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Abstract Traditional homemade brew is believed to

represent the highest proportion of alcohol use in sub-

Saharan Africa. In Eldoret, Kenya, two types of brew are

common: chang’aa, spirits, and busaa, maize beer. Local

residents refer to the amount of brew consumed by the

amount of money spent, suggesting a culturally relevant

estimation method. The purposes of this study were to

analyze ethanol content of chang’aa and busaa; and to

compare two methods of alcohol estimation: use by cost,

and use by volume, the latter the current international

standard. Laboratory results showed mean ethanol content

was 34% (SD = 14%) for chang’aa and 4% (SD = 1%)

for busaa. Standard drink unit equivalents for chang’aa and

busaa, respectively, were 2 and 1.3 (US) and 3.5 and 2.3

(Great Britain). Using a computational approach, both

methods demonstrated comparable results. We conclude

that cost estimation of alcohol content is more culturally

relevant and does not differ in accuracy from the interna-

tional standard.

Keywords Alcohol � Traditional brew � HIV �
Kenya � Cognitive behavioral treatment

Introduction

Of the 33.2 million people in the world estimated to be

infected with the HIV virus, 22.5 million of them live in

sub-Saharan Africa (UNAIDS/WHO 2007). Because of

alcohol’s association with the HIV epidemic (Hargreves

2002; Ayisi et al. 2000) through risky sex (Seage et al.

2002; Apostolopoulos et al. 2002; Jemmot and Brown

2003), U.S. public health agencies, non-governmental

organizations and foundations have begun to consistently

fund efforts to reduce alcohol use and to stem the HIV

epidemic in sub-Saharan Africa. For example, the U.S.

National Institute of Alcohol Abuse and Alcoholism has

increased funding for Africa-affiliated projects from one

study from 1991 to 2000 to 25 studies from 2001 to the

present (National Institutes of Health 2008). Because of

this trend, international research collaborations are chal-

lenged to increase cultural proficiencies and to adapt

methods and interventions to local culture, without a loss

of precision.

Estimating alcohol use in resource-limited settings is

particularly challenging for several reasons: the lack of a

‘‘standard drink’’ where drink type, ethanol content and

serving size may vary from region to region within the

same country, and the requisite translation and adaption of

methods across vastly different cultures and levels of
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education. In contrast, estimating alcohol use in industri-

alized countries where the ethanol content and serving

sizes are standardized is typically accomplished through

the identification of volume in a typical serving size. This

approach has been taken in U.S., Canada, Great Britain,

Japan and Australia, where standard drinks have been

identified that vary from 8 to 19.75 g of ethanol content

(Miller et al. 1991; World Health Organization 2001).

Several studies have documented a high rate of alcohol

abuse in Kenya (Othieno et al. 2000; Hall et al. 1993;

Saunders et al. 1993a, b). In a multi-country study by the

World Health Organization of primary care attendees who

reported at least one drink in the past year and no past

alcohol treatment, Kenyans (78% men) reported the highest

alcohol use across the six countries (U.S., Mexico, Nor-

way, Australia, and Bulgaria), including binge drinking

(72%), at least six drinks per week (49%), median alcohol

consumption in 30 days (799 g) and alcohol dependence

(20%). The percentage of drinkers who noted at least one

alcohol problem in Kenya (47%) was second only to the

U.S. (49%) (Hall et al. 1993; Saunders et al. 1993a, b). In

Eldoret in western Kenya, hazardous drinking using the

AUDIT questionnaire has been reported by 68% of general

medicine outpatients and 53% of HIV-infected outpatients

(Shaffer et al. 2004).

Traditional alcoholic brew is often made in homes and

villages using seeds, grains, fruit, vegetables or palm sap,

and is believed to make up the highest proportion of

alcohol use in Africa (Willis 2002; McCall 1996), perhaps

because it is typically less expensive than commercially

brewed drink (World Health Organization 2004; Willis

2002). One clinical study in the Eldoret area showed that

traditional brew is drunk by 54% of rural and 21% of town

HIV-infected outpatients (Shaffer et al. 2004). In Kenya,

the two most common traditional brews are chang’aa,

which refers to distilled spirits, and busaa, a cereal-based

fermented beer. Busaa is typically made from the most

plentiful source of grain, whether maize, millet or sorghum,

while chang’aa is often made from busaa residue as well as

sugar, but can also be made from bananas. Although

brewing and selling traditional drink is illegal in Kenya

(Willis 2002), drinking traditional brew is a common

activity during many social and religious ceremonies. For

example, drinking busaa is integral to the custom of group

genital circumcisions, weddings and funerals (Willis 2002).

Once controlled by elder men, drinking of traditional brew

has been largely transformed into a commercial enterprise

that includes female and young consumers (Willis 2002;

Papas et al. 2008) and is believed to be more frequently

brewed and sold by women today (Holtzman 2001; McCall

1996; Obot 2007).

The current substudy was part of an NIH-funded feasi-

bility study (R21AA016884), The Kenya Health Behavior

Study, to adapt cognitive behavioral treatment (CBT) to

reduce alcohol use among HIV-infected clinical outpatients

in Eldoret, Kenya, where there is currently no alcohol

treatment except detoxification. The goals of this stage 1

pilot project are to adapt CBT to the cultural context, to

train Kenyan lay facilitators in group CBT delivery and

psychologists in quality/fidelity monitoring (Phase I), and

to evaluate the efficacy of a six-session gender-stratified

group CBT to reduce alcohol use among HIV-infected

Kenyans recently initiated on ARVs, when compared

against a usual care support group (Phase II). Because our

alcohol outcome measure is the Timeline Followback

(Sobell and Sobell, 1992), we sought to measure and

quantify traditional brew within the region so that we could

tailor our study methods accordingly. We could find no

published reports of systematic chemical analyses of

Kenyan traditional brew.

In our experience working with residents of the Eldoret

area, local drinkers report the amount of chang’aa and

busaa drunk by the amount of Kenyan shillings spent. For

example, a local resident will describe drinking ‘‘kumi

kumi’’ of chang’aa which means ‘‘ten shillings’’ and ‘‘kumi

mbili’’ means ‘‘two tens’’ or ‘‘twenty shillings.’’ Addi-

tionally, when we visited traditional breweries and asked

the daily quantity of alcohol drunk, drinkers replied to us

that they drank, e.g., ‘‘500 shillings’’ per day. Our obser-

vations are consistent with the report from a high-volume

local brewer in Eldoret that consumers describe alcohol use

exclusively in terms of cost in shillings. Based on these

observations and in an effort to make our estimation cul-

turally relevant, we sought to determine whether estimating

alcohol use by cost would produce as accurate an estima-

tion of ethanol as estimating alcohol use by volume, the

current international standard.

Hence, our study had two purposes: to analyze ethanol

content of commonly available traditional brew in Eldoret,

Kenya; and to compare two different quantitative methods

of estimating alcohol use against the gold standard, the

volume of ethanol per drink: estimating by drink volume,

the current international standard, and estimating by drink

cost.

Methods

Data Collection

In November 2007, we collected samples of two types of

traditional brew from each of five sites (3 town, 2 rural)

that are within 1 hour travel distance from the Moi

Teaching and Referral Hospital in Eldoret, Kenya. The 1-

hour travel restriction is one of the patient inclusion criteria

for our intervention study.
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As local residents report that traditional brew is typically

drunk as a cheaper alternative to commercial brew and that

sites are prevalent throughout Eldoret, brewery sites by

definition cater to the poorest individuals. To maximize

generalizability, we chose sites representing divergent

populations and sizes. The town sites were Huruma, Lan-

gas, and Kipkaren estate. The rural sites were Naiberi and

Soy. We included breweries located in the two largest,

poorest and most concentrated town dwellings in Eldoret:

Huruma and Langas, so as to sample locations where most

people buy their brew. The Langas site houses a high-

volume brewery. In contrast to the town sites, which typ-

ically cater to a heterogeneous group of consumers, the

rural sites are smaller and typically cater to single tribes.

We chose the rural sites based on the two most populous

tribes in the area. The Naiberi site caters primarily to the

Kalenjin tribe (mainly of Nandi and Keiyo dialects) and the

Soy site serves primarily those in the Luhya tribe. In the

study catchment area, the Kalenjin tribe is the most pop-

ulous, while the Luhya tribe is believed to comprise the

second largest ethnic group. While four breweries produce

and sell alcohol in the same location daily, the Naiberi

brewery rotates between different households on different

days of the week, so that brewers can engage in other work

activities such as farming. The selection of these sites was

to insure that our results might generalize across these

groups.

Given the regional differences in type of available tra-

ditional brew, we intended to limit samples to those

accessible and reportable by study participants. From each

site, we collected four samples of the commonly available

drinks: (1) stronger chang’aa, (2) weaker chang’aa, (3)

stronger busaa, and (4) weaker busaa, for a total of 20

samples. All brewers were requested to provide the

smallest commonly available serving size for each of the

four types of alcoholic drink. Research staff measured the

volume, and recorded the cost of each drink. In addition,

the time brewed, location of brewing, ingredients and

brewing procedures were also documented. Photographs

were also taken of the serving receptacles (teacups, glass-

ware and metal cans) for alcoholic drinks.

All samples were to be collected at 12 p.m. and frozen

in a -40�C freezer within 1 hour after collection. We

chose to collect at 12 p.m. because there was no specific

time of day at which most individuals reported frequenting

breweries and to control for varying strengths of busaa

throughout the day. Because busaaa is a cereal-based fer-

mented drink, the ethanol content may vary after brewing,

depending on a variety of factors including rate of oxida-

tion and the amount of sugar and yeast remaining in the

brew (Scott and Reed 1975). Frozen samples were then

transported to the Kenya Bureau of Standards in Nairobi

for analyses of ethanol content. This study was deemed to

be ‘‘exempt’’ by the Moi University School of Medicine

Institutional Research and Ethics Committee.

Determination of Ethanol Content

Internationally accepted methods for determination of

ethanol content were based on the standards of the Asso-

ciation of Official Analytical Chemists (AOAC

International 2002). A partial volume of the sample was

mixed with distilled water. The mixture was distilled at

room temperature then 100 ml of the distillate collected

and transferred to a volumetric flask and then filled to the

top. Specific gravity of the distillate was then determined at

20�C and the corresponding ethanol content obtained from

reference tables (AOAC International 2002). Each of the

20 samples was analyzed in triplicate and results reported

as ethanol content, percent volume (i.e., % v/v).

Computational Analyses

We categorized chang’aa and busaa as two separate drink

categories, due to the two different brewing processes of

distillation and fermentation, respectively. The volume of

measured ethanol per serving size of brew (in milliliters)

was considered the gold standard for all analyses. We

calculated the volume of pure ethanol per serving size for

each of the 20 samples by multiplying the percent ethanol

for each respective drink against the serving size of the

drink (milliliters of measured ethanol per serving size). The

remaining computations compared two different methods

of estimating alcohol use while employing this to be the

gold standard.

Estimating by Drink Volume

For the method estimating drink volume, we calculated

mean ethanol content for each drink type by averaging the

volume of measured ethanol per drink across the ten

samples of chang’aa and ten samples of busaa, respec-

tively. This mean ethanol content was considered the

estimated ethanol content in a standard drink for each

respective drink type (i.e., chang’aa and busaa). We also

calculated an error score in milliliters by subtracting the

volume of ethanol in the standard drink (per drink type)

from the actual volume of ethanol in each drink for each of

the 20 samples.

Estimating by Drink Cost

For the method estimating drink cost, we first calculated

mean cost of ethanol by dividing the cost for each drink by

total ethanol content for each drink at each site. We then

averaged this cost for milliliter of ethanol across the ten
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samples of chang’aa and of busaa, respectively. Finally, we

estimated by drink cost by dividing the individual cost of

each drink at each site by the mean cost of ethanol (e.g., 40

shillings/0.67). We also calculated an error score in milli-

liters within each drink type by subtracting the volume of

ethanol in each drink when estimated by cost from the

measured volume of ethanol in each drink for each of the

20 samples.

International Standard Drink Unit Equivalents

To provide an international comparison for the ethanol

content in Kenyan drinks, we converted ethanol content in

each of the 20 samples to both U.S. and Great Britain

standard drink units, respectively. We first converted mil-

liliters of ethanol in each drink to grams ethanol by

multiplying by 0.79 (Miller et al. 1991), and then calcu-

lated average grams of ethanol by drink type of chang’aa

and busaa, respectively. We divided by the average number

of grams ethanol in each drink type by the number of grams

identified for each standard drink unit: 14 g in the U.S. and

8 g in Great Britain (World Health Organization, 2001).

Finally, we calculated the cost per U.S. standard drink unit

of chang’aa and busaa, respectively, by multiplying the

volume in milliliters of ethanol in the standard drink by the

cost per milliliter of ethanol.

Results

Data Collection

Seventy percent of the samples were collected within

15 min of 12 p.m., while all samples were collected by

12:40 p.m. All samples were frozen in a -40�C freezer

within 1 h and 10 min after collection. Frozen samples

were then transported to the Kenya Bureau of Standards in

Nairobi for analyses of ethanol content.

Brewer Characteristics, Brewing Ingredients and

Procedures

All five traditional brewers were female. All brewers

reported that busaa was made onsite, while two brewers

reporting importing chang’aa from rural areas. The brew-

ing procedures were as follows: Brewers describe making

busaa in an average of 6–7 days. Rotting maize flour is

mixed with water and fermented for 3–4 days, then heated

over a fire on a large pan or iron sheet. Yeast and water is

added to the fermented mixture and it is fermented for

another 3–4 days. The mixture is then filtered (by

squeezing) through a cloth sack to produce the stronger

busaa. Adding hot water to the mixture and then filtering

again produces the weaker busaa. In order to make chan-

g’aa, brewers start with the mixture left over after the

production of busaa. Sugar and water are then added to the

mixture, which is fermented for 3–4 days. The mixture is

then distilled by boiling over a flame, with a pan of cool

water to create condensation (the chang’aa). The first bat-

ches of condensation produce the stronger chang’aa, while

subsequent batches produce the weaker chang’aa.

Drink Serving Sizes

Drink serving sizes for chang’aa varied from 70 to 260 ml,

while drink serving sizes for busaa ranged from 260 to

1,100 ml (Table 1). There was substantial variability in

receptacle serving sizes for alcoholic drinks (Fig. 1).

Ethanol Distillation

Because 95% confidence intervals of ethanol content

among stronger and weaker samples of chang’aa and

busaa, respectively, substantially overlapped (see Fig. 2),

we collapsed groupings by strength into one combined

category of chang’aa and one combined category of busaa

for all analyses. Among chang’aa samples, ethanol ranged

from 18 to 53% (M = 34%, SD = 14%). Among busaa

samples, percent ethanol ranged from 2 to 7% (M = 4%,

SD = 1%) (Fig. 3).

Computational Analyses

Volume of measured ethanol per serving size ranged from

14.2 to 84.5 ml for chang’aa and from 11.3 to 48.2 ml for

busaa (Table 1).

Estimating by Drink Volume

Mean ethanol content for traditional brew was 35.2 and

22.9 ml for chang’aa and busaa, respectively. These were

then considered the estimated ethanol content in a standard

drink for each respective drink type. After subtracting the

volume of ethanol estimated in the standard drink for

chang’aa from the measured volume of ethanol for each of

the ten chang’aa samples, we found the difference scores to

be large overall (Fig. 4). Estimation by volume resulted in

substantial under- and over-estimation of actual alcohol

content with demonstrated differences of at least (?/)

12.5 ml (equivalent to � U.S. standard drink) among 60%

of chang’aa samples. Difference scores for busaa were

smaller, with 20% of the sample demonstrating differences

of at least (?/) 12.5 ml (Fig. 5).
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Estimating by Drink Cost

Mean cost per milliliter of ethanol for traditional brew was

0.67 and 0.57 shillings for chang’aa and busaa, respectively.

After subtracting the estimated ethanol content using the

cost estimation procedure from the measured ethanol for

each of the ten chang’aa samples, we found the difference

scores were smaller than those using the standard drink

estimation approach. However, 30% of the sample dem-

onstrated differences of at least (?/) 12.5 ml (Fig. 4). The

difference scores for busaa were smaller, with 10% of the

sample demonstrating differences of at least (?/) 12.5 ml

(Fig. 5).

International Standard Drink Unit Equivalents

For chang’aa samples, the U.S. standard drink unit equiv-

alent ranged from 0.8 to 4.8 drinks (Table 2; M = 2.0,

SD = 1.2) and the Great Britain standard drink unit

equivalent ranged from 1.4 to 8.3 drinks (M = 3.5,

SD = 2.2). For busaa samples, the U.S. standard drink unit

equivalent ranged from 0.6 to 2.7 drinks (M = 1.3,

SD = 0.7) and the Great Britain standard drink unit

equivalent ranged from 1.1 to 4.8 drinks (M = 2.3,

SD = 1.3). The cost per U.S. standard drink unit for

chang’aa was 23.5 shillings and for busaa was 13.2

shillings.

Discussion

This is the first published study reporting systematic

chemical analyses of traditional brew in Kenya. We found

Fig. 1 Local serving receptacles of traditional brew
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that the average chang’aa drink was equal to two standard

drinks in the U.S. and 3.5 drinks in Great Britain. The

average busaa drink was equal to 1.3 drinks in U.S. and 2.3

drinks in Great Britain.

We also sought to determine whether estimating alcohol

by cost would produce as accurate an estimation of ethanol

content when compared to estimating ethanol content by

volume. We found that the accuracy of the two approaches

to estimating ethanol content demonstrated at least com-

parable accuracy. The cost estimation procedure resulted in

an 8.4% underestimation overall when applied to chang’aa

and a 5% overestimation when applied to busaa.

Given our findings, we conclude that estimating alcohol

content of brew by cost, because it is a culturally relevant

approach, is preferable. Furthermore, the cost estimation

method enables the comparison of data across studies

because results using the cost method can be easily con-

verted via simple computation to results using the volume

method, and vice-versa.

Estimating drinking by costs may also provide a use tool

for intervention studies by increasing awareness of actual

costs spent on alcohol and facilitating a ‘‘cost-benefit’’

discussion of excessive drinking costs. Indeed, we already

found it useful to incorporate a cost-benefit discussion of

money spent on alcohol during the piloting of our CBT

intervention. We have also incorporated the cost estimation

procedure of alcohol consumption into our alcohol

assessment methods. We believe that weekly and monthly

feedback to the patients of the amount spent on alcohol will

add to the efficacy of CBT, just as providing feedback of

unwanted outcomes associated with drinking (e.g., Project

Match Research Group 1997), has been shown to be

helpful in effecting participant behavior change.

Although our selection of brewing sites was based on

location and may not be representative of brewers, we

found that all brewers were female, which is consistent

with qualitative discussion that brewing and selling alcohol

is one of the more salient culturally permitted routes of

economic income for women in Kenya and other countries

in sub-Saharan Africa (Holtzman 2001; McCall 1996; Ojiji

et al. 1993).

A limitation of estimating drinking by cost is that it does

not incorporate alcohol made and brewed at home for local

or community use, or alcohol offered to clients to taste the

quality of the local brew before buying. However, Willis

has noted that the evolution of traditional brewing into a

commercial enterprise has result in diminished production

of alcohol solely for home or communal use (Willis 2002).

Another limitation is the potential fluctuation in costs of

brew due to rapidly increasing inflation rates in Kenya.

However, we conducted a resampling of brew employing

60% of the same sites at a 3-month interval and found that

100% of the costs (i.e., for 12 samples) were duplicated.

Both studies were conducted prior to the post-election

violence that shook the country from January through

March 2008, following a December 27th president election

that was declared ‘‘biased’’ by independent observers. In

spite of price fluctuations since the violence, consumer cost

of brew has not been increased in 1� years at one high-

volume brewery in Eldoret.

Relative stability of crop prices in the Eldoret region is

likely precipitated by its location in Rift Valley province,

known as the ‘‘granary’’ for the rest of Kenya because of its

fertile ground for growing both maize and sugar cane, the

two primary ingredients of chang’aa and busaa. Addition-

ally, because rotting maize flour is used in the brew,

spoilage is not a concern, extending maize availability even

further.

The post-election violence and subsequent upheaval

engendered a late planting season in 2008, which may

result in a shortage of maize and sugar during the harvest

season and possible subsequent price increases. Due to

such shifting sociopolitical factors, we recommend that

researchers employing cost algorithms to measure alcohol

content of brew periodically evaluate them to enhance

accuracy.

Because the association between cost and alcohol con-

tent were similar across town and rural breweries in our
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Table 2 International standard drink unit equivalents of Kenyan

traditional brew

Kenyan

drink

Mean

ml etoh

Mean

grams

etoh

U.S. SDU

equivalent

(14 g)

Great Britain

SDU equivalent

(8 g)

Chang’aa 35.2 27.8 2.0 3.5

Busaa 22.9 18.1 1.3 2.3

ml—milliliter

Etoh—ethanol
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study, we are reasonably confident that our findings are

generalizable to this region in Kenya. However, given the

regional variability in types of traditional brews in Kenya

and other African countries, we echo the recommendation

by Obot that research collaborations perform local alcohol

research to increase understanding and relevance of

research prior to conducting alcohol prevalence and out-

come studies in resource-limited settings (Obot 2001).

Based on reports of agricultural experts, brewers and res-

idents of Kenya, brew types in Kenya vary depending on

regional availability of crops. For example, in the Coast

province, brew is made from coconut, while in the Central

province, muratina, a honey wine, is prevalent. In other

parts of western Kenya, busaa is made from sorghum and

chang’aa is made from bananas. Not only does brew type

vary within Kenya, but it varies across other African

countries including Tanzania, Uganda, and Nigeria, where

brew is made from bananas, bamboo, coconut, millet, rice,

sorghum, and maize (Mosha et al. 1996; Ojiji et al. 1993;

Shayo et al. 1998; World Health Organization 2004).

Furthermore, Kenyan residents have told us that reporting

brew consumed by amount of money spent is common in

other parts of the country as well. It is unknown, however,

whether costs per milliliter of ethanol is consistent across

Kenya. Together, these observations suggest a need for

identifying traditional brews, analyzing respective ethanol

content and conducting related cost estimation analyses

within each respective ‘‘catchment’’ area targeted by a

study.

Although this study did not examine these hypotheses,

those of limited financial means may find the exercise of

remembering money spent on alcohol to be particularly

salient in the face of limited resources, and this could

generalize to poor strata of the population in other coun-

tries as well. Indeed, our clinical observations in the U.S.

suggest that drugs of abuse are often referred to by the

amount spent (e.g., a ‘‘dime bag’’ (US $10) of marijuana or

cocaine). Future inquiries are needed to determine whether

the cost estimation methods can be extended to impover-

ished populations in industrialized countries and to other

categories of substances (e.g., commercial alcohol, illicit

drugs).

Traditional brew is believed to represent the highest

proportion of alcohol use in Kenya. Despite its prevalence

and potential impact on HIV risk behaviors in sub-Saharan

Africa, traditional brew has been largely understudied. Our

finding that a typical Kenyan chang’aa drink in Eldoret is

equal to two U.S. standard drinks underscores the need for

such research in order to accurately estimate alcohol

exposure.
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