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ABSTRACT

Chemical analysis of volatile compounds from khadi, an unrecorded alcoholic beverage from Botswana, was carried out using gas
chromatography-flame ionization detection (GC–FID). Ten samples of khadi from two different locations were analyzed. All
samples had pH values in the range of 2.87–3.16. Overall the samples contained ethanol, higher alcohols and esters. Ethanol was
observed to be the dominant volatile compound with concentrations ranging from 1.66–5.71 % vol. Other volatiles determined
were 2-methyl-1-propanol (9.12–29.0 mg L–1) and 2/3-methyl-1-butanol (14.5–124.7 mg L–1), ethyl lactate (27.4–110.9 mg L–1) and
ethyl acetate (28.3–48.5 mg L–1).
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1. Introduction
The International Centre for Alcohol Policies (ICAP) which

defines unrecorded (non-commercial) alcohols as (a) traditional
drinks produced, whether legally or illegally, for home con-
sumption or limited trade, (b) unregistered drinks or counterfeit
products and (c) non-beverage or surrogate alcohols derived
from medicinal products, automobile products or cosmetics1

realizes that although these drinks may adhere to standards of
quality, some of them may be contaminated and toxic, thereby
posing public health threats of unknown magnitude and
necessitating the need for analysis. A collation of literature illus-
trates the presence of alcoholic beverages obtained from several
ingredients including melons,2 oranges,3 mango,4 agave plants.5,6

Analyses of some unrecorded alcohols from India, Mexico,
Russia, Tanzania, Zambia,7 Nigeria, Lithuania, Hungary, Guate-
mala, Poland and Vietman 8 have shown the beverages to
contain ethanol (as major component), methanol, n-propanol,
2-butanol, 2-methyl-1-propanol, acetic acid, ethyl acetate,
ethyl-2-hydroxypropanoate, phenyl ethyl alcohol, dodecanoic
acids, naphthalene, furfural, 1-methyl-napthalene, large-chain
fatty acids, ethyl esters, 5-methyl-furfuraldehyde, terpenes and
a mixture of 2-methyl-1-butanol and 3-methyl-1-butanol.6,9,10

Several types of unrecorded and unlicensed traditional
home-brewed alcoholic beverages exist in Botswana and are
usually sold by home-based liquor traders in locations locally
known as Spoto and Shebeens. Amongst these home-brewed alco-
hols are beer-type fermented beverages like khadi and bojalwa jwa
Setswana, which are the most common due to their availability,
accessibility and affordability. These home-brewed alcoholic
beverages are usually cheaper than the western-type counter-
parts (beers, lagers, wines and spirits). In Botswana, the brewing
and sale of these traditional home-brewed alcoholic beverages is
not regulated by the National Alcohol Policy11 and therefore the
composition and quality are not monitored. Previous studies11,12

identified several social and health problems associated with
alcohol consumption, including malnutrition, selfneglect, poor

hygiene, pale skin, weight loss, hallucinations, incoherence and
cirrhosis whilst Finlay and Jones,13 in addition noted an increase
in traffic accidents. Khadi is obtained from the fermentation of a
base or ‘mash’ consisting of any of the following ingredients:
wild berries, fruits, wild pumpkins, wild tuberous roots, sugar,
sorghum or maize.14 In some cases, substances such as tobacco,
yeast, dagga, car battery acid (sulphuric acid) are added to khadi
during preparation to give it ‘strength’ and ‘enhance its capacity’
to intoxicate.15 Therefore, the composition and taste of the result-
ing khadi is dependent on the ingredients, both base and addi-
tives16 and the brewing style. The quality of khadi can be deter-
mined by several tests including conducting chemical analysis of
the volatile compounds which would indicate the flavour and
the aroma profiles.6,10 However, some volatiles such as methanol
are toxic and have the potential to cause nausea, headaches,
blindness and even death.17,18 For the sake of consumer protec-
tion, it is necessary to determine the chemical composition of the
alcoholic beverages and to identify any potential toxins.

While khadi has existed for centuries, in the culture and tradi-
tion of the Batswana people, its composition and quality remain
unknown. Therefore, the aim of this study is to determine the
volatile compounds present in khadi from Botswana employing
gas chromatography-flame ionization detection (GC-FID).

2. Materials and Methods

2.1. Samples
Ten khadi samples were obtained from Nkoyaphiri and Gabane

on different dates. Both these locations are peri-urban and
within a 20 km distance from the capital city of Botswana,
Gaborone. The ingredients used to brew khadi included sugar,
water and kgalola tuber as per information obtained from the
brewers. The samples were stored at 4 °C and pH and volatile
compounds analysis was conducted within a week of sampling.

2.2. Chemicals
Acetaldehyde, methyl acetate, 2-butanol, 1-butanol, ethyl
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benzoate, methanol, ethyl acetate, benzyl alcohol, benz-
aldehyde, 1-hexanol, 1-propanol, ethyl lactate, ethyl octanoate,
2-methyl-1-butanol, 1-phenyl-1-butanol, benzyl acetate,
2-methyl-1-propanol and 2-pentanol standards used in this
study were obtained from Sigma Aldrich (St. Louis, Missouri,
USA) and were of HPLC grade and 99 % purity. The ethanol
was 95 % purity and obtained from Merck (Johannesburg,
South Africa). 2-Pentanol was employed as the internal
standard.

2.3. Standards
Working standards were made by serial dilutions (24.97–

399.54 mg L–1) in 40 % ethanol. Standard solutions were
prepared by serial dilutions (24.97–399.54 mg L–1 ). Ethanol
standards concentrations ranged from 40–200 parts per thou-
sand. It was necessary to use different concentrations for the
ethanol standards to avoid excessive dilutions which could have
resulted in significant error. Ethanol was assumed to be the main
ingredient in the khadi samples.

2.4. Determination of pH
The pH of the khadi samples were measured with a pH meter

(pH 209) obtained from HANNA Instruments (Johannesburg,
South Africa).

2.5. Gas Chromatography-Flame Ionization Detection
An Agilent 6820 gas chromatograph equipped with polyethyl-

ene glycol TPA modified column (ZB-FFAP, 30 m × 0.32 mm id ×
0.25 µm: Chrompak, Middleburg, Netherlands) and a flame
ionization detector was used. A split/splitless injector was used.
The injection and detection temperatures were set at 300 °C.
Nitrogen was used as a carrier gas at a flow rate of 2 mL min–1.
The initial column temperature was set at 35 °C and held for 3
min. The temperature was then ramped to: 40 °C at 2.5 °C min–1

and held for 2 min; 80 °C at 20 °C min–1 and held for 4 min; 140 °C
at 20 °C min–1 and held for 5 min; 220 °C at 20 °C min–1 with a final
hold of 1 min. The total run time was 26 min. Calibration curves
were constructed using the peak area ratios of analytes in differ-
ent standard concentrations to that of the internal standard.

2.6. Sample Preparation
About 1.5 mL of each sample was filtered into a vial using 0.45

cellulose acetate microfilters (Merck Millipore, South Africa).
5 µL of 3500 ppm of 2-pentanol was placed into a graduated vial
and made up to the 0.5 mL mark with the filtered sample. The
mixture was mixed and introduced into the GC-FID. The
unknown components of the sample were tentatively identified
by comparing the retention times of the chromatogram of the
samples to that of the standards. Quantitative analysis was
conducted using generated calibration curves.

3. Results and Discussion

3.1. Analysis of pH
The pH of the khadi samples ranged between 2.87 to 3.16 as

shown in Table 1, indicating that khadi beverage is acidic. The
average pH was 3.08 with a standard deviation of 0.09. The
difference in pH may be due to the quality and ripeness of the
tuber or inconsistencies in the method of brewing. The pH of
khadi (2.87 to 3.16) is close to that of white wines (pH 2.95–3.9)19

although slightly more acidic. It is also similar to that of orange
wine (pH 3.03) obtained from moro oranges. This low pH inhib-
its growth of microorganisms but may also be associated with
tooth corrosion amongst populations that frequently consume

such beverages. Corrosive effects of common beverages and
acidic soft drinks have been observed on teeth and enamel.20,21

3.2. Volatile Composition of Khadi Beverages
For determination of volatiles in the khadi samples, GC-FID

analysis of the samples was conducted. GC-FID was chosen
owing to its accurate quantitative and qualitative analysis of
many organic substances.22 Figures 1 and 2 show a chromato-
gram of the standards and a typical chromatogram obtained for
the khadi samples respectively. Table 2 shows the analytical
parameters for each of the standards of detected constituents
used for quantification: good r values were obtained, all greater
that 0.99. Table 3 shows a summary of the constituents of the
khadi samples and their corresponding concentrations. Khadi
samples were found to contain ethanol, higher alcohols;
2-methyl-1-propanol and 2/3-methyl-1-butanol, ethyl lactate
and ethyl acetate.

In addition, the khadi samples contained other constituents
that were not identified. All the identified compounds have
been reported to exist in some alcoholic beverages.4,6,10,23,24

Figure 1 shows that the 20-component standard was separated
efficiently within a 25-min time period. With the exception of
2-methyl-1-butanol and 3-methyl-1-butanol, all the standards
were separated with good resolution. The analytical parameters
for the detected compounds show that for the concentra-
tion ranges that were selected, the standards showed a good
linear relationship between the concentration and the detector
response and allowed for quantification.

Like other alcoholic beverages, the most abundant constituent
of all khadi samples was ethanol as shown in Table 3. The ethanol
content was calculated to range between 1.66 % vol to 5.71 % vol
and with an average of 3.92 % v/v. This falls within the estimate
range of 2–20 % vol13. This ethanol content is within the same
range of beers (2.92–15.66 % vol) and is lower than that of wines
(12–16 % vol) and spirits (40–54 % vol).25,26 The local commercial-
ized sorghum-based alcohol beverage in Botswana (Chibuku)
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Table 1 pH of the different khadi samples.

Sample code pH

Sample 001 3.15
Sample 002 3.13
Sample 003 3.06
Sample 004 3.16
Sample 005 3.06
Sample 006 3.11
Sample 007 2.96
Sample 008 3.16
Sample 009 2.87
Sample 010 3.07

Table 2 Analytical performance parameters of the GC-FID for the stan-
dards (n = 3).

Standard identity Retention Linearity Equation
time/mins

Ethyl acetate 3.095 0.997 y = 0.043x + 4.041

Ethanol 4.04 0.999 y = 19.60x – 16.63

2-methyl-1-propanol 8.094 0.983 y = 0.017x + 0.053

2/3-methyl-1-butanol 10.607 0.993 y = 0.028x + 0.061

Ethyl lactate 14.316 0.993 y = 0.010x + 0.035



has an alcoholic strength of 3.5–4 % vol. The average alcohol
strength (3.92 % vol) of the analyzed khadi samples falls within
this range. However, the wide range of alcohol content for the
same alcoholic beverage suggests variations in preparation
which should be considered in the event of standardization.
This wide range of alcohol strength may also suggest that further
analyses need to be conducted to determine if the alcohol
strength varies per location. These samples were obtained at
various locations which might explain the variation in ethanol
content.

Higher alcohols found in khadi were 2-methyl-1-propanol
(9.13–29.0 mg L–1) and 2/3-methyl-1-butanol (14.5–124.7 mg L–1)
which are produced by catabolism of amino acids6 and play an
important role in the flavour which varies depending on the
types of compounds present and their content.4 Soufleros and
co-workers23 state that if the total composition of higher alcohols
is less than 600 mg L–1, the quality of wine is positively affected.
In this study, as with other studies,24,27 the structural isomers
2-methyl-1-butanol and 3-methyl-1-butanol were not success-
fully separated. Hence the quantification reported here is for the
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Figure 1 A chromatogram of a 20-component standard mixture.

Figure 2 A typical chromatogram of a khadi sample (sample 001).



total amount of both isomers. The respective contribution of
each isomer was not determined. The determined average value
of 2/3-methyl-1-butanol, 42.5 mg L–1 was comparable to that
determined in Bavarian wheat beers, 58.3 mg L–1.28

The identified esters in the khadi samples were ethyl acetate
and ethyl lactate. Esters in alcohol are associated with a fruity
smell, and ethyl acetate was one of the major esters identified in
pineapple wines4 and in Mezcal,6 an alcoholic drink related
to Tequila and obtained from Agave plants. Ethyl acetate was
detected in only four of the ten samples and the content ranged
between 28.3 and 45.8 mg L–1 The ethyl acetate content of
distilled spirits such as Mezcals (103–182 mg L–1) appears to be
higher than that of beer-type fermented beverages as obtained
in this study and in a study by Charry-Parra29 who analyzed
volatile components of beer and determined the ethyl acetate
content as 18.7 ppm. Ethyl lactate was detected in all samples
except one. The difference in ethyl lactate and ethyl acetate com-
position of khadi samples may be a result of the use of different
ingredients during the beverage preparation. Khadi prepared
predominantly from fruits will have a larger component of ethyl
esters compared to non-fruity bases. Table 3 shows the quanti-
ties of the identified components.

The chromatograms of the samples showed peaks with
retention times that did not correspond to those of any of the
standards, indicating that some significant components have
not been identified and suggesting the inclusion of more stan-
dards in subsequent studies to fully characterize the compo-
nents of the khadi beverages

Although fears exist regarding the health effects of unrecorded
alcoholic beverages, the analysis conducted in this study suggest
that the contents of the unrecorded alcoholic beverages are
similar to those of commercial alcoholic beverages and implicitly
suggest the same health effects.

4. Conclusion
Ten samples of a locally brewed alcoholic beverage, khadi, were

sampled and analyzed using GC-FID. The analysis shows that
khadi contains ethanol (1.66–5.71 % vol), 2-methyl-1-propanol
(9.12–29.0 mg L–1) and 2/3-methyl-1-butanol (14.5–124.7 mg L–1),
ethyl lactate (27.4–110.9 mg L–1) and ethyl acetate (28.3– 48.5 mg
L–1). These compounds have been reported in other alcoholic
beverages including wines, beer and spirits. Khadi is acidic with
pH 2.87–3.16.
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