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ABSTRACT 

 

Present research project was an attempt to explore the anti-arthritic potential of moringa 

oleifera against arthritis. For the purpose, moringa leaf powders (MLP) and moringa seed 

powders (MSP) were characterized and subsequently utilized for the preparation of 

moringa tea infusions and then evaluated in rats to check the toxic level and suitability for 

human beings.  Finally, efficacy study was carried out to determine the effect of moringa 

tea infusions on the blood biochemical profile of the arthritis patients. Regarding 

chemical composition, MLP and MSP contained essential nutrients in significant amount 

and good antioxidant properties. However, MLP was found to be rich in polyphenols with 

special reference to flavonoids including quercetin and kaempferol than MSP. Among 

minerals, MLP again possessed more calcium, phosphorus, sodium potassium, 

magnesium, iron, zinc and copper than MSP. However, the trace elements were present in 

relatively less quantity in both the powders analyzed. The quality evaluation of moringa 

tea infusions, prepared from different combinations of its parts showed better physical, 

nutritional, antioxidant and sensory profile. The toxicological evaluation of the moringa 

leaf and seed extracts in biological study supported the claim that the moringa is 

relatively safe for remedial purpose. Moreover, the efficacy study in arthritis patients 

revealed significant reduction in RF, CRP and ESR concentrations by consuming moringa 

tea infusions. Likewise, TC, LDL and TG were substantially reduced by moringa tea 

infusions however, effect was more pronounced in moringa leaf tea infusions group than 

seeds and their combination tea infusions. Moreover, the HDL was significantly increased 

by moringa tea consumption. Furthermore, serum biochemistry values were within 

normal range revealing safety of use. From the present investigation, it was concluded 

that moringa tea infusions were effective against arthritis therefore,  can  be  a  part  of  

diet  based  therapy  for  attenuation  of  such chronic diseases. 
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Chapter 1 

INTRODUCTION 

 

According to World Health Organization, almost 60 percent of the deaths globally are 

currently owing to chronic diseases (WHO, 1999). Arthritis is one of these chronic 

diseases that can be controlled, but cannot be cured. Arthritis is illustrated by chronic 

inflammatory changes; cartilage destruction, joint deformity and disability (Pope, 2002). 

Arthritis is prevailing progressively worldwide and makes a significant fiscal loss. About 

1% of the people in the globe are affected by arthritis among women being three times 

more affected than men (Lawrence et al., 1998). In Pakistan 39% of the population is 

suffering from arthritis and most of them are between the age of 40 to 50 years (Shaikh & 

Shaikh, 2005).  

There are more than hundred different types of arthritis such as; rheumatoid arthritis, 

septic arthritis, psoriatic arthritis, reactive arthritis, gouty arthritis and juvenile arthritis 

etc. The most common is rheumatoid arthritis which is a symmetrical polyarthritis 

characterized by chronic inflammatory synovitis of peripheral joints (Hunter & Lo, 2009). 

The major grievance by individuals who have rheumatoid arthritis is joint pain due to 

inflammation that occurs around the joint, damage to the joint from disease, daily wear 

and tear of joint, muscle strains caused by forceful movements against stiff, painful joints 

and fatigue (Huizinga  & Pincus, 2010).  

The drugs which are frequently used to alleviate the rheumatoid arthritis are 

corticosteroids, NSAIDs and colchicines, which are usually effective but comprise many 

side effects (Shamim et al., 2011). Furthermore, they do not recover the enduring 

prospects of rheumatoid arthritis (Scott et al., 1987). The best way to cope these chronic 

conditions is through nutritional intervention, which is an imperative move towards the 

relief from such chronic diseases and maintenance of the health. 

 Great stress is being placed on the utilization of the foods that not only nourish the body 

but also used to be helpful in the prevention and treatment of such chronic diseases. 

People are being optimistic to eat food, just not to accomplish their needs but also to 
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improve their health (Martinez & Martinez, 2007; Palmer, 2005). Diet based modules are 

superlative for the management of many chronic diseases (Hurrell, 1997). Development 

of diet based regimen is gaining esteem these days and considered as a new facet in the 

field of food and nutrition (Ahmad, 1999; Shahidi, 2002).  

There are several foods available in market like functional foods, medical foods, novel 

foods, designer foods and nutraceuticals for the management of particular diseases. Most 

of them are made from the plants (Arai, 1996). The native plants are usually under-

explored instead of their enormous nutritional and medicinal benefits in many countries. 

So, it is essential to explore the potential of indigenous plants through the development of 

innovative functional foods (Abbey & Timpo, 1990). In this context the exploitation of 

Moringa oleifera as an indigenous food plant is supposed to be the excellent step for the 

management of chronic diseases, mainly arthritis and to fulfill the fundamental body 

needs in an economical and sustainable way (Leonard & Rweyemamu, 2006). 

Moringa is known as a miracle tree, single genus, Moringaceae family and of 14 known 

species (Nadkarni, 1976). The most popular and broadly cultivated specie is Moringa 

oleifera also known as ‘drumstick’ tree (Ramachandran et al., 1980), native to the sub-

Himalayan tracts of Pakistan, India, Bangladesh and Afghanistan (Oliveira et al., 1999). 

Moringa oleifera Lam will be called as moringa throughout the rest of this study. It is an 

imperative tree in India (Ramachandran et al., 1980), Sudan (Jahn, 1988), Ethopia, 

Philippines (Estrella et al., 2000) and has been used as a food supplement and as a 

medicine in tropical Asia, Arabia, East and West South Africa (Mughal et al., 1999; 

Somali et al., 1984),  Latin America the Caribbean, Florida and the Pacific Islands 

(Morton, 1991).  

Moringa is highly nutritious plant which can save lives, nourish the deprived people and 

can be a good source of nutrition for the people of all age groups (Fuglie, 2001).  Moringa 

plant has been documented to have rich amount of vitamins mainly vitamin A and C, 

minerals (calcium, phosphorous, iron, copper, zinc, iodine, sulphur, selenium and 

manganese) and all essential amino acids (Leonard & Rweyemamu, 2006). It has been 

revealed that moringa is packed with more than 90 nutritional compounds, 36 anti-

inflammatories and 46 antioxidants (Aging, 2008). Moringa is also rich in antioxidants 

like polyphenols, flavonoids and carotenoids (Dillard & German, 2000). The most 
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significant phytochemicals for medicinal point of view present in moringa are quercetin, 

kaempferol, zeatin (Makonnen et al., 1997) rutin and caffeoylquinic acids (Fuglie, 2005).   

Nearly all parts of the moringa plant are suitable for utilization as food component 

(Fuglie, 1999). In South Asia various components of the moringa (leaves, seeds, root, 

pods, flowers, bark, gum and seed oil) has been used for the treatment of infections, 

swelling, pain, gastrointestinal,  cardiovascular, hepatic and renal function disorders 

(Siddhuraju & Becker, 2003). Moringa leaves and seeds were mostly employed for the 

management of arthritis in an herbal medicine since, many years. The Pain of the arthritis 

is very persistent and awful (Aguilar-Sanchez et al., 2005) however, moringa leaves were 

assumed to reduce the pain and inflammation of the arthritic joints (Gupta & Mazumder, 

1999). Moringa seeds have also possessed anti inflammatory properties (Sutar et al., 

2008) so, the ethanolic extract of seeds of moringa has documented anti-arthritic potential 

in adjuvant-induced arthritis in rats (Mahajan et al., 2007).  

The incorporation of bioactive compounds enriched plant materials in foods, proved to be 

the best strategy against these ailments (Manach et al., 2005; Ramaa et al., 2006). There 

are several well reputed foods which are prepared and enriched form the natural materials 

including  tea, bakery products, dairy products or beverages those are used by consumers 

just not to satisfy their slakes but for documented health claims. Among these foods, 

herbal tea is frequently used by the health conscious people because liquid supplements 

are easily absorbed as compared to other food stuffs (American Dietetic Association, 

2009). 

The consumption of tea has been started in China centuries ago, but with the passage of 

time became an everlasting part of nearly all the cultures across the globe. Currently, tea 

is the most extensively consumed beverage after water in the world (Schmidt et al., 2005) 

and hence it is considered as an essential food commodity. Tea holds a distinctive 

position in the culture of a lot of civilizations and usually taken for its taste and attractive 

aroma. Tea therefore, became a fast growing business in the market of ‘wellness 

beverages’ (Byun & Han, 2004).   

  

Tea is prepared by the infusion of the dried components of the plants (leaves, seeds, 

flowers, root and bark) in the boiling water. The most widely used tea plant is Camellia 

sinensis which produces three categories of teas namely black, green and oolong teas. 
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These are differentiated on the basis of processing conditions applied during production 

(Kirk & Sawyer, 1997). In the modern era, fourth type of tea, usually termed as herbal 

tea, is becoming most popular amongst the consumers. Likewise conventional teas, herbal 

teas are also made from the components of the plants other than the traditional tea plant 

(Bender, 2003).  

The therapeutic effects of herbal tea are attributed to the natural compounds i.e. 

phytochemicals. Phytochemicals are prevalent in the human diet from the ancient times to 

fight against different ailments and a large number of the medicines were produced from 

the plants due to presence of phytochemicals (Potawale et al., 2008).  Polyphenols are the 

class of phytochemicals which are water soluble and colorless compounds, responsible 

for the bitter taste and astringency of the tea (Da Silva et al., 1998). The major 

polyphenols present in tea are flavonoids. These tea flavonoids are gently absorbed from 

the gut and increase the antioxidant potential of the blood by exhibiting high antioxidant 

activity (Greenwell, 1999). Tea flavonoids restrain the lipid peroxidation and hence play 

an important role in treatment and prevention of cardiovascular diseases (Da Silva et al., 

1998). These are also effective for the treatment of mutagenesis (Jain et al., 1989), 

cancers (Katiyar & Mukhtar, 1996) lowering of cholesterol level and the reduction of pain 

and inflammation (Nakamura et al., 2001).  

Tea flavonoids block the nitric oxide synthase (NOS-2) action (Olszanecki et al., 2002) 

which sequentially stimulates the synthesis of NO and it has been linked with the anti-

inflammatory (Kim et al., 2004) and antinociceptive mechanism (Ferreira et al., 1991; 

Machelska et al., 1997). Polyphenolic fractions of tea reduced the expression of 

inflammatory mediators such as TNF-α, IFN-γ, Cox-2 in arthritic joints (Haqqi et al., 

1999) also inhibit the action of nuclear factor-kappa B and hence significantly reduced 

the severity and onset of the disease (Robak et al., 1998). Green tea has an anti-

inflammatory activity and had decreased the production of tumor necrosis factor (TNF) 

(Yang et al., 1998).  

Currently in Asian countries, numerous herbal corporations are manufacturing and selling 

herbal teas, most of them are prepared by one type of herb even though some may be 

combined. Amongst them, Moringa oleifera possess the therapeutic potential through its 

different parts (leaves and seeds). In Pakistan a very little work has been done to utilize 

this therapeutic plant in food formulations. So, by considering all of the above-mentioned 
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facts about moringa the study was planned for the management of arthritis in patients 

through nutritional intervention using tea as a vehicle prepared from different parts of 

moringa with the following objectives in view: 

 

1. To determine the nutritional potential and bioactive compounds of moringa 

(leaves, and seeds) with a view of utilizing them in food product 

2. To develop moringa tea in different combinations of its parts to analyze their 

acceptability through different quality characteristics 

3. To evaluate the toxicity of aqueous extract of moringa leaves and seeds in rats.  

4. To determine the effect of moringa tea on the blood biochemical profile of the 

arthritis patients. 
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 Chapter 2 

REVIEW OF LITERATURE  

 

 

 Nutrition has stepped forward to bring innovative aspects in the production of functional 

foods and nutraceutical. Several nutritious common foods (food plants, green tea, 

flaxseed, garlic, soy, and fish) along with especially designed foods are available in the 

market having numerous health benefits. These foods are getting popularity in health 

conscious people owing to their astonishing medicinal and nutritional properties. Pakistan 

has a diverse range of medicinal plants and many of them are useful for the health of the 

population. Moringa is one of them, which is widely used by nutritionists as a nutritional 

supplement and for the management of various ailments. Thus, the exploitation of 

Moringa oleifera as an indigenous food plant is supposed to be the excellent step for the 

management of chronic diseases, mainly arthritis and to fulfill the fundamental body 

needs in an economical and sustainable way. Hence, the current research study was 

designed to explore the therapeutic potential of moringa through nutritional intervention. 

The literature relevant to different phases of the current study has been reviewed under 

the following headings: 

 

2.1. Moringa: General description  

2.2. Nutritional composition of moringa 

2.3. Moringa: A rich source of bioactive compounds 

2.4. Moringa based food products  

2.5. Moring tea; an overview 

2.6. Moringa against arthritis 

2.7. Health endorsing perspectives of moringa 
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2.1. Moringa: General description 

The moringa is a very precious plant on the earth. The journey of moringa was started in 

Northern India around 2000 B.C. Moringa was firstly used as a medicinal herb in 

Ayurvedic medicine for the cure and prevention of about 300 diseases (Parrotta, 2001). In 

earlier times moringa leaf extract was used to formulate energy drinks which were given 

to the Indian soldiers during wars to boost up their energy levels (Fuglie, 2001; Manzoor 

et al., 2007). It is a perpetual softwood tree which has been renowned for various uses for 

many centuries. In first two decades of the 19th century, moringa was used as an 

ornamental plant (Morton, 1991) but later on in  the twentieth century, it was  introduced 

from India to Africa where they were used it as a nutrient supplement (Muluvi et al., 

1999). The moringa plant has been utilized by the people since many years in different 

cookery ways (Iqbal & Bhanger, 2006). 

Moringa is a miracle tree, single genus, family Moringaceae and of 13 known species 

(Nadkarni, 1976). The most popular and broadly cultivated specie is Moringa oleifera 

also known as ‘drumstick’ tree (Ramachandran et al., 1980). It is an evergreen tree, native 

plant of Pakistan, which generally grows up to 12 m in height. The plant is usually 

cultured in Asia, Africa and other tropical parts of the world as a food. It is highly 

valuable plant for nutritional and medicinal purposes. It is an imperative tree in India 

(Ramachandran et al., 1980), Sudan (Jahn et al., 1986), Ethiopia and Philippines (Estrella 

et al., 2000) and has been used as a food supplement and as a medicine in tropical Asia, 

Arabia, East and West South Africa (Mughal et al., 1999; Somali et al., 1984) and Latin 

America (Morton, 1991). Moringa is called as horse radish or drumstick tree in several 

components of the world, while in remaining parts it is recognized as the kelor tree 

(Anwar & Bhanger, 2003) but in Pakistan, its common name is ‘Sohanjna’ (Anwar et al., 

2005). 

Moringa oil was also popular in Egyptian customs for the treatment of skin diseases. The 

remedial properties of moringa oil have been acknowledged by primordial trends. 

Moringa oil has stunning aesthetic value and is used in beauty products and skin 

ointments since, Egyptian epoch (Fuglie, 2001). Moringa was consumed by the early 

Romans and Egyptians; it is now mostly cultured and has become grown naturally in 

various countries in the tropics and subtropics (Fahey, 2005). The awareness and 

utilization of moringa is seen in many countries. It is now extensively used as a 
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supplement and is available in different preparations for various health benefits 

(Sashidhara et al., 2009). 

2.2. Nutritional composition of moringa 

Moringa is gaining esteem these days as a highly nutritious plant which nourishes the 

deprived people (Fuglie, 2001). The different parts of moringa were served as a good 

source of nutrition for children, expecting and lactating mothers (Price, 1985). The 

significance of moringa is because of the high nutritional value of its different parts, 

“moringa leaves possessed four times additional vitamin A than the carrots; also 

contained calcium four times than the glass of milk; acquired higher amount of iron than 

the 100 g of spinach; contained vitamin C seven times more than the oranges (100 g) and 

triple amount of potassium than present in bananas. Likewise, the moringa comprised rich 

amount of protein, relatively higher than the protein of the eggs and milk. The leaves of 

moringa can be a good source of nutrition. The 8 g of dried moringa leaf powder can 

fulfill the requirement of the children under the age of 3 years; it restrained protein (14%), 

iron (23%), calcium (40%) and the vitamin A equivalent to the recommended daily 

allowances (Fahey, 2005). The 100 g of moringa leaves acquired substantial amount of 

iron, calcium, vitamins, proteins, copper and sulfur which is 1/3 of the daily requirement 

of a woman. Utilization of different parts of moringa can be a cheap and sustainable 

approach for providing micronutrients and to prevent malnutrition in the emergent 

countries. The moringa not only contain good proportions of macro-nutrients (vitamin A, 

C, essential amino acids), but also comprised of good quantity of minerals (calcium, 

phosphorus, iron, zinc, copper, iodine, selenium and sulfur) (Fuglie, 2005). 

Moringa was also used as a supplement in feeding programs attributable to rich amount of 

vitamin A (Leonard & Rweyemamu, 2006). The Vitamin A in moringa has been reported 

as 11,300 IU/100 g of the edible portion (Ramachandran et al., 1980) and later, it was 

also observed that the vitamin A content in moringa leaves is 3767 IU per 100 g edible 

portion (Babu, 2000). Moringa is cultured as a good food and cash crop in Niger (Saint, 

2001). It is a natural plant which is simply accessible when there is scarcity of food and 

when green vegetables are not available. The leaves of seven plants were evaluated in 

Niger to determine the fatty acid content, amino acids and the minerals composition. The 

results revealed that the moringa leaves contained rich amount of protein as compared to 



9 

 

other plants. The amount of protein is comparable to the WHO recommended intake 

(Freiberger et al., 1998).  

Moreover, the results regarding the chemical composition of moringa is following; 

moisture, protein, fat, fiber and ash were 74.42%, 16.7%, 1.7%, 3.5% and 8%, 

respectively, while minerals like Ca, P, Mg and K were 0.20 mg/100 g, 0.031 mg/100 g, 

0.13mg/100 g and 0.075mg/100 g, respectively (Elkhalifa et al., 2007). Later, Oduro et 

al. (2008) revealed that, moringa leaves comprised of 27.51% of crude protein contents, 

19.25% of the crude fiber contents, 7.13% moisture, 7.13% ash contents, 2.23% of the 

crude fat content, 43.88% NFE and 305.62 cal/g the total caloric value. On dry weight 

basis, leaves showed appreciable level of iron i.e. 28.29 mg/100 g and calcium i.e. 2,009 

mg/100 g.  

Furthermore, moringa seed powder also possessed nitrogen (2.98%), tannins (322.9 

mg/100 g), alkaloids (8.24 mg/100 g) and saponins (9.13%). The principal mineral 

elements in the seed powder were: Al (144 ppm), Ca (602 ppm), K (732 ppm), P (0.619 

mg/kg), Na (86.2 ppm), Mn (17.5 ppm), Br (0.62 ppm), La (0.73 ppm), Sm (0.14 ppm), 

Rb (37.5 ppm) and Sc (0.17 ppm). While Mg, Fe, Cr, As, Th and Zn were all away from 

detection limits (Kawo et al., 2009). Fahey (2005) also reported that the whole seeds can 

also be taken in the form of powder, infused in tea and mixed in curries. The moringa 

seeds mostly called as kernels, they are of varied taste which may fluctuate from sweet to 

bitter and were usually used in fried form (Makkar & Becker, 1996).  

2.3. Moringa: A rich source of bioactive compounds 

"Bioactive compounds" are additional components in nutrition that are naturally present 

to little extent in foods. These are being mainly investigated to assess their consequences 

on health of the individuals. Raising the quantity of high antioxidant potential in foods is 

important for the maintenance of balance among oxidation compounds and antioxidants 

in the body against the oxidative stress. Most of the dietary antioxidants have low or 

minimal toxicity, and the intake can be increased without side effects (Kris-Etherton et 

al., 2002). 

Among bioactive compounds, phenolic contents are able to counter free radicals and to 

play a significant role towards antioxidant abilities of vegetables and fruits. Plants contain 

a large quantity of reserved phenolic compounds which impart taste and color to the foods 
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(Fennema & Tannenbaum, 1996). The main phenolic acid of the plants are ferulic acid, 

gallic acids, caffeic acid and their derived compounds which are rich in several plants and 

they contain flavonols, flavones, isoflavones and pigments of anthocyanin. Polyphenols 

have gained importance, because they have protective effect against the oxidative stress 

which can give rise to many diseases. Among these polyphenols, flavonoid are the major 

component present in many plants and the most extensively found in tea, red wine, fruits, 

vegetables, cereals, nuts, olive oil and legumes. (Hagerman et al., 1998; Kaul & 

Khanduja, 1998).  

According to our present knowledge, moringa (leaves, seeds & pods) is having specific 

plant pigments with established effective antioxidant properties like vitamins (C, E), α-

carotene, β-carotene, chlorophyll and xanthins. It has good antioxidant potential and rich 

in micronutrients especially selenium and zinc. Moringa also contained many phyto-

nutrients like quercetin, rutin, kaempferol, and caffeoylquinic acids with well-known 

powerful antioxidant ability (Fuglie, 2005). It has been reported by Rajanandh and 

Kavitha (2010) that the moringa leaves contained substantial amount of β-sitosterol (90 

mg/g), total phenolics (8 µg/mL) and flavonoid (27 µg/mL) contents. Hence, the remedial 

prospective of moringa may be owing to the existence of these major phyto-constituents. 

Moringa tree is also famous as a therapeutic plant, with all parts of the plant safe to eat 

and full of anti-oxidants. Although there is only trivial data available regarding these 

antioxidant allocation in the plants, these are present at different concentrations in 

different parts of the plant. The higher amount of antioxidants was present in leaf i.e.  

ascorbic acid (2.0 mg/g),  total antioxidants (1.8 mg/g) and total phenols (64.1 g/g) 

whereas in stems total antioxidants were 1.2 mg/g, while in roots carotenoids and total 

phenols were 29.7 mg/g and 57.3 g/g  and in seed α-tocopherol were 28.57 g/g (Tesfay et 

al., 2011).  

There are many naturally occurring compounds, which have been extracted from the 

moringa leaves including fully acetylated glycosides bearing thiocarbamates, carbamates 

or nitriles (Faizi et al., 1998; Murakami et al., 1998) especially, quercetin and kaempferol 

glycosides, which are broken down to extract the natural antioxidant flavonoids. 

Quercetin and kaempferol can be proficiently hydrolyzed to their respective aglycones 

(Bennett et al., 2003; Wolfe et al., 2003). The flavonoids are mostly present in the plant 

kingdom particularly in the leaves, pollens and in flowering tissues. Flavonoids are 
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essential in diet because of their valuable impact in human nutrition. Such type of 

phytochemicals play an important role in the modulation of lipid peroxidation which is 

engaged in atherogenesis, thrombosis and other important characteristics are anti-

inflammatory and antioxidant activity which inhibit the oxidative enzymes e.g. Cox 2, 

lipoxygenase and phospholipidase (Siddhuraju & Becker, 2003). 

The moringa also contained rich and incomparable combination of polyphenols i.e. 

zeatin, kaempferol and quercetin. Particular components of moringa preparations that 

have been known to have hypo-tensive and anti-cancerous activity including 4-(4'-O-

acetyl-α-L-rham nopyranosyloxy) benzyl isothiocyanate (Abrams et al., 1993), 4-(α-L-

rhamnopyranosyloxy) benzyl isothiocyanate (Abuye et al., 1999), niazimicin (Akhtar & 

Ahmad, 1995), pterygospermin (Anderson et al., 1986), benzyl isothiocyanate (Anwar et 

al., 2007), and 4-(α-L-rhamnopyranosyloxy) benzyl glucosinolate (Asres, 1995). These 

compounds are characteristically specific to the moringa family, which also possessed 

vitamins and minerals as well as many phytochemicals such as the carotenoids (β-

carotene or pro-vitamin A).  

Moreover, moringa leaves are full of phenolic acids (gallic, chlorogenic, ellagic and 

ferulic acid) and flavonoids (kaempferol, quercetin and rutin) in good quantity (Verma et 

al., 2009). However, ten phenolic compounds (gallic acid, p-coumaric acid, ferulic acid, 

caffeic acid, protocatechuic acid, cinnamic acid, catechin, epicatechin, vanillin and 

quercetin) were identified and assessed in seeds powder. These naturally occuring plant 

phenolics of moringa could be a good source of antioxidants and antibacterial for food 

and pharmaceutical industries (Singh et al., 2013). So, finally moringa possessed high 

antioxidant properties, which may be mediated through direct trapping of the free radicals 

and also through metal chelation. In addition, moringa seeds have also showed water 

purifying powers (Muyibi & Evison, 1995) by flocculating bacterial cells (Olsen, 1987; 

Broin et al., 2002). Moringa seeds can also be utilized as a good bio-sorbent for the 

removal of heavy metals (Sharma et al., 2006). Moringa leaves and seeds are a good 

source of nutrients and phytochemicals and they also act as a naturally organic health 

supplement that can be used in many food products for therapeutic purpose (Fahey, 2005) 
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2.4. Moringa based food products  

Product development is one of the compulsory requirements to assess the efficiency of 

raw material with special reference to its functional/nutraceutical perspective. The 

challenging need of good sensory value, cause a problem for patrons as well as for 

industries. Food based plans provide a diet which is easily available and affordable. The 

vegetables and fruits in the diet are useful to eradicate the deficiency of micronutrients. 

Functional foods are usually targeted for maximizing their physiological benefits required 

for meticulous product development (Siró et al., 2008). Although, the highly nutritious 

vegetables are uses in less quantity because of their taste issues. For the introduction of 

moringa to general public diet, a model was planned in Malawi state. Later on, it took the 

place as a broad spectrum agenda of dietary interventions for improving nutritional status 

in rural areas from some indigenous source. During the course of research, different 

recipes based upon moringa in comparison with boiled pumpkin leaves were analyzed 

sensorial by 50 rural households. The research outcomes showed more preference by 

participants to moringa leaves (63%) compared with pumpkin leaves. Moreover, most of 

the participants (70%) showed their aspiration to learn recipes based upon moringa to be 

used at household level as regular diets (Babu, 2000).  

Furthermore, moringa has also been used as supplement in infant formula, to be used as 

rich and balanced daily food with respect to energy, protein, lipids and other important 

nutrients. The organoleptic evaluation of these formulas was made on 53 children in the 

age group of 6-30 months. The results showed that all the mothers liked the 

supplementations at all levels but among children, higher acceptability was observed for 

cereals supplemented with moringa up to 10% level of substitution. However, only 3 

children disliked cereal supplemented with 15% moringa, whereas, 5 children rejected 

20% supplementation level. The research concluded with the decision that infant formulas 

can be enriched with moringa leaves successfully, however further studies are needed at 

vast level including higher number of subjects (Sauveur & Broin, 2006). 

Similarly, in India a study was conducted to evaluate the incorporation of blanched 

moringa leaves into three most frequently used recipes. The sensory appraisal of the 

recipes including kabuli chana, mung and desi chana with moringa leaves showed 

acceptability up to 20 g incorporation in 30 g of raw pulses. All the recipes were found 
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satisfactory by the panelist, comprising the overall score in the range of 3.06 to 3.53 out 

of total 5. Furthermore, the results showed that the recipes enriched with moringa leaves 

were dense in micronutrient levels and each portion has β-carotene (3955 µg), ascorbic 

acid (46 mg) and iron (1.6 mg). The meal planned by these recipes provided 1/3 of RDA 

and consist of energy (24%), vitamin C (341%), iron (15%) and β-carotene (496%) based 

upon adult women requirements. The study also proposed that moringa should also be 

used in the preparation of ready to use food products at industrial scale, so that entire 

public may get benefits (Nambiar & Parnami, 2008). 

In another study, different moringa based dishes were evaluated in Bapedi community for 

suitability level through the method of household dietary diversity score (HDDS). The 

results showed that the dishes obtained the 4.7 score with acceptable level. The research 

concluded that moringa can be incorporated into the food products with higher 

acceptability levels and rich food supplements. These valuable products can be 

recommended to general public for attaining health benefits beyond providing the usual 

nutrition (Agyepong, 2009). 

Likewise, the fortification with moringa was done in two phases; including surveys on 

pattern of the beverage consumption in the area of Accra and further the extract was made 

and optimized from fresh moringa leaves. In the first part the questionnaire was 

distributed to the adult volunteers among arbitrary communities in Accra to find out the 

type and pattern of beverage intake. In the second phase, the moringa products were 

analyzed for their chemical profile and storage stability under different temperature and 

the optimized conditions were further used. The results of the survey based studies 

disclosed that among the female volunteers the juices were most likely consumed than 

other beverages and similar trend was also observed for male volunteers. The color was 

the first choice of the participants in the selection of a beverage. The sensory data was 

analyzed by contour plots and on this basis the optimum ratio of extract to juice was find 

out. The finally selected ratio consisted of up to 52% moringa, whereas, the carrot and 

pineapple were in the ratio of up to12% and 40% respectively. The final composition was 

authenticated to be ample in the respect of nutrients and acceptability and provided a 

good share of protein (2.9 g/100ml), iron (1.02 mg/100ml) and vitamin C (159.14 

mg/100ml). The storage study concluded that the selected composition was a good source 

of vitamin C even after 8 weeks (78% of vitamin C). Moreover, the storage was not 
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affected by the most severe sunlight exposure. The microbiological studies depicted that 

no growth of microbes was seen during the whole storage study even under harsh 

conditions. The results indicated that fresh moringa leaves may be used for the 

formulation of acceptable beverage and can be beneficial functional product to be 

distributed easily among the common masses (Quarcoo, 2008).  

Furthermore, owing to the importance of wheat as staple food, the supplementation of the 

cereal based foods with some plant based material is more favored by the masses. Among 

the wheat based items breads, pasta, biscuits, and chapattis are most common and 

cherished products, which can be supplemented with plant materials. The wheat flour was 

replaced with dried moringa leaf powders (5, 10 and 15%) and cookies were prepared 

with these blends. The cookies were further analyzed for the rheological, nutritional, 

structural and quality attributes to select the best among all the treatments studied. The 

results demonstrated that the water absorption capacities of the powder enriched with 

moringa increased with increase in level of substitution, whereas, the dough stability, 

viscosity and amylograph temperature decreased. Furthermore, the inclusion of dry leaf 

powder into flour resulted in increased the hardness of dough while, decrease in 

cohesiveness as well as spread factor of the supplemented cookies. The evaluation of 

organoleptic attributes depicted that incorporation of moringa powder in cookies was 

acceptable up to 10% level of substitution. The outcomes of studies on microstructure 

revealed that both powder and cookies contained calcium oxalate crystals while, the 

starch granules were found to be wrapped in cookies (in 10 and 15% supplementation 

with moringa powder). Moreover, the results showed that increasing the powder from 0-

15% increased the levels of protein, dietary fiber, calcium, iron, and β-carotene. The final 

conclusion showed that moringa powder can be used to enhance the nutritional status of 

the cookies with acceptable sensory scores (Dachana et al., 2010). 

In a study conducted by Ogunsina et al. (2010) the full fat and defatted kernel powder of 

moringa were analyzed for their functional properties on changing the pH and NaCl 

concentrations. Furthermore, the full fat and fat free flours samples were examined for the 

protein contents and were found to be 36.18 and 62.76 g/100 g, respectively. The 

proximate analyses showed that the contents of other proximate components were found 

higher in fat free flour as compared with full-fat flour. The studies about pH depicted that 

the solubility of nitrogen was lowest at pH of 4 as well as 9 whereas, it was highest at pH 
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6. The extraction of fats from the samples increased the water and fat absorption 

capacities of the flour. Therefore, the results of the study concluded that the moringa 

kernel flour is rich and incomparable source of nutrition and can be a valuable supply of 

vegetable protein. Furthermore, it could be incorporated into food products for the 

formulation of nutrient rich supplements.  

However, later on in another study the effects of replacement of wheat flour with 0–15% 

debittered moringa seed (DBMS) flour was assessed on the dough rheology of wheat 

flour and physical, sensory and chemical characteristics of bread. Integration of an 

increasing amount of DBMS from 0 to 15% decreased farinograph water absorption, 

dough stability, amylograph peak viscosity and overall excellence of the bread. The bread 

with 10% DBMS had a typical moringa seed taste and was acceptable. Various 

combinations of additives enhanced the dough strength and quality of bread with 10% 

DBMS flour. Replacement of wheat flour with 10%, 20% and 30% DBMS grits was 

found to affect cookies quality. Cookies with 20% DBMS grits had the nutty taste of 

moringa seeds and were acceptable. Bread with 10% DBMS flour and cookies with 20% 

DBMS grits had more protein, iron and calcium. Integration of moringa seeds in baked 

foods may be exploited as a means of boosting nutrition in Africa and Asia where 

malnutrition and poor health is common (Ogunsina et al., 2011).  

So, the incorporation of bioactive compounds enriched plant materials in foods, proved to 

be the best strategy against these ailments (Manach et al., 2005). There are several well 

reputed foods which are prepared and enriched form the natural materials including  tea, 

bakery products, dairy products or beverages those are used by consumers just not to 

satisfy their slakes but for documented health claims. Among these foods, herbal tea is 

frequently used by the health conscious people because liquid supplements are 

easily absorbed as compared to other food stuffs (American Dietetic Association, 2009). 

2.5. Moringa tea; an overview 

Tea is the only most extensively used beverage in the world, next to water (Schmidt et al., 

2005). It is expected that there are bright chances for global market of tea to grow from $ 

6.8 billion to $10 billion by end of this decade (Sloan, 2005). The average annual global 

tea production from 1995 to 1997 was approximately 2.6 million tons, with a global 

record of 2.86 million tons in 1998. An annual growth rate of tea production in the world 
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increased to 2.8 percent between 1970 and 2000, expanding from 1.27 million tons to 

2.97 million tons.  Tea is grown-up as a minimum of 30 countries on five continents. The 

development of tea plantations in Africa and South America is the most significant 

change in tea production which has been noticed in the past two decades (International 

Tea Committee, 1998). 

The production of tea in the world is projected to increase further. Since, the tea 

production areas in countries like India, Bangladesh, Kenya, Malawi and Tanzania have 

been just expanded. Tea production is highly centralized. In 1993, five countries 

accounted for 75% of the world production of tea are India, China, Sri Lanka, Indonesia 

and Kenya. Generally, the tea production in countries is mainly for export, but in India, 

China, Japan and Turkey about 70% of the tea produced for consumption within the 

country. Tea is grown on about 2.5 million hectares of land in Asia (89% of global tea 

cultivated areas) and Africa (8%) (International Tea Committee, 1998).  

Countries involved in the tea production can be further separated into two types based on 

the investment, who invest particularly in the rehabilitation of trade areas and these 

traditional producers of tea are anxious to protect their market shares e.g. India and Sri 

Lanka. The others are new manufacturers in the expansionary phase who invest in order 

to obtain a greater market shares, e.g. Kenya, Malawi, Uganda and Tanzania (Kirk & 

Sawyer, 1997). 

Tea is prepared from the infusion of dried leaves, seeds, flowers, barks and roots steeped 

in boiling water (Bender, 2003). In the processing of tea, the plant materials usually go 

through fermentation. The type of processing conditions, mainly the extent of 

fermentation, determines the distinctive characteristics and type of tea produced. There 

are three major types of tea:  green tea, oolong tea and black tea (Kirk & Sawyer, 1997). 

In the processing of green tea, the tea leaves usually remain green because they occupy 

little or no fermentation. Oolong tea experience partial fermentation while black tea 

undergoes complete fermentation (Rinzler, 2001; Taylor & McDowell, 1993). 

Currently the infusions of dried parts of the other higher plant species are also known by 

the same generic name ‘tea’ (Owusu & Odamtten, 1999). Since many years in Europe the 

tea has been formulated from the leaves of numerous plants including, Sorbus aucuparia, 

Fragaria vesca, Epilobium anguistifolium, Rubus idaeus and Filipendula ulmaria 

(Julkenen-Tito et al., 1988) showing therapeutic effects in people due to their aromatic 
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constituents. A more suitable term for these infusions of the parts of the plants other than 

Camellia sp. is ‘herb tea’. Herb tea is then defined as an ‘infusion of leaves, stems, roots 

and fruits etc. made from the plant parts (Bender, 2003). Other names for herb tea are 

‘herbal tea’ or ‘tisane’.  In Ghana, the formulation of herb tea has become a common 

practice by using Citronella (Cymbopogon nardus) leaves, Roselle (Hibiscus sabdariffa) 

calices, Cinnamon (Cinnamomum zeylanicum Blume) leaves, and other indigenous herbs 

(Owusu & Odamtten, 1999). 

Teas are categorized on the basis of the differences in the characteristics due to the 

aspects such as differences in the stages of the maturity of tea leaves, differences in the 

processing conditions, differences in the sort of tree species and differences in the region 

of cultivation. Moreover, some commercial teas may also have additional herbs from 

other plant materials; pieces of flowers, fruits, etc; proposed to add color, flavor or taste 

to the tea.  For example, “Earl Grey Tea”; Jasmine tea, black tea with bergamot and black 

tea with additional jasmine flowers (Jung, 2004).  

Similarly, in a study moringa tea was made along with other herbs lemon grass and 

roselle to evaluate their chemical composition and acceptability. Moringa, roselle and 

lemon grass contained TPC of 35.70 mg/g, 27.81 mg/g and 15.37 mg/g; light petroleum 

extractives of 3.48%, 2.71% and 4.1%; water soluble extractives of 7.44%, 12.38% and 

4.07% and pH of 5.47, 2.73 and 4.53. However, mineral analysis revealed that moringa, 

roselle and lemon grass had Fe 12.93 mg/100g; 24.26 mg/100g and 11.58 mg/100g 

respectively. Herb tea made from the product 532 (50% moringa, 30% roselle and 20% 

lemon grass) was the most preferred in flavor, color, astringency and overall 

acceptability, while the control (100% moringa) brewed the least preferred herb tea in 

most of the sensory attributes. Product 532 was primarily reddish in color (12.56) while 

the control was yellowish (11.93). Product 532 had high mean scores for herbal aroma 

(11.41), Turbidity (12.67), sour taste (12.15), citrus aroma (11.30), and astringency 

(11.41) while the control had significantly low scores for most of these attributes (≤ 2.33). 

Herb tea prepared from the blend of moringa, roselle and lemon grass was more likable 

than herb tea only from moringa (De-Heer, 2011).  

Furthermore, moringa leaves were investigated to check the effect of some food 

processing techniques; blanching, boiling and simmering on some anti-nutritional 

contents (Sallau et al., 2012). The results documented that boiling significantly reduced 
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the cyanide content by 88.1% when compared with simmering 80.95% and blanching 

61.9%. Likewise, boiling significantly reduced the amount of oxalate, phytate and trypsin 

inhibitor by 85.3%, 85.44% and 78.8% respectively, when compared with simmering 

which had 66.3%, 57.3% and 63.6% for oxalate, phytate and trypsin inhibitors.  However,  

blanching  decreased  the level  of  oxalate,  phytate  and  trypsin  inhibitor  by  20.7%,  

39.8%  and  60.6% respectively. Thus, amongst these three methods, boiling was shown 

to decrease the level of anti nutritional factors significantly than both simmering and 

blanching. Consequently, the results showed that the processing of moringa leaves 

reduced the amount of these anti-nutrients with boiling being the most efficient method. 

Similarly, the effect of blanching technique and time on the preservation of nutrients in 

moringa leaf powder was studied by Mutiara et al. (2012). Un-blanched moringa leaf 

powder contained 340 mg/100 g dry mass vitamin C, 24.59% crude protein and 16.51 

mg/ 100 g dry mass β-carotene. Blanching of moringa decreased the level of vitamin C 

about 238-120 mg/100 g dry mass, increase in the  level of β-carotene about 19.36-21.52 

mg/100 g dry mass, increase in the  level of β-carotene about 24.70-30.68% (except steam 

blanching 5 minutes). Likewise, Mutiara et al. (2013) further examined the three 

blanching techniques, namely steaming, boiling, and boiling + sodium bicarbonate for the 

evaluation of the effect on amino acids score of moringa leaves. The results revealed that 

the blanching had a great effect on amino acid scores and their digestibility.  

The effect of drying techniques and blanching on the physico-chemical and nutritional 

quality of Moringa oleifera and Moringa stenopetala were also studied in order to 

determine the best processing and preservation methods for the production of herbal tea. 

Three different techniques were applied on the leaves of moringa including steam 

blanching in which one part remained un-blanched, and the other three different drying 

techniques including shade drying, solar drying and oven drying. Amongst them the less 

moisture contents (2.24%) were reported in oven drying (60 °C) for 6 hours, followed by 

blanched M. stenopetala leaves and un-blanched M. oleifera leaves. The substantial 

increase was observed in crude fiber content, NFE, ash contents, proteins, caloric value, 

β-carotene, micro minerals (Zn, Fe), pH and total phenolics contents. The inconsistent 

effects of blanching on tea leaves were observed, which showed that the crude ash was 

significantly reduced however, β-carotene, fiber, pH values and water soluble extractives 

were substantially increased.  The results of organoleptic evaluation depicted that the un-
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blanched moringa tea infusions were obtained lower score than blanched tea infusions. 

The mean score of mouth feel, after-taste and astringency of moringa green tea were 

ranged from 6.47 to 7.73 compared to herbal green tea which is 5.87. Hence, it is obvious 

that the processing techniques could have a valuable effect on the nutritional and sensory 

attributes of moringa leaves and the overall acceptability by judges (Tetteh, 2008).  

Moreover, both sensory and chemical methods were applied to check the flavor of the tea, 

particularly green tea (Chambers & Lee, 2007). Various teas contained more than 50 

aroma active compounds, that resulted in metallic, nutty, floral, popcorn-like, fruity, 

meaty, green cucumber, potato like and hay-like characteristics (Kumazawa & Masuda, 

2002). Sensory traits of a processed green tea were mostly altered due to the presence of 

epigallo-catechin gallate and epigallo-catechin (Wang et al., 2000). Fermentation process 

and age of the leaves have also exhibited significant effects on volatile flavor compounds. 

Youngest tea leaves were generally rich in catechins and amino acids, resulted in off-

flavors (Kinugasa et al., 1997). Variety of terms has been used to describe the flavors of 

tea (Ellis, 2002) like fragrant, sweet, strong, malty, spicy, fresh, full-bodied, herbaceous, 

fragrantly fruity, deep, smoothly fragrant, astringent, smoky, bitter, grassy tasting, savory 

strength, and refreshing. However, no accurate references or definitions were provided 

(Chambers & Lee, 2007). Similarly, in other studies Yamanishi (1977) and Park et al. 

(1999) also reported some sensory attributes of tea infusions. They comprised the 

information related to flavors; taste, appearance and mouth feel properties. The different 

traits of flavors were floral, fresh green, sweet fruity, citrus, sweet floral, dimethyl 

sulfide-like, sweet, acidic, resinous, fermented, burned, oily, roasted, seaweed, moldy, 

juice of motherwort, earthly, acrid nutty and dried leaf. The appearance of teas was 

attributed to the shape and color of infused green tea leaves. The basic taste parameters of 

green tea leaves were bitter, umami, sweet and after taste. The mouth feels characteristics 

including astringent and pungent. 

Sensory attributes and consumer acceptance of herbal teas of Thunbergia laurifolia were 

assessed by hedonic survey and quantitative descriptive analysis (QDA). T. laurifolia or 

Rang Chuet (RC) tea from Thailand were compared with the commercial tea. Different 

drying methods [freeze-withered (FW), oven-dried (OD), freeze-dried (FD) and 

microwave-dried (MD)] were applied for the preparation of teas. The tea leaves were 

infused in the boiling water and the extracts were allowed to steep to imitate the effect of 
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brewing on the tea. The organoleptic evaluation of different tea varieties were done to 

observe the effect of brewing process on the sourness, flavor, astringency, bitterness and 

grassiness. The OD, FW and RC teas were classified as black tea while FD and MD have 

properties of green teas. Hedonic scores revealed that, the MD tea was the most ideal, had 

a sweet after-taste and being the least bitter. The OD tea possessed the lowest scores for 

aroma, flavor, and overall acceptability. The crucial factor in evaluating the consumer 

acceptance or rejection is the bitterness of teas. The commercial value of these teas 

resulted that the 34% of the respondents were interested in the purchase of tea products 

(Chiang et al., 2011). 

Teas were formerly consumed for their taste and aroma. However, consumers’ interest in 

the beverage currently has increased because of the awareness of their health benefits. 

Specific health benefits included the reduction in blood pressure, cholesterol and 

promotion of respiratory health in various countries (MINTEL, 2005). That is why; teas 

are regarded as functional foods along with beverages such as fruit and vegetable juices 

and sports drink (Byun & Han, 2004). 

Teas not only used just for the taste, it also have many therapeutic effects. Teas contain 

rich amount of phenolics and flavonoids which have proven health benefits (Marongiu et 

al., 2004). Polyphenols have several biological activities and act as antibacterial, anti-

carcinogenic, anti-inflammatory, anti-viral and anti-allergic (Larson, 1988).  They are 

also highly soluble in water (Haslam & Lilley, 1998). Flavonoids are a type of 

polyphenols which are present in soy food, tea, cocoa, fruits, vegetables and legumes. Tea 

flavonoids acquired anti-carcinogenic and anti-inflammatory properties in experimental 

animals. Green tea is rich in antioxidants and may be helpful in the prevention and 

treatment of arthritis. There is manifest decline in the expression of inflammatory 

mediators such as tumor necrosis factor-α, cyclooxygenase-2 in arthritic joints (Haqqi et 

al., 1999). Consequently, the tea infusions made from moringa plant parts would also be 

helpful in the reduction of inflammatory mediators and arthritic symptoms. Few of the 

beneficial effects of moringa plant for arthritis are given below; 

2.6. Moringa against arthritis 

Arthritis is characterized by chronic inflammatory changes including cartilage 

destruction, joint deformity and disability. There are more than 100 different types of 
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arthritis. The most common is rheumatoid arthritis. Rheumatoid arthritis is a symmetrical 

polyarthritis, characterized by chronic inflammatory synovitis of peripheral joints. The 

other types are septic arthritis, psoriatic arthritis, reactive arthritis, gouty arthritis and 

juvenile arthritis (Hunter & Lo, 2009). Moringa is being used in conventional medicine, 

as a treatment of arthritis and gout (Ndiaye et al., 2002). Moringa is a bush of African 

savannah, used in traditional medicine for the treatment of rheumatic and joint pains. The 

whole plant is also beneficial for the treatment of ascites and rheumatism (Nadkarni, 

1976). The moringa leaf powder reduced the inflammation and pain which caused by 

these conditions. The aqueous extract of the moringa leaves acquired the anti-

inflammatory and antinociceptive effects in laboratory animals, using the hot-plate, 

writhing and the formalin tests as the antinociceptive assays and the carrageenan-induced 

paw edema test as the anti-inflammatory assay. The extracts (10, 30 and 100 mg/kg) has 

showed significant antinociceptive and anti-inflammatory activity, which may occur in a 

dose-dependent manner (Sulaiman et al., 2008).  

Similarly, the seeds of moringa plant also have anti-inflammatory potential that is why 

they can be used in the treatment of eye infections, gout and also in the arthritis. Ethanolic 

extract of seeds of the moringa contained anti-arthritic property in the adjuvant-induced 

arthritis in adult female Wistar rats. The percentage of reduction in body weight was less. 

The paw edema volume and arthritic index score was decreased significantly as compared 

to diseased control animals. The serum levels of the RF, TNF-alpha, IL-1, and IL-6 also 

proved the decreased level as compared to those in the diseased control group. The 

treatment with MOEE (Moringa oleifera ethanolic extract) also altered the oxidative 

stress in relation to its anti-inflammatory activity. The histopathological examination 

explained mild or less infiltration of angiogenesis, lymphocytes and synovial lining 

thickening (Mahajan et al., 2007).   

Similarly, the effects of the alcoholic extract and its various fractions as ethyl acetate, 

petroleum ether, n-butanol and diethyl ether were tested for qualitative analysis which 

contains flavonoid, glycosides, amino acids and tannins. The analgesic potential of the 

moringa seeds is enough to compare with the standard drug i.e. aspirin. Therefore, 

moringa seeds can be used as regular analgesics (Sutar et al., 2008). However, the 

moringa seeds were extracted with distilled ethanol and concentrated under reduced 

pressure at 40 oC. However, the resulting extract was partitioned between hexane, 
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butanol, ethylacetate and water. Similarly, the solvent fractions were concentrated under 

reduced pressure. The crude ethanol extract of the dried seeds inhibited the carrageenan-

induced inflammation in hind paw of mice by 85% at the dosage of 3 mg/g body weight. 

While, the mature green seeds by 77% and hexane fraction of the crude ethanol extract of 

dried seeds also inhibited the inflammation by 77% at the same dosage whereas both 

butanol and water fractions inhibited the inflammation by only 34%. These results 

indicated the strong anti-inflammatory activities of the ethanol extract and the hexane 

fractions (Guevara et al., 1999). 

Moringa seeds also contained chitin-binding protein (Mo-CBP4) and it exhibited the 

antinociceptive and anti-inflammatory effects in vivo. The protein was purified by affinity 

chromatography on chitin followed by the ion exchange chromatography. Acetic acid-

induced the abdominal constrictions assay was mostly used for the antinociceptive and 

anti-inflammatory activity assessments. Chitin-binding protein is a glycoprotein (2.9% 

neutral carbohydrate) composed of the two protein subunits with superficial molecular 

masses of 28 and 18 kDa (9 kDa in the presence of reducing agent). The intraperitoneal 

injections of Mo-CBP4 (3.5 and 10 mg/kg) given to mice 30 min before acetic acid 

administration greatly reduced the incidence of abdominal wriggling in a dose dependent 

mode by 44.7% and 100%, respectively.  

Furthermore, the oral administration of the protein (10 mg/kg) resulted in 18% and 52.8% 

reductions in abdominal wriggling when given 30 and 60 min prior to the acetic acid 

administration, respectively. The Mo-CBP4, when administered by intraperitoneal route, 

it also caused a notable and dose-dependent inhibition of peritoneal capillary permeability 

caused by acetic acid and it significantly inhibited leukocyte accumulation in the 

peritoneal cavity. Hence, another remarkable study proved that the chitin-binding protein 

Mo-CBP4, from moringa seeds retained antinociceptive and anti-inflammatory properties 

and also the clinically supported the use of this versatile tree in the conventional 

medicine. These previous studies also confirm the folk uses of moringa components in the 

treatment of diseases, particularly affecting to pain and inflammation (Pereira et al., 

2011). 
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2.7. Health endorsing perspectives of moringa 

 Currently, preferences towards consumption of foods that not only provides us nutrition 

but also provides prevention against diseases are increasing day by day. This idea has 

been encouraged to eat food not just to satisfy the hunger but to maintain and improve 

good health. Moringa has been gaining popularity for the last many years due to its 

medicinal value and preventive properties. Moringa leaves and its other parts are 

extensively used for the treatment of various ailments as shown in the Table 2.1. 

Table 2.1. Health benefits of Moringa oleifera 

Plant Parts Health Benefits References 

Leaves 

 

 

 

 

 

 

Seeds 

 

 

 

Hypertension, hypocholesterolemic,             
anti-tumor properties, beneficial for the 
treatment of cardiovascular diseases and 
inflammations, anti-diabetic, regulate 
thyroid hormone and can be used to treat 
hyperthyroidism, applied as poultice to 
sores, rubbed on the temples for 
headaches, used for piles, fevers, sore 
throat, bronchitis, eye and ear infections, 
scurvy and cataract. 
 
Antifungal and antibacterial, anti-ulcer, 
anti-inflammatory, helps in the reduction 
of severe pain, anti-arthritic, helpful in the 
treatment of asthma. 
 

Ghasi et al., 2000; 
Makonnen et al., 1997; 
Morton, 1991; Murakami 
et al., 1998; Ezeamuzle et 
al., 1996; Kar et al., 2003; 
Pal et al., 1995; Dahot, 
1988 
 
 
 
 
Nikkon et al., 2003; 
Kansara & Singhal, 2013; 
Mahajan et al., 2007; 
Mahajan et al., 2009; 
Muangnoi et al., 2011 

 

Moringa also exhibit antispasmodic activity making it useful in diarrhea and 

gastrointestinal motility disorders (Gilani et al., 1992) as well as antiulcer properties (Pal 

et al., 1995). The leaf juice of Staphylococcus aureus and Pseudomonas aeruginosa was 

inhibited the growth of pathogenic microorganisms (Caceres et al., 1991) and also 

showed to have anti-helmintic activity (Bhattacharya et al., 1982). Studies have explored 

possible chemo-preventive and anti-proliferative potential of moringa against chemical 

carcinogenesis, along with its role in epithelial ovarian cancer (Bose, 1980). 

Several parts of the plant such as the roots, seeds, bark, leaves, fruit, immature pods and  

flowers serve as cardiac and circulatory drugs, having antitumor (Makonnen et al., 1997), 

antipyretic, anti-inflammatory and anti-epileptic properties (Pal et al., 1995). Other major 

therapeutic effects of the moringa were diuretic (Morton, 1991), antispasmodic (Caceres 
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et al., 1992), hypolipidemic (Mehta et al., 2003), antihypertensive (Dahot, 1988) anti-

diabetic and hepatoprotective (Ruckmani et al., 1998), antifungal and antibacterial 

(Nikkon et al., 2003). In South Asia different parts of the moringa were used in 

indigenous methods for the management of various diseases (Anwar et al., 2007). The 

leaves were used traditionally in oncology (Faizi et al, 1998; Guevara et al, 1999) and 

extensively utilized as a natural sleep aid, applied as a poultice to sores, rubbed on 

temples for headaches, and as a purgative cleanser (Fahey, 2005; Fuglie, 1999). These 

uses emphasized the utilization of moringa leaves in the food industry as a synergistic 

natural product, applied to cultural foods and the pharmaceutical industry and as a 

preventative for many diseases (Fahey, 2005; Lockett et al., 2000; Miean & Mohamed, 

2001; Middleton et al., 2000).  

Similarly, ethanolic extract of moringa seeds also have significant antiulcer activity 

(Kansara & Singhal, 2013). The ethanolic seed extract of moringa has potential to prevent 

immune mediated inflammatory responses in toluene diisocyanate induced asthma in 

wistar rats. Levels of TNF-alpha, IL-4 and IL-6 were proved to be reduced in the serum 

and bronchi-alveolar fluid (Mahajan et al., 2007). In guinea pigs n-butanol extract of 

moringa seeds has anti-inflammatory activity against ovalbumin-induced airway 

inflammation (Mahajan et al., 2009). With the potent anti-inflammatory activity of 

moringa bioactive compounds, inflammation associated chronic diseases like arthritis can 

be controlled (Muangnoi et al., 2011).  

 Use of the herbal products for remedies has been increasing day by day due to their 

safety and effectiveness. In developed countries from last few years several media’s 

attention seeking episodes showed diversity in effects, sometimes the life threatening, 

noticeably arising as a consequences of taking conventional medicines or herbal products. 

Moringa is a renowned medicinal plant utilized for the food supplementation and in the 

treatment of various diseases. But its increasing fame raises the question of possible 

safety at supra-supplementation level. It is proved by various studies conducted on 

moringa that it is a safe food for health explained as follows. 

Oral administration of an aqueous extract up to 6400 mg/kg and intraperitoneally up to 

2000 mg/kg in an acute toxicity test was carried out on male wistar albino mice for 

toxicological evaluation of moringa. Daily administration with the extract at 250, 500 

and1500 mg/kg orally was performed for 60 days in sub chronic toxicity test. The only 
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distilled water was given to control rats group. Hematological and biochemical (liver 

enzymes, urea and creatinine) parameters were determined and a histopathological 

examination was performed for analysis of sperm quality. The LD 50 value was 1585 

mg/kg. Hematological and biochemical parameters in the treated rats when compared to 

the control showed non significant differences (P≥0.05) in sperm quality. There was a 

dose-dependent reduction in food consumption of the animals treated with 250 to 1500 

mg/kg extract but there was no major difference in weight of the control and treated 

animals. In oral administration, results showed that the aqueous leaf extract of moringa is 

relatively safe (Awodele et al., 2012). 

Likewise, the aqueous extract from the leaves of moringa was also assessed in another 

study for its oral toxicity via oral route and for sub-acute toxicity on the blood 

biochemical profile in rats. As for as acute toxicity test was concerned, the administration 

of moringa extract in the animals did not resulted in any death, even at 2000 mg/kg dose. 

Oral treatments in rats with this extract at 400, 800 and 1600 mg/kg caused varied note 

worthy changes in the total RBC, packed cell volume (PCV), hemoglobin percentage 

(Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration 

(MCHC) and total and differential WBC. The extract did not cause any major variation in 

the level of platelets. In the biochemical parameters, the extract at different doses also 

caused varied major changes in the levels of total proteins, liver enzymes, and bilirubin. 

Clinico-pathologically changes were also noticed in the body weights, slight dullness at 

the onset of extract administration and no major changes were noted in all the organs 

examined in the course of this study (Adedapo et al., 2009).  

Two different methodologies were used to assess the toxicity in another study of acute 

toxicity. In experiment 1, the human peripheral blood mononuclear cells were given 

estimated doses of the aqueous leaf moringa extract to persuade cytotoxicity. While in the 

experiment 2, the two groups of rats received low dose (LD) levels and high dose (HD) 

levels (1,000 and 3,000 mg/kg b.wt, respectively) per o.s. together with negative and 

positive control rats (0.9% saline and 10mg/mL N-ethyl-N-nitrosourea - administered 

i.m., respectively). Each group comprises with five rats. Rats were killed after 48 h and 

the femur bone marrow aspirate was examined for polychromatic micro-nucleated 

erythrocytes (PCEMN)/normochromatic micronucleated erythrocytes (NCEMN) ratios 

are after Giemsa/Leishman staining. In the experiment 3, the control, LD and HD groups 
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were established. The Low dose level and high dose level extracts were administered per 

o.s. to the respective groups and observed for 14 days. The each group comprises with the 

five rats. Blood of rats were collected after 48 h and 14 days and biochemical as well as 

hematological examinations were completed for acute toxicity. Experiment 1 showed that 

the moringa was showed cytotoxicity at 20 mg/mL. In experiment 2, PCEMN/NCEMN 

ratios were: LD=1.849; HD=1.397; negative control=2.087; positive control=1.257. 

Statistically, LD and HD ratios were significant (p=0.020). In the experiment 3, it showed 

that the hepatonephro-toxicity was nil with no abnormal haematology results. The results 

of Genotoxicity have up to now not been shown. The moringa is genotoxic at supra-

supplementation levels of 3,000 mg/kg body weight (Asare et al., 2012). 

Correspondingly, another study was executed to calculate the acute and sub-acute toxicity 

of moringa seeds extract on the hematological and biochemical variables of a freshwater 

fish Cyprinuscarpio under the laboratory conditions. The 96h LC50 value of the seeds 

extract of  moringa to the fish C. carpio was calculated by the Probit analysis method and 

was found to be 124.0mg/L (with 95% confidence limits). For sub-acute studies, a non-

lethal dose of 1/10th of 96h LC50 value (12.40mg/L) was taken. During acute treatment 

(96h), the hematological variables like red blood cell count (RBC), hematocrit (Hct),  

mean corpuscular hemoglobin concentration (MCHC) and hemoglobin (Hb) were 

considerably (P<0.05) decreased in fish exposed to seed extract. However, a remarkable 

(P<0.05) increase in white blood cell count (WBC), mean corpuscular hemoglobin 

(MCH) and mean corpuscular volume (MCV) value was seen in the exposed fish during 

treatment time period as compared to that of the control groups. The significant (P<0.05) 

increase in biochemical parameters such as aspartate aminotransferase (AST), alkaline 

phosphatase (ALP) and alanine amino transferase (ALT) activity was perceived. During 

sub acute treatment (12.40mg/L), WBC count, MCH, MCV, ALT, ALP, AST and plasma 

glucose activities were progressively raised up (P<0.05) at the end of 7, 14, 21, 28 and 

35th days in the seed extract exposed fish, whereas, the level of plasma protein in blood 

were decreased. While, a biphasic trend was noticed in RBC, Hb, Hct and MCHC levels, 

this study may be given baseline information about the toxicity of seed extract of moringa 

to C. carpio and to found safer limit in the water purification (Kavitha et al., 2012). 

Similarly, the 96-h bioassay was conducted to assess the median lethal concentration 

(LC50) for Oreochromisniloticus, Nile tilapia, fingerlings and adults of aqueous extracts 
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of seeds of moringa. The 24-h, 48-h, 72-h and 96-h LC50 of moringa applied to O. 

niloticus fingerlings were 252, 251, 242 and 242 mg/L, respectively; while, those applied 

to O. niloticus adults were 351, 349, 334, and 332 mg/L, respectively. The toxic reaction 

shown by the fish includes unpredictable movement, loss of reflux, air gulping, molting, 

discoloration, loss of scale, and hemorrhage. Haematological assessment of the 

fingerlings showed an increase in RBC, WBC, PCV, Hb, MCH and MCHC values, while 

there was a decline in the MCH, ESR and MCV values; whereas in the adults, the RBC, 

Hb, PCV and MCH values increased and there was a reduction in the ESR, WBC and 

MCV, although there was no change (P>0.05) in MCHC values.  The mortality increased 

with increase in concentration of moringa and time of exposure in both O. niloticus 

fingerlings and adults (Ayotunde et al., 2004). So, the study concluded that the plant is 

relatively safe both for nutritional and medicinal uses especially for the utilization of 

human beings. Few studies were reported on the efficacy of moringa in patients. 

However, the work on the benefits for the treatment or prevention of disease through 

dietary intervention of moringa preparations is very scanty. Unfortunately, many of the 

reports of efficacy in human beings are not supported by placebo controlled, randomized 

clinical trials, nor have they been published in high visibility journals. According to our 

best knowledge few of the reported studies are detailed below; 

The efficacy study on hyperlipidemic subjects was conducted for 50 days to assess the 

impact of dehydrated moringa leaf tablets (DML tablets). Subjects were randomly divided 

in to two groups; 20 subjects in the experimental group (serum total cholesterol >180 

mg/dL and serum triglycerides 140 mg/dL), twenty subjects with similar biochemical 

profile in the control group. At baseline, general information, medical history, personal 

habits, anthropometric measurements like height, weight, waist, hip, BMI and waist to hip 

ratio and 24-h dietary recall were recorded. A standardized DML tablets used in the study 

contained 575 mg of DML. While no supplementation was given to the subjects of the 

control group, the experimental group received 8 tablets of the dehydrated drumstick 

leaves (which is equivalent to 4.6 g DML powder) per day for 50 days. However, 

significant reduction was shown in the non-HDL. The DML tablets had an overall 

positive impact on the lipid profile of the patients (Nambiar et al., 2010). 

Similarly, the efficacy study was conducted in Philippines to evaluate the effects of 

moringa tea on the hyperglycemic patients. Subjects were divided in to two groups; one 
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with normal fasting blood sugar levels (60-120 mg/dL) and the other with hyperglycemic 

fasting blood sugar levels (>120 mg/dL). Total 43 subjects were took part in the study, 30 

were in the normal group and 13 were in the hyperglycemic group. Results revealed that 

by taking the moringa tea, the blood sugar level of the people in the normal group were 

not significantly changed after 2 hours. However, the blood sugar levels of hyperglycemic 

patients were significantly dropped after 2 hours. Among the hyperglycemic patients 

mean drop of 28.15 mg/dL in the blood sugar levels was observed. The results indicated 

that the moringa tea is beneficial for the management of hyperglycemia (Ples & Ho, 

2009). 

Numerous studies have been accomplished on different aspects of moringa, but there is a 

dire need to explore the therapeutic potential of moringa through efficacy studies on 

human beings with special reference to arthritis. More research work is warranted to 

elucidate the biological activities of moringa for possible health benefits in humans. So, 

by considering all of the above-mentioned facts about moringa the study was planned for 

the management of arthritis in human beings through nutritional intervention using 

moringa tea as a vehicle by means of different parts of moringa. 
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Chapter 3 

MATERIALS AND METHODS 

 

The present study was conducted in the Department of Food Science, Nutrition and Home 

Economics, Government College University, Faisalabad-Pakistan. Whereas, the efficacy 

trial were carried out in the Out Patient Department of Orthopedics, Allied Hospital 

Faisalabad. The study comprises; characterization of moringa leaves and seeds, 

development of moringa tea, safety evaluation and efficacy trial which was conducted on 

arthritis patients.  The materials and general methodology adopted for the research work 

is detailed below.   

3.1. Procurement of raw materials 

The moringa leaves and seeds were procured from the Department of Crop Physiology, 

University of Agriculture, Faisalabad. Reagents (analytical and HPLC grade) and 

standards were obtained from Sigma-Aldrich (Sigma-Aldrich Tokyo, Japan) and Merck 

(Merck KGaA, Darmstadt, Germany). Male Sprague Dawley rats were procured from 

National Institute of Health (NIH) Islamabad. Diagnostic Kits were acquired from Sigma-

Aldrich, Cayman Chemicals (Cayman Europe, Estonia) and Bioassay (Bioassays 

Chemical Co. Germany).  

3.1.1. Preparation of moringa leaf powder (MLP) 

Moringa leaves were harvested, washed with de-ionized water and air dried at (room 

temperature i.e. 35-40 oC) for 6 days to constant weight. The dried leaves were separately 

ground to fine powder using a blender (Renker, Model: GMO 1 grinder). Powder was 

stored in air-tight plastic bags protected from heat, humidity and light (Oduro et al., 

2008).  

 

 



30 

 

3.1.2. Preparation of moringa seed powder (MSP) 

The seeds were ground using a clean, electronic blending machine (Renker, Model: GMO 

1 grinder). The grinding was repeated continuously until a fine powder was obtained to 

ensure homogeneity. The powder was sieved through 250 µm to remove any remaining 

coat. The ground and sieved powder was then stored in air tight, plastic bags till further 

use (Folkard & Grand, 2001). 

3.2. Characterization of moringa leaf and seed powders 

Moringa leaf powder (MLP) and moringa seed powder (MSP) were assessed for different 

quality characteristics including proximate composition, minerals analysis and bioactive 

compounds. The details of the determinations are given below:   

3.2.1. Proximate analysis 

The moringa components were analyzed for moisture, ash, crude protein, crude fat, crude 

fiber and NFE (AACC, 2000). All the tests were carried out in triplicate. 

3.2.1.1. Moisture content 

To determine the moisture content of raw materials 5 g of sample was taken in pre-

weighed dry petri dish. It was kept in hot air oven (DO-1-30/02, PCSIR, Pakistan) at 105 

°C for 24 h and afterwards to obtain a constant weight. The moisture contents were 

calculated according to the formula as below: 

Moisture % = 
Weight of original sample – Weight after drying

Weight of original sample
×100  
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3.2.1.2. Total ash 

The moisture free samples were charred in a pre-weighed dried crucible and were kept in 

muffle furnace (MF-1/02, PCSIR, Pakistan) at 550 °C for 5-6 h to obtain a white ash. The 

ash was calculated as follows: 

Ash (%) = (weight of ash / weight of sample) × 100 

3.2.1.3. Crude protein 

The crude protein was determined through digestion of 2 g sample with digestion mixture 

and concentrated sulfuric acid in micro Kjeldhal apparatus (Technik GmbH D-40599, 

Germany) and diluting it to a volume of 250 mL. Nitrogen content was determined after 

titration against 0.1N H2SO4 and was multiplied by 6.25 to obtain protein %age. 

N % = 
 Amount of 0.1N H2SO4 used × 0.0014 × 250 

Wt. of sample × Vol. of aliquot sample
×100  

3.2.1.4. Crude fat 

The moisture free samples were taken separately in extraction thimble of soxtech system 

(H-2 1045, Extraction unit, Sweden) and fat was extracted with petroleum ether for about 

5-6 h. The extract was poured into the petri plate and was dried to a constant weight. The 

fat percent of the sample was calculated as follows:  

Crude fat % = 
Weight of ether extract

Weight of original sample
×100 

3.2.1.5. Crude fiber 

The moisture and fat free sample was simmered with 1.25% H2SO4 for 30 minutes and 

was washed with hot distilled water to make them acid free. Same procedure was adopted 

with 1.25% NaOH. The remaining residue was dried to constant weight (W1) that was 

charred and ashed to obtain W2. The calculation for crude fiber was made as follows: 

Crude fiber % = 
W1 - W2

Wt. of original sample
×100 
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3.2.1.6. Nitrogen free extract (NFE)  

NFE were determined through the difference method by subtracting the moisture, crude 

fiber, fat, protein and ash contents. 

NFE (%) = 100 - (Moisture % + Ash % + Protein % + Fat % + Fiber %) 

3.2.2. Minerals composition  

The minerals and trace elements like calcium, phosphorous, sodium, magnesium, 

potassium, iron, zinc, copper manganese, cadmium, lead and chromium in moringa leaf 

and seed powders were determined by the method illustrated in AOAC (2003). One gram 

of each of the sample was weighed into separate beakers and digested at 180-200 °C with 

10 mL of nitric acid: percholric acid (7:3) mixture till transparent color was attained. The 

contents were cool down and filtered through Whatman No. 42 filter paper into 

volumetric flasks and diluted to a volume of 100 mL with distilled water. Absorbance of 

the mineral contents was obtained by Atomic Absorption Spectrophotometer (Model-750-

8024 Hitachi, Tokyo, Japan). 

3.2.3. Analysis of bioactive compounds  

Total phenolics and total flavonoids contents of moringa components were determined by 

the following procedure.  

3.2.3.1. Preparation of extract of moringa leaf and seed powders  

MLP and MSP extracts were prepared for the evaluation of bioactive compounds 

according to the method stated by Zou et al. (2004). MLP and MSP samples (10 g) each 

were extracted with 100 mL of 80% methanol for 6 h at room temperature in an orbital 

shaker (Gallenkamp, UK). The extract was then filtered through Whatman No. 1 filter 

paper. The remaining contents were further extracted twice with the same solvent in the 

same conditions. The extracts were concentrated under reduced pressure at 45 °C in a 

rotary evaporator (EYELA N-N, Tokyo, Japan) and stored in a freezer at -4 °C until 

analyzed. 
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3.2.3.2. Determination of total phenolics content (TPC) 

The total phenolic contents were determined by using Folin-Ciocalteu reagent method as 

described by Chaovanalikit and Wrolstad (2004). In brief, 50 mg of each moringa leaf 

and seed extract was taken and mixed with 7.5 mL de-ionized water and 0.5mL Folin-

Ciocalteu reagent. Then the mixture was allowed to stay at room temperature for 10 

minutes and after that 1.5 mL of 20% sodium carbonate (w/v) was added. The mixture 

was heated for 20 minutes at 40 °C in a water bath and then cooled in an ice bath. 

Absorbance was then observed by spectrophotometer (121-0032, Hitachi Instruments Inc. 

Tokyo, Japan) at 755 nm. The results were expressed as gallic acid equivalents (GAE) per 

dry matter. Samples were analyzed in triplicate. 

3.2.3.3. Determination of total flavonoids content (TFC) 

Amount of total flavonoid content were estimated according to the method reported by 

Hussain et al. (2012). At first 0.01 g extract of dry matter was dissolved in 1 mL of 

distilled water in a volumetric flask. After that 5 mL of distilled water and then 0.3 mL of 

5% NaNO2 were added. After 5 min, 0.6 mL of 10% AlCl3 was added. Again after 5 min 

2 mL of 1 M NaOH was added. Total volume was made up to 10 mL by adding 1.1 mL 

distilled water. The solution was then mixed and absorbance was measured by 

spectrophotometer (121-0032, Hitachi Instruments Inc. Tokyo, Japan) at 510 nm. Total 

flavonoids were expressed as catechin equivalents (CE) per dry matter.  

3.3. DPPH radical scavenging assay  

DPPH free radical scavenging activity was measured by the method reported by Hussain 

et al. (2008). The samples (0.2 to 500 µg/mL) were mixed with 1 mL of 90 µM DPPH 

solution and filled up with 95% methanol, to a final volume of 4 mL. After 30 minutes at 

room temperature, the absorbance was determined at 517 nm by using spectrophotometer 

(U-2001, Hitachi Instruments Inc., and Tokyo, Japan). The percentage scavenging was 

calculated by the following expression: 

              DPPH scavenging % = 100 ˣ (A blank - A sample) / A blank   

 A = absorbance 
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3.4. HPLC analysis of phenolic acids and flavonoids 

a)  Sample preparation 

Moringa dried leaf and seed powders (500 g) were stirred with sterile distilled water at 

ratio of 1:10 (w/v). Extraction was done on an orbital shaker (Gallenkamp, UK) at room 

temperature for 24 h. The samples were then filtered through Whatman No. 1 filter paper. 

The solvents were removed under reduced pressure, using a rotary evaporator (EYELA, 

SB-651, Rikakikai Co. Ltd. Tokyo, Japan).The dried extract were stored in a refrigerator 

(-4 °C) (Singleton & Rossi, 1965). 

b) Hydrolysis of sample 

The hydrolysis of extracts was done according to the method of Nuutila et al. (2002) with 

slight modifications. In brief, 1000 mg of crude extract was taken and 10 mL of 50% 

aqueous methanol solution containing 1.2 M HCl and 0.04% (w/v) ascorbic acid as 

antioxidant was added. The hydrolysis was performed at 80 °C under reflux for 2 h. The 

extracts were then allowed to cool and the volume was made up to 10 mL with methanol. 

The extracts were then filtered with 0.45 µm non-pyrogenic filters (Minisart, Satorious 

Stedim Biotech GmbH, Gottingen, Germany) prior to injection. 

c) Preparation of calibration curve 

Stock solutions of the standards (quercetin, kaempferol, gallic acid, chlorogenic acid, 

ferulic acid, ellagic acid, vanillic acid, caffeic acid and catechins) were prepared by 

dissolving 1 mg of standard phenolic acids in 1 mL of methanol individually. The 

calibration curve was constructed for each standard by plotting the concentration of 

standard against peak area. 

d) Chromatographic conditions 

The HPLC system Shimadzu SCL-10A (Kyoto, Japan) was equipped with gradient model 

pump LC-10AT Shimadzu, UV- Visible detector SPD – 10A, C18 Octadecyl Silicate 

(ODS) column (25 cm *4.6 mm, 5 µm), CTO-10 A column oven and data was integrated 

by Shimadzu system controller. The following mobile phase was used for the separation 
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of phenolic acids and flavonoids: A (water: acetic acid-94:6), B (acetonitrile 100%), 0-15 

min=15% B, 15-30=45% B, 30-45=100% B. The flow rate was 1.0 mL/min. 

Chromatograms were recorded at 280 nm. Each compound was quantified by evaluating 

its peak area against the specific standards (Hussain et al., 2013). 

3.5. Preparation of moringa tea 

Stems and branches were stripped off and the leaves were washed with the clean water, 

blanched and dried under the shed for one week. After drying the samples of leaves as 

well as seeds were pulverized and sieved. Formulations were prepared from the rest and 

bagged in tea bags (plate 1). The tea bags were further, packed in printed boxes 

containing all the information about the research project, importance of moringa 

supplementation, nutritional facts, energy values etc (plate 2). The boxes were protected 

from sunlight and humidity and stored up to 8 months at the temperature below 25 ºC. 

Flow diagram for preparation of tea is presented in Figure1 and the tea prepared by 

different concentrations of the moringa parts (leaves and seeds) is mentioned in Table 3.1.                 

                           

                    Table 3.1 Treatments of moringa tea used in the study plan 

Treatments Moringa leaves (g) Moringa seeds (g) 

T0 

T1 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T9 

- 

1.0 

2.0 

3.0 

- 

- 

- 

                  0.5 

                 1.0 

     1.5     

- 

- 

- 

- 

0.5 

1.0 

1.5 

0.25 

0.5 

0.75      
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     Harvesting of moringa leaves and seeds 

 

Washing 

 

Blanching 

 

Drying 

 

    Crushing and sieving 

 

    Preparing Formulations 

 

     Bagging in to tea bags                    

 

     Packaging in Boxes 

 

                                                           Preparing Infusions 

 

Figure 1. Systematic scheme for moringa tea preparation 

 



 

                               Plate 1

Plate
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Plate 1. Representing moringa tea bags 

Plate 2. Representing moringa tea box 
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3.5.1. Preparation of infusions  

The three treatments of each moringa leaf tea infusion (MLT), moringa seed tea infusion 

(MST) and moringa leaf seed tea infusion (MLST) were prepared. Tea bags of each 

formulation were infused for 3 min in 200 mL of freshly boiled de-ionized water. Each 

tea infusion was stirred once on the addition of water and bags were then removed from 

the infusions.                        

3.6. Minerals composition of moringa tea infusions 

The minerals and trace elements like calcium, phosphorous, sodium, magnesium, 

potassium, iron, zinc, copper manganese, cadmium, lead and chromium were estimated in 

moringa tea infusions and were estimated by the method as illustrated in previous section 

3.2.2 (AOAC, 2003). 

3.7. Analysis of bioactive compounds of moringa tea infusions 

Total phenolics and total flavonoids in moringa tea infusions were determined by the 

method described by Hussain et al. (2012). The method is previously explained under sub 

heading 3.2.3. 

3.8. DPPH radical scavenging activity of moringa tea infusions 

DPPH free radical scavenging activity was measured by the method as explained in 

section 3.3 reported by Hussain et al. (2008). 

3.9. HPLC analysis of phenolic acids and flavonoids of moringa tea        

infusions 

Moreover, phenolic acids and flavonoids in moringa tea infusions were also estimated by 

the same method (section 3.4) as described above for the analysis of moringa leaf and 

seed powders reported by Hussain et al. (2013). 
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3.10. Physico-chemical analysis of moringa tea infusions  

Moringa tea infusions were analyzed for the following physico-chemical characteristics 

to evaluate the acceptability of moringa parts in their respective infusions.  

3.10.1 Color 

The tea infusions were analyzed for Color by Piga et al. (2005) with the help of 

colormeter (Color Test-II Neuhaus Neotec). The color meter was calibrated by standards 

(54 CTn for dark and 151 CTn for light). 

3.10.2. pH  

Each sample of the tea infusion was taken in 50 mL beakers, pH meter (InoLab 720, 

Germany) was calibrated and pH was recorded directly according to the method described 

in AOAC, 1990. 

3.10.3. Total acidity 

Total acidity of moringa tea was determined by titrating the infusions against 0.1 N 

sodium hydroxide solution to persistent pink color according to the procedure of AOAC, 

1990.  

3.10.4. Total soluble solids  

Total soluble solids were estimated by hands refractometer (TAMCO, Model No.  90021, 

Japan) and results were stated as percent soluble solids (°Brix) following the protocol of 

AOAC, 1990.  

3.11. Sensory evaluation of moringa tea infusions 

Moringa tea infusions were analyzed for various sensory attributes including color, 

flavor, taste, bitterness and overall acceptability. The sensory evaluation of different 

treatments of tea were carried out by trained taste panel using hedonic score system 

(Appendex-1) as described by Meilgaard et al. (2007).  
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3.12. Selection of best treatment 

The best treatments of moringa tea were selected through physico-chemical assay and 

sensory evaluation along with control and were used further in the efficacy study in 

arthritis patients. 

3.13. Toxicity study of the moringa extracts in rats 

3.13.1. Animals  

The animals used in this study were male Dawley rats (150- 200 g). The 80 rats were 

maintained at the Experimental Animal Room where humidity, room temperature, light 

and ventilation were controlled (60 to 62%, 23–25 oC, 12 h light/dark cycle). They were 

kept in  rat cages  and  fed  on  commercial  rat  cubes and  allowed  free  access  to  clean 

fresh water in bottles ad libitum. All the animals were weighed during the acclimatization 

period and clinical observations were conducted on the animals subsequently at weekly 

intervals. All experimental protocols were in compliance with the Ethics Committee on 

Research in Animals as well as internationally accepted principles for laboratory animal 

use and care. 

3.13.1.1. Extract preparation 

The dried moringa leaf and seed powders (150 g) each was dissolved in warm water (2.5 

L) for easy dissolution.  It was afterward filtered by Whatman’s No. 1 filter paper.  The 

filtrate was then administered to the animals in the course of this study as described by 

Adedapo et al. (2009). 

3.13.2. Acute toxicity study  

 The acute toxicity of moringa leaf extract (MLE) and moringa seed extract (MSE) was 

determined according to the method of Sawadogo et al. (2006) with slight modifications. 

Rats were fasted for 16 h and randomly divided into 4 groups for MLE, another 4 groups 

for MSE and one control group of 5 rats each group. Graded doses of  the both extracts  

(600, 1000,1800 and 2200 mg/kg) corresponding to groups B, C, D, E for moringa leaf 

extract and F, G, H, I for moringa seed extract were separately administered  to the  rats  
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in  each  of  the  ‘test’  groups  by  means  of  oral gavages. The control group (A) was 

treated with orally administered distilled water (3 mL/kg) only. All the animals were then 

allowed free access to food and water and observed over a period of 48 h for signs of 

acute toxicity. The number of deaths within this period of time was recorded to evaluate 

the acute toxicity in rats. 

3.13.3. Sub-acute toxicity study  

Using a modified method of Cruz et al. (2006), the rats were divided at random into seven 

groups of 5 rats per group. The control group A received only distilled water, while the 

experimental  groups  representing  groups  B, C, D (MLE) and E, F ,G (MSE) received 

aqueous leaves and seeds extract at the doses of 600, 1000 and 1800 mg/kg for both 

extracts, respectively. The extracts were administered orally for 21 days. All the animals 

were weighed on the first day and at the end of the experiment.   

3.13.4. Collection of blood and serum samples 

Paired blood samples were collected into EDTA tubes and heparinized tubes by the 

decapitation of animals on the 21st day of the trial for haematological and biochemical 

analysis of blood. 

3.13.4.1. Haematological indices 

The Leukocyte count (WBC) of rat’s blood under study was analyzed by the method of 

Coles (1986). Whereas, erythrocyte count (RBC), haemoglobin concentration (Hb), 

haematocrit (HCT), mean corpuscular  volume  (MCV),  mean corpuscular  haemoglobin  

(MCH),  mean  corpuscular haemoglobin concentration  (MCHC),  platelet  count  (PLT)   

were determined by their respective standard methods as described by Duncan et al. 

(1994). 

3.13.4.2. Biochemical analysis 

Biochemical analysis was performed using blood collected in plain tubes.  Blood samples 

were centrifuged for 5 min at 3000 rpm. Aspartate amino transferase (AST), alanine 
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amino transferase (ALT), alkaline phosphatase (ALP) by the method of Duncan et al. 

(1994) and urea and creatinine as stated by Coles (1986). 

3.14. Efficacy study  

3.14.1. Selection of the subjects and study design 

Efficacy trials were conducted on the patients of rheumatoid arthritis including males and 

females of age 25-50 years. They were divided into different groups (as per no. of 

selected treatments along with control) as mentioned in table 3.2. Project was approved 

by the department ethical review committee. Feeding study was conducted with 

cooperation of Allied Hospital, Faisalabad. The study protocol was discussed with 

medical professionals and finalized after through technical suggestions.  

3.14.2. Inclusion and exclusion criteria 

The selection of the patients was carried out according to the criteria proposed by the 

American College of Rheumatology (Arnett et al., 1993). Initially, 510 patients of 

arthritis were approached, 330 were agreed to take part in the research project. 

Anthropometric measurements were recorded along with specified hematological and 

serological parameters; 94 patients were found to be of Rheumatoid Arthritis remaining 

were patients of osteoarthritis, gouty arthritis, septic arthritis etc. After screening for 

hepatitis virus, out of 94 the 14 subjects were further excluded. Finally, 80 patients were 

selected for three months study. The patients were assorted randomly into four groups, 20 

in each, namely control (T0), moringa leaf tea (T1), moringa seed tea (T2) and moringa 

leaf + seed tea (T3) groups.  

        Table 3.2 Efficacy study plan  

       Control                                    Study Groups 

Groups 

Treatments 

         1                        2                        3                         4 

        T0                       T1                      T2                       T3 
 

 

 The written informed consent was taken from the volunteers (Appendix II). Food 

frequency questionnaires (FFQ) were filled up by the patients at base line to determine 
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their dietary intake (Romero et al., 1998). The questionnaire has been shown at Appendix 

III. The tea prepared from the selected treatments was given daily (3 cups a day) for a 

period of 12 week. Information, education and communication (IEC) materials were 

provided. The Nutritional assessment questionnaires (Appendix IV) and diseases 

questionnaires (Appendix V) were filled up by these subjects. A daily food diary was also 

given to each participant at every visit to record daily dietary intake. Daily diet sheet 

recommended for rheumatoid arthritis was also provided. The daily food diary and daily 

diet sheet has been shown in Appendix VI and VII. The tea box was provided to the 

subjects on weekly basis. Every patient came weekly, deposited the empty box and 

collected one box for next week. Daily compliance was assessed on scheduled telephone 

call. 

3.14.3. Blood sampling and analysis 

The blood samples of the patients were taken in specified tubes. All the tubes containing 

blood sample were coded, wrapped in aluminum foil and kept in ice box which were 

further analyzed for indicative parameters of arthritis. 

3.14.3.1. Whole blood assay 

Whole blood of rats was analyzed for complete blood count (CBC) included total red 

blood cells count, hemoglobin (Hb), hematocrit, mean corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration 

(MCHC) as reported by Al-Haj et al. (2011). Platelets count was measured by Thompson 

and Harker (1983) and erythrocytes sedimentation rate (ESR) were investigated as 

determined by the method of Westerngren (Al-Fadhli & Al-Awadhi, 2005) Total white 

blood cells (WBC), neutrophiles, lymphocytes, monocytes, eosinophiles and basophiles 

were also investigated as described by Al-Haj et al. (2011). All these determinations were 

conducted through Fully Automatic Blood chemistry Analyzer (BIOLAB-300) Merck, 

Germany. 

3.14.3.2. Specialized tests 

The CRP (C-reactive protein) was analyzed by ELISA (Bhagat et al., 2003). The Serum 

was extracted by centrifugation of blood sample through centrifugal machine at 4000 rpm 
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for 6min (Uchida et al., 2001). The extracted serum was used for the estimation of 

Rheumatoid Factor (RF) by ELISA as described by (Al-Fadhli & Al-Awadhi, 2005). 

Serum and plasma were used for investigations of succeeding parameters using 

commercial kit methods. 

3.14.3.3. Lipid profile 

The lipid profile of the subjects including total cholesterol (TC), triglycerides (TG), high 

density lipoprotein (HDL) and low density lipoprotein (LDL) were estimated. The 

extracted serum was analyzed for TC by CHOD–PAP method, TG by GPO-PAP method 

(Kim et al., 2011), HDL by HDL-Cholesterol Precipitant method (Al-shatwi et al., 2010) 

and LDL as described by McNamara et al. (1990). 

3.14.4. Safety evaluation of tea in patients 

 3.14.4.1. Liver function tests 

Liver function tests, Alanine aminotransferase (ALT), aspartate aminotransferase  (AST) 

and  alkaline phosphatase (ALP) were determined to assess liver function during the 

entire study. The extracted serum was analyzed for levels of AST and ALT and were 

measured by the dinitrophenylhydrazene (DNPH) method using Sigma kits 59-50 and 58-

50, respectively (Thomas, 1998; Tolman & Rej, 1999) and ALP by Alkaline Phosphates–

DGKC method (Moss & Henderson, 1999; Thomas, 1998). 

3.14.4.2. Renal function tests 

The extracted serum was further analyzed for urea by GLDH-method and creatinine by 

Jaffe-method (Jacobs et al., 1996; Thomas, 1998). 

3.15. Statistical analysis 

The data obtained from the study were entered in the computer using a software SPSS 

version 17. Analysis of variance technique was applied to see the level of significance 

(α=0.05). Means were compared through Least Significance Difference Test according to 

the method described by Steel et al. (1997). 
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Chapter 4 

RESULTS AND DISCUSSIONS 

 

 

The present study was designed to explore the anti-arthritic potential of moringa leaves and 

seeds, following the claims documented in previous literature. The study was conducted in 

four phases; firstly the characterization of different parts of moringa plant was carried out to 

determine the nutritional potential and bioactive compounds. Second phase comprised of the 

development of different treatments of moringa tea and analyses of their different quality 

characteristics. In the third phase toxicity of moringa leaf and seed were evaluated in rats to 

check the toxic level and its suitability for human beings. Finally, efficacy study was carried 

out to determine the effect of moringa tea on the blood biochemical profile of the arthritis 

patients. The results obtained are discussed in detail under their respective headings. 

4.1. Characterization of moringa leaf and seed powders 

Moringa leaf and seed powders were assessed for different quality characteristics including 

proximate composition, mineral profile, bioactive compounds and DPPH radical scavenging 

activity. The results obtained for the said parameters are detailed below:   

4.1.1. Proximate composition 

The mean values of chemical analyses of raw materials i.e. moringa leaf powder (MLP) and 

moringa seed powder (MSP) on dry weight basis are presented in Figure 4.1. The moringa 

powders possessed substantial amount of crude protein, crude fiber, fat, moisture, ash and 

NFE content. It was however evident from the results that the differences persist between 

both raw materials for all the parameters analyzed. 

Amongst the samples of seed and leaf powders, the higher moisture contents were observed 

in MLP (8.07±0.15%) than MSP (6.53±0.08%). Likewise, similar results were obtained for 

other parameters i.e. crude fiber and ash content. The crude fiber contents were varied 

among raw materials with the higher concentration in MLP i.e. 19.61±0.38%, while the 

lower contents were found in MSP i.e. 7.46±0.04%. The higher level of ash 10.50±0.44% 

was observed in MLP, which showed the presence of higher mineral contents in moringa 
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leaves against moringa seeds. However, the amount of crude protein is higher in MSP 

(35.26±0.25%) than the MLP (28.11±0.09%). Moreover, MSP also contained higher level of 

fat (30.94± 0.73%) as compared with MLP (2.82±0.27%).                                  

The amount of moisture, ash, crude protein, fat and crude fiber as well as the NFE in a food 

is of utmost importance for many scientific, technical and economic reasons. The results of 

proximate analysis demonstrated that an acceptable level of moisture content was present in 

leaf and seed powders after drying process. It has long been assumed that there is a 

relationship between the perishability of food and its water content (Fennema & 

Tannenbaum, 1996). The percent moisture in the samples were found to be less than 10% 

showed  that the samples were  adequately dried for analysis and further utilization.  

The NFE of the leaf (38.97±0.02%) is almost double of the seed (19.89±0.02%), showed the 

high levels of its possible dietary value (Abdulkarim et al., 2005). The fiber contents of the 

leaves were two times more than the seeds, and the high fiber contents aids in digestion and 

prevention of many diseases (Saldanha, 1995; UICC/WHO, 2005). The ash contents also 

showed the similar trend, so the results showed the presence of appreciable amount of 

minerals in the leaves. However, the lower amount of fat was present in leaves as compared 

to seeds, resulting in the lower number of calories from MLP that can be beneficial in the 

control of obesity and other chronic diseases (Chinma & Gernah, 2007). Similarly, the seeds 

contained higher amount of protein than the leaves, which makes the seeds a good source of 

protein and would be used as a good and cheap source of protein supplement (WHO, 1999). 

In reflection of the above mentioned results, it is stated that moringa is highly nutritious 

plant which provides essential nutrients in significant amount. It would be beneficial for 

health, and to manage weight as well as pave way towards the control of chronic diseases 

through effective dietary interventions (Sofowora, 1993). The findings of the present study 

are in accordance with these reported earlier (Fuglie, 2001; Oduro et al., 2008). However, 

slight differences were observed with the findings of Ogbe and Affiku (2011) and Mutayoba 

et al. (2011). The differences in the chemical composition may be due to the differences in 

geographical locations, stages of maturity of the plants and drying methods. 
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       Figure 4.1 Proximate composition of moringa leaf and seed powders (%) 
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4.1.2. Mineral profile of moringa leaf and seed powders 

The results for macro minerals of raw materials i.e. MLP and MSP are presented in Figure 

4.2. It is evident that MLP contained higher amount of all the minerals analyzed, compared 

to the MSP. The calcium contents were varied among raw materials with the higher 

concentration in MLP i.e. 2100.7±0.54 mg/100 g and comparatively lower contents were 

found in MSP i.e. 374.69±1.6 mg/100 g. Thus, results depicted that moringa leaves 

contained seven times higher calcium contents than moringa seeds. Similarly, the mean 

value of magnesium for MLP was (449.69±0.28 mg/100 g) higher than MSP (290.69±2.76 

mg/100 g). Likewise, the higher values of potassium were also observed for MLP 

(1349.7±0.16 mg/100 g) compared with MSP (1100.7±0.58 mg/100 g). It is further evident 

that sodium was higher in MLP (269.69±1.57 mg/100 g) than MSP (149.69±0.94 mg/100 g). 

Moreover, MLP also contained higher level of phosphorous (259.69±0.51 mg/100 g) as 

compared with MSP (124.7±0.59 mg/100 g). 

The results regarding the trace elements of raw materials like iron, zinc, copper manganese, 

cadmium, lead and chromium are presented in Table 4.1. The present study showed that 

MLP contained appreciably higher amount of iron (288.25±0.09 mg/kg) than MSP (11.82± 

0.11 mg/kg). Similarly, the concentration of zinc was higher in MLP (70.09±0.13 mg/kg) as 

compared to MSP (15.50±0.31 mg/kg). The contents of copper were also higher in leaves 

(5.620±0.09%) than seeds (2.02±0.07%). Likewise, higher level of manganese was observed 

in MLP (80.09±0.21 mg/kg) than MSP (6.75±0.41 mg/kg).  The amount of cadmium 

(0.75±0.04 mg/kg) and lead (0.33±0.01 mg/kg) also showed the same trend i.e. higher in 

MLP but not detected in MSP. Moreover, the mean values of chromium for MLP (0.47±0.02 

mg/kg) were also higher than the value of MSP (0.02± 0.01 mg/kg). 

The present study revealed that calcium was much higher in moringa leaves than seeds i.e. 

about seven times higher, which can be useful for the transport of oxygen and cellular 

activity. Calcium and phosphorous, would be the key constituents of bones and tissues 

required for the development and strengthening of skeletal muscles as desirable in arthritis. 

The values of calcium, phosphorous and potassium are corroborated with the findings of 

Nouman et al. (2013). Magnesium was present in higher amount in leaves as compared to 

the seeds and is involved in the intestinal absorption, various chemical reactions and almost 

functioning of 90 enzymes in the body. 
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Figure 4.2 Macro minerals composition of moringa leaf and seed powders (mg/100 g) 
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   Table 4.1 Mean values for trace elements in moringa leaf and seed powders (mg/kg) 

    Trace Elements MLP MSP 
 

Iron 

Zinc 

Copper 

Manganese 

Cadmium 

Lead 

Chromium 

288.25±0.09 

70.09±0.13 

5.620±0.09 

80.09±0.21 

0.75±0.04 

0.33±0.01 

0.47±0.02 

11.82±0.11 

15.50±0.31 

2.02±0.07 

6.75±0.41 

ND 

ND 

0.02±0.01 

      Values are expressed as means ± standard deviation 
MLP: Moringa leaf powder 
MSP: Moringa seed powder 
ND: Not detected 
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The mechanism of action of magnesium is to produce synergistic effect, in decreasing the 

level of cholesterol in lipid metabolism (Gyamfi et al., 2011). Whereas, the trace elements 

were found in small quantities in the body however, they are fundamentally important. 

Copper, manganese and zinc also showed similar trends like other minerals and they are 

necessary for the support of immune system. The results are supported by the findings of 

Ogbe and Affiku (2011). Moreover, the amount of iron was higher in leaves than seeds and 

can be useful for the treatment and prevention of anemia (Oluyemi et al., 2006). 

Sodium and potassium present in MLP and MSP would be helpful in the transmission of 

nerve impulses and electrolyte balance. Manganese plays a vital role in the strengthening of 

immune system. It also works along with the B complex vitamins and with vitamin K as a 

blood clotting factor (Muhammad et al., 2011). Results showed that the toxic elements such 

as cadmium and lead were not present in the seeds and in leaves they were in the negligible 

amount as supported by Anjorin et al. (2010). It showed the suitability of moringa 

components for human consumption.  

In this study, results obtained for the minerals of leaves, were in correlation with the 

findings of Mutayoba et al. (2011). As for as the results of the moringa seeds were 

concerned, the variability was observed in the amount of the elements reported by 

Ramachandran et al. (1980) and Aja et al. (2013). The differences in the composition would 

be attributed to the differences in the stages of maturity and in the geographical location of 

the plants as well as the soil fortified with different chemical fertilizers (Reedy & Bhatt, 

2001).  

 
4.1.3. Bioactive compounds of moringa leaf and seed powders 
 
The mean values of total phenolic contents (TPC) and total flavonoids (TFC) of MLP and 

MSP investigated in this study are presented in Figure 4.3. It is obvious from the results 

that the TPC and TFC were different in MLP and MSP. The TPC were higher in MLP i.e. 

9535.3± 57.74 mg/100 g than were found in MSP i.e. 4822.3± 54.74 mg/100 g.  Similarly, 

the TFC were higher in MLP (6543.3±59.75 mg/100 g) than MSP (958.34± 11.53 mg/100 

g). The polyphenolic compounds obtained in leaves and seeds make a good preventative 

tool against arthritis. Consequently, the presence of these compounds in moringa 

components can also modulate the lipid peroxidation involved in atherogenesis 

carcinogenesis and thrombosis in humans (Frankel & Meyer, 2000). 
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         Figure 4.3 TPC and TFC of moringa leaf and seed powders (mg/100 g) 

 

     Figure 4.4 DPPH free radical scavenging activity (%) of moringa leaf and seed         
                       powders  
           
 

0

2000

4000

6000

8000

10000

12000

Total Phenolics   Total Flavonoids

m
g/

10
0 

g

MLP

MSP

87.02%

34.05%

MLP MSP

0

10

20

30

40

50

60

70

80

90

100



53 

 

They are secondary metabolites in plants which are defensive against pathogenic infections 

and free radicals generation (Maisuthisakul et al., 2007). Moreover, the present study 

revealed higher values of polyphenols and flavonoids of leaves than seeds. Amounts of 

TPC are in agreement with the values (9.95 to 11.17 g/100g) reported in Pakistan and TFC 

were (9.24 to 9.88 g/100g) slightly higher (9.24 to 9.83 g/100g) than the values obtained in 

the study (Iqbal & Bhanger, 2006). The difference could be due to the different 

agroclimatic locations, used for the cultivation of moringa plant. 

The phenolics and flavonoids contents of moringa leaves examined in this study were higher 

than the values reported by Siddhuraju and Becker (2003), Sreelatha and Padma (2009) and 

Atawodi et al. (2010). The variation in the results of the present study could be due to the 

methods of extraction of polyphenolic compounds, degree of polarity of the solvents and 

geographical locations of the plants.  

4.1.4. DPPH radical scavenging activity  

The mean values for free radical scavenging activity of both MLP and MSP are presented in 

Figure 4.4. It was obvious from the results that DPPH radical scavenging activity was higher 

in MLP (87.02± 0.99%) as compared with MSP (34.050± 0.99%). Their free radical 

scavenging ability could be due to the presence of conjugated ring structures, redox 

properties, and carboxylic group which are involved in the inhibition of lipid peroxidation 

(Oyedemi et al., 2010). 

The bioactive compounds have the ability to decompose peroxides and neutralize free 

radicals (Adedapo et al., 2009). Moreover, these antioxidants when react with the DPPH 

radical, decolorize the deep purple color. The degree of discoloration is due to hydrogen 

proton donation which indicates the scavenging potential of the extract (Verma et al., 2009) 

and its suitability for the management of chronic diseases. The present study indicated that 

the DPPH scavenging activity is higher in leaves (87.02%) than the seeds (35.05%). There is 

a good correlation between total phenolics content and DPPH scavenging potential (Lu & 

Foo, 2000), and the same is justified in the present study. The potential of methanolic extract 

of moringa leaves reduced DPPH radicals lower than our observed results. This variability 

could be due to difference in nature of the soil, season of cultivation, temperature and the 

extraction methods (Sreelatha & Padma, 2009). 
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4.1.5. Phenolic acids and flavonoids of moringa leaf and seed powders 

The moringa leaf and seed powders were examined for their specific phenolic acids (gallic 

acid, chlorogenic acid, ferulic acid, ellagic acid, vanillic acid & caffeic acid) and flavonoids 

(quercetin, kaempferol & catechins) composition through HPLC and the mean values are 

presented in the Table 4.2. It was observed that the phenolic acids and flavonoids were 

higher in MLP as compared to MSP except catechins. The results revealed that the contents 

of gallic acid were higher in MLP (453.34±0.14 ppm) as compared to MSP 

(146.82±1.01ppm). Similarly, the caffeic acid was varied among raw materials with the 

higher concentration in MLP i.e. 118.22±1.09 ppm, while the lower contents were found in 

MSP i.e. 34.54±0.85 ppm. Moreover, the values of ferulic acid were also different in MLP 

and MSP with MLP at the higher side 110.71±0.98 ppm, while the lower values were 

observed in MSP (1.96±0.94 ppm). Likewise, the higher ellagic acid values were also 

observed in MLP (175.30±1.01 ppm) compared with MSP (54.70±0.39 ppm). The amount 

of vanillic acid obtained in present study was also higher in MLP (115.10±0.99 ppm) than 

MSP (2.15±0.97 ppm). Moreover, MLP contained higher level of chlorogenic acid 

(378.23±0.058 ppm) as compared with MSP (1.55±0.89 ppm). 

It is further evident from the present study that contents of flavonoids were also higher in 

MLP than MSP. The results presented in Table 4.2 showed that the quercetin present in 

MLP (738.92±0.18 ppm) was higher than the values of MSP (1.54±0.07 ppm). The 

kaempferol varied among raw materials with the higher concentration in MLP i.e. 

182.78±0.6 ppm while the lower was found in MSP i.e. 101.50±0.99 ppm. However, the 

MSP contained higher level of catechins (1.4500±0.09 ppm) as compared with MLP 

(4.85±0.95 ppm).  

The results showed that moringa leaf powder found to be the richest source of phenolics and 

flavonoids than moringa seed powder. Amongst them, quercetin was the dominant 

flavonoids and then gallic acid showed the highest peak followed by chlorogenic acid, 

kaempferol, ellagic acid, caffeic, vanillic, ferulic acid and catechins in moringa leaf powder. 

However, in moringa seed powder gallic acid is present in highest amount followed by 

kaempferol, ellagic acid, caffeic acid, catechins, vanillic acid, ferulic acid, chlorogenic acid 

and quercetin. 
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    Table 4.2 Mean values for HPLC analysis of phenolic acids and flavonoids of     
                     moringa leaf and seed powders (ppm) 

Phenolic acids & 

Flavonoids 

                  MLP                                                                   MSP 

Gallic Acid 

Caffeic Acid 

Ferulic Acid 

Ellagic acid 

Vanillic acid 

Chlorogenic Acid 

Quercetin 

Kaempferol 

Catechins 

453.34±0.14 

118.22±1.09      

110.71±0.98       

175.30±1.01       

115.10±0.99       

            378.23±0.05       

738.92±0.18       

182.78±0.67       

1.4500±0.09       

146.82±1.01 

34.54±0.85 

1.96±0.94 

54.70±0.39 

2.15±0.97 

1.55±0.89 

1.54±0.07 

101.50±0.99 

4.85±0.95 

    Values are expressed as means ± standard deviation 
 MLP: Moringa leaf powder 
 MSP: Moringa seed powder 
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In the previous study of Siddhuraju and Becker (2003), the amount of quercetin in moringa 

leaves ranged from 634 mg/100 g to 2749 mg/100 g, while concentration of kaempferol 

ranged from 105 mg/100 g to 647 mg/100 g. It is obvious that the reported values are higher 

than those found in the present study. However, the obtained results of flavonoids and 

phenolic acids in MLP are slightly different from the values observed in the previous studies 

(Pakade et al., 2013; Singh et al., 2009; Talreja et al., 2012). Such variations are largely due 

to genetic variability, agroclimatic regions, stages of leaf development and post-harvest 

handling (Anwar et al., 2005). However, the findings of Singh et al. (2013) are corroborated 

with the results of the present study regarding MSP.  

The quantified bioactive compounds have well-renowned scavenging activity, metal ion 

chelating capacity, antioxidant potential and are useful for the prevention and treatment of 

many diseases (Prakash et al., 2007). It has been observed that the phenolic compounds, 

particularly flavonoids (quercetin, kaempferol and catechins) are important superoxide 

scavengers and antioxidants (Benavente-Garcia et al., 1997). They exhibited high anti-LPO 

(lipid per-oxidation) activity by inhibiting the LPO through the chelation of Fe2+ or by 

trapping FRs (free radicals). Moringa leaves significantly restrained the propagation and 

initiation of LPO by quenching FRs and by making complex with metal, respectively 

(Chumark et al., 2008). The findings of the present study revealed that both leaves and seeds 

of moringa contain significant amount of nutrients and bioactive compounds especially in 

the leaves, which are rich source of natural antioxidants with health protective potentials and 

should be exploited as a possible food additive or can be used in functional foods, 

nutraceutical, and bio-pharmaceutical industries. 

4.2. Quality evaluation of moringa tea infusions 

4.2.1 Minerals composition of moringa tea infusions  

The mineral elements like calcium, magnesium, potassium, sodium, phosphorous, iron, zinc, 

copper manganese, cadmium, lead and chromium in moringa tea infusions i.e. moringa leaf 

tea (MLT), moringa seed tea (MST),  and moringa leaf seed tea (MLST) were determined. 

The mean values for minerals (calcium, magnesium, potassium) of various moringa tea 

infusions are presented in Table 4.3. The results revealed that the mineral contents were 

significantly (P≤0.05) different among all treatments. The calcium contents of different tea 

samples were in the range of 1.39 to 61.87 mg/100mL. The highest amount of calcium 
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(61.87±0.06 mg/100 mL) was observed in T3 (MLT 3 g), followed by T2 (MLT 2 g) i.e. 

41.44±0.02 mg/100 mL, while the lowest calcium contents were recorded in T4 (MST 0.5 g) 

i.e. 1.39±0.02 mg/100 mL. The mean values for magnesium contents revealed that the highest 

contents (12.63±0.05 mg/100 mL) were present in T3 followed by T2 i.e. 8.57±0.02 mg/100 

mL, whereas the lowest magnesium contents were recorded in T4 (1.30±0.02 mg/100 mL) 

which was however statistical at par to T3. Similar trend was possessed by potassium contents 

in all the treatments. The potassium contents of different tea treatments were in the range of 

3.57 to 35.36 (mg/100 mL).  

The means values for sodium, phosphorous and iron contents of different tea infusions 

(Table 4.4) also revealed that the variations in the mean values of all the treatments were 

statistically significant (P≤0.05). The moringa leaf tea infusion T3 showed the highest 

content of sodium (7.86±0.01mg/100 mL) followed by T2 i.e. 5.28±0.01 mg/100mL and the 

lowest sodium contents (0.63±0.01 mg/100 mL) were recorded in T4 (MST 0.5 g). Whilst, 

mean values of phosphorous exhibited that T3 possessed 6.72% phosphorous contents which 

were the highest followed by T2 (4.66±0.01 mg/100mL) and the lowest contents were found 

in T4 (0.46±0.02 mg/100 mL). Moreover, the iron contents of different tea infusions were in 

the range of 0.05 to 8.64 (mg/L), whereas the significantly (P≤0.05) highest contents of iron 

were present in T3 (MLT 3 g) as compared to other treatments. 

The mean values of zinc, copper and manganese are mentioned in Table 4.5. These minerals 

also indicated statistically significant differences (P≤0.05) among the treatments. The 

highest value (2.10±0.02 mg/L) for zinc was observed in T3 followed by T2. Whereas, the 

lowest value for zinc (0.07±0.01) was recorded for T4. Likewise, the mean values for 

manganese of all the treatments were statistically significant (P≤0.05). The highest amount 

of manganese (2.40±0.00 mg/L) was observed in T3 (MLT 3 g) followed by T2 (MLT 2 g) 

and the lowest was observed in T4 (MST 0.5 g) i.e. 0.03±0.00mg/L.  
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Table 4.3 Mean values for calcium, magnesium and potassium contents of moringa tea 
infusions (mg/100 mL) 

Treatments          Calcium  
      

     Magnesium 
     

      Potassium 
  

T1 20.72±0.04e 4.28±0.03f 12.21±0.01d 

T2 41.44±0.02b 8.57±0.02b 24.43±0.01b 

T3 61.87±0.06a 12.63±0.05 a 35.36±0.05a 

T4 1.39±0.02i 1.30±0.02i 3.57±0.00i 

T5 2.79±0.02h 2.90±0.00g 7.05±0.02g 

T6 3.71±0.00g 4.36±0.00e 8.81±0.05f 

T7 10.65±0.00f 2.60±0.01h 5.97±0.01h 

T8 21.30±0.02d 5.34±0.05d      11.89±0.05e 

T9 31.16±0.05c 7.72±0.05c      14.38±0.05c 

Means sharing similar letter in a column are statistically non-significant (P>0.05) 
Values are expressed as means ± standard deviation 
T1- MLT: Moringa leaf tea infusion (1 g)  
T2 - MLT: Moringa leaf tea infusion (2 g) 
T3- MLT: Moringa leaf tea infusion (3 g) 
T4- MST: Moringa seed tea infusion (0.5 g) 
T5- MST: Moringa seed tea infusion (1 g) 
T6- MST: Moringa seed tea infusion (1.5 g) 
T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
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    Table 4.4 Mean values for sodium, phosphorous and iron contents of moringa tea 
                    infusions 

Treatments        Sodium 
     (mg/100 mL) 

     Phosphorous 
      (mg/100 mL) 

Iron 
  (mg/L) 

 
T1 2.64±0.00e 2.33±0.00e 2.88±0.00e 

T2 5.28±0.01b 4.66±0.01b 5.77±0.01b 

T3 7.86±0.01a        6.72±0.00a 8.64±0.00a 

T4 0.63±0.01i 0.46±0.02i 0.05±0.00i 

T5 1.33±0.02h 0.92±0.06h 0.11±0.00h 

T6 1.91±0.01f 1.22±0.11f 0.17±0.00g 

T7 1.57±0.01g 1.17±0.01g 1.47±0.00f 

T8 3.18±0.01d 2.35±0.02d 2.94±0.00d 

T9 4.64±0.00c  3.09±0.00c 4.41±0.00c 

  Means sharing similar letter in a column are statistically non-significant (P>0.05) 
  Values are expressed as means ± standard deviation 
  T1- MLT: Moringa leaf tea infusion (1 g)  
  T2 - MLT: Moringa leaf tea infusion (2 g) 
  T3- MLT: Moringa leaf tea infusion (3 g) 
  T4- MST: Moringa seed tea infusion (0.5 g) 
  T5- MST: Moringa seed tea infusion (1 g) 
  T6- MST: Moringa seed tea infusion (1.5 g) 
  T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
  T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
  T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
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Similarly, the same trend was observed for copper, where the highest contents of copper 

were found in T3 (0.17±0.00 mg/L) followed by T2 (0.11±0.01 mg/L) and the lowest copper 

contents were documented in T4 (0.01±0.00 mg/L). 

The mean values for cadmium, lead and chromium are presented in Table 4.6. The cadmium 

and chromium contents indicated statistically significant differences (P≤0.05) among the 

treatments. The highest value for cadmium (0.023±0.00 mg/L) was observed in T3 (MLT 3 

g) followed by T2 (0.015±0.00 mg/L). Whereas, the cadmium and chromium contents were 

not detected in moringa seed tea infusions (T4, T5 and T6). However, the mean values for all 

the treatments regarding the results of lead were statistically non-significant. It is identified 

in minute quantity in T3 while not detected in any of the samples of moringa seed tea 

infusions. 

It is obvious from the present study that moringa leaf tea infusions contained appreciable 

amount of mineral elements than moringa seed tea infusions. Calcium appeared to 

be the foremost element in the tea infusions. Meanwhile potassium, magnesium, sodium, 

phosphorous were the major components. Other less abundant elements turned out to be iron 

manganese, zinc, copper, cadmium, chromium and lead in the all estimated samples. The 

calcium content of moringa leaf tea (T2) was 41.44±0.02 mg/100mL. Therefore, 3 cups (600 

mL) of moringa leaf tea infusion daily can fulfill the calcium requirements of the individuals 

and was equivalent of about one fourth of the recommended daily intake of 1000 mg 

(Jensen, 2000).  

The amount of calcium, iron, sodium and potassium in different green tea samples were in 

the range of 390-740, 10.4-38, 3-11 and 1900-2800 mg/100 g, respectively (Chee & Juneja, 

1997). The minerals content of moringa leaf is higher than the reported values of green tea 

leaves. Similarly, results of Costa et al.  (2002) also showed variations with the findings of 

current study regarding Ca and Mn contents. It was evident that the moringa leaf tea 

infusions possessed higher amount of minerals than other green/herbal tea infusions. 
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Table 4.5 Mean values for zinc, copper and manganese contents of moringa tea 

                 infusions (mg/L) 

Treatments 
                                       

          Zinc 
 

       Copper 
 

Manganese 
 

T1 0.70±0.01e 0.06±0.00c 0.80±0.00e 

T2 1.40±0.02b 0.11±0.01b 1.60±0.00b 

T3 2.10±0.02a 0.17±0.00a 2.40±0.00a 

T4 0.07±0.01i 0.01±0.00e 0.03±0.00i 

T5 0.15±0.02h 0.02±0.00de 0.06±0.00h 

T6 0.23±0.00g 0.03±0.00d 0.10±0.00g 

T7 0.38±0.01f 0.03±0.00d 0.41±0.00f 

T8 0.77±0.00d 0.07±0.00c 0.83±0.01d 

T9 1.16±0.00c 0.10±0.00b 1.25±0.01c 

Means sharing similar letter in a column are statistically non-significant (P>0.05) 
Values are expressed as means ± standard deviation 
T1- MLT: Moringa leaf tea infusion (1 g)  
T2 - MLT: Moringa leaf tea infusion (2 g) 
T3- MLT: Moringa leaf tea infusion (3 g) 
T4- MST: Moringa seed tea infusion (0.5 g) 
T5- MST: Moringa seed tea infusion (1 g) 
T6- MST: Moringa seed tea infusion (1.5 g) 
T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
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 Table 4.6 Mean values for cadmium, lead and chromium contents of moringa tea                
                  infusions (mg/L) 
Treatments     Cadmium 

        
       Lead 
        

      Chromium 
          

T1 0.008±0.00bcd 0.003±0.00a 0.005±0.00ab 

T2 0.015±0.000ab 0.007±0.00a 0.010±0.00ab 

T3 0.023±0.00a 0.010±0.00a 0.014±0.00a 

T4 0.000±0.00d 0.000±0.00a 0.000±0.00b 

T5 0.000±0.00d 0.000±0.00a 0.000±0.00b 

T6 0.000±0.00d 0.000±0.00a 0.000±0.00b 

T7 0.004±0.00cd 0.002±0.00a 0.002±0.00b 

T8 0.008±0.00bcd 0.003±0.00a 0.005±0.00ab 

T9 0.011±0.00bc 0.005±0.00a 0.007±0.00ab 

  Means sharing similar letter in a column are statistically non-significant (P>0.05) 
  Values are expressed as means ± standard deviation 
T1- MLT: Moringa leaf tea infusion (1 g)  
T2 - MLT: Moringa leaf tea infusion (2 g) 
T3- MLT: Moringa leaf tea infusion (3 g) 
T4- MST: Moringa seed tea infusion (0.5 g) 
T5- MST: Moringa seed tea infusion (1 g) 
T6- MST: Moringa seed tea infusion (1.5 g) 
T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
 

 

 

 

 

 

 



63 

 

Iron is an essential micronutrient required for human growth and development. The results 

showed that the moringa leaf tea infusions can be a good source of iron. The values are in 

accordance to recommended daily allowance of iron – 10 mg/100 g to 13 mg/100 g for 

children; 7 mg/100 g for men; and 12 mg/100 g to 16 mg/100 g for women and feeding 

mothers (Fuglie, 2001). Similarly, copper is a fundamental micronutrient required for 

metabolism. Recommended dietary allowances of copper is in the range from 1.5 to 2.0 mg 

per day for adults (Sandstead, 1982). Moringa leaf tea infusions contained an appreciable 

amount of copper. Zinc is also an essential micronutrient required for human growth, 

maintenance of the immune function, development, which could be enhances the prevention 

and recovery from infectious diseases (Black, 2003; Walker et al., 2005). Moreover, the 

average recommended dietary allowance of zinc is 6 mg per adult per day (Smith et al., 

1983). Moringa leaf tea had the highest composition of zinc. So, could be used as a cheap 

source of zinc. It can therefore, be concluded that the drinking of tea enhances the dietary 

intake of minerals. Minerals in water may be more readily absorbed than those from food as 

they are in the free ionic state (Masironi & Shaper, 1981). These findings could have 

important nutritional implications in countries where tea is consumed in substantial amount.  

4.2.2. Bioactive compounds of moringa tea infusions 

4.2.2.1. Total phenolics and total flavonoid 

The mean values of total phenolic contents (TPC) and total flavonoid contents (TFC) of 

moringa tea infusions examined in this study are presented in Table 4.7. The results revealed 

that the mean values for TPC and TFC of all the treatments were statistically significant 

(P≤0.05). The highest amount of TPC (99.51±0.11mg/100 mL) were observed in T3 (MLT 3 

g) i.e. moringa leaf tea infusion, followed by T2 i.e. 74.10±0.10 mg/100 mL while least 

(4.25±0.02 mg/100 mL) total phenolic contents were recorded in T4 i.e. moringa seed tea 

infusion. Similarly, the mean values for TFC revealed that the highest contents (57.24±0.14 

mg/100 mL) were present in T3 followed by T2 i.e. 38.53±0.07 mg/100 mL while the 

minimum value of TFC was recorded in T4 (1.62±0.01 mg/100 mL) which was statistically 

at par to T3. 

The phenolics contents of moringa leaf tea infusions (99.51 mg/100 mL) examined in this 

study were also higher than the values reported in green tea (38.58 mg/100 mL) and black tea 

i.e. 23.60 mg/100 mL (Yang et al., 2011). Likewise, higher amount of flavonoid contents 
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(57.24 mg/100 mL) were present in moringa leaf tea infusions compared to green tea 

infusions (8.4 mg/100 mL) as stated by Costa et al. (2002). The difference could be due to 

the difference in tea plants, as described in the literature that moringa plant is rich in phenolic 

compounds compared to other medicinal plants. 

It is evident from the results that moringa tea infusions are rich in phenolics and flavonoid 

contents. These tea polyphenols have been shown to inhibit the activity of nuclear factor-

kappa B, TNF-α, IFN-γ, Cox-2 in arthritic joints (Haqqi et al., 1999) and hence significantly 

reduced the severity and onset of the arthritis (Robak et al., 1998). The major polyphenols 

present in tea are flavonoid, which act as antioxidants and possess wide range of 

pharmacological properties and would be able to protect lipid peroxidation, inhibit platelet 

aggregation, and act as anti-inflammatory agent (Manach et al., 1996; Cook & Samman, 

1996). Moreover, the present study revealed that the moringa leaf tea infusions (MLT) 

showed higher TPC and TFC compared to moringa leaf seed tea infusions (MLST) and 

moringa seed tea infusions (MST).  

4.2.3. DPPH radical scavenging activity of moringa tea infusions 

The scavenging effects of moringa tea infusions on DPPH free radicals are showed in Figure 

4.5. Moringa leaf tea infusion (T3) exhibited a strong ability (83.73%) to quench DPPH 

radicals, followed by T2 (80.35%) i.e. moringa leaf tea infusion (2 g). Meanwhile, 

the weakest one (20.54%) was observed in moringa seed tea infusion i.e. T4. The results 

indicated that the moringa leaf tea infusions possess good antioxidant potential with a strong 

DPPH radical-scavenging activity compared to moringa seed tea infusions. These tea 

infusions contained rich amount of polyphenols which possess various biological activities.  

The mechanism behind the free radical scavenging activity of polyphenols is to contribute in 

the reduction of oxidative stress and to prevent the onset of diseases (Huang et al., 2001). 

The DPPH radical scavenging activity of moringa leaf tea infusions (83.73%) were higher 

than the berry leaves tea infusion (42.70%), Carob fruit tea infusion (58.29%) and Doum 

fruit tea infusion (49.62%) as reported earlier by Hussein et al. (2011). The variations in the 

results of the present study could be due to the difference in tea plants and due to the higher 

amount of polyphenols present in moringa leaves.         
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Table 4.7 Mean values for of total phenolics and total flavonoids of moringa tea   
                 infusions 

Treatments        Total Phenolics 
     (mg GAE/100 mL) 

     Total Flavonoids 
     (mg CE/100 mL) 

 

T1 35.51±0.05e 18.08±0.04e 

T2 74.10±0.10b 38.53±0.07b 

T3 99.51±0.11a 57.24±0.14a 

T4 4.25±0.02i 1.62±0.01i 

T5 8.51±0.03h 3.26±0.00h 

T6 12.75±0.06g 4.81±0.03g 

T7 19.83±0.08f 9.83±0.02f 

T8 41.34±0.08d 20.75±0.09d 

T9 56.14±0.06c 30.92±0.07c 

Means sharing similar letter in a column are statistically non-significant (P>0.05) 
  Values are expressed as means ± standard deviation 
 T1- MLT: Moringa leaf tea infusion (1 g)  
 T2 - MLT: Moringa leaf tea infusion (2 g) 
 T3- MLT: Moringa leaf tea infusion (3 g) 
 T4- MST: Moringa seed tea infusion (0.5 g) 
 T5- MST: Moringa seed tea infusion (1 g) 
 T6- MST: Moringa seed tea infusion (1.5 g) 
 T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
 T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
 T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
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           Figure 4.5 DPPH free radical scavenging activity of moringa tea infusions 

 

                T1- MLT: Moringa leaf tea infusion (1 g) 
                T2 - MLT: Moringa leaf tea infusion (2 g) 
                T3- MLT: Moringa leaf tea infusion (3 g) 
                T4- MST: Moringa seed tea infusion (0.5 g) 
                T5- MST: Moringa seed tea infusion (1 g) 
                T6- MST: Moringa seed tea infusion (1.5 g) 
                T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
                T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
                T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
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4.2.4. Phenolic acids and flavonoid of moringa tea infusions 

The specific phenolic acids (gallic acid, chlorogenic acid, caffeic acid, ferulic acid, ellagic 

acid & vanillic acid) and flavonoids (quercetin, kaempferol & catechins) in moringa tea 

infusions i.e. moringa leaf tea (MLT), moringa seed tea (MST) and moringa leaf seed tea 

were characterized through HPLC. The mean values for phenolic acids (gallic acid, 

chlorogenic acid, caffeic acid) of various moringa tea infusions are presented in Table 4.8 

(a). The results revealed that the mean values for phenolic acids were significantly (P≤0.05) 

different among all the treatments. The gallic acid contents of different tea samples were in 

the range of 0.61±0.01 to 13.60±0.06 mg/L. The highest amount of gallic acid (13.60±0.06 

mg/L) was observed in T3 (MLT 3 g), followed by T2 (MLT 2 g) i.e. 9.07±0.04 mg/L while 

the lowest gallic acid contents were recorded in T4 (MST 0.5 g) i.e. 0.61±0.01 mg/L. 

Similarly, the mean values for contents of caffeic acid revealed that highest contents 

(3.54±0.02 mg/L) were present in T3 followed by T2 (2 g MLT) i.e. 2.26±0.02 mg/L while 

the least caffeic acid contents were recorded in T4 (0.17±0.00 mg/L). Likewise, the highest 

contents of chlorogenic acid were present in T3 (11.35±0.10 mg/L) and lowest (0.01±0.00 

mg/L) were found in T4 (moringa seed tea infusion). However, for chlorogenic acid the non-

significant differences (P>0.05) were observed within the treatments of the moringa seed tea 

infusions (T4, T5, T6). 

The means values for ferulic acid, ellagic acid and vanillic acid contents of different tea 

infusions are mentioned in Table 4.8 (b). The results revealed that the variations in the mean 

values of all the treatments were also statistically significant (P≤0.05). The moringa leaf tea 

infusion T3 (MLT 3 g) showed the highest content of ellagic acid (5.26±0.02mg/L) followed 

by T2 (MLT 2 g) i.e. 3.23±0.01 mg/L and the least ellagic acid contents (0.27±0.00 mg/L) 

were documented in T4 (MST 0.5 g). Whilst, mean values of ferulic acid showed the highest 

contents in T3 (3.22±0.01) and the lowest were exhibited in T4 (0.01±0.00). However, the 

non-significant differences (P>0.05) were observed within the treatments of the MST i.e. 

moringa seed tea infusions (T4, T5, T6) for ferulic acid. Similar trend was showed for vanillic 

acid contents in all the tea infusions. The vanillic acid contents of different teas treatments 

were in the range of 0.01±0.00 to 3.45±0.02 mg/L. 
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Table 4.8 (a) Mean values for HPLC analysis of phenolic acids of moringa tea infusions        
(mg/L)                  

Treatments     Gallic Acid 
 

Chlorogenic Acid 
 

    Caffeic Acid 
 

T1 4.25±0.02e 3.50±0.05d 1.03±0.00e 

T2 9.07±0.04b 6.99±0.05b 2.26±0.02b 

T3 13.60±0.06a 11.35±0.10a 3.54±0.02a 

T4 0.61±0.01i 0.01±0.00f 0.17±0.00i 

T5 1.46±0.02h 0.02±0.00f 0.35±0.00h 

T6 1.86±0.00g 0.02±0.00f 0.52±0.00g 

T7 2.02±0.02f 1.75±0.00e 0.60±0.00f 

T8 4.87±0.01d 3.50±0.00d 1.30±0.05d 

T9 7.16±0.02c 5.68±0.05c 2.03±0.020c 

  Means sharing similar letter in a column are statistically non-significant (P>0.05) 
  Values are expressed as means ± standard deviation 
T1- MLT: Moringa leaf tea infusion (1 g)  
T2 - MLT: Moringa leaf tea infusion (2 g) 
T3- MLT: Moringa leaf tea infusion (3 g) 
T4- MST: Moringa seed tea infusion (0.5 g) 
T5- MST: Moringa seed tea infusion (1 g) 
T6- MST: Moringa seed tea infusion (1.5 g) 
T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
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Table 4.8 (b) Mean values for HPLC analysis of phenolic acids of moringa tea  
                       infusions (mg/L)                

Treatments        Ferulic Acid 
              

       Ellagic acid       Vanillic acid 

T1 1.01±0.00d 1.47±0.01e 1.03±0.00e 

T2 1.98±0.05b 3.23±0.01b 2.30±0.03b 

T3 3.22±0.01a 5.26±0.02a 3.45±0.02a 

T4 0.01±0.00f 0.27±0.00h 0.01±0.00g 

T5 0.02±0.00f 0.55±0.00g 0.02±0.00g 

T6 0.03±0.00f 0.82±0.00f 0.03±0.00g 

T7 0.51±0.02e 0.87±0.02f 0.52±0.01f 

T8 1.00±0.00d 1.89±0.04d 1.16±0.01d 

T9 1.63±0.01c 3.04±0.00c 1.74±0.02c 

  Means sharing similar letter in a column are statistically non-significant (P>0.05) 
  Values are expressed as means ± standard deviation 
T1- MLT: Moringa leaf tea infusion (1 g)  
T2 - MLT: Moringa leaf tea infusion (2 g) 
T3- MLT: Moringa leaf tea infusion (3 g) 
T4- MST: Moringa seed tea infusion (0.5 g) 
T5- MST: Moringa seed tea infusion (1 g) 
T6- MST: Moringa seed tea infusion (1.5 g) 
T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
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The mean values for flavonoids (quercetin, kaempferol & catechins) of various moringa tea 

infusions are presented in Table 4.9. The results revealed that the mean values for flavonoid 

contents were significantly (P≤0.05) different among all treatments. The kaempferol 

contents of different tea samples were in the range of 0.36±0.01 to 5.46±0.02 mg/L. The 

highest amount of kaempferol (5.46±0.02 mg/L) was observed in T3 (MLT 3 g), followed by 

T2 (3.17±0.02 mg/L) whereas, the lowest kaempferol contents were recorded in T4 

(0.36±0.01 mg/L). Similarly, the highest contents of quercetin were present in T3 

(22.14±0.02 mg/L) and the lowest (0.01±0.00 mg/L) were found in T4 (MST 0.5 g) i.e. 

moringa seed tea infusion. However, for quercetin the non-significant differences (P>0.05) 

were observed within the treatments of the MST i.e. moringa seed tea infusions (T4, T5, T6). 

Conversely, the catechin contents were higher in moringa seed tea infusions (MST) 

compared to moringa leaf tea infusions. The highest amount (90.073±0.00 mg/L) of catechin 

contents were present in T6 (MST 1.5 g) and lowest were documented in T1 (0.012±0.00 

mg/L) i.e. moringa leaf tea infusion. 

The results showed that moringa leaf tea infusions were found to be the richest source of 

phenolic acids and flavonoids than moringa seed tea infusions. Amongst them, quercetin 

was the dominant flavonoid and then gallic acid showed the highest peak followed by 

chlorogenic acid, kaempferol, ellagic acid, caffeic acid, vanillic acid, ferulic acid and 

catechins in moringa leaf tea infusions. However, in moringa seed tea infusions gallic acid is 

present in the highest amount followed by kaempferol, ellagic acid, caffeic acid, catechins, 

vanillic acid, ferulic acid, chlorogenic acid and quercetin.  

Quercetin, gallic acid and chlorogenic acid were present in substantial amount in moringa 

tea infusions together with other phyto-molecules which could make the tea infusions 

accountable for DNA protective potential, metal chelating capacity and for strong free 

radical scavenging activity(Apati et al., 2003; Sanchez-Moreno et al., 1999; Sestili et al., 

1998) The phenolic compounds (ellagic, caffeic, ferulic acids and vanillic acid) could inhibit 

atherosclerosis and exhibited anti-carcinogenic activity (Decker & Welch, 1990). Tea 

infusions are regarded as the rich nutritional sources of flavonoids for adults (Crozier et al., 

1997). Quercetin was the most fundamental flavonoid found in the moringa leaf tea 

infusions (Hertog, 1995). 
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Table 4.9 Mean values for HPLC analysis of flavonoids of moringa tea infusions (mg/L)                 

Treatments      Quercetin 
 

     Kaempferol 
 

       Catechins 

T1 6.99±0.05e 1.68±0.01d 0.012±0.00g 

T2 14.76±0.02b 3.17±0.02b 0.030±0.01def 

T3 22.14±0.02a 5.46±0.02a 0.044±0.00bcd 

T4 0.01±0.00g 0.36±0.01h 0.024±0.00efg 

T5 0.02±0.00g 1.02±0.00f 0.049±0.00bc 

T6 0.02±0.00g 1.19±0.00e 0.073±0.00a 

T7 3.50±0.03f 0.61±0.02g 0.019±0.00g 

T8 7.39±0.05d 1.70±0.0208 d 0.039±0.00de 

T9 11.08±0.04c 2.56±0.0231 c 0.058±0.00ab 

  Means sharing similar letter in a column are statistically non-significant (P>0.05) 
  Values are expressed as means ± standard deviation 
T1- MLT: Moringa leaf tea infusion (1 g)  
T2 - MLT: Moringa leaf tea infusion (2 g) 
T3- MLT: Moringa leaf tea infusion (3 g) 
T4- MST: Moringa seed tea infusion (0.5 g) 
T5- MST: Moringa seed tea infusion (1 g) 
T6- MST: Moringa seed tea infusion (1.5 g) 
T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
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Flavonoids rich tea infusions would be the most powerful natural antioxidants, more 

effective than the vitamin C, may enhances the immune functions and anti-inflammatory 

mechanism (Tyler, 1994). Catechins metabolites have a significant inhibitory action on 

inflammation and would be beneficial in the management of arthritis (Koga & Meydani, 

2001). Tea metabolites also increased the nitric oxide (NO) production and could have a 

positive effect on CVD (Aron & Kennedy, 2008).  

The results reported in the present study are corroborated with the findings of Singh et al. 

(2013). However, the obtained results of flavonoids and phenolic acids are slightly different 

from the values observed in the green and black tea infusions in previous studies (Peterson 

et al., 2005; Yang et al., 2011). These variations could be due to the difference in tea plants 

and high antioxidant activity of moringa compared to other plants. (Compaore et al., 2011). 

It was evident from the results that the moringa tea infusions possessed higher amount of 

phenolic acids and flavonoids that would be act as a potential therapeutics in the treatment 

of arthritis. 

4.2.5. Physico-chemical analysis of moringa tea infusions 

4.2.5.1. Color 

The color values of the samples of different tea infusions were analyzed and presented in the 

Table 4.10.The more is the value lighter is the color. The color tone indicated statistically 

significant difference (P≤0.05) among the treatments. The darkest value (96.00±0.76) was 

observed in T4 (0.5g MST) i.e. moringa seed tea infusion followed by T5 (1g MST). 

Whereas, the lightest tone (56.00±0.57) was found in T3 (3 g MLT) i.e. moringa leaf tea 

infusion. It is evident from the results that with increase in the level of moringa components, 

the value of color tone decreased, indicating increase in the darkness. Similar trend was 

observed in all the treatments of MLT, MST and MLST infusions.  

The infusions of MLT showed darker color tone than MLST and MST. The darker color of 

the MLT infusions could be attributed to the presence of polyphenol oxidase and peroxidase 

activities as well as rich polyphenols contents in leaves. The results of the current research 

work about color are in close agreement with the Lu et al.  (2010), who revealed that by 

addition of green tea powder in sponge cake resulted in darker color. The color values were 

varied from the present study, it can be due to the fact that they used green tea leaves instead 
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of moringa tea leaves. Similarly, the findings of Mollov et al. (2007) supported the present 

work as they observed the decrease in L* value of the beverage by increasing the 

supplementation level. 

4.2.5.2. pH 

The mean values for pH of different tea samples presented in Table 4.10. The mean values 

indicated statistically significant difference (P≤0.05) among the treatments. However, there 

were non-significant differences within the treatments T1 (MLT: moringa leaf tea infusion 1 

g), T6 (MST: moringa seed tea infusion 1.5 g) and T7 (MLST: moringa leaf + seed tea 

infusion 0.5 g+0.25 g). The highest values of pH (6.40±0.02) were observed in T4 while the 

lowest (5.45±0.01) were recorded in T3. 

The pH values of moringa seed tea infusions were higher than the pH of the other infusions 

(MLT, MLST). The results indicated that moringa leaf tea infusions (MLT) were slightly 

acidic as compared to MLST and MST. Moringa leaf tea infusions were acidic probably due 

to the presence of rich amount of phenolic acids and flavonoids (Fuglie, 2001). The pH 

values affected the sensory characteristics of the infusions. Low pH value imparts sour and 

astringent taste to the tea infusions. The present results are corroborated with the findings of 

De-heer (2011) reported acidic pH (5.47) values of moringa tea infusions. Similarly, 

González-Molina et al. (2009) prepared the beverage which is rich in polyphenols by using 

different concentrations of lemon and pomegranate juices. They reported a similar trend in 

acidity and pH as in the present study however, the differences were non-significant. 

4.2.5.3. Total acidity 

The mean values for total acidity of samples are presented in the Table 4.10. The mean 

values indicated statistically significant difference (P≤0.05) among the treatments. However, 

there were non-significant differences within the treatments T5 (MST: Moringa seed tea 

infusion 1 g), T6 (MST: Moringa seed tea infusion 1.5 g), T7 (MLST: Moringa leaf + seed 

tea infusion 0.5 g + 0.25 g) and T8 (MLST: Moringa leaf + seed tea infusion 1 g+0.5 g). 

Total acidity of moringa leaf tea infusions (MLT) was found higher than the MLST i.e. 

moringa leaf seed tea infusions and MST i.e. moringa seed tea infusions, which can be due 

to enzymatic de-esertification, and presence of polyphenols. 



74 

 

  Table 4.10 Mean values for Physico-chemical analysis of moringa tea infusions 
  
Treatments     Color         pH Total acidity TSS (Brix) 

 

T1 80.00±0.10e 5.90±0.026c 0.13±0.00d 1.29±0.01e 

T2 62.00±0.11h 5.70±0.02e 0.16±0.00bc 1.57±0.01c 

T3 56.00±0.57i 5.45±0.01f 0.19±0.00a 1.88±0.01a 

T4 96.00±0.76a 6.40±0.02a 0.11±0.00e 1.10±0.02g 

T5 91.00±1.00b 6.21±0.00b 0.13±0.00d 1.27±0.00e 

T6 84.00±1.00d 5.95±0.02c 0.14±0.00d 1.39±0.00d 

T7 88.00±0.28c 5.89±0.01c 0.13±0.00de 1.19±0.01f 

T8 73.00±0.28f 5.79±0.02d 0.15±0.00cd 1.42±0.01d 

T9 64.00±0.25g 5.71±0.00e 0.17±0.00b 1.63±0.00b 

Means sharing similar letter in a column are statistically non-significant (P>0.05). 
Values are expressed as means ± standard deviation 
T1- MLT: Moringa leaf tea infusion (1 g)  
T2 - MLT: Moringa leaf tea infusion (2 g) 
T3- MLT: Moringa leaf tea infusion (3 g) 
T4- MST: Moringa seed tea infusion (0.5 g) 
T5- MST: Moringa seed tea infusion (1 g) 
T6- MST: Moringa seed tea infusion (1.5 g) 
T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g) 
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It is evident from the present study that increase in acidity of the tea infusion was due to low 

pH values of infusions. Similar results were reported by Hussein et al. (2011) that the 

titratable acidity of berry leaves + carob + doum tea infusions was higher, which may be due 

to pH resulting in an increased content of total acids. 

4.2.5.4. Total soluble solids 

The mean values for total soluble solids (TSS) of different tea infusions indicated 

statistically significant differences (P≤0.05) among the treatments (Table 4.10).  The highest 

value (1.88±0.01Brix) of TSS was observed in the T3 (3 g MLT) i.e. moringa leaf tea 

infusion, while the lowest TSS value (1.10±0.02 Brix) was documented in the T4 (0.5 g 

MST) i.e. moringa seed tea infusion. It is obvious that TSS increased by increasing the 

concentration of tea. Total soluble solids of moringa leaf tea infusions (MLT) were higher 

than the MLST i.e. moringa leaf seed tea infusions and MST i.e. moringa seed tea infusions, 

which can be due to the release of more components that contribute to soluble solids and 

high degree of tissue breakdown (Eissa & Salama, 2002). The TSS was correlated with the 

degree of sweetness (Daniel et al., 1993). By increasing the concentration of sugar the TSS 

of traditional hibiscus drink was increased (Eissa et al., 2008). 

4.2.6. Sensory evaluation of moringa tea infusions 

The mean values obtained for the organoleptic parameters i.e. color, flavor taste, bitterness 

and overall acceptability, used to evaluate the above mentioned tea infusions are presented 

in the Table 4.11.  

4.2.6.1. Color 

The mean score for color was showed statistically significant difference (P≤0.05) among the 

treatments. There were however non-significant differences (P>0.05) with in the treatments 

of the moringa leaf tea infusion (TI, T2, T3) as compared to control (T0). Similarly, the non 

momentous change for color was observed within the moringa combination (leaf seed tea) 

infusions (T7, T8, T9) but it was significantly different (P≤0.05) from control (T0). It was 

evident from the Table (4.11) that judges like the tea infusions prepared from moringa leaf 

more than other treatments with reference to control.   
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Consumer’s appetite for food is aroused or diminished by its color. This is for the reason 

that the color of food be a sign of the flavor of food (Downham & Collins, 2000). The T1 

(moringa leaf tea infusion 1 g) showed the most preferred color (7.87±0.18) followed by T2 

(7.83±0.21). The lowest score (5.10±0.05) for color was awarded to T6 (moringa seed tea 

infusion 1.5 g). This indicated that moringa leaf tea infusions were more appealing in color 

than moringa seed tea infusions. The infusions with higher proportions of moringa leaf and 

seed tea possessed the lowest score for color. Comparable results were reported by 

Dominguez-Lopez et al. (2008) who indicated that more appealing colour was observed 

with higher concentration of Roselle brewed infusions.  

4.2.6.2. Flavor 

The mean values for flavor depicted non-significant differences (P>0.05) among the 

treatments as compared to control except for the treatments T6 i.e. moringa seed tea infusion 

(1.5 g) and T9 i.e. moringa leaf seed tea infusion (1.5 g+0.75 g) which had significantly 

(P≤0.05) stronger flavor and obtained least score compared with the other tea infusions. 

However, the highest score for flavor was obtained in the T1 (7.06±0.00) followed by T2, T3 

and moringa combination (leaf seed) tea infusions. The moringa tea infusions had stronger 

unfermented flavor. Unfermented flavor is generally attributed in green tea, due to the 

presence of catechins (Lee et al., 2008). 

4.2.6.3. Taste 

The mean values for taste was showed statistically significant difference (P≤0.05) among the 

treatments (Table 4.11). There were non-significant differences (P>0.05) with in the 

treatments of the moringa leaf tea infusion (TI, T2, T3) as well as moringa leaf seed tea 

infusions (T7, T8) compared to control (T0) i.e. herbal green tea.  

Similarly, the non-significant changes were observed within the moringa seed tea infusions 

(T4, T5,) but significant (P≤0.05) difference from the control (T0). The highest score for taste 

was awarded to T2 (7.03±0.14) and lowest value (4.75±0.05) was obtained for T6. The 

presence of gallic acid, myricetin, quercetin and kaempferol could be attributed to the 

sourness of the tea infusions (Lee et al., 2008). 
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Table 4.11 Mean values for sensory attributes of moringa tea infusions 

 
  Means sharing similar letter in a column are statistically non-significant (P>0.05). 
Values are expressed as means ± standard deviation 
T0 - HGT: Herbal green tea infusion (2 g) 
T1- MLT: Moringa leaf tea infusion (1 g)  
T2 - MLT: Moringa leaf tea infusion (2 g) 
T3- MLT: Moringa leaf tea infusion (3 g) 
T4- MST: Moringa seed tea infusion (0.5 g) 
T5- MST: Moringa seed tea infusion (1 g) 
T6- MST: Moringa seed tea infusion (1.5 g) 
T7- MLST: Moringa leaf + seed tea infusion (0.5 g+0.25 g) 
T8- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
T9- MLST: Moringa leaf + seed tea infusion (1.5 g+0.75 g 

 
 

 

Treatments           Color         Flavor        Taste     Bitterness                            Overall        
   
Acceptability 

T0 7.88±0.27a 7.07±0.00a 7.02±0.00a    7.13±0.01a 7.10±0.05a 

T1 7.87±0.18a 7.06±0.00a 7.00±0.00ab 7.07±0.05a 7.11±0.09a 

T2 7.83±0.21ab 7.01±0.46a 7.03±0.14ab 7.01±0.08a 7.10±0.57a 

T3 7.79±0.03ab 6.97±0.20a 6.50±0.66abc 6.13±1.00a  6.00±0.46abc 

T4 6.17±0.03d 6.60±0.00a 6.33±0.03bc 6.00±0.31a 6.20±0.05ab 

T5 6.01±0.05d 6.21±0.35a 5.97±0.28c 5.93±0.29ab 6.00±0.28abc 

T6 5.10±0.05e 5.00±0.00b 4.75±0.05d 4.77±0.05bc 4.96±0.15c 

T7 7.20±0.05bc 7.03±0.16a 7.01±0.00ab 7.00±0.11a 7.11±0.28a 

T8 7.10±0.03c 6.90±1.00a 6.70±0.02ab 6.50±0.66a 7.00±0.90a 

T9 7.03±0.00c 5.03±0.00b 5.20±0.28d 4.33±0.05c 5.10±0.00bc 
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4.2.6.4. Bitterness 

The highest value of bitterness was achieved in T1 (7.07±0.05) while the lowest (4.33±0.05) 

was attained in T9 (MLT 3 g) compared to control (7.13±0.01). Rating of bitterness was 

highest for the MLST infusions and lowest for the MLT infusions. The stronger bitterness 

supposed in the MLST infusion was due to simple phenolics which are bitter than 

polymerized phenolics. The rejection of food is closely related with keen perception of 

bitterness (Drewnowski & Gomez-Carneros, 2000). Similarly, Noble (2002) reported that 

the simple phenolics are more bitter than polymerized phenolics such as tannins .As the 

degree of polymerization of tannin increases, the bitterness decreased. 

4.2.6.5. Overall acceptability 

 The mean values for overall acceptability are mentioned in Table 4.11. The moringa leaf tea 

infusion (T1) possessed the highest score (7.11±0.09) for overall acceptability followed by 

T2, T3 and moringa combination (leaf seed) tea infusions. Ratings of the moringa seed tea 

infusion (T6) were lower (4.96±0.15) than the other tea infusions. The MLT infusions were 

the most acceptable, followed by the MLST infusions, while the MST infusions were least 

acceptable at higher concentration (1.5 g). Low acceptance has also been correlated with 

bitterness (Drewnowski, 1996). Bitterness increases by increasing the concentration of 

leaves and seeds in tea infusions. Hence, hedonic survey revealed that, all the tea infusions 

at lower concentration were acceptable, had a sweet after-taste and being the least bitter. 

4.2.7. Selection of the best treatments of moringa tea infusions for efficacy 

study 

The selection of the best treatments was mainly based on the physico-chemical assay and 

sensory evaluation. One treatment from moringa leaf tea infusions T2 (2 g), one from seed 

tea infusions T5 (1 g) and one from their combination moringa leaf + seed tea infusions T8 (1 

g + 0.5 g) were selected. They were further used in the efficacy study for arthritis. 
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4.3. Toxicity study of the aqueous extracts of moringa leaf and seed 

The acute and sub-acute toxicity of aqueous extracts of moringa leaf and seed were 

determined in the rats. Blood samples were taken for biochemical and haematological 

analyses after 21 days. The results obtained are detailed below: 

4.3.1. Acute toxicity study  

For toxicological evaluation of moringa leaf and seed extracts, different concentrations 

ranging from 600 to 2200 mg/kg body weight were administered orally. In this study all the 

animals were observed over a period of 48 h for signs of acute toxicity. The number of 

deaths within this period of time were recorded and described in the Table 4.12 and Table 

4.13. The results showed that no mortality was observed in any of the groups even at 2200 

mg/kg dose. However, slight changes in the behavior were noticed in few rats at the start of 

the extract administration, but later on they become normal and active. Slight dullness was 

observed in the one rat in the first 2 h of administration of leaf extract at dose of 1800 mg/kg 

and two rats at the dose of 2200 mg/kg but after this period they became normal. Similarly, 

few rats showed slight dullness in behavior by the administration of seeds extract but 

gradually they also became normal. 

Moringa leaf extract was renowned to be non-toxic in animals at 2000 mg/kg body weight in 

an acute toxicity study reported by Adedapo et al. (2009). Moreover, the moringa aqueous 

leaf extract is safe at the dose 5000 mg/kg to 6400mg/kg (Awodele et al., 2012; Diallo et al., 

2009). So, the results obtained in the present study are in agreement with the findings of the 

previous studies. These results indicated that the acute administration of moringa extract at 

2.2 g/kg dose is safe orally. 

4.3.2. Sub-acute toxicity study  

Rats were randomly divided into seven groups of 5 rats per group. One control group and six 

experimental groups received aqueous leaf and seed extracts at the doses of 600 mg/kg, 

1000 mg/kg and 1800 mg/kg, respectively. The extracts were administered orally for 21 

days. All the animals were weighed on the first day and at the end of the experiment. Results 

obtained are detailed below:  
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  Table 4.12 Acute (oral) toxicity study in rats after 48 h of administration of aqueous     
                  extract of moringa leaf (n=5). 
   
Groups      Treatments            T/D *      Period of signs      Signs of toxicity observed 
                                                                  observation (h) 
 
 
A                3 mL (H2O)             5/0                48                                 ---- 
 
B                600 mg/kg                5/0                48        No toxic changes observed 
 
C                1000 mg/kg              5/0                48                   No toxic changes observed 
   
D                1800 mg/kg              5/0                48                   Slight dullness was observed   
                                                                                                in the one rat in the first 2 h of                               
                                                                                                extract administration, but                                      
                                                                                                after this period the rat  
                                                                                                became normal. 
 
E               2200 mg/kg                5/0               48                   Slight dullness was observed in     
                                                                                                the 2 animals in the first 5 h of                               
                                                                                                extract administration, but  after      
                                                                                                this period they became normal 
 
*T/D: number of rats treated/number of deaths. 
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 Table 4.13 Acute (oral) toxicity study in rats after 48 h of administration of aqueous       
                    extract of moringa seed (n=5). 

   
Groups         Treatments       T/D *     Period of signs     Signs of toxicity observed 
                                                                observation (h) 
 
 
   F                 600 mg/kg             5/0               48                   No toxic changes observed 
 
  G                1000 mg/kg            5/0               48                   No toxic changes observed 
   
  H                1800 mg/kg            5/0               48                   Slight dullness was observed in      
                                                                                               the 2 rats in the first 3 h of                               
                                                                                               extract administration, but after       
                                                                                               this period they became normal. 
 
  I                  2200 mg/kg           5/0                48                  Slight dullness was observed in      
                                                                                              the 3 animals in the first 5 h of                               
                                                                                              extract administration, but  after       
                                                                                              this period they became normal 
 
  *T/D: number of rats treated/number of deaths 
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4.3.2.1. Haematological Indices 

The mean values of haematological parameters for MLE are exhibited in Table 4.14. The 

administration of moringa leaf extract (MLE) at all doses investigated after 21 days revealed 

non-significant effect on the haematological parameters as compared to the control group. 

The Hb level slightly increased for MLE (13.91±0.17 g/dL) at 600 mg/kg however it 

gradually decreased in the rats groups consuming 1000 mg/kg (13.24±0.21 g/dL) and 1800 

mg/kg (13.43±0.1 g/dL) dose compared to the control (13.75±0.08 g/dL) group. Likewise, 

the red blood cells count (RBC) was highest (8.06±0.12 M/µL) in the groups consuming 600 

mg/kg MLE and lowest (7.71±0.05 M/µL) was found in the rats group at 1000 mg/kg dose 

compared to the control (7.84±0.05 M/µL) group. Similarly, the mean values of haematocrit, 

MCV, MCH and lymphocytes also exhibited the same trend. It might be occurred due to 

hemolysis, the Hb content may be decreased due to decrease in the synthesis of Hb and 

caused impaired oxygen supply to different tissues which in turn decreased the number of 

RBC (Atamanalp & Yanik, 2003) and it also reduced the haematocrit value. 

However, for MCHC the lowest value (33.34±0.62 g/dL) was obtained in the rats consuming 

600 mg/kg MLE which gradually increased and the highest (34.84±0.40 g/dL) was observed 

in 1800 mg/kg rats group. The decreased value of MCHC indicates the swelling of red blood 

cells and it may also occur by the less amount of hemoglobin in the circulation due to 

release of young erythrocytes. Consequently, the results showed that exposure to this plant 

at highest dose for a longer period of time may cause anemia. The differences were still not 

significant. Similarly, the mean values of monocytes exhibited the increasing trend. The 

values were increased from 2.50±0.05% to 2.69±0.05% non-significantly as the dose 

increased. Likewise, the mean values of basophils in the present study ranged from 

0.21±0.003% to 0.23±0.008% and eosinophils also showed the similar increasing trend. 

However, after 21 days the total WBC decreased from 8.75±0.09 K/µL to 8.34±0.08 K/µL. 

Similarly, Platelet counts dropped from 398.00±2.82 K/µL to 385.67±3.69 K/µL and the 

mean values of neutrophils also exhibited the same decreasing trend in the present study. 

WBCs chemistry is in comparison with that of their normal values, indicating that both of 

the extracts did not contribute any adverse effects and were found to be non-toxic. However, 

slight decrease in the WBC and its differentials depicted that moringa is useful in the 

reduction of any infection or inflammation. 
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Table 4.14 Effects of the graded doses of the aqueous extracts of moringa leaf on   
                  haematological parameters of rats (n =5) 
 

 
 Parameters Treatments 

     Control   600 mg/kg  1000 mg/kg             1800 mg/kg  

Hb (g/dL)     13.75±0.08    13.91±0.17    13.24±0.21   13.43±0.18 

RBC (M/µL)     7.84±0.05 8.06±0.12 7.71±0.05 7.80±0.07 

Haematocrit (%)     42.38±0.15    42.97±0.31    41.34±0.36    41.65±0.64 

MCV (fL)     61.23±0.85 61.36±0.35    61.15±0.83    60.05±0.42 

MCH (pg)     20.01±0.20  19.81±0.15    19.34±0.20    19.25±0.20 

MCHC (g/dL)     33.56±0.36 33.34±0.62    34.73±0.28    34.84±0.40 

WBC (K/µL) 8.75±0.09 8.42±0.09 8.34±0.08 8.66±0.13 

Lymphocytes (%)     76.43±0.62 75.81±1.03     73.65±1.05     74.21±1.20 

Monocytes (%) 2.50±0.05 2.58±0.02 2.64±0.03 2.69±0.05 

Neutrophils (%)     20.35±0.31    20.29±0.50 2 0.10±0.23     20.30±0.23 

Eosinophils (%) 3.52±0.02 3.57±0.03 3.45±0.01 3.48±0.07 

Basophils (%) 0.21±0.007 0.22±0.003 0.23±0.008 0.21±0.003 

PLT (K/µL)    398.00±2.82    396.00±2.74     388.00±5.13     385.67±3.69 

      Non-significant differences (P>0.05) between doses within each parameter at α= 0.05 
      Values are expressed as means ± standard deviation 
      Hb: Hemoglobin 
      RBC: Red blood cell count 
      MCV: Mean corpuscular volume  
      MCH: Mean corpuscular Hemoglobin  
      MCHC: Mean corpuscular hemoglobin concentration 
      WBC: White blood cells  
       PLT: Platelets count 
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        Table 4.15 Effects of the graded doses of the aqueous extracts of moringa seed on    
                           haematological parameters of rats (n =5) 
 

 
Parameters 

                                            Treatments 

    Control                   600 mg/kg                        1000 mg/kg           1800 mg/kg 

Hb (g/dL) 13.73±0.13 13.85±0.05 13.38±0.32 13.45±0.18 

RBC (M/µL) 7.86±0.05 7.63±0.12 7.62±0.14 7.54±0.19 

Haematocrit (%) 42.25±0.98 41.55±0.57 41.40±0.36 41.19±0.48 

MCV (fL) 61.20±0.18 61.06±0.59 60.84±0.84 60.42±0.88 

MCH (pg) 20.37±0.18 20.41±0.32 20.28±0.18 20.16±0.25 

MCHC (g/dL) 33.60±0.40 32.79±0.27 32.63±0.21 31.86±0.51 

WBC (K/µL) 8.77±0.06 8.84±0.04 8.61±0.12 8.54±0.16 

Lymphocytes (%) 76.40±0.50 74.19±0.42 75.65±0.83 75.04±0.93 

Monocytes (%) 2.52±0.02 2.59±0.04 2.52±0.05 2.40±0.12 

Neutrophils (%) 20.33±0.31 20.22±0.27 19.97±0.21 19.77±0.10 

Eosinophils (%) 3.54±0.03 3.51±0.03 3.43±0.01 3.39±0.11 

Basophils (%) 0.21±0.00 0.20±0.00 0.21±0.00 0.22±0.00 

PLT (K/µL)   410.67±2.99    411.00±1.66     404.00±3.52    403.67±4.94 

      Non-significant differences (P>0.05) between doses within each parameter at α= 0.05 
      Values are expressed as means ± standard deviation    
       Hb: Hemoglobin 
       RBC: Red blood cell count 
       MCV: Mean corpuscular volume  
       MCH: Mean corpuscular Hemoglobin  
       MCHC: Mean corpuscular hemoglobin concentration 
       WBC: White blood cells  
        PLT: Platelets count 
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The mean values of haematological parameters for moringa seed extract (MSE) are presented 

in Table 4.15. The results showed non-significant differences among all the treatments for 

MSE. The Hb level of the rats with MSE group was slightly increased (13.85±0.05 g/dL) in 

the group consuming 600 mg/kg whilst gradually decreased (13.38±0.32 g/dL) as the dose 

increases (13.45±0.18 g/dL) 1000 mg/kg in the rats group compared to the control 

(13.73±0.13 g/dL) group. Similar trend in the results was observed for haematocrit, MCH and 

WBC of the rats.  

However, the results showed that the highest value (7.63±0.12 M/µL) for RBC was showed 

in 600 mg/kg group, while the lowest value (7.54±0.19 M/µL) was observed in the rats 

group consuming 1800 mg/kg. The RBC showed the decreasing trend from lowest to highest  

dose. Similar decreasing trend was shown in the values of MCHC, lymphocytes, monocytes, 

neutrophils, eosinophils, basophils, and platelet count. 

The present study revealed non-significant differences (p≥0.05) in all the haematological 

parameters of the experimental rats compared to control. Similar results were also reported 

by Asare et al. (2012) that non-significant changes were observed for all the haematological 

parameters studied in the toxicity study of moringa leaf extract. Likewise Awodele et al. 

(2012) described that the nothing adverse was found haematologically in all doses of 

moringa leaf extract and supported the present results. 

4.3.2.2. Biochemical Analysis 

The mean values of the biochemical parameters of the MLE group are presented in Table 

4.16. The results showed non-significant differences among all the treatments (p≥0.05) 

compared to control. The results regarding the hepatic enzymes markers showed that the 

highest value (43.79±0.54 U/L) was obtained for ALT in the rats consuming 600 mg/kg, 

while the lowest value (42.87±0.38 U/L) was observed in 1800 mg/kg rats group compared 

to the control (43.34±0.08 U/L) group. The values of ALT were slightly elevated as 

compared to control but the difference was non-significant. The mean value for ALP and 

AST also mentioned the non-momentous changes among all the treatments in MLE group. 

However, the slight decreasing trend from lowest to highest dose was observed with increase 

in MLE dose in rat’s diet. 
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The mean values for ALP, AST and ALT for MSE group are presented in Table 4.17. The 

lowest value (27.19±0.3 U/L) of ALP was found in rats consuming 1000 mg/kg while the 

highest (28.34±0.42 U/L) was observed in the rat consuming 600 mg/kg. Similar trend was 

noted for ALT, the results depicted that the slight elevation in the level of ALT was noted in 

the lowest dose however it was gradually decreased as the dose increased. The mean values 

for AST also exhibited the similar decreasing trend from lowest to highest doses. It showed 

that the moringa seed extract resisted the increase in hepatic enzyme markers and these were 

maintained at normal level. The results of the present study are in agreement with the 

previous findings, which exhibited non-momentous changes in ALP, ALT and AST even at 

the highest dose (300 mg/kg) throughout the study period (Asare et al., 2012; Awodele et 

al., 2012). 

The results further showed that the non significant differences (p≥0.05) were observed in the 

values of urea and creatinine for MLE and MSE groups in comparison with the control 

group. There was insignificant elevation in the values of creatinine in renal function markers 

at all the doses for MLE and MSE. The highest level (0.91±0.014 mg/dL) of creatinine for 

MLE was observed in the group at the highest dose 1800 mg/kg, while the lowest 

(0.86±0.011 mg/dL) was depicted in the control group. Similar, trend of creatinine was 

found for MSE group, which showed the range from 0.86±0.013 mg/dL (T0) to 0.90±0.007 

mg/dL. However, the lowest (12.09±0.21 mmol/L) level of urea was observed in 1000 

mg/kg rats group while the highest (12.61±0.10 mmol/L) was mentioned in the rats group 

consuming 600 mg/kg dose. Similar trend was noted for MSE group. 

The results of the present study are in-corroborated with the findings of Awodele et al. 

(2012) who reported non-significant differences (p≥0.05) for urea and creatinine in all 

groups in comparison with the control group. Similarly, the serum creatinine level was not 

elevated in both low (1000 mg/kg) and high (3000 mg/kg) dose groups at 48 h and on day15 

(Asare et al., 2012). It is evident from the results of present study that moringa aqueous leaf 

and seed extracts are relatively safe for nutritional and medicinal purpose. 

4.3.3. Body weight of the rats 

The mean values of the weight of rats and the percentage difference in weight are presented 

in Table 4.18 for MLE. The percent difference in weight gain for MLE were (21.88%) in 

rats consuming 600 mg/kg and 14.53% and 6.14% for 1000 mg/kg and 1800 mg/kg as  
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Table 4.16 Effects of the graded doses of the aqueous extracts of moringa leaf on serum    
                   biochemical parameters of rats (n =5) 
 

 
Parameters 

                                               Treatments 

     Control   600 mg/kg       1000 mg/kg  1800 mg/kg       

ALP (U/L) 26.78±0.41 26.56±0.30 25.71±0.20 26.10±0.20 

ALT (U/L)  43.34±0.08 43.79±0.54 44.25±0.28 42.87±0.38 

AST (U/L)   55.57±0.54 54.46±0.82 53.78±0.50 53.10±0.63 

Urea (mmol/L)   12.52±0.19 12.61±0.10 12.09±0.21 12.37±0.21 

Creatinine 
(mg/dL) 

0.86±0.011 0.89±0.009 0.88±0.015 0.91±0.014 

     Non-significant (P>0.05) differences between doses within each parameter at α= 0.05 
     Values are expressed as means ± standard deviation 
     ALP: Alkaline phosphatase  
     ALT: Alanine aminotransferase 
     AST: Aspartate aminotransferase 
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   Table 4.17 Effects of the graded doses of the aqueous extracts of moringa seeds on    
                      serum biochemical parameters of rats (n =5) 
 

 
Parameters 

Treatments 

   Control                     600 mg/kg  1000 mg/kg   1800 mg/kg        

ALP (U/L) 27.42±0.22 28.34±0.42 27.19±0.31 27.66±0.11 

ALT (U/L) 43.30±0.47 43.38±0.33 43.10±0.20 42.89±0.66 

AST (U/L) 57.28±0.90 57.18±0.54 56.45±0.52 56.83±0.61 

Urea (mmol/L) 12.53±0.11 12.55±0.17 12.05±0.17 12.16±0.20 

Creatinine (mg/dL) 0.86±0.013 0.87±0.008 0.89±0.007 0.90±0.007 

           Non-significant (P>0.05) differences between doses within each parameter at α= 0.05 
           Values are expressed as means ± standard deviation 
           ALP: Alkaline phosphatase  
           ALT: Alanine aminotransferase 
           AST: Aspartate aminotransferase 
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 Table 4.18 Effects of the graded doses of the aqueous extracts of moringa leaf on the 
                     body weight of rats (n =5) 

   

Parameters                     Control               600 mg/kg  1000 mg/kg           1800 mg/kg 

Weight before extract    154.33±2.51d      165.00±2.00c        172.33±1.52b        179.00±1.00a 
 administration (g)     
   
Weight after 21 days      207.83±1.25a     202.07±0.95b   197.00±2.00c        191.33±1.52d                                                                                         
                                                                                               
% Difference in weight        35.06                    21.88                  14.53                          6.14 
 

       Values are expressed as means ± standard deviation 
   
 
 
 
    

  Table 4.19 Effects of the graded doses of the aqueous extracts of moringa seeds on the   
                     body weight of rats (n =5) 

 
Parameters                      Control                  600 mg/kg             1000 mg/kg        1800 mg/kg                                                                             

 
Weight before extract       152.67±1.15c       171.67±3.05ab        168.00±3.00b       173.00±2.00a    
 administration (g)     
   
Weight after 21 days       208.33±1.52a          197.00±2.00b          185.00±2.00c       181.00±3.00c                                                                                            
                                                                                               
% Difference in weight          36.84                    15.20                        10.12                     4.62 

     Values are expressed as means ± standard deviation 
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compared with control (35.06%) group.  The results regarding the weight of rats for MSE 

during the study period revealed that the rats in the control group gained more weight as 

compared to the rats in the experimental groups (Table 4.19). The findings of the present 

study are corroborated with the results of Adedapo et al. (2009) and Awodele et al. (2012). 

However, weight reduction is seen more in MSE group than MLP group because MSE is 

rich source of protein and other nutrients are present in low quantity as compared to leaves. 

However, the fat content of MSE is higher than leaves but in aqueous extract it is present in 

negligible amount. Hence, the medicinal plants are low fat and rich source of bioactive 

compounds that can help to reduce weight gain. Therefore, the results of the present study 

indicated that both of the extracts did not change metabolic processes and did not affect the 

hormones and the body (Cajuday & Poscidio, 2010). Food intake of all the treated rats was 

reduced compared with the control animals without subsequent reduction in body weight of 

animals. The previous studies of D’souza and Kulkarni (1993), Anwar and Bhanger (2003), 

Anwar et al. (2005) have all shown that moringa may serve as a food supplement for weight 

reduction and also act as preventative against various ailments.   

4.4. Efficacy Study 

Efficacy study was carried out to explore the therapeutic potential of moringa components 

(leaf, seed) against arthritis. Efficacy trials were conducted on the patients of rheumatoid 

arthritis. Total, 80 patients were selected for three months study. The patients were assorted 

randomly into four groups, 20 in each, namely control (T0), moringa leaf tea infusion (T1), 

moringa seeds tea infusion (T2) and moringa leaves + seeds tea infusion (T3). The tea boxes 

were provided to the subjects on weekly basis. The tea prepared from the selected treatments 

was given daily (3 cups a day) for a period of 12 week. To evaluate the impact of moringa 

tea infusion, the blood biochemical profile of arthritis patients was determined. Nutritional 

assessment questionnaires and diseases questionnaires were filled up by these subjects to 

collect the relevant information. The results obtained are detailed below: 

4.4.1. Demographic characteristics of the subjects  

The base-line demographic characteristics of the patients are summarized in Table 4.20. It 

was obvious form the gathered information that the majority of the subjects were females 

(66.25%). Fifteen percent of the subjects were less than 30 years of age while most of the 

subjects (52.3%) were in the age group of 40-50 years. Moreover, majority of the subjects  
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     Table 4.20 Baseline demographic characteristics of the subjects 

          Description                                                        Subjects (%) 
 
                                                                                               
   Gender                  
                    Male                                                              33.75%                                  
                    Female                                                          66.25% 

     Age   
                     Less than 30                                                   15% 
                     30-40                                                              32.7% 
                     40-50                                                              52.3% 
    Education 
                    Literate                                                           100% 
                    Illiterate                                                            __ 

   Marital Status 

                   Married                                                             88% 

                   Unmarried                                                        12% 

    Occupation 

                    In Service                                                        72.3% 
                    Non-employer                                                 27.7% 
  
    Activity level 
                     Sedentary                                                       30% 
                     Moderate                                                       70% 
 
    Disease history 
                     Arthritis                                                         100% 
                     Hypertension                                                     4%                                   
                     Food Allergies                                              13% 
                     Diabetes                                                             6% 
                     Liver disorders                                                   -- 
                     Heart diseases                                                     -- 
                     Kidney problems                                                --               
 
    Medications Intake (NSAIDS) 
                      Yes                                                                    -- 
                       No                                                                 100% 
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were graduates and about 88% of the subjects were married. Seventy two percent of the 

subjects were employed at different jobs, whereas, 27.7% were un-employed and they were 

mostly females. Activity level of majority of the subjects (70%) was moderate while only 

30% were of sedentary life style. All of the subjects were arthritis patients while amongst 

them only few (4%) were hypertensive, 13% had food allergies and only some patients were 

diabetic (6%). All the subjects recruited in the study did not take any type of NSAIDS. 

Subjects already taking NSAIDS go through a washout period of 2 week prior to the study. 

Only pain killers like aspirin in low intensity were allowed to reduce the severe symptoms 

for shorter period. 

4.4.2. Arthritic symptoms in the subjects 

The results of arthritic symptoms of the patients at the end of the efficacy study are 

presented in Table 4.21. At the completion of the study the treatment groups reported 

significantly (P≤0.05) less pain in joints of arthritis patients as compared to control. The 

lowest intensity of pain was obtained in T1 (2.52±0.41) followed by T3 (3.73±0.02) and T2 

(5.26±0.15) compared to control (7.70±0.10). Similarly, fatigue and morning stiffness in 

joints were showed significant (P≤0.05) differences among all the treatments compared to 

control. The altitude of fatigue and morning stiffness was the lowest (2.60±0.30 & 

2.30±0.20) in T1, while the control group patients expressed more fatigue and stiffness in 

particular joints. The functional disability-index score from the disease assessment 

questionnaire improved significantly (P≤0.05) from 7.63±0.30 to 2.70±0.22. Likewise, score 

of difficulty in sleep were also showed significant (P≤0.05) progress among all the 

treatments compared to control group. Physical well being of the patients was also improved 

significantly (P≤0.05) more in the patients of treatment group T1 (3.46±0.25) followed by T3 

(5.37±0.58) and T2 (6.26±0.15). Moreover, the patients receiving all the treatments of 

moringa tea infusions significantly (P≤0.05) showed betterment in all the measures of 

disease activity at the end of the study. 

Currently there is no cure for rheumatoid arthritis, the role of nutritional intervention in the 

reduction of arthritic symptoms and slow down the progression to disease activity gaining 

more attention (Bennell & Hinman, 2007). In the present study, different treatments of 

moringa (leaf, seed & their combination) tea infusions were administered to the patients of 

rheumatoid arthritis for 12 week, and the findings revealed that the subjects documented less 

pain and stiffness in their joints, and achieved more health benefits.  
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Table 4.21 Mean values for measures of arthritic symptoms through numerical rating        
                   scale  

      Measures                                                        Treatments                                                            
                                             T0                        T1                      T2                         T3 
 
                                                                                               
Pain                                 7.70±0.10a            2.52±0.41d     5.26±0.15b        3.73±0.02c 
 

Fatigue                            7.53±0.35a      2.60±0.30d      5.66±0.25b        3.60±0.20c 
 
Difficulty in sleep           7.43±0.15a            2.38±0.16d           5.22±0.11b        3.25±0.10c 
 
Functional disability       7.63±0.30a            2.70±0.22d           5.55±0.19b        3.40±0.17c 
 
Morning Stiffness           6.46±0.31a            2.30±0.20d           4.83±0.25b        3.17±0.27c 
 
Physical well being         8.29±0.17a            3.46±0.25d           6.26±0.15b       5.37±0.58c 
 
Coping with disease        7.49±0.35a           2.41±0.28d            5.52±0.39b       3.51±0.28c 
            

  Means sharing similar letters in a row are statistically non-significant (P>0.05). 
  Values are expressed as means ± standard deviation 
  On numerical rating scale, 0 indicates no symptoms and 10 severe symptoms. 
 
 
   T0 - Control 
   T1 - MLT: Moringa leaf tea infusion (2 g) 
   T2- MST: Moringa seed tea infusion (1 g) 
   T3- MLST: Moringa leaf + seed tea infusion (1 g+0.5 g) 
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The results of the present study are in agreement with the findings of Sutar et al. (2008) who 

reported that the seeds of moringa possessed noticeable analgesic (pain relieving) activity 

equivalent to standard drug (Aspirin). Similarly, the seeds of the moringa contain chitin-

binding protein Mo-CBP4 which exhibited the antinociceptive and anti-inflammatory 

activity and this finding scientifically supports the results of the present study (Pereira et al., 

2011).  

4.4.3. Inflammatory mediators  

4.4.3.1. Rheumatoid factor 

The mean values for rheumatoid factor (RF) are presented in Table 4.22 and resulted in 

significant differences (P≤0.05) among all the treatment groups compared to control. 

However, there were non- significant differences within the treatments (T1, T2, T3). Overall 

reduction in rheumatoid factor level was observed in all the treatment groups. The results 

revealed that the lowest level of RF (38.10±5.84 IU/mL) was observed in moringa leaf tea 

infusion (T1) while, the highest (70.05±9.57 IU/mL) was showed in control (T0) group. 

The percent decrease in the level of rheumatoid factor is presented in Figure 4.6. It is evident 

that there was a momentous decrease in rheumatoid factor level in groups consuming 

moringa tea infusions compared to the control group. In moringa leaf tea infusion group 

(T1), rheumatoid factor level declined by 45.61% at the end of the study. Moringa seed tea 

infusion group (T2) had shown 38.48% decrease while in the group consuming the moringa 

leaf seed tea infusion (T3), 41.04% decrease was observed in rheumatoid factor level of 

arthritis patients.  

The rheumatoid factor (RF) is a valuable compute of the quantity of IgM present in the 

serum of the arthritis patients. It can be synthesized by plasma cells and β-cells that have 

infiltrated into the synovium of the arthritis patients (Ernest et al., 2001; Kim et al., 1999). 

The results of the present study revealed that moringa tea infusions significantly decreased 

the serum RF levels as compared to control. Similarly, Sanchez et al. (2006) also reported 

the apparent anti-inflammatory upshot achieved with the moringa tea infusions could be due 

to the presence of phenolics and flavonoids in moringa leaves and seeds. Flavonoids block 

the nitric oxide synthase (NOS-2) action (Olszanecki et al., 2002) which sequentially 

stimulates the synthesis of NO and it has been linked with the anti-inflammatory (Kim et al., 



95 

 

   Table 4.22 Effect of moringa tea infusions on inflammatory mediators of arthritis             
                      patients 
 

Treatments Rheumatoid Factor  
(IU/mL) 

   *CRP (mg/dL) **ESR (mm/h) 

T0 70.05±9.57a 1.70±0.00a 48.00±0.62a 

T1 38.10±5.84b 0.70±0.00d 16.50±0.17d 

T2 45.90±7.21b 0.84±0.01b 19.50±0.13b 

T3 41.30±6.18b 0.75±0.00c 18.20±0.11c 

  Means sharing similar letters in a column are statistically non-significant (P>0.05). 
  Values are expressed as means ± standard deviation 
 
  T0 - Control 
  T1 - Moringa leaf tea infusion (2 g) 
  T2- Moringa seed tea infusion (1 g) 
  T3- Moringa leaf + seed tea infusion (1 g+0.5 g) 
 
  *CRP- C-reactive protein 
  **ESR- Erythrocyte sedimentation rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Figure 4.6 Percent decrease in rheumatoid factor
                   consuming moringa tea infusions
 

T1 - Moringa leaf tea infusion (2 g)
T2- Moringa seed tea infusion (1 g)
T3- Moringa leaf + seed tea infusion (1 g+0.5 g)
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4.6 Percent decrease in rheumatoid factor (%) of arthritis patients
moringa tea infusions 

Moringa leaf tea infusion (2 g) 
Moringa seed tea infusion (1 g) 
Moringa leaf + seed tea infusion (1 g+0.5 g) 

T2 T3

45.61

34.48

41.04

Treatments
 

of arthritis patients  

41.04
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2004) and antinociceptive mechanism (Ferreira et al., 1991; Machelska et al., 1997). 

Polyphenolic fractions of tea would reduce the expression of inflammatory mediators such 

as TNF-α, IFN-γ, Cox-2 in arthritic joints (Haqqi et al., 1999) and also inhibit the action of 

nuclear factor-kappaB, thus significantly reduce the severity and onset of the disease (Robak 

et al., 1998). 

Similar to current study, Mahajan et al. (2007) reported the significant decrease in level of 

rheumatoid factor during the arthritis condition after 21 days. By the intervention of moringa 

seed extract at (100 mg/kg and 200 mg/kg) the rheumatoid factor level reduced near to 

normal level. Similarly, Sulaiman et al. (2008) determined that the leaves of moringa 

showed the marked reduction in pain and inflammation. The aqueous extract of the leaves of 

moringa also reported the antinociceptive and anti-inflammatory effects in laboratory 

animals. The extract (10, 30 and 100 mg/kg) showed significant antinociceptive and anti-

inflammatory activity, which occurred in a dose dependent manner.  

4.4.3.2. C-reactive protein (CRP) 

The mean values of C-reactive protein (CRP) in the Table 4.22 showed that the intake of 

moringa tea infusions influenced the CRP level of arthritis patients and resulted in 

significant differences (P≤0.05) among all treatment groups. The highest mean value for 

CRP (1.70±0.00 mg/dL) was noted for control group (T0) and the lowest (0.70±0.00 mg/dL) 

were found in moringa leaf tea infusion group (T1). The reduction in CRP level of arthritis 

patients as compared to control group are presented through Figure. 4.7; which showed that 

percent decrease for T1, T2 and T3 were 58.82%, 50.59% and 55.88%, respectively. The 

highest reduction in the level of CRP was noted for T1 followed by T3 and lowest was found 

in T2 i.e. moringa seed tea infusion group. The reduction in the concentration of CRP by 

consuming moringa tea infusions would be due to the presence of rich amount of flavonoids 

(quercetin and kaempferol) in moringa leaves than seeds. 

CRP is an acute phase reactant made by liver cells and potent inflammatory marker elevated 

in inflammatory disorders. The CRP-induced endothelial changes may be the mechanistic 

link between CRP and diseases (Liang et al., 2006), The CRP at higher concentrations cause 

several effects in endothelial cells (Venugopal et al., 2005) that shown to be mediated by 

NF-κB activation (Lin et al., 2005; Liang et al., 2006). It is evident from the results of the 

present study that the marked reduction in CRP protein level of arthritis patients would be  



 

 

Figure 4.7 Percent decrease in CRP
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Figure 4.7 Percent decrease in CRP (%) of arthritis patients consuming 

Moringa leaf tea infusion (2 g) 
Moringa seed tea infusion (1 g) 
Moringa leaf + seed tea infusion (1 g+0.5 g) 

T2 T3

58.82

50.59

55.88

Treatments

 

of arthritis patients consuming moringa tea     
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attributed to the presence of both quercetin and kaempferol in moringa leaves and seeds 

(Song et al., 2005). The kaempferol and quercetin present in moringa components would 

alter the flow of molecular events that caused over expression of iNOS, COX-2 and CRP. 

These flavonoids also inhibit the phospholipase C, protein kinase C and phosphodiesterases 

(Middleton et al., 2000), COX-2 pathways and indirect modulation of iNOS (Robak et al., 

1988) and reduced the severity of inflammation.  

The findings of the present study are closely related with the outcomes of the previous study 

that the moringa aqueous extract  inhibit the inflammatory activity and it could be correlated 

partly with the management of prostaglandins actions. Consequently, the use of moringa for 

the treatment of pain, inflammation, glandular swellings, sores and ulcers was recommended 

(Sulaiman et al., 2008). Likewise, in another study Mahajan et al. (2007) reported that the 

levels of inflammatory mediators (RF, TNF-α, IL-1, and IL-6) were significantly reduced by 

consuming the moringa seed extract at (100 mg/kg and 200 mg/kg) doses. 

4.4.3.3. Erythrocyte sedimentation rate (ESR) 

The mean values of the erythrocyte sedimentation rate (ESR) of the patients consuming 

different types of tea infusions indicated significant (P≤0.05) difference among all the 

treatment groups (Table 4.22). The lowest value (16.50±0.17 mm/h) for ESR was obtained 

in moringa leaf tea infusion group (T1) while, the highest (48.00±0.62 mm/h) was observed 

in control (T0). The marked reduction of ESR was seen in the arthritis patients of all the 

treatment groups, after 12 week of the study period. 

As presented in Figure 4.8, the erythrocyte sedimentation rates (ESR) after 12 week was 

found to be significantly (P≤0.05) higher in arthritis patients of the control group. However, 

in the treatment groups (T1, T2, T3) ESR was decreased back to the normal levels. The 

highest decrease (65.63%) was observed in the moringa leaf tea infusion group (T1) and the 

lowest (59.38%) was noted in moringa seed tea infusion group (T2). Reduction in the ESR is 

also a valuable measure of inflammation in rheumatoid arthritis and is directly proportional 

to the stages of the severity of disease (Sarban et al., 2005). The mechanism behind the 

remarkable reduction attributed to the presence of potent flavonoids in moringa leaves and 

seeds (Song et al., 2005). One potential mechanism of these flavonoids is the inhibition of 

oxidative stress sensitive transcription factor which would regulates the expression of 

various genes vital in cellular responses, like innate immunity, growth and inflammation. 



 

 

 

Figure 4.8 Percent decrease in
                   infusions 
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The exploration of Guevara et al. (1999) supported the present results as they documented 

that the ethanolic extract of moringa seeds significantly reduced the inflammation (85%) at a 

dose of 3 mg/kg body weight. Similarly, in another study it was observed that the hot water 

infusions of moringa components exhibited anti-inflammatory and anti-diuretic activity in 

rats (Caceres et al., 1992). 

4.4.4. Lipid Profile 

4.4.4.1. Total cholesterol 

The mean values of the total cholesterol (TC) are presented in Table 4.23. The effect of 

moringa tea infusions on cholesterol revealed significant (P≤0.05) differences among all the 

groups. However, non-significant differences persist with in the treatment groups (T1, T2, 

and T3). The highest value of cholesterol was recorded in T0 (170.50±1.33 mg/dL) followed 

by T2 (165.70±2.71 mg/dL) and the lowest was obtained in T1 (161.10±1.11 mg/dL) group. 

Overall reduction of total cholesterol was observed for all the treatment groups (T1, T2, and 

T3). 

It was obvious from the results of the present study that moringa leaf tea infusion (T1) was 

more effective in reducing the cholesterol level than T2 and T3 though the differences were 

non-significant. It is observed from Figure 4.9 that concentration of cholesterol was 

decreased 4.34% in T1 group while, 2.82% and 3.75% in T2 and T3 groups as compared to 

the control. The reduction in total concentration by consuming moringa tea infusions would 

be due to the strong antioxidant and free radicals scavenging activity of moringa 

components. The antioxidant effects could be due to the presence of phenolic compounds in 

moringa. 

These polyphenols possesses various biological activities, helps to reduce the plasma lipids 

level, which might be attributed to up-regulation of expression for LDL receptor (Kuhn et 

al., 2004), inhibit the synthesis of hepatic lipids (Theriault et al., 2000) secretion of 

lipoproteins (Borradaile et al., 2003), and increase in the elimination of cholesterol via bile 

acids (Del Bas et al., 2005). It is evident that the phenolic compounds present in moringa are 

useful in the reduction of lipid levels and aortic plaque formation which is clearly justified in 

the results of the present study. The findings of Kushwaha et al. (2012) supported the 

present investigation of cholesterol reduction by moringa leaf powder after 12 week, 

exhibited significant decrease in total cholesterol of postmenopausal women. 
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Table 4.23 Effect of moringa tea infusions on lipid profile of arthritis patients 
 

Treatments *HDL 
(mg/dL) 

 **LDL      
(mg/dL) 

***TC 
(mg/dL) 

Triglycerides 
(mg/dL)  

T0 47.00±0.64c 115.00±0.71a 170.50±1.33a 156.00±0.50a 

T1 51.30±0.27a 106.87±2.2b 161.10±1.11b 145.87±2.08b 

T2 49.10±0.38b 112.50±0.8a 165.70±2.71ab 152.80±2.11a 

T3 50.20±0.73ab 111.50±1.63ab 164.10±1.9b 150.00±2.46ab 

 Means sharing similar letter in a column are statistically non-significant (P>0.05) 
 Values are expressed as means ± standard deviation 
 

 T0 - Control 
 T1 - Moringa leaf tea infusion (2 g) 
 T2- Moringa seed tea infusion (1 g) 
 T3- Moringa leaf + seed tea infusion (1 g+0.5 g) 
 
 *HDL- High density lipoproteins 
 **LDL- Low density lipoprotein 
 ***TC- Total cholesterol 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

   Figure 4.9 Percent decrease in total cholesterol
                     moringa tea infusions
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  T2- Moringa seed tea infusion (1 g)
  T3- Moringa leaf + seed tea infusion (1 g+0.5 g)
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Percent decrease in total cholesterol (%) of arthritis patients consuming  
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Similarly, kumari (2010) reported the marked reduction in cholesterol level in diabetic 

patients by consuming moringa leaf powder (8 gm) in three divided doses per day for 40 

days. 

4.4.4.2. Low density lipoprotein (LDL) 

The mean values of LDL contents for different treatment groups are presented in the Table 

4.23. The highest LDL value (115.00±0.71 mg/dL) was observed in T0 that significantly 

(P≤0.05) reduced to106.87±2.2 mg/dL in T1 group. However, non-substantial differences 

were observed in the level of LDL for T2 (112.50±0.8 mg/dL) and T3 (111.50±1.63 mg/dL) 

groups as compared to control. It is elucidated from Figure 4.10 that T1 (moringa leaf tea 

infusion) was more effective in the reduction of LDL than T2 (moringa seed tea infusion) 

and T3 (moringa leaf seed tea infusion). The overall reduction observed in LDL for T1 was 

4.17% followed by T3 (3.04%) and T2 (2.17%). 

This reduction in LDL by consuming moringa leaf tea infusion is due to the lipid lowering 

effect of moringa which would inhibit the absorption of lipids and increases the excretion of 

cholesterol and fecal bile acids (Favier et al., 1997). High levels of lipids are fretful for the 

onset of inflammatory disorders, such as rheumatoid arthritis and cardiovascular diseases 

(Darlington & Stone, 2001). Polyphenols present in moringa would exert the antioxidant 

effects on LDL and inhibit the platelet aggregation and vascular relaxation by the production 

of nitric oxide (Dubick & Omaye, 2001). Moreover, the findings of the present study are in 

close agreement with Aattar (2006) who reported that numerous herbs are useful in the 

reduction of high concentration of blood lipids. The results of the present study are also 

incorroborated with the findings of Kushwaha et al. (2012) that the level of LDL in the 

patients of hyperglycemia was significantly reduced after forty days, by the supplementation 

of moringa leaf powder. Deposition of lipids in tissues including blood vessels is due to the 

high level of LDL which is a strong atherogen and indicator of cardiovascular diseases. 

Similar outcomes was reported by Chumark et al. (2008) where the aqueous extract of 

moringa leaf significantly reduced the cholesterol level and inhibit the formation of 

atherosclerotic plaque. 

 4.4.4.3. Triglycerides (TG) 

The mean values of triglycerides of the serum sample of the subjects are presented in Table 

4.23. The momentous (P≤0.05) difference were noted for this trait; 145.87±2.08 mg/dL in 



 

 

 

  Figure 4.10 Percent decrease in LDL
                      tea infusions 
 

  T1 - Moringa leaf tea infusion (2 g)
  T2- Moringa seed tea infusion (1 g)
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Percent decrease in LDL (%) of arthritis patients consuming 

Moringa leaf tea infusion (2 g) 
Moringa seed tea infusion (1 g) 
Moringa leaf + seed tea infusion (1 g+0.5 g) 
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T1 as compared to T0 group (156.00±0.50 mg/dL). However, non-significant differences 

were observed in the values of T2 and T3 regarding to control. It was observed that treatment 

T1 (moringa leaf tea infusion) was more effective in the reduction of triglycerides than T2 

(moringa seed tea infusion) and T3 (moringa leaf seed tea infusion). 

The reduction in triglycerides concentrations of the experimental groups as compared to 

control groups are presented through Figure 4.11; which showed that, percent decrease for 

T1, T2 and T3 was 4.94%, 2.05% and 3.85% respectively. The most likely mechanism of 

reduced triglycerides concentration is due to the atenol, present in moringa leaves which 

increased the excretion of fecal cholesterol and has profound hypolipidemic activity (Ara et 

al., 2008; Jain et al., 2010). 

Deposition of lipids and clotting mechanisms are highly influenced by triglycerides. 

Elevation of triglycerides and blood cholesterol are the major risk factors for heart diseases. 

Similarly, the results of the present study are in line with kumari (2010) who evaluated the 

effect of moringa leaf powder (8 g) administration on lipid profile and concluded a 

significant reduction in their biochemical indicators. Comparable result for the efficacy of 

moringa leaves were also reported by Kushwaha et al. (2012); who expounded the 

significant decrease in triglycerides (5.9%) after 12 week of the treatment with moringa leaf 

powder (7 g/day) in postmenopausal subjects. Similarly, significant reduction in the level of 

triglycerides and VLDL was reported by Ogbunugafor et al. (2012).   

4.4.4.4. High density lipoproteins (HDL) 

The mean values of HDL cholesterol are mentioned in table 4.23, which depicted significant 

differences among all the treatments at P≤0.05. The lowest HDL value (47.00±0.64 mg/dL) 

was observed in T0 that significantly (P≤0.05) increased to 51.30±0.27 mg/dL in T1 group. 

However, non-momentous changes in the level of HDL was observed for T2 (49.10±0.38 

mg/dL) and T3 (50.20±0.73 mg/dL) within the groups. It is evident from Figure 4.12 that 

HDL was substantially increased in T1 (moringa leaf tea infusion) followed by T3 (moringa 

leaf seed tea infusion) and T2 (moringa seed tea infusion). The overall increase observed in 

HDL for T1 was 9.15% followed by T3 (6.81%) and T2 (4.47%).  

Cholesterol is transported in the blood via lipoproteins i.e. HDL and LDL (Han et al., 2002). 

The function of HDL is the transformation of cholesterol from the arteries and tissues to the 

 



 

 

 

 Figure 4.11 Percent decrease in triglycerides
                      moringa tea infusions
 

T1 - Moringa leaf tea infusion (2 g)
T2- Moringa seed tea infusion (1 g)
T3- Moringa leaf + seed tea infusion (1 g+0.5 g)
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Percent decrease in triglycerides (%) of arthritis patients
moringa tea infusions 
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Figure 4.12 Percent increase in HDL
                    tea infusions 
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liver (Ohashi et al., 2005) and called as good cholesterol. HDL is involved in the reduction 

of deposited cholesterol in the endothelium by retrieving the cholesterol from peripheral 

cells to the liver for excretion (Ha et al., 2005). Accumulation of LDL in arteries is also 

prevented by HDL (Heart protection study collaborative group, 2002).  Recent results for 

significant effect of moringa on HDL are in agreement with the previous work of Nambiar et 

al., 2010; they reported substantial increase for HDL (6.25%) values in the experimental 

group compared to control group. The experimental group consumed 8 tablets of moringa 

leaf powder per day for 50 days. Overall positive impact of moringa supplementation was 

observed on the lipid profile of hyperlipidemic patients. Similarly, significant increase 

(8.77%) in HDL level was observed in diabetic patients as compared to control group 

(kumari, 2010).                    

4.4.5. Safety Evaluation  

Safety evaluation of the moringa tea infusions was carried out to examine the impact of 

moringa tea infusions on the serum biochemistry of arthritis patients. 

4.4.5.1. Liver function tests  

Liver function tests including alkaline phosphatase (ALP), alanine aminotransferase (ALT) 

and aspartate aminotransferase (AST) were carried out for safety view point. 

4.4.5.2. Alkaline phosphatase (ALP) 

The mean values for serum concentration of alkaline phosphatase (ALP) of the subjects are 

presented in Table 4.24. The results revealed non-significant differences (p≥0.05) for ALP 

concentration among all the treatments of moringa tea infusions. The highest value 

(71.20±0.75 U/L) for ALP was observed in T2 (moringa seed tea infusion) and the lowest 

(69.50±1.09 U/L) was found in T1 (moringa leaf tea infusion) group as compared to control 

group (70.50±1.12 U/L).  

The serum ALP is an indicator, which is used to determine the toxicity of liver. The level of 

alkaline phosphatase (ALP) in T2 group was slightly increased as compared to control. 

However, in T1 (moringa leaf tea infusion) and T3 (moringa leaf seed tea infusion) non 

substantial decrease was found for ALP. It is evident from the present study that overall  
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 Table 4.24 Effect of moringa tea infusions on hepatic enzyme markers of arthritis  
                    patients 

Treatments       ALP (U/L)      ALT (U/L)      AST (U/L) 

T0 70.50±1.12 32.30±0.53 30.03±0.72 

T1 69.50±1.09 30.40±0.23 28.13±0.41 

T2 71.20±0.75 31.70±0.50 29.10±0.30 

T3 69.90±0.93 30.90±0.45 28.30±0.37 

   Non-significant differences (P>0.05) between treatments within each parameter at α= 0.05 
   Values are expressed as means ± standard deviation 
 

    T0 - Control 
   T1 - Moringa leaf tea infusion (2 g) 
   T2- Moringa seed tea infusion (1 g) 
   T3- Moringa leaf + seed tea infusion (1 g+0.5 g) 
  

   ALP-Alkaline phosphatase 
   ALT-Alanine aminotransferase 
   AST- Aspartate aminotransferase 
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mean of the all treatment groups remained in the safe limit indicated that the moringa tea 

infusions are relatively safe for human consumption. 

Similar to the results of the present study, Asare et al. (2012) described that the moringa 

aqueous leaf extract was given to the rats at low dose (1000 mg/kg) and high dose (3000 

mg/kg) for fourteen days to study the toxic effects of moringa on the liver cells. The results 

exhibited non-momentous changes in the hepatic enzyme markers (ALP, AST, ALT) on 

both lower and higher doses compared to the control group. Similar results were reported in 

another study that non-significant differences were observed in the liver enzyme biomarkers 

on the administration of moringa leaf extract for sixty days (Awodele et al., 2012) 

4.4.5.3. Alanine aminotransferase (ALT) 
 
The mean values for serum alanine aminotransferase are mentioned in Table 4.24. The 

administration of all the treatments of moringa tea infusions investigated at the end of the 

study revealed non-significant differences as compared to the control. The highest value 

(32.30±0.53 U/L) of serum ALT level was observed in T0 (control) followed by T2 (moringa 

seed tea infusion) and the lowest (30.40±0.23 U/L) was found in T1 (moringa leaf tea 

infusion). The level of ALT was slightly decreased in all the treatments but differences were 

non-significant. 

Serum ALT is an important tool to measure the side effects of the treatments on the liver 

cells. It acts as an indicator of hepatic necrosis (Bush, 1991). The increase in serum ALT 

level indicated the degenerative changes in the liver. The enzyme is present in the cytoplasm 

of the liver cell and on deterioration of the cells it released in the blood circulations.  It is 

worth mentioning that overall means of ALT remained in the safe limits, depicted that the 

moringa tea infusion did not cause liver damage and hence the plant is relatively safe for 

nutritional and medicinal purpose. 

The results of the present study are in harmony with the findings of Adedapo et al. (2009) 

who observed that the administration of aqueous extract of moringa leaves (800 mg/kg dose)  

decreased the level of hepatic enzyme markers after 21 days in rats. Similarly, the 

administration of moringa ethanolic extract decreased the elevated serum intracellular 

enzyme levels and prevented the leakage of enzymes in the circulations (Pari & Karthikesan, 

2007). 
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4.4.5.4. Aspartate aminotransferase (AST) 

The mean values pertaining to AST level are presented in Table 4.24. The highest value 

(30.03±0.72) was found in T0 (control) followed by T2 (moringa seed tea infusion) and the 

lowest (28.13±0.41 U/L) was observed in T1 (moringa leaf tea infusion) group. However, the 

mean values of AST exhibited non-significant changes among all the treatments of moringa 

tea infusions. Liver is a vital organ for the deposition of endogenous and exogenous 

substances. The elevation of serum ALT and AST are the indication of dysfunction of the 

liver (Wang et al., 2007). Numerous herbal products rich in antioxidants are effective 

against liver injury (Lee & Jeong, 2002; Seeff et al., 2001; Shin et al., 2006).  

It is evident from the present study that AST remained in the normal range indicating the 

proper functioning of the liver. It is obvious from the present findings that the moringa tea 

infusions are safe for remedial purpose. This would be due to the presence of phenolics and 

free radical scavenging activity of moringa. The administration of moringa stimulated the 

hepatoprotective effects against liver injury (Hamza, 2010). Earlier work of Awodele et al. 

(2012) is in accordance with the findings of the present study, where they reported the non-

significant effect of moringa on hepatic enzyme markers (ALP, AST, ALT) through the 

administration of moringa leaf extract (250 to 1500 mg/kg) for sixty days.   

4.4.6. Kidney function tests  

The mean values of urea concentration of the blood samples of the subjects are given in 

Table 4.25. The results revealed non-significant variations among all the treatments during 

the entire period of the study. The mean values of concentration of urea of arthritis patients 

were in the range of 19.99±0.15 to 20.72±0.06 mg/dL. The higher concentration (20.72±0.06 

mg/dL) was observed in T0 (control) group, followed by T2 (moringa seed tea infusion) i.e. 

20.42±0.32 and the lowest (19.99±0.15 mg/dL) was depicted in T1 (moringa leaf tea 

infusion) group. 

The mean values for concentration of creatinine are presented in Table 4.25. The results 

showed non-significant differences for creatinine concentration among different groups 

consuming moringa leaf tea infusion (T1), moringa seed tea infusion (T2) and moringa leaf 

seed tea infusion (T3) resisted the increase in creatinine level and these were maintained at 

0.790±0.01, 0.810±0.00 and 0.800±0.01 mg/dL, respectively. Non-significant variations in 

the level of creatinine were found in the blood of arthritis patients  
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Table 4.25 Effect of moringa tea infusions on renal function markers of arthritis patients 

Treatments                 Urea (mg/dL)              Creatinine (mg/dL) 

T0 20.72±0.06 0.820±0.00 

T1 19.99±0.15 0.790±0.01 

T2 20.42±0.32 0.810±0.00 

T3 20.10±0.29 0.800±0.01 

Non-significant differences (P>0.05) between treatments within each parameter at α= 0.05 
Values are expressed as means ± standard deviation 
 

 
T0 - Control 
T1 - Moringa leaf tea infusion (2 g) 
T2- Moringa seed tea infusion (1 g) 
T3- Moringa leaf + seed tea infusion (1 g+0.5 g) 
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during the entire study. The results of the present study regarding serum urea and creatinine 

level revealed normal renal functioning in respective patients regardless of moringa tea 

infusions. The serum urea and creatinine are the main indicators for the determination of 

normal functioning of the kidney. However, elevation in the levels of serum urea and 

creatinine showed abnormal renal functioning (Kataya & Hamza, 2008). 

The exploration of Awodele et al. (2012) is in close agreement with the findings of the 

current study as they exhibited non-significant effect of moringa leaf extract (250 to 1500 

mg/kg) on serum creatinine and urea levels in rats after 60 days administration. It indicated 

that the moringa leaf extract has no adverse effect on the renal functioning of rats. The 

results of Asare et al. (2012) are also comparable with the present findings that they showed 

non-significant differences in urea and creatinine of the rats fed on low (1000 mg/kg) and 

high dose (3000 mg/kg) of moringa leaf extract. 

4.4.7. Hematological aspects 

4.4.7.1. Red blood cells indices    

The function of red blood cells is the transportation of gases in the blood and significant 

changes in the values indicated some disturbances in the body. Red blood cell indices 

comprise total Red blood cell count (RBC), hemoglobin (Hb), hematocrit (Hct), mean 

corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular 

hemoglobin concentrations (MCHC).  

The mean values of the red blood cells count are presented in Table 4.26 (a). The results 

revealed non-significant difference among all the treatments. The mean values for red blood 

cells count were in the range 4.65±0.04 to 4.76±0.07 M/µL. The higher value was observed 

in T0 (control) group, which gradually decreased in moringa leaf tea infusion (T1),  moringa 

seed tea infusion (T2) and moringa leaf seed tea infusion (T3). The red blood cell count of 

moringa seed tea infusion was lower than moringa leaf tea infusion compared to control 

group. The mean values in Table 4.26 (a) also indicated that the consumption of moringa tea 

infusions decreased the hemoglobin level of the arthritis patients but non-significantly. Mean 

values of hemoglobin in control group was found to be 12.78±0.20 g/dL that decreased to 

12.35±0.09 g/dL in 90 days. It is obvious from the results of the present study that the level 

of hemoglobin was reduced in moringa seed tea infusion group more than the moringa leaf 

tea infusion group with non-significant differences. 
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Table 4.26 (a) Effect of moringa tea infusions on red blood cells indices of arthritis   
                        patients 

Treatments Haemoglobin (g/dL)  RBC (M/µL) Haematocrit (%) 

T0 12.78±0.20 4.76±0.07 39.36±0.21 

T1 12.66±0.15 4.73±0.05 38.96±0.49 

T2 12.35±0.09 4.65±0.04 38.11±0.49 

T3 12.45±0.06 4.70±0.07 38.41±0.58 

Non-significant differences (P>0.05) between treatments within each parameter at α= 0.05 
Values are expressed as means ± standard deviation 
 

 
T0 - Control 
T1 - Moringa leaf tea infusion (2 g) 
T2- Moringa seed tea infusion (1 g) 
T3- Moringa leaf + seed tea infusion (1 g+0.5 g) 
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The means regarding haematocrit values are mentioned in Table 4.26 (a). The mean values 

of the haematocrit concentration in the blood of the arthritis patients were 38.96±0.49%, 

38.11±0.49% and 38.41±0.58% for T1, T2 and T3 compared to T0 (39.36±0.21%). The 

highest value for haematocrit was found in T0 (control) group and the lowest was observed 

in T2 (moringa seed tea infusion). The value of haematocrit was non-substantially decreased 

compared to control. Mean squares regarding mean corpuscular volume (MCV) are 

presented in Table 4.26 (b); depicted the non-significant variations among all the treatments. 

The mean MCV content in the blood of the arthritis patients declined from 85.79±1.36 to 

84.45±0.95 fL after ninety days. The value MCV for treatments showed decreasing trend but 

this trend was more noticeable in T1 (moringa leaf tea infusion) as compared to T2 (moringa 

seed tea infusion) and T3 (moringa leaf seed tea infusion) as obvious from their mean values 

i.e. 84.45±0.95, 85.71±0.84 and 84.62±1.10 fL, respectively.   

The moringa tea infusions imparted non-differential impact on MCH [Table 4.26 (b)]. The 

mean values of the MCH was lower (27.34±0.03 pg) in T2 (moringa seed tea infusion) and 

highest (27.91±0.43 pg) in T1 (moringa leaf tea infusion) compared to control (27.80±0.12 

pg). The mean value of MCH was slightly increased in T1 group and declined in T2 and T3 

groups. Though, the differences within the treatment groups were non-significant. The mean 

values of MCHC are given in Table 4.26 (b). The results exhibited non-significant change 

among all the treatment groups compared to control. The mean values for MCHC were in 

the range 32.67±0.41 to 32.67±0.41 g/dL. The highest level was observed in T1 group 

followed by T3 and T2. 

4.4.7.2. White Blood Cells Indices   

The mean values in Table 4.27 showed a significant (P≤0.05) effect among all the treatments 

of moringa tea infusions on total white blood cells (WBC) of arthritis patients. However, the 

non-significant difference was observed within the treatment groups. The total number of 

WBC decreased significantly (P≤0.05) in all the groups of arthritis patients consuming 

moringa tea infusions. The total WBC count ranged from 7.57±0.12 to 8.25±0.11 K/µL. The 

highest value was obtained in the T0 (control) group and the lowest was found in T1 (moringa 

leaf tea infusions). 
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  Table 4.26 (b) Effect of moringa tea infusions on red blood cells indices of arthritis  
                           patients 

Treatments MCV (fL)        MCH (pg) MCHC (g/dL) 

T0 85.79±1.36 27.80±0.12 33.61±0.23 

T1 84.45±0.95 27.91±0.43 33.01±0.22 

T2 85.71±0.84 27.34±0.03 32.67±0.41 

T3 84.62±1.10 27.65±0.23 33.52±0.53 

  Non-significant differences (P>0.05) between treatments within each parameter at α= 0.05 
  Values are expressed as means ± standard deviation 
 
 
  T0 - Control 
  T1 - Moringa leaf tea infusion (2 g) 
  T2- Moringa seed tea infusion (1 g) 
  T3- Moringa leaf + seed tea infusion (1 g+0.5 g) 
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      Table 4.27 Effect of moringa tea infusions on white blood cells indices of arthritis  
                         patients 

Treatments WBC (K/µL) Lymphocytes (%) Monocytes (%) 

T0 8.25±0.11a 36.81±0.30 9.50±0.06a 

T1 7.57±0.12c 35.24±0.49 8.75±0.02c 

T2 8.04±0.12ab 35.75±0.45 9.23±0.09b 

T3 7.70±0.04bc 35.52±0.46 8.94±0.04c 

     Means sharing similar letter in a column are statistically non-significant (P>0.05). 
     Values are expressed as means ± standard deviation 
 
 
    T0 - Control 
    T1 - Moringa leaf tea infusion (2 g) 
    T2- Moringa seed tea infusion (1 g) 
    T3- Moringa leaf + seed tea infusion (1 g+0.5 g) 
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Table 4.28 Effect of moringa tea infusions on white blood cells indices and platelet   
                   count of arthritis patients 
 

Treatments Neutrophils 
(%) 

Eosinophils 
(%) 

Basophils  

(%) 

PLT (K/µL) 

T0 60.30±0.68 3.35±0.10 0.059±0.0010 284.33±2.39 

T1 59.56±0.92 3.05±0.05 0.056±0.0017 296.00±3.40 

T2 60.12±0.58 3.24±0.07 0.060±0.0013 286.00±3.21 

T3 59.73±0.57 3.10±0.05 0.057±0.0005 292.33±3.88 

Non-significant differences (P>0.05) between treatments within each parameter at α= 0.05 
Values are expressed as means ± standard deviation 
 
 
T0 - Control 
T1 - Moringa leaf tea infusion (2 g) 
T2- Moringa seed tea infusion (1 g) 
T3- Moringa leaf + seed tea infusion (1 g+0.5 g) 
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Similarly, the monocytes count of arthritis patients were significantly (P≤0.05) affected by 

the treatments as indicated by the mean values in Table 4.27. The highest value 

(9.50±0.06%) was observed in T0 (control) group and then it was significantly (P≤0.05) 

declined in T1 group followed by T3 and T2. The lowest mean values for monocytes count 

were depicted in T1 (8.75±0.02%). However, non-significant variations were found in the 

mean values of lymphocytes, neutrophils, basophils and eosinophils for all the treatment 

groups. 

The mean values of lymphocytes were presented in Table 4.27. The mean values were 

36.81±0.30% in control group followed by 35.75±0.45 and 35.52±0.46 % in moringa seed 

tea infusion (T2) and moringa leaf seed tea infusions (T3) groups, respectively. During the 

entire study period, non-momentous changes were exhibited in lymphocytes content. 

Likewise, non-significant variations in the mean values of neutrophils, basophils and 

eosinophils contents were found in blood of the arthritis patients consuming moringa tea 

infusions (Table 4.28). The highest value (60.30±0.68%) for neutrophils was observed in T0 

while, the lowest (59.56±0.92%) was depicted in T1 (moringa leaf tea infusion) group. 

Similar trend in the mean values was observed for basophils. Similarly, eosionophils 

contents were dropped from 3.35±0.10 to 3.05±0.05% but exhibited non-significant varying 

trend. 

4.4.7. 3. Platelets Count  

Platelets count of different groups non-significantly affected by the moringa treatments, 

(Table 4.28). Platelets value remained in the range during the entire study period. The 

platelets count in arthritis during whole study period altered non-significantly by all the 

treatments. The mean platelets count value for T1 (moringa leaf tea infusion), T2 (moringa 

seed tea infusion) and T3 (moringa leaf seed tea infusion) groups were 296.00±3.40 K/µL, 

284.33±2.39 K/µL and 292.33±3.8 K/µL 8. 

The variations in the normal values of blood chemistry finally affect the physiological 

functioning of the body which may leads to many complications. Moreover, chronic 

disorders like diabetes mellitus, hypercholesterolemia, cardiovascular diseases and 

hypertension and may cause significant changes in hematological parameters. The 

hematological examination in the present study revealed that all the hematological 
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parameters remained in the normal ranges and is not affected by any of the treatment of 

moringa tea infusions.   

In line with the results of the present study, Asare et al. (2012) reported also non-significant 

differences in the hematological parameters of the blood of rats consuming moringa leaf 

extract at low (1000 mg/kg) and high (3000 mg/kg) dose for fifteen days. Similarly, 

Ayotunde et al. (2004) worked on the hematology of fingerlings and adults consuming 

aqueous extracts of moringa seeds exhibited non-momentous differences in hematological 

parameters between respective groups. Concluding the results of present and earlier studies 

regarding hematological traits, it is evident that moringa tea infusions can safely be used for 

human consumption. 
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Chapter 5 

SUMMARY 

 

Rheumatoid arthritis is illustrated by chronic inflammatory changes; cartilage destruction, 

joint deformity and disability. It is prevailing progressively worldwide and makes a 

significant fiscal loss. The drugs which are frequently used to alleviate the rheumatoid 

arthritis are usually effective but comprise many side effects. The best way to cope these 

chronic conditions is nutritional intervention. In this context the exploitation of Moringa 

oleifera as an indigenous food plant was proposed to be the excellent step for the 

management of chronic diseases, mainly arthritis and to fulfill the fundamental body 

needs in an economical and sustainable way. Hence, the current research study was 

designed to explore the therapeutic potential of moringa through nutritional intervention. 

The main purpose of the study was to determine the nutritional potential and bioactive 

compounds of moringa (leaf and seed) powders, development of moringa tea and analysis 

of their different quality characteristics, toxicity of moringa was evaluated in rats to check 

the toxic level and suitability for human beings. Finally, efficacy study was carried out to 

determine the effect of moringa tea on the blood biochemical profile of the arthritis 

patients 

The raw materials i.e. moringa leaf powder (MLP) and moringa seed powder (MSP) were 

analyzed for chemical and antioxidant profile; which showed that MLP and MSP are 

highly nutritious which provides essential nutrients in significant amount and good 

antioxidant properties. However, MLP was found to possess higher fiber content 

(19.61±0.38%) than MSP. Whereas, the higher value of protein was exhibited by MSP 

(35.26±0.25%). The lower fat content was shown by MLP (2.82±0.27%), which was 

appreciably different from MSP (30.94±0.9%). Similarly, the higher amount of calcium 

and iron was found in MLP as compared to MSP. The higher TPC, TFC and DPPH 

scavenging activity were also found in MLP and these were better than MSP. 

Furthermore, the moringa tea infusions were prepared from different combinations of its 

parts to analyze their acceptability through different quality characteristics. The moringa 
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tea infusions were analyzed for minerals, physicochemical, antioxidant profiles, phenolic 

acids, flavonoids and sensory properties. The results of mineral profiles showed that MLT 

contained more calcium, phosphorus, sodium potassium, magnesium, iron, zinc and 

copper than MST. Among physical properties the darkest value (56.0±0.57) of color was 

observed in moringa leaf tea infusion i.e. T3 (MLT 3 g), while the lightest tone 

(96.00±0.76) was found for MST (T4). In the context of PH the uppermost value was 

observed for T4 (6.40±0.02), while the lowest was exhibited by T3 (5.45±0.01). The total 

acidity and total solids increased as the concentration of MLT, MST and MLST (moringa 

leaf seed tea) increased.  

Moreover, the moringa leaf tea infusions were found to be the richest source of phenolic 

acids and flavonoids than moringa seed tea infusions. Amongst them, quercetin 

(22.14±0.02 mg/L) was the dominant flavonoid and then gallic acid showed the highest 

peak followed by chlorogenic acid, kaempferol, ellagic acid, caffeic acid, vanillic acid , 

ferulic acid and catechins (0.044±0.00 mg/L) in moringa leaf tea infusions . However, in 

moringa seed tea infusions gallic acid (1.86±0.00 mg/L )is present in highest amount 

followed by kaempferol, ellagic acid, caffeic acid, catechins, vanillic acid, ferulic acid, 

chlorogenic acid and quercetin (0.02±0.00 mg/L). 

The moringa tea infusions were analyzed for sensory properties to find the best 

substitution level without affecting the acceptability for various qualitative attributes. The 

2 g (T2) substitution of moringa leaf tea, 1 g (T5) of moringa seed tea and 1.5 g (T7) of 

moringa leaf seed tea combination was considered better scored by judges compared with 

other treatments including control. The selected levels of moringa tea infusions were 

chosen for further efficacy study in arthritis patients. 

In toxicological evaluation of moringa leaf extract (MLE) and moringa seed extract 

(MSE), male Dawley rats were orally administered both MLE and MSE up to 2200 

mg/kg in an acute toxicity test. A sub-chronic toxicity test was also done by daily 

administration with the extract at 600, 1000 and1800 mg/kg orally for 21 days. On the 

other hand only distilled water was given to the control rats group. As for as acute 

toxicity test was concerned, moringa extracts caused no death in animals even at 2200 

mg/kg dose. The extract did not bring forth any significant differences (P≥0.05) in 

hematological and biochemical parameters in the treated rats when compared to the 
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control. Moreover, there was no major difference in body weight of the control and 

treated animals even though there was a dose-dependent reduction in food consumption 

of the animals treated with 600 to 1800 mg/kg for both MLE and MSE. The results 

obtained in this study advocate that the aqueous extract of moringa leaf and seed, 

relatively safe for both nutritional and medicinal purpose. 

Efficacy study was carried out to explore the therapeutic potential of moringa components 

(leaf, seed) against arthritis. Efficacy trials were conducted on the patients of rheumatoid 

arthritis. Total, 80 patients were selected for three months study. The patients were 

assorted randomly into four groups, 20 in each consuming different treatments of moringa 

tea infusions, namely control (T0), moringa leaf tea infusion (T1), moringa seeds tea 

infusion (T2) and moringa leaves + seeds tea infusion (T3). The tea boxes were provided 

to the subjects on weekly basis. The tea prepared from the selected treatments was given 

daily (3 cups a day) for a period of 12 week. To evaluate the impact of moringa tea 

infusions, the blood biochemical profile of arthritis patients was evaluated. Nutritional 

assessment questionnaires and diseases questionnaires were filled up by these subjects to 

collect the relevant information. 

Moreover, the evaluation of serum biochemical profile showed a reduction in rheumatoid 

factor concentration of groups consuming moringa tea infusions compared with the 

patients in the control group. The maximum reduction of rheumatoid factor concentration 

(45.61%) for moringa leaf tea infusion was observed. Similarly, the CRP and ESR 

concentration also reduced significantly in the blood of the patients of all groups fed 

moringa tea infusions irrespective of the control group. Furthermore, the analysis of 

lipoprotein fractions (TC, HDL, LDL and TG) showed significant changes in the study. 

The HDL concentration increased while TC, LDL and TG concentrations decreased in the 

patients groups. 

Furthermore, the results of blood chemistry exhibited non-momentous changes in the all 

haematological parameters in the patients groups consuming moringa tea infusions. The 

safety evaluation of the moringa tea infusions revealed that non significant changes were 

observed for liver and renal function test. The patients groups consuming MLT, MST and 

MLST showed the hindrances against the increase in concentration of serum ALT, AST, 

ALP, urea and creatinine.  
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So, the results showed that the moringa tea was proved to be excellent for the 

management of arthritis. The chronic conditions thus can be modulated through 

nutritional intervention of moringa tea which is an imperative move towards the relief 

from such chronic diseases and maintenance of the health. Diet based modules are 

superlative for the management of many chronic diseases. Development of diet based 

regimen is gaining esteem these days and considered as a new facet in the field of food 

and nutrition.  

Conclusions: 

� Moringa leaf and seed powders were found to be a rich source of essential nutrients 

with high antioxidant potential. 

� The moringa tea infusions showed good mineral profile along with rich amount of 

phenolics and flavonoids. 

� The toxicological evaluation of the moringa leaf and seed extracts in biological study 

supported the claim that the moringa is relatively safe for remedial purpose. 

� The arthritis patients can take moringa tea infusions for the management of their 

arthritic symptoms. 

Recommendations: 

� Other moringa based food products should also be prepared and evaluated for their 

nutritional and therapeutic benefits. 

� Diet based therapies should be the foremost important strategy in the management of 

chronic diseases. 

� The programs should be initiated for the awareness of common masses to disseminate 

the findings of research on plant based food products. 

� The production and effective utilization of moringa plant must be encouraged among 

farmers community. 

� More research is needed to investigate the microbial contamination and storage 

stability of moringa tea infusions. 

� Further investigations are also needed for the quantification of all the remaining 

nutrients and bioactive compounds. 
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APPENDICES 

 

Appendix-I 

 

SENSORY EVALUATION OF MORINGA TEA 

 

Name of the judge………………………………      Date…………….. 

 

Characteristics  To T1 T2 T3 T4 T5 T6 T7 T8 T9 

Color           

Flavor           

Taste           

Bitterness           

Overall 

acceptability 

          

 

                                                                                                                                                                                                                                                            

Signature……………………..  

 

INSTRUCTIONS 

Take a sample of tea and score for color, flavor, taste, bitterness and overall acceptability 

using the following 9-point Hedonic Scale:  

 
 
                          Extremely poor                                               1 
                          Very poor                                                        2 
                          Poor                                                                 3 
                          Below fair above poor                                     4 
                          Fair                                                                  5 
                          Below good above fair                                    6  
                          Good                                                                7  
                          Very good                                                        8 
                          Excellent                                                          9 
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Note:  
 
1.  Take a sample of tea and score for color, flavor etc.  

2.  Before proceeding to the next sample, rinse mouth with water.  

3.  Make inter comparison of the sample and record the score.  

4.  Don't disturb order of the samples. 
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Appendix-II 

 

Government College University, Faisalabad 

Consent Letter 

 

Title of the Study:  Anti- Arthritic potential of Moringa oleifera leaves and seeds 

through diet based modules 

Invitation to Participate: You are invited to participate in the above mentioned research 

study, as a subject, conducted by Madiha Ilyas, PhD Scholar in Government College 

University, Faisalabad under the supervision of Dr. Muhammad Umair Arshad. The 

research project is funded by Higher Education Commission, Islamabad.    

Purpose of the Study: The purpose of study is the management of arthritis through 

nutritional intervention using Moringa Tea prepared by Moringa components (leaves and 

seeds). Moringa Tea consumption may help to reduce pain and inflammation. The pain 

relieving perspectives of Moringa can be a useful therapy for patients of Arthritis. 

Moreover, it is suitable for all types of the joint pains and inflammations. So, a locally 

produced food-based approach is arguably even more advantageous for health of the 

individuals. 

Risks  and  Benefits:    There  are  no  known  risks  involved  in  this  study.  The only  

cost  to  you  will  be  the  time required  to  participate  in  the  focus  group. However, 

we hope that the information obtained from this study will promote scientific research in 

areas relevant to national needs. 

Confidentiality:   Any  information  derived  from  your  participation  in  the  study  will  

be  kept  confidential. There will be no identifying information given during the focus 

group.  Only group results or anonymous quotes will be presented in our thesis.  

Cost: There is monetary compensation to you for your participation in this study. All the 

expenses will be paid by Higher Education Commission, Islamabad. 

Ethics Approval: This project was approved by the Ethical Review committee of the 

department. If  you  have  any  questions  or  concerns  about  your  rights  or  treatment  
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as  a  research participant, you may contact the members of the committee at (041-

9201315). 

Voluntary Participation:   I have been explained in detail the purpose and rationale of 

the above mentioned components of the Project. I understand that this project is of 

national significance and my full commitment and dedication with it will be of paramount 

importance, I am volunteering for it. I have had a chance to ask questions and answered 

them. I undertake that I will abide by all the instructions given by the investigators and 

will use the Moringa Tea given to me in the designated period. Further, I am bound to fill 

the questionnaires and daily food diary to best of my knowledge. 

Consent Statement: Having read the above, I agree to participate in this study after 

understanding all the facts  fully explained by the medical practitioner and research 

scholar and I will be myself held responsible for all the positive as well as negative 

actions and reactions caused by those actions of the above mentioned research product 

and in any case no litigation can be done against our research team, not even in case of 

any serious mishap , casualty or death of the patient regardless that happened due to our 

product or not.  Moreover, I agree not to disclose any information (discussed in the 

groups) that could be linked to any specific individual.  I will also not disclose any 

identifying information about other members of the group.  Finally, I acknowledge that I 

have received a copy of this form. 

 

Name & Signature of the Subject                                                       Dated  

 

Name & Signature of the Researcher                                                 Dated  

  

Name & Signature of the Supervisor                                                 Dated        
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Appendix-III 

 

Government College University, Faisalabad 

Food Frequency Questionnaire 

 

Title of the Study:  Anti- Arthritic potential of Moringa oleifera leaves and     seeds 
through diet based modules 

Name________________   Age______________ Gender ____________________ 

Address_________________________________________   Phone____________   

How many times and how much quantity of the following commodities is utilized per 
week?  

Commodity                                               No. of Times                                     Quantity 

1. Milk and Milk Products  

        i. Milk                                                    1,2,3,4,5,6,7  

       ii. Lassi                                                  1,2,3,4,5,6,7  

      iii. Dahi                                                    1,2,3,4,5,6,7  

      iv. Pannier                                               1,2,3,4,5,6,7  

      v. Makhan                                               1,2,3,4,5,6,7  

     vi. Desi Ghee                                           1,2,3,4,5,6,7  

     vii. Others                                                 1,2,3,4,5,6,7  

2. Meat and Meat products  

        i. Meat                                                   1,2,3,4,5,6,7  

        ii. Red meat                                           1,2,3,4,5,6,7  

        iii. Chicken                                             1,2,3,4,5,6,7   

        iv. Fish                                                   1,2,3,4,5,6,7   

        v. Liver                                                   1,2,3,4,5,6,7   

       vi. Others                                                1,2,3,4,5,6,7  



163 

 

3. Vegetables (Raw and cooked)  

         i. Green leafy vegetables                               1,2,3,4,5,6,7  

         ii. Salad                                                          1,2,3,4,5,6,7  

         iii. Onion                                                        1,2,3,4,5,6,7 

        iv. Broccoli                                                      1,2,3,4,5,6,7           

        v. Okra                                                            1,2,3,4,5,6,7 

       vii. Tomatoes                                                   1,2,3,4,5,6,7 

       viii. Peppers                                                     1,2,3,4,5,6,7          

        ix. Others                                                        1,2,3,4,5,6,7 

4. Fruits  

        i. Berries                                                        1,2,3,4,5,6,7  

        ii. Apple                                                         1,2,3,4,5,6,7  

       iii. Plum                                                          1,2,3,4,5,6,7  

       iv. Grapes                                                       1,2,3,4,5,6,7  

       v. Oranges                                                      1,2,3,4,5,6,7  

       vi. Peaches                                                     1,2,3,4,5,6,7 

      vii. Apricot                                                       1,2,3,4,5,6,7 

     viii. Others                                                        1,2,3,4,5,6,7  

5. Beverages 

           i. Tea                                                         1,2,3,4,5,6,7 

          ii. Coffee                                                     1,2,3,4,5,6,7            

         iii. Juices                                                      1,2,3,4,5,6,7 

 

Note: Encircle the commodities used and write down the quantity properly along with 
units. 
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Appendix-IV 

 
 

NUTRITIONAL ASSESSMENT QUESTIONNAIRE 
 
 
Name________________________Age________Gender________________weight____ 
 
Height________________BMI______________Bp____________________DM_______ 
 
___________Pulserate______________Address_______________Phone____________            
 
Email________________________________Occupation__________________________ 
 
Marital Status__________________ No. of children____________________________ 
 
Medical 
condition______________________________________________________________ 
 
________________________________________________________________________ 
 
 
Medications you take______________________________________________________ 
 
 
What nutritional, herbal, vitamin, protein supplements are you taking? Name, dose, how 
long used. 
________________________________________________________________________ 

Are you allergic to any foods or do you have any food intolerances? 
_______________________ 
 
What foods? 
___________________________________________________________________ 

 

Describe your usual activity level (example: sedentary – sitting all day) 
____________________ 
 
Do you have a regular exercise program? __________________ 
 
Do you have any digestive problems? ____________________________________ 
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FAMILY HISTORY 

Please check any conditions your blood relatives have or have had  

(Indicate GP: grandparents, P: parents, S: siblings, A: aunts, U: uncles, C: 
children): 

[ ] allergies  [ ] diabetes   [ ] lung disease  

 [ ] arthritis  [ ] heart disease  [ ] multiple sclerosis 

[ ] asthma  [ ] high blood pressure [ ] Parkinson’s disease 

[ ] cancer  [ ] kidney disease 
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Appendix-V 

 

Disease Questionnaire (Numerical rating Pain Scale) 

1. Pain 

Circle the number that best describes the pain you felt due to your rheumatoid arthritis 
during the last week 

    

       None Extreme   

 
 

2. Functional disability assessment 

Circle the number that best describes the difficulty you had in doing daily physical 
activities due to your rheumatoid arthritis during the last week 

 

      None Extreme 

 

3. Fatigue 

Circle the number that best describes how much fatigue you felt due to your rheumatoid 
arthritis during the last week. 

 

No fatigue Exhausted  

 

4. Sleep 

Circle the number that best describes the sleep difficulties (i.e., resting at night) you felt 
due to your rheumatoid arthritis during the last week. 

 

             No   Extreme 

 

0 
 

1 2 3 4 5 6 7 8 9 10 

0 
 

1 2 3 4 5 6 7 8 9 10 

0 
 

1 2 3 4 5 6 7 8 9 10 

0 
 

1 2 3 4 5 6 7 8 9 10 
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5. Physical well-being 

Considering your arthritis overall, how would you rate your level of physical well being 
during the past week? Circle the number that best describes your level of physical well-
being. 

 

         good       bad  

 

6. Emotional well-being 

Considering your arthritis overall, how would you rate your level of emotional well being 
during the past week? Circle the number that best describes your level of emotional well-
being. 

 

very good       very bad  

 

7. Coping 

Considering your arthritis overall, how well did you cope (manage, deal, make do) with 
your disease during the last week?  

 

        well poorly 

 

 

 

 

 

 

 

 

0 
 

1 2 3 4 5 6 7 8 9 10 

0 
 

1 2 3 4 5 6 7 8 9 10 

0 
 

1 2 3 4 5 6 7 8 9 10 
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Appendix-VI 

 

Daily Food DiaryDaily Food DiaryDaily Food DiaryDaily Food Diary    

 

 

 

A food diary is a useful way of keeping track of everything you eat or drink for few days. 
It can be a helpful tool for you to see what you’re normal eating habits are like and what 
you might consider changing. You can complete the food diary to give yourself a guide of 
what areas you can change or your dietitian may wish to discuss it with you. 
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DAY 1 

 

Day & DateDay & DateDay & DateDay & Date    TimeTimeTimeTime    Food DescriptionFood DescriptionFood DescriptionFood Description    AmountAmountAmountAmount    

Day: ……………………  

Date: ___/___ /___ 

  

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

 

 

 

 

 



170 

 

 

DAY 2 

Day & DateDay & DateDay & DateDay & Date    TimeTimeTimeTime    Food DescriptionFood DescriptionFood DescriptionFood Description    AmountAmountAmountAmount    

Day: ……………………  

Date: ___/___ /___ 
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DAY 3 

Day & DateDay & DateDay & DateDay & Date    TimeTimeTimeTime    Food DescriptionFood DescriptionFood DescriptionFood Description    AmountAmountAmountAmount    

Day: ……………………  

Date: ___/___ /___ 
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DAY 4 

Day & DateDay & DateDay & DateDay & Date    TimeTimeTimeTime    Food DescriptionFood DescriptionFood DescriptionFood Description    AmountAmountAmountAmount    

Day: ……………………  

Date: ___/___ /___ 

  

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

 

 

 

 

 



173 

 

 

DAY 5 

Day & DateDay & DateDay & DateDay & Date    TimeTimeTimeTime    Food DescriptionFood DescriptionFood DescriptionFood Description    AmountAmountAmountAmount    

Day: ……………………  

Date: ___/___ /___ 
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DAY 6 

Day & DateDay & DateDay & DateDay & Date    TimeTimeTimeTime    Food DescriptionFood DescriptionFood DescriptionFood Description    AmountAmountAmountAmount    

Day: ……………………  

Date: ___/___ /___ 
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DAY 7 

Day & DateDay & DateDay & DateDay & Date    TimeTimeTimeTime    Food DescriptionFood DescriptionFood DescriptionFood Description    AmountAmountAmountAmount    

Day: ……………………  

Date: ___/___ /___ 
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Appendix-VII 

                               

Diet Plan for Rheumatoid Arthritis 

 

Instructions: 

1. Drink plenty of water (10 to 15 glasses daily). 

2. Drink 1 glass of water before meal, half glass between meals and do not take a sip 

of water after meal. Drink water 1 hour after meal. 

3. Take Chicken twice a week 

4. Take fish twice a week. 

5. Take pulses and legumes twice a week. 

Meal Time Food Description Amount Calories 

Morning 6:00 
Am 

Fruits 
(apple/apricot/strawberries/peaches/

mango) 

1 bowl 80 cal 

 
Breakfast 

 
7:30 
Am 

 
Bran bread + honey / Digestive 

biscuits/ porridge + Moringa Tea 
 

2 slices/ 
2/1 plate + 

1 cup 
 

 
160+80 

 
Mid 

Morning 

 
11:00 
Am 

 
Vegetable+ chicken soup /Fruit juice 

tinda  gourd 

 
1 bowl/1 

glass 

 
110 

 
Lunch 

 
1:30 
Pm 

chapatti + vegetable gravies+  salad+ 
fruits 

(Pumpkin, tinda gourd ,bitter gourd 
,bell pepper) 

 

1+1 plate+ 
I bowl+2 

160+60+30+
160 

 
Evening       

Tea 

 
5:00 
Pm 

 
Moringa Tea + biscuits 

 

 
1 cup+2 

 
80+20 

 
Dinner 

 
7:30 
Pm 

 
chapatti + vegetable/pulses gravies 

+steamed chicken/steamed fish 
 

1+half 
plate+ 
1 pcs 

160+65+60 

 
Before 
sleep 

 
10:00 
Pm 

 
Moringa Tea 

 
1 cup 

 
80 
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6. Take 4 cups vegetables daily 

7. Take 3-4 fruits daily. 

8. Use ginger and turmeric in your gravies. 

9. Use Canola/fish/olive oil instead of ghee. 

10. Take low fat, low sodium milk. 

11. Take only one serving of milk daily. 

12. Avoid sweets and fried foods. 

13. Avoid Beverages (Pepsi, 7-up, coke, etc…) 

Foods to be avoided. 

Red meat, corn, dairy products, eggs, citrus fruits, potato, tomato, spinach, plum, 

brinjal, nuts, coffee, salt, spices, refined sugars. 

 

 

 


