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Inoculation of Lactobacillus sakei on Quality Traits of Dry
Fermented Sausages
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ABSTRACT: In this study, fermented sausage prepared by inoculating different strains of Lactobacillus sakei was assessed
for their physiochemical, microbiological, and textural characteristics during fermentation and ripening. Five treatments
were prepared: Control (commercial starter culture, C), L. sakei Korean Collection for Type Cultures (KCTC)-3802 (S1), L.
sakei KCTC-3598 (S2), L. sakei KCTC-5053 (S3), and L. sakei KCTC-3603 (S4). The different strains of L. sakei did not show
substantial differences (P>0.05) in pH values for dry fermented sausages at the end of the ripening period. Water activity
(aw) values for all treatments were below 0.85 (P<0.05). Total viable count at the end of the study decreased in all L. sa-
kei starter culture inoculated fermented sausages as S3> S2> S1> S4. High values of lactic acid bacteria (LAB) count and
hardness were observed in the S2 batch as compared to other L. sakei inoculated treatments at the end of ripening (21st
day). S3 inoculated with L. sakei strain exhibited significantly (P<0.05) higher value of a* (redness). A significant differ-
ence (P<0.05) in thiobarbituric acid reactive substances was exhibited in the following order: S4> S2> S1> S3> C. This
study suggests that inoculation of S3 (L. sakei KCTC-5053) strain can improve the red color and reduce lipid oxidation
while S2 enhances better microbiological quality as LAB. Incorporation of S3 and S2 strains accordingly can be helpful to

enhance the quality of dry fermented sausages.
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INTRODUCTION

The perishable nature of meat and meat byproducts,
caused by factors such as high water and nutrient content
of the ground matrix, and the absence of a lactic acid pro-
tective microflora, results in spoilage and the production
of pathogenic bacteria (Escherichia coli, Staphylococcus aur-
eus, Listeria monocytogenes, Clostridium perfringens, and Sal-
monella spp.) that cause food-borne illness/diseases (Nas-
tasijevic et al., 2009). Fermentation is one of the bio-pre-
servation techniques used in both new and traditional
foods and defined as an energy-producing microbial me-
tabolism in which an organic substrate, a carbohydrate,
is incompletely oxidized and an organic carbohydrate
serves as an electron acceptor (Buckel, 2021). In turn,
the process yields food products with unique characteris-
tics appreciated by consumers. Adams (1990) identified
three major benefits of meat fermentation: safety, accept-
ability, and stability. Fermented meat products are still
very popular and manufactured in huge quantities, par-
ticularly in Europe, owing to their unique and peculiar

sensory qualities, convenience, and alleged culinary and
cultural heritage (Leroy et al., 2013). In Spain and Ger-
many, there are more than 50 and 350 types of fermented
sausages, respectively (Hutkins, 2006).

A starter culture is a microbiological culture of defined
organisms made up of cultivation medium or nutrient
liquids colonized by living microorganisms for fermenta-
tion (Pilevar and Hosseini, 2017). The incorporation of
starter culture into the meat during manufacturing of dry-
fermented sausage significantly reduces the ripening pe-
riod. The use of lactic acid bacteria (LAB) as starter cul-
ture produces meat products with desirable character-
istics and health benefits, as well as contributing to food
safety and quality in terms of physiochemical and sensory
characteristics (Parvez et al., 2006; Justo et al., 2013). As
far as LAB starter cultivation is concerned, Lactobacillus sa-
kei, Lactobacillus acidilactici, Lactobacillus curvatus, Lactoba-
cillus pentosus, Lactobacillus casei, and Pedicoccus pentosaceus
are the main species used for the fermentation process
(Hugas and Monfort, 1997).

The species name L. sakei is derived from its isolation
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and characterization from ‘sake’, a fermented rice bever-
age (Katagiri et al., 1934). This species has a lot of genet-
ic variability, which can be seen when looking at differ-
ent strains, and on which its numerous features in meat
products: starter, spoiler, and protective culture, are most
likely based. Because of its resilience to a variety of cul-
ture conditions and antibacterial properties, L. sakei was
employed in fermented sausages (Gelinski et al., 2019).
The ability to cope with high NaCl concentrations, acidic
pH, or high temperatures vary between L. Sakei strains.
The aptitude of L. sakei strains to fast acidification is an
important characteristic as it has an impact on taste and
safety, aroma, and bacteriostatic and bactericidal effects
(Leroy et al., 2006). L. sakei is also one of the few LAB that
has a heme-dependent catalase (Chaillou et al., 2005).

The role of L. sakei in the fermentation of different types
of meat products of various country origins was reported
by several authors (Nguyen et al., 2010; Wanangkarn et
al.,, 2014; Fontana et al.,, 2016; Tamang et al., 2016).
However, the effect of different strains of sakei species
on quality characteristics of dry fermented sausages dur-
ing fermentation and ripening was not conducted to date.
We believe that evaluating the functional features of in-
dividual strains can help in the selection and production
of high-quality fermented meats on an industrial scale,
whether they are employed as a single strain or a mix of
strains. Therefore, this study was conducted to investi-
gate the quality traits (physicochemical and microbiolog-
ical) of dry fermented sausage using four different strains
of L. sakei as starter cultures: KCTC-3802, KCTC-3598,
KCTC-5053, and KCTC-3603 as compared to the control
(C), commercial starter culture.

MATERIALS AND METHODS

Bacterial cultures preparation

The strains of L. sakei were purchased from the Korean
Collection for Type Cultures (KCTC, Daejeon, Korea),
the Biological Resource Center (BRC) of the Korea Re-
search Institute of Bioscience and Biotechnology (KRIBB,
Daejeon, Korea), as lyophilized stocks. The commercial
starter culture, Starterkulturen Almi Rohschinken was
purchased from the market (Almi GmbH & Co KG, Ofter-
ing, Austria) and used as 5th treatment and positive con-
trol. All the strains were enriched with de Mane Rogosae
Sharpe (MRS) medium (Becton, Dickinson and Company,
Le-Pont-de-Claix, France) at 37°C overnight, harvested by
centrifugation at 4,000 rpm for 10 min at 6°C, and wash-
ed and re-suspended in saline solution (0.85% NaCl).
The formed pellets were reconstituted with lipolyzing
solution which contain 50% glycerol, 11% skim milk and
39% MRS broth (v/v) as a cryoprotectant and stored at
—21°C until further use. Hence, five starter cultures

strains used for the fermented sausages with their as-
signed codes were Starterkulturen Almi Rohschinken,
KCTC-3802, KCTC-3598, KCTC-5053, and KCTC-3603.
The intended suspension incorporated in the sausage
batter was one mL/kg (v/w), and each starting culture
had about 6 log colony forming unit (CFU)/g. A hemo-
cytometer (Marienfeld-Superior; Paul Marienfeld GmbH
& Co. KG, Lauda-Koénigshofen, Germany) with a comput-
er magnification system was used to count viable cells in
the starter culture suspensions.

Manufacturing of dry fermented sausages

Pork loins were purchased from a local abattoir from the
Gyeongsan market, 24 h post slaughter. Chilled lean pork
meat and belly fat was cut and chopped by using a meat
mincer (M-12S; Hankook Fujee Industries Co., Ltd., Su-
won, Korea) after the removal of visible fat and connec-
tive tissue from the lean pork meat. The basic sausage
mixture was prepared using ground lean pork meat (73%),
pork belly (21%), water (12%), salt (2%), sodium ascor-
bate (0.4%), sugar (0.75%), glucose (0.85%), and spices
(0.20%). All the ingredients and additives were mixed
thoroughly using a rotary food mixer (Spar Food Machin-
ery MFG Co., Ltd., Taichung City, Taiwan). The batter
was divided into five batches (3 kg each), four for the L.
sakei strains and one for the commercial starter culture
(10° CFU/g). These were added randomly to the divided
meat batches accordingly. The batches were named as fol-
lows: Control (Starterkulturen Almi Rohschinken, com-
mercial starter culture) (C), KCTC-3802 (S1), KCTC-
3598 (S2), KCTC-5053 (S3), and KCTC-3603 (S4). The
meat batters were stuffed into 50-mm diameter collagen
casings (IKJIN Co., Ltd., Seoul, Korea) with a vacuum fill-
ing machine (RVF 327; Diiker-REX Fleischereimaschinen
GmbH, Laufach, Germany). The five batches were man-
ufactured with the same ingredients, formulation, and
technology at the same time. The fermentation of sausages
was performed in a chamber (SMK-2000SL; Metatek, Su-
won, Korea) for seven days at 23°C with relative humid-
ity (RH) of 90% to 95%. The ripening period (14~21
days) following fermentation was carried out at 15°C with
RH ranging from 70% to 75%. The samples were col-
lected from each batch at 7, 14, and 21 days, and physico-
chemical and microbiological analyses were performed.

Microbiological analysis

Samples (10 g) from each batch were homogenized in
90-mL saline water (8.5 g/L NaCl) using a Stomacher Lab
Blender (model 400 Circulator; Seward Laboratory Sys-
tems, New York, NY, USA) for 3 min. Decimal dilutions
were prepared to carry out the following analyses: (i)
Total viable count (TVC) in plate count agar at 30°C for
48 h; and (ii) LAB in MRS at 30°C for 48 h. The average
numbers of colonies per countable plate were counted
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and CFU/g were determined.

Determination of pH

To measure the pH value, 3 g from each fermented saus-
age treatment was homogenized with 30 mL distilled wa-
ter for 10 to 15 s, and pH was measured by a digital pH
meter (Mettler Toledo, Columbus, OH, USA).

Water activity

Water activity (aw) of sausages was examined by direct
reading on the water activity measuring meter (Lab Mas-
ter-aw, Aqualab CX-2; Novasina, Lachen, Switzerland) at
25°C using 3 g of finely chopped fermented sausage sam-
ples. All described analyses were performed in the tripli-
cate.

Salinity analysis

The salinity percentage was determined using salinity me-
ter (Eutech Salt 6+; Thermo Fisher Scientific, Waltham,
MA, USA) after homogenizing 3 g of a ground sample
with 15-mL distilled water.

Thiobarbituric acid reactive substances (TBARS) analysis
Analysis of lipid oxidation was performed by analyzing
the TBARS (Pikul et al., 1989). The fermented sausage
sample (5 g) was homogenized with 50 pL of BHA (7.2%
in ethanol) and 15 mL of distilled water and then centri-
fuged at 2,000 rpm for 15 min using a centrifuge (Hanil
Science Industrial Co., Ltd., Incheon, Korea). The super-
natant (2 mL) was mixed with 4 mL thiobarbituric acid
(TBA) solution (20 mM TBA in 15% trichloroacetic acid)
followed by heating in a water bath at 90°C for 30 min
and then cooling to room temperature. Therefore, TBARS
were extracted from cooled samples. The absorbance of
each sample was measured at 532 nm using a spectro-
photometer (Multiskan GO; Thermo Fisher Scientific).
TBARS, mg malondialdehyde (MDA)/kg sausage was cal-
culated by multiplying the optical density of the reading
with a K factor of 5.2.

Determination of color

Color of the sausages was determined using a chromame-
ter (CR 300; Minolta Co., Tokyo, Japan), and expressed
as L* (lightness), a* (redness), and b*(yellowness) ac-
cording to the Commission Internationale de 1“Eclairage
lab system. Prior to each analysis session, the chromame-
ter was calibrated using the manufacturer supplied white
calibration tile. For each analyzed sausage, color was
measured on the interior side of the sausages after re-
moval of the casing. For each trait, the average values were
calculated from three replications of randomly measured
readings.

Texture profile analysis (TPA)

TPA for the sausage samples was performed using TPA
analyzer (TA 1; Lloyd Instruments, Largo, FL, USA). Four
cubic shapes (1-cm long, 1-cm thick, and 1-cm wide)
from each dry fermented sausage were subjected to the
analysis. A double compression cycle test was performed
up to 70% compression of the original portion. A time
of 2 s could elapse between the two compression cycles.
Force-time deformation curves were obtained witha 1 N
load cell applied at a crosshead speed of 2 mm/s. The
following parameters were quantified: hardness (kgf),
maximum force required to compress the sample; spring-
iness (m), ability of the sample to recover its original
form after deforming force was removed; cohesiveness,
extent to which the sample could be deformed prior to
rupture; and chewiness (kgf), work required to masticate
the sample before swallowing.

Volatile basic nitrogen (VBN) analysis

Measurements of the VBN content of samples were de-
termined using the Conway micro diffusion method (Con-
way, 1950). Two Conway’s tools per each sample were
used after cleaning with a neutral detergent. A sealing
agent (Vaseline) was applied to the edge of the outer
ring of each unit. Sample (3 g) was homogenized with
30 mL of distilled water at 1,000 rpm for 1 min using a
homogenizer. The homogenate was filtered using What-
man #1 filter paper (GE Healthcare Life Sci., Pittsburg,
PA, USA). The filtrate (1 mL) was pipetted to the outer
chamber of a Conway micro diffusion unit, and 1 mL of
0.01 N boric acid (H3BO3) and 100 pL of Conway indi-
cator (0.066% bromocresol green: 0.066% methyl red,
1:1) were pipetted to the inner chamber. Then, 1 mL 50%
potassium carbonate (K;CO3) was added to the outer
chamber of the Conway unit and sealed immediately. In-
cubation was then performed for 2 h at 37°C. After the
addition of 0.02 N sulfuric acid (H.SOs) to the inner
chamber of the Conway unit, the VBN contents were
measured. Total VBN values were expressed in mg%.

Statistical analysis

The experimental data was analyzed via a one-way
ANOVA using SAS software version 9.4 (SAS Institute,
Cary, NC, USA). A significance level of (P<0.05) was
used for all examinations. Differences among the means
were compared by Duncan’s multiple range test.

RESULTS AND DISCUSSION

The microorganisms with the greatest impact on spoilage
of meat products packed in aerobic conditions are usu-
ally Pseudomonadaceae and Enterobacteriaceae. When
adequately cooked before consumption, they can be a
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source of cross-contamination during meal preparation.
LAB, Brochothrix thermosphacta and L. sakei have been re-
ported to successfully inhibit spoilage bacteria in ground
meat and sausages (Chaillou et al., 2005; Zagorec and
Champomier-Verges, 2017). Statistical analysis showed
a significant difference (P<0.05) on TVC between con-
trol and inoculated L. sakei strain sausages. Initial (7th
day) TVC counts in inoculated batches were higher (ex-
cept for S1) than those in the control batch 7.86< 8.27<
8.34 log CFU/g for S4, S3, and S2, respectively (Table 1).
At the end of the fermentation phase, TVC was signifi-
cantly lower in control sausages (P<0.05) while S2 had
the highest value. The use of L. sakei starter culture strains
to produce sausages significantly affected the amount of
TVC as a decline was observed in inoculated sausages as
the ripening process increased. Batches inoculated with
L. sakei starter culture strains (S2 and S3) showed higher
values for total plate count among other treatments on
day 14 of the ripening process. TVC decreased about 1.53,
1.06, 0.88 and 0.42 log CFU/g in L. sakei fermented sau-
sages of S3, S2, S1 and S4, respectively, from initial to fi-
nal values. TVC values greater than 8 log CFU/g, accord-
ing to Lamkey et al. (1991), indicated that the meat was
in the spoilage stage due to microbial activity. The total
plate count of all the treatments in this study did not ex-
ceed the stated value.

The Lactobacillus spp. counts, monitored throughout the
study period, rapidly increased from the initial range of
7.47 log CFU/g to 8.30 log CFU/g on day 7 and then sig-
nificantly (P<0.05) decreased to 6.18 to 7.25 log CFU/g
on day 21 (end of ripening) (Table 1). The maximum LAB
level was observed on the day 7 (end of fermentation) and
then a slight decrease was observed at the end of ripen-
ing. This slight decrease of LAB during ripening might be
due to reduction in water activity and fermentable carbo-
hydrates (Lorenzo and Franco, 2012). A higher value of
LAB count was observed in S2 as compared to other L.

saket inoculated treatments throughout the ripening pe-
riod (14 to 21 days). Final products can be ordered from
highest to the lowest on the bases of their LAB count as
follow: S2> S4> S1 with the corresponding values of
7.25, 7.17, and 6.48 log CFU/g, respectively. These out-
comes agree with those reported by Baka et al. (2011).
LAB counts, which have an important role for the forma-
tion of characteristic acidic taste and flavor of sausage,
considerably increased during fermentation. LAB became
the dominating bacterium as expected due to their good
adaption to the meat environment and quicker growth
rates throughout fermentation and sausage ripening
(Essid and Hassouna, 2013). The lowered pH, lactic acid
and other metabolites are generated to inhibit growth of
other microorganism groups, including molds, during the
fermentation of sausages (Bacha et al., 2010).

Values corresponding to pH, water activity and salinity
throughout study period are summarized in Table 2. The
presence of L. sakei led to acidification of the samples
probably boosted by the added dextrose. The pH decrease
inhibits undesirable microorganisms, accelerates the re-
duction of nitrite to nitric oxide, affects the flavor of the
product, and facilitates meat binding capacity to improve
firmness and slice ability (Varnam and Sutherland 1995;
Liicke, 1998), all of which contribute to the safety and
quality of the sausages. As shown in Table 2, lower pH
values as compared to other treatments were exhibited
in S3 and S4 having similar value of 4.67 at the end of
fermentation (day 7). The pH for S2 had a lower value of
4.68 as compared to other L. sakei inoculated sausages
during the ripening period (day 14). However, the differ-
ent strains of L. sakei starter cultures did not have a sub-
stantial difference (P>0.05) in pH values for the ferment-
ed sausages at the end of the ripening process. Our study
showed that inoculated sausages had lower pH values
ranging from 4.72 to 4.79 than the control (4.81) on day
21. After fermentation, the pH values significantly (P<

Table 1. Total viable count (TVC) and lactic acid bacteria (LAB) of dry fermented sausage inoculated with different strains of

Lactobacillus saker starter cultures during fermentation and ripening

(unit: log CFU/qg)

Treatment
Parameter Day SEM
C S1 S2 S3 S4
VG 7 756 7.18% 8.34% 8.27* 7.86°4 0.48
14 7.69 627 7.52%8 7.62°4 7.25% 0.23
21 5.90% 6.30% 7.28% 6.74°° 7.44%8 0.13
SEM 0.40 0.39 0.20 0.38 0.27
LAB 7 8.30™ 7.85%4 8.12%A 7.76%" 7.47% 0.41
14 7.78%® 6.32"8 7.11%® 6.24"8 5.99"8 0.38
21 6.18% 6.48%8 7.25% 621 7.17% 0.05
SEM 0.23 0.49 0.25 0.36 0.18

Treatments are different strain of L. sake/ starter culture used in this study: C, commercial starter culture control; S1, L. sake/
Korean Collection for Type Cultures (KCTC)-3802; S2, L. sakei KCTC-3598; S3, L. sake/ KCTC-5053; S4, L. sakei KCTC-3603; SEM,

standard error of mean; CFU, colony forming unit.

Different letters (a-d) within a row are significantly different at ~£<0.05 (n=3). Different letters (A-C) within a column of the different

storage days are significantly different (~<0.05).
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Table 2. Effect of different strains of Lactobacillus sakei starter cultures on pH, water activity (aw), and salinity of dry fermented

sausages during fermentation and ripening

Parameter Day Treatment SEM
C S1 S2 S3 S4
pH 7 4.70%® 4.70°® 471% 467 467 0.00
14 4.72° 473 4.68°¢ 4748 4744 0.01
21 481% 4.72% 474 4.79°* 4,75 0.00
SEM 0.01 0.01 0.01 0.01 0.01
aw 7 0.91* 0.90° 0.91% 0.91% 0.91% 0.00
14 0.83® 0.90% 0.80°® 0.82% 0.88% 0.00
21 0.80°¢ 0.80%® 0.78% 0.79%¢ 0.78*¢ 0.01
SEM 1.07 0.00 0.00 0.00 0.01
Salinity (%) 7 5.10% 4.73% 4.83¢ 467 4.92° 0.01
14 6.03* 472" 6.14%® 6.13% 5.58% 0.60
21 5.76%8 6.32% 6.16% 6.44% 6.39° 0.01
SEM 0.01 0.77 0.01 0.01 0.01

Treatments are different strain of L. sake/ starter culture used in this study: C, commercial starter culture control; S1, L. sakei
Korean Collection for Type Cultures (KCTC)-3802; S2, L. sakei KCTC-3598; S3, L. sakei KCTC-5053; S4, L. sakei KCTC-3603; SEM,

standard error of mean.

Different letters (a-e) within a row are significantly different (£<0.05). Different letters (A-C) within a column of the different storage

days are significantly different (~<0.05).

0.05) increased in control and inoculated fermented sau-
sages until the end of the ripening period. The rise in pH
during the final stages of ripening could be attributed to
proteolytic activity produced by microorganisms. Proteo-
lytic breakdown by bacterial proteases produces peptides,
amino acids, and amines, which act as buffers for the or-
ganic acids produced by LAB during fermentation (Ruiz-
Moyano et al., 2011).

Cured meats such as ham, fermented meats such as sau-
sage and pepperoni, and dried meats such as jerky are ex-
amples of meat products that use water activity to increase
shelf-stability. Most meat products with lower ay levels,
use salt to bind water and drying techniques to reduce
the total moisture content, as a result, the product’s ay
decreases. The aw of L. sakei inoculated fermented sau-
sages significantly decreased throughout the ripening
process ranging from 0.91 to 0.78 (Table 2). After 7 days
of fermentation in sausages fermented by L. sakei, a no-
table decline was observed in C, S2, S3, and S4. At the end
of the ripening process, ay values have no significant dif-
ference (P>0.05) for inoculated and non-inoculated treat-
ments. Our conclusions concur with previous reports of
studies, in which the ay, value of treatments with various
starter cultures during their maturation did not differ sig-
nificantly (Chen et al., 2021). At day 21, all treatments
were considered acceptable for food quality, as they were
lower than the maximum value of 0.95 (Papadima and
Bloukas, 1999). In terms of food safety, a lower ay is con-
sidered better to inhibit the growth of pathogenic and
spoilage bacteria. The statistical analysis revealed no sig-
nificant difference (P>0.05) between the inoculated and
control sausages at the end of ripening process. This find-
ing contradicts the findings of Kaban and Kaya (2009),

who discovered that samples with starter culture had low-
er levels of a,, values as compared to the control. Thus,
inoculation of L. sakei into dry fermented sausages can
contribute to shelf life extension.

Salt plays a variety of roles in fermented sausages, in-
cluding flavor, texture, microbiological safety, and over-
all acceptability. According to Terrell (1983) salt aids in
the solubilization of myofibrillar proteins, improves pro-
tein binding properties, and increases the viscosity of
meat batters. Fermented sausages having a high salt con-
tent contributes to the microbiological safety and shelf
life of the product by binding water, making it inaccessi-
ble to microorganisms. Initially, salt content for dry fer-
mented sausages incorporated with strains of L. sakei
had low values at day 7 (end of fermentation); however
a significant (P<0.05) increase was observed during the
ripening period (day 14). Products can be ordered from
highest to the lowest on the bases of their salinity as fol-
low: S3> S4> S1> S2> C with the corresponding values
of 6.44%, 6.39%, 6.32%, 6.16%, and 5.76%, respectively.
Typically, the average salt content in fermented sausage
stuffing ranges from 2.0% to 2.6%, and due to water loss
during drying, this proportion in the finished product
falls to 3.3% to 5.5% (Kovacevi¢ et al., 2014).

MDA is formed as result of lipid oxidation which causes
off-flavor of oxidized fat. The outcomes of lipid oxidation
are quality deterioration (rancid odor, off-flavor, drip
losses, discoloration, nutrient loss, and shelf life reduc-
tion) and also serious health risks (Chaijan, 2008;
Mapiye et al., 2012). During the ripening process (day
14), treatments inoculated with different strains of LAB
starter cultures showed a significant difference (P<0.05)
in TBARS content (Table 3), in the following order: S4>
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Table 3. Effect of different strains of Lactobacillus sakei starter cultures on thiobarbituric acid reactive substances (TBARS) and
volatile basic nitrogen (VBN) values of dry fermented sausages during fermentation and ripening

Treatment

Parameter Day SEM

C S1 S2 S3 S4
TBARS (mgMDA/kg) 7 0.90* 1.14% 0.77%® 101 1.18% 0.00
14 0.64%® 0.74® 0.88"* 0.66% 0.95% 0.00

SEM 0.00 0.01 0.00 0.01 0.00
VBN (mg%) 7 5.69%°8 5.60% 5.97% 5.60% 5,328 0.23
14 12.88% 7.00% 691 8.31% 8.40" 0.16

SEM 0.22 0.00 0.32 0.11 0.19

Treatments are different strain of L. sake/ starter culture used in this study: C, commercial starter culture control: S1, L. saker
Korean Collection for Type Cultures (KCTC)-3802; S2, L. sakei KCTC-3598; S3, L. sakei KCTC-5053; S4, L. sakei KCTC-3603; SEM,

standard error of mean; MDA, malondialdehyde.

Different letters (a—e) within a row are significantly different (~<0.05). Different letters (A,B) within a column of the different storage

days are significantly different (~<0.05).

S§2> S1> S3. The lowest treatment was the S3 L. sakei
inoculated fermented sausage at 0.66 mg MDA/kg fol-
lowed by the control. According to Munekata et al.
(2020), the possibility for the decrease in TBARS can be
associated to shorter service life, and to the presence of
antioxidants and spices in the recipe, which prevent lip-
id oxidation. Fermented sausages with TBARS in the
range of 0.6 to 2.8 mg MDA/kg are acceptable (Marco et
al., 2006). The TBARS values for all treatments in this
study did not exceed the stated range.

The VBN value represents the total growth of aerobic
bacteria in meat products (Jung et al., 2010). Bio-protec-
tive cultures, which inhibited the spoilage bacteria, were
able to reduce the total VBN values below 30 mg nitro-
gen/100 g (Comi et al., 2015). During the ripening peri-
od, the value of VBN significantly (P<0.05) increased for
inoculated fermented sausages and control, and these
findings agree with Egan et al. (1981) who observed that

accelerated protein degradation explains a higher VBN in
sausages. The VBN values (Table 3) of the L. sakei treat-
ed samples was significantly (P<0.05) lower than that of
the control at the end of the maturity period (day 14), the
values ranged from 6.91 mg% to 12.88 mg%. The lower
value of 6.91 mg% was observed for the S2 treated sam-
ple during ripening. VBN values ranging from 7 to 18
mg% was reported by Lin and Lin (2002) in Chinese style
dry-cured sausage during the ripening period.

The color traits lightness, redness, and yellowness of
fermented sausages during the study period are presented
in Table 4. Color changes, and particularly red dis-colo-
ration, are physiological at the end of the shelf-life of
sausages (Nuvoloni et al., 2012). Statistical analysis dis-
played that instrumental color of fermented sausages was
significantly (P<0.05) affected by the ripening time and
the use of L. sakei starter culture strains. These outcomes
agree with those reported by Essid and Hassouna (2013).

Table 4. Effect of different strains of Lactobacillus saker starter cultures on color values of dry fermented sausages during fermen-

tation and ripening

Treatment
Parameter Day SEM
C S1 S2 S3 S4
L* (lightness) 7 58.7°48 60.7°" 61.9° 65.2% 65.3% 2.45
14 60.4" 58.04" 61.8° 62.3" 59.8° 2.95
21 54,27 54,18 56,07 54.2%C 57.6%° 2.38
SEM 327 2.58 234 1.81 2.79
a* (redness) 7 8.45 8.95" 8.62 7.42 7.31"8 13
14 7.1 8.23"® 7.23 7.83 8.44" 1.12
21 7.37%° 6.57°® 8.00%° 8.37° 6.45°8 1.18
SEM 253 1.22 1.33 0.93 1.05
b* (yellowness) 7 7.14"® 7.50% 7.87%®° 8.37° 8.33° 0.64
14 8.82" 8.31 8.2 8.62 8.08 0.75
21 8.43" 8.74 8.56 9.44 7.95 1.07
SEM 0.61 0.96 0.67 0.94 0.97

Treatments are different strain of L. sake/ starter culture used in this study: C, commercial starter culture control; S1, L. sake/
Korean Collection for Type Cultures (KCTC)-3802; S2, L. sakei KCTC-3598; S3, L. sake/ KCTC-5053; S4, L. sakei KCTC-3603; SEM,

standard error of mean.

Different letters (a,b) within a row are significantly different (~<0.05). Different letters (A,B) within a column of the different storage

days are significantly different (~<0.05).



482

S3 and S4 have the highest value of L* during fermenta-
tion but reduction in the lightness was observed in S2,
S3, and S4 at day14. At the end of ripening, treatments
S4 and S2 exhibited a higher value of L*, whereas the
lowest L* values of sausages were in batches inoculated
with S1 starter cultures and overall, no significant differ-
ence (P>0.05) was observed between the inoculated and
control sausages. Red intensity is the most sensitive pa-
rameter for measuring color, characterization of red col-
or, and color stability (Garcia-Esteban et al., 2003). The
formation of nitrosyl-myoglobin by the reaction of nitro-
gen monoxide with myoglobin is clearly responsible for
the increase in redness. After fermentation (day 7) and
to the end of ripening (day 21), the redness significantly
(P<0.05) decreased in all treatments except for S3, as
redness value increased from 7.42 to 8.37 at the end of
ripening. The reduction in a* in these treatments is most
likely due to reduction in Microccaeceae count. Micrococca-
ceae can generate catalase, an enzyme that degrades the
hydrogen peroxide (H,O,) produced by LAB. The heme
pigments in sausages are attacked by H,O,, resulting in
oxidative discoloration. The elevated b* values were ob-
served in treated batches in the following order S3>
S1> S2> C throughout ripening, but the sample inocu-
lated with S4 showed a decrease in yellowness during
this period (14 to 21 days), which is most likely due to
oxygen consumption by microorganisms during their ex-
ponential growth phase and a decrease in oxymyoglobin.
Eventually for yellowness, no significant (P>0.05) differ-
ences were observed between the control and all L. sakei

Ameer et al.

starter culture inoculated sausages.

TPA for the control and starter-inoculated sausages are
reported in Table 5. Addition of different strains of L. sa-
kei starter cultures did not affect the TPA trait of spring-
iness across the study period; however, substantial dif-
ferences (P<0.05) were observed in hardness, cohesive-
ness, and chewiness traits of dry fermented sausages in
the final products of all treatment samples. The values of
hardness were in the following order S2> S1> S3> S4
but these values were lower as compared to control at
the end of maturation. The treatment ranking for spring-
iness was S3, S4>S2, and C>S1. Hardness of the L. sakei
inoculated fermented sausages was significantly influ-
enced by the ripening time and increased from the initial
mean values 0.82 to 1.03 kgf (day 7) to 1.55 to 2.93 kgf
(day 21). A slight increase in springiness was exhibited
in all the treatments at the end of ripening, which was
maybe due to differences in biochemical processes that
have affected the evaporation of water from the products
during the drying process. C and S1 gave the highest
score (0.15) for the cohesiveness trait. The cohesiveness
trait significantly decreased (P<0.05) for the treated
batches throughout ripening (14 to 21 days) and values
were ordered as follows: C, S1>S3, and S4>S2. The pos-
sible reason for this decline may be due to loss in binding
and rheological properties of ingredients because of dry-
ness. Similarly, previous studies have shown that both
hardness and chewiness increased in low fat dry ferment-
ed sausages due to moisture loss during the dry curing
process (Salazar et al., 2009). The findings of our study

Table 5. Effect of different strains of Lactobacillus saker starter cultures on texture profile analysis of dry fermented sausages

during fermentation and ripening

Treatment

Parameter Day SEM

C S1 S2 S3 S4
Hardness (kgf) 7 0.82° 1.03° 1,028 0.92° 0.87 0.13
14 1.358 1.28° 1.39° 1.28° 1.11 0.15
21 2.93% 2.21%4 2.27°% 1.84° 1.55° 0.51

SEM 0.33 0.21 0.37 0.20 0.41
Springiness (m) 7 0.83 0.92 0.92° 0.92° 0.91° 0.06
14 0.84° 0.94° 0.94%8 0.95*8 0.948 0.04
21 0.96 0.94 0.96* 0.974 0.974 0.02

SEM 0.08 0.05 0.01 0.01 0.02
Cohesiveness 7 0.30* 0.324 0314 0.274 0.28 0.05
14 0.23"® 0.24* 0.23* 0.20"8 0.218 0.03
21 0.15% 0.15% 0.08%® 0.12°08 0.12%¢ 0.03

SEM 0.04 0.04 0.04 0.05 0.02
Chewiness (kgf) 7 0218 0.31 0.29 0.23 0.22 0.08
14 0.248 0.27 0.27 0.22 0.21 0.05
21 0.44% 0.32°% 0.17° 0.22° 0.18° 0.09

SEM 0.08 0.09 0.08 0.08 0.04

Treatments are different strain of L. sake/ starter culture used in this study: C, commercial starter culture control; S1, L. sake/
Korean Collection for Type Cultures (KCTC)-3802; S2, L. sakei KCTC-3598; S3, L. sake/ KCTC-5053; S4, L. sakei KCTC-3603; SEM,

standard error of mean.

Different letters (a,b) within a row are significantly different (~<0.05). Different letters (A-C) within a column of the different storage

days are significantly different (~<0.05).
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are consistent with those of Essid and Hassouna (2013),
who found no significant differences between control and
inoculated sausages. However, no significant (P>0.05)
differences were observed among the inoculated treat-
ments and control in springiness and adhesiveness pro-
files during the study period.

In conclusion, different strains of L. sakei had a signifi-
cant influence on LAB, TBARS, and VBN values of dry
fermented sausages after the ripening period. The inocu-
lation of L. saket KCTC-3598 (S2) imparted a beneficial
effect on LAB count, and L. saket KCTC-5053 (S3) was
helpful in reduction of lipid oxidation (TBARS) and in-
strumental color. Hence, these strains would be good
candidates for enhancing the quality attributes of dry fer-
mented sausages.
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