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Abstract 

Three blanching methods, namely boiling, steaming, and boiling+sodium bicarbonate, were used to evaluate 
amino acids contens and score of Moringa leaves under different blanching. Results showed that blanching had a 
great effect on amino acids and scores of Moringa leaves and their digestibility increased. Different methods of 
blanching had variable effects on Moringa leaves’ amino acids and digestibility significantly (p≤0.05). Steam 
blanching Moringa leaves had the highest amino acid content by 31.49%. Results also revealed that under 
different blanching Moringa leaves at levels of leucine of steam and boil+sodium bicarbonate samples, lysine 
content of boil and steam blanching are higher than those of FAO/WHO requirement pattern. The in vitro protein 
digestibility under study ranged from 49.6 to 52.3%. 
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1. Introduction 

Protein and calorie malnutrition are widespread in developing countries including Indonesia. At present growth 
rate (2.34%), Indonesian population will double in the next 30 to 40 years. Undoubtedly this population will 
burden the country in providing enough food supply for the people, and protein in particular. Currently, the 
major dietary protein sources are from plants and fish. With increasing income of people, there is a trend to 
consume more animal protein than plant protein. 

Moringa leaves are edible and are of high nutritive value (Tetteh, 2006). Dried or fresh leaves are also used in 
foods such as soups and porridges, curry gravy and in noodles, rice or wheat (Abdelatief et al., 2011).  

Moringa oleifera Lam. is a type of vegetable plant shrubs with 5-12 meters height and sometimes it reaches 15 
meters with a diameter of about 30 cm. Tree grows in areas 800-1200 m above sea level with rainfall of 400 mm 
per year (Odee, 1998; Morton, 1991). Moringa leaves are compound, pinnate double, and small rounded oval at the 
fingertips. Flowering plants all year round yellowish white. The fruit, called “drumstick”, is long and angular, its 
sides form a triangle, at the length of 15-45 cm, with the number of seeds about 20 (Sengupta & Gupta, 1970), soft 
and brittle stems (Roloff et al., 2009). 

It has been reported that ounce-for-ounce, Moringa oleifera leaves noting, in Ghana, Moringa leaf products 
especially leaf powder becomes increasingly popular because of its outstanding indigenous nutritive value. 
However, limited studies have been documented on the effects of processing and preservation on the nutritional, 
physicochemical and sensory characteristics of these products (Tetteh, 2008). Moreover, total protein digestibility 
of these leaves is high (85 % to 90 %). The leaves are also free of anti nutritive factors such as phenols, tannins and 
saponins (Fuglie, 2001).  

Moringa leaves contain protein (in dry weight) 19.34 - 22.42%, and they are balanced in all essential amino acids 
(Machado et al., 2009; Coppin, 2008). This is supported by the results of Fuglie’s research (2001) which reveal 
that Moringa plant or “drumstick” (Moringa oleifera) is a common plant, cheap and multi-vitamin, (Machado et al., 
2009). 
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Protein is essential for growth and development of living organisms and it constitutes 80-90% of all organic 
substances in animal body. Protein quality is measured by the type of amino acids present. There are twenty 
different types of amino acids. The 8 classically indispensable amino acids cannot be made by humans. Hence, 
they must be obtained from the diet, and dietary requirements have been defined for them (Pencharz & Ball, 
2006). 

A brief assessment is made of the strengths and weaknesses of current estimates of the dietary requirements for 
the indispensable (essential) amino acids in humans throughout the life cycle, with particular emphasis on the 
requirements in pre-school children and adults (Young and El-Khoury).  

Deficiency of protein in the diet constitutes the most serious nutritional problems in cases of malnutrition, which 
is often known by the term-Protein Energy Malnutrition (PEM). Children and toddlers needing more protein for 
growth and a more active exchange of energy. Therefore, children are more prone to cases of PEM. The impact 
of PEM in infants causes abnormal growth, reduced immunity, and a low level of intelligence. In severe stages, 
PEM in infants can cause a kwarshiorkor until death. Malnutrition infants need high quality and quantity protein 
intake. So far, protein source for infant and children food product is limited in milk and its derivates which is an 
expensive material. 

Protein is a source of amino acids that contain the elements C, H, N and O are not owned by fat or carbohydrates. 
The digestibility of protein is the amount of the protein that is absorbed by the body than the protein consumed. 
Power is the ability to digest protein digestive enzymes in converting protein solvers into smaller units (amino 
acids). According Ndong et al. (2007) in the protein content of Moringa leaf powder can reach 35%. However, 
protein digestibility values of Moringa leaf powder is still quite low at 56.1 ± 8.9%, which was caused the bound 
protein component of high fiber in the leaves of Moringa. Therefore, it is necessary to increase the availability 
(bioavailability) of Moringa protein.  

Moringa leaves has been known as a potential protein source. Moringa plants could be an alternative source of 
protein with the potential to overcome these problems. This is because the flour has a protein content of Moringa 
leaves are three times higher than for milk powder. Moringa leaves can make a contribution to the dietary 
diversity and dietary quality of households in need of improving their nutritional intake (Agyepong, 2009). 

Plant Moringa (Moringa oleifera (Lam)) the shrubs are often found in Indonesia as a hedge and has a very broad 
benefits. Moringa leaves and fruit has long been used by the public as a tasty vegetable; while the seeds can be 
used as a water purifier because it has compounds that are coagulants. The results of the research in Africa 
shows that the leaves of Moringa contains seven times more vitamin C than many citrus fruits, contains four 
times more calcium than milk protein content besides the leaves which can reach 43% when extracted with 
ethanol. Other plant parts like roots and bark are reported to contain such moringin medicinal and nutritious 
moringinin as “cardiac stimulant”. 

Moringa leaves are vegetables that are easily damaged, so we need processing into dried form intended for the 
public, especially vulnerable groups, such as children, pregnant and lactating women to be stored for a long or 
applied more widely. In general, every step of the drying process, especially the blanching treatment, affect the 
characteristics of vegetables, whether desired or not. The impact of heat on the attributes of quality vegetables are 
complex and not always beneficial. Protein is one of the important nutrients that easily reacts with heat treatment. 
The purpose of this study was to measure changes in levels of protein and amino acids from the Moringa leaf 
powder as a result of different blanching treatments. 

Browning is a problem arising in drying. This browning can occur due to enzyme activity oxidase in the tissues 
are destroyed and the conversion of chlorophyll a result of the drying process pheophytins. Browning on drying 
can be prevented by inactivation enzyme system. Inactivation of the enzyme system was done by blanching in 
boiling water or steam for 1-3 minutes with a leaf or until vegetables peroxidase assay peroxidase enzyme shows 
a negative value. 

This study aims to determine of amino acid composition in the Moringa oleifera Lam leaves (family: 
Moringaceae) under different blanching. 

2. Materials and Methods 

2.1 Materials 

Moringa leaves obtained from Beji village, Malang, Indonesia. It was transferred in an airtight containers to the 
laboratory. Other ingredients were purchased from local stores. 
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2.2 Methods 

2.2.1 Blanching 

Boil Blanching: The Moringa oleifera leaves were washed, approximately 100 g of fresh Moringa oleifera were 
immersed in boiling water at 100°C for periods of 5 minutes, respectively. The samples were drained on a stainless 
sieve until cold and then weighed.  

Steam Blanching: The Moringa oleifera leaves were washed, approximately 100 g of fresh Moringa oleifera and 
steamed for 5 minutes (at a temperature of 97±1°C) 

Boil Blanching addition of sodium bicarbonate: The Moringa oleifera leaves were washed, approximately 100 g 
of fresh Moringa oleifera were immersed in boiling water with addition of sodium bicarbonate 1500 ppm at 100°C 
for periods of 5 minutes, respectively.  

2.2.2 Experimental Design  

The Moringa oleifera were grown at Beji village. Moringa leaves were packed in airtight containers and that was 
cooled to ±4°C with dry ice. Dry ice is used to cool down freezed items.  Processing took place at the State 
University of Malang. Samples were randomly divided to undergo one of 3 treatments blanching (boiling, 
steaming and boiling addition of sodium bicarbonate).  

The samples were drained on a stainless sieve until cold and then weighed. The blanched Moringa oleiefera leaves 
were then dried in a hand spinning kitchen vegetable drier and the blanched leaves were loaded on the trays 
forming one single layer of the cabinet dryer and were dried in the cabinet dryer. The cabinet dryer was preheated 
to 40°C and then the loaded tray was added each time, until all the leaves were done. The temperature was 
maintained at 40°C and the leaves were left for 1 h for their drying. Vegetables were sufficiently dried till they 
became crisp and brittle to touch. The leaves took four hours for complete drying and milled with food processor 
to achieve the expected. The resultant powder was sieved using a laboratory size 0.25 mm to obtain uniform 
particle size.  

2.2.2.1 Determination of Crude Protein 

The Kjeldahl method was used for the determination of the total nitrogen. Add 1g of dry sample in digestion 
tubes (250 ml). Consider blank tube. Consider standard sample of known nitrogen contents. Add half a tablet of 
catalyst. Add 13 ml of concentrated sulfuric acid (H2SO4). Insert rack with 20 tubes, including blank and 
standard sample in digestion block heater under fume hood, and install exhaust manifold connected to water 
aspirator. Keep in digester at 420°C until liquid becomes transparent. Remove rack with exhaust manifold from 
digester and allow to cool to room temperature under fume hood. Remove exhaust manifold and transfer tubes 
separately to distillation unit. Automatic distillation: 65 ml dist. water +35 ml of 40% sodium hydroxide solution. 
Collect condensed liquid in Erlenmeyer flask with 10 ml indicator solution. Titrate liquid with 0.1142 N sulfuric 
acid until color turns purple.  

2.2.2.2 Calculations 

%N = [1.4007×(Va–Vb)×N]/W 

Va: volume of acid used for sample titration 

Vb: volume of acid used for the blank 

N: Normality of acid 

W: sample weight in grams 

1.4007: conversion factor milliequivalent weight of nitrogen and N percent 

Calculation Percent Crude Protein (CP) : 

% CP = %N × F 

F = 5.70 (Zaklouta et al, 2011).  

2.2.2.3 Amino Acid Analysis 

Sample Preparation: 

Weigh sample ± 0.2 to 0.6 grams, put in a test tube with a lid. Add 3 ml of 6 N HCl, the homogeneous. 
Hydrolysis at 110ºC for 12 hours. Cool, filtered with filter paper wathman. Adjust pH to normal pH 7 with 
NaOH ± 6 N. Add to 10.0 ml with aqua bidest. Grab ± 3 ml, filtered with a 0.45 μm millex. For injection into the 
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HPLC take millex solution as much as 50 ml + 950 ml OPA vortek. Right reaction was 3 minutes. 30 mL of 
filtrate was injected into the HPLC. 

HPLC conditions: Column: Eurospher 100-5 C18, 250x4.6 mm with Eluent A = 0:01 M acetate buffer pH 5.9. B 
= (MeOH: buffer 00:01 M Acetate pH 5.9: THF -> 80:15:5) ΛExc 340 nm Em: 450 nm  

The following formula as proposed by Abdelatief et al. (2011) was used: 

mg of amino acid per g N in test protein
Amino acid score

mg of amino acid per g N in reference pattern
  

Furthermore, the content of essential amino acids are compared with the pattern of amino acid requirements 
recommended by the FAO / WHO / UNU (1985) for pre-school children. 

Determination of In Vitro Protein Digestibility (IVPD) (Hsu et al., 1977) is:  

Prepare samples with finely milled pass 80 mesh sieve. Then suspende them in distilled water samples (glass 
distilled water) until the concentration of 6.25 mg protein / ml. 50 ml of total sample suspension which was 
placed in a small beaker, then adjust the pH to 8.0 by adding 0.1 N HCl or NaOH. The sample is placed in water 
bath temperature of 37˚C and stir it with a magnetic stirrer for 5 minutes. Add 5 ml of multi enzyme (when 
adding enzyme is recorded as the time to zero, at which the stop watch time is running) into the suspense 
remains mixed protein samples in a water bath 37˚C. Then the pH of the suspension samples was recorded at 
minute 10. Protein digestibility was calculated by using the formula: 

Y = 210.464-18.103 X 

Where: Y = protein digestibility (%), X = pH suspense samples in minute 10 

2.2.3 Statistical Analysis 

The data obtained was subjected to statistical One Way Analysis of Variance (ANOVA) (Steel & Torrie, 1991). 
and the significant difference among the means was compared with the LSD tests with a probability p ≤ 0.05. 

3. Result and Discussion 

3.1 Protein Content 
 

 

Figure 1. Amino acid content moringa leaves under different blanching 

 

The protein content in four samples of blanched Moringa oleifera leaves powder was in the range of 17.08 - 
18.49 %. Maximum protein content (18.49%) was in the steam blanching sample and the minimum one was in boil 
blanching+sodium bicarbonate sample. The protein content in the blanched Moringa oleifera leaves powder 
decreased from the unblanched Moringa oleifera leaves powder sample of drumstick leaves. The unblanched 
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Moringa oleifera leaves contain 18.49. The protein content of the 3 blanching treatment of the Moringa leaves 
compared to the unblanched leaves was statistically significant (p<0.05). Their values are in agreement with the 
protein content (27.1 %) as Fuglie (2001) reported for M. oleifera.  

3.1 Amino Acid Content of Moringa Leaves  

The quality of the protein depends on the balance and completeness essential amino acids. Misner (2000) adds, 
that the quality of the protein determined by protein levels and patterns of its constituent amino acids, and each 
treatment has a different composition and patterns. Protein is needed for growth, production and normal health, so 
it should have the ideal protein amino acid composition according to the needs and requirement of protein is higher 
than the young adult age. Tables 1 and 2 show the results of amino acid levels and score of Moringa leaves under 
different blanching.  

 

Table 1. Essential amino acid content of moringa leaves  

 

Table 2. Non essential amino acid content of moringa leaves powder under different blanching 

Amino acid Unblanching 

(mg/100 g protein) 

Boil blanching 

(mg/100 g protein)

Steam blanching 

(mg/100g protein)

Boil +sodium bicarbonate 
blanching (mg/100g 

protein 

Alanin 34.91 39.49 50.36 37.24 

Aspartic 65.38 89.80 112.35 74.38 

Glutamic 178.32 87.08 121.99 51.95 

Serin 27.07 34.07 42.80 30.32 

Histidin 13.54 18.19 25.90 21.53 

Glisin 34.37 53.82 66.96 49.97 

Arginin 35.10 51.75 70.54 50.44 

Total AAE + 
AA non 
essential 

657.65 854.64 864.67 664.02 

 

The data on the amino acid pattern of total leaves proteins of the investigated moringa reveal that Isoleucine, 
methionine, cysteine, phenylalanine, tyrosine, threonine, valine, tryptophan content of unblanching, boil 
blanching, steam blanching and boil blanching+sodium bicarbonate to be higher than requirements 
recommended FAO/WHO/UNU (1985) for pre-school children.  

Essential Amino Acid 

 Reference 
FAO 
(1985) 
mg/g 
protein 

Unblanching 
Boil 

blanching 
Steam 

blanching 
Boil +sodium 
bicarbonate 

mg/g protein score mg/g protein Score mg/g protein Score mg/g protein Score

Ile 28 19.82 57 34.57 99 38.50 110 30.75 88 

Leu 66 35.14 54 23.67 36 72.47 111 52.10 80 

Lys 58 16.81 34 98.59 197 30.40 61 23.55 47

Met+Cys 25 64.29 257 28.53 114 34.3 137 28.0 112 

Phe+Tyr 65 46.2 71 83.42 128 53.39 82 38.29 69 

Thr 34 56.14 225 151.92 608 91.44 366 59.55 238 

Val 35 25.16 72 42.3 121 49.81 142 40.39 115 

Try 11 5.39 54 17.42 174 34.5 61.1 75.57 756 

IVPD 49.61 53.11 53.74 52.29 
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The results analysis of amino acid content of moringa leaves under different blanching treatments can be seen in 
Table 2, the highest levels of amino acids contained in the steam blanching treatment (864.67 mg/100 g protein), 
while the lowest was on unblanching treatment (657.65 mg/100 g protein).  

Blanching treatment significantly (P<0.05) affects the amino acid content of Moringa leaves. Blanching 
treatment can increase the essential amino acids Moringa leaves except the amino acid leucyne, and lysine. The 
amino acid leucine amino acids become limiting at un blanching and boil blanching treatment, while the amino 
acids lysine becomes limiting amino acid in the treatment un blanching compared to reference pattern 
FAO/WHO/UNU (1985).  

For a non-essential amino acids, or a non-essential amino acids, the highest levels found in the amino acid 
glutamate (178.32 mg/100g protein), the amount of the treatment and the lowest un blanching contained in the 
amino acid histidine (13.54 mg/100 g protein) was also found in the treatment un blanching. 

In general, there has been an increase in the essential amino acids and non esessensial as blanching treatment 
effects in moringa leaves are sufficient and relatively high.  

4. Conclusion 

Blanching pretreatment was used to improve digestibility of Moringa oleifera. Blanching leafy vegetable samples 
were higher in compositional attributes than unblanched vegetables. Blanched is one of the most possible 
strategies for preservation of Moringa oleifera leaves, which are highly seasonal and perishable too. The 
abundantly available inexpensive leaves of M. oleifera can serve as a pool house of nutrients and can be used in 
the developing countries to combat micronutrient deficiencies. 

Acknowledgements 

We are thankful to the State University of Malang and Brawijaya University providing convenience in using the 
experimental equipments and for the financial support of the Directorate General of Higher Education.  

References 

Agyepong, A. O. (2009). The possible contribution of Moringa oleifera lam. leaves to dietary quality in two 
bapedi communities in mokopane, limpopo province.  

Egounlety, M., Aworh, O. C., Akingbala, J. O., Houba, J. K., & Nago, M. C. (2002). Int. J. Food. Sci.Nutr., 
53(1), 15-27.  

Alajaji, S. A., & El-Adawy, T. A. (2006). Nutritional composition of chickpea (Cicer arietinum L) as affected by 
microwave cooking and other traditional cooking methods. Journal of Food Composition and Analysis, 19, 
806-812. 

Ali, M. A. M., El-Tinay, A. H., Mallasy, L. O., & Yagoub, A. E. A. (2010). Supplementation of pearl millet 
flour with soybean protein: effect of cooking on in vitro protein digestibility and essential amino acids 
composition. International Journal of Food Science and Technology, 45(4), 740-744. 

Al-Jebrin, A., Sawaya, W. N., Salji, J. P., Ayaz, M., & Khalid, J. K. (1985). Chemical and nutritional quality of 
some Saudi Arabian diets based on cereal and legumes. Ecology of Nutrition and Health, 17, 157-164. 

Anhwange1, B. A., Ajibola, V. O., & Oniye, S. J. (2004). Amino acid composition of the seeds of Moringa 
oleifera (Lam), Detarium microcarpum (Guill & Sperr) and Bauhinia monandra (Linn.). Chem. Class 
Journal, 9-13. 

AOAC. (1990). Official Methods of analysis (14th Edn). Asssociation of OfficialAnalytical Chemists. Washington 
DC. 

Basha, S. M. M., Cherry, J. P., & Young, C. T. (1976). Changes in free amino acids, carbohydrates and proteins of 
maturing seeds from various peas (Arachis hypogaea) cultivars. Cereal Chem, 53, 583-597. 

Bunjapmai, S., Mahoney, R. R., & Fagerson, I. S. (1982). Determina-tion of amino acids in some processed 
foods and effect of racemization on in vitro protein digestibility of casein. Journal of Food Science, 47, 
1229-1234. 

Coppin, J. (2008). A study of the nutritional and medicinal values of Moringa oleifera leaves from sub-Saharan 
Africa: Ghana, Rwanda Senegal and Zambia (Thesis). The State University of New Jersey. 

Dashti, B. H., Al-Awadi, F., Khalafawi, M. S., Al-Zenki, S., & Sawaya, W. (2001). Nutrient contents of some 
traditional Kuwaiti diets: proximate composition, and phytate content. Food Chemistry, 74, 169-174. 



www.ccsenet.org/jfr Journal of Food Research Vol. 2, No. 1; 2013 

107 
 

Deshpande, S. S., Sathe, S. K., Salunkhe, D. K., & Cornforth, D. P. (1982). Effects of dehulling on phytic acid, 
polyphenols and enzyme inhibition of dry beans (Phaseolus vulgaris L.). J. Food Sci., 47, 1846-1850. 

Dillard, C. J., & German, J. B. (2003). Phytochemicals: nutraceuticals and human health: A review. J. Sci. Food 
Agric., 80, 1744-1756. 

El-Jasser, A. S. H., Bashier, A., Seif, E., Mohamed, A., Isam, A., & Babiker, E. E. (2011). Nutritional evaluation 
of amino acids as influenced by cooking of some Saudi traditional diets. Australian Journal of Basic & 
Applied Sciences, 5(3), 322. 

FAO/WHO. (1991). Protein Quality Evaluation. Rome, Italy: Food and Agricultural Organization of the United 
Nations, p 66. 

FAO/WHO. (2002). Protein and amino acids requirements in human nutrition. Report of a Joint. 

FAO/WHO/UNU. (1985). FAO/WHO/UNU Joint Expert Consulta-tion. Energy and protein requirements. 
Technical report series No. 724. World Health Organization, Geneva, Switzerland. 

Friedman, M., Zahnley, J. C., & Masters, P. M. (1981). Relationship between in vitro digestibility of casein and 
its content of lysinoalanine and D-amino acids. Journal of Food Science, 46, 127-131. 

Fuglie, L. J. (2001). The miracle tree: Moringa oleifera: Natural nutrition for the tropics, (Church World Service, 
Dakar, 1999). pp. 68. revised in 2001 and published as The Miracle Tree: The multiple attributes of 
Moringa, p172.  

Hayashi, R., & Kameda, I. (1980). Conditions for lysinoalanine formation during exposure of protein to alkali. 
Journal of Biological Chemistry, 44, 175-181. 

Hsu, H. W.,Vavak, D. L., Satterlee, L. D., & Miller, G. A. (1977). Amulti-enzyme technique for estimating 
protein digestibility. J. Food Sci., 42, 1269-1271. 

Khalid, A. H. & Mansor, E. H. (1995). The effect of cooking, autoclaving and germination on the nutritional 
quality of faba beans. Food Chemistry, 54, 177-182. 

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein measurement with the folin-phenol 
reagent. J. Biol. Chem., 193, 265-275. 

Machado, S. D. I., Lopez-Cervantes, J., & Rios Vasquez, N. J. (2009). High performance liquid chromatography 
method to measure a- and g-tocopherol in leaves, flowers and fresh beans from M. oleifera. J. Chromatogr. 
A., 1105(1-2), 111-114. 

Misner, B. (2000). Solae soy protein: The basics. Retrieved from http://www.hammer nutrition.com  

Morton, J. F. ((1991). The Horseradish tree, Moringa pterigosperma (Moringaceae) A boon to arid lands? 
Abstracts JSTOR: Economic. Bot., 45(3), 318-333 

Ndong, M., Guiro, A. T., Gning, R. D., Idohou-Dossou, N., Cisse, D., & Wade, S. (2007). In Vitro Iron Bio- 
availability and Protein Digestibility of Traditional Senegalese Meals Enriched with Moringa oleifera 
Leaves Powder. University Cheikh Anta Diop Dakar, Senegal. 

Nepolean, P. J., & Renita, R. E. (2009). Isolation analysis and identification of phytochemical of antimicrobial 
activity of Moringa oleifera lamk. Current Biotika, 3(1). 

Odee, D. (1998). Forest biotechnology research in drylands of Kenya: the development of Moringa species. 
Dryland Biodiversity, 2, 7-8. 

Onyango, C., Noetzold, H., Zeim, A., Hofmann, T., Bley, T., & Henle, T. (2005). Digestibility and antinutrient 
properties of acidified and extruded maize-finger millet blend in production of Uji. LWT Food Science and 
Technology, 38, 697-707. 

Osman, N. M., Mohamed Ahmed, I. A., & Babiker, E. E. (2010). Fermentation and cooking of sicklepod (Cassia 
obtusifolia) leaves: changes in chemical and amino acid composition, antinutrients and protein fractions and 
digestibility. International Journal of Food Science and Technology, 45, 124-132. 

Pencharz, P. B., & Ronald, O. B. (2006). Amino Acid Requirements of Infants and Children. In J. Rigo, & E. E. 
Ziegler (Eds), Protein and Energy Requirements in Infancy and Childhood (pp. 109-119). Nestlé Nutr 
Workshop Ser Pediatr Program, Nestec Ltd., Vevey/S. Karger AG, Basel. 

Rollof, A., Weisgerber, L., & Stimm, B. (2009). Moringa oleifera LAM. Encyklopädie der Holzgewächse, 
Handbuch und Atlas der Denrologie. WILEY-VCH Verlag GmbH & Co. KgaA. Weinheim. 



www.ccsenet.org/jfr Journal of Food Research Vol. 2, No. 1; 2013 

108 
 

Seena, S., Sridhar, K. R., & Jung, K. (2005). Nutritional and anti-nutritional evaluation of raw and processed 
seeds of wild legume, Canavalia cathartica of coastal sand dunes of India. Food Chemistry, 92, 465-472. 

Sen, M., & Bhattachargya, D. K. (2001). J. Agric. Food. Chem., 49(5), 2641-2646. 

Sengupta, A., & Gupta, M. P. (1970). Studies on seed fat composition of Moringaceae family. Fette Seifen 
Anstrichm, 72, 6-10. 

Steel, R. G. D., & Torrie, J. D. (1991). Principles and statistical procedures (3rd ed.). 

Tetteh, O. N. A. (2008). Effects of blanching and dehydration methods on the quality of Moringa leaf powder 
used as herbal green tea (Master’s thesis). Kwame Nkrumah University.  

Waldron, K. W., Parker, M. L., & Smith, A. C. (2003). Plant cell wall and food quality. J. Sc. Food Technol., 2, 
109-110. 

WHO/FAO/UNU. (1985). Expert Consultation, WHO Technical Report Series 935, Rome.  

Young, V. R., & El-Khoury, A, E. (2006). Human amino acid requirements: A re-evaluation. Retrieved from 
http://unu.edu 

Zaklouta M., Hilali, M., Nefzaoui, A., & Haylani, M. (2011). Animal nutrition and product quality laboratory 
manual (p. 92). ICARDA, Aleppo, Syria.  

 

 

 


