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Introduction
The term "Enhanced Pork" evolved from the addition of an injection solution into pork to enhance the eating
characteristics of the final product.  The use of injection or the addition of ingredients to meat is a historically old
practice.  Non-meat ingredients are used to improve juiciness and/or tenderness, enhance flavor, improve color,
stabilize color, increase shelf-life, improve safety, or increase water-holding capacity in the final product.
Additionally, some ingredients work synergistically with other ingredients to further enhance their functionality.
Enhancement of fresh pork provides opportunities to improve the overall quality of fresh pork and to reduce the
amount of variation in pork quality.  Enhancement is not a method to improve low quality pork, but it is a method
being used by the pork industry to improve the overall quality of fresh pork in the retail meat case.  The purpose
of this paper is to identify and explain the functionality of non-meat ingredients currently used in enhanced, retail
pork products.

Overview
Enhanced pork is the process of adding non-meat ingredients to fresh pork to improve the eating quality of the final
product where eating quality is defined as the juiciness, tenderness and flavor of pork.  In adding these ingredients, the
color and the shelf-life of the final product may be impacted either negatively or positively.  Shelf-life of pork can be
affected either by the microbial levels in the final product or by color or flavor deterioration and the addition of non-
meat ingredients may influence different aspects of shelf-life.  The major ingredients used in enhanced pork are water,
sodium phosphates, salt, sodium lactate, potassium lactate, sodium diacetate and varying flavoring agents of which
lemon juice has been singled out for use in some products.  What do these non-meat ingredients do for or in the final
product?  A summary of each ingredient's functionality is presented below.  However, when some ingredients are used
together, the combined effects may provide greater positive or negative effects for different quality attributes.  These
effects are discussed in the paper, but are not identified below.

Summary of ingredient functionality where - = a negative effect, -- = a very negative effect, --- = an extremely negative
effect, ~ = a neutral effect, + = a positive effect, ++ = a very positive effect and +++ = an extremely positive effect.

Eating Quality                              Flavor      Microbial
Ingredient Color     Juiciness     Tenderness     Flavor Shelf-life     Shelf-life     Safety

Water - ++ ++ - ~ - -
Sodium tripolyphosphate + ++ ++ - + ~ ~
Salt - + + ++ ~ + +
Sodium lactate + + + ++ ++ +++ +++
Potassium lactate + + + + + ++ ++
Sodium diacetate ~ ~ ~ - ~ +++ +++
Lemon juice and organic acids - ~ ~ - or +           ~ + +
Flavor agents ~ ~ ~ +++ ++ - or + ~
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NON-MEAT INGREDIENTS

The United States Department of
Agriculture (USDA), Food Safety and
Inspection Service (FSIS) regulates the
addition of injection solutions in meat.
Based on the level or percentage of
addition to the product, there is defined
wording that has to appear on the meat
label in order for the product to pass
FSIS inspection.  The first requirement
is that the total level of injection that is
added to the product has to be defined.
In enhanced products the total amount
of added ingredients typically range
from 7 to 15% addition to the beginning
or green weight of the meat.  For meat

containing greater than 10% total added
ingredients, the label must carry the
words "containing up to (the actual
added level)% of a solution" followed by
the list of ingredients in descending
order of addition in the final product.
When using injection levels at less than
and up to and including 10%, while the
ingredients have to be listed in the
descending order of predominance, the
label can read "deep basted"or "marinat-
ed" instead of "containing up to".  The
term "deep basted" or "marinated" is
considered a more positive consumer
term on the label.  Water traditionally
has been used as a carrier for non-meat
ingredients as most non-meat ingredi-

ents are water-soluble or can be sus-
pended in water with agitation for sub-
sequent addition to meat.  As a result,
water almost always is listed first on a
label in the ingredient statement that
identifies what has been added to the
meat.  The other non-meat ingredients
are added for their functionality.  The
remainder of the discussion will con-
centrate on the most commonly used
ingredients and their functionality 

Sodium phosphates.  
Sodium phosphates (SP) were origi-
nally used in meat injection solutions
to enhance water-holding capacity.
Their usage is regulated by USDA,

Table 1. .  Summary of research to examine the relationship between level of sodium tripolyphosphate and
meat yield.

STP Measurements of 
Study Meat Level, % Waterholding Capacity Cook yield, % pH

Drip loss, %
Keeton et al. (1983) Ground pork patties 0.0 17.48 6.17

1% NaCl+0% STP 14.60 6.18
1% NaCl+0.25% STP 10.42 6.30
2% NaCl+0.50% STP 5.21 6.48

Free water, %
Smith et al. (1984) Pork loin 10% water + 0.0 STP 9.78 5.67

10% water + 0.475 STP 9.23 6.06
Jones et al. (1987) Pork loin 0.0 74.73 5.52

0.5 77.86 5.75
Purge loss (%) Drip loss, %

Sutton et al. (1997) Pork loin 0.0 4.81 1.69 80.93 5.39
0.2 3.54 1.85 80.47 5.50
0.4 2.18 1.62 80.46 5.59

Banks et al. (1998) Pork loin 0.0 5.44
0.2 5.93
0.4 5.89

Water holding capacity, % From Green Weight
Detienne and Wicker (1999) Pork loins with 0.0% 0.0 13.8 - 63.9 5.81

NaCl added 0.5 14.3 - 66.4 5.88
1.0 13.9 - 65.4 5.96
1.5 14.2 - 66.2 6.10

Detienne and Wicker (1999) Pork loins with 1.0% 0.0 12.5 - 79.2 5.75
NaCl added 0.5 12.1 - 67.6 5.84

1.0 12.9 - 73.0 5.87
1.5 10.2 - 82.3 6.10
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FSIS and fresh meat products can not
contain more than 0.5% in the final prod-
uct.  There are various forms of SP that
can be added to meat products; howev-
er, sodium tripolyphosphate is the pre-
dominant phosphate in phosphate
blends that are used in meat systems.
The major sodium phosphates pur-
chased commercially contain blends of
different phosphates and these blends
are used to increase the functionality of
phosphates in meat systems.  Sodium
tripolyphosphate has an alkaline pH and
even though meat is a very good buffer,
the addition of sodium tripolyphosphate
to meat systems increases the meat pH
(Table 1).  Increasing the meat pH
improves water-holding capacity by
moving the meat pH further from the
meat protein isoelectric point.  As the
pH moves further from the isoelectric
point (about 5.2 to 5.3 in red meat),
water-holding capacity increases due to
an increase in the amount of negative
charges on the meat proteins that can
bind water.  The net result is an increase
in the amount of water that can be
bound to the meat proteins.  

To understand if phosphates act in meat
to bind water through an increase in
pH, a study was conducted  where they
added three phosphate solutions that
would create a low pH (5.0), a medium
pH (5.5) and a high pH (6.0) in pork loin
or inside ham roasts (Cannon et al,
1993).  As pH decreased, the free water
(%) decreased markedly, cook yield
decreased, purge loss decreased, juici-
ness decreased and tenderness
decreased.  Therefore, the addition of
sodium tripolyphosphate improves
meat water-holding capacity and the
subsequent meat quality aspects and
the majority of this effect is due to its
ability to increase meat pH.

The addition of sodium phosphates to
meat systems has been shown to
improve meat yields due to increased
water-holding capacity (Table 1).  As the
level of SP increased, purge percentage
in the vacuum-package or in the retail
meat package decreased.  Cook yield is

higher cook yields, the lower flavor
intensity is most likely a dilution effect
due to higher amount of water in the
final cooked product.  The addition of
SP alone is commonly associated with
increasing the off-flavors such as soapy
and sour.  Two studies, one in pork
(Sutton et al., 1997) and one in beef
(Vote et al., 2000), reported increased
flavor attributes with SP addition.  In
beef, they showed that using sodium
chloride and sodium lactate in combi-
nation with SP, the soapy and soured
flavors were not detected by the
trained sensory panelists.  It is hypoth-
esized that the addition of these ingre-
dients masks the soapy off-flavor of SP.

Sodium phosphate addition has been
associated with changes in meat tex-
ture, especially when used at higher
levels.  Meat containing higher levels
of SP have been characterized as more
tender.  The meat also has been shown
to be softer, more rubbery, and it has
been characterized as having a more
processed meat-like bite.  When the
effect of sodium chloride and phos-
phates addition on the chemical and
sensory properties of ground pork pat-
ties were studied, ground pork patties
containing 2% sodium chloride and
0.5% phosphate were softer, less
crumbly, juicier and more elastic than
other treatments and the control
(Keeton, 1983).  In other studies, pork
loins containing a 10% water and up to
0.5% SP in the final product tended to
have either lower Warner-Bratzler
shear force values, improved water-
holding capacity and more tender,
juicier pork chops, although cooking
method influenced this relationship
(Jones et al., 1989; Sheard et al., 1999)

The addition of SP to meat has been
shown to have antioxidant properties
that decrease the rate of lipid oxidation
in meat.  Oxidation of lipids has been
associated with off-flavor development
and non-microbiological spoilage.  It
has been shown that the addition of
phosphates to ground pork patties
reduced TBA values, a common mea-

another measurement of meat yields
and as the level of SP increased, cook
yield has been shown to decrease
regardless of meat system and cut
(Table 1).

As the pH of meat increases with the
addition of SP, subsequent changes in
meat color would be expected.  As meat
pH increases, meat becomes darker in
color.  The relationship between meat
pH and color has been well established.
As pH increases and the pH moves fur-
ther from the isoelectric point, meat
proteins bind more water on their nega-
tively charged side chains.  By binding
more water, there is less water to reflect
light and the meat appears darker in
color.  Additionally, pH affects the abili-
ty of myoglobin to oxidize to metmyo-
globin (the brown color associated with
meat spoilage).  It has been shown that
as pH decreases, myoglobin is more
easily oxidized to metmyoglobin and
the color of the lean was lighter or
lower in color intensity.  Also, at a high-
er pH, myoglobin, the main protein in
meat that has pigment, does not
degrade as rapidly with heat.  During
cooking, myoglobin degrades and as a
result, meat goes from a red-based
color to gray.  If myoglobin does not
degrade as rapidly with cooking, at the
same internal cook temperature, pork
with a higher meat pH will appear more
reddish or not as well done.  Many
researchers have found that color
became darker in both pork and beef
when phosphates were added.

With increased water-holding capacity,
meat with SP added has been shown to
be juicier, have improved tenderness
and there are some changes in meat fla-
vor.  When SP level increased from 0 to
0.2 to 0.4% in the final product, pork
roasts were juicier and had incremen-
tally higher percentage of moisture
(67.57, 66.94 and 67.63%, respectively),
but the addition of 0.4% SP resulted in
lower flavor intensity scores and higher
levels of salt intensity when compared
to pork roasts that did not contain SP.
As the higher level of SP resulted in
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Table 2.  Summary of research to examine the relationship between level of sodium lactate and meat color, pH,
TBA values and/or Aerobic Plate Counts.

Total Aerobic
Sodium Lactate Hunter Plate Count, 

Study Meat Level, % L* pH TBA value log10 CFU/gm

Mass et al. (1989) Cooked comminuted turkey 0 6.29
2.0 6.33
2.5 6.34
3.0 6.33
3.5 6.34

After 28 d of storage at 4°C
Brewer et al. (1991) Fresh pork sausage 0 5.78 ND

1 5.78 ND
2 5.80 7.76
3 5.78 7.95

After 15 d of storage at 2°C
Lamkey et al. (1991) Fresh pork sausage 0 5.80 7.5

3% at pH 6.60 5.73 4.0
3% at pH 7.05 5.80 4.0

After 84 d of storage at 0°C
Papadopoulos et al. (1991ab) Cooked beef top rounds 0 50.7 5.85 7.1

1 49.5 5.95 7.1
2 46.4 6.05 6.8
3 47.7 5.91 7.2
4 45.6 5.90 6.0

After 84 d of storage at 0°C
Papadopoulos et al. (1991c) Cooked beef top rounds 0 8.0

3 6.5
After 25 d of storage

O’Connor et al. (1993) Ground pork 0 7.5
1.5 7.3
3 6.8

After 3 d of storage at 4-9°C
Eckert et al. (1997) Ground beef 0 42.20 .07 6.1

3 39.79 .09 4.8
4 39.10 .07 4.1

Hue After 28 d of storage at 4°C
Maca et al. (1997a) Ground beef 0 40.57 8.3

2 39.53 7.1
3 39.08 5.3
4 39.81 5.1

After 84 d of storage at 4°C
Maca et al. (1997b) Cooked beef top rounds 0 5.97 .16 8.3

3 6.23 .22 ~2
0 d 21 d After 21 d of storage at 4°C

Maca et al. (1999) Cooked beef top rounds 0 50.29 6.16 3.0 6.6
2 47.11 6.25 .7 6.4
3 45.80 6.17 .6 5.4
4 43.90 6.21 .25 5.2

ND=Not determined as they were too numerous to count.



surement of lipid oxidation. 

In regards to the effect of SP addition to
meat and subsequent meat shelf-life,
meat with a higher pH has been shown
to be more conducive to microbial
growth, especially those microorgan-
isms involved in meat spoilage, either
aerobic or anaerobic conditions.  This is
the same phenomena involved when
comparing the shelf-life of dark, firm
and dry meat (high pH), normal (aver-
age pH) and pale, soft and exudative
meat (low pH) where high pH meat has
a shorter shelf-life.  While the addition
of SP that pH decreased total plate
counts in pork loin chops even those
with high pH, SP addition is generally
recognized as having inconsequential
effects on microbial growth.  The use of
SP is driven by its ability to increase
protein water-holding capacity.  The
ability of SP to limit growth of meat
pathogens has not been extensively
examined.  This is mainly due to the
lack of an antimicrobial effect of SP as
previously discussed.

Therefore, it is generally recognized
that the addition of sodium phosphates
to pork increases meat pH; increases
meat water-holding capacity that assists
in reducing purge loss and cook loss;
improves meat color, juiciness and ten-
derness; when used at higher levels, it
may make meat too soft and the meat
loses its textural identity; pork flavor
may be diluted at high levels; and it may
or may not improve shelf-life.

Salt or sodium chloride.
The use of salt in meat to increase shelf-
life and enhance flavor is an old prac-
tice.  It also is used to improve water-
holding capacity and results in subse-
quent improvements in purge loss and
cook yields.  It is usually the second
ingredient on the label statement
behind water and it is a conventional
non-meat additive.  Sodium chloride
acts to improve water-holding capacity
by lowering the isoelectric point of meat
proteins and works without changing
the meat pH.  The swelling of meat pro-

teins has been attributed to their ability
to bind more water.  Meat proteins have
the ability to swell to twice their size in
salt concentrations that are used in meat
processing.  Sodium chloride addition
contributes to the swelling of the pro-
teins and similarly, the chloride ion has
been shown to bind to the meat protein
filaments and increase the electrostatic
repulsive force between them.  By
increasing the repulsive forces, the pro-
tein structure matrix then unfolds and
swelling occurs.  The swelling provides
a higher number of protein side chains
that can bind water and therefore,
water-holding capacity in increased.

Sodium chloride addition to meat has
been associated with its antimicrobial
properties.  Historically, salt was added
to meat to preserve it when refrigera-
tion was not available.  For this applica-
tion, salt levels were very high and tradi-
tionally, salt was added either by rub-
bing the salt on the exterior surface or
placing the meat in a high concentrated
salt brine for a extended period of time.
Salt levels used in enhanced and mari-
nated products may have limited antimi-
crobial effects; it is the ability of salt to
increase water-holding capacity that dri-
ves its use in enhanced pork products.

Sodium chloride addition also enhances
meat flavor, has been associated with
increasing basic salt taste and it has
been shown to increase lipid oxidation.
Sodium chloride is often added in com-
bination with SP.  The challenge is to
balance the amount of sodium chloride
addition with the amount of SP that is
added to maximize water-holding capac-
ity without getting too high of a salt fla-
vor or altering texture.  At too high of
levels, pork will be too soft or it will have
a more processed meat-like bite.  

Sodium lactate.
Sodium lactate, the salt form of lactic
acid, has been used as a non-meat ingre-
dient in the meat industry since the late
1980's (Table 2).  The initial work that
resulted in a patent was conducted by
Maas et al. (1989) who examined the

use of sodium lactate to restrict develop-
ment of botulinum toxin in cook-in-bag
turkey products.  Sodium lactate was
approved for use at up to 2% as a flavor
enhancer by USDA, FSIS (Federal
Register, 1990), but it could be used at
up to 4.0% on an individual basis if the
company requested special considera-
tion for it use based on its antimicrobial
effects.  The USDA, FSIS did not make
a final ruling for use of sodium lactate as
an antimicrobial agent as a petition to
request its' approval was not filed.  The
USDA, FSIS routinely approves labels
with its usage above the 2% level and the
industry began using sodium lactate in
multiple pre-cooked meat products. 

The addition of sodium lactate has been
shown to improve overall color, help to
stabilize color during storage and to
increase the length of time that color is
maintained during storage.  The addi-
tion of sodium lactate has been shown
to increase the meat pH that results in a
darker colored lean (Table 2).  The
darker color lean in meat containing
sodium lactate also has been shown to
stabilize with storage.  This stabilization
of meat color with storage is most likely
due to the higher pH that provides
some protection against oxidation dur-
ing meat storage.  Myoglobin is the pig-
ment in meat that gives meat its red
color.  When myoglobin is oxidized, it
turns brown or is in the metmyoglobin
state.  Contributing factors for oxidation
of myoglobin are pH, the amount of
exposed light, microbial growth and
time.  At a higher pH, oxidation of myo-
globin is not as rapid.  Microbial growth
also affects meat color.  As microorgan-
isms grow, they can either contribute to
the oxidation of myoglobin or they can
produce products that can cause off-
color development.  For example, when
meat has reached the end of its shelf-
life, the color of the lean sequentially
turns brown.  Microorganisms can con-
tribute some of the brown color devel-
opment by assisting in oxidizing the
myoglobin to metmyoglobin.  The other
mode of action of microbial growth is
when meat develops off-colors, like the

5
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green color associated with meat
spoilage.  The green color in spoiled
meat is from sulphur binding to the lig-
and of myoglobin where the sulphur is
derived from sulphur-producing
microorganisms that are involved in
meat spoilage.  Therefore, sodium lac-
tate appears to protect myoglobin so
that it does not oxidize as rapidly by
increasing the meat pH and by reduc-
ing microbial growth limiting the contri-
bution that microorganisms make to
myoglobin oxidation.

The addition of sodium lactate has been
shown to increase meat juiciness.  As
sodium lactate increases cook yield
when used in combination with low salt
brines and it has humectant properties,
improvements in juiciness in meat con-
taining sodium lactate are not surpris-
ing.  Whole muscle meat containing
sodium lactate has been shown to be

more tender.  As sodium lactate addition
has been associated with increasing
meat pH that results in increased water-
holding capacity and less cook losses,
the resultant meat would expectantly be
more tender. 

Sodium lactate has been shown to
enhance the cooked pork flavor and to
limit the subsequent decline in this aro-
matic during refrigerated storage in
pork products.  As pork flavors declined
during refrigerated storage, increased
intensity of aromatics associated with
lipid oxidation, the chemical reaction in
lipids that can limit shelf-life of meat,
have been reported.  Therefore, sodium
lactate addition has been shown to
improve the pork flavor in these meats
and to reduce the development of off-fla-
vors associated with lipid oxidation.
However, sodium lactate addition also
has been associated with higher salt
tastes, increased throat-burning mouth-

feel, and higher levels of chemical aro-
matic flavor.  These negative flavor
attributes have been characterized as
components of the sodium lactate itself.
The addition of sodium lactate with
other ingredients appears to decrease
these effects and these effects are only
slightly detectable at levels up to 3%.

As TBA values are a measure of lipid
oxidation, many studies have reported
TBA values as an indication of shelf-life
and off-flavor development.  While
results are mixed, at abuse tempera-
tures, lower TBA values have been
reported in cooked beef roasts contain-
ing 2 to 4% sodium lactate.  However, in
pork sausage containing from 0 to 3%
sodium lactate and stored at 4°C from 0
to 21 days, TBA values did not change.
It appears that sodium lactate addition
may provide some antioxidant effects,
but these effects are most likely tied to
its ability to limit microbial growth and

Table 3. Summary of research examining the effect of sodium lactate to aid in extending the shelf-life of 
meat products.

Meat Species
Study /Product Summary of Results

Grau (1980) Meat aqueous Growth inhibition of Brochothrix thermosphacta extracts during 7 days of incubation in the presence 
of 100 mM sodium lactate; concentration of undissociated lactic acid was the governing factor

Krol (1972) Pork/hams Decreased growth of Lactobacilli spp. and Micrococci spp.in Country-style hams

Maas et al. (1989) Turkey/ Demonstrated antimicrobial effect of sodium cook-in-baglactate at various levels
products

Anders et al. (1989) Fish and poultry Patent application for using lactate salts to delayClostridium botulinum growth at 1 to 7% levels

Debevere (1989) Pork/liver pate Increasing sodium lactate from 0% to 2%, decreased microbiological levels

deWitt and Rombout Medium broth Streptococcus faecalis, Staphylococcus aureus and Salmonella typhimurium were inhibited when 
grown in (1990) a medium containing sodium lactate at a constant water activity (.958)

Papadopoulos et al. Beef/cooked Roasts containing 3 to 4% sodium lactate had a 2 log reduction in aerobic plate count
(1991a) top round

Papadopoulos et al. Beef/cooked 3% and 4% sodium lactate decreased growth of Salmonella typhimurium, Listeria
(1991b) monocytogenes, Escherichia coli 0157:H7, and Clostridium perfringens.up to 28 days at 10°C

Lamkey et al. (1991) Pork/sausage 3% sodium lactate reduced the lag phase of fresh sausage microbial growth and reduced off- odor 
development

Brewer et al. (1991) Pork/ addition of 2% or 3% delayed microbial fresh sausage deterioration by 7 to 10 days at 4°C



therefore, sodium lactate indirectly
assists in limiting lipid oxidation by
decreasing the contribution of microor-
ganisms to lipid oxidation.

The addition of sodium lactate at levels
greater than 2% in the final product have
been shown to increase the lag phase of
spoilage microorganisms using aerobic
plate counts in pork sausage, cooked
beef top rounds, cooked comminuted
turkey, cooked turkey breast, ground
beef, ground pork and beef strip loins
(Tables 2 and 3).  This is a well docu-
mented and sodium lactate is most
often added to meat products to assist
in limiting microbial growth.  It is gener-
ally recognized that sodium lactate
increases the lag phase of microbial
proliferation and delays the onset of log-
arithmic growth.  The mode of action
for sodium lactate has been hypothe-
sized to be two-fold.  First, the lactic acid
portion of sodium lactate has antimicro-
bial properties as it can be incorporated
into the microbial cell.  Lactic acid then
interferes or slows down the normal
metabolic process that generates ener-
gy in the cell.  This metabolic process is
called glycolysis.  Additionally, the addi-
tion of sodium lactate lowers the water
activity of the meat and by lowering
water activity, microbial growth is
slowed.  The sodium ion also has some
antimicrobial effects as previously dis-
cussed. 

Sodium lactate addition has been
shown to limit the growth of food borne
pathogens.  Early work with sodium lac-
tate showed a reduction in the develop-
ment of botulinum toxin in cook-in-bag,
comminuted turkey.  It was concluded
that sodium lactate delayed the produc-
tion of botulinal toxin and that the effect
was concentration dependent.  Other
work looked at the addition of 2, 3 or 4%
sodium lactate on the growth of five
major beef pathogens in cooked beef
strips.   It was shown that 3 and 4% addi-
tion of sodium lactate to cooked beef
top rounds limited the proliferation of
Salmonella typhimurium, Listeria
monocytogenes and Escherichia coli

0157:H7 when compared to control
roasts and those containing 2% sodium
lactate.  Therefore, sodium lactate pro-
vides some protection against growth of
food borne pathogens, but it does not
reduce their initial numbers.

Potassium lactate.
Most of the early work examined the
use of sodium lactate as a non-meat
ingredient, but interest in adding a non-
meat ingredient that did not increase
the level of salt in the final product and
that would not have any off-flavors asso-
ciated with its use increased by the early
1990's.  Potassium lactate has a potassi-
um ion substituted for the sodium ion in
sodium lactate and it is used extensively
in meat products.

Potassium lactate has been shown to
increase meat color, improve juiciness
and tenderness, enhance positive flavor
attributes and decrease negative flavor
attributes during storage, decrease
microbial growth, and limit the growth
of some major meat pathogens as previ-
ously discussed with sodium lactate.
Potassium lactate can replace sodium
lactate as a non-meat ingredient and
have functionality similar to sodium lac-
tate, but it does not have the off-flavor
problems associated with sodium lac-
tate.

In general, potassium lactate is used as
a substitute for sodium lactate.
However, research on its ability to limit
growth of major meat pathogens has
not been conducted, and while it has
been shown to limit microbial growth
and it most likely reduces the growth of
major meat pathogens.  

Sodium diacetate.
Sodium diacetate recently has been
approved for use in meat products as an
antimicrobial agent.  The Food and
Drug Administration classifies it as
GRAS (generally recognized as safe).  It
can be added alone, but many times it is
added in combination with other antimi-
crobial agents such as sodium lactate or
potassium lactate.  Sodium diacetate is a

compound containing 60% sodium
acetate and 40% acetic acid.  It is tradi-
tionally added at low levels in the final
product, usually not greater than .2% in
meat products and more commonly it is
added at levels of .1 to .15% in the final
product.

The addition of sodium diacetate alone
or in combination with other ingredi-
ents, such as sodium lactate or potassi-
um lactate, has been shown to not effect
or to have a very limited effect on meat
color (Anwar et al, 2000; Grones et al.,
2000).  As sodium diacetate is added at
such low levels, it would not be expect-
ed to influence meat color even though
its addition has been shown to decrease
meat pH slightly (Table 4).

The addition of sodium diacetate was
shown to not effect the juiciness of
ground beef patties (Grones et al., 2001)
or enhanced beef strip loin steaks
(Anwar et al., 2001).  As sodium diac-
etate lowers the meat pH (Table 4), it
could possibly decrease juiciness as
meat pH decreases slightly and as the
pH is moving closer to the meat isoelec-
tric point, a decrease in the water-hold-
ing capacity may be expected.  Grones
et al. (2001) reported a 5% decrease in
cook yield of ground beef patties con-
taining 0.15% sodium diacetate and 3%
sodium lactate when compared to pat-
ties with 3% sodium lactate alone.
However, sensory panelists did not
report a difference in juiciness.  It
appears that as sodium diacetate is
added at such low levels, the effect of
lower pH on meat juiciness is not
detectable.  Similarly, sodium diacetate
addition does not appear to significantly
effect meat texture in ground beef or
enhanced beef strip loin steaks.  Again,
as it is added at such low levels, it
appears to not affect meat texture.

Sodium diacetate is sour in flavor due to
having two acetate ions for each sodi-
um.  Grones et al. (2001) found slightly
higher soured flavors in ground beef
patties containing either 3% sodium lac-
tate and .15% sodium diacetate or 2%
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sodium diacetate and .15% sodium diac-
etate, but the increase in sour was only
slightly detectable by an expert sensory
panel.  Sodium diacetate addition did
not affect the intensity of other flavor
attributes by either enhancing or sup-
pressing flavors in ground beef patties
containing 0.15%.  Weber (1997) found
similar results in roast beef and turkey
breast roasts.  It appears that sodium
diacetate is added at low enough levels
that the flavor of meat products are not
influenced by its addition.

The main impetus for addition of sodi-
um diacetate into meat products has
been to decrease microbial growth.
When sodium diacetate was added to
the surface of refrigerated poultry, the
skin surface pH was lowered and micro-
bial growth decreased.  Similar results
were found when sodium diacetate was
added to enhanced beef strip loin steaks
(Figure 1).  With increased storage, aer-
obic plate counts (APC) in beef strip
loins steaks containing sodium diac-
etate were lower than either the APCs
in control steaks or steaks containing
potassium lactate.  However, the lowest
APCs were reported when sodium diac-
etate was combined with potassium lac-

tate.  Similarly, other reseachers have
found lower APCs during storage in
cooked beef and cooked turkey breasts
that contained combinations of sodium
diacetate at 0.15% and sodium lactate
(2.5 or 3%).

Sodium diacetate also has been shown
to limit the growth of some major meat
pathogens.  The addition of 0.28% sodi-
um diacetate to ground beef has been
shown to suppress APCs.  When sodi-
um diacetate was added at higher levels,
the growth of some strains of Listeria;

Table 4. Least squared means for treatment effects on meat color, TBA values, microbial levels and pH in
enhanced beef strip loin steaks from Anwar et al. (2000).

Lean TBA, mg APC
Treatmente Colorf malanaldehyde/1000g log10 CFU/g pH

* ** **
Control (no injection) 5.26a 0.60 6.125ab .55d

Injected Control (W + 0.25% STP) 5.40a 0.42 6.235a .57d

W + 1.5% PL + 0.25% STP 4.40bc 0.33 5.815b .81b

W + 2.0% PL + 0.25% STP 3.68d 0.40 5.106c .00a

W + 2.5% PL + 0.25% STP 3.85d 0.34 4.655d .90a

W + 0.1% NaDi + 0.25% STP 4.68b 0.38 4.295e .68c

W + 0.1% NaDi +  1.5% PL +  0.25% STP 4.45bc 0.40 4.235e .82b

W + 0.1% NaDi +  2.0% PL +  0.25% STP 4.18 c 0.44 3.595f .82b

RSDg 0.75 0.37 0.600 .16

*P-value < 0.05 from Analysis of Variance table
**P-value < 0.01 from Analysis of Variance table
a-dMeans within a column and main effect with the same superscript are not different (P < 0.05)
eW = Water; PL = Potassium Lactate; NaDi = Sodium Diacetate; STP = Sodium tripolyphosphate
fScale for color  where 1= extremely dark red; 8 = extremely bright cherry red
gResidual Standard Deviation
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Escherichia coli; Salmonella enteriditis,
hyersinia, and enterocolitica; gram-neg-
ative spoilage bacteria; and
Lactobacillus fermentis were inhibited.
When sodium diacetate was added to
turkey meat slurries at level of 0.3 and
0.5% Listeria monocytogenes growth
was delayed.  The antilisterial activity of
sodium diacetate to not only due to its
pH lowering effect, but to the activity of
the acetate ion on listerial growth. 

Sodium diacetate is added as a non-
meat ingredient mainly to retard micro-
bial growth and to reduce the growth of
some major food borne pathogens,
mainly Listeria monocytogenes.  The
addition of sodium diacetate, mainly
because it is used at low levels usually
below 0.2%, does not affect meat color,
juiciness, tenderness or flavor attributes.

Lemon juice and organic acids.
The use of food grade organic acids,
such as citric, malic, acetic, lactic, ben-
zoic, sorbic and propionic acids, have
been used to limit microbiological
growth in food products.  The antimi-
crobial effects of organic acids are main-
ly dependent on: 1) the sole effect of
pH; 2) the extent of dissociation of the
acid, which is related to the pH; and 3)
the specific effect of the acid molecule
(Acuff, 1991).  At a given pH the antimi-
crobial activity of an acid is related to
the ability of the acid to penetrate the
cell, the part of the cell which is
attacked and the chemical nature of the
attack.  Some manufacturers of
enhanced pork are adding lemon juice
or lemon juice solids as non-meat ingre-
dients.  Lemon juice is high in citric
acid, is viewed as a "positive" additive
by consumers, and may also be used to
provide flavor.

The addition of organic acids, which
usually will alter pH, can have detrimen-
tal effects on color stability if concentra-
tions are too high within the system.
For example, when a 10% water solution
was added to mature beef, hot-boned,
cow top round so that the top rounds

contained either .3M lactic acid, .3M lac-
tic acid and .3 M calcium chloride, .3M
calcium chloride, or water only,  the top
rounds containing .3M lactic acid or
.3M lactic acid and .3M calcium chloride
had lower aerobic plate counts (P<.05)
than other treatments after 17 days of
refrigerated storage.  However, discol-
oration of the lean occurred in the top
rounds containing the lactic acid treat-
ments.  While lactic acid aided in reduc-
ing aerobic plate counts in a hot-injected
meat system, the level of lactic acid was
detrimental to the color characteristics
of the lean.  

When lemon juice solids are added to
the injection formula instead of lemon
juice or natural lemon juice, it is to
reduce the effect that the low pH of
lemon juice has on discoloration of
pork.  Other strategies to overcome the
negative effect of low pH that may be
induced by lemon juice addition to meat
is to micro-encapsulate the citric acid.
Micro-encapsulation provides the oppor-
tunity to control or delay the effects of
the acid whereas the acid would be acti-
vated upon degradation, disruption or
melting of the encapsulation material.  
The citric acid portion of lemon juice
also has been shown to be an antioxi-
dant.  It is commonly used in food items
to control lipid oxidation.  Lipid oxida-
tion is a chemical reaction that results in
the development of off-flavors often
described as rancid, old, cardboardy,
painty and fishy.  Additionally, meat fla-
vors associated with the lean portion of
the pork, such as pork lean flavor,
decrease as lipid oxidation progresses.
The decrease in the positive flavor
attributes and the development of off-fla-
vors associated with lipid oxidation is
one method of limiting shelf-life of pork
products, especially as pork has a high-
er amount of fatty acids with double
bonds.  Double bonds in lipids are what
are oxidized during lipid oxidation and
so pork is highly susceptible to this
reaction.  Therefore, the addition of cit-
ric acid has been shown to stabilize
pork flavor during storage and to

reduce the development of off-flavors
associated with lipid oxidation.
Flavor agents.
Flavor agents are added to pork to pro-
vide alternate flavor choices for con-
sumers.  Flavor agents also can be used
to mask undesirable flavors from other
ingredients such as potassium lactate or
sodium lactate.  Flavor agents can range
from the addition of fresh ingredients,
dehydrated ingredients, ground spices,
spice extractives or oleoresins.

The addition of whole spices, while aes-
thetically desirable to the consumer, can
decrease shelf-life either through addi-
tion of microorganisms contained with-
in the spice or ingredient or by the
inherent oxidation potential contained
within the ingredient.  Many spices,
such as black pepper, are treated either
by irradiation or by chemical decontami-
nation methods to reduce the microbial
population in the spice so that their addi-
tion does not affect shelf-life.  The oxida-
tion potential of fresh ingredients can
only be addressed by processing the
ingredients to disenable the oxidation
potential.  When fresh ingredients like
onions or green peppers are dehydrat-
ed, the oxidation potential of the veg-
etable would be reduced. 

On the positive side, some spices and
ingredients have antioxidant properties
such as rosemary, garlic, spices, onions,
and green peppers that improve flavor
stability during storage.  Additionally,
clove, cinnamon, mace, oregano, all-
spice and nutmeg also have shown
antioxidant properties.  As a result of
these antioxidant properties, spice
extracts, oils and oleoresins, are cur-
rently in use as antioxidants in the meat
and poultry industry.  The spice
extracts, oils and oleoresins are compo-
nents of the original spice that can be
added to meat products instead of the
whole spice.  The advantage of using
only a component of the whole product
is that the spice extracts, oils and oleo-
resins are more consistent in flavor, do
not have the potential to contribute
microbial contamination, and they still
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contain the antioxidant properties.  The
addition of oils and oleoresins provide
multiple functions in extending shelf-life
of meat products.  These ingredients
have been shown to reduce color fad-
ing, provide flavor stability through
antioxidant properties and as these
ingredients are sterile and "cleaner," the
negative effect of spices on increasing
microbiological growth is eliminated
(Bacus, 1991).

Total level of added ingredients and
injection level.
USDA/FSIS regulates the amount of
total ingredients that can be added to
meat, as previously discussed.  The
industry utilizes injection level as a
method to deliver the non-meat ingredi-
ents into the meat.  The injection level
has to be high enough so that an even
distribution of the non-meat ingredients
is obtained.  If ingredients are not uni-
formly distributed, two-toned color or
color variation within the lean surface
and variation between bites within a
sample for juiciness, tenderness and fla-
vor will be identified.

A meat injector, either bone-in or bone-
less injector, utilizes needles to punc-
ture into the meat and then a pressur-
ized liquid solution is added.  The level
of addition of the added ingredients is
controlled either through the speed of
passage of the meat through the injec-
tor or by altering the pressure used dur-
ing injection.  Another important aspect
of injection is the size and number of
the needles.  By increasing the number
of needles and using smaller needles,
injectors can deliver a more uniformly
distributed injection solution into the
final product.  Uniform injection is of
utmost concern, especially in a fresh
pork product that is not going to be
tumbled.  One of the major quality
defects is two-toned meat.  As injection
solutions have higher pH levels than
the meat and increasing the pH results
in darker colored lean, if larger and
fewer needles are used to inject the
product, the final product may appear
two-toned.  The pattern of the color vari-

ation in the lean follows the path of the
needles.
A series of studies conducted at the
University of Illinois showed that pork
loin chops containing a 10% injection
level and then either grilled or fried to
internal cooked temperatures of 70 or
80°C had more pork flavor, were juicier,
more tender, and had less off-flavors
than chops from unpumped loins.
Additionally, pumped pork loin chops
had similar juiciness ratings regardless
of the endpoint temperature that they
were cooked; whereas, unpumped pork
loin chops were drier as endpoint tem-
perature increased.  They also reported
that pumped pork loin chops were
lighter, redder, less yellow and had
lower Warner-Bratzler shear force val-
ues.  These results support the previous
discussions that the addition of non-
meat ingredients provides functionality
that improves tenderness, juiciness,
color and flavor of pork loins.  They also
examined the effect of pump level (0, 6,
12 and 18%) when used in pork loins
that varied in pH.  The purpose of this
work was to understand if the addition
of non-meat ingredients had greater
benefits for meat from specific pH
groups.  The pork loin chops were eval-
uated after being cooked to 70 or 80°C.
They found that as pump level
increased, pump retention, package
purge, retail purge, cook loss, salty fla-
vors, and juiciness increased. However,
pumping at any level increased tender-
ness and juiciness.  They also reported
that as meat pH increased, pump reten-
tion increased and package purge, retail
purge and cook loss when chops were
cooked to 80°C decreased.  These stud-
ies indicate that enhancement or injec-
tion of non-meat ingredients adds func-
tionality to pork products and that
improvement in eating characteristics
and color are found, however, as pump
level exceeds 12% increased package
and retail purge may be a concern.

Brewer et al. (2000) examined con-
sumer acceptability for package purge,
color, overall appearance acceptability,
and purchase intent of vacuum-pack-

aged, pumped pork loin roasts injected
with 0, 6, 12 or 18% of a solution of .25%
STP and 1% sodium chloride.
Consumers rated the non-injected loin
roasts as more desirable for color and
texture appearance acceptability than
the 18% injected loin roasts, but loin
roasts injected with 6 and 12% pump lev-
els were intermediate in acceptability
and they were rated similar to the non-
injected and 18% injected loin roasts.
Overall appearance acceptability was
highest for the non-injected pork loin
roasts, but consumers rated the loin
roasts injected with 6, 12, and 18% pump
levels as only slightly less acceptable.

The effect of adding .25% SP, .5% sodium
chloride and 2.5% sodium lactate in beef
strip loin steak with injection level from
7.5, 10, 12.5 and 15% has been examined
(Vote et al., 2000).  They reported that
when comparing the injected product to
the non-injected controls, the injected
beef strip loin steaks were juicier, more
tender and had more intense cooked
beef flavor, especially when steaks were
cooked to higher degrees of doneness.
In addition, as injection level increased,
the steaks tended to be more tender
and juicier, but flavor was not affected.
Additionally, Warner-Bratzler shear
force values decreased from 3.39 kg at
the 7.5% injection level to 2.60 kg at the
15% injection level, but these differences
were not statistically different.  The lack
of statistical difference for tenderness
measurements was most likely due to
the difficulty of controlling such fine dif-
ferences of injection in a laboratory situ-
ation.  Over time in a production situa-
tion, the differences they reported may
be important.
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