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Impact of whey protein isolate coatings containing different antimicrobial agents on
sliced bologna-type sausage during refrigerated storage

Selin KALKAN! @, Zerrin ERGINKAYA?

Abstract

In this study, we aimed to determine the possibility of using the edible whey protein isolates coatings containing different
antimicrobial agents on the bologna-type sausage slices and the inactivation effects of these coatings against Listeria innocua.
For this purpose, edible whey protein isolates (WPI) coatings were prepared to contain essential oils (thyme, coriander, pimento,
rosemary, basil), potassium sorbate (PS), sodium benzoate (SB)(4% w/v) and Nisin(10.000 IU). The antimicrobial effect against
L. innocua, sensory characteristics (appearance, color, odor, texture, flavor and overall acceptability) and physical (color) and
chemical (pH and water activity) properties of bologna slices coated WPI coatings were determined for during the 35-day period
in refrigerated conditions (4+1°C). In conclusion, it was determined that the most effective coatings for L. innocua inactivation
were PS, SB, and pimento essential oil, approximately 4.69, 4.45 and 4.16 log CFU/g, respectively. The most effective coating on
the pH values (5.90-6.04) was established to be WPI coatings containing Nisin. It has been found that WPI coatings containing
thyme essential oil provided the lowest water activity values with 0.945. In addition, it was possible to say that the most favored
type of coating for sausage samples was Nisin-WPI coatings with 7.63- 8.33 sensory scores.

Keywords: edible coatings; antimicrobial; Listeria innocua; whey protein isolate; food packaging.

Practical Application: Post-processing contamination in ready to eat meat products with Listeria spp. became a major concern
for the meat processing industry and an important food safety issue. The results of this study confirmed that edible antimicrobial
whey protein isolate coatings with enriched different antimicrobial agents could reduce the growth rate of L. innocua in sliced
emulsion-type sausage. These coatings can lead to better quality preservation of the emulsion bologna-type sausages stored at

low temperature and can extend their shelf life.

1 Introduction

In recent years, due to the increased interest in minimally
processed foods depending on consumer demand, use of new
technologies and approaches started in the packaging industry.
The active packaging technique is the most prominent of these
technologies (Erginkaya et al., 2014). Antimicrobial packaging,
as an active packaging technique, is a suitable protection
method, especially for raw meat, processed meat products,
poultry, dairy products, and seafood (Suppakul et al., 2003;
Karagdz & Candogan, 2007). Controlled release of antimicrobial
compounds carried out on these systems can inhibit both the
initial microorganisms and the current microbial growth during
storage. These systems form a barrier mechanism for pathogens
and/or spoilage microorganism for ensuring food safety (Cooksey,
2005). Traditionally, the antimicrobial effect of edible coatings has
been obtained by incorporating in their structure antimicrobial
agents, such as enzymes, polysaccharides, bacteriocins and more
recently herbs, spices and essential oils (Appendini & Hotchkiss,
2002; Pranoto et al., 2005; Tajkarimi et al., 2010). The formation
of edible films and coatings from whey proteins can increase
the utilization of whey, improve the nutritional value of foods
and prolong shelf life (Ozdemir & Floros, 2008).

Bologna sausage, a type of minimally cooked meat product
originating in Italy, is made with finely ground, cured beef and
pork, with seasonings similar to frankfurters (Davies et al., 1999).
In many studies have shown that post-processing contamination in
ready-to-eat meat products are the main source of some pathogens
and this risk is increased by slicing (Cagri et al., 2002; Zhu et al.,
2005). In particular, L. monocytogenesis seen as a major contaminant
of food poisonings originating from ready-to-eat meat products
as a common surface contaminant. Listeriosis which caused by
Listeria monocytogenes has been recognized as a serious public
health hazard, with high mortality rates in susceptible individuals,
such as the elderly and immunocompromised (Barancelli et al.,
2014). Because of this, studies have focused on the elucidation
of the microbial ecology of foods in relation to this bacterium
(Fernandes et al., 2013). Listeria innocua has been an important
surface contaminant in terms of food microbiology since the
presence of Listeria innocua in food products would represent a
possible presence of Listeria monocytogenes (Sheridan et al., 1997;
Buchrieser et al., 2003). Appropriateness of using L. innocua as
surrogates for L. monocytogenes has been previously reported
(Pietrysiak & Ganjyal, 2018; Kim et al., 2018). While antimicrobial
coatings reduce to surface contaminants such as Listeria spp., the
consumers in terms of their sensory properties should like them.
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In this context, the use of descriptive sensory methodologies
applied to consumers seems to be a valuable alternative due to
the economic advantages and the possibility of generating a
preliminary vocabulary (Santos et al., 2015).

Methods involving the use of antimicrobial agents with film
and coatings are in the developmental stage. The antimicrobial
packaging systems studies, which developing taken into account
technological suitability, consumer acceptability and food safety
are required for ready-to-eat processed meat products (Karagoz
& Candogan, 2007). The usage of this type of whey protein film
may be limiting in products where the absence of lactose is a
required priority. However, processed meat products use mostly
whey protein to modify the overall technological and sensory
characteristics of a meat system such as water holding capacity,
fat holding capacity and texture properties so it was a justified
matrix to use (Odila Pereira et al., 2018). As a by-product of
the cheese industry, whey is a highly promising food market
due to its bioactive peptides, antioxidants and health benefits
associated with essential amino acids. Whey protein is a source
of essential amino acids, bioactive peptides, antioxidants and
immunopotentiators that provide a number of functions in the
human body. The bioactive compounds of whey have elimination
of free radicals, anti-inflammatory, antitumor, antiobesity and
antidiabetic properties, acts on muscle biosynthesis, osteoprotection
and radioprotection (Amaral et al., 2018; Coutinho et al., 2019;
Silveira et al., 2019). Whey proteins are quite suitable for use as
edible films and coatings with all these beneficial properties.

This study aimed to investigate the impact of whey protein
isolates coatings containing different antimicrobial agents on
the bologna-type sausage and the inactivation effects of these
antimicrobial coating materials against Listeria innocua, during
the storage period.

2 Material and methods
2.1 Material

Bologna-type sausage [a kind of emulsion meat product]
baton-type samples, produced by Pinar Integrated Meat and
Flour Industry (Kemalpasa, [zmir, Turkey), were used in the
experiments. Bologna-type sausage samples were obtained from
the local market and brought to the laboratory under suitable
conditions (at 4 °C in original packaging). Whey protein isolate
(BIPRO Whey Protein Isolate) from Davisco Foods International.
Inc.-USA. Hardline Nutrition, obtained from Turkey. The thyme,
basil, coriander, rosemary and pimento essential oils, Nisin,
sodium benzoate, potassium sorbate, wax and antifoam (silicon
antifoam) were obtained from Sigma Chemical (St. Louis, Mo.,
USA). Glycerol (Merck; Darmstadt, Germany) was used as the
plasticizer. Listeria innocua (ATCC 33090) was used as a bacterial
culture in the study.

2.2 Preparation of antimicrobial coating

The whey protein isolates (WPI; 5% w/v) and glycerol
(2% w/v) were dissolved in 100 mL distilled water containing
0.04% CaCl,(w/h). The pH of the solution was adjusted to 8 using
1 M NaOH and then solution heated with stirring at 90 °C for
30 minutes. 0.1 mL of anti-foaming agent was added while

Food Sci. Technol, Campinas, 40(Suppl. 1): 136-145, June 2020

mixing. During the last 5 minutes of heating, the wax (0.4% w/v)
was slowly added. Homogenization of the solution for 2 minutes
at 22,000 rpm was achieved by using a homogenizer. After the
filtration of the solution was cooled to 23 + 2 °C and 10.000 IU
of Nisin was added to the cooled solution. Thyme, rosemary,
basil, pimento and coriander essential oils were added to the
coating solution at the rate of 4% (w/v) for each coating solution.
Essential oils were primarily dissolved in Tween 80 (0.250 g Tween
80 / g essential oil) in order to distribute the essential oils more
homogeneously in solution. The potassium sorbate and sodium
benzoate were added to the coating solution at the rate of 4%
(w/v) (Cagri et al., 2002; Sarikus, 2006; Cao-Hoang et al., 2010).

2.3 Microorganism inoculation, coating and storage

Bologna-type sausage samples were sterilized for 30 minutes
under UV light in a sterile cabin after being cut into slices of
approximately 10 grams (8 cm in diameter, 4 mm thickness)
with a sterile knife. L. innocua concentration was adjusted to
10" CFU/mL by incubating at 35 °C in Nutrient Broth medium.
After incubation, cultures were transferred to the centrifuge tube at
aseptic conditions. Supernatant was removed after centrifugation
at 5000 rpm for 30 minutes. Subsequently, the cell pellet was
washed twice with 5 mL of peptone water (0.1% w/v). 100uL of
bacterial suspension was transferred from the dilutions prepared
from the culture suspended in 5 mL of peptone water and 500 mL
solution were prepared. Bologna-type sausage slices were left
with these solutions for 10 minutes. At the end of this period,
the Bologna-type sausage slices taken to sterile petri dishes for
absorption of the solution for approximately 30 minutes. The final
inoculum level is set to be 10° CFU/g for each Bologna-type
sausage slice (Ku et al., 2008; Tiryaki, 2008; Ye et al., 2008). Then,
Bologna-type sausage slices were coated with antimicrobial WPI
coating solutions at different contents for 2 minutes. The coating
process was repeated one more time. The post-coating, drying
was carried out by hanging the Bologna-type sausage samples at
50% RH at 25 °C. The excess of liquid in the sliced Bologna-type
sausage samples was drained for around 30 s, and thereafter it
was packaged (three slices of Bologna-type sausage samples in
each package) under usual conditions, i.e. vacuum packaging.
After the coating with the film solution, the inoculation of
L. innocua concentration was adjusted to 10° log CFU/g for
each samples. Packages were stored at 4 °C for 35 days and at
each sampling point (1, 7, 14, 21, 28 and 35 days), all packages
of each condition were evaluated.

2.4 Determination of antimicrobial effects of coatings
against Listeria innocua

Antimicrobial WPI coating applied Bologna-type sausage
samples were analyzed for the determinate of L. innocua
inoculation levels on days 1, 7, 14, 21, 28 and 35 of the storage.
For this purpose, 10 grams Bologna-type sausage slices were
added to 90 mL of 0.1% sterile peptone water (pH 7.2). Samples
were homogenized with Stomacher. The analyses were carried
out in 2 parallel and 3 replicates in accordance with the FDA
Bacteriological Analytical Manual (Andrews et al., 1995).
Serial dilutions were prepared from the homogenized samples.
The prepared dilutions were planted to Oxford Listeria Selective
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Agar (Merck) medium. The counts of all black colonies, which
have around the shadows, were made at the end of the 24-hour
incubation at 35 °C (Tomé et al., 2008).

2.5 Chemical and physical analysis of sliced Bologna-type
sausage

The pH values of the samples were determined with a
pH meter (Ohaus Starter 3000 Parsippany, NJ 07054, USA).
The water activities of the samples were measured at 25 °C
using a AquaLab 4TE (Pullman, Washington, USD). Color
properties, L* (openness), a* (red-green) and b* (yellow-blue),
of antimicrobial WPI covered Bologna-type sausage samples
were measured with CR-410 colorimeter (Minolta Chroma,
Osaka, Japan) on the white standard surface during the storage
period. The color change (AE *) of the Bologna-type sausage
samples was calculated by using the equation (Equation 1)
(Zinoviadou et al., 2009; Pires et al., 2011; Bahram et al., 2013).

AE" = [(LD* —L*)2 + (aa* —a*)z + (bo* —b*)z]m (1

As seen in the equation, L ¥, a * and b_* values are the color
parameters of the standard surface, while L*, a* and b* values
are the color parameters of the samples.

2.6 Sensory analysis

Sensory analysis was carried out in which only on L. innocua
non-inoculated and covered with antimicrobial-WPI bologna-type
sausage samples. Stored samples were assessed by 8 panelists
using a sensory rating scale of 1 (poor) to 9 (excellent) for some
sensory parameters such as general appearance, color, odor,
texture, flavor and overall acceptability. The assessors were
instructed to rinse their mouths with distilled water between

10

samples to avoid carry-over effect. The sessions were held at
the Laboratory of Food Engineering of Cukurova University
(Horita et al., 2017; Vidal et al., 2019).

2.7 Statistical analysis

Statistical analyzes were performed using the “Windows
SPPS 20.0 software” statistical package program (SPSS Inc.,
Chiago, IL, USA). One-way analysis of variance (ANOVA)
was used to compare differences in significance between tests
and Duncan’s multiple comparison test was used to compare
differences between groups (p<0.01; p<0.05) (Royo etal., 2010).

3 Results and discussion
3.1 Antimicrobial analysis

The effects of antimicrobial WPI coating against L. innocua
on bologna-type sausage samples stored in refrigerator conditions
are shown in Figure 1 and Figure 2.

As shown in Figure 1 and Figure 2, L. innocua concentration
decreased compared to the increasing storage days. This result
was statistically significant for all WPI coatings containing
antimicrobial agent (p<0.01). As a result of the statistical
analyzes, the type of coating used and the storage time were
found to be important in the inactivation of L. innocua WPI
coatings containing potassium sorbate, sodium benzoate and
pimento essential oil provided the most effective inactivation
against L. innocua. WPI coatings containing Nisin, thyme, basil,
coriander and rosemary essential oils showed the antimicrobial
effect against L. innocua, respectively. L. innocua inactivation
approximate was 4.69 log CFU/g by using PS-WPI coatings
compared to the control group. Similarly, the inactivation of
L. innocua was about 4.45 log CFU/g by using SB-WPI coatings.
Another important coating, Nisin-WPI, provided the inactivation
of approximately 3.12 log CFU/g L. innocua. As expected, there
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Figure 1. L. innocua inactivation on Bologna-type sausage slices coated with WPI coating solution containing essential oils (log CFU/g).
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Figure 2. L. innocua inactivation on Bologna-type sausage slices coated with WPI coating solution containing nisin, potassium sorbate and

sodium benzoate (log CFU/g).

was a logarithmic increase in the number of L. innocua and
it has reached approximately 1.5 times at the end of storage
period (p<0.01).

When the effect of the storage time on the number of
L. innocua was examined, the 1, 7, 14 and 21 of the storage
days determined the maximum reduction. L. innocua counts
increased at 28 and 35 days of the storage (p<0.01). Sorbate,
benzoate, and propionate are generally recognized as safe
additives that are traditionally used to control mold growth
in a variety of food products (Food and Drug Administration,
2006). These antimycotic agents have also been shown to inhibit
growth of gram-positive bacterial pathogens, such as Clostridium
botulinum, Staphylococcus aureus, and Listeria monocytogenes in
media, and in meat systems (Glass et al., 2007). Previous studies
revealed that 0.1% or more of total potassium sorbate, propionic
acid, or benzoic acid, alone or in combination, will prevent the
growth of L. monocytogenes in turkey and frankfurter slurries
when stored at 4°C for 4 weeks (Glass et al., 2004). The results
of these experiments also suggested that benzoate had greater
antilisterial activity than propionate or sorbate on a weight
basis. However, exclusive use of benzoate has limitations. High
levels of benzoate may adversely affect the flavor of the finished
product, although this problem may be lessened by the use of
benzoate in combination with another effective antimicrobial
agent (Glass et al., 2007). Furthermore, if benzoate is included
in a mixture, current U.S. Food and Drug Administration
regulations limit the total antimycotic agents to 0.1% (Food
and Drug Administration, 2006). In addition, several studies
have shown the bactericidal effect of nisin and pediocins against
L. monocytogenes in raw and heated as well as in fermented and
unfermented meat products (Murray & Richard, 1997). Similarly,
nisin shows antimicrobial activity against L. innocua. Similar to
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the results of the study, Theivendran et al. (2006) reported that
L. monocytogenes concentration was decreased 2.3 log CFU/g in
turkey sausages covered with WPI containing Nisin. Cagri et al.
(2002) have applied WPI coating containing p-aminobenzoic
acid and sorbic acid to Bologna-type sausage slices stored at
refrigerator temperature and they provided inactivation of
L. monocytogenes. Similarly, Ramos et al. (2012) stated that
bacteriostatic effect was obtained except for coatings containing
rosemary extract, and a decrease of about 2.5 logarithms of
bacterial concentration was detected on days 5 and 7 of storage.
In our study, it was determined that WIP coatings containing
rosemary essential oil were found to be less effective against
L. innocua. In the light of the data obtained from our study, the
antimicrobial effect against L. innocua with the antimicrobial
properties of WPI coatings will provide a similar effect against
L. monocytogenes, which is common surface contamination
in heat-treated meat products. Thus, both product safety and
public health protection will be ensured.

3.2 Chemical and physical properties of sliced Bologna-type
sausage samples

The changes in the pH, water activity (a ) values and
color properties of the bologna-type sausage samples coated
with the antimicrobial WPI and stored under refrigerated
conditions represented in Table 1, Table 2 and Table 3. As seen
in Table 1, pH values were decreased in samples applied PASP
coating according to increased storage days. These results were
insignificant statistically for PASP coatings containing potassium
sorbate, sodium benzoate (4% w/v), nisin (10.000 IU) and control
group (without any antimicrobials). However, they were found
to be important statistically for other samples, which applied
antimicrobial coatings.
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Table 1. pH values of Bologna-type sausage samples covered with antimicrobial WIP coatings.

Antimicrobial WIP Storage time (days)
coatings* 1 7 14 21 28 35

Tyhmeoil 6.54+0.02" 6.50+0.03" 6.32+0.04* 6.26+0.034 6.30£0.034 6.30+0.01*
Basil oil 6.48+0.02" 6.44+0.02" 6.12+0.03* 6.10£0.05* 6.18+0.014 6.02+0.124
Rosemaryoil 6.51+0.01% 6.55+0.01" 6.24+0.03* 6.31+0.034 6.31+0.04* 6.28+0.01*
Corianderoil 6.48+0.02¢ 6.46+0.02¢ 6.33+0.03" 6.28+0.00"" 6.24+0.034 6.29+0.04"%
Pimentooil 6.41+0.03°P 6.50+0.03" 6.31+0.03%¢ 6.27+0.0348 6.19£0.054 6.16+0.03*
Nisin 5.94+0.094 6.04+0.004 5.95+0.04* 5.91+0.05* 5.90+0.024 5.93+0.034
PS 6.40£0.024 6.49+0.074 6.42+0.02* 6.40+0.024 6.52+0.034 6.40+0.04*
SB 6.53+0.04* 6.53£0.054 6.57+0.02* 6.57+0.06* 6.50£0.074 6.42+0.04*
Control 6.55+0.014 6.64+0.024 6.28+0.03" 6.27+0.08" 6.31+0.10% 6.32+0.06"

*Mean and standard deviation; on the table, the same letters in lines and columns Express no difference statistically (p>0.01), different letters express a difference statistically (p<0.05).

Table 2. Water activity (a ) values of Bologna-type sausage samples covered with antimicrobial WIP coatings.

Antimicrobial WIP Storage time (days)
coatings* 1 7 14 21 28 35

Tyhmeoil 0.930+0.007* 0.946+0.008" 0.947+0.002" 0.943+0.0054* 0.947+0.000® 0.953+0.002"
Basil oil 0.940+0.001* 0.947+0.001" 0.941+0.001* 0.952+0.001%¢ 0.949+0.000" 0.955+0.003¢
Rosemaryoil 0.945+0.004** 0.953+0.005¢ 0.942+0.002* 0.950+0.0014* 0.950+0.0014* 0.951+0.001¢
Corianderoil 0.939+0.002% 0.946+0.001" 0.940+0.001* 0.952+0.002¢ 0.950+0.001%¢ 0.951+0.001¢
Pimentooil 0.941+0.002* 0.945+0.004** 0.941+0.001* 0.952+0.001%¢ 0.951+0.001%¢ 0.954+0.002¢
Nisin 0.942+0.002* 0.952+0.010* 0.941+0.001* 0.951+0.002* 0.953+0.003* 0.952+0.002*
PS 0.945+0.003** 0.945+0.003% 0.941+0.001* 0.951+0.001%¢ 0.951+0.0025¢ 0.954+0.002¢
SB 0.941+0.002* 0.945+0.004*° 0.942+0.002* 0.952+0.001%¢ 0.951+0.0025¢ 0.954+0.002¢
Control 0.942+0.006*" 0.942+0.007* 0.953+0.0024* 0.953+0.001** 0.957+0.001*° 0.959+0.007"

*Mean and standard deviation; on the table, the same letters in lines and columns Express no difference statistically (p>0.01), different letters express a difference statistically (p<0.05).

Table 3. Color properties of Bologna-type sausage slices coated with WPI solution containing different antimicrobials during storage.

Color Antimicrobial WPI Coatings

parameters /

Time (days) Control Tyhmeoil Basil oil Corianderoil ~ Pimentooil ~ Rosemaryoil PS SB Nisin
LX'
1 52.02+0.07%  54.54+0.29%  52.40+0.35*  57.27+0.63*  58.91+0.07*  57.37+0.31*  55.16+0.51*  53.90+0.12*F  58.92+0.11*
7 52.68+0.28*  55.42+0.39*  52.59+0.14*  57.88+0.32%  57.04+1.55*  57.77+0.33*  55.09+0.30*  54.55+0.56*  58.09+0.24*
14 53.30+1.51*  54.40+1.23*  52.85+0.77%  56.39+0.42*  58.00+0.13*  57.09+0.92*  55.97+0.46*  53.83+0.71*"  56.93+0.42*
21 53.18+0.88%  52.93+0.80%F  53.54+0.25%  55.94+0.79*  58.00+0.23*  57.70+0.11*  56.79+0.05*  54.61+0.86* 57.09+0.97*
28 55.74+0.48*  55.74+0.48*  51.01+0.29*  57.23+0.32%  57.05+1.38*  58.33+0.41*  55.74+0.48*  51.01+0.29" 57.74+0.50*
35 54.78+1.97%  49.88+0.55°  52.21+0.48*  56.96+0.26*  57.79+0.31*  56.18+0.86*  56.49+0.13*  55.60+0.39*  57.21+0.24*
a*

22.56+0.34*  22.13+0.15**  22.18+0.17°  20.40+0.24*  20.87+0.56*  21.71+0.19*  22.44+0.18*  22.57+0.23*F  21.88+0.22*

7 23.82+0.24*  22.41+0.11*  22.27+0.34*  21.08+0.44*  20.50+0.39*  21.05+0.174%  21.95+0.17*  22.80+0.10*  21.82+0.16*
14 22.01+£0.95%  21.27+0.55*%  20.86+0.16" 19.91+0.284%  20.40+0.15*  20.37+0.16®  21.96+0.22*  21.38+0.14°  21.59+0.28*
21 22.15+0.11*  20.63+0.14®  20.72+0.21% 19.76£0.10*%  19.26+0.124%  19.06+0.17¢ 19.69+0.15%  20.18+0.12°  21.04+0.38*
28 20.78+0.37*F  18.81+0.33¢  21.76+0.13*%  20.53+0.194 17.10+0.68"% 18.10+0.20°"  18.81+0.33%  21.76+0.13%¢  20.87+0.29*
35 17.71+0.85" 18.85+0.15¢ 18.61+0.03¢ 18.45+0.03% 17.07+0.10° 17.56+0.25°  19.08+0.27" 17.63+0.18* 19.03+0.19%
b)('
1 10.59+0.314  10.02+0.08* 10.29+0.17% 10.50+0.214%  11.87+0.05" 11.93+0.044 11.49+0.274 11.21+0.14® 10.19+0.144
7 10.70£0.21*  10.1740.12% 10.38+0.12° 10.65+0.30**  11.80+0.09" 11.82+0.134 11.3240.114 10.99+0.02° 10.74+0.094
14 11.7240.574 9.76+0.328 10.30+0.23% 10.41+0.174%  11.64+0.11% 11.89+0.184  11.21+0.194  11.09+0.11% 10.83+0.144
21 11.7740.24*  10.36%0.20° 10.78+0.11% 11.4940.19*  12.23+0.10*  12.33+0.10* 11.43+0.124 11.36+0.10° 11.21+0.334
28 11.20£0.25%  11.78+0.16*  12.21+0.10* 9.86+0.07" 11.76+0.16° 12.03+0.104 11.78+0.16% 12.21+0.104 11.11+0.174
35 9.59+1.02*  10.33+0.21% 10.65+0.13% 11.3740.074  12.77+0.134  12.11+0.38*  10.70+0.16*  11.02+0.12° 10.97+0.114
AE*
1 50.06+£0.20*  49.09+0.31%%  50.83+0.43*®  46.01+0.63*  45.09+0.24*  49.09+0.31®  48.96+0.53*  50.06+0.20*®  45.21+0.13*
7 51.60+0.38%  48.48+0.39%%  50.92+0.094%  45.82+0.42%  46.51+1.54*  50.92+0.09*"  48.76+0.36*  49.55+0.49%5¢  45.99+0.20*
14 50.45+1.62%  48.79+1.26*F  50.08+0.71**  46.55+0.21*  45.60+0.01*  50.08+0.71*%  47.98+0.53*F 49.57+0.67*E¢  46.90+0.52*
21 50.61+£0.80%  49.92+0.694F  49.48+0.27°  47.09+0.66*  4523+0.16*  49.48+0.27°%  46.30+0.11°  48.42+0.78%¢  46.58+1.074
28 50.94+0.27%  49.94+0.36°  52.43+0.33"®  45.98+0.35% = 45.09+1.44*  44.40+0.39°  46.94+0.36*" 52.43+0.33*  45.93+0.50*
35 46.97+2.274  51.98+0.45*  49.74+0.42°  45.61+0.20*  44.65+0.33*  51.98+0.45*  46.16+0.14°  46.44+0.43¢  45.55+0.28*

*Mean and standard deviation; on the table, the same letters in lines and columns Express no difference statistically (p>0.01), different letters express a difference statistically (p<0.05).
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According to the statistical analysis, storage time, coating
type and storage time coating type interaction were significant
statistically on pH values of bologna-type sausage which applied
antimicrobial PASP coatings (p<0.01). During the storage time,
N-WPI was the most effective coating type. PS-WPI, SB-WPI, and
control coatings had no significant effect on pH value (p<0.01).
When the storage period was examined, it is seen that the highest
pH value (pH 6.47) was reached on the 7* day of storage. This
was followed by pH values at 1, 14, 28 and 21 days, respectively.
The lowest pH value (pH 6.24) was obtained on the 35" day of
storage time (p<0.01). It was seen that the pH value of the samples
exceeds the pH value (6.40) given in TSE 979, especially in the
samples with WPI coating containing thyme essential oil and
sodium benzoate. Towards the last storage days, all antimicrobial
WPI-treated bologna-type sausage samples showed a reduction
in pH values. This situation can be attributed to the L. innocua
counts increase, especially since the 14" and 21* days of storage.

During the storage period, aw values of samples were increased
(Table 2). These results were not significant statistically for N-WPI,
however, were found to be significant for other antimicrobial
WPI coatings (p<0.01). According to the statistical analysis,
the interaction of the storage time, coating type and storage
time coating type were significant statistically on the aw values
of antimicrobial WPI-coated bologna-type sausages (p<0.01).
During storage time, the lowest aw value (0.945) was obtained
with WPI coating containing thyme essential oil. This value
was followed by WPI coating species containing of coriander,
allspice, basil, rosemary essential oils (4% w/v) and sodium
benzoate, potassium sorbate (4% w/v) and nisin (10.000 IU) at
equal levels. The highest aw value (0.952) was detected in the
control WPI coatings (p<0.01). When accordingly, the lowest
aw value (0.941) was observed on the first day of storage and the
highest a value (0.954) on the 35" day of storage (p<0.01). When
examined of the effect of storage time on aw values, aw values
on days 1, 7 and 14 were statistically significant. The differences
between a_values on the other days of storage were not significant
statistically. Accordingly, the lowesta_value (0.941) was observed
on the first day of storage time and the highest aw value (0.954)
on the 35" day of storage (p<0.01). When evaluated in general
terms, a_values of Bologna-type sausage samples covered with
antimicrobial WIP coatings were between 0.857 - 0.993 values
who stated by Ozay et al. (1993).

As shown in Table 3, the application of the antimicrobial
WIP coatings was not causing significant changes in the color
properties of the Bologna-type sausage samples (p<0.01). When
the coating type and storage time were statistically significant,
coating type and the storage time interaction was statistically
insignificant on L values (p<0.01). Accordingly, the highest L value
(57.80) was obtained with B-WPI, and the lowest average L value
(52.43) was obtained with C-WPIL. In addition, the highest L value
(55.68) was found on day 7 of storage, while the lowest L value
(55.09) was found on day 28 of storage (p<0.01). Similarly, Jo et al.
(2001) reported that sausages containing chitosan had higher
L*values than the control samples during storage. Additionally,
Giatrakou et al. (2010) found that the addition of chitosan to a
ready-to-eat chicken product increased the L* value. Coating
type, storage time, coating type and storage time interaction were
statistically significant on the values of a (p<0.01). Accordingly,
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the highest a value (21.50) was obtained by Control-WPI, while
the lowest a value (19.08 and 19.20) was determined in WPI
coatings containing coriander and basil essential oil. During the
storage period, when a value was examined, the highest value was
determined on the 7th day of storage (21.97) while the lowest
value (18.22) was obtained on the 35th day (p<0.01). Similar to
the results of our study, Georgantelis et al. (2007) determined
that the combination of chitosan and rosemary extract acted
synergistically to improve the redness of beef burgers, during
frozen storage, while individually chitosan or rosemary extract
improved the color stability relative to control. On the b values,
the coating type, storage time and coating type and storage time
interaction were found to be statistically significant (p<0.01).
Accordingly, the highest b value (12.02) was determined in the
samples of bologna-type sausage with R-WPI coating. The lowest
bvalue (10.40) was found on the samples with T-WPI coatings.
The highest b values were determined with 11.55 on the 28th
day of storage, and the lowest b values were found with 10.90
on the 1st day of storage (p<0.01). Similarly, Youn et al. (1999)
and Jo et al. (2001) reported that the addition of chitosan
increased the b* value of sausages during storage, suggesting
that the natural color of chitosan affected the surface color
of the sausage. Coating type, storage time and coating type *
storage time interaction were found statistically significant on
the values of AE (p<0.01). Accordingly, the highest AE values
(50.59 and 50.10) were obtained with Control-WPI and C-WPI
coatings, while the lowest E parameter value (45.36) was obtained
with B-WPI coatings. When the highest AE value (48.73) was
determined on the 7th day of storage, the lowest AE value (47.68)
was determined on the 35th day of storage (p<0.01).

3.3 Sensory evaluation

Sensory analysis evaluated by an expert jury (food engineers)
for each bologna-type sausage samples applied antimicrobial
coatings and general appearance, color, smell, texture, taste
and general product appreciation related scores of samples
were shown in Table 4. Sensory analysis was performed using
a 9-point scale. As seen in Table 4, coating type and storage
time were significant statistical effects on the sensory scores of
Bologna-type sausage samples covered WIP coated containing
different antimicrobial agent (p<0.05). It was determined that
average of the highest overall appearance score (8.28) was
obtained with T-WPI coatings. Samples with the lowest overall
appearance score (6.95) were determined by B-WPI coatings.
When the effects of storage time on overall mean scores were
examined, the samples of with antimicrobial WPI coatings with
the highest overall appearance averages (8.04) were determined
on 14th day of storage time. The lowest mean overall score (7.30)
was obtained on the 28th day of storage (p<0.05). When samples
were evaluated in terms of color properties, the highest color
scores average value (8.34) was determined by C-WPI coatings.
The lowest color scores average value (6.59) was obtained with
R-WPI coatings. Coating type and storage time were found to
be significant statistically, however, coating type and storage
time interaction were insignificant on the odor scores average
(p<0.05). In this context, the highest odor scores average values
(8.46) was N-WPI coated samples while the lowest odor score
(7.83) was found to be with B-WPI coatings. When a general
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Table 4. Sensory properties of Bologna-type sausage slices coated with WPI solution containing different antimicrobials during storage.

Parameters /

Antimicrobial WPI Coatings

Time (days) Control Tyhmeoil Basiloil ~ Corianderoil Pimentooil Rosemaryoil PS SB Nisin
Appearance*

1 8.33+0.18*  8.13+0.22**  7.26+0.26" 8.27+0.194 7.80£0.204  7.33+0.27° 8.07+0.06*  8.47+0.16° 8.13+0.22"8
7 8.33+0.18*  8.13+£0.22%*  7.20+0.27* 8.27+0.194 7.80+0.204  7.33+0.27" 8.07+0.06"  8.47+0.16° 8.13+0.22%
14 8.40£0.194 8.40+0.19%  7.53+0.22% 8.40+0.194 8.13+0.134 7.40£0.19" 8.07+0.06* 8.00+0.10%  8.07+0.22°
21 8.33+0.34*  8.73+0.19% 7.13+0.344 8.20+0.58* 7.80+0.474  7.40+0.328 7.93+0.334 7.731£0.354%  8.13+0.34"
28 8.00+0.00*  8.33+0.00**  6.33+0.00* 8.33+0.00* 7.00+0.00* 6.00+0.004  8.00+0.00*  7.33+0.35*  6.33+0.00*
35 8.27+0.19*  7.93+0.06**  6.26+0.45" 8.07+0.06* 7.13£0.324 6.53£0.29%  7.40+0.26*  7.60+0.41*"  7.73+0.19"
Color*

1 8.00+0.33*  8.00+0.29* 7.07£0.494 8.13+0.324 7.60£0.334 6.93+0.45% 8.00£0.55* 7.80+0.46* 7.93£0.52"
7 8.00+0.33*  8.00+0.29*  6.80+0.58* 8.07+0.324 7.40£0.41*  6.80+0.50*  7.93+0.53*  7.73+0.46* 7.93+0.52"
14 8.47+0.44*  8.20+0.24* 7.07+0.124 8.53+0.16* 7.33£0.34*  6.60+0.19*  7.60+0.24*  7.67+0.25* 7.93+0.06®
21 8.07+0.524 8.27+0.404 7.00£0.48* 8.60+0.40* 7.60+0.404 7.40£0.504 8.00£0.36* 7.73£0.324 8.07+0.30"
28 8.00£0.00*  8.13+0.00*  6.33+0.00* 8.33+0.004 7.00£0.00*  6.00+0.00*  8.00+0.00*  7.33+0.00*  6.33+0.00*
35 8.33+0.18*  7.73+0.24*  6.1310.61* 8.40+0.194 7.07£0.32*  5.80+0.29*  7.73+0.32*  7.80+0.29* 7.60+0.124%
Odor*

1 8.20+0.22*  8.00+0.23%4 7.13+0.224 8.00+0.14*  7.67+0.18*  7.47+0.22%  7.33+0.27*  8.07+0.16*  8.13+0.08*
7 8.20+0.224 7.87+0.34* 7.13+0.224 7.80+0.134 7.47+0.224 7.53+0.20* 7.33+£0.274 8.07+0.16* 8.00+0.10*
14 8.47+0.53*  8.13+0.46* 7.26£0.814 8.07+0.46* 8.00+0.45*  7.93+0.60*  8.27+0.48*"  8.40+0.22*  8.53+0.38*
21 8.67+0.33*  8.5310.38*  8.40+0.40* 8.60+0.26*  8.33+0.45*  8.27+0.52%  8.73+0.26® 8.60+0.40*  8.73+0.26*
28 8.33+0.004 8.67+0.00*  8.66+0.00* 8.67+0.00* 8.67+0.00* 8.33+0.004 8.67+0.00" 8.67+0.00* 9.00+0.00*
35 8.47+0.13*  8.27+0.81% 7.73£0.604 7.87£0.24%  7.87+0.32%  7.67+0.44*  8.67+0.10° 8.60+0.16*  8.33+0.274
Texture*

1 8.00+0.49*  8.33+0.294*  7.73+0.38* 8.07+0.26* 8.13+0.22%4 7.80£0.324%  7.87+0.34*  8.47+0.22%  8.27+0.22%
7 8.00+0.494  8.26+0.28%®  7.73+0.38* 8.07£0.26*  8.00+0.274  7.73+0.35*"  7.73+0.35%  8.20+0.34*  8.33+0.21*
14 8.93+0.06"  8.87+0.08**  8.80+0.20* 8.73£0.194 8.73£0.194 8.87+0.08" 8.80+0.13*  8.80+0.13*  8.87+0.13*
21 8.80+0.20*  8.53+0.30**  8.60+0.32* 8.60+0.24* 8.67+0.334 8.53+0.46"®  8.53+0.30*  8.53+0.46"  8.53+0.46"
28 8.33+0.00*  9.00+.0.00°®  8.66+0.00* 8.67+0.004 8.67+0.00*  8.67+0.00*®  8.67+0.00*  9.00+0.00*  8.33+0.33*
35 8.27+0.24* 8.00+0.00* 7.60£0.324 8.07+0.06* 7.67+0.334 7.53+£0.294 7.93+£0.194 8.00+0.51*  8.13+0.22*
Flavor*

1 8.00£0.49*  7.331£0.45*  6.53+0.38* 7.47+0.304 7.2740.38*%  6.60+0.194  7.27+0.12%  7.5310.40*  8.13+0.22*
7 8.07+0.48* 7.00+0.444 6.53+0.38* 7.13£0.48* 6.80+£0.20*  6.53+0.16" 6.90£0.244 7.27+0.48* 8.13+0.224
14 8.00+0.424 7.20£0.374  6.86+0.71* 7.27+0.224 6.87+0.24*%  7.00+0.38*  7.60+0.50*  8.13+0.24*  8.40+0.37*
21 7.93+0.38*  7.26+0.32* 7.06+0.374 7.80+0.304 6.80+0.44*%  6.93+0.474  7.33+0.48*  7.13+0.40*  8.07+0.43*
28 7.00£0.00*  6.66+0.00* 7.33£0.004 7.33£0.00% 8.00+0.00" 6.33£0.00*  7.00+£0.00*  8.00+0.00* 7.67+0.004
35 7.80£0.13*  6.53+0.48*  6.60+0.74*  6.53+0.48* 6.07£0.63*  5.80+0.57*  7.33+0.31*  7.87+0.22% 7.80+0.08*
Overall

acceptability*

1 8.27+0.434  7.20+0.47%  6.80+0.27* 7.47+0.384 713£0.30*  6.73+0.26*  7.70+0.33*  7.93+0.37*  8.13%£0.13*
7 8.27+0.434 7.20+£0.44*  6.73+0.24* 7.40+0.454 7.13£0.304 6.67£0.23*  7.20+0.35*  7.73+0.55*  8.07+0.16*
14 8.07+0.33*  7.46+0.11*  6.80+0.78* 7.53£0.224  7.13+0.30*  7.00+0.48*  7.67+0.36*  8.07+0.33*  8.33+0.50*
21 7.93+0.334 7.26+0.50* 6.80+0.50* 7.73+0.60* 6.73+0.56* 6.67+0.54* 7.53+0.534 7.20+0.454 7.73+0.324
28 7.33£0.33*  6.66+0.00* 7.67+0.004 7.67+0.66* 8.00+0.004  7.33+£0.00*  7.33+0.00*  8.33+0.00* 7.67+0.004
35 8.07£0.32%  7.06£0.60*  6.67+0.76" 7.17£0.57*  6.80+0.47*  6.33+0.69*  7.57+0.34*  7.87+0.13* 7.93+0.06*

* Mean and standard deviation; on the table, the same letters in lines and columns express no difference statistically (p>0.05), different letters express a difference statistically (p<0.05).

evaluation was made of texture scores of samples, storage time
was significant statistically. However, coating type and coating
type and storage time interaction were found to be insignificant
(p<0.05). The highest texture scores averaged (8.82) was
obtained at 14th day of storage time while the lowest scores
averaged was found to be 7.93 on the 35th day of the storage
time. When the taste scores of the samples were examined, it
was statistically significant for the taste point averages of the

142

samples of bologna type-sausage with WPI coatings containing
only allspice essential oil, while it was found insignificant for all
other coated samples (p<0.05). Coating type and storage time
were significant on the average taste scores of samples while the
interaction of the coating type and storage time were not found
to be significant (p<0.05). The highest taste scores average (8.03)
was found to be N-WPI coatings samples groups. The lowest
taste score was determined as 6.53 for R-WPI coated samples.

Food Sci. Technol, Campinas, 40(Suppl. 1): 136-145, June 2020



Kalkan; Erginkaya

When the relationship between the storage period and samples
with antimicrobial WPI coating were examined, the mean value
of the highest taste scores average (7.53) was reached on the
14th day of storage. However, the lowest taste scores average
(6.97) was obtained on the 35th day of storage time (p<0.05).
As another sensory property, the effect of the coating on the
overall product appreciation was examined, highest average
score was determined to be 7.99 on Control-WPI coated samples.
The lowest overall product average value of samples was found
to be 6.79 on R-WPI coatings. As the conclusion, the results of
sensory evaluation differ in cases of antimicrobial WPI coated
Bologna-type sausage samples. It was possible to say that the use
of WPI coatings containing essential oils is not very favorable for
use in bologna-type sausage, whereas the application of Nisin
containing WPI coatings is the most admired coating types.
According to the results of sensory analysis obtained, Nisin-WPI
coatings may be recommended for use in ready-to-eat meat
products. Similarly, in a prior published study, Lekjing (2016)
investigated the effects of chitosan-based coating incorporated
with clove oil on cooked pork sausage samples in refrigerated
storage. The results of this study indicate that pork sausages’ shelf
life can be extended by approximately 5 days, using chitosan
alone or in combination with clove oil. Aside from the odor, the
combination with clove oil treatment consistently performed better
than chitosan alone in all other sensory attributes, throughout
the entire storage period.

4 Conclusion

As aresult of this study, it has been determined that coatings
containing potassium sorbate and sodium benzoate were
the most effective antimicrobial coatings against L. innocua
and coatings containing thyme essential oil were the most
sensory coating types. However, the inactivation achieved
with potassium sorbate and sodium benzoate coatings was
carried out by adding the active antimicrobials to the coating
atavery high value of 4% (w/v). For this reason, it will be more
appropriate to use potassium sorbate and sodium benzoate
in combination with essential oils and Nisin that have been
found to have antimicrobial activity on L. innocua, taking
advantage of the barrier technology. Thus, that the amounts
of these antimicrobials in coating solutions can be reduced.
It is believed that in the case of edible films and coatings,
for the antimicrobial efficacy of other legally permissible
preservatives is evaluated, that the results of the study are
beneficial and will lead to future work. Packages containing
antimicrobial preservatives, such as each antimicrobial agent
used in this study, will be useful in preventing microbiological
deterioration, ensuring food safety and prolonging the shelf
life of the product during storage in bologna-type sausage
samples. In this context, antimicrobial edible coatings are
highly promising for protection and development of product
quality in the future.
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