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Chemical preservative delivery in meat using edible 

vegetable tubular cellulose

Abstract

This investigation examines the possibility for nitrite chemical preservative to be delivered in meat cured 

products. Potassium nitrite was encapsulated in delignified leaf celery and spinach and placed on the surface 

of meat. The delignification of leaf celery and spinach produces edible tubular cellulose (ETC) with 10 fold 

increased pore volume. The encapsulation and delivery of nitrite using vegetable tubular cellulose has been 

achieved in both ETC and ETC/Starch gel (SG) composite. Specifically, 43.5% of initially encapsulated 

potassium nitrite remains in the tubes of ETC/SG composite for a period of 5 days and 56.5% of nitrite is 

diffused in the meat, reaching a depth of 5 cm. The low delivery of potassium nitrite does not reduce the 

antibacterial activity of the total amount of nitrite. The controlled delivery of nitrite leads to a substantial 

reduction in meat microbiological load which was observed for a period of 10 days. Further research is 

needed, in order to develop the final technology for nitrite delivery in meat and meat products.

Keywords:  Chemical preservative; Delivery; Nitrite; Vegetables; Cured meat products

Chemical compounds studied in this article:  Potassium nitrite (PubChem CID: 516910); Sodium hydroxide 

(PubChem CID: 14798); Starch soluble (PubChem CID: 439341); Ferrous sulfate (PubChem CID: 24393)

1 Introduction

Nitrate and/or nitrite play a decisive role in cured meat products in several ways, 1. By providing stability of red color 

and specific flavor (Gómez, Sanjuán, Arnau, Bon, & Clemente, 2019; Iacumin et al., 2019; Majou & Christieans, 2018

; Sindelar & Milkowski, 2012), 2. By preventing lipid oxidation (Gómez et al., 2019; Huang et al., 2020; Iacumin et 

al., 2019; Sindelar & Milkowski, 2012), and 3. In safety of product for consumption (Gómez et al., 2019; Iacumin et 

al., 2019; Majou & Christieans, 2018; Sindelar & Milkowski, 2012). Nitrite is recognized for its bacteriostatic and 

bacteriocidal effects against pathogenic bacteria, such as Salmonella enterica serovar, Typhimurium , Listeria spp., and 

Clostridium botulinum , the main and most dangerous microorganisms that can grow in meat and meat products (

Chetty, Prasad, Pinho, & de Morais, 2019; Iacumin et al., 2019; Majou & Christieans, 2018; Sindelar & Milkowski, 

2012).

Nitrate is specifically used in certain curing conditions and products where nitrite must be generated in the product over 

long periods of time. This can be accomplished by addition of microorganisms such as starter cultures, containing 

nitrate-reducing bacteria. These strains express nitrate reductases (Nared) under anaerobic conditions, which reduces 

nitrate to nitrite (Majou & Christieans, 2018; Sindelar & Milkowski, 2012). The action of nitrite lies in its reduction to 
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nitric oxide (NO·) or in its oxidation to peroxynitrite (ONOO
−

) by hydrogen peroxide (Majou & Christieans, 2018). 

The effect of nitrite on color is not to directly impart a pink color for cured meat but to rather fixes the color pigment of 

hemoglobin and myoglobin. Finally, its antibacterial properties may be related to the inhibition of proteins, particularly 

those containing Fe and S, energy metabolism, deoxyribonucleic acid and gene expression (Huang et al., 2020).

In accordance with EU legislation, nitrate and nitrite can be used in foods such as cheese, raw and processed meat and 

fish, and may only be sold in a mixture with salt or a salt substitute when labelled for food use (EC, 2006; EFSA, 2010

). This legislation has been imposed to limit the amount of nitrite that can be added and to prevent the accidental 

poisoning through the addition of excessive quantities of nitrite to food (EC, 2006; EFSA, 2010). This can be attributed 

to the formation of noxious nitrosamines such as N-nitroso-dimethylamine, N-nitroso-diethylamine, N-nitroso-

dibutylamine and other nitroso compounds in meat (Molognoni, Daguer, Motta, Merlo, & Lindner, 2019).

Excessive quantities of nitrite to food can also be avoided using an intermediate where the nitrite can be encapsulated 

and delivered gradually in meat. So, the aim of this investigation was the preparation of a suitable material for the 

encapsulation of nitrite. Since, tubular cellulose (TC) produced by delignification of wood sawdust has already been 

used successfully for the encapsulation of enzymes (Barouni, Petsi, Kanellaki, Bekatorou, & Koutinas, 2015) and 

microbial-cells (Mallouchos, Komaitis, Koutinas, & Kanellaki, 2003; Plessas et al., 2007), TC of edible vegetables 

such as leaf celery and spinach could be an ideal material for this investigation. Furthermore, TC/Starch gel (SG) has 

been also used successfully for cell encapsulation (Servetas et al., 2013). Encapsulation of nitrite in edible TC or edible 

TC/SG composite could lead to (i) delay of the delivery of high quantities of nitrite in meat cured products, (ii) 

maintenance of the activity of total nitrite on pathogens, (iii) reduction in pathogenic effect of nitrite on human health, 

(iv) facing EU regulations and (v) avoidance of contact of nitrite with human intestine.

2 Materials and methods

2.1 Materials and chemicals

Leaf celery, spinach and pork meat were purchased from local markets. NaOH pellets were purchased from Lachner, 

ΚΝΟ
2
 from PENTA, food grade corn starch powder for the starch gel preparation from Wintersun Chemical and 

Nitriver 2 Nitrite for the photometrical analysis of potassium nitrite from Permachem Reagents.

2.2 Preparation of the edible tubular cellulose from leaf celery (ETClc) and edible tubular 

cellulose from spinach (ETCsp)

Leaf celery and spinach were used as a substrate for the encapsulation of nitrite salt. The delignification of the raw 

materials was necessary for the formation of pores where the nitrite salts could be encapsulated. The procedure was 

carried out by treatment of leaf celery and spinach with 10 g/L NaOH solution and heating at 70 °C for 3 h. After 

filtration, the materials were thoroughly washed with hot deionised water for complete removal of NaOH solution and 

solubilized lignin. The substrates were freeze dried for approximately 48 h, at −45 °C (temperature of condenser) under 

vacuum pressure of 1.5 Pa using a Labtech Freeze Dryer, LFD 5508, Daihan Labtech Co. Ltd., Korea.

2.3 Characterization of edible tubular cellulose

The surface specific area (SSA), the average pore size and pore volume of edible cellulosic materials (crude and 

delignified) were evaluated by measuring the amount of N
2
 adsorbed and desorbed over a wide range of relative 

pressures. The N
2
 adsorption-desorption experiments were carried out at 77 K using the Micromeritics Tristar Surface 

Area and Porosity Analyzer. Before the measurements, the ETC samples were degassed under vacuum at 100 °C for 

2 h. Scanning electron microscope (SEM) micrographs of ETC were obtained in order to examine the morphology of 

their surface. All the samples were examined in a Jeol Model JSM-5600LV SEM, operating at an accelerating voltage 

of 20 kV.

2.4 Nitrite encapsulation

2.4.1 Preparation of ETC – nitrite

Encapsulation of nitrite was conducted by adding 1.5  g of ETC in 40  mL nitrite solution (75  g/100  mL) with 

continuous stirring. In order to study the effect of stirring time on the final nitrite amount encapsulated, samples were 



taken every 15 min for the first 30 min of the procedure and then every 1 h for 5 h. The samples were filtered (pressure 

assisted filtration) and the analysis of the filtrates, for the determination of the remained nitrite concentration, were 

performed by a spectrophotometer (DR/2400, Hach) according to procedure manual, using commercially available kits 

ρε[8135 (Ferrous Sulfide) method]. Solid ETC was freeze dried and kept for further analysis. In order to study the 

effect of initial nitrite concentration on the amount of nitrite encapsulated, solutions of different initial concentration of 

potassium nitrite (0.4–200 g/100 mL) were prepared, dissolving the corresponding amount in 40 mL of water and 

adding 1.5 g of ETC. The mixtures were left under stirring for 2 h.

2.4.2 Preparation of ETC/SG – nitrite

The encapsulation of nitrite was assured using starch gel as a stabilizer. For the preparation of starch gel, 0.45 g of corn 

starch were mixed with 9 mL of deionised water under stirring and heated gradually at 90 °C. Before the stabilization, 

at 40 °C, 2 mL of 50 g/100 mL potassium nitrite solution was added. Subsequently the mixture was added dropwise in 

1.5 g of ETC and freeze dried.

2.5 Potassium nitrite desorption experiments

Preliminary experiments, concerning the release in water of nitrite salt from the prepared samples, were performed. 

ETC
lc

-nitrite, ETC
sp

-nitrite, ETC
lc

/SG-nitrite and ETC
sp

/SG-nitrite with predetermined amounts of KNO
2
 

(0.60 ± 0.05 g for ETC-nitrite and 0.15 ± 0.05 g for ETC/SG-nitrite) were mixed with 40 mL of deionised water and 

left under magnetic stirring at room temperature. Samples were taken at 30 min, 1.5, 2.5 and 4 h. Vacuum filtration was 

followed, and each filtrate was studied spectrophotometrically at 585 nm, using commercially available reagent powder 

pillows and a Hach DR/2400 spectrophotometer, according to Ferrous Sulfite Method (Hach, DR/2400) to determine 

the desorbed KNO
2.

2.6 Potassium nitrite delivery in meat

2.6.1 Sample preparation

For this experiment, Biceps femoris muscle from pork leg was treated with ETC
lc

/SG–nitrite. Subcutaneous fat was 

removed from the meat and a nearly rectangular piece weighing 610 g was selected for treatment while another one, 

with similar dimensions, was selected for control sample. ETC
lc

/SG–nitrite (2 g), containing 0.091 g of nitrite, amount 

which meets the legislation requirements (EFSA, 2010), was evenly spread on a flat and wide surface of the meat. 

Then the meat was wrapped with a food film and stored in a cold chamber at 3 ± 0.5 °C (VELP Scientifica) along with 

the control sample which was wrapped also with a food film. Samples were taken in form of slices, which had 5 cm 

width and 9 cm length, using a scalpel after 12, 24, 36, 48, 72, and 120 h. Each slice was divided into 5 pieces. Each 

piece was 1, 2, 3, 4 and 5 cm away, respectively from the upper part of the meat, where ETC
lc

/SG-nitrite was placed. 

A replicate was performed, where a second piece of meat weighing 608 g was treated with 2 g of the ETC
lc

/SG–nitrite 

containing 0.090 g potassium nitrite.

2.6.2 Nitrite determination

From each sample, 5 g were taken and slurried in an electric cutter. Then, 200 mL of deionised water were added, and 

the mixture was heated in a water bath at 100 °C for 10 min. The mixture was homogenized using an electric hand 

shaker, keeping the temperature constant. The homogenate was diluted with 100 mL of water and filtered by straining 

in a tulip followed by vacuum filtration to obtain the meat extracts (Gómez, Sanjuán, Bon, Arnau, & Clemente, 2015). 

The extracts were analyzed spectrophotometrically at 585  nm, without further dilution, in order to determine the 

amount of KNO
2
 that has been diffused in the meat, using commercially available kits reagent powder pillows and a 

Hach DR/2400 spectrophotometer.(Hach, DR/2400).

2.7 Microbiological analysis

Counts of mesophilic bacteria, molds, yeasts, enterobacteriaceae, coliforms, Lactic Acid Bacteria (LAB) and 

lactococcus were carried out by duplicated at 12, 24, 36, 48, 72, 120 and 240 h of refrigerated storage. Meat samples 

(10 g) were weighed aseptically and homogenized with 90 mL sterile Ringer's solution in a stomacher bag mixer. In the 

homogenized sample, successive decimal dilutions in sterile Ringer's solution were done. Total mesophilic aerobic 

bacteria were measured on Plate Count Agar after incubation at 30 °C for 72 h, yeasts and molds on a Potato Dextrose 



Agar after incubation at 30 °C for 72 h and LAB on MRS agar after incubation at 37 °C for 48 h. The presence of 

coliforms was examined on Violet Red Bile Agar at 30 °C for 24  h, and enterobacteriaceae on Violet Red Bile 

Glucose Agar substrate, at 37 °C for 24 h. Finally, streptococci were numbered on M-17 agar after incubation at 37 °C 

for 48 h. The results of the microbiological analysis were expressed in Logarithm of Colony Forming Units by grams 

(log CFU/g), in plates containing from 30 to 300 colonies. At the same time the meat was observed for color alteration 

or textural changes.

2.8 Statistical analysis

All experiments were carried out in duplicate or triplicate. Significance was established at P  < 0.05. The results were 

analyzed for statistical significance with ANOVA, and Tukey's honest significant difference (HSD) test was used to 

determine significant differences between the results; coefficients, ANOVA tables and significance (P  < 0.05) were 

computed using Statistica version 5.0 (StatSoft Inc. Tulsa, OK, USA).

3 Results and discussion

3.1 Rationale

The additive potassium nitrite had played a significant role in the development of meat cured products industry, which 

is contributing substantially on the stability of global economy. A biotechnology related to the encapsulation of 

potassium nitrite in ETC (ETC/SG composite) of delignified spinach and leaf celery and controlled delivery of nitrite in 

meat and in meat products
,
 can meet the EU standards. Nitrite that remains immobilized in the tubes of TC or TC 

composite is active against pathogens (Bardi & Koutinas, 1994; Servetas et al., 2013) as the latter could immobilize in 

the internal surface of the tubes and inhibited by remaining nitrite. Additional, as ETC is not digested in stomach the 

amount of nitrite, remained in the tubes, does not come in contact with human tissues in stomach and intestine.

3.2 Porosimetry parameters of delignified spinach and leaf celery

In this investigation spinach and leaf celery, vegetables that are used traditionally in meat cooking, are selected as raw 

materials for the production of TC, which is now called Edible Tubular Cellulose (ETC). The increase of their pore 

volume and pore diameter after the delignification process makes them an excellent material for the encapsulation of 

KNO
2.

 Table 1 shows that surface area, given by BET (Brunauer-Emmett-Teller) equation, after delignification has 

been increased 8 times in leaf celery and 6 times in spinach. Pore volume is increased about 10 times for both spinach 

and leaf celery while average pore diameter is increased about two times. This means that microbes are facilitated to be 

encapsulated in tubes and reveals the possibility of an increased pathogens cell encapsulation and immobilization and 

therefore enhanced resistance of encapsulated nitrite against pathogens. The increase of pore volume is also identified 

by the SEM micrograph of ETC (Fig. 1).

alt-text: Table 1

Table 1

Porosimetry analysis of untreated and delignified edible cellulosic materials.

ABET  (m
2

/g) Pore size BET  (nm) VBJH (cm
3

/g)

Samples Untreated Delignified Untreated Delignified Untreated Delignified

ETC lc 0.50 ± 0.03
a

4.22 ± 1.1
b

7.25 ± 0.8
a

17.3 ± 2.6
b

0.0024 ± 0.001
a

0.029 ± 0.003
b

ETC sp 0.59 ± 0.09
a

3.30 ± 1.6
a

6.32 ± 1.0
a

13.85 ± 3.5
b

0.0025 ± 0.001
a

0.028 ± 0.006
b

a-b
 Means within a row, in the same analysis, with different superscripts differ significantly (P  < 0.05); ETC lc: Edible Tubular 

Cellulose from leaf celery; ETC sp: Edible Tubular Cellulose from spinach.

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely 

purposed for providing corrections to the table. To preview the actual presentation of the table, please view the Proof.



3.3 Encapsulation of KNO2 in delignified spinach and leaf celery and its delivery in meat

In this investigation it has been studied (i) the kinetic of encapsulation of KNO
2
 in ETC, (ii) the desorption of KNO

2
 

in water and (iii) the delivery of KNO
2
 in meat. The encapsulation was done in ETC from leaf celery and spinach and 

in composite ETC where internal surface of tubes was covered with starch gel (ETC/SG). The kinetics showed that the 

encapsulation of KNO
2
 is increased as its concentration increases in both ETC and ETC/SG and the maximum 

encapsulation was accomplished under stirring for about 1 h. ETC-nitrite preparation resulted in 70% encapsulation in 

tubes and entrapment in the mass of cellulose through diffusion of KNO
2
 while in the composite ETC/SG-nitrite the 

encapsulation in tubes and entrapment in the mass of cellulose through diffusion reached 100% (Fig. 2). The large 

amounts of KNO
2
 encapsulated and entrapped, are attributed to the swelling of ETC/SG during the process (Olejnik, 

Skalski, Stanislawska, & Wysocka-Robak, 2017), in combination with the increased solubility of potassium nitrite in 

water.

alt-text: Fig. 1

Fig. 1

Scanning Electron Microscopy images of a) untreated leaf celery, b) delignified leaf celery, c) untreated spinach, d) delignified 

spinach.

alt-text: Fig. 2

Fig. 2



The desorption (delivery of preservative) up to 4  h stirring in water is presented in Fig. 3. The use of different 

formulation significantly (P  < 0.05) affected the delivery of potassium nitrite. More specifically, the use of SG resulted 

in lower desorption rates. After 4 h of stirring, ETC reached 80–90%, while ETC/SG dropped to about 50–55% (Fig. 3

). No significant (P  > 0.05) differences were observed between the two SG samples after 2,5 and 4 h. Fig. 4 shows that 

the diffusion of potassium nitrite in meat is significantly (P  < 0.05) reduced from the surface to the internal mass of 

meat. Diffusion time also affected significantly (P  < 0.05) the delivery of KNO
2
 on meat in all depths. However, after 

120 h no significant (P  = 0.05) differences were observed in 3–5 cm of meat. The results show that the encapsulation 

and delivery of potassium nitrite using vegetable TC is achieved. Therefore, it is necessary to further examine the 

delivery of KNO
2
 in meat. Fig. 4 shows that the diffusion of potassium nitrite in meat is reduced from the surface to the 

internal mass of meat. The results showed that from total 0.091 g KNO
2
 used for 610 g of meat 0.0419 g remained in 

the tubes of ETC and 0.048 g was delivered in a period of 5 days. From total 0.090 g KNO
2
 used for 608 g of meat, 

0.037 g remained in the tubes of ETC and 0.053 g was delivered in meat. So, the remaining amount of nitrite in the 

tubes of ETC was 0.039 ± 0.004 g and 0.051 ± 0.003 g of KNO
2
 was delivered in meat (Fig. 4). Thus, after 120 h, 

4.21% of KNO
2
 per g of meat has been delivered in depth of 1 cm from the surface, where the ETC/SG–nitrite was 

deposited, and 9.6% of KNO
2
 per g of meat was the maximum percentage of delivery in 5  cm depth (Fig. 4). 

Likewise, the delivered percentage of potassium nitrite is 56.5% and the remaining in the tubes 43.5%.This result 

proves that the delivery of potassium nitrite by ETC/SG can be controlled and can be accomplished in a large period of 

time without reduction of the activity of nitrite, while the sample does not show any spoilage and change of red 

pigmentation (Fig. 5) after 10 days.

Percentage of KNO2  encapsulation (ETC lc-nitrite ( ): Edible Tubular Cellulose from leaf celery with encapsulated nitrite; ETCsp-

nitrite ( ): Edible Tubular Cellulose from spinach with encapsulated nitrite; ETC lc/SG-nitrite ( ): Edible Tubular Cellulose from leaf 

celery/Starch Gel with encapsulated nitrite; ETCsp/SG-nitrite ( ): Edible Tubular Cellulose from spinach/Starch Gel with 

encapsulated nitrite; Different letters in the columns indicate significant differences (P  < 0.05)).

alt-text: Fig. 3

Fig. 3



KNO2  desorption curves under stirring in water from samples (a) ETC-nitrite and (b) ETC/SG-nitrite, from spinach ( ) and leaf 

celery ( ).

alt-text: Fig. 4

Fig. 4



3.4 Microbiology of treated meat vs untreated

Table 2 shows microbiological load for mesophilic bacteria, mould and yeasts, enterobacteriaceae, coliforms, LAB 

and lactococcus (log CFU/g) of meat treated with ETC
lc

/SG-nitrite in comparison with untreated meat blank sample 

(control). Mesophilic bacteria were reduced after 10 days from 8.04 to 4.34 log CFU/g, yeast and molds from 7.04 to 

4.20 log CFU/g, enterobacteriacae from 8.18 to 3.45 log CFU/g, coliforms from 8.18 to 3.70 log CFU/g, LAB from 

7.04 to 4.15 log CFU/g and lactococcus from 6.49 to 3.95 log CFU/g. Therefore, after 10 days a drastic drop in 

contamination was achieved. The results also show that the microbiological load of control was substantially increased, 

while that did not occur with treated samples. The low microbiological load obtained by using ETC
lc

/SG-nitrite 

encourages further use of this additive in mincing of meat, as mince preparation without this additive, gave an increased 

microbiological load, substantial reducing its shelf-life. Furthermore, ETC/SG-nitrite can be added in mince preparation 

when it is used in the production of sausages.

Delivery of % KNO2/g meat (Depth:  1 cm,  2 cm,  3 cm,  4 cm,  5 cm).

alt-text: Fig. 5

Fig. 5

The meat cured with ETC lc/SG-nitrite after 120 h.

alt-text: Table 2



3.5 Technological consideration of results

The theoretical background of this investigation is based on the increase of pore volume of spinach and leaf celery, two 

leafy vegetables that are used for meat cooking. Furthermore, the process has been designed for the controlled delivery 

of the chemical preservative, as it has been proved by the results presented in figures and tables. However, this 

investigation is preliminary and more detailed study is necessary in order to find the exact dose of encapsulated nitrite. 

Further research is necessary in order to prove the discarding of encapsulated KNO
2
 in excreta, as cellulose is not 

digested by human digestive system which lacks cellulases. As regards the technology that could be developed, is cost 

effective because the process of delignification is simple, the consumables are inexpensive, and the process design is 

very simple. A visual observation of the meat revealed no deterioration such as appearance of glutinous material on the 

surface, no rotting (which could lead to a color change from red to brown or black) or unpleasant odors. All of these 

could be the result of a microbial breakdown by pathogens such as some species of Clostridium  (Zagorec & 

Chamomier-Verges, 2017).

Table 2

Microbiological analysis (log CFU/g) of control meat and sample treated with ETC lc/SG-nitrite for a period of 10 days.

Time Mesophilic bacteria Yeasts and Molds Εnterobacteriaceae Coliforms LAB Lactococci

0 h Control 5.04 ± 0.88 3.86 ± 0.78 3.28 ± 1.81 4.04 ± 1.49 3.91 ± 0.89 3.04 ± 0.90

12 h

Control 5.81 ± 1.38 4.32 ± 0.04 3.04 ± 0.75 4.18 ± 0.41 4.00 ± 0.38 3.28 ± 0.04

Sample 3.94 ± 0.76 3.97 ± 0.76 2.43 ± 1.00 2.99 ± 0.90 2.81 ± 0.48 2.86 ± 0.97

24 h

Control 5.85 ± 1.83 4.85 ± 1.89 3.66 ± 0.95 4.94 ± 1.59 4.38 ± 0.99 3.75 ± 0.23

Sample 3.98 ± 0.99 3.46 ± 0.56 2.54 ± 0.78 3.04 ± 0.32 2.92 ± 0.78 2.82 ± 0.18

36 h

Control 5.90 ± 0.62 4.93 ± 0.81 3.72 ± 0.90 4.98 ± 0.62 4.77 ± 0.20 3.95 ± 0.38

Sample 4.32 ± 1.87 3.40 ± 0.73 2.59 ± 0.90 3.49 ± 0.87 2.94 ± 1.00 2.97 ± 0.18

48 h

Control 6.43 ± 1.84 5.40 ± 1.80 3.81 ± 0.86 5.38 ± 0.85 4.97 ± 0.64 4.43 ± 0.11

Sample 5.81 ± 1.11 3.92 ± 0.43 2.66 ± 0.95 3.41 ± 0.18 3.04 ± 0.49 3.08 ± 0.53

72 h

Control 7.11 ± 1.64 5.92 ± 1.46 3.83 ± 0.38 5.69 ± 1.65 5.41 ± 1.00 4.99 ± 1.08

Sample 6.04 ± 0.76 3.95 ± 0.51 2.73 ± 0.24 3.65 ± 0.36 3.15 ± 0.79 3.32 ± 0.15

120 h

Control 8.30 ± 1.89 6.85 ± 0.30 7.36 ± 1.48 7.38 ± 1.48 7.15 ± 0.71 5.08 ± 1.23

Sample 6.28 ± 1.32 4.32 ± 0.48 3.20 ± 0.48 3.14 ± 0.96 4.04 ± 0.30 3.72 ± 0.36

240 h

Control 8.04 ± 0.99 7.04 ± 1.36 8.18 ± 0.36 8.18 ± 0.26 7.04 ± 1.78 6.49 ± 0.40

Sample 4.34 ± 0.28 4.20 ± 1.00 3.45 ± 0.58 3.70 ± 0.76 4.15 ± 0.78 3.95 ± 0.68

LAB: Lactic Acid Bacteria; ETC lc/SG-nitrite: Edible Tubular Cellulose from leaf celery with encapsulated nitrite.

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely 

purposed for providing corrections to the table. To preview the actual presentation of the table, please view the Proof.



4 Conclusions

The results showed that the encapsulation and delivery of nitrite using ETC of leaf celery and spinach are feasible. 

Specifically, 75% of initially encapsulated potassium nitrite remains in the tubes of ETC for a period of 5 days. The 

experiments conducted on meat showed that 56.5% of nitrite was diffused in meat reaching at a depth of 5  cm, 

maintaining the meat pigmentation after 10 days and avoiding the meat spoilage. The microbiological load of treated 

meat with ETC/SG-nitrite resulted in a substantial reduction in the numbers of mesophilic bacteria, mould, yeasts, 

enterobacteriaceae, coliforms, LAB and lactococcus as compared with untreated meat. The results are promising and 

further research is needed, in order to develop the final technology for KNO
2
 delivery in meat and meat products.
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• An innovative way for nitrite delivery in meat was studied.

• Delignified spinach and leaf celery were used as edible tubular material.

• Delignified cellulosics present adequate pore volume for nitrite encapsulation.
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• Cured meat showed neither spoilage nor change of red pigmentation.
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