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The purpose of this study was to evaluate the effectiveness of adding chelating agents to inhibit lipid oxidation
and color change in precooked pork patties. The reduced sodium and low fat patties were used because of
health concern by consumers. The pork patties with EDTA had a significantly highest Hunter b value compared
to the other samples. The Hunter L values of precooked pork patties were significantly higher at day 7 when
compared to that at day 0. The redness of precooked pork patties decreased during refrigerated storage,
except for the sample with 0.5% sodium tripolyphosphate. There was a significant interaction between
treatment and storage time for TBA values. During refrigerated storage, TBA values of samples with chelating
agents maintained lipid oxidation up to 7 days. According to these results, addition of chelating agents did
solve the problems of lipid oxidation and color evaluation in reduced sodium and low-fat precooked pork
samples.
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INTRODUCTION
Today, consumers not only care about flavor and
convenience of food, but are also concerned with hygiene,
safety, and nutrition of food. The consumption of food has
changed and healthy food is popular. The consumers like
to eat low-fat food (Egbert et al., 1991). However, fat
increases the juiciness and tenderness of meat, and it affects
the flavor, mouthfeel, and color of meat.

Sodium chloride is usually used in the meat curing
process. Its functions include inhibition of microorganisms,
increase of flavor, and extraction of salt soluble proteins.
Usually, sodium chloride is added at 2.5-3.0% of cured
product weight in meat products. However, the sodium ion
can cause hypertension; therefore, it has been recommended
to reduce daily intake of salt. Thus, a new method has been
developed to reduce the amount of sodium in meat. The
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reduction of sodium chloride in meat products causes lose
of cooking yield, changes in flavor and shorter shelf life
(Sofos, 1986).

Lipid oxidation causes the quality of meat to change,
produces off-flavor, and decreases flavor, color, texture,
nutritive value, and acceptance (Buckley et al., 1989).
Autoxidation is one aspect of lipid oxidation, which is a
chain reaction of free radicals, and can be separated into
three steps: initiation, propagation and termination (Min,
1998). The autoxidation of unsaturated fatty acids produce
potentially toxic compounds (Addis and Park, 1989).

Chelating agents have been used to tie up metals in the
initiation of autooxidation. Chelating agents bind with heavy
metals in the initiation of autoxidation and cause metal ions
to lose their ability to catalyze lipid oxidation. It is an effective
method to inhibit lipid oxidation by attacking metal ions
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directly (Gorji et al., 2016). The metal ions in muscle,
especially iron ions, catalyze lipid oxidation (Min, 1998).
The basic hypothesis of this study is the utilization of
chelating agents which bind with metal ions, and it is a
useful method to inhibit lipid oxidation. There is little study
about chelating agents using in reduced sodium and low-
fat meat system.

The purpose of this study was to evaluate the
effectiveness of adding chelating agents for inhibiting lipid
oxidation and color changes in reduced salted and low-fat
pork patties.

MATERIALS AND METHODS
The 24 hours post-mortem pork ham was ground through a
3 mm plate and then divided into 3 groups. NaCl was added
at the level of 0.5%, and the raw meat was previously blended
with chelating agents (no addition, 0.5% sodium
tripolyphosphate or 500 ppm EDTA). Pork patties were
prepared by molding 90 gm of ground pork in a Petri dish
with a diameter of 90 mm and the thickness of patties were 5
mm. Pork patties were cooked on both sides for a total of 20
minutes on a hot plate until the internal temperature of the
patties reached 75 °C. These precooked pork patties were
placed in a tray, covered with aluminum foil, and stored at 4
°C. Measurements of cooking yield, TBARS values, a*, b*,
L* color values and pH value were tested on precooked
pork patties at 0 and 7 days of storage. This test was repeated
3 times (Figure 1).

TBARS Values
The sample was analyzed by the modified extraction method
of TBARS (Pensel, 1990). A 5-gram sample of meat tissue
was placed in a polyethylene bag. Fifty ml of chilled (4 °C)
solution of 20% trichloroacetic acid in 1.6% of phosphoric
acid was added to the same bag and then massaged for two
minutes in a Stomacher to mix the sample. Fifty ml of chilled
distilled water (4 °C) was then added into the bag and the
stomacher was again used to blend the sample for 30
seconds. The slurry was filtered through Whatman No. 1
filter paper into a 100 ml cylinder. Five ml of the filtrate was
pipetted into a test tube, and five ml of fresh chilled 0.02 M
2-thiobarbituric acid solution was added to this tube. All
samples in test tubes were placed in the dark at room
temperature (25 °C) for 15 hours in order to develop the
color reaction. The amount of color was measured using a
UV/VIS spectrophotometer (SP8001, Metertech Inc., Taiwan)
at 532 nm to calculate the TBARS value.

Standard Curve of TBARS Test
Two point two grams of 1,1,3,3-tetraethoxypropane (TEP,
FW = 220) was diluted to 1000 ml with distilled water to
prepare a 10-2 stock solution. A 10-3 M stock solution of TEP
was prepared by diluting on milliliter of the 10-2 M TEP
solution with nine milliliter of distilled water. Zero, 0.1, 0.2,
0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 ml volumes of the 10-3 (10-6

Figure 1: Experimental Treatments

0.5% TPPControl 500 ppm EDTA

Meat

Cooking Yield
Cooking Yield = (final product weight/fresh meat
weight)*100%

pH Measurement
The pH values of samples were measured with a pH meter
(Ockerman, 1985). The pH meter was standardized by buffer
solutions (pH 7.00 and 4.00 at 25 °C) before testing. Ten
grams of sample was weighed and blended with 100 ml of
distilled water in a polyethylene sterile bag by a Stomacher
(Easy Mix, Germany) for 1 minute.

Main Effect

Treatment

T1 6.44
AB

17.45
 B

36.08
C

T2 6.55
A

19.13
B

40.79
B

T3 6.39
B

22.29
A

46.05
A

Day 0 6.48
a

18.57
a

38.40
b

Day 7 6.43
a

20.68
b

43.54
a

pH b Value L Value 

Storage Time

Table 1: Main Effect of b*, L* Values, pH Values
of Reduced Sodium and Low-Fat Pork Patties with

Chelating Agents During Refrigerated (4 °C) Storage

Note: T1: Control, with no antioxidant; T2: with 0.5% sodium
tripolyphosphate; T3: with 500ppm EDTA. AB Means with
different uppercase superscripts within a column, within
main effect of the treatments are significantly different
(p<0.05). ab Means with different lowercase superscripts
within a column, within main effect of storage time are
significantly different (p<0.05).
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moles of TEP) stock solution were pipetted into 50-ml
volumetric flasks, and then diluted to volume with distilled
water. Five ml of each diluted solution was mixed with 5 ml
of 0.02 M TBA reagent in each test tube and placed in the
dark to develop color for 15 hours. The absorbance of
samples was measured by a spectrophotometer at 532 nm.

Color Measurement
Minolta colorimeter (CR-10, Konica Minolta Sensing, Inc.,
Japan) was used to detect a*, b* and L* values of samples.
The a* measures redness; b* indicates yellowness; and L*
indicates lightness. Each value was the mean of 10
determinations.

Statistical Analysis
Data were analyzed using the General Linear Model
procedure of SAS. Differences among means were detected
at the 5% level using Duncan’s New Multiple Range Test
by SAS.

RESULTS AND DISCUSSION
The effect of adding different antioxidants on the cooking
yields of pork patties shows that there was no significant
difference among the three treatments. Sodium
tripolyphosphate and EDTA did not increase cooking yield
compared to the control that had no added chelating agents.

There were no significant interactions between treatment
and storage time for pH, b and L values; therefore, main
effects are shown as results of these measurements. The
addition of 0.5% sodium tripolyphosphate had higher
(p<0.05) pH value than samples with 500 ppm EDTA, but
the pH values of pork patties with chelating agents were
the same as control.

Treatment with sodium tripolyphosphate had the same
Hunter b value compared to control (P>0.05). The pork
patties with EDTA had the significantly highest Hunter b
value among samples. Also, the yellowness of precooked
pork patties did increase during refrigerated storage (p>0.05).

The control had significantly lower Hunter L value
compared to samples with sodium tripolyphosphate that
had the lowest yellowness value when compared to pork
patties with EDTA (p<0.05). The Hunter L values of
precooked pork patties were significantly higher at day 7
compared to that at day 0.

There was significant interaction between treatment and
storage time for Hunter a value. Treatments had the same

Hunter a values at day 0 and 7 (p>0.05). However, the redness
of precooked pork patties was significantly decreased
during refrigerated storage, except for samples with 0.5%
sodium tripolyphosphate (Table 2). Meat color is the major
factor of acceptability by consumers.

There was significant interaction between treatment and
storage time for TBA values. Table 3 shows that TBA values
of precooked pork patties were affected by adding chelating

Day 0 Day 7

13.06
Aa

10.73
Ab

(0.46)
1 (1.54)

13.14
Aa

11.97
Aa

(1.65) (2.68)

15.13
Aa

9.83
Ab

(2.09) (0.69)

Storage Time

Control, 0%

0.5% Phosphate 

500 ppm EDTA 

Treatment

Table 2: Effect of Adding Chelating Agents on Hunter a*
Values of Reduced Sodium and Low-Fat Pork Patties

During Refrigerated (4 °C) Storage

Note: 1 indicates standard deviation. A Different uppercase
superscripts in the same column indicate significantly
different (p<0.05). ab Different lowercase superscripts in
the same row indicate significantly different (p<0.05).

Table 3: Effect of Adding Chelating Agents on TBARS1
Values of Reduced Sodium and Low-Fat Pork Patties

During Refrigerated (4 °C) Storage

Note: 1 TBARS = mg malonaldehyde/kg muscle; 2 indicates standard
deviation. AB Different uppercase superscripts in the same
column indicate significantly different (p<0.05). ab

Different lowercase superscripts in the same row indicate
significantly different (p<0.05).

Day 0 Day 7

0.435
Ab

2.090
Aa

(0.088)
2 (0.890)

0.303
Ba

0.360
Ba

(0.048) (0.127)

0.230
Ba

0.460
Ba

(0.056) (0.310)

Control, 0%

0.5% Phosphate 

500 ppm EDTA 

Treatment
Storage Time
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agents. At day 0, samples with 500 ppm EDTA and with
sodium tripolyphosphate (0.5%) had the significantly lower
TBA values than the control; however, the TBA values of
samples with chelating agents were at the same levels
(p>0.05). At day 7, control without any chelating agents
had significantly higher TBA values than pork with sodium
tripolyphosphate and EDTA. The TBA values of samples
with sodium tripolyphosphate were the same as those of
the EDTA treatment (p>0.05). It seems that chelating agents
significantly decreased lipid oxidation in precooked pork
patties. Shahidi et al. (1985) reported that EDTA and sodium
tripolyphosphate decreased TBA values in cooked meat.
EDTA decreased lipid oxidation during refrigerated storage,
presumably by its demonstrated effect on non-heme iron
catalysis (Kwoh, 1971). The ability of chelating agent is to
tie up metal ions in food system. The addition of EDTA, a
well-known metal chelator, increased the oxidative stability
in O/W emulsions (Yi et al., 2016).

During refrigerated storage, TBA values of control were
increased (p<0.05); however, chelating agents maintained
the lipid oxidation up to 7 days of refrigerated storage
(p>0.05). According to this result, the addition of 0.5%
sodium tripolyphosphate and 500ppm EDTA effectively
inhibited lipid oxidation in precooked pork patties. Adjimani
and Asare (2015) reported that all the iron chelators were
observed to show significant activities from studied
antioxidant assays.

CONCLUSION
Chelating agents have been used to tie up metals in the
initiation of autooxidation. The reduced sodium and low fat
patties was used for health concerns of consumers. The
redness of precooked pork patties was decreased during
refrigerated storage, except for samples with 0.5% sodium
tripolyphosphate. For TBA values, chelating agents
significantly decreased lipid oxidation in precooked pork
patties. According to these results, addition of chelating
agents did solve problems of lipid oxidation and color
evaluation in reduced sodium and low fat meat models.
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