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Abstract 
Sustainable development in higher education demands that students be 
scientifically committed in order to become integrated educated human 
beings who after school, will contribute to the quality of their own lives. 
In this paper, local materials (cassava, millet, and ‘utazi’)  were used to 
produce beer in the University laboratory. The millet grains were 
allowed to malt and cassava adjunct was added. ‘Utazi’ was added as 
substitute for hop. The whole processes of malting, marshing, wort 
boiling, filteration, fermentation, maturation, aging and packaging  
were allowed to take place. Results showed that in the analysis of wort 
specific gravity, colour, pH, protein by weight, reducing sugars (%) 
gave 1.0899, 37, 5.59, 0.98, 10.46 for cassava grit while barley malt 
gave 1.0546, 22, 5.76, 1.088, 8.52 respectively. Parameters for bright 
beer analysis after filtration, gave the following results with bitter sweet 
(Utazi) and with hop respectively; original gravity (%), alcohol, colour 
(EBC), bitterness (EBU) 16.10, 5.50, 3.55, 45 and 16.25, 5.60, 3.60 and 
45. All results were in accordance with Nigerian Industrial Standards. 
Beer produced from local raw materials compared favourably with beer 
from foreign or industrial products. 

 
To promote sustainable development, reform efforts in science education 

continue to focus attention on involving students in research projects that foster their 
interest in science and help them to develop innovative skills. To live well in an age of 
globalization, life-long learning has become one of the policy discourses of many 
countries as concerns lie heavily on how students can continuously use what they learn 
in science and related skills for their daily and professional life (Dehmel, 2006; Wang, 
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Song and Kang, 2006). Reformers widely recommend that Chemistry and Microbiology 
or sciences in the classroom should offer students opportunities for applications that 
ensure sustainability through innovation and experimentation (Ketpichainarong, 
Panijpan,  and Ruenwongsa, 2009). This is capacity building in scientific research and 
their application to social and human need. 

 
The goal of sustainability in education aims at providing young people with the 

knowledge, skills and attitudes that will enable them meet their own needs without 
compromising the needs of future generations (http://www.esdtoolkit.org). Project work 
offer experimental and problem-based learning as well as foster awareness of 
sustainability objectives. Science programmes in schools such as production of alcoholic 
drink (beer) from cassava can be designed to provide students with the experimental 
skills needed to contribute to economic development and eradicate poverty while 
enhancing the industrial potential of students. 

 
Cassava roots abound in African countries like Nigeria, Uganda, Tanzania, 

Ghana, Congo etc. Cassava is principally produced for food in the form of garri, lafun, 
and fufu. It is used as substitute for wheat in bread making, biscuits, pastries and other 
snacks (Satin, 1988, Eggleston and Omoka, 1994, Defloor, 1995). Cassava has also been 
used in the following areas: textile, petroleum drilling, pharmaceutical, soft drink, beer 
industries and in the production of ethanol (Nweke, Spencer and Lynan, 2001). Until 
1985/86, malted barley was used as sole brewery grain for beer making. Recently, 
cassava has been used as raw material for beer production. 

 
This project sought to use local raw materials in the production of beer. Thus, 

barley malt was substituted with cassava concentrates and millet for wort; while utazi 
(Gongronema lalifolium) was used as hop and also as flavouring and bittering agent. 
The study is therefore aimed at orienting students to carryout project works while 
applying critical thinking skills to scientifically use local resources to improve their 
economic lives. 
 
Materials and Methods 
Sample Collection The millet grains were bought from the market and cassava tubers 
used for this work were harvested from a local farmland. The bitter sweet (Utazi) leaves 
used was cut fresh from a garden. The yeast was collected from Life Breweries Plc, 
Onitsha, Anambra State, Nigeria. 
Sterilisation: All glassware used for this work were thoroughly washed with detergent 
water and rinsed, and then sterilised by autoclaving at a temperature of 1210C at 15 
pounds per square inch for 15 minutes (Pendeson, 1971). 
 
Preparation of starch Concentrate from Cassava Fresh cassava tubers were 
harvested.  The skin of the fresh harvested cassava was peeled the skin was washed with 
water and grated. Poisonous juice was squeezed from the meal with woven matape and 
left overnight in a large turb where it soured and further elimination of toxin took place. 
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When the starch settled out, the juice was poured off and the starch was collected and 
sun dried.  The meal was squeezed for the second time. The squeezed starch was sifted 
through a woven screen. 
 
Preparation of Bitter Sweet (Utazi) Extract (Gongronema latifolium): Fresh 
Gongronema latifolium leaves were cut, rinsed, air-dried and oven dried at 500C for 10 – 
12 hours, processed and packaged in a sterile plastic container. 10g of dry-milled 
Gongronema latifolium leaves was extracted with 150cm3 of distilled water, with 
continuous heating and stirring on a mechanical shaker.  The soaked sample was filtered 
with a mucilin cloth.  The filtrate was ready for use. 
 
Preparation of Wort Mixture of millet and 5kg of cassava (starch) was used in the 
preparation of the wort using the following procedures. 
1. Malting – 1kg of millet was soaked in water for 24 hours. The water was drained. 

The millet was allowed to germinate at controlled temperature. It took about 5 – 6   
days for malting to be completed. This was carried out in the dark to keep 
humidity high.  At the end of the malting, sprouts were removed and the grains 
were dried. 

2. Mashing – Malt and cassava adjunct were then mixed with water and allowed to 
stand for a period of 30 min at 850C and pH of 6.0 as saccharification rest. During 
this period, gelatinization and liquefaction took place.  

3. Filtration – Pure extract (now known as wort) was filtered from the chaff. This 
was achieved using a mucilin cloth.  The wort was allowed to pass through the 
mucilin cloth into a clean plastic bucket. More water was added to remove further 
traces of wort from the mash, leaving the mash with little or no sugar content. The 
filtered wort was allowed to cool further, and then refrigerated for 2 hours.  

4. Boiling – The wort was collected and put in a kettle and boiled for about one (1) 
hour.  During boiling, evaporation of water took place leaving sugars and other 
components of the wort. This allowed for more efficient use of the starch sources 
in the beer. (Boiling also destroyed any remaining enzymes left over from the 
mashing stage as well as stopped coagulating proteins from passing into the wort 
which could otherwise cause protein “hazes” in the finished beer.) Utazi (used as 
Hop) was added at this stage of boiling in order to extract bitterness, flavour, and 
aroma. Longer boiling increases the bitterness in the wort but reduces the flavour 
and aroma of beer. The wort was then allowed to cool to allow for yeast growth. 

5. Fermentation – The wort was pitched with yeast to turn the sugars in the wort to 
alcohol and carbon (IV) oxide. (Pure yeast or yeast gotten from previous brew can 
be used.) this was allowed to stand for 4 weeks at 9 – 110C for fermentation to 
take place.  The beer was transferred to another container for secondary 
fermentation to take place (Kunkee and Rose, 1968, Miller and Litsky, 1998, and 
Nester, Andefrson, Robert, Paersall, and Nester, 2004). 

6.  Maturation – This is the storage period of the green beer in vessels.  At this 
stage the green beer was left for a period of 30 days to age. This process known as 
the lagering process, enhanced further precipitation of the haze formed, and during 
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this process many flavour components were formed.  The beer was again filtered 
after the period of lagering (Kunkee and Rose, 1968).  

7. Finishing/Packaging – The beer was bottled and CO2 was directly introduced and 
corked. The beer was pasteurised before consumption.  

 
Analysis of Wort Sample  

4 litres of diluted wort sample was cooled to 200C and its quality parameters 
were estimated. 
 
Estimation of Original Gravity of Wort 

The original gravity of the wort sample was determined with the use of 
saccharaometer (Model TP normal Bierauurzespindel) which was maintained at the 
temperature of 200C. 
 
Colour Estimation 

The colour of the wort sample was estimated with a Colorimeter.  The calibrated 
colour disc of the colour comparator was adjusted to select the identical colour by 
comparing with colour indices ranging from 0 – 27 EBC.  The value of colour was 
obtained (Hopkins, 1947; Finlay, 1971). 
 
Determination of pH of the Wort 

The pH of the wort sample was determined by the use of WTW 537. 
Microprocessor pH meter of Hopkins, 1947. 
 
Estimation of Haze of Wort 

The beer turbidity was measured with the use of haze meter.  The haze was 
maintained at 50C, a temperature at which the chilled haze tend to precipitate out of the 
solution.  The haze of the sample minus the haze of water gave the actual haze of the 
sample (Hopkins, 1947). 
 
Estimation of Bitterness 

The bitterness of the wort after adding the bittering agent was estimated by the 
use of UV spectrophotometer.  The samples were read at the wave length of 275mm. 
The value were calculated at the extinction point (EBC) and presented in European 
Bitterness Unit (EBU) (Drost, 1977; and Itah, Udo, and Okon, 2002). 
 
Iodine Test 

1ml of the wort sample was spread on a white ceramic tile; 2 drops of iodine 
solution were added and observed for coloration. Blue black indicated partial 
conversion.  Colourless indicated complete conversion. 
 
Wort Boiling 

2 litres of the wort sample was mixed with 1 litre of bitter sweet (Utazi).  The 
mixture was boiled for 60 minutes.  The wort was cooled to 200C and all the above 
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analyses were repeated (estimation of bitterness above).  This was also performed for 
hop sample (Eka, 1986). 
 
Fermentation 

The boiled mixture of wort, bittering agent (bitter sweet) was further cooled 
down to 120C. 3 litres of the wort mixture was pitched with 20ml of viable yeast slurry. 
The conical flask containing the mixture was covered with foiled cotton plug and left to 
stand at room temperature for 12 days. Daily analyses of gravity, pH, temperature and 
yeast viability were performed. 
 
Storage Analysis 

The bottom fermenting yeast was withdrawn by decanting the supernatant and 
its temperature maintained at 200C.  The storage analysis was performed to show the 
following: present gravity, pH, colour, iodine test, percentage attenuation, yeast 
viability, refractive index, real extract and percentage volume and weight of alcohol 
produced. These were done following the Nigerian Industrial Brewing Standards.  
 
Bright Beer Analysis 

The bright beer produced was subjected to further analysis to determine its pH, 
present gravity, colour iodine test, original gravity, real extract, percentage alcohol by 
weight and volume and refractive index (Itah, Udo, and Okon, 2002). 

 
Table 1: Analysis of Wort Prepared by Using Cassava Concentrates and Millet 
Grit as Barley Malt. 
 

Parameters Cassava Concentrat 
and Millet Grit 

Barley Malt 

Specific Gravity 1.0899 1.0546 
Extract (%) 22.50 13.475 
Colour EBC Unit 37 22 
Protein (% by Weight) 0.98 1.085 
Ph 5.59 5.76 
Reducing Sugar (%) 10.46 8.52 
Total Acidity 0.09 0.09 
Iodine Reaction Light Pink Yellow 
 
Table 1 analysed wort prepared from indigenous raw materials (cassava and millet) viz-
a-viz wort produced from barley.  There is no significant difference between values 
specific gravity, protein, pH and reducing sugar. Wort produced from both sources gave 
total acidity of 0.09 each. Although the result of colour (EBC unit) was 37 for local raw 
material and 22 for barley malt, beer from indigenous raw material compares favourably 
with beer from barley. 
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Table 2: Wort Analysis Before and After Boiling with Hop and Bitter Sweet Leaves 
 

Parameters       Before Boiling       After Boiling 
 Bitter Sweet Hop Bitter Sweet Hop 
Original Gravity 14.15 16.25 16.15 18.75 
Colour (EBC) 9.50 1.80 2.40 3.00 
Haze (EBC) 12.00 14.50 12.00 14.50 
Bitterness 
(EBC) 

50.00 80.00 45.00 66.00 

Iodine Reaction Negative  Negative Negative Colourless 
 

For table 2, apart from colour where cassava wort sweet gave 9.50 EBC unit 
before healing with bitter sweet and 2.40 after boiling with bitter sweet while barley 
wort gave 1.80 before boiling with hop and 3.00 EBC unit after boiling with hop, effect 
of boiling on cassava wort with bitter sweet and barley wort with hop were almost 
similar with regards to original gravity, haze and bitterness (see Table 3). Iodine reaction 
was negative in all. 
 
Table 3: Storage Analysis After Fermentation of Wort and Bitterring with Hop and 
Bitter Sweet 
 
Parameters Bitter Sweet 

Flavoured 
Hop 
Flavoured 

Nigerian 
Industrial 
standard 

Original gravity (%) 16.05 16.25 16.25 – 18.75 
Present gravity (%) 3.0 3.0 3.0 – 4.0 
Alcohol (%) (out) 5.57 5.60 5.6 – 7 
Real Extract (op) 5.50 5.50 5.5 – 6.5 
Refractive Index 46.30 44.50 N.A 
Ph 3.55 3.50 3.5 – 4.5  
Colour (EBC) 5.50 5.50 N.A 
Iodine Reaction Negative Negative Colourless 
Attenuation 81.00 80.00 N.A 
Carbon II dioxide (% 
vol) 

0.40 0.47 0.45 – 0.62 

Yeast viability 85.00 80.00 N.A  
Specific Gravity 1.0122 1.0102 N.A 
Bitter Unit (EBU) 40.00 50.00 40 – 80 

 

0P  =  0Plato 

N.A  = Not available 
 
Table 3 describes the storage analysis after fermentation and bittering with hop and 
bitter sweet. Hence, in all the parameters studied, there were relative similarities in the 
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values so obtained suggesting that the beer produced from indigenous raw materials 
compares favourably with that produced from barley malt. 
 
Table 4: Bright Beer Analysis After Filtration 
 
Parameters Bitter Sweet 

Flavoured 
Hop 
Flavoured 

Nigerian 
Industrial 
standard 

Original gravity (%) 16.10 16.25 16.25 – 18.75 
Present gravity (%) 3.05 3.00 3.0 – 4.0 
Alcohol (% out) 5.50 5.60 5.6 – 72 
Real Extract (oP) 5.68 5.50 5.5 – 6.5 
Refractive Index 4.45 5.50 5.5 – 6.5 
pH 4.00 4.00 3.5 – 4.5  
Colour (EBC) 3.55 3.60 3.5 – 4.5  
Iodine Reaction Negative Negative Negative  
Bitterness (EBU) 45 45 40 – 80 
Carbon II dioxide (% 
vol.) 

0.40 0.46 0.45 – 0.52 

 
0P  =  0Plato 

N.A  = Not available 
 

In Table 4, analysis of bright beer after filtration, just like in table 3, there is 
similarity of values in both the bright beer obtained from indigenous raw materials and 
those obtained from barley malt. 
 
Conclusion 

The underlying assumption in using raw materials readily available in the local 
farmland or market is that informal science can be relevant in creating sustainable 
education. Research has shown that project-based learning is effective teaching method 
that enhances innovative skills and critical thinking among students. The skills learned 
in the making of beer in this project can be applied outside the laboratory for 
entrepreneurship. This is learning for sustainability and should be encouraged among 
students. The team effort among the students during production may also enhance other 
skills in them such as social and communication skills. If beer produced using local 
resources such as cassava, millet and “utazi” (gongrone ma latifolium) can compare 
favourably in standard with industrial beer, students can develop interest in small scale 
business and thus, improve their economic lives.  
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