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Abstract — This study aimed to investigate the
influence of direct atmospheric pressure plasma
(APP) treatment on nitrite levels and
physiochemical quality of meat batter during the
mixing process. A compact APP system was
developed for installation on top of a food mixer.
Meat batter composed of pork, water and sodium
chloride (80:20:1, w/w/w) treated with APP during
mixing. The nitrite level in meat batter increased
steadily with increasing plasma treatment
duration (p < 0.05), reaching 65.96 ppm at 30 min.
Consequently, the CIE a*- and b*-values of
cooked meat batter gradually increased and
decreased, respectively, as the time of plasma
treatment increased. According to the results,
direct APP treatment can replace nitrite addition
in cured meat processing.
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l. INTRODUCTION

Nitrite is an essential curing ingredient because
of its multifunctional role. Nitrite develops color
and flavor, inhibits lipid oxidation, and limits
spoilage and pathogenic  microorganisms
including Clostridium botulinum in processed
meats. Recently, the increase of consumer
demand for natural and organic food has
precipitated the development of natural curing
processes for processed meat. For natural curing
processes, natural nitrite sources such as
vegetable juice concentrate containing nitrate
with starter cultures that reduce nitrate to nitrite,
or pre-converted (nitrate to nitrite) vegetable
concentrate is used instead of chemical nitrite
sources such as sodium nitrite [1, 2]. However, a
critical problem in the use of vegetable
concentrates for curing has emerged. Jackson et
al. [3] reported that the microbial safety of

naturally cured meat products was lower than in
sodium nitrite cured meat products. This because
the concentration of added and residual nitrite in
processed meat is important for limiting
microorganism growth [3]. Nevertheless, the
amount of nitrite added to processed meat by
vegetable concentrates is lower than when
sodium nitrite is used, due to the natural
pigments and flavors they contain that cause
undesirable sensory characteristics.

Plasma is ionized gas, literally defined as the
fourth state of matter, along with solids, liquids,
and gases. Plasma technology has been variously
used in food processing for non-thermal
sterilization [4]. Recently, Jung et al. [5]
suggested plasma treated water as a potential
nitrite source for curing of processed meat as it
contains nitrogen species such as nitrate and
nitrite created by plasma-liquid interaction.
Therefore, we hypothesized that plasma
treatment of meat batter could generate nitrite in
meat batter by interaction of plasma with the
liquid in meat batter.

In this study, the effect of direct atmospheric
pressure plasma (APP) treatment on meat batter
is investigated in terms of nitrite concentration
of meat batter and color of cooked meat batter.

1. MATERIALS AND METHODS

Direct APP treatment

APP treatment was carried out using a
dielectric barrier discharge (DBD) plasma
system (Plasmapp PCS-20N, Plasmapp Co.,
Daejeon, Korea). The system was composed of a
main chamber for mixing, a plasma chamber, a
plasma power supply, and a gas circulating
module (Figure. 1). The main chamber stored a
meat product and provided a sealed space, and
plasma was discharged by the power supply in
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the plasma chamber, which was connected to the
main chamber. The discharged gas was supplied
into the main chamber to cure the processed
meat by the gas circulating module in which a
diaphragm pump of the module received the
activated gas from the main chamber and
provided it into the plasma chamber. The plasma
generator in the plasma chamber included 16
DBD modules spaced apart from each other, and
the two plasma electrodes, which had different
polarities, were coated with silver (Ag) on the
opposite sides of the rectangular alumina
(Al,O;) plate of each DBD module. The
modules were supported by copper (Cu) blocks
at both ends of the ceramic plate, and electrodes
were connected in parallel to the plasma power
supply whose input power and frequency were
550 W and 25 kHz, respectively. The power
generated a strong electric field near the
boundary lines of the electrodes, and the plasma
was discharged from the lines on both sides of
the module. Ambient gas consisting mainly of
nitrogen and oxygen was excited by the
discharged plasma to produce reactive nitrogen
species (RNS) including nitrite (NO,), which
was supplied into the meat batter composed of
ground meat of pork hind leg, water and sodium
chloride (80:20:1, w/w/w) in the main chamber.

Nitrite concentration

Samples were collected from three areas of meat
batter at 5 min intervals during plasma treatment
over 30 min. Nitrite in meat batter was measured
according to AOAC method 973.31 [6].

Meat batter color following treatment

Collected meat batter samples of 30 g were
individually vacuum-packaged (-650 mmHg)
into 20 x 15 c¢cm vacuum bags. The packaged
meat batter samples were cooked in an 85°C
water bath for 20 min and cooled in tap water
for 10 min. After removal of the vacuum bag
and surface moisture, the lightness (L*), redness
(a*), and yellowness (b*) of the cooked meat
batter were measured using a spectrophotometer
with the illuminant Dgs (CM-3500d, Konica
Minolta Inc., Tokyo, Japan). Measurements
were taken perpendicular to the surface of
cooked meat batter with an illumination area of
8 mm diameter at 2 different locations per
sample.

o [VWsa o=

hlager Wain chamber

Figure 1. Atmospheric pressure plasma system

Statistical analysis

The experiment was performed in triplicate. In
each experiment, three samples were collected
per each plasma treatment time. The mean value
from three samples was used as the data for each
experiment. Data were analyzed using analysis
of variance (ANOVA) in SAS software (version
9.3, SAS Institute Inc., Cary, NC, USA).
Differences among the means were assessed by
Tukey’s multiple comparison test. The results
are reported as mean * SD. Statistical
significance was assumed at p < 0.05.

11 RESULTS AND DISCUSSION

Nitrite revel

The nitrite level in meat batter gradually
increased with increasing plasma treatment time
(p < 0.05) (Figure. 2). The meat batter contained
65.96 mg kg™ of nitrite after plasma treatment
for 30 min. The energetic electrons in the
discharge layer dissociate atmospheric nitrogen
and oxygen molecules and consequently,
nitrogen oxides such as NO,, N,Osz, and N,Os
form in the gas phase by several reaction
pathways [7]. These nitrogen oxides react with
H,O to form nitric (HNO3) and nitrous acids
(HNO,) which are finally decomposed into
nitrate (NO3) and nitrite (NO;) via several
chemical reactions [5, 8]. Oehmigen et al. [9]
reported that plasma treatment decreased pH of
liquids via generation of nitric and nitrous acids.
The pH of deionized water was decreased from
7 to 2~3 after treatment with atmospheric cold
plasma for 2 h [5]. Under acidic conditions,
nitrite  levels were decreased by the
transformation of nitrite into nitrate [8].
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However, nitrite level in plasma treated liquid
was maintained in an alkaline environment by

preventing transformation of nitrite into nitrate
80
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Figure 2. Nitrite level (mg kg™) of meat batter
treated with atmospheric cold plasma

*IDifferent letters among meat batters treated with
atmospheric cold plasma at different time (0, 5, 10,
15, 20, 25, and 30 min) differ significantly (p < 0.05).

[5, 8]. In the present study, the pH of meat batter
was slightly decreased after plasma treatment for
30 min because of the inherent buffering
capacity of meat batter (data not shown).
Therefore, nitrite in meat batter was not
transformed into nitrate. However, it is possible
that some nitrite in meat batter converts to nitric
oxide during plasma treatment.

Meat batter color following treatment

After cooking, the cured pink color developed in
all meat batter treated with plasma, and the
negative control not treated with plasma had a
brown color (data not shown). The L* values of
cooked meat batter were not significantly
influenced by plasma treatment, implying that
nitrite had no effect on the L* values of cooked
meat batter (p > 0.05, Table 1). This result is
consistent with previous studies. Jung et al. [10]
found that the L* values of cooked meat batter
cured with 70 ppm of sodium nitrite was no
different to that of cooked meat batter with no
nitrite added. Horsch et al. [11] reported that
addition of 100 ppm of nitrite did not affect L*
values in processed ham.

The a* values of cooked meat batter were
significantly increased with increasing plasma
treatment time (p < 0.05). This result was
attributed to the increase of nitrite levels with
increasing plasma treatment time. In meat batter,

myoglobin and nitric oxide converted from
nitrite combine by several reaction pathways to
form nitrosomyoglobin which produces
Table 1. Color (L*, a*, and b*) of cooked meat
batter treated with atmospheric cold plasma.

Treatment time (min)

0 5 10 15 20 25 30
L 7029 7045 7041 69.68 69.98 69.56 69.46
< * + + + + + +

053 053 051 095 065 088 107
213 398 503 59 660 698 7.20
+ + + + + + +
057"  062° 067¢ 064° 054" 037 032
1495 1316 1248 1231 1190 1167 11.92
+ + + + + + +
051* 038" 0.66° 051° 0379 0119 041%

* ©

b

*

Values shown are mean + standard deviation (n=3).
*'Different letters within same row differ
significantly (p < 0.05).

the cured pink color (nitroso hemochrome) of
processed meat after heat treatment [12]. It is
well known that redness increases, producing the
characteristic cured color in processed meat after
curing with nitrite. Horsch et al. [11] found that
the a* values of ham cured with sodium nitrite
and celery concentrate were higher than that of
the control with no nitrite source added, and
increasing nitrite concentration resulted in an
increase of the a* values of the ham.

The decrease in b* values of cooked meat batter
with increasing duration of plasma treatment
was significant (p < 0.05). This result was
proportional to the development of cured color
in cooked meat batter. Horsch et al. [11] found
the decrease of b* values in ham cured with
nitrite compared to that of control with no nitrite
added.

V. CONCLUSION

The treatment of meat batter with APP resulted
in the infusion of nitrite into meat batter and
consequently the development of the cured color.
According to the results, direct APP treatment
during batter mixing can be used as a
replacement to nitrite addition during the curing
process.
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