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Abstract

Fruits and vegetables include high levels of bioactive compounds with health-promoting effects. Especially, peels, which are one of the
generaly inedible fractions of fruit or vegetable, have higher amount of polyphenolic compounds than their pulps or seeds, since they
accumulate in their peels. Purple turnip (Brassica rapa L.) is one of the important members of Brassicaceae family due to its nutritional
composition. In this context, the aim of the study was to reveal the potency of peels from purple turnip as a natural antioxidant ingredient
To reach this aim, the spectrophotometric assays including the Folin-Ciocalteu method for total phenolic content (TPC), the pH
differential method for total monomeric anthocyanin content (TMAC) and CUPRAC and DPPH methods for total antioxidant capacity
(TAC) before and after in vitro gastro-intestinal digestion were carried out. According to results of the study, TPC and TMAC of the
polyphenolic axtract obtained by ultrasound-assisted extraction were 169.29+6.89 mg GAE/g dw and 159.53+£10.82 mg CGE/L,
respectively. The TAC of the extracts was 44.19+0.10 mg TE/g dw in CUPRAC assay and 38.52+0.06 mg TE/g dw in DPPH assay. The
bioaccessibilities of total phenolics and anthocyanins from extracts after in vitro digestion process were approximately 17% and 6%
and the antioxidant capacity of the bioaccessible extract fraction was approximately 28% (CUPRAC) and 0% (DPPH).

Keywords: Anthocyanins, antioxidant capacity, bioaccessibility, phenolics, purple turnip.

Mor Salgam (Brassica rapa L.) Kabuk Atiklarinin Degerlendirilmesi:
Ultrasonik Destekli Ekstraksiyon ile Polifenoliklerin Ekstraksiyonu
ve in vitro Mide-Bagirsak Sindirim Sirasinda Toplam Fenolik Madde,
Toplam Monomerik Antosiyanin Miktar1 ve Toplam Antioksidan
Kapasitedeki Degisimin Arastirilmasi

Oz

Meyve-sebzeler saglik iizerinde olumlu etkileri olan yiiksek diizeyde biyoaktif bilesenler igermektedir. Ozellikle meyve-sebzelerin
yenilmeyen kisimlarindan olan kabuklar, polifenolik bilesiklerin burada birikmesinden dolayz, i¢ veya ¢ekirdeklerine gore daha yiiksek
oranda polifenolik bilesikler igermektedir. Mor salgam (Brassica rapa L.), besinsel igeriginden dolay1 Brassicaceae ailesinin 6nemli
tiyelerinden biridir. Bu baglamda, bu ¢alismanin amacini, mor salgam sebzesinden kabuklarin in vitro mide-bagirsak sindirim 6ncesi ve
sonrasinda, spektrofotometrik yontemlerden olan toplam fenolik madde icin Folin-Ciocalteu metodu, toplam monomerik antosiyanin
icerik i¢in pH diferansiyel metot ve toplam antioksidan kapasite icin CUPRAC ve DPPH yontemlerini kullanarak, dogal bir antioksidan
kaynag olarak potansiyelinin arastirilmasi olusturmaktadir. Calismanin sonuglarina gore, ultrases destekli ekstraksyon ile elde edilen
polifenolik eksraktin toplam fenolik ve toplam monomerik antosiyanin igerikleri sirasiyla kuru agirlikta 169,29+6,89 mg GAE/g ve
159,53+10,82 mg CGE/L olarak bulunmustur. Ekstraktlarin toplam antioksidan kapasitesi ise CUPRAC yontemi ile kuru agirlikta
44,19+0,10 mg TE/g ve DPPH yontemi ile 38,52+0,06 mg TE/g olarak tespit edilmistir. Ekstraktlarin in vitro sindirim sonrast, toplam

fenolik ve antosiyaninlerin biyoerisilebilirligi yaklasik olarak sirasiyla %17 ve %7 olarak hesaplanmistir. Ayrica biyoerisilebilir ekstrakt
fraksiyonunun antioksidan kapasitesi CUPRAC yontemi ile yaklagik %28 ve DPPH yontemi ile yaklasik %0 olarak bulunmustur.

Anahtar Kelimeler: Antioksidan kapasitesi, antosiyaninler, biyoerisilebilirlik, fenolikler, mor salgam.
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1. Introduction

Extraction is one of the most important process in the field of
food science, since it helps to obtain bioactive molecules to
produce functional ingredients. In this context, the main purpose
of the extraction process is to maximize the yield of target
molecules from food matrice without/with minimal effect on their
bioactive or functional properties. Conventional extraction
methods with low extraction efficiency such as solid-liquid
extraction, maceration and heat reflux possess many
disadvantages including intensive usage of organic solvents, and
energy, longer time and heating. In addition to these reasons,
presence of solvent residues with toxic effects in extracted target
compounds cause to develop environment-friendly extraction
methods such as ultrasound-assisted extraction, supercritical
fluids or microwaves assisted extraction. Moreover, new
extraction techniques have been needed to maximize process
efficiency (Kulkarni & Rathod, 2014; Tiwari, 2015; Ojha et al.,
2020).

The use of ultrasonic waves for the extraction of bioactive
compounds from various foods such as fruit, vegetable, grain and
cereal has been extensively reported in recent years, mainly since
it is an economical, enviroment-friendly and efficient alternative
to conventional extraction techniques (Albero et al., 2019).
Ultrasonic waves, used in a range of 20-1000 kHz in ultrasound-
assisted extraction (UAE), are spread through target matrices via
compression and rarefaction. The scattering of ultrasonic waves
into liquid extraction media leads to a negative pressure in the
media. Small voids or bubbles forms when a soundwave pressure
of higher intensities are dispersed through a liquid media. When
these voids or bubbles are filled with a gas or water vapour,
growth and shrinkage of bubbles occurs until they collapse
resulting in cavitation (Ojha et al., 2020). Therefore, ultrasound
technology can be used to increase extraction efficiency by
disrupting cell tissues in extraction applications of value
substances from plant, algae or animal sources (Bakht et al.,
2019).

In recent years, many studies have been performed on the
ultrasonic treatment of plant materials in order to improve the
extraction efficiency and preserve the stability of active
compounds such as phenolics, plant pigments since they possess
a basic role in determination of plant’s bioactive properties such
as antioxidant, antihypertensive, antidiabetic, etc. ( Jovanovi¢ et
al., 2017; Purovi¢ et al., 2018; Siewe, Kudre et al., 2020; Sukor
et al., 2020; Tori¢ et al., 2020; Yiicetepe et al., 2020). In this
context, the stability of phenolic extracts from plants has a big
importance in terms of preserving their biofunctional characters.

Anthocyanins, a sub-group of polyphenols, are natural
pigments. There are six main anthocyanin compounds named as
malvidin, delphinidin, pelargonidin, cyanidin, petunidin, and
peonidin derivatives. The factors effected on this classification of
anthocyanins are the numbers of sugars, hydroxyl groups and
aliphatic or aromatic acid groups and their position in the
chemical structure (Park et al., 2016). Anthocyanins with health-
promoting effects are responsible for brilliant colours such as red,
purple, and orange of most of fruit and vegetable such as turnips,
radishes, grapes, berries and red cabbage. On the other hand, they
are highly sensitive against environmental conditions including
temperature, light, oxygen, etc. (He & Giusti, 2011; Azima et al.,
2017; Mansour et al., 2020).
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Turnip (Brassica rapa L.), which belongs Brassicaceae
family, is a leaf and root vegetable rich in dietary phenolics and
other important phytochemicals such as anthocyanins,
carotenoids, glucosinolates, vitamin C, dietary fiber. Turnip
vegetables have several varieties with purple pigments
characterized as anthocyanins with beneficial health effects. In
various studies conducted on pharmacological properties of
turnip, it has been proved its antitumor, antihypertensive,
antidiabetic, antioxidant, anti-inflammatory, hepatoprotective,
and nephroprotective activities (Khoo et al., 2017; Zhuang et al.,
2019; Ma et al., 2021).

In previous studies, chemical composition and antioxidant
activity of turnip vegetable were investigated by the other groups
(Sultana et al., 2008; Noreen et al., 2010; Saeed et al., 2012; Deng
et al., 2013; Bhandari et al., 2015; Djenidi et al., 2020). So far, to
the best of our knowledge, no research has been conducted on
bioaccessibility of polyphenolic extracts from peels of purple
turnip (PEPPT) after in vitro digestion. Therefore, the aims of the
present study were to determine changes in total phenolic content
(TPC) and total monomeric anthocyanin contents (TMAC), and
total antioxidant capacity (TAC) during in vitro digestion.

2. Material and Method
2.1. Materials
2.1.1. Plant Material

Purple turnips were supplied from a local market of Aksaray
province in Turkey. Peels were removed and cut into small pieces
using a knife, after the samples were washed with tap water.
Afterwards, the peels were lyophilized and were stored at -80 °C
immedialtely until analysis.

2.1.2. Chemicals

Folin Ciocalteu’s phenol reagent was purchased from Merck
(Merck, Darmstadt, Germany). Hydrochloric acid, sodium
hydroxide, ethanol, methanol, formic acid, gallic acid, potassium
chloride, sodium bicarbonate, sodium cloride, sodium carbonate,
copper (II) chloride solution, 7.5 mM neocuproine solution,
ammonium acetate buffer, 1,1-diphenyl-2-picrylhydrazyl, (+)-6-
hydroxy-2,5,7,8-tetramethylchromane-2-carboxylicacid(Trolox),
copper (II) chloride solution, ammonium acetate buffer,
potassium dihydrogen phosphate, disodium phosphate, potassium
chloride, bile salt, a-amylase, pepsin, pancreatin were purchased
from Sigma-Aldrich (Sigma-Aldrich Chemie, St. Louis, Missouri,
USA). All solvents and chemicals used were of analytical grade.

2.2. Ultrasonic-Assisted Extraction of Peel
Phenolics

The method of Gras et al. (2015) was performed for
extraction of polyphenolics from turnip peel with some
modifications. An aliquot of 0.5 g of lyophilized samples was
mixed with 15 mL methanolic solution (MetOH:H,O:CH-0,,
80:19:1, v/v). In the present study, 80% aqueous methanol was
used as solvent in extraction process since it was reported by
Sarwari et al. (2019) that the extraction of plant phenolics is the
highest level at this concentration. The UAE was carried out under
at 65% amplitude for 15 min in a ultrasonic bath (Kudos LHC
ultrasonic cleaners, Kudos, China). During sonication, the
samples were cooled in an ice bath to avoid sample heating. After
ultrasonic treatment, the extraction process was carried out at 25
°C for 1 h in a shaking water bath (N-Biotek-303, Biotek Co., Ltd.

153



Avrupa Bilim ve Teknoloji Dergisi

Korea). Then, the samples were centrifugated at 4,100 rpm and 4
°C for 15 min. The collected supernatants were stored at -20 °C
in the dark until analysis. All the experimental results obtained in
this work were expressed by the dry weight (dw) of the sample.

2.3. In vitro Gastro-Intestinal Digestion

The bioaccessibility (%) of the bioaccessible fractions under
in vitro gastro-intestinal digestion was determined according to
the method of Swieca et al. (2013). Firstly, the samples were
mixed with 15 mL of a saliva solution, which was prepared with
0.19 g KH,PO4, 2.38 g Na,HPO,, and 8 g NaCl in 1 L of distilled
water, for 10 min 37 °C in the shaking water bath. Afterwards, the
pH of the samples was adjused to 1.2 and 15 mL of gastric
solution prepared with the pepsin enzyme in 0.03 M NaCl was
added to the mixture and incubated in the shaking water bath for
60 min at 37 °C for the gastric digestion. Then, the pH of the
samples was adjusted to 6.0 and they were incubated with
pancreatin and 15 mL of bile extract in the shaking water bath for
120 min at 37 °C in the dark. The supernatants were collected after
centrifugation process at 6,000 rpm for 15 min and stored
immediatelly -80 °C until analysis. The formula of
bioaccessibility (%) was shown below:

A
Bioaccessibility (%) = B x 100

Where A is TPC, TMAC and TAC determined after in vitro
gastro-intestinal digestion; B is TPC, TMAC and TAC determined
before in vitro gastro-intestinal digestion.

2.4 Determination of Total Phenolic Content

Folin-Ciocalteu method was performed to determine the TPC
of the extracts (Toor & Savage, 2006). Briefly, 200 pl of the
extracts, 1.5 mL from 10 fold diluted Folin-Ciocalteu reagent and
1.2 mL of aqueous 7.5% Na,CO;3; were mixed and this mixture
was stood at room temperature in the dark for 90 min. The
absorbance values of the samples were measured at 765 nm using
an uv spectrophotometer (Scilogex Sci-UV1000
Spectrophotometer, Scilogex, USA). The results are given as
milligrams per gram of gallic acid equivalents (mg GAE/g dw).

2.5 Total Monomeric Anthocyanin Content

Total monomeric anthocyanin content of PEPPT was
determined using the pH differential method (Hanlon & Barnes,
2011). The absorbance of samples was measured at 520 nm and
700 nm at 0.025 M KCI (pH 1.0) and 0.4 M CH3CO:Na (pH 4.5)
buffer solutions using the UV spectrophotometer and calculated
by the equation given below:

A X MW x DF x 103
e X L

TMAC (=8 =

Where A= (A520 — A700)px 1.0 — (A520 — A700)pH 4.5, MW:
The molecular weight of cyanidin-3-O-glucoside (449.2 g/mol),
DF: The dilution factor, €: The molar extinction coefficient of
cyanidin-3-O-glucoside (26,900 L/cm.mol) and L: The path
length (1 cm). Total anthocyanin concentration was calculated as
cyanidin-3-glucoside equivalent.

2.6. Evaluation of Total Antioxidant Capacity

2.6.1 The Cupric Reducing Antioxidant Capacity
(CUPRAC) Method
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The CUPRAC assay was performed to determine antioxidant
capacity of the samples (Apak et al., 2004). Briefly, 100 pL of
sample extract was mixed with 1 mL each of 0.1 mM copper (II)
chloride solution, 7.5 mM neocuproine solution, ammonium
acetate buffer solution (pH 7.0), and distilled water. The mixture
was incubated at room temperature for 30 min. Then, the
absorbance of the mixture was measured at 450 nm using the UV
spectrophotometer. Trolox was used as a reference compound and
results were expressed as mg Trolox equivalents (mg TE/g dw).

2.6.2 The 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Free
Radical Scavenging Method

The DPPH assay was carried out according to the method of
Kumaran and Karunakaran (2006). Briefly, 100 pL of sample
extract was mixed with 2 mL of 0.1mM DPPH in methanol. The
mixture was left to stand for 30 min in dark at room temperature.
Then, the absorbance of the mixture was read at 517 nm using the
UV spectrophotometer. The results were expressed as mg TE/g
dw.

2.7. Statistical Analysis

Experimental data was showed as mean+standard deviation
(SD). The data was analysed using a statistical package (Minitab,
Version 17, Minitab Inc., State College, Pennsylvania, USA). The
differences between mean values were compared using Tukey
test. Differences at p< 0.05 were considered to be significant.

3. Results and Discussion

3.1 Changes in TPC and TMAC of The Extracts
During in vitro Digestion

To detect the effects of in vitro digestion on the TPC, TMAC and
TAC values of the undigested and digested PEPPT were
determined and showed in Table 1. According to the results of the
analysis, TPC and TMAC were 169.29+6.89 mg GAE/g dw and
159.53+10.82 mg CGE/L for the undigested samples,
respectively. The TMAC of the extracts decreased both gastric
and intestinal digestion phases (p<0.05), while TPC of the sample
decreased only gastric stage (p<0.05) during in vitro digestion.
The decrease of TPC and TMAC may arise from the partial
degradation of some phenolic compounds during in vitro
digestion (Ma et al., 2020). So far, there have not been enough
scientific information in the literature on the in vitro digestion of
purple turnip phytochemicals. Therefore comparisons were
carried out using the data from other vegetables/plants, which
belong to the Brassicaceae family. According to the study of Park
et al. (2016), three radish cultivars were compared in terms of
anthocyanin and total phenolic contents. Among them, the
cultivar ManTang Hong contained the highest total anthocyanins
in dry weight (1.89 mg/g). In another study, TMACs for broccoli,
kale, mustard, radish from the Brassicaceae family were
determined as 1.39, 5.57, 12.66, 36.40 mg/100 g dw, respectively.
Additionally, the authors reported that TMAC was not detected in
any samples after in vitfro digestion process (de la Fuente et al.,
2019). On the other hand, Sarwari et al. (2019) investigated TPC
(59.41 mg GAE/g dw) of peel extracts from turnip. According to
Goyeneche et al. (2015), TPC of methanolic extracts from leaves
of red radish was 6.95 mg GAE/g dw. Similarly, in Pajak et al.
(2014)’s study, TPC of methanolic extracts of radish sprouts was
found as approximately 12 mg GAE/g dw. In these studies,
ultrasound treatment was performed during extraction and this
may be a reason of lower phenolic content in extracts than our
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findings, because ultrasonic waves may cause an increase in the
extraction of valuable compounds from plant tissues by disrupting
cell during extraction (Bakht et al, 2019). Similarly,
Golmohamadi (2013) determined the increase in total phenolics
at 986 kHz during sonication and they explained that ultrasonic
waves and increase in temperature can facilitate migration of
phenolics from the red raspberry fruit to extraction media.

Total phenolic content and in vitro antioxidant activity of
several vegetables from Brassicaceae family were investigated by
Xiao et al. (2019). These authors determined TPCs ranged from
26.48 and 15.97 mg GAE/g fresh weight for red radish and turnip,
respectively. Similar to their study, de la Fuente et al. (2019)
reported that TPCs of broccoli, kale, mustard and radish
microgreens were 20.37, 24.16, 18.90 and 21.11 mg GAE/g dw,
respectively. Moreover, TPC was determined as 27.99, 34.61,
30.27, 47.36 mg GAE/g dw by Tomas et al. (2021) for kale, red
cabbage, kohlbari and purple radish, respectively. However, TPC
of PEPPT in the present study is not comparable with these values
reported in previous works, because TPC of all parts of the
vegetables such as peel and pulp was investigated in these studies.
However, TPC of the polyphenolic extract of peels from purple
turnip was determined in our study. Therefore, the TPC was found
in higher amount than those found in these studies mentioned
above, since phenolic and anthocyanin accumulate in the peels of
fruits and vegetables.

3.2 Changes in TAC of The Extracts During in vitro
Digestion

Antioxidant activity of the samples before in vitro digestion
was detected as 44.19+0.10 mg TE/g by CUPRAC assay and
38.52+0.06 mg TE/g by DPPH assay. Similarly, in the study of
Tomas et al., (2021) TAC of kale, red cabbage, kohlbari and
purple radish from Brassicaceae family was found as 44.17 52.13,
44.48, 66.94 mg TE/g dw by CUPRAC assay, respectively. The
TAC by DPPH method ranged from 17.24 to 22.73 mg TE/g dw
for same plants (Tomas et al, 2021). In a study on several
vegetables from Brassicaceae, TAC values obtained from DPPH
method were 15.31 and 9.42 mg TE/g dw for red cabbage and
radish, respectively (Xiao et al., 2019). It is generally known that
plant containing higher level of TPC shows superior antioxidant
activities (Chel-Guerrero et al. 2018).

In our study, the CUPRAC values of the extracts decreased
after only in vitro gastric digestion (p<0.05) while the DPPH
values decreased after both in vitro gastric and intestinal
digestions (p<0.05). Similarly, DPPH values decreased after in
vitro digestion of edible flowers and some vegetables in
Puangkam et al. (2017) and Chen et al. (2015)’s studies,
respectively. As a reason of this decrease, it can be hypothesized
that biological reactivity of antioxidant compounds can alter
during in vitro digestion and they may less reactive at pH ~7.4 in
intestinal digestion. Moreover, similar results were reported for
some fruits and vegetables in the other studies, as well (Vinholes
et al., 2018; Goulas and Hadjisolomou, 2019; Tomas et al., 2021).
The decrease in TAC was observed with both methods after in
vitro gastro-intestinal digestion, may be related to the reduction in
bioactive antioxidant compounds such as total phenolics and total
anthocyanins (de la Fuente et al. (2019). The presence of bile salts

e-ISSN: 2148-2683

and complexity of the food matrix and the changes in pH in gastric
and intestine fluids could be responsible to decrease of antioxidant
activity of polyphenols (Tagliazucchi et al., 2010). In contrast to
the present study, the study of Chandrasekara and Shahidi (2012)
showed an increase in TPC and TAC of grain samples after in vitro
gastro-intestinal digestion, because the low pH (2.0) that could
improve the release of phenolics by breaking their binding with
food matrix (Chandrasekara and Shahidi, 2012). These
differences among the previous studies could be attributed to the
different samples used and the compounds formed after in vitro
digestion, which can react with substrates and free radicals
depending on each antioxidant assay and the food matrix.

3.3. The Bioaccesibility (%) of TPC, TMAC and
TAC During in vitro Digestion

The bioaccesibility of TPC and TMAC was found to be
17.03£0.07% and 6.16+0.52%, after in vitro gastro-intestinal
digestion, respectively (p<0.05, Figure 1). Moreover, TAC of the
bioaccessible fraction was determined to be 27.57+0.48% in
CUPRAC assay and to be 0.51+0.39% in DPPH assay. The
bioaccessibility of TPC, TMAC and TAC by DPPH assay was
significantly lower (p<0.05) in both gastric and intestinal phases.
Additionaly, the bioaccessibility (%) of total antioxidant capacity
was significantly lower (p<0.05) in gastric phase than intestine
phase in terms of CUPRAC assay. On the other hand, the
bioaccessibility (%) of total antioxidant capacity was significantly
lower (p<0.05) in both gastric and intestinal phases in terms of
DPPH assay. Between the CUPRAC and DPPH assays, the
highest TAC values were monitored by CUPRAC assay after in
vitro digestion. According to Apak et al. (2013), the reason of
obtaining higher bioaccesibility values by CUPRAC assay than
DPPH assay after in vitro digestion process could arise from the
selectivity and stability of CUPRAC assay (Apak et al., 2013). In
addition, in vitro antioxidant tests are incapable of revealing of all
antioxidant potentials available in the sample analyzed could be
the reason of the discrepancy between CUPRAC and DPPH
assays (Tomas et al., 2021).

Similarly, in a study carried out by de la Fuente et al., the
TPC, TMAC and TAC of the bioaccessible fractions of
Brassicaceae plants including broccoli, kale, mustard and radish
decreased after in vitro digestion (de la Fuente et al., 2019).
Moreover, Yucetepe et al. (2021) reported decreases in TPC
(approximately 5%) and TAC (6% in CUPRAC and 36% in
DPPH) of the extracts from black radish peel (p<0.05) after in
vitro digestion. These decreases in both in vitro gastric and
intestinal digestions may be related to the pH and the presence of
other compounds in food and enzymes, causing irreversible
changes in the chemistry and physical state of polyphenols
(Yucetepe, et al., 2021, Tomas et al., 2021).
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Table 1. Total phenolic content, total monomeric anthocyanin content, total antioxidant capacities of the digested and undigested samples.

Analysis Initial Gastric phase Intestinal phase
TPC (mg GAE/g dw) 169.29+6.89* 39.47+2.71° 28.83+0.17°
TMAC (mg CGE/L) 159.53+10.82* 15.8240.11° 9.77+0.17¢
CUPRAC (mg TE/g dw) 44.19+0.10* 12.64+0.08° 12.25+0.21°
DPPH (mg TE/g dw) 38.52+0.06* 26.67+0.60° 0.51+0.39¢

All the values were expresed as meanststandard deviation. The mean is an average of three samples (n = 3) obtained from the triplicated experiments. Different
superscripts letters within the same line indicate significant difference (p < 0.05, Tukey).

120
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0 5 ©
: b ¢
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TPC CUPRAC DPPH TMAC
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Figure 1. The bioaccessibility (%) of polyphenolic extracts
from purple turnip peel waste, in terms of total phenolic content
(TPC), total monomeric content (TMAC) and TAC (CUPRAC
and DPPH methods) in post-gastric and post-intestine phases.

4. Conclusions and Recommendations

In this work, the potency of peel extracts from the purple
turnip was revealed as a natural antioxidant with health-
promoting effects arising from bioactive compounds such as
phenolics and anthocyanins. The bioaccessibility of the phenolic
and athocyanin fractions and their total antioxidant capacity after
in vitro digestion are provided for the first time. According to our
results, the purple turnip exhibited higher amount of total
phenolics and total monomeric anthocyanins than other
Brassicaceae vegetables. On the contrary, it had similar
antioxidant capacity compared to the Brassicaceae vegetables. In
fact, although the predicted decrease in bioactive compounds such
as phenolics and anthocyanins after in vitro digestion process,
total antioxidant capacity (by CUPRAC assay) of these fractions
could be protected at the level of approximately 28%. However,
more studies are needed to determine the total antioxidant
capacity in the gastrointestinal tract by using other assays such as
ABTS, ORAC, FRAP. Therefore, in further studies, increasing the
bioaccessibility of the antioxidant compounds after in vitro
digestion through new strategies such as encapsulation and
determining their potential bioactivity in animal studies should be
addressed.
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