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ABSTRACT 

Moringa (Moringa oleifera Lam. moringaceae) is a highly valued plant that is mostly cultivated in the 
tropics and subtropics. It is used for food, medication and industrial purposes. The objective of the study was to 
assess the nutritional value of moringa leaves of the South African ecotype. Proximate and Van Soest methods 
were used to determine the nutritional value of moringa leaves. The dried leaves had crude protein levels of 
20.9, crude fat 5.22, ash 10.90, crude fiber 9.14 and carbohydrates 52.84%. The dried leaves had the following 
mineral contents%: calcium (3.65), phoshorus (0.3), magnesium (0.5), potassium (1.5), sodium (0.164), zinc 
(13.03), copper (8.25), manganese (86.8) and iron (490 mg/100g), plus selenium (36.3 µ/100g). 

This research was carried out to evaluate the nutritional quality characteristics; with regards the gross 
chemical composition, essential minerals content and amino acids composition of moringa leaves, as well as to 
determine the effect of the incorporation of moringa leaves at different levels, as a new source of protein, on 
quality characteristics of produced chocolate and sesame sweet. The obtained results illustrated that the moringa 
leaves powder had a good nutritional quality. In addition that moringa leaves powder protein characterized with 
a good nutritional protein quality as it composed of all indispensable amino acids (IAAs); isoleucine, leucine, 
lysine, amino acids containing sulpher (methionine & cystine), aromatic amino acids (phenylalanine & 
tyrosine), valine and therionine, at concentrations of 4.23, 8.56, 4.98, 3.01, 10.11, 5.81 and 4.78g/100g protein; 
respectively, which were higher than the corresponding concentrations in reference protein pattern of 
FAO/WHO, with the exception of lysine which was the first limiting indispensable amino acids in moringa 
leaves powder protein. Besides, the moringa leaves powder contained a considerable level of all determined 
essential minerals. The obtained results also showed the incorporation of moringa leaves powder into the 
chocolate or sesame sweet at level up to 15% improved the most nutritional properties and sensory quality 
characteristics of the final both investigated products. Furthermore, the incorporation of the former moringa 
leaves powder protein products at concentration up to 10% improved the nutritional and the sensory quality 
attributes of chocolate and sesame sweet. Therefore, the present results recommended that it could be directed 
towards the supplementation of moringa leaves powder protein in food products, especially chocolate and 
sesame sweet up to the concentration of 10-15% depending upon the fortified food product. 
 
Key words: Moringa leaves powder, Chocolate and sesame sweet, Nutritional quality, Chemical composition, 

Nutritive value, Moringa oleifera. 

 
Introduction 

Moringa (Moringa oleifera) is native to the Indian subcontinent and has become naturalized in the 
tropical and subtropical areas around the world, it can grow well in the humid tropics or hot dry lands, can 
survive destitute soils, and is little affected by drought (Anwar et al., 2007). It tolerates a wide range of rainfall 
with minimum annual rainfall requirements estimated at 250 mm and maximum at over 3000 mm (Palada and 
Changl, 2003). Moringa oleifera is used as a highly nutritive vegetable in many countries, particularly in India, 
Pakistan, Philippines, Hawaii and many parts of Africa (Anwar et al., 2005). The tree is known by such regional 
names as Benzolive, Drumstick tree, Horseradish tree, Kelor, Marango, Mlonge, Mulangay, Saijihan and Sajna 
(Fahey, 2005). It is considered as one of the World’s most useful trees, as almost every part of the Moringa tree 
can be used for food, medication and industrial purposes (Anjorin et al., 2010). This tree has the potential to 
improve nutrition, boost food security and foster rural development (Hsu, 2006). Recently, a high degree of 
renewed interest was placed on the nutritional properties of Moringa in most countries where it was not native 
(Oduro et al., 2008). The leaves of M. oleifera can be eaten fresh, cooked, or stored as a dried powder for many 
months reportedly without any major loss of its nutritional value (Fahey, 2005). Moringa, containing many 
micronutrients has been reported to be a rich source of carotene, protein, vitamin C, minerals and acts as a good 
source of natural antioxidants such as ascorbic acid, flavonoids, phenolics and carotenoids (Chumark et al., 
2008). These nutrients are used for osmotic adjustment; activate enzymes, hormones and other organic 
molecules that enhance growth, function and maintenance of life process (Anjorin et al., 2010). Nutritional 
composition of the plant plays a significant role in nutritional, medicinal and therapeutic values (Al-Kharusi et 
al., 2009). In the Philippines, it is known as “mother’s best friend”, hence its utilization increases woman’s milk 
production and is sometimes prescribed for anemia (Anwar et al., 2007). A number of medicinal properties have 
been ascribed to various parts of this highly esteemed tree. Almost all the parts of this plant: root, bark, gum, 
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leaf, fruit (pods), flowers, seed and seed oil have been used for various ailments in the indigenous medicine of 
South Asia, including the treatment of inflammation and infectious diseases along with cardiovascular, 
gastrointestinal, hematological and hepatorenal disorders (Siddhuraju and Becker, 2003). Cusses immune 
system mounts increasing to fight off infection. This includes raising antibodies to fight the infection (FAO, 
2002). Such plant versatile utility as a medicine, functional food, nutraceutical and water purifying potential 
motivated us to bridge the information gap in this area, and to write a comprehensive review on its medicinal 
and phytochemical properties. The fatty acid composition of M. oleifera seed oil had high-oleic oils (Anwar et 
al., 2005). And it’s also a good source of different tocopherols (α-, γ - and δ -) (Anwar and Bhanger, 2003), also 
it has pharmacological effects so had numerous medicinal uses, which have long been recognized in the 
Ayurvedic and Unani systems of medicine (Mughal et al., 1999). The seeds possess antimicrobial (Chuang et 
al., 2007), antitumor (Bharali et al., 2003), ant-inflammatory, antispasmodic and diuretic (DanMalam et al, 
2001) Aedes aegypti (Paulo et al., 2009) properties. It helps to reduce child mortality, collaborate with a 
sustainable development of the region (Ferreira et al., 2008), antihypertensive (Dahot, 1988), diuretic (Ghasi et 
al., 2000), Antispasmodic “diarrhea” activity (Dangi et al., 2002), antiulcer (Dahiru et al., 2006) and 
hepatoprotective activities, (Ruckmani et al., 1998), and antibacterial and antifungal activities, (Nikkon et al., 
2003). The fresh leaf juice was found to inhibit the growth of Pseudomonas aeruginosa and Staphylococcus 
aureus (Caceres et al., 1991). Moreover, it prevent antitumor and anticancer activities (Chumark et al., 2008), 
and helps in regulation of thyroid hormone status (Tahiliani and Kar, 2000). And reducing glucose levels in 
rabbits (Makonnen et al., 1997). Peptides of Moringa seeds protect the human skin from environmental 
influences and combats premature skin aging. With dual activity, antipollution and conditioning/strengthening 
of hair, the M. oleifera seed extract is a globally acceptable innovative solution for hair care (Stussi et al., 2002). 
Moringa seeds are one of the best natural coagulants discovered so far (Kalogo et al., 2000). Its extract is used 
instead of alum by rural women to treat the highly turbid Nile water because of a traditional fear of alum 
causing gastrointestinal disturbances and Alzheimer’s disease (Muyibi, 1994). 

 Although preliminary studies are Therefore, the objective of the study was to determine the nutritional 
value of Moringa leaves and their effects on nutritive and organolyptic test values of chocolate and sesame 
sweet (halawa tahinia). 
 
Materials and Methods 
Materials: 

The plant leaves were collected from type moringa olivera at season of 2013-3014. The leaves were 
harvested green, from El-Nobarea, El-Behera Governorate,Egypt. 

 
Technological Methods: 

The sample moringa leaves were dried in a thermostatically controlled oven with air fan 45-50°C and 
milled to pass through a 60 mesh/inch sieve, and then stored at room temperature in polyethylene poushes for 
further use. 

 
Preparation of Blends Used in Supplemented 
Chocolate and Halwa Tahinia Production: 

Moringa leaves powder (MLP) were mixed with either cacao powder or sesame tahina to get blends at 
different levels to produce blends used in the production of supplemented chocolate and halawa tahinia. 

 
Cacao blends: 

Cacao powder was well blended with Moringa leaves powder (MLP) to produce mixtures containing 10, 20 
and 30% replacement levels to produce chocolate. 
 
Tahinia Blends: 

Sesame tahina was well mixed with Moringa leaves powder (MLP) to prepare mixtures containing 10, 20 
and 30% substitution levels to produce Halwa Tahinia. 

  
Chocolate Making: 

Blends containing different levels 0, 10, 20 and 30% of the Moringa leaves powder (MLP) were used 
to produce chocolate. Chocolate was prepared according to the procedure in the (Joel et al., 2013). The 
ingredients included in cacao powder or blends were used as described by (Joel et al., 2013). After preparing, 
the chocolate was cooled to 7oC, was wrapped with aluminum foil and stored in a freezer at -5oC, for further 
analyses. 

Fat and cacao powder were mixed with other ingredients of sugar and milk. The Fat and cacao powder 
for each sample was conched at 80oC for 45min, using a stone-mill to give velvet smoothness. Each of the 
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samples was tempered by stirring and cooling to 45oC and was poured into molds for subsequent hardening and 
shaping. They were wrapped with aluminum foil and stored in a freezer at -5oC, for further analyses. 

 
Halwa Tahinia making: 

Halwa tahinia was prepared by mixing sesame tahina or its blends with concentrated sugar at 90-100oC for 
15-20 min. according to method was cared out by Mureşan et al. (2013). Also prepared halwa tahinia from the 
same concentrations of the MLP with 2% of pistachio paste addition to the mixture of produced halwa tahinia. 
Analytical methods: 
  Gross chemical composition determination: 

The gross chemical components, moisture, crude protein, crude fat, ash and crude fibers content for 
moringa leaves powder (MLP), cacao powder and sesame tahina were determined according to the standard 
methods of the (AOAC, 2005). Total carbohydrates content was calculated by difference as follows: total 
carbohydrates content (%, on dry weight basis) = 100 - (crude protein% + crude fat% + crude fibers% + ash%). 

 
 Determination of amino acids pattern: 

Amino acids pattern for moringa leaves powder (MLP), cacao powder and sesame tahina protein were 
determined by using high performance amino acids analyzer (Bekman 7300) according to the standard method 
described in (AOAC, 2005). Indispensable amino acid (IAAs) score was calculated in comparison to the 
reference protein pattern of FAO (1991) using the following equation: IAA score = mg of the IAA in tested 
protein × 100/mg of the IAA in the reference protein pattern. 

 
Determination of minerals content: 

Tested minerals content of moringa leaves powder (MLP), cacao powder and sesame tahina were 
determined according to standard methods of the (AOAC, 2005). Macro elements (calcium and magnesium) and 
micro elements (iron, copper and zinc) contents were determined by using the atomic absorption 
spectrophotometer (Perkin Elmer, Model 3300, Germany). Phosphorous contents were determined 
colorimetrically based on measuring the optical density of the developed blue color of reduced molybdo-
phosphoric complex formed in dilute sulphoric acid by using digital spectrophotometer according to standard 
method described in (AOAC, 2005). 

 
Sensory evaluation of produced Chocolate and Halwa Tahinia: 

Chocolate and halwa tahinia containing different ratios of moringa leaves powder (MLP), were 
evaluated sensory by ten trained panelists from the staff members of International Research Center, Giza, Egypt. 
According to the procedure of (Fang et al., 1971; Iwe, 2010), the sensory evaluation was carried out for color, 
taste, odor, mouth feel, texture and overall acceptability of produced chocolate and for color, taste, odor, mouth 
feel, texture and overall acceptability of halwa tahinia. 

 
Color determinations: 

Hunter (a*, b* and L*) parameters were measured using a spectrocolorimeter (tristimulus color 
machine) with the CIE lab color scale (Hunter, Lab Scan XE- Reston VA, USA) in the reflection mode. The 
instrument was standardized at each time with white tile of Hunter Lab Color Standard (LX No. 16379): X= 
72.26, Y= 81.94 and Z= 88.14 (L*= 92.46; a*= - 0.86; b*= -0.16) as reported by Sapers and Douglas (1987). 

 
Statistical Analysis:  

The obtained results of sensory evaluation were statistically analysed using SPSS statistical package 
(Version 9.05) according to Rattanathanalerk et al., (2005). Analysis of variance (ANOVA), Duncan’s multiple 
range test and least significant difference (LSD) was chosen to determine any significant difference among 
various treatments at p≤0.05.  

 
Results and Discussion 
 
Nutritional Quality Characteristics of the MLP, cacao powder and sesame tahina. 
   Gross chemical composition of the MLP, the cacao powder and the sesame tahina. 

The percentages of moisture, crude protein, crude fat, ash, crude fiber and carbohydrates MLP, cacao 
powder and sesame tahina were determined and the obtained results are tabulated as in Table 1. 

As illustrated in Table 1, the MLP, cacao powder and sesame tahina, used in the present study, 
contained moisture at levels of 9.6, 5.99 and 5.10%; respectively. On the other hand, the MLP, cacao powder 
and sesame tahina contained crude protein at level of 20.9, 7.31 and 23.41%, on dry weight basis; respectively. 
The obtained data (Table 1) also showed that crude fat content of the MLP (5.22%) was lower than both of the 
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cacao powder (11.72%) and the sesame tahina (52.91%), with regards ash content, that component percentage of 
the MLP (10.90%) was higher than both of the cacao powder (6.3%) and the sesame tahina (4.96%). 
Concerning of the gross chemical composition for cacao powder and sesame tahina, as shown in Table 1; crude 
protein, crude fat, ash, crude fibers and total carbohydrates contents were 20.90, 5.22, 10.90, 9.14 and 52.84% 
for cacao powder, versus, 7.31, 11.72, 6.30, 2.14 and 70.55% for sesame tahina, on dry weight basis; 
respectively. Therefore, cacao powder and sesame tahina were higher than both the sesame tahina and the MLP 
in total carbohydrates content. In contrast, the MLP had a higher content of ash and crude fiber than cacao 
powder and sesame tahina. And MLP had a higher content of crude protein than cacao powder. While sesame 
tahina had slightly higher of protein than the MLP content, but it had much higher content of crude protein than 
cacao powder. These results are in accordance with those found by Moyo et al. (2011). In this rank, it has been 
reported that chemical composition and nutritive values of MLP is quite variable depending on several factors 
including species variety, nutritive degree, season of harvesting and environmental conditions (Anwar et al., 
2007). 
 
Table 1.Chemical composition of the MLP, cacao powder and sesame tahina (On dry weight basis). 

Component value (%) Component 

Sesame tahina Cacao powder (MLP) 
5.10 

23.41 
52.91 
4.96 
5.30 

13.32 

5.99 
7.31 
11.72 
6.30 
2.14 
70.55 

9.60 
20.90 
5.22 

10.90 
9.14 

52.84 

Moisture  
Crude protein*  
Crude fat*  
Ash* 
Crude fiber* 
Carbohydrates* 

The obtained results represented the mean of triplicate determinations. 
 

Concerning of cacao powder and sesame tahina composition as shown in Table 1, it was found that 
cacao powder and sesame tahina were higher than MLP in crude fat content, while MLP was higher than both 
cacao powder and sesame tahina in ash and fiber contents, and MLP was higher than cacao powder in protein 
but slightly lower than sesame tahina in protein. These results are in agreement with those reported by Joel et al. 
(2013) and Boriy (2010). 

  
Minerals content of the MLP, compared with both for cacao powder and sesame tahina. 

The results of Table 2 exhibit the concentration of tested minerals; Ca, P, Mg, K, Na, Zn, Cu, Mn, Fe 
and Se of the MLP, compared with those of both cacao powder and sesame tahina. 

The obtained data in Table 2 showed that minerals content of MLP was higher than those of the cacao 
powder and sesame tahina. Where, calcium, magnesium, potassium, sodium, manganese and selenium contents 
were found to be 3650, 1660, 7500, 164.2, 8.68 mg/100g and 36.3 µg/100g dry sample for the MLP, versus 
130.0, 499.0, 1484.0, 30.1, 3.6  mg/100g and 13.9 µg/100g dry sample for the cacao powder; respectively, 
versus 64.2, 322.0, 298.0, 127.5, 1.8 mg/100g and selenium N.D There upon, the former prepared MLP 
products are considered as a good source for minerals, where the minerals were Ca, Mg, K, Na, Mn and Se. the 
results are in agreement with those reported by Ijarotimi et al. (2013). 

 
Table 2. Minerals concentrations of MLP, cacao powder and sesame tahina. 

 
Minerals 

Minerals content (mg/100g dry matter sample) 

The MLP 
Cacao powder Sesame tahina 

Ca 
P 
Mg 
K 
Na 
Zn 
Cu 
Mn 
Fe 
Se 

3650 
300 
1660 
7500 
164.2 
1.53 
0.82 
8.68 
4.01 

36.3µg/100g 

130 
685 
499 

1484 
30.1 
6.3 
3.9 
3.6 

14.2 
13.9µg/100g 

64.2 
-- 

322 
298 

127.5 
8.5 
2.8 
1.8 
7.8 
-- 

The obtained results represented the mean of results for triplicate determinations. 

 
From the obtained results (Table 2), it could be illustrated that Ca, Mg, K, Na, Mn and Se were lower 

than those in the cacao powder. On the other hand Cu and Fe in cacao powder (3.9 and 14.2 mg/100g; 
respectively) were higher than those in the sesame tahina (2.8 and 7.8 mg/100g; respectively) but Zn in sesame 
tahina (8.5 mg/100g) was higher than that in cacao powder (6.3 mg/100g; respectively). Therefore, the addition 
of the MLP to cacao powder and sesame tahina fortified the blend with Ca, Mg, K, Na, Mn and Se minerals. On 
the other hand, cacao powder showed that Ca, Mg, K, Mn and Se contents were lower than those in the MLP 
and higher than those in sesame tahina. While, cacao powder had Na lower than sesame tahina and MLP, but 
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cacao powder had higher Fe content than the sesame tahina and MLP. The present results are in agreement with 
those recorded by El-Adawy and Mansour (2000). 
 
Nutritional quality of MLP; compared with Cacao powder protein and Sesame tahina protein: 

Data given in Table 3 shows the amino acids composition of MLP, compared with the amino acids 
composition of cacao powder and sesame tahina proteins.From the obtained results (Table 3), it could be 
illustrated that the MLP composed of all indispensable amino acids (IAAs); isoleucine, leucine, lysine, amino 
acids containing sulpher (methionine and cystine), aromatic amino acids (phenylalanine and tyrosine), valine 
and threonine at concentration of 4.23, 8.56, 4.98, 3.01, 10.11, 5.81 and 4.78g/100g protein; respectively, which 
were higher than the corresponding concentrations in the reference protein pattern of Olaofe et al. (2013), with 
the exception of lysine which was the first limiting indispensable amino acid in the MLP. Therefore, MLP 
protein characterizes with good nutritional protein quality. These results are in accordance with those reported 
by Ijarotimi et al. (2013). On the other hand, MLP protein contained the most indispensable amino acids at 
higher concentrations than those for the corresponding indispensable amino acids in cacao powder protein (3,65, 
6.69, 5.75, 8.01, 6.93, 3.82 and 2.55 g/100g protein; respectively) and sesame tahina protein (3.16, 7.00, 3.99, 
5.52, 8.35, 4.61 and 4.03 g/100g protein; respectively) thereupon, it should be directed towards the utilization of 
the MLP in food products fortification with the IAAs, especially cereal products. These results are nearly in 
conformity with those found by Ijarotimi et al. (2013). 
 
Table 3. Amino acids composition (g/100g protein) of moringa leaves, cacao powder and sesame tahina protein; compared with the 

reference protein pattern of FAO/WHO. 
 

Amino acid Moringa leaves 
powder protein 

(g/100g) 

IAA 
score 

FAO/WHO 
g/100g protein 

Cacao powder 
protein (g/100g) 

 
IAA score 

Sesame 
tahina 
protein 

(g/100g) 

IAA score 

Isoleucine 
Leucine 
Lysine 
Meth + Cyst 
Pheny + Tyro 
Valine 
Therionine 

4.23 
8.56 
4.98 
3.01 
10.11 
5.81 
4.78 

151.1 
129.7 
85.9 

120.4 
160.5 
166.0 
140.6 

2.8 
6.6 
5.8 
2.5 
6.3 
3.5 
3.4 

3.65 
6.69 
5.75 
8,01 
6.93 
3.82 
2,55 

130.4 
101.4 
99.1 
320.4 
110.0 
109.1 
75.0 

3.16 
7.00 
3.99 
5.52 
8.35 
4.61 
4.03 

112.9 
106.1 
68.8 
220.8 
132.5 
131.7 
118.5 

Sum IAAs 41.48 -- 30.9 37.4 -- 36.66 -- 

Tryptophane 
Histidine 
Arginine 
Alanine 
Aspartic acid 
Glutamic acid 
Glycine 
Proline 
Serine 

2.00 
2.90 
6.41 
3.62 
8.32 
11.33 
5.24 
5.45 
4.18 

 
 

 
 

1.68 
2.34 
5.51 
3.83 
9.06 

14.45 
3.60 
1.55 
4.06 

 
 

1.98 
2.14 
4.99 
4.29 
8.74 
14.7 
4.44 
2.63 
5.08 

 

Sum. DAAs 49.45   46.08  48.99  

 

Influence of the Incorporation of the MLP on Quality Characteristics of Produced chocolate and halawa 
tahinia: 
  Chemical composition of produced chocolate and halawa tahinia as affected by the incorporation of the MLP: 

The effects of incorporation of the MLP on protein content of produced chocolate and halawa tahinia 
was shown as in Table 4.As illustrated in Table 4, the protein, ash and crude fiber contents of produced 
chocolate increased with increasing the incorporation level of the MLP, hence the control chocolate; without 
MLP had 6.11, 4.62 and 1.84%; on dry basis; respectively. In the case of supplemented chocolate batches with 
10, 20 and 30% of the MLP, the protein content increased to 7.19, 8.51 and 10.00%; respectively, and ash 
content increased to 5.01, 5.41 and 6.00% respectively, eventually, crude fiber increased to 2.54, 2.82 and 
4.80% respectively, but fat content was decreased by MLP ratio to be 30.32, 29.5 and 29.01% respectively. In 
case of the supplemented halawa tahinia, as shown in table 4 the protein content was negligibly decreased to 
11.52, 11.44 and 11.37% and fat slightly decreased to 22.66, 21.23 and 20.00% by the incorporation of the MLP 
at level of 10, 20 and 30%; respectively, but ash and crude fiber were increased by incorporation of the MLP at 
the same levels to 2.61, 2.98 and 3.39% respectively in ash and increased to 2.69, 2.88 and 3.12% respectively 
in crude fiber in the same supplementation levels. The increase in protein, ash and crude fiber contents of the 
MLP in supplemented chocolate and ash & crude fiber contents the MLP in supplemented halawa tahinia when 
compared with chocolate control and halawa tahinia control due to the appreciably higher protein, ash and fiber 
contents of the MLP. The present results are in conformity with those obtained by Ijarotimi et al. (2013). It was 
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reported that the Moringa leaves were a good potential source of supplementary protein vegetable meals Aletor 
and Adetogun (1995), and a good potential source of supplementary protein in animal diets Moyo et al. (2011). 
 
 
Table 4. Chemical composition of the chocolate and halawa tahinia supplemented with 0, 10, 20 and 30% of MLP. 

Component value (%) 
 
 

Component Halawa tahinia Chocolate samples 
30% 
MLP 

20% 
MLP 

10% 
MLP Control 

30% MLP 20% 
MLP 

10% 
MLP Control 

2.30 
11.37 
20.00 
3.39 
3.12 

62.12 

2.13 
11.44 
21.23 
2.98 
2.88 

61.47 

2.22 
11.52 
22.66 
2.61 
2.69 

60.52 

2.25 
11.66 
25.46 
2.34 
2.42 

58.12  

5.73 
10.00 
29.01 
6.00 
4.80 
50.19 

5.90 
8.51 
29.5 
5.41 
2.82 

53.76 

5.66 
7.19 

30.32 
5.01 
2.54 

55.26 

5.80 
6.11 

31.21 
4.62 
1.84 

56.22 

Moisture  
Crude protein  
Crude fat  
Ash 
Crude fiber 
Carbohydrates 
The obtained results represented the mean of results for triplicate determinations. 
 

 Color characteristics of produced chocolate and halawa tahinia as affected by the incorporation of the MLP: 
A color characteristics is considered a major criterion that affects the other quality criteria of the final 

chocolate and halawa tahinia products. Therefore, the effect of the incorporation of moringa leaves powder 
(MLP) on color characteristics; Hunter values of whiteness (L), redness (a) and yellowness (b), and value for the 
produced chocolate and halawa tahinia batches have been investigated and the obtained results were recorded as 
in table 5.As shown in Table 5, the color of all fortified chocolate batches had lower L (whiteness) values, when 
compared with the control chocolate batch that made of 100% cacao powder, indicating the formation of the 
darker color of chocolate batches made from cacao powder blends containing the MLP; which due to increase of 
dietary fiber of moringa level (Kenny et al., 2000; Saricoban and Yilmaz, 2010). It was reported that the dark 
color of biscuits increased by dietary fiber increased. Increasing the percentage of added the (MLP) to cacao 
powder, led the values of whiteness (L), redness (a) and Yellow (b) to be slightly decreased in all fortified 
samples. Subjective evaluations confirmed that the (MLP) chocolate samples were darker, more yellow (b-
values) than control samples. The results showed that the b-values (yellowness) increased in the fortified 
chocolate samples with the increasing of the (MLP) level from 10% to 30% (Table 5). In the same table 5, the 
color of all fortified halawa tahinia batches had lower L (whiteness) values, when compared with the control 
halawa tahinia batch that made of 100% sesame tahina, indicating the formation of the darker color of halawa 
tahinia batches made from sesame tahina blends containing the MLP; which due to increase of dietary fiber of 
moringa level (Saricoban and Yilmaz, 2010). Increasing the percentage of added the (MLP) to sesame tahina, 
led the values of whiteness (L) and redness (a) to be decreased in all fortified samples but the Yellow (b) values 
slightly incresed. Subjective evaluations confirmed that the (MLP) halawa tahinia samples were darker, more 
yellow (b-values) than control samples. The results showed that the b-values (yellowness) increased in the 
fortified halawa tahinia samples with the increasing of the (MLP) level from 10% to 30% (Table 5). 
 
Table 5. Color characteristics of produced chocolate and halawa tahinia as affected by the incorporation of the MLP. 

Color characteristic value represented the mean of results for triplicate samples. 
 

Sensory quality characteristics of produced chocolate batches as affected by the incorporation of the MLP: 
The effect of incorporation of the MLP at different levels (10, 20 and 30%) on the judging scores of 

sensory quality characteristics; color, taste, odor, mouth feel, texture and overall acceptability of produced 
chocolate batches was studied and the obtained results were as in table 6.From the obtained judging results 
(Table 6), it could be observed that the incorporation of the MLP at levels of 10% or 20% into cacao powder 
blend used in chocolate making did not cause any significant (at p≤5) deleterious effect on all tested 
organoleptic quality attributes of produced chocolate batches which exhibited the hedonic scale of very good or 
excellent judging scores and better acceptability. But, the addition of the MLP to the cacao powder blend at the 
level of 30% caused a significant (p≤5) reduction in the judging scores for the most evaluated organoleptic 
characteristics of produced chocolate batches. The color and taste were negatively affected because of the 
appearance of the greenish brown color in these batches. From the sensory evaluation results, it could be 
concluded that moringa leaves powder MLP could be used in chocolate fortification at level up to 20% of cacao 
powder blend used in chocolate making. 

 
Incorporation treatment 

Color characteristics value 

chocolate halawa tahinia 

L a b L a b 

0% of the MLP (Control) 
10% of the MLP 
20% of the MLP 
30% of the MLP 

35.47 
29.96 
25.17 
23.77 

14.24 
9.18 
5.90 
3.21 

23.87 
25.86 
25.84 
24.31 

72.97 
51.10 
41.57 
35.10 

1.71 
-4.83 
-4.99 
-5.04 

21.49 
36.21 
36.30 
33.78 



1013 
Middle East J. Appl. Sci.., 4(4): 1007-1015, 2014 

Sensory quality characteristics of halawa tahinia as affected by the incorporation of the MLP: 
The effect of incorporation of the MLP on sensory quality characteristics; color, taste, odor, texture and 

overall acceptability, of halawa tahinia, and the obtained sensory judging scores were tabulated as in table 7 and 
8. 

From the obtained results (Table 7 and 8), it could be illustrated that the sensory scores of the most 
evaluated organoleptic quality characteristics of halawa tahinia decreased slightly or not changed with 
increasing the incorporation level up to 10% of the MLP, when compared to the control batch. Although the 
sensory judging scores of the most organoleptic quality properties of fortified halawa tahinia with the MLP up to 
20% substitution level, the produced halawa tahinia had a good sensory quality and acceptability. On the other 
hand, halawa tahinia containing 30% of the MLP exhibited a significant reduction in the judging scores of the 
organoleptic quality characteristics; especially color and taste due to the moringa leaves color and flavor 
properties naturally present in the incorporated moringa leaves powder. From the present results for sensory 
evaluation of the fortified halawa tahinia, it could be concluded that the MLP could be incorporated into the 
halawa tahinia up to the incorporation level of 20% from it, but with 2% pistachios dough addition the halawa 
tahinia containing 30% of the MLP exhibited good sensory quality and better acceptability as exhibited in table 
8. 
 
Table 6. Influence of the (MLP) on sensory characteristics of produced chocolate batches. 

 
Incorporation treatment 

Mean of sensory characteristics score 

Color Taste Odor Mouth feel Texture General acceptance 

0% of the MLP (Control) 
10% of the MLP 
20% of the MLP 
30% of the MLP 

9.3a 
8.5ab 
7.9b 
7.0c 

9.4a 
8.5ab 
7.8b 
7.3c 

10.0a 
9.6a 
9.5a 
9.0b 

9.6a 
9.2a 
9.0ab 
8.8b 

9.7a 
9.5a 
9.3a 
9.0ab 

9.6a 
9.3ab 
8.6b 
8.0c 

L.S.D** 0.81 0.9 0.91 0.69 0.75 0.50 

*Mean of sensory characteristic score: Mean of each organoleptic characteristic scores obtained from 10  
panelists; the means within the same column having different superscripts are significantly varied (at p≤5). 

 
Table 7. Influence of the (MLP) on sensory characteristics of halawa tahinia: 

 
Incorporation treatment 

Mean of sensory characteristics score 

Color Odor Taste Mouth feel Texture General acceptance 

0% of the MLP (Control) 
10% of the MLP 
20% of the MLP 
30% of the MLP 

9.8a 
9.3ab 
6.5c 
5.4d 

9.5a 
8.1b 
7.0c 
6.1cd 

9.0a 
9.0a 
8.0b 
5.0c 

9.5a 
9.0b 
8.7b 
8.4c 

9.3a 
8.8b 
8.5bc 
8.1c 

9.3a 
8.0b 
6.1c 
4.5d 

L.S.D** 0.58 1.05 0.78 0.41 0.50 1.10 
*Mean of sensory characteristic score: Mean of each organoleptic characteristic scores obtained from 10  
panelists; the means within the same column having different superscripts are significantly varied (at p≤5). 
 
Table 8.Influence of the (MLP) on sensory characteristics of halawa tahinia containing 2% pistachios  dough: 

 
Incorporation treatment 

Mean of sensory characteristics score 

Color Odor Taste Mouth feel Texture General acceptance 

0% of the MLP (Control) 
10% of the MLP+2% P.D. 
20% of the MLP+2% P.D. 
30% of the MLP+2% P.D. 

9.5a 
9.5a 
8.6ab 
8.3b 

10.0a 
10.0a 
9.5a 
9.1b 

9.8a 
9.4a 
8.8b 
8.2b 

9.6a 
9.2a 
8.9a 
8.7b 

10.0a 
9.2a 
8.7b 
8.0bc 

9.8a 
9.5a 
9.0b 
8.6c 

L.S.D** 0.91 0.85 0.88 0. 83 0.92 0.40 
*While: F.D.= pistachios dough, **Mean of sensory characteristic score: Mean of each organoleptic characteristic scores obtained from 
10 panelists; the means within the same column having different superscripts are significantly varied (at p≤5). 
 

Conclusions: 
The results obtained indicated that the MLP may be blended with cacao powder at levels as high as 

10% of the MLP without adversely affecting baking performance of chocolate, but with 20% of the MLP 
samples were acceptable with slightly differences compared to control sample, while by addition of the MLP to 
halawa tahinia resulted in acceptable samples with slightly differences at 10 and 20% of the MLP addition and 
the halawa tahinia was acceptable samples with slightly differences at 30% MLP when sample contained 2% 
pistachios dough addition . However, the addition of the MLP as a source of protein and minerals to halawa 
tahinia affected the color and sensory characteristics of chocolate and halawa tahinia in various ways. Chocolate 
and halawa tahinia containing the MLP 10 and 20% of the MLP were found to be high in protein, minerals and 
acceptable. The protein and minerals composition of these samples showed that protein, which plays a quite 
important role in improving nutritional and sensory properties of chocolate and halawa tahinia, could be used for 
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enriching the protein content of chocolate and halawa tahinia. Such studies have shown the potential for 
developing protein and minerals-rich chocolate and halawa tahinia. 
Recommendation: 

The obtained results showed the importance of developing quality standard and recommended rules for 
moringa leaves. The moringa leaves industry could be an acceptable source, when it can be develop new 
industries depending on new source of proteins and minerals by using moringa leaves powder (MLP) to produce 
new high nutritional value food. 
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