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Abstract: Fruit spirits contain a large array of volatile qgmands among which the important role from toxigidal
aspect besides ethanol has methanol, aliphaticsestel fusel alcohols. This study evaluates theecdrof ethanol, ethyl
acetate, methanol, isopropyl alcohol (2-propanefropyl alcohol (propan-I-ol), isobutyl alcohol (2ethylpropan-1-g)
n-butyl alcohol (1-butanol), isoamyl alcohol (3-mgth-butanol)and n-amyl alcohol (pentan-1-ol) in different grapes and
plum brandies industrially produced at Republicvizficedonia. Gas chromatography (GC) with flame iati@n detection
(FID) was applied for the characterization of aléstigated volatile compounds. The obtained reseltealed that the
highest methanol content was present in the sampf@am brandy, which is mainly due to the highentent of pectin in the
raw material. The most important higher alcoholg@pe and plum brandies were found torbpropyl alcohol, isobutyl
alcohol and isoamyl alcohol. In all the analyzechgkes of grape and plum brandies, the most abunvaasisoamyl alcohol
which content ranged from 50.3 to 290.7 mg/100 nal. @omparing the results with the data from ttexdture, it can be
concluded that the concentrations of all invesidatolatile compounds in the samples of grape dunh fprandies are
commonly acceptable.
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1. Introducti pure alcohol of the industrial origin added [2].
- Introauction The preparation and fermentation of raw material,

The Republic of Macedonia has and old and richiticad distillation technology and maturation are main tdas
in fruit growing and production of distilled bevegess. The responsible for the specific bouquet of fruit briesd3].

national brands of distilled fruit spirits are: geabrandy  Although the major physiologically active componeit
which is produced from grapé¥itis Vinifera L.) crop and most_ z?\lcohollc _beverage_s is ethyl_ alcohol, therea_ls
plum brandy which is produced from plurgnus) crop. '€maining fraction of highly volatile compounds dik

The traditional method used to obtain fruit brasdie the ~2@lcohols, acids, aldehydes, ketones and estershuare
distillation of fruit pulp in a cauldron from whidhe fumes ~Cc@lléd congeners. Congener content of commeraahalic

are introduced through the copper tube into a doils ~ Peverages differs significantly for each type otdrage,
located in a large bowl with water and due to evapon at Win€ and beer having appreciably higher amounts tha
the end of the chain the final spirit is obtaingH [ distilled spirits [4]. Even if quantitatively smathey play an

The storage and the maturing are achieved in wodgportant and often unnoticed role in the socia asd of

barrels, stainless steel or glass recipients fdeast three (he alcohol abuse [5]. _
months. The yellow or gold-yellow color of thatditonal While thousands of different volatile congeners rbay
distillate can be obtained exclusively by maturingvood ~found in various drinks at one time or another,esa of

barrels (mainly the oak barrels) without any cohtsaor them have been found to be constantly present: yheth
alcohol, acetaldehyde, ethyl acetate, ethyl fornaeie the
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small aliphatic alcoholsxépropyl alcohol, isopropyl alcohol
andn- butyl alcohol) make up the major volatile congene
content of beers, wines and distilled spirits [6].

Methanol, furfural, isobutyl alcohol and acetaldédy
have toxic potential. This is the reason why theoRaan
Commission established a maximum admissible vatue f
methanol in fruit brandies being 10 g/L of pureastbl (p.e.),
equivalent to 1000 mg /100 mL anhydrous alcoha.jaln
the case of ethyl alcohol of agricultural origihetlimits of
these toxic compounds are more restrictive (acelside
maximum 0.5 mg /100 mL a.a.; methanol 30 mg /100 m
a.a.; furfural not detectable [7].

In the industrial production of grape and plum llias,
distillation processes are well controlled, andr¢fare the
risk for methanol presence in the final produdiminished.
The industrial production of different types of rigi at

Republic of Macedonia has been changed and enlarg

significantly in the last decade.

The aim of this study was to compare the contesbaie
volatile congeners as: ethyl acetate, methanopraguyl
alcohol (2-propanol), n-propyl alcohol (propan-I-ol),
isobutyl alcohol (2-methylpropan-1-ol) n-butyl alcohol
(1-butanol), isoamyl alcohol (3-methyl-1-butanolnda
n-amyl alcohol (pentan-1-ol) in different grapes aidm
brandies industrially produced at Republic of Maw&d.
For that purpose we use gas chromatography (GQ) wi
flame ionization detection (FID). For the deterntioa of
ethanol content in the spirits, we use acetonifd€N) as
an internal standard (IS) [8]. For the determimatid ethyl
acetate, methanol, isopropyl alcohai;propyl alcohol,
isobutyl alcohol, n-butyl alcohol, isoamyl alcohol and
n-amyl alcohol in spirits, we used 4-methyl-1-peteas an
IS [7].

2. Materials and Methods
2.1. Sampling

Materials: A total of 150 samples of grape brandiesm
years 2008 — 2010) and 70 samples of plum brarftiizs
years 2012-2014) industrially produced at Repulifc
Macedonia were tested to detect the presence @fraev
volatile congeners as: ethyl acetate, methanopraguyl
alcohol,n-propyl alcohol, isobutyl alcohoh-butyl alcohol,
isoamyl alcohol and-amyl alcohol. Three different types of
grape brandies were produced from the same grdtpeacu
Type 1 (65 samples) was obtained after distillatidrthe
concentrated grape juice, type 2 (55 samples) tsEred
after distillation of the grape pomace and typ8@gamples)
was obtained after distillation of wine.

Brandies were produced in pot stills (batch destidin).
After distillation, brandies were aged in oak ca@ingle —
barrel aging). After a period of aging, the maturandy was
mixed with distilled water to reduce alcohol contation
and bottled.

authenticity of spirits.
2.2. Chemicals

Ethanol absolute, Acetonitrile (ACN) with a special
grade for residue analysis was purchased from
Sigma-Aldrich/Fluka/Riedel-de-Haen (Zwijndrecht, €Th
Netherlands). Water was deionized then distillednfrglass
apparatus. Reference pure standards (chromatographi
grade) of ethanol, ethyl acetate, methanol, isogralgohol,
n-propyl alcohol, isobutyl alcohol and isoamyl alobrand
Internal standard (IS) 4-methyl-1-pentanol werechased
from Sigma-Aldrich/Fluka/Riedel-de-Haen (Zwijndréch
The Netherlands).The purity of all chemicals wa®vab
99.9 %.

2.2.1. Preparation of Standard Solutions

d
.2.1.1. Preparation of Standard Solutions of Volatile

Congeners (Ethyl Acetate, Methanol, | sopropyl
Alcohol, N-Propyl Alcohal, I sobutyl Alcohol and
I soamyl Alcohol)

Sandard solution A. Pipette 3.0 mL of each analyte into a
100 mL volumetric flask, containing ca 60 mL ethiano
solution to minimize component evaporation, maketap
volume with ethanol solution, and mix thoroughlyederd
the weight of the flask.

Sandard solution B.—Pipette 3 mL 4-methyl-1-pentanol
into a 100 mL volumetric flask containing ca 80 ethanol
solution, make up to volume with ethanol solutiang mix
thoroughly. Record the weight of the flask, the giiof
internal standard added, and the total final weighthe
contents.

Sandard solution C.—Pipette 1 mL solution Aand 1 mL
solution B into a 100 mL volumetric flask contaigina 80
mL ethanol solution, make up to volume with ethanol
solution, and mix thoroughly. Record the weighttaf flask,
each component added, and the total final weighthef
contents.

Sandard solution D.—Pipette 10 mL solution B into a100
mL volumetric flask containing ca 80 mL ethanoluimin,
make up to volume with ethanol solution, and mix
thoroughly. Record the weight of the flask, eachnponent
added, and the total final weight of the contents.

Sandard solutions used to check the linearity of response
of FID.—Into separate 100 mL volumetric flasks containing
ca 80 mL ethanol solution, pipette 0, 0.1, 0.5, &d 2.0
mL solution Aand 1 mL solution B, make up to vokimith
ethanol solution, and mix thoroughly. Record theghtof
the flask, each component added, and the totdl eaht
of the contents.

Standard solutions were stored at < 5°C and were
prepared freshly on a monthly basis.

e
2

2.2.1.2. Preparation of Ethanol Standard Solutions
Preparation of ethanol stock standard solution (10g/L) —

The samples were provided by five producers located Weight 10 g of ethanol in 1000 mL volumetric flasind

Republic of Macedonia, who had guaranteed

thgilute with distilled water to the mark.

Preparation of 1S stock standard solution (10 g/L) —
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Weight 10 g of ACN in 1000 mL volumetric flask, aditute
with distilled water to the mark.

Preparation of 1S working standard solution (1 g/L) —
Pipette 10 mL of stock IS solution (10 g/L) intd@0 mL
volumetric flask and dilute with distilled water tioe mark.

Preparation of ethanol/IS working standard solutions —
Mix ethanol stock standard solution (10 g/L) withCKH
stock standard solution (10 g/L) in various rafit’s:1, 10:1,
5:1, 2:1, 1:1, 1:2, 1:5, 1:10, and 1:15).

2.3. Instrumentation

The major volatile components in spirits were anaty

on Shimadzu 2010 gas chromatograph (GC) equipptd wi
an automatic liquid sampler and a flame-ionizatietector
(FID). Separation of the analytes was made on a polad fuse
silica capillary column (30 m x 0.32 mm id. x 04261 film
thickness) coated with bonded; poly(ethylene glycol
commercially available as Supelcowaxbtained from
Supelco (USA). The carrier gas (nitrogen) flow nates 1.5
mL'min and the split ratio was 1:10. The injectiontpeas
maintained at 258C and FID at 288C. Oven temperature
was set at 56C (5 minutes) increasing for P&/ min. The
final oven temperature was maintained at 2D¢10 min.).
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Figure 1. GC-FID chromatogram of standard solution with volatile congeners in ethanol (40:60, V/V):ethyl acetate (1), methanol (2), ethanal (3),
alcohol 4), isobutyl alcohal (5) , n-butyl alcohol (6), isoamyl alcohol (7) and n-amyl alcohol (8).

Qualitative identification on the analytes was lhsa
retention time in the column and appearance ofpibek
signal as compared with the standard solution Witbwn

substances (Fig. 1). Retention times of tested ti®la

compounds are given in Table 1. For quantitativauation

the IS method was applied. The concentration ot ea

volatile was determined with respect to the IS frdm
relative response factors (RRF), which were obthih&ing
calibration under the same chromatographic condtias
those of the sample analysis.

Table 1. Retention times (R;) for investigated volatile compounds.

Volatile compound

R¢ (min) £SD

ethyl acetate
methanol
ethanol

isopropyl alcohol

n-propyl alcohol
isobutyl alcohol
n-butyl alcohol

isoamyl alcohol
n- amyl alcohol

3.989 +0.009
4.287+0.010
5.195+ 0.0012
5.315 + 0.008
6.839+ 0.010
8.102 +0.011
9.607 +£0.012
11.022 +0.009
12.083 +0.011

2.4. Sample Preparation

2.4.1. Sample Preparation for Determination of Volatile
Congeners
Weigh an appropriate sealed weighing vessel anordec

dhe weight. Pipette 9 mL sample into the vesselraedrd

the weight. Add 1 mL standard solution D and recibrel
weight. Shake the sample vigorously. Transfer 2ahthe
sample in the auto sampler vial.uL of the sample was
injected directly into the GC injector.

2.4.1.1. Preparation of a Blank Sample

Weigh an appropriate sealed weighing vessel anordec
the weight. Pipette 9 mL 400 mL/L ethanol solutioto the
vessel and record the weight. Add 1 mL standargtisol C
and record the weight. Shake the test materialroiggly. 1
uL of the sample was injected directly into the G{&ctor.

Quantification of volatile congeners

RRF for each congener is calculated with the eqodti):

peak area (peak height)IS

y _congener (Lg/g) (1)

RRF = peak area (peak height) congener” vy IS (Lg/9)

Where, y congener represents the concentration of
congener in the solution €S represents the concentration
of IS in the solution C.

The concentration of each congener in the samgles i
calculated with the equation (2):
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peak area (peak height)congener mliS (g)

y(ng/9) = -y 1S (ng/g) - RRF 2

peak area (peak height)IS m sample (g)

Where, m IS represents the mass of the IS, m samplelatiie compounds was evaluated by analysis oianae
represents the mass of the sampje,IS represents (One-way ANOVA) followed by the Tukey test. Statisi
concentration of IS in the solution D, and RRF le t differences were considered significant at p < 0.05
relative response factor calculated from the equaibove.

Results are converted fropg/g to mg/100 mL a.a., 3. Results and Discussion
using the equation (3):

 ua/gys6 The results for the determination of ethanol
y(mg /100 mLa.a.) = % (3) concentrations in the fruit spirits are outlinedrable 2.
Ethanol is present in alcoholic beverages as a

Where,ng/g is the concentration of the congener found¢onsequence of tfermentation of carbohydrates with yeast
in the sample, %yV/V is the concentration of ethanol in theand is responsible for the beverage's body [3]. hanol
sample (ethanol strength) and the SG is the spegrifivity concentration in different types of spirits is defil by
of the sample (density at 20). International Regulation [7]. Its determinatiorpart of the
quality control of spirit drinks. Following thisgelation, the
authentic spirits made from grapes should meet the
minimum limit approved for the ethanol concentratio
which is set from 36% to 37.5%//V). In all tested samples,
the ethanol content was found to be in compliandh w
proposing Regulations [7]. Namely, the lowest mealue

2.4.2. Sample Preparation for Determination of Ethanol

0.5 mL of sample was mixed thoroughly with 5 mLOat%
(W/V) internal standard solution (equivalent to 5 n#gfjer
mixing, 2 mL of the solution were transferred i@to auto
sampler vial. 1 pL of the solution was injectededity into

the injef[:_';pr (t)'f thefg;ths chlromatograph for the ethanol content (38%/V) was found in the samples
Quantification of ethano of grape brandies produced from wine distillate dhe

A linear regression line was generated with . o ;
area-under-curve (AUC) ratio of ethanol to ACN (XA qg;%:?jit(xg%%/\(gs %) was found in the samples ofmplu

against the concentration ratio of ethanol to AGNakis).
RRF of ethanol to ACN represents the slope of the Table 2. Concentration of ethanol in fruit spirits.
regression line, as follows:

Ethanol concentration (%, V/V)

RRF = % (4) T I Y Minimum value Maximum value yj:g
Grape brandy, type : 40 51 46
Where, AS represents ethanol AUC, AIS represent AC Grape brandy, type : 41 50 47
AUC, WS represents ethanol weight (mg), WIS reprsse Grape brandy, type ¢ 38 39 38
ACN Weight (mg) Plum brandy 47 51 48

The ethanol content was calculated as follows: At the 0.05 level of significance, the analysisvafiance

y ethanol (mg/mL) = (AS/AIS) - (WIS/RRF)-1/V (5) s_hov_v_ed that t_he population means for ethanol were n
significantly different between the analyzed sarmsptd

Where, V represents sample volume (mL). grape brandy obtained after distillation of the aamtrated
Results are converted from mg/g to %/\() by grape juice (type 1) and grape brandy obtainedr afte

multiplication with factor of 0.123 distillation of the grape pomace (type 2). This neéhat

there was no difference observed in the ethanotecn

2.5. Statistical Analysis since the sugar content of the raw material that wsed in

both cases was similar.

The statistical analysis was performed using Origin The results for the determination of volatile comgies of
software package version 8.0. The statistical Bgamce of ¢ ., spirits are shown in Table 3

the difference between the data pairs for the cuned

Table 3. Concentration of volatile congenersin fruit spirits.

Type of volatile compound Grape brandy type 1 Grape brandy type 2 Grape brandy type 3 Plum brandy
Minimum value — Maximum value (Mean value), mg/100nL a.a.

ethyl acetate 5.2 - 255.3 (70.5) 80.1 — 158 (107.2) 35 -240.3 (88.3) 48 — 454 (143.5)
methanol 3.5-883(523.5) 38.5 — 835 (598) 44 — 405 (171) 564 — 990 (892)
isopropyl alcohol 10.3-17.2 (11.8) 11.2-19.4 (17.6) 7-11(9.1) 12.2 - 26.5 (14.4)
n-propyl alcohol 4.1 -90.5 (30.5) 31.3-49.8 (44.2) 29.3 - 48.6 (30.1) 22 — 305 (124)
isobutyl alcohol 7.2 -60.3 (38.4) 1.5-110.5 (41.3) 35.5-48.2 (34.5) 14.5 - 55 (38)
n-butyl alcohol 1.2-5.2(4.6) 29-35(3.1) 1.0-2.3(1.1) 45-12(7)
isoamyl alcohol 50.3 — 290.7 (180.5) 53.8 — 280.9 (180.6) 123 - 133 (126.4) 101 — 141 (115)

n- amyl alcohol 0.93 3.7 (2.4) 1.4-4.1 (3.1) 0.50 — 2.4 (1.4) 9.2 — 14 (12.5)
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Esters are very important compounds due to thehligher alcohols of grape and plum brandies arpropyl

particular contribution to flavour and aroma, sitleey have
the lowest organoleptic threshold [9]. The quantifythis
compound presented in the final product can vamgelj

since it is synthesized from acetic acid and eth@h@j.

High concentrations of ethyl acetate are indicatiofe
prolonged storage of the raw material and probabkic
bacteria spoilage. Concerning ethyl acetate, mailyoss
have documented high variability [11, 12]. The mealues
of the concentration of ethyl acetate for testethpas
ranged from 5.2 mg/100 mL a.a. for grape brandygpced
from grape juice (type 1) to 454 mg/100 mL a.a.dbrm
brandy (Table 4). The results obtained for the eanbf
ethyl acetate in plum brandy were in correlatiothvwhose

alcohol, isobutyl alcohol and isoamyl alcohol. Ih the
analyzed samples of grape and plum brandies, th& mo
abundant was isoamyl alcohol which content rangeth f
50.3 to 290.7 mg/100 mL a.a. According to Pietraslal.
in the spirits obtained from ray mashes, isoangolabl has
the highest contribution [16]. According to TeZeei al.
the concentrations of isoamyl alcohol in the dist#
obtained from cornelian cherry ranges from 148.268.5
mg/100 mL a.a, which is higher than levels in $piri
obtained from grapes and plums [17].

At the 0.05 level of significance, the analysisvafiance
showed that the population means for isoamyl alcoleoe
not significantly different between the analyzedhpées of

of Winterovaet al., where the content of ethyl acetate in thegrape brandy obtained after distillation of the aamrated

samples of plum brandy ranged from 56.3 mg/100 ralt@
236/100 mL a.a [13]. Comparing these results, it ba
concluded that the concentrations of ethyl acdtaiad in
these samples are commonly acceptable.

Methanol is not a by-product of yeast fermentatiarn
originates from pectin in the mist and juice wheapgs and
fruits are macerated. In general, the methanol ecgnof
commercial alcoholic beverages is fairly small,egtcin

grape juice (type 1) and grape brandy obtainedr afte
distillation of the grape pomace (type 2), whichame that
there were not differences observed during alcoholi
fermentation of fruits, since the row material usedoth
cases was similar.

Among the investigated higher alcohols, the lowest
content in all tested samples were foundrf@my! alcohol
with mean values ranging from 1.4 mg/100 mL a.ggfape

those produced from grapes in prolonged contach witbrandy produced from wine distillate to 14 mg/10D ama.
enzyme pectin methyl esterase and in some brandis plum brandy (Table 4). The content rebutyl alcohol
produced from stone fruits, such as cherries anchgl The was also found to be low in all tested samplegyedrirom 1

methanol concentration is suitable for proving
authenticity of fruit spirits [14].

theng/100 mL a.a. for grape brandy produced from wine

distillate to 12 mg/100 mL a.a for plum brandy. Aading to

Because its toxicity for the health of humans aurre the investigations of Winterovet al., the higher alcohols

European Union (EU) regulations limit naturally oming
methanol to below 1000 mg/100 mL a.a. [7]. Thermeitgation
of methanol content is a part of the quality cdntrospirit
drinks. The methanol content in the analyzed sasmgleged
between 3.5 mg/100 mL a.a. for grape brandy pratifroen
grape juice to 990 mg/100 mL a.a. for plum brarilye
obtained results for methanol content in all testedples were
bellow established legal limits, meaning that e material
was fermented with great sensitivity and very gdistillation
procedures were performed. The highest methantdicowas
found in the samples of plum brandy, which is madhle to
the higher content of pectin in the raw material.

Higher alcohols are characteristic components whieh
metabolised from amino acids by yeasts during alioh
fermentation of fruits and other raw materials. Eneounts
of these compounds depend on the quantity of adnts
in fruits. Higher alcohols have a significant impaan the
flavour of alcoholic beverages [4, 5]. But, excépving a
significant impact on the flavour of alcoholic beages
higher alcohols are mildly toxic. Wenckeiral. showed that
n-butyl alcohol is a strongly discriminating parasrdbr the
fruit spirits [15]. In their investigations of Auslian and

most frequently found in low concentrations in frspirits
weren-butyl alcohol and isobutyl alcohol [13]. They falin
the lowest values measured fibutyl alcohol in sweet
cherry and sour cherry brandies (0.5-3.1 mg 100ral).a
Comparing these results, it can be concluded that t
concentrations of higher alcohols found in our slesmf
grape and plum brandies are commonly acceptable.

4. Conclusions

The findings presented in this paper provide aupécfor
the major volatile compounds that were found st fepirits
produced industrially from grape juice, grape pogpazine
distillate and plums. The producers, as well as, ridm
material, originated from the Republic of Macedonia

In general, the compounds identified in major qitiest
in tested grape and plum brandies are similardsdlpresent
in other distilled spirits. The major volatile compds that
can pose health hazards such as methanol, ethgtecand
higher alcohols were found at levels lower thansého
established by the EC. The most abundant highehaldn
all tested samples was found to be isoamyl alcatioigh is

imported brandies Hogben and Mular found out that t line with the literature data. Comparing the reswith the

isoamyl alcohoVs. isobutyl alcohol content and the isobutyldata from the literature, it can be concluded thz

alcohol vs. n-propyl alcohol content is one of the severalconcentrations of all investigated volatile compadsim the

criteria for characterization the authenticity ofibdies [14]. samples of grape and plum brandies are commonly
In our investigation we found that the most impotta acceptable.
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