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The use of nitrite and nitrate in meat products has been questioned due to the generation of N-nitroso compounds
with carcinogenic effects. Thus, research has been focused on their replacement with several alternatives. This
study is focused on evaluating the effects of a commercial olive leaf extract (OLE), marketed as dietary sup-
plement, on protein and lipid oxidation, N-nitrosamine content and sensory properties of industrial sausages at
the end of the ripening period. Five different formulations were prepared: F1 (OLE: 1000 mg/kg; NO2-NOs: 0
mg/kg), F2 (OLE: 1000 mg/kg; NO2>-NO3: 75-75 mg/kg), F3 (OLE: 0 mg/kg; NO>-NO3: 0 mg/kg), F4 (OLE: 0
mg/kg; NO2-NOs: 75-75 mg/kg), F5 (OLE: 500 mg/kg; NO2-NO3: 35-35 mg/kg). The use of OLE in combination
with a reduced dose of nitrite and nitrate (F5) significantly reduced the lipid and protein oxidation (p < 0.05)
compared to the formulation with synthetic additives alone (F4). No differences were observed in terms of
textural properties with the samples without the extract. The OLE did not affect the microbiological quality and
enabled a significant reduction in the N-nitrosamines content. However, the addition of OLE decreased the in-

tensity of red colour and determined the insurgence of a slight bitter taste in the sausages.

1. Introduction

The consumption of meat and meat products is one of the most
questioned aspects in public debates on sustainable food systems,
climate change and healthy eating. Public attention on these products is
related to human health and ethical aspects of meat production (Par-
lasca & Qaim, 2022). Indeed, several studies (Turner & Lloyd, 2017;
Zhang et al., 2023) highlighted the association between red and pro-
cessed meat with the insurgence of cardiovascular diseases and colo-
rectal cancer. These risks are mainly due to the high content of saturated
fatty acids and cholesterol as well as to the carcinogen compounds
generated from processing, arising from some additives included in the
formulation (Shpaizer, Nussinovich, Kanner, & Tirosh, 2018). Among
meat additives, nitrite and nitrate are the most commonly used. Their
efficiency makes them indispensable for this category of products,
especially for ripened ones (Zhang et al., 2023). They play a major role
in the development of typical reddish-pink meat colour and in inhibiting
the growth of undesirable bacteria (e.g., Clostridium botulinum and its
toxin production, Listeria monocytogenes). Furthermore, these com-
pounds, especially nitrite, act against oxidation phenomena (e.g., lipid

and protein oxidation) and contribute to the improvement of the
oxidative stability (Nader et al., 2022). Nevertheless, the discovery of
N-nitroso compounds (NOCs) raised concerns regarding their safety
when employed in meat processing (Zhang et al., 2023). Indeed, N-ni-
trosamines are associated with genotoxicity and metabolic disturbances
within the large intestine mucosa, posing a potential risk for the
development of colorectal cancer (Zhang et al., 2023). However, due to
the multiple functions of nitrite and nitrate in meat and meat products,
their complete restriction in meat products may not be acceptable to
producers and consumers (Karwowska & Kononiuk, 2020). Thus, to
guarantee the safety of their use, many countries have implemented
regulations and directives (Zhang et al., 2023). Indeed, specific re-
strictions have been imposed by the European Union as defined by Reg.
(EU) 1333/2008 and its modifications and integrations. The latter
regulation, issued on October 6, 2023, defines new limits aimed at
reducing consumers’ exposure to N-nitrosamines while simultaneously
maintaining a protective effect against pathogenic bacteria of meat
products. For raw meat products like ripened ones, the maximum
allowed amounts of nitrite decrease from 150 to 80 mg/kg, while those
of nitrate drop from 150 to 90 mg/kg (EU Commission, 202.3). As results,
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a shifting of the consumption towards plant-based meat alternatives has
been observed in recent years (Parlasca & Qaim, 2022).

One of the strategies currently used during processing of meat
products is principally based on lowering the amount of additives (e.g.,
nitrite and nitrate) and harmful compounds formed during processing
(e.g., N-nitrosamines) (Karwowska, Stadnik, Stasiak, Wojciak, & Lor-
enzo, 2021). Many studies evaluated the addition of essential oils,
vegetables spices, extracts from fruits or plant wastes and by-products in
meat formulations, to reduce the amount of the commonly used syn-
thetic additives and inhibit the formation of N-nitrosamines (Tian et al.,
2020; Zhou, Wang, & Wang, 2020), thanks to their high content of
highly valuable bioactive substances such as polyphenols (Sharma,
Usmani, Gupta, & Bhat, 2021). To this regard, several studies reported
the positive effect of Olive Leaf Extract (OLE) on the oxidative (Caponio,
Difonzo, Calasso, Cosmai, & De Angelis, 2019) and microbial stability
(Testa et al., 2019), thus on the shelf-life extension (Khemakhem et al.,
2019) of several food products. Similarly, in a preliminary study
(Difonzo, Totaro, Caponio, Pasqualone, & Summo, 2022), the effec-
tiveness of using OLE to reduce the addition of nitrite and nitrate in the
formulation of ripened pork sausages was evaluated on a lab-scale
production. As a result of this preliminary research, an effective reduc-
tion of the nitrate and nitrite residual in the final products was observed,
with no impact on the hygiene and safety parameters of the samples
(Difonzo et al., 2022). Based on these preliminary results, an
industrial-scale-up was needed to further validate the feasibility of
reducing nitrite and nitrate in ripened sausages by following the pro-
posed strategy.

The aim of this study was therefore to assess the physicochemical
properties and sensory features of ripened, industrially prepared sau-
sages, enriched with olive leaf extract as a substitute to nitrite and ni-
trate. Unlike the previous study, a commercial OLE, commonly
marketed as dietary supplement, with a standardized oleuropein con-
tent, was used, and samples were manufactured following the standard
industrial production process. Thus, all stages of sausage production
were carried out mechanically and vacuum filling of the casings was
applied. Moreover, the analytical determinations have been deepened
compared to the preliminary study, focusing on protein and lipid
oxidation, N-nitrosamine content, and sensorial properties. This
approach was adopted to standardise the production process and facil-
itate the immediate practical application of the findings at industrial
level.

2. Material and methods
2.1. Sausages production and experimental design

Ripened sausages were produced at a local company (Salumi Martina
Franca S.r.l., Martina Franca, Italy) where the ripening phases also took
place, following the common industrial production process. Fresh lean
pork meat (shoulder pork and lean trimmings) and fatty tissue (pork
belly) (85/15, w/w) were trimmed and minced with an industrial
grinder equipped with a pre-mixer (TCA-10, Omet Foodtech, Poggi-
bonsi, Italy). Pork meat was mechanically mixed and kneaded in a mixer
(K-400, Omet Foodtech, Poggibonsi, Italy) and the following ingredients
were added: commercial olive leaf extract (Olive Leaf Extract, Hepatica,
Germany) commonly marketed as dietary supplement, 40% oleuropein;
potassium nitrate (E252; SolMar, Italy); sodium nitrite (E250; SolMar,
Italy); salt and pepper. Five different combinations of nitrite and nitrate
(NO2-NO3) and OLE have been formulated as reported in Table 1. The
quantities of OLE incorporated into the various formulations were
determined by considering to the reported amounts of vegetable extracts
used in sausages as substitutes for nitrite and nitrate in existing literature
(Kurt & Ceylan, 2017; Pateiro, Bermudez, Lorenzo, & Franco, 2015;
Xiang, Cheng, Zhu, & Liu, 2019). Additionally, the results of our pre-
vious lab-scale study results were taken into account during this selec-
tion process (Difonzo et al., 2022). The level of nitrite and nitrate was
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Table 1
Combinations of nitrite and nitrate and OLE in the formulation (mg/kg of raw
meat mixture).

Formulation OLE (mg/kg) NO,-NO3 (mg/kg)
F1 1000 0

F2 1000 75-75

F3 0 0

F4 0 75-75

F5 500 35-35

OLE, Olive Leaf Extract; NO,-NOg, Nitrite and nitrate.

defined according to the current law (Reg. EU 2018/2023) and a trial
(F5) with reduced level of nitrate and nitrites and OLE has been also
performed to assess the possibility for a partial replacement of the
synthetic additives.

The mixture was mechanically vacuum-filled (continuous vacuum
filler F20, Omet Foodtech, Poggibonsi, Italy) into 40 mm diameter
natural pork casings and submitted to stewing (23 °C, RH 95%) for 24 h,
drying (17-20 °C, RH 60-75%) for 96 h and ripening (15-18 °C, RH
80%) (80 SM-DX, Forix Index, Conselice, Italy) for 30 days.

For each formulation 10 different sausages, each one approx-
imatively weighting 500 g, were produced in order to enable replicated
analyses.

2.2. Microbial determinations

The microbial safety of the sausages was evaluated considering the
following microbiological parameters: mesophilic lactic bacteria count,
Clostridium sulphite reducers and spores count, coliform count, Escher-
ichia coli beta-glucuronidase positive count, coagulase-positive Staphy-
lococci count, and Listeria monocytogenes detection, as reported by
Difonzo et al. (2022). Two samples of each formulation were analysed.

2.3. Physico-chemical determinations

2.3.1. Weight loss, moisture content, water activity and pH determination
Weight loss, moisture content, water activity (a,) and pH were
determined according to the methods reported by Difonzo et al. (2022).

2.3.2. Oxidation of the lipid and protein fraction

The lipid oxidation was assessed by measuring thiobarbituric acid
reactive substances (TBARs) as reported in Rosmini et al. (1996). The
lipid oxidation level of the samples was expressed as mg of malondial-
dehyde (MDA) per kg of ripened sausages.

The carbonyl content was considered to determine the protein
oxidation level of ripened sausages. Carbonyl groups were obtained by
derivatisation with DNPH (dinitrophenylhydrazine) as described in
Ganhao, Morcuende, and Estévez (2010). The carbonyl concentration
(nmol/mg protein) was calculated from the absorbance at 280 nm and
370 nm of the samples using equation (1) as reported in Berardo et al.
(2016):

Chydrazone _ A370
Corotein Enydrazone.370 X (Aogo — Az70 x 0,43)

x 10° (€]

where € (hydrazone,370) is 22,000 M/cm. The determinations were per-
formed in three analytical replicates on three sausages for each
formulation.

2.3.3. Free fatty acids analysis

Lipid extracts from sausages were obtained according to Folch
method (Folch, Lees, & Sloane Stanley, 1957) and free fatty acids (FFA)
were separated through solid phase extraction (SPE) columns (NH2-a-
minopropyl mini-columns) (Supelco, Bellefonte, PA, USA) according to
Lorenzo, Cittadini, Bermtdez, Munekata, and Dominguez (2015). After
separation, FFA were methylated according to the AOCS (American Oil
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Chemists Society) method Ch 1-91. Nonadecanoic acid (Cig9) at 0.3
mg/mL was used as internal standard and added to each sample before
methylation. Fatty acid profile of FFA was analysed using a
gas-chromatograph 7890B (Agilent Technologies, Palo Alto, CA, USA)
equipped with a FID detector and a capillary column SP2340 (60 m x
250 pm x 0.2 pm film thickness) (Supelco Park, Bellefonte, PA, USA) as
reported in Difonzo et al. (2022). Identification and quantitative
calculation of free fatty acids were carried out by comparing the
retention time of the free fatty acid with that of the corresponding
methyl ester, using a standard mixture (C4—Cz4) (Supelco 37 component
FAME Mix Bellefonte, PA, USA). The results were expressed as g of fatty
acid/100 g of fat. The determinations were performed in three analytical
replicates on three sausages for each formulation.

2.3.4. Nitrite and nitrate residual content and N-nitrosamines analysis

The residual nitrate content was carried out by spectrophotometric
method (Baldini et al., 1996), while the nitrite residual content was
determined by the ion-exchange chromatographic method as reported
(UNI EN12014-4:2005). For the determination of N-nitrosamines, the
extraction was performed according to the method described by Cintya,
Silalahi, Putra, and Siburian (2019). The N-nitrosamines level was
determined using High Performance Liquid Chromatography (HPLC)
(Thermo Fischer Scientific, Waltham, MA, USA) as reported in Al-Ka-
seem, Al-Assaf, and Karabeet (2014) with some modifications. The
filtered samples were injected into an AcclaimTM 120 A C18 column
(150 x 3 mm) (Thermoscientific, Waltham, MA, USA). A 1% formic acid
aqueous solution was used as phase A and acetonitrile as phase B.
Wavelengths of 231 nm was used for absorbance detection and the
quantification of the N-nitrosamines was carried out using the EPA 521
standard (Nitrosamine Mix, Supelco, Bellefonte, USA). The results were
expressed in pg/kg of ripened sausage. The determinations were per-
formed in three analytical replicates on three sausages for each
formulation.

2.3.5. Colour measurement

The International Commission on Illumination (CIE) lightness (L*),
redness (a*), and yellowness (b*) were determined using a colorimeter
CM-600d (Konica Minolta, Tokyo, Japan) calibrated using white cali-
bration plate after 30 min blooming at room temperature (25 + 5 °C).
For the determination, sausages slice with thickness ranged between 15
and 20 mm were prepared, and the measurement was performed in three
different points on the central part of three different slices. The colour
determination was performed on three sausages for each formulation.

2.3.6. Texture profile analysis

Texture profile analysis (TPA) of the samples was performed at room
temperature (25 + 5 °C). Hardness (N), springiness, chewiness (N), and
cohesiveness values were evaluated using a Texture analyser Z1.0 TN
(ZwickRoell, Ulm, Germany) equipped with a cylindrical probe of 36
mm in diameter. Sausages were cut into 1-cm-thick portions, having a
diameter of 2 cm, compressed twice up to 50% of recorded deformation
at a speed of 1 mm/s. Four different portions of each sausage were
considered, and the determination was performed on three sausages for
each formulation.

2.4. Sensory analysis

Quantitative descriptive analysis (QDA) of the ripened sausages, was
performed by a sensory panel consisting of 14 semi-trained members.
The sensory panellists (7 males; 7 females; age range 35-52) were
recruited, based on their previous experience with sensory evaluation of
meat-based, among the employees of the sausage manufacturing com-
pany (Salumi Martina Franca S.r.l., Martina Franca, Italy), the techni-
cians and the researchers of the laboratory of the Food Science and
Technology unit of the Department of Plant, Soil, and Food Sciences of
the University of Bari, Italy. All panel members had neither food
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allergies nor intolerances and were regular consumers meat-based
products. Pre-test sessions were carried out to: (i) define the list of de-
scriptors to be evaluated in the samples object of the study; (ii) define
the intensity range of each descriptor; (iii) fix the scale anchors of each
descriptor; (iv) verify reliability, consistency, and discriminating ability
of panellists when testing meat-based products. The study protocol fol-
lowed the ethical guidelines of the laboratory. Panellists were informed
about study aims, and written informed consent was individually ac-
quired from each participant. All tested samples were food-grade. The
tests were conducted using a structured scale from 0 to 9. Samples cut
into thin slices approximately 5 mm thick were coded with three-digit
number and presented in small plates to each participant in a random-
ized order. The sensory parameters evaluated were: colour intensity (0
= light pink; 9 = brown), typical odour of ripened sausage (0 = absence
of perception; 9 = extremely intense perception), rancid odour (0 =
absence of perception; 9 = extremely intense perception), consistency
(0 = soft; 9 = extremely hard), bitterness (0 = absence of perception; 9
= extremely intense perception), saltiness (0 = absence of perception; 9
= extremely intense perception). The sensory analysis was of sausages
were performed in one session and considering two samples for each
formulation.

2.5. Statistical analysis

Data were subjected to One-way ANOVA and Tukey’s HSD test was
used as a post-hoc test to determine statistically significant differences
among means (p < 0.05) using Minitab Statystical Software (Minitab
Inc., State College, PA, USA). Means + standard deviations were
calculated with the same software.

3. Results and discussion
3.1. Microbial count

All the parameters considered for microbial counts of the sausages at
the end of ripening period, (mesophilic lactic bacteria, Clostridium sul-
phite count reducers and spores, coliforms, beta-glucuronidase positive
Escherichia coli beta-glucuronidase positive, coagulase-positive Staphy-
lococci, Listeria monocytogenes) were within the legal limits of Reg. (EU)
no. 1441/2007 (EU Commission, 2007) (data not shown). Differences
among the formulations were observed only for the mesophilic lactic
bacteria, which were found in the highest concentration (107 ufc/g) in
the F3 sample, prepared without any additives, and in concentration of
10° ufc/g in all the other formulations, highlighting the possible role of
OLE, comparable with that of nitrite and nitrate, in exerting an anti-
microbial effect due to the presence of polyphenols (Caponio et al.,
2019; Difonzo et al., 2022). These outcomes agreed with our preliminary
study carried out on a lab-scale (Difonzo et al., 2022), as well as with
studies aimed at substituting synthetic additives with green tea and
grape seed polyphenols (Li, Shao, Zhu, Zhou, & Xu, 2013) or with nat-
ural extracts of fruits and vegetables (Martinez-Zamora, Penalver, Ros,
& Nieto, 2021b).

3.2. Weight loss, moisture content, water activity and pH determination

The results of weight loss, moisture content, water activity (ay) and
pH determination are summarized in Table 2. Regarding moisture and
ay, the F2, F4 and F5 samples, all containing nitrite and nitrate, showed
significantly lower values than F1 (with OLE alone) and F3 (without any
additives). No significant differences emerged among F2 and F5 sam-
ples, containing both types of additives at different doses. This could be
due to the osmotic dehydration induced by nitrite and nitrate (Mar-
tin-Sanchez et al., 2014). These outcomes also agree with the weight loss
during the ripening period: these parameters are indeed known to be
correlated (Puolanne & Petaja-Kanninen, 2014). In fact, the F1 and F3
samples showed significantly lower values of weight loss than the
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Table 2
Mean value, standard deviation and results of the statistical analysis (One-Way
ANOVA) of the weight loss (%), moisture (%), pH and a,, of the ripened sausages.

Formulation  OLE NO,-NO3 Moisture Ay pH Weight
(mg/ (mg/kg) (%) loss (%)
kg)

F1 1000 0 29.85 + 0.85 6.04 41.61 +

0.16 a + + 0.42b
0.0la 0.02c

F2 1000 75-75 24.60 + 0.83 6.04 48.56 +

0.27 b + + 0.44 a
0.00 0.03 ¢
b
F3 0 0 30.51 + 0.86 6.13 42.03 +
0.50 a + + 1.04 b
0.00a  0.02
b
F4 0 75-75 22.46 + 0.83 6.19 48.08 +
0.38 ¢ + + 1.18a
0.00 0.01a
b
F5 500 35-35 23.88 + 0.82 6.02 47.85 +
0.89 b + + 1.00 a
0.01 0.01c
b

OLE, Olive Leaf Extract; NO,-NO3, Nitrite and nitrate. Different letters denote
significant differences at P < 0.05 among the formulations.

samples with nitrite and nitrate, confirming lower loss of water during
the ripening period. In line with other similar studies (Tang et al., 2021;
Saricoban & Unal, 2022), the presence of the OLE in the F1, F2, and F5
samples resulted in significantly lower pH values than F3 (OLE: O
mg/kg; NOo-NO3: 0 mg/kg) and F4 (OLE: 0 mg/kg; NO,-NO3: 75-75
mg/kg). This could be due to the increased availability of fermentable
carbohydrates present in the OLE (glucose: 55.83 + 2.38 mg/g; fructose:
32.52 + 2.26 mg/g) (Flamminii et al., 2019), which can promote the
metabolism of lactic acid bacteria (Pexara, Metaxopoulos, & Drosinos,
2002). Indeed, a study of Pexara et al. (2002) demonstrated that the pH
reduction of meat and meat products is linked to an increased avail-
ability of fermentable carbohydrates. The decrease of the pH value is
very important for ripened meat products as it inhibits growth of un-
desired bacteria, minimises the rate of colour change, and is responsible
for the formation of the desired flavours (Li et al., 2013).

3.3. Lipid and protein oxidation

Considering the TBARs (Fig. 1A), F3, without any type of additives,
was the most oxidised, with a mean MDA content of 0.66 mg/kg. Sig-
nificant differences were observed comparing the F4 sample, containing
only nitrite and nitrate (0.37 mg MDA/kg), and the sample F1, with OLE

TBARs
0.80
0.70 T
0.60
0.50
0.40

MDA/kg
L o

20030

m;

0.20

Ho

0.10
0.00
A

F1 F2 F3 F4 F5
Formulations
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alone (0.29 mg/kg), highlighting the better effect of OLE than nitrate
and nitrite. In the F2 and F5 samples, a synergistic effect of the combined
use of OLE and nitrite and nitrate, even at reduced doses, was observed.
Thus, these results highlight the effectiveness of the OLE, both alone and
in combination with nitrite and nitrate, in retarding the oxidation pro-
cess of ripened sausages. This could be due to the antioxidant effect of
OLE, rich in polyphenols, and specifically in oleuropein which could
prevent the formation of free radicals by chelating metals, such as
copper and iron, which catalyse free radical generation reactions, such
as lipid oxidation (Dua, Bhat, & Kumar, 2015). The observed results
agreed with data previously reported by other authors (Kurt & Ceylan,
2017; Martinez-Zamora, Penalver, Ros, & Nieto, 2021a; Zhou et al.,
2020), who observed a significant decrease in the lipid oxidation of
sausages after the addition of natural antioxidants. A similar trend was
also observed for the protein oxidation of ripened sausages (Fig. 1B). F3,
without any additives, exhibited the highest value of protein oxidation.
The lowest values were found in the F2 and F5 samples (containing both
OLE and nitrite and nitrate), highlighting the synergic effect already
observed against lipid oxidation. Overall, the presence of OLE, alone and
in combination with nitrite and nitrate, protected the proteins from
oxidation, since significantly lower content of carbonyl groups were
found in samples with OLE compared to the samples without any ad-
ditives (F3). However, the only addition of the OLE in the F1 sample was
not able to ensure a reduction of carbonyl content compared to the F4
sample, with only nitrite and nitrate. These results could be associated
with a different antioxidant effect of nitrite and nitrate for protein and
lipid oxidation (Berardo et al., 2016; Feng et al., 2016). According to
Feng et al. (2016), the presence of nitrite might decrease carbonyl
presence by forming active carbonyl-NH; group interactions, potentially
explaining the reduction in sausage carbonyl content at the end of the
ripening period.

3.4. FFA (free fatty acids)

The amount of the main free fatty acids (FFAs) determined in the
sausage samples at the end of the ripening period is reported in Table 3.
The F2 sample, with both types of additives added at the highest dose,
showed the lowest total FFAs content, with a significant difference
compared to all the other samples. At the same time, even if without
significant differences, F3 (without additives) and F4 (OLE: 0 mg/kg;
NO2-NOs: 75-75 mg/kg) showed the highest contents of FFAs, followed
by, F5 (OLE: 500 mg/kg; NOy-NOs: 35-35 mg/kg) and F1 (OLE: 1000
mg/kg; NOo-NO3: 0 mg/kg). The most represented FFAs, in decreasing
order, were oleic, palmitic, linoleic and stearic acids. A similar FFA
profile was observed in other studies for dry-ripened sausages (Fonseca,
Gomez, Dominguez, & Lorenzo, 2015; Munekata et al., 2017). Lipolysis
in meat products is mainly caused by the endogenous lipases and

Carbonyls group

F1 F2 E3 F4 F5

B :
Formulations

Fig. 1. Mean value, standard deviation and results (One-Way ANOVA) of the statistical analysis of the lipid (A) and protein oxidation (B) of the ripened sausages. F:
formulation; F1 (OLE: 1000 mg/kg; NO,-NO3: 0 mg/kg), F2 (OLE: 1000 mg/kg; NO>-NOs3: 75-75 mg/kg), F3 (OLE: 0 mg/kg; NO,-NO3: 0 mg/kg), F4 (OLE: 0 mg/kg;
NO2-NOg3: 75-75 mg/kg), F5 (OLE: 500 mg/kg; NO,-NOg3: 35-35 mg/kg). Different letters denote significant differences at P < 0.05.
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Table 3
Mean value, standard deviation and results of the statistical analysis (One-Way ANOVA) of the free fatty acids content (g fatty acid/100 g fat) of the ripened sausages.
Formulation OLE NO,-NO3 Myristic Palmitic Palmitoleic Stearic Oleic Linoleic Linolenic SFA MUFA PUFA Total
(mg/ (mg/kg) C14:0 C16:0 Cl6:1 C18:0 C18:1 C18:2n-6  Cl18:3n-3 FFAs
kg)
F1 1000 0 0.09 + 1.26 + 0.14 + 0.35 + 1.88 + 0.53 + 0.05 + 1.70 2.02 + 0.58 4.31
0.01a 0.14a 0.02a 0.04a 0.11c 0.04b 0.00a + 0.12¢ + +
0.18a 0.05 0.32b
ab
F2 1000 75-75 0.05 + 0.71 £ 0.10 + 0.23 + 1.18 £ 0.58 + 0.06 + 0.99 1.28 + 0.64 2.61
0.01b 0.02b 0.01b 0.01b 0.01d 0.02a 0.01a + 0.07d + +
0.07b 0.02a 0.17¢
F3 0 0 0.09 + 1.42 + 0.15 + 0.40 + 2.24 + 0.28 + 0.03 + 1.91 2.39 + 0.31 4.91
0.00a 0.04a 0.01a 0.00a 0.09a 0.01c 0.00b + 0.09b + +
0.05a 0.02¢ 0.16a
F4 0 75-75 0.08 + 1.29 + 0.14 + 0.38 + 2.22 + 0.48 + 0.05 + 1.75 2.63 + 0.53 4.96
0.00a 0.02a 0.01a 0.01a 0.35b 0.02b 0.01a + 0.10a + +
0.03a 0.02b 0.18a
F5 500 35-35 0.08 + 1.38 + 0.14 + 0.40 + 2.06 + 0.52 + 0.05 + 1.87 2.20 + 0.57 4.60
0.00a 0.02a 0.01a 0.03a 0.02bc 0.05b 0.00a + 0.02bc + + 0.01
0.05a 0.06 ab
ab

OLE: Olive Leaf Extract; NO,-NOg: Nitrite and nitrate. Different letters denote significant differences at P < 0.05.

phospholipases, which cause the release of FFAs. The lowest amount of
FFAs, detected in the F2 sample (containing OLE and nitrite and nitrate
at the highest dose) can be explained by the inhibition of lipolytic
bacteria as a result of the antimicrobial properties of OLE (Kurt &
Ceylan, 2017) and nitrates. The same trend was also observed by Kurt
and Ceylan (2017) and Libera, Latoch, and Wojciak (2020), who re-
ported the ability of OLE and grape seed extracts to decrease the FFAs in
dry-ripened meat products. Other authors suggested that an increase of
FFAs promotes lipid oxidation because free fatty acids oxidise more
readily thank the linked ones (Wu, Xiao, Yin, Zhang, & Richards, 2021).
The most abundant fatty acids at the end of ripening were mono-
unsaturated fatty acids (MUFA), followed by saturated fatty acids (SFA)
and polyunsaturated fatty acids (PUFA).

3.5. Residual nitrite and nitrate and N-nitrosamines

The content of residual nitrite and nitrate in meat products is crucial
for the formation of N-nitrosamines (Xiang et al., 2019). At the end of
ripening period, no residues of nitrate and nitrite were found in any of
the samples under investigation (data not shown). Therefore, the
incorporation of OLE in the formulation of sausages did not influence
this parameter. Also, in the sample containing only nitrite and nitrate
(F4) no residual content was observed, due to the observance of good
manufacturing practices by the company where the sausages were
produced. Indeed, processing technology, pH value and the presence of
reducing agents are the main factors that affect the level of residual
nitrite and nitrate in meat products (Zhang et al., 2023). Table 4 shows
the content of N-nitrosamines in the five different sausage formulations,
together with the results of the statistical analysis. Five different N-ni-
trosamines were detected: NMEA (N-nitrosomethylethylamine), NDEA
(N-nitrosodiethylamine), NDPA (N-nitrosodi-n-propylamine), NDBA
(N-nitrosodi-n-butylamine), NPYR (N-nitroso-pyrrolidine). These N-ni-
trosamines were all present in the F4 sample, prepared using only nitrite

and nitrate. The F2 and F5 samples, which also contained OLE, did not
show NDEA. On the contrary, in the F1 sample (prepared exclusively
using OLE), only NDPA, NDBA and NPYR were found, in significantly
lower amounts than in F2, F4 and F5. Finally, in F3, without any type of
additive, only NPYR was found, in a significantly lower amount
compared to all other samples. Unlike other meat products, ripened
sausages are particularly susceptible to the formation of N-nitrosamines
due to their production process. Indeed, the direct addition of in-
gredients in raw meat products leads to a higher concentration of
nitrosating agents compared to products prepared by dissolving the in-
gredients in a brine solution. Furthermore, fermentation and dehydra-
tion processes promote the obtaining of a meat product with low water
activity, reduced pH, and high biogenic amines content, contributing to
the formation of N-nitrosamines (De Mey, De Maere, Paelinck, & Fraeye,
2017). Furthermore, the trituration of meat to produce sausages in-
creases the surface area, and consequently enhances contact between
nitrosating exogenous agents and amines present in the meat, compared
to meat product prepared in whole pieces (Scheeren, Sabik, Gariépy,
Terra, & Arul, 2015). However, the presence of the OLE in the formu-
lation of ripened sausages (F1, F2, F5) contributed to a significant
decrease of N-nitrosamines compared to F4, containing nitrite and ni-
trate alone. According to the literature (Karwowska & Kononiuk, 2020;
Ribeiro, Silva, & da Silva, 2020) this phenomenon could be due to the
presence of phenols in OLE. In fact, it has been stated that phenolic
compounds could reduce nitrite and release hydrogen which in turn
could react with the free radicals that are involved in the reactions of
N-nitrosamines formation (Gao et al., 2022). Among the N-nitrosamines
found in our trials, NDEA, found in the F4 sample, containing only ni-
trite and nitrate, is the most potent carcinogenic and mutagenic nitro-
samines found in meat products (Scheeren et al., 2015). Gao et al.
(2022) observed that sausages with the addition of tea polyphenols
extract presented a significantly lower N-nitrosamines content than the
control sample. The addition of rosemary extract, green tea and grape

Table 4

Mean value, standard deviation and results (One-Way ANOVA) of the statistical analysis of the N-nitrosamines content (pg/kg) of the ripened sausages.
Formulation OLE (mg/kg) NO2-NO3 (mg/kg) NMEA (pg/kg) NDEA (pg/kg) NDPA (pg/kg) NDBA (ng/kg) NPYR (pg/kg)
F1 1000 0 nd nd 3.28 £ 0.07 a 0.20 £ 0.00 ¢ 4.57 £0.01 b
F2 1000 75-75 12,45+ 0.23 b nd 2.96 + 0.01 b 0.22 +0.00 b 5.23+0.25a
F3 0 0 nd nd nd nd 3.90 £0.20 ¢
F4 0 75-75 15.76 £ 0.92 a 0.92 + 0.01 3.00 + 0.01 b 0.26 +0.01 a 5.33+0.20a
F5 500 35-35 10.75+ 0.14 ¢ nd 2.92+0.01b 0.22 +£0.00 b 5.13+0.09a

OLE, Olive Leaf Extract; NOo-NOs, Nitrite and nitrate; nd, not detected; NMEA, N-nitrosomethylethylamine; NDEA, N-nitrosodiethylamine; NDPA, N-nitrosodi-n-
propylamine; NDBA, N-nitrosodi-n-butylamine; NPYR, N-nitrosopyrrolidine. Different letters denote significant differences at P < 0.05.
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seeds also reduced the amount of N-nitrosamines in sausage samples
compared to the control sample (Zhou et al., 2020). However, although
no nitrite and nitrate were added to F1 and F3, the presence of N-ni-
trosamines in these samples could be due to the naturally occurrence of
nitrite and nitrate in the extract (Flores & Toldra, 2021) and to con-
taminations during the production process (De Mey et al., 2017). The
presence of N-nitrosamines in elastomer or rubber teats and soothers, in
cosmetic products and in toys is regulated by the European Union.
However, there is no available EU legislation regulating the presence of
N-nitrosamines in food or drinking water (Schrenk et al., 2023). In our
study, the F4 sample, prepared with nitrite and nitrate alone, showed the
highest content of total N-nitrosamines, equal to 25.27 pg/kg, followed
by F2 and F5 (20.86 and 19.02 pg/kg, respectively), containing both
OLE and nitrite and nitrate. Lower values were found in F1 (8.05 pg/kg)
and F3 (3.90 pg/kg), containing respectively, OLE alone and no addi-
tives. These results fitted with the maximum N-nitrosamines level
allowed for cured meat and meat products in the USA, equal to 10 pg/kg
(United States Department of Agriculture, 2023), and in Chile, equal to
30 pg/kg (Ministerio de Salud, Republica de Chile MINSAL, 1997). In
addition, the contents of N-nitrosamines found were similar to those
reported after 28 days of ripening in dry-cured sausages with plant
polyphenols and ascorbic acid (Li et al., 2013) and in western style
smoked sausages with rosemary extract, grape seed extract and green
tea polyphenols (Zhou et al., 2020).

3.6. Colour parameters

Table 5 shows the results of colour analysis (lightness L*, redness a*,
yellowness b*) of the sausages at the end of the ripening period. The
addition of nitrite and nitrate positively influenced the colour parame-
ters. As known, they determine a brilliant red by the formation of
nitroso-myoglobin (Ozaki et al., 2021). As can be seen in Table 5, the
lowest value of a* was found in samples F1 and F3 (without nitrites and
nitrate), probably due to the lack of nitroso-myoglobin. On the contrary,
the highest value was found for the samples F4 and F2, containing the
highest doses of nitrite and nitrate. These findings agree with the results
of our previous study (Difonzo et al., 2022). Moreover, also Bologna
sausage (Djeri & Williams, 2014) and cold-smoked sausages (Eisinaite,
Tamkute, Vinauskiene, & Leskauskaite, 2020) enriched with natural
antioxidants showed lower a* index compared to control samples con-
taining sodium nitrite.

Considering yellowness, the samples containing OLE, F1, F2 and F5
showed lower values compared to F4, containing only nitrite and ni-
trate, even if significant differences emerged only by comparing F2 and
F5 vs F4. The yellowness parameter is associated with oxidation pro-
cesses of the lipid fraction, in fact an increase of this parameter is linked
to a more oxidised lipid fraction (Wang, Tu, Zhou, Lu, & Xu, 2021). In

Table 5

Mean value, standard deviation and results of the statistical analysis (One-Way
ANOVA) of lightness (L*), redness (a*) and yellowness (b*) of the ripened
sausages.

Formulation  OLE NO,-NO3 Lightness Redness Yellowness
(mg/ (mg/kg) @L*) (@*) (b*)
kg)
F1 1000 0 36.61 + 6.43 £+ 6.85 £ 0.42
0.24 a 0.69d be
F2 1000 75-75 3418 + 8.07 + 6.64 + 0.27
0.42b 0.18b c
F3 0 0 36.37 + 5.74 + 8.10 £ 0.92
0.07 a 0.16 d a
F4 0 75-75 33.59 + 8.78 + 7.65 £ 0.64
0.29 ¢ 1.39a b
F5 500 35-35 34.68 + 6.87 + 6.63 + 0.81
0.09b 1.05 ¢ c

OLE, Olive Leaf Extract; NO,-NOs, Nitrite and nitrate. Different letters denote
significant differences at P < 0.05.
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our study, the highest b* value was observed in F3, prepared without
any additives, that shown the highest level of oxidation degree of the
lipid fraction (Fig. 1A). Moreover, all the differences observed among
the formulations could be linked with the different degree of lipid
oxidation, in fact a significant correlation p < 0.05 between the pa-
rameters b* and TBARs has been found (data not shown). The presence
of OLE may have limited the increase of b* index, thanks to its antiox-
idant effect. The increase of b* value in meat is related to the
non-enzymatic browning reactions between lipid oxidation products
and the protein’s or phospholipid’s amines (Wang et al., 2021). The
observed values of yellowness agreed with those found by other authors
for sausages prepared with natural antioxidants (Martinez-Zamora et al.,
2021a; Gaglak, Kobya, Ogretmen, Karsli, & Kara, 2022).

Lightness (L*) is highly related to the moisture content, thus lighter-
coloured meat products are associated with higher moisture content
(Fernandez-Lopez et al., 2019). The trend found for lightness values,
indeed, agreed with the moisture content reported in Table 2. F1 (UR%
= 29.85%) and F3 (UR% = 30.51%) samples, with the highest moisture
content, also showed significantly higher values for L*. On the contrary,
F4 showed the lowest UR% and L* values. In addition, no significant
differences emerged between F2 and F5, containing both additives at
different concentration.

3.7. Texture profile analysis (TPA)

The TPA results for sausages at the end of ripening period are sum-
marized in Table 6. Regarding hardness, the F4 sample, containing only
nitrite and nitrate, showed the highest value, with significant differences
compared to all the other samples except for F2. On the contrary, F1
(exclusively containing OLE) and F3 (without any additives), were
significantly less hard. This outcome is in line with our previous study
(Difonzo et al., 2022). In general, hardness is related to moisture content
and weight loss (Ekici et al., 2015). The shrinkage occurring during
ripening promotes a closer contact between proteins and the formation
of new interactions, leading to increased hardness (Li, Zhuang, Qiao,
Zhang, & Wang, 2016). Indeed, F1 and F3 showed the highest values of
moisture content (F1 = 29.85%; F3 = 30.51%), while F4 the lowest
(22.46%). Regarding springiness and chewiness no significant differ-
ences emerged by comparing samples containing OLE alone (F1) and in
combination with nitrite and nitrate (F2, F5). A similar trend was also
found for cohesiveness, although F4 and F5 showed a significantly lower
value compared to F1 and F2. Furthermore, for all these parameters, the
F3 sample (without any type of additive) showed the lowest values
compared to the other samples. These outcomes could be related to the
different level of protein oxidation, in fact as reported in Fig. 1B, F3 was
the sample with the highest content of carbonyl groups. The formation
of crosslinks between oxidised proteins may affect the texture of ripened
sausages, in particular with respect to gelation (Berardo et al., 2016).
Zhou, Zhao, Zhao, Sun, and Cui (2014) demonstrated that the textural
parameters decreased with the increase of oxidation since the protein
carbonylation leads to fast and severe reduction of water-holding and
gelling capacities.

3.8. Sensory analysis

Table 7 shows the results of the sensory analysis carried out on the
sausages at the end of the ripening period. Considering the intensity of
colour, no significant differences were observed among the samples
(Table 7). Thus, unlike redness (a*) highlighted differences among the
samples (Table 5), the lack of nitroso-myoglobin synthesis, caused by
the absence of nitrite and nitrate, was not visually perceivable by the
panellists. At the same time, the F3 sample showed a significantly lower
score of the typical odour compared to the other samples. This could be
due to the absence of nitrite and nitrate, which generally contribute to
the development and maintenance of the characteristic odour of this
category of meat products (Perea-Sanz, Montero, Belloch, & Flores,
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Table 6
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Mean value, standard deviation and results of the statistical analysis (One-Way ANOVA) of hardness, springiness, chewiness and cohesiveness of the ripened sausages.

Formulation OLE (mg/kg) NO,-NO3 (mg/kg) Hardness (N) Springiness Chewiness (N) Cohesiveness (N)
F1 1000 0 75.89 £ 2.59 ¢ 0.50 £ 0.02a 13.88 +0.43 a 0.32+0.05a
F2 1000 75-75 106.20 + 1.40 ab 0.50 £+ 0.00 a 12.74 + 2.83 a 0.34 £ 0.01 a
F3 0 0 82.00 +£ 0.30 ¢ 0.41 +£0.01 b 10.07 £ 0.70 ¢ 0.21 £ 0.00 ¢
F4 0 75-75 110.86 + 3.86 a 0.48+0.01a 12.09 £ 0.25 b 0.24 £ 0.05b
F5 500 35-35 99.90 + 3.93 b 0.50 £ 0.01 a 13.82+0.05a 0.24 + 0.00 b
OLE, Olive Leaf Extract; NO,-NOg, Nitrite and nitrate. Different letters denote significant differences at P < 0.05.
Table 7
Mean value, standard deviation and results (One-Way ANOVA) of the statistical analysis of the sensory analysis of the ripened sausages.
Formulation ~ OLE (mg/ NO2-NO3 (mg/ Colour Typical odour of ripened Rancid odour  Consistency Bitterness Saltiness
kg) kg) intensity sausages
F1 1000 0 6.83 £0.29a 7.35+0.13a 0.58 £ 0.02 ¢ 5.25 £ 0.00 cd 0.87 £0.12a 5.37 £ 0.37
ab
F2 1000 75-75 7.12+0.13a 7.55+0.05a 0.37 £0.12d 6.37 £ 0.62b 0.63 £0.12ab 4.87 £ 0.37
ab
F3 0 0 6.89 £0.45a 5.87 £ 0.38b 0.87 £ 0.37 a 4.62 +£0.37 d 0.32+0.11 b 4.50 + 0.25 b
F4 0 75-75 7.18 £0.08 a 7.57 £0.02 a 0.71£0.07b 7.25+0.25a 0.33 +£0.07 b 6.25+0.75a
F5 500 35-35 7.15+0.02a 7.55+0.12a 0.48 + 5.87 £0.37c¢ 0.45 +0.02 ab 5.12 £ 0.87
0.03cd ab

OLE, Olive Leaf Extract; NO,-NOg, Nitrite and nitrate. Different letters denote significant differences at P < 0.05.

2018). The use of OLE, both alone (F1) and in combination with nitrite
and nitrate (F2, F5) led to colour and odour similar to those of F4
sample, where only nitrite and nitrate were added. A similar result was
also reported by Sucu and Turp (2018) as fermented beef sausages with
beetroot extracts were like those of the control samples with only ni-
trites. In line with the TBARs-test (Fig. 1A), the panellists perceived a
rancid odour with a higher score in the sample F3 (p < 0.05), followed
by the samples F4 and F1. The F2 sample (OLE:1000 mg/kg; NOo—-NOs:
75-75 mg/kg) showed the lowest score for rancid odour (p < 0.05). The
50% reduction of the dose of OLE and nitrite and nitrate (F5) did not
cause a significant variation of this sensorial parameter. A similar trend
was reported by Nieto, Martinez, Castillo, and Ros (2017). In fact, sen-
sory analysis revealed that sausages processed with olive oil and nut
extracts had a significantly lower rancid odour than control sample,
demonstrating that the addition of the natural extracts delayed lipid
oxidation (Nieto et al., 2017). Focusing on consistency, the results
agreed with those instrumentally obtained by the texture profile anal-
ysis, confirming that F4 was the hardest sample. The sensory evaluation
of consistency also confirmed that F1 (OLE only) and F3 (no additives)
samples were not significantly different. However, the panellists
assigned a significantly higher score to the F2 sample (containing both
types of additives at the highest dose) compared to F5 (with a 50%
reduced dose). As previously discussed, these outcomes could be linked
to the different moisture content of the samples. Of particular interest
were the scores related to bitterness, as the oleuropein (and OLE in
general) is characterised by a clearly perceivable bitter taste. The F1
sample, with 1000 mg/kg of OLE, showed the highest scores for
bitterness, while samples F3 and F4, without OLE, had the lowest scores.
It must be considered, however, that the bitterness intensity was never
very high, being the maximum value observed equal to 0.87 on a 0-9
scale (F1 sample). In fact, Martinez-Zamora et al. (2021a) reported that
a purified antioxidant extract without phenolic derivatives from olive
did not cause bitter perception in samples of “Fuet”, a Spanish-type
dry-cured sausage. However, the combination of the OLE with nitrite
and nitrate could mask this perception since no significant differences
emerged by comparing the samples F2-F5 and the samples F3-F4, which
did not contain OLE. Finally, considering saltiness, samples F4 (with
only nitrate and nitrite) and F3 (no additives) showed significantly
higher and lower value, respectively. At the same time, no significant
differences emerged among samples with OLE added, both alone (F1)
and in combination with nitrite and nitrate (F2, F5).

4. Conclusion

The results demonstrated the efficacy of OLE in reducing nitrite and
nitrate in the preparation of ripened pork sausages at industrial scale.
The inclusion of the OLE in the sausage formulation and in combination
with highest (F2) a reduced dose of nitrite and nitrate (F5), successfully
limited lipid and protein oxidation in the final product, without modi-
fications in terms of textural properties of the finished product. The
microbiological safety of sausages was also ensured, accompanied by a
significant decrease in N-nitrosamines content. The intensity of red
colour and the bitter taste of the sausages were the main parameters
negatively affected by the OLE addition. However, also in this case, the
use of OLE in combination with the highest (F2) and a reduced amount
of nitrite and nitrate (F5) masked these inconveniences. Therefore, this
study demonstrates another effective use of OLE, a derivative of the
olive leaves discarded during olive oil production, already known as a
useful antioxidant in plant-based foods such as baked goods, oils, and in-
brine table olives. The findings demonstrate that OLE stands out as a
valuable alternative to nitrate and nitrite, demonstrating its effective-
ness in the manufacturing of ripened sausages. Its integration into in-
dustrial processes underscores its immediate applicability on a large
scale, emphasizing the practical feasibility and benefits of repurposing
this waste from the agro-industry. However, it is important to note that
OLE has not yet obtained official authorisations a food additive.
Therefore, in the prospect of a possible authorisation of OLE as novel
food additive, this study, together with many other studies that tested
the use of OLE in different food formulations, provides valuable data
available for companies and food safety authorities to evaluate the effect
of this new additives in foods.
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