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ABSTRACT: Micronutrients deficiencies are of great concern in the far north Region of Cameroon and can be fought through
the promotion of local food resources. Among them are Moringa oleifera leaves which are rich in proteins of good quality,
vitamin A, vitamin C, iron and zinc. Our study aims to determine the nutrient composition of local traditional sauces involving
Moringa leaves. This was done through the identification of the various recipes, their implementation and the processing of
samples prior to biochemical analyses. The contents in moisture, ash, proteins, lipids were determined by standard AOAC
methods. Iron and zinc contents were determined by atomic absorption spectrophotometry and vitamin C, phenols and
phytate by spectrophotometric methods. The results show pH levels ranging from 7.25 to 8.63, lipid contents varying from
39.00 to 58.30 g/100g DM and proteins content varying from 13.25 to 29.48 g/100g DM. Iron and zinc levels were also
important, ranging respectively from 5.86 to 25.47 mg/100g of DM and 0.37 to 3.30 mg/100g of DM. The vitamin C has not
been detected in the sauces and the levels of total phenols and phytates were very low (less than 1g/100g of DM). Although
the traditional Moringa sauces studied are good sources of nutrients like proteins, iron and zinc, their high pH levels and
cooking method that destroy all the vitamin C might compromise the bioavailability of these minerals.
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1 INTRODUCTION

The Northern part of Cameroon is characterized by a semi-arid climate which however befits the culture of Moringa
oleifera (M.0.), a fast growing shrub native of India [1]. The leaves of this plant which are part of the diets of local
populations are characterized by a high nutritive value. They are rich in vitamin A, vitamin C, iron and zinc [2], [3]. In addition,
they contain high amounts of proteins made up of all the essential amino acids [4]. All these properties make M.O. leaves to
be an interesting food for the fight against micronutrients deficiencies in this region where 36.5% of women of childbearing
age and 63.5% of children under 5 years have a deficient iron status [5].

Anemia from iron deficiency results in adults with reduced physical capacity and productivity [6]. In pregnant women,
severe anemia is responsible of 20% of maternal deaths and increases the risk of morbidity and fetal and neonatal mortality
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[7]. Anemic children are intellectually less efficient, have behavioral troubles and a slow growth [8]. Zinc deficiency in turn
has a negative impact on the immune system and is associated with a higher risk of infectious diseases [9], [10].

Previous studies showed that sauces made with leafy vegetables are good sources of micronutrients [11], [12]. In Senegal,
Ndong et al. showed that the fortification of traditional meals with the powder of M.O. leaves increases significantly their
protein and iron contents [13]. Other studies on Cameroonian vegetables put emphasis on their nutritive value without
considering the effects of cooking techniques on the level of nutrients in cooked products [14], [15]. In addition, no study has
been carried out on the nutrient value of the various recipes involving Moringa leaves in the far north Cameroon. Therefore
our study aims to determine the composition of the different traditional Moringa sauces that are consumed in that Region.

2 MATERIALS AND METHODS
2.1  IDENTIFICATION OF THE RECIPES

The recipes of 13 Moringa sauces were written down based on data collected during a survey conducted in January 2012
in 243 households belonging to rural and urban areas of the far-north Region of Cameroon. During home visits to 04 different
women in Maroua, details concerning the types and quantities of ingredients used were noted, along with the preparation
procedure.

2.2 PREPARATION OF THE SAUCES

Fresh leaves were collected from the same field located in the outskirt of Maroua. The other ingredients were purchased
at the main food market of the town (marché abattoir) and stored at 4°C. The different sauces were prepared as shown in
figure 1, in the kitchen facilities of the laboratory of Biosciences of the Higher Institute of the Sahel, Maroua, Cameroon.
After cooling, the sauces were then homogenized using a domestic blender (Super Master Blender SMB-2898) and each
sample was divided into three aliquots. The first aliquot was used to determine the pH using of a digital electronic pH meter
(pHep HI1 98107). The second aliquot was dried in hot air oven at 45 + 2°C until moisture free, homogenized again using pestle
and mortar, packed in polyethylene pouches and stored at -20°C till further analysis. The third aliquot was used for proximate
analysis.

Each dish was prepared in triplicates and care was taken to prevent mineral contamination at every stage.
2.3 THE PROXIMATE ANALYSIS

The moisture content was determined by drying fresh sample in an oven at 105°C until constant weight, ash by
incineration in a muffle furnace at 550°C for 48 h, protein by the Kjeldahl technique with total proteins calculated by applying
the factor 6.25 to the nitrogen values, and lipids by extraction using the standard Soxhlet procedure [16].

24 MICRONUTRIENTS ANALYSIS

Total iron and zinc contents were determined by Flame Atomic Absorption Spectrometry [17]. Vitamin C were measured
by the redox reaction using N- Bromosuccinimide [18].

25 ANTINUTRIENTS ANALYSIS

Phytates were determine by spectrophotometric method according to Ali et al., [19], and total phenols using the Folin-
Ciocalteu reagent [20].

2.6 STATISTICAL ANALYSIS

The statistical analysis of data was done by one way Analysis of Variance (ANOVA) using the software IBM SPSS Statistics
version 19.0.1. Differences between means were tested using the Duncan Multiple Range Test with 5% level of significance.
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3 RESULTS AND DISCUSSION

Table 1 describes the 13 Moringa sauces studied. From this table, it appears that the percentages of incorporation of
Moringa leaves vary from 14.9 to 16% for recipes using fresh leaves and from 4,3 to 4,6% for recipes using dried leaves. The
values observed are lower than those obtained by Madhu for Indian sauces involving fenugreek (30%) and spinach leaves
(40%) [21]. The lower percentages obtained in our study are due to the presence of other ingredients, and also to large
quantities of water added during preparation. Although the percentages of incorporation of dried leaves were lower, we
noticed that the consistence of the sauces obtained was similar to the ones containing fresh leaves. This can be explained by
the reabsorption of water by the dried leaves during cooking.

The proximate composition of M. oleifera sauces are shown in Table 2. The moisture content of the different sauces
analyzed does not vary (p < 0.05). The high values of moisture observed are due to large quantities of water added during
preparation of the sauces and to the important water content of the ingredients like the M. oleifera leaves, tomato, onion,
fresh meat [22]. All the sauces had varied amounts of pH, ash, lipids, and proteins contents. The pH of the sauces range from
7.25 + 0,07 to 8.63 + 0,61 and are higher than those observed by Madhu with Indian green leafy vegetable based products
(from 5.09 to 7.43) [21]. The presence of extract of wood ash (tchoukouri) which is of alkaline nature among ingredients may
explain these high values. Alkaline pH has been reported to be and inhibiting factor of the Nonheme Iron Absorption because
it drastically reduce the solubility of ferric ions [23]. The total ash content of the sauces ranged from 5.46 + 0,11to 10.44 *
0.37 g/100g DM. These values are similar to those reported by Ponka et al. in dishes consumed in Ngali Il region of
Cameroon, but higher than those reported by Kayode et al. on selected indigenous soups in Nigeria [24], [25]. The variations
in ash are the function of ingredients and their in situ ash content. The lipid contents of the sauces vary from 39.00 + 1.13 to
58.30 + 2.12 g/100g DM. These values are higher than those found by Domngang et al. in dishes consumed in some rural
areas of the West Province of Cameroon, with values ranging from 15.08 - 35.3 g/100g DM [26]. Cottonseed oil and peanut
paste are the main contributors to these high lipids contents of the sauces. The values of the proteins content range from
13.25 + 0.27 to 29.48 + 0.36 g/100g DM and are higher than those observed by Teugwa et al. on dishes consumed in a rural
area of the Far North Region of Cameroon [27]. M.O. leaves have interesting amount of protein along side with other
ingredients like meat, fish and peanut paste which are also good sources of proteins. The recipe having the lowest protein
content is the one using okra (very poor in proteins) as one of the major ingredient in the weight basis.

The micronutrient and anti-nutrient contents of the sauces varied (P < 0.05). Iron levels, range from 5.86 + 0.84 to 25.47 +
0.33 mg/100g of DM. They are similar to the values obtained by Randrianatoandro et al. with dishes prepared from green-
leafy vegetables in an urban district of Antananarivo (Madagascar), and higher than those observed by Ndong et al. in
traditional Senegalese sauces enriched with the powder of M.O. leaves [13], [28]. The Highest value is observed in the sauce
containing okra which is nevertheless reported to have low quantities of iron compare to other ingredients. This paradoxal
result may be explained by a contamination during the processing of the sauces. Zinc content also vary (P < 0.05) from 0.37
0.03 to 3.30 + 0.01 mg/100g of DM. This result is similar to what have been reported in other African leaf sauces (baobab,
spinach, amaranths) [12], [29], [30]. Higher zinc levels are observed with sauces containing cowpea. Ingredients like of M.O.
leaves, meat, fish and cowpea may explain these appreciable values since they are reported to be rich in minerals like iron
and zinc [22]. The antinutritional factors levels observed varied and were low (less than 0.1 g /100g of DM for total phenols
and less than 1g /100g of DM for phytates. Cooking has been reported to reduce anti-nutrients of plant products [31], [32].
This result is of nutritional interest as antinutrients bind dietary minerals giving insoluble complexes that are not absorbed in
the human gut. Vitamin C has not been detected in the sauces. It has been probably destroyed during the preparation of the
sauces, since Moringa leaves and other ingredients containing vitamin C have been cooked in boiling water for at least 30
minutes. Bioavailability of minerals like iron might be affected since vitamin C is the most potent enhancer of iron absorption
[33].
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Heat cottonseed oil and
add onions, then fry for
3 min

Add tomato and fry for 3
min (okra can be added
at this step)

A 4

Add Meat* and water and Add smooked fish* and water Add niébé and and water and
cook during 25 min and cook during 15 min cook during 20 min

A
Add tchoukouri** and Moringa

leaves (fresh or dried) and cook
during 15 min

A 4

Add peanut paste, salt and culje
and cook during 15 min

Moringa sauces

*Meat and smooked fish can be added along with niébé
**tchoukouri: extract of wood ash

Figure 1: Flow shart of the preparation procedures of Moringa oleifera sauces
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Table 1: Description of traditional Moringa sauces consumed in the Far-North region of Cameroon.

Sauce
code

Type of
leaves used

Other ingredients

Weight of
the sauce (g)

% incorporated
(Moringa leaves)

Fresh (100g)

Cottonseed oil (50g), onion (45g), peanut paste (70g),
tomato (70g), salt (1,5g), cube (4g), tchoukouri (4g),
water (700g).

622

16.1

Fresh (100g)

Okra (100g), cottonseed oil (50g), onion (45g), peanut
paste (70g), tomato (70g), salt (1,5g), cube (4g),
tchoukouri (4g), water (700g).

672

14.9

Fresh (100g)

Meat (80g), cottonseed oil (50g), onion (45g), peanut
paste (70g), tomato (70g), salt (1,5g), cube (4g),
tchoukouri (4g), water (800g).

662

15.1

Fresh (100g)

Smoked fish (60g), cottonseed oil (50g), onion (45g),
peanut paste (70g), tomato (70g), salt (1,5g), cube (4g),
tchoukouri (4g), water (700g).

652

15.3

Fresh (100g)

Cowpea (40g), cottonseed oil (50g), onion (45g),
peanut paste (70g), tomato (70g), salt (1,5g), cube (4g),
tchoukouri (4g), water (800g).

637

15.7

Fresh (100g)

Meat (80g), cowpea (40g), cottonseed oil (50g), onion
(45g), peanut paste (70g), tomato (70g), salt (1,5g),
cube (4g), tchoukouri (4g), water (800g).

677

14.7

Fresh (100g)

Smoked fish (60g), cowpea (40g), cottonseed oil (50g),
onion (45g), peanut paste (70g), tomato (70g), salt
(1,5g), cube (4g), tchoukouri (4g), water (800g).

667

14.9

Dry (30g)

Cottonseed oil (50g), onion (45g), peanut paste (70g),
tomato (70g), salt (1,5g), cube (4g), tchoukouri (4g),
water (800g).

650

4.6

Dry (30g)

Meat (80g), cottonseed oil (50g), onion (45g), peanut
paste (70g), tomato (70g), salt (1,5g), cube (4g),
tchoukouri (4g), water (800g).

675

4.4

10

Dry (30g)

Smoked fish (60g), cottonseed oil (50g), onion (45g),
peanut paste (70g), tomato (70g), salt (1,5g), cube (4g),
tchoukouri (4g), water (800g).

660

4.5

11

Dry (30g)

Cowpea (40g), cottonseed oil (50g), onion (45g),
peanut paste (70g), tomato (70g), salt (1,5g), cube (4g),
tchoukouri (4g), water (800g).

675

4.4

12

Dry (30g)

Meat (80g), cowpea (40g), cottonseed oil (50g), onion
(45g), peanut paste (70g), tomato (70g), salt (1,5g),
cube (4g), tchoukouri (4g), water (800g).

700

4.3

13

Dry (30g)

Smoked fish (60g), cowpea (40g), Cottonseed oil (50g),
onion (45g), peanut paste (70g), tomato (70g), salt
(1,5g), cube (4g), tchoukouri (4g), water (800g).

680

4.4
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Table 2: The pH and proximate composition of Moringa oleifera sauces

Sauce code H Moisture Ash Lipids Proteins

P (%) (8/100g DM) (8/100g DM) (8/100g DM)

1 7.83 + 0.25°% 67.92 +5.48° 10.44 +0.37" 50.10 + 0.14° 18.38 + 0.26™

2 8.15 + 0.35 71.15 +0.91° 8.41 +0.30° 50.40 + 2.26° 13.25 +0.27%°

3 8.63+0.61 70.47 +1.95° 9.33 +0.45% 43.80 + 0.84° 29.75+0.32"

4 8.60 + 0.26° 71.41 +1.85° 8.41 +0.30° 44.50 + 0.42™ 22.29+0.24"

5 8.03 + 0.57°°% 67.59 + 5.90° 5.46 +0.11° 39.00 + 1.13° 19.22 +0.28°

6 7.33 +0.30™ 68.33 £ 0.26° 7.56 +0.13¢ 43.80 +0.84° 11.96 + 0.03°

7 7.66 +0.20™" 68.57 + 1.25° 6.63 +0.35" 39.70 + 0.14° 15.58 + 0.11°

8 8.33 +0.20%" 72.58 +5.10° 8.25 + 0.26" 58.30 +2.12 14.66 + 0.34™

9 8.33 + 0.64%f 7421 +1.44° 9.98 +0.05" 45.80 + 0.84™ 24.29 +0.40°

10 7.76 + 0.58%° 70.36 + 1.52° 9.53+0.40"® 47.20+0.28° 29.48 +0.36"

11 8.40 + 0.28%f 70.10 + 4.60° 7.69 +0.38° 45.70 + 1.27™ 17.43 + 0.06"

12 7.40 £ 0.34™ 70.43 + 1.04° 7.21+0.14° 51.90 + 0.70° 17.47 +0.14°

13 7.25 +0.07° 72.97 +1.03° 8.23 +0.21° 38.80+1.13° 15.71 + 3.46°

DM: Dry matter.
The values are given as mean + standard deviation.
Different superscripts in the same line indicate significant differences (P < 0.05)
Table 3: Micronutrient and anti-nutrient contents of Moringa oleifera sauces.

Sauce Iron Zinc Vitamin C Total phenols Phytates
code (mg/100g DM) (mg/100g DM) (mg/100g DM) (mg/100g DM) (mg/100g DM)
1 14.50 + 0.13 0.44 +0.02% ND 19.05 + 0.50° 119.40 + 0.98°
2 15.46 + 0.33" 0.37 +0.03° ND 31.05 + 0.07’ 173.55 + 23.54°
3 10.87 + 0.07° 1.60 + 0.04° ND 24.15+ 0.07" 110.20 + 1.27%°
4 16.01+0.17' 1.62 +0.01° ND 20.60 + 0.56° 113.35 + 4.73°
5 10.11+0.13° 1.98 + 0.06° ND 20.30 + 0.14° 267.80 + 2.26°
6 6.78 + 0.09° 2.85 + 0.08° ND 15.35+0.21° 116.15 + 13.78"
7 5.86+0.08" 2.42 +0.03' ND 16.50 + 0.98° 125.45 +7.28°
8 14.13 + 0.49' 0.46 +0.01° ND 20.00 + 0.28° 113.60 + 10.74°
9 11.34+0.17 1.64 +0.03° ND 24.95 +0.07" 165.95 +0.35°
10 13.71+0.14" 1.63 +0.01° ND 21.15 +0.21° 180.75 + 11.52°
11 13.29+0.138 1.95 + 0.03° ND 17.25+0.21° 274.50 +0.70°
12 6.30 £ 0.09° 3.30£0.01" ND 23.15 +0.49° 128.95 + 3.60°
13 14.37 +0.23* 2.41+0.06' ND 15.35+0.21° 119.45 + 2.89°

DM: Dry matter.

The values are given as mean * standard deviation.

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

ND: Not detected (< 0.01 mg/100g DM)
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CONCLUSION

Traditional Moringa sauces are good sources of lipids and proteins in the diet of local populations of the Far-north
Cameroon. Although the incorporation of the M.oleifera leaves in the sauces is low, their appreciable levels of iron and zinc
and low antinutrient content make the consumption of that sauces to be a potential solution to micronutrients deficiencies
in that region. However, the high pH levels of the sauces and the cooking method that destroy all the vitamin C might be
serious shackles to the bioavailability of these minerals.
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