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Abstract The aim of this work was to evaluate (i) the phenol
and flavonoid recovery and bioaccessibility indexes and (ii)
the antioxidant activity of both types of non-defatted and
defatted chia seeds during the in vitro gastrointestinal diges-
tion. The ground samples were subjected to in vitro simulated
gastrointestinal digestion, and the resultant fractions were ex-
tracted and subjected to spectrophotometric assays. The re-
sults pointed to increasing concentrations of polyphenolic
compounds during digestion, although only a low-medium
percentage of phenols and a low percentage of flavonoids
were available for absorption in the intestinal tract. In addition,
the high level of fats seemed to have a negative effect on the
bioaccessibility of flavonoids. Further studies should be un-
dertaken to better understand the stabilization of the bioactive
compounds of chia and to improve their bioaccessibility.
Meanwhile, the present study represents a solid base for study-
ing the bioavailability of bioactive compounds of chia seeds.
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Abbreviations
CSF Chyme-soluble fraction
PF Pellet fraction
IN Intestinal absorbed fraction
OUT Intestinal unabsorbed fraction
TFC Total flavonoid content
TPC Total phenolic content

Introduction

Chia (Salvia hispanica L.) is a herbaceous plant, native to
southern Mexico and northern Guatemala, that has been con-
sumed since ancient times by Mesoamerican populations [1].
Seeds (the part of the plant that is consumed) have been wide-
ly studied because of their high content of proteins and oils
(mainly polyunsaturated fatty acids in the form of omega-3
and omega-6 fatty acids) [2]. Additionally, they contain a high
proportion of bioactive compounds, such as antioxidant die-
tary fiber and polyphenolic compounds [3]. Because of this,
and for their techno-functional properties, the seeds could be
used as potential ingredients for developing new functional
foods. Nevertheless, as mentioned by Gullón et al. [4], the
beneficial effects and effectiveness of products with a high
content of bioactive compounds depends on (i) fibre intake,
(ii) fibre composition, (iii) the bioactive compounds associat-
ed with the fibre, especially polyphenolic compounds, which
are directly related to the antioxidant properties [5] and (iv) the
changes produced during gastrointestinal digestion. Any com-
pound can be considered potentially effective for human
health but only if remains bioaccessible after all the phases
involved in gastrointestinal digestion, which is why availabil-
ity for absorption after gastrointestinal digestion must be
assessed [6]. Among in vitro, ex vivo and in vivo models,
simulated in vitro gastrointestinal digestion represents a
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simple, fast and valid alternative to evaluate bioaccessibility
[4]. The scientific literature contains a high number of contri-
butions dealing with the bioactive compound content and an-
tioxidant capacity of chia seeds. However, no information is
available on the changes that chia polyphenolic compounds
undergo during gastrointestinal digestion, or on their bioac-
cessibility. Thus, the aim of this work was to evaluate (i) the
recovery and bioaccessibility indexes of phenols and flavo-
noids and (ii) their respective antioxidant capacity during
in vitro gastrointestinal digestion of non-defatted and defatted
chia seeds.

Material and Methods

Samples and Chemicals

The study was performed on two different chia samples: non-
defatted and defatted chia seeds obtained from Instituto de
Agroquímica y Tecnología de Alimentos (IATA); Spanish
National Research Council (CSIC). The samples were ground
with a mill to obtain flour.

Simulated In Vitro Gastrointestinal Digestion

The in vitro gastrointestinal digestion of samples was per-
formed following the method described by Gullón et al. [7],
subjecting the samples to oral, gastric and intestinal phases.
Individual digestions were carried out for each phase. At the
end of each phase of gastrointestinal digestion, the digestion
mixtures were centrifuged for 12 min at 8000 g and 4 °C,
yielding the chyme soluble fraction (CSF) and the pellet frac-
tion (PF). Both fractions were lyophilized and stored at
−20 °C until further use.

Extraction Method

Undigested and digested samples (0.05–0.3 g) were mixed
with 5–10 mL of methanol-water (80–20, v/v) and sonicated
for 15 min, after which, the samples were centrifuged for
10 min, 8000 g at 4 °C. The supernatants were collected and
the pellets were mixed with 5–10 mL of acetone:water (70:30,
v/v) and the same steps were repeated. The supernatants were
combined and evaporated to dryness. Five milliliters of meth-
anol were added to the residue, and the mixture was well
shaken in a Vortex for 2 min. The methanolic extract was
filtered with a 0.45 μm filter and stored a − 20 °C until further
use.

Recovery Index and Bioaccessibility Index

To evaluate the effect of the matrix composition on the diges-
tion of the phenolic group (phenolic acids and flavonoids) two

different indexes were studied, following the indications of
Ortega et al. [8]: the recovery percentage and bioaccessibility
percentage. The recovery percentage allows the amount of the
phenolic group present in the complete digest (CSF and PF) to
bemeasured after mouth, gastric and intestinal digestion of the
test food according to: Recovery index (%) = (PCDF/PCTF) ×
100, where PCDF is the total phenol content (mg) in the
digested (CSF + PF) and PCTF is the total phenol content
(mg) quantified in test matrix.

For each phenol group, bioaccessibility is defined as the
percentage of polyphenolic compounds solubilised in the
absorbed fraction (IN) after the intestinal dialysis phase.
Thus, this index defines the proportion of the polyphenolic
compounds that could become available for absorption into
the systematic circulation: Bioaccessibility index (%) = (IN/
IN +OUT) × 100. where, IN is the absorbed fraction and OUT
is the non-absorbed fraction.

Total Phenolic (TPC) and Total Flavonoid (TFC) Contents

The TPC of the samples was estimated using the Folin-
Ciocalteu method, as proposed by Singleton and Rossi [9].
Gallic acid (GA) was used as reference standard and the re-
sults were expressed as mg GA equivalents/g of fresh weight
matrix (FW). TFC was established by means of the method
described by Blasa et al. [10]. The reference standard was
rutin and the results were expressed as mg rutin equivalents
(RE)/g of FW matrix.

Determination of Polyphenolic Compounds

The polyphenolic profiles of all the samples obtained for each
phase of in vitro gastrointestinal digestion were determined by
high performance liquid chromatography (HPLC) follow-
ing the methodology described by Lucas-Gonzalez et al. [11].
The polyphenolic compounds were identified by comparing
UVabsorption spectra and retention times of each compound
with those of pure standards injected in the same conditions.

Antioxidant Capacity

The antioxidant capacity was assessed by means of four
in vitro spectrophotometric assays.

The DPPH assay was performed using the stable radical
2,2-diphenyl-1-picrylhydrazyl, following the method pro-
posed by Brand-Williams et al. [12]. Trolox was used as ref-
erence standard and the results were expressed as mg Trolox
equivalents/g of FW matrix. The ferric reducing antioxidant
power (FRAP) was assessed by means of the potassium
ferricyanide-ferric chloride method described by Oyaizu
[13], using Trolox as reference standard. The results were
expressed as mg Trolox equivalents/g of FW matrix. The
TEAC-ABTS assay was assessed using the method proposed
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by Gullón et al. [7]. Trolox was again used as reference stan-
dard and the results were expressed as mg Trolox equivalents/
g of FW matrix. Ferrous ions chelating activity (FIC) was
determined establishing the inhibition of Fe2+-ferrozine com-
plex formation after adding Fe2+ to the test material according
to the method described by Carter [14]. EDTA was used as
reference standard and results were expressed as mg EDTA/g
of FW matrix.

Statistical Analysis

The results are expressed as the mean ± SD of two parallel trials
(n = 4) and compared using the statistical program JMP 13.1.0
(SAS Institute Inc., Cary, USA). The differences between the
mean values obtained for the antioxidant capacity and those
obtained for the different phases of in vitro gastrointestinal
digestion were analyzed by one-way analysis of variance
(ANOVA). Tukey’s post hoc test was applied for comparison
of the means, and differences were considered significant at
p < 0.05. The total phenolic and flavonoid contents were cor-
related with the antioxidant capacity results through Pearson’s
correlation test: the positive/negative strength of correlation
was considered as follows: low for +/−0.1 < r < +/−0.3, mod-
erate for +/−0.3 < r < +/−0.7, and strong for r > +/− 07; for
values of r < +/− 0.1 the variables were considered not to be
correlated.

Results and Discussion

Recovery Index and Bioaccessibility Index

The percentage of recovery allows the amount of phenolic and
flavonoid compounds recovered after oral, gastric and intesti-
nal digestion to be compared with the amount undigested test
food. Figures 1 and 2 show the recovery index for the total
phenolic content and total flavonoid content obtained after the
oral, gastric and intestinal phases, respectively. As regards the
recovery index for total phenolic acids, no statistical differ-
ences (p > 0.05) were found between non-defatted and
defatted chia seeds after each phase of the gastrointestinal
digestion process. The recovery index was lower (p < 0.05)
for both samples after the oral phase than in the test matrix.
However, after the gastric phase there were no significant
differences (p > 0.05) from the test matrix. The highest recov-
ery index values (p < 0.05) were found after the last phase of
gastrointestinal digestion. It seems, then, that the oral phase
negatively affects phenol recovery, while the same com-
pounds were released from the matrix after the gastric phase
and, particularly, after the intestinal phase. This release can be
attributed to the acid and alkaline hydrolysis that occurs dur-
ing the gastric and intestinal phases and agrees with the results
obtained by Tagliazucchi et al. [15], who detected the gradual

release of polyphenolic compounds during gastrointestinal di-
gestion. The differences observed might also be related to the
reactivity of the Folin-Ciolcateu reagent, since the main con-
stituent can react with other non-phenolic compounds (e.g.,
vitamins, aminoacids and proteins) so that any assessment
may be under- or overestimated [16]. A different situation
was detected for the total flavonoid content: as shown in
Figure 2, there were no statistical differences (p > 0.05) be-
tween non-defatted and defatted chia seeds, except in the re-
covery index obtained after the intestinal phase, which was
lower (p < 0.05) for the defatted chia than the non-defatted
sample. After the oral phase, the recovery index was signifi-
cantly lower (p < 0.05) than in test matrix reference. Despite
the increase observed there in the same index after the gastric
phase (p < 0.05), it was still lower (p > 0.05) than that ob-
served in the test matrix. After the intestinal phase the recov-
ery index increased for non-defatted chia reaching a similar
(p > 0.05) value to the test matrix, but no such increase was
detected for defatted chia, where the recovery index remained
similar (p > 0.05) to that observed after the gastric phase.
Thus, the TFC was affected by the gastrointestinal digestion
process, defatted chia having the worst response. Such behav-
ior would be related to the chemical properties of these com-
pounds, and it is known that flavonoids are not very stable and
interact with food matrix compounds [9]. This decreasing
trend observed for TFC agrees with the scientific literature:
for example Lucas-Gonzalez et al. [11], found a low degree of
TFC recovery for maqui berry extracts after the intestinal
stage. In addition, the different response of defatted and non-
defatted samples to gastrointestinal digestion would be related
to the fat content; indeed, the gastrointestinal digestion pro-
cess has previously been found to have a greater effect on
samples with a lower fat content. For example, Ortega et al.
[17] stated that a higher fat content in cocoa liquor had a
protective effect against digestion, and related this phenome-
non with better micellarization that favors the stability of poly-
phenols during digestion.

Figure 3 shows the bioaccessibility index obtained for
TPC and TFC. The bioaccessibility index for phenolic acids
was higher (p < 0.05) than for the flavonoids in the case of
non-defatted chia, while similar values (p > 0.05) were obtain-
ed for defatted chia. Among samples there were statistical
differences (p < 0.05) between the bioaccessibility index of
flavonoids but not for phenolic acids (p > 0.05). Also, in this
case, the higher fat content of non-defatted chia seeds affected
the gastrointestinal digestion response of flavonoids.
Generally, the greater the lipophilicity of a compound, the
greater retention in the absorbed fraction (IN) and the lower
the water phase solubilization in the unabsorbed fraction
(OUT), reflecting lower potential bioaccessibility [17]. In the
present study, the presence of fat in the food matrix seemed to
promote the retention of flavonoids, mostly lipophilic polar
molecules [18], in the IN fraction, leading to lower
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bioaccessibility. The obtained results agreed with those of
Lucas-Gonzalez et al. [11], who found a bioaccessibility index
for maqui berry extracts of 14% in the case of flavonoids and
78% for phenolic acid compounds, although other studies
registered different trends: Ortega et al. [8], for example,
found lower bioaccessibility values for phenolics (36%) than
for flavonoids (64%) in pomegranate peel f lour.
Bioaccessibility was already found to be deeply influenced
by the food matrix systems, their physicochemical properties
and nutrients [7].

Table 1 shows the polyphenolic profile obtained before and
after in vitro gastrointestinal digestion of non-defatted and
defatted chia seeds. In undigested chia and defatted chia seeds
11 polyphenolic compounds were identified. Note that
defatted chia seeds showed higher values (p < 0.05) for all
the polyphenolic compounds detected than non-defatted chia
seeds. Rosmarinic acid was the major compound detected and
quantified, with values of 653.98 and 669.88 μg/g in non-
defatted and defatted chia seeds, respectively, followed by
daizdin and quercetin. These values were lower than those
reported by Martínez-Cruz and Paredes-López [19] and
Rahman et al. [20] for non-defatted and defatted chia seeds.
After the intestinal phase (Table 1), seven polyphenolic com-
pounds were detected in both chia and defatted chia seed
samples. Again, for all the polyphenolic compounds detected,
defatted chia seeds showed higher values (p < 0.05) than chia
seeds. As with the undigested samples, rosmarinic acid was
the main compound found, with values of 245.88 and
259.87 μg/g in non-defatted and defatted chia seeds,
respectively.

As can be seen from the results obtained for the digested
samples after in vitro gastrointestinal digestion, there was a

drastic reduction in the levels of polyphenolic compounds.
The results obtained are similar to those reported by Ortega
et al. [8], who showed that after the intestinal digestion step,
important losses of phenolic compounds are expected.
As mentioned above, all the compounds detected were re-
duced in concentration (p < 0.05), with percentages of reduc-
tion between 62.40 and 82.89% compared with the initial
concentration. While waiting for in vivo confirmation of the
bioactivity and functionality, the bioaccessibility results for
the bioactive compounds strongly suggest that chia and
defatted chia seeds could be considered interesting functional
food.

Antioxidant Capacity of Digested Samples

Table 2 shows the results obtained in antioxidant capacity
assays for both non-defatted and defatted chia seeds after the
different phases of gastrointestinal digestion, as well as, the
percentage of variation (%Var). Comparison with the results
obtained for the test matrix showed the best antioxidant ca-
pacity (p < 0.05) in the DPPH, ABTS and FRAP assays ob-
tained for defatted chia. However, in the case of metal chelat-
ing activity (FIC assay), no statistical differences (p > 0.05)
were found between non-defatted and defatted chia seeds.
The results obtained in this work for these values were lower
than those mentioned in the corresponding scientific literature.
Sargi et al. [21] reported DPPH, ABTS and FRAP values of
640.74, 430.50 and 715.82 mg TE/g, respectively, for triturat-
ed homogenized chia seeds, whileMarineli et al. [22] obtained
higher antioxidant capacity values for DPPH and FRAP, with
values of 116.04 and 112.81 mg TE/g, respectively. When the
scavenging potential of chia polyphenolic compounds after

Table 1 Polyphenolic profile
obtained after the simulated
gastrointestinal digestion of non-
defatted and defatted chia seeds

Polyphenolic compound Undisgested Intestinal phase

Non-defatted chia Defatted chia Non-defatted chia Defatted chia

Gallic acid 42.56 ± 0.19bA 43.87 ± 0.16aA 11.54 ± 0.07bB 13.87 ± 0.17aB

Caffeic acid 125.36 ± 1.25bA 128.66 ± 1.36aA 21.45 ± 0.32bB 22.39 ± 0.08aB

Ferulic acid 35.87 ± 0.23bA 37.04 ± 0.36aA Nd Nd

p-Coumaric 25.96 ± 0.18bA 26.41 ± 0.39aA Nd Nd

Rosmarinic 653.98 ± 26.98bA 669.88 ± 23.98aA 245.88 ± 2.58bB 259.87 ± 2.77aB

Rutin 99.88 ± 1.02bA 101.45 ± 0.98aA 33.99 ± 0.19bB 32.14 ± 0.23aB

Myricetin 28.88 ± 0.45bA 29.41 ± 0.36aA Nd Nd

Quercetin 285.56 ± 1.36bA 298.96 ± 1.56aA 49.56 ± 0.12bB 55.63 ± 0.19aB

Daizdin 457.85 ± 8.96bA 463.88 ± 4.87aA 96.65 ± 0.19bB 96.87 ± 0.22aB

Genistin 19.58 ± 0.09bA 21.56 ± 0.08aA Nd Nd

Genistein 55.69 ± 0.31bA 56.12 ± 0.35aA 11.23 ± 0.04bB 11.65 ± 0.05aB

Values expressed as μg of each compound per g of sample. Nd: Not detected

For the same phenolic compound and digestion phase, values in the same row followed by the same lower case
letter are not significantly different (p > 0.05) according to Tukey’s multiple range test. For the same compound
and same sample, values in the same column followed by the same upper case letter are not significantly different
(p > 0.05) according to Tukey’s multiple range test
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the different phases of in vitro digestion was assessed, the
DPPH values (Table 2) of non-defatted and defatted chia seeds
after oral digestion decreased significantly (p < 0.05) with re-
spect to initial values. In this assay, the defatted chia seeds had
a higher (p < 0.05) antioxidant effect than non-defatted chia
seeds. In the gastric phase, the DPPH values were higher
(p < 0.05) than those obtained in the oral phase which means
that the pH conditions and enzymes that act in the gastric step
affect the non-defatted chia seeds. Again, in this phase
defatted chia seeds had a higher (p < 0.05) antioxidant effect
than non-defatted chia seed. After the intestinal phase, both
non-defatted and defatted chia seeds had significantly
(p < 0.05) higher DPPH values (increases of 11.90 and
28.67%, respectively) than the test matrix. In this phase,
defatted chia seeds had higher (p < 0.05) DPPH values than
non-defatted chia seeds, reflecting the behaviour recorded in
the scientific literature. Chen et al. [23] stated that among 33
fruits, 29 samples increased their antioxidant values deter-
mined with the DPPH assay after gastric and intestinal
digestion.

As regards the ABTS assay (Table 2), again the oral phase
step decreased (p < 0.05) the ABTS values of both chia and
defatted chia seeds with respect to undigested samples. As
occurred in the DPPH assay, the defatted chia seeds showed
a higher (p < 0.05) antioxidant capacity than non-defatted chia
seeds. After the gastric phase, the antioxidant capacity of non-

defatted chia seeds decreased (p < 0.05) with respect to test
matrix 36.78%whilst this antioxidant capacity in defatted chia
seeds increased 7%. The ABTS values of defatted chia seeds
were higher (p < 0.05) than those of chia seeds. After the in-
testinal phase, the ABTS values increased (p < 0.05) signifi-
cantly by 140 and 314% for both chia and defatted chia seeds,
respectively. This behavior after the intestinal phase was hy-
pothetically related to the release from the matrix of
unextractable bioactive compounds and/or their chemical
transformations into compounds with a greater antioxidant
capacity [8]. With regards to the ferric reducing activity power
(FRAP), the results obtained (Table 2) show that at the end of
the oral phase defatted chia seeds showed higher values
(p < 0.05) than non-defatted chia. This phase significantly de-
creased (p < 0.05) the reducing power in both chia samples
compared with the test matrix. In the gastric phase, defatted
chia seeds again showed higher values (p < 0.05) than non-
defatted chia. No statistical differences (p > 0.05) were found
in this phase between the FRAP values of both non-defatted or
defatted chia seeds and the test matrix. In the last phase of
digestion, The FRAP values increased (p < 0.05) over those of
the undigested samples by 89.58 and 62.36% for non-defatted
and defatted chia seeds, respectively, with no statistical differ-
ences (p > 0.05) between the samples analysed. The results
obtained agree with those of Chandrasekara and Shahidi
[24], who found that the FRAP values of dehulled and cooked

Table 2 Antioxidant activity of non-defatted and defatted chia seeds obtained in the different phases of gastrointestinal digestion measured by the
DPPH, ABTS, FRAP and FIC assays

DPPH ABTS FRAP FIC

Non-defatted
chia

Defatted
chia

Non-defatted
chia

Defatted
chia

Non-defatted
chia

Defatted
chia

Non-defatted
chia

Defatted
chia

Phase TM 5.63 ± 0.12Bb 7.01 ± 0.02Ba 4.73 ± 0.67Bb 6.27 ± 0.42Ba 70.10 ± 2.75Bb 81.04 ± 3.51Ba 0.50 ± 0.03Ca 0.57 ± 0.05Ba

Oral PF 1.39 ± 0.16 2.23 ± 0.02 1.28 ± 0.14 4.52 ± 0.09 26.92 ± 1.89 40.96 ± 4.06 0.46 ± 0.00 0.44 ± 0.00

CSF 0.18 ± 0.01 0.06 ± 0.02 0.70 ± 0.30 1.01 ± 0.01 5.60 ± 0.11 5.23 ± 0.11 0.14 ± 0.01 0.11 ± 0.00

Tot 1.56 ± 0.16Db 2.29 ± 0.00Da 1.98 ± 0.44Cb 5.54 ± 0.07Ca 32.52 ± 1.78Cb 46.19 ± 4.17Ca 0.59 ± 0.01Ca 0.55 ± 0.00Ba

%V −72.29 −67.74 −58.13 −11.64 −53.60 −43.00 18.00 −3.51
Gastric PF 2.09 ± 0.02 3.22 ± 0.15 2.26 ± 0.23 5.67 ± 0.99 55.58 ± 9.87 63.98 ± 4.72 0.58 ± 0.00 0.64 ± 0.06

CSF 0.37 ± 0.04 0.73 ± 0.01 0.73 ± 0.62 1.04 ± 0.33 10.41 ± 1.72 17.33 ± 3.85 0.35 ± 0.06 0.71 ± 0.07

Tot 2.46 ± 0.06Cb 3.96 ± 0.14Ca 2.99 ± 0.86Cb 6.71 ± 0.87Ba 65.98 ± 1.58Bb 81.31 ± 0.87Ba 0.93 ± 0.07Bb 1.36 ± 0.13Aa

%V −56.30 −43.51 −36.78 7.0 −5.87 0.33 86.00 138.59

Intestinal IN 2.70 ± 0.01 2.60 ± 0.13 0.15 ± 0.02 6.82 ± 1.40 98.06 ± 8.31 86.62 ± 1.93 1.49 ± 0.01 0.66 ± 0.00

OUT 3.60 ± 0.05 6.42 ± 0.05 11.24 ± 0.96 19.14 ± 1.26 34.84 ± 1.60 44.96 ± 1.60 0.45 ± 0.16 0.72 ± 0.16

Tot 6.30 ± 0.14Ab 9.02 ± 0.18Aa 11.39 ± 0.05Ab 25.96 ± 8.66Aa 132.90 ± 9.98Aa 131.58 ± 9.68Aa 1.95 ± 0.03Aa 1.38 ± 0.15Ab

%V 11.90 28.67 140.80 314.03 89.58 62.36 290.0 142.01

The 2,2′-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay, 2,2′-azinobis (3-ethylbenzthiazolinesulfonate) free radical radical cation scaveng-
ing activity assay (ABTS) and ferric reducing antioxidant power (FRAP) results are expressed as mg Trolox equivalent/g fresh weight (FW), and Ferrous
ions chelating activity (FIC) results as μg EDTA/g FW

For the same gastrointestinal digestion phase and the same antioxidant assay, values followed by the same lower case letter (a-b) are not statistically
different (p > 0.05) according to t Tukey’s HSD post-hoc test (p > 0.05). For the same antioxidant assay and same chia sample values followed by the
same upper case letter (A-D) are not statistically different (p > 0.05) according to Tukey’s HSD post-hoc test (p > 0.05)
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grains of five millet varieties increased after gastrointestinal
digestion, with a percentage of variation greater than 2700%.
With regard to the ferrous ion chelating (FIC) activity
(Table 2), no statistical differences were found (p > 0.05) be-
tween the chia samples at the end of oral phase or with respect
to the test matrix (p > 0.05). In the gastric phase, defatted chia
seeds had a higher (p < 0.05) antioxidant effect than chia
seeds, the values of both being significantly lower (p < 0.05)
than the initial values. The results obtained suggested that pH
value as well as enzymatic activity increase the release and
stability of compounds with chelating activity. The last phase
of digestion significantly increased (p < 0.05) the %var. of
both chia and defatted chia seeds (290 and 142%, respective-
ly) over initial values. In this case, chia seeds had higher
(p < 0.05) FIC values than defatted chia. These results agree
with Gullón et al. [4], who found that the chelating activity of
pomegranate peel flour increased significantly after the intes-
tinal stage.

The results were correlated with those obtained from TPC
and TFC; the Pearson correlation coefficients are shown in
Table 3. Among the assays, there was a strong positive corre-
lation (r > 0.7) between antioxidant capacity and the TPC re-
sults, a moderate correlation (0.7 < r > 0.3) between TFC and
DPPH-FRAP-FIC and lower correlation (r < 0.3) between
TFC and ABTS. After the oral phase, the correlation between
TPC and AOA assays and TFC and FIC results became neg-
ative, while a strong positive correlation (r > 0.7) between
antioxidant capacity and TFC was recorded. After the gastric
phase the antioxidant capacity results were all strongly posi-
tively correlated (r > 0.7) with both TPC and TFC, while at the
end of the gastrointestinal digestion the situation changed
again: DPPH-ABTS-FRAP and TPC, and FIC and TFC had
strong positive correlations (r > 0.7), while between TPC and
FIC, and DPPH-ABTS-FRAP and TFC a negative correlation
was obtained. The scientific literature contains several works
that correlate the antioxidant capacity with the total phenolic
and flavonoid contents, with varying results: several studies
reported positive correlations [4, 25], while others mention
very low or no correlation [11, 23]. The results we present
here suggest that during the gastrointestinal digestion the an-
tioxidant capacity detected could be attributed to the flavonoid
content after the oral phase, to both the phenolic acids and
flavonoid contents after the gastric phase and to the phenolic
acids after the intestinal phase. These contrasting correlation
results suggest that the antioxidant capacity may also be at-
tributed to other antioxidant substances released or generated
during the gastrointestinal digestion process.

Conclusions

The results showed that the concentration of polyphenolic
compounds increase during digestion, although only a low-

medium percentage of phenols and a low percentage of flavo-
noids are available for absorption in the intestinal tract. In
addition, the presence of a high level of fats seems to have a
negative effect on the bioaccessibility of flavonoids. It is im-
portant to note the divergence of the correlation results obtain-
ed between the total phenolic, total flavonoid content and
antioxidant capacity. Despite the low bioaccessibility values
obtained for both the phenolics and flavonoids, their potential
antioxidant capacity could be a valid reason for the addition of
non-defatted and defatted chia seeds as food ingredients.
Further studies need to be carried out to understand the stabil-
ity of chia bioactive compounds and to improve their
bioaccessibility.
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