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THE RIPMIHG OP CHEDDAR CHEESE MADE TIUITH REMET 
AS COMPARED WITH A RMNET-klEE SUBSTITOtB 

INTRODUCTION 

Th© changes which talj© place in ripening of cheese 

have "been the object of many investigations.    These changes 

are known to be a result of a number of factors  of which 

enzymatic and bacterial activity are considered the most 

Important. 

Although the biochemical changes involved in the 

process have been extensively investigated, much remains 

to be kmom before all changes and factors affecting the 

ripening of this complex biological product can be studied 

in detail* 

On the basis of chemical analysis of cheese, it has 

been found that proteolytic and llpolytie enzymes are 

necessary for protein and llpid decomposition to develop 

cheese flavor and proper body and texture. These enzjpaes 

are naturally present in milk, are of bacterial origin or 

are introduced as clotting agents in the cheese making 

process. 

lennin clotting has been used in cheese making for 

a number of years, but the precise mechanism by #iieh it 

operated has remained a fascinating and intriguing problem 

that has not as yet been entirely explained. Rennin is a 



proteolytic enzyme that can hydrolyse some peptide bonds 

of proteins.    It isf however*  the least proteolytic of any 

enzyme knom which clots milk. 

Many other proteolytic enzymes are known to clot milk, 

but none of them is as specific as rennin in clotting 

activity.    Only pepsin seems to resemble rennin in clot- 

ting action. 

The only commercial  source of rennin is the fourth 

stomach or abomasum of suckling calves.    It is replaced 

by pepsin in the abomasum as the animal ages.    In order to 

obtain  the best rennet only those stomachs from milk-fed 

calves are used.    For this reason the calves must be 

slaughtered before  they have eaten solid foods and prefer* 

ably about eighteen hours after the last feeding.    The 

enzyme is prepared commercially for use in cheese making 

as a salt extract of the dried calf stomachs.    Such an 

extract containing the enzyme rennin is called rennet or 

rennet extract* 

The majority of the clotting ingredients in commercial 

rennet preparations is rennin, «iith a varying amount of 

pepsin depending upon the age of the calves rahose  stomachs 

were used in the manufacture and th© purification process 

followed after extraction. 

Because of the increase in the price of beef in recent 

years resulting in a shortage and an increase in the price 



of rennet* attempts have been made to develop rennet sub- 

stitutes of vegetable* microbisl or animal origin*    Such 

an attempt is also of importance in countries where 

religious beliefs prohibit the slaughtering of animals. 

Rennet substitutes might also increase the sale of 

the cheese produced today by modifying the types of cheese* 

or possibly even leading to the creation of entirely new 

types of cheese. 

This study was undertaken to investigate the differ- 

ence in th© ripening of cheddar cheese made with rennet 

and a commercial rennet-like  substitute* 
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REVIEW OF klOTAfURl 

Cheddar Cheese Ripening 
in 11 .m 

Boenomical Significance 

The ripening process is on© of the most important 

phases of the Cheddar cheese Industry from a biological 

and from an economic standpoint.    Under normal conditions 

of manufacture and storage,  the ripening process requires 

6-9 months depending upon the  type of flavor desired,   the 

market demand and other factors*    This entails capital 

invested in refrigerated store rooms,  and expense in 

refrigeration maintenance and labor.    Methods for acceler- 

ating the aging process have been suggested (22, p» 14) 

based on the use of a combination of S. lactls and S* 

faecal is as starter cultures said an increase in the ripen- 

ing temperature for the first weeks of ripening.    By this 

method desirable quailty and flavor intensity was produced 

In IS weeks. 

Factors Involved 

Microorganisms 

Studies on the microbiology of cheese ripening have 

received more attention than any other factor,    numerous 

opinions as to the relative and specific Importance of 

bacteria in bringing about or aiding the ripening of 



Cheese have been expressed. 

Windisch (73, p. 87) vma one of the early investiga- 

tors who suggested that bacteria play the principal role 

in the changes of the fat of cheese.    Later Rogers  (56, 

p. 7-»58) isolated more than 300 pure cultures from ripened 

cheese but stated that there was no evident connection be- 

tween the number of bacteria present and  the rate at which 

the cheese ripened,    Evans  (18, p.  190)  found that four 

groups of bacteria function in the ripening process: 

Bacterium lacticacidi,  B.  case!* Streptococcus,  and 

Micrococcus, 

A good review of the bacteriology of cheese ripening 

was presented by Hucker  (1922)   (33, p.  3-15) who later 

(1926)   (32,  p.  3-15)  studied the effect of certain types 

of lactic  acid streptococci on the flavor of Cheddar 

cheese.    He found S.  paracltroyorous beneficial to the 

production of the characteristic flavor, particularly in 

pasteurized milk cheese. 

Lane (41, p.  380-381) reported that at the  age of two 

months the flavor and texture of cheese made from raw milk 

were superior to that made from pasteurized milk.    He also 

found (42, p. 334-341) that, in general, certain strains 

of L.  casei when added to pasteurized milk,  appeared to 

have a desirable effect on protein break doMm, flavor and 

uniformity in the resulting cheese. 
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Harris and Hammer  (27* p,  208) reported that thirty* 

four microcoocus cultures laolated from cheddar eheep© had 

different effects on the flairor iiSien inoculated into pas- 

teurized milk before being made into ehed&ar cheese.    Based 

on their results they suggested the possibility of improv- 

ing the flavor of pasteurized milk cheddar cheese by the 

addition of various organisras to the milk other than the 

usual  cheese cultures, 

Kosikowsky (56, p.  283)  studied the development of 

flavor in cheddar cheese mad© from pasteurised xailk using 

Streptococcus faecalis as the starter organism.    More 

cheddar flavor of better quality developed and the body 

of the cheese was more aellow and waxy tiion th© cheese 

made ttlth lactic starter.    He also found (36, p* 2e>2)  that 

S« faecalis was able to grow and survive in cheddar cheese 

in large numbers for a considerable period of  tim© at both 

50° and 600F.    ®ie distribution of bacteria in Hew Zealand 

cheddar cheese was studied by Roramel (54, p*  341),    He 

used stained sections of cheese and found that the starter 

Streptococci usually occurred singly and in small groups 

throughout the mass of the cheese and in very irregular 

distribution*    On the other hssad  the microcolonies which 

developed later were found at the curd junctions. 



Moisture Content 

Van Slyke and Hart (64, p.  151) found that a larger 

amount of soluble*nitrogen is formed in cheese containing 

high moisture than in cheese containing low moisture, 

other  conditions being alike.    In studying the influence 

of moisture he used paraffined and unparafflned cheeses. 

H© also concluded that the more rapid ripening of large 

size cheeses is due to  the higher water content after the 

early period of ripening.    After 12 months the difference 

in moisture content ivas as much as 4.S per cent (64, p. 

144).    Analysis of the protein derivatives at the same 

time showed that paraffined cheeses contained larger quan- 

tities of total water-soluble nitrogen, proteesea, peptones 

and especially amino acids. 

&afc©r Saaaais  (58, p. 147)  suggested the manufacture 

of quick-curing cheese based on the incorporation of more 

moisture*    He made no suggestions about the desirable 

moisture content. 

Salt Content 
mmmmmmmm    mmmmmmtmu n  

fan Slyke  (64,  p.  148-152) reported that the higher 

the salt content the lower the amount of soluble nitrogen 

compounds  formed.    This probably resulted from the direct 

action of salt in retarding the activity of one or more 

of the ripening agents and because salt tended to reduce 

the moisture content of cheese.    He also observed that the 
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amount of salt retained in the cheese was not proportional 

to the asiQunt of salt added to the  curd. 

Acidity 

As would be expected, pH and titratable acidity have 

a marked effect on the process of ripening. 

Each group of bacteria has an optimum pH range for 

growth.    Bazpoes also have an optimum activity pH because 

of their protein nature.    The active part of an engym© is 

reported to be a -COO" group and an -HHg* group associated 

through their charges.    Changes in pH change the concen- 

tration of the active form of the mzyim (20, p. 168). 

Hasting (SO, p. If)  showed that the lactic acid 

producing bacteria favor the curdling process,  the expul- 

sion of the whey* the activation of the pepsin in the 

rennet extract and have a protective action against putre* 

factive bacteria.    Freeman  (23,  p.  10-12) reported that a 

low initial pH in the cheese was conducive to more rapid 

proteolysis but it had no significant effect on the rate 

of flavor development*    The quality of the aged cheese as 

judged by flavor score, was slightly inferior in the low 

pH cheese*    Th® same conclusion was reported by Brown and 

Price  (7>  p. 33*44)*    They concluded that hi^a acidity 

during the various stages of manufacture re staled in 

inferior cheese.    In a more recesfct investigation Price 
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(53, p* 190) showed that a correlation existed between 

excessive amounts of acid end the occurrence of bitter 

flavors• 

Temperature 

&& already mentioned (22, p. 14)  the  ripening of 

cheese was accelerated hf holding the cheese at ©00F*  for 

4-6 weeks or 75^F.  for the first 5 weeks and then trans* 

ferring the  cheese to a 40oP, for the remainder of 12 

Vfeeks • 

Van Slyke  (64, p.  141) stated that the amount of 

water-soluble nitrogen compounds formed in cheese is 

greater the higher the temperature of curing.    The rela't&tm 

was found to be linear and nitrogen compounds increased 

0.5 per cent for each degree of temperature change within 

the temperature range of S2*700P.    The greater portion of 

this Increase in soluble nitrogen compounds were amino 

acids and ammonia. 

Freeman (23, p.  9*12)  also concluded that the rate of 

proteolysis can be increased 40-100 per cent by raising 

the temperature from 46° to 630P*    The maximum flavor 

score was reached more quickly when th© cheese was ripened 

at 630F*  than when it was ripened at 45° and the flavor 

was found to be equal. 
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Effect of Oxidatlon^Reductlon Potential 

Davis  (IS,  p. 241-253) and later Davis et al.  (12, p. 

144-152)  studied the effect of the oxidation-reduction 

potential on the ripening of cheese.    Using indicators 

guch as Danus green, neutral red and saffranin they fol- 

lowed the intensity of the reduction at different levels 

in the interior of th© cheese during the ripening period.. 

They found that the cheese was not homogeneous throughout 

the mass, and was in a more oxidized condition in the 

outer zones.    The presence of 36 ppm of copper produced 

an abnormal flavor and markedly inhibited the ripening 

process.    Other oxidants such as MOg or KClO^ decreased 

the degree of proteolysis and produced a higher potential 

in the cheese. 

fhe Role of Enzymes 

Proteolytic 

Since the primary purpose of this work is t© 

investigate the difference in proteolytic ripening of 

cheese by enzymes introduced as clotting agents, only this 

group of enzymes will be discussed. This does not mean, 

however, that the significance of the enzymes of bacterial 

origin or those naturally occurring in milk are considered 

of less importance, this point is str©ssed by the work of 

Peterson (51, p. 55-61) yao reported that th© active 
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proteinases in ripening Cheddar cheese are largely of bac- 

terial origin liberated by bacterial autolysis. Only a 

small portion of the total proteolytic activity was con- 

tributed by the milk and rennet enzyimes. He concluded 

that some of the differences between raw and pasteurized 

milk cheese made from split lots of the same milk could 

be attributed to the differences in the bacterial origin 

proteinase content of the raw and pasteurised milk. 

The importance of rennet extract as a source of pro- 

teolytic enzymes has long been a subject of discussion, 

Babcock (2, p. 102-122) snd many others disagreed on the 

value of rennet as a ripening agent. They showed that 

larger quantities of rennet hastened protein decomposition 

hut they believed that the action was due to the pepsin In 

the rennet extract, 

Boekhout (6, p. 306) appears to be one of the 

earliest workers who studied the role of the rennet in 

cheese ripening* He concluded that when acid is formed 

the conditions are favorable for the action of rennet. 

Harding {26, p. 165-180) stated that the action of 

rennet enzymes extends only to the production of peptones, 

Wo^fkiewicz (74, p. 339) used erepsln, pepsin, 

trypsin, trypsin and  rennet, trypsin and pepsin and pepsin 

and rennet as clotting agents in various lots of cheese. 

After 20 days the cheese containing 0.02 per cent trypsin 
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showed the greatest "degree of ripeness".    Shat with 

trypsin plus pepsin was given the hi^iest flavor score 

although som© bitterness was evident. 

Preemaa and Dable (25, p. 20) also studied the effect 

of the addition of pepsin and  trypsin on the ripening of 

cheese,    fhey found that pepsin increased the rate of 

proteolysis during the ripening, particularly at the begia- 

ning of the ripening period and at lower ripening tempera- 

tures.    Added pepsin did not accelerate the development of 

flavor but produced an aged cheese \iith higher flavor 

score.    Trypsin increased markedly the rat© of proteolysis 

during ttie early part of 13ae ripening periods after which 

its effect was reduced.    They also reported that additional 

amounts of pure rennin increased the rate of proteolysis 

and the rate at ^lich the flavor developed. 

Sherwood's work  (62, p.  204*217) on th>e role of rennin 

in the ripening of cheese appears significant.    He used 

chloroform to eliminate the action of bacteria and thus 

render possible the assessment of the role of rennet.    The 

chloroform was  added in the salting stage viien It could be 

most easily incorporated.    In the presence of the germi- 

cide the enzymes'  activity was inhibited and larger por- 

tions  of rennet were employed than usual.    With ifae higher 

concentration of rennet,  the general course of the protein 

degradation as measured by the soluble nitrogen and 
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non*protein nitrogen was found to be Identical v&th. that 

occurring in the normal control cheese*    The relatively 

hi^aer proportion of sub-peptone nitrogen In the normal 

cheese was shorn to be due,  at least partially,  to bac- 

terial action.    The cheese ripened in the presence of 

chloroform did not develop any volatile acid and no cheese 

flavor could be detected. 

Davis et al•  (12, p.  144*»1S2) concluded that rennin 

had little effect on the body, texture and flavor of 

ripened cheese. 

In 1944 Sherwood and TFJMtehead (61, p.  208*222) 

postulated that the most important function of strepto- 

cocci was to lower the pH where the proteolytlo. fraction 

of rennet extract would work. 

Lipolytic 

fhe action of proteolytic enzymes and  the Impor- 

tance of protein decomposition products as contributants 

to the characteristic flavor of  cheese has been emphasized 

by most workers*    fiecent reports, however,  suggest that 

fat hydrolysis is of sigaiflcance in this  connection. 

Lane and Hammer (43, p. 552) started their work on 

fat hydrolysis when they observed that relatively higher 

acid numbers were obtained on fat from aged cheese and 

that higher fat acid numbers  accompanied the more rapid 

flavor development in raw milk cheese than in pasteurized 
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milk cheese.    Fat hydrolysis was studied by them by making 

cheese from normal raw or pasteurized milk and from milk 

\fhich had been separated,  the cream homogenized (raw or 

pasteurized) and then recombined with raw or pasteurized 

skim milk.    A rancid flavor regularly developed in cheese 

made from homogenized raw cream mixed with raw skim milk 

and to a leaser degree in the cheese made from homogenized 

raw cream mixed with pastuerized skim milk*    As ripening 

progressed fee rancid flavor rapidly disappeared within 

4*"6 weeks.    The cheese was more satisfactory in flavor 

than cheese made from pasteurized milk or from pasteurized, 

homogenized cream mixed with pasteurized skim milk.    In 

some cases It was more satisfactory in flavor than cheese 

made from raw milk.    Raw milk cheese had lower fat acidi- 

ties than that made from raw homogenized cream with-raw or 

pasteurized skim milk but  sane what higher acidities than 

that made from pasteurized homogenized cream with pasteur- 

ized skim milk.    These results confirmed the importance of 

milk Upases in the ripening process* 

The authors interpreted the disappearance of the 

rancid flavor developed in cheese made from homogenized 

raw cream mixed with raw or pasteurized skim milk as 

evidence that factors were present vSiich resulted in the 

destruction of fatty acids responsible for the rancid 

flavor*    Presumably the factors  also operated Sn the 
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cheese made from normal* unhomogenized milk hut because 

of relatively slow production of fatty acids,  a rancid 

flavor did not develop* 

The same authors also studied the effect of the addi- 

tion of some llpolytic enzymes into the pasteurized milk 

for cheese making.    Addition of pancreatln to pasteurized 

milk for cheese resulted in a rancid flavor limediately 

after manufacture and the condition did not disappear dur- 

ing ripening.    The cheese was also bitter In most instanoeSf 

Addition of desiccated mammary tissues,  or extracts 

thereof, to pasteurised milk commonly had desirable 

effects on the resulting cheese.    In the  early stages of 

ripening the tissue or the tissue extract caused rancidity 

in the cheese ^tilch disappeared as the ripening continued. 

After some time  the flavor was better and in some instances 

the body and texture was better than in cheese made fjpom 

pasteurized milk without the tissue cap extract,    fhe dlf» 

ference In llpolytic activity of different tissues does 

not permit the determination of suitable amounts to use. 

Later work on tills subject (SO, p, 45) showed that 

the stability and pH character!sties of milk Upases are 

such that these enzjraes can play no continuing role on the 

ripening of Cheddar cheese after making.    Th®  analyses 

made at Intervals during the making and ripening of raw 

milk cheddar cheese showed that the milk lipase disappeared 
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during the making and is completely absent in the young 

cheese*    The addition of  rennet caused an increase in , 

lipolytic activity nhich disappeared within a period of 

SO minutes.    After 5 to 20 days lipases which were con* 

aider©d bacterial began to make their appearance in the 

young eheddar cheese*    These bacterial lipases were be* 

lieved to be at least in part responsible for more rapid 

flavor development in raw milk eheddar cheese as compared 

to eheddar cheese mad© from identical milk after pasteuri* 

zatim*    Lipolytic activity in pasteurized milk eheddar 

cheese was detected in larger amounts between 6 to 35 days 

than in corresponding raw milk eheddar cheese,  but at any 

time af£er the cheese was SO days  of age the  total lipo- 

lytic activity of pasteurized milk cheese was less than 

half than that of the corresponding raw milk cheese. 

Recently (1989) Stanhouderfs study (65, p. 711)  in 

the same area showed that  tSae greater lipolytic actioji on 

milk fat in cheese made from raw milk was due  to the 

microbial lipases and especially to representatives of 

gram-negative rods of genus Pseudomma© and Achromobacter. 

fhe enzymes of these bacteria remained active in th© 

cheese after  the organisms were no longer viable.    Milk 

lipases were easily inactivated by heat in pasteurized 

milk}  and as re*inoculation of the milk after pasteurizaJida 

left little or no effect because lipolytic organisms did 
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not multiply in the cheese,  the fat hydrolysis in pasteur* 

ized iailk cheese was very low or even negligible.    The 

considerable lipolysis which occurred in quite a number of 

cheeses from pasteurized milk were supposed to be caused 

by bacterial lipases which were not inactivated by the 

pasteurization.    These heat-resistant lipases were press** 

in the cheese and contributed to the flavor of the cheese 

even if  fee milk was pasteurized in a way which was normal 

in cheese factories.    It was also found that by increasing 

the pasteurization temperature,  these bacterial lipases 

were destroyed to an increasingly greater extent.    The 

absence of any fat break down in cheese from such milk was 

believed to be one of the main causes for the lower quality 

of cheese made from this milk. 

Rennet 

Rennin occurs naturally in the fourth stomach 

(abomasum)  of suckling calves and other new-bom ruminants. 

The existence of rennin in the digestive  systems of other 

young animals and humans has not been fully proved nor 

disproved (75,  p.  2). 

There is no other enzyme which is similar to rennin 

in clotting action*    The optimum pH for proteolytic activ- 

ity is at pH 3.8.    It has been crystallized by many 

workers.    Berridge has given two excellent reviews of the 
subject  (4, p.  423-448?   5, p.  1079-1105). 
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Gomaercially rermin is prepared as a salt extract of 

the dried calf stomach (52, p.  2*8).    The resulting crude 

extract is called rennet or rennet extract.    It is further 

purified before being placed on the market but still con- 

tains small amounts of other enaymes and organic materials 

fjhieh are extracted with the rennin. 

Rennet Substitutes 

Many workers durihg the. past half century have shown 

tfoe presence of rennin-lik© substances in simpler animalsi 

in plants, molds and bacteria.    ®ie use of plant and bac- 

terial origin enzymes for cheese making is of importance 

in countries ishere religious beliefs prohibit the use of 

animal origin enzymes. 

Besides pepsin many other proteolytic enzymes have 

been directly or indirectly investigated for a substitute 

for rennet.    They have been classified into three classes; 

those of plant origin* of mlcrobial origin and of animal 

origin. 

A good substitute must have the following character- 

istics t 

1. Produce a yield of curd comparable to that of 

rennet. 

2. Produce a curd with physical properties comparable 

to that of rennet. 
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5,  Produce a curd with only slight losses of fat in 

the vbBjf 

4*    Produce a curd with no flavor defects* 

In the following sections a review,of the enzymes 

investigated as rennet substitutes will be presented. 

Plant Qrigin 

The plant origin enzyme vAiich appears to be the most 

promising rennet substitute of the plant "renssets** is the 

enzyme flcin from the latex Flcus carjca (edible fig). 

In an attempt to find a substitute of vegetable 

origin for animal rennet, Rrishnamurti (56, p.  27*44) 

studied a number of plant materials.    He summarized the 

early history of the enzyme ficln.    Enzyme extracts from 

Flcus religiosaa Flcus ber^alenais, Fleus glamarta, etc. 

have been studied but the best source of a good rennet 

substitute was the Flcua carica.    The enzyme iiras found to 

be sensitive to changes in temperature of reaction mixtvseas 

and to the presence of calcium salts.    The optimum enzyme 

activity taaperature was found to be 600F.   (56, p. 14*S©)« 

Preheating the milk was found to retard flcin♦s 

activity and the extent of fee  retardation was dependent 

on the  temperature of the  treatment.    As with rennet the 

velocity of clotting varied with the  concentration of 

enzyme and substrate. . The enzyme was stable at pH 4 but 

in solution was inactivated on storage at temperatures 
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above  550C.    tJnlike rennet it had the  ability to clot 

vegetable milks*    fhe same author (57, p.  19-24) gave 

Information about the preparations  of an enzyme from the 

twigs and leaves of Streblue asper and the use of vegetatoil© 

"rennet" in cheese making.    Cheese made by using the above 

enzyme was claimed to compare favorably with any standard 

product.    Of the two vegetable rennets tried,  the one from 

the latex Ficus carioa was found to be not only more active 

but also produced a ripened cheese which resisted secondary 

di sin t e gr at i on, 

Although cheese prepared with ficln appeared promis- 

ing, loss of yield and bitterness seemed to hinder its use. 

This was attributed to fioin's strong proteolytlc activity 

at concentrations required for cheese making,    Subrahmanyan 

(48, p.  15*22), and later many others,  attempted to purify 

the enzymes and depress the proteolytlc  activity.    Tsugp 

(86, p.  636-642) reported that the electrophoresis patterns 

of oc -casein were quite different following the action of 

rennet and flcin, indicating that their protein splitting 

ability was different.    $he use of combinations of proteo- 

lytlc enzymes has been suggested in India, but the 

incompatability of a number of proteolytlc enzymes is 

knom  (3, p.   58-63). 

Another enzyme system extracted from berries of 

Withanla coagulants was used in 1940 in India for cheese 
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making (35, p* 284-288) ♦ She manufactur© of cheddar 

cheese and soft cheese was studied. The results were 

promising for the use of the en2yme in conjunction idth 

some modi float ions in the ordinary procedure such as 

higher temperature and longer time of cooking. Earlier 

studies (57, p# 19-24) on this enzyme gave unsatisfactory 

results because of bitter flavors. Despite this fact, the 

strength and the abundance of this enapae makes it of 

interest as a rennet substitute. 

Less attention as a possible rennet substitute has 

been given to Carle a papaya which contains the enzymatic 

system papain. Papain was found capable of coagulating 

milk at 00G# without the presence of calcium chloride. 

From recent studies (11, p. 451-453) it has been concluded 

that papain alone is not a satisfactory substitute for 

rennet but a combination of Garlca papaya with Wlthania 

coagulants and Ficus carlea might be. The eleetrophoretic 

differences exhibited by casein following papain and 

rennet attack have been studied. It was shown that further 

decomposition occurred In papain curd than in rennet curd. 

The clotting limits for papain was within the range of pH 

4.2 to 8,0 with an optimum pH at 5,2 and an optimum tem- 

perature of 600C, Many other enzjmaa  of vegetable origin 

having milk clotting ability have been reported in the 

literature and have been used in some cases for cheese 
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making.    These include extracts from plants such as 

Qsroara cardunculus, Streblus aaperi Brouasoiaetia 

papyrifera>  the Belladonna group, Caiatropia procecaj 

Wlthania ga^mltera, Salanum indlcum^ Caiatropia gigantic.a^ 

Pastialla ©lastica« Cryptasergia grandlfloraj  and Asplepois 

ayglaca*    A variety of the group Eupharbia has been 

reported to have exceptional protelnase activity (5, p. 

1095). 

Recently  (5, p. 1096) a highly active preparation VJ&S 

obtained by extraction of a thistle blossom with 20 per 

cent alcohol and was used for making Camembert cheese. 

I-'icrobial Origin 

As already pointed out, bacteria play a major role 

in cheese manufacturing and ripening*    Bacteria are known 

to contribute to flavor, are used as starter culture and 

can cause the sweet etardiing of milk*    She sweet curdling 

of milk by bacteria is not due to the acid production but 

to th<§ production of a rennet^like bacterial enagiae*    Many 

groups of bacteria have been shovm capable of producing 

this phenomenon.    Frazler (21, p* 371*389) studied those 

of the potato bacillus group and others commonly occurring 

in milk.    Aerobic spore forming bacilli such as Bacillus 

sub tills and gram negative rods like Serratl a marcescens 

clot milk readily.    The latter has been studied as a 

rennet producing bacterium. 



25 

A similar eaa^ymatlc product Ms been reported to be 

produced hy the mold Muoor rpuxii*    The fungus gunua rudis 

also produces an enzyme whick ■ might be used to coagulate 

milk for cheese making (16, p.  §)* 

In a comparative studj of milk clotting enzymes, 

fsugo  (66t  p*  6S6-»647) pointed out that the mierobial 

enzymes differ from rennin and pepsin in their clotting 

properties*    ^roteinases. produced by the Bacillus, Asper* 

gillus.  Streptomyces and Pseudomonas were studied and all 

except the latter resembled chpaotrypsin in clotting 

action,    leassurements of curd tension showed that these 

enzymesj  other than the Pseudomonas p?©tease* also resem* 

bled chymotrypsin in producing considerable proteolysis 

during the clotting period*    The curds produced were soft 

probably because of re*solutl©n as a result of proteolysis* 

Ifte electrophoretic patterns of curd formed by the use of 

these strong proteolytic ensytaes exhibited definite changes 

in both a-and   p *casein*    Pseudomonas proteases had specMc 

destructive action on   £~casein*    fsug© further concluded 

that their-activity was least affected by pH changes as 

compared with pepsin and rennin and their optimum tempera- 

ture is  above 700Q., which is higher than all other 

enzymes studied. 
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Animal Origin 

The enzyme trypsin which can fee extracted from beef 

pancreas has been proposed as a substitute for rennet* 

Trypsin splits peptide linkages and basic groups are neces* 

sary for its action (67* p*  140*147). 

Chymotrypsin from beef pancreas was recently compared 

with other enzymes in an effort to determine if its action 

resembled that of rennln {68# p.  656-647).    This study 

showed that in general its  clotting action was different. 

The C&/M and P/M ratio in the  curd*  curd tension and the 

©lectrophore tic patterns of the curd following chymotrypsto 

action were different from curd made with rennet.    Optimum 

temperature for ehymotrypsin was found to be SS^C*  while 

that of remain was 43o0.    The curd toaslon was lower due 

to re-solution and considerable proteolysis  accompanying 

©lotting action caused more definite electrophoretic 

changes in both c* and  p -casein. 

Without doubt the enzyme whieh has been given the 

most attention as a suitable substitute for rermin is the 

enzyme pepsin.    This enzyme is  plentiful and available 

from a number of sources such as the stomachs of pig» beef, 

rabbit,  chicken and other animals.    For a number of years 

It was believed to be the same as rermin.    The scarcity 

and the Increased price of rennet during the era of World 
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War 1 resulted in the use of pepsin In place of rennet in 

the cheese industry (46* p* 483). It has been knowi for 

a number of ^ars that pepsin will clot milk and could be 

used for the manufacture of cheese. It generally has been 

produced from the mucous membrane of the pig*s stomach. 

In the 30th Annual Report of the Ontario  Agricultural 

College (1904) it was reported that there was no difference 

in the quality of the cheese made with rennet or pepsin 

when considering yield* flavor, closeness, color, texture, 

and milk fat in the #iey. 

Many failures have been reported because of the ten- 

dency to use pepsin in the same concentrations and under 

the same conditions as those used for rennet. Other rea» 

sons for failures have been reported (46, p. 484) due to 

the use of abnorinal milk for which pepsin was blamed. 

lerker (46, p. 486) reported that when a good starter 

was added, the acidity of 0.20 per cent lactic acid 

developed before the pepsin was added, and the milk was 

heated to 880P., the results were excellent. 

The recent work of fsugo (66, p. 656-647) showed that 

pepsin is more affected by pH change than rennin and that 

the optimum temperature for activity is S70C. for pepsin 

while 430C. for rennin, The yield of curd and the curd 

tension were almost the same and liberation of specific 

non-protein nitrogen was characteristic of both enzymes. 
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Pepsin, however,  altered the  (X -casein electrophoretlc 

peak more  than did rennin. 

Methods of Followin$ the Course of Ripening 

Many studies of  the chemical changes involved in the 

ripening of cheddar cheese have been largely studies of 

the protein br©ak*down.    It has been found to be one of 

the main, but hf no means the only,  chemical change occur- 

ring during cheese ripening.    Another major change found 

was the fermentation of lactose to lactic acid,  small 

quantities of acetic and proplonic acids and carbon diox- 

ide.    Considerable lipolysls has also been shorn to occur. 

The break doim of casein through the combined effect 

of rennin, milk enzymes and proteolytie bacteria furnishes 

water-soluble decomposition products which increase in 

amount as  ih.& ripening progresses.    In consequence,  the 

methods used by many workers in the past to follow the 

course of ripening were methods  to determine at Intervals 

the soluble nitrogen present in th© cheese. 

It must be mentioned, however,  that the decomposition 

products which make up this  soluble nitrogen are comprised 

of different compounds termed caseoses, peptones, polypep- 

tides,   amino acids*  and ammonia which are of decreasing 

molecular complexity in th© order named.    All these com- 

pounds are soluble in water to varying extents and a 
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determination of tb©  soluble nitrogen merely givea an 

estimate of  the  sum total of the nitrogen which is present 

in these compounds.    It does not give any Information, 

however,  about the type of nitrogen compounds present and 

the way in which the nitrogen is distributed. 

Many methods have been used in the past for measuring 

the increase of various forms of soluble nitrogen.    Some 

of them n&ll be mentioned, but a complete survey is not 

possible in the scope of this study.    They can be classi- 

fied as follows;* 

1. Precipitation methods (precipitation of the pro** 

teins VIVOL phosphotungstic acid, Ca*** B&**» picric acid, 

etc.) 

2. Methods involving chemical degradation (nitrous 

acid,  ninhydrin and chloramine T, periodic acid, etc.) 

3. Chromatographie and related methods (ion exchange, 

true adsorption, paper chromotography) 

4. Biological methods 

5. Colorimetric and spectrophotometric methods 

(ninhydrin, biuret, etc.) 

6. fitration methods   (formol titration,  alcohol 

titraticr*, etc.) 

1?h© universal method, however, fop nitrogen determSna* 

tion is the Kjeldahl method and when properly carried out 

Is the most accurate of  all and is used as a standard by 
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which all other methods are  evaluated*    The greatest 

draitfbaek of the msthod is  that it 1$ laborious and time 

consuming. 

Schwara and Nuiam (S8p p.  4050) have reported the 

range of deviations obtained with various methods for 

msasuxlng protein decomposition in cheese. 

More recently colorlmetric methods have been developed 

to estimate the extent of proteolysis in ripening of 

cheese.    Koslkowski and Dahlberg (37, p. 438) developed a 

method for the coloriiaetrle deteminaHon of tyros ine and 

later Silverman and Koslkowski  (63, p. 941-949) modified 

and shortened this procedure.    Many other investigators 

have suggested methods for measuring the total tyrosine 

and tryptophane as a sensitive criterion of ripening of 

cheese.    The interference caused by peptide bonds present 

in the  chromogenic properties of the smlno acids  and the 

decarboxylatlon decomposition of these amino acids by 

enzymes have resulted in low correlations between the 

soluble nitrogsn and amino acid content. 

The method which v;as followed in this  study  (68,  p. 

264-276) was based on the speetrophotometric behavior of 

the aralno acids tyrosine and tryptophane in solution. 

Their absorption of light in the ultraviolet rangs is not 

appreciably affected by peptide linkages and they can b© 
determined in a mixture without prior hydrolysis 
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spectrophotometrieally by the application of Vierordt's 

theory of analysis of a two-component system. 

In the application of this method on the cheese 

extract Vakarelis and Price (68, p«  264-276) evaluated 

statistically the hypothesis that hi^i correlation exists 

between the optical density of this extract and the soluble 

nitrogen content  of the cheese. 

fhe rate of protein break down during cheese ripening 

has also been followed by formol titratlon of cheese ex- 

tracts  at pH 4.4 4 0.0S  (69, p.   1058-1067;   47* p.  99-111). 

As  the break down of the protein proceeds more amino 

groups  appear which are in equilibrium with the ionized 

form: 

RHHg* *=**=** H* - MHg (1.) 

Formaldehyde reacts with primary amino groups, amide 

groups  and guanyl groups but does not reac* with secondary 

amide groups   (peptide linkage)   (34, p.  139-140), 

The initial rapid reversible reactions appear to be: 

HBH2 « HCHO 3=-:£ OTCI^OB 

and      BHHCHgOH + ECHO Zsxst fiI(Cl20H)g    (2) 

In addition to the rapid primary reactions  (2) fur- 

ther slower reactions  occur involving cross  linking by 

means of methylene  (-GEg-) bridges between two amino 

groups  or an amino group and an amide,  fluanldyl, in dole.,- 
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phenol,  imidazol,  or other group. 

Apparently formaldehyd© reacts only with th© 

uncharged form with  the result that th© reaction (1), goes 

completely  to the right and the H* liberated can be 

titrated*    In practice the formaldehyde is added tghen  the 

solution is at pH 8.S*    $he shift of the pH then can be 

measured by titratlon to the phenolphthaleln end point. 

The formol titratlon nitrogen is found to be  additive 

for th© different titratable components. 
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EXPSRIIEHfAL PROGBDTJRB 

Cheese. Manufacture in. the Iiahoratory 

!rv;enty lots of Cheddar cheese were manuf aetured during 

late August and early September* Two vats were manufac- 

tured on each day of manufacture from the same pasteurized 

milk (1610P* for 16 sec.) obtained from the mixed milk 

supply of the dairy products laboratory of Oregon State 

University* The cheese was manufactured by the procedure 

of lilster (71, p. 1*11). One vat each day was made in 

the normal way using a commercial rennet extract as the 

clotting agent» whereas the secomd vat was made using the 

rennet-like substitute* letroclot.^* fhe vat of milk to 

which rennet was added was switched eaeh day to eompensate 

for any mechanical differences inherent in the vats. 

Metroclot is a product used as an animal origin rennet 

substitute and is classified as pepsin by the Pood and 

Drug Administration. It is primarily an extract of hog 

stomach*s lining and is extracted by a process similar to 

that traditionally used for rennet (52* p. g»8). It also 

Contains an extract from calves1 stomachs which is a by* 

product of the rennet extraction process. The amount of 

this enzyme preparation used was equal to the amount of 

1 Obtained from Paul Lewis Laboratories, Inc., Wisconsin 
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rennet for the same volume of milk. 

The cheese making conditions for all cheese manu- 

factured were maintained as much alike as possible. 

After an overnight press in stainless steel square 

hoops at room temperature, the chees© was cut into 5 pound 

blocks, wrapped in a wax laminated film2 and placed in a 

storage room at 550F. for ripening. 

Collection and Preparation of the Sample 

Within one day after manufacture, a 5 pound unit of 

cheese was taken at random from each lot of cheeses and 

by means of a cheese tryer three plugs were taken from 

three points on the diagonal of the unit, fhe plugs were 

placed in a glazed porcelain mortar and were ground into 

a paste. This sample was used for moisture, fat and total 

protein determinations. 

For each series of analyses, at the intervals of 10, 

20, 30, 60, 90 and 150 days of the ripening period, one 

5 pound unit of cheese was taken at random from each lot 

of cheese. A sufficient quantity was cut- from the unit 

and passed three times through a food chopper (72, p* 159). 

This was used as the sample for the pH determination and 

for preparation of the cheese extract for the formol 

2 Parakote, manufactured by Marathon, Inc., Wisconsin, 
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titration and tyrosine and tryptophane determinations. 

The remainder of the unit tsras used for organoleptic 

evaluatl en. 

Moisture 

The moisture content was determined using the Brab&ider 

semi*automatic moisture  tester at a temperature of 130oC» 

for one hour  (38, p.  320-322). 

gat 

fhe fat content was determined as in official methods 

of analysis  (1» p. 263). 

Total Protein 

The total nitrogen was detexrained as directed in 

official methods of analysis using the  Gunning modlflca* 

tion  (7, p.  13). 

pH Determination 

Th© pH of the cheese was measured with a Beekman pH 

meter as follows:    (40> p. 332)  approximately 100 grams of 

cheese were placed in a clean,  glazed porcelain mortar 

provided with a wide bottom pestle and  ground into a 

paste.    The paste was transferred to a beaker and the 

glass electrodes were Inserted as directed for pH 



34 

determinations. 

Estimation of Soluble Tyrosine and Tryptophane 

in Cheese Extract 

^he extent of the protein break down In the cheese 

during ripening was followed indirectly by the metiiod of 

Vakaleris and Price  (68, p.  264*276$  69, p,  1058-1067)  as 

follows!    ten grams of cheese,  40 ml*  of 0.5 M sodium 

citrate solution and approximately 80 ml.  of distilled 

water were mixed In a Waring blender at high speed for 7 

minutes.    The homogeneous, milky solution was quantita*' 

tively transferred to a 200 ml* volumetric  flask*  tempered 

to 20oGi   and distilled water was added to the mark with 

thorough mixing. 

Ten ml*  of 1*41 H HOI were added to 100 ml*  of the 

sodium citrate-cheese solution,  and the mixture was made 

up to 125 ml* with distilled water*    The pH was 4*4 t 0*05. 

The mixture was then filtered through Whatman No. 42 filter 

paper.    A clear sodium citrate-hydrochloric acid filtrate 

was thus obtained which contained the hydrolyzed portion 

of cheese protein soluble at pH 4*4*    This filtrate is 

referred to as cheese extract*  and the nitrogen of the 

cheese present in this  extract is called soluble nitrogen. 

An aliquot portion of 25 ml* of the  cfefise extract was 
diluted with the  same volume of distilled water;  this 
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raised the pH from 4*4 1 0*05 to 4.6 t 0.05.    Shis dilu* 

tion i^as made to bring the optical density of each sample 

to within the range of 0.5 to 1.0 in order to get accurate 

©M reproducible optical densitgr readings. 

One-centimeter silica cu?;©ttes were used in determin- 

ing the optical density in a Beekman model W spectro- 

photometer.    Solvent made udth 20 ml.  of 0.5 1 sodium 

citrate solution, 10 ml. of 1.41 I HOI, and 200 ml.  dis- 

tilled water t^as used for a blank.    Hh® optical density 

was taken at 270, 274.5  and 290 m^i   wavelengths,    fhe 

maximum absorption of  tiae cheese extract was at 274*5 m^. 

Optical densities at 270 and 290 mu   wavelengths were 

selected by Vakaleris and Price as giving the most accurate 

results in the tyro sine and tryptophane determinations. 

ITyrosine and tryptophane present in the cheese eattraot 

in the form of free amino acMs and pep tides were referred 

to as soluble.    Some of the decomposition products of 

these two amino acids,  such as tyramine, may contribute 

to the absorbancy and thus may be included in these two 

expressions as tyrosine and  tryptophane. 

Vierordt^s formulas modified by ?akarells  and Price 

were used in the determination of these two products. 

The equations used in their final form are: 
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Mtyr  =   (0*95 x Bg70 - 1.3X %90)  10*S 

"trypt * (0*307 * E290 m 0'mQ * E27Q^ 10"3 

Measurements required are the optical densities of 

the IJI diluted cheese extract at 270 and 290 m^i   wave- 

lengths.    These measurements were substituted in equations 

(1) and (2)  and the calculated values thus obtained were 

doubled to give concehtratims of soluble tyrosine end 

soluble tryptophane in moles per liter of undiluted cheese 

extract. 

Soluble  tyrosine and soluble tryptophane can be ex- 

pressed as Jag. per 100 gr. of cheese by multiplying concen- 

trations in millimoles per liter of cheese extract by the 

factor 453 for tyrosine and 510.5 for tryptophane. 

fformol Nitration 

3?he formol tltration was made on the acidified and 

filtered sodium citrate-hydrochloric acid extract of the 

cheese  (69* p.  1050). - Five drops  of a 2$ solution of 

phenolphthaleln in ethanol and 2.6 ml. of II laOH 

solution were added to £5 ml. of  the cheese extract and 

titrated with 0.1 H HaOM to match a color standard.    This 

color standard consisted of 25 ml. freshly prepared bdfcate 

buffer,  pH 8.3, plus 5 drops of the 2% phenolphthaleln 

solution.    After this adjustment of the cheese extract to 
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pH 8.3,  10 m%, of 50*40$ formaldehyde was added and th© 

solution titrated again with 0»1 H IFaOl \mtll   th© color 

again matched th© color stsBdard.    This  titration in ml« 

of 0.1 M laOH, minus th© ml.  of 0.1 H NaOH required to 

titrate 10 ml. of formaldehyde to the color standard* was 

recorded as the fomol titration valu© of th© cheese. 

Sine© or® equivalent of normal alkali  corresponds to on© 

equivalent of amino groups, th© form©! titration was used 

to calculate fomol nitrogen ttiich was ©repressed as rag* 

of amlno nltrogon per 100 gr.  of cheese as follows? 

(fomol tifcratiaa value) x 140 * formol nitrogen in mg. 

of amino nitrogen per 100 gr.  of cheese. 

Organoleptlc Evaluation of the Cheese 

At intervals ©f SO, 60, ©0 and 150 days the twenty 

lots of cheese were tasted by flv© ^sfcperleneed Judges, 

the same  taste panel was us©d throughout th© ©asperiiBsnt. 

A score card tras used con which th©  judges classified the 

body and texture desirability,  th© flavor Intensity,  th© 

flavor desirability, th© bittemeas and th© overall score 

of the cheese in caa© of seven ranks.    These seven classes 

were giv©n arbitrary values of 1 t© 7 respectively.    A 

valu©  of  1 indicated th© most d©sirabl©  and a valu© of 7 

the least desirable of th© character is He being considered. 

The judges considered all cheese as  a market product. 
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Enzymes Activity Determination 

Determining Concentration on  the Basis of Total Hltrogen 

Coritent 

The  same method was followed as that used for total 

protein determlnatien of the cheese except that 10 ml* 

of enzyme preparation was used* 

Determining Concentration on the Basis  of Milk Clotting 

Ability 

Enzyme activity was determined by a method modified 

by De Saun (15, p.  3S8-424).    A milk substrate solution 

was prepared by dissolving 10 gr.  of low heat ncaa«*f at dry 

milk in 90 ml.  of distilled water and storing at 54°?.  for 

6-24 hours before use.    fen ml. of substrate solution in a 

7" x l" pyrex test tube was brought to 104*106°?,   (40«41oC,) 

in a controlled water bath.    One ml,  of the enzyme solution 

at the same  temperature was blown in from a pipette having 

a wide tip.    The mixture was carefully agitated with a 

thermometer for 10 seconds.    Dilution of the enzyme 

solution was made with &% laCl,    A stop watch was started 

simultaneously with the mixing of enzyme and substrate, 

The test tube was slanted slightly from time to time to 

permit observation of the sudden breaking up of the 

milk film on the side of the test tube into descrete 

particles.    This denoted clotting,    Bie average of two 
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duplicate tests was taken as the clotting time.    The 

olotting times had to agffee within 10 sec*    The enzyra© 

dilutions were adjusted to coagulate 10 ml.  of substrate 

within 4-6 ain»    Milk clotting activity was estimated in 

rennin units  as follows: 

100  , J?U * rennin units 
j?u/ml * J-uy a d - dilution of enzymes 

t s clotting time in sec» 

The expression ru (rennin units) was defined by Berridg© 

(4, p.  423-448)  as the rennin activity itiich clots 10 ml. 

of substrato in 100 seconds  at 300C* 

Statistical Methods 

The specific  statistical methods employed for the 

analysis of the data were taken from th© text Statistical 

Inference by Li  (44* 553 p»). 

The basic statistical design was a complete randomized 

block factorial experiment.    The correlations between the 

chemical analysis md  the organoleptic  evaluations were 

determined by testing the  linearity of regression using 

totals as individual observations. 
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HESTOTS AID DISCUSSION 

Cheese Making frocesa 

The only striking difference observed between the 

rennet and the rennet substitute vats during the cheese 

making process was the difference in the clotting time of 

the milk.    Rennet caused clotting of the milk in about 

25-36 minutes with, the amounts used (4 ounces per 100 lbs. 

of milk)*    Ihen the rennet*substitute was used in the  same 

amount,  clotting occurred within 50*55 minutes.    This was 

to be Expected since no enzyme has been found which is as 

specific for clotting milk as Is rennin. 

Moisture, Fat and Protein Content 

As shown in Table 1»  the curd made with the rennet 

substitute showed a peculiarly higher moisture content 

than that made with rennet.    The average value of moisture 

content of rennet cheese was 1.25$ lower than that of 

rennet substitute cheese, while differences as high as 

4% were obtained*    The cheese made with the substitute, 

however,  appeared to be drier than that made with rennet. 

The body and texture were quite dry and crumbly.    This 

characteristic of dry body and texture remained with the 

cheese during early ripening but improved in the later 



■ tmm i 
Total Protein.,, Fat and Moisture for Qae Day Old Cheese 

Bate of 
Manu-      8-37-60 8-19-60 8-22-60 8^25-60 8-26-60 8-29-60 8-3r60  9-2-60 9*6-60 9-8*60 Average 

^ 
W 23, 8 21; 18 23,, ,30 25* 43 24? ,61 26, ,02 24, .57 23, 71 22, 79 23, ,37 23, ,86 

c \ .38, 

22 < 

,51 

►90 

34. 

22* 

,95 

60 

37,, 

23, 

.70 

,97 

40, 

25. 

.88 

,14 

39, 

25, 

.69 

.90 

42, 

26. 

10 

.01 

38, 

25 

►99 

►48 

38.24 

24,. 65 

35, 

22. 

,88 

,60 

37, 

22, 

,39 

.28 

38, 

23, 

.45 

CD 
.p W 75 
O 
u 

P-. % 39, ► 55 37, .72 38, .78 40, .18 39, .n 42. .63 38, ►87 40, ,08 36., ,21 36, .76 39, ,05 

W 32, ,0 31, .Q 32, 0 32. 5 31^.5 29, .5 31, .0 32. 0 34. .0 31. 0 31, ,6 

^ 
% 51. 

28, 

77 

,0 

51, 

32, 

,15 

,0 

51, 

32. 

.77 

,0 

52, 

32. 

25 

,0 

50, 

SOii 

.80 

.1 

47, 

29, 

,73 

.5 

49. 

29, 

►60 

► 5 

51.61 

32.0 

53.54 

33.0 

49, 

31. 

,60 

,0 

50, 

30, 

.98 

w ,91 
, fc 

% 48, .35 53.42 51, .77 51*94 49, ,26 48, .36 48. ► 84 52. 03 52, 88 51, ,15 50, ,80 

3 % 38, ► 2 39. •4 38, ,2 37, ,8 38, .0 38, .2 37, .5 38, .0 36, ,5 37, ,5 37, ,93 

o 
m 

B2 42, .1 40, .1 38 .2 38, ,4 38,9 39, .0 39, ► 6 38, .5 37, .6 39, .4 39, .18 

El   = Hennet cheese 
E2 — Bennet!?substitute cheese 
W    * On i?et base 
0    s On dry base 

#► 
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stages* 

Th0 difference in the moisture content did not seem 

sufficient to affect the rate of ripening although many 

investigators have reported that the higher the moisture, 

the more rapid the proteolysis  (64, p*  151)•    If th© 

higher moisture accelerated proteolysis in the cheese made 

with the rennet substitute, its effect was apparently 

masked by the lack of proteolytlc ability of the clotting 

enzyme • 

The protein and fat content showed considerable flue* 

tuation.    When compared on a moisture free basis, however, 

the differences were only slight.    Comparing the average 

protein content on a dry weight basis,  the rennet cheese 

showed a slightly higher total protein content than the 

rennet-substitute cheese.    Differences in fat content on 

a dry weight basis were less than that for protein content. 

On a dry weight basis,  the average value for the fat con* 

tent was 0.18$ higher for the rennet eheese than that for 

the cheese made with the substitute.    Consequently,   the 

use of the rennet substitute does not seem to cause any 

loss of fat in the whey. 
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Tyro sine j fryptophane and Formol lltrogen Content 

Tables 2, 3 and 4 show the value  of soluble tyroslne, 

tryptophane and formol nitrogen obtained from the cheese 

analysis at 1*  10 and 20 days  of age* respectively, 

tTsing these values as an index of the rate of pro- 

teolysis, it may be seen that the rate of protelysls was 

greater in all cases in the cheese made with rennet  than 

in cheese made with the rennet substitute.    The differences 

are more apparent in later stages of ripening as is shorn 

in Tables 5, © and 7. 

The use of rennet always resulted in higher tyro sine, 

tryptophane and formol nitrogen content.    Likewise, as the 

storage period increased, the soluble tyroslne,  tryptophane 

and formol nitrogen content of the cheese increased* 

lore definite answers concerning the relative ma©3i- 

tude of change contributed by each variable  (storage 

period and enzyme) and the rate of change can be expressed 

more precisely with the use of statistical analysis* 

Analysis of variance for c©mplete randomized block 

factorial experiment (44, p. 309-324) was used for each 

of the tyroslne, tryptophane and amino nitrogen content. 

The values of the above constituents  contained In the 

cheese made with rennet and its substitute at different 

storage periods were used as individual observations. 
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TABLE 2 
pH, Tyrosine,  Tryptopfoane and Amino Bltrogen Content 

of One Day Old Cheese 

9-8*60 

Date of itoiino 
Mantt*        Treat-     pH     S'grrosin©   Tryptojphan©     Hltrogen 

($) (%) (mg/100 gr) facture       ment^ 

9*6-60 E1 

E2 

% 

Eg 

5.08 

5.05 

0.089 

0*070 

5.08 

5.02 

0.079 

0*068 

0+032 

0.029 

1   Ex = Cheese made with lermet. 
Eg s Cheese made with Rennet substitute. 
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TABLE S 
plj Tyros in©, fryptophane and Amino Hitfogen Content 

of Ten  Day Old Cheese 

Date of 
Menu*- 
factur® 

Treat* 
mentl 

pi  Tyrosine fryptophane 
Amino 

Hltrogen 

8-25*60 

8-29*60 

8-31-60 

9-2*60 

Eg 

El 

Eg 

5*11 

5,02 

5.10 

5.05 

0*111     0.044 

0.107     0.026 
B.mimim*!-*0mmx*m*mx*M&m fii-nni n mi mi in n , 

0.126 0.057 

0.099 0.028 

5,15 

5.15 

0.131 

0.066 

0,042 

0.030 

61.06 

51,97 

50.67 

37.68 

66.26 

42.87 

% 5.21 0.107 0.034 74.05 

Ig 5.18 0,102 0,028 53.27 

9*6*60 
5.15 

5,10 

0.113 

0.074 

0.038 

0,030 

57.16 

38.98 

9*8*60 
El 5.03 

5,00 

0.097 

0.092 

0.036 

0.034 

51.97 

38.98 

*   J&i » Cheese made with Bennet, 
Eg * Cheese made with Hennet substitute. 
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pRi Tyrosin®, Tryptopfeane and 
of T^n Bay Old 

8*26-60 

iUulno litrogen Content 
Cheese 

Date of 
lanu*        Treat-     pH     fjyos^lne 

faoture       ment* (;" 

Amlno 
Sryp tophane     11 trogen 

Cheese made vrith Rennet. 
Cheese made with Rennet substitute. 



Table of the Tyro sine Content 
T&EUE 5 

in gr per 100 gr of Cheese at Different A ges 

f 

Date of manufacture and number of pairs Mean of 

A 
e-i-T-eo 

i 

8-^-60 

2 

8-22-60 

5 

8-25-60 

4 

8-26-60 

5 

8-29-60 

6 

8-3L-60 

7 

9-2-60 

8 

9-6-60 

9 

9-8-60 

10 

the 
ripening 
period 

50 
0.139 

0.128 

0.139 

0.129 

0.1S5 

0.084 

0*136 

0f124 

0^121 

0.093 

0.135 

0.091 

0.164 

0.088 

0.154 

0.123 

0.161 

0.093 

0.121 

0.115 

.13860 

.10677 

m 
Eg 

0.186 

0.151 

0.170 

0.145 

0.165 

0.114 

0.158 

0.133 

0.158 

0.110 

0.180 

0.138 

0.166 

0.130 

0.215 

0.133 

0.201 

0.113 

0.161 

0.131 

.17585 

.12960 

90 
0*195 

0.177 

0.189 

0.149 

0.177 

0.104 

0.177 

0.145 

0,15& 

0.100 

0.171 

0.124 

0.207 

0.110 

0.163 

0.115 

0.196 

0.087 

0.161 

0.116 

.17935 

.12279 

150 *1 0.242 

0.165 

0.221 

0.177 

0.214 

0.131 

0.211 

0.164 
'[■■■.ln.j.'.ttaBi 

0.213 

0.12t) 

0.234 

0.139 

0.259 

0.132 

0.219 

0.139 

0.227 

0.105 

0.223 

0.170 

.22640 

.14319 

A 
f 

% 

Age (days) 
Treatoent 
Bennet 
Rennet Substitute 

$ 



Table of 
TAB 

the Tryptophan© Cc&tent in 
Eg  & 
gr/100 gr of Cheese at Different Ages 

S 

Date ©f manufacture and nmslJer of pairs Hean of 

A 
i 

8nL9-60 

2 

8-23*60 

5 4 

8-26*60 

5 

8-29^60 

6 

8-31-60 

7 

9-2160 

8 

9-6-60 

9 

9-8-60 

10 

the 
ripening 
period 

30 
E2 

0.042 

0.0S7 

0.046 

0.043 

0,056 

0.022 

0.046 

0.036 

0,039 

0,031 

0,064 

0,053 

0,083 

0.029 

0,053 

0.049 

0.047 

0.037 

0,045 

0.038 

*05197 

,03742 

60 
0.057 

0.046 

0.052 

0.048 

0,054 

0,044 

0.052 

0,045 

0,046 

0.047 

0,052 

0,040 

0,054 

0,035 

0.061 

0.042 

0,058 

0.035 

0.066 

0*036 

0.045 

0.035 

0*053 

0.038 

*05311 

»04180 

90 
0,065 

0.058 

0.059 

0.052 

0.059 

0,043 

0.060 

0.045 

0,053. 

0.039 

0,063 

0.048 

0,072 

0.051 

0.057 

0.049 

* 06051 

,04589 

150 
0,073 

0.061 

0.065 

0.060 

0.063 

0.045 

0,069 

0.050 

0.062 

0.043 

0.078 

0,043 

0.085 

0.049 

0*056 

0.052 

0*079 

0*052 

0*063 

0.056 

*06940 

*05111 

A = 
T * 
Bi * 
12 * 

Age (days) 
freataaent 
Rennet 
Rennet Substitute 

03 



TABLE 7 
fable of the ifcaiao nitrogen Gontent in mg per 100 gr of Ghees© at Different Ages 

A    T 

30 

60 
Eg 

Bate of manufactiar© and nusfoer of pairs 
847-60 8-39-60 8-22-60 8-25-^) 8-26-60 8-29-60 8-31-60 9-2-60 9-6-60 9-8-60 

12 3 4 5678 9 10 

lean of 
the 

ripening 
period 

79.25    90.94    85.75 

58.46    76*25    58.46 

89.65 

71.46 

92.24 

66.26 

74.05 

46.77 

87.05 

57.16 

107.83 

73.35 

71.46 

48.07 

72.76 

51.97 

85.098 

60.821 

98.74  111.73 106.30 

83.15    85.75    90.75 

103.71 

88.16 

111.49 

80.38 

152.97 

114.08 

93.34 

67.42 

112.79 

71.30 

101.12 

63.52 

101*12 

99.82 

109.331 

84.433 

90 
146.49 146.49 133.53 133.53 138.71 117.97 133.53 172.42 112.79 136.12 137.158 

105.01 114.08 101.12 115.38 94.64 84,27 91.84 138.71 71.30 125.75 104.210 

150 
% 196.68 182.43 168.17 179.57 193.83 153.92 173.87 245.13 128.^7  199.53    182.140 

188.13 159.62 132.55 156.77 136.82 114.02  131.12 179,57    79.81 182.43    146.084 

A    - 
T    * 

Ag©  (da^s) 
treatment 
Eexmet 
Sennet Substitute 

<0 
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•jhe results  of the statistical analyses are  tabulated 

in Tables 8, 9 and 10. 

TAM$ 8 
Analysis of Variance for Tyrosine  (in gy./lOO gr.) 

of Cheese as Affected by Enayme Used and Ripening Period 
Degrees Signifi cance 

Source of of Mean at the level of 
Variation Freedom   Square     F 5% 1% 

Total 79 
Ripening period 5 .012890      3S.66    S                 S 
Enzymes 1 .059323    164.09    S                S 
Ripening period 

x Enzymes 3 .023508        6.50    S                S 
Error 72 .000361 

Coefficient of variation * 12.4$ 

From Table 8 it can be seen that both the enzyme used 

and the ripening period were found significant.    The same 

was true for ripening period x enzyme interaction effect. 

The HBanlng of tfois significant interaction effect 

between enzyme used and the ripening period is that no 

predictions can be made as to the tyrosine content for a 

particular combination of the enzyme used and ripening 

period on the basis of the results obtained ffor other 

combinations. 

The same conclusions  are reached from Tables 9 and 10 

for tryptophane and amino nitrogen.    The only difference 

is that in both cases the ripening period x enzyme inter* 

action is not significant, which means' that on the basis 

of the results obtained for tryptophane and amino nitrogen 
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TABES 9 
Analysis Sf Variance for Trsnptophan© (in gr./lOO gr.) 

of Cheese as Affected by BSazyme Used end Ripening Period 
Degrees Significance 

of           lean                at the level of 
Freedom   Square      F 5$ 1% 

.000948 

.004317 

Source of 
Variation 

Total 
Sipening period 
Enzyme 
Bipening period 

x Enzyme 
Error 

S 
1 

14.67 
66. SS 

S 
s 

s 
72 

.000041 

.000065 
.65 MS 

S 

IS 

Coefficient of variation • 15.$j 

TAMM 10 
Analysis of Variance for Amino litrogen 

(in mg. of w/lOO gr.) of Cheese as Affected by 
Enzyme Used and Ripening Period 

Degrees Si^aificasic© 
Source of of Mean at the level of 
Variation Freedom       Square F 5$ 
Total 79 
Ripening period 3 
Enzyme 1 
Ripening period 

x Enzyme S 
Error 72 

30218.4868 
17457.8450    68.59 

172.200      39.62 

440.6964 ♦ 39 

S 
S 

m 

s 
s 

HS 

Coefficient of variation * 18.5$ 

content* prediction can be made as to the tryptophane and 

amino nitrogen for other combinations of enzyme used and 

ripening period. 

The conclusion reached is that the proteolytic 

activity of the  two enzymes is different.    The rate of 

production of soluble nitrogen compounds,  as indicated by 
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the tyrosine,  tryptophane and amin© nitrogen content, was 

different. 

it is well established that the action of rennin is 

not limited to the clotting of milk but also has a 

proteolytlc effect on milk (SI, p. 1521).    Hennin also 

hydrolyzes hemoglobin (optimum pH of 3.7)   (24, p. 689). 

Protein break doMm in cheese starts from the very beginning 

of cheese making. 

Many Investigators have studied the nature of the 

linkages broken by rennin (17, p.  629*635).    Payens   (49, 

p. 110)*  on the basis of the change in the electrophoretic 

pattern during the ripening, concluded that proteolysis 

during ripening is highly specific.    The   oc-^ and   3-casein 

fractions are broken dom quite readily whereas the 

oig-caseln probably is not degraded at all. 

Mc&erns postulated that rennin appears to cause an 

unfolding and breaking of the   oi- case in molecule with  the 

appearance of several large polypeptides  (45,  p.  54-62). 

Judging from the source, preparation and classifica- 

tion by P.D.A., the rennet-like substitute was probably 

pepsin or at least most of its active content was pepsin. 

The enzyme pepsin has been extensively studied.    In the 

cells of the gastric mueosa it does not occur as such but 

as the inactive precursor pepslnogen which is fairly 
stable in alkaline solutions.    At pH values less than 6 
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pepsinogen is converted to pepsin by an autocatalytic 

reaction.    Puxlng this process of activation about 22% 

of the pepsinogen nitrogen appears in the fom of non- 

protein nitrogen*    Among the products of this conversion 

has been reported a peptlde which inhibits pepsin (24, p. 

687*688). 

Pepsin causes the degradation of nearly all proteins. 

The optimum pH of its hydrolytic action varies somewhat 

with the nature of the protein but it is always near 2. 

It Is well established that the  specificity of pepsin 

favors  the hydrolysis of peptide linkages in which an 

aromatic amino acid provides  the amino group for the sen- 

sitive peptide bond.    It can also attack peptide bonds in 

the interior of peptld© chains and therefore is termed 

endopeptldase. 

Pepsin has been shown to be considerably more proteo* 

lytlc than rermln and the results were surprising in that 

they showed greater proteolytie activity for rennet in all 

cases. 

The possibility that the greater rate of proteolysis 

was due to the differences in the "purity* or "specific 

activity" of these two ensyme preparations was suspected 

and investigated. 
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Determination of the Specific Activity of the Enzyme 

To test the concentration of th© two enzyme prepara- 

tions , two methods were used. 

Th© first was the total nitrogen deteraiination ex* 

pressed as the specific activity of engsyme as mg of nitro- 

gen per ml of enzyme preparation,    Th© results obtained 

are as followsz 

Bennet     0.385 tag of 11 trogen/ml of enzpie preparation 

Hennet- 
substitute    0.284 mg of Kitrogen/ml of enzyme preparation 

the second method based on the clotting time gave 

results  tabulated in Table 11. 

TABEE 11 
Enzyme*s Activities as Measured by Milk Clotting Time 

Rennet 1/500 5 mln. 56 see* 

Rennet 
substitute 2/500 4 mln. 47 sec* 

Clotting Time r/u 
Enzyme     Dilution (avg.  of Activity     per mg of 

of Enzyme        4 tests) (ru/ml) gnzyme 

140.4        183 x 10s 

87.1      76.8 z 103 

The differences in the  "specific activity" values 

obtained from both methods  are quite large. 

To Investigate the extent  to which this difference in 

concentration effected th© rate of proteolysis during 

cheese ripening* two more vats of cheese were manufactured 
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using  these two ®nzym®B but in amounts proportional to th© 

reciprocal of their activities,    fh© aiaount used was cal- 

culator on th© basis of th© nitrogen content*    Four ounces 

of rennet per 1000 lbs.  of milk and 5*6 ounces of rennet 

substitute per 1000 lbs.  of Mlk were us©<3 in manufactur- 

ing th© cheese. 

fhe results of th© analyses of these cheeses are 

tabulated in Tables 12 and 12a.    The us© of th© greater 

amount of substitute does not seem to  affect the rate of 

proteolysis in th© rennet-substitute cheese.    Th© resulte 

appear quite fee same in all respects as those obtained 

from th© cheese mad© in the first series  (proteolysis* 

moisture content,  organoleptical score> pH).    From these 

results it appears that th© reason for the differences in 

the ripening must be due to reasons other than the differ- 

ence in the concentration of th© enzyme preparation. 

Two possible reasons  can be proposed to explain these 

differences* 

One possible explanation is that pepsin was too far 

away from its optiumm pH for proteolytlc activity, which 

is near 2.    The pH of the cheese,  as will be discussed, 

was in th© rang© of 4.9-5.4.    Rennin, although less pro- 

teoiytic, was nearer to its optinmm pH for proteolytlc 

activity of 5.7.    Furthermore,  Tsugo (66, p.  637)  showed 



m 
fmm 12 

pH ?alu©s,  'Syroalnes  Tryptophane*  and Amino litrogen 
 C.ontent of Cheeae^,.^ . 

ita&xi© 
Age Treat*      pH       Tyroslne     Tryptophane     lltrogea 

)        ^enl^^ (fig/^OO fig?   (^/100 sap)    trm/'m gjri 

1    R 
S 

Renaet 
Rennet Substitute 

0529 
0344 

46.67 
37.59 

<£ABm i2a 
Moisture, Pat and Organoleptical Score of the Gheeae 

JMde With Different Mounts of Bnawes at 30 Day a of Age 
Analyses prjganolepfcic Score 

freat- 
ment 

Rennet 

Mois- 
ture 

£ 

Body aad Flavor Flavor    Bitter^ Over- 
Fat    fexture Inten- Desira-    ness        all 

Desira*      sity   bility Score 
g     bility     • 

37.8 30.0      6.0 4.6 4.0 1.0 4.9 

Rennet 
Substitute 39.0 20.5 5.9 4.5 4.4 1.0 5.0 
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that pepsin's activlty is influenced more by pH then any 

other enzyme studied. 

In a consideration of the effect of pH on the rate 

of eajsyme catalyzed reactions,  at least three factors must 

be considered (24,  p.  272).    The first is the influence of 

pH on the stability of the enzyme*    Hearly all enzymes are 

sensitive  to extremes of acidity or alkalinity.    It is 

well known that pepsin is readily inactivated even at 

neutral pH values. 

The second consideration is that all enzymes are 

protein in nature and, like all other proteins,  are multi- 

valent>  dipolar ions.    Their dissociation depends on fee 

pH.    Although it is not possible  to specify precisely the 

nature of the protein groups involved in the formation of 

enzyme^substrate complexes, it has been assumed that the 

steep portions of the pH dependence curves correspond to 

the dissociation of ionizing groups on the enzymes.    By 

this method estimates have been made of groups which are 

essential for the catalytic activity of several enzymes. 

The third factor of importance is fee dissociation 

of the substrate, which will influence the character of 

the pH dependence curve and the optimum pH for activity. 

The pH values found for the rennet substitute cheese 

are in all cases lower than those for the corresponding 

rennet cheese*    These differences, however, were 



58 

appareiitly not sufficient to greatly increase the activity 

of the renhet substitute because the rennet cheese 

exhibited more proteolysis at the higher pH. 

Another factor which undoubtedly contributes to the 

creation of these differences in proteolysis is the storage 

temperature.    Th® temperature of the ripening was 5§OF. 

(14©C«) for both cheeses but it is well established that 

optimum temperature for activity for rennet is 4S0C.  aad 

for pepsin S70C.   (66, p. 640).    Consequently, both enzymes 

were acting at a lower temperature than their optimum tem- 

perature for activity.    Pepsin was nearer to its optimum 

temperature than was the rennet.    Althou^i such informa* 

tion does not seem to be available, pepsin may be more 

sensitive to  the influence of temperature on its activity 

than is rennin. 

The use of pepsin in the past for cheese making 

generally resulted in a greater rate of proteolysis than 

in the  control cheese made with rennet.    5Ms was found 

to be especially true in the first stages of ripening 

(23, p.  14). 

The results of Sherwood, however, who studied the 

function of pepsin and rennet In cheese ripening,  are In 

agreement with the results obtained In this study (60, 

p. 412).    He also found that the extent of protein break 
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down ©eeurring In the cheese made with pepsin was much 

smaller than In th© control cheese made ts/ith rennet.    H© 

also reported that th©  type of nitrogen partition observed 

was influenced to some extent by the proteolytic action 

charaeteristio of the particular ens^me employed. 

The pH values obtained (Table 13) are very similar 

to the pH values of cheese that Sherwood obtained. 

He also employed one^half of  the nomal amount of 

rennet plus one-half of the normal amount of pepsin and 

found that the curves for soluble nitrogen and non-*protein 

nitrogen in the resulting cheese fell between the corres- 

ponding curves for the remet and pepsin cheeses* being 

somewhat nearer to the rennet cheese curves. 

Another possible reason for the lesser proteolytic 

activity of the rennet substitute as found in this  study 

might be that an inhibitor was incidentally or purposely 

added to the enayme preparation*    As already mentioned 

(24, p»  689), in the conversion of pepslnogen to pepsin 

a pep tide is produced which inhibits pepsin*. 

It has also been mentioned that in the preparation 

of the rennet substitute the producers claimed the  addi- 

tion of "an unclassified enzyme preparation which la a 

by-product of tbe rennet process".    It may act as inhibitor 

for pepsin during cheese ripening* 



fafele of pH ¥ali©s : of the 
TABI 

Cheese 
M 13 
i at Different Stages 

g^d moflber of pairs 
8-29-60 8-31-60 9-2-60 

6             7             8 

of Bipeniag 

©•6-60 9-8-60 

9             10 

f 
©ate of issaufaeture 

8-23-60 8-25-60 8-26-60 

3             4             5 

lean of 
A 8-.17-60 

1 

8-B-60 

2 

the 
ripening 
period 

30 

*8 

5.15 

5.07 

5.08 

4.95 

5.03 

5.10 

5.05 

5.02 

5.06 

5.02 

5.22 

5.18 

5.08 

5.20 

5,10 

5.26 

5,00 

5.00 

5.06 

4.95 

5.083 

5.075 

60 
5.14 

5.00 

5.03 

4.95 

5.07 

5.04 

5.08 

5*01 

5.07 

5*02 

5.30 

5.28 

5.28 

5.28 

5.25 

5.28 

5.10 

5.10 

5.20 " 

5.12 

5,152 

5,108 

90 
Eg 

5.15 

5.00 

5.05 

5.00 

5.08 

5.03 

5*18 

5.07 

5,10 

5.06 

5.20 

5.00 

5.25 

5.12 

5.28 

5.25 

5.55 

5.12 

5.16 

5.10 

5.170 

5.075 

150 
Eg 

5.12 

5.07 

5.02 

4.90 

5.12 

5.10 

5.30 

5.20 

5.22 

5.25 

5.25 

5.18 

5.20 

5.28 

5,32 

5.25 

5.23 

5.20 

5.22 

5.27 

5.200 

5.170 

A    r 
T    - 

Ag©  (days) 
Treatment 
Rermet 
Rennet Substitute 

o 
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Results of the. pH. SeteBajnationa 

the Bignificance of pH value in cheese ripening and 

in enzymatic reactions generally has been discussed in 

previous sections. 

Tables 2, 3 and 4 show $ae pH values obtained for 

some cheese during the early, stage of ripening.    In fable 

13 the pH values of the cheese at 30, 60, 90 and ISO days 

of ag© are tabulated.    As can be noted,  the pH values of 

the cheese after 10 days were in the range of 4.9 to 5.0 

but at the end of 5 months storage they were in the range 

of 5.10 to 5.3*    pH values increased \3ith the age  of th© 

cheese in all eases*    Cheese made with rennet always had 

slightly higher pH values  than  that made with the sub* 

stitute. 

.Analysis of variance results for the pH values as 

affected by enzymes used and th© ripening period are given 

In Table 14.    It can be seen that the effects are aignifi* 

cant at the 5$ level for both ripening period and enzymes 

VABKE 14 
Analysis of Variance for pH Values of Oheese as Affected 

by Bnzyaie iffsed and Ripening Period 
Degrees Significance 

Source of of lean at the level of 
Variation Freedom    Square 5^ 1$ 

fotal 
Ripening period 
Bnsyme 
Ripening period 

x Efozyme 
Error 

79 
3 
1 

3 
73 

.0378 

.0391 

.0069 

.0095 

3.98 
4.12 

.73 

. S 
S 

US 

IS 

IS 

Goefficlent of variation ■ 1.9$ 
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used but not significant for the Interaction.    At the 1$ 

level of  significancei, none of the differences im& 

si gaif leant., 

Besults of the  Or^anoleptic Bvaliaatl on 

Five judges classified the tf^enty lots of cheese 

with respect to body,  texture,  flavor, bitterness and 

overall score in 7 classes*    fhese seven classes were 

given arbitrary values of 1 to 7.    Csae vms assigned to 

the best score of the property under evaluation while 7 

was assigned to the least desirable*    The  cheese was con- 

sidered as a commercial product. 

Considering the fact that the  tasters were always the 

same and that variations among judges were not considered 

in this  study,   the average value of tbe five scores given 

by th©  judges was calculated and used as the mean score 

of each cheese for each evaluation period. 

Body and Texture Desirability 

She average scores given by the  judges at intervals 

of 50,  60, 90 and ISO days of the ripening period are 

given in Table 15.    It can be seen that in all cases the 

score given t© the cheese made with the rennet^substitute 

was higher than the corresponding score given to the 



Average Seore of  the Body 
TABW, 15 

and Texture Desirability Given by 5 Judges 

Bate of manufac^ire and nuxnber of pairs lean 
A    T 8-37-60 

1 
8-39-60 

2 
8-22-60 

3 
8-25-60 

4 
8-26-60 

5 
8-29-60 

6 
8-31-60 9-2-60 9-6-60 

7                8              9 
9-8-60 

10 

period 
score 

El 
30 

E2 

2.8 

6.2 

4.3 

5.2 

2.5 

3.8 

3.4 

4.7 

2.3 

4.9 

2.7 

5.0 

3.0 

5.1 

2.4 

5.2 

4.3 

5.5 

4.3 

5.9 

3.20 

5.15 

60 
Eg 

3.7 

6.0 

4.9 

5.9 

4.2 

5.4 

3.8 

5.2 

4.2 

5.5 

3.8 

5.7 

4.1 

5.6 

3.6 

5.6 

3.4 

5.1 

3.8 

6.4 

3.95 

5.64 

Bl 
90 

Eg 

4.3 

6.5 

4.3 

6.0 

4.3 

5.1 

3.8J 

5.1[ 

3.7 

5.2 

4.8 

5.6 

3.8 

5.1 

3.6 

2.9 

3.9 

3#8 

4.0 

6.3 

4.05 

5.16 

150 
4.0 

5.9 

5.0 

5.2 

3.3 

4.2 

3.9 

4.4^ 

3.5^ 

4.5? 

Bsssssasss; 

3.5 

5.0 

3.6 

4.6 

3.3 

4.0 

2.9 

3.6 

4.7 

5.2 

3.77 

4.66 

A    * Age   (days) 
■T    = Sreatment 
Ei » Rennet 
Eg - Rennet Substitute 

03 
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rennet cheese* This means that the degree of body and 

texture desirability was always greater for the rennet 

cheese than for th© rennet substitute cheese. 

fh© body and texture of the cheese made with the sub* 

stitute appeared less desirable at 60 and 90 d^-g of stor- 

age than at 30 days. After ISO days of storage* however, 

considerable improvement was apparent. 

With cheese u&d®  with rennet the mean score at 90 

days ^as greater them the asm score at 60 days, indicate 

ing that the body and texture appeared more desirable at 

60 than at 90. At 150 days, however, the body was more 

desirable than at 60 days. 

Analysis of variance of the results obtained are 

given In fable 16. $he effect of ripening period, enzyra®, 

and the interaction Sazyme x Ripening period are signifi- 

cant for both levels except for the interaction at 1% 

level of significance, 

$ABLE 16 
Analysis of ?arisnee for Body and Texture Desirability 

of Cheese as Affected by Enzyme !?sed and Ripening period 
Degrees Significance 

Source of of Kesn at the level of 
Variation Freedom   Square F §$ 1$ 
fotal 79 
Ripening period 3 1.82S8      3.98        S S 
Enzyme 1 39.7620    86.88        S S 
Ripening period 

x Enzyme 3 1.2173      2.65        S HS 
Error 72 Q*^S81  tmmm.  

Goefficient of variation • 15.2^ **"*" 



flavor Intensity 

The average scores for the intensity of cheese flavor 

as given by the five judges after different storage 

periods are  shown in Table 17.    fhe scores given varied 

considerably but as can be seen from the mean score of 

the flavor intensity for each pair of ©heese at each 

evaluation period*  the flavor intensity for the cheese 

aade iTith rennet mis higher in all cases than that made 

with the rennet substitute. 

The observation from the table was confirmed by 

statistical analysis.    Analysis of variance showed a sig** 

nificant difference at the b% level for both engyme and 

storage period but no signifleant difference at the 1% 

level.    Mo sigalfleant  difference was found for the 

interaction enzyme x storage period at either level of 

si^aificance. 



Average Score of Flavor Jhtensity Given hj  5 Judges 

Bate cf Manufacture and number of pairs Mean 
& T 8-17-60 

i  1 
8-19-60 

2 
8-22-60 

3 
8-25-60 

4 
8-26-60 
5 

8-20-60 
6 

8-31-60 9-2-60 
7      8 

9-6-60 
9 

9-8-60 period 
1Q     score 

El SO x 3*3 

4.1 

1.1 

1.8 

1*7 

1.8 

3il 

3.6 

3.3 

3.8 

3.1 

3.S 

3.3 

3.9 

3.2 

4*1 

3.9 

3.8 

3.4 

4.1 

2.94 

3.45 

60 J- 
E2 

2.8 

3.4 

1*0 

1.0 

1.4 

1.3 

3*2 

3*9 

3.5 

3.4 

3*5 

3.7 

5.1 

3.5 

5.6 

4.2 

2.9 

3.5 

5.5 

5;9 

2.83 

3.18 

90 i 
2.3 

3.4 

1.4 

1.3 

1.3 

1*6 

2*8 

3.4 

2.8 

3.6 

5.1 

5.6 

2.8 

3.0 

3.2 

3.4 

2.5 

2*6 

2.9 

2.9 

2; 51 

2.88 

ISO x 

% 1 

2.7 

2.6 

1.3 

1.3 

1*7 

1.9 

2*5 

2*7 

2.5 

2.7 

2.4 

3*5 

2.3 

2.8 

2.4 

2.7 

2.2 

2.0 

2;4 2.24 

2; 53 

A * Age (days) 
T * Treatsent 
E\  - Eennet 
Eg = Rennet Substitute 

x 
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TABftS IS 
inaljsis of Varianoe for Flavor Intensity 

(Average Score of 5 Judges) of Ghees© as, Affected hj 
Enzpne Used and Ripening Period 

Degrees Slgnificanc© 
Source of                         of lean at the level of 
Variation Freedom Square F         5^ 1& 

fotal 70 
llpening period                S 2.5S13 S,86          S              HS 
fezym©                                   1 2.0880 4.40          S              WS 
Ripening period 

x Enzyme                         3 .0433 .07       IS             MS 
Error                                   72 .6566 

Coefficient of variation * 28.7^ 

Flavor Desirability 

Th© chees© varied isidely In the desirability of th© 

flavor of each of th© ©valuation periods.    As can b© seen 

from the means  of th© scores given (Table 19), th© r©nn©t 

chees© on th©  average was mar© desirable at 30, 60 and 90 

days.    At th© end of 150 days of ripening, however, the 

chees© mad© with tbe substifcut© had a mor© desirable flaveo? 

than that mad© with rennet. 

Analysis of varience for the results obtained showed 

no significmt difference in any of th© factors ©xamined 

as sources of variation (Table 20). 



TABm 19 
Average Score of Flavor Desirability 0iven by 5 Judges 

Date of manufactui*© and nuB&er of pairs 
3 9-2-60 

8 

Sean 
A   T    ! 8-17-60 

1 
8-29-60 &>2&-eQ 

2             3 
8-25-60 

4 
8-26-60 

5 
8-29-60 

6 
8-31-6( 

7 
9*6-20 

9 
9-8-60 
'#10 

period 
score 

50 
Eg 

3.6 

5.0 

7.0 

6.7 

6.6 

6.5 

3,3 

3,6 

3.0 

3.4 

3.4 

3.7 

3,2 

3.3 

2.3 

3.7 

4.9 

5.2 

4.4 

5.0 

4,17 

4.61 

60 
E2 

4.2 

4.3 

7.0 

7.0 

6.7 

6.8 

3.4 

3,7 

3.5 

4.1 

3.7 

4.5 

4.3 

4.2 

3.4 

4,8 

4.5 

4.7 

3.8 

4.1 

4.45 

4.82 

Ei 
90    A 

Eg 

4.2 

4.7 

6.8 

6.7 

6.9 

6.8 

3.2:; 

3. 2' 

3.5 

4.0 

3.7 

3.5 

3.6 

4.3 5.6 

4.3 

4.4 

3.4 

4.5 

4.27 

4,55 

ISO 
Ig 

4.1 

5.8 

6.7 

6.8 

6.2 

6.0 

3.5 

3.7 

3.4 

3.2 

4.5 

3.3 

4.1 

3.0 

3.4 

3.1 

4.8 

4.8 

4.2 

3.5 

4.49 

4.12 

A    « 

Ei "» 
Eg s 

Ag©  (days) 
Treatment 
Rennet 
Rennet Substitute 

6> 
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fABLE 20 
Analysis of Varlaaee for Flavor Beslrability 

(Average Score of 5 Judges)  of Cheese as Affected by 
Enzgiiie Used sad Ripening Period 

Degrees Signiflcsnee 
Source of of SSeaa at the level of 
Variation Freedom Square F  M .   ., M..... 
Total 79 
Ripening period S • 5970 .25 IS            ' IS 
Enzyme 1 .6^80 .58 IS               US 
Ripening period 

x Eneyme s .6937 .40 IS               IS 
Error 7S 1,7161 

Coefficient of variation a 29,5$ 

Bitterness 

The organoleptlc evaluation of th© cheese for bitter 

flavors showed th© greatest variation amongst the  judges. 

It seemed to be th© most difficult item for the judges to 

evaluate.    ITabl© SI shows th© results obtained expressed 

as th© average score given by the five judges.    From the 

general mean score for each, ripening period and ©nayae 

used,  it can b@ seen (fable 21)  that the rennet cheese 

tasted, on the  average* more bitter than th© cheese in 

which the rennet substitute ivas used.    The bitterness of 

the cheese made with rennet became more perceptible as 

the  cheese ripened.    Bitterness scores for th© cheese mad© 

with the substitute remained similar during th© first 90 

days of the ripening period and became more desirable 



fABLE 21 
Average Score of Bitterness Giiren by 5 Judges 

A    5 Ago  (days) 
f    * freateaeat 
% - Bonnet 
Eg s Eemiet Substitute 

f 
Date of mam if. act we and aumber of ] 

8-26^60 8-29*60 8*51-60 
aairs Mem 

A 8-^-60 8-B-60 &-22-60 8-25-60 9T2*60 9-6*60 9-8-60 perioi 
1 2 3 4 5 6 

1.1 

7 8 9 10 score 

% 1.6 5.8 3.6 1*2 1.4 1. ,2 1.1 1.6 1,5 2.01 
SO 

Eg 1,6 5.5 3.3 1.2 1.3 1.2 1. ,4 1.2 1.6 1.4 1.97 

% 1,4 3,9 5.0 1*4 1.3 1.6 2. ,5 1,1 2.0 1.4 2.16 
60 

% 1.2 5.3 5.1 1.0 1.1 1.5 1. .0 1.0 1.1 1.0 1.93 

% 2.6 4.8 ■4*5 1.3   ' 1.8 ia 1, ,5 1.1 2.3 1.2 2.22 
90 

% 1.4 5.3 4.7 1.0 1.0 1.0 1, .0 1.5 l?7 1.4 2.00 

El 2.5 4.0 4.4 1*5 : 1,3 2..S 2 .9 1,2 2.9 2,2 2,57 
ISO 

Eg j 1.2 4.7 3*0 1.2 1.2 1,0 1, ►0 1.2 1.7 1.5 1.75 

-3 
O 
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after 150 daya. 

The results of the analysis  of variance are shown in 

fable 22 and are not significant for cany of the factors 

under consideration and at either level of significance. 

f mm 22 
Analysis of Varianc© for Bitterness of Cheese as 

Affected .by Enzyme Used and Ripening Period 
-« Degrees Significanc© 
Source of of lean at ifa® level of 
V^iatiofi,,.,,,,,.,,,., .ir  r       Freedom,   Square    . F .      , .; 5^ . 1^ 
Total 79 
Ripening Period 5 .1105    0,06        IS              IS 
Enzyme 1 2.1451    1.07       IS             IS 
Ripening period 

ac Bazyme 5 .5771      .29        NS              IS 
Error 72 1.9986 

Coefficient   of variation « 68.0^ 

ftyeral1 Score 

Table 23 indicates the results of evaluation of th© 

overall score of the cheese at the Intervals indicated, as 

the average score given by the five judges.    It can be 

noted from Ua© general sssan score  at each ripening period 

for each enzyme used,  that the cheese mad© with the rennet 

substitute was classified as lower quality for the first 

90 days of ripening,  than  that made with rennet.    At the 

end of  the 150 day period, however,  th© cheese made tyith 

th© rennet substitute appeared slightly better than the 

control cheese mad© with rennet. 



A    f 

TABIE 23 
Average Score of Overall Score Given by 5 Judges 

Date of manufacture and number of pairs lean 
8-17-60 8-39-60 8-22-60 8-25-60 8*26-60 8-29-60 8-31-60 9*2-60 9-6-60 9*8-60 period 

score 

A    - Age ((Jays) 
1    s Treatment 
E^ » Rennet 
So » Kennet Substitute 

■«3 
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Analysis of variance for the above results of th© 

overall  score evaluation is given in Table  24.    It can be 

seen that  th© results are significant only for  th© enzyme 

used and at  the significance level of 5$, 

TASL1 24 
Analysis of Variance for Overall Score of Ghees® 

as Affected by Enzyme tJsed and Eipening Period 

Source of 
Variation 
mtn mnmmmmmmtmw M, .111:1 1 

Total 
Hipening period 
aizyme 
Ripening period 

x Enzyme 
Srror 

Degrees 
of Mean 

Freedom    Square 

Slgnificanc© 
at the level of 

7© 
5 
1 

3 
72 

.2550       .16 
7.3205    4;63 

1.1575 
1*6150 

.72 

IS 
s 

IS 

IS 
m 
m 

Coefficient of variation ■» 27.9$ 

fh© meaning of  these results is   that there was no 

significant difference in the mean score of the two kinds 

of cheese with respect to the ripening period, but there 

was a significant difference with respect to the enayme 

used.    The overall score was affeeted only by the enzymes 

used. 

Correlation Between Organoleptical Scores  and Analytical 

Pata 

Correlation Bettfeen Changes in Tyro sine Content of the 
Cheese' and Organoleptical Scores 

<&i order to determine the relation bettireen th© rate 
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of change of tyrosine content with the organoleptic score, 

th© individual values for each variaMe were totaled and 

used as individual observations.    These totals for all 

analytical data and cheese scores are giiren in Table 25. 

They wer© obtained by adding the  values given in previous 

tables for each cheese for each ripening period. 

tTslng the totals for tyrosine content and cheese 

scores,  th© regressions of coefficient were calculated by 

using the pastiment mefchod of calculation (44,  p.  £68). 

The regression coefficient (b)  shows tfee change in 

organoleptical score per unit of tyrosine content change. 

Units for the cheese score were the arbitrarily chosen 

number of 1 to 7 while tyrosine was expressed as grams per 

100 grams of cheese. 

Prom the values of regression coefficients,  the mean 

of each organoleptical characteristic  score arid the mean 

of the  tyrosine content,  the regression equations were 

estimated. 

The correlation coefficients were also calculated 

(44, p. 265).    The correlation coefficients were used as 

an index measuring the closeness of the fit of the 

observed points to the estimated line of regression. 

Correlation coefficients can have values from *1 to *1. 

The sign designates whether the estimated line of 

regression has a positive or a negative slope and it has 



TABLE 25 
Table  of Totals 

A 

30 

*      pH 

E^^    50.83 

Eg    50.75 

Tyro- 
sine 

1.386 

1.068 

Trypto- 
phane 

• 519 

.374 

Body and 
Texture 

toino H    Desira- 
bility 

850.98         32.0 

608.21         51.5 

Flavor 
In ten- 
sity 

29.4 

34.5 

Flavor 
Desira- 
bility 

41.7 

46.1 

44.5 

48.2 

Bitter- 
ness 

20.1 

19.7 

Over- 
all 

Score 

39.9 

50.1 

60 
Ej^    51.52 

Eg    51.08 

1.758 

1.296 

.551 

.418 

1093.31 

844.33 

39.5 

56.4 

28.3 

31.8 

21.6 

If-, 3 

43.2 

50.7 

90 
Ej    51.70 

Eg    50.75 

1.793 

1.228 

.605 

.459 

1371.58 

1042.10 

40.5 

51.6 

25.1 

28.8 

42.7 

45*5 

22.2 

20.0 

42.2 

49.6 

150 
E^    52.0 

Eg    51.70 

2.264 

1.432 

.694 

.511 

1821.40 

1460.84 

37.7 

46.6 

22.4 

25.3 

44.9 

41.2 

25.7 

17.5 

44.8 

43.9 

A 
f 

E2 

- Hipeaaing period (days) 
s Treatm^it 
2 Rennet 
- Seanet Substitute 

-4 
Or 
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the same  sign as the regression coefficient. 

fhe larger the absolute value of r,  the closer the 

points will fit the line of regression.    When rail 

every point will fit exactly on the regression line,    in 

the other extreme when r » 0 the regression line will be 

horizontal or tyrosine content is independent from the 

change in all organoleptical scores* 

Wsing Fisher and Xate's tables  (19, p.  46)  the 

hypothesis r ■* t 1 was tested in each case.    The results 

are tabulated in fable  26.    It may be seen that correla* 

tions were found to exist between tyrosine  content and 

flavor intensity and between tyrosine content and bitter* 

ness at both significance levels tested*    The regression 

coefficient for the tyrosine-bitterness regression equa- 

tion was positive* meaning that the tyrosine content in- 

creased v&th an increase in cheese bitterness.    Shis tends 

to confirm the conclusion of Cgulak (10, p.  177*179) who 

postulated that bitter flavor occurs because of the pro* 

teolytic activity of rennet, especially at low pH, result* 

ing in the accumulation of polypeptides, including the 

bitter tasting peptones.    He found that at a low pS 

bitterness was more prevalent because the rennet enzymes 

were more active and the bacterial proteinase was unable 

to keep up in breaking down the polypeptides to amino 



TABLE 26 
Relationship Between Tyrosine  Content of the   Cheese and  Qrganoleptlc Score 

Ir?IiSU0SSf * Correlation 
b a Hegression Equation r at the 

Regression (a^y-bx) ^"T-'bCx-x) with 6 level of 
Coeffi cient B * F. 5% 

3^=44.48-13.09852(x.l.528) 

yx=28.20-8,44918(x-1.528) 

yxs44.SS-1.29800(x-l.528) 

yx*2©.76*5.40089(x-l.528) 

yx*45.55-5.26125(x-1.528) 

B&t 44.48 -15.09852 64.50 

F.I. 28.20 - 8.44918 41.11 

F.JD. 44.55 - 1.29800 46.53 

Bt. 20.76 ♦  5.40089 12.51 

O.S. 45.55 -  5.26123 53.59 

-0.607 Eo H© 

-0.841 £es Yes 

^0.212 Uo TSo 

♦0.853 Yes Yes 

-0.502 Wo lo 

b « Hate of increase of total organoleptic scor©   (of 10 cheeses) per unit 
(gr/100 gr of cheese) increase of   soluble tyrosine. 

y «■ Organoleptic score   (total of 10 replications). 
x s fyrosine content in gr/100 gr of cheese  (total of 10 replications). 
r - Correlation coefficient with 6 degrees of freedom. 
y - Mean of the organoleptic score totals. 

B&f■ » Body and  texture desirability 
F.B. = Flavor desirability 
P.X* = Flavor ^itenslty 
Bt.    * Bitterness 
O.S. s Overall Score 
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acids*    Other investigators have also correlated the 

bitterness with the formation of mhydrolyzed peptides 

(66, p*  636*1042).    fhe same observation waa confirmed in 

this experiment.    As th® soluble t^rosine content 

increased,  th© incidence and the- intensity of bitter 

flavor also Increased* 

In fable 21 it is sh©tm that the rennet cheese has, 

on the  average,  a more pronounced bitter flavor than the 

cheese made with the substitute.    HMs  apparently was due 

to the greater proteolytic activity of  th© rennet under 

the conditions of this experiment.    Jh all other cases the 

negative jpegressions eoefficient indicates that an increase 

in th© tyrosine content was related to a decrease in the 

organoleptic score number indicating better organoleptic 

characteristics. 

Correlation Between Changeq in fryptophane Content and 

Organoleptic Score 

The same statistical methods as that applied to 

tyrosine content values was used for the tryptophane 

values.    These results appear in Table 27 where It is 

shorn that correlations existed between tryptophane con* 

tent and bitterness and between tryptophane and flavor 

intensity at both levels of sigiifieance. 

It must be aientioned that flavor intensity was highly 



Relationship Between Tryptophane Content of the Cheese and Organoleptic Score 
ITrjptophane content 
as related to: 

f b 
degression 
Coefficient 

a 
(a=y-bx) 

Regression Equation 
Correlation 

r at the 
with 6      level of 

B&T    44.48 -58,54076 74.57 f:
x=44.48-58.54076(x-5l.401) 

F.I.   . 28*20 -55.27266 46.35 yxs28.20-55,27256Cx-51.401) 

F.D.     44.35 -10,05567 49,52 fx
is44.35-10.05567(x-51.401} 

Bt.'.     20.76 18.8g036 11,09 fx
s20.76>18.82036 (x- 51.401} 

O.S.     45.55 *25.55920 58.69 Tx=45.55-25.55920(x-51.401) 

-0.715 Yes lo 

-0.924 Yes Yes 

-0,433 10 lo 

♦0,783 Yes lo 

-0.642 Ho lo 

b = Rate of increase of total score per -unit of tryptophane content 
j = Organoleptie score (total of 10 replications) 
x = Tryptethane content (total of 10 replications) 
3? s Correlation eoefficient with 6 degrees of freedom 
^f * Mean of  the organoleptie  s«or©  totals 

B&f * Body and fexture desirability 
F.I. * Flower intensity 
F.D. * Flower desirability 
Bt.    - Bitte«aess 
©.S, « Overall Score 



30 

correlated with both tyrosine and tryptophane concentra- 

tions. Flavor desirability, however, uas not correlated 

with either of them. 

It is well established that the formation of free 

amino acids and other protein hydrolysis products provides 

only a part of the desirable flavor in cheese.    ¥h® cheese 

flavor is probably due to a delicate balance between a 

large number of compounds.    Many workers in recent years 

have associated the cheese flavor taith the formation of 

carbonyl compounds  (70,  p.  265-276$  8, p*   515;  29, p.  335). 

Kristoffersen (39,  p.  1202-1215) has found  significant 

correlations between flavor scores in the cheese and pi|» 

IHg, $2$, and free ^tty acids* 

The body and texture desirability score was correlated 

with tryptophan© content only at  the 5% level of signifi- 

cance. 

Th® negative sign of the regression coefficients 

showed that an increase in tryptophane content had a 

desirable effect on the organoleptic score,    fh® only 

exception was the bitterness.    An increase of soluble 

tryptophane increased the incidence and intensity of the 

bitter flavor. 
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Correlation Between Aminp Iltrogen and Organoleptic Scorei 

fhe results obtained from the statistical analysis 

for correlation between amino nitrogen content end the 

organoleptic score are tabulated in Table 28. Only flavor 

Intensity showed a significant correlation with amino 

nitrogen at both levels of significance. A correlation 

did not exist between amino nitrogen and bitter flavor 

at the significance levels tested. The positive sign of 

regression coefficient showed, however, that an increase 

of the amino nitrogen did increase the incidence of 

bitter flavor. 

In all other cases the increase of soluble amino 

nitrogen was related to better organoleptic character" 

istics. 

Correlation Between pH and Organoleptic Sppre 

In Table 29 the results of the statistical analysis 

for correlation between pH and organoleptic scores are 

shown. A high correlation is seen to have existed only 

between pH and flavor intensity, ^he higher the pH the 

more intense the flavor had developed. In all other cases, 

with the exception of bitterness, an increase in the pH of 

the cheese during ripening was related to the development 

of better organoleptical characteristics. 



TABm 28 
Relationship Between Amino Nitrogm Content of  the  Cheese and Grganoleptie  Score 

fmino nitrogen content 
as re slated to: Correlation 

y b a Begression Equation r at the 
Begression (a*y*bx) yx*y-b(x*x) with 6 level of 
Coefficient D.F. 5$ Ijft 

B&5 44.48 -0.008264 53*87 yx*44.48-0.008264(x-1136.59) -0.390 Ho I© 

P.I* 28.20 -0.00959? 39.11 fx=28.20*0.009597(X-11S6.594) -6.971 Yes Xes 

F.D. 44.35 -0.002247 46.90 f3^44 . 35-0. 002247 (x-1136. 594) -0.374 H© Ho 

Bt. 20.76 ♦0.00356? 16.71 yx=2Q.76«.0.003567 (x-1136. 594) ♦6.573 Ho Ho 

Q.S. 45. §5 -0.004062 50.17 fxs45.55-0,004062(x*1136♦594) -0.394 Ho io 

b - Eate of Increase of ' total or ganoleptic score  (of 10 cheeses) per unit 
(gr/100 gr of cheese) Increase of smlno nitrogen 

y s Organoleptic score (total of 10 replications) 
X a- Ajainc » nitrogen content in gr/100 gr of cheese  (total of 10 replicat ions) 
r seorrelation coefficient sri-th 6 degrees of freedom 

T. ~ • Mean of the organoleptie score totals 
B^T = Body and Texture desirability 
P*!. - Flavor intensity 
P.D.. = Flavor desirability r 
Bt. = Bitterness 
O.S. = Overall Score 

to 



f mm 29 
Relationship Between pE of the Cheese and Organoleptic Score 

as related to* 
j                 b a __ 

Eegres si on (a^y-bx) 
Coefficient 

Eegression E<^iaticai 
Correlation 

r at the 
with 6      level of 

2). P. 5$ 1# 

B&T 44.48 

P.I* 28*20 

P.P. 44.35 

Bt. 20,76 

O.S, 45*55 

-6*41995 

-6.69072 

-1.55765 

2*62514 

-5*60SS4 

373.77 

371.37 

124.24 

-113*89 

230*63 

fx^M.48-6.41995(s-51*291) -0 

fx*28*20-6.69072{x-51.291) -0 

yx
&44*35-1.55765{x-51*291) -0 

fx
S520.76*2*62514(x-51.291) fO 

f^a45* 55-3.60834(x-51.291) -0 

b - Bate of change of total score per unit of pH change 
y s Organoleptic  score  (total of 10 replicati<ai«) 
x - pH (total of 10 replications) 
r s Correlation coefficient with 6 degrees of freedom 
¥ -. Mean of  ^ie organoleptic score  totals 

B&S - Body and textaire desirability 
F.I. a Flavor intensity 
P.D. • Flavor desirability 
Bt.     - Bitterness 
0.S. * Overall Score 

382 Ho 

855 Yes 

327 lo 

533 Ho 

442 lo 

Ho 

Yes 

Ho 

Ho 

lo 

6} 
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The use of the rennet suhstltute  (Metroclot) required 

a considerably longer setting time than rennet In the 

Cheese making process* 

Th© fat and protein contents on a dry weight basis 

were reasonably similar for both rennet and rennet sub- 

stitute cheese made on the same day. 

fhe rate of proteolysls, using the  soluble tyrosine 

and tryptophane and the amino nitrogen content as an index, 

was higher for the rennet cheese at all stages of ripening* 

This was somewhat surprising in view of the imown slight 

proteolytic ability of rennin.    As the storage time in- 

creased the soluble typoslne and tryptophane and amino 

nitrogen also increased.    Analysis of variance for all 

tyrosine,  tryptophane and amino nitrogen content showed 

significant differences at the 1% level of significance 

and for all factors tested as a source of variation. 

The difference in the "specific activity" of the 

enzyme preparations was suspected to be the reason for the 

differences in the rate of proteolysls.    Do term in a ti on of 

the enzyme activity on the basis of total nitrogen gave 

0.385 mg.  of Mtrogen/ial. for rennet, and 0*284 mg./ml. 

for  the substitute preparation.    Using the milk clotting 

activity, rennet  showed 140.4 r.u.  and  the substitute only 
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87*1 specific activity. The use* however, of the substi- 

tute in amounts proportional to its reciprocal "specific 

activity*» on a nitrogen content basis resulted again in 

cheese with less proteolysis than the control rennet cheese. 

The pH and temperature dependence of the enzymes* 

activities and the possible existence of inhibitors in the 

substitute preparation were proposed as other possible 

factors responsible for the greater proteolysis occurring 

in the rennet cheese. 

lost workers have reported that the use of pepsin has 

resulted in greater proteolysis in cheese then did rennet. 

The rate of proteolysis and the pH values obtained in this 

study, however, were in agreement with the results 

obtained by Sherwood in 1955. 

Organoleptic score also indicated considerable dif- 

ference between rennet cheese and that made with the sub- 

stitute. Body and texture mean scores showed significant 

differences at both levels of significance and for both 

ripening period and enzyme used. Analysis of variance for 

the flavor desirability and bitterness score showed no 

significant differences at either the 1$ or 5$ level of 

significance for all factors considered as a source of 

variation. The flavor intensity score, however, showed 

significant difference at the 5% level of significance for 

both enzyme and ripening period. The overall score showed 
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sigtiificant difference only for the ©nzym^ used at the 

level of significance* 

3?he ooj?j?eiations between organoleptlcal scored and 

©nalytical data were tested by estimation of the conpela* 

tion coefficients using totals as individual observations. 

High correlations were obtained between soluble tyrosine 

content and flavor intensity and between tyrosine content 

and bitterness. 

Tryptophane tras also highly correlated with flavor 

intensity and bitterness and,  to a lesser degree* with 

body and texture desirability. 

Amlno nitrogen content and pH values were highly cor*- 

related with flavor intensity only. 

The use of the rennet substitute as a 100$ replace- 

ment for rennet resulted in a cheese with a dry, crumbly 

body in the early stages of ripening and slow flavor 

development. 
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