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Featured Application

Adding plant-origin ingredients, which are rich in pro-healthy compounds, such as polyphe-
nolics, is one of the most important ways to develop functional foods. Since such foods
should not differ from traditional foods in their quality characteristics, it is very important
to evaluate the effects of new-type additives on the quality. Our study evaluated the
application of strawberry leaf extract in dry fermented sausages, determining their quality
and oxidative characteristics.

Abstract

o

Strawberry leaf extract (SLE) was used in dry fermented sausages, “Salchichén”, to enrich
them with antioxidants. The effect of SLE on various characteristics was monitored during
ripening and storage. SLE had a slight effect on microbiological characteristics; however,
the pH after 3, 14, and 21 days was slightly lower (4.51-4.55) in the samples with higher
SLE concentration (0.5% + 1% dextrose). Peroxide value (PV) and thiobarbituric acid
reactive substances (TBARS) values of sausages with SLE and with ascorbic acid (reference
antioxidant), at the end of ripening, were similar. SLE acted as a pro-oxidant when the
sausage was stored in the light; however, it showed antioxidant activity in the dark and
at 50 °C storage conditions. Higher extract concentration reduced redness a* value and
increased yellowness b* value in the CIELab colour system. Addition of SLE to dry
fermented sausages has no negative effect on the ripening process; however, storage
conditions of the final product should be carefully controlled. Sensory analysis of the
final product showed that SLE imparts a recognisable herbal odour; however, it did not
reduce the overall product acceptability. It may be concluded that SLE may be a promising
ingredient for increasing the nutritional quality of fermented sausages.

Keywords: dry fermented sausage; Salchichén; strawberry leaf extract; ripening; oxidative
stability; colour coordinates; sensory quality

1. Introduction

Natural food additives derived from herbs and spices may confer several benefits to
foods; they can provide desirable flavour properties, improve the stability of foods by an-
tioxidant and/or antimicrobial activity and increase their health benefits by enriching them
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with bioactive plant phytochemicals. In addition, natural additives may be a substitute
for synthetic ones, which are rather unwanted by consumers. All these aspects have been
important for the increasing interest in the search for new sources of natural additives and
the wide testing of their applications in various foods.

Meat products containing lipids and proteins, as well as high concentrations of pro-
oxidants as metallo-proteins, are susceptible to oxidation [1,2]. During the manufacture of
dry fermented sausages, apart from microbiological changes and various physicochemi-
cal modifications (including dehydration, fermentation, colour changes, proteolysis and
lipolysis), lipid oxidation is one of the major deteriorative processes occurring during
sausage ripening [3]. Lipid oxidation is considered the main factor responsible for the
reduced quality and acceptability of meat products, due to the development of off-taste
and off-odour, and the formation of potentially toxic compounds [4]. The use of natural
antioxidants to increase the shelf-life of meat products is a promising technology since
many plant-derived substances exhibit antioxidant and antimicrobial properties. There-
fore, functional properties of numerous plant extracts such as rosemary [5], thyme [6],
borage [7], stinging nettle, roselle [8], mate [9], green tea [10] and rose polyphenols [11]
were investigated and proven to possess high antioxidant activity concerning their lipid
oxidation inhibitory properties in dry fermented sausages. In addition, recent studies have
demonstrated that plant extracts exhibited antiochratoxigenic effects against Penicillium
nordicum in dry-cured sausages [12,13] and improved the safety of fermented sausage by
inhibiting biogenic amine formation and spoilage bacterial growth [14].

Strawberry (Fragaria x ananassa) belongs to the subfamily Rosoideae of the Rosaceae
family. Strawberry fruits and juice press-cake are rich in secondary metabolites such as
phenolic acids, flavonols, anthocyanins, proanthocyanidins, galloylglucoses and ellagi-
tannins [15]. They were reported to possess in vitro and in vivo antioxidant properties
as well as various other beneficial biological effects [16,17]. However, the fruits are con-
sumed fresh or processed into various confectionery products, while the leaves were also
reported to contain valuable phytoconstituents, including phenolic acids (p-coumaric,
chlorogenic, ellagic), flavonols (kaempferol, quercetin and catechin derivatives), proan-
thocyanidins, galloylglucoses and ellagitannins [18-22]. Hanhineva and others [23] first
reported phenylethanol derivatives of phenylpropanoid glycosides in the leaves of straw-
berries, while another study determined that the most predominant phenolic group in
strawberry leaves comprises quercetin derivatives, quercetin-3-O-rutinoside and quercetin-
3-O-glucuronide, being the most abundant flavonol glycosydes [24].

In our previous study, we showed that ethanolic strawberry leaf extract (SLE) at the
doses of 1, 2, and 5% retarded fish oil oxidation during its storage [25]; however, such
extracts have not been tested in a system containing protein-lipids such as meat products.
To fill this gap, this work aimed to evaluate the applicability of SLE in the production
of fermented sausages. For this purpose, the effect of SLE on the following quality char-
acteristics was investigated: oxidative stability (PV and TBARS values), some important
quality parameters (pH, moisture, water activity, fatty acids composition), microbiological
characteristics (lactic acid bacteria (LAB), Micrococcaceae, Enterobacteria) and sensorial
attributes (colour and odour) of dry fermented sausage “Salchichén” formulated with
different dextrose levels (0.3 and 1%) during ripening (28 days) and storage under different
conditions (light, dark, 50 °C). The development of natural additives with antioxidant
potential and their application in meat products may increase functional properties (health
benefits) of such products and prolong their storage shelf life. In addition, the use of natural
additives may improve consumers’ opinion about the processed meat products.
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2. Materials and Methods
2.1. Preparation of Strawberry Leaf Extract (SLE)

Garden strawberry leaves were obtained from Lithuanian Institute of Horticulture;
they were collected after the final harvest of berries, on 25-28 July; the combined sample
consisted of cultivars ‘Elkat’, ‘Venta’, "Honeoye’, ‘Bogota’, ‘Pandora’, ‘Dukat” and ‘Pegasus’.
The leaves were dried in an oven SCC061E (Baltic Master, Vilnius, Lithuania) at 40 °C and
milled in an ultra-Centrifugal Mill ZM 200 (Retsch GmbH, Haan, Germany). Dry plant
powder (200 g) was extracted with 3 L of 70% ethanol for 8 h in a multipurpose apparatus
UMC12 (Stephan Machinery GmbH, Hameln, Germany). The extract was centrifuged, and
the residue was re-extracted twice, each time with 3 L of solvent. Supernatant fluids from
3 extractions were combined and dried in a spray dryer B-290 equipped with a refrigeration
unit for collecting organic solvents, Inert Loop B-295 (Biichi, Flawil, Switzerland). Dried
extract was stored at —20 °C until used.

2.2. Determination of Chlorophyll Content in Strawberry Leaf Extract

The contents of chlorophylls a (Chl a) and b (Chl b), as well as total chlorophylls,
were determined spectrophotometrically [26]. Dried extract (0.25 g) was dissolved in 5 mL
of 80% (v/v) acetone solution in water. After filtration through a Whatman No. 4 filter,
the absorbance was read at 663 and 646 nm to measure the content of Chl a and Chl b,
respectively. The total chlorophyll content was calculated as the sum of Chl a and Chl b.
Three replicate analyses were performed, and the results were expressed in mg/100 g of
SLE on a dry weight basis.

2.3. Production of Fermented Sausage

The mixture for dry fermented sausage “Salchichén” was prepared using the following
formula (w/w): 60% lean pork meat, 40% pork back fat, 2.2% salt, 2% ground black pepper,
0.9% red vine, 0.6% ground nutmeg, 0.1% whole black pepper, 0.1% ground white pepper,
0.1% phosphate, 0.03% starter culture, 0.015% nitrite, and 0.01% nitrate. Meat was ground
in a Cato mincer (Sabadell, Spain) to a particle size of approximately 8 mm at 0 °C. Then,
it was mixed in an AV-30 Talleres Cato mixer (Sabadell, Spain) with other ingredients.
Lactobacillus sakei, Staphylococcus xylosus, and Staphylococcus carnosus were used as starter
cultures. The final mixture was divided into 5 parts, which were used to prepare 5 different
batches of dry fermented sausages with the following ingredients: batch A—control with
0.3% ascorbic acid (reference antioxidant) and 0.3% dextrose; batch B1—with 0.3% dextrose
and 0.1% SLE; batch B2—with 0.3% dextrose and 0.5% SLE; batch C1—with 1% dextrose
and 0.1% SLE; batch C2—with 1% dextrose and 0.5% SLE. The content of the added SLE was
selected based on a preliminary evaluation of the extract’s effect on sensory quality; higher
concentrations resulted in an undesirable increase in herbal and acid notes. The mixtures
were stuffed into 47 mm diameter collagen sausage casings (Viscofan, Navarre, Spain). The
sausages were fermented in a ripening chamber at 15 °C and 95% relative humidity (RH)
for 18 h. After this, the temperature was increased to 23 °C, and the RH was reduced to
90% for 48 h. For the next 10 days, temperature was reduced to 14-15 °C, and the RH to
85%. Finally, the ripening was completed at 75% RH in 28 days. The whole experiment
was replicated twice, and three measurements were carried out for each parameter studied
in each replica, unless otherwise indicated.

2.4. Microbiological Analysis

The changes in lactic acid bacteria (LAB), Enterobacteria and Staphylococcus spp. in
sausages were determined during the first days of ripening [27]. A slice of 25 g of sausage
without casing was aseptically transferred to a sterile plastic bag and pummelled for 120 s
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in a laboratory blender (Stomacher 400, Seward, London, UK) with 225 mL of Ringer
solution (Oxoid, Basingstoke, UK). Appropriate decimal dilutions of the samples were
prepared using the same solution, and 0.1 mL of each dilution was plated in duplicate on the
following media: (1) Violet Red Bile agar with Glucose (VRBG, Oxoid), incubated at 37 °C
for 24 h in anaerobic conditions, for Enterobacteriaceae counts; (2) De Man, Rogasa and
Sharpe agar (MRS, Oxoid) incubated at 30 °C for 48 h, for LAB counts; (3) Mannitol Salt Agar
(MSA, Oxoid) incubated at 30 °C for 48 h in anaerobic conditions for Staphylococci counts.
Two replicate samples were taken for each sample on day 1 (meat mixture prior to stuffing),
day 3 (end of fermentation) and day 7 (end of ripening) for microbiological analysis.

2.5. Determination of pH, Water Activity and Humidity

The humidity, water activity and pH were observed in dry fermented sausages during
storage. Humidity was determined by drying at 100 °C to a constant weight [28]. Water
activity (aw) was determined using Aqua Lab CX-2 equipment (Decagon, Washington, DC,
USA). The pH was measured using a pH meter equipped with a glass electrode.

2.6. Determination of Fatty Acid Composition

Fatty acid composition was determined during ripening. Fatty acid methyl esters
(FAMEs) were prepared using 14% boron trifluoride-methanol according to the AOCS
official method [29]. Lipid extract (25 mg) was weighed into a glass tube containing 1 mL of
internal standard (IS). Then, 1.5 mL of 0.5 mol /L methanolic NaOH solution was added, and
the tube was sealed with a cap, followed by mixing, heating for 5 min at 100 °C and cooling.
Two millilitres of 14% BH3 solution was added, and boiling was continued for 30 min.
Afterwards, the mixture was cooled to 3040 °C, and 1 mL of isooctane (Sigma-Aldrich,
Buchs, Switzerland) was added. The tube was sealed with a cap and shaken vigorously
for 30 s while still warm. Immediately, 5 mL of saturated salt solution was added, and the
tube was closed with a cap and agitated thoroughly. One millilitre of the isooctane layer
was transferred to a sample vial for the analysis of FAMEs by gas chromatography (GC).
A gas chromatograph (Agilent 6890N Series, Hewlett-Packard Co., Avondale, PA, USA)
equipped with a 7683B series auto-sampler and flame ionisation detector was used for
FAME:s analysis. Separation was performed on a fused silica capillary column Omegawax
TM-320 (30 m x 0.32 mm, 0.25 pm film thickness, Supelco, Bellefonte, PA, USA) by using
helium as a carrier gas at a flow rate of 1.8 mL/min. Injection volume was 1 pL at a split
ratio of 1:50. The temperature was held constant at 180 °C for 20 min, increased to 200 °C at
1 °C/min, held for 1 min, again increased to 220 °C at 5 °C/min and finally held constant
for 20 min. The compounds were identified by comparing their retention indexes with
those of FAME reference compounds (Sigma Chemical Co., St. Louis, MO, USA). The
concentration was calculated by using methyl tricosanoate as an IS. Two replicate analyses
were performed for each sample. Fatty acid composition was calculated as a percentage of
the total fatty acids present in the extracted fat.

2.7. Determination of Lipid Oxidation Under Different Storage Conditions

Lipid oxidation parameters were determined in fermented sausages during their
ripening (0, 7, 21 and 28 days) and under three different storage conditions. After ripening
(28 days), the sausages were cut into 1 cm slices, put on trays and placed in the light (1st
batch) and dark (2nd batch covered with aluminium foil). These two trays were kept
for 9 days at 26 °C in the same room, and measurements were performed after 3, 6 and
9 days. The third tray was placed in the oven at 50 °C for 6 h. The lipid oxidation level was
evaluated by TBARS values for the light, dark and 50 °C storage conditions.
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2.8. Lipid Extraction

Lipids were extracted with 60 mL of petroleum ether at 60 °C in a Biichi Soxhlet
extraction system (model B-811) for 4 h. The extracted lipids were dried in an oven at 60 °C
for 10 min and were stored at 4 °C until further analysis.

2.9. Measurement of Peroxide Value (PV)

The PV of the extracted lipids was measured in sausages during the ripening time,
using the AOCS Cd 8-53 official method [30]. Lipid extract (0.5 g) was dissolved in 10 mL of
chloroform and 15 mL of acetic acid. Then, 1 mL saturated solution of potassium iodide was
added, and the mixture was shaken by hand for 1 min and kept in the dark for 5 min. After
stabilisation, 75 mL of distilled water and 0.5 mL of starch indicator (1%) solution were
added. Then, the mixture was titrated with 0.002 M NayS,03 until the colour disappeared.
PV was expressed in milliequivalents (meq) of active oxygen per kg of lipids.

2.10. Measurement of 2-Thiobarbituric Acid Reactive Substances (TBARS)

TBARS values of sausages were determined by the spectrophotometric method [31].
Two grams of sausage was transferred into a 25 mL centrifuge tube and homogenised with
8 mL of 5% aqueous trichloroacetic acid (TCA) and 5 mL of 0.8% butylated hydroxytoluene
(BHT) in hexane. The content of the tube was centrifuged (3000 g, 3 min), the upper
hexane layer was removed, and the lower layer was filtered through a Whatman No. 54
filter. An aliquot of 2.5 mL was mixed with 1.5 mL of 0.8% aqueous TBA and heated
at 70 °C for 30 min. Finally, the absorbance was measured at 532 nm. The results were
expressed in mg of malondialdehyde (MDA)/kg of sample.

2.11. Colour Measurement

Colour measurements of fermented sausages were performed using a Hunter spec-
trophotometer (Minolta CM-2600D, Osaka, Japan). Hunter values were obtained using a
setting of D 65 (daylight, 65° light angle). The L* (lightness), a* (redness) and b* (yellowness)
values were measured on the surface of sliced sausages.

2.12. Instrumental Analysis by Electronic Nose

An electronic nose (e-nose) o Fox 4000 (Alpha M.O.S., Toulouse, France) equipped with
an 18-sensor array and controlled by AlphaSoft software version 9.1 was used to measure
the responses generated by the emitted sausage volatile compounds, which might have an
effect on product odour. Analyses were performed by an HS method using 6 g of ground
sausage, which was placed in a 20 mL capacity vial and incubated in the oven at 50 °C
for 5 min with intermittent shaking. Other parameters were as follows: acquisition time
120 s, acquisition period 0.5 s, acquisition delay 600 s, flow 150 mL/min, injection volume
1500 pL and injection speed 1.5 mL/s. Five replicates for each sample were prepared
for measurements.

2.13. Sensory Evaluation

A sensory evaluation of sausages was performed at the end of the ripening process (at
day 28). A total of 10 experienced panellists, including graduate students and staff members
of the Department of Biotechnology and Food Science of the University of Burgos, who
have experience in evaluating fermented meat products, were chosen to perform a sensory
characterisation of sausages. Sausages were prepared for analysis as follows: casings were
removed, cut into small pieces, and approximately 5 g was placed in headspace vials
(covered with aluminium foil and identified by random 3-digit numbers) and closed with
a rubber stopper. A preparatory session was held before testing, so that each panellist
could thoroughly discuss and understand each attribute of the sausage to be evaluated.
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Also, panellists before the evaluation were familiarised with the strawberry leaf extract
odour, which was described as an herbal odour. Evaluations were performed in a sensory
room at ambient temperature under white fluorescent lighting in the individual booths.
The panel of judges used quantitative descriptive analysis to evaluate differences in aroma:
odour intensity, cured-meat aroma, acidity, rancidity, herbal and overall acceptability [32].
The intensity of every attribute was expressed on a structured scale from 1 (sensation not
perceived) to 5 (maximum sensation). Panellists evaluated all five batches in one session.

2.14. Statistical Data Assessment

The results are presented as a mean £ SD (standard deviation). Statistical analysis
and comparisons among means were carried out using the statistical package Statgraphics
Centurion (V16.2.04 for Windows 7). All data were analysed by ANOVA at a significance
level of 5%, followed by Fisher’s test. Principal component analysis (PC1-PC2) was applied
to the results obtained by the electronic nose.

3. Results and Discussion
3.1. Strawberry Leaf Extract

The antioxidant potential of plant-origin extracts to inhibit lipid oxidation in food
products usually depends on the content and composition of phenolic compounds. Gener-
ally, the antioxidant activity of phenolic compounds is defined by their radical scavenging
effects. The antioxidant properties and phytochemical composition of SLE were reported
in our previous work: for instance, the content of total phenolics was 257 mg gallic acid
equivalents in g of dry extract, while Trolox equivalent radical scavenging capacity in the
ABTS®** scavenging assay was 1579 umol TE/g [25]. The extract was rich in phenolic acids
and their derivatives and flavonoids, particularly rutin (18.22 mg/g), kaempferol glucoside
(10.88 mg/g), isorhamnetin glucoside (13.22 mg/g), proanthocyanidin Bl (6.24 mg/g)
and (+)-catechin (24.10 mg/g). Consequently, SLE may be regarded as a potential natural
antioxidant and a source of various bioactive phytochemicals.

Green colour plant leaves also contain chlorophyll pigments, mainly consisting
of Chl a and Chl b. It is known that chlorophyll acts as an antioxidant under dark
conditions, while under light, it may possess pro-oxidant activity. Since chlorophylls
were not measured in our previous study, the characterisation of SLE was extended
by determining these pigments. Thus, the content of Chl a and Chl b in SLE was
10.35 £+ 0.30 and 6.73 £ 0.13 mg/100 g, respectively, while the total chlorophyll content
was 17.08 + 0.17 mg/100 g. To determine the effect of light on chlorophyll content, the
SLE was subjected to the same light as fermented sausages under the light storage con-
ditions. The total chlorophyll and Chl a content significantly decreased in SLE after 24 h
storage (11.35 £ 0.32 mg/100 g and 4.89 + 0.16 mg/100 g, respectively), concerning Chl b
(6.45 £ 0.26 mg/100 g), thus demonstrating lower stability, which is typical for Chl a [33].

3.2. Changes in Sausage Microbiota

Salchichén, the most popular Spanish dry fermented sausage, is typically fermented
for 1 or 2 days. The most important quality parameters change during fermentation: the
number of LAB increases, water activity and pH rapidly decrease, while myofibrillar and
sarcoplasmic proteins solubilise [34]. The changes in microbial counts in the products
sampled on the 1st, 3rd and 7th day of fermentation are presented in Figure 1. It may
be observed that the initial flora of the fermented sausages was dominated by LAB, with
the lowest counts of Enterobacteria. The MRS counts increased from 5 log CFU/g to a
maximum level above 9 log CFU/g within 3 days and remained similar until the 7th day.
These results are in agreement with the data of Rantsiou and Cocolin [35], who reported that
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after 3 days of fermentation, the number of LAB reached 7-8 log CFU/g, which remained
unchanged during the entire maturation period. MRS counts were not significantly different
(p < 0.05) in the different sausage samples produced in our study.

10

Staphylococcus spp. (MSA)

CFKFU
g

Log;o

Enterobacteriaceae spp. (VRBG)

—@— A --A- Bl ~¥- B2 -¢- Cl -l C2

0 3 7
Time, days

Figure 1. Changes in microbiota in sausages during the first days of fermentation. A: 0.3% ascorbic
acid + 0.3% dextrose; B1: 0.5% SLE + 0.3% dextrose; B2: 0.1% SLE + 0.3% dextrose; C1: 0.5% SLE + 1%
dextrose; C2: 0.1% SLE + 1% dextrose.

Regarding MSA counts, a significant increase (p < 0.05) of Staphylococci levels could
be observed, without any significant differences concerning the addition of SLE, ranging
from about 4 log CFU/g in the mixture before stuffing to counts above 7 log CFU/g in
the samples collected after 7 days. Similar MSA counts were reported by Fonseca and
others [36], in “chorizo” dry fermented sausages. Additionally, the Enterobacteriaceae
population was measured to evaluate the contamination level throughout the fermentation
process. Initial values of Enterobacteriaceae were quite low, approximately 2 log CFU/g
in the control sample, indicating good hygienic quality of the raw materials. The counts
of Enterobacteriaceae were significantly higher (p < 0.05) when the control batch was
compared with the batches containing SLE addition (3 log CFU/g) at day 0; however, the
counts later decreased, and no differences were observed. When Lactobacilli are added
as a starter culture, it is common that Enterobacteriaceae are reduced, and in some cases
disappear during the ripening process [37]. This is due to the formation of lactic and
acetic acid by LAB, resulting in a remarkable lowering of pH, which may be sufficient to
eliminate Enterobacteriaceae. Also, LAB produce bacteriocins, which inhibit the growth of
pathogenic microorganisms, especially Staphylococcus aureus [38].

3.3. Humidity, Water Activity and pH

The levels of water activity (Figure 2) and humidity content (Figure 3) decreased
during ripening; however, there were no significant differences between the analysed
samples throughout the whole ripening time. The pH values decreased during the ripening
period in all samples; these changes were influenced by the addition of SLE and dextrose
(Figure 2). The samples with 1% dextrose had lower pH values (C1 and C2) than the
samples with 0.3% dextrose (B1 and B2). During fermentation and ripening, LAB convert
sugars to lactic acid, which is the main component responsible for the pH decrease. The
lowering of pH has a preservation effect, due to inhibition of pathogenic and spoilage
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bacteria growth, and contributes to the typical organoleptic properties of the fermented
sausages. In general, fermented sausages with a higher concentration of sugars have lower
pH [39]. Also, the samples with 0.5% SLE (B1 and C1) had lower pH values than the
samples with 0.1% SLE (B2 and C2). At the end of the ripening (day 28), there were no
significant differences (p < 0.05) between the batches C1, C2 and B1 and also between the
batches A and B2, while the pH of these two groups was significantly different.

7 1
Water activity (a,,)

T e il R - = =
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0.75

—@— A --A- Bl ~¥- B2 -4 Cl ~& C2

0 3 7 14 21 28
Time, days

Figure 2. Changes in water activity (aw) and pH value in sausages during ripening. A: 0.3% ascorbic
acid + 0.3% dextrose; B1: 0.5% SLE + 0.3% dextrose; B2: 0.1% SLE + 0.3% dextrose; C1: 0.5% SLE + 1%
dextrose; C2: 0.1% SLE + 1% dextrose.
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Figure 3. Changes in humidity in sausages during ripening. A: 0.3% ascorbic acid + 0.3% dextrose;
B1: 0.5% SLE + 0.3% dextrose; B2: 0.1% SLE + 0.3% dextrose; C1: 0.5% SLE + 1% dextrose; C2: 0.1%
SLE + 1% dextrose.

3.4. Fatty Acid Composition

Nine fatty acids, represented by the saturated (SFA), monounsaturated (MUFA) and
polyunsaturated (PUFA) components in an approximate ratio of 4:4:1, were quantified
during sausage ripening (Table 1). Palmitic (C16:0) and oleic (C18:1n-9) acids were major
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components in all sausages; however, the batches A and B2 may be characterised by the
slightly lower amount of oleic acid (C18:1n-9) (p < 0.05) and higher content (p < 0.05) of
linoleic acid (C18:2n-6) compared to the other batches of sausages. Lizaso and others [40]
reported that during the fermentation of sausages, the content of SFA increased (palmitic
and stearic acids), while the content of UFA decreased. PUFAs such as linoleic and linolenic
acids are very susceptible to oxidation; therefore, they undergo a more remarkable decrease.
In the present study, the content of palmitic and stearic acids increased, while that of
oleic, linoleic and «-linolenic acids significantly decreased in the sausages after 7 days.
However, it would be rather difficult to explain these very small differences by the effects
of the added SLE and/or dextrose. Apart from the negligible chemical changes, one of the
possible explanations might be the interference of these ingredients in the FA determination
procedure, which consists of several steps.

Table 1. Changes in fatty acids composition during sausage ripening.

SFA MUFA PUFA
Day Sample
C14:0 C16:0 C18:0 ZSFA C16:1 C18:1n-9 C181n-7 IMUFA Cl182n-6 Cl83n-3  C20:4n-6 XPUFA
A 2.09¢  25.11be 12.90° 40.10 2.96° 43.152 3.782 49.89 9.11° 0.65° 0.25° 10.01
B1 1.85>  24.932b 12,592 39.36 2.90° 43712 3.882 50.48 9.26P 0.66° 0.232 10.15
1 B2 1732 2522bc 12,572 39.52 291b 43,532 3.762 50.21 9.41°b 0.65° 0.222 10.27
C1 1.89b 24532 12.822 39.24 2,682 43.632 3.822b 50.13 9.70° 0.70° 0.22° 10.63
2 1.86° 25.50 ¢ 12.912 40.27 2.98b 43.852 3.91°P 50.75 8214 0.56° 0222 8.99
A 2.004 26.71¢ 13.63° 4234 2.87¢ 42562 3.83b 49.26 7.742 0.482 0.172 8.40
B1 1.882 26.22°¢ 13.252 4135 2.944 43.08°¢ 3.732 49.75 8.134 0.55¢ 0.20°¢ 8.89
7 B2 1.94¢ 25.99° 13.84°¢ 41.77 2.84b 42.86° 3.84" 49.54 7.95¢ 0.52° 0.224 8.69
C1 1.91b 26.344 13.262 41.50 2.662 42452 3.742 48.85 8.87¢ 0.594 0.19° 9.65
2 1.93¢ 25712 13.312 40.94 2.89°¢ 43.67¢ 3.86°¢ 50.42 7.92b 0.52° 0.20°¢ 8.64
A 1.77® 24.98° 12.862 39.61 2.84°¢ 43.09¢ 3.84b 49.78 9.694 0.684 0.25P 10.62
Bl 1.74° 25.26¢ 12.892 39.88 2.874 43424 3.87¢ 50.16 9.07" 0.65¢ 0.25° 9.96
21 B2 2.00¢ 24.86° 13.19° 40.04 2.78b 42342 3.84° 48.95 9.98¢ 0.73¢ 0.29¢ 11.00
C1 1.732 25.364 13.17° 40.26 2.81¢ 43.73¢ 3.89d 50.43 8.502 0.582 0.232 9.31
2 1.77° 25.344 13.51°¢ 40.62 2.742 4281° 3.80° 49.35 9.17¢ 0.63° 0.232 10.03
A 1.794 24942 12.78° 39.51 2.792 43.13° 3.88° 49.80 9.774 0.68¢ 0.24° 10.69
Bl 1.70 20 25.35¢ 13.254 40.30 2.84" 43.30°¢ 3.87° 50.02 8.80° 0.62¢ 0.264 9.68
28 B2 1.71¢  2524P 12.86°¢ 39.81 2.89¢ 43,032 3.88° 49.80 9.50¢ 0.664 0.232 10.39
C1 1.69° 25.484 13.31°¢ 40.48 2.80° 43.24¢ 3.832 49.87 8.82° 0.59° 0.24° 9.65
2 1.84¢ 25.32¢ 12.732 39.88 3.034 43,584 4.08°¢ 50.69 8.612 0.572 0.25¢ 9.43

3¢ Means within a column on the same ripening day with different superscripts are significantly different at <0.05.

3.5. Lipid Oxidation During Ripening and Storage

The PVs, showing primary oxidation level, were evaluated in dry fermented sausages
during the whole ripening period (Figure 4). They were higher at the beginning of fer-
mentation (0-7 days) than at the end of ripening (day 28) in all the sausage samples. It
may be explained by the processes which might occur in the meat during mincing and
mixing, e.g., due to the disruption of muscle structure and increase in surface exposed to
oxygen and other oxidation catalysts [41]. It is well known that ascorbic acid and its salts
improve colour stability and extend storage shelf-life by preventing fat oxidation in meat
products [42]. Therefore, the control batch was produced with 0.3% of ascorbic acid as a
reference antioxidant, while other batches were produced with plant-origin antioxidant
SLE. So far as PVs were not significantly different in all fermented sausages, it may be
assumed that the effects of both applied SLE concentrations were similar to those of ascorbic
acid. Different dextrose concentrations did not affect PV, indicating that this ingredient
does not interfere in the primary oxidation process.

The oxidative stability of dry fermented sausages was also measured by TBARS
values, which are linked to the formation of secondary oxidation products in meat and
meat products; they show the amount of malondialdehyde formed during oxidation from
PUFA [31]. The TBARS values were found to be higher in the sausages manufactured with
the higher dextrose amount (C1 and C2) until the 21st day of ripening (Figure 4). The
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highest malondialdehyde amount was in the sausages containing 0.5% of SLE and 1% of
dextrose (C1). This means that dextrose might interfere with the TBARS values in the dry
fermented sausages. However, on the 28th day of ripening, TBARS values in all batches
did not differ (p < 0.05).

PV (megq. O ,/kg fat)
TBARS (mg MDA/kg)

—@— A --A- Bl ~¥- B2 - Cl ~H- C2 0.3

0 7 21 21
Time, days

Figure 4. Changes in PV (meq O2/kg oil) and TBARS (mg MDA /kg) values in sausages during
ripening. A: 0.3% ascorbic acid + 0.3% dextrose; B1: 0.5% SLE + 0.3% dextrose; B2: 0.1% SLE + 0.3%
dextrose; C1: 0.5% SLE + 1% dextrose; C2: 0.1% SLE + 1% dextrose.

The TBARS values were evaluated in the dry fermented sausages stored under differ-
ent conditions (Table 2). They were about 2 times higher (p < 0.05) in the batches with SLE
stored in light. This indicates that SLE in this case acted as a pro-oxidant, most likely due to
the presence of chlorophyll in SLE acting as a photosensitizer. It was mentioned above that
chlorophyll content decreased 2 times under light after 24 h. However, in the case of 6 h
storage at 50 °C, the values of TBARS in the batches with SLE were significantly (p < 0.05)
lower compared with the control sample prepared with ascorbic acid. This indicates the
antioxidant action of SLE against lipid oxidation under the higher temperature storage
conditions. Depending on the amount of dextrose, the TBARS values were different in
sausages under dark storage conditions. The TBARS values were the same as in the control
sample when 1% dextrose was added to sausages, while the sausages containing 0.3%
dextrose had significantly (p < 0.05) higher TBARS values.

Table 2. Changes in TBARS values (mg MDA /g) during storage of dry fermented sausages.

Storage Conditions

Sample Light (Days) Dark (Days) 50 °C
3 6 9 3 6 9 6h

A 1.06 2 1.022 1.78 2 0.822 0.73b 0.89b 1.43P

B1 140" 2.36¢ 220P 091°b 0.94¢ 1.05¢ 1.192

B2 1.48" 246¢ 255¢ 1.26¢ 1.204 1.32¢ 1.172

C1 1.924d 2.16P 247¢ 0.78 2 0.68 2 0.862 1.072

C?2 1.67 ¢ 2644 2.07°P 0.732 0.56 2 0.854 1.152

a-d Means within a column on the same storage day with different superscripts are significantly different at
p <0.05.
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3.6. Determination of Colour Changes

The effects of the added SLE and dextrose, as well as ripening time, were determined
for colour coordinates, namely lightness (L*), redness (a*), and yellowness (b*) (Figure 5).
Lightness (L*) was not significantly affected by the SLE addition, while during ripening,
its values significantly (p < 0.05) decreased in all samples. Hernandez-Hernandez and
others [43] observed that in model raw pork batters, the lightness values correlated with the
oxidation process (TBARS values); the lightness decreased when the oxidation increased.
In this study, a relationship was also found between TBARS values and L* values, but
the correlation coefficient was too low (0.21). The sausages with the added SLE had a
lower a* value and higher b* value (p < 0.05) than the samples prepared without SLE. In
the samples manufactured with 0.5% SLE, the redness was significantly lower than in
the other samples (p < 0.05). This finding was expected because SLE powder containing
high amounts of chlorophylls had a green colour. The effect on colour was dependent
on the amount of dextrose added as well; the a* values were lower in the samples with
0.3% dextrose (p < 0.05) than in the samples with 1% dextrose. The samples manufactured
with a lower concentration of SLE (0.1%) at the beginning and at the end of ripening were
not statistically different compared with the control samples. The b* value was higher
in the samples containing 0.5% SLE and 0.3% dextrose. Compared with the control, the
samples manufactured with 0.5% SLE and 1% dextrose did not show significantly different
yellowness at the beginning and at the end of ripening.

w
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Time, days

Figure 5. Changes in CIElab coordinates (lightness (L*), redness (a*), yellowness (b*)) in sausages dur-
ing ripening. A:0.3% ascorbic acid + 0.3% dextrose; B1: 0.5% SLE + 0.3% dextrose; B2: 0.1% SLE + 0.3%
dextrose; C1: 0.5% SLE + 1% dextrose; C2: 0.1% SLE + 1% dextrose.

3.7. Assessment of Released Volatile Compounds

The overall profile of volatile compounds released from sausages was assessed by
the electronic nose (Figure 6). The electronic nose was applied to observe the differences
between the batches due to the addition of SLE and dextrose, and due to the sausage
ripening time. At the beginning of the ripening (day 0), there were no differences between
the batches. It was observed that dextrose had the highest impact on the response from the
volatiles emitted by the fermented sausages. The signal dots were in different plots starting
after the 7th day in the batches with different dextrose concentrations. The overall e-nose
profiles of sausages with 0.5 and 1% of SLE were not significantly different. This suggests
that the addition of SLE to sausages may have only a slight effect on the total volatiles.
Moreover, the signal dots of sausages with both SLE concentrations and higher dextrose
content (C1, C2) were less scattered than sausages manufactured with lower dextrose (0.3%)
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content (B1, B2). The overall aroma profile of sausages only slightly changed from the 7th
to the 28th day of ripening time.

PC2-5672%

A4 13 42 11 40 09 08 07 06 05 404 03 02 01 00 01 02 03 04 05 06 07 08 03 10 11 12 13
FC1-925612%

Figure 6. Changes in olfactory profile of sausages manufactured with 0.1% SLE and different dextrose
amounts, during ripening. A: 0.3% ascorbic acid + 0.3% dextrose; B2: 0.1% SLE + 0.3% dextrose;
C2:0.1% SLE + 1% dextrose.

3.8. Sensory Evaluation of Final Products

To assess the acceptability of SLE extract in dry fermented sausages, a quantitative
odour descriptive test was carried out. Mean scores given by the panellists for the five
manufactured batches are shown in Figure 7. No significant differences (p > 0.05) were
observed for cured-meat aroma compared to the control batch. It was observed that acid
and rancid odours were higher (p < 0.05) in sausages with higher extract and dextrose
concentration (C1). Odour intensity was lower (p > 0.05) for sausages with 0.3% dextrose
than for the control sausages and sausages with 1% dextrose. Herbal odour was noticeable
in sausage samples with added SLE; the higher SLE concentration, the stronger the herbal
odour (p < 0.05). Sausage samples with SLE and 1% dextrose, as well as the control batch,
were more acceptable overall (p < 0.05) than the samples with added SLE and 0.3% dextrose.
The sausages with higher dextrose amounts and added SLE were acceptable independently
of the added SLE amount.

rancid odour

odour intensity acid odour

overall

acceptability herbal odour

cured-meat
aroma

— A Bl —— B2 —-C1 —-C2

Figure 7. Sensory evaluation of dry fermented sausages at the 28th day of ripening. A: 0.3% ascorbic
acid + 0.3% dextrose; B1: 0.5% SLE + 0.3% dextrose; B2: 0.1% SLE + 0.3% dextrose; C1: 0.5% SLE + 1%
dextrose; C2: 0.1% SLE + 1% dextrose.
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4. Conclusions

The application of SLE to dry fermented sausages does not negatively affect the quality
parameters during the ripening process. However, the sensorial properties such as colour
and odour were affected by the addition of SLE. The sausages with higher dextrose amounts
were more acceptable, regardless of what extract concentration was used. This might be
associated with the higher intensity of total volatiles, which increased in the sausages
with higher dextrose amounts compared to those with the lower content of dextrose, as
e-nose analysis showed. The effect of SLE on the stability of sausages was dependent on
storage conditions: under the light, the extract acted as a pro-oxidant, while under the high
temperature and dark storage conditions, it acted as an antioxidant. Strawberry leaf extract
is a cheap source of bioactive constituents exhibiting various health benefits; therefore, its
application in meat products may be a promising way for increasing their functionality.
However, additional in vivo studies should be performed to obtain proof of such benefits.
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