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ABSTRACT 

Procedure for Measuring Residual Endothia parasitica Protease 

in Curd and Whey from Freshly Coagulated Milk 

by 

Raman B. Patel, Master of Science 

Utah State University, 1973 

Major Professor: Dr. Carl A. Ernstrom 
Department: Food Science and Industries 

Test procedures were developed for measuring the residual milk 

clotting activity of a protease produced by Endothia parasitica in curd and 

viii 

whey separated from freshly coagulated milk. A substrate was prepared by 

reconstituting 6 g low heat nonfat dry milk in 500 ml buffer containing 50 ml 

0. 5M cacodylic acid, 50 ml 0. 2M CaC1
2

, 30 ml 0. 2M triethanolamine and 

370 ml double distilled water. The substrate was stored at 2 to 4 C for 

20 hours before use. Two milliliters of whey or supernatant from centrifuged 

curd-water slurries were inoculated into 25 ml of substrate at 30 C and the 

coagulation time noted, and compared with that produced by a known dilution 

of a standard enzyme solution. 

Endothia parasitica curd formed at pH 6. 7 contained 45 per cent of 

the enzyme activity added to 454 g milk but when formed at pH 5. 2 the curd 

contained only 25 per cent. 
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The recovery of Endothia parasitica protease in curd was made by 

preparing a 1:5 curd-water slurry, adjusting to pH 5. 4, filtering and testing 

the filterate. 

(69 pages) 



INTRODUCTION 

Rennin has been used as a milk coagulant in cheese making for many 

years. The principal function of rennin is to catalyze the formation of curd, 

but it also affects cheese ripening (3, 20). Ernstrom, Price and Swanson (17), 

Sherwood (78) and Van Slyke and Hart (86) have shown that the amount of rennet 

extract added to cheese milk affects the rate of proteolysis of the cheese during 

curing. 

A number of milk coagulating enzymes from microbial (3, 26, 65, 71, 

89) plant (43, 58) and animal sources (54) have been proposed as substitutes 

for rennin, but many of these have a marked effect on the flavor and body of 

the cheese. Most of them produce bitter flavors due to excessive or abnormal 

proteolysis. 

In view of increasing interest in the effect of various coagulating 

enzymes on cheese curing, a test capable of measuring residual levels of 

these enzymes in cheese and whey is greatly needed. Most of the tests for 

measuring rennin activity are based on the length of time required for a given 

amount of mi]k to clot after the addition of a measured amount of diluted 

enzyme. However, cheese curd contains such a low level of coagulating­

enzyme that it is not to coagulate normal milk substrate in a reasonable time. 

A substrate developed by Wang (90) during preliminary studies of residual 

rennin in Cheddar cheese was sensitive enough to measure the rennin in curd 

and whey. 
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The principle objective of this investigation was to develop a tech­

nique for quantitatively measuring the amount of a milk clotting enzyme 

produced by Endothia parasitica in curd separated from freshly coagulated 

milk. Further aim of this research was to study the effect of pH and other 

factors on the distribution of this coagulating enzyme between curd and whey. 



REVIEW OF LITERATURE 

Rennin has been used as a milk coagulant in cheese making for many 

years (6, 88). It is one of the proteolytic enzymes in the abomasum of milk­

fed calves (6, 67, 88). Like other proteolytic enzymes in the digestive tract 

rennin is secreted as an inactive precursor called prorennin (20, 67). Lorcher 

(50) found that when acid was added to extracts of the gastric mucosa of calves, 

there was rapid increase in the milk clotting activity of the extract. This 

increase in activity was attributed to conversion of inactive prorennin to active 

rennin (15). Rand and Ernstrom (67) showed that prorennin was activated at 

pH values between 4. 7 and 5. 0 mainly by an autocatalytic reaction. Activation 

of proreenin can also be catalyzed by pepsin at pH values between 5. 5 and 6. 0 

(48). 

The cheese industry uses rennin in the form of a crude extract (6, 64), 

paste (63) or powder (64) called rennet (20). 

Manufacture of Commercial Rennet 

Calve' s stomachs (vells) are generally prepared in the abattoir in one 

of the two ways: dry-blown or flat salted (20, 88). In the dry-blown process, 

used mostly in Europe and New Zealand, the contents of the stomach are ex­

pressed, and the intact vell tied, inflated with air and dried. In the flat salted 

process used in the United States, the vells are opened at the slaughterhouse, 

washed and packed in salt for shipment (20). The salted vells are generally 
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washed and dried prior to extraction (64). The dried vells in either process 

are shredded, mixed with an inert filler such as excelsior, saw dust, or glass 

wool and extracted with a sodium chloride solution (64). The crude extract 

contains active rennin as well as inactive prorennin (20). Sufficient hydro­

chloric acid is then added to the crude extract to adjust the pH to 4. 7 -5. 0 to 

hasten the conversion of prorennin to rennin (64, 88). After clarification and 

filtration the rennet extract is standardized with respect to activity, salt con­

centration and pH (64). Commercial rennet should not lose more than 1-2 per 

cent strength per month when held at pH 5. 7 and at a low temperature (13, 32). 

Bobeck and Joost (9) reported that most commercial rennet extracts 

contained 17. 25 to 23. 8 per cent NaCl and had a pH between 5. 4 and 5. 9. 

Placek et al. (64) stated that rennet extract might contain about 5 per cent 

propylene glycol as a protein stabilizer and 2 per cent sodium propionate and 

0. 1 per cent sodium benzoate as preservatives. 

The proteolytic activity in rennet is attributed to rennin (6, 13, 23, 

47) and small amounts of pepsin (6, 13, 47, 48). Leitch (47) pointed out that 

the enzymatic secretion of very young calves' stomachs was predominantly 

rennin, but that at the age of 5 months contained pepsin almost to the exclusion 

of rennin. In 1961 Linklater (48) reported that pepsin contributed up to 3. 7 

per cent of the clotting strength in commercial rennet extract. It might he 

more than that at present because rennet is in short supply and more is being 

extracted from the stomachs of older animals than in 1961. Also to supplement 



the supply of rennin, pepsin is often used as a partial substitute in cheese 

making. 

Rennin Stability 
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Rennin stability is affected by heat (13, 22, 59, 85, 86) ultrasonic 

vibrations (91), shaking (75), alkali (12, 50, 57, 59, 67, 85) visible and ultra­

violet light (42) and by antiseptics like chloroform and formaldehyde (13 ). 

Feltman (23) stated that rennin had maximum stability between pH 5. 5 

and 6. 0. The stability was also good at pH 2. 0. However, near pH 3. 5 and 

above pH 6. 5 the enzyme was unstable. Mickelsen and Ernstrom (57) reported 

that above pH 6. 0 rennin activity losses increased with increasing pH and were 

highly temperature dependent. Maximum stability of rennin was maintained 

between pH 5. 0 and 6. 0 from 2 C to 30 C in the presence of 0. 0 to 0. 97 M NaCl. 

At pH 3. 8 maximum instability resulted in a loss of 35 per cent of initial activity 

at 30 C over 96 hours, but when the ionic strength was increased from 0. 03 to 

1. OM with NaCl, and other conditions held constant, activity losses increased 

from 35 to 70 per cent. Under the same conditions of pH, ionic strength and 

temperature, rennin was more stable in sodium citrate, sodium lactate and 

ammonium sulfate than in sodium chloride and potassium chloride. However, 

above pH 5. O NaCl had very little effect on rennin stability. Activation losses 

in commercial rennet that occur below pll 5. 2 were attributed to autolysis of 

rennin in the presence of a high concentration of chloride ions. 
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Struble and Sharp (85) reported that as temperature increased and 

time of heating was lengthened, the zone of maximum stability (minimum 

coagulation time) was narrowed. Rennin heated to 70 C for 2 minutes at pH 4. 3 

in whey showed practically no inactivation, but it was completely inactivated 

at pH 5. 3 or above at the same temperature and time. 

Pepsin is present in commercial rennet extract to a limited extent 

(49). Pepsin activity is more sensitive than rennin activity to pH changes 

between 6. 5 and 6. 8 (19). Graber (29) pointed out that the great difference 

between rennet and pepsin was that "rennet will coagulate sweet milk while 

pepsin under the same conditions fails more often than it succeeds in produc­

ing coagulation." Lucas (51) and Merker (56) suggested that milk should have 

a titratable acidity of at least 0. 2 per cent to work with pepsin for cheese manu­

facture. 

Early attempts were made to replace rennin by pepsin in cheese 

manufacture (12, 29, 51, 52, 56, 78), but fat losses in the whey were reported 

greater with pepsin than with rennet (51). Lucas (51), Maragoudakis et al. 

(52), and Malachouris and Tuckey (54) suggested that pepsin cheese had 

inferior texture. Reports of bitterness in cheese made with pepsin (13) have 

not been substantiated in most instances (12, 51, 52, 54, 58). Protein degrada­

tion in pepsin cheese was considerably less than in rennet cheese (48, 52, 54, 

7 8). Stine (83) stated that large quantities of "American varieties" of cheese 

made by using a 75:25 mixture of rennin and pepsin were quite comparable to 

cheese made with 100 per cent rennet. 
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A number of milk clotting enzymes from plant and microbial sources 

have been proposed as replacements for rennin (3, 26, 38, 65, 69, 71, 72, 79, 

81, 89, 92). However, most have proved unsuccessful since they produced 

bitter flavors due to excessive and / or abnormal proteolysis (26, 36, 38, 58, 

81). The findings of Nosar (58) indicated that a temperature higher than 50 C 

was needed for optimum activity of a rennin-like enzyme from higher plants 

(vegetable rennet). The activity of vegetable rennet fell off rapidly when the 

temperature changed from 50 C to 37 C, while animal rennet was very active 

at 37 C. Hence, cheese-making required a larger quantity of vegetable rennet 

than animal rennet for comparable setting of the milk. The use of higher-than­

normal temperatures in cheese making resulted in lower yields of cheese. 

Cheddar cheese made with an extract from Withania coagulans had good texture 

but a perceptible bitter taste. Krisnaswami et al. (43) made Cheddar cheese 

with a milk clotting enzyme from Ficus carica (vegetable rennet). The cheese 

composition was comparable to that of rennet cheese, but the yield and organo­

leptic scores were comparatively lower. Cheese made with the vegetable rennet 

developed a bitter flavor in the early stages of ripening. Windland and 

Kosikowski (92) also reported that cheese made with vegetable rennet 

developed a bitter flavor and was not acceptable for consumption. 

Richardson et al. (69) stated that a rennin substitute produced from 

Mucor pusillus var. Lindt was satisfactory for manufacture of cheese such as 

Brick, Cheddar, Pizza and Parmesan. However, increased fat losses were 

associated with M. pusillus rennet, and at 14 months Cheddar cheese made 
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with this fungal rennet developed a bitter flavor. They also found higher lipase 

activity in the fungal rennet than animal rennet, and suggested this as an advan­

tage in curing. Babel et al. (3) prepared Cheddar cheese with M. pusillus 

rennet which was criticized for having a rancid flavor and a coarse mealy tex­

ture, but protein degradation was less than in rennet cheese. The difference 

in these two cheese is probably due to var. Lindt which Richardson et al. used 

and Babel et al. did not. Kikuchi et al. (38) also found a bitter flavor in Gouda 

cheese made with M. pusillus rennet. 

A rennin-like enzyme from Aspergillus usameii was reported to be 

3-4 times greater in proteolytic activity than animal rennet. Irvine et al. (36) 

demonstrated that a rennin-like enzyme from Bacillus subtillis required a 

higher temperature and longer time for coagulation of milk than equal amounts 

of animal rennet. Cheddar cheese made with B. subtillis rennet was of excel­

lent quality, but sweet type cheese showed a high degree of proteolysis and 

off flavor development which was not observed in animal rennet cheese. 

Sardinas (71) suggested a mildly proteolytic enzyme elaborated by 

Endothia parasitica as a rennin substitute. The enzyme had maximum stability 

near pH 4.5, and an isoelectric point at pH 5.5. Larson and Whitaker (44, 45) 

reported that over the pH range 5.1 to 6. 5, the clotting activity of the E. 

parasitica enzyme was much less sensitive to the pH change than the activity 

of rennin. They reported that the enzyme had maximum stability between pH 

3. 8 to 4. 5. At 24. 1 C the enzyme was stable from pH 3. 0 to 6. 5 for 3 hours, 

but was rapidly inactivated below pH 2. 5 and above 7. 0. 
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Shovers and Bavisotto (70) showed that the enzyme from E. parasitica 

was suitable as a substitute for animal rennet in cheese making. Cheese 

made with this enzyme was completely acceptable in body and flavor. The 

enzyme was evaluated in plant trials with Cheddar, Swiss, Monterey, Colby, 

Limberger and Italian varieties, and could completely or partially replace 

animal rennet without change in manufacturing procedure. Accelerated flavor 

and body development were characteristics of cheese made with this enzyme. 

It scored equally well after 7 months curing with animal rennet cheese cured 

for 12 months. However, it has been shown that the E. parasitica enzyme 

produced bitterness in Cheddar cheese. Incubation of fresh ground Cheddar 

cheese curd with added E. parasitica enzyme produced bitterness after 5 days 

which was proportional to the amount of enzyme added to the curd (Ernstrom 

and Wang, unpublished data). 

Role of Residual Rennin in Cheese Ripening 

Van Slyke (86) found more soluble nitrogen in cheese made with a 

higher-than-normal amount of rennet. Babcock et al. (1) concluded that increase 

in the amount of rennet extract used in cheese making increased the soluble 

nitrogenous substance in the cheese which they suggested as a measure of 

ripening. They attributed the increase in soluble nitrogen to the pepsin in the 

rennet extract. 

Sherwood (7 8) found that cheese made with pepsin had considerably 

less protein degradation than the rennet control cheese. The use of increased 
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amounts of rennet led to greater protein breakdown during ripening. Sherwood 

(77) also studied the role of rennet in Cheddar cheese ripening by eliminating 

bacterial influence with a chloroform treatment. He found that protein degrada­

tion was identical in control and chloroform-treated cheese and concluded that 

rennet was the only important agent in protein degradation during cheese 

ripening. Babel (2) found a direct relation between the quantity of rennet 

extract used and the presence of water soluble nitrogen in cheese regardless 

of the use of CaC1
2

. Linklater and Ernstrom (49) indicated that crystalline 

rennin had greater proteolytic activity in cheese than commercial rennet. 

Therefore, they concluded that rennin was the only essential component of 

commercial rennet when used for cheese manufacture. It was also reported 

by Freeman (25) and Peltola and Antila (59) that larger-than-normal amounts of 

rennet caused cheese to ripen faster and develop a richer flavor than control 

cheese. 

Ernstrom et al. (17) reported that adding 0. 02 per cent CaC1
2 

with 

one-half the normal amount of rennet extract gave normal curd formation and 

yield of Cheddar cheese, but the protein breakdown was slow and curdiness 

persisted longer in the finished cheese. This indicated that rennet played an 

important role in cheese ripening. 

Melachouris and Tuckey (54) demonstrated that Cheddar cheese made 

with pepsin underwent slower body breakdown and developed less soluble 

nitrogen during curing than comparable cheese made with r ennet. This has 

also been amply demonstrated in numerous commercial factories. Thus the 
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conclusion of Babcock et al. (1) that pepsin in rennet extract is responsible for 

significant proteolysis in cheese is probably not valid. 

Role of Micro-organisms in Cheese Ripening 

It has been reported that the rate, nature and extent of protein degrada­

tion during cheese ripening is affected by bacterial proteases elaborated by 

s tarter organisms (11, 33, 35, 37, 41, 61, 76). However, Kelly (37) and 

Sherwood and Whitehead (76) indicated that streptococci used as starter had 

lit tl e direct influence on the rate of proteolysis in cheese. 

The rate of cheese ripening was found to be indirectly influenced by 

the lactic acid producing bacteria in the milk at the time of setting (30, 31, 34). 

Van Slyke and Hart (86) observed that the presence of acid in cheese enhanced 

th e action of cheese-ripening enzymes. Sherwood and Whitehead (76) stated 

that the main trend of protein breakdown was governed by the state and extent 

of acid formation in the curd during the manufacturing process. They concluded 

that rennet enzymes were the main proteolytic enzymes involved in cheese 

ripening and that the main function of streptococci was the formation of acid. 

The acid influenced the rate of proteolysis, since the maximum proteolytic 

activity of rennin was near pH 4. 0 (23). 

Czulak (11), Phillips (62), Price (66), and Staudhouders (82) explained 

that bitter flavors in cheese were based on the higher proteolytic activity of 

rennin when excessive acid was produced during manufacture. Staudhouders 

(82) indicated that the pH affected the distribution of rennin between curd and 



whey and in turn affected the flavors of cheese by pH dependent rennin 

proteolysis which was an indirect effect of micro-organisms. 

Presence of Residual Rennin in Cheese 

12 

The rennin used to coagulate the milk in cheese marmfacture remains 

functional during ripening. The presence of residual rennin was demonstrated 

by Barthel et al. (4). They obtained a water extract from cheese by mixing 

milled cheese with twice its weight of sand, the mixture was wrapped in a 

tightly woven cloth and the liquid squeezed out by a cylindrical press. This 

extract was used directly for a coagulation test after removal of fat by centrif­

ugation. They reported that residual rennin remained active in cheese for at 

least 8 months. The difference in coagulating power of extracts from Swiss 

and Cheddar cheese was attributed to the difference in cooking temperatures. 

However, no quantitative data were presented. Peterson et al. (60, 61) also 

reported the presence of residual rennin in cheese. They used a cheese slurry 

for hydrolysis of a standard casein suspension and reported their results in 

terms of a cheese protease unit which was defined as the amount of enzyme 

which, when diluted to 10. 2 ml and incubated for 5 hours under standard con­

ditions, will liberate 1 mg of non-protein nitrogen. A protease activated by 

addition of cysteine to a cheese slurry at pH 5. 0 was considered as endo­

cellular bacterial protease, but they could not differentiate extracellular 

bacterial protease from rennin. However, they did not study the effect of 

cysteine on the pure enzymes. 
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Residual coagulants in whey and curd, and the distribution of coagula­

ting enzymes between whey and curd has not been reported and evaluated with 

respect to their importance to the cheese industry. 

Killing (39) demonstrated that cooking the cheese curd at 55 C for 55 

minutes did not entirely destroy the coagulation power of rennin in whey. He 

concluded that some enzyme must remain active in cheese which was cooked 

below 55 C. Therefore, cheese such as Cheddar, Colby, Edam, Gonda, 

Monterey, Brick, Swiss, Parmesan and others which are usually cooked at 

45-50 C must contain some residual rennin, the amount present being dependent 

upon exact time and temperature of cooking. 

Measuring Rennin Activity 

Many tests have been suggested for measuring rennin activity, but an 

ideal test which can measure the activity precisely has never been devised. 

Most of the tests are based on measurement of the length of time required for 

a given amount of milk substrate to clot after addition of a known diluted rennin 

solution. 

The rennin activity of an unknown sample is determined by comparing 

its activity with that of a standard rennin solution. The standard is usually 

arbitrarily assigned an activity value of 100 rennin units (RU) per milliliter 

standard rennin solutions are stored at low temperatures and renewed fre­

quently to maintain their activity value. 
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Ernstrom (20) stated that the lack of a uniform standard for rennin 

activity in different laboratories had made it difficult for research workers to 

compare their results even though enough care was taken to maintain the 

strength of standard rennin. 

Methods for determination of rennin strength can be divided in three 

major groups: 

I. Those which measure the change in viscosity of the substrate 

(40, 73, 74). 

II. Those which are based on visual observation of precipitation or 

coagulation of the substrate (7, 8, 14, 70, 80, 84). 

III. Those which measure proteolysis by rennin (10, 46, 60). 

The essential difference between the first and second method is only 

in the means of detecting the coagulation end point (14, 21, 80, 84). 

The early findings of Graber (28) using milk as a substrate for rennet 

activity studies indicated that the coagulation power of rennet was influenced 

by the composition of the milk, particularly with respect to calcium salts. He 

also reported that it was affected by the temperature of the milk before and 

during the test. He used 2 quarts of milk for samples and checked the coagula­

tion by tipping the container to one side. By this method it was very difficult to 

detect the coagulation end point. Therefore, to eliminate these difficulties 

and the large waste of milk, Sommer and Matsen (80) developed an apparatus 

which consisted of a water bath in which 125 ml wide-mouth test bottles con­

taining 50 ml milk substrate rotated slowly under direct observation of the 
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operator. The coagulation time was measured by a separate timing device 

in terms of counts (at 16 counts per minute) which was started when the enzyme 

was added to the milk or substrate, and stopped by the operator when coagu­

lation became visible. The same machine is still used by the rennet industry 

with few modifications. 

Since milk varies from cow to cow and species to species, rennet 

strength cannot be compared on different milk samples. Therefore, to elimi­

nate these difficulties, Berridge (7) developed a substrate for a coagulation test 

in which 60 g nonfat dry milk (NDM) were reconstituted in 500 ml 0. 01 M CaCI
2

. 

He suggested warming the substrate to 30 .:!::_ 0. 2 C for 30-35 min before using. 

This substrate gave more reproducible results than milk, and was less subject 

to the many factors that caused variation in clotting time of normal milk. 

Ernstrom (16) found that the clotting time of Berridge' s substrate continued to 

increase for about 20 hours during storage at 2 C following reconstitution. He 

suggested that Berridge's substrate should be stored at 2 C for 20 hours in 

order to achieve constant coagulation time. Ernstrom (18) used the apparatus 

of Sommer and Matsen (80) and standardized a test procedure to measure the 

milk clotting activity of rennin in which 25 ml of well mixed substrate were 

pipetted at 2 C into 125 ml wide-mouth test bottles. The test bottles were 

placed on the apparatus at 30 C for about 20 min to allow the substrate to come 

to temperature. One ml of a diluted rennin sample was pipetted into each of 

two test bottles. As soon as the rennin was released from the pipette, the 

corresponding counter on the apparatus was started. The pipette was allowed 
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to drain by touching the tip against the inside surface of the bottle just above 

the substrate. The sample was swirled gently to insure complete mixing and 

replaced on the test apparatus. The first appearance of visible flakes on the 

inner glass surface was taken as the end point. The rennin activity of an 

unknown sample was measured by comparing its coagulation time with that of 

standard rennin tested simultaneously, and taking their dilutions into con-

sideration. For quantitative expression in terms of rennin units he suggested 

the formula, 

Ts Cs 
RU/ml == 100 -x -

Tu Cu 

where RU/ ml = rennin unit per ml of unknown, 

Ts = coagulation time of the standard, 

Tu = coagulation time of the unknown, 

Cs == concentration of the standard, 

Cu = concentration of the unknown. 

DeMan and Batra (14) used an automatic blood-clot timer for measuring 

the rennet clotting time of milk, skim milk, homogenized milk and 10 per cent 

fat cream. Storrs (84) developed an automatic tester to determine the clotting 

activity of rennet. He used the substrate prepared hy reconstituting NDM and 

aging for 2 hours at 37 C before use. However, he has not reported the 

quantity of NDM and water used. 

Gorini and Lanzavecchia (27) described a substrate for measuring the 

milk clotting activity of proteolytic enzymes. Their substrate was buffered at 
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-2 
pH 5. 8 and consisted of 1 g NDM in a mixture of 70 ml, 6. 6 x 10 M cacodylic 

acid, 30 ml 6. 6 x 10-
2 

M triethanol amine and 1 ml 3 M CaC1
2

. This sub-

strate gave a very sharp end point. 

Everson and Winder (21) used an instrument for measuring the sound 

velocity in liquids for the determination of rennet coagulation time automatically. 

At coagulation, an increase in sound velocity occurred which was recorded as 

the end point. They used a modified buffered substrate containing 15 g NDM, 

0. 0699 g CaC1
2

, 61. 5 ml 0. 066 M cacodylic acid and 26. 3 ml; 0. 066 M triethanol 

amine per 100 ml of substrate. 

An agar diffusion slide assay using a thin layer of calcium caseinate 

has been developed by Lawrence and Sanderson (46) as a micromethod for 

quantitative estimation of rennet and other proteolytic enzymes in very low 

concentration. 

Peterson et al. (61) measured cheese protease by hydrolysis of stand-

ard casein suspensions with cheese slurries. The casein suspension was pre-

pared by combining 10 g purified casein with 25 ml 1 N NaOH, 40 ml 0. 2 M 

sodium citrate, 2 g gum-ghatti and distilled water to a volume of 400 ml. Con-

centrated H
2

So 
4 

was added to adjust the pH to 5. 0. The mixture was blended 

for 24 minutes and homogenized 3-4 times through a hand homogenizer. 

Cheese samples for protease analysis were prepared by combining 

20 g cheese with 180 ml distilled water and homogenizing 5 to 6 times. 

For protease analysis, 1 ml 1 M acetate buffer at pH 5. 2, 1 ml 

0. 015 M cysteine hydrochloride and 0. 2 ml toluol were added to 5 ml casein 
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suspension and shaken for 2 min. This mixture and cheese slurry were 

tempered to 40 C, and from 0. 5 to 3 ml (depending upon the activity) of the 

cheese slurry were added to the above mixture and the total volume made to 

10. 2 ml with distilled water. The mixture was shaken and homogenized 2 to 3 

times. After removal of 1 ml sample for determination of initial nonprotein 

nitrogen, it was incubated to 40 C for 5 hours. At the end, the mixture was 

rehomogenized and 1 ml sample was taken for final nonprotein nitrogen deter­

mination. The net nonprotein nitrogen was used as a measure of protease 

activity in cheese. However, this method was very time consuming. 

A rennin-sensitive substrate was developed by Wang (90) to measure 

the very low concentrations of rennin in cheese. It was a modification of Gorini 

and Lanzavechhia (27) substrate and consisted of 6 glow-heat NDM in 500 ml 

buffer containing 50 ml 0. 5 M cacodylic acid, 50 ml 0. 2 M CaC1
2

, 30 ml 0. 2 M 

triethanol amine and 370 ml distilled water. He stored the substrate at 2-4 C 

for 20 hours before use. He obtained reproducible results on this substrate 

when used for determination of rennin activity in very low concentrations. 

This substrate was found to be 20 times more sensitive than Berridge' s sub­

strate. The method described was simple and short. 

Reyes (68) developed a procedure to measure very low concentrations 

of rennin from curd obtained from freshly coagulated milk. He made 1:15 curd­

water slurries and adjusted them to pH 6. 8. The slurry filteratc was used to 

measure activity. 
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EXPERIMENTAL METHODS 

Measuring Clotting Activity 

1 
The activity of an enzyme from Endothia parasitica (EP enzyme) was 

measured on a special substrate proposed by Wang (90). The substrate was 

prepared by combining 50 ml O. 5 M cacodylic acid, 50 ml O. 2 M CaC1
2

, 30 ml 

O. 2 M triethanol amine, 370 ml double distilled water and 6 g low heat non-fat 

dry milk (NDM). The substrate was stored at 2 C for 20 hours to ensure 

equilibrium. The final pH of the substrate was 5. 8, 

Measurement of coagulation time was carried out on an apparatus 

similar to one described by Sommer and Matsen (80) on which the test bottles 

rotated at 8 rpm. Twenty-five milliliters of substrate were pipetted at 2 C into 

a 125 ml wide-mouth test bottle. The substrate was tempered for 20-30 min in 

the tester at 30 C prior to addition of 2 ml of diluted enzyme solution. The 

time between addition of the enzyme and appearance of coagulated flakes in the 

substrate was taken as the coagulation time. Unlike milk substrate used for 

measuring coagulation time, this substrate did not form a film on the inner 

side of the test bottle. The coagulation end point was recorded when flakes 

appeared in the body of the substrate. 

1
supplied by Chas. Pflzer and Co., Inc., Milwaukee, Wisconsin. 
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A standard rennet extract1 assigned an arbitrary activity value of 

100 rennin units (RU)/ ml was used as a reference for all activity measurement.a. 

The standard rennet had an activity such that 1 ml of a 1:5000 dilution induced 

coagulation in 25 ml substrate in 4. 75 ~ O. 25 minutes at 30 C. A reference EP 

enzyme solution was also prepared by dissolving the dry enzyme preparation 

in water to a concentration such that its activity was equivalent to that of the 

standard rennet when tested on the special substrate. 

Whenever clotting activities of whey, curd slurries or curd slurry 

supernatants were measured, a reference standard of the EP enzyme solution 

was adjusted by dilution to give coagulation times within~ 5 per cent of the 

unknown solutions. Activities of EP enzyme solutions were reported in terms 

of rennin units (RU) since they were related to standard having the same activities 

on the test substrate at pH 5. 8. 

Enzyme activity was calculated as follows (19): 

RU/ ml = Ts x Du SA 
Tu Ds 

where RU = Rennin units per ml of unknown, 

Ts = coagulation time of the standard, 

Tu = coagulation time of the unknown, 

Ds = dilution of the standard, 

Du = dilution of the unknown, 

SA = rennin units per ml of undiluted standard. 

1
Supplied by Dairyland Food Laboratories, Inc., Waukesha, Wisconsin. 
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Preparation of Curd and Whey 

Fresh raw milk obtained from Utah State University Dairy Products 

Laboratory was pasteurized at 63 C for 30 minutes, cooled to 2-4 C and stored 

for 12 hours to eliminate cool-aging differences. The cold milk was quickly 

warmed to 25 C in a 50-60 C water-bath, and the pH adjusted to the desired 

level by addition of 1 N HCl or 0. 5 N NaOH. It was then divided into samples 

of desired weight and warmed to 30 C in a water bath. Measured volumes of 

EP enzyme solutions were added to each sample of milk (6. 72 RU per 454 g 

milk) and the sample poured immediately into a 250 ml centrifuge bottle which 

was held at 30 C for 15 minutes after appearance of the first signs of coagula­

tion. A fresh dilution of coagulating enzymes was made each day, and stored 

in the refrigerator during use. The curd was broken with a spatula, and the 

bottles were shaken well to break the curd completely. The sample was 

centrifuged for 20 minutes at 5000 Gin an International Centrifuge to separate 

the curd and whey. The clear whey was decanted into a beaker and weighed. 

The weight of the curd was obtained by difference. The weight of the coagulants 

was considered part of the sample weight. The whey waR stored in the refrig­

erator until its enzyme activity was measured. 

Curd slurries were prepared by the method suggested by Wang (90) . 

The slurries were made in various ratios of curd to water, and when necessary 

the pH was adjusted to release the enzyme from the curd. The quantity of 
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HCl or NaOH added for pH adjustment was counted as part of the water in the 

slurry. 

Slurries were held in the refrigerator until assayed (90) to prevent 

the loss of enzyme activity. Before testing, slurries were mixed well to 

obtain homogeneous samples, and filtered through grade 637 coarse filter 

paper. The filtrate was used for measuring enzyme activity in curd (68 , 69). 



RESULTS 

Measurement of EP Enzyme Activity in 

Freshly Coagulated Milk 

Pasteurized (63 C for 30 minutes) whole milk was warmed to 25 C, 
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and divided into three lots which were adjusted to pH 5. 2, 6. 0 and 6. 7, respec­

tively. Each lot was subdivided into 454 g samples which were then warmed to 

30 C and set with 6. 72 RU of EP enzyme. The milk was held undisturbed for 

15 minutes after the appearance of the first sign of coagulation. The first sign 

of coagulation appeared in 3-4 minutes at pH 5. 2, 11-13 minutes at pH 6. 0 and 

35-40 minutes at pH 6. 7 when set with rennin. When set with EP enzymes the 

first sign of coagulation appeared after 2-3 minutes, 10-12 minutes and 30-35 

minutes at pH 5. 2, 6. 0 and 6. 7, respectively. The coagulated milk was trans­

ferred to a Waring blendor and mixed at high speed for 2 minutes to form a 

smooth slurry. The slurry was allowed to stand at 25 C for 45-60 minutes. 

The milk fat which churned during blending was removed from the surface of 

the mixture and weighed. The weight of the fat was subtracted from the 

original weight of the milk and the well-mixed defatted slurry tested for clotting 

activity. The activity per 2 ml (2. 0235 g) was used to calculate total activity 

in the slurry which was expressed as per cent of the activity added to the milk. 

Results are presented in Figure 1, where each point for EP enzyme repre­

sents a mean value of 6 or 10 replications. Standard deviations for 



Figure 1. Effect of pH on per cent of original Endothia parasitica (EP 
enzyme) enzyme activity detected in freshly coagulated milk. 
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per cent EP enzyme recovered at pH 5. 2, 6. 0 and 6. 7 were ~ 1. 36, + 1. 05 and 

~ 0. 82 per cent (see Appendix, Tables 3, 4, and 5). 

Heat Inactivation of EP Enzyme in Whey at pH 5. 20 

One pound of pasteurized milk was adjusted to pH 5. 20 with 1 M HCl 

and warmed to 30 C. The milk was set with 26. 8 RU of EP enzyme and 

allowed to stand for 15 minutes after the first sign of coagulation. The clot was 

broken with a spatula and the whey was separated from the curd by centrifuga-

tion. The whey was divided into four 50 ml samples and heated for 5 minutes 

at temperatures of 25, 50, 63, 68 and 73 C, respectively. Each sample was 

cooled to 25 C and tested for survival of EP enzyme activity. Results are 

presented in Table 1. 

Table 1. Estimate of percentage of original EP enzyme activity remaining in 
whey at pH 5. 20 following 5 minutes heat treatments at various 
temperatures 

Temperature Coagulation time Enzyme activity 

(OC) (Average counts) (%) 

25 12.3 100.0 

50 59. 3 20.24 

63 21741 0.05 

68 No coagulation 

73 No coagulation 



The per cent of original EP enzyme activity was determined by 

setting the coagulation time (in counts) induced by the unheated (25 C) whey 

equal to 100 per cent. All other coagulation times were related to it by the 

equ at ion. 

Ext= k 

where E = Enzyme concentration (activity), 

t = coagulation time, 

k = constant . 

It is realized that this equation does not hold for the coagul ation 

r eact ion but the results were adequate for establishing the heat treatment 

necessary to destroy EP enzyme in whey at pH 5. 20. 

The whey heated to 63 C failed to clot the substrate in 18.1 hours. 

Effect of pH on the Distribution of EP Enzyme 

between Curd and Whey 
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Curd and whey obtained from milk set at pH 5. 2, 6. 0 and 6. 7 with 

EP enzyme were separately weighed, and a 1 :5 curd-water slurry was pre­

pared for enzyme analysis. pH values of the slurries were 5. 6, 6. 4 and 6. 9 

when prepared from curd at pH 5. 2, 6. 0 and 6. 7. The increase of pH was 

attributed to colloidal calcium phosphate present in the curd which dissolved 

upon preparation of the slurry. Slurries were held at 2-4 C for 2 hours after 

which 2 ml (2. 0235 g) of well-mixed slu .rry and 2 ml (2. 0268 g) of whey were 

te s t ed for clotting activity. Measured activities were used to calculate the 
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total activity in the curd and whey. The pH at which the milk was set affected 

the relative amount of curd and whey recovered from each sample of milk. 

This is shown in Table 2 along with the measured activity in the curd and whey. 

The sum of activities measured in the whey and curd was expressed as per cent 

of the activity added to the milk. Results are shown in Figure 2 where each 

bar represents the mean value of four replications. 

Distribution of EP enzyme between whey and curd, and the total 

recovery of EP enzyme in the curd were both affected by the pH at which the 

curd was formed. 

Effect of pH Adjustment of Slurry on the Recovery of 

EP Enzyme and Enzyme Activity from Curd 

Coagulated particles of milk added to the substrate as part of the 

slurry made it difficult to identify the coagulation end point. Considerable 

practice was required before the operator could distinguish between coagulated 

particles formed by the substrate and coagulated curd particles added with the 

slurry. The test would be much improved if curd particles could be separated 

from the sample before assay without interferring with enzyme concentration. 

This was attempted by using centrifuged curd-slurry supernatants in place of 

complete slurries. 

Furthermore, if this test is to be used for measuring enzyme activity 

in cheese curd it will be necessary to quantitatively assay the enzyme activity 



a 
Table 2. Effect of pH of coagulation on the amount of curd and whey obtained from 454 g of milk set with EP enzyme 

and the clotting activity measured in curd and whey 

Per cent of 
Total theoretical 

Quantity Activity Activity activity activity 
pH of Whey Curd measured measured measured measured 
milk CJ' g in whey in curd whey + curd in curd t:, 

5 . 20 386. 4 79.4 5.12 1. 28 95.20 90.17 

6.0 359.5 106.5 4.32 1. 71 89.44 71. 07 

6.70 342.40 123 . 60 3 . 93 1. 95 87.53 70.01 

a Average values (see Appendi x , Tabl e s 6, 7 , and 8). 



Figure 2. Effect of pH on the recovery of EP enzyme in the curd and whey 
separated from freshly coagulated milk. 
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in curd which has a pH value approximating 5. 2. This appeared quite feasible 

with E P enzyme. 

Whey and curd were separated from one lot of milk coagulated at 

pH 5. 2. A 1:5 curd-water slurry was prepared and divided into three samples 

which were then adjusted to pH 5. 4, 6. 0 and 6. 8, respectively, and held at 

2-4 C for 2 hours. Each slurry was tested for activity. Activity in the whey 

which was separated from the curd at pH 5. 2 was measured and subtracted 

from the amount of activity added to the milk (6. 72 RU). The difference was 

assumed to be the theoretical activity left in the curd. Slurries were then 

centrifuged to obtain a clear supernatant liquid which was tested for activity 

and compared with that of the slurry. 

The clotting activity of EP enzyme obtained from slurries and super­

natants were expressed as a per cent of the theoretical activity in the curd . 

The results are presented in Figure 2 where each point represents a mean 

value of 4 replications. Standard deviations for per cent recovery of activity 

in curd varied from.:!::_ O. 05 to.:!::_ 6. 77 per cent (see Appendix, Tables 9 and 10). 

Effect of Dilution of pH-adjusted Slurries on the 

Recovery of EP Enzyme from Curd 

Curd and whey were separated from milk coagulated at plf !'i. 2. The 

whey was tested for activity which was subtracted from the activity added to 

the milk in order to arrive at theoretical activity remaining in curd. Care­

fully weighed portions of the well-mixed curd were used to make 1:5, 1:7, 1:11 



Figure 3. Effect of pH of 1 :5 curd-water slurries on the per cent recovery 
of EP enzyme from curd formed at pH 5. 2. 
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and 1:15 curd-water slurries. The pH values were adjusted to 5. 4. Slurries 

were held at 25 C for 30 minutes before being tested. Part of each slurry was 

filtered through No. 1 filter paper to obtain a clear supernatant for enzyme 

analysis as suggested by Reyes (68) instead of centrifuging the slurries. 

The EP enzyme activities that were measured in the slurry 

filterates were expressed as per cent of the theoretical activities in curd. 

Results are shown in Figure 4 where each point represents the average values 

of four replications. Standard deviations for per cent recovery varied from 

~ 2. 40 to~ 3. 06 per cent (see Appendix, Table 11). 

Dilution of the slurries at pH 5. 4 had no effect on the recovery of EP 

enzyme from slurry filterates, but had an adverse effect on activity of enzyme 

as dilution was increased. 

Two milliliters of slurry filterate from EP enzym e slurry prepared at 

a 1:5 curd-water ratio and adjusted to pH 5. 4, produced substrate coagulation 

in approximately 35-40 minutes. 

Effect of NaCl on the Measurement of EP Enzyme 

Activity in Curd 

Since curd at pH 5. 2 is soluble at low NaCl concentrations (87) the 

proper concentration of salt might assist the release of rennin and EP enzyme 

from curd. Wang (90) suggested that 1. G7 per cent NaCl was needed to get 

complete recovery of rennin from cheese curd. 



Figure 4. Effect of curd-water ratio of slurry at pH 5. 4 on the per cent 
recovery of EP enzyme in curd formed at pH 5. 2. 
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Endothia parasitica enzyme was used to prepare curd and whey from 

a single lot of milk at pH 5. 2. Slurries (1:5 curd-water) were prepared, and 

the pH adjusted to 5. 4 in the slurry. Each slurry was divided into three lots, 

and NaCl was added to concentrations of 0. 0, 0. 5 and 1. 0 per cent, respec­

tively. They were then held at 2-4 C for 2 hours. Part of each slurry was 

centrifuged to obtain a clear supernatant. The slurries and slurry supernatants 

were tested for enzyme activity. The activity of each whey sample was measured 

and subtracted from the amount added to the milk to arrive at the theoretical 

amount of enzyme activity in the curd. 

Clotting activities of EP enzyme recovered in slurries and slurry 

supernatants were expressed as a per cent of the theoretical activity in the 

curd. The results are presented in Figure 5 where each point represents an 

average of six replications. Standard deviations for the per cent recovery 

varied from_:!:: 0. 23 to_:!:: 1. 02 per cent (see Appendix, Tables 12 and 13). 

Sodium chloride inhibited milk clotting activity at all concentrations. 

The same effect was observed when proportional amounts of NaCl were added 

to the substrates prior to testing with standard rennin. This suggested that the 

sodium ions might have interferred with the coagulation of the casein in milk. 

Maze (53) reported that NaCl prolonged renneting time in the milk duo to partial 

replacement of calcium from casein molecules by sodium ions. However, it 

could also serve to dilute out the effect of the free soluble calcium ions which 

are essential to the coagulation of paracasein. 



Figure 5. Effect of NaCl in 1:5 curd-water slurries on the per cent EP 
enzyme accounted for in curd formed at pH 5. 2 (EP enzyme 
slurries adjusted to pH 5. 4). 
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DISCUSSION 

When milk-coagulating enzymes are used in cheese manufacture, some 

enzyme activity remains in the cheese (90), some is lost in the whey and some 

is probably destroyed during cheese making. Any attempt to quantitatively 

account for the distribution and fate of these coagulants would require a test pro­

cedure capable of measuring all the residual enzyme in the curd as well as the 

whey. Since enzyme activity losses during cheese making could be substantial, 

recovery procedures were developed on curd and whey separated from milk 

freshly coagulated by EP enzyme at 30 C. No heating of the curd or whey was 

employed. This resulted in curd much higher in moisture than one would 

expect from most cheese making operations, but it was essential that the 

enzyme remain stable in order to evaluate the procedure. 

Concentrations of EP enzyme was employed which approximated those 

used in cheese making. 

The very sensitive substrate proposed by Gorini and Lonaavacchia (27) 

and modified by Wang (90) was satisfactory for measuring coagulation pro­

duced by this enzyme at concentrations recovered in curd and whey. 

No special preparation of the sample was required for measuring 

enzyme activity in whey. A measured amount of whey (2 ml) was added to 

25 ml of substrate, and the coagulation time measured and compared with that 

produced in a duplicate substrate by a known dilution of a standard enzyme 

solution. The standard EP enzyme was diluted with heated whey so that the 
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conditions remained the same except for enzyme content in both the whey 

samples. The end point of the coagulation was indicated by the appearance of 

tiny flakes in the body of the substrate. 

Measurement of enzyme activity in curd was more complicated. 

When curd-water slurries were prepared, fine curd particles in the slurry 

obscured the coagulation end point. This problem was solved by centrifuging 

the slurry and using the supernatant for inoculating the substrate . However, 

under certain conditions the enzyme was associated with the curd in such a 

way that its activities were only partially measurable. 

Most of the EP enzyme was released int.o curd slurry supernatants in 

1:5 curd-water slurries at pH 5. 4. At pH 6. 0 and 6. 8, there was progressively 

less EP enzyme available for assay. However, even at pH 6. 8, 80 per cent of 

the EP enzyme in the curd was measurable in the supernatant. 

The effect of pH on the affinity of curd for EP enzyme was also 

reflected in the distribution of this enzyme between curd and whey when milk 

was coagulated at various pH values. At pH 6. 7, 70. 01 g of curd contained 

42 per cent of the EP enzyme added t.o 454 g of milk. At pH 5. 2, 90. 17 g of 

curd contained 24 per cent of the activity in the same amount of milk. 

The curd:water ratio had a great effect on the recovery of enzyme 

from curd. Since at pH 5. 2 very little EP enzyme remained in curd, a curd­

water ratio of 1:5 was most effective for enzyme recovery. More than 1:5 

curd-water ratio had adverse effects on recovery because the slurries became 



more and more dilute and blending apparently had a destructive effect on 

enzyme released from the curd (68). 
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Release of rennin from curd by adding 1. 67 per cent NaCl as proposed 

by Wang (90) was unsuccessful because any amount of salt added to the sub­

strate or added with the enzyme delayed coagulation of the substrate. The 

same effect was observed with EP enzyme when salt was added to the slurry. 

Recomm ended Procedure for Measuring EP Enzyme 

Activity in Whey 

1. Prepare a substrate by combining 50 ml 0. 5 M cacodylic acid, 

50 ml O. 2 M CaC1
2

, 30 ml O. 2 M triethanol amine and dilute to 500 ml with 

dis t illed water and 6 g NDM. Store at 2 C for 20 hours before using. 

2. Cool whey sample rapidly and store under refrigeration until 

tested. 

3 . Heat a portion of the whey to be tested to 63 C for 10 minutes and 

cool to 25 C with cold water. Use this whey to make appropriate dilution of a 

standard EP enzyme solution. 

4. Transfer 25 ml of substrate to 125 ml wide-mouth test bottle and 

temper to 30 C in the tester for 20-30 minutes. 

5. Add 2 ml whey to the substrate and start the timer at the instant 

the whey is released from the pipette. 

6. Stop the ti.mer when the first sign of coagulation appears in the 

substrate. 
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7. An enzyme solution of known concentration must be diluted such 

that 2 ml of the standard will give approximately the same coagulation time 

when run simultaneously alongside the unknown whey sample. 

8. Calculate the enzyme activity in the whey with the following 

formula. 

Ts Du 
RU /ml = Tu x Ds x SA 

where RU/ ml = rennin units per ml of unknown whey sample, 

TS = coagulation time of the standard, 

Tu = coagulation time of the unknown whey, 

Ds = dilution of the standard, 

Du = dilution of the whey, 

SA = rennin units per ml of undiluted standard. 

Recommended Procedure for Measuring EP Enzyme 

Activity in Curd 

1. Accurately weigh 80 g EP enzyme curd, transfer to a Waring 

blendor and add 150 ml distilled water at 35 C. Blend at high speed for 1 

minute. Add 250 ml distilled water at 35 C and blend for 1 additional minute 

or until the slurry is smooth. Adjust the pH to 5. 4 with 1 N HCI and store at 

2 C for 2 hours. 

2. Make appropriate dilution of standard EP enzyme with distilled 

water. 
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3. Allow the curd slurry to stand at 25 C for 30 minutes. Filter a 

small portion of the curd slurry to obtain curd-free filtrate. 

4. Add 2 ml of the supernatant to 25 ml substrate and test for activity 

as described in steps 4-7 under the procedure for measuring the activity in 

whey. This will give the activity per ml (1. 0025) of slurry. 

5. Dilution of the curd including the addition of HCl must be included 

in calculating dilution (of unknown). 

The test procedures outlined here gave quantitative recovery of added 

E P enzyme from curd and whey separated from freshly coagulated milk at pH 

5. 2. It is recognized that the characteristics of cheese curd are different from 

that of the curd used in these experiments. However, the principles demon­

strated here must be taken into consideration when measuring the rennin or 

EP enzyme content of cheese curd. 

The sensitivity of the test might be improved if the buffer concentra­

tion in the substrate were increased. This would make it possible to use more 

inoculum than was used in these experiments. 



41 

LITERATURE CITED 

1. Babcock, S. M. , H. L . Russell, and A. Vivian. 1900. Influence of 
rennet on cheese ripening; 17th Annual report 1899 / 1900. Wisconsin 
Agr. Expt. Sta. 102 p. 

2. Babel, F. J. 1948. Effect of calcium chloride and reduced amount of 
rennet on protein degradation in Cheddar cheese. Nat. Butter and Cheese 
J. 39(5):42. 

3. Babel, F. J ., and G. A. Somkuti. 1951. Mucor pusillus pr oteas e as a 
milk coagul ant for che ese manufactur e . J . Dairy Sci. 51:937 . 

4 . Barthel, C., E. Sandberg, and E. Haglund. 1928. New method for the 
study of cheese ripening process. Lait 8:285 (Original not seen; Chem. 
Abstr. 23:448. 1929.) 

5. Barthel, C. , E. Sandberg, and E . Haglund. 1928. The occurrance of 
rennet in cheese . Medd. Centralanstalt. forsoksvasendet jordbruks 
No. 342. (Or iginal not seen; Chem. Abstr. 29:4510. 1929.) 

6. Berridge, N. J. 1952. Enzymes and coagulation. In J. B. Summer and 
K. Myrback (ed.). The enzymes 1(2):1079. Academic Press, New York. 

7. Berridge, N. J. 1952. Some observations on the determination of the 
activity of rennet. Analyst 77:57. 

8. Berridge, N. J. 1952. An improved method of observing the clotting of 
milk containing rennin. J . Dairy Res. 19:328. 

9. Bobeck, R., and Kr. Jost. 1956-57. Results of rennet testing. Mejeritek. 
Medd. 18(5):81. (Original not seen; Dairy Sci. Abstr. 20:573. 1958.) 

10. Castren, E. 1956. The determination of enzyme activity hy the cup-plate 
method. Svensk Farm. Tidskr. 60:871. (Original not seen; Chem. 
Abstr. 51:6751. 1956.) 

11. Czulak, J. 1959. Bitter flavors in cheese. Australian J. Dairy Tech. 
14:177. 



42 

12. Davies, W. L., J. G. Davis, D. V. Dearden, and A. T. R. Mattick. 
1934. Studies in Cheddar Cheese. II. The effect of controlled oxidation­
reduction potential on ripening. ill. The role of rennin, pepsin, and 
lactobacilli. J. Dairy Res. 5:144. 

13. Davis, J. G. 1965. Cheese. American Elsevier Publishing Co., New 
York. 827 p. 

14. DeMan, J. M., and S. C. Batra. 1964. Measurement of the rennet 
clotting time of milk with an automatic clot timer. Dairy Ind. 29:32. 

15. Effront, J. 1917. Biochemical catalysis in life and industry. Trans­
lated by S. C. Prescott. John Wiley and Sons, Inc., New York. 

16. Ernstrom, C. A. 1956. studies on rennet and rennin. PhD dissertation, 
University of Wisconsin, Madison, Wisconsin. 

17. Ernstrom, C. A., W. V. Price, and A. M. Swanson. 1958. Effect of 
reducing rennet and adding CaC1

2 
on the manufacture and curing of 

Cheddar cheese. J. Dairy Sci. 41:61. 

18. Ernstrom, C. A. 1958. Heterogeneity of crystalline rennin. J. Dairy 
Sci. 41:1663. 

19. Ernstrom, C. A. 1961. Milk clotting activity of pepsin. Milk Products 
J. 5:8. 

20. Ernstrom, C. A. 1965. Rennin activity and cheese chemistry, p. 590-
672. In B. H. Webb and A. H. Johnson (ed.). Fundamentals of Dairy 
Chem. The Avi Publishing Co., Westport, Connecticut. 

21. Everson, T. C., and W. C. Winder. 1968. Rennet coagulation test with 
a recorded endpoint. J. Dairy Sci. 51:940. 

22. Fenger, F. J. 1923. Comparison between the chemical and physiological 
characteristics of the pepsin and rennin. J. Am. Chem. Soc. 45:249. 

23. Feltman, B. 1959. Studies on rennin. II. On the crystali zation, 
stability, and proteolytic activity of rennin. Acta. Chem. Scand. 13: 
1927. 

24. Feltman, B. 1960. Studies on rennin. V. Chromatographic purification 
of prorennin. Acta. Chem. Scand. 14:2247. 



25. Freeman, T. R., and A. C. Dahlberg. 1938. Rate of ripening in 
Cheddar cheese. Pennsylvania Agr. Exp. sta. Bull. 362. 

43 

26. Fox, P. F. 1968. Studies on a milk clotting enzyme from Aspargillus 
usameii. Irish J. Agr. Res. 7:251. (Original not seen; Dairy Sci. 
Abstr. 31:1617. 1969.) 

27. Gorini, L., and G. Lanzavecchia. 1954. Mechanism of production of 
bacterial protease. I. New technique for the determination of protease 
by milk coagulation. Biochem. et Biophys. Acta. 14:407. 

28. Graber, H. T. 1911. Some observations upon the assay of digestive 
ferments. J. Ind. Eng. Chem. 3:919. 

29. Graber, H. T. 1917. The rennetic properties of pepsin. J. Ind. Eng. 
Chem. 9:1125. 

30. Haglund, E., C. Barthel, and E. Sandberg. 1923. The lactic acid 
bacterial content of milk and the rpaidity of cheese ripening. Kgl. Landtbr­
Akad. Handl. Tids. 62:614. (Original not seen; Chem. Abstr. 18:424. 
1924.) 

31. Haglund, E., C. Barthel, and E. Sandberg. 1924. Content of lactic acid 
bacteria in relation to rate of cheese ripening. Kgl. Landtbr-Akad. Handl. 
Tidskr. (Original not seen; Chem. Abstr. 19:1016. 1925.) 

32. Hales, M. W. 1941. Practical suggestions on use of rennet. Nat. Butter 
and Cheese J. 32(4):26. 

33. Hansen, J. C. 1935. The effect of certain bacteria on the ripening of 
Cheddar cheese made from milk. Proceedings of the Twenty-first Annual 
Meeting, Western Division of American Dairy Sci. Assoc. 

34. Harper, W. J., and T. Kristofferson. 1956. Biochemical aspects of 
cheese ripening. J. Dairy Sci. 39:1773. 

35. Hupfer, J. J. Jr., G. P. Sanders, and R. P. Tittsler. 1950. Tyramine 
production in cheese and in various bacterial cultures. J. Dairy Sci. 
33:401. 

36. Irvine, D. M., Z. Puhan, and V. Gruetzner. 1969. Protease complex 
from a mutated strain of Bacillus substillis as a milk coagulant for cheese 
manufacture. J. Dairy Sci. 52:889. 



44 

37. Kelly, C. D. 1931. Influence of certain lactic acid streptococci on the 
chemical changes of Cheddar cheese. N. Y. Agr. Exp. Sta. Tech . Bull. 
184. 

38. Kikuchi, T. S., S. Toyoda, K. Ahiko, and Y. Suzuki. 1968. Studies on 
microbial rennet. III. Practical application of microbial rennet in 
cheese making. Report of the Research Laboratory, Snow Brand Milk 
Products Co., Tokyo, 70:13. (Original not seen; Dairy Sci. Abstr. 
31:2020.) 

39 . Killing, J. 1943. The behavior of rennet in the manufacture of cooked 
curd cheese. Ann. Ferment, Alencon. 8:93. (Original not seen; Dairy 
Sci. Abstr. 7:231. 1946.) 

40 . King, C. W., and E. M. Melville. 1939 . A simple and accurate 
viscometric form of rennet test. J. Dairy Sci. 10:340. 

41. Knowles, N. R. 1936. A study of the bacterial flora of foremilk and 
rennet extract with special reference to acid proteolytic types. J. Dairy 
Res. 7:63. 

42. Kr antz, J . C. Jr., and C. J. Carr. 1930. The influence of light upon the 
hydrogen-ion concentration of certain gelanical preparations. J. Am. 
Pharm. Assoc. 19:32. 

43 . Krishnaswami, M. A., D. S. Johar, V. Subrahmanyam, and S. P. Thomas . 
1961. Manufacture of Cheddar cheese with milk clotting enzyme from Ficus 
carica (vegetable rennet). Food Tech. 15:482. 

44. Larson, M. K., and J. R. Whitaker. 1970. Endothia parasitica protease. 
Parameters affecting stability of rennin-like enzyme. J. Dairy Sci. 
53:253. 

45 . Larson, M. K., and ,J. R. Whitaker. 1970. Endothia parasitica protease. 
Parameters affecting stability of the rennin-like enzyme. J. Dairy Sci. 
53:262. 

46. Lawrence, R. C., and W. B. Sanderson. 1969. A micromethod for 
quantitative estimation of rennets and other proteolytic enzymes. J. Dairy 
Res. 36:21. 

47 . Leitch, R. H. Manufacture of rennet. 1937. Congr. Intern. Tech. Chim. 
Ind. Agr. , Compt. Rend Ve. Congr. 2 :307. (Original not seen; Chem. 
Abstr. 32:3498. 1938.) 



45 

48. Linklater, P. M. 1961. The significance of rennin and pepsin in rennet. 
PhD dissertation, Univ. of Wisconsin, Madison, Wisconsin. 

49. Linklater, P. M., and C. A. Ernstrom. 1961. Crystalline rennin in the 
manufacture of Cheddar cheese. J. Dairy Sci. 44:1621. 

50. Lorcher, G. 1897. Uber labwrirkung. archiv. F. ges. Physiol. 69:141. 

51. Lucas, P. S. 1918. The use of pepsin as a rennet substitute in Cheddar 
cheese making. Oregon Agr. Exp. Sta. Bull. 155. 

52. Maragoudakis, M. E., J. O. Young, and R. W. Stein. 1961. Use of 
rennet and rennet-like substitute in Cheddar cheese manufacture. J. 
Dai ry Sci. 44:2339. 

53. Maze, P. 1940. Influence of sodium chloride on the coagulant power of 
rennin. Compt. rend. soc. biol. 134:425. (Original not seen; Chem. 
Abstr. 36:833. 1942.) 

54. Melachouris, N. P., and S. L. Tuckey. 1964. Comparison of the 
proteolysis produced by rennet extract and the pepsin preparation metro­
clot during ripening of Cheddar cheese. J. Dairy Sci. 47:1. 

55. Melachouris, N. P., and S. L. Tuckey. 1967. Properties of a milk­
clotting microbial enzyme. J. Dairy Sci. 50:943. 

56. Merker, H. M. 1919. Pepsin versus rennet in cheese making. J. Dairy 
Sci. 2:482. 

57. Mickelsen, R., and C. A. Ernstrom. 1967. Factors affecting stability 
of rennin. J. Dairy Sci. 50:645. 

58. Nosar, N. D. 1948. Milk clotting enzymes from plant. Indian Farming 
9:451. 

59. Peltola, E. , and M. Antila. 1950. Effect of heat and pH on the proteases 
of rennin. Suomen Kemistilehti. 23B:4. (Original not seen; Chem. 
Abstr. 44:107676. 1950.) 

60. Peterson, M. H., M. J. Johnson, and W. V. Price. 1948. Determination 
of cheese protease. J. Dairy Sci. 31:47. 

61. Peterson, M. H., M. J. Johnson, and W. V. Price. 1948. Protease 
content of Cheddar cheese during making and ripening. J. Dairy Sci. 
31:55. 



46 

62. Phillips, C. A., and W. V. Price. 1936. Bitterness in Cheddar cheese 
associated with acidity in curd-making process, today's science for 
tomorrows farming. 52nd Annual Report 1934/35. Wisconsin Agr. Exp. 
Sta. Bull. 435. 151 p. 

63. Phillips, C. A., G. A. Richardson, and N. P. Tarassuk. 1942. The 
use of rennet paste in Romano-type cheese. J. Dairy Sci. 25:728. 

64. Placek, C., V. S. Bavisotto, and E. C. Judd. 1960. Commercial 
enzymes by extraction (rennet). Ind. Eng. Chem. 52:2. 

65. Praprotnik, V. 1968. Experiments with microbial rennet. Dte. molk­
ztg. 89(46):2058. (Original not seen; Dairy Sci. Abstr. 32:407. 1968.) 

66. Price, W. V. 1936. Bitter flavor in Cheddar cheese. J. Dairy Sci. 
19:185. 

67. Rand, A. G., and C. A. Ernstrom. 1964. Effect of pH and sodium 
chloride on activation of pro rennin. J. Dairy Sci. 47 :1186. 

68. Reyes, J. 1971. A procedure for measuring residual rennin activity in 
whey and curd from freshly coagulated milk. M. S. thesis, Utah State 
University, Logan, Utah. 

69. Richardson, G. H., J, H. Nelson, R. E. Luhnow, and R. L. Schwarberg. 
1967. Rennin-like enzyme from Mucor pusillus for cheese manufacture. 
J. Dairy Sci. 50:1066. 

70. Ritter, W., and P. Schitt. 1965. Study of some important factors 
affecting the estimation of rennet strength. Schweiz. Milchztg. 91:79. 
(Original not seen; Dairy Sci. Abstr. 28:2319. 1966.) 

71. Sardinas, J. L. 1966. Milk curdling enzyme elaborated by Endothia 
parasitica. U. S. Patent 3, 275, 453. September 27. 

72. Sardinas, J. L. 1968. Rennin enzyme of Endothia parasitic a. Appl. 
Microbiol. 16:248. 

73. Scott-Blair, G. W., and J. C. Oosthuizen. 1961. A viscometric study 
of the breakdown of casein in milk by rennin or rennet. J, Dairy Res. 
28:165. 

74. Scott-Blair, G. W., and J. A. Burnett. 1963. A simple method for detec­
tion of early stage in coagulation of renneted milk. J. Dairy Res. 
30:383. 



47 

75. Shaklee, A. O., and S. J. Meltzer. 1909. The influence of shaking upon 
trypsin and rennin and a comparison of this influence with that upon 
pepsin. Proc. Soc. Exp. Biol. Med. 6:103. (Original not seen; Chem. 
Abstr. 3:2007. 1909.) 

76. Sherwood, I. R. , and H. R. Whitehead. 1934. The influence of lactic 
streptococci on the ripening of Cheddar cheese. J. Dairy Res. 5:208. 

77. Sherwood, I. R. 1935. The role of rennet in the ripening of Cheddar 
cheese. J. Dairy Res. 6:204. 

78. Sherwood, I. R. 1935. The function of pepsin and rennet in the ripening 
of Cheddar cheese. J. Dairy Res. 6:407, 

79. Shovers, J., and V. S. Bavisotto. 1967. Fermentation derived enzyme 
substitute for animal rennet. J. Dairy Sci. 50:942. 

80. Sommer, H. H., and H. Matsen. 1935. The relation of mastitis to rennet 
coagulability and curd strength of milk. J. Dairy Sci. 18:741. 

81. Srinivasan, R. A., S. N. Anantharamaiah, N. Keshavamurthy, C. P. 
Ananthakrishnan, and K. K. Iya. 1962. Studies on milk clotting bacterial 
enzyme for cheese manufacture. Part II. Preparation of Cheddar cheese 
by using bacterial enzyme. Int. Dairy Congr. 1962B, p. 506. (Original 
not seen; Dairy Sci. Abstr. 24:2940. 1962.) 

82. Stadhouders, J, 1963. The bitter defect in cheese. Misset's Zuivel 
69(11):220. (Original not seen; Dairy Sci. Abstr. 25:1547. 1963.) 

83. Stine, J. B. 1962. Personal correspondence. 1962. 

84. Storrs, F. C. 1965. The determination of the coagulating power of com­
mercial rennet extract using an automatic test. J. Dairy Res. 23 :269. 

85. Struble, E. B., and P. F. Sharp. 1940. Effect of heat and pII on the 
inactivation of rennin in whey. J. Dairy Sci. 23:587. 

86. Van Slyke, L. L., and E. B. Hart. 1903. Condition affecting chemical 
changes in cheese ripening. N. Y. (Geneva) Agr. Exp. Sta. Bull. 236. 

87. Van Slyke, L. L., and A. W. Bosworth. 1912. Composition and proper­
ties of some casein and paracasein compounds and their relation to cheese. 
III. Composition of the brine-soluble compounds in cheese. N. Y. Agr. 
Exp. Sta. Bull. 26. 



48 

88. Van Slyke, L. L. , and W. V. Price. 1949. Cheese. Second ed. Orange 
Judd Publishing Co., New York. 

89. Veselov, I. Ya, D. Ya. Tipograf, and T. A. Petina. 1965. Aspergillus 
candidus as a milk-coagulating enzyme. Prikl. Biokhim. Mikrobiol. 
1(1):52. (Original not seen; Dairy Sci. Abstr. 28:200. 1966.) 

90. Wang, J. T. 1969. Survival and distribution of rennin during Cheddar 
cheese manufacture. M. S. thesis, Utah state University, Logan, Utah. 

91. Winder, W. C. 1949. Studies on the treatment of Cheddar cheese with 
ultrasonic sound waves. PhD dissertation, University of Wisconsin, 
Madison, Wisconsin. 

92. Windlan, J. , and F. V. Kosikowski. 1956. The influence of milk­
coagulating enzymes of non-animal origin upon the flavor and constituents 
of Cheddar cheese. J. Dairy Sci. 39:917. 



49 

APPENDIX 



Table 3. Clotting activity of EP enzyme recovered from freshly coagulated 
milk at pH 5. 2 

Activity Activity 

50 

Replication added recovered Recovery 

(RU) (RU) (%) 

1 6.72 6.20 92.26 

2 6.72 6.17 91. 98 

3 6.72 6.03 89.73 

4 6.72 6.10 90.77 

Mean 6.72 6.12 91. 19 

SD +0.06 +1. 36 
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Table 4. Clotting activity of EP enzyme recovered from freshly coagulated 
milk at pH 6. 0 

Activity Activity 
Replication added recovered Recovery 

(RU) (RU) (k ) 

1 6.72 5.55 82.51 

2 6.72 5.51 81. 94 

3 6.72 5.45 80 .46 

4 6.72 5.48 81. 57 

5 6.72 5.45 81.11 

6 6.72 5.66 84.22 

7 6.72 5.61 83 .48 

8 6.72 5.59 83.19 

9 6. 72 5.53 82.23 

10 6.72 5.52 82.14 

Mean 6.72 5.54 82.29 

SD +0.07 +1. 05 
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Table 5. Clotting activity of EP enzyme recovered from freshly coagulated 
milk at pH 6. 7 

Activity Activity 
Replication added recovered Recovered 

(RU) (RU) (%) 

1 6.72 5.27 78.52 

2 6. 72 5.31 78.96 

3 6.72 5.33 79.41 

4 6.72 5.25 78.09 

5 6.72 5.22 77. 67 

6 6.72 5.24 78.01 

7 6.72 5.21 77.52 

8 6.72 5.19 77.2~ 

9 6. 72 5.36 79.76 

10 6.72 5.26 78.23 

Mean 6.72 5.26 78.34 

SD -10. 05 +0. 82 



Table 6. Effect of pH of coagulation on the curd and whey obtained from 454 g milk set with EP enzymea at pH 5. 2 
and on the clotting activity recovered in the curd and whey 

Activity Theoretical Activity 
Quantity measured activity measured in curd 

Replication Whey Curd in whey in curd Total % 

1 390.1 75.9 5.10 1. 3-1 1. 24 92.50 

2 384.1 81.4 5.07 1. 37 1. 19 86.80 

3 386.2 79.8 5.12 1. 32 1.16 87.80 

4 385. 4 80.6 5.18 1. 26 1.18 93.60 

Mean 3 86.-! 79.4 5. 12 1. 32 1.16 90.17 

SD +-0. 06 +0.03 +-0. 03 +4.12 

a 
6. 72 RU of EP enzyme. 



Table 7. Effect of pH of coagulation on the curd and whey obtained from 454 g milk set with EP enzyme a at pH 6. 0 
and on the clotting activity recovered in the curd and whey 

Activity Theoretical Activity 
Quantity measured activity measured in curd 

Replications Whey Curd in whey in curd Total % 

1 360.8 105.4 4.34 2.38 1. 62 68.06 

2 358. 2 107.8 4. 21 2.51 1. 85 73.70 

3 361. 8 104.2 4.48 2.24 1. 59 70.98 

4 357.3 108.7 4. 26 2.46 1. 76 71.54 

Mean 359.5 106.5 4.32 2.40 1. 71 71. 07 

SD +0.02 +0.014 +O. 015 +5.44 

a 
6. 72 Rt: of EP enzyme. 



Table 8. Effect of pH of coagulation on the curd and whey obtained from 45-1 g milk set with EP enzymea at pH 6. 7 
and on the clotting activity recovered in the curd and whey 

Activity Theoretical Activity 
Quantity measured activity measured in curd 

Replications Whey Curd in whey in curd Total % 

1 345.6 120.4 3.95 2.77 1. 95 70. 39 

2 340.2 125.8 4.10 2.62 1. 90 72.51 

3 341.1 124.9 3. 85 2.87 1. 94 67.59 

-1 342.8 123.3 3. 83 2.90 2. 01 69.55 

Mean 342. 40 123.6 3. 93 2.79 1. 95 70.01 

SD +-0. 015 +0.015 +0.002 +4.15 

a 
6. 72 RU of EP enzyme. 

CJl 
CJl 



Table 9. 
a 

Effect of pH on slurry on the recovery of EP enzyme from curd formed at pH 5. 2 (test performed on 
slurry) 

Activity Theoretical 
b 

Repli- recovered activity Activity recovered in slurry 
cation in whey in curd pH 5. -1 pH 6.0 pH 6. 8 

(RU) (RU) (RU) (%) (RU) (%) (RU) (%) 

1 20.31 6.57 5.76 87 .67 2.58 86.87 2.48 83 .50 

2 20.26 6.62 6.07 91. 69 2.60 86.37 2.56 85.04 

3 20.41 6.47 5.78 89.33 2.61 89.69 2. 49 86.56 

4 20.79 6.09 5.70 93.59 2.63 87.66 2.58 87.00 

5 10. -l:6 2.98 2.55 85.57 2.45 82.21 

6 10.56 2.88 2.58 89.58 2.41 83.68 

7 10. -lO 3.04 2.63 86.51 2.56 84.21 

8 2.65 88.62 2.51 83.94 
--

Mean 20. -l:-1 6.4-! 5 . 82 90.57 2.60 87.60 2.50 84.39 

SD +0 . 03 ..-6 . ,7 +0.03 , 1.54 0.06 +1. 41 -
c:.n 

~13. 44 RU adde d per 908 g milk. 
en 

Total and per cent activity of the theoretical activity in curd. 



Table 10. a 
Effect of pH of slurry on the recovery of EP enzyme from curd formed at pH 5. 2 (test performed on 
slurry-supernatant) 

Activity Theoretical 
Repli- recovered activity Slurry suEernatant 
cation in whey in curd pH 5.4 pH 6.0 pH 6. 8 

(RU) (RU) (RU) (%) (RU) (1/o) (RU) (1/o) 

1 20.31 6.57 5.87 89.31 2.58 86.87 2.38 80.13 

2 20.26 6.62 5.90 89.10 2.60 86.37 2.41 80.01 

3 20.41 6.47 5.89 91. 12 2.49 85.57 2.37 81.44 

4 20.79 6.09 5.38 88.41 2.56 85.33 2.39 79.66 

5 10.46 2.98 2.58 86.58 2.44 81. 87 

6 10 . 56 2.88 2.48 86.11 2.35 81. 66 

7 10.40 3.04 2.60 85.52 2.43 79. 93 

8 10.45 2.99 2.59 86 . 62 2.45 81. 93 

Mean 20. 44 6.43 5.76 89.48 2.55 86.09 2.39 80.82 

SD +.23 +l. 08 +0.43 +0.61 +0.15 +0.97 c.n 
....;J 

a 
13. 44 RU added per 908 g milk. 

b 
Total and percent activity of the theoretical activity in curd. 



Table 11. Effect of curd-water ratio of slurry at pH 5. 4 on the per cent recovery of EP enzyme a from curd formed 
. at pH 5. 2 (test performed on slurry supernatant) 

Activity Theoretical 
Activity recovered in slurry supernatant 

b 
Repli- recovered activity 
cation in whey in curd l:5c 1:7c 1:llc 1:15c 

(RU) (RU) (RU) (%) (RU) (%) (RU) (%) (RU) (%) 

1 20.41 6.47 5.90 91.19 5. 83 90.10 5. 85 90.41 5.81 89.79 

2 20.27 6.61 5.95 90. 01 6.03 91. 23 5. 93 89. 71 5.93 89. 71 

3 20.49 6.39 5. 63 88.10 5.61 87. 79 5.55 86.85 5.51 86.22 

4 20. 71 6.17 5.66 91. 73 5.41 87.68 5.51 89.30 5.53 89.62 

Mean 20.47 6.43 5.78 90.26 5.72 89.20 5. 71 89.06 5.70 88. 83 

SD +o. 03 +2.58 +0.07 +3. 06 +0.05 +2.40 +0.04 +3.04 -

:26. 88 RU added per 1816 g milk. 
Total and per cent activity of the theoretical activity in curd. 

c Curd-water ratio. 



Table 12. Effect of NaCl in 1:5 curd-water slurries (pH 5. 4) on the per cent recovery of EP enzyme 
a 

activity from 
curd formed at pH 5. 2 (test performed on slurry) 

Activity Theoretical 
b 

Repli- recovered activity Activity recovered in slurry 
cation in whey in curd 0. 0% NaCl 0.5 % NaCl 1. 0% NaCl 

(RU) (RU) (RU) (%) (RU) (%) (RU) (%) 

1 20.9 8 5.90 5.93 100.50 5.62 95. 25 5.43 92.02 

2 20.90 5.98 5.90 98. 66 5.72 95. 65 5.48 91. 63 

3 20. 95 5.93 5.93 100.00 5.65 95.28 5.41 91. 23 

-! 20. 89 5.99 5.95 99.33 5.68 94.82 5.38 89.82 

5 20. 86 6.02 6.00 99.66 5.70 94.68 5.43 90.20 

G 20.88 6.00 5.94 98. 83 5.73 95.50 8 .46 91. 00 
-- --

l\Iean 20.91 5.97 5.94 99.49 5.GG 95.19 5.43 90.98 

SD +0.03 +0 .70 +0 .04 +0.38 +0.03 . +O. 84 -

a . 
b26. 88 RU added per 1816 g nulk. C}l 

Total and per cent acti\·ity of the theoretic al acti\ ·ity in curd. '° 



Table 13. Effect of NaCl in 1:5 curd-,rnter slurries (pH 5.4) on the per cent recO\·ery of EP enzymea activity from 
curd formed at pH 5. 2 (test performed on slurry supernatant) 

Activity Theoretical 
b 

Repli- recovered acti, -ity Activity reco,·ered in slurry supernatant 
cation in whey in curd 0. 0% NaCl 0. 5~ N"aCl 1. 0% NaCl 

(RU) (RV) (RU) (%) (Rl') (?c) (RU) (%,) 

1 20.98 5.90 5.88 99. 66 5.GO 94.91 5.45 92.72 

2 20.90 5.98 5.92 98.88 5.66 9-L 64 5.50 91. 97 

3 20.95 5.93 5.86 98. 80 5.69 95.95 5.45 91. 90 

4 20.89 5.99 5.89 98. 33 5.72 9G.13 5.40 90.15 

5 20. 86 6.02 5.94 98. 67 8.78 96.01 5.43 91. 99 

6 20.88 G.00 5.90 98. 33 5.77 9G.16 5.42 90.33 
-- --

:i\Iean 20.91 5.97 5.89 98.79 5.70 95.63 5. 44 91. 51 

SD -i-. 03 I 0. 49 -i-0. 07 t-0. 68 +.03 -1 l. 02 

a26. 88 RC added per 181G g milk. 
b 

Total and per C'ent acli\·ity of the theoretical acti\'ity in curd. 
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