C for four weeks was attributed to the outgrowth of B. 

coagulans. Since then, three other psychrotrophic Bacilli, namely B. brevis, B. cereus and 

B. Ucheniformis were isolated.   Subsequently, a number of researchers have isolated 

thermoduric psychrotrophs from milk (see Table 1). 

A large range of values has been reported for the incidence of psychrotrophic, 

sporeforming bacteria found in both raw and pasteurized milk and milk products. 

Bodyfelt (1980) suggested that 20-25% of shelf-life problems associated with pasteurized 

milk could be related to heat-resistant psychrotrophs. In a survey conducted by Bodyfelt 

(1986) and Meer (1987) which analyzed Oregon Grade A raw milk for flavor quality and 

shelf-life potential, heat-resistant sporeforming psychrotrophs were found at a level of 

> 100 CFU/ml for 25% of 555 samples. Martin et al. (1961) found sporeforming bacteria 

in 300 raw milk samples; and of 350 isolates 94% were from the genus Bacillus and 6% 

from the genus Clostridium.   Grasskopf and Harper (1969) isolated B. coagulans that 

grew in pasteurized milk stored at 20C for 13-17 days, and they reported a generation 

time of 24 to 30 hr under these storage conditions.   They also isolated psychrotrophic 

sporeformerss from 25% of milk supplies tested.   Chung and Harper (1971) found that 

83% of raw milk samples collected from 18 producers had spore counts of psychrotrophic 

bacteria that ranged from 2 to 900 spores/ml.  Typical spores (studied at 70C) had a log 

phase of 8 to 14 days with a generation time of 22 to 26 hr during the log phase of 

growth.   Langeveld (1973), reported a 12 hr generation time at 50C for psychrotrophic 
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Bacillus isolates from milk in contrast to the long generation time observed by the 

previous investigators. Shehata et al. (1971) demonstrated the generation time for given 

psychrotrophic Bacillus to be 5 hr at 7.20C.  Mikolajcik and Simon (1978) investigated 

the microbial quality of 109 Ohio raw milk samples. Microorganisms were isolated after 

heat treatment for 12 min at 80oC with subsequent incubation at 1, 2 and 4 weeks.  The 

psychrotroph spore count at time zero ranged from less than 1/ml (39% of the samples) 

to a maximum of 140/ml.  After incubation for 14 days, 34% of the samples had counts 

> 1 X 107ml, and after 28 days 71% of the samples had counts > 1 X 106/ml.  Coghill 

and Juffs (1979) found sporeforming psychrotrophic bacteria in 31% of 167 pasteurized 

milk and cream samples in Queensland, Australia. 

They also indicated that for B. cereus and probably for other Bacillus species, 

spore germinations generally took place during or following heat treatment of milk. They 

particularly noted that germination was optimal at temperatures of 65-750C. 

Consequences of Thermoduric Psychrotrophs 

in Milk and Dairy Products 

The effect of thermoduric psychrotrophs in fluid milk and milk products is similar 

to that of other spoilage bacteria. Off flavors, e.g. bitter, putrid, unclean, stale, rancid, 

fruity, yeasty, and sour, have been associated with these microorganisms (Washam et al., 

1977; Mikolajcik and Simmon, 1978; Collins, 1981; Cousins, 1982; Coghill, 1982). 

Washam et al. (1977) inoculated isolated Bacillus spp. in sterile milk at a 0.5% level and 
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incubated at 7.20C. B. macerans, B. polymyxa, B. laterosporus, B. subtilus, B. lentus, B. 

cereus and B. sphaericus were associated with the following defect combinations: fruity 

and sour; sour, yeasty and gassy; sweet curdling, bitter and unclean; sweet curdling and 

bitter; sour; sweet curdling and bitter, sour and unclean respectively.   Shehata et al. 

(1971)  associated a fruity  off-flavor,  often  followed  by  a rancid  note,  to  milk 

contaminated with B. circulans; fruity was the primary flavor defect, along with an 

unclean defect, for both B. coagulans and B. laterosporus. Bacillus cereus and B. cereus 

var. mycoides have been associated with additional defects such as sweet curdling in fluid 

milk and bitty cream which are caused by the production of proteolytic and lipolytic 

enzymes, respectively (Overcast and Atwarm,  1974; Cox,  1975; Mikolajcik,  1978; 

Bodyfelt, 1980; and Cousins, 1982). 

The proteinases produced by thermoduric psychrotrophs have been shown to attack 

principally casein and to a lesser extent the milk serum proteins (Bengtsson et al., 1973). 

This proteolysis of milk proteins leads to gelation of UHT processed milk, sweet curdling 

of milk, bitter and unclean off-flavors in cheese, decreases in cheese yields, and textural 

and body defects such as wheying off in cultured dairy products (Cousins, 1982; Dairy 

Research Review, 1986).   Collins (1981), based on a California survey, reported that in 

the spring season about 25% of carton bottom surfaces of homogenized milk (stored at 

7.20C for 12 days) exhibited large microbial colonies ("buttons" or pellicles) that were 

approximately .3 to .6 cm in diameter.   Furthermore, he stated that if the cartons are 

stored for 19-20 days, about 90% will eventually contain buttons. Often, the presence of 

these buttons may go unnoticed by the consumer of the affected product.  Phillips et al. 
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(1981) measured the growth and associated enzymatic activity of spoilage bacteria in 

pasteurized cream and found that Bacillus species which were isolated were mainly 

proteolytic.   None were only lipolytic, however a number of the isolates demonstrated 

both proteolytic and lipolytic activity. 

Lipolytic activity, or the production of lipases by thermoduric psychrotrophs, has 

been demonstrated to produce both rancid and fruity off-flavors. The fruity defect arises 

from the esterification of free fatty acids (Cousins, 1982). Thermoduric psychrotrophs 

have been shown to produce phospholipases, particularly phospholipase-C or lecithinase 

(Fox et al., 1976). It is believed that these phospholipases have a degradative action on 

the fat globule membrane, which results in increased susceptibility to the action of lipases 

(Fox et al., 1976). It has also been suggested that the degradation of the fat globule 

membrane by lecithinase results in the aggregation of fat globules leading to the bitty 

cream defect which is frequently observed in cream products (Cox, 1975; Coghill, 1979); 

Mikolajcik, 1978; Cousins, 1982). 

Bacillus species isolated by Johnson and Bruce (1981) demonstrated a variety of 

biochemical capabilities which would be of significance in milk spoilage: e.g., 84% 

hydrolyzed casein, 73% were proteolytic in litmus milk, 77% were lecithinase positive, 

57% hydrolyzed cream, and 8% fermented lactose. 

Tinuoye and Harmon (1975) inoculated thermoduric psychrotrophs (200 to 1,000 

organisms/ml) in sterile whole and skim milk. Sensory defects were detected in samples 

that possessed bacterial populations of 3 or 4 million CFU/ml. This level of growth was 

reached within 6 days at 7.20C. Punch et al. (1965) showed that psychrotrophic microbial 
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populations of 5 to 20 millions/ml in samples of pasteurized milk held at 6-20oC were 

associated with physical and flavor defects. However, Tinuoe and Harmon (1975) noted 

that the temperature for organisms to produce degradative enzymes (i.e. proteases, Upases, 

and carbohydrases) is usually lower than the optimum temperature for cell division. 

Thus, it is possible for milk that is held at refrigeration temperatures to develop off- 

flavors caused by microbially produced enzymes, even though the microbial population 

remains below that normally associated with microbial caused defects. 

Behavior of Sporeforming Psychrotrophs in Milk 

Shehata et al. (1971) measured the replication times, the growth rates, and 

temperature characteristics of 12 cultures (9 species) of Bacillus isolated from milk and 

demonstrated growth at refrigeration temperatures. The cultures were separated into two 

groups. Group A, consisted of B subtilis, B. circulans RH3 and B. coagulans T53 and 

T54, which grew at 0oC and showed growth characteristics similar to those of 

psychrotrophic strains of Pseudomonas. Group B consisted of 8 cultures: B. 

licheniformis, B. circulans F7, B. coagulans F8, B pumilus, B. laterosporus, B. brevis, B. 

cereus, and B. megaterium, and exhibited minimal growth temperatures of 5 to 70C and 

other growth characteristics found in between psychrotrophic Pseudomonas and 

mesophilic bacteria. 

Mikolajcik and Koka (1968) studied the influence of heat treatment of milk on 

germination, outgrowth and subsequent vegetative growth of B. cereus spores. The spores 
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with and without heat shock (80oC for 12 min) were inoculated at a rate of l(f/m\ into 

4 types of milk: raw, pasteurized (62.80C for 30 min), high heat (100oC for 10 min) and 

autoclaved (1210C for 10 min). Following 2 hr incubation at 350C, 27.3, 89.7, 65.2 and 

15.6% of the non-heat shocked spores and 67.8, 99.5, 94.9, and 83.5% of the heat 

shocked spores had germinated in the raw, pasteurized, high heat, and autoclaved milk, 

respectively. These results indicated that heating of spores (and milk in which they are 

germinated) resulted in marked increased rates of germination. The investigators also 

inoculated cells that were in their exponential growth phase in several milk systems. 

Although the growth of vegetative cells in raw milk was half of that of the heated milk 

for the first 30 min, additional incubation resulted in no differences in generation time or 

number of generations. Mikolajcik and Koka (1968) concluded that heat treatment of the 

spores from this group of microflora stimulated germination and consequent outgrowth, 

while heat treatment of the milk affected the initial rate of active cell multiplication. 

Donovan (1959) demonstrated that while milk was not a good sporulation medium for 

Bacillus species, the stationary films of milk on equipment surfaces served as ideal 

conditions for sporulation. Additionally, in their judgment, the dilution of milk sufficed 

to increase the percentage of sporulating organisms. These equipment "cleanliness" 

conditions are typical consequences of inadequate clean-in-place (CIP) systems of farm 

or plant raw milk storage tanks, especially when these tanks are not allowed to drain or 

dry sufficiendy. Factors affecting germination and growth of spores in milk as reported 

by Phillips and Griffiths (1986) are the occurrence of either fast or slow germinating 

species or strains, distinct seasonal variations, and the point source of milk contamination 
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by spores. Additional factors that may contribute to the rate of germination according to 

Davies (1977) are somatic cell counts, interactions between milk components, and the 

severity of heat treatment(s). 

Labots and Hup (1964), Wilkinson and Davies (1973) and Stewart (1975) all 

reported that spore germination rates depend on their specific environmental source. 

While spores isolated from soil and feces tend to be relatively fast germinators, those 

isolated from raw milk and milking machines appeared to be comparatively slow 

germinators. Davies (1975) suggested that large numbers of B. cereus spores that appear 

in pasteurized milk can be contaminants derived from the dairy processing plant 

environment instead of the dairy farm. Davies also suggested that B. cereus spores 

isolated from raw milk were comparatively slower germinators than spores isolated from 

pasteurized milk, which is indicative that B. cereus isolates from pasteurized milk were 

more likely derived from dairy plant contamination of the milk. This same theory was 

also stated in a published investigation by Phillips and Griffiths (1986). They reported 

that the average shelf-life of those milks from which Bacillus organisms were associated 

with post-pasteurization contamination was approximately 2.5 days less than milk which 

was relatively free of Bacillus. After 14 days storage at 60C the percent of isolates 

identified as Bacillus species from the milks was similar, 80.4% for the post-heat 

treatment contaminated samples and 74.3% for the non-contaminated samples. 

Johnson and Bruce (1982) reported thermoduric psychrotrophs in 27.2% of raw 

milk samples collected from 1040 farms in Western Scotland. Eighty-five percent of the 

isolated microorganisms were identified as belonging to the genus Bacillus and 9% to the 
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Coryneform group. The sampling period was from March to July, and seasonal variation 

in the incidence of Bacillus was observed.  During the period of March to April, when 

most of the cows were kept indoors, the level of contamination was 27.3% compared to 

16.7% from April to July when cows were kept outside during the day and night.  This 

was also observed by Ridway (1954) who investigated the keeping quality of 3,753 

bottles of commercially sterilized milk incubated at 2 different temperatures, 37-380C and 

23-240C. In both cases the highest incidence rate of unsatisfactory milk quality occurred 

during the winter months (November-April).  This investigator believed that the greater 

milk quality problem stemmed from increased contamination of teats by bedding.   By 

contrast, Phillips and Griffiths (1986) observed that although the total mesophilic bacteria 

count varied little throughout the year (from both creamery silo and bulk farm tank milk 

samples), thermoduric sporeformers were isolated in greater numbers during the winter, 

while psychrotrophic sporeformers were higher during summer months.    In another 

investigation, McKinnan and Pettipher (1983) also demonstrated that the thermoduric 

spore counts in farm bulk tanks, collection tankers, silos, and pasteurized milks were 

lower in the summer than in the winter.   Furthermore, it was demonstrated that when 

cows were on pasture the milk tended to manifest a higher proportion of psychrotrophic 

sporeforming organisms than when cows were confined indoors. As a consequence, milk 

produced from cows on  pasture exhibited a  higher proportion of psychrotrophic 

sporeformers than milk from cows housed indoors on bedding. 

Shehata and Collins (1972) studied, the heat resistance of psychrotrophic spores, 

isolated  from  pasteurized  milk,  in   sterilized  milk.     They     found  and  reported 
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corresponding D-values (in minutes at 90oC) for each isolate: B. circulans, 4.4; B. brevis, 

4.8; B. pumilus, 5.1; B. licheniformis, 6.2; and B. laterosporus, 6.4.   Spores from three 

of the organisms as well as B. cereus, B. pumilus, and B. laterosporus were also tested 

for their thermal resistance at 950C. These values, along with D-values for Bacillus spp. 

tested by Mikolajcik (1970) are listed in Table 2.   The organisms tested by Milolajcik 

(1970) were the Bacillus previously isolated by Martin et al. (1962) from a given milk 

supply, except for B. licheniformis ATCC 10716, B. coagulans ATCC 2050, and B. 

megaterium 9. Skim milk was used as the medium for determining thermal resistance in 

the latter study. Shehata and Collins (1972) concluded from their data that psychrotrophic 

spores were less heat-resistant than mesophilic spores.    Mikolajcik (1970) made no 

reference as to whether the isolated spores were mesophilic or psychrotrophic; as stated 

previously, all but 3 isolates were obtained from raw milk. Laine (1970) suggested that 

the temperature at which the spore is formed is important for determining the relative heat 

resistance of spores.    Law et al.  (1979) worked with B. sphaericus isolates  and 

demonstrated that spores produced at lower temperatures tend to have lower thermal 

resistance characteristics than those produced at higher temperatures. 

Sporeforming Bacteria and Their Proteolytic Activity 

Sharma et al. (1974) investigated the presence of proteolytic sporeforming 

psychrotrophic bacteria in 51 raw milk samples. Twenty of the samples had proteolytic 

psychrotrophic spore counts in the range of 1-5 CFU/ml, 3 samples had more than 5 



Table 2 Thermal resistance of selected Bacillus species at 950C. 
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Organism Thermal resistance at 95oC 

D value(min.) Z value(0C) Ref. 

B. licheniformis 17.76 
A-l 

B. licheniformis 20.50 
A-5 

B. licheniformis 12.10 
ATCC 10716 

B. cereus 1 10.16 
B. cereus 7 14.40 
B. pumilus 4.03 
B. cereus var. 10.90 

mycoides 
B. coagulans 6.90 

ATCC 7050 
B. laterosporus 5.95 
B. circulans 4.75 
B. megaterium 9 6.50 
B. sphaericus 7.60 
B. cereus 1.80 
B. pumilus 1.40 
B. laterosporus 2.10 

6.4 

6.8 

7.8 

9.6 
7.1 
7.5 
7.6 

9.1 

7.0 
11.5 
8.4 
9.1 
9.4 
9.7 
10.1 

1 
1 
1 
1 
2 
2 
2 

References:     1) Mikolajcik (1970); 2) Shehata and Collins (1972) 
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CFU/ml, and 28 samples were negative. However, after subsequent pre-incubation (70C 

for 7 days), 14 samples had proteolytic psychrotrophic spore counts in the range of 1-5 

CFU/ml, 14 had 6-10 CFU/ml, 11 had 11-15 CFU/ml, and 1 sample had a count of more 

than 15 CFU/ml.  The proteolytic activity ranged from 20 to 480 units/ml.  One unit of 

enzyme activity was defined as the amount of enzyme required to release TCA soluble 

fragments that produced a blue color equivalent to 1 pg of tyrosine/hr at 370C.   The 

method used to harvest the protease enzyme and measure activity was that of Keay and 

Wildi (1970) with modifications.   Twelve of the isolates (24%) demonstrated protease 

activity that ranged from 51-100 units/ml and 10 isolates (20%) had enzyme activity 

greater than 300 units/ml. 

Chopra et  al.  (1984)  measured the proteolytic  activity  of  171   strains  of 

thermophilic bacterial cultures isolated from several fluid milk samples and milk products. 

The criteria used to distinguish organisms that were thermophilic was their ability to grow 

at 550C (facultative) and 650C (obligate) when plated on tryptone dextrose yeast extract 

agar (TDYA) and incubated for 48 hr.   These were recorded as thermophilic bacteria 

count (TBC). A proteolytic thermophilic count was made on TDYA with a 10% addition 

of sterilized skim milk.  Market raw milk contained the highest viable count (plated on 

TDYA for 48 hrs at 370C), although the TBC and PTC were greater in pasteurized 

products than in raw milk samples.    The method of Keay and Wildi (1970) with 

modifications was used to harvest the enzyme and measure proteolytic activity. Fifty of 

the 171 isolates demonstrated a proteolytic activity greater than 100 units/ml at 550C. 

Only 10 isolates had a proteolytic activity >100 units/ml at 650C.  All of the 50 isolates 
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that demonstrated a proteolytic activity >100 units/ml at 550C were identified as belonging 

to the genus Bacillus.  Twenty-nine were B. stearothermophilus, 12 were B. coagulans, 

5 were B. circulans, and 4 were B. licheniformis.   The heat resistance of the isolated 

proteinases was also tested.    It was found that proteinases produced by five B. 

stearothermophilus organisms and one B. licheniformis retained 100% of their activity at 

temperatures up to 950C for 30 min. 

Proteolysis in Milk and Dairy Products 

The first indication of naturally occurring proteolytic enzymes in milk was 

published by Reimerdes in 1874. Storrs and Hull (1956) also contributed substantially 

to the belief that the proteolytic enzymes are a natural constituent of milk. Harper (1960) 

stated that raw milk usually, but not always, contains a small and variable amount of 

proteinases, and that the extent of, proteolysis is slight in higher quality milks. Shahani 

(1966) reported that at least 19 enzymes have been found in normal cow's milk. The 

enzymes that occur naturally in milk could be categorized as those: a) enzymes acting 

as a hydrolytic group, b) enzymes having a physiological role, c) enzymes associated with 

the microsomal particles of milk, and d) enzymes having an unknown role. Proteinases 

and peptidases constitute the primary enzyme forms in bacteria responsible for proteolysis 

in milk (Webb and Johnson, 1965). 

Most of the work on identification of native milk proteinases has been with 

trypsin-like enzymes (Cheu and Landford, 1971; Dulley, 1971; Kaminogawa et al., 1971 
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and Tomich and Eigel, 1976). These enzymes belong to the group of serine proteinases 

and predominantly hydrolyze B-casein (Groves et al., 1972). Also, results indicate that 

the trypsin-like enzyme system consists of two serine proteinases and, in addition, a 

chymotrypsin-like enzyme. Reimerdes and Herlitz (1979) has stated that during cold- 

storage of bulk milk at 2 to 60C, large quantities of B-casein dissociate from micelles into 

milk serum primarily because of its hydrophobicity and changes in the salt equilibrium, 

and behavior has been similar for proteinases associated with micelles. According to 

Humbert and Alais (1979), this proteolytic activity brings about a modification of the 

electrophoretic pattern of milk proteins. 

Pennington et al. (1913) observed that when milk was held at 0oC, the following 

phenomena were noted: a) proteolysis of casein was primarily of bacterial origin, b) 

proteolysis of lactalbumin was primarily due to native enzymes of the milk and, c) both 

enzyme systems in combination gave rise to more rapid proteolytic changes than either 

system alone. Warner and Polls (1945) stated that proteolysis which occurred in casein 

solutions was attributed to the presence of an enzyme on the basis of the following 

evidence: a) the activity was affected by heat, b) the activity had a definite optimum pH, 

c) the activity could be concentrated, and d) the proteolysis proceeded in sterile solutions 

containing enzymes but no living organisms. 

Sandivik (1962) mentioned that the interpretation of the food spoilage potential 

of proteolytic bacteria should include the possible residual effect of the enzyme after 

pasteurization or sterilization. Extracellular enzymes, produced by microorganisms in 

refrigerated foods before heat treatment, may not be completely inactivated by the heating 
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and may be active in the stored product (Mayerhofer et al., 1973).    More recently, 

Christen and Marshall (1984) demonstrated that protease enzymes survived 70oC for 30 

min; however, when heating was at 40oC for 30 min, proteolytic activity decreased 

significantly. Adams et al. (1965), Marshall and Marstiller (1980), and Mayerhofer et al. 

(1973) have shown proteinase inactivation at 630C for 15 hr, 7\0C for 8 hr and 1210C for 

9 min.   Adams (1975) compared the inactivation of MC60 protease at 1490C to the 

inactivation of bacterial spores to establish the ultra-high-temperature (UHT) sterilization 

parameters. This proteinase was more than 4,000 times more heat-resistant than Bacillus 

stearothermophilus spores.    The high heat resistance of psychrotrophic proteinases 

suggests that their destruction by extreme heat is impractical (Adams et al., 1975). 

According to Barach et al. (1976), the destruction of heat-resistant bacterial 

proteinases at sub-sterilization temperature may be feasible. Surprisingly, maximum 

inactivation occurred at the relatively low temperature of 550C. However for lower 

process temperatures to be effective, it is most essential that the inactivation treatment be 

reliable at all encountered proteinase concentrations. The extent of proteinase inactivation 

appeared to be independent of the enzyme concentration and, therefore, could be 

conceivably effective at the low proteinase levels typically found in raw milk. 

Adams et al. (1975), Christen and Marshall (1984) and, Marshall and Marstiller 

(1980) have stated that the optimum temperature and pH ranges for proteinase activity are 

5 to 50oC and pH 6 to 8. Half (46%) of the variability of proteinase activity was 

explained by milk pH, by psychrotrophic bacteria and by the stage of lactation. Humbert 
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et al. (1983) mentioned that the second half (54%) of this variability in activity could be 

only due to variations of the native milk proteinase system(s). 

According to Bishop et al. (1985); Cousins (1982), Hockney and Cousins (1981), 

Juffs (1975), White et al. (1978), the degree of measurable proteolysis can be directly 

correlated with the incidence of the naturally occurring "bitter" taste (off-flavor). Jansen 

et al. (1982) reported a significant relationship between proteinase activity and flavor 

score of whole and skim milk at 70C. In addition, this investigation also concluded that 

because the shelf-life of skim milk was significantly less than that of whole milk, and 

proteinase activity was significantly higher in skim milk as compared to whole milk, the 

increased proteinase activity in the skim fraction may be partially responsible for its 

decreased shelf-life. 

Nakai et al. (1965) mentioned that the successful use of UHT treatment of milk 

can be hindered by heat-stable enzymes in milk. White and Marshall (1973), and Thomas 

and Mills (1981) showed a reduction in shelf-life of Cheddar and cottage cheeses due to 

the addition of a heat-stable protease enzyme. Speck and Adams (1976) introduced the 

following methods for controlling heat-stable proteinase in milk: a) prevent 

contamination by psychotrophs, b) prevent growth and metabolism by psychrotrophs by 

use of lower temperature and decreased aeration, addition of antibiotics and other 

inhibitors, and addition of starter organisms, c) UHT-inactivation, and d) inactivation at 

sub-pasteurization temperatures. 
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Methods for Detection of Proteolysis 

In an effort to evaluate the efficacy of a B-casein agar diffusion assay for its 

ability to detect minute levels of proteinase, we considered the characteristics of some 

previous and current methods used for detection of proteolytic activity. The once 

traditional procedure for measurement of milk product proteolysis was the Hull (1947) 

method. The Hull test relies on the reaction of the Folin-Ciocalteau reagent with tyrosine 

and tryptophan for measuring the extent of proteolysis. Furthermore, this method requires 

the addition of both sodium carbonate-tetraphosphate and phenol reagent for color 

development. However, this method is time consuming and lacks the necessary 

sensitivity (Richardson et al., 1979 and Richter et al., 1979). Cliffe and Law (1982) 

developed a rapid method for determining the proteolytic activity in milk based on 

digestion of an insoluble protein-dye complex, the hide powder azure (HPA). However, 

McKellar (1983) has reported that some variation of HPA results may also be related to 

the lack of uniformity in surface area of HPA particles, leading to variation in apparent 

substrate concentration. Chism et al. (1979) introduced a sensitive assay for protease 

activity based on the reaction of primary amino groups with trichloroacetic acid-soluble 

peptides and amino acids with fluorescamine. This method was found to be suitable for 

determining proteolytic activity in sterile milk products. This was basically a 

modification of Schwabe's fluorescamine method (1973); it provided good detection of 

proteases in UHT-sterilized milk as well as proteases from other sources. 
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McKellar (1981) found the trinitrobenzene sulfonic acid (TNBS) method to be 

more suitable for detecting proteolysis than the Hull procedure.   The TNBS method is 

based on the reaction of amines with TNBS. One of the unfortunate inconveniencies of 

this method is the manner in which TNBS is sold by the supplier, i.e. in flasks that 

contain only a 0.5% concentration solution. This requires large volumes of reagent for 

analyses.    Church et al. (1983) introduced a spectrophotometric assay based on o- 

phthaldialdehyde for determination of proteolysis in milk and isolated milk proteins. 

Because all hydrolytic products are assayed, the method is more accurate than procedures 

that rely on the properties of aromatic residues.    In addition, this assay method for 

proteolysis is also considered to be more sensitive since o-pthaldialdehyde and 6- 

mercaptoethanol form adducts that have similarly high absorption with all but two alpha- 

amino groups (e.g., a weak reaction with cysteine and none with proline).  Furthermore, 

the o-phthaldialdehyde assay is more rapid and convenient than methods using ninhydrin, 

TNBS or fluorescamine (Bishop and White, 1986). In addition, an immunological 

detection procedure (Hutkins and Marshal,   1981), a dialysis  method (Mistry and 

Kosikowski, 1983), the azocasein method (Christen and Marshall, 1983) and the azocolf 

procedure (Levisohn and Aronson, (1967). Twining (1984) introduced a protease assay 

that used soluble fluorescein isothiocyanate (FITC)-labeled casein.   In this procedure, 

FITC is highly fluorescent and reacts with amino groups of most proteins by a simple 

reaction to yield the fluorescein thiocarbamoyl (FTC) derivative.   This assay is very 

sensitive, relatively inexpensive, reproducible and uses a basic fluorometer. 
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Christen (1986) compared the radio-labeled casein assay, casein fluorescein 

isothiocyanate (FITC) assay, TNBS assay and Hull methods for protease activity 

assessment.   She concluded that the FITC and radio-labeled casein approaches were 

roughly equivalent; the latter assay was 10 times more sensitive than the TNBS assay and 

100,000 times more sensitive than the Hull method. Hence, we adopted the FITC method 

as a reference procedure for this study. 

Proteolytic Activity of Psychrotroph Sporeformer 

Bacillus in Raw Milk 

The production of proteolytic and lipolytic enzymes can vary between species 

(Gordon et al, 1973). Shehata et al. (1971) isolated B. circulans, B. laterosporus and B. 

coagulans that produced fruity off-flavors in sterile milk at 7.20C, followed by the 

production of rancidity by B. coagulans and unclean off-flavors by the other two 

organisms. Washam et al. (1977) isolated B. laterosporus, which produced bitter and 

unclean off-flavors and sweet curdle. Sharma et al. (1984) determined the proteolytic 

activity of 50 psychrotrophic Bacillus isolates ranged from 20 to 480 units/ml, where one 

unit of enzyme activity was defined as the amount of enzyme required to release 

sufficient TCA-soluble fragments to produce a blue color equivalent to 1 pg of tyrosine/hr 

at 370C. Their proteolytic assay was a modification of the method used by Keay and 

Wildi (1970), which was based on the frequently used method of Hull (1974). Chopra 

et al. (1984) also used a modification of the Keay and Wildi (1970) method to quantify 
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the proteolytic activity of thermophilic isolates from a variety of milk and milk products. 

The proteolytic activity of 171 isolates ranged from 20-500 units per ml. All 50 isolates 

that showed >100 enzyme units/ml were identified as belonging to the genus Bacillus. 

Safety and Public Health Aspects of Concern 

Although the main concern about the occurrence of Bacillus species in milk and 

milk products is their impact on shelf-life reduction, and product yield, public health 

aspects also need to be considered. Bacillus cereus has been shown to cause two 

different forms of gastro-enteritis as well as being capable of causing mastitis, systemic 

infection, and gangrene (Johnson, 1984). The two types of food-borne illness are caused 

by two distinct toxins; one is responsible for emetic outbreaks characterized by nausea 

and vomiting within 0.5 to 6 hr after ingestion of contaminated food, and the other which 

is associated with the onset of watery diarrhea and abdominal cramps and pain occurring 

6 to 15 hr after consumption of contaminated food. In this latter syndrome nausea may 

occur, but vomiting rarely occurs. 

A summary of the current knowledge of B. cereus toxins was provided by Gilbert 

and Kramer (1984). The diarrheal toxin, a true enterotoxin, is capable of causing fluid 

accumulation in ligated rabbit ileal loops, altering vascular permeability of rabbit and 

guinea pig skin, and killing mice when injected intravenously. Oral administration of the 

enterotoxin to rhesus monkeys causes diarrhea and in high concentrations is capable of 

causing necrosis in skin and intestinal mucosa.  Laboratory detection of the enterotoxin 
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includes ligated rabbit ileal loop, vascular permeability assay, tissue culture assay, 

immunogel diffusion and aggregate hemagglutination. The enterotoxin is synthesized and 

released during the late exponential phase of growth, at a temperature optimum of 32- 

370C and a pH range of 4-11.   This emphasizes the importance of proper temperature 

control of dairy products in addition to other sanitation measures to maximize shelf-life. 

The emetic toxin requires mesophilic temperatures for its production (25-30oC) and is 

stable in the pH range of 2-11.   The production of the emetic toxin occurs during the 

stationary growth phase. The chemical mechanism of the emetic toxin is not known and 

laboratory detection is conducted by monkey feeding trials. 

Emetic outbreaks seem to be almost entirely associated with rice, although a 

investigation done by Johnson et al. (1984) found that rice did not appear to select for 

survival of emetic strains over diarrheal strains. Outbreaks of emetic illness have also 

been reported in other starchy foods such as macaroni and cheese and vanilla slices 

(cream puffs). Unconfirmed cases due to feta cheese and skim milk powder may have 

involved B. cereus (Johnson, 1984). Foods involved in diarrheal type outbreaks are 

varied and range from vegetables and salads to meat dishes and casseroles. 

Cases of B. cereus food poisoning in milk-based products have been reported in 

Eastern Europe. An outbreak of B. cereus food poisoning was reported which resulted 

from ingestion of ice cream (mainly by school children) which was manufactured under 

faulty conditions (Bulyga et al., 1973). Another case involved children who drank milk 

heavily contaminated (21 X 107 CFU/ml) with B. cereus.   Approximately 81% of the 
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children who drank the milk became ill within 8-11 hr and the symptoms disappeared 

within 5-10 hr without drug treatment (Vlad and Vlad, 1972). 

Isolation of B. cereus from food involves plating on differential and selective 

media. The most commonly used media formulations include mannitol-egg yolk- 

polymixin (MYP) agar, KG agar, blood agar, polymyxin-pyruvate-egg yolk-mannitol- 

bromothymol blue agar (PEMBA), and a similar formula substituting bromocresol purple 

for bromothymol blue (PEMBA). Several of these formulas used polymyxin as an 

inhibitory agent for competitive organisms and are designed to use the mannitol negative, 

lecithin-hyrolyzing nature of B. cereus for differentiation. Typical B. cereus colonies on 

the PEMBA plates are peacock blue with a surrounding zone of precipitation, while 

colonies on the plates containing bromocresol purple (PEMPA) are mauve in color with 

the same zone of precipitation (Szabo et al., 1984). Harmon et al. (1984), concluded that 

MYP was slightly superior to PEMBA and trypticase-soy-polymyxin blood agar because 

the B. cereus colonies on this medium were more easily differentiated from those of other 

species. Szabo et al. (1984) indicated that the PEMPA medium was more advantageous 

based on decreased incubation time, only 18-22 hr required compared to 24-48 hr with 

PEMBA. Also, on PEMPA there is an increased ease of recognizing presumptive 

colonies. 

The literature has also implicated Bacillus subtilus in outbreaks of food poisoning. 

Bacillus subtilus, an organism known to be responsible for causing ropy bread, has been 

linked as the causative agent of a specific type of food poisoning within individuals that 

had eaten bread that was contaminated heavily with this organism (Riemann, 1969). 
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Other foods that have been linked with B. subtilus food poisoning include fish, pickled 

fish, and turkey.   Symptoms associated with this organism in order of severity include 

diarrhea, abdominal cramps, nausea, prostration, and vomiting (Riemann, 1969). 

Agar Plate Assays for Detection of Proteolytic Activity 

Quality problems such as sweet curdle and/or bitter off-flavor in milk and milk 

products are related to the proteinases produced by heat-resistant psychrotrophic 

sporeforming Bacillus. Several methods for detection of proteolytic activity of enzymes 

from microbial origin are described in the literature (Bishop and White, 1985). However, 

due to its simplicity, accuracy and ease of performing, a diffusion method that uses agar 

as a matrix was described and advocated by Christen and Marshall (1984). This method 

employed a casein digest agar, which was prepared by adding an additional 1 % (wt/vol) 

agar, and following autoclaving, the addition of 5% (vol/vol) sterilized nonfat dry milk 

(10%, wt/vol) to Standard Methods (PCA) agar. After sonication for 1 min at the 

maximum level, the medium (12.5 ml per plate) was dispensed into 85 mm Petri dishes 

and allowed to solidify on a level surface. Evenly spaced holes of 4 mm diameter were 

formed in the agar with a flame-sterilized cork borer. The center hole served as a 

negative control, the inoculum level was 5 ml and the plates were incubated upright for 

24 hr at 370C. Following incubation, zone diameters were measured and the area of zone 

converted to a log10 value in mm2. 
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In contrast to the work of Christen and Marshall (1984), Adams et al. in 1965 

developed a disc method for the detection of protease activity.  In this method a sterile 

12 mm filter paper disc was placed on the top surface of PCA which was supplemented 

with 1% nonfat dry milk, then moistened with test material and incubated for 48 hr at 

320C. After the disc was removed, several milliliters of .72N trichloroacetic acid (TCA) 

were poured onto the agar surface to precipitate the milk proteins.   A zone of clearing 

underneath the original position of the disc served to indicate protease activity. The zone 

diameter was measured when a method of quantitating protease activity was desired. 

When  protease activity was indicated, the  sterility of the disc  was confirmed by 

incubating it in sterile nutrient broth. A linear relationship between the zone area and the 

amount of protease absorbed onto the disc was confirmed by assaying for known amounts 

of protease. 
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MATERIAL AND METHODS 

Sample Collection 

Raw milk samples were collected from Grade A producers located across western 

Oregon through a local milk hauler and obtained in a random order to avoid intentional 

replication of the same producer. Samples of processed milk (pasteurized and 

homogenized) were purchased from several retail food stores in Corvallis, Oregon, or 

obtained directly from several Oregon dairy processors. The samples were packed in ice 

chests (maintained below 4.40C) and transported to the laboratory, where they were 

analyzed immediately upon arrival. A total of 445 Grade A raw milk and 26 commercial 

pasteurized milk samples were collected and analyzed in this study. 

Determining Heat Treatment Parameters 

The heat treatment of milk at 80CC for 10 (or 12) min is the current standard 

procedure for enumeration of heat-resistant psychrotrophic bacteria (Richardson, 1985). 

However, in order to maximize the rate of Bacillus spore survival, different combinations 

of temperature and holding time were evaluated. Initially, samples that consisted of 20 

ml of 10% reconstituted nonfat dry milk (RNDM) were transferred to a set of sterile 200 

X 25 mm screw cap tubes, inoculated with known amounts of Bacillus spores and placed 

in a water bath equipped with a shaker (New Brunswick Scientific Co.). Heat treatments 
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of 750C for 5, 10, 15 and 20 min; 80oC for 5, 7.5, 10, 12 min and 850C for 2.5, 5, 7.5 and 

10 min (excluding the heating come-up time) were evaluated (refer to Figs. 3 and 4). 

Temperatures were monitored by using a control tube which contained the same amount 

of sample and an accurate laboratory thermometer. 

Raw Milk Plate Counts 

Standard plate counts (SPC) (Richardson, 1985) were performed on all raw milk 

samples just prior to heat treatment at 750C for 20 min. Immediately after heat treatment, 

samples were plated on plate count agar (PCA) at 30oC for 48-72 hr to detect surviving 

spores (fresh spore count [FSC]). Aliquots of each heat-treated sample were incubated 

for 10 days at 7.20C, and following incubation, another SPC was performed. The formed 

colonies were considered and recorded as heat-resistant psychrotrophic sporeformers 

(PSFC). 

Pasteurized Milk Plate Counts 

The protocol for microbial analysis of pasteurized commercial milk samples was 

similar to the raw samples. The processed and heat treated samples were also incubated 

at 7.20C and monitored by sensory analyses for flavor and odor until the expiration of the 

pull (sell-by) date of each sample. 
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An Improved Sporulation Medium for 

Heat-Resistant Microorganisms 

Prior to testing for proteinase activity, in order to insure that all the heat-treated 

samples contained only spores and no vegetative form of heat-resistant microorganisms, 

1 ml of heat-treated sample was inoculated into 9 ml of a sporulation broth, which 

contained nutrient broth, five minerals and was supplemented with 0.2% NDM (Table 3). 

Each sample was incubated for 18 hr at 2\0C to facilitate sporulation of any vegetative 

cells that may have survived the 750C for 20 min heat treatment. 

Development of the B-Casein Agar 

Diffusion Gel System 

A horizontal agar diffusion gel system that incorporated B-casein (Sigma Chemical 

Co., St. Louis, MO) as the substrate for proteinase enzymes was developed (Table 4). 

The agar gel consisted of 2 solutions (A and B) that were prepared separately and then 

combined. Solution A consisted of 75 ml Tris-HCl buffer (pH 7.5) and 1.8 g agar 

(DIFCO). Solution B contained 0.6 g of B-casein for a final concentration of 0.545%, and 

19.0 ml of Tris-HCl buffer adjusted to pH 8.0. Solution A was autoclaved at 1210C/15 

min/15 psi, and solution B was prepared by allowing the B-casein to be dissolved 

completely by the Tris-HCl sterilized buffer over a period of 1-2 hours. 

Both solutions were combined and the pH adjusted to 7.25 (+0.05) with IN HC1 
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Table 3 Formulation  for basic  salt nutrient  agar and broth  used  to enhance 
sporulation of Bacillus spp. 

Agar (with 1% NDM*) Broth (with 0.2% NDM*) 

FeS04 - 7H20 

CaCl2 - 2H20 

MnS02 - H20 

KC1 

MgS04 - 7H20 

NDM* 

Nutrient Agar 

Distilled Water 

0.00028 g. 

0.074 g. 

0.002 g. 

1.000 g. 

0.250 g. 

10.000 g. 

23.000 g. 

to 1,000 ml 

FeS04 - 7H20 

CaCl2 - 2H20 

MnS02 - H20 

KC1 

MgS04 - 7H20 

NDM* 

Nutrient Broth 

Distilled Water 

0.00028 g. 

0.074    g. 

0.002    g. 

1.000    g. 

0.250    g. 

2.000 g. 

16.000 g. 

to 1,000  ml 

NDM* = Non Fat Dry Milk 
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Table 4 The B-casein agar diffusion gel system developed for the proteinase assay. 

A. Tris-HCl buffer (pH 7.5) 75.0 ml 
Agar (Difco) 1.8 g 

(autoclave @ 1210C - 15 min - 15 psi) 

B. B-casein [0.545 %] 0.6 g 
Tris-HCl buffer (pH 8.0) 19.0 ml 

1 -       Combine solutions .A and B and adjust pH 
to 7.25 (+ 0.05) with 1 N HC1 or IN 
NaOH as required, following addition of 
1% (by volume) of 0.1% Thiomersal solution. 

Dispense in Petri dishes (85 mm diameter) 
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or IN NaOH as required, following addition of 1% (by volume) of 0.1% Thiomersal 

solution. The prepared casein-agar was then dispensed into 85 mm Petri dishes at the rate 

of approximately 15 ml per plate.  This agar substrate was found not suitable for use as 

an assay medium after one week of pouring the plates. 

To the hardened agar, small cylinder holes or wells were made aseptically by 

using a sterilized 4 mm (internal diameter) cork borer. Each prepared B-casein agar plate 

was able to accommodate satisfactorily up to 6 wells, with each well able to accept an 

inoculum of 15 pi. A central well was designated for a negative control, and contained 

sterile  reconstituted NDM. 

One of the lateral wells was designated to accommodate an inoculum for a 

positive control, which consisted of a suspension that contained a known number of 

spores per ml. The remaining wells were filled with heat-treated samples. After all 

samples and controls had been inoculated (see Fig. 12), the inverted plate was incubated 

for 18 hr at 30CC to allow diffusion of the possible or suspect proteinases through the 

agar. Following incubation, plates were examined for proteinase activity as demonstrated 

by the clear zones of casein precipitation that surround the agar wells. The diameter of 

the precipitated casein band was measured by using a standard caliper device and 

recorded in millimeters. To better express the actual extent of casein precipitation, 4.0 

mm was substracted from the measured diameter of B-casein precipitation (band). The 4.0 

mm correspond to the diameter of the cork borer used to form the holes. 
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Determination of Proteolytic Activity 

Using a B-Casein Agar Diffusion Assay 

Prior to heat treatment at 750C for 20 min an aerobic plate count (SPC) was 

conducted on the milk. Immediately after heat treatment (750C for 20 min), samples (and 

control) were immersed in an ice water bath, a spore count was made and an aliquot of 

1 ml heat-treated sample was inoculated into 9 ml of nutrient mineral fortified broth 

supplemented with 0.2 NDM (Table 3). After 18 hr pre-incubation at 2rC, a 15 pi 

aliquot of each sample was inoculated into each B-casein agar well, and the plate (refer 

to Fig. 5) inverted and incubated at 30oC for 18 hr (Fig. 1). The proteinase activity, 

demonstrated by the zone of B-casein precipitation was measured and recorded (in 

millimeters, and plotted on a standard curve) (refer to Figs. 6 through 10) to obtain the 

corresponding relative fluorescence values which were subsequently converted to activity 

units of enzyme (Table 6). 

Fluorescent Casein Protease Assay and 

Determination of Proteinase Concentration 

A protocol describing fluorescent casein protease assay (Twining, 1984) is 

summarized in Fig. 2. Several concentrations of standard proteases of Bacillus (Sigma 

Chemical Co., St. Louis, MO) origin (Table 5) were diluted in 10% RNDM and 2 ml 

were added to 8.0 ml of 0.05 M Tris pH 7.6.  After homogenization, a 0.250 ml aliquot 
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1 ml milk + 9 ml sporulation 
broth 

Preliminary incubation 
at 210Cfor 18 hrs 

B-casein agar 

Incubation at 
30oC for 18 hrs 

Read plates for 
casein ppt. 

Milk sample 

Heat treatment at 
750C for 20 min 

SPC 

Sensory 
Observations 

SPC 

Incubation at 
7.20C for 10 d 

SPC 

Fig. 1 Protocol for assay for proteinases of heat-resistant 
Bacillus by a casein denaturation method. 
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was  combined  with  a  0.250   ml  of  a  mixture  of fluorescent  casein   (5  mg/ml), 

chlortetracycline (0.2 mg/ml), chloramphenicol (0.2 mg/ml) and sodium azide (0.8 mg/ml) 

in 0.05 M Tris (pH 7.6). Both aliquots were combined as a total volume of 0.500 ml in 

a plastic microcentrifuge tube.   This mixture was incubated for 18 hr at 350C and then 

a 1.0 ml of 7.5% trichloroacetic acid (TCA) was added to the mixture and allowed to 

stand for 30-60 min. This mixture was centrifuged for 5 min at 13,000 rpm by laboratory 

microcentrifuge (Tommy MC-150).   The pellet was discarded, the supernatant passed 

through a 0.45 pm sterile filter and diluted 10-fold in 0.5 M Tris buffer (pH 8.5).   A 

Perkin   Elmer  Fluorescence   Spectrophotomer   Model   650-10   S   equipped   with   a 

monochrometer was set to 490 mm excitation and 525 mm emission wave lengths and 

utilized to read all diluted supernatants in order to establish relative fluorescence units for 

each specific reference proteinase (Tables 8 to 12). Control samples which included only 

RNDM with no addition of enzyme were subjected to the same procedures. 

Simultaneously, aliquots of RNDM which contained different concentrations of the 

reference Bacillus proteinases were inoculated into the 6-casein system to determine their 

respective enzyme activities (Tables 8 to 12). 

Consequently, the fluorescence values that corresponded to various concentrations 

of proteinase were plotted against the results of the measurements obtained for the 

reference proteinases in the B-casein agar plates (Figs. 6 to 10). Hence, in order to 

determine the concentration of possible indigenous proteinases in the unknown milk 

samples, the activity values determined from B-casein agar plates were plotted on the 

calculated standard curves (Figs. 6 to 10) to determine the corresponding fluorescence 
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2 ml milk 
+ 

8 ml 0.05M Tris (pH 7.6) 

Homogenate 

FITC (5 mg/ml) 
chlortetracycline (0.2 mg/ml) 
chloramphenicol        (0.2 mg/ml) 
sodium azide (0.8 mg/ml) 
in 0.05 M Tris (pH 7.6) 

0.250 ml "Assay mixture   " 0.250 ml 

incubate 18 hr at 350C 

Add 1.0 ml 7.5% trichloroacetic acid (TCA) 

Set 60 min, at room temp, in the 
dark 

Centrifuge at 13,000 rpm for 5 min 

Supernatant 

pass through 0.45 pm filter 

dilute 10-fold in 0.5 M Tris (pH 8.5) 

Diluted supernatant 

Read in fluorometer 

0^= 490 nm; \m= 525 nm) 

pellet 
(discard) 

Fig. 2 Protocol of the casein fluorescein isothiocyanate (FITC) 
assay for measurement of proteinase content in raw milk 
samples. 
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units.   The fluorescence unit values were calculated based on the appropriate standard 

protease concentration (Table 5); then a determination of actual protease concentration 

was expressed as activity units based on the extent of 6-casein precipitation after 18 hr 

of incubation (Table 6). 

The Statview statistical package (Brainpower, Inc., 1986) was used to calculate 

the correlation coefficients for all data analysis in this study. 
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Table 5 Bacillus proteinase used for developing the standard enzyme activity units. 

Type" Proteinase 
Activity 
units/mgb 

Source 

7.8 B. licheniformis (subtilopeptidase A) 

0.9 B. polymyxa (mettaloenzyme) 

43.0 B. thermosaccarolyticum rokko 

0.36 B. polymyxa 

0.54 B. licheniformis 

VIII 

IX* 

X* 

XV* 

XXXI* 

a From Sigma Chemical Co. (St. Louis, MO) 
b Unit definition: One unit hydrolyzes casein sufficient to produce color equivalent 

to 1.0 p mole of tyrosine per min at pH 7.5 at 370C. 
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RESULTS AND DISCUSSION 

Microbial Analyses of Raw Milk Samples 

Standard plate count (SPC) results for 445 Oregon Grade A raw milk samples are 

summarized in Table 6. Fresh milk SPC counts ranged from 200 to 60,000 CFU/ml; 81% 

of the samples had counts < 20,000 CFU/ml. All raw milk samples met the USPHA/FDA 

requirements for Grade A raw milk, (i.e. < 100,000 CFU/ml). 

Psychrotrophic sporeforming counts (PSFC) for raw milk samples analyzed in this 

study are also included in Table 6. The PSFC represents survivor spores from the 

original milk sample that subsequently formed vegetative cells simultaneously exhibited 

psychrotrophic properties. Standard Methods for the Examination of Dairy Products 

(Richardson, 1985) recommends immediate plating of the samples after heat treatment 

(80oC for 12 min), followed by incubation of the plates at 7.20C for 10 days. However, 

in this study heat treated milk samples were subjected to 10 days incubation at 7.20C and 

subsequently SPC-plated for the psychrotrophic spore count (PSFC). It was assumed 

advantageous to allow the spores to germinate and thus facilitate the subsequent 

outgrowth of vegetative cells within the milk samples, which served to better simulate 

conditions that occur in commercial products, compared to probable germination rates and 

outgrowth in culture media. Bacterial counts conducted at day zero would not have 

included any injured cells, which typically require an extended lag phase for outgrowth 

in an appropriate medium.  The application of the 750C for 20 min heat treatment for 
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Table 6 Microbial analyses of 445 Grade A raw milk samples. 

Method Count No. of % of Total 
(CFU/ml) Samples 

Fresh SPC < 2,000 75 17.0 
2,000-5,000 220 49.5 
5,000-20,000 140 31.5 
20,000-40,000 2 0.5 
> 40,000 8 1.5 

Freshb < 1 0 0 
Spores < 10 89 20 
Count 10-50 289 65 

>50 67 15 

PHT/T < 10 22 5 
10-50 259 58 
>50 164 37 

PSFC < 1 0 0 
< 10 53 12 
10-50 186 42 
>50 205 46 

a Standard Methods for the Examination of Dairy Products (Richardson, 1985). 
b Sample heat treated at 750C for 20 min., followed by incubation on plate count 

agar 48-72 hrs. at 30oC. 
c Sample heat treated at 750C for 20 min., 1 ml inoculated into 9 ml sporulation 

broth and incubated at 2\0C for 18 hrs, followed by plating on plate count agar 
for 48-72 hr at 30oC (PHT/I = Post Heat Treatment-Incubation), 

d Samples were heat treated at 750C for 20 min, incubated at 7.20C for 10 days and 
then subjected to a SPC (PSFC = Psychrotrophic Sporeformer Count). 
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milk samples suspected of containing Bacillus spp. followed by a 10 day incubation at 

7.20C is selective in that typical survivors represent heat-resistant, psychrotrophic bacteria. 

Of the 445 total raw milk samples examined in this study some level of 

psychrotrophic sporeformers were observed in all samples (100%); the PSFC ranged 

from as few as 1 to as many as 6.3 X 105 CFU/ml. Mikolajcik and Simmon (1978) 

reported on the psychrotrophic sporeformer counts for 51 milk samples following 

incubation of 7 days at 7.20C. Psychrotrophic sporeformer counts ranged from <1 to 

> 10,000 CFU/ml and were found in 92% of their samples nearly one-half (46%) of the 

raw milk samples had a PSFC in excess of 50 CFU/ml. 

Spore count results conducted on heat-treated milk samples that were subjected 

to a preliminary incubation of 2rC for 18 hr are also reported in Table 6. After heat 

treatment the milk samples were inoculated into a sporulation broth; this procedure was 

referred to as the post-heat treatment incubation test (PHT/I). 

Typical equipment conditions that are often responsible for causing high numbers 

of psychrotrophic sporeformers in milk are milkstone formation within bulk milk tanks, 

especially areas not thoroughly cleaned by the clean-in-place (CIP) system and 

inadequately cleaned outlet valves (Donovan, 1959; Bodyfelt, 1980). Donovan (1959) 

showed that the formation of dilute stationary milk films (biofilms) was most favorable 

for sporulation of Bacillus species. Milk itself is not considered a good sporulation 

medium; it is believed that increased sporulation within diluted milk films occurs because 

of increased oxygen content and a decreased concentration of nutrients (Donovan, 1959). 

This emphasizes the great importance of immediate, thorough cleaning, rinsing and 
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sanitizing of all milk contact surfaces of farm equipment for minimizing outgrowth of 

Bacillus. 

Assays for Proteinase Activity in Pasteurized Milk 

Aerobic plate counts of the 26 commercial processed milk samples were quite low; 

approximately 50% of these samples exhibited no heat-resistant sporeformers. These 

relatively low microbial counts probably explain why no casein precipitation was 

observed when the heat-treated samples of processed milks were evaluated by the 6-casein 

agar diffusion assay. Similar observations were made when these heat-treated commercial 

milk samples were subjected to the PSFC. Based on the above results, and considering 

the apparent sensitivity of the B-casein agar method, it is believed that a larger sampling 

may have increased the likelihood of finding more "aged" samples closer to the "pull" or 

"expiration date," which would have quite possibly detected some frequency of proteinase 

activity in processed milk samples. 

Seasonality appears to be a factor in determining higher/lower levels of microbial 

proteinases in raw milk. Late fall, winter and early spring seasons are believed to incur 

a higher incidence rate of Bacillus in raw milk supplies in the Northern Hemisphere, 

especially in the U.S. (Bodyfelt, 1980). 
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Detection of Bacillus Spp. Proteinases from Raw Milk 

Based on the highest proportion of psychrotrophic Bacillus spores surviving 

several heat treatments, the 750C temperature for 20 min was chosen as the optimum heat 

treatment for this study (Fig. 3) since results in Fig. 4 show a depression in the recovery 

of heat-treated spores for both heat treatments of 80oC for 12 min and 850C for 10 min. 

Fig. 5 summarizes typical results of protein precipitation as detected by the 6- 

casein diffusion gel system based on proteinases originated from heat-resistant Bacillus 

that were present in Grade A raw milk samples. 

Five different reference proteinases of Bacillus origin (Table 5) were appropriately 

diluted to provide a range of concentrations for developing a standard curve. The 

proteinase activities were re-expressed (Tables 8 to 12) as a zone diameter (mm) of 6- 

casein precipitation as well as fluorescence values. The various proteinase activity values 

for the raw milk samples in this study that tested positive for B-casein precipitation are 

summarized in Table 11 and were representative of the activity units of proteinase 

(units/mg). 

The equation obtained from the plot of the log of the determined fluorescence 

values vs. the extent of proteinase precipitation (zone diameter) of each reference Bacillus 

proteinase (Figs. 6 to 10) served as a basis for calculating the fluorescence values that 

corresponded to the raw milk samples analyzed in this study. The fluorescence values 

that were obtained for the various milk samples were then compared to the fluorescence 
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values determined from the standard curve, and these readings were then transformed into 

proteinase activity units per ml of milk sample. 

The extent of casein precipitation due to the presence of proteinase in the milk 

samples plated on the B-casein agar ranged from 5 to 15 mm. As can be noted from 

Table 7, for Protease Type VIII, the lowest activity unit of proteinase observed after 18 

hrs of plate incubation was equivalent to 0.093 units/mg and a 5.0 mm zone of casein 

precipitation on B-casein agar; and the highest obtained proteinase activity was 4.034 and 

a 15.0 mm zone of casein precipitation. For Protease Type IX, the range of proteinase 

activity was markedly lower at 0.056 to 0.435 units/mg. The lowest activity detected for 

Protease Type X after the elapse of 18 hrs was equivalent to 1.344 units/mg and the 

highest was 2.601 units/mg for the corresponding B-casein agar diffusion test results of 

13 and 15 mm, respectively. Protease Type XV was detected at activity levels of 0.100 

to 0.386 units/mg which corresponded to 5.0 and 15.0 mm respectively, by the B-casein 

agar diffusion test. Protease Type XXXI demonstrated an activity range as low as 0.006 

to 0.270 units/mg over the 18 hrs incubation period. 

The generated data for proteinase activity for Proteases Types EX, X, XV and 

XXXI was rejected because of the quite narrow range of activity values. It is difficult 

to directly compare the proteolytic activity results obtained by other investigators to the 

proteolysis observations made in this study. This is due to the differences in the methods 

used to detect or quantitate proteolytic activity and the different units for expressing the 

enzyme activity.  Other investigators did not identify a specific bacterial isolate (specie) 
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Fig. 5 Horizontal 6-casein agar matrix showing a typical 
set of proteinase activity results for raw milk 
samples. 



50 

Table 7 Expression of Bacillus proteinases activity8 in units/mg for raw milk 
samples exhibiting 6-casein precipitationb. 

B-casein 
Precipitation0 

Bacilli Protease 
Type VHI 

Proteinase Activity*1 

(units/mg) (mm) 

5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
10.0 
11.0 
12.0 
13.0 
15.0 

0.093 
0.113 
0.165 
0.172 
0.186 
0.192 
0.206 
0.217 
0.227 
0.421 
0.893 
0.975 
1.746 
4.034 

CntrT 
18.0 4.525 

a Fluorescein Isothiocyanate-labeled Casein Assay. 
b B-casein agar diffusion method. 
c Representative set of raw milk samples found positive for proteinase activity (5-15 

mm diameter zones of B-casein ppt.). 
d Proteinase activity of raw milk samples determined by B-casein agar diffusion and 

referenced to Protease Type VIII (B. licheniformis). 
e B. cereus var mycoides 106 spores/ml. 
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Table 8 Comparative proteinase activity of a sequence of dilutions of reference 
Protease Type VIII with fluorescence readings and 6-casein agar diffusion 
method. 

Proteinase 
Activity 

(units/mg) 

7.800 
3.900 
1.950 
0.975 
0.4875 
0.244 
0.122 
0.061 

Fluorometer Diameter 6-casein ppt. 
Readings zone 

Incubation 
(18 hrs) 

dog) (mm) 

3.415 21.5 
3.332 14.5 
3.150 13.5 
2.864 12.0 
2.617 10.5 
2.222 9.5 
1.970 6.5 
0.748 4.0 



52 

Table 9 Comparative proteinase activity of a sequence of dilutions of reference 
Protease Type IX with fluorescence readings and B-casein agar diffusion 
method. 

Proteinase 
Activity 

(units/mg) 

0.900 
0.450 
0.225 
0.112 
0.056 
0.028 
0.014 
0.007 

Fluorometer Diameter B-casein ppt. 
Readings zone 

Incubation 
(18 hrs) 

dog) (mm) 

3.235 17.0 
3.190 15.5 
2.695 13.5 
1.771 10.5 
1.433 5.0 
0.973 0 
0.898 0 
0.845 0 
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Table 10 Comparative proteinase activity of a sequence of dilutions of reference 
Protease Type X with fluorescence readings and 8-casein agar diffusion 
method. 

Proteinase 
Activity 

(units/mg) 

43.000 
21.500 
10.750 
5.375 
2.688 
1.344 
0.672 
0.336 
0.168 
0.084 

Fluorometer Diameter B-casein ppt. 
Readings zone 

Incubation 
(18 hrs) 

dog) (mm) 

3.352 20.5 
3.316 19.5 
3.250 18.5 
3.190 16.5 
2.984 15.5 
2.856 13.0 
1.782 0 
0.875 0 
0.505 0 
0.041 0 
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Table 11 Comparative proteinase activity of a sequence of dilutions of reference 
Protease Type XV with fluorescence readings and 6-casein agar diffusion 
method. 

Proteinase 
Activity 

(units/mg) 

0.360 
0.180 
0.090 
0.045 
0.022 
0.011 
0.006 
0.003 

Fluorometer Diameter 6-casein ppt. 
Readings zone 

Incubation 
(18 hrs) 

dog) (mm) 

2.330 14.0 
1.775 10.5 
1.090 4.5 
1.030 0 
0.920 0 
0.903 0 
0.887 0 
0.740 0 
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Table 12 Comparative proteinase activity of a sequence of dilutions of reference 
Protease  Type  XXXI  with  fluorescence  readings  and  B-casein  agar 
diffusion method. 

Proteinase 
Activity 

(units/mg) 

0.540 
0.270 
0.135 
0.067 
0.034 
0.017 
0.008 
0.004 
0.002 

Fluorometer Diameter B-casein ppt. 
Readings zone 

Incubation 
(18 hrs) 

dog) (mm) 

3.100 16.0 
2.888 15.0 
2.730 13.5 
2.370 12.5 
1.978 10.0 
1.478 8.5 
0.995 6.5 
0.380 3.5 
0.230 2.5 
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with  a corresponding proteolytic activity level;  they merely indicated a range of 

proteolytic activity associated with a group of microorganisms. 

Initially, 370 Grade A raw milk samples were analyzed for possible proteinase 

content by the B-casein agar gel diffusion method. However, proteinase activity was 

detected in only 16 of the samples. In a continued search for more positive samples for 

proteinase activity, as well as an attempt to determine if there was a relationship between 

the extent of B-casein precipitation, fresh spore count (FSC), post heat- 

treatment/incubation (PHI/I) count and psychrotrophic sporeformer count (PSFC), an 

additional 75 raw milk samples were assayed by the B-casein agar diffusion method. The 

latter samples represented the winter season. In this set of 75 milk sources, 12 samples 

were found positive for proteinase activity. In all, a total of 445 raw milk samples were 

analyzed, but proteinase activity as detected by the B-casein agar diffusion method was 

observed in only 28 samples (6.3%). 

Table 13 summarizes the microbial and proteolytic activity results obtained for the 

proteinase positive samples. The fresh spore counts exhibited a range of 20 to 206 

CFU/ml (which corresponded to 6.0 and 10.0 mm of B-casein precipitation), however the 

lowest and the highest range for casein precipitation assayed by the B-casein agar 

diffusion method (expressed as millimeters of B-casein precipitation) was 5.0 and 15.0 

mm, respectively. We were not able to show any correlation between the extent of B- 

casein precipitation (zone diameter in mm) and the fresh spore or psychrotrophic spore 

counts (CFU/ml). Clearly, Fig. 11, which plots the extent of B-casein precipitation against 

fresh spore counts, confirms the lack of any correlation (R=0.21) between these two data 



62 

parameters.   As noted from Table 13, there are at least two individual samples that 

exhibited quite high fresh spore counts, which sufficed to influence the extent of 

correlation for this set of data. 

The results obtained for the post heat-treatment/incubation counts (Table 13) are 

similar to the ones discussed above, and are as inconclusive. Counts as high as 1.1 X 107 

CFU/ml and as low as 26 CFU/ml were detected, but corresponded to levels of protein 

precipitation (B-casein agar diffusion method) of 7.0 and 6.5 mm, respectively. 

Fig. 12, which plots the range of protein precipitation by the B-casein agar method 

vs. the PHT/I count demonstrated that no correlation (R=0.03) was observed when these 

two parameters were compared. The several very high spore counts obtained on some 

of the samples (Table 13) definitely negated any relationships between the extent of B- 

casein precipitation and spore counts for given samples of raw milk. Additionally, the 

number of spores detected on the PHT/I Count ranged from 81 to 2100 CFU/ml, which 

corresponded to B-casein ppt. zones of 15.0 and 5.0 mm, respectively. The PHT/I Count 

was conducted following 18 hours of sample incubation at 30oC in a sporulation broth 

(Table 3). Inasmuch as some samples exhibited markedly low PHT/I Count results, it is 

conceivable that a combination of some other incubation temperature(s) (probably higher), 

and/or a longer incubation period (24 or 30 hrs instead of 18 hrs) may have enhanced the 

potential of the B-casein agar diffusion assay to better detect heat-resistant psychrotrophic 

sporeformers in milk. 

A closer examination of the data presented in Table 13 also clearly indicates no 

positive relationship between the psychrotrophic sporeformer count of the heat-treated, 
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Table 13 Expression of microbial analyses results of 28 raw milk samples exhibiting 

B-casein precipitation. 

B-casein Fresh spore PHT/I PSFC 
Precipitation" Count" Countc Count" 

(mm) (CFU/ml) (CFU/ml) (CFU/ml) 

5.0 87 2,100 210 
5.5 33 130 10 
6.0 20 24 32 
6.0 32 3,860 50 
6.0 142 13,000 1,400 
6.5 22 26 32 
6.5 38 204 3,000 
6.5 44 290 40 
7.0 25 31 37 
7.0 25 29 35 
7.0 35 1.1 X 107 700 
7.0 43 2,130 100 
7.0 51 2,940 700 
7.5 61 3,710 6.3 X 105 

8.0 27 36 43 
8.0 28 35 42 
8.0 34 38 44 
8.5 36 42 51 
8.5 37 44 55 
9.0 38 48 60 
9.0 42 50 60 
9.5 47 50 64 
10.0 206 3.3 X 105 2,200 
11.0 48 3.8 X 106 100 
12.0 53 68 83 
12.0 60 70 82 
13.0 66 72 86 
15.0 77 81 93 

a Diameter zone on B-casein agar diffusion method 
b Sample heat-treated at 750C for 20 min, followed by incubation on plate count 

agar 48-72 hrs at 30oC. 
c Sample heat-treated at 750C for 20 min, 1 ml inoculated into 9 ml sporulation 

broth and incubated at 2rC for 18 hrs, followed by plating on plate count agar 
for 48-72 hrs at 30oC. 

d Samples were heat-treated at 750C for 20 min, incubated at 7.20C for 10 days and 
then subjected to a SPC. 
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refrigerated and stored samples and the extent of B-casein precipitation.  The lowest and 

highest PSFC counts observed, 1 and 6.3 X 105 CFU/ml, corresponded to a zone of 

protein precipitation of 5.5 and 7.5 mm respectively, on the B-casein agar method; while 

a B-casein ppt. zone of 5.0 and 15.0 mm, corresponded to PSFC counts of 210 and 93 

CFU/ml, respectively. 

Fig. 13 shows a plot of protein precipitation by the B-casein method vs. the PSFC 

count. A comparison of these two sets of analytical results led to an extremly poor 

correlation (R=0.06). From the data summarized in Table 13 and Fig. 13 there was 

obviously no correlation between the B-casein agar diffusion method and the Mikolajcik 

test which is the traditional method for testing raw milk samples for psychrotrophic 

sporeformers. The extent of protein precipitation exhibited by milk samples through the 

B-casein agar diffusion method did not correlate with psychrotrophic sporeformer counts 

of the same milks. 

In this study, none of the collected raw milk samples developed quality 

deterioration within 10 and 15 days of incubation at 7.20C. However, the 75 raw milk 

samples analyzed during the winter season after 18 days of storage at 7.20C, 18 heat- 

treated samples exhibited some degree of bitterness and/or formed a slight degree of 

casein precipitation on the bottom of the test tubes. From this set of 18 samples, 6 milk 

samples were categorized as definitely bitter in taste and demonstrated casein precipiation 

or coagulation. Furthermore, the lowest PSFC count was 200 CFU/ml. Only 1 milk 

sample coagulated completely within 18 days storage. This sample had a quite low PSFC 

count of 1.3 X 102 CFU/ml, and most surprisingly exhibited no proteinase activity (by the 
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Fig. 13 A plot of the extent of B-casein precipitation  against 
Psychrotrophic Sporeformer Count for Grade A raw milk 
samples. 
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B-casein agar diffusion method).  Hence, this set of analyses provided an apparent false 

negative result for the original raw milk sample by indicating no Bacillus proteinase 

activity or potential. 

Perhaps the inoculation of larger aliquots of heat-treated milk samples into larger 

volumes of the sporulation broth need to be considered for an improved test method for 

the B-casein agar diffusion test. Furthermore, modified incubation conditions might prove 

most beneficial for enhancing the accuracy and reliability of this test method. Basically, 

a moderately longer incubation period at the selected temperature (210C) might suffice to 

facilitate the "psychrotrophic conditions" required. Perhaps the use of 24 or 30 hours, 

instead of 18 hrs may have substantially enhanced the reliability of the B-casein agar 

diffusion method. 

Results from this study appear to demonstrate that under the growth conditions 

used, the several Bacillus spp. exhibited varied levels of proteinase activity. It was not 

determined if the variation in activity was due to a more rapid rate of growth of some 

cells under the assay conditions, which may have resulted in increased concentration of 

proteinases (i.e. the more cells the more enzymes produced) or if the amount of enzyme 

production per cell varied between species or strains. 

The assay conditions used in this investigation: (1) heat-treated 20 ml of Grade 

A raw milk at 750C for 20 min; (2) with the subsequent addition of a 1 ml aliquot of milk 

sample to a sporulation broth ; (3) incubation of the broth and sample at 2l0C for 18 hrs; 

followed by (4) inoculation of 15 pi into a well on a B-casein agar plate; (5) with plate 

incubation at 30oC for 18 hrs to allow for potential proteinase diffusion through the agar. 
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Another aliquot of the heat-treated milk was incubated at 7.20C for 10 days for the 

purpose of detecting the psychrotrophic sporeformer count.  The 7.20C temperature was 

used in order to simulate the typical storage conditions of perishable milk and milk 

products. 

Use of the fluorescein isothiocyanate-labeled casein (FITC) assay (Twining, 1984) 

was employed to measure (fluorometrically) low levels of proteinases for the purpose of 

calibrating the 6-casein agar assay in this study.  This method was chosen because it is 

known to be more sensitive to proteinase activity than fluorescamine.  Also, the FITC is 

more economical and the labeled substrate is more stable in storage.   Furthermore, the 

fluorescein label  brings this assay into the sensitivity range of radioactive assays. 

Extremely low levels of proteinases were detected, hence insufficient concentrations were 

formed to cause spoilage problems (e.g., off-odors, off-flavors and/or milk coagulation). 

Inasmuch as the optimum temperature for microorganisms to produce enzymes (lipases, 

proteinases and carbohydrases) is usually lower than the optimum cell growth temperature 

(Tinuoye and Harmon, 1975); this provides sufficient opportunity for refrigeration stored 

milk to develop microbial enzyme mediated off-flavors, even though the bacterial 

population remains substantially below that normally associated with microbial caused 

defects.  With the increased practice or tendency of storing milk and dairy products for 

longer periods, any and all forms of psychrotrophic bacteria can only increase in 

importance for dairy processors. 
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CONCLUSIONS 

Proteinases produced by heat-resistant sporeforming Bacillus spp. from 445 

Oregon Grade A Raw milk samples were detected and measured. The method used to 

detect these enzymes involved heat treatment of the raw milk samples (750C for 20 min.) 

followed by the addition of a 1 ml aliquot to 9 ml of sporulation broth and preliminary 

incubation for 18 hr at 2rC. Next, wells on B-casein agar diffusion plates were filled 

with samples (15 pi) and incubated for 18 hr at 30oC to allow proteinases to diffuse 

through the agar. After incubation, plates were examined for evidence of activity and the 

zone of B-casein precipitation measured (in mm). 

Heat-treated aliquots of milk samples were incubated at 7.20C for 10 days and 

plated on plate count agar and sensory observations were made at appropriate intervals. 

Any microorganisms that were able to survive the heat treatment (750C for 10 min) as 

well as undergo outgrowth at refrigeration temperatures (7.20C for 10 days) met the 

criteria for psychrotrophic heat-resistant sporeformer (PSFC) bacteria. 

Some minimum level of psychrotrophic sporeformer (PSFC) bacteria were isolated 

from all 445 raw milk samples examined in this study; the counts ranged from 1 to 6.3 

X 106 CFU/ml. Only 28 samples (6.3%) were found to produce measurable levels of 

proteinase as assayed by the B-casein agar diffusion test. Twenty-six samples of 

pasteurized milk were screened, but no proteinase activity was detected in any of these 

commercial products. 
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Measurement of the proteolytic activity of these positive samples for proteinase 

production on the 6-casein agar, demonstrated that under the given conditions spores of 

some Bacillus spp. exhibited greater proteolytic activity than other species.   This is 

indicative that the given Bacillus spp. is possibly more important than the total Bacillus 

cell population.   Protease type Vin (B. licheniformis) provided the broadest range of 

proteinase activity and would hence serve best as a potential standard for monitoring the 

presence of proteinase in raw milk supplies.   The B-casein agar diffusion method was 

found to be sensitive for detection of a wide range of proteinase activity (0.093 to 4.034 

units/mg) for raw milk samples, and required at least 36 hours for completion; thus it can 

be considered a form of rapid test. Unfortunately, it was found unreliable for projecting 

the numbers of psychrotrophic sporeformer bacteria in the raw milk samples analyzed in 

this study. 

Due to the relatively low cost, (approximately $0.60/milk sample for reagents), the 

sensitivity to proteinases, and the simplicity of the method, further study is needed to 

better determine test parameters, such as the optimum (increased) inoculum of heat-treated 

milk samples into sporulation broth, and/or an extended post-heat treatment incubation 

period in order to attain a better correlation between proteinase activity by the B-casein 

agar method and psychrotrophic sporeformer bacteria counts of raw milk samples. With 

modern trends of milk production and marketing that include the increasing use of 

refrigeration and prolonged periods between production, processing and consumption, 

thermoduric psychrotrophs  are most likely  to become  a more challenging quality 

assurance problem for the dairy industry. Therefore, a more rapid and sensitive assay is 
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needed, such as the 6-casein agar method application for more rapid monitoring of 

pertinent levels of microbial proteinases produced by psychrotrophic sporeformerss in raw 

milk supplies.   The current method, the Mikolajcik test, requires an elapse of 10 to 12 

days to secure thermoduric psychrotrophic results. 
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