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Abstract: The effects of some processing variables (fermentation temperature, steeping periods, particle sizes, 
variety of sorghum grains, and the use of germinated and ungerminated grains) on the proximate, mineral 
composition, anti nutritional components and sensory attributes were investigated during the production of burukutu. 
A total of thirty-four isolates were obtained from fermentation of sorghum grains for produced burukutu, twenty 
were lactic acid bacteria and fourteen were yeasts. The isolates were identified as Lactobacillus plantarum I, 
Pediococcus pentosaceus II, L. brevis I, L. pentosus I, L. plantarum II, L. fermentum I, Saccharomyces cerevisiae, S. 
chavelieria, Candida sphaerica and C. utilis. The entire processing variable evaluated during fermentation recorded 
a lowering of pH from 6.18 to pH range of 4.62-2.89 in 72 h and a corresponding increase in the total titratable 
acidity from 0.02% to 0.35%. Burukutu produced at the fermentation temperature of 300C had the highest alcohol 
content (2.55%) compared to burukutu produced at 250C and 400C which recorded alcohol content of 2.05% and 
2.05% respectively. Higher alcohol content were also observed in burukutu produced at 24 h steeping periods 
(2.40%), the use of red sorghum grains (2.05%), fine particle size (2.05%) and germinated grains (2.05%) compared 
to burukutu produced at 12 h steeping period, the use of white sorghum grains, coarse particle size and 
ungerminated grains. The various processing variables considered during the production of burukutu showed 
varying mineral composition, but burukutu produced with the use of germinated grains, fine particle size and at 
fermentation temperature of 300C recorded a better mineral composition. Notable reduction in the anti nutritional 
components was observed in burukutu produced using germinated grains (Polyphenols 9.15mg/100l, Phytate 
3.75mg/100l, Tannins 6.40mg/100l) than in burukutu produced using ungerminated grains (Polyphenols 
12.75mg/100l, Phytate 6.45mg/100l, Tannins 9.05mg/100l). Similar reduction in the anti nutritional components 
were recorded in burukutu produced at fermentation temperature of 300C,  24 h steeping period, the use of red 
sorghum grains and fine particle size. Evaluation of the sensory attributes of burukutu produced with the different 
processing variables showed that all the samples had a sour-like vinegary flavor, however, the highest overall 
acceptability was observed in burukutu produced at fermentation temperature of 300C, the use of 24 h steeped 
grains, red sorghum grains, fine particle size and germinated grains.  
[Adewara AO, Ogunbanwo ST. Effects of processing variables on the production of ‘burukutu’, a Nigerian 
fermented beverage. Nat Sci 2013;11(1):16-28]. (ISSN: 1545-0740). http://www.sciencepub.net/nature. 3 
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1. Introduction 
  Sorghum a tropical plant belonging to the family of 
Poaceae is one of the important crop in Africa, Asia 
and Latin America (Anglani, 1998) and grown for 
consumption of human. The rest is used primarily for 
animal feed, alcohol production and industrial 
products (Awita and Rooney 2004a).  Starch is the 
main component of sorghum grains, which has been 
successfully applied to the production of bio-ethanol. 
Sorghum is composed also of proteins, non-starch 
polyssacharides (NSP) and fats (Suresh et al., 1999; 
Aggarwal et al., 2001). α- amylase are endoenzymes 
that randomly split α- (1-4) - linkages in starch. β- 
Amylase on the other hand is exoglucosidases 
releasing maltose units from starch (Dicko et al., 
2006). 
  Burukutu is an indigenous beverage produced and 

consumed locally in Nigeria and some African 
countries. The production of burukutu involves the 
processes of malting, mashing, boiling, fermentation 
and maturation (Ekundayo, 1969; Faparusi, 1970). In 
burukutu production, sorghum grains are usually 
steeped for 18-24 hours at 300C and germination 
takes place at 300C for 5 days. Kilning however can 
be carried out under the sun or in the oven at 500C 
within 24 hours (Utere et al., 2000; Kingsley and 
Victor, 2007). 
  The microorganisms associated with fermentation 
include Saccharomyces cerevisiae, Saccharomyces 
chavelieria and Leuconostoc mesenteroides 
(Kolawole et al., 2007). The basic characteristics of 
burukutu include a sour taste due to the presence of 
lactic acid, a pH of 3.3-3.5 and an opaque colour 
because of suspended solids and yeasts.  Generally, 
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the quality of products varies from one processor to 
the other. These variations are suspected to be due to 
some local variations in the processing. For example, 
the duration of fermentation varies from one 
processor to the other (Ajibola et al., 1987). 
  Various studies had been carried out on the use of 
sorghum grains for human consumption as well as 
industrial use (Achi, 2005; Dicko et al., 2006). The 
Microbiology of burukutu beer as well as the 
chemical and sugar changes, kinetic study and lipase 
activity during the production of burukutu had also 
been reported (Faparusi, 1970: Faparusi et al., 1973; 
Odetokun, 1997; Orji and Uvere, 2002; Kingsley and 
Victor, 2007; Yabaya, 2008). Further studies on the 
effect of germination and killing on the cyanogenic 
potential, amylase and alcohol levels of sorghum 
malts used for burukutu production had also been 
reported (Uvere et al., 2000) but there is a dearth of 
information on the effect of processing variables on 
the production of burukutu. This study therefore 
investigated the effect of processing variables such as 
fermentation temperature, steeping periods, the use of 
particle size, variety of sorghum grains, germinated 
and ungerminated grains on proximate, mineral 
composition, anti nutritional component and sensory 
attributes during the production of burukutu. 
2. Materials and Methods  
Sorghum  
  The sorghum grains (red and white varieties) 
(Sorghum bicolor (L) Moench) used for this research 
was obtained from Bodija market, Oyo State, Nigeria. 
The grains were brought into the laboratory in clean 
polyethylene nylons for immediate use. The seeds 
were carefully freed from foreign materials as well as 
broken and shrunken seeds. 
Laboratory Preparation of Burukutu 
  Using the method of Ekundayo (1969) the sorghum 
grains were steeped (150g in 2L of water) for 24 h, 
drained and germinated at 250C for five days except 
the ungerminated sample. The grains were watered 
every morning and turned over at intervals of 24 h. 
Kilning was done at 550C for 24 h using a moisture 
extraction oven (model PF200), followed by milling 
with an Autotomus laboratory mill. The malt was 
mixed with water and boiled for four hours. The 
mixture was left to ferment for 72 h. 
Isolation and Identification of Microorganisms 
  Lactic acid bacteria (LAB) and yeasts were isolated 
from fermenting sorghum grains at 6 h interval on 
MRS agar and Malt Extract agar respectively. Each 
strain of the lactic acid bacteria were identified 
according to Kandler and Weiss (1986), based on the 
Gram staining, catalase test, spore staining, motility 
test, growth at 150C and 450C, growth at 4%, 6% and 
8% NaCl, growth at pH of 3.9 and 9.4 and 
Carbohydrate fermentation pattern using API 50 CH 

Lactobacillus Identification System (Bio Merieux, 
69280 Marcy I’Etoile, France). 
  Yeast identification was carried out following 
morphological, and physiological characters as 
described by Barnett et al., (1983); Chu et al., (1986) 
and the Carbohydrate Fermentation pattern using API 
20 C AUX Yeast Identification System. 
Processing Variations 
  The effects of the following processing variables 
were investigated: 
Fermentation Temperature 
  Boiled malt in three different beakers each (250ml) 
were fermented spontaneously at temperatures of 
400C, 300C and 250C for 72 h. 
Period of Steeping 
  Cleaned sorghum grains (150 grams each) were 
steeped for 12 h and 24 h and germination, drying, 
and boiling were carried out according to the method 
of Ekundayo (1969) for the production of burukutu. 
Hence, 250ml of 12 h and 24 h steeped samples were 
left to ferment for 72 h. 
Varieties of Sorghum Grains 
  White and red sorghum grains (150 grams each) 
were used to prepare burukutu as described by 
Ekundayo (1969) and 250ml each of prepared 
burukutu samples produced with white and red 
sorghum grains were fermented for 72 h. 
Particle Size 
  Cleaned sorghum grains (150 grams) which have 
been prepared to the point of grinding were divided 
into two parts, the first part was ground to moderate 
coarse particle size while the other part to finely 
ground particle size. Each of these parts was boiled 
and 250ml of each sample (coarse particle size and 
fine particle size) was left to ferment for 72 h. 
Germinated and Ungerminated Sample 
  Steeped sorghum grains were divided into two parts, 
the first part was allowed to germinate while the other 
part was not germinated. Both the germinated and 
ungerminated samples were used for the preparation 
of burukutu as described by Ekundayo (1969). Hence, 
250ml of each sample (ungerminated and germinated 
samples) was left to ferment for 72 h. 
Assessment of Fermentation 
   The extent of fermentation under the various 
conditions was assessed (Oyewole and Odunfa, 
1988). The fermenting medium was assessed at 0 h 
and then at 12 h intervals. The parameters used for the 
assessment include pH; total titratable acidity; 
proximate analysis; mineral contents; anti-nutritional 
components and sensory evaluation. 
pH 
  Ten ml of the fermenting medium was aseptically 
removed into sterile bottles and pH was taken with a 
Jenway pH meter equipped with a glass electrode. 
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Total Titratable Acidity (TTA) 
 The TTA of the fermenting medium (expressed as 
percentage lactic acid) was determined 
potentiometrically according to Nout et al. (1989) by 
titrating 10ml of the decanted homogenate samples 
used for pH determination against 0.1N NaOH using 
a drop of phenolphthalein as indicator. 
Proximate Analysis 
  The method of AOAC (1990) was used for the 
determination of ash content, dry matter content, 
moisture content, reducing sugar content, protein 
content and alcohol content. 
Mineral Content Determination  
  The minerals analyzed were sodium, calcium, iron, 
zinc and phosphorus. They were determined 
spectrophotometrically as described by AOAC 
(1990). 
Anti nutritional Component Determination 
  The phytate content of the flours was determined 
according to the method of Maga (1982). Two (2) 
milliliter of each finely ground flour sample was 
soaked in 20ml of 0.2N HCl and filtered. After 
filtration, 0.5ml of the filtrate was mixed with 1ml 
ferric ammonium sulphate solution in a test tube, 
boiled for 30min in a water bath, cooled in ice for 
15min and centrifuged at 3000 x g for 15min. One 
milliliter of the supernatant was mixed with 1.5ml of 
2, 2-pyridine solution and the absorbance measured in 
a spectrophotometer at 519nm. The concentration of 
phytic acid was obtained by extrapolation from a 
standard curve using standard phytic acid solution. 
  For tannin determination, 10ml of 70% aqueous 
acetone was added to 200mg of finely ground sample 
in a bottle and properly covered. The bottle was put in 
a bath shaker for 2 h at 30°C. The solution was then 
centrifuged and the supernatant stored in ice. From 
the supernatant, 0.2ml was pipette into 0.8ml distilled 
water. Standard tannic acid solution was prepared. 
Folin reagent (0.5ml) was added to both sample and 
standard followed by 2.5ml 20% Na2CO3 .The 
solutions were vortexes and incubated for 40min at 
room temperature after which the absorbance was 
read at 725nm. The concentration of tannin in the 
sample was estimated from the standard tannic 
(Makkar & Goodchild, 1996). 
  The total polyphenols in the samples was determined 
using Purssion Blue spectrophotometric method 
(Price and Butler, 1977). A standard curve which 
expressed the result as tannic acid equivalent 
(mg/100g) and gave a colour intensity equivalent to 
that given by polyphenols after correction for blank 
was prepared. 
Sensory Evaluation  
  The sensory evaluation of burukutu samples was 
carried out to determine the acceptability of the 

product. The product (burukutu) was subjected to 
organoleptic assessment by a 10 member panel. Clean 
cups were provided for each of the sample; each 
panellist was requested to taste the sample one after 
the other and to indicate their degree of likeness or 
preference for the sample on the questionnaire 
provided. The samples were evaluated for colour, 
odour, taste, aroma, and overall acceptability. They 
were required to score each parameter on the 5 point 
hedonic scale ranging from 5 indicating like 
extremely to 1 dislike extremely.   
Statistical Analysis 
  The experimental data was analyzed using Analysis 
of Variance (ANOVA) to determine significant 
difference between the means and these were 
expressed as mean ± standard deviation (SD). The 
level of significance was set at P< 0.05. The data 
were analyzed using SPSS version 17.0. 
3. Results 
  Twenty Lactic Acid Bacteria were isolated from 
fermenting sorghum grains at 6 h interval and 
identified on the basis of Gram staining, catalase test, 
spore staining, physiological test and Carboyhdrate 
fermentation pattern test with API 50 CH as 
Lactobacillus plantarum I, Pediococcus pentosaceus 
II, Lactobacillus plantarum II, Lactobacillus pentosus 
I, Lactobacillus brevis I and Lactobacillus fermentum 
I. Table 1 shows the percentage occurrence of each of 
the isolates from the prepared burukutu product. It 
was observed that Lactobacillus plantarum I and 
Lactobacillus fermentum I had the highest occurrence 
of 25% while Lactobacillus plantarum II and 
Lactobcillus pentosus I had the least occurrence 
(10%).  
Fourteen yeast were also isolated from the laboratory 
produced burukutu during fermentation and also 
identified on the basis of Gram staining, catalase test, 
physiological tests and sugar fermentation pattern test 
with API 20 C AUX as Saccharomyces cerevisiae, 
Saccharomyces chavelieria, Saccharomyces species, 
Candida utilis and Candida sphaerica (Table 2). It 
was observed that Saccharomyces cerevisiae had the 
highest occurrence of 35.7% while Candida 
sphaerica, Candida utilis and Saccharomyces spp had 
the least occurrence of 14.3% respectively. 
  The changes in the pH and total titratable acidity 
(TTA) of burukutu produced with different 
processing variables are as shown in Figures 1-5.  
Figure 1a and 1b shows the effect of temperature on 
pH and total titratable acidity during the production of 
burukutu. Burukutu produced at 300C showed a 
decrease in the pH from 6.17±0.00 to 3.17±0.00 after 
72 h of fermentation and a corresponding increase in 
the total titratable acidity from 0.05±0.00g/l to 
0.23±0.01g/l. A decrease in pH was also observed in 
Burukutu produced at 400C (6.18±0.00 to 4.16±0.00) 
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and 300C (6.18±0.00 to 4.31±0.00) after 72 h of 
fermentation and a corresponding increase in the total 
titratable acidity from 0.04±0.00g/l to 0.19±0.01g/l 
and 0.07±0.01 to 0.01±0.00g/l in burukutu produced 
at 400C and 300C respectively. 
  Figures 2a and 2b shows the changes in pH and TTA 
of burukutu produced with sorghum grains steeped at 
12 h and 24 h respectively. Burukutu produced from 
24 h steeping period showed a decrease in pH from 
6.18±0.00 to 4.30±0.00 at 72 h and a corresponding 
increase in the titratable acidity from 0.07±0.01g/l to 
0.10±0.00g/l at 72 h while burukutu produced from 
steeping sorghum grains at 12 h also recorded a 
decrease in pH from 6.54±0.00 to 4.62±0.00 at the 
72h and a corresponding increase in the titratable 
acidity from 0.03±0.00g/l to 0.08±0.00g/l at 72 h. 
Burukutu produced from sorghum grains steeped for 
24 h recorded a higher titratable acidity which was 
significantly different from burukutu produced from 
sorghum grains steeped for 12 h. 
  The changes in the pH and TTA of burukutu 
produced using white and red sorghum grains is as 
shown in Figures 3a and 3b respectively. A gradual 
decrease in pH was observed in both varieties of 
grains however, a lower pH of 4.31±0.00 was 
obtained using red variety of sorghum grains and was 
significantly different from the pH obtained using 
white variety of sorghum grains (4.68±0.00). 
Similarly, a corresponding increase in the TTA was 
observed during fermentation using both varieties of 
sorghum grains.   
  Figures 4a and 4b shows the changes observed in pH 
and TTA of burukutu produced with different particle 
sizes (fine and coarse particle sizes). A decrease in 
pH from 6.33±0.00 to 4.65±0.00 was observed in 
burukutu produced with coarse particle size while a 
decrease in pH from 6.18±0.00 to 4.31±0.00 was also 
observed in burukutu produced with fine particle size 
at 72 h. A corresponding increase in the titratable 
acidity was recorded in the fermentation of sorghum 
grains using different particle sizes, with burukutu 
produced with fine particle size having a higher 
titratable acidity of 0.10g/l which was significantly 
different from the titratable acidity (0.08g/l) observed 
in burukutu produced with coarse particle sizes.  
  The changes in pH and TTA of burukutu produced 
from germinated and ungerminated grains are shown 
in Figures 5a and 5b respectively. Burukutu produced 
from germinated grains recorded a decrease in pH 
from 6.18±0.00 to 4.31±0.00 while burukutu 
produced from ungerminated grains recorded a 
decrease in pH from 7.08±0.00 to 5.72±0.00. 
Similarly, a higher TTA (0.10±0.00g/l) was observed 
in burukutu produced from the germinated grains 
which was significantly different from the TTA 
(0.03±0.00g/l) observed in burukutu produced from 

ungerminated grains. 
  The result of the proximate composition of burukutu 
produced with different processing variables is shown 
in Table 3. Burukutu produced at fermentation 
temperature of 300C recorded the highest alcohol 
content (2.55±0.07%) which was significantly 
different from burukutu produced at fermentation 
temperatures of 250C and 400C according to the result 
of the analysis of variance. There was no notable 
significant difference in the total sugar content of 
burukutu produced at the temperatures of 400C, 300C 
and 250C used in this work. 
Influence of steeping periods on the quality of 
burukutu was investigated. The result of the analysis 
of variance did not reveal any significant difference in 
the moisture content, dry matter, total sugar and ash 
contents of burukutu produced at 12 h and 24 h 
steeping periods. However, the alcohol contents was 
observed to be higher and significant in burukutu 
produced at 24 h (2.40±0.07%) compared to burukutu 
produced at 12 h (2.00±0.03%) (Table 3). 
  The use of white and red varieties of sorghum grains 
did not have any significant difference in the total 
sugars content (0.20±0.03% in the white grains and 
0.02±0.03% in the red grains) and protein content 
(1.28±0.01% in the white grains and 1.27±0.01% in 
the red grains which were not significantly different) 
of burukutu produced. However, the alcohol content 
was observed to be higher with burukutu produced 
with the red sorghum grains (2.05±0.07%) compared 
to that produced with white sorghum grains 
(1.15±0.07%)(Table 3). 
Particle size significantly affected the quality of 
burukutu produced. The use of fine particle size 
significantly improved the protein content 
(1.27±0.01%) when compared to the protein content 
in burukutu produced with coarse particle size 
(1.23±0.015). Similarly, a higher alcohol content was 
observed in burukutu produced using fine particle 
sizes (2.05±0.07%) than in burukutu produced with 
coarse particle size (1.15±0.07%)(Table 3). 
  The proximate composition of burukutu made from 
germinated and ungerminated grains differ 
significantly in moisture content, dry matter, total 
sugar, ash, alcohol and protein contents according to 
the Duncan’s Multiple Range test. Higher alcohol 
content (2.05±0.07%) and lower protein content 
(1.27±0.01%) were recorded in burukutu produced 
from germinated grains compared to burukutu from 
ungerminated grain (Table 3). 
  Table 4 shows the result of the mineral composition 
of burukutu produced with different processing 
variables. 
Influence of fermentation temperature on mineral 
content showed that burukutu produced at 300C 
recorded higher values of Sodium 
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(31.02±0.02mg/100l), Calcium (25.81±0.01mg/100l), 
Iron (6.50±0.07mg/100l) and Potassium 
(1.51±0.00mg/100l) compared to the burukutu 
produced at fermentation temperatures of 250C and 
400C. In the same vein, burukutu produced at 24 h 
steeping periods recorded higher values of Sodium 
(27.53±0.03mg/100l), Magnesium 
(151.25±0.35mg/100l) and Potassium 
(1.45±0.00mg/100l) compared to burukutu produced 
at 12 h steeping period (Table 4). 
  The use of red sorghum grains in the production of 
burukutu recorded a higher mineral content compared 
to the use of white sorghum grains in burukutu 
production. Similarly, a higher mineral content was 
recorded in burukutu produced using fine particle size 
compared to burukutu produced from coarse particle 
size (Table 4). 
  Germination had an influence on the mineral content 
of burukutu. The use of germinated grains for the 
production of burukutu recorded higher mineral 
contents than burukutu produced from the 
ungerminated grains (Table 4).      
  The results of the anti nutritional components of 
burukutu produced using different processing 
variables is as shown in Table 5. 
  Fermentation temperature resulted in the reduction 
of anti nutritional components. Burukutu produced at 
fermentation temperatures of 300C and 400C recorded 
lower values of anti nutritional components compared 
to burukutu produced at fermentation temperature of 
250C. The influence of steeping periods did not reveal 
any significant differences in the reduction of 
polyphenols, phytates and tannins, however, burukutu 
produced from steeping grains at 24 h had a more 
reduced phytate component (3.55±0.07mg/100l) 
compared to burukutu produced from steeping grains 
at 12 h (3.85±0.07mg/100l)(Table 5). 
  The effect of variety of sorghum grains (red and 
white varieties) and particle sizes (coarse and fine 
particle sizes) did not reveal any significant 
differences in the reduction of anti nutritional 
components according to the result of the analysis of 
variance. The influence of germination on the 
reduction of anti nutritional components showed a 
wide significant difference between burukutu 
produced from germinated grains and burukutu 
produced from ungerminated. Higher polyphenols 
(12.7±0.07mg/100l), phytate (6.45±0.64mg/100l) and 
tannins (9.05±0.07mg/100l) was recorded in burukutu 
produced using ungerminated grains compared to 
burukutu produced from germinated grains (Table 5). 
  Table 6 shows the mean sensory scores for taste, 
aroma, color, aftertaste and overall acceptability of 
burukutu produced with different processing 
variables. Influence of fermentation temperature on 
the sensory analysis of burukutu produced at 

fermentation temperature of 300C was preferred to 
burukutu produced at 250C and 400C. 
  Effect of steeping the grains at 12 h and 24 h and the 
use of variety of sorghum grains on the sensory 
quality of burukutu produced was investigated. It was 
observed that burukutu produced from steeping grains 
for 24 h was preferred to burukutu produced from 
steeping grains for 12 h. Also, higher mean value of 
preference in the sensory analysis was also recorded 
in burukutu produced using red sorghum grains than 
in burukutu produced using white sorghum grains. 
Similarly, a distinct significant difference was 
recorded in terms of their color. Burukutu produced 
from white grains recorded a higher color preference 
(3.55±0.07%) compared to burukutu produced from 
red grains (3.05±0.07%)(Table 6). 
  The influence of particle size on the sensory quality 
of burukutu showed that burukutu produced using 
fine particle size was preferred to burukutu produced 
from coarse particle size. While in the case of effect 
of germination on the sensory quality of burukutu, the 
lowest mean sensory scores were however observed 
in burukutu produced with ungerminated grains 
relative to burukutu produced from germinated grains. 
The result of analysis of variance showed that there 
was a significant difference in terms of taste, aroma, 
color, after taste and over all acceptability between 
burukutu produced from germinated and 
ungerminated grains (Table 6).   
4. Discussion 
  In this study, a total of six species of Lactic acid 
bacteria and five species of yeast were isolated from 
fermenting sorghum grains. According to Odunfa and 
Adeyele (1985), members of the Lactic acid bacteria 
and yeast can be detected in a variety of habitats 
including fermented foods. It was also reported by 
Damelin et al. (1995) that samples from plant 
materials showed the greatest diversity of yeast and 
LAB with Lactobacillus strains being predominant in 
food related ecosystems.  
  The LAB and yeast isolates were identified using 
API 50 CH and API 20 C AUX kits respectively. The 
Lactic acid bacteria were identified as L. plantarum I, 
L. plantarum II, L. brevis I, L. fermentum I and 
Pediococcus pentosaceus I. The predominant LAB 
species isolated were L. plantarum I and L. fermentun 
I. This agrees with the findings of Akinrele (1970), 
Odunfa and Adeyele (1985), Sanni et al. (2000) who 
reported predominance of these organism in 
spontaneous cereal fermentation. 
  In the same vein, the yeasts were identified as 
Saccharomyces cerevisiae, Saccharomyces 
chavelieria, Candida sphaerica, Candida utilis and 
other Saccharomyces spp. This agrees with the 
findings of Kolawole et al. (2007) who reported the 
isolation of similar yeast strains in burukutu. 
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  A co-metabolism between yeasts and lactic acid 
bacteria in fermented foods has been suggested 
whereby the bacteria provide the acid environment, 
which selects for the growth of the yeast and the yeast 
provide vitamins and other growth factors to the 
bacteria as well as utilizing the simple sugars thereby 
producing alcohol (Gobbetti et al., 1994; Steinkraus, 
1996). 
  The fermentation of malted and unmalted sorghum 
for the production of burukutu was characterized by a 
fall in pH and corresponding rise in TTA (lactic acid 
production) which was observed throughout the 
period of fermentation in the different processing 
variables and is similar to the spontaneous 
fermentation of maize (Halm et al., 1993, Olsen et al., 
1995), millet (Lei and Jakobsen 2004; Agarry et al., 
2010) and sorghum (Odunfa and Adeyele 1985; Achi, 
1990; Kunene et al., 2000; Muyania et al., 2003). 
Decrease in pH was as a result of increasing hydrogen 
ion content, probably due to the microbial activity on 
the carbohydrate and other food nutrients to produce 
organic acids. This agrees with the report of Adeyemi 
and Umar (1994).  
  In the use of temperature (250C, 300C and 400C) 
during the production of burukutu, acid production 
was slow and low in burukutu samples produced at 
250C, while higher temperatures resulted in higher 
rates of acidification. Fermentation of malted 
sorghum grains at 300C showed the best acid 
production. Akinrele (1964) reported in his 
investigation on the effects of temperature on the 
solid-state fermentation of cassava for ‘gari’ that the 
fermentation proceeded best at 350C. In another 
investigation on the effects of processing variables on 
cassava fermentation for ‘fufu’ production, Oyewole 
and Odunfa (1992) reported that fermentation of 
cassava roots at 30 and 350C showed best acid 
production. The temperature of fermentation also 
affected the production of alcohol. The highest 
alcohol content was observed in burukutu produced at 
300C. 
  The higher acid production observed in burukutu 
samples produced from 24 h steeping period than the 
12 h steeping time is attributed to the longer period of 
steeping. This agrees with the observation made by 
Oyewole and Odunfa (1992) that the longer the 
soaking (steeping) period, the higher the production 
of acid in the fermenting medium. The rate and 
quantity of acid produced affects the spectrum and 
succession of microorganisms involved in the 
fermentation (Oyewole and Odunfa, 1988). Hence, a 
higher alcohol content observed in the burukutu 
samples produced at 24 h steeping period than in the 
burukutu samples produced at 12 h steeping period. 
  The findings from this study showed that the rate of 
acidification and the alcohol production was higher in 

burukutu samples produced using fine particle size of 
malted grains than in samples produced using coarse 
particle size of malted grains. The finer the particle 
size, the higher the rate of acidification during the 
initial and final period of fermentation. This could be 
attributed to increased microbial activity in the 
burukutu samples produced with the fine particle size. 
This agrees with work carried out by Oyewole and 
Odunfa (1992) where the highest rate of acidification 
was observed in smaller cassava roots sizes. 
  A higher rate of acidification was observed in 
burukutu produced using germinated grains than in 
samples produced using ungerminated grains. 
Similarly, the alcohol content was higher in burukutu 
produced from germinated grains. Studies have 
shown that germination induces the synthesis of 
hydrolytic enzymes, such as starch degrading 
enzymes and proteases (Traore et al., 2004). These 
enzymes produced during germination leads to the 
hydrolysis of starch and protein with the release of 
sugars and amino acids (Elkhalil et al., 2000). These 
sugars are then utilized by microorganisms (Lactic 
acid bacteria and yeast) and converted to alcohol and 
other aroma components such as esters, organic acids 
and carbonyl compounds (Janssens et al., 1992).  
  Mineral elements were observed present in all the 
burukutu samples prepared with the different 
variables; however, they varied with the different 
processing variables. Mineral elements are important 
because they are essential for regulating and building 
the living and aid in fighting depression. Calcium is 
essential for building the living cells that make up the 
human body balanced, it promotes a healthier 
cardiovascular system that help in maintaining the 
volume of water necessary for life processes 
maintaining (Harold and Herbert, 1970). Magnesium 
helps in keeping the muscles relaxed and the 
formation of strong bones and teeth. It helps to 
control the blood pressure and nerve transmitter. Iron 
is an important element that is necessary in the 
heamoglobin of the red blood cell and myoglobin in 
the muscle (Thomas, 2002). 
  The findings from this study revealed that burukutu 
produced at 300C had a higher mineral content than in 
burukutu produced at 250C and 400C. Similar results 
have been observed in burukutu samples produced 
using red sorghum grains and fine particle size as well 
as in samples steeped for 24 h. A higher mineral 
content was also observed in the burukutu samples 
produced using germinated grains than in 
ungerminated grains. This agrees with the work of 
Anglani (1998) who reported an increase in the 
availability of minerals (e.g. Iron, Magnesium e.t.c) 
upon germination of sorghum grains.  
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           Table 1: Percentage Occurrence of Lactic Acid bacteria 
Isolated from traditionally fermented sorghum grains. 
Isolate name No of 

Occurrence 
% of 
Occurrence 

Lactobacillus plantarum I 5 25 
Pediococcus pentasaceus II 3 15 
Lactobacillus plantarum II 2 10 
Lactobacillus pentosus I 2 10 
Lactobacillus brevis I 3 15 
Lactobacillus fermentum I 5 25 
Total 20 100 

Table 2: Percentage Occurrence of Yeasts Isolated from 
Traditionally fermented sorghum grains 
Isolate name No of 

Occurrence 
% of 
Occurrence 

Saccharomyces cerevisiae 5 35.7 
Saccharomyces 
chavelieria 

3 21.4 

Saccharomyce spp 2 14.3 
Candida sphaerica 2 14.3 
Candida utilis 2 14.3 
Total 14 100 
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Table 3: Proximate Composition of Burukutu Produced Using Different Processing Variables 
Variable parameters 

 Temperature Steeping period Variety of 
grains 

Particle size Germination 

P
ro

xi
m

at
e 

co
m

p
os

it
io

n
 

(%
) 

40
0
C

 

30
0
C

 

25
0
C

 

12
 h

 

24
 h

 

W
hi

te
 s

or
gh

um
 

gr
ai

ns
 

R
ed

 
so

rg
hu

m
 

gr
ai

ns
 

C
oa

rs
e 

si
ze

 

F
in

e 
si

ze
 

U
ng

er
m

in
at

ed
 

gr
ai

ns
 

G
er

m
in

at
ed

 
gr

ai
ns

 

Moisture 
content 

97.21+ 
0.01c 

97.52+ 
0.03b 

98.07+ 
0.03a 

98.05+ 
0.03a 

98.07+ 
0.03a 

97.64+ 
0.01b 

98.07+ 
0.03a 

97.57+ 
0.06b 

98.07+ 
0.03a 

99.55+ 
0.03a 

98.07+ 
0.03b 

Dry 
matter 

2.79+ 
0.01a 

2.44+ 

0.03b 
1.90+ 
0.02c 

1.35+ 
0.07c 

1.90+ 
0.02b 

2.36+ 
0.01a 

1.90+ 
0.02b 

2.47+ 
0.01a 

1.90+ 
0.02b 

0.42+ 
0.02b 

1.90+ 
0.02a 

Total 
sugar 

0.20+ 
0.03b 

0.20+ 
0.03b 

0.20+ 
0.03b 

0.30+ 
0.03a 

0.20+ 
0.04a 

0.20+ 
0.03a 

0.20+ 
0.03a 

0.15+ 
0.07a 

0.20+ 
0.04a 

0.45+ 
0.07a 

0.20+ 
0.03b 

Ash 
content 

2.55+ 
0.07b 

3.05+ 
0.07a 

2.40+ 
0.03b 

2.30+ 
0.42a 

2.35+ 
0.21a 

2.00+ 
0.28a 

2.40+ 
0.03b 

2.00+ 
0.28b 

2.50+ 
0.14a 

2.55+ 
0.07b 

2.40+ 
0.14a 

Alcohol 
content 

2.05+ 
0.07b 

2.55+ 
0.07a 

2.05+ 
0.07b 

2.00+ 
0.03a 

2.40+ 
0.07b 

1.15+ 
0.07b 

2.05+ 
0.07a 

1.15+ 
0.07b 

2.05+ 
0.07a 

1.15+ 
0.21b 

2.05+ 
0.07a 

Protein 
content 

1.31+ 
0.01b 

1.39+ 
0.01a 

1.27+ 
0.01c 

1.38+ 
0.01a 

1.27+ 
0.01b 

1.28+ 
0.01a 

1.27+ 
0.01a 

1.23+ 
0.01b 

1.27+ 
0.01a 

1.30+ 
0.01a 

1.37+ 
0.01b 

Mean along the rows with different superscript at each processing variables are significantly different from each 
other according to Duncan’s multiple range test at P< 0.05. 
 
Table 4: Mineral Composition of Burukutu Produced Using Different Processing Variables 

Variable parameters 
 Temperature Steeping 

period 
Variety of 

grains 
Particle size Germination 

M
in

er
al

 
co

m
p

os
it

io
n

 
(m

g/
10

0m
l)

 

40
0
C

 

30
0
C

 

25
0
C

 

12
 h

 

24
 h

 

W
hi

te
 s

or
gh

um
 

gr
ai

ns
 

R
ed

 
so

rg
hu

m
 

gr
ai

ns
 

C
oa

rs
e 

si
ze

 

F
in

e 
si

ze
 

U
ng

er
m

in
at

ed
 

gr
ai

ns
 

G
er

m
in

at
ed

 
gr

ai
ns

 

Sodium 
 (Na) 

29.05
+ 
0.01b 

31.02
+ 
0.02c 

27.55
+ 
0.01b 

26.23
+ 
0.04a 

27.53
+ 
0.03b 

28.27
+ 
0.01a 

27.55
+ 
0.01a 

28.38
+ 
0.01a 

27.54
+ 
0.03a 

23.66
+ 
0.01b 

27.55
+ 
0.01a 

Magnesium 
(Mg) 

141.2
9 
+0.01b 

145.6
4 
+0.01c 

151.6
5 
+0.35a 

144.9
4 
+0.76b 

151.2
5 
+0.35a 

121.8
9 
+0.01b 

151.2
5 
+0.35a 

150.4
2 
+0.73a 

151.2
5 
+0.35b 

77.01
+ 
0.01b 

151.2
5 
+0.35a 

Calcium 
(Ca) 

20.41
+ 
0.01a 

25.81
+ 
0.01b 

16.64
+ 
0.01c 

19.02
+ 
0.03a 

16.64
+ 
0.01b 

15.69
+ 
0.01b 

16.64
+ 
0.01a 

18.84
+ 
2.12a 

16.64
+ 
0.01b 

13.02
+ 
0.02b 

16.64
+ 
0.01a 

Iron  
(Fe) 

6.48+ 
0.00b 

6.50+ 
0.07a 

2.22+ 
0.00c 

2.30+ 
0.01a 

2.22+ 
0.00a 

1.34+ 
0.01b 

2.22+ 
0.00a 

1.64+ 
0.00b 

2.22+ 
0.00a 

0.17+ 
0.00b 

2.22+ 
0.00a 

Phosphorou
s (P) 

1.51+ 
0.00a 

1.51+ 
0.00a 

1.46+ 
0.00b 

1.34+ 
0.03b 

1.45+ 
0.00a 

0.54+ 
0.00b 

1.46+ 
0.00a 

1.29+ 
0.00b 

1.45+ 
0.00a 

0.53+ 
0.01b 

1.46+ 
0.00a 

Mean along the rows with different superscript at each processing variables are significantly different from each 
other according to Duncan’s Multiple range test at P< 0.05. 
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Table 5: Anti nutritional Components of Burukutu Produced Using Different Processing Variables 
Variable parameters 

 Temperature Steeping 
period 

Variety of 
grains 

Particle size Germination 

A
n

ti
 

n
u

tr
it

io
n

al
 

co
m

p
os

it
io

n
 

(m
g/

10
0m

l)
 

40
0
C

 

30
0
C

 

25
0
C

 

12
 h

 

24
 h

 

W
hi

te
 

so
rg

hu
m

 
gr

ai
ns

 

R
ed

 
so

rg
hu

m
 

gr
ai

ns
 

C
oa

rs
e 

si
ze

 

F
in

e 
si

ze
 

U
ng

er
m

in
at

ed
 

gr
ai

ns
 

G
er

m
in

at
ed

 
gr

ai
ns

 

Polyphenols 5.20+ 
0.14b 

4.25+ 
0.07c 

9.30+ 
0.14a 

9.15+ 
0.07a 

9.15+ 
0.07a 

9.40+ 
0.14b 

9.30+ 
0.14a 

9.05+ 
0.21a 

9.15+ 
0.07a 

12.75+ 
0.07a 

9.15+ 
0.07b 

Phytate 2.85+ 
0.07b 

2.45+ 
0.07c 

3.80+ 
0.00a 

3.65+ 
0.07a 

3.55+ 
0.07b 

3.95+ 
0.07a 

3.80+ 
0.00a 

3.80+ 
0.28b 

3.75+ 
0.07a 

6.45+ 
0.64a 

3.75+ 
0.21b 

Tannins 3.35+ 
0.07b 

2.20+ 
0.14c 

6.40+ 
0.14a 

5.65+ 
0.07a 

6.40+ 
0.14a 

6.60+ 
0.14a 

6.40+ 
0.14a 

6.50+ 
0.71a 

6.40+ 
0.14a 

9.05+ 
0.07a 

6.40+ 
0.14b 

Mean along the rows with different superscript at each processing variables are significantly different from each 
other according to Duncan’s Multiple range test at P< 0.05. 
 
Table 6: Sensory Attributes of Burukutu Produced Using Different Processing Variables 

Variable parameters 
 Temperature Steeping period Variety of 

grains 
Particle size Germination 

S
en

so
ry

 
p

ar
am

et
er

s 

40
0
C

 

30
0
C

 

25
0
C

 

12
 h

 

24
 h

 

W
hi

te
 

so
rg

hu
m

 
gr

ai
ns

 

R
ed

 
so

rg
hu

m
 

gr
ai

ns
 

C
oa

rs
e 

si
ze

 

F
in

e 
si

ze
 

U
ng

er
m

in
at

ed
 

gr
ai

ns
 

G
er

m
in

at
ed

 
gr

ai
ns

 

Taste 3.05+ 
0.07b 

3.95+ 
0.07a 

3.25+ 
0.07a 

2.85+ 
0.07b 

3.00+ 
0.28a 

2.85+ 
0.07a 

3.10+ 
0.14a 

3.05+ 
0.07a 

3.20+ 
0.28a 

2.10+ 
0.14b 

3.20+ 
0.28c 

Aroma 3.07+ 
0.07b 

3.80+ 
0.14a 

3.05+ 
0.07b 

2.95+ 
0.14b  

3.05+ 
0.07a 

3.15+ 
0.21a 

3.10+ 
0.14a 

2.85+ 
0.07a 

3.05+ 
0.07a 

2.35+ 
0.07b 

3.10+ 
0.14a 

Color 2.90+ 
0.07a 

3.48+ 
0.07a 

3.00+ 
0.28a 

3.00+ 
0.07a 

3.05+ 
0.07b 

3.55+ 
0.07b 

3.05+ 
0.07a 

3.05+ 
0.07a 

3.50+ 
0.07a 

2.15+ 
0.07b 

3.00+ 
0.28a 

After taste 3.10+ 
0.07b 

3.90+ 
0.14a 

3.00+ 
0.14b 

2.95+ 
0.07a 

3.05+ 
0.07a 

2.65+ 
0.07b 

3.02+ 
0.07a 

3.00+ 
0.07b 

3.05+ 
0.07b 

2.25+ 
0.07b 

3.05+ 
0.07a 

Overall 
acceptability 

3.00+ 
0.14a 

3.15+ 
0.07a 

3.05+ 
0.07a 

3.00+ 
0.14a 

3.00+ 
0.14a 

3.10+ 
0.14a 

3.05+ 
0.07a 

3.20+ 
0.28a 

3.05+ 
0.07a 

2.30+ 
0.14b 

3.05+ 
0.07a 

Mean along the rows with different superscript at each processing variables are significantly different from each 
other according to Duncan’s Multiple range test at P< 0.05. 
 
  Anti nutritional components such as total phenols, 
tannins and phytic acid that precipitate nutrients 
(Brune et al., 1989; Muller and McAllan, 1992) have 
been observed to reduce during germination (Taur et 
al., 1984; Troare et al., 2004). Germination (sprouting 
of the seeds) induces hydrolytic enzymes which may 
have indirectly resulted in contributing to the 
reduction in the anti nutritional components. 
  From this study, lower anti nutritional components 
were observed in burukutu samples produced using 
red sorghum grains, fine particle sizes and 24 h 
steeping period, although, they showed insignificant 

differences to results of burukutu produced using the 
white sorghum grains, coarse particle size and 12 h 
steeping period respectively. This can be attributed to 
the use of germinated grains in all of these processing 
variables. However, a lower anti nutritional 
components was also observed in burukutu samples 
produced at 300C which was significantly different 
from burukutu produced at 400C and 250C. In the 
same vein, lower amounts of anti nutritional 
components were recorded in burukutu produced 
using germinated grains which was significantly 
different from burukutu produced using ungerminated 
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grains. Taur et al. (1984) and Troare et al. (2004) 
reported the reduction of phytic acid, some flavonoids 
and proanthocyanidins during germination. 
  Even though some minimal amounts of anti 
nutritional components have been recorded in this 
study, recent and ungoing researches have shown that 
these anti nutritional (polyphenols, phytate, tannins) 
can act as antioxidants (Miglio et al., 2008) which 
help to prevent cancer by enhancing the immune 
system as well as increase the activity of natural killer 
cells which attack and destroy cancer and tumor cells 
(phytate) (McGee, 2004). Tannins have been shown 
to improve mouthfeel when taking wine and as well 
as possesses potential antiviral (Lu et al., 2004), 
antibacterial (Akiyama et al., 2001) and antiparasitic 
effects (Kolodziej and Kiderlen, 2005). 
  The sensory ratings revealed that all the various 
processing variables considered had varying taste and 
aroma. The development of alcohol, organic acids, 
esters and carbonyl compounds contribute particularly 
to taste and aroma during fermentation (Hammond, 
1993).  
  A higher and better sensory rating was observed in 
burukutu produced at 300C compared to burukutu 
produced at 400C and 250C. Similarly, burukutu 
produced from steeping sorghum grains for 24 h 
showed a higher and better sensory rating than 
burukutu produced from 12 h steeping period. In their 
investigations on the effects of processing variables 
on cassava fermentation for ‘fufu’ production, 
Oyewole and Odunfa (1992) reported higher and 
better sensory ratings in products fermented at 
temperatures of 300C and 350C and in products 
steeped for longer periods after 12 h. 
  The sensory ratings observed in the use of variety of 
sorghum grains did not show any significant 
differences, however the color differences observed in 
burukutu produced with white and red sorghum grains 
can be attributed to their morphological traits in terms 
of color which distinguishes them into varieties (Taur 
et al., 1984; Deu et al., 1994). 
  A higher sensory rating was observed in burukutu 
produced using germinated grains than in burukutu 
produced with ungerminated grains. Germination is 
an important step during the production of burukutu, 
during germination, primary and secondary 
metabolites are mobilized and enzymes are 
synthesized. The biochemical composition of 
germinated and ungerminated grains is different 
(Limami et al., 2002; Troare et al., 2004; Dicko et al., 
2006). Mtebe et al. (1993) and Lasekan et al. (1997) 
also reported the synthesis of flavor into the malt 
during germination. 
Conclusion 
  The use of different processing variables 
(fermentation temperature, steeping periods, and 

variety of sorghum grains, particle sizes and the use 
of germinated and ungerminated grains) had 
significant effect on the proximate, mineral, anti 
nutritional and sensory attribute of burukutu. The 
production of burukutu at fermentation temperature of 
300C had a significant effect on the rate of 
acidification, the alcohol content, mineral 
composition, reduced anti nutritional components and 
a better organoleptic property. Similar results was 
also observed in burukutu produced at 24 h steeping 
periods, the use of red sorghum grains, fine particle 
size and the use of germinated grains. Hence, the 
utilization of these processing variables in the 
production of burukutu may enhance the quality of 
burukutu in terms of the mineral composition, sensory 
attributes and reduced anti nutritional components.  
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