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A B S T R A C T   

The study investigated the effects of incorporating quercetin and varying amounts of polyphenols (0, 1.25, and 
12.5 mg/digestion) from two natural sources, pomegranate peel (PPE) and acorn cupule (ACE), on lipid and 
protein oxidation during gastrointestinal digestion of uncured dry sausages. Quercetin significantly reduced 
levels of lipid and protein oxidation markers, as well as the levels of PPE and ACE added, compared to the 
control. The antioxidant effects of PPE and ACE were dose-dependent. The greater the amount of added poly
phenols (12.5 vs. 1.25 mg/digest), the lower the oxidation. ACE exhibited a greater antioxidant effect than PPE, 
reducing the formation of malondialdehyde in the digests. Conversely, PPE demonstrated a stronger antioxidant 
effect than ACE in terms of protein oxidation, decreasing the formation of carbonyl groups in the digests. Our 
study underscores the critical need to address the potential health risks associated with consuming uncured dry 
sausages, emphasizing the remarkable antioxidant capabilities of pomegranate peel extract and acorn cupule 
extract, which offer significant protective effects against lipid and protein oxidation during digestion, high
lighting the importance of promoting consumer awareness regarding antioxidant-rich dietary choices to mitigate 
harmful compound formation.   

1. Introduction 

The processing of muscle foods actively promotes the development of 
lipid and protein oxidation processes, leading to the formation of toxic 
compounds, including primary lipid oxidation products such as hydro
peroxides and secondary lipid oxidation products such as malondial
dehyde and various fatty aldehydes (Tatiyaborworntham, Oz, Richards, 
& Wu, 2022), as well as protein carbonyls and the depletion of thiols 
(Manessis et al., 2020). During gastrointestinal digestion, initial levels of 
oxidation products, in conjunction with prevailing conditions such as 
pH, temperature, oxygen availability, and iron release, exacerbate 
oxidative changes in lipids and proteins, thereby increasing the pro
duction of oxidation-derived compounds in different sections of the 
gastrointestinal tract (de La Pomélie, Santé-Lhoutellier, Sayd, & Gatel
lier, 2018). 

In addition to the mechanisms responsible for the initiation, pro
gression and interaction of lipid and protein oxidative processes, the 
main concern is the impact of lipid and protein by-products on health. 
Products derived from both lipid and protein oxidation can be absorbed 
in sections of the small intestine or may progress to the large intestine, 

resulting in the development of lesions, pathological states, and other 
conditions that impact intestinal health, the composition of the micro
bial population in the large intestine, and overall health (Wang, Chen, 
Zhang, Lu, & Chen, 2020). Thus, certain products generated from lipid 
peroxidation, such as malondialdehyde, 4-HNE and saturated and un
saturated fatty aldehydes, have been implicated in various human pa
thologies, including atherosclerosis, cancer, inflammation, and aging 
processes. Similarly, oxidation products of proteins, such as carbonyls, 
have been associated with cellular and tissue damage and linked to the 
progression of inflammatory bowel disease, diabetes, and fibrosis 
(Estévez & Xiong, 2019). In addition, oxidative stress can target DNA, 
resulting in oxidized DNA bases such as 8-hydroxy-2-deoxyguanosine 
(8-OHdG) (Whitaker, Schaich, Smith, Flynn, & Freudenthal, 2017). 

Diets rich in antioxidants, including polyphenols, carotenoids, and 
ascorbic acid can establish a protective network system that eliminates 
harmful free radicals and other potential initiators from the gastroin
testinal tract. This highlights the health benefits of diets incorporating 
polyphenol-rich foods, such as fruits, vegetables, and antioxidant-rich 
products, or food supplements rich in polyphenols (Reis Giada, 2013; 
Shahidi & Ambigaipalan, 2015; Wojtunik-Kulesza et al., 2020). These 
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junction proteins, activation of proinflammatory pathways, and the 
development of inflammatory diseases, colorectal cancer, and other 
gastrointestinal disorders (Kehm, Baldensperger, Raupbach, & Höhn, 
2021). 

4. Conclusions 

Our findings highlight the importance of considering the potential 
health risks associated with the consumption of uncured dry sausages 
due to the increased levels of lipid and protein oxidation products while 
providing strong evidence of the beneficial effects of pomegranate peel 
extract and acorn cupule extract in mitigating lipid and protein oxida
tion during in vitro digestion. The antioxidants in the extracts effectively 
countered the oxidation observed in the experimental sausages. PPE and 
ACE extracts exhibited varying levels of phytochemical and antioxidant 
activities, with PPE consistently demonstrating superior in vitro antiox
idant potential compared to ACE. We demonstrated that high concen
trations of polyphenolic compounds in both pomegranate peel extract 
and acorn cupule extract could prevent lipid peroxidation and protein 
carbonylation under simulated in vitro digestive conditions in uncured 

dry sausages. These findings convincingly demonstrate the remarkable 
antioxidant capabilities of the PPE and ACE extracts in effectively 
combating lipid and protein oxidation during digestion, highlighting 
their potential as natural protective agents against oxidative stress. For 
the first time, ACE was introduced as a promising candidate and a rich 
source of polyphenols that exhibit remarkable efficacy in mitigating 
oxidation processes in uncured dry sausages. Raising consumer aware
ness about the inclusion of antioxidants in the diet, whether through 
antioxidant-rich foods or supplements, is crucial for mitigating the po
tential formation of harmful compounds during the digestion of meat 
products, including uncured dry sausages. 
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Custódio, L., Patarra, J., Alberício, F., Neng, N. R., Nogueira, J. M. F., & Romano, A. 
(2013). Extracts from Quercus sp. acorns exhibit in vitro neuroprotective features 
through inhibition of cholinesterase and protection of the human dopaminergic cell 

Fig. 3. Contents of carbonyls, thiols and NNPs in oral, gastric, and intestinal 
uncured dry sausage digests. 
a, b, c, d: Means within the same digestion phase with different letters are 
significantly different (Tukey’s test, p < .05). 
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