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Introduction
During the entire human history, populations have experienced 

changes in ecological relationships that have modified their diet 
and physical activity and eventually altered their disease pattern 
[2]. Economic development together with recent technological 
innovations and modern marketing techniques have modified 
dietary preferences, and consequently, led to major changes 
in the composition of the diet. There was a shift towards high 
fat, refined carbohydrate, and low-fiber diet [3,4]. The dietary 
transition took place first in the industrialized world and the 
Sub-Saharan Africans are facing now this same problem in their 
countries. Indeed, Sub- Saharan African (SSA) is experiencing rapid  

 
demographic and epidemiologic transitions [5]. Urbanization is 
an example of social change that has a remarkable effect on a diet 
in the developing world [6]. These transitions are associated with 
increase susceptibility to non- communicable diseases (NCDs), 
dominated by cardiovascular diseases (CVD) and related risk 
factors: obesity, diabetes mellitus, and hypertension. Recent studies 
have mainly focused on the nutritional value of traditional dishes 
in other to fight against malnutrition in terms of deficiencies of 
food. The presence of malnutrition by exceeding energy intake than 
energy expenditure in leading to obesity is increasing in the World. 
This type of malnutrition is a worldwide problem in a developed 
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country and is becoming a public health problem in developing 
countries [7]. Indeed, some studies show that traditional 
East African food habits are health benefits [8]. Other studies 
emphasize the nutritional value of dishes without considering the 
effects of cooking techniques on the level of nutrients in cooked 
products [9,10]. Nevertheless, there is a dearth of information 
on modification of the chemical composition of dishes of Bombax 
costatum, Cerathotheca sesamoïdes, Cassia tora with sorghum from 
the people of Africa and especially of Sudano-Sahelian of Cameroon 
due to urbanization. This purpose aims to determine the effect of 
culinary techniques on the chemical composition (lipid, sodium, 
fibers) of dishes with Bombax costatum, Cerathotheca sesamoïdes, 
Cassia tora, and sorghum.

Materials and Methods
Preparation and the collection of the dishes Identification 
of the recipes

 An interview was carried out on several people from the 
Sudano-Sahelian Region (Mayo-Danay–Mayo-Kani) and after seeing 
the modifications of food habits in this region. It was necessary 
to base this work on the declaration of people born before 1951, 
who do not know how to read and write. The memory of people 

between 60 years and above were considered as that of children 
under 5 years meanwhile people within 35 years, were considered 
as children under 15 years old.

Food samples
The main vegetable and flowers much consumed by those 

populations are Cassia tora, Bombax costatum, Hibiscus esculenta, 
Cerathotheca sesamoïdes, Corchorus olithorus accompanied with 
flour from two species of Sorghum (the rainy and the dry season 
sorghum). The dishes selected with vegetables were collected in 
the houses of people from this region and among these three types 
of dishes (Cassia tora, Bombax costatum, Cerathotheca sesamoïdes) 
were cooked with the different culinary techniques twice. In 
order to have a good result, the food collected from the houses of 
women (60 years old) staying in the rural area was considered as 
“traditional diet” meanwhile the dishes collected from the houses 
of young women (15-34 years) staying in the urban area were 
identified to be modern diet. These different samples collected 
from many houses were put in plastic bags sealed and transferred 
to the Food Biophysics and Nutritional Biochemistry of the National 
School of Agro- industrial Sciences. Then the samples were kept in a 
freezer at -18 °C until analysis. However, the moisture content was 
determined on fresh samples Table 1.

Table 1: Dishes description and comparison.

Recipes (“usual name”) Sample code Main ingredients

Bombax costatum T BcT Water (750ml), dallan (2-3g), dried fish (7g), salt (2-3g), powder of BcT (30g)

Bombax costatum M BcM Oil (60g), onion (119g), water (1250ml), dallan (2-3g), dried fish (8g), salt (1-2g), powder of 
BcM (50g), cube (1/2)

Cerathotheca sesamoïde T CsT Water (500ml), dallan (3-4g), salt (2-3g), vegetable CsT (136g).

Cerathotheca sesamoïde M CsM Water (750ml), oil (60g), dallan (1-2g), onion (110g), salt (2-3g), vegetable of CsT (136g), 
dried fish (7-8g), cube (2g).

Cassia tora T CtT Water (1,5l), niebe (64g), gombos (179g), salt (2-3g), vegetable of C. Tora (196g) 

Cassia tora M CtM Water (500ml), oil (60g) Corchorus olithorus (27g), groundnut (52g), dallan (2g), salt (1-
2g), cube (2g)

Dry season sorghum traditional DsST 2 liters of water, grind flour with stone of DsST

Dry season sorghum modern DsSM 2 liters of water, grind flour at the mill of DsSM

Rainy season sorghum traditional RsST 1.5 liters of water, grind flour with stone of RsST

Rainy season sorghum modern RsSM 2 liters of water, grind flour at the mill of RsST

Proximate and statistical analyses
The moisture content was determined by drying in an ordinary 

Oven at 105 °C to a constant. The energy value was calculated 
using the Atwater coefficient. weight, ash determination was 
carried out by simple incineration in a furnace at 5500C for 
48h. Lipid was determined using the soxhlet extraction method 
with hexane as the solvent [11]. The crude fiber was estimated 
following the acid digestion procedure of [12], and Carbohydrate 
by difference. Total nitrogen was determined after mineralization 
in concentrated sulphuric acid and colorimetric determination of 
ammonium following the procedure described by [13]. The crude 
protein was calculated as nitrogen*6.25. The mineral content (Na) 

was determined by Atomic Absorption Spectrophotometer (Buck 
Scientific model 210, USA). The energy value was calculated using 
the Atwater coefficient. The risk factors of the elements were 
calculated using the following formula:

                         
( )Element % 100elememt

element

New
Old

=

Statistical analyses
 The values were presented as means with their standard 

deviation (±SD). One-way analyses of variance (ANOVA) were 
used to test the effect of culinary techniques on the proximate 
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composition of samples. When the effect was significant (P< 0.05) 
a student « T » was then used for the range test to compare two 
samples.

Results and Discussion
The proximate compositions of dishes are shown in Table 2. 

The moisture content of dishes is given in gram per 100g of fresh 
weight. This moisture content ranged from 78.68 to 92.3 g/100g F.W 
in the sauces and from 84.17 to 94.90 g/100g F.W in the sorghum 
meal. The student test shows that there is a difference between 
sauces of Bombax costatum, Cerathoteca sesamoïdes, Cassia tora, 
and sorghum meal gotten from the rainy season sorghum (RsS) 
(P<0.05) meanwhile there is no difference between sorghum meal 
of dry season sorghum (DsS). The moisture content of vegetables 
and flower of Cerathoteca sesamoïdes, Cassia tora, Bombax 
costatum are 85.39, 90.70, 95.54 [14-16]. The moisture content of 
the sauces was higher than those of the vegetables because much 
water and ingredients were used for the preparation of the sauces 
in respective of the traditional and modern culinary techniques. 
The protein content of the dishes ranged from 19.73±0.32% DM 
to 27.90±0.21% DM for the dishes containing sauces meanwhile 
those ranges from 84.17±1.75% to 94.90±2.13% deal with those 
dishes containing the sorghum meal [Table 2]. In general, there is 
no significant difference between all the dishes (p<0.05). The value 
of protein in the sauce of B. Costatum while using the traditional 
and modern culinary techniques ranged from 27.90 ± 0.21% DM 
to 26.30 ± 0.10 % DM. Those of C. sesamoïdes in traditional and 
modern culinary technique ranged from 19.73±0.32% DM to 
20.18±0.22% DM and the protein content of C. tora ranged from 
25.34±0.16% DM to 24.29±0.10% DM with traditional and modern 
culinary technique. The protein content of vegetables and flowers 
of Cerathoteca sesamoïdes, Cassia tora, Bombax costatum are 5.6, 
3.98, 23,92-24,15% [16-18]. In general, there is no significant 
difference between all the dishes (p<0.05). The value of protein in 
the sauce of B. Costatum while using the traditional and modern 
culinary technique ranged from 27.90±0.21% DM to 26.30±0.10 
% DM. Those of C. sesamoïdes in traditional and modern culinary 
technique ranged from 19.73±0.32% DM to 20.18±0.22% DM and 
the protein content of C. tora ranged from 25.34±0.16% DM to 
24.29±0.10% DM with traditional and modern culinary technique. 
The protein content of vegetables and flowers of Cerathoteca 
sesamoïdes, Cassia tora, Bombax costatum are 4.2, 5.6, 3.98 [16-19]. 
These values are lower than those for the sauces cooked with these 
vegetables with their flowers. This can be explained by the fact that 
many other ingredients have been used for the preparation of those 
sauces (fish, bean (Vigna unguiculata) which is rich in protein) 
with the traditional and modern culinary techniques. There is no 
significant difference between the protein of dry season sorghum 
after using the traditional and modern setup (9.88±0.10% DM 
to 9.92±0.21% DM); and the Rainy season sorghum traditional 
and modern (10.41±0.01% DM to 9.97±0.21% DM). According 
to [20], the protein content of cereal ranged from 8 to 13% in 
general. The proteins obtain with our samples ranged from 9.92 
to 10.41%. Protein is important for our organism for they are 

used for structures of the different part of our body [21]. Hence, 
according to the study of [22], whole grains of cereals protect the 
organism against non-chronic diseases. The lipid contents of the 
sauces varying from 7.60±2.63% DW (CtT) to 54.30±0.54% DM 
(CsM) from the sauces and the content of lipid of sorghum meal also 
range from 5.43±0.54 % DM (DsST) to 7.23±0.63% DM (RsSM). In 
general, there is a difference between all the dishes (P<0.05). The 
lipid contents of the sauces cooked with the traditional and modern 
culinary techniques are different (P<0.05). The lipid contents of 
flowers of B. Costatum ranged varies from 25.91±1.04% DM (BCT) 
to 44.97±0.01% DM (BCM).

 Meanwhile, those of vegetables of C. sesamoïdes ranged from 
9.30±1.71% DM (CsT) to 54.30±0.20% DM (CsM) and the lipid 
content of vegetables of C. tora also range from 7.60±2.63% DM 
(CtT) to 43.93±0.80% DM (CtM). The values of lipid with the 
modern culinary technique are higher than those of traditional 
culinary technique. Cotton seeds oil and peanut paste are the main 
contributors to these high lipids contents of the sauces. The high 
content of lipid is transformed into triglycerides which are made up 
of a major portion of adipose tissue. High content of triglycerides 
in the body will develop non-communicable diseases. Hence, 
the lipid contents of the sorghum meal cook with the traditional 
and modern culinary techniques are not different (P>0.05). The 
lipid content of Dry season sorghum cooked using the traditional 
techniques ranged from 5.43±0.54 % DM (DsST) to 6.29±1.98% 
DM (DsSM) Dry season sorghum modern and the lipid content of 
Rainy season sorghum traditional (RsST) ranges from 6,64±0,40% 
DM to 7.23±0.63% DM. Meanwhile Rainy season sorghum modern 
(RsST) are similar. These values are higher than those found by 
Rooney et Serna- Saldivar, [23] of grain sorghum (3%) and can be 
explained by the different culinary techniques applied to these 
dishes. The carbohydrate contents of flowers of B. Costatum ranged 
from 22.94±0.11% DM (BcT) to 38.95±1.23% DM (BcM). Those 
of vegetables of C. sesamoïdes ranged from 59.16 ±2.02% DM 
(CsT) to 17.87±0.42 % DM (CsM) and the carbohydrate content 
of vegetables of C. tora ranged from 60.46 ± 0.48% DM (CtT) to 
24.46±0.90% DM (CtM). The differences observed in the sauces 
are due to culinary techniques apply to this preparation and to 
the types of ingredients which are different. On the other hand, 
the carbohydrate content of the Dry season sorghum meal drops 
from 65.71±0.49 % DM (DsST) to 60.62±0.26% DM (DsSM), and 
the carbohydrate contents for rainy season sorghum drops from 
65.71±0.49% DM (RsST) to 61.58±0.73% DM to rainy season 
sorghum modern (RsSM). The carbohydrate contents of the sauces 
varying from 22.94±0.11% DM (BcT) to 60.46±0.48DM (CtT) 
from the sauces and the content of carbohydrate of sorghum meal 
ranged from 60.62±0.26% DM (DsSM) to 74.58±0.73% DM (RsSM). 
Indicating that there is a decrease in the carbohydrate content of 
the flour obtained from the old traditional method to the modern 
method. This can be explained by the fact that, in the old traditional 
method. The flour is eating whole without sieving while with the 
modern method, the flour after milling is sieve before cooking, 
thus lost of some carbohydrates. Hence, the study of [24] shows 
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that the consumption of whole grain reduces the risk of chronic 
diseases. The fibers content of the dishes ranged from 1.6±0.1% 
DM (CsM) to 3.06±0.21% DM (CsT) in the sauces and the sorghum 
meal to 2.07±0.64 meanwhile the rainy season sorghum traditional 
is 3.06±0.21% DM with that of the Dry season sorghum modern. In 
general, the student “T” showed that the values of fibers are similar 
in the sauce of B. Costatum and C. tora but not in the sauce of C. 

sesamoïdes. The value for the C. sesamoïdes ranged from 2.88±0.56% 
DM (CsT) to 1.88±0.02% DM (CsM). The fiber content of sorghum 
meals is similar. In the Dry season sorghum, the value ranged from 
2.85±0.96% DM (DsST) to 3.06±0.21% DM (DsSM) and in the rainy 
season sorghum the value ranged from 2.07±0.64% DM (RsST) to 
2.07±0.64% DM (RsSM). Fiber helps to regulate the digestive tract 
and keep people regular, and it reduces also non-chronic diseases.

Table 2: Organic substances of dishes.

Aliments Code Moisture g/100g FM Protein g/100g FW Lipid g/100g DM Carbohydrate g/100g DM Crude Fibre g/100g DM

 

BcT 82.46±2.10a 27.90±0.21a 25.91±1.04a 38.95±1.23a 2.11±0.24a

BcM 89.59±1.88b 26.30±0.10a 44.97±0.01b 22.94±0.11b 1.99±0.07a

 P=0.03 P=0.0003 P=0.000 P=0,000 ns

Sauces

CsT 88.93±2.27a 19.73±0.32a 9.30±1.71a 59.16±2.02a 2.88±0.56a

CsM 78.68±1.98b 20.18±0.22a 54.30±0.20b 17.87±0.42b 1.57±0.11b

 P=0.003 ns P=0.003 P=0.000 P=0.016

Sorghum 
meal

CtT 83.54±1.54a 25.34±0.16a 7.60±2.63a 60.46±0.48a 2.62±0.10a

CtM 92.36±1.51b 24.29±0.10a 43.9±0.80b 24.46±0.90b 1.88±0.02b

 P=0.001 P=0.007 P=0.000 P=0.000 P=0.0003

DsST 84.17±1.75a 9.88±0.10a 5.43±0.51a 65.10±0.42a 2.85±0.96a

DsSM 87.31±2.59a 9.92±0.21a 4.83±2.26a 60.62±0.26b 3.06±0.21a

 P=ns ns ns P=0,000 ns

RsST 94.90±2.13a 10.41±0.01a 6.64±0.40a 65.71±0.49a 2.07±0.64a

RsSM 88.36±2.44b 9.97 ±0.21a 7.23±0.63a 61.58±0.73b 2.84±0.05a

 P=0.02 ns ns P=0.000 ns

DM: Dry matter. FW: Fresh weight

The values are given as mean ± standard deviation.

Different superscripts in the same line indicate significant differences (P < 0.05).

Table 3: Mineral content in mg/100g.
Dish Codes Ash (%) Na (mg/100g) Energy values (Kcal)

Sauces

BcT 4.62±0.04a 4866±1a 527±4a

BcM 3.80±0.02b 5133±1b 668±4b

 P=0.00 P=0.00 P=0.00

CsT 1.06±0.11a 6521±1a 266 ±10a

CsM 8.00±0.06b 7040±1b 745±8b

 P=0.00 P=0.00 P=0.00

CtT 4.00±0.02a 5088±1a 320±7b

CtM 5.48±0.08b 6678±1b 595±4b 

Sorghum meal

 P=0.00 P=0.00 P=0.00

DsST 17.00±0.02a 1357±3a
347±2a

DsSM 23.00±0.02b 1074±1b 396±4a 

 P=0.00 P=0.00 P=ns

RsST 15.03±0.06a 761±1a
423±2a

RsSM 5.40±0.01b 1335±2b 411±5a 

 P=0.00 P=0.00 P=ns

Dallan 1030±2,82

DM: Dry matter. The values are given as mean ± standard deviation.

Different superscripts in the same line indicate significant differences (P < 0.05)
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The fibers content of the dishes ranged from 1.6±0.1% DM 
(CsM) to 3.06±0.21% DM (CsT) in the sauces and the sorghum 
meal to 2.07±0.64 meanwhile the rainy season sorghum traditional 
is 3.06±0.21% DM with that of the Dry season sorghum modern. 
In general, the student “T” showed that the values of fibers are 
similar in the sauce of B. Costatum and C. tora but not in the sauce 
of C. sesamoïdes. The value for the C. sesamoïdes ranged from 
2.88±0.56% DM (CsT) to 1.88±0.02% DM (CsM). The fiber content 
of sorghum meals is similar. In the Dry season sorghum the value 
ranged from 2.85±0.96% DM (DsST) to 3.06±0.21% DM (DsSM) and 
in the raining season sorghum the value ranged from 2.07±0.64% 
DM (RsST) to 2.07±0.64% DM (RsSM). Fiber helps to regulate the 
digestive tract and keep people regular and it reduces also the non-
chronic diseases. The micronutrient content of the dishes varied in 
Table 3 (P<0.05). The total ash content of sauces ranged from 1.06 
± 0.11% CsT to 8.00±0.06% CsM. The ash contents of flowers of B. 
Costatum ranged from 4.62±0.04% BcT to 3.80±0.02% BcM. The ash 
content of the sauce of C. sesamoïdes ranged from 1.06±0.11% CsT 
to 8.00±0.06% CsM and the ash content of vegetables of Cassia tora 
ranged from 4.00±0.02% to 5.48±0.08%. The ash content reflects 
the content in samples of minerals. These values are lower than 
those reported by [15,16] in ash content of flowers and vegetables 
of B. Costatum, C. sesamoïdes, Cassia tora which are 9,22%, 9,11%, 
12,53%.

The variations in ash are the function of ingredients and they 
are in situ ash content. The ash content of Dry season sorghum 
ranged from 17.00±0.02% DsST to 23.00±0.02% DsSM. The 
ash content of rainy season sorghum ranged from 15.03±0.06% 
RsST to 5.40±0.01% RsSM. These values are higher than those 
of [25] in the grain of sorghum which is 1.6%. This could be due 
to genetic, climatic, and edaphic environmental factors used that 
would influence the species used. The total sodium of flowers 

and vegetables in the dishes are varying (p<0.05). In general, 
the sodium content of B. costatum ranged from 4866±1mg/100g 
BcT to 5133±1mg/100g BcM. The sodium level of C. sesamoïdes 
ranged from 6521±1 mg/100g CsT to 7040±1mg/100g CsM and 
the sodium level of C. tora ranged from 5088±1mg/100g CtT to 
6678±1mg/100gCtM. Nevertheless, the values of sodium are 
higher in the sauces of modern culinary technique B. costatum, C. 
sesamoïdes and, C. tora than those of traditional culinary technique. 
The high value observed in the modern culinary technique can be 
explained by the presence of ingredients like a salt, cube, dallan 
(1030±2,82mg/100g of sodium) which are rich in sodium.

The total sodium content of the sorghum ranged from 
761±1mg/100g in rainy season sorghum (RsST) to 1357±3mg/100g 
in dry season sorghum (DsST). The sodium content of the sorghum 
meal from dry season sorghum ranged from 1357±3mg/100g 
(DsST) to 1074±1mg/100g (DsSM). The content of sorghum meal 
from rainy season sorghum ranged from 761±1mg/100g (RsST) to 
1335±2mg/100g (RsSM). These values are higher than those found 
by [26] in the grain of sorghum with a value of 6mg/100g. But, in the 
rainy season sorghum with the traditional culinary technique, this 
value is higher than those of grain of sorghum. This could be justified 
by the milling of the grain sorghum. Sorghum grain promotes the 
release of minerals during various technical treatments. Moreover, 
according to [27], the excess sodium content in the body will help 
to expand the blood pressure and the development of hypertension 
in these populations. Hence, the presence of sodium in excess in the 
blood will increase also the non-chronic diseases. The total energy 
of sauces varied in Table 4 (P<0.05). It ranged from 266±10kcal 
CsT to745±8 CsM. The energy level of B. costatum increased from 
527±4kcal BcT to 668±4kcal BcM. The energy level of C. sesamoïdes 
increased from 266±10kcal CsT to 745±8kcal CsM and the energy 
level of C. tora increased from 320±7kcal CtT to 595±4 kcal CtM.

Table 4: Food risk factor.

Dish CODE Culinary techniques Lipid Na Crude fibre

Sauces

Bc M/T 1.65 1.05 0.94

Cs M/T 5.56 1.02 0.55

Ct M/T 5.74 1.31 0.72

Sorghum meal
DsS M/T 0.88 0.79 1.07

RsS M/T 1.09 1.75 1.33

These values of energy are higher in the sauces of modern 
culinary techniques cooked in the urban area (B. costatum, C. 
sesamoïdes, C. tora) than those of traditional culinary techniques 
cook in a rural area. This result is similar to what has been 
reported by [28] in Tunisia who found that urbanization promotes 
the consumption of energetic food. The student test showed no 
significant difference between the energy content of sorghum. The 
energy content of the sorghum ranged from 347±2kcal in dry season 
sorghum (DsSM) to 423±2 kcal in rainy season sorghum (RsST). 
The energy content of the sorghum meal from dry season sorghum 

ranged from 347±2kcal (DsST) to 396±4kcal (DsSM) are similar. 
The energy content of sorghum meal from rainy season sorghum 
ranged from 423±2kcal (RsST) are similar to 411±5 kcal (RsSM). 
The food risk factor on a dish with modern culinary techniques has 
been evaluated on lipid, sodium, and crude fiber [Table 4]. The risk 
factor of lipid in sauces increased from 1.65 B. costatum to 5.74 
C. tora. The risk factor of sodium in sauces increased from 1.02 C. 
sesamoïdes to 1.31 C. tora. The risk factor of crude fibers in sauces 
increased from 0.55 C. sesamoïdes to 0.94 B. costatum. In general, 
the modern culinary technique increases the food risk factor in 
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sauces. The risk factor of lipid in sorghum meal ranged from 0.88 
dry season sorghum (DsS) to 1.09 rainy season sorghum (RsS). The 
risk factor of sodium in sorghum meals ranged from 0.79 in dry 
season sorghum (DsS) to 1.75 in rainy season sorghum (RsS). The 
risk factor of crude fibers in sorghum meal ranged from 1.07 in dry 
season sorghum (DsS) to 1.33 in rainy season sorghum (RsS).

Conclusion
Modern culinary techniques sauces (B. costatum, C. sesamoïde, 

C. tora) are rich in lipid, sodium and have a low content of fiber, the 
energy value of these sauces are higher than that of the traditional 
culinary techniques. Traditional culinary techniques sauces are not 
rich in lipid, sodium but do contain much fiber in the sauce of C. 
sesamoïde. The modern culinary technique is richer in ingredients 
than the traditional technique. Nevertheless, our study confirms 
that there is a risk factor from food sauces prepared from the new 
system of preparation in the urban area, which is the Sudano-Sahel 
region of Cameroon.
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