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Nitrite is a vital preservative widely used in meat processing. Carcinogenic N-nitroso compounds discovered in
processed meat products became serious impacts negatively affect meat industry. The present study provided a
nitrite free fresh sausage with a novel method to substitute nitrite with a mixture consisted of (400 ppm nisin+25
ppm Zinc oxide nanoparticles+ 1% Hibiscus sabdariffa extract +1% chitosan) employing nisin (N) and Zinc oxide
nanoparticles (ZON) as antimicrobials, chitosan (C) as antioxidant and H. sabdariffa extract (H) for color improv-
ing. In vitro antibacterial activity of nisin and ZON against Clostridium perfringens reference strain was estimated
using agar well diffusion test. H. sabdariffa extract was evaluated for its phenolic and flavonoid contents as well
as its phytochemical profile was analyzed using HPLC. Four variants of fresh sausage with different treatments
were prepared: Nitrite (NT) treated, (N.C.H), (ZON.C.H) and (N.ZON.C.H), packed in polyethylene bags and kept
in a refrigerator at 4 “C. Samples were examined to assess their pH, microbiological evaluation (aerobic plate,
Enterobacteriaceae, yeast and mold counts), also, sensory assessment and shelf life were evaluated. Results
exhibited that nisin and ZON have potent antibacterial activity against Cl. perfringens with inhibition zone of
30 mm and 15 mm compared to 30 mm of sodium nitrite. Hibiscus extract manifested a high phenolic content
about 27.213 mg Gallic acid /g, 2.896 mg QE/g for flavonoids and about 19 main phenolic compounds were
detected by HPLC. Results exhibited that N.ZON.C.H group samples showed the lowest pH values, APC, Entero-
bacteriaceae, yeast and mold counts among sausage variants. Regarding shelf life and sensory evaluation, as
expected, N.ZON.C.H showed the highest sensory scores and shelf life (18 days) followed by N.C.H and ZON.C.H
that remained accepted till the 15" and finally NT till the 12" day of cold storage. Results suggested that com-
bination of nisin, ZON, chitosan and H. sabdariffa extract would be a promising new strategy to replace sodium
nitrite and improve safety and quality of fresh sausage.

Introduction

For a long time, food industry has utilized various chemical preser-
vatives to impede the growth of different microorganisms causing food
deterioration (El-Saber Batiha et al, 2021). In parallel, safe and good
quality meat products became highly required especially after clean label
concept (Inguglia et al., 2023). Nitrite and Nitrate salts (E 249, E 250, E 251
and E 252) for potassium nitrite, sodium nitrite, sodium nitrate and po-
tassium nitrate, respectively, are itemized as preservatives in accordance
with food policy (Regulation 1333/2008), these preservatives are usually
added into meat batter during processing to obtain the favorable bright
red coloration of the products (Karwowska & Kononiuk, 2020).

Nitrite does not impart a pink color for meat products directly, in-
stead, it fixes hemoglobin and myoglobin pigment color. Nitric oxide
(NO) which is engendered from nitrite reacts with myoglobin and hemo-
globin and form nitro-myoglobin and nitro-hemoglobin which are red in
color (Huang et al., 2020). Nitrite has an antioxidant activity against lipid
oxidation (Dutra et al, 2017) through the action of NO that can break-
down the radical chains involved in lipid oxidation (Ji et al, 2020) and
antimicrobial action against spoilage and pathogenic microorganisms as
Clostridium botulinum (Jo et al., 2020) and Cl. perfringens (Redondo-So-
lano et al., 2013). Nitrite can play as a nitrosating agent to form nitroso
compounds. Numerous epidemiological studies have confirmed a po-
tential relationship between nitrite consumption, N-nitroso compounds
formation and possibility of cancer development (Alexander & Cushing,
2011). Moreover, consumption of meat and other foods containing nitrite
in their formulation has been reported to increase the risk of colon cancer
by World Health Organization (WHO) in 2015 (Perea-Sanz et al., 2018).

Consequently, many studies seriously search for other strategies that

could be applied as nitrite substitutes in meat products. A significant
interest toward natural alternative compounds is preferred as they are
comparatively healthier.

Nisin which is a bacteriocin (E234) produced through fermentation of
Lactococcus lactis formed from polycyclic antibacterial peptides (about
34-amino acids) (Mataczewska & Kaczorek-tukowska, 2021) , has a broad
spectrum antimicrobial effects against Gram positive and Gram negative
bacteria, displays its antimicrobial action through membrane function
and permeability period impairment (Roshanak et al., 2020) and accepted
for human use by FDA in 1988 and by WHO in 1969 (Ozel et al, 2018).
Common problems associated with direct addition of nisin to food are
mostly fat adsorption resulting in activity loss, inactivation by proteolytic
enzymes and dissimilar distribution food matrix (Gharsallaoui et al., 2016).
So, one of the most efficient methods to increase the antimicrobial activ-
ity of nisin is to combine it with further antimicrobial agents.

Nanotechnology is considered as a rapid growing field in materials
of modern science. Antibacterial potential of zinc oxide nanoparticles has
got a significant interest globally (Sirelkhatim et al, 2015), it has been
established against Gram-negative bacteria as E. coli besides Gram-pos-
itive bacteria as S. aureus comprising its antimicrobial-resistant variants
(MRSA), B. subtilis and vancomycin-resistant enterococci. (Eskandari et
al., 2023).

Chitosan, a biopolymer that have many reactive functional groups
can be chemically modified (Moreno-Vasquez et al, 2017). Numerous
forms of chitosan bioactivity as antifungal, antioxidant and antimicrobial
had been reported (Choi et al, 2016), so, it could be applied in meat
industry as a bio- preservative.

Plants are remarkable sources for natural pigments with coloring po-
tentials. Roselle (Hibiscus sabdariffa) is an annual medicinal plant used
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globally by pharmaceutical and food industries (Da-Costa-Rocha et al.,
2014). Polyphenols originating from the calyces display antimicrobial ac-
tion, some of them have also been revealed to exhibit antioxidant ac-
tivity (Higginbotham et al,, 2014). Anthocyanins are accountable for the
distinctive red color of the calyces of H. sabdariffa and can be utilized as
natural colorants in many industrial sectors (Shruthi et al., 2016).

Taking into account whole the above-mentioned benefits of nisin (N),
zinc oxide nanoparticles (ZON), chitosan (C) and Hibiscus (H), the current
study aimed to evaluate the effects of different nitrite alternatives mix-
ture incorporating 400 ppm N, 25 ppm ZON, 1% C and 1% H extract on
physicochemical, microbiological, sensory and shelf life characteristics of
nitrite free fresh sausage stored at 4°C.

Materials and methods
Ethical approval

The present investigation was directed in accordance with perfect
clinical practice principles, accepted via members of Animal Experiment
Ethical Committee and got Approval no. BUFVTM 10-04-2023 at the Fac-
ulty of Veterinary Medicine, Benha University, Egypt.

Material

Chitosan of molecular weight ~ 340, deacetylation degree 85% and
moisture content less than 10% was purchased from Marine Hydrocol-
loids Co, Meron, India. Nisin with 2.5% purity (1x10° 1U/g) was provided
by Sigma-Aldrich (St. Louis, Mo., US.A.).

Preparation and characterization of Zinc oxide nanoparticles

Zinc oxide nanoparticles (ZON) was prepared using hydrothermal
method according to technique showed by Bulcha et al. (2021) applying
(Zn(NO,)2:6H,0 and NaOH) as precursors. Morphological evaluation of
the prepared ZON was performed by Transmission Electron Microscopy
(TEM) (JEM-1200 EXII, JEOL, Japan).

In vitro antibacterial testing assay

The ability of nisin and ZON to inhibit a reference strain of Clostridi-
um perfringens ATCC (12915) obtained from the National Institute of Re-
search (Dokki, Giza, Egypt) was estimated using Agar well diffusion test.

Using Milli-Q H,0O, stock solutions of nisin and sodium nitrite at con-
centration of 0.4 and 0.12 mg/ ml were prepared. ZON solution (0.02
mg/ml) was prepared after strongly vortexed for 15 min to prevent ag-
gregation of particles. Antimicrobial solutions were sterilized by filtration
through 0.22-pm pores size filter (Zhu et al, 2021) . Methodology of
the test was performed as described by Schoster et al. (2013). Inhibition
zones after anerobic incubation (37°C for 24 h) were measured by a ruler.

Preparation of aqueous Hibiscus. sabdariffa extract

Hibiscus sabdariffa fresh calyxes were dehydrated using a rotary air
dryer (50°C for 36 h), filled in nylon-bags, sealed and held in stylofoam
box. Dried calyxes were washed by distilled water 3 times. The extraction
process was implemented as (1:10 g/ml) at 60°C for a period about
60 min. The extract was filtered using cheesecloth bag (Abdelghany et
al., 2019). H. sabdariffa extract was assessed for its total phenolic and
flavonoid contents, screened by HPLC and preserved cooled till time of
application.

Determination of total phenolic content (TPC)

Determination of TPC of H. sabdariffa was performed using Folin-Ci-

ocalteu (FC) method applying Gallic acid as a standard. Absorbance val-
ues had been measured at 760 nm by a UV-VIS Spectrophotometer. In
triplicate manner, all determinations were performed. The final results
were calculated and expressed as Gallic acid equivalents per gm of the
sample (mg GAE/ g) (Ghimire et al., 2022).

Determination of total flavonoid content (TFC)

Aluminium chloride colorimetric assay was utilized for evaluation of
TFC in H. sabdariffa extract applying quercetin as a standard. Flavonoid
content of H. sabdariffa was established and the final results were evalu-
ated and resulted in expression of mg quercetin equivalent for each gram
of sample (mg QE/ g) (Barek et al., 2015).

HPLC analysis of H. sabdariffa extract

For quantification of phenolic compounds, the extract was analyzed
using HPLC under the conditions: Agilent 1260 series, column: Zorbax
Eclipse Plus C8 (4.6 mm x 250 mm i.d., 5 pm)

The mobile phase comprised of water (A) and trifluoroacetic acid
(0.05%) in acetonitrile (B) applying 0.9 ml/min flow rate. In a linear gradi-
ent, mobile phase was programmed: (0 min for 82% A, 0-1 min for 82%
A, 1- 11 min for 75% A, 11- 18 min for 60% A, 18-22 min for 82% A and
22-24 min for 82% A). The detector of multi-wavelength was applied at
280 nm, 5 pl of each sample solution were injected and temperature col-
umn was kept at 40°C.

Experimental design

Sausage formulation and processing

Fresh beef sausages were prepared in Food Hygiene Laboratory,
Faculty of Veterinary Medicine, Benha university, Egypt. according to
Gotardo et al. (2023) with some alterations. Sausage formulation com-
promising 75% lean beef meat, 20% beef fat, 2.0% salt, 0.3% onion, 0.1%
pepper and 0.1% garlic was used as a base formulation. Firstly, beef meat
and fat were mixed well, and the other ingredients were gradually added.
Four treatments were produced, namely: according to their treatments
as follow:

NT: Sausage recipe treated with 120 ppm sodium nitrite.

N.C.H: Sausage recipe treated with 400 ppm nisin, 1% chitosan and 1%
Hibiscus extract.

ZON.C.H: Sausage recipe treated with 25 ppm zinc oxide nanoparticles,
1% chitosan and 1% Hibiscus extract.

N.ZON.C.H: Sausage recipe treated with 400 ppm nisin, 25 ppm zinc oxide
nanoparticles, 1% chitosan and 1% Hibiscus extract.

Sausage ingredients were weighed and mixed thoroughly until ob-
tained a homogenous paste that set in a manual sausage maker. Natural
mutton casings were used for fresh sausage stuffing. The sausage vari-
ants were packed separately in polyethylene plastic bags. The obtaining
products were identified and kept at 4°C to assess the effects of nitrite
substitutes treatments on shelf-life and quality characteristics of fresh
sausage during storage. Three independent replicates were performed.

Assessment of sausage pH

Ten grams of sausage sample were weighed and homogenized in 90
ml of D.W. Values of pH were measured by pH meter model (Bye model
6020, USA). Triplicate readings were taken (Pearson, 1984).

Microbiological evaluation

The microbiological investigation conducted on sausage variants was
for aerobic plate, Enterobacteriaecae, yeast and mold counts. Aseptically,
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10 g of samples were weighed discarding the outer layer and homoge-
nized with 90 ml of sterile peptone water (0.1% w/v). Serial ten fold dilu-
tion for each sample was made by mixing 1 ml of previously prepared di-
lution with 9 ml of peptone water. A 100-ul of sample dilution was plated
into plate count agar in duplicate. Finally, agar plates were inverted and
incubated for 24:48h at 35°C (Park et al., 2014). For Enterobacteriaceae,
sample dilution was plated on violet red bile glucose agar at 37 °C/ 24 h
(Lorenzo et al., 2014). Yeast and molds on Sabaroud dextrose agar after
incubation at 25°C/5 days (Lashgari et al., 2020).

Sensory evaluation of sausage

The effects of different nitrite alternatives on sensory attributes of
fresh sausages stored at 4 °C were evaluated. Twenty panelists (10 males
and 10 females) were selected, with prior experience about sensory char-
acteristics of meat products especially sausage. Sausage samples from
each variant were cut into cubes (3 mm thickness), individually labeled
and randomly introduced to panelists. Color, odor and texture were esti-
mated. Scores ranged from 1 to 10 being 1 for the lowest and 10 for the
highest sensory parameters. Overall acceptability scores were acquired by
average scores of color, odor and texture (Alirezalu et al, 2021). Senso-
ry investigation of sausage variants was employed in three independent
estimates.

Statistical analysis

Statistical analysis was performed by Graph Pad Prism 8.0.2. The anal-
ysis used Two-way analysis of variance (ANOVA) (Greenhouse & Geiss-
er, 1959) and p <0.01. The statistical analyses were directed to investi-
gate the influence of different treatments and storage time on quality.
Post-hoc analysis was applied using Tukey's HSD test to define which
treatments were significantly different from one another when two-way
ANOVA produced significant results. The data was expressed as mean +
SD of three triplicates.

Results
Characterization of the prepared ZON by TEM

TEM image of zinc oxide nanoparticles (ZON) prepared by hydrother-
mal method shows the formation of ZON with an apparent hexagonal

structure. The size of the particles is in the range from 50-160 nm with an
average diameter of 85 nm (Figure 1).

Fig. 1. TEM image of prepared ZON by hydrothermal method depicts hexagonal structure
of particles.

In vitro antibacterial testing assay

By applying agar well diffusion test, it was demonstrated that nisin
and ZON showed inhibitory activity against Clostridia perfringens. Inhibi-
tion zones of 30 and 15 mm were observed compared to 30 mm inhibi-
tion zone obtained by sodium nitrite

Total phenolic and flavonoid contents (TPC and TFC) of Hibiscus extract

Phenolic and flavonoid compounds play a considerable role as anti-
bacterial and/ or antioxidants. H. sabdariffa extract showed a higher phe-
nolic content than flavonoids. TPC of the extract was 27.213 mg Gallic
acid /g while its TFC was 2.896 QE mg/g.

HPLC analysis of H. sabdariffa extract

HPLC confirmed that H. sabdariffa extract displayed a high content of
phenolic compounds. HPLC identified the main phenolic compounds ~
19 peaks Figure 2 were recognized and showed the following sequence:
Gallic acid > Chlorogenic acid > syrigenic > catechin > rutin> ellagic
> methyl gallate > coffeic acid > rosmarinic > diazedin > quercetin >
nairngenin > ferulic > hesperetin > coumaric > kaempferol > vanillin >
cinnamic acid > pyro catechol. Gallic acid was the prevailing compound
among the identified components Table 1.

Table 1. Polyphenolic profiling of Hibiscus extract by HPLC.

Sample Standard
Conc. Conc. Conc.
Area (ng/ml)  (ng/g) Area (ng/ml)

Gallic acid 2744.12 241.88  12094.16 226.9 20
Chlorogenic acid ~ 839.53 111.29 5564.34 377.19 50
Catechin 99.28 22.18 1109.13 335.68 75
Methyl gallate 21.24 1.09 54.71 291.16 15
Caffeic acid 13.51 1.07 53.58 22691 18
Syringic acid 157.41 11.75 587.25 230.52 17.2
Pyro catechol 0 0 0 269.4 40
Rutin 46.68 7.21 360.38 323.79 50
Ellagic acid 23.65 243 121.63 583.23 60
Coumaric acid 1.96 0.07 3.58 547.69 20
Vanillin 0.9 0.03 1.7 339.6 12.9
Ferulic acid 4.54 0.27 13.54 335.24 20
Naringenin 5.24 0.49 24.52 320.29 30
Rosmarinic acid 11.42 1.24 62.24 458.62 50
Daidzein 7.61 0.44 22.01 345.53 20
Quercetin 6.54 0.87 43.5 300.84 40
Cinnamic acid 0 0 0 543.25 10
Kaempferol 0.94 0.06 3.03 310.08 20
Hesperetin 3.39 0.17 8.62 393.4 20

pH determination

Values of pH were highly affected by treatments. pH values of the
reformulated sausages (N.C.H, ZON.C.H and N. ZON.C.H) were signifi-
cantly (p < 0.01) lower than NT treated samples (Figure 3). N.ZON.C.H
group samples had the lowest pH values throughout storage period fol-
lowed by N.C.H. Results exhibited that NT samples recorded the highest
pH values which increased rapidly from 5.83 to 6. 56 after 12 days of cold
storage while reformulated sausage samples recorded 6.23, 6.25 and 6.19
for N.C.H, ZON.C.H and N.ZON.C.H, respectively.
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Fig. 2. Chromatogram of phenolic compounds of H. sabdariffa extract analyzed by HPLC
(19 peaks were identified with their concentration and retention time).
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Fig. 3. Changes in pH values of different sausage formulated with nitrite alternatives during
cold storage at 4°C.

Microbiological evaluation

Data in Figure 4 showed the effects of different nitrite alternatives
on microbiological quality of fresh sausage during storage period. Aer-
obic plate, Enterobacteriaceae, yeast and mold counts differ significantly
among sausage variants. The best antimicrobial effect was achieved by
combination of nisin and ZON in N.ZON.C.H group samples which re-
corded the lowest bacterial counts (p < 0.01).
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Fig. 4. Effects of nitrite alternatives on microbiological quality of different fresh sausage
during cold storage at 4°C.

APC counts differed significantly between samples, NT samples in-
creased from 5.22 to 5.91 log,, CFU after 12 days of cold storage, 5.25
to 5.91 and 5.32 to 5.93 log,, CFU for N.C.H and ZON.C.H after 15 days
while N.ZON.C.H increased from 5.12 to 5.95 log,, CFU after 18 days of
cold storage.

Reformulated sausage samples showed lower Enterobacteriace-
ae counts than NT and the lowest counts were exhibited by N.ZON.C.H

group samples. After 12 days of cold storage, Enterobacteriaceae counts
increased from 3.95 to 5.11 log,, CFU in NT samples. After 15 days of cold
storage, N.C.H counts increased from 3.92 to 5.22 log,, CFU and ZON.C.H
increased from 3.94 to 5.01 log,, CFU while, N.ZON. C.H increased from
3.92 to 4.55 log,, CFU after 18 days of cold storage.

As expected, mold and yeast counts were the lowest in N. ZON.C.H
that exhibited an increase from 4.09 to 5.20 log,, CFU after 18 days of
cold storage. Regarding N.C.H and ZON.C.H increased from 4.21 to 5.40
and from 4.03 to 5.34 log,, CFU after 15 days of cold storage while NT
increased from 4.21 to 5.40 log,, CFU after 12 days of cold storage.

Sensory evaluation

Sensory assessment of fresh sausage was significantly differed among
sausage variants. Reformulated sausage displayed the highest sensory
scores. N.ZON.C.H remained accepted until 18th day of cold storage at
4°C and recorded the highest scores of overall acceptability based on
color, odor and texture assessment among the different variants (Figure
5) followed by ZON.C.H and N.C.H that kept in acceptance till the 15™ day
then NT till the 12 day of cold storage at 4°C.
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Fig. 5. Effects of nitrite alternatives on sensory attributes of different fresh sausage during
cold storage at 4°C.

Discussion

Risk associated with sodium nitrite addition as a preservative to meat
products is a concern for research sector. Therefore, safer substitutes to
replace nitrite from meat products formulation is high necessary, the cur-
rent investigation tried to evaluate the impacts of a nitrite substitute mix-
ture comprised of 400 ppm nisin, 25 ppm ZON, 1% H. sabdariffa extract
and 1% chitosan.

Clostridial contamination is a highly food safety apprehension as it
can produce resistant endospores and potent neurotoxin. A key role to
inhibit these potent bacterial strain is nitrite additive, it can inhibit Clos-
tridia through interaction occurs between nitric oxide generated from
nitrite and iron sulphur proteins of bacteria leading to suppression of
intracellular ATP and pyruvate buildup (Hospital et al., 2016). Using agar
well diffusion test, In vitro antibacterial activities of nisin and ZON against
Clostridia were established. Nisin can inhibit vegetative Gram-positive
bacteria through formation of pores in cytoplasmic membrane as well as
deactivation of cell wall biosynthesis through binding with lipid Il (Bier-
baum and Sahl, 2009).

Moreover, nisin inhibits germinated bacterial spores outgrowth, it
utilizes lipid Il as target during outgrowth suppression so, nisin-mediated
membrane distraction is necessary for inhibiting development of spores
into vegetative cells (Gut et al, 2011). Sensitivity of Clostridia to nisin
also recorded by Garde et al. (2014), their data showed that nisin was
efficient against both vegetative cells and spores of the tested Clostridia.
perfringens while Sodium nitrite only suppressed spores outgrowth of
C. perfringens isolate. ZON have an eminent antibacterial potential by
rapidly penetrating the cell membrane and liberating Zn?* ions as well as
hydrogen peroxide, Zn?* jons can impede active transport and enzymes
required for bacterial metabolic activity, damage bacterial cell integrity
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through intracellular contents release causing cell dissolution (Seil and
Webster, 2012). Susceptibility of Clostridia to ZON (less than 100 nm)
found to be consistent with Gomaa et al. (2023) and |brahim et al. (2024).

Hibiscus sabdariffa extract of an attractable red color for its antho-
cyanin content can be used as a natural colorant to meat products to
replace the red color obtained by nitrite. Moreover, results showed that
the extract had a high phenolic content about 27.213 mg Gallic acid /g
and 2.896 QE mg/g for its flavonoid content. TPC obtained was in range
recorded by Zhen et al. (2016) and lower than those obtained by Omar et
al. (2023) who recorded 42.07 + 0.48 mg GAE/g dry weight of red roselle
leaf extract, this diversity may be due to some differences in extraction
technique.

Phytochemical screening of H. sabdariffa extract using HPLC revealed
19 important compounds as gallic, ferulic and chlorogenic acids, methyl
gallate and hespertin. Owing to these compounds, H. sabdariffa extract
act as potent antimicrobial (Jung et al,, 2013; Higginbotham et al., 2014;
Arogbodo et al., 2021), antioxidant (Al-Hashimi, 2012) and color improv-
ers of meat products (Santos et al.,, 2022). Data obtained from HPLC pro-
file was in close vicinity to those recorded by Karaaslan (2019).

pH values are substantial because they can significantly influence the
microbial balance and eventually affect the shelf life of meat products.
The lower values of pH in the reformulated sausage (N.C.H, ZON.C.H and
N.ZON.C.H) is mostly due to the antibacterial action of nisin, ZON, phe-
nolic compounds identified in Hibiscus extract as well as the antioxidant
effect of chitosan that is closely related to its molecular weight (Luo &
Wang, 2013). The potent antioxidant activity of chitosan is thought to be
through free radical scavenging, metal ion chelation and lipid peroxida-
tion inhibition, moreover, embedding gallic acid (from Hibiscus extract
active compounds) with chitosan can improve DPPH scavenging activity
and reducing power (Abd El-Hack et al, 2020), Results interpret that an
increase in pH values during cold storage is as a result of decomposition
of nitrogenous complexes by microbial or endogenous enzymes (Yuan
et al., 2016), lower pH values agreed with those recorded by Chang et al.
(2019) who showed that chitosan can be used for chilled meat preserva-
tion. From our obtained results, chitosan could replace the antioxidant
activity of nitrite.

Regarding the microbiological quality, the reformulated sausage
samples showed lower aerobic plate, Enterobacteriaceae, mold and yeast
counts than NT treated samples. Results showed that synergistic anti-
bacterial effect of nisin and ZON could replace the antibacterial function
of nitrite. Nisin can inhibit wide range of Gram-positive foodborne bac-
teria as Streptococcus and Listeria and some Gram negative bacteria as
E. coli (Wu et al, 2023) while ZON has the potential to suppress many
Gram positive and negative pathogens. Similar results were represented
by Huang et al. (2020) who replaced sodium nitrite with nisin in cured
meat and El Asuoty et al. (2023) that showed the antibacterial activity of
ZON against Gram positive and negative bacteria in refrigerated meat.
The lower mold and yeast counts in the reformulated sausage is probably
due to the antifungal activity of chitosan, similar results were observed by
Arslan and Soyer (2018). Chitosan can bind to cell surface of fungi con-
sequently leading to permeabilization of the plasma membrane and out-
flow of intracellular constituents, it can also disturb protein biosynthesis
and DNA expression through binding to nucleic acid (Meng et al., 2020).

Sensory estimation is an efficient technique to get an idea about
quality and overall acceptability of meat products (Youssef et al,, 2021).
The current study demonstrated that nitrite substitute mixture could sig-
nificantly extend shelf life of fresh sausage till the 18" day of cold stor-
age and improve the overall acceptability (based on color, texture and
odor). The highly potent antibacterial (nisin and ZON), antioxidant effects
(chitosan) could inhibit bacterial growth and protect food matrix from
many undesirable interactions which in turn resulted in retardation of
spoilage signs and keeping sausage in acceptance score till the 18 day
of cold storage, in addition, the desirable red color obtained by Hibiscus
extract are probably the reasons of higher acceptability in reformulated
sausage. Results came in agreement with results obtained by Khorsandi
et al. (2019) who showed that nisin could extend shelf life of emulsion
type sausage, Siripatrawan and Noipha (2012) for chitosan in pork sau-
sage quality, Ayoub et al. (2023) for ZON in chicken chilled meat and
Pérez-Quintana et al. (2019) for Hibiscus extract in sausage.

Conclusion

Results demonstrated that nitrite alternative mixture could signifi-
cantly decrease pH values, improve the microbiological quality and sen-
sory attributes, and extend shelf life of fresh sausage during cold storage
at 4°C. Data showed that best results were demonstrated by N.ZON. C.H.
The results could provide an innovative method to totally substitute ni-
trite with nitrite replacers and improve safety and quality of fresh sausage.
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