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ABSTRACT

Glioma is the most invasive form of brain tumor and usually results in death within months 
of diagnosis. C6 glioma cells are frequently used in glioblastoma multiform studies because 
they are cells with different malignant glioblastoma features. Coffee is one of the most pop-
ular beverages consumed in large quantities. Recent research has shown the functional and 
protective potential properties of coffee as well as its stimulatory effect. Coffee blending and 
grinding processes change the antioxidant composition of coffee. The main characteristic sep-
arating Turkish Coffee (TC), which is formed from freshly roasted pulverized coffee beans, 
from the other coffee types is the brewing method. Our aim in this study is to investigate the 
antioxidant and apoptotic effects of TC prepared with the traditional method on C6 glioma 
cells, which are glial cells derived from rat brain with glioma. Cell viability in C6 glioma cells 
treated with TC at different concentrations (0-8000 µg/ml) was analyzed by the MTT method. 
According to MTT results, three doses (10000, 15000, and 20000 µg/ml) of TC were applied 
to the cells and the untreated cells were considered the control. Total oxidant and antioxidant 
statuses (TOS, TAS) and oxidative stress markers were determined. Caspase-3, caspase-8, and 
caspase-9 mRNA expressions were detected by using quantitative real-time PCR. It was de-
termined that the application of TC at concentrations of 4000 µg/ml and above to C6 glioma 
cells inhibited cell proliferation depending on the concentration. Caspase 3, caspase-8, and 
caspase-9 mRNA expression levels increased in C6 glioma cells treated with TC at concen-
trations of 10000 and 15000 µg/ml as compared to control cells. TAS and TOS levels were 
unchanged, while protein carbonyl levels increased in TC treated C6 glioma cells compared 
to the control group. These findings suggested that TC may induce apoptosis by changing 
caspases expressions and inducing protein oxidation. Thus, it can be thought that TC may 
prevent the proliferation of C6 glioma cells.
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INTRODUCTION 

Glioma is one of the most common and aggressive types 
of the tumor with high morbidity and poor prognosis in 
the central nervous system. In addition, gliomas are highly 
proliferative and invasive primary intracranial tumors [1]. 
Liu et al. [2] emphasized that there is an urgent need for 
research that enables the development of innovative drugs 
as effective treatment is still lacking. Studies have shown 
that apoptosis, a programmed cell death, is a target for 
many cancers, including glioma, and may be promising for 
therapeutic development [2-4].

Programmed cell death, also called apoptosis that reg-
ulates cell proliferation and maintains tissue homeostasis 
is a crucial mechanism for multicellular organisms. Most 
anti-cancer drugs used in clinical oncology exploit apoptotic 
signaling pathways to induce cancer cell death [5]. In addi-
tion, studies on glioma cells have suggested that apoptosis 
promoters may be target therapy [6,7]. On the other hand, 
researchers stated that agents with anti-cancer activity cause 
oxidative stress and lead to the death of cancer cells [8,9].

A study with coffee, which is among the most consumed 
beverages, have suggested that consumption of roasted cof-
fee extracts is associated with a wide range of beneficial 
health effects [10]. Furthermore, it is supported by a cohort 
study that coffee consumption may be associated with 
a decrease in deaths due to diseases such as chronic liver 
disease and certain types of cancer [11]. Choi et al. [12] 
reported that coffee and its components have antioxidant 
and anti-inflammatory activities, and these activities may 
vary according to the degree of roasting. 

In this paper, we investigated the effect of Turkish coffee 
(TC), which has a unique brewing method, on glioma cells 
in terms of programmed cell death and oxidative stress.

MATERIALS AND METHODS

Turkish Coffee Brewing 
Traditional TC was taken from a local market in Turkey. 

To prepare traditional TC, 20 grams of coffee and 100 ml 
of cold water were added to the coffee pot and stirring over 
low heat. The TC was boiled twice in succession. The pre-
pared TC was filtered through membrane filters, 0.22 µm 
pore size (Millipore, USA) before use. 

Culture of Rat Brain Tumor Cell Line C6 Glioma
All culture materials and cells were obtained from Sigma-

Aldrich (St. Louis, MO, USA) and American Type Culture 
Collection  (ATCC). C6 cells, glial cells derived from rat 
brain with glioma, were cultured in the complete medium 
[Dulbecco’s Modified Eagles Medium/F-12 medium, sup-
plemented with 5% fetal bovine serum, 0.2 mM L-glutamine 
and antibiotics (100 U/ml penicillin and 100 μg/mL strep-
tomycin)], at 37 ºC in an atmosphere containing 5% CO2. 
The morphology of C6 glioma cells was evaluated using 
Olympus BX-50 brightfield microscope microscopy.

Proliferation Assay 
To assess cell proliferation after the addition of TC, C6 

glioma cells were first seeded in a 96-well plate at a density 
of 1x104cells/well. Cells were treated with TC (12 different 
doses from 0 to 8000 µg/ml) for 24 h. After the incubation, 
cell proliferation rates were detected by using a tetrazolium 
compound, MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide reagent] kit (Promega, WI, 
USA). The absorbance at 490 nm was recorded using an 
Epoch™ Microplate Spectrophotometer (BioTek, VT, USA).

Apoptosis Measurement by Quantitative Real-Time PCR 
(qRT-PCR) 

 C6 glioma cells were seeded in a 6-well plate at a density 
of 1x105 cells/well. Control cells are C6 glioma cells without 
TC. Treatment group cells were incubated with TC at 10 
000, 15 000, and 20 000 µg/ml concentrations for 24 h. Total 
RNA was extracted from cells with Direct-zol Miniprep 
Plus Kit (Zymo Research, CA, USA). The obtained RNA 
(200 ng) was reverse-transcribed using SensiFAST cDNA 
Synthesis Kit (Bioline Reagents Limited, UK). qRT-PCR 
analyses were performed using SYBR Green Real-Time 
PCR Kit (Hybrigen, Turkey) by a CFX96 Touch Real-Time 
PCR Detection Systems (Bio-rad Laboratories Inc., CA, 
USA). Target genes (caspase-3, caspase-8, and caspase-9) 
were normalized with β-actin (Table 1).

Oxidative Stress Detection
Cells were cultivated in four flasks at a density of 

2x105 cells/ml with complete fresh medium and treated 
with 10000, 15000, and 20000 µg/ml concentrations of 
traditional TC for 24 h. Following incubation, C6 gli-
oma cells were washed with PBS. Cell lysates were col-
lected, and total antioxidant status (TAS, Rel Assay Kit 
Diagnostics, Turkey), total oxidant status (TOS, Rel Assay 
Kit Diagnostics, Turkey), malondialdehyde (MDA), protein 
carbonyl (PCO), 8-hydroxy-2´-deoxyguanosine (8-OHdG, 
YLbiont, Shanghai, China) and glutathione (GSH) levels 
and superoxide dismutase (SOD) activity were measured 
[13-16]. MDA was detected by thiobarbituric acid react-
ing substances assay. Absorbance values were recorded at 
532 nm. PCO reacts with 2, 4-dinitrophenyl-hydrazine to 

Table 1. Primers used for the mRNA expression studies

Genes Primer Sequence
Caspase-3 F 5’- ACT GGA AAG CCG AAA CTC TTC-3’

R 5’-AGT TCC ACT GTC TGT CTC AAT A-3’
Caspase-8 F 5’- TCT GCT GGG GAT GGC TAC T -3’

R 5’- CAT GTT CCT CGG GTT GTC TT -3’
Caspase-9 F 5’- CTC CTG GAG AGA CAA GAA GAG C -3’

R 5’- AAA ACA GCC AGG AAT CTG CT -3’
β-actin F 5’- CTA AGG CCA ACC GTG AAA AG -3’

R 5’- TCT CCG GAG TCC ATC ACA AT -3’
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generate chromophoric dinitrophenylhydrazones. Sample 
absorbances were read at 360 nm. GSH level was analyzed 
by following the rate of decline of 5,5’-dithiobis-2-nitro-
benzoic acid. The absorbance read at 412 nm, spectropho-
tometrically. SOD enzyme activity involves the inhibition 
of nitroblue tetrazolium reduction with xanthine/xanthine 
oxidase and the activity was measured at 560 nm. 

Statistical Analysis 
Statistical analyses were performed using the GraphPad 

Prism software version 5. Comparison between groups 
was evaluated via the non-parametric Kruskal-Wallis and 
Mann-Whitney tests. Results were expressed as the mean ± 
SEM, and statistical significance was considered at P < 0.05. 
All experiments were repeated at least three times.

RESULTS AND DISCUSSION 

Coffee brewing methods vary around the world. These 
different brewing methods greatly affect the coffee’s con-
tent, polyphenolic properties, taste, and aroma [17]. For 
this reason, the effect of coffee, which is frequently con-
sumed all over the world, on human health continues to be 
a matter of curiosity. In our study, we observed that TC had 
a cytotoxic effect on C6 glioma cells due to oxidative stress. 

 According to the MTT test results, the treatment of C6 
glioma cells with TC at the concentrations lower than 4000 
µg/ml did not affect cell viability (Figure 1). Morphological 
examination was also similar to our MTT test result. When 
C6 glioma cells were examined morphologically under a 
phase contrast microscope; at concentrations of 4000 µg/
ml and above, TC inhibited the proliferation of cells, caused 
damage and disruptions in cell morphology (Figure 1). 
According to the study by Derossi et al. [18], the cook-
ing method affects the coffee quality and coffee content 

properties more than the grinding level. In a study, the 
antioxidant activity of espresso, filter coffee, and TC was 
measured and compared with spectrophotometric tests. As 
a result of the measurements, it was determined that the 
antioxidant activity of TC is higher than that of filter and 
espresso coffees [19].

 Administration of C6 glioma cells with 10000 µg/ml of 
TC for 24 hour caused the significant increase in the levels 
of caspase-8, caspase-9, and caspase-3 mRNA expressions 
compared with TC-untreated control, respectively (P < 0.05, 
P < 0.05, and P > 0.05). Similarly, 15000 and 20000 µg/ml of 
TC increased remarkably the levels of caspase-8, caspase-9 
and caspase-3 mRNA expressions compared to control 
cells (P < 0.05 for all) (Figure 2). In the present study, we 
found that TC application increased caspase-3, caspase-8, 
and caspase-9 expression levels, leading to apoptosis of 
C6 glioma cells from both the extrinsic and intrinsic path-
ways. In the meta-analysis study by Yu et al. [20] on coffee 
consumption and cancer risk, individuals with cancer who 
drink coffee in 24 h periods or rarely drink coffee were com-
pared. According to the results, an increase in the overall 
consumption of 1 cup of coffee per day was associated with 
a 3% reduced risk of cancer. In addition, coffee consumption 
has been reported to be associated with a reduced risk of 
bladder, breast, pharyngeal, colorectal, endometrial, esoph-
ageal, hepatocellular, leukemic, pancreatic, and prostate 
cancers. Moreover, Barnung et al. [21] determined that there 
is a potential association between gene expression profiles 
and coffee consumption. According to the results of blood 
analysis, they suggested that high and low coffee consump-
tion affected the expression of 297 genes thought to be asso-
ciated with both metabolic and inflammatory processes. In 
a study on MCF-7 cells, it was suggested that the combined 
administration of coffee extract and vitamin C plays a role 
in the anticancer pathway by changing the expression levels 

Figure 1. Phase-contrast microscope images and the cell viability of Turkish coffee (TC)-treated C6 glioma cells. Control 
group (A), C6 glioma cells treated with TC at a concentration of 4000 µg/ml (B), 8000 µg/ml (C), 10000 µg/ml (D), 15000 
µg/ml (E), 20000 µg/ml (F). (Magnification: X20).
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of caspase-3 and p53 [22]. According to the observations 
by Kolberg et al. [23] coffee modulates the transcription of 
some genes related to prostate cancer and inflammation by 
inhibiting Tumor necrosis factor-α (TNFα)-induced nuclear 
factor kappa B (NF-κB) activity in prostate cancer cell cul-
tures and PC3 xenografts in mice [23]. 

To detect the effect of traditional TC on the cellular redox 
status in C6 glioma cells, antioxidant defense system capa-
bilities, lipid peroxidation, protein oxidation, and oxidative 
DNA damage were evaluated (Figures 3 and 4). No signifi-
cant changes in the levels of TAS and TOS were detected in 
the cells applied traditional TC at concentrations of 10000, 
15000, and 20 000 µg/ml (P > 0.05). SOD and GSH play a 
role in the cellular antioxidant defense mechanism. SOD 
activity in C6 glioma cells applied TC 15 000 μg/ml was 
increased significantly compared to control (P < 0.05). Also, 
GSH levels showed an insignificant increase in cells treated 
with TC 15000 and 20000 μg/ml compared with control cells 
(P > 0.05). Our results indicated that the LPO level increased 
insignificantly in the cells treated with TC  15000 and 
20000 μg/ml compared with controls (P > 0.05). Similarly, 
TC 15000 and 20000 μg/ml elevated significantly PCO levels 
(P < 0.05). 8-OHdG, a marker of oxidative DNA damage, 

was unchanged in C6 glioma cells treated with all concen-
trations of TC (P > 0.05). In a study conducted with healthy 
individuals consuming coffee prepared at a concentration of 
50 g/L, it was reported that coffee consumed up to 5 cups a 
day did not affect lipid and DNA damage related to oxidative 
stress, and also did not prevent inflammation. Therefore, 
no beneficial or harmful effects of coffee on human health 
have been detected [24]. On the other hand, Morii et al. [25] 
showed that instant coffee consumption had little effect on 
mouse liver cancer due to oxidative stress. Also, they found 
that coffee consumption did not show significant differences 
in liver SOD activities and LPO levels. In a recent study, it 
was reported that the aryl hydrocarbon receptor (AHR), 
which causes a protective response against oxidative stress 
in epithelial cells, and the erythroid 2 p45-related factor 2 
(Nrf2) pathway genes, which are the main regulators of anti-
oxidant responses, are up-regulated by coffee. According to 
the results of this in vitro study, coffee may have effects on 
gene expression as well as contribute to antioxidant defense 
and detoxification processes [26]. In our findings, TC did 
not significantly change the total antioxidant and oxidant 
status, as did the GSH, LPO, and 8-OHdG levels. However, 
TC induced protein damage and increase SOD activity in C6 

Figure 3. Total antioxidant and oxidant statuses in C6 glioma cells treated Turkish coffee (TC). Data are expressed as 
means ± SEM.

Figure 2. Changes in mRNA expression of caspase-3, -8, and 9 in C6 glioma cell treated with Turkish coffee (TC). Data 
are expressed as means ± SEM. aP < 0.05 vs control group, bP < 0.05 vs TC at concentrations of 10000 µg/ml, cP < 0.05 vs 
TC at concentrations of 15000 µg/ml.
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glioma cells. Oxidative damage has been observed in can-
cer cells in treatments showing anticancer activity. Li et al. 
[27] showed that β-mangostine treatment inhibited cell pro-
liferation due to oxidative stress induction. Similarly, thy-
moquinone showed cytotoxic and anti-proliferative effects 
depending on oxidative stress [28]. Similar to the aforemen-
tioned studies, it is thought that TC has a cytotoxic effect on 
cells due to protein oxidation in C6 glioma cells.

CONCLUSION 

As a result, in the present study, it was determined that 
TC can cause apoptosis in both extrinsic and intrinsic path-
ways by changing the caspase-3, caspase-8, and caspase-9 
expression levels. In addition, TC may have a cytotoxic 
effect by increasing protein oxidation, which is a marker of 
oxidative stress in C6 glioma cells. In line with these results, 
it can be thought that TC may cause apoptosis in C6 glioma 
cells due to protein oxidation. Thus, we can predict that TC 
consumption in the daily diet may contribute to prevent the 
cell proliferation in patients with glioblastoma multiforme.

AUTHORSHIP CONTRIBUTIONS

Research design was made by ME, ZMCY and AA. Data 
collection in the field was performed by ME, OU, HBS and 
ZMCY. Manuscript was written by ZMCY. Manuscript was 
critically revised by ME and ZMCY and finally approved by 
all the authors for further publication.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the 
findings of this study are available within the article. Raw 
data that support the finding of this study are available from 
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest 
with respect to the research, authorship, and/or publication 
of this article.

ETHICS

There are no ethical issues with the publication of this 
manuscript.

REFERENCES

 [1] Chen W S, Hong L, Wang F, Li JJ. Investigation of 
dacomitinib on reducing cell necrosis and enhanc-
ing cell apoptosis in C6 glioma rat model by MRI. 
Biosci Rep 2019;39:BSR20190006. [CrossRef]

 [2] Liu X, Zhao P, Wang X, Wang L, Zhu Y, Song Y, et 
al. Celastrol mediates autophagy and apoptosis via 
the ROS/JNK and Akt/mTOR signaling pathways 
in glioma cells. J Exp Clin Cancer Res 2019;38:184. 
[CrossRef]

Figure 4. Antioxidant defense and oxidative stress biomarker levels in C6 glioma cells treated Turkish coffee (TC). Data 
are expressed as means ± SEM. aP < 0.05 vs control group, bP < 0.05 vs TC at concentrations of 10 000 µg/ml, cP < 0.05 vs 
TC at concentrations of 15 000 µg/ml.

https://doi.org/10.1042/BSR20190006
https://doi.org/10.1186/s13046-019-1173-4


Sigma J Eng Nat Sci, Vol. 42, No. 2, pp. 549−554, April, 2024554

 [3] Liu J, Liu Y, Li H, Wei C, Mao A, Liu W, et al. 
Polyphyllin D induces apoptosis and protective 
autophagy in breast cancer cells through JNK1-
Bcl-2 pathway. J Ethnopharmacol 2022;282:114591. 
[CrossRef]

 [4] Shen Y, Yang F, Peng, H, Zhang G, Zhu F, Xu H, et 
al. Anti-tumor effect of Yanggan Huayu granule by 
inducing AKT-mediated apoptosis in hepatocellu-
lar carcinoma. J Ethnopharmacol 2022;282:114601. 
[CrossRef]

 [5] Pistritto G, Trisciuoglio D, Ceci C, Garufi A, D'Orazi 
G. Apoptosis as anticancer mechanism: function 
and dysfunction of its modulators and targeted ther-
apeutic strategies. Aging (Albany NY) 2016;8:603–
619. [CrossRef]

 [6] Lu J, Li Q, Cai L, Zhu Z, Guan J, Wang C, et al. 
RBM17 controls apoptosis and proliferation to pro-
mote Glioma progression. Biochem Biophys Res 
Commun 2018;505:20–28. [CrossRef]

 [7] Chu CW, Ko HJ, Chou CH, Cheng TS, Cheng HW, 
Liang YH, et al. Thioridazine enhances p62-me-
diated autophagy and apoptosis through Wnt/β-
catenin signaling pathway in glioma cells. Int J Mol 
Sci 2019;20:473. [CrossRef]

 [8] Sharma V, Joseph C, Ghosh S, Agarwal A, Mishra 
MK, Sen E. Kaempferol induces apoptosis in glio-
blastoma cells through oxidative stress. Mol Cancer 
Ther 2007;6:2544–2553. [CrossRef]

 [9] Klingelhoeffer C, Kämmerer U, Koospal M, Mühling 
B, Schneider M, Kapp M, et al. Natural resistance 
to ascorbic acid induced oxidative stress is mainly 
mediated by catalase activity in human cancer cells 
and catalase-silencing sensitizes to oxidative stress. 
BMC Complement Altern Med 2012;12:61. [CrossRef]

[10] Chapkin RS, Davidson LA, Park H, Jin UH, Fan YY, 
Cheng Y, et al. Role of the aryl hydrocarbon receptor 
(AhR) in mediating the effects of coffee in the colon. 
Mol Nutr Food Res 2021;65:e2100539. [CrossRef]

[11] Kolb H, Kempf K, Martin S. Health effects of cof-
fee: mechanism unraveled? Nutrients 2020;12:1842. 
[CrossRef]

[12] Choi S, Jung S, Ko KS. Effects of coffee extracts 
with different roasting degrees on antioxidant and 
anti-inflammatory systems in mice. Nutrients 
2018;10:363. [CrossRef]

[13] Ledwozyw A, Michalak J, Stepień A, Kadziołka A. 
The relationship between plasma triglycerides, cho-
lesterol, total lipids and lipid peroxidation products 
during human atherosclerosis. Clin Chim Acta 
1986;155:275–283. [CrossRef]

[14] Reznick AZ, Packer L. Oxidative damage to pro-
teins: spectrophotometric method for carbonyl 
assay. Method Enzymol 1994;233:357–363. [CrossRef]

[15] Beutler E, Duron O, Kelly BM. Improved method 
for the determination of blood glutathione. J Lab 
Clin Med 1963;61:882–888.

[16] Sun Y, Oberley LW, Li Y. A simple method for 
clinical assay of superoxide dismutase. Clin Chem 
1988;34:497–500. [CrossRef]

[17] Belščak-Cvitanović A, Komes D, Karlović S, 
Djaković S, Spoljarić I, Mršić G, et al. Improving 
the controlled delivery formulations of caffeine 
in alginate hydrogel beads combined with pectin, 
carrageenan, chitosan and psyllium. J Food Chem 
2015;167:378–386. [CrossRef]

[18] Derossi A, Ricci I, Caporizzi R, Fiore A, Severini C. 
How grinding level and brewing method (Espresso, 
American, Turkish) could affect the antioxidant 
activity and bioactive compounds in a coffee cup. J 
Sci Food Agric 2017;98:3198–207. [CrossRef]

[19] Gorjanovic S, Komes D, Petronijevic J. Antioxidant 
efficiency of polyphenols from coffee and coffee sub-
stitutes-electrochemical versus spectrophotometric 
approach. J Food Sci Technol 2017;54:2324–2331. [CrossRef]

[20] Yu X, Bao Z, Zou J, Dong J. Coffee consumption and 
risk of cancers: a meta-analysis of cohort studies. 
BMC Cancer 2011;11:96. [CrossRef]

[21] Barnung RB, Nøst H, Ulven SM, Skeie G, Olsen KS. 
Coffee consumption and whole-blood gene expres-
sion in the norwegian women and cancer post-ge-
nome cohort. Nutrients 2018;10:1047. [CrossRef]

[22] El-Garawani IM, El-Nabi SH, El-Shafey S, Elfiky M, 
Nafie E. Coffea arabica bean extracts and vitamin c: 
a novel combination unleashes MCF-7 cell death. 
Curr Pharm Biotechnol 2020;21:23–36. [CrossRef]

[23] Kolberg M, Pedersen S, Mitake M, Holm KL, Bøhn 
SK, Blomhoff HK, et al. Coffee inhibits nuclear fac-
tor-kappa B in prostate cancer cells and xenografts. J 
Nutr Biochem 2016;27:153–163. [CrossRef]

[24] Shaposhnikov S, Hatzold T, Yamani NE, Stavro PM, 
Lorenzo Y, Dusinska M, et al. Coffee and oxida-
tive stress: a human intervention study. Eur J Nutr 
2018;57:533–544. [CrossRef]

[25] Morii H, Kuboyama A, Nakashima T, Kawai K, 
Kasai H, Tamae K, et al. Effects of instant coffee 
consumption on oxidative DNA damage, DNA 
repair, and redox system in mouse liver. J Food Sci 
2009;74:H155–161. [CrossRef]

[26] Toydemir G, Loonen LMP, Venkatasubramanian PB, 
Mes JJ, Wells JM, De Wit N. Coffee induces AHR- and 
Nrf2-mediated transcription in intestinal epithelial 
cells. Food Chem 2021;341:128261. [CrossRef]

[27] Li K, Wu L, Chen Y, Li Y, Wang Q, Li M, et al. 
Cytotoxic and antiproliferative effects of β-Mangos-
tin on rat C6 glioma cells depend on oxidative stress 
ınduction via PI3K/AKT/mTOR pathway ınhibition. 
Drug Des Devel Ther 2020;14:5315–5324. [CrossRef]

[28] Krylova NG, Drobysh MS, Semenkova GN, 
Kulahava TA, Pinchuk SV, Shadyro OI. Cytotoxic 
and antiproliferative effects of thymoquinone on rat 
C6 glioma cells depend on oxidative stress. Mol Cell 
Biochem 2019;462:195–206. [CrossRef]

https://doi.org/10.1016/j.jep.2021.114591
https://doi.org/10.1016/j.jep.2021.114601
https://doi.org/10.18632/aging.100934
https://doi.org/10.1016/j.bbrc.2018.09.056
https://doi.org/10.3390/ijms20030473
https://doi.org/10.1158/1535-7163.MCT-06-0788
https://doi.org/10.1186/1472-6882-12-61
https://doi.org/10.1002/mnfr.202100539
https://doi.org/10.3390/nu12061842
https://doi.org/10.3390/nu10030363
https://doi.org/10.1016/0009-8981(86)90247-0
https://doi.org/10.1016/S0076-6879(94)33041-7
https://doi.org/10.1093/clinchem/34.3.497
https://doi.org/10.1016/j.foodchem.2014.07.011
https://doi.org/10.1002/jsfa.8826
https://doi.org/10.1007/s13197-017-2672-y
https://doi.org/10.1186/1471-2407-11-96
https://doi.org/10.3390/nu10081047
https://doi.org/10.2174/1389201020666190822161337
https://doi.org/10.1016/j.jnutbio.2015.08.028
https://doi.org/10.1007/s00394-016-1336-4
https://doi.org/10.1111/j.1750-3841.2009.01192.x
https://doi.org/10.1016/j.foodchem.2020.128261
https://doi.org/10.2147/DDDT.S278414
https://doi.org/10.1007/s11010-019-03622-8

