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This study was conducted to investigate the effects of oak chips-supplementations on phenolic
compound profiles of grape vinegar samples. Total acidity, volatile acids, non-volatile acids, pH,
dry extract, ash, color, alcohol, total phenolic compound, individual phenolic compounds and aroma
compounds of un supplemented control (UC) samples and oak chips-supplemented (OCS) samples
were analyzed at the O™, 1% and 3™ months of ageing. Total phenolic compound of UC vinegar
samples was measured as 1256.50 mg GAE/L at the end of the 3™ month. Total phenolic compound
of OCS vinegar samples was measured as 1521.03 mg GAE/L at the end of the 1% month and as
1470.67 mg GAE/L at the end of the 3" month. Gallic acid, catechin and vanillic acid contents of
UC vinegar samples were respectively measured as 8.43 mg/L, 22.26 mg/L and 1.78 mg/L at the
end of the 3 month. Gallic acid, catechin and vanillic acid contents of OCS vinegar samples were
respectively measured as 19.12 mg/L, 17.98 mg/L and 2.58 mg/L at the end of the 3™ month. The
3-hydroxy-2-butanone, hexadecanoic acid methyl ester, 9,12-octadecadienoic acid methyl ester and
9-octadecanoic acid methyl ester quantities increased at the end of the 3™ month with oak chips-
supplementation to ageing process. It was observed that oak chips-supplementation increased total

Vinegar

phenolic compound and some individual phenolics of grape vinegar samples.
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Introduction

Polyphenols with some special chemical characteristics
are among the most studied phytochemicals of the plants.
Phenolic compounds of toasted oak barrels and alternatives
commonly used in wine and vinegar production are
traditional ~ practices used to improve certain
physicochemical and sensory characteristics of beverages
like wine and vinegar (Guerrero et al., 2011; Cerezo et al.,
2014). Soluble oak compounds are extracted into the wine
and vinegar during the ageing process and such compounds
increase the intensity and complexity of the tastes and
aromas (Prida and Puech, 2006). The primary changes in
vinegars throughout the ageing in toasted oak barrels
include water loss through the pores of the wood, increase
in acetic acid concentrations, extraction of phenolic
compounds from the wood and formation of aroma
compounds (especially the esters) (Tesfaye et al., 2004).

Oak barrels are primarily made of two different oak
species with different chemical compositions: American
oak, also called white oak (Quercus alba) and French oak,
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also called pedunculate oak (Quercus robur) or sessile oak
(Quercus petraea). Besides the botanical species, the
origin of the oak also significantly influences the
composition of compounds extracted into the vinegar from
the oak (Prida and Puech, 2006). Oak wood is composed
of 40% cellulose, 20% hemicellulose, 25% lignin, 10%
ellagitannin and 5% other compounds (lipids, sterols,
volatile components, minerals) (Anli, 1999). Phenolic
compounds of oak tissue are assessed under three groups:
Volatile phenols, phenolic acids - aldehydes and tannins.
Tannins are also assessed under two groups of
hydrolysable and non-hydrolysable ones (Zhang et al.,
2015). Volatile phenols and benzoic aldehydes have great
contributions to the sensory characteristics of wines. The
hydrolysable tannins, like ellagitannins, play significant
roles in the stabilization of pigment structures (Fujieda et
al., 2008). During the barrel-ageing process, some tannins,
phenolic acids and phenolic aldehydes generated through
degradation of lignin and phenolic acids (vanillic, syringic,
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ferulic acid); furfural and hydroxymethylfurfural type
compounds generated through the transformation of
cellulose during the barrel burning all pass to final product
from the barrel (Anli, 1999). During the hydrolysis of
tannins (with acid, alkaline and esters), the ones yielding
gallic acid are called gallotannins and the ones yielding
ellagic acid are called ellagitannins. Oak heartwood and

barks mostly contain ellagitannins. The primary
components are catechin (flavan-3-ols)
and proanthocyanidins  (flavan-3,4-diols)  generated

through polymerization of leucoanthocyanidins. These two
groups of compounds are commonly encountered in plant
tissues. They are simple phenols of plant tissues and easily
extracted into the final product. Since the 4-vinylphenol
and 4-ethylphenol have quite high odor thresholds, they
can reach sensible levels in long duration-aged products.
The primary phenolic acid compounds encountered in oak
wood  tissue include hydroxybenzoic  acids,
hydroxycinnamic acids and their aldehyde forms (Zhang et
al., 2015). Oak barrels have various disadvantages such as
longer ageing process, high cost of barrels, large area
occupation of barrels and replacement of barrels in time
(Martin and Sun, 2013). Therefore, there is a need for
simpler methods and cheaper wood-borne products able to
shorten the ageing process, be added to vinegar at any
stages of production, be stored in small packaging and
allow extraction of phenolics and aroma compounds to the
final product (Cano-Lopez et al., 2007). Oak chips may be
considered as an alternative method for this purpose. In this
method, oak chips are supplemented with wine or vinegar
in stainless steel tanks or barrels (Cano-Lopez et al., 2007).
Chips of two different oak species (American oak: white
oak-Quercus alba; French oak: pedunculate oak-Quercus
petrae or sessile oak-Quercus robur) are subjected to
similar processes applied in the manufacture of the barrels.
Such processes include air-drying, water-cooling and heat
treatments. From these two types of oak trees, oak chips
are prepared at different size categories and four different
toasting levels (Tesfaye et al., 2004; Bozalongo et al.,
2007).

Pre-treatments applied to oak chips, chip sizes and
quantities influence types and quantities of the compounds
extracted into the vinegar (Tesfaye et al., 2004). Oak chips
can be supplemented into different processes
(fermentation, ageing, and etc) of vinegar production. This
study was conducted to investigate the effects of oak chips-
supplementation in the ageing stage of production on
general physicochemical characteristics, total phenolics,
individual phenolics and aroma compounds of grape
vinegar.

Material and Methods

Material

Grape vinegar produced from Narince grapes used in
this study was supplied from Ozkaleli Food Co. (Zile,
Tokat). Oak chips (French oak, Quercus petrae and
Quercus robur) with medium + toasting level used in the
ageing of vinegar were supplied from Pronektar Co.
(Radoux, France). Physicochemical analyses of the
experimental vinegar samples were performed at
laboratories in the Department of Food Engineering,

Faculty of Engineering and Architecture, Tokat

Gaziosmanpasa University.

Method

Vinegar samples were filled into glass jars fully as not
to have any space at the top and then they were
supplemented with 10 g/L oak chips. Control group and
oak chips-supplemented vinegar samples were stored at
dark at 22-25 °C temperatures during 3 months. Analyses
were performed on vinegar samples at the 0™, 1% and 3
months. Grape vinegar samples were analyzed before
adding oak ships (0™ month) and general characteristics
were determined. The unsupplemented control group was
depicted with UC and oak chip-supplemented samples
were indicated with OCS. Productions were performed in
three replications.

Analyses Performed on Vinegar Samples

Total acidity (in acetic acid equivalent, g/100 mL), non-
volatile acids (in acetic acid equivalent, g/100 mL), volatile
acids (in acetic acid equivalent, g/100 mL), total dry extract
(%), ash (%) analyses were performed in accordance with
OlV (2018); pH and density were determined in
accordance with Aktan and Yildirim (2011).

Color Analysis

Color parameters (L*, a* and b*) of the vinegar
samples were performed through an objective
measurement method with the aid of a colorimeter
(Minolta CR300) (Cemeroglu et al., 2004).

With the instrumental color parameters of;

L*: (0) blackness, (50) greyness, (100) whiteness,
a*: (+) redness, (-) greenness,

b*: (+) yellowness, (-) blueness was indicated.

Total Phenolic Compund Analysis

Folin-Ciocalteau method as recommended by
Singleton and Rossi (1965) was used for the determination
of total phenolic content. For this purpose, 100 pL sample
was mixed with 900 pL distilled water, 5 mL 0.2 N Folin-
Ciocalteau solution and 4 mL 7.5% sodium carbonate
solution. The resultant mixture was incubated at room
temperature for two hours and an absorbance reading was
performed against the blank in a spectrophotometer at 765
nm. Standard curve prepared with the use of gallic acid was
used to determine total phenolics of the samples as mg
gallic acid equivalent (GAE)/L.

Cation Radical Scavenging Activity (ABTS**)

The spectrophotometric method developed by Re et al.
(1999) was used to determine the antioxidant activity of the
samples. To prepare ABTS radical stock solution, ABTS
solution (7 mM) and K3S;0s solution (2.45 mM) were
mixed at 1:1 ratio. ABTS radical working solution was
prepared as to have an absorbance value of 0.700 (£0.02)
at 734 nm through dilution of 1 mL stock solution with 55
mL of ethyl alcohol. About 40 puL sample was taken from
methanol-diluted samples (0.5 mg/mL), then supplemented
with 4 mL ABTS radical and resultant mixture was kept at
dark under room temperature for 6 minutes to initiate the
reaction. Mixture absorbance was measured in a
spectrophotomer at 734 nm. The calibration curves
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generated for different concentrations of standard trolox
solutions were used to get cation radical scavenging
activity (mg TE/L) of the samples.

Individual Phenolic Compound Analysis

Caffeic acid, (+) catechin, gallic acid, ferulic acid, p-
coumaric acid, quercetin, quinic acid and vanillic acid were
quantitatively determined with a Liquid Chromatography-
Tandem Mass Spectrometry (LC-MS/MS) device.
Analyses were performed in two replications.

Preparation of standards: Phenolic compound
standards (caffeic acid, (+) catechin, gallic acid, ferulic
acid, p-coumaric acid, quercetin, quinic acid and vanillic
acid) were supplied from “Sigma-Aldrich” Co. Methyl
alcohol (for HPLC, >99.9%) was used for all standards to
prepare stock solutions. Standards were stored at -18°C.

Preparation of samples: About 100 mL was taken from
vinegar samples used in analyses and samples were filtered
through 0.22 pm (Millex-HV) membrane filter. Resultant
filtrates were transferred to automated sampler (SIL-
30AC) vials of LC-MS-MS device. LC-MS/MS analysis
was performed using an instrument from Shimadzu
composed by a LC-30AD pump coupled to an LCMS-8050
mass spectrometer. The LC separation was carried out
using a C18 reversed phase column (2.1 mmx150 mm, 3
um particle size). The flow rate was set at 0.4 mL/min
using (A) 5mM ammonium acetate and (B) methanol as
elution solvents. The following gradient program was
used: t=0.0 min, 95% A, 5%B; t=8.0 min, 5% A, 95%B;
t=10.31 min, 95% A, 5%B. The run time was 14 minutes.

Aroma Compounds Analysis

Aroma compounds were analysed with the aid of a
Shimadzu-brand QP2010 Ultra model Gas
Chromatography-Mass Spectrometry (GC-MS) device in
accordance with the method specified by Angioni et al.
(2012). For this purpose, 5.0 mL vinegar sample was
placed into 10 mL screw-cap centrifuge tubes together with
3.5 g anhydrous MgSOa.. The mixture was stirred with a
micro spatula to have a homogeneous mixture. Tubes were
then centrifuged and the resultant supernatant was diluted
with methanol at 1:1 (v/v) ratio and filtered through 0.45
pm filters. Samples were injected into the GC-MS device.
The injector and transfer line was set at 200°C.

Temperature Gradient: 1 minute at 50°C, 3°C per
minute gradient until 220°C and 13 minutes at 220°C.
Carrier gas: Helium (1 mL/min flow rate). Analyses were
performed in two replications.

Statistical Analysis

The statistical analysis of research results was done
with the help of SPSS (version 20.0) statistical package
program.

Results and Discussion

Physicochemical Characteristics of Vinegar Samples
The physicochemical characteristics of the grape
vinegar samples used in this study are provided in Table 1.
The type and quantity of organic acids of the vinegars
largely depend on raw materials and selected method of
production. Acetic acid is the major organic acid of
vinegars (Plessi, 2003). Ethyl alcohol is oxidized by

Acetobacter or Gluconobacter species and ethyl alcohol
quantity is reduced through the fermentation of acetic acid.
The acidity of vinegars is determined with the titration
method and the method yields free mineral and organic
acid (acetic acid, tartaric acid, malic acid, succinic acid and
etc) quantities (Aktan and Kalkan, 2011).

In unsupplemented control (UC) samples, the volatile
acid quantity was determined as 30.85 g/L in the 0™ month.
In the 3@ month of analyses, the volatile acid quantity was
measured as 27.11 g/L in UC samples and as 26.68 g/L in
oak chips-supplemented samples (OCS). In another study,
Saiz-Abajo et al. (2006) reported that volatile acid contents
of the vinegar samples ranged between 9.9-116.4 g/L.

The non-volatile acid content of UC samples was
measured as 2.63 g/L in the 0™ month. In the 3 month of
the analyses, the non-volatile acid quantity was measured
as5.63 g/L in UC samples and as 4.91 g/L in OCS samples.
Saiz-Abajo et al. (2005) reported that non-volatile acid
quantities of vinegar samples ranged between 0.1-1.8 g/L.

The total acidity of UC samples was measured as 33.48
g/L in the 0" month. In the 3™ month of analyses, total
acidity was measured as 32.74 g/L in UC samples and as
31.59 g/L in OCS samples. According to vinegar standards
of the Turkish Standards Institute (Anonymous, 2003),
“Total acidity (in free acetic acid equivalent) of vinegars
produced in Turkey should not be less 40 g/L”. According
to standards of the USA, acetic acid content should be at
least 4%. Although bottled British vinegars generally have
5% acetic acid content, acetic acid content of 4% is
recommended in British Food Standards (Adams, 1998).
Saiz-Abajo et al. (2005) indicated that total acidity of
vinegar samples ranged between 10.0-119.1 g/L.

The pH value of UC samples was measured as 3.79 in
the 0™ month. In the 3 month of analyses, pH value was
measured as 3.69 in UC vinegar samples and as 3.78 in
OCS vinegar samples. Ozturk et al. (2015) reported that pH
values of traditional homemade vinegar samples ranged
between 2.70-3.90. The ethyl alcohol quantity of all
samples was below 0.5% (v/v). The value of UC samples
was 0.15% (v/v) in the 0" month. In the 3 month of
analyses, alcohol content was measured as 0.12% (v/v) in
UC vinegar samples and as 0.10% (v/v) in OCS vinegar
samples. Alcohol is the most significant indicator of
vinegar quality and efficiency. According to vinegar
standards of Turkish Standards Institute (TS 1880 EN
13188), alcohol content should not be greater than 1.5%
(v/v) in wine vinegars and 0.5% (v/v) in the other vinegars
(Anonymous, 2003).

The dry extract quantity of UC samples was measured
as 42.53 g/L in the 0™ month. In the 3 month of the
analyses, dry extract quantity was measured as 41.28 g/L
in UC samples and as 42.28 g/L. OCS samples. There aren’t
any threshold values specified for dry extracts in vinegar
standards of the Turkish Standards Institute (TS 1880 EN
13188) (Anonymous, 2003).

Ash represents unburnt substances of vinegars and it is
composed of anionic and cationic ions (Anonymous,
2003). Ash content of UC samples were 6.47 g/L in the O™"
month. In the 3@ month of the analyses, ash content was
measured as 6.34 g/L in UC vinegar samples and as 6.45
g/L OCS vinegar samples. According to TS 1880 EN
13188 vinegar standards, the ash content of the vinegars
should be minimum 0.8 g/L.
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Table 1. Physicochemical characteristics of vinegar samples

Analyses 0™ month 1%t month 39 month
uc uc OCS uc OCSs
Volatile acid (g/L)* 30.85+0.24% 30.4+0.252 30.39+0.192 27.11£1.12° 26.68+0.42°
Non-volatile acid (g/L)* 2.63+0.12° 2.58+0.09° 2.75+0.26° 5.63+1.69° 4.91+0.66%
Total acid (g/L)* 33.48+0.362 32.98+0.342 33.14+0.072 32.74+0.572 31.59+0.242
pH 3.79+0.022 3.69+0.02° 3.68+0.02° 3.69+0.05% 3.78+0.02a
Alcohol (%h/h) 0.15+0.042 0.15+0.06? 0.13+0.052 0.12+0.032 0.10+0.032
Density (g/cm®) 1.03+0.002 1.02+0.00a 1.02+0.002 1.03+0.002 1.03+0.002
Dry extract (g/L) 42.534£0.192 42.48+0.322 42.83+0.502 41.28+0.28? 42.28+0.472
Ash (g/L) 6.47+0.092 6.39+0.132 6.32+0.142 6.34+0.052 6.45+0.092
L* 18.13£0.032 18.14+0.052 18.18+0.132 18.354+0.052 18.42+0.242
ax* 0.72+0.07° 0.81+0.14%® 1.06+0.252 1.33£0.072 1.41+0.472
b* 2.07+0.06% 1.91£0.072 2.14+0.172 2.244+0.182 2.41+0.452

* Acetic acid equivalent, ** Small letters in same line show difference between vinegar samples (P<0.05)

The density of UC samples was measured as 1.03 g/cm?®
in the 0™ month. In the 3™ month of the analyses, density
values did not change, thus both UC vinegar samples and
OCS vinegar samples had the value of 1.03 g/cm?®. Plessi,
(2003) reported the density of wine vinegars as between
1.013-1.020 g/cm?. Plessi, (2003) indicated density values
of balsamic vinegars as between 1.042-1.361 g/cm?,

In the 0™ month of analyses, L* value of UC vinegar
samples was measured as 18.13, a* value was measured as
0.72 and b* value was measured as 2.07. In the 3 month
of analyses, L*, a* and b* values of UC vinegar samples
were respectively measured as 18.35, 1.33 and 2.24. The
L* value of OCS vinegar samples was measured as 18.42,
a* value as 1.41 and b* value as 2.41. The differences in
L*, a* and b* values of UC and OCS vinegar samples in
different months were not found to be significant (p>0.05).
In a study, the color values of two different grape vinegars
were determined as L* (10.4, 7.31), a* (7.31, 12.79) b*
(17.82, 12.54) (Bayram et al., 2018). In another study,
twenty-five vinegar samples were collected from different
cities in Turkey. It was determined that the L*, a*, b*
values of vinegars (apple, artichoke, grape, hawthorn,
lemon, pomegranate, sour cherry, apple-lemon) ranged
between (0.28 and 20.15), (-0.54 to 14.88) and (0.43 to
14.11), respectively. The difference in color values may
vary according to the fruit species (Ozturk et al., 2015).

Total Phenolic Compound and Cation Radical
Scavenging Activity (ABTS*") of Vinegar Samples

Total phenolic compound of vinegar samples is
provided in Table 2. A large portion (about 80%) of
vinegars is constituted by water and the rest (20%) is
constituted by organic acids, alcohols, polyphenols and
amino acids (Casale et al., 2006). Fruits, vegetables and
foodstuffs produced from them play significant roles in
human health because of their rich phenolic contents. Since
phenolic compounds constituted a criterion for separation
of natural and artificial vinegars, they play a significant
role in the identification of vinegar composition. Vinegar
phenolics are influenced by raw material and method of
production (Tesfaye et al., 2004).

Total phenolic compound quantity of UC vinegar
samples was measured as 1234.54 mg GAE/L in the 0™
month. In the 3" month of analyses, total phenolics were
measured as 1256.50 mg GAE/L in UC vinegar samples
and as 1470.67mg GAE/L in OCS vinegar samples.
Present findings revealed that oak chips-supplementation

increased (23.25%) total phenolic compound of vinegar
samples. Differences in total phenolics of the UC vinegar
samples and OCS vinegar samples at the end of the 1% and
3 months were found to be significant (P<0.05).
However, the differences in total phenolics of OCS vinegar
samples at the end of the 1%t and 3™ months were not found
to be significant (P>0.05).

Cation radical scavenging activity of the vinegar samples
are provided in Table 2. ABTS cation radical scavenging
activity of UC vinegar samples were measured as 2220.00
mg TE/L in the 0" month. In the 3 month of analyses,
ABTS cation radical scavenging activity was measured as
2088.75 mg TE/L in UC vinegar samples and as 2595.00 mg
TE/L in OCS vinegar samples. Present findings revealed that
oak chips-supplementation increased ABTS cation radical
scavenging activity in the 1% month respectively by 19.98
and 15.31% as compared to the 0™ month and UC samples
of the 1% month; increased again ABTS cation radical
scavenging activity in the 3" month respectively by 16.89
and 24.23% as compared to the 0™ month and UC samples
of the 3" month. The differences in ABTS cation radical
scavenging activity of UC and OCS vinegar samples at the
end of the 1% and 3 months were found to be significant
(P<0.05). However, the differences in ABTS cation radical
scavenging activity of OCS vinegar samples at the end of the
1%t and 3@ months were not found to be significant (P>0.05).

In a study, the antioxidant activity of 18 vinegar samples
(apple, apricot, artichoke, balsamic, blackberry, blueberry,
date, gilaburu, grape, hawtorn, mulberry, lemon,
pomegranate, rice, rosehip) were investigated by ABTS
method. It was determined that the antioxidant activity of
vinegars ranged between 326-3730 mg TE/L. Antioxidant
activity of two different grape vinegars were determined as
560 mg TE/L and 1000 mg TE/L (Bakir et al., 2017). In
another study, antioxidant activity (ABTS method) of grape
vinegar was determined as 441 mg TE/L (Sengun et al.,
2019).

Plant phenolic compounds are used as natural
antioxidants because of their high antioxidant activities
(Bouaziz and Sayadi, 2005). Potential antioxidant activity of
phenolic compounds comes from hydroxyl groups
(especially from 1,2-dihydroxybenzene). Hydroxyl groups
donate their hydrogens and neutralize free radicals to
prevent oxidation (Hassen et al., 2015). Antioxidant capacity
is also derived from chelating ability with metal ions
constituting free radicals (Croft, 1998). Phenolics are also
able to directly or indirectly interfere with cytochrome P450
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isoforms, lypoxygenase-like enzymes catalyzing radical
production (Yang et al., 2001). Increasing ABTS cation
radical scavenging activity of OCS samples may be
attributed to increasing total phenolic compound and some
individual phenolics. Singh et al. (2018) determined ABTS
cation radical scavenging activity of twelve different
phenolic acids (gallic, caffeic, syringic, t-chlorogenic,
ferulic, gentisic (sodium salt), colic, shikimic, cinnamic,
vanillic, p-coumaric and quinic acids) and indicated that
gentisic acid had the greatest ABTS cation radical
scavenging activity and it was followed by p-coumaric acid
and gallic acid. Present increasing ABTS cation radical
scavenging activity with increasing gallic and vanillic acid
quantities comply with the findings of Singh et al. (2018).
Synergic effects of these phytochemicals may also increase
antioxidant activity and thus may have significant health
benefits.

Individual Phenolic Compounds of Vinegar Samples

Individual phenolic compound of the present vinegar
samples is provided in Table 3. Individual phenolic
quantities of the vinegar samples are provided in Table 4.

The quinic acid content of UC vinegar samples were
measured as 72.78 mg/L in the 0" month, as 66.08 mg/L at
the end of the 1% month and as 68.14 mg/L at the end of the
3 month. Quinic acid quantity of OCS vinegar samples

were measured as 66.84 mg/L in the 1%t month and as 69.23
mg/L in the 3" month.

Tesfaye et al. (2004) supplemented Sherry wine vinegars
with 2% boiled and toasted mid-size oak ships and aged the
resultant vinegars for 90 days. Researchers indicated that
total phenolics rapidly increased during the initial 15 days of
ageing and total phenolic compound did not change much
throughout the rest of the ageing period.

Gallic acid content of UC vinegar samples were
measured as 6.40 mg/L in the 0" month, as 6.14 mg/L at
the end of the 1% month and as 8.43 mg/L at the end of the
3 month. Gallic acid content of OCS vinegar samples
were measured as 9.77 mg/L in the 1% month and as 19.12
mg/L in the 3" month. The chromatogram for OCS vinegar
samples is presented in Figure 1.

Catechin content of UC vinegar samples were
measured as 19.03 mg/L in the 0™ month, as 19.22 mg/L in
the 1%t month and as 22.26 mg/L in the 3@ month. The
catechin content of OCS vinegar samples were measured
as 17.28 mg/L in the 1%t month and as 17.98 mg/L in the 3"
month. The vanillic acid content of UC vinegar samples
was measured as 1.67 mg/L in the 0" month, as 1.70 mg/L
in the 1% month and as 1.78 mg/L in the 3 month. An
increase was observed in vanillic acid contents of OCS
vinegar samples and the values were measured as 2.18
mg/L in the 15t month and as 2.58 mg/L in the 3" month.

Table 2. Total phenolics and ABTS radical cation scavenging activity of the vinegar samples

Months Samples Total phenolics (mg GAE/L) ABTS radical cation scavenging activity (mg TE/L)
0™ month uc 1234.54+78.36"" 2220.00+35.36"
15t month uc 1271.81+11.92b 2255.81+11.92°
OCs 1521.03+50.782 2663.75+8.842
34 month uc 1256.5+£52.28P 2088.75+8.84°¢
OCS 1470.67+43.16a 2595.00+159.12

*Small letters in same line show difference between vinegar samples (P<0.05)

Table 3. LC-MS-MS data fo

r individual phenolics of the vinegar samples

Individual Phenolics R? Retention time (min) MS, m/z M MS/MS ion m/z

Quinic Acid 0.9979 0.9 191.20 925,849

Gallic Acid 0.9986 1.08 168.80 78.9, 125.00

Vanillic Acid 0.9975 2.11 166.80 152.10, 108.0

Caffeic Acid 0.9985 2.41 179.20 109.20, 117.20, 134.20

p-coumaric Acid 0.9967 3.0 163.20 93.10, 117.10, 119.20,

Ferulic Acid 0.9987 3.50 193.20 89.20,105.20, 133.10

Catechin 0.9976 4.45 289.20 109.10, 123.10

Quercetin 0.9989 5.12 300.80 107.10, 151.10
Table 4. Individual phenolic quantities of the vinegar samples

0™ month 1% month 39 month

Individual Phenolics (mg/L) ucC ucC OCSs ucC 0OCS
Quinic Acid 72.78+8.04% 66.08+1.712 66.84+0.66? 68.14+0.66% 69.23+0.322
Gallic Acid 6.40+0.13°¢ 6.14+1.92° 9.77+0.65° 8.43+0.71%¢ 19.12+0.728
Vanillic Acid 1.67+0.03°¢ 1.7040.05°¢ 2.18+0.03° 1.78+0.006° 2.58+0.112
Caffeic Acid 2.02+0.052 2.2240.052 1.9440.152 2.2240.162 2.02+0.012
p-coumaric Acid 0.29+0.042 0.32+0.032 0.25+0.022 0.32+0.032 0.26+0.022
Ferulic Acid 0.26+0.02° 0.25+0.001° 0.30+0.06% 0.25+0.007° 0.3140.0022
Catechin 19.03+0.29° 19.22+1.20° 17.28+0.09°¢ 22.26+0.542 17.98+0.48¢
Quercetin 0.77+0.312 0.42+0.252 0.15+0.052 0.16+0.082 0.14+0.072
Total 102.15 95.93 100.20 103.9 111.50

*Small letters in same line show difference between vinegar samples (P<0.05)
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Figure 1. Chromatogram for oak chips-supplemented samples

Among the individual phenolics of the vinegar samples,
quinic acid had the greatest quantities in the 0™, 1%t and 3"
months. It was followed by catechin and gallic acid,
respectively. Different from the other months, gallic acid
had the second greatest quantity after quinic acid in the 3™
month. In general, as compared to the 0" month, gallic acid
and vanillic acid contents increased in OCS samples. The
rate of increase in gallic acid quantity was 52.65% in the
1 month and 198.5% in the 3’ month. The rate of increase
in vanillic acid content was 30.54% in the 1% month and
54.49% in the 3 month. The differences in gallic and
vanillic acid contents of the UC and OCS vinegar samples
at the end of the 1% and 3" months were found to be
significant (P<0.05). However, differences in quinic acid,
caffeic acid, p-coumaric acid and ferulic acid contents of
the UC and OCS vinegar samples at the end of the 1% and
3 months were not found to be significant (P>0.05). As
compared to UC vinegar samples, the catechin contents of
OCS vinegar samples decreased at the end of the 1%t and 3"
months. The differences in gallic acid contents of UC and
OCS vinegar samples at the end of the 1% and 3™ months
were found to be significant (P<0.05). The differences in
vanillic acid contents of the UC and OCS vinegar samples
at the end of the 1% and 3™ months were also found to be
significant (P<0.05). The differences in catechin contents
of the UC and OCS vinegar samples were not found to be
significant at the end of the 1t month (P>0.05), but found
to be significant at the end of the 3" month (P<0.05).

In general, of the phenolic acids, gallic acid and vanillic
acids of hydrobenzoic group of acids increased, but a
significant increase was not observed in p-coumaric acid,
caffeic acid and ferulic acids of hydrocinnamic group of
acids of OCS vinegar samples. Catechin of flavan-3-ol
group of flavonols decreased in OCS samples.
Proanthocyanins composed of catechin and epicatechin
combinations are extracted into wine vinegar during the
maceration, pressing and fermentation processes (He et al.,
2008). Gomez-Plaza et al. (2002) investigated the effects
of different pressed grape fermentation durations (4, 5 and
10 days) on solubility of phenol compounds and reported
that the wines with longer fermentation durations had high
catechin and procynadin compounds and polymeric
compound quantities increased throughout the ageing
process. Celulose and ellagitannins-like polymer phenols
are degraded into aldehydes, furfural derivatives and
lactones-like several compounds through the heat

e

T
50

B B BB T
55 60 65 70 75 95 mn

treatments applied to oak chips and these compounds then
pass to the final product during the process of ageing
(Bozalongo et al., 2007). The decrease in catechin content
at the end of the ageing period of the present study can be
explained by the condensation of these compounds with
some other compounds. The increase in gallic acid contents
can be explained by gallic acid formation through
hydrolysis of hydrolysable tannins. Vanillic acid is
especially specific to oak trees and it passes to final product
during the ageing of wines and vinegars in toasted oak
barrels or ageing with the supplementation of oak chips.
Similar to results, Cerezo et al. (2008) determined a
decrease in amount of (+)-catechin and an increase in the
amount of gallic acid and vanillic acid during the
acetification of red wine vinegars oak barrels. Lignin
constitutes about 20-25% of oak barrels. Vanillic acid,
syringaldehyde-like  benzoic-type  aldehydes  and
confiraldehyde and  sinapaldehydes-like  cinnamic
aldehydes formed through lignin degradation during the
oak chips-supplemented ageing of liquid foods pass to the
final product and play a great role in sensory characteristics
of the final products.

Tesfaye et al. (2004) in a study, supplemented Sherry
wine vinegars with 2% (g/mL) boiled and toasted mid-size
oak chips and aged the resultant vinegars for 90 days.
Researchers indicated rapid increases in individual
phenolics (gallic acid and vanillic acid) during the initial
15 days of ageing. An increase was observed in quantities
of the other phenolics throughout the rest of the ageing
period. Researchers indicated that 15 days were sufficient
during the ageing of Sherry wine vinegars to achieve
desired phenolic levels in vinegars.

Cerezo et al. (2009) tried to identify how different
wood barrels used in ageing influenced vinegar quality.
Researchers aged red wine and balsamic vinegars in locust,
cherry, chestnut and oak barrels and reported significant
increases in 2-furfuraldehyde, protocatecaldehyde and
vanillic acid concentrations of vinegars aged in oak barrels.
Present findings comply with the results of Tesfaye et al.
(2004) and Cerezo et al. (2009).

Cerezo et al. (2014) indicated that wood chips were
commonly used to shorten the ageing duration of vinegars.
It was observed in the present study that 15 days were
sufficient to achieve the greatest pass/extraction of
polyphenols into the vinegar.
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Aroma Compounds of Vinegar Samples

Aroma compounds of the vinegar samples are provided
in Table 5. In UC samples, 1-hydroxy- 2-propanon
(20.94%);  3-hydroxy-2-butanone  (16.22%), 1,3-
propandiol (14.46%) and 1,2,3-propantriol (18.2%) had the
greatest quantities in the 0™ month.

In UC vinegar samples, 9-octadecanoic acid methyl
ester (31.06%), 2,3-butandiol (18.13%) and hexadecanoic
acid methyl ester (16.94%) had the greatest quantities at
the end of the 3@ month. In OCS samples, 9-octadecanoic
acid methyl ester (40.85%), hexadecanoic acid methyl
ester (22.13%) and 2-nitro ethanol (13.35%) had the
greatest quantities at the end of the 3 month.

When the UC and OCS vinegar samples were compared
atthe end of the 3™ month, it was observed that OCS samples
had greater quantities of 3-hydroxy-2-butanone,
hexadecanoic acid methyl ester, 9,12-octadecanoic acid
methyl ester and 9-octadecanoic acid methyl ester. UC
vinegar samples had greater quantities of 2,3-butanediol,
1,3-propandiol; nonanal, 1,2-benzendicarboxylic acid
diethyl ester than OCS vinegar samples.

In UC vinegar samples, while 1-hydroxy-2-propanon
content was measured as 20.94%, 3-propandiol content
was measured as 14.46% and 1,2,3-proponitrol content
was measured as 12.21% in the 0" month, these
compounds were not encountered in UC vinegar samples
at the end of the 3" month.

At the end of the 3 month, 9-octadecanoic acid methyl
ester had the greatest quantity (31.06%) in UC vinegar
samples and it was followed by hexadecanoic acid methyl
ester (16.94%). These compounds were not encountered in
UC vinegar samples in the 0" month.

Table 5. Aroma compounds of the vinegar samples

At the end of the 3" month, 2,3-butanol content was
measured as 18.13% in UC vinegar samples and as 3.42%
in OCS vinegar samples; hexadecanoic acid methyl ester
ratio was measured as 16.94% in UC vinegar samples and
as 22.13% in OCS vinegar samples; 9-octadecanoic acid
methyl ester ratio was measured as 31.06% in UC vinegar
samples and as 40.85% in OCS vinegar samples. While 2-
nitro ethanol was not encountered in UC vinegar samples,
the OCS vinegar samples had a value of 13.35% at the end
of the 3 month.

Unal (2007) indicated that methods of production had
significant effects on sensory characteristics and the
chemical composition of the vinegars. It was also reported
that slow methods yielded greater acid contents (5.79-6.59
9/100 ml) than deep culture methods and slow methods
were also richer in aroma compounds (methyl acetate,
acetaldehyde, methyl alcohol, 2-methyl-1-propanol, 1-
propanol, 3-methyl-1-butanol, 2-methyl-1-butanol, 2
phenylethanol) (Akbas, 2008).

Charles et al. (2000) determined aroma compounds of
red wine vinegars with different acidity ratios through GC.
Researchers divided primary aroma compounds of red
wine vinegars into two groups including 2-3-methyl-1-
butanol, 2-hydroxy-3-butanon, acetic acid, 3-methyl
butanoic acid and 2-phenyl ethanol. Researchers also
identified new compounds mostly in ester forms (2,3-
butandiol monoacetate, 1,2,3-propantriol
monoacetate,1,2,3-propantriol diacetate) and ketones (3-
hydroxy-2-pentanon,  2-hydroxy-3-pentanon and 3
acetoxy-2-butanon, 3-acetoxy-3-butanon) which were not
previously encountered in wine vinegars (Akbas, 2008).

0" month 39 month
uc (%) ucC (%) OCSs (%)
3-hydroxy-2-butanon 16.22 | 3-hydroxy-2-butanon 5.12 | 3-hydroxy-2-butanon 5.12
2,3-butandiol 12.02 | 2,3-butandiol 18.13 | 2,3-butandiol 3.42
1,3-propandiol 14.46 | 1,3-propandiol 3.32 | 1,3-propandiol 2.34
hexadecanoic acid methyl ester 205 hexadecanoic acid methyl 16.94 hexadecanoic acid methyl 2913
(Palmitic acid methyl ester) ' ester ' ester ’
L 9-octadecanoic acid 9-octadecanoic acid
9-octadecanoic acid methyl ester ~ 1.56 methyl ester 31.06 methyl ester 40.85
Naphthalene 0.53 Naphthalene 0.49
Methyl stearate 0.95 | Methyl stearate 2
Dianhydromannitol 5,28 | Nonanal 0.58 | Nonanal 0.11
9,12-octadecadienoic acid 9,12-octadecadienoic acid
1-hydroxy-2-propanon 20.94 methyl ester 1.79 methyl ester 2.14
L 1,2-benzendicarboxylic 1,2-benzendicarboxylic
Acetic acid 4.13 acid diethyl ester 16.18 acid diethyl ester 0.35
1-dodesen 0.29 | Phenylyethyl alcohol 0.36 | Phenylethyl alcohol 0.58
1-nonadesen 0.47 | Azulene 0.75 | 1,3-butandiol 241
2-dodecenal 0.38 | 2-nitro-ethanol 13.35
. nonanoic acid, 9- Lo
1,2,3-propantriol 18.2 oxymethyl ester 0.47 | 2-hydroxy propionic acid 4.99
1-pentadesen 0.57 | diethyl phthalate 1.51 11-octadecenoic acid 1.28
methyl ester
2-hydroxy-3-methyl-2- 183 10-octadecanoic acid 141 | 2-undesenal, e- 015
cyclopenteneg, methyl ester
Benzenethanol 0.26 1,2-be.nzend|carboxyllc 407 nonanoik acid, 9- 0.29
acid diethyl ester oxymethyl ester
1,2-propandiol 0.24
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Marin et al. (2002) investigated aroma compounds of
vinegars aged and non-aged in wood barrels with the HS-
SPME (head space solid phase micro extraction) method
and indicated this method as a fast and easy method.
Researchers reported the primary aroma compounds of the
vinegars as 2-methyl-1-propanol, 2,3-methyl-1-butanol, 3-
hydroxy-2-butanon, 2,3-butandiol and isopentanoic acid.
Ageing in wood barrels increased 3-hydroxy-2-butanon-
like aroma compound concentrations (Akbasg, 2008).

Del Signore (2001) conducted a research on aroma
compounds of traditional balsamic vinegars produced in
Modena region and reported acetaldehyde concentrations
as between 0.44-104.59 mg/L, 1-propanol concentrations
as between 0.03-8.0 mg/L and 2-methyl-1-butanol
concentrations as between 0.07-14.47 mg/L (Akbas, 2008).

Conclusion

It was observed in the present study that oak chips-
supplementation increased total phenolics and some
individual phenolics of grape vinegar samples. Increasing
gallic acid and vanillic acid quantities indicated extraction
of phenolic compounds of oak chips into the vinegar. A
prolonged ageing period from 1 month to 3 months
increased the quantity of some individual phenolics (gallic
acid, vanillic acid), but did not yield significant changes in
total phenolics. At the end of the ageing period, increases
were observed in 3-hydroxy-2-butanon, hexadecanoic acid
methyl ester, 9-12-octadecadienoic acid methyl ester, 9-
octadecanoic acid methyl ester concentrations of OCS
vinegar samples. Extraction of phenolics into vinegars
largely depends on chip size, botanical and geographical
origin of oak trees, type of toasting, dosage and application
durations. Oak chips did not have any significant effects on
color parameters (L*, a*, b*) of vinegar samples. Today,
consumers mostly tend to organoleptic and sensory
foodstuffs different from traditional ones. Consumers are
also more conscious about quality foods and drinks with
positive impacts on their health. It was concluded based on
present findings that extraction of oak phenolics into
vinegar improved vinegar quality. As an alternative to
traditional oak barrel-ageing, the use of oak chips may
shorten process durations, reduce production costs, offer an
easy method of ageing to producers. With these
advantages, oak chips will improve the competitive power
of the producers and allow consumers to reach healthier
products at cheaper rates.
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