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(57) Claim
1. A method for separating chymosin from a
liquid containing the milk-clotting enzymes chyomsin and
pepsin comprising the steps of:
adjusting the enzyme-containing liquid to a pH
of 3.8 to 5.2 and to a conductivity of 2 x 103 to 19 x
103 ypmhos ;
equilibrating an anionic exchange medium to a
PH of 3.8 to 5.2 and to a conductivity of 2 x 103 to 19 x
103 pmhos ;
contacting theé equilibrated exchange medium with
the adjusted enzyme-centairing liquid to bind pepsin onto
the exchange medium;
recovering chymosin in the liquid resulting
after contact with the exchange medium; and
periodically contacting the éxchange medium with
a selution for removing the bound pepsin therefrom.

l4. A methcd for increasing the chyomsin

content of a milk clotting enzyme-containing material
/2
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derived from low guality chyomsin-containing tissue
to a predetermined level comprising the steps of:
assaying the enzyme-containing material to
determine the chyomsin content thereof; and
adding to the enzyme-containing material a
sufficient amount of chyomsin prepared in accordance
with the method in Claim 1 to increase the total

chyomsin content~to said predetermined level.
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(54) Title: METHOD FOR SEPARATING RENNET COMPONENTS

(57) Abstract

Substantially pure chymosin is separated from rennet extracts by contacting a liquid extract with an anionic ex-

| change medium, preferably a diethylaminoethyl (DEAE) cellulose resin packed in a liquid chromatographic column, eith-

| er as a static bed or stirred bed. The renfiet extract and resin are conditioned so that the resin selectively binds pepsin and
chymosin passes through the resin bed and is recovered from the liquid extract from the column. The bound pepsin is peri-
odically removed from the resin by passing a suitable eluant through the resin bed. ’ ’




10

15

20

is a continuation-in-part of

1 No, 913,965, filed October 1, 1986.

PPdad-Ta)

The invention relates to methods
for separating rennet components and, more
particularly, to methods for separating substantially
pure chymosin from low quality rennet extracts or the
like and using same to adjust the chymosin content of
milk clotting enzyme-containing materials to a
predetermined level.

Rennet derived from animal tissue,
such as the fourth stomach (abomasum) of bovine
animals, includes two milk clotting enzymes, chymosin
and bovine pepsin. The relative concentration of
these two enzymes varies widely depending primarily
on the age of the animal at the time of slaughter
and/or its diet. For instance, rennet derived from
young suckling calves less than 60 days old typically
is composed primarily of chymosin, while that derived
from an adult animal is composed primarily of bovine

pepsin.
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When used in the production of cheese,
rennets having a highschymosin content generaliy
produce higher yields and superior flavor and texture
characteristics. Variaticns in the chymosin content
require changes in the arvcunt of rennet used in order
to maintaim the same yield and cheese quality. The
availability of high chymésin rennet is becoming more
limited because of a reduction in the number of
calves slaughtered.

IDF Standard .110:1982 describes a
chromatographic method for determining chymosin and
bovine pepsin content in rennet extracts. Chymosin
and pepsin are first applied to a diethylaminoechyl
(DEAE) cellulose.resin, Sodium chloride s.lutions of
different concentrations are then sequentially passed
through the column to obtain a first fraction
containing chymosin and 2-second fraction containing

pepsin.

SUMMARY OF THE INVENTION

An object of the invention is to provide an
improved method for separating chymosin from a liquid

containing the milk clotting enzymes chymosin and

pepsin, such as rennet:extract, with the capability

of obtaining a minimal loss in the original milk

clotting activity of either enzyme.

ke
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ancther object ¢f the invention is to
provide such a method by which a fraction containing
a chymosin content 2f 98% or more can be obtained
from materials containing relatively smaller amounts
of chymosin. '

A further object of the invention is to
provide a chromatographic ¢5lurn method for
separating chymosin from a liquid containing the milk
clotting enzymes chymosin and pepsin by which the
column requires only periodic elution to remove the
bound enzyme.

A still further object of the invention is
to provide a method for increasing the chymosin
content of milk clotting enzyme-containing materials
derived from low quality chymosin-containing tissue.

In the method of the invention, chymosin is
separated from a liquid containing the milk clotting
enzymes chymosin and pepsin, such as a rennet

extract, by contacting an anionic exchange medium,

which selectively binds pepsin, with the liquid.

Chymosin is recovered from the liquid resulting after
contact with the exchange medium and the exchange
medium is periodically contacted with a solution for
removing pepsin. Prior to the separation step, the

rennet extract or the like is adjusted to a pK of

about 3.8 to about 5.z, preferably about 4.0 to about

5.0 and most preferably about 4.4 to about 4.6, and

to a conductivity of about 2 X 10’ to about 19 X
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109, .preferably ‘about -5 X 10% to about 15 X 104
and most preterably 8 X 10° to about 10 X 10’
jmhos. The exchange medium is equilibrqted to
approximately the same pH and conductivity. Since

5 rennet extrscts usually contain substantially smaller
amdunts of pepsin than chymosin, relatively large
amounts of chymosin can be separated before the bound
pepsin must be removed from the exchange medium.

In one embodiment, the exchange medium,

10 which preferably is a DEAE cellulose resin, is packed
as a bed in a liquid chromatographic column, the
rennet extract or the like is passed through the
exchange medium bed, chymosin is recovered from the
liquid effluent from the column, and an eluant is

15 periodically passed through the exchange medium bed
to .remove the -bound pepsin. - Pepsin can be .recovered
from the eluant effluent.

In another embodiment, the exchange medium
bed is agitated or stirred and the rennet extract is

20 added in-a batchwise manner.

' The chyomsin content of rennet extracts’
derived from low quality stomachs can be increased to
a predetermined level by adding an appropriate amount

of the recovered chyomsin thereto.
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QggggiPTION‘OF THE _PREFERRED EMBODIMENTS
The starting material is a liquid containing
the milk clotting enzymes chymosin and éepsin, These
two wilk clictting enzymes M3y be obtained from a
number of different known sources including rennet
derived from animal ¢issue or existing in products
consisting of blends or mixtures of enzymes such as a
mixture of swine pepsin, bovine pepsin and bovine
chymosin. The method is particularly effective for
rennets extracted from the fourth stomach (abomasum)
of bovine animals and the method will be described in
connection with such a rennet extract. It also can
be used with material containing chymosin and pepsins
(other than bovine pepsin) which bind to an anionic
exchange medium at the conditions described below,
The rennet can be extracted from animal
tissue by any conventional method. To make the
exchange medium selectively bind bovine pepsin, the
liquid rennet extract is first adjusted to a pH of
about 3.8 to about 5.2 and to a conductivity of about
2 X 10’ to about 19 X 10’ mmhos. There is a
tendency for neither chymosin or bovine pepsin to
bind to an anionic exchange medium wher the pH. of the
rennet extract is below about 3.8 and both tend to
bind to an anionic exchange medium when the pH is
abéve about 5.2. More complete separations of

chymosin from bovine pepsin ¢an be obtained at a pH
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within the range of about 4.0 to about 5.0 and still
more' complete separations usually can be obtained at
a pH within the range of about 4.4 to about 4.6.

If the conductivity of the rennet extract is
below about 2 x 10% umhos, the bovine pepsin and
other bound molecules, such as pigment, tend to
become irreversibly bound to an anionic exchange
medium. If the conductivity is above about 19 X
107 jpmhos, there is a tendency for neither bovine
pepsin or chymosin to .bind to an anionic exchange
medium. More complete separations of chymosin from
bovine pepsin can be obtained with a conductivity
within the range of about 5 X 10° to about 15 X
10® and still more complete separations usually can
be obtained with a conductivity within the~rangé of
about 8 X 10’ to about 10 X 10° umhos. At the
present time, it appears that the optimum pH and
conductivity are about 4.5 and 9 X 10’ umhos,
respectively.

The pH of the rennet extract can be adjusted

.to ‘the desited level by adding an -appropriate amount

of a suitable food safe acid, such as dilute sulfuric
acid (if the initial pH is above the desited level),
or a suitable food safe base, such as ammonium
hydroxide (if the pH is below the desired level).

The conductivity of the rennet extract, as measured
by a ¢onductivity bridge or the like, can be adjusted

iﬁuzvﬁgSﬁteﬁmleVEI,bweﬁdﬁiﬁgxﬁﬂ appropriate amount of
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a suitable food safe salt, such as sédium chloride
(if the initial conductivity is below the desired
level), or by diluting with deionized water (if the
conductivity is above the desired level).

The anicnic exchange medium can be any type
capable of being equilibrated to selectively bind
bovine pepsin and then release the bound bovine
pepsin upon being contacted with a food safe eluant.
Suitable exchange media include ones having an inert,
insoluble matrix, such as cellulose, acrylic polymers
and the like, and into which anionic functional
groups, such as amino, alkyl amino, guanidino, and
quaternary ammonium groups, have been introduced.
The matrix should have a structure which is open or
loose enough so és not.to become plugged with
particles in the rennet extract and to permit a
reasonable throughput when used in a liquid
chtomatbq}aphic column as described below.

Celluiose resins having an open, fibrous
matrix are preferred. Representative suitable
Felluiose resins are disclosed in U. S. Patent
3,573,277 which is incorporated herein by reference.
DEAE cellulose resins have been found to be
particularly effective.

When a DEAE cellulose resin is used as the
exchance medium, it is precycled in a convantional
manner prior t> use. For example, the resin is

stirred into 0.5 N hydrochloric acid for thirty
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minutes and the supernatant is decanted. The resin
is then rinsed with deionized water until the
supernatant has a pH of 4.0. The resin is then
stirred in 0.5 N scdium hydroxide for thirty minutes
and the supernatant decanted. The resin is then
rinsed with deionized water until the supernatant has
a pH of B8.0.

The precycled exchange medium is

equilibrated to a pH and conductivit, within above

- ranges so that bovine: pepsin is selectively attracted

to the exchange medium. Equilibration can be
accomplished by waShing the exchange medium with a
buffer solution having tne desired pH and
conductivity. For example, a typical equilibrating
solution can consist of an aqueous solution which
contains 0.5% (weight/volume) . sodium benzoate and a
sufficient amount of sodium chloride to give a
conductivity of 9 X 10’}mmos and to which dilute
sulfuric acid is added to adjust the pH to 4.5.
Equilibration is continued until the decanted
supernatant has the desired pH and conductivity.
The precycled and equilibrated exchange
medium can be packed into a conventional
chromatographic column including a porous support,
:Such as a screen, €for a’bed of the.exchange medium,
and a valve for control)ling a continuous flow of the

tennet extract through the column.
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The adjusted rennet extract i3 intrcduced
into the column, passes through the static resin bed
and the flow of the chymosin-containing effluent is
adjusted with the ctontrol valve to alloé sufficienc
contact tetrreen the rennet extract snd the resin Icr
the bovine pepsin to bind onto the resin. This time
can be determined by analyzing the effluent in a
conventional manner for chymosin and bovine pepsin.
If the amount of extract introduced into the column
or the rate at which it passes through the resin bed
is too high, a portion of the bovine pepsin will not
bind on to the resin (i.e., there is an incomplete
separation between bovine pepsin and chymosin) and
this will be reflected by the presence of larger
amounts of bovine pepsin in the effluent.

The volume of and the rate at which the
rennet extract is introduced into column can be
determined by routine experimentation and depends on
the volume of the anionic exchange medium in the

column, the enzyme binding capacity of the particular

in the rennet extract, and concentration of
non-enzyme contaminants in the rennet extract (e. g.,
pigment) which become bound to the exchange medium.
For applications where less than substantially
complete separation of chymosin is accep+able, tne

flowrate of the rennet extfract through the eolumn can

SuBSTITUTE SHEET
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10
be increased. This decreases the contact tire and
xesults in 3 less complete separation.

Such a static bed procedure may have
shortconings when used with some crude rennet
extracts. [t may te difficult %9 naintain an
acceptable flowrate through the column, particularly
when a viscous extract is being used. The upper
layer of the exchange medium can become saturated
with insoluble materials, such as fats, mucins, etc.,
causing a reduction in flowrate. Channeling of the
exchange medium may occur, resulting in a reduction
of the contact between the exchange medium and the
enzymes and a decrease in bovine pepsin binding.

These shortcomings ¢can be minimized by using
a stirred-bed column. Such a column is similar to a

static bed column, éxcept that the éxchange medium

‘bed is agitated or stirred, the extract is added in a

batchwise manner and the inside diameter of the
column usually is somewhat larger for the same volume
of exchinge medium.

#When a stirred-bed chromatographic column is
used, the precycled and equilibrated exchange medium
is introduced into a column having a porous support
and 2 suitable agitator, such as an air-driven paddle
type agitator. A volume of adjusted rernet extract
is introduced into the column and the
extract-exchange medium mixture is agitated for a

sufficient time to obtain intimate contact
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therebetween and bind bovine pepsin t» the exchange
medium. The contact time regquired for good
separations is usually shorter for a stirred-bed
column than for a static bed column. Agitation is
stopped after the desired contact %ime., zhe liquid
phase either drained or decanted from the column and
another volume of rennet extract is introduced in%o
the column. This cycle can be repeated until the
binding capacity of the exchange medium has been
exhausted or the entire reﬁnet extract volume has
been introduced into the coelumn.

Substantially pure chymosin can be recovered
from the effluent or liquid extract from the column
by a suitable purification technique. For example,
the effluent can be adjusted to a pH of abcut 5.6 and
then introduced into a chromatographic column wherein
chymosin is bound to the exchange medium and
subsequently removed with a suitable food safe
eluant,

This chymosin can be added to rennet
extracts to increase the chymosin content to a
predetermined level. Thus, low quality rennet
extracts can be upgraded and the chymosin content of
either high or low quality rennet extracts can be
adjusted to & standard value and thereby eliminate
performance variations in cheess making processes.
For example, the method 6f the invention can be used

to separate chymosin from rennet extracts containing
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as little as about 15%.chymosin (based on total milk

clotting activity, and up to about 85% and then added

to extracts having the same range of chymosin

conéentrations to increase the chymosin'coptent to 2a
5 desired level.

The resin bed preferably is periodically
rinsed to remove unktound foreign materials. The
resin bed preferably is agitated during the rinsing
cycle to enhance removal of such foreign materials.

10 .The-effluent from.the. rinsing cycle preferably is
collected in a separate receptacle.

An eluant is periodically introduced into
the column to remove the bound bovine pepsin from the
résin and the effluent collected in a separate

15 receptacle. Flow of the eluant through the resin bed
~. is.continued until little or -no milk .clotting
activity is detected in the effluent. Bovine pepsin
can be concentrated from the elution effluent by
ultrafiltration, reverse osmosis or other suitable
20 concentration techniques.

. The elution ssolution preferably is
aqueoué-based‘and contains a food safe, water soluble
salt having reasonable dissociation characteristics.
Suitable salts include sodium chloride, sodium

25 .phosphate and sodium acetate. ‘A particularly
effective eluant for DEAE cellulose resins is a 10%
sodium chlotide solution adjuséed‘té a pH of about

4.4 to 'about 4.6. 'Elution should be performed prior
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to the time the resin becomes loaded with bovine
pepsin to the point where it is no longer capable of
binding bcvine pepsin.

Following elution, the resin bed can be
equilibrated as described ateove to be made ready for
the next separation cycle.

The following examples are presented to
exemplify preferred embodiments of the invention and
should not be construed as limitations thereof. 1In
the examples, the enzyme compositions were determined
by the method described in Collin e%* al., “A
Determination of Chymosin and Bovine Pepsin A in

Commercial Rennets and Pepsin”, MilchwissSenschaft

36(1) 1981.
EXAMPLE 1

A rennet extract obtained from the fourth
stomach of veal calves was adjusted to a pH of 4.5
and a conductivity of 7.8 X 10° umhos and was ¢
assayed for milk clotting activity and enzyme
composition. 100 g of DEAE cellulosé resin was
precycled in accordance with the general procedure
described above and then equilibrated with a solution
containing 0.5% (weight/volume) sodium benzoate to
which sodium chloride was added to adjust the
conductivity to 8.0 X 10° umhos and dilute sulfuric
acid was added to adjust the pH to 4.5.

The equilibrated resin was packed in a glass

chromatographic column including a porous bed support

iﬁ’ﬁ;{:&& e
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and -a stopcock:for regulating outflow. The adjusted
rennet extract was introduced into the column 3t a
flow rate of about 1C ml/min and the effluent was
" collected and assayed for enzyme ccrposikion. The
5 resin was rinsed with 200 ml of the egquilibration
solution aftsr 1,000 ml of the rennet extract had
been separat2d. The rinse efflugnt was collected and
assayed for milk clotting activity.
Following this rinse, the column was eluted
10 with a 10% sodium chloride solution adjusted to a pH
of 4.5. Elution was continued until a milk clotting
activity of less than 1.0 unit/ml was detected in the
elution effluent. The elution effluent was collected
and assayed for milk clotting activity and enzyme
15 composition.

The -results from this test are summarized in

Table I.
TABLE I
ASSAY OF RENNET AND EFFLUENTS
20 Milk Clotting  Enzyme Composition, act.®'’
Activity, units Chymosin Pepsin‘*®’
Rennet Extract 18,500 85.6 14.4
-Separation Effluent 15,531 > 99 £ 1
Rinse Effluent 213 - e
25 Elution Effluent 2,678 11.3 88.7

Notes: {l) percentage of total milk clotting activity
(2) Bovine pepsin
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EXAMPLE 2

A rennet extract obtained from the fourth
stomach of veai calves wa2s adjusted to a pH of 4.%
and a conductivity of 9.0 X 10% umhos agd assayed
fcr milk'clotting activity and enzyme composition.
200 kg of a DEAE cellulose resin was precycled in
accordance with the general procedure described above
and then equilibrated with a solution containing
sodium benzoate to which sodium chloride was added to
give a conductivity of 9.0 X 10’ umhos and dilute
sulfuric acid was added to adjust the pH to 4.5.

The equilibrated resin was packed into a
fiberglass chromatographic column having an inside
diameter of 122 cm and a height of 183 cm and
including a motor-driven agitator, a porous resin bed
support and a control valve. The adjusted rennet was
introduced into the column at a flow rate of
approximately 25 1/m and the effluent was collected.
After 23,000 1 of the rennet extract had been flowed
through the column, approximately 1900 1 of the
equilibrating solution was introduced into the column
with the agitater operating, to wash the resin.
Introduction of the rennet extract was continued
after cémpletion of this washing cycle. A second
washing cycie was performed after another 19,300 1 of
the rennet extract had been introduced and a third
washing cycle was performed after a further 19,840 1

of the exttact had been introduced. The wash
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effluent was collected and combined with the
separation effluent. These combined effluents were
assayed for milk clotting acrivity and enzyme
composition. C

Atter comgiezion of the third wash cycle,
the column was eluted with a 10% sodium chloride
solution adiusted to a pH of 5.6. Elution was
continued until a milk clotting activity of less than
1.0 unit/ml was detected in the elution effluent and
the elution effluent:was assayed for milk clotting
activity and enzyme composition.

The resiults fpom‘ihis test are summarized in

Table II.
TABLE II
ASSAY .OF RENNET AND EFFLUENTS

Milk Clotting Enzyme Comiposition, act.‘''’

Activity, units Chymosin Pepsin ‘'?*’
Rennet 6.11 x 10° 87.1 12.9
Separation and 5.247 x 10° > 99 <1
Wash Effluent -
Elution Effluent .90.819% X 10° 8.8 91.2

Notes: (l) percentage of total milk clotting activity
(2) Bovine pepsin

From these results, it can be seen that a

.fraction containing substantially only chymosin and a

“negligiple amount of bovine pepsin can be ottained

from a rennet extract by the process of the invention

with-little or no loss‘in the milk clotting activity.
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EXAMPLE 3

Two series of tests were made to determine

the effectiveress of the separation between chymosin

and bovine persin in a renne%t extract with variations
in the pH and ccnductivity of an eguilibrated resin
and an adjusted rennet extract. The conductivity was
maintained at 9 X 10’ umhos and pH varied in one
series and the pH maintained at 4.5 and the
conductivity varied in the other.

For each test 25 g of a DEAE cellulose resin
was precycled according to the general procedure
described above and then equilibrated to the desired
pH and conductivity. The equilibrated resin was
packed into a glass chromatographic column including
a porous bed support aﬁd a stopcock to regulate
flow. A rennet extract, obtained from the fourth
stomach of veal calves, was adjusted fo the same pH
and conductivity as the equilibrated résin and
assayed for milk clotting activity and enzyme
composition. 1000 ml of the adjusted extract was
introduced into the column and flowed through the
resin bed at a rate of approximately 4 ml/min. and
the effluent was collected. The column was rinsed
with 100 ml of the solution used to equilibrate the
resin and the tinse effluent was c¢ollected and
combined with the separation effluent.

Following this rinse, the column was eluted with

250 ml of a 10% sodium chl@ride éblutiﬁn«ﬁdjusted to
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a pH of 5.6 and-the elution effluent was collected.
The combined separation and rinse effluents and the
elution effluent were separately assayed for milk-
clotting activity and enzyme composition and the
volumes <f bo<h were m2asured.

The results from these tests are summarized
in Table III. ~From the test results, it can be seen
that no significant separation between chymosin and
bovine pepsin was .obtained at -a pH'of 3.7, while
there was a significant increase in the chymosin
content in the separation and rinse effluents when
the pH was raised to 4.0. There was no significant
separation between chymosin and bovine pepsin and
both bound to the resin at a pH of 5.3, while there
was a significant increase in the chymosin content
and the separation and rinse effluents when the pH
was taised to 5.0. At a conductivity of 2 X 10°

Mmhos there was an increase in the chymosin content
in the separatidn and rinse effluent; however, the
total 'enzyme recovery was .less than §0%, indicating
that a significant amount of the enzyme was
irreversibly bound to the resin., There was no
significant separation between chymosin and bovine
pepsin at a.conductivity of .20 .x 10’ umhos, while
there was very good separations at conductivities of

5 x 10° and 15 X 10° pmhos.

1
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HVYME SEPARATIONS WITH VARIATIONS OF pif AND OONDUCTIVIYY

TABLE 0T

vsl

(2) NOA = milk clotting activity
{3) n.p. = not performed

Ramnet Bxtract. Separation & Rinse Rffluents Elution Effluent
Conduct, Vol'.,, Mynu’ lﬂm vol., Enzywme lmu’ -Vol., Enzyme nﬂr
‘ . 1 mnl [Composition | units/ml mi OComposition junits/ml ml Ooposotion | units/ml
o, | x 207 wioe
‘3.3 9.0 1000 8 C 10.6 1140 ™ ¢ 7.4 240 n.p. 1.3

2 p 24 p

Quu 9\00 lm al‘ c 7.2 1120 9‘.\ c 5.8 265 ".P l.a
MNP 6\ P

5.0 9.0 1000 788 C 10.8 1130 ¢ 1008 C 8.0 285 n.p. 11.6
28 p 0P

5.3 9.0 000 | emc 6.8 | 109% np.? | 0.9 235 80%C 23.3
198 p ‘ 207P
78 p 2% p

4.5 5.0 1000 y 71 Wo 3.9 1120 n.p. 1.0 265 2AcC 9.5

. j70\ p 988 p

45 15.0 1000 828 C 15.1 1100 98% C 11.6 255 n.p. 4.9
16y p AP

4.5 20.0 1000 anc 3.8 1100 218 C 3.2 260 n.p. 2.6
T8 P 798 P

Mtes: (1) C» ny P = Bovine pepsin
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1, A method for separating chymosin from a
liquid containin§ the milk-clotting enzymes chyomsin and
pepsin comprisiﬁg the steps of:

adjusting the enzyme-containing liquid to a pH
of 3.8 to 5.2 and to a conductivity of 2 x 103 to 19 x
103 ymhos;

equilibrating an anionic¢ exchange medium to a
pH of 3.8 to 5.2 and to a conductivity of 2 x 103 to 19 x
103 pmhos;

contacting the equilibrated exchange medium with
the adjusted enzyme-containing liquid to bind pepsin onto
the exchange medium;

recovering chymosin in the liquid resulting
after contact with the exchange medium; and

periodically contacting the exchange medium with
-a solution for removing the bound pepsin therefrom.

2. A method according to claim 1 wherein

the exchange medium 1s packed as a bed in a
liquid chromatographic column;

' the adjusted enzyme-containing liquid is passed

through the exchange medium bed;

chymosin is recovered from the liquid effluent
from the column; and

the pepsin-removing solution is an eluant passed
through the exchange medium bed.

3. A method according to Claim 2 wherein said
bed is substantially static and the adjusted
enzyme-containing liquid is continuously flowed
therethrough.
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4. A method according to Claim 2 wherein

a batch of the adjusted enzyme—containing
ligquid is introduced into the column;

said bed is agitated for a sufficient time to
intimately contact the exchange medium with the enzyme
and bind the pepsin thereto; and

‘removing a liquid effluent containing chymosin
from the column.

5. A method according to Claim 1 wherein the
enzyme-containing liquid is a rennet extract.

6. A method according to Claim 5 wherein the
rennet extract is derived from bovine abomasums.

7. A method accerding te Claim 5 wherein the
exchange medium is diethylaminoethyl cellulosé resin.

8. A method according to Claim 7 wherein the
enzyme-containing liquid and the exchange medium are
adjusted to a pH of 4.0 to 5.0.

9. A method according to Claim 8 wherein the
enzyme-containing liquid and the exchange medium are
adjusted to a pH of 4.4 to 4.6

10. A method a¢cording to €laim 5 wherein the
enzyme—containing liquid and the exchange medium is
adjusted to a conductivity of § x 103 to 15 x 103 jmhos.
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11. A method according to Claim 10 wherein the
enzyme—-containing liquid and the exchange medium is
adjusted to a conductivity of 8 x 103 to 10 x 10° pmhos.

12. A method according to Claim 2 including the step
of rinsing the exchange medium bed with a rinsing liquid
to remove unbound materials from the exchange medium bed
after the enzyme-containing liquid has been passed

therethrough.

.
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13. A method according to Claim 12 wherein
the rinse liquid is the same as that used for

equilibrating the exchange medium.

14. A methcd for increasing the chyoemsin
content of a milk.clotting enzyme~containing material
derived from low guality chyomsin-containing tissue
to a predetermined level comprising the steps of:

assaying the enzyme-containing material to
determine the chyomsin content therecf; and

adding to the enzyme-containing material a
sufficient amount of chyomsin prepared in accordance
with the method in Claim 1 to increase the total

chyomsin content~to said predetermined level.

15. A method according to Claim 14 wherein

the enzyme-containing material is a rennet extract.

16. A method according to Claim 15 wherein

the rennet extract is derived from bovine abomasums.




INTERNATIONAL SEARCH REPORT
International Application No m, 0587/ 02507

t. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) 3

Accatding 1 International Patent Classification (IPC) or ta both National Classification and IPC
IPC(4)s A23C 9/12; A23C 19/02; C12N 9/64
lu.S. CL.: 4357226, 183; 426/36, 42, 63, 271; 530/416

. FIELDS SEARCHED

Mini [+] tation Searched ¢

Classification System | Classification Symbols

ru.s‘, 260/231
A35/183, 226
'426/34, 36, 42, 63, 271; 580, 582; 530/416 417

Documantation Searched other than Minimum Documentation
to the Extent that such Documents are lacluded in the Fields Searched ¢

ll. DOCUMENTS CONSIOERED TO BE RELEVANT 14

Category ¢ I Citation of Document, 1¢ with indication, where appropriate, of the relevant passages 17 | Relevant to Claim No. 18

A Us, A, 3,573,277 (GRANT) 30 MARCH 1971, l1-16
SEE ENTIRE DOCUMENT.

a Us, A, 4,526,868 (SHASUZZAMANN ET AL} 1-16
02 JULY 1985, SEE ENTIRE DOCUMENT.

A Us, A, 3,281,332 (MUNNS ET AL) 25 OCTOBER 1-16
1966, SEE ENTIRE DOCUMENT.

A US, A, 4,136,201 (FELDMAN) 23 JANUARY 1979, |1-16
SEE ENTIRE DOCUMENT.

A Us, A, 3,766,015 (DARDAS) 16 OCTOBER 1973, 1-16
SEE. ENTIRE DOCUMENT.

A US, A, 344,433 (BLUMENTHAL) 29 JUNE 1886, 11=16

SEE ENTIRE DOCUMENT.

¢ Special categaries of cited d ts: “T" later document published after the intarnational filing date

or priority date-and not in conflict with the application but
A g::‘lllwo'ddt‘:' ai:%f‘ I;:g;%ﬂ:l':‘t:s::‘f.t o art which 15 not cited to understand the principle or theory underlying the

invention
“E* garlior ‘g'ocumnl but published on or after the internationat X" document of particular relovance; fhe ciaimed invention

cannot be considered novel or cannot be considered to

“L» dma:i’ont i‘v&lc:r ma'y. ;:m:\wt '?:u“b'l on' grioén% el,im(s:hor involve an inventivs step
w 8 Cited 1o #3180 8! publication date af snother “¥" decument of nicull relovance; the chlmd invention
citation or other special reason (ss specified) 0 ot r i o when the
0" mmmm nfomne to an oral disclosure, use, exhjbition or document is combmod vmh one of more eﬂm wch docu-
ments, such combinalion being obvious-to & person
-p~ documm oublnhod priot to the international filing date but in the art.
© fater than the piterity date claimed *&" document member of the same patent tamily
1w CERTIFICATION '
Date of the Actuel Completion of the international Search 1 Date of Malling of this Internstional Search Report?
67 January 1988 o 2 FEB w
tdernational Searching Authority | Signature of Authorized Officer 0 .
h/\ WM—-—‘
| ZSA/US M. Cintins

Forn PCT/ISA/210 {second sheet) (May 1!”)



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	SEARCH_REPORT

