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Abstract — The effects of Na-Lactate (NaL)
substitution by K-lactate (KL) as well as NaCl
replacement (50%) by KCI on color and texture
profile of low-cost emulsion-type sausages using
high levels of mechanically deboned poultry meat
(60%) were investigated. Six formulations
containing 2% NaCl or 1% NaCl + 1%KCl
without or with the addition of 3% Sodium lactate
or 3% Potassium lactate were analyzed. The
results showed that the substitution of Na-lactate
by K-lactate at 30g/kg decreased the sodium
content. Texture profile analysis revealed
significant differences only in chewiness. Product
containing 3% Potassium lactate and 1% NaCl +
1% KCI showed the highest values of chewiness
compared to products containing 2% NaCl and
3% Sodium lactate and 1% NaCl + 1% KCL
Internal and external color (L*, a* and b* values)
were significantly affected (p<0.05) mainly on the
surface suggesting further investigation. However,
the proposed reformulation can be a feasible
alternative to reduce sodium in sausages.
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INTRODUCTION

Several studies have related high level of sodium
intake to the incidence of hypertension, one of the
main risk factors of cardiovascular disease. In
human daily diet, the Na' amount arising from
processed meats is significant, being their
consumption criticized [1]. Taking into account its
functions (flavoring agent, microbial control,
myofibrillar protein extraction agent), salt
reduction in emulsified meat products is a complex
challenge. NaCl substitutions have been studied
showing some success with chloride salts such as

KCl, MgCl, and CaCl, [2,3]. Nevertheless,
microbiological stability, physico-chemical and
sensory changes were reported.

Salt replacement/reduction becomes a greater
challenge mostly in low-cost formulations
containing Mechanically Deboned Poultry Meat
(MDPM), a by-product obtained from the
deboning process of poultry meat carcasses [4].
Despite the evident economic benefits of its use,
manufacturers still have to address their negative
effects on final meat product such as color
depreciation, texture changes, increased lipid
oxidation susceptibility and higher microbiological
load [5]. In Brazil, according to MAPA (2000),
MDPM is allowed in emulsion-type meat products
(sausages and bolognas) in concentrations up to
600g/kg.

To improve quality and extend shelf-life, mainly
in low-cost formulations (with MDPM added), the
meat processing industry has been using some
alternative additives, such as Na and K-lactate.
These are chemical additives that act as
antimicrobial agents, moisturizer, and acidity
regulators (pH) as well as flavor and color
enhancer agents and antioxidant [6]. Na-lactate is
normally used in concentrations of 20-40g/kg in
emulsion-type sausages contributing to increase
the sodium levels in the final product. A feasible
alternative to promote sodium reduction ensuring
quality and safety can be the replacement of Na-
lactate by K-lactate. However the impacts of this
substitution on color and texture are not precisely
documented, especially when NaCl is replaced by
KCI, consisting in a relevant meat science research

gap.
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In this context, this study aimed evaluate the
effects of Na-lactate substitution by K-lactate in
emulsion-type sausages containing high levels of
mechanically deboned poultry meat (MDPM) with
a replacement of 50% NaCl by KCI on sodium
content, color and texture profile.

MATERIALS AND METHODS

The emulsion-type sausages were prepared
following conventional processing and
formulation as depicted in Table 1. The sodium
and potassium lactates were kindly provided by
PURAC (commercially called NaL PurasalS® and
KL (PurasalP®, Brazil). After processing, the
meat emulsion was mechanically embedded
(Mainca, model ECI2, Spain) in permeable
cellulose casings (VISKASE Brazil, 24 mm o),
cooked, cooled in a water/ice bath, manually
peeled, vacuum packed and stored in a controlled
cold chamber at 4-7°C during research. The
physico-chemical analysis were carried out after 2
weeks (14 days) of storage.

The sodium and potassium contents were
determined following AOAC [71,
recommendations. Color was measured using a
Hunter Lab Colorquest II (Hunter Associates
Laboratory Inc., Virginia, USA) colorimeter with a
20mm port size, illuminant Dgs and a 10° standard
observer. CIELAB L*, a* and b* values were
determined as indicators of lightness, redness and
yellowness. Color was measured at different points
on the internal portion and on the surface of the
products. All measurements were taken at room
temperature (25°C).

Texture profile analysis was performed according
to Bourne [8] using a TA-xT2i Texture Analyzer,
(Stable Micro Systems Inc. Godalming, UK)
coupled to a microcomputer equipped with
Texture Expert Software. A P-35 probe was used
(long shaft, regular base). The following
parameters were determined: hardness (N/cm2),

springiness (cm), cohesiveness, and chewiness
(N/cm) using a compression velocity of 1.0 mm/s
and a force of 0,05g. Measurements were made at
room temperature.

The data were statistically analyzed by analysis of
variance (ANOVA) and Tukey T test at the
significance level of 5%. The statistical analyses
were carried out using statistical software R
version 2.10.1 [9].

RESULTS AND DISCUSSION

The sodium/potassium contents, color and texture
profile of the different emulsion-type sausages
treatments are shown in Table 2. As expected, the
replacement of NaCl by KCI and the addition of
lactates affected significantly (p=<0.05) the
sausages sodium and potassium contents. F2 (2%
NaCL + 3% NaL) showed the highest sodium
content among all treatments, reaching almost
1400 mg/100g. F4 (1% NaCl + 1% KCIl) and F6
and F4 (1% NaCl + 1% KCI and 1% NaCl + 1%
KCl + 3% KL) treatments showed the lowest
sodium contents indicating that the use of KL and
the addition of KCI replacing part of the NaCl
could be a feasible way to reduce sodium content.

Hardness, springiness and cohesiveness were not
statistically ~ affected indicating  that the
reformulations did not have a high impact on
texture. However, chewiness values showed some
differences. F6 (1%NaCl + 1%KCl + 3%K-
lacatate), with minor sodium content, had higher
chewiness when compared to the other
formulations. This wvariation may be partially
related to variations in emulsion stability and
water holding ability imposed by NaCl
reduction/substitution. The texture properties of
meat batter systems depend on other components
besides fat, such as protein and water. The system
ionic force influences the protein extraction,
conformation and water association, affecting
texture responses.
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Table 1 Formulations of low-cost emulsion-type sausages containing different levels of NaCl, KCI, Na-lactate and K-

lactate.

Raw Material / Ingredients

Treatments / Formulations

(g/kg) F1 F2 F3 F4 F5 F6
Bovine forequarter — fore 275.40 275.40 275.40 275.40 275.40 275.40
shank
MDPM* 413.10 413.10 413.10 413.10 413.10 413.10
Pork backfat 100.00 100.00 100.00 100.00 100.00 100.00
Water/Ice 142.25 112.25 112.25 142.25 112.25 112.25
Salt (Sodium Chloride) - 20.00 20.00 20.00 10.00 10.00 10.00
NaCl
Potassium Chloride - KCI° - - - 10.00 10.00 10.00
Sodium Lactate - NaL - 30.00 - - 30.00 -
Potassium Lactate - KL - - 30.00 - - 30.00
Sodium Nitrite - NaNO, 0.15 0.15 0.15 0.15 0.15 0.15
Tripolyphosphates 2.50 2.50 2.50 2.50 2.50 2.50
Erythorbate 0.40 0.40 0.40 0.40 0.40 0.40
Cassava Starch 20.00 20.00 20.00 20.00 20.00 20.00
Isolated Soybean Protein - ISP 20.00 20.00 20.00 20.00 20.00 20.00

Spices / Seasonings

White pepper 0.50 0.50 0.50 0.50 0.50 0.50
Garlic powder 2.20 2.20 2.20 2.20 2.20 2.20
Onion powder 2.20 2.20 2.20 2.20 2.20 2.20
Coriander 0.10 0.10 0.10 0.10 0.10 0.10
Cardamom 0.10 0.10 0.10 0.10 0.10 0.10
Marjoram 0.60 0.60 0.60 0.60 0.60 0.60
Jamaica pepper 0.50 0.50 0.50 0.50 0.50 0.50

Total 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00

F1 — Control formulation; F2 — Sodium lactate added; F3 — Potassium lactate added; F4 - NaCl + KCI (50% NacCl replacements);
F5 - NaCl + KCI (50% NaCl replacements) added of Sodium Lactate; F6 - NaCl + KCl1 (50% NaCl replacements) added of

Potassium lactate

*Mechanically Deboned Poultry Meat — MDPM -"lonic Strength Correction — 38.26g KCI per batches of 3000g.

Control  formulation (2% NaCl) showed
significantly higher L* wvalues on the surface
(p=0.05) than F2 (2% NaCl + 3% NaL) and F4
(1% NaCl + 1% KCl). However, internal L*
values showed a different behavior. Although all
formulations showed a higher internal L* value,
the highest values were observed in F2 (2% NaCl
+ 3% NaL) and control.

Control and F6(1% NaCl + 1% KCI1 + 3% KL)
showed lower a* values on the product surface
compared to the other formulations. The a* values
measured internally decreased when compared to
the values from the surface and the differences
between the products were smaller. Control
showed an a* value statistically lower than F5 (1%
NaCl + 1% KCI + 3% NaL) but did not differ from
the other formulations. Formulations containing
sodium or potassium lactate (F2, F3 and F6) did
not differ.

Despite minor variations, b* values were not
significantly affected. At the surface, differences
were observed but not showing a reasonable model.

IV. CONCLUSIONS

The use of Na-lactate by K-lactate in low-cost
emulsion type sausage using mechanically
deboned poultry meat formulated with reduced
NaCl levels (with KCI addition) decreased
significantly the sodium content of the final
product. Some slightly differences in color were
observed and there was no effect on the texture
profile except in chewiness.
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Table 2. Physico-chemical and texture profile of emulsion-type sausages containing MDPM and formulated with low-
sodium content

Physico- Treatments / Formulations
chemical Fl F2 F3 F4 F5 F6
properties
Sodium c a c d b d
(ing/100g) 830,81+46.56 1400,62+56.40°  813,32444.65°  466,73£16.23%  1041,81£17.00°  447,45+19.21
Potassium 5,11+1.87¢ 506£1.53%  1468,12+11.16°  503.23£9.54°  500,58+14.99°  1934,82425.64°
(mg/100g)
Internal Color
L* 60.100.76™ 60.28+0.28% 58.30+0.80% 57.17+1.09% 56.44+0.079 56.92+0.65%
a* 10.59+0.15° 11.23+0.07%° 11.77£0.71% 11.23+0.84% 12.1620.65° 11.66+0.15%
b* 14.55+0.27° 13.96+0.03" 13.69+0.92° 14.28+0.78% 13.18+1.65° 14.70+0.25°
Surface Color
L* 52.11+0.36" 49.97+1.00° 49.46+2.16" 48.46+0.83° 49.87+0.30%° 49.56+1.63%®
a* 11.65+0.14° 14.27+0.31° 13.56+0.52° 13.97+0.41° 14.07+0.79" 11.80+0.37°
b* 17.12+0.10* 16.71+0.60° 17.84+0.782¢ 18.53+0.65% 19.01+0.80° 17.56+0.54
Texture Profile Analysis - TPA
Hardness 11.57+0.75° 12.15+0.94° 12.13£1.01% 12.32+1.34° 11.68+1.68° 13.01+1.08°
Springiness 0.87+0.02° 0.87+0.02° 0.88+0.02° 0.89+0.01° 0.88+0.02° 0.89+0.01°
Cohesiveness 0.80+0.01%° 0.800.08%° 0.80+0.01° 0.800.00° 0.79+0.01° 0.80+0.01°
Chewiness 8.08+0.55° 8.44+0.72% 8.64+0.70"" 8.77+0.94™ 8.10+1.15° 9.37+0.91°

F1 — Control formulation (20g/kg NaCl); F2 — 20g/kg NaCl + 30g/kg Na-lactate; F3 — 20g/kg NaCl + 30g/kg K-lactate; F4 —
10g/kg NaCl + 10 g/kg KC1 (50% repleacement); F5 — 10g/kg NaCl + 10 g/kg KCI + 30g/kg Na-lactate; F6 — 10g/kg NaCl + 10
g/kg KCl1 + 30g/kg Na-lactate.
F1 — Control formulation (20g/kg NaCl); F2 — 20g/kg NaCl + 30g/kg Na-lactate; F3 — 20g/kg NaCl + 30g/kg K-lactate; F4 —
10g/kg NaCl + 10 g/kg KC1 (50% repleacement); F5 — 10g/kg NaCl + 10 g/kg KCI + 30g/kg Na-lactate; F6 — 10g/kg NaCl + 10
g/kg KCl1 + 30g/kg Na-lactate.
Mean values + Standard deviation. Values followed by a different letter in the same line are significantly different (p<0.05)
according to Tukey’s test.
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