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INTRODUCTION

Research during the past half century has shown that the
ripening of cheddar cheese is a relatively complex process.
Many investigationé have been carried out relative to thé
physical, chemical anc bacterlological nature of cheddar
cheese. Notable achievexents, such as the development and
use of lactic starter cultures, the pasteurizgtion of the milk
used for cheese making, and, more recently, lmprovements in
packaging design, have led to a gradusl but continued improve-~
ment in our knowledge of the subject. However, many problenms
related to cheese remain unsolved, and chief among these are
the problems associated with the ripening or curing processese.

Notwithstanding the fact that s considerable segment of
the cheess-consuming public has become accustomed to the more
mild flavor of pasteurized milk cheddar cheese and proéess
cheese, a rather large demand still exists for the full, sharp,
characteristic flavor normallj found in raw milk cheddsr chesse
of good gqualitye. Cheddar cheese made from pasteufized milk
develops flavor more slowly than raw milk cheese, end it has
been stated that, if properly made, it never develoﬁs the
sharp flavor characteristic of raw milk cheeses

The development of a full, sharp-flavored raw milk cheddar
cheese ordinarily requires & ripening period of at least six

months, and some cheese is held for somewhat longer periods
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before belng offered‘to the consumer. Proper ripening
obviously is an important economic problem when one considers
the storage, refrigeration and handling costs involved.

So far, no satisfactory method of controlling the flavor
of cheddsr cheese has been devised.s It quite generally ls
held that the development of flavor in cheddar cheese 1is
essociated with coﬁcurrent proteolytic and lipolytic changes.
No simple explanation seems to account for all of the changes
involved. = However, the hydrolytic breakdown of cheese protein
has been shown to be rather intimstely asscelated with the
ripening of cheddar cheese. This protein breakdown changes
thé tough, green. and rubbery curd of young cheese to the
smooth, waxy curd of welleripened cheesse of good quallty.
These changes occurring in the body end texture of the ckeese
appear to be associated to some degree with the development
of the characteristic flavor of chedder cheese.

Muck of the work that has gone before has indicated that
the proteolytic changes ir pripening cheddar cheese arise as
a ?esult of the action of‘enzymes. Investigations into the
en;ymatic degradation of cheese protein during the ripening
process, whether by the enzymes of rennet or by the enzymes
of the bacteria contained in the‘cheese, would be expscted to
yield valuaeble lnformation in regard to the ripening problem
of cheddér cheese. Therefore, this investigation was initiated
to study some of the proteclytic enzymes which were censidered

to be important in the ripening process of cheddar cheesee
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Emphasis has been placsed on the enzymes of commercigl rennet
in an attempt tc cbtain additionsl information on the effect
of these enzymes on pasteurigzed milk cheddar cheese. It
also was decided to study the proteclytic enzyme system of

Streptococcus lactls in an attempt to determine how this

particular organism might affect the changes observed in

ripening cheddar cheesze.



HISTORICAL

The Influence of Bacteria on the Ripening Process
of Cheddar Cheese with Speclgl Reference to
Streptococcus lactls

In 1903, Harding (33) investigated the lactic acid
bacteria in relation to the ripening process of cheddar
cheeses He noted that the lactic aclid bacteria were zlways
present in factory milk, that they inhivited the growth of
- other microorganisms through production of acid, and finally
made up more than 90 per cent of the total number of micro;
organisms present in the cheese. The acid formed by these
bacteria was of further benefit in thet it hastened the
curdling action of the rennst and was necessary for the
action of the pepsin contalned 1in the rennet extracte.

Harding and Prucha (34) carried out one of the first
extensive investigations of the bacterlsl flora of cheddar

cheese., They found that the Bacterium lactis acidil (Strepto-

coccus.lactis} group was the only one always present,.and'

it alwmost always made up cover 99 per cent of the total number
of organisms found in the cheese. These workers further
stated that there was no evident connection between the number
of bacteria present in the cheese snd the rate at which it

ripened.



Hastings, Evans and Hart (35), in 1914, presented a very
extensive réport on the factors concerned in the ripening of

cheddar cheese. They reported that B. lactis acidi (S. lactls)

was predominant in cheese. The acid formed by these bacteria
favored the shrinking of the curd with expulsion of the whey,
activeted the pepsin centained in the rennet extrect and per-
mitted ”matting"—of fhe curdes These investigators further
stated that the bacteria contained in the milk were largely
retained in the curd formed during the manufacture of the
cheese.

Bucker and Marquardt (38) found that Streptococcus

paracitrovorus (Leuconostoc dextranicum), when sdded to

milk to be used for cheese making, had a desirable effect

on the flavor of the resulting cheese. Streptococcus

citrovorus (Leuconostoc citrovoruﬁ) apparently had no effect;
while‘§. lactlis gave as favorable results as dié commercial
étartefs. ) |
| Spitzer, Parfitt and Epple (61) studied proteclysis by
a number of different drganisms and reported thsat S. lactis
was one of the least proteolytic organisms investigated.
These workers noted that the acidity of the medium was one
ol the factofs which mogt.influenced proteolytic changes.

In anofher.study of the proteolytiec action of certain
lactic scid bacteris, Pefersen, Pruesé and‘fred (51) investi~
gated proteolysis by 22vsﬁrains of lactic acid bacteria.

These:ﬁorkers used formatibn of non=protein nitrogen, amino
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nitrbgen and ammonia as criteria of proteolysis. Non-protein
nitrogen was the most abundant form of nitrogen produced by
thése organisms growing in several different kinds of medig.
In general, only small quantities of ammonia were produced;
and in some cases none at all. The lactic acid bacteria;'in
gensral, were not very proteolytic; very smell increases in
the respective protein breakdown products were obtained, and
these increases in most csses required many days incudbation.

The caseln-splitting properties of starters have been
studied by Barthel and Sadler (14). The amount of amino
nitrogen produced by mixed lactic starter cultures was much
greéter than that produced by pure cultures of the streptce-
coccus groupe. However, the amount of socluble nitrogen pro-
duced by both groups in milk at room tempsrature freguently
was the sames

Bucker, in 1929, (37) noted that certsin strains of
streptococei had the ability to increase the amino nitrogen
content of milk asfter prolonged incubation. Working with
chemlcally pure casein as the only source of nitrogen, these
strains of S. lactis did not produce visible growth if washed
cells were used as an inoculum. If large amounts of unwashed
-célls were used as an inoculum, these streptococcl usually
produced visible growth.

Anderegg and Baﬁﬁer (2) reported that some strains of
S. lactis produced an increase in the soluble nitrogen of a

skim milk culture medium,. ‘Additién cf peptone decreased the



proteolysis, while addition of calcium carbonate increased
it. Organisms causing proteolysis generally coagulated the
milk gquicker, but proteolysis was not due to the acidity
developeds

Hammer and Patil (28) found thet certain cultures of
Ss lactls wefe able to protesclyze milk, while others were not.
This proteolysis was evident in 1.5 days without addition of
calcium carbonate, but was more evident 1f calcium carbonate
was gdded to the milk, Neither air supply nor adédition of
sterile lactic =2¢id to the milk influenced ths proteolysis.
Addition of 0.1 per cent alanine to the miik slightly retarded
proteolysis by S. lactise

Janke and Holzer {40) reported that untreated cultures of
S. lactis hydrolyzed casein more readily than did chloroform
treated culturess They concluded that non-liquefiying organisms
such as S. lactis have an endo-cellular proteinase which was
able to attack the casein only after autolysis of the cell,
They fhought that this would make possible the ripening of
cheese by degenerating cells of S. lsctis.

Kelly {43), in determining the influence of certain lactic
acid streptocoeccl on the chemical chenges in cheddar cheese
during ripenihg, noted that, wifh the exception of the protein
frgctioﬁ soiuble in watef, 1little chénge in protein degradation
occurred in the first 10 tec 13 deays, The increase in protein
digéstioﬁ at the end of 10 days was thought to be related to
rapid destruction of the bacterlia, since it was du?ing this

period that the lactose was destroyed and the bacteria (strepto-



8

coccl) made their last increase in numbers.

In a compsarison of the influence of different starters
on the quelity of cheddar cheese, Hansen, Bendixzen and
Theophilus (30) found that flavor of cheese made with a pure
culture of S. lactis was almost as good as that of cheese made
with two commercial lactic starters, while the body and tex~
ture of the cheese made with The pure culture were superior
to that made using the comercial starters,

The influence of the starter culture on the ripening
process also was studied by Allen and Knowles (1), in 1934.
in cheese made from milk having a very low bacterial count,

a vigorous starter contributed materielly to the cheese
ripening process and was nmuch more effective in this respect
than a slow starter. The effect was not due to greater aciad

- production, sincé the pH's of all cheeses studied were approxi-
'matély the same.

Sherwood and Whitehead (59) found that the proteolytic
powers of the various pure cultures of lactic streptococei
employed by them as starters had but little influence on the
rate of proteslysis in the resultant cheddar cheese. No
connection was found between the numbers of streptococeci
present in the milk at the time of renneting and the rate of
cheese ripening. These workers suggested that the rennet
enzyme was the most important agent in cheese ripening, and
that the most significaﬁt function of the streptococcl was
the formation of acid, which affected the rate of proteolysis



by the rennet enzyme,.

In an extenslve study of raw milk cheddar cheese, Freeman
and Dehle (26) reported that the rate of proteolysis in cheddar
cheese during ripening was directly related to the numbers of
bacteria initially found in the cheese. Bbwever; these workers
stated that the development of flavor in the same cheese was
not related to the numbers of bacteria initlally present. By
raising the ripening temperature from 45° F. to 63% F., the
rate of proteolysis in cheddar cheese could be increased 40 to
100 per cent. Maximnm'flavor score was reached more guickly
at 63° F,

Protein metabolism arnd acid production by the lactie
acid bacteria in milk were studied by Braz and Allen (17),
in 1239, They noted that proteolysis was inhibited by high
acidlty. Neutralizing the acid bty the additlon of chalk
elimingted the inhibitory effect of the acld and resulted in
greater protein degradetlon. These workers stated that pro-
vision of sdditional quantities of amino acids in the form
of yeast extract usually resulted in a tendency to stimulate
the ansbolic process, so that elther smaller guantities of
. amino acids or negative values were obtained after growth
of the cultures.

Extracts of Streptococcus cremoris and S, lactis were

shown by Hansen (31) to stimulate the development of Lacto-

bacillus casel and Betacoccus cremoris (Leuconostoc citro-

Yorum). These extracts were obtained both by sutolyzing
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the cells under toluene and by disintegration of the cells

by means of sonic oscillation. The extracts were sterilized
by sutoclaving before being tested. The extracts were found
to be much more stimulastory than were the control suspensions
of killed cells.

Peterson, Jomnson and Price (52) showed the presence of
proteolytic activity in a water extract of cheddar cheese.
The optimum pE for caseln hydrolysis by the cheddsr cheese
proteinase system sppeared to be 5.0, while a secondary
optimum occurred at pH 7.0 to 8.0. The proteolytic activity
at pH 5.0 was increased in the presence of reducing agents,
particularly cysteine hydrochloride, These workers reported,

concurrently, on the proteinase content of raw milk cheddar
cheese and pasteurized milk cheddar cheese during msaking and
ripening {53). The ective proteinase in ripening cheddar
cheese was considered to be of bacterisal origin, and only

a small part of ?he total proteinase activity of cheddar

cheese was contributed by the milk and rennet extract.

Pasteurized milk cheddar cheese Giffered from raw milk cheddsr
cheese in that it contaeined a lower content of cysteine-
activated proteinase. |

Collins and Nelson (19) investigated the effect of S.

lactis, E. coll and A. serogenes growing singly and in

combination on the soluble nitrogen of milk. S. lactis
caused a rapid increase in the soluble nitrogen of skim milk

during the first day or two of growth. This was followed
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by & small, gradual incresse which continuned for at least
15 days. E. coll and A. gerogenes grown alone caus‘ed &
deficit at first snd then an increase in soluble nitrogene
Mixed cultures of S. lactis and coliform organisms caused
incresses in soluble nitrogen which were intermediste
between the results of the component organisms.

‘In a review of the ripening process of hard cheese,
Orla-Jdensen (49) gives one of the most‘bopular theories of
thls phenomenon. He suggested that ripening was caused by
the proteolytic activity of the rennin ccmbined with the
proteolytic endo=~-enzymes of certain lactic acid bacteris.
He states that: "Living bacteria have no direct influence
becguse the liberation of thelr dlgestive enzymes in the
surrounding medium takes place only after death and subse~
quent autolysis of the bacterisl cells.”

£y

The Influence of Rennet snd Other Enzymes
of Non-Bacterlal Origin on the Ripening
of Cheddar Cheesse
Babcock, Russell, Vivian, and Hastings (8), as early as
1899, recognized the importance of enzymes in the ripening
process of chedder cheeses. These workers studied the enzyme

géléctase and stated that it more closely resembled the

group of bacterisl enzymes, rather than those enzymes of

animal origin, insofar as the‘fypes of proteOIYtic'éecom-
position products were concerrned. These workers concluded

that galéctase played the principal role in the hydrolytic
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degradation of cheese proteln.

Babcock, Russell and Vivian (7) found that increasing
the amount of rennet extract used increased the amount of
soluble nitrogenous products, whick meassured the progreés
of chsese ripening. They also stated that the digestive
action of rennet was due to action of pepsin contained
therein and that the products of peptic digestion in milk
and cheese were confined to the higher Qecomposition products,
sﬁch as albumoses and peptones,

Van Slyke, Hsrding, and Hort (65), in a comparison of
the ripening process in cheese made with chloroform and
normal cheese made without chloroform, found that the total
water-soluble nitrogen was greater in the cheese mede without
chlcroform. However, the enzymes contained in the chloro-
formed cheese were able to accomplish about 72 per cent as
mach decomposition of the casein as cccurred in the unchloro-
formed cheeses

Working with raw milk cheddar ckeese, Babcock, Vivian
and Baer (9) found that the use of 3 ounces of rennet per
1000 1lbs. of milk gave better results than using 6 or 9
ounces of rennet per 1000 lbs. of milk, when the ripening
temperature employed was 60° P, However, the use of larger
smounts of rennet at lower temperstures gave excellent results,
These workers found that at 50° F; the highe-rennet cheese
cured faster than the cheese made with 3 ounces of rennet,

and the flavor was much improved. Also, when the cheese was
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ripened at 50° Fo, or under, the flavor of cheese made with
9 ounces of rennet wes of supérior quality, even when a year
- oid, and the.body and texture of such cheese were excellent.
Van Slyke and Hart (67} found that two-thirds of the
soluble nitrogen compounds oécurring in cheddar cheese were
formed during the first three months of ripening, and over
90 per cent in the first nine months of an 18 month ripening
period. Their data glsco indicsted that between the limits of
32 and 70° F., there was an Increase of 0.5 per cent in soluble
nitrogen compounds for a temperature incrsase of 1° F, Prote-
olysis generaliy'was increased by incorporastion cf more moisture
intc cheese, and the effect of 2 high salt concentration was to
retard formatlion of soluble nitrogen compounds. Increasing the
amount of rennet used in cheese meking resuited in the produce
tion of inéreased quéntities of water-soluble forms of nitrogen,
such es paranuclein, caseocses end peptonese.
Yar Siyke and his coworkers {(16) heated milk to destroy
all milk enzyﬁes and addéé chlioroform to the nllk to render
all microorganisms inactives They found that the protein
degradation products in cheese made from such milk were mainly
caseoses‘and peptones. Both rennet and commercial pepsin were
used as setting agents in the cheese manufacturing process.
Working in New Zealand; Riddet, MeDowall and Valentine (54)
found that a more rapid breakéown of cheese 1In the early stageé
of ripening occurred when 5 ounceé of rennet was employed, as

compared to 3 ounces cof rennet pser 1000 ibs. of milke. These



workers noted that cheese made with 5§ ounces of rennet per
1000 1lbs. of milk had a tendency to develop a sticky body;‘
and eny ¢ff flavors wers more pronounced in the mature
chieese.

However, Devies, Davis, Dearden and Mattick (20) con-
cluded that variations in the amounts of pepsin and rennin
wers without effect on flavor, body, texture or ripening of
cheddar cheese. They found that 36 p. p. me. of copper sadded
to chedder cheese produced an abnormel flavor and merkedly
inkibited the ripening process. This quantity of copper
inhibited nrotein degradation; perticulariy the formation of
axzino acids,

In this connection, Barnicoat (13) reported that 3 and
7 ps De me of copper added tc milk which subsequently was
made into cheddar chsese resulted in a product which did not
mature with desireble cheddar cheese flavor., The milk con-
taining 3 and 7 p. p. m. of copper resulted in cheese having
3L and 78 p. pe ms of copper, respectively. In 1949, Stine,
Loos and Daume (82) reported similar results in connection
witk copper-contaminated cheddsr cheese., They réported that
a concentration of copper in execess of 2 p. D. m, either
prevented or retarded normal flavor development. Copper

tended to remein largely in the-chee#e curd, with only a

" small per cent passing into the whey.

Pepsin, trypsin, erepsin end remnet, separstely or in

combination, were used by Wojtkiewicz and Inikhoff (71),
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in an attempt to accelerate ripening in cheddar chesse,
Pepsin gave no increase in ripening, but rennet and trypsin
gave increased proteolysis. Trypsin caused bitterness.
Rennet at the level of 0.0l per cent of the quantity of milk
usel gave most satisfactory results.

Some Interssting observations on the enzymes of commercial

rennet were made by Davis, Davies and Mattick (22) in a paper
published in 1937. They stated that the peptidaess ¢f rennet
was markedly inhibited by an acid reaction, whereas the pro=-
feinase was not. The proteinase was active at pH 4.0 tc 6.0
but the peptidase, which had its optimum at abocut pH 6.0; weas
much less active at pH 4.0 to 5.0,

Sherwood (57) made an sttempt to determine the relative
importance of remnet in the ripening of cheddar cheese made
from flgsh-pasteurized nilk by eliminating the bacterial
‘factor through the addition of chloroform to the milk used
for cheese-meking, The general course of protein degradation,
a8 measured by the determination of total soluble nitrogen
and non-protein nitrogen, was almost identical with that
occurring in normsl control cheese, and he thus concluded
thet rennet was the only important agent attacking cheesse
protein during the ripening process. In 1335, Sherwood {58)
found that the use of pepsin as a subéﬁitute for rennet in
cheddar cheese gave e smaller amount‘of'protein‘degradation
than was found in control rennet cheeses Sherwood observed

no direct correlation betwesn the extsnt cr type of protein
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degradation and the commercial quelity of the cheese. He
conncluded that rennet played a most important role in degra-
dation of cheese protein, and that the proteolytic and the
coagulating action of rennet spparently were Gue to separate
enzymes.

A very interesting investigation of the chemicsl substancss
likely to affect the growth and metabolism of bacteria or the
activity of the rennet enzymes in relation to protein degrada-
tion in cheddar cheese was that carried out by Davies, Davis,
Dearden, and Mattick (21), The individual addition to cheese
of cystine, sodium and aﬁmonium citrates, sodium bisulphite,
magnesiun sulphate, calcium chloride, ferric ammonium citrate '
or autolyzed yeast gave no striking increase in non-protein
nitrogen. The addition of iodoacetic aclid inhibited the lactic
écid fermentation. | .

Freemen and Dshle (26} found that additional smounts of
pure rgnnin inc:eased the rate of proteolysis in ripening
cheddar cheese and produced an aged cheese with a slightly

higher fiavor score. The addition of pepsin o cheese increased

‘the rate of proteolysis during ripening and produced an saged

product with higher flavor score. Trypsin incressed the rate
of proteolysis but decreased the maximum flavor score.

Bﬁnson; Arbuckle end Shepardson (32} found that when
2; 4, and 8 ounces of remnnet extract per 1000 lbs. of milk
were used for making cheddar cheese, the 4 ounce quantity gave
the best resultss C(heese rade using 8 ounces of rennet per

1000 1bs. of milk was superior in flavor gt all ripening
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temperatures for a 12 week period. However, the body of
this cheese was weak and sticky compared:with cheese made
with 4 ouhcea’ofrrennet and 80 was considered to be objece-
tionatle,

Some of the latest work to be reported in connection
with rennet extract and 1ts role in the ripening process of
pasteurized milk cheddar cheese is that of Babel (10), in 194E&,
He statsd that there was a direct relstlionshlp between the
amount of remnet extract used to coagulate the milk and the
| degree cof protein degradation during ripening of the cheese.
He also found that the replacement of peart of the remnet by
calclum chloride in the manufacture of cheese was not &
desirable practice, since this resulted in cheese which
ripened more slowly and was organoleptically inferlior to

cheese nade with a normal smount of rennet extract.

Methods for Estimating the Activity
of Proteolytic Engymes
The purpose of thls section 15 to review some of the
methods for mesasuring the aétivity of proteclytic enzymes.
Obvicusly, the general subject of protecliytic enzymes in gll
its rwmificatiqns is of such scepe as to preclude complete
.reviEWa Conseqﬁently, only those methods which were of most
interest to the author in comnection with the investigation

at hand will be mentioned.
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Probably the most common means of classifying proteo=
lytic enzymes is on the basis of the degree of complexity of
their spbstrstes. Thus, proteclytic enzymes have been
divided into two large groups, the proteinases belng those
enzymes gctive against high.molecular weight proteins and
the peptidases being those enzymes capeble of hydrolyzing
peptideslof various degrees of complexity. Bergmann {15)
and his coworkers have classlfied the proteolytic enzymes
a8 proteinases or peptidaseS'dependingan the.ssecificity
effect rendered by certain chémical groups In the side chains
and in the "backbone" of the substrate. The mebhods under
consideration might best be separated’intoAf&o'rather erbitrary
groups depending upon whether they are used to determine pro-
teinase activity or peptidgse ectivity. Those methods which
commonly have been employed for the estimation of proteinase
activity will be reviewed first, although 1t should be kept
" in mind that some methods héve been used to estimate the
activity of both proteinéses and peptidases.

Of the proteinases, pepsin and trypsin probably have .
been studied most. Of the many methods for the estimstlion
of these enzymes, the ons which seems to have gained most
common acceptance is the hemoglobin method of Anson (4).

In this method denatured hémoglqbin is digested under
vstéﬁdard éohditions with enzyme. The undigested hemoglobin -
is precipiﬁated with trichloroacetic acid, and the unprecipi-

tated products of hydrolysis are estimated with the phenol
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reagent of Folin and Ciocaltean (24), which gives a blue
color with tyrosine end tryptopheane.

One of the advantages claimed for this method is that
hemoglobin 1s a reproducible substrate and different batchkes
of it are digested at the same rate by a given proteinsase
solution, while casein and gelatin are not as uniform from
lot to lot. Also, under the experimental conditions estab=
lished by Anson, the enzymatic hydrolysis of hemoglobin is
due to the action of proteinase alone, so far as is known.

Some of the reasons for tpe popularity of the above
ﬁethod are as follows: (1) It is quite capsble of detecting,
'.acCurately, rather small emounts of proteolysis. (2) Highly
reproducible results are obtained with ite (3) It is a
rélatively fast method. (4) It is highly adaptable.

In addition toc the colorimetric procedure for the estima-
tion of pepsin, Anson (48) developed a method for the estima=-
tion of pepsin With hemoglobin by means of a quartz spectro-
photometers..

The hemoglobin method has been used for the estimation
of a wide variety of proteiﬁases. In addition to pepsin and .
trypsin, the method hss been used for papain snd cathepsin (4).
In some sdaptetions of the hemogloblin method of Anson, the
colorimetric estimation of tyrosine and tryptophane has not
been followed rigorously, since the phenol resgent reacts to
give a blue color with other substances such es cysteine.

Whent such a color=-producing material must be included in ths
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digestion mixture, the practice, with some workers, has been
to use the nitrogen content of the trichloroacetic acid
filtrate, as determined by the Kjeldahl method, as a msans

of anelysis. The increase in the nitrogen content of a
trichloroacetic scid filtrate as e measure of enzyme activity
when using substrates other than hemogloblin has been used
rather widely,.

The work of Wimmick, Davis and Greenberg (70) with the
proteolytic enzyme from the latex of the milkweed i1s an
examuple 1n which the téchniques mentioned sbove were employed
successfully. Measurement of proteolysis by esfﬂmating the
amount of non-protein nitrogen by the Kjeldahl method; snd
the tyrosine content colorimetrically in a trichloroacetic
acid filtrate both were used.

An adaptatibn of the hemoglobin method of Anson has
been used by Balls and Lineweaver (12) to determine the
. proteolytiec acﬁiyity of crystalline papains These workers
allowed the trichlorbacetic acid precipitated heﬁoglobin to
stand for 30 minutes before filtering.

Keith, Kezenko, and Laskowski (42) used essentlally the
same method for‘the determination of the enzymatic activity
of a crystalline protein from beef pancreas, excspt thaf’
casein was used as thevsubstrate;‘ Still amnother application
of the m.éthod is the work of Hecht and Civin (38) with a

microblial enzyme. These workers have shown the presence in
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yeast of a pepsin with en optimum pH at 1.8, using the for-
mation of tyrosine from hemoglobin to determine the ectivity
of thelr enzyme preparstion.

Other mefhods for following the rate of digestion of
protelns by prciteinsses embrace the determination of the
increase in carboxyl groups or aminoc nltrogen, the decrease
in protein nitrogen, or the changes in viscosity of the enzyme=-
substrste reaction mixﬁure.

Probably the most commonly employed methods for measuring
anino compounds heve been the Sgrensen (60} formol titration
and the Van Slyke (63) procedure. 4 very good adaptation of
the formol titration is thet of Brown (18), end his procedurs
has been widely used for measuring the activity of proteolytic
enzymes.

As for the CGetermination of peptidase activity, there are
seversl reliable methods which have developed into more or
less standard pfocedures for this purpose. The earliest of
these methods was the aforementioned Sfdremsen (60} titration
of liberated carboxyl groups after the addition of formalde-
hydee.  Later, other methods for titration of cerboxyl groups
were worked dut by Foremsn (25); in 1920, and Willstater and
Waidschmidt-Leitz (69), in 1921. These methods involved
titration of carboxyl groups with sodium hydroxide, using
alcohol as solvent. .

In 1927, Linderstrgm-Lang (44) reported on a titrimetric

method for ths determination of amino nitrogen which since
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has been used rather widely. This method involved titrating
the aminc groups in amino acids or related compounds with
alcoholic HCl, uponr the addition of acetene, and using
benzene~-szo=-alpha-napthylamine (napthyl red) as an indicator.
The author pointed out that the amino acids which couid not
be titrated by this method included those in which the smino
gréups were weak bases, such as the aromatic amino acids, and
those in which the acid groups existed as strong acids, such
as the sulfonic acidse. Linderstrfm-Lang and Bolter (45) have
developed a method for the direct microtitration of amino
groups; the method involves the acidimetric, acetone princi-
ple.

Ancther titrimetric method which has been widely used
i3 the micro-method of Gi'é.ssmann and Héyde (27) for the estima=-
ti‘on, of emino aclds and peptides,. ‘Ims method involves an
alcéholic titration of carboxyl groups, using thymolphthslein
as an indicatore.
| In connection with the gbove methods, Van Slyke and
Kirk {64) have presenﬁed a very excelient discussion of the
thebry of amino acid titrétions s &8s well as Aa compsarison of
gasometric, colorimetric, and titrimetriec detérniinations of

amino nitrogene
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- PART 1

A STUDY OF THE ENZYWES OF RENNET ASD TEHEIR
' RELATION TO THZe RKIPENING PROCESS
OF PASTEURIZED MILK CHEDDAR CHEESE
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METHODS

Manufacture of Cheese

All of the experiméntal cheese was manufactured in the
small 450-pound experimental cheese vats in the Dairy Industry
Department. The milk was mixed herd milk, standardized to
3«4 to 3.6 per cent fat when necessary, and pasteurized;by
the holder method at 143° for 30 minutes. This milk was
obtained and processed, held overnight in a storage cooler

and used for cheesemaking the following morning.

In practicelly all cgses; epproximately 260 1bs. of milk
per vat were used, and the method of Wilson {68) was followed
quite closely for manufacture of the cheese.‘ The milk was
placed in the vats and heated to 86° F.; a8 1.0 per cent
inoculum of S. lactis culture no. A=l Waé added as starter;
and the milk was ripened until an acidity increase of 0.01 to
0.02 per cent had occurred. This amount of starter culture
gave approximately 0.50 per cent whey aclidity 4.5 hours after
setting. Annatto color was added at the rate of 30 ml. per
1060 lbs. of milke The milk was set employing the experie

mental guantities of rennet or other enzymes as designated

in thevvarious experiments;
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The curd was cut with one-quarter inch curd knives
approximately 30 minutes after the addition of rennst. This
time varied somewhat when using different guantities orf
rennet, and when laréar quantities of rennet were used in
setting the milk the curd could be cut in much shorter periods
of tims.

After cutting, the curd was stirred slowly for 15 minutes
before cookling was startedes The temperature was raised to
102° F. 4in 30 to 40 minutes. The curd wes stirred and neld
at this temperature until an aciéity increase of 0.025 to 0,030
per cent had been obtalned and until the proper firsmness of
curd was obtaineds The whey was dreined from the curd, which
thén was ﬁiled sbout 10 inches higk in one end of the vat and
allowed to mat, with.turning at 15 minute intervels for the
duration of the cheddafing process. Milling toock place when
the whey acidity was approximately 0.50 per cent. After
milling, the curd was forked by hand for 15 minutes and then
salted st the rate of 2.5 per cent salt. |

After salting, the curd was packsd in longhorn cheese
hoops holding approximately 13 1bs. pef hoop; The hoops were
placed in a h&dranlic cheese preés for 1 hour, removed from
the:pregs for dressing, and then replaced in the press whsre
tﬁey remained for sbout ls‘hours. When removed from the press,
the cheeses wére~taken out 6f.the‘ho§ps, éfied for 3 to 4 days
at 436 Fe., paraffined and placed in the curing rocms at either

43 or 50° P., as designated.
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All rennet extract employed ir this investigation was
furnished through courtesy of Chr, Eansen's Laborstory, Inc.,
¥ilwevkee, Wisconsin. Sevefal series of cheese were made
(Tebles 12, 13, 14 end 15) exploying rennet extract, rennst
powders and rennine The rennet powder which is referred to
as powCer A was Hansen's commercial rennet powder} One gram
of this powder was approximately‘equivalent to 7 ml. of Eansen's
commercial rennet extract in milkecoagulating power. Powder B
was HSﬁsen's special rennet powder, 1 ge. of which was spproxie
mately equivalent in its coagulating activity against milk to
46,5 rl. of rennet extract. In the manufacture of cheese these
enzymes were uced in guantities of egual coggulating power
ingofer as their asbllities to cosgulate mixed herd, pastsurized

milk at a setting temperature of 86° ¥, were concerned.
Analyses of ChedGdar Cheese

Anszlyses of the cheese for total nitrogen, soluble nitrogen,

Lo

per cent molsture and pH were made st the intervals indlicated

in the teblese.
Moisture

The moié£ure content of the cheese was determined using a
Brabender semi-gutcomatic molsture testers A 10 g. sample of
chéeée was welghed into a teét paﬁ sitting on a torsion balance
and the pan and sample transferred to the heating chamber of

the Brabender apparatus. After heating for 30 minutes at 140° C.,
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the per cent moisture in the sample was read directly on the
scale. Heating was continued until two successive readings
taken at 5 minute intervals checked with a difference of less
than 0.2 per cent. The second of these two readings was re=

corded as the molsture content of the sample.

Rg .

The pH of the cheese was determined according to the
method of Sanders (55) for the determination of pH of semie
plastic materisgis. 4 small portion of each cheese being
anslyzed was mixed well with a smell smount of guinhydrone.
The cheess-quinhydrone mixture was placed in the hollow of a
sméll watch glass. A one inch portion of an ordinery cello-
phane drinking straw then was tamped full of the cheese=gquine
hydrone mixture, and the pletinmum needie of a stab-type elec~
trode was inserted longitudinally‘througb'fhe cheese mixture.
The pE was measured potentiometrically, using a saturated

cglomel reference cella_

Nitrogen

For anslyticel purposes, the cheese was sampled by
removing twe or more plugs taken diagonelly from the top or
bottom of the longhorn. These plugsiwere.placed immedistely
in sample jars and removed to the laboratorj. If the sémples
werevto fe held longer than 10 to 20 minutes, they were placed

in 8 cold room in order to minimize moisture losse.
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The cheeses were analyzed for totsl nitrogen according
to the Kjeldahl~Gunning-Arnold method (6). About 1.5 g. of
cheese was welighed in a weighing bottle on an analytical
balance end transferred quantitatively to a 500 ml. Kjeldahl
flask. Ten grams of sodium sulfate, 0.2 g. of copper sulphate
and 25 ml. of concentrated sulfuric acid were added, and the
mixture was digested until clear. After cooling, 200 ml. of
distilled water and sufficient NaOH solution (450 g./l.) to
make the digestion mixture alkaline were added in that order.
The emmonia was distilled into 0.1 N HCl, and the excess
acid titrated with 0.1 N NaOH solution.

The following procedure to determine water-soluble
nitrogen was that used by Babel (10). A 25 g. sample of
cheese was weighed quickly into a 50 ml. beaker. This
sample was transferred to a Waring-type blendor with
240 ml, of distilled water and the cheese blended for a period
of 10 minutes. At the end of this périod the cheese suspension
was transferred to a 300 ml. Erlenmeyer flask and digested for
1 hour in a water bath at 50° C. At 15 minute intervals the
flask was removed from the bath and agitated by hand for
several seconds to mix and redisperse the suspension. After
1 hour the flask was removed from the bath and the contents
immediately filtered through a fluted Whetman no. 12 filter
paper. The filtrate containing the water-soluble nitrogen
compounds of the cheese was ansalyzed for nitrogen content by
placing 25 ml, in a 500 ml. Kjeldahl flask and following the

Kjeldghl =Gunning~Arnold method for determination of nitrogen
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as descrilbed previously.

The per cent soluble nitrogen in the cheese was calcu-
lated on the basis of a 2.5 g. sample of cheese, 25 ml. being
taken for anglysis from an origirnal 250 ml. volume containing

25 g. 0f cheese.

Organoleptic Examination and Scoring of Cheese

- A11 of the cheese for which score data are preéente@ were
exarined organocleptically at the intervals designated in the
teables. The seme two qualified judges examined all cheese,
and, in additiorn to the author, a third or fourth individual
occasionalily rendered assistance in the evaluation of the
cheese. The standard cheese score card which gave 45 points
for flavor and 30 points for body and texture was usede.

In general, the judges placed emphasis in scoring the
cheese not so much on relative flavor deveiopment, or intensity
of cheddar cheese flavor, but rather on defects in flavor and
body. Consequently, it should be kept in mind that a mild
cheese possessing no‘defects might very well score as high as
a cheese with a larger amount of typical cheddar cheese flavor

which also was lacking in defects.,
Preparation of Pure Crystalline Rennin

The procedure of Hankinson (29) for the preparation and

purification of remnin wgs followed. The pE of 1 gallon of
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commercial rennet extract was adjusted to 5,0 with concene

trated HCle. Enough EaCl was added to the rennet extract to

saeturate the material and the solution was allowed to stand

at room temperature {about 22° C.) for 18 to 24 hours. The
material which was saltsd out was thrown down by centrifuging

at 3800 r. pe m¢ for 15 to 20 minutes, The supsrnatant liguid
was Gecanted, and the precipitate was recovered and suspended

In distillied water, The volume wes made up to one-haif of the
volume of the original rennet extract. The reaction of this
suspensgion was sdjusted to pH 5.7 to 8.0, whereupon the precipi-
tated materlal went into solution, The pH sdjustment, sslting
out and recovering the rennin material, was repeated until the
fourth preclipitate was obtained.

The fourth precipitate was dialyzed for 24 hours in a

- ¢cellophsne membrane against distilied water, The dialyzed

suspension wés diluted with distlliled water so as to thain
spproxinstely 0,05 per cent solids concentration in the
solution. The pH was adjusted to 5.7 to 6.0 with 0.1 ¥ ECl,
and the solution was filtered through Whatman no. 2 filter
paper, using suction, |

The renninu wes crystallized from solution by edjusting
the pH slowly with O.1 ¥ HCl. The solution was stirred slowly
untll the flrst definite turbidity sppeared. The solution
then stood about 10 minutes and the pE was decreased 0.1 unit
by the sddition of more acid. The crystellizastion process

was continued by the addition of more acid et spproximate
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10 minute intervals until a heavy white turbidity was obtained.
This suspension stood 3 hours at room temperature;-and the
crystallized material wss recovered by centrifuging. The
crystalline rennin was Gissolved in 100 ml. of distilled water
et pH 5.8 and preserved in the cold in the presence of a small

anmount cf tcluene.

Measursment cf Relative Coagulating Activities
of Rennet Extract, Rennet Powders and Rennin

Determination of Coggulating Activity

The various enzjmes were tested for their relative coag=-
ulating activities by using as a substrate mixed hsrd.milk.'
{3+4 to 3.5 per cent fat) which had been pasteurized and
homogenizeds During the course of the experiments, the pH of
this milk appréximated 6,60 to €.70, measured by the glasse
electrode potentiometer, and varied but slightly from day to
day.

To determine coagulating activity, & 10 ml. sample of
milk was placed in aVZO x 175mm.vpyrex test tube and brought
to 37° C. in 2 water bath., One ml. of suitsably diluted enzyme
solution was added, the contents of the tube mized, and the
ttbe réturned to the water bath. For purposes of comparison,
a standafd enzyme solution was adoptediv This standard enzyme
solutién was 4 dilution of enzyme In distiliéd water such that
a»i ﬁl. quantit& of it would just éoagulate 10 ml. of the

standard milk substrate in 10 minutes at 37° C. To test for
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coagulation, the test tube containing milk aﬁd coegulating
enzyme was tipped on its side and then held upright, allowing
a film of milk to flow down the side of the tube. Looking
through this film at a light source; it was possible to tell
when the milk coagulated, as the film of milk broke into meny
discrete particles.

The gbove conditions for measuring coagulating asctivities
were chosen in order to reproduce insofar as possible the con-
ditions existing in a vat of mlilk at the time of addition of
rennet extract. Probably the only experimental condition which
was significantly different was the temperature employed. This
was 37° C. in the laboratory, as compared with a setting temper-

ature of 30° C. used in the manufacture of cheddar cheese.

Nitrogen Content and Salt-Free Dry Welght of Enzyme Preparations

Nitrogen determinations were performed on the rennet
extract and solutions of rennet powders and rennin according
to the Kjeldahl-Gunning-Arnold method, as described in the
section on analysis ofgéheqse; A 10 ml. sample usually was
taken for analysis, althouéh thls varied with the concentretion
of the enzyme soiution being tested.

Dry weight determinations»also were carried out on these
enzyme solutions. Using an analytical balance, 10 and 20 ml.,
quantities of the enzyme solutions were weighed into the
welghing pan of a Brabender semi-automatic moisture tester.
The pan was placed 1n the heating chamber, with the thermostat

of the tester set at 100° Ce., and the sample was dried to a
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constant weight. The pan and the residue were removed from
the machine, cooled in a dessicator and welghed.

Since the enzymes being tested contained varying quanti-
ties of sodium chloride, total chloride determinations were
carried out on the residues remaining after the drying opera-
tion. After the finsal weighing of the pan containing residue,
spproximately 25 ml. of distilled water were added to the pan
iénd left to stend overnight at room temperature. The follow-
ing day the contents of the pan were filtered through a Whate
man no. 12 filter paper into a 300 ml. Erlenmeyer flask. The
pen was rinsed with about 25 mi. of distilled water which was
passed through the filter. The filter then was washed with
10 to 15 ml. of distilled water. In the case of rennet extract,
the filtrate was made up to a volume of 100 ml, with distilied
water, and a 10 ml, aliquot was taken for titration with silver
nitrate. Since other eﬁzymes contained much less salt, the
filirates were titrated directly. The chlorides present in
the filtrate were titrated to a bricke-red color with silver
nitrate solution (1 ml., = 0,01 g. NaCl), using potassium
chromate as an indicator. The results were expressed as parts

by weight of the original enzyme sclution as sodium chloride.

Calculation of Coagulating Activity

Khdwing the concentration of enzyme present in the stan-
derd solution, and employing the data obtained in the above

manner for nitrogen content and salt-free residue it was.
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possible to determine the relative coagulating activities
of the separate enzymes. These activities have been
expressed on a dry weight baesis and a unit weight of nitrogen
basis with commercial rennet extract considered to have an

activity of unity in each cass.

Measurement of Proteolytic Activity of
Rennet Extract, Rennet Powders and Rennin

Preparation of Hemoglobin Substrate

Por the preperation of the hemoglobin substrate, the

“amount of dry protein (Merck) regquired to make 1 liter of a
2.5 per cent solution was weighéd and dispersed in about 100 ml.
of distilled water in an Erlenmeyer flask. This suspension was
transferred to cellophane tubing (0.75 inch diameter) and dia-
lyzed for 24 to 36 hours at about 1.5° C. against distilled
water. The hemoglobin suspension was washed from the cello=-
phane tubing with distilled water. The suspension was made up
to a volume containing slightly more than the desired emount
of protein in solution, This hemoglobin preparation stood
2 to 3 hours at room temperature and then was centrifuged in
an angle=head centrifuge for 5 minutes at 3000 r; Pe. me The
supernatant liquidAcontaining hemoglobin in solutlon was
decanted into a suitable glass confainer, and 1 ng. of merthlo-
late was added as a preservetive toc 40 ml, of solution.

A s0lids determination was carriéd out by welghing 20 ml,
of the protein solution into the test pan of a Brabender seml-
autbmatic moisture tester, using en anglytical bslance. The

pan was placed in the heating chamber of the tester and heated
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at 100° C. until the greater part of the moisture had been
removed from the sample. The thermostat of the tester then
was set at 140° C. and the sample dried to a constant weight.
The pan with residue was removed from the machine, cooled in
a dessicator snd reweighed. The weight of hemoglobin per
unit volume of solution was determined, and distillied water
to make a stock solution containing 2.5 g. of hemoglobin per
100 mle of solution was added to the solution obtained by

centrifuginge.

Preparation of Casein Substrate

Casein also was used to measure the proteolytic activity
bof tHe rennet enzymes. The casein solution was prepared by
suspending the required smount of casein (Fisher, washed from
milk) to meke & £ per cent solution in distilled water in an
Erlenmeyer flésk. The suspension was adjusted to gpproximately
'pH 10 by the sddition of 1 N NaOH, snd wes heated in an Arnold
steamer for a period of 10 to 15 minutes. The contents of the
flask were swirled from time to time and the casein usually
was completely in solution in about 15 minutes. The hot
casein solution immedistely was filtered through Whatman
no.2 filter paper, using a large Buchner funnel and smploying
suction, After filtration, the solution was allowéd to
cool, the volume was checked and made up withvdistilledf
water if necessary;‘ The. pH of the solution was adjusted
to 7.0 with 5 N sulfuric acid, and merthioclate was added

es preservative at the rate of 1 mg. per 40 ml. of
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solution. This solution was stored in g cold room at about
l.5° Ce and used as needed. Solutions of a lesser concen=

tration were made by dilution of this 2 per cent solution,

Colorimetric Determination

For the measurement of proteolyéis by the rennet enzymes,
a 5 ml; guantity of 0.8 per cent casein or 2,5 per cent hemo=-
globin solution was pipetted into & clean, dry 20 x 175 nmm.
pyrex test tube. One ml., of distilled water or a combination
of hydrochloric acid or sodium hydroxide and distilied water
to adjust the substrate to the desired pH was added, and 0.5 ml.
of a composite buffer solutlon which was 0.5 M in acetate,
0.5 M in phosphate and 0.5 M in boraté was added to make g |
volume of 6.5 mle Aliquot stock solutions of the compesite
buffer solution were prepared and were adjustéd with 5 N NaOH
or HCL to pH values from 1.5 t0 7.0.

.Tenzﬁiﬁuies pné?r to addition of enzyme the tubes containe-
ing éﬁbstrate were brought to 37° C. 1n a water bath. Enzyme
solution in a volume of 1 ml, was added and the tubes agitated
for»severai seconds, Th? tubes were stoppered and replaced in
the bath, whefe they remained for the duration of the.réaction
period. At the end of the reaction period, the tubes were

removed from the bath, and 10 ml. of O.4 N trichloroacetic

acid was added to each tube from a burette.

After the addition of trichloroacetic acid, the reaction

tubes were allowed to stand st room temperature for 1 hour
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when hemoglobin wags employed as substrate or 2 hours when
casein was the substrate being used. Following this, the
reaction tubes were placed in an angle-head centrifuge,

and the trichlorocacetic acid-precipitated protein was thrown
down by centrifuging at 3500 r. p. m. for 15 minutes. Five ml.
of the supernatant liguid was pipetted into a 125 ml. Erlen=-
meyer flask. Ten ml. of 0.5 N NaOH was added from & burette
followed by 3 ml. of the phenol reagent of Folin and
Ciocalteau {24) diluted 1:2 with distilied water. During

the addition of the phenol reagent, the solution in the flask
was swirled, and the rate of addition of reagent was standard-
ized by adding the reagent as rap;dlﬁ as pogsible and still
have it come out of the burette éé drops.”.Qge blue color
which developed was read in =2 Klett-Summerson photo=~electric
colorimeter, using a filter having peak trensmission at 600
millimierons.

Blank determinations were carried out in the mahner
described sbovs except that the corresponding quantity of
enzyme was not added to the substrate until immediately after
the addition of trichlofoacetic'acid.

Construction of Standard Curve and Expression
of Enzyme Activity

Enzyme activity has been expressed as milliequivalent
‘quantities of tyrosine present in 5 mi. of the trichloroacetic
acid supernatant solution after 30 minutes digestion at 37° C.
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In order to translete colorimster readings into nmiliie
equlvalent guantities of tyrosine, it was necesssry tco
prepare a standard tyrosine curve, The tyrosine used was.
1 {=) tyrosine (Merck), recrystallized and dried. A4 sample
of this tyrosine which was checked for purity by determining
its nitrogen content by the Xjeldahl~Cunninge~Arnold methed {6 )
was found to contain 98.8 per cent of the calecwlated theoret-
ical éuantity of nitrogen. The standerd tyrcsine sclution
containsd 02,0008 milliequivalents of tyrosine per ml, of
C.1 X HCl, with 0,5 per cent formeldehyde sdded as preservae-
tives Aliquots of the standard tyrosine solution were diluted
with 0.1 ¥ HCl sc as to contsln from Q.,0001 to 0.,0007 millle
equivalents of tyrosine per ml, and used in construction of
standard curves. One nl. quantities of these tyrbsine-
contsining solutions were added to 5 mle. quantities of the
supernateant liguid remaining after the centrifugation of &
trichloroacaiic acld precipitsted blank suvbstrate solution,
The color was developed in the menner ss stated, and the
amount of color due to the added tyrosine was determined by
éomparing i1t with similar tests in which 1 ml. of distilled
watér was sdded 1n place ¢of the 1 ml, gquantity of tyrosine-
coﬁtaining solution,.

The colbr‘vdlues obtained in this'manﬁer were plotted as
ordinates égainst tre respective ﬁilliequi#alent‘quantities
of ﬁyrosine as ebsclssas. It was found that the plotted

Qoints fell on very nearly a straight line. Fig. 5, page 74,
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is representative of a numbter of curves obtailned in this
manner Guring the course of the experimentation,

in order to express enzyme activity in terms of milliw
equivalents of tyrosine, the &ifference in color values be=-
tween an active enzyme detenmination and its corresponding
blark was determined, and the value in millieqgulvalents of
tyrosine corresponding to this color value was taken from

the standari curve.
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RESULTS

Effect of Different Quantities of Added
Rennet Extract on Cheddar Cheese Made
from Pasteurized Milk

Analyses of Cheese

Tables 1 to 9, inclusive, contain data‘for cheese made

with different quantities of remmnet extract.
Moisture

There was no evidénce that the use of abnormally large
quantities of rennet extract in the manufacture of cheddar
cheese resulted in the incorporation of more moisture than
found in cheese‘made with the normal amount of rennet ex-
tract. Within any one series of cheese the moisture cone-
tent was quite constant. The majority of cheese contained
from 37 t§ 39 per cent moisture. In a 180 day ripening
period at 430 F., the paraffined cheese lost from 1 to 2

-per cent of itsﬁweight through loss of moisture. In the
case of the sixz series of cheeée examined at a period in
excess'of 400 days, losses up to 5 per cent were noted,

although 2 to 3 per cent losses were much more commone

bE
Although there were variations in the pH values of all

cheese examined, the pH values among the cheess of any one



Table 1

The effect of different quantities of added rennet on
the soluble nitrogen values and scores of cheddar cheese

ripened at L3° F,.

(Series A; made 8-20-46)

Cheese Rennet Age Mois- Sol.N Flavor

Remarks

50,2

Body, Remarks
No., Added (days) pH ture (% of Score Text.
(oz,)* (%) Tot.N.) Score

A-l 105 hz 1}095 37OIP 1801
A2 3.0 L2 4.98 37.8 19.9

A=3 5.0 L2 5.00 36.9 23.0

A=l 7.0 L2 4.99 37.1 25.3

A"l 105 90 ‘5097 37.0 1907

A=2 3.0 90 L.96 372 22.1

A-3 5.0 90 L.95 36,3 23.8

A‘b 70 0 90 lln 96 370 0 320 l&

A-2 3.0 180 4.96 36,2 28.5

A"B 5'0 180 I«!’t98 36.1& 3608

A-1 1.5 510 5.11 34.8 38.4 38,0 Sl.unclean 28.5 Sl.mealy
A=2 3.0 510 5,06  3L.4 40.8 37.5 Flat,Sl,bitter 28.0 Mealy,Sl,corky
A=3 5.0 510 5.12 32.3 L7.8 37.5 Sl.bitter 28,0 Pasty
A=l 7.0 510 5.19 355 37.0 Fruity 27.5 Pasty

*Ounces of rennet extract per 1000 lbs. of milk,




Table 2

The effect of different quantities of added rennet on
the soluble nitrogen values and scores of cheddar oheese

ripened at 43° F, ‘
(Series B; made 8-26=46)

Cheese Rennet

Mois~ Sol.N., Flavor Remarks

Body, Remarks

No. Added (days) pH ture (% of Score Text.
(0z, )* (4) Tot,N.) Score

B-1 2 k2 5,09 37,8 18,7

B=2 2 k2 5,11 38,8 23,6

B"’3 ' : k.2 5901&' 3801} 2‘!-0.9
B-ly 8 bz 5.05 37,8  27.7

B-1 2 90 4.93 37.7 15.7

B-2 L 90 4.97 38.5 19,

Bw3 6 90 4.97 38.5 R7 €

Bl 8 90 5,03 37.6 26.8

B-1l 2 180 4,91 37.7 26.1

B=2 4 180 4.98 38.4 31l.1

B"3 6 180 l+q98 38~,2 37014-

Bl 8 180 5.03 37.9 40,0

B=-2 2 510 5.15 36.9 L1.7 38.5 Sl.acid 28,5 Sl.weak
B-3 510 5,08 37.1 52.4 37.5 Sl.acld 28.0 Weak,pasty
B/, 8 510 5.17 35.3 55.6  37.5 Acid 27.5 Weak,pasty

*Ounces of rennet extract

per 1000 lbs, of milk

74




Table 3

The effect of different quantities of added rennet on
the soluble nitrogen values and scores of cheddar cheese

ripened at 43° F,

(Series C; made 8-27-46)

Cheese Rennst Age "~ Mois- Sol.N. Flavor

Remarks Body, Remarks

No. Added (days) pH ture (% of Soore Text.

(o0z.)* {%) Tot.N.) Score
C-1 1.5 42 4499 39.7 21.9
C=2 3.0 L2 4697 39.8 2L.7
G-l 7.0 42  4.,96 39.3 30.3
C=l 1.5 90 4.99 20.6
C2 3.0 90 5.00 : 26.2
C=3 5.0 90 4.98 29,6
C-h 7.0 90 5,01 334
C~1l 1.5 180 5010 38.6 29.1
C-2 3,0 180 5.12 37.9 30.0
C=3 5.0 180 507 36.7 37.8
Caly 7.0 180 5.05 375 40,0 A
0-1 1.5 503 5,21 36.7 L4be7 3845 29.5
C.2 3.0 503 519 36.9 50.8 38,0 Sl.acld 28.5 Sl.weak
C~3 5.0 503 5.10 36.9 57.2  38.0 Sl.acid 28.0 Weak,pasty
C-4 7.0 503 5.17 37.0 573 37.0 Sl.acid,fruity 27.5 Weak,pasty

*Ounces of rennet extract per 1000 1lbs, of milk,

1587




Table 4

The effect of different quantities of added remnet on
the soluble nitrogen values and scores of cheddar cheese

ripened at 43° F, 7
(Series D; made 9-16-46)

Cheese Rennet Age Mois~ So0l.N. IMlavor Remarks

Body, Remarks

No, Added (days) pH ture (% of Score Text,

{0z, )* (%) Tot.N.) Score
D=1 2 L2 Le85 37.1 14.0
D~2 L 42 4.78 38,3 20.9
D-3 6 L2 4L.87 38.4 2.2
Dely 8 L2  4.92 38,7 27.9
D=1 2 90 4L.88 35.9 18,5
D=}, 8 90  4.89 37.7 33.1
D=1 2 180 5,00 36.9 242
D-2 & 180 4.8, 36.5 33.3
Dely 8 180 4.93 36.9 L40.5
D-1 2 4L80  5.05 35.1 39.3 38.0 Sl.acid,feed 28,5 Weak,Sl.mealy
D=2 4 L8O  4.99 35.4 L9.5 37.0 Fruity,Sl.bitter 27.5 Mealy,Sl.corky
D=3 6 480 498 35,6  56.R2 37.5 Sl.fermented 28,0 Pasty
Dl 8 480 5,08 35.9 57.2 37.0 Sl.fermented 27.5 Pasty

*OQunces of rennet extract per 1000 lbs, of milk,

VA’




Table 5

The effect of different quantities of added rennet on
the soluble nitrogen values and scores of cheddar cheese

ripened at 43° F,

(Series E; made 12-23-46)

Cheese Rennet Age Mois- Sol.N. Flavor Remarks Body, Remarks
No; Added (days) pH ture (% of Soore Text,
(0zs)* (%) Tot.N. ) Seore

E-1 1,5 42 Li96 39,6 11.2

E<2 3.0 42  L.98 L1.0. 15,1

E-3 5.0 L2 5¢04 39.4 R2¢3

E-l 1.5 90 5.17 38.5 20,6

Ew2 3.0 90 5.12 40,7 26,7

E-3 5,0 90 5.13 39.0 31.2

Bl 7.0 - 90 5.25 38.4 29.2

E-1 1.5 180 23.4

E"z 3.0 180 29.2

E-3 5.0 180 34.7

E<l, 7.0 180 33.1

E"l 105 1{-20 5012 3609 2905 38'5 2900

E-2 3.0 4,20 5.16 3642 39.9 37.0 Fruity,musty 28,0 Weak
E=3 5.0 420 5.20 36.9 LlJl 37.5 Fruity 27.5 Weak
Bl 7.0 4,20 5:26 37.4 LZ4l 37.5 Fruity R7:5 Weak

¥Qunoes of rennet extract

per 1000 lbs., of milk,

Sy




Table 6

The effect of different quantities of added rennet on
the soluble nitrogen values and scores of cheddar cheese

ripeued at 43° F,

. (Series F; made 12-27-#6)

Cheese Rennet Age

Molis~ Sol.N. ZFlavor Remarks

Body, Remarké-

No, Added (days) pH ture (% of Score Text,
{0z, )* (%) Tot.N.) Score

F-1 2 L2 4,95 4O0.1 17,

F.2 I L2 4.9)k 39.1 18,

F-3 6 L2 L.,96 39.7 20.2
F-1 2 90 . 4,98 39,6 20.5
F-2 2 90 4,96 38,9 22.9
F"’-B 90 5902 3992 25 5
F-ly 8 90 5.04 39.8 30.3
F-1 2 200  5.01 37.4 23.9
F-2 2; 200 .99 37.2 29.2

F~3 200 5,03 36,7 31,7
F-iy 8 200  5.09 37.9 37.1

F-l 2 11-20 5009 3502 3301} 38.0 SloaOid 27.0 Weak
F=2 L 420 5.07 34.0 41.9 37.5 Sl.acid,fruity 6.5 Weak
F-3 6 420 5.12 32'.7 50. 1 39.(_) Sl.fruity 27.5 Weak,Sl.mealy
Falp 8 - 4,20 5,20 36.2 51.8 37.5 Sl.bitter,fruity 27.0 Weak

*Ounces of rennet extract

per 1000 lbs. of milk,




Table 7

The effect of different quantities of added rennet on
the soluble nitrogen values and scores of cheddar cheese

ripened at 43° F. and 50° ¥
(Sseries G: made 12-17-48)

Cheese Rennet Age " Mols~ Sol.N. ¥Flavor Remarks Body, Remarks
No, Added (days) pH ture (% of Score Text,
(0z.) (%) Tot.N.) Secore

' Ripening Temp. 43° F
L.83

G“'l 2 7 36.9 791

G=2 L 7 4.88 37.5 9.1

¢-3 6 7 L.9L 36,2 12.6

G-1 2 54,2 .83 13,8

G~2 A L2 L.90 18,5

G~3 6 L2 L.92 20,9

G4 8 L2 4,92 23,0
el 2 90  4.85 16,6  37.0 Acid,Sl.ferm. 28,0 Mealy
G=2 L 90 L.92 22.3 38.0 Acid 28,0 Weak
G-3 6 90 k.95 26.9 37.5 Sl.fermented 29.0 :
G-l 8 90 he93 27.9 37.5 Fermented 28,5 Sl.weak
G-1 2 180 4.90 35,0 25,7 37.0 Acild 27.0 Weak
G-2 b 180 L9 35.6 31,0 37.0 Acid 27.5 Weak
G=3 6 180 5.04 35.2 34,0 37.5 Acid,Sl.bitter 27.0 Weak
G-l 8 180 - 5,00 35.4 37.1 36.5 Acid,Sl.bitter 27.0 Weak,mealy

Ripening Temp. 50° F,

G-1 2 7  he95 37.0 7.2

G=-2 A 7 L.92 37.0 10.8

G=3 6- 7 L.97 36,1 13.2

G-l 8 7 5.01 36,5 13.7

G-l 2 L2 4.90 14.3

n_2 1. LN P Ar ~a
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@2 b7 88 375 9
G-3 6 7 L,9L 36.2 12.6

Gly 8 7 4,90 37.4 1l.1

G-1 2 L2 L.83 13,8

G-2 g L2 L.90 18.5

G~3 L2 Le92 20.9

Gl 8 L2 4.92 23.0 |
gLl 2 90  4.85 16,6  37.0 Acid,Sl.ferm. 28,0 Mealy
G=2 L 90 he92 R2.3 38,0 Acid 28,0 Weak

G-3 6 90 k.95 26,9 37.5 Sl.fermented 29.0

Gl 8 90 L.93 27.9 37.5 TFermented 28.5 Sl.weak
G-1 2 180 L.90 35,0 25.7 37.0 Acid 27.0 Weak

G=2 2 180 L9  35.6  31.0 37.0 Acid 27.5 Weak

G=3 180 5.04, 35,2 34.0 37.5 Aocld,Sl.bitter 27.0 Weak

G-, & 180 5,00 35,4, 37.1  36.5 Acid,Sl.bitter - 27.0 Weak,mealy

Ripening Temp., 50° F,

G-1 2 7 4.95 37.0 7.2

G‘-2 l+ 7 h.92 37.0 lO.

G-l 8 7 5,01 36,5 13.7

G-1 2 L2 L+90 14.3

G=2 b he - L.95 2l.3

G-3 6 L2 495 21,3

G=l 8 L2 4.98 RRs1

G-l 2 90 L .92 18.2 37.5 Acid,Sl.bitter 28,0 Mealy

G-2 L 90 4 .95 23.7 38.0 Acid,Sl,bitter 28,0 Mealy
G-3 6 90 lye 95, 22. 4 38.5 Sl.fermented 28,5 Mealy

G-l 8 90 4,98 30.3 38.0 Sl.bitter 28,0 Weak

G-1 2 180 L.90 33.1 25,6 37.5 Acid,blitter 27.0 Mealy,flaky
G-2 L 180 4.97 34.9 30.5 37.5 Bit ter 27.0 Weak,mealy
Gely 8 180 L.98 133.8 36,5 37.0  Bitter 27.5 Mealy

*Ounces of rennet extract per 1000 lbs. of milk.







Table 8

The effect of different quantities of added rennet on
the soluble nitrogen values and scores of cheddar ocheese,

(Series H; made 12-20-~48)

Cheese Rennet Age . Mois- Sol.N., Flavor Remarks Body, Remarks
No. Added (days) pH ture (% of Secore Text,
(o0z, )* (%) Tot.N.) Score

Ripening Temp, 43° F,

87 -

H-1 2 7 5.01 35.6 14.8

H"2 l+ 7 5010 3501 1305

H"’l{' 8 7 5006 3500 lh—c?

H-1 2 L2 5,03 16.4

B-2 2 L2 5,12 16,1

H-3 ) L2 5.1 18.2

Hel; 8 L2 5.10 21.9

H-1 2 90 . 20.8 38.5 Flat 28,5 Open,acid
" He2 L 90 19.8 38,5 Acid 29.0

He-3 6 90 23.8 . 39.5 TFeed 29.0

H~4 8 90 27 b 39.5 Feed 29.0

H-1 2 180 5612 35.2 27.9 37,0 Acid,Sl.bitter 27.0 Mealy

H-2 L 180 5.12 34.5 30.4 37.0  Aecid 27.5 Veak

H=3 6 180 5.18 34.0 34,1 37.5 Acid,Sl.blt texr 27.0 Weak

H=4 8 180 ’5.30 34.1 37.0 36.5 Acid,bit ter 27.0 Mealy

Ripening Temp, 50° F, -

H~l 2 7 Le99 345 14.9

H-2 & 7 Le99 35.0 ik.7

H=3 6 7 5.006 35,2 14.8

H=4 8 - 7 5.07 35.8 12.3

H-1 2 L2 5.01

Bz b k2 5.03
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H-3 6 w812 36.4 1k

Hely 8 7 5,06 35.0 14,7

H-l 2 L2 5.03 16.4

B=2 g L2 5.12 16,1

H-1 2 90 20,8 38,5 TFlat 28,5 Open,acid
- H«2 s 90 19.8 38,5 Acid 29,0

H-3 6 90 23.8 . 39.5 Feed 29.0

H~1, 8 90 : 274 39,5 Feed 29.0

H=-1 2 180 5el2 35.2 R7.9 37.0 Acid,Sl.blitter 27.0 Mealy
H-2 L 180 5.12 3L.5 30.4 37.0 Acid 27.5 Weak
H-3 6 180 5.18 34.0 34,1 37.5 Aoid,Sl.blt ter 27.0 Weak
H-4 g 180 530 34.1 37.0 3645 Acid,bit ter 7.0 Mealy

y Ripening Temp. 50° F.

H-1 2 7 4.99 34.5 14.9

H-2 2 7 4,99 35,0  14.7

H=-3 7 5.00 35,2 148

H-L 8 7 5,07 35.8 12.3

H-1 2 L2 5.01

H-2 L 42  5.03

He3 6 L2 5.10

‘Hel 2 90 5.09‘ R0.2 39,0 S5l.,acid 28,5 Curdy
H-2 2 90 5,06 28.2 39.0 Fesd 29.0 Sl.wsak
H~3 . 90 5.15 26,0 4L0.0 ' 29.5

H=4 8 90 5.10 31,0 38,0 Acld ,Sl.ferm, 28.5 Weak
‘H-1 2 180 5.15 34.1  28.4 37.5 Aoid,bitter 27.0 Mealy,flaky
H-2 L 180 5,08 33,9 34.0 37.5 Bit ter 27.0 Weak
H-3 6 180 5.27 33.4 33.8 38,0 Bitter R7.5 Weak
H-L, 8 180  5.15 3L.5 35.6  37.0 Bitter 27.5 Mealy

*Ounces of rennet extract per 1000 lbs, of milk,







Table 9

Phe effect of different quentities of added rennect on
the soluble nitrogen values and scores of cheddar cheese,

(Series I; made 2~-23-49)

Cheese :Rennst Age Mois~ Sol.N. Flavor Remarks Body, Remarks

No, Added (days) pH ture (% of Score Text.
fozm)* T (%) Tot.N.) |  Soore

Ripening Temp. 43° F,

I-1" 2 7  5.02° 37.8 8.3

I-2° 4 7 L9k 39.2° 8.2

I=-3" 6 7 5,02 37.8  10.4

I-4 " 8 7 5,02 38,3 9,3

I-1 2 L2 5,05 12,4

-2 4 L2 bh.92 - 13.8

I-3 6 L2 5,06 14.5

I-4 8 b2 .22 18,7

-1 2 90 5.07 18,1 38.5 Sl.acid 28,5 Weak

I~3 6 90 5,01 23.7 39,0 Sl,acid '29.0

I-4 8 90 5,16 28.9 39,0 Sl.aecid 28.5 Pasty

I-1 2 180 5,09 36,0 21,8 38,0 Acid 28,0 Weak,mealy .

I-2 180 5,00 37.0 26,1 38,5 Aecid,feed 29,0 Weak

I-3 6 180 - 5.05 36,5 30.4 38,0 Aecid,Sl,bitter 28,0 * Weak,pasty

I-4 8 180 5,17 36.4  35.3 38.5 ©S1,fermented 28.5 Veak
Ripening Temp, 50° F,

-1 2 7 5,01 38,3 9.7

T=2 Ll 7 Le98  38.5 8.7

I-3 6 7 5,05 36,7 10.6

I~ g8 7 5,01 37.9 11,9

T-1 2 L2  L.08 - 12.1

6%






I-3- 6 7 5.02° 10.4
I-4" 8 7 5.02° 9.3
I-1 2 42 5,05 12.4
I-2 L L2  L.92 13,8
I-4 8 LR 5,22 18.7
-1 2 90  5.07 18,1 38.5 Sl.acid 28.5 Weak
I-2 I 90 . L.9% ”l.1 39.0 Feed 29.0 8Sl.weak
I-3 6 90 5,01 23.7 39.0 Sl,acid 29.0
I-4 8 90 5.16 28,9 39.0 Sl.acld 28.5 Pasty
I-1 2 180 5,09 - 21.8 38,0 Acid 28,0 Veak,mealy].
I-2 4 180 5.00 26.1 3845 Acid,feed 29.0 Wesak
I«3 - 6 180 5,05 30. 4 38.0 Acgid,Sl,.bitter 28,0 Weak,pasty
Il 8 180 5,17 35.3 38.5 Sl.fermented - 28,5 Weak
- | Ripening Temp. 500 I,
1.1 2 7  5.01 9.7
I-2 L 7 L.98 8.7
I~l 8 7 5,01 11.9
I-1 2 L2 L.98 12.1
I-2 - L L2  L.95° 15.3
I-3 6 L2  L.99 16.9
I-4 8 k2 5.Q8 0.5
I-1 2 90 5,00 18.3 38,0 Aoid,musty 28,0 Mealy
I-2 L 90 L.96 26,5 38,0 Sl,bitter 28,0 Mealy .
I-3 6 90 5,01 29.9 38,5 Aec¢id,Sl.ferm, 28.0 Weak,pasty
I-4 8 90 5.0 31.9 38,0 Acid,Sl.bitter 28.0 Weak,pasty
I-1 2 180 5.03 24,3 37.5 Acid,Sl.bitter 28.5 Mealy
I-2 L 180 5.13 T 31.1 38.0 B8l.bit ter 28.5 BSl.pasty
I-3 6 180 5.17 - 33.9 38.0 Sl.bitter 28.0 Wesk,pasty
I-4 8 180 5.23 38.8 37.5 Sl.frulty 28,0 Weak

*Qunces of rennet extract per 1000 lbs. of milk.

81,blit ter

6%
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serles were quite constant. 4s was to be expected, =

élight but definite woward trend in the pE of the cheese
during the course of the ripening period was noted. Also;
within eny one series of chesse at any one time, there was

a slight tendency toward a higher pX value in that cheese
which contained the larger gquantities of remnet extract,
This trend probably was duve to increased proteolysis in that

cheese made with the larger quantities of rennet extract.

Soluble Nitrogen

Increasing the gquantity of remnnet extract used in the
manufacture of pasteurized miik cheddar cheese resulted in
increases in the soluble nitrogen values; this was apparent at
any of thevsampling times. Only In a few cases were there
exceptions to this relationship, and these probabtly were due
to errors in sémpling or énalyéis.

Unfortunately, there were no analyses made for soluble
nitrcgen as the cheese came from the press. However, an
inspection of all available daﬁa_indicated that the increases
in soluble nitrogen brought 2bout by increases in the smount
of remnnet extrsct employed were part of a gradual process
throughout fhe ripening period. There was no evidence to
éssume that any but a very small amount*of:increase due to
any added increment of rennet extract occurred dufing-the
fifst 7 days of ripening. Thus, the effecﬁvof the addition

of increasing smounts of rennet extract, within the cheese
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of any one series, was only beginning to be apparent at an
interval of 7 days in the“ripening pericd.

At 42 days of ripening the average soluble nitrogen
velues for all cheese made with 2, 4, 6 and 8 ounces of
rennet extract were 15.6, 18.6, 20.4 and 24.0 per cent
respectively. This general relatlionship was maintained
throughout the duration of the Pipening period.

Within anYQOhéiseries, ﬁgé cheese made with the 8 ounce
quantity of rennet extract had, in 90 days of ripening;
reached a level of soluble nitrogen which was eqgual to; or
greater then, that attained in the cheese madefat the 2 ounce
level of rennet extract after 180 days of ripening. This
relationship was reflected to some extent in the body and
texture characteristics of the cheese made at the higher
test level of rennet extract when examined at 90 dayse.

- Howmever, flavor development was not a direct function of the
increase in water-soluble nitrogen brought sbout by the use
of abnormélly large quantitles of remnet extract in the manu-
facture of cheddar cheese.

in an atiempf to determine the relative importance of
rennet extfact in the hydrolysis of cheese protein, an analysis
was made of the data for soluble nitrogen presented in the
tables. Flgures 1, 2 and@ 3 contain plots of the soluble
nitrogén values obtained by analysis during the ripening
period when 2, 4, 6 and 8 ounces of rennet extract were used.
These data were taken from Tables 2, 4, 6, 7, 8 and 9; and

represent only the cheese which was ripened at 43° F. The
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average soluble nifrogen values plotted in Figures i, 2
and 3 indicate that a linear relationship exists between
soluble nitrogen production and the amount of rennet extract
employed., This is epparent at all intervels during tie
ripening period except that at the 180 day intervel the
various 1ot$ of cheese made with & ounces of rennet have
scmewhat lower-vélues for soluble nitrogen than would be
expected if a linear relationship existed. The lines
plotted In Figures 1, 2 and 3 are regression lines for
soluble nitrogen values on the ounces of rennet extract
eﬁployed per 1000 lbs. of milk.' The regression in Figure 3
was computed only for the solubie nitfogen’Values obtained
from the cheese made with 2, 4 and 6 ounces of rennef extract,
in each of Figures 1, 2 and 3, a fheoretical value for
soluble nitrogen which would reéult if ‘the cheese could be

manufacturedeithout’rennet extract was obtained by extending

“the regression line to the zero (Y) axis. These theoretical

values after 42, 90 and 180 days of ripening are 13.0, 14.9
and 19.3 per cent soluble nitfogen; réspectively.

" Table id contains en analysis of the 'soluble nitrogen
daﬁa plottedAin Figures 1, 2 and 3. The theoretical values
for soluble nitrogen dbtained by eitending'the regression
lines to the ¥ axis were used<as”baseé from which to compute
the'indreasés;in soluble nitfogéh Gue to the added increments
of remnst extract. The data in colum 5 of Table 10 indlcate

the per cent of the total water-socluble nitrogen present in
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Table 10

An analysis of the changes In the soluble
nitrogen values of cheddar cheese (Tables 2,
4, 6, 7, 8, 9) made with different quentities
of rennet extract. Cheese ripened at 43° F.

Age of Rennet Sole ¥ Sol. N Due Per Gent**
Cheese Added (% of to Action of of Sol, XN
(days) (oz.) Tot. N) Remnet (% of Due to
Tot. N) : Rennet
42 0 13.0,, 0 0
42 2 15.6° 2.6 16.7
42 4 18.6 5.6 30.1
42 6 20.4 Te4 36.3
42 8 24,0 11.0 45,9
90 o 14.9 o , o)
90 2 18.4 345 19.0
90 4 22.1 T2 3646
90 6 26.4 11,5 43.5
90 8 29.1 14,2 48.8
180 o 19,3 o) 0
180 2 24,9 5.6 22.5
180 4 30.2 10,9 36e1
180 6 3549 16.6 46,2
180 8 37.8 18.5 48.9

#Average values for soluble nitrogen taken from
data of Figs. 1, 2 and 3.

##Computed by dividing valués in column 4 by values
- in column 3 and multiplying by 100
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the cheese which was attributsble to the sction of rennet
extracts At an interval of 42 days, 2 ounces of rennet was
responsible for 16.7 per cent of the total weter-soluble
nitrogen present in the cheese made with that quantity of
rennet.' The per cent of the total soluble nitrogen attribu-~
table to the action of rennet increased with time. It is
seen that at 90 and 180 days the percentages of the total
soluble nitrogen due to the action of 2 ounces of rennet
were 19,0 and 22.5 per cent, respectively., Similar results
may be observed for cheese made with 4, 6 and 8 ounces of
rennet. However, the increasses with time at each of these
levels of rennet are not as pronounced as in the case of the
cheese made with the 2 ounce quantity of rennet extract;

From the dats 6f column 5, it may be observed that at
any of the ssmpling times, the per cent of the total soluble
nitrbgen due to the action of rennet did not incresse in a
linear fashion with the increase in the smount of rennét,
extract employed.

From the data of column 3, Teble 10, it is observed that
well over one-half of the total soluble nitrogen formed during
ripening and present in cheese after 180 days was formed after
42 days. It was computed that of the totel soluble nitrogen
present in cheese made with 2 ocunces of remnet eitrgct at 180
days,Aabotb 62 per cent of it waé presepp after 42 days ripen=
ing, while almost 74 per cent of the tofal was present at an
interval of 90 days. Similar data may be computed for cheese
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made with 4, 6 and 8 ounces of rennet extract.

From the analysis of Table 10, it is evident that the
enzymes of commerciasl rennst extract are responsible for a
certain portion of the water soluble nitrogen existing in
cheese. However, the data of Table 10 do not correctly
interpret the hjdrolysig of cheese protein from the stand-
point of the total change in water=-soluble nitrogen which
occurs in the cheese during the entire extent of the.ripening
period, ‘This is due to the fact that theré is a certain amount
of soluble nitrogen present in cheese at the time it is through
. Graining in the press, This would correspond to zero time in
the ripening period, and it is fairly evident that little of
the solubie nitrogen present in the cheese at this time is due
to the action of renﬁet extract. |

bFigure 4 containsva comprehgnsive plot.of the soiuble
nitrogen values for cheese made with 2, 4, 6 and 8 ounces of
rennet extract. The values plotted are those aversge soluble
nitrogen values to be found invcolumn 3 of Table 10. The
average soluble nitrogen values at 7 days for three series éf
cheese made with‘z, 4, 6 and 8 ounces of rennet extract
(Tables 7, 8 and 9) were-included in Figure 4. The theoretical
values for cheese made-inithe absehce of rennet eitract also:
 wére plotted in Figure 4. It ﬁould_be.desirable"to have an
anélysis of the'changés7iﬁ»the;solublexnitrdgen values between
7iand IBQidaySfin the ripenihg“periOd'similar to that found in

Table 10. EHowever, the few values obtained at an interval of
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7 days would necessitate the use of certain assumptions
which wouléd be unjustified on the basis of the avallable
data.

The approximate role of rennet extract between 7 and
180 days of ripening may be determined from Figure 4. It is
obvious that rennet accounts for a greater proportion of the
total inerease in soluble nitrogen during this period than is
gepparent when a zero value for soluble nitrogen is used as a
basis of celculation. This in no way changes the validity of
the éomputed data of Table 10, but it merely indicates that
after a certain interval in the ripening period (7 days) the
rennet extract accounts for a proportionately greater part of
the increase in soluble nitrogen than is apparent in the

snalysis of Table 10,
Orgenoleptic Examination and Scoring of Cheese

Table 11 contains the aversge scores for flavor, body
and texturq of"ﬁhe three series of cheese which were ripened
at different temperstures (43 snd 50° F.) and which were
scored st two intervals durihg the ripening period., It is
prqbable that an insufficient number of trials was ihcluded
in this study to draw definite‘conclusions as to the effects
6n flavor, body and texturé obtained by the use of inereased
quantities of rennet extract in the manufacture of cheddar
cheese.

At both ripening temperatures employed and at both



Table 11 ,

A comparison of average scores for flavor
and body and texture of cheddar cheese
made with different quantitles of rennet
extract. (data from Tables 5, 7, 8, 9)

3 ' R
Flavor Score Body and Texture Score
43° 50° 43° 50°

Rennet - : — —
Added 90 180 | 90 180 g0 180 90 180
(oz,) Days Days | Days Days Days Days | Days Days
2 58,0 B7.3 | 38,2 - B7.5 | 28:3 27.4 | 28,2  27.2

4 38,5 37,5 | 38.3 . 37.7 | 28,7 28.0 |28.3 27.2

6 38,7  37.7 | 9.0 "38.0 | 29,0 27.4 |28.7 2v.7
8 38.7 37.2 38,0 37.2 28.7 27.2 28.2 27.7

s#%Average of 3 cheeses at each ripening temperature

19
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exaﬁination times, the cheese containing a 6 ounce quantity

of rénnet extract had the highest average flavor score. Cheese
made with the 4:ounce quantity of rennet extract possessed the
second highest average flavor score in three out of four
samples, while there would seem to'be little tb choose between
cheeses containing 2 and 8 ounces of rennet extract.

Cheese contalning 6 ounces of rennet extract also would
appear to be slightly superior in body and texture on the basis
of the results contained in Table 1l. In all cases except one,
the cheese with 6 ounces of renne£ were equal to, or better than,

the other cheese in body and texture. Here again, the differ-

- ences noted were slight. However, 1n these particular lots of

cheéée the use of increased quantities of remnnet extract up to
6 and possibly 8 ounces per 1000 pounds of milk had no dele=
terious effecfs on the body and texture of the resulting
cheesss In 8ll of the cﬁeese which was made using different.

quantities of rennet extract, it was concluded that the effect.

of the increased quantities of rennet extract on body and

texture development was relatively more important than the
effect on flavor development. This was particularly true in
the first 3 to 4 nmonths of the ripening period.

In the femaining series of cheese which were scored
after a very extended ripening period, somewhat different
results were obtaineds. The use of increased quantities of
rennet extract resulted iﬁ decreases in the flavor, body and

texture scores of the resulting cheese. Fermented and frulty
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flavors were noted in the cheese made with the larger quantie
ties of rennet extract. The body and texture of these cheeses
" were critized as being weak and pastye This might be expected
since the soluble nitrogen values for most of the cheese made
with the larger quantities of rennet were over 50 per cent of
the total nitrogen present in the cheese. In general, these
results are of a rather impractical nature since the cheese,
although in very good condition, was from 420 to 510 days old
at the time 1t was examined.

There seemed to be little difference between the average
flavor scores of cheese ripened at 430 Fo and that ripened at
50° Fe. at an interval of 90 days. At 180 days the cheese
ripened at "50?" Fe had slightly higher flavor scores then that
ripened at 43° F. for éheesq”made with 2, 4 and 6 ounces of
rennet, wﬁile the flavor'écores of the cheese made with 8
ounces of rennet extract were the same at 43 and 50° Fe On
six out of eight occasions the cheese ripened at 43° F, scored
higher in body and texture than did the cheese ripened at 50° F.

A Comparison of Remnet Extract, Rennet

Powders and Rennin in Cheddar Cheese
Made from Pasteurized Milk

. Ang;yses of Cheese
Molsture

~ Little vériation‘iﬁ the mbisturé content of the‘chegse
made with the-differeﬁt enzyme preparations was obServed; |

Most of the cheese contained between 36 and 37 éer cent
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moisture 7 days after manufacture. (Tables 12, 13, 14 and 15.)

RE

In contrast to the cheese of Series G, H and I, most of
the cheese mede in this particular phase of the investigation
tended to be slightly above pH 5.0 after 7 days ripening.
Conseguently, the flavor, tody and texture criticisms arising
from the slightly acid character of the former chicese were

lacking in the cheese made in this phase of the investigeation,

Soluble Nltrogen

Tables 12, 13, 14 and 15 contain the soluble nitrogen
data for four series of cheese made with rennet extract, rennet
powders and rennin. The dats for scluble nitrogen celeculated
as per cent of total nitrogen show noc consistent differences
in the éheese made with the four different enzyme preparations.
Probably an insufficient number of trials was included in this
phase of the investigation to warrant far-reaching conclusions.
The results strongly indicate that reanin or rennet powders
when used In concentrations squal in coggulating activitﬁ to
rennet extract were able to bring about aepproximately the same
amount of proteolysls in cheese as was rennet extract. The
techniques used to obtain enzymes of varying coagulating
abilities have not changed the ratios of proteolytic and
coagulating‘abilities.' In other words;yit appears that a

certain definite amount of proteolytic acti#ity is mssociated



Table 12

A oomparison of rennet extract and rennet powders
in cheddar cheese made from pasteurlzed milk and

ripened at 43° F
(Series J; made 3=-26-48)

Cheese Addenda Age Moig- Sol.N., Flavor Remarks Body, Remarks
No. : (days) pH ture (% of Score ' Text.
| (%) Tot.N, ) Score
J"’l Rennet* 7 5002 36.‘(— 7. 35 '
J-2 Powder A%k 7 5.0 36.5 7.24
J=-3 Powder B¥** 7 5.07 35.9 10.0
J-1 Rennet L2 5,10 17.9
J=2 Powder A L2 5,16 19.3
' 3"'3 POWdBr B h?. 5.17 1307
J-l Rennet 90 5010 36.2 2009
J=-2 Powder A 90 5.12 36,2 20,4
J=3 Powder B 90 5.18 35,7 22,1
J"'l Rennet 180 5015 36.1 220’& 38.0 Flat.Sl.feI'm. 28, 5 Weak
J=2 Powder A 180 5.10 36.2 2.6 39,0 29,0
J=3 Powder B 180 5,21 35,8 21.6 38.5 Sl.acld,flat 28.5 Weak

*1.5 oz, of commercial rennet extract added per 1000 1lbs. of milk.
**Equivalent quantity of rennet powder A,
**¥Equivalent quantity of rennet powder B.

g9




Table 13

A oomparison of rennet extract and rennet powders in
cheddar ocheese made from pasteurized milk and ripened

at 43° F. | |
(Series K; made L=11l-48)
Cheese Addenda Age . Moig~ So0l.N., Flavor Remarks Body, Remarks
No; (days) pH +ture (% of Score : - Textb.
(%) Tot.N.) ~ Score
K-1 Rennet* 7 5.04 36.8 10,5
K~3 Powder B¥** 7 5.01  35.9 14.2
K~1 Rennet L2 5,02 19,7
K-3 Powder B L2  5.00 .7
K-1  Rennet 90  5.01 36.5 27.2
K-3  Powder B 90  5.01 35.5 30.0
K-2 Powder A 180 5000 3601} Bloh’ 3805 Slofruity 2900 Sl.weak
K“B Powder B 180 5007 35.2 3109 3905 2905

*3 oz, commercial rennet extract added per 1000 1bs. of milk.
**Equivalent quantity of renner powdexr A.
***¥nquivalent quantity of rennet powder B,

99




Table 14

A comparison of rennet extract, rennet powders and
rennin in cheddar cheese made from pasteurized milk

and ripened at L43° F.
(Series L; made 5~23-48)

Cheese Addenda Age Mols~ Sol.N. Flavor Remarks Body, Remarks

No. . (days) pH ture (% of Socore Text.

(%) Tot.N.) Score

L“'l Rennet* 7 5007 360‘& 1301

L~2 Powder A** 7 5.06 36.4 8.9

L-3  Powder Bkkx 7 5,12 37,1 1l1.3

L“’l Remet I+2 5.07 1706

L-2 Powder A k2 5,09 16.9

L-3 Powder B L2 5015 21.7

L-i Rennin L2 5.12 15.4

L-1 Rennet 90 5.15 20.5

L=2 Powder A 90 520 22.1

L-3 Powder B 90 5,15 19.1

Ll Rennin 90 5,18 25.9

L-1 Rennet 180 5,23 36,1 28.1 38.5 Acid 29.0

L-2 Powder A 180 5,40 35,9 24.9 39.0 29.0

L-3 Powder B 180 5.19 36.4 32.5 38,5 Sl.bitter 28.5 Weak
L~} Rennin 180 5,32 37.1 28.1 39.0 29,0

L9

*3,0 0oz, commercial rennet extract added per 1000 1lbs, of milk,
**Bouivalent quantity of rennet powder A,

***%Eouivalent quantity of rennet powder B.

***¥¥Eguivalent quantity of rennin,




Table 15

A comparison of rennet extract, rennet powders and
rennin in cheddar cheese made from pasteurized milk.

(Series M; made 3-2-49)

Cheese Addenda Age Mois~ S80l.N., Flavor Remarks Body, Remarks
No. (days) pH ture (% of Score Text.
(%) Tot.N.) Score

Ripening Temp. 43° F,

M-l Rennet* 7 L9k 36.5 13.3

M-2 Powder A¥* 7 5,01 36,9 15.5

M-3 Powder B**¥ 7 L.91 36,2 1h.5

ML . Rennin¥¥¥* 7 L4.86 35.9 0.3

M-l . Rennet L2 L o9k 20,0

M-2 Powder A L2 5.00 19.0

M-3 Powder B L2 Le95 18,9

M~-4 Rennin 42 he9h 17.4.

M-l Rennet 90 e 9L 20.5 - 38.0 Sl.acid 28.5 Weak
M~-2 Powder A 90 5,00 20.3 . 38,5 Acid 28,5 Weak
Me3 Powder B 90 5.03 19,5 38,5 Sl.ferm, 28,5 VWeak,mealy
M=l Rennin 90 5,00 18,7 . 38,0 Sl.ferm, 28,5 Mealy’
M-l Rennet 180 L.96 35,2 29.2 38,0 Acid,Sl.fruity 28.5 Weak
M-2 Powder A 180  4.98 35,9 28.1 . 38,5 Aoid 29.0 Weak -
M-3 Powder B 180 5.00 35,0 28.1 . 38.5 Acid,Sl.bitter 28.5 Wesak
M-l Rennin 180 L.96 34.9 27.9 . 38.0 Acid 28.5 Weak

89

Ripening Temp. 50° F.

M-l Rennet

. 7 L.97 37.5 1lh.2
M=2 Powder A 7 L.93 36.6 16.8
M-3  Powder B 7 Le92 36,3 15.1
M-l  Rennin 7 Le.8l 36.3 15.3
M-1 Rennet L2 L.95 19.0
A9 PrawAar A LD I QR 1G6. 48







. Rennet

M"l h‘gll' . 2000

M-2 Powder A 5.00 19.0

M-3 Powder B Le95 18.9

‘M-4 Rennin L. 94 17.4.

M-1 Rennet lyo Ol 20.5 - 38,0 Sl.aocid 28.5 wWeak

M+3 Powder B 5.03 19,5 . 38.5 Bl.ferm. 28.5 Weak,mealy
M=4 Rennin 5,00 18,7 . 38.0 Sl.ferm, ‘ 28,5 Mealy

M-l Rennet 4,96 35.2 29.2 38,0 Acid,Sl.fruity 28.5 Weak

M-2 Powder A L.98 35.9 28.1 . 38,5 Aocid 29.0 Weak -

M-3 Powder B 5,00 35.0 28, . 38.5 Acid,Sl.bitter 28.5 Weak

M~4 Rennin L.96 34.9 27.9 . 38.0 Acid 28,5 Weak

| Ripening Temp. 50° F,

M-l Rennet 497 37.5 1lL.2

M-2 Powder A 4.93 36.6 16,8

M-l& Ren.nin L}QS’{‘ 36.3 1503

M-1 Rennet L.95 ©19.0.

M-2 Powder A 498 19.5

M~3 Powder B 4e90 19,3

M-l Rennin Le9Ll 18.2

M-1 Rennet 5,00 35.0 244 38,0 Aocid,Sl.ferm, 28,5 Mealy,weak
M=-2 Powder A 5.00 35,7 23.9 38,0 Acid,sl.ferm, 28,0 Mealy,pasty
M~3 Powder B 5,01 35,3 24.1 37.5 Musty,Sl.bitter 28.0 Pasty

M~-4  Rennin 4,98 35.0 22.0 38.5 Acid 28,0 IFlaky,mealy
M-l Rennet 4L.99 34.9 30.8 38,0 Acid,Sl.ferm. 28.5 Mealy
M=-2 Powder A 4495 34.3 31.9 38,0 Acid,Sl.bitter 28.0 Mealy,wsak
M-3 Powder B 4.98 34.3 34.0 38,5 Acid 28,5 Mealy,weak
M-l Rennin 4,96 33.9 29.5 37.5 Acid,Sl.bitter 28.0 Mealy,weak

*kkkquivalent quantity of rennin,

*3 o0z. rennet extract per 1000'lbs. of milk,
**Kquivalent quantlty of rennet powder A,
***pquivalent quantity of rennet powder B,
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with a certain concentration of coagulaeting enzyme,.
Organoleptic Examination and Scoring of Cheese

All of the cheese madé in this part of the investigation
scored very well. The differences in flavor, body and texture
among the cheese made with the different enzyme preparations
were vefy slighte 1t would be impossible to say that one’
enzyme gave better results than another. ItAhas been shown

that any one of the preparations cen be used satisfactorily.

-waevér, if a choice were to be made, rennet extract would

probgbly be préferred by most cheésemakers‘becagse of the
greater ease in handling.

Relative Coagulating Activities of Rennet

Extract, Rennet Powders A and B and Rennin

as a8 Measure of Enzyme Purity
The coagulating activities of commercial rennet extract,

powder A, powder B and a solution of rennin were determined
on a total nitrogen basis. The activities also were determined
on a salt-free dry weight basis. The results presented in
Table 16 are the average of duplicate analyses of single stock
solutions of rennet extract, rennet powders and remnin. Rennet

powders A and B were meintained in the powdered form in the

colds In this state they were extremely stable, retaining

almost 90 per cent of their coagulating activity after being
stored fbr,24 months at approximgtelg 1.5° c. Two per cent
sdlﬁtions of rennet powdefs A and B were prepared by carefully

weighing the required amounts of powdered enzyme into Erlene



Table 16

Relative coagulating activitiesﬁbf rennet
extraet, rennet powders and rennin

Salt=f'ree

Nitrogen

Relative Coagulating Activity

Preparation
C Dry Welght (g./100 ml, per Unit Wt. ofs
(g+/100 ml. solution) | ,
solution) . Salt=Free Nitrogen
e e Dry Matter B
Rennet Extract B.4 0,53 1,00%% 1,007
Rennet Powder A 1.82 0.0123 - 1.10 Ted
(24 solution) | , ,
Rennet Powder B 1.60 0.078 5.1 8.1
(2% solution) |
Rennin Solution 0.335 0.018 9.9 12.9

#Nltrogen and.dry weolght determinations 1n duplicate on one
sample of each enzyme preparatlion.

#+Value of 1,00 assigned arbltrarily to rennet extract.

OL
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meyer flasks. The solutions were made up to obtain the

correct concentrations with distilled water. Rennet powders A
and B also were used as standard cosgulating enzymes., Whenever
necessary, sny sample of milk could be checked for irregular-
ities in its behavior as a substrate for determining the active
,ity'éf coagulating enzymes.

The stock solution of reﬁnin which was used in determining
the résults»preéenﬁed'ih Tab;e 16 resulted from a single crys-
tallization procedure, and further purification of the enzyme:
’wgs not attempted. |

| In Table 16, the relative coagulating activities per unit
welght of nitrogen and per unit welght bf dry matter are
expressed, with commercisl rennet extract considered to have
 an activity of unity. ;Qn a dry welght basis powder 4 head
about the same felative;activiﬁy aé'rénnet"ethgét, while
pow&er B was about 5 times as #ctive as rennet extract. The
SQlution of rennin was approximately‘tenvtimes as active as
'the rennet extract on a dry weight basis,

The relétive activities of powder A and pbwder B per
unit weight of nitrogen were 7.4 and 8,1 times the activity
',of rennet extracts The rennin preparation hgd about 13 times
the,activiﬁy of rennet extract per unit weight of nitrogen.

Measurement of fhe Proteolytic Activity of Rennet
- Extract, Rennet Powderg‘and Rennin on Hemoglobin and Casein
| An investigation of the proteclytic activities of

commercial rennet extractg rennet powder‘A, rennet powder B

and rennin prepared according to Hankinson was made. The
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method used was essentially the method of Anson (4 ) for
the determination of pepsine.
The above enzymes were tested in concentrations of

approximately equal coagulating activity against milk, In
. preparing the enzﬁme:dilutions for testing, it was felt that
a time error of 5 per cent {30 seconds in 10 minutes) was
rarely exceeded in obtaining solutions of equal.coagulating
power. For proteolysis of hemogloblin, as well as casein,
by rennet extract, rennet powders and rennin, standard enzyme
solutions were prepared. These standard solutions were of
such concentration that 1 ml. quantities of them would just
coagulate 10 ml. of the standard milk substrate in 10 minutes
et 37° C. Vhenever activity of a 1 ml. quantity of enzyme
solution is referred to in this section of the dissertation,
it indicates 1 ml. of the standard enzyme solution. All
quantities of enzyme tested have the standard enzyme solution
as a basis of concentration. Fo? example, 2 ml. of enzyme
solution indicates = concentrati?n of enzyme in distilled .
water which is twice thatfofhthe standard solution. However,
it should be noted that only 1 ml, quéhtities of suitebly
diluted enzymé solution were employed in the analytical
procedure. ’

| For comparative purposes, it is noféd here that the
| quantity of enzyme used in the standard soiﬁtion, on a
proportionate basis, would be epproximately equivalent to

4,5 ounces of rennet extract per 1000 pounds of milk.
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Figure 5 contains the standard tyrosine curve which was used
to relate Klett-Summerson colorimeter values to milliequive

alent quantities of tyrosinre.

Proteolysis of Hemoglobin

Concentration of Enzyme in Reaction Mixture

Figure © contains the results of the proteolysis of 5 ml,
of 2.5 per cent hemoglobin solution with 0.5 to 2.0 ml. quanti-
ties of the respective enzyme sclutions. 4 fairly linear rela=-
tionship existed for proteinase activity when quentities up to
1,0 ml. of the respective enzyme solutions were employed, ¥When
2 ml, quantities of enzyme solutions were employed the curves
tenced to fall slightly toward the horizontal, 2lthough still
asceﬁding gquite rapidly. Quentities of enzyme solution larger
than 2 ml. were not teéted, since they would have resulted in
values in excess of 300 units on the Klett-Summerson colore

imeter scale.

Effect of pH on Proteolysis of Eemoglobin

Data for proteclysis of hsmoglobin by rennet extract,

réﬁnet powdefs and rennin at pH"valﬁes from 1.5 to 5.0 are
§lotted in F:gure 7o The'data.used to ﬁléﬁhthe curves are
the average of duplicate values‘obtainedvduring the course of
a single ex@eriment. For each of the enzyme preparations

tested, a maximum value for proteolysis of hemoglobin was
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obtained at pH values from 3.5 to 3.7. There seemed to be
little difference in the optimum PH for proteolysis by the
four enzymes. For each of the eﬁzymes, proteoclysis of hemo=
globin at pE 5.0 was practically negligible., Activity of
the preparations fell very rapidly between pZE 3.9 and pH 5.0,
The chief polnt of difference in the proteolysis of hemoglobin
by these enzymes lay in the velues obtained from pH 1.5 to
pHE 2.5« At pH values of 1.5, 2.0 and 2.5, proteolytic activity
exerted by rennet extract was considerably greater than that of
rennet powder A, rennet powder B, or rennin. This phenomenon
was observed a number of different times during the experimenta=-
tion.. These results indicate that commercial rennet extract
contains pepsin, which has itszoptimum activity against'bemo-
glcbinvat approximatély pH 1.8 (1is), end rennin, which has a
‘gﬁ optimum against hemoglobin at 3.5‘(L6). The smsller values
for[proteolysis of hemoglébin with the rennet poﬁders gnd
rennin at pH values from 1.5 to 2.5 indicated that, to some
| degree, pepsin had been removed during their preparation.. ir
a écmparison were to be made between powder &, powder B and.
rennin, it would aeppear that powder B end rennin contained
less pepsin than did powder A. Rermet powder A prodvably
resembled remnnet extract more neerly than did the rennin,
insofar as ?roteolﬁsis at pH values of l.5, 2.0 and 2.5 were
coﬁcerned.

Theée results in régard to the identify of the separste
enzymes tend to confirm thé.fiﬁaingféfgéerridge ( 16) thet

rennin is Q protease (proteinsse) scting optimally on
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hemoglobin at pE 3.7. In addition to rennet extract and
renniﬁ, Berridge presents dsta for the proteolysis of hemo-
globin by pure pepsin. His resulis show thet the activity
of pure pepsin at pH 3.7 on hemoglobin is quite small in
comparison to the activitj of rennin. This is a strong
indication that most of the activity of rennst éxtract at
PH 3.7 on hemoglobin is due to the action of rennin rather

than to the pepsin contained therein,
Proteolysis of Casein

The results of the menufacture of cheese (Tadles 12, 13, 14
and 15) with commercial rennet extract, rennet powder A, reanet
powder B and rennin, in concentraticns of equal coaguisting
power, showed no consistent differences among the enzyme
pfeparations insofar as solublie nitrogen production from
cheese protein was concérned. Although casein was a less
desirable substrate with which to work when using the nemo=-
globin method of Anson {(4), a limited study of proteolysis
was made with it as e substrate.

Measurements of proteolysis of casein at pH 2.0 and 5.4
were made with rennet extract, rennet powders snd rennin,
using preparations of equal coegulating strength. In Figure 8
are found the data obtained with the four enzyme preparations.
These results are the average of duplicete analyses. For
quantities of rennet extract from 1 to 5 ml., there were no

differences in the results obtained at pH 2.0 and 5.4. With
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a 4 mls concentration of rennet extract, the values for
proteolféis at‘pH 2,0 were slightly larger than those at
PH 5.4.

In the case of rennin, the values at pH 5.4 were larger
at all concentrations of enzyme from 1 to 4 ml. than those
obtained at pH 2.0. Similar data for rennet powders A and B
are found in Figure 8., With both of the rennet powders, the
proteolytic activity at pH 5.4 was greater than that at pH 2.0.
The rennet powders much more resembled the rennin in their
relative activities at pH 2.0 and 5.4 than they did rennet
extrect.s In comparing the proteoclytic activities of the
enzymes at pH 2.0, rennet extract exerted stronger proteo~
lytic action against casein at all concentrations of enzyme
tested than did any of the other enzymes. Thls was espeecially
true at the 4 ml., concentration of enzyme, where proteolysis
by rennet extract was approximately twice that of the other
enzymes.

At pH 5.4 the enzymes were more nearly uniform in their
action‘on caesein. ’At‘pB 5.4 the curves for powder A, powder B
and rennin tended to retain much more linearity than was the
case at pH 2.0, These results indicate, as do those with
hemoglobin, that the renneﬁ powders and rennin have been
purified considerably as far as freedom from pépsin was
éoncenned. The work of Berridge (16) with a supposedly pure
rennin preparation indicated a proteolysis against hemoglobin

which was about one-third that obtained with commeréial rennet
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extract at pH 2.0. Some preliminary resulis in this study
with en earlier rennin preparation (according tc Hankinson)
indicated that the rennin possessed from one-third to one=-

half the activity of commercial rennet extract at pHE 2.0 on

- hemoglobin. Eowever, these results were obtained with a

different lot of rennet extract and a different hemoglobin
substrate solution. It is known that all remnst extracts

do not have the same characteristics. This probably is one
reason why direct comparisons between various studies made
uvsing different rennet extracts may not give directly compa=-

rable results.
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PART 2

AN INVESTIGATION OF THE PROTEOLYTIC ENZYMES
PRESENT IN A CELL-FREE EXTRACT OF S. LACTIS
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METHODS
Preparation of Cell-Free Extract of S. lactls

Since many workers in the past have indicated that
enzymes llberated through autolysis of bacteria conteined
in cheddar cheese play an important role in the ripening
process of that cheese, it was decided to study the endo-
cellular proteolytic enzymes of one of the predominant

microorganisms in cheddar cheese.

Preparation of Medium and Growth of Organisms

The particular strain of S. lactis used for production
of the extract was culture no. A-l. The individusl responsi-
ble for the isolation and characterizatlon of the culture
which has been referred to as S. lactis culture no. A=l dld
not recognize S. cremoris as being a separate and distinct
species. Subseguent to the beginning of this investigational
work, culture no. A-l1 was ldentified by other workers as
being S. cremoris. In the great majority of tﬁe work which
has been carried out in.the past relative to thess organisms,
Se lactis has been the prevailing nomenclature regardless of
the true identity of the organism being studied. For this

reagson, and because the bliochemical characters which serve
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to differentiate these organisms gpparently are relatively
unimportent in a study of this nature, this organism has
been referred to as S. lactis in this study.‘

This culturé was a single strain isolated from creanm
in 1946, 1t subsequently was carried as a laboratory culture
in the Dairy Industry Tepartment et Iowa State College and
was used as the starter culture in glil of the cheese for
which data are herein rsported.

A broth medium was used for growth of the organism,
since it was virtually impossib}e to separate the bacterial
cells from a milk culture of‘é. lactis. The following medium
was employed:

Peptonized milk + o « o o o 0.7%
Yeast extract « ¢ o o o « « 0,7%
Beef €xXtract o o o o o o « 029
Tomato juice e e s e o o o TS5 ml./l.
Skim milK o o o o » o o o « 20 ml./1,
Disodium phosphate .« & . . 0.8%

This medium was prepared and steriliged in 1l2-liter Florence
flasks. The medium was inoculated with 100 ml. of an 18 to
20}hour culture of S. lactis. The inoculum was prepared in
the seme broth which had Been sterilized in’6-ounCe prescrip=-
tion bbttles. The inoculatlon inté'these bottles was in turn
made from s 24 hour old milk culture.

The 12~liter‘flasks containing sterile media were placed
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in a 30° C. incubator 6 to 8 hours before in&culation. After
inoculation the pH of the medium was maintained above 6.0 by
neutralization of the developsd acidity witk sterile 5 N NaCH,
and shortly before harvesting the bacteria the pH of the medium
was adjusted to 7.0s A 30 hour Incubation period was used for

the cultures prepared in this meanner.

Harvesting and Grinding the Cells

The cells were harvested in a Sharples supercentrifuge
rum at 24,000 r. p. me An average of 4 g. of cells (wet
welght) per liter of medium regularly was obtained by the
above procedurs. Immediately following centrifugation; the
cells were placed in 50 ml., beakers, covered and held in a
freezer unit overnight. The cells were frozen and thawed 4
times in 48 hourse. At the end of this time the thawed cells
were mixed with powdered pyrex glass in the proportion of
1 g. of cells to 4 g of glass, according to the directions
of Kalnitsky et al. (41)}. The powdered glass-cell mixture
was ground in e smsll iced mortar once, and then passed
twice through the grinding mill.

lThe powdered glass was prepared by grinding broken
pleces of clean pyrex glass in a small ball mill and sieving
the resulting product through a No. 40‘mesh‘screen. The

powdered glaés was sterilized in a hot air oven before using.

Preparation of Extract for Testing

After grinding, the glass-cell mixture was frozen and
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thewed 4 times in 48 hours in the freezing compartment of a
refrigerator.s Two mli., of water per gram of cells originglly
present was added to the thawed mixture, apd it was allowel )
to extract for 24 hours st approximately 1.5° ¢c. The glass,
cells and cellular debris were removed by centrifuging the
mixture in an angle-head centrifuge run at 4200 r. p. m.
for 45 minutes. The supernatant liquicd was removed by
pipetting and was a transparent, yellowishecolored material.
This aqueous extract was found to contain products
which producea & rather large amount of color with the Folin-
Ciocalteau reagent. HMost of these products could be elimi-
nated by dlslysis iIn a cellophang membrane without loss of
enzymié activity., Consequently, the extract was dialyzed
in cellophane tubing (0«75 inch diameter) for 24 hours in
" a cold room ageinst distilled water.
The stock enzyme solutiog whigh was prepared in the
above manner was kept in the frozen condition in a deep

freeze cébinet. Portions of it.were thawed 24 hours before

use and held at approximately 1.5° c.

Estimating the Yield of Cells

In order to estimate the total number of bacteria
harvested from the growth.médium, a direct counting proce-
dpre was employed on the growth medium before separation of
: the'cells and on the harvested cells. Shortly before har-

vesting the crop of cells a sample of culture medium was
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removed from the flask and held in the cold for counting.

A 1l ml, sample of this medium was dispersed in a 99 ml.
water blank. A 0,01 ml, quantity of this dilution was
removed with a pipette and spread over a surface of one
square centimeter on a glass slide. This preparation was
dried and stained with methylene blue. The microscope used
in counting was standardized to give a microscopic factor
of 600,000 with the 10X ocular and 1.8 mm. 0il lmmersion
objective. Thirty fields of this preparation were examined,
counting the individual cells. From the average number of
cells per field, & numericel estimete of the bacterial
population per milliliter of growth medium was computed.

4 second count was obtained by dispersing 0.3 ge of
the mass of harvested cells from the growth medium in a
99 ml. water blank. A 1 ml. portion from this dilution was
dispersed in a second 99 ml. water blank, and Q0,01 ml, of
this dilution was treated in the ssme manner as described
ebove for the direct count on the growth medium,

A further count was obtained by plating quentities of
the growth medium in serial dilution. Samples of the culture
medium were taken shortly before harvesting the cells and held
in the cold until plated. Counts were made on T. Go. Es M. ager,

and the plates were incubated at 30° C. for 48 hours.

Manufacture of Cheese
Two series of cheese consisting of four vats in each

series were made in this phase of the investigation dealing
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with a study of the endo-cellular enzymes of S. lactis,

The two series of cheese were dupiicate series, and each of
the four vats in each series contsined 260 pounds of pasteur=
ized milk. Eech of the vats received commercial rennet extract
at the rate of 3 ounces per 1000 1bs. of milke In the case of
vats 2 and 3, the extract from 100 g. of cells was divided into
two portions. One portion was added to vat 2 shortly before
the addition of rennet, and the second portion was added to
vat 3 in a2 similar maenner,

In these series of cheese, vat 3 and 4 each received a
‘solution (100 ml.) containing 4 ge of cysteiné hydrochloride
which was added to the milk before the addition of cell-free
extract or rennet. Previous experiments had indicated that
cystelne added to milk at & rate in excess of 4 ge per 260 1lbs.
of milk gave'aavery deéided off-flavor to the resulting cheese:
It should be noted that thls concentrstion of cysteine in milk
is only a very small fragtibn of the concentration usually taken
for activation of proteolyti§ enzymes.

Oﬁe of the longhorns prepared from each vat was ripengd

at 43° F. and the remaining longhorn was ripened at 50° ®,

Analyses of Cheese

The cheese were snalyzed at the intervals designated in
Tables 17 and 18, ’Analyses were made for pH, moisture, total
nitrogen and soluble nitrogen in the sane manner as described

beginning on page 26,
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Organcleptic Exsmination and Scoring of Cheese

The organolepfic evalustion of the cheese was carried
out in the same manner as that described or pasge 29 of this

dissertation.

Testing Cell-Free Extract for Procteinase Activity

It was immediately apparent that In order to measure the
activity of the cell-free extract of S. lactis it would be
hecessary to use a method capsble of detecting a very siall
dsgrse of protéin hydrolysis., Hull (39) used a modification
of the hemoglobin method of Anson (4 ) and was sﬁccessful in
measuring very small amounts of enzymatic protein degradation
in milke

The following method, which was adopted after much experi-
mentation, was essentially the same as that used for measuring

smell amounts of proteclysis by the enzymes of rennet.

Preparation of Hemoglobin Substrate

A 2 per cent solution of hemoglobin was used as a sub-
strate for the cell=-free extract. Thig substrate solution was
prepared according tovthe;directions éﬁ page 34 in Part 1 of
this disgertation§

Preparastion of Casein Substrate

A2 per cent solgtion of casein was preparéd as described

under methods, Part 1. This solution was diluted with distilled
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water to obtain an 0.8 per cent solution of casein for the
estimation of proteolysis by the cell-free extract of S.
lactis.

Colorimetric Estimation of Proteolysis by Cell~Free
Extract of S. lactis

The method employed here was the same as that described
beginning on page 34 with the following exceptions. The cone-
centration of trichlorocacetic acid used to precipitate the
maltered protein after the reaction with enzyme was increased
to 1.2 Ne In generel, & much longer incubation period was
necessary., Twelve hours was a comzonly employed incubation
period. :

Measurement.of the Peptidase Activity of the Cell-Free
' Extract from S. lactis

It was decided to do a limited amounf of work with the
crude, cell=free extract in an attempt to determine if the
S. lactis cells contained enzymes capable of hydrolyzing
synthetic peptide substirates info their constituent amino
acld molecules. For this purpose, glycyl-L-leucine and
DLe-glanylglycine were obtained from Amino Acid Manufacturers,
TUe Co Lo A , Los Angeles, Californiae. The Linderstrgm-Lang (44)
method for titretion of amino groups was used to messure enzyme
activity; end the complete method is déséribed below,

The substrate was made up as needed in M/30 concentration
for glycyl-L-leucine or ¥/15 concentration for Dl-alanyglycines

Merthiolate was added to the substrate solution at the rate of
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1 mg. of merthiolate to 40 ml. of solution, this concentra-
tion of merthiolate having no adverse effect on the enzy-
matic reaction. o

The substrates were adjusted to the desired PH In the
following manner. A weighed amount of substrate was put inte
solution In slightly less than the required amount of distilled
water and buffer solution. TUsing the glass eleGFrode potention=-
eter, the solution was brought to the desired ﬁH'ﬁith concen-
trated HClL or NaOH. The substrate solution was made up to the
desired vo;#me,_usually by the addition of 1 to 2 ml. of
distilled water.

'Although buffers have not been used in some of the work
to be found in the literature where the Linderstrgm-Leng titri-
metric method for amino groups was used, the pH drifts of the
unbuffered substrate dﬁring the course of the resction some-
times were considerable, and so buffers were employed in this
work., Xach 3 ml, reaction sample~of enzyme and substrate
contained 0.6 ml. of 0.05 M acetate buffer in the pE range
4.0 to S¢5, 0.6 mle of 0.05 ¥ phosphate buffer in the range
5.6 to B.0 and 0.6 ml. of 0,05 M borate buffer in the pH
range 8.1 to 1040

- The original method of Linderstrgm~Lang was varied
slightiy in that the reaction was carried out in 20 x 175 mme
pyrex test tubes instead of Erlenmeyer flasks. When working
with small quantities of meterial, this has the advantage

that the color change when gpproaching the endpoint in the
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titration is more gradual, proceeding from top to bottom in
the test tube, and secondly, the éolor of the endpoint may
be observed through a depth of solution, which serves to
make slight color differences more detectable.

To estimate peptidase activity, a 2 ml. guantity of
buffered substrate solution was placed in a clean dry test
tube and the volume made up te 3.0 mi. with enzyme and water.
A 1 ml. gquantity of this enzyme=-substrate mixture was titrated
immediately and a second titration was performed upon en
identical quantity after incubation for the desired period of
time in a water bath at 37° C.

The indicator used was 4-benzene-azo-l-napthylasmine
(napthyl red), 0.1 g. of the indieator being dissolved in 100
mle of 96 per cent alcohol, and 2 drops of this solution being
used for each titration.

The acetone used was the C. P. product, and a 15 ml.
quantity was used for the 1 ml. sample under investigation.

To carry out the titration, two drops of indicatér were
added to 1 ml. of enzyme=-substrate mixture, and N/20 HC1 in
90 per cent slcohol was added from a microburette until the
&ater solution was distinctly reddish in color. A part of
the acetone was added, whereupon the irdicator changed to
its bésic color, which is yellow. The titrétion was continued
until an orange-red color was obtained. The remesinder of the
acetone was added end the solution was titrated to the orange
color of the endpoint,vas represented by napthyl red at pH 5.1

in water. When necessary, a control tube was set up consisting
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of 1 ml. of water, two drops of indicator solution and 15 mil,
of acetone. This control was brought to the color of the
endpoint and used as a color guide in performing subsequent
titrations.

The color of the endpoint in the titration may be repro=-
duced with an accuracy of 0.0l to 0.02 ml. of §/20 HCl., This
is equivalent to approximately 2 to 4 per cent hyﬁrolysié of
the substrate present.

The results of this enzyme=-substrate reaction are expressed
as per cent hydrolysis of one linksge (for the racemic peptide,

per cent of one linkage of one optical component).
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RESULTS

An Approximate Estimate of the Number of Cells Represented
by the Cell~Free Extract Added to Cheese

When contemplating thes addition of cell;free extract
to cheese, it was considered desirable to know approximately
what the quantity added would represent in terms of the
number of cells from which it Was‘obtained and what this
qugntity would be in relation to the normal bacterial content
of cheddar cheese. The data obtained were useful only in a
general way, sinée it was not pﬁssible to measure several
rather important factors which were of concern. One of these
unknowﬁ factors wés the effielency with which the cells weré
ground and the extract recovered., An arbltrary figure of
50 per cent reéovery for these operations was assumed, based
on rather genersl observations. A second unknown factor
wﬁich would be extremely difficult to measure was the degree
of retentlon of cell~free extract in the cheese curd.

The results of the counting procedures on one lot of
har#ested cells and on the growth madium before the separs-
tibn of thoéé cells indicéted that 1 g. of the harvested
cells (wet weight) contained about 24 x 1010 cells. On this
basis 50 g. of cells would contain 12 x 10%2 cells. Employing
the correction_factor mentioned sbove, 1t was calculated thet

the cell=free extract which was added to 260 1lbs. of milk for
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making the cheese of Series A and B (Tables 17 and 18)
represented 6 x 102 cells.

If the extract representing this number of cells
were all retained in the cheese curd, it would represent
500,000,000 cells per gram of cheese. This assumes that
26 1ibs. of cheesé is approximately egquivalent to 12,000 g.
of cheese. This figure compares very well with date reported
by Hammer (28) for plate counts on cheddar cheese early in
the ripening period. Counts of more than a billion organisms
per gram of cheese have been reported; however, the aversge

counts per gram are somewhat lower than this.

BEffect of the Addition of the Cell-Free Extrszct
of S. lactis and Cysteine Hydrochloride, Alone
and in Combinstion, on Cheddar Cheese
Made from Pasteurized Milk
Tables 17 and 18 contain data'fo: the cheese made employ-
ing the cell-free extract of S. lactis and cysteine hydrochlo-
ride..

Moisture

The initial moisture content of these chieese was approxie
mately 36 per cente. This moistufe content might preferably
have been 1.5 to 2 per cent higher than was the case. The
combination of slightly high acid.and low moisture resulted
in cheese which was a little difficult io eva;uéfé organo=-

leptically for typicel cheddar cheese flavor—development.



Table 17

The effeoct of the addition of a cell-free extract of

S. lactis and gysteine hydrochloride on cheddar cheese
(3 oz, rennet extract per

made Trom pasteurized milk,
1000 1lbs. milk used in all cheese.)

(Series A; made 2-4-=49)

Cheese Addenda Age. Mois~ Sol.N. Flavor Remarks Body, Remarks
No, (days) pH ture (% of Score Text,
(%) Tot.N.) Score
Ripening Temp. 43° F
A-1 None 7 4L.87 36.6 15.1
A-3 EBxtr.* + cyst.** 7  h.99 35.8 13.7
A-l cysteine** 7 L.90 35.9 13.4
"A-1 None L2 4.90 17.8
.A-2 Extract 42 e 90 18.8
A-3 Extr. + oyst. 42 4.98 1804
A~l, coysteine L2 Le92 16.7
A=) None 90 h096 19¢9 3705 Aeid 28.0 Mealy
A-2 Extract 90 L.95 2L.5 38.5 Acid 28.5 Mealy
A-3 Extr, + oyst, 90 5.06 25.7 38,5 Sl.musty 28.0 Pasty
A=l cysteine 90 L.87 23.7 38,5 Acid 28,0 Mealy
A~1 None 180 5,12 34.3 29.3 38,0 Sl,acid 28.5 Crumbly
A=2 Extraot 180 l&-ogb 314‘-7 3003 3705 Acld 28.5 Weak
A-3 lXixtr, + cyst, 180 Le95 35,4 32.2 38.5 Sl.bitter 29.0
A-l, cystelne 180 “4e99 34.7 30.9 38,0 Aclid,Sl.bitter 28.5 Wesak
A<l None 260 5.11 33t9 3L.5
A=3 Extr, + cyst., 260 5,09 33,8 36.L
A"’L} Oysteine 260 1&096 3306 3507
| Ripehing Temp. 50° F.
A-1 None 7  Ls95 35.2 11.7

96






_A-2 Extract 42, 490 18.8
A-3 Extr. + oyst. L2 4.98 18.4
A~l, oysteine L2 Ie92 16.7
A-]l None 90 4.96 19.9 375 Acid 28.0 Mealy
A-2 Extract 90 L.95 2h.5 38,5 Acid 28,5 Mealy
A-3 Extr, + oyst. 90 5,06 25.7 38,5 Sl.musty 28,0 Pasty
A=l cysteine 90 L.87 23.7 38.5 Aciad 28,0 Mealy
A-1 None 180  5.12 34.3 29.3 38,0 §l,acid 28,5 Crumbly
A-2 Bxtract 180 L85 34.7 30.3 37.5 Acld 28.5 Weak
A-3 BIxtr, + cyst., 180 L.95 35.4 32.2 38,5 Sl.bitter 29.0 A
A=l oysteine 180 4L.99 34.7 30.9 38,0 Acid,Sl.bitter 28.5 Weak
, §
A-1 None 260 ° 5,11 33.9 . 3L.5
A-=2 Extract 260 Le89 34L.0 35.4
A=3 Extr, + oyst, 260 5,09 33,8 36.4
A=k oystelne 260 Le96 33.6 35.7
Ripening Temp. 50° F.
A-1 None 7 4.95 35.2 11.7
| A=2 Extract 7 L.80 36.8 13.3
A-3 Extr., + cyst. 7  L.87 35.2 12.5
A=}, cystelne 7 5.01 36.0 12.9
A-1 None L2 L.91 18,6
A-2 Extract LR Le9l 19.1
A=3 Extr, + oyst. L2 5,09 2l.5
A-l) cysteine h? 4,91 18.9
'A-1 None 90 L.96 . 23.8 38,0 Acia 28,0 Mealy
A-2 Extract 90 4.98 25,1  37.5 Acid,Sl.bitter 27.5 Mealy,weak
A-l, oysteine 90 - L.95 25.2 38,0 Acid 28,0 Mealy,weak
A-1 None 180  L4.99 34.3 30.9 37.5 Acid 28,0 Weak,pasty
A-2 Extract 180 5.03 34.3 3.6 37.0 Acid,bitter 28,0 Weak
A-3 Bxtr, + oyst. 180 - 5.13 34.3 33.9 38,0 Sl.acid 28.5 Veak,mealy
A=l cysteine 180 5,05 34.2 31.3 37.5 Sl,acid,bitter 28.0 Weak
A-1l None 260 L.98 33.8 34.9
A-2 Bxtract 260 Le90 34,1 35.0
A-3 Extr. + cyst. 260 5.06 33.6 38.4
A-l, oysteine 260 5.00 33.9 35.6

*Cell free extract from 50 g. (wet wt.) of . lactils cells/260 lbs, milk.
*%) g. oysteine hydrochloride/260 lbs. milk, .







Table 18

The effect of the addition of a cell-free extraoct of
S. lactis and cystelne Hydrochloride on cheddar cheese
made from pasteurized milk, (3 oz, rennet-extract per
1000 1lbs, milk used in all cheese.)

(series B; made 2-12-49)

Cheese Addenda Age Mois=- Sol N.. Flavor Remarks Body, Remarks
No, ' (days) pH ture (% of Soore Text,
(%) Tot.N,) Score
Ripening Temp, 43° F,
B~ None 7 k.92 36,1 10,6
B~2 Extract* L.89 36,7 10.6
B-3 Extr.* + oyst,**7 L.92 36.5 10,0
B-L oysteine L,89 35,8 9.1
B-1 Nons L2 4,90 21.4
B-2 Extract 42  4.88 19,0
B-3  Extr, + ocyst. 42 L,87 15,1
B«l, cysteine L2 Le89 16.1
B-1 None 99 21,6 38,0 Acid 28,5 Mealy
B~2 Extract 90 21.1 38,5 Sl,acid 28,5 Mealy
B-3 Extr., + oyst. 90 19.7 38.5 Sl.acld 28,5 Sl.pasty
Bl cysteine 90 18,7 38,0 Flat 28,5 Crumbly
B-1 None 180 ° 4,94 34.7 25,1 38.5 Sl.acid 28,5 Weak
B-2 Extract 180 Le92 35.2 27.8 38,5 Acla 29.0 Mealy
B-3 Extr, + oyst., 180 Le95 35,4 26,6 38,5 Aecid 28,5 Mealy
B, oysteine 180 493 34.7 25.0 38,0 Acid,Sl.bitter 28,5 Weak
B-1 None _75 4L.99 34k.2 29,7
B-2 Extraoct 275 L.96 34,7 30.9
B~3 Extr. + oyst. 275 he98 3lh. b 31.6
B-'l; Oyﬂteine 275 L 95 31{’50 2809 )
‘Ripening Temp. 50° F,
B=-1 None 7 L.86 35,6 4.7
B-2 Bxtract 7  Le9h 363 10,0
R=1 Hyxtr. + nvat . 7 “h.RQ AR 10_A"

Ls .






Acid

B-1  None 90 21,6 38,0 28,5 Mealy
B«2 Extract 90 21, 38,5 Sl.acid 28,5 Mealy
B-3  Extr. + oyst., 90 19.7 38.5 Sl.,acid 28,5 Sl.pasty
Bl cystelne 90 18.7 38,0 Flat 28.5 Crumbly
B-1 None 180  L4.9% 347 25,1 38,5 Sl.acid 28,5 Weak
B-2 Extract 180 4,92 35.2 27.8 38.5 Aoid 29.0 Mealy
B-3 Extr. + cyst, 180 4,95 35.4 26,6 38,5 Acid 28,5 Mealy
B-),  oysteine 180 4,93 34.7 25.0 38,0 Acid,Sl.bitter 28,5 Weak
B-1 Noue 275 Le99 34.2 29,7
B-2 Extraot 275 L.96 34.7 30.9
B~3  Extr. + oyst. 275 4L.98 34,4 31,6
B-h cysteine R75 T ha95 34,0 28,9
‘Ripening Temp., 50° F,
B—l NOIle 7 l+086 35.6 11&07
B-3 ILxtr, + eyst., 7 “1e89 36,3 10,6
B-~1  None 42 ‘ 18.5
B-2  Extraoct L2 18,5
B~3 Bxtr., + cyst. 42 16,1
B-f, oysteine L2 16.5
B-1 None 90 22,0 38,0 Acid 28,0 Mealy,weak
B-2 IExtract - 90 21,4 - 38.0 Acid 27.5 Mealy,weak
B=-3 Extr. + oyst., 90 : 23.1 38,0 Aecid,Bl.bitter 27.5 Mealy,weak
B~y oysteins 90 ' 21.3 38,0 Aecid 28,0 Weak
B-l None 180 4L.,96 34.0 30,2 38,0 Acid 28,5 Weak
B«2 Bxtract 180 L.97 34.2 29.1 38.5 Acid 29.0 Weak
B-3 Extr., + oyst,180 - L.99 34.2 31.3 38,0 Acid 28,0 Weak
Bl cysteine 180 4L.98 3L4.9 29.1 38.0 Acid,sl.bitter 28.5 Veak
B-1 None 275 Lo 99 3&»- 0 31. 8
B-3 Extr, + 0y8t0275 5003 3309 3308
Bel cysteine 275 5.00 33.0 32.0

*Cell free extract trom 50 g. (wet wt.) of S. lactis cells/260 lbs. milk.
**), g. oysteine hydrochloride/260 lbs. milk,






28

[

The pH §alues of the cheese 1n these series were slightly
lower than would be desirable for cheddar cheese of the best
qualitye One=half of the cheese had pH values below 4.90 at
the end of a 7 day ripening pericd. This rather low pH of
some cheese may be reflected in some of the bitter flavors

which were noted in soms of the cheese.

Soluble Hitrogen

Tables 17 and 18 contain soluble nitrogen data for the
two series of cheese made in this part of the investigation.
The results show that in the quantities used the cell-free
extract of S. lactis, alone, or in combination with cysteine
hydrochlorideAexerted no great effect on the soluble nitrogen
values of the cheese in which it'was incorporated. Cysteine
hydrochloride in the concentration used appeared to nelther
stimulate nor inhibit the ripening prbcess of the cheese
insofar as production of total soluble nitrogen was concernedJ 

In the cheese of Series A (Teble 17) there was a trend
toward larger soluble nitrogen values in the cheese contsining
both the cell=free extract and cysteine hydrochloride than
in the éorresponding.control chegse._ This was particulsarly
true in the cheese of this series which was ripened at 50° F.
However, in the case of the cheese of Series B (Table 18)

the effect was not as‘pronounced.
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In the overall picture, the cheese maintsined =t 50° F,
appeared to ripen slightly faster than &id the cheese Leld
at 450 F. This effect was probably less pronounced than it
would have been if the cheese were higher in moisture content
and slightly less acid,

In view of the limited number of triais, it would ve
rather difficult to say whether any one treatment wss consiste
ently better than another. Generally speaking, none of the
treatments effected more than a small amount of change in the

resulting cheese.
Orgenoleptic Examination and Scoring of Cheese

‘Tables 17 and 18 contain the flavor, body and texture
scores and criticisms of the cheese of these series. A4n
acid flavor wes noted in most of the cheese. This was sa
manufacturing defect snd was not related to the erperimental
treatment received by the cheeses In most cases this was not
considered to be too objectionable,

" The cheese in Series A (Table 17) showed definite Giffer=

ences in flavor development after 20 and 180 days of ripeninge.

Cheese A=-2 tended to be more mcld in character than the other
cheese. Cheese A=-3 was considered to be the best cheese of
this series. This cheese developed more flavor at both
ripening temperatures employed than Gid the three other cheese
of thié series. Cheese A-4 more closely resembled the control

cheese in flavor, body and texture characteristics than it
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did the two cheese containing cell-free extract. Differ-
ences in flavor, body and texture were less pronounced among
the cheese of Series B,

Although some differences in flavor, body and texture
characteristics among the cheese made employing the different
treatments were noted, the lack of consistency in the results
coupled with the relatively few number of trials mske it diffi-
cult to come to a definite conclusion. 1In general, though,
the cell=free extract of S. lactis, aslone or with cysteine
hydrochloride, did not exert any great effect upon the flavor
or the body and texture of cheese In which it was incorporated.

Proteolytic Activity of thé Cell=Free Extract
of S. lactis Agseinst Hemoglobin and Caseln

Using the colorimetric method, it was determined that
there was no measurable proteolytic activity against either
caselin or hemoglobin associlated with the growth medium after
the separatibn of the S. 1actis'cells.

There was & slight but consistent proteolysis asgsainst
casein assoclated with the cells of S. lactis tefore grinding.
This activity was determined by suspending approximately 1 ge.
of the harvested cells.in 50 ml. of 0.85 per cent sodium
chloride wash solutlion. The cells were separated from this
wash solution by centrifuging ir an angle-head centrifuge at
4000 r. p. me. for 30 minutes. The washed célls were resus-
pended in 20 ml. of 0.85 pér cent sodium chloride solution.

One ml. quantitles of this cell suspension were tested against
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5 mits of 0.8 per cent casein solution. Small amounts of
froteolysis were observed at pH 7.0 when an incubation period
of 18 hours at 370 C. was used.

Severel cell=-free extracts were prepared as described
under Methods in Part 2 of this dissertation. These extracts
were tested rathér extensively for proteolysis on cesein and
hemoglobine. Only a very feeble proteolysis was observed for
these cell~free extracts against casein, and their activity;
measured in milliequivalents of tyrosine present in 5 ml. of
trichloroacetic acid filtrate, rarely amounted to more than
0,000l milliequivalent of tyrosine and averesged much less.

The proteolytic activity associated with the cell-free
extract of S. lactis was evident only when incubation periods
of 12 hours or more were employed. This proteolytic activity
which was observed both in the case of the intact cells and
the cell=free extract was evident only when the amount of
trichloroacetic acid used in the method was inecreased from
10 ml., of Q¢4 N acid to 10 ml. of 1.2 N trichloroacetic acid.
Other workers (52) have fouhd it necessary to adopt a similar
procedure. The reason for this probaebly is because the higher
concentrations of trichloroacetic acid effect a more complete
separation between undegraded proteln and partially degraded
protein. Anson { 5) states that there are split products

resulting from the enzymatic digestion of hemoglobin which

are precipitated by concentrated trichloroacetic acid but

not by dilute trichloroacétic acid. Anson ( 3) further stated
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that, when strong concentrations (N/1) of trichloroacetic
acid were used along with extended incubation periods {18 to
24 hours), the proteoclysis which resulted may or may not have
been due to the action of a proteinase.

Although it was possible consistently tc demonstrate
proteclysis of casein and hemoglobin with the cell-iree extract
of S. lactis, this sctivity was so small that it was impossible
to obtain reproducible results from one experiment to another.
From the results obtained, it was concluded that only a very
feeble proteolytic activity agalnst either casein or hemo=-
globin was present in the cell~free extract of S. lactis.

On the tasis of these results, 1t would be presumptious to
make any definite ccnclusions as to the nature of the proteo=~

lytic system present in the celi-free extract of S. lactis.

Peptidase Activity of a Cell-Free Extract of
S. lactis
Two separate cell-free extracts of S. lactis were used
to determine peptidase activity., These extracts were prepared
a8 nearly as,poésible in the same manner, Neilther of the
extracts was diaiyzed for the determingtion of peptidase
sctivitye These extracts are referred to subsequently as

enzyme preparations I and Il.

Concentration of Enzyme in Reaction Mixture

Figure 9 contains representative data showing hydrolysis

of glyeyl-L-leucine and Dl-slanylglycine with increasing
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Fig. 9. Hydrolysis of peptides at pH 8.0 with
increasing quantities of enzyme prep=-
aration II.
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guentities of enzyme preparation II, For glycyl-L-leucine,

‘a stralght 1line relstionshlp was observed for hydrolysis

when enzyue quant;ties up to 0.2 ml. were employed. Wken
Ce3 to O¢7 mle. guantities of enzyme were employed the curve
tended toward the horizontal.

When DL-alanylglycine was used as a substrate, a linear
relationshlip between per cent hydrolysis of substrate and
quantity of enzyme preparation was evident for enzyie quanti-

ies up to 0.3 ml. The curve tended to fall toward the hori-
zoatal a8 quantities of from Q0.4 to 0.7 ml. ¢f enzyme prepsr=
ation were tested.

Figure 9 glso shows that the substrate DL-alanyglycine

was hydrolyzed mich more rapidly by enzyme preperation II

then was glycyl-Leleucine. Approximetely 50 per cent hydrolysis

was obtained in 18 hours with 0.2 ml. of prepsration II for
glycyl-Li=leucine., The same amount of hydrolysis of DL-galanyle
glycine was obtained in only 45 minutes with the same quantity

of enzyme prepsratlon II. Preliminary results using enzyme

preparation I were simllar to those in Figure 9.

Influence of pH on the Reasction

Some preliminary work with enzyme preparation I indlicated
that a pH optimum for this crude extract ageinst glycyl-L~

leucine existed at gpproximstely 8.0, However, this work was

' done without the use of buffers in the enzyme-substrate reac=

tion mixture. It was found thet the changes in pH when using
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unbuffered substrate were somsetimes quite considerable.
This was particularly true when working in the fE’ranges
4.5 to 6.5 and 8.0 to 10,0, Consequently, it was decided
tb employ buffers, and all of the data reported in this
section were obtained using buffers as described on page 9l.

Figures 10 and 11 contain representative dete for the
hydroiysis of glycyl-L=-leucine and DL-alanylglycine with
enzymé preparations I and II at varlous pH values. The
results for the hydrolysis of glycyl-L-leucine with prepara-
tion II at pH values from 5.0 to 9.5 are plotted in figure 10.
This plot shows a distinet optimum st pE 7.5 to 7.8. There
gppears to be but & single optimum for the crude enzyme prepar-
ation against glycyl-L-leucine, and the curve rises and falls
quite éymmetrically about this point.

For the hydrolysis qf’DL-alanylglycine with the enzyme
preparations from S. lactis, somewhat different curves are
obtained when the results are plotted. It is seen from
Figure 11 that with preparation I a rapid increase in
activityroccurs_from~p3 5.0 to apprdximately PE 6.3, The
curve fléttens'at‘this point and rises to its maximum value
at approximately pH 8.0. The activity with preparation I
then decregses rather rapidly as the reaction passes from
DE 8.5 to pH 9.0, - |

In the case of prgparation»II,’the resalts plotted in
Figure 11 indicate somewhat the same relationship. Between

pH 6.5 and pH 8,0 the curve tends to form s plateau, reaching
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40 (I) and 45 (II) minutes at 370 C.a)
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its maximum height at pH 8.1 to 8.3. For the hydrolysis
of DL~glanylglcine, it would appesr that there was a some-
what wider pE range for activity of the enzyme preparation

than was the case in the hydrolysis of glycyl-L-ieucine.

Influence of Metalilc Ions on fthe Peptidase Reaction

The effect of certain metallic ions on the peptidase
activity of the crude enzyme preparstions from S. lactis was
studied as a finsl part of this investigation. The metalliec
fons chosen for study were Mn'‘, Cu**, Zn**, ¥g''t and NitH,
These lons were used as sulfates, with the exceptlion of nickel,
which was used as the chloride.

The effect of these metallic ions, in several concentra=-
tions, on the hydrolysis of glyecyl-L-leucine by preparztions I
and II are summarized in Tatle 12, It 1is seen that the
menganese ion incressed the hydrolytic activity. The manganese
ion in concentrations from 1072 to 1075 ¥ stimulated the activ-
ity of voth enzyme preparationse.

The effect of the lons of copper, zinc and nickel in

concentrations of 102

and 10”3<§'Was to retard hydrolysis.
The zinc ion appesred to iahibit hydrolysis most severely,
while éopper and nickel were somewhat intermediate in their
inhibitory action. In the case of wmagnesium, little or no
effect on the hydrolysis of glycyl-Le-leucine was observed at
eany of the ion concentrations tested.

Table 20 gives the results of a similar series of investi-

gations employing DL-alanylglycine as substrate. Only prepar-
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Table 19

Effect of metallic cations on enzymatic
hydrolysis of glycyl=L-leucine. (pH 8.0, 37 C.)

Enzyme Metallic Per Cent Hydrolysis at
Preparation Ion* Metal Concentrations
1072y 1073w 104w 10-5u
I Control 4§”?
(0.18 ml., -
17 hrs. (s04) - 81 83 -
incubation e
period. ) (s0,) 26 29 42 -
zn**(S0,) 5 10 45 -
¥g**(s0,) | - 43 48 -
Ni*t*(cl,) | - ev 36 -
- IT Control .60
(0.4 ml., . -
18 hrs. ¥n *(304) " 90 86 88 75
ineubation . '
period.) - Cu"T(80,) | 20 46 55 85
zn**(s0,) | 11 14 52 52
++(304) 54 61 62 59
M) |9 46 58 57

ANt et e F A eI P " AT 4 W e & o

#The respective salts in the stated concentrations were
incubated with enzyme preparation for 2 hrs. at 37° C.
prior to addition of substrate.
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Effect of metallic cations on enzymatic hydrolysis
of DL-alanylglycine.” {pH 8.0, 37° C.)

Enzyme Metalllc Per Cent Hydrolysis gt
Preparation Ion*#* Metel Concentrations
1072y 10°3w 10~%y 10”5u
IT Control 55 o |
(0.2 ml. ’
40 min. Mn+*(so4) 11 16 31 50
incubation) 4
Cut(s0,) | 26 52 59 58
Zn+*(so4) - 24 54 57
Mgt*(s0,) 40 59 56 59
Ni**(Clz) 16 26 46 50

*per Cent hydrolysis of one optical isomer.

*¥Phe respective salts in the stated concentrations
were incubated with enzyme preparation for 2 hrs., at
370 C. prior to addition of substrate.
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stion II was tested in this case. The results with this
substrate are éomewhat different than those obtained using
glycyl=Leleucine., Instead of increasing enzymatic hydrolysis;
nangenese quite severely inhibited hydrolysis in all concen-
trations except that of 1079 M.

Copper, zinc and nickel glso definitely retarded hydrolysis,
~but not as drastically as did manganese. Copper inhivited only

in the relatively high concentration of 1072 M. Zinc inhibited

at 1077 M concentration but not at 10™% or 10-5 M concentrations.
Nickel retarded hydrolysis in 1072, 1072 and 1074 i concentra-
tions but had only slight effect at a concentration of 107° M.
"iﬁhe nagnesium lon apparently was inhibitory in a concentration

of 1072 } but was without apprecisble effect at the lower

concentrations.
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DISCUSSICN

it seems obvious from a review of the investigational
work carried out relstive to the proteolytic changes which
occur in cheddar cheese that the responsible factors may be

ivided into two groups. These are the proteolytic enzymes
of rennet extract added in the manufacture of the cheese
and the proteolytic enzymes associated with the bacteria
contained in the cheese. There no longer seems to bs any
doubt that the proteclytic enzymes of commercial rernet
extreect play a rather Important role in the hydrolysis of
cheese protein. However, it is gpparent from this investi-
gation that enzymes other than those of rennet extrsct must
be inveclved. By & process of eliminstion, the proteolytic
~enzymes of bacteria contained in the cheese constitute a
second group of enzymes probably responsible for proteolysis
in cheddar cheese,

Although the different investigators have disagreed
upon the relative importence of rennet extract in ths
hydrolysis of cheese protein, most iorkers have shown that
rennet does éontribute.significantly té fhe:observed proteo~
lytic changes. It 1Is felt that some of the confllicting
results with rennet extraét in cheese hsve arisen as a result

of different methods ofvanalysis of cheese protein during the
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ripening periocd. Other conflicting results have come about
through measurements of proteoclysis under conditions which
were not at all normel in the chsese. Thus; the use of
chloroform {6 ) in an attempt to eliminate the beeterial
factor in cheese ripening would not asppear to be a desirgble
procedures The main objection to the use of chloroform in

a cheese ripening study is that it results in s product which
is orgsnoleptically almost impossible to evaluete.

While some of the different findings relative to the
action of rennet extract in cheddar cheese may be explained
on the basls of the different Investigational procedures
involved, it is difficult to explain some of the more or
less opposite findings in this regards An exemple of such
is the work of Peterson, Johnson and Price (53), in 1948,
These workers concluded that only a small portion of the
total proteiﬁase activity in cheddar cheese was contributed
by the remmet extract. Their results indicated = very gradual
increase in the proteinase content of cheddar cheese during a
300 day ripening peribd. The proteinase content of the chsese
during the first 24 hours of the ripening period was extremely
smell and only about one-fortieth of what it was at the end
of the ripening period. These results are incompatible with
those obtained in the pfesent investigation. This apparent
anomaly may possibly be explained on the basis of the method
which these workers ussd to prepare the cheese samples for

the estimstion of proteinase activity. These workers blended
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a sample of cheese in distilled water in a Wering blendor

run at low speed for 2 minutes and at high speed fdr an
additional 7 minutes. Somewhat the same procedure was used
in the present investigation, and it was found that the blend-
ing produced rather considerable gmounts of foam. Schmidt-
Nielsen and Schmidt-Nislsen (56) reported that rennin was
irreversibly denetured through precipitation in the walls of
a fogm and vigorous shaking deactivated the enzyme for thst
reason.

In addition to the treatment given the cheese sanple to
be analyzed for proteinase conteﬁ%'described gbove, the blend=
ing operation was followed by passing the sample: through a
hand homogenizer five to six times before addition of a por-
tion of the sample to the substrate solﬁtion. Following the
addition of the enzyme~containing suspension to the’subst:ate
solution, the resulting mlixture was shaken vigorously for 30
seconds and then run quickly through a hand homogenizer two
to three times. Probably the enzymes of rennet were impaired
by this rather drastic treatéent. vaoteinase activity dQue
to them may have been at a very low level if not completely
lackiﬁg in the cheese samples handled as described by these
workers.

As to the effect of rennet extract on flavor developmeﬁt
in cheddar cheese, it is spparent that rennet is only one of
several factors involved in this phenomenon. Mozt workers have

agreed that the use of abnormally large guantities of rennet
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extract in the manufacture of cheddar cheese leads to some
ixprovement in flavor. However, increasing the amount of
rennet extract employed in the manufacture of cheese does
not solve entirely the problem of flavor development. A4n
explanation of this may be that the products of digestion
of cheese protein by the enzymes of rennet extract are con=-
fined to the higher decomposition bodies, Well-ripened
cheese, on the other hand, has béen associated with an
increase in the amino nitrogen fraction during the ripening
period. |

The chief objection of some workers to the use of gbnor=-
mally learge quantities of rennet extract in the manufacture
of cheddar cheese has been that the body and texture of the
resulting cheese were of inferior quality. This effect was
rot observed in the present investigation. The use of 6
ounces of rennet extract per 1000 1lbs. of milk gave better
results for the body and texture of cheese in which 1t was
contained than did elther 2 or 4 ounces of rennet extract,
It is pﬁssible that tbis effect may be due to the lower
moigture content of the cheese which was made for this investi-
gation. The effect on body apd texture probably should be
determined by each individusl cheesemeker when contemplating
the use of increased amcunts of rennet extract &s an aid in
the ripening of cheddar cheese. ,

In the preparation of rennin according to Hankinson {29),
some Gifficulty was encountered on one occasion in obtaining

a fully active preparation at the end of the purification
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probedure. Another worker {11) has stated that @ifficulty
was encountered in getting the method of Hankinson to work
satisfactorily. It was felt that the difficulty in the
present investigation was caused by inadvertently adjusting
the pH of the sclution during the purification procedure to
about 7.0. Hankinson states that the pH zone should be
limited to 4.5 to 8.5, and another worker (47) ras shown
that remnin is slowly denatured at pE values in excess of
6.0, -

From the known characteristics of rennin, it would not
be expscted that its action in ?heddar cheese would be much
different than rennet extract. ‘Sueh was the case in the
relatively few triais made in the course of this investigation.
Freemen and Dahle (26) found that incorporation of pure rennin
in.addition to the usuwal amount of remnet extrsct iIn cheddar
cheese resuited in greater proteolysis in that cheess. Also,
the quantities of rennin added were of only small valiue in
hastening the §roduction of flaver. Although there was &
rather small number of trials, tﬁe results attained were in
accordance with those of the present investigation,

In some of the reported work comparing the action in
cheese of pure remnin and pure pepsin with that of rennet
extract, the interpretation of the resﬁlts has been cdifficult
because the enzyme quantities used were.not equal in their
effective concentrationsgs. Sherwood (Sé)'camé to the conclu=-

sion that protein breskdown due to pepsin in cheese was much
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less than that due to rennet extrsct. It may be noted that
the ﬁilk coagulation time when pepsin was emplcyeld was longer
than the time when rennet was employed., In fact, the differ-
ence in ccagulating time was eliminated by ripening the milk
to 0,195 per cent acid when pepsin wes the coagulant exployed,
It is felt thet the use of equal coggulating guentities of
enzyme affords a much better basis of comparison than any
other method which has been suggested.

The method which was used to measure proteoiytic activity
of the enzymes of rennet on hemoglobin is specific for prote=-
inase activity, according to Anson (3). Anson states that
when the hemoglobin method is used only the first stages of
digestion are measured, for only a small smount of digestion
is needed to make hemoglobin unprecipitable by trichlcroacetic
acid, and, therefore, only true proteinase is estimated. In
the hemoglobin method as edopted for use in this investigation,
& hemoglobin bowder (Merck) was used with entirely satisfsc-
tory results. Other workers (50) recently have reported good
results using almost the same method as reported herein.
Centrifugation of the trichloroacetic acid-precipitated
protein was employed in preference to filtration, since more
reproducible results could be obtained,

The results of the present investigation in regard to
the proteolysis of hemoglbbin by rennin have shown that
rennin possesses hydrolytic as well as coagulating moperties,

Kot only has it been shown to have a hydrolytic action against
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hemoglobin, but the results of this investigation have shown
that it is able to hydrolyze casein at a pH not far removed
from that of ripeniﬁg cheddar cheese.

The action of the rennet enzymes on caselin were studied
at pH 5.4 since thlis has been reported by several workers (4s6)
as the iso=-electric point of rennin ana the region at which
it eoagulates milk optimally. According to the results plotted
in Figure 8, rennin has much more pronounced proteolytic activity
at pH 5.4 than 1t does at pH 2.0, This would indicate tkhat the
remmin had been freed of pepsin to some extent. Whether or not
rennin is gble to hydrolyze caseln at pH 2.0 would influence
any conclusion as to the relative purlty of the enzyme as
determined on the sbove basis. The work of Berridge (16) with
a rsther pure rennin preparetion indicated that hemozlobin was
proteolyzed at pH 2,0 by rennin.

The action of rennet extract on casein was approximately
the same at pH 5¢4 as it was at pd 2,0 The dats plotted in
Figure 8 indicate that rennin possessed about 80 per cent as
much activity against casein at pH 5.4 a3 did the rennet ex-
tract from which it was obtained. This is good evidence that
the rennin which is contained in the rennet extract probably
is respounsibls for the greater part of the protein hydrolysis
of ripening cheese. This conclusion is based on the assump=
tion that a separation between pepsin and rennin was effected
in the preparation of rennin from commercial rennet extract.

A comparison of the proteolytic activitles of rennet
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extract and rennin against casein at pH 2.0 {(Figure 8)
indicated that rennin possessed about 50 per cent as much
activity as rennet extract. This is additional evidence that
comnercial rennet extract is composed of pepsin and rennin,
both of which are capable of hydrolyzing casein.

The werk which has been reported herein has indicated a
very strong relation between coaguléting activity and extent
cf proteolysis by the respective enzymes. Increases in the
quantities of enzyme tested resulted in increases in pro-
teolysis of hemoglobin and caseine It was noted that these
incrseaeses in proteolytic activity never were of an sxactly
linear nature, even'whén measured at'pH values supposedly
optimum for the enzymes'be}ng tested. However, nelther rennin
nor rennet extract obeyed the so-called law of Segelcks and
Storch under the experimentally eétablishgd cbndifions; the
product of the time required for coagulation and the concen-
tration of enzyme was not a constant but ;ncreased as the
quantity of standard‘en?yme solution was increased from 1 to
4 ml, The evideﬁbe linking cbagulation with proteolysis indi-
cates thet coagulation may be only the first step in themﬁydrol-
ysis of éasein, and that these two processes are not separste
and distincte

A crifical review of the work dealing with proteolysis by
S. lactis in milk and cheese leads one to several conclusions.
That S. lactis organisms growlng in pure pulture in skim milk

are able to attack the casein contained therein and degrade
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it at least to the amino acid stage has been definitely
established.s A further fact in this connection is that these
enzymes are 1phibited to some exfent by the acid which arises
as a result of orgenism growthe. Whether the inhibitory effect
of the acid is a true inhibitlon of the proteolytic enzymes or
whether the effect is a manifestation of the cessation of
growth at pH va;ues of approximately 5.0 is not kmnown. That
inhibition of proteolytic enzymes mey be one of the resassons
for growth stoppage is, of course, a possibility. It has been
demonstrated in this investigation that hydrolysis of two
synthetlc peptides by a crude extract of S. lactis cells was
very slight at pH values approximeting 5.0,

Arranged alongside this evidence are the facts as they
are known concerning the hydrolysis of cheese protein during
the ripening reriod. There are enzymes present in cheese,
other than those contained in rennet extract, which proteolyze
the caseins. These enzymes are capable of hydrolyzing the caseln
to amino acidé and armonla, while the extent of proteclysis in
cheese by'rennet-extract.has been shown to ﬁe largely confined
to the higher protein decomposition §roducts. Thus, the extent
of proteolysis by the enzyﬁes of rennet is not believed to be
a crlitical factor in regard to the development of cheddar cheese
flavor.

From the gabove discusslon, and from the results obtained
iﬁ the present investigation, one might predict that proteolysis

in cheddar cheese due to the action of S. lactis would be much
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less pronounced than that due to remnet extract. In addition,
there is snother factor which has not been mentioned before
which would contribute to the apparent insctivity of the
enzymes of S. lactise. If the enzymes which are concerned are
endo=~cellular in neture, their sactivity may have to wait upon
death and autolysis of the bacteriz in which they are contained.

In the light of the above discussion, it is not altogether
strange that the cell-free extract of S. lactis added to the
milk used for chedder cheese menufacture ln the present studies
produced no consistent change, However, there are influencing
factors in regard to the results obteined which were more or
less impossible to.control. Ariereas the greater pért of the
bacteria contained in the milk are retained in the cheese=-curd,
it is not known what bortion of the cell=free extract which was
added to the milk was retained in the curd. It is not defi-
nitely known that the enzymes responsible for the proteolysis
which has been ascribed to S. lactié ere endo=-cellular in
nature. The work of Collins and Nelson {19), in 1949, indi-
cated thet a very substantial portion of the total soluble
nitrogen preduced by S. lactls in skim milk culture wss formed
Guring the first 24 hours of growth. This would seem to Iindi-
cate that the activity of the enzymes responsible for the
observed degradation of casein would not have to walt upon
death and eutolysis of the bacteria from which they were
produced.

A8 to the effect of the cysteine added in the manufacture
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of the cheese, if is possible that the gquantity asdded was too
small to effect activation of whatever enzymes in the cheese
might have been cysteine-activated. It 1s pertinent to point

. out here that Peterson et al. (53) found that the greater
portion of the active proteinase in cheddar cheese was of
bacterial origin with only a small portion of the total
activity being contributed by the milk ané rennet. In addition,
it was found that a portion of the proteinase of cheddar cheese
could be activated by cysteine.

It also is not too surprising that the cell-free extract
of S. lactis showed only a feeble hydrolytic action on hemo=-
globin and casein substrates under the experimentally estabe-
lished conditions. Unpublished data (23 ) by another worker
in this legborstory have shown that the proteolytic enzymes of

S. liguefaciens sre adaptive in nature. It has been found

that casein was not proteolyzed to any great extent by the

exo=cellular enzymes oftginliquefaciens uniess casein'was
included in the medium used for the growth of the organisms
and elaboration of the enzymes, It 1s quite probable that
the proteolytic enzymes of S. lactis may be similar to those

of S. liquefaciens, and, if such is the case, some of the

difficulty encountered in the present investigation may be
explained on this basis.

Although this latter portion of the investigestion
concerned with proteolytic activities of S. lactis gave

largely regative results, measurement of the peptidase
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activity of the cell~free extract of S. lactis gave much more
clearly definable results. This study of peptildase activity
using synthetic peptides as substretes was intended tc be
only of a preliminery nature in this investigation. However,
there are indications that a pursuance of this particular
phase of the provlem might yield valusble information rela-
tive to the cheese ripening protlem. This should be true not
only relative to the enzymes of S. lactis but also to the
enzymes of the lactobacilli,

The results obtained in regard to the effect of certain
metals on the hydrolysis of synthetic peptides by the celle
free extract of 8. lactis possibly may provide evidence as
to why very small amounts of copper are effective in retarding
the development of normel cheddar cheese flavor. It is known
that flavor development can be improved if the copper content
of cheese be reduced below 2 p. pP. Ms DYy removing all exposed
copper from the chesse factory. If copper alone is csgpable
of exerting such an influence, it is possible that other
metals may act in a similar fashion. This phenomenon seems
worthy of investigetion, and it would sppeer that investiga-
tions similar to that dealing‘with the peptidases of S. lactis

would offer a point of attack.
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SUMMARY AND CONCLUSIONS

1. Several series of cheese Were manufactured employing
quantities of from 1.5 to 8 ounces of rennet extract per
1000 los. of milk. The effect of these quantities of rennet
extract on soluble nitrogen, and on the flavor, body and
texture character@stics of the reSulfing cheese were deter-
mined. Rennet extract was shown to be a very important agent
in the hydrolysis of chesse protein, However, rennet extract
was not responsible for all of the soluble nitrogen produced .
in cheese during a ripening period of 180 days at 43° F, 0Of
the total soluble nitrogen present in cheese at 42 days of
ripening,‘épproximately 16 per cent was formed by the sction
of 2 ounces of rennet extract. This velue had increased to
approximately 23 per cent et the end of a 180 day ripening
period,

2¢ The use of 6 ounces of rennetvextract per 1000 lbs. of
milk resulted in cheese having slightly higher flavor scores
than for cheese made with 2, 4 snd 8 ocunces of rennet extrsact.
3« In the cheese which was manufactured for this investiga-
tion, the use oflquantities of rennet éxtract up to 8 ounces
per 1000 lbs. of milk did not result in objsctionable body
and texture characteristics during a 180 day ripening period

at 43° F. The use of quantities of rennet extract of from
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1.5 to 8 ounces per 1000 lbs. of milk introduced no objection=
able irregularities in the menufacturing process of the cheese.

4, In 2ll of the cheese which was examined it appeared that the
use of increased guantitlies of rennet extract contributed to

both flavor and body and texture development. The differences

in flavor scores were slight, however, the cheese containing the
larger guantities of remnet extract consistently scored higher

in flavor thean the cheese with the smallest quantity of rennet.
The effect on body and texture development probably was relatively
more importent than the effect on flavor development.,

S5¢ The effects of rennet extract, rernnin and two remnet powders
were compared in cheddar cheese made from pasteurized milk, These
enzymes were used4in amounts which were approximstely eqﬁal in
their coagulating activity egeinst milk. XNo consistent differences
in soluble nitrogen production or in the flavor, body and texfure
characteristics among the resulting cheese were observed,

6+ A rennin preparation was defermined to have gbout 13 times

the milk-coagulating activity that the commerciel rennet extract
from which it was obtained had per unit welght of nitrogen and
about 10 times as much activity per unit of salt-free dry weight.
The relative milk coaguleting asctivities of the rennet powders
were from 6 to 8 times that of commerciel rennet extract on a
nitrogen basis. On s salt-free dry weight basis, rennet powder A
hed sbout the same coagulating activiiy as rennet extrsasct, while
rennet powder B was sbout 5 times ss active as rennet extract.

Te Proteolysis by rennet extract, rennet powders A and B and

rennin was studied using hemoglobin and casein as substrates.
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Maximum velues for proteinase activity of commercial rennet
extract, rennet powder A, rennet powder B and rennin on hemo~
glooln were obtained from pH 3.5 to 3.7. For all of these
enzyme preparations, the activity against hemoglobin at pH 5.0
was practically negligible.

8¢ The proteinase action of rennin was differentisted from
that of commercial rennet extract. Smaller values for
proteinase activity from pH 1.5 to 2.5 were obtained with
rennin than with rennet extract. This indicated that pepsin
was present in rennet extract, and that it was partially or
completely removed in the rennin purification procedure.

9+ The proteinase activity of rennet extract on hemoglobin
at pH 345 to 3.7 was apparently due to the action of both
pepsin and rennin but was considered to be largely due to
rennin,

10. Powder A was intermediate between remnet extract and
rennin.in its proteinase activity sgainst hemoglobin. Powder B
more nearly resembled rennin in regard to its activity on
hemoglobine

1ll, The action of rennet extract on casein was approximately
the same'ét PH 5.4 as it was st pH 2.0. Rennin possessed
about BO'per cent as much gctivity agaeinst casein at pH 5.4

as did the rennet extract from which it was obtained. From

these facts, it was concluded that rennet extract was com-

posed of both pepsin and rennin and that the rennin which was

contained in the rennet extrsasct probably was responsible for
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the greater part of the protein hydrolysis of ripening cheese.
The results obteined in the hydrolysis of casein, using
different concentrations of rennet extract, were parallel to
the results obtained for soluble nitiogen in cheese employing
different concentrations of rennet extract.

12, The action of the rennet powders cn casein was more
pronounced at pH 5.4 than at pH 2.0. In this respect they
more nearly resembled the asction of rennin than rennet extrsacte.
13. Addition of cell=-free extract of S. lactis to cheddar
cheese did not cause any appreciagble difference in rate of
cheese ripeninge. Cysteine hydrochloride added in combination
with the cell-free extract of S. lactls or by itself did

not alter the rste of ripening of the cheese in which it was
incorporated.

14. There was not enough proteolytic activity associated
with the cell-free extract of S. lactis, as prepared in this
study, to be messured accuraﬁely, using either hemoglobin

or casein as Substrate.

15. MNeasurements of hydrolysis of glycyle=Leleucine with the
cell=free extract of S. lactig Indicated an optimum at pH 7.6
to 7.8. For the hydrolysis of DlL-alanylgiycine with the celle
free extract of S. lactis, the pH range of optimum activity
was less well defined. An optimum was indicated at ebout

PE 8.0.

l6. The hydrolysis of Dih-glanylglycine proceeded much more
rapidly than d1d the hydrolysis of glycyl-L-leucinee.
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17. Hanganese ions increased the rate of hydrolysis of glycyl-L~
-leucline by the cell-free extract of S. lactis. Copper, nickel
and zinc ions retarded hydrolysis, while magnesium ions had no
apparent effsct. When DL-glanylglycine was used as substrate,
the presence of mangsnese ions inhibited hydrolysis, while
copper, nickel and zinc ions inhibited but to a lesser degree

than did mengeanese. Magnesium lons were without appreciable

effect,
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