
Activated Lactoferrin:

ctivated lactoferrin (ALF) is a new,
novel antimicrobial compound that
was first approved by USDA for use on
fresh beef in January 2002. Very
recently, the Department granted addi-
tional approval for ALF to be catego-

rized as a “processing aid” for carcass rinse treat-
ments. Designation as a processing aid is significant,
because it means the compound may be used to treat

carcasses without label declarations.
This, coupled with the fact that ALF is a
natural compound, has generated a lot of
enthusiasm about the commercial devel-
opment of this compound. The currently
approved use of ALF for carcass treat-
ments involves a patented formulation of
lactoferrin that is electrostatically
applied, followed by a water rinse. The
result is a very effective physical removal
of bacterial contaminants from carcass
surfaces, particularly Escherichia coli
O157:H7, Listeria monocytogenes, and
Salmonella sp. As many as 30 different
species of bacteria have been reported to
be affected by ALF treatments.

ALF has a distinct advantage over many
other antimicrobial compounds in that it
is a natural compound found in many
mammalian (including human) tissues
and fluids. The commercial form of ALF is
derived from skim milk or whey.
Further, the Food and Drug Admini-
stration (FDA) has classified ALF as a
Generally Recognized as Safe (GRAS)
substance (21 CFR 170.36 [F]) with use
for beef applications permitted at 65.2
mg/kg (FDA Directive, Oct. 23, 2001).

Lactoferrin is used in a
variety of commercial
products, including
human infant formulas,
sports beverages, and as
a dietary supplement
with claims of improved
immune system function.

However, when lactoferrin is isolated
from milk, it becomes highly susceptible
to molecular changes resulting from pH
change, heat, proteolysis, or ionic balance, any of which
can greatly diminish the antimicrobial effectiveness.
“Activated” lactoferrin is the result of patented technology
developed by Dr. A. S. Naidu at California State
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Polytechnic University, Pomona, that pro-
vides a stabilized form of lactoferrin
retaining the desired antimicrobial proper-
ties. The commercial form of ALF current-
ly available as a processing aid for carcass
treatments is Activin provided by aLF
Ventures LLC, a joint venture between
National Beef Packing Co., DMV
International, and Farmland Industries.

Unique Effects of ALF
While ALF is somewhat unusual

among antimicrobials in that it is a
natural compound, it is also very
unusual in how it affects bacteria and
other microorganisms. The predomi-
nant property of the ALF molecule that
makes it highly unusual is a very
strong binding ability for a variety of
surfaces and compounds. For example,
the ALF molecule will bind very firmly
to microbial cell surfaces, epithelial
surfaces on carcasses, and with metals
such as iron.

The ability of ALF to bind firmly to
bacterial cells results in blocking of the
attachment of bacteria to surfaces such
as the surface of beef tissues. It is the
physical attachment of bacterial cells,
particularly E. coli O157:H7, to carcass
surfaces that makes removal difficult
and that contributes to proliferation
and growth of bacteria during subse-
quent storage. More complete removal
of bacteria from carcasses can signifi-
cantly reduce bacterial numbers all the
way down the following chain of fabrica-

tion and distribution. ALF also has the
ability to bind to tissue components
such as collagen that provide anchor
sites for bacterial attachment on car-
casses. Because ALF has a greater
affinity for the anchor sites than do the
bacterial cells, ALF can displace
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As many as 30 different species 
of bacteria have been reported 
to be affected by activated 
lactoferrin treatments.Before and After: On top, an E. coli

O157:H7 cell before treatment with acti-
vated lactoferrin; note the filaments the
cell uses to attach itself to surfaces,
including meat. Below, an O157:H7 cell
after treatment by activated lactoferrin,
with attaching filaments destroyed.

Ph
ot

o 
co

ur
te

sy
 o

f a
LF

 V
en

tu
re

s L
LC

.

Reprinted from November 2003 Meat Processing North American Edition

ALF_Ventures.qxd  12/05/2003  1:19 PM  Page 1



attached bacteria cells, detaching the cells,
and facilitating easy removal. This is the
basis for the effectiveness of the Activin pro-
cessing aid treatment. The electrostatic ALF
spray blocks bacterial cells from attachment
and/or displaces cells from attachment sites.
Following rinses can then remove bacteria
more completely. Binding of ALF to outer
membrane proteins of bacterial cells has also
been reported to disrupt the cell membrane

of Gram-negative cells and kill the bacteria.
Thus, ALF can contribute a bactericidal
effect on bacterial cells that may remain on a
product surface.

The effects of ALF on bacterial attachment
to surfaces would seem to make ALF a viable
candidate for improved equipment sanitation
procedures as well as carcass treatments.
Attachment of bacteria such as L. monocyto-
genes to stainless steel is a well-recognized
problem that might be overcome by the abil-
ity of ALF to displace attached cells. While
very little research has been reported in this
area, there would seem to be significant
potential benefits for equipment cleaning.
The binding affinity of ALF for cell surfaces
may also explain the antiviral activity that
has been observed for ALF. Attachment of

ALF to eukaryotic cells probably prevents
the adhesion of viruses to the cell surface,
which is a necessary step for the virus to
infect the cell.

The ability of ALF to bind iron provides two
more beneficial functions for meat products.
Binding of iron is believed to be the reason that
ALF can inhibit growth of bacterial cells.
Because iron is an essential growth element for
many bacteria, limiting iron availability will
limit growth. The effectiveness of ALF as a
growth inhibitor has been observed even in iron-

rich environments such as meat. This means
that ALF would be effective as a microbial
inhibitor when applied to retail fresh or pro-
cessed meats. Applications such as these, howev-
er, would require label declaration for the prod-
uct. Also, for these applications, questions of
allergenicity have been raised because the prod-
ucts would not be rinsed and because ALF is
technically a dairy product.

The binding of iron by ALF could also provide
antioxidant protec-
tion against iron-
catalyzed oxida-
tion reactions in
meat products.
While there are
very few reports of
research on lacto-
ferrin as an
antioxidant for
meat systems,

lactoferrin has been shown to provide signifi-
cant antioxidant protection for infant formu-
las where iron is
added as a supple-
ment. Lactoferrin
has been reported to
be a likely chelator
of copper as well as
iron, which would
make the compound
a potentially impor-
tant contributor to
antioxidant func-
tions.

Recent Research on Meat
Product Applications

In research conducted at Oklahoma State
University and reported
at the 2003 International
Congress on Meat
Science and Technology,
the shelf-life of beef
steaks was assessed fol-
lowing both carcass and
subprimal applications of
ALF. Results showed that
ALF treatments reduced
total plate counts and

extended the desirable color life of steaks by
about two days. Sensory analyses showed
reduced off-flavors for ALF-treated samples,
with no differences for other sensory proper-
ties of tenderness, juiciness or flavor intensi-
ty. Thus, there may be shelf-life advantages to
ALF applications as well as pathogen reduc-
tion.

In research completed at Colorado State
University, ALF treatments of fresh lean beef,
fresh adipose tissue, and ready-to-eat bologna
slices were evaluated for control of E. coli

O157:H7, L. monocytogenes, and Salmonella
typhimurium. All samples received ALF treat-
ments either before or after inoculation with
the pathogens. Storage of the samples was at
10°C to 12°C (50°F to 54°F). Results showed
that for beef cuts treated after inoculation,
the increase in       E. coli O157:H7 and L.
monocytogenes counts was 4.6 logs less than
for untreated samples after 29 days of vacu-
um-packaged storage. For cuts treated before
inoculation, E. coli O157:H7 counts were 3.3
logs less   and L. monocytogenes counts were
4.7 logs less than for untreated samples. S.
typhimurium growth did not occur at all on
ALF-treated beef samples. Treatment of
bologna slices inoculated with 3.3 logs of L.
monocytogenes resulted in more than 6 logs
difference in the number of L. monocytogenes
detected on treated and untreated samples
after 33 days of storage.

Thus, it appears that ALF has very good
potential for pathogen control on retail fresh
meat and ready-to-eat products in addition to

the carcass-washing applications currently
underway.
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Lactoferrin is used in a variety of 
commercial products, including human
infant formulas, sports beverages, and
as a dietary supplement with claims of
improved immune system function.

The ability of activated lactoferrin 
to bind firmly to bacterial cells
results in blocking of the attachment
of bacteria to surfaces such as 
the surface of beef tissues.

“Activated” lactoferrin is the result of
patented technology that provides a
stabilized form of lactoferrin retaining
the desired antimicrobial properties.
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The Ingredient and the CEO
John Miller knew he heard something new and important about
E. coli control, even if no one else thought so. 
by Steve Bjerklie

he story of how John Miller, the CEO of National Beef
Packing Co., Kansas City, Mo., first heard about activat-
ed lactoferrin and what he did after that has become the
stuff of meat-industry legend. At the same time, the

story remains an important lesson for those in the industry that
hope to be ranked among our business’s true progressives. The
lesson is: Keep your ears open and your mind clear of assump-

tions. You never know where
a good idea is going to lead.

Back in 1995, at the
National Meat Association’s
convention in San Francisco,
Dr. A.S. “Narain” Naidu took
his seat in the back of a con-
ference room in which a
roundtable discussion about
how the beef industry can
best combat E. coli O157:H7
was being held. Miller, too,
was in the room that day
(and so, as it happened, was
this reporter). The
roundtable experts each
dutifully gave a short pre-
sentation about the state of
the art in E. coli control,
then opened up the room for
broad discussion and ques-
tions. Dr. Naidu, who had
recently joined the faculty at
California State Polytechnic
University, Pomona, nearly
leapt to his feet. “This indus-
try’s problem is that E. coli
O157 is everywhere. You can-
not get rid of it in your
plants or in your animals.

Don’t even think you can do it. E. coli O157 is in everything,”
he said. “It is right here in this room. I can find it for you right
in the carpet beneath your feet.” The experts looked at Naidu
as if were speaking another language – and, truth be told, his
English was and still is heavily accented; he’s a native of India.
The conventional industry wisdom at the time was that O157
was a problem peculiar to the beef industry and to beef plants;
the trick was to find it, kill it, and make sure it never came
back again. And here was this Dr. Naidu saying, in chipped
and clipped English, that the pathogen could be found that
very moment right under everyone’s nose in the Palace Hotel,
if anyone bothered to look hard enough. Naidu seemed to not
notice the incredulity others in the room wore on their faces.
He pressed on with his point, and asked several difficult ques-
tions that the experts struggled to answer. When the
roundtable finally concluded, the room cleared out in a couple
of minutes, like a party where the hosts had argued. Shortly,
the only people left were Dr. Naidu, myself, and John Miller,
who later told me, “I just knew that that guy knew what he
was talking about. It didn’t matter that everyone else thought
he was a little crazy. I could tell he had a wealth of knowledge,
and that he was looking at this E. coli thing differently than
the rest of the industry.”

In fact, Dr. Naidu had researched pathogens for years; he
first published studies on fatal staphylococcal toxic-shock
syndrome in the mid-1980s. He had spent time as a member

of the department of medical microbiology at Malmo
General Hospital in Sweden, where he first learned about
lactoferrin. He had studied lactoferrin’s impact on Shigella,
had done work for the dairy industry and other food groups,
and he had come to believe the activated (that is, stabilized)
form of lactoferrin (ALF) could have broad application as a
food-safety tool, including, most especially, for the meat
industry. But that day in San Francisco eight years ago,
John Miller was just about the only person in the industry
to understand the implications of what Dr. Naidu had tried
to explain to the roundtable of experts.

Miller chuckles today as we recall the story together. “Well,
it’s been a long road and millions of dollars since then,” he
says. But an important goal
has been reached: Activin,
the commercial form of acti-
vated lactoferrin, marketed
by aLF Ventures, a partner-
ship of National Beef, DMV
International, and Farmland
Industries, is  now addi -
t i ona l ly  approved by
USDA’s Food Safety and
Inspection Service as a pro-
cessing aid for beef carcass
rinses. (See previous article
in this issue, “Activated
Lactoferrin: A Look at the
Science,” p. 38.) FSIS had
already approved ALF on a
conditional basis.

In National’s beef slaughter
plants, ALF is applied to beef
carcasses electrostatically,
then the carcasses pass
through a 175ºF hot water rinse cabinet to detach any
pathogens still clinging to the meat surface. “The model for the
application was the auto-painting industry. We wanted a
method that would apply ALF uniformly,” comments Miller.
“But it’s not a technical application, really. And we’ve had very,
very few problems with it.”

He says that ALF completes a three-pronged in-plant
approach to pathogen control. “We’ve had chemical interven-
tions and those work fairly well, and we’ve had thermal inter-
ventions like the hot water rinse. Now we’ve got a biological
intervention, too. If a pathogen somehow gets by one of them, or
even two, it’s still going to have a lot of trouble getting by three.”
According to aLF Ventures, ALF is the first “natural” pathogen
intervention developed for the meat industry.

In a public statement made in August at the time of FSIS’s
additional approval, Miller said: “Our objective is to make beef
as safe as possible. By adding this incremental intervention,
consumers can have cleaner, safer beef than ever before.” In
another public statement he added: “The ability to use a natu-
ral ingredient to further protect consumers against harmful
bacteria is a significant step not only for National Beef, but for
our entire industry as well.”

“I think there is a moral imperative here,” he tells me now. “We
cannot afford to not try to do absolutely everything we can to
make our products as safe as possible. Well, here’s a new biolog-
ical tool to do that. We’ve tested it thoroughly, and it’s got real
good science behind it. It really works, there’s no question about
it. It’s something we have to do.” Mp
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Just Like Painting a Car: Application of activat-
ed lactoferrin on beef carcasses in this spray cabi-
nat at National Beef is modeled on auto-coating
technology, says CEO John Miller. The electrostatic
spray provides a uniform, even coverage.

“I think there is a
moral imperative
here. We cannot

afford to not try to
do absolutely

everything we can
to make our 

products as safe 
as possible. Well,

here’s a new 
biological tool to

do that.”
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