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This study aimed to evaluate the effect of refrigerated storage on the microbial properties and organoleptic quality
of Bologna-type turkey sausage, in which fat was partially replaced with pea fibre or potato starch. Each manufactured
sausage had lower counts of Esherichia coli and enterobacteria than 1 log CFU-g!, counts were below 2 log
CFU-g™! for Staphylococcus aureus, moreover, no Salmonella spp. were found in any of the sausages. The counts of
mesophilic aerobic bacteria did not exceed 4 log CFU-g"! for each sausage formulation during four-week storage at
4 °C. Spectrocolorimetric measurements revealed that there was no decline in luminosity (L*) and redness (a*) by
time, namely colour fading did not occur. Saltiness and juiciness values of sausages were directly proportional. Low-
fat sausages were perceived less salty than full-fat analogue with the same salt content at the early stage of storage.
Nevertheless, this phenomenon was temporary as sausages had the same saltiness at the end of four-week storage
period. Sausages, in which 25% of fat was substituted with pea fibre or potato starch, were assessed as having the
same odour, consistency, taste, and overall impact like control during the four-week refrigerated storage.
Keywords: meat product, fat substitutes, sensory properties, microbial stability, pea fibre, potato starch

High fat intake is associated with many chronic health conditions, i.e. cardiovascular diseases.
Health concerns related to processed meat products led to the development of their low-fat
analogs. In the case of comminuted meat products, fat can be entirely or partially replaced
with carbohydrates and/or proteins to reduce energy density. Low-fat products can be
accepted by consumers if they have similar organoleptic properties as conventional products.
Many fat replacers proved to be successful in reaching the aim as it has been reviewed
previously (VARGA-VISI & TOXANBAYEvA, 2017). However, most papers referred to
observations on fresh products and did not report the effect of storage on quality. The decrease
of shelf life can be a possible situation for low-fat meat products as fat substitution leads to
increase of water content (NOwAK et al., 2007).

Pea fibre and potato starch have been used to produce low-fat Bologna sausages and
their textural and organoleptic properties have been evaluated related to full-fat control
(VARGA-VIsI et al., 2017; 2018). Nevertheless, these studies were conducted on freshly
prepared sausages. The present study aimed to evaluate the effect of refrigerated storage on
the microbiological and organoleptic properties of low-fat analogs related to full-fat control.

1. Materials and methods

Sausages with different formulation were processed in a pilot plant at Kaposvar University as
described elsewhere (VARGA-VIsI et al., 2018). In the experimental sausages, the ratio of fat
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was reduced by approximately 25, 50, and 75% compared to the full-fat reference product.
Ratios of lean meat, spice mixture, and salt were kept constant for each type of sausage
(Table 1).

Table 1. Composition of ingredients used for processing Bologna-type turkey sausages

Ingredients Control Low-fat products'

(whw)% st s2 S3 Fl1 F2 F3
Turkey meat 58.3 58.3 58.3 58.3 58.3 58.3 58.3
Shredded ice 19.4 19.4 19.4 19.4 19.4 19.4 19.4
Goose fat 19.4 14.6 9.7 4.9 14.6 9.7 4.9
Starch (potato) - 1.94 3.88 5.83 - - -
Water supplement? - 291 5.83 8.74 427 8.54 12.82
Fibre (pea) - - - - 0.58 1.17 1.75
Spice mixture’ 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Salt with nitrite* 1.94 1.94 1.94 1.94 1.94 1.94 1.94

s potato starch; F: pea fibre; 1: 25% of fat was substituted; 2: 50% of fat was substituted; 3: 75% of fat was
substituted.

2. Water supplement was applied to low fat products in the form of shredded ice.

3, Bologna sausage type spice mixture contained diphosphate and sodium-iso-ascorbic acid.

4. Salt with nitrite consisted of 0.45+0.05 (w/w) % sodium nitrite.

Three repetitions were performed for each formulation on three different days. Sausages
were stored at 442 °C in dark for four weeks. Microbiological assays, pH and instrumental
colour measurements, and sensory analyses were conducted weekly. The colony forming unit
(CFU) number of Escherichia coli, Staphylococcus aureus, Salmonella spp.,
Enterobacteriaceae, and CFU of the total number of bacteria were determined according to
the following standards: MSZ ISO 16649-2:2005, EN ISO 6888-1:2008, EN ISO 6579:2006,
MSZ ISO 21528-2:2007, and EN ISO 4833:2003, respectively. The test used for the
determination of total cell count (EN ISO 4833:2003) detects the growth of mesophilic
bacteria under acrobic conditions and can be used for all food commodities except fermented
foods.

Instrumental colour parameters were measured, and organoleptic assays were
accomplished as described elsewhere (VARGA-VIsI et al., 2017); pH values were measured
with a Testo 205 pH meter. For colour values and pH, each elemental sample was measured
four times. Panellists scored colour, odour, consistency, taste, and overall acceptability on a
nine-point hedonic scale from one (extreme dislike) to nine (like extremely). Assessors also
evaluated the next sensory descriptors of the samples: saltiness (1: unsalted, 9: too salty) and
juiciness (1: very dry, 9: very juicy).

Comparison of treatment means was evaluated with analysis of variance. Student-
Newman-Keuls post hoc test was used if variances were homogeneous among groups; in the
opposite case, Tamhane’s test was applied. Kruskal-Wallis nonparametric test was used
when variables did not follow a normal distribution. Calculations were performed using a
commercial statistical software package (IBM SPSS Statistics 20).
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2. Results and discussion

Each manufactured sausage had lower counts of Esherichia coli and enterobacteria than
1 log CFU g, and counts were below 2 log CFU g for Staphylococcus aureus during
storage. In the present work, no Sa/monella spp. were found in any of the treatments. Inclusion
of fat replacers (starch or pea fibre) and water supplement (Table 1) in the formulation did not
promote the growth of these bacteria.

The counts of mesophilic aerobic bacteria did not exceed 4 log CFU-g ' for each sausage
formulation during four-week chilled storage. The total bacterial count tended to decrease in
sausages between the first and the third weeks of storage (Fig. 1), followed by a moderate
increase on the fourth week. DE ALMEIDA and co-workers (2015) observed consistent growth
of these bacteria when commercial Bologna sausage was chilled stored, while others
(COLMENERO et al., 1996; VIUDA-MARTOS et al., 2010) detected little change at the early stage
of storage. In an early study, when fat was replaced per se with water, without the addition of
hydrocolloids, higher cell counts were detected for low-fat sausages than for full-fat control,
presumably owing to the higher unbound water content in reduced fat samples (COLMENERO
et al., 1996). Application of fat replacers can overcome this problem as it was reported for
inulin (NowaAK et al., 2007) and in the present assay for pea fibre and potato starch.
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Fig. 1. Total aerob microbial counts of Bologna-type turkey sausages stored at 4 °C.
S: potato starch; F: pea fibre; 1: 25% of fat was substituted; 2: 50% of fat was substituted; 3: 75% of fat was
substituted.
@: Control; m: F1; A: F2; x: F3;X: S1; @: S2; +: S3
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The pH values of the sausage samples decreased during the storage (Table 2). The
differences by time were significant between the values of the second and the third weeks of
storage. Others also measured some decline in pH during chilled storage of Bologna sausage
at the same magnitude (HOLLEY, 1997; FENG et al., 2013; DE ALMEIDA et al., 2015). The
tendency of pH decrease was similar among sausages with different formulations. On the
third week, the control product had significantly higher pH value than fat replaced sausages,
but there were no significant differences at the end of the storage, on the fourth week. Nowak
and co-workers (2007), with the use of inulin, observed higher pH value of control compared
to low-fat sausages at the end of the 23-day refrigerated storage period. In that case, the
difference between the pH of control product and low-fat sausages might be attributed to the
presence of more available fermentable carbohydrates in low-fat sausages. Chilled storage of
Bologna sausage promotes the growth of lactic acid bacteria, which can cause spoilage
(HoLLEY, 1997, ViunDA-MARTOS et al., 2010), and inulin might act as prebiotic for some
strains of these bacteria. However, in our experiment, the effect of time on pH was greater
than the effect of formulation (Table 2). Time dependent pH decrease did exist for all types
of samples, including control product, while composition exerted only a minor effect on pH.

Table 2. The effect of refrigerated storage on pH of Bologna-type turkey sausages

Type Storage period at 4 °C, weeks
1 2 3 4

Control 6.78+0.07% A8 6.68+0.14>4 6.51+0.02% ¢ 6.49:0.04% 2
S1 6.77+0.04> B 6.69+0.11>4 6.47+0.01%B 6.48+0.04% 4
S2 6.72+0.06>AB 6.64+0.14>4 6.44+0.02%4 6.45+0.04%4
S3 6.740.04>AB 6.62+0.13%4 6.44+0.02%4 6.45+0.03%4
Fl 6.75+0.05%4B 6.63+0.11%4 6.45+0.03%4B 6.46£0.04%2
F2 6.74+0.05% B 6.64+0.15%4 6.47+0.04%AB 6.46+0.01%"
F3 6.71£0.02%4 6.62+0.13%4 6.45+0.02% B 6.45+0.03%4

Means within row with different lowercase superscript letters are significantly different (P<0.05).

Means within column with different capital superscript letters are significantly different (P<0.05).

Values are mean =+ standard deviation (n=12).

S: potato starch; F: pea fibre; 1: 25% of fat was substituted; 2: 50% of fat was substituted; 3: 75% of fat was
substituted.

The formation of colour and its stability are essential quality characteristics of cooked
meat products (VIuba-MARTOS et al., 2010). Consumers prefer bright and pink colour
products. Bright colour is associated with lightness (L*). During refrigerated storage, colour
fading can occur, which strongly associates with the decrease in the colour coordinate a*
positive (redness) (JIMENEZ-COLMENERO & CASSENs, 1987; Nowak et al., 2007). In our work
neither a* nor L* values decreased during storage, namely there was no loss of red colour and
brightness. In the experiment of CACERES and co-workers (2008), the colour coordinates of
Bologna-type sausages with pre-emulsified fish oil were constant for 90 days of refrigerated
storage. However, DE ALMEIDA and co-workers (2015) detected a decrease in redness after 35
days for commercial sausage, which could be prevented with the addition of jaboticaba peel
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extract. Substantial colour fading was detected when sliced sausages were stored in
illuminated chambers under supermarket retail conditions for 24 days (VIUDA-MARTOS et al.,
2010). Contrary, in the present study, for sausages not exposed to light and stored in casings,
no colour fading was observed.

Formulation affected colour coordinates. Sausages with pea fibre, i.e. F1, F2, and F3,
had significantly higher L* values (77.01, 77.02, and 76.79, respectively, mean values for the
whole storage period) than sausages formulated with potato starch, i.e. S1, S2, and S3 (74.61,
75.08, and 73.98, respectively). The means of redness (a* value) were significantly higher in
samples with starch (12.34, 12.49, and 12.34) than in samples with fibre (11.80, 11.59, and
11.73). Namely, at the same level of fat substitution, pea fibre resulted in lighter sausage,
while replacement of fat with starch caused redder sausage. These results were in accordance
with a preliminary assay, when fresh sausage samples with the same formulations were
compared (VARGA-VIsI et al., 2017).

The average scores of different sausages regarding colour, odour, consistency, taste, and
overall impact, for the most part, exceeded the value of five, i.e. most products belonged to
the upper part of the range between one and nine (Fig. 2). Nowak and co-workers reported
(2007) that refrigerated storage of Bologna-type sausage with inulin fat replacer had only
minor effect on the sensory quality. In the present work, low-fat products with 25% of fat
substitution, i.e. S1 and F1, were assessed as having the same quality regarding colour, odour,
consistency, taste, and overall impact during refrigerated storage. Nevertheless, in the case of
sausages, in which higher ratio of fat (50 and 75%) was replaced with fibre or starch, some
decline was detected in the sensory characteristics.

A Colour

Overall acceptability

Taste Consistency

Fig. 2. Average scores of sensorial analysis of Bologna-type turkey sausages stored at 4 °C for two weeks (a),
three weeks (b), and four weeks (c). S: potato starch; F: pea fibre; 1: 25% of fat was substituted; 2: 50% of fat was
substituted; 3: 75% of fat was substituted.

—=—: Control; -O—: S1;,—©—: S2; —@—: S3; —0—F1; - F2; —@—: F3
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Fig. 2.Continued

Evaluating the effect of formulation, it was observed that samples with potato starch, i.e.
S1, S2, and S3 were assessed as having more accepted colours (7.2, 7.2, and 7.1, respectively,
mean values for the whole storage period) than those with pea fibre, i.e. F1, F2, and F3 (5.9,
5.3, and 5.9 respectively). The instrumental colour assay showed that the advantage of starch
over fibre was to increase the redness (a*) values, while the advantage of fibre over starch
was to give higher luminosity (L*) to sausages. In the organoleptic assay, starch was preferred
to fibre, which might mean that in this case redness had a greater effect on the visual evaluation
than lightness.

The taste of control product improved in course of time (Fig. 2). This observation may
be associated with the changes in saltiness. Control sausage was regarded as too salty on the
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second week as the mean score obtained for saltiness was 7.6 (Table 3). Score 5 would mean
neither too salty nor unsalted. However, assessors detected a significant decrease in the
saltiness by time (Table 3). Since it was too salty at the beginning of storage, its taste also
improved by time. Contrary to the control product, panellists did not detect significant
changes in saltiness in any types of low-fat sausages in the function of time (Table 3).

Saltiness was directly proportional to juiciness (Fig. 3). The decrease of saltiness can be
associated with that of juiciness. If the sausage is less juicy, less liquid having salt in solution
is released during mastication, therefore assessors perceive it less salty. Parallel to the
decrease of saltiness, the juiciness of the control also decreased by time, from the second to
the fourth week of storage (Table 3).

8 -

=1
1

Saltiness

4 T T T T
4 5 6 7 8

Juiciness
Fig. 3. Correlation between saltiness and juiciness. Values were obtained from Table 3. (Bologna-type turkey
sausages with different formulations and storage time periods at 4 °C.)

Each point represents a mean value (n=11) obtained from experimental units having the same formulation and
storage time.

Table 3. Sensory scores of saltiness and juiciness of chilled stored Bologna-type turkey sausages

Type Saltiness Juiciness
Storage period at 4 °C, weeks Storage period at 4 °C, weeks
2 3 4 2 3 4

Control 7.6+1.4>8B 6.3+1.2%8 6.0£0.9%4 742458 6.1£0.8%8 54411348
S1 571154 5.4+120A8 5241187 4.6+1.7%4 4.4+].4%4 4.6+0.9%A
S2 5.5+1.7%4A 5.420.7%AB 5.4+]1.3%4 4,942 284 4.6+0.8%4 5.2+1.8%4
S3 5.2%0.64 4.7+1.2%A 4.8+1.9%4 4.7+1.3%4 4.0£1.2%4 4.6£2.0%4
F1 5.7+1.3%A 6.0+1.3%8 5.6£1.4%4 5817448 67+1.1%BC 59413348
F2 5.6+1.4%A 6.5+0.9% 8 5.9+]1.5%4 6.1£1.8%AB 6.2+1.2%8 6.2+1.5%A8
F3 6.0+1.2%4 6.6+1.1%B 6.4+1.5%4 6.5+1.5%AB 7.4+0.8% € 7.0+1.4%8

Means within row with different lowercase superscript letters are significantly different (P<0.05).

Means within column with different capital superscript letters are significantly different (P<0.05).

Values are mean + standard deviation (n=11).

S: potato starch; F: pea fibre; 1: 25% of fat was substituted; 2: 50% of fat was substituted; 3: 75% of fat was
substituted.
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Composition of sausages significantly affected the perception of saltiness on the second
week of storage. The salt content was the same for all formulations, but there were differences
in the scores of saltiness. The control was assessed as being significantly saltier than low-fat
sausages (Table 3). The control was also significantly juicier than sausages with starch, i.e.
S1, S2, and S3 on the second week of storage. Similar observations were done in a previous
assay on fresh sausages (VARGA-VIsI et al., 2017). Starch provided an enhanced retention of
the liquid during chewing related to high-fat control. Therefore, these low-fat sausages were
less juicy and were perceived less salty than the control.

As the storage time proceeded, from the second to the fourth week, the saltiness and
juiciness of the control product decreased, therefore, these values of full-fat sausage became
similar to those of low-fat sausages (Table 3). There were no significant differences in
saltiness between the low-fat sausages and the control at the end of the storage.

3. Conclusions

The assays showed that Bologna turkey sausages, in which fat was partially replaced with
either potato starch or pea fibre, can be stored for four weeks at 4 °C without negatively
affecting microbiological quality. If the sanitary conditions of the raw materials and the
processing are good, these sausages remain microbiologically stable under the studied
circumstances.

Based on the instrumental colour measurements, colour fading did not occur during
storage. Regarding the sensory attributes as odour, consistency, taste, and overall impact,
sausages in which 25% of fat was substituted with pea fibre or potato starch were assessed as
having the same quality as the control during the four-week chilled storage; while the sensory
quality of sausages in which 50% or 75% of fat was substituted showed some decline.

Changes in saltiness were associated with that of juiciness, as the perception of salty
taste depends on the amount of salty liquid released from sausage during mastication. Initially,
low-fat sausages were assessed less salty than full-fat analogues with the same salt content.
However, based on the result of present storage experiment, this phenomenon was temporary.
Differences only existed at the early stage of storage. Sausages had the same saltiness at the
end of the four-week storage period. The background of this observation is that initial high
levels of juiciness and saltiness of the control product decreased by time, while those of low-
fat products remained at the same level during the four-week storage.
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