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Abstract 

Three different yeast isolates were used to improve the nutritional value of spent sorghum, a byproduct obtained during the 
production of a local drink ''J\kamo" in Nigeria. The yeast isolat~s used were Saccharomyces cerevisiae (dry yeast), Candido 
A I isolated from locally processed milk "nono" and Candida A2 isolated from a local beverage "burukutu" Using S 
cerevisiae and treated spent sorghum at 4.0g/ I 00 ml, the optimum period of fermentation, 11 •h day of fcnncnta tion 11 a-, 
determined. The optimum concentration of spent sorghum for protein enrichment with S. cerevisiae was 7. Sg/100 ml. Th.: 
protein content ofunfermented sorghum (4. 1-4.5% of dry matter) increased significantly on It'" day of fermentation for all the 
isolates (I 0.0 -12.5% of dry marter). The ether extract content of the unfermented spent sorghum also increased from 2.0% to 

6.0% during fermentation by S. cerevisiae, Candida A I and Candida A2 respectively. The crude protein and the ether extract 
contents of fermented spent sorghum are comparable to the levels found in most animal feeds available in the market. o. 
inclusion of this nutritionally enriched byproduct in animal diet may be recommended preceded by animal trials. 
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Introduction 

Various yeasts strain are said to play a dominant role where biotechnology is applied to nutritional 
improvement of wastes. Yeast can rapidly grow on different wastes as substrates including sugar 
molasses, spent sulfi te liquor, straw, wood waste, agricultural starchy food such as grains and potatoes, 
fruit wastes, methanol, ethanol, alkanes and gas oil (Wainwright, 1992). Specific examples are: 
production of single sell protein using Candida utilis and cassava starch effluem as substrate. 
Geotrichum candidum and com wastes as substrates, Kleokera apicu/ata and apple pomace as substrates. 
Saccharomyces cerevisiae and molasses as substrates, Schwaniomyces caste/Ii and molasses and starch 
wastes as substrates, Kluyveromyces fragilis and milk whey coconut water as substrate (Rahmat et al., 
1995; Dasilva et al., 1987; Wainwright, 1992; Daniyan et al.,2000) . Candida yeast was cultivated from 
alkane with a growth rate comparable to that obtained from glucose and with a conversion faccor of I OOg. 
dry yeast per I OOg. of paraffin consumed (Dasilva et al .. 1987). 
Maize, (Zeamays), guinea corn (Sorghum guinea) and millet ( Penisatum Americana) constitute the major 
crops in Nigeria (Oyenuga, 1968). These are used for making akamo, a popular local drink . On dry matter 
basis millet has the highest protein content fol lowed by sorghum and maize but the reverse is the situation 
for the soluble carbohydrate content or 1he total ash content. Millet grain has the highest oil content 
compared to maize and sorghum. An attempt was made here to improve the protein content of spent 
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pH, dry matter and crude protein content determination : 

pH, dry matter and protein content were determined at different time intervals of the fermentation. pH 
was determined, using a pH meter. 
For the determination of dry m atter, the samples at different time intervals were washed three times with 
sterile distilled water and filtered . The solid residue was dried to constant weight using an oven at 60°C 
and the weight of the dry matter was finall y detem1ined using a metier balance. 
To determine the crude protetn content, total nitrogen content was determined using Kjeldahl method and 
the crude protein conten t was determined by multiplying the value by 6.25 (Bermner, 1965). 

O ptimum slurry concentration 
Optimum slurry concentration for protein enrichment was determined using different concentrations of 
spent sorghum slurry; 2.5 g/100 ml, 5.0 g/ 100 ml, 7.5g/ JOO ml and 10 g/100 ml in fermentation medium. 

Fermentations of spent sorghum residues with S. cerevisiae and Candida Al a11d Candida A2. 
Fermentations were carried out in 250 ml Erlenmeyer flasks containing 50 ml of the fermentation medium 

inoculated with 5 ml inoculum. Duplicate flasks were used for each isolate. The flasks were then 
incubated at 27°C for 12 days. 
At different time intervals, pH , dry matter, and crude protein content were determined. The moisture 
content(%), the fat content (%) and the ash content (%)were determined as described 
by A.0.A.C (1980). 

Results 
The results of the optimum cultural conditions for fermentation using S. cerevisiae is as shown 

in Table I . 

Table I: Determination of optimum fermentation period using S. cerevisiae 

Fermentation period 
(days) 

0 

5 

7 

11 

15 

pH, dry matter and protein content of slurry 

pH Dry matter(%) Protein(%) 

5.10 2.38 2.0 

3.50 1.78 4.5 

3.30 1.23 6.4 

3.22 0.95 7.2 

2.88 0.75 6.2 
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There is a decrease in pH and dry matter as fermentation proceeds. The crude protein content 

(%) increases to a maximum on the I I 1h day of fem1entation and begin to decrease from the I 21
h 

day. The l l 1h day period was then chosen as the optimum cultural condi tion for fem1entation. Statistical 
analysis using Pearson correlation coefficient (c) showed that protein concentration increases as dry matter 
concentration decreases and it is signi ti cant at p of F at 0.05 ( c is -0.94 at p of F 0.05). 
The optimum concentration of spent sorghum slurry for fermentation (see Table 2) was 7.5%. 

Table 2: Determination of optimum concentration of spent orghum for protein enrichment by S. 
cerevisiae 

*SP 
(%) 

D p D 

fermentation period (days) 

p D p D p D p 

------------------------------------------------------------------------------.. ------------------------------------
0 2.0 1.9 1.9 2.2 2.5 

2.5 2.38 4.0 2.29 4.5 2.20 5.8 2.10 6.4 2.00 6.0 

5.0 3.08 4.5 2.89 7.5 2.65 5.4 2.40 8.5 2.40 9.0 

7.5 3.21 5.0 2.95 8.6 2.80 10.2 2.38 12.0 2.34 12.2 

10.0 3.48 5.6 3.00 7.5 2.75 9.0 2.45 10.2 2.02 10.8 

* SP- spent sorghum #D- Dry matter(%) P- Protein content (%) 

Protein production is significantly related to concentration of spent sorghum slurry (e is 0.88 for 51
h day, 

0.90 for 7'h and I l 1h days, and 0.93 at I 2'h day at p of F 0.05). 
The results of pH, dry matter, protein and fat . contents of fem1cnted spent sorghum residue with S. 
cerevisiae. Candida A 1 and Candida A2 at different days of fennentation were as shown in Tables 3, 4 
and 5). 
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The optimum pH should be kept on the acid side usually 4.5 and 6.0. ln this study, using S. cerel'tstae, the 
optimal conditions for fermentation were determined. The pH range was found to be between 5.0 - 5.1 
and the optimum period of fermentation was on the 11 th day of fermentation. There is decrease in protein 
content of spent sorghum on 15th day of fennentation. This decrease in protein content may due to cell 
Jysis. The concentration of fermentable sugar is maintained at a level not higher than that necessary for 
good yield of cells. Too little substrates encourage alcohol production rather than growth, and too much 
favors increased respiration and heat reduction and hence lowered yield f the yeast cells. The optim um 
concentration of spent sorghum residue was 7.5 gm/I 00 ml of fermentation medium. The dry matter 
content of spent sorghum residue was decreasing during fermentation by S. cerevisiae. Candida A I and 
Candida A2. This might be due to the constant utilization of nutritional materials (mainly carbohydrate) 
by the yeast isolates and also probably as a result of losses of organic materials in gaseous forms during 
fermentation (Edward, 1990). Crude protein content of unfermented spent sorghum residue was 4 .1-4.5% 
of dry matter. This value increases significantly during the fermentation process with all the three isolates . 
Noteworthy, however, is the high value o f protein content ( 12.5% of dry matter) obtained from 
fermentation with S. cerevistae. This level of protein is adequate for normal growth and production of both 
layers and broilers' chicken (Oyenuga, V.A. (1968). Using Candida Al and Candida A2, thelevel of 
protein is 10% and 9 .1 % of dry matter respectively. However, modifying the physio-chemical parameters 
for fermentation and proper nitrogen supplement may increase the protein content of fermented spent 
sorghum residue. Ether extract is 2% of dry matter for the unfermented spent sorghum residue. This value 
increased from 2 % to 6 % during fermentation with, S. c erevisiae, Candida A 1 and Candida A 2. This 
value was comparable to ether extract content of most animal feed stuffs except those of oil seeds and 
animal origin (Oyengua, 1968). There was a general decrease in the ash content of unfermented spent 
sorghum residue during fermentation with the isolates. 
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