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Re: GRAS Notification for Lactoferrin

Dear Dr. Kahl:

As counsel to aLF Ventures, LLC, we are simultaneously both providing this Notification
of GRAS status to the Food and Drug Administration and filing a Request for Acceptability
Determination with the United States Department of Agriculture in regard to the use of bovine
milk-derived lactoferrin as an antimicrobial spray on beef carcasses. In the interest of
simplification, the same submission is being provided to both FDA and USDA. We request your
expedited review of this Notification because the use of lactoferrin covered by this notification
will have a significant impact on food safety and decrease the incidence of food-borne illness
through its antimicrobial action against the pathogen E.coli O157:H7.

Expeditious review is appropriate for this Notification, because lactoferrin will be used as
the antimicrobial agent in a carcass wash solution, immediately after the hide has been removed
in the slaughter process. This use of lactoferrin inhibits pathogenic E.coli O157:H7 bacteria from
attaching to the carcass, and thereby substantially decreases the risk that E.coli O157:H7 will be
present on the beef produced from carcasses which pass through a lactoferrin wash.

We anticipate that FDA and USDA will move forward with consideration of both this
Notification and the request to USDA for an Acceptability Determination pursuant to the terms
of the Memorandum of Understanding between the two agencies regarding the listing or
approval of food ingredients used in the production of meat and poultry products. That
Memorandum of Understanding provides that where "FDA receives a GRAS notice regarding
the use of a substance in the production of meat or poultry products," or "when FSIS receives a
request for an acceptability determination,”" the two agencies will consult with each other as
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necessary and provide written responses to the other agency within 60 days. Because of the
urgent need to the decrease food-borne illness associated with E.coli O157:H7, we respectfully
request that both FDA and USDA complete these reviews in substantially less than this 60-day
target period.

A previous GRAS Notification (GRSN 67) from aLF Ventures relating to multiple uses
of lactoferrin in antimicrobial sprays for beef carcasses and cuts should help to expedite FDA
review of this Notification. The previously reviewed and accepted GRAS Notification addressed
all of the relevant safety factors, except for the potential allergenicity of this milk-derived select
substance. Because allergenicity had not been considered by the panel conducting the GRAS
review, retail product labeling was required.

The present Notification is directed exclusively to the issue of allergenicity and is
specifically limited to the use of lactoferrin in carcass washes. The dietary exposure from this
application is less than 10% of the potential exposure from the use of lactoferrin described in
GRSN 67. This Notification is based on a GRAS determination reached by a preeminent panel
of the nation's leading allergists. The panel's conclusions rely on a variety of factors including (1)
the minimal levels of lactoferrin which may remain after the use of lactoferrin antimicrobial
sprays, (2) the presence of equal or greater amounts of endogenous lactoferrin in the beef which
we consume every day, and (3) the absence of casein and other known milk allergens in the

spray.

We respectfully request the most expeditious possible response tothis notification.

Singerely,

/ Philip C.fOlsson

PCO.Iss
Enclosures

cc: Robert C. Post, Ph.D.
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FSIS, USDA
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Re: Request for Acceptability Determination

Dear Dr. Post:

TISH E. PAHL .
ROBERT A. HAHN
NAOMI | L. HALPERN
STEPHEN L. LACEY
SUSAN P GRYMES
SHARON D. BROOKS
RYAN W. STROSCHEIN
EVAN P PHELPS
VALERIE M. BRIGGS*

OF COUNSEL

JUR T. STROBOS
JACQUELINE H. EACLE
KENNETH D. ACKERMAN
MARK L. ITZKOFF

As counsel to aLF Ventures, LLC, we are simultaneously submitting both this Request for
Acceptability Determination and a Notification of GRAS status to the Food and Drug Administration
with regard to the use of bovine milk-derived lactoferrin as an antimicrobial spray on beef carcasses.
In the interest of simplification, the same submission is being provided to both USDA and FDA. We
request your expedited review of this Request because the use of lactoferrin covered by this
notification will have a significant impact on food safety and decrease the incidence of food-borne

illness through its antimicrobial action against the pathogen E.coli O157:H7.

We respectfully request the most expeditious possible response to this notification.

PCO.Iss
Enclosures

Sigcerely,

Philip c{/01sson

cc: Dr. Linda S. Kahl, OFAS/FDA (w/o enclosures)
Philip Derfler, Esq.
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Section I

GRAS Claim

aLF Ventures, L.L.C. hereby submits this Notification regarding the use of bovine mild-
derived lactoferrin as a spray on beef carcasses.

A. Name and address of Notifier:

aLF Ventures, L.L.C.

299 South Main Street
Suite 2310

Salt Lake City, Utah 84111

B. Common or Usual Name of Substance:

Bovine milk-derived lactoferrin. The published literature may also refer to this lactoferrin as
red milk protein, lactosiderophilin, ekkrinosiderophilin, or lactotransferrin

C. Conditions of Use:

The bovine milk-derived lactoferrin will be used as an antimicrobial spray on beef carcasses
so that the residual level of exogenous lactoferrin does not exceed 800 nanograms (ng) per gram of
beef. This is equivalent to 800 parts per billion (ppb) of exogenous lactoferrin in the beef carcass.
Typically, the bovine milk-derived lactoferrin will be applied as a component of an antimicrobial
spray. The spray will contain up to 2.0% lactoferrin and will be applied at a rate not to exceed 0.20
mL/Kg of beef. Following application of the spray, the carcass will be rinsed with a lactic acid
solution to further reduce the residual lactoferrin.

D. Basis for GRAS Determination:

aLF Ventures has convened a GRAS review panel consisting of preeminent allergenists and
immunologists. These experts have concluded that bovine milk-derived lactoferrin, used as a
component (at not more than two percent by weight) of an antimicrobial spray electrostatically
applied to raw beef carcasses (at a concentration of lactoferrin of 2% or less in the formulation and
not to exceed 0.20 ml of formulation per kg beef, followed by lactic acid rinsing) to yield a final
residual amount of bovine milk-derived lactoferrin of less than 800 ng per g of beef (800 ppb), is
determined to be GRAS without the requirement of labeling of food products produced from
carcasses so treated.

Based on the conclusion of the expert panel, aLF Ventures has concluded that the use of
bovine milk-derived lactoferrin, as described in paragraph C above is GRAS. The panel’s
conclusions rely on a variety of factors including the minimal levels of lactoferrin which may remain
after the use of lactoferrin antimicrobial sprays, on the presence of equal or greater amounts of
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endogenous lactoferrin in the beef which we consume every day, and on the absence of casein and
other known milk allergens in the spray.

E. Data Availability Statement:

The data and information that are the basis for the notifier’s GRAS determination are detailed
in the bibliography attached to the GRAS Determination document in Section VI of this Notice.
They are available for the Food and Drug Administration’s (FDA) review and/or will be sent to FDA
upon request during reasonable business hours at the offices of:

Claire L. Kruger, Ph.D., D.A.B.T.
Principal

Environ Health Science Institute
4350 North Fairfax Drive

Suite 300

Arlington, VA 22203

(703) 516-2309

Resnectfullv submitted,

R immagudda
Vice President of Operations
aLF Ventures, L.L.C.
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Section 11

Identity of the Notified Substance

The substance that is the subject of this notification is bovine milk-derived lactoferrin. Itis
the same substance that was the subject of GRN 67. All information regarding the identity of bovine
milk-derived lactoferrin submitted in the previous Notification is included herein by reference.

To address the issue of potential protein contamination of the bovine milk-derived lactoferrin

product, aLF conducted chromatographic and other studies. No impurities of allergenic concern
were identified. These studies are discussed in detail on page 4 of Section VI.
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Section 111

Information on Self-Limiting Levels of Use

As noted in Section I, this Notification is limited to those applications where the residual
level of exogenous lactoferrin does not exceed 800 nanograms (ng) per gram of beef. aLF Ventures’
testing has confirmed that this level is effective in reducing microbial contamination. Higher levels
of the lactoferrin spray are not cost effective and are not addressed by this Notification.
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Section IV

Basis for Notifier’s Claim

Section V is a detailed report of the scientific basis for the opinion of the GRAS Review
Panel. Section VIis the opinion of the GRAS review panel,“Generally Recognized As Safe (GRAS)
Determination for the Use of Bovine Milk-Derived Lactoferrin as a Component of an Antimicrobial
Beef Carcass Spray Without Requiring Labeling for Lactoferrin.” These documents set forth in
detail the basis for aLF Ventures’ claim of GRAS status. This claim is based on scientific
procedures as detailed in publicly available scientific literature.
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Section V

SCIENTIFIC SUPPORT DOCUMENT
FOR THE
GENERALLY RECOGNIZED AS SAFE (GRAS)
DETERMINATION FOR THE USE OF BOVINE
MILK-DERIVED LACTOFERRIN AS A
COMPONENT OF AN ANTIMICROBIAL
BEEF CARCASS SPRAY
WITHOUT REQUIRING LABELING
FOR LACTOFERRIN
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SCIENTIFIC SUPPORT DOCUMENT
FOR THE
GENERALLY RECOGNIZED AS SAFE (GRAS)
DETERMINATION FOR THE USE OF BOVINE
MILK-DERIVED LACTOFERRIN AS A
COMPONENT OF AN ANTIMICROBIAL
BEEF CARCASS SPRAY
WITHOUT REQUIRING LABELING
FOR LACTOFERRIN

Prepared for:

aLF Ventures, LLC
Fraser, New York

Prepared by:

ENVIRON International Corporation
Arlington, Virginia

May 2003
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I. BACKGROUND

As described in generally recognized as safe (“GRAS”) notification number 67 (“GRN 677)
previously submitted to the U.S. Food and Drug Administration (“FDA”) by Farmland National
Beef Packaging Company, L.P. (“National Beef”), bovine milk-derived lactoferrin is to be used as a
component (at not more than 2 percent by weight) of an antimicrobial spray electrostatically applied
to raw beef carcasses prior to a final lactic acid rinse during processing. This specific use of bovine
milk-derived lactoferrin (along with two other uses) was previously determined to be GRAS by
National Beef, one of the founding partners of alLF Ventures, LLC. The FDA was notified of this
GRAS determination on January 9, 2001, via GRN 67. The following three specific proposed uses
of an antimicrobial spray formulation containing bovine milk-derived lactoferrin were the subject of
GRN 67:

Application to beef carcasses at a concentration not to exceed (“NTE”) 0.20 ml of
formulation per kg beef;

Application to subprimal beef parts at a concentration NTE 0.56 ml of formulation per kg
beef; and

Application to finished cuts of beef at a concentration NTE 2.5 ml of formulation per kg
beef.

The cumulative exposure to lactoferrin from these three proposed uses was estimated by National
Beef to be 4.1 mg per person per day for the “typical” consumer of beef products and 9.1 mg per
person per day for the “heavy” consumer of beef products. The FDA’s response to GRN 67, dated
October 23, 2001, contained the following statement:

“... the agency has no questions at this time regarding National Beef’s conclusion
that milk-derived lactoferrin is GRAS under the intended conditions of use, provided
that the ingredient statement of food products that contain milk-derived lactoferrin
identifies the source of the protein.”

Therefore, although the FDA had no questions concerning the GRAS status of bovine milk-derived
lactoferrin for the proposed uses, the Agency did require that any food products containing bovine
milk-derived lactoferrin resulting from the proposed uses be appropriately labeled. This labeling
requirement was requested by the Agency because of potential allergenicity thought to be associated
with bovine milk-derived lactoferrin exposures at the levels estimated in GRN 67. Furthermore,
this labeling requirement was implemented to ensure that consumers who are allergic to milk would
be aware of the potential presence of this milk-derived ingredient in beef products that they might
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This current document addresses only the first use of bovine milk-derived lactoferrin listed
above (i.e., application to beef carcasses), and provides a legal and scientific analysis as to why the
GRAS status of this specific use (which yields a much lower estimated exposure to bovine milk-
derived lactoferrin than that considered under GRN 67) should not require labeling of food products
produced from carcasses so treated. The labeling requirement for the two remaining proposed uses
of bovine milk-derived lactoferrin (i.e., application of lactoferrin to subprimals and to finished cuts
of beef) are not addressed in this document. For these two proposed uses, appropriate labeling of
products to which bovine milk-derived lactoferrin has been applied remains a condition of their

GRAS status.
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II. RATIONALE

As discussed in the previous chapter, the purpose of this document is to provide a legal and
scientific assessment as to why the GRAS status for the proposed use of bovine milk-derived
lactoferrin to treat beef carcasses should not require the labeling of food products produced from
carcasses so treated. Again, as indicated previously, this labeling requirement was implemented by
the FDA as a result of GRN 67 to ensure that consumers who are allergic to milk will be aware of
the potential presence of this milk-derived ingredient in beef products that they might consume.
The assumption made in GRN 67 is that exposure to bovine milk-derived lactoferrin would be up to
9.1 mg per person per day in “heavy” consumers of beef.

The two key components of this assessment as to whether labeling should be required for the
GRAS status of bovine milk-derived lactoferrin applied only to beef carcasses are: 1) a
determination that exogenous lactoferrin exposure (resulting from its application onto beef
carcasses) is estimated to be in the same range as existing background lactoferrin exposures from
naturally occurring endogenous lactoferrin in beef, and 2) a determination that this potentially small
incremental increase in lactoferrin exposure is safe (i.e., there is no reasonable expectation that
bovine milk-derived lactoferrin will become an allergen under the conditions of its intended use).
These two key components will be addressed in this document by demonstrating the following
points:

e Legal and regulatory precedents suggest that when the addition of a processing aid does
not substantively impact the total intake of that substance, and this exogenous addition
will not produce a significant health or safety concern, then labeling for this substance is
not required.

e Lactoferrin found naturally in uncooked beef is virtually identical (both structurally and
functionally) to the bovine milk-derived lactoferrin that is to be applied to beef carcasses
as an antimicrobial spray as described in GRN 67,

e The predominant source of lactoferrin in uncooked beef is from neutrophils present in
residual blood, and results in lactoferrin concentrations in beef of approximately 200 ng
per g or parts per billion (“ppb”);

o The intended use of bovine milk-derived lactoferrin as an antimicrobial spray treatment
on beef carcasses will result in concentrations of this source of lactoferrin in the edible
meat of approximately 320 ng per g (ppb) if the lactoferrin is assumed to be equally
distributed throughout the carcass, and approximately 82 ng per g (ppb) in boxed beef
and 726 ng per g (ppb) in trim/grind if the lactoferrin is assumed to be unequally
distributed throughout the carcass;
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_6- ENVIRON



e The range of 50" percentile intakes of bovine milk-derived lactoferrin resulting from its
application to beef carcasses is within the range of estimated background intakes of
lactoferrin from naturally occurring endogenous levels of lactoferrin in beef;

o The estimated intakes of bovine lactoferrin from dairy and whey products added to food
demonstrate the very high background dietary exposure to lactoferrin (in the mg range)
from these sources relative to the estimated lactoferrin intakes (in the pg range) that
could potentially result from the use of bovine milk-derived lactoferrin as an
antimicrobial spray treatment on beef carcasses;

¢ Bovine milk-derived lactoferrin is a minor cows’ milk allergen. Among individuals with
documented cows’ milk allergy, under 50 percent have IgE antibody binding to
lactoferrin. However, the fact that: 1) milk-derived and beef-derived lactoferrin are
allergenically equivalent, 2) beef allergies are uncommon and no evidence exists
whether or not lactoferrin is an allergen in beef, and 3) the proposed use of bovine milk-
derived lactoferrin on beef carcasses is not expected to significantly increase typical
lactoferrin exposures from meat consumption above background, makes the likelthood
of an allergic reaction from the use of bovine milk-derived lactoferrin as an
antimicrobial spray on beef carcasses very low; and

e The lowest dose that elicits an observable allergic reaction in sensitized individuals
exposed to well-recognized food allergens such as peanuts, eggs, and cows’ milk
(standardized on protein content) appear to be in the low milligram range or higher for
most individuals with allergies to these particular foods, while estimated intakes of
bovine milk-derived lactoferrin under its intended conditions of use described in this
document are in the low microgram range, a number of orders of magnitude lower than
the elicitation threshold for peanuts, eggs, and cows’ milk in the vast majority of
sensitized individuals. Therefore, the possibility that lactoferrin would elicit an allergic
reaction in any individuals at the estimated levels of ingestion described in this

document is unlikely. 00@@33

Each of these points will be further elaborated in the remaining chapters of this document. (The
issue of any concern from allergenic potential of protein contamination of the bovine milk-derived
lactoferrin product was addressed; several cationic exchange chromatography, gel permeation
chromatography (GPC), and high performance liquid chromatography (HPLC) analyses were
conducted. The four allergenic proteins present in milk that would be of concern if they were
present in substantial quantity in the bovine milk-derived lactoferrin product are alpha-lactalbumin
(a-La), beta-lactoglobulin (8-Lg), caseinmacropeptide (glycomacropeptide; GMP), and bovine
serum albumin (BSA). A chromatogram of a mixture of standards of these four proteins of concern
and a chromatogram of a sample of bovine milk-derived lactoferrin product were compared. The
figure of this overlay shows that the lactoferrin pfoduct does not have any peaks that correspond to
the peaks for these proteins of concern (at a detection limit of approximately 10 mg/L or 10 ppm).
Thus, there is sufficient evidence to conclude that the non-lactoferrin protein fraction does not
consist of one or more of these proteins of allergenic concern (Data is included in Appendix IV). In
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fact, this is expected based on the production process for the bovine milk-derived lactoferrin
product. The proteins of concern (a -La, 8 -Lg, BSA, GMP) are not extracted by their nature; i.e.,
their ionic charge is opposite that of lactoferrin. Furthermore, if residues of some of these proteins
did remain on the ion exchanger column at the end of the adsorption cycle, they would be washed
off in one of the washing steps before bovine milk-derived lactoferrin is recovered from the

column.)
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III. LEGAL REQUIREMENTS OF FOOD LABELING

The present document relates only to lactoferrin treatment of beef carcasses and not
subprimals or finished cuts of beef. The carcasses are treated with bovine milk-derived lactoferrin
at a concentration not to exceed 0.20 ml of formulation per kilogram of beef. The meat from these
carcasses is intended for further processing prior to being packaged as a final food product for sale
at the retail level. The level of ingestion of bovine milk-derived lactoferrin from this one use is
therefore much lower than the cumulative exposure resulting from all three uses described in GRN
67. The FDA’s response to GRN 67 reflected the higher exposure levels contained in that GRAS
determination.

Bovine milk-derived lactoferrin is applied to beef carcasses simply to facilitate removal of
microorganisms adhering to the carcass surface prior to further processing. The applied bovine
milk-derived lactoferrin is rinsed from the carcass using a lactic acid wash, and it is not intended to
have a functional effect in the finished food. Thus, bovine milk-derived lactoferrin functions as a
processing aid in the preparation of beef products that may also be used as ingredients in other
foods.

Section 403(i) of the Federal Food, Drug, and Cosmetic Act (“FFDCA”) and 21 CFR §101.4
require the listing of all ingredients in a food fabricated from two or more ingredients, although the
Secretary may establish exemptions from this requirement under appropriate circumstances. One
such exemption established by the Secretary is for incidental additives present in food at
insignificant levels, such as processing aids, as defined under 21 CFR §101.100(a)(3)(i1). In the
current application under consideration, bovine milk-derived lactoferrin is removed to the extent
practicable from the surface of the carcass with a lactic acid rinse. Furthermore, bovine milk-
derived lactoferrin is not intended to have a technical or functional effect in the finished food
product. As such, it is properly considered a processing aid, exempt from the requirement of
inclusion in the ingredient list under 21 CFR §101.100(a)(3). 000035

The FDA’s requirement that products containing bovine milk-derived lactoferrin be labeled
as such arose from concerns about potential allergenicity at the levels of ingestion cited in GRN 67.
The estimated levels of lactoferrin ingestion from food containing beef from carcasses treated with
bovine milk-derived lactoferrin is only a small fraction of the lactoferrin intake estimates reported
in GRN 67. As shown in Chapter V of this document, beef carcasses naturally contain a
background level of lactoferrin that is essentially indistinguishable from the bovine milk-derived
lactoferrin applied to beef carcasses under the proposed use. As shown in Chapter VIII of this
document, the range of estimated intakes of endogenous lactoferrin that result from untreated beef
consumption can be compared against the estimated intakes of exogenous bovine milk-derived
lactoferrin that occur from consumption of beef from lactoferrin-treated carcasses. This comparison
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shows that the range of 50™ percentile intakes of exogenous bovine milk-derived lactoferrin is
within the range of estimated background exposures to lactoferrin across all population groups of
interest. For example, endogenous lactoferrin intakes are estimated to range from < 0.3 to 30 pg per
occasion for adults 20 years and older, while the estimated median intake of bovine milk-derived
lactoferrin from lactoferrin-treated beef carcasses in this same population group is 16 ug per eating
occasion.

The FDA has previously addressed concerns about the known allergenicity of a processing
aid in establishing 21 CFR §101.100(a)(4) regarding the use of sulfites in food. The FDA
determined that the presence of sulfites, even if otherwise exempt as a processing aid, must be
disclosed if the level of sulfites is more than “insignificant.” The FDA defined an insignificant
level of sulfites as 10 ppm or less. This 10 ppm upper limit was based on a threshold limit of
detection, employing then-currently available analytical methodologies, rather than on some
biological (i.e., allergenicity) threshold [51 Federal Register 25012, 25014 (July 9, 1986)]. Butin
the lactoferrin situation, where the foods already contain a naturally occurring background level of
the substance, such a labeling requirement does not make sense. Consumers who eat beef are
already being exposed to lactoferrin, and the estimated typical exposure from the proposed
exogenous source of lactoferrin falls within this normal background range of intake. Thus, this is
not a situation where a new, foreign substance is being added to food, but rather where there is only
an insignificant addition of a substance already present.

Section 201(n) of the FFDCA requires that all material facts about a food be disclosed on
the label of the food, including all information that may be material to a consumer regarding the
safety of the food. This provision may not be interpreted, however, to require disclosure of all
information that consumers merely desire to know [IDFA v. Amestoy, 92 F.3d 67, 73 (2d Cir.
1996)]. The -required element of “materiality” is that it must be based on a true health or safety
concern. Here, where the potential allergen is already a naturally-occurring component of food, the
level of ingestion of the component in food is not increased significantly above the range of intakes
derived from naturally occurring sources of the component, the component is not intended to have a
technical or functional effect in the finished food, and the allergenicity of the component has not
been firmly established, there can be no justification for requiring labels on foods containing beef
from carcasses treated with bovine milk-derived lactoferrin to state that fact on the label.

000036
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IV. STRUCTURAL COMPARISON OF BOVINE MILK AND NEUTROPHIL
LACTOFERRIN

As discussed previously, the FDA has raised the concern that the treatment of beef carcasses
with lactoferrin would leave traces of bovine milk-derived lactoferrin on the carcass, and thus there
is a theoretical risk that persons allergic to milk proteins might react to this residual bovine milk-
derived lactoferrin. As described in the next chapter, endogenous levels of lactoferrin are present
naturally in uncooked beef, and thus people are exposed daily to this source of lactoferrin.
However, it could be argued that milk- and tissue-derived (i.e., neutrophil and plasma) lactoferrins
are different proteins, and might therefore have different allergenic properties. This chapter \
discusses what is known about the structure of bovine milk versus neutrophil lactoferrins, and the

impact this structure may have on allergenic properties of these proteins.

A. Human Milk and Neutrophil Lactoferrin

The first lactoferrin protein sequence to be published was for human milk lactoferrin (Metz-
Boutigue et al. 1984), using amino acid sequencing. Subsequently, human neutrophil lactoferrin
was cloned and sequenced from a myeloid library (Rado et al. 1987), and the deduced amino acid
sequence differed by only three amino acids from that of the milk-derived protein, presumably
arising from sequencing errors. It therefore appears that human milk and neutrophil lactoferrins are
coded by the same gene and the protein products are identical. Although functionally different
forms of lactoferrin have been proposed (Broxmeyer et al. 1980; Furmanski et al. 1989), these have
not been confirmed and no supporting biochemical basis for this heterogeneity has been advanced.
The only structural variation in the human lactoferrin polypeptide chain so far reported is a non-
secreted splice-variant form (A-lactoferrin) lacking the N-terminal signal sequence (Siebert and
Huang 1997). Although gene polymorphisms occur in human lactoferrin (Liu et al. 2002), it is now
accepted that there is only a single functional human lactoferrin gene (Teng 2002) located on
chromosome 3 (Teng et al. 1987). @00037

The one structural difference that does exist between human milk and neutrophil lactoferrins
is in their glycosylation. Human milk lactoferrin glycans contain fucose, while neutrophil
lactoferrin glycans do not (Derisbourg et al. 1990), and thus are more similar to the glycans of
serum transferrin (Spik et al. 1994). However, apart from the lack of fucose, the composition of
human neutrophil lactoferrin glycans is very similar to that of milk lactoferrin glycans (Derisbourg
et al. 1990). Both forms were found to be functionally identical with regard to regulation of
myelopoiesis (Broxmeyer et al. 1986) and neutralization of heparin (Wu et al. 1995). There are no
reports of glycans affecting the immunogenicity of lactoferrin, and moreover, the glycans do not
affect the rate of clearance of lactoferrin from the circulation by the liver (Moguilevsky et al. 1984).
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B. Bovine Milk and Neutrophil Lactoferrin

Although there is less comparative structural data available for bovine milk and neutrophil
lactoferrins, the situation seems very similar to that of human lactoferrin. Bovine milk lactoferrin
was first cloned and sequenced from an involuting mammary gland library by Mead and Tweedie
(1990). The deduced amino acid sequence of the secreted protein contained 689 amino acids, and
this sequence was confirmed by Goodman and Schanbacher (1991) and by Seyfert et al. (1994),
both of whom also cloned the bovine milk lactoferrin gene from a mammary gland library. An
identical sequence was also deduced following cloning and sequencing from a bovine submaxillary
gland library (Pierce et al. 1991). These investigators noted that the sequence showed 69% and
64% homology to human and murine lactoferrins, respectively, and contained five potential
glycosylation sites. The N-terminal amino acid sequence of bovine lactoferrin isolated from tears is
identical to that of the milk protein (Brown et al. 1996). As with human lactoferrin, there is only a
single bovine lactoferrin gene (Teng 2002), and it has been assigned to chromosome 22 (Schwerin
et al. 1994). Bovine lactoferrin gene polymorphisms have been reported (Seyfert and Kuhn 1994;
Martin-Burriel et al. 1997), again paralleling the situation with human lactoferrin. Thus, although
there appears to have been no attempt to directly clone bovine neutrophil lactoferrin from a myeloid
library, it is highly unlikely that cloning of neutrophil lactoferrin would result in a product with a
different amino acid sequence to that reported previously, using a variety of bovine tissues. No
bovine analogue of the human splice-variant, A-lactoferrin, has so far been reported, and attempts to
detect it have so far been unsuccessful (FL Schanbacher, personal communication, 2002).

As with human lactoferrin, there appear to be glycosylation differences between bovine milk
and neutrophil lactoferrins. Hurley et al. (1993) observed multiple bands with different
electrophoretic mobilities for bovine milk and neutrophil lactoferrins, which resolved into a single
band with similar molecular weights for both proteins following digestion with N-glycanase. This
indicates that bovine milk and neutrophil lactoferrins differ only in N-glycosylation and not in the
structure of the polypeptide chain. Although the structural differences between bovine milk and
neutrophil lactoferrin glycans have not been determined to the same extent as for human lactoferrin,
it seems clear that the situation is entirely analogous, and that functional differences between the
two proteins are unlikely to occur. Indeed, bovine milk lactoferrin is itself heterogeneous, with two
major forms having been identified, lactoferrin a and b, that differ in their glycosylation, but not in
their polypeptide chains (Tsuji et al. 1989; Ye et al. 1997).

C. Conclusions 00038
Thus, bovine milk and tissue (neutrophil) lactoferrins appéar to be products of the same gene

and possess identical polypeptide chains, any differences between them being limited to the

attached glycans. Analogy to human lactoferrin suggests that these differences are unlikely to affect

protein function. With regard to the question of potential allergic responses, all immunological
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reactions to lactoferrin so far reported are to the polypeptide chain and not to the glycan. Therefore,
there appears to be no reason to suppose that residual milk-derived lactoferrin potentially found in
lactoferrin-treated beef carcasses will be any more prone to inducing allergic responses than would
endogenous lactoferrin found naturally in beef carcass muscle tissue. ‘

000033
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V. ENDOGENOUS LACTOFERRIN LEVELS IN BEEF

Lactoferrin is an iron-binding protein of the transferrin family. It is found naturally in
various external secretions, especially milk and colostrum, and in the secondary (specific) granules
of neutrophils. Small amounts are also present in blood plasma, and lactoferrin can bind to a variety
of mammalian cells. A large number of biological effects have been attributed to lactoferrin,
including antimicrobial and immunomodulatory activities. As a result, there has been some
commercial interest by food and pharmaceutical companies in harnessing these properties.

Because lactoferrin is naturally present in blood neutrophils and plasma, and beef contains
residual blood, there will be some endogenous lactoferrin present in beef carcasses. Levels could be
further increased by lactoferrin bound to other cells in the carcass. Thus, exposure to bovine
lactoferrin occurs regardless of whether or not the carcass is treated with bovine milk-derived
lactoferrin. This chapter explores the quantitative aspects of endogenous lactoferrin levels in beef

carcasses.

A. Neutrophil Lactoferrin Content 000040
Lactoferrin was first identified as a constituent of human neutrophil secondary granules by
Masson et al. (1969), and its presence in bovine neutrophils was subsequently confirmed, although
in the latter case, lactoferrin is also present in an additional type of neutrophil granule (Gennaro et
al. 1983). Harmon et al. (1976) cite unpublished data in Harmon’s Master’s Thesis (Ohio State
University, Columbus, OH, 1974) indicating that the lactoferrin content of bovine neutrophils is
similar to that of humans, i.e., 3.0 pg per 108 cells. Subsequently, Harmon and Newbould (1980)
estimated the lactoferrin content of bovine neutrophils to be 8.63 (+ 1.00) ug per 10° cells. The
cells were isolated using EDTA as anticoagulant, a relatively mild procedure that should minimize
degranulation, and hence loss of lactoferrin, so their value should be reasonably reliable. The
lactoferrin was quantified by electroimmunodiffusion. Gennaro et al. (1978) reported bovine
neutrophil lactoferrin content as 7.4 (+ 7.0) pg per 10° cells. These investigators used citrate as an
anticoagulant, and quantified lactoferrin by double diffusion. Despite the differences in
methodology, their figure agrees very well with that of Harmon and Newbould (1980). Sato et al.
(2000) reported a somewhat lower figure of 2.9 pg per 10° cells (with a range of 1.5 to 4.7), using a
sandwich ELISA technique. The method for obtaining neutrophils was not stated, so the possibility
of some degranulation occurring cannot be excluded, and might account for the lower figure.
However, all these figures are comparable to those reported for other species. Human neutrophil
lactoferrin content has been variously reported as 4.3 pg per 10° cells (Venge et al. 1978), 3.0 ug
per 10° cells (Masson et al. 1969), and 8.2 ug per 10° cells (Baynes et al. 1986), while a figure of
from 2 to 4 pg per 10° cells has been reported for mouse neutrophils (Segars and Kinkade 1977).
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Based on this review, it thus seems reasonable to take a mean figure of 8.0 g lactoferrin per 10°
bovine neutrophils as a basis for further calculations.

B. Lactoferrin in Blood Plasma

Lactoferrin is also present in small quantities in plasma, which is presumed to originate from
neutrophils (although this has not been unequivocally established). Again, most data refer to
humans, where increased plasma lactoferrin concentration has been proposed as a possible clinical
marker of infection or inflammation. The true level in human plasma has been the subject of some
debate, due to the fact that if neutrophils degranulate before or during plasma preparation, the levels
of plasma lactoferrin will be artificially increased. Such an event is likely to occur if the blood is
subjected to thermal, chemical, or physical shock prior to removal of the cells. Existing data from
over 20 studies were summarized by Levay and Viljoen (1995) yielding plasma lactoferrin levels
ranging from 0.02 to 3.5 ug per ml. The upper figures are almost certainly inaccurate, most likely
resulting from a failure to control neutrophil degranulation. A more realistic normal range of from
0.05 to 0.2 ug per ml has been suggested by Brock (1998).

The only data on plasma lactoferrin in adult cows appears to be that of Sato et al. (2000),
who reported a figure of 0.32 pg per ml (with a range of 0.16 to 0.71), using a sandwich ELISA
technique. As mentioned above, it is not clear whether these authors took steps to prevent
neutrophil degranulation, so this figure may be an overestimate. Two recent papers measured
lactoferrin in newbom calves prior to ingestion of maternal colostrum. Talkuder et al. (2002)
obtained a figure of 0.204 (+ 0.019) ug per ml. Measurements were performed by double-antibody
ELISA, using plasma obtained by rapid centrifugation of blood at 4°C without apparent use of an
anticoagulant. This procedure should minimize degranulation, and it is significant that their figure
is lower than that of Sato et al. (2000). Holloway et al. (2002) obtained a considerably higher figure
of 2.5 (+ 1.6) pg per ml, which is close to the highest figure reported for human plasma/serum by
Levay and Viljoen (1995) in their review. However, Holloway et al. (2002) performed their assays
on serum rather than plasma, and thus their figure is probably an overestimate, as neutrophil
degranulation is much more likely to occur if blood is allowed to clot. Sato et al. (2000) measured
plasma lactoferrin in older calves (at 3 to 4 weeks of age) and obtained a mean figure of 0.63 pg per
ml, which again seems rather high. 006041

In humans, newborns were reported to have a plasma lactoferrin concentration of 0.39 pg
per ml (Scott 1989), i.e., slightly above the likely normal range for adults. This figure is probably
reliable as the investigator took care to separate cells from plasma rapidly. Scott (1989) also
assayed adult plasma lactoferrin for which he obtained figures within the likely normal range cited
above. The calf figure (0.204 + 0.019 pg per ml) of Talkuder et al. (2002) is the lowest reported for
cattle, and therefore probably the most reliable. It is also within the range found for plasma
lactoferrin in human adults, and despite the fact that it refers to calves rather than adult cattle, it can
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be considered to provide the best basis for calculating the likely contribution of plasma to
lactoferrin levels in beef carcasses.

C. Estimating Endogenous Lactoferrin Levels in Beef

1. Estimating Levels of Lactoferrin in Beef Based on a Review of Published Literature

Bovine blood contains 7-10 x 10° leucocytes per ml, of which 25 to 30 percent are
neutrophils (Frandson and Spurgeon 1995). This is a lower percentage than in humans, where
neutrophils comprise about 60 percent of blood leucocytes. This means that bovine blood contains
1.8-3 x 10° neutrophils per ml. Taking the figure of 8.0 pug lactoferrin per 10° bovine neutrophils
mentioned previously, this gives 14.4 to 24.0 pg per ml of neutrophil lactoferrin. The lower of
these figures is 70 times higher than the concentration of plasma lactoferrin in calves reported by
Talkuder et al. (2002), and also 70 times higher than the upper limit of the likely normal range in
humans. The high end of this range is 120-fold greater than either calf or human plasma
concentrations. Even the highest, and probably unreliable, figure reported by Holloway et al.
(2002) still indicates that the contribution of plasma/serum lactoferrin is less than 20 percent of the
lowest likely contribution from neutrophils. If one takes the adult cow figures for both neutrophil
and plasma lactoferrin provided by Sato et al. (2000), the contribution of neutrophil lactoferrin is
still at least 17-fold greater than that of plasma. Thus, it seems probable that the contribution of
plasma lactoferrin is minor compared to that of neutrophils.

The degree to which levels of endogenous lactoferrin are comparable to residual levels of
exogenous bovine milk-derived lactoferrin will depend primarily on the amount of residual blood,
and specifically the number of neutrophils, remaining in the carcass. Residual blood is normally
determined by estimating the amount of hemoglobin in tissue. Warriss (1977), reviewing earlier
work, pointed out that this work might be unreliable due to a failure of earlier assays to distinguish
between myoglobin and hemoglobin. He himself developed a gel-chromatographic assay (Warriss
1976), and in a subsequent review of more recent work, he suggested that the normal hemoglobin
concentration in meat of slaughtered animals ranges from 0.2 to 1 mg per g (Warriss 1984). His
own study (Warriss and Rhodes 1977), using tissues from heifers and steers, as well as randomly
purchased beef samples from retail sources, gave hemoglobin values between 0.44 and 0.65 mg per
gram of tissue. Samples from older animals (cows and bulls) gave higher values ranging from 1.0
to 1.1 mg per g. Although the amount of blood remaining in the whole carcass varies according to
the efficiency of exsanguination at time of slaughter, the amount in muscle tissue remains relatively
constant (Warriss 1984). However, delayed bleeding folldwing slaughter can increase the
hemoglobin concentration to up to 3.3 mg per g (Gregory et al. 1988).

A number of more recent reports have given hemoglobin figures consistent with the range
proposed by Warriss (1984). Field et al. (1980) measured hemoglobin in the carcasses of 18~ to 24-
month-old steers and 4- to 6-year-old cows using a gel-chromatographic procedure. For steers, the
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figures were 0.70 and 0.39 mg per g in cervical and lumbar muscle tissues, respectively, while for
cows, the corresponding figures were 0.85 and 0.33 mg per g. Gregory et al. (1988), using the gel
chromatographic method of Warriss (1976), reported values ranging from 0.39 to 0.61 mg per g in
different muscles from cattle of unstated age.

Qellingrath et al. (1990) subsequently developed an HPLC method for separation of
hemoglobin from myoglobin, as well as for hemoglobin quantification. Samples of minced beef
gave hemoglobin values of 0.62 to 0.68 mg per g. Gerold and Stolle (1994) used the same method
to assay hemoglobin in longissimus dorsi muscles from 16- to 18-month-old bulls, and obtained an
almost identical mean figure of 0.65 mg per g (range 0.19 to 1.23). These most recent studies, using
more modern analytical methodologies, give results comparable with the range suggested by
Warriss (1984). Furthermore, unpublished data from R.A. Lawrie, an expert with over 50 years
experience in the field of meat science, also fall within Warriss' range (R.A. Lawrie, in litf). Thus,
it seems reasonable to accept Warriss’ range of 0.2 to 1 mg per g as an accurate reflection of the
hemoglobin content of meat.

Given that bovine blood has a hemoglobin content of 12 g per 100 ml (Frandson and
Spurgeon 1995), the figures of Warriss (1984) imply that muscle tissue contains 1.7 to 8.3 ul of
blood per gram of tissue. From the above calculations, this would indicate a neutrophil content of
between 3.1-24.9 x 10° cells per gram of tissue, and a corresponding lactoferrin content of 25 to 199
ng per gram of muscle tissue (ppb). Therefore, a 250-g steak would contain between 6.3 and 50 pg
of lactoferrin. If one takes the lower, and perhaps less reliable figure, for neutrophil lactoferrin of
0.39 pg per 10° cells provided by Sato et al. (2000), then the lactoferrin content of muscle would be
in the range of 12 to 97 ng per gram of tissue (ppb). The above calculations assume that the
neutrophil content of residual blood in muscle is the same as that in normal blood in the live animal.
It could be afgued that neutrophils might be more easily drained than erythrocytes from the carcass,
so the tissue hemoglobin content would overestimate the number of neutrophils remaining.
However, this seems highly unlikely. Most of the residual blood in muscle is in capillaries and is
not depleted of neutrophils (PD Warriss, personal communication, 2002). Indeed, it is more likely
that residual blood is enriched in neutrophils, as they may start to adhere to the capillary endothelia
once the animal is slaughtered. 000043

Although lactoferrin mRNA has been detected in various tissues, neutrophils appear to be
the most significant source of systemic lactoferrin. However, a large variety of cells and tissues can
bind lactoferrin, either through specific receptors, or less specific interactions involving either
lectin-type recognition of lactoferrin glycan chains, or charge interactions due to lactoferrin’s high
pl. While the less specific types of interaction may not occur in vivo, interactions with specific
receptors are more likely to do so. There appear to be no data on lactoferrin interactions with
myocytes, the major component of muscle tissue, but other cells which do contain lactoferrin
receptors, such as tissue macrophages/monocytes and perhaps fibroblasts, will also be present in
beef carcasses. Human macrophages/monocytes contain 2-200 x 10 specific binding sites per cell

-17 - ENVIRON



(Birgens 1994), while no such data could be found for bovine macrophages. If one assumes an
average of 10’ sites per macrophage, this would mean that 10® macrophages can bind approximately
1 ug of lactoferrin, assuming a molecular weight of 80,000 for lactoferrin, the Avogadro constant of
6 x 107, and all binding sites are fully occupied.

The contribution of bound lactoferrin to total endogenous lactoferrin will depend upon the
number of macrophages and other potential lactoferrin-binding cells in beef carcass tissue. The
number of macrophages in muscle itself has not been examined in detail, but they are probably few
in number (PD Warriss, personal communication, 2002), although more are likely to be present in
connective tissue. However, at the very least, one can consider the potential contribution of
lactoferrin bound to monocytes in the residual blood, which from the data of Frandson and
Spurgeon (1995) number 0.35-0.5 x 10% per ml. Taking into account the blood content of beef, this
would indicate a potential monocyte-bound lactoferrin content of 0.6 to 4.2 ng per g of tissue (ppb).
This figure must be considered as very approximate, given the uncertainty as to whether all binding
sites would in fact be occupied, but it does suggest that monocyte/macrophage lactoferrin could
augment the lactoferrin contribution from neutrophils, possibly to a significant extent.

2. An Empirically Derived Estimate of Endogenous Lactoferrin Levels in Beef

To augment the endogenous lactoferrin estimates that were generated based on a review of
the published scientific literature (as summarized above), National Beef conducted three separate
studies to empirically measure the endogenous levels of lactoferrin in beef. In each study, an
ELISA technique was used to measure lactoferrin levels in beef round-bottom round steak samples
that were ground and pummeled prior to analysis. Four replicate samples were analyzed in each of
the three studies yielding average lactoferrin levels of 202, 184, and 192 ng of lactoferrin per g
tissue (ppb), respectively. Averaging these three estimates yields an overall estimate of the
endogenous level of lactoferrin in beef of 193 ng per g tissue (ppb). This empirically derived
estimate agrees quite favorably with the literature-derived range presented above of 25 to 199 ng
per gram of tissue (ppb). Full reports of the three studies discussed above are included as Appendix
I to this document. i

D. Conclusions

Based on the above discussion, it is clear that endogenous lactoferrin is present in uncooked
beef. Using the most reliable data in the literature, as discussed above, neutrophils in beef tissue
would account for a content of betiveen 25 to 199 ng of lactoferrin per g of muscle tissue (ppb).
This is likely to be increased further by lactoferrin in plzisma and lactoferrin bound to cells such as
macrophages/monocytes. This range agrees quite well with empirically derived estimates from
studies conducted by National Beef of around 193 ng of lactoferrin per g tissue (ppb). This
concentration estimate will be employed in Chapter VIII to derive estimates of lactoferrin intake
resulting from it being naturally present in beef muscle tissue. 00 00 A4
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VI. EXOGENOUS LACTOFERRIN LEVELS IN BEEF

As discussed previously, bovine milk-derived lactoferrin is the active ingredient in an
antimicrobial spray product that is to be applied to raw beef carcasses prior to a final lactic acid
rinse during processing. This water-based, antimicrobial spray product contains no more than two
percent bovine milk-derived lactoferrin by weight. The other (inactive) components of the spray are
food-grade substances approved for direct addition to foods by the FDA, and regarded as
appropriate for use on meat products by the Food Safety and Inspection Service (“FSIS”) of the
U.S. Department of Agriculture (“USDA”). In this chapter, the estimated concentration of residual
bovine milk-derived lactoferrin that could potentially be found in edible beef is calculated based on
the intended conditions of use of this lactoferrin-containing spray during meat processing.

Three primary processes comprise the typical operation of a meat packing plant: 1) the
slaughter process, 2) the chilling process, and 3) the fabrication process (see Appendix III). During
this meat packing operation, lactoferrin-containing spray is to be employed at the end of the
slaughter process, right before chilling of the carcasses begins. This spray is to be applied within an
“activated lactoferrin cabinet” at a rate of 50 ml per carcass. Assuming that the spray contains two
percent lactoferrin, this 50-ml application rate will yield 1 ml or 1 g of bovine milk-derived
lactoferrin on each carcass, assuming a lactoferrin density of 1 g per ml. This calculation employs
the worst-case assumption that the electrostatic spraying (“ESS™) process used in applying the
lactoferrin to beef carcasses is 100 percent efficient; that is, all 50 ml of spray containing lactoferrin
adheres to the carcass. In reality, it is likely that this spray process is not 100 percent efficient.
However, because no data currently exist to specifically estimate this application efficiency, the
worst-case assumption of 100 percent efficiency was employed.

As indicated above, subsequent to lactoferrin application, the beef carcasses undergo a final
lactic acid rinse prior to being chilled during the meat packing process. The intent of this lactic acid
rinse is to remove bacteria bound to the lactoferrin, as well as any residual lactoferrin, from the
carcass surface. In order to measure the amount of lactoferrin removed as a result of this lactic acid
rinse, National Beef conducted four carcass washing studies employing a meat processing
simulation (“MPS”) system. This MPS system is a scale model of the actual twelve-step processing
system used 1n a typical meat packing plant. For these experiments, beef round-bottom round
steaks were used to simulate beef carcasses. These steaks were then processed using the MPS
system and lactoferrin levels were measured on the surface of the steaks subsequent to lactoferrin
application, both before and after the final lactic acid rinse. Lactoferrin levels were measured using
an ELISA technique. In each study, five different lactoferrin spray times were evaluated (i.e., 2, 4,
6, 8, and 10 seconds) with four replicates at each time point. For this analysis, the two-second spray
application data were selected because this is the lactoferrin spray duration that will be used in
actual practice. Based on these data, the average percent lactoferrin that was estimated to have been
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removed by a two-second lactic acid rinse across these four studies was 91, 86, 80, and 81 percent,
respectively. Averaging these four estimates yields an overall estimate of lactoferrin removal
efficiency for a two-second lactic acid rinse of 84.5 percent; thus, leaving an average of 15.5
percent of the applied lactoferrin on the carcass surface. Full reports of the four studies discussed
above are included as Appendix II to this document. Multiplying the amount of lactoferrin applied
to the carcass (i.e., 1 g) times 0.155 (the fraction of lactoferrin retained on the carcass after the lactic
acid rinse) yields an estimate of the amount of bovine milk-derived lactoferrin remaining on the
carcass surface of 0.155 grams.

Once the beef carcasses have undergone a lactic acid rinse, they enter the chilling process,
whereby the carcasses are first placed in “hotboxes” and sprayed with cold water; then are
transferred to the USDA grading area; and finally, are moved to the “sales cooler” where the
carcasses are sorted. Next, the carcasses enter the fabrication process where they are trimmed (i.€.,
fat, bone, and lean trimmings are removed) and systematically broken down into “primals” (i.e.,
rounds, loins, ribs, chucks, and briskets) and then “subprimals.” These subprimals are then bagged
and boxed, and are referred to as “boxed beef.” The lean trimmings and some of the fat that is
removed during fabrication is designated “trim/grind,” and is used for ground beef and other
processed meats such as hot dogs. The bones and the remainder of the fat (primarily outside surface
fat) removed during fabrication are destined for the rendering operation, and are not used in
products intended for human consumption.

National Beef has estimated that about 40 percent of the lactoferrin-treated carcass surface
(i.e., primarily the inner surface of the carcass body cavity) consists of bone and connective tissue
destined for rendering. National Beef has also estimated that the remaining 60 percent of the
lactoferrin-treated carcass surface ends up in edible beef, with 10 percent of this total going into
boxed beef and 50 percent into trim/grind.

Therefore, of the estimated 0.155 grams of lactoferrin remaining on the carcass surface
following the lactic acid rinse, about 40 percent of this lactoferrin residual will end up on portions
of the carcass that are not used in products intended for human consumption. Of the remaining 60
percent of the lactoferrin that is retained on edible portions of the carcass, about 10 percent will end
up in boxed beef and 50 percent will go into trim/grind. Thus, multiplying the estimated amount of
lactoferrin remaining on each carcass (0.155 g) times 0.6 yields an estimated amount of lactoferrin
adhering to the edible portions of the carcass of 0.093 g or 93 mg, with one-sixth of this total or
15.5 mg going into boxed beef and five-sixths or 77.5 mg into trim/grind.

For the purposes of this assessment, two different exposure assumptions (or scenarios) will
be evaluated:

000046

1. Assume that the 93 mg of residual lactoferrin is equally distributed across all edible

portions of the carcass (i.e., boxed beef and trim/grind); or
2. Assume that the 93 mg of residual lactoferrin is unequally distributed across all edible
portions of the carcass, with 15.5 mg going into boxed beef and 77.5 mg into trim/grind.
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The estimated concentrations of lactoferrin in edible beef that these two exposure assumptions yield
can be calculated using data compiled by National Beef for fiscal year 2002 on the average weight
of beef products (on a per head basis) at various points in the meat packing process (see Appendix
IIT). These data are as follows:

e Average live animal weight: 1,245 pounds per head
e Average dressed carcass weight: 799 pounds per head
e Average boxed beef weight: 415 pounds per head
e Average trim/grind weight: 235 pounds per head
¢ Average weight of bone/fat to rendering: 149 pounds per head

Based on the above data, the average amount of edible meat that a beef carcass yields is
about 650 pounds (295 kg), and is derived by summing the average boxed beef weight (415 pounds
or 189 kg) and the average trim/grind weight (235 pounds or 107 kg) on a per head basis. Under the
first exposure scenario, the estimated concentration of bovine milk-derived lactoferrin in edible beef
can be derived by dividing the amount of lactoferrin adhering to edible portions of the carcass (93
mg) by the weight of the edible meat from each carcass (295 kg) to yield 0.32 mg per kg (ppm) or
320 ng per g (ppb). Under the second exposure scenario, the estimated concentration of bovine
milk-derived lactoferrin in boxed beef can be generated by dividing the amount of lactoferrin
potentially found in boxed beef (15.5 mg) by the total weight of boxed beef from each carcass (189
kg) to yield 0.082 mg per kg (ppm) or 82 ng per g (ppb). The estimated concentration of bovine
milk-derived lactoferrin in trim/grind can be derived by dividing the amount of lactoferrin
potentially found in trim/grind (77.5 mg) by the total weight of trim/grind from each carcass (107
kg) to yield 0.726 mg per kg (ppm) or 726 ng per g (ppb). These concentration estimates will be
employed in Chapter VIII to derive estimates of exogenous lactoferrin intake resulting from the use

of a lactoferrin-containing spray on beef carcasses during processing.

000047

-21- ENVIRON



VII. ESTIMATES OF BEEF CONSUMPTION IN THE U.S.

Consumption of beef was estimated based on data from the 1994-1996 USDA Continuing
Survey of Food Intakes by Individuals (“CSFII 1994-96”) and its Supplemental Children’s Survey
(“CSFII 1998”) as provided on CD-ROM (USDA 2000). The combined data from these two
surveys are designated CSFII 1994-96, 1998. In the CSFII 1994-96, 1998, dietary intakes were
collected through in-person interviews using 24-hour recalls on 2 nonconsecutive days. A total of
21,662 individuals of all ages provided data for the first day; of those individuals, 20,607 provided
data for a second day. Each dietary recall includes detailed information on all foods consumed the
previous day, including a descriptive name and the amount (gram weight) of each food consumed.

The CSFII 1994-96, 1998 survey includes more than 9,000 food codes representing the
foods consumed by survey respondents. The food codes represent both single-component foods and
mixed dishes that are composed of one or more ingredients. In order to estimate consumption of
beef, which is consumed either as a single-component food or as one of several components in a
mixed dish, it was necessary to identify the amount of beef in each of the survey food codes. This
was accomplished by linking the CSFII food codes to the Food Commodity Intake Database,
Version 2.1 (USEPA 2000). The Food Commodity Intake Database is the result of cooperative
efforts by the USDA Agricultural Research Service (“ARS”) and the U.S. Environmental Protection
Agency (“EPA”) Health Effects Division. It was developed for use in estimating human exposures
to pesticide residues through food and beverage intake. The Food Code-to-Commodity Translation
File of the database maps each food code in the CSFII 1994-96, 1998 to one or more of EPA’s list
of approximately 550 food commodities. Food codes that represent mixtures were assigned
commodities based on their recipe ingredients, and the amount of each commodity (in grams) is
identified per 100 grams of CSFII food code.

The list of EPA commodities used in the database includes a total of 10 food commodity
codes for various beef fractions. These 10 commodity codes and their associated names are
presented in Table 1 below. ENVIRON identified all CSFII food codes that were mapped to the
beef meat, beef byproducts, and/or beef fat commodity codes, and the amounts of each commodity
per 100 g food code were summed. The resulting value represents the total amount of beef per 100
g of each food code. However, the commodity codes for kidney and liver were not included in the
sums because these are internal organs that are removed from the beef carcass prior to lactoferrin
application. The list of beef-containing codes also includes veal-containing foods, bison-containing
foods, and other beef parts (e.g., heart, brains, tongue). These food codes also were not included in
the estimates of beef consumption because these types of products will not be subjected to
lactoferrin treatment. Additionally, beef by-product commodities were not included in the sum of
total beef values when beef by-products accounted for less than 2.5 g per 100 g of food code. These
contributions of beef by-products were not included in the estimates of beef consumption because
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these uses likely represent beef gelatin (e.g., in yogurt or in marshmallows) or head meat, beef by-
products not subjected to lactoferrin treatment. Gelatin drinks were also excluded from this analysis
for the same reason. The food codes included in the analysis and the amount of beef (by food

commodity) are presented in Appendix IV.

Table 1. EPA Beef Commodity Codes
Food Commodity
Code Food Commodity Name
21000440 Beef, meat
21000441 Beef, meat- baby food
21000450 Beef, meat, dried
21000460 Beef, meat byproducts
21000461 Beef, meat byproducts- baby food
21000470 Beef, fat
21000471 Beef, fat- baby food
21000480 Beef, kidney
21000490 Beef, liver
21000491 Beef, liver- baby food

ENVIRON linked the selected beef-containing food codes to the food consumption data
from CSFII 1994-96, 1998, and estimated the 10™, 50™, and 90™ percentile values for beef
consumption in six population groups based on reported intake of beef-containing foods and the
percent of beef per food code. The six population groups were: 1) infants <1 year old, 2) infants 1
year old, 3) children 2-5 years old, 4) children 6-12 years old, 5) teenagers 13-19 years old, and 6)
adults 20+ years old.

Estimates of beef intake were calculated based on both 2-day average beef intakes and beef
intake per eating occasion. All dietary intake analyses included only consumers of beef. Therefore,
the 2-day average intake estimates are based upon the mean amount of beef consumed in 2 days by
all individuals who reported consumption of at least one beef-containing food during the 2-day
period, and the intake per eating occasion estimates are based on the amount of beef consumed on
each occasion (i.e., unique time and day) an individual reported consumption of beef and/or beef-
containing food(s). The 2-day average intakes provide an estimate of usual beef intake, while the
intakes per eating occasion provide estimates of the amount of beef consumed at a single meal or
snack occasion. 000049

Results of the dietary analyses are presented in Table 2. Children and teenagers are the
subpopulations most likely to consume beef, with nearly 90 percent of each of these groups
reporting consumption of one or more beef-containing foods over the 2 days of dietary recall. In
the other subpopulations evaluated, approximately 80 percent of adults aged 20 years and older, as
well as one-year-old infants, consumed beef over the two-day period, while beef consumption over
this same period was reported in only 28 percent of infants under one year of age. Across all
population groups, the total number of eating occasions on which beef consumption was reported is
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approximately 2 to 2 ¥ times the number of people who reported beef consumption at least once

during the 2 days of dietary recall, indicating that the typical beef consumer eats a beef-containing

food on one or more occasions each day.

Estimates of 2-day average intakes indicate that beef consumption is highest in populations
of teenagers and adults. The 2-day average intakes are lower in populations of infants and children,
with intakes increasing with age. Infants under 1 year of age consume the least amount of beef per

day.

Estimates of beef intake per beef eating occasion are comparable to beef intake estimates
based on 2-day average dietary intakes. In addition, both estimates exhibit a trend of increasing

intake with age. Adults reported the highest intake per eating occasion, while infants under 1 year

of age consumed the least amount of beef per occasion.

2-Day Average Intake and Intake per Eating Occasion

Table 2. Estimates of Beef Consumption:

2-Day Average Intake Intake per Eating Occasion
Percentile Percentile

Survey 10 | so | 9 10 | s0 [ 90

Population Group Population’ % N? per day N? (g per eating occasion)
Infants, <1y 1065 | 28 276 1 13 41 478 | <0.5 14 43
Infants, | y 972} 80 782 2 19 55 1632 | <0.5 16 61
Children, 2-5 y 5437 &7 4704 2 25 741 10,205 | <0.5 21 75
Children, 6-12 y 2089 ] 89 1867 5 38 99 4289 1 29 96
Teenagers, 13-19 y 12221 88 1088 6 52 147 2617 1 35 137
Adults, 20+y 9323 | 81 7556 5 52 152 | 15,423 1 49 156

DATA SOURCE: 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII) and Food Commodity Intake Database

(USDA 2000, USEPA 2000).

NOTES: Breastfeeding infants and children were excluded from the analyses. Analyses were limited to individuals who provided 2-
days of recall data. Estimates were generated with USDA sample weighting factors to adjust for differences in representation of

subpopulations.

! Number of survey respondents who provided 2-day dietary recalls.

2 Number of respondents who reported consumption of one or more beef-containing foods during the 2 days of recall.
3 Number of occasions on both survey days combined on which consumption of a beef-containing food (or foods) was reported.
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VIII. ESTIMATES OF LACTOFERRIN INTAKE

In order to assess the impact spraying lactoferrin on beef carcasses could potentially have on
total lactoferrin exposure from beef consumption, ENVIRON estimated the potential intake of
lactoferrin from exogenously applied lactoferrin employing several worst-case assumptions. This
estimated intake of exogenous lactoferrin is compared to lactoferrin intake resulting from
endogenous levels found naturally in beef. This comparison shows that the estimated intake of
bovine milk-derived lactoferrin from its intended use as an anitmicrobial spray on beef carcasses
(employing several worst-case assumptions) is comparable to an individual’s estimated background
exposure to lactoferrin found endogenously in beef. Thus, the intended use of bovine milk-derived
lactoferrin would not be expected to result in any substantive increase in total lactoferrin exposure
from consumption of beef products. This chapter presents the calculated estimated intakes of
lactoferrin from both endogenous and exogenous sources.

A. Estimates of Endogenous Lactoferrin Intake

In Chapter V of this document, based on a review of the published scientific literature, it
was estimated that beef contains approximately 25 to 199 ng of lactoferrin per gram of muscle
tissue (ppb) from neutrophils contained in the residual blood that remains in this tissue after
slaughter. This is by no means the only source of lactoferrin in blood, although it is the primary
source. Lactoferrin is also found in blood plasma and bound to macrophages, but at much lower
levels than in neutrophils. It was also demonstrated in a series of three studies conducted by
National Beef that empirical measurements of endogenous levels of lactoferrin in beef round-
bottom round steak averaged 193 ng lactoferrin per g of muscle tissue (ppb). This empirical value
is consistent with the range estimated from a review of the published literature in Chapter V, and
thus corroborates the literature-derived value.

For this step of the analysis, the objective is to derive an estimate of the range of background
exposures consumers of beef may have to lactoferrin from endogenous levels in beef. It will be
assumed that the concentration of endogenous lactoferrin in beef is 193 ng per gram of tissue (ppb),
the empirically derived value described previously. The next step in estimating the range of
background intakes of endogenous lactoferrin is to determine the amount of beef typically
consumed in the diet. Because the endpoint of concern with lactoferrin is allergenicity, ENVIRON
believes that the amount of beef consumed per eating occasion is the most relevant measure of beef
consumption to use. It should be noted however that for beef consumption, the “per occasion”
values are almost identical to the “per day” values, as shown previously in Table 2.! From the
dietary analysis presented in Chapter VII, ENVIRON opted to use the 10™ and 90" percentile
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! In this same table, it should also be noted that beef consumption by adults is approximately two to three times greater
than beef consumption by children.
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consumption of beef per eating occasion to represent the lower and upper limits, respectively, of the
range of beef consumption in the U.S. population.

For example, for adults aged 20 years and older, the 10 percentile of beef consumption is
approximately1 g per eating occasion and the 90"™ percentile value is 156 g per eating occasion.
Multiplying both the 10™ and 90™ percentile consumption values for beef (i.e., 1 and 156 g per
eating occasion, respectively) by an endogenous lactoferrin concentration of 193 ng per g (ppb)
yields an estimated range of intakes of endogenous lactoferrin from beef consumption of 0.3 to up
to 30 pg per eating occasion. Similarly, ranges of endogenous lactoferrin intake estimates can also
be generated for the other population groups of interest listed in Table 2. These endogenous or
background lactoferrin intake ranges are presented in Table 3 for all six population groups of
interest.

B. Estimates of Exogenous Lactoferrin Intake
In Chapter VI of this document, the concentration of exogenous lactoferrin in edible beef

from lactoferrin-treated carcasses was estimated to be 320 ng per g of tissue (ppb) assuming equal
distribution of the applied lactoferrin throughout the meat, or 82 ng per g of tissue (ppb) of boxed
beef and 726 ng per g of tissue (ppb) in trim/grind if we assume that the lactoferrin is unequally
distributed within the edible beef. To derive an exogenous lactoferrin intake estimate under each of
these two scenarios, the exogenous lactoferrin concentration is multiplied by the amount (and type)
of beef consumed.

If the exogenous lactoferrin is assumed to be equally distributed throughout the beef carcass
(scenario 1), the intake calculation is quite simple. For example, assuming an estimated
concentration of bovine milk-derived lactoferrin in edible beef of 320 ng per g (ppb), the product of
this lactoferrin concentration and beef intake at both the 50 and 90™ percentile of beef
consumption per eating occasion for adults 20+ years of age (Note: this population group has the
highest consumption of beef) yields estimated intakes of exogenous bovine milk-derived lactoferrin
of 16 and 50 ug per eating occasion, respectively. The 16 pg per eating occasion estimate
represents lactoferrin exposure for the median or likely “typical” consumer of lactoferrin-treated
beef products, while the 50 pg per eating occasion estimate represents lactoferrin exposure for the
“heavy” consumer of lactoferrin-treated beef products. In this scenario, the intake of exogenous
lactoferrin is directly proportional to intake of beef. (

When assuming that exogenous lactoferrin concentrations in boxed beef versus trim/grind
are different (scenario 2), the calculation is completed via a similar approach, though an additional
step of identifying boxed versus trim/grind cuts of beef is needed. ENVIRON reviewed each of the
beef-containing food codes used in the estimates of beef consumption and classified each as derived
from a boxed or trim/grind cut of beef. All food codes for subprimals, foods typically prepared
from subprimals (e.g., beef fajitas), and beef baby foods were classified as boxed beef. All other
beef-containing food codes were classified as trim/grind. ENVIRON then generated the total
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lactoferrin intake per person per beef-eating occasion by adding the amount of exogenous
lactoferrin consumed from boxed beef to the amount of exogenous lactoferrin consumed from
trim/grind. ENVIRON subsequently calculated the 50" and 90™ percentiles of these values, which
represent the typical and heavy consumers of exogenous lactoferrin per occasion, respectively,
based on the assumption that the lactoferrin is not distributed evenly throughout the carcass. In this
scenario, the estimated intake of exogenous lactoferrin reflects intake by product type (boxed versus
trim/grind), in the U.S. population.

The range of lactoferrin intakes derived from these two scenarios for each population group
(i.e., infants < 1 year old, infants 1 year old, children 2-5 years old, children 6-12 years old,
teenagers 13-19 years old, and adults 20 years and older) are presented in Table 3. As seen in Table
3, both approaches yield estimated 50™ percentile lactoferrin intakes that are comparable. The
estimated median intake of bovine milk-derived lactoferrin ranges from 2 to 5 pug per beef-eating
occasion for infants under the age of 1 year, and is estimated to be 16 ng per beef-eating occasion
for adults.

At the 90" percentile of estimated exogenous lactoferrin intake, the 2 scenarios result in
slightly broader ranges. For example, in the population of beef-eating adults 20 years and older,
estimates of the 90™ percentile intake of exogenous lactoferrin from lactoferrin-treated beef
products range from 50 to 76 pg per beef-eating occasion. Estimates of 90™ percentile bovine milk-
derived lactoferrin intakes were consistently higher under scenario 2 as compared to estimates
derived under scenario 1. Recall that in the second scenario, the concentration of exogenous
lactoferrin in trim/grind beef products is assumed to be nearly 9-fold higher as compared to the
concentration in boxed beef (726 versus 82 ng per g (ppb)). Results from this scenario therefore
reflect both the population’s intake of beef and the relative proportion of boxed beef and trim/grind

beef products consumed.
In both scenarios, the values in Table 3 are likely to be overestimates of bovine milk-derived

lactoferrin intakes because these calculations employ the following worst-case assumptions: 1) the
ESS process employed in applying lactoferrin to beef carcasses is 100 percent efficient, and 2) all
beef an individual consumes has been treated with lactoferrin.

000053

C. Conclusions
In order to evaluate the potential impact of treating beef carcasses with lactoferrin, the range

of estimated intakes of endogenous lactoferrin that result from untreated beef consumption is
compared against the estimated intakes of exogenous bovine milk-derived lactoferrin that could
potentially occur from consumption of lactoferrin-treated beef. In Table 3, the range of 50"
percentile intakes of exogenous bovine milk-derived lactoferrin are all within the range of estimated
background exposures to naturally occurring endogenous lactoferrin across all population groups of
interest. There are, of course, uncertainties in both the endogenous and exogenous estimates
because of the assumptions that must be used to derive these values; in particular, the estimated
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intakes of exogenous lactoferrin are expected to be high. Therefore, given the inherent uncertainties
in both the endogenous and exogenous lactoferrin intake estimates, the intended use of bovine milk-
derived lactoferrin as an antimicrobial spray treatment on beef carcasses will not result in a
significant, measurable increase in lactoferrin intake relative to current background exposures to

lactoferrin from beef consumption.

Table 3. Estimated Background Lactoferrin Intakes versus
Estimated 507 and 90" Percentile Intakes of Bovine Milk-Derived Lactoferrin
from Lactoferrin-Treated Beef Carcasses

Estimated Intake of
Bovine Milk-Derived Lactoferrin
: 3
occasion
Estimated (ng/ )
. Range of Background
Population Group La%toferrin];itake Range of Range of
(ug/occasion)’ 5o Pex.'centile 90t Pex.'centile
Lactoferrin Intakes Lactoferrin Intakes
Scenario 1*: | Scenario 2*: | Scenario 1: Scenario 2:
Equal Unequal Equal Unequal
Lactoferrin Lactoferrin Lactoferrin Lactoferrin
Distribution Distribution Distribution Distribution
Infants, <1y <0.1to 8 5 2 14 20
Infants, 1 y <0.1t012 5 6 20 35
Children, 2-5 y 0.1to 14 7 10 24 44
Children, 6-12 y 0.2t0 19 9 12 31 62
Teenagers, 13-19y 0.2to 26 11 15 44 76
Adults, 20+ y 0.3 to 30 16 16 50 76

DATA SOURCE: 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII) and Food Commodity Intake Database
(USDA 2000, USEPA 2000).

NOTES: Breastfeeding infants and children were excluded from the analyses. Analyses were limited to individuals who provided 2-
days of recall data. Estimates were generated with USDA sample weighting factors to adjust for differences in representation of
subpopulations.

! The range of background lactoferrin intakes 1s represented by the 10™ and 90™ percentiles of endogenous lactoferrin consumption from
beef; values correspond to the 10™ and 90™ percentiles of beef consumption (g per occasion) multiplied by 193 ng bovine neutrophil
lactoferrin per g beef (ppb), respectively. See text for further discussion of lactoferrin concentration derivation.

? In Scenario 1, the concentration of bovine milk-derived lactoferrin is assumed to be equally distributed throughout the treated beef
carcass; this exogenous lactoferrin concentration is 320 ng per g of beef (ppb). Values correspond to the 50 or 90" percentile of beef
consumption (g per occasion) multiplied by 320 ng bovine milk-derived lactoferrin per g of beef (ppb). See text for further discussion
of lactoferrin concentration derivation.

% In Scenario 2, the concentration of bovine milk-derived lactoferrin is assumed to be unequally distributed throughout the treated beef
carcass; the exogenous lactoferrin concentration in boxed beef is 82 ng per g of beef (ppb), while the exogenous lactoferrin
concentration in trim/grind is 726 ng per g of beef (ppb). Values correspond to the 50 or 90" percentile of exogenous lactoferrin intake
(g per occasion). For each beef-eating occasion, the amount of exogenous lactoferrin consumed was calculated by taking the sum of
exogenous lactoferrin intake by type of beef (i.e., 82 ng bovine mlk-derived lactoferrin per g of boxed beef (ppb) added to 726 ng
bovine milk-derived lactoferrin per g of trim/grind (ppb)). See text for further discussion of lactoferrin concentration derivation.
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IX. LACTOFERRIN INTAKES FROM DAIRY AND WHEY PRODUCTS
ADDED TO FOOD

Bovine lactoferrin has been consumed by humans for thousands of years as a naturally
occurring protein found in milk. Current sources of lactoferrin in the U.S. diet include milk proteins
naturally occurring in milk and milk products, and whey proteins added to foods throughout the
food supply in the form of whey products. Milk proteins and whey proteins contain approximately
0.03 g and 1.4 g lactoferrin per 100 g, respectively (Barth and Behnke 1997). Using food intake
data reported in the CSFII 1996, 98, ENVIRON determined the average per capita intake of milk
proteins from milk and milk products (Table 4).

The estimates of milk protein intake were based on reported consumption of all milk and
milk products including fluid and flavored milk, dry and reconstituted milk, milk-based beverage
mixes, milk and milk products in beverage mixtures, yogurt, ice cream, cream, sour cream, and
puddings. The analyses did not include cheese, infant formulas, meal replacements, whey-based
beverages and beverage mixes, or butter. Additionally, the milk and milk products that were
ingredients in food mixtures coded as a single item (i.e., milk used in the preparation of canned
soup) were not included in the estimates. Given that whey proteins may be added to some milk
products such as yogurt, ice cream, and beverage mixes, we assumed only 75 percent of the protein
content of milk products to be milk protein; this allows for the addition of approximately one gram
of whey protein per 100 grams of each milk product. The food codes included in the estimates of
milk protein intake are listed in Appendix V.

The estimated mean intake of milk proteins by individuals in the U.S. ages 2 years and older
is approximately 7.7 g per day. This is equivalent to an intake of approximately 23 mg lactoferrin
per day. The 90™ percentile intake of milk protein in the U.S. is approximately 18.6 g per day, or
56 mg lactoferrin per day. The 95" percentile intake of milk protein is 23.5 g per day, or
approximately 70 mg lactoferrin. It is important to note that these estimates do not reflect the
lactoferrin contained in milk and milk products used as an ingredient and a considerable allowance
was made for the potential presence of whey proteins in milk products. Therefore, these estimates
may tend to underestimate current consumption of milk proteins and consequently, intake of
lactoferrin from milk proteins. C00055

Estimates of whey protein intake were derived from estimates of whey products generated
by the FDA (Rulis 2000). The FDA estimated that the current consurﬂption of whey products on a
per capita basis is approximately 4.0 grams per person per day. ENVIRON has assumed that the
FDA estimate of “whey products” represents the usual intake of whey from all uses in the U.S. food
supply. Whey and whey products may be used in food in accordance with good manufacturing
practice and are added to foods for a wide variety of functional uses. Some of the uses of whey and
whey products include: nutrient, solvent/carrier/encapsulating agent, material handling aid,
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appearance control agent for substances other than colors and color modifiers, leavening agent,
stabilizer and thickener, flavor ingredient or flavor modifier, color control agent, texturizer, and
malting/fermenting aid (Burdock 1997).

The protein content of whey products varies depending on the specific type and
concentration. From current regulatory approvals and specifications for whey and whey products
(21 CFR §184.1979 a,b,c), protein concentration can range from 10 percent to not less than 25
percent of these products. Whey protein isolate (based on GRN 37) contains not less than 90
percent protein. Therefore, in order to calculate protein exposures from the whey product
consumption estimate, a realistic estimate of 25 percent protein was used. Using this assumption,
we estimate that the per capita intake of whey protein is approximately 1.0 g per day. This is
equivalent to 14 mg lactoferrin per day. We estimate that the 90" percentile intake of whey protein
is approximately twice the mean intake, or 2.0 g per day, which in turn is equivalent to
approximately 84 mg lactoferrin per day.

Estimates of the per capita lactoferrin intake from milk proteins in dairy products were
added to the estimated per capita lactoferrin intake from whey products. These estimates of intake
of lactoferrin from both dairy sources and whey protein added to food indicate that background
exposure to lactoferrin can be as high as 100 mg per person per day.

This estimate of lactoferrin exposure is supported by calculations of potential lactoferrin
intakes based on current recommendations in the U.S. for consumption of milk and milk products.
In its Food Guide Pyramid, the USDA recommends daily intake of 2 to 3 servings of milk products
(USDA 1996). Individuals consuming 3 cups of milk per day, or 3 servings, would have lactoferrin
intakes of approximately 71 mg per day. Added to lactoferrin intake from whey protein sources,
total lactoferrin intake is again approximately 100 mg per day.

Estimates of lactoferrin intake from dairy and other food sources presented here were
submitted to the FDA as an addendum to GRN 42. This GRAS Notification was for the use of
bovine lactoferrin as an ingredient in sports and functional foods. The FDA had no questions
concerning the GRAS status of bovine lactoferrin for the proposed uses that were the subject of that
GRAS Notification, indicating that the Agency accepted the validity of the dietary assessment
presented above.

These estimated intakes of bovine lactoferrin from dairy products and whey products added
to food demonstrate the very high background dietary exposure to lactoferrin (in the mg range)
relative to the estimated lactoferrin intakes (in the pg range) that could potentially result from the
use of lactoferrin as an antimicrobial spray treatment on beef carcasses. These dietary exposure
estimates presented here provide some context in evaluating the very small intakes that would resuit

from the proposed use of lactoferrin on beef carcasses.
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TABLE 4
Estimate of Per Capita Daily Intake of Bovine Lactoferrin from Milk and Whey Proteins

Milk and Whey
Milk Proteins Whey Proteins Proteins
Lactoferrin from Lactoferrin from
Milk Proteins in | Milk Proteins in Whey Proteins Whey Proteins in Lactoferrin from
Dairy Products * | Dairy Products *® in the Food the Food Supply *“ | Milk and Whey
(g) (mg) Supply “(g) (mg) Proteins °(mg) |
}I\’Iean Intake 7.7 23 1.0 14 37
t .
90" Percentile of 18.6 56 20 28 84
Intake
95" Percentile of 235 70 207 287 98
Intake

? Data source: USDA 1994-96, 1998 CSFII; estimates reflect intake of protein from milk and milk products including fluid and
flavored milk, dry and reconstituted milk, milk-based beverage mixes, yogurt, ice cream, cream, sour cream, and puddings.
Estimates include all individuals 2 years and older who provided two 24-hour diet recalls. Estimates generated with USDA
sampling weights and WesVar Complex Samples Version 3.0.

b Calculation of lactoferrin based on 0. 3% lactoferrin in milk protein (Barth and Behnke 1997).

¢Data source: FDA estimate of per capita whey products consumption (Rulis 2000); assumed 25% whey protein in whey
products; assumed 90™ percentile of intake is twice the mean intake.

4 Calculation of lactoferrin based on 1.4% lactoferrin in whey protein (Barth and Behnke 1997).

® Represents sum of estimates of lactoferrin from milk proteins in dairy products and lactoferrin from whey proteins in the food
supply.

/ Unable to estimate 95" percentile; values represent estimate of 90th percentile.
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‘ X. LACTOFERRIN AS A POTENTIAL HUMAN FOOD ALLERGEN

Rather little scientific and clinical information exist to document whether bovine milk-
derived lactoferrin is a cows’ milk allergen. While there is some evidence to suggest that bovine
milk-derived lactoferrin is a minor cows’ milk allergen, the existing information is difficult to
interpret because of methodological problems in the manner in which much of the data were
collected.

Certainly, no argument exists that the major cows’ milk allergens in IgE-mediated cows’
milk allergy are casein, B-lactoglobulin, and a-lactalbumin (Besler et al. 2002; Sharma et al. 2001;
Wal 1998; Wal et al. 2001). Several clinical investigators have demonstrated that some cows’ milk-
allergic individuals have IgE antibodies directed against lactoferrin (Baldo 1984; Businco et al.
2000; Host et al. 1992; Wal et al. 1995; Wal 1998; Wal et al. 2001). However, the vast majority of
these milk-allergic infants displayed IgE antibodies to one or more of the major cows’ milk
allergens in addition to lactoferrin. Wal (1998) appears to have identified two milk-allergic infants
out of 92 studied (2.2%) who were mono-sensitized to lactoferrin only. However, the clinical
significance of this observation is unclear because the study does not indicate if these or other

‘ infants in the study had received blinded oral challenges to document their milk allergies. Without
confirmation by oral challenge, the evaluation of specific IgE antibodies in patient serum can be
clinically meaningless and misleading. Furthermore, in studies where quantitative estimates were
obtained of the levels of specific IgE antibodies to lactoferrin (Wal et al. 1995; Wal 1998), the
levels of anti-lactoferrin IgE antibodies were far lower than the levels of specific IgE antibodies to
the major milk allergens in the vast majority of the patients.

Milk-allergic patients seem to occasionally have IgE antibodies directed at other minor milk
proteins (Baldo 1984); the clinical significance of the presence of these antibodies is unproven. To
demonstrate that bovine milk-derived lactoferrin is a clinically significant milk allergen, patients
who were challenge-positive to milk ingestion would have to demonstrate specific IgE antibodies to
bovine milk-derived lactoferrin (and possibly other milk proteins), positive skin prick tests to
bovine milk-derived lactoferrin, and positive oral challenges to bovine milk-derived lactoferrin.
Such information does not exist to unequivocally demonstrate that bovine milk-derived lactoferrin
is a human allergen. OCQ0058

Could lactoferrin be an allergen in beef? In Chapter IV, the presence of lactoferrin in beef
primarily arising from its presence in bovine neutrophils has been clearly documented.
Furthermore, bovine neutrophil lactoferrin is very similar, structurally and functionally, to bovine
milk-derived lactoferrin (see Chapter IV for a more thorough discussion). However, even given the

. presence of lactoferrin in beef, allergic reactions to beef are comparatively rare and are usually
relatively mild, with bovine serum albumin (“BSA”) most often associated with these reactions
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(Fiocchi et al. 1995; Werfel et al. 1997). Thus, the evidence suggests that bovine neutrophil
lactoferrin is not an allergen in beef.

Would lactoferrin become an allergen for those consuming beef at the levels of exposure
likely to occur with the use of bovine milk-derived lactoferrin described in this document? The
current document addresses the spray application of bovine milk-derived lactoferrin to beef
carcasses as an antimicrobial treatment. As noted in Chapter IV of this document, beef carcasses
(and meat products derived from them) already contain naturally occurring lactoferrin, primarily
from neutrophils, and as described in Chapter V, no significant increase in exposure to lactoferrin
would occur from this use relative to current background exposures from consumption of beef.
Therefore, it is unlikely that lactoferrin would become an allergen in those individuals consuming
lactoferrin-treated beef.

Is bovine neutrophil lactoferrin similar to bovine milk-derived lactoferrin? Chapter IV
contains a discussion of the structural similarities and differences between these two different
sources of lactoferrin. From this discussion, only one structural difference emerged; that involving
a difference in glycosylation (Hurley et al. 1993). With regard to the question of potential allergic
responses, all immunological reactions to lactoferrin so far reported are to the polypeptide chain and
not to the glycan. Differences in glycosylation are unlikely to have any effect on lactoferrin in
terms of its potential allergenicity.

Furthermore, glycosylation has been investigated for possible cross-reactivity that may exist
in some patients between pollen and food allergens and rather thoroughly for its impact on the IgE-
binding to pollen allergens. Cross-reacting carbohydrate determinants (“CCDs”) have been found
associated with certain pollen and food allergens, particularly allergens in fresh fruits and
vegetables (Aalberse et al. 2001; Vieths et al. 1994; Vieths 1997). Certain proteins in fruits and
vegetables and certain pollen allergens possess similar glycan structures that bind to IgE antibodies
in the serum of some human subjects. However, the cross-reactive IgEs directed to CCDs do not
appear to have any clinical significance because they have been identified in both symptomatic and
asymptomatic individuals (van der Veen et al. 1997; Vieths 1997). Thus, if these results can be
extrapolated to lactoferrin, differences in glycosylation are unlikely to result in differences in the
potential of these proteins to elicit allergic reactions.

Does bovine milk-derived lactoferrin have the ability to induce allergic sensitization?
Studies in Brown Norway rats conducted by the British Industrial Biological Research Association
(“BIBRA”) in the U.K. indicate that lactoferrin can induce IgE responses in these rats when injected
intraperitoneally (Atkinson and Miller 1994; Miller et al. 1998). However, this particular Brown
Norway rat model is not appropriate for the prediction of human responses to ingestion of
lactoferrin or other proteins. First, this model has not been validated. It does not discriminate
between allergenic and non-allergenic proteins. No protein ever tested in this model with
intraperitoneal injection has been shown to be negative. Therefore, the predictive value of these
studies is essentially zero. In further studies with the Brown Norway rat using oral exposures, the
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ability of lactoferrin to induce an IgE response was much weaker and similar to BSA, another milk
protein that is also not a particularly significant milk allergen (Meredith and Atkinson 2000;
Meredith and Atkinson 2001). This result raises even further questions regarding the initial
observations obtained with intraperitoneal injections.

In addition, based on what is currently known regarding the lowest dose that elicits an
allergic response in sensitized individuals exposed to several common (and fairly potent) food
allergens (see the discussion below regarding peanuts, eggs, and cows’ milk), the estimated intakes
of bovine milk-derived lactoferrin resulting from its intended use as an antimicrobial spray on beef
carcasses, as described in this document, are below any of these doses. Furthermore, the likelihood
of an allergic response due to exposure to bovine milk-derived lactoferrin at these low levels is even
more remote when one considers that there are likely to be few (if any) lactoferrin-sensitized
individuals in the population. Thus, the possibility that lactoferrin would elicit an allergic reaction
in any individuals at the estimated levels of ingestion described in this document is unlikely.

The most recent work related to identifying elicitation thresholds for several well-recognized
food allergens (i.e., peanuts, eggs, and cows’ milk) comes primarily from Hourihane et al. (1997)
and Taylor et al. (2002). In Hourihane et al. (1997), investigators used a randomized, double-blind,
placebo-controlled study design to challenge 14 human subjects allergic to peanuts (i.e., sensitized)
with peanut doses ranging from 10 pg to 50 mg, administered in the form of a commercially
available peanut flour. What these investigators found was that even in this group of well-
characterized, highly sensitive subjects with established peanut allergies, the “threshold dose” of
peanut protein varies. More importantly, they observed that as little as 100 pg of peanut protein
could elicit symptoms in some subjects with peanut allergy.

Taylor et al. (2002) reported the results of a roundtable conference between twelve clinical
allergists who were invited to share existing data on threshold doses for food allergens in human
subjects already sensitized to the allergen. In this paper, the investigators stated:

“...sufficient results are available to conclude that the threshold doses for commonly
allergenic foods are finite, measurable, and above zero. However, attempting to
reach consensus on the threshold doses for peanut, egg, cows’ milk, fish, and
mustard on the basis of the existing data would probably be premature for a number

of reasons.”

00000
According to the authors, the primary reason for not estimating a threshold dose on the basis of the
available data is that the no-observed-adverse-effect level (“NOAEL”) was not established for the
vast majority of the human subjects involved in these trials. Instead, the “lowest provoking dose”
for each individual patient was determined. This dose corresponds to the lowest-observed-adverse-
effect level (“LOAEL”), rather than the NOAEL. However, even though threshold doses were not
specifically established in this paper due to uncertainties regarding what (if any) safety factors to
apply, the tabulated results suggest that the lowest dose that elicits an allergic response in sensitized
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individuals exposed to peanuts, eggs, and cows’ milk (standardized on protein content) appear to be
in the low milligram range or higher for most individuals with allergies to these particular foods.

The estimated intakes of bovine milk-derived lactoferrin resulting from its intended use on
beef carcasses, as shown in Table 3, are 76 pg or less, lower than the lowest dose (i.e., 130 pg) that
elicited an observable allergic reaction in any sensitized individual exposed to peanuts, eggs, or
cows’ milk in the study reported by Taylor et al. (2002), and even less than the lowest dose
observed in Hourihane et al. (1997) that elicited an allergic reaction in subjects with known peanut
allergies (i.e., 100 pg). Moreover, the likelihood of an allergic response due to exposure to bovine
milk-derived lactoferrin at these low levels is even more remote when one considers that there are
likely to be few (if any) lactoferrin-sensitized individuals in the population.

Therefore, bovine milk-derived lactoferrin has not been established as a cows’ milk or beef
allergen, and there is no reason to believe that it will become an allergen under the conditions of use
described in this document.
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Section VI
‘ GRAS Panel Report

GENERALLY RECOGNIZED AS SAFE (GRAS) DETERMINATION FOR THE USE
OF BOVINE MILK-DERIVED LACTOFERRIN AS A COMPONENT OF AN
ANTIMICROBIAL BEEF CARCASS SPRAY WITHOUT REQUIRING LABELING
FOR LACTOFERRIN.
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GRAS EXEMPTION CLAIM

aLF Ventures, LLC, a Farmland National Beef Packaging Company, L.P.
(“National Beef’) and DMV International joint venture, attests that the conditions of use
of the substance described below (i.e., bovine milk-derived lactoferrin) are exempt from
the premarket approval requirements of the Federal Food, Drug, and Cosmetic Act
(“FFDCA”) because aLF Ventures has determined such use to be Generally Recognized
As Safe (“GRAS”) via scientific procedures. The current GRAS determination for bovine
milk-derived lactoferrin described below were prepared in compliance with proposed
§170.36 of Title 21 of the Code of Federal Regulations (21 CFR §170.36), as published
in the Federal Register (Vol. 62, No. 74, p. 18936 et seq., April 17, 1997).

Name of GRAS Substance

Bovine milk-derived lactoferrin, the subject of this GRAS determination, is the
common or trade name for an iron-binding glycoprotein isolated from cow’s milk. The
published literature may also refer to this lactoferrin as red milk protein,
lactosiderophilin, ekkrinosiderophilin, or lactotransferrin (Brock 1980; Naidu 2000).

Intended Technical Effect

Bovine milk-derived lactoferrin is known to be an effective natural microbial
blocking agent (“MBA”). Antimicrobial sprays containing lactoferrin have been shown
to reduce microbial contamination by a wide variety of microbes. The intended technical
effect associated with the proposed use of bovine milk-derived lactoferrin is to detach
bacteria adhering to the surface of beef carcasses in order to reduce microbial
contamination of beef products produced from these carcasses. The microbial blockiing
effects of lactoferrin are specific to pathogenic bacteria and, when applied in an aqueous
spray, lactoferrin can detach and remove a wide variety of adherent pathogens from a
beef tissue surface, including enterotoxigenic E. coli and verotoxic E. coli,including
serotype O157:H7. The scientific basis substantiating this antimicrobial effect was
previously presented in detail in connection with GRAS Notification number 67 (“GRN
67”).

Intended Use and Consumer Exposure

This GRAS determination specifically addresses a single use of bovine milk-
derived lactoferrin: application as an antimicrobial spray electrostatically applied to raw
beef carcasses (at a concentration of lactoferrin of 2% or less in the formulation and not
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to exceed 0.20 ml of formulation per kg beef, followed by lactic acid rinsing) to yield a
final residual amount of bovine milk-derived lactoferrin of less than 800 ng per g of beef
(800 ppb).

GRN 67, previously submitted to the FDA by National Beef, described the
sequential use of bovine milk-derived lactoferrin as a component (at not more than 2
percent by weight) of an antimicrobial spray electrostatically applied to raw beef
carcasses prior to a final lactic acid rinse during processing, with successive applications
to subprimal cuts and finished cuts. The cumulative exposure to lactoferrin from these
three uses was estimated by National Beef to be 4.1 mg per person per day for the
“typical” consumer of beef products and 9.1 mg per person per day for the “heavy”
consumer of beef products. The cumulative exposure from these successive applications
of bovine milk-derived lactoferrin was previously determined to be GRAS by National
Beef, subject to the inclusion of labeling to alert consumers who are allergic to milk of
the poténtial presence of this milk-derived ingredient in beef products so labeled. The
FDA was notified of this GRAS determination on January 9, 2001 (GRN 67).

The single application of bovine milk-derived lactoferrin to beef carcasses, which
is the subject of the present GRAS determination, yields a much lower exposure to
bovine milk-derived lactoferrin from beef consumption than the cumulative exposure
from successive applications considered under GRN 67 (i.e., intakes in the pg range
versus the mg range), and therefore has been determined to be GRAS without the
requirement of labeling retail food products ultimately produced from carcasses so

treated.

Basis for GRAS Determination

This document addresses only the application of bovine milk-derived lactoferrin
to beef carcasses to yield a final residual amount of bovine milk-derived lactoferrin on
the carcass of less than 800 ng per g of beef (800 ppb) and provides an analysis through
scientific procedures as to why the GRAS status of this specific use should not require
labeling of retail food products ultimately produced from carcasses so treated.

Based on a review of pertinent and publicly available information (provided in
Section V of the GRAS Notification: Scientific Support Document), the following
conclusions were reached by an Expert Panel convened to evaluate the GRAS status of
bovine milk-derived lactoferrin for use on beef carcasses as an antimicrobial spray
without a labeling requirement:

e Legal and regulatory precedents suggest that when the addition of a
processing aid does not substantively impact the total intake of that substance,
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and this exogenous addition will not produce a significant health or safety
concern, then labeling for this substance is not required.

To address the issue of potential protein contamination of the bovine milk-
derived lactoferrin product, several cationic exchange chromatography, gel
permeation chromatography (GPC), and high performance liquid
chromatography (HPLC) analyses were conducted. The four allergenic
proteins present in milk that would be of concern if they were present in
substantial quantity in the bovine milk-derived lactoferrin product are alpha-
lactalbumin (a-La), beta-lactoglobulin (B-Lg), caseinmacropeptide
(glycomacropeptide; GMP), and bovine serum albumin (BSA). A
chromatogram of a mixture of standards of these four proteins of concern and
a chromatogram of a sample of bovine milk-derived lactoferrin product were
compared. The figure of this overlay shows that the lactoferrin product does
not have any peaks that correspond to the peaks for these proteins of concern
(at a detection limit of approximately 10 mg/L or 10 ppm). Thus, there is
sufficient evidence to conclude that the non-lactoferrin protein fraction does
not consist of one or more of these proteins of allergenic concern. In fact, this
1s expected based on the production process for the bovine milk-derived
lactoferrin product. The proteins of concern (a-La, B-Lg, BSA, GMP) are not
extracted by their nature; i.e., their ionic charge is opposite that of lactoferrin.
Furthermore, if residues of some of these proteins did remain on the ion
exchanger column at the end of the adsorption cycle, they would be washed
off in one of the washing steps before bovine milk-derived lactoferrin is
recovered from the column.

The major source of the lactoferrin found naturally in beef is the neutrophils
present in residual blood. The source of the lactoferrin used in the
antimicrobial spray formulation that is the subject of this GRAS determination
is bovine milk. Bovine milk and tissue (neutrophil) lactoferrins appear to be
products of the same gene and possess identical polypeptide chains, any
differences between them being limited to the attached glycans. Analogy to
human lactoferrin suggests that these differences are unlikely to affect protein
function and/or allergic response because all immunological reactions to
lactoferrin so far reported are to the polypeptide chain and not to the glycan.
In addition, it is expected that endogenous lactoferrin derived from
neutrophils should be released through degranulation within a few hours, at
most, of the death of the animal. Thermal or mechanical shock will hasten
this process still further. Thus no appreciable difference in the availability of
endogenous and exogenous lactoferrin can be expected. Therefore, there
appears to be no reason to believe that residual bovine milk-derived
lactoferrin potentially found in treated beef carcasses will be any more prone
to inducing allergic responses than would endogenous lactoferrin found
naturally in beef carcass muscle tissue.
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e Lactoferrin is an iron-binding protein of the transferrin family. It is found
naturally in various external secretions, especially milk and colostrum, and in
the secondary (specific) granules of neutrophils. Small amounts are also
present in blood plasma, and lactoferrin can bind to a variety of mammalian
cells. Because lactoferrin is naturally present in blood neutrophils and
plasma, and meat contains residual blood, there will be some endogenous
lactoferrin present in beef carcasses. Levels could be further increased by
lactoferrin bound to other cells in the carcass. Thus, exposure to bovine
lactoferrin occurs regardless of whether or not the carcass is treated with
bovine milk-derived lactoferrin. Using the most reliable data in the published
scientific literature, neutrophils in the residual blood of beef provide an
estimated 25 to 199 ng of lactoferrin per g of beef muscle tissue (ppb). This is
likely to be increased further by lactoferrin in plasma and lactoferrin bound to
cells such as macrophages/monocytes. This estimated range derived from the
published literature agrees quite well with empirically derived estimates from
studies conducted by National Beef of around 193 ng of lactoferrin per g beef
muscle tissue (ppb).

e The intended use of bovine milk-derived lactoferrin as an antimicrobial spray
treatment on beef carcasses will result in concentrations of this source of
lactoferrin in the edible meat of approximately 320 ng per g (ppb) if the
lactoferrin is assumed to be equally distributed throughout the carcass, and
approximately 82 ng per g (ppb) in boxed beef and 726 ng per g (ppb) in
trim/grind if the lactoferrin is assumed to be unequally distributed throughout
the carcass. These estimated concentrations were derived using information
on the application rate of bovine milk-derived lactoferrin, the amount of
lactoferrin removed following the lactic acid rinse, and the amount of
lactoferrin retained on various edible portions of the carcass versus those
portions destined for rendering operations and thus not consumed.

The range of estimated intakes of endogenous lactoferrin that result from untreated beef
consumption can be compared against the range of estimated intakes of exogenous
bovine milk-derived lactoferrin that occur from consumption of lactoferrin-treated beef.
In the following table, the range of 50" percentile intakes of exogenous bovine milk-
derived lactoferrin are all within the range of estimated background exposures to
naturally occurring endogenous lactoferrin across all population groups of interest. There
are, of course, uncertainties in both the endogenous and exogenous estimates because of
the assumptions that must be used to derive these values; in particular, the estimated
intake of exogenous lactoferrin is expected to be conservatively high. Therefore, given
the inherent uncertainties in both endogenous and exogenous lactoferrin intake estimates,
the intended use of bovine milk-derived lactoferrin as an antimicrobial treatment on beef
carcasses will not result in a significant, measurable increase in lactoferrin intake relative
to current background exposures from consumption of untreated beef.
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Estimated Background Lactoferrin Intakes versus
Estimated 50" and 90" Percentile Intakes of Bovine Milk-Derived Lactoferrin
from Lactoferrin-Treated Beef Carcasses

Estimated Intake of
Bovine Milk-Derived Lactoferrin
. N3
Estimated (ug/oceasion)
Population Group Range of Background R
Lactoferrin Intake h ange Of_ t}llange °f_
(1g/occasi On)l 50 Pel.'centlle 90 Pel.'centlle
Lactoferrin Intakes Lactoferrin Intakes
Scenario 1*: | Scenario 23: | Scenario 1: Scenario 2:
Equal Unequal Equal Unequal
Lactoferrin Lactoferrin Lactoferrin Lactoferrin
Distribution Distribution Distribution Distribution
Infants, <1y <0.1t0 8 5 2 14 20
Infants, 1y <0.1t012 5 6 20 35
Children, 2-5 y 0.1t0 14 7 10 24 44
Children, 6-12 y 0.2t0 19 9 12 31 62
Teenagers, 13-19 y 0.21t026 11 15 44 76
Adults, 20+ y 0.3 to 30 16 16 50 76

w

DATA SOURCE: 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII) and Food Commodity Intake Database
(USDA 2000, USEPA 2000)

NOTES: Breastfeeding infants and children were excluded from the analyses. Analyses were limited to individuals who provided 2-
days of recall data. Estimates were generated with USDA sample weighting factors to adjust for differences in representation of
subpopulations.

The range of background lactoferrin ntakes is represented by the 10 and 90" percentiles of endogenous lactoferrin consumption from
beef; values correspond to the 10™ and 90" percentiles of beef consumption (g per occasion) multiplied by 193 ng bovine neutrophil
lactoferrin per g beef (ppb), respectively. See text for further discussion of lactoferrin concentration derivation.

In Scenario 1, the concentration of bovine milk-derived lactoferrin 1s assumed to be equally distrnibuted throughout the treated beef
carcass; this exogenous lactoferrin concentration is 320 ng per g (ppb) beef. Values comespond to the 50 or 90™ percentile of beef
consumption (g per occasion) multiplied by 320 ng bovine milk-derived lactoferrin per g (ppb) beef See text for further discussion of
lactoferrin concentration derivation.

In Scenario 2, the concentration of bovine milk-derived lactoferrin 1s assumed to be unequally distributed throughout the treated beef
carcass; the exogenous lactoferrin concentration 1 boxed beef is 82 ng per g (ppb) beef, while the exogenous lactoferrin concentration
in trim/grind 1s 726 ng per g (ppb) beef. Values correspond to the 50" or 90™ percentile of exogenous lactoferrin intake (g per occasion).
For each beef-eating occasion, the amount of exogenous lactoferrin consumed was calculated by taking the sum of exogenous lactoferrin
intake by type of beef (i.e., 82 ng bovine milk-derived lactoferrin per g (ppb) boxed beef added to 726 ng bovine milk-derived
lactoferrin per g (ppb) trim/grind). See text for further discussion of lactoferrin concentration derivation.

¢ Bovine milk-derived lactoferrin has been consumed by humans for thousands
of years as a naturally occurring protein found in milk. Current sources of
lactoferrin in the U.S. diet include milk proteins naturally occurring in milk
and milk products, and whey proteins added to foods throughout the food
supply in the form of whey products. Milk proteins and whey proteins contain
approximately 0.03 g and 1.4 g lactoferrin per 100 g, respectively. Estimates
of the per capita lactoferrin intake from milk proteins in dairy products were
added to the estimated per capita lactoferrin intake from whey products.
These estimates of intake of lactoferrin from both dairy sources and whey
protein added to food indicate that background lactoferrin exposure can be as
high as 100 mg per person per day. These estimated intakes of bovine
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lactoferrin from dairy products and whey products added to food demonstrate
the very high background dietary exposure to lactoferrin relative to the typical
lactoferrin intake that could potentially result from the use of lactoferrin as an
antimicrobial treatment on beef carcasses. These dietary exposure estimates
from dairy products and whey proteins provide some context in evaluating the
very small intakes that would result from the proposed use of lactoferrin on
beef carcasses.

¢ Bovine milk-derived lactoferrin is a minor cows’ milk allergen. Among
individuals with documented cows’ milk allergy, under 50 percent have IgE
antibody binding to lactoferrin. However, the fact that: 1) milk-derived and
beef-derived lactoferrin are allergenically equivalent, 2) beef allergies are
uncommon and no evidence exists whether or not lactoferrin is an allergen in
beef, and 3) the proposed use of bovine milk-derived lactoferrin on beef
carcasses is not expected to significantly increase typical lactoferrin exposures
from meat consumption above background, makes the likelihood of an
allergic reaction from the use of bovine milk-derived lactoferrin as an
antimicrobial spray on beef carcasses very low.

e The lowest dose that elicits an observable allergic reaction in sensitized
individuals exposed to well-recognized food allergens such as peanuts, eggs,
and cows’ milk (standardized on protein content) appear to be in the low
milligram range or higher for most individuals with allergies to these
particular foods, while estimated intakes of bovine milk-derived lactoferrin
under its intended conditions of use described in this document are in the low
microgram range, a number of orders of magnitude lower than the elicitation
threshold for peanuts, eggs, and cows’ milk in the vast majority of sensitized
individuals. Therefore, the possibility that lactoferrin would elicit an allergic
reaction in any individuals at the estimated levels of ingestion described in
this document is unlikely.

General Recognition of the Scientific Basis for Determination of Safety of Bovine
Milk-Derived Lactoferrin

The information reviewed and employed to determine the GRAS status of bovine
milk-derived lactoferrin for use as an antimicrobial spray to treat beef carcasses, as
described in this document, is based on pertinent studies and data provided by aLF
Ventures, or identified in literature searches conducted through online bibliographic
retrieval systems, including Medline® and Dialog®. The scientific data and information
on which the safety determination is based are available in the published literature or are
otherwise publicly available to experts qualified by training and experience to evaluate
the safety of food and food additives. Thus, the data reviewed meet the general
recognition element required for all GRAS determinations.
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The key scientific components of the assessment as to whether labeling should be
required for the GRAS status of bovine milk-derived lactoferrin applied only to beef
carcasses are: 1) a determination that exogenous lactoferrin exposure (resulting from its
application onto beef carcasses) is estimated to be in the same range as existing
background lactoferrin exposures from naturally occurring endogenous lactoferrin in
beef, and 2) a determination that this potentially small incremental increase in lactoferrin
exposure is safe (i..e., there is no reasonable expectation that bovine milk-derived
lactoferrin will become an allergen under the conditions of its intended use).

Publicly available, peer-reviewed literature indicate that bovine milk and tissue
(neutrophil) lactoferrins appear to be products of the same gene and possess identical
polypeptide chains, any differences between them being limited to the attached glycans.
Analogy to human lactoferrin suggests that these differences are unlikely to affect protein
function. With regard to the question of potential allergic responses, all immunological
reactions to lactoferrin so far reported are to the polypeptide chain and not to the glycan.

Furthermore, glycosylation has been investigated for possible cross-reactivity that
may exist in some patients between pollen and food allergens and rather thoroughly for
its impact on the IgE-binding to pollen allergens. The cross-reactive carbohydrate
determinants do not appear to have any clinical significance because in the case of
patients with pollen and food allergies, such IgE reactive to these determinants has been
found in both symptomatic and asymptomatic individuals. Thus, if these results can be
extrapolated to lactoferrin, differences in glycosylation are unlikely to result in
differences in the potential of these proteins to elicit allergic reactions. Therefore, there
appears to be no reason to conclude that residual milk-derived lactoferrin potentially
found in lactoferrin-treated beef carcasses will be any more prone to inducing allergic
responses than would endogenous lactoferrin found naturally in beef carcass muscle
tissue.

In order to assess the impact that the spraying of lactoferrin on beef carcasses
could potentially have on total lactoferrin exposure from beef consumption, the potential
intake of lactoferrin from exogenously applied lactoferrin was calculated employing
several worst-case assumptions. This estimated intake of exogenous lactoferrin was
compared to lactoferrin intake resulting from endogenous levels found naturally in beef.
This comparison shows that the estimated intake of bovine milk-derived lactoferrin from
its intended use as an antimicrobial spray on beef carcasses (employing several worst-
case assumptions) is comparable to an individual’s estimated background exposure to
lactoferrin found endogenously in beef. Thus, the intended use of bovine milk-derived
lactoferrin would not be expected to result in any substantive increase in total lactoferrin
exposure from consumption of beef products

Thus, for this specific use of bovine milk-derived lactoferrin as a carcass spray,

the beef carcass itself already contains a naturally occurring background level of the
substance. Consumers who eat beef are already being exposed to lactoferrin, and the
estimated typical exposure from the proposed exogenous source of lactoferrin falls within
this normal background range of intake. Thus, this is not a situation where a new, foreign
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substance is being added to food, but rather where there is only an insignificant addition
of a substance already present.

Rather little scientific and clinical information exist to document whether bovine
milk-derived lactoferrin is a cows’ milk allergen. While there 1s some evidence to
suggest that bovine milk-derived lactoferrin is a minor cows’ milk allergen, the existing
information is difficult to interpret because of methodological problems in the manner in
which much of the data were collected.

Certainly, no argument exists that the major cows’ milk allergens in IgE-mediated
cows’ milk allergy are casein, B-lactoglobulin, and a-lactalbumin (Besler et al. 2002;
Sharma et al. 2001; Wal 1998; Wal et al. 2001). Several clinical investigators have
demonstrated that some cows’ milk-allergic individuals have IgE antibodies directed
against lactoferrin (Baldo 1984; Businco et al. 2000; Host et al. 1992; Wal et al. 1995;
Wal 1998; Wal et al. 2001). However, the vast majority of these milk-allergic infants
displayed IgE antibodies to one or more of the major cows’ milk allergens in addition to
lactoferrin. Wal (1998) appears to have identified two milk-allergic infants out of 92
studied (2.2%) who were mono-sensitized to lactoferrin only. However, the clinical
significance of this observation is unclear because the study does not indicate if these or
other infants in the study had received blinded oral challenges to document their milk
allergies. Without confirmation by oral challenge, the evaluation of specific IgE
antibodies in patient serum can be clinically meaningless and misleading. Furthermore,
in studies where quantitative estimates were obtained of the levels of specific IgE
antibodies to lactoferrin (Wal et al. 1995; Wal 1998), the levels of anti-lactoferrin IgE
antibodies were far lower than the levels of specific IgE antibodies to the major milk
allergens in the vast majority of the patients.

Milk-allergic patients seem to occasionally have IgE antibodies directed at other
minor milk proteins (Baldo 1984); the clinical significance of the presence of these
antibodies is unknown. To demonstrate that bovine milk-derived lactoferrin is a
clinically significant milk allergen, patients who were challenge-positive to milk
ingestion would have to demonstrate specific IgE antibodies to bovine milk-derived
lactoferrin (and possibly other milk proteins), positive skin prick tests to bovine milk-
derived lactoferrin, and positive oral challenges to bovine milk-derived lactoferrin. Such
information does not exist to unequivocally demonstrate whether or not bovine milk-
derived lactoferrin is a human allergen.

The presence of lactoferrin in beef primarily arising from its presence in bovine
neutrophils has been clearly documented. Furthermore, bovine neutrophil lactoferrin is
very similar, structurally and functionally, to bovine milk-derived lactoferrin. However,
even given the presence of lactoferrin in beef, allergic reactions to beef are comparatively
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rare and are usually relatively mild, with bovine serum albumin (“BSA”) most often
associated with these reactions (Fiocchi et al. 1995; Werfel et al. 1997). Thus, the
evidence suggests that bovine neutrophil lactoferrin is not an allergen in beef.

Studies in Brown Norway rats conducted by the British Industrial Biological
Research Association (“BIBRA”) in the U.K. indicate that lactoferrin can induce IgE
responses in these rats when injected intraperitoneally (Atkinson and Miller 1994; Miller
et al. 1998). However, this particular Brown Norway rat model is not appropriate for the
prediction of human responses to ingestion of lactoferrin or other proteins. First, this
model has not been validated. It does not discriminate between allergenic and non-
allergenic proteins. No protein ever tested in this model with intraperitoneal injection has
been shown to be negative. Therefore, the predictive value of these studies is essentially
zero. In further studies with the Brown Norway rat using oral exposures, the ability of
lactoferrin to induce an IgE response was much weaker and similar to BSA, another milk
protein that is also not a particularly significant milk allergen (Meredith and Atkinson
2000; Meredith and Atkinson 2001). This result raises even further questions regarding
the initial observations obtained with intraperitoneal injections.

In addition, based on what is currently known regarding the lowest dose that
elicits an allergic response in sensitized individuals exposed to several common (and
fairly potent) allergenic foods , the estimated intakes of bovine milk-derived lactoferrin
resulting from its intended use as an antimicrobial spray on beef carcasses, as described
in this document, are below any of these doses. Furthermore, the likelihood of an allergic
response due to exposure to bovine milk-derived lactoferrin at these low levels is even
more remote when one considers that there are likely to be few (if any) lactoferrin-
sensitized individuals in the population. Thus, the possibility that lactoferrin would elicit
an allergic reaction in any individuals at the estimated levels of ingestion described in this
document is unlikely.

Taylor et al. (2002) reported the results of a roundtable conference between
twelve clinical allergists who were invited to share existing data on threshold doses for
allergenic foods in human subjects already sensitized to the food. In this paper, the
investigators stated:

“...sufficient results are available to conclude that the threshold doses for
commonly allergenic foods are finite, measurable, and above zero.
However, attempting to reach consensus on the threshold doses for peanut,
egg, cows’ milk, fish, and mustard on the basis of the existing data would
probably be premature for a number of reasons.”
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According to the authors, the primary reason for not estimating a threshold dose on the
basis of the available data is that the no-observed-adverse-effect level (“NOAEL”) was
not established for the vast majority of the human subjects involved in these trials.
Instead, the “lowest provoking dose” for each individual patient was determined. This
dose corresponds to the lowest-observed-adverse-effect level (“LOAEL”), rather than the
NOAEL. However, even though threshold doses were not specifically established in this
paper due to uncertainties regarding what (if any) safety factors to apply, the tabulated
results suggest that the lowest dose that elicits an allergic response in sensitized
individuals exposed to peanuts, eggs, and cows’ milk (standardized on protein content)
appear to be in the low milligram range or higher for most individuals with allergies to
these particular foods. Of course, allergenic foods like peanuts, eggs, and milk contain
mixtures of proteins while bovine milk-derived lactoferrin is an isolated protein.
Threshold doses for an individual, isolated allergenic protein from a food (e.g. casein
from milk) could be lower than the threshold dose for the whole food. However,
lactoferrin is not an acknowledged milk allergen so this concern is probably hypothetical
in this case.

The estimated intakes of bovine milk-derived lactoferrin resulting from its
intended use on beef carcasses, are 76 pg or less, lower than the lowest dose (i.e., 1 mg)
that elicited an objective allergic reaction in any sensitized individual exposed to peanuts,
eggs, or cows’ milk, as the whole food, in the study reported by Taylor et al. (2002)
Moreover, the likelihood of an allergic response due to exposure to bovine milk-derived
lactoferrin at these low levels is even more remote when one considers that there are
likely to be few (if any) lactoferrin-sensitized individuals in the population.

Therefore, bovine milk-derived lactoferrin is not a well-established cows’ milk or
beef allergen, and there is no reason to believe that it will become an allergen under the
conditions of use described in this document.

Conclusions

Bovine milk-derived lactoferrin has not been established as a cows’ milk or beef allergen,
and there is no reason to believe that it will become an allergen under the conditions of
use described in this document. Scientific consensus exists for this determination since
bovine milk-derived lactoferrin is already a naturally-occurring component of food, the
level of ingestion of the component in food is not increased significantly above the range
of intakes derived from naturally occurring sources of the component, the allergenicity of
the component has not been firmly established, and there is consensus that thresholds for
allergens do exist. Therefore, there can be no justification for requiring labels on foods
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containing beef from carcasses treated with bovine milk-derived lactoferrin to state that
. fact on the label.
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Expert Panel Consensus Statement

In conclusion, the undersigned group of scientific experts, qualified by scientific
training and experience to evaluate the safety of food and food additives, agree that
bovine milk-derived lactoferrin, used as a component (at not more than two percent by
weight) of an antimicrobial spray electrostatically applied to raw beef carcasses (at a
concentration of lactoferrin of 2% or less in the formulation and not to exceed 0.20 ml of
formulation per kg beef, followed by lactic acid rinsing) to yield a final residual amount
of bovine milk-derived lactoferrin of less than 800 ng per g of beef (800 ppb), is
determined to be GRAS without the requirement of labeling of food products produced
from carcasses so treated. The two key components of the assessment as to why labeling
should not be required for the GRAS status of bovine milk-derived lactoferrin applied to -
beef carcasses are: 1) a determination that exogenous lactoferrin exposure from typical
beef consumption (resulting from its application to beef carcasses) is in the range of
existing background exposures due to endogenous lactoferrin levels found naturally in
beef, and 2) a determination that this potentially small incremental increase in lactoferrin
exposure is safe (i.e., there is no reasonable expectation that bovine milk-derived
lactoferrin will become an allergen under the conditions of its intended use).

Steve Taylor, Ph.D.

Professor and Head

Department of Food Science and Technology
University of Nebraska-Lincoln

Institute of Agriculture and Natural Resources
143 H.C. Filley Hall, East Campus

Lincoln, NE 68583-0919

Phone: 402-472-5302
Sitaylor@uninotes.unl.edu

Signature:

Date:
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Expert Panel Consensus Statement

In conclusion, the undersigned group of scientific expetts, qualified by scientific
training and experience to evaluate the safety of food and food additives, agree that
bovine milk-derived lactoferrin, used a8 a component (at not more than two percent by
weight) of an antimicrobial spray electrostatically applied to raw beef carcasses (at a
concentration of lactoferrin of 2% or less in the formulation and not to exceed 0.20 ml of
formulation per kg beef, followed by lactic acid rinsing) to yield a final residual amount
of bovine milk-derived lactoferrin of less than 800 ng per g of beef (800 ppb), is
determined to be GRAS without the requirement of labeling of food products produced
from carcasses so treated. The two key components of the assessment as to why labeling
should not be required for the GRAS status of bovine milk-derived lactoferrin applied to
beef carcasses arc: 1) a dotermination that exogenous lactoferrin exposure from typical
beef consumption (resulting from its application to beef carcasses) is in the range of
existing background exposures due to endogenous lactoferrin levels found naturally in
beef, and 2) a determination that this potentially small incremental increase in lactoferrin
exposure is safe (i.¢., there is no reasonable expectation that bovine milk-detived
lactoferrin will become an allergen under the conditions of its intended use).

Steve Taylor, Ph.D.

Professor and Head

Department of Food Science and Technology
University of Nebraska-Lincoln

Institute of Agriculture and Natural Resources
143 H.C. Filley Hall, Bast Campus

Lincoln, NE 68583-0919

Phone: 402-472-5302

§1taylor@un1notes.unl.§du
Signature:
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Expert Panel Coasensus Statement

In conclusion, the undersigned group of scientific experts, qualified by scientific training
and experience to evaluate the safety of food and food additives, agree that bovine milk-derived
lactoferrin, used as a component (at not more than two percent by weight) of an antimicrobial
spray clectrostatically applied to raw beef carcasses (at a concentration of lactoferrin of 2% or
less in the formulation and not to exceed 0.20 mi of formulation per kg beef, followed by lactic
acid rinsing) to yicld a final residual amount of bovine milk-derived lactoferrin of less than 800
ng per g of beef (800 ppb), is determined to be GRAS without the requirement of labeling of
food products produced from carcasses so treated. The two key components of the assessment as
to why labeling should not be required for the GRAS status of bovine milk-derived Jactoferrin
applied to beef carcasses are: 1) a determination that exogenous lactoferrin exposure from typical
beef consumption (resulting from its application to beef carcasses) is in the range of existing
background exposures due to endogenous lactofersin levels found naturally in beef, and 2) a
determination that this potentially small incremental increase in lactoferrin exposure is safe (i.e.,
there is no reasonable expectation that bovine milk-derived lactoferzin will become an allergen
under the conditions of its intended use).

Lanny J. Rosenwasser, M.D.

National Jewish Medical Research Center
Head of Allergy

1400 Jackson Street

Denver, CO 80206

Phone: 303-398-1656

asserL{Anic.or.

Signature:

.
Dae: sz fo3,

000031



May 14 2003 9:53AM ALF VENTURES (801)961-1031 pP.

Maw 12 03 01:S83p Bo Lonnerdal S307S23S64 p.2

| J

Expert Panel Consensus Statement

In conclusion, the undersigned group of scientific experts, qualified by scientific training
and experience to evaluate the safety of food and food additives, agree that bovine milk-derived
lactoferrin, used as a component (at not more than two percent by weight) of an antimicrobial
spray electrostatically applied to raw beef carcasses (at a concentration of lactoferrin of 2% or
less in the formulation and not to exceed 0.20 ml of formulation per kg beef, followed by lactic
acid rinsing) to yield a final residual amount of bovine milk-derived lactoferrin of less than 800
ng per g of beef (800 ppb), is determined to be GRAS without the requirement of labeling of
food products produced from carcasses so treated. The two key compenents of the assessment as
to why labeling should not be required for the GRAS status of bovine milk-derived lactoferrin
applied to beef carcasses are: 1) a determination that exogenous lactoferrin exposure from typical
beef consumption (resulting from its application to beef carcasses) is in the range of existing
background exposures due to endogenous lactoferrin levels found naturally in beef, and 2) a
determination that this potentially small incremental increase in lactoferrin exposure is safe (ie.,
there is no reasonable expectation that bovine milk-derived lactoferrin will become an allergen
under the conditions of its intended use).

Bo Lonnerdal, Ph.D.

Professor of Nutrition and Intermal Medicine
University of California

Department of Nutrition

One Shields Avenue

Davis, CA 95616

Phone: 530-752-8347
Bllonnerdal(@ucdayis, edu

Signature:

Date: Mh? /Z 8003
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Expcrt Panel Consensus Statement

In conclusion, the undersigned group of scientific experts, qualified by scientific training
and experience to evaluate the safety of food and food additives, agree that bovine milk-derived
lactoferrin, used as a component (at not more than two percent by weight) of an antimicrobial
spray electrostatically applied (o raw beef carcasses (at a concentration of Iactoferrin of 2% or
less in the formulation and not to exceed 0.20 mi of formulation per kg beef, followed by lactic
acid rinsing) to yield a final residual amount of bovine milk-derived lactoferrin of less than 800
ng per g of beef (800 pph), is determined to be GRAS without the requirement of labeling of
food products produced from carcasses so treated. The two key components of the assessment as
to why labeling should not be rcquired for the GRAS status of bovine milk-derived lactoferrin
applicd to beef carcasses are: 1) a determination that exogenous lactoferzin exposure from typical
beef consumption (resulting from its application to beef carcasses) is in the range of existing
background exposurcs due to endogenous Jactoferrin levels found naturally in beef, and 2) a
deterinination that this potentially small incremental increase in lactoferrin exposure is safe (i.e.,
there is no reasonable expectation that bovine milk-derived lactolerrin will become an allergen
under the conditions of its intended usc).

.ﬁ Jeremy Brock, Ph.D.

. Honorary Senior Research Fellow
University of Glasgow
Department of Immunology
Western Infirmary
Dumbarton Road
Glasgow, UK G11 6NT
Phone: +44-1412-112251

i-h.brock@clinmed.gla.ac.uk
Signature;
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Expert Pauel Consensus Statement

In conclusion, the undersigned group of scientific cxperts, qualified by scientific
waining and experience fo cvaluate tho safoty of food and od additives, agree that
bovinc milk-derived lactoferrin, used as a component (at not more than two percent by
weight) of an antimicrobial spray electrostatically apphied to raw beef carcasses (al a
concentration of lactoferrin of 2% or less in the formulation and not to exceed 0.20 m) of
formulation per kg beef, followed by lactic acid riasing) to yield & fina) residual amount
of bovine milk-derived lactoferrin of lecs than 800 ng per g of beef (800 pph), is
determined to be GRAS without the requirement of labeling of food products produced
from carcasses so treated. The two key components of the asscssment as to why labeling
should not be required for the GRAS status of bovine milk-derived lactoferrin applied to
beef carcasses are: 1) & determination that exogenous lactoferrin sxposure from typical
beef consumption (resulting from its application to beef carcasses) is in the range of
existing background exposures due 10 endogenous lactoferrin levels found naturally in
beef, and 2) a determination that this potentially small incremental increase in lactoferrin
exposure ia safe (i.c., there is no reasonable expectation that bovine wilk-derived
lactofertin will become an allesgen under the conditions of its intended use).

Scott H. Sicherer, MD

Assistant Professor of Pediatrice
Department of Pediatrics

Mount Sinai School of Madicine

Jaffe Faod Allergy Institute

Mount Sinai Schoo) of Medicine, Box 1198
One Gustave L. Levy Place

New York, NY 10029

Phone: 212-241-5548
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Expert Pane) Consensus Statemont

In conclusion, the undersigned group of scictific experts, qualified by scientific training
and experience to evaluatc the safety of food and food additives, agree that bovine milk-derived
lactoferrin, used as a component (8t not more than two percent by weight) of an antimicrobial
spray electrostatically applied to raw beef carcasses (at a conceniration of lactoferyin of 2% or
less in the formulation and not to exceed 0.20 m of formulation per kg beef, followed by lactic
acid rinsing) to yieid a final residual amount of bovine milk-derived lactoferrin of less than 800
ng per g of beef (800 ppb), i1s determined to be GRAS without the requiroment of labeling of
food praducts produced from carcasses so treated. The two key components of the assessment as
to why labeling should not be required for the GRAS status of bovine milk-derived lactoferrin
applied to bee! carcasses are: 1) a dstormination thet exogenous lactoferrin exposure from typical
beef consumption (resulting from its epplication to beef carcasses) is in the range of existing
background exposures due fo endogenous lactoferrin levels found nuturally in beef, and 2) a
determination that this patentially small incremente) increase in lactoferrin exposure is safe (i.e.,
there is no reasonable expectation thas bovine milk-derived lactoferrin will become an allergen
under the conditions of its intended use).

Hugh A, Sampson, MD

Kurt Hirsohhom Prafessor of Pediatrics

Director, Jaffe Food Allergy Institute

Division Chiof, Pediatric Allergy and Immunology
Director, General Clinical Resoarch Unit

Mount Sinei Schoo) of Medicine

One Gustave L. Levy Place

New York, NY 10029

Phone: 212-24)-5548

Hugh.sampgon@msgm.cdu
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APPENDIX I

Three Studies Conducted by
National Beef to Measure
Endogenous Levels of
Lactoferrin in Beef
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‘ Determination of Endogenous Levels of Lactoferrin in Beef

Project: NT(02)-38A
Scientist in charge: Joe Tulpinski
Date Completed: 9/5/02
PROTOCOL

LF detection by an ELISA method:
ELISA is a sensitive method for the detection of lactoferrin in biological systems
‘(Adonogianaki, et al., 1996; Hetherington et al., 1983). An ELISA assay kit for the
detection of bovine lactoferrin (LF) was purchased from the Bethyl Laboratories
(Montgomery, TX) and performed according to the manufacturers instructions, bneﬂy as
follows:
e A 0.1 ml volume of capture antibody i.e. goat anti- bovme LF-IgG diluted in 0.05 M-
carbonate-bicarbonate buffer, pH 8.0, was added to coat each well of the 96-wells of
a microtiter plate (Nunc MaxiSorp C bottom module). An overnight incubation was
allowed to attain maximum binding of the capture antibody to the polystyrene wells.
e A 0.1 ml volume of dilutions of bovine LF standards or test samples (with unknown
LF levels) were prepared in TBS-tween (50 mM Tris, 0.14 M NaCl, 0.05% Tween
20, pH 8.0) containing 1% bovine serum albumin, was added to assigned wells. Plates
were incubated at 37°C for 2-h to allow maximum antigen-antibody interaction.
e Wells were washed thoroughly for four times with TBS-tween.
‘ ¢ A 0.1 ml volume of an enzyme-linked antibody i.e. goat anti-bovine LF-IgG
conjugated to horseradish peroxidase (HRP) prepared in TBS-tween was added to the
. wells and the reaction was allowed for 2-h at 37°C.
¢ The washing step was repeated as above.
Finaily, a 0.1 ml volume of TMB (3,3’,5,5° tetramethyl benzidine) enzyme substrate
solution (Bethy! Laboratories, Montgomery, TX) for HRP was prepared in added to
the wells. The enzymatic reaction was terminated within 5 to 15 min (based on
rapidity of color change) with 15 pl of 2N sulfuric acid.
e The color reaction was measured as absorbance at 450 nm wavelength using a
microplate reader (SpectraMax, Molecular Devices, Sunnyvale, CA).
e A standard curve for bovine LF was plotted using a commercial preparation of LF
protein (Lot. 10100395) from the DMV International, NY.
o Two-fold serial dilutions of LF ranging from 500 ng/ml to 7.8 ng/ml| are prepared in
- TBS-tween buffer containing 1% bovine serum albumin and the ELISA assay was
performed as described above.
¢ A standard curve was plotted using absorbance values versus dilutions of LF protein.
standard. An exponential plot of the standard curve yielded a R-squared value: 0.98
(See attached chart).
¢ For determination of LF levels in test samples, the color intensity of test samples
from ELISA were correlated against the standard curve.
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Test Samples:

Beef Round- Bottom Round Steak (sample size; n=4) was used to determine the
endogenous levels of LF. Beef was grounded, weighed out and placed in a stomacher bag
containing TBS (50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH 8.0). Meat was
. pummeled on high for 120 seconds. The fluid obtained after stomaching was collected
and used for LF analysis.

RESULTS
,Endogenous Levels of Lactoferrin: ,
Sample # Levels of LF (ng/g)
1 218.87
2 ‘ 196.80
3 173.99
4 219.23

Average amount of lactoferrin in beef as determined by ELISA method:

Average amount of LF (ng/g)
202.22 + 21.55

References:
1. Adonogianaki, E., J. Mooney and D. F. Kinane (1996). “Detection of stable and
active periodontitis sites by clinical assessment and gingival crevicular acute-
phase protein levels.” ] Periodontal Res 31(2): 135-43.
2. Hetherington, S. V., J. K. Spitznagel and P. G. Quie (1983). “An enzyme-lmked
. immunoassay (ELISA) for measurement of lactoferrin.” J Immunol Methods
65(1-2): 183-90.
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Determination of Endogenous Levels of Lactoferrin in Beef

Project: NT(02)-38B
Scientist in charge: Joe Tulpinski
Date Completed: 9/6/02
PROTOCOL

LF detection by an ELISA method:

ELISA is a sensitive method for the detection of lactoferrin in blologxcal systems
(Adonogianaki, et al., 1996; Hetherington et al., 1983). An ELISA assay kit for the
detection of bovine l‘actoferrin (LF) was purchased from the Bethyl Laboratories
(Montgomery, TX) and performed according to the manufacturers instructions, briefly as
follows:

e A 0.1 ml volume of capture antibody i.e. goat anti-bovine LF-IgG diluted in 0.05.M
carbonate-bicarbonate buffer, pH 8.0, was added to coat each well of the 96-wells of
a microtiter plate (Nunc MaxiSorp C bottom module). An overnight incubation was
allowed to attain maximum binding of the capture antibody to the polystyrene wells.

e A 0.1 ml volume of dilutions of bovine LF standards or test samples (with unknown
LF levels) were prepared in TBS-tween (50 mM Tris, 0.14 M NaCl, 0.05% Tween
20, pH 8.0) containing 1% bovine serum albumin, was added to assigned wells. Plates
were incubated at 37°C for 2-h to allow maximum antigen-antibody interaction.
Wells were washed thoroughly for four times with TBS-tween.

A 0.1 ml volume of an enzyme-linked antibody i.e. goat anti-bovine LF-IgG
conjugated to horseradish peroxidase (HRP) prepared in TBS-tween was added to the
wells and the reaction was allowed for 2-h at 37°C.

e The washing step was repeated as above.

¢ Finally, a 0.1 ml volume of TMB (3,3’,5,5 tetramethyl benzidine) enzyme substrate
solution (Bethy! Laboratories, Montgomery, TX) for HRP was prepared in added to
the wells. The enzymatic reaction was terminated within 5 to 15 min (based on
rapidity of color change) with 15 pl of 2N sulfuric acid.

o The color reaction was measured as absorbance at 450 nm wavelength using a
microplate reader (SpectraMax, Molecular Devices, Sunnyvale, CA).

¢ A standard curve for bovine LF was plotted using a commercial preparation of LF
protein (Lot. 10100395) from the DMV International, NY.

o Two-fold serial dilutions of LF ranging from 500 ng/ml to 7.8 ng/ml are prepared in
TBS-tween buffer containing 1% bovine serum albumin and the ELISA assay was
performed as described above.

¢ A standard curve was plotted using absorbance values versus dilutions of LF protein
standard. An exponential plot of the standard curve yielded a R-squared value: 0.97

~ (See attached chart).

o For determination of LF levels in test samples, the color intensity of test samples
from ELISA were correlated against the standard curve.
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Test Samples:

RESEARCH LABORATORY

Beef Round- Bottom Round Steak (sample size; n=4) was used to determine the.
endogenous levels of LF. Beef was grounded, weighed out and placed in a stomacher bag
containing TBS (50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH 8.0). Meat was
pummieled on high for 120.seconds. The fluid obtained after stomaching was collected

and used for LF analysis.

RESULTS

Endogenous Levels of Lactoferrin:

Sample # Levels of LF (ng/g)
1 168.23
2 198.52
3 192.36
4 178.52
Average amount of lactoferrin in beef as determined by ELISA method:
Average amount of LF (ng/g)
184.41 + 13.65

References:

1. Adonogianaki, E., J. Mooney and D. F. Kinane (1996). “Detection of stable and
active periodontitis sites by clinical assessment and gingival crevicular acute-
phase protein levels.” J Periodontal Res 31(2): 135-43.

2. Hetherington, S. V., J. K. Spitznagel and P. G. Quie (1983). “An enzyme-linked
immunoassay (ELISA) for measurement of lactoferrin.” J Immunol Methods

65(1-2): 183-90.
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Determination of Endogenous Levels of Lactoferrin in Beef

Project: NT(02)-38C

Scientist in charge: Joe Tulpinski

Date Completed: 9/11/02

PROTOCOL

LF detection by an ELISA method:

ELISA is a sensitive method for the detection of lactoferrin in biological systems

(Adonogianaki, et al., 1996; Hetherington et al., 1983). An ELISA assay kit for the
detection of bovine lactoferrin (LF) was purchased from the Bethyl Laboratories
(Montgomery, TX) and performed according to the manufacturers instructions, briefly as
follows:

A 0.1 ml volume of capture antibody i.e. goat anti-bovine LF-IgG diluted in 0.05 M
carbonate-bicarbonate buffer, pH 8.0, was added to coat each well of the 96-wells of
a microtiter plate (Nunc MaxiSorp C bottom module). An overnight incubation was
allowed to attain maximum binding of the capture antibody to the polystyrene wells.
A 0.1 ml volume of dilutions of bovine LF standards or test samples (with unknown
LF levels) were prepared in TBS-tween (50 mM Tris, 0.14 M NaCl, 0.05% Tween

20, pH 8.0) containing 1% bovine serum albumin, was added to assigned wells. Plates
were incubated at 37°C for 2-h to allow maximum antigen-antibody interaction.
Wells were washed thoroughly for four times with TBS-tween. ‘

A 0.1 ml volume of an enzyme-linked antibody i.e. goat anti-bovine LF-IgG
conjugated to horseradish peroxidase (HRP) prepared in TBS-tween was added to the
wells and the reaction was allowed for 2-h at 37°C.

The washing step was repeated as above.

Finally, a 0.1 ml volume of TMB (3,3",5,5’ tetramethyl benzidine) enzyme substrate
solution (Bethyl Laboratories, Montgomery, TX) for HRP was prepared in added to
the wells. The enzymatic reaction was terminated within 5 to 15 min (based on
rapidity of color change) with 15 pl of 2N sulfuric acid.

The color reaction was measured as absorbance at 450-nm wavelength using a
microplate reader (SpectraMax, Molecular Devices, Sunnyvale, CA).

A standard curve for bovine LF was plotted using a commercial preparation of LF
protein (Lot. 10100395) from the DMV International, NY.

Two-fold serial dilutions of LF ranging from 500 ng/ml to 7.8 ng/ml are prepared in
TBS-tween buffer containing 1% bovine serum albumin and the ELISA assay was -
performed as described above. |

A standard curve was plotted using absorbance values versus dilutions of LF protein
standard. An exponential plot of the standard curve yielded a R-squared value: 0.99
(See attached chart). : :

For determination of LF levels in test samples, the color intensity of test samples
from ELISA were correlated against the standard curve. -
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Test Samples:
Beef Round- Bottom Round Steak (sample size; n=4) was used to determine the

endogenous levels of LF. Beef was grounded, weighed out and placed in a stomacher bag
containing TBS (50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH 8.0). Meat was
pummeled on high for 120 seconds. The fluid obtained after stomaching was collected
and used for LF analysis.

RESULTS
Endogenous Levels of Lactoferrin:
Sample # Levels of LF (ng/g)
1 178.64
2 195.23
3 205.84
4 186.54

Average amount of lactoferrin in beef as determined by ELISA method:

Average amount of LF (ng/g)
191.56 + 11.68

" References:

1. Adonogianaki, E., J. Mooney and D. F. Kinane (1996). “Detection of stable and
active periodontitis sites by clinical assessment and gingival crevicular acute-
phase protein levels.” J Periodontal Res 31(2): 135-43. '

2. Hetherington, S. V., J. K. Spitznagel and P. G. Quie (1983). “An enzyme-linked
immunoassay (ELISA) for measurement of lactoferrin.” J Immunol Methods
65(1-2): 183-90.
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Measurement of exogenous lactoferrin levels on beef surface

Project: NT(02)-39A
Scientist in charge: Joe Tulpinski
Date Completed: 9/5/02
PROTOCOL

The surface levels of lactoferrin was measured by an ELISA method when applied
exogenously by an electrostatic spray system and washed through a meat processing simulation
system according to the following protocol.

Carcass Wash using the Meat Processing Simulation (MPS) system:

MPS system. The equipment consists of a spray-, process- and drain-unit. The spray-unit
has six fluid tanks of 7.6-liter capacity, connected to six separate magnetic drive (seal-less) fan
cooled sanitary/chemical solution pumps (1/25 HP, 10.6 L/min, from March Manufacturing Inc.,
Glenview, IL). One of the fluid tanks has a built*in heating element to deliver hot water,
maximum to 190°F.

The process-unit is a cabinet (72” L x 16” W x 12” H) with a safety view glass ceiling. It
has a loading chamber, five pause chambers and six spray chambers (8L x 8”W x 12”H). A
drive chain passes through the center of all the twelve chambers. The chain consists of a loading
trolley with a removable stainless steel cassette and spaced with six timing tabs. Inside all the
spray chambers, two adjustable spray nozzles (140° angle, 7.2 L/min) were located on both sides
of the drive chain to deliver a circular stream of liquid towards the middle center of the loading
trolley. '

The drain-unit is a secured compartment located under the process-Unit. All the six spray
chambers are individually hosed to collect the wash-effluent into 500-ml borosilicate bottles. The
rest of the chambers are jointly hosed to drain into an effluent basin (72” L x 16” W x 3”H).

A programmable logic controller (PLC from Allen-Bradley, Milwaukee, WI) encased in
a stainless-steel box, digitally controls the MPS system. The PLC is interfaced
via a message view terminal. The operator can program the spray/pause processing time, and
run-cycle (test or sanitary flush), as required. The MPS system washes the meat according to
specific washing steps. The following simulated steps are comparable to that of real-time
sanitizing assembly of a meat processing plant:

Step Function Time Spray volume | Comments

Sample Loading ' Meat (12x12 cm) loaded.

1 Cold water spray 10-sec 125-mL Pre-evicery wash step
Process pause 10-sec

2 Lactic acid spray 10-sec 125-mL Pre-evicery 2% acid rinse
Process pause 10-sec-

3 Hot water spray 20-sec 250-mL 180°F wash (DI water)
Process pause 10-sec :

4 Cold water spray 10-sec 125-mL Carcass rinse

5 Lactoferrin Spray | 2-10 sec 2-10mL Application by ESS

6 Lactic acid spray 10-sec 125-mL Final 2% acid rinse
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Lactoferrin application by Electro-static Spray (ESS) system:

' The ESS system is a pressure and charge driven instrumentation for application of
lactoferrin onto a meat surface. The electrical current for the applications of the LF ranges
between 5 pdcA and 15 pdcA. Pressure on the ESS from an electrical air compressor is

- approximately 50 psi. The ESS was setup to deliver LF at an application rate of 1 mL/sec. This
application prototype was manufactured by the National Beef Packing Company (Dodge City,
KS). ESS is operated as follows:

e Meat sample after passing through Chamber-8 of the MPS system described above is
unhooked together with the sample loading cassette and place inside the positioning hooks of
the ESS system.

e Air compressor pressure is set to 120 psi and the tank pressure is adjusted to 100 psi.

e Air hose is attached to the air compressor and to the electrostatic spray box. Air pressure is
set on the electrostatic spray control box regulator to 45-55 psi.

LF is siphoned into the syringe which is attached to the ESS system for delivery.

Time of LF application is adjusted for each trial segment i.e. 2-, 4-, 6-, 8-, and 10-sec.

LF is applied on meat surface with the above settings. Fluid level and consistency of liquid
sprayed from ESS is monitored during the application process.

e Meat samples were either directly measured for the LF deposition or further processed
subjecting to an additional acid wash (Step-6) in the MPS system to measure residual (post-
wash) LF. An ELISA method, described below is used for the detection of LF on meat
surface.

LF detection by an ELISA method:

ELISA is a sensitive method for the detection of lactoferrin in biological systems
(Adonogianaki, et al., 1996; Hetherington et al., 1983). An ELISA assay kit for the detection of
bovine lactoferrin (LF) was purchased from the Bethyl Laboratories (Montgomery, TX) and
performed according to the manufacturers instructions, briefly as follows:

e A 0.1 ml volume of capture antibody i.e. goat anti-bovine LF-IgG diluted in 0.05 M
carbonate-bicarbonate buffer, pH 8.0, was added to coat each well of the 96-wells of a

‘microtiter plate (Nunc MaxiSorp C bottom module). An overnight incubation was allowed to

attain maximum binding of the capture antibody to the polystyrene wells.

"¢ A 0.1 ml volume of dilutions of bovine LF standards or test samples (with unknown LF
levels) were prepared in TBS-tween (50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH 8.0)
containing 1% bovine serum albumin, was added to assigned wells. Plates were incubated at
37°C for 2-h to allow maximum antigen-antibody interaction.

Wells were washed thoroughly for four times with TBS-tween.

A 0.1 ml volume of an enzyme-linked antibody i.e. goat anti-bovine LF-IgG conjugated to

horseradish peroxidase (HRP) prepared in TBS-tween was added to the wells and the

reaction was allowed for 2-h at 37°C.

o The washing step was repeated as above.

o Finally, a 0.1 ml volume of TMB (3,3",5,5” tetramethyl benzidine) enzyme substrate solutlon
(Bethyl Laboratories, Montgomery, TX) for HRP was prepared in added to the wells. The
enzymatic reaction was terminated within 5 to 15 min (based on rapidity of color change)
with 15 ul of 2N sulfuric acid.
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The color reaction was measured as absorbance at 450 nm wavelength using a microplate
reader (SpectraMax, Molecular Devices, Sunnyvale, CA).

A standard curve for bovine LF was plotted using a commercial preparatlon of LF protem
(Lot. 10100395) from the DMV International, NY.

Two-fold serial dilutions of LF ranging from 500 ng/ml to 7.8 ng/ml are prepared in TBS-
tween buffer containing 1% bovine serum albumin and the ELISA assay was performed as

described above.

e A standard curve was plotted using absorbance values versus dilutions of LF protein
standard. An exponential plot of the standard curve yielded a R-squared value: 0.98 (See

attached chart).

¢ For determination of LF levels in test samples, the color intensity of test samples from
ELISA were correlated against the standard curve.

Test Samples:

Beef Round- Bottom Round Steak (n=4 per each time point) was used for exogenous
application of LF on meat surface. Beef samples after LF application by ESS system either
directly measured for LF or subjected to a further processing and the residual (post-wash after
acid rinse) was measured by an ELISA. Briefly, A 50-cc sterile conical centrifuge tube (Coming)
containing 5 ml of TSB was pressed against the surface of the meat and agitated for 10-sec by
hand. Each tube covered an area of approximately 4.9 cm’. This wash liquid was tested for LF

levels.

Exogenous lactoferrrin levels on beef after application by ESS system

Time of Spray (sec) | Exogenous LF (ng/ cm®)
2 1562 + 43
4 1233 £ 51
6 1310 £ 47
8 2784 + 132
10 2827 + 62
Residual (post-wash) levels of exogenous lactoferrin after carcass wash
Time of Spray (sec) | Levels of LF detected (ng/ cm”) % LF washed-off the meat -
2 145 + 12 91
4 157 £ 11 87
6 225 +20 83
8 663 + 44 76
10 926+ 75 67
References:

1. Adonogianaki, E., J. Mooney and D. F. Kinane (1996). “Detection of stable and active
periodontitis sites by clinical assessment and gingival crevicular acute-phase protein
levels.” ] Periodontal Res 31(2): 135-43.

2. Hetherington, S. V., J. K: Spitznagel and P. G. Quie (1983). “An enzyme-linked
immunoassay (ELISA) for measurement of lactoferrin.” J Immunol Methods 65(1-2):

183-90.
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Measurement of exogenous lactoferrin levels on beef surface

Project: NT(02)-39B

_ Scientist in charge: Joe Tulpinski

Date Completed: 9/6/02
PROTOCOL

The surface levels of lactoferrin was measured by an ELISA method when applied
exogenously by an electrostatic spray system and washed through a meat processing simulation
system according to the following protocol.

Carcass Wash using the Meat Processing Simulation (MPS) system:

MPS system. The equipment consists of a spray-, process- and drain-unit. The spray-unit
has six fluid tanks of 7.6-liter capacity, connected to six separate magnetic drive (seal-less) fan
cooled sanitary/chemical solution pumps (1/25 HP, 10.6 L/min, from March Manufacturing Inc.,
Glenview, IL). One of the fluid tanks has a built-in heating element to deliver hot water,
maximum to 190°F.

The process-unit is a cabinet (72” L x 16” W x 12” H) with a safety view glass ceiling. It
has a loading chamber, five pause chambers and six spray chambers (8L x 8”W x 12°H). A
drive chain passes through the center of all the twelve chambers. The chain consists of a loading
trolley with a removable stainless steel cassette and spaced with six timing tabs. Inside all the
spray chambers, two adjustable spray nozzles (140° angle, 7.2 L/min) were located on both sides
of the drive chain to deliver a circular stream of liquid towards the middle center of the loading
trolley.

The drain-unit is a secured compartment located under the process-Unit. All the six spray
chambers are individually hosed to collect the wash-effluent into 500-ml borosilicate bottles. The
rest of the chambers are jointly hosed to drain into an effluent basin (72” L x 16” W x 3”H).

A programmable logic controller (PLC from Allen-Bradley, Milwaukee, WI) encased in
a stainless-steel box, digitally controls the MPS system. The PLC is interfaced
via a message view terminal. The operator can program the spray/pause processing time, and
run-cycle (test or sanitary flush), as required. The MPS system washes the meat according to

~ specific washing steps. The following simulated steps are comparable to that of real-time

sanitizing assembly of a meat processing plant:

Step Function Time Spray volume | Comments

Sample Loading Meat (12x12 c¢cm) loaded.

1 Cold water spray 10-sec 125-mL Pre-evicery wash step
Process pause 10-sec

2 Lactic acid spray 10-sec 125-mL Pre-evicery 2% acid rinse
Process pause 10-sec

3 Hot water spray 20-sec 250-mL 180°F wash (DI water)
Process pause . 10-sec

4 Cold water spray 10-sec 125-mL Carcass rinse

S Lactoferrin Spray | 2-10 sec 2-10mL Application by ESS

6 Lactic acid spray 10-sec 125-mL  -| Final 2% acid rinse
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Lactoferrin application by Electro-static Spray (ESS) system:

The ESS system is a pressure and charge driven instrumentation for application of
lactoferrin onto a meat surface. The electrical current for the applications of the LF ranges
between 5 pdcA and 15 pdcA. Pressure on the ESS from an electrical air compressor is
approximately 50 psi. The ESS was setup to deliver LF at an application rate of 1 mL/sec. This
application prototype was manufactured by the National Beef Packing Company (Dodge City,
KS). ESS is operated as follows:

e Meat sample after passing through Chamber-8 of the MPS system described above is
unhooked together with the sample loading cassette and place inside the positioning hooks of

- the ESS system.

e Air compressor pressure is set to 120 psi and the tank pressure is adjusted to 100 psi.

e Air hose is attached to the air compressor and to the electrostatic spray box. Air pressure is
set on the electrostatic spray control box regulator to 45-55 psi.

¢ LF is siphoned into the syringe which is attached to the ESS system for delivery.

Time of LF application is adjusted for each trial segment i.e. 2-, 4-, 6-, 8-, and 10-sec.

e LF is applied on meat surface with the above settings. Fluid level and consistency of liquid
sprayed from ESS is monitored during the application process.

e Meat samples were either directly measured for the LF deposition or further processed
subjecting to an additional acid wash (Chamber-9) in the MPS system to measure residual
(post-wash) LF. An ELISA method, described below is used for the detection of LF on meat
surface.

LF detection by an ELISA method:
ELISA is a sensitive method for the detection of lactoferrin in biological systems

(Adonogianaki, et al., 1996; Hetherington et al., 1983). An ELISA assay kit for the detection of
bovine lactoferrin (LF) was purchased from the Bethyl Laboratories (Montgomery, TX) and
performed according to the manufacturers instructions, briefly as follows:

¢ A 0.1 ml volume of capture antibody i.e. goat anti-bovine LF-IgG diluted in 0.05 M
carbonate-bicarbonate buffer, pH 8.0, was added to coat each well of the 96-wells of a
microtiter plate (Nunc MaxiSorp C bottom module). An overnight incubation was allowed to
attain maximum binding of the capture antibody to the polystyrene wells.

e A 0.1 ml volume of dilutions of bovine LF standards or test samples (with unknown LF
levels) were prepared in TBS-tween (50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH 8.0)
containing 1% bovine serum albumin, was added to assigned wells. Plates were incubated at
37°C for 2-h to allow maximum antigen-antibody interaction.

e Wells were washed thoroughly for four times with TBS-tween.

¢ A 0.1 ml volume of an enzyme-linked antibody i.e. goat anti-bovine LF-IgG conjugated to
horseradish peroxidase (HRP) prepared in TBS-tween was added to the wells and the
reaction was allowed for 2-h at 37°C.

o The washing step was repeated as above.

¢ Finally, a 0.1 ml volume of TMB (3,3°,5,5” tetramethyl benzidine) enzyme substrate solution
(Bethyl Laboratories, Montgomery, TX) for HRP was prepared in added to the wells. The
enzymatic reaction was terminated within 5 to 15 min (based on rapidity of color change)
with 15 ul of 2N sulfuric acid.
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e The color reaction was measured as absorbance at 450 nm wavelength using a microplate
reader (SpectraMax, Molecular Devices, Sunnyvale, CA).

e A standard curve for bovine LF was plotted using a commercial preparation of LF protein
(Lot. 10100395) from the DMV International, NY.

o Two-fold serial dilutions of LF ranging from 500 ng/ml to 7.8 ng/ml are prepared in TBS-
tween buffer containing 1% bovine serum albumin and the ELISA assay was performed as'
described above.

¢ A standard curve was plotted using absorbance values versus dilutions of LF protein
standard. An exponential plot of the standard curve yielded a R-squared value: 0.97 (See
attached chart).

¢ For determination of LF levels in test samples, the color intensity of test samples from

ELISA were correlated against the standard curve.

Test Samples:
Beef Round- Bottom Round Steak (n=4 per each time point) was used for exogenous

application of LF on meat surface. Beef samples after LF application by ESS system either
directly measured for LF or subjected to a further processing and the residual (post-wash after
acid rinse) was measured by an ELISA. Briefly, A 50-cc sterile conical centrifuge tube (Corning)
containing 5 ml of TSB was pressed against the surface of the meat and agitated for 10-sec by
hand. Each tube covered an area of approximately 4.9 cm?. This wash liquid was tested for LF
levels.

Exogenous lactoferrrin levels on beef after application by ESS .ggstem

Time of Spray (sec) Exogenous LF (ng/ cm b
2 1465 + 63
4 1564 £ 82
6 1881 £ 102
8 2183 +121
10 2659 £ 56
Residual (post-wash) levels of exogenous lactoferrin after carcass wash
Time of Spray (sec) Levels of LF detected (ng/ cm %) % LF washed-off the meat
2 211 + 11 86"
4 23115 85
6 338+22 82
8 853 £43 61
10 1046 + 77 : 61
References:

1. Adonogianaki, E., J. Mooney and D. F. Kinane (1996). “Detection of stable and active
periodontitis sites by clinical assessment and gingival crevicular acute-phase protein
levels.” J Periodontal Res 31(2): 135-43.

2. Hetherington, S. V., J. K. Spitznagel and P. G. Quie (1983). “An enzyme-linked
immunoassay (ELISA) for measurement of lactoferrin.” J Immunol Methods 65(1-2):
183-90.
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Measurement of exogenous lactoferrin levels on beef surface

Project: NT(02)-39C
Scientist in charge: Joe Tulpinski
Date Completed: 9/11/02
PROTOCOL

The surface levels of lactoferrin was measured by an ELISA method when applied
exogenously by an electrostatic spray system and washed through a meat processing simulation
system according to the following protocol.

Carcass Wash using the Meat Processing Simulation (MPS) system:

MPS system. The equipment consists of a spray-, process- and drain-unit. The spray-unit
has six fluid tanks of 7.6-liter capacity, connected to six separate magnetic drive (seal-less) fan
cooled sanitary/chemical solution pumps (1/25 HP, 10.6 L/min, from March Manufacturing Inc.,
Glenview, IL). One of the fluid tanks has a built-in heating element to deliver hot water,
maximum to 190°F.

The process-unit is a cabinet (72” L x 16” W x 12” H) with a safety view glass ceiling. It
has a loading chamber, five pause-chambers and six spray chambers (8L x 8”W x 12”H). A
drive chain passes through the center of all the twelve chambers. The chain consists of a loading
trolley with a removable stainless steel cassette and spaced with six timing tabs. Inside all the
spray chambers, two adjustable spray nozzles (140° angle, 7.2 L/min) were locatéd on both sides
of the drive chain to deliver a circular stream of liquid towards the middle center of the loading
trolley.

The drain-unit is a secured compartment located under the process-Unit. All the six spray
chambers are individually hosed to collect the wash-effluent into 500-ml borosilicate bottles. The
rest of the chambers are jointly hosed to drain into an effluent basin (72” L x 16” W x 3"H).

A programmable logic controller (PLC from Allen-Bradley, Milwaukee, WI) encased in
a stainless-steel box, digitally controls the MPS system. The PLC is interfaced ‘
via a message view terminal. The operator can program the spray/pause processing time, and
run-cycle (test or sanitary flush), as required. The MPS system washes the meat according to
specific washing steps. The following simulated steps are comparable to that of real-time
sanitizing assembly of a meat processing plant:

Step Function Time Spray volume | Comments

Sample Loading Meat (12x12 cm) loaded

1 Cold water spray | . 10-sec 125-mL Pre-evicery wash step
Process pause 10-sec

2 Lactic acid spray 10-sec 125-mL Pre-evicery 2% acid rinse
Process pause 10-sec

3 Hot water spray | 20-sec 250-mL 180°F wash (DI water)
Process pause - 10-sec. ,

4 Cold water spray 10-sec 125-mL Carcass rinse

5 | Lactoferrin Spray | 2-10 sec 2-10mL Application by ESS

6 | Lactic acid spray | 10-sec 125-mL Final 2% acid rinse
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Lactoferrin application by Electro-static Spray (ESS) system:

The ESS system is a pressure and charge driven instrumentation for application of
lactoferrin onto a meat surface. The electrical current for the applications of the LF ranges
between 5 pdcA and 15 pdcA. Pressure on the ESS from an electrical air compressor is
approximately 50 psi. The ESS was setup to deliver LF at an application rate of 1 mL/sec. This
application prototype was manufactured by the National Beef Packing Company (Dodge City,
KS). ESS is operated as follows:

e Meat-sample after passing through Chamber-8 of the MPS system described above is
unhooked together with the sample loading cassette and place inside the positioning hooks of
the ESS system. '

e Air compressor pressure is set to 120 psi and the tank pressure is adjusted to 100 psi.

Air hose is attached to the air compressor and to the electrostatic spray box. Air pressure is
set on the electrostatic spray control box regulator to 45-55 psi.

e LF is siphoned into the syringe which is attached to the ESS system for delivery.

e Time of LF application is adjusted for each trial segment i.e. 2-, 4-, 6-, 8-, and 10-sec.

LF is applied on meat surface with the above settings. Fluid level and consistency of liquid
sprayed from ESS is monitored during the application process.

e Meat samples were either directly measured for the LF deposition or further processed
subjecting to an additional acid wash (Chamber-9) in the MPS system to measure residual
(post-wash) LF. An ELISA method, described below is used for the detection of LF on meat
surface.

LF detection by an ELISA method:
ELISA is a sensitive method for the detection of lactoferrin in biological systems

(Adonogianaki, et al., 1996; Hetherington et al., 1983). An ELISA assay kit for the detection of
bovine lactoferrin (LF) was purchased from the Bethyl Laboratories (Montgomery, TX) and
performed according to the manufacturers instructions, briefly as follows:

e A 0.1 ml volume of capture antibody i.e. goat anti-bovine LF-IgG diluted in 0.05 M
carbonate-bicarbonate buffer, pH 8.0, was added to coat each well of the 96-wells of a
microtiter plate (Nunc MaxiSorp C bottom module). An overnight incubation was allowed to
attain maximum binding of the capture antibody to the polystyrene wells.

e A 0.1 ml volume of dilutions of bovine LF standards or test samples (with unknown LF
levels) were prepared in TBS-tween (50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH 8.0)
containing 1% bovine serum albumin, was added to assigned wells. Plates were incubated at
37°C for 2-h to allow maximum antigen-antibody interaction.

Wells were washed thoroughly for four times with TBS-tween.

A 0.1 ml volume of an enzyme-linked antibody i.e. goat anti-bovine LF-IgG conjugated to
horseradish peroxidase (HRP) prepared in TBS-tween was added to the wells and the
reaction was allowed for 2-h at 37°C.

The washing step was repeated as above. ‘

e Finally, a 0.1 ml volume of TMB (3,3°,5,5” tetramethyl benzidine) enzyme substrate solution
(Bethyl Laboratories, Montgomery, TX) for HRP was prepared in added to the wells. The
enzymatic reaction was terminated within 5 to 15 min (based on rapidity of color change)
with 15 pl of 2N sulfuric acid.
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o The color reaction was measured as absorbance at 450 nm wavelength using a microplate
reader (SpectraMax, Molecular Devices, Sunnyvale, CA).

* A standard curve for bovine LF was plotted using a commercial preparation of LF protein
(Lot. 10100395) from the DMV International, NY.

e Two-fold serial dilutions of LF ranging from 500 ng/ml to 7.8 ng/ml are prepared in TBS-
tween buffer containing 1% bovine serum albumin and the ELISA assay was performed as
described above.

e A standard curve was plotted using absorbance values versus dilutions of LF protein
standard. An exponential plot of the standard curve yielded a R-squared value: 0.99 (See
attached chart).

e For determination of LF levels in test samples, the color intensity of test samples from
ELISA were correlated against the standard curve.

Test Samples:

Beef Round- Bottom Round Steak (n=4 per each time point) was used for exogenous
application of LF on meat surface. Beef samples after LF application by ESS system either
directly measured for LF or subjected to a further processing and the residual (post-wash after
acid rinse) was measured by an ELISA. Briefly, A 50-cc sterile conical centrifuge tube (Corning)
containing 5 ml of TSB was pressed against the surface of the meat and agitated for 10-sec by
hand. Each tube covered an area of approximately 4.9 cm?. This wash liquid was tested for LF
levels.

Exogenous lactoferrrin levels on beef after application by ESS system

Time of Spray (sec) Exogenous LF (ng/ cm’)
2 1321+ 12
4 1453 + 56
6 1645 £ 79
8 2284 + 63
10 2946 + 88
Residual (post-wash) levels of exogenous lactoferrin after carcass wash
Time of Spray (sec) | Levels of LF detected (ng/ cm°) % LF washed-off the meat
2 263 £43 80
4 427 + 57 70
6 703 £ 49 57
8 900 + 142 61
10 1135 +213 61
References:

1. Adonogianaki, E., J. Mooney and D. F. Kinane (1996). “Detection of stable and active
periodontitis sites by clinical assessment and gingival crevicular acute-phase protein
levels.” J Periodontal Res 31(2): 135-43.

2. Hethermgton S. V., J. K. Spitznagel and P. G. Quie (1983). “An enzyme-lmked
immunoassay (ELISA) for measurement of lactoferrin.” J Immunol Methods 65(1-2):
183-90.
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RESEARCH LABORATORY
Measurement of exogenous lactoferrin levels on beef surface

Project: NT(02)-39D
Scientist in charge: Joe Tulpinski
Date Completed: 9/12/02

, PROTOCOL

The surface levels.of lactoferrin was measured by an ELISA method when applied
exogenously by an electrostatic spray system and washed through a meat processing simulation
system according to the following protocol.

Carcass Wash using the Meat Processing Simulation (MPS) system:

MPS system. The equipment consists of a spray-, process- and drain-unit. The spray-unit
has six fluid tanks of 7.6-liter capacity, connected to six separate magnetic drive (seal-less) fan
cooled sanitary/chemical solution pumps (1/25 HP, 10.6 L/min, from March Manufacturing Inc.,
Glenview, IL). One of the fluid tanks has a built-in heating element to deliver hot water,
maximum to 190°F.

The process-unit is a cabinet (72” L x 16” W x 12” H) with a safety view glass ceiling. It
has a loading chamber, five pause chambers and six spray chambers (8”L x 8”W x 12”H). A
drive chain passes through the center of all the twelve chambers. The chain consists of a loading
trolley with a removable stainless steel cassette and spaced with six timing tabs. Inside all the
spray chambers, two adjustable spray nozzles (140° angle, 7.2 L/min) were located on both sides
of the drive chain to deliver a circular stream of liquid towards the middle center of the loadmg
trolley.

The drain-unit is a secured compartment located under the process-Unit. All the six spray
chambers are individually hosed to collect the wash-effluent into 500-ml borosilicate bottles. The
rest of the chambers are jointly hosed to drain into an effluent basin (72” L x 16” W x 3”H).

A programmable logic controller (PLC from Allen-Bradley, Milwaukee, WI) encased in
a stainless-steel box, digitally controls the MPS system. The PLC is interfaced via a message
view terminal. The operator can program the spray/pause processing time, and run-cycle (test or
sanitary flush), as required. The MPS system washes the meat according to specific washing
steps. The following simulated steps are comparable to that of real-time sanitizing assembly of a -
meat processing plant:

Step Function Time Spray volume | Comments

Sample Loading Meat (12x12 cm) loaded

1 Cold water spray | 10-sec 125-mL Pre-evicery wash step
Process pause 10-sec

2 Lactic acid spray 10-sec 125-mL Pre-evicery 2% acid rinse
Process pause 10-sec

3 Hot water spray 20-sec 250-mL 180°F wash (DI water)
Process pause 10-sec

4 Cold water spray 10-sec 125-mL Carcass rinse

5 Lactoferrin Spray | 2-10 sec 2-10mL Application by ESS

6 Lactic acid spray | 10-sec 125-mL Final 2% acid rinse
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Lactoferrin application by Electro-static Spray (ESS) system:

‘The ESS system is a pressure and charge driven instrumentation for application of
lactoferrin onto a meat surface. The electrical current for the applications of the LF ranges
between 5 pudcA and 15 pdcA. Pressure on the ESS from an electrical air compressor is
approximately 50 psi. The ESS was setup to deliver LF at an application rate of 1 mL/sec. This
applxcatlon prototype was manufactured by the National Beef Packing Company (Dodge City,
KS). ESS is operated as follows:

e Meat sample after passing through Chamber-8 of the MPS system described above is
unhooked together with the sample loading cassette and place inside the positioning hooks of
the ESS system. "

Air compressor pressure is set to 120 psi and the tank pressure is adjusted to 100 psi.
Air hose is attached to the air compressor and to the electrostatic spray box. Air pressure is
set on the electrostatic spray control box regulator to 45-55 psi.

e LF is siphoned into the syringe which is attached to the ESS system for delivery.

e Time of LF application is adjusted for each trial segment i.e. 2-, 4-, 6-, 8-, and 10-sec.

e LF is applied on meat surface with the above settings. Fluid level and consistency of liquid
sprayed from ESS is monitored during the application process.

e Meat samples were either directly measured for the LF deposition or further processed
subjecting to an additional acid wash (Chamber-9) in the MPS system to measure residual
(post-wash) LF. An ELISA method, described below is used for the detection of LF on meat
surface.

LF detection by an ELISA method:
ELISA is a sensitive method for the detection of lactoferrin in biological systems

(Adonogianaki, et al., 1996; Hetherington et al., 1983). An ELISA assay kit for the detection of
bovine lactoferrin (LF) was purchased from the Bethyl Laboratories (Montgomery, TX) and
performed according to the manufacturers instructions, briefly as follows:

¢ A 0.1 ml volume of capture antibody i.e. goat anti-bovine LF-IgG diluted in 0.05 M
carbonate-bicarbonate buffer, pH 8.0, was added to coat each well of the 96-wells of a
microtiter plate (Nunc MaxiSorp C bottom module). An overnight incubation was allowed to
attain maximum binding of the capture antibody to the polystyrene wells.

e A 0.1 ml volume of dilutions of bovine LF standards or test samples (with unknown LF
levels) were prepared in TBS-tween (50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH 8.0)
containing 1% bovine serum albumin, was added to assigned wells. Plates were incubated at
37°C for 2-h to allow maximum antigen-antibody interaction.

Wells were washed thoroughly for four times with TBS-tween.

e A 0.1 ml volume of an enzyme-linked antibody i.e. goat anti-bovine LF-IgG conjugated to
horseradish peroxidase (HRP) prepared in TBS-tween was added to the wells and the
reaction was allowed for 2-h at 37°C.

e The washing step was repeated as above.

e Finally, 2a 0.1 ml volume of TMB (3,3°,5,5’ tetramethyl benzidine) enzyme substrate solution
(Bethyl Laboratories, Montgomery, TX) for HRP was prepared in added to the wells. The
enzymatic reaction was terminated within 5 to 15 min (based on rapidity of color change)
with 15 ul of 2N sulfuric acid.
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¢ The color reaction was measured as absorbance at 450 nm wavelength using a microplate

reader (SpectraMax, Molecular Devices, Sunnyvale, CA).

A standard curve for bovine LF was plotted using a commercial preparation of LF protein

(Lot. 10100395) from the DMV International, NY. i

e Two-fold serial dilutions of LF ranging from 500 ng/ml to 7.8 ng/ml are prepared in TBS-

- tween buffer containing 1% bovine serum albumin and the ELISA assay was performed as
described above.

e A standard curve was plotted using absorbance values versus dilutions of LF protein
standard. An exponential plot of the standard curve yielded a R-squared value: 0.99 (See
attached chart). -

o For determination of LF levels in test samples, the color intensity of test samples from
ELISA were correlated against the standard curve.

Test Samples:

Beef Round- Bottom Round Steak (n=4 per each time point) was used for exogenous
application of LF on meat surface. Beef samples after LF application by ESS system either
directly measured for LF or subjected to a further processing and the residual (post-wash after
acid rinse) was measured by an ELISA. Briefly, A 50-cc sterile conical centrifuge tube (Corning)
containing 5 ml of TSB was pressed against the surface of the meat and agitated for 10-sec by
hand. Each tube covered an area of approximately 4.9 cm®. This wash liquid was tested for LF
levels.

- Exogenous lactoferrrin levels on beef after application by ESS s lstem

Time of Spray (sec) Exogenous LF (ng/ cm %)
‘ ’ 2 1362 + 45
4 1487 + 86
6 1741 £ 24
8 2659 £ 153
10 2977 + 84

Residual (post-wash) levels of exogenous lactoferrin jer carcass wash

Time of Spray (sec) | Levels of LF detected (ng/ cm 9 % LF washed-off the meat
’ 2 263 £ 55 81
4 385 £ 41 74
6 327+ 87 81
8 645 £ 92 76
10 865+ 73 71
References:

1. Adonogianaki, E., J. Mooney and D. F. Kinane (1996). “Detection of stable and active
periodontitis sites by clinical assessment and gingival crevicular acute-phase protem
levels.” J Periodontal Res 31(2): 135-43.

2. Hetherington, S. V., J. K. Spitznagel and P. G. Quie (1983). “An enzyme- hnked
immunoassay (ELISA) for measurement of lactoferrin.” J Immunol Methods 65(1-2):

183-90.
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APPENDIX III

Information Provided by
National Beef Describing the
Steps Involved in Meat Processing and
Details Regarding the Lactoferrin Application Process
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!Natmnal Beef

A Fenniand « US Prewtivm Beef Company QUALITY BEEF
s Beef FROM FARM -

TOTABLE

12200 N. Ambassador Dr.
Kansas City, MO 64163-1244
1-800-449-BEEF

September 23, 2002

Subject: . Activated Lactoferrin Application at Farmland National Beef

- The following is the normal process that live animals are brought in and the steps that we go through
to end up in finished product which is boxed beef, trimmings destined for grind, ground beef, and
bone/fat for inedible rendering. This scenario is based upon our facility in Liberal Kansas and is not
meant to be an all-inclusive description of the process but rather a brief description. The plant runs 2
eight-hour shifts normally 6-days per week on both slaughter and fabrication floors.

Slaughter Process:

e Live animals are brought into the facility at a rate of approxlmately 35,000 head per week.

e The animals are humanely stunned and bled.

e The carcasses then are started through the skinning process. The carcasses go through multiple
steps where the hide is removed leaving a de-hided carcass. The carcass goes through a series of
steam vacuums to remove incidental contamination.

¢ Once the hide is removed, the carcass goes through a “Pre-evisceration” cabinet where a 2%
lactic acid rinse is applied for microbial reduction.

After the cabinet, the head is removed and the carcass is eviscerated.

e After evisceration, the carcass is split into two equal halves (sides) along the backbone.

e The carcass sides travel along the chain to the final rail inspection where Government FSIS
Inspectors visually evaluate the carcass for defects and conduct a “post-mortem” inspection.

¢ . During this whole process knife trimming occurs removing defects.

e After the final rail inspection the carcass sides travel through a Thermal Pasteurization Cabinet
(Hot Water).

e They then enter the Activated Lactoferrin Cabinet.

Next the carcasses enter a house tempered carcass wash.
o The final step on the slaughter floor is a “Final Lactic Acid” rinse before the carcasses enter the
-HotBoxes for chilling.

Chilling Process:

o Carcasses enter the Hotboxes where they are sprayed with chilled water to start their chilling
process. They stay in the HotBoxes for 24 to 36 hours.

e They then are transferred to the USDA Grading area where they are evaluated for Yield, Quality
and individual program classifications.

e The carcasses then are transferred to the Sales Cooler where the are sorted by grade and program
designation. They normally are transferred to the fabrication floor when the are 3 — 4 days of age
(from kill date).

Fabrication Process:

e Carcasses are transferred into the Fabrication floor be grade.

e As the carcasses enter the fabrication floor they are systematlcally broken down by primal
(rounds, loins, ribs, chucks, briskets).
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e These large primals are put onto main product belts and as they travel down the line are broken
into smaller portions. During this process we remove fat, bone, and lean trimmings to meet our
finished product specifications.

o The finished product at the end of these tables are then bagged into cryovac bags, sealed, boxed,
and sent to our material handling building. This is what we are calling boxed beef.

e The lean and some of the fat that is removed during this process is diverted to side belts and is
destined for either in-house grinding for ground beef or to 2000 pound combos for outside
customer use (normally grinding or further processing into products like hot dogs).

e The bones and some of the fat (outside surface fat with no lean attached) are diverted to belts
destined for our rendering operation.

The following is a summary of a yearly average of individual weights. A yearly average (fiscal year
2002) was used to account for the seasonal variations of carcass weights).

Average Live Animal Weight: 1,245 Lbs.

Average Dressed Carcass Weight: 799 1bs. (average side weight 400 Ibs.).
Average Tnm/Grind Weight 235 Ibs./head

Average Boxed Beef Weight 415 1bs./head

Average Bone/Fat Weight to Rendering: 149 Ibs./head

Projected Amount of Surface Coverage Activated Lactoferrin (where the treated surface ends

up — the exogenous Lactoferrin surface distribution):

e When Activated Lactoferrin is applied on the carcass side in slaughter, the surface that is treated
consists of the internal cavity, and the external fat surface.

e The internal cavity consists of bone and tissue that normally go to rendering,

e The remaining surface area is trimmed down on the fabrication floor to meet our customer
specifications and the pure fat with no lean attached is also sent to rendering.

e Trim that goes to our in-house grind or that goes to out-side grinders consists of all the trimmings
removed from the carcasses (both internal and external fat/lean).
Most of the finished box beef produced is trimmed to a maximum % fat cover or less.
With this in mind, we have determined that approximately 40% of the original treated surface
goes to rendering, 10% remains on boxed beef, and 50% goes to the in-house grind/out side grind
sales.
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APPENDIX IV

Product Specifications
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Finished Product Specifications

Table 1. Manufacturing Specifications for Bovine Lactoferrin

The manufacturing specifications for bovine lactoferrin appear in Table 1. The product consists
of 93.0% protein, 6% moisture and 1% ash. Lactoferrin makes up 95% of the protein content.
Typical pH range of the finished product is between 5.5 to 6.5 with a water activity (ay) of 0.2.
Complete solubility is achieved when 2 g of lactoferrin is added to 100 ml of 20°C water. The iron

binding capacity of the final product is 270%.

Chemical/Physical/Microbial Characteristics Specifications
Protein 293.0%
o  Lactoferrin 2 95.0%
Moisture £6.0%
Ash <1.0%
pH (2%, 20°C) 5.5-6.5
a,, — not measured on a routine basis 2
Solubility
¢ In water (2%, 20°C) > 100%
e  Transmittance, 2% sol., 600nm 2 80%
Iron Binding

Spectrophotometric method at 465 nm on solids >70%
Foreign matter (10g) Absent
Heavy metals (as Pb) <1 mg/kg
Lead <0.5 mg/kg
Arsenic <1.0 mg/kg
Cadmium <0.05 mg/kg
Mercury <0.05 mg/kg
Copper <2.0 mg/kg
PCB’s | <0.1 mg/kg
Pesticides * <0.1 mg/kg
Antibiotics <0.005 TU/ml
Alfatoxin MI <0.5 mcg/kg
Radioactivity ° <5.0 Bq/kg
Standard plate count < 1000/g
Enterobacteriaceae < 10/g
Salmonella2x1g Negative/50g
S. aureus Negative
Total yeast and mold <10/g

"PCB 28, PCB 52, PCB 101, PCB 118, PCB 138, PCB 153, PCB 180

2 Dieldrin, heptachlor epoxide, hexachlorobenzene, a-hexachlorocyclohexane, f3-

hexachlorocyclohexane, lindane, DDT-total
Cs 134 + Cs 137
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Figure 1. Comparison of Bovine Milk — Derived Lactoferrin Product to Allergenic Protein Standards
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Table 2

Standards*
Protein Concentration Retention Time
(mg/L) (min.)
LF 1000 11.2
BSA 800 11.8
B-Lg 500 14.7
o-La 800 16.0
GMP 500 17.0
Unknown 60-70 14.0 (approx)

*Data from Figure 1

a - La, alpha-lactoalbumin ; GMP, glycomacropeptide)

Comparison of Bovine Milk-Derived Lactoferrin Product to Allergenic Protein

(Abbreviations : LF, lactoferrin ; BSA, bovin serum albumin ; § - Lg, beta-lactoglobulin ;
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PHILIP C. OLSSON
RICHARD L. FRANK
DAVID E WEEDA (1948-2001)
DENNIS R. JOHNSON
ARTHUR. Y TSIEN

JOHN W. BODE*
STEPHEN D. TERMAN
MARSHALL L. MATZ
MICHAEL ). O'FLAHERTY
DAVID L. DURKIN

NEIL E O'FLAHERTY
PAMELA ]. FURMAN
BRETT T. SCHWEMER
“PRACTICE WITHIN THE DISTRICT OF COLUMEIA

15 LIMITED TO MATTERS AND PROCEEDINGS
BEFORE FEDERAL COURTS AND AGENCIES,

BY FACSMILE

Mr. Jeremiah Fasano

OLssON, FRANK AND WEEDA, P C

ATTORNEYS AT LAW
SUITE 400
1400 SIXTEENTH STREET. NW.
WASHINGTON, D.C. 20036-2220
(202) 7891212
FACSIMILE (202) 234-3550

Sender's Direct Phone (202) 518-6327
Sender's Direct Facsimile (202) 234-2686

June 6, 2003

Division of Biotechnology and GRAS Notice

Review

Center for Food Safety and Applied Nutrition
Food and Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740

Re:  GRAS Notice No. GRN 000130

Dear Mr. Fasano:

o [

TISH E. PAHL

ROBERT A. HAHN
NAOMI ). L. HALPERN
STEPHEN L. LACEY
SUSAN P CRYMES
SHARON D. BROOKS
RYAN W. STROSCHEIN
EVAN B PHELPS
VALERIE M. BRIGCS*

‘OF COUNSEL

JUR. T. STROBOS
JACQUELINE H. EAGLE
KENNETH D. ACKERMAN
MARK L. [TZKOFF

We have received your June 4, 2003 letter acknowledging receipt of the GRAS Notice filed
on behalf of aLF Ventures, L.L.C. on May 23, 2003 (GRN 000130). The intent of this letter is to
clarify the purpose of the GRAS Notice. Pleasenote that GRN 00130 informs FDA that, in the view
of aLF Ventures, L.L.C., the use of bovine milk-derived lactoferrin used as an antimicrobial spray on
beef carcasses so that the residual level of endogencus lactoferrin does not exceed 800 nanograms
per gram of beef is generally recognized as safe without any need for product labeling.

We are looking forward to working with FDA on its review of this notice. Should youhave
any questions, please do not hesitate to contact me.

" R

MLI:jdm
cc: Dr. Ram Nimmagudda

Claire L. Kruger, Ph.D.

Philip C. Olsson

Sincerely yours,

Mark L. ITZKO11

06613
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OLssON, FRANK AND WEEDA, P C.

PHILIP C. OLSSON ATTORNEYS AT LAW TISH E. PAHL
RICHARD L. FRANK SUITE 400 ROBERT A. HAHN
DAVID E WEEDA (1948-2000) ‘ NAOMI J. L. HALPERN
XTEENTH STREET, NW.
DENNIS R. JOHNSON ]490 SI‘XTEEN TREET, NW. STEPHEN L. LACEY
ARTHUR Y. TSIEN WASHINGTON. D.C. 20036-2220 SHARON D. BROOKS
JOHN W. BODE* (202) 789-1212 RYAN W STROSCHEIN
STEPHEN D. TERMAN FACSIMILE (202) 234-3550 EVAN B PHELPS
MARSHALL L. MATZ VALERIE B. SOLOMON*
MICHAEL }. O'FLAHERTY Sender's Direct Phone (202) 518-6327
DAVID L. DURKIN Sender's Direct Facsimile (202) 234-2686 OF COUNSEL
MNEIL F O'FLAHERTY JUR. T. STROBOS.
PAMELA J. FURMAN JACQUELINE H. EAGLE
BRETT T. SCHWEMER June 6, 2003 ) KENNETH D. ACKERMAN

MARK. L. ITZKOFF
“PRACTICE WITHIN THE DISTRICT OF COLUMBIA,
IS LIMITED TO MATTERS AND PROCEEDINGS
BEFORE FEDERAL COURTS AND AGENCIES.

VIA FEDERAL EXPRESS
AND HAND-DELIVERY

Mr. Jeremiah Fasano

Division of Biotechnology and GRAS Notice
Review

Center for Food Safety and Applied Nutrition

5100 Paint Branch Parkway

College Park, MD 20740

Re: GRAS Notice No. GRN 000130

Dear Dr. Fasano:

The purpose of this letter is to respond to your request for additional information regarding
the aLF Ventures GRAS Notice (GRN 130). Specifically, you asked for citations in support of the
following statement from page 33 of the Section V of GRN 130:

With regard to the question of potential allergic responses, all immunological
reactions to lactoferrin so far reported are to the polypeptide chain and not to the
glycan.

A list of citations in support of this statement as well as copies of the cited studies are attached.
Should you have any additional questions, please do not hesitate to contact us.

Sincerely yours,

Mark L. Itzkott] /
MLLlIss /
cc: Dr. Ram Nimmagudda
Claire L. Kruger, Ph.D.
Philip C. Olsson

000135



Additional Citations for GRN 130

1. van Berkel, P.H., van Veen, H.A., Geerts, M.E., de Boer, H.A., Characterization of
monoclonal anitbodies against human lactoferrin, J. Immun. Methods 267 (2002) 139-150.

2. Skubitz, K.M., Christiansen, N.P., Mendiola, J.R., Preperation and Characterization of
Monoclonal Antibodies to Human Neutrophil Cathepsin G, Lactoferrin, Eosinophil
Peroxidase, and Eosinophil Major Basic Protein, J Leukocyte Biol. 46 (1989) 109-118.

3. van Berkel, P.H., van Veen, H.A., Geerts, M.E., Mericskay, M., de Boer, H.A., Nuijens,
J.H., N-Terminal Stretch Arg®, Arg’, And Arg® of Human Lactoferrin is Essential for
Binding to Heparin, Bacterial Lipopolysaccharide, Human Lysozyme and DNA, Biochem J.
328 (1997) 145-151
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BEST ORIGINAL C(M)PY

T

ATTORNEYS AT LAWY
SUITE 400
1400 SIXTEENTH STREET. N.W.

WASHINGTON, D.C. 20036-2220

Orsson, FRaNk aND WEEDA, P.C. AM QUL i

SENDER'S PHONE: (202) 518-6366
SENDER'S FACSIMILE: (202) 234-3550 .
SENDER'S B-MAIL: poleson@ofwlaw.com ' e

FACSIMILE TRANSMISSION

June 30, 2003

TO: Dr. Linda S. Kahl
COMPANY: Food and Drug Administration, CFSAN o
FAX: 202-418-3179

FROM: Philip C. Olsson

RE: Supplement to Petition for Approval of Lactoferrin-based Spray
hREIV:i“KRKS: Attached is the letter I sent to Dr. Robert Post at USDA, along with a prior

approval from USDA.

THE INFORMATION CONTAINED IN THIS COMMUNICATION IS CONFIDENTIAL, MAY BE ATTORNEY-CLIENT
PRIVILEGED, AND I8 INTENDED ONLY FOR THE USE OF THE ADDRESSEE. IF YOU HAYE RECEIVED THIS
COMMUNICATION [N ERROR, PLEASE NOTIFY US IMMEDIATELY BY TELEPHONE AT 202.789.1212 SO THAT WE
"MAY ARRANGE FOR RETRIEVAL OF THE DOCUMENT AT NO COST TO YOU. THANK YOU,

| THE TOTAL NUMBER OF PAGES INCLUDING THIS PAGE I8 2 IF YOU DO NOT

e I

RECEIVE ALL PAGES, PLEASE CALL MY OFFICE.
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FROM OLSSON, FRANK & WEEDA, P.C. (MON) 06. 30' 03 10:27/8T. 10:24/N0. 3560376988 P 2/7

QLssoN, FRANK AND WEEDA, P C.
PHILIP C QOLSSON ATTORNEYS AT LAW
RICHARD L, FRANK SUITE AQ0

DAVID F WEEDA (948-2000 ; CENT :
. 15 R JOHNSON 1400 SIXTEENTH STREET, NW

ARTHUR. Y, TSIEN WASHINCTON, D, C, 20036-2220
JOHN %, BODE™ (202) 781212
STEPHEN D. TERMAN FACSIMILE (207) 234-355Q
MARSHALL L. MATZ
MICHAEL ). OFLAHERTY Sesider's Direct Phone (202) 518-63G6

. DAVID L DURKN Sender‘s Direet Facslmile (202) 234-3550

NEIL F QFLAHERTY
FAMELA. |. FURMAMN
BRETT T. SCHWEMER

TISH E. PadL
ROBERT A, HAHN
NASMI ). 1. HALPERN
STEPHEN L. LACEY
SHARON D, BROOKS
RYAN W STROSCHEMN
BVAN P PHELPS
VALERIE B SOLOMOMN®

OF COUNSEL
JUR T, STROBQS.

IACCHLIGLINE H. EAGLE
KENNETH B, ACRERMAN *

. MARK L. ITZKOFF

15 i TTED 10 MATTERS AND MOGEEDAGS June 30, 2003

IAFFORE, FIOTFAAL COURTS AN AGCNCICS

BY FACSIMILE BEST ORIGINAL COPY

Robert C. Post, Pb.D.

Director

Labeling and Consumer Protection Staff
Food Safety and Inspection Service

U.S. Departient of Agriculture ,‘
300 12th Street, S.W., Room 602-ANX
Washington, D.C. 20250

Re:

Dear Dr. Post:

The purpose of this letter is to supplement the November 29, 2001 “Petition for Approvaj of
Lactoferrin-based Spray to inhibit microbial growth on beef products™ submitted by alLF Ventures,
L.L.C. We are hereby submitting an alternative foxrmilation for the lactoferrin spray, described in
that pefition. Table 1, attached, provides the formulations of the original spray and the afternative
formulation. As you cam, see, the only differences in the two formulations:are: (1) the use of
disodinm EDTA in place of eitric acid; and (2) the substitution of pectin for ag:ar ot carrageernan.

EDTA

Disodium etltylenediamine tetraacetate (EDTA) is clearcd for use i1 a variety of food
applications. USDA has authdrized the use of EDTA both as a hog scald agent, as well to protect
and preserve flavor in meat fat margarine. In this alternative lacteferrin spray formulation, EDTA.
would be an incidemtal additive because its presence as a residual would be ipsi gnificant and no
longer functional.

000 150
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June 30, 2003
Page 2

BEST ORIGINAL COPY

Pectin

Pectin would be used to immobilize lactofcrrin, in the samc manner ﬂnti:?agar was preyiopsly
accepted for that purpose. {see your letter to James T. Heimbach, Ph.D. F.A.C.N., Principal,
Environ International Corporation, dated December 21, 2001].

Should you have any questions, pleasc do not hesitate to contact mc. '

Sincerely,

Philip C/Olsson
/ISS ,
Attachments

cc: - Dr. Linda S. Kahl, FDA
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BEST ORIGINAL COPY
Table 1 ' :
Lactoferrin Spray Formulations
. (per liter of spray)
Oriﬂigq;lﬁormuﬁaﬁon New Formulation
Milk Bi:rived Lactoferrin  10.0-200 g Milk Derived Lactcvferrinf 10.0-20.0¢g
Agar or Carrageenan 0.1-025g Pectin 0.15-0.25¢g ‘,
Sodiuzz chloride 5.0 6.5 g Sodium chloride 5,0—6.5 g
Sodium bicarbonate 0.5-1.5¢g Sodium bicarbonate 0.5 - I5g
Citric'Acid 0.1-3.0g Disodjum EDTA 0.30 —*pw.S‘D'g' '
Dejonized water (balance) Deionized wafer (balance)

00045
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- I'ovesponding to the documentation that you submitted, dated ‘Novcﬁ:bi'r‘"iﬁ.’!ﬂbl, in response
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United States FopdSafety ~°  OMioeofPolicy, Program |,  Washington, D.C.
Depnrtarens of and Ingpegtion Develapmient and : 70250
v i Suivice Evnjuation .

BEST ORIGINAL COPY . DEC 21 0

James T. Heimbach, Ph.D., F.A.C.N,, Principal
Enviion International Corporation : .
4350 North Fairfax Drive . - o

© Affifigton, VA 22203

L

Detr Dr. Heimbach:

e

to the Food and Drug Administration’s (FDA) Agency Response Letter (dated October 23, 2001)
regarding Generally Recognized ag Safe (GRAS) Notice No. GRN 000067, The.subject of the
GRAS Notice is milk-derived lactoferrin o5 a component of & spray solution that igcludes other

T coTIsTituents.

The Notice was submitted by you to FDA on behalf of Farmland National Beef Packaging
Company, L.P. (National Beef) in January 2001. and informs the FDA of the view of National
Beef that milk-derived lactoferrin is GRAS, through scientific procedures, for the useas a
comporient of an antimicrobial spray that conteins up to 2 percent lactoferrin that would be
applied to uncooked beef (carcasses, subprimals, and cuts). The maximwn concentration io be
used is 3.26 milliliters spray per kilogram beef (or 65.2 milligrams lactoferrin per kilogram
beef}. , '

Bas#¥f on the information provided by National Beef, as well as other 'mfiarmaﬂon available to

FDA, the agency stated in its Response Letter to you that it hed no questions regarding National
Beef"s conclusfon that milk-derived lactoferrin is GRAS under the intended conditions of use,
provided that the ingredients statement of food products that contain milk-derived lactotermin
identifies the source of the protein. Furthermore, the Response Letter stated that FDA had not
mede its own determination regarding the GRAS status of the subject use of milk-derived
lactoferrin. It is the continuing responsibility of Nativnul Boef to ensurs, that the food ingredient
is safe and otherwise in complianee with all applicable legal and regulatory requirements.

 However, with regard 1o suitability of use, the Response Letter also stated that, afier consulration

with the Food Safety and Inspection Service (FSIS), there were additional data that were needed.
Such data were needed to adequately address issues related to the efficacy and suitability of the
use of the lactoferrin spray as an entimi¢robjal agent on uocooked beef. ' Specifically, tha data
that were {dentified 28 being needed included the identification of ell contponents of the spray;
data that establish the iowest level of the blend (and the ainounts of eaclw{lng:dient in the dlend)
necessary to achieve the itended functionsl effect (i.e., inhibition of the growth of
microorganisms); and data regarding the actual concentrations of each component of the spray
that will remain in the bsef that will be available to the consumer, Natiopel Beef was also
edvised that data must also address whether the sppearance of the treated product would mislead
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~“would become incidental additives upon application becpuse their presencé as residuals wnu'lﬂ.ﬁe
w@r”” Py

juiciness, and flavor were not observed. However, the data showed that tHEf&18'some cffectotr”
' prdlonging the shelf-life of treated uncooked Beef'and inhiblting microbidl Y8Wih on rearel]

* address all of the dats points that FDA listed i their Response Letter which are deéscribed dbsve.

" coiiditions that were outlined in the FDA Respcméc Letter.
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BEST ORIGINAL COPY . ‘
Ia.mes T Heimbach, Ph.D., F.A.C N Principal 2
consusers into perceiving te prodi d¢ Clivain s’ wite compared 1o unﬂﬁl!d Besf and
whether the use of this spray extends the ghelf lite beyond scual micrdbiut shelf life. _
P B : .‘:;;gé{:v,gz

Lastfy, the Response Letter mdzcated that it was the decision of FDA end thax all

lactoferrin-treated uncooked beef products would need to be labeled fo. aléﬁ“ﬁﬁwmm of e ~
presence of the spray. A prominently placed statement such as “treated witl lactoferrin frot
milk"” or “treated with lactoferrin, 2 milk protein™ would be needed on the l6b&ling of treated

product from the peint of slaughter to retail sale.

We have performed a thorough review of the data that you submitted on bé‘liﬁl’fof Natwnﬂl BeEl”
The data explain that the spray consists of milk-derived tactoferrin (10-20'g), dgar or
carrageenan (0.1-0.25 g), sodium chloride (5.0-6.5 g), sodium bicarbonate (U.5-1.5 g) , citric acid
(0.1-3.0 g), snd dejonized water (to bring the sdlutian volume fo 1.0 liter), 48d that these levels
are the lowest necessary to achieve the intended technical effect. The corfiiffi#tt primarily
responsible for the antimicrobial effect of the sprey is the lgctoferrin. The data show that, under
the prescribed conditions of use, the microbial blocking effect of the milk-derived Jactofertin in

W o Y P

" "the spray performs the techrical effect of detaching and rernoving a wide VARERY of pathogens

from the uncooked beef tissue surface. The agar and carrageenan serve to finrtiobilize a fraction
of the lactofenrin. The remeining components serve to buffer and dilete the spray solution 1o the
etfective use concefitration. Moreover, based on the fipures you provided, With fhe exceptioti 5T
lactoferrin, the levels of the componemts in the spray, under the prescribed conditions of use,

insighificant and no longer functional.

W{‘;@ :egard to the effects of the spray suluuon on the characteristics of truM uncnoked hee?
(ml? ' oin subprimals and steaks), noteble effects on the aesthetic charactefiEHNEE of tenderi€te,

beefas compered 1o untreated beef. . Because these effects were attributed 10 the active
compnnem of the Spray, i.e., lactoferrin. the need for labehng the presence BT THetoferrin
becofiies necessary, in addmoh 1o’ the reason that lactoferrin is a potentisl &IIErgen,

In summary, based on the dala you presented, we haye concluded that the dara sunsihctonl y

Thus, the lactoferrin spray solution may be epplicd to uncooked beef whsm'tcnf with the '

i

) I mﬂ add one additional clcmcnt-:m response to your damrsub:nission. JIt relatas to the spevisl
statement (e.g., “treated with lactoferrin from milk™) that is needed on the Tabeling of uncooked

beef products treated with the lactoferrin spray. The statemnerit must gppedt' Bri the principal

display panel (PDP) on the labeling of tlie treated beef products in accordance with FSIS

_ regulations. Furthermore, lsbeling bearing such statements must be subruttzed o FSIS for
gvaloation prior o applying the labeling to products for sale in commerce.” ’
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‘

. IT you need ndditional infonnation regarding this matter, please do not hesitare to contect -

- Bill Jones, Sall; 'ovos oroe at £202) INS-0279, ‘:
Siticerely, ; .
Roben C, Post, Ph.,D., Director i : g

Lebéling and Consurner Protection Staff
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PHILIP C. OLSSON
RICHARD L. FRANK
DAVID F. WEEDA(1948-2001)
DENNIS R. JOHNSON
ARTHUR Y. TSIEN

JOHN W. BODE*
STEPHEN D. TERMAN
MARSHALL L. MATZ
MICHAEL J. O'FLAHERTY
DAVID L. DURKIN

NEIL F. O'FLAHERTY
PAMELA J. FURMAN
BRETT T. SCHWEMER.

APRACTICE WITBIN THE DISTRICT DF COLUMBIA,
18 LIMITED TO MATTERS AND PROCEETHNGS'
BEFORE FEDERAL COURTS ANIY AGENCIES!

OLssoN, FRaNk AND WEEDA, P.C.
ATTORNEYS AT LAW
SUITE 400
1400 SIXTEENTH STREET, N.W.
WASHINGTON, D.C. 20036-2220
(202) 7891212
FACSIMILE (202) 234-3550

Sender's Direct Phone {202) 518-6366
Sender’s Direct Facsimile (202) 234-3550

July 11, 2003

BY ELECTRONIC MAIL

Dr. Jeremiah Fasano

Division of Biotechnology and GRAS Notice

Review

Center for Food Safety and Applied Nutrition
Food and Drug Administration
5100 Paint Branch Parkway

College Park, MD 20740

Re: Thermal Denaturation and ]Di‘gesti‘on of Lactoferrin

Dear Dr. Fasano:

A0

s

TISHE. PAHL

ROBERT A. HAHN
NAOMI I. L. HALPERN
STEPHEN L. LACEY
SUSAN P. GRYMES
SHARON D. BROOKS
RYAN W. STROSCHEIN
EVAN P. PHELPS
VALERIE M. BRIGGS*

OF COUNSEL

JUR T. STROBOS
JACQUELINE H. EAGLE
KENNETH D. ACKERMAN
MARK L. ITZKOFF

During the July 10, 2003 meeting between the Center for Food Safety and Applied Nutrition
and alLF Ventures, LLC, you and your colleagues requested additional citations regarding the effects
of cooking on lactoferrin and information regarding the digestion of lactoferrin. Attached is alist of
citations on these two subjects.

We are obtaining printed copies of these citations and will provide these to you as soon as
possible.. In the meantime, if you have any further questions, please do not hesitate to contact us.

PCO:jdm
Attachment

Sincerely,

Philip C. Olsson

000167



Thermal Denaturation of Lactoferrin

1. Paulsson, MA; Svensson U; Kishore AR; Naidu AS (1993) - Thermal behaviour of bovine
lactoferrin in water and its relation to bacterial interaction and antibacterial activity. J. Dairy Sci.
76 ,3711-3720

2. Sanchez, L; Peiro JM; Castillo H; Perez MD; Ena JM; Calvo M (1992b) - Kinetic parameters for
denaturation of bovine milk lactoferrin. J.Food Sci. 57 (4), 873-879.

Intestinal Digestion of Lactoferrin

1. Brock JH; Arzabe F; Lampreave F; Pineiro A (1976) - The effect of trypsin on bovine
transferrin and lactoferrin. Biochim.Biophys.Acta 446: 214-225.

2. Brines RD; & Brock JH (1983) - The effect of trypsin and chymotrypsin on the in vitro
antimicrobial and iron binding properties of lactoferrin in human milk and bovine
colostrums; unusual resistance of human apolactoferrin to proteolytic digestion. Biochim.
Biophys.Acta 759: 229-235.

3. Spik G; Brunet B; Mazurier-Dehaine C; Fontaine G; Montrueil J (1982) - Characterization
and properties of the human and bovine lactotransferrins extracted from the faeces of new
born infants. Acta Paedatr.Scand 71: 979-985.

4. Line W; Sly D; Bezkorovainy A (1976) - Limited cleavage of human lactoferrin with
pepsin. Int. J. Biochem 7:203 — 208

5. Bellamy W; Takase M; Yamauchi K; Wakabayashi H; Kawase K Tomita M (1992) -
Identification of bacterial domain. Biochim . Biophys. Acta 1121: 130-136

6. Freddy J. Troost ; Jan Steijns; Wim H. M.Saris and Robert-Jan M. Brummer (2001) -
Gastric digestion of bovine lactoferrin In Vivo in adults. J. Nutr 131: 2101-2104
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PHILIP C. OLSSON
RICHARD L. FRANK
DAVID F WEEDA (948-2000)
DENNIS R. JOHNSON
ARTHUR. Y. TSIEN

JOHN W. BODE"
STEPHEN D. TERMAN
MARSHALL L. MATZ
MICHAEL }. O'FLAHERTY
DAVID L. DURKIN

NEIL E O'FLAHERTY
PAMELA J. FURMAN
BRETT T. SCHWEMER.

*PRACTICE WITHIN THE DISTRICT OF COLUMBIA
1S LIMITED T MATTERS AND PROCEEDINGS
BEFORE FEDERAL COURTS AND AGENCIES

OLSSON, FRANK AND WEEDA, P C.
ATTORNEYS AT LAW
SUITE 400
1400 SIXTEENTH STREET, NW.
WASHINGTON, D. C 20036-2220
(202) 789-1212
FACSIMILE (202) 234-3550

Sender's Direct Phone (202) 518-6366.
Sender's Direct Facsimile (202) 234-3550

July 15, 2003

AW

TISH E. PAHL

ROBERT A. HAHN
NAOMI J). L. HALPERN
STEPHEN L. LACEY
SHARON D. BROOKS
RYAN W STROSCHEIN
EVAN R PHELPS
VALERIE B. SOLOMON*

OF COUNSEL

JUR T STROBOS
JACQUELINE H. EAGLE
KENNETH D. ACKERMAN
MARK L. ITZKOFF

O3-0T7-1BAY1 226 RCL

BY FEDERAL EXPRESS

Dr. Jeremiah Fasano

Division of Biotechnology and GRAS Notice

Review

Center for Food Safety and Applied Nutrition
Food and Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740

Re: GRSN 130

Dear Dr. Fasano:

On behalf of aLF Ventures, LLC, and further to mry July 11, 2003 letter to you regarding
scientific literature citations on the thermal denaturation and digestion of lactoferrin, we are hereby
forwarding copies of the literature citations listed in that letter.

PCO:lss
Attachments

(‘.nv(ﬁ:}]v

v Phnp C.ulsson
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Paulsson, MA; Svensson U; Kishore AR; Naidu AS (1993) - Thermal behaviour of bovine
lactoferrin in water and its relation to bacterial interaction and antibacterial activity. J. Dairy Sci.
76 ,3711-3720

Sanchez, L; Peiro JM; Castillo H; Perez MD; Ena JM; Calvo M (1992b) - Kinetic parameters for
denaturation of bovine milk lactoferrin. J.Food Sci. 57 (4), 873-879.

Brock JH; Arzabe F; Lampreave F; Pineiro A (1976) - The effect of trypsin on bovine
transferrin and lactoferrin. Biochim.Biophys.Acta 446: 214-225.

Brines RD; & Brock JH (1983) - The effect of trypsin and chymotrypsin on the in vitro
antimicrobial and iron binding properties of lactoferrin in human milk and bovine colostrums;
unusual resistance of human apolactoferrin to proteolytic digestion. Biochim. Biophys.Acta
759: 229-235.

Spik G; Brunet B; Mazurier-Dehaine C; Fontaine G; Montrueil J (1982) - Characterization and
properties of the human and bovine lactotransferrins extracted from the faeces of new born
infants. Acta Paedatr.Scand 71: 979-98S.

Line W; Sly D; Bezkorovainy A (1976) - Limited cleavage of human lactoferrin with pepsin.
Int. J. Biochem 7: 203 - 208

Bellamy W; Takase M; Yamauchi K; Wakabayashi H; Kawase K Tomita M (1992) -
Identification of bacterial domain. Biechim . Biophys. Acta 1121: 130-136

Freddy J. Troost; Jan Steijns; Wim H. M.Saris and Robert-Jan M. Brummer (2001) - Gastric
digestion of bovine lactoferrin In Vivo in adults. J. Nutr 131: 2101-2104
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OLssoN, FRANK AND WEEDA, P.C.

PHILIP C. OLSSON ATTORNEYS AT LAW
RICHARD L. FRANK SUITE 400

DAVID F. WEEDA(1948-2001) 1400 SIXTEENTH STREET, N.W.
DENNIS R. JOHNSON WASHINGTON, D.C. 20036-2220
ARTHUR Y. TSIEN (202) 789-1212

JOHN W, BODE* FACSIMILE (202) 234-3550

STEPHEN D. TERMAN
MARSHALL L. MATZ
MICHAEL J. OFLAHERTY
DAVID L. DURKIN

NEIL F. O'FLAHERTY
PAMELA J. FURMAN
BRETT T. SCHWEMER

*PRACTICE WITHIN THE DISTRICT'IOF COLUMBIA
IS LIMITED TO MATFERS AND PROCEEDINGS
BEFOREFEDERAL COURTS AND'AGENCIES

July 18, 2003

BY ELECTRONIC MAIL
AND FEDERAL EXPRESS

Dr. Linda S. Kahl

Food and Drug Administration

Center for Food Safety and Applied Nutrition

1110 Vermont Avenue, N.-W., Room 1119, (HFS-255)
Washington, D.C. 20201

Dr. Jeremiah Fasano

Division of Biotechnology and GRAS Notice Review
Center for Food Safety and Applied Nutrition

Food and Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740

Re: GRN 130

Dear Dr. Fasano:

AM \

TISH E. PAHL.
ROBERT A, HAHN
NAOMI J. L. HALPERN
STEPHEN L. LACEY
SUSAN P. GRYMES
SHARON D. BROOKS
RYAN W. STROSCHEIN
EVAN P. PHELPS
VALERIE M. BRIGGS*

OF COUNSEL

JUR T. STROBOS
JACQUELINE H. EAGLE
KENNETH D. ACKERMAN
MARK L. ITZKOFF

The purpose of this letter is to follow-up with you on yesterday’s telephone conversations
regarding alLF Ventures, LLC’s GRAS notification for bovine milk derived lactoferrin (GRN 130).
The attached letter prepared by ENVIRON is intended to respond to your questions regarding the
lactic acid rinse of lactoferrin-sprayed carcasses, the comparison of the intakes of exogenous and
endogenous lactoferrin and the basis for the two scenarios used to calculate the comparative

exposures.

We trust you now have sufficient information to complete your review of GRN 130. Should

you have any further questions, please contact us immediately.

Cordially,

Philip C. Olsson

OFW:lss
Attachment
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ENVIRON

Health Sciences Institute

July 18, 2003

Phillip C. Olsson, Esq.

Qlsson, Frank and Weeda, P.C.
1400 16th Street, N.W.

Suite 400

Washington, DC 20036

Dear Phil,

Please find attached the information pertaining to the three points of clarification requested by FDA
during the phone conference of July 17™ with Ted Berner and Phil Olsson. Please forward this
information to FDA for their files pertaining to GRAS Notification GRN 130 for bovine milk-derived

lactoferrin submitted on behalf of alLF Ventures.

Sincerely yours,

Claire L. Kruger, Ph.D., D.AB.T.
Principal

Attachments

000172

The ENVIRON Health Sciences Institute
4350 North Fairfax Drive, Suite 300, Arlington, Virginia 22203 USA
Tel: +1 703 516 2309 - Fax: +1 703 516 2304 - Email: ckruger@environcorp.com



1. Correction of two typographical errors contained in “GRAS Notification for
Bovine Milk-Derived Lactoferrin in Beef Carcass Spray Applications” (GRN
130)

Please note that in Section V (Scientific Support Document) of the above-referenced
GRAS Notification, there are two typographical errors that need correcting. Both errors
occur near the top of page 20 of Section V. In the first line on that page, the words “two-
second” should be replaced with the words “ten-second.” Also, on the third line of that
same page, again, the words “two-second” should be replaced with the words “ten-
second.”

0004173
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2. Table to facilitate the comparison between endogenous and exogenous lactoferrin intakes

Table 3a. A Comparison of Estimated Endogenous Lactoferrm Intakes wnth Estlmated Exogenous Lactoferrin Intakes
from Lactoferrin-Treated Beef Carcasses

Estimated Endogenous | Estimated Endogenous Estimated Exogenous Lactoferrin | Estimated Exogenous Lactoferrin
Lactoferrin Intakes Lactoferrin Intakes | Intakes Based on 50" Percentile | Intakes Based on 90" Percentile
Population Group |Based on 50™ Percentile | Based on 90" Percentile Beef Consumption Beef Consumption
Beef Consumption Beef Consumption (ug/occasion) (ug/occasion)
(ug/occasion)’ (ng/occasion) Scenario 1° Scenario 2° Scenario 1 Scenario 2
- Infants, <1y 3 8 1 5 2 14 20
Infants, 1y 3 _ 12 5 6 20 35
_Children, 2-5 y 4 14 b7 10 Y 4
Children, 6-12 y 6 B 19 9 12 31 62
~ Teenagers, 13-19y 7 26 I 11 15 “ 76
Adults, 20+y 9 30 16 16 50 76

DATA SOURCE: USDA 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII) and USEPA Food Commodity Intake Database (USDA 2000, USEPA 2000).
NOTES: Breastfeeding infants and children were excluded from the analyses. Analyses were limited to individuals who provided 2-days of recall data. Estimates were generated with
USDA sample weighting factors to adjust for differences in representation of subpopulations.

! The endogenous (background) lactoferrin intakes in columns 2 and 3 of the above table were calculated by taking the 50% and 90% percentiles of beef consumption (in g per occasion) for
each population group of interest and multlplymg each of them by 193 ng bovine neutrophil lactoferrin per g beef (ppb). See the text for a further discussion of the derivation of the
estimated endogenous lactoferrin concentration in beef of 193 ng/g.

? Under Scenario 1, the amount of bovine milk-derived lactoferrin adhering to the treated beef carcass is assumed to be equally distributed throughout the edible portions of the carcass; this

assumption yields an estimated exogenous lactoferrin concentration in all beef products of 320 ng per g of beef (ppb). Then, intake values comresponding to the 50%and 90" percentiles of
beef consumption (in g per occasion) for each population group of interest were multiplied by this concentration of 320 ng bovine milk-derived lactoferrin per g of beef (ppb) to yield
estimates of exogenous lactoferrin intakes listed above under “Scenario 1.” Sec the text for a further discussion of the derivation of the estimated exogenous lactoferrin concentration in
lactoferrin-treated beef of 320 ng/g.

¥ Under Scenario 2, the amount of bovine milk-derived lactoferrin adhering to the treated beef carcass is assumed to be distributed differentially within the treated beef carcass based on the
surface area of the carcass that ends up in “boxed beef” vs, “trim/grind”; this assumption yields an estimated exogenous lactoferrin concentration in “boxed beef” of 82 ng per g of beef
(ppb) and an estimated exogenous lactoferrin concentration in “trim/grind” of 726 ng per g of beef (ppb). Then, for each beef-eating occasion, it was determined whether the beef
consumed would have most Likely been derived from “boxed beei" or “trim/grind.“ If from the “boxed beef - the amount of beef consumed was multiplied by the concentration of
exogenous lactoferrin in “tnm/grmd” of 726 ng bovine milk-derived lactoferrin perf g These exogenous lactofemn intakes were then summed across all becf-eatmg occasions and 50® and
90” percentile intake values were generated. See the text for a further discussion of the derivation of the estimated exogenous lactoferrin concentrations in lactoferrin-treated beef.

2. ENVIRON




3. Clarification regarding assumptions employed in “Scenario 1” versus “Scenario 2”

For “Scenario 1,” the assumption employed was that the amount of bovine milk-derived
lactoferrin adhering to the exterior of the treated beef carcass will become equally
distributed throughout all parts of the edible beef within the carcass during processing, so
that all beef products produced from the treated carcass will contain the same
concentration of bovine milk-derived (i.e., exogenous) lactoferrin (i.e., 320 ng/g). Then,
intake values corresponding to the 50th and 90th percentiles of beef consumption (in g
per occasion) for each population group of interest were multiplied by this concentration
of 320 ng bovine milk-derived lactoferrin per g of beef (ppb) to yield 50™ and 90™
percentile estimates of exogenous lactoferrin intakes for inclusion in Table 3.

For “Scenario 2,” the assumption employed was that the amount of bovine milk-derived
lactoferrin adhering to the exterior of the treated beef carcass will become distributed
differentially into different cuts of beef based on the relative proportion of the surface
area of the treated carcass that ends up in “boxed beef” versus “trim/grind,” so that the
concentration of bovine milk-derived (i.e., exogenous) lactoferrin in a particular beef
product derived from a treated carcass depends on whether that product was derived from
“boxed beef” or “trim/grind.” For beef products derived from “boxed beef” (e.g., steaks,
roasts, tenderloins, etc.), the concentration of bovine milk-derived lactoferrin in these
products was calculated to be 82 ng/g. For beef products derived from “trim/grind” (e.g.,
ground beef, hot dogs, sausages, etc.), the concentration of bovine milk-derived
lactoferrin in these products was calculated to be 726 ng/g. Then, for each beef-eating
occasion, it was determined whether the beef consumed would have most likely been
derived from “boxed beef” or “trim/grind.” If from “boxed beef,” the amount of beef
consumed was multiplied by the concentration of exogenous lactoferrin in “boxed beef”
of 82 ng bovine milk-derived lactoferrin per g beef. If from “trim/grind,” the amount of
beef consumed was multiplied by the concentration of exogenous lactoferrin in
“trim/grind” of 726 ng bovine milk-derived lactoferrin per g beef. These exogenous
lactoferrin intakes were then summed across all beef-eating occasions and 50th and 90th
percentile intake values were generated for inclusion in Table 3.
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OLssoN, FRank AND WEEDA, P.C.
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SUITE 400
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(202) 789-1212
FACSIMILE (202) 234-3550

Sender's Direct Phone (202) 518-6366
Sender's Direct Facsimile (202) 234-3550

July 24, 2003

and ELECTRONIC MAIL

Dr. Linda S. Kahl

Food and Drug Administration
Office of Food Additive Safety

HFS-255

5100 Paint Branch Parkway
College Park, MD 20740-3835

Re:  Weight Variations

Dear Dr. Kahl:

TISH E. PAHL
ROBERT A. HAHN
NAOMI §. L. BALPERN
STEPHEN L. LACEY
SUSAN P. GRYMES
SHARON D. BROOKS
RYAN W. STROSCHEIN
EVAN P. PHELPS
VALERIE M. BRIGGS*

‘OF COUNSEL

JURT. STROBOS
JACQUELINE H. EAGLE
KENNETH D. ACKERMAN
MARK L. ITZKOFF

You have asked whether weight variations among cattle would be likely to lead to
concentrations of lactoferrin in edible beef > 800 ng per gram. USDA data regarding slaughter
weights shows that this is unlikely to occur.

Estimated concentrations of lactoferrin in edible beef can be calculated using data compiled
by National Beef for fiscal year 2002 on the average weight of beef products (on a per head basis) at
various points in the meat packing process. These data are as follows:

Average live animal weight:

Average dressed carcass weight:
Average boxed beef weight:

Average trim/grind weight:

Average weight of bone/fat to rendering:

1,245 pounds per head
799 pounds per head
415 pounds per head
235 pounds per head
149 pounds per head
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Letter to Dr. Linda S. Kahl
July 24, 2003
Page 2

Based on the above data, the average amount of edible meat that a beef carcass yields is about 650
pounds (295 kg), and is derived by summing the average boxed beef weight (415 pounds or 189 kg)
and the average trim/grind weight (235 pounds or 107 kg) on a per head basis.

An application rate of 50 ml per carcass is targeted to result in an 800 ng per gram estimated
concentration of bovine milk-derived lactoferrin for a carcass with 250 kg edible meat, and
proportionately less (680 ng per gram) for a carcass with 295 kg of edible meat. In the National Beef
table, the dressed weight for a carcass with 295 kg of edible meat is 799 pounds. By extrapolation
the dressed weight for a carcass with 250 kg of edible meat will be 678 pounds.

USDA Market News Service reports dressed weights for cattle slaughter. Examining Market
News reports for April 30,2003 and July 23, 2003, the average dressed weights for steers and heifers
range from a low of 690 pounds in the April 30 report to as much as 839 pounds in the July 23
report. Only in the July 23 report, was there a group of cattle in which some carcasses had a dressed
weight of less than 677 pounds. In that group there were 4,917 cattle with a weight range of 654-813
pounds and an average weight of 744 pounds. Application of 50 ml per carcass to animals in this
weight range would result in average concentrations of bovine milk-derived lactoferrin of only 729
ng per gram.

Since the external trimmings (the portion with the highest concentration) from such carcasses
would always be blended with lean meat and trim from other carcasses the average concentration of
bovine derived lactoferrin in any ground products would always be less than 800 ng per gram.
Therefore, we believe it is extraordinarily unlikely that concentrations of bovine milk-derived
lactoferrin in edible meat products would ever exceed 800 ng per gram.

Sincerely,

Philip C. Olsson

PCO.Iss
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&t Joseph, MO Wed Apr 30, 2003 USDA Market News Bervice ! .
5 AREA DAILY WEIGHTED AVERAGE DIRECT SLAUGHTER CATTLE - NEGOTIATER
. Texas/Oklahoma; Ksnsas; Nebraska; Colorado; Iowa/Minnesota feedlots
%0l hocap for: Tuesday 4/29/03 ;

I
(
i
it
¥

. Head Count: 3,910 Week Ago: 2,225 Last Yesr: 2,83%‘ .
? ;‘ Week to Date 4,516 Week Ago: 2,905 Last Year: 3,722 %
o : )
Co LIVE FOB BASIS - Beef Breeds . "
Head Weight Price Avg = Avg
Count Range Range Weight  Price
o ” STRERS ' ™
' Over B(0% Choice 38 1,375-1,375 79.00-79.00 1,375 79.00 '
65 - 80% Choice 939 1,225=~1,300 78.00~-78.50 1,254 , 78.12
38 - 65% Choice 75 1,250-1,250 78.00-78.00 1,250 . 78,00
. 0 - 35% Choice - - I a
Z" Total all grades 1,052 1,225-1,375 78.00~-79.00 1,258 i 78.15 f
¥ ., HEIFERS ' s
o Over 80% Choice - - ’ )
T 65 - B0% Choice 166 1,125-1,175 77.00~-78.00 1,145, 77.70
35 = 65% Choice 135 1,100-1,100 78.00~78.00 1,100 i 78.00
, 0 - 35% Choice - -
Total all grades 601 1,100-1,175 77.00-78.00 1,13b: 7.7 "
I I
DRESSED DELIVERED BASIS - Beef Hreeds '
- Head Weight Price Avg Avg i
' Count Range Range Weight, Price
: STEERS !
Over 80% Choice - - '
65 -~ 80% Choice 138 §03-803 125.00~-125.00 803 : 125,00
35 - 65% Choice 270 800-805 125.00-1725.00 804 ° 125.00
0 - 35% Choice - - i
Total all grades 408 800-805 125.00-125.0C 804 |, 125.00
¢ « (HEIFERS , ,
- Over 80% Choice - - : ‘
65 - 80% Choica 262 650~778 125.00=-126.00 716 o 125.71
T IS - 65€ Choice 557 690-690 - 125.D0-125.00 690 ! 14%5.¢0 ¥
:ﬁ"ﬁf . 0~ 39% Choilce - - ' &‘
;‘ f Total all grades 819 £90~1778 125.00-126.00 699 ig 125.23. HF
ST s . h2
%ﬁ"“ “E YIEEKLY ABCUMULATED Head Count Avg Weight Avg Price ! &
o Live Steer 1,285 1,282 77.83 k
Live Heifer 646 1,136 77.89 :
Dressed Steer 408 804 125.00 I
Dressed Heifer 927 701 125.13 5
) SAME PERIOD LAST WEEK Head Count Avg Weight Avg Price i
o Live  Steer 175 1,199 79.31 ' ™
' Live Heifer
Dressed Steer 561 Bl7 ) 125,82
Dressed Heifer :
SAME PERIOD LAST YEAR Head Count Avg Weight Avyg Price 1
Live Steer 418 1,259 64 .30
Live Heifer 210 1,162 64.86 ' iYL ke,
Dressed Steer 1,023 803 104.74 000178

http://www.ams.usda.gov/mnarchive/2003/apr/04-30-2003/Im_ct100.txt ; 7/24/2003



FROM OLSSON, FRANK & WEEDA, P.C. (THU)07. 24' 03 14:45/5T. 14:43/N0. 3560376037 P 5 :

rage 2 0L .

!

\i
' Dressed Heifer 1,194 733 ° 104.85 |
0«,,',‘ : ;,:G;

) . - ]
Source: USDA Market News Serviece, St. Joseph, MO ;
e 816-238~0678 email: stjce.lgmnBusda.gov |
. www . ams. usds. gov/mareports/lm ct100.txt - " |
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b
St Joseph, MO Wed Jul 23, 2003 USDA Market News Service |

55 AREA DAILY WEIGHTED AVERAGE DIRECT SLAUGHTER CATTLE ~ NEGOTIATED

‘Texas/Oklahoma; Kansas; Nebraska; Colorado; Towa/Minnesota feedlot#
Recap for: Tuesday 7/22/03 )

5,265

http://www.ams,usda.gov/mnarchive/2003/jul/07-23-2003/Im _ct100.txt

(THU) 07. 2403 14:45/5T. 14:43/N0. 35603

76037 P 8

Loapae L WA e

Head Cpunt: 236,118 Week Ago: 188,04€ Last Year:
Week to Date 242,580 Week Ago: 206,871 Last Year: e,124
LIVE FOB BASIS - Beef Breeds
Head Weight Price Avg | Bvg
Count Range Range Weighti Frice
|

STEERS l
“Over 80% Choice 1,179 1,275~1,325 77.00-78.00 1,304 ' 77.86
65 - BO% Choice 6,353 1,175-1,400 75.00-78.50 1,296 ' 77.51
38 - 65% Choice 73,042  1,100-1,375 74.50-78.25 1,262 ! 76.51

0 - 35% Choice 9,843 1,120-1,425 75.00~77.00 1,238 , 76.22

“Total all grades 89,417 1,100-1,425 74.50-78.50 1,263 ' 76.57

HEIFERS . '

"Over 80% Choice 1,602 1,100~-1,250 77.00~79.00 1,187 , 78.10
65 - 80% Choice 7,373 1,075-1, 350 76.00~78.25 1,159 ' 77.20
35 - 65% 'Choice 54,535 1,020-1,300 74.00-78.25 1,129 76.51

0 -~ 35% Choice 1,790 1,065-1,175 76.00-77.00 1,120 , 76.20

Total all grades 65,300 1,020-1,350 74.00-79.00 1,133 | 76.61

DRESSED DELIVERED BASIS ~ Beef Breeds
Head Weight Price Avg i Bvg
Count Range Range Weight'! Price

STEERS '

Qver 80% Choice 1,785 725-300 122.00~125.00 832 | 123.89
65 - 80% Choice 8,988 725-905 121.00-124.00 817 | 123.19
35 - 65% Choice 16,932 725-889 120,00-124.50 819 | 123.13

0 - 35% Choice 519 784-861 121.00-124.00 839 , 123.64

Total all grades 28,224 725-905 120.00-125.00 820 ' 123.21

‘"BEIFERS | ; .

'Over 80% Cholce 942 710-774 120.00-125.00 745 . 123.47
65 - 80% Choice 4,917 654-813 122.00~124.00 744 ' 123.14
35 ~ 5% Choice 12,431 $75-844 119.00-124.00 752 | 123.19

0 - 35% Choice 144 730-730 123.00-123.00 730 | 123.00

Total all grades 16,434 654-844 119.00-125.00 750  123.17

WEEKLY ACCUMULATED Head Count  Avg Weight Avg Price ;

Live Steer 91,260 1,263 76.57 ’

Live Helfer 68,336 1,133 76.61 ,

Dressed Steer 28,267 820 123.20 [

Dressed Heifer 16,434 750 123.17 f

SAME PERIOD LAST WEEK Head Count Avg Weight Avg Price [

Live Steer 69,442 1,254 73.11 .

Live Heifer 52,893 1,132 73.21

Pressed Steer 29,823 B1g 117.71

Dressed Heifer 19,748 750 117.82 '

SAME PERTOD LAST YEAR Head Count Avg Wcight Avg Price ' _

Live Steer 2,027 1,262 63.35 ) ‘

Live Heifer 240 3,191 63.04 000180

Dressed Steer 1,364 854 99.863
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Dressed Heifer 308 745 89.59

“ﬂﬂmf“ 81e-238-0678 email: stjoe.lgmon@usde,gov l

| . tﬁouxce: USDA Maxket News Service, 8t. Joseph, MO
I www . ams . usda. gov/mnreports/lm _ct100.txt

BEST ORIGINAL COPY

.
4
l
)
)
V
v
h
1
y
'
]
I
]
)
1
| §
.y
oo "
d
R ,
4
m.."
"
.
K . [
it ] i
i ) ki
“ ‘ .
"
! -
" t
) w.:', i
™
M
.
1
|
'H |
e 1
B !
X i
1
.
M
:
i
.
i
1
. |
‘
!
[ !
oy ‘
o
L1 ., .
o '
B 2 4
o A
" .
AT
o et
0 A
e, . t
i "““i"‘ 1
R |
R
L "
hi l'ﬁ il
i
JYRY
+ b s
Al A M
P ‘f‘
" o~
ey @ ]
45 ot i
n,!“ 4
» N
i i [
K
&
Tu
.jlu,u
¥
o
I
ey
"
S :
DN [
,
w
W
' 000181
W ]
p
v
.
1
|
e
.
TR |

hittp://www.ams.usda.gov/mnarchive/2003/jul/07-23-2003/Im_ct] 00.txt ‘= 7/24/2003

Pl o T~ R

=Fuz



FROM OLSSON, FRANK & WEEDA, P.C. (MON) 07. 28' 03 14:30/5T. 14:20/N0. 3560376041 P 1

BEST ORIGINAL COPY
Ousson Frap o Wesoa 2.C.— [N

SUITE 400
1400 SIXTRENTH §TREET, N.W,

- WASHINGTON, D.C. 20036-2220

SENDER'S PHONE: (202) 518-6366
SENDER'S FACSIMILE: (202) 234-3550
SENDER'S E-MAIL’ polsson@ofovlaw.com

FACSIMILE TRANSMISSION

Tuly 28, 2003

TO: Dr. Jeremiah Fasano

COMPANY: OFAS/CFSAN/FDA

FAX: (202) 418-3179
FROM: Philip C. Olsson
RE: Application and Des{inatiou of Applied LF

REMARKS: The material in the last section of page 2 of this memorandum is responsive to
the question raised by Dr. Kahl this am. The memorandum is included in GRIN 130 at Tab G,
Appendix 3.

THE INFORMATION CONTAINED TN THIS COMMUNICATION I$ CONFIDENTIAL, MAY BE ATTORNEY-CLIENT
FRIVILEGED, AND IS INTENDED ONLY FOR THE USE OF THE ADDRESSEE. IF YOU HAYE RECEIVED THIS
COI\MUNTCATION IN ERROR. PLEASE NOTIFY US IMMEDIATELY BY TELEPHONE AT 202.789.1212 SO THAT WE
MAY ARRANGE FOR RETRIEVAL OF THE DQCUMENT AT NO COST TQ YOU. THANK. YOU.

THE TOTAL NUMBER OF PAGES INCLUDING THIS PAGE IS__3 . IF YOU DO NOT
RECEIVE ALL PAGES, PLEASE CALL MY OFFICE.
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e A Sirmbau « U rorelum Beef Compary " QuALITY Seer
To Taawe

PRED™ A

12200 N, Ambagsadar Dr,
Kanses City, MO 64163-1244
1-800-448-BEEF

September 23, 2002

Subject: Activated Lactoferrin Application at Farm/and Natjonal Beef

The following is the normal process that live animals are brought in and the steps that we go through
to end up in finished product which is boxed beef, trimmings destined for grind, ground beef, and
bone/fat for inedible rendering. This scenario is based upon our facility in Libera] Kapsas and is not
meant to be an all-inclusjve description of the process but rather a brief description. The plant runs 2
eight-hour shifts normally 6-days per week on both sfaughter and fabrication floors.

Slanghter Process:
¢ Live amimals are brought into the facility at a ratc of approximately 35,000 head per week.
e The animals are humanely stuaned and bled.
# The carcasses thep are started through the skinping process. The carcasses go through multiple.
steps wherc the hide is removed leaving a de-hided carcass. The carcass goes through a scries of
steam vacuums to remove incidental contamination.,
# Once the hide is removed, the careass goes throvgh a “Pre-evisceration™ cabinct where a 2%
lactic acjd rinse is applied for microbial reduction.
After the cabinet, the head is removed and the carcass is eviscerated.
After evisceration, the carcass is split into two equal halves (sides) along the backbone.
» The carcass sides travel along the chain to the final rail inspeetion where Government FSIS
Inspectors visually evaluate the carcass for defects and conduct @ “post-mortem™ inspection.
. During this whole process knife trimming occurs removing defects.
no o  Afier'tlie final rail inspection the carcass sides trave] through a Thermal Pasteurization Cabinet
(Hot Water).
' v They then enter the Activated Lactoferrin Cabinet.
' Next'the carcasses enter a house tempered carcass wash.
»  Thé'final step on the slaughter floor is a “Final Lactic Acid” rinsc before the carcasses enter the
HatBoxes for chilling.
Chilling Process:
e Carcasses enter the Hotboxes where they are sprayed with chilled water to start their chilling
process. They stay in the HotBoxes for 24 to 36 htours.
¢ They then are trapsfcrred to the USDA Grading area where they are evaluated for Yield, Quality
and individual program classifications.
» The carcasses then are transforred to the Sales Cooler where the are sorted by grade and program
designation. They normally are transferred to the fabrication floor when the are 3 — 4 days of age
(from kill date).
Fabrication Process:
o  Carcasses are transfemred into the Fabrication floor be grade. .
s As the carcassos enter the fabrication floor they are systematically broken down by primal
(rounds, loins, ribs, chucks, briskets).
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These large primals are put anto main product belts and as they fravel down tlte line are broken
into smaller portions. During this process we remove fat, bone, and Jean trimmings to meet our
fimsited product specifications.

The finished product at the end of these tables are then bagged into cryovac bags, sealed, boxed,
and sent to ovr material handling building. This is what we are calling boxed beef.

The lean and some of the fat that is removed during this process is diverted to side belts and is
destined for gither in-howse grinding for ground beef or to 2000 pound combos for outside
customer use (normally grinding or further processing into products like hot dogs).

The bones and some of the fat (outside surface fat with no lean attached) are diverted to belts
destined for our rendering operation.

The following is a summary of a yearly average of individuval weights. A yearly average (fiscal year
2002) was ysed to account for the seasonal variations of carcass wejghts).

Average Live Animal Weight: 1,245 Lbs.

Average Dressed Carcass Weight: 799 1bs. (average side weight 400 1bs.).
Average Trim/Grind Weight 235 lbs./head

Average Boxed Beef Weight 415 Ibs./head

Average Bone/Fat Weight to Rendering: 149 Ibs./head

Projccted Amount of Surface Coverage Activated Lactoferrin (where the treated surface ends
up - the exogenous Lacfoferrin surface distribution):

When Activated Lactoferrin is applied on the carcass side in slaughter, the surface that is treated
consists of the internal cavity, and the external fat surface.

The internal cavity consjsts of bone and tissue that normally go to rendering.

The remaining surface area is trimned down on the fabrication floor to meet our customer
specifications and the pure fat with no lean attached is also sent to rendering.

Trim thaf goes to our in-house grind or that goes to out-side grinders consists of all the trimmings
removed from, the carcasses (both intemal and external fat/lean).

Most of the finished box beef produced is trimmed fo a maximusp %" fat cover or Jess.

With this in mind, we have determined that approximately 40% of the original treated surface
goes to rendering, 10% remains on boxed beef, and 50% goes to the in-house grind/out side grind
sales. .
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July 29, 2003

BY ELECTRONIC MAIL

Dr. Jeremiah Fasano

Division of Biotechnology and GRAS Notice Review
Center for Food Safety and Applied Nutrition

Food and Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740

Re: Slaughter Sequence and Carcass Wash

Dear Dr. Fasano:

Yesterday I supplied a September 23, 2002 National Beef memorandum to you and Dr. Kahl
for the purpose of demonstrating the application and eventual destination of activated lactoferrin to
beef carcasses. Upon further review of that document, I notice that it contains an additional point
which I would like to bring to your attention.

The last three items under the heading "Slaughter Process" are as follows:

. They [the carcasses] then enter the Activated Lactoferrin Cabinet.
. Next the carcasses enter a house tempered carcass wash.
. The final step on the slaughter floor is a "Final Lactic Acid" rinse...

In our recent discussions of the process of application for activated lactoferrin, I had failed to focus
on the tempered water (85-90°F ) carcass wash, which occurs immediately after the carcasses leave
the Activated Lactoferrin Cabinet and prior to the Final Lactic Acid rinse. This tempered water
carcass wash should probably be referenced in the statement of conditions of use.
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Letter to Dr. Jeremiah Fasano
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Page 2

In connection with Dr. Kahl’s suggestion that alLF Ventures consider re-wording the

conditions of use for GRN 000130 as follows:

“Used as a component of an antimicrobial spray that would deliver one gram
lactoferrin (LF) to dressed beef carcasses, followed by a washing with a lactic
acid solution, resulting in less than 800 micrograms LF per kilogram of edible
beef.”

we suggest that the conditions of use be stated as:

Used as a component of an antimicrobial spray that would deliver one gram
lactoferrin (LF) per carcass to dressed beef carcasses, followed by a washing
with tempered water and a lactic acid rinse, resulting in less than 800
micrograms LF per kilogram of edible beef. (Bold type added to show
changes.)

I trust that this information is helpful. If we can provide additional information, please let me

know.

Sincerely,

Philip C. Olsson

PCO.Iss
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REPLY TO JEREMIAH FASANO, FOOD & DRUG ADMINISTRATION

I wish to reply to your email inquiry received on July 31, 2003 regarding the digestibility
of lactoferrin. This issue has arisen as part of the FDA review of GRN 130.

In your message, you make references to several different notices on lactoferrin. Please
know that the GRAS Panel has been comprised of the same members during all of this
time so that the Panel members are aware of all of the information that has been shared
with the FDA. Therefore, the deliberations on GRN 130 build upon the earlier
deliberations of the Panel and include consideration of all of the scientific information
that has been made available to the Panel throughout the various petition processes. The
Panel has seen and reviewed all information that was presented to FDA.

In answer to your first question, the Panel was very much aware of the existing scientific
information on digestibility and thermostability of bovine lactoferrin. This information
was primarily discussed during our deliberations on GRN 42 but this information was
also considered in the context of our deliberations on GRN 130. The scientific
information on the digestibility and thermostability of bovine lactoferrin was not
considered by the experts to be a serious concern with respect to GRN 130. As I have
stated before, the Panel reached its conclusions primarily on a comparison of endogenous
vs. exogenous levels of bovine lactoferrin from this particular application. In this
context, all other considerations became secondary although they were obviously
considered. Furthermore, this issue was raised and discussed in the July 11 meeting with
FDA and the Panel offered their opinions at that time that this was not an important
consideration for GRN 130.

In answer to your second question (part 1), infants and young children have the highest
prevalence of milk allergy, while adults with milk allergy are rarely encountered, though
quite well described in the medical literature. The Panel considered all age groups in its
- deliberations. Certainly, young children eat beef, especially ground beef and all age
groups were considered in the exposure assessment for bovine lactoferrin from this
particular application. The exposure of very young infants to beef is probably minimal
but they were not ignored in our considerations.

The scientific evidence indicates that bovine lactoferrin does survive digestion to some
limited extent in young infants. When bovine lactoferrin is administered to young
infants, some residual lactoferrin is detected in the feces. The Panel was aware of the
information on that issue presented to FDA in the earlier petitions. However, several
facts led the Panel to conclude that this was not an important consideration. First and
foremost, the digestibility of bovine lactoferrin is substantially enhanced if the lactoferrin
is heated. Beef products will mostly be ingested after cooking and the lactoferrin will be
subjected to heat especially since it is applied to the surface of the beef carcass.
Furthermore, especially with young children, exposure to beef is primarily through very

00048/



well cooked products (baby food products). Second, the efficiency of digestion of bovine
lactoferrin is greater in older children and adults even in the unheated state. So, young
infants would appear to be the only group which apparently may be limited in their
digestion of lactoferrin. Even in such young infants, the limited digestion of bovine
lactoferrin seems to be restricted primarily to consumption of unheated lactoferrin at high
levels. The limited digestion of bovine lactoferrin appears to be transitory and limited to
the first 4 months of life when the infant gut and its functions are immature and ingestion
of beef is likely to be extremely limited. In early considerations of DMV International to
add lactoferrin to infant formula, the process would have required the aseptic addition of
the lactoferrin to the infant formula after the sterilization operation because of
considerations regarding the thermostability and digestibility of heated lactoferrin.

In answer to your second question (part 2), the detection of anti-lactoferrin IgE in milk-
allergic individuals occurs only on a rather rare basis. The clinical significance of these
anti-lactoferrin IgE antibodies is not well documented as we have already indicated
previously. Presumably, anti-lactoferrin IgE antibodies are indeed formed early in life in
response to the ingestion of milk during a stage when bovine lactoferrin is not as
efficiently digested (even though one would presume that most milk fed to young infants
has been heat-treated in some fashion; obviously, some lactoferrin must survive digestion
in order to provoke formation of the IgE antibodies).

Hopefully, I have provided answers to your questions.
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August 7, 2003
BY ELECTRONIC MAIL

Dr. Linda S. Kahl

Food and Drug Administration

Center for Food Safety and Applied Nutrition

1110 Vermont Avenue, N.-W., Room 1119, (HFS-255)
Washington, D.C. 20201

Dr. Jeremiah Fasano

Division of Biotechnology and GRAS Notice Review .
Center for Food Safety and Applied Nutrition

Food and Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740

Dr. Michael J. DiNovi

Food and Drug Administration

Center for Food Safety and Applied Nutrition

1110 Vermont Avenue, N.W., Room 705 (HFS-255)
Washington, D.C. 20201

Re: GRN 130 — Non-detectable Proteins

Dear Drs. Kahl, Fasano and DiNovi:

You have requested additional information regarding the absence of four allergenic milk-
derived proteins. These proteins are alpha-lactalbumin (a-La), beta-lactoglobulin (B-Lg),
caseinmacropeptide (glycomacropeptide: GMP), and bovine serum albumin (BSA). For the reasons
set forth below, aLF Ventures is confident that none of these proteins is present at a detectable level.

1. The process is based on selective extraction of lactoferrin from a mixture of whey
proteins. The proteins of concern are not extracted by their nature; i.e. their ionic charge is opposite
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to lactoferrin. Furthermore, if some of these other proteins were to remain on the ion exchanger
column at the end of the adsorption cycle, they would be washed off in one of the washing steps
before lactoferrin is recovered from the column.

2. High-pressure liquid chromatography (HPLC) is the accepted standard technology for
evaluating the presence and quantity of bovine milk-derived proteins. An HPLC chromatographic’
analysis of aLF Ventures’ lactoferrin product showed no detectable amounts of the four proteins of
concern. For chromatographic resolution, the test was conducted using lactoferrin at a level of 1000
milligrams per liter (Appendix IV, Table 2) with a detection limit of 10 milligrams per liter. A
separate test was then conducted using standards for each of the four proteins of concern. Standards
for two of these proteins were prepared at concentrations of 500 milligrams per liter and for the
other two at 800 milligrams per liter (Appendix IV, Table 2) and analyzed with a detection limit of
10 milligrams per liter. The resulting chromatograms are set forth in the overlay (Appendix IV,
Figure 1) demonstrating that the proteins of concern were not detectable in the lactoferrin analysis.
With its test sensitivity of 10 milligrams per liter, the HPLC analysis would have detected a protein
of concern if that protein had represented 10 milligrams or more of the 1000 milligrams of
lactoferrin in the test solution. The results of the HPLC evaluations of aLF Venture’s lactoferrin
product are consistent with expectations based on the nature of the lactoferrin production process.
This HPLC evaluation was conducted to determine whether these proteins are present in the product
in a qualitative sense and was not designed to measure concentrations of these proteins below this
level of detection. This test was not conducted for the purpose of setting a specification, but for the
purpose of demonstrating the absence of the proteins of concern for the benefit of the expert panel.
That panel reviewed the HPLC data and was satisfied that even if the non-detectable milk-derived
proteins were to be present below the HPLC detection limit, those levels would not create allergenic
concerns for this product and this use.

Sincerely,

Philip C. Olsson

PCO.Iss
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