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Tis study evaluated the bioaccessibility and antioxidant capacity of the ethanolic extracts of Tagetes patula (ETP) and Zingiber
ofcinale (EZO) during simulated in vitro gastrointestinal digestion.Te phenolic content and antioxidant capacity were analyzed
using the DPPH and FRAP methods at the oral, gastric, and intestinal stages. Simulated digestion led to a reduction in phenolic
and favonoid levels in both extracts. Te T. patula extract retained 64.05± 4.63mg GAE/g DE of phenolic compounds and
49.18± 7.97mg RE/g DE of favonoids in the UF. In contrast, Z. ofcinale exhibited higher susceptibility, with phenolic content
decreasing from 130.13± 4.69 to 16.96± 0.14mg GAE/g DE and favonoid content from 64.97± 5.75 to 0.32± 0.09mg RE/g DE.
Nevertheless, during the fnal stage of digestion, an increase in DPPH radical scavenging capacity was observed compared to
previous stages, reaching 23.29± 0.42mgTE/g DE. Notably, high-performance liquid chromatography (HPLC) analysis revealed
that T. patulamaintained its free phenolic compounds throughout digestion, while Z. ofcinale showed enhanced release of these
compounds.
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1. Introduction

Tagetes patula Linn, commonly known as French marigold,
is an edible plant from the Asteraceae family. Traditionally, it
has been used to treat colic, diarrhea, vomiting, fever, skin
diseases, and liver conditions. Tis plant is renowned for its
diverse biological properties, including nematicidal [1],
antibacterial, antifungal [2, 3], anti-infammatory, analgesic,
and antioxidant activities [4]. Phytochemical studies have
identifed the presence of metabolites such as alkaloids,

thiophenes, terpenes, and favonoids. Notably, these com-
pounds exhibit inhibitory efects on cell growth; for instance,
quercetin, rutin, and apigenin from Brassica oleracea italica
x alboglabra have demonstrated activity against colon cancer
(SW480) and liver cancer (HepG2). Similarly, kaempferol,
isorhamnetin, and rutin found in Chenopodium quinoa have
shown efcacy against prostate cancer in rats (AT-2) and
human prostate cancer cells (MDA-MB-231). Additionally,
favonoids such as quercetin, apigenin, and kaempferol have
also demonstrated antitumor activity in the xenograft mouse
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model against human lung, colon, and osteosarcoma can-
cers, respectively [5, 6].

On the other hand, Zingiber ofcinale is a plant be-
longing to the Zingiberaceae family; it is a perennial herb
and grows to a height of about 100 cm [7]. Due to its nu-
tritional value, its rhizome is widely used for medicinal
purposes around the world and is prescribed either alone or
in combination for the treatment of infectious and non-
infectious diseases. Tis plant has been of research interest
mainly because of its multiple biological properties, such as
antibacterial, antidiabetic, nephroprotective, hep-
atoprotective, larvicidal, analgesic, anti-infammatory, im-
munomodulatory, antioxidant, and anticancer efects [8, 9],
and due to the presence of metabolites such as quercetin and
catechin, which have been shown to be efective against
human breast cancer (MCF-7 y MDA-MB-231) [6].

Te biological activities of plant extracts are closely
linked to the presence of chemical compounds within their
matrices, with phenolic compounds standing out as a group
of metabolites with diverse functions [10]. However, for
these compounds to exert their efects, they must be bio-
available, meaning that they need to undergo digestion,
absorption, and utilization in normal metabolism. Several
factors infuence their bioavailability [11], including their
bioaccessibility (the proportion of compounds released from
the extract during digestion), their stability under bio-
chemical conditions, and their subsequent intestinal ab-
sorption. Accordingly, the objective of this research was to
evaluate the bioaccessibility and antioxidant capacity of the
ethanolic extract of T. patula (ETP) and extract of
Z. ofcinale (EZO) during simulated in vitro gastrointestinal
digestion.

2. Methodology

2.1. Ethanolic Extract Preparation. Te T. patula plants
were collected from the production unit of the Uni-
versidad del Quindı́o (located at the geographical co-
ordinates 4.552720° latitude and −75.66171721° longitude,
at 1517.46m.a.s.l.), once they had reached the fowering
stage and it was confrmed that the plant material, spe-
cifcally leaves and fowers, was under optimal phytosa-
nitary conditions (without direct observation of bite
lesions, discoloration, or wilting due to diseases). Te
rhizomes of Z. ofcinale were obtained from an organic
farm in the department of Quindı́o, selected under the
same phytosanitary criteria. Te plant material was
carefully washed and disinfected with a 1% hypochlorite
solution and then dried in an oven at 35°C until it reached
constant weight. Subsequently, both samples were pul-
verized and subjected to a leaching process for 10 days
using 300mL of 96% ethanol per 100 g of sample and
continuously recirculated in a separatory funnel. Te
extracts obtained were concentrated by reduced pressure
(60mbar) at 40°C, using a Heidolph Rotary Evaporator,
Laborota 4003, to eliminate the solvent. Finally, the ex-
tracts were dried in a hot air-drying oven at temperatures
below 39°C and stored in airtight bags in refrigeration and
darkness until used in biological assays.

2.2. Quantifcation of Total Free Phenols. Te concentration
of total phenolic (TP) compounds was determined using the
Folin–Ciocalteu method [12, 13]. In a 96-well microplate,
30 μL of the extract (1mg/mL) or gallic acid (used as
standard) was mixed with 150 uL of Folin–Ciocalteu reagent
(diluted 1:10 in distilled water) and 120 μL of 7.5% (w/v)
sodium carbonate (Na2CO3).Temixture was homogenized
and incubated at room temperature in the dark for 30min.
For the blank, a solution containing 120 μL of 7.5% Na2CO3,
30 μL of distilled water, and 150 μL of Folin–Ciocalteu re-
agent was prepared. Absorbance was measured using
a spectrophotometer at a wavelength of 765 nm. Te results
were expressed as milligrams of gallic acid equivalents per
gram of dry extract (mg GAE/g DE).

2.3.Quantifcation of Total Flavonoids. Te determination of
total favonoids was carried out using an assay reported by
Ref. [14] with some modifcations. In a 96-well microplate,
50 μL of the extract, 180 μL of pure methanol, and 20 μL of
a 1% (w/v) solution of 2-aminoethyl diphenylborinate were
combined. Te absorbance was measured immediately with
a spectrophotometer at a wavelength of 404 nm. Rutin was
used as the reference standard, and the results were
expressed as milligrams of rutin equivalents per gram of dry
extract (mg RE/g DE).

2.4. Determination of Antioxidant Capacity. Te antioxidant
capacity was determined using the DPPHmethod, following
the methodology proposed by Fukumoto and Mazza [15].
For the control, 20 μL of methanol and 200 μL of DPPH
solution (adjusted to an absorbance of 0.8–0.9) were used,
while 220 μL of methanol was used as a blank. For the test
samples, 20 μL of the extract or standard (Trolox at various
concentrations to construct the calibration curve) was
combined with 200 μL of DPPH solution. Absorbance
readings were taken at diferent incubation times, ranging
from 0 to 90min, at a wavelength of 520 nm.Te results were
expressed as milligrams of Trolox equivalents per gram of
dry extract (mg TE/g DE).

Te antioxidant capacity was also assessed using the
FRAP methodology proposed by Benzie and Strain [16]. For
this method, a solution was prepared consisting of acetate
bufer (pH 3.6), TPTZ (10mmol/L), and FeCl3 (20mmol/L)
in a ratio of 10:1:1, respectively. A total of 20 μL of the
sample, blank, or standard (Trolox was used as the reference)
and 175 μL of the working solution were added to micro-
plates. Te plates were stirred at 15 rpm for 15min at 37°C.
Absorbance was measured at 595 nm, and the results were
expressed as milligrams of Trolox equivalents per gram of
dry extract (mg TE/g DE).

2.5. In Vitro Gastrointestinal Digestion. Human physiolog-
ical conditions were simulated using the procedure de-
scribed by Campos Vega et al. [17]. All participants provided
written informed consent prior to the study. Subjects rinsed
their mouths with 5mL of sterile water for 30 s, and the
rinsate was spat into a container containing an additional
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5mL of sterile water. Tis process was repeated four times.
Te collected saliva was mixed with the plant extracts (0.3 g/
mL). A portion of this mixture was used to quantify sec-
ondary metabolites via high-performance liquid chroma-
tography (HPLC) [18] as well as to determine antioxidant
capacity and TP compounds.

Subsequently, the suspensions of each sample were
aliquoted into 10-mL portions and adjusted to a pH of 2.0
using a 150mM HCl solution. Pepsin (0.055 g), dissolved in
0.94mL of a 20mMHCl solution, was added to each aliquot.
Te samples were incubated for 2 hours at 37°C with con-
stant agitation. A portion of these suspensions was stored for
metabolite characterization, following the same procedure as
in the oral stage. Te intestinal extract was prepared 30min
before use by mixing 3mg of gall ox (bile) and 2.6mg of
pancreatin in 5mL of Krebs–Ringer bufer (NaCl 118mM,
KCl 4.7mM, MgSO4 1.2mM, KH2PO4 1.2mM, NaHCO3
25mM, glucose 11mM, and CaCl2 2.5mM, pH 6.8), which
was degassed to simulate anaerobic conditions.Tis solution
(5mL) was added to each sample, and the resulting 15mL
suspension was transferred to a glass test tube containing an
inverted intestinal sac prepared fromWistar rats (250–300 g
body weight, n� 4). Tese experimental animals were ob-
tained from the animal facility of the Universidad Nacional
Autónoma de México (UNAM), Juriquilla Campus.

Before the surgical procedure, the rats had ad libitum
access to water for 16 to 20 h and were subjected to a solid
fasting period of 12 h. Anesthesia was induced using sodium
pentobarbital (60mg/kg, i.p.). A midline abdominal incision
was made to expose the intestines, and a 20–25-cm segment
of the proximal jejunum was excised and placed in a gasifed
Krebs–Ringer bufer solution at 37°C. Te intestine was
rinsed with the same bufer, carefully inverted over a glass
rod, and divided into segments of approximately 6 cm in
length. Te serosal side of each segment was flled with 1mL
of Krebs–Ringer bufer and tied, achieving a fnal length of
approximately 4 cm.Tis procedure was performed with the
intestinal segments submerged in Krebs–Ringer bufer to
maintain tissue viability. Te inverted intestinal bags, each
containing 15mL of the suspension, were incubated in
a shaking water bath (80 cycles per minute) at 37°C for 2 h.
After incubation, the bags were removed to collect the
digested fraction (DF) and the sample from the mucosal side
(external surface), referred to as the undigested fraction
(UF). Te same analyses performed for the oral and gastric
stages were applied to these fractions. All experiments were
conducted in triplicate, with a blank prepared using saliva
from volunteers without extract, under identical conditions.

2.6. Identifcation and Quantifcation of Free Phenolic Com-
pounds by HPLC-DAD. Te identifcation and analysis of
free phenolic compounds were performed following the
methodology proposed by Sánchez-Quezada et al. [18]. Te
analysis was conducted using an Agilent Series 1100 HPLC
system (Agilent Technologies, Palo Alto, CA, USA) equip-
ped with a diode array detector. Te compounds were
separated using a ZORBAX Eclipse XDB-C18 guard column
(4.6×12.5mm, 5 μm, pressure limit of 400 bar) and

a ZORBAX Eclipse XDB-C18 analytical column
(250× 4.6mm inner diameter; particle size 5 μm), with
a fow rate of 0.750mL/min. A 10 μL sample volume, pre-
viously fltered through 0.2-μm cellulose flters (Millipore,
Bedford, MA, USA), was injected. Te mobile phase con-
sisted of two solvents: Solvent A (acidifed water with formic
acid) and Solvent B (acetonitrile). Te linear gradient ap-
plied was as follows: 0min [A:B, 100:0], 3min [A:B, 95:5],
4min [A:B, 88:12], 7min [A:B, 80:20], 13min [A:B, 78:22],
14min [A:B, 77:23], 15min [A:B, 75:25], 17min [A:B, 74:
26], 20min [A:B, 72:28], 22min [A:B, 70:30], 25min [A:B,
50:50], 26min [A:B, 25:75], 27min [A:B, 0:100], followed by
an equilibration step for 4min. Detection was performed at
wavelengths of 240, 280, and 360 nm. Te area under the
curve for the samples was interpolated using standard
straight-line equations.

2.7. Statistical Analysis. Te data are presented as the
mean± standard deviation, performed in triplicate for each
independent assay. Statistical diferences among three or
more datasets, as well as simple regression models, were
analyzed using GraphPad Prism 6.0 (GraphPad Software
Inc., San Diego, CA) and Statgraphics Centurion for the
analysis of variance (ANOVA). A p value of < 0.05 was
considered statistically signifcant.

Te spectrophotometric data obtained on the concen-
tration of secondary metabolites at diferent stages of the
simulated digestion process were analyzed using a one-way
ANOVA to determine the existence of signifcant diferences
among the stages. Subsequently, a multiple range test was
applied to identify which means difered signifcantly from
each other. In cases where the data did not meet the as-
sumptions of normality or homoscedasticity, the non-
parametric Kruskal–Wallis test was used. All statistical
analyses were performed using Statgraphics Centurion 19
software.

3. Results and Discussion

3.1. Phenolic Content and Antioxidant Capacity of Ethanolic
Extracts of T. patula and Z. ofcinale. Te methods used to
quantify phenolic and favonoid compounds in the extracts
revealed a higher content of these compounds in the ETP
compared to the EZO, with statistically signifcant difer-
ences between samples (Table 1). In the case of T. patula and
Z. ofcinale, the TP content (TPC) was 177.83 and 130.13mg
GAE/g DE, respectively. In contrast, previous studies such as
Moliner et al. [19] reported a TPC of 51.06± 0.24 and
54.08± 0.4mg/g DE in extracts of orange and yellow fowers
of T. erecta. Tese variations can be attributed to several
factors, such as the specifc part of the plant used. Some
studies indicate that leaves tend to have a higher concen-
tration of phenolic compounds compared to other plant
structures [20], which could explain the results obtained in
this study. Additionally, various factors, such as the ex-
traction method, solvent type, environmental conditions,
the presence of pathogens, storage stability, and diferences
between plant species, may also infuence phenolic content
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[21, 22]. In studies such as that of Moliner et al. [19], lower
concentrations of phenolic compounds have been reported
in ethanolic extracts of T. erecta, a species phylogenetically
related to T. patula, with values of 51.06± 0.24 and
54.08± 0.4mg/g of extract for orange and yellow fowers,
respectively. In contrast, ethanolic extracts of Z. ofcinale
have been reported to contain a TPC of 10.099mg GAE/g
ED [23].

Te antioxidant capacity, determined using the DPPH
method, was signifcantly higher in ETP (201.02± 3.03mgTE/
g DE), whereas the antioxidant capacity assessed by the FRAP
method was higher in EZO (154.96± 1.01mgTE/g DE) (Ta-
ble 1). Previous studies have reported an antioxidant capacity
of 87.60 μmolTE/g using the DPPHmethod in essential oils of
T. patula [24] and, in the case of ginger, an antioxidant ca-
pacity ranging from 15.279 to 234.65mg Fe (II)/g extract
using the FRAP method [25]. Tese fndings suggest that the
analyzed extracts contain antioxidant compounds capable of
neutralizing reactive oxygen species (ROS) [10], which may
contribute to the protection of essential biomolecules such as
DNA, lipids, and proteins against oxidative stress. Tis
mechanism is of particular interest due to its potential role in
the prevention of chronic diseases, including cancer [26].

3.2. Identifcation and Quantifcation of Phenolic Compounds
by HPLC. HPLC analysis allowed identifcation and quan-
tifcation of the phenolic compounds present in the extracts
(Table 2). Trigonelline was identifed in both extracts, with
a concentrations of 33.5 μg E/g DE in the EZO and
39.32 μg E/g DE in the ETP, this being the only compound
detected in the EZO with the method used. Tese results
suggest that certain factors may have infuenced the de-
tection of other compounds in this matrix, such as low
solubility in the mobile phase due to the formation of
complexes with other molecules of the plant cell wall, such as
cellulose [27], which does not necessarily imply their ab-
sence. As will be discussed later, the digestion process fa-
vored the release of other phenolic compounds, thus
facilitating their detection.

Pirpour Tazehkand et al. [28] evaluated the therapeutic
potential of trigonelline in cancer treatment, highlighting its
ability to induce apoptosis and inhibit cell invasion and
migration through the suppression of nuclear factor erythroid
Type 2 (Nrf2) in oxaliplatin-resistant SW480 colorectal cancer
cells. Te results showed a signifcant decrease in the IC50
(down to 15± 3 μM) following pretreatment with
trigonelline-loaded micelles, suggesting an enhancement in
oxaliplatin efcacy. Nrf2 is a transcription factor that is
overexpressed in various types of cancer and plays a crucial
role in promoting tumor cell growth and chemotherapy re-
sistance [29]. Terefore, trigonelline, along with other poly-
phenols present in ETP, represents a promising avenue for
research due to its multiple biological properties.

Among these compounds, rutin, a favonoid present in
ETP at a concentration of 9.58± 0.2 μM, has demonstrated
cytotoxic activity against SW480 colorectal cancer cells
(IC50�125± 11.3 μM). Additionally, studies in murine
models indicated that rutin inhibits tumor growth by 58% at
a dose of 20mg/kg, without afecting the relative weight of
vital organs (spleen, liver, heart, and kidney) or overall body
weight. Interestingly, comparable efects were observed with
cisplatin, a chemotherapeutic agent widely used to treat
various types of cancer [30].

3.3. TPC and Flavonoid Content During Simulated Digestion.
Te analyses revealed signifcant diferences in the TPC across
the diferent stages of digestion (Figure 1). In the ETP, the
total polyphenol content showed a progressive decrease
throughout the digestive process, likely due to the instability
of certain compounds in response to pH changes
(Figure 1(a)). For example, several phenolic compounds, such
as anthocyanins and phenolic acids, are known to degrade
under alkaline conditions in the small intestine [31–33].

In contrast, the EZO extract exhibited a signifcant
decrease during the oral phase, followed by stabilization
(Figure 1(b)). According to [34], this reduction may be
associated with the interaction between polyphenols and
salivary proteins through hydrogen bonding between the
hydroxyl groups of polyphenols and the carbonyl groups of

Table 1: Phytochemical characterization of ethanolic extracts using
spectrophotometry.

Tagetes patula Zingiber
ofcinale

Total phenols (mg GAE/g
DE) 177.83± 5.10a 130.13± 4.69b

Total favonoids (mg RE/g
DE) 177.13± 12.92a 64.97± 5.75b

Antioxidant activity
DPPH (mg TE/g DE) 201.02± 3.03a 177.33± 1.94b
FRAP (mg TE/g DE) 136.16± 3.14a 154.96± 1.01b

Note: Analysis of variance (ANOVA) was performed for the comparison of
means. Means in a row with diferent letters are signifcantly diferent
(p< 0.05). Concentrations of phenolic compounds are expressed as mil-
ligram equivalents of gallic acid and rutin, per gram of sample for phenolic
compounds and favonoids, respectively. Antioxidant activity is expressed
as mg Trolox equivalent to per gram of sample.Te results are the average of
at least three independent experiments.
Abbreviations: DE, dry extract; GAE, gallic acid equivalent; RE, rutin
equivalents; TE, Trolox equivalent.

Table 2: Free phenolic compounds from the ethanolic extracts
identifed and quantifed by HPLC.

Phenolic compounds Tagetes patula Zingiber ofcinale
Concentration (μg E/g DE)

Trigonelline 39.33± 0.18 33.5± 0.08
Sinapic acid 36.24± 6.52 n.d
Gallic acid 538.46± 5.96 n.d
Dihydroxybenzoic acid 4321.53± 110.94 n.d
Catechin 740.68± 47.79 n.d
Syringic acid 6.98± 0.10 n.d
Coumaric acid 316.39± 51.34 n.d
Apigenin 166.36± 11.37 n.d
Rutin 5846.98± 148.25 n.d
Ellagic acid 541.37± 0.33 n.d
Note: Concentration is presented as μg equivalent of each compound per
gram of dry extract. Te values represent the mean± standard deviation of
independent duplicate assays.
Abbreviation: n.d., not detected.
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proteins, which could lead to the precipitation of the
polyphenol–protein complex and consequently interfere
with their identifcation using spectrophotometric tech-
niques. However, at the end of digestion, a higher phenolic
content was observed compared to the oral phase
(Figure 1(b)). Similarly, a previous study on the bio-
accessibility of antioxidant compounds in diferent varieties
of beans (Phaseolus vulgaris L.), using an in vitro gastro-
intestinal system, reported an increase in the phenolic
content in all samples. Tis phenomenon was attributed to
the digestive process facilitating the release of polyphenols
trapped in the food matrix or in the form of complexes with
other molecules, thereby enhancing their
bioaccessibility [35].

Te favonoid content also exhibited signifcant changes
in concentration during digestion in both extracts. In the
ETP, the highest favonoid content was observed during the
gastric stage, followed by a decrease in the intestinal stage
(Figure 1(c)). However, the overall concentration of these
compounds was signifcantly higher compared to the EZO,
where a greater content was detected at the beginning of
intestinal digestion, remaining unchanged in the subsequent

stages (Figure 1(c)). Although a decrease in both phenolic
and favonoid content was observed by the end of digestion,
phenolic compounds persisted in the UF. Tese compounds
could undergo fermentation and metabolism in the colon,
thereby exerting their biological activity in this portion.

3.4. Bioaccessibility of Phenolic CompoundsDuring Simulated
Gastrointestinal Digestion. Te efect of digestion on the
phenolic content and profle, as well as the antioxidant
capacity of the ethanolic extracts, was evaluated at three
distinct stages: mouth, stomach, and intestine. Tis evalu-
ation considered the portion of compounds absorbed in the
intestine (digestible fraction) and those that were not
absorbed (UF). Table 3 shows the bioaccessibility of free
phenolic compounds from EPT during simulated digestion.
Sixteen compounds were identifed in the oral phase, of
which 15 remained bioaccessible in the UFs until the in-
testinal phase, potentially being targeted and metabolized in
the colon. In contrast, eight compounds successfully crossed
the intestinal barrier and were identifed in the digestible
fraction, making them potentially available for absorption in
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vivo and thus infuencing cellular activity. Among the most
abundant compounds that did not cross the intestinal
barrier but exhibit various biological activities, such as
antioxidant capacity, catechin, dihydroxybenzoic acid, epi-
catechin, and rutin stand out. Rutin is considered a multi-
specifc nutraceutical agent with various pharmacological
activities, among which its antioxidant properties and ability
to eliminate ROS stand out. In addition, it exhibits anti-
bacterial, anti-infammatory, and antimutagenic efects [36],
along with numerous health benefts, including protection
against cardiovascular diseases and diabetes mellitus, as well
as the reduction of infammation, oxidative damage, and
apoptosis [37, 38]

Te bioaccessibility of phenolic compounds from the
EZO is presented in Table 4. Nine compounds were iden-
tifed, six of which remained bioaccessible in the UFs until
the end of digestion (60min). Te presence of these com-
pounds varied between the matrices studied. However, in
the case of EZO, the digestion process facilitated the release
of certain compounds that could not be detected in the
extract prior to digestion using the employed method. Tis
behavior may be attributed to the activity of gastrointestinal
digestive enzymes, which stimulate the release of phenolic
compounds bound to carbohydrates, thereby increasing
their concentration following digestion. [39–41].

3.5. Antioxidant Capacity During the Simulation of Oral–
Gastric Digestion. Te changes in antioxidant capacity
during simulated digestion are shown in Figure 2. In the
ETP, the antioxidant activity measured by the DPPH
method (Figure 2(a)) progressively decreased, stabilizing in
the fnal stages of the intestinal process. In contrast, the EZO
extract showed a signifcant increase in this antioxidant
capacity toward the end of digestion. According to Ref. [42],
these variations may be attributed to modifcations in the
chemical structure of phenolic compounds and favonoids,

as well as changes in their solubility or interactions with
other components. A previous study [43] indicated that
these compounds may be present in free and soluble form or
bound to proteins, polysaccharides, or low-solubility min-
eral complexes, which could infuence their antioxidant
activity throughout digestion. A similar trend was observed
for both extracts when antioxidant capacity was assessed
using the FRAP method (Figure 2(b)). To evaluate the re-
lationship between antioxidant capacity and phenolic con-
tent, a simple regression analysis was performed. A
signifcant correlation was found between TPC and anti-
oxidant capacity measured by the DPPH method for both
extracts. Te ftted model equation was antioxidant
capacity� (3.30562 + 0.0872422×Phenols)2, with a correla-
tion coefcient of 0.99 and a 95% confdence interval.

Correlation analyses confrm the relationship between
TPC and antioxidant activity measured using the DPPH
assay in both extracts; however, it is essential to highlight
that biological activities do not depend solely on metabolite
concentration, as the ability of polyphenols to scavenge or
neutralize free radicals is strongly infuenced by pH. Tis
infuence arises from the transitions from the oral to the
intestinal phase, which can induce structural modifcations
in the compounds [44]. Given that these compounds contain
multiple dissociable hydroxyl (–OH) groups in their
chemical structure, it can be inferred that pH afects their
dissociation rate. Previous studies have shown that in
hydroxyfavones and anthocyanins, pH modulates the dis-
sociation of oxygen-containing functional groups, suggest-
ing a similar efect on polyphenols [45].

Tis study demonstrated that despite the observed de-
crease in vitro antioxidant capacity, the UFs retain this
property. Tis suggests that these compounds may reach the
colon, where they can be metabolized by the intestinal
microbiota, generating metabolites with potential health
benefts. Terefore, further research on the antioxidant
properties of these fractions at the cellular level and in vivo
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Figure 2: Antioxidant capacity of the extracts during simulated digestion. (a) Determination of the antioxidant capacity by the DPPH
method at each stage of the digestion for the ethanol extract of Tagetes patula and Zingiber ofcinale. (b) Determination of the antioxidant
capacity by the FRAP method in each of the digestion steps for the ethanol extract of Tagetes patula and Zingiber ofcinale. Diferent letters
in each stage indicate the statistically signifcant diferences at p< 0.05.
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models is recommended to better understand their impact
on human health and their potential application in the
development of functional products.

4. Conclusion

Te evaluated extracts exhibited variations in their antiox-
idant capacity, the concentration of identifed metabolites,
and the phenolic compound content. However, in both
cases, the digestion process preserved their antioxidant
activity, suggesting that these compounds may retain their
functionality even after undergoing modifcations in the
gastrointestinal tract. Despite changes in the phenolic profle
during digestion, the UFs retained a signifcant amount of
these compounds, opening new perspectives for future re-
search on their biological potential at the colonic level.
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I. M. C. M. Rietjens, and B. Tyrakowska, “pH-Dependent
Radical Scavenging Capacity of Green Tea Catechins,” Journal
of Agricultural and Food Chemistry 56, no. 3 (2008): 816–823,
https://doi.org/10.1021/jf0712189.

10 Journal of Food Biochemistry

http://doi.org/10.1016/j.foodchem.2023.136118
http://doi.org/10.3390/nu10122002
http://doi.org/10.3390/nu10122002
http://doi.org/10.1007/s13595-021-01089-6
http://doi.org/10.1063/1.5115638
http://doi.org/10.1016/j.lwt.2007.06.010
http://doi.org/10.1155/2021/6635199
http://doi.org/10.47280/RevFacAgron(LUZ).v37.n4.02
http://doi.org/10.3390/foods12010178
http://doi.org/10.59566/ijbs.2008.4089
http://doi.org/10.59566/ijbs.2008.4089
http://doi.org/10.3390/molecules21091216
http://doi.org/10.3390/molecules21091216
http://doi.org/10.1007/s11033-020-05650-w
http://doi.org/10.1016/j.freeradbiomed.2014.02.010
http://doi.org/10.1016/j.freeradbiomed.2014.02.010
http://doi.org/10.1016/j.arcmed.2013.06.002
http://doi.org/10.1590/1983-084X/20_02_020
http://doi.org/10.1016/j.foodres.2011.11.024
http://doi.org/10.1016/j.foodchem.2009.10.030
http://doi.org/10.1093/chemse/bjr092
http://doi.org/10.1093/chemse/bjr092
http://biotecnia.unison.mx
http://biotecnia.unison.mx
http://doi.org/10.3390/toxics9090226
http://doi.org/10.3390/toxics9090226
http://doi.org/10.3390/cancers12082276
http://doi.org/10.3390/cancers12082276
http://doi.org/10.1016/j.phrs.2022.106163
http://doi.org/10.1016/j.phrs.2022.106163
http://doi.org/10.1080/19476337.2024.2405631
http://doi.org/10.1016/j.foodchem.2011.02.052
http://doi.org/10.1016/j.foodchem.2011.02.052
http://doi.org/10.1016/j.phytochem.2005.09.003
http://doi.org/10.1016/j.foodres.2014.11.042
http://doi.org/10.1016/j.foodres.2014.11.042
http://doi.org/10.1016/s0753-3322(02)00205-6
http://doi.org/10.1007/s00394-010-0157-0
http://doi.org/10.1007/s00394-010-0157-0
http://doi.org/10.1021/jf0712189

	Bioaccessibility and Antioxidant Capacity of Ethanolic Extracts From Tagetes patula and Zingiber officinale​ During In Vitro Gastrointestinal Digestion
	1. Introduction
	2. Methodology
	2.1. Ethanolic Extract Preparation
	2.2. Quantification of Total Free Phenols
	2.3. Quantification of Total Flavonoids
	2.4. Determination of Antioxidant Capacity
	2.5. In Vitro Gastrointestinal Digestion
	2.6. Identification and Quantification of Free Phenolic Compounds by HPLC-DAD
	2.7. Statistical Analysis

	3. Results and Discussion
	3.1. Phenolic Content and Antioxidant Capacity of Ethanolic Extracts of T. patula and Z. officinale
	3.2. Identification and Quantification of Phenolic Compounds by HPLC
	3.3. TPC and Flavonoid Content During Simulated Digestion
	3.4. Bioaccessibility of Phenolic Compounds During Simulated Gastrointestinal Digestion
	3.5. Antioxidant Capacity During the Simulation of Oral–Gastric Digestion

	4. Conclusion
	Data Availability Statement
	Conflicts of Interest
	Funding
	Acknowledgments
	References




