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A B S T R A C T

The aim was to evaluate (i) the phenol and flavonoid recovery and bioaccessibility indexes, (ii) the stability of
individual polyphenolic compounds and (iii) the antioxidant activity of persimmon flours (cultivars ‘Rojo
Brillante’ and ‘Triumph’) during the in vitro digestion. The recovery index for phenolic and flavonoid content was
dependent on flour type and digestion phase. After the dialysis phase, the bioaccessibility for phenolic com-
pounds from both flours was similar; for flavonoids it was higher in ‘Triumph’ than ‘Rojo Brillante’ flour. After in
vitro digestion, 13 polyphenolic compounds were detected in both flours, of which only six were detected in the
intestinal phase. Their antioxidant activity (ABTS%+, FRAP and DPPH) decreased after intestinal phase, while
their chelating activity (FIC assay) increased in both flours. So, persimmon flours could be included in the
formulation of foods to improve either their scarcity of bioactive compounds or an unbalanced nutritional
composition.

1. Introduction

The incidence of chronic diseases derived of an unbalanced dietary
pattern, characterized by eating meals rich in saturated fats and refined
carbohydrates and poor in fiber and bioactive compounds, is increased
worldwide. This is one of the reasons why the past year the United
Nations General Assembly proclaimed a Decade of Action on Nutrition
that will run from 2016 to 2025, with the aim to reduce hunger and
improving nutrition around the world (ONU, 2016). Taking it into
consideration, the search of new based-vegetable ingredients rich in
bioactive compounds and other dietary components like fiber, protein
or complex carbohydrates is necessary for the development of new
foods with high nutritional value and antioxidant properties. In this
way, agro-industrial co-products could be used as potential functional
ingredients for the development of different foods such as pâté, pasta,
ice creams or biscuits, due to their important amounts of dietary fiber
and antioxidant compounds (Viuda-Martos et al., 2012; López-Marcos,
Bailina, Viuda-Martos, Pérez-Alvarez, & Fernández-López, 2015).

Nevertheless, the bioaccessibility and bioavailability of these
bioactive compounds after human digestion determine their biological
action in the body (Etcheverry, Grusak, & Fleige, 2012). In order to

make a first screening of their behavior after human digestion, in vitro
gastrointestinal digestion (GID) is being used. These tests simulate the
physical (agitation, temperature and pH) and chemical (enzymatic and
salinity) processes that occur during GID and provide information about
the changes that occur in bioactive compounds, the release of food
matrix, the interactions with other compounds and their bioaccesibility
(Minekus et al., 2014); relevant information for designing and for-
mulating foods with antioxidant potential.

Several researches have studied the bioaccesibility and recovery
index of phytochemicals present in fruits, vegetables, seeds and agro-
industrial co-products (Chandrasekara & Shahidi, 2011; Gawlik-Dzik,
2012; Neto et al., 2017), showing that dietary matrix, pH changes,
enzymatic activity, interactions with dietary compounds, as well as the
nature of each compound, are the factors that have the greatest impact
on the stability and release of antioxidant compounds after GID (Kroll,
Rawel, & Rohn, 2003; Alminger et al., 2014).

Persimmon fruit is rich in fiber and has important amounts of mi-
nerals, carotenes and polyphenols (De Ancos, González, & Cano, 2000;
Park et al., 2006; Lucas-González, Viuda-Martos, Pérez-Álvarez, &
Fernández-López, 2017). Additionally, several studied have showed
antidiabetics, antiaetrogenic and antiobesity effects of persimmon
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leaves and fruits (Lee, Chung, & Lee, 2006; Son et al., 2013; Kim et al.,
2016). These evidences make very attractive the use of persimmon co-
products as potential functional ingredients.

For these reasons, the aim of the current work was to evaluate (i)
the phenol and flavonoid recovery and bioaccessibility indexes, (ii) the
stability of individual polyphenolic compounds and (iii) the antioxidant
activity of both persimmon flours (obtained from juice co-products of
cultivars ‘Rojo Brillante’ and ‘Triumph’) during the in vitro gastro-
intestinal digestion.

2. Material and methods

2.1. Plant material

Persimmon flours co-products of cultivars ‘Rojo Brillante’ and
‘Triumph’ were obtained as described by Lucas-González et al. (2017).
The particle size of both persimmon flours were<0.210mm.

2.2. Simulated in vitro gastrointestinal digestion (GID) & extraction method

In vitro GID of three independent samples were made following the
methodology described by Gullón, Pintado, Fernández-López, Pérez-
Álvarez, and Viuda-Martos (2015a) (Fig. 1). Three phases were simu-
lated: oral, gastric and intestinal. The intestinal phase was divided in
two steps: agitation step and dialysis process. At the end of the dialysis
process, the solution left inside the dialysis tubing was taken as the IN
sample, representing the material that remained in the gastrointestinal
tract (colon-available), and the solution that managed to diffuse into
the dialysis tubing was taken as the OUT sample (serum-available).
Finally, all digestion mixtures were lyophilized and stored at −20 °C
until further use.

Polyphenol compounds of undigested sample and digested samples
were extracted following the methodology described by Pellegrini et al.
(2017).

2.3. Total phenol and total flavonoid content

To determine the total phenol content (TPC) of digested samples,
the Folin-Ciocalteu’s reagent (Singleton & Rossi, 1965) was used. The
method described by Blasa et al. (2005) was used for determining total
flavonoid content (TFC). Both methods are based on spectro-
photometric measures (760 nm for TPC and 510 nm for TFC) which
were made with a HP 8451 spectrophotometer (Hewleck Packard,
Cambridge, UK). The results of TPC were expressed as mg gallic acid
equivalents (GAE)/g sample, while in the case of TFC the results were
expressed as mg rutin equivalents (RE)/g of sample.

2.4. Recovery and bioaccessibility index

To analyze the effect of in vitro GID on TPC and TFC two different
indexes were applied, following the indications of Ortega, Macia,
Romero, Reguant, and Motilva (2011): the recovery percentage and
bioaccessibility percentage. The recovery percentage allows to know
the amount of phenolic and flavonoid compounds recuperated after the
oral, gastric and intestinal digestion, by comparison with the amount in
the undigested sample. The recovery index was measured according to
the equation i. Bioaccesibility index was calculated comparing the total
amount of bioactive compounds in the intestinal phase (IN+OUT)
with the amount in the OUT fraction (serum-available), following the
equation ii.

= ×Recovery index PC
PC

(%) 100DF

TM (1)

Where PCDF is the TPC or TFC (mg) in the digested fraction
(CSF+ PF) after each digestion phase (oral, gastric and intestinal) and
PCTM is the TPC or TFC (mg) quantified in the test matrix.

= ×Bioaccessibility index PC
PC

(%) 100S

DF (2)

Where PCS is the TPC or TFC (mg) in the OUT sample after the
dialysis phase and PCDF is the TPC or TFC (mg) in the total digested

Fig. 1. Schematic representation of in vitro gastrointestinal digestion method carried out on persimmon flours.
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sample (IN+OUT) after the dialysis phase.

2.5. Determination of polyphenolic compounds

Polyphenolic profiles of all samples obtained in each phase of in
vitro GID were determined by High Performance Liquid
Chromatography (HPLC) following the methodology described by
Genskowsky et al. (2016). A Hewlett-Packard HPLC series 1200 in-
strument, equipped with C18 column (Mediterranea sea18, 25×0.4 cm,
5 µm particle size) from Teknokroma, (Barcelona, Spain) was used.
Phenolic compounds were analyzed, in standard and sample solutions,
with a gradient elution of 1mL/min. The mobile phases used were
formic acid in water (1:99, v/v) as solvent A, and acetonitrile as solvent
B. The chromatograms were recorded at 280, 320 and 360 nm. The
identification of polyphenolic compounds was carried out by com-
paring UV absorption spectra and retention times of each compound
with those of pure standards injected in the same conditions. When
standards were unavailable, the compounds were tentatively identified
by comparing their UV/Vis spectra with previously published data
(Medina-Medrano, et al., 2015; Martínez-Las Heras, Quifer-Rada,
Andrés, & Lamuela-Raventós, 2016). Quantification of phenolic acids
and flavonoids were executed based on linear curves of authentic
standards.

2.6. Antioxidant activity

To assess the antioxidant activity, four methods were used:

DPPH radical scavenging assay: The free radical scavenging activity
was measured according to the methodology described by Brand-
Williams, Cuvelier, and Berset (1995) using the stable radical DPPH.
Absorbance values were measured on a spectrophotometer at
517 nm. Results were expressed as mg Trolox equivalent (TE)/g
sample.
ABTS radical cation (ABTS%+) scavenging activity assay: This method
was determined as described by Leite et al. (2011). Absorbance
values were measured on a spectrophotometer at 734 nm. The re-
sults were expressed as mg Trolox equivalent (TE)/g of sample.
Ferric reducing antioxidant power (FRAP): This method was de-
termined using the methodology described by Oyaizu (1986). The
FRAP values were measured on a spectrophotometer at 700 nm and
the results estimated in mg Trolox equivalents (TE)/g of sample.
Ferrous ion-chelating ability assay (FIC): Ferrous ions chelating ac-
tivity was measured by inhibiting the formation of Fe2+-ferrozine
complex, following the method of Carter (1971). Absorbance values
were measured on a spectrophotometer at 532 nm. Results were
expressed as mg EDTA equivalent/g sample.

2.7. Statistical analysis

The results were expressed as the mean ± SD of 2 parallel trials
(n= 4). Data obtained for each digestion phase and persimmon flour
were analyzed by means of a two-way ANOVA test with two factors:
cultivar and digestion phase. Tukey’s post hoc test was applied for
comparisons of means; differences were considered significant at
p < 0.05. Statistical analyses were carried out using the statistical
package SPSS 19.0 (SPSS Inc., Chicago, IL.).

3. Results and discussions

3.1. Recovery and bioaccessibility indexes

Recovery index for the TPC and TFC after each digestion phase
(oral, gastric and intestinal) can be observed in Fig. 2.

As regard the recovery index for the TPC, no statistical differences
(p > 0.05) were found between ‘Rojo Brillante’ (RB) and ‘Triumph’

(TH) flours after each digestion phase, except for the oral phase. In this
phase, TPC recovery index for the RB flour didn’t change (p < 0.05)
with respect to undigested sample, whereas in the case of TH flour the
recovery index value was lower than undigested sample (p < 0.05).
The highest recovery index values were showed after the gastric phase
(p < 0.05), whereas the lowest recovery index values were found in
the last phase of gastrointestinal digestion (p < 0.05). A similar si-
tuation was detected for the TFC, although in this case, after the oral
phase, the recovery index was significantly higher for RB than in un-
digested sample (p < 0.05).

These results showed that oral digestion phase affected the per-
simmon flours and bioactive compounds in different ways, since the
release of polyphenol compounds from persimmon flour matrix was
dependent on the cultivar and type of bioactive compounds (p < 0.05).
These facts could be due to: (i) the different composition of persimmon
flours, mainly related to dietary fiber content (total dietary fiber (TDF)
is higher in TH than RB flour, and also their content in insoluble dietary
fiber (Lucas-González et al., 2017); (ii) the interaction of polyphenolic
compounds with α-amylase, thus, some authors have reported anti-
diabetic effects in persimmon leaves and fruits, due to their interactions
(Lee et al., 2006; Kawakami, Aketa, Nakanami, Iizuka, & Hirayama,
2010). In the literature, Martínez-Las Heras, Pinazo, Heredia, & Andrés
(2017) reported a similar recovery index for phenolic and flavonoids
compounds in peel-fiber from RB persimmon after the oral phase,
whereas the decreases of phenolic compounds after the oral phase have
been previously reported by Pellegrini et al. (2017) in different quinoa
seeds.

The differences showed in TH flour between digestion phases could
be explained by their higher TDF content and also due to the different
pH of the digestion phases; the acid medium in the gastric phase pro-
motes the break of bonds between bioactive compounds and nutrients,
like fiber, protein and carbohydrates, helping to the remain of poly-
phenolic compounds in the food matrix (Alminger et al., 2014). Other
authors have reported increases in polyphenol content in different ve-
getable products after gastric digestion (Chandrasekara & Shahidi,
2011; Rodríguez-Roque, Rojas-Graü, Elez-Martínez, & Martín-Belloso,
2013).

The decrease in the amount of polyphenols after intestinal digestion
has been widely reported by the scientific community (Ortega et al.,
2011; Rodríguez-Roque et al., 2013; Lucas-González, et al., 2016). The
drastic losses in bioactive compounds after intestinal digestion, prob-
ably were due to different factors: (i) interactions with other dietary
compounds, like fiber, protein, carbohydrate and minerals, (ii) chemical
reactions, mainly oxidation and polymerization, affording the forma-
tion of other phenolic derivatives, such as chalcones (Gil-Izquierdo, Gil,
Ferreres, & Tomás-Barberán, 2001) or, (iii) changes in molecular
structures due to enzymatic action and consequently in its solubility
(Kroll et al., 2003).

The intestinal digestion is the largest phase in the GID, where the
majority of nutrients are absorbed in the intestinal epithelium. The
bioaccesibility can be defined as the amount of an ingested chemical
compound that is available for absorption (Etcheverry et al., 2012). The
bioaccesibility index for the TPC (Fig. 3) was similar (p > 0.05) in both
flours. Additionally, the bioaccesibility for flavonoids was dependent on
persimmon cultivar (Fig. 3), since significant differences were found in
their bioaccesibility index value (p < 0.05), showing TH flour higher
values (45.31%) than RB flour (21.54%) (p < 0.05). This fact is
probably due to the different flavonoid profile of both persimmon
flours, as can be observed in Table 1. According with these results, a
substantial amount of phenolic and flavonoid compounds remained
into the IN fraction (colon-available) and could be metabolized by co-
lonic bacteria, transforming dietary polyphenols in simple phenolic
compounds, which could result in metabolites more biologically active
than the original compounds (Selma, Espín, & Tomás-Barberá, 2009).
This fact could be due to the complex matrix of persimmon flours,
which are rich in sugars and insoluble fiber, with presence of protein
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and minerals (Lucas-González et al., 2017). Because of this composi-
tion, multiple interactions can occur between dietary components and
bioactive compounds, which could produce a reduction in their
bioaccessibility. In the scientific literature Gullón et al. (2015a) re-
ported a value of 64.02% for the bioaccessibility index of flavonoids in
pomegranate peel flour, while the bioaccessibility index of poly-
phenolic compounds present in date pits flour and apple bagasse flour,
at the end of intestinal digestion, were 78.54 and 91.58%, respectively
(Gullón, et al., 2015b).

3.2. Stability of polyphenolic compounds during simulated in vitro
gastrointestinal digestion

Polyphenols detected after in vitro GID are showed in Table 1. In
both persimmon flours, RB and TH, the following compounds have been
identified: gallic acid, 4-hydroxibenzoic acid, epicatechin, quercetin-o-
pentoside I, quercetin, kaempferol-o-rhamnoside and ellagic acid. Fur-
thermore, in TH flour, the following flavonoid compounds have been
detected: quercetin-o-hexoside, quercetin-o-pentoside II, kaempferol-o-
hexoside I and kaempferol); and in RB flour: coumaric acid-o-hexoside
and kaempferol-3-o-glucoside. The majority compounds in both studied
persimmon flours were gallic acid and 4-hydroxybenzoic acid, fur-
thermore the results showed that RB had more phenolic acids than TH
flour (p < 0.05) and TH flour had more presence of flavonoids

compounds than RB flours (p < 0.05). The polyphenols identified have
been previously detected in persimmon fruit and leaves by different
authors (Martínez-Las Heras et al., 2016; Lucas-González, Fernández-
López, Pérez-Álvarez, & Viuda-Martos, 2018).

The GID had different repercussions in the stability of the poly-
phenols detected in RB and TH flours. After the oral and gastric di-
gestion all polyphenols identified in both persimmon flours were de-
tected. However, both factors, digestion phases and flour type, affected,
in different way, their stability and release from food matrix. Thus, after
the oral digestion the phenolic acids concentration increased 160.6%
and 176.7% in RB and TH flours, respectively; begin gallic acid, which
presented the highest release from food matrix. The stability of flavo-
noid compounds was compromised in this phase and a significant de-
crease was observed in epicatechin, quercetin (only in TH flour) and in
all glycoside flavonoids (p < 0.05), with the exception of kaempferol-
3-o-glucoside, detected in RB flour, whose concentration didn’t change
compared to undigested sample (p > 0.05). As regard to ellagic acid,
their concentration didn’t change in RB flour, whereas in TH flour
significant losses were observed (p < 0.05). Similar behavior was ob-
served in polyphenols stability after the gastric digestion; phenolic
acids increased their concentration, showing significant differences
with oral phase (p < 0.05); with exception of coumaric acid-o-hexo-
side, which didn’t show variation in their concentration in oral and
gastric phases with respect to undigested sample. The most remarkable
fact was that the concentration of glycoside flavonoids present in TH
flour increased their concentration with respect to oral phase
(p < 0.05), whereas in RB flour not significant differences (p > 0.05)
were observed. The increase in polyphenolic compounds after gastric
phase could be due to the breakage of the bonds with the dietary
components of the persimmon flours, proteins and fiber, induced by the
acid medium. These facts, highlight the different behavior of flavonoids
after GID, and confirm the TFC recovery index showed in both per-
simmon flours. From the 17 polyphenols detected in persimmon flours
only six appeared after intestinal phase: 4-hydroxybenzoic acid, ellagic
acid and the glycosylated flavonoids (with exception of quercetin-o-
pentoside II and kaempferol-3-o-glucoside). All these compounds
showed a decrease in their concentration with respect to other phases
and to undigested sample (p < 0.05); with the exception of 4-hydro-
xybenzoic acid, which reported the biggest concentration in this phase
(p < 0.05). Rodríguez-Roque et al. 2013 also reported an increase of 4-
hydroxybenzoic acid from soymilk after the intestinal phase respect to
gastric and undigested sample. On the other hand, the distribution of
these compounds in the intestinal fractions, IN and OUT, were

Fig. 2. Recovery index percentage calculated for total phenol content and total flavonoid content after the simulated gastrointestinal digestion of persimmon flours. Bars followed by the
same lower-case letter (a–c) are not significantly different (p > 0.05) according to Tukey’s Multiple Range Test.

Fig. 3. Total phenolic and total flavonoid content bioaccessibility index after intestinal
phase of in vitro gastrointestinal digestion from persimmon flours (cultivars ‘Rojo
Brillante’ and ‘Triumph’). Values with same lower case letter (a–b) are not significantly
different among digestion (p > 0.05) according to Tukey’s Multiple Range Test.
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dependent on the individual compound and persimmon flour type
(p < 0.05).

Other authors have detected glycoside flavonoids, like rutin, quer-
cetin-3-galactoside, cyanidin-3-glucoside, quercetin-o-(rhamnosyl)ruti-
noside or kaempferol-o-rutinoside and ellagic acid and 4-hydro-
xybenzoic acid after in vitro digestion in different vegetable products
(Lucas-Gonzalez et al., 2016; Pellegrini et al., 2017; Pinto, Spínola,
Llorent-Martínez, Fernández-de Córdova, Molina-García, & Castilho,
2017). These results were in agreement with the results showed in the
current work and would indicate that glycoside compounds are more
stable to gastrointestinal digestion than aglycone compounds. Fur-
thermore, the instability of gallic acid and kaempferol after intestinal
digestion has been previously reported in different vegetable extracts
(Schulz et al., 2017).

The losses of polyphenol compounds after intestinal digestion could
be due to alkaline pH values (Tagliazucchi, Verzelloni, Bertolini, &
Conte, 2010), interaction with other dietary compounds and/or inter-
action with bile salts, since Kida, Suzuki, Matsumoto, Nanjo, and Hara
(2000) have identified biliary metabolites of (−)-epigallocatechin
gallate in rats after oral administration.

3.3. Antioxidant properties

Bioactive compounds have different mechanism for developing their
antioxidant activity, such as hydrogen atom, single electron transfer or
metal chelation (Leopoldini, Russo, & Toscano, 2011). There is not a
unique method to evaluate all antioxidant mechanism, so in this work,
different methods have been used to evaluate the antioxidant activity of
the undigested and digested samples of persimmon flours (Table 2).

From the four methods used (DPPH, ABTS%+, FRAP and FIC) only

the ABTS%+ values showed in the undigested samples of both flours
were significantly different (p < 0.05). However, the antioxidant ac-
tivity of both persimmon flours was affected by the GID in different
way, highlighting the dependence on cultivar and gastrointestinal
phase in their antioxidant activity. After in vitro GID, the DPPH radical
scavenging activity of RB flour decreased gradually from the oral phase
to intestinal phase (p < 0.05). A similar behavior was observed in TH
flour, however the highest loss in their DPPH radical scavenging ac-
tivity was observed after gastric digestion (25.8%). Martínez-Las Heras
et al. (2017) reported similar results in peel and pulp fiber obtained
from persimmon cv. RB undergoing an in vitro GID. Other authors have
informed an increase in DPPH radical scavenging activity after gastric
and intestinal digestion in different vegetable samples (Burgos-
Edwards, Jiménez-Aspee, Thomas-Valdés, Schmeda-Hirschmann, &
Theoduloz, 2017). As regards to ABTS%+ after oral digestion, the ABTS
%+ radical scavenging activity of both persimmon flours didn’t change
with respect to undigested flours (p > 0.05). After gastric digestion, RB
and TH flours showed an increase of 25.37 and 32.73%, respectively
(p < 0.05). However, the intestinal digestion compromises their ABTS
%+ radical scavenging activity in both persimmon flours (p < 0.05).
The losses in the antioxidant activity measured by ABTS%+ assay after
intestinal digestion and dialysis phase have been previously reported in
onion, lettuce and tomato (Gawlik-Dzik, 2012).

The ability of RB flours to reduce Fe+3 to Fe+2 didn’t change after
oral and gastric digestion, however, after intestinal digestion, a sig-
nificant decrease (p < 0.05) in their metal reduction activity (60.1%)
was observed. As regards to TH flour, the oral digestion didn’t affect
their metal reduction ability (p < 0.05), however, after gastric diges-
tion, a significant increase in their antioxidant activity (p > 0.05) was
observed, followed by a drastic decrease (66.6%) in their metal

Table 1
Polyphenolic profile of undigested and digested samples (oral, gastric and intestinal phase) of persimmon flours: ‘Rojo Brillante’ (RB) and ‘Triumph’ (TH).

Undigested sample Oral phase Gastric phase Intestinal phase

IN OUT Total

Phenolic acids
Gallic acid (mg/g) RB 3 ± 1c 6 ± 0b 7 ± 1a ND ND –

TH 2 ± 0b 4 ± 0c 4 ± 0c ND ND –
4-Hydroxybenzoic acid (µg/g) RB 200 ± 20c 220 ± 10c 300 ± 10b 270 ± 20x 240 ± 10x 510 ± 40a

TH 110 ± 10d 89 ± 15d 200 ± 7c 110 ± 6y 230 ± 40x 340 ± 30b

Coumaric acid-o-hexoside (µg/g) RB 24 ± 5a 21 ± 1a 20 ± 3a ND ND –
TH ND ND ND ND ND –

Flavonoids
Epicatechin (µg/g) RB 36 ± 4a 22 ± 2b 19 ± 2b ND ND –

TH 33 ± 3a 18 ± 4b 23 ± 3b ND ND –
Quercetin-o-hexoside (µg/g) RB ND ND ND ND ND –

TH 110 ± 20a 45 ± 2c 67 ± 1b 11 ± 0x 14 ± 2x 25 ± 2c

Quercetin-o-pentoside I (µg/g) RB 54 ± 1c 44 ± 1d 36 ± 2f 15 ± 4x 16 ± 3x 31 ± 1 g

TH 110 ± 20a 45 ± 4d 71 ± 2b 14 ± 0y 19 ± 3x 33 ± 2 g

Kaempferol-3-o-glucoside (µg/g) RB 5 ± 1a 5 ± 0a 4 ± 1a ND ND –
TH ND ND ND ND ND –

Quercetin-o-pentoside II (µg/g) RB ND ND ND ND ND –
TH 23 ± 3a 16 ± 1b 17 ± 1b ND ND –

Kaempferol-o-hexoside I (µg/g) RB ND ND ND ND ND –
TH 19 ± 3a 8 ± 1bc 12 ± 0b 3 ± 1x 3 ± 0x 7 ± 1c

Kaempferol-o-rhamnoside (µg/g) RB 12 ± 1a 5 ± 0c 4 ± 1c 3 ± 0x 1 ± 0y 5 ± 0c

TH 14 ± 2a 8 ± 1b 9 ± 0b 3 ± 0x 2 ± 0y 5 ± 0c

Quercetin (µg/g) RB 1 ± 0c 1 ± 0c 2 ± 0c ND ND –
TH 17 ± 3a 9 ± 0b 12 ± 0b ND ND –

Kaempherol (µg/g) RB ND ND ND ND ND –
TH 2 ± 0a 2 ± 0a 2 ± 0a ND ND –

Ellagictannins
Ellagic acid (µg/g) RB 8 ± 0b 6 ± 1b 16 ± 2a 4 ± 1x 2 ± 0y 6 ± 1b

TH 8 ± 2b 4 ± 1c 4 ± 0c 1 ± 0x 1 ± 0x 3 ± 0c

For the same polyphenol, values with same lower case letter (a–g) are not significantly different among digestion phases and cultivar (p > 0.05) according to Tukey’s Multiple Range
Test.
For the same polyphenol and different intestinal fraction (IN and OUT) values with same lower case letter (x–y) are not significantly different (p > 0.05) according to Tukey’s Multiple
Range Test.
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reduction activity after the intestinal phase (p > 0.05). Lucas-González
et al. (2016) also reported an increase (24.8%) in the ferric reduction
activity power after gastric phase in lyophilized maqui. The negative
influence of the intestinal digestion on the reducing power activity has
been previously reported by Neto et al. (2017).

As regard to the ability to chelate metals, determined by FIC
method, both persimmon flours, experimented the same behavior after
GID: after oral phase, their chelate metals ability was not affected
(p > 0.05), while after gastric digestion, significant losses were ob-
served (p < 0.05). Whereas, after intestinal phase their antioxidant
activity increased with respect to gastric phase (p > 0.05) and was
similar to undigested samples (p > 0.05). This increase could be due to
the fact that several compounds with chelating activity, like reducing
carbohydrates, tocopherols and carotenoids, could have been solubi-
lized and probably, the antioxidant activity showed were mediated by
these bioactive compounds (Gullón et al., 2015a). Other authors have
reported some increase in FIC values in different antioxidant products
after intestinal phase (You, Zhao, Regenstein, & Ren, 2010; Pellegrini
et al., 2017). These results showed that a high part of the antioxidant
activity of these persimmon flours could arrive to the large intestine
and to play a protective role against oxidation reactions.

The distribution of antioxidant activity between both intestinal
fractions, IN and OUT, was dependent on cultivar and antioxidant
method, as can be observed in Table 2. Thus, the antioxidant activity
determined by DPPH assay in RB flour showed the same activity in both
fractions (p > 0.05), whereas TH flour reported the highest anti-
oxidant activity in IN fraction (p < 0.05). In the case of ABTS%+ ra-
dical scavenging activity, RB and TH flour showed higher activity in IN
fraction and OUT fraction, respectively. The same behavior was ob-
served in the distribution of their antioxidant activity determined by
FRAP and FIC methods (p > 0.05).

In the scientific literature, there are contradictory works about the
antioxidant activity obtained in the serum and colon available fractions.
Thus, in the case of lyophilized maqui, the antioxidant activity de-
termined with different methods (DPPH, FRAP, FIC and ABTS%+) after
dialysis phase, was higher in the serum-available fraction than in colon-
available fraction (Lucas-González et al., 2016). However, in pome-
granate peel flour, the antioxidant activity measured by FRAP, DPPH,
ABTS%+ and ORAC, was higher in the colon-available fraction than in
the serum-available fraction (Gullón et al., 2015a). Probably, the con-
tent of total dietary fiber and their nature in the raw material, de-
termines the release of polyphenol compounds from food matrix.

4. Conclusion

The best of our knowledge is the first time that polyphenols profile
in persimmon flours from juice co-products of cultivars ‘Rojo Brillante’
and ‘Triumph’, has been studied after in vitro gastrointestinal digestion.
Recovery index for total phenolic and flavonoids content was depen-
dent on persimmon flour type and digestion phase, being intestinal
phase which showed the highest effect on their recuperation. The
bioaccesibility index for total phenol and flavonoid content, as well as,
individual polyphenols detected, were strongly affected after gastro-
intestinal digestion; however, some polyphenol compounds remained
as such at the end of the digestion, especially the glycosylated flavo-
noids and 4-hydroxibenzoic acid, which increased their concentration
after gastrointestinal digestion. Their antioxidant activity also was af-
fected, showing that their protective action against free radicals and
their ability to reduce metals increased after the gastric phase, whereas
after the intestinal phase, their metal chelating activity improved. For
these reasons, persimmon flours of cvs. ‘Rojo Brillante’ and ‘Triumph’
could be included in the formulation of foods to improve either their
scarcity of bioactive compounds or an unbalanced nutritional compo-
sition.
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