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ARTICLE INFO ABSTRACT

Keywords: The effect of nitrite (0 and 150 mg/kg NaNO,) and a pomegranate peel extract (PPE) (0, 1, and 2 mL/100 g) in
Nitrite the formulation of dry sausages on lipid -conjugated dienes (CDEs), lipid hydroperoxides (LOOHs), malondial-
Oxidation

dehyde (MDA), 4-hydroxynonenal (4-HNE), saturated aldehydes (SAld), - and protein oxidation -carbonyls and
free thiols- before and during simulated gastrointestinal digestion were investigated. The initial oxidation status
of the sausages was greatly affected by nitrite and PPE and influenced the evolution of oxidative phenomena
during simulated digestion. The removal of nitrite from the sausage formulation had a negative impact on the
oxidative stability of both dry sausages and digests, leading to increased levels (P < .05) of CDEs, LOOHs, MDA,
4-HNE, and SAld. Additionally, the elimination of nitrite also resulted in an increase (P < .05) in the carbonyl
content in both the sausages and their digests. The PPE added to sausages counteracted the deleterious effect of
nitrite removal and reduced (P < .05) lipid and protein oxidation markers in dry sausages and digests. The
protective effect of PPE against oxidation was dose-dependent. Pomegranate peel extract may represent a suc-
cessful strategy to prevent or slow down lipid oxidation and protein oxidation in dry sausages before and during
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In vitro digestion
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in vitro digestion.
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1. Introduction

Nitrite, despite its small addition in dry-cured meat products, plays
an essential technological role by contributing to the characteristic red
colour, generation of a particular aroma, assurance of food safety and
control of oxidation phenomena (Skibsted, 2011). The antioxidant effect
of nitrite is one of its most outstanding characteristics and partly justifies
its use in dry-cured meat products. Nitrite reduces lipid peroxidation by

* Corresponding author.

stabilizing the heme Fe?" in myoglobin, forming nitrosylmyoglobin
(NOMb), and preventing the non-heme Fe from participating in the
Fenton reaction (Skibsted, 2011). Nitrite may protect proteins against
carbonylation; however, nitrite can also act as a pro-oxidant agent by
forming peroxynitrite from nitric oxide and a superoxide anion, which
can increase protein carbonyls and disulphide bonds and decrease
sulfhydryl content (Feng et al., 2016).

Although the advantageous effects of nitrite in the production of
meat products are undisputed, consumers demand meat products with
reduced or no additives, especially nitrite, due to the association
established between nitrite and the potential formation of N-nitroso
compounds (NOCs) during processing and digestion (Cross & Sinha,
2004). The removal of nitrite may be considered as a successful strategy
to produce healthier meat products; however, increased intensity of
lipid peroxidation and protein carbonylation reactions during produc-
tion, storage or the digestive process may contradict the idea of
obtaining healthier foods without nitrite addition (Lavado, Higuero,
Leon-Camacho, & Cava, 2021). In previous studies, Van Hecke, Vossen,
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Table 6
Changes in residual antioxidant activities, ABTS, FRAP and DPPH, during in vitro digestion of dry-cured sausages.
NaNO,, (mg/kg) 150 0
PPE (mL/100 g) 0 0 1 2
150_Nitr O_Nitr 1 _PPE 2 PPE Sig.
ABTS * Oral 0.3%%+0.05 0.1°2%+0.02 0.3%%+0.05 0.3%%+£0.02 o
Gastric 0.4 *°Y 4 0.04 0.4°Y+0.03 0.42Y +0.02 0.4 Y 4 0.05 *
Intestinal 0.7 *+£0.10 0.5*+0.03 0.6 ¥+ 0.05 0.7 *+£0.11 n.s.
Sig. ok ek
DPPH ° Oral 18.2>¢Y 4+ 11.44 8.7 ¢+ 4.09 29.3%Y +9.79 56.7 2 %Y +10.15
Gastric 36.3°% +2.94 9.8 ¢+ 7.59 40.4 P %Y 4 7,50 51.5%Y +12.19 ok
Intestinal 26.3 %Y £+ 4.15 6.649+1.77 42.8°% 4+ 413 71.82%4+7.48 ek
Sig. i n.s. n.s *
FRAP © Oral 10.9°*+0.87 12.4°*+ 1.64 21.5%Y +1.82 25.7 %Y + 3.65 wEE
Gastric 12.29Y + 0.45 15.0 °Y +1.03 18.6 °% £ 1.09 28.1%Y +1.64 ikl
Intestinal 18.9°¢* +0.84 18.5°* +£0.97 26.2°%+1.10 41.0%*+1.61 ek
Sig. . .

Sig.: Significance; *: P < .05; **: P < .01; ***: P < .001; n.s.: Not significant, P > .05.
a,b,c: Means for the same time of sampling with different superscripts are significantly different (P < .05, Tukey’s test).
x,y,z: Means for the same batch with different superscripts are significantly different (P < .05, Tukey’s test).

a

mg Trolox eq/mL of digest.
® ug Trolox eq/mL of digest.
© ug Fe**/mL of digest.

antioxidant activity of in vitro digested dry-cured ham when measured
by DPPH and FRAP methods, but an increase when assayed by ABTS.
Samaranayaka and Li-Chan (2011) reported that antioxidant activity is
strongly influenced by the amino acid composition and peptide struc-
ture, as well as their solubility in the reaction medium, which may
impact the results obtained during the assay. It is more likely that the
oxidation level in the products before digestion, along with the residual
antioxidant activity from PPE is responsible for the observed effect of
sausage formulated with PPE on the evolution of lipid and protein
oxidation during simulated digestion.

4. Conclusions

The removal of nitrite in the formulation of sausages promotes the
formation of lipid and protein oxidation products during the drying of
the product and its simulated gastrointestinal digestion. The initial
oxidation level of the product determines the intensity of the oxidative
changes during digestion. Furthermore, in addition to its effect on
product oxidation during processing, the residual activity of antioxi-
dants, such as the pomegranate peel extract, in the product during
digestion contributes to the control of oxidative phenomena in lipids and
proteins. Therefore, incorporating a source rich in antioxidants, such as
pomegranate peel extract, may be a successful strategy to control lipid
oxidation and oxidative deterioration of proteins in dry sausages before
and during in vitro gastrointestinal digestion. PPE, regardless of the
concentration (1 or 2 mL/100 g), minimizes the formation of toxic
products derived from oxidation during digestion. Thus, adding PPE at 1
mL/100 g in uncured dry sausage formulations could effectively control
the formation of lipid and protein oxidation products. Although N-
nitroso compounds were not evaluated in the current study, it would be
interesting to investigate them in future studies, Furher research is
needed to assess their formation in relation to nitrite and oxidized
compounds from lipids and proteins, in order to determine the associ-
ated risks.
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