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Resumen

Se ha determinado que la Flor de Jamaica es rica en compuestos fendlicos principalmente antocianinas y flavonoi-
des como la delfinidina-3-sambubiosido, delfinidina-3-glucésido, cianidina-3-glucésido, cianidina-3-sambubiosido,
quercetina y kaempferol. El objetivo de este trabajo fue estudiar la estabilidad de los antioxidantes del vino de flor
de Jamaica (Hibiscus sabdariffa L) durante su almacenamiento. Para ello, el vino fue almacenado a una temperatura
ambiente de 20°C y a temperatura de refrigeracion de 6°C. A los 0, 7 y 14 dias se determiné las caracteristicas fisi-
coquimicas, turbidez, color, el contenido de polifenoles y capacidad antioxidante. Con respecto a las caracteristicas
fisicoquimicas (s6lidos solubles, pH y acidez titulable) el vino no presenté diferencias entre muestras almacenadas en
ambiente y refrigeracion. El color de todas las muestras presento altos de absorbancias en un rango de 515 y 520nm re-
presentativo de los pigmentos de color rojo, que corresponden a una alta concentraciéon de antocianinas. La estabilidad
del contenido de polifenoles no presenté diferencias significativas durante su almacenamiento, pero en refrigeracién
tuvieron un contenido fenélico menor, y menor porcentaje de inhibicién del radical ABTS para las muestras sometidas
a refrigeracion. El almacenamiento del vino de flor de Jamaica a temperatura ambiente presenta mayor capacidad an-
tioxidante, inhibiendo los radicales libres y disminuyendo la oxidacién de compuestos fendlicos presentes en el vino,
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Abstract

Flower of Jamaica is rich in phenolic compounds mainly anthocyanins and flavonoids such as delphinidin-3-sambubioside,
delphinidin-3-glucoside, cyanidin-3-glucoside, cyanidin-3-sambubioside, quercetin and kaempferol. The objective of
this work was to study the stability of the antioxidants of the wine of Jamaica flower (Hibiscus sabdariffa L) during its
storage. For this, the wine was stored at an ambient temperature of 20°C and at a refrigeration temperature of 6°C.
At 0, 7 and 14 days the physicochemical characteristics, turbidity, color, polyphenol content and antioxidant capacity
were determined. Regarding the physicochemical characteristics (soluble solids, pH and titratable acidity) the wine
did not present differences between samples stored in the environment and refrigeration. The color of all the samples
showed high absorbances in a range between 515 and 520nm representative of the pigments that reflect the red co-
lor, which correspond to a high concentration of anthocyanins. The stability of the polyphenol content did not show
significant differences during storage, however the samples subjected to refrigeration had a lower phenolic content
and a lower inhibition percentage of the ABTS radical. Consequently, the storage of Jamaica flower wine at room
temperature presents greater antioxidant capacity, inhibiting free radicals and decreasing the oxidation of phenolic
compounds present in wine, extending its shelf life.

Keywords: Antioxidant, ABTS, polyphenol, wine, Jamaica flower.
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Study of the Antioxidant Stability of Jamaica Flower Wine (Hibiscus sabdariffa L) Under Storage

1 Introduction

Currently, food studies containing bioactive com-
pounds, including antioxidants, have increased by
being molecules capable of interacting with reactive
oxygen species (ERO) that include ion oxygen, free
radicals and peroxides (Usoh et al., 2005) which are
highly reactive by having in their structure an exter-
nal layer with one or two valence electrons not pai-
red. These elevated levels of free radicals in the cells
are generators of damage to the proteins and lipids
of the cell membrane and in nucleic acids, reason
from which it is directly related with carcinogenic
diseases (Ferretti et al., 2010) mutagenic, Alzhei-
mer (Andzi Barhé and Feuya Tchouya, 2016), diabe-
tes, hypertension, obesity and other metabolic sym-
ptoms (Chen et al., 2013). The antioxidant molecules
transfer electrons to the outer layer with unmatched
electrons of the free radicals, thus achieving their
stability (Andzi Barhé and Feuya Tchouya, 2016),
being capable of transferring their electrons avoi-
ding the harmful effect in the cell, exerting a che-
lating mechanism and kidnapping the ERO (Saya-
go Ayerdi and Goiii, 2010).

Jamaican flower (Hibiscus sabdariffa L.) has been
one of the most studied species for its high con-
tent of antioxidant molecules such as vitamin E
and C, phenolic compounds, mainly polypheno-
lic acids, flavonoids and anthocyanins (Cid-Ortega
and Guerrero-Beltran, 2012), these properties grant
this flower anticancer protective effects, diuretics,
anti-inflammatory, antimicrobial (Martinez Florez
et al., 2002), exerting a protective action of cell da-
mage and lipid peroxidation (Galicia Flores et al.,
2008). Studies carried out with extracts of cha-
lices and hibiscus have determined that there is
a high concentration of phenolic antioxidants of
non-flavonoid type and simple or polymerized fla-
vonoids in the tissues of these structures (Da-
Costa Rocha et al., 2014). Within the group of fla-
vonoids 5 subtypes are identified according to their
structural characteristics: flavones, flavonols, flava-
nones and anthocyanidins (Martinez Flérez et al.,
2002).

Among the polyphenolic flavonoids compounds
present in the chalices and flower leaves of Jamai-
ca is the naringenin belonging to the class of fla-
vones, the catechin, gallocatechin gallate, epicate-
chin gallate and the gallocatechin of the flavanol
and the luteolin, tiliroside, sabdaritrin hydroxyfla-
vone of the flavones class (Galicia Flores et al., 2008;
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Da-Costa Rocha et al., 2014; Chen et al., 2013; Sin-
di et al., 2014). Also the chalices of hibiscus have
shown to contain a high percentage of anthocya-
nins in their structural tissues, identifying the so-
called Crisanteina and cyanidin-3-sambubioside or
Gosipicianina (Da-Costa Rocha et al., 2014). These
anthocyanins are natural pigments soluble in wa-
ter, which are present in some vegetal tissues, being
those responsible for the red, blue and purple colo-
ration, the production of this compound is given in
maturation and is stored inside the vacuoles in the
plant cells (Yang et al., 2011).

In Ecuador, the production of hibiscus has spread
in the Amazon region, due to its optimum tempera-
ture conditions ranging from 15 to 38°C, becoming
an alternative to the sustainable economic develop-
ment of its population (Meza Chavarria, 2012). Ho-
wever, it is a product with low industrialization as
it is sold in bulk, also, there are few studies about
the obtaining of products based on this raw mate-
rial that provides bioactive compounds; therefore,
this research was aimed at studying the stability of
the antioxidants of the Jamaican flower wine (Hibis-
cus sabdariffa L.) during storage, in order to increase
the by-products production of Jamaica flower.

2 Materials and methods

2.1 Wine elaboration

For the elaboration of the wine, hibiscus was used
from the Macas parish, Morona Santiago provin-
ce. Once conducted a physic-chemical and micro-
biological analysis in accordance with the provi-
sions of the Mexican standard NMX-FF-115-SCFI-
2010 (NMX, 2010) for agricultural products inten-
ded for human consumption: Flower (Chalice) of
Jamaica, it was proceeded to make the must from
the chalice with a 1:3 ratio (Jamaica chalices: wa-
ter) until reaching a must of 23° Brix with a pH of
3 —3,6; the fermentation was carried out during 29
days under anaerobic conditions at a temperature
of 21° £ 1°C. The wine was subsequently submitted
to a natural decanting process for 6 days, time in
which samples were taken daily and in which solu-
ble solids (° Brix), Ph, titratable acidity and turbidity
were analyzed.
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2.2 Treatments

The storing conditions of the Jamaican flower wine
were for 14 days and were divided into two groups:
(environmental temperature 20°C £ 1°C and refrige-
ration temperature 6°C), posterior samples were ta-
ken from each group during days 0, 7 and 14, follo-
wing Gaculas staggered design for shelf life studies,
using a single batch of product (or replicated lots)
where samples are tested at zero time, and samples
are taken at intervals determined by the expectation
of survival probability (Kilcast and Subramaniam,
2000). After the samples were frozen, and once the
storage stage was completed, the polyphenol con-
tent and antioxidant capacity were measured.

2.3 Methods of analysis

The analyses were carried out according to the of-
ficial methods of the AOAC (2005a,b, 2012): for
soluble solids (AOAC 932,12), pH (AOAC 960,19), ti-
tratable acidity (AOAC 962,12). Turbidity was mea-
sured according to the international method OIV-
MA-AS2-08 (OIV, 2009) and Glories method des-
cribed in the OIV-MA-BS-26 (OIV, 2014) was used
for the intensity determination of the wine color,
using a spectrophotometer whose absorbance mea-
surements were performed in ranges 380 and 780
nm.

The polyphenol content was determined under the
Folin-Ciocalteus protocol described by Zhen et al.
(2016) and the antioxidant capacity was performed
by the spectrophotometric method described by
Chen et al. (2013); Re et al. (1999) based on the dis-
coloration of the radical ABTS.

2.4 Experimental design

In this study a completely randomized experimen-
tal design was used, in which the results obtained
were processed with an ANOVA variance analysis,
and the means were compared using a Tukey test
(HSD) with a level of 95 % confidence.

3 Results and discussion

3.1 Soluble solids analysis (° Brix)

As shown in Figure 1, the storing effect of the Jamai-
can flower wine under two temperature conditions
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over 14 days was not significant (p > 0,05) compa-
red to the quantity of soluble solids (° Brix).
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Figure 1. Quantity Behavior of soluble solids (° Brix) in the

wines stored under two temperature conditions during 14 days.

N = 2+ standard deviation. Different letters among the means

indicate significant differences according to Tukey test at P <
0,05.

It can be observed that the amount of soluble so-
lids on day 0 of storage was 15,13 +0,035° Brix; after
7 days of storage at room temperature, there was
a slight decrease at 15,11 £0,014° Brix, and finally
at 14 days there was no a significant change, de-
creasing to 15,08 +0,009° Brix. Similar behavior was
detected under storage conditions at refrigeration
temperature, since after 7 days there was a slight
decrease at 15,08 £0,014° Brix, and at 14 days the-
re was 15,03 £0,035° Brix. In the physical-chemical
analysis conducted by Mounigan and Badrie (2007),
by submitting Jamaican flower wine to storage con-
ditions at 23°C for 8 weeks, no significant differen-
ces were recorded in the amount of soluble solids
between the samples, which were measured every
30 days, giving as results at 4 weeks of storage a va-
lue of 10,22° Brix, and at 8 weeks a value of 10,17°
Brix.

Therefore, it can be observed that the amount of
soluble solids in the Jamaican flower wine does
not undergo significant changes with the time un-
der environmental or refrigeration conditions du-
ring storage. The stability of soluble solids is becau-
se according to Blouin and Peynaud (2003) a suita-
ble sulphured allows destroying the yeasts and bac-
teria present in the wine, which can continue with
the slow consumption of substrate. On the other
hand, the slight decrease without significant diffe-
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rence in the quantity of soluble solids may be be-
cause although the wine went through a previous
decanting process, during the storage time at rest
the wine continues to decant slowly, settling certain
glycosylated tannins, which can drag sugar crystals
to the bottom of the bottle, causing a slight decrease
in the ° Brix (Blouin and Peynaud, 2003; Mijares and
Séez, 2007; Bujan, 2002).

2,45 m Refrigeracion

Ambiente 2,43a

2,42a
2,42a

2,Ma
7

Tiempo (dias)

242a242a

0

Figure 2. pH behavior in wines stored under two temperature

conditions for 14 days. N = 2+ standard deviation. Different

letters among the means indicate significant differences accor-
ding to Tukey test at P < 0,05.
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2,37
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3.2 pH analysis

As shown in Figure 2, the storing effect of Jamaican
flower wine under two temperature conditions over
14 days was not significant (p > 0,05) compared to
pH. It can be observed that on day 0 of storage, the
phlevelis 2,42+0,005 and it has no significant diffe-
rences over the course of 14 days and under two dif-
ferent storage conditions, where the environmental
samples concluded with a pH of 2,42+£0,012 and re-
frigerated samples with a pH of 2,43 4+0,012. Unli-
ke the behavior presented by Mounigan and Badrie
(2007), in which the storage process began with a
pH of 2.61, during the course of 4 weeks it decrea-
sed to a pH of 2.43, and it was finally observed at 8
weeks an increment of the pH to 2.77. In the two sto-
rage studies made with Jamaica flower wine, the ph
values coincide within the level recommended by
Jackson (2011); Reeves (2010), who described that
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the pH lower than 3.5 are favorable for the main-
tenance of the shelf life since the antiseptic power
and antioxidant capacity of the sulphured increase,
providing wines with a fresh flavor, reducing brow-
ning; causing coloring intensity and enriching the
tone; thus, minimizing the concentration of the ea-
siest oxidizable phenolic form of polyphenols.

3.3 Titratable acidity analysis

As shown in Figures 3 and 4, the storing effect Ja-
maican flower wine under two temperature condi-
tions over 14 days was not significant (P>0.05) with
respect to titratable acidity in relation to citric acid
and tartaric acid.

78 H Refrigeracion
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Figure 3. Titratable acidity behavior with respect to citric acid

in wines stored under two temperature conditions for 14 days.

N = 24 standard deviation. Different letters among the means

indicate significant differences according to Tukey test at P <
0,05.

The wines stored under two temperature condi-
tions during the course of 14 days did not present
significant differences with respect to the quantities
of citric acid and tartaric acid. The samples initia-
ted the refrigeration storage process with a titrata-
ble acidity of 7,46 g/L of citric acid and 8,74 g/L
of tartaric acid, and concluded at 14 days with an
acidity of 7,62 g/L of citric acid and 8,94 g /L of tar-
taric acid. In the case of samples subjected to envi-
ronmental conditions, they started the storage with
an acidity of 7,46 g/L of citric acid and 8,74 g/L of
tartaric acid, and finished at 14 days with an aci-
dity of 7,56 g/L of citric acid and 8,86 g/L of tar-
taric acid. Similarly, Mounigan and Badrie (2007),
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in their study did not report significant differences
with respect to titratable acidity in relation to citric
acid during the period of 8 weeks of storage, since
the samples began with a acidity 4,2 g/L of citric
acid, and concluded at 8 weeks with an acidity of
4,8 g/L of citric acid. According to Jackson (2011),
the shelf life of all wines is reinforced by a desirable
acid content and a low pH level, since the oxidation
of phenolic compounds is favored at a low acidity
level and the presence of the most easily oxidized
state of phenolate also has a great influence on the
degradation of fruit esters. When the acidity of the
wine is undesirably low, it can be adjusted upward
by adding tartaric acid or citric acid, since they are
natural constituents of the fruits, but mainly becau-
se these acids are not metabolized adequately by
most bacteria, thus reducing the likelihood of mi-
crobial deterioration.

7,8 M Refrigeracién
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Figure 4. Performance of titratable acidity with respect to tar-

taric acid in wines stored under two temperature conditions for

14 days. N = 2+ standard deviation. Different letters among

the means indicate significant differences according to Tukey
test at P < 0,05.

3.4 Turbidity analysis

As shown in Figure 5, the storing effect of Jamai-
can flower wine under two temperature conditions
over 14 days caused a significant (P<0.05) compared
to turbidity. It can be observed that the wine sam-
ples started the storage with a turbidity of 61,45+
0,3 NTU. In the case of samples that were subjec-
ted to environmental temperature at 21°C, turbi-
dity decreased markedly towards day 7, reaching
47,62+0,2 NTU and reducing up to 39,88 %, on day

110

14 was reported 36,9440,3 NTU. In the case of sam-
ples that were subjected to refrigeration tempera-
ture at 6°C, the turbidity decreased compared to
the wines stored in environmental conditions, sin-
ce by day 7 they reached 41,67+ 0,6 NTU; and re-
ducing up to 44,62%, until day 14 in which was
reported 34,03 £0,7 NTU. The wine samples sub-
jected to refrigeration conditions presented a better
response to the reduction in turbidity values over
14 days of storage, this is according to Blouin and
Peynaud (2003), who described that the clarifying
effect, whether by decanting or by flocculation, is
more intense when it occurs at low temperatures or
at refrigeration temperatures. However, during sto-
rage at rest, wines despite having been clarified in a
previous decantation process, continued settling in
the bottles. Turbidity is usually due to the presen-
ce of flavonols, tannins and fine crystals of querce-
tin and ellagic acid (Jackson, 2011), which are im-
portant polyphenols in wine that continue decan-
ting with time; for this reason, samples subjected to
two storage conditions had a noticeable decrease in
turbidity, which is sensory favorable for wines since
they acquire properties of transparency and limpi-
dity (Blouin and Peynaud, 2003; Mijares and Saez,
2007).

0 = Ambiente

Refrigeracion
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|4167c
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Tiempo (dias)

61453 ¢ 45,
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Figure 5. Turbidity behavior (NTU) in wines stored under two

temperature conditions for 14 days. N = 2+ standard deviation.

Different letters among the means indicate significant differen-
ces according to Tukey test at P < 0,05.

Turbidez (NTU)

3.5 Color analysis

In Figure 6, the means of absorbance measurements
obtained by spectrophotometry are observed th-
rough the scanning of the electromagnetic spectrum
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(380 to 780 nm) of each of the wine samples subjec-
ted to different storage conditions. It was verified
that all samples had the highest absorbance value
between 500 and 520 nm, located in the red region.
Marifio et al. (2017), in the study of color in Mul-
berry wine of Castile (Rubus Glaucus Benth) reports
a similar behavior of the absorbance, positioning

2,500

2,000

Absorbancia
-
o
(=]
(=]

=
(=
(=4
(=)

0,500

0,000

380 430 480 530

itself in a range between 515 and 520 nm. According
to Jackson (2011); Reeves (2010), the results of both
studies show similarities since the Jamaican flower
and the Castile mulberry are raw materials rich in
anthocyanins and other phenolic compounds that
are the responsible for the red pigmentation in wi-
nes.

——Dia0

--------- Dia 7 Ambiente
——Dia 14 Ambiente
——Dia 7 Refrigeracion

- --Dia 14 Refrigeracion

580

630
Longitud de onda (nm)

680 730 780

Figure 6. Absorbance behavior of wines stored under two temperature conditions for 14 days.

Gloriess method allowed to determine the co-
lor intensity (IC), the tone (T), the yellow percen-
tage, the red percentage and the blue percentage in
the wine samples subjected to two different stora-
ge conditions. The coloring intensity is a chroma-
tic characteristic related to the luminosity. In Figure
7 can be observed that the effect of storing the Ja-
maican flower wine under two temperature condi-
tions over 14 days is significant (p<0.05) compared
to the coloring intensity. The wine subjected to sto-
rage conditions in refrigeration for 7 days presented
the highest value of 3,5+0,005 IC, suffering a slight
decrease in day 14 to 3,01 0,001 IC. In the case of
wine subjected to environmental storage conditions
on day 7, it presented a low value of 3,21 +0,005 CI,
finally decreasing to 14 to 2,84 40,009 IC.

According to Jackson (2011), low temperatures
or refrigeration temperatures avoid the develop-
ment of Maillard reactions that can generate com-
pounds that affect the luminosity of wine; on the
other hand, these slow the oxidation of phenolic fla-
vonoids compounds, especially catechins in quino-
nes that can modify the chromatic properties, gene-
rating pigments of brownish colors and providing
opacity to the wine. It is for this reason that the wi-
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nes stored at refrigeration temperatures have higher
values of color intensity, compared to the samples
stored at room temperature.

4 m Ambiente
Refrigeracion

313¢c  3,13¢c 321b

| | 2B4E

Tiempo (dlas)

3,01d

d
(3]

Intensidad Colorante (grados)
i

Figure 7. Behavior of the coloring intensity in wines stored un-

der two temperature conditions during 14 days. N = 2+ stan-

dard deviation. Different letters among the means indicate sig-
nificant differences according to Tukey test at P < 0,05.

The hue or tone (T) is the quality factor of the

color and corresponds to the dominant wavelength
(yellow, red, blue) that characterizes the tonality of
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the wine (Garcia Barcel6, 1990) and expresses the
qualitative variation of the color in the sample (Ifii-
guez et al., 1995). Figure 8 shows that the storing
effect of Jamaican flower wine under two tempera-
ture conditions over 14 days is significant (p<0.05)
with respect to tonality. Wine samples started the
storage process with a tonality of 0,46 4 0,004. Sam-
ples subjected to refrigeration storage conditions
suffered slight variations in tone, culminating in
day 14 with a value of 0,47 +0,001. Samples sub-
jected to environmental storage conditions showed
a more significant variation, being day 7 the highest
with a value of 0,52 £0,002 for T, this superior value
of the tone is closely related to the elevated percen-
tage of red, which can be observed in Figure 9 for
this sample.

70 66,66

4 B Ambiente
3 5 d . .z
3,5 - Refrigeracién
313¢  3,13¢ 2 3.01 b
3 2,84d .
= 25
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Figure 8. Tonal behavior in wines stored under two temperatu-

re conditions for 14 days. N = 2+ standard deviation. Different

letters among the means indicate significant differences accor-
ding to Tukey test at P < 0,05.
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Figure 9. Behavior of the quantity of pigments in the wines stored under two temperature conditions for 14 days.

The polyphenolic components are the main
substances that absorb the radiation in wines, and
therefore are responsible for the colors they re-
flect (Iniguez et al., 1995). In Figure 9, the dif-
ferent percentages of yellow, red and blue pig-
ments present in the wine samples subjected to
two storage conditions can be identified. All wi-
nes agree with a high percentage of red co-
lor of about 65%, according to Da-Costa Rocha
et al. (2014), the Jamaican flower is rich in ant-
hocyanins mainly in Delphinidin-3-Sambubiosido,
Delphinidin-3-glucoside and Cyanidin-3-glucoside,

which correspond to flavylium cations, and a pH
value between 1 and 3 is the responsible for reflec-
ting the red color. In Figure 9 it is also possible to ob-
serve that all the wines under study have a content
of about 30 % of yellow, in agreement to the descri-
bed by Galicia Flores et al. (2008), who report that
the Jamaica flower is rich in phenolic compounds
such as quercetin, quercetin-3-glucoside, quercetin-
3-rutinosa and kaempferol, and according to Jack-
son (2011), these are responsible for presenting the
yellow color. Likewise, it is observed, that all the
samples have about 4% of blue which is a lot lo-
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wer than the previous colors. According to Yang
et al. (2011), certain anthocyanins of the quinonoi-
des group present in the Jamaican flower are res-
ponsible for reflecting the blue color.

The significant variations (p<0.05) with respect to
the percentages of yellow, red and blue colors in wi-
ne samples subjected to different storage conditions
for 14 days is according to the described by Jackson
(2011) who in his study of color in wines said that
color changes during storing conditions are consi-
dered normal and expected, and do not contribute
to reducing the life of the product. Reeves (2010),
describes that during the storage the glycosylated
complexes formed by the anthocyanins can break,
being sensitive to the oxidation that generates a de-
gradation of the color, and that many other bioche-
mical reactions succeeded during this stage genera-
te a variety of pigments that give specific characte-
ristics to each wine.

3.6 Analysis of the polyphenol content

3.6.1 Polyphenol content during the winemaking
and decanting process of the Jamaican flower

Figure 10 shows the significant evolution of the
polyphenol content from the raw material to the
clarification of the wine. Polyphenol content in the
fresh chalices of Jamaican flower was 204,02 = 0,4
mg equ. gallic acid/100 g, with a similar value to
those reported by Zhen et al. (2016); Sindi et al.
(2014) of 189,8 mg equ. gallic acid/100 g and 216,7

250

204,02 a
200

150

Cn (mg eq acido galico/100 mL muestra)

100 7913 ¢
50 I
0
Cilices frescos Mosto inicial

mg equ. gallic acid/100 g, respectively. The dif-
ferences in these values are due to the extraction
method used by Zhen et al. (2016) and Sindi et al.
(2014) who used methanol/water extractor solu-
tions 70% v/V, in addition to the Jamaican flower
variety used in each study and its maturation de-
gree. The corrected initial wine wort showed a va-
lue lower than the polyphenols content of the fresh
chalices of 79,13 3,9 mg equ. gallic acid/100 ML
sample, this is due to the 70 % of water content that
the wort has.

After the winemaking process, the quantity of
polyphenols obtained in the wine is significantly
higher than the initial must giving a value of
144,14+ 1,5 mg equ. gallic acid /100 mL per sample.
This noticeable increase in phenolic content after
the winemaking is consistent with the study of the
phenolic composition of grapes and wine (Flanzy,
2003). Additionaly, during the fermentation other
phenolic compounds are generated, resulting from
the evolution of the native polyphenols of the raw
material used for the elaboration of wine (Pérez Ji-
ménez et al., 2010; Hidalgo T., 2011). Once the clari-
fied wine was obtained, a value of 139,32 £1,6 mg
equ. gallic acid /100 mL per sample was presented,
without showing significant difference compared to
the wine before decantation; this dismissal of polyp-
henols content is normal according to the descri-
bed by Blouin and Peynaud (2003), because during
the decanting process, the tannins eliminated du-
ring the clarification are scarce but are variable in
concentrations from 50 to 300 mg/L.

144,14 b 139,32 b

Vino previo al decantado Vino clarificado

Figure 10. Polyphenols content behavior from the raw material to winemaking processes and decantation. N = 2+ standard
deviation. Different letters among the means indicate significant differences according to Tukey test at P < 0,05.
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3.6.2 Study of the stability of the polyphenols con-
tent during the storing process of Jamaican flo-
wer wine

On day 0 the total polyphenols content was 139,32+
1,6 mg equ. gallic acid /100 ML (Figure 11) and sho-
wed no significant differences with respect to the
values obtained during the course of the 14 days
of study under two temperature conditions; there-
fore, it is observed that the quantity of phenolic
compounds present in the samples of wine, remai-
ned stable despite the course of time and storage
temperatures. Studies have stated that the Jamaican
flower has an important phenolic content, among
which are mainly identified flavonoids and anthoc-
yanins, responsible for the color red of wine (Ca-
mussoni and Carnevali, 2004; Da-Costa Rocha et al.,
2014; Chen et al., 2013; Zhen et al., 2016).

In spite of the fact that there is no significant
difference between the two temperatures and the
storage time, in Figure 11 it is observed that the
samples subjected to refrigeration temperatures ha-
ve a slightly lower phenolic content compared to
the samples at environmental temperature, which
explains that the wine during storage is constantly
decanting and the cooling temperature favors the
sedimentation of big polymerized tannins molecu-
les (Blouin and Peynaud, 2003; Jackson, 2011).
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Figure 11. Behavior of polyphenols content in wines stored un-
der two temperature conditions for 14 days. N = 2+ standard
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3.7 Analysis of the antioxidant capacity

3.7.1 Antioxidant capacity during the winemaking
and decanting processes of the Jamaican flo-
wer wine

Figure 12 indicates the significant differences in the
antioxidant capacity during the winemaking pro-
cess, in the extracts of the fresh chalices of Jamai-
can flower the antioxidant capacity was 13,74 +0,1
Equiv mM Trolox/100 g per sample, similar value
to the reported by Zhen et al. (2016) of 15,25 Equiv
MM Trolox/100 g, and superior to the reported by
Sdyago Ayerdi and Goni (2010) of 9,08 Equiv MM
Trolox/100 g. The difference between these values
may be due to the extraction method, since the an-
tioxidant activity is dependent on the concentration
of the extract, and the best responses obtained de-
pend on the solvents applied (Kuskoski et al., 2005).

16

g 13,74 a
=
]
=
Ep
E 9,67 b
g 10
o 82lc
H
2
[
Z 6
= 4,56d
£ 4
=
[7)
i I
Z 2
o
d
0

Célices frescos Mosto inicial Vino previo al decantado Vino clarificado

Figure 12. Behavior of the antioxidant capacity from the raw

material to the winemaking and decantation processes. N = 2+

standard deviation. Different letters among the means indicate
significant differences according to Tukey test at P < 0,05.

It is observed in the must that there was a de-
crease in the antioxidant capacity presenting values
of 4,56 +£0,1 Equiv mM Trolox/100 ML per sam-
ple. In the comparison study of antioxidant activity
in red and white wines was determined that the-
re is a direct correlation between total polyphenols
and antioxidant activity (Vinson and Hontz, 1995),
reason for which it is explained that the initial must
containing a quantity of total low polyphenols al-
so had a low antioxidant capacity (Figure 12), sin-
ce there is a linear relationship between the total
polyphenols and the value of the ability to captu-
re free radicals or antioxidant activity (Avalos Llano
et al., 2003).
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In the winemaking stage, the antioxidant capa-
city increases to 9,67+ 0,2 Equiv mM Trolox/100
mL per sample; this noticeable increase in the an-
tioxidant activity is related to the increase of phe-
nolic content after the fermentation (Flanzy, 2003;
Hidalgo T., 2011). Finally, the antioxidant activity
in the clarified wine was 8,21 £0,2 Equiv mM Tro-
lox/100 mL per sample. This decrease in the anti-
oxidant activity is normal because during the de-
cantation, tannins and other polymerized polyphe-
nols are lost (Blouin and Peynaud, 2003).

3.7.2 Stability study of the antioxidant capacity du-
ring the storing process of the Jamaican flower
wine

The antioxidant capacity of the Jamaican flower wi-
ne does not present significant differences between
the samples and the time; however, the samples
subjected to refrigeration have a slightly lower anti-
oxidant capacity compared to the samples subjected
to environmental temperature (Figure 13), which is
explained because the sedimentation of the tannins
happens faster at refrigerated temperatures (Blouin
and Peynaud, 2003).
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Figure 13. Behavior of the antioxidant capacity of the wines

stored under two temperature conditions for 14 days. N = 2+

standard deviation. Different letters among the means indicate
significant differences according to Tukey test at P < 0,05.

Likewise, in the statistical analysis carried out
for the determination of the inhibition percentage
of the radical ABTS (Figure 14), the differences bet-
ween the storage temperatures were evident, reason
for which the samples subjected to refrigeration had
an inhibition percentage slightly lower compared to

samples submitted at room temperature, explaining
that the inhibition percentage is closely related to
the decrease in the antioxidant capacity in the sam-
ples. The inhibition percentage of antioxidants con-
tained in the Jamaican flower wines showed similar
values to the grape wines of the evaluation study of
the antioxidant activity subjected to different times
of aging, in which were reported average values of
2,44 Equiv MM Trolox /100 ML and a inhibition per-
centage of 10,59 % for Oporto wine; 45,04 % for Bar-
bera Malbec wine; 15,93 Equiv MM Trolox/100 ML
and a inhibition percentage of 77,71 % for Cabernet
Sauvignon wine; 16,45 Equiv MM Trolox/100 ML
and a inhibition percentage of 80,28 % for Merlot wi-
ne (Mufoz Jauregui et al., 2007). According to the-
se comparisons, it can be determined that Jamaica
flower wines subjected to the stability study during
storage under two temperature conditions have an
antioxidant capacity and an inhibition percentage of
Intermediate free radicals compared to grape wines.
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Figure 14. Inhibition percentage behavior of the ABTS of wi-
nes stored under two temperature conditions for 14 days. N =
2+ standard deviation. Different letters among the means indi-
cate significant differences according to Tukey test at P < 0,05.
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4 Conclusions

The amount of soluble solids, pH and titratable aci-
dity for citric acid and tartaric acid of wine, remai-
ned stable both in the refrigeration condition as in
the environmental condition during 14 days of sto-
rage thanks to the adequate sulphured that all the
wine samples received, eliminating the presence of
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microorganisms, maintaining its sweetness and fa-
voring the oxidation of phenolic compounds and
the presence of the most easily oxidized state of the
phenolate.

With regards to the turbidity analysis, significant
differences were found between the two storage
conditions, being the wine samples subjected to
refrigeration for 14 days the ones that showed a
higher decanting speed than the samples subjec-
ted to the environment conditions. With regards
to the spectrophotometric sweep, it is concluded
that all samples subjected to two storage condi-
tions for 14 days presented their highest absorban-
ce levels in a range between 515 and 520 nm re-
presentative of the pigments that reflect the red co-
lor, which correspond to a high concentration of
anthocyanins. Glories” method allowed to identify
a significant difference between the samples sub-
jected to refrigeration, which had higher values of
color intensity and tone than the samples submit-
ted to the environment for 14 days, since at the re-
frigeration temperature prevents the development
of Maillard reactions that can generate compounds
that affect the luminosity of the wine and slows
the oxidation of phenolic compounds such as fla-
vonoids that can modify their chromatic characte-
ristics. On the other hand, all wine samples agree
with a high percentage of red color of about 65%
that confirm that the Jamaican flower is rich in ant-
hocyanins mainly in delphinidin-3-sambubiosido,
delphinidin-3-glucoside and cyanidin-3-glucoside,
which correspond to flavylium cations, and a pH
value between 1 and 3 are responsible for reflec-
ting the red color. In addition, all wines have a con-
siderable content of about 30% of yellow, which
is generated by polyphenols that reflect this color
such as quercetin, quercetin-3-glucoside, quercetin-
3-rutinosa and kaempferol.

The stability and antioxidant capacity of Jamaican
flower wine is higher at room temperature, decrea-
sing the likelihood of oxidation of phenolic com-
pounds present in the wine. The polyphenols con-
tent is directly and linearly related to the antioxi-
dant capacity, which is favorable for the maintenan-
ce of the useful life of the Jamaican flower wine.
According to the references consulted, the polyphe-
nol content, the antioxidant capacity and the EROS
inhibition percentage of the Jamaica flower wine is
intermediate between the values reported in the dif-
ferent types of grape wines.
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