Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



PROPERTISS OF SOUL ANIMAL DERIVED

MITK COAGULARING BNZYMNS

A thegsis presented in partial fulfilment

¢f the regquirements for the degree
of

DOCTOR OF FuHILOSOE:

MASSEY UNTTVEHSTTY

Neil Harvey Clarke

1975



Extracts of milk cecagulating cnzymes were obtained,
adult bovine from the abomasung of pasture fed cattle and
Llamb rennet frow the abomasuns of partially «ill Ted
larbs glaughtered betwean thiree ond six months of age,

Both rennets wex in the presence of sodiun chloride,

ey
most stable at 10°C or lower ab vE 4.7 for adult bovine
and wml 4.1 for lanb, Heat treatment in a codiwn
chloride solution (200 =g/~1) at 48°C for 50 miuutes
red less than 354 of the activity of each rennct,

the sane coaditions calf rennet was completely

The cheegemaking properties of adullb wovine aad larmd
renncts were compasred with call rennet. Adult bovina engd
call rennets responded similarly beo changes of pd hoavaver

lamb rennet appeared less active then cali renunet at

1 caseirnate solubtionr but

e

higher pH's when measured
appeared mere active than calf renunet when measuiraed in
milk by a curd tension method. The optimun Lemperature
for milk coagolating activity was 40°C Tor adult bovine
and calil rennets but only 30°C for iamb rennet when
measured in caseinate solution. The curd tension of milk
coagulaved with the three rennebts increased with time hbut
both adult bovine and lamb rennats appeared more
gensitive to milk calcium levels than calf rennet. Vhole
casein, @~y B and k-caceins were nydrolysed in a
similisy nanner by the three rennets. Adult bovine rennet
was the rost proteolytic on wihole and p- caseins while
calf rennet hydrolysed @ = and k-caseins more rapidly
than tne other rennets.

Two pepsins,; of similar amino acid compesitions
were isolated, one from adult bovine remmet and one from
lamb rernet wnich also contained a rennin, All three
enzynmes were purified so that lamb rennin and pepsin each
produced only a single band on polyacrylamide gel



clectrophoresis but the adult bovine nepsin produced two

bands and appeared Lo he helerogeneous,

Cheese nade with adult bovine, lanb or a 50/50
mixture of calf-adult hovine rennets were conpared with
cheaese muade wilh calf rennet andé found to be sivilar in
ranufacturing characteristies, {lavour and hody alter
three and six months storage st & or 1300. Polyacryla-ide
sel electrophoretograng of these cheese affer one {o

2

: ) : s
twelve months shorage at H°C shawed that the nilk
coagulant had no affect on the casein degradation

nrodnchs produced in the cheese zlthoush the rate of

[
i

fegredation varied slighbly,

Perchloric =2cit wae found to be a rfood proiein
precipitant for queaching cacein-renncel resctions =znd wag
ntilized in 2 -~ethod wiieh was Gavelopeﬁ for agsaving

i1% coagulsabing activity, Rernet was adlds to solius

castinate colution and one ~innbe leter the resction
cvenched witoh perchloric acid, The guantiiy of penhiles

hycrolysed fro the cascin was measured at 217 nv and was
directly prouortionzl bo rennet achivity over a limited

range of activity.

A method for removing mucoproteins, the major
impurity in rennet, was developed and a comnercial scale
plant commissioned, A4 diethylaminoethyl cellulose bhaszed
resin, equilibrated with a citrate buffer, retsined the
rermet enzymes while the mucoproteins passed through
uninrhibited. The enzymes were eluted with the same
buffer made 1,0 M with sodiu~ chiloride, The eluent wag
more active than the original rernet, was crystal clear
in appesrance and re~ainad so during twelve onths
storage when nor~ally —ucoproteins would have
precipitated out of solution to for~ a cloud in the
rennet . -
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CHAPTER I N
INTRODUCT ION

One of the first steps in the manufacture of most
varieties of cheese is the use of milk coagulating
enzymes to precipitate casein and so form a gel. Until
the last decade virtually all cheese was made with
rennet extracted from the abomasum of young calves,
However in the early 1950's the slaughter of young
calves declined due to smaller dairy herds throughout
the world and the increase in the number of calves being
raised for beef production., For example in the United
States of Awerica the number of calves slaughtered
dropped from 12,5 million in 1955 to A.9 million in 1953
and further to 4.1 willion in 1970 (USDA reports). In
New Zealand the number of calves slavghtered was more
stable but dropped from 1,24 million in 1954 to 0.95
million in 1973 (N.Z. Dairy Board Annual Reports, 19455
& 1974). During this same era world cheese production
was estimated to have increased from 3.8 to 4.2 million
tons from 19656 to 1970. Thus the increase in rennet
requirements from 1.59 to 1.78 million gallons per year
was approximately a 10% increase for the five year
interval (Coward, 1972).

The decrease in the number of calf abomasums at the
same time as cheese production was increasing led to an
unavoidable shortage of calf rennet but other enzymes
capable of coagulating milk have been forthcoming to
fill the gap. Most, if not all, proteases are capatle
of coagulating milk under suitable conditions but they
may break down caseins in the cheese curd too rapidly
and too extensively., An alternative milk coagulating
enzyme must be similar to calf rennet in having high
milk coazgulating and low proteolytic activities (Fox,
1959, D).



12

A large number of micro-organisms and nlants have
been proposed as sources of milk coagulating enzymes
(Sardinas, 1972). The most sucessful of thase have been
enzymes from two mdlds Mucor pusillus Lindt (Tsugo et al,

1964) and Mucor miehei (Aunstrup, 1969), Loth of which

are in commercial use in many countries, However
microbial rennets are usually more proteolytic than
animal rennets (Hansen, 1970) and nence a grealer

interest nas been shown in milk coagulating enzymes from
animal sources. Porcine pepsin has been used extensively
as a milk coagulating enzyme (Maragoudakis, Young & Stein,
19561; Melachouris & Tuckey, 1964) both alone and in
mixtures with calf rennet (Green, 1972). However poicine
pepsin will not readily coagulate milk above pi 5,68
(Ernstrom, 19%1; TFox, 1959 b ) and is no%t as active alb oi
values close to ©,% as calf rennet or bovine pepsin (Fox,
1969, b). Bovine pepsin from older calves or adult cattle
has been used with calf rennet but it was not until 19°9
that Fox (1969, b) reported an investigation of bovine
pepsin as such, Ovine pepsin, an extract of milk
coagulating enzymes from the abomasums of older lambs, has
not been used for cheesemaking but its suitability as a
reunet substitute was reported recently (O'Leary & Fox,

1973).

In New Zealand there are approximately 23 million
four to twelve month old lambs and 1.3 million cattle over
three months of age slaughtered annually (N.Z. HMeat
Producers Board 52 Annual Report, 1974). Thus there are a
large number of abomasums from these two species available
for the extraction of milk coagulating enzymes and the New
Zealand Co-operative Rennet Co. ILtd.,, £ltham, New Zealand,
has established commercial methods to extract milk
coagulating enzymes from the abomasums of bobth lambs and
cattle.
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This thesis reports an investigation of the
properties of the enzymes from lamb and adult bovine
extracts and their use for cheesemaking, A
commercial method for the purification of milk
coagulating engzymnes from a2 crude extract is also
described.



CHAPTER II

RENNET ASSAYS

REVIEW OF TLITARATURE

The coaemlation of milk

The addition of one part of renne% to 5,000 to
10,000 parts of milk will cause the milk to gel in 10 to
20 minutes at pH 5.5 and 30°C. The process has three
defined kinetic stages, which Tuszynski (1971) has
called enzymatic, floccuvlation and gelification. The
first two stages are interdependent (Foltman, 1959) and
calcium ions are necessary for the last two stages. The
gel, which is formed by rennin modified casein, traps
most of the milk constituents and becomes firmer with
time until it is cut to expose a large surface area for
moisture expulsion. This is the basis for the
manufacture of most varieties of cheese,

The primary vhase, The primary phase of rennin

action on casein is the release of highly acidic peptvides,
including glycopeptides, from k-casein (Alais, 1955;
Armstrong et al., 1957; Wake, 1959) by hydroiysis of a
phenylalanine-~methionine bond (Jolles, Alais & Jolles,
1968). This destroys the micelle stabilising properties
of the k-casein (Wake, 1959). The coagulation of milk is
largely deter-ined by this primary phase of rennin action
and hence by the amount of k-casein susceptible to atback
by rennin (Wheelock % Penney, 1972). The action on
purified k-casein liberates a restricted number of
peptides soluble in trichloroacetic acid (Armstrong et
al., 1957) but under normal wmilk coagulating conditions
suchh compounds are not split from other milk protein
fractions by rennin (Wake, 1959). Modification in
k-casein of any one of the following amino acids,
histidine (Hill & Taing, 1955), lysine (Hill & Craker,
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1968) and arginine (Hili, 1970) inhibits coagulation of
rennin treated casein. These three amino acids are
considered to form pari of a positively charged region
of k-~casein that is important in the coagvlation of
casein ({1111, 1970),

The flocculation of whnole milk by remnin is first
obsarved aboui the time the quantity of scluble
glycopeptides reaches a maximum (Castle & Wheelock, 1972)
and the flocculation time is inversely proportional to
both the total amount of glycepeptides released and the
initial velocity of their release from that milk
(Wheelock & Penney, 1972). The total amount of
glycopeptides released from any one milk is constant bub
the initial velocity of their release is proporsional te
rennin concentration at low levels of rennin (Castle &
Wheelock, 1972). The variation in flocculation times Tor
different milks is probably due to the above Tactors waich
atfect the rate of the primary rennin action on k-casein
although the size and structure of the micelles may also
be involved {%heelock & Penney, 1972). Primary renain
action on milk releases peptides which contain sialic
acid more slowly than peptides withouy sialic acid
(Wheelock & Xnight, 1959) and there is an increase in the
ratio of il-acetyineuraminic acid to D-galactose in the
glycopeptides as tiie reaction proceeds (3inkinson &
wheelock, 1970). This evidence suggests that the
structure of the k-casein carbohydrate moiety may also
be a factor in determining the rate at which the
glycopepiides are released by rennin (Sinkinson &
Viieelock, 1370) possibly by affecting the affinity of the
enzyme for the substrate (¥heelock & Perney, 1972).

Factors affecting milk coagulation. The flocculation

time of renneted milk has been found to be closely related
to pH (White & Davies, 1958; YcDowell, Pearce & Creamer,
1969) and it appears that weak relationships between the
concentrations of milk constituents and flocculation time



can be attributed to the effect of pH on the concenira-

tions of these constituents (White & Davies, 1958). The
ionic strength of a soiuntion affects the rate of rennin
action which reaches a maximum at an ionic strength
equivalent to 0,025-M sodiur chlcoride for a wide range of
salts (Kato et al,, 197?). However the most necessary

ion for rennin coagulation of milk has proved to be
calcium, It has been found necessary for the formation

of casein micelles (Zittle, 1970; Lin et al., 1972) which
bind available calcium until they are essentially iso-
electric (Zittle, 1970), Hence the addition of calciun

to milk accelerates the secondary phase of milk coagula-
tion (Green, 1972), increases the pronortion of casein in
the micelles (Green, 1972; Lin et al,, 1972) and the
amount of calcium bound by the charged groups orn the
casein (Green, 1972).

Milk treatment prior to rennin action also affeacis

coagulation. For example,

(i) ultra-high temperature treatment of
milk causes partizl inhibition of
rennin action probably due to the
formation of a ﬁ—lactoglobulin—k—
casein complex (Hindle & Vheelock,
1970).

(ii) holding milk before rennin treatment
or lowering the milk pH reduces the
gel firmness in rennin treated milk
although the flocculation tiwe is
not affected (Tuszynski, Burnett &
Scott-Blair, 1958),.

The role of electrostatic forces, It has been

suggested that adding calcium to milk reduces the
negative charge on the casein micelles, and consequently
the repulsive forces between the micelles, thus promoting
micelle agregation after rennin treatment (Green, 1972),
A similar reduction of electrostatic forces by salts has
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been shown to give firmer gels of k-casein than are
obtained in salt free solutions (Zittle, 1970). I} has
been shown that the role of calcium during casein
coagulation by rennin is not the formation of bridges
between the micelles {Green, 1972) and that the effect
of magnesium chloride on renneting time is similar to
that of calciu~ ions (Pearce & Creamer, 1974), Both of
these facts support the idea of cations reducing
electrostatic forces between micelles,

Other observations of milk behaviour and coagula-
tion have also been explained in terms of electrostatic
forces bejween micelles, Bven though rennin hydrolyses
k-casein al a reasonable rate at low temperatures the
milk does not coagulate until warmed (McKenzie, §971).
During the cooling of the milk it appears that both p-
and k-caseins are released into solution as their calcium
complexes, This increases the negative charge on the
micelles. Therefore repulsive forces between both native
and rennin treated micelles zare higher at lower
temperatures and are sufficient to prevent aggregation of
rennin treated micelles. An increase in milk temperature
reduces the negative charge on the micelles, and hence
the repulsive forces between them, and rennin treated
micelles will aggregate (Green & Crutchfield, 1971).

A model., The mechanism of milk coagulation can
perhaps be best explained by the use of a model of a
casein micelle (Garnier & Ribadeau Dumas, 1970) which
explains most of the properties of micelles. The model
comprises an average repeating unit of one k-, twoa &
and two f-— casein subunits assembled in a porouvs three
dimensional polymer in which trimers of k-casein occupy
the nodes and copolymers of L and P -caseins the
branches of the network, All associations between the
subunits are through non-covalent bonds and it is
suggested that calcium or caleium phosphate has an

affinity for the subunits such that they can arrange them
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spatially to promote the early stages of micelle
formation (Garnier & Ribadeau Dumas, 1970).

Evidence supporting this model has ccme from several
workers and includes the reports that casein micellesg
appear to be of uniform composition throughout for both
k-casein (Green & Crutchfiela, 1959) and the three major
caseins (Ashoor et al., 1972)., Micelles were found to be
porous enougn to allow rennin sized moiecules to penetrate
readily (Ribzadeau Dumas & Garnier, 1970) and a micelle
framework of as-casein in which 30 to 505 of the 8 —-casein
has a structural role has been reported (Fox & Guiney,
1973). However other reports suggest that the model does
not fit all data. For instance a micelle framework of
mainly o -casein has been reported (Lin et al., 1972) and
the non-availability of the as—casein and part of the
B —casein for rennin hydrolysis dnes nct support the idea
of a cowpletely porous micelle (Fox & Guiney, 1973).

However thne micelle model explains and agrees with
mach of the reported knowledge of milk coagulation. Rennin
action transforms all the k-casein to para-k-casein within
the micelle by spitting off acidic peptides (Garnier &
Ribadeau Dumas, 1970). It has been proposed that the
coalescence of the micelles is tnen due to either a
collision of two trimers of para-k-casein on the exterior
surfaces of the micelles (Garnier & Ribadeau Dumas, 1970)
or that the attractive forces between the micelles are
greater than the repulsive forces because of a lower charge
on rennin treated micelles than on native micelles (Green &
Crutchfield, 1971) or a combination of both (Green, 1972).
After coagulation a close packed network of copolymers of
the caseins is formed (gelification) either by mechanical
disruptions of micelle structure bringing trimers of para-
k-casein into contact and possible linkage (Garnier &
Ribadeau Dumas,.1970) or electrostatic interactions between
micelles cause bonding between the relatively acidic O =
and p-caseins and the relatively basic para-k-casein



(Green, 1972; Talbot & Waugh, 1G70) or a combination of
both (Green, 1972). The strength of the network depends
upon the nuwber of linkages between subunits which
becore rore tightly packed with each new bond expelliing
the internal aqueous solution (whey) i.e. syneresis
occurs (Garnier & Ribadesu Duras, 1970). Acid production
in cheese curd aids syneresis, probably by & furiher
reduction of replusive forces between subunits. Thus
rennin causes the ceoagulation of the casein in milk and
aided by acid production and usually heat, both of which
reduce repulsive forces between micelles, force whey
from the cheese curd., iHence the basis of cheese
manufacture,

Rennet assays

Rennet is manufactured, sold and used on an aciivity
basis and therefore a reliable assay method is most
necesgsary. There have been several assays proposed but
most do not relate assay conditions to those used in
cheesemaking,

Comparison of coacsvlation times, The most widely

reported assay for milk coagulating enzymes uses a
calciun enriched reconstituted skim milk as substrate and
is based on the corparison of coagulation times for
solutions of unknown with solutions of known enzymre
activity (Berridge, 1955; &Ernstrom, 1958). A similar
assay using k-casein as substrate has been described
(Douillard & Ribadeau Dumas, 1970). Both of these
methods rely upon operator judgement of the same end-
point for several samples coagulating over a period of
some minutes, A major disadvantage is the need to
maintain a reference rennet of constant activity and the
need of a specially adapted water bath, In additien the
assay 1s accurate only if the coagulation times are
similar to that of the reference rennet and as mentioned
the assay conditions are not the same as found in cheese-~



making, for which the rennet is produced. This
complicates the comparison of different enzymes
unnecessarily.

Recorded end-points. Several methods with recorded
end-points which eliminate operator end-~point judgement

errors have been proposed. However one method reguires
overnight incubation (Lawrence & Sanderson, 1959) while
others require synthetic substrate preparation (Hill,
1969; Raymond et al., 1973; Polzhofer, 1972). These
methods are all very time consuming. Another method
(Everson & Winder, 7998) measures the increase in the
velocity of sound waves passing through a milk-reniiet
mixture when coagulation occurs but this method requires
elaborate eguipment. Methods that measure the increase
in soluble casein after enzyme action (Kato et al., 1972;
Gavin & Nick, 1971; Zittle, 1965) are not as sensitive as
a milk coagulation assay (Berridge, 1955; Ernstrom, 1958),
and those that follow rennet action by monitoring thne
turbidity produced in k-casein solutions do not appear to
be suitable as an assay for rennet activity (Lawrence &
Creamer, 1959). Other methods measure rennet activity
from the hydrolysis of the £ -chain of insulin (Fish,
1957) and haemoglobin (Herriott, 1955) but these methods
rely upon the general proteolytic activity of rennet and
not its specificity for the phenylalanine-methionine
bond of k-casein,

A_proposed assay. It can be concluded that there
exists a need for a rapid simple assay whica uses

conditions similar to those employed in cheesemaking and
which has a measured end-point. The basis of the method
described in this thesis is that the rennin coagulation
time of bovine milk is inversely proportional to the
amount of peptides released and to the initial velocity
of the release of peptides from casein (Wheelock &
Penney, 1972). The concentration of the peptides
released is measured by their absorption at 217 nm and
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it has been shown that a linear relationship exists
between the incregse in absorbance at 217 nm and the
increase in nitrogen soluble in 0.73-M trichloroacetic
acid (Castle & Wheelock, 1972). However trichloroacetic
acid absorbs strongly at 217 nm and therefore a direct
estimate of peptide concentraticn can not be made when
trichloroacetic acid is used te hali rennin-casein
reactions. To overcome bthis problem perchloric acid has
been used as a protein precipitant for enzyme incubation
mixtures (Dawson et al.,, 1969) as it absorbs only
8lightly at 217 nm. Under New Zealand conditions rennet
is used at pH 6.4 to 6,7 and at 30 to 33°C to produce a
firm coagulum in 30 to 40 minutes (Gill es, 1972).

In the proposed assay sodium caseinate is used as
the substrate. After enzyme action the caseinalte is
precipitated with perchloric acid and the pepticdes
estimated by measuring the supernatant absorbance zat
217 nm.



METHODS

Rennet source

The three renneis used in this study were supplied
by the New Zealand Co-~op Rennet Co. ILtd., (Zltham, New
Zealand). The rennets were extracted from the abomasums
of calves, older catile or lambhs and were called calf
remnet, adult boviune remnet and lamb rennet respectively.
Calf reunet was from the abomasuins of animals slaughtered
between 4 and 10 days of age wihose dieh would have bheen
predominantly milk. Adult bovine rennei was from the
abomasums of pasture fed cattle slavghtered at an age
usually in excess of one year. Lamb rennet was from the
abomasums of lambs siauvghtered at three to six months of
age and their diet would have still included some milk,

In all cases the abomasums were Irozen as soocn &as
possible after removal frem the animal. Rennet was
extrsacted from the abomasums and prepared alti the New
Zealand Co-op Remnnet Co. Ltd. by their usual methods.
The remnets supplied for this study contained 190 g/1 of
sodium chloride, 7.5 g/1 of sodium benzoate and
approximately 100 rennin units per ml (RU/ml) of rermet
activity. Sodium chloride and sodium benzoate were
removed from each rennet by dialysis against water at
4°C. The resultant solutions were freeze dried and the
remmet powder stored at 4°C until required. Rennet
powders were reconstituted in either sodium chloride
or bulfer solutions to the required activity level,

Precipitants for casein-renriet reaction mixtures

Preparation of sodium caseinate. Skim milk at room

temperature was acidified to pli 4.55 + 0.G5 in 40 %o 50
minutes by adding M~hydrochloric acid beneath the surface
of the agitated skim milk (McKenzie, 1971). Casein was
separated by centrifuging at 15C0 rpm for 10 minutes and

A rennin unit, as used in this discussion, may be
defined as that quantity of milk coagulating enzyme
activity required to produce a firm coagulum in

100 ml of normal cheese milk at pH 6.55 and 329C in
30 minutes.



was washed twice with water before acetic acid extrfhion
at pH 4.0 to remove milk proteases (iMcteekin, Hipp &
Groves, 1959). The casein was washed twice more with
water at room temperatura mmd then dissolved by adding
M~sodium hydroxide to raise the pH to A.55. The solution
was left overnignt at 4°C and the ri readjuvsted, if

necessary, before freeze drying,

Prevaration of substrate, Sodiurm caseinalte was

dissolved in a buffer (pi 5,55) containing 0,024~
potassine dihydrogen orthophosphate and 0,009-M disodiw-
hydrogen orthephosphate (lLong, 1951), to give a finzl

: . 0.
concentration of £0 mg/»1l. The substrate was held at 4 C

for 4 to 20 hours bvefore use.

Preparation of rennet soluftions, Rennets were

diluted in the sa—e phosphate buffer used for substrate
prepsration so that when equal volures of caseinabte and
rennet sclutions were mixed there was 1.25 rennin units
per gram (RU/g) of casein for calf vennet and 2.4 RU/g of
casein for adult bovine and lamb rennets. These levels
were three times greater than used in cheesemaking,

Effect of precipitants. Equal volumes of each

rennet and substrate were mixed and the reaction alilowed
to proceed at 32°C, After reaction times of o, 4, 5, 10,
30 and 60 minutes aliquots of each reaction mixture (1 ml)
were added to 0,36~M perchloric acid, 0,15-M
trichloroacetic acid or 0,88-M trichloroacetic acia (5 ml).
Air was removed from the precipitated casein by applying a
vacvoum for 10 minutes and the mixture then centrifuged at
2500 rpm for 10 minutes, Absorbance of the perchlioric
acid supernatant was measured at 217 nm while the
trichloroacetic acid supernatants were dialysed against
water for 14 days ab 3°C (Castle & Wheelock, 1972) bvefore
absorbance at 217 n~ was -easured. Absorbance values were
corrected for changes in volume during dialysis.
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Caseinate substrate at pid 6,55 was prevared, as
described above, and held at 4°C for 4 to 20 hours
before use. ZRennet solutions of suitable activity were
prepared in the pH 5,55 phosphate buffer (described
above) from solutions of rennet (ew Zealand Co-op
Rennet Co. Ltd.), assayed by a wilk coagulation methed
sinilar to that of Ernstror (1958) with a substrate pi
of 6,35.

Aliguots of substrate (0.5 ml) were pipetted into
centrifuge tubes which were placed in a 32°C water bath
for 20 minutes. The rennet solutions were eguilibrated
to 32°C and aliguots (0.5 ml) added to the substrate
and mixed., After one minute 0, 36--M perchloric acid
(5 ml) was added to the reactants and mixed. While the
rennct and the substrate were reacting a blank was
prepared for each rennet solution by mixing substrate
(0.5 m1l) with 0,35-M perchloric acid (5 -1) hefore
adding the rennct solution (0.5 ml). The supernatants
were prepared as described above and their absorbance
read at 217 nm against the corresponding blank. Rennet
activity was then read fror a standard curve which was
prepared for each batch of sodium caseinate,



RESULTS

Precinitants for casein-rennet resction mixbures

The reaction products from casein hydrolysed by
adult bovine, calf and lamb rennets were soluble in the
diffecent precipitants in similar quantities (Figure 1),
Bach rennet released vroducts soluble in 0,73-M
trichloroacetic acid in the first 10 —iuvutes ol the
reaction and products soluble in 0,12-M trichlorozcetic
acid and 0,30~ perculoric acid were also relesseqd
rapidly during this peviod ut then more slowly until
after 30 minutes therec was little change in absorbance
at 217 n»,

ach rennet produced more products soluble in
0.30-M perchloric acid than in 0, 12-M trichlioroacetic
acid at all stages of the reactions but the ratio of
products soluble in these two precipitants was reasonably
constant for each remnet, The average ratio of
supernatant absorbance, between 5 and 60 minutes, at
217 nm in 0,30-M »nerchloric acid to that in 0,12-M
tricnloroacetic acid were 1.45 (range 1,38 to 1.52) for
adult bovine rennet, 1.24 (1.12 to 1.35) for calf rennet
and 1.49 (1.39 to 1.58) for lamb rennet., These ratios
varied slightly between rennets indicating that the
peptides released from cssein by each rennet differed.
However it appeared that for each rennet all the products
soluble in 0,12-M trichloroacetic acid were also soluble
in O, 30-* perchloric acid and that most of the products
found in voth solutions would be from the primary
reaction of rennet enzymes on k-casein (V¥ake, 1959).

Assay

The relationship between absorbance at 217 nm (A217)

and rennin units per ml (RU/ml) were compared for each

rennet and the data, presented in Figure 2, was obtained



Figure 1. The comparison of 0,30-M perchloric acid (0),
0.12-M (®) and 0.73-M (A ) trichloroacetic acid as
precipitants for casein-rennet reaction mixtures

using adult bovine (A); calf (B) and lamb (C) rennets.
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on two days with each point beinsz the average of
duplicate determinations. For each rennct theve was a
linear relstionship between 0.01 and 0,090 RU/~1, Pelow
0.01 RU/ml there was evidence of rennet inhibition,
possibly due to profein denaturation at interfaces of
dilnte protein solutions (Dowlliard & Ribadeau Dumae,
1970). The A217 vaiue obtained at zero reanet activity
counl? only be Aue to a more complete ceseinate
precipitation when perchloriec acid was added to 50 mg/ml
caseinste in the blank than when perchloric acid was
edded to 30 mg/ml caseinate in the assey. Above C.09
RU/ml the curve flattened out as substrate became the
limiting factor in the reaction,

A regression equation and standard deviation for
data between 0.01 and 0,09 RU/ml was calculated for each
rennet and are presented in Tsable I.

Table I. A regresgion equation and standard deviation

for the comparison of A217 and RU/ml between 0,01 and
0.09 RU/m1 for adult bovine, calf and lanb rennets,

Rennet Regression equation Standard deviation

7
0.257 277~ 0,015 0.0018

0.415 2217~ 0.015 0.0015

0.363 A°'T - 0,012 0.0037

LAult bovine  RU/ml
Calf RU/m1
T.amb RU/m1

The accuracy of the assays varied with the engzyme
activity anc was most accurate when the increase in A217
was greatest but still on the linear part of the curve.

At 0.08 RU/ml accuracy was + 2,33 for adult bovine rennet,
4+ 1.9% for calf vennet and + 4.6% for lamb rennet,
(Accuracy was expressed as one standard deviation divided
by rehnet activity). The high standard deviation for lamb



Figure 2. The comparison of A217 and RU/ml for

adult bovine (A), calf (B) and lamb (C) rennets.
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rennet may have been due to the rennet used as it had
I)".
a high ratio of A“1’

rer uwnit of rennet activity and
217 '

consequently A readings were higher, and hence less
accurate, for the game rennet activity than the other

two rennets,

The slopes of the linear part of the curve of the

217 ana RU/ml for each rennet were of the

comparison of A
same crder. The slope differences may have been duc to
the different rates of release of peptides at pH 6,55
compared with the milk coagalation activity at pH 6.35
of each reunet. Tne release of peptides measured the
rate of the primary rennet action on caseinate andé was
not affected by conditions that may heve influenced the
secondary phase of milk coagulation, Tt was also
rossible that the peptide products from the caseinate
varied with each reunet and hence their solubility in

0. 30-" perchloric acid would also have varied,

The relationship for each rennet between rennet
activity and absorbance at 217 nm, as shown in
Figure 2, is actually a curve but has been
considered to be a straight line, over a limited
range of rennet activity, in the above discussion.
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DISCUSSTON

The comparison of 0O, 30-11 perchlofic acid with
0.12-M and 0.73-M trichlorocacetic acid as preciyitants
for casein-rennet reactions has shown that perchloric
acid guenches the reactions similarly to 0,12-M
trichloroacetic acid., Thus perchloric acid can be used
as a precipitant tc measure the rate ¢f hydrolysis of
the labile phenylalanine-methionine bond of k-casein.,
The ratio of reaction products soluble in 0, 20-M
perchloric acid to those soluble in 0,12-4
trichloroacetic acid is greater than 1,0 and therefore
a larger absorbance reading is obtained when perchloric
acid is used as the precipitant for casein-rennet
reactions, The larger absorbance value gives a steeper
curve against time and hence a more accurate estimate
of the stage of the reaction. It appears that per-
chloric acid is a most suitable precipitant for casein-
rennet reactions and allowed tnhe developmenty of the
assay method described above,

The assay estimated rennet activity by measuring
the quantity of peptides released in one minute from
sodium caseinate under controlled conditions and has
several advantages over other methods of assaying rennet
activity. Tn particular the method utilises a measured
end-point which is more reliable than the observed end-
point of several other methods (Berridge, 1955;
Ernstrom, 1958; Doulliard & Ribadeau Dumas, 1970) and
can measure rennet activity one fortieth that normally
measured by a milk coagulation assay at least as
accurately, No reference rennet is required as one
batch of substrate is calibrated against another batch
and as rennet activity is measured directly it is not
complicated by the secondary phase of milk coagulation,
Conditions for the assay are similar to those found in
commercial use of rennet and this is of value wnen
comparing different enzymes for cheesemaking properties,
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Measurement of rennet activity is obtained over a range
of activities which are wide enough to allow a reliable
estimate of activity from serial dilutions of a rennet
of unknovm activity, The assay can be performed in
large numbhers quite rapidly and requires no special
equipment,

A1l rennet assays reported in this thesis were
conduclted with the above method unless otherwise
mentioned,
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ENZYME PURIFICATION

REVIEY OF LIMIRATURD

Enzvre murification

Enzyr & sources, 'lost proteolytic enzymes can coggu-

late =ilk under suitable conditions and therefore milk
coagulating enzymes have been obtained from virtually
every class of living organisn (ErnstIOM, 1965). As the
traditional milk coagulating enzyme, rennin, 1is extracted
from the abomasums of young milk-fed calves (Placek,
Bavisotto & Jadd, 1960; Clarke, 1959; Calvy, 1972) the
stomachns of other animals have been widely investigated

as a source of milk coagulating engymes, The commercially
more feasible sources investigated include cattle
(Northrup, 1933; Chow & Kassell, 19568; Tox, 19593, b;
Green, 1972), kids {Yamamoto & Takahashi, 1953), chickens
(Bohak, 195S5; Green, 1972), swine (Rajosaplan, Moore &
Stein, 1955) and lambs (Alais, 1953; Oruntaeva & Seitov,
1971; O'Leary & Fox, 1973). The enzymes extracted from
calves, kids and young lambs are predominantly rennins
while the enzymes extracted from cattle, chickens, swine
and older lanbs are predominantly pepsins or a more even
mixture of both rennins and pepsins depending upon the age
of the ani~al at slaughter and the nature of its diet
prior to slaughter (Henschel, Hill & Porter, 1951).

Extraction procedures, Extraction of both rennin and

pepsin is fro- either dried or frozen stowacn tissue with
agueous solutions, of a variety of salts, at pH values
above 4,7 (Yamamoto & Takahaski, 1953; ©Placek, Bavisotto &
Jadd, 1950; Alais, 1953; Clarke, 1959; Calvy, 1972) or
with weak solutions of acids at pH values down to 2.7
(Ra.jogaplan, Moore & Stein, 1965; Garnot et al., 1974).
Remnins and pepsins are both secreted as inactive zymogens



and must be activated by the hydrolysis of a pevtide from
tiie precursor molecule to obtain the wmaximum milk
coogulating activity. Therefcore the enzymes extracted at
high pH in salt solutionsg are adjusted to pil 4.7 to 5.0
for 1 to 5 days until the miik coagulating activity of
the cxtract reaches a maximum (Placek, Davisotivo & Jadd,
1860; Clarke, 1959). However enzymes extracted at low pH
are fully asctivatad during extraction., Milk coagulating
enzymes prepared by either of these procedures are
marketed usually as a crude aqueous extract or a dried
powder of rennins and pepsins stabilised by a salt,
usually sodium chlcride, and a preservative such as
sodium benzozte (Clarke, 1959), propylene glycol, sodiun
propionate or a mixture of these (Placek, Bavisotto &
Jadd, 1950),

Precipitation technicues., The extraction of =ilk

cozgulating enzyres from animal stomachns has always veen
covplicated by the sirultaneous extraction of wuco-
proteins fro» the mucous lining of the stomachs (Piacek,
Ryvisotto & Jadd, 1950; Clarke, 1958) ceousing an inerease
in the viscosity of agueous solutions which leads to a
lower recovery of engymes (Clarke, 1958) and, as they
precipitate slowly from solution in finished rennet, a
turbid appearsnce to the product, Their removal from
rennet solutions has been achieved by the addition of
potassium alum followed by phosphate or hydroxide to form
a complex, containing the mucoproteins, which precipitates
out of solution (Ven der Berg & Van der Scheer, 1937;
Berridge, 1945; Ernstrom, 1958), A similar method for
treating undried calfl abtomasums prior to rennet

extraction produces a less viscous extract but does not
overcome all problems related to efficient mucoprotein
rermoval (Clarke, 1968). The crude =wilk coagulating
enzymes have been purified by precipitation, often after
the re-oval of “ucoproteins by alun treatment, with
various covpounds including —agnesium sulphate (Horthrup,
1933), acetone (Northrup, 1933; Bohak, 1959), amoniun
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sulphate (Chow & Kassell, 1968), alcohol (Rajogaplan,
Moore & Stein, 1966), and sodiwn chloride (Hankinson,
1943; Ernstrom, 1958; Bundy et al., 1954; Castle &
Wheelock, 1971).

Golumn chromatography. More recently column

chromatography has been used to purify milk coagulating
enzymes. The ini%ial purification is often with ion
exchange chromatography, wusually cn a diethylaminoethyl
cellulose resin which retaing the enzymes. The column
can be washed, if necessary, before elution usually with
a sodium chloride gradient in the equilibration buffer
(Bundy et al., 1964; Chow & Kassell, 1968; Bohak, 1969;
Asato, 1972). By using jon exchange chromatography a
concentration of enzyme activiity is often possible and
further concentration by uwitrafiltration has also been
used (Chow & Kassell, 1958) prior to gel chromatograyiy
usually in dilute buifers between pH 5.6 ang 7.0
depending upon whether the zymogens or active enzymes
were being purified (Bundy et al., 1994; Chow & Kassell,
1968; Bohak, 19°9; Castle & Wheelock, 1971). Gel
chromatography after ion exchange chromatography allows
the separation; by size, of molecules of similar ion
exchange elution characteristics. Purification by

these two methods of column chromatogiraphy produces
electrophoretically pure milk coagulating enzymes
(Asato, 1972).
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MNETHONS

Ton exchange chromatosraphy

Cellulose ion excnange resins have been vsed to
puwrify several milk ceagulating enzyres (Bundy et al.,
19%4; Chow & Kassell, 19%80; Rohak, 1959; Asato, 1972)
and the ~ethod described below is based in part on work
reported in these papers.

Whatman DE 52 cellulose (W. & R. Baldon,
Maidstone, England) was prepared according to the
nmanufacturers insbtructions and packed into a 30 x 1.5 cm
colurn, The cellulose was equilibrated with a sterting

buffer consisting of citric acid (0.C05-!1) adjusted to

-

pH 5.5 with aqueous ammonia and containing 5 ml/l of
chlorcform as a preservative, Rennet enzyme powders

(20 mg/ml) were dissolvad in the same buffer and
cenirifuged to remove any suspended material from the
solution, Between 20 and 50 ml of remnet solutioil vas
applied to the column at any one time and the elubion of
protein material from the colwm was achieved by a
linear gradient of sodium chloride in the starting
buffer, The gradient was made from 350 =1 of starting
buffer and 350 1 of 1liwit buffer made O,7-M with sodium
chloride, The absorbance of eluent fractions (12 +l)
was measured at 280 n~ against the starting buffer and
the sodiu~ chloride gradient was determined by measuring
the conductivity of a one to twenty-five dilution, in
water, of several fractions from each run,

Gel chromabosravhy

Gel chromatograpny was used to purify and analyse
rennet enzymes by the method, described below, based on
Fischer (1971)."



Sephadex G-100 gel (Pharwicia Fine Chewicals,
Uppsala, Sweden) was prepared according to the
manufacturers instructions and packed into a 90 x 1.5 cm
column., The gel was eguilibrated with a buffer
consisting of disodium hydrogen crthophosphate (0.004-11)
and potassium dihydrogen orthophosphate (0.053-M) at
pH 5.6 containing 5,m1/1 of chloroform as a preservative,
Inzyme solutiocns, after ion exchange chromatography,
were adjusted to the equilibratien buffer concentration
by the additien of concentrated buffer, From 1 to 3 ml
of enzyme solution, containing up to 20 mg of protein,
was applied to the top of the colurm at one time via a
three-way valve and elution of the protein from the
colum was by gravity induvced buffer ilow at 20 to 20
ml/h. The abscrbance of eluent fractions (3.5 ml) was

measured at 280 nm against the buflfer,

Enzy-e purification

Rennet powders were disgolved in a citric acid
(0.005-%) buffer, centrifuged to rewove any suspended
material, and applied to the ion exchange column,
Protein peaks, deterrined from sbsorbance measuvrermentis
of eluent fractions at 280 nn, weve assayed for milk
coagulating activity. Active fractions were pooleqd,
concentrated by vltrafiltration and applied to the gel
chromatogranny column, Active fraclions of vrotein
peaks were again pooled and applied to the ion exchange
colunn for the second time.

Once again active fractions containing proteins
were pooled, concentrated by ultrafiltration and applied
to the gel chromatograpny column for the second time.
Active fractions were pooled and concentrated by
ultrafiltration for further study.
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Blectrophoresias of marified enev-es

Electrophoresis was used Lo determwine the parity
and hovogeneity of each enzyme isolated from adult
bovine and lamb rennets., The method of Navis (1944) as
modified by Creamer (1970) for alkaline (pH &8,6)
polyacrylamide gel electrophoresis on rod gels wae used,
A solution of each purified enzyme wag adjusted to
contain approximately 3 mg/ml, made 9=} with urea and
0.03-1M with P-mercaptoethanol. Aliquots (100 ul) of
each enzyme solubion were applicd to the gels angd
electrophoresed for 50 to 90 minates. Gels were sihained
overnight with arido biack and destained electrophoreti-
cally before being photographed,

Com ercial rennet purification

4

L

k=

guin-ent and - ateriale, A cylindrical fiber-glass

colu-n 0,91

.“1
ion exchange colu n for co~mercial rennel purification,

im eter and 2,44 -~ nign was adapted ag ar

—

Woven skainless steel clothes were supported on {ra es

at the top and botto~ of the colu n to retain the resin
and both ends were closed with lids bolted Lo the column,
Liguid counections were placed in both lids Lo enable up
or down flow which was provided by a centrifugal puwp.
The column was charged with 100 kg (ary weight) of
Grantex A 1 resin (Tasman Vaccine Laboratory Ltd., Upper
Hutt, New Zewalsand), which has diethylaminoethyl (DEAE)
groups as the active sites on a cross-linked hydrophilic
matrix derived from regenerated cellulose, The resin was
prepared as suggested by the manufacturer before
equilibration with a starting buffer containing citric
acid (0,005-1), sodium chloride (0,1-M) and adjusted to
pH 5.5 with agueous am~onia, The colu™n was operated at
7°C to control microbial growth.



Operatinasa conditions, An aqueous solution of calf

remnet was prepared at the New Zealand Co-op Rennet Co,
Itd. by their usuel wethods and adjusted to the starting
buffer concentration by additions of dry chemicals and
am onia or hydrochloric acid solutions., This remnnet was
applied to the colurn at 680 to 1000 1/h and a batceh
contained 4,500 to 9,000 1. A winimuww contact tinre
hetween rennet and resin of 20 mimates was required,
corrvesponding to a flow rate of 1440 1/h, but this flow
could not be achieved within the maximum workable
pregsure drop across the resin bed, After all the
renuet had been applied to the columm it was followed by
approximately 1500 I ol stariing buffer to wash the
resin, Proteins were eluted from the column with
starting buffer made 1.0~ wilh sodium chloride and
elubion was monitored by measuring eluent absorbance at
280 nm against bthe starting buffer,

Receneration., The resin was regencrated by back-

washing with G00 1 of 0,5- sodium hydroxide, during
vigorous agitation, followed by water until the eluent

pd was ovelow 9.0. The resin was repacked and

eguilibrated with down flow of starting buffer,



RESULTS

Rennet enzymea purificalion

Ton exchange chromabogravhy. Typical chromabogsrams

of adult bhovine and lamb rennets shown in Tigure 3 nave
similar pattemrns., AL the void volume of the column the
Tirst peak is large, contains no milk coagulating
activity and appeared to consist of mucoproteins, As the
sodivm chloride concentrasion in the eluent is increased
ninor protein peaks appear vut none of these contain
enzyme activity. The adult bovine rennet chromatograph
(Fi.gure 3 A) showe that a large peak ig eluted at a
conductivity of 180 millisiemens (mS) and this peak
contains all the recovered enzyme activity. The lamb

3 B) differs from the adult

-~

rermel chromatosraph (Figure
bovine in that two main pezks are eluted at conductivities
of 100 and 195 mS respectively. RBobth peaks show milk
coagulating activity and were called lamb 1 and lamb 2
reaspectively in order of elution. The lamb 1 peak contains
22,6 of the recovered enzyme achivity while the other 7387

is in the lamb 2 peak.

For both adult bovine and lamb rennet the fractions
indicated by the bars in Figure 3 were pooled and
concentbrated oy ultraflfiltration for further purification,
The recovery of enzyme activity for both rennets was never
less than 95/5 of the activity applied to the column and
solutions of bhoth remnets purified by ion exchange
chromatography were quite clear as compared with the
turbid appearance of both the initial and reconstituted
rennets,

Gel chromatography. The absorbance of eluent

fractions was measured at 280 nm against the buffer and
protein peaks assayed for milk coagulating enzyme activity.
Chromatographs cf the adult bovine, lamh 1 and lamb 2



Figure 3. Elution patterns of adult bovine (A) and
lJeamb (B) reanets from ion exchange chromatography
on DEAE cellulose,
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Figure 4. Elution patterns of adult bovine (4),
lamb 1 (B) and lamb 2 (C) enzymes from gel
chromatography on Sepha dex G-100 gel,
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enzy~es are shown in Figure 4 and cach has a distinct
pattern, ‘The adult bovine chronstograph (Figure 4 4)
shows two peaks, the first conbains all the milk
coagulating activity while the second peak ig of lower
molecular weight inactive material, The Jlamb 1
chromatosvaph (Figure 4 B) shows a small peak at the
elution voiume of the colwmn and is probably mucoprotein
matberial carried over from the i1on exchaunge colurn and
then there is a very small peak of inactive material at
fraction 24. A large peak at fraction 29 contains =21l
the milk coagulating engyme activity while the peak at
fraction 44 contains inactive lower molecular weigat
material, The lamb 2 chromatograph (Figure 4 C) shows a
amall peak al the elubtion volume of the coiumn followed
by two more small peaks before a Jlarge peak at fraction
31 that contains all the milk coagulsting enzyme zctivity.,
Two other small peaks of inactive rmaberial were eluled asb
fractions 38 and 44. A comparison ol the three chirovato-~
graphs shows that most of the cluted material for the
adult bovine and lamb 2 enzywes are active wihile the

lanb 1 enzy»e is much less pure at this stage. For each
enzyre the fractions indicated by the bars in Figure 4
were pooled and retained for further purification,

Final purification. A second ion exchange chromato-

graphy step in the purification of each enzyme followed
by concentration of pooled active fractions with
uitrafiltration and a second gel chromatogrephy step gave
enzyme solutions which produced only one peak by each of
these techniques., rzfach enzyme at this stage was
considered to be pure and was stored at 4°C in the
presence of 5 ml/1 of chloroform, as a preservative, for
further study.
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Enzyne purity z2nd homogeneity

Each of the three enzymes isolated from adult bovine
or Jlamb rennels was treated with 2-mercaptoethanol before
electrophoresis on alkaline polyacrylamide gels
containing urea, A4 photograph of the gels, presented in -
Figure 5, shows adult bovine, lamb 1 and lamb 2 enzynes
all possess a negative charge at pd 8.6 and thai lamb 1
and lamb 2 enzymes each produced a single band
demonstrating purity and homogeneity, The adult bovine
enzyme produced two bands (one very minor) adjacent to
each other, dewonstrating either the enzyme was not pure
or it was heterogeneous. Heterogeneity has bveen
reported for bLovine pepsiuns (Lang & Kassell, 1971) which
ditTfered only in the nunber of phosphate groups on the
same probein —olecule, Work reported later in this
thesis confirmg that the adult bovine enzyve is a pepszin.
It was therefore considered that the second and more
mobile band of the adult bovine enzyme solution was =
similar enzywne with a greater nuwber of phospnate groups

rather than an impurity.

Commercial rennet murification

Anplication of rennet to Lthe coiumn. Calf rennet

wag prepared for chromatography and at this stage a
typical batch contained 4675 1 of rennet solution at 15.1
rennin units per ml (RU/ml). The rennet was applied to
the ion exchange column initially at 1000 1/h but this
was slowed gradually to 700 1/h so as not to exceed a
pressure drop of 2.7 m of water across the resin bed.

The rennet solution was displaced from the column by
washing with 1590 1 of starting buffer and all liquid that
had passed out of the column at this stage was bulked and
the rennet activity found to be less than 0,05 RU/~1,
This liquid had the turbid appearance of the original
rennet solution and had a similar absorbance at 280 nm,
after correction for the dilution by washing, indicating



Figure 5. Electrophoretic patterns of adult
bovine (1), lamb 1 (2) and lamb 2 (3)
purified enzyme solutions.
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that mucoproteins nhad passed through the column
unobstructed, Mhe absence of renunet sctivity
demonstrated that all the rennet was alsorbed onto the

ion exchange resin,

Rennet elubtion. Rennet was eluted from the column

with 3500 1 of starbting buffer made 1-M with sodium
chloride., Tine elution pabttern was monitoraed from the
time the elution buffer was applied to the column by
reasuring the eluent sbsorbance at 200 nm and the Tlow

rate averaged 820 1/h during elution,

The pattern of elution of rennet from the ion
exchanze colun (Figure 5) indicates that for the firsy
1.4 hours the starbing buffer, containing so~e ~uco-
proteins, was displaced fron the coium by the elutbtion
buffer, At 1.5 hours the absorbance at 230 a~ began to
increase indicating that rennet was present in the eluent.
The eluent was collected for 4 hours at which time the
elvent activity had dropped to less than 1,0 RU/~1, In

3200 1 of eluent were collected which contained 22.0

~

all
RU/ml giving an increase in concentration of 1.45 bimes
the original achtivity., The eluent was further concen-
trated immedistely by ultrafiltration and shabilised by
adjustment to 190 g/1 of sodiwm chloride and 7.5 g/1 of
sodium henzoate. At this stage there were 231 1 of rennet
at 298 RU/ml which was 97.5% of the rennet activity that

was applied to the ion exchange column,

Purified rennet., The rennet obtained after

purification by ion exchange chromatography was sparkling
clear and has remained so for 12 months since prepatration,
The degree of purification obtained by commercial ion
exchange chromatography wasg demonstrated, as shown in
Figure 7, by the laboratory ioun exchange chromatography

on Yhatman DE 52 cellulose of traditional (Figure 7 A)

and purified (Figure 7 B) rennets., The milk coagulating
activity was eluted in both cases at conductivities of 115



Figure 6., The elution pattern of calf rennet from
a commercial DZAL ion exchange column.



 TIME (HOURS)

(WN 082)

JINY 84058V



4’7

and 215 m3 and were rennin and pepsin rvespectively
(O'Teavry & Fox, 1974). The rain difference between the
two chromatographs was the size of the first peak which
in both cases was eluted at the void volure of the
colun and contained the rucoproteins, In the
traditional rennet this Tirst peakx was much larger than
the rennin peak but in the puriiied rennel the rennin

peak was several times Iarger than the first peak, Thus

relative to the size of the rennin pesk the purifiead
renne’; contained much less other material than the
traditional rennet. The rennet purified by ion exchange
chromatography has been at least as stable as the
traditional product in that rennet activity loss has
been less than 1% per month for 12 months at 4°c.



Figure 7. Elution patterns of traditional (A)
and purified (B) calf rennets from ion exchange
chromatography on DEAE cellulose.
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DISCUSSTCN

The separation of rennet engzymes from mucoproteins
by cellulose ion exchanpge chromatography opened the way
to further purification of the enzymes. AL pH 5.6 il
appears that the mucoproleins were uncharged as they are
not retained on zither anionic or cationic cellulose ion
exchange reging., On cetionic Whatman DI 52 cellulose the
mucoproteins passed througn the coiumn uninhibited while
the ilk coagulating enzy~es and sore other inactive
protein raterial are retained, A linear sodiuvm caloride
gradient applied to the colum eluvtes the enzymes

distinetly and in good yield,

One milk coasulating enzyme was isolated from adult
rennet and two from lawmb remnet. The three enzymes were

purified %o the stage where they were considered to be

<

pure and the lamb enzymes homogeneous bul the adui
bovine enzyme heterogeneous., In voth crude rennets the
active engzymes contribute only a swmall part of the {otal
solution abscrbance at 280 nm, the major contributor

being the mucopvoteins,

An extract of rennet from calf abomasuvrs always
contains mucoproteins which increase the viscosity of the
rennet extract and give a turbid appearance to the
product. Traditional methods for the removal of muco-
proteins fro~ solutions are inefficient and usually
resvlt in activity losses of 105 or more. The dAramatic
improvement in the appearance of adult bovine and larb
rennets after an initial ion exchange step indicated that
a sirilar improvevwent might be possible for calf rennet.
Laboratory trials proved successful and the availability
of "Grantex" resins at a competitive price opened the way
to test the feasibility of a commercial scheme, Piiot
plant and then commercial scale production were
commissioned and the latter is reported above,



The wethod for the purification of calf rennet was
developed utilising the lack of charge on "ucoprobteins
at pH 5.5, Mucoproteins have always been the najor
conta~inant ol reunnet solutions and no efficient wethod
for their re-ovsl has previously been veported. The
main problers encountered in the developient of this
technique were the maintenance of good flow rates through
the resin bed with a low pressure drop across the bed and
the efficient cleaning of the resin bebtween batches of
rennet, Both problems were closely related and werc
eventually solved by providing & mechanical sbtirrer in
the column to ensure vigorous agitstion during the
backwaeshing stage of the regeneration cycle, This
ensured thalt all resin beads were separated and hence the
total surface area of the resin was available for the
removal of any foreign material and subseguent
regeneration with hydroxide and buffer ions, JSince the
data reported in this thesis was obtained and the above
cleaning procedure developed it has been possible to
operate the ion exchange colutn at the maxirum flow vele
(1440 1/h) with a pressure drop of approxi—-ately onec
=eter of water across the resin bed., In all other

aspects the operation is still the save as reporied,

Tt wes considered that the develop-ent of a method
for the removal of most of the mucoproteins fron rennet
solutions while still retaining almost all the rennet
activity could be of com=ercial significance to the
animal rennet industry. The wide scale use of milk
coagulating enzymes from microbial sources has introduced
to the cheesemaker rennet products that are more
consistent in appearance than those usually obtained from
animal sources. The method described here will allow the
production of animal rennet having an appearance at least

as good and as consistent as microbial rennet products,



CHAPTER IV
ENZYME PROPERTIES

REVIEW OF LITERATURE

Enzyme pronperties

Enzyme sources, The traditional remnet used in the

manufacture of cheese is calf rennet and any propesed
alternative rennet has invariably been compared with
calf remmet for various enzymatic properties and the
quality of cheese manufactured using it. Adult tovine
revnet (also called bovine pepsin) has been used to
manufacture cheese (Fox & Walley, 1971, a; Green, 1972)
anrd the properties of this remnnet have bsen inveshigatad
by several workers, Rennet from the abomasum of lambs
slaughtered at one to two days of age has also been uzed
to manufacture cheese (Alais, Buthiel & Bosc, 1962;
Oruntaeva & Seitov, 1971) but there have been no reports
of an extract from older lambs being used for cheesge
manufacture. However some properties of such an extract
from the avomasums of lambs slaughtered at six to twelve
months of age (called "ovine pepsin") were repovted
(O'Leary & Fox, 1973) after work for this thesis had
commenced.

Cheesemaking properties. Rennet enzyme extracts
from calves, cattle, young lambs and older lambs

have been reported and it has been shown that these four
remmets have many similarities in cheesemaking properties,
For example bovine pepsin and calf rennet are both less
proteolytic than ovine pepsin using a caseinate substrate
but all three enzymes produced similar breakdown products
from o - and p- caseins (O'Leary & Fox, 1973). The
proteolytic activity of lamb remnet is similar at pH
values of 6,45 and 6,8 (Alais, Buthiel & Bosc, 1962)
while the ratio of proteolytic activity to milk
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coagulating activity is eimilar for bovine pepsin and
calf rennet (Fox, 1969, b; Green, 1972). The effect
of temperature on milk coagulating activity (Fox, 1969,b),
the chemical reaction causing milk coagulation (Green,
1972) and the rate of destruction of milk coagulating
activity at pH 9.0 (Richardson & Chandhari, 1970) are
all reported to be similar for calf remnet and bovine
pepsin. Cheeses made with bovine pepsin and calf
rennet have similar electrophoretic patterns (Fox.
1969, by Fox & Walley, 1971, a; O'Leary & Fox, 1973)
and contain similar quantities of non-protein nitrogen
(Fox & Walley, 1971,a). The major difference between
calf rennet and any of the other remnet sources in this
discussion is the greater pH dependence of lamb rennet
(Alais, Buthiel & Bosc, 1962) and ovine pepsin (O‘'Leary
& Fox, 1973) on the coagulation of milk., In 21l ofher
respects reported it appears that the three eltermative
rennet extracts are capable of making satisfactory
cheese,

Biochemical properties, There have been few

reports of the biochemical properties of adult bLovine

and lamb rennets. Meitner & Kassell, (1971) isolated
several bovine pepsinogens which after acid activation
produce discrete pepsins that differ only in their
organic phosphate content. All of the pepsins have
similar proteolytic activity (Lang & Kassell, 1971)

and the pepsins with a high phosphate content are
converted by an acid phosphatase into pepsins of a low
phosphate content (Meitner & Kassell, 1971). Rennin
from the abomasum of lambs slaughtered at one to two days
of age has been isolated and reported to contain at% least
three components (Oruntaeva & Seitov, 1971) which differ
in amino acid composition and milk coagulating activity.
The molecular weight of bovine pepsinogen was estimated
to be 38,900 by amino acid analysis and 37,500 by
ultracentrifugation (Chow & Kassell, 1968), that of
porcine pepsin 34,520 by amino acid analysis (Moravek &



Kostka, 1974), and that of calf rennin 31,000 (Ilie et
el., 1966)., The zmino acid analysis of porcine pepsin
(Moravek & Kestka, 1974), btovine pepsinogen (Chow &
Kassell, 1968), lamb rennins A & B (Oruntaeva & Seitov,
1971) and calf prorennin (Ilie et al., 1966) are
presented in Table II and show that each of these
enzymes contains large numbers of acidic residues and
relatively small numbers of basic amino acid residues.
Hence their general classification as acidic proteases.

Table II. The amino acid composition of boviue
pepsinogen, lamb remnins A & B and calf prorennin,

Amino Bovine Lamb rennins Calf Porcine

acid pepsinogen A B prorennin pepsin
(residues) (%) (%) (residues) (residues)

Aspartic acid 40 11.29 10.99 33 42
Threonine 27 5.13 4.32 21 26
Serine 50 11.66 8.85 31 44
Glutamic acid 32 11.66 12,74 36 26
Proline 15 5.83 5.07 14 15
Glycine 35 5.95 5.96 29 35
Alanine 16 3.77 3.92 15 16
Half-cystine 6 - - - 6
Valine 25 5.51 6.42 23 22
Methionine 4 Trace Trace 7 4
Isoleucine 32 5.62 6,02 19 25
Leucine 25 9.20 9.29 26 26
Tyrosine 18 7.27 8.62 18 16
Phenylalanine 15 6.53 T.67 14 14
Histidine 2 1.15 1.28 5 1
Lysine 8 4.64 4.28 13 1
Arginine 6 3.28 3.08 5 2
Tryptophan 6 - ~ - 5

Total 362 309 326




Apart from the amino acid compositions and the
heterogeneity reported for both adult bovine pepsin
and lamb rennin there is no data available to compare
other biochemical properties of these enzymes.

Hydrolysis of casein fractions

The caseins, which are the proteins precipitated
from milk at about pH 4.6, may be separated into three
main fractions, called ¢ -, f - and k-caseins, as well
as several minor fractions. Each of the three main
casein fractions has been found to be heterogeneocus and
genetic variations of each specific casein have been
isolated making a large number of discrete proteins in
what is commonly referred to as casein. In this
discussion, unless otherwise mentioned, casein Iractions
refer to the heterogeneous groups of ¢ g™ P- and k-caseing.

casein fractions. The separation of

the three main casein fractions from wihole acid casein
is accomplished by ion exchange chrematography on DEAE
cellulose equilibrated with a buffer containing urea

and 2-mercaptoethanol to digsociate the casein mclecules
(Thompson, 1966)., The casein fractions are eluted

from the column with a linear 0.0 to 0.3 M-sodium
chloride gradient, in the equilibrating buffer. The
order of elution is minor caseins, k-casein, p --casein
and o  -casein. This method (Thompson, 1966) gives good
separations in good yield ofczs— and p-caseins but
k-casein is more readily obtained from a gel chromat-
ography method of Yaguchi, Davies & Kim, (1968), They
used Sephadex G-150 gel equilibrated with a buffer
containing urea but no 2-mercaptoethanol so that the
k-casein was not dissociated and was eluted at the void
volume of the colwm. The k-casein was distinctly
separated from the second large peak of «a o= and B -caseins
in good yield and purity (Yaguchi, Davies & Kim, 1968),
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Factors affecting cagein hydrolysis. The
susceptibility of caseins to hydrolysis, by proteolytic

enzymes such &s rennin, is very much influenced by the
state of aggregation of the caseins. In milk, where
the caseins are largely in the micellar form, a =

and p —-caseins are almost inaccessible to proteolysis
even though it has been shown that rennin is probably
able to penetrate to the interior of the micelles
(Riladeau Dumas & Garnier, 1970). However the removal
of colloidal phosphate from milk, by pH adjustment
followed by dialysis &gainst some of the original

milk, disrupts the micelles and renders the components
accegsible to proteolysis (Fox, 197C). In this form
the relative sguceptibilities of a g ana [ ~caseins

to remmin proteolysis are affected by temperaturec

with [ -~casein being more suceptible at low temperatures
and as~casein more suceptible at higher temperatures
(Fox, 1969,a ). The pHd of the sysiem also affects the
proteolysis products from renmnin-casein reactions which
are considered to be better evaluated by changes in
electrophoretic patterns than changes in non-protein
nitrogen (Fox, 1969, a). The purity of the rennin uvsed
in this type of reaction does not appear to affect the
products formed (Fish, 1957; Fox, 1969, a) suggesting
that pure enzymes are not necessary to evaluate their
proteolytic activity on caseins.

Hydrolysig of casein fractiong. The hydrolysis of
individual casein fractions in solution has been reported
for o  -casein (Ledford, Chen & Nath, 1968; TFox &
Walley, 1971, b) B-casein (Cerbulis, Custer & Zittle,
1960; Ledford, Chen & Nath, 1968; El1 Negoumy, 1970)
and k-casein (Jolles, Alais & Jolles, 1968; Lawrence
& Creamer, 1969), Of the four ag

@ q-casein is hydrolysed by remnin (E1 Negoumy, 1970)
and only the B genetic variant of the o ,-casein
(Creamer & Richardson, 1974). The agq-casein B is

—caseins only



hydrolysed by rennin at the phenylanine 23 - phenyl-
alanine 24 vond to form two peptides (Hill, Lahav &
Givol, 1974). The N-terminal peptide is basic while
the C-terminal peptide, called as1-I by Fox & Guiney
(1973), contains residues 2.4 to 199 (Hill, Lahav &
Givol, 1974) or residues 25 to 199 of a jq-casein B

or a mixture of both (Creamer & Richardson, 1974).

The proteolysis of § -~casein B by remnnin shows that three
bonds are appreciably more sensitive than any others,
The rate of hydrolysis is decreased by both increased
ionic strength and calcium ion concentraticn at constant
ionic strength (Creamer, Mills & Richards, 1971).

Rennin action on k-cagein hydrolyses a phenylalanine-
methionine bond (Jolles, Alais & Jolles, 1968) releasing
a series of discrete macropeptides (Armstrong et al.,
1967) which contains all the sialic acid of k-casein
(Beeby, 1963). The composition of the carbobydrate
moiety of these glycopeptides affects their rate of
release (Sinkinson & Wheelock, 1970) and hence the
aggregation of para-k-casein which is inhibited by

the presence of any of the three major casein fractions
in the absence of calcium (Lawrence & Creamer, 1969).

Hydrolysi f cagei ractions in cheege. The
proteolysis patterms of casein fractions in cheese differ
in some respects from those found in solution although the
relative rates of hydrolysis of @ q-and p —caseins are
affected mainly by the water activity of the system
(Creamer, 1971). Although p-casein is readily hydrolysed
in solution the addition of 5% sodium chloride inhibits
hydrolysis (Fox & Walley, 1971, b) which can not be
detected in cheese unless the cheese has high moisture
and low sodium chloride levels (Phelan, Guiney & Fox,
1973). However o _-casein is almost completely
hydrolysed in cheese and solutions where there is
5 to 10 % sodium chloride in the liquid phase
(Fox & Walley, 1971, b).



The information reported above indicates that
remmin has a specific and recognisable action on
casein fractions both in solution and in cheese,
Therefore any alternative enzyme used to coagulate
milk for cheese manufacture should ideally have the
same proteolytic specificity as calf rennet under
similar conditions.

57
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METHODS

Effect of pH on rennet stability

~ The effect of pH on the stability of adult bovine,
calf and lamb rennets was studied by a method similar {o

0

that used by Mickelsen & Ernstrom (1567) for calf rennin.

Buffers, The buffers, of ionic strength 0,05 (Long,
1961), used to maintain the required pH in each rennet
solution were;

(i) pH 1.4 to 1.9 potassium chloride-hydrochloric acid.

(ii) pHd 2.1 to 3.4 glycine-hydrochloric acid.

(iii) pH 4.0 to 6.0 sodium acetate-acetic acid.

(iv) pH 6.4 to 7.1 disodium hydrogen phosphate-potassium
dihydrogen phosyphate.

Buifers, of ionic strength 1.0, were prepared by adding

sodium chloride to the ahove,

Method. A soluticn of each rennet was prepared by
mixing sufficient rennet powder with water to achieve an
activity of approximately 140 RU/ml., One part of rennet
solution was then added to six parts of each buffer
solution to give samples containing approximately 20 RU/ml
al an ionic strength of 0.04 or 0.86. One set of gamples
was incubated at temperatures of 3, 10, 20 and 30°C for 96
hours while a control for each set was held at 3°C at the
pi at which each rennet was most stable (adult btovine,
4,7, calf 5.4 and lamb 4.1). Afier incubation the residual
milk coagulating activity of each sample was determined,
compared with the corresponding control and any loss
reported as a percentage of the activity of the control.

Effect of heat on rennet stability

The effect- of heat treatment on the milk coagulating
activity of adult bovine, calf and lamb rennets was
determined with two solutions of each remnnet prepared by



dissolving rennet powder in either 17 mg/ml or 200 mg/ml
sodium chloride and adjusted to the moslt stable pd for
each remnet (zdult bovine 4.7, calf 5.4 and lamb 4,.1),
Aliquots (2.5 ml) of each rennet were dispensed into

15 ml screw-top bottles and sealed. A set of five
bottles for each rennet were placed in a heated water
bath which was stirred briskly to ensure a wniform
temperature throughout the bath., The time required for
the bottle contents to recach the water tath temperature
was predetermined and 40% of this time was included in
the heating period for each bottle, After heating
periods of 5, 10, 20, 30 and 60 minutes one bottle frem
each se% was removed from the water bath and immediately
surrounded by ice water to cool the contents as rapidly
as possible., The milk coagilating activity was determined
foirr each sample, and compared with a control sample; firom
each set, which had remained at room temperature during
the heat treatment. Any loss of activity was expressed
as a percentagae of the control.

Yariastions of rennet activity with vH

The relative milk coagulating activity of adult
bovine, calf and lamb rennets at various pH levels in
the region found in cheesemaking (pH 6.1 to 7.0) was
determined in solutions of sodium caseinate (60 mg/ml),
in phosyhate buffers of 0.05 ionic strength (Long, 1961),
which had been stored at 4°C overnight before use.

Stock solutions of each rennet were diluted with phosphate
buffers of the same pH as each caseinate solution and
their milk coagulating activity determined. The pH of
each reaction mixture was measured at room temperature
after larger volumes (2 ml) of each reactant had been
mixed and held at 32°C for one minute. The activity of
the remnet at various pH values was expressed as a
percentage of the activity of that remnet at pH 6,55
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Effect of temperature on remnnet activity

The variation of remnnet acvivity with temperature
over a wide range and including those temperatures likely
to be used in cheesemaking was determined for adult bovine,
calf and lamb rennets by measuring the milk coagulating
activity of each rennet with the assay method, described
earlier, at temperatures of 25; 30, 35, 40, 45 and 50°C.
The same caseinate substrate, at pHd 6.55, and cne stock
solution of each rennet was usad for all the measurements
in each experiment. Rennets of similar milk coagulating
activity at 32°C were used to ensure any comparisons
between rennets were unbiased. Stock solutions of each
rennet were diluted with phosphate buffer at pH 6.55
and tempered to the reaction temperature for 5 minutes
instead of the usual 10 to 15 minutes. This time was
sufficient for the dilute remmet to reach the reaction
temperature but was kept to a minimum to reduce the
possibility of enzyme denaturation at the higher
temperatures., The activity of each rennet at various
temperatures was expressed as a percentage of the
activity of that rennet at 30%¢.

Curd tengion meaggurements

The effect of several factors on curd tension were
measured, for adult bovine, calf and lamb rennets, by the
method of Hehir (1968) as modified by Ellis (1972). The
incubation period was recorded as the time interval
between the addition of rennet to the milk and the
placement of the weight on the curd surface. All milks
were prepared from one batch of low heat skim milk powder
(100 mg/ml) with additions of dry calcium chloride,
M-hydrochloric acid or M-sodium hydroxide to achieve the
desired calcium concentration and pH. Where necessary
water was added to the milk to ensure the milk solids
concentration was the same for each set of milks. The
milks were held at room temperature for at least two hours



after reconstitution befofe use and each rennet was
diJuted with water just bvefore addition to the milk.
The three rennets were used in tha seme activity ratios
as found necessary for cheese manufacture (adult baovine
and lamb remnets 1.9 times higher zctivity than calf
remnet). The incubation temperature was 32°C For all
measurements and the pii was determined in the coagulunm
after the curd tension had been measured. The calcium
content of the milk was measured by an ethylenediamine
tetra acetic acid titration method (Vogel, 1961),

Effect of Lime on curd tension. The effect of

time on the curd tension of milk congulated by each
rennet was determined in milk containing 35.5 mM
calcium at 32°C and i 6.6, EBach rennet was incubated
with the milk for 25, 32, 39, 46, 53 and 60 minutes.

e v
|

Effect of o on curd tension, The effeect of pil

on the curd tension of milk, centaining 43 m™M calcium,
coagulated with eaech rennet was determined at 3200 afGer
30 minutes incubation at various pi values between

6.16 ana 6,83,

Effect of calcium concentration on curd tension,

The effect of calcium concentration on the curd tension
of milk coagulated with each rennet was determined at
pi 6.55 after incubation at 32°C for 30 minutes in milk
containing 33, 36, 39, 42 and 45 mM calcium.

Proteolysis of whole casein

The proteolytic activity of adult bovine, calf
and lamb remmnets on whole casein was determined by
measuring the increase in soluble nitrogen with increased
reaction time. Sodium caseinate (60 mg/ml) was dissolved
in a sodium acetate-acetic acid buffer, ionic strength
0.05 (Long, 1961), to achieve a solution at pH 5.55.
The caseinate solution was held at 4°C overnight before



aliquots ( & ml) were tempered to 32°C for 20 minutes.
Meanwhile each rennet, at the same activity ratios as
found necessary for cheesemaking, was diluted in the
same buffer and tempered to 32°C before an aliquot (2 ml)
was mixed with an aliquot ef caseinate solution and
incubated for 240 minutes. After reaction times of 1,
15, 30, 60, 120, 180 and 240 minutes an aliguot (1 ml)
of each reaction mixture was withdrawn aand added to
0.,15-M trichloroacetic acid (5 ml). Samples were
placed under vacuum for 10 minutes; to remove air
from the precipitated casein, and centrifuged at

2600 rpm for ten minutes bLefore the absorbance of the
supernatants from each set was measured at 280 nm
against the sample of each set prepared after a one
minute reaction time. A blank of caseinate solution
(8 ml) mixed with buffer (2 ml) was incubated and
sampled at the above reaction timesc to measure any
changes in the substrate with time at 32009

Casgein fractionation

Whole casein was separated into the three main
fractions, @ =y B~ and k-caseins, to evaluate the
hydrolysis of each casein fraction by adult bovine,
calf and lamb rennets., Whole acid casein was prepared
from reconstituted skim milk by the method described
earlier for sodium caseinate preparation. However instead
of adding sodium hydroxide to dissolve the casein it was
centrifuged and the casein pellet stored frozen until
required.

Isolation of o - and G-caseins. The isolation

of «a o= and ¢ -caseins was by the ion exchange
chromatography method of Thompson (1966) except that

the buffer contained 4.5 M urea (Garnier, Ribadeau
Dumas & Mocquot, 1964). Prior to application to the
chromatography colwnn the casein was dissolved in buffer
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and centrifuged to remove any insoluble matsrial.
Whatman DE 52 cellulose (W. & R. Balston, Maidstone,
England) was prepared according to the manufacturers
instructions and packed into a colwnn (30 by 1.5 cm).
Flow rates (20 to 30 ml/h) were maintained by a
three-channel peristaltic pump (Pharmzacia Fine Chemicals,
Uppsala, Sweden) which also produced the 0.0 to 0,3M
sodium chloride gradient for column elution. The
absor®ance of the eluent fractions (10 ml) was measured
against the buffer at 280 nm. The sodium chlorida
gradient was determined by measuring the conductivities
of a one to fifteen dilution in water of several
fractions from each run.

Igolation of k-casein. The isolation of k-casgein
was by the method of Yaguchi, Davies and Kim (iS68) from
whole acid cagein or a colum of Sephadex G-150 (90 by
1.5 em). Flow rates (15 to 20 ml/h) were maintained by
gravity and the absorbance of eluent fractions (3 ml)
measured againgt the buffer at 280 nm.

After isolation each casein fraction was dialysed
against 0.C05 M-sodium chloride before concentraticn by
ultrafiltration and further dialysis to remove all the
buffer components (Yaguchi, Davies & Kim, 1968). The
individual fractions were stored frozen until required.

Each of the three main casein fractions, ag=y B-
and k-caseins, were incubated with adult bovine, calf and
lamb rennets and the hydrolysis products determined by
polyacrylamide gel electrophoresis, The reation between
each rennet and the o - or p-casein at 32°C and pH 6.5
was followed by the technique of Creamer, Mills & Richards,
(1971). Reaction times of 1, 4, 15, 30, 60, 120 and 240
minutes were used and the quenched reaction mixtures
electrophoresed on alkaline polyacrylamide gels.,



The reaction between k-casein and each rennet was
followed as above for reaction times of 0, 15, 30 and
60 minutes at 32°C and pH 6.5. Quenched reaction
mixtures were electrophoresed on acid polyacrylamide
gels by the method of Peterson & Kopfler (1966) except
that the stock buffer was 5% acetic acid and amido
black was used to stain the geis. Both alkaline and
acid gels waere destained electrophoretically and photo-
graphed,

Molecular weight determination

The molecular weight (MW) of each purified enzyme
was estimated by the gel chromatography methced of Fischer
(1971). Sephadex G-100 gel, prepared according to the
manufacturers instructions, was equilibrated with a pi
5.6 phosphate buffer (described earlier) and packed into
a colum {90 by 1.5 cm). Standard proteins (Sigma
Chemical Co., St. Louis, U.S.A.), used to calibrate the
column were bovine serum albumin (MW 67,000), ovalilbumin
(MW 45,000), myoglobim (MW 17,800) and cytochrome C
(MW 12,400) (Andrews, 1970). Samples were dissolved in
the equilibration buffer and applied to the column either
in pairs (standard proteins) or singly (purified enzymes).
Flow rates (10 to 20 ml/h) were maintained by gravity and
each fraction of eluent (2.5 ml) was weighed to debtermine
the cumulative volume after correcting for the buffer
density. The absorbance of each eluent fraction was
measured at 230 nm against the buffer and a graph of
absorbance with cumulative eluent volume plotted to
determine the elution volume of each protein, The elution
volume and the logarithim of the molecular weight of each
standard protein was used to calculate a regression
equation for the colum. This regression equation was
then used to determine the molecular weight of each
purified enzyme from its elution volume,
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The amino acid analysis of each purified enzyme
was carried eut on aliguots of a solution of each
enzyme hydrolysed with 6-M hydrochloric acid at 170°C
for 24, 48 and 72 hours. Tryptophan was measured
spectrophetometrically by the method of Beaven &
Holiday (1952) while the amino acid composition of
each hydrolysate was determined with a Locarte
Mark IV amino acid analyser. The data obtained was
treated similarly to a method described by Richardson,
.~ Creamer & Munford (1973). The nwnber of residues of
each amino acid present in each enzyme was calculated
using the molecular weights determined by gel
chromatography data.



RESULTS
Effect of pH on xemnet stability

The loss of milk coagulating activity of adult
bovine, calf and lamb rennets at ionic strengths of
0.04 and 0.86 between pH 1.4 and 7.1 are presented in
Figure 8. TFor each rennet the stability at 3 ana 10°C
was similar so that only 3°C data is presented.

At an ionic strength of 0.04 each reimet has a
region of maximwn stability, adult bovine pH 4.3 to
5.5, calf 5.0 to 6.5 and lamb 3.8 to 4.6 which is the
same for all temperatures between 3 and 3OOC. The loss
of activity at any pH, for each remmet, is temperature
dependent and in all cases greater activity losses
occur as temperature increases.

Due to the presence of sodiuwm chloride in each
buffer, at 30°C adult bovine and lamb are both more
stable at an ionic strength of 0.86 than at 0.04 ieonic
strength. The same applies to calf rennet above pH
4.8 but below pH 4.8 calf rennet is less stable atl the
higher ionic strength supporting the findings of
Mickelsen & Ernstrom (1967) that calf rennin is less
stable at pH values below 5.0 in the presence of
chloride ions.,

iftick of iiaa) b stobilii

The effect of heat on the stability of each rennet
was measured at a different temperature for each sodiwn
chloride concentration, 68°C for 200 mg/ml and 64°C for
17 mg/ml, so that the three rennets could be compared
under the same conditions. Results, presented in Figure
9, show that each rennet is more readily inactivated in
17 mg/ml than 200 mg/ml sodium chloride solution.



Both adult bovine and lamb renrnets are more stable to
heat than calf remnet but this may be due to the
rennets used having a higher concentration of
mucoproteins and other non-active solids pex unit of
enzyme activity in the advlt bovine and lamb rennets.

Variations of rennek ackivity with pH

The variation of rennet activity between pH 6.17
and 6,96 was determined for adult bovine, calf and lamb
rennets and the results are presented in Figure 10,

In cheesemaking rennets are required to coagulate milk
between pH 6,4 and 6,7 (Gillies, 1972) and for the
lower part of this range adult bovine and lamb rennets
acted similarly to calf remnet. However at pH 6.7
adult bovine and lamb rennets are both less acuive
than cali rennet suggesting that when the milik pH
increased more adult bovine and much more lamb reunnet
would be required to coagulate milk in the same time
as calf rennet, This data demonstrates that cash of
the three remnets is active above pH 6.9 unlike porcine
pepsin which showed no activity above pH 6.81 (Green,
1972).

Effect of temperature on rennet activity

The rennet activity of adult bovine, calf and
lamb rennets was determined at pH 6.55 between 25 and
50°C and results, presented in Figure 11, show that
for each rennet there is an optimum temperature,

For adult bovine and calf rennet this is 40°C and for
lamb rennet 30°C.



Figure 8, The effect of pH on the stability of
adult bovine (A), calf (B) and lamb (C) rennets
at ionic strengths of 0.04 (3, (0 ), 20, (®)
and 30, (&) ©°C) and 0.86 (30, (4) % ).
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Fignre 9, The effect of neat on the stability of
adult bovine (0 ), calf (@) and lamb ( A ) rennets
in 200 mg/ml (4) and 17 mg/ml. (B) sodium chloride
solutions.
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Figure 10. The variations of milk coagulating
activity with pH for adult bovine (O ), calf (e)
and lamb ( 5 ) rennets.
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Pigure 11, The effect of temperature on the milk
coagulating activity of adult bovine ( o ),
calf ( @ ) and lamb ( & ) rennets.
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The temperature range used in cheesemaking to coagulate
milk is 30 to 35°C and in this range adul${ bovine and
calf remnets behave similarly in that they become more
active as temperature increases in contrast to the lamb
rennet which becomes less active, The different response
in activity to temperature increases between adult bovine
and calf remnets would not be noticeable in cheesemaking
but the difference between lamb and calf rennets would
indicate that the setting temperature might need to be
limited if the minimum quantity of lamb rennet was to

be used.

EfTect of time on curd tension

The curd tension of milk coagulated by adult bovine,
call and lamb rennets was measured after incubation times
of 25 to 60 minutes and the results, presented in Figure 12,
were the average of duplicate determinations.

The three rennets showed a similar response in wvhat
the curd tension increased with incubation time between 25
and 60 minutes although the increase was small alter 46
minutes, Therefore a cheesemaker could extend the setting
time to achieve the desired coagulwn firmness when using
adult bovine or lamb rennet in the same manner as with calf
rennet although extending the setting time beyond 46 minutes
could not e expected to produce a significantly firmer
coagulum,

Effect of pH on curd tension

The curd tension of milk coagulated with adult bovine,
calf and lamb rennets was measured after incubation at pH
values between 6,16 and 6,83 and the results, presented in
Figure 13, were the average of duplicate determinations.,

The three rennets show similar trends in that they
all produce a firmer coagulum at lower pH levels than at
higher pH levels. Rennets are required to coagulate milk
between pH 6.4 and 6,7 (Gill es, 1972) and within this



Figure 12. The effect of time on the curd tension
of milk coagulated by adult bovine ( 0 ), calf (@ )
and lamb ( & ) rennets.
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Figure 13, The effect of pH on the curd tension
of milk coagulated by adult bovine ( o ),
calf (@ ) and lamb ( o ) rennets.
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range calf rennet is the most sensitive to pH change.
Therefore adult bovine and lamb remnnets would be expected
to produce slightly firmer coagulwns at higher pH levels,
relative to calf remnet, if all had been standardised in
activity at pH 6.55, A cheesemaker would be able to usec
adult bovine or lamb remmets in a similar manner to calf
rennet when ever milk pH was higher than usual,

Effect of calcium concentration on curd tension.

The curd tension of milk, containing 33.0 to 45.5 nM
calcium, coagulated with adult bovine, calf and lamb remnets
was measured and the results, presented in Figure 14, were
the average of duplicate determinations.

The three rennets showed a similar response in Hhat
curd tension increases with calcium concentration. However
at lower calcium levels adult bovine and lamb rennets ave
similar in their response and are both considerably more
gengitive to calcium than calf rennet. From a cheesemnakers
point of wview the three rennets respond similarly to the
addition of calcium to milk and both the adult bovine and
lamb remnets could be used in the same manner as calf reunet.
The calciuwn concentration of milk has little effect on the
first stage of milk coagulation and the similarities in the
above data suggest that the second stage of milk coagulation
ig similar for adult bovine, calf and lamb rennets.,

Proteolysis of whole casein

The change in soluble nitrogen with time was measured
for adult bovine, calf and lamb rennets incubated with a
solution of whole casein, Each of the three rennets produced
an increase in soluble nitrogen (as measured by absorbance at
280 nm) with time and there was a straight line relationship
between these two parameters from 15 to 240 minutes, as
shown in Figure 15. There was no change in absorbance with
time for the blank, indicating that all the changes in samples
was due to enzyme action. The slope of the lines (Figure 15)
shows that under these conditions adult bovine rennet is
1,58 times and lamb rennet 1,12 times more proteolytic on
whole casein than calf rennet.



Figure 14. The effect of calcium concentration
on the curd tension of milk coagulated by adult
bovine ( 0 ), calf ( @ ) and lamb ( o ) rennets.
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FPigure 15, The proteolysis of whole casein by adult
bovine (0 ), calf ( @ ) and lamb ( A ) rennets.



(280 NM)

RBANCE

ABSO

25

.20

05

i

T

I

50 mg/ml CASEIN

/
>
pPH 5.55
32 °C

1 2 8 4

TIME  (HOURS)



78

Casein fractionation

Isolation of o - and € -caseins. A typical ion

exchange chromatograph, presented in Figure 16, shows
that whole acid casein is separated into two main
peaks which, in order of elution, are p —-casein and

o —casein (Thompson, 1966). The fractions, containing

a - or P-caseins, indicated by the bars in Figure 16,
were pooled and held at 4°C with 5 g/1 of chloroform as
a preservative until a sufficient quantity was accumulated.

Igolation of k-casein. A typical gel
chromatograph, presented in Figure 17, shows that whole
acid casein is separated into two peaks. The first peak,
eluted at the void volume of the colwnn, contains k-casein
while the second peak consists mainly of 4 and B -ceseins
(Yaguchi, Davies & Kim, 1968)., The fractions containing
k-casein, indicated by the bars in Figure 17, were pooled
and held at 4°C with 5 g/1 of chloroform as a preservative
until a sufficient quantity was accumulated.

The accumulated quantities of each casein fraction
were dialysed against 0.005-M sodium chloride,
concentrated by ultrafiltration and further dialysed
until free of buffers. Solutions were stored frozen
until required and the purity of each fraction is
demonstrated in the following section.

g_s-gggein. Electrophoretograms of the hydrolysis
products of as—casein produced by adult bovine, calf and
lamb rennets are shown in Figure 18, Each rennet rapidly
convertedcxs-casein to the peptidetzs1-I (Fox & Guiney,
1973) which was further hydrolysed to two peptides of
greater mobility. It can be seen that under the conditions
used the rate of hydrolysis of as—casein is fastest by
calf rennet, then lamb rennet while adult bovine rennet is

the slowest. However although the rates varied each of the



Figure 16, Elution pattern of whole acid casein
from ion exchange chromatography on DEAE
cellulose.
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Figure 17. Elution patterns of whole acid casein
from gel chromatography on Sephadex G-100 gel.
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Figure 18. Alkaline polyacrylamide gel
electrophoretograms of « s-casein hydrolysed
for 0, 1, 4, 15, 30, 60, 120 and 240 minutes
at pi 6.5 by adult bovine (A4), calf (B)

and lamb (C) rennets.
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three rennets hydrolysed as—casein, in solution at
pH 6.5, in the same manner.

B ~cagsein. Electrophoretograms of the hydrolysis
products of g -casein produced by adult bovine, call
and lamb rennets are shown in Fipgure 19. It was found
that each rennet rapidly converted g-cascin to the
peptide called g-I by Creamer, Mills & Richards (1971)
(this was confirmed on slab electrophoresis gels),

The p-I peptide was further hydrolysed to two more

mobile peptides called p -II and £ -ILJ, in order of

increasing mobility, respectively, by the same workers,

Under the conditions used the rate of hydrolysis of
p—-casein was fastest for adult bovine rennet, then

lamb remnet and calf rennet was the slowest. However

although adult bovine and lamb rennets hydrolyse B-casein,

in solution at 6.5, faster than calf remnet they do so

in the same manner and into the same productse.

k~cagein. Electirophoretograms of the hydrolysis
products of k-caseins produced by adult bovine, calf
and lamb rennets are shown in Figure 20, Each rennet
hydrolysed most of the k-caseins to para-k-caseins
which were more mobile on acid polyacrylamide gel
electrophoresis (Bingham, 1975). In each case there
was one predominant para-k-casein produced and only
a trace of a less mobile band in the same region of the
gel., Calf rennet hydrolysed k-casein most rapidly and
almost completely in 15 minutes. Adult bovine and lamb
rennets hydrolysed k-casein at approximately the same
rate which was considerably slower than calf rennet,
The hydrolysis was not as complete and a considerable
proportion of k-casein remained unhydrolysed after
60 minutes reaction time. However adult bovine and
lamb rennets hydrolysed k-caseins, in solution at pH
6.5, into para-k-caseins in a similar manner to but
at a slower rate and less completely than calf rennet.



Figure 19, Alkaline polyacrylamide gel
electrophoretograms of p —casein hydrolysed for
0, 1, 4, 15, 30, 60, 120 and 240 minutes at

pd 6.5 by adult bovine (A), calf (B) and

lamb (C) ren-ets.
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Figure 20. Acid polyacrylamide gel electrophoretograms
of k~casein hydrolysed for O, 15, 30 and ©0 minutes by
adult bovine (i), calf (B) and lamb (C) rennets.
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Molecular weight determinations

The molecular weight of each purified enzyme from
adult bovine and lamb rennets was determined by comparing
their elution volumes from a Sephadex G-100 gel
chromatography column with the elution volumes of four
standard proteins of known molecular weights. The
elution volume (Ve) of each standard protein was
determined three or four times and this data with the
logarithim of the molecular weight (log MW) of each
standard protein was used to calculate a regressicn
equation which is;

Log MW = 6,776 - 0,0243 Ve
with a standard deviation of i 0.034.

The elution volume data and regression line are
shown in IFigure 21. The molecular weight of cach
enzyme was estimated by substituting the average value
of three elution volume determinations in the above
regression equation and this data is presented in
Table IJI.

Table 1III. Molecular weight estimations for adult bovine,
lamb 1 and lamb 2 enzymes from gel chromatography
measurements.,

Enzyme Elution Standard Molecular Standard
volume deviation weight deviation
(ml)
Adult
bovine 94.0 0.00 31,030 2,340
Lamb 1 95,0 0.71 29, 340 2,429
Lamb 2 93.2 0.28 32,450 2,547

The estimated molecular weights of the three enzymes
were adult bovine 31,030, lamb 1 29,340 and lamb 2 32,450.



Figure 21, The comparison between the logarithim
of the molecular weights and the elution volumes
from a Sephadex G-100 gel column for bovine serum
albumin ( 0 ), ovalbumin ( @ ), myoglobin ( a )
and cytochrome C ( A ).
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These values were all of the same order and were similar
to values reported for calf rennin 31,000 (Ilie et al.;
1966) and porcine pepsin 34,520 (Moravek & Kostka, 1974).
Porcine pepsinogen, bovine pepsinogen and calf prorennin
have reported molecular weights of 38,944 (Rajogoplan,
Moore & Stein, 1966), 38,943 (Chow & Kassell, 1968) and
36,200 (Ilie et al,, 1966) respectively, Therefore if
the adult bovine, lamb 1 and lamb 2 enzymes are of the
rennin or pepsin type it appears that a peptide of
molecular weight 4,000 to 9,000 is split from each
zymogen upcn the activation of these enzymes,

Amino acid composition

The amino acid composition of the adult bovine,
lamb 1 and lamb 2 enzymes was determined on a Locarte
Mark IV amino acid analyser or spectrophotometrically
for tryptophan. The hydrochloric acid hydrolysates
of each enzyme were analysed in triplicate and the
amino acid compositions, in residues per molecule,
calculated from the molar ratiosg. For methionine,
threonine and serine only 24 hour hydrolysis data was
used although the latter two were increased by 5% and
107% respectively to compensate for destruction.

Valine, isoleucine and leucine were calculated from

72 hour hydrolysis data while the other amino acids

were calculated from the average of all nine analyses
(Creamer & Richardson, 1974). The amino acid composition
of the enzymes, to the nearest whole number of residues
per molecule, was calculated using the molecular weights
determined by gel chromatography and is shown in Table IV,
A molecular weight was calculated for each enzyme from
the amino acid composition and is also presented in

Table IV,
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Table IV, Amino acid composition of adult bovine, lamb 1
and lamd 2 enzymes,

Amino acid Adult hovine Lamb 1 Lamb 2
Aspartic acid 31 23 34
Threonine 21 17 22
Serine 37 24 38
Glutamic acid 26 24 27
Proline 11 10 13
Glycine 28 24 29
Alanine 11 11 13
Half cystine 7 11 8
Valine 21 2 22
Methionine 2 5 3
Isoleucine 25 14 26
Leucine 19 19 21
Tyrosine _ 15 15 16
Phenylalanine 13 13 14
Histidine 1 4 1
Lysine 0 7 0]
Arginine 2 4 2
Tryptophan 12 13 9
Number of residues 282 261 298
Molecular weights

(a) Chromatography 31,030 29,340 32,450
(b) Calculated 30,823 29, 345 32,303

The amino acid composition of the adult bovine and
lamb 2 enzymes were very similar, They differed by no
more than one residue for 12 amino acids and by no more
than three residues for any amino acids., When the amino
acid composition. of these two enzymes was compared with
that of bovine pepsinogen (Chow & Kassell, 1968) there



were many similarities allowing for the removal of a
peptide upon activation of the pepsinogen to pepsin.
The amino acid analysis of porcine pepsin (Mcaravek &
Kostka, 1974) also had similarities to that of adult
bovine and the lamb 2 enzymes. For instance they all
contained large numbers of acidic residues and small
numbers of basic residues, 98 and 4 respectively in
porcine pepsin, 57 and 3 in adult bovine and 61 and 3
in lamb 2 enzymes. These similarities suggest that
the adult bovine and lamb 2 enzymes were pepsins and
were probably the bovine pepsin (Fox, 1969, b) and
the ovine pepsin (O'Leary & Fox, 1973) reported
previously.

When the amino acid composition of the lamb 1
enzyme was compared with that of calf remnin (Ilie
et al,, 1966) and that of lamb remnins A & B (Oruntaeva
& Seitov, 1971) it was found that there was a general
similarity between the amino acid compositions of all
four enzymes. This became particularly apparent when
the data reported by the above workers was adjusted
for tryptophan, cystine and methionine residues some
or all of waich they did not report. The basic amino
acids in the lamb 1 enzyme totaled 15 which was
considerably more than found in either adult bovine or
lamb 2 enzymes and was similar to the number found in
calf rennin, 17, lamb rennins A & B, 22 and 21
respectively. The similarities to the data reported for
calf and lamb remnins plus the relatively large numbers
of basic residues, compared to pepsins, suggested that
the lamb 1 enzyme is a rennin,
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Sodium chloride is used in rennet manufacture to
dissolve the enzymes, stabilise solutions against bacterial
action and act as carrier in rennet powders. It is
cheaper than most other commercially available salts, is
easy to use and therefore the stability of a rennet in
the piresence of sodium chloride is of importance in
designing manufacturing and handling procedures for
rennets.

The adult bovine, calf and lamb rennets used in this
gstudy each has a region of maximum pH stability which is
enhanced by the addition of socdium chloride. The stability
of each rennet is affected by temperature and all are most
stable at 10°C or below. Therefore in the commercial
processing of adult bovine, calf or lamb rennets sodium
chloride solutions between pH 4,3 to 5.5 for adult
bovine rennet, pH 5.0 to 6.5 for calf remnet and pH
3.8 to 4.6 for lamb rennet at temperatures of 10°C or
less should be used to achieve maximum retention of
activity.

Solvtions of adult bovine, calf or lamb rennets
containing 200 mg/ml of sodium chloride are all more
resistant to heat denaturation than solutions containing
17 mg/ml of sodiwn chloride. However it seems unlikely
that heat treatment could be used as a means of con-
trolling bacteria in rennet producticnr as all three
rennets are partially inactivated by heat treatments
less than that required for milk pasteurisation,

The adult bovine, calf and lamb remnets all retain
some activity after a heat treatment of 68°C for 30
minutes in 200 mg/ml sodium chloride solution and curds
and whey which have a higher concentration of organic
matter than rennet solutions would help protect such
labile substances from heat denaturation.
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The most severe heat treatment used in cheese manufacture
is 52°C for a maximum of 200 minutes for Swiss types of
cheese and therefore adult bovine, calf and lamb renneis
should not be greatly affected by such heat {reatment
probably remaining active in cheese manufactured with
them,

Lamb remnet appears to have a lower relative
activity at pH values above pH 6,55 than either calf or
adult Dbovine rennets when activity is measured in casein
solution. If this is confirmed then it would be necessary
to use more lamb rennet than calf cr adult bovine rennets
when the pH of milk was above ©.55. This situation
occurs towards the end of a New Zealand dairying seasoin
as the solids in the milk increase or during unusual
climatic conditions. However when the activities of
the rennets are compared by curd tensicn measurements
lamb remnnet appears to be less sensitive to pH change
than either adult bovine ox* calf rennet. The disparity
between these two methods of activity measurement could
be due to the differences in the substrate used for each
measurenment or the solution used to dilute the rennets.
The milk used for curd tension measurements had a solids
content of 100 mg/ml while the caseinate solution used
for the activity assay contained 30 mg/ml. This
difference would not be expected to cause all of the
disparity found between the two methods of activity
measurement,

Water was used to dilute the rennet for curd
tension measurements while a phosphate buffer at pH 6,55
was used to dilute the rennets for activity measurements
in casein solution. Lamb rennet at pH 6,55 and 30°C in
a buffer of 0.04 ionic strength lost 80% of its activity
in 96 hours.



It would therefore seem that some of the disparity found
between the two activity measurements may be due to the
instability of lamb remnet under the conditions of the
assay. This may alsc have been part of the reason for
the observation that lamb rennet has a lower ophilm
temperature than either adult bovine or calf reunnevse.

4t pH 6,55 and 30°C in a buffer of 0.04 ionic strength
adult bovine rennet lost 30% of its activity in 9% hours
while calf rennet lost only 8% of its activity under
similar conditions. Lamb rennet was quite heat stable
at its most stable pH of 4.1 but the pH used in the
activity assay in casein solutions, ©,55, was well
removed from its stable region., The most stable pHs

of adult bovine, (4.7) and calf rennet (5.4) are much
closer to pH 6,55 and so they should be more stable

at pd ©,55. Lamb rennet may therefore appear less
active at higher temperatures as a greater proporiion

of it is denatured before it can hydrolyse k-casein

in solution.

A cheesemaker uses his judgement of coagulunm
firmness to decide when a vat should be cut and obtains
a firmer coagulun by;
(i) lowering the pH of the milk by allowing the starter
bacteria to develop acid or by adding more starter,
(ii) adding calcium ions to the milk.
(iii) extending the setting time.
(iv) using more rennet, (this increases costs and is not
generally practiced)
The adult bovine and lamb rennets used in this study
respond to treatments simulating each of the above in
a mammer similar to the calf rennet controls., Therefore
a cheesemaker can use adult bovine and lamb rennets in
the same way as calf rennet to obtain the desired
coagulum.
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A satisfactory calf rennet substitute must have a
high milk coagulating to proteolytic activity ratio
(Fox, 1969, b) and ideally should also hydrolyse the
individuval casein fractions in the same manner as calf
rennet, The adult bovine and lamb rennets used in this
study are both slightly more proteolytic on whole
casein in solution than calf rennet for the activities
used in cheesemaking. However neither of these two
rennets is as proteolytic as porcine pepsin (Fox, 1959,b)
which has been used commercially for cheesemaking. The
hydrolysis products from the three main casein fractions
in solution produced by adult bovine and lamb rennets
are similar to those preduced by calf remnet, The rates
of hydrolysis of a - and k-caseins, in solution, are
faster fer calf rennet than either aduvli bovine or lamb
rennets. However g -casein, in solution, is hydrolysed
nore rapidly by adult bovine and lamb rennets than by
calf rennet. Therefore it appears that the adult bovine
and lamb rennets are suitable altermatives to calf
renmmet from a consideration of their proteolytic actions
on whole casein and the three main casein fractions. The
slower vrate and less complete hydrolysis of k-casein, in
solution, partially explains the necessity of using more
active solutions of adult bovine and lamb rennets in
cheese manufacture,

The amino acid composition of the enzymes
isolated from adult bovine and lamb rennets indicates
that the adult bovine rennet contained only one
enzyme with milk coaguvlating activity and that it was
a pepsin., Some bovine pepsin is present in most calf
rennets depending largely on the age of the calves at
slaughter and their diet prior to slaughter. There
was no rennin present in the adult bovine rennet but
this is as expected as the rennet was extracted from
the abomasums of cattle slaughtered at over one year
of age, and their diet would not have included milk
since they were calves., ILamb ®nnet contained two
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enzymes with milk coagulating activity, one pepsin and
one remnin. It is of interest to find 22% of the milk
coagulating activity of the lamb rennet in the form of
a rennin enzyme as the rennet was obtained from the
abomasums of lambs slaughtered at three o six months
of age whose diet would still have included milk,
Renneyv obtained from calves of a similar age and diet
will also have rennin presen{ but probably not in

sucn a large proportion. No attempt was made to
geparate any of these enzymes into possible components.



CHARTER V

CHEESE MANUFACTURE

REVIEW OF LITERATURE

Cheese manufacture in New Zealand

The main type of cheese manufactured in New Zealand
is cheddar which accounts for approximately 80% of the
100,000 tons manufactured annually, Milk used for cheese
manufacture is from predominantly Jersey cows which
produce milk with a higher fat content (national average
4,7/%) than milk used for cheese manufacture in other
countries. A survey of the manufacture of cheddar cheese
in New Zealand was prepared by Robertson (1970) and
unless otherwise quoted the following discussion is
based on that report,

The milk used for cheese manufacture in New Zealand
must be pasteurized at 70°C for at least 15 seconds and
may be standardised by the removal of fat to produce a
cheese containing 52 to 55% fat in the water free
substance {Dolby, 1971). The milk is standardised
either by diverting some of the milk through a separator
for the time necessary to remove a calculated quantity
of fat during the filling of each vat (Dolby, 1971) or
by diverting a portion of the pasteurized milk through a
separator continuously to remove the required quantity
of fat (Gill es, 1971). In both cases the skim milk
from the separator is returned to the milk before it
reaches the cheese vat.

Virtually all the cheddar cheese manufactured in
New Zealand is made using single strain starters of
Streptococcus cremoris and Streptococcus lactis.




The starters are maintained, usually in laboratories
close to each factory, in skim milk and mother cultures
prepared for daily innoculations into water sealed bulk
starter vessels. Different strains of btacteriophage
unrelated starters are used in rotations of three or
more fills of milk and strict hygiene is practiced to
reduce the possibility of bacteriophage build up and
subsequent attack on starters causging slow acid
development and poor quality cheecse,

The flavour of cheddar cheese is largely dependent
on the starters used and a postulated thecry (Lowrie &
Tawrence; 1972) suggests that both the starter and
rennet proteases cause a breakdown of casein to peptides;
some of which are bitter. Some starters always preduce
bitter cheese with calf rennet but not with a protease
of fungal origin (Lawrence, Creamer, Gill es & Martley,
1972) suggesting that each starter strain should be
used with each rennet type to determine combinations
that produce good flavoured cheese., The bitterness
often associ ted with cheddar cheese made with single
strain starters is affected by the starter population
reached during cheesemaking and can ve controlled by
the cooking temperature used for each strain (Lowrie,
Lawrence & Pearce, 1972) or by the addition of bacter-
iophage to the cheese millt (Lowrie, Lawrence & Peberdy,
1974). Martley & Lawrence (1972) suggested that to
make good flavoured cheddar cheese a starter must have
the following characteristics;

(i) poor survival in cheese matured at 13°C.

(ii) a low rate of cell division at the cooking temperature.
(iii) low proteolytic activity.

(iv) high acid phosphatase activity.

A typical manufacturing scheme for cheddar cheese
is described and commences when the starter (1.5 to
2,5%) is injected into the pasteurized milk, which has
been cooled to 31 to 32°C, during vat filling.
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When a vat is full remmet is added and stirred into the
milk., After setting for 30 to 40 minutes the coagulum

is cut into 1 c¢m cubes and stirring commenced. A few
minutes later heating begins, slowly at first, and then
more rapidly to achieve a temperature of 37 to 40°C in
not less than 30 minutes. Approximately two hours

later agitation stops, the curd allowed to settle and

the whey drained off. Mechanical agitation is uvsed to
keep the curd particles free and to assist whey drainage,
By the time the curd is dry the acidity of the fresh whey
running from the curd is 0.18 to C.20% lactic acid. The
curd fuses into blocks and is cheddared until an acidity
of 0.55 to 0.65 % lactic acid is obtained, usuvally about
two hours after ruming off the whey. The cheddared
curd is milled into fingers befcre salt additiocn folliowed
by mixing to ensure uniform salt distribuiicn and whey
drainage. The curd is then hooped and pressed overnight
to form 18 kg blocks of cheese. Next day the chegse

are wrapped, to maintain moisture and prevent mold
contamination etc., placed in a carton and stored at

13°C for 14 days. €heese from each vat is then

graded by the Ministry of Agriculture and Fisheries and
transfered to a store at 69C until required for shipment
to a market.

Calf rennet is the only coagulant used for cheese
manufacture in New Zealand although trials have been
carried out with a number of other rennets (Robertson &
¢ill es, 1969; Clarke, 1974). In their trials Robertson
& Gill es (1969) compared Meito fungal rennet with calf
rennet and found that provided calcium was added to the
milk to achieve a similar coagulum to calf rennet the
cheese manufacturing proce dures were the same for both.
This was true for a variety of coagulants, of microbial
and animal origin, although Clarke (1974) achieved similar
ccagulums to calf rennet by adjusting the quantity of
coagulant added to the milk.
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Cheddar cheese was manufactured from pasteurized
(72°C for 15 seconds) commercial whole milk, in the New
Zealand Dairy Research Institute's Processing Hall, by
a small scale (320 1) simulation of the conventional
commercial methods (Robertson, 1970). The quantity of
adult bovine, calf, lamb or mixture (50/50 calf-adult
bovine rennets) remnets was the same (18 ml/100 1) for
each vat although the activity of each coagulant had
been adjusted to achieve the same curd tension as calf
rennet under similar conditions. Cheese was manuiactursd
four times during the 1973/74 dairying season on con-
secvtive days with a different pair of starters (MLS8,
M11; P2, AM2) on each of the two days. Cheese was
made on two occasions with all four remnets and on
two occasions without the mixture remnet. All of the
vats were set at 32°C and cooked to 37.8°C in 30
minutes. The coagulum was cut with 1 cm knives and
the titrateable acidities at running, drying, milling
and salting as well as the number of dry stirs and salt
addition were all kept constant, as far as possible,
between vats on any one day. Two 18 kg rindless cheese
were made from each vat and stored at 13°C for two weeks
after manufacture. One cheese from each vat remained at
1300 while the other was stored at 6°C and both were kept
for up to 12 months., All cheese were analysed at 14 days
for salt, moisture and fat while the pH was measured the
day after manufacture.

Cheese flavour and body asgesment

Cheddar cheese, manufactured with each rennet was
evaluated organoleptically 3 and © months, after the
date of manufacture, for flavour, body and various



favlts (see Appendix I). A team of four to eight
experienced graders, drawn from a panel of nine, was
used for each evaluation which was as described by
Lowrie, Lawrence & Peberdy (1974). All the cheese
made on the same day was presented to the graders at
any one e¢valuation session and the individual vats
were i dentified by random numbers., A control cheese
which had a good flavour was included in each grading
sessien as a reference, Cheege Tlavour was scored on
a five point scale with one reprecenting poor and five
very good flavour.

Cagein degradation in cheege

Cheddar cheese was manufactured with each rermet
and stored for up to twelve months at 6°C. The
degradation of the casein comporents of the cheese
was followed from eleclrophoretograms of each cheese
sampled at one, three, six, nine and twelve months
after manufacture. Samples of each cheese were
stored frozen until all were available for alkaline
polyacrylamide gel electrophoresis which was by
the method of Creamer (1970).

99
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RESULTS

Cheege manufachure

On each occas ion that cheese was manufactured the
analyses showed the cheese to be typical of New Zealand
cheddar and that differences between the cheese from
each vat were small., A typical day was the four vats of
cheese manufactured on 24.1.74 using 2% of a 1:2 mixture
of P2 and AM2 starters. Acidities were 0,15% lactic
acid at setting, 0.095% at cutting, 0.125% at running,
0.14 to 0.145% at drying, 0.49 to 0.52% at milling and
0.68 to 0.71% at salting. Total meke time from renneting
to salting was uniform at 5 hours 20 minules. Cheese
pl at one day was 5.08 to 5.10 and at 14 days moisiture
vas 33.0 to 33.8%, salt 1.52 to 1.627%, moisture in the
non-fatty substance 53.2 to 54.5% and salt in the
moisture 4.54 to 4.91%. These analyses show that the
cheeses made with each rennet were of similar composition
14 days after manufacture and demonstrated that any
differences between the cheeses in other characteristics
were not due to differences in composition,

Cheege flavour and bodv assesment

The frequency of the flavour scores of cheese made
with adult bovine, lamb or mixture rennets being higher
or lower than the score for the corresponding cheese made
with calf rennet was recorded and is shown in Table V,

Appraisal of Table V suggests that cheese made wit
adult bovine, lamb or mixture rennets was preferred
approximately as often as cheese made with calf rennet,
Therefore these data were tested against the null
hypotheses (Ho) that the cheese made with calf rennet was
preferred in half of the comparisons, ie Ho (Pc = 0.5)

Pc = the probability that cheese manufactured with
calf rennet was preferred to the alternative,
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Table V., The freguency of the difference between flavour
scores of cheese made with adul% bevine (B), lamb (L) or
mixture (M) rennets compared with the corresponding
cheese made with calf (C) rennet.

P

Date of Age at Number of EFlavonr sgoregs
manufacture evaluation comparisons C=>B B>C C>L I=C C=M M>C
(months)
20.9.73 3 10 1 1 @ 47
6 12 5 2 0 2
21.9.73 3 14 5 1 5 2
6 8 ® 3 m e
3.12.73 3 10 1 2 O B
6 10 T 2 ® B
4.12,73 3 10 301 3 1
6 8 1 2 0 2
23.1.74 3 13 ®@ 7 & b 2 1
6 10 i o & 1 1 1
24.1.74 8 14 3 2 &2 W 2 a
6 10 3 1 4 1 5 2
11.3.74 3 13 2 3 1 4 2 4
6 10 4 2 1 1 4 1
12.3.74 B 15 5 0 7 0 0 0
6 10 3 2 A 3 a1 1
Totals 17T 38 25 28 26
95 17 10

The data, Table V, shows that in the majority of the
comparisons there was no difference in the flavour scores
between the two cheese considered and half of this number
was added to the frequency of calf rennet cheese having a
higher flavour score than the cheese made with the alter-
native rennet, (American Society for Testing and Materials,
1968). As the number of comparisons was large data was
considered to be from a normal distribution and was tested
against Ho (Pc = 0.5) by the formula;
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(p - p) - 1/on

\/ PQ/n

Where .4 = normal variable for n = 30

n = number of observations
ﬁ = observed proportion
p = null hypotheses of probability

=1—p
Moore, Shirley & Edwards, 1972).

~—~ \Q

Table VI. Normal variable values testing the hypotheses
that cheese made with calf rennet was preferred in half
of the comparisons with cheese made with adult bovine,
Jamb or mixture rennets,

b

Gl Normal Sisnifi

Rennet Number C

of com- Uncor- Cor- variable cance
parisons rected rected

Adult

bovine 177 38 95 0.89 Ns©
Lamb 177 28 89.5 0,08 NS
Mixture 95 17 51 0.63 NS

cheese made with calf rennet

o
I}

b = cheese made with rennet shown in the
left hand column.
not significant at the 5% level,

0
]

From Table VI it can be seen that in all cases
there was no significant difference between the null
hypotheses and the observed data and hence the null
hypotheses can be accepted. Therefore there was no
significant difference in the flavour of the cheese
made with calf rennet compared individually with the
cheese made with adult bovine, lamb or mixture rennets.



103

Cheeses were also examined for the flavour
characteristics of bitterness, astringency, fruitiness,
sharpness and other flavours. Scores for these
characteristics were alloted to each cheese at each
grading and the average score for cheese made with adult
bovine, calf, lamb or mixture rennets were calculated
and are shovm in Table VII,

Table VII., The average scores of flavour characteristics
Tor cheese made with adult bovine, calf, lamb or mixture

remnnets.
Characteristic Rennet
Aduls Calf Lanmb Mixbture
e (average score)
Bitterness 1.40 1.42 1639 1.42
Astringency 1.54 142 1.54 1.29
Fruitiness 1.50 1,63 1.50 1.59
Sharpness 1.23 1.24 1,26 X
Other flavours 1.96 1,66 1.97 2.15

Data shown in Table VII indicates that the flavour
characteristics considered were, on average, virtually
ahsent from all the cheese (a score of 2 indicates that
the flavour was possibly present). "Other flavours" were
possibly present in cheese made from adult bovine, lamb
or mixture rennets but there was no agreement between
graders as to any one "other flavour" for the cheese made
with any one rennet,

The body of each cheese was scored by each grader
using a number to indicate the type of cheese body as
shown below;

1. sticky, pasty, glutinous, weak.
2. smooth,

3. pleasant.

4, grainy, lumpy.

5. dry, sandy, furry.
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The frequency that each body score was alloted to cheese
made with each rennet were totalled and the percentage of
Judgements alloted to each score for each rennet
calculated. This data is shown in Table VIII,

Table VIII. The percentage of judgements alloted to each
body score of cheese manufactured with adult bovine, calf,
lamb or mixture rennets.

Body score Rennet -

Adult bovine Calf Lamb Mixture

()

1 0.0 1.1 0.0 0.0
2 15.9 15.3 12.5 28.7
3 71.6 76.2 77.3 575
4 12.5 7.4 10.2 13.8
5 0.0 0.0 0.0 0.0

Body scores of 2 or 3 accounted for at least 86% of
the judgements of the cheese made with each rennet indica-
ting that the cheese body was usually smooth or pleasant.
Differences in the proportion of body scores other than
2 or 3 were small an in no case was there agreement
between the majority of graders that any one cheese was
other than smooth or pleasant,

in decsradati j e

The degradation of the casein in the cheese manufac-
tured with adult bovine, calf, lamb or mixture rennets was
determined from electrophoretograms of cheese at one,
three, six, nine and twelve months after manufacture,

The oldest cheese (manufactured 20.9.73) made with each
rennet was sampled after six, nine and twelve months
storage at 6°C while the youngest cheese (manufactured
12.3.74) was sampled after one, three and six months
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storage at 6%, a1l samples from the two cheese made
with each rennet were electrophoresed on alkaline
polyacrylamide gels, The photographs of these gels,
shown in Figure 22, demonstrate {hat the four rennets
produce cheese with indistinguishable electirophoretic
patterns, There were the same number of bands from
each cheege although the intensity of some varied
slightly. The p-casein was largely unhydrolysed as
was found in cheddar cheese made with calf rennst
(Creamer, 1970). The as-casein was hydrolysed almost
completely to several bands of peptides. At least
four bands were apparent in the area between the
origin and the p -casein with another two bands
between the f-casein and the ¢ Sucaseins. One
further band, more mobile than a s-casein, and
probably the o _.-I peptide (Fox & Guiney, 1973),

was present but in turn was hydrolysed as the cheese
aged. The casein degradation in these cheesea
appeared similar to that already reported for
cheddar types (Creamer, 1970) and was indistingui-
shable between the various rennets used to manufacture
the cheese.



Figure 22. Alkaline polyacrylamide gel
electrophoretograms of cheese, after one,
three, six, nine and twelve months storage
at 6°¢ , manufactured with adult bovine (A),
calf (B), lamb (C) and a 50/50 mixture of
calf-edult bovine (D) rennets.
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DRISCISSION

Cheddar cheese was manufactured with adult bovine,
lamb and mixture rennets and compared at all stages with
cheese made at the same time from the same milk under
the same conditions with calf rennet. The activity of
the milk coagulating enzymes was adjusted in each alt-
crnative coagulant to ensure a similar coagulum in the
game selting time as that produced by calf rennet,

This was achieved and from a cheese manufacturing point
of view there was no difference in the manufacture of
any vat of cheese regardless of the coagulant.

Cutting of the coagulun produced varying remarxs from
the cheegemaker such as, curd fractured more easily,
not as smooth or grainy appearance but there was no
consistant remark attributed to any one coagulont.

Calf remmet received as many such comments as any of
the alternative rennets.

Acid production was not affected in any wey by
the coagulant used and the acidities at each stage
throughout the manufacture on any one day were as
even as could be expected between three or four vats
of cheese, This was confirmed as the pH of one day
0ld cheese was also very even between vats manufactured
on the same day. There was no apparent difference in
the appearance of the curd in the vat and the rate of
moisture expulsion from the curd as it was not found
necessary to make variations in manufacture between
vats, The weight of curd from each vat was measured
each day, to calculate salt requirements, and the
weights were invariably within 500 g of each other
suggesting that there were no differences in yield,
although much larger trials would be necessary to
obtain reliable information on yield. The cheeses
removed from the hoops the day after manufacture
were identical and there were no differences detected
in such things as gas formation at any stage during
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twelve months storage. A cheesemsker could not detect
any difference in the manufacture of cheese using advlt
bovine, lamb or mixture remmets insitead of calf rennet.

Cheese manufactured with these three alternative
coagulants was compared for flavour and body character—
isties with cheese made with calf remnet after {three and
six months storage at both 6 ang 1300. There was no
overall preference for cheese made with calf reanet
compared with cheese made with any of the alternative
coagulants or vice versa. Closer examination of this
data showed that theres was no real preference for
cheese muade with any coagulant for different pairs of
gstarters or at three months as compared to six months
storage or storage at 60¢ compared to 13%C and therefore
the overall picture was true for these other variahles
also.

A comparison hetween cheese made using the
alternative remets and calf rennet for flavour
characteristics showed that in most cases there was
no difference, I'or some characterigtics the average
score for calf reannet was slignhtly higiher than the
alternatives and for some other characteristics
slightly lower. The only possible differences were
in "other flavours" but graders were not in agreement
in the type of "other flavour",

The body scores alloted each cheese after three
and six months storage showed a very similar pattern,
particularly between cheese made with adult bovine,
calf and lamb rennets, However cheese was made with
mixture rennet on only two occasions, both in the
second half of the dairying season, and a true comparison
with body scores would be achieved only if cheeses made
on the same days were compared., Even so the only
difference between the mixture rennet and the other three
was the proportion of cheese bodies called smooth rather
than pleasant.



The degradation of casein in cheese made with adult
bovine, calf, lamb or mixture rennets was evaluated from
alkaline polyacrylamide clectrophoretograms of cheese
after various lengths of storage at 6°C, The electro-
phoretograms showed that all remnets produced the same
nunber of bands of casein degradation products in
cheese as was expected from information obtained on
thie hydrolysis of individual casein fractions in
solution. The intensity of soimne of the bands varied
between coagulants but again this was expected as the
rate of hydrolysis of the casein fractions in solution
varied slightly as did the proteolytic activity of each
rennet on whole casein. However each coagulant produced
cheese with electrophoretograms typical of cheddar
cheese,



CHATTER VI

CONCLUSIONS

The study of any enzyme system requires a reliable
method to assay the enzyme activity, and a survey of the
methods available to assay milk coagulating enzymes
indicated the need for a better method. With this in
mind perchloric acid was compared with trichloroacetic
acid as a precipitant for casein-rennet reactiion
mixtures and found to be very similar in all respects.
Therefore perchloric acid was able to be used to guench
casein~-rennet reactions so that a direct specirophoto-
metric measurement of the soluble products released
could be obtained. This was the basis of an assay
developed to measure milk coagulating enzyme aciti
The method had many advaniages over most repovted
methods. A paper describing this assay was published
(Clarke % Richards, 1973).

The large number of cattle and lamhs killed in
New Zealand each year is an obvious source of raw
material for remmnet extractions. Hence extracts of
milk coagulating enzymes were prepared from the abomasums
of these two species by small scale eimulation of
commercial methods used to extract calf rennet. The
properties of these two coagulants, as they relate to
the extraction and handling in rennet manufaciture, were
found to be similar in some respects to calf rennet.
A1l three rennets were most stable in sodium chloride
solutions, within specific pH limits for each coagulent,
at temperatures below 10°C. However both adult bovine
and lambdb rennets were more resistant to heat denaturation
than calf rennet but heat treatment is not recommended
during processing.

Cheese manufacturing properties of adult bovine
and lamb rennets were similar in most respects to those
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properties of calf remmet. The activity of Jamb remnnet
appeared o be lower than that of cither adult bovine
or calf remmnets at high pHd and temperatures abhove 3000
when measured in casein solvtions but was of similar
activity to the other two rennets at nipgnh pid in milk,
Both adult bovine and lamb remnets appeared to coagu-
late milk in a similar manaee to calf remnet alitnocugh
both coagulants appeared more sensitive than calf
remmet to the calcium concenbration of the milk, Less
adult bovine or lamb remmet would bz required if the
calcium concentration of the milk was maintained above
a level of approximately 38 m¥ calciuvm.

The proteolysis prodvcts of both adult hovine and
lamb rennets were similar to those of calf rennet both
in solutions of c¢asein fractious and cheese msnufactured
with each rennet. The rate of proveolysis varied
slightly in both mediw but the difference in the
cheese body was not detectable after & months shorage
at 6 or 1300.

Milk coagulating enzymes werc readily isolated
from the crude extracts of both adult bovine and lamb
rennets. There was a pepsin present in each extract
and the lamb remnet contained a remnin as well., The
ion exchange chromatography method used to remove the
mucoproteins from these rennets suggested that a
gimilar method would also apply to calf rennet,
Successful trials led to the development and operation
of a commercial scale plant to remove mucoproteins
from crude solutions of calf rennet. This development
has solved a problem that has concerned rennet
manufacturers for many years. The first report of a
commercial method for the removal of mucoproteins from
rennet solutions was published in 1937 by van der Berg
and van der Scheer, but it did not remove all the
pucoproteins,
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Cheese manufacture was not alfected in any way by
the use of adullt bovine or lamb rennets instead of calf
rennetls The cheese produced by these three renmets was
not significantly different in either body or Fflavour
after storage at 6 or 13°C for 6 months.

Poth adult bovine and lamb remnet proved to be
accentable alternatives o calf remmet for the
manuflacture of cheddar cheese. The source of raw
material of these two alternative ccagulants appears
more certain in the future than the source of calf
rennet, However the acceptance oi adult bovine and
lamb rennets by cheese manufacturers will depend upon
further successful cheese manufacturing trials on a
commercial scale, Legislation in each country will
also nced to be considered by any cheese mamfacliurer
wishing to change the rennet used to manufacture cheese.
The supply of calf remmet and other coagulants will
also affect any decision to change rennets as ol course
willi the cest of each rennet. It was apparent Lrom
the small scale extraction of both adult bovine and
lamb remnets that a larger quantity of abomasum tissue
was regquilred to obtain  similar oactivity of milk
coagulating enzymes than for calf rennet, Therefore
the cost of abomasums from cattle or lambs may reflect
only their value for other uses, such as pet food;
rather than their value as an enzyme source, There is
a challenge to develop an extraction method that will
enable the sale of the abomasum tissue after enzyme
extraction to reduce the raw material costs.
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APPENDIX T

Cheese flavour assessment

Please examine the cheese in texrms ¢f the following
flavour characteristics. These will be bitterness,
astringency, fruitiness and sharpness. Other flavours
that might occur are rancid (fat breakdown), sour,
sulphide, butter, salt, malt and musty. The checse
will also be given scores for texture and "cheasiness®
or cheddar flavour,

The flavours will te scored 1-5 as follows:

1 = that particular flavour absent

2 - flavour possibly present, perhaps largely
masked by other flavours

3 = definitely present

4 - quite strongly present, predominant flavour

5 = strongly flavoured

Note Astringency and bitterness usually occur as after-

tastes.,

Body to be scored as follows:

1 - sticky, pasty, glutenous, weak
2 = smooth

3 = pleasant

4 - grainy, lumpy

5 =~ Jdry, sandy, furry

Cheesiness to be assessed in the range 1-5,
Neglect the effect of defect flavours, if possible,

From New Zealand Dairy Research Institute,
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