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Moringa possesses both medicinal and functional food 
properties. Hot air drying has been reported to affect the 
chemical constituents of moringa leaves. The effect of 
drying temperatures on the nutrients of moringa leaves 
and sensory attributes of dried moringa leaves infusion 
were  investigated. Moringa leaves obtained from  Bowen 
University Teaching and Research Farm in Nigeria were 
sorted, cleaned and dried in an oven at 60, 70 and 80ºC, 
milled, and sieved  (250 µ pore size). The nutrients  of the 
leaves and sensory attributes of dried leaves infusion 
were determined using standard analytical methods. Data 
were subjected to one-way ANOVA and the means with 
significant differences separated by Duncan’s Multiple 
Range Test at p < 0.05. The moisture, protein, fat and 
crude fiber contents of moringa leaves decreased while  

 
the ash and tannin contents increased as temperature 
increased.  Temperature had significant effect (p ˂ 0.05)  
on the mineral composition of moringa leaves, except 
magnesium. No significant difference (p ˃ 0.05) occurred 
in the magnesium, sodium, and phosphorus contents, 
along with the colour, aroma and flavor of water extract of 
moringa leaves at drying temperatures of 60 and 80 o C. 
Moringa leaves contain essential nutrients that are 
essential to the well-being of man. Furthermore, 
temperature of drying had varying effects on the 
components of the leaves. 
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INTRODUCTION 
 
Vegetable utilization and consumption have been 
reported to be a veritable vehicle to alleviate the global 
problem of nutritional deficiencies (Yang et al., 2006). 
Africa is blessed with a wide range of vegetables which 
could be utilized in combating the perennial problem of 
malnutrition facing the continent (Chadha et al., 2011; 
Ojiewo et al., 2013). Vegetables, due to the fact that they 

are  rich in micronutrients and antioxidants, have been 
implicated in reducing the  incidence of diseases such as 
high blood pressure, cardiac heart diseases, etc (Yang et 
al., 2006).  

Moringa (Moringa oleifera), which is known by such 
names as  ‘horse radish tree’, ‘drumstick tree’, ‘never die 
tree’, ‘West Indian Ben tree’,  and  ‘radish  tree’  is  widely  
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 Figure 1.  Moringa (Moringa oleifera) leaves. 

 
 
 
grown in Africa and Asia and it is one of the promising 
plants which could contribute to increased intake of 
micronutrients and antioxidants (Yang et al., 2006). It 
belongs to the onogeneric family of tree called  
moringaceae (Foidl et al., 2011)  and it is the most 
common of the fourteen species of genus moringa 
(Pakade et al., 2013a). Moringa has gained wide 
acceptance as medicine and food in Nigeria (Bamishaiye 
et al., 2011; Ijeomah et al., 2012). It has been reported 
that the leaves, flowers and fruits of moringa are more 
important nutritionally, whereas the roots, stem, wood 
and bark are known for their medicinal value such as 
stimulant, aphrodisiac, diuretic, blood pressure reduction, 
tumor healing, anti-fertility, antibacterial, anti-
inflammatory, anti-ulcer and cholagogic properties (Pal et 
al., 1995, 1996; Prakash et al., 1988; Ruckmani et al., 
1998; Sethi et al., 1998; Rao et al., 1999; Bennett et al., 
2003; Fahey et al., 2001; Dipti, 2012; Mbikay, 2012). The 
leaves of moringa are known to be rich in different forms 
of phytochemicals   

Moringa leaves can be consumed either raw or cooked, or dried 
over a screen for several days and ground into a fine powder that 
can be added to almost any food as a nutrient supplement (Makkar 
and Becker, 1996). Moringa leaf is rich in iron, potassium and 
vitamins especially vitamin A. A 100 g serving of the fresh cooked 
leaves is adequate to provide the daily requirements of calcium, 
about 75 % of iron and half of the protein requirement of a 3 year old 
child (Tree for life, 2005). Moreover, recently, they are highly 
recommended for pregnant and nursing mothers as well 
as young children (FAO, 2014). According to Makkar and 

Becker ( 1997), moringa leaf (Figure1) contains 260 g kg-

1 protein, with its essential amino acids being higher than 
the amino acid pattern of the FAO reference protein, but 
comparable to those in soybeans. Furthermore, the 
essential amino acids are higher than adequate 
concentration when compared with recommended amino 
acid pattern of FAO/WHO/UNO reference protein for a 2 
to 5 year-old child (Makkar and Becker, 1996). Moringa 
leaves contain negligible amount of tannins (12 g kg-1), 
0.8-5.0% saponin, 3.1% phytate, and no trace of trypsin, 
amylase indicators, lectins, cyanogenicglucosides and 
glucosinolates (Makkar and Becker, 1997). However, 
genetic variation, agroclimatic conditions, postharvest 
handling, locational variations and different means of 
food preparation have been reported to influence the 
quality attributes of moringa leaves (Chadha et al.,2011; 
Pakade et al., 2013a; Siddhuraju and Becker, 2003; Iqbal 
and Bhanger, 2006; Anjorin et al., 2010; and Pakade et 
al., 2013b). 

   Moringa leaf with a moisture content of about 74% 
(Gerna and Sengev, 2011), is a highly perishable food 
commodity. Drying, a processing unit which removes 
moisture from food material by heat and mass transfer 
(Premi et al., 2010), is a common method used in 
extending the shelf life of vegetables. Drying involves the 
use of different temperature regimes which could affect 
the nutritional value of vegetables (Gerna and Sengev, 
2011). Gernah and Sengev (2011) also reported that 
drying at 30-34 ºC increased the proximate, carotenoid, 
vitamin C, elemental   and   antinutrient   composition   of  



Direct Res. J. Agric. Food. Sci. 119 
 
 
 

Table 1.  Effect of temperature on the proximate and antinutrient composition of Moringa oleifera. 
 
Nutrient  Temperature (ºC)    
 60 70 80 
Moisture (%) 8.91b 8.71ab 8.62a 
Ash (%) 3.56a 3.80b 3.79b 
Protein (%) 31.33c 30.89b 30.25a 
Fat (%) 2.66b 2.45a 2.40a 
Crude fiber  (%) 17.56b 17.21a 17.26a 
Carbohydrate (%) 35.99a 45.55a 37.69a 
Caffeine (%)  ND ND ND 
Tannin (mg/100g) 8.59a 8.75ab 8.89b 
 

Means within a row with same superscripts are not significantly different at p˂0.05. 
 
 
 
moringa leaves. Gyamfi et al., (2011) compared the effect 
of drying at room temperature with oven drying and 
freeze-drying on the mineral composition of moringa 
leaves and recommended drying at either room 
temperature or freeze drying. Gyamfi et al., (2011), 
however, did not specify the exact temperature used for 
oven drying. Furthermore, drying at room temperature 
may not be appropriate for commercial processing due to 
the lengthening of drying period while freeze drying is not 
feasible in a developing economy as Nigeria. Premi et al., 
(2010) dried moringa leaves at 50-80 ºC and reported 
that drying time reduced considerably with increased 
temperature. However, Premi et al., (2010) only related 
the effect of the drying temperatures to the color attribute 
of the moringa leaves. Singh and Prasad (2013) also 
dehydrated moringa leaves at 50-80 ºC and based their 
comparison on the dehydration parameters (dehydration 
and rehydration ratios) and color  characteristics (L, a, b 
values). Arun et al., (2011) reported that oven drying (60 
ºC) of pretreated moringa leaves did not result in any 
significant change in the nutrients in comparison with 
wind and sun drying. Wangcharoen and Gomolmanee 
(2013) only reported on the effect of oven drying (50 and 
100 ºC) on the antioxidant activity of moringa leaves. 
Thus, no single study has been able to focus on the 
effect of hot air drying (which is the most feasible method 
of drying for developing countries) on a wide range of 
properties of moringa. This paper therefore focused on 
the effect of drying temperature on the proximate, mineral 
and vitamin composition of moringa leaves, and sensory 
qualities of dried moringa leaves infusion.  
 
 
MATERIALS AND METHODS 
 
Fresh and fully grown Moringa oleifera leaves were 
obtained from the Teaching and Research Farm of 
Bowen University, Iwo, Nigeria. The leaves were sorted 
to remove foreign materials and rinsed with distilled 
water. After draining, the leaves were dried in an oven 
(Gallenkaup Model) at 60, 70 and 80 ºC for 24 h. The 
dried leaves were ground   and  passed  through  250 µm  

 
sieve. The ground samples were packed in a ziplock 
polyethylene bag and stored at 4ºC for further analysis. 
 
 
Analyses 
 
The proximate composition of the leaves was determined 
according to AOAC, (2000). Ascorbic acid, riboflavin, 
thiamine and niacin were determined according to AACC, 
(1983), and the minerals according to IITA, (1991). 
Tannin was determined according to the method of 
Griffiths and Jones (1977) as described by Adeola and 
Aworh (2012) while caffeine was determined according to 
Venkatesh et al., (1994). 
The hot water extract of the dried moringa leaves was 
evaluated for color, taste, aroma, flavor, appearance and 
overall acceptability by a panel of fifty assessors, on a 9-
point hedonic scale where 1= dislike extremely, 5=neither 
like nor dislike and 9= like extremely. 
All the data were subjected to descriptive analysis using 
SPSS version 16.0. 
 
 
RESULTS AND DISCUSSION 
 
Proximate and antinutrient composition 
 
The moisture content of the dried moringa leaves ranged 
from 8.62 to 8.91 % (Table 1). As expected, increase in 
the temperature of drying resulted in a decrease in the 
moisture content of samples, and this is expected to 
improve the shelf life of the leaves since the activity of 
spoilage agents such as microorganisms and autolysis 
will be greatly hampered at such  low moisture content. 
However, there may be an increase in the incidence of 
non-enzymic browning since according to Derossi et al., 
(2011), the use of high temperature may result in the 
production of brown melanoidin pigments in vegetables. 
The same trend was observed for protein, fat and crude 
fiber. Derossi et al., (2011) also stated that drying of 
vegetables leads to break down of nutrients. However, 
the ash and tannin contents increased with temperature.  
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Table 2. Effect of drying temperature on mineral composition of moringa leaves. 
 
Minerals  Temperature(ºC)    
 60 70 80 
Iron (mg/100g) 15.79c 15.15b 14.90a 
Calcium (mg/100g) 664.77b 662.73b 653.11a 
Potassium (mg/100g) 817.68a 869.72c 859.56b 
Magnesium (mg/100g) 216.45a 215.22a 211.91a 
Sodium (mg/100g) 264.77ab 259.73a 265.06b 
Phosphorus (mg/100g) 197.11b 194.77b 190.04a 
Iron (mg/100g) 15.79c 15.15b 14.90a 
Calcium (mg/100g) 664.77b 662.73b 653.11a 

 

Means within a row with same superscripts are not significantly different at p˂0.05. 
 
 

Table 3.  Effect of drying temperature on vitamin composition of moringa leaves. 
 

Vitamins                                    Temperature (ºC)  
 60 70 80 
Ascorbic acid (mg/100g) 35.75c 22.40b 17.41a 
Thiamin (mg/100g) 2.36b 2.23ab 2.04a 
Riboflavin (mg/100g) 18.47c 17.53b 16.29a 
Niacin (mg/100g) 7.90c 6.30b 5.56a 
β-carotene (µg/100g) 449.77b 442.12ab 436.24a 

 

Means within a row with same superscripts are not significantly different at p ˂ 0.05. 
 
 

Table 4.Effect of temperature of drying on sensory attributes of dried moringa leavesr infusion. 
 

Attributes  Temperature (ºC) 
 60 70 80 
Color 7.6a 7.7a 6.9a 
Taste 7.3a 6.6a 6.5a 
Aroma 7.0a 6.2a 6.8a 
Overall acceptability 7.5b 7.0a 6.8a 

 

Means within a row with  same superscripts are not significantly different at p ˂ 0.05. 
 
 
 
Increasing the temperature of drying from 70 to 80 ºC did 
not significantly (p ˃ 0.05) affect the moisture, ash, fat 
and crude fiber contents of the leaves. Caffeine was not 
detected in the moringa leaves.  
 
 
Mineral composition 
 
Iron, calcium, magnesium and phosphorus contents 
reduced with temperature (Table 2). Except for 
magnesium, temperature had significant effect (p ˂ 0.05) 
on the mineral composition of moringa leaves. The iron, 
calcium, potassium and magnesium contents of the 
leaves ranged from 14.90 -15.79, 653.11 - 664.77, 
817.68 - 869.72 and 211.91- 216.45 mg/100 g, 
respectively. The sodium and phosphorus contents were 
found to be between 259.73 and 265.06, and 190.04 and 
197.11 mg/100 g, respectively. Ilelaboye et al., (2013) 
reported that heat processing resulted in the reduction of 
mineral composition of vegetables. 

Vitamin composition 
 
As the temperature increased, there was significant 
reduction (p ˂ 0.05) in the vitamin composition of moringa 
leaves (Table 3). According to Derossi et al., (2011), 
drying causes degradation of vitamins in vegetables. The 
ascorbic acid, thiamin and riboflavin ranged between 
17.41 and 35.75, 2.04 and 2.36, 16.29 and 18.47 mg/100 
g, respectively. Niacin and β-carotene, on the other hand, 
varied from 16.29-18.47 mg/100 g and 436.24-449.77 
µg/100 g.  
 
 
Sensory attributes 
 
The sensory attributes of the hot water infusion of 
moringa leaves decreased with temperature (Table 4). 
However, there was no significant difference (p ˃ 0.05) in 
the sensory attributes. This result contradicted Premi et 
al., (2010) who reported that there were differences in the  



 
 
 
 
color attribute of moringa leaves dried at 50-80 ºC, and 
that the one dried at 60 ºC was the most preferred. This 
difference in the two results may be explained by the 
objective nature of the sensory tests, which varies from 
one individual to another. 
 
 
CONCLUSION 
 
Drying moringa leaves at temperatures between 60 and 
80 ºC resulted in a decrease in protein, fat, crude fiber, 
mineral and vitamin contents, with increase in ash and 
tannin contents. There was no significant difference (p ˃ 
0.05) in the moisture, ash, fat and crude fiber contents of 
the leaves dried at 70 and 80 ºC. The sensory attributes 
of the hot water infusion of moringa leaves were not 
affected by the temperatures used for the drying.    
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