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In recent years, the importance of structure-function
relationship in LF molecule and factors that could
enhance its antimicrobial activity have been reported
(7-10). The highly cationic nature of the N-terminus
region of LF (11) and the role of protein surface charge to
facilitate LF binding to glycosaminoglycans 
and microbial surfaces have been elucidated (12,13).
Subsequently, Naidu and co-workers have identified,
isolated and characterized LF-binding microbial targets 
in a variety of Gram-positive and Gram-negative bacteria
(9,14-17). Specific high-affinity interaction of LF 
with pore-forming outer membrane proteins (OMPs) 
of Escherichia coli, in particular, has unraveled 
a molecular mechanism for antimicrobial activity,
which seems to be well conserved in Gram-negative
enterics (18-20).
These findings together with the LF-mediated outer

membrane (OM) damage in Gram-negative bacteria
reported by Ellison et al. (21) has provided explanation to
certain antimicrobial effects such as antibiotic
potentiation (10), release of lipopolysaccharides (LPS) and
alterations in microbial OM permeation.
The following observations on structure-function

relationship of LF with bacterial pathogens helped in
unraveling the enigma behind dysfunctional LF and led to
a novel approach for ‘molecular activation’ of LF,
accordingly:
• Citrate:bicarbonate ratio and basic pH of the milieu

exert a specific influence on LF activity.
• LF could block microbial attachment factors such as

fimbriae and other adhesins
(putative receptors).
• Neutralization of cationic activity

with sodium chloride could
facilitate specific interactions of LF
with microbial surface.

• Immobilization of LF to
mucosal surfaces containing
sulfated glycans such as
heparan sulfate or its closely
related analogs including
galactose-rich polysaccharide
(a water-soluble fraction from
agar) and carrageenans via
cationic N-terminus region of
LF could enhance the
microbial blocking activity.

INTRODUCTION

Lactoferrin (LF) is an iron-binding glycoprotein present in
milk and many exocrine secretions that bathe the mucosal
surface. The term ‘LF’ though implies an iron-binding
component in milk, this molecule co-ordinately binds to
various metal ions and occurs in divergent biological milieu
including saliva, tears, seminal fluids, mucins, and the
secondary granules of neutrophils. LF has a multifunctional
role in a variety of physiological pathways and is considered
a major component of the innate defense in mammals (1).
The ability of LF to bind two Fe+3 ions with high affinity in
co-operation with two HCO3

− ions is an essential
characteristic that contributes to its major structure-
functional properties including antimicrobial activity (2).

LACTOFERRIN – ENIGMA AND 
MIND BENDERS

LF co-exists with an array of molecules in different mucosal
secretions with varying milieu conditions. These substrates
and/or physio-chemical conditions exert a specific effect on
the structural reorganization of LF molecule and thereby
define its multifunctional properties.
Although antimicrobial activity of LF against mucosal

pathogens has been widely reported
in milk, saliva and other exocrine
secretions, a significant volume of
research has also elucidated
dysfunctional forms of LF during the
pathogenesis of several infections. The
aggregation of LF complexes in milk
during mastitis in cows (3) and
formation of dimeric and tetrameric LF
forms during chronic recurrent
parotitis in humans (4) indicate the
functional impact of
citrate/bicarbonate ratios and elevated
calcium levels in milieu, respectively.
These altered physico-chemical
conditions lead to LF dysfunctionality,
and subsequent diminished
antimicrobial activity (5,6).

Activated Lactoferrin (ALF) is a novel
formulation of commercial (normal)
lactoferrin for enhancing antimicrobial
function by using a specific molecular-milieu
optimization process. This all-natural ALF
formulation acts as a powerful deterrent 
to pathogenic bacteria that may be present 
in a biofilm. ALF is the first intervention
technology with ‘microbial blocking action”
that detaches or prevents attachment 
of microorganisms to bio-surfaces and also
inhibits growth multiplication of pathogens
in a variety of applications. ALF technology 
is currently under commercialization.
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8.0 h and caused a
stasis of 4.5 h. Under
similar conditions, ALF
elicited a total
bacteriostasis of
>42.4 h, i.e. the E. coli
showed no cell proliferation, and an IDT value was not
recorded over a 48-h incubation.
The comparative stasis effects of LF and ALF

formulations at 1% concentrations against a variety of
Gram-negative and Gram-positive bacterial pathogens
is shown in Table I. Evidently, ALF demonstrated an
enhanced bacteriostasis effect against all the test
strains compared to the normal LF.

ALF – MICROBIAL ADHESION-BLOCKING EFFECTS

Specific binding of ALF to OMPs of Gram-negative
bacteria could cause an instant collapse of bacterial
outer membrane barrier function. This leads to the
inhibition of various cellular functions and de-regulation
of adhesin and fimbrial synthesis on bacterial surface.
ALF-OMP interaction also cures out plasmids by outer
membrane diffusion resulting in loss of colonization
factor antigens and certain enterotoxins in E. coli.
Binding to tissue matrix components such as collagens,

mucins and fibronectin is a pivotal anchor mechanism for
many bacteria. ALF also binds to the same anchor sites on
tissue surfaces with a higher affinity than bacteria. Thus,
ALF could block tissue interaction of bacteria by
competitive binding-inhibition. In binding-displacement
studies ALF at low molar concentration could detach tissue
bound bacteria either dead (debris) or alive (23). These
two mechanisms of adhesion-blockade activity, when
combined, make, ALF a potent microbial blocking agent.
Adhesion-blocking experiments were performed

to elucidate the enhanced functionality of ALF on
biosurfaces. Accordingly, the bacterial interactions
were monitored and visualized on collagen
matrices in the presence of LF and ALF
preparations. E. coli O157:H7 (ATCC43895) strain
isolated from a raw hamburger implicated in
hemolytic colitis outbreak, known to produce
shiga-like toxin (SLT)-I and SLT-II was made
competent and transformed with a pGLO plasmid
DNA. The green-florescent E. coli (pGLO) cells
grown in Luria-Bertani broth containing arabinose
(6 mg/mL) and ampicillin (50 µg/mL) were tested
for attachment to collagen surface using Cell
Environments™ 24-well plates. Collagen wells

ACTIVATED LACTOFERRIN (ALF) – MICROBIAL
BLOCKING ACTIVITY

Microbial attachment to epithelial mucosa or biosurfaces is
the initial step in the pathogenesis of many infections as
well as in food contamination. Bio-interactions involving
ligands/adhesins with specific receptors, and non-specific
binding mechanisms (electrostatic, hydrophobic, and van
der Waals forces) contribute to the adhesion/colonization of
microorganisms. Several mucosal pathogens harbor specific
cell surface appendages such as fimbria and/or adhesins
that facilitate anchorage to host tissue matrix components
(i.e fibronectin, collagens and mucins) (1). Any possible
blockade of pathogen-host tissue interaction could
potentially lead to the prevention (prophylactic) or
reduction (therapeutic) of microbial pathogenesis.
ALF represents the true definition of a “Microbial Blocking

Agent (MBA)” that interferes in adhesion-colonization,
detaches microorganisms from biological surfaces and
inhibits microbial growth/multiplication.

ALF – MICROBIAL GROWTH-BLOCKING (STASIS)
EFFECTS

The ability of iron to alternate between two valency states
Fe+2↔Fe+3, is the most important biological property,
evident in many pathways of bio-energy synthesis,
including the electron transport system that forms ATP by
phosphorylation. Thus, iron-deprivation leads to cellular
conservation of energy and inhibition of cell
multiplication. Accordingly, various iron-binding proteins
have evolved in the animal physiological system to
sequester iron from the milieu.
The reversible transistion of LF between iron-deficient

(apo-form) to iron-sufficient (holo-form) states is the key
mechanism for microbial growth-blocking activity.
Furthermore, the pathogenesis of bovine mastitis, the
udder disease in the LF rich milk environment, emphasizes
the critical role for citrate/bicarbonate ratios in limiting
apo/holo transistion of LF (22). The LF binding to
microbial surface results in increased microbial growth-
blocking activity (9). This interaction could be enhanced
by reduction or neutralization of the net surface charge
(milieu near pI) on the LF molecule. The above function
limiting factors, milieu and molecular; inhibitory and
augmentory; are controlled in the ALF formulation to
optimize microbial growth-blocking activity.
Studies were performed to validate the enhanced stasis

activity of ALF compared to its counterpart, the normal LF.
Bacteriostasis experiments were performed using a
Bactometer® Microbial Monitoring System Model-128
(bioMerieux Vitek, Hazelwood, Mo.). Microbial metabolism
causes electrical charge alterations in cultivation media due to
breakdown of nutrients. Based on this principle, Bactometer®
was used to monitor bacterial growth in the presence of LF
and ALF by measuring impedance signals in the cultivation
media. Sterile tryptic soy broth (1 mL) was inoculated with a
4-log density of bacteria and the growth curves were
graphically plotted as percent changes of impedance signals
versus incubation time (37ºC for 48 hours). The amount of
time required to cause a series of significant deviation from
baseline impedance value was defined as the ‘impedance
detection time’ (IDT). Difference in IDT values between
growth control and LF or ALF test samples was considered as
the ‘stasis’ (growth-blocking) time.
A typical growth curve of E. coli O157:H7 with an IDT

reading at 3.5 h is depicted in Figure 1. The presence of
normal LF (1% final concentration) extended the IDT to
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Figure 1 - Growth curves were plotted
as per cent impedance change with
untreated (control) and LF or ALF
treated E. coli O157:H7.
Crossed circles on each of the growth
curves denote the IDT value



established between DMV International, a division of
the Campina, Holland, and National Beef, a division of
the Farmland USA, to commercialize the ALF
formulation.
ALF invention specifically caters to applications that

demand microbial detachment or stasis benefits. ALF falls
under the obvious technical category of potential agents for
biofilm control. Biofilm control is critical for a wide range of
human health applications including:
• Food protection – reduction of pathogens (food safety)

and prevention of spoilage organisms
(shelf life and keeping quality);
• Oral health care – plaque control with

dentifrices, mourth rinses, oral films,
denture cleansing, mouth fresheners
etc.;

• Wound Care – wound closure, wound
management, moist healing and
biological dressings;

• Supplements – mouth fresheners for
oral hygiene and halitosis (gums,
chews); tablets or chews for intestinal
health and/or treatment of GI disorders;

• Diary applications – nutraceuticals,
sports drinks and other consumer
health products.

In conclusion, ALF is an all-natural
broad-spectrum antimicrobial
formulation. Its enhanced
antimicrobial activity when taken into
consideration its impressive list of
multifunctional benefits undoubtedly
makes ALF as one of the rapidly
emerging nutraceutical technologies.
ALF applications in various areas of
health and nutrition industry will be
discussed in the second part of the
article.
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were treated with 2% solutions of LF or ALF for
1 h at room temperature and aspirated. The
treated surfaces were inoculated with a 4-log
density of green-florescent E. coli (pGLO) and
incubated at 37ºC for 18 h. Bacterial growth
(E. coli total cell mass) was microscopically
measured as cellular intensity of green florescence.
After growth measurements, wells were aspirated,
washed twice with 0.9% saline, and
microscopically re-examined for bacterial
attachment (E. coli adherent cell mass). Captured
images were analyzed using the SigmaScan Pro
version 5.0 (SPSS, Woking, UK).
As shown in Figure 2, E. coli growth in the

absence of LF (control) showed a thick biofilm
formation on the collagen surface, revealed as a
dense green fluorescence (91% fluorescence
density/cm2). In the presence of normal LF, the
E. coli attachment was read as 70% fluorescence
density/cm2, indicating a 23% adhesion-blockade
compared to control. Finally, ALF elicited a 99%
blockade of E. coli attachment to collagen matrices
(1% fluorescence density/cm2) compared to
control, suggesting a potent microbial blocking activity.

ALF – PATENT AND SCOPE 
OF APPLICATIONS

ALF technology is patent protected [Naidu. A.S.
(Inventor) Immobilized Lactoferrin Antimicrobial
Agents and the Use Thereof”, US Patent
6,172,040 B1]. In 2001, a joint venture has been
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Figure 2 - Fluorescent E. coli O157:H7 (pGLO/GFP construct) glowing on the agar plate
are used in the experiments (Top-left).
Biofilm formation by fluorescent E. coli on collagen matrices either untreated or treated
with LF or ALF are visualized under fluorescent microscopy (Right-vertical).
Attachment of E. coli (measured as per cent florescence per cm2) was depicted in the bar
diagram (Bottom-left)

Table I - Comparative stasis effects of LF and ALF against Gram-
negative and Gram-positive bacterial pathogens
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Natural antimicrobial 
for food safety

applications. Dry blend was reconstituted in de-ionized
water (with low content of iron and divalent cations) to
make a 2% ALF formulation. The reconstituted ALF
formulation was confirmed for enhanced antimicrobial
activity against E.coli O157:H7 (Q/A criteria: 0.5% ALF
should elicit >48-h total stasis of 4-log inoculum in tryptic
soy broth). ALF formulation after passing the Q/A protocol
was kept refrigerated until used.
Efficacy of ALF formulation to inhibit pathogen attachment

to beef was performed by using 3H-thymidine labeled E.coli
O157:H7. Beef surface sprayed with 2% ALF formulation
was challenged with (3H-thymidine)-E. coli O157:H7 on a
contained tissue surface using a sterile bactainer (an open

stainless-steel hollow with a sharp-edged square end of 1-
in2) and incubated for 2-h at room temperature. Beef
without ALF treatment served as control. The inoculum was
aspirated from the bactainer-contained meat surface and
gently washed with 5-mL phosphate buffered saline. The
bactainer-contained tissue area was excised into six pieces
(about 0.5 g), placed into scintillation vials and each piece
was digested with 4-mL of tissue homogenizer

(Scintigest™, Fisher) overnight at
55ºC in a shaking water bath. A
10-mL aliquot of scintillation
cocktail (ScintiSafe™ Gel, Fisher)
was added to the homogenate
and the radioactivity
(disintegrations per min, DPM)
was measured using a liquid
scintillation analyzer (Tri-Carb
2100 TR, Packard Inc.). Efficiency
of 3H-thymidine uptake by E.coli
O157:H7 was estimated at 1
dpm per 64 bacterial cells. Based
on an average of three
experimental runs, about 65 x104

E.coli cells/in2 were found
attached to the beef tissue
surface. After rinsing with saline
about 39 x 103 bacteria/in2

remained on beef tissue causing
a 1.2-log pathogen reduction
compared to the control.
Following an ALF rinse the beef
surface showed no residual
radioactivity (<64 bacterial cells
based on the sensitivity of
isotope label/detection)
suggesting >2.8-log pathogen
reduction compared to the saline-

INTRODUCTION

Each year in the United States, microbial pathogens cause
as many as 76 million cases of food-borne illnesses,
resulting in 325,000 hospitalizations and 5,200 deaths.
Five major bacterial pathogens Campylobacter (all
serotypes), Salmonella (non-typhoidal serotypes only), E.
coli O157:H7, E. coli non-O157:H7 (STEC), and Listeria
monocytogenes are implicated as the causative agents of
these illnesses. In 2001, according to the
Economic Resource Service, USDA, the economic
costs associated with these five pathogens
alone was estimated at a staggering $6.9
billion.
The economic impact of food-borne illness and

the less than desired shelf life of vacuum-
packaged refrigerated products call for
development of effective antimicrobial
interventions. Currently used antimicrobial
interventions by food processors are cidal
systems that kill microorganisms and leave
behind an array of harmful toxic debris.
Furthermore, post-processing protection, i.e. to
prevent pathogen attachment and microbial
proliferation is critical to ensure food safety at
the retailer and consumer level. Any new
intervention to fulfill these unmet demands
should therefore address bacterial adherence to
food matrix and the mechanism(s) of microbial
detachment. Such interventions aimed at detachment
should also prevent microbial multiplication and eliminate
any cellular appendages that anchor pathogen
attachment to a meat surface.
Microbial blocking agents are naturally occurring bio-

active molecules that inhibit growth-multiplication and
adhesion-colonization of microorganisms, as well as
effectively neutralize and detach
pathogens and their toxic debris
from bio-surfaces (24, 25). Activated
lactoferrin (ALF) is a novel
formulation of commercial
lactoferrin for enhancing
antimicrobial function by using a
specific molecular-milieu
optimization process (26). ALF is an
effective inhibitor of microbial
colonization factors such as fimbria
on E.coli cell surface and thereby
blocking its attachment to a bio-
surface such as meat tissue (Figure
1). Thus, ALF is the first all-natural
antimicrobial intervention
technology with ‘microbial blocking
activity’.

ALF – CONTROL 
OF PATHOGENS 
AND FOOD-SPOILAGE
ORGANISMS

ALF dry blend (powder-form)
prepared according to the patented
ingredient specifications (27) was
evaluated for food antimicrobial

Activated lactoferrin (ALF) is a
functionally enhanced form of isolated
lactoferrin that acts as a powerful
microbial blocking agent against
pathogenic bacteria that may be present
on a food surface. ALF is an effective
intervention to control adherent
Escherichia coli O157:H7 on a beef tissue,
tightly bound Salmonella Typhimurium or
Campylobacter jejuni on a poultry broiler
skin or proliferation of Listeria
monocytogenes in ready-to-eat foods.
Considered generally recognized as safe
by the Food and Drug Administration and
approved by the U.S. Department of
Agriculture for use on fresh beef, ALF can
be sprayed onto carcasses to prevent
bacterial contamination during
processing or can be applied to a
subprimal or finished beef surface prior
to final packaging to inhibit bacterial
growth and extend shelf life. This article
discusses the science supporting the ALF
technology and its potential applications
in beef, poultry, ready-to-eat meats and
other food products.

ABSTRACT

Figure 1 - ALF, a potent microbial blocking agent (Left: schematic diagram). Electron
microscopy depicting ALF inhibition of fimbrial expression on E.coli cell surface (Right).
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ALF - FOOD SAFETY
APPLICATIONS

1) Control of E.coli
O157:H7 in multi-
hurdle beef processing
A combination of
interventions such as acid
rinses, hot/cold water washes,
and steam pasteurization are
currently used as
antimicrobial hurdles in beef
processing. A meat
processing simulation (MPS)
system designed to mimic in-
plant beef processing, was
used to test the efficacy of
current interventions with or
without ALF spray to
decontaminate E. coli
O157:H7 from beef.
MPS consists of a programmable
conveyor line that carries meat
through 12 processing chambers,
i.e. 6 spray chambers, 5 pause
chambers, and 1 meat-loading
chamber. The spray chambers are
connected to individual 2-gal
delivery tanks via digitally
controlled pumps with adjustable
spray and pause time. The 6 spray
chambers are hosed into
individual fluid collectors.
A sterile stainless-steel
meat-loading frame was
placed in a beta-ray-shielded
acrylic box, and a 4-in2 beef
sample was hooked in the
center of the frame. A sterile

bactainer was firmly pressed into the beef surface and the
bactainer-contained area was inoculated with (3H-
thymidine)-E. coli O157:H7 as described above. Once the
bactainer was removed; loading frame with E. coli-infected
meat was removed from the acrylic box and mounted on
meat-loading chamber of the MPS. Samples were
subjected to a sanitizing treatment typical of commercial
beef processing consisting of five spray-wash steps, i.e.
cold water (10-sec), 2% lactic acid (10-seconds), hot water
(180ºF for 30-seconds), cold water (10-seconds), and 2%
lactic acid (10-seconds). Samples were also treated using
an additional 1% ALF (10-seconds) wash step between

wash (Figure 2a).
Antimicrobial protection of ALF-

treated beefsteaks was tested by
challenge studies with E.coli
O157:H7 transformed with p-GLO
plasmid to produce green
fluorescent protein (gfp). The (gfp)-
E.coli grown in Luria-Bertani broth
containing arabinose (6 mg/mL)
and ampicillin (50 µg/mL) were
harvested and used for the
challenge. A pre-marked 1-in2 meat
surface treated with 2% ALF was
inoculated with ~4-log (gfp)-E. coli
and the meat was either abused at
room temperature for 18-h or was
vacuum packaged and abused at
room temperature for 48-h.
Similarly challenged meat samples
with no ALF treatment served as
controls. Following the indicated
abuse times, pre-marked tissue
portions were excised, stomached,
appropriately diluted, plated on
tryptic soy agar (containing
arabinose/ampicillin) and incubated
at 37ºC. After 24-h incubation, the
(gfp)-E.coli were visualized against
UV light as green fluorescent
colonies and enumerated. ALF spray
reduced the growth of (gfp)-E.coli
O157:H7 on beef by ~2 logs (99%)
and ~3 logs (99.9%), when abused
at room temperature directly for
18-h, and in the vacuum-pack for
48-h, respectively (Figure 2b).
The efficacy of ALF-treatment to

prevent proliferation of the meat
spoilage organism, Pseudomonas
fluorescens was tested. Beef surface was treated with
0.5-mL solutions of 2% ALF or saline (growth control)
and a non-inoculated meat surface without treatment
served as background (fluorescence) control. Samples
were abused at room temperature for 24-h and excess
bacterial inoculum was aspirated. The challenged tissue
area was excised, placed on a platform and measured for
fluorescence by an epi-UV light source equipped with a
520LP filter using a Fluor-S Imaging system (Bio-Rad).
Pseudomonad growth on beef was measured as
fluorescent pixel density per mm2 area. ALF
demonstrated a 92% pseudomonad inhibition when
compared against control (Figure 3) Finally, ALF
demonstrated a potent antimicrobial spectrum against
several major food pathogens, including, Escherichia coli
O157:H7, Listeria monocytogenes, Salmonella spp.,
Campylobacter spp., Vibrio spp., Aeromonas hydrophila,
and Staphylococcus aureus; and common food spoilers
such as Bacillus spp., Pseudomonas spp., and Klebsiella
spp. ALF has also shown efficacy against multi-drug-
resistant Salmonella typhimurium DT104, vancomycin-
resistant Enterococcus faecium, and methicillin-resistant
Staphylococcus aureus. Furthermore, ALF strongly
inhibited radiation-resistant bacteria such as Brochothrix
thermospacta, Deinococcus radiopugnans, Deinococcus
radiodurans, Acinetobacter radioresistens, and
Methylobacterium radiotolerans. These antimicrobial
attributes make ALF a potential intervention for beef,
poultry, ready-to-eat meats and other food processing
applications.

Figure 2 - Effects of 2% ALF formulation on beef surfaces
challenged with E.coli O157:H7. (A) 3H-thymidine-E.coli
bound to beef (control: 65 x104 cells/in2) were effectively
detached by ALF. (B) ALF-treated beef when challenged
with 4-log (gfp)-E.coli at room temperature, was protected
both in direct abuse on tabletop (18-h) or in vacuum-
package (48-h).

A

B

Figure 3 - ALF inhibits proliferation of meat spoilage organism,
Pseudomonas fluorescens on beef surface
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time points of challenge, and the
activity extended up to 6 weeks of
post-ALF application, compared to the
controls.

2) Post-processed beef
applications 
Sensory and shelf life studies were
performed on fresh, case-ready beef strip
loin steaks with 2% ALF treatment and
their paired controls i.e. ALF non-treated
(NT), were vacuum-packaged and
allowed to age under refrigeration below
38ºF for 14, 21, 28, or 35 days. Each
strip loin was then fabricated into 1-inch
thick steaks, and random samples were
re-treated with ALF. Each sample was
sealed under optimal modified-
atmosphere packaging (MAP) (80% O2
and 20% CO2) and kept in commercial
display cases for 14 days under cool-
white fluorescent light at 32-36ºF.
Panelist scores as measured by

cold water and lactic acid washes. After treatment, the
loading frame was dismounted and the bactainer-
contained tissue area was excised and measured for
radioactivity (DPM) as described above.
Regular sanitizing assembly averaged 72.2% of E. coli

detachment per inch2 of beef tissue. The sanitizing
assembly combined with the 2% ALF spray demonstrated
almost 100% efficacy – an average 99.9% E. coli
detachment/g of beef tissue – in three experimental runs
(Figure 4). Acid rinses and hot water washes seemed to
reduce E. coli O157:H7 to a significant level, but scanning
electron microscopy of the processed beef revealed that
most of the bacterial debris remained firmly attached to
the tissue. An additional 10-sec spray/rinse with 2% ALF
effectively sanitized the contaminated beef surface by
removing debris and residual bacteria (Figure 5).
ALF was also evaluated directly on beef carcass as an

antimicrobial intervention step on a kill floor process
line, using an electrostatic spraying system (ESS). This
spray system has been designed to deliver a thin
uniform coating of ALF on a target surface. ALF
solution was applied in 2-second bursts, using 16 ESS
nozzles that delivered ~50-mL of ALF onto a beef
carcass. After the ALF spray, the carcass passed
through an organic acid rinse and then was placed in
the “hot box” for a period of 18-h.
Beef tissue samples for application coverage were

collected immediately after ESS and also after the
organic acid rinse step to measure residual ALF on the
beef carcass. Exogenous (ALF application) and
endogenous (tissue-borne LF) levels were measured by
solid-phase immuno-blotting and ELISA techniques,
respectively, using a polyclonal anti-bovine LF antibody
for capture and detection. Approximately 8.7 µg/in2 of
exogenous ALF on carcass and 0.2 µg/gm beef tissue
of endogenous LF were detected. Seven random
carcass sites excised and assayed for ALF, suggested a
uniform distribution of this antimicrobial formulation by
ESS. Beef sprayed with ALF, when subjected to a 4-log
E.coli O157:H7 challenge and abused for 24-h at room
temperature, showed a potent stasis effect, thus ~2-log
(~99%) reduction in pathogen proliferation compared
to the untreated beef (control). The ALF-treated beef
also effectively blocked the attachment of E.coli
O157:H7 to its tissue surface, when tested at different

Figure 4 - Pathogen reduction on beef surface by ALF spray in a pilot-scale Meat
Processing Simulation (MPS) system 

Figure 5 - Scanning electron microscopy of beef surface
challenged with E.coli O157:H7 after wash steps in sanitizing
assembly alone (Top) and with an additional ALF spray (Bottom).
A schematic diagram of electrostatic spray of ALF (Centre).



3) Control of
salmonella and
campylobacter
in poultry
The role of ALF application in
the control of salmonella
contamination in poultry
processing was investigated.
Effects of ALF to inhibit
biofilm formation by (gfp)-
Salmonella Typhimurium
NTRL0120 on Matrigel®
surface was studied by
fluorescent imaging
techniques in vitro. ALF
elicited >95% inhibition of
salmonella growth and
blocked bacterial attachment
as well as biofilm formation
by 99% on Matrigel®
surface. Based on the in vitro
data, experiments were
designed to directly measure
efficacy of ALF on broiler skin
surface (BSS). ALF
formulation was sprayed on
BSS to obtain a
concentration of 10 µg per
cm2 surface coating,
followed by a challenge with
4-log salmonella. Salmonella
growth was measured 
as an increase in the (gfp)
fluorescence density 
at different time intervals

compared to controls (surface without ALF treatment).
Poultry isolates of salmonellae (n=20) were labeled 
with 3H-thymidine and tested for interactions with BSS
using a radio-adhesion assay. Binding-inhibition studies
showed that pretreatment of BSS with ALF formulation
effectively blocked attachment of salmonella isolates 
to BSS. Studies on BSS colonized by salmonella isolates
indicated that ALF spray effectively detached 
the adherent bacteria from the BSS. Efficacy studies
indicated that ALF formulation has effectively inhibited 
the proliferation of poultry isolates of Campylobacter jejuni
(n=20) in brain heart infusion broth in vitro.
These data suggests that ALF could be a potential

antimicrobial intervention for campylobacter and
salmonella control in poultry processing.

lean and fat discoloration indicated
that a single ALF application
maintained overall shelf life
acceptability of beef strip steaks
longer than NT control steaks
(Figure 6). Steaks receiving only
subprimal ALF application had less
lean discoloration than remaining
treatment groups and controls.
Microbial loads, as measured by
total plate counts (TPC), increased
as postmortem storage time
increased due to longer exponential
and stationary growth phases.
Control (NT/NT) samples
consistently had numerically higher
TPC than ALF treated samples
following a 14-day display period
under MAP conditions. Strip loin
steaks from subprimals aged for 28
days, which received the ALF/NT
treatment application, displayed
significantly lower TPC than did
steaks from non-treated
subprimals. Regardless of
postmortem storage time, steaks
treated with a single application of
ALF (i.e., NT/ALF or ALF/NT)
remained brighter and
consequently received higher, more
desirable lean color ratings as
compared to the remaining
treatment groups (i.e., NT/NT or
ALF/ALF). No consistent sensory
results were evident to suspect
adverse effects of ALF on cooked beef tenderness,
juiciness, flavor intensity or overall acceptability.
Sensory results confirmed that organoleptic
properties of beef strip loin steaks were
unaffected by the application and antimicrobial
activity of ALF.
It became evident that as retail display time increased,

so did the formation of oxidative end products. This was
constant regardless of ALF treatment in that
thiobarbituric acid reactive substances (TBARS)
between the various treatments were statistically the
same. The results indicated that ALF treatment could
extend the retail display life by 1.7 to 2.5 days for case-
ready packaged steaks compared to non-treated steaks
in conventional packages (Figure 7). As a result of
improved shelf life and fewer discarded/discounted
packages, economic assessment revealed a 3.6¢ per kg
advantage for ALF treated samples.
ALF was applied either directly into the Cryovac® bag

or was sprayed onto a subprimal and then placed into
the Cryovac® bag for vacuum packaging. This
technique has facilitated ALF solution to wick across
the meat surface by vacuum force to provide an
extended coverage on subprimal surface. Quantitative
ELISA revealed that ALF could effectively diffuse into
the meat during subsequent storage and transport.
Accordingly, ALF-treated vacuum packaged subprimals
have demonstrated extended shelf life. ALF-treatment
also added a continuing protection to subprimals
intended for export market for up to and beyond 45-
days. Furthermore, weeks after vacuum packaging, the
ALF-treated meat surface, still elicited bacteriostasis
and blocked attachment of E.coli O157:H7 in challenge
studies.
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Figure 6 - ALF effects on shelf life of beef steaks displayed
under MAP conditions. Top: Schematic representation 
of microbial growth on unprotected and protected 
(ALF-treated) meat. Bottom: A visual appearance 
of the above corresponding beef steaks in MAP.

Figure 7 - ALF could extend retail display life for case-ready packaged
steaks by 1.7 to 2.5 days compared to ALF non-treated steaks 
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ALF – REGULATORY AND 
COMMERCIAL STATUS

Milk-derived ALF is considered GRAS (generally recognized
as safe) by the Food and Drug Administration [21
CFR.170.36(f)]. It is permitted at levels of 65.2 mg/kg of
beef, according to the FDA directive of October 23, 2001.
The U.S. Department of Agriculture approved use of ALF on
fresh beef in December 2001. For other countries, the
status of ALF will need to be confirmed.
ALF will be marketed by aLF Ventures, LLC, a US-based

partnership between Farmland National Beef Packing Co.,
Kansas City, and DMV International Nutritionals, the world-
wide exclusive producer of ALF.

ALF – BRINGING NATURAL PROTECTION 
TO FOODS

Most antimicrobial interventions currently in use are
cidal systems that kill microorganisms and leave
debris as well as potent toxins on processed foods. In
contrast, ALF is an extremely powerful microbial
blocking system that prevents proliferation and
attachment of pathogens to bio-surfaces such as
beef or poultry tissue. The ability to detach the
leftover microbial debris and to inactivate the
surface-splattered endotoxins makes ALF a highly
effective intervention all by itself or as an additional
step in current multi-hurdle sanitizing systems in
food processing.
In the ever-competitive food market, where consumer

demand is steadily increasing for minimally processed
foods that sustain functionality of naturally occurring
bioactive ingredients, ALF clearly stands out as a potent
natural antimicrobial system as an impressive microbial
blocking agent that fulfills the unmet need for food
safety applications.
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