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ARTICLE INFO ABSTRACT

Keywords: This study was designed to compare the effects of natural nitrite sources from the arugula leaves (arugula extract
Pre-converted nitrite and pre-converted arugula extract) and the use of barberry extract (BE) in heat-treated fermented sausage for-
Arugula mulations. Eight different sausages were manufactured as follows: pre-converted arugula extract (PA), arugula
gizzzg(}),n extract (A), pre-converted arugula extract + BE (PAB), arugula extract + BE (AB), nitrite +BE (POB), no nitrite+

BE (NEB), also positive and negative control groups were prepared with (POC) or without nitrite (NEC). The
addition of arugula and barberry extracts reduced the residual nitrite content, in fact PAB had the lowest value
with a reduction ratio of 47%. The addition of BE lowered the lipid oxidation compared to other counterparts.
The use of arugula extract or pre-converted arugula extract resulted in a lower carbonylation than nitrite free
samples. The use of natural extracts lowered the a* and b* values compared to control. At the end of the storage,
no differences were observed on the overall acceptability of all samples. Combined use of barberry extract with
arugula and pre-converted arugula extracts could be used as alternative novel curing agent in heat-treated fer-

Fermented sausage

mented sausages.

1. Introduction

As consumers become increasingly aware of the relationship be-
tween their diets and health, the demand for minimally processed, all-
natural food products is rising. Research and development studies
have been intensified on natural alternatives to chemical additives to
satisfy consumer expectations. Nitrate/nitrite has been added to various
meat products to maintain microbial quality, color, and flavor and to
prohibit oxidative reactions (Alahakoon, Jayasena, Ramachandra, & Jo,
2015). Due to the apparent wide-spread use of nitrites, consumers are
becoming more aware of and concerned about their safety. Nitrite can be
transformed into N-nitroso with amines in meat products, known to
cause human cancer (Lee, Jo, Yoon, Jeong, & Hur, 2021).

The main dietary nitrate or nitrite sources are drinking water,
various vegetables, and processed meat products. Considering this,
replacing synthetic nitrite with natural sources in meat products has
recently been a hot research topic. Arugula, celery, spinach, parsley,
lettuce and red beet have been demonstrated as nitrate-rich vegetables
(Ko, Park, & Yoon, 2017; Riel, Boulaaba, Popp, & Klein, 2017). Contrary
to synthetic counterparts, the natural nitrate sources are not correlated
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with proliferative activities according to the epidemiologic studies
(Cantor, Ward, Moore, & Lubin, 2006; Yong et al., 2021). In this regard,
various studies were conducted to using nitrate-containing vegetables as
natural nitrate sources. In previous studies, radish powder in fermented
sausage (Ozaki et al., 2021), celery in cold-smoked sausage links
(Eisinaité, Tamkute, Vinauskiene, & Leskauskaité, 2020), Chinese cab-
bage in ground pork sausages (Jeong, Bae, Yoon, Jeong, & Gwak, 2020),
radish powder in cured pork products (Bae, Choi, & Jeong, 2020) have
been approved as a nitrite substitute.

The use of nitrate provides comparable characteristics only if it could
be reduced to nitrite by the actions of bacteria (Alahakoon et al., 2015;
Oliveira et al., 2021). Nitrates in vegetables, including celery, turnip,
parsley, etc., can pass through the nitrogen cycle in microorganisms,
which reduce nitrates to nitrites (Kim et al., 2019a). Staphylococcus
xylosus and Staphylococcus carnosus are microorganisms that possess the
nitrogen cycle (Sebranek & Bacus, 2007). The use of converted nitrate to
nitrite (pre-converted) by microorganisms with nitrate-reducing activity
in vegetables such as pre-converted celery in ham slices (Horsch et al.,
2014), pre-converted Swedish chard in pork patties (Shin et al., 2017),
pre-converted spinach in cured pork loin (Kim et al., 2019b) and pre-
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converted red beet in meat emulsions (Choi et al., 2017) had thought to
have essential superiority compared to the use of nitrate extract. This
assessment is associated with a longer time for curing reactions by the
necessary conversion of nitrate to nitrite during processing. Therefore,
as a part of this study, nitrate in the arugula was utilized as an extract, or
nitrate in the arugula was converted to nitrite by the pre-conversion
process.

Barberry (Berberis vulgaris L.) contains numerous compounds such as
vitamin C, malic acid, succinic acid, tannin, berbamine, berberine,
berberubin, chlorogenic acid, catechin, gallic acid, and anthocyanins
and it has been approved by the FDA to be safe for human consumption
(Kermanshahi & Riasi, 2006; Rahimi-Madiseh, Lorigoini, Zamani-
Gharaghoshi, & Rafieian-Kopaei, 2017). Phenolic compounds found in
barberry fruit have strong antioxidant properties (Jaberi, Kaban, &
Kaya, 2020).

The European Food Safety Authority (EFSA) has declared that
arugula is an essential source of nitrate, with the highest nitrate con-
centration up to 6400 ppm (European Food Safety Authority (EFSA),
2008). Notwithstanding this, no study utilized the arugula or pre-
converted arugula extract as a natural nitrite source in meat products.
Within this framework, this study aimed to investigate the effects of
using arugula extract or pre-converted arugula extract and barberry
extract as synthetic nitrite alternatives in Turkish-type sausage formu-
lations. This study has two main objectives: 1. To investigate the dif-
ferences between pre-converted arugula extract and arugula extract in
cured sausages. 2. To determine the addition of natural extract sources
available that can simultaneously provide all the functions of nitrite.

2. Materials and methods
2.1. Materials

Post-rigor boneless beef (Musculus semitendinosus, 72% moisture,
21% protein, 4.3% fat and 1.6% ash, heme pigment level: 168.35 ppm)
and beef fat (93.8% lipid, 4.7% moisture, and 0.1% ash) were purchased
from a local butcher (izmir, Turkey).

Lyophilized commercial starter culture (mixture of Pediococcus
acidilactici, Lactobacillus Plantarum, and Staphylococcus carnosus) was
kindly supplied from Pinar Meat Company (Izmir, Turkey). Nitrate-
reducing bacteria Staphylococcus carnosus (S-B-61, Bactoferm) was
kindly donated by Chr. Hansen Inc. (istanbul, Turkey). The curing
agents were provided by Fansada Aroma and Spice Food Products Co.
(Ankara, Turkey). Fresh arugula (Eruca sativa), spices, and air-dried
natural casings (D:36 mm, bovine small intestine) were purchased
from a local market in Izmir (Aegean region). Dried barberry fruit
(Berberis vulgaris L.) was obtained from Tebriz (Iran). Analytical-grade
chemicals (Sigma-Aldrich Chemie GmbH, Germany) were used for
analysis.

2.2. Preparation of arugula extract (AE) and pre-converted arugula
extract (PAE)

Fresh arugula leaves were washed under the running water. The
leaves were dried in a tray dryer operated at 30 °C for 24 h (Armfield
Limited., Ringwood, Hampshire, England). Leaves were then ground to
obtain a fine powder. Arugula powder and distilled water were mixed at
a ratio of 1:10 (g/ml) in a flask, and the mixture was placed in a water
bath operating at 80 °C for 20 min for the extraction process. To obtain
pre-converted arugula extract (PAE), the arugula powder and distilled
water mixture (1:10 g/ml) was inoculated (30 °C, 24 h) with 0.025%
active nitrate-reducing bacteria (Staphylococcus carnosus, S-B-61, Bac-
toferm, Chr. Hansen Inc., Gainesville, FL, USA). Subsequently, both of
these mixtures were filtered through Whatman No. 1 filter paper (Sigma-
Aldrich, Germany). After filtration, the mixture was concentrated using
a rotary evaporator (Heidolph Hei Vap ValG1, Germany) at 50 °C.

Concentrated AE (pH = 5.34, L* = 14.24, a* = —0.46+, b* = 13.96)
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(4704.28 ppm nitrate and 23.82 ppm nitrite) and PAE (pH = 5.33, L* =
14.24, a* = —0.46+, b* = 13.96) was used as nitrite sources (514,21
ppm nitrate and 56.38 ppm nitrite). The extracts were stored at 4 °C
until their usage within 24 h.

2.3. Preparation of barberry (Berberis vulgaris) extract

Barberry extract was prepared according to the method described by
Koncic¢ et al. (2010). Dried barberry fruits were directly used without
any crushing or grinding. Fruits were washed with tap water before
being used for the extraction process. Fruit and ethanol were mixed at a
ratio of 1:5 (w/v) in a flask and placed into the chamber of a laboratory-
grade microwave oven (Sineo Mas-II Plus, Shanghai, China). The
extraction was performed at 60 W, at 45 °C for 30 min. Then, the flask
was transferred to a shaking water bath at 45 °C, 65 rpm, for 30 min.
After the extraction process, the extract was filtered through Whatman
No:1 (Sigma-Aldrich, Germany), and the solvent was removed using a
rotary evaporator (Heidolph Hei Vap ValGl, Germany) at 50 °C.
(Barberry extract: L*: 19.07 £ 0.65, a*: 18.41 + 0.98, b*: 13.40 + 0.37,
pH: 2.56, ascorbic acid: 429.36 mg/100 g, no toxicity up to 1000 ppm
against L929 cell culture(DIN EN ISO 10993-5, 2009). The bioactive
compounds of barberry extract were determined according to Gumus,
Moulahoum, Tok, Kocadag Kocazorbaz, and Zihnioglu (2022) with some
modifications. Chromatographic separation was performed using a
HPLC Agilent 1260 Infinity series (Agilent Technologies, Santa Clara,
CA, ABRE) instrument with a Poroshell 120 EC-C18 (3.0 x 150 mm, 2.7
pm particle size) column. The mobile phase system was constructed
from a 5 mM ammonium format in water (A) and methanol (B) using a
gradient elution as follows: 0-0.5 min, 10% B; 0.5-5 min, 70% B; 5-7
min, 95% B; 7-10 min, 95% B; 10-15 min, 10% B. The column tem-
perature was kept at 25 °C. The injected sample volume was 10 pL and
the flow rate used was 0.5 ml/min. MS analysis was performed using an
Agilent 6550 iFunnel equipped with the Agilent Dual Jet Stream elec-
trospray ionization (Dual AJS ESI) interface: drying gas flow, 14.0 L/
min; nebulizer pressure, 35 psi; gas drying temperature, 290 °C; sheath
gas temperature, 400 °C; sheath gas flow, nitrogen 12 L/min. The
scanning range m / z 50 to 1800 was selected. The bioactive compounds
of the barberry extract presented in Table 1.

Table 1
Bioactive compounds in barberry extract.
Name Class Molecular m/z Score Polarity
formula

Trigonelline Alkaloid C7H8NO2 138.05 97.12 +

Quercetin Flavonoid C15H1007 303.05 9212 +

Phenylacetic acid ~ Phenyl C8H802 137.06  89.64 +
group

Palmatine Alkaloid C21H22N0O4 352.15 96.83 +

Oleic Acid ethyl Fatty acid C20H3802 311.29 86.96 +

ester ester

Oleic Acid Fatty acid C18H3402 283.26 86.78 +

Luteolin Flavonoid C15H1006 287.05 100 +

Herbacetin Flavonoid C15H1007 303.05 89.4 +

Genistein izoflavon C15H1005 271.06 86.51 +

DL-Canadine Alkoloid C20H21NO4 340.15 95.92 +

Diosmetin Flavonoid C16H1206 301.07 97.94 +

Chlorogenic Acid  Fenolik asit ~ C16H1809 355.10 97.01 +

Apigenin Flavone C15H1005 271.06 100 +

(+)-Naringenin Flavonoid C15H1205 273.07 97.41 +

Quinic acid Alcohol C7H1206 191.06 88.22 —

Quinalizarin Organic C14H806 271.03 97.26 —
acid

Chlorogenic Acid  Fenolic C16H1809 353.09 85.08 —
acid

Caffeic Acid Fenolik asit =~ C9H804 179.03 91.67 —

(+)-Naringenin Flavonoid C15H1205 271.06 80.05 —
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2.4. Experimental design and preparation of sausages

Eight treatments were produced two times on different days ac-
cording to Table 2. Each batch was 5 kg (approximately 25 sausages of
200 g baton per repetition) with different sources of nitrite were pre-
pared in two separate replications of the experiment; negative control:
no added nitrite (NC), positive control: 150 ppm sodium nitrite (PC),
barberry extract (NCB), 150 ppm nitrite+barberry extract (PCB), pre-
converted arugula extract (PA), arugula extract (A), pre-converted
arugula extract+ barberry extract (PAB), arugula extract+barberry
extract (AB). The block diagram of heat-treated fermented sausage can
be seen in Fig. 1.

Visible connective tissue and fat were separated from the beef
manually by using a sharp, narrow-bladed knife. Lean meat and beef fat
were grounded through a 3 mm plate. Minced beef and fat were mixed
with the curing ingredients (arugula or pre-converted arugula extracts
as 150 ppm nitrite equivalent), spices, lyophilized starter culture mix,
and barberry extract (200 ppm gallic acid equivalent). Each prepared
sausage dough was stuffed into natural casings derived from bovine
small intestines using a hydraulic sausage filling machine (SG-Alpina,
Schweiz, Switzerland). Sausage doughs were rested in a conditioning
cabinet set to 21 °C and 60% relative humidity (RH) (Daihan Scientific,
South Korea) for 3 h. Then, sausage doughs were fermented in the same
cabinet where the ambient temperature and RH were 25 °C and 90%,
respectively. Fermentation was terminated when the pH value of sau-
sages reached 5.60. After then, fermented samples were placed in an
oven (80 °C) (AFOS Mini Kiln, UK) and heat-treated until the center-
point temperature reached 68 + 2 °C. Heat-treated samples were
rapidly cooled by spraying water. The sausages were put again into the
cabinet and ripened at 18 °C and 72% RH for 24 h. The sausage samples
were stored at 4 °C for 3 months to follow up the oxidative changes and
residual nitrite during refrigerated storage.

2.5. Determination of total phenolic content and antioxidant capacity of
barberry extract

The Folin-Ciocalteu method was used to determine the total phenolic
content in barberry extract. The results were expressed as mg gallic acid
equivalent (GAE) per gram (Sarkis, Michel, Tessaro, & Marczak, 2014).
Various concentrations of gallic acid (50-500 pg/ml) solutions were
used to plot a standard curve. The antioxidant capacity of barberry
extract was tested by 2,2-diphenyl-1-picrylhydrazyl (DPPH) method as
described by Grajeda-Iglesias et al. (2016). The results were expressed in
terms of micromole Trolox equivalent (TE) per gram by using the Trolox
calibration curve.

2.6. Water activity and weight loss

Water activity (a,,) was measured at 25 °C using an a,, measurement
device (Testo AG 400, Germany). The device’s plastic containers were
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filled with about 5 g of the sample before being put in the equipment
chamber for equilibration. The result was recorded, and the sample was
removed from the chamber. Weight loss was evaluated as a percentage
of the initial sample weight during the processing.

2.7. Color parameters

Color parameters of arugula and barberry extracts (L*-brightness, a*-
redness, b*-yellowness) were measured with a portable color measure-
ment device (CR-400, Konica Minolta, Japan). Color parameters of the
sausage samples were measured from the longitudinal cut surfaces of the
sausages using a portable colorimeter (CR-200, Konica Minolta, Japan)
equipped with a ten-degree observer angle and D65 illuminant. The
color of sausages (final product) was immediately evaluated just after
the production. The Chroma (C*)/Hue angle (h*), Euclidean distance
(AE), and redness index (RI) of sausages were calculated according to
the American Meat Science Association guidelines (AMSA, 2012).

a
b

RI =

C =Va?+b?

« b
h = arctan (—)
a

2.8. Nitrate and nitrite concentration

The amount of nitrate in sausages was determined according to the
method proposed by Ozdestan and Uren (2010). A 25 g of the sample
was taken and homogenized with 80 ml of distilled water for 5 min.
Then 80 ml of hot water (70-80 °C) and 10 ml of 5% (w/v)
NayB40710H,50 solution were added and heated 80 °C for 15 min. To
clarify the mixture, 5 ml of 23% (w/v) ZnSO47H20 solution was added
and shaken for 15 s, and then 5 ml of 15% (w/v) K4Fe (CN)g3H50 so-
lution was added and shaken for another 15 s. After cooling, the sample
was diluted to 250 ml with distilled water and filtering with Whatman
no 40-filter paper. The nitrate in the extract was reduced to nitrite with
cadmium acetate solution and zinc powder, and the color of nitrite with
Griess reagent was measured spectrophotometrically at 538 nm and the
nitrate amount in the sample was expressed as mg/kg.

2.9. Nitroso pigment, total pigment, and curing efficiency

Nitroso pigment and total pigment content of the sausages were
determined using the method of Hornsey (1956) during three months of
storage. A 10 g of the sausage sample was stirred for 10 min with 40 ml
of acetone and 3 ml of water. Following filtering, absorbance at 540 nm
was measured against a blank (40 ml acetone +3 ml water). The nitroso
pigment concentration (ppm of heme pigment) was calculated as A540
x 290. To calculate the total pigment concentration, 10 g of the sausage

Table 2

Formulation of heat-treated fermented sausages.
Groups' Beef (g) Beef Salt (g) Spice (g) Sugar (g) Ascorbate (g) NaNO; (g) AE PAE (g) BE (g)

Fat (g) (@)

NEC 4000 800 96 180 19.2 1.92 0 0 0 0
POC 4000 800 96 180 19.2 1.92 0.76 0 0 0
PA 4000 800 96 180 19.2 1.92 0 0 75.51 0
A 4000 800 96 180 19.2 1.92 0 60.64 0 0
NEB 4000 800 96 180 19.2 1.92 0 0 0 24.13
POB 4000 800 96 180 19.2 1.92 0.76 0 0 24.13
PAB 4000 800 96 180 19.2 1.92 0 0 75.51 24.13
AB 4000 800 96 180 19.2 1.92 0 60.64 0 24.13

** AE: arugula extract; PAE: pre-converted arugula extract; BE: barberry extract.

1 NEC: negative control (nitrite-free), POC: positive control (150 ppm nitrite), PA: pre-converted arugula extract, A: Arugula extract, NEB: barberry extract, POB:
barberry extract+nitrite PAB:pre-converted arugula extract+barberry extract, AB: arugula extract+barberry extract.
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Extract sources (arugula/pre-
converted arugula, barberry)

Vacum package/storage

Fig. 1. Preparation of sausages.

was stirred with 40 ml acetone, 2 mlwater, and 1 ml HCI and kept in the
dark (1 h, room temperature). Then, the solution was filtered. Finally,
the absorbance was measured against a blank solution at 640 nm. The
total pigment concentration (ppm) was calculated as A640 x 680. Then
curing efficiency (%) was calculated using the equation:

_ Nitroso pigment

Curing efficiency (%) = “Total pigment x 100

2.10. Lipid oxidation

The method of Witte, Krause, and Bailey (1970) was used to measure
the 2-Thiobarbituric Acid Reactive Substances (TBARS) value. Samples
were analyzed initially (month 0/final product) and monthly thereafter
for 3 months.

2.11. Protein oxidation

The method was used to measure the protein carbonyl products in
water extracts using spectroscopy (Estévez, Kylli, Puolanne, Kivikari, &
Heinonen, 2008). Protein carbonyl products expressed as nmol
carbonyl/mg protein. The method of Sedlak and Lindsay (1968) was
used to measure the total sulfhydryl content (nmol -SH/m value).
Samples were analyzed initially (month O/final product) and monthly
thereafter for 3 months.

2.12. Sensory evaluation

The sensory panels were carried out in a sensory test laboratory that
had partitioned cabinets and individual standard lightning conditions
(ISO, 2007). Samples from each formulation were randomly assigned for
sensory evaluation. Sensory evaluation was performed using a 9-point
hedonic scale (9-like extremely to 1-dislike extremely), and panelists
were asked to score the samples in terms of color, cross-sectional
appearance, and flavor scored on. In each assessment, there was a

panelist group of 25 people (60%female/40% male, ages 25 to 35).
Sausage samples were cut into 0.5 cm thick slices and served warm to
panelists with randomly coded digits. Considering the risk of microbial
growth, the panelists were not asked to evaluate the samples in terms of
flavor during storage.

2.13. Statistical analysis

The entire procedure for the sausage production was replicated twice
(two independent batches were produced) on different days and mea-
surements of related traits were conducted in triplicate for each batch.
Within one replication, totally eight different sausage formulations
(NEC, POC, NEB, POB, PA, PAB, A, and AB) were prepared. For each
formulation, three heat-treated fermented sausages per batch were
selected for the subsequent analyses. Mean values for measured pa-
rameters were calculated and compared by analysis of variance using
the SPSS software for windows (SPSS 21.0 for Windows; SPSS Inc.
Chicago, IL, USA). Production batches were expressed as a random
variable, and each treatment was recognized as a fixed variable.
Random variables of sensory analysis were panel day, session count, and
the number of panelists. Storage data values were analyzed using two-
way ANOVA with treatment and storage time as the main effects.
Means were further compared using the Duncan test. Duncan’s multiple
range test was employed to compare group values with a significance
level of P < 0.05.

3. Results and discussion
3.1. Total phenolic content and antioxidant capacity of barberry extract

Polyphenols are compounds with antioxidant and antimicrobial ac-
tivity naturally found in various plants, fruits, and vegetables (Munekata
et al., 2021). The total phenolic content and radical DPPH scavenging
activity of barberry extract were determined to be 33.16 mg GAE/g and
42.46 pmol TE/g, respectively. (Sharifi & Poorakbar, 2015) observed
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that barberry extract 41.6 pmol TE/g DPPH value, and Aliakbarlu,
Ghiasi, and Bazargani-Gilani (2018) reported that barberry extract had
39.37 mg GAE/g total phenolic content which are similar to our current
study findings.

3.2. ay, pH and total acidity of sausages

The a,, value as a critical shelf-life indicator is affected by the curing
ingredients (nitrite, NaCl, i.e.), fermentation and the drying process
(Table 3). Initial oy, values were at 0.95-0.98, decreased to 0.93-0.94
after fermentation and to 0.89-0.90 at the end of the ripening (Fig. 2a),
which agreed well with our previous data (Oztiirk-Kerimoglu, Kavusan,
Giirel, Cagindi, & Serdaroglu, 2021). No significant differences were
found in a,, values among all treatments, and obtained values were
below 0.92, the superior limit required to guarantee microbial stability
besides pH around 4.9 (Brasil, 2000).

pH and total acidity values are presented in Fig. 2b and Fig. 2c,
respectively. Initial pH values were between 5.82 and 5.85, the highest
pH was obtained in NEB samples, while the lowest pH value belonged to
A samples. The addition of arugula or pre-converted arugula extract did
not affect the pH value of the samples. Our results were consistent with
the previous study on cured pork loins which showed that spinach juice
as a nitrite source did not affect pH values (Kim et al., 2017). On the
other hand, different findings compared to our study were reported by
Hwang et al. (2018) on pork sausages and by Horsch et al. (2014) on
hams when nitrite was replaced with vegetable sources.

pH value was significantly affected by the addition of barberry
extract (P < 0.05). After the fermentation and heat treatment, sausages
with barberry extract had a lower pH value than their counterparts
which may be explained by the pH value of the barberry extract (pH:
3.50). These findings align with the previous results that indicate
barberry extract could decrease pH values (Aliakbarlu & Mohammadi,
2015; Khalehgi, Kasaai, Khosravi-Darani, & Rezaei, 2016; Jaberi et al.,
2020; Sayadi, Langroodi, & Pourmohammadi, 2021). pH values of all
treatment groups slightly increased after-ripening and ranged from 5.23
to 5.58. The increased pH values may be attributed to proteolysis due to
indigenous and microbiological enzyme activity (Mora-Gallego, Guar-
dia, Serra, Gou, & Arnau, 2016). After ripening the addition of arugula
extract or pre-converted arugula extract caused a decrement in pH
values (P < 0.05) due to the quite low pH values (AE: 5.34; PAE: 5.33).
Since these values were favorable for nitrite degradation, the use of
these natural extracts may have an effect on curing reactions.

The titratable acidity (TA) levels in sausage samples during pro-
duction are reported in Fig. 2.c. The main product of carbohydrate
fermentation in sausages is lactic acid. The lactic acid level in fermented
sausages is the primary reason for the TA increase (Kargozari et al.,
2014). The nitrite source did not affect titratable acidity at each evalu-
ation period. However, adding barberry extract increased the TA values
of sausage samples. After fermentation, TA levels of sausage doughs
ranged from 0.09 to 0.2 lactic acid %, and TA ranged from 0.87 to 0.95
lactic acid % after fermentation, and in the final product, TA was in the
range of 0.69-0.78 lactic acid %. In general, the TA was inversely pro-
portional to the pH value. The increments in TA correspond to a decrease

Table 3
The effect of variances on weight loss, aw and pH values of heat-treated fer-
mented sausages during processing.

Variance source Ay pH Total acidity Weight Loss
Nitrite source (A) wx ok n.s ok
Barberry extract (B) n.s i * il
Processing (P) o o o wox
AxB o o ns -
AxP *k *k n.s *k
BxP n.s wx n.s xE
AxBxP o o n.s o

** P < 0.01, * P < 0.05, n.s: not significant.
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in pH depending on the starter culture metabolism, and the acidity of all
sausages increased. The titratable acidity-increasing trend of barberry
extract was also obvious at the end of the fermentation (P < 0.05). The
titratable acidity of sausages ranged between 1.22 and 1.37 lactic acid %
when chard powder was added as a nitrate source (Oztiirk-Kerimoglu &
Serdaroglu, 2020). Isiksal (2021) reported that TA ranged between
0.93% and 1.04 lactic acid % when nitrite in the fermented sausage was
reduced or replaced with celery juice and black carrot concentrates.

The highest yield was registered for AB treatment (11.15%) while the
lowest yield was found in A treatment (8.82%) (Fig. 2 (d)). All samples
had the similar processing yield after the heat treatment (P > 0.05). The
weight losses were reached to 28.32-33.74% after ripening. The lowest
weight losses were observed in NEC, POB, and AB which represents the
highest processing yield.

3.3. Color parameters of sausages

Myoglobin is the pigment primarily responsible for the meat color
(De Maere et al., 2018). Cured meat color development and stability are
due to the combination of nitric oxide with myoglobin (Oztiirk Keri-
moglu, Serdaroglu, & Ergezer, 2015). L* (lightness), a* (redness), and b*
(yellowness) values of the sausages are shown in Table 4. Nitrite source
and arugula extract significantly affected sausage samples’ L*, a*, and b*
values (Table 6). L* values changed between 30.96 and 39.33, and AB
treatment had the highest L* value. The addition of barberry extract
increased L* values (P < 0.05). POC and POB resulted in higher redness
than other treatments. The reducing property of ascorbic acid may be
the reason for this effect. It could be said that barberry extract acted as a
nitrite reducing agent because its high ascorbic acid content promoted
curing reactions. Similar results were also reported by Terns, Milkowski,
Rankin, and Sindelar (2011), who observed an increase in curing effi-
ciency by adding cherry powder as a curing accelerator in emulsified
cooked sausages.

The highest L*, a*, and b* values of heat-treated sausages using
radish powder and chitosan as nitrite substitutes were reported as 48.65,
14.70, and 13.97, respectively (Ozaki et al., 2020). Choi et al. (2017)
determined that the combined use of fermented red beet extract
(Staphylococcus carnosus) and ascorbic acid as a nitrite alternative in
emulsified meat samples caused an increase in redness. Similarly, the
use of barberry extract acted as a reducing agent and accelerated the
curing reactions. The b* values of the samples ranged from 10.81 to
14.95. The POC and NEC treatments revealed the lowest and highest b*
values, respectively.

In the study in which radish powder and thyme essential oil were
used as nitrite substitutes, the highest L* value was 51.7 and a* and b*
values were found to be highest (11.8 and 8.8) in the groups formulated
with radish powder (Ozaki, Dos Santos, et al., 2021). Martinez-Zamora,
Penalver, Ros, and Nieto (2021) evaluated the influence of the combined
use of chard and beetroot powders with a starter culture mixture (Ped-
iococcus, Staphylococcus xylosus, and Staphylococcus carnosus) in Spanish
chorizo. Color analyses indicated that samples produced with the nat-
ural nitrite replacers reduced the intensity of the sausages’ lightness,
redness, and yellowness. The differences between our findings and the
some of the published results could be arised from the natural nitrite
source, the addition form or the natural color of the extracts.

Hue angle index (H°) is the development of color from red to yellow
and larger angles imply lower redness; our results show that nitrite
source did affect Hue angle values (Table 6). Sausages with no nitrite
and pre-converted arugula or arugula extract added had higher hue
angles than others (P < 0.05), which suggests that these treatments were
less red than other counterparts. Also, higher angles were probably
sourced by the myoglobin denaturation. The lowest hue angle was
registered for positive control groups (P < 0.05). Nitrite in the positive
control sample was responsible for developing cured meat color. How-
ever, using natural nitrite sources was not as effective as nitrite. Besides
that, the use of barberry extract contributed redness value (lower hue
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Fig. 2. a) Water activity (ay,), b) pH, and c) total acidity (lactic
acid %) d) yield during sausage process. * Different letters in
the same row indicate a significant difference (P < 0.05). Data
were presented as the mean + standard error. ** Different
letters in the same column indicate a significant difference (P
< 0.05). Data were presented as the mean + standard error.
Treatments: NEC: negative control (nitrite-free), POC: positive
control (150 ppm nitrite), NEB: barberry extract, POB:
barberry extract+nitrite PA: pre-converted arugula extract, A:
Arugula extract, PAB: pre-converted arugula extract+barberry
extract, AB: arugula extract+barberry extract.
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Table 4
Color parameter, nitrosopigment, total pigment and conversion rate of sausages.
Samples L* a* b* h*(°) Cc* AE RI Nitroso Total pigment  Conversion
4 pigment (ppm) (ppm) rate
(%)
NEC 34.52¢ + 11.76" + 14.95°+0.64  51.79°+£0.33  19.02%" + - 0.79¢ + 24771 +0.75  109.36" + 22,658 +
0.52 0.45 1.34 0.01 0.57 0.88
POC 33109+ 0.3  13.74°+ 10.81° + 38.19° + 17.49% + 5.00%° + 1.27°40.03  102.64° + 152.899 + 67.14° +
0.31 0.27 0.60 0.65 0.07 1.43 0.09 0.97
NEB 37.30° + 12.28" + 12.09° + 44.61° + 17.23% + 4722 + 1.01° + 32,815 +1.45  118.65% + 27.66° +
0.06 0.65 0.42 0.59 1.31 0.05 0.02 0.59 1.28
POB 37.73" + 13.86°+0.46  14.54°+0.63  45.64° + 20.33°+0.84  4.58%° + 0.98° + 157.66°+1.55 195.17°+£0.13  80.78" +
0.39 0.88 0.09 0.07 0.74
PA 30.96° + 10.279 + 13.25%° + 52.23°40.72  16.76™ + 4.09%° + 0.78° + 96.7794+ 0.77  155.93+ 62.06% +
0.84 0.28 0.35 0.68 0.06 0.03 0.44 0.66
PAB 37.79° + 10.77° + 1177 + 47.53" + 15.96° + 5.94°+0.95  0.92" + 135.30° + 162.00" + 83.52°+1.06
1.15 0.18 0.22 0.99 0.12 0.03 1.27 0.63
A 37.85" + 10.48% + 13.37%° + 51.89°+0.96  16.99" + 3.52° + 0.79° + 42.76' + 1.07 124.14 + 34.44° +
0.88 0.03 0.41 0.53 0.80 0.03 0.66 0.87
AB 39.33'+0.75  12.45" + 12.70%%¢ + 45.10° + 17.82" + 5.17%° + 1.00" + 90.79°+0.35  142.32°+ 63.799 +
0.61 1.72 1.56 2.85 1.01 0.09 0.46 0.32

a-e Different letters in the same column indicate a significant difference (P < 0.05). Data were presented as the mean =+ standard error.
# Treatments: NEC: negative control (nitrite-free), POC: positive control (150 ppm nitrite), NEB: barberry extract, POB: barberry extract-+nitrite PA: pre-converted
arugula extract, A: Arugula extract, PAB: pre-converted arugula extract+barberry extract, AB: arugula extract+barberry extract.

angles), except positive control sample.

Chroma, also known as saturation of meat color, is directly corre-
lated with the myoglobin concentration and status, which stands for the
increase in metmyoglobin formation, resulting in chroma values
decreasing (Fernandez-Lopez, Pérez-Alvarez, Sayas-Barbera, & Aranda-
Catala, 2000; Pérez-Alvarez et al., 1999; Tapp lii, Yancey, & Apple,
2011). Chroma values ranged between 15.96 (PAB) and 20.33 (POB).
The combined use of nitrite and barberry extract showed higher chroma
values; on the other hand, using natural nitrite sources, whether PA or A,
decreased chroma due to more discoloration in sausage color. The use of
barberry extract was ineffective when nitrite was replaced with natural
sources (P > 0.05).

The total color difference value (AE) is the most thriving indicator of
the influence of different applications on the meat products color. For a
human to perceive the color difference at a glance, the threshold value is
considered 2-6 (Larrain, Schaefer, & Reed, 2008; Ramirez-Navas &
Rodriguez de Stouvenel, 2012). Total color differences were between
3.52 and 5.94. All samples had similar color differences except for A and
PAB samples.

3.4. Nitroso pigment, total pigment, and curing efficiency

The nitroso pigment (NP), total pigment, and pigment conversion
rate (curing efficiency) of fermented sausages are summarized in
Table 4. The NP content of the samples ranged between 24.77 and
157.66 ppm and was significantly affected by the addition of nitrite
sources and barberry extract (P < 0.05). As expected, the lowest NP
concentration (24.77 ppm) was observed in the negative control samples
(without nitrite). The combined use of chemical nitrite and barberry
extract resulted in the highest NP formation. Nitrous oxide is responsible
for the cured meat color, a nitrosyl nitroso-haemochrome. The probable
reason for the NP observed in the nitrite-free (negative control) treat-
ment may be the nitrate that the spices may contain in small amounts.
The NP content was higher when pre-converted arugula extract and BE
were used as natural nitrite sources rather than 150 ppm commercial
nitrite. The pre-converting process raised the NP content of the sausages;
NP levels in the PA and PAB treatments were higher than those in the A
and AB treatments. The conversion rate of nitrate into nitrite during the
fermentation could affect the final nitrite contents in arugula extract
and, therefore, the NP content of the sausages.

Total pigment content in the treatments was significantly changed (P
< 0.05) by the nitrite source and barberry extract addition (Table 4) and
ranged from 109.35 to 197.17 ppm. The highest total pigment level was

observed in POB treatment containing 150 ppm chemical nitrite plus
barberry extract. The lowest total pigment concentrations were found in
NEC and NEB treatments (P < 0.05). The long producing period is
necessary for nitrate reduction to nitrite, so converted nitrite could be
the reason for higher pigment concentration in samples added with pre-
converted arugula extract than in samples formulated with arugula
extract. This conversion may have been restricted related to fermenta-
tion and cooking time. Ozaki, Dos Santos, et al. (2021) also found that
nitroso pigment and total pigment tended to decrease by adding radish
and beetroot powders as nitrate sources. The general trends in total
pigment contents were similar to those observed for the nitrosyl
hemochrome contents, suggesting that nitrosyl hemochrome formation
may be positively correlated with the total pigment content in meat
products. Pre-converted Swiss chard powder in pork patties increased
nitroso and total pigment content (Shin et al., 2017). PA treatment gave
rise to higher total pigment concentration than POC and A treatments.
The addition of barberry extract increased NH pigment and total
pigment concentrations of corresponding treatments (P < 0.05). Using
phenolic acids and flavonoids from natural sources as a reducing agent
can potentially increase the nitroso heme pigments (Gao et al., 2022).

The conversion of total pigments to NP pigment indicates the con-
version rate and the higher conversion rate implies increased redness
(Marches, Cichoski, Zanoelo, & Dariva, 2006; Tambunan, 2008). The
conversion rate in our study was between 22.65 and 83.52%. As ex-
pected, the lowest conversion rate was found in NRC treatment followed
by A treatment. According to Pearson and Tauber (1994), in well-cured
meat products the percentage conversion of nitrosoheme pigment to
total pigment exceeds 80%. In our study, POB and PAB samples could be
counted as well cured in our research. Shin et al. (2017) found the
conversion ratio of cooked pork patties added with pre-converted Swiss
chard between 9.16 (no nitrite)-82.66% (60 ppm nitrite+3% chard
powder), while Ozaki, Munekata, et al. (2021) reported that the con-
version ratio was between 10.93 and 18.81% in fermented dry sausage
where nitrite was replaced with radish or beetroot powders.

The incorporation of barberry or arugula extracts was effective in
lowering the redness index (P < 0.05). RI of sausages was in between
0.78 (PA)-1.27 (POC). No nitrite added samples and also A and PA
samples had lower RI values compared to positive control samples. The
use of barberry extract in the presence of nitrite from arugula increased
the RI (P < 0.05).
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3.5. Lipid oxidation

Lipid oxidation is the reaction that progresses depending on the
degree of unsaturated fatty acids with oxidative stress. These reactions
are responsible for off-flavor, discoloration, loss of nutritional value, and
decreased shelf life of meat products (Cao et al., 2020; Xiong et al.,
2020). Nitrites show antioxidant activity and can retard lipid oxidation
in meat products. In meat products, 50 ppm nitrite addition could reduce
rancidity (Morrissey & Techivangana, 1985; Sebranek, 2009). Fig. 3.
represents the effects of nitrite sources and barberry extract on TBARS
values during storage. Nitrite source and barberry extract affected
TBARS values (Table 6). In the initial storage step (after production), the
positive control 150 ppm nitrite-added and POB samples had the lowest
TBARS values. In contrast, samples added with arugula extract had the
highest TBARS values. The obtained result could be associated with the
insufficient conversion of nitrate to nitrite in arugula extract due to the
short processing period. Similarly, Krause, Sebranek, Rust, & Mendonca,
(2011), observed that incubating curing brines containing vegetable
juice powder and starter culture prior to use resulted in comparable lipid
oxidation to nitrite added control samples. The antioxidant activity of
plant-based extracts depends on the number of polyphenolic com-
pounds. Jeong, Bae, Yoon, Jeong & Gwak, (2020) reported lipid
oxidation was more pronounced in cured pork products formulated with
cabbage, radish, and spinach powders as nitrite sources.

In contrast to our findings using beetroot and radish powders in dry
fermented sausage formulations resulted in lower TBARS values just
after the production, this contrast results could be attributed to different
processing methods and longer fermentation period (Ozaki et al., 2020).
Throughout the storage period, A treatment had the highest TBARS
value together with the negative control samples. The lowest TBARS
value was achieved in month 3 in PAB treatment (P < 0.05). The
addition of pre-converted arugula extract resulted in closer results to
positive control group that contained nitrite. The use of pre-converted
arugula extract could not be able to retard oxidation better than a pos-
itive control group, however, the closest group to control was PA (P <
0.05). The reason for this situation was the addition of catalase positive
S. carnosus as a starter culture which is utilized to convert nitrate to
nitrite. The starting culture may provide further antioxidant effects
because it contains catalase, an important antioxidant enzyme that
breaks down hydrogen peroxide. As a result, the starter culture used in
natural meat products may have a larger antioxidant effect than starter
culture-free conventional meat products. The increasing amount of
fermented spinach in cured pork loins lowered the oxidation neverthe-
less results were higher than control sample (Kim et al., 2017). Also, the
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use of fermented spinach, lettuce, celery, and beet was not able to retard
oxidation in cooked pork sausages (Hwang et al., 2018). At the end of
the storage, all groups that were formulated with barberry extract had
the lowest TBARS values except NEB. The phenolic compounds in
barberry extract donate hydrogen atoms to the radicals and could pre-
vent the progression of lipid oxidation (Ekici & Sagdic, 2008; Yang, Xie,
Jiang, & Wei, 2016). It should be pointed out that oxidation was less
pronounced in samples formulated with barberry extract added samples.
The antioxidant effect of barberry extract in meat products was reported
in different studies (Aliakbarlu & Mohammadi, 2015; Jaberi et al., 2020;
Sayadi et al., 2021).

3.6. Protein oxidation

Protein oxidation is believed to proceed via a free radical chain re-
action similar to that of lipid oxidation although, in the former, higher
complexity of the pathways and a larger variety of oxidation products
have been reported (Estévez, Morcuende, & Ventanas, 2008). The effects
of nitrite source, barberry extract, storage period and their interactions
on protein oxidation could be seen in Table 6. Protein oxidation is re-
flected by the changes in carbonyl content and total sulfhydryl groups.
The carbonyl content of fermented sausages is shown in Fig. 4. Initial
carbonyl content ranged between 3.82 and 5.18 nmol carbonyl/mg
protein.

Carbonyl content of sausages significantly affected by the use of ni-
trite sources and barberry extract (P < 0.05). Due to the absence of
nitrite, which is necessary for its antioxidant effect, the NEC treatment
had the highest carbonyl content (P < 0.05). At the beginning of storage,
treatment added with nitrite and barberry extract had the lowest
carbonyl content. Barberry extract exhibited an inhibitory effect on
protein oxidation when added to sausage formulation (P < 0.05). It
could be seen that the use of arugula or pre-converted arugula extracts
resulted in a higher carbonyl content than POC treatment formulated
with 150 ppm nitrite. Carbonyl content increased during the storage in
all treatments except NEC. At the end of the third month, the carbonyl
content of the sausage samples containing barberry extract was lower
than the other samples. Phenolic compounds were reported to have an
effect on inhibiting carbonyl formation in various studies (Jongberg,
Tgrngren, Gunvig, Skibsted, & Lund, 2013; Turgut, Soyer, & Isikci,
2016).

The loss of sulthydryl groups in sausage samples during 3 months of
storage is depicted in Fig. 4. In the final product total sulfhydryl content
of samples ranged between 36.70 (NEC)-43.86% (POC). The use of
natural nitrite sources and barberry extract had a significant effect on

Fig. 3. TBARS of sausages during storage.

af Different letters in the same row indicate a significant dif-
ference (P < 0.05). Data were presented as the mean + stan-
dard error.

*t Different letters in the same column indicate a significant
difference (P < 0.05). Data were presented as the mean +
standard error.

Treatments: NEC: negative control (nitrite-free), POC: positive
control (150 ppm nitrite), NEB: barberry extract, POB:
barberry extract+nitrite PA: pre-converted arugula extract, A:
Arugula extract, PAB: pre-converted arugula extract+barberry
extract, AB: arugula extract+barberry extract.
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af Different letters in the same row indicate a significant difference (P < 0.05). Data were presented as the mean =+ standard error.

*Z Different letters in the same column indicate a significant difference (P < 0.05). Data were presented as the mean =+ standard error.

Treatments: NEC: negative control (nitrite-free), POC: positive control (150 ppm nitrite), NEB: barberry extract, POB: barberry extract+nitrite PA: pre-converted
arugula extract, A: Arugula extract, PAB: pre-converted arugula extract+barberry extract, AB: arugula extract+barberry extract.

total sulfhydryl groups (P < 0.05). The lowest total sulfhydryl levels
were registered for NEC, NEB, PA, and A samples which elicited that the
use of barberry extract has a crucial role in protecting sulfhydryl groups
from oxidation. Several studies reported the efficacy of natural antiox-
idants in meat products. Pomegranate peel extract (Turgut, Isikci, &
Soyer, 2017), pomegranate fruit juice phenolics (Vaithiyanathan,
Naveena, Muthukumar, Girish, & Kondaiah, 2011), black currant
extract (Jia, Kong, Liu, Diao, & Xia, 2012), rosemary and lemon balm
extracts (Lara, Gutierrez, Timon, & Andrés, 2011), clove extract (Zahid
et al., 2020), wild thyme by-products extract (Sojié et al., 2020), and
purslane extract (Wang, He, Zhang, & Li, 2021) were also delayed the
loss of sulfhydryl groups in muscle foods due to their bioactive com-
pounds. Since lipid oxidation products trigger protein oxidation, a
possible explanation for high sulfhydryl groups is thought to be lower
lipid oxidation in samples formulated with barberry extract. POB and AB
had similar initial sulfhydryl groups to positive control groups formu-
lated with sodium nitrite (P < 0.05). The loss of sulfhydryl groups was

Table 5
Residual nitrite content of heat-treated sausages during storage.

explicit during the storage due to the progression of oxidation (P <
0.05). A decrease in total sulfhydryl groups occurred as a result of the
formation of disulfide bonds and tyrosine due to the oxidation of sulf-
hydryl groups and inter-and intramolecular cross-linking (Zhang, Xiao,
& Ahn, 2013). The reduction rate of total sulfhydryl groups was between
4.20 (A) - 20.66 (POC) %. The utilization of barberry extract delayed the
protein oxidation compared to corresponding treatments, POB treat-
ment had the highest total sulfhydryl content. However, at the end of the
storage, the use of barberry extract was found ineffective in samples
where nitrite was replaced with arugula extract (P > 0.05). Similar to
our results, Martinez-Zamora et al. (2021) indicated that use of
chard+beet with rosemary or citrus extract as a natural nitrate source
protected the chorizo samples against thiol loss.

3.7. Residual nitrite content

The residual nitrite content of the sausage samples during the storage

Storage (month) Residual Nitrite Content (mg/kg)

Samples”
NEC POC NEB POB PA PAB A AB

0 11.27°% 22,59 11.50%5% 26.73%% 12.44°% 16.19%% 13.50%Y 16.59%%
+0.44 +0.41 +0.61 +0.73 +0.76 +0.53 +1.13 +0.75

1 10.34%Y 20.78°Y% £ 0.70 10.65%Y + 0.45 22.81%Y + 1.06 12.81%Y + 0.90 12.64%Y + 0.42 11.60%% + 0.56 11.73% + 0.70
+0.60

2 10.29%Y 17.75%% + 0.53 9.32%Y + 0.66 21.53% + 0.39 14.51%% + 0.74 11.40% + 0.45 14.46% + 0.43 10.61%% + 0.96
+0.73

3 9.45% 15.55%7 + 0.62 8.42°% + 0.58 17.45% + 0.74 10.41°% + 0.53 8.50%% + 0.75 11.24%% + 0.57 10.61%% + 0.54
+0.73

a-f Different letters in the same row indicate a significant difference (P < 0.05). Data were presented as the mean + standard error.
x-t Different letters in the same column indicate a significant difference (P < 0.05). Data were presented as the mean =+ standard error.

@ Treatments: NEC: negative control (nitrite-free), POC: positive control (150 ppm nitrite), NEB: barberry extract, POB: barberry extract+nitrite PA: pre-converted
arugula extract, A: Arugula extract, PAB: pre-converted arugula extract+barberry extract, AB: arugula extract+barberry extract.
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could be seen in Table 5. Natural nitrite sources and barberry extract had
a significant effect on residual nitrite content (Table 6). In the final
product residual content changed between 11.27 and 26.73 ppm. As
expected, synthetic nitrite addition resulted in the highest residual ni-
trite content compared to other treatments at each evaluation period (P
< 0.05). The residual nitrite content of all treatments was gradually
decreased during 3 months of storage (P < 0.05). Moreover, residual
nitrate contents were decreased with the addition of natural nitrite
sources and barberry at the end of the storage PAB and AB. This result
could be due to the reaction of nitrite with meat components (mainly
lipids, proteins, and myoglobin) and thermal degradation during the
cooking process (Honikel, 2008). Other researchers have also indicated
similar findings with a lower residual nitrite content being reported in
products formulated with alternative natural nitrite sources (Choi, Bae,
& Jeong, 2020; Krause, Sebranek, Rust, & Mendonca, 2011; Riel et al.,
2017; Sebranek & Bacus, 2007; Shin et al., 2017). Although nitrite free
NEC and NEB treatments also had nitrite content, this may be because of
the addition of spices that may have contained small amounts of nitrate
(Kim et al., 2017). Similarly, Shin et al. (2017) also detected residual
nitrite in nitrite-free pork patties. A recent review showed that certain
levels of residual nitrite and nitrate in dry-cured meat products could be
considered of natural origin such as fresh meat (Iacumin et al., 2019).
The pre-converted process was shown to have similar nitrite content
with NEC and NEB (no nitrite) treatments during the storage. This
finding could be explained by the higher amount of nitrate that was not
enough for the bacterial conversion into nitrite. Our result revealed that
to obtain low residual nitrite in final products pre-conversion process is
necessary. Moreover, the effect of barberry extract was more apparent in
samples where nitrite was replaced with natural sources (PAE and AE)
because the inclusion of plant-origin ingredients rich in phenolic com-
pounds may contribute to depleting residual nitrite content in meat
products (Viuda-Martos, Ruiz-Navajas, Fernandez-Lopez, & Pérez-
Alvarez, 2009; Wang et al., 2015). Also, antioxidants such as ascorbic
acid, can reduce residual nitrite in meat products. (Okatan & Colak,
2019) indicated that ascorbic acid contents were ranged from 120.36 to
444.35 mg/100 g in Berberis vulgaris fruits.

3.8. Sensory analysis

Sensory evaluation results are given in Fig. 5. Positive control groups
with or without barberry extract and AB samples had the highest color,
texture, and general acceptability scores than other counterparts (P <
0.05). Color scores of the samples varied between 5.33 and 8.00. The
lowest score was obtained in negative control groups (NEC, NEB). The
use of barberry extract increased color scores of positive control or
arugula extract added samples due to the natural color pigments in
barberry fruit. Similar to our results, Choi et al. (2017) reported that the
combination of ascorbic acid+red beet extract resulted in higher color
scores in meat emulsions. The higher color scores had been found in the
control groups with or without BE and AB treatment. Cross-sectional
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Fig. 5. Color, texture, cross sectional surface, and general acceptability scores
of sausages.

Treatments: NEC: negative control (nitrite-free), POC: positive control (150
ppm nitrite), NEB: barberry extract, POB: barberry extract+nitrite PA: pre-
converted arugula extract, A: Arugula extract, PAB: pre-converted arugula
extract-+barberry extract, AB: arugula extract+barberry extract.

area scores of the samples varied between 5.80 and 7.07. No signifi-
cant differences were observed between the nitrite alternative groups
(PAB and AB) and the positive control group (POB). Nitrite alternatives
did not cause obvious alteration in the texture of sausages (P > 0.05).
Ozaki, Dos Santos, et al. (2021) compared the sensory properties of heat-
treated sausages in which radish powder and oregano essential oil were
used as nitrite substitutes and reported that there was no difference
between the samples in terms of overall acceptability, texture, and fla-
vor. Also, curing pork loins with nitrite from Swiss chard did not affect
sensory qualities except color (Kim et al., 2019b). The positive control
group found the highest general acceptance, and barberry added sam-
ples (except for the negative control). From this point of view, it could be
said that the addition of barberry had increased the general acceptance

Table 6
The overall effect of nitrite source, barberry extract and storage on some quality parameters of heat-treated fermented sausages.
Variance source Color Nitroso-  Total Conversion ~ TBARS  Carbonyl Sulfhydryl Residual
L+ a*  b* c* h* AE  RI pigment  pigment rate content content nitrite
©)
Nitrite source (A) o oo * * * * * * *
s
Barberry extract ok d*k k¥ n. k¥ * * ¥k *k *k ek ek ek ek *
(B) s
Storage (C) - - - - _ _ _ _ _ o sk s " .
AxB stk ok * * n.s * sk sk sk sk o3 %
AxC — — — — — — — — — _ ok
BxC - - - - - - - - - - o n.s n.s
AXBxC _ _ _ _ _ _ _ _ _ _ ok ok ok 5

** P < 0.01, * P < 0.05, n.s: not significant.
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(P < 0.05). According to Dutcosky (1996), for a product to be considered
“well-accepted,” it should have an acceptability index (AI) of >70%.
Concerning this target, POC, POB, PAB, and AB samples could be
considered as well accepted. The least favored samples were negative
control groups and samples added with nitrite alternatives without
barberry extract. The addition of fruit and vegetable extract powders
and sweet potato powder as nitrite alternatives to emulsified sausages
lowered the color and general acceptability scores; however, the addi-
tion of paprika+blueberry powder had the opposite effect on sensory
product scores (Jin, Choi, Yang, Park and Yim, 2018). Low levels of
freeze-dried leek powder resulted in more preferable fermented sau-
sages in terms of appearance, flavor, and overall acceptability (Tsou-
kalas, Katsanidis, Marantidou, & Bloukas, 2011).

4. Conclusions

Uncured and alternatively cured meat product has gain interest due
to increased heath concerns. This study reveals that pre-converted
arugula can be used to replace synthetic nitrite to produce sausage
with similar quality attributes and lower residual nitrite contents for 3
months. The use of pre-converted arugula extract with barberry extract
showed the most potential as an alternative to synthetic sodium nitrite,
not only maintaining the color development but also inhibiting lipid
oxidation of sausages. The use of arugula or pre-converted arugula
extract was insufficient to compensate for the antioxidant function of
nitrite however, the combined use of barberry extract with these natural
nitrate/nitrite sources was a promising strategy to replace nitrite in the
formulation. Further studies would be necessary on the inhibitory effects
of arugula extract and pre-converted arugula extract on several micro-
organisms that need to be confirmed in challenge studies.
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