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Abstract

Introduction. The aim of the research is to determine the usability
of the sour grape concentrate in beverages and monitoring of their
quality changes under different storage conditions.

Materials and methods. Sultani Cekirdeksiz (V. vinifera L.) sour
grapes were used as material to obtain the concentrate. Total phenolic
contents were determined according to Folin-Ciocalteu methods.
Antioxidant properties of the samples were analysed with FRAP,
CUPRAC, ABTS and DPPH methods. Contents of sugars and
individual phenolic compounds were determined by HPLC, and
contents of minerals were determined by Atomic Absorption
Spectroscopy methods.

Results and discussion. Total phenolic content, antioxidant
capacity, individual phenolic compounds and mineral amounts
increased depending on used sour grape concentrate rising ratios in
manufactured carbonated drinks (CD), sherbet (SH) and iced tea (IT)
samples. Total phenolic contents were ranged from 32.7 to 40.82 mg/L
in CD, from 27.3 to 35.0 mg/L in SH and from 357.08 to 365.64 mg/L
in IT samples. Antioxidant capacity values were between 66 and 4319
uM TE/L for ABTS method, 214 and 4893 uM TE/L for CUPRAC and
between 186 and 4319 uM TE/L for FRAP methods. IT samples had
more antioxidant capacity than SH and CD samples.

The most abundant minerals in the beverages were Na (77.41—
692.28 pg/mL), Ca (159.03-358.25 pg/mL) and Fe (8.74-22.84
pg/mL). Total sugar contents of the beverages varied from 6.29 to 10.97
2/100 mL. They ranked as CD>SH>IT according to the sugar contents.
Gallic, vanilic, and caffeic acids, (+)-catechin and (-)-epigallocatechin
gallate were determined in all beverages whereas p-coumaric, ferulic
and sinapic acids, myricetin, quercetin, (-)-epigallocatechin and (-)-
epicatechin gallate could no detected in CD and SH. The phenolic
compound contents in IT were more than in CD and SH for all
investigated compounds. The storage conditions caused to alterations
in beverage pH, acidities, TP contents and DPPH inhibitions.

Conclusions. Minerals, total phenolic contents, antioxidant
capacities and individual phenolic compounds in the beverages
increased depending on used sour grape concentrate rising ratios. Gallic
acid was the most abundant phenolic acid in the beverages and (-)-
epicatechin for IT samples was the most abundant flavonol. The
beverages pH, acidity, total phenolic content and DPPH inhibition can
change depending on storage temperatures and duration.
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Introduction

Beverage sector, is a sub-sector in food industry, has an important place in the world
food production and trade (Guimaraes et al., 2012). Alcohol free, carbonated or non-
carbonated drinks are generally called as soft drinks. In recent, manufacturing of fruit drinks
and some iced drinks, various fruits and their flavors are often used according to consumer
demands for competition in sector. In addition, studies on innovative drinks and additives
have been performing by many researchers (Balaswamy et al., 2011; Gonzalez-Molina et al.,
2012; Guimaraes et al., 2012; Jori et al., 2013; Verma et al., 2014; Jooyandeh 2015). Sour
grape concentrate based beverages can also be in these innovative drink groups.

In recent years, consumer demands for beverages that contain some components
positively affecting health as well as basic nutrition have increased. Especially, beverages
having high functional properties are more preferred by consumer. Nanasombat et al. (2015)
stated that functional foods and beverages are products offering functional health benefits.
The functional beverages have a wide variety such as performance and energy beverages,
whey beverages, fruit and vegetable smoothies, ready to drinks, vitamin and ingredient
fortified drinks, and innovative fruit juices. As people’s awareness and educational level
increases, demand to functional beverages also rises. The reason for this increase is that these
beverages have minerals, vitamins and antioxidant compounds, which may help to defend
against oxidative stress and some other health problems.

Grape is rich fruit in terms of polyphenols. Polyphenols have important effect on
product quality and have antioxidant properties. Moreover, the polyphenols show
preservative effects against oxidation and microbial spoilage in foods (Singleton et al., 1978).
The phenolic compounds primarily distribute in the skin, stem, leaf and seed of grape, rather
than pulp (Pastrana-Bonillaet al., 2003; Makris et al., 2008; Xia et al, 2010).
Proanthocyanidins, anthocyanins, flavonols, flavanols, resveratrols and phenolic acids are
among the grape phenolic compounds. Flavonoids include flavan-3-ols, flavonols and
anthocyanins. The flavanoids have many biological activities such as inhibition of plasma
platelet aggregation, radical scaving activity and exhibiting antibacterial, antiviral,
antiallergenic effects (Cook et al., 1996; Yang et al., 2009). The phenolic compounds are
also in the sour grape such as ripened grape, but their amounts vary depending on maturity,
variety, soil and environmental conditions (Sabir et al., 2010).

Sour grapes have been used to produce verjuice and fresh beverages as traditional in
Turkey and other viticulture countries for a long time. Although they have high potential for
beverages production, there is very limited knowledge about their usability in nonalcoholic
beverages. In addition, using of the sour grapes in the beverages are almost nonexistent and
it has been no encountered their using in carbonated and iced tea beverages up to now.

Besides, no study could be found regarding physiochemical properties, antioxidant
activities, phenolic profiles, sugars and minerals in the sour grape based beverages and their
quality alterations during storage. Monitoring of changes on quality during the storage period
in each developed product is very important in terms of both shelf life and nutrient loss since
storage time and temperature can be effect on food and beverage quality.

This study investigates possibility to use of the sour grapes in preparation of
nonalcoholic beverages; physicochemical properties, content of phenolic compounds, sugars,
minerals and antioxidant capacity of the new manufactured beverages; changes of some
physical and chemical parameters of during their storage.
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Materials and methods
Materials

Sultani Cekirdeksiz (V. vinifera L.) grapes were used to obtain sour grape concentrate.
The sour grapes were harvested in Manisa Viticulture Research Institute vineyards. In
addition, beverages manufacturing were performed at the same Institute pilot grape products
processing unit.

Beverage manufacturing

Sour grape concentrate (SGC) using for beverages manufacturing was firstly produced.
To produce this concentrate, sour Sultani Cekirdeksiz (V. vinifera L.) grapes were harvested
and then, stalks discarded and immediately crushed. The mash was pressed, and juice was
clarified by using pectolytic enzyme, bentonite, gelatin and kieselsol. Then, sour grape juice
was concentrated under vacuum. In the SGC production, the traditional wellknown
clarification and vacuum evaporation processes were performed. The concentrate was stored
at -18 °C until using for beverage processing. The beverages manufacturing flow diagrams
are shown in Figure 1.

The sugar syrup (50 °brix) was prepared and mixed with SGC that was added at three
different ratios for manufacturing carbonated drinks (CD). Then, these mixtures were diluted
to 10 °Brix by using carbonated water and following that filling/sealing process was carried
out. The bottles were closed with crown caps. As preservative, 250 mg/L sorbic acid and 150
mg/L benzoic acid were added. The sugar/acid (taste) balance were set as 35, 40 and 45 in
the final CD beverages, respectively.

In the manufacturing of the sherbets (SH), 10 °Brix sugar syrup and SGC were mixed
to produce beverages that were 20, 25 and 30 sugar/acid taste balance. 250-mL bottles were
filled with sherbets and closed with crown caps. Pasteurization was done at 85 °C for 15 min
at once.

The 750 g black tea (brand Caykur Kamelya) was brewed for 15 minutes, and then it
was diluted 2 times with boiled water for preparing ice tea (IT). Then, by adding sugar syrup
to the diluted brewed tea mixing, ice tea beverages that were 6, 7 and 8 °Brix were obtained.
SGC was added as equal amounts to these beverages. The taste balance in final ice tea
beverages were adjusted 30, 35 and 40, respectively. Filled and bottled samples were
pasteurized at 85 °C for 15 min at once. The beverages descriptions were indicated in Table
1.

Table 1
Beverage descriptions
Beverages | Soluble Solids, °Brix | Taste Balance, °Brix/Acidity
CD1 10.0 45.0
CD2 10.0 40.0
CD3 10.0 35.0
SH1 10.0 20.0
SH2 10.0 25.0
SH3 10.0 30.0
IT1 6.0 30.0
IT2 7.0 35.0
IT3 8.0 40.0
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Determination of the physicochemical parameters, transmittances and colors

The pH values were measured by using a pH meter (Hanna 211). The titratable acidity
was determined by titrating of 10 mL of sample with 0.1 N NaOH to pH 8.1 and expressed
as tartaric acid percent (Ough et al., 1998).

The transmittance values were calculated by using the samples absorbance that were
measured at 400 nm according to below formula. Distilled water was used as blank (Artik et
al., 1996).

logT=2-A (1)

Spectrophotometric method was used to determine colors of samples (AOCS, 1999).
Briefly, 350 ul sample was filled to micro-plate cell and absorbance was read using by
Multiskan FC Microplate Spectrophotometer (Thermo Scientific, Multiskango, Finland) at
420, 520 and 620 nm. Distilled water was used as blank. Color intensity (CI) and optic density
(OD) at 420, 520 and 620 nm were calculated according to below formulas:

CI = Ago + Aszo + Ae2o 2)
ODu2o = (A420) / CI x 100 3)
ODs20=(Asz) / CI x 100 4)
ODg20 = (As20) / CI x 100 (5)

where OD4yo represent yellowness, ODs;o redness and ODgyo blueness.

Determination of total polyphenolic content

Total polyphenolic contents (TPC) of the samples were determined according to Folin-
Ciocalteu colorimetric method (Singleton et al., 1965). At first, 100 puL of reagent solution
was added to each samples and the volume were completed to 4 mL and then 500 puL of 20%
saturated sodium carbonate (Na,COs) was added to final solution after 3 min and all of them
was shaken. Then, the samples were incubated at room temperature (24+£1) °C for 30 min. At
the end of the duration, 350 uL of samples were transferred in a 96 well of microplate and
absorbance was measured at 760 nm. 25, 50, 100, 200 and 400 mg/L of standard
concentrations were used for calibration curve. Results were expressed as Gallic acid
equivalent in L (mgGAE/L).

Antioxidant capacity

FRAP, CUPRAC and ABTS assays (Benzie et al., 1999; Re et al., 1999; Apak et al.,
2004; Callaghan et al., 013; Wern et al., 2016) were used to determine antioxidant capacity
of the beverages. In addition, DPPH assay (Brand-Williams et al., 1995) was performed to
measure radical scavenging activity of beverages during storage.

ABTSe*+ method

2,2'-azinobis-(3-ethylbenzothiazoline-6- sulfonic acid (ABTSe+) method that was
described by Re et al. (1999) was used. At first, 7 mM ABTS and 2.45 mM potassium
persulfate were mixed and incubated at room temperature 12-16 h. ABTSe+ solution was
diluted by adding ethanol till 0.700 (+ 0.02) absorbance at 734 nm. Then, diluted sample (60
ulL) was added to 940 uL. ABTSe+ reagent. The absorbance of these solution was read (t:0
and 6 min) by using spectrophotometer (Thermo scientific, Multiskango, Finland). A
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calibration graphic was used to calculate results and they was expressed as uM Trolox
equivalent (TE) in liter beverage.

FRAP method

The ferric reducing antioxidant power (FRAP) of the samples were determined
according to the protocol that described by Benzie and Strain (1999) and modified by Wern
et al. (2016). At first, 300 mM acetate buffer (3.1 g C;H3NaO,'3H,0 and 16 mL C,H40,), 10
mM TPTZ (2, 4, 6-tripyridyl-s-triazine) in 40 mM HCI, and 20 mM FeCl3'6H,O were
prepared for the FRAP reagent. Then, 25 mL acetate buffer (3.6 pH), 2.5 mL TPTZ, and 2.5
mL FeCl;'6H,O were mixed to obtain a fresh reagent. The FRAP reagent, distilled water, and
the samples were warmed to 37 °C. Then, 50 uL of sample and FRAP reagent were added to
2 mL distilled water at 37 °C, and the mixture was incubated for 4 min at the same
temperature in dark. The mixture absorbance was read by a Uv-vis spectrophotometer at 593
nm for eight min. 50-1,000 uM standard Trolox concentrations were used for the calibration
graphic, and the results were expressed as uM TE in liter beverage.

CUPRAC assay

Cupric reducing antioxidant capacity (CUPRAC) assay that was described by Apak et
al. (2004) and modified for adaptation to grape products by Callaghan et al. (2013) was
utilized. 150 pL of 1 M ammonium acetate, 7.5 mM neocuproine, and 10 mM copper (II)
chloride dehydrate were added to 150 pL samples that were diluted by 0.05 M Tris buffer
(pH 7.6). Then, they were incubated at room temperature during 30 min. After incubation,
their absorbance values were measured by using a Uv-vis spectrophotometer at 450 nm.
Blank was Tris buffer. Trolox concentration ranged 50 to 1,000 uM to obtain the calibration
graphic. The results were given as uM TE in liter drinks.

DPPH radical scavenging assay

2,2-Diphenyl-1-picrylhydrazyl (DPPH) method analysis was performed according to
Brand-Williams et al. (1995). The principle of the method is regarding the measurement of
the reduction ability of the DPPHe radical on samples. 3 ml of the 1 mM DPPHe solution was
transferred and 200, 400, 600, 800 and 1000 pul of diluted samples were added and
standardized to 4 ml solution with methanol and incubated at room conditions (24+1°C) in
dark. Methanol was used as blank solvent. Then, the absorbance was measured at 517 nm
wavelength by spectrophotometer. Percent inhibition values were calculated according to
blank absorbance as described the formula as shown below:

II‘lhibitiOIl, %Z((ADPPH-AsAMpLE)/ADppH) x100 (6)

Determination of mineral content

Atomic Absorption Spectroscopy (Perkin Elmer, Analiyst 400, USA) method was used
to determine mineral compositions of the samples (AOCS, 1999). At first, samples were kept
at 500-600 °C to obtain ash. Then, they were solved with HNO; and HCI and diluted by
distilled water to 100 mL. Potassium (K), calcium (Ca), magnesium (Mg), sodium (Na), iron
(Fe), zinc (Zn), mangane (Mn) and copper (Cu) amounts of the samples were determined and
given as pg in mL sample.
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Determination of sugars

The sugars of the beverages were found with slight modifications to the method
described by Castellari et al. (2000). At first, beverage samples were diluted distilled water
and passed through a PTFE 0.45 um syringe filter. Then, they were injected into high
performance liquid chromatography (HPLC) system (Agilent 1260) for measuring. The
detector was selected as the refractive index (RID), and the column was NH; 250 x 4.6 mm,
Sum (Inertsil). Temperature of the column was set to 30 °C and injection volume was used
as 20 pL. The elution time was 18 min, flow rate was 1.5 mL/min and flow was isocratic.
The mobile phase consisted of acetonitrile and distilled water (80:20; v: v). The sugars of the
samples were identified by comparing their retention times and spectra with those of
analytical standards. The concentration of the sugars was calculated using the calibration
curves and expressed as g in the 100 mL.

Determination of phenolic compounds

HPLC phenolic compound analysis were performed on Agilent 1260 system. The
system is equipped with a diode-array UV detector (DAD). It consists of a quart pump, a
degasser, an auto sampler and a column oven. Software program is Agilent lab advisor
chemstation. C18 ODS column (250 x 4.6 mm, 5um) was selected for the separation
(Agilent).

In the analyzing of the flavanols, isocratic elution was performed using methanol,
distilled water and formic acid (19.5:80.2:0.3) as mobile phase during 35 minutes at 280
wavelength. The column temperature was set to 40 °C and flow rate was 1 mL/min. The
beverage samples were diluted to certain ratio by mobile phase and passed through a 0.45um
PTFE syringe filter and then injected to system as 5 L.

To determine the phenolic acids and flavonols, HPLC analysis was performed with a
gradient elution with little modifications according to Porgali et al. (2012) and Natividade et
al. (2013). The column temperature was set to 30 °C and flow rate was 1 mL/min. The
injection volume and flow rate were 5 pL and 1 ml/min, respectively. The detection
wavelength was 280 nm for vanilic acid, 320 nm for p-coumaric acid, caffeic acid, ferulic
acid and sinapic acid, 360 nm for myricetin and quercetin. The mobile phases consisted of
A: formic acid and distilled water (99.8:0.2) and B: acetonitrile and formic acid (99.8:0.2).
The gradient elution was as follows: the initial elution 0% B, followed 3 min by linear
gradient from 0% to 10% B, 19 min linear gradient to 13.5% B, 4 min linear gradient to
18.5% B, 10 min elution to 30% B, 9 min elution to 40% B, 7 min gradient elution to 5% B
and 6 min isocratic elution step 5% B. Then, 2 min% 100 A was performed for returning to
initial condition.

The phenolic compounds were identified by comparing their retention times and spectra
with those of analytical standards. The concentration of phenolic compounds in the samples
was calculated using by the calibration curves and expressed as pg/mL. Chromatographic
analyses were performed in triplicate.

Storage

Manufactured CD, SH and IT beverages were stored at three different storage
temperatures (4, 20 and 24 °C) during six months. They were analysed to determine the
changing of some quality parameters initially and each two months during storage time. The
common drink storage conditions were preferred monitoring of the alterations in the
beverages.
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Statistical analysis

The variance analysis (ANOVA) was applied to the obtained results. Duncan multiple
comparison test was performed to determine the differences between the mean values
(p<0.05 significance level was used for comparisons). The statistical analysis was performed
to Granato et al. (2014).

Sensorial Analysis

A sensorial scoring test was used to determine the beverages sensorial properties (Altug
et al., 2005). All samples were evaluated in terms of color, taste and general appreciate by
seven panellists who had experiences. The samples were scored 5 (best) from to 0 (worst).

Results and discussion
Physical parameters of the beverages

The drinks physical properties such like color, clarity and appearance effect on general
appreciation and being preference. The color and transmittance values of produced beverages
were shown in Table 2.

There were no statistical differences between OD429, ODs29 and ODgyo values in CD and
SH. The abundant color characteristic was yellowness in CD. In SH beverages, the
yellowness, redness and blueness varied from 61.85 to 63.23, 25.95 to 26.74 and 10.83 to
11.4, respectively. SGC ratios caused to these color variations. The significant statistical
differences were found between IT ODa4zo, ODs20 and ODgy values (p<0.05). IT beverages
had more redness than CD and SH, and this was caused by using black tea. On the other hand,
yellowness and blueness in IT beverages were lower.

Table 2
Color and transmittance values of the beverages

Beverages | ODa2 | ODs2 | ODs20 | Transmittances
CD1 94.79 5.21 - 92.542

CD2 94.60 5.40 - 91.39%

CD3 100.00 - - 90.08°

SH1 61.85 25.95 11.41 79.17°

SH2 62.69 | 26.30 11.01 74.34>

SH3 63.23 26.74 10.83 66.86°

IT1 22.37* | 67.91° | 9.72¢ 0.80

1T2 22.15" | 68.95* | 8.90P 0.77

IT3 22.48* | 67.94* | 9.58° 0.70

* The values indicating with different letters are statistically
different for each beverage group in the each column (p<0.05).

The transmittance percentages were calculated by measuring absorbance at 410 nm for
determination of the beverage clarity. In CD and SH, the significant statistical differences
were observed in terms of transmittance percentages. The best clarity values were in CD
samples. The SH transmittance values were lower than CD. The used concentrate adding
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amounts affected the beverage clarity. The using of black tea and concentrate caused the
increase of turbidity in IT samples. For this reason, the lower clarity values were found in
them. The used ingredients in the production process affected the color and clarity of the
beverages.

Minerals in the beverages

Table 3 shows the mineral composition of the beverages. Four major (K, Mg, Ca, Na)
and minor (Fe, Zn, Mn, Cu) mineral are investigated. The significant statistical differences
were found for K, Ca, Mg and Na contents in CD samples and for K, Mg, Na, Zn and Cu
contents in SH samples (p<0.05), but there were no differences in the other minerals. The K
contents in the beverages varied between 2.59 and 45.25 pug/mL. IT samples had more K
content than CD and SH. The K is one of the most important mineral for human health and
World Health Organization suggests 3510 mg K intake of at least daily for adult (WHO,
2021). So, the sour grape based beverages, especially IT, can be considered as K source in
daily diet. The Ca contents ranged from 159.03 to 358.25 pug/mL in these beverages and it
was higher than in others. This difference was due to the using of different water sources.
The same water source was used for SH and IT, but the CD was made using carbonated water
from a local factory.

Table 3
Mineral compositions of the beverages (ng/mL)

Beverages K Ca Mg Na Fe Zn | Mn | Cu
CD1 2.59° | 297.28Y | 41.65° | 77.41° | 10.26 | 1.39 | 3.09 | 2.96
CD2 3.98° | 349.50° | 55.73° | 86.74° | 8.74 | 1.18 | 3.87 | 2.78
CD3 7.59* | 358.25* | 64.12* | 120.80* | 16.69 | 1.58 | 2.07 | 547
SH1 13.90* | 178.33 | 34.16* | 465.13* | 19.61 | 3.01* | 2.02 | 3.40"
SH2 10.45° | 163.50 | 30.45® | 246.95" | 18.43 | 1.67° | 1.84 | 1.76
SH3 6.87° | 177.63 | 26.55" | 199.38" | 22.84 | 2.12° | 1.75 | 1.73"
IT1 45.25 | 159.03 16.63 | 692.28 | 10.15 | 1.59 | 4.77 | 0.93
IT2 33.82 | 190.58 19.73 481.7 8.74 | 2.69 | 349 | 1.18
IT3 36.31 | 173.95 17.52 | 428.78 | 14.5 | 2.05 | 453 | 0.93

* The values indicating with different letters are statistically different for each
beverage group in the each column (p<0.05).

The Mg contents of CD samples were higher than in other beverages. The Mg contents
increased depending on SGC adding ratios. There was lower Mg amount in IT beverages
because of this. Na contents varied from 77.41 to 692.28 pg/mL. SH and IT samples had more
Na than CD beverages, and this may have caused from d used dilution water. Fe contents
ranged from 8.74 to 22.84 ug/mL in beverages and it was the most abundant mineral in the
micro minerals. The Mn, Zn and Cu contents were lower than other minerals in the beverages.
Their contents changed 1.755-4.77, 1.18-3.01 and 0.93-3.40 pg/mL, respectively. In the
beverage formulation, the ingredient choosing is an important that it affected the mineral
composition. In a previous study, Silva et al. (2019) studied to determine macro and
micronutrient elements contents from soft drinks. While our K results are similar with their
findings, the other mineral findings are little higher. The beverages mineral contents extremely
depend on used the base plant material in production process. In addition, manufacturing
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process stages, packaging or bottling and using additives have less extent on the mineral
concentration (Silva et al.; 2019). These differences may be caused by using of different raw
materials.

Total phenolic contents and antioxidant properties of the beverages

TP and antioxidant capacities of the CD and SH beverages are shown in Figure 2 and 3,
respectively. The significant statistical differences were determined in terms of TP (p<0.05) in
CD and SH beverages, but no observed in IT (p>0.05). TP content in IT was approximately
tenfold higher than in CD and SH due to using of black tea in formulation. The TP amounts
were lower than in previous literature (Lugasi et al., 2003; Brenna et al., 2009; Wu et al., 2011).

Antioxidant capacities of the CD and SH samples increased depending on the used
concentrate amounts in all 3 methods. However, these results no changed in the IT samples
because of used the same concentrate ratios. The CD antioxidant capacities ranged from 186
to 228 uM TE/L, 124 to 155 uM TE/L and 66 to 77 uM TE/L for FRAP, CUPRAC and ABTS
assays, respectively. Brenna et al. (2009) studied on antioxidant capacity of some caramel-
containing soft drinks and they reported FRAP assay had lower sensitivity than DPPH assay
in cola drinks. The FRAP, CUPRAC and ABTS assays had the similar sensitivity according to
our findings in CD beverages. On the other hand, many researchers (Nikfardjam, 2008; Piva et
al., 2008; Golliicke et al., 2009; Hayoglu et al., 2009; Onciil et al., 2015; Turkmen et al., 2017;
Guler et al., 2018) have expressed that grape and sour grape juice or concentrate had high
antioxidant activity. For this reason, the using of SGC increased the phenolic content and
antioxidant capacity of CD samples. The SH samples antioxidant capacities varied between
213 and 298 uM TE/L, 149 and 214 uM TE/L and 94 and 138 uM TE/L for FRAP, CUPRAC
and ABTS assays, respectively. These values changed depending on SGC in formulation.
Moreover, it can be expressed there are a strong correlation between antioxidant capacity and
SGC ratio.

300 a
300 b
'Q
a
— a C
b b —
200 b 200 o
. \e
ch M
B
5
100 % 100
=
8
abb § :ﬁ:
§ 8
0 kil = . 0
o (%)) Q o Q o
~ =
b & & g
< o ' o o
o) o)
O O
mCD1 @CD2 oCD3 ®mSH1 @SH2 OSH3
Figure 2. Figure 3.
TP and antioxidant capacities in CDs TP and antioxidant capacities in SHs
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Antioxidant capacities of the IT samples ranged from 3868 to 4319 uM TE/L, 4436 to
4893 uM TE/L and 2620 to 2800 uM TE/L for FRAP, CUPRAC and ABTS assays,
respectively. There was no observed significant statistical differences among samples
because of using the same SGC ratios in IT formulation. In IT production, only the sugar
ratios were changed. Pekal et al. (2011) studied on antioxidant properties of fruit, flavoured
black teas, and expressed that flavoured teas had higher antioxidant properties than fruit teas
for DPPH assay and aromatized teas exhibit the highest antioxidant properties in CUPRAC
assay. These findings support our results and study.

Sugar compositions of the beverages

Sugar is an important food component. It is naturally found in many foods, and used
widely in industry (Zaitoun et al., 2018). It primary provides sweetness and energy in food
products, and has a very important role in formation the texture and color, as well as in
fermentation and preservation (Rosa et al., 2009). The sugar compositions of beverages are
presented in Figure 4.

12

10 | B8

g/100 mL
|

CD1 CD2 CD3 SH1 SH2 SH3 IT1 IT2 IT3
m Fructose Glucose ©1Sucrose

Figure 4. Sugar compositions of the beverages

The total sugar contents of CD, SH and IT beverages varied from 10.42 to 10.97, 9.20
to 10.00 and 6.29 to 7.69 g/100 mL, and the glucose-fructose ratios were ranged between
1.47 and 1.52, 1.53 and 1.54 and 1.37 and 1.55 in the CD, SH and IT, respectively. According
to the ratios, the content of glucose is higher than fructose in the beverages, it can be thought
that this is caused by both used of sour grape concentrate and sucrose inversion to have being
during the preparation of syrup. Sabir et al. (2010) announced that grape has higher content
of glucose than fructose in unripe stage. Sugar content of samples were set according to
beverage group and market products. It has been tried to use the low sugar amount in the
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produced beverages since the increase of consuming sugar leads to several diseases. The
sugar content was kept constant to reach the target taste balance in CD and SH beverages,
but they were changed in IT samples because of SGC ratios constant. In this study, it was
used unripe sour grapes to obtain the concentrate that was added to provide flavour and acid
to the beverages. Our findings compatible with the previous literature.

Individual phenolic compounds in the beverages

The phenolic acid, flavanol and flavonol compounds were determined in SGC based
beverages and their results were shown in Table 4.

Table 4
Phenolic compounds in the beverages (ug/mL)

Compounds CD1 | CD2 | CD3 | SH1 | SH2 | SH3 | IT1 1T2 IT3
Gallic acid 1.15¢ | 1.80° | 2.52% | 0.66 | 0.22 | 0.17 | 76.40 | 77.13 | 76.10
Vanilic acid 0.30° | 0.34° | 0.45* | 0.34* | 0.32* | 0.25" | 1.63" 1.34> | 1.64°
Caffeic acid 0.15° | 0.16" | 0.22% | 0.45* | 0.26" | 0.24° | 2.09* | 2.04*> | 2.06%
p-Coumaric acid nd. nd. nd. nd. nd. nd. 0.64 0.69 0.66
Ferulic acid nd. nd. nd. nd. nd. nd. 2.60° | 2.20° | 2.42%®
Sinapic acid nd. nd. nd. nd. nd. nd. 5.74° | 5.93* | 5.84°
Myricetin nd. nd. nd. nd. nd. nd. 1.95 1.86 1.89
Quarcetin nd. nd. nd. nd. nd. nd. 1.31° 1.55% 1.46%
()-Epigallo- nd. | nd. | nd | nd | nd | 6.80°| 5557 | 52.49° | 5591
catechin
(+)-Catechin 1.15° | 1.46* | 1.39% | 0.82* | 0.66" | 0.47° | 32.28 | 31.39 | 32.30
(-)-Epigallo- 0.76> | 0.90* | 1.01° | 1.90° | 1.51° | 1.48 | 30.98% | 31.25% | 29.46b
catechin- gallate
(-)-Epicatechin nd. nd. nd. 3.79 | nd nd. 75.14% | 86.14* | 74.01°
O)-Epicatechin- ;- 1y | g | nd. | nd | nd | 16430 | 16950 | 11.05°
gallate

*The values indicating with different letters are statistically different for each beverage group in

the each row (p<0.05).

**nd.: not detected

The gallic, vanilic and caffeic acids, (+)-catechin and (-)-epigallocatechin gallate were
determined all beverages, but p-coumaric, ferulic and sinapic acids, myricetin, quercetin, (-
)-epigallocatechin and (-)-epicatechin gallate could no detected in the CD and SH beverages.
In addition, (-)-epicatechin was only found SH1 and IT beverage samples. The phenolic
compound quantities in IT samples were more than CD and SH beverages owing to using of
black tea in the formulation. The most abundant phenolic acid was gallic acid that varied
from 1.15 to 25.52, 0.17 to 0.66 and 76.1 to 77.13 pg/mL in the CD, SH and IT beverages,
respectively. Nikfardjam (2008) reported that Iran sour grape juice had between 36.6 and
70.6 mg/L gallic acid. According to another study results, gallic acid content ranged from
1.05to 1.85 mg/100 g DW during sour grape juice processing (Guler et al., 2018). The current
study gallic acid findings in CD and SH beverages are lower than the previous literatures
because of limited use of SGC in the formulation. On the other hand, the gallic acid content
of black tea watery extract was determined as 0.216 mg/100 mL by Agca et al. (2020).
Cabrera et al. (2003) expressed that black tea samples included between 2.5 and 4.5 mg/g
gallic acid. In another study, it was presented that in Turkish black tea gallic acid contents
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were between 2.38 and 2.58 mg/g (Atalay et al., 2017). Furthermore, the fermentation and
infusion conditions in tea production effect the phenolic compound contents such like gallic
acid ((Fernandez et al., 2002; Zuo et al., 2002; Cabrera et al., 2003; Atalay et al., 2017). In
addition, the preferred tea and fruit concentrate ratios in the formulation, dilution of infused
tea and processing conditions can effect on phenolic content of the beverages. Especially, the
infusion and dilution of the tea for iced tea manufacturing are one of the important processing
stages.

In IT beverages, the primarily flavonol was (-)-epicatechin with 74.01-86.14 pg/mL.
The (-)-epigallocatechin, (+)-catechin, (-)-epigallocatechin gallate and (-)-epicatechin gallate
followed to (-)-epicatechin in terms of quantity, respectively. The tea and SGC in the
formulation increased the flavonols in IT beverages as expected. It is already known tea,
grape and their derivative products are among the richest products in terms of polyphenols
(Fernandez et al., 2002; Zuo et al., 2002; Cabrera et al., 2003; Nikfardjam, 2008; Sabir et al.,
2010; Atalay et al., 2017; Turkmen et al., 2017; Guler et al., 2018; Guler et al., 2019; Agca
et al., 2020).

(-)-Epigallocatechin gallate has higher antioxidant capacity than other catechins and is
an important substance for human health and it has beneficial properties to prevent metabolic
syndrome (Rice-Evans, 1999; Legeay et al., 2015). The presence of the (-)-epigallocatechin
gallate in all produced beverages, less CD and SH, is one of the most important findings of
this study.

Sensory properties of the beverages
The sensorial scoring results are shown in the Figure 5.

sH2 L /) / - CcD3
SH1< %
—e—Color - -4- Taste ---m---General appreciation

Figure 5. Sensorial scoring test results of the beverages:
CD: Carbonated drinks, SH: Sherbets, IT: Iced tea drinks
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Each sample was evaluated within itself beverage group. As CD beverages were
evaluated, it is observed that CD1 for color and taste and CD2 for general appreciation had
the highest score. In the CD samples, the varying taste balance ratios from 45 to 35 caused
to reducing of the sensorial color and taste scores. As similar, the highest color, taste and
general appreciation scores were observed in SH3 that had higher taste balance than others
among the sherbets. The increasing SGC ratios and carbon dioxide in the CD were created
an unpleasant mouth feeling together. As result, it can be stated the best taste balance ratios
in terms of sensorial quality are 40-45 for CD and 30-35 for SH beverages. At the same time,
it can be considered being effective of formulation, carbon dioxide using and preservation
technique also. In the IT beverage formulations, sour grape concentrate ratios were kept as
constant, but sugar contents were changed. The taste and general appreciation scores raised
correspondingly, but color scores declined. It is found that the most acceptable taste balance
is 35 for sensorial quality in the IT beverage formulation. However, the using of flavour and
acidify compounds can cause the changing of that ratio.

Effects of storage on beverages qualities
The formulated beverages were stored for monitoring of pH, acidity, TP and DPPH

inhibitions during six months and the changes were observed in every two months.
The changes of beverage pH values are shown in Figure 6.

3.9
3.6
3.3 M B ]
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24

4°C  20°C 24°C | 4°C 20°C 24°C | 4°C 20°C 24°C
0 2th month 4th month 6th month

Storage time

uCD #SH olT

Figure 6. pH changes of the beverages during storage
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The significant statistical differences were observed in the pH values, and SGC ratio and
storage temperature together were important as statistically (p<0.05). The pH values
decreased by 10.99-11.67% in CD, by 11.99-15.02% in SH, and by 12.46-17.17% in IT
beverages to the end of the storage at 24°C. The decreasing of the pH values were 9.95-
15.83% in CD, 10.62-13.21% in SH, and 17.26-18.06% in IT samples stored at 20°C, and
11.02-15.03% in CD, 12.50-14.40% in SH and 13.26-14.23% in IT beverages stored at 4°C.
The least pH values were found in the IT and SH beverages at 20°C and 24°C the storage
temperatures, respectively. There were the similar results in CD samples pH values in except
CD3 (p<0.05). The highest pH was observed in CD1 stored at 24°C, while the least value
was found in CD3 at 20°C. In the SH beverages, the highest and lowest pH values were
measured SH3 and SH1 stored at 4°C, respectively. In the IT samples, IT2 and IT3 had the
highest and lowest pH values stored at 20°C (p<0.05).

Gonzalez-Molina et al. (2012) reported that pH and titratable acidity of fruit juice
mixture (lemon, elderberry and grape juice concentrate) and control juices over the 56 day of
storage no changed as statistically. Balaswamy et al. (2011) found that changes in the pH
were negligible as statistically after 6 months of storage at room temperature in all studied
sour grape based ready to serve beverages. On the other hand, Jooyandeh (2015) stated that
pH values of naturally carbonated beverages decreased from 3.2 to 2.9 in red plum beverages
and from 3.4 to 3.2 in yellow plum beverages to the end of the 90 days of storage. Moreover,
the pH values of carbonated pineapple juice reduced from 4.10 to 2.98 after 9 weeks storage
(Jori et al., 2015). The pH values in our study were in accordance with these previous reported
in literature.

The SGC ratios and storage temperatures effects on TP content in CD beverages were
found as statistically significant, but this was no for SH and IT samples (p<0.05). TP contents
were similar at 20 and 24 °C at the end of the storage, but less of the storage at 4 °C. The TP
contents of CD samples decreased between 26 and 32% comparing to the storage beginning.
On the other hand, there were no significant changes of the SH and IT beverages TP contents.
Golliicke et al. (2009) studied on TP content of grape juice concentrate during process and
storage period. They stated that retention of TP was 90% and 81% for Concord and Isabella
grape juice during storage, respectively. In the another study, TP content of pomegranate
juice decreased from 1858 to 476 mg/L stored at 4 °C and 458 mg/L stored at 20 °C after 6
months (Tastan et al., 2015).

The changes of DPPH inhibitions during storage can be seen in Figure 7. The inhibitions
in SH decreased between 5.2 and 68.9% according to initial after 6 months storage. The
furthest declining in inhibition was observed in SH beverages that were stored at 24 °C. The
inhibitions in ice tea samples decreased 5.5—41.7% end of the storage. The decreases in IT
samples having stored at 20 °C and 24 °C was higher than stored at 4 °C.

On the other hand, there were variations in CD samples results in terms of DPPH
inhibitions according to SH and IT. The inhibitions increased between 3.9 and 25.11% in CD
samples after 6 months storage. These increases in CD beverages stored at 20 and 24 °C were
higher than stored at 4 °C.
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Figure 7. The changes of DPPH inhibitions during storage
Conclusion

1.

474

This study revealed usability of the sour grape juice in beverages such like carbonated
drinks, sherbets and iced teas, and identified their physicochemical properties, color
and clarity, mineral and sugar compositions, total phenolic content, antioxidant
capacity and individual polyphenols. The sugar-acid balance set between 20 and 45
for beverages by using ingredients. Minerals, total phenolic contents, antioxidant
capacities and individual phenolic compounds in the beverages increased depending
on used SGC rising ratios. The preferred concentrate ratios and used ingredients
changed color and clarity also.

In the beverages, Ca and Na were the most abundant minerals among major minerals
and Fe in minors. Total phenolic content in the iced tea was approximately in ten fold
higher than in carbonated drinks and sherbets. There were also the similar situation in
the contents of flavonoids, polyphenol compounds and antioxidant capacities.

. Gallic acid was the most abundant phenolic acid in the beverages and (-)-epicatechin

for IT samples the most abundant flavonols. (-)-Epigallocatechin gallate has higher
antioxidant capacity than other catechins and is an important substance for human
health. The presence of the (-)-epigallocatechin gallate in all produced beverages, less
CD and SH, is one of the most important findings of this study.

The acceptable taste balance values in terms of the sensorial general appreciation were
40-45 for CD, 30-35 for SH and 35 for IT.
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5. The beverages pH, acidity, total phenolic content and DPPH inhibition can be changed
based on storage temperatures and duration. At the end of the storage, beverage pH
values slightly decreased and acidities increased. Total phenolic contents were similar
at 20 and 24 °C after storage, but less at 4 °C. In addition, these values decreased
between 26 and 32% comparing to the storage beginning in carbonated drinks.
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