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ABSTRACT
A dry, immunologically active filtered prodict
is produced through the controlled one or two stage

ultrafiltration of liquid whey containing immunologic-

‘ally active immunoglobulin (Ig.)s When a predeter-

mined quantity of the filtered product with an active
Ig concentration of at least about seven percent of
total solids is fed to newborn calves; the product
functions as a substitute for natural colostruim, pro-
viding both temporary péssive immunity as well as
initiation of the éctive immune system of the animal,
Disﬁeoase resistance and growth rate in animals ificludihg
humans is enhanced by oral administration of the fil-
tered product, The im@unoiogical properties of

the filtered product result from the presence of ‘SlibS"'
tantially enhanced concentrations of active Ig as well |
48 other immunologically aétive whey compotients

in comparison to the immunologically 1'tieffecti‘vev

concentrations of these materials in the liquid whey

ultrafiltration feedstock: | i
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IMMUNOLOGICALLY ACTIVE WHEY
FRACTION AND RECOVERY PROCESS
BACKGROUND OF THE INVENTION
1, Field of the In\;ention
This invention relates to an immunologically
active whey fraction and recovery process.
2o Description of the Prior Art
As is common with most domestic animals,
bovine calves are born without immunity, Passive
immunityis transferred on 'a postpartum basis from
a dam (mother) to the newborn calf through an initial
mammary gland secretion known as colostrum. This
initial colostrum secretion contains rapidly diminish-
ing levels of immunologically active, large molecular -
weight proteins known as iminunoglobulinS (abbreviated
below as '"Ig"). These Ig molecules possess antibddy
prope rties, are acti'vely produced by m-ature animals,
and enhance immunity to‘ infection by bacterié, viruses
or parasites. At birth, a calf lacks Ig in its blood
serium. Only as a direct response to ingestion and
absorption of a quantity and quality of Ig from matern-
al colostrum shortly after birth can a ;:alf‘s immune
system function efficiently.
The first essential element of the natural
passive immunity transfer mechanism relates to

the characteristics of the maternal colostrum. The
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achieve ideal passive immunity, the maternal colostrum
should contain an adequaté concentration of Ig having
an appropriate distribution of pathogen specific anti-
bodies and an appropriate concentratioh of each
pathogen specific antibody. If the maternal colostrum
contains an irlStlfficignt cohcentration of important
pathogen specific antibodies, the calf will absorb an
insufficient quantity of these antibodies and will deve-
lop a deficient level of immunity to the diseases
which such antibodies attach. | .
The second essential element of the atiiral
passive immunity transfer mechanism is calf—-o;rientéci
and relates to the guantity and time of colostrum |
ingestion. As to quantity of ingestion, previous
studies have indicated that there is a limit to the
volume of colostrum that caii be ingésted to maximize
the level of g absorbed into the calf's circulatory
system. Consumption bf more than two liters of -
colostrum fails to enhance calf Ig absorption levels

to any significant degree. Furthermore, newborn

" calves rarely ingest more than two liters of liqtiid

within a feeding period. As to the time of ingestiot;
the permeability of the newborn calf's gut to the
large molecular weight ig molecules diminishés very
rapidly after birth as a result of intestinal cell ma-

turation, This well-known natural intestinal mecha-
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nism may be referred to as the "critical period of
absorption' which defines fhe short postpartum inter-
val during which the calf must consume and absorb
the optimum quantity of ideal potency colostrum to
achieve an ideal level of passive immunity. Although
colostrum consumption as late as twenty-four hours
postpartum may achieve some immune transfer,
subsequent colostrum consumption will have very
little effect on passive immune levels, Ideally,
colostrum ingestion should occur within the first
eight hours postpartum,

In practice, a high percentage of calves either
consume far less than an ideal quantity and quality

of colostrum or fail to consume colostrum within

the critical absorption periods The resulting adverse

effects due to the lack of immune transfér are de-
monstrated by high calf death rates, increased
susceptibility to disease and reduced growth rate.

At birth, a calf lacks immunity to disease as

is demonstrated by the low blood serum antibody con=-
centration, Within approximately six to twelve hours -

after birth, the calf ingests two liters,of colostrum

having an ideal Ig concentration and distribution of
pathogen specific antibodies. As these large mole~
cular weight Ig or antibody molecules are intestinally

absorbed, the blood serum antibody concentration
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rapidly increases. Several hours after inltial colo.s;—“
trum ingestion, the transfer of colostriim Ig moleculés
from the gut into the calf's bloodsiream has been
completed. Over the next few days, the blood serum
Ig concentration derived from the maternal colostrum
gradually declines through normal s‘ys‘té‘niic turnover
Subsequently, the claf's immune systein tommetices
active Ig production which replaces the declining
supply of colostrum-derived Ig. Ultimalely, the cai}"s"
izamune system achieves a self-sustaiiing or active ! :
Ig production and will maintain an essenlially corista"ri'l.:;
blood serum Ig concentration,

Previous research has indicated that a blood

‘serum Ig concentration on the order of twenty milli-

grams per milliliter or above ishighly désirabie.
Calves possessing such Ig concentrations demons-
trate a markedly reduced mortality rate, a high
level of resistance to disease and impressively en-
hanced growth rates in comparison ﬂ:o céi‘ves having
lower levels of passive immunity.

An ideal immunity transfer dramatically
contrasts with a common naturally occurring immu-
nity transfer. Consumption of an insufficient quantﬁy
of colostrum or consumption of a low ig concentration

colostrum produces a deficient level of passive 1mmu‘—;

“v[:‘

nity transfer. If a calf having this deficient levél of '

1
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passive immunity is exposed to a disease, there is
a high probability that it will contract the disease,
require expensive medical treatment and may die
or lack sufficient growth potential,

Because domestic dairy cattle have been
selectively bred for maximum milk production, the
passive immunity transfer problems encountered
by dairymen are particularly acute. At the onset
of lactation, a dairy cow's high milk production
volume rapidly dilutes the limited quantity of colos-
trum Ig molecules. | As a result, the concentration
of these Ig molecules in the fluid initially consumed
by a newborn calf may be far below the level required
to achieve an adequate level of passive immunity. Al e
Since the typical non-aggressive dairy calf consumes
only a comparatively small amount of colostrum
during the critical absorption peridd, the number of
Ig molecules present in the calf's gut and available
for absorption into the bloodstream is frequently
unacceptably low. The resulting passive immunity
level fails to provide adequate disease resistance,

To combat the immunity deficiency problems
outlined above, some dairymen having small dairy
hérds manually milk what they believe‘to be an
adequate quantity of colostrum from a dam and

force feed it to its newborn calf during the critical
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absorption perio:i. This labor intensive method of
controlling the timing and quantity of colostrum
consumption cannot compensate for colostrum
having a low Ig concentration or an inadequate
spectrum of pathogen specific antibodies. Since
only complex, time consuming laboratory tests

can measure the colostrum Ig concentration and
antibody distribution, these dairymen have no way
of verifyiné that the colostrum which they laboriously
obtain and force feed to newborn’calves will provide
adequate levels of passive immuhity.

In large dairy operations, a different tactic
has been implemented in an attempt to control the
time of colostrum ingestion;, the quantity of Ig“.co,r,l-,-”,,.”,,-,',;-a
sumed and the pathogen specific; antibody distribution
of the colostrum. | Milk drawn from a group of dams
within twelve hours postpar‘tum is blended together,
An appropriate quantity of this blended "¢olostrum !
is fed to each newborn calf. Because dairymen
have no way of controlling the Ig concentration or
distribution of pathogen specific antibodies in this
blendéd "colostrum", this labor intensive procedure
has not achieved satisfactory results.

Another existing technique for enhancing the
disease resistance of a calf to a specific disease

involves prepartum vaccination of the dam. The
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‘vities have substantially increased tiié'ie'vel of ktiow-

| 'iedge of the natural passive immunily transfer

nity transfer problems outiined above by proiridmg a:

vaccination increases the serum bléod level concentra-
tion of the desired pathogen specific antibody and ul-
timately yields colostrum having enhanced levels of
the desired antibody.. After consuarning this enhanced

colostrum, the calf attains an increased level of immu-

‘nity, but only to the selected disease.

In laboratory studies, researchers have assayed
the Ig concentration and distribution of pathogen spe-

cific antibodies in colostrum and have administered

controlled quantities of such assayed colostrum to

newborn calves at controlled times within the critical
absorption period. A direct correlation betwéeen these
measured colostrum lg variables and calf disease
r‘esistance, death rate, and growtl; rate has been‘dé—

monstrated. Although these laboratory testihg acti-

‘mechanism in animals, ‘th‘éy' have nb‘l "sdlvéd the imrhd— ’

method for positively controlling the ig c0nbentration

"and distribution of pathogen spemfic anlibodies ih

& N
colostrum; . A b

‘e

The substantial economic loss suffered by | C
dairymen and others as a dlrect result of the inabillty
to control the passive immdnity transfer mechanigm;

evidences a strong need for a produc_t or proce;ss - "'!.‘i
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capable of positively ‘controlling the immunity transfer
mechanism.
SUMMARY OF THE INVENTION

It is therefore a major object of the present
invention to utilize a primary fractionation bank to
separate the lowest molecular weight whey bottom
fraction from the higher molecular weight whey
middle fraction and the highest molecular weight top
fraction followed by a secondary fractionation bank
for separating the whey middle fraction from the whey
top fraction to produce a highly concentrated immuno-
logically active product.

It is another major object of the present inven-
tion to accomplish the fractionation of whey in two
discrete ultrafiltration fractionation banks where the
first fractionation bank separates the whey bottom
fraction from the whey middle and top fractions while
simultaneously performing a function which enables
the secondary fractionation bank to separate the whey
middle fraction from the whey top fraction,

It is another major object of the present inven-

‘tion to provide a whey fractionation method which is

capable of separating the higher molecular weight
whey protein molecules from the lower molecular
weight whey protein molecules to produce a product

having a substantially enhanced concentration of the

- 10 -
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higher molecular weight, immunologically active whey
proteins.

It is another object of the present invention to
provide a process forextracting naturally occurring ig
molecules from whey to produce a highly concentrated
immunologically active product which can subsequently
be dissolved in a fluid to produce a colostrum subs-
titute or supplement having a controlled Ig concen-
tration and a known distribution and concentration of
numerous desirable pathogen spéclfic antibodies.

It is another object of the present invention to
provide a process for controlling the natural passive

[N "v
immunity transfer mechanisim by feeding a confroli"e’d'

quanhty of the immunologlcally act ive whey- derlved
: AN g sl ST MI UK

product to newborn animals within the criticai éb--
sorption period to achieve a deslgnated blood sertim
concentration of each of a broad spectrum of(identiﬂ'ed‘
pathogen specific antibodies to provide enhanced levels
of passive immunity to selected diseases withrout} '
reliance on consumption of natural coldostrum,

Another major object of the present invenliqh i8
to defive gaid immunologically active pi'qduct froin
whey, a low economic value dairy manufacturing by-
product.

Another object of the presetit invention is to
provide a process for producing said Whéy—derii;éd i

ME

- 11 -
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product by using commercially available equipment
common in dairy manufacturing plants.

Another object of the present invention is to
provide a process for producing said whey-derived
product in large quantities at an affordable, cost
effective price.

Another object of the present invention is to
provide said whey-derived product in a dry powder
form which can be stored for a substantial period
of time,

It is still another object of the present in-
vention to provide said whey-derived product which
can be administered to a newborn calf in a quantity
directly related to the calf's needs, according to
size, to provide passive immunity.

Briefly stated, the present invention encom-
passes a dry, immunologically active filtered pro-
duct resulting from the specially controlled ultra-
filtration of a raw whey feedstock in which the major

portion of the Ig molecules are the active form.

The filtered product includes an active Ig concentra-

tion of at least about seven percent of total solids
together with significant levels of other immunolo-

gically active whey components having molecular

weights both above and below the Ig molecular weight.

Although the prior art consistently teaches that

- 12 -
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natural colostrum consumed by neonate calves should

contain Ig concentrations of forty to fifty grams per

‘liter to achieve adequéte levels of passive immunity

and to initiate the active immune syé.tem, the whey-
derived filtered product of the invention used at ah
Ig concentration of as little as 3.5 grams per liter
has been shown to function as a fully effective subs-
titute for natural colostrum. The immunologically
active filtered product of the invention has also been
tested as a food additive and has demonstrated its
abiiity to enhance an animal's resistance to disease
and to promote increased growth rates when repe-
titively administered over time at low dosage levels.
Since the filtered product has demonstrated activity
toward both animal as well as human antigents, it
should have highly beneficial human applications,‘
particularly as a supplement to infant formula.

The product of the invention is produced by a pro-
cess involving either a primary ultrafiltration bank
or a primary and a secondary ultrafiltration bank
operated in series. The primary ultrafiltration
bank operates on a raw whey feedstock héving active
Ig together with other immuﬁologically active com-
ponents to produce a prifnary product retentate inclu-
ding the comparatively high molecular weight whey

middle and top fractions while passing‘ a significant

- 13 -
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percentage of the comparatively low molecular weight
whey bottom fraction into the permeate. The primary
product may be further concentrated in the secondary
ultrafiltration bank to produce a secondary product
retentate substantially enriched for the whey top
fraction which includes Ig and other high molecular
weight immunologically active whey components while
passing a significant percentage of the lower molecular
weight whey middle fraction into the permeate. The
secondary product is dried to produce the dry, imm‘ul-
nologically active product of the invention. All pro-
cessing and drying operations are conducted under
conditions which preserve the immunological activity
of the Ig and other immunologically active whey com-
ponents.,

Theprimary ultrafiltration bank operates in an
unexpected manner to reconfigure the whey which subs-
tantially reduces thé tendency of the whey proteins to
form a pore restricting dynamic membrane on the
comparatively large pore size secondary bank ultra-
filtration membrance. The use of a reconfigured
feedstock for the secondary ultrafiltration bank enables
it to fractionate the whey middle and top fractions and
to thereby achieve a significant enhancement in the
concentration of Ig and other high molecular weight

immunologically active whey components in the second-

- 14 -
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ary product. Without such two stage processing, a
dynamic membrane rapidly forms on the large pore
ultrafiltration membrane of the secondary bank,
preventing fractionation of the whey middle and top
fractions.

DESCRIPTION OF THE DRAWINGS

The invention is pointed out with particularity
in the appended claims. However, other objects and
advantages together with the operation of the invention
may be better understood by reference to the following
detailed description taken iﬁ connecti;)n with the follow-
ing illustrations, wherein:

FIG. 1 graphically compares the calf blood
serium Ig concentration achieved by natural colostrum
with the blood serum Ig concentration achieved by the . ‘
whey-derived product produced acééfding to the prgse,nl
invention.

' FIG. 2 is a process flow diagram illustvr’atingla'm
revised ultrafiltratién mrocess for producing high_Ig
concentration filtered i)roduct‘.

FIG. 3 is a process flow diagram illustrating
a combined ultrafiltration/ion exchange process for
separating immunologicaily activé Ig molecules from
when.

FIG. 4 is a process flow diagram illustrating

the manner in which filtered product from the Stream A

- 15 -



10

15

20

25

process depicted in FIG. 2 is combined with highly
concentrated Ig material from the Steam B ion
exchange unit depicted in FIG. 3 to produce a blended
product having an Ig concentration level substantially
above levels achievable through use of ultrafiltration
alone,

FIG. 5 illustrates the composition of the whey
protein fraction.

FIG. 6 represents a process flow diagram
illustrating two stage processing of a liquid whey
feedstock through a primabry fractionation bank and
a secondary fractionation bank,

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In order to better illustrate the advantages of
the invention and its contributions to the art, a pre-
ferred embodiment of the inventive process and pro-
duct will now be described in detail.

Mili{ secreted by domestic animals such as
dairy cows includes long term but low level concen-
trations of Ig which has no measurable effect on
passive immunity when ingested. The present in-
vention relates to a process for extracting and con-
centrating the Ig molecules found in whey under

carefully controlled conditions to preserve the immu-

nological activity of the structurally delicate, thermo-

- 16 -
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sensitive Ig molecules. The terms "immunological
activity" or "immunologically active' a used in connect-
ion with Ig molecules refers to the ability of the Ig mo-
lecules to bind to antigents. Such concentrated, immu-
nologically active Ig molecules can then be fed to new-
born calves shortly postpartum as either a colostrum
substitute or supplement to exert postivie control

over the natural passive immunity transfer mechanism.
The invention recognizes and takes advantage of the fact
that Ig molecules constitute the largest molecules in milk
and that a limited number of these molecules remain the
low economic value whey byproduct of the cheese making
process. Although approximately 85,000, 000 metric
tons of whey is created annually as a byproduct of
cheese production worldwide, about 34, 000, 000 metric
tons of whey cannot be ecqhomically utilized., The whey
byproduct useful in practiéing the present invention can
therefore be obtained at minimai cbst and will reduce
the burden of disposing the unwanted whey.

In one conventional cheese broduction 'facility, raw
milk is processed to create curd, the primary cheese
constituent, and a ligquid whey byproduct. Th‘e ra‘W
milk input prodﬁct includes appr'oximately fourteen
percent solids. Four percent constitutes protéins,
including high molecular weight immunologically active .

SO
KLeS

Ig proteins and other imminologically active whey Prgo'-)-‘

- 17 -
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tein components. A high percentage of the milk protein
component is precipitated out as casein during the cheese
making process. The resulting whey byproduct may
include approximately six percent solids, seventy per-
cent of which represents lactose and thirty percent of
which represents proteins, minerals and fat. The
residual whey protein component in general comprises

a mixture of lactalbumin, lactoglobulin, serum albumin,
immunoglobins (Ig) and polypeptides.

The term "whey' as used in the description of
the invention includes both the iiquid whey byproduct
of the cheese making process as well as milk from
which casein has been removed.

An objective of the present invention is to pro-
cess raw milk and the resulting whey byproduct under‘
carefully controlled conditions té radically increase
the Ig concentration of the ultimate process product
in comparison to the minimal, immunologically in-
effective Ig concentration in the raw milk input pro-
duct. This process must be accomplished under
carefully controlled conditions to avoid substantially
reducing the immunological activity of the Ig molecules.

Numerous prior art techniques exist for pro-
ducing dry concentrated protein extract from whey.
This p‘rot_ein extract is commonly referred to as
whey protein concentrate or "WPC'. Such prior art

protein extraction and concentration techniques are

- 18 -
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primarily concerned with preserving the food qualities
of the WPC, e.g., taste, flavor, solubility, etc.
Although these prior art whey and WPC extraction tech-
niques are capable of producing useful food products,
they expose the raw milk, whey or resulting WPC to:
(1) excessive thermal (time/temperature) conditions,
(2) excessive bacterial activity, or (3) excessive en-
zymes added in processing or resulting from such
bacterial activity.

The specific process steps capable of sepa-
rating Ig molecules from raw milk and produ'cing’_anr
end product having highly concentrated levels of :
immunologicz;lly active Ig will now be discussed in
detail.

A homogeneous volume of raw milk is typically

obtained from one or more herds of dairy cattle located

" within a specific geographic region. This ra.w milk is

flash pasteurized, for exam‘plé', by rapidly elevating
its temperature to approximately 160°F, , maintaining
it at that temperature for from fifteen seconds to as
long as twenty seconds, and rapidly decreasing the
milk temperature. Testiné has indfcal:ed that the
comparatively rapid temperature rise, the short time
at elevated temperatures and the coméaratively rapid
temperature reduction accomplished during this flash

pasteurization step adequately standardizes and con-

-19 -



10

15

20

25

trols microbial activity in the milk without significantly
affecting the immunological activity of the Ig in the milk.

If significant deviations are made from the above
stated flash pasteurization time/temperature parameters
as is common with other well known but longer duration
pasteurication procedures, the immunological activity
of the milk Ig molecules will be substantially reduced or
destroyed. Such procedures should therefore be avoided
while practicing the process of the present invention.

In certain instances, it is possible to implement
a second flash pasteurization step during whey process-
ing operations. The implemen tationof a second flash
pasteurization step will tend to reducg the overall
immunological activity of the Ig molecules, but still
results in a useful level of Ig immunological activity.
The utilization of a third ﬂash'pasteurization step has
been found to virtually totally destroy the immunologic-
al activity of the Ig molecules and .should therefore
be avoided in most circumstances, The immunological
activity of the Ig molecules should be carefully tested
following each pasteurication step during the initial
implementation of the inventive process to verify con-
tinuing Ig immunological activity. The results of such
testin;,; will indicate whether any pasteurization step
should be modified or eliminated.

After completion of the pasteurication step, the‘;"

[

- 20 -
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milk is exposed to an appropriate cheese producing
starter such as lactobacillus., As is common practice
in cheese processing, the temperature in the cheese
formation vat is generally adquted to and maintained
at about 860F. to QOOF. for approximately two hours
until a desired degree of curd formation has occurred.
At that time, the cheese vat temperature is increased
to approximately 1020 F. and the whey is drained off,
a procedure typically requiring approximately thirty
to forty-five minutes: The whey byproduct is imme-
diately transferred to a clarifier or separator at a
temperature of about 1000 F. where the fat and casein
particle components of the whey byproduct are removed, .
At this point, the clarified whey may be stored tem-
porarily at 40° F. to restrict bactefial activity or may

be immediately transported to an ulfr‘afiltration system.

" During ultrafiltration, the whey is heated to and main-

tained at a temperature of between about 12‘00 F. to

130° F. The specific prolcess parameters recited

‘above have been found to substantially maintain Ig

immunological activity. In implementing the process uE
of the present invention, tile above stated time and v
temperature parameters may be varied as necessary

as long as the Ig immunologicai activity is substantigily
maintained as verified by test procedures of the type

described below. It is highly desirable that the whey

- 21 -
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or whey byproduct not be exposed to temperatures ex-

ceeding 130° . during either the cheese making process

or during ultrafiltration processing.

Ultrafiltration techniques have been utilized for
2 number of years to separate the various groups of
larger molecular weight protein molecules from the
smaller molecular weight, nonprotein components of
clarified whey. Similar ultrafiltration techniques are
followed in implementing the process of the present
invention. The warm clarified whey is directed to a
first ultrafiltration module designated as "UF1". In
one embodiment, module UF1 includes an ultrafiltra-
tion membrane permeable to materials having a mole-“
cular weight less than about ten thousand Daltons, but
impermeable to higher molecular weight materials
such as protein molecules., The material retained by
the ultrafiltration membrane is referred to as the

"retentate, " while the material passing through the

ultrafiltration membrane is referred to as the ''permeate'',

Undesirable lower molecular weight materials such as
lactose, minerals and salts are permeable to the ultra-

filtration membrane and are removed from the whey

byproduct along with water during the initial ultrafiltra-.

tion steps.
As the retentate is passed either repeatedly
through a single ultrafiltration module or directed to

the next in a series of ultrafiltration modules, it

- 22 -
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becomes more concentrated with solids, its viscosity
increases and a polarization phenomenon occurs at -
the ultrafiltration membranes, rendering them in-
effective. Membrane polarization is counteracted
by dilluting the retentate with water and subjecting
the diluted retentate to furthef ultrafiltration, a pro-.
cess known as diafiltration. This series of ultra-
filtration steps is répeated until the retentate con-
tains solids having highly concentrated levels of
pro.teins, preferably as high as seven.ty to eighty
percent proteins. At this point in the procedure,

the concentration of the desired Ig segment of the
protein molecules represents less than ten percent
of the total retentate protein composition. Since

the smallest of these retentate Ig molecules have
molecular weights on the 6rdér of one hundred and
sixty thousand Daltons or greater and since serum
albumin, the next largest retentate protein molecule,
possesses a molecular weight on the order of sixty-
six thousand Daltons, the part'iai'lly filtered retentaté
can be directed through o’r{e or more u‘ltrafiltration
modules having an ultrafiltration membrane per-
meable to the serum albumin and other lower mole-
cular weight protein molecules and impermeable

to the substantially larger Ig molecules to signifi-

cantly increase the retentate Ig concentration. Ultra-



10

15

20

25

filtration membrances capable of achieving these
objectives are available commercially.

Although the primary ultrafiltration process
was described above in connection with a 10, 000
Dalton membrane and the secondary ultrafiltratioh
process was described above in connection wi_th a
100, 000 Dalton membrane, such specific permeabi-
lity levels have been utilized merely for the purpose
of illustration, Theinvention can be implemented
in many different ways by repeatedly utilizing a
single ultrafiltration module, .sequentially substi-
tuting membranes having differing permeability
levels, utilizing a series of ultrafiltration modules
having a series of membranes of either increasing
or coﬁstant permeability, or by using a single ultra- .
filtration module having a membrane perfneability
between about 66, 000 to 160, 000 Daltons: In practice,
an ultrafiltration module having a single 100, 000
Dalton membrane has been found to work in a satis-
factory manner. In view of the objectives and pro-
cedures stated above, selection of appropriate ultra-
filtration equipment and proced.ures would be obvious
to one of ordinary skill in the art in order to achieve
the desired elevated concentrations of the large

molecular weight Ig molecules.

It is important to the practice of the present

- 24 -
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invention that the immunological activity of the Ig mole-
cules be preserved during all processing steps, inclu-
ding the ultrafiltration steps, by appropriate tempera-
ture control, by maintenance of conditions to minimize
unwanted microbial ;activity, and by carefully controll-
ing and monitoring heating and pasteurization. In
existing cheese processing plants and ultrafiltration
plants, very few if any of these safeguards are followed.
As a result, existing ultrafiltration plans produce WPC
having an Ig component lacking significant immunolo-
gical activity.

Since destructionof the immunological properties
of Ig molecules may not alter molecular size or weight,
it is important to the practice of the present riventifn
that substantially all of the Ig m.()lecdles remain immu-
nologically active. Desirably only a compdratively
small percentage of Ig molecules are immunologically
deactivated during processing. Ingestion of an Ig
solution having an excessive concentration of immuno-
logically inactive Ig will fail to achievé an effective
blood serum concentration of immunologically active
Ig in ﬁewborn domestic animals. It is therefore
important to nriainta'm a relatively high concentra-
tiop of immunologically active Ig molecules in com-
paz;ison to immunologically inactive Ig molecules

throughout each step of the inventive process to
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produce a product capable of controlling the transfer
of passive immunity.

The product may then be dried by conventional
freeze-drying procedures (lyophilization) or spray
drying techniques. In most situations, the spray
drying procedure is preferred since the equipment
is commonly found in most dairy processing plants.

Furthermore, this procedure is more efficient, dry-

_ ing the product of the invention at substantially

greater rates and at lower cost than is possible with
freeze~drying. The resulting dry filtered product
can be stored at room temperature,

Since the immunological activity of the Ig is
easily destroyed by excessive thermal exposure, but
is unaffected by low or freezing temperatures, remo-
val of water from the partially dehydrated ultrafiltra-
tion retentate by freeze-drying equipment does not
adversely affect the immunological activity of the Ig.

A different mechanism prevents significant reduction

" in the immunological activity of the Ig spray drying.

Although in spray drying equipment the partially

dehydrated filtration retentate is exposed to high
velocity air at a temperature on the order of 300° F.,
the temperature of the Ig molecules is maintained
at a comparatively low level due to the substantial

heat sink effect of the water heat of varpotration.
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Overall, the spray drying procedure is more economical
and produces dry pow'dered WPC at substantially higher
rates than is possible with freeze-drying equipment.
Prior art techniques for partially drying con-
centrated protein ultrafiltration retentate to produce
WPC for use in annual or human food products fre-
quently involve placement of the retentate in a vacuum
chamber maintained at elevated temperatures for
periods of six to eight hours. Although the flavor
and nutritional properties of the vacuum dried WPC
may be unaffected by this procedure, the immunolo-
gical activity of the Ig is completely destroyed. Such
retentate drying techniques are therefore unacceptable
in implgmenting the process of the present invention..
Following the refentate drying. step, the dry '
powdered product should be assayed to verify the
immunological properties of‘ the resultiﬁg Ig, ..includin‘g‘, v‘
the distribution and concentration of péthogen specific
antibodies in the Ig. The rdative corjcentration of
pathogen specific antibodies in variods samples of
dry filtered product produced by implemeqtin‘g 'thé
process of the present invéntion will have sample
of sample variations resulting froﬁ the extraction
of Ig molecules from diffetn."erg‘t'batches of ran milk
having differing Ig distributions and concentrations.

In practice, each minimum acceptable antibody level
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would be carefully determined to ensure at least a
predetermined level of passive immunity to a specific
disease for a calf fed a measured quantity of filtered
product at a designated time postpartum.

A test, known as the "EIA" test, measures the
activity of pathogen specific antibodies in the filtered
product and is described in an article entitled "Quan-
tification of Bovine IgG, IgM and IgA Antibodies To‘
Clostridium Perfringens B-Toxin By Enzyme Immu-
noassay I, Preparturient Iinmunization For Enhénce-

' This article

ment Of Passive Transfer of Immunity.'
was published in Veterinary Immunology and Immu-
nopathology, Vol. 4 (1983) at pp. 579-591 and was
authored by W. A, Fleenor and G.H. Stort, The dis-
closure of that article is hereby incorporated by re-
ference. The EIA test procedure diécussed in that
article is known to persons of ordinary skill in the
appropriate fiéld.

The EIA test in combination with the radial
immune diffusion test (RID test) is capable of
measuring the percentage of Ig molecules which have
been immunologically deactivated during the process
of the present invention, Although the RID test is
capable of measuring the number of Ig molecules

in milk, whey or the filtered product, it cannot

distinguish between immunologically active and
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immunologically inactive Ig molecules.

It is therefore desirable to perform a dual ana-
lysis of the milk or whey input product by (1) using
the EIA test to measure the activity of one or more
pathogen specific antibodies in the input product and
(2) using the RID test to measure the number of Ig
molecules in the input product. The EI.A test results
divided by the RID test results yield a first set of
ratios representaive of the relative concentration
of each pathogen specific antibody to the total number
of Ig molecules in the input product, whether such
molecules are immunologically active or inactive.

The EIA and RID tests are used in‘the same |
way to assay the filtered product.. The EIA test re-
sults divided by the RID test results produce é
gecond set of ratios represantative ofAth‘e relative -
concentration of each tested pathogen specific anti-
body to the total number of Ig molecules in the fil;ered |
product, whether such molecules are immunologically :
active. Comparison of eacﬁ of the first set of ratios
with each of the second set of ratios will ‘mcﬁcate »
the percentage reduction in the relative cohcentration
of each pathogen specific antibody and is representa-
tive of the percentage of Ig molecules which have
been immunologically deactivated by the process

of the present invention, | s o
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The combined EIA/RIC test procedures des-
cribed above therefore represent one technique for
verifying that the immunological activity of the Ig
molecules has been substantially maintained during
the implementation of the process of the present
invention. A series of related combined test pro-
cedures can be applied to the initial and intermediate
process steps and to the final product to identify and
eliminate process conditions responsible for un-
acceptable reductions in the immunological activity
of Ig molecules. Once the process has been stabilized,
it may be possible to discontinue the combined EIA/ '
RID test procedures until specific Ig immunological
deactivation problems arise.

Once a complete set of process standards has
been established, it may be possible to rely exclusively
on the EIA test to monitor the distribution and concentra-
tion of pathogen specific antibodies in the filtered
product. The concentration of a single pathogen
specific antibody may be found to vary in direct pro-
portion to the overall process~induced percentage
reduction in Ig immunological activity. If so, that
single pathogén specific antibody could be substituted
for the combined EIA /RID tests to identify immuno-
logical deactivation problems.

Calves are commonly exposed to and require
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will depend on the complexity, repeatability and cost
of the selected procedures as well as reauirements for
enhanced levels of passive immunity to specifically
identified pathogens. For example, test procedures
may be modified or expanded under certain conditions
to determine the distribution and concentration of
antibodies specific to pasteurella, clostridium per-
fringents,‘ type D, Rota virus, Corona virus and
others.

The specific agsay techniques implemented in' v
practicing the invention on a commercial scale will °
therefore typically be compatible with the group of
pathogen specific antibodies incorporated in the
specific q-uality control standard actually implementeq
to evaluate the acceptability of identified bathes of :
filtered product. The assay techniques may be modi-
fied as necessary to accommodate different quvality
control standards, for exémple’ regionalized quality
control standards.

To use the filtered product to control the
transfer of passive immunity to the newborn calf,

a predetermined quantity of the filtered product is
dissolved in a liquid such as colostrum, milk or
water to produce a one to two liter Ig solution.,

This 1g solution is fed to the calf during the critical

absorption period, generally within twelve hours
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adequate passive immunity to the following pathogens:
1. Escherichia coli

2. Salmonella dublin

3. Clostridium perfringents, types B and C

4, Clostridium chauvei

5. Haemophilus somnus

.6, Myxovirus parafluenza 3

7. Infectious Bovine Rhinotracheitis; and
8. Salmonella typhimurium

EIA or equivalent test procedures will typically
be configured to assay the presence and concentration
of pathogen specific antibodiles to this group of
common pathogens. The scope of thie assay techniques
actually implemented in practicing the present inven-
tion on a commercial scale will depend onv the com-
lexity, repeatability and cost of the selected pro-
cedures as well as requirements for enhanced le-
vels of passive immunity to specifically identified
pathogens. For example, test procedures may be
modified or expanded under certainconditions to
determine the distribution and concentration of
antibodies specific to pasteurella, clostridium
perfringents, type D, Rota virus, Corona virus
and others.

The specific assay techniques implemerited

in practicing the invention on a commercial scale
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and ideally within two hours postpartum. Since, a
newborn calf typically consumers a maximum of
only one to two liters of liquid during the initial
suckling, it is desirable that the Ig concentration of
the Ig solution is high enough to effect the transfer
of an appropriate number of Ig molecules into the
calf blood serum to achieve a minimum effective
blood serum Ig concentration.

Market studies have indicated a user pre-
ference for administering medication to animals in
dry form rather than in liquid form. In response to
this expressed preference, the filtered product may ‘
be manufactured in pellet or capsule form. Packaging

the filtered product in a two-section gelatinous cap-

sule involves straight forward, existing technology

and avoids exposing the filtered product to heat.

After ingestion by the calf, the capsule dissolves
and releases the filtered product. The filtered
product subsequently dissolves in liquid such as
water, milk or maternal colostrum consumed by
the calf at the time of medication administration.
The Ig from the resulting Ig solution is then ab-
sorbed through the calf's gut. Whether adminis-
tered in dry or liquid form, the filtered product
dosage remains the same.

To achieve calf blood serum Ig concentra-
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tion levels of at least 15 mg/ml and preferably 20
mg/ml taught by the prior art as necessary to achieve
an adequate transfer of passive immunity, a liquid
Ig solution having a substantially higher Ig concen-
tration must be ingested by a typical one hundred
pound neonate calf. Since only about two hundred
grams of the filtered product can be dissolved in
one liter of colostrum, milk or water and since a
neonate calf typically ingests only one to two liters
of liquid per feeding, a filtered product having a
forty to fifty percent ig weight concentration should
be capable of achieving a call blood serum lIg con-
centration level recognized as acceptable by the
prior art.

The flexibility of the present invention in con-

trolling the distribution and concehtration of pathogen

" specific antibodies in the filtered product will now

be described in detail. When necessary, it may be
advantageous to blend two or more different lots of
dried immunologically active filtered product to
produce a blended product meeting quality control
gtandards which are not met by a single product
lot.

By using more complex filtration brocedures
and unltrafiltration membranes capable of elimina-

ting higher levels of non-Ig molecules, the ultra-
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filtration process is capable of producing an immu-
nologically active filtered product which has an in-
creased Ig concentration and hence an increased
concentration of each pathogen specific antibody.

In many cases, the resulting more concentrated
filtered product produced by higher levels of ultra-
filtration may meet the designated quality control
standards where the less concentrated filtered
product failed to meet such standards.

Even without implementation of the blending
techniques described above, the filtered product
produced according to the process of the present
invention tends to achieve a comparatively homo-
geneous distribution and concentration of pathogen
specific antibodies since the milk processed into
the whey Ig source material is typically drawn
from a large, geographically distributed population
of cows. While the milk produced by a single cow
or by a small herd of cattle may lack necessary or
desirable pathogen specific antibodies or may
possess low Ig concentrations, the filtered product
should not reflect the immunological inadequacies
of such limited milk samples. On the contrary, due
to its homogeneous nature, the filtered product will
possess more uniformly useful immunological pro-

perties.
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Numerous other different techniques for

exercising positive control over the natural passive

‘immunity transfer mechanism are available as a

direct result of implementing the process of the
present invention to produce a filteréd product
having a high concentration of immunologically
active Ig molecules. Such additional techniques
and resulting benefits would be obvious to a person
of ordinary skill in the art in view of the teachings
recited above.

When the process of the present invention is
implemented in a selected manufacturing facility,
the feed-stock and the intermediate and ultimate
products should be asséyed by means of the testing
techniques described above to verify that Ig immu-
nological activity has been substantially maintained.
If at any step in the process the magnitude of the Ig
immunological activity is significantly reduced or eli-
minated, the cause should be identified and corrected.
Typically, reduction or elimination of Ig immunolo-
gical activity is caused by excessive temperatures,
exposure to a given temperature for an excessive
time, excess microbial activity or molecular
damage caused by excessive microbial enzyme
activity.

The passive immunity transfer mechanism

- 35 -



10

15

20

25

implemented according to the present invention has
been discussed primarily in connection with dairy
cattle. However, beef cattle and other non-bovine
domestic animals that achieve passive immunity to
disease in response to ingestion of a colostrum-like
mammary gland secretion can also benefit from
implementation of the process of the present inven-
tion. Dairy cattle have been focused upon primarily
due to the recognized and publicized immunity prob-
lems encountered and the resulting highly adverse
economic impact on dairymen.

A recently published research study suggests

_the possibility that bovine antibodies such as the

antirotavirus antibody may possess sufficient
activity against human rotavirus strains to provide
protection against symptomatic infection. If further
investigation establishes that bovine antibodies do in
fact combat selected human diseases, the immuno-
logically active filtered product of the present in-
vention could be used to provide protection against
those diseases in humans.

Results of experiments involving the use of the
whey-drived product described above will now be
discussed in detail,

EXAMPLE 1

The inventive process described above was
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implemented by generally following the process steps
described above. Clarifiéd whey was 'processed into
a primary product a ving a thirty-five percent pro-
tein concentration with a five percent Ig concentra-
tion in a primary ultrafiltration bank incorporating
a 10, 000 Dalton ultrafiltration membrane, The
primary product was then directed to a secondary
ultrafiltration bank incorporating a single 100, 000
Dalton ultrafiltration membrane. The ultrafiltration
equipment and feedstock were maintained at ambient
temperature during the filtration process. This
process ultimately yielded dry, powdered secondary
product having a seven percent Ig concentration in
an approximately eighty percent protein retentate.
Prior art research studies ha’&e indicatéd
that the Ig content of colostrum and the quantity of -
colostrum consumed by a calf shortiy posipa.rtum
must be sufficient to yield a calf blood serum Ig
concentration of at least 15 mg/ml and preferably
20 mg/ml or higher, The seven percent Ig con-
centration when dissolved in milk fell far short of
the minimum Ig concentration taught by the prior
art as necessary to achieve a transfer of passive
immunity in a neonate calf. Nevertheless, this
filtered product was tested on a group of dairy

calves to investigate whether this whey-derived
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product had any potential for controlling or regulating

the immune system of a nenate calf.

The results

of this first test of the filtered product are summarized

in Table 1 below:

TABLE 1
Ig Con-
Total Ig Con- centra- 30-Day Long
Ig Total centra- tion in Morbi- Term
Ingest- Ig tion in Animal dity =~ Health/
Calf Ig Dos- ed Per Ingest- Liquid Blood Score  Growth
Group Source age Dose ed Dose Stream Rate
‘
1 Milk 2 liters, Near Near Near Near 25 Much worse
~ than
2 times Zero Zero Zero Zero Control group
2 Colos- 2 liters, 100- 200- 50-180 17-35 50 Control group
trum 360 g 720 g mg/ml mg/ml
2 times
3 Pro-
duct 2 liters 21 g 42g 10.5mg/ 3-4mg/ 80 Better Than
ml ml
(603 g) 2 times Control Group
300 g
Prod per
dose
4 Pro-
duct 2 liters 7g 14g 3.5mg/ 1-1.5 58 As Good As
ml mg/ml
(200 g) 2 times Control Group
100 g
Prod per
dose
5 Pro-
duct 2 liters 7g¢g 7g 3.5mg/ 1mg/ 33 Much Worse
ml ml Than
(100 g) 1 time Control Group
But
100 g
Prod Better Than
Group 1
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Thirty neonate calves were collected and divided

into five groups of six calves of six calves each. One
Group 3 calf bled to death because its umbilical cord
was clipped too close to its navel. Since the cause

of death of the calf was unrelated to the experiment,
its death was not reflected in the Group 3 test results.

Special arrangements were made to obtain
these calves before they had an opportunity to suckle
colostrum from their dams. The Group 1 calves
were fed two liters of milk within about four hours
postpartum and a second two liter feeding of milk
approximately twelve hours after the first feeding.
The Group 1 calves were deprived of Ig other than the
insignificant levels of Ig normally found in whole
milk,

The Group 2 calves served as a control group
and received Ig via natural colostrum during their
first two feedings postpartum. The timing of the
two feedings was the same for all animals used in
this initial test.

Calf Groups 3, 4 and 5 received whey-derived
Ig via the filtered product produced through use of
the 100, 000 Dalton ultrafiltration membrane as
described above. The Group 3 calves received two
separate two liter feedings of milk. Three hundred

grams of product was dissolved in each two liter
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feeding of milk such that each Group 3 calf received
a total of six hundred grams of the filtered product.
Since the seven percent Ig concentration o each
three hundred gram dose of the product yielded a
total of twenty-one grams of Ig per dose, each
Group 3 calf received a total of forty-one grams of
whey-derived Ig by consuming six hundred grams
of the filtered product dissolved in milk,

Calf Group 4 received two two liter feedings
of milk in which one hundred grams of filtered pro-
duct had been dissolved., Each dose included a
total of seven grams of Ig and the calf received a
total of fourteen grams of whey-derived Ig.

Calf Group 5 received a single dose of one
hundred grams of the filtered product dissolved in
two liters of milk within about four hours postpartum.
This group therefore received only seven grams of
whey-derived Ig.

Blood samples were taken from each calf
prior to its initial feeding, again twenty-four hours
later, and at five, ten and twenty days postpartum.
Each blood sample was assayed for total Ig content
and for pathogen-specific antibody activity against
six pathogens commonly occurring in calves. The
total Ig content was determined by a Radial-Immune-

Diffusion (R.I.D) procedure against goat antibovine
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immunoglobulin, The enzyme-linked immunoassay
(E.1.A.) procedure was used to determine pathogen0
specific activity. Two deterﬁinations were made,
one using goat antibovine immunoglobulin and one
using a mouse antibovine immunoglobulin from a
monoclonél hybridoma. Antigens for the pathogens
tested came from commercial vaccines.

The calves acquired for this experiment
were purchased at birth from eight different dairy
farms. Eleven calves were obtained from one
farm, eight from a second farm and the rest were
distributed among the remaining six farms. To
the maximum extent possible, all t‘hirty calves used
in this experiment received similar héndling and
treatment. |

Four of the six Group 1 calves died within
a few days after birth. The difference between the
Group 1 milk-treated calves and the othlier calf groups
which received either colostrum or the produét was
dramatic. The Group 1 calves were apparently not
capable of controlling the transport of pathogenic
organisms through the intestinal epithelium into
systemic circulation. The Gro;xp 2-5 calves appear-
ed to adequately limit this unwanted transport of
pathogenic organisms.

The blood serum data indicated that two
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Group 1 calves had attained low Ig concentrations
(0.3 and 2.3 mg/ml) prior to the first feeding. This
Ig was apparently obtained via placental transfer or
by undetected suckling of colostrum and was suffi-
cient to protect these two animals from the transfer
of pathogens during the first twenty-four hours of
life while the epithelial cells were still capable

of transferring ingesta into systemic circulation.

In subsequent serum samples, these two resistant
calves showed evidence of producing their own anti-
bodies as indicated by increasing amounts of total
serum Ig and by pathogen-specific activity. The
four Group 1 calves which died failed to show any
evidence of increased antibody activity.

The Group 2 or control group calves were
fed a maximum amount of high Ig concentration
first milking colostrum having high levels of patho-
gen-specific antibodies of both polyclonal and mono-
clonal determination, Each calf received colostrum
from a different cow, and in most cases, from a
dairy other than the one where it was born. As

expected, the resulting serum Ig concentration in
all Group 2 calves at twenty-four hours post-feeding
was very high (17-35 mg/ml).

The Group 3 calves received a total of six

hundred grams of theproduct which included forty-
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gease. One Group 5 calf attained a blood serum con-
centration of 1.2 mg/ml and showed significant patho-
gen specific antibody activity from twenty-four hours
postpartum through twenty days postpartum.

This initial experiment demonstrated that
the wellbeing of a calf and its resistance to disease
depended upon the absorption of a sufficient quantity
of whey-derived Ig to achieve a blood serum con-
centration of at least one milligram per milliliter or
better and the development of pathogen-specific anti-
bodies at twenty-four hours postpartum. Any calves
which did not meet these minimal requirements
succumbed to disease and were generally chronically
morbid.

All thirty of the calves involved in this initial
experiment were carefully observed on a daily basis
over the entire sixty day duration of the experiment,
A combined subjective/objective morbidity score
was maintained for eéch calf. As indicated by
Column 7 of Table I, the Group 3 product-fed calf
morbidity score of 80 substantially exceeded the
Group 2 colostrum-fed calf morbidity score of 50.
The morbidity scores of thevmilk-fed calves and
of the Group 5 product fed calves fell substantially

below the morbidity score of the Group 2 colostrum-

fed calves.
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two grams of whey-derived Ig. These calves absorbed
sufficient Ig to show a blood serum Ig level of 3-4 mg/
ml and significant pathogen-specific antibody activity
by twenty-four hours postpartum. The Group 3 calves
experienced no mortality and only limited morbidity,

The Group 4 calves received two hundred grams
of the filtered product containing fourteen grams of
whey-derived Ig. These calves attained blood serum
Ig concentration of 1-1.5 mg/ml. In comparison to
the Group 3 calves, the Group 4 calves had less patho-
gen-specific antibody activity at twenty-four hours
postpartum, less active antibody and Ig production
at twenty days postpartum and a higher level of
mortality and morbidity. Two Group 4 calveg died . !
five days postpartum due to excessive diarrhea and
dehydration.

The Group 5 calves received one hundred
grams of the product containing seven grams of Ig.
These calves were subject to high levels of mbrbidity
and mortality. The amount of Ig received by these
calves was sufficient to prevent septicemia or appa-
rent absorption of ingested pathogenic microorganisms,
but they were initially highly subject to diarrhea and
subsequently to respiratory disease. Most of the
Group 5 calves remained chronically morbid and two

died at an early stage as a result of alimentary di-

- 43 -



10

15

20

25

Upon completion of this sixty-day experiment,
calf mortality, morbidity and growth were carefully
evaluated. The morbidity entries in Table I indicate
the relative, long term overall performance of each
calf group. As indicated, the Group 3 calves which
received forty-two grams of whey-derived Ig out-
performed the Group 2 colostrum fed calves. This
result was surprising and totally unexpected in that
the prior art uniformly taught that a sufficient amount
of Ig must be consumed to achieve a calf blood serum
Ig level of at least 15 mg/ml and preferably 20 mg/ml
shortly postpartum to achieve adequate performance of
a calf's immune system. In fact, the Group 2 colos-
trum-~fed calves did achieve Ig blood serum levels of
17-35 mg/ml precisely as taught by the prior art and
did achieve highly satisfactory immune gystem per-
formance. Although the Group 3 product-fed calves
achieved blood serum Ig levels of only 3-4 mg/ml,
levels dramatically below the minimum acceptable
levels taught by the prior part, the immune systems
of these product-fed calves significantly outperformed
the immune systems of the colostrum-fed calves.

In addition, the whey-derived Ig produced
according to the process of the present invention
satisfactorily accomplished each of three separate
immune system objectives known to be accomplishe‘d _L‘

by natural colostrum. First, natural colostrum must
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function to prevent pathogenic organisms from entering
the systemic circulation of the calf during the critical
absorption period discussed above. During this cri-
tical absorption period, the neonate calf is capable
of transferring Ig and other ingesta through the epi-
thelial cells lining the intestinal wall into systemic
circulation. As described above, only the Group 1 milk-
fed calves showed symptoms and died of septicemia,
indicating a total failure to achieve this first immune
system performance objective. As indicated bx the
experimental test results tabulated in Table I, the
whey-derived product, even at low Ig concentrations,
was as effective as high Ig concentration natural
colostrum in controlling pathogenic orgahism trans-
fer via the . small intestine during the critical ab-
sorption period. This experiment therefore éonfirm-.
ed that the whey-derived product did accomplish this |
first immune system performance objective.

The second immune. system performance
objective relates to the provision of an adequate
level of Ig for intestinal absorption during the cri-
tical absorption period to provide effective passive
immunity to the neonate until its active immunity
becomes effective. The total quantity of whey-derived
Ig fed to the Group 3-5 calves was only a fraction of

the 200-720 gram Ig doses consumed by the Graup 2
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colostrum fed calves. Nevertheless, the Group 3
calves which received only forty-two grams of Ig
attained a blood serum Ig concentration of 3-4 mg/
ml which resulted in an eight to tenfold increase

in pathogen specific antibody activity in all six
pathogens evaluated in this experiment. Further-
more, the Group 3 calves experienced a zero mor-
tality rate and a morbidity score of eighty in com-
parison to the morbidity score of fifty of the Group

2 colostrum-fed calves. The Group 4 calves received
only fourteen grams of whey-derived Ig yet experiencéd
only two deaths and limited morbidity of the survivors-
a level of immune system performance comparable to
or better than the surviving Group 2 colostrum-fed
calves.

The third immune system performance object-
ive relates to the initiation of the calf's active immune
system. A neonate calf relies on its Ig-derived pas-
sive immunity until its active immune system is
activated and is able to produce an adequate, sus-
tained level of antibody activity. Effective passive
immunity enhances the ability of neonates to develop
active immune responses thus affecting long term
as well as short term health. If neonates consuming
the whey-derived product did not achieve optimal

active immune system function, the product could
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experiment clearly demonstrated that the four Group 1
calves which did not receive either placental or colos-

tral Ig transfer did not show any increase in pathogen-
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specific activity from birth until death while both the
colostrum fed calves and the product-fed calves did
initiate the active immune system.

The Example 1 experiment demonstrates that
the Group 3 calves which received forty-tv:lo grams
of the whey-derived Ig achieved overall immune sys-
tem performance superior to that achieved by the
Group 2 calves which received two.maximum volume
doses of high Ig concentration natural colostrum.
The concentration of antibodies to the six pathogens
measured in the colostrum-fed calves substantially
exceeded corresponding concentrations in any of the

product-fed calves. The sdperior immune system

performances of the Group 3 product-fed calves

therefore tends to suggest that the whey-derived pro-

duct contained antibodies for a much greater number
of pathogens than were preseni in the colostrum
taken from individual cows. The fact that the whey-
derived Ig was derived from pooled milk represent-
ing literally hundreds of cows could readily explain

the presence of a substantially broader spectrum of
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antibodies in the whey-derived product than with
natural colostrum. This potential for securing
broad spectrum.immunity from whey-derived pro-
duct represents a substantial advantage of the pro-
duct over natural colostrum and provides a method
for regulating both the level of activity of a calf's
immune system as well as a method for controlling
the spectrum of pathogens which can he effectively
neutralized by a calf's immune system. The Example
1 experiment therefore establishes that the whey-
derived product is capable of functioning as a fully
acceptable substitute for natural colostrum (1) by
preventing pathogenic organisms from entering sys-
temic circulation during the neonatal stage, (2) by
transferring effective passive immunity comparable
to or better than natural colostrum and (3) by providing
factors which initiate and enhance broad spectrum
active immunity at an early stage.
EXAMPLE 2

The whey~derived filtered product was tested
a second time with five separate groups of ten calves
each as indicated by Table II below. A 120, 000
Dalton spiral ultrafiltration membrane and a 100, 000
Dalton hollow fiber ultrafiltration membrane were
used independently in a secondary ultrafiltration

bank to produce separate batches of a secondary

\
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product having a nine percent Ig concentration. Tech-
niques essentially identical to those used in connection
with Example 1 were utilized to produce these two
batches of filtered product, The Group 1 colostrum-
fed calves were used as a control group in a manner
similar to that discuséed in connection with the Group
2 calves of Example 1. The feedings of all calves in
the Example 2 experiment were accomplished within
four hours postpartum and again twelve hours later.
This test was conducted under highly severe weather
conditions with calf exposure to an unusually broad
spectrum of pathogens. |

The Group z1 calves were administered two one
hundred fifty gram doses of the product dissolved in

the milk for a total transfer of twenty-seven grams of

whey-derived Ig. As indicated by the last column of

. Table II, the Group 2 calf immune system performance

was much worse than that of the Group 1 control group.

Within four hours postpartum, the Group 3

calves were administered three hundred grams of
‘the product dissolved in milk for a total of twenty-

. seven grams of whey-derived Ig. The second feed-

ing took the form of a two liter dose of natural colos-
trum including between two hundred to seven hundred
and twenty grams of colostrum-derived Ig. The

immune system of the Group 3 calves responded well
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during the early stages of th‘is experiment, but ulti-
mately produced calves having long term health
worse than that of the control group.

The Group 4 calves were administered two
three hundred gram doses of the product dissolved
in milk for a total transfer of fifty-four grams of
whey-derived Ig. The immune system of the Group
4 calves performed very well and produced calves
having long term health somewhat worse than that of
the control group.

The Group 5 calves were administered two
three hundred gram doses of the product dissolved
in milk for a total transfer of fifty-four grams of
whey-derived Ig. The immune system of the Group
5 calves performed very well and.produced calves |

having long term health as good as that of the control

group.

The results of this second experiment parallél
the results of the first experiment. The Table II
data indicates that under extremely sever'e_condi-
tions, fifty-four grams of whey-derived Ig is
capable of producing a highly satisfactory immune
system performance. The superior immune system
performance achieved by the Group 5 calves which
received fifty-four grams of whey-derived Ig is

consistent with the superior immune system -
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performance achieved by the Group 3 calves of the
first experiment which received forty-two grams
of whey-derived Ig.

The inferior immune system performance
achieved by the Group 2 calves indicates that the
administration of only 13.5 grams of whey-derived
Ig at each of the two initial feedings did not achieve
a performance level which would reader this Ig
dosage acceptable as a substitute for natural colos-
trum. Although the immune system of the Group 3
calves that received twenty-seven grams of the
product followed by colostrum performed worse
than the control group under the severe conditions
of this test, such performance indicates that a
twenty-seven gram dosage may be adequate under
more normal conditions.

EXAMPLE 3

The whey-derived product of the present
invention was tested a third time at a second faci-
lity separate from the one used to accomplish the
Example 1 and Example 2 experiments. This
third test involved a total of sixty calves from a
single herd which were divided into three groups
of twenty calves each. This test was conducted
under highly favorable test conditions.

Two different concentrations of Ig were
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used in implementing this third experiment. A second-

ary ultrafiltration bank having a 100, 000 Dalton hollow

fiber ultrafiltration membrane was used to process a

thirty-five percent protein primary product into a

secondary product having a nine percent Ig concentra-

tion. Longer duration processing of the primary pro-

duct within the same secondary ultrafiltration band

produced a secondary product having a twelve percent

Ig concentration. Calves were fed either three hun=

dred grams of the nine percent Ig concentration pro-

duct or two hundred twenty-seven grams of the twelve

percent Ig concentration product dissolved in one liter

of milk in order to transfer a total of twenty-seven

grams of whey-derived Ig via a single dose. The

results of this experiment are tabulated in Table III

below.
TABLE 111
Total 1g
Ingested Long
Calf Ig ' Via Term
Group Source - Dosage Product ‘Health
1 Colostrum 5 x 1 liter - Control
Feedings Group
Thru Day 4 :
C2 Product 1 liter 27 g As Good
1 time As Control
300 g 9% 1g Group
Prod or 227 g
12% Ig Prod. .
3 Product 1 liter Prod As Good
Followed 1 time (300 g As Control
by 9% or 227 g

—53,-
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TABLE Ill-continued

Total Ig
Calf Ig Ingested Long
Group Source Dosage Via Term
Product Health
Colostrum  12%). Then
4 x 1 liter
Feedings of
Colostrum
Thru day 4

The Group 1 calves received five separate one
liter feedings of natural colostrum through the fourth
day postpartum. This group served as the control
group. The Group 2 calves received twenty-seven
grams of whey-derived Ig dissolved in one liter of
milk. The last colomn of Table 3 indicates that
the immune system of the Group 2 calves functioned
to achieve long term health as good as that of the
control group.

The Group 3 calves received twenty-seven
grams of whey-derived Ig dissolved in one liter of
milk at the initial postpartum feeding. This group
then received four additional one liter feedings of
natural colostrum through the fourth day postpartum.,
The immune system of the Group 3 calves functioned
to achieve long term health as good as that of the
control group.

This third experiment indicated that if
twenty-seven grams of the whey-derived Ig pro-

duct are administered shortly postpartum, an
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immune system performance comparable to that attain-
able by natural colostrum may be achieved under good
conditions. This result when contrasted with the re-
sult achieved by the Group 2 calves in the Example 2
experiment indicates that under good conditions twenty-
seven grams of whey-derived Ig represents a thera-
peutically effective dosage of Ig which achieves each
of the three objectives achieved by natural colostrum.
This is consistent with the results obtained under
severe conditions by the Group 3 calves in the Example
2 experiment and indicates that a second feeding dose
of natural colostrum may not be essential to achieve
an adequate level of immune system performance.

The fact that the Group 4 calves in the Example 1
experiment received only fourteen grams of whey-
derived Ig and that this le.vel of Ig achieved immune
system performance compa}able to that attainable
through use of natural colostrum tends to indicate

that whey-derived lg prodixced according to the
process of the present invention should be adminis-
tered at a level of at least about fourteen grams,
desirably at least about twenty-seven gr;ams;. there-
fore appears to represent a therapeutically effect-

ive dosage capable of achieving immune system
performance comparable to that attainable through

use of natural colostrum under good conditions.
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To achieve immune system performance under severe
conditions equal to or better than that available from
use of high guality natural colostrum, a therapeutic-
ally effective dosage of approximately 40-50 grams
of Ig should be ingested by the neonate during the
first twelve hours postpartum,

Although the experimental test results recited
in Tables I, II and III have expressed the quantity
of Ig ingested by a calf in terms of grams, the
ratio of the weight of the whey-derived Ig to animal
weight is the appropriate parameter to evaluate in
determining a therapeutically effective dosage ofv
the product for any particular animal. Since subs-
tantially all of the animals used in the various expe-
riments described above weighed from beﬁveen
ninety to one hundred pounds, animal weight was
not a significant variable and was disregarded in
tabulating these results.

If the experimental results are evaluated
as indicating that a therapeutically effective mini-
mum dosage of twenty-five grams or an optimum
therapeutically effective dosage level of forty to .
fifty grams of whey-derived Ig should be adminis-
tered to a calf having a weight of one hundred
pounds, these results indicate that at least a

minimum 0. 055 and preferably 0,09-0, 10 percent
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ratio of whey-derived Ig to animal weight should be
administered to any neonate calf. Applying this
ratio to a neonate calf having a body weight of one
hundred and twenty-five pounds (56, 750 grams)
indicates that a minimum of appropriately thirty-
one grams of wheyjderived Ig should be adminis-
tered to that calf in a single dose given within four
hours postpartum. Various other product dosage le-
vels, dosage distributions and dosage combinations
with natural colostrum would be readily apparent
to one of ordinary skill in the art in view of the
detailed experimental results tabulated above.
Therapeutically effective dosages for animals other
than calves to yield immuhe system performance
comparable to that of natural colostrum may be
determined by testing:'of the type described above
in connection with Examples 1, 2 and 3.

It is clear that the whéy—derived product
of the invention could readily function as a supple-
ment for natural colostrum to either boost the
effective level of Ig in natural colostrum having an
insufficient level of Ig or to serve as a source of |
broad active immunity ultimately achieved by
the immune system of a calf or other bovine.
The whey-derived product could also be used on a

continuous basis as a food supplement for a calf,
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a mature cow or any other animal including humans
to enable the immunologically active immunoglobulin
and other immunologically active whey components in
the product to attack pathogens present in the animal
digestive system. Compratively low levels of the
product could be used when it functions as a food
supplement, potentially on the order of approximate-
ly two grams or less per day per hundred pounds

of animal weight.

To test this hypothesis, a thirty-eight animal
sixty day test was accomplished. Nineteen feeder
calves (about three hundred pounds body weight)
served as a control group and received normal high
protein feed rations. The reamining nineteen feed-
er calves consumed normal high protein feed rations
plus a supplement of approximately five to ten grams
per day of filtered product having a seven percent
Ig concentration.

During the first thirty days of this test, the
daily weight gain of theproduct-fed calves exceeded
the control group daily weight gain by 0.4 pounds-

a sixteen percent higher average daily weight gain,
During the second thirty days of the test, the daily
weight gain of the product-fed calves exceeded

the control group daily weight gain by 0.3 pounds

per day. In general, the product-fed calves
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appeared healthier and experienced a higher growth
rate and lower morbidity than the control group
calves. This test appeared to prove the utility of
the whey-derived product as a feed supplement

for either growing or mature animals.

A quantity of whey-derived filtered product
was produced using a secondary ultrafiltration bank
including a 100, 000 Dalton hollow fiber ultrafiltra-
tion membrane as described above in connection
with Example 3. Recirculation and diafiltration
techniques were used in an attempt to obtain a
maximum Ig concentration. This experiment ulti-
mately yielded a filtered product having a twelve
percent Ig concentration.

Referring now to FIG. 2, an ultrafiltration
system slightly modified from that described above
will be described in detail. The whey, fat and
casein feedstock is clarified in a standard item of
cheese processing equipment to produce a fat and
casein byproduct and a clafified whey source mate-
rial used in practicing the present invention. The
clarified whey is then directed through pasteurization
equipment to accomplish a second flash pasteuriza-
tion which destroys unwanted bacteria remaining
in the whey as a result of the utilization of lacto-

bacillus bacteria and rennet as agents in’ the
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cheese manufacturing process. This second short
duration flash pasteurization has been implemented
and found to have no adverse effects on the immuno-
logical activity of the Ig molecules in the clarified
whey.

The pasteurized whey is then directed to
ultrafiltration equipment which incorporates one or
more ultrafiltration membranes having permeability
levels of from 1,000 to 10, 000 Daltons. Experience
with the 100, 000 Dalton ultrafiltrétion membrane
described above has indicated that a gel rapidly
forms on the ultrafiltration membrane substantially
reducing its permeability to a level well below
100, 000 Daltons. An ultrafiltration 10,000 Daltons
adequately eliminates the unwanted water, lactose
and minerals from the whey. The residual level
of lactose and minerals in the ultrafiltration reten-
tate does not produce unwanted side effects when
the whey retentate is dried and administered to
neonate calves.

The ultrafiltration permeate is directed to
a waste disposal unit. The ultrafiltration retentate
includes approximately eighty percent protein
material having an Ig concentration on the order
of eight percent. This retentate is directed to a

spray dryer which yields a dry, filtered product
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having approximately an eight percent Ig concentration
which has been tested and proven to have substantial
immunological activity. This whey-derived filtered
product is then packaged and stored and is ultimately
dissolved in a liquid such as milk or water and fed
to aneonale during the critical absorption period as
described above. This whey-derived Ig will possess
a broad spectrum of antibodies since it is derived from
the whey byproduct of milk obtained from hundreds of
cows in geographically distributed, separate herds.
The ultrafiltration processes described initially
and in connection with FIG. 2 are capable of producing
a colostrum substitute filtered product which can be
manufactured and sold at a profit. However, to en-
hance the profitability of the product incorporating
whey-derived Ig, it is desirable to reduce the size
of the dose to a level substantially below the six
hundred gram dosage level administgred to the
Example 1 Group 3 calves. Since about eighty per-
cent of the dry filtered product obtained from the
ultrafiltration process represents proteins which
have a high economic value as a food product, it
would substantially enhance the economic attrac-
tiveness of the process if some non-Ig protein

components in the dry filtered product could be

eliminated from the product to increase the Ig
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concentration in the product. If this could be accom-
plished, such non-Ig proteins could be sold as a food
product through existing commercial channels and
could thereby reduce the net cost of manufacturing
the product administered to neonate calves in prac-
ticing the present invention.

Referring now to FIGS. 2, 3 and 4, the output
of an ultrafiltration system can be combined with
an ultrafiltration/ion exchange system to produce,
a blended product having a substantially enhanced Ig
concentration without a significant reduction in the
concentration of smaller molecular weight proteins.
With such an enhanced Ig concentration in the blend-
ed product, an adequate level of whey-derived Ig
can be transferred in a significantly reduced product
dose size resulting in a substantial cost savings by
avoiding the use of a significant percentage of the
non-immunologically active protein miaterial.

In implementing this different technique for
producing colostrum substitute product, the FIG.
2 ultrafiltration process is utilized to produce a
filtered product having approximately an eight per-
cent Ig concentration. As indicated in FIG. 4, this
Stream B ion exchange product having a fifty per-
cent Ig concentration to achieve a significantly

higher Ig concentration whey-derived Ig product.
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Referring now to FIG. 3, the Stream B com-
bined ultrafiltration/ion exchange process for pro-
ducing a fifty percent Ig concentration product will
now be described in detail. The FIG. 3 process
utilizes the same whey, fat and casein feedstock
as that used in the FIG. 2 ultrafiltration system.
The ion exchange Ig separation as depicted in FIG.
3 may either be accomplished at the same site
where the FIG. 2 ultrafiltration system is located
or more typically will be performed at a different
cheese processing plant.

The feedstock is clarified to remove fat
and casein and the clarified whey process source
material is directed through a second flash pasteu-
rization step as was the case with the FIG. 2 ultr-

filtration system.

Ultrafiltration of the clarified whey is accom-
plished with an ultrafiltration unit having a 1, 000 to
10, 000 Dalton ultrafiltration membrane to produce
a thirty-seven percent protein retentate. The ul-

trafiltration permeate is directed to a waste dis-
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posal unit. Diafiltration may be used with this ultra-
filtration process to remove salts from the ultrafil-
tration retentate such that its conductivity is reduced
to a near zero level on the order of 2-3mMhos. Above
such conductivity levels, ion exchange eqhipment is
rendered ineffective. Alternative techniques such

ag electrodialysis may be used to desalinize the
retentate.

The thirty-seven percent protein retentate is
then directed to an ion exchange unit of a type well
known to those of ordinary skill in the appropriate
field. Such an ion exchange unit can be configured
to function in either a cation or anion extraction mode.
At present, the cation mode is preferred primarily
for economic reasons,

The ion exchange unit operates on the whey
protein ultrafiliration retentate to separate out Ig
proteins possessing a charge different from most
non-Ig proteins. When operated as a cation ion
exchange system at a pH somewhat lower than the
normal 6.2 pH of whey, the bed of the ion exchange
unit collects Ig proteins and other proteins at a
ratio of approximately fifty percent Ig proteins to
fifty percent other proteins. When the bed of the
ion exchange unit is eluted, an ion exchange prod-

uct having about a fifty percent Ig concentration
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and a fifty percent non-Ig protein concentration is
obtained.

When the ion exchange unit is operated in the
anion mode at the normal 6 2 pH of whey, the non-
Ig proteins bind to the ion exchange bed while the
oppositely charged Ig proteins pass th't:'ough without
binding. The anion process also produces about a
fifty percent Ig concentration product.

Specific configurations of both cation and
anion ion exchange units are recited in Examples
4 and 5 below:

EXAMrPLE 4

Ig is purified by a cation exchange using a
cation exchange material such as S-Sepharose
(Pharmacial) equilibrated with 10mM acetate, pH
4.5-6.0 e.g. 5.0. A desalted solut ion of whey pro-
teins with a conductivity of 2mMhos (2mS) is adjust-
ed to pH 5.0 and exposed to the S—Sephafos gel at
about 2-500 mg/ml of.gel, for example 4 ml whey
protein solution at 50 mg/ml mixed with 2 ml gel
or passed through a column of 2 ml gel. About
fifty perce t or more of the Ig in the whey protein
solution binds to the gel, Unbound proteins are
washed away with 10mM acetate, | pH 5.0 or with
water (5 ml or 2 ml gel). Ig is released and ob-

tained by exposing the gel to high salt (100mM NaCl
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in 10mM acetate) or high pH (8.0), for example 100mM

dibasic phosphate or ammonium carbonate. Five milli-

liters eluting buffer is adequate for 2 ml gel.
EXAMPLE 5

Anion exchange is used to purify Ig by binding
non-Ig proteins. Anion exchange gel such as Q-Sepha-
rose or Amicon-AM gel is equilibrated witﬁ 10mM
phosphate at pH 7.5. A low salt (2mS) solution of whey
proteins is adjusted to pH 7.5 and mixed with anion
exchange gel (100 mg protein per ml gel). Unbound
protein is collected and is Ig rich (80% or more of
the protein is Ig).

Referring now to FIG. 4, the eight protein Ig
product obtained via the FIG. 2 process Stream A is
blended with fifty percent Ig concentration ion exchange
product produced by the FIG. 3 Stream B ion exchange
Ig separation process. When the Stream A eight per-
cent product is blended in an approriate ratio with
the Stream A fifty percent Ig concentration product,

a product having a controllable Ig concentration of
between eight percent to fifty percent Ig may be ob-
tained.

Present economic considerations suggest the
desirability of using a product dose of no more than
three hundred grams to minimize the cost of the non-
Ig protein components,

The experimental test results tabulated above
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indicate that a high level of immune system perform-
ance will be achieved with a single dose of the pro-
duct containing about forty grams of immunologically
active, whey-derived Ig. If two hundred and thirty-
eight grams of the Stream A eight percent concentra-
tion Ig product (8% x 238 g = g Ig) is blended with
forty-two grams of fifty percent concentration Ig
from Stream B (50% x 42 g = 21 g Ig), a two hundred
and eighty gram dose is produced having forty grams
of whey-derived Ig. Forty grams of Ig in a total
dose size of two hundred eighty grams represents

a fourteen percent Ig concentration.

Since the Stream A ultrafiltration product
was filtered only to an eight percent Ig concentra-
tion, essentially none of the non-Ig proteins were
eliminated from this two hundred thirty-eight gram

component of the overall two hundred eighty gram

. dose. Since the Stream A ultrafiltration retentate

‘was only processed to a maximum protein concentra-

tion of eighty percent protein, approximately twenty
percent of the retentate will comprise lactose and
minerals. Experimental testing has indicated that
this comparatively small level of lactose and mine-
ral does not adversely affect neonate calves and

will not cause unwanted scours.

As indicated by FIG. 3, the residual p‘r"oduct’ ‘
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obtained from the second output of the ion exchange
unit comprises approximately thirty-five percent
protein. This specific percent concentration pro-
tein has been selected since this is the standard,
commercially acceptable protein concentration for
use in the food product market. This thirty-five
percent protein product is passed through an eva-
porator and spray dryer and is ultimately packaged
for resale in the existing protein food product
market.

The sale of this non-immunologically active
protein product provides a substantial process cost
recovery and significantly reduces the net cost of
the blended, highly concentraged Ig product achieved
by combining the Stream A low concentration Ig pro-
duct with the Stream B high Ig concentration product.

The blended whey-derived product is packaged
and marketed. To administer this packaged product
to a neonate calf, the package is emptied into an
appropriate one or two liter quantity of milk, dis-
solved and fed to the neonate as described above.

Based on the experimental test results tabu-
lated above, the blended product should contain at
least about twenty-five grams of Ig for use as a
colostrum substitute with a typical one hundred

pound neonate calf under good conditions. The 0.055
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percent ratio of Ig weight to animal body weight should
be observed for neonate animals having weights differ-
ing from the one hundred pound typical neonate calf
weight, To achieve immune system performance
eqal to or better than high quality natural colostrum,
approximately forty to fifty grams of Ig should be
igested by the neonate during the first twelve hours
postpartum (0. 9%-0. 10%).

As was the case with the straight ultrafiltra-
tion product, the blended Ig product may also be
used as a colostrum supplement rather than as a
colostrum substituté. In addition, the blended pro-
duct may be used as an immunologically active
food supplement, Although a specific ratio of
Stream A product to Stream B product was des-
cribed above, it would be readily apparent based
upon the detailed description above that various

other ratios of Stream A to Stream B could be

" blended together to achieve differing levels of Ig

in the blended product. The specific application
of the blended Ig product as well as various eco-
nomic and cost factors would dictate the specific
quantity of Stream A which is blended with Stream
B.

To compare the immune system performance

of calves fed a normal quantity of naturai colostrum
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with that of calves fed comparatively minimal quan-
tities of the whey-derived product of the present
invention, a comprehensive investigation of the
immunological characteristics of the colostrum and
product input materials and of the calf blood serum
was conducted. VA key objective of these tests was
to identify and quantify specific immunologically
active components of the whey-derived product
responsible for the test results recited in Tables
I-1II above.

Table IV compares the Elisa assay for cer-
tain pathogen specific antibodies present in the
Example 1 secondary product with the Example 1
colostrum and milk input materials., Table IV de-
monstrates that while ordinary possessed compara-
tively insignificant levels of pathogen specific anti-
bodies in comparison to colostrum, the secondary
product possessed pathogen specific antibody levels
which exceeded comparable colostrum levels by a
factor of from two to twenty times. The Table IV
data therefore confirms the substantially enhanced
potency of the immunologically active components
of the whey-derived product in comparison to na-

tural colostrum.
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EXAMPLE 1 - INPUT MATERIAL ANTIBODY TITERS
SECONDARY

ORGANISM PRODUCT COLOSTRUM MILK
IBR 400 200 <10
B, abortus 4000 200 12
CL perfringens 5500 350 32
E coli 4000 1250 60
H. somnus 3200 180 24
S. dublin 2300 450 16

Table V lists the Example 1 average Elisa calf
blood serum antibody titers for the Group 1 milk fed
calves, theGroup 2 colostrum fed calves and the
Group 3 product fed calves at both five and ten days
postpartum,

Table V demonstrates that the immune system
of the Group 1 milk fed calves was essentially in-
active in both five and ten days postpartum showed
significant antibody levels which by ten days post-
partum had substantially decreased in magnitude pri-
marily due to a depletion of the immunologically active
components derived fron colostrum. 'Althouvgh the
blood serum antibkody titers of the Group 3 product
fed calves were equal to or less than the titers of
the Group 2 colostrum fed calves at five days post-
partum, by ten days postpartum the blood serum
antibody titers of the Group 3 product fed calves
substantially exceeded the antibody titers of the
Group 2 colostrum fed calves. Table V therefore

demonstrates the superior capability of the whey-
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derived product of the present invention to activate
the immune system of neonate calves. The specific
immunologically active components responsible for
the superior immune system performance evidenced
in Table V have not been fully identified at the pre-
sent time.

Although the level of Ig contained in the
secondary product used in connection with the
Example 1, 2 and 3 experiments described above
was substantially less than the lg levels in average
quality natural colostrum, the calf immune system
performance achieved by comparatively low dosage
levels of the secondary product achieved immune
system performance equal to or greater than that
achieved by natural colostrﬁm. In order to explain
this unusual phenomenon, other potential immune
enhancing components of the product were investi-
gated. Raw whey is known to contain immunologic-
ally active lactoferrin having a molecular weight of
90, 000 Daltons, Besides having a known direct anti-
microbial effect, lactoferrin has the capability of
complexing with tg molecules to form an Ig/lacto-
ferrin complex. An Ig/lactoferrin complex was
isolated from raw whey and evidenced a molecular
weight of about 400, 000. A monoclonal antibody

specific for this complexed protein molecule was
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TABLE V ,

EXAMPLE 1 - CALF BLOOD SERUM ANTIBODY TITER
EIA - 5 DAYS EIA - 10 DAYS

GROUP 1 GROUP 2 GROUP 3 GROUP 1 GROUP 2 GROUP 3

ORGANISM Milk Fed Colostrum Fed Product Fed Milk Fed Colostrum Fed Product Fed
1BR <5 16 15 £5 -5 16
B, abortus <5 80 16 <5 | 20 21
CL perfringens <5 95 34 <5 ) 5 30
E,. coli <5 230 ) 52 | £5 - 23 60
H. somnus <5 40 60 . <5 5 16

S. dublin <5 270 76 <5 20 30
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developed and used in a standard EIA test to determine

~ the concentration of the Ig/lactbferrin complex in milk,

colostrum and filtered product. The results of this
analysis are presented in Table VI,

TABLE VI

EXAMPLE 1 - INPUT MATERIAL
Ig/ LACTOFERRIN COMPLEX ANTIBODY TITERS

EIA TITERS
SECONDARY
ORGANISM PRODUCT COLOSTRUM MILK
1BR 500 100 5
B. abortus 8000 100 5
CL perfringens 8000 100 5
E. coli 8000 100 5
H. somnus 6000 100 5
S. dublin 7000 100 5

Table VI therefore demonstrates that the Ig/
lactoferrin complex has only a negligible activity in
milk, only a minimal‘activity in colostrum, but a
substantial activity in the whey-derived product. It
is evident that the presence and activity of the high
molecular weight Ig/lactqferrih complex in the pro-
duct contributes to its unexpectedly potent immuno-
logical activity.

To identify the mechanism responsible for
creating the Ig/lactoferrin complex, the antibody
titers of this complex were analyzed both for the
raw milk input material and for the milk-derived
whey produced during the cheese making process.
The results of this analysis are depicted in Table
VII. The input material evaluated represented
either maternal milk sampled at one, two, five or

ten days postpartum or whey derived from those
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same milk samples. A monoclonal antibody with
specificity for the Ig/lactoferrin complex was
used in an EIA test to quantify the concentration
of this complex. The results of this study are
depicted in Table VII.

By ten days postpartum, the maternal milk
sample possessed only minimél levels of the Ig/
lactoferrin complex, while the milk-derived whey
sample demonstrated both long lasting and éubstan-
tial levels of this complex. The Table ViI data
therefore indicates that the Ig/lactoferrin protein
complex contributes significantly to the immunolo-
gical activity of the filtered product of the present
invention,

Although not specifically investigated, the
following immunologicall& active components of
whey are also present in the fractions included
in the filtered product: lysozyme, lactoperoxidase,
xanthine oxidase, lymphokines, and mitogens, a11
of which have molecular weights enabling them to
be retained in the ultrafiltration retentate. The
immunologically active laétoperoxidase whey pro-
tein has been detected in the retentate in low, but
significant amounts.

The blood serum Ig levels of the Example

3 calves were tracked until seventy days postpari:um.
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TABLE VII

MILK VS. WHEY - M\EOHOENWHZ COMPLEX ANTIBODY TITERS

MILK MILK-DERIVED WHEY
: DAYS POSTPARTUM
ORGANISM 1% 2 5 10 1% 2 5 10
1BR <100 <100 <10 <10 <100 <100 270 270
B, abortus 200 200 10 £10 1600 400 270 270
CL perfringens 400 200 10 <10 1600 400 270 270
E. coli 1600 800 90 30 1600 400 270 270
H,. somnus 200 200 30 10 1600 400 270 270
S. dublin 800 400 30 10 1600 400 270 270
*Day 1 Colostrum
TABLE VIII
EXAMPLE 3 - CALF POSTPARTUM
BLOOD SERUM Ig LEVEL

CALF INPUT DAYS POSTPARTUM
GROUP MATERIAL BIRTH 1 35 70

1 Colostrum 0.6 19,5 14.0 16,3 22,4

2 Product 0.08 1.4 11.3 22.4

3 Product { 0.08 1,7 13.1 24.8

colostrum
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The Ig levels for the Group 1 colostrum fed calves,
the Group 2 product fed calves and the Group 3
product plus colostrum fed calves are depicted

in Table VIIL.

Although the Ig levels of the Group 2 and 3
product fed calves fell significantly below the Ig
levels of the Group 1 colostrum fed calves through
thirty=five days postpartum, by 70 days postpartum,
the Ig levels of theproduct fed calves egualled or
exceeded the Ig levels of the Group 1 colostrum
fed calves. The Table VIII test results there-
fore establish that a dose of filtered product
including twenty-seven grams of immunologiéally
active Ig effects an adequate transfer of immunity
to a neonate calf.

A more detailed study of the pathogen spe-

cific antibody activity in calf blood serum pro-

" vided substantial addtional information supple-

menting the Table VIII data. A detailed analysis
of the Example 3 calf bloéd serum antibody acti-
vity is depicted in Table IX.

Table IX indicates that on the first day
postpartum, the antibody titers of the colostrum
fed calves substantially exceeded the antibody
titers of either the pfoduct fed or product plus
colostrum fed calves. As was the case with the

Example 1 blood serum antibody titers depicted
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TABLE IX

EXAMPLE 3 - CALF BLOOD SERUM ANTIBODY TITERS

GROUP 3
GROUP 1 GROUP 2 Product ¢
Colostrum Fed Product Fed Colostrum Fed
DAYS POSTRA RTUM

ORGANISM 1 35 70 1 35 70 1 35 70
IBR 2 6 23 <5 10 10 <5 9 10
B. aborius 10 14 9 £9 15 13 Z5 9 28
CL perfringens 55 10 27 <5 22 22«5 17 63
E. coli 64 32 19 £5 16 20 <5 14 40
H. somnus 52 31 47 <5 10 20 £5 10 32
S. dublin 40 30 17 <5 8 12 <5 9 32

- 78 -



10

15

20

25

in Table V, the antibody titers of the colostrum fed
calves decreased with time while the antibody titers _
of the product fed calves increased with time due |
to active production of antibodies by the calves.
By seventy days postpartum, the immune per-
formance of the Group 3 calves the Group 1 and
Group 2 calves. The Table IX analytical results
indicated that the product of the present invention
successfully performed as a substitute for high
quality natural colostrum by ultimately yielding
calf active immune system performance equi-
valent to that yielded by colostrum. This result
is surprising and totally unexpected in view of
the fact that the filtered product operated success-
fully at Ig concentration levels far below the
minimum acceptable levels taught by the prior
art. This result indicates that the filtered pro-
duct contains immunologically active components
which are either not present in natural colostrum
or are present in substantially lower concentra-
tions.

Table X-A depicts an analysis of the
composition of Samplés A, B and C of the filter-
ed product produced in separate lots on different

days.
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TABLE X-A
FILTERED PRODUCT COMPOSITION
PRODUCT SAMPLE

COMPONENT A B C
Moisture (%) 5. 51 - 5,72 5. 52
True Protein (%) 63.80 70,10 69.30
Non-Protein Nitro- ‘

gen (%) .83 - 88 .81
Fat (%) 4.10 5,92 5. 25
Lactose (%) 19.170 11.80 14.90
Ash (%) 3.57 2.68 3.05
Calcium (mM/kg) 114 104 113
Phosphate (mM/kg) 32 16 22
Sodium (mM/kg) 99 88 93
Potassium (mM/kg) 213 148 180
Ig/ Protein (%) 11.50 ©  11.50 10.80
Lactoferrin/Protein '

(%) .50 .22 .67
Lactoperoxidase/

Protein (%) .11 1.80 .31

Table X-B depicts the Ig/lactoferrin complex
Elisa titers of Samples A, B and C, the composition
of which was analyzed in Table X-A,

TABLE X-B
FILTERED PRODUCT ELISA TITERS FOR
Ig/LACTOFERRIN COMPLEX
ANTIBODY TITER

ORGANISM A B C

IBR 8000 7000 8000
B. abortus 8000 6000 15000
CL perfringens 8000 8000 16000
E. coli 16000 8000 16000
H. somnus 16000 8000 16000
S. dublin 8000 8000 16000

Table X-B indicates, that the filtered product

possesses significant levels of the immunologically

active Ig/Lactoferrin complex.

Referring now to FIG. 8, a detailed example

of the two-stage fractionation of whey will be des-
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cribed. The principals of this two stage fractiona-
tion process were explained above in connection
with an initial fractionation of whey by a primary
ultrafiltration bank utilizing one or more 10, 000
Dalton membranes followed by a subsequent frac-
tionation of the primary ultrafiltration bank reten-
tate by a secondary ultrafiltration bank utilizing
one or more 100, 000 Dalton membranes.

As indicated by Table XI, whey includes (1)
a zero to 8, 000 Dalton bottom fraction including
comparatively low molecular weight materials
such as lactose and minerals; (2) an 8, 000 to
70, 000 Dalton middle fraction including lower
molecular weight protéins such as alpha-lactalbumin,
beta-lactoglobulin, serum albumin and lysozyme;
and (3) a 70, 000 to 400, 000 Dalton top fraction in-
cluding higher molecular weight proteins such as
immunoglobulin, lactoferrin and lactoperoxidase
as well as protein cémplexes. In a manner con-
sistent with the terminology recited in Table XI,
FIG. 6 indicates that liquid whey which serves as
a primary fractionatioh bank feedstock consists of
a bottom fraction, a ﬁiddle fraction and a top

fraction.
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WHEY FRACTION COMPOSITION

*FRACTION MOLECULAR TYPICAL FRACTION

CLASSIFI- WEIGHT SOLIDS
CATION RANGE COMIO NENTS
Top Fraction 70,000 To High Molecular Weight
400, 000 or Proteins Including
Higher Ig, Lactoferrin Lac-

toperoxidase and Pro-
tein Complexes

Middle Frac- 8,000 To Low Molecular Weight,
tion 70, 000 Non-complexed pro-
' teins including alpha-
Lactalbumin, Beta-
Lactoglobulin, Serum
Albumin and Lysozyme

Bottom Frac- 0 To 8,000 Lactose, Minerals,
tion Non-Protein Nitrogen

An objective of the process of the present
invention is to substantially enhance the concentration
of the various imm'unologically active components of
whey in a filtered product produced by the process
of the present invention. Ig is widely recognized
as having useful immunological function as is the
case with lactoferrin, lyzosyme and lactoperoxidase.
When the phrase "other immunologically active whey
components including lactoferrin, lysozyme, and
lactoperoxidase as well as other as yet unidentified
immunologically active whey components.

The immunological activity of the primary
and secondary ultrafiltration baﬁk retentates is
monitored and the relative immunological activity
of such retentates is generally quantified by mea-~
suring and quantifying the immunological activity

of Ig. Since Ig is the most heat sensitive immu-
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nologically active known whey protein, any degrada-
tion in the immuaological activity of the Ig should
reflect an overall degradation in the total immu-
nological activity of thg ultrafiltration retentates.
As new immunological activity measurement tech-
niques become available, such techniques could
readily be adopted to measure the presence, dis-
tribution, potency and molecular weight of the known
as well as presently unknown or unidentified immu-
nologically active whey components.

Referring to Table XII below, the two-stage
fractionation of whey in the‘primary and secondary
fractionation banks depicted in FIG. 6 will now be
described in detail. FIG. 6 represents a concept-
ual diagram illustrating the manner in which a
primary fractionation bank yields a bottom fraction
permeate and a combined top fraction/middle frac-
tion retentate and in which a secondary fractiona-

tion bank yields a top fraction retentate and a

middle fraction permeate. In the real world, no

fractionation system is capable of yielding such
idealized, pure fractions. Instead, a primary
fractionatiori bank retentate or primary product
will include substantially enriched concentrations
of the whey top and middle fractions yet will also

include reduced but significant concentrations of |
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the whey bottom and middle fractions., Nevertheless,
FIG. 6 accurately illustrates the process of the pre-
sent invention on a conceptual level. The pilot plant
data incorporated in Table XII indicates the manner
in which the process 'of thé present invention frac-
tionates a liquid whey feedstock having an Ig con-
centration of 0.63 mg/ml.

The liquid whey feedstock was obtained follow-
ing the clarification and separation stages of commer-
cial cheese making operations as described above.
The clarification and separation operations were
carefully controlled to avoid significantly reducing
the immunological activity of Ig molecules as des-
cribed above. Such operations are preferably conduct-
ed at temperatures not exceeding about one hundred
and fifty degrees Fahrenheit to meet this objecfive.

In the Table XII pilot plant run, a six stage

ultrafiltration system functioned as the primary frac-

‘tionation bank. Standard 10, 000 Dalton polysulfone

ultrafiltration membranes were : to separate
the low molecular weight whey bottom fraction from
the higher molecular weight whey middle and top
fractions. The first four stages of ultrafiltration
were conducted without diafiltration while the final
two filtration stages were conducted with disfiltra-

tion.
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TABLE XII

FRACTIONATION PROCESSING RESULTS

.PRIMARY FRACTIONATION BANK SECONDARY FRACTIONATION BANK
(10, 000 Dalton) : (10, 000 Dalton)
Permeate Retentate Secondary  Permeate Retentdte
Liquid Whey (Bottom (Primary Bank Feed- (Middle (Secondary
Parameters Feedstock Fraction) Product) Stock Fraction) Product)
Ig Concentration 63 0 18.5 18.5 .05 36.4
(mg/ml)
1g as % of 1. 0% 0 8.1% 8.1% 1.92% 15.8%
Total Solids )
Ig as % 8% 0 10, 9% 10.9% 2.75% “17.57%
of Protein -
Weight % 12.5% 0% 83% 83% 69.6% 88.4%
Proteins .
Distribution 100% 87% 13% 100% 11.5% 88.5%
of Total Solids
Distribution 100% 96. 3% 3. 7% 100% 50% 50%

of Liquid Volume
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As indicated by Table XII, the liquid whey
feedstock was fractionated into a permeate having
no measurable Ig concentration and into a primary
product retentate having an Ig concentration of
18.5 mg/ml. The primary fractionation bank
operated to increase the Ig to total solids ratio
from 1.0% in the feedstock to 9.1% in the primary
product while simultaneously increasing the 12.5%
whey feedstock protein weight concentration to an
83% weight concentration in the primary product.
None of the high molecular weight whey proteins
were passed into the permeate or bottom fraction
which consisted primarily of water, lactose, mi-
nerals and non-protein nitrogen (NPN). By in-
creasing the Ig to solids ratio from 1.0% to 9.1%,
the primary fractionation bank provided a 910%

Ig concentration enhancement.

The primary product served as the second-
ary bank feedstock and consisted predominantly
of the whey middle and top protein fractions as
demonstrated by the 83% primary product weight
percent protein concentration.

The secondary fractionation bank utilized
two ultrafiltration modules where each ultrafiltra-
tion module contained a spiral wound, 100, 000

Dalton polysulfone ultrafiltration membrane.
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Such a membrane is designated by model num-
ber HFM-181 and is available from the Abcor
Division of the Koch Corporation of Wilmington,
Mass. Each ultrafiltration module was opera-
ted with diafiltration.

The ultrafiltration modules of the se-
condary fractionation bank were operated
with an inlet pressure of 60 PSI and an outlet
pressure of 20 PSI. The pH was controlled
to a level of approximately 7.3. The peak
secondary bank feedstock temperature was
limited to 900F. and the secondary fractiona-
tion bank residence time was minimized.

Table XII indicates that the secondary
bank feedstock includes an Ig concentration of
18.5 mg/ml with an 83% protein weight con-
centration. The secondary fractionation bank
divided this feedstock into a secondary product
retentate having an Ig concentration of 36.4 mg/
ml and into a middle fraction permeate having
an Ig concentration of 0.05 mg/ml. The utili- -~
zation of 100, 000 Dalton ultrafiltration mem-
branes enabled the secondary fractionation
bank to retain most of the Ig. Ig/lactoferrin
complexes, and other 100, 000 Dalton and high-

er molecular weight immunologically active
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whey components while passing the lower mole-
cular weight whey proteins into the permeate.
The capability of the secondary fractionation
bank to direct a substantial per centage of the
lower molecular weight middle fraction pro-
teins into thepermeate and to direct a subs-
tantial percentage of the higher molecular
weight top fraction proteins into the retentate
is illustrated by the Table XII entries showing
a 69.6 weight percent protein permeate con-
centration and an 88. 4 weight percent protein
retentate concentration. This separationof
the middle and top fraction proteins increased
the Ig to total solids concentration by 175%
from 9. 1% in the feedstock to 15.8% in the
secondary product with only a comparatively
minimal 1, 92% being directed to the permeate.
The primary and secondary fractionation banks
together increase the Ig to total solids concen-
tration by 1580% from 1% in the whey feed-
stock to 15.8% in the secondary product.

To be marketable, commercial food
grade WPC must possess a minimum protein
concentration of 35%. Since as indicated by
Table XII, the secondary fractionation bank

produces a permeate having a protéin concen-
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tration exceeding 35%, the essentially non-
immunologically active secondary bank protein
rich permeate can be directly marketed as a
commercial grade WPC product. The income
derived from this WPC byproduct of the pro-
cess of the present invention significantly
reduces the net cost of the immunologically
active secondary product.

Moisture was removed from the second-
ary product by spray drying operations of the
type described above. Appropriate spray
drying equipment may consist of a tower
spray dryer having a high pressure nozzle and
a cyclone collector. With such equipment,
the inlet air temperature is controlled to a
level of approximately 390°F, which results
in an outlet temperature of between 160° to
180°F. The secondary product is dried to a
moisture content of from four to six percent,
preferably about five percent. Spray drying
operations must be carefully monitored and
controlled to avoid thermal deactivation of the
Ig and other immunologically active whey com-
ponents of the secondary product.

With prior art whey protein concentrate

(WPC) processing techniques, a single stage
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ultrafiltration retentate is passed directly to
an evaporator which is maintained at a tem-
perature of 140°F. to 160°F. with a residence
time of five to ten minutes to preheat the WPC
prior to spray drying operations. Such eva-
porator preheating operations expose the WPC
and any remaining immunologically active Ig
to thermal conditions more than adequate to
totally destroy any residual immunological
activity.

In connection with implementation of
the present invention, the residence time of
the secondary product within the spray dryer
should be minimized and the temperature con-
trolled to prevent destruction of the biologic-
al activity of the Ig and other immunologically
active whey components in the secondary pro-
duct.

The dried secondary product from the
spray dryer is stored and packaged in sealed
containers to prevent moisture absorption.

In its dry form, a highly potent second-
ary product should preferably possess the
following constitutes on a percent of total so-
lids basis: (1) protein concentration at least

about seventy percent, preferably about
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eighty to eighty-five percent; (2) lactose plus
minerals concentration of less than about
thirty percent; (3) fat content of less than
about six percent; (4) moisture content less
than about six percent; and (5) an active Ig
content of at least about seven percent. The
immunological activity of the Ig in the dry
secondary product should be assayed to de-
termine the concentration and distribution of
immunologically active antibodies. Test pro-
cedures for implementing such Ig assays have
been described above.

The protein to total solids concentra-
tion in theprimary product can be varied from
a concentration as low as thirty percent to a
concentration as high as eighty-f.ive percent.
A short primary fractionation bank residence
time and a limited number of intermediate
ultrafiltration processing stages within the
primary fractionation bank will produce a
low protein to total solids concéntration ratio
while longer residence times and an increased
number of intermediate ultrafiltration ;;ro-
cessing stages within the primary fractiona-
tion bank are necessary to approach an eighty-

five percent protein to solids ratio. In imple-
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menting the process of the present invention, it
is preferred that a final protein to total solids
ratio of between sixty to eighty-five percent

is attained and that more preferably a level

of at least about seventy percent is attained

to maximize the concentration of the Ig and
other immunologically active whey components
in the secondary product.

If the primary fractionation bank is
designed and operated to produce a primary
product having only a thirty to thirty-five
percent protein to total solids concentration,
comparatively high levels of lactose and
minerals will also be present in the primary
product, Such high levels of lactose and
minerals may render such a primary product
unfit for use as a passive immunity transfer
product for neonate calves due to its potential
to cause scours, severe dehydration and possible
death.

With whey feedstock Ig concentrations
of at least about 0.7 mg/ml, for example of
about 0.7 to 1.2 mg/ml. the primary fractiona-
tion bank is capable of producing a primary
product having a seven to ten percent Ig to

total solids concentration which represents
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a level useful for numerous immune enhancing
or immunity transfer operations.

The concentration of the Ig and other
immunologically active whey components of the
dry secondary product vary directly as a func-
tion of the concentration of the Ig and other
immunologically active components present
in the liquid whey feedstock. Selection of
whey to maximize the concentration of the Ig
and other immunologically active components
is therefore important to reduce processing
costs and to maximize the concentration of
these components in the secondary product.
Cheese processing operations are currently
designed to produce either acid whey or sweet
whey. Current cheese processing teéhniques
produce an acid whey typically possessing
near zero concentrations of immunologically
active components. It is therefore desirable
at the present time. to use sweet whey produced
by rennet precipitation of casein in implement-
ing the present invention. The sweet whey/ca-
sein separation should preferably be carried
out at a pH of from 6.5 to 4.6. Utilization of
higher pH separation conditions within this

range produces a higher concentration of
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immunologically active Ig in the resulting whey.

Sweet whey produced from various types of
cheese processing operations results in varying
Ig concentrations. In order of preference, sweet
whey from the following cheese processing ope-
rations is preferred: (1) Swiss; (2) Mozzarella/
Provolone; (3) cheddar; (4) Gouda; and (5) cottage
cheese.

The concentration of Ig in whey varies
directly with the concentration of Ig in milk.

It has been found that the concentration of Ig

in milk reaches it lowest level during the sum-
mer months and its maximum levels during

the winter months. Low potency summer whey ‘
must therefore be subjected to more extended
ultrafiltration processing than is the case with
more potent winter whey which in certain cases
is acceptable for use after processing through

the primary fractionation bank.

The concentration of Ig in whey will also
vary on a day to day basis as a result of normal
variations in the cheese making process. Pro-
cessing time, processing temperatures and
the level of microbial activity encountered
during processing will all vary and potentially

interact to cause changes in the Ig concentra-
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tion in the raw whey feedstock. Standardization
of the cheese processing parameters can mini-
mize but typically not eliminate these day to
day variations.

The concentration of Ig in the dry secon-
dary product will also vary in response to
changes in the fractionation processing para-
meters such as temperature, residence time,
pump induced turbulence and microbial activity.
As explained in detail above, it is always im-
portant to minimize the exposure of the Ig and
other immunologically active whey components
to high temperature operations and to minimize
the residence time in such high temperature
processing operations, Microbial activity should
be controlled and minimized to the extent possi-
ble. Excessive microbial activity may result
in significant pH drops during processing with
resultant deactivation of the Ig and other immu-
nologically active whey components. Unwanted
microbial activity can be reduced by minimizing
process residence time. It is therefore highly
desirable to complete the secondary product.
drying operations within about four hours after
the 'mitialjflash pasteurization implemented

in connection with the cheese processing operation.
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The concentration of the Ig and other immu-
nologically act ive whey components can also be
maximized by avoiding exposure of the whey to
air and by avoiding or minimizing use of centri-
fugal pumps in the fractionation banks since
centrifugal pumps both aerate and swb ject the
pumped material to extreme mechanical turbu-
lence. To the extent-practical, positive dis-
placement pumps should be used rather than
centrifugal pumps.

The animal test data analyzed above in-
dicate that the concentration of immunologically
active Ig in the filtered product should possess
a minimum concentration of about 7%, more
preferably at least about 9% and most preferably
greater than about 12% of the total solids. The
specific embodiment of the two-stage fractiona-
tion process described above in connection with
FIG. 6 yielded a filtered product having an Ig
to solids concentration of 15.8%. Further re-
finements in the inventive process can yield
Ig to solids concentrations of at least about
20% or at least about 35% or higher.

Although it was suggested above that a
single 100, 000 Dalton membrane could be

utilized in the primary fractionation bank to
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directly separate the whey top fraction from the
bottom and middle whey fractions, it has been
found that the comparatively long whey proteins
form a layered, mesh network or "dynamic
membrane" on the inlet side o‘f a 100, 000
Dalton ultrafiltration membrane, Within ten
minutes after commencement of filtration
operations this dynamic membrane reduces

the effective ultrafiltration membrane pore
size from 100, 000 Daltons to 10, 000 Daltons.
The primary fractionation bank can therefore
separate the whey bottom fraction fromr the
middle and top fractions, but it cannot separate
the whey middle fraction from the top fraction
regardless of the membrane pore size used.
The dynamic membrane limits the capability
of theprimary fractionation bank to increase
the concentration of Ig and Sther large molecu-~
lar weight immunologically active whey compo-
nents in the primary product.

The operation of the primary fractiona-
tion bank depicted in FIG. 6 and its separatioh
of the whey bottom fraction from the combined
whey middle and tdp fractions reconfigures
the whey through mechanisms not currently

understood. The recotifigured primary prod-
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uct can then be directed to the secondary filtration
bank and its 100, 000 Dalton ultrafiltration mem-
branes without causing significant dynamic merﬁ- ‘
brane problems and without significantly reducing.
the effective pore size of the 100, 000 Dalton |
membranes. The 100, 000 Dalton membranes
of the secondary fractionation bank are now
enabled to function at their design pore size
and successfully operate to separate the whey
middle fraction from the whey top fraction,

To successfully accomplish the function
described above, the primary fractionation
bank ultrafiltration membrane size is selected
to ensure that the unwanted low molecular weight
lactose, minerals and related whey components
pass through the primary fractionation bank
ultrafiltration membrane and are directed into
the primary fractionation bank permeate. Ultra-
filtration membranes having pore sizes on the
order of at least about 10, 000 to as high as
about 120, 000 Daltons may be used to accom-
plish this objective. Formation of a dynamic
membrane on 100, 000 or 120, 000 Dalton pri-
mary fractionation bank membranes renders
these comparatively large pore size mem- .

branes equivalent to a 10, 000 Dalton mem-
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brane within a matter of minutes after filtration
commencement.

The secondary product can be further pro-
cessed by a tertiary fractionation bank to further
increase the secondary product Ig concentration,
The tertiary fractionation bank will typically
take the form of an ultrafiltration system or a
reverse osmosis unit to remove water from
the secondary product and thereby further in-
crease the Ig concentration in the tertiary frac-
tionation bank retentate.

The utilization of a primary fractionatiorl
bank followed by a secondary fractionation bank
as illustrated in FIG. 6 produces substantially
enhanced results over those achieved through
use of a primary fractionation bank by itself
The two stage fractionation process illustrated
in FIG. 6 enables an immunologically active
sew ndary product ;:o be produced on a year-
round basis even though the concentration of
Ig in whey decreases significantly in the summer
in comparison to other seasons. For certain
uses of the immunologically active filtered pro-
duct . such as transfer of passive immunity
applications, a minimum weight of immunolo-

gically active Ig must be consumed by a neonate.
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As a result of the comparatively high concentra-
tions of Ig in the secondary product produced by
the FIG. 6 two stage processing operation, small-
er doses of the secondary product can be dissolved
in milk and fed to a neonate and still convey the
minimum quantity of Ig, significantly reducing
the per dose cost.

The immunologically active filtered pro-
duct of the present invention can be used in ma.nly
different applications, One specific application
of the filtered product has been extensively des-
cribed in connection with the transfer of passive
immunity to neonate calves., Since pigs, goats,
sheep and other domestic animals possess simi-
lar immunity transfer mechanisms, the filtered
product may be used to transfer passive immu-
nity to all such animals. In view of the fact
that bovine antibodies;hav'e been der.rlonstrated , K
to be effective to counteract human antigens,
the filtered product can be used in a disease
resisting applicativon to combat human diseases
or to reduce the susceptibility of humans to
gselected diseases. The incorporétion of a
defined dosage of the filtered product into
infant formula to increase the capability of

an infant to resist disease represerfts a pre-
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ferred human application of the filtered product.
The filtered product may also be used as a feed
supplement for either immature or adult domestic
animals or as a food supplement for either imma-
ture or adult humans. The filtered product may
also be used to modify the colon or intestinal
pbacteria colonization or to control or reduce
oral microbial colonization for the purpose of
controlling the formation of oral plague. Nume-
rous other uses and applications of the filtered
product of the present invention will be readily
apparéﬁt"to”a person of ordinary skill in the
veterinary, medical and immunology fields.
For disease resisting app_l"ic_’g‘tip‘r_lg,ﬂ a .,
therapeutically effective quantity of the filtered
product may be administered in either liguid or
dry form. In its dry form, the filtered product
may be packaged or encapsulated in a wide variety
of enclosures or carriers well kiown to one of
ordinary skill in the appropﬂaté field, The pro-
duct may be surrounded by an enteric coating
to delay dispersion until arrival in the intestine.,
The product should not be exposed to excessive
temperatures during packaging or encapsulation
operations.

To date, the whey byproduct of cheese
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processing operations has almost uniformly been con-
sidered a troublesome, unwanted byproduct which
caused serious waste disposal problems. To a limit-~
ed extent, ultrafiltration systems have been imple-
mented to recover immunqlogically inactive whey
protein concentrate for use as a food additive.

As a result of the unique single or two stage
whey fractionation techniques described above, the
process of the present invention is able to produce
a filtered product having controllable levels of
immunologically active components from a raw
whey feedstock. The concentration of immunolo-
gically active components in this filtered product
has a demonstrated capability of transferring passive
immunity to neonate calves and t;i therefore operate
as a fully acceptable substitu’te; for natural colostrum,
Surprisingly, a relatively low concentration of Ig in
the filtered product in combination with other
immunologically active whey compbnents has béen
shown to be as effective as or more effective than
natural colostrum which possesses substantially
higher Ig concentrations.

By nearly eliminating the highly adverse
effects of the dynamic membrane, the two stage
fractionation bank processing technique of the pre-

sent invention is capable of producing a filtered
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product consisting primarily of the whey top
fraction and having a significant concentration
of Ig and other immunologically active whey
components as well as a whey middle fraction
byproduct which can be directly used as a
commercially acceptable WPC food product.

Based on the detailed descripion of a
limited number of preferred implementations
of the present invention; it will be apparent
to those skilled in the art that the disclosed
immunologically active whey fraction and re-
covery process may be modified in numerous
ways and may assume many embodir_nents other
than the preferred forms specifically set out
and described above. Accordingly, it is intended
by the appended claims to cover all such modi-
fications of the invention which fall within the
true spirit and scope of the invention,

What is claimed is:

1. A process for transferring passive
immunity to a neonate animal during a critical
absorption period and for initiating active immu-
nity in said animal comprising the ’steps of:

a., providing whey derived from ordinary

milk having (1) a bottom fraction in-

cluding lactose and minerals; (2) a
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iniddle fraction including low molecular

‘ weight proteins; and (3) a top fraction

including high molecular weight pro-

teins with a measurable but low level

* concentration of immunologically ac-

tive immunoglobulin;

fractionating said liquid whey to re-
duce the bottom fraction concentration
and to increase the relative middle
and top fraction concentrations under
conditions which preserve the immu-
nological activity of said immunoglo-
bulin in said whey to produce a pri-
mary product having a combined
lactose and minerals concentration
of less than about thirty pércent of
total solids;

fractionating said primary product to
reduce the middle fraction concen-
tration and to increase the top frac-
tion concentration under conditions
which preserve the immunblogical
activity of said immunoglobulin in
said primary product to produce a
secondary product having a combined
middle and top fract;'ion concentration

A
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of at least about seventy percent of
total solids;

d. removing water from said éecondary
producf to produce a dry secondary
product under conditions which pre-
serve the immunological activity
of said immunoglobulin in said se-
condary product; and

e. feeding one or more doses of said
dry secondary product to said
animal during the critical absorp-
tion period such that the weight of
immunoglobulin in said secondary
product consumed by lthe animal
is equal to or greater than about:
0.055 percent of the wgight of said
animal.

2. The process of claim 1 wherein said |
whey fractionating step is implemented by pri-
mary ultrafiltration means having an ultrafiltra-
tion membrane with a permeability 'c;f from ab'o‘ut .
ten thousand to about oné hundred and twenty thou-
sand Daltons for retaining a substantial perc'ent—
age of said middle and top fractions and wherein
said primary product fractionating step is im-

plemented by secondary ultrafiltration means
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having an ultrafiltration membrane with a permea-
bility of from about eighty to about one hundred
and twenty thousand Daltons for passing a subs-
tantial percentage of said bottom and middle
fractions and for retaining a substantial percent-
age of said top fraction.

3. The process of claim 1 wherein the
whey possesses an initial immunoglobulin con-
centration of at least about 0.7 mg/ml.

4. The process of claim 1 wherein the
animal blood serum immunoglobulin concentra-
tion is elevated to a level of at least about 1 mg/
ml in response to ingestion of said seconciary
product.

5. The process of claim 1 wherein the
primary product fractionating step is continued
until the concentration of immunolegically active
immunoglobulin in said top fraction is increased
to at least about seven percent of total solids in
said product.

6. The process of claim 1 including the
further step of periodically verifying the pre-
sence and measuring the level of immunological
activity in said secondary product,

7. A process for transferring passive

immunity to a neonate domestic ani mal during
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a critical absorption period and for enhancing the

initiation of active immunity in said animal com-

prising the steps of:

a.

providing whey derived from ordinary
milk, said whey including lactose,
minerals and proteins with a measur-
able but low level concentration of
immunologically active immunoglo-
bulin;
fractionating said whey to produce a
primary product having a protein
concentration of at least abou‘t
seventy percent of total solids with
a lactose and minerals concentration
of less than about thirty percent of
total solids, said fractionating step
being acéomplished under thermal
conditions which substantially pre-
serve the immunological activity of
the immunoglobulin in the whey;
drying said primary ;product under
thermai conditions which substantial-
ly preserve the immunological acti-
vity of the immunoglobulin)'sl said

&
primary product to produce’\a seven

percent of total solids concentration

- 107 -
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of immunologically active immunog-
lobulin; and

d. feeding a predetermined quantity of

said fractionated product of s id
animal during the critical absorp-
tion period such that the weight

of the immunoglobulin in the pre-
determined quantity of said frac-
tionated product is equél to or
greater than about 0.055 percent
of the weight of said animal and
the animal blood serum immunog-
lobulin concentration is elevated
to a level of at least about 1 mg/ml in
response to ingestion of the pre-
determined quantity of said frac-
tiona ted product,

8. The process of claim 7 ind uding the
step of periodically assaying said fractionated
product to verify the pfesence and activity of
selected pathogen specific antibodieg;.

9. The process of claim 8 wherein said
assaying step includes the step of assaying said
fractionated product to measure the levél of
activity of selected pathogen specific antibodies
to determine quantified antibody activity levels

for said fractionated product.
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10. The process of claim 9 incl‘uding the
step of comparing the quantified antibody activity
levels with a quality control standard to verify
that the immunological activity of the antibodies
in said fractionated product has been substantially
preserved in comparison to the immunological
activity of the antibodies in said whey.

11. The process of claim 9 wherein the
level of the activity of the antibodies in said
fractionated product is measured by an antigen
binding test. |

12. The process of claim 11 wherein the
antigen binding test is an enzyme immunoassay
test. |

13. The proceSs of claim 10 including the
step of rejecting séid as;éayed filtered product if
the quantified activity levels do not equal or exceed ..
the quality control standard.

14, The process of claim 9 wherein a radial .
immune diffusion test is used to aksay the weight
concentration of immunoglobulin in éaid fractionated
product.

15, The process of c1aiﬁ18 wherein said

whey is fractionated by ultrafiltration means having -

an ultrafiltration membrane with a mean pore size

of less than one hundred and sixty thousand Daltoris

'
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and is permeable to low molecular weight materials
including lactose and minerals.

16. The process of claim 15 wherein said
ultrafiltration step is continued until the concen-
trat ion of lactose and minerals in said primary
product is decreased to less than about thirty
percent of total solids,

17. The process of claim 15 wherein
the mean pore size of said ultrafiltration mem-
brane is greater than about one thousand Daltons.

18. The process of claim 15 wherein sd d
ultrafiltration means includes:

a. a primary ultrafiltration bank having

a first ultrafiltration membrane for
retaining a substantial percentage

of the proteins in said whey as a
primary retentate and for removing
a substantial percentage of the lac-
tose and minerals from said primary
retentate; and

b. a secondary ultrafiltration bank having

a second ultrafiltration membrane for
further processing the primary reten-
tate into a secondary retentate, for
retaining a substantial percentage of

the immunoglobulin in said secondary
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retentate, and for removing a subs-
tantial percentage of the lactose and
minerals from said secondary reten-

tate,

19, A processfor producing a therapeu-

tically effective product from whey having (1)a

bottom fraction including ladose and minerals;

(2) a middle fraction including lower molecular

weight proteins; and (3) a top fraction including

higher molecular weight proteins, comprising

the steps of:

A

providing whey derived from ordinary
milk, said whey including in the top
fraction a measurable but low level
concentration of immunologically
active immunoglobulin including
various different pathogens specific
antibodies;

ultrafiltering said whey to reduce the
bottom fraction concentration and to
increase the relative middle and top
fraction concentrations under condi-
tions which substantially preéer ve
the irnniunological activity of the
immundglobulin to yield a primary

product. ‘ i
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C.

20,

ultrafiltering the primary product to
reduce the middle fraction concentra-
tioh and to increase the top fraction
concentration under conditions which
substantially preser ve the immunolo-
gical activity of the immunoglobulin
in the primary product to yield a
secondary product having a concen-
tration of immunologically active
immunoglobulin of at least about
seven percent of total solids; and,
removing water from the secondary
product under conditions which subs-
tantially preserve the immunological
activity of the immunoglobulin in the
secondary product.

The process of claim 19 including the

further step of ultrafiltering said whey to yield

a primary product having a protein concentration

of at least about seventy percent of total solids

and a combined lactose and minerals concentra-

tion of less than about thirty percent of total

solids.

21.

The process of claim 19 or 20 in-

cluding the further step of assaying the secondary

- 112 -



- €11 -

op 812431 £}1A130%€ payrjuenb ayj j1 jonpoad £Lae
-puodas padesse ayj 3urjoafaa jo dajys aayjany ayy
Surpniour gz wWIe[d JO ésaooq.d ayl °‘9¢
*188]
Aesseounwwiy awizua ue ST }689) Jurpurq uadnue
ém uradaym pg wirero jo ssadoad syl °Gg
| *1s9)
Surpuiq uadijue ue £q paansgaw sY jonpoad Lae
-puo2as ayj ur satpoqriue ayj Jo LITATI0® 3Y) JO [349]
ayj utaJaym gz wrerd jo ssadoad ayl, *$3g
*Laym
ayj ul sa1poqruE 3y Jo £31a7190°%€ TEO130TO UNWIUT
aqq 0) uos‘uedmoo uy paA.xasa.xd A[renjuejsqns
uaaq sey qonpo.xdf.mpuooa's ay) ur sarpoqrjue ayj
Jo KZ]}AI]‘:)B 19513010unu1u11 ayj jey) £Jraoa o) pae
-puejs T0Jj3u0d Aj17enb e Yyjim s7a48] £31a108 Apoqn)
-ue payyrjuenb ayj Juraredurod yo dajs aayjany oy
Surpnour gz wrero jo ssavoad aylL €7
*3onpoad £xepuodss
ayj 103 syaas] 114130 Apoqriue paijrjuenb aurw
-Iajep 0] sarpoqriue oyy1oads usdoyjed pajoaras jo
£11AT10® JO 19249] 9] 2anseawr 03 jonpoad £Iepuod
-a8 ay) Surfesse jo dajs ayj sapnjoutr dajs Aesse
ay) uiaJaym [z wirero jo ssadoad ayl °gg
sarpoqrjue o1y10ads uedoyjed pa

-10919s Jo £11a1J0%® pue 3duasaad ay) £JIIda 0] jonpoad

G¢

0¢

Gl

ot

\BAD ORIGINAL a

i



10

15

20

25

not equal or exceed the quality control standard.

27. The process of claim 22 wherein a

" radial immune diffusion test is used to assay the

weight concentration of immunoglobulin in the
secondary product.

28, The process of claims 19 or 20 wherein
the whey is ultrafiltered by first ultrafiltration
means having a first ultrafiltration membrane
with a mean pore size of less than one hundred and
sixty thousand Daltons and is permeable to low
molecular weight materials including lactose
and minerals.

29. The process of claim 28 wherein the
mean pore size of said first ultrafiltration membrane
is greater than about one thousand Daltons.

30. The process of claim 29 wherein the
primary product is ultrafiltered by second ultrafil-
tration means having a second ultrafiltration mem-
brane with a mean pore size of less than about one
hundred and sixty thousand Daltons and greater
than about one thousand Daltons.

31. The process of claim 32 wherein the
second ultrafiltration membrane includes a mean
pore size of between about eighty thousand Daltons
and one hundred and twenty thousand Daltons.

32. The process of claim 30 including the

- 114 -



- G17 -

-uooes pafesse ay) Furjoalax yjo days xayrany ayjy
Surpniour g wrero jo ssedoad ayl, °*L¢

‘189)

Lesseounwuway swdzus ue s{ js9) Surpuiq usdrjue
ay) utedaym gg wrerd jo ssedoad ayyL ‘9¢

*3s9) durpurq

uoftjue ue £q paanseaw ST jonpoad A1epuod

-98 2yj ur SeIPOqIjuE 3Y) JO £3TATIOR 3Y) JO [249]
ay) utedaym gg wre[o jo ssedoxd 3yl °Gg

*Kaym ay) ut

sarpoqljue ay) jo £11a130€ [BO1d0l0UNUIWY BY) O]

vostaedurod ur paagasaad A[erjuelsqns usaq sey

jonpoad £1epuooads ayj ul SIIPOqIIUE dY) Jo L31A

-130%€ TROoIS0TOUNWIWI aY] JBY] £JTI94 0) pIepue)s

1013u0d £j17enb ' Yiim sTeas] £31a130® Apoqijue

pe1jrjuenb ayj Suraedwod jo dajys aayjany ayy
gurpniour g¢ wred jo ssedoad oyl °¥¢

*jonpoad £aepucdas ay)

I0J sTa4S] £}11aT10® Apoqriue paljijuenb aurwiIa)

-ap 0j sa1poqrjue d1j1oads uedoyjed pajoaes jo

£11A1T70% JO [oaa] 9Y] aanseawr 0] jonpoad Laepuod

-as oyj Burdesse jo dojs ayj sapnjour dejs Lesse
ay) uradaym gg wre[d jo ssadoad ayl, °gg

*satpoqriue ojroads usdoyjed pajoares

jo £31a130% pue @ouesaad ay) L1124 O) jonpoad

Aaepuooas ayj Jurfesse L[redrpotaad jo dejis xayjang

S¢

02

Gl

oI



10

15

20

25

dary product if the quantified activity levels do not
equal or exceed the quality control standar d.

38. The process of claim 33 wherein a ra-
dial immune diffusion test is used to assay the
weight concentration of immunoglobulin in the

secondary product.

39, The process of claims 19 or 20 including

the further step of orally administering a thera-
peutically effective dose of the immunologically
active secondary product to an animal to enhance
the health of the animal.

40. The process of claim 39 wherein the
therapeutically effective dose of the secondary
product is administered to the animal during a
critical absorption pe riod.

41. The process of claim 40 wherein the
weight of the immunologically active immunoglo-
bulin in the therapeutically effective dose of the
secondary product is equal to or greater than
about 0.055 percent of the weight of the animal.

42. The process of claim 41 wherein the
animal blood serum immunoglobulin concentration
ig elevated to a level of at least about 1 mg/ml

in response to ingestion of the therapeutically
effective dose of the immunblogically active se-

condary product.
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43. The process of claim 39 wherein the

animal comprises a human.

G ERALD H. STOTT
Inventor

DAVID O, LUCAS
Inventor
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