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ABSTRACT

Background: In the food industry, the use of natural additives capable of replacing chemical additives
is increasing due to the tendency to consume natural and healthy foods. In nature, different substances
such as propolis can fulfill that role and it is obtained from hives of honey bees. Propolis contains bioactive
compounds with antimicrobial and antioxidant capacity, and thus, they could be used as an alternative for
nitrites in meat products. OBJECTIVES: To evaluate the in-vitro antimicrobial activity of the ethanol
propolis extract (EEP) of on some pathogenic bacteria and their influence on the physicochemical and
sensorial properties of sausages. Methods: The ethanol extraction was performed, and its antimicrobial
activity in vitro on S. aureus, Salmonella, E. coli and Clostridium spp. was determined. Sausages were pre-
pared according to the following treatments: (1) EEP 0.8mg/mL, (2) 0.2g/Kg sodium nitrite and sodium
erythorbate, (3) Alcohol (96% v/v used as control) and the physicochemical analysis was performed to
determine thiobarbituric acid (TBA), volatile nitrogen bases (TVB - N) and sensoral tests every week
for four weeks. Analysis of variance and Tukey test were performed and the level of significance was p
< 0.05. Results: No significant differences between EEP concentration, pH and TVB-N or sensorial
properties (p > 0.05) were found. However, significant differences in TBA values were observed (p <
0.05). Conclusions: A 0.8% EEP shows antimicrobial activity against some pathogenic microorganisms
evaluated. Further, the physicochemical and sensorial characteristics of the product do not difter from
the sausages containing nitrites.
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RESUMEN

Antecedentes: En la industria de alimentos es cada vez mis comun la utilizacién de aditivos natu-
rales capaces de reemplazar los aditivos quimicos, esto es debido a la tendencia a consumir alimentos
mis naturales y saludables. En la naturaleza existen diferentes compuestos que pueden cumplir dicha
funcién, como el caso de los propdleos obtenidos en las colmenas de las abejas meliferas que presentan
compuestos bioactivos con capacidad antimicrobiana y antioxidante y, por tanto, podria presentarse como
una alternativa a la utilizacién de nitritos en productos cirnicos. Objetivo: Valorar la actividad antimicro-
biana in-vitro del extracto etandlico de propdleos (EEP) sobre ciertas bacterias patégenas y su influencia
en las caracteristicas fisicoquimicas y sensoriales de chorizos. Métodos: Se realiz6 la extraccién de los
propdleos con alcohol etandlico al 96% y se determind su actividad antimicrobiana in vitro sobre S. aureus,
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Salmonella spp., E. coli'y Clostridium spp. Se prepararon chorizos de acuerdo a los siguientes tratamientos:
(1) EEP 0.8mg/mL; (2) 0,2g/Kg de nitrito de sodio y eritorbato de sodio; (3) alcohol 96% (control) y se
realizaron los andlisis fisicoquimicos correspondientes a la determinacién de 4cido tiobarbitarico (TBA)
y bases volitiles de nitrégeno (BVT-N) y pruebas sensoriales cada ocho dfas durante cuatro semanas. Se
realizé analisis de varianza de dos vias y prueba de Tukey, el nivel de significancia fue de p<0,05. Re-
sultados: No se encontraron diferencias significativas entre las concentraciones de EEP en la actividad
antimicrobiana in vitro, en los valores pH y BVT-N ni en la evaluacién sensorial (p>0,05). Se observaron
diferencias significativas (p<0,05) en los valores de TBA. Conclusiones: El EEP al 0,8% presenta activ-
idad antimicrobiana para los microorganismos patégenos evaluados. Adicionalmente, las caracteristicas

fisicoquimicas y sensoriales del producto no difieren de los chorizos elaborados con nitrito.

Palabras clave: Propdleos, antioxidante, descarboxilacién, caracteristicas sensoriales, chorizo.

INTRODUCTION

A Chorizo is a meat product (sausage) of massive
consumption in Colombia, it is made from bovine
and porcine meat, porcine fat, and other species.
According to the Colombian Technical Standard
(NTC) 1325 sausages must have not more than
200 mg/Kg of nitrite, which means that nitrite is
still used in low concentrations as preservative and
color additive in the sausages commercialized in
the country.

Lipid autoxidation is a chemical change that can
decrease the quality of the meat products because it
generates undesirables odor, color, smell, and flavor
reducing the nutritional value (1). Another quality
indicator of this meat product is the amount of
nitrogen volatile bases (TVB-N) such as ammo-
nium, thrimethylamine, and dimethilamine. The
increase in the amount of TVB-N is associated
with spoilage, either from bacterial action or by
endogenic enzymes, and therefore it is an indicative
of food freshness (2). The bacterial contamination
decreases the quality of the product and also is a
present danger to the consumer health.

Some additives used as antioxidants and preser-
vatives have proved be unhealthy to the consum-
ers. Therefore, it is important to develop natural
additives such as sodium nitrite, which has been
commonly used as a preservative since it acts as an
antioxidant agent, reducing agent and nitrosylant.
Nitrite is converted into different compounds as
nitrous acid, nitric oxide, and nitrate (2, 3). Nitric
oxide is formed when nitrite reacts with the sulf-
hydryl groups of proteins, and it can inhibit the
growing of Clostridium botulinum. Nevertheless, it
is known that nitrites react with the biogen amines
produced for the decarboxilation of some aminoac-
ids (5), producingnitrogenated compounds known
as cancer precursors (6).

Alternatively, there are numerous natural al-
ternatives substances as antimicrobial agents. For
example, essential oils obtained from aromatic
plants that can inhibit bacterial growth (4-6), chi-
tosan, which is obtained from the exoskeleton of
insects and crustaceans also has bactericidal activity
(7, 8). Further, bacteriocins, which are secondary
metabolites produced by certain lactic bacteria, have
been used in the food industry (9-11), and propolis,
which is extracted from hives of honeybees, has
been used in some meat products (12-15). Propolis
is an important and promising natural substitute for
antimicrobial agents.

Propolis is a natural product obtained from hon-
eybees composed from resins collected from plant
secretions in bulbs and leaves and is used to cover
hives and protect them (16). Propolis is composed of
45% resins, 30% wax and 10% fatty acids of essential
oils, 5% pollen, and 10% organic compounds and
minerals. During the extraction with ethanol the
wax and the organic waste are removed to obtain
the ethanolic extract of propolis (EEP) with all the
bioactive constituents. More than 300 components
have been isolated, such as terpenoids, flavonoids,
phenolic acids, steroids, sugars, amino acid, among
others. Propolis is known as an antioxidant, anti-
bacterial, antifungal, antiviral, anti-inflammatory,
antitumoral agent. It is also hepatoprotective, local
anesthetic, inmunoestimulator, and antimutagenic
(20). Numerous studies have demonstrated the
antimicrobial activity of EEP with different con-
centrations.

The aim of this work is the evaluation of the
antioxidant characteristics of propolis used in the
sausages production, and to verify the amount of
volatile nitrogen bases as indicator of the microbial
contamination of the products and compare these
results with the sensorial evaluation.



92 VITAE

MATERIALS AND METHODS

Ethanolic extract of propolis (EEP)

100 g of propolis obtained in Boyaci — Colom-
bia were introduced in a precipitated glass and 400
mL of a 96% ethanol were added. The mixture
was shaken during two hours, and it was allowed
to stand overnight and filtered. The residue was
subjected to a secondary extraction under the same
conditions. Finally, the two extracts were mixed and
frozen to precipitate other compounds. The super-
natant EEP was used for the tests and contained an
8% of total solids.

In—vitro diffusion test

The antimicrobial activity of EEP was analyzed
by agar diffusion test (Mueller-Hinton). Three dif-
ferent concentrations were used in order to know
which onecould be used in the formulation of the
sausages. The microorganisms used were Staph-
ylococcus aureus, Escherichia coli, Salmonella spp. and
Clostridium sp. These strains were obtained from
the laboratory of the Institute of Food Science and
Technology, (ICTA) National University of Co-
lombia in Bogota. The activation of the strains was
performed in the BHI broth (Oxoid), TSB (Merck)
and nutritive broth (Oxoid). They were incubated
overnight and then cultivated in BHI a broth. 1 mL
of each strain was inoculated using the 0.5 McFar-
land scale (concentration corresponding to 1.5X10°
cells) on the surface of the Mueller-Hinton agar. A
6mm diameter disks were impregnated with three
different concentrations of propolis (0.8, 1.2,and 1.6
mg/mL) and a negative control with 96%. alcohol
was conducted. They were incubated for 48 hours
at 37°C and the inhibition zones were measured.
Clostridium sp. was incubated in anaerobic condi-
tions. The test was made in duplicate.

Production of fresh sausages

Fresh sausages of 100 g each were made with
porcine meat (60%), bovine meat (20%), and por-
cine fat (20%). Three treatments were made using
the same formulation; the only difference was the
preservative content: T1) 0.8 mg/mL EEP; T2) 0.2
g/kg sodium nitrite and 0.5 g/kg sodium erythor-
bate; and T3) 96% alcohol as control.

Meat and fat were cut into pieces and minced
using a cutter equipped with 12 mm discs and sep-
arated into three parts to mix with the other ingre-
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dients (pepper, garlic, salt, cayenne, scallions). The
respective preservative was added to each treatment
and the sausages were stuffed into pork casings, tied
and packaged in sealed bags under vacuum stored
in the meat plant of ICTA at a temperature of 50°C
and at 89 - 93% relative humidity.

Physicochemical analysis

pH

The pH measurement was performed using a
potentiometer (Schott - Handylab), samples were
passed through a manual meat grinder (Premier
MG-1724) with a mesh opening of 5 mm in diam-
eter. Three different measurements were made for
each sample, directly.

Determination of total volatile nitrogen bases
(TVB-N)

10 g of sample, 2 g of magnesium oxide, and 150
mlL of distillated water were added in a distillation
tlask. The mixture was distillated and collected in
a 3% boric acid solution to complete ~100 mL of
volume. Three drops of the Tashiro indicator were
added to the distillate. Finally, the distillate was
titrated with 0.1 N HCI (17).

The amount of TVB-N in mg/100 g of sample
was calculated from the volume (V) of the added
hydrochloric acid and its concentration (C) using
the following equation (1):

%mg TVBN = ((VXCx14x100))/10 Equation. 1

Thiobarbituric acid (TBA) determination

Approximately, 10 g of sausage was mixed with
50 mL of distilled water in a blender. The mixture
was transferred onto a distillation flask, and the res-
idue was washed with 47.5 mL of distillated water,
and transferred to the distillation flask. 2.5 mL of
4 N HCl and few drops of antifoam silicone were
added. The mixture was distilled for 10 minutes to
collect ~50 mL.

5 mL of the distilled product was placed in a test
tube and 5 mL of 0.02 M TBA solution was added to
the tube. It was capped and heated in a boiling water
bath for 35 minutes. The product was transferred
toa 1 cm cell to measure the absorbance at 532 nm
in a UV-Vis spectrophotometer (Jasco 530). The
results were expressed in mg of malondialdehyde
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per kilogram in comparison to the calibration curve
built with 1,1,3,3-tetramethoxypropane (18). The
test was performed on a portion of the distillate
from the sample and distilled water treated under
the same conditions was used as a negative control

Sensorial evaluation

The sensorial characteristics of sausages made
with propolis and sodium nitrite were compared.
The analyses were performed at 0, 8, 16, and 24
days. Sausages were submitted to a panel of 10
trained tasters in order to evaluate the sensorial
attributes. The panelists were selected from the
staff members of the Institute of Food Science
and Technology (ICTA) taking into account their
habits, expertise with sausages, their sensitivity and
their ability to reproduce the evaluations. Prior to
testing, the panelists were trained in the sensorial
vocabulary related to meat products. Further, the
panelists were trained to know the features of the
procedure. Samples were coded and presented to all
panel members in a random order (19).

Sausages were cooked and fried for 20 minutes
and then were cut into slides. The sensorial eval-
uation was divided in two parts. First, uncooked
samples were tested to qualify odor and color.
Then, panelists were asked to indicate taste, odor,
and color attributes of the cooked sausages in this
order. The test of cooked samples corresponding
to odor and taste attributes was made blindfolding.
Unsalted crackers and water at room temperature
were also provided to clean the palate between sam-
pling. Panelists were blindfolded to prevent the red
color from interfering with their judgment. Finally,
the color test was made. The Hedonic scale of nine
points was used for the attributes, where 1 corre-
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sponded to extremely unpleasant, 9 to extremely
pleasant and 4 to satisfactory (10).

Statistical Analysis

Data from physicochemical and sensory test
were analyzed with a two ways ANOVA for two
factor design with interactions. It was made the
multiple comparison among the treatments with
Tukey’s test (P<0.05) using the R program version
2122

RESULTS

In - vitro diffusion tests

EEP concentrations of 0.8, 1.2 and 1.6 mg/
mL showed inhibition of the pathogenic bacteria.
No significant differences (p> 0.05) among the
diameters of the inhibition zones presented by
the different concentrations of ethanol extract of
propolis against Salmonella spp., E coli, S. aureus and
Clostridium sp., was found at the lowest concentra-
tion (0.8mg/mL).

Physicochemical analysis

Table 1 shows the pH, volatile nitrogen bases
(TVB-N), and thiobarbituric acid (TBA) results.
Acid values decreased from the eight day of stor-
age and increased again after 24 days. The pH T1
treatment presented the lowest values. TVB-N
increased in the three treatments; however, the
T1treatment showed lower values during the whole
period of study. The TBA also increased in the three
treatments, where the T2 treatment presented the
lowest values, followed by the T1treatment.

Table 1. Physicochemical analysis of the three treatments.

T1 T2 T3
Day 0 8 16 24 0 8 16 24 0 8 16 24
pH 577* | 5,03 | 513" | 473" | 591" | 531" | 535" | 558 | 582" | 513" | 519" | 523"
TVB-N mg/100 g 16,8" | 28,7* | 332" | 37,8 | 19,2* | 29,4 | 35" | 413" | 19,6° | 28 | 343" | 388"
of sample
;l;l?:p,lreng/kg of 0,098" | 0,184* | 0,256" | 0,358" | 0,097* | 0,138" | 0,207* | 0,346" | 0,096" [ 0,3 | 0,36" | 0,468

T1: Sausages with propolis, T2: Sausages with sodium nitrite, T3: Control

a, b Values with different letter cases show significant differences (P<0.05)
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Figure 1 shows the pH values during the 24 days
study. In all cases, the pH decreased up to the 8" day
which suggests the presence of acid lactic bacteria,
which were able to grow under anaerobic conditions
generated by the vacuum packaging. This develop-
ment produce lactic acid, which was responsible for
the pH reduction (20). From the 16 day the pH started
to increase in T2 and T1, due to the enzymatic dena-
turalization which occurs during the storage period.
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Figure 1. Physicochemical analysis: pH. Treatments:
(m) with propolis, (A) with sodium nitrite and sodium
erythorbate, () 96% alcohol.

An increase in the TVB-N was observed (Figure
2). T1 presented the lower amount among the three
treatments. A correlation between the increase of
TVB-N with the increase of pH in day 16 for T1
and T2 was observed. It suggests that the presence of
microorganisms could remain until the final period of
storage and participate in the oxidative decarboxylation.
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Figure 2. Physicochemical analysis: Total nitrogen
volatile bases. Treatments: (m) with propolis, (A) with
sodium nitrite and sodium erythorbate, (A) 96% alcohol.
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The amount of TBA is related to the antioxidant
activity of propolis. Further, TBA values showed
that lipid oxidation increased (Figure 3) until day
24 and significant differences among treatments
(P<0.05) were observed. T1 and T2 showed a lower
increment as compared to the control, demonstrat-
ing the antioxidant activity of propolis reported by
other authors (21, 22). T1 presented the slowest
increase, followed by T2.
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Figure 3. Physicochemical analysis: Thiobarbituric acid.
Treatments: (m) with propolis, (A) with sodium nitrite
and sodium erythorbate, (¢) 96%.alcohol.

Sensorial evaluation

Panelists showed their preference for the tradi-
tional red color. However, this was not a reason to
reject the raw or cooked product during the test.
Taste was qualified good in the cooked product
and the panelists considered that the appearance
and odor were good. For this reason, most of the
scores were higher than four, and were considered
within the acceptation range.

Table 2 shows the scores for each treatment in
the sensorial evaluation. No significant differences
were found in the sensorial evaluation among the
treatments (P>0.05). A scale from 1 to 9 was used,
where the scores higher than 4 were considered
within the acceptation criteria by the panelists.
Color and taste attributes improved with time.
However, the statistical test does not showed any
difference.

Table 2. Scores obtained from the panelist for each attribute.

Dia 0 Dia 8 Dia 16 Dia 24
CP CN CcC CP CN CC CP CN CcC CP CN CC
Smell raw 6,9+1 | 741 ] 691 | 5,73 | 6,71 | 692 | 7,61 | 731 | 7,61 | 63x1 | 6,12 | 6,4*1
Color raw 692 | 732 | 632 | 6,31 | 73x1 | 732 | 7,11 | 7,11 | 74x1 | 6,01 | 6,42 | 6,4*1
Odor cooked 6,42 | 7,02 | 7,02 | 6,41 | 6,92 | 692 | 6,71 | 74%x1 | 6,3%x2 | 6,91 | 7,01 | 6,7%1
Taste cooked 6,62 | 6,92 | 731 | 562 | 7,02 | 7,0£2 | 592 | 7,01 | 7,0£2 | 7,02 | 7,1*x1 | 6,9*1
Color cooked 6,62 | 6,62 | 6,02 | 7,02 | 69%2 | 6,71 | 6,41 | 7,02 | 6,7x1 | 6,7x0 | 7,01 | 6,61

CP: sausages with propolis, CN: sausages with sodium nitrite and sodium erythorbate
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DISCUSSION

Inhibition zones higher than 8 mm in diame-
ter were obtained; it agreed with a study done in
different regions of Argentina which reported an
antimicrobial activity of EEP on S. aureus with in-
hibition zones higher than9 mm diameter, which
were considered having a significant antimicrobial
activity (21).

In a previous study, the method of viable cell
count in a TCBS agar with different concentrations
of EEP obtained from three regions of Taiwan in
a four month period of sampling. They reported
a bactericidal activity at concentrations from 0.75
to 1.2 mg/mL depending on the site and month of
collection. According to that report, the concen-
tration of EEP used in the sausages (0.8mg/mL) is
included within the range (13). It has been reported
that EEP concentrations of 1.25 mg/mL has an in-
hibitory activity for Gram positive and a 5 mg/mL
EEP concentration for Gram negative bacteria (23).
It suggests that using higher EEP concentrations
make the inhibition possible in a broader spectrum.

In another study the minimum inhibitory con-
centration (MIC) testing different concentrations
of EEP against bacteria and filamentous fungi de-
termined that the antimicrobial activity is achieved
in a concentrations range from 0.005 to 0.5 mg/
mL. The most resistant bacteria were E. coli and
Micrococcus luteus (24). This concentration was lower
than the one reported by another study in which it
was 5 mg/mL inhibiting the growth of E. coli, 2.5
mg/mL inhibiting Salmonella typhymurium, while
S. aureus was inhibited with a 1.5 mg/mL of EEP
(19). The information above suggests that a low
concentration of propolis decrease the microbial
growth responsible for food spoilage and can be
related with meat product preservation.

In other studies, the reported initial pH of raw
material for sausages was between 5.4 and 5.5. This
acid value is due to the post-mortem glycolysis
generated by the in-situ proteolytic and lipolytic
enzymes of the meat (25). The microbial activity
can also generate acid conditions. The reported
values of pH are very close to those obtained in
this work in the first day of the study. The ob-
served behavior matches the ones proposed by
other authors (27). This is the result of the action
of decarboxylase enzymes from microorganisms
present in meat on proteins, and in a low proportion
by the endogenic enzymes present in the muscle.

No significant differences were found in the three
treatments (P>0.05). After 24 days, T1 presented
a 37.8 TVB-N mg/100, this value was larger than
the one reported by (12) after 21 days of storage
(19.3 TVB-N mg/100 g).

The TBA results showed low values in contrast with
previous studies (26), where authors reported values of
16.83 and 6.07 mg of malondialdehyde (MDA)/Kg for
bovine and pig meat respectively, after ten days of stor-
age. In the present study, 0.358 mg MDA/Kg after 24
days of storage was observed. Further, 0.89 mg MDA/
Kg after 21 days of storage in sausages is reported in
(12). The reported main compounds responsible of the
antioxidant action of propolis from Greece and Cyprus,
were phenolic acids, anthraquinones, and flavonoids
(19). On the other hand, polyphenols are the main
compounds present in propolis from China, with an
antioxidant capacity (27).

Panelists commented on the different color as a
feature which does not disqualify the product, but
it could be improved due to the difference with
the color of traditional sausage. According to the
survey (28), it is possible to use the natural sources
of nitrite as celery or introduce nitrate-reducing mi-
croorganisms which may help the color formation.
These can be the acid lactic bacteria, which can act
as starter in fermentation of meat products (29) and
are resistant to the antimicrobial action of propolis
(19). Finally, a mixture, in which is possible to take
advantage of the antioxidant and antimicrobial
capacities of propolis, would be obtained retaining
most of the traditional organoleptic characteristics.
In respect to taste, most consumers did not detect
differences and did not have suggestions.

Propolis showed similar behavior to nitrites
when was applied in a meat product by controlling
the acidification of the product and the production
of TBA and TBV-N. This presents a great oppor-
tunity to replace sodium nitrite as a preservative
for meat products. Antimicrobial and antioxidant
activities of propolis have been studied, but few
studies have been focused on the implementation
and evaluation of products.

Propolis shows a huge potential in the food
industry, but it has a limitation for use because its
preparation and extraction can be expensive and
therefore, this procedure should be optimized
to increase their availability. Further, in a future
work it can be used to test higher concentrations
of propolis to perform microbiological testing to
verify counts over time.
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CONCLUSIONS

The concentration of EEP used in the preparation
of sausages showed an antioxidant capacity similar
to the sodium nitrite used traditionally as a curing
agent and preservative. Propolis is able to control the
formation of TVB-N, for this reason, it is assumed
its usefulness on the growth of the microorganisms
and also retarded the protein degradation. Sensorial
characteristics of the sausages with EEP are accepted
by the consumers; however, it is suggested to im-
prove the color. In vitro results show a great ability
of propolis to inhibit microbial growth; nevertheless
it is important to develop a microbiological analy-
sis in order to know the behavior of the bacterial
population within the products. Propolis has been
proved as an alternative for natural preservation of
meat products. The shortcoming of the red color can
be solved by using plant colorants. It is necessary to
develop a better protocol of EEP extraction because
this procedure is complicated and extensive.Further-
more, it is important to consider possible difficulties
when propolis is collected.
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