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Abstract: The aim of the study was to compare the microbiological safety and sensory quality of
meat products manufactured with commercial functional additives. Four functional additives (AFX,
AE100, PANA4, FPRX) were used in industrial conditions in the production of homogenized meat
products (thick wiener). In order to determine the microbiological safety of final products, the total
number of aerobic mesophilic bacteria and the number of Listeria monocytogenes were measured.
Consumer assessment and quantitative flavor profiling (QFP) were used for analysis of organoleptic
quality. After 7 days of storage, it was found that the effectiveness of the selected additives against
the growth of aerobic mesophilic bacteria was unsatisfactory. Only after application of PANA4
did the product not show undesirable changes that would disqualify it from consumption. Each
of the functional additives used had a high level of efficacy in inhibiting the growth of Listeria
monocytogenes. Meat products with PANA4 addition had the highest consumer acceptance of the
overall appearance. The best intensity of flavor bouquet, meat aroma and color, assessed by QFP
method, was characterized by the samples with AFX and PANA4 in their recipe.
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1. Introduction

Meat and meat products are perishable due to their chemical composition. Their shelf
life is limited by the development of undesirable microflora, enzyme activity or oxidation
processes [1]. The growth of undesirable microflora leads to a decrease in sensory quality
of food and, particularly, its safety. Proliferating bacteria can cause foodborne infection
and intoxication. Therefore, it is crucial to reduce the possibility of the above-mentioned
health hazard occurrence in food [2]. The health safety of food, including meat products,
can be ensured by the use of functional additives, proper processing and packaging,
and maintaining refrigerated storage conditions [1]. In the meat industry, chemical food
additives are used to control specific microorganisms. Many chemicals show potential as
food preservatives, but only a few are approved for use in food production. According to
Regulation (EC) No 1333/2008, food “preservatives are substances which prolong the shelf-
life of foods by protecting them against deterioration caused by micro-organisms and/or
which protect against growth of pathogenic micro-organisms” [3]. They should be used at
the lowest possible dose (less than 0.2%) to achieve the intended effect [4]. The amount
that may be used and the residue that may be left in food products are strictly defined by
food law, e.g., Commission Regulation (EU) No 1129/2011 [5]. Commission Regulation
(EU) No 1129/2011 permits the use of only a few chemical additives to meat preservation,
e.g., nitrites (potassium and sodium nitrite), nitrates (potassium and sodium nitrates),
sodium ascorbate, and sorbic acid. These substances may only be added to a specific
category of meat products; thus, it is important to define it correctly. For instance, sorbic
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acid can be added at quantum satis to surface treatment of dried meat product (category:
non-heat-treated processed meats), but only in strictly defined quantities (1000 mg/kg) to
paté (category: heat-treated processed meats). Despite legal restrictions, some consumers
are wary of chemical food additives and are more interested in using natural substances
derived from plants and plant materials to preserve and improve meat quality [6]. Food
producers and technologists are trying to meet those expectations by creating new recipes
of meat products based on natural ingredients [4]. Essential oils or extracts derived from
plants, such as oregano [7], clove [8], sage [9], marjoram [10], garlic [11] are used in meat
systems as natural preservatives. Therefore, this study provides the information on the
effect of commercial functional additives containing spice extracts on microbiological safety
and sensory quality of homogenized meat products.

2. Materials and Methods
2.1. Preparation of Experimental Material

The experimental material consisted of homogenized meat products (sausages, thick
wiener-type) produced in industrial conditions (Jerzy Gawrycki Meat Processing Plant,
Bielawa, Poland). Two production batches of sausages were carried out. The recipe of
sausages is shown in Table 1. Raw materials, i.e., pork class II (without bones, medium
fat, with some tendons, up to 10 mm of intermuscular fat, total fat up to 30%) and beef
class II (without bones, lean, with some tendons, intermuscular fat up to 2 mm, total fat
up to 16%) were dry cured with curing salt and kept refrigerated until use. On the day
of production, pork, beef and skinless pork jowl were ground (WW 130, K + W Wetter,
Germany) through a 0.3 cm plate, and then beef and pork with all the additives were minced
with ice water. Then the jowl was added and further minced (KN-1-60, Metalbud, Poland)
until the ingredients were completely emulsified and the water was absorbed. Stuffings
were placed in natural sausage casings, forming 6 cm long bars that were left in coils. The
bars were then set for 20 min at 20-30 °C and hot smoked (60 °C, KWP-1/0, Dakstar
Plus, Poland) until light brown. Next, the bars were thermally treated until an internal
temperature of 68 °C was reached. Subsequently, bars were cooled down with water for
30 min up to 40 °C and then cooled with air up to <10 °C. Final products were divided into
3 groups. The first group (“0”) was assigned for the immediate evaluation (right after the
production). The second group (“7”) was stored without packaging for 7 days at 4 &2 °C.
The third group of meat products (“7P’) was vacuum packed in multilayer PA /PE bags
and stored for 7 days at4 £ 2 °C.

Table 1. The recipe of meat products.

A. Raw Materials

Pork 8kg

Pork jowl 18 kg

Beef 4kg

B. Additives

Sodium polyphosphate 0.13 kg
Soy protein concentrate 0.47 kg
Isoascorbate 0.016 kg
Sweet pepper 0.052 kg
Hot pepper 0.052 kg
Concentrate of spices 0.83 kg
Starch 0.65 kg
Curing salt 0.61 kg

Ice water 10 kg

AFX/AE100/PANA4/FPRX 0.18/0.29/0.86/0.14 kg
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Table 1. Cont.

C. Support Materials:

Casings 26/28 1.04 kg
Flocks 0.052 kg
Total 42.8 kg
Final product 35.35 kg

2.2. Information on the Use of the Functional Additives

Four experimental variants containing commercial functional additives were prepared.
The first 3 production variants (AFX, AE100, PANA4) contained a functional additive
used for the first time in a production facility. Additives AFX, AE100 and PANA4 were
introduced to replace the additive FPRX and were used in control samples.

AFX—product description: specialized liquid preparation consisting of water 98%,
flavor 1%, spice extract 1%, characterized by a light color, flavor and taste typical of its kind.

AE100—product description: liquid preparation with natural antibacterial effect,
consisting of water and spice extract. It has a liquid consistency, distinguished by a strong
fresh taste and light brown color. The product was obtained through natural fermentation
of spices which are characterized by high amounts of carbohydrates.

PANA4—product description: natural flavor obtained through fermentation of specif-
ically selected food cultures and natural substrates. Improves palatability and extends
shelf life. It has a liquid consistency, neutral pH and brown color. Contains sugars, salts of
organic acids and aromas.

FRPX—product description: freshness-prolonging preparation with bacteriostatic
effect. Composition: salt, glucose, maltodextrins, flavors, anti-caking agent E551. Itis a
white powder with a peculiar flavor.

The listed-above functional additives have been described and used in amounts
consistent with the product specification.

2.3. Microbiological Analysis

In order to determine the microbiological safety of the final products, the total number
of aerobic mesophilic bacteria and the number of Listeria monocytogenes were measured. The
evaluation of the total amount of microorganisms was performed through the horizontal
method for enumeration of microorganisms that are able to grow and form colonies in a
solid medium after the aerobic incubation at 30 °C [12]. Detection and enumeration of
Listeria monocytogenes were performed according to the horizontal method described in the
standard PN-EN ISO 11290-2:2017-07 [13].

2.4. Organoleptic Evaluation

The organoleptic evaluation consisted of consumer assessment and quantitative flavor
profiling (QFP). The consumer assessment was performed by 3 trained panelists with
the basic knowledge of food analysis. In addition, they were well acquainted with the
technological process. The samples were evaluated on the day of the production. Each time,
the sausages were heated in an aqueous medium up to 60 °C. The thermometer was kept
at that level for 5 min. Then, the product was placed on a plate and served for evaluation.
Panelists were asked to determinate the degree of acceptance by giving an appropriate score
on a 5-point hedonic rating scale (1 = dislike very much, 2 = dislike slightly, 3 = neither
like nor dislike, 4 = like slightly, 5 = like very much [14]). The first feature evaluated
by the panelists was the external appearance of the product. The following were taken
into account: the degree of uniformity of color, the presence of intestinal villi, light spots,
caused by under-smoking at the point of contact between the bar and the smoking stick or
discoloration originating from the contact of the sausages with one another while smoking.
The sausages were then cut along the vertical axis and their appearance in cross-section
was evaluated. In that case, the homogeneity and color were assessed. Finally, taste and



Appl. Sci. 2021, 11, 11662

40f8

smell were evaluated. The analyses conducted in the meat processing plant were carried
out at room temperature and under white light.

The second stage of the study was the quantitative flavor profiling (QFP). A group of
panelists was given appropriate descriptions for scoring on a scale of 1-9 (from 1 = absent
to 9 = far too intense), derived from the specifications of one of the preservatives used
(PANA4). The panelists sought to identify individual attributes unanimously and created
a common product description. The panelists evaluated the following attributes: taste,
aftertaste (taste stability), appearance and texture. Among the elements belonging to the
taste category, there were such discretions as: bitter taste, resulting from the smoking
process, cooked pork taste, connected with the quality and freshness of the meat raw
material used for production, and salty and peppery taste. The group of the aftertaste
characteristics included the evaluation of saltiness and the degree of intensity of the
aftertaste. When scoring appearance, only color was focused on. The group of texture traits
included firmness when biting and slicing [14,15].

2.5. Statistical Analysis

For statistical analysis, TIBCO Statistica, version 13.3 (TIBCO Software Inc., Palo Alto,
CA, USA) was used. Variables were analyzed by one-way analysis of variance (ANOVA)
and Duncan’s multiple range test was conducted after the homogeneity of variance had
been confirmed. All tests were carried out at the significance level p <0.05.

3. Results and Discussion

Meat products, due to their high water activity and chemical composition, constitute
a perfect ground for the growth of various microflora, which in turn leads to spoilage and
reduced health safety [16]. Statistical analysis of the results (Table 2) showed a significant
effect (p <0.05) of storage time on the total number of aerobic mesophilic bacteria. After
storage studies, it was found that the effectiveness of selected functional additives was
unsatisfactory in most cases, as sausages produced with their use lose their shelf life after
7 days of storage under refrigeration conditions of 4-6 °C.

Table 2. Microbiological analysis of meat products (cfuin 1 g).

Samples Total Number of Aerobic Expanded Number of Listeria
P Mesophilic Bacteria Uncertainty U monocytogenes
AFX (0) 4.06 x 10° Aa (2.97 x 103;5.63 x 103) <1.0 x 10!
AFX (7) 2.8 x 107 ABb (2.06 x 107;3.73 x 107) <1.0 x 10!
AFX (7P) 6.86 x 107 Cc (5.16 x 107;9.13 x 107) <1.0 x 101
AE100 (0) 1.1 x 10* Aa (0.83 x 10%;1.46 x 103) <1.0 x 10!
AE100 (7) 2.5 x 10° Ec (1.85 x 10%; 3.43 x 10°) <1.0 x 10!
AE100 (7P) 4.76 x 107 BCb (3.63 x 107;6.80 x 107) <1.0 x 10!
PANA4 (0) 1.76 x 10° Aa (1.34 x 105;2.33 x 10°) <1.0 x 10!
PANAA4 (7) 1.56 x 107 Ac (1.25 x 107;2.10 x 107) <1.0 x 101
PANA4 (7P) 1.26 x 10° Ab (0.93 x 10°; 1.63 x 10°) <1.0 x 10!
FPRX (0) 227 x 10% Aa (1.70 x 103;3.10 x 103) <1.0 x 10!
FPRX (7) 9.33 x 107 Dc (7.23 x 107;1.23 x 107) <1.0 x 10!
FPRX (7P) 7.33 x 10° Ab (5.46 x 10°;9.80 x 10°) <1.0 x 10!

A-E—means with different capital letters within the same column are significantly different at p < 0.05; a—c—means with different small
letters within the same samples are significantly different at p < 0.05.

The highest increase in the total bacterial count was recorded in sausages made with
FPRX functional additive. Most samples stored in bulk had higher bacterial counts than
those in the vacuum pack. Samples produced with the addition of AFX, AE100 and FPRX
showed characteristics indicating spoilage after 7 days of storage, i.e., slime or white film
on the surface of the product or unpleasant odor. The first two additives contained spice
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extract in their composition; thus, one could expect their better inhibition of bacterial
growth. Numerous articles have described in vitro activity of spices against Gram-positive
and Gram-negative bacteria, yeasts and molds [17]. Where this antimicrobial activity may
vary according to the origin and bioactive compounds of spice, different bacteria can also
react in different ways [18]. Several studies have proven possible applications for spices and
their derivatives as antimicrobial agents in meat products. For instance, Zhang et al. [19]
reported the antimicrobial effect of a combination of rosemary extract 0.5% (v/w) and clove
extract 0.5% (v/w) in raw chicken samples stored at 4 &+ 1 °C for 15 days. The same effect
of clove, oregano, cinnamon, and black mustard extracts confirmed by Radha et al. [20].
Hernéndez-Ochoa et al. [21] proved that cumin and clove essential oils inhibited the growth
of total bacteria by 3.78 log CFU/g when applied on lean meat pulp. In another experiment,
bay leaf essential oil was able to reduce the population of total coliforms (reduction of
2.8 log CFU/g) and extended the shelf life of fresh Tuscan sausages for 2 days [22]. The
cited studies indicate the antibacterial properties of spices in model systems, but only
few additives of natural origin are currently applied on the market, e.g., essential oil
of rosemary, of which its use as an antimicrobial and antioxidant agent in heat-treated
processed meats is limited by the Commission Regulation (EU) No 1129/2011 [5] (only dry
sausages mx. 100 mg/kg, excluding dried sausages and dehydrated meat max. 150 mg/kg).
In our own studies, the antimicrobiological effect of spice extracts contained, as declared, in
commercial AFX, AE100 additives was not demonstrated. Only the commercial functional
additive PANA4 proved to be more effective against the growth of aerobic mesophilic
bacteria during storage. With its application, the meat product did not show undesirable
changes that would disqualify it for consumption. The effectiveness of this additive was
also evaluated after 14 days of storage, and the effect was similar; the products also showed
no signs of spoilage. The higher effectiveness of the PANA4 additive may be related to the
presence of organic acid salts in its formulation. Short chain organic acids and/or their salts
have GRAS status, and due to their inhibitory effect on bacteria and molds, are often used
as chemical antimicrobial agents against pathogenic microflora [23-25]. Studies by many
authors have confirmed the inhibitory activity of, for example, acetate, lactate and citrate
sodium salts against spoilage bacteria and foodborne pathogens, i.e., Staphylococcus aureus,
Yersinia enterocolitica, Escherichia coli, Clostridium botulinum and Listeria monocytogenes [26—29].
Consumption of food contaminated with the latter bacteria causes listeriosis, a disease
that is rare but is often severe with high hospitalization and mortality rates. Listeria is not
thermoresistant; thus, the treatment above 65 °C degrees is effective against it. Therefore,
the biggest problem in food production is that it can occur after heat treatment, and Listeria
monocytogenes tolerates salty environments and can even multiply during cold storage [30].
The results of Listeria monocytogenes detection in meat products are included in Table 2.
Each of the selected functional additives was highly effective in inhibiting the growth of
Listeria monocytogenes. In each sample, the bacterial count was <1.0 x 10' CFU in 1 g, which
is in accordance with the requirements of Commission Regulation (EC) No 2073 /2005 of
15 November 2005 on microbiological criteria for foodstuffs [31]. The outcomes of our
own research may also result in properly conducted thermal processing and hot smoking,
effective temperature control throughout food production, and maintaining good hygienic
practice in the meat processing plant.

The results of the organoleptic evaluation are presented in Table 3. The samples of
the meat products manufactured with PANA4 were assessed at their best in terms of all
the analyzed characteristics. The addition of AE100 to the recipe resulted in a much lower
acceptability of the external and cross-section appearance, taste and smell of the meat
products. The same negative effect on flavor, i.e., undesirable and untypical flavor, was
observed by Tomovi¢ et al. [32] when incorporating Juniperus communis L. essential oil into
dry fermented sausages. In our own studies, despite lower ratings of the listed sensory
characteristics and overall acceptability of the samples with AFX and FPRX, they were
scored as good (4 points in a 5 points scale). In contrast, adding green tea powder in
production of lamb sausages negatively affected the sensory quality since the score of
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acceptability reduced in the group of sausages contained green tea while the scores for
color, flavor, and odor were higher than in samples without its addition [33]. Conscious
consumers expect food with the most natural composition but that is safe for their health
and life, hence the need of producers and researchers to look for solutions that will meet
these expectations without causing nutritional and organoleptic losses [34]. The proposed
solutions should be aimed at maintaining the stability of meat characteristics to prevent
undesirable modifications during storage time [35]. The results of our own study indicate
that the application of PANA4 in the recipe of meat products resulted in the desired
organoleptic characteristics, while ensuring their microbiological quality.

Table 3. Consumer analysis of organoleptic characteristics of meat products.

Assessment of Individual Score of Individual

Characteristic Characteristics Weighting Factor Characteristics x Weighting Factor
AFX AE100 PANA4 FPRX AFX AE100 PANA4 FPRX

external 37 37 45 40 02 07 07 10 05
appearance

cross-section 33 37 47 4.0 0.4 13 14 1.9 1.6
appearance

taste and smell 5 2.3 47 4.0 0.4 2.0 0.9 1.9 1.6

overall assessment (}") - - - - 4.0 3.1 4.8 4.0

Quantitative flavor profiling (Figure 1) revealed that the intensity of light brown color
and flavor bouquet were rated as medium in samples AFX and PANA4. These samples
were also characterized by the same level of intensity of meat aroma. According to the
product specifications, additive AFX contains flavor, and additive PANA4 is added to
enhance palatability, which was achieved in experimental trials. The firmness on slicing
and biting was optimal in variants with AFX addition. Meat products manufactured with
addition of this additive are characterized by higher intensity of pepper flavor. The taste of
cooked pork was the least intense in the samples FPRX and, on average, was too intense in
the samples AE100. The intensity of this taste is reflected in the organoleptic evaluation, in
which the taste and smell of the samples produced with additive AE100 were rated as the
lowest of all the variants.

-=== AFX - = -FPRX

AE100 PANA4

color
meat aroma

flavor bouquet

peppery taste firmness on slicing

]
\\ 0 ' (]
AN | !
\ ]
i}
N i
_ N7 77" i »
bitter taste V¢ .’ firmness on biting

salt taste cooked pork taste

Figure 1. Quantitative flavor profiling of meat products.

4. Conclusions

In conclusion, the functional additives used differed in shaping the organoleptic
as well as microbiological quality of meat products. Additives AFX and PANA4 had a
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beneficial effect on the appearance, taste and smell of the evaluated products. However,
only the latter effectively reduced microbiological spoilage of the products during storage.
Therefore, it can be successfully applied in the meat industry as a functional agent affecting
organoleptic quality as well as safety of meat products. All additives were effective
in limiting the growth of Listeria monocytogenes; therefore, the authors suggest further
studies on the effectiveness of these functional additives in an altered system, i.e., after the
introduction of other additives of natural origin to the recipe, which would synergistically
affect the organoleptic characteristics of the products.
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