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ETHANOL LEVELS OF THE NON-ALCOHOLIC BEVERAGES SOLD IN MARKETS
IN TURKIYE

TURKIYE’ DE MARKETLERDE SATILAN ALKOLSUZ iICECEKLERIN ETANOL
SEVIYELERI
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ABSTRACT

Although ethanol is one of the basic chemicals
used in many different fields, when included in the
human diet, it has been one of the major subjects of
discussion in terms of medical, social and religious
issues due to its intoxicating and detrimental effects.
The control of presence, amounts and effects of
ethanol in beverages and foods is one of the important
research fields. Regulations regarding non-alcoholic
beverages vary among countries. In Tiirkiye, the
highest allowable level of ethanol content is 3.0 g/ L
according to Non-alcoholic Beverages Notification of
Turkish Food Codex (2007/26). Non-alcoholic
beverages, according to the codex, are defined as the
drinks that contain ethanol less than 0.3% by volume.
In this study, colas, orange sodas, 100% fruit juices,
fruit nectars, sodas with fruit aromas, energy drinks,
ayran and kefir of the well-known brands were used as
the non-alcoholic beverage samples. The test method
TS 1594 of Turkish Standards Institution, Titrimetric
Method of the Determination of Ethanol Content in
Fruit and Vegetable Products, was used to determine
the ethanol levels with a modification. The ethanol
from the samples was distilled by hydrodistillation
with Clevenger type distillation apparatus, which
made the method more practical. The findings showed
that the highest per thousand concentration of ethanol
in the samples were as follows: colas 0.14, orange
sodas 0.53, other fruit flavored sodas 0.88, energy
products 0.47, fruit juices 1.46, and milk products
0.25. Ethanol levels of all the samples were found
below the allowed limit according to the codex.

Keywords: Non-Alcoholic Beverages, Ethanol,
Hydrodistillation, Clevenger Distillation Apparatus.

OZET

Etanol, bircok farkli alanda kullanilan temel
kimyasallardan  biri olmasina ragmen, diyetle
alindiginda sarhos edici ve zararhi etkileri yiiziinden
tibbi, sosyal ve dini konular bakimindan &nemli
tartisma konularindan biri olmustur. Gidalardaki ve
iceceklerdeki etanoliin varligi, miktar1 ve etkilerinin
kontrolii 6nemli aragtirma alanlarindandir. Alkolsiiz
iceceklerle ilgili diizenlemeler iilkeden iilkeye farklilik
gosterir. Tirkiye’de Tiirkk Gida Kodeksi Alkolsiiz
Icecekler Tebligi’ne (2007/26) gére izin verilen en
yiiksek etanol miktar1 3,0 g/L’dir. Kodekse gore,
hacimce % 0,3’ den daha az etanol iceren igecekler,
alkolsiiz igecekler olarak tanimlanir. Bu calismada;
kolalar, portakalli sodalar, %100 meyve sular1, meyve
nektarlari, meyve aromali sodalar, enerji igecekleri,
ayran ve kefirin bilinen markalar1 alkolsiiz igecek test
numunesi olarak kullanildi. Bu amagla, Tiirk
Standartlar1 Enstitiisii’niin TS 1594 Meyve ve Sebze
Uriinleri Etanol Muhtevast Tayininin Titrimetrik
Yontemi  bir  degisiklik  yapilarak  kullanildi.
Numunelerdeki etanol Clevenger tipi destilasyon
aparatiyla  hidrodestilasyonla destillendi, ki bu
uygulama yontemi daha uygulanabilir hale getirmistir.
Numunelerde bulunan en yiiksek binde etanol
konsantrasyonlar1 sirayla kolalarda 0,14, portakall
kolalarda 0,53, meyve aromali sodalarda 0,88, enerji
iceceklerinde 0,47, meyve sularinda 1,46 ve siit
iriinlerinde 0,25 olarak bulundu. Biitiin numunelerin
etanol seviyesi kodekste izin verilen smirin altinda
bulundu.

Anahtar Kkelimeler: Alkolsiiz Icecekler, Etanol,
Hidrodestilasyon, Clevenger Destilasyon Sistemi.
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INTRODUCTION AND AIM

Alcohol consumption, as a risk factor in
cancer, has continually been investigated.
Some types of cancer may be associated
with alcohol. According to recent data, it
may be responsible for 5% of all cancer
death in some societies.! If long term
alcohol consumption increases, its effects on
the risk of cancer become more important.

Alcohol effects esophagus and stomach
crucially, and recently, in these two organs,
a significant increase has been observed in
mortality. Alcohol irritates stomach inner
surface covering layer, causing vomiting and
small tears in the lower part of the
esophagus. The most significant result is
probably the serious increase in the
development of esophageal cancer.”

In addition, excessive use of alcohol has
adverse effects on the brain and nervous
system. Alcohol can also cause temporary
memory loss. Besides, excessive use of
alcohol by pregnant women can cause
significant damage to the developing
nervous system of the fetus.’ Continuous and
excessive alcohol use ruins myocardium and
results in conditions from arrhythmias to
heart failure, which may lead to various
serious problems.*

Food demands are met from the products
of unnatural industrial sources in order to
increase efficiency, reduce costs, and extend
the shelf life. So, a large number of additives
are generally used in processed foods. Many
religions are worried about certain foods and
drinks as they may contain the ingredients
that are forbidden according to religious
laws. The views of different religions, e.g.
Islam, Judaism, and Christianity, on alcohol
vary.’

In Islam, according to the Qur’an, the
direct and final revelation of God to
humankind, alcohol intake is forbidden and
it is described as “najis” (unclean).’ Prophet
Muhammad (SAW) says that Allah (SWT)
has cursed not only drinking but also
indirect link to alcohol generating,

manufacturing, delivering, buying, selling
and profiting from it.°

In Judaism, the followers serve wine in
important religious rituals. Purim Jews
support excessive drinking, even though
Jewish tradition usually backs up drinking in
moderation and not to get drunk, which is
linked to non-Jews.’

In Catholics, wine which was part of the
diet and religious rituals for the Old
Testament Jews was said to be allowed and
blessed at the Last Supper for the New
Testament by Jesus.*”

The Church of Jesus Christ of Latter Day
Saints (known as the Mormons) allowed
wine in moderation in the 19th century;
however, today the Mormons unequivocally
ban alcohol for better health. "

Until this time, determination of ethanol
in alcoholic beverages have been fulfilled in
many ways: oxidation of distillate'"'*",
dichromate oxidation spectrophoto-
metry“’lz’m, refractive index method“’u,
picnometry and densimetric analysis',
boiling point depression of the ethanol

. . 11 .
solution relative to water , enzymatic

methodls’m, biosensor”, potantiometrylg,
gas chromatography (GC)'**’, capillary gas
chromatography?, capillary

electrophoresis®', high performance liquid
chromatography ~ (HPLC)***,  modular
Raman spectrometry”*, near-infrared (NIR)
spectroscopy”, and  flow  injection
analysis.***’

Densimetric analysis and picnometry are
not practical for small amount of samples.
More than 5 mL of sample volume is
required in oxidation of the distillate and
dichromate oxidation spectrophotometry.
For enzymatic method, biosensor and
potantiometry, stability, reproducibility and
accuracy are low.

Capillary electrophoresis and Raman
spectrometry are not prevalent because of
demanding expensive instruments. HPLC
provides a comparatively low sensitivity. In
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establishing  calibration  curves, NIR
spectroscopy is time consuming and has low
accuracy as there can be interferences from
other alcohols. GC is the most suitable and
fast method for determining ethanol content
in alcoholic beverages. The capillary gas
chromatography technique is one of the
most significant modern techniques which
has high resolution and sensitivity.”

According to Turkish Food Codex, non-
alcoholic beverages are fruit drinks,
aromatic beverages, fruit syrups, aromatic
syrups, fruit drink powder, aromatic drink
powder, fruit drinks with natural mineral
water, aromatic drinks with natural mineral
water, artificial mineral waters, colas, tonics
and mineral waters. Up to now, the only
investigation about the alcohol content in
non-alcohol beverages has been conducted
on sodas by the Consumer Association in
Tiirkiye, in 2008. The reason of conducting
this study was that there was no information
about the alcohol content in the soda
products label and also that there was a
statement reporting nonexistence of alcohol
in the products. For this study, the most
prevalent soda brands were preferred, and in
their alcohol content has been tested in
TUBITAK Marmara Research Center by
using IFFJ Modified Rebel Method, 1983.%
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In this study, the answer to the question
“Is  there alcohol in  non-alcoholic
beverages?” is sought for a variety of
sample types. The use of hydro-distillation
with  Clevenger type apparatus was
described for the first time here, to
determine  ethanol from  non-alcohol
beverages. For the measurement of ethanol,
the test method TS 1594 of Turkish
Standards Institution, Titrimetric Method of
the Determination of Ethanol Content in
Fruit and Vegetable Products, was used.”® In
this study, colas, orange sodas, 100% fruit
juices, fruit nectars, sodas with fruit aromas,
energy drinks, ayran and kefir of the well-
known brands were used as the non-
alcoholic beverage test samples. Several
brands of each of non-alcoholic beverage
type were evaluated among themselves
comparatively. Also, the effect of storage
time on alcohol content was investigated.
The concentration of ethanol in six different
kinds of non-alcoholic drinks kept at room
temperature in a dark cabinet was
determined at 30 day intervals for a 60 day
period, by opening a new bottle for each
analysis time.

MATERIALS AND METHODS

Materials and Chemicals

In the selection of samples; various well-
known brands of fruit juices and nectars,
gaseous, colas, fruit sodas, orange sodas and
milk products, which are defined as non-
alcoholic beverages, were purchased from
markets in Tiirkiye.

Iron(I1)-1,10-phenanthroline was
purchased  from  Merck.  Potassium
dichromate was purchased from Abbott.
Ammonium Iron(II) Sulphate and ethanol
were purchased from Riedel-de Haen.
Sulphuric acid was obtained from Carlo
Erba and calcium oxide was obtained from
Horasan Kimya. All of the reagents used in
the experiments were of analytical grade.

Deionized distilled water was used to
prepare all the reagent solutions.

Sample Preparation

Non-alcoholic beverages were shaked
well, and 100 mL from each beverage was
used to determine ethanol content with the
test method TS 1594 of Turkish Standards
Institution named “Titrimetric Method of the
Determination of Ethanol Content in Fruit
and Vegetable Products”.

Distillation

100 mL beverage sample was diluted
with 150 mL deionized distilled water and
transferred to a flask. Although normal
distillation glassware is used in the standard
method for ethanol distillation, a Clevenger
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type distillation apparatus was adopted for
the first time for better practicallity (Figure
1). Before distillation was started, the
sample was made basic with calcium
hydroxide suspension (pH: 7.8-8.2). To
control the speed of boiling, boiling stones
were placed in the distillation flask. Ten mL
pure water was added to 100 mL empty
volumetric flask, and closed end of the
distillation apparatus was placed into water,
and the ethanol from the sample was
distilled by hydro-distillation for 1 h,
cooling fluid circulator set at -10 °C.

Figure 1. Clevenger type distillation system
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About 80-85 mL of distillate was collected
and diluted to 100 mL.

Oxidation

Five mL of potassium dichromate
solution and 15 mL deionized distilled water
were added into 250 mL volumetric flask,
and then 20 mL sulphuric acid solution was
added and stirred. Ten mL of distillate was
added into this flask and incubated for 30
min.

Titration

The excess of dichromate was back-
titrated by ammonium iron (II) sulphate.
When the color of the solution turned blue-
green, four drops of ferrous(Il)-1,10-
phenanthroline solution was added. Then
ammonium iron (II) sulphate solution was
added continuously until the color of the
solution turned from blue-green to brown.

Calculation

The ethanol content was calculated as
mass per volume percentage according to
the formula available in the TS 1594
standard.*

RESULTS AND DISCUSSION

Various flavors are used in the non-
alcoholic  beverages. These essential
ingredients are mostly non-polar in character
and insoluble in water. These essences are
dissolved in a suitable carrier solvent system
like ethanol. Besides, ethanol can be found
in very small amounts in the fruits used in
the production of drinks. In addition, ethanol
can occur as fermentation product as well.

Because of changing world conditions
and growing population, foods which are
obtained naturally are becoming insufficient;
therefore a large number of additives are
generally used in unnatural processed foods
to meet food demands. So, Muslims are
worried about certain food and drinks as
they may contain the ingredients that are

forbidden according to Islamic law, i.e.
haram.’’

In the production of non-alcoholic
beverages small amounts of ethyl alcohol
may be used as solvents of additives, which
cause a controversy in Islamic countries.
The main problem here is that if that small
amount of alcohol which does not naturally
exist in the components of the drink is
considered unclean. The question is whether
that amount is intoxicating or istihlak has
occurred in the soft drink where small
amount of alcohol is diluted dramatically.*?

When non-alcoholic beverages are
evaluated in terms of the concept of Halal
Food, the small amount of ethyl alcohol
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used as solvent remain unchanged and is
absorbed through digestion. So, these
beverages are considered to be illegal
(haram) or suspicious.”

Regulations  regarding non-alcoholic
beverages vary according to countries. In
Tiirkiye, production and control of non-
alcoholic beverages are done according to
Non-alcoholic Beverages Notification of
Turkish Food Codex (2007/26). In non-
alcohol beverages, the highest allowable
level of ethyl alcohol content is 3.0 g / L.*

In this investigation, the ethanol contents
of non-alcoholic beverages were
determined. The test samples selected were
the non-alcoholic beverages 100% fruit
juices, fruit nectars, sodas with fruit aromas,
colas, orange sodas and milk products of the
well-known brands in Tirkiye. For the
measurement of ethanol, the test method TS
1594 of Turkish Standards Institution,
Titrimetric Method of the Determination of
Ethanol Content in Fruit and Vegetable
Products, was used. The method was based
on the distillation of ethanol followed by
oxidation of ethanol in distillate with
potassium dichromate in sulfuric acid
solution and then titration of the remaining
dichromate with ammonium iron(Il) sulfate
using iron(II)-1,10-phenanthroline as
indicator. A variation was made in the
method by using Clevenger type apparatus
for distillation of ethanol from the sample
for simplicity and better reproducibility.

Firstly, standard calibration graphs were
prepared with the standard ethanol with and
without distillation in duplicate
measurements. Because the curves of the
two experiments showed near full overlap
(Figure 2) proving high recovery for the
distillation method with the wuse of
Clevenger system, calibration graphs used in
subsequent tests were obtained with ethanol
solutions directly without distillation.
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Figure 2. Standard Calibration Graph for
Ethanolic Standards with Distillation
and without Distillation

The findings showed that the highest
concentrations (mg/L) of ethanol in the
sample series were as follows: colas 0.14,
orange sodas 0.53, other fruit flavored sodas
0.88, energy drinks 0.47, fruit juices 1.46,
and milk products 0.25 (Figures 3-6).
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Figure 3. Quantities of Alcohol per Thousand in
Several Brands of Colas and Orange
Sodas; C: Cola; O.S.: Orange soda
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Figure 4. Quantities of Alcohol Per Thousand in
Several Brands of Fruit Sodas and
Energy Drinks F.S.: Fruit Soda, E.:
Energy Drinks
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Figure 5. Quantities of Alcohol Per Thousand in
Several Brands of Fruit Juices, P.J.
Peach Juice, M.F.J.: Mix Fruit Juice,
C.J.: Cheery Juice, Po.J.: Pomegranate
Juice, O.J.: Orange Juice

Moreover, the concentration of ethanol in
six different kinds of non-alcoholic drinks
was determined for a 60-day period to show
the effect of storage time on alcohol content
in 2010 (Figure 7). While no regular
increase or decrease was observed in cola 1,
cola 2 and fruit soda 9, there was an increase
in fruit soda 1 and mix fruit juice 4, and
there was a decrease in fruit soda 6 during
the storage.
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Figure 6. Quantities of Alcohol Per Thousand in
Several Brands of Ayran and Kefir, A.:
Ayran, K.: Kefir. All the ayran samples
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detectable ethanol levels.
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Figure 7. Alcohol Amount According to The Shelf
Life of Non-Alcohol Beverages, C: Cola,
F.S.: Fruit Soda, M.F.J.: Mix Fruit Juice

CONCLUSION

Hydro-distillation of ethanol with a
Clevenger-type distillation apparatus applied
for the first time here is simple, showed
good compatibility to the reference method
TS 1594 of Turkish Standards Institution,
Titrimetric Method of the Determination of
Ethanol Content in Fruit and Vegetable
Products. Recovery was high as the curves
of the standard ethanol with and without
distillation showed near full overlap (Figure
1), and also system design has been
simplified.

The highest per thousand concentration
of ethanol in the samples were as follows:
colas 0.14, orange sodas 0.53, other fruit

flavored sodas 0.88, energy products 0.47,
fruit juices 1.46, and milk products 0.25.
These values fall well below the highest
allowable level of 3.0 g/L according to Non-
alcoholic Beverages Notification of Turkish
Food Codex.

The ethanol determined in the samples is
not thought to be the result of ethanol
addition during preparation or processing. A
well determined control and testing system
is needed to determine intentional alcohol
addition, as for example solvent for aroma
compounds, and new methods should be
developed.
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