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Abstract

The effect of Gurusa, a fermented traditional food on lipid profile and body weight was investigated.
Thirty male albino rats weighing between 75 - 115 g assigned into five study groups designated A
to E (n = 6) were fed 20 g of prepared pellets and tap water given ad libitum. The animals were
served graded doses of Gurusa. Group A was served 100% rat chow pellets (made of maize bran);
groups B, C and D were given pellets of 75% rat chow and 25% Gurusa, 50% rat chow and 50%
Gurusa, 25% rat chow and 75% Gurusa respectively while group E was served 100% Gurusa. The
lipid profile showed a dose dependent effect of Gurusa administration as one moves down the
groups. Group D had a reverse action of group B and showed significant (P < 0.05) increase in TC, TG
and HDL compared to groups A and B but a significant (P < 0.05) decrease in LDL compared to group
B. Weight changes in group B produced a significant (P < 0.05) increase in MWI and GR compared to
the other groups. There was no significant (P = 0.05) difference in MWI and GR of group D when
compared with group A. However group C showed significant (P < 0.05) increase in MWI and GR
when compared with group A. Gurusa consumption alters both lipid profile and body weight and its
combination with maize bran or other foods rich in dietary fibre, have potential to serve therapeutic
purposes in the prevention of atherosclerosis and obesity depending on the intended objective.
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1. Introduction

Fermentation is a desirable process involving the biochemical modification of the primary food matrix by en-
zymes inherent in microorganisms. Fermentation of cereals generally leads to an improvement in the shelf life,
texture, taste and aroma, nutritional value and digestibility and significantly lowers the content of anti-nutri-
tional factors in cereals [1]. The microorganism responsible for the fermentation may be the micro-flora indige-
nously present on the substrate or they may be added as a starter culture [2]. Fermented foods are produced
worldwide; however, the main fermentation processes or types are alcoholic, lactic acid and acetic acid fermen-
tations [3].

In Africa, every country and/or community has its recipe for fermentation of indigenous foods and drinks [4].
A variety of cereals are used either singly or mixed to produce a number of fermented beverages and foods [5].
In Uganda, the traditional cereal-based fermented beverages and foods such as Gurusa, are still prevailing in
both rural and some urban communities.

Gurusa is a traditional fermented, baked pancake with a spongy texture common among the Nubian commu-
nity of Uganda. It is a product of fermentation composed of wheat and maize flours, of which wheat is the most
dominant ingredient. Gurusa, among the Nubians is considered the most precious food which is normally served
as a component on main course meals or as a snack with tea. The Nubians are believed to have their origin in
Southern Egypt and Sudan and currently distributed in Kenya and Uganda [6]. In Uganda, the Nubians were
brought by the British way back in the colonial period [6], and now are distributed in areas of Bombo, Namu-
wongo, Kibuli, Naguru, Arua and Entebbe. Wheat, a component of Gurusa, has a high content of amylopectin
(three-fourths of total starch) that yields a lot of glucose (about 1000 molecules per molecule of amylopectin)
compared to amylose (200 molecules of glucose). This gives it a high glycaemic index (GI) which can be impli-
cated in hyperglycaemia and possibly diabetes, cardiovascular diseases and even cancer [7], however, fermenta-
tion has been associated with improved quality and nutrient content of a product. It reduces the glycaemic index
of a food material thereby improving the blood glucose control, the blood lipid profile, and fibrinolytic activity
[8].

There is indeed a relationship between the type of diet consumed and the health status of an individual, as di-
ets rich in saturated fatty acids increase the cholesterol level in the body. But such diets are also appetizing and
cause an individual to increase their consumption. This combined with poor lifestyle, increases the prevalence of
bad cholesterol in the body (LDL-C). Many complications like atherosclerosis, coronary thrombosis or coronary
artery disease have been linked to the deposition of excessive cholesterol in blood vessels, which has always
been the initiative of most health institutions and organizations to combat such complications. Epidemiological
studies have revealed that by 2015 one in three deaths worldwide will be due to cardiovascular disease [9], and
the prevailing factors remain high levels of serum total cholesterol (TC), low-density lipoprotein (LDL), total
triglyceride (TG) and decreased levels of high-density lipoprotein (HDL).

There are currently no available data showing the relationship between Gurusa consumption and lipid profile
and body weight, therefore the determination of these parameters in albino rats fed Gurusa might help in estab-
lishing a kind of relationship. The outcome of this research will help communities especially those of the Nubi-
ans to make informed choices about the health status of the foods they consume.

2. Materials and Methods

2.1. Equipment, Chemicals and Reagents

Material used in the laboratory included crucibles, drying oven, desiccator, weighing balance, forceps, glass rods,
steam bath, distillation flask, Buchner flasks, sintered glass crucible, cling film or aluminium foil, phenolphthal-
ein indicator, muffle furnace, water bath, hot plate, Soxhlet distillation flask and extractor, fat-free extraction
thimble and reflux condenser.

All chemicals and reagents used in this work were of analytical grade.

2.2. Raw Materials and Preparation of Gurusa

2.2.1. Raw Materials
The raw materials used included refined wheat flour, maize flour, baking powder, sugar and cooking oil. These
were obtained from Bam Supermarket and Mbale Central Market in Mbale town, Uganda.
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2.2.2. Preparation of Gurusa

The preparation of Gurusa was done based on interaction with experienced traditionalists of the local Nubian
community. To a fermenting bowl, 500 g of wheat flour was mixed with 250 g of maize flour, and 750 mL of
lukewarm water (37 C) was then added and mixed to make a thick paste referred to as Lagini Gurusa (Figure 1).
The bowl was then placed in a water bath maintained at 39 C, and was allowed to ferment (Fulu) for 12 hours.
To the fermented Lagini Gurusa was added 250 g of wheat flour, 60 g of sugar, 125 g of maize flour and 200
mL of hot water and thoroughly mixed to ensure consistency. The baking tray was preheated, and 6 g of baking
powder was then added to the Lagini Gurusa and mixed, where, small quantities were then poured to a greased
preheated baking tray and spread to make thin walled pancakes and this was added one at a time (Figure 2).

2.3. Proximate Analysis of Maize Bran and Gurusa

The analysis of the proximate composition of maize bran, Lagini Gurusa and Gurusa was carried out using the
official methods of analysis of the Association of Official Analytical Chemists [10].

Energy Value
The energy value of Gurusa was obtained from the formulae given below:
Energy value (kJ/100g) =[ (37 x fat)+ (17 x carbohydrate) + (17 x protein) | [11].

2.4. Sensory Evaluation of Formulated Gurusa

Sensory evaluation of the product sample was done at Islamic University in Uganda from the Food science and
Nutrition laboratory. The panellists (n = 30) were from the Department of Food Science and Nutrition and the
University community. They were recruited on the criteria that they did not have any food allergies, and no in-
formation was availed to the panellists on the amounts and ingredients in the food samples. This was done to
minimize biasness. For sample evaluation, 50 g of the product samples from each formulation was placed into
plastic disposable plates coded “A” and “B”. Samples from each formulation were served to each panellist.
Samples were presented to panellists in random order. In addition, panellists were provided with sensory evalua-
tion questionnaire to be filled in and purified water for rinsing their mouth in between sample tests. Panellists
were requested to consume the sample and rinse their mouth with the water provided between samples to mini-
mize any residual effect. A 5-point hedonic scale ranging from dislike definitely to like definitely was used to
evaluate the acceptance of the two product samples based on the attributes of odour, taste, balance of sweetness
and acidity and general acceptability. The mean scores were then determined and recorded (where 1, 2, 3, 4 and
5 points represented dislike definitely, dislike mildly, neither like nor dislike, like mildly and like definitely re-
spectively).

2.5. Animal Experiment

Male albino rats were obtained from the animal house, Department of Biology, Tororo Girls College, Tororo,

Figure 1. Fermenting Lagini Gurusa during preparation of Gurusa.
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Figure 2. Process flow chart for Gurusa making.

2.5.1. Preparation of Gurusa Pellets for Animal Feed
Prepared Gurusa was ground to the least particle size, and then the different concentrations were prepared based
on 100 g weight, blended and mixed with 10 mL of distilled water. The mixture was then moulded into pellets
of five grams and oven dried at 45 C for 4 h to obtain the Gurusa feed. Feeds were weighed from the prepared
pellets daily for administration to the various experimental groups.

Uganda. The animals were kept in well-ventilated laboratory cages with 12 h day/night cycles and allowed to
acclimatize for a week and fed with rat pellet of maize bran and given water ad libitum, until they weighed be-
tween 75 - 115 g before being used for the animal experiment. The principles of laboratory animal care were
dully followed.
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2.5.2. Experimental Design
In this experiment, male albino rats were used as models. The experiment involved the use of 30 animals which
were divided into five groups of 6 animals each. The animals in each group were placed in separate cages.

Group A: Normal control animals were given normal feed and water only.

Group B: Experimental animals fed with 25% Gurusa and 75% normal feed and water.
Group C: Experimental animals fed with 50% Gurusa and 50% normal feed and water.
Group D: Experimental animals fed with 75% Gurusa and 25% normal feed and water.
Group E: Experimental animals fed with 100% Gurusa and water only.

Each of the animals were fed 20 g of the prepared pellets and the weights of the animals were measured daily
with the use of DT-1001A electronic weighing balance before fresh feeds could be administered and the weights
of the actual feeds that were eaten were determined by weighing the remainder of the feeds. The experiment was
set for 21 days sub-chronic evaluation [12] [13], after which, the animals were subjected to an overnight fast of
14 h penultimate to the day of sacrifice after anaesthesia. Principles of laboratory animal care according to
ETS-123 [14] were applied. All experiments and procedures were examined and approved by the University
Ethics Committee.

2.6. Biochemical Analysis of Blood Samples Obtained from Experimental Animals

Blood from the animals was obtained by cardiac puncture using a 3 mL syringe with a 23 G, 1 needle [15]. The
blood was collected into 4.0 mL BD vacutainers CAT (REF 369032), and placed in a cool box and kept in a re-
frigerator at 4°C until required for use.

Serum Lipid Profile Determination

The serum HDL, total cholesterol and triglycerides were determined using the automated machine Human Star
180 chemical analyzer with all concentrations given in mg/dL. The LDL cholesterol was determined by differ-
ence [16], as shown below:

Total Chol. —(triglyc/5.0)—HDL chol. (mg/dL)

2.7. Statistical Analysis

Data obtained from the experiment was presented as mean = SEM after calculation using Microsoft Office Excel
2007. The data was also subjected to a one way analysis of variance (ANOVA) and post hoc (LSD) and inde-
pendent-sample T-test for levels of significance using SPSS version16.0. The levels of significance were ac-
cepted at P < 0.05.

3. Results

3.1. Results for Proximate Composition of Maize Bran, Lagini Gurusa and Gurusa

The proximate parameters analyzed included crude protein, crude fat, moisture content, ash content, total car-
bohydrate, crude fibre, total reducing sugar and energy value. The results for proximate composition of maize
bran, Lagini Gurusa and Gurusa are shown in Table 1.

3.2. Results of Sensory Evaluation

The sensory attributes of Gurusa evaluated included odour (flavour), taste, balance of sweetness and acidity, and
overall acceptability for samples A and B. Results of the sensory evaluation of the two Gurusa samples are
given in Table 2. There was no significant (P > 0.05) difference in the odour and the balance of sweetness and
acidity between samples A and B but there was a significant (P < 0.05) difference in taste and the overall ac-
ceptability between the samples.

3.3. Results of Serum Lipid Profile of Albino Rats Fed Gurusa

The serum lipid parameters determined included Total cholesterol (TC), Total triglycerides (TG), Low density
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Table 1. Proximate composition of maize bran, Lagini Gurusa and Gurusa [w/w dry mass basis (%)].

Composition Maize bran Lagini Gurusa (Unfermented) Gurusa (fermented and baked)
Crude protein 9.85 + 0.06° 10.65 * 0.06" 12.88 + 0.05°
Crude fat 11.66 + 0.02° 0.54 £0.01° 0.20 £0.01°
Moisture content 16.01 + 0.09° 55.23 + 0.06" 49.25 +0.02°
Ash content 4.37+0.01° 0.23+0.01° 0.43+0.01°
Crude fibre 13.29 £0.11° 0.36+0.01° 0.28 +0.01°
Total reducing sugar 19.39+0.12* 40.71+0.18 30.34 +0.16°
Total carbohydrate 58.12 + 0.08% 33.35 £0.07° 37.25+0.07°
Energy (kJ/100g) 1586.83 +1.73% 768.12 £0.78" 859.47 +0.20°

Values are mean + SEM; n = 3.
abe\/alues with different superscripts are significantly different at P < 0.05.

Table 2. Sensory evaluation.

) ,,,,,,,,,,,,VVV%Parameter Odour Taste Balance of sweetness and acidity Overall acceptability
Samples
A 4.00 £0.18° 3.42 £0.21° 3.42 £0.24° 3.53+£0.22°
B 458 £0.15° 4.84 +0.08 4.37+0.18° 470+0.12°

Values are mean = SEM; n = 30.
“Pvzalues with different superscripts are significantly different at P < 0.05.

lipoprotein (LDL), High density lipoprotein (HDL) and Low density lipoprotein to High density lipoprotein
(LDL/HDL) ratio for all animal groups. The results of serum lipid profile of albino rats are indicated in Table 3.
The TC values showed no significant (P > 0.05) difference between groups A, B and C as well as between
groups D and E, but there was a significant difference in TC values between groups A, B, and C compared with
groups D and E The highest TC value was observed in group D (148.33 + 2.25) whereas the least in group B
(119.00  1.37).

The TG values showed a significant (P < 0.05) difference between group A and the rest of the groups. The
TG values of group B was significantly (P < 0.05) decreased compared with the rest of the groups but there was
no significant (P > 0.05) difference between groups C and D as well as between D and E. The highest TG value
was observed in group E (125.25 + 4.04) whereas the least in group B (62.00 £ 3.98).

The HDL values showed a significant (P < 0.05) difference between group A compared with groups B, C and
D but no significant (P > 0.05) difference when compared with group E. The HDL values for groups B and C
were significantly (P < 0.05) decreased while that of group D was significantly (P < 0.05) increased compared
with the rest of the groups. The highest HDL value was observed in group D (96.33 + 0.62) whereas the least
HDL in group B (62.00 + 2.06).

The LDL values showed no significant (P > 0.05) difference between groups A, C and D as well as between
B and E, but when groups A, C and D were compared with B and E, there was a significant (P < 0.05) difference
between them. The highest LDL value was observed in group B (44.6 + 3.09) whereas the least in group A
(27.55 £ 2.99).

There was no significant (P > 0.05) difference in LDL/HDL ratios between groups A, D and E as well as be-
tween groups B, C and E, however group D was significantly (P < 0.05) decreased compared with groups B, C
and E The highest LDL/HDL ratio value was observed in group B (0.730 + 0.079) whereas the least LDL/HDL
ratio value was shown in group D (0.297 £ 0.013).

3.4. Results of Body Weight of Rats during Animal Experimentation

Weight parameters taken during animal experimentation included mean weight increase (MWI1) and growth rate
(GR) for albino rats in all groups on the initial day and days 4, 8, 12, 16 and 20. The results of body weight
changes of rats are presented in Table 4. The body weights showed a significant (P < 0.05) difference between
groups A, B and E on the initial day and day 4. There was no significant (P > 0.05) difference for body weights
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Table 3. Serum lipid profile of albino rats fed Gurusa.

Parameter
Group (m-gl;-/c(; L) (mgfj L) (:gl/DdLL) (nITg%_ L) LELAEEL Reits
A  12375+15%° 92.25 + 2.56° 77.75+0.96° 2755 + 2.99° 0.356 + 0.043*
B 119.00 + 1.37° 62.00 + 3.98° 62.00 + 2.06° 44,60 +3.09° 0.730 £0.079°
C 122.67 + 2.62° 110.33 + 4.09° 64.33 +3.79" 36.27 £1.92% 0.578 + 0.059"
D 148.33 +2.25° 117.00 + 1.22% 96.33+0.62° 28.60 + 1.39° 0.297 +£0.013°
E 145,50 + 0.56° 125.25 + 4.04° 77.50 + 1.25° 42,95 +2.57° 0.557 £ 0.042®

Values are mean + SEM; n = 6.
abedy/alues with different superscripts are significantly different at P < 0.05.
TC = total cholesterol, TG = total triglyceride, HDL = high density lipoprotein, LDL = low density lipoprotein.

Table 4. Weight changes of albino rats fed Gurusa.

Parameter » Body Body Body Body Body
I\Tvletgglh?(()gd)y weight (g) weight (g) weight (g) weight (g) weight (g) MWI (%) GR (%)
Group Day 4 Day 8 Day 12 Day 16 Day 20
A 96.03+5.35 99.83+530° 101.30 £5.14® 10470 +3.97® 113.07+501® 11583+4.62° 20.98+2.86°  99.00 + 10.9*
B 7727+092° 8520+1.07° 9253+0.64° 100.23+0.35° 104.73+043° 11153+093° 4445+2.84° 171.33+9.12°
C 96.63+2.49° 100.50 +2.89° 10550+274° 110.37 +2.19® 10850+ 1.42® 108.10+1.44° 12.02+2.31° 57.33+10.2°
D 96.77+2.05° 96.93+194° 10643+1.33* 11150+045 116.33+147° 118.80+2.60° 2276+0.10° 110.17 +2.76°
E 114.1+5.47° 12050 £2.82° 12533+2.97° 128.03£3.75° 127.93+3.73° 128.77 379" 13.20+3.05° 73.33 % 14.0°™

Values are mean + SEM; n = 6.
abedy/alues with different superscripts are significantly different at P < 0.05.
MWI = Mean weight increase, GR = Growth rate.

on the initial day, day 4, 8, 12, 16 and 20 between groups A, C and D. However, at day 20, there was no signifi-
cant (P > 0.05) difference in body weights between all the groups except with group E which remained signifi-
cantly (P < 0.05) increased.

The MWI values showed a significant (P < 0.05) increase in group B compared with the rest of the groups,
whereas group D showed no significant (P > 0.05) difference with the rest of the groups except B and C. The
highest MWI value was observed in group B (44.45 + 2.84) whereas the least MWI value was shown in group C
(12.02 + 2.31).

The GR values followed a similar pattern as the MWI except that there was a significant (P < 0.05) difference
in this case between groups A and C. The highest GR value was observed in group B (171.33 + 9.12) whereas
the least GR value was shown in group C (57.33 £ 10.2).

4. Discussion

The fermentation of Lagini Gurusa brought about the modification of its proximate composition. The proximate
analysis of Gurusa revealed higher protein content than the unfermented Lagini Gurusa even more so than
grains of wheat and maize (10.6% and 9.8% respectively) as was reported by Alias & Linden [17]. There was
also increased ash content which is a measure of its mineral content. This is so because fermentation leads to in-
creased concentration of vitamins, minerals and protein especially when measured on dry weight basis [1]. The
present research showed an increase in total carbohydrate and decrease in total reducing sugar. This observation
was consistent with what was reported by Omemu [18] on the fermentation of maize for ogi production. The fat
content of Gurusa was decreased compared with the unfermented dry weight matter. This is in agreement with
earlier reports that fat content of fermented products are decreased [19] [20]. The fibre content for Gurusa was
decreased compared to the dry weight of the raw material [21]. Omemu [18] and Wizna et al. [21] have all re-
ported decreased levels in crude fibre content of fermented foods. Possible reason for this decrease may be as a
result of breakdown of resistant starch to soluble form [22]. High moisture content has been reported for fer-
mented food products [18] [23] but the Gurusa produced had lower moisture content due to the fact that it was
also baked after fermentation and this may have ultimately reduced the moisture content.
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The preferred form of Gurusa after sensory evaluation result was used for the administration to experimental
animals. Biochemical analysis of serum lipid which included TC, TG, LDL and HDL was carried out at the end
of the animal experiment. Total cholesterol is a direct cholesterol measurement of all cholesterol molecules in
the blood and includes Low density lipoprotein (LDL), high density lipoprotein (HDL), and very low density
lipoproteins (VLDL). The study on the lipid profile shows a direct relationship between the concentration of
Gurusa and the TC and TG while that of HDL was not clear-cut as the HDL level dropped at 100% Gurusa ad-
ministration. Conversely there was no clear-cut relationship between the concentration of Gurusa and the LDL
and LDL/HDL ratio as they were increased at 100% Gurusa administration. Increased cholesterol and triglyc-
eride levels have been implicated as risk factors in cardiovascular diseases [24]. In this work, there was general
increase in TC with increased Gurusa administration from 25% to 100% but there was no significant difference
between the 0% administration (group A) and the 25%, and 50% administration representing group B and C re-
spectively. But these groups had increased LDL levels which have a strong correlation in cardiovascular dis-
eases and a leading cause of death. The increased TC and TG in group D is strongly compensated with a sig-
nificantly increased level in HDL and a decreased level in LDL. Fibre is known to bind with cholesterol during
the formation of micelles, which results in reduction of cholesterol content of hepatic cells [25] [26], therefore
the high level of fibre in group A diet may have created the difference in cholesterol level compared to groups D
and E which was a fermented diet (Gurusa) with reduced fibre. In a recent report fermented soy milk was found
to reduce both TC and TG levels in a dose dependent manner [27] but in this work only at 25% Gurusa admini-
stration was this achieved to the extent that a significant decrease in serum TG occurred compared to the exclu-
sively unfermented maize bran diet of group A. The 25% Gurusa administration (group B) however did not fare
well in LDL and HDL values as they were significantly increased and decreased respectively compared to group
A. The LDL/HDL ratio also showed significant increase compared to group A. It is not quite clear why the in-
creased TC and TG levels followed a dose dependent action of Gurusa administration but at 75% Gurusa ad-
ministration (group D), the HDL level was significantly increased and the LDL/HDL ratio was decreased com-
pared to group A. These attributes are good for cardiovascular health. It is very likely then that increased serum
TC and TG in group D may be as a result of synthesis of phospholipids in the liver [28]. However all values ob-
tained in the experiment for lipid profile of Gurusa administration were within the desired ranges of <200
mg/dL for both TC and TG, <100 mg/dL for LDL and >60 for HDL as reported by NHLBI [29].

MWI was directly related to GR. MWI and GR values were highest when LDL value was highest and HDL,
TC and TG were lowest corresponding to 25% Gurusa administration. There was no clear-cut relation between
lipid profile of Gurusa administration and weight gain but there appeared to be a regulated weight gain with in-
creased Gurusa administration as there was a decrease in MWI and GR with increased Gurusa administration
compared with control (group A) and group B (25% Gurusa). Excessive weight gain has been used as a way of
assessing for obesity [30]. Actually obesity is a condition characterized by excessive fat accumulation, resulting
in metabolic impairments, and is associated with increased risk for diabetes, cardiovascular disease, disability,
and mortality [31] [32]. Collective increased TG and TC with decreased HDL have been implicated in over-
weight [33]. But it was not clear in the present research as group B which gave the highest weight gain collec-
tively had decreased levels of TC, TG and HDL. The others which had increased TC and TG had increased HDL
and reduced weight gain. There was therefore no systematic or conventional pattern of serum lipid profile on
Gurusa administration, but at 25% Gurusa with 75% maize bran administration decreased levels of TC, TG and
HDL were observed with increased weight gain. Conversely at 75% Gurusa with 25% maize bran administra-
tion, there was increased TC, TG and HDL with regulated weight gain.

5. Conclusion

Gurusa consumption alters both lipid profile and body weight and its consumption with maize bran or other
foods rich in dietary fibre have potential to serve therapeutic purposes in the prevention of atherosclerosis and
obesity depending on the intended objective. This research may help people to make informed food choices es-
pecially as regards evaluating the health status of its indigenous foods.
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