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Abstract—additives considered natural are increasingly
being studied and used in foods, especially in meat and
meat products. Propolis has various biological properties
such as antioxidant. To study this effect in a food system,
microencapsulated propolis through spray-drying
technique and with two distinct encapsulating materials
(OSA modified starch and arabic gum) was added in
salami, evaluating the effect along the process on some
quality product characteristics such as pH, lactic acidity,
color change (L*-brightness, a*-red intensity) and lipid
oxidation, with the determination of Thiobarbituric Acid
Reactive Substances (TBARS), comparing with the results
of a control sample, which was made without the addition
of antioxidants. The results have proved to be
satisfactory, as the propolis had not adversely affected the
quality characteristics and was efficient in controlling the
lipid oxidation in the final product.

Index Terms—fermented sausage, lipid oxidation,
propolis, quality.

I. INTRODUCTION

URRENTTLY, there has been a great interest by

consumer market in purchasing products
considered increasingly healthy or natural. Thus, with
the aim of increasing the quality of meat products, an
increasing interest in identifying and using natural
antioxidants, replacing synthetic products has been
observed [1]. Propolis is a natural resinous substance
collected by bees from branches, flowers, pollen, buds
and exudates of trees [2] and several studies have been
published reviewing and disseminating the biological
properties of propolis as antimicrobial, antifungal,
antiprotozoan, antioxidant and antiviral [3], and
flavonoid and phenolic compounds are responsible for
its high antioxidant activity [4]. Among the obstacles to
its use in food are the strong flavor and the difficulty of
solubilization, which normally requires its marketing in
alcoholic solutions forms. However,
microencapsulation through spray-drying technique
can solve such limitations due to its ability to overcome
undesirable flavors, reduce volatility and reactivity and
increase its stability under adverse environmental
conditions [5]. The prospect for using propolis as a
natural antioxidant in foods seems to be promising due
to its antimicrobial and antioxidant properties. In this
context, microencapsulated propolis incorporated in

salami, which is a raw, fermented and dry sausage,
may add more value to this product. Based on these
results, the effects of its implementation on the quality
characteristics of salami were studied.

II. MATERIALS AND METHODS

A. Formula

The mixture for salami was prepared
using the following formula (%w/w): pork shoulder
(57.64), pork backfat (19.21), beef chuck (19.21),
sodium nitrate (0.0144) and nitrite (0.0096), salt (2.4),
dextrose (0.72), sodium tripolyphosphate (0.29),
monosodium glutamate (0.096), white pepper (0.19),
coriander (0.096), garlic (0.096) and starter culture
(0.012) of Staphylococcus xylosus and Pediococcus
pentosaceus (Chr. Hansen®).

B. Active Material

Microencapsulated through spray-drying technique,
type-12 propolis was added, setting up 7 treatments
according to the encapsulating material and
concentration of microcapsules, which were: 1000
(T1), 1500 (T2) and 2000 ppm (T3) of propolis:OSA
starch (1:6) microcapsules, 1500 (T4), 2500 (T5) and
4000 ppm (T6) of propolis:arabic gum (1:6)
microcapsules and a control with 0% (T7). The
propolis microcapsules were prepared and provided by
Faculdade de Zootecnia e Engenharia de Alimentos
(FZEA) -  University of Sdo Paulo (USP) in a
partnership project, being prepared with a share of
propolis extract with 19% of solids for six shares of
30% solution (w/w) of encapsulating material. The
concentration of microcapsules added was calculated
based on the antioxidant activity of the material,
determined on a parallel project.

C. Production of fermented sausages

Meat was ground and mixed with non-
meat ingredients to obtain a homogeneous mass, which
was embedded in reconstituted collagen casing. The
pieces were fermented in a climatic chamber until pH
reached between 5.0 and 5.2 and then dried and
matured for up to 30 days.



D. Analysis

The lipid oxidation (TBARS values) of
salami, expressed in mg malonaldehyde(MDA)/kg
sample, was determined during the processing in
accordance with methodology described by Hoz,
D’Arrigo, Cambero and Ordénez [6]. The water
activity was determined by Aqua Lab 3 analyzer
(Decagen Devices, USA) at 25°C + 0.3. The L*
(brightness) and a* (red intensity) parameters from the
CIELAB system were obtained using portable
colorimeter Minolta Chroma (Cr-400 model). To
determine the lactic acidity, the methodology proposed
by the Ministério da Agricultura e do Abastecimento
[7] was used. The data obtained were statistically
analyzed through analysis of variance ANOVA and
Tukey test, using statistical program SAS (Statistic
Analisy System), with 95% of confidence (p<0.05). It
was used 3 samples of each treatment.

II. RESULTS AND DISCUSSION

Salamis were dried until water activity
of 0.92 and final medium pH around 5.1, as can be
observed in Table 1, which also shows the lactic
acidity results. It is observed that at the end of
fermentation, the pieces had average pH around 5.0,
resulting from lactic acid formation by lactic acid
bacteria, from dextrose. According to Demeyer,
Vandekerckhove & Moermans [8], pH is primarily
determined by lactate, which lowers pH, ammonia,
which increases and water content in interaction with
proteins, in buffer effect. This explains the variations
observed at the end of the fermentation phase in the
final product.

Table 1. % lactic acid (%LA) and pH in stuffed mass, end
of the fermentation and salami sample at the end of 30 days
of processing.

End of

Mass . Salami
fermentation

%LA pH %LA* pH %LA  pH

T1  022°  6.40° - 5.05°  1.48  5.06¢

T2 025®  647° - 490°  1.54" 4.88°

T3 026°  6.19° - 488 1.52° 483

T4 028" 6.37¢ - 5.13%  1.49° 524

TS 026°  6.48° - 5.13%  1.62*°  5.24°
T6 027° 6.38% - 5.08%°  1.53%  5.18°
T7 022 640" - 526 1.51°  5.14°

a,b Means within the same column with different letters are
significantly different (p<0.05)
*Not determined

Figure 1 shows TBARS values during
processing. At time 1, referring to mass, there was no
statistical difference between results, showing that the
formulation used did not immediately affect the

oxidation of the raw material. At the end of processing
(time 30), it was observed that TBARS values for T7
treatment was statistically higher than the others,
followed by T1 and T6. Treatments T2, T3, T4 and T5
were statistically identical to each other, showing the
lowest values, which ranged from 0.17 to 0.19 mg
malonaldehyde/kg sample; and these values lower than
those found by Hoz et al. [6], in dry fermented
sausages with the same methodology used for TBARS
determination. According to results, it appears that
microencapsulated propolis was effective in preventing
lipid oxidation in salami samples during processing at
1500 and 2000 ppm concentrations with OSA starch as
encapsulating and 1500 and 2500 ppm with arabic
gum, since such treatments differed statistically from
control, which showed TBARS value of 0.41 mg
malonaldehyde/Kg sample. Therefore, OSA starch and
arabic gum used as encapsulating agents allowed the
release of active material in the middle. It was also
observed that 1000 ppm of concentration with OSA
starch was insufficient to prevent lipid oxidation, in
other words, the content of propolis added was not
satisfactory to inhibit the oxidative process. The
addition of 4000 ppm of microencapsulated propolis
with arabic gum showed pro-oxidant effect, activating
components that accelerate the auto-oxidation of lipids.
The phenolic compounds present in propolis may have
pro-oxidant activity under certain conditions [9], as
well as other antioxidants, when applied at high levels
in a food system [10].

Ethanolic extract solution of propolis
was effective in reducing the lipid oxidation rate in
pork cured sausage over 4 weeks of storage [11]. The
variations found for TBARS values for the same
treatment over time seem to be inherent to the
methodology used for quantifying malonaldehyde,
which can bind with to proteins and, thus, not be
measured even with increasing lipid oxidation rates
[12].
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Figure 1. TBARS values (mg malonaldehyde/kg sample) from
samples over 30 days of salami processing




Figures 2 and 3 show brightness (L*)
and red intensity (a*) variation, during salami samples
processing, respectively. It was observed that from
time 1 to 2, respectively, a reduction and an increase in
brightness and red intensity occurred, characterizing
the fermentation process and consequent curing
process. With the exception of times 19 and 26 for
brightness, there was no statistical difference (p<0.05)
between treatments during the processing, so that the
final product showed L* from 43.38 to 46.97 and a*
from 15.37 to 17.70. Therefore, it is observed that the
addition, the encapsulation material and concentration
of propolis microcapsules did not affect significantly
L* and a*, being possible to be used in meat sausage
formulations without affecting the product color.
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Figure 2. Brightness (L*) from samples over 30 days of salami
processing
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Figure 3. Red intensity (a*) from samples over 30 days of salami
processing

IV. CONCLUSION

Propolis microencapsulation had great
potential for use in dry fermented sausage, which can
be extended to other meat products, because it was
observed that its use was positive in reducing the lipid
oxidation rate without adversely affecting the quality
characteristics such as pH, acidity and color of the
product throughout its processing.
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