Journal of Scientific & Industrial Research
Vol. 81, April 2022, pp. 426-433

N a\ sttt ofcence Communiceir andvhmes th

Aroma Profile and Phenolic Content of Honey Wine Produced from
Wild Rose Fruit

Tuba Biiyiiksirit-Bedir'* and Hakan Kuleasan®

'"Department of Food Engineering, Faculty of Engineering, Hitit University, Corum, Turkey

*Department of Food Engineering, Faculty of Engineering, Suleyman Demirel University, Isparta, Turkey

Received 01 February 2021; revised 28 February 2022; accepted 09 March 2022

In this study, two chromatographic techniques were applied to determine the aroma profile and phenolic compounds of
“Honey wine” produced by addition of Wild Rose Fruits (Rosa odorata-Andrews-Sweet). In addition, another control wine
was produced with sucrose and rose fruits in order to differentiate compounds produced by yeast fermentation from those
originated from honey and rose fruits. After maturation aroma components, phenolic compounds and sugar composition of
wines were identified. Aroma components were determined by headspace solid-phase microextraction gas chromatography
mass spectrometry (HS-SPME/GC-MS) techniques in wine samples. The dominant aroma components in both wines were
ethanol, ethyl acetate, isobutyl alcohol, 2-methyl-1-butanol, 3-methyl-1-butanol, ethyl caprylate, ethyl decanoate, capronate
ethyl. Some minor differences in the percentage of major aroma components were determined between two wine samples.
Phenolic and sugar compositions were identified by high performance liquid chromatographic (HPLC) method in fruit
extract and wine samples. While the total amount of phenolic compounds were 3604.9 mg/l in fruit juice, 74.3 mg/l in
control wine and 111.8 mg/l in honey wine, the most abundant phenolics in both wines were catechin, epicatechin and

routine.
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Introduction

The Rosaceae is one of the largest family of plants
with more than 100 genera and 2830-3100 species.'
Rose plant belongs to Rosa L. genus and member of
Rosaceae family.” Fruits of some wild rose genus have
been used as a food supplement and for pharmaceutical
drugs, as an additive in probiotic beverages, soups,
yogurt and as a health supplement for many years.’ In
addition, the fruits contain high amounts of bioactive
components such as phenols, carotenoids (lycopene),
vitamins and carbohydratesf"5 Rosa odorata (Andrews)
Sweet also called wild rose hip has been used in the
production of rose water and rose oil in some countries.®

Wine is an ancient drink made by the fermentation of
grape must or some other fruit juices. Grape is the most
widely used fruit in wine making since the ancient times.
There have been other fruits also suitable for wine
production other than grapes. In recent years, fruit wines
have also been produced from various other fruits such
as caja, mango, banana, apple, cherry, papaya,
blackberry, orange and pineapple.” Regarding the
fruity impression, it is closely related to the sense of
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freshness in fruit wines. Consequently, the oxidation
process in other words and the loss of fruity aroma
compounds, may importantly affect the perfect
balance of a high quality wine flavour.® Honey can be
used in wine making, replacing sugar because of its
antioxidant activity.”

Phenolic acids, catechins and other flavonoids,
which are phenolic compounds have an essential role
in the formation of the quality of wine. These
compounds improve sensory properties and
significantly contribute to colour formation, flavour,
astringency and hardness.'” In addition, phenolic
compounds have some contributions to overall health,
associated with the consumption of fruits and
vegetables."’

Aroma, other than being one of the most
noteworthy characteristics of a wine, is also a major
indicator of its quality.'” There are various methods
used to determine the aroma compounds of wines."
In the present study SPME technique was used in
order to determine the aroma components of wine
samples. SPME is a solvent-free technique, in which
the sample in liquid or gaseous phase is absorbed onto
an absorbent like fused-silica fibre, and then either
thermally sent directly into a gas chromatography
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equipment or the solvent is carried into a high-
performance liquid chromatography equipment.'* The
technique is based on an extension of laser desorption
from fused silica fibers, which provides extremely
fast chromatographic separation."

The main purpose of this study is to determine the
differences in the characteristic features of two
different wines made with sugar and honey prepared
by using Rosa odorata (Andrews) Sweet fruit, which
has not been used in winemaking before. Chemical
and analytical properties of wild rose fruits were also
determined before it was used in wine making. After
fermentation, characteristic properties like total
phenolic compounds, aroma components and sugar
compositions of wines were determined.

Materials and Methods
Winemaking, Fermentation Conditions and Monitoring
Fresh fruits of Rosa odorata (Andrews) Sweet used
for wine production were harvested from Konya
province in Turkey. Fully ripe fruits were chosen and
they were separated from leaves, stems and stalks.
After cleaning, the fruits were crushed without
breaking the seeds and finally the seeds were
removed. Two different wines were produced by
addition using honey or sucrose and fruits of Rosa
odorata (Andrews) Sweet. The first wine was
produced with natural prairie honey and rose fruits. In
order to make better comparison of compounds
arising from honey, the second wine was produced for
control purposes with sucrose and rose fruits only. A
750 g of cleaned and crushed fruits were placed in 2.5
liter anaerobic fermentation vessel. After the addition
of the fruits, 2 liters of natural spring water was added
and the mixture was macerated for 6 hours by gentle
stirring. Thus, all soluble sugars and other soluble
nitrogenous compounds in the fruits were transferred
to the must. After maceration, the sugar amount in the
must was measured 9°Brix (Bx) and honey was added
until the sugar content was to reach 29 °Bx. Titratable
acidity of the must was adjusted to 4.5 g/l with
potassium tartrate and the pH was adjusted to 3.9 by
addition of citric acid. The final °Bx of both musts
were measured as 29 °Bx. The control wine was
prepared by following the same protocols except that
the sucrose replaced with honey. Both musts were
pasteurized at 65°C for 15 min in water bath and then
cooled down to room temperature. Freeze-dried yeast
culture was activated for 2 hours in 10% sucrose at
20°C then 0.2 g/1 (20 g/hl) of yeast culture
(Saccharomyces cerevisiae var. cerevisiae, Fermivin

N°7013, Oenobrands, France) was added to both
musts. After mixing the vessels were left for
fermentation at room temperature. The fermentation
process continued for around 15-20 days until most of
the sugars were consumed. Fermentation vessels were
kept in dark and the temperature was measured
between 15 to 20°C during fermentation. During the
fermentation process the amount of sugar was
measured by refractometer (Atago, Japan) daily. After
the fermentation process, the lees were removed from
premature wines by racking. After first racking
maturation of wines was done at 15°C for 3 months."
After the maturation process the second racking was
done. Finally, wine analyses were applied just before
bottling. In order to prevent further microbial activity
bottles were pasteurized in 62°C water bath for 15 min.

Chemical Analyses of Fruits and Wines

The total dry matter and ash analysis of fruits were
determined by using the methods of AOAC."” The pH
value of fruit juice and wine samples was measured at
20°C by pH meter (WTW, Germany). The total
soluble solids (°Bx) of the samples were determined
by refractometer (Atago ATC-1, Japan) according to
the methods of AOAC." The ebulliometer was used
to determine the alcohol content of the wines (Alla,
France). The total titratable acidity of fruit and wine
samples were determined by 0.1 N NaOH titration
and results were expressed as percent malic acid.'®
The ascorbic acid content of fruits was determined by
titration ~ with  2-6-dichloroindophenol  (DCIF)
according to the method of AOAC."” The HPLC
system (Shimadzu SCL-10A, Japan) was used for the
determination of sugar composition of the samples
with the method described by Coelho et al. (2018)“.
It is formed RID (Refractive Index Detector) detector,
the system control unit (LC 20advp), the pump
(10advp LC), gas separator (DG 20) and the column
oven (CTO 10AVP). Sucrose (Sigma-Aldrich),
glucose (D (+) Glucose, Sigma-Aldrich) and fructose
(D (-) Fructose, Sigma—Aldrich) standards were
separated with the Transgenomic COREGEL 87P
column. Deionized pure water was used as mobile
phase. The column temperature is set at 80°C and the
flow rate is set at 0.6 ml/min. Standard
chromatograms of monosaccharides have been
established. The fruit juice was homogenized by
dilution with pure water, and the wines are given
directly to the system. 0.45 pum filtered samples were
injected into the system in a volume of 20 pl. The
amounts of sugar in the samples were calculated from



428 J SCIIND RES VOL 81 APRIL 2022

the equation of the standard curve generated using the
external standard method.

Analysis of Phenolic Compounds

High  Performance Liquid Chromatography
(HPLC) method was used for identification of
phenolic compounds. HPLC system (RP-HPLC,
Shimadzu Scientific Instruments, Tokyo, Japan)
consisted of diode-array detector (SPD, M20A), auto
sampler (SIL-10ADvp), system controller (SCL-
10Avp), pump (LC-10ADvp), degasser (DGU-14A)
and column oven (CTO-10Avp). Separations were
performed on a reverse phase column (Agilent®
Eclipse XDB C-18, 250 mm x 4.6 mm, 5 um) at 30°C
and 0.8 ml/min flow rate. Two different mobile
phases, 3% acetic acid and methyl alcohol, were used.
Samples were dissolved in methanol and injected after
filtration through a membrane filter (0.45 pm).
Phenolic compounds were detected at a wavelength of
280 nm. The same steps were applied to all samples.
In identification of phenolic compounds, authentic
standards were used. Their retention times and
ultraviolet-visible spectra were compared. On the
contrary, external calibration standards were applied
for determination of their amount.'

Analysis of Aroma Components

In the present study, headspace solid-phase
microextraction (HS-SPME) combined with gas
chromatography-mass spectrometry (GC-MS) was
detected the aroma components of fruits and wines.
SPME-GC analysis was performed on Shimadzu GC-
2010 Plus (Japan) equipped with a flame ionization
detector Shimadzu GCMS-QP2010 SE. Compounds
were separated using a column (Restek Rx-5Sil MS)
with 30 m length, 0.25 mm internal diameter, 0.25 um
coating thickness. After injection, the column

temperature was held at 40°C for 2 minutes. It was then
programmed at 4°C/min to 250°C and held for 5 min.
Helium used as carrier gas was adjusted to flow rate of
1.61 ml/min, injection temperature and detector
temperature of 250°C. A 2 ml aliquot was placed in 4
ml vial (Supelco 27159 15 ml clear PTFE/Silicone
septa Cap). Samples were kept for 15 min at 60°C with
fiber and 15 min at 250°C without fiber. The fibre was
then removed from the headspace and desorbed at the
gas chromatograph. The peaks seen on the
chromatogram were identified by scanning libraries
named Wiley, Nist, Tutor and FFNSC. The ionization
voltage was applied as 70 eV and mass spectra were
obtained in electron impact (EI) mode.

Statistical Analysis

All statistical analyses were conducted in triplicates
using Statistical Package for Social Science software
(SPSS Inc. A.B.D.) 16.0 statistical package program.
Means and standard deviations (SD) of the data were
calculated and expressed. One-way ANOVA (analysis
of variance) and Tukey multiple comparison test were
used to determine statistical differences. The results
were evaluated at 95% confidence level.

Results and Discussion

Chemical Analysis

Some chemical properties of rose fruit juice were
determined before wine production. The results are
presented in Table 1. One of the important quality
criteria of fruits to be used in winemaking is the
amount of sugars present in the juice. Besides, the
water and alcohol soluble materials other than sugars
are directly related to the taste and odour of the final
product. Total soluble solids of fruits used in this
study were determined as 32.30 °Bx. In a study done

Table 1 — Chemical analysis of wines and fruit

Analyse Fruit Juice
pH 3.87 +0.03°
Ascorbicacid (mg/100g, drymatter) 711.53 +1.00
°Brix 32.30 + 0.30°
Total Solids (%) 36.1 +0.06
Acidity (%) (as malicacid) 1.44£0.01
Ash (%, drymatter) 6.62+£0.01
Alcohol (Ebulliometer) (%, v/v) 0.00 + 0.00°
Alcohol (HPLC) (%) 0.00 £ 0.00°
Sucrose (g/10 mL) 0.69 +0.97*
Glucose (g/100 mL) 2.61 +1.85°
Fructose (g/100 mL) 2.88 +1.09°

ND: not determined

Control Wine Honey Wine
3.91+0.01% 3.87 +£0.02%
ND ND
8.7+0.17° 8.0+0.31¢
ND ND

ND ND

ND ND

11.05 + 0.05° 10.90 + 0.10°
11.86 + 0.49* 10.44 + 0.03°
0.00 = 0.00° 0.00 = 0.00°
0.00 + 0.00° 3.78 £ 0.07%
828 +£0.31° 7.92 +0.08%
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by Ercisli (2007)*? total soluble solids in fruits of
Rosa spp. were determined between 29—37 °Bx. The
ash content of the Rosa odorata (Andrews) Sweet
fruits was found as 6.62% in dry matter.

The amount of ascorbic acid in fruits is considered
as an important criterion for the formation of the
colour due to its antioxidant effects. The amount of
ascorbic acid in fruits used in this study was
determined as 711.53 mg/100 g. The ascorbic acid
results were similar to that of studies about fruits of
various Rosaceae families.” Ascorbic acid content of
Rosa species may show significant changes
depending on various factors such as region, climatic
conditions, altitude.*

The results of analytical tests of wines and fruit juice
were presented in Table 1. As it can be seen, pH,
alcohol and °Bx values of both control and honey
wines were similar. In a review done by Gupta and
Sharma (2009)"”, the pH in wines made with sugar and
honey was measured 3.86 ar and 3.59. The Brix
measurements were also close to each other which
were 8.7 and 8.00, respectively. Ethyl alcohol content
of wines was 11.05% (v/v) in control wine made with
sucrose and 10.90% (v/v) in honey wine. Gupta and
Sharma (2009)” stated that the alcohol content of
similar wines were between 10.5 and 9.8% (v/v).

The sugar composition in wines and fruit juice was
examined by HPLC. Three major sugars were
determined namely sucrose, glucose and fructose in the
samples (Table 1). Most of the sugars in Rose fruits
were glucose and fructose as expected. During
fermentation, yeasts metabolyze most of the glucose
and fructose to ethanol and CO,* Although glucose
and fructose are the two major fermentable sugars used
simultaneously during alcohol fermentations, fructose
is the dominating sugar present in the later stages of
alcoholic fermentation.”®

Total Phenolic Compounds

A total of 11 phenolic compounds were identified
and quantified in two different wines made with
addition of Rosa odorata (Andrews) Sweet fruits
(Table 2). The total amount of phenolic compounds
was 3604.9 mg/l GAE (Gallic Acid Equivalent) in
fruit juice. Czyzowska et al. (2015)*”, determined
concentrations of polyphenols in musts from Rosa
canina L. and Rosa rugosa fruits were between 7400—
9007 mg/l GAE. In another study conducted by
Ercisli (2007)“?, the total phenolics contents of two
rose species were found 73 mg GAE/g-DW in Rosa
villosa and 96 mg/g-DW GAE in Rosa canina L. The

large differences in total phenolic content are
probably as a result of growing conditions,
geographical location, maturity, species, and climate
conditions.

The results indicated that the total amount of
phenolic compounds of two different wines made by
addition of sugar and honey were found as 74.3 mg/l
and 111.8 mg/l, respectively. In a study, the phenolic
contents of wines made from Rosa canina L. and
Rosa rugosa Thunb fruits were determined between
2786-3456 and 3389-3990 mg/l GAE in aged and
young wines respectively.”’ In a similar study the total
phenolic compounds of wine made from Cherokee
rose was found 2529 mg/l GAE.*®

In our study, the most abundant phenolics
determined in fruit juice were catechin (1991.8 mg/l)
which gives the bitter taste in wines®, epicatechin
(470.3 mg/l), routine (347.5 mg/l) and benzoic acid
(203.7 mg/1). Although these substances were also been
determined in both wines, there was a significant
decrease in their amounts. Polyphenols such as
catechins, proanthocyanidins, cinnamic acids and their
derivatives are generally subject to oxidation in white

Table 2 —Phenolic compounds of wines and fruit (Results are
given in mg/L)

Compound Name FruitJuice Control Wine HoneyWine

Gallic Acid — — —
Protocatechic Acid 64.4 33 —
Catechin 1991.8 6.5 32.3
p-Hydroxy Benzoic 341.1 2.4 5.7
Acid

Chlorogenic Acid — — —
Caffeic Acid — — —
Epicatechin 470.3 9.2 25.6
Syringic Acid 32.6 1.4 —
Vaniline 54.7 — —
P-Coumaric Acid 25.6 04 0.3
Ferulic Acid — 0.4 0.3
Sinapic Acid — — —
Benzoic Asid 203.7 — —
O-Coumaric Acid 6.7 — —
Routine 347.5 473 44 .4
Hesperidine — — —
Rosmarinic Acid 66.5 — —
Eriodictiol — — —
Cinnamic Acid — — —
Quercetin — 34 32
Luteolin — — —
Campferol — — —
Apigenin — — —
Total Phenolic 3604.9 74.3 111.8
Compounds




430 J SCIIND RES VOL 81 APRIL 2022

grape wines. Thus, they are responsible for the
conversion of the initial light yellow colour to deep
golden yellow first and finally the typical brown color.”
High amounts of phenolic compounds like p-coumaric
acid, quercetin, kaempferol etc. are originated from
honey can be transferred to honey wine.”'

Aroma Components

The aroma substances and their amounts
determined by HS-SPME/GC-MS in wines are given
in Table 3. The employment of HS-SPME/GC-MS
ensured for the identification of 41 aroma compounds
in control wine and 36 aroma compounds in honey

Table 3 —Volatile compounds of wines

N Control Wine Honey Wine

ame R.Time (min.) Concentration (mg/L) R.Time (min.) Concentration (mg/L)
Ethanol 1.185 98399.64 1.162 88267.55
1-Propanol 1.387 0.29 1.391 0.24
2-Methylbutanal 1.559 0.68 — —
Ethylacetate 1.632 17.26 1.634 18.66
Isobutylalcohol 1.715 3.37 1.72 4.29
Heptane 2.358 0.82 — —
3-Methylbutanol — — 1.934 0.13
3-Methyl-1-butanol 2.879 21.50 2.888 33.08
2-Methyl-1-butanol 2.935 6.16 2.941 8.21
Ethylisobutyrate 3.263 0.11 3.267 0.24
Isobutylacetate — — 3.56 0.13
Ethylbutyrate 4.144 0.95 4.15 0.92
Furfural 4.901 0.58 4912 0.16
Ethylisovalerate 5.559 0.08 5.569 0.11
Hex-3(Z)-enol 5.612 0.21 5.61 0.34
o-Xylene — — 5.969 0.18
Hexanol 6.042 1.50 6.044 2.03
Isoamylacetate 6.253 0.79 6.258 1.82
2-Methyl-1-butyl acetate 6.318 0.24 6.321 0.34
Styrene 6.631 0.18 — —
alpha-Pinene 8.075 0.63 — —
Benzaldehyde 9.068 0.21 9.07 0.53
Vinylamylcarbinol 9.895 0.03 9.89 0.16
6-Methyl-5-hepten-2-one 10.029 0.21 10.032 0.32
Ethylcapronate 10.589 25.08 10.595 24.90
Ethyl 3-hexenoate 10.774 0.21 10.776 0,13
dl-Limonene 11.653 0.26 — —
Benzeneacetaldehyde — — 12.162 0.18
Ethyl 2-hexenoate 12.285 0.08 12.296 0.13
Caprylalcohol 13.362 0.24 13.362 0.29
Phenethylalcohol 14.824 0.87 14.822 2.40
Methyloctanoate 15.355 0.32 15.365 0.21
Ethylbenzoate 17.038 0.13 17.046 0.26
Nonanol 17.222 0.11 17.22 0.18
Caprylicacid 17.374 0.24 17.374 0.50
Ethylsuccinate 17.477 0.97 17.485 0.45
Ethylcaprylate 18.166 60.58 18.167 55.35
Vitispirane 21.075 0.58 21.081 0.29
Ethyldecanoate 25.206 14.97 25.214 16.16
Butanoicacid<3-methyl-, octyl-> ester 26.466 0.32 — —
Octanoicacid<3-methylbutyl-> ester 26.895 0.21 26.903 0.37
Farnesene<(E)-, beta-> 27.106 0.37 — —
Ethyllaurate 31.56 1.34 31.561 1.26
Curcumene 40.27 0.50 — —
Tributylacetylcitrate 48.532 1.53 — —
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wine. Environmental factors like climate and soil,
fermentation conditions (yeast flora, pH and
temperature), wine production technologies and aging
were the main factors affecting the formation of
aroma compounds.®> Volatile profiles of wines
generally include esters, alcohols, hydrocarbons,
aldehydes and ketones. Regarding the wines produced
in this study, the dominant aroma components in the
control wine were ethyl acetate, isobutyl alcohol,
3-methyl-1-butanol, 2-methyl-1-butanol, ethyl
capronate, ethyl caprylate. The aroma profile of honey
wine was similar with minor differences. However,
some differences were significant.

Aroma compounds of wines were analyzed in
various studies by using HS-SPME/GC-MS method.
More than 400 volatile compounds have been
identified in rose cultivars. Sixty two volatile
compounds were determined in fruits of rosehip
(Rosa L.) species which were 19 acids, 9 aldehydes,
6 ketones and 5 esters, 2 terpenes, 2 phenols and
18 alcohols.”® The chief aromatic components of the
pink, orange and yellow rose flowers were hexanol,
benzyl alcohol and hexenyl acetate.> It was thought
that some of the volatile compounds were originated
from the fruits of Rosa odorata (Andrews) itself.
Aromatic compounds add "fruity" and "floral"
sensory properties to wines, thus contributing to the
sensory quality of the wine.”

In this study, various types of alcohols were
identified in both control and honey wine. Alcohols
present in both wines were also found in former
studies in terms of variety and concentration. Ethanol
plays a role in the stability and aging of wines. In this
way, it affects the sensory properties. In addition, the
increased amount of ethanol during fermentation
inhibits the growth of microorganisms that can
produce off-odors.”” Most of the aroma compounds
are released into the environment as secondary
products of yeast metabolism. Alcohols other than
ethanol were also identified and quantified in the
wines.** Those are the fusel alcohols namely o-
butanol, is o-amyl alcohol, 2-phenylethanol and
propanol. Fusel alcohols cause pungent odour and
taste.”’ Yeast was synthesized these compounds using
two different mechanisms. The first occurs with the
main anabolic pathway starting with glucose, and the
second with the catabolic pathways of amino acids
(valine, leucine, o-leucine and phenylalanine).”®

Esters are formed during fermentation by yeasts.
Ethyl esters, characterized by fruity and floral notes

are the main ones among them.” Ethyl acetate is the
most ample ester in wines. The amount of ethyl
acetate was determined in control wine 17.26 mg/l
and 18.66 mg/l in honey wine produced in this work.
The ethyl acetate concentration in wines usually does
not reach 50-100 mg/l. At low levels, it may be
suitable and add complexity to the fragrance.”” A high
amount of ethyl acetate can be considered a sign of
wine spoilage. The study determined by Rodriguez-
Bencomo et al. (2003)“?, limits of detection 9.6 mg/I
in ethyl acetate.

Conclusions

Fruit and honey wines are special type of wines in
which sensory properties are quite variable. The
unique taste and aromatic features of such wines are
influential in wine preference of some people. These
properties depend on some factors such as the type of
honey, fruit species used, climate, soil conditions,
fermentation process and aging.

HS-SPME/GC-MS techniques are novel methods
for detailed determination of aroma and fragrance
substances especially in aromatic and fruit wines give
better results. It has been found that some minor
components which cannot be determined by other
methods can be detected by such methods. In
addition, some major components such as ethanol,
other alcohols and sugars can also be identified with
higher sensitivity, thus providing more reliable results
when compared to conventional methods.

Fruits of the Rosaceae family were used in wine
production in the past; however studies focused on
their combined production with honey are quite
limited. We determined that wide variety of phenolic
and aroma compounds in wines were originated from
honey, fruit and yeast activity all together. In addition,
the results also showed the usage of honey in fruit
wines to improve aromatic characteristics, thus
increasing the sensory quality. Wines made with
honey or sucrose contained such substances in
different concentrations. The results also showed that,
fruit, honey and yeast activity used in wine making
have been found to be effective in the enrichment of
phenolic compounds and aroma substances.

References

1  Hummer K E & Janick J, Rosaceae: taxonomy, economic
importance, genomics, in Genetics and Genomics of
Rosaceae Folta, edited by K M & S E Gardiner (Springer,
New York) 2009, 1-17.

2 Ozcelik H & Korkmaz M, Cesitli yonleriyle Tiirkiye giilleri,
SDU-J Sci (E-J), 10(2) (2015) 1-26 (in Turkish).



432

11

12

13

15

16

20

JSCIIND RES VOL 81 APRIL 2022

Chrubasik C, Roufogalis B D, Miiller-Ladner U & Chrubasik
S, A systematic review on the Rosa canina effect and
efficacy profiles, Phytother Res, 22 (2008) 725-733.
Salminen J P, Karonen M, Lempa K, Liimatainen J,
Sinkkonen J, Lukkarinen M & Pihlaja K, Characterisation of
proanthocyanidin aglycones and glycosides from rose hips
by  high-performance  liquid  chromatography-mass
spectrometry, and their rapid quantification together with
vitamin C, J Chromatogr A, 1077 (2005) 170-180.
Andersson S C, Rumpunen K, Johansson E & Olsson M E,
Carotenoid content and composition in rose hips (Rosa spp.)
during ripening, determination of suitable maturity marker
and implications for health promoting food products, Food
Chem, 128 (2011) 689-696.

Ozgelik H, General appearances of Turkish Roses, SDU-J
Nat Appl Sci, 17(1) (2013) 2942 (in Turkish).

Duarte W F, Dias D R, Oliveira ] M, Teixeira J] A, Almeida ¢
Silva J] B & Schwan R F, Characterization of different fruit
wines made from cacao, cupuassu, gabiroba, jaboticaba and
umbu, LWT-Food Sci Technol, 43 (2010) 1564—-1572.
Bordiga M, Rinaldi M, Locatelli M, Piana G, Travaglia F,
Coisson ] D & Arlorio M, Characterization of muscat wines
aroma evolution using comprehensive gas chromatography
followed by a post-analytic approach to 2D contour plots
comparison, Food Chem, 140 (2013) 57-67.

Gupta J K & Sharma R, Production technology and quality
characteristics of mead and fruit-honey wines: A review, Nat
Prod Radiance, 8(4) (2009) 345-355.

Garcia-Viguera C & Bridle P, Analysis of non-coloured
phenolic compounds in red wines. A comparison of high-
performance liquid chromatography and capillary zone
electrophoresis, Food Chem, 54(4) (1995) 349-352.
Cheynier V, Phenolic compounds: from plants to foods,
Phytochem Rev, 11 (2012) 153-177.

Diez J, Dominguez C, Guillén D A, Veas R & Barroso C G,
Optimisation of stir bar sorptive extraction for the analysis of
volatile phenols in wines, J Chromatogr A, 1025 (2004) 263-267.
Miklésy E, Kalmar Z, Polés V & Kerényi Z, Study of
volatile aroma components in young tokaji aszu wines by
GC-MS, Chromatogr Suppl, 51 (2000) 305-308.

Rivasseau C & Caude M, Comparison of on-line SPE-HPLC
and SPME-GC for the analysis of micro-contaminants in
water, Chromatogr, 41(7/8) (1995) 462-470.

Arthur C L & Pawliszyn J, Solid phase microextraction with
thermal desorption using fused silica optical fibers, Anal
Chem, 62 (1990) 2145-2148.

Wagner P M, Grapes into Wine (Alfred A Knopf, New York)
1976.

AOAC Official Method, Association of Official Analytical
Chemists (Washington, DC) 1977.

Yamankaradeniz R, Farkli olum asamalarindaki kusburnu
(Rosa sp.) nun fiziksel ve kimyasal nitelikleri, Gida, 8(4)
(1983) 151-156.

AOAC Official method (15th ed.), Association of Official
Analytical Chemists (Arlington VA) 1990, 1058—1059.
Coelho E M, da Silva Padilha C V, Miskinis G A, de S4 A G
B, Percira G E, de Azevédo L C & Dos Santos Lima M,
Simultaneous analysis of sugars and organic acids inwine
and grape juices by HPLC: Method validation and
characterization of productsfrom northeast Brazil, J Food
Compos Anal, 66 (2018) 160 —167.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Demir N, Yildiz O, Alpaslan M & Hayaloglu A A,
Evaluation of volatiles, phenolic compounds and antioxidant
activities of rose hip (Rosa L.) fruits in Turkey, LWT - Food
Sci Technol, 57 (2014) 126-133.

Ercisli S, Chemical composition of fruits in some rose (Rosa
spp.) species, Food Chem, 104 (2007) 1379-1384.

Sun S Y, Jiang W G & Zhao Y P, Evaluation of different
Saccharomyces cerevisiae strains on the profile of volatile
compounds and polyphenols in cherry wines, Food Chem,
127 (2011) 547-555.

Halasova J & Jicinska D, Amounts of ascorbic acid in the
hips of Rosa species, Folia Geobotanica
et Phytotaxonomica, 23(2) (1988) 181-185.

Guillaume C, Delobel P, Sablayrolles ] M & Blondin B,
Molecular basis of fructose utilization by the wine yeast
Saccharomyces cerevisiae: a mutated HXT3 allele enhances
fructose fermentation, Appl Environ Microbio, 73 (2007)
2432-24309.

Janior M M, Batistote M & Ernandes J R, Glucose and
fructose fermentation by wine yeasts in media containing
structurally complex nitrogen sources, J Inst Brew, 114
(2008) 199-204.

Czyzowska A, Klewicka E, Pogorzelski E & Nowak A,
Polyphenols, vitamin C and antioxidant activity in wines
from Rosa canina L. and Rosa rugosa Thunb, J Food
Compos Anal, 39 (2015) 62-68.

Meng J, Fang Y, Gao J, Qiao L, Zhang A, Guo Z, Qin M,
Huang J, Hu Y & Zhuang X, Phenolics composition and
antioxidant activity of wine produced from spine grape (Vitis
davidii Foex) and Cherokee Rose (Rosa laevigata Michx.)
fruits from South China, J Food Sci, 71(1) (2012) C8-C14.
Jackson R S, Wine Science Principles, Practice, Perception,
2" edn (Academic Press, San Diego) 2000.

Spagna G, Pifferi P G & Rangoni C, The stabilization of
white wines by adsorption of phenolic compounds on chitin
and chitosan, Food Res Int, 29(3-4) (1996) 241-248.

Istasse T, Jacquet N, Berchem T, Haubruge E, Nguyen B K
& Richel A, Extraction of honey polyphenols: method
development and evidence of cis isomerization, Anal Chem
Insights, 11 (2016) 49-57.

Bonino M, Schellino R, Rizzi C, Aigotti R, Delfini C &
Baiocchi C, Aroma compounds of an Italian wine (Ruché) by
HS-SPME analysis coupled with GC-ITMS, Food Chem, 80
(2003) 125-133.

Murathan Z T, Zarifikhosroshahi M & Kafkas N E,
Determination of fatty acids and volatile compounds in fruits
of rosehip (Rosa L.) species by HS-SPME/GC-MS and Im-
SPME/GC-MS techniques, Turk J Agric For, 40 (2016)
269-279.

Héthelyi E, Szarka S, Lemberkovics E & Sz6ke E, SPME-
GC/MS identification of aroma compounds in rose flowers,
Acta Agronomica Hungarica, 58(3) (2010) 283-287.

Cémara J S, Marques J C, Perestrelo R M, Rodrigues F,
Oliveira L, Andrade P & Caldeira M, Comparative study of
the whisky aroma profile based on headspace solid phase
microextraction using different fibre coatings, J Chromatogr
A, 1150 (2007) 198-207.

Saha B, Longo R, Torley P, Saliba A & Schmidtke L, SPME
method optimized by box-behnken design for impact
odorants in reduced alcohol wines, Foods, 7(127) (2018)
1-17.



37

38

BUYUKSIRIT-BEDIR & KULEASAN: HONEY WINE PRODUCED FROM WILD ROSE FRUIT

Varakumar S, Naresh K & Reddy O V S, Preparation of
mango (Mangifera indica L.) wine using a new yeast-mango-
peel immobilised biocatalyst system, Czech J Food Sci, 30(6)
(2012) 557-566.

Perestrelo R, Fernandes A, Albuquerque F F, Marques J C &
Camara J S, Analytical characterization of the aroma of Tinta
Negra Mole red wine: identification of the main odorants
compounds, Anal Chim Acta, 563 (2006) 154—-164.

39

40

433

Panighel A & Flamini R, Applications of solid-phase
microextraction and gas chromatography/mass spectrometry
(SPME-GC/MS) in the study of grape and wine volatile
compounds, Molecules, 19 (2014) 21291-21309.
Rodriguez-Bencomo J J, Conde J E, Garcia-Montelongo F
& Pérez-Trujillo J P, Determination of major compounds in
sweet wines by headspace solid-phase microextraction and
gas chromatography, J Chromatogr, 991 (2003) 13-22.



