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Abstract

This study was designed to investigate changes in quality characteristics during long-term storage of five commercial grape
vinegars (V1~V5). To determine long-term quality characteristics of vinegars, proximate (soluble solid, pH, total acidity,
color, and antioxidant activity) and sensory descriptive analysis, were performed. Initial soluble solids were high in V4 and V5
(contained higher liquid fructose or grape concentrate), but after 12 mo of storage, soluble solids decreased significantly
in V4 and V5 (non-sterile products). Initial total acidity was close to the amount of additional juice, while V4 and V5 had
increased total acidity after 12-mo storage. Browning was dominant in V4 and V5 regardless of storage periods. Initial DPPH
radical scavenging activity was high for all samples, while it tended to decrease after 6-mo storage. In sensory descriptive
analysis, browning and turbidity was markedly elevated during 12-mo storage in general. Aromatic factors were significantly
attenuated in all test samples during storage. Interestingly, V4 and V5 were considered as having lower sourness and bitterness
since sweetness was stronger in these than in other samples due to the addition of liquid fructose. The results suggest that for
optimal quality, commercial grape vinegars are best consumed within 6 mo of storage after opening.

Keywords: grape vinegar; long-term storage; quality characteristics; sensory evaluation.

Practical Application: Quality characteristics of commercial grape vinegars during long-term storage for up to 1 year.

1 Introduction

Vinegar is a well-known fermented food that has been
used since ancient times in both east and west. Vinegars can be
classified into grain and fruit types based on the raw materials
used. Grain vinegars contain rice, wheat or other grains, while
grapes, apples or other fruits are used to produce fruit vinegars
(Chen et al., 2016). Vinegars are widely useful for medical and
cosmetic purposes (Ashchyan et al., 2018). They have an alkali
characteristic that decomposes lactic acid in body tissues and
helps relieve fatigue (Atik et al., 2016; Choi et al., 2013), and
the sour flavor promotes appetite, digestion and absorption
(Jeongetal.,2011). In addition, vinegar promotes the excretion
of sodium and silicic acid, and it is known to be effective in
preventing or treating fever, swelling, stomach ache and metabolic
complications, such as high blood pressure, atherosclerosis, insulin
resistance, and hyperlipidemia (Budak et al., 2014; Ishak et al.,
2018; Mitrou et al., 2015).

In a fruit vinegar market in Korea, the amount of fruit
vinegars exported in the first half of 2017 was 2,572 tons, a
noticeable 40.0% increase over the amount exported in the
first half of 2016 (1837 tons). Taking the sales of drinking and
seasoning vinegars in Korea into consideration, sale of drinking
vinegar, including red vinegar, tended to decrease after 2014;
however, sale of fruit vinegars for seasoning increased by 21.1%
over the same period (Korea Agro-Fisheries and Food Trade
Corporation, 2017).

Recently the vinegar brewing market has become more
sophisticated and diversified due to the increasing demand for
natural vinegar production from 100% fruits (Mo et al., 2013).
Fruit vinegars are produced from sugar oxidization by alcohol
fermentation (Mas et al., 2014). Currently, Korean fruit vinegar
is produced by three methods: 1) mixing fruit with inorganic
salt, diluted ethanol and 30% of fruit juice, 2) two-stage, alcohol
and acetic acid, fermentation from intact fruit or 3) fermentation
with fungus (Jeoung & Lee, 2000).

The quality of vinegar depends on fermentation, production
methods, raw materials, and additives used. In addition, the
acetic acid content, odor component, and organic acid and
free amino acid composition affects the quality of vinegar.
In particular, fruit vinegar contains various sugars since it is
produced by fermentation of the liquid-containing fruit juice
(Liu et al.,, 2019; Roda et al., 2017). Vinegar contains glucose
mostly and also has fructose, sucrose, maltose, and other sugars,
which affect its sweetness (Kim et al., 2010a).

Like other food products, vinegars also suffer oxidation after
being opened. Oxidation processes promote a series of chemical
and enzymatic reactions that alter vinegar (Casale et al., 2006).
Therefore, oxygen is the main cause of vinegar quality deterioration.
Alterations in appearance and color, such as turbidity problems and
precipitation that may occur during storage or retail may reduce
the product quality. Therefore, it is necessary to study changes in
vinegar quality due to storage time and temperature as this type
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of study will provide essential information for maintaining robust
storage stability of vinegar (Casale et al., 2006).

Recent research trends in commercially available vinegar
have mainly focused on the properties and biological effects:
1) comparison of the physicochemical quality and aroma of
commercial fruit vinegar (Kim et al., 2010b), 2) comparison of
the acidity characteristics of commercial cider vinegar (Jo etal.,
2012) and 3) observation and improvement of the oxidation
of vinegar during storage using NIR (Casale et al., 2006), 4)
antioxidant activity of commercial vinegar during domestic use
(Lee et al., 2009), 5) weight loss (Beh et al., 2017; Halima et al.,
2018), 6) anti-inflammatory (Beh et al., 2017; Mohamad et al.,
2017), and 7) improving glucose sensitivity (Petsiou et al., 2014;
Seo etal., 2014) effects of vinegar in obese and/or diabetic subjects.
However, there is an information gap in vinegar quality changes
due to storage period. Therefore, in this study, five representative
varieties of commercially available grape vinegar products were
selected, and alterations in physicochemical properties, antioxidant
activity, and sensory characteristics were investigated for 12 mo.

2 Materials and methods
2.1 Samples and storage test

Five different brands of grape vinegars (V1 [Oenopia,
Hwaseong, Korea], V2 [Cholove, Chungju, Korea], V3 [Vineko,
Pocheon, Korea], V4 [Daesang, Seoul, Korea], and V5 [Sempio,
Seoul, Korea)]), with similar production and expiration (2-year)
dates were purchased in December, 2017 (Table 1).

2.2 Soluble solid, pH and total acidity

Soluble solids were measured in °Brix using a refractometer
(Master-M, ATAGO, Tokyo, Japan). pH was measured using a
pH meter (model 720A, Orion Research Inc, Boston, MA, USA).
Total acidity was converted to the acetate content (%) after 4-fold
diluted samples were neutralized with 0.1 N NaOH solution, using
phenolphthalein as an indicator. All measurements were in triplicates.

2.3 Browning value

The browning color was measured in 200-fold diluted
samples at 280 and 290 nm using a spectrophotometer (Agilent
Technologies, Santa Clara, USA). All measurements were in
triplicates.

Table 1. Descriptions of commercial grape vinegar used in this study.

2.4 Assessment of anti-oxidation activity

DPPH and FRAP assay were performed for analyzing
antioxidative activities in the sample (Mensor et al., 2001). The DPPH
(2.2-diphenyl-1-picrylhydrazyl) radical scavenging activity of
vinegar was determined by mixing 0.1 mL of vinegar and 1.2 mL of
0.2 mM DPPH in a dark room at room temperature for 30 min and
measuring the absorbance at 517 nm using a spectrophotometer.
It was then calculated via the following Equation 1 and expressed
as a percentage (%) (Thaipong et al., 2006).

DPPH radical removal activity (%) = o

[1— (absorbance of sample / absorbance of control)] x 100

Ferric reducing antioxidant power (FRAP) was determined
by adding 0.05 mL vinegar to 1.3 mL FRAP solution, reacting
the mixture at 37 °C for 30 min, then measuring the absorbance
at 573 nm using a spectrophotometer with a standard curve
generated with ascorbic acid. After establishment of the standard
curve, the FRAP content was indicated as mg ascorbic acid in
1 mL vinegar (Thaipong et al., 2006). All measurements were
in triplicates.

2.5 Descriptive analysis

A descriptive analysis by eight panelists (aged 20’s; 2 males,
and 6 females) with >50 h experience conducted to evaluate the
characteristics of the main sensory attributes of grape vinegars,
such as appearance, aroma, flavor and texture. The descriptive
analysis was carried out according to Institutional Review
Board (IRB) procedure after receiving IRB approval (approval
number: DKU 2018-01-006) at the Dankook University Bioethics
Committee. The order of providing and evaluating the samples
was repeated twice, and the order of sample serving was randomly
presented across panelists. The attributes evaluated include
appearance (browning), aroma (grape aroma, caramel aroma,
alcohol aroma, yeast aroma, nuruk aroma), flavor (sweetness,
sourness, bitterness, yeast flavor, nuruk flavor, balance), and
texture (teobteobhan-mat, viscosity, body, burning sensation).
The intensity of each sensory attribute was measured using a
16-point scale (0 to 15 points). Reference samples that best
represent the sensory characteristics established were prepared
in various forms according to (Torri et al., 2017). Samples were
provided in a transparent 10 mL glass bottle, and the aroma was

Sample

Description

\2! Grape 99% (Cambell Early 100%, from Korea), yeast 0.02%, antioxidant agent 0.01% (sulfur dioxide)
V2 Grape 90% (Cambell Early 100%, from Korea), sucrose 9.9%, yeast 0.025%
V3 Red wine 80% (Cambell Early 100%, from Korea), vinegar starter 20%

V4 Balsamic vinegar 35% {wine vinegar (from Italy), grape concentrate 25% (from Italy), antioxidant agent (sulfur dioxide)}, red grape
concentrate 23% (red grape 100%, from Italy, 65 °Brix), purified water, balsamic flavor base {liquid fructose, red wine flavor, citric acid,
hydrolyzed glucose, malt extract (barley: from Germany), synthetic flavor (sweet flavor)}, liquid fructose, oligosaccharide, main alcohol,
malic acid, red wine flavor, synthetic flavor (balsamic flavor), yeast extract

V5 Wine vinegar (grape 100%, from Italy), grape concentrate 33% (grape 100%, 64.7 °Brix), from Italy)

V1, V2, and V3 were non-sterilized products, while V4 and V5 were sterilized products; the precise sterilization conditions were not disclosed since they were commercially marketed
products. After the bottle lids were opened, the five vinegar samples were sealed and stored at room temperature (20 + 5 °C), to mimic domestic storage conditions, for 12 mo. Soluble
solid, pH, total acidity, browning color, anti-oxidation activity, and sensory characteristics were measured at 3-mo intervals.
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assessed using a brown 10 mL glass bottle to minimize any clue
coming from appearance. Flavor and texture were evaluated by
placing the sample in a spuit and placing it in a 180-mL paper cup
with a three-spot random cord attached, and placing 2 to 3 drops
on a spoon. Since the sample to be evaluated is irritating, such
that sensory fatigue and cross effect of samples may occur, one
sample was evaluated and the mouth was rinsed sufficiently with
water before the next sample was evaluated. All assessments were
conducted independently in separate sensory booths.

2.6 Statistical analysis

Results were analyzed by two-way ANOVA using XLSTAT
software version 2012 for windows (Addinsoft Inc., Paris,
France), followed by Tukey’s post-hoc test and significance was
assessed at 5% level. Sample and storage period were treated as
main factors, while significant interactions between sample and
storatge period were also investigated. Principal component
analysis (PCA) was performed using mean values for each of
the sensory characteristics of the samples to allow explaining
the differences in sensory properties between the samples.

3 Results and discussion
3.1 Soluble solid, pH and total acidity

Table 2 shows the changes in soluble solids, pH, and total
acidity of the five vinegars during 12-mo storage.

Soluble solids, which are influenced by additives in vinegar,
consist of free sugars, such as glucose, fructose and sucrose,
organic acids and free amino acids (Chen et al., 2009). (Kim et al.,
2010a) reported the free sugar contents of commercial vinegars
and found different levels of free sugar contents depending on
the type of fruit they were sourced from. Grape vinegar had the
highest fructose content, but the correlation between total solids

and free sugar contents was not statistically significant (data not
shown). The total solids content of vinegar is due to the presence
of trace elements such as organic acids and free amino acids.

V4 and V5 contained significantly higher soluble solids than
others by 4 to 6 times. As aforementioned, since the free sugar
contents of the commercial grape vinegars did not affect the
total solids content, the higher solid contents in V4 and V5 may
be due to the addition of liquid fructose and grape concentrate
(V4: 48% and V5: 33%) during processing (refer to Table 1).
Addition of liquid fructose and grape concentrate to commercial
vinegar was reported to increase consumer’s preference by
elevating sugar content (Yang & Rho, 2012).

Changes in the soluble solid contents of samples according
to the storage period were markedly different depending on
whether products were sterilized or not. The soluble solid content
of non-sterilized products (V4 and V5) tended to decrease in
general, but was not significantly altered in sterilized products
(V1, V2 and V3) during storage (Table 2). A possible reason for
the decrease in solid contents of non-sterilized products is that
acetic acid bacteria, present in the products, could decompose
free sugar continuously after the product was opened. Therefore,
the total acidity of non-sterilized products might increase after
12 mo of storage. On the other hand, sterilized products possibly
retained their initial solid contents and total acidity due to the
deactivation of acetic acid bacteria by sterilization.

The pH of commercially available grape vinegar widely
ranged from 2.36 to 3.00, depending on the type of vinegar
(Table 2). pH tended to decrease in most samples during the
storage period, mainly due to the amount of organic or total
acids present in the vinegar (Liu et al., 2008). Table 2 shows
that pH and total acid content of the vinegars were not inversely
correlated during storage. It is presumable that the decay rates of
free sugars and amino acids were different among the vinegars.

Table 2. Soluble solid, pH and total acidity of grape vinegars during storage.

Storage time (month)

Sample
0 3 6 9 12

Soluble solid Vi 8.30 +0.79,"? 7.20+0.12, P 7.13+0.12,° 7.07 +£0.12,° 7.13+0.14,°
(*Brix) V2 6.13+0.23." 5.97 +0.06,* 5.87 0.212* 5.97 +0.06,° 5.87 +0.12,°
V3 9.53 + 012, 9.80 +0.23 * 9.27+0.12.° 9.13+0.12 9.33 +0.14.

V4 38.67 +0.58,* 37.67 +0.58 38.00 + 0.0, 37.53+0.12,° 38.60 + 0.06,*

V5 32,67 £0.58,* 31.67 £ 0.58,® 30.67 + 0.58,° 30.73 £0.31,° 31.00 £ 0.00,°

pH V1 2.82+0.02,° 2.88+£0.01° 2.77 £0.01,¢ 2.60 +0.01 ¢ 2.75+0.02,°

V2 2,96 +0.03 3.00 +0.01,* 2,93 +0.02," 2.74 +0.00,4 2.88+0.02,°

V3 2.98£0.02,° 2.92£0.02, 2.74£0.02,° 2.58 £ 0.00,° 278 £0.02,

V4 259 +0.02,° 2.62+0.01° 2.52+0.02.° 236+0.25¢ 247 £0.02,

V5 2.98 £0.03,° 3.00+0.01,° 2.89+0.01,° 2.77£0.01 ¢ 2.90 +0.00,°
Total acidity Vi 5.74 +0.08,® 5.67 + 0.04,° 5.85 + 0.06,* 5.77 + 005, 5.81 +0.05
(%) V2 6.05 + 0.06, 6.22+0.16, 6.63%0.04,* 6.25 % 0.05, 6.33+0.08,"

V3 4.20 £ 0.07,¢ 4.56 +0.05.¢ 5.45+0.03 P 5.30 £0.04.° 5.64 £0.03 *

V4 4.66 +0.05.¢ 4.81+0.00, 4.98+0.05. 4.83+0.08.° 4.69 +0.04,

V5 6.25+0.18 6.32+0.06,° 6.18 +0.06,™ 6.11+0.06,* 6.01 +0.06.°

Product codes are the same as in Table 1. V Mean + standard deviation; ?*¢ Means with different superscript in the same row for each samples are significantly different (p < 0.05);
YA-E Means with different subscripts in the same column for each samples are significantly different (p < 0.05).
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As aresult of total acidity measurement (Table 2), V2 and V5
were the highest at 6.05 and 6.25%, respectively. Total acid
contents are usually influenced by either fermentation or addition
of grape concentrates (Goswami & Ray, 2011), and these may
be responsible for the differences in total acid contents among
vinegars. The change in total acidity with storage tended to
increase in non-sterilized products, which seemed to be consistent
with a previous study by (Hutchinson et al., 2019), where acetic
acid produced by the action of acetic acid bacteria in non-sterile
products were found to determine the total acid content.

3.2 Browning value and antioxidant activities of grape vinegars

According to (Liu et al., 2008), the vinegar color is influenced
by various factors, including the color of raw materials, chemical
reactions during preparation, pigment produced by chemical
or enzymatic reactions during fermentation, and the addition
of caramel colorants, etc. Following initial browning (Table 3),
V4 (0.59) and V5 (1.7) initially showed the highest browning,
while V2 and V3 showed the lowest.

This result was probably due to the higher fructose or grape
concentrates intentionally added to V4 and V5. Oh et al. (2017)
reported that grape concentrates produced browning intermediates,
such as hydroxymethyl-furfural (HMF) and furfural, that were
not present in squeezed grape during the manufacturing process.
HMEF is produced by the Maillard reaction, a representative
nonenzymatic browning reaction (Leiva et al., 2017). During the
entire storage period, V4 and V5 exhibited stronger intensities
of brownness than other products. Browning substances in the
grape concentrates contained in V4 and V5 might decrease
brightness.

The browning of vinegars during storage is also influenced
by enzymatic browning by polyphenol oxidase or ascorbic acid

oxidation by oxygen during storage. After 3 mo of storage,
browning tended to increase regardless of vinegar type. Browning
might increase in non-sterilized products (V1, V2, and V3)
by oxidation of resveratrol, a substrate of polyphenol oxidase
in grape, to quinone, which produces the melanin pigment of
brown substances through polymerization and condensation
(Ma & Waterhouse, 2018). On the other hand, browning may
increase in sterilized products (V4 and V5) by polymerization
reaction of ascorbic acid in grape or condensation reaction of
free amino acids. Ascorbic acid is normally used to prevent
oxidation and browning; however, once ascorbic acid is irreversibly
oxidized, browning is accelerated due to increasing oxidative
by-products (Li et al., 2008).

Oxidation of grape vinegars could be inhibited by citric
acid present in the grape or by adding anhydrous sulfuric
acid. Citric acid and anhydrous sulfuric acid are known to act
as antioxidants in vinegar due to their oxidative catalysis and
enzymatic inactivation (Ali et al., 2015). In this study, sulfur
dioxide may decrease by the decomposition of citric and anhydrous
sulfuric acids due to the reaction between oxygen and vinegars
since the vinegars were stored after opening (Casale et al., 2006).
The decomposition of sulfur dioxide in vinegar has been reported
to cause the precipitation of insoluble substances by reacting on
peroxidase activity and tannic compounds which alter the color
and flavor of vinegar (Casale et al., 2006). Therefore, browning
observed in all five vinegars might be due to oxidation during
the storage period.

Table 3 represents the DPPH radical scavenging activity and
FRAP assay results of the samples. V1 and V4 initially (0 mo)
showed significantly higher DPPH radical scavenging activity
of 85.75% and 84.60%, respectively. This was because V1 was
aged in oak barrels for a certain period of time, and the total
phenolic content increased accordingly due to the extraction of

Table 3. Browning value, DPPH radical scavenging activity and FRAP of grape vinegars during storage.

Storage time (month)

Sample 0 3 6 9 12
Browning V1 0.28 + 0.01 b1 0.27 +0.01 ¢ 0.31 +0.02. 0.34+0.01° 0.31 +0.00"
(290 nm) V2 0.17 £ 0.01 0.17 +.0.00 ¢ 0.21+0.01,* 0.20 £ 0.01 0.21+0.01,*
V3 0.11+0.01,° 0.11+0.00,° 0.13 +0.01,* 0.14 + 0.00, 0.14 +0.00,*
V4 0.59 +0.05," 0.53+0.03," 0.61+0.01° 0.72 +0.04,° 0.73 +0.04,°
V5 1.70 £ 0.04," 1.63 +0.08,° 179 + 0,03, 1.93+0.10,° 1.96 + 0.05,*
DPPH (%) V1 85.75 + 0,02, 82.87 +0.02,% 89.04 +0.00,* 80.93 + 0.03 ¢ 85.47 +0.01,°
V2 5212+ 0.01,," 35.76 + 0.02,¢ 56.12 % 0.03,° 5778+ 0.03 56.11 +0.03
V3 59.63 + 0.04,* 52.26 + 0.04.° 65.43 +0.02,° 51.87 +0.04, " 61.95 + 0.05
V4 84.60 + 0.01,* 77.97 £ 0.01 b 78.81 +0.02,° 75.17 £ 0.03,¢ 78.44 + .03,
V5 66.11+0.06,* 52.97 +0.03 ¢ 64.01 + 0.05 61.57 % 0.03 58.35 + 0.07 b
FRAP (AEmg/mL) V1 5.12 +0.06,° 3.17 £ 0.03 ¢ 3.34+0.04,° 443+0.09° 3.31+0.08¢
V2 2.55 +0.08_° 146 £ 0.02," 1.58 £ 0.04 " 278 +0.03,* 1.79 £ 0.07,"
V3 2.65+0.03° 154+ 0.05 ¢ 172+ 0.03 ¢ 2.32+0.03,° 1.80 + 0.09 ¢
V4 5.79 +0.07,° 4,95 +0.01,% 474+038,¢ 6.95+0.09,° 5.59 + 0.09,"
V5 5.35+0.03, 3.37+0.03,¢ 3.77+0.10,¢ 6.14+0.10,° 4.25+0.02,°

Product codes are the same as in Table 1. "Mean + standard deviation; 2*~"Means with different superscript in the same row for each samples are significantly different (p < 0.05);

YA-EMeans with different subscripts in the same column for each samples are significantly different (p < 0.05).
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phenolic compounds from the oak tree wood during the aging
process (Zhang et al., 2015). Moreover, it is also believed that the
sulfite added to the V1 sample may have acted as an antioxidant.
V4 samples also showed relatively high antioxidant activity due
to the addition of sulfite (refer to Table 1) (Jeong & Cha, 2016).

During the storage period, no clear trend was observed in
DPPH radical scavenging activity in V1, V2 and V3, while it
decreased in V4 and V5 to 78.44% and 58.35%, respectively,
after 12 mo. V4 tended to decrease to 77.97% after 3 mo, but
V1 retained its antioxidant activity (85.47%) even after 12 mo.
Antioxidative activities in V1, V2, and V3 may rely on resveratrol
and vitamin C in the grapes since their grape contents were
80% or more (V1:99%, V2: 90% and V3: 80%, refer to Table 1).
On the other hand, V4 showed lower antioxidative activity due
to its lower grape content and consequently, lower resveratrol
or vitamin C levels.

For the FRAP assay, an oxidation-reduction reaction, the
reducing power was highest in V4 unlike the DPPH radical
scavenging activity (Table 3). Lee et al. (2009) measured the
antioxidative activities of vinegars retailed in Korea and reported
that polyphenols and flavonoids were the major vinegar components
involved in its antioxidant activities. Moreover, balsamic vinegars
showed the highest antioxidative activity. Our results also
supported that V1 and V4 showed higher antioxidative activities
similarly to those of the balsamic vinegars in Lee et al. (2009).
They also reported that antioxidant activities of vinegars might
differ depending on biochemical characteristics or the type of
antioxidants used.

Table 4. Descriptive analysis of grape vinegars across sample.

3.3 Descriptive analysis

Sensory characteristics, which did not show significant
interactions between sample and storage period, are summarized
in Tables 4 and 5. All aromatics (grape, alcohol, yeast and nuruk
flavor), except caramel, decreased after 12-mo storage compared
to their initial values. This result may be due to the evaporation
of volatile components in vinegars during 12 mo storage. There
was no negative rancid flavor of vinegars after 12 mo long-term
storage.

Vinegar flavor did not show any significant change in
relation to storage period, but the bitterness became stronger
as storage proceeded, possibly due to the oxidation of tannic
acid in the grapes (Lee & No, 2001). Grape flavor decreased
significantly after 12-mo storage, and was thought to be due to
the strong bitter flavor which masked grape flavor. Decreased
alcohol flavor after 12-mo storage may be due to reduced alcohol.
There was no significant difference in texture characteristics in
relation to storage period, suggesting that texture did not play
an important role in dictating the quality of grape vinegars
during long-term storage.

Table 5 shows that V4 and V5 were significantly different
from other samples in that sweetness was relatively strong due
to the presence of liquid fructose or high concentration of grape
concentrates in these samples.

The strongest caramel and grape flavors were also recorded
for V4 and V5, while sourness and bitterness were relatively lower
(Min et al., 2002) reported a correlation between sweetness,
sourness, and bitterness of food. In case where sweetness was

Storage time (month)

* Attributes

0 3 6 9 12

Aroma Grape 6.0V 5.4% 6.0° 5.1 4.9°
Caramel 4.3° 5.5° 5.3 5.0 5.4%®

Alcohol 6.5 5.2° 5.2° 5.1° 4.3b

Yeast 3.2% 3.1* 2.9* 2.8* 2.7°

Nuruk 4.2° 3.6° 3.2° 3.3® 3.3

Flavor Sweetness 4.2 3.9 4.7 4.2 3.8
Sourness 7.0% 6.3 7.6 7.9 7.6"
Bitterness 3.7 4.1® 4.6 3.9 4.3®

Astringency 4.9 4.8 5.4 5.3 5.5

Grape flavor 6.7 5.0 5.4° 4.7 4.8
Caramel flavor 4.4° 5.6 4.9 4.3 4.7%®

Alcohol flavor 5.2° 4.3® 4.6° 4.5% 3.9

Yeast flavor 3.7° 3.7* 3.5% 3.3% 3.12

Balance 5.2¢ 5.4° 4.7 5.2¢ 5.1°

Texture Teobteobhan-mat 5.9? 5.7% 6.2° 5.6 5.4*
Viscosity 3.8° 3.9* 3.8* 3.7° 3.9*

Body 4.3° 4.7* 4.6 4.4° 4.5°

Burning Sensation 8.4% 9.2¢ 8.9 8.7¢ 8.4%

Product codes are the same as in Table 1. Balance: Overall degree of harmony; *No significant difference was observed for interactions between samples and storage time by ANOVA;

"Different letters in the same row are significantly different (p < 0.05).
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Table 5. Descriptive analysis of grape vinegars across storage times.

* At Sample
Attributes
V1 V2 V3 V4 V5
Aroma Grape 4.5 4.9 5.4 6.8 5.8
Caramel 4.2° 4.1° 4.2° 7.0 5.9
Alcohol 5.0 5.6" 8.0* 3.34 4.4
Yeast 3.3* 3.3 3.7° 2.1° 2.3b
Nuruk 4.0* 4.0 3.8 2.5¢ 3.2b¢
Flavor Sweetness 2.4¢ 2.1¢ 2.7¢ 7.5 6.1°
Sourness 8.2 8.5% 7.5° 5.7¢ 6.6
Bitterness 5.0° 5.1° 5.0° 2.6° 2.9°
Astringency 5.9 6.0° 5.8 4.0° 4.2°
Grape flavor 3.8¢ 3.6¢ 4.9¢ 7.8 6.4°
Caramel flavor 2.6° 2.8¢ 2.9¢ 8.4 7.1°
Alcohol flavor 5.1° 5.0° 6.4° 2.8¢ 3.1¢
Yeast flavor 4.1° 3.8° 4.9 2.2¢ 2.4¢
Balance 3.9° 4.0° 3.7° 6.8* 7.28
Texture Teobteobhan-mat 6.3 6.2° 6.1° 4.9° 5.2b
Viscosity 3.0 3.0° 2.8° 5.3* 5.22
Body 3.8° 3.8° 3.5b 5.8* 5.7*
Burning Sensation 9.8 9.7¢ 9.3 7.0 7.8°

Product codes are the same as in Table 1. Balance: Overall degree of harmony; *No significant difference was observed for interactions between samples and storage time by ANOVA;

"Different letters in the same row are significantly different (p < 0.05).

stronger than sourness or bitterness (V4, V5), sourness and
bitterness might be masked due to the strong sweetness. It was
thought that astringency, alcohol and yeast flavors were also
found to be lower in V4 and V5 for the same reason. The strong
grape flavor in V4 and V5 products may be due to the addition
of high amounts of grape concentrate and artificial grape flavor
added to these samples. Viscosity and body texture were also
higher in V4 and V5, also attributed to the grape concentrates
added to the samples (Batu et al., 2014).

4 Conclusions

The overall quality characteristics of commercial grape vinegars
during long-term storage of 12 mo was found to vary significantly.
The most marked changes in quality of grape vinegars was found
after 6 mo of storage. Samples tended to be brown as storage peroids
progressed, while antioxidant activities of samples decreased after
6 mo of storage. Such sensory attributes as browning and turbidity
was markedly elevated during 12-mo storage. Aromatic sensory
characterisitcs were significantly attenuated in all test samples
during storage because they are volatile compounds. Based on
the results, it was suggested that commercial grape vinegars are
best consumed within 6 mo of storage after opening.
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