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Abstract: The effect of fermentation using Lactobacillus fermentum (Lactic acid bacteria) on the nutritional content, anti-

nutrient quality of sorghum (samsorg 17) was investigated. Sorghum sample was subjected to three days (72 hours) submerged 

fermentation during which the Lactobacillus fermentum was inoculated using 0.5 Mcfarland standard. pH and TTA was 

recorded after every 12 hours though out the 72 hours of the fermentation. There was decrease in pH with increase in TTA as 

the fermentation time progresses. The result of the proximate analysis revealed a marginal increase in percentage protein 

content for fermented sorghum sample (7.89 to 11.50%). There was increase in moisture content and decrease in carbohydrate, 

ash content and fat contents of the fermented sorghum sample. Results from this research also showed significant reduction in 

anti-nutritional content which are tannin and phytate. Fermentation has modified the nutritional quality and anti-nutritional 

quality of sorghum and this has greatly improved the nutrient content of the sorghum. 
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1. Introduction 

Fermentation is an age long method of processing cereals 

and legumes. It modifies some physical characteristics of 

cereals and legumes, increases the level of some nutrients, 

digestibility and bioavailability, decreases levels of anti-

nutrients, increases nutrient density and imparts some 

antimicrobial property [1]. Lactic acid Bacteria (LAB) is 

important bacteria in fermented products, it is functioned 

both in fermentation process or increasing nutrient value of 

fermented products. LAB is a gram-positive, non sporing, 

catalase negative, devoid of cytochromes, of nonaerobic 

habit but aerotolerant, fastidious, acid tolerant and strictly 

fermentation [2]. LAB have been extensively used in food 

fermentation, including the production of dairy products, and 

its proteolitic activity is very important in producing flavor 

compounds of end product [3]. 

Sorghum (Sorghum bicolor) is a drought resistant cereal 

that is produced worldwide. Sorghum is the fifth most 

important crop after wheat, rice, corn, and barley [4]. 

However, in West Africa sorghum is the 2nd most important 

cereal grain after millet and just before corn. Also, sorghum 

is the primary alternative feedstuff for corn in the U.S., 

Central America, South America, and Asia and for wheat in 

Australia. In contrast to corn use in the Americas, in Africa 

and India sorghum is a staple food used secondarily as feed 

[5, 6]. Major sorghum producing countries are the U.S., 

India, Nigeria, Mexico, China, Sudan, Argentina, and 

Australia. Worldwide the area planted to sorghum steadily 

increased from 24 to 46 million hectors between 1950 and 

1980, but has decreased and stagnated at 41 million hectors 

for the past 20 years. Globally average yield increased from 

0.57 to 1.48 metric tons/ha (260%) from 1950 to 2000 
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whereas the sorghum yield in the U.S. averaged 4.4 metric 

tons/hector during that same time period. From 1992 to 1994 

Africa was producing 17.1 million metric tons (27% of the 

world’s production) on 21.8 million ha (48% of the world’s 

planted area) (5). Sorghum bicolor is widely grown in the 

semi-arid and arid savannah regions of Nigeria. [5] reported 

that sorghum is a traditional crop of much of Africa and Asia 

and an introduced and hybridized crop in the western 

hemisphere. It benefits from an ability to tolerate drought, 

soil toxicities and temperature extremes effectively than other 

cereals. In terms of the nutritive value, cost and availability, 

sorghum grain is the next alternative to maize in poultry feed 

[7]. However, the diversity of chemical composition and anti-

nutritional factors, mainly tannin resulting in variability in 

digestibility from 35 – 60% or more have been reported. 

Varieties of sorghum, climatic and soil conditions, fertilizer 

types are listed among the factors responsible for the 

variations in chemical composition of sorghum [8, 9]. The 

aim of this work is to evaluate the effect of fermentation 

using lactobacillus fermentum on the nutritional quality of 

sorghum 

2. Materials and Methods 

2.1. Collection of Samples 

The sorghum (Samsorg 17) sample was obtained from 

Institute of Agricultural Research Zaria. Lactic acid bacteria 

(Lactobacillus fermentum) was isolated and characterized in 

Food and Industrial Microbiology Laboratory, Kaduna State 

University. 

2.2. Fermentation of Sorghum 

The sorghum was packed in air tight bottles and sealed 

into autoclave and sterilized at 121°C for 15 minutes, it was 

allowed to cool to room temperature before inoculation. 

Submerged fermentation method was employed; 

Lactobacillus fermentum was inoculated using 0.5 Mcfarland 

standard and allow to ferment at 37°C for 72 hours [10] 

 
Figure 1. Flow chart for the fermentation of sorghum [11]. 

2.3. Physicochemical Analysis of Sorghum (pH and Total 

Titratable Acidity During Three Days Fermentation of 

Sorghum (Samsorg 17) Inoculated with Lactobacillus 

fermentum and the Natural Fermentation (Control) 

The changes in pH (pH meter - Surgifield medical England 

Sm - 6021A) and total titratable acidity (TTA) of fermenting 

samples were monitored for every 12 hours till the end of 

fermentation [10]. 

2.4. Proximate Composition of Fermented and 

Unfermented Sorghum 

The proximate chemical composition of sorghum samples 

was determined using the standard procedures of Association 

of Official Analytical Chemist AOAC (2005) before and after 

fermentation [12] 

2.5. Anti-Nutrients Determination of Fermented and 

Unfermented Sorghum 

The Tannin and phytate composition of fermented and 

unfermented sorghum samples of was determined using the 

procedure described by [13] before and after fermentation. 

3. Results and Discussion 

Tables 1 and 2 showed pH and TTA readings during the 3 

days’ fermentation of sorghum (Samsorg 17) inoculated with 

Lactobacillus fermentum and the control respectively. 

Fermentation was observed to reduce the pH from 4.90±0.60 

to 4.57±0.40 and increase the total titratable acidity from 

4.37±0.35 to 3.83±0.50 of the fermented sorghum from 12 

hours to 72 hours of fermentation. 

The observed increase in titratable acidity could be due to 

the dominance of the environment by lactic acid bacteria 

which degrades carbohydrates resulting in acidification. 

These observations are in agreement with earlier studies by 

[13]. The observed decrease in pH as the fermentation 

progressed (4.90-3.83) was possibly because of the 

accelerated growth of the lactic acid bacteria. This is in 

agreement with [14] who reported a decrease in pH as the 
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fermentation progressed (5.75-3.26). The pH trend of 4.90-

3.83 as the fermentation progressed is also in agreement with 

the work of [1] who reported decrease in pH as the 

fermentation time progressed. [11] revealed that Lactic acid 

fermentation gives fermented foods a sour taste and lowers 

the pH of the food, [11] further revealed a rapid drop in pH 

for lactic acid fermentation of various food grains was 

observed. [15] studied three selected cereals sorghum, rice 

and maize when fermented resulted in a decrease in pH for 

all cereal. 

The results of the proximate analysis of fermented and 

unfermented sorghum is represented in table 3. Unfermented 

sorghum had higher percentage of ash content, fat content, 

total carbohydrates and total energy while the fermented 

sorghum had higher percentage protein content and moisture 

content. 

The percentage ash content was found to higher in 

unfermented sorghum 1.20±0.21 and with a significantly 

different (P<0.05) compared to the ash content obtained in 

the fermented sorghum 0.93±0.08. The percentage fat content 

of the unfermented sorghum was 4.57±0.43 which had higher 

and significantly different (P<0.05) compared to the 

fermented sorghum with 0.37±0.06. Unfermented sorghum 

had 79.29±0.73 percentage carbohydrates content which is 

significantly different (P<0.05) compared to the fermented 

sorghum which had 77.74±0.46. The total energy was higher 

in unfermented sorghum with 389.69±4.76 kcal/g when 

compared with the value obtained in fermented sorghum with 

360.29±4.46 kcal/g. The percentage moisture content in 

fermented sorghum was higher with the value of 9.46±0.73
 

which is significantly different (P<0.05) compared with the 

value of unfermented sorghum which had 7.05±0.81. The 

percentage protein content was higher in fermented sorghum 

with 11.50±0.95 and significantly different (P<0.05) 

compared to the value of the unfermented sorghum with 

7.89±0.97 (Table 3) 

At the end of fermentation, protein content was observed 

to increase for fermented sorghum. This is in agreement with 

the reports of [16, 17] who reported that fermentation 

significantly increased protein content of sorghum. [18, 19] 

reported a marginal increase in protein content of fermented 

sorghum. This increase can be attributed to the loss of dry 

matter mainly carbohydrates or due to the action of 

extracellular enzymes produced by the fermenting 

microorganisms [13]. The increase in protein contents agrees 

with the work of [20] who reported that the use of 

fermentation may prove a means of improving product 

functionality and protein contents. [16] revealed that there 

was increase in protein content after fermentation and this 

increase in protein content could be due to the activities and 

increase in number of lactic acid bacteria present during 

fermentation. The increase in protein contents agrees with the 

findings of [20] who reported that the use of fermentation 

may prove a means of improving product functionality and 

protein contents. Many investigators have reported that 

fermentation can be effectively be used for improving 

nutritional quality of cereal grain by increasing protein 

content and digestibility [14, 18]. 

There was decrease in fat content after fermentation of 

sorghum for fermented sorghum. The decrease may be 

attributed to the breakdown of fatty acid and glycerol by 

lipolitic organisms present in the sample during fermentation. 

The break down resulted in the increase of Aroma, taste, 

odour and texture of fermented sample [1, 21]. Reduction in 

the lipid content increased the shelf life of food sample. 

Fermentation improves the fat content, these may be due to 

an increased activity of the lipolytic enzymes in the 

fermentation medium which hydrolyzed fat to glycerol and 

fatty acid [13]. 

The carbohydrate content was observed to reduce in 

unfermented sorghum. The reduction in carbohydrate levels 

agrees with the reports of [1] who revealed that carbohydrate 

level during fermentation reduces because of the activities of 

the fermenting microbes. [1, 22] also reported decrease in 

carbohydrate content during fermentation of starchy 

substrates. This decrease could be attributed to increase 

activity of α-amylase which hydrolyses starch to simple 

sugar, the sugar provides a source of energy for the 

fermenting microorganisms [13]. This reduction in 

carbohydrate content was due to the utilization of some of the 

sugars by fermenting lactic acid bacteria for growth and other 

metabolic activities. The decrease may also be attributed to 

conversion of carbohydrate to glucose and use by fermenting 

microorganism as energy source [20]. 

Contrary to expectation, the ash content was also reduced 

with fermentation. This could be due to the leaching of some 

of the inorganic matter into the aqueous medium used for the 

fermentation, fermentation improved the gross energy value 

of the seed [13]. 

Table 4 revealed the level of anti-nutritional factors found 

in the fermented and unfermented sorghum. Based on tannin 

content, unfermented sorghum had 1.65±0.27 and is 

significantly (p<0.05) different compared to the value 

obtained for fermented sorghum which is 1.15±0.20. In 

phytate content, unfermented sorghum had 0.14±0.01 and is 

significantly (p<0.05) different compared to the value 

obtained for fermented sorghum which is 0.09±0.01 

The tannin level of the fermented sorghum was observed 

to decrease; this may be due to their binding with cotyledon 

endosperm that are usually undetected by routine method due 

to their insolubility in solvent [23] or may be due to 

microbial phenyl oxidase action. Tannin content was reported 

to decrease during natural lactic acid fermentation in 

sorghum, and maize [24]. 

The observed decrease in tannin content of fermented 

sorghum is in agreement with [19] who reported that up to 14 

g/kg tannins had no significant negative effect on broiler 

growth. This is similar to the findings of [23] reported more 

sodium (Na) excretion by broilers fed high phytate diets. 

Phytate was observed to decrease for fermented sorghum, 

these findings are in conformity with reports of [24, 25] who 

reported that phytic acid content significantly (P < 0.05) 

decreases from 647.0 to 310.95 mg/ 100 g (51.9% reduction) 

after fermentation. 
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Table 1. pH during 3 days Fermentation of Sorghum (Samsorg 17) 

inoculated with Lactobacillus fermentum and the Natural Fermentation 

(control). 

Fermentation time 
pH reading 

Control 
Inoculated sorghum 

12 hours 4.90±0.60b 4.37±0.35a 

24 hours 4.87±0.50b 4.22±0.50a 

36 hours 4.80±0.50b 4.11±0.30a 

48 hours 4.78±0.30b 3.92±0.50a 

60 hours 4.59±0.40b 3.91±0.50a 

72 hours 4.57±0.40b 3.83±0.50a 

Values are Mean ± SD; Values with different superscript across the rows are 

significantly different (P<0.05) 

Table 2. Total Titratable Acidity (TTA) during 3 days Fermentation of 

Sorghum (Samsorg 17) inoculated with Lactobacillus fermentum and the 

control. 

Fermentation time 
TTA Reading 

Control 
Inoculated sorghum 

12 hours 0.126±0.003a 0.144±0.002b 

24 hours 0.180±0.006a 0.171±0.004a 

36 hours 0.198±0.003a 0.225±0.008b 

48 hours 0.225±0.005a 0.234±0.002b 

60 hours 0.252±0.005a 0.270±0.003b 

72 hours 0.315±0.003b 0.288±0.002a 

Values are Mean ± SD; Values with different superscript across the rows are 

significantly different (P<0.05) 

KEY 

Inoculated sorghum; sorghum inoculated with starter culture (Lactobacillus 

fermentum) Control; sorghum not inoculated with starter (Natural 

fermentation) 

Table 3. Proximate Composition of Fermented and Unfermented Sorghum. 

Parameters 
Unfermented 

sorghum 
Fermented sorghum 

% Moisture 7.05±0.81a 9.46±0.73b 

% Ash 1.20±0.21b 0.93±0.08a 

% Fat 4.57±0.43b 0.37±0.06a 

% Protein 7.89±0.97a 11.50±0.95b 

% Total Carbohydrates 79.29±0.73b 77.74±0.46a 

Total energy kcal/g 389.69±4.76b 360.29±4.46a 

Values are Mean ± SD; Values with different superscript across the rows are 

significantly different (P<0.05) 

Table 4. Anti-nutritional Composition of Unfermented Sorghum and 

Fermented Sorghum Grains. 

Parameters 
Unfermented 

sorghum 
Fermented sorghum 

Tannin 1.65±0.27b 1.15±0.20a 

Phytate 0.14±0.01b 0.09±0.01a 

Values are Mean ± SD; Values with different superscript across the rows are 

significantly different (P<0.05) 

Table 5. Feed Consumption Rate of Broiler Chickens Fed with Three 

Experimental Feeds (Commercial, Fermented Sorghum and Unfermented 

Sorghum Feed). 

Weeks 
Commercial feed 

group 

Fermented feed 

group 

Unfermented 

feed group 

Week 1 264.69±16.22b 229.01±11.83b 162.21±7.67a 

Week 2 399.44±23.59b 333.93±30.85b 231.48±8.23a 

Week 3 642.23±23.75c 558.78±11.18b 315.72±11.33a 

Week 4 839.26±25.90c 723.80±22.68b 396.65±9.87a 

Weeks 
Commercial feed 

group 

Fermented feed 

group 

Unfermented 

feed group 

Week 5 1117.67±10.82c 923.37±20.95b 527.29±17.61a 

Week 6 1340.56±37.41c 1141.85±33.46b 697.06±24.89a 

Values are Mean ± SEM; Values with different superscript across the rows 

are significantly different (P<0.05) 

4. Conclusions 

Fermentation using Lactobacillus fermentum was observed 

to modify both nutritional and anti-nutritional qualities of 

sorghum. The percentage protein content of fermented 

sorghum was found to be considerably higher than that of 

unfermented sorghum. Tannin and Phytates of the 

unfermented sorghum was found to be much higher than that 

of the fermented sorghum. Fermented sorghum feed performs 

considerably higher than unfermented sorghum feed, as it 

impair body weight, feed intake, carcass and organ weights in 

broiler starter and finisher diets. 
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