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1. Introduction

Cardiovascular diseases (CVD) are currently 
the main cause of deaths worldwide (Smetneva et al�, 
2020). The contribution of dietary correction to pro‑
gression of CVD ranges from 10% to 40%, which is 
quite comparable to the effect of drug therapy (Petrik-
ov et al�, 2023). Diets enriched with ɷ3 fatty acids (≥ 
0.85 g/day), containing an increased level of polyun‑
saturated fatty acids (PUFAs), and a reduced level of 
fat in the daily diet (less than 30%), have a significant 
capacity to reduce the risk of general mortality and 
mortality caused by CVD (Petrikov et al�, 2023).

Meat is the main source of complete animal pro‑
tein (Dydykin et al�, 2022). Recently, however, several 
meta‑analyses have linked high rates of red meat and 
processed meat consumption to various health condi‑
tions, including CVD (Leroy et al�, 2020, Johnston et 
al�, 2019; Vernooij et al�, 2019; Zeraatkar et al�, 2019). 
The lipid fraction of some kinds of meat is character‑
ized by a relatively high content of saturated fatty acids 
(SFAs) and cholesterol, dietary intake of which is tradi‑
tionally associated with an increased risk of CVD.

It has been shown that the characteristics of the 
meat, along with the overall chemical composition 
of the diet, are to be rather considered as important 
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factors. For example, the addition of 500 g/week of 
unprocessed lean (<10 g total fat, <5 g saturated fat, 
and <95 mg cholesterol per 100 g product) red meat 
to a cardioprotective diet did not result in increased 
CVD risk or adverse effects on blood lipid levels 
(Vernooij et al�, 2019).

In addition to the role of SFA and low‑den‑
sity cholesterol in atherogenesis, the role of oxi‑
dized lipoproteins in vascular disorder aetiology is 
also important (Ahotupa et al�, 2017, Del gado et 
al�, 2021; Dehghan et al�, 2017, Mente et al�, 2017). 
Some types of lipids are easily oxidized, forming 
a complex mixture of oxidation products that are 
actively involved in inflammatory reactions in ath‑
erosclerosis (Testa et al�, 2018). Oxidized lipids can 
be generated internally as well as supplied in the 
diet (Otaegui-Arrazola et al., 2010). Lipid oxida‑
tion also occurs during the passage of meat through 
the various parts of the gastrointestinal tract, as the 
oxidation is facilitated by haeme iron, high levels 
of PUFAs, and the absence of suitable antioxidants 
(Van Hecke et al�, 2017). Vitamins A, C, E and D 
serve as components with antioxidant properties; 
the same is true for polyphenols, whose anti‑radical 
properties are associated with the availability of sev‑
eral hydroxyl groups (Bobrysheva et al�, 2023).

Provided it is managed to level the existing neg‑
ative factors, the introduction of functional meat prod‑
ucts into common practice will help to adjust preven‑
tive diets. Based on relevance presented above, the aim 
of the research was to develop the nutrient composition 
of functional meat cutlets to correct the diet of patients 
with CVD, and to investigate the nutritional value and 
antioxidant properties of the functional cutlets.

2. Materials and methods

The object of the study were: green tea extract 
(polyphenol content 95%), (LLC Kazan Plant of 
Extracts); composition of vitamins and minerals (B6, 
B12, C, D3, E, calcium, magnesium); ready‑to‑eat 
meat cutlets – test sample and control sample.

To prepare the control samples of cutlets, 
minced meat (beef and chicken, in a 1:3 ratio) was 
used. Also, oatmeal flour, beef fat, chicken eggs, 
milk protein, salt and water were added. The con‑
tent of table salt in minced meat was 2.0 g/100 g. 
The test samples were prepared according to a sim‑
ilar recipe, but with the replacement of beef fat with 
rapeseed oil and enriched with a vitamin‑mineral 
complex and green tea extract. The content of table 
salt in minced meat was 0.9 g/100 g.

The prepared semi‑finished cutlets were 
brought to culinary readiness (up to 85°C inside the 
product) in a Unox XVC 304 Chef Top LI1615AO 
steam convection oven (UNOX S.r.J, Padova, Italy) 
on the “steaming” mode for 100% of the cooking 
time, at a temperature of 110°C.

The prepared cutlet samples were tested in 
the Testing Center of the V.M. Gorbatov’s Federal 
Research Center for Food Systems of the Russian 
Academy of Sciences (Accreditation Certificate No. 
RA.RU21PP69) according to the following research 
methods: The mass fraction of protein was deter‑
mined according to the method of Kjeldahl (GOST 
25011-2016, 2017). The mass fraction of fat was 
determined according to the major method of Sox‑
hlet (GOST 23042-2015, 2017). The mass fraction 
of fat‑soluble vitamins D3 and E was determined by 
a method based on alkaline hydrolysis of a prod‑
uct sample and extraction with diethyl ether (GOST 
32307-2013, 2013). Quantitative determination of 
water‑soluble vitamins B12, B6 and C was carried 
out by high performance liquid chromatography in 
the ultraviolet range of the spectrum with a speci‑
fied wavelength (GOST R 55482-2013, 2013). The 
mass fraction of magnesium (Mg) was determined 
by the flame atomic absorption method (GOST R 
55484-2013, 2013). Determination of the mass frac‑
tion of calcium (Ca) was carried out by the atom‑
ic absorption method (GOST R 55573-2013, 2013). 
The acid value of the samples was determined by the 
titration of free fatty acids with a potassium hydrox‑
ide solution according to method GOST R 55480-
2013 (2013). The peroxide value of the samples was 
determined by titration with sodium thiosulfate solu‑
tion and the quantitative determination of released 
iodine (GOST 34118-2017, 2017). The composition 
of fatty acids was determined by gas chromatogra‑
phy (GOST R 55483-2013, 2013) on Agilent 7890A 
automatic gas chromatograph (Agilent Tech., USA) 
with a flame ionization detector. A Supelco SP 2560 
100m x 0.25mm x 0.2mkm chromatography column 
(Supelco, USA) was used to determine fatty acids. 
Total antioxidant capacity (TAC) was determined 
according to the FRAP (Ferric Reducing/Antioxi‑
dant Power) method.

All experiments were performed in triplicate. 
The data obtained were expressed as the mean value 
of triplicates ± standard deviation. Significance was 
determined by two‑way analysis of variance (ANO‑
VA) with Duncan’s multiple range tests using SPSS 
Statistics 19.0 software (IBM Corp., USA). The 
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selected significance level for all statistical tests was 
equal to 5% (p < 0.05).

3. Results and discussion

Taking into account the current recommenda‑
tions of the World Health Organization, the main 
marker indicators of functional meat cutlets for the 
prevention of CVD and their values are determined 
(Table 1) (WHO, 2017; Starodubova et al., 2020; 
MR 2.3.1.0253-21; Petrikov et al�, 2023).

The concentrations of functional ingredients in 
the specialized products should be between 15% and 
50% of the average daily requirement of the respec‑
tive nutrient. At the same time, functional ingredi‑
ents should not deteriorate the nutritional value of 
the product and its consumer properties (Kodentsova 
et al�, 2020). Table 2 shows the list and the required 
level of application of functional ingredients that pro‑
vide a positive effect on cardiovascular pathology.

Along with cardioprotective effects, vitamins 
C, E and D have antioxidant effects on free radicals 

Table 1. Guidelines for food composition to reduce cardiac risk

Nutrients Recommended 
daily intake

Recommended content 
per 100 g of product

Guidelines for intake level to reduce 
cardiac risk

Protein, g 80.0 Not less than 15.0 Consume an adequate amount of 
protein 

Fat, g 70.0 Not more than 7.0
Reducing fat content to 30% of 
dietary energy, substitution of animal 
fats with vegetable fats

SFA, g 23.0 Not more than 1.5 Less than 10% of energy
MUFA, g 25.0 1.5–2.5 10–15% of energy
PUFA, g 22.0 Not less than 1.5 7–10% of energy
Ratio of 
PUFA:SFA 2.3–1.6 2.3–1.6

Cholesterol, mg less than 300 6–30
Trans fats → 0 0 Less than 1% of energy
Table salt, g less than 5.0 Not more than 1.2 Limited sodium intake 

Table 2. Composition and recommended levels of functional ingredients

Nutrients
Recommended 
daily intake
(MR 2.3.1.0253-21)

Recommended 
content per 100 g 
of product

Known cardioprotective effects (Smetneva, 
2020; Yardim‑Akaydin, 2003)

Flavonoids
Flavan‑3‑ols, mg 200 not less than 100 Prevention of the development of atherosclerosis, 

normalization of tissue respiration

Vitamin B6, mg 2.0 0.3–1.0 Improves the condition of blood vessels, 
regulates blood pressure

Vitamin B12, µg 3.0 0.45–1.5 Protects vessel walls from compaction

Vitamin C, mg 100.0 15.0–50.0 prevents the processes of lipid peroxidation 

Vitamin D3, µg 15 2.25–7.5 Affects DNA methylation processes by altering 
the expression of many CVD‑associated genes

Vitamin E, mg 15 2.25–7.5 Protects heart muscle from free radicals damage

Magnesium, mg 400.0 60.0–200.0 Restores heart rhythm 

Сalcium, mg 1,000.0 150.0–500.0 Contributes to lowering blood cholesterol levels 
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(Smetneva et al�, 2020; Yardim-Akaydin et al., 2003). 
The same effects are found in flavonoids (including 
isoflavones), an effective source of which is green tea.

To confirm the efficiency of the green tea 
extract containing 95% polyphenols and the com‑
position of vitamins and minerals, their TAC was 
evaluated. In the tested samples of green tea extract 
and composition of vitamins and minerals TAC 
was 442.424±0.398 and 147.204±2.777 µmol eq 
quercetin/g, respectively. The analyzed green tea 
extract containing 95% polyphenols proved to have 
a high antioxidant capacity (Yang et al., 2016).

The fat composition of cutlets was modified 
by replacing beef fat with rapeseed oil, which is a 
source of ω‑3 PUFAs. In rapeseed oil, oleic acid 
(OA: C18:1 n‑9) is the most abundant (its share is 
59%), followed by linoleic acid (LA: C18:2 n‑6) 

with 19% and alpha‑linolenic acid (ALA: C18:3 
n‑3) with 9%, but it lacks LC‑PUFAs such as EPA 
and DHA ω‑3 fatty acids (Willora et al., 2021).

Several authors have added ω‑3 PUFAs to enrich 
meat food. Solomando et al� (2020) added encapsu‑
lated fish oil to model meat systems to increase ω‑3 
content. Lorenzo et al� (2016) enriched the Span‑
ish salchichon sausage to obtain better lipid formu‑
lations. Due to this enrichment, the total amount of 
PUFA in modified sausages was increased by 2.3%.

The results of the chemical composition of the 
test and control samples of cutlets are presented in 
Table 3.

As can be seen from the above data, the use of 
rapeseed oil instead of beef fat significantly reduced 
the SFA content and increased the unsaturated fat‑
ty acid content, resulting a specific PUFA:SFA ratio 

Table 3. Results of the analysis of the chemical composition of the samples

Parameter
Content per 100 g of cutlet

Control cutlet Test cutlet
Protein, g 16.9±2.5 17.1±2.6
Fat, g 6.5±1.0 6.3±1.0
ΣSFA, g 3.37±0.31 1.36±0.14
ΣMUFA, g 2.68±0.10 2.47±0.17
ΣPUFA, g 0.44±0.04 2.53±0.19
PUFA:SFA ratio 0.13±0.03 1.86±0.05
Cholesterol, mg 39.02±0.91 30.5±0.79
Trans fats, g 0.18±0.03 not found
Table salt, g 2.50±0.50 0.98±0.19
Vitamin B6, mg 0.32±0.06 1.38±0.35
Vitamin B12, µg 1.44±0.11 1.98±0.67
Vitamin C, mg 0.30±0.07 45.50±10.47
Vitamin D3, µg 0.08±0.03 8.57±1.71
Vitamin E, mg 0.24±0.01 2.75±0.41
Magnesium, mg 28.423±2.71 145.258±29.052
Calcium, mg 13.87±1.14 185.535±31.541

Table 4. Antioxidant capacity of the cutlet samples

Sample
ОАЕFRAP, µmol eq quercetin/100 g of sample

0 days 3 days 14 days 28 days

Control cutlet 25.866 ± 0.330 25.228 ± 0.153 31.467 ± 0.554 33.268 ± 2.473

Test cutlet 232.754 ± 0.603 239.783 ± 0.726 228.058 ± 1.060 232.870 ± 0.385
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in the range of 2.3–1.6. The test sample did not con‑
tain trans fats.

To determine the efficiency of the selected 
composition of vitamins and green tea extract in the 
product composition, we analyzed the antioxidant 
capacity of the test sample during its storage in com‑
parison with the control sample (Table 4).

The results of the analysis of the antioxidant 
capacity of the test and control samples of the cut‑
lets showed that the TAC of the test sample was 
9 times higher than that of the control sample. No 
significant differences in the TAC were observed 
during the storage of the test sample. The addition 
of the antioxidant complex helped to maintain the 
high antioxidant capacity of the test sample during 
its storage.

The effect of the antioxidant complex on the 
inhibition of oxidative processes during the storage of 
the food is shown in Figure 1. The inhibition of oxi‑
dative processes is expressed by the changes in per‑
oxide value (Fig. 1 (A)) and acid value (Fig. 1 (B)).

The data in Fig. 1 (A) showed that the peroxide 
values in the control sample were higher than in the 
test sample during the storage period. The increase 
in peroxide value at day 28 was 112% for control 
samples and 37.3% for the test samples.

The same tendency was detected for the acid 
value (Fig. 1 (B)), as an accumulation of low 
molecular weight fatty acids. At the end of the stor‑
age period, the acid value increased by 3.5 and 
2.6 times in the control samples and test samples, 
respectively.

The different dynamics of changes in perox‑
ide and acid values in the test and control samples is 
probably associated with a different fatty acid com‑
position of the samples and the presence of antioxi‑
dants with high antioxidant capacity.

4. Conclusion

Taking into account modern recommendations 
for patients to reduce cardiac risk, a recipe for func‑
tional meat cutlets was developed. In order to pre‑
vent CVD and correct risk factors, SFAs in the devel‑
oped food were substituted with PUFAs, the level of 
table salt was reduced, and biologically active sub‑
stances with pronounced antioxidant properties were 
added. The introduction of the antioxidant complex 
also reduced the intensity of oxidative processes in 
cutlets. The food can be recommended for inclusion 
into diet as a source of complete protein, vitamins 
and minerals for the prevention of CVD.

Disclosure statement: No potential conflict of interest was reported by the authors.

Funding: This work was carried out as part of the research topic No. FNEN‑2019‑0008 of the state assign‑
ment of the V. M. Gorbatov Federal Research Center for Food Systems of RAS.
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Figure 1. Change in peroxide value (A) and acid value (B) during storage of control and test cutlets

260



Meat Technology — Special Issue 64 (2023) 2, 256–262

References

Ahotupa, M. (2017). Oxidized lipoprotein lipids and athero‑
sclerosis. Free Radical Research, 51(4), 439–447, https://
doi.org/10.1080/10715762.2017.1319944

Bobrysheva, T. N., Anisimov, G. S., Zolotoreva, M. S., Bo‑
bryshev, D. V., Budkevich, R. O. & Moskalev, A. A. 
(2023). Polyphenols as promising bioactive compounds. 
Voprosy pitaniia [Problems of Nutrition], 92(1), 92 ̶107, 
https://doi.org/10.33029/0042‑8833‑2023‑92‑1‑92‑107

Dehghan, M., Mente, A., Zhang, X., Swaminathan, S., Li, W., 
Mohan, V.... & Garcia, R. (2017). Associations of fats and 
carbohydrate intake with cardiovascular disease and mor‑
tality in 18 countries from five continents (PURE): a pro‑
spective cohort study. The Lancet, 390(10107), 2050–2062, 
https://doi.org/10.1016/S0140‑6736(17)32252‑3

Delgado, J., Ansorena, D., Van Hecke, T., Astiasarán, I., De 
Smet, S. & Estévez, M. (2021). Meat lipids, NaCl and 
carnitine: Do they unveil the conundrum of the associa‑
tion between red and processed meat intake and cardio‑
vascular diseases? _Invited Review. Meat Science, 171, 
108278, https://doi.org/10.1016/j.meatsci.2020.108278

Dydykin, A. S., Aslanova, M. A., Derevitskaya, O. K., Zubarev, 
Yu. N. & Logunova, E. I. (2022). Meat — a unique re‑
source for creating functional food products. Vsyo o Myase, 
3, 34–39, https://doi.org/10.21323/2071‑2499‑2022‑3‑34‑39

GOST 23042-2015, (2015) . “Meat and meat products. Methods 
of fat determination” Moscow: Standartinform, 2019. Re‑
trieved from https://docs.cntd.ru/document/ 1200133107. 
Accessed April 05, 2023.

GOST 25011-2016, (2016). “Meat and meat products. Pro‑
tein determination methods” Moscow: Standartin‑
form, 2018. Retrieved from https://docs.cntd.ru/docu‑
ment/1200146783. Accessed April 05, 2023.

GOST 32307-2013, (2013). “Meat and meat products. Determi‑
nation of fat‑soluble vitamins by high performance liquid 
chromatography” Moscow: Standartinform, 2019. Re‑
trieved from https://docs.cntd.ru/document/ 1200107182. 
Accessed April 05, 2023.

GOST 34118-2017, (2017). “Meat and meat products. Meth‑
od for determination of peroxide value”. Moscow: 
Standartinform, 2018. Retrieved from https://docs.cntd.
ru/document/1200146654 Accessed April 05, 2023.

GOST R 55480-2013, (2013). “Meat and meat products. Meth‑
od for determination of acid value”. Moscow: Standartin‑
form, 2019. Retrieved from https://docs.cntd.ru/docu‑
ment/1200103311 Accessed April 05, 2023.

GOST R 55482-2013, (2013). “Meat and meat products. Meth‑
od for determination of water‑soluble vitamins” Moscow: 
Standartinform, 2019. Retrieved from https://docs.cntd.
ru/document/ 1200104685. Accessed April 05, 2023.

GOST R 55483-2013, (2013). “Meat and meat products. Determi‑
nation of fatty acids composition by gas chromatography”. 
Moscow: Standartinform, 2018. Retrieved from https://docs.
cntd.ru/document/1200103852 Accessed April 05, 2023.

GOST R 55484-2013, (2013). “Meat and meat products. Deter‑
mination of sodium, potassium, magnesium and manga‑
nese by flame atomic absorption” Moscow: Standartin‑
form, 2014. Retrieved from https://docs.cntd.ru/document/ 
1200103312. Accessed April 05, 2023.

GOST R 55573-2013, (2013). “Meat and meat products. De‑
termination of calcium by atomic absorption and titrimet‑
ric methods” Moscow: Standartinform, 2020. Retrieved 
from https://docs.cntd.ru/document/ 1200105941. Ac‑
cessed April 05, 2023.

ISO/IEC 17025:2017, (2017). “General requirements for the 
competence of testing and calibration laboratories”. Tech‑
nical Committee: ISO/CASCO Committee on conformi‑
ty assessment, 2018. Retrieved from https://www.iso.org/
standard/66912.html Accessed April 05, 2023.

Johnston, B. C., Zeraatkar, D., Han, M. A., Vernooij, R. W. M., 
Valli, C., El Dib, R. & Guyatt, G. H. (2019). Unprocessed 
red meat and processed meat consumption: dietary guide‑
line recommendations from the Nutritional Recommenda‑
tions (NutriRECS) Consortium. Annals of Internal Medi-
cine, 171(10), 756–764, https://doi.org/10.7326/M19‑1621.

Kodentsova, V. M., Zhilinskaya, N. V. & Shpigel, B. I. 
(2020). Vitaminology: from molecular aspects to improv‑
ing technology of vitamin status children and adults. Vo-
prosy pitaniia [Problems of Nutrition], 89(4), 89 ̶99, htt‑
ps://doi.org/10.24411/0042‑8833‑2020‑10045 

Leroy, F. & Cofnas, N. (2020). Should dietary guidelines rec‑
ommend low red meat intake? Critical Reviews in Food 
Science and Nutrition, 60(16), 2763 ̶2772, https://doi.org/
10.1080/10408398.2019.1657063

Lorenzo, J. M., Munekata, P. E. S., Pateiro, M., Campagnol, 
P. C. B. & Domínguez, R. (2016). Healthy Spanish sal‑
chichón enriched with encapsulated n−3 long chain fat‑
ty acids in konjac glucomannan matrix. Food Research 
International, 89, 289–295, https://doi.org/10.1016/j.
foodres.2016.08.012

Mente, A., Dehghan, M., Rangarajan, S., McQueen, M., Da‑
genais, G., Wielgosz, A. & Bo, H. (2017). Association of 
dietary nutrients with blood lipids and blood pressure in 18 
countries: a cross‑sectional analysis from the PURE study. 
The Lancet Diabetes & Endocrinology, 5(10), 774–787, 
https://doi.org/10.1016/S2213‑8587(17)30283‑8

Methodical recommendations MR 2.3.1.0253-21. “Norms of 
physiological requirements in energy and nutrients of var‑
ious groups of the population of the Russian Federation”, 
approved by the Head of the Federal Service for Surveil‑
lance on Consumer Rights Protection and Human Wellbe‑
ing Chief State Sanitary Physician of the Russian Feder‑
ation 22.07.2021.

Otaegui‑Arrazola, A., Menendez‑Carreño, M., Ansorena, D. 
& Astiasarán, I. (2010). Oxysterols: A world to explore. 
Food and Chemical Toxicology, 48(12), 3289 ̶3303, htt‑
ps://doi.org/10.1016/j.fct.2010.09.023

Petrikov, S. S., Khubutia, M. S. & Popova T. S. (2023). Paren‑
teral and enteral nutrition: National Guidelines (2nd ed.), (Se‑
ries “National Guidelines”), https://doi.org/10.33029/9704‑
7277‑4‑PAR‑2023‑1‑1168

Smetneva, N. S., Pogozheva, A. V., Vasil’ev, Yu. L., Dydykin, 
S. S., Dydykina, I. S. & Kovalenko, A. A. (2020). The 
role of optimal nutrition in the prevention of cardiovascular 
diseases. Voprosy pitaniia [Problems of Nutrition], 89(3), 
114–124, https://doi.org/10.24411/0042‑8833‑2020‑10035

261



Marietta A. Aslanova et al. Development of functional meat cutlets with improved nutritional value and antioxidant properties…

Solomando, J. C., Antequera, T. & Perez-Palacios, T. (2020). 
Lipid digestion and oxidative stability in ω‑3‑enriched 
meat model systems: Effect of fish oil microcapsules and 
processing or culinary cooking. Food Chemistry, 328, 
127125, https://doi.org/10.1016/j.foodchem.2020.127125/

Starodubova, A. V., Livantsova, E. N., Derbeneva, S. A., Ko‑
syura, S. D., Polenova, N. V. & Varaeva, Yu. R. (2020). 
Cardiovascular nutrition: disease management and pre‑
vention as major public health problem nowadays. Vo-
prosy pitaniia [Problems of Nutrition], 89(4), 146–160, 
https://doi.org/10.24411/0042‑8833‑2020‑1004 

Testa, G., Rossin, D., Poli, G., Biasi, F. & Leonarduzzi, G. 
(2018). Implication of oxysterols in chronic inflammato‑
ry human diseases. Biochimie, 153, 220 ̶231, https://doi.
org/10.1016/j.biochi.2018.06.006

Van Hecke, T., Van Camp, J. & De Smet, S. (2017). Oxidation 
during digestion of meat: interactions with the diet and heli‑
cobacter pylori gastritis, and implications on human health. 
Comprehensive Reviews in Food Science and Food Safe-
ty, 16(2), 21–233, https://doi.org/10.1111/1541‑4337.12248

Vernooij, R. W., Zeraatkar, D., Han, M. A., El Dib, R., Zworth, 
M., Milio, K., ... & Johnston, B. C. (2019). Patterns of red 
and processed meat consumption and risk for cardiomet‑
abolic and cancer outcomes: a systematic review and me‑
ta‑analysis of cohort studies. Annals of Internal Medicine, 
171(10), 732–741, https://doi.org/10.7326/M19‑1583

WHO, (2017). Cardiovascular Diseases (CVDs). Geneva, Swit‑
zerland : World Health Organization. Retrieved from htt‑
ps://www.who.int/news‑room/fact‑sheets/detail/cardio‑
vascular‑diseases‑(cvds). Accessed April 3, 2023.

Willora, F. P., Grønevik, B., Liu, C., Palihawadana, A., Sø‑
rensen, M. & Hagen, Ø. (2021). Total replacement of 
marine oil by rapeseed oil in plant protein rich diets of 
juvenile lumpfish (Cyclopterus lumpus): Effects on 
growth performance, chemical and fatty acid composi‑
tion. Aquaculture Reports, 19, Article 100560, https://doi.
org/10.1016/j.aqrep.2020.100560

Yang, X. & Kong, F. (2016). Evaluation of the in vitro α‐glucosi‑
dase inhibitory activity of green tea polyphenols and dif‑
ferent tea types. Journal of the Science of Food and Agri-
culture, 96(3), 777–782, https://doi.org/10.1002/jsfa.7147

Yardim-Akaydin, S., Özkan, Y., Özkan, E., Torun, M. & 
Şimşek, B. (2003). The role of plasma thiol compounds 
and antioxidant vitamins in patients with cardiovascular 
diseases. Clinica Chimica Acta, 338(1–2), 99–105, htt‑
ps://doi.org/10.1016/j.cccn.2003.07.021

Zeraatkar, D., Han, M. A., Guyatt, G. H., Vernooij, R. W., El 
Dib, R., Cheung, K. ... & Johnston, B. C. (2019). Red and 
processed meat consumption and risk for all‑cause mortal‑
ity and cardiometabolic outcomes: a systematic review and 
meta‑analysis of cohort studies. Annals of Internal medi-
cine, 171(10), 703–710, https://doi.org/10.7326/M19‑0655

262


