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Evaluation of the Antioxidant Effects of Dried
Milk Mineral in Cooked Beef, Pork, and Turkey
D.P. CORNFORTH AND E.M. WEST

ABSTRACT: This study was done to determine the optimum level of dried milk mineral (MM) to inhibit lipid oxida-
tion in various ground meats. Cooked ground beef and pork required 2% MM to maintain thiobarbituric acid (TBA)
values < 1.0 after 14 d refrigerated storage, compared to 1% MM for ground turkey. TBA values of cooked ground beef
were lower (p < 0.05) when MM was added in water suspension, rather than as a dry powder. Among MM components
(phosphate, calcium, and citrate), polyphosphates most effectively maintained low TBA levels during storage. MM
probably chelates soluble iron to colloidal calcium phosphate particles, thus removing iron as a catalyst for lipid
oxidation.
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Introduction

IN COOKED MEATS, OFF-FLAVOR DEVELOPMENT ASSOCIATED WITH

lipid oxidation is one of the major limitations to extended
shelf life. Warmed-over flavor (WOF) is the term used to de-
scribe the stale or rancid flavor and odor that develops in
cooked meats during storage and reheating (Tims and Watts
1958; Younathan 1985). Unsaturated fatty acids in the mem-
brane phospholipid fraction are particularly susceptible to
oxidation (Igene and Pearson 1979). Thus, even lean meats or
poultry will develop off-flavors during storage after cooking.
A major pro-oxidant factor is soluble ionic iron (Igene and
others 1979; Miller and Aust 1989), derived from the heat
degradation of heme pigments (Igene and others 1979; Bu-
chowski and others 1988). Metal chelating agents, sodium ni-
trite, and various reductants inhibit lipid oxidation when
added to cooked ground beef (Sato and Hegarty 1971; Igene
and others 1979).

Barley flour and wild rice have been shown to reduce
oxidation and extend shelf life of cooked ground beef pat-
ties (Katsanidis and others 1997). The active antioxidant
fraction in barley flour is vitamin E and related tocot-
rienols, which can reduce lipid peroxy radicals and inter-
rupt the propagation step of lipid oxidation. Wild rice con-
tains phytate (Wu and others 1994), a type II antioxidant
capable of chelating metal ions and thus inhibiting metal
catalysis of lipid oxidation (Katsanidis and others 1997).
Phytate has strong antioxidant activity in cooked chicken
(Empson and others 1991) or beef (Lee and others 1998),
but it is too expensive in its purified form for commercial
use at present.

Whey is another natural food ingredient with antioxidant
activity (Colbert and Decker 1991; Browdy and Harris 1997),
due to the presence of protein sulfhydryl groups with reduc-
ing abilities, and also due to iron chelation by whey proteins
(Tong and others 2000). Interestingly, calcium ions reduce
WOF in cooked chicken, apparently by displacing iron from
phospholipid binding sites (Graf and Panter 1991). Thus, this
study was done to investigate the possible antioxidant effects
of dried milk mineral (MM), a natural calcium source de-
rived from whey, when added at various levels to ground
beef, pork, and turkey.

Materials and Methods

Experimental design and statistics
Dried milk mineral (MM) was added to raw ground beef,

pork, or turkey at 0% (control), 0.25%, 0.50%, 1.0%, and 2.0%
of meat weight. After cooking, lipid stability was measured
using the thiobarbituric acid (TBA) test described by Buege
and Aust (1978). TBA measurements were taken after 1, 4, 7,
and 14 d of storage at 2 °C. Three replications were done on
separate days for each meat. All measurements were per-
formed in duplicate. A second experiment was done to com-
pare TBA values of cooked ground beef as affected by the
method of MM addition (dry powder or a 10% suspension in
water). A third experiment was done to compare antioxidant
activity of MM components (phosphate, calcium, and cit-
rate) when added to ground beef at levels equivalent to those
found in 1% MM. Experiments 2 and 3 were replicated twice
on separate days, and TBA values were measured in dupli-
cate after 1, 5, 9, and 14 d of storage.

Treatment means were calculated by analysis of variance
(ANOVA), using StatisticaTM (Statsoft Inc., Tulsa, Okla.,
U.S.A.). Significant differences between means were deter-
mined by calculation of Fisher’s least significant difference
(LSD) values, when appropriate. Significance was defined at
p < 0.05. Figures were prepared using the curve-smoothing
feature of the CricketTM 1.01 graphics program (Computer
Associates International, Islandia, N.Y., U.S.A.).

Sample preparation
Raw ground beef, pork, and turkey (7%, 23%, and 20% fat,

respectively, as indicated on the label) were purchased local-
ly and cooked the same day. Dried milk mineral (Lactoval
QTM and TruCalTM) were obtained from DMV Intl. (Fraser,
N.Y., U.S.A.) and Glanbia Foods (Twin Falls, Ida., U.S.A.) re-
spectively. Dried MM was a white, free-flowing powder that
was 92.1% mineral, 5.5% water, 1.0% lactose, 1% protein, and
0.4% fat (DMV International, Fraser, N.Y., U.S.A.). The anhy-
drous mineral complex consisted of phosphate (36.2%), cal-
cium (24.5%), and citrate (18.6%). The MM was commercially
prepared by drying the permeate obtained from ultrafiltra-
tion of whey.
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Meat samples were prepared by addition of 0.25% to 2.0%
MM to 100 g of raw meat. The MM was added either as a dry
powder, or as a suspension with 10% added de-ionized water
(20 °C), based on meat weight. The MM was manually mixed
with meat; the samples were then grilled at 163 °C for 5 min.
The fat was drained off, and the well-done crumbles were
placed in resealable Zip-LockTM plastic bags (S.C. Johnson
and Son, Racine, Wis., U.S.A.) and held at 2 °C for 14 d.

TBA analysis
Thiobarbituric acid-reactive substances (TBARS) were

measured as described by Buege and Aust (1978). Cooked
meat samples (2 g) were blended 20 sec at medium speed
with 10 mL final volume of 50 mM Hepes buffer, pH 7.4, us-
ing a probe-type homogenizer (Ultra-Turrax T25, Janke and
Kunkel, Staufen, Germany). The homogenate was centrifuged
10 min at 5000 × g to obtain a clear supernatant. A mixture of
0.8 mL of sample supernatant and 0.2 mL of de-ionized wa-
ter was incubated for 30 min at 40 °C. To measure the TBA
number, 2 mL of 0.375% TBA-15% trichloroacetic acid – 0.25
N HCL stock solution was added to the incubation solution
and heated for 10 min in a boiling water bath to develop pink
color. Sample tubes were then cooled with tap water and
centrifuged for 10 min at 1000 × g. Sample absorbance was
measured at 535 nm. The malonaldehyde (MDA) concentra-
tion was calculated using an extinction coefficient of 1.56 ×
105 M–1 cm-1 (Sinnhuber and Yu 1958). The MDA concentra-
tion was converted to TBA number (mg MDA/kg meat sam-
ple) as follows:

(1) TBA No. = sample A535 × (1 M MDA / 1.56 × 105) × [(1
mole / L) / M] × (0.003 L / 0.16 g meat) × (72.07 g MDA /
mole MDA) × (1000 mg / g) × (1000 g / kg), or

(2) TBA No. (ppm) = sample A535 × (1 / 1.56) × 13.5 mg

MDA / kg meat, or
(3) TBA No. = sample A535 × 8.66

Results and Discussion

THE TBA NUMBER VALUES OF COOKED GROUND BEEF CON-
trols increased (p < 0.05) from 3.0 at 1 d refrigerated

storage to 4.95 after 14 d storage (Figure 1), with noticeable
rancid odor and flavor. Addition of 0.25% to 2.0% dry MM
reduced (p < 0.05) TBA number values in a dose-dependent
manner. With 2% MM, TBA numbers were < 1.0 during 14 d
storage at 2 °C. According to Igene and Pearson (1979), TBA
number values of 1 to 2 corresponded to slight warmed-over
flavor (WOF). Thus, TBA numbers < 1.0 would indicate little
or no WOF. The TBA number values of cooked ground pork
controls were 4.9 or more for all storage times (Figure 2).
TBA number values of all cooked pork samples with MM
were lower (p < 0.05) than controls. The addition of 1% or
2% MM maintained TBA numbers < 2.0 throughout the 14-d
storage period. The TBA number of cooked ground turkey
control samples increased (p < 0.05) from 1.7 at 1 d to 5.1 af-
ter 14 d of storage (Figure 3). MM addition at either 1% or
2% maintained TBA numbers at very low levels (< 0.6)
throughout the storage period. Thus, MM very effectively
maintained low TBA numbers of cooked samples when add-
ed at the 2% level to raw ground beef, or at the 1% level to
ground pork or turkey.

Addition of 1% MM as a 10% suspension in water was
slightly but significantly (p < 0.05) more effective than addi-
tion of dry MM powder to the raw meat. Both methods of
MM addition maintained TBA levels < 2 during storage of
cooked beef, compared to TBA numbers of 4.5 to 7.1 for
controls without MM (Figure 4). Either method of MM addi-
tion would be commercially feasible for cooked meats, but

Figure 1—TBA number of cooked ground beef crumbles
made with various levels of dried milk mineral (MM) and
stored at 2 °C for 14 d. TBA No. = thiobarbituric acid num-
ber, expressed as milligrams malonaldehyde (MDA) per
kilogram sample. Data points represent means, and error
bars represent positive standard error. Some error bars
lie within data points.

Figure 2—TBA number of cooked ground pork crumbles
made with various levels of dried milk mineral (MM) and
stored at 2 °C for 14 d. TBA No. = thiobarbituric acid num-
ber, expressed as milligrams malonaldehyde (MDA) per
kilogram sample. Data points represent means, and error
bars represent positive standard error. Some error bars
lie within data points.
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probably not for fresh ground meats or sausages. White MM
particles were visible in the meat after addition of MM pow-
der, but particles were less noticeable after addition of MM
suspension. After cooking, MM particles were not visible, re-
gardless of method of MM addition. Addition of water or
other substances is not permitted to products labeled as
ground beef, pork, or other meat (de Holl 1981). However,
added substances are permitted to products labeled as pat-
ties, so long as the added substances are listed on the ingre-
dient statement. Water may also be added to cooked meat
products, although the product name may require a state-
ment in prominent letters indicating the level of added water
remaining after cooking, as for example, ham with 20% add-
ed water (USDA 1984).

Dried MM is 92.1% mineral, 5.5% water, 1.0% lactose, 1%
protein, and 0.4% fat (DMV International, Fraser, N.Y.,
U.S.A.). The anhydrous mineral complex consisted of phos-
phate (36.2%), calcium (24.5%), and citrate (18.6%). The anti-
oxidant capabilities of the MM components (calcium, phos-
phate, and citrate) were compared when added to ground
beef at levels equivalent to addition of 1% dry MM as a per-
centage of raw beef weight (Figure 5). Sodium monophos-
phate and calcium chloride had little antioxidant capability in
cooked ground beef, as indicated by high TBA numbers
ranging from 3.9 to 5.1 after 5 d of storage (Figure 5). TBA
numbers of cooked beef with added citrate or sodium tri-
polyphosphate (STPP) were much lower (p < 0.05) than con-
trols. STTP was particularly effective at maintaining TBA
numbers < 1.0 during 14-d storage, while TBA numbers of
samples with added citrate were < 2.0 during storage (Figure
5). STPP is a more effective chelator of metal ions than is so-
dium monophosphate, accounting for the higher antioxidant
effect of tripolyphosphate, compared to monophosphate.
Although STPP had high antioxidant capability in cooked

Figure 3—TBA number of cooked ground turkey crumbles
made with various levels of dried milk mineral (MM) and
stored at 2 °C for 14 d. TBA No. = thiobarbituric acid num-
ber, expressed as milligrams malonaldehyde (MDA) per
kilogram sample. Data points represent means, and error
bars represent positive standard error. Some error bars
lie within data points.

Figure 4—Effect of method of addition of milk mineral (MM),
either as a dry powder or a water suspension, on TBA num-
ber of cooked ground beef crumbles stored at 2 °C for 14
d. Dry MM was added at 1% of raw meat weight. The MM
suspension in water was prepared by adding dry MM to 10%
added de-ionized water (20 °C), based on raw meat weight.
TBA No. = thiobarbituric acid number, expressed as milli-
grams malonaldehyde (MDA) per kilogram sample. Data
points represent means, and error bars represent positive
standard error. Some error bars lie within data points.

Figure 5—Comparison of milk mineral (MM) components on
TBA number of cooked ground beef crumbles stored at 2
°C for 14 d. Each component (phosphate, calcium, citrate)
was added at a level equivalent to that found in 1% MM.
TBA No. = thiobarbituric acid number, expressed as milli-
grams malonaldehyde (MDA) per kilogram sample. Data
points represent means, and error bars represent positive
standard error. Some error bars lie within data points.

ground beef (Figure 5), it is generally thought to be less ef-
fective in fresh meats, due to hydrolysis of STPP to ortho-
phosphate (monophosphate) by meat phosphatases (Awad
1968; Lee and others 1998). Since polyphosphates and citrate
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were more effective inhibitors of TBA formation than were
calcium or monophosphate, it appears that iron chelation is
the most important mechanism by which MM components
inhibit the TBA reaction, rather than calcium displacement
of iron binding sites on phospholipids, as suggested by Graf
and Panter (1991). MM probably chelates soluble iron in the
cooked meat system to colloidal calcium phosphate parti-
cles, thus removing iron as a catalyst for lipid oxidation.

Conclusions

DRIED MM INHIBITS LIPID OXIDATION IN COOKED GROUND

       beef, pork, and turkey crumbles in a dose-dependent
manner. Among MM components, polyphosphates had
much more antioxidant activity in cooked ground beef than
did monophosphate, calcium chloride, or sodium citrate.
Thus, the mechanism of MM inhibition is probably the chela-
tion of soluble iron to colloidal calcium phosphate particles,
removing iron as a catalyst for lipid oxidation.
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