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Re: GRAS Notification for Lactofemn 

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.coZi 0 1  57: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 lactofemn inhibits pathogenic E.coZi 0157:H7 bacteria fi-om 
attaching to the carcass, and thereby substantially decreases the risk that E.coli 0157:H7 will be 
present on the beef produced from carcasses which pass through a lactofenin 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 0 
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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.coZi 0157:H7, we respectfully 
request that both FDA and USDA complete these reviews in substantially less than this 60-day 
target period. 

A previous G U S  Notification (GRSN 67) from aLF Ventures relating to multiple uses 
of lactofemn 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 G U S  
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 lactofemn in carcass washes. The dietary exposure fiom 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 lactofenin which may remain after the use of lactoferrin antimicrobial 
sprays, (2) the presence of equal or greater amounts of endogenous lactofemn 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 

PCO.lss 
Enclosures 

cc: Robert C. Post, Ph.D. 
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Robert C. Post, Ph.D., Director 
Labeling and Consumer Protection Staff 
FSIS, USDA 
1400 Independence Ave, S.W. 
(Suite 602, Annex) 
Washington, DC 20250 

Re: Request for Acceptability Determination 

Dear Dr. Post: 

As counsel to aLF Ventures, LLC, we are simultaneously submitting both this Request for 
Acceptability Determination and aNotification of GRAS status to the Food and Drug Administration 
with regard to the use ofbovine 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.coZi 0 1  57:H7. 

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

PC0.lss 
Enclosures 

cc: Dr. Linda S. Kahl, OFASBDA (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 23 10 
Salt Lake City, Utah 841 11 

B. Common or Usual Name of Substance: 

Bovine milk-derived lactoferrin. The published literature may also refer to th s  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 lactofenin 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 
mLKg 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 lactofenin, 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 a 



endogenous lactoferrin in the beef whch 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 G U S  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: 

c 

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 

Resp thlly submitted, 

Vice President of Operations 
aLF Ventures, L.L.C. 





Section I1 

Identity of the Notified Substance 

The substance that is the subject of this notification is bovine milk-derived lactoferrin. It is 
the same substance that was the subject of GRN 67. All information regarding the identity ofbovine 
milk-derived lactofemn 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 I11 

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 ofbeef. 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. 

0 22 





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 VI is the opinion of the GRAS review pane1,“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 
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I. BACKGROUND 

As described in generally recognized as safe (“GRAS”) notification number 67 (“GRN 67”) 
previously submitted to the U.S. Food and Drug Administration (“FDA”) by Farmland National 
Beef Packaging Company, L.P. (“National Beef ’), bovine milk-derived lactofenin 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 lactofenin (along with two other uses) was previously determined to be GRAS by 
National Beef, one of the founding partners of aLF 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 lactofenin were the subject of 
GRN 67: 

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

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

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

formulation per kg beef; 

beef; and 

beef. 

The cumulative exposure to lactofenin from these three proposed uses was estimated by National 
Beef to be 4.1 mg per person per day for the 3ypical” 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: 

‘ b . .  . the agency has no questions at t h s  time regarding National Beefs conclusion 
that milk-derived lactofenin is GRAS under the intended conditions of use, provided 
that the ingredient statement of food products that contain milk-derived lactofenin 
identifies the source of the protein.” 

Therefore, although the FDA had no questions concerning the G U S  status of bovine milk-derived 
lactofemn for the proposed uses, the Agency did require that any food products containing bovine 
milk-derived lactofenin resulting from the proposed uses be appropriately labeled. T h s  labeling 
requirement was requested by the Agency because of poiential allergenicity thought to be associated 
with bovine milk-derived lactofenin exposures at the levels estimated .in GFW 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 
consume. 

~~~~~~ 
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This current document addresses only the first use of bovine milk-derived lactofemn listed 
above (Le., 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 lactofenin (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 lactofenin has been applied remains a condition of their 
GRAS status. 

a 

e 
- 5 -  
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11. 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 fiom its application onto beef 
carcasses) is estimated to be in the same range as existing background lactofemn exposures fiom 
naturally occurring endogenous lactoferrin in beef, and 2) a determination that this potentially small 
incremental increase in lactofenin exposure is safe (Le., there is no reasonable expectation that 
bovine milk-derived lactofenin will become an allergen under the conditions of its intended use). 
These two key components will be addressed in th s  document by demonstrating the following @ 

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

points: 
0 

Lactofenin 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; 

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

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

- 6 -  
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The range of 50th 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; 

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) 
fiom 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 lactofenin is a minor cows, milk allergen. Among individuals with 
documented cows’ milk allergy, under 50 percent have IgE antibody binding to 
lactofenin. However, the fact that: 1) milk-derived and beef-derived lactofemn are 
allergenically equivalent, 2) beef allergies are uncommon and no evidence exists 
whether or not lactofemn 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 fiom meat consumption above background, makes the likelihood 
of an allergic reaction fi-om the use of bovine milk-derived lactoferrin as an 
antimicrobial spray on beef carcasses very low; and 

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. 080033 

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 lactofenin product are alpha-lactalbumin 
(a-La), beta-lactoglobulin (0-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 (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, (3 -Lg, BSA, GMP) are not extracted by their nature; i.e., 
their ionic charge is opposite that of lactofenin. 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 lactofenin is recovered from the 

a 

column.) 

- 8 -  
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111. 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 lactofemn 
at a concentration not to exceed 0.20 ml of formulation per lulogram 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 lactofemn from this one use is 
therefore much lower than the cumulative exposure resulting fiom 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 lactofemn 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 fiom 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. 

require the listing of all ingredients in a food fabricated from two or more ingredients, although the 
Secretary may establish exemptions fiom 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 $lOl.lOO(a)(3)(ii). 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 

Section 403(i) of the Federal Food, Drug, and Cosmetic Act (“FFDCA”) and 21 CFR 8 101.4 

inclusion in the ingredient list under 2 1 CFR $ 101.10O(a)(3). 000035 
The FDA’s requirement that products containing bovine milk-derived lactofenin be labeled 

as such arose from concerns about potential allergenicity at the levels of ingestion cited in GRN 67. 
The estimated levels of lactofenin ingestion fiom food containing beef from carcasses treated with 
bovine milk-derived lactoferrin is only a small fiaction 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 VI11 of this 
document, the range of estimated intakes of endogenous lactofenin that result from untreated beef 
consumption can be compared against the estimated intakes of exogenous bovine milk-derived 
lactofemn that occur fiom consumption of beef from lactofenin-treated carcasses. This comparison 
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shows that the range of 50th percentile intakes of exogenous bovine milk-derived lactofemn is 
within the range of estimated background exposures to lactofemn across all population groups of 
interest. For example, endogenous lactofenin 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 
lactofenin from lactoferrin-treated beef carcasses in this same population group is 16 pg per eating 
occasion. 

The FDA has previously addressed concerns about the known allergenicity of a processing 
aid in establishing 2 1 CFR 5 101.100(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 [5l Federal Register 25012,25014 (July 9, 1986)l. But in 
the lactofemn 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. 

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)l. 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 hctional effect in the finished food, and the allergenicity of the component h& not 
been f m l y  established, there can be no justification for requiring labels on foods containing beef 
fkom carcasses treated with bovine milk-derived lactofemn to state that fact on the label. 

Section 201(n) of the FFDCA requires that all material facts about a food be disclosed on 
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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 lactofemn. 
However, it could be argued that milk- and tissue-derived (Le., 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 lactofenins, and the 
impact this structure may have on allergenic properties of these proteins. 

' 

A. 

Boutigue et al. 1984), using amino acid sequencing. Subsequently, human neutrophil lactofemn 
was cloned and sequenced fiom a myeloid library (Rad0 et al. 1987), and the deduced amino acid 
sequence differed by only three amino acids from that of the milk-derived protein, presumably 
arising fiom sequencing errors. It therefore appears that human milk and neutrophil lactofenins are 
coded by the same gene and the protein products are identical. Although functionally different 
forms of lactofenin 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-lactofenin) 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 lactofemn gene (Teng 2002) located on 

Human Milk and Neutrophil Lactoferrin 
The first lactoferrin protein sequence to be published was for human milk lactoferrin (Metz- 

chromosome 3 (Teng et al. 1987). sdoo37 
The one structural difference that does exist between human milk and neutrophil lactofenins 

is in their glycosylation. Human milk lactoferrin glycans contain fucose, while neutrophil 
lactofenin 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 fiom 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 

lactofemns, the situation seems very similar to that of human lactofemn. Bovine milk lactofemn 
was first cloned and sequenced from an involuting mammary gland library by Mead and Tweedie 
(1 990). 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 fi-om 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 lactofenins, respectively, and contained five potential 
glycosylation sites. The N-terminal amino acid sequence of bovine lactofemn isolated fiom 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-Bumel et al. 1997), again paralleling the situation with human lactofenin. 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 lactofenin 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-lactofenin, has so far been reported, and attempts to 
detect it have so far been unsuccessful (FL Schanbacher, persona2 communication, 2002). 

As with human lactofenin, there appear to be glycosylation differences between bovine milk 
and neutrophil lactofenins. Hurley et al. (1 993) 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 lactofenin glycans have not been determined to the same extent as for human lactofemn, 
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, lactofenin a and b, that differ in their glycosylation, but not in 
their polypeptide chains (Tsuji et al. 1989; Ye et al. 1997). 

C. Conclusions 
Thus, bovine milk and tissue (neutrophil) lactofenins 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 
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reactions to lactofemn 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 lactofenin potentially found in 
lactofenin-treated beef carcasses will be any more prone to inducing allergic responses than would 
endogenous lactofemn found naturally in beef carcass muscle tissue. 

0 
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V. ENDOGENOUS LACTOFEWN LEVELS IN BEEF 

Lactofemn is an iron-binding protein of the transfemn 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 imrnunomodulatory activities. As a result, there has been some 
commercial interest by food and pharmaceutical companies in harnessing these properties. 

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. 

Because lactoferrin is naturally present in blood neutrophils and plasma, and beef contains 

A. Neutrophil Lactoferrin Content ~~~~~~ 

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, lactofenin 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 lactofemn content of bovine neutrophils is 
similar to that of humans, i.e., 3.0 pg per lo6 cells. Subsequently, Harmon and Newbould (1980) 
estimated the lactofemn content of bovine neutrophils to be 8.63 (2 1 .OO) pg per lo6 cells. The 
cells were isolated using EDTA as anticoagulant, a relatively mild procedure that should minimize 
degranulation, and hence loss of lactofenin, so their value should be reasonably reliable. The 
lactofenin was quantified by electroimmunodiffusion. Gennaro et al. (1978) reported bovine 
neutrophil lactoferrin content as 7.4 (k 7.0) pg per lo6 cells. These investigators used citrate as an 
anticoagulant, and quantified lactoferrin by double difision. Despite the differences in 
methodology, their figure agrees very well with that of Harmon and Newbould (1 980). Sat0 et al. 
(2000) reported a somewhat lower figure of 2.9 pg per lo6 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 
lactofenin content has been variously reported as 4.3 pg per lo6 cells (Venge et al. 1978), 3.0 pg 
per lo6 cells (Masson et al. 1969), and 8.2 pg per lo6 cells (Baynes et al. 1986), while a figure of 
from 2 to 4 pg per lo6 cells has been reported for mouse neutrophils (Segars and Kinkade 1977). 

- 14-  E N V I R O N  



.-.-- 

Based on this review, it thus seems reasonable to take a mean figure of 8.0 pg lactofemn per lo6 
bovine neutrophils as a basis for further calculations. 

0 

B. Lactoferrin in Blood Plasma 

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 lactofenin 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 fi-om 0.02 to 3.5 pg 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 pg per ml has been suggested by Brock (1998). 

The only data on plasma lactofenin in adult cows appears to be that of Sat0 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 newborn calves prior to ingestion of maternal colostrum. Talkuder et al. (2002) 
obtained a figure of 0.204 e 0.01 9) pg per ml. Measurements were performed by double-antibody 
ELISA, using plasma obtained by rapid centrifugation of blood at 4OC without apparent use of an 
anticoagulant. This procedure should minimize degranulation, and it is significant that their figure 
is lower than that of Sat0 et al. (2000). Holloway et al. (2002) obtained a considerably higher figure 
of 2.5 e 1.6) pg per ml, which is close to the highest figure reported for human plasmaherum 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. Sat0 et al. (2000) measured 
plasma lactofemn 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. 

Lactofemn is also present in small quantities in plasma, which is presumed to originate from 

0 

000041 
In humans, newborns were reported to have a plasma lactofemn 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 fi-om plasma rapidly. Scott (1989) also 
assayed adult plasma lactoferrin for whch he obtained figures within the likely normal range cited 
above. The calf figure (0.204 +p.O19 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 

0 
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be considered to provide the best basis for calculating the likely contribution of plasma to 
lactofemn 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 1 O6 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. T h s  means that bovine blood contains 
1.8-3 x 1 O6 neutrophils per ml. Taking the figure of 8.0 pg lactoferrin per 1 O6 bovine neutrophils 
mentioned previously, this gives 14.4 to 24.0 pg per ml of neutrophil lactofemn. 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 plasmaherum lactoferrin is less than 20 percent of the 
lowest likely contribution from neutrophils. If one takes the adult cow figures for both neutrophl 
and plasma lactoferrin provided by Sat0 et al. (2000), the contribution of neutrophl lactofenin is 
still at least 17-fold greater than that of plasma. Thus, it seems probable that the contribution of 
plasma lactofemn is minor compared to that of neutrophils. 

-a L 

The degree to which levels of endogenous lactoferrin are comparable to residual levels of 
exogenous bovine milk-derived lactofemn 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 (1 977), 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 (Warr iss 

1976), and in a subsequent review of more recent work, he suggested that the normal hemoglobin 
concentration in meat of slaughtered animals ranges fkom 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 fkom retail sources, gave hemoglobin values between 0.44 and 0.65 mg per 
gram of tissue. Samples fkom older animals (cows and bulls) gave higher values ranging from 1 .O 
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 following slaughter can increase the 
hemoglobin concentration to up to 3.3 mg per g (Gregory et al. 1988). 

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 

A number of more recent reports have given hemoglobin figures consistent with the range 
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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. 

Oellingrath et al. (1 990) 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 modem analytical methodologies, give results comparable with the range suggested by 
Warriss (1984). Furthermore, unpublished data fiom 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 Eitt). 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 pl of 
blood per gram of tissue. From the above calculations, this would indicate a neutrophil content of 
between 3.1-24.9 x lo3 cells per gram of tissue, and a corresponding lactofenin 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 lo6 cells provided by Sat0 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 argued that neutrophils might be more easily drained than erythrocytes fiom the carcass, 
so the tissue hemoglobin content would overestimate the number of neutrophds 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 enriihed in neutrophils, as they may start to adhere to the capillary endothelia 
once the animal is slaughtered. 000043 

Although lactofenin 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 recogrution of lactoferrin glycan chains, or charge interactions due to lactoferrin's high 
PI. 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 lactofenin 
receptors, such as tissue macrophages/monocytes and perhaps fibroblasts, will also be present in 
beef carcasses. Human macrophagedmonocytes contain 2-200 x 1 O6 specific binding sites per cell 
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(Birgens 1994), while no such data could be found for bovine macrophages. If one assumes an 
average of lo7 sites per macrophage, this would mean that lo6 macrophages can bind approximately 
1 pg of lactofemn, assuming a molecular weight of 80,000 for lactofenin, the Avogadro constant of 
6 x loz3, and all binding sites are fully occupied. 

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, personaE communication, 2002), although more are likely to be present in 
connective tissue. However, at the very least, one can consider the potential contribution of 
lactofemn bound to monocytes in the residual blood, which fiom the data of Frandson and 
Spurgeon (1995) number 0.35-0.5 x 106per ml. Taking into account the blood content of beef, this 
would indicate a potential monocyte-bound lactofenin 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 lactofenin could 
augment the lactofemn contribution &om neutrophils, possibly to a significant extent. 

e 

The contribution of bound lactofenin to total endogenous lactofenin will depend upon the 

2. An Empirically Derived Estimate of Endogenous Lactoferrin Levels in Beef 
To augment the endogenous lactofenin 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 lactofemn in beef. In each study, an 
ELISA technique was used to measure lactofenin 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 lacto ferrin 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. 

D. Conclusions 

beef. Using the most reliable data in the literature, as discussed above, neutrophils in beef tissue 
would account for a content of between 25 to 199 ng of lactoferrin per g of muscle tissue (ppb). 
This is likely to be increased further by lactofenin in plasma and lactofenin bound to cells such as 
macrophages/monocytes. This range agrees quite well with empiiically derived estimates fkom 
studies conducted by National Beef of around 193 ng of lactofenin per g tissue (ppb). This 
concentration estimate will be employed in Chapter VIII to derive estimates of lactofemn intake 
resulting fiom it being naturally present in beef muscle tissue. 

Based on the above discussion, it is clear that endogenous lactofenin is present in uncooked 

0 
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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 lactofenin 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 lactofenin that could potentially be found in edible beef is calculated based on 
the intended conditions of use of this lacto fenin-containing spray during meat processing. 

slaughter process, 2) the chilling process, and 3) the fabrication process (see Appendix 111). 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 
lactofenin 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. 

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 lactofenin, as well as any residual lactofemn, fiom 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 (,‘MPS7’) system. This M P S  system is a scale model of the actual twelve-step processing 
system used in 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 M P S  
system and lactoferrin levels were measured on the surface.of the steaks subsequent to lactofemn 
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 @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 

Three primary processes comprise the typical operation of a meat packing plant: 1) the 

As indicated above, subsequent to lactofenin application, the beef carcasses undergo a final 
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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 lactofemn on the carcass surface. Full reports of the four studies discussed 
above are included as Appendix I1 to this document. Multiplying the amount of lactofenin applied 
to the carcass (Le., 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 lactofenin remaining on the 
carcass surface of 0.155 grams. 

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 @e., 
fat, bone, and lean trimmings are removed) and systematically broken down into “primals” @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 “tridgrind,” 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 ahd 50 percent into tridgrind. 

following the lactic acid rinse, about 40 percent of this lactofenin 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 tridgrind. 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 tridgrind. 

be evaluated: 

e 

Once the beef carcasses have undergone a lactic acid rinse, they enter the chilling process, 

0 

Therefore, of the estimated 0.155 grams of lactofemn remaining on the carcass surface 

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

000046 
1. Assume that the 93 mg of residual lactoferrin is equally distributed across all edible 

portions of the carcass (Le., boxed beef and tridgrind); or 
2. Assume that the 93 mg of residual lactofenin is unequally distributed across all edible 

portions of the carcass, with 15.5 mg going into boxed beef and 77.5 mg into tridgrind. 
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The estimated concentrations of lactofenin 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 
111). These data are as follows: 

a 

0 Average live animal weight: 1,245 pounds per head 
0 Average dressed carcass weight: 799 pounds per head 
0 Average boxed beef weight: 4 15 pounds per head 
0 Average tridgrind weight: 235 pounds per head 
0 149 pounds per head Average weight of bone/fat to rendering: 

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 (41 5 pounds 
or 189 kg) and the average tridgrind weight (235 pounds or 107 kg) on a per head basis. Under the 
first exposure scenario, the estimated concentration of bovine milk-derived lactofenin in edible beef 
can be derived by dividing the amount of lactofenin 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 lactofenin in boxed beef can be generated by dividing the amount of lactofenin 
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 lactofenin in tridgrind can be derived by dividing the amount of lactofemn 
potentially found in tridgrind (77.5 mg) by the total weight of tridgrind 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 lactofenin intake resulting from the use 
of a lactofenin-containing spray on beef carcasses during processing. 

0 
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VII. ESTIMATES OF BEEF CONSUMPTION IN THE U.S. 

Consumption of beef was estimated based on data from the 1994-1 996 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. 

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 

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, andor 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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The CSFII 1994-96,1998 survey includes more than 9,000 food codes representing the 

I mixed dish, it was necessary to identify the amount of beef in each of the survey food codes. This 
I 

I 

1 

I 



. 

these uses likely represent beef gelatin (e.g., in yogurt or in marshmallows) or head meat, beef by- 
products not subjected to lactofemn treatment. Gelatin drinks were also excluded fi-om 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. 

0 

ENVIRON linked the selected beef-containing food codes to the food consumption data 
from CSFII 1994-96, 1998, and estimated the loth, 50th, 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 andor beef- 
containing food(s). The 2-day average intakes provide an estimate of usual beef intake, whle 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. 

(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. 

Number of respondents who reported consumption of one or more beef-containing foods during the 2 days of recall. 
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 lactofenin on beef carcasses could potentially have on 
total lactofenin exposure fi-om beef consumption, ENVIRON estimated the potential intake of 
lactofenin fiom exogenously applied lactofenin employing several worst-case assumptions. This 
estimated intake of exogenous lactoferrin is compared to lacto ferrin intake resulting fi-om 
endogenous levels found naturally in beef This comparison shows that the estimated intake of 
bovine milk-derived lactofenin fi-om 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 lactofemn found endogenously in beef. Thus, the intended use of bovine milk-derived 
lactofemn would not be expected to result in any substantive increase in total lactofemn exposure 
fiom consumption of beef products. This chapter presents the calculated estimated intakes of 
lactoferrin from both endogenous and exogenous sources. 

A. 

was estimated that beef contains approximately 25 to 199 ng of lactoferrin per gram of muscle 
tissue (ppb) fiom 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 lactofenin 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 fi-om a review of the published literature in Chapter V, and 
thus corroborates the literature-derived value. 

exposures consumers of beef may have to lactoferrin fi-om endogenous levels in beef. It will be 
assumed that the concentration of endogenous lactofenin 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 loth and 90th percentile 

Estimates of Endogenous Lactoferrin Intake 
In Chapter V of this document, based on a review of the published scientific literature, it 

For this step of the analysis, the objective is to derive an estimate of the range of background 

000051 
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. 

approximately1 g per eating occasion and the 90th percentile value is 156 g per eating occasion. 
Multiplying both the loth and 90th percentile consumption values for beef (i.e., 1 and 156 g per 
eating occasion, respectively) by an endogenous lactofemn concentration of 193 ng per g (ppb) 
yields an estimated range of intakes of endogenous lactofenin 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. 

For example, for adults aged 20 years and older, the 1 Oth percentile of beef consumption is 

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 lactofemn throughout the meat, or 82 ng per g of tissue (ppb) of boxed 
beef and 726 ng per g of tissue (ppb) in tridgrind if we assume that the lactoferrin is unequally 
distributed within the edible beef. To derive an exogenous lactofenin 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 lactofenin is assumed to be equally distributed throughout the beef carcass 
(scenario l), the intake calculation is quite simple. For example, assuming an estimated 
concentration of bovine milk-derived lactofemn in edible beef of 320 ng per g (ppb), the product of 
this lactofenin 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 pg per eating occasion, respectively. The 16 pg per eating occasion estimate 
represents lactofenin exposure for the median or likely “typical” consumer of lactofenin-treated 
beef products, while the 50 pg per eating occasion estimate represents lactoferrin exposure for the 
“heavy” consumer of lactofenin-treated beef products. In this scenario, the intake of exogenous 
lactofenin is directly proportional to intake of beef. t 

When assuming that exogenous lactofenin concentrations in boxed beef versus tridgrind 
are different (scenario 2), the calculation is completed via a similar approach, though an additional 
step of identifying boxed versus tridgrind 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 tridgrind 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 tridgrind. ENVIRON then generated the total 

000052 
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lactofemn intake per person per beef-eating occasion by adding the amount of exogenous 
lactoferrin consumed from boxed beef to the amount of exogenous lactofenin consumed from 
tridgrind. ENVIRON subsequently calculated the 50th and 90th 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 v&sus 
tridgrind), in the U.S. population. 

(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 50th percentile lactoferrin intakes that are comparable. The 
estimated median intake of bovine milk-derived lactoferrin ranges fiom 2 to 5 pg per beef-eating 
occasion for infants under the age of 1 year, and is estimated to be 16 pg per beef-eating occasion 
for adults. 

e 

The range of lactoferrin intakes derived fiom these two scenarios for each population group 

At the 90th 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 lactofemn-treated beef 
products range fiom 50 to 76 pg per beef-eating occasion. Estimates of 90th percentile bovine milk- 
derived lactoferrin intakes were consistently hgher under scenario 2 as compared to estimates 
derived under scenario 1. Recall that in the second scenario, the concentration of exogenous 
lactoferrin in tridgrind 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 tridgrind 
beef products consumed. 

lactofenin 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 lactofenin. 

C. Conclusions 

of estimated intakes of endogenous lactoferrin that result from untreated beef consumption is 
compared against the estimated intakes of exogenous bovine milk-derived lactofenin that could 
potentially occur fiom consumption of lactofenin-treated beef In Table 3, the range of 50th 
percentile intakes of exogenous bovine milk-derived lactoferrin are all withn 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 

0 

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

000053 

In order to evaluate the potential impact of treating beef carcasses with lactoferrin, the range 
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intakes of exogenous lactoferrin are expected to be high. Therefore, given the inherent uncertainties 
in both the endogenous and exogenous lactofenin intake estimates, the intended use of bovine milk- 
derived lactofenin as an antimicrobial spray treatment on beef carcasses will not result in a 
significant, measurable increase in lactofenin intake relative to current background exposures to 
lactoferrin from beef consumption. 

a 

I. 

Table 3. Estimated Background Lactoferrin Intakes versus 
Estimated 50th and 90th Percentile Intakes of Bovine Milk-Derived Lactoferrin 

from Lactoferrin-Treated Beef Carcasses 

Population Group 

~ 

Infants, < 1 y 
Infants, 1 y 
Chldren, 2-5 y 
Children, 6-12 y 
Teenagers, 13-19 y 
Adults, 20+ y 
DATA SOURCE: 1994-9 

Estimated 

Estimated Intake of 
Bovine Milk-Derived Lactoferrin 

(pg/oc~asion)~ 

Range of 
50th Percentile 

Equal Unequal 

Range of Background 
Lactoferrin Intake 

(pg/occasion)' 

I Distribution I Distribution 

< 0.1 to 8 5 2 
< 0.1 to 12 5 6 
0.1 to 14 7 10 
0.2 to 19 9 12 
0.2 to 26 11 15 
0.3 to 30 16 16 

, 1998 Continuing Survey of Food Intakes by Individuals (CSFII) an 
(USDA 2000, USEPA 2000). 

Range of 
90th Percentile 

Lactoferrin Intakes 

Equal Unequal 

20 35 
24 44 
31 I 62 
44 I 76 
50 76 

Food Commodity Intake Database 

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 ofbackground lactofemn intakes is represented by the IO" and 90' percentiles of endogenous lactofemn consumption from 
beef; values correspond to the 10" and 90* percentiles of beef consumption (g per occasion) multiplied by 193 ng bovine neutrophil 
lactofenin per g beef @pb), respectively. See text for further discussion of lactofemn concentration derivation. 
In Scenario 1, the concentration ofbovine milkderived lactofenin is assumed to be equally distributed throughout the treated beef 
carcass; this exogenous lactofemn concentration is 320 ng per g of beef (ppb). Values correspond to the SO* or 90' percentile of beef 
consumption (g per occasion) multiplied by 320 ng bovine milk-derived lactofenin per g of beef (ppb). See text for further discussion 
of lactofemn concentration derivation. 
In Scenario 2, the concentration of bovine milk-derived lactofemn is assumed to be unequally distributed throughout the treated beef 
carcass; the exogenous lactofemn concentration in boxed beef is 82 ng per g of beef (ppb), while the exogenous lactofenin 
concentration in tiidgrind is 726 ng per g ofbeef (ppb). Values correspond to the 50' or 90"percentile of exogenous lactofemn intake 
(g per occasion). For each beef-eating occasion, the amount of exogenous lactofemn consumed was calculated by taking the sum of 
exogenous lactofemn intake by type of beef (i.e., 82 ng bovine rmlk-derived lactofemn per g of boxed beef (ppb) added to 726 ng 
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IX. LACTOFERRIN INTAKES FROM DAIRY AND WHEY PRODUCTS 
ADDED TO FOOD 

Bovine lactofenin 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 fi-om 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 (Le., 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. 

is approximately 7.7 g per day. This is equivalent to an intake of approximately 23 mg lactoferrin 
per day. The 90th percentile intake of milk protein in the U.S. is approximately 18.6 g per day, or 
56 mg lactoferrin per day. The 95th percentile intake of milk protein is 23.5 g per day, or 
approximately 70mg 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 

The estimated mean intake of milk proteins by individuals in the U.S. ages 2 years and older 

lactoferrin from milk proteins. 000055 
Estimates of whey protein intake were derived from estimates of whey products generated 

by the FDA (Rulis 2000). The FDA estimated that the current consumption 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 fi-om 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 fbnctional 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 
maltingfermenting 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 3 184.1979 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 .O g per day. This is 
equivalent to 14 mg lactoferrin per day. We estimate that the 90th 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 lactofenin per day. 

added to the estimated per capita lactofenin 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 hgh as 100 mg per person per day. 

This estimate of lactofenin exposure is supported by calculations of potential lactofenin 
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 lactofemn 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 lactofenin as an ingredient in sports and functional foods. The FDA had no questions 
concerning the GRAS status of bovine lactofenin 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. 

to food demonstrate the very high background dietary exposure to lactofenin (in the mg range) 
relative to the estimated lactofenin intakes (in the yg range) that could potentially result from the 
use of lactofenin 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 result 
from the proposed use of lactoferrin on beef carcasses. 

a 

Estimates of the per capita lactofemn intake from milk proteins in dairy products were 

These estimated intakes of bovine lactoferrin from dairy products and whey products added 
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‘Data source: FDA estimate of per capita whey products consumption (Rulis 2000); assumed 25% whey protein in whey 
products; assumed 90h percentile of intake is twice the mean intake. 

e Represents sum of estimates of lactoferrin from milk proteins in dairy products and lactoferrin from whey proteins in the food 
Calculation of lactoferrin based on 1.4% lactoferrin in whey protein (Barth and Behnke 1997). 
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X. LACTOFERRIN AS A POTENTIAL HUMAN FOOD ALLERGEN 

a 

a 

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. 

milk allergy are casein, P-lactoglobulin, and a-lactalbumin (Besler et al. 2002; S h m a  et al. 2001; 
Wal 1998; Wal et al. 2001). Several clinical investigators have demonstrated that some cows’ milk- 
allergic individuals have I@ 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 lactofenin. Wal(l998) 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 lactofenin (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 I@ antibodies to 
bovine milk-derived lactofenin (and possibly other milk proteins), positive skin prick tests to 
bovine milk-derived lactoferrin, and positive oral challenges to bovine milk-derived lactofemn. 
Such information does not exist to unequivocally demonstrate that bovine milk-derived lactoferrin 

Could lactoferrin be an allergen in beef? In Chapter IV, the presence of lactofenin in beef 
primarily arising from its presence in bovine neutrophils has been clearly documented. 
Furthermore, bovine neutrophil lactofenin 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 lactofenin 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 

Certainly, no argument exists that the major cows’ milk allergens in IgE-mediated cows’ 

is a human allergen. 000058 
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Piocchi 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 lactofenin, primarily 
from neutrophils, and as described in Chapter V, no significant increase in exposure to lactoferrin 
would occur fiom 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 
lactofenin-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 lactofenin. 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 h i t s  and 
vegetables (Aalberse et al. 2001; Vieths et al. 1994; Vieths 1997). Certain proteins in h i t s  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 lactofenin, differences in glycosylation are unlikely to result in differences in the 
potential of these proteins to elicit allergic reactions. 

Does bovine milk-derived lactofenin have the ability to induce allergic sensitization? 
Studies in Brown Norway rats conducted by the British Industrial Biological Research Association 
(“BIE3RA”) in the U.K. indicate that lactofenin 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 
lactofenin 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 fixther 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. 

food allergens @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 @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. 

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: 

The most recent work related to identifylng elicitation thresholds for several well-recognized 

@ 

Taylor et al. (2002) reported the results of a roundtable conference between twelve clinical 

“. . .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.” 

0000G0 
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. 

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. 

allergen, and there is no reason to believe that it will become an allergen under the conditions of use 
described in this document. 

The estimated intakes of bovine milk-derived lactoferrin resulting from its intended use on 

Therefore, bovine milk-derived lactoferrin has not been established as a cows’ milk or beef 
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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 lactofemn as red milk protein, 
lactosiderophilin, ekkrinosiderophilin, or lactotransferrin (Brock 1980; Naidu 2000). 

Intended Technical Effect 
Bovine milk-derived lactofemn 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 lactofenin 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. colijncluding 
serotype 0 1  57: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 

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 

This G U S  determination specifically addresses a single use of bovine milk- 
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a 

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 

GRN 67, previously submitted to the FDA by National Beef, described the 
(800 PPb). 

sequential use of bovine milk-derived lactofemn 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 lactofenin 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 potential presence of this milk-derived ingredient in beef products so labeled. The 
FDA was notified of this G U S  determination on January 9,2001 (GRN 67). 

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 (Le., 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. 

The single application of bovine milk-derived lactofemn to beef carcasses, which 

Basis for GRAS Determination 
This document addresses only the application of bovine milk-derived lactofenin 

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: 

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 (p-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 lactofenin 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 
is expected based on the production process for the bovine milk-derived 
lactofenin product. The proteins of concern (a-La, p-Lg, BSA, GMP) are not 
extracted by their nature; i.e., their ionic charge is opposite that of lactofenin. 
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. 

0 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) lactofenins 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 
lactofemn 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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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 lactofenin per g beef 
muscle tissue (ppb). 

0 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 
tridgrind 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 lactofenin that occur from consumption of lactoferrin-treated beef. 
In the following table, the range of 50th 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. 

a 
- 5 -  

000074 



~ Estimated Background LactoferrgIntakGersus- 
Estimated SOfh and 90fh Percentile Intakes of Bovine Milk-Derived Lactoferrin 

from Lactoferrin-Treated Beef Carcasses 
, 

Population Group 

Infants, < 1 y 
Infants, 1 y 
Children, 2-5 y 
Children, 6-12 y 
Teenagers, 13-19 y 
Adults. 20+ v 

Estimated Intake of 
Bovine Milk-Derived Lactoferrin 

(pg/oc~asion)~ 
Estimated 

Range of Background 
Lactoferrin Intake 

DATA SOURCE: 1994-96,1998 Conhnuing 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. Esamates were generated wth USDA sample weighting factors to adjust for differences in representation of 
subpopulations. 
The range of background lactoferrin intakes is represented by the 10" and 90" percentiles of endogenous lactofemn consumphon 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 distnbuted throughout the treated beef 
carcass; this exogenous lactoferrin concentration is 320 ng per g (ppb) beef. Values correspond to the 50" or 90" percentile of beef 
consumption (g per occasion) multiplied by 320 ng bovine milk-denved lactofemn per g (ppb) beef See text for further discussion of 
lactofenin concentration denvahon. 
In Scenario 2, the concentration of bovine milk-derived lactoferrin is assumed to be unequally distributed throughout the treated beef 
carcass; the exogenous lactofemn concentration in boxed beef is 82 ng per g (ppb) beef, while the exogenous lactofemn concentration 
in tridgrind is 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 lactofemn consumed was calculated by taking the sum of exogenous lactofemn 
intake by type of beef &e., 82 ng bovine milk-derived lactofemn per g (ppb) boxed beef added to 726 ng bovine milk-derived 
Iactofem'n per g (ppb) bidgrind). See text for further discussion of lactofenin concentration derivation. 

0 Bovine milk-derived lactoferrin has been consumed by humans for thousands 
of years as a naturally occurring protein found in milk. Current sources o f  
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 o f  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 



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. 

0 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 fi-om the use of bovine milk-derived lactoferrin as an 
antimicrobial spray on beef carcasses very low. 

0 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 MedlineB and Dialog@. The scientific data and infomation 
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 G U S  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 fkom naturally occurring endogenous lactoferrin in 
beef, and 2) a determination that this potentially small incremental increase in lactoferrin 
exposure is safe @.e., there is no reasonable expectation that bovine milk-derived 
lactofenin 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 lactofenin 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 

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 

Thus, for this specific use of bovine milk-derived lactoferrin as a carcass spray, 
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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. m l e  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, P-lactoglobulin, and a-lactalbumin (Besler et al. 2002; 
S h m a  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 
lactofenin. Wal(l998) appears to have identified two milk-allergic infants out of 92 
studied (2.2%) who were mono-sensitized to lactofenin 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 V a l  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. 

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 fiom its presence in bovine 
neutrophils has been clearly documented. Furthermore, bovine neutrophil lactofemn 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 

Milk-allergic patients seem to occasionally have IgE antibodies directed at other 
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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 lactofemn is not an allergen in beef. 

Studies in Brown Norway rats conducted by the British Industrial Biological 
Research Association (“BIBIU”) 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 lactofemn 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 
lactofenin to induce an I@ 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 M e r  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 fiom 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 lactofemn 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 lactofenin 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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Accordmg 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 lactofenin 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, 
lactofemn 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 (Le., 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 
lactofenin at these low levels is even more remote when one considers that there are 
likely to be few (if any) lactofenin-sensitized individuals in the population. 

beef allergen, and there is no reason to believe that it will become an allergen under the 
conditions of use described in this document. 

Therefore, bovine milk-derived lactoferrin is not a well-established cows’ milk or 

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 lactofenin 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 lactofenin to state that 
fact on the label. 0 
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Expert Panel Consensus Statement 

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 lactofenin 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 G U S  status of bovine milk-derived lactoferrin applied to ' 
beef carcasses are: 1) a determination that exogenous lactoferrin exposure from typical 
beef consumption (resulting fiom its application to beef carcasses) is in the range of 

I 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). 

In conclusion, the undersigned group of scientific experts, qualified by scientific 
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In conclusion, the undersigned group of scientific axpert$, qualified by scientific training 

and experience to evaluate the safety of food and food addidvcs. agree that bovine milk-derived 
lactofenin, used as a component (at not more than two percent by wight) of an antimicrobial 
spray electrostatically applied 10 raw beef wcasses (at a conceutratioa of lactofcmn of 2% or 
less in the formulation and not to exceed 0.20 ml of farrnulation per kg beef, followod by la~tic 
acid rinsing) to yield a final residual amount of bovine milk&ived lactofenin of less than 800 
ng per g of beef (800 ppb), is determined to be GRAS without thc requirement of IabeIing of 
food products produced from carcasses so treated. The two key components of the amcssmcnt as 
to why Labeling should not be requited for &e GRAS status of bovine milk-derived Jactofcnin 
applied to beef carcasses am: 1) a determination that exogenous lactofcrrin exposure fiom typical 
beef consumption (resulting from its application to beef carcasses) iS in the range of existing 
background exposures due to endogenous laotoferrin level, found naturally h beef, and 2) a 
determination that this potentially small incremental increase ia hctoferrin exposure is safe (i .e., 
there is no reasonable expectation that bovine milk-derived lactofenin will become an allergen 
under the conditions of its intended we). 
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In conclusion, the undersigned group of scientific experts, qualified by scientific training 

and experience to cvahtate the safety of food and food additives, agree that bovine milk-derived 
Ia~oferrin, used as a component (at no1 more than two percent by weight) of an antimicrobial 
spray electrostatically applied to raw kef carcasses (at a concentration of tactoferrin of 2% or 
less in the formulation and not to exceed 0.20 ml of formulation per kg bee& followed by lactic 
acid rinsing) to yield a find residual amount of bovine milkderived lactoferrin of less than 800 
mg per g of beef (800 ppb), is determined to be G U S  without the requirement of labeling of 
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background exposures due to endogenous lactofkmh levels found naturally h beef; and 2) a 
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APPENDIX I 

Three Studies Conducted by 
National Beef to Measure 

Endogenous Levels of 
Lactoferrin in Beef 



Determination of Endogenous Levels of Lactoferrin in Beef 

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

PROTOCOL 

LF detection by an ELISA method: 

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

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

e 

e 

e 

e 

e 

e 

e 

e 

e 

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 Tis,  0.14 M NaC1,0.05% 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 p1 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. 101 00395) 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: 0.98 
(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: 

endogenous levels of LF. Beef was grounded, weighed out and placed in a stomacher bag 
containing TBS (50 mM Tris, 0.14 M NaC1,0.05% 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. 

Beef Round- Bottom Round Steak (sample size; n=4) was used to determine the 

Sample # 
1 
2 

RESULTS 

Levels of LF (ng/g) 
218.87 
196.80 

Endogenous Levels of Lactoferrin: 

7 3 173.99 
4 219.23 

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

Average amount of LF (n&) 
202.22 f 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.” J Periodontal Res 3 l(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)-38B 
Scientist in charge: Joe Tulpinski 
Date Completed: 9/6/02 

PROTOCOL 

LF detection by an ELISA method: 

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

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

e 

e 

e 

e 

e 

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 mi 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 NaC1,0.05% 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 p1 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 fiom 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: 

endogenous levels of LF. Beef was grounded, weighed out and placed in a stomacher bag 
containing TBS (50 mM Tris, 0.14 M NaC1,0.05% 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. 

Beef Round- Bottom Round Steak (sample size; n=4) was used to determine the 

Sample # 
d 1 

2 

RESULTS 

Levels of LF (ng/g) 
168.23 
198.52 

Endogenous Levels of Lactoferrin: 

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. Adon gianaki, 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 3 l(2): 13 5-43. 

2. Hetherington, S. V., J. K. Spitnagel 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: 

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

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

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 37OC 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 $00 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. L 



Test Samples: 

endogenous levels of LF. Beef was grounded, weighed out and placed in a stomacher bag 
containing TBS (50 mM Tris, 0.14 M NaC1, 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. 

Beef Round- Bottom Round Steak (sample size; n=4) was used to determine the 

RESULTS 

Sample # 
1 
3 

Endogenous Levels of Lactoferrin: 

Levels of LF (ng/g) 
178.64 
195.23 - 

3 
4 

. . ~~ 

205.84 
186.54 

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

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

‘ References: 
1. 

2. 

Adonogianaki, E., J. Mooney and D. F. Kinane (1 996). “Detection of stable and 
active periodontitis sites by clinical assessment and gingival crevicular acute- 
phase protein levels.” J Periodontal Res 31(2): 135-43. 
Hetherington, S. V., J. K. Spitnagel and P. G. Quie (1983). “An enzyme-linked 
immunoassay (ELISA) for measurement of lactoferrin.” J Immunol Methods 
65( 1-2): 183-90. 

000105 



1.800 

1.600 

1.400 

1.200 
A 

E 
9 1.Ooo 
0 - 
Q 
0 
E 

8 0.800 
s 
9 

0.600 

0.400 

0.200 

Bovine LF Standard Curve 

R2 = 0.9897 

1 .o 10 0 100.0 

Concentration (nglml) 

1000.0 



e 

e 

APPENDIX I1 

Four Beef Carcass Washing 
Studies Conducted by 

National Beef 



Measurement of exogenous lactoferrin levels on beef surface 

a Project: NT(02)-39A 
S c i d s t  in charge: Joe Tulpinski 
Date Completed: 91 510 2 

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 Processinp Simulation IMPS) 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 (1125 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’”). 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 ( 1 4 0 O  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 
troll ey . 

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’”). 

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: 

A programmable logic controller (PLC from Allen-Bradley, Milwaukee, WI) encased in 



Lactoferrin amlication bv Electro-static Sprav ( E S S )  svstem: 
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: 
0 Meat sample after passing through Chamber-8 ofthe 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. 
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. 
Meat samples were either directly measured for the LF deposition or further processed 
subjecting to an additional acid wash (Step-6) in the M P S  system to measure residual (post- 
wash) LF. An ELISA method, described below is used for the detection of LF on meat 
surface. 

0 

0 

0 

0 

0 

0 

LF detection bv an ELISA method: 
ELISA is a sensitive method for the detection of lactofenin 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 (Montgomej, TX) and 
performed according to the manufacturers instructions, briefly as follows: 
0 

J 

0 

0 

0 

0 

0 

- 

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 NaC1,0.05% 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. 



e 

10 

e 

2827 f 62 

e 

2 
4 
6 
8 

e 

145 k 12 91 
1572 11 87 
225 2 20 83 
663 k 44 76 4 

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. 101 00395) from the DMV International, NY. 
Two-fold serial dilutions of LF ranging from 500 ng/ml to 7.8 n g / d  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. 

Test Samples: 

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. 

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

Exogenous 

1233 k 51 
1310 f 47 

I 8 I 2784 k 132 I 

Residual (post-wash) levels of exogenous lactoferrin afler curcass wash I Time of Spray (sec) I Levels of LF detected (ng/ cm’) I YO LF washed-off the meat I 

I 10 I 926 * 75” I 67 I 

References: 
1. Adonogianaki, E., J. Mooney and D. F. Kinane (1 996). “Detection of stable and active 

periodontitis sites by clinical assessment and gingival crevicular acute-phase protein 
levels.” J Periodontal Res 3 l(2): 135-43. 

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



RESEARCH LABORATORY 

1.600 

1.400 

1.200 

0.800 

i! 
0 3 0.600 

0.400 

0.200 

0 000 
1 .o 

ELSA LF Standard Curve 

. . . ~ ~ ~~~ . .... . . . . . . ... . . .. .. 

, 

10.0 100.0 

Concentration (nglml) 

1000.0 



Measurement of exogenous lactoferrin levels on beef surface 

Project: NT(02)-39B 
Scientist in charge: Joe Tulpinski 
Date Completed: 9/6/02 

PROTOCOL 

Step Function Time Spray volume 

1 Cold water spray 1 0-sec 125-rnL 
Sample Loading 

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. 

Comments 
Meat (1 2x 12 cm) loaded 
Pre-evicery wash step 

Carcass Wash usinp the Meat Processinp 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 (1125 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’”). 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 
troIley . 

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’”). 

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: 

A programmable logic controller (PLC from Allen-Bradley, Milwaukee, WI) encased in 

2 
Process pause 1 0-sec 
Lactic acid spray 1 0-sec 125-mL Pre-evicery 2% acid rinse 

3 

4 
5 
6 

Process pause 1 0-sec 
Hot water spray 20-sec 250-mL 180°F wash (DI water) 
Process pause 1 0-sec 
Cold water spray 1 0-sec 125-mL Carcass rinse 
Lactofenin Spray 2- 10 sec 2 - 10 mL Application by ESS 
Lactic acid spray 1 0-sec 125-mL Final 2% acid rinse 



Lactoferrin amlication bv Electro-static SDrav (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: 
0 Meat sample after passing through Chamber-8 ofthe MPS system described above is 

unhooked together with the sample loading cassette and place inside the positioning hooks of 
the ESS system. 

0 Air compressor pressure is set to 120 psi and the tank pressure is adjusted to 100 psi. 
0 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. 
0 LF is siphoned into the syringe which is attached to the ESS system for delivery. 
0 Time of LF application is adjusted for each trial segment i.e. 2-, 4-, 6-, 8-, and 10-sec. 
0 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. 
0 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 bv an ELISA method: 
ELISA is a sensitive method for the detection of lactofenin 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: 
0 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 p1 of 2N sulfuric acid. 



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

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

0 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. 

0 

0 

Time of Spray (sec) Exogenous LF (ng/ cm’) 
2 .I465 f 63 
4 1564 f 82 

Test Samples: 

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 1 0-sec by 
hand. Each tube covered an area of approximately 4.9 cm2. This wash liquid was tested for LF 
levels. 

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

6 1881 f 102 
8 
10 

2183 f 121 
2659 f 56 

Time of Spray (sec) Levels of LF detected (ngl em’) YO LF washed-off the meat 
2 211 f 1 1  86 
4 231 f 15 85 
6 338 f 22 82 
8 853 f 43 61 
10 1046 f 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: m(02)39c 
Scientist in charge: Joe Tulpinski 
Date Completed: 911 1/02 

PROTOCOL 

Step I Function Time Spray volume 
I Samde Loading 

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. 

Comments 
Meat f 12x 12 cml loaded 

Carcass Wash usiw the Meat Processinp Simulation (MPS) svstem: 
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 sanitarykhemical solution pumps (V25 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’”). 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 
( 

t 

I 

i 
1 

I 
5 

5 

if the drive chain to deliver a circular stream of liquid towards the middle center of the loading 
xolley . 

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

i stainless-steel box, digitally controls the MPS system. The PLC is interfaced 
iia a message view terminal. The operator can program the spraylpause processing time, and 
un-cycle (test or sanitary flush), as required. The MPS system washes the meat according to 
jpecific washing steps. The following simulated steps are comparable to that of real-time 
ianitizing assembly of a meat processing plant: 

A programmable logic controller (PLC from Allen-Bradley, Milwaukee, WI) encased in 

L I Pre-evicery wash step 1 I Cold water spray I , 10-sec I 125-mL 
I I Process Dause I 10-sec I I I 

2 Lactic acid spray 1 0-sec 125-mL Pre-evicery 2% acid rinse 

3 Hot water spray 20-sec 250-mL 180°F wash (DI water) 
Process pause 1 0-sec 

Process pause 1 0-sec . 



Lactoferrh a d c a t i o n  bv Electro-static Swav (ESS) svstem: 
The ESS system is a pressure and charge driven instrumentation for application of 

lactofenin onto a meat surface. n e  electrical current for the applications ofthe 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: 
0 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. 

0 Air compressor pressure is set to 120 psi and the tank pressure is adjusted to 100 psi. 
0 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. 
0 LF is siphoned into the syringe which is attached to the ESS system for delivery. 
0 Time of LF application is adjusted for each trial segment i.e. 2-, 4-, 6-, 8-, and 10-sec. 
0 LF is applied on meat surface with the above settings. Fluid level and consistency of liquid 

sprayed fiom ESS is monitored during the application process. 
0 Meat samples were either directly measured for the LF deposition or further processed 

subjecting to an additional acid wash (Chamber-9) in the M P S  system to measure residual 
(post-wash) LF. An ELISA method, described below is used for the detection of LF on meat 
surface. 

LF detection bv an ELISA method: 
ELISA is a sensitive method for the detection of lactofemn in biological systems 

(Adonogianaki, et al., 1996; Hetherington et al., 1983). An ELISA assay kit for the detection of 
bovine lactofemn (LF) was purchased from the Bethyl Laboratories (Montgomery, TX) and 
performed according to the manufacturers instructions, briefly as follows: 
0 

0 

0 

0 

0 

0 

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 NaC1,0.05% Tween 20, pH 8.0) 
containing 1% bovine serum albumin, was added to assigned wdls. 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 Le. 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). 

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

0 Two-fold serial dilutions of LF ranging fiom 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. 

0 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 fiom 
ELISA were correlated against the standard curve. 

0 

Exogenous LF (nu cm’) 
- 

Time of Spray (sec) 
2 1321 * 12 
4 1453 f 56 
6 1645 k 79 
8 2284 f 63 
10 2946 f 88 

Test Samples: 

application of LF on meat surface. Beef samples after LF application by ESS system either 
directly measured for LF or subjected to a m e r  processing and the residual (post-wash after 
acid rinse) was measured by an ELISA. Briefly, A 50-cc sterile conical centrihge 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 cm2. This wash liquid was tested for LF 
levels. 

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

Time of Spray (sec) Levels of LF detected (ng/ cm’) 
2 263 f 43 
4 427 f 57 
6 703 f 49 
8 900 f 142 

YO LF washed-off the meat 
80 
70 
57 
61 

I 10 I 1135 +213 I 61 I 
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levels.” J Periodontal Res 31(2): 135-43. 

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

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 usiw the Meat Processing Simulation MPS) svstem: 
M P S  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 sanitaqdchemical solution pumps (1125 HP, 10.6 Wmin, 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’”). 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 Llmin) 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’”). 

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 M P S  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: 

8 20 



Lactoferrin adicat ion bv Electro-static S ~ r a v  (ESS) svstem: 
The ESS system is a pressure and charge driven instrumentation for application of 

lactofenin onto a meat surface. The electrical current for the applications of the LF ranges 
between 5 VdcA 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: 

Meat sample after passing through Chamber-8 ofthe 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. 
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 Le. 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. 
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 bv 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 NaC1,0.05% 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. 



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

0 A standard curve for bovine LF was plotted using a commercial preparation of LF protein 
(Lot. 10 100395) from the DMV International, NY. 

0 Two-fold serial dilutions of LF ranging fiom 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. 

0 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 fiom 
ELISA were correlated against the standard curve. 

I 

0 

Time of Spray (sec) Exogenous LF (ng/ cm’) 
2 1362 + 45 

Test Samples: 

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. 

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

8 
10 

2659 k 153 
2977 f 84 

r-- 4 ~ I 1487 k 86 I 

Time of Spray (sec) Levels of LF detected (nn/ cm’) 
2 263 f 55 
4 385 k 41 
6 327 k 87 
8 645 k 92 
10 865 k 73 

1 -  6 I 1741 +24 I 

YO LF washed-off the meat 
81 
74 
81 
76 
71 

References: 
1. Adonogianaki, E., J. Mooney and D. F. Kinane (1 996). “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. Spitmagel and P. G. Quie (1983). “An enzyme-linked 
immunoassay (ELISA) for measurement of lactofemn.” J Immunol Methods 65( 1-2): 
183-90. 
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APPENDIX I11 

Information Provided by 
National Beef Describing the 

Steps Involved in Meat Processing and 
Details Regarding the Lactoferrin Application Process 



A hdd -USRmimn eaf G m q q  

12200 N. Ambassador Dr. 

QUALIW BEEF 
FROM FARM 
TOTABLE . 

Kansas City, MO 64163-1244 
1 -800-449-BEEF 

September 23,2002 

Subject: . Activated Lactofemn 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: 

0 

.. 0 

Live animals are brought into the facility at a rate of approximately 35,000 head per week. 
The animals are humanely stunned and bled. 
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 “Re-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. 
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 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. 
After the final rail inspection the carcass sides travel through a Thermal Pasteurization Cabinet 
(Hot Water). 
They then enter the Activated Lactofemn Cabinet. 
Next the carcasses enter a house tempered carcass wash. 
The final step on the slaughter floor is a “Final Lactic Acid” rinse before the carcasses enter the 
HotI3oxes for chilling. - 

Chilling Process: 
Carcasses enter the Hotboxes where they are sprayed with chilled water to start their chilling 
process. Theystay in the HoBoxes for 24 to 36 hours. 
They then are transferred to the USDA Grading area where they are evaluated for Yield, Quality 
and individual program classifications. 
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). 

Carcasses are transferred into the Fabrication floor be grade. 
As the carcasses enter the fabrication floor they are systematically broken down by primal 
(rounds, loins, ribs, chucks, briskets). 

Fabrication Process: 



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. 
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. 
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 furthei 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. 

0 

0 

0 

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 Ibs. (average side weight 400 Ibs.). 
Average TridGrind Weight 235 lbshead 
Average Boxed Beef Weight 4 15 lbs./head 
Average Bone/Fat Weight to Rendering: 149 Ibshead 

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

When Activated Lactofemn 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 consists of bone and tissue that normally go to rendering, 
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. 
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 fadlean). 
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 gnndout side grind 
sales. 
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Product Specifications 



Finished Product Specifications 

ChemicaVPhysicaYMicrobial Characteristics 
Protein 

Lactoferrin 
Moisture 
Ash 

p H  (2%, 20°C) 
a, - not measured on a routine basis 

The manufacturing specifications for bovine lactofenin appear in Table 1. The product consists 
of 93.0% protein, 6% moisture and 1% ash. Lactofenin 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 (aw) of 0.2. 
Complete solubility is achieved when 2 g of lactofenin is added to 100 ml of 20°C water. The iron 
binding capacity of the final product is 270%. 

Table 1. Manufacturing Specifications for Bovine Lactoferrin 

Specifications 
2 93.0% 
2 95.0% 
4 6.0% 
I 1.0% 

5.5-6.5 
.2 

’ Dieldrin, heptachlor epoxide, hexachlorobenzene, a-hexachlorocyclohexane, p- 
hexachlorocyclohexane, lindane, DDT-total 

Cs 134 + Cs 137 

a 
- 1 -  E N V I R O N  



Figure 1. Comparison of Bovine Milk - Derived Lactoferrin Product to Allergenic Protein Standards 
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Table 2 
Comparison of Bovine Milk-Derived Lactoferrin Product to Allergenic Protein - 

Standards * 

Concentration Retention Time 

*Data fi-om Figure 1 
(Abbreviations : LF, lactoferrin ; BSA, bovin serum albumin ; p - Lg, beta-lactoglobulin ; 
a - La, alpha-lactoalbumin ; GMP, glycomacropeptide) 

- 3 -  
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Mr. Jeremiah Fasano 
Division 'of Biotechnology and GRAS Notice; 

Center for F'ood Safety and Applied Nutrition 
Food and Drug Ahinistra6ion 
5 100 Paint Branch Parkway 

Review 

College Park, MD 20740 a 
Re: GRAS Notice No. GRN 000130 

Dear Mr. Fasano: 

We have received your June 4,2003 letter acknowledging receipt ofthe 'GMS Notice filed 
on behalf ,ofa;LF Ventures, L.L.C. on May 23,200,3' (GRN 000130)l. The intent, ofthis Better is to 
clarify the purpose of the GRAS Notice,. Please note that GRN 100 130 informs FDA that, in! the view 
of aLF Ventures, L,.L.C., the use ofbovine mik-derived la,ctoferrinnsed as an antimicrobid spray on 
beef carcasses so ;that the resi'dmal level of endogenous lach6enin does not exceed 800 nmogrms 
per gram of beef is generally recognized as ,safe wifihout my need for product labeling, 

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

Sincerely yours, 

MLI$dm 0 cc: Dr. Ram Nimagudda 
Claire L. Kruger, Ph.D. 
Philip C. OIsson 
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Center for Food Safety and Applied Nutrition 
5 100 Paint Branch Parkway 
College Park, MD 20740 

Review 

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, 4 

MLI: lss 
cc: Dr. Ram Nimmagudda 

Claire L. Kruger, Ph.D. 
Philip C. Olsson 
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July 1 !l , 2003 

BY ELECTRONIC MAIL 

Dr. Jeremiah Fasano 
Division of Biotechnology and GRAS Notice 

Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5 100 Paint Branch Parkway 
College Park, MD 20740 

Review 

Re: Thermal Denaturation and Digestion of Lactoferrin 

Dear Dr. Fasmo: 

During the July 10,2003 meeting between the Center for Food Safety and Applied Nutrition 
and aLF Ventures, LLC, you and your colleagues requested additional citations regarding, the effects 
of cooking on lactofenin 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 'qnesti'ons, please do not hesitate to contact as. 

Sincerely ,, 

Philip C .  Olsson 
PC0:jdrn 
Attachment 

800167 



Thermal Denaturation of Lactoferrin 

1. 

2. 

1. 

2 .  

3. 

4. 

5. 

6. 

Paulsson, MA; Svensson 'u; Gshore AR; Naidu AS (1993) - Thermal behaviour of bovine 
lactoferrin in water and its relation to bacterial interaction and antibacterial activity. J. Dairy Sci. 

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

76,3711-3720 

(4), 873-879. 

Intestinal! Digestion of Lactoferrin 

Brock JN; Arzabe F; Lampreave F; Pineiro A (I 9786)l - The effect of trypsin an bovine 
transferrin and lacto'ferrin. BiochimBiophysActa 446: 214-225'. 
Brines RD; & Brock JH (1983) - The effect of trypsin and chymotrypsin on the i,n vitro 
antimicrobial and i 
colostrums; unusual resi,stance of human apolactoferrin to proteolytic digesti,on. Biochim. 
Biophys.Acta 759: 229-235.# 
Spik G; Brunet B;, Mazurier-Dehaiine C; Fontaine G; Montrueil J ('1982) - Characterization 
and propenties of the human and bovine lactotransferrins extracted from the faeces of new 
born infants. Acta Paedatr.Scand 71: 979-'9858. 
Line W; Sly D; Bezkoroowainy A (1976)' - Limited cleavage of an lactoferrin with 
pep,sin. Int. J. Biochem 7: 203 - 208 
Bellamy W; Takase M; Yamauchi K; Wakabayashi H;, Kawase K Tomita M (1992) - 
Identification of bacterial domain. Biochim . Biophys. Acta 1121: 130-136 
Freddy J. Troost ; Jan Steijns;, Wirn N. M.Saris and Robert-Jan M. Bwmmer (2001) - 
Gastric 'digestion of bovine lactoferrin In Vivo in adults. J. Nutr 131: 21014104 

binding propeflies of lactofenin in human! milk and bovine 
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July 15,2003 

TISH E. PAHlL 
ROBERT A. MAMN 
NAOMI 1. L. HALPERN 
STEPMIEN L. LACEY 
SHAlRON D. BROOKS 
RYAN W STROSCHEW 
EVAN S? PWlELPS 
VALERIE, :B. SOLL)MOMi* 

OF COlLINlSEL 
JUR T STROBOS 
JACQUELINE H EAGLE 
KENNETH D. ACKERMAN 
MARK 1L ITZKOFF 

BY PEDERAL EXPRESS jl 

Dr. Jeremiah Fasano 
Division of Biotechnology and GRAS Notice 

Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5 I00 Paint Branch Parkway 
College Park, MD 20740 

Review 

Re: GRSN130 

Dear Dr. Fasano: 

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

PC0:lss 
Attachments 
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1. Paulsson, M, Svensson U; Kishore AR, Naidu AS (1993) - Thermal behaviour of bovine 
lactofenin in water and its relation to bacterial interaction and antibacterial activity. J. Dairy Sci. 
- 76,3711-3720 

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

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

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

I 759: 229-235. 

5 .  Spik G; Brunet B; Mazurier-Dehaine C; Fontaine G; Montrueil J (1 982) - Characterization and 
properties of the human and bovine lactotransferrins extracted from the faeces of new born 
infants. Acta Paedatr.Scand 71: 979-985. 

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

7. Bellamy W Takase M; Yamauchi IC; Wakabayashi H; Kawase K Tomits M (1992) - 
Identification of bacterial domain. Biochim . Biophys. Acta 1 12 1 : 130- 136 

8. Freddy J. Troost; Jan Steijins; 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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July 88,2003 

BY ELECTRONIC MAIL 
AND FEDERAL EXPRESS 

Dr. Linda S .  Kahl 
Food and Drug Administration 
Center for Food Safety and Applied Nutrition 
11 10 Vermont Avenue, N.W., Room I1 1'9, '(HFS-255) 
Washington, D.C. 20201 

Dr. Jeremiah Fasano 
Division of Biotechnofogy and GRAS Notice Review 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5 100 Paint Branch Parkway 
College Park, MD 20740 

Re: GRN 130 

Dear Dr. Fasano: 

The purpose of thi,s lekter i,s to follow-up with you on yesterday's telephone conversations 
regarding aLF 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 ex,ogenon,s and 
endogenous lactofenin 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. O h o n  
0Fw:lss 
Attachment 



E N V I R O N  
Health Sciences Institute 

July 18,2003 

Phillip C. Ohon, Esq. 
Olsson, 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 17th 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 &F Ventures. 

Sincerely yours, 

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

Attachments 

The ENVIRON Health Sciences Institute 
4350 North Fairfax Drive,  Sui te  300, Arl ington,  Virginia 22203 USA 

Tel:  +1 703  516 2309 4 Fax: +1 703 516 2 3 0 4 .  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 (ScientiJic 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.” 



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

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

Population Group 

~ 

Infants, 1 y 

Infants, 1 y 
Children, 2-5 y 
Children, 6- 12 y 
Teenagers, 13- 19 y 
Adults, 2W y 

~- 

DATA SOURCE USDA 

12 5 6 20 35 
~ 

3 
4 14 7 I 10 I 24 44 

26 - ~~~ ~ li 11 - 15 44 76 7 
9 30 16 16 50 76 

~ _ _ - ~  

994-96.1998 Continuing Survey of Fwd Intakes by Individuals (CSFII) and USEPA g o d  Commodity Intake Database WSDA 2000, USEPA 2000) 
NOTES: Breastfeeding infants andchildren were excluded from the analyses. Analyses were- limited to individuals who provided 2-days of recall da&. Estimates were generated witb 
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 multiplying each of them by 193 ng bovine neutrophil lactofemn per g beef (ppb). See the text for a further discussion of the derivation of the 
estimated endogenous lactofemn concentration in beef of 193 ng/g. 
Under Scenario I, the amount of bovine milk-derived lactoferrin adhering to the treated beef carcass is assumed to be equally distributed throughout the edible portions oftbe carcass; this 
assumption yields an estimated exogenous lactoferrin concentration in all beef products of320 ng per g ofbeefbpb). Then, intake values corresponding to the SOm and 90m percentiles of 
beef consumption (in g per occasion) for each population group of interest were multiplied by this concenttation of 320 ng bovine milkderived lactofenin per g of beef @pb) to yield 
estimates of exogenous lactofenin intakes listed above under “Scenario I.” See the text for a further discussion of the derivation of the estimated exogenous lactofenin concentration in 
lactoferrin-treated beef of 320 ngg. ’ Under Scenario 2, the amount of bovine milkderived 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. “tridgrind”, this assumption yields an estimated exogenous lactoferrin concentration in “boxed beef‘ of 82 ng per g of beef 
(ppb) and an estimated exogenous lactofemn concentration in “tridgrind” of 726 ng per g of beef (ppb). Then, for each heef-eating occasion, it was determined whether the beef 
consumed would have most l ie ly  been derived from “boxed beef‘ or “tridgrind.” If from the “boxed beef,” the amount ofbeefconsu_med was multiplied by tbe concentration of 
exogenous lactofenin in “boxed beef‘ of 82 ng bovbe milk-derived lactofemn per g. If from the “trirdgrind,” the amount of beef consumed was multiplied by the concentration of 
exogenous lactofdn in ”trimlgtnd” of 726 ng bovine milk-derived lactofed per g. These exogenous lactofemn intakes were then siimmed across all beef-eating 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 lactofemn-treated beef. 

~~ 

-2- E N V I R 0 N 



3. Clarification regarding assumptions employed in “Scenario 1 I’ 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 milkderived (Le., exogenous) Iactoferrin (Le,., 32’0 ng/g). Then, 
intake values corresponding to the 50th and 90th percentiles of beef consumption (in g 
per occasion) for each population group of in6erest were multiplied by this ‘concentration 
of 320 ng bovine milk-derived lactoferrin per g o’f beef (ppb) to yield 580* and 90* 
percentile estimates of exogenous lactofenin 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 sudace 
area of the treated carcass that ends up in “boxed beef’ versus “tridgrind,” so that the 
concentration of bovine milk-derived s(i.e., exogenous) lactoferrin in a particular beef 
product derived from a treated carcass depends on whether that product was derived kern 
“boxed beef’ or “tridgrind.” For beef products derived fiom “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 “.tisid@nd” (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 “tridgrind.” If from “boxed beef,” &e amount of beef 
consumed was multiplied by the concentration of exogenous lactoferrin in “boxed beef’ 
of 82 ng bovine milk-derived lactofenin per g beef. If from “tridMnd,” the amount of 
beef consumed was’ multiplied by the ‘concen$ration ‘of exogenous lactofenin in 
“tridgrind” 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,. 

E N V I R O N  
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July 24,2003 

BY FACSIMILE 
and ELECTRONIC MAIL 

Dr. Linda S. Kahl 
Food and Drug Administration 
Office of Food Additive Safety 

5 100 Paint Branch Parkway 
College Park, MD 20740-3835 

HFS-255 

Re: Weight Variations 

Dear Dr. Kahl: 

Yon 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 unlikeIy 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: 

0 Average live animal weight: 1,245 pounds per head 
0 Average dressed carcass weight: 799 pounds per head 

Average boxed beef weight: 415 pounds per head 
Average tridgrind weight: 235 pounds per bead 

0 Average weight of bone/fat to rendering: 149 pounds per head 



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 '(4 15 pounds or 189 kg) 
and the average tridgrind 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 miIk-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 8'39 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. h 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 carc'asses the average conceutrdion of 
bovine derived lactoferrin in m y  ground products would always be less than 800 ng per gram. 
Therefore, we believe ifi is extraordinarily unlikely that c'oncentrations of bovine milk-derived 
lactofemin in edible meat products would ever exceed 800 n,g per gram. 

Sincerely, 

Philip C. 'Olsson 



FROM OLSSON, FRANK & WEEDA, 
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St-aoseph, MO K e d  o r  3'0, 3, USDA, Market "ews Eimervice I 

5 M E A  DaILY W I G H T E D  AVERAGE' DIRECT SLAUGH,TER CATTLE - NEGOTIATEB 
TexaslOkIahorna; ,Kansas; :Nebraska; Colorado; lLowa/Winne,sot,a fced180im 

"fiecap f p r :  Tuesday 4/29/03 I 

E:,;,l;; I ' ,Tho 
i., 

&,:;,f< 1 

Head Count: 3,910 Week Ago: 2 , 2 2 5  Last Year: 2,832; 
Aeek to Date 4.516 Week Aga! 2,905 Last Year: 3,7221 w. I( 

STE.FRS 
Over 60% Choice 
65 - 80% Ch"oj.ce 
35 - 65% Choice 

0 - 35% C h o k e  
Total all. grades 

0v;er $O% , Chrrice 
' 65 - 80% C h o i c e  

35 - 65% Choice 
0 - 35% Choice 

Total all grades1 

ME T,FERS 

STEERS 
Over 80% Choice 
65 - 8Q% Choice 
35 - 65% C h o i c e  
0 - 35% Choice 

T o t a l  a l l  grades 

Over 80%' choics 
. I  , BET FERS 

LIVE FOB BmIS - Beef Breeds I 

CQzLK'At Ro n ge Range Weigh1 
Head Weight Price A v  ~ 

- 
4 66 1,125-3!, 175 
135 I, 3,00-1,100 

60 1 1,100-1 ,  a 7 5  
- 

DRESSED DELIVERED 
Head! Weight 
Count Range 

- - 
13e 803-803 125.00-125.00  803 ; 
270 8 0 0 - 8 0'5 225-go-125.00 804 ' 

I! Hoad Count Avg Weight R v g  Price 
1, ?a5 1,252 7 7 . 8 1 3  
64 6 I, 136 77-89 
4 0 8  8 0 4  125.00 I1 

927 701 1.25.. 13 I 

I 

SAME PER,IODl LAST WEEK Head Count Avg Welight Rvg P'cice I, 

Live Heifer 
Ore,ssed Steer  5161 8 1 7  125.82;  
Dressed Heifer 

'Liva, S t e e r  3!7 5 1 ? 1'99 7'9.31 ,#;;I ,In,. -li\ . I 

. 1 1  I, 

'S,TOlE PER,'I[OP LAST YEAR Blead Capnt Avg Weight Avg P r , i c e  
%Live Siteer 418 1 , 2 5 9  6 4 . 3 0  'I 

L ive  keifer 210 1 , 1 6 2  6141 86 
Dresse,d Steer 1 r 07.3 8803 1084.74 

~~://wuwv.ams.usda.gov/mnarchivc/200~3/apr/04-3 0-2003/&n-ct 'I 0O.txt 

r 

Avg 
P r i c e  

7 9 . 0 0  
78.12 
78,OO 

7 8 . 1 5  

7 7 . 7 0  
78.00 

77.77 

Avg 
Price 

125 .00  
125 - 0 0  

1 2 5 .  OD 

125.71 
iB.' 0 0 
125 -23 
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1 

l a: l i i ~  + LM-CT1001 1 

St Joseph, MO Wed Jul 23, 20103 OSDA Market 1New.s S e r v i c e  I 

..,*I "".!** % 'Te~xas/aRAahorna; Ka¶sa,s; Nebrerslcai Colorado; Towa/Minnesota Seedl& 
L Reca,p for:; Tuesday 7 /22/03  I 

Head Cpunt: 236,118 Week Ago: 188,046 Lase Year: 5,265 \ r .  

Week to Ra,te 2412,158'0 Week Ago: 206,871, Las t  Year: le, 124~ 6 5 %  

S W  PER,IUP 'LAST WWF$ 
L,f Ve S'teer 
Live Reifer 
Pr'essed S t e e r  

s I. ,#AJa,, Chs's8ad WeS;Eer 
;, , 1 I '"," I , 

I SAME P'ER'IOZ) 'LAST XEAR 
Live Steer 
Live H e i  f'er 
Drealsed Steer 

L 

L I V E  FOB BASIS - Reef Breeds1 
Head Weight Price Avg ~ 

Coun t  Range Range Reight  I 
I 

DRESSED DELIVERED BAS15 - Beef Breeds , 

Head Weight Price A v ~  t 

Count Range Range Waight .! 

B,7B!5 725-3130 122.00-125.00 832 
8,968 725-905 121. Q O - l Z 4 . P ~ O  817 
16,932 725-889 120.00-124.50 El191 
519 784 -8 61 123.00-124. GO1 839 

28,224 725-905 IZQ.00-129.OO~ 920 

Bead Cownt Frvg Weight Avg Price 
93!, 260 1,263 76.57 
6 8 ,  3316 I, 1.33 76. GI 
za,267 8211 123 .2101 
18,434 750  123.17 

Head Count 
2,1027 

2 4 0  
1,3864 

Avg Wei'ght 
1,254 
1,132 
818 
750 

Rvgi Wcight 
1,262 
1,191 

a54 

Avg P' r ice  
73.11 
7 3 . 2 3  
117.7L 
117 .BZ 

Avy Pricle 
631.35 
63.04 
99.63 

av4 
Price 

~ 7 . 8 6 ;  
7 7 . 5 1  
16 .51  
1 6 - 2 2  
78.57  

78 .10  
7 7 . 2 0  
7 6 . 5 1  
76 .20  
76.61 

A w  
P r i c e  

Ill 

1 123.89 

,, 123.13 

' 123.21 

~I 123.0,7 
' 123.14 
, 123.29 
I l.zg.oIo1 
' 123 ., 27 

'i 123.155 

123 A 64 i 

I 

L 

I, 

i 

000180 



' FROM OLSSON, FRANK & WEEDA, P, C, (THU)lQ7. 24' 013 14  t 46/ST. 14 : 43/1\70, 35601376037 P 7 

E 
Dressed Heifer 308 7 4 5  991. 591 

e 
I 

.i 1 OQC 
BEST ORIGJAL COPY 

I1 
ji , 

iI 

,' ', 

I 

I 

i 



OLllSSQN, FRANK & WEEDA, P,. c. 

" / I  

Jul~y 28, 20013 

Application and 

FAX: (202) 418-3179 

FROM: Philip C. Qlsson 

RE: 

ltIWfAKS: The mated  i,n &e last section of page 2 of this m c m w d m  i s  respnsiva to 
the; qwstim raised by Dr. KaM this am. Tlie rnernorandvni is included in G3RN 130 at Tab G, 
Appmdix 3. 

THE T ~ A L  NUMBER OF PAGES JNCLURNC THIS PAGE rs 3 . IF YOU DO NOT 
F!ECElYE ALL PAGES, PLEASE CAJ,L MY OFF'KCCE, 



FRQM OLSSOW, FRANK & WEEDA, P, C’. [MON) 07, 28’ 03 14 : N/XT. E 4 : 29bO. 35610376041 P 2 

Kansas City, MCJ 641163-1244 
1-8fl04M-&EEIF 

Sepfember 23,2002 

Subject: AGtivated tactktfunin 41ppl ication at Farmland National Beef 

The following is die nonnd process that Jive anirnds are bxu~ght in and ehc skps that we go .tFq.azlgli 
to end up in fhished product which is boxed beef, Mmmlng destined for; grind, ground 
bond&,! for hedibk rendering. Tliis scenario is based upon our f&iIity in Liberal Kansas and is  qat 
meant ta be an afl-inclusive descriptjtion ofthe processbur: m&ar a briefdescription. The plwt tuns 2 
eight-hour shifts: normaIly 6-days per week on Ibotli slaughter and fabrjcation floors. 

and 

Slaughter Pmeess8: 
f.ha miivals me brwght into the fhdlity at a rate of approximately 35,000 b a d  per week 
The animals are humanely stunned and b l d .  
Thc  arca asses tl*re;rl are started though. the sk4nnhg process. The carzcasaes go through multiple 
steps whmc th.c hide i s  removed leaving a de-hided carcass. The carcags goes through a scrim of 
steddi vacuums to femcIve incidental contamhation. 
Once tbc hide is removed, khe caxwss goes flrrough B ‘lPre-evisceratim” cabinct wl~we a 2% 
lactic acid rinse i s  applied fw microbial redluction. 
After tlie cabht, the head i s  removed ad the carcass is evisr;erated. 
Af*r evisceration, tbe carcass is split into hvo equal halves (sides) along the badcbone. 
The caraag~ sidrjs travel! along fhe chain to the final rail inspection where Govenmrent FSIS 
JnspectOrs visually ewalmte the crif~ass for defects knd e d u c t  a 48ppost-marrem’7 inspection. 
DuriNg this whole process knife trimming occurs removing defects, 
Afbr@the final: rail inspection the carcass sides travel through a Tberrnal Pasteurization CaMnet 

They Then enm the AGtivated Zactoferrb Cabinet. 
Nedkhe carcasse~ enter a house tempered camass wash. 
Thk’final! s&p on the slaughter fluor is a “Final Lactic Acid” rinsc before Uie carcasses enter the 
HQ&OXISB for chilling. 

mal! Water). 

Chilling Process: 
0 

* 

Carcasses enter the Hbtbu3xcs where they are sprayed with chilled watw b start thpir chilling 
pnEgSs. They ,stay In the HotBoxes fm 24 to 36 hours. 
T h y  then are traasf~md to the USDA Grading m a  where they are evaluated fw Yield, Quality 
and individual program olassifications. 
The ctireasses then are transkmd to &fie SaIes Cooler whep the are sorted by epadc and pto~pam 
dedgnation. They normally are tmnsfmed to tlm fabrication floor when fFe are 3 - 4 days o f  age 
(fim kill1 date). 

Pabricatfon Process: 
0 . Carcasses are n;ansl”;i;.;rred into die Fabrication floor be grade. 
* As f f ik aarcasscs enter the fkbrication floor they we systmaficaHy broken down by primal 

(rounds, lojns, ribs9 chuclcs, brisk&?). 
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Tbcse hge p r h d s  are put crnto main product kks did1 a$ they fravel dbwn tlte line are broken 
into smaller portions. L3w-h~ this pocess we rc3movc fat, bone, and lean trimmings to mcct gur 
fir@fi.~d product specifiations. 
Thz'finished product at the end of these tables me then, bzgged hto cryovw bags, sealed, boxed, 
and sent to our mterial. handling buildirlg. Tbis is what WP are calling boxed beef. 
The lean and some of the fat tb t  is  removed during l%ifs process is divmted to side belts and 19 
desthed for either in-house lpindilxg fw ground becf or to 2.090 pound combos far outside 
customer use (normally IgrindCng or further pmcestslalg Info products like hot dogs). 
The bones and some of the far (outside surface fat MtJi ncl lean stlacheti) are diverted to belts 
dedhed far OUT rendering operation. 

* 

Tlie folllowilng iis a summary of a y e d y  average of individual weights. A yearly average (fiscal year 
2002) was used to account for the seasonal vmktioirs of arcass wei#its). 

Aver@& Live Animal Weight; 1,245 Lbs. 
Avemge Dressed! Careass Weight: 799 lbs. (average side weight 400 1.bs.j. 
Avctage Trim/Grind Wcight 235 Ibs./head 
Averagc Boxed Beef Weight 415 Ibshead 
Awmgc BondFat Wcight to h d e r i n g :  149 Ibs./head 

Prol3;cctcd Amount of Surface Covemgc Activated Lmtoferrin (whew the trcahd aurface en& 
up - thc erogenous Lactoferrin surface distribution): . Wien Activated tactoferrin is applied on1 the QWSS side in slaughter, the surface that is treated 

oonibists of the: ilnternal cavity, and the external fat surfhce. 
n c  intimal cavity comjsts of h e  and tissue that rromaUy go ta rendering. 
Tine ternafning surfwe am i s  trimmed dourn on tJx fabricaipn f l ~ r  p meet our customer 
specificatims and the pure fat with DQ iem atached i s  aJso eenttct rendering.. 
Trim that goes to our in-houst? grind or ha t  goes to oDt-side grinders CQnShts of ab! the trimmings 
removed from thr: wrcassc~ @O*I internal apd external fat/learr). 
Most of the finisbad box bwfproduced is trimmod to a maximmi $4'' f& wva or less. 
With1 this in mind, we have detemined that approximately 40% of the original treated: surface 
goes to tenden'nig, 10% wmains on b a d  beef# and SPA goes to the in-house grindhut side grind 
Sales. 

0 

0 
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OLSSON, FRANK AND WEEDA, P.C. 

ATTORNEYS AT LAW 
SUITE 400 

1400 SIXTEENTH STREET, N.W. 
WASHINGTON, D.C. 20036-2220 

(202) 789-1212 
FACSIMILE (202) 234-3550 

July 29,2003 

TISH E. PAML 
ROBERT A HAHN 
NAOMl J L. HALPERN 
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 
MARKL ITZKOFF 

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: Slaughfier Sequence and Carcass Wash 

Dear Dr. Fasano: 

YesGerday I supplied a September 23,2002 Nationafl Beef memorandum to you and Dr. KahB 
for the purpose of demonstrating the application and eventual destination of activated flacctoferrin 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: 

e They [the carcasses] then enter the Activated Lactoferrin Cabinet. 

e Next the carcasses enter a house tempered carcass wash. 

e 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 Find Lactic Acid rinse. This tempered water 
carcass wash should probably be referenced in the statement of conditions of use. 



Letter to Dr. Jeremiah Easano 
July 29,2003 
Page 2 

In connection with Dr. Kahl’s suggestion that aLF 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.lss 



MPLY TO JEREMIAH FASANO, FOOD & DRUG ADMINISTRATION 

I wish to reply to your email inquiry received on July 3 1 , 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 difterent notices on lactofenin. 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 Ithat 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 pe'tition 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 scienntififc 
information on digestibility and thermostability of bovine lactoferrin., This information 
was primarily discussed during our deliberations on GRN 42 but this information was 
dso con,sidered in the co,nltext of our deliberations on G W  1310. 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 cornparison 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 issne was raised and discussed in the July 11 meeting with 
FDA and the Panel offered their opini'ons at that time that this was not an importank 
'consideration for GRN 130., 

In amwer to your second question '(part: l) ,  infants and young children have the highest 
prevalence of milk allergy, while adults with milk allergy are rarely 'encountered, thou,gh 
quite well described in the medica1 literature. The Panel consi'dered 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 IactoCerrin 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 indi'cates 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 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 digesiibility of bovine lactoferrin is 'substantially enhanced if the lactoferrin 
is heated. Beef products wi!l 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, especi,ally with yomg children, exposure to beef is primarily through very 



well cooked products (baby food products). Second, the efficiency of digestion of bovine 
lactoferrin is greater in older chiidren and aduits' even in the unheated state. So, young 
infants would appear to be the onI,y group which apparently may be limited in their 
digestion of lactofenin. 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 lactofenin #appears to be transitory and limited tom 
the first 4 months of life when the infant gut and its functions' are immature m d  ingesti,on 
of beef is likely to' be extremely limited., In early considerations of DMV International $0 

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 fo ed early in life in 
response to the i,ngestion of milk during a stage when bovine Iactoferrin 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 lactofenin must survive digestion 
in order to provoke foEmation of the IgE antibodies). 

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

BY ELECTRONIC MAIL 

Dr. Linda KahC 
Food ,and Drug Adminisiration 
Center for Food ,Safety and Applied Nutrition 
11 10 Vermont Avenue, N.W., Room 11 19, (HFS-2,585) 
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 
5 100 Paint Branch Parkway 
College Park, MD 20740 

Dr. Michael J. DiNovi 
Food and Drug Administration 
Center for Food Safety and Applied Nutrition 
11 EO Vermont Avenue, N.W., Room 705 (HFS-255) 
Washington, D.C. 20201 

Re: GRN 130 - Non-detectable Proteins 

Dear Drs,. Kahl, Fasano and DiNovi: 

TISH E. PAHL 
ROBERT A. HA" 
NAOMI J L. HALPERN 
STEPHEN L LACEY 
SHARON D. BROOKS 
RYAN W. STROSCHEIN 
EVAN P. PHELPS 
VALERIE B. SOLOMON: 

OF COUNSEL 
N R  T. STROBOS 
JACQUELINE H. EAGLE 
KENNETH D. ACKERMAN 
MARK L. ITZKOFF 

You have requested additional information regarding %he absence of four allergenic milk- 
derived proteins. These proteins' are alpha-lactalbumin @-La), beta-lac$oglobulin (0-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 exhraction of lactofemin from a mixture of whey 
proteins. The proteins of concern are not extracted by their nature; i.e. their isonic charge is opposite 



Letter to Dr. Linda S .  Kahl, Dr. Jeremiah Fasano 

August 7,2003 
Page 2 

and Dr. Michael J. DiNovi 

to' lactoferrin. Furthermore, if some of these 'other proteins were to remain on the ion exchanger 
column a$ the end of the adsorption cycle, they would be washed off in one of the washing steps 
before lactofenin 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 chroma6ographic' 
analysis of aLF Ventures' lactofenin product, showed no 'detectable amounts ofthe four proheins of 
'concern. For chromatographic resolution, the' test was conducted using, lactoferrin at a level of 10001 
milligrams per liter (Appendix IV, Tabl'e 2) with a 'detection limit of 1'0 milligrams per liter. A 
sleparate 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 S80O milligrams per liter (Appendix IVY Table 2) and analyzed with a detection limit of 
10 milligrams per liter. The resulting chromatograms are set forth in the overlay (Appendix N, 
Figure' 1) demonstrating, that the proteins of concern were not detectable in the lactoferrin 'analysis. 
With its test sensitiviiiy of 10 milligrams per liter, the HPLC analysis, would have detected a protein 
of concern if that protein had represented 101 milligrams or more of the 1000 milligrams o,f 
lactofenin in the test so81utiNon. The results of the HPLC evaluations of aLF Venture's lactoferrin 
product are consistent, with expectations based on the n e of the lactofenin production process. 
This HPLC evaluation was conducted to determine whether these prote,ins are present in the product 
in a 'qualitative' sense and was not designed to measure concentrations of these proteins below this 
level o,fdetection., This test was not conducted for the purpose of setting a specification, but for the 
purpose of demonstrating the absence o'fthe 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 wodcl not create allergenic 
concerns' for this' product and this use., 

Philip C .  Olsson 
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