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ANTIOXIDANT CAPACITY OF CHOCOLATE MILK BEVERAGES
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Abstract

Health conditions such as cancer, atherosclerosis, and diabetes have been linked to oxidative damage caused by increased radical activity
within the body. Antioxidants are stable, bioactive compounds that can neutralize the radicals they encounter, reducing the capacity of rad-
icals to damage cellular structures. While existing evidence demonstrates the antiradical effects of dark chocolate, less is known about the
antioxidant properties of chocolate milk beverages. This study aimed to examine the antioxidant activity of plant and animal-based choc-
olate milk, powder, and syrup samples compared to their non-chocolate milk counterparts. The 2,2-azinobis-(3-ethylbenzothiazoline-6-sul-
fonic acid) (ABTS«+) radical assay was used to compare the antioxidant capacity spectrophotometrically over time. The chocolate milk bev-
erages all showed greater decreases in absorbance and increased antioxidant activity compared to their non-chocolate counterparts. This
study demonstrates that the addition of chocolate to bovine and almond milk can boost antioxidant capacity, improving the disease-fighting

potential of these chocolate-based beverages.
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Introduction

General aging and several diseases, including various cancers/,
atherosclerosis?, diabetes’, and Alzheimer’s disease®, have been
linked to oxidative damage caused by increased free radical activ-
ity within the body. Metabolic processes such as the mitochondrial
generation of energy through the electron transport chain and oxi-
dative phosphorylation generate reactive oxygen species (ROS) as
a natural byproduct’. These reactive species are often in the form
of free radicals. Several ROS exist within the cell and extracellular
space and have the potential to damage DNA, cellular membranes,
and proteins®. Controlling ROS to manageable levels is imperative
to reducing morbidity associated with oxidative stress.

Antioxidants are stable, bioactive compounds that can neu-
tralize the radicals they come into contact with by donating or
absorbing electrons, reducing the capacity of radicals to damage
cellular structures’. It is well-documented that diets rich in anti-
oxidants can help mitigate the effects of both internal and external
causes of free radical induced oxidative damage® 2. Polyphenolic
compounds are a large class of highly conjugated antioxidants,
which may inhibit radicals directly, by neutralizing ROS, or indi-
rectly, such as receptor-ligand interaction modulation and activa-
tion of antioxidant enzymes found within the body. Due to their
antiradical properties, consumption of polyphenolic compounds,
including those found in cereals, legumes, seeds, and cacao, has
been associated with a decreased risk of cardiovascular disease
and cancer®.

Chocolate has been the subject of many studies on radical
scavenging activity due to its high antioxidant content'*'6. It is
well established that chocolate samples with higher cocoa percent-
ages have higher polyphenolic content and increased antioxidant
activity than samples with lower cocoa content'”'®. Since dark
chocolate has a greater percentage of cocoa than milk chocolate,
studies show that it consistently has greater antiradical poten-
tial than its milk chocolate counterpart'®?’. Furthermore, clinical
studies demonstrate that long-term and consistent intake of dark
chocolate may reduce the risk of muscular injury?', high blood
pressure??, colorectal cancer prevalence's, inflammatory oxidative

damage?®, and mononuclear blood cell DNA damage® in healthy
individuals.

This pilot study aims to explore the antioxidant capacity of
various plant and animal-based commercial chocolate milk, pow-
der, and syrup beverages using the 2,2-azinobis-(3-ethylbenzo-
thiazoline-6-sulfonic acid) (ABTS<+) radical assay. The ABTSe+
radical assay was chosen because the initial electron transfer of
the radical to the antioxidant occurs quickly due to low steric hin-
drance at the radical site; assays with greater steric hindrance may
be difficult for polyphenolic compounds to access®. Additional-
ly, an advantage of using ABTSe+ is that it is less prone to inter-
ference from colored samples, like chocolate milk, because it is
measured at a high wavelength. It can also be used over a large
pH range, which is particularly useful when examining food com-
ponents®. Furthermore, ABTSe+ is useful for a wide variety of
antioxidants because it can be neutralized by either the hydrogen
atom transfer or single electron transfer mechanisms?’. Based on
previous studies involving chocolate'* '8, we hypothesized that the
chocolate-based milk beverages would have greater antioxidant
power than plain milk and that the dark chocolate beverages would
have the highest antioxidant capacity.

Materials and Methods

Chemicals

The 10-mg ABTS tablets (Lot No. UA2660323) were pur-
chased from Thermo Fisher Scientific®. Potassium persulfate
(Lot No. A0465042) was acquired from Thermo Scientific®, and
phosphate-buffered saline (PBS) tablets (Lot No. A0375116) were
purchased from Acros Organics®. Concentrated radical solution
was prepared > 16 hours before testing by dissolving one 10-mg
ABTS tablet with 1.215 mL Milli-Q® water, resulting in a 0.015
M ABTS solution. In a 10-mL volumetric flask, 0.0135g potassi-
um persulfate was combined with Milli-Q® water to create a 0.005
M solution. Next, 1.215 mL of 0.015 M ABTS and 1.1215 mL of
0.005 M potassium persulfate were combined and vortexed for >
60 seconds to create a 7.5 mM ABTSe+ radical solution. The 7.5



mM ABTSe+ was stored in the dark at 4°C overnight. A 1X PBS
solution was created with Milli-Q® water and was stored for 12
hours at 4°C. On the day of testing, 250 mL of 0.075 mM ABTS<+
was prepared by diluting the radical solution with 1X PBS. This
dilute ABTSe+ solution was stored on ice and covered to prevent
light from degrading the radicals.

Instruments

Antioxidant capacity was determined spectrophotometrical-
ly using the BioMate™ 160 UV-Vis spectrophotometer (Thermo
Fisher Scientific®, Waltham, Massachusetts, USA). The spectro-
photometer was warmed for > 30 minutes before measuring sam-
ples and was set to an absorbance of 734 nm. The chamber was
zeroed with 1X PBS solution before samples were tested.

Food Samples and Sample Preparation

Milk samples, chocolate syrups, and chocolate powder were
purchased from various grocery stores in central North Carolina,
USA. Low fat cow milk and unsweetened almond milk were se-
lected to compare the antioxidant effect of adding chocolate to an-
imal-based milk versus plant-based milk. Name brands of all com-
mercial food samples and nutrition information are listed in Table
1. Since macromolecules can interfere with spectrophotometric
absorbance readings and antioxidant measurements®%, the low
protein, carbohydrate, and fat content in almond milk make them
ideal models for studying antioxidant activity. For this reason, al-
mond milk was used as the plant-based milk for this pilot study.

Almond and cow milk samples were stored at 4°C in a re-
frigerator until experimentation. The plain milk samples (cow
and almond) were used as a control and as a base to prepare the
chocolate milk beverages using the chocolate powder and different
syrups. These samples were prepared using the instructions on the
food label. For the powder, two tablespoons of powder were added
to one cup (eight fluid ounces) of milk and mixed until homoge-
nous. For the regular and dark chocolate syrups, one tablespoon of
syrup was added to one cup (eight fluid ounces) of milk and mixed
until homogenous. The pre-made commercial chocolate cow milk
and chocolate almond milk samples did not require special prepa-
ration. Beakers containing all samples were kept refrigerated until
ready for testing. The time lapse between sample preparation and
antioxidant capacity measurement was not longer than two hours.

Table 1. Nutrition information obtained from each nutrition facts panel

Cal per Total Added Total

Commercial Food Samples Protein
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Antioxidant Capacity as Determined by Spectrophotometric Anal-
VSIS

Radical scavenging activity was determined using the meth-
ods of Re et al. with minor adjustments®. In short, 2,000 pL of
chilled 0.075 mM ABTSe+ was added to a 3-mL cuvette immedi-
ately before experimentation using a volumetric pipet. An amount
of 5.0 uL of each milk sample was pipetted into the ABTSe+ solu-
tion and mixed by repetitive aspiration five times and with rapid
stirring. The cuvette was immediately placed into the spectropho-
tometer and initial absorbance was measured followed by absor-
bance measurements every 30 seconds for five minutes. This pro-
cess was repeated three times for each milk sample.

Data Analysis

The percent change in absorbance after five minutes for each
of the three trials was calculated according to the following equa-
tion:

Percent change = [ |final absorbance — initial absorbance| / initial
absorbance] x 100

The mean percent change with standard deviation for each
sample was calculated. The mean absorbance with respect to time
was also plotted. Using absorbance data after five minutes ensured
the stability and completion of the radical scavenging assay.

Results and Discussion

The assay used in this study measures the reduction and decol-
orization of the blue-green chromophore ABTS<+ to clear ABTS
by antioxidants®'. When ABTSe+ solution is combined with oxi-
dizable substances, it is reduced to its colorless ABTS form3?. The
reduction of the radical solution is directly proportional to the de-
crease in absorbance. The higher the concentration of antioxidants,
the faster and greater the reduction of blue-green ABTSe+ to clear
ABTS solution. This inverse relationship between absorbance and
antioxidant capacity was used to interpret the results of this study.

Percent decrease in absorbance and antioxidant capacity for all
milk samples

For all samples tested, the antioxidant capacities of the choc-
olate-containing samples were higher compared to the plain milk
controls for both the cow milk group and almond milk group. The
antioxidant capacity was evaluated based on the percent change
in absorbance. The mean percent change in absorbance over five

Serving Carbohydrate Sugar  Fat minutes for each sample is shown in Table 2. Although the plain
Y milk samples showed modest antioxidant capacity (15.3% for cow
ilk Samples . . .
e milk and 14.8% for almond milk), the cow milk chocolate bev-
Food Lion® 110 13g Og 25¢g 8g
1% Low-Fat Milk
Food Lion® 180 30g 17g 25¢g 8g Table 2. Percent change in absorbance over 5 min
Chocolate Low-Fat Milk
Blue Diamond® Almond 20 | 0 0 | Prelpade and Prepared Milk Samples Percent Change
Breeze Unsweetened & 8 g g Cow Milk i
Original Almond Milk Plain 15.3 4/-0.6
Blue Diamond® Almond Premade Chocolate 27.4+4/-1.0
Breeze Unsweetened 40 2g 0g 3g lg Powdered Chocolate 25.8+/-1.5
Chocolate Almond Milk Regular Chocolate Syrup 23.9+4/-1.5
+/-
Ty — T Mil]iark Chocolate Syrup 24.34/-1.9
Nestle® Nesquik 50 12 10g Og Og Plain 14.8 +/-2.0
Chocolate Powder Premade Chocolate 23.6 +/-3.1
Hershey’s® Special 45 12g 10g Og Og Powdered Chocolate 30.2 +/-1.3
Dark Chocolate Syrup Regular Chocolate Syrup 25.1+4/-5.1
Hershey’s® Genuine 45 12g 10g Og Og Dark Chocolate Syrup 273 +/-4.1

Chocolate Syrup

*Percent change data is reported as mean with standard deviation based on three trials each.
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erages ranged from 23.9% - 27.5% and almond milk chocolate
beverages from 23.6% - 30.3%. These results support our first hy-
pothesis that chocolate-based milk beverages would have greater
antioxidant power than plain milk. For the cow milk group, the
premade chocolate milk had the highest antioxidant capacity based
on its greatest percent absorbance change (27.4% +/- 1.0%). In the
almond milk group, the powdered chocolate mixture showed the
greatest antioxidant capacity with a percent change in absorbance
of 30.2% +/-1.3%. These results did not support our second hy-
pothesis that the dark chocolate beverages would have the highest
antioxidant capacity overall. For the almond milk group, this may
be explained by the fact that the instructions for making chocolate
milk with powder required two tablespoons of chocolate per one
cup of milk, yet the dark chocolate syrup instructions suggest add-
ing only one tablespoon of chocolate. Furthermore, it was easier to
achieve quantitative transfer of the powder versus the syrup due to
the viscous nature of the syrup. For the cow milk group, the com-
mercial premade chocolate milk may contain more total chocolate
or may contain a type of chocolate with a higher cacao content.

Antioxidant capacity of premade chocolate milk

The decrease in absorbance over five minutes was plotted for
all samples to observe changes over time in more detail. When
comparing the premade chocolate milk samples (Figure 1), both
the chocolate cow milk and chocolate almond milk had a sharper
decline in absorbance within the first 30 seconds compared to the
plain control samples. The steeper the slope, the faster the free rad-
icals are being neutralized by the antioxidants. The decrease in ab-
sorbance of the control plain milk samples demonstrates their nat-
ural antioxidant qualities. However, the premade chocolate milks
resulted in a much sharper decline in absorbance, indicating a
heightened rate of radical scavenging. These results are consistent
with another study that found higher antioxidant levels in com-
mercially available chocolate dairy milk compared to plain dairy
milk*. To the best of our knowledge, there are no published studies
that compare the antioxidant capacity of chocolate almond milk to
non-chocolate almond milk. Based on our analysis, the results of
the chocolate versus non-chocolate milk samples demonstrate that
cacao polyphenolic compounds in chocolate likely enhance the an-
tiradical properties of both animal and plant-based milk beverages.

Comparison of Powdered Chocolate Milk
The mean absorbance of the powdered chocolate milk sam-
ples versus the control plain milk samples can be visualized in
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Figure 1. Relative antioxidant capacity of plain milk compared to commercial
premade chocolate milk

Figure 2. Consistent with the commercial premade chocolate
milk, there is a sharper decline in absorbance within the first 30
seconds for the beverages containing chocolate. In this group, the
chocolate powder plus almond milk shows higher antioxidant ca-
pacity compared to the chocolate powder plus cow milk based on
both the sharp initial decline in absorbance and the overall percent
decrease over five minutes (30.2% for almond vs 25.8% for cow).
Although both chocolate beverages showed higher antioxidant
capacity compared to their respective controls (14.8% for plain
almond and 15.3% for plain cow) it is interesting to note that the
chocolate powder had a greater impact on improving antioxidant
activity in almond milk compared to cow milk. It has been re-
ported previously that proteins found in cow milk may interfere
with polyphenolic compounds, reducing their antioxidant capac-
ity®. This may account for the reduced impact we observed in the
chocolate cow milk beverages prepared with powder and syrup
compared to our low-protein almond milk beverages prepared
with the same types of chocolate. Another possible explanation for
the differences in the relative change in absorbance between choc-
olate and plain almond milk flavors compared to chocolate and
plain dairy milk samples lies within the biochemical composition
of each substance. Cow milk and dairy products are rich sources
of various antioxidants, especially as a result of their high content
of antiradical amino acids*. In particular, sulfur-containing amino
acids, like cysteine and methionine, are the most readily available
to scavenge radicals, followed by aromatic amino acids tyrosine
and tryptophan, and the cyclic amino acid proline®. Additionally,
cow milk contains fat-soluble and water-soluble vitamins in high
concentrations, especially vitamins E, C, and B-carotene, which
have intrinsic antioxidant properties**. While almond milk may
contain some of these amino acids and vitamins, the concentra-
tions of these antiradical substances may be lower in plain almond
milk compared to plain cow milk. This may explain why adding
chocolate to almond milk appears to have a greater impact on in-
creasing antioxidant activity compared to adding chocolate to cow
milk.

Comparison of milk prepared with regular and dark chocolate syr-
ups

Another common way that chocolate milk can be prepared
is by adding chocolate syrup to plain milk. Evidence shows that
children who consume flavored beverages tend to drink more milk
and lead healthier lifestyles®”. In our study, the dark chocolate syr-
up showed a greater mean percent change in absorbance than the
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Figure 2. Relative antioxidant capacity of plain milk compared to chocolate milk
made with powder



regular chocolate syrup (Table 2) for both the cow milk (24.3%
for dark vs 23.9% for regular) and the almond milk (27.3% for
dark vs 25.1% for regular). This is consistent with multiple studies
that report higher antioxidant capacity for foods containing dark
chocolate compared to other forms of chcolate!”'#3%, For the dark
chocolate syrup, the almond milk had a greater percent change in
antioxidant capacity than the cow milk by a difference of 3.0%.
Similarly, for the regular chocolate syrup, the added chocolate has
a greater impact on the almond milk compared to cow milk by a
difference of 1.2%. We cannot assume these results are statistically
significant since we did not perform hypothesis testing. However,
this pilot study shows a trend that adding chocolate to both plant
and animal-based milk increases antioxidant capacity, and that
adding chocolate to almond milk has a bigger impact on improving
antioxidant capacity compared to adding chocolate to cow milk.
This is consistent with our results for the powdered milk (Table
2, Figure 2). The change in absorbance over time was also plotted
for milk samples containing syrup compared to controls (Figure
3). The sharper initial decline in absorbance can be observed when
comparing the dark chocolate syrup samples to the regular choc-
olate syrup samples, although the difference is not as dramatic as
we expected. The greater percent decrease in absorbance of the
radical solution containing the dark chocolate syrup compared to
the milk chocolate syrup respective to the control suggests that the
increased cocoa content of the syrup contributes to the greater an-
tioxidant activity of the milk. When comparing the antioxidant ca-
pacity of the powdered chocolate milk samples to the syrups, our
results show that the powder is more effective compared to syrup
in both animal and plant-based milk (Table 2). This is consistent
with a previous study showing that commercially available choc-
olate syrups have lower levels of antioxidant activity compared
to cocoa powder®’. However, as mentioned earlier, the amount of
chocolate powder added based on the food label instructions was
higher compared to the syrups, which likely influenced the results
in our investigation.

Conclusion

This pilot study demonstrates that the addition of chocolate
to unsweetened almond milk and low-fat dairy milk may boost
antioxidant capacity. Strengths of this study include the novelty of
investigating antioxidant potential of both plant and animal-based
milk combined with various forms of chocolate using realistic
amounts of chocolate that may be consumed. Our study also used
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Figure 3. Relative antioxidant capacity of plain milk compared to chocolate milk
made with dark chocolate syrup and regular chocolate syrup
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a simplified method to compare antioxidant capacity across com-
mon beverages. The study limitations include not using a standard
such as Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carbox-
ylic acid) or vitamin C to obtain quantitative data to measure anti-
oxidant capacity and not using samples from different batches or
lot numbers to report inferential statistics for hypothesis testing.
Future research should include an in vivo evaluation of antioxi-
dant status with a wider variety of chocolate milk samples and
other milk types, such as soy and oat milk. Furthermore, additional
assays, such as 2,2-diphenyl-1-picrylhydrazyl (DPPH) or the ox-
ygen radical absorbance capacity (ORAC) test can be used with
the ABTS assay to validate the results. Based on our preliminary
findings, we propose that adding chocolate to almond and cow
milk may improve the disease-fighting potential of these beverag-
es when consumed in moderation.

Acknowledgements

We would like to thank Dr. Jing Ye and Dr. Brandon Walker
for their support during this study. We also express sincere grati-
tude to Dr. Catherine Fuller for donating the BioMate™ 160 UV-
Vis research-grade spectrophotometer to Salem College, making
this research study possible.

References

1. Prasad, S.; Gupta, S. C.; Tyagi, A. K. Reactive Oxygen Spe-
cies (ROS) and Cancer: Role of Antioxidative Nutraceuticals.
Cancer Letters 2017, 387, 95-105. https://doi.org/10.1016/].
canlet.2016.03.042.

2. Wang, Y.; Li, L.; Zhao, W.; Dou, Y.; An, H.; Tao, H.; Xu, X.;
Jia, Y.; Lu, S.; Zhang, J.; Hu, H., T, ACS Nano 2018, 12 (9),
8943-8960. https://doi.org/10.1021/acsnano.8b02037.

3. Chattopadhyay, M.; Khemka, V. K.; Chatterjee, G.; Ganguly,
A.; Mukhopadhyay, S.; Chakrabarti, S., Mol Cell Biochem
2015, 399 (1), 95-103. https://doi.org/10.1007/s11010-014-
2236-7.

4. Pratico, D., Annals of the New York Academy of Sciences 2008,
1147 (1), 70-78. https://doi.org/10.1196/annals.1427.010.

5. Liu, Z.-Q., Food Chemistry 2022, 380, 132143. https://doi.
org/10.1016/j.foodchem.2022.132143.

6. Luo, Y.; Peng, B.; Wei, W.; Tian, X.; Wu, Z. Molecules 2019,
24 (7), 1343. https://doi.org/10.3390/molecules24071343.

7. Ja¢imovi¢, S.; Popovi¢-Djordjevi¢, J.; Sari¢, B.; Krsti¢, A.;
Mickovski-Stefanovi¢, V.; Panteli¢, N. B. Foods 2022, 11 (10),
1445. https://doi.org/10.3390/foods11101445.

8. Bhagat, A. R.; Delgado, A. M.; Issaoui, M.; Chammem, N.;
Fiorino, M.; Pellerito, A.; Natalello, S. Journal of AOAC In-
ternational 2019, 102 (5), 1365-1372. https://doi.org/10.1093/
jaoac/102.5.1365.

9. Forman, H. J.; Zhang, H. Targeting Oxidative Stress in Dis-
case: Promise and Limitations of Antioxidant Therapy. Nat Rev
Drug Discov 2021, 20 (9), 689-709. https://doi.org/10.1038/
s41573-021-00233-1.

10.Ibero-Baraibar, 1.; Suarez, M.; Arola-Arnal, A.; Zulet, M. A.;
Martinez, J. A. . Food & Nutrition Research 2016, 60 (1),
30449. https://doi.org/10.3402/fnr.v60.30449.

11.Leyva-Soto, A.; Chavez-Santoscoy, R. A.; Lara-Jacobo, L.
R.; Chavez-Santoscoy, A. V.; Gonzalez-Cobian, L. N. Mol-
ecules 2018, 23 (9), 2220. https://doi.org/10.3390/mole-



Journal of Undergraduate Chemistry Research, 2026, 25 (2), 44

cules23092220.

12.Ponnampalam, E. N.; Kiani, A.; Santhiravel, S.; Holman, B. W.
B.; Lauridsen, C.; Dunshea, F. R. The Importance of Dietary
Antioxidants on Oxidative Stress, Meat and Milk Production,
and Their Preservative Aspects in Farm Animals: Antioxidant
Action, Animal Health, and Product Quality—Invited Review.
Animals (Basel) 2022, 12 (23), 3279. https://doi.org/10.3390/
anil2233279.

13.Shahidi, F.; Yeo, J. Insoluble-Bound Phenolics in Food. Mol-
ecules 2016, 21 (9), 1216. https://doi.org/10.3390/mole-
cules21091216.

14.Deus, V. L.; Resende, L. M.; Bispo, E. S.; Franca, A. S.; Glo-
ria, M. B. A. Food Chemistry 2021, 357, 129754. https://doi.
org/10.1016/j.foodchem.2021.129754.

15.Gonzélez-Barrio, R.; Nufiez-Gomez, V.; Cienfuegos-Jovel-
lanos, E.; Garcia-Alonso, F. J.; Periago-Caston, M. J. Foods
2020, 9 (2), 189. https://doi.org/10.3390/foods9020189.

16.Lettieri-Barbato, D.; Villafio, D.; Beheydt, B.; Guadagni, F.;
Trogh, 1.; Serafini, M. Food Chemistry 2012, 132 (3), 1305—
1310. https://doi.org/10.1016/j.foodchem.2011.11.109.

17.Di Mattia, C. D.; Sacchetti, G.; Mastrocola, D.; Serafini, M.
Front Immunol 2017, 8, 1207. https://doi.org/10.3389/fim-
mu.2017.01207.

18.Hong, M.; Nulton, E.; Shelechi, M.; Hernandez, LisaM.; Ne-
moseck, T. Nutrition & Cancer 2013, 65 (5), 677—685. https://
doi.org/10.1080/01635581.2013.789542.

19.da Silva Medeiros, N.; Koslowsky Marder, R.; Farias Wohlen-
berg, M.; Funchal, C.; Dani, C. Biochem Res Int 2015, 2015,
294659. https://doi.org/10.1155/2015/294659.

20.Vinson, J. A.; Proch, J.; Zubik, L. J. Agric. Food Chem. 1999,
47 (12),4821-4824. https://doi.org/10.1021/59990312p.

21.Cavarretta, E.; Peruzzi, M.; Del Vescovo, R.; Di Pilla, F.; Gob-
bi, G.; Serdoz, A.; Ferrara, R.; Schirone, L.; Sciarretta, S.; No-
cella, C.; De Falco, E.; Schiavon, S.; Biondi-Zoccai, G.; Frati,
G.; Carnevale, R. Oxid Med Cell Longev 2018, 2018, 4061901.
https://doi.org/10.1155/2018/4061901.

22.Chan, E. K.; Quach, J.; Mensah, F. K.; Sung, V.; Cheung, M.;
Wake, M. Archives of Disease in Childhood 2012, 97 (7), 637.
https://doi.org/10.1136/archdischild-2011-301305.

23.Petyaev, . M.; Klochkov, V. A.; Chalyk, N. E.; Pristensky, D.
V.; Chernyshova, M. P.; Kyle, N. H.; Bashmakov, Y. K. J Nutr
Health Aging 2018, 22 (9), 1092—1098. https://doi.org/10.1007/
$12603-018-1063-z.

24.Spadafranca, A.; Martinez Conesa, C.; Sirini, S.; Testolin, G.
The British Journal of Nutrition 2010, 103 (7), 1008-1014.
https://doi.org/10.1017/S0007114509992698.

25.Rumpf, J.; Burger, R.; Schulze, M. International Journal of
Biological Macromolecules 2023, 233, 123470. https://doi.
org/10.1016/j.ijbiomac.2023.123470.

26.Munteanu, I. G.; Apetrei, C. Int J Mol Sci 2021, 22 (7), 3380.
https://doi.org/10.3390/ijms22073380.

27.Wotosiak, R.; Druzynska, B.; Derewiaka, D.; Piecyk, M.; Ma-
jewska, E.; Ciecierska, M.; Worobiej, E.; Pakosz, P. . Molecules
2021, 27 (1), 50. https://doi.org/10.3390/molecules27010050.

28.Ilyasov, 1. R.; Beloborodov, V. L.; Selivanova, 1. A.; Terekhov,
R. P. ABTS/PP Decolorization Assay of Antioxidant Capacity
Reaction Pathways. Int J Mol Sci 2020, 21 (3), 1131. https://
doi.org/10.3390/ijms21031131.

29.Nedi¢, O.; Penezi¢, A.; Mini¢, S.; Radomirovié, M.; Nikoli¢,
M.; Cirkovi¢ Velickovi¢, T.; Gligorijevi¢, N. Antioxidants

2023, /2 (4), 815. https://doi.org/10.3390/antiox 12040815.

30.Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.;
Rice-Evans, C. Antioxidant Activity Applying an Improved
ABTS Radical Cation Decolorization Assay. Free Radical
Biology and Medicine 1999, 26 (9), 1231-1237. https://doi.
org/10.1016/S0891-5849(98)00315-3.

31.Basu, P.; Maier, C. In Vitro Antioxidant Activities and Poly-
phenol Contents of Seven Commercially Available Fruits.
Pharmacognosy Res 2016, 8§ (4), 258-264. https://doi.
org/10.4103/0974-8490.188875.

32.Erel, O. A Novel Automated Direct Measurement Method for
Total Antioxidant Capacity Using a New Generation, More Sta-
ble ABTS Radical Cation. Clinical Biochemistry 2004, 37 (4),
277-285. https://doi.org/10.1016/j.clinbiochem.2003.11.015.

33.Bisso, C. A.; Mojica, E.-R. Journal of Undergraduate Chemis-
try Research, 2021, 20 (3), 55.

34.Khamzaeva, N.; Kunz, C.; Schamann, A.; Pferdmenges, L.;
Briviba, K. J. Agric. Food Chem. 2024, 72 (4), 2300-2308.
https://doi.org/10.1021/acs.jafc.3c07221.

35.Dyer, J. M.; Clerens, S.; Grosvenor, A.; Thomas, A.; Callaghan,
C.; Deb-Choudhury, S.; Haines, S. Journal of Dairy Science
2016, 99 (5), 3295-3304. https://doi.org/10.3168/jds.2015-
10273.

36.Stobiecka, M.; Krol, J.; Brodziak, A. Animals (Basel) 2022, 12
(3), 245. https://doi.org/10.3390/ani12030245.

37.Ricklefs-Johnson, K.; Pikosky, M. A. Advances in Nutri-
tion 2023, 14 (5), 959-972. https://doi.org/10.1016/j.ad-
vnut.2023.06.002.

38. Carlsen, M. H.; Halvorsen, B. L.; Holte, K.; Behn, S. V.; Drag-
land, S.; Sampson, L.; Willey, C.; Senoo, H.; Umezono, Y.;
Sanada, C.; Barikmo, I.; Berhe, N.; Willett, W. C.; Phillips, K.
M.; Jacobs, D. R., Jr; Blomhoff, R., Nutrition Journal 2010, 9
(3). https://doi.org/10.1186/1475-2891-9-3.

39. Miller, K. B.; Stuart, D. A.; Smith, N. L.; Lee, C. Y.; McHale,
N. L.; Flanagan, J. A.; Ou, B.; Hurst, W. J. J. Agric. Food Chem.
2006, 54 (11), 4062—4068. https://doi.org/10.1021/jf0602900.



