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ABSTRACT: Five brands of Ethiopian traditional fermented alcoholic beverages, ten brands of
traditional distilled alcoholic beverages and five brands of factory produced alcoholic beverages were
collected from Addis Ababa, Ethiopia for the measurement of their ethanol, methanol, solid, salinity
contents, acidity, pH and electrical conductivity. The overall average values of pH, ethanol% (v/v),
acidic content (g/L), solid content (mg/L), conductivity (pS/cm) and salinity (%) in all brands of the
beverages studied were found in the range of 4.6-7.5, 2.80-51.2, 0.02-105, 0.00-20328, 5.87-8391 and
0.1-4.6, respectively. The methanol contents of the beverages were determined using GC-MS. The results
showed that the level of methanol in some brands of the studied traditional distilled and factory
produced alcoholic beverages were found in the range between 0.867-0.979% (v/v). However,
methanol was not found in all of the analyzed traditional fermented beverages. Therefore, the studied
traditional fermented beverages do not pose any health threat to the human health due to methanol.
However, the normal alcohol health risk associated with high consumption of beverages remains a

problem.
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INTRODUCTION

Alcoholic beverages are widely consumed in the
world. Alcoholic beverages are produced locally
for home consumption or in factories in small or
large quantities for trading from the available
resources across the world. The raw materials
used for the production of alcoholic beverages are
fruits, cassava, palm, sugar cane, cereal crops, etc.
The basic method for the production of alcoholic
beverages is by fermentation and simple
distillation. Most traditional alcoholic beverages
manufacturers are ignorant about the basic
chemical compositions of the beverages and hence
may end up producing alcoholic drinks with
higher methanol content and other potential
health threatening components. Methanol has
similar physicochemical properties to that of
Ethanol and is present as by-products after
distillation. Toxic chemicals such as lead and
methanol may present at trace level in the
beverages and pose a threat to human health
(Paine and Dayan, 2001).

World Health Organization (WHO, 2014) has
estimated that 2.5 million deaths occur every year
due to the harmful use of alcohol. The harmful use
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of alcohol also contributes to the health burden
caused by communicable diseases such as
tuberculosis and HIV/AIDS (WHO, 2014). There is
also emerging evidence that methanol may be
generated in alcoholic drinks during the
fermentation process. The presence of methanol
content in the products is due to the lack of proper
fermentation and distillation techniques used by
traditional or artisanal distilleries (Canaroglu and
Yilmaztekin, 2011). The presence of methanol and
other toxic substance in the alcoholic beverages
affects the health of the people resulting in the
complications and chronic diseases or ill health
such as blindness, dizziness, respiratory diseases,
etc (Lachenmeier, 2007). The oral lethal dosage of
methanol via ingestion in human range from 15 to
250 g; the ingestion of 10 mL of methanol can
cause permanent blindness and 30 mL can be fatal
to human (Paine and Dayan, 2001).

Fermented beverages are an essential part of
diets in all regions of the world. It constitutes a
major part of the diet of traditional African rural
homes in addition to their role in social functions
(Getachew Tafere, 2015). Traditional fermented
beverages are indigenous to a particular area and
produced by the local people using an age-old
techniques and locally available raw materials
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(Kebede Abegaz et al, 2002). Traditional
fermented beverages contain low levels of alcohol
and are usually non-intoxicating (Wang et al.,
2003; Tadele Yohannes et al., 2013; Guesh Mulaw
and Anteneh Tesfaye, 2017). Commercial
beverages for human consumption are prepared
from widely available starch and sugars by
modern fermentation techniques. Ethanol affects
many organs of human. Besides causing health
problems, there are other damaging effects of
alcoholism such as mental problems, job trouble,
frequent block outs, loss of control, etc (Oladeinde
et al., 2002).

Among the traditional fermented beverages in
Ethiopia, the most popular alcoholic beverages are
Tej (honey wine), Tella (a malt beverage like beer),
Shameta, Bordie and Areki (distilled liquor). These
drinks are widely served on celebrations and at
social gatherings (Tadele Yohannes et al., 2013;
Getachew Tafere, 2015, Guesh Mulaw and
Anteneh Tesfaye, 2017). The traditional fermented
beverages are low-cost product in all aspect as
they are wusually manufactured using only
rudimentary equipment. Because of their
cheapness, low-income groups mostly consume
them. Thus, their handling and consumption often
takes place under conditions of poor hygiene
(Kebede Abegaz et al, 2002). Traditional
fermented foods and beverages in Ethiopia are
prepared from different raw materials such as
cereals, ensete (false banana), honey, milk, etc. The
customs and rituals involving the Ethiopian
traditional fermented foods and beverages are still
followed in urban areas, village communities and
rural households.

The very fact that illicit or non-commercial
beverages are unrecorded means these are widely
produced at households for home consumption.
Hence it is obviously difficult to assess their
accurate alcohol contents or how much of these
types of local drinks are being produced and
consumed compared to legally sold alcohols. Yet
they remain to be the most widely consumed
alcohol, as they are inexpensive and easily
accessible than factory produced beverages. For
this reason factory produced drinks tend to be
mainly consumed by people who can afford the
more expensive price and by urban dwellers while
locally produced and home-brewed alcoholic
beverages are pre-dominantly used in the rural
areas and by people living in the urban areas who
cannot afford factory made drinks. Many
households in the country especially women
engage in the production and sales of these

beverages as their main source of income to
support themselves and their families (Kebede
Abegaz et al., 2002; Tadele Yohannes et al., 2013;
Getachew Tafere, 2015; Debebe et al., 2016; Guesh
Mulaw and Anteneh Tesfaye, 2017).

In assumption, the chemical properties of
beverages home distilled and factory produced
distilled drinks can pose health threats due to their
high alcoholic strength and undesirable additives.
In Ethiopia, there are different traditional
fermented, traditional distilled and factory
produced alcoholic beverages. The ethanol content
of some of the factory produced beverages are
indicated in the label of container. However, the
ethanol, methanol, solids, salinity, conductivity
and acid contents of all types of alcoholic
beverages are not known. Therefore, this research
focused on quantifying the ethanol, methanol,
solids, salinity, conductivity and acid content of
some fermented and distilled alcoholic drinks
consumed in Ethiopia particularly in Addis
Ababa. Even though, several parameters are
factors for the quality of beverages methanol is
very toxic and a critical component to determine
the quality of beverages than others. Several
studies have found that the addition of pectolytic
enzymes induces an increase of methanol levels in
various fermentation products (Canaroglu and
Yilmaztekin, 2011). However, it is not possible to
know whether the pectolytic enzymes are used in
the traditional fermented beverages. But there is a
possibility that pectolytic enzymes may occur in
some of the ingredients used in the preparation of
traditional fermented beverages. Hence, it is
believed that higher methanol content may be
present in some alcoholic drinks produced by
traditional distilleries or some alcohol brewing
companies. In addition, some alcoholic beverage
companies have used the natural ingredients
extract from herbal using methanol as a solvent
that the residual level of methanol might be
present in these products (Kofi et al, 2017).
Because of this, there could be a higher risk of
methanol concentration in products. Therefore, to
determine the content of methanol in alcoholic
beverages is required for consumer protection.

Some studies have been reported on the levels
of essential and non-essential elements in selected
Ethiopian wines (Daniel Minilu Woldemariam and
Chandravanshi, 2011), ouzo (Dereje Bekele and
Chandravanshi, 2012), traditional fermented
alcoholic beverages (Ayelew Debebe et al., 2017a)
and levels of the fluoride in traditional alcoholic
fermented beverages (Yohannes Belete et al., 2017).
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Total contents of phenolics, flavonoids, tannins
and antioxidant capacity of selected traditional
alcoholic beverages (Ayelew Debebe et al., 2016;
Siyum Shewakena et al., 2017) have also been
reported. Some studies have also been reported on
the alcohol content in distilled alcoholic beverages
(Ayelew Debebe et al., 2017b; Ayelew Debebe et al.,
2017c) and in fermented alcoholic beverages
(Ayelew Debebe et al., 2017d) and on the sugars
contents in fermented alcoholic beverages
(Ayelew Debebe et al., 2018). However, no
systematic study has been reported on the
assessment of all the quality parameters (levels of
the methanol, ethanol, solids, acids, pH, salinity
and conductivity) of different brands of traditional
fermented alcoholic beverages.

Therefore, the main objective of this study is to
determine methanol, ethanol and acid content of
locally and factory produced alcoholic beverages.
Specific objectives are: (i) to determine the
methanol, ethanol, solids, acids, pH, salinity and
conductivity of alcoholic beverages and (ii) to
compare the quality parameters between different
types of alcoholic beverages.

MATERIALS AND METHODS

Instrument and apparatus

The orbital shaker (KS125 basic, Germany) was
used for homogenizing the samples. Centrifuge
(Janetzki, model T32¢, Olympus, Japan) was used
for separating the two phases. Electronic balance
(sp 1500, usa) was used for measuring the weight
of samples. Fractional distillation set up was used
for separating the alcohols. The pH meter (Orion
model SA 72, USA) was used for measuring the pH
of the beverages. The dissolved solids of alcohols
were determined by Conductivity Meter (EC-215R
Hanna Instrument, Italy). The electrical
conductivity was determined using Conductivity
Meter (Orion 4 Stars, UsA). The Agilent GC 7890
coupled to a Ms 5975 (Agilent Technologies, CA,
USA) gas chromatograph was used for GC analysis
of the samples.

Chemicals
Methanol (99.9%, Sigma-Aldrich, France),
ethanol (99.9%, Fisher Scientific, UK), and

anhydrous ethyl acetate (99.8%, Sigma-Aldrich,
USA) were used to prepare standard solutions.
Sodium hydroxide pellets (98%), hydrochloric acid
(37%, Fine Chemicals, Mumbai, India) and
phenolphthalein indicator (98%, Fisher Scientific,
UK) were used for the determination of acidic

content of alcohols. Distilled water was used for
dilution of samples.

Alcoholic beverage samples

For this study five brands of traditional
fermented (Tella, Tej, Shameta, Bordie, Korfie) and
ten brands of traditional distilled (Yemar Areki,
Dagim Areki, Wheat Arefa Areki, Wheat Sharata
Areki, Dagusa Arefa Areki, Dagussa Sharata
Areki, Wheat Berkrakie Areki, Koso Areki, Mixed
Areki and Gibto Areki) alcoholic beverages were
collected from Addis Ababa (Kality and Kotibe).
Five brands of most commonly factory produced
alcoholic beverages (Lomie, Ananas, Ouzo, Dry
gin and Vodka) were purchased from five
different groceries. These samples were selected
based on universality of their consumption and
availability at both the local market and the
household levels. From each sampling area, three
samples, each of 500 mL, were collected from
different vending houses, which were selected
randomly to prepare one bulk sample of each type
by mixing the three samples and analyzing single
sample to reduce the variance and resource
consumption. The collected alcoholic beverages
were grouped as traditionally fermented,
traditionally distilled and factory produced
beverages. All the samples were collected using
polyethylene plastic bottles and the bulk samples
were kept in refrigerator at 4 °C until the analysis
was done. Triplicate analysis was performed for
each sample. The characteristics features of the
selected beverages are briefly describes below.

Tella is an Ethiopian home-brewed beer, which
differs from the others in some respects. First, it is
prepared from barley or wheat, hops, or spices.
Secondly, it has a smoky flavor due to the addition
of bread darkened by baking and use of a
fermentation vessel. Tella is not processed under
government regulations hence the alcohol content
varies (Teklu et al., 2015). It is the beverage of
choice for family occasions and religious
celebrations. It is very popular and highly valued,
as its production requires considerable skill and
patience. Tella is most commonly brewed and
consumed alcoholic beverage in almost every
household and drinking houses in the country
(Ayelew Debebe et al., 2016; Ayelew Debebe et al.,
2017a).

Shameta is another traditional beverage of
Ethiopia, which is low in alcohol content made by
overnight fermentation of mainly roasted barley
flour and consumed as meal-replacement. It is the
local beer made among the Gurage ethnic group.
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Shameta is a widely consumed beverage in
different regions of Ethiopia. The microorganisms
responsible for fermentation are mostly from back
slopping using small amount of Shameta from a
previous fermentation as well as from the
ingredients and equipment. Ready to consume
Shameta has a high microbial count made up of
mostly lactic acid bacteria and yeast (Katema
Bacha; et al., 1999). These microorganisms make
the product a good source of microbial protein.

Tej is a commercially available honey wine, but
it also prepared in home on special occasion such
as weddings and the breaking of fasting. It is
prepared from honey and leaves of Gesho
(Rhamnus prenoides) are added to give special
flavor. Natural food coloring is added in cases
where sugar is used as part of the substrate to
have a typical yellow color similar to that made
from honey. To improve the flavor or potency and
to attract customers some people also add
different concoctions such as barks or roots of
some plants or secrete herbal ingredients. But the
producers usually are not willing to tell about
additives used and their composition due to
concoction adulteration practices and may be due
to some other reasons (Ayelew Debebe et al., 2016;
Ayelew Debebe et al., 2017a). Tej is yellow, sweet,
effervescent and cloudy due to the content of
yeasts. Tej produced in different part of the
country has different flavor depending upon the
nectar used in the production of honey and the
climate. Fermentation of Tej relies on the
microorganisms present in the substrates and
natural and may result in uncontrolled alcohol
and acidity, which can be hazardous to health
(Bekele Bahiru et al., 2001; Tadele Yohannes et al.,
2013).

Bordie is one of the traditional fermented
beverages which is used as a common meal
replacement in Southern Ethiopia and some other
parts of the country (Kebede Abegaz et al., 2002). It
has a short fermentation period usually over-night
and consumed while actively fermenting (Tadele
Yohannes et al. 2013). Bordie is prepared from
different cereals and their malt. Bordiepreparation
varies both within and between localities. The
most common ingredients of bordie are maize,
barley and wheat both as malt and as unmalted
ingredient in southern Ethiopia while in Addis
Ababa wheat is the preferred unmalted ingredient
(Kebede Abegaz et al.,, 2002). People believe that
Bordie enhances lactation and mothers are
encouraged to drink substantial amounts of it after
giving birth. To reduce the feeling of fullness and

to encourage the intake, some spices are also
offered as appetizing accompaniments, which may
also contribute to some medical effects (Kebede
Abegaz et al., 2002).

Korefie is the local beer made in Begemder
province among the Koumant ethnic group. It is
prepared from dehusked barley, which is left in
water overnight after that roasted and milled. It is
mixed with dried Gesho leaves, Areki and water.
It fermented in a clay container for long time
(usually 2-3 months). To make it ready for
consumption, a small quantity of the mixture is
taken and more water is added and fermented for
one day and used (Belay Getnet and Admas
Berhanu, 2016).

Areki is produced by distillation of
fermentation products prepared in almost the
same way as Tella. Thus it is more concentrated,
colorless and clear traditional alcoholic beverage
(Ayelew Debebe et al., 2016; Ayelew Debebe et al.,
2017a). It is more expensive than the other
beverages. It is very strong and dangerous to
consume. Areki is brewed and consumed more
widely by farmers and semi-urban dwellers in
rural and semi-urban areas than cities. Areki is
commonly consumed by those who have become
dependent on alcohol and cannot afford to buy
factory produced alcohol WHO (2014). Areki is
classified into Terra-Areki (only once distilled)
and Dagim-Areki (twice distilled). The major
varieties of areki are Dagussa Areki, Gibto Areki,
Mar Areki, Wheat Areki and Koso Areki. The
basic method of preparation of different varieties
of Areki is similar.

Alcoholic beverage sample preparation for GC-MS

An aliquot of 1000 pL of alcoholic beverage
sample was mixed with 2000 pL anhydrous ethyl
acetate in 10 mL test tube. Approximately 100-150
mg of sodium sulfate was added to the mixture
until saturation followed by intense mixing using
a vortex mixer for 10-15 s. The samples were
centrifuged for 2 min at 4000 rpm to separate the
aqueous and non-aqueous layers. Approximately
200 pL of the upper non-aqueous phase was
transferred to a 2 mL GC-MS vial for analysis (Pinu
and Villas-Boas, 2017).

Determination of methanol content

Chromatographic separations were carried
out using DB-1701 column with 30 m length, 0.25
mm internal diameter and 0.25 pm column phase
thickness. Injection mode was split, with split ratio
of 100:1 and split flow of 100 mL/min. Helium
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was the carrier gas and 1pl volume of the sample
was injected to the inlet heated to 275 °C with the
column flow of 1 mL/min. Initial oven
temperature was 50 °C with 1 min hold time then
heated to 200 °C with ramp of 40 °C/min. The total
run time for this method was 4.75 min. The
equilibration time was set to 0.25 min with the
post run temperature of 280 °C. The ion source and
mass selector temperatures were set to 230 °C and
150 °C respectively. The GC and MSD interface was
heated to 250 °C. The Ms detector was turned off
between 1.95 min to 2.50 min in order to offload
ethyl acetate peak. The MS was operated in scan
mode with a mass range of 30 to 200 a.m.u. The
ion (m/z) was used for identification and
quantification of target compounds (Pinu and
Boas, 2017). A methanol stock solution (500 mg/L)
was prepared by dissolving 316 pL of absolute
methanol (99.9%) in 500 mL distilled water. Then
1, 10, 30, 60 and 100 mg/L methanol working
solutions were prepared from stock solution in 25
mL volumetric flasks and injected to the GC-Ms.

Total acid g tartaric acid/L =

Fixed acid g tartaricacid/L =

Volatile acidity is determined from the difference
of total acidity and fixed acidity.

Volatile acidity (g/L) = Total acidity (g/L) - fixed acidty (g/L)

Determination of solids in alcoholic beverages

The dissolved solids of alcohols were
determined by conductivity meter. It was
calibrated according the specification given by the
manufacturer. The electrode was immersed in
samples and recorded the reading display on the
meter. Each sample was analyzed three times.
Total solids were determined according to the
method set by (AOAC (2010b). Primarily dry
empty dish dried at 105 °C for 30 min. The dish
was taken out from oven and kept in a dissector
until it was cooled to room temperature. The
weight of empty dish was measured and added
100 mL samples on it. The sample was placed in
an oven at 105 °C for 3 hours. The sample was

Determination of pH values of alcoholic beverages

A conventional pH glass electrode with analytical
sensors and a pH meter Orion model SA 72 (USA)
was used for the pH measurements. The pH meter
was calibrated with standard buffers of pH 4, 7,
and 10. The sensor was rinsed and immersed in
the beverages and the pH was measured in
triplicate (Yticesoy, 2011). All the experiments
were performed at room temperature (22 £+ 2 °C).

Determination of acids in alcoholic beverages

Acid values were evaluated by titration with
standardized solution of 0.1 N sodium hydroxide
using phenolphthalein as indicator and the results
were expressed as tartaric acid content (AOAC,
2010a). Volatile acidity is derived from the acetic
acid series whereas fixed acidity is derived from
tartaric acid series. The contents of total and fixed
acids in terms of tartaric acid were calculated by
using the formula:

0.00375 x 2 x vol. of NaOH taken for titration x 1000 x 2

The absolute alcohol percent by volume

0.00375 x 2 x vol. of NaOH taken for titration x 1000 x 2

The absolute alcohol percent by volume

taken out from oven and kept in a dissector until it
was cooled to room temperature. Weight of dried
sample was measured. Total solids in alcohols
were calculated by using the equation:

Total solid (w/v) = Weight of dry sample and dish - Weight of empty dry dish

Suspended solids were determined by taking the
difference from total solids and total dissolved
solids.

Suspended solid (w/v) = Total solid - Total dissolved solid



SINET: Ethiop. ]. Sci., 40(1), 2017

21

Determination of electrical conductivity and
salinity of alcoholic beverages

An Orion 4 Stars conductivity meter was used
for the measurements of conductivity. The
conductivity meter was calibrated with 1413 pS
and 12.9 mS/cm standards. The sensor was rinsed
and immersed in the beverage sample and the
conductivity was measured in triplicate (Alejandra
et al., 2016). The salinity was measured by the
conductivity meter. The instrument has two mode
of operation: one for conductivity and one for
salinity. Salinity was measured by switching the
instrument to salinity mode. All the measurements
were carried out at room temperature (22 = 2 °C).

Determination of ethanol content in alcoholic
beverages

The ethanol level of samples was determined
by fractional distillation method (AOAC (2010c).
The method was applied for all types of
traditional and factory produced alcohols. The
method was verified by running spiked absolute
alcohol whose ethanol content was 99.99% for
each type of samples and by calculating its
recovery. Based on this the recovery was found in
the range 91-107%, which is acceptable and
indicates that the method reliable and applicable
for the analysis of selected samples. The procedure
for the determination was as follows: 100 mL
sample was transferred to a separating funnel.
Sufficient powdered sodium chloride was added

to saturate the liquid. The amount varies from
beverage to beverage. To this, 50 mL of petroleum
ether was added in order to extract ethanol and
other volatile components. The solubility of
ethanol in petroleum ether is very high as
compared to the solubility of ethanol in water. The
mixture of ethanol and petroleum ether made a
separate layer from aqueous phase. After 15 min
the layer of water was removed from the separator
funnel while the layer of petroleum ether was
poured in to the distillation flask. The layer of
petroleum ether was washed with 20 mL of
saturated sodium chloride solution two times and
added the washing solutions in to distillation
flask. The mixture of ethanol and petroleum ether
was set to distillation process. The distillation was
done by fractional distillation. The final
temperature of the ethanol to completely
evaporate was identified by running absolute
ethanol. This was done by using absolute ethanol
five times. Then with similar sample preparation,
process the distillation was performed until the
recovery absolute ethanol was 100%. Based on the
five repeated data the final temperature was 72 °C.
At this temperature, ethanol was completely
evaporated and collected in the receiver.
Therefore, the optimum boiling point of ethanol
was 72 °C. By setting this temperature, the ethanol
level of the alcohols was determined according to
the following formula:

Volume of distillate sample + Volume of petrolium ether

x 100

Ethanol level% (v/v) =

Sample volume + volume of petrolium ether

RESULTS AND DISCUSSION

Methanol content in alcoholic beverages

The peak area of chromatogram was plotted
versus methanol concentration in the range
(1.00-100 mg/L) to construct calibration curve to
determine the methanol content of beverage
samples. The calibration equation was y = 189x +
12930, Rz = 0.999, where y is peak area of
chromatogram, x is concentration of methanol and
R is the regression coefficient. The
calibration curve was

linear
linear in a wide
concentration range, which is convenient for the
determination of methanol in various beverages.
The concentrations of methanol in the alcoholic
beverages were determined from the calibration

curve. The results are given in Table 1 which

shows the variations in the concentrations of

methanol in the various beverage

analyzed. Methanol concentration of the beverage

samples

samples ranged from “not detectable” to 7735
mg/L. It was also observed that four brands of the
traditional alcoholic beverages (Tej, Tella, Korefie
and Bordie), one brand of traditional distilled
beverage (Gibto Areki)
traditional fermented beverages (Lome and
Ananas Areki) did not showed the presence of
methanol. While the nine brands of traditional

and two brands of

distilled beverages (Dry Gin, Dagussa Sharata,
Ouzo, Mixed, Wheat Sharata, Vodka, Koso,
Dagim, Yemar, Wheat Arefa, Dagussa Arefa and
Wheat Berkrakie) and three brands of factory
produced beverages (Dry gin, Ouzo and Vodka)
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showed traces of methanol at different
concentrations.

Table 1. Methanol content of traditional fermented,
distilled and factory produced alcoholic

beverages.
No. Beverage types Peak Methanol
area concentration
(mg/L)
1 Drygin 1301031 6815 + 32
2 Daussa Shrata 1301618 6818 £ 53
3 Ouzo 1321681 6925 + 51
4  Mixed 1325426 6944 + 58
5  Wheat Sharata 1330075 6969 + 29
6  Vodka 1341229 7028 +59
7 Koso 1385390 7262 +75
8 Dagim 1431145 7504 + 82
9  Yemar 1433920 7518 +29
10  Wheat Arefa 1458666 7649 + 86
11  Dagussa Arefa 1301031 6815 + 35
12 Wheat Berkrakie = 1301618 6818 +45
13 Gibto No peak ND
observed
14  Lomie No peak ND
observed
15  Ananas No peak ND
observed
16 Tej No peak ND
observed
17  Shameta No peak ND
observed
18  Bordie No peak ND
observed
19  Tella No peak ND
observed
20  Korfie No peak ND
observed

Note: Since no peak was observed for the blank and hence it
was not possible to calculate the detection limit and
therefore it is common practice to indicate the data
as “Not Detected”, i.e. ND.

Among the samples that were tested positive
for methanol content Dry Gin (factory produced
areki) showed the lowest amount of methanol
concentration (6852 mg/L) while Wheat Berkrakie
Areki (traditional distilled Areki) showed the
highest methanol concentration (7735 mg/L). The
results showed that low content of methanol in the
factory-produced beverages as compared to the
traditional distilled beverages. The oral lethal dose
of methanol ranges between 0.3-1 g/kg (20 to 60 g
or 25-75 mL/person in a 60 kg adult) (Tulashie et
al., 2017). A 7735 mg/L methanol level as seen in
the analysis implies that 7.74 g methanol may be
realized in 1 L of the alcoholic drink (Wheat
Berkrakie). The methanol contents of all the other
beverages are below that of Wheat Berkrakie, and
since their methanol contents is below the oral
lethal dose, all the studied beverages possess no

potential health threat when consumed. However,
it has a health problem in 60 kg adult when drinks
continuously 3.2-9.7 L Wheat Berkrakie Areki.
The comparison of methanol content in the
alcoholic beverages is shown in Figure 1.

As can be seen in Figure 1, the content of
methanol across the beverage brands increased in
order of Dry gin < Daussa Shrata < Ouzo < Wheat
Sharata < Mixed < Vodka < Koso < Dagim <
Yemar < Wheat Arefa < Dagussa Arefa < Wheat
Berkrakie. The variations in the content of
methanol in the beverages are mainly due to
variations in the ingredients used (the type of
cereals such as barely, wheat, maize, and the
nature and source of yeast) and the variations in
the time and conditions of fermentation of
beverages.

pH, conductivity, salinity, acidity and solid
contents in factory produced alcoholic beverages

The quality parameters of factory produced
alcoholic beverages are given in Table 2. Total acid
results of factory produced beverage samples
ranged from 0.024 to 0.156 g tartaric acid/L.
Lomie Areki had the highest and Vodka had
lowest total acid value from factory produced
beverages. Volatile acid results of factory
produced traditional beverage samples ranged
from values of Vodka, Lomie, Ananas, Ouzo and
Dry gin beverages were ND, 0.100, ND, ND and ND
g tartaric acid/L, respectively. Lomie Areki had
the highest volatile acid value from factory
produced beverages. No factory produced
beverage samples had volatile acids except Lomie
areki, which had 0.100 mg tartaric acid/L. Fixed
acid results of factory-produced beverage samples
ranged from 0.023-0.076 g tartaric acid/L. The
mean fixed acid values of Vodka, Lomie, Ananas,
Ouzo and Dry gin were 0.024, 0.069, 0.076, 0.023
and 0.043 g tartaric acid/L, respectively. Ananas
Areki had the highest whereas, Ouzo Areki had
lowest fixed acid value from factory produced
beverages.

The variations in the acid content of the
beverages are mainly due to variations in the
ingredients used and the variations in the time
and conditions of fermentation of beverages.
Preferred total acidity levels of beverages are 6-8 g
tartaric acid/L (Jahagirdar et al., 2015). Therefore,
total acid content of below 6 g tartaric acid/L as
seen in all of the analyzed drinks (Vodka, Lomie,
Ananas, Ouzo and Dry gin) implies that below 6 g
of tartaric acid is contained in 1 L of the alcoholic
drink and hence all the beverages are of lower
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quality. The comparison of total acidity, fixed
acidity and volatile acidity contents in factories

produced alcoholic beverages is shown in Figure

9000

# Dry gin

Beverage types

= Dagussa
sharata
I Ouzo

= Mixed

# Wheat Sharata
= VVodka

m Koso

Figure 1. Methanol content of traditional fermented, traditional distilled and factory produced alcoholic beverages.

Total dissolved solid results of factory
produced beverage samples ranged from 3.04-64.0
mg/L. TDS values of Ouzo Areki had the highest
and Vodka had lowest TDS value from factory
produced beverages. Total suspended solid results
of factory produced beverage samples ranged from
65.0-11667 mg/L. Lomie Areki had the highest
and Vodka had lowest Tss value from factory
produced beverages. Total solid results of factory
produced Dbeverage samples ranged from
67.7-11723 mg/L. Lomie Areki had the highest
total solid value whereas Vodka had lowest total
solid value among the factory produced beverages.
Preferred solid content of beverages are 500-2000
mg/L (Jahagirdar et al., 2015). Therefore, total solid
content of 2000 mg/L and above as seen in two
brands of factory produced beverages (Lomie and
Ananas) implies that at least 2000 mg of solid is

contained in 1 L of the alcoholic drink and may all
cause higher health risks due to excess solids when
consumed excessively or without care. The mean
pH values of the distilled beverages (Vodka,
Lomie, Ananas, Ouzo and Dry gin) were in the
range 5.85-7.50.

pH value of Ouzo Areki was highest and
Lomie Areki had lowest than other brands of
factory produced beverages. Preferred pH levels of
beverages are 3.5-4.0 (Rajkovi¢ et al., 2007). The pH
value of factory produced beverages (Vodka,
Lomie, Ananas, Ouzo and Dry gin) was out of the
range of standards. Among the studied factory
produced beverages, Lomie Areki had higher pH
levels than Vodka, Ananas, Ouzo and Dry gin.
Whereas, Ouzo had low quality as compared to
Vodka, Lomie, Ananas and Dry gin.

Table 2. Quality parameters in factory produced alcoholic beverages*.

Quality parameters

Factory produced alcoholic beverages

Vodka Lomie Ananas Ouzo Dry gin

pH 7.00+0.01 5.50 £0.01 6.50+0.01 7.50 +0.04 5.90 +0.02
Conductivity (pS/cm) 5.87+0.06 121+03 615+0.2 135+ 0.15 9.60 0.2
Salinity (%) ND 0.100£0.1 ND ND 0.100 +0.01
TDS (mg/L) 3.04 £ 0.05 571+0.1 29.0+0.8 64.0+0.1 5.03 £0.08
TSS (mg/L) 65.0 £1 11667 +3.5 10152 3.1 256 +1 1125 +0.6
TS (mg/L) 67.7+0.6 11723 +25 10183 +2.5 322+29 11322
Fixed acidity (g/L) 0.024 +0.005 0.069 + 0.006 0.076 = 0.006 0.023 +0.005 0.043 +0.005
Volatile acidity (g/L) ND 0.100 ND ND ND
Total acidity (g/L) 0.024 +0.005 0.156 + 0.006 0.041+ 0.006 0.032 + 0.005 0.043 + 0.005

*Values are mean * SD of triplicate readings of triplicate analysis. ND indicates not detected.
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Figure 2. The comparison of total acidity, fixed acidity and volatile acidity contents in factories produced alcoholic beverages.

Electrical conductivity results of factory
produced beverage samples ranged from 5.87-135
pS cml. The mean electrical conductivity values of
Vodka, Lomie, Ananas, Ouzo and Dry gin
beverages were 5.87, 121, 61.5, 135 and 9.60 pS/cm,
respectively. Electrical conductivity of Ouzo Areki
were highest whereas, Vodka Areki had lowest
than other factory produced beverages. Among the
studied factory produced beverages, Vodka had
better quality electrical conductivity than Lomie,
Ananas, Ouzo and Dry gin. Whereas, Ouzo Areki
had low quality as compared to Lomie, Ananas
and Dry gin. The mean salinity values of Lomie
and Ouzo Areki, were 0.100%. No salinity was
observed in the three brands of factory produced
beverages (Vodka, Ananas and Ouzo) while
0.100% of salinity were recorded in Dry Gin and
Lomie Areki's.

As can be seen in Figure 2, generally the
content of total acid across the beverage brands
decreased in order of Lomie > Dry gin > Ananas >
Ouzo > Vodka. Whereas, the volatile acid of Lomie
> Vodka = Ananas = Dry gin = Ouzo and fixed
acid of Ananas > Lomie > Dry gin > Vodka >
Ouzo.

The content of total solid across the factory
produced beverage brands decreased in order of
Lomie > Ananas > Dy gin > Ouzo > Vodka.
Whereas the TDS of Ouzo > Lomie > Ananas > Dry
gin > Vodka and Tss of Lomie > Ananas > Dry gin
> Ouzo > Vodka.

pH, conductivity, salinity, acidity and solid contents in
traditional fermented alcoholic beverages
The quality parameters in traditional fermented

alcoholic beverages are given in Table 3. Total acid

results of traditional fermented beverage samples
ranged from 16.7-105 g tartaric acid/L. Thus,
Shameta had the highest total acid value whereas;
Tej had the lowest total acid value. The results of
volatile acid content (in terms of tartaric acid) of
traditional fermented beverage samples ranged
from 9.81-85.2 g tartaric acid/L. Korfie had the
highest and Tej had lowest total acid value
beverage. Fixed
fermented beverage samples ranged from
2.86-559 g tartaric acid/L. Shameta had the
highest and Tella had lowest fixed acid value from
factory produced beverages. The acid content
plays an important role in alcoholic beverages for
the preservation and sensory characteristics of
beverages. total acidity
beverages are 4-8 g tartaric acid/L (Rajkovi¢ et al.,
2007).

Therefore, total acid content of 8 g tartaric
acid/L and above as seen in all traditional
fermented beverages (Tej, Shameta, Bordie, Tella
and Korfie) implies that at least 8 g of tartaric acid
is contained in 1 L of the alcoholic drink and may
all the same cause higher health risks due to excess
acids when consumed excessively or without care.
Among the studied traditional,
beverages Tej had better quality than from
Shameta, Bordie, Tella and Korfie. Whereas,
Shameta had low quality as compared to Tej,
Bordie, Tella and Korfie. However, all acid values
of the traditional fermented beverages (Tej,
Shameta, Bordie, Tella and Korfie) were found to
be above the standard values (Rajkovi¢ et al., 2007).

acid results of traditional

Preferred levels of

fermented
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The comparison of total acidity, fixed acidity and
acidity
fermented alcoholic beverages is shown in Figure
3.

Total dissolved solid results of traditional
fermented beverage samples ranged from
387-4520 mg/L. TDS values of Shameta had the
highest and Tej had lowest TDS value from
traditional fermented beverages. Total suspended
solid results of traditional fermented beverage

volatile contents in the traditional

samples ranged from 540-16498 mg/L. TSS values
of Bordie had the highest and Tella had lowest TS
value from traditional fermented beverages. Total
solid of alcohols is the combination of suspended
and dissolved
traditional fermented beverage samples ranged

solids. Total solid results of
from 1721-20328 mg/L, respectively. TS values of
Bordie had the highest and Tella had lowest TS
value from
Preferred solid content of beverages are 500-2000
mg/L (Jahagirdar et al., 2015).

Therefore, total solid content of 2000 mg/L and
above as seen in four traditional fermented
beverages (Tej, Shameta, Bordie and Korfie)
implies that at least 2000 mg of solid is contained
in 1 L of the alcoholic drink and may all the same
cause higher health risks due to excess solids when
consumed excessively or without care. Among the
studied traditional, fermented beverages, Tella had
better quality than from Shameta, Bordie, Tej and
Korfie whereas
compared to Tej, Shameta, Tella and Korfie.

The pH values of traditional fermented

traditional fermented beverages.

Bordie had low quality as

beverage samples ranged from 3.47-3.80. The
mean pH values of Tej, Shameta, Bordie, Tella and
Korfie beverages were 3.80, 3.59, 3.80, 3.47, 3.80
and 3.73, respectively. pH value of Shameta were
highest and Bordie had lowest pH values from
traditional beverages. Preferred pH levels of
beverages are are 3.5-4.0 (Rajkovi¢ et al., 2007). All
the pH of traditional beverages (Tej, Shameta,
Bordie, Tella and Korfie) pH was in range of
standards. Hence, not all beverages can cause
higher health risks due to pH when consumed.
Electrical conductivity results of traditional
fermented beverage samples ranged
811-8391  pS

from

cm?.  Measuring  electrical

conductivity was indicated as a practical method
to identify fraud beverages (Lachenmeier et al.,
2008). The conductivity of beverages was very
stable between replicate measurements of the same
type. However, it shows large differences between
different beverage types. The mean electrical
conductivity values of Tej, Shameta, Bordie, Tella
and Korfie beverages were 811, 8391, 7139, 2359
3199 pS/cm, respectively.
conductivity of Shameta was highest and Tej had
lowest

and Electrical

electrical conductivity value from
traditional fermented beverages. High electrical
conductivity values can mean beverage that tastes
bad or is too salty. Among the studied traditional,
fermented beverages, Tej had better quality
electrical conductivity than Shameta, Bordie, Tella
and Korfie whereas, Shameta had low quality as
compared to Tej, Bordie, Tella and Korfie. The
mean salinity values of Tej, Shameta, Bordie, Tella
and Korefie were 0.4%, 4.6%, 3.9%, 1.2% and 1.7%,
respectively. Salinity of Shameta was highest
whereas, Bordie had lowest than other fermented
beverages.

As can be seen in Figure 3, generally the
content of total acid across the beverage types
decreased in order of Shameta > Korfie > Bordie >
Tella > Tej whereas, the volatile acid of Korefie >
Bordie > Shameta > Tella > Tej and fixed acid of
Shameta > Bordie > Tej > Korefie > Tella.

The of total
traditional fermented beverage types decreased in
order of Bordie > Shameta > Korefie > Tej > Tella
whereas, the TDS of Shameta > Bordie > Korefie >
Tella > Tej and TSS of Bordie > Shameta > Korefie >
Tej > Tella.

content solid across the

pH, conductivity, salinity, acidity and solid contents in
traditional distilled alcoholic beverages

The quality parameters of traditional distilled
alcoholic beverages are given in Table 4. Total acid
results of traditional distilled beverage samples
ranged from 0.130-0.35 g tartaric acid/L. Gibto
Areki had highest whereas, Koso Areki had lowest
total acid value compared to Yemar, Dagim, Wheat
Arefa, Wheat Sharata, Dagussa Arefa, Dagussa
Sharata, Wheat Berkrakie and Mixed traditional
distilled beverages. Volatile acid results of
traditional distilled beverage had lowest volatile
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Table 3. Quality parameters in traditional fermented alcoholic beverages*

Traditional fermented alcoholic beverages

Quality parameters

Tej Shameta Bordie Tella Korefie
pH 3.60£0.01 3.80+0.01 3.50+0.01 3.80+0.01 3.70£0.01
Conductivity (uS/cm) 811 +1.00 8391 +1 7139 +1 2359 +2 3199+1
Salinity (%) 0.400 +0.001 4.60 +£0.001 3.90 +£0.002 1.20+0.01 1.70 £0.001
TDS (mg/L) 387+1 4520+ 1 38301 11801 16101
TSS (mg/L) 4676 £2.5 11274 £1 16498 £ 1 540+1 5680 £ 1
TS (mg/L) 5063 + 2.5 15795 + 2 20328 £ 2 17212 72911
Fixed acidity (g/L) 6.86 £0.06 559+0.3 9.27+£0.27 2.86 +£0.03 4.34+0.05
Volatile acidity (g/L) 9.81£0.03 49403 702+0.1 30.6+0.3 85204
Total acidity (g/L) 16.7 £ 0.03 105+0.1 79.5+0.4 33.5+0.3 89.5+0.4

*Values are mean * SD of triplicate readings of triplicate analysis

acid content compared to Yemar, Gibto, Dagim,
Wheat Arefa, Dagussa Arefa, Dagussa Sharata,
Wheat Berkrakie and Koso traditional distilled
beverages. Fixed acid results of traditional distilled
beverage samples ranged from 0.018-0.146 g
tartaric acid/L. Yemar Areki had highest whereas,
Dagim Areki had
compared to Gibto, Wheat Arefa, Wheat Sharata,

lowest fixed acid value

Dagussa Arefa, Dagussa Sharata, Wheat Berkrakie,

Mixed and Koso traditional distilled beverages.

Preferred total acidity levels of beverages are 6-8 g
tartaric acid/L (Jahagirdar et al., 2015). All acid
content of analyzed drinks (Yemar, Gibto, Dagim,
Wheat Arefa, Wheat Sharata, Dagussa Arefa.
Dagussa Sharata, Wheat Berkrakie, Mixed and
Koso) were below the standard value (Jahagirdar
et al., 2015).

The comparison of total, fixed and volatile
acidity contents of traditional distilled alcoholic

beverages are shown in Figure 4.

120
100
S 80
g B TeJ
= 60
g m Shameta
v
]
'g 40 * Bordie
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Figure 3. The comparison of total acidity, fixed acidity and volatile acidity contents in g/I. between traditional fermented
alcoholic beverages.



SINET: Ethiop. J. Sci., 40(1), 2017 27
Table 4. Quality parameters of traditional distilled alcoholic beverages*
Quality parameters in different traditional distilled alcoholic beverages
Beverage types pH Cor;idtl;ch— Salinity ~ TDS TSS (mg/L) TS Fixed acidity Volatile Total acidity
% mg/L mg/L L acidit L L

(@S/em) P (m&/D) (mg/L) &/L) y (8/L1) &/L)

Yemar 4.60£0.01 116+1 0'1(%)50' 56.0£0.1  7156%2.1 7211;i 0.163+0.005 0.188+0.01 0.350£0.005
ND

Gibto 4.40+0.01 48.0£0.5 21.940.1 699+1 72015  0.146+0.004  0.205+0.008  0.351+0.004
Dagim 420+ 0.01 19.0+0.25 ND 9.03+0.1 1.00+£0.03 10.0£0.2  0.018+0.004  0.160£0.006  0.178+0.002
Xti?t Arefa 400001 240501 NP 100:01  ND  100:03 0039:0004 02140013  0.253£0.009
Wheat sharata 4.00+0.01 24.0£0.15 ND ND ND ND 0.026+£0.005  0.311+0.007  0.337+0.002
Dagussa Arefa ~ 4.10+0.01 26.0+£0.2 ND 9.87+0.2 ND 10.0£0.3  0.027+0.004  0.177+0.012  0.204+0.016
Dagusa Sharata  4.10+£0.01 19.0+0.21 ND 100+0.1 ND 10.0£0.3  0.023+0.005  0.234+0.003  0.257+0.002
Wheat . 4.30£0.01 25.0£0.25 ND ND ND ND 0.032+0.005 0.283+0.01 0.315+0.003
berkrakie
Mixed Areki 4.10£0.01 23.0£0.15 ND 11.2+0.2 ND 11.0£0.4  0.114+0.005 0.055+0.00 0.169+0.005
Koso 3.80+0.01 38.0+£0.12 ND 17.8+0.3  233+1.53  249+2.1  0.063+0.002 0.067+0.00 0.130+0.004

*Values are mean + SD of triplicate readings of triplicate analysis. ND indicates not detected

Total acid results of traditional distilled
beverage samples ranged from 0.130-0.35 g tartaric
acid/L. Gibto Areki had highest whereas, Koso
Areki had lowest total acid value compared to
Yemar, Dagim, Wheat Arefa, Wheat Sharata,
Dagussa Arefa, Dagussa Sharata, Wheat Berkrakie
and Mixed traditional distilled beverages. Volatile
acid results of traditional distilled beverage
samples ranged from 0.05-0.310 g tartaric acid/L.
Wheat Sharata Areki had highest and Mixed Areki
had lowest volatile acid content compared to
Yemar, Gibto, Dagim, Wheat Arefa, Dagussa
Arefa, Dagussa Sharata, Wheat Berkrakie and Koso
traditional distilled beverages. Fixed acid results of
traditional distilled beverage samples ranged from
0.018-0.146 g tartaric acid/L. Yemar Areki had
highest whereas, Dagim Areki had lowest fixed
acid value compared to Gibto, Wheat Arefa, Wheat
Sharata, Dagussa Arefa, Dagussa Sharata, Wheat
Berkrakie, Mixed and Koso traditional distilled
beverages. Preferred total acidity levels of
beverages are 6-8 g tartaric acid/L (Jahagirdar et
al., 2015). All acid content of analyzed drinks
(Yemar, Gibto, Dagim, Wheat Arefa, Wheat
Sharata, Dagussa Arefa, DagussaSharata, Wheat
Berkrakie, Mixed and Koso) were below the
standard value (Jahagirdar et al., 2015).

The comparison of total, fixed and volatile
acidity contents of traditional distilled alcoholic
beverages are shown in Figure 4. Total dissolved
solid results of traditional distilled beverage

samples ranged from ND-100 mg/L. TDS values of
Dagussa Sharata Areki had highest whereas,
Wheat Sharata and Wheat Berkarkie beverages
had lowest compared to Yemar, Gibto, Dagim,
Wheat Arefa, Dagussa Arefa, Mixed and Koso
traditional distilled beverages. No dissolved solids
were present in Wheat Sharata and Wheat
Berkarkie beverages. Total suspended solid results
of traditional distilled beverage samples ranged
from ND-7156 mg/L, respectively. TSS values of
Yemar Areki had highest whereas, Wheat Arefa,
Wheat Sharata, Dagussa Arefa, Dagussa Sharata,
Wheat Berkrakie and Mixed beverages had lowest
TSS value compared to Gibto, Dagim and Koso
traditional distilled beverages From the result of
traditional distilled beverages no TSS was observed
in Wheat Arefa, Wheat Sharata, Dagussa Arefa,
Dagussa Sharata, Wheat Berkrakie and Mixed
beverages, whereas Gibto Areki, Yemar Areki,
Koso Areki and Dagim Areki had low content of
suspended solids.

Total solid results of traditional distilled
beverage samples ranged from ND -7211 mg/L. TS
values of Yemar Areki had highest whereas, Wheat
Sharata and Wheat berkrakie had lowest TS value
compared to Gibto, Dagim, Wheat Arefa, Dagussa
Arefa, Dagussa Sharata, Mixed and Koso
traditional distilled beverages. Preferred solid
content of beverages are 500-2000 mg/L
(Jahagirdar et al., 2015). Therefore, total solid
content of 2000 mg/L and above as seen in one
traditional distilled beverage (Yemar Areki)
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implies that at least 2000 mg of solid is contained
in 1 L of the alcoholic drink and may cause health
risks due to excess solids when consumed
excessively or without care. The solid contents of
Gibto, Dagim, Wheat Arefa, Wheat Sharata,
Dagussa Arefa, Dagussa Sharata, Wheat Berkrakie,
Mixed and Koso had within the standard range as
set by Drinking water standards as per BIS 10500
(Jahagirdar et al., 2015).

The mean pH values of Yemar, Gibto, Dagim,
Wheat Arefa, Wheat Sharata, Dagussa Arefa,
Dagussa Sharata, Wheat Berkrakie, Mixed and
Koso beverages were in the range 3.80-4.60. pH
value of Yemar Areki was highest and Koso Areki
had lowest pH value from traditional distilled
beverages. Electrical conductivity results of
traditional distilled beverage samples ranged from
19-116 pS cm’l. The mean electrical conductivity
values of Yemar, Gibto, Dagim, Wheat Arefa,
Wheat Sharata, Dagussa Arefa, Dagussa Sharata,
Wheat Berkrakie, Mixed and Koso beverages were
116, 48.0, 19.0, 24.0, 24.0, 26.0, 19.0, 25.0, 23.0, 38.0
pS/cm, respectively. Electrical conductivity of
Yemar Arekies was highest whereas, Dagim and
Dagussa Sharata beverages had lowest electrical
conductivity value from traditional distilled
beverages. Among the studied factory produced
beverages, Dagem and Dagussa Sharata had best

electrical conductivity quality than Yemar, Gibto,
Wheat Arefa, Wheat Sharata, Dagussa Arefa,
Wheat Berkrakie, Mixed and Koso. Whereas,
Yemar areki had low quality as compared to Gibto,
Wheat Arefa, Wheat Sharata, Dagussa Arefa,
Wheat Berkrakie, Mixed and Koso. The mean
salinity value of Yemar Areki was 0.1%. No
salinity was observed in nine brands of traditional
distilled beverages (Gibto, Dagim, Wheat Arefa,
Wheat Sharata, Dagussa Arefa, Dagussa Sharata,
Wheat Berkrakie, Mixed and Koso) while 0.1% of
salinity was observed in Yemar Areki. This may be
due to poor distillation quality and the quality of
the water (types of tap water, well water, bottled
water) used for dilution.

As it can be seen in Figure 4, the content of
total acid across the traditional distilled beverage
brands decreased in order of Gibto > Yemar >
Wheat sharata > Wheat Berkrakie > Dagussa
Sharata > Wheat Arefa > Dagussa Arefa > Dagim >
Mixed > Koso. Whereas the volatile acid of Wheat
Sharata > Wheat Berkrakie > Dagussa Shrata >
Wheat Arefa > Gibto > Yemar > Dagussa Arefa >
Dagim > Koso > Mixed and fixed acid of Yemar >
Gibto > Mixed > Koso > Wheat Arefa > Wheat
Berkrakie > Dagussa Arefa > Wheat Sharata >
Dagussa Sharata > Dagim.

0.400
0.350

= Yemar areki

0.300
0.250

# Gibto arska

0.200

% Dagem areki

N Wheat arefa areki

0.150
0.100
0.050

Acid content (g/L)

= Wheat sharata areki

m Dagussa sharata areki

0.000

Traditional distilled beverage types

v Dagussa arefa areki
# Wheat berkrakie arela

#mixed areki

# Koso areki

Figure 4. The comparison of total, fixed and volatile acidity contents in g/L between traditional distilled alcoholic beverages.

The content of total solid across the
traditional distilled beverage types decreased in
order of Yemar > Gibto > Koso > Mixed > Dagim =
Wheat Aarefa = Dagussa Arefa > Wheat Sharata =
Wheat Berkrakie. Whereas, the total dissolved
solid of Dagusa Sharata > Yemar > Gibto > Koso >
Mixed > Wheat Arefa > Dagussa Arefa > Dagim >

Wheat Berkrakie = Wheat Sharata and total
suspended solid of Yemar > Gibto > Koso > Dagim
> Wheat Shrata = Dagussa Arefa = Dagussa
Sharata = Wheat Berkrakie.

Comparison of acid, solid, pH, conductivity and
salinity contents across traditional distilled,
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fermented alcoholic

beverages

and factory produced

Total acid values of Shameta and Korfie were
highest compared to all brands of beverages where
as Vodka Areki had the lowest total acid value of
0.024 g tartaric acid/L. Fermented beverages have
highest total acid values than distilled traditional
and factory produced beverages. Volatile acid
value of Korfie was highest compared to others
where as Vodka, Ananas, Ouzo, Dry Gin Areki
had the lowest volatile acid value of 0.0 g tartaric
acid/L. Fermented beverages have highest volatile
acid values than distilled traditional and factory
produced beverages. Fixed acid values of Shameta
were highest compared to all other beverages
where as Dagim, Ouzo and Vodka Arekies had the
lowest fixed acid value of 0.018 g tartaric acid/L,
0.023 g tartaric acid/L and 0.024 g tartaric acid/L,
respectively. Traditional fermented alcoholic
beverages had high contents of total, fixed and
volatile acidity than traditional distilled and
factory produced alcoholic beverages. The acid
amount in fermented and distilled beverages can
vary in wide ranges due to crop variety, harvesting
time of crops, climatic conditions during
harvesting, type of the soil, phyto-sanitary
condition of crops, way of malt processing,
conditions under which alcohol fermentation was
done, beverage storage time, volatile compounds
and additives (Rajkovic ef al., 2007).

TDS values of Shameta and Bordie were
highest compared to others where as Wheat
Berkrakie and Wheat Sharata had the lowest TDs
value of 0.0 mg/L. Fermented beverages had
highest TDs values than distilled traditional and
factory produced beverages. From the results,
traditional fermented beverages had significantly
high content dissolved solids than distilled
traditional and factory produced beverages. The
highest TS5 was observed in Shameta, Bordie and
Lomie Areki and the lowest in Wheat Berkrakie,
Wheat Sharata, Wheat Arefa, Dagussa Arefa,
Dagussa Sharata and Mixed Areki. The content of
suspended solids present in distilled traditional
alcohols were lowest than traditional fermented
and factory produced beverages. TS values of
Shameta and Bordie were highest compared to
others where as Wheat Berkrakie and Wheat
sharata had the lowest TS value of 0.0 mg/L.
Fermented beverages have highest TS values than
distilled traditional and factory produced
beverages. The solid content in fermented and

distilled beverages can vary in wide ranges due to
the difference in sources raw materials (crop
varieties), process conditions, volatile compounds,
additives, initial TSS as well as the difference in
ferment ability behavior of the beverages
(Yiicesoy, 2011).

Fermented beverages have lowest pH values
than distilled traditional and factory produced
beverages. Differences in the raw materials (crop
varieties), process conditions, volatile compounds,
storage time and additives can cause the
differences among the pH values. Electrical
conductivity of Shameta and Bordie were highest
compared to others and Vodka had the lowest
conductivity value of 5.87 pS cm 1. Conductivity of
fermented beverages were very high than distilled
beverages. Differences in the raw materials (crop
varieties), process conditions, volatile compounds,
storage time and additives can cause the
differences among the electrical conductivity
values (Lachenmeier et al., 2008). Compared to
distilled beverages, fermented beverages had
highest salinity value. Salinity of Shameta and
Bordie were highest compared to others.
Fermented beverages of Tella, Shameta, Korefie
and Bordie had a high content of salinity because
in the fermentation process no distillation is
performed.

Ethanol content of alcoholic beverages

The recovery test was done for all the
samples since all the samples had different
matrices and the percentage recoveries were
calculated by spiking known concentration of
ethanol into the traditional alcoholic beverage
samples. The efficiency of the fractional distillation
method used for the determination of ethanol in
alcoholic beverages was checked by adding known
concentration of ethanol to the 50 mL different
kind of alcoholic beverage sample. The amount of
ethanol spiked was 20% to 30% the amount of
ethanol determined in samples. The different
known spiked concentration of ethanol was
prepared from absolute ethanol, its concentration
was 99.99%. Each recovery test was performed in

triplicates. Recovery test results for ethanol
determination in samples of the traditional
fermented, traditional distilled and factory

alcoholic beverages are given Tables 5, 6 and 7,
respectively. The percentage of the recovery was
between 91 and 107% (Tables 5-7) which indicates
that it was within the acceptable range (100+10%).
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The ethanol contents of traditional fermented
and distilled alcoholic beverage samples together
with the literature values for comparison are given
in Table 8. Conditions such as temperature,
aeration and strains of the microorganisms
obviously affect the level of alcohols. The ethanol
content indicates the strength of alcohols. Table 8
shows the variations in the mean concentrations of
ethanol of the various samples analyzed.

Ethanol concentration of the samples ranged
between 2.80-51.2% (v/v). Among the samples
that tested Bordie (traditional fermented beverage)
recorded the lowest ethanol content 2.80% (v/v)
while Dagim Areki (traditional distilled Areki)
showed the highest ethanol content 51.2% (v/v).
Ethanol content of factory produced, traditional
fermented and traditional distilled beverage
samples ranged from 30.0-41.0% (v/v), 2.80-12.8%
(v/v) and 36.5-51.2% (v/v), respectively.

Table 5. Recovery test results for ethanol determination in samples of the traditional fermented alcoholic

beverages.
Concentration of Concentration of
T £ bever. ethanol in un spiked Amount of ethanol ethanol in spiked Recovery % (v/v)
ype of beverage beverage sample% added% (v/v) beverage sample %
(©v/v) ©v/v)
Tella 5.20 1.04 6.12+0.1 98.0+8
5.20 1.30 6.37+0.2 101+ 3
5.20 1.56 6.62+0.3 103 +4
Shameta 3.20 0.64 376+3 100+£5
3.20 0.80 392+3 99.0+4
3.20 0.96 4.08+5 101+£3
Bordie 3.00 0.60 353+8 103£3
3.00 0.75 3.68+1 98.0+3
3.00 0.90 382+1 105+5
6.00 1.20 7.06£7 101 +8
Korfie 450 1.50 6.08+9 105+1
4.50 1.80 6.26+1 98.0+1
Tej 12.0 240 141+9 99.0+7
12.0 3.00 1479 100+ 9
12.0 3.60 15.6+1 101 +1

Table 6. Recovery test results of ethanol determination in samples of the traditional distilled alcoholic beverages.

Concentration of ethanol in A £ ethanol Concentration of ethanol in Recovery
Type of beverage un spiked beverage mount 00 ethano spiked beverage sample% % (V/V)
o added% (v/v)
sample% (v/v) v/v)

38.0 7.60 451 +0.01 9+7

Yemar Areki 38.0 9.50 50.4 +0.01 106 +4
38.0 11.4 52.9+0.01 107 +£2

46.0 8.60 54.9 +0.05 1037

Gibto Areki 46.0 10.8 57.0+0.03 1027
46.0 12.9 58.6 +0.02 98.0+2

54.0 10.8 67.4+0.15 104 +3

Dagim Areki 54.0 13.5 72.2+0.15 107 +6
54.0 16.2 67.4+0.06 96.0+3
44.0 8.80 50.7 £ 0.04 96.0+8
Wheat Aarfa Areki 44.0 11.0 51.2+0.05 93.0+3
44.0 13.2 53.8 +0.04 94.0+2

36.0 7.20 43.2+0.06 100+1

Wheat Sharata Areki 36.0 9.00 47.3 +£0.04 1052
36.0 10.8 44.5+0.02 95.0+1

48.0 9.60 58.8 +0.25 102+1
Dagusa Arfa Areki 48.0 12.0 57.6 £0.05 96.0 £5
48.0 14.4 61.8 £0.25 99.0+1
40.0 8.00 45.1+0.15 94.0+38
Dagusa Sharata Areki 40.0 10.0 46.5+0.15 93.0+4
40.0 12.0 49.9 +£0.06 96.0+2
. . 42.6 8.52 50.1+0.12 98.0+6
Wheat Berkrakie Arekd 426 10.7 50.1+0.20 94.0+2
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42.6
39.5
Mixed Areki 39.5
39.5
46.0
Koso Areki 46.0
46.0

31
12.8 60.4 £0.15 109+ 6
7.90 51.2+0.31 108 +£3
9.88 52.3+0.10 106 + 4
11.9 48.8+0.15 95.0+9
9.20 50.2 + 0.004 91.0+3
11.5 52.9+0.01 92.0+3
13.8 59.2+0.01 99.0+5

Ethanol content of Tej was highest compared
to others traditional fermented beverages where as
Dagim and Ouzo Areki had the highest ethanol
content from traditional distilled and factory
produced beverages respectively. On the other
hand Wheat Sharata Areki had lowest ethanol
content compared to others traditional distilled
beverages where as Bordie and Lomie Areki had
lowest ethanol content from factory produced
beverages, respectively. The results showed that
low contentof ethanol were recorded in the
traditional fermented beverages as compared to
the traditional distilled and factory produced
beverages. The oral lethal dose of ethanol is
reported in the range 5 to 8 g/kg. Thus, for a 60 kg
adult, 300 g (384 mL) of ethanol can be fatal
(Tulashie et al, 2017).
concentration of 39.0% (v/v) and higher amount in

Therefore, ethanol
eleven of the analyzed beverages (Gibto Areki,
Dagim Areki, Wheat Arefa Areki, Dagussa Arefa
Areki, Dagussa Sharata Areki, Wheat Berkrakie
Areki, Mixed Areki, Koso Areki, Vodka Areki,
Ouzo Areki and Dry Gin Areki) imply that at least
390 mL of ethanol is contained in 1 L of the
alcoholic drink and may all the same cause higher
health risks
without care. The wide variation in ethanol of

when consumed excessively or

different beverage brands is apparently related to
the difference in sources raw materials (crop
varieties), limit of standard procedures to produce
traditional alcohols, alcohols process conditions
and the difference in ferment ability behavior of
the beverages (Tulashie et al., 2017). Comparison of
the ethanol content of traditional fermented and
distilled alcoholic beverages is shown in Figure 5.
As it can be seen in Figure 5, the ethanol content
across the traditional distilled and traditional

fermented beverage brands decreased in order of
Dagim > Dagussa Arefa > Gibto > Wheat Arefa >
Koso > Mixed > Wheat berkrakie > Dagussa
Sharata > Yemar >Wheat Sharata> Tej > Tella >
Korefie > Shameta > Bordie.

The ethanol contents of factory produced
alcoholic beverages are given in Table 9. The
amount of ethanol % (v/v) determined in the
factory produced alcoholic beverages are in good
agreement with the amount % (v/v) labeled in the
containers by the factories.

Analysis of variance

In this study fifteen different brands of
traditional fermented and distilled alcoholic
beverages were collected from two areas of Addis
Ababa.

preparation and analysis, a number of random

During the processes of sample
errors might have been introduced in the alcoholic
beverages. The variations in the mean ethanol
contents of the analyzed beverages were tested by
using analysis of variance (ANOVA) (Miller and
Miller, 2005) to see whether the source of the
variations were from the varieties of samples
or/and due to areas of analyzed samples. The
ANOVA results for all the fifteen brands of analyzed
that

statistically significant differences existed at the

alcoholic  beverage samples showed
95% confidence level in the mean ethanol content
due to the difference in varieties of alcohols and
significant difference due to the interaction effect
of varieties of beverages and areas of sample
collection whereas areas of alcoholic beverage
sample collection was not significant effect at the
95% confidence level in the mean ethanol content

for all the analyzed alcoholic beverage samples.
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Table 7. Recovery test results of ethanol determination in samples of the factory produced alcoholic beverages.

Concentration of Concentration of
Tvpe of beverage ethanol in un spiked Amount of ethanol ethanol in spiked Recovery % (v/v)
yp 8 beverage sample % added% (v/v) beverage sample %

(v/v) (v/v)

Vodka Areki 40.0 8.00 46.8£0.15 97.5+0.10
40.0 10.0 51.2+0.10 102 + 0.09
40.0 12.0 50.9 +0.31 97.9 +£0.04

Lomie Areki 30.0 6.00 39.3+£0.15 109 £ 0.02
30.0 7.50 39.6 £0.20 105 £ 0.03
30.0 9.00 36.8+0.12 94.4+0.01

Ananas Areki 32.0 6.40 41.7+025 108 £ 0.03
32.0 8.00 39.0 £0.05 97.6 +0.04
320 9.60 40.3+0.05 96.9+0.17

Ouzo Areki 40.0 8.00 46.8+0.25 97.5 +0.06
40.0 10.0 51.2+0.04 102 +0.02
40.0 12.0 50.9 +0.04 97.9+0.02

Dry gin Areki 40.0 8.00 52.4+0.05 107 +0.02
40.0 10.0 52.8 +0.06 105 £ 0.05
40.0 12.0 51.4 +0.04 97.6 + 0.01

Table 8. The ethanol content of traditional fermented and distilled alcoholic beverage samples.

No. Beverage type Location Ethanol content %  Literature report %  Reference
(v/v) (v/v)

1 Yemar Areki Kotebie 37505 - -
Kality 385+05

2 Gibto Areki Kotebie 46.0+0.5 46.8-50.3 (Ayalew Debebe et al., 2017b)
Kality 48.6£0.6

3 Dagim Areki Kotebie 51.5+0.5 51.1-54.0 (Belachew  Desta, 1977, Ayalew
Kality 54.0+05 Debebe et al., 2017b)

4 Wheat Arfa Areki Kotebie 439+04 34.0 - 40.0 (Belachew Desta, 1977)
Kality 42.0+0.5

5 Wheat Sharata Areki Kotebie 359+04 34.0 - 40.0 (Tadele Yohannes et al., 2013)
Kality 370+03

6 Dagusa Arfa Areki Kotebie 48.0+0.5 - -
Kality 475+0.5

7 Dagusa Sharata Areki Kotebie 39.9+04 - -
Kality 409+0.3 8.94-13.2 (Bekele Bahiru et al., 2001; Tadele

8  Te Kotebie 119404 Yohannes et al., 2013)
Kality 133+0.3

9 Shameta Kotebie 3.23+03
Kality 350+05 - -

10 Bordie Kotebie 3.00+05 - -
Kality 2.60+04

11 Wheat Berkraki Areki Kotebie 42.0£0.6 34.0-40.0 (Ayalew Debebe et al., 2017b)
Kality 39.2+0.8

12 Mixed Areki Kotebie 40.6£0.6 34.0-40.0 (Ayalew Debebe et al., 2017b)
Kality 395+1

13 Koso Areki Kotebie 46.4+ 0.5 42.8-56.0 (Ayalew Debebe et al., 2017b)
Kality 451+04

14 Tella Kotebie 557+04 3.50 -4.50 (Tadele Yohannes et al., 2013; Admas
Kality 520405 Berhanu, 2014; Teklu et al., 2015)

15 Korefie Kotebie 443 +04 2.70-2.77 (Belay Getnet and Admas Berhanu,
Kality 4.50£0.5 2016)

Table 9. Average ethanol content of factory produced alcoholic beverages.
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Amount of ethanol Labeled amount %

S. No. Sample type % (v/v) determined v/v)
1 Vodk: 39.7+0.02 40.0
2 Lc(:mj: 30.0£0.01 30.0
3 Ananas 32.0 £0.09 32.0
4 Ouzo 41.0 £0.01 40.0
5 Dry gin 39.2+0.03 40.0
60
# Yemar
50 Il Gibto
s Dagem
= e — Wheat arefa
; 40 :& *;%: T
g = :: fé : .« \Wheat sharata
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Figure 5. Comparison of the ethanol content of traditional fermented and distilled alcoholic beverages.

CONCLUSION

Quantification of methanol concentration in the
alcoholic beverages showed the presence of some
amounts of methanol between the ranges of “not
detectable” to 7735 mg/L, however below the
minimum oral lethal dose 0.3-1.0 g/kg (20 to 60 g
or 25-75 mL/person in a 60 kg adult). The results
indicated that the contents of ethanol in beverage
samples was ranged from 2.80-51.2% (v/v) and
there was no significant difference in the ethanol
content obtained from the two areas where as there
was significant difference in different brands of
beverages. The study indicated that the alcoholic
content of Ethiopian traditional beverages vary
considerably. The alcoholic content variability of
local beverages might be due to the spontaneous
fermentation, raw materials used and method of

producing. pH values of alcoholic beverage
samples ranged from 3.50-7.50 but most samples
have pH values around 4. Among the twenty
brands of beverages Shameta, Tej, Bordie, Tella
and Korfie had highest acid content, solid content,
electrical conductivity and salinity, while they had
lowest pH, ethanol and methanol contents than
other beverages. Based on qualitative data all
fermented beverages had only ethanol whereas
distilled beverages had ethanol and other volatile
components.

The levels of methanol found in the fermented
beverages are well below the lethal dose and do
not pose any health threat to the human health
when consumed. However, the normal alcohol
health risk associated with high consumption
remains a problem. Thus control in the production
and supervision with the development of
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comprehensive national alcohol policy is fermented alcoholic beverages. Bull. Chem. Soc.
necessary. Ethzop 31:17-30.
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