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ABSTRACT 
The present exploration was an attempt to investigate the therapeutic potential of mango 
peel extract and isolated mangiferin based functional/nutraceutical drinks against lifestyle 
related disorders. For the purpose, five different mango peels namely chaunsa, anwar 
ratol, langra, dusahri and desi were nutritionally characterized followed by mangiferin 
isolation & quantification, product development and lastly the bioevaluation trial to 
evaluate resultant drinks for the management of hypercholesterolemia and hyperglycemia. 
The nutritional analysis indicated that mango peel is a good source of moisture, protein 
and minerals. Amongst tested mango peels, ethanolic extract of chaunsa exhibited the 
highest TPC (75.35±3.96 mg/100g GAE), DPPH (59.28±3.69%) and β-carotene 
(57.33±4.14%) activities however, FRAP value (7.88±0.19 mmol/100g) was maximum in 
the acetone extract of chaunsa peel. The HPLC quantification of isolated mangiferin 
showed variations from chaunsa (5.53±0.31 mg/g) to desi peel (3.19±0.17 mg/g). In case 
of solvents, ethanolic extract yielded maximum mangiferin 5.25±0.01 mg/g followed by 
acetone 4.29±0.19 mg/g and water extract 3.44±0.21 mg/g. Besides, isolated mangiferin 
from chaunsa peel had the higher DPPH (77.22±3.96%), β-carotene (74.63±3.69%) and 
FRAP (12.30±0.24 mmol/100g) activities. During product development segment, three 
types of drinks containing whole mango peel (T1), mangiferin (T2) alongside control (T0) 
were prepared for comparison purpose. The formulated drinks were subjected to 
physicochemical analysis during two month storage that imparts substantial effect on pH 
and acidity whereas total soluble solids (TSS) affected non-momentously. Sensory scores 
of the prepared functional drinks decreased with the passage of time however, the scores 
were remained within acceptable range during storage. In the bioevaluation trial, male 
sprague dawley rats were involved. Accordingly, three types of studies were designed i.e. 
study I (normal rats), study II (hypercholesterolemic rats) and study III (diabetic rats). 
The bioefficacy trial was repeated for validity of the results. The body weights of rats 
were affected significantly due to functional drinks in all studies. The mangiferin 
supplemented drink (T2) imparted maximum decrease in cholesterol level during study II 
and III by 12.85 & 12.25% and 10.01 & 9.91% whilst for LDL by 14.52 & 15.21% and 
10.21 & 11.25%, respectively (trial 1 & 2). Similarly, HDL and triglycerides levels were 
also affected momentously by the functional drinks in study II and III. The diminution in 
serum glucose and improvement in insulin level of the rats are the indicators showing the 
positive impact of mango peel polyphenols especially mangiferin based functional drink. 
In this context, mangiferin based functional drink (T2) showed better performance for 
glucose reduction 8.36 & 7.92% and 13.09 & 14.26%  however, 4.01 & 4.65% and 7.15 
& 7.98% enhancement for insulin was observed in study II & III (trial 1 & 2). 
Furthermore, glutathione level was improved and thiobarbituric acid reactive substances 
(TBARS) level was reduced by the therapeutic drinks. The normal ranges of liver and 
kidney function tests as well as hematological attributes proved the safety of resultant 
drinks. From the present investigation, it is concluded that drinks supplemented with 
mango peel polyphenols and mangiferin are effective to attenuate various metabolic 
syndromes.  
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CHAPTER 1 

INTRODUCTION 

Global nutritional scenario has motivated the researchers for the development of novel 

dietary approaches to combat various physiological threats in the vulnerable segments. 

Nutritional diversity is the vital component of food system focusing on balanced nutrition 

for holistic outcomes. The fruits and vegetables based nutraceutical/functional foods have 

enormous potential to cope with the dietary needs of target population owing to their 

innate therapeutic nature against degenerative disorders. Accordingly, the food based 

bioactive ingredients are one of the key priorities of the consumers from various 

socioeconomic communities due to their positive impact on health and longevity (Roller 

et al., 2007; Jenkins et al., 2008).  

On worldwide scale, fruits and vegetables processing industry are generating million tons 

of agro-industrial waste/byproducts per annum that not only creating a disposal problem 

but also aggravates the environmental pollution. Thus, their efficient, inexpensive and 

proper disposal is one of the fundamental prerequisites for friendly ecosystem. Industrial 

residues especially fruits/vegetables peels are concentrated source of phytonutrients that 

have acquired core attention of the processors for their extraction and maximum recovery 

(Pinelo et al., 2006; Ajila et al., 2007).   

Mango (Mangifera indica) is a popular fruit widely grown in tropical regions of the globe 

due to its sweet taste and high nutritive content (Kim et al., 2007; Palafox-Carlos et al., 

2012). Currently, mango is considered as the 5th largest produced fruit throughout the 

world. Pakistan contributes 7.6% share in the world market with production of 177 

thousand tons (Akhtar et al., 2009). The mango mainly constitutes pulp 33-70% followed 

by kernel 7-24% and peel 15-20% of the total fruit weight. Considering nutritional value, 

mango peel contains moisture, protein, ash, fibre & carbohydrates as 68.50, 2.05, 2.62, 

5.40 & 26.5%, respectively and 453.92 kJ/100g energy (Bede, 2010; Ajila et al., 2007). 

Its peel is a promising source of phytonutrients such as polyphenols, carotenoids and 

vitamin E & C. Interestingly, higher polyphenol contents are present in mango peel than 

that of pulp (Ajila et al., 2007). Similarly, some other fruits like apple and pear peels have 

higher antioxidant activity and mineral contents compared to the pulp extracts (Manzoor 

et al., 2012; Leontowicz et al., 2003). The phytonutrients of mango byproduct are 
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affected by several factors including climatic conditions, agronomic practices and varietal 

differences (Tavarini et al., 2008; Manzoor et al., 2012). 

Natural antioxidants are gaining popularity owing to their safe status and effectiveness in 

the physiological system. There is growing interest among the consumers against 

synthetic additives thereby diverting their trend towards natural counterparts (Siró et al., 

2008; Sultan et al., 2009). These compounds act as free radical scavengers, metal 

chelators, free radical chain reaction & oxidative enzyme inhibitors and antioxidant 

enzyme cofactors (Karadag et al., 2009). During normal metabolic processes, free 

radicals are generated in the body that induce cellular damage in several ways. The most 

deleterious effect of free radicals i.e. singlet oxygen is the DNA damage (Van 

Langendonckt et al., 2002; Piconi et al., 2003). Besides, oxidized low density lipoprotein 

(LDL) is one of the causative agents for the development of coronary diseases (Pardo-

Andreu et al., 2006). The diverse phenolic compounds of plant origin exhibit differential 

antioxidative activity against reactive oxygen species by scavenging hydroxyl & peroxy 

radicals and singlet oxygen quenching thereby inhibit lipid peroxidation (Severi et al., 

2009; Wang and Jiao, 2000; Singh et al., 2009).  

The physiological system of the body contains natural antioxidants that are divided into 

enzymatic and non-enzymatic groups to deal with the production of free radicals. In this 

connection, enzymatic antioxidants include superoxide dismutase, gluthathione 

peroxidise and catalase whilst β-carotene, vitamin C, vitamin E and selenium are the non-

enzymatic antioxidants (Rojas and Brewer, 2008). The scavenging ability of mango peel 

polyphenols is owing to their molecular structure and degree of hydroxylation (Moure et 

al., 2001; Huang et al., 2005). Mango peel also exhibits significantly higher amount of 

phenolics as 19.06 to 23.90 mg/g and free radical scavenging activity i.e. 93.89 to 95.08% 

(Ribeiro et al., 2008). 

Extraction is a crucial step for the recovery and purification of phytochemical from agro-

industrial byproducts (Dorta et al., 2011). The isolation of phenolic compounds from 

mango peel powder is influenced by several factors like solvent, extraction time, 

solute/solvent ratio, temperature, efficiency of mass transfer and particle size. The sample 

preparation plays an exclusive role for the quantification of phytochemicals (Zhao et al., 

2011; Haminiuk et al., 2011). Various methods are in practice to determine the 

antioxidants of mango peel powder. The frequently used assays are oxygen radical 
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absorbance capacity (ORAC), 1,1-diphenyls-2-picryl hydrazyl (DPPH) and ferric 

reducing antioxidant potential (FRAP). The measurement of total phenolics through 

spectrophotometer is a direct indicator of antioxidant capacity (Emoke et al., 2009; Ma et 

al., 2011). 

The prophylactic effects of mango peel based phytochemicals like phenolic acid, gallic 

acid, flavonoids, tocopherols, mangiferin, quercetin and kaemperol are due to their 

antioxidative and immunomodulatory properties (Choi et al., 2007; Fan et al., 2007; 

Siddhuraju, 2007). These bioactive molecules play a key role by interferring the oxidation 

process, chelating catalytic metals and scavenging oxygen in food & biological systems 

(Kim, 2005). The polyphenolic extracts of various byproducts such as mango peel, kernel 

and bark showed the occurrence of xanthone C-glycosides, gallotannins and 

benzophenones (Barreto et al., 2008; Ajila et al., 2010b). 

Mangiferin (2-β-D-glucopyranosyl-1,3,6,7-tetrahydroxy-9H-xanthen-9-one) is a xanthone 

that exhibits therapeutic potential with anti-tumor, antidiabetic, anti-inflammatory and 

antioxidant  properties. Initially, it was isolated from the leaves of M. indica and a herb 

Anemarrhena asphodeloides (Garrido et al., 2004; Carvalho et al., 2005). The 

isomangiferin and homomangiferin (mangiferin monomethyl ether) are also present with 

mangiferin in the mango leaves and twigs (Muruganandan et al., 2005) that constitute 

10% of the total phenolics (Sanchez et al., 2000). Mangiferin is an efficient iron chelator 

thereby prevents the generation of hydroxyl radical in fenton-type reactions (Matkowski 

et al., 2012).  

Mango peel mangiferin alters the liver cholesterol metabolism resulting in low cholesterol 

accumulation and reduces the incidence of coronary complications (Zern et al., 2003; 

Vinson and Jang, 2001). It inhibits lipid peroxidase by scavenging lipid alkoxy and 

peroxy radicals thus prevents from cellular lipid hydrogen damage. Alongside, it 

significantly reduces the level of serum uric acid in experimental rats. Mangiferin 

decreases urate capacity and effectively scavenges mediated O2-production, the major 

reasons to lower the uric acid in mangiferin treated rats (Leiro et al., 2003; Wang et al., 

2000). 

Gallic acid and quercetin 3-O-galactoside are also the major polyphenols in mango peel 

that have anti-mutagenic, antioxidant and anti-inflammatory activities (Rastraelli et al., 

2002; Kim et al., 2007). Earlier, Schieber et al. (2000) reported the quercetin and 
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associated glycosides in mango peel as quercetin 3-O-glucoside, quercetin 3-O-

galactoside and quercetin 3-O-xyloside. In an investigation, quercetin decreases lipid 

oxidation and increases glutathione contents thereby protects the liver from oxidative 

damage (Molina et al., 2003; Hubbard et al., 2003). 

Diabetes mellitus (DM) is a metabolic disorder growing rapidly as a consequence of 

changing dietary pattern and desk bound lifestyle (Mitra, 2007; Wang et al., 2011). For 

experimental purposes, several methods are in practice for the induction of diabetes 

however, injection of streptozotocin (STZ) is considered as one of the convenient options 

(Akbarzadeh et al., 2007). In the STZ treated rats, the concentration of insulin decreases 

rapidly after STZ-induced β-cell destruction with concomitant rise in blood glucose level 

(Cooper, 2011). The polyphenolic compounds from mango peel induce hypoglycemic 

effects in the diabetic rats. Among these antioxidants, mangiferin imparts antidiabetic 

activity by inhibiting intestinal glucose absorption and impairing glucosidase & amylase 

activity. Additionally, it has significant insulinotropic response by improving insulin 

sensitivity. Mangiferin also inhibits the nitric oxide synthase (NOS) overexpression and 

nuclear factor kappa B activation (Verrijn et al., 2012).  

The blood cholesterol management is a cardinal issue in cardiovascular disease (CVD) 

prevention. Hypercholesterolemia and LDL oxidation play key role in the onset of 

atherosclerosis and related disorders. Owing to rich phytochemistry with special reference 

to polyphenols, natural products are one of the suitable preventive measures for coronary 

care and blood cholesterol regulation. The consumption of mango peel functional 

ingredients especially mangiferin and its other antioxidant moieties are important due to 

their cholesterol lowering potential (Singh et al., 2007; Matsuura et al., 2008). The 

mangiferin has ability to lessen serum cholesterol, low density lipoprotein and 

triglycerides. Nevertheless, it is associated with the augmentation of high density 

lipoprotein and decreasing glycemic index in diabetic subjects (Erlund et al., 2004). 

Mangiferin inhibits enzymes that participate in the carbohydrates metabolism in the gut 

thereby slows down glucose absorption (Muruganandan et al., 2005). The triglycerides 

lowering ability of mangiferin contributes towards hypoglycemic activity via glucose 

fatty acid cycle. As per Randle glucose fatty acid cycle, consistent supply of plasma 

triglycerides enhances free fatty acid accessibility that impairs insulin sensitivity and 

glucose metabolism resulted in the development of hyperglycemia. Conclusively, 
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mangiferin provision facilitates glucose oxidation & utilization thereby alleviates 

hyperglycemia (Muruganandan et al., 2005). 

Hepatic enzymes like alanine amino transferase (ALT) and aspartate amino transferase 

(AST) are higher in diabeties and oxidative stress state leading to lower hepatic 

efficiency. Mango peel antioxidants prevent the necrotic injury of the liver (Van Dam et 

al., 2002). The mangiferin has higher potential as antioxidant by inhibiting lipid 

peroxidation and neutralizing the reactive oxygen species (ROS) like superoxide anion, 

hydroxyl & peroxy radicals in biological system (Severi et al., 2009). Moreover, 

bioactive polyphenols have cytoprotective effect on rat hepatocytes injury induced by 

hydrogen peroxide or carbon tetrachloride (Yao et al., 2007; Zhao and Zhang, 2011). 

The developing economies are facing the challenge of malnutrition among the masses due 

to lack of consistent supply of nutritious diet & allied healthy ingredients to combat 

various health related discrepancies. In Pakistan, several lifestyle related metabolic 

dysfunctions including diabetes, cardiovascular complications and oxidative stress have 

urged the researchers to develop effective dietary strategies to tackle the existing menace. 

In the instant exploration, mangiferin extraction from mango peel was carried out for its 

application as value added therapeutic ingredient in food system. The isolated mangiferin 

and mango peel extracts were characterized for their antioxidative potential followed by 

nutraceutical/functional drink development. Conclusively, the animal model study for the 

assessment of prophylactic impact of developed therapeutic drinks against various 

metabolic syndromes was the limelight of the investigation. The objectives set to be 

achieved are herein. 

1. To optimize the extraction efficiency of various solvents for mango peel 

polyphenols 

2. Isolation of mangiferin for the preparation of nutraceutical/functional drink 

3. To elucidate the nutraceutical perspectives of mangiferin against hyperglycemia 

and hypercholesterolemia 
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CHAPTER 2  

REVIEW OF LITERATURE 

Plants are the assembled reservoirs of essential phytonutrients considered vital for the 

wellbeing of humans since archaic epoch. Nutrition and health are the interlinked factors 

influenced by human dietary lifestyle. In this relation, enormous phytochemicals and 

allied metabolites have emerged as disease preventive agents due to their therapeutic 

potential. The health augmenting abilities of such plant derived bioactive molecules have 

promoted their supplementation for the development of designer foods to address various 

lifestyle related disorders. In this milieu, mango peel is an example of phytonutrients 

dense source with special reference to mangiferin. Numerous studies have illuminated the 

potential of mangiferin to tackle various metabolic malfunctioning owing to its promising 

antioxidative perspectives. Different bioefficacy trials have elucidated the effectiveness of 

mangiferin against hypercholes terolemia, hyperglycemia, oxidative stress and several 

oncogenic events. Considering the facts, the current exploration was planned to 

investigate the nutraceutical potential of mangiferin, isolated from the peels of various 

mango varieties against metabolic syndromes. The literature pertaining to different 

aspects of the present study has been reviewed under the following headings.  

2.1. Nutraceutical and designer foods; an overview 

2.2. Nutritional profiling of mango peel 

2.3. Mangiferin: a unique nutraceutical compound 

2.4. Extraction and isolation of mangiferin 

2.5. In vitro antioxidants estimation 

2.6. Pharmacokinetics aspects  

2.7. Mangiferin against physiological malfunctionings 

2.7.1. Oxidative stress related complications 

2.7.2. Hypercholesterolemic perspectives 

2.7.3. Hyperglycemia and insulin dysfunction 
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2.1. Nutraceutical and designer foods; an overview 

During the last few decades, the consumers interest has shifted towards the natural 

products owing to their health escalating perspectives.  Amongst various bioactive 

molecules, the phenolic compounds attained the paramount position (Butt et al., 2009). 

These secondary plants metabolites are widely distributed in different fruits and 

vegetables (Butt and Sultan, 2009). Numerous techniques are available for the extraction 

of bioactive constituents like soxhlet, microwave assisted, heat reflux extraction and 

ultrasound assisted extraction (Xiao et al. 2008). These functional ingredients are 

essential for the vitality of life as they provide protection against plethora of diseases 

(Parr and Bolwell, 2000). The health promoting potential associated with the 

consumption of fruits and vegetables motivated the researchers for the identification, 

extraction and isolation of their allied functional ingredients (Wauthoz et al. 2007). 

Firstly, Japanese scientists have promoted the concept of functional food in 1984 based 

on the relationships among nutrition, fortification, sensory satisfaction and modulation of 

physiological systems that further gained the legal status in 1991 as Foods for Specified 

Health Use (Sanders, 1998; Burdock et al., 2006). Designer foods are formed by the 

addition, alteration and modification of bioavailability of one or more food components 

and elimination of undesirable moieties through technological or biotechnological means 

(Prado et al., 2008). According to Diplock et al. (1999), food is considered as functional 

if it provides some health benefits beyond basic nutrition in the body. Additionally, these 

foods are characterized as medicinal, nutraceutical, prescriptive and therapeutic foods 

(Parr and Bolwell, 2000). Development and commerce of functional products is complex 

due to legislative and technological obstacles furthermore, consumer acceptance is also 

one of the factors affecting their production (Siro et al., 2008).  

During processing of fruits and vegetables, enormous amount of agro-waste materials are 

generated annually. These byproducts/wastes cause severe environmental problems i.e. 

water pollution, vegetation damage and unpleasant odours (Zamorano et al., 2007). 

Nevertheless, these wastes hold ample amount of bioactive constituents that motivated the 

researchers for their efficient recovery, recycling and upgradation to transform them into 

value added products. Among different fruits parts peel, stone, hull and seed are rich in 

bioactive components thereby exhibit good antioxidant activities (Soong and Barlow, 

2004; Peschel et al., 2007; Moure et al., 2006; Wolfe et al., 2003). However, peel has 
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gained special consideration due to the presence of high therapeutic polyphenols with 

easy recovery (Negro et al., 2003).  

The mango (Mangifira Indica L.) is a popular fruit originated 4000 years ago from Asia 

mainly in the Indo-Burmese region. It is a rich source of phytochemicals and nutrients i.e. 

polyphenols, carotenoids, dietary fiber and vitamin C (Fowomola, 2010). Mango plays an 

important role in maintaining the health and normal physiological functioning due to the 

presence of essential vitamins and minerals (Singh et al., 2004; Chen et al., 2005). 

Among different mango byproducts, peel is a considerable source of phytonutrients, i.e. 

polyphenols, omega-3 & -6 polyunsaturated fatty acids along with carbohydrates. 

Moreover, it provides dietary fiber and carotenoid pigments (Berardini, 2005; Ajila and 

Prasada, 2007). The byproducts of mango fruit are promising source of biologically active 

compounds that may be used for the preparation of a variety of value added commodities. 

Likewise, these byproducts enhanced water & oil retention, improved oxidative stability 

and emulsifying properties in the end product (Torres et al. 2002; Elleuch et al., 2011).  

Mango peel powder incorporation in macaroni uplifted the polyphenol concentration from 

0.46 to 1.80 mg/g alongside carotenoid as 5 to 84 μg/g. Moreover, the nutritional, 

cooking, textural and sensory properties are also improved (Ajila et al., 2010a). 

The bioactive molecules in peel performed multifarious functions such as 

hepatoprotective, anti-hemorrhagic, free radical scavenger and immunomodulatory 

activities (Abdalla et al., 2007; Nithitanakool et al., 2009). The phytochemistry of mango 

peel is dominated by gallic acid, p-coumaric acid, ellagic acid, protocatechuic acid and 

mangiferin that are present as  7.3, 20.9, 12.7, 5.4, and 4.8 mg/g, respectively (Hassan et 

al., 2007).  

Human body produces reactive oxygen species (ROS) like peroxides by using metabolic 

oxygen that initiate the cascade of different metabolic disorders like cardiovascular 

complications and various oncogenic events. In this context, mango peel phenolic halts 

the pathogenesis of oxidative stress by quenching free radicals (Gorinstein et al., 2009). 

During the storage of ready to drink (RTD) products; acidity, pH and total soluble solids 

(TSS) are the reliable tools to evaluate acceptability. Generally, pH of the RTD juice or 

drink diminishes during storage however, acidity increases whilst total soluble solids 

concentration depends upon the quantity of juice and nature of sugar. Recently, Ahmed et 
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al. (2008) evaluated the effect of storage on pH, acidity and TSS of green tea based 

functional drink. They observed a momentous decline in pH with significant enhancement 

in acidity. Nonetheless, storage imparted non-substantial differences on total soluble 

solids of functional drink. The pH decreased from 4.7 to 4.2 during two month storage. 

Likewise, 11% reduction in antioxidant concentration was noticed. Similarly, Hassan et 

al. (2007) documented a decline in pH and an increase in acidity of RTD juice during 

storage. They were of the view that decline in acidity and pH enhancement is due to citric 

and ascorbic acids breakdown.  

Hedonic response is a key indicator used to determine the acceptability and preference of 

the product through trained taste panel. Sensory evaluation is a documented method to 

characterize the foods on the basis of natural senses including smell, taste, sight etc. 

carried out by trained taste panel (Kuti et al., 2004). The sensory assessment of a product 

is correlated with consumer approach, believe and awareness (Aaron et al., 1994). The 

products containing phytochemicals need careful assessment not only to evaluate 

consumer suitability but also find their effect on specific segment of population (Gylling 

et al., 1999; Quílez et al., 2003, 2006). Considering the importance, scientists working on 

the development of functional foods are not only emphasizing on their physiological 

functionality but also paid attention towards hedonic aspects. 

2.2. Nutritional profiling of mango peel 

Fruits byproducts are the potential candidates to be explored as nutraceuticals owing to 

the presence of an array of phytonutrients. In this reference, mango fruit & peel have 

enormous antioxidative potential thus improve overall health. During the processing of 

mango, peels are rich source of antioxidative compounds, dietary fiber and pectin (Rocha 

et al., 2007; Ajila and Prasada, 2011; Berardini, 2005). Whole mango fruit comprised of 

15-20% peel portion that is enriched with different bioactive moieties like polyphenols 

with special reference to mangiferin, anthocyanins, gallic acid and querecetin thus 

imparting health promoting effect (Ajila et al., 2007; Ajila and Prasada, 2008; Berardini, 

2005). 

Regarding nutritional composition; moisture, protein, fat, crude fiber, ash and 

carbohydrate contents in different varieties of mango peel ranged from 66-75, 1.76-2.05, 

2.16-2.66, 3.28-7.40, 1.16-3.0 and 20.8-28.2%, respectively (Balasubramanian, 1999). 

The earlier findings of Siddhuraju et al. (1996) and Ajila et al. (2007) documented that 
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mango peel is a good source of dietary fiber i.e. 45 to 78%. Likewise, Palafox-Carlos et 

al. (2011) probed the mango peels of different varieties for their fiber contents. They 

observed 16-28% soluble dietary fiber (SDF), 29-50% insoluble dietary fiber (IDF) and 

45-78% of total dietary fiber (TDF).  

The research investigations of Ojokoh (2008) affirmed that mango peel contains 

significant amount of crude fat, crude protein and dietary fiber by 5.1, 6.16 and 11.2%, 

respectively. The variations in the proximate and chemical composition of mango peel are 

dependent on climatic conditions, cultivars, agronomic practices and topographical 

locations (Granfeldt et al., 1992; Palafox-Carlos et al., 2011). Similarly, mango kernel 

powder has 91, 6, 11, 4 & 2% moisture, protein, fat, crude fiber and ash, respectively. 

Moreover, phenolic compounds ranged from 109-112 mg/100 g on dry weight basis (Zein 

et al., 2005; Fowomola, 2010).  

The mango peel also contains substantial amount of minerals dominated by phosphorus 

(5.5-17.9 mg), calcium (6.1-12.8 mg) and iron (0.20-0.63 mg). Earlier, Ojokoh (2008) 

observed calcium, phosphorous and potassium contents in ripened mango peel from 145-

160, 26-35 and 190-211 mg/100g, respectively. Likewise, Burns et al. (2008) noticed 

153-167, 31-41 and 194-217 mg/100g of calcium, phosphorous and potassium, 

respectively. One of the researchers groups, documented higher amount of potassium 192 

mg/100g in mango peel followed by calcium 10-21mg/100g and phosphorous 17 

mg/100g. Earlier, Akhtar et al. (2010) explored dusehri mango cultivar for its sodium, 

potassium and calcium contents. The results showed the concentrations of these minerals 

as 6.31, 38.40 and 7.15 mg/100g, respectively. Likewise, Chojnacka et al. (2006) 

evaluated different mango varieties for their mineral contents and revelead Fe, Zn, Ni, Pb 

and Cd by 2.81, 2.34, 5.31, 1.18 and 0.20 mg/100g, respectively. 

2.3. Mangiferin: a unique nutraceutical compound 

Mangiferin (MF) is a C-glucosylxanthone (1,3,6,7-tetrahydroxyxanthone-C2-β-D-

glucoside) pharmacologically active flavonoid and a natural xanthone C-glycoside due to 

its oxygenated and heterocyclic nature. It was first isolated in 1908 as a coloring matter 

from the mango. The mango peel is a rich source of mangiferin however, also present in 

different parts like pulp, stem, bark and kernel (Andreu et al., 2005; Jagetia and 

Venkatesha, 2005). Several mangiferin isomers like isomangiferin and homomangiferin 

are regarded as potent antioxidants due to their diversity and mode of action. It is 
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pharmacologically active polyphenolic antioxidant that exhibits a wide range of 

therapeutic effects like anti-cancer, antioxidant, anti-atherosclerotic and anti-

inflammatory alongside immunomodulatory perspectives (Muruganandan et al., 2005; 

Sanchez et al., 2000 and Prasad et al., 2007).  

The mangiferin synthesis is carried out through friedel and craft reaction in which 

glycosyl donor and an electron rich aromatic compound joined through glycosidic linkage 

(Lee, 2009). In this context, aryl C-glycosylation without C-9 carbonyl function is 

required due to electron deficiency (Oyama et al., 2004; Furuta et al., 2009). Earlier, Faizi 

et al. (2006) synthesized mangiferin by the reaction of aglycone 1,3,6,7-

tetrahydroxyxanthone with R-acetobromoglucose followed by hydrolysis of the formed 

O-glycosidic linkage. 

Mangiferin is stable to enzymatic as well as acidic degradation thus acts as hydrolytically 

stable O-glucoside analogous for enzyme inhibitors (Yang et al., 2002). However, its 

metabolisim is carried out by intestinal microflora that interact with C-glucosyl bonds of 

various C-glucosides and transformed into corresponding aglycone (Li et al., 2008; Kim 

et al., 2007). Mangiferin has high bioavailability due to its chemical structure, low 

molecular weight below 500 dalton, less than 5 donor, 10 acceptor hydrogen bonds and 

log P potential. It is a potential antioxidant provides protection against cellular injury at 

low concentration alongside protecting the DNA damage. It imparts reduction in the 

localized oxygen concentration, producing phenoxy radicals, forming mangiferin metal 

complex, removing OH radicals and oxo-ferryl groups, modulating the polymer chain 

initiation reactions by halting the free radicals thus performed function as in vitro 

antioxidant.   

The antioxidant activity of phenolic compounds is affected by their chemical 

configuration. Structure activity relationships have been used as a theoretical tool to 

determine antioxidant activity (Zheng, 2001). Previously, Oyama et al. (2004) 

investigated the antioxidant activity of mangiferin from different sources. They 

documented higher antioxidant potential of mangiferin due to its iron chelating ability. 

The higher polymerization degree, purity of active compounds, nature of molecules and 

applied methods are the cardinal factors to determine the antioxidant effectiveness of a 

biomolecules. Moreover, lipophilic nature of the antioxidant, interaction & isolation 

procedures and polarity of the extracting solvent are also important (Zheng, 2001). 
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Flavonoids with 2-3 double bond in conjugation with 4-carbonyl group exhibit lower IC50 

values (indicative of stronger antioxidant activity) in microsomal system and optimize the 

phenoxyl radical-stabilizing effect of 3,4-catechol (Cholbi et al., 1991). Aglycones 

(mangiferin) are more potent antioxidants than their corresponding glycosides (Guo et al., 

2011). One of their peers, Plumb et al. (1999) reported that the antioxidant properties of 

flavonol glycosides are directly associated with the number of glycosidic moieties. Aside 

from mere presence and total number, the position and structure of the sugar play an 

important role. Different other chemical modifications like methylation and O-

glycosylation interfere with coplanarity of the B-ring with rest of the flavonoids thus 

change the overall structure of biomolecules (Bors et al., 1990). The glycosides 

bioavailability is enhanced by the addition of glucose moiety (Hollman et al., 2004). 

The earlier study of Berardini et al. (2005) indicated higher phenolic, free radical 

scavenging and ferric reducing antioxidant power of mangiferin. They evaluated the 

antioxidant activity of bark, stem, peel and seed of different mango cultivars at varying 

extraction conditions. The research outcomes elucidated phenolic capacity of mangiferin 

as 1190-1690 mg/kg higher than that of other polyphenols. Likewise, DPPH, TEAC and 

FRAP values were also detected highest for magniferin by 370, 352 and 1056 

Trolox/100g sample as compared to quercetin 3-O glucoside by 360, 319 and 756 

Trolox/100g sample.  

The previous investigation of Rajendran et al. (2008) expressed that mangiferin lowers 

the activities of electron transport chain and tricarboxylic acid (TCA) cycle key enzymes 

i.e. alpha-ketoglutarate dehydrogenase, succinate dehydrogenase, isocitrate 

dehydrogenase and malate dehydrogenase in lung cancer treated animals. The findings 

elucidated the modulatory effect of mangiferin in preventing undesirable biochemical 

changes. One of the peers, Stoilova et al. (2005) illuminated the antioxidant activity of 

alcoholic extract of mangiferin in linoleic acid/water emulsion system through 

thiobarbituric acid reactive substances and by inhibiting conjugated dienes formation 

assay. The findings of this study elucidated mangiferin as a potent antioxidant. Likewise, 

one of researchers groups, Nishigaki et al. (2007) performed an in vitro study to 

determine the effectiveness of mangiferin on human umbilical vein endothelial cells 

against glycated protein iron chelate induced toxicity. They noticed enhancement in 
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antioxidant enzymes level and decline in lipid peroxidase due to glycated protein-iron 

chelate complex formation.  

The mangiferin utilization proves beneficial against various metabolic disparities. In 

diabetic subjects, it modulates glucose metabolism moreover, ameliorates insulin 

resistance and enhances its production. During hypercholesterolemic phase, mangiferin 

causes diminishing effect on cholesterol synthesis by interfering the metabolic targets and 

prevents LDL oxidation thus alleviates lipid abnormalities. It also inhibits the expression 

of inducible nitric oxide synthase and tumor necrosis factor α (TNF- α) genes in 

experimental volunteers. In few in vitro and in vivo studies using different cancer cell 

lines have proven mangiferin effectiveness against a variety of malignancies including 

liver, colon, breast and lung (Liu, 2005). Overall, mangiferin may inhibit promotion and 

progression stages of various cancers by interfering with cell cycle regulation, signal 

transduction pathways, transcription and activating apoptosis (activation of pro-apoptotic 

genes and pro-apoptotic proteins) in neoplastic cells (Manach et al., 2005). 

2.4. Isolation and quantification of mangiferin 

Extraction is an important step in recovering and purifying phytochemicals from plant 

byproducts (González-Montelongo et al. 2010a; Daud et al. 2010). Different methods are 

employed for the extraction of biomolecules nonetheless, solvent extraction is a popular 

technique due to its ease, high recovery, low cost and better control. Among different 

solvents, ethanol, methanol, acetone and ethyl acetate are often used for the recovery of 

antioxidants from mango byproducts (Abdalla et al. 2007; Barreto et al. 2008; 

Nithitanakool et al. 2009).  

The extraction of phenolic compounds is influenced by several variables like solvent, 

agitation, extraction time, solute⁄solvent ratio, temperature, efficiency of mass transfer 

and particle size. Although, sample preparation  also plays a crucial role (Hurtado-

Fernandez et al., 2010; Zhao et al., 2011; Haminiuk et al., 2011; Yang et al., 2011). In 

this context, freezing and drying processes are often used to protect fruit sample from 

degradation and microbial attack alongside they enhance the antioxidant concentration 

(Turkben et al., 2010).  

The solvent partition method is commonly applied for the isolation of different 

nutraceutical components like theaflavin, catechins and mangiferin due to its low cost and 
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high efficiency. Accordingly, Jutiviboonsuk and Sardsaengjun, (2010) carried out solvent 

partition in order to isolate mangiferin from different mango varieties. For the purpose, 

they treated mango peel powder with different solvents like methanol, ethanol and 70% 

acetone. After filtration and rotary evaporation the resultant slurry was treated with 

petroleum ether to remove the fatty matter. Next, the aqueous layer was treated with cold 

acetone for the removal of impurities. Lastly, mangiferin was isolated by diluting water 

layer with 70% ethanol and resultant extract after concentration transformed into yellow 

color mangiferin through freeze drying.   

The importance of lyophilisation (freeze dying) is well established to obtain pure 

compounds due to its ability to remove water from various food materials thus imparts 

long term stability to the end product (Kasper and Friess, 2011). For the extraction of 

bioactive components from mango peel, polar solvents enhance their liberation whilst 

alcoholic solvents cause rupture to the cell membrane thus cause adequate extraction of 

biomolecules (Lafka et al., 2007). For the extraction and isolation of mango polyphenols, 

polar solvents i.e. ethanol, methanol, water are more efficient than their non-polar 

counterpart. However, composition of the natural product, solvent property and diverse 

structure are the cardinal factors that ensure optimum recovery (Gonz´alez-Montelongo et 

al., 2010a, 2010b). Moreover, other factors including number of extraction cycles, solvent 

to plant material ratio, contact time & temperature and extraction technique significantly 

influence the isolation of mangiferin.  

Liquid chromatography is an important separation technique carried out in the liquid 

phase where a mixture of compounds can easily be separated. Accordingly, two 

techniques such as liquid chromatography mass spectrometry (LC-MS) and HPLC are 

commonly used to extract and quantify mango peel polyphenols i.e. mangiferin 

(Wilkinson et al., 2008). The reverse phase high performance liquid chromatography 

(RP-HPLC) is a premium method used for the separation of phenolic compounds from 

mango byproducts in which the stationary phase is less polar than mobile phase. The 

stationary phase is generally made up of hydrophobic alkyl chain lengths i.e. C4, C8 and 

C18 (Guzzi, 2008). The silica-bonded C18 column is commonly used to separate phenolic 

compounds. In RP-HPLC, retention time of phenolic compounds is higher for substances 

that are less polar (mangiferin, myricetin, quercetin, kaempferol) whilst, polar molecules 

are eluted easily (gallic acid, protocatechuic acid, epigallocatechin). Due to chemical 
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complexity, polyphenol compounds in mango peel are commonly identified and 

quantified through RP-HPLC using a gradient elution instead of isocratic mode (Merken 

and Beecher, 2001; Kim and Lee, 2001). Generally, gradient elution is carried out with 

polar solvent e.g. phosphoric, acetic, formic acids and less polar solvents i.e. acetonitrile 

and methanol (Kim and Lee, 2001).  

Reverse phase high performance liquid chromatography (HPLC) methods coupled with 

various detectors including ultra voilet, UV-diode array, mass spectrometry and 

electrochemical have been developed for the quantification of mangiferin in mango peel, 

seed and kernel. Additionally, both gradient and isocratic mobile phases are in practice 

for the quantification of mangiferin & their derivatives alone and simultaneously with 

other compounds. The selection of mobile phase is mainly dependent upon the type of 

sample (Jong et al., 2006). 

In this reference, Hassan et al. (2007) investigated mango peel for polyphenolic profile 

through HPLC. They utilized C18 column, UV-vis detector and maintained the 

temperature 40 οC with 1 mL/min flow rate. The outcomes of study showed 4.8 mg/g 

mangiferin alongside other 16 phenolics compounds.  They were on the view that 

maturity stage, variety and climatic variations are the important factors that contribute to 

the peel phenolic composition.  Earlier, Rivera et al. (2006) quantified mangiferin 

through HPLC in mango peel of four different Brazilian varieties namely Haden, Tommy 

Aktin, Palmer and Uba. They noticed variations in the mangiferin contents from 2.03 to 

5.36 mg/g and inferred that varietal differences are responsible for these changes. 

Likewise one of the scientific groups, Jutiviboonsuk and Sardsaengjun (2010) carried out 

the quantification of mangiferin in different thai mango varieties namely Nam Doc Mai, 

Keow Savoey and Gaew through chromatography. They extracted the bioactive moieties 

with different solvents like methanol, ethanol and 70% acetone. The evaluation of 

resultant extracts indicated highest mangiferin in methanolic extract of Nam Doc Mai 

variety (2.80 g/100g) followed by Keow Savoey (2.40 g/100g) and Gaew (1.30 g/100g). 

However, similar varieties exhibited relatively less mangiferin in acetone and ethanolic 

extracts. Likewise, Barretto et al. (2008) documented mangiferin as 4.94 g/kg dry weight 

in mango peel after quantification through HPLC at wavelength of 278 nm.  Earlier, 

Andreu et al. (2005) investigated mangiferin contents in different mango byproducts like 



16 

 

peel, kernel and bark. The peel has the highest mangiferin 15.23 followed by kernel 8.98 

g/kg whilst the least in bark 12.33 g/kg dry weight basis.  

2.5. In vitro antioxidants estimation 

The antioxidant capacity of a bioactive compound is assessed through its ability to 

decrease the initial amount of free radicals by 50% at appropriate concentration. Mango 

polyphenols have tendency to bind metals and free radicals. In this reference, structural 

variations, number & configuration of hydroxyl bonds and degree of methylation are the 

cardinal factors. Nonetheless, different physical variables like pH of the media, time & 

temperature, solvent and polyphenol structure are essential to determine the efficiency of 

process (Prior et al., 2005).  

The antioxidant estimation is a multifaceted approach to draw irrefutable conclusions. A 

single system is not so successful to determine the activity because of complex 

interactions between bioactive moieties and food matrix (Frankel and Meyer 2000; 

Sanchez-Moreno, 2002). There are evident variations in the relative antioxidant potential 

when one model compound behaves as antioxidant and prooxidant under different 

situation. Lipophilic antioxidants are less effective than hydrophilic antioxidants in bulk 

oils, whilst showed higher activity in emulsions (Mishraa et al., 2006). The most 

frequently used methods for polyphenols estimation in mango peel are oxygen radical 

absorbance capacity (ORAC), 1,1-diphenyls-2-picryl hydrazyl (DPPH), 2,2'-azino-bis 3-

ethylbenzothiazoline-6-sulphonic acid (ABTS) and ferric ion reducing antioxidant power 

(FRAP) methods (Dineshkumar et al., 2010). However, DPPH and FRAP attained 

paramount position due to their ease, economic, accuracy and reproducibility (Makan et 

al. 2003). 

Earlier, Kim et al. (2007) evaluated the antioxidant capacity of raw and ripened mango 

peel of various varieties through total phenolic contents (TPC) estimation. The TPC was 

higher in ripened peel 90-110 mg GAE (gallic acid equivalent)/g as compared to raw 55-

85 mg GAE (gallic acid equivalent)/g dry peel. They were on the view that maturity 

stage, mango cultivar and applied methods are the key variables in this respect. Likewise, 

Larrauri et al. (1996) examined the ripened and raw peels of Hayden variety for total 

phenolic contents. Purposely, they extracted bioactive moieties through aqueous methanol 

and subjected to Folin-Ciocalteu assay. They recorded 70 mg GAE/g TPC in ripened as 

compared to 55 mg GAE/g in raw peel. Later, Nithitanakool et al. (2009) compared the 
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antioxidant potential of pomace and peels of different mango cultivars through phenolics 

estimation. The outcomes of the study indicated higher total polyphenol in peel (98.3 mg 

GAE/g) than that of pomace (68.8 mg GAE/g). 

The solvent and extraction conditions like time and temperature are the major factors 

influencing polyphenol extraction. In this context, Ajila et al. (2007) compared different 

solvents including ethanol, acetone and water with respect to total phenolics in different 

mango cultivars. During experiment, organic solvents showed better performance as 

compared to water owing to their polarity differences. Moreover, acetone extract showed 

the highest polyphenols 110 mg/g GAE as compared to ethanol 92 mg/g GAE whilst, 

water extract revealed the lowest TPC by 55.06 mg/g GAE.  Later, Ashoush et al. (2011) 

observed higher phenolic in methanol extract (19.06 trolox equivalent) as compared to 

water extract (3.06 trolox equivalent). They inferred that solvent imparts substantial effect 

on the content and composition of phenolics thus their activity may vary with solvent.  

Earlier research investigations of Maisuthisakul and Gordon (2009) highlighted the 

importance of solvent for biomolecules extraction. They observed that ethanolic extract of 

mango seed kernel (MSK) exhibited four times higher DPPH scavenging activity 

(IC50=0.56 μg/mL) as compared to MSK water extract (2.61 μg/mL). In another 

experimental, Vaghasiya and Chanda (2010) reported that acetone extract of mango seed 

kernel has higher antioxidant activity (IC50 = 11 μg mL-1) than the methanolic fraction 

(IC50=12 μg mL-1). 

One of the researchers groups, Kim et al. (2007) examined the effect of biomolecule 

concentration on free radical scavenging activity of ripened and unripened mango peels. 

They varied the concentration of unripened mango peel extract from 12.5 to 50 ug/mL 

and noticed enhancement in DPPH activity from 1.72 to 92.57%, respectively. However, 

ripened mango peel exhibited antioxidant activity at same concentrations as 3.99 to 

81.86%, respectively.  

There are several mechanistic approaches involved during free radical scavenging of 

antioxidant compounds. Accordingly, single electron transfer activity determines the 

potential of antioxidant to transfer one electron to reduce any compound including metal, 

carbonyl and radicals. Moreover, hydrogen atom transfer also delineated the capacity of 

an antioxidant to quench free radicals through hydrogen donation (Wildman et al., 2007). 
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Nonetheless, single electron transfer reactions are usually slow and require more time to 

reach completion as compared to hydrogen atom transfer (Prior, 2005).  

In another research, Ayala-Zavala et al. (2009) observed 47.97% DPPH radical 

scavenging activity of mango peel powder at concentration of 322 mg/mL. Similarly, 

Rodrigo et al. (2007) noticed higher free radical scavenging activity of mango peel 

(53.3%) followed by seed (24.2%). Similarly, anthocyanin was detected highest in 

ripened mango peel 360-565 mg/100g as compared to raw form 203-326 mg/100g (Ajila 

et al., 2007). 

Previously, Guo et al. (2011) explored the ferric reducing antioxidant potential of mango 

peel. They observed the value of 10.13 mmol/100g higher than pulp 0.38 mmol/100g. 

Mango peel indicated significant reducing power in term of FRAP. Among the different 

tropical and subtropical fruits, mango peel has higher antioxidant potential as compared 

to papaya and lemon. The antioxidant capacity of mango is also influenced by its 

genotype (Scalzo et al., 2005; Torunn et al., 2009). Furthermore, mango and its different 

by products like peel, bark, stem and seed hold rich antioxidative activity in term of β- 

carotene (Scalzo et al., 2005). Conclusively, in vitro antioxidant activity of mango peel is 

dependent on its iron-chelating and free radical scavenging properties. 

2.6. Pharmacokinetics aspects 

Globally, researchers have converged their attention towards the discovery of 

fruits/vegetables based phytonutrients with high antioxidative properties. Recently, 

healthcare professionals are also curious about the nutraceutical worth and 

pharmacokinetic facets of such bioactive moieties after consumption. The foods 

containing ample amount of polyphenols impart health benefits, usually correlated with 

their active metabolites available to the body (Manach et al., 2005; Palafox-Carlos et al., 

2011). The absorption of mango peel polyphenols takes place by passive diffusion 

transversely in the gut epithelial cells membrane. During absorption, a large number of 

polyphenols penetrate in the gut wall due to their hydrophilic nature (Manach et al., 

2005). One of the major reasons of mango peel health enhancing potential is its 

bioavailability and metabolic fate that primarily depend upon digestive immovability, 

discharge rate from the food matrix, dietary source and effectiveness of trans epithelial 

channel (Palafox-Carlos et al., 2011; Rodrigo et al., 2011; Tagliazucchi et al., 2010). 
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The mango fruit polyphenols are not evenly distributed in the peel, pulp & seeds and 

lacking in equal absorption efficiency throughout the body (Manach et al., 2005). There 

are multifarious factors including chemical structure and interaction with different 

macromolecules that interfere the release and absorption of mango peel polyphenols to 

various body organs (Palafox-Carlos et al., 2011; D’Archivio et al., 2010). Next, the 

interaction of polyphenols with fiber can lower bioavailability in the small intestine 

however, suppression of food matrix by reducing interaction between polyphenols & 

carbohydrate polymers may enhance their bioavailability (Parada and Aguilera, 2007). 

Technically, the mango peel mangiferin is embedded within food matrix that interacts 

with enzymes and proteins. Likewise, several polyphenols from mango peel are available 

to the human body through the action of intestinal & hepatic enzymes and colonic 

microflora. Further, these polyphenols are absorbed and metabolized. Approximately, 

48% of the dietary polyphenols are accessible in the small intestine whilst, 42% in the 

colon (Saura-Calixto et al., 2010). The mangiferin present in free form (aglycones) can 

conjugate in the small intestine and later in the liver by glucuronidation, methylation, 

sulphation or in combination. Conjugation reaction of bioactive molecules is generally 

carried out by different enzymes like cytosolic β-glucosidase (CBG) and lactase 

phloridizin hydrolase (LPH), positioned in the epithelial cells of the small intestine. 

Nevertheless, the catechol-O-methyltransferase (COMT), UDP glucuronosyl transferase 

(UDPGT) and phenol sulphotransferases (P-PST) are located in different body tissues 

(Scalbert and Williamson, 2000). The conjugation reaction significantly interferes with 

the metabolism of polyphenols by producing active metabolites or increasing their 

excretion rate (Scalbert and Williamson, 2000; Cano et al., 2002; D’Archivio et al., 

2010). The polyphenols that are not absorbed in the small intestine reached the colon and 

metabolized by the colonic microflora (Scalbert and Williamson, 2000; D’Archivio et al., 

2010). They further hydrolysed glycosides into aglycones followed by their degradation 

to phenolic acids (Aura et al., 2005; D’Archivio et al., 2010).  

Generally, the free form of a drug is considered pharmacologically active that can easily 

diffuse through the cell membrane. In an investigation, high performance liquid 

chromatography mass spectrophotometry (HPLC-MS) method was used to determine the 

plasma profile following oral administration of mangiferin at single doses of 0.1, 0.3 and 

0.9 g. The results elucidated maximum absorption of mangiferin at higher dose level 
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(Tagliazucchi et al., 2010). The findings of Yue et al. (2009) indicated the formation of 

complex between serum albumin & mangiferin however, the hydrophobic interaction 

dominated in the associated reaction. Later, Toutain et al. (2010) affirmed alteration in 

the metabolism of mangiferin due to its binding with serum albumin.  

2.7. Mangiferin against physiological malfunctionings  

The mangiferin exhibits various health augmenting properties required for vitality of life. 

Owing to free radical scavenging ability, it is effective to manage the health confronts 

with special reference to hypercholesterolemia and hyperglycemia. It also boosts the 

immune system through diverse pathways and controls various neurodegenerative 

disorders. The details of various aspects are described herein. 

2.7.1. Oxidative stress related complications 

During oxidative stress an imbalance between reactive oxygen species production and 

their quenching by endogenous antioxidants enzymes occurs that disturbs the normal 

removal of free radicals, generated in the living system. This situation triggers the 

abnormalities in redox potential and body capacity to tackle with obnoxious radicals 

resulting in cell damage (Butt and Sultan, 2009).  

Reactive oxygen spices (ROS) are ubiquitous in nature and generated continuously inside 

the body nevertheless, some physical factors like poor dietary habits, lack of physical 

activity, smoking and environmental pollutants may enhance their generation. The prime 

objective of diet based therapy is to improve the defense system that in turn protects the 

body from free radicals thus ensures good health and longevity. In this scenario, 

consumption of polyphenols rich diet is a suitable strategy to augment the body 

antioxidative status (Koppula et al., 2012). Sedentary lifestyle coupled with poor dietary 

habits may initiate the plethora of disorders like cardiovascular diseases, diabetic 

complications and immune malfunctionings (Bárta et al., 2006). Mango polyphenols 

especially mangiferin has capacity to provide shield against the physiological threats by 

preventing lipid peroxidation (Wong et al., 2006; Seifried et al., 2007). 

There are several routes that are involved in oxidative stress such as altered energy 

metabolism, non-specific chronic inflammation, reactive oxygen species (ROS) 

production and frequent utilization of anti-neoplastic drugs i.e. alkylating and cisplatin 

agents (Makan et al., 2003; Bakan et al., 2003). The cells have innate low molecular 
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weight enzymatic antioxidant compounds i.e. glutathione (GSH) with potential to defend 

against free radicals (Koppula et al., 2012). The glutathione peroxidase (GPx) is a 

selenoprotein, which reduces lipidic or non-lipidic hydroperoxides as well as H2O2 while 

oxidizing GSH (Koppula et al., 2012).  

In recent years, researchers are emphasizing the identification of the naturally occurring 

bioactive compounds that increase the activity of endogenous antioxidant enzyme system 

(Finkel and Holbrook, 2000).  Glutathione is synthesized by the action of glutathione 

synthetase and gamma glutamyl-cysteinyl-ligase (GCL). In mammalian cells, reduced 

glutathione (GSH) works as a prime cellular antioxidant and electron donor catalyzed by 

glutathione peroxidase (GPX) that reduces hydroperoxides into alcohols producing 

glutathione disulfide (GSSG), a substrate for glutathione reductase (GSSR). This 

nicotinamide adenine dinluetide phosphate (NADPH) dependent reaction regenerates 

glutathione, the only active form of the tripeptide. Inside cells, glutathione (GSH) is also 

consumed through direct non-enzymatic reactions involving radicals and by conjugating 

with electrophilic compounds catalyzed by glutathione transferase (Hayes and Pulford, 

1995). After a decade, Prabhu et al. (2006) explored the role of mangiferin against 

myocardial infarction (ISPH) induced by isoproterenol. The oxidative stressed animals 

were treated with mangiferin @ 200 mg/kg body weight. The ISPH synthetic 

catecholamine and beta-adrenergic agonist caused reduction in the body antioxidant 

potential of the rats after 28 days. However, concurrent intake of mangiferin uplifted the 

concentration of different antioxidant enzymes like reduced glutathione, glutathione 

transferase and catalase by 34.17, 46.85 and 52.13%, respectively.  They inferred that 

mangiferin enhances the activity of glutathione and other antioxidant enzymes by 

quenching free radicals and metal ions. 

Likewise, De-Jian et al. (2003) carried out a 28 days rodent feeding trial to estimate the 

antioxidant and lipid peroxidation protecting ability of mangiferin. They induced 

oxidative stress through free radicals followed by mangiferin provision @ 100 mg/kg 

body weight. After the study period, examined biochemical parameters showed a marked 

increase in the activity of glutathione (GSH), glutathione S-transferase (GST) and 

catalase (CAT) as 52.38, 47.81 and 93.29%, respectively with 58.37% diminish for 

thiobarbituric acid reactive substances (TBARS).  
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Later, Pardo-Andreu et al. (2006) explored the protective role of Vimang mango derived 

mangiferin against mitochondrial oxidative stressed hypercholesterolemic mouse. They 

used TBARS assay for the detection of lipid peroxidation extent through 

malondialdehyde level. The results indicated a marked decline in TBARS level of 

mangiferin treated group from 6 to 4 nmole/mg protein with 33.33% reduction.  

In an earlier exploration, Sanchez et al. (2000) probed the effectiveness of Mangifera 

indica L. stem bark extract, mangiferin and some selected antioxidants against 12-O-

tetradecanoylphorbol-13-acetate (TPA) induced oxidative damage in serum, liver and 

brain in mice. The mice were administrated with a dose of 50–250, 50 and 100 mg/kg 

body weight of Vimang extract, mangiferin and vitamin E, respectively. The provision of 

respective treatments caused 70, 44 and 17% decline in ROS as compared to control 

alongside 55-73, 37 and 40% reduction in H2O2 contents.  

In liver, carbon tetrachloride (CCl4) is accumulated in hepatic parenchyma cells and binds 

polyunsaturated fatty acids (PUFA), forming alkoxy (R•) and peroxy radicals (ROO•) 

associated with lipid peroxidation. These free radicals formed covalent bond with cellular 

protein, disrupt the cell membrane, alter the enzymatic activity and finally induce the 

hepatic necrosis (Pandit et al., 2004; Brautbar and Williams, 2002). Mangiferin exhibits 

assuaging role to CCl4 induced liver damage due to its antioxidative potential. The 

aspartate transaminase (AST), alanine transaminase (ALT) and alkaline phosphatase 

(ALP) are the sensitive indicators for the estimation of liver damage. As a result of 

hepatic injury, the disturbance in the function of hepatocytes causes leakage of enzymes 

from cells due to the altered permeability of membrane resulting in decreased AST, ALT 

and ALP concentrations in the hepatic cells whilst raised levels in the serum (Yadav and 

Dixit, 2003). However, pretreatment of mangiferin significantly prevents the 

malondialdehyde (MDA) elevation and antioxidant status depletion. It also maintains the 

cellular oxidant and antioxidant balance by decreasing the localized O2 concentration and 

generating mangiferin phenoxy radicals thus reduces free radical mediated lipid 

peroxidation (Ghosal et al., 1996). In a study, Sroka and Cisowski (2003) noticed a 

significant reduction in the concentration of liver enzymes like ALP, AST and ALT in 

rats after mango peel powder administration @ 30, 50 and 70 mg. Similarly, Rashad et al. 

(2008) and Hassan et al. (2007) observed significant decline in abnormal concentration of 

liver enzymes after mangiferin consumption. They were on the view that strong 
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antioxidative property of mango peel polyphenols halts the lipid peroxidation thereby 

ameliorates abnormal concentration of respective enzymes. 

The mechanistic role of mangiferin as an antioxidant is primarily due to its radical 

captodative activity. Moreover, it acts as lipid peroxidation inhibitor by producing 

mangiferin phenoxy and oxoferryl radicals through polymer chain initiation by interacting 

with free radicals. The resultant complex initiates the polymerization of vinylic monomer 

methylmethacrylate (MMA). The mangiferin works as chain terminator by oxidizing 

other carbon radicals resulting in low molecular weight mangiferin-Fe-PMMA 

(polymethylmethacrylate)-polymer formation. Moreover, it neutralizes the alkoxy/lipid 

peroxy radicals and maintains cellular oxidant & antioxidant balance (Ghosal et al.,1996). 

Mangiferin oxidizes Fe (II) and prevents Fe (III) reduction through ascorbates, reduces 

the provision of Fe (II) for the initiation of fenton reaction thus prevents ferrous iron 

induced lipid peroxidation in the mitochondria (Pardo et al., 2005). It stimulates Fe (III)-

dependent ascorbate oxidation and significantly inhibits 2-deoxyribose degradation by Fe 

(III)-ethylenene diamine tetra acetic acid (EDTA) or Fe (III) citrate plus ascorbate with 

EDTA as iron co-chelator. Additionally, mangiferin showed dual mechanism of 

protection against iron related oxidative damage to 2-deoxyribose and ascorbate (Zhao et 

al., 1998).  

2.7.2. Hypercholesterolemic role 

Globally, dyslipidemia is one of the major risk factors for the development of 

cardiovascular disease (CVD) associated with elevated serum total cholesterol (TC), low 

density lipoprotein (LDL) and triglycerides (TG) levels along with suppressed high 

density lipoprotein (HDL). The hypercholesterolemia plays a major role in the 

progression of atherosclerosis due to the atheromas formation after cholesterol 

accumulation in the coronary arteries (Amrita et al., 2009; Anwer et al., 2012). 

Phytochemicals from fruits and vegetables byproducts are the potential candidates that 

provide protection against cardiovascular complications. Among different phytonutrients, 

mangiferin has hypocholesterolemic and hypoglycemic perspective thus imparts 

reduction in total cholesterol, LDL and triglycerides alongside an increment in HDL 

(Prasad et al., 2007).  
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Previously, Muruganandan et al. (2005) observed that mangiferin treatment resulted 

significant reduction in atherogenic index, total cholesterol, low density lipoprotein and 

total glycerides with immediate enhancement in high density lipoprotein (HDL) level of 

rats. Earlier, Miura et al. (2001b) carried out a two weeks rodent trial to explore the 

therapeutic worth of mango polyphenols especially mangiferin against lipid 

abnormalities. During the entire trial, experimental rats were fed on mangiferin (30 

mg/kg) along with basal diet. The results regarding different lipids related parameters 

delineated that mangiferin caused 40 & 70% reduction in cholesterol and triglyceride 

levels, respectively.  

Similarly, Dey et al. (1998) and Carmen et al. (1999) observed that mango peel water 

extract imparts significant reduction in abnormal lipid levels of hypercholesterolemic rats 

as compared to placebo. Similarly, Canal et al. (2000) noticed elevation in the HDL level 

of hypercholesterolemic rats by treating with 30, 50 & 70 mg aqueous mango peel and 

leaves extracts. Various researchers groups like Ho (2003) and Seth et al. (2004) reported 

beneficial impact of mango peel powder on hypertriglyceridemic rats. They documented a 

significant decline in plasma triacylglycerol, low density lipoprotein and cholesterol 

contents whilst an enhancement in high density lipoprotein. Later, Nair and Shyamala 

Devi (2006) expressed that mangiferin significantly reduces cholesterol, triglycerides and 

free fatty acid levels in experimental volunteers. 

One of the scientific groups, Dineshkumar et al. (2010) probed mangiferin against lipid 

based abnormalities. They carried out a one month bio-efficacy trial using diabetic rats. 

The diabetes was induced by streptozotocin injection @ 65 mg/kg body weight (BW). 

They observed marked increase in LDL, cholesterol and triglyceride level of rats with 

8.51% decline in HDL. However, mangiferin consumption @ 10 & 20 mg/kg BW, 

respectively resulted significant increase 23.64 and 26.31% in HDL, respectively. 

Similarly, total cholesterol and triglycerides were reduced by 34.53 & 60.41 and 20.79 & 

19.06%, correspondingly. In a clinical trial, Aderibigbe et al. (1999) examined the 

potential of mangiferin in hypercholesterolemic rats during one month study. They 

observed 24.66 to 27.88% decline in the level of low density lipoprotein of diabetic rats 

with 10 & 20 mg/kg dose of mangiferin. Likewise, Morsy et al. (2010) also observed 

significant reduction for cholesterol, LDL and triglycerides in the Sprauge-Dawley rats 

treated with 30, 50 and 70 mg of mangiferin.  
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Guo et al. (2011) analyzed the effect of low and high doses of mangiferin administration 

i.e. 50 and 150 mg/kg, respectively on lipid profile of hamsters fed on high fat diet during 

8 weeks trial. Accordingly, hamsters were divided into four groups on the basis of diet i.e. 

control, high fat (HF), HF+mangiferin 50 mg/kg and HF+mangiferin 150 mg/kg BW. The 

group receiving maximum dose of mangiferin showed higher reduction in LDL, 

cholesterol and triglycerides concentrations compared to remaining groups. They 

concluded that mangiferin treatment upregulates liver mRNA expression of peroxisome 

PPAR-α, fatty acid translocase (CD36) and carnitine palmitoyltransferase 1 (CPT-1) 

proteins that are involved in fatty acid oxidation and metabolism. Further, it 

downregulates the expression of proteins considered essential for fatty acid synthesis as 

acetyl Co-A carboxylase (ACC) and acyl Co-A diacylglycerol acyltransferase 2 (DGAT-

2). Earlier investigations showed that mangiferin exhibits suppressive effect on serum 

lipids in diabetes as well as cardioprotective role due to its antioxidant activity (Miura et 

al., 2001; Prabhu et al., 2006 a,b). Increased level of cholesterol and TG (triglycerides) is 

associated with cardiovascular disturbances where isoproterenol promotes lipolysis in 

myocardium (Sushamakumari et al., 1990). Accelerated lipolysis and plasma free fatty 

acids (FFA) may lead to an increase in hepatic TG synthesis and secretion (Pastwa et al., 

2001).  

Polyphenols like mangiferin from different plant sources alter the hepatic cholesterol 

metabolism resulting less accumulation of cholesterol in the aorta and significantly inhibit 

atherosclerosis thus decrease the incidence of coronary diseases (Zern et al., 2003; 

Vinson and Jang, 2001). Mangiferin inhibits lipid peroxidase (LPO) due to scavenging of 

lipid peroxy and alkoxy radicals thereby prevent abstraction of hydrogen from cellular 

lipids (Ghosal et al., 1996). Elevation of low density lipoprotein (LDL) is a key event in 

the development of atherosclerosis (Chisolm et al., 2000). This disorder is triggered by 

oxidative modifications of LDL after exposure to reactive oxygen species (ROS) from 

vascular wall cells (Wilkinson et al., 2008; Lamb et al., 1992). During 

hypercholesterolemic phase, elevated expression of LDL receptor (LDLr) indicates the 

accumulation of reactive oxygen spices in mitochondrian that make the subject 

susceptible to Ca2+ induced membrane permeability transition (MPT), a state associated 

with cell death (Paim et al., 2008).  
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Mitochondria can produce large amount of ROS and plays an important role for the 

vitality of cells. Thus, mitochondrial dysfunction and oxidative damage contribute to a 

number of diseases, including atherosclerosis (Vercesi et al., 2007). Previously, it was 

reported that high cholesterol de novo synthesis caused decline in mitochondrial NADPH 

activity thus increases the probability of oxidative stress and MPT (Kowaltowski et al., 

2001). The mangiferin and its various isomers have potential to ameliorate the 

mitochondrial oxidative damage by lowering the activity of LDLr thus provide protection 

against lipid oxidation (Rodrigo et al., 2007). 

2.7.3 Diabetes mellitus and mangiferin 

The incidence of diabetes has been increased tremendously due to sedentary lifestyle, 

poor dietary habits, lack of exercise and high medication cost. According to International 

Diabetic Federation, the prevalence of diabetes among population will raise from 285 to 

438 million from the year 2010 to 2030 (IDF, 2011). Diabetes is a metabolic syndrome 

characterized by hyperglycemia and insulin resistance due to disturbance in carbohydrate 

& fat metabolism (Wild et al., 2004; Fowler et al., 2007). Conventional therapies are 

frequently in practice to curtail this menace however, addition of diet based module 

amplified their therapeutic role against the existing peril. Various herbal by products are 

in use since ancient times as a diabetic cure. In this context, mango polyphenols 

especially mangiferin is in limelight to combat hyperglycemia, hyperinsulinemia and 

immune dysfunctions owing to its strong antioxidative potential. Growing evidences have 

elucidated that mangiferin modulates different metabolic expressions alongside imparts 

positive influence on functional and structural integrity of β-cells thus manages 

hyperglycemia (van Dam et al., 2002; Steyn et al., 2008; Trojan-Rodrigues et al., 2011). 

One of the researchers groups, Sayed et al. (2011) conducted a bio-efficacy trial to 

investigate the hypoglycemic potential of mango polyphenols especially mangiferin. 

During experiment, they induce hyperglycemia in male albino rats by streptozotocin 

injection. The rats were treated with mangiferin water extract for two months and 

observed 42.02 to 51.08% reduction in glucose during two months study. Moreover, 

mangiferin administration caused marked enhancement in the insulin secretion i.e. 

32.66%. They were on the view that mangiferin imparts positive impact on fat and 

carbohydrate metabolism, regulates the insulin transporters and ultimately manages the 

reduction in glucose. Likewise, Prasad et al. (2008) observed the blood glucose lowering 
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effect of mango peel extract in streptozotocin-diabetic rats. Purposely, rats were 

administrated with mangiferin dose of 250 mg/kg BW for four weeks and observed a 

significant decline in glucose concentration i.e. 17.55%. Similarly, Miura et al. (2001b) 

recorded a significant fall in blood glucose of experimental mice after ingestion of 

mangiferin @ 30 mg/kg BW for 3 weeks.  

In a scientific exploration, (Arrowood, 1997) conducted a model feeding trial to evaluate 

the glucose lowering potential of mangiferin. The different streptozotocin doses were 

utilized to induce diabetes in Sprague Dawley rats. The diabetic rats were treated 

simultaneously with 30, 50 and 70 mg aqueous mango extract. The outcomes of study 

indicated a momentous dose dependent reduction in blood glucose level of rats. One of 

their peers, Dinesh-Kumar et al. (2010) noticed similar dose dependent glucose reduction 

in diabetic volunteers after consuming mangiferin @ 10 and 30 mg/kg BW.   

Mangiferin has ability to inhibit the activity of intracellular enzyme tyrosine phosphatase 

1B (PTP1B) and regulates the transactivation of peroxisome proliferator activated 

receptor isoforms (PPARs), consequently enhances the insulin sensitivity (Rau et al., 

2006; Hu et al., 2007). The PTP1B acts as negative regulator of insulin signaling 

pathways (Aoki and Matsuda, 2000). In this context, previous investigations of Hu et al. 

(2007) elucidated that mangiferin and its derivatives have inhibitory effect on PTP1B 

protein expression.  

The PPARα is a recognized regulator of fatty acid metabolism and often utilized in the 

treatment of hypertriglyceridemia (Berger et al., 2005a). Moreover, PPAR nuclear steroid 

hormone receptor also modulates glucose and lipid metabolism (Michalik et al., 2006). 

The reduction in the activity of PPAR is a key step to alleviate abnormalities in fatty acid 

and glucose metabolism. The research findings of Berger et al. (2005) and Wilkinson et 

al. (2008) affirmed that mangiferin and other mango polyphenolic compounds impede the 

activation of all three PPAR isoforms thus manage the abnormalities of fat and glucose 

metabolism, characteristic feature in type II diabetes. Inhibiting the activity of 

glucosidase is one of the mechanistic routes by which mango polyphenols tackle the peril 

of type II diabetes. In this regard, Prashanth et al. (2001) conducted a trial to validate the 

α-glucosidase inhibitory activity of mango polyphenols. They feed the experimental rats 

with ethanolic extract of mango peel rich in mangiferin and noticed a strong reduction in 

the concentration of enzyme. Likewise, Yoshikawa et al. (2001) also evaluated the 



28 

 

inhibitory action of mangiferin against glucosidase enzyme. The suppression in the 

activity of the enzyme causes reduction in carbohydrate breakdown and subsequently 

slower glucose absorption from the intestine.  

Numerous evidences suggest that both pancreatic and extra pancreatic mechanisms might 

be involved in the management of anti-diabetic or hypoglycemic action. According to the 

Randle’s glucose-fatty acid cycle, increased supply of plasma triglycerides could 

constitute a source of increased free fatty acid availability and oxidation that can impair 

insulin action, glucose metabolism and utilization leading to the development of 

hyperglycemia. Therefore reduction of triglycerides with mangiferin facilitates glucose 

oxidation & utilization and subsequently ameliorates hyperglycemia (Muruganandan et 

al., 2005). The mangiferin exerts anti-diabetic properties by decreasing insulin resistance 

in non-insulin dependent KK/Ay mice. The chronic administration of mangiferin 

significantly improves the oral glucose tolerance in glucose fed rats (Miura et al., 2001; 

Murruganandan et al., 2005). 

Streptozotocin induction decreases the nicotinamide-adenine dinucleotide (NAD) level in 

β-cells, causing histopathological defragmentation that initiates diabetes. In this phase, 

food & water consumption, urine excretion and glucose concentration are increased 

alongside decline in the level of insulin and C-peptide protein. The destruction of β-cells 

is the chief event responsible for these malfunctionings (Akbarzadeh et al., 2007). 

However, mangiferin provision regulates the structural and functional irregularities owing 

to its strong antioxidative, immunomodulatory and anti-inflammatory perspectives. 

Free radicals initiate the cascade of adverse reactions in diabetic phase that modifies the 

glucose functionality resulting in cellular injury, nonetheless antioxidant treatment like 

mangiferin modulates the glucose metabolism, preserves insulin utilization and improves 

insulin secretion. Moreover, its ability to reduce atherogenic index is also helpful to 

alleviate glucose malfunctionings (Muruganandan et al., 2005; Ichiki et al., 1998).  

Recently, Sarkar et al. (2004) carried out a bio-efficacy trial involving streptozotocin 

induced diabetic rats to evaluate the hypoglycemic response of mangiferin in four weeks 

trial. The mangiferin feeding at a dose of 40 mg/kg BW resulting 64.53% decline in rats 

glucose level. Moreover, insulin level was enhanced by 3 fold from 4.95±0.33 to 

12.78±0.88. Previously, Sarkar et al. (2004) observed an increase in insulin level from 

5.04±0.29 to 14.58±0.65 in diabetic rats treated with mangiferin. Later, Han et al. (2010) 
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noticed 23.37% reduction in glucose level of streptozotocin treated rats using mango 

polyphenols @ 300 mg/kg BW for a period of 14 days. Outcomes of different scientific 

explorations like Gouado et al. (2007) and Brakan et al. (2003) elucidated the 

effectiveness of mango peel polyphenols against insulin resistance. They observed 

improvement in insulin level by 33.18 and 35.43% in diabetic rats after taking 300 mg/kg 

BW dose of mangiferin at 14 and 21 days, respectively.  Similarly, Scalbert and 

Williamson, (2007) also noticed 47.29% decline in glucose level of diabetic rats due to 

mango peel polyphenols treatment.  
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CHAPTER 3 

MATERIALS AND METHODS 

The present research project was carried out in the Functional and Nutraceutical Food 

Research Section, National Institute of Food Science and Technology (NIFSAT), 

University of Agriculture, Faisalabad. The in vitro antioxidant assay was conducted in 

NIFSAT and Department of Human Nutrition, University of Glasgow, Scotland, UK. In 

the current investigation, mango peel was subjected to characterization, antioxidant 

potential estimation and mangiferin isolation. Moreover, mango peel extract and 

mangiferin based functional/nutraceutical drinks were developed and evaluated against 

selected lifestyle related disorders. Materials used and protocols followed are described 

here in;  

3.1. Materials  

Different mango varieties i.e. Chaunsa, Anwar ratol, Langra, Dusehri and Desi were 

purchased from the local fruit market. The selected varieties were subjected to washing 

followed by peeling in the Canning Hall at NIFSAT. Afterwards, the separated peels of 

each variety were oven dried at 60 °C for 1 hr and ground to form respective powder. The 

analytical and HPLC grade standards were purchased from Merck (Merck KGaA, 

Darmstadt, Germany) and Sigma-Aldrich (Sigma-Aldrich Tokyo, Japan). For efficacy 

trial, male Sprague Dawley rats were housed in the Animal Room of NIFSAT. For 

biological assay, diagnostic kits were obtained from Sigma-Aldrich, Bioassay (Bioassays 

Chemical Co. Germany) and Cayman Chemicals (Cayman Europe, Estonia).  

3.2. Characterization of mango peel  

Initially, the mango peel samples were examined for various quality traits including 

proximate & mineral analysis, polyphenols estimation and mangiferin quantification. The 

procedures followed are given below; 

3.2.1. Proximate analysis 

The respective peel samples were evaluated for moisture, crude protein, crude fat, crude 

fiber, ash and nitrogen free extract (NFE) and results are expressed on fresh weight basis.  
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3.2.1.1. Moisture content 

The moisture content in the mango peel was determined by drying sample in an air forced 

draft oven (Model: DO-1-30/02, PCSIR, Pakistan) by keeping temperature at 105±5 °C 

till constant weight according to the guidelines of AACC (2000). 

3.2.1.2. Crude protein 

The percentage of crude protein was estimated through Kjeltech Apparatus (Model: D-

40599, Behr Labor Technik, Gmbh-Germany) by adopting the protocol of AACC (2000). 

Initially, sample was digested with conc. H2SO4 and digestion mixture for 6 hr till light 

greenish color. Afterwards, 250 mL dilution of digested sample was made. The diluted 

sample was distilled by taking 10 mL of sample and 10 mL of 40% NaOH solution in 

the distillation assembly. The liberated ammonia was trapped in 2% boric acid 

solution. Lastly, distillate was titrated against 0.1 N H2SO4 till golden brown end 

point.  

3.2.1.3. Crude fat 

Crude fat contents in peel samples were estimated using hexane as solvent in Soxtec 

System (Model: H-2 1045 Extraction Unit, Hoganas, Sweden) as described in AACC 

(2000). 

3.2.1.4. Crude fiber 

The mango peel were subjected to crude fiber content determination by digesting the fat 

free samples in 1.25% H2SO4 followed by 1.25% NaOH using  Labconco Fibertech 

(Labconco Corporation Kansas, USA) following the protocol of AACC (2000).  

3.2.1.5. Total ash 

Total ash was estimated by direct incineration of dried sample in a Muffle Furnace (MF-

1/02, PCSIR, Pakistan) at 550°C after charring till grayish white residue by adopting the 

mentioned protocol of AACC (2000).  

 3.2.1.6. Nitrogen free extract (NFE) 

The nitrogen free extract was calculated according to the expression given below 

NFE % = 100 – (crude protein % + crude fat % + crude fiber % + ash %) 

 



32 

 

3.2.2. Mineral determination 

The mango peel samples were subjected to mineral composition following the method of 

AOAC (2006). Minerals like calcium, magnesium, zinc, iron and phosphorous were 

estimated by Atomic Absorption Spectrophotometer (Varian AA240, Australia), while 

sodium and potassium were determined through Flame Photometer-410 (Sherwood 

Scientific Ltd., Cambridge).  

3.2.3. Preparation of antioxidant extracts 

During the extraction of antioxidants from peel powder samples various solvents such as 

acetone, ethanol and water were used to assess their extraction efficiency (Table 1). 

Purposely, prepared samples were subjected to orbital shaker for 7 hr followed by 

centrifugation (15 min) at 7000 rpm. The resultant extracts were filtered using vacuum 

filtration assembly and solvents were recovered by Rotary Evaporator (EYELA, N-N 

series, Japan) at 40°C (Rusak et al., 2008). The extracts were evaluated for various 

antioxidant assays including total phenolic contents (TPC), β-carotene antioxidant 

activity, free radical scavenging activity by DPPH (1,1-diphenyl-2-picrylhydrazyl) 

and ferric reducing antioxidant power (FRAP) as discussed below.  

3.2.3.1. Total phenolic content (TPC)  

Total phenolic contents in the resultant extracts were estimated by Folin-Ciocalteu 

method (Singleton et al., 1999). Accordingly, 125 µL sample was taken in a test tube 

followed by the addition of 500 µL distilled water and 125 µL of Folin-Ciocalteu reagent. 

Afterwards, 1.25 mL of 7% sodium carbonate was further added.  Final volume upto 3 

mL solution was made by adding distilled water and allowed to stand for 90 min. The 

absorbance of the antioxidant extracts was measured at 765 nm using UV-vis 

spectrophotometer (CECIL CE7200). Calibration/standard curve for gallic acid was 

drawn with concentrations of 0.05, 0.10, 0.15, 0.20, 0.25 and 0.30 mg/mL.  

C=c×V/m 

C = total content of phenolic compounds in mg/g plant extract, in GAE 
c = the concentration of gallic acid calculated from the calibration curve in mg/mL 
V = the volume of extract in mL 
m = the weight of plant methanolic extract in g    
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Table 1. Treatments used for estimation of extraction efficiency 

Treatments Mango peel varieties Solvents 

T1 Chaunsa Water 

T2 Dusehri Water 

T3 Desi Water 

T4 Langhra Water 

T5 Anwar Ratool Water 

T6 Chaunsa Ethanol 

T7 Dusehri Ethanol 

T8 Desi Ethanol 

T9 Langhra Ethanol 

T10 Anwar Ratool Ethanol 

T11 Chaunsa Acetone 

T12 Dusehri Acetone 

T13 Desi Acetone 

T14 Langhra Acetone 

T15 Anwar Ratool Acetone 
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3.2.3.2. Antioxidant activity  

Antioxidant activity of the resultant extracts were evaluated using assay based on 

coupled oxidation of β -carotene and linoleic acid following the protocol of Taga et al. 

(1984). For the purpose, ß-carotene (2 mg) was dissolved in 20 mL of chloroform. 

Later, 3 mL aliquot of the solution was placed in 50 mL beaker and added 40 mg 

linoleic acid and 400 mg Tween 20. Afterwards, chloroform was removed by purging 

with nitrogen. Oxidation of ß-carotene emulsion was monitored 

spectrophotometrically by measuring absorbance at 470 nm. The results was presented 

in percent inhibition using the following expression 

In (a/b) × 1/t = sample degradation rate 
 
In = natural log 
a = initial absorbance (470 nm) at time zero 
b = absorbance (470 nm) after 40 min  
t = time (min)  
 

3.2.3.3. DPPH scavenging activity 

The free radical scavenging activity of mango peel extracts was determined according to 

the method of Brand-williams et al. (1995). For experimental, fresh methanolic solution 

of DPPH (1,1-diphenyl-2-picrylhdrazyl) was prepared before assay. Various 

concentrations of each sample (40, 80, 120, 160, 200 and 240 μg/mL) were added to 1 

mL DPPH solution. The reaction mixtures were shaken gently and allowed to stand for 30 

min at ambient temperature. The absorbance of the samples was measured at 520 nm by 

spectrophotometer.  

Reduction of absorbance (%) = [(AB - AA) / AB] × 100 

AB = absorbance of blank sample (t = 0 min) 
AA = absorbance of tested extract solution (t = 15 min) 
 

3.2.3.4. Ferric reducing antioxidant power 

Ferric reducing antioxidant power of extracts was estimated by adapting the protocol of  

Sun et al. (2010). The peel extract (0.5 mL) was mixed with phosphate buffer (1.25 mL, 

0.2 M, pH 6.6) and potassium ferricyanide (1.25 mL, 1%). After incubation, 10% TCA  

(1.25 mL) along with 0.1% ferric chloride were added in the mixture and then left at room 

temperature for 10 min. Sample absorbance was measured at 700 nm. 
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3.3. Isolation of mangiferin  

Mangiferin from mango peel extracts (Table 1) was isolated through solvent partition 

method following the guidelines of Mitra (2007). Purposely, the resultant extracts were 

first treated with petroleum ether for 6 hr to remove fatty matter followed by cold acetone 

extraction (24 hr) that separated the tannins. Lastly, the samples were subjected to 70% 

ethanol extraction (6 hr) for mangiferin isolation. The collected ethanolic fractions that 

contained mangiferin were concentrated under reduced pressure using freeze drier 

(CHIRST, Alpha 1-4 LD plus, Germany) and mangiferin was separated as a yellow color 

powder (Figure 1).  

 3.3.1. Characterization  

Isolated mangiferin was quantified through HPLC (PerkinElmer, Series 200, USA) using 

UV-visible detector (Model: HP 481) and C18 column (250 mm x 4.6 mm, 5.0 μm 

particle size). A 10 µL aliquot of sample was taken through autosampler (WISP Model 

710) and maintained the column temperature 40 oC throughout the analysis. During 

mangiferin quantification, mobile phase was composed of acetonitrile and 0.05% acetic 

acid in ratio of 90:10. The flow rate was maintained at 1 mL/min followed by 

quantification with UV/vis detector at wavelength ranged from 278 to 370 nm (Jacqueline 

et al., 2008). 

3.3.2. Mangiferin analysis 

Antioxidant profiling of mangiferin including free radical scavenging activity, β- carotene 

& linoleic acid and ferric reducing antioxidant potential were carried out by respective 

methods (Muller et al., 2011; Taga et al., 1984; Sun et al., 2010). 

3.4. Selection of best treatment 

On the basis of extraction efficiency, HPLC characterization and in vitro tests, one best 

treatment of peel extracts along with mangiferin were selected for the development of 

nutraceutical/functional drinks.  
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                                                                                                  Cold acetone treatment 

 

      Cold acetone layer  Water layer 

 

Partition with 70% ethanol 

 

        Water layer   Ethanol layer 

 

Concentrated through rotary evaporator 

 

                                                                                             Freeze drying 

 

                                                                                                 Mangiferin 

                                        

                                 Figure 1. Flow diagram for mangiferin extraction 
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3.5. Preparation of nutraceutical/functional drink 

During this segment, three types of nutraceutical/functional drinks were prepared, first 

sample (T1) contains mango peel extract while other supplemented with mangiferin (T2) 

alongside control (T0) for comparison purpose. All the treatments had same recipe except 

the presence of specific functional ingredient (Table 2). The main ingredients used for the 

preparation of functional drinks were aspartame, citric acid, sodium benzoate, carboxy 

methyl cellulose (CMC), food grade color and flavor. After processing of drinks, active 

ingredients including whole mango peel extract and isolated mangiferin were added 

individually @ 300 mg/500 mL in respective drinks considering stability of the 

ingredients. 

Table 2. Treatments used for the preparation of nutraceutical/functional drink 

Treatments Description 

T0 Control 

T1 Drink containing mango peel extract   
 

T2 Drink containing mangiferin 

3.5.1. Physicochemical analysis of functional drinks 

Functional drinks were analyzed for their total soluble solids, pH and acidity during two 

month storage at specific intervals i.e. 0, 30 and 60 days. 

3.5.1.1. Total soluble solids  

Total soluble solids of functional/nutraceutical drinks were determined by hand 

refractometer (TAMCO, Model No. 90021, Japan) and results were expressed as °Brix as 

mentioned in AOAC (2006). 

3.5.1.2. pH 

Functional drinks were taken in 50 mL beakers and pH was evaluated directly though 

calibrated pH meter (InoLab 720, Germany) adopting the guidelines of AOAC (2006). 
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3.6.1.3. Total acidity  

Total acidity of functional drinks was estimated by titrating drink samples against 0.1N 

sodium hydroxide solution to persistent pink color following the protocols of AOAC 

(2006). 

3.6. Sensory evaluation 

The prepared functional/nutraceutical drinks (T0, T1, T2) were evaluated for sensory 

response using 9-points hedonic scale ranged from extremely liking to disliking (9 = like 

extremely; 1 = dislike extremely) as mentioned in Appendix-I, following the guidelines of 

Meilgaard et al. (2007). The sensory behavior of functional drinks for various 

characteristics like color, flavor, sweetness, sourness and overall acceptability was 

assessed on monthly basis during storage. The sensory profiling was performed in the 

Sensory Evaluation Laboratory at NIFSAT, University of Agriculture Faisalabad. Each 

panelist was provided with written instructions to award scores for the developed drinks. 

During hedonic evaluation, panelists were seated in separate booths equipped with white 

fluorescent light and drinks were presented in polystyrene cups (40 mL in 120 mL cup, 

topped with transparent vented lid) labeled with random codes at room temperature. For 

enhancing the accuracy, evaluators were provided water and unsalted crackers to 

neutralize their mouth feel between samples testing. Samples were presented to the judges 

randomly to avoid any biasness and asked to rate their acceptance by assigning score for 

selected parameters. Moreover, panelists names were concealed to maintain secrecy. 

3.7. In vivo studies 

To investigate the therapeutic potential of developed functional drinks against lifestyle 

related disorders with special reference to hypercholesterolemia and hyperglycemia, a 

bioefficacy trial was conducted. For the purpose, 100 experimental rats were housed in 

the Animal Room of NIFSAT, University of Agriculture, Faisalabad. The rats were 

acclimatized by feeding basal diet for a period of one week. The environmental 

conditions as temperature (23±2 ºC) and humidity (55±5%) were maintained throughout 

the study duration with 12 hr light-dark period. At the initiation of study, some rats were 

sacrificed to establish a baseline trend. During efficacy trial, three independent studies 

were carried out involving normal, hyperglycemic and hypercholesterolemic rats (Table 

3). Each study was comprised of 30 rats, divided in three equal groups, ten in each. In 
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study I, rats were fed on normal diet whilst, in study III diabetic rats [streptozotocin 

(STZ) @ 65 mg/kg body weight] were involved relied on normal diet. However in study 

II, high cholesterol diet was given to the rats. Accordingly, control, mango peel extract 

supplemented and mangiferin based drinks were given to the respective groups (Table 3). 

During 8 weeks of efficacy trial, instantaneous administration of functional drinks was 

assured to evaluate their therapeutic effects. Physical parameters like feed & drink intakes 

and body weight were also recorded. At the end of study, the overnight fasted rats were 

decapitated and blood was collected in EDTA coated tubes. Initially, blood samples were 

tested for different hematological characteristics like red & white blood cells indices. 

Later, the collected samples were subjected to centrifugation for serum separation. The 

respective sera from each group were analyzed for different biomarkers by Microlab 300 

(Merck, Germany). The respective commercial kits were used for the estimation of 

various biochemical parameters like total cholesterol, LDL, HDL, triglycerides, glucose 

and insulin levels. Additionally, liver and kidney soundness tests were also performed to 

estimate the safety & renal modulating perspectives of functional drinks. The entire 

biological trial was repeated to validate the data. 

The details of these studies are herein; 

Table 3.  Different studies conducted in efficacy trial 

3.7.1. Study I: Normal rats 

In this study, 30 rats were divided into three homogeneous groups fed on normal diet with 

simultaneous intake of nutraceutical/functional drinks. The experimental diet (Appendix 

II) comprised of corn oil (10%), protein (10%), corn starch (66%), cellulose (10%), 

mineral (3%) and vitamin mixture (1%).  

Following similar approach, two other studies were conducted to determine the impact of 

functional drinks against respective disorders i.e. hypercholesterolemia and 

hyperglycemia in separate rodent modeling (Table 4). 

Study I                       Normal rats 

Study II                       Hypercholesterolemic rats 

Study III                       Diabetic rats 
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Study II: Hypercholestrolemic rats 

In study III, hypercholesterolemia in rats was induced by providing diet containing 1.5% 

cholesterol and cholic acid (0.5%) in order to raise their lipid profile marker. The periodic 

examination was conducted to assess the induction of hypercholesterolemia. The 

functional drinks were administrated to the rats simultaneously for evaluating their effect 

on the respective group.  

Study III: Diabetic rats 

Diabetes was induced in rats by a single intraperitoneal injection of streptozotocin (STZ) 

@ 65 mg/kg, dissolved in citrate buffer pH 4.5. Afterwards, respective functional drinks 

alongside normal diet were provided to the diabetic rats to evaluate their therapeutic role. 

 

Table 4. Diets and functional drinks plan 

Studies 

Study I Study II Study III 

Normal rats Hypercholesterolemic rat  Diabetic rats  

Groups 1 2 3 1 2 3 1 2 3 

Drinks T0 T1 T2 T0 T1 T2 T0 T1 T2 

T0:  Control   
T1:  Drink containing mango peel extract   
T2: Drink containing mangiferin 

 

3.7.2. Physical parameters 

3.7.2.1. Feed and drink intakes 

The net feed intake was recorded on daily basis by excluding spilled diet from the total 

diet. Likewise, functional drink intake of each rat was also measured daily by monitoring 

the differences in the graduated bottles (Wolf and Weidbrode, 2003). 

3.7.2.2. Body weight gain 

Weight gain of experimental rats was determined on weekly basis throughout the study 

period to evaluate any suppressing effect of functional drinks on the body weight. 
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3.7.3. Serum separation 

For serum separation, blood samples were collected in commercially available red topped 

tubes. The respective samples were allowed to clot at room temperature for 30 min. 

Further, clotted part was removed after centrifugation through Centrifugal Machine 

(Model: 800, China) @ 4000 rpm for 6 min (Uchida et al., 2001; Adkins et al., 2002). 

3.7.3.1. Serum lipid profile  

Lipid related biomarkers including cholesterol, low density lipoproteins (LDL), high 

density lipoproteins (HDL) and triglycerides (TG) were estimated by their respective 

protocols using commercial kits.  

3.7.3.2. Cholesterol 

Serum cholesterol level was determined by using CHOD–PAP method following the 

guidelines of Kim et al. (2011). 

3.7.3.3. High density lipoproteins 

High density lipoprotein (HDL) was estimated by Cholesterol Precipitant method as 

elaborated by Alshatwi et al. (2010)  

3.7.3.4. Low density lipoproteins 

Low density lipoproteins (LDL) in sera samples were recorded following the protocols of 

Kim et al. (2011). 

3.7.3.5. Triglycerides 

Triglycerides level was measured by liquid triglycerides (GPO–PAP) method (Kim et al. 

2011). 

3.7.3.6. Hypoglycemic response 

Hypoglycemic response of functional drinks was examined by measuring the serum 

glucose and insulin levels of rats. In each study, rats sera samples were monitored for 

glucose concentration by GOD-PAP method adopting the guidelines of Kim et al. (2011). 

Likewise, insulin level was estimated by following the protocol of Ahn et al. (2011). 
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3.7.3.7. Antioxidant status    

Glutathione contents were determined following the instructions of Feng et al. (2011). 

The colored product of GSH + DTNB in the protein free supernatant was recorded at 412 

nm and calculated as nmol/mg protein. Similarly, indicator of lipid peroxidation i.e. 

thiobarburic acid reactive species (TBARS) was also measured (Huang et al., 2011) 

3.7.3.8. Liver and kidney functioning tests  

Liver function tests including aspartate aminotransferase (AST), alanine aminotransferase 

(ALT) and alkaline phosphatase (ALP) were performed. The levels of AST and ALT 

were assessed by the dinitrophenylhydrazene (DNPH) method using Sigma Kits 59-50 

and 58-50, respectively whilst ALP by Alkaline Phosphates–DGKC method (Basuny, 

2009). Moreover, the urea and creatinine concentrations were also recorded by GLDH 

and Jaffe-method, respectively using commercial kits (Jacobs et al. 1996; Thomas, 1998) 

to examine the renal functionality of tested rats groups.  

3.7.3.9. Hematological aspects  

Initially, the collected blood samples were analyzed for red and white blood cells indices. 

Accordingly, red blood cells indices comprised of total red blood cells (TRBCs), 

hemoglobin (Hb), hematocrit (Ht) and mean corpuscular volume (MCV) were estimated. 

Likewise, white blood cell profiling i.e. white blood cells, lymphocytes, monocytes and 

neutrophils was carried out through Automatic Blood Analyzer (Nihon Kohden, Japan) 

following the guidelines of Caduff et al. (2011).  

3.7.3.10. Electrolytes balance 

The electrolytes Like Na, K and Ca in the tested samples were estimated by following the 

directions of Al Haj et al. (2011). 

3.8. Statistical Analysis 

The collected data were subjected to statistical analysis using completely randomized 

design (CRD) through statistical software Cohort version 6.1 (Co Stat, 2003). 

Furthermore, analysis of variance (ANOVA) technique was applied to determine the level 

of significance (Steel et al., 1997).  
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CHAPTER 4 

RESULTS AND DISCUSSION 

Dietary phytonutrients provide protection against various metabolic disparities and 

improve the overall health status. In this milieu, mango peel is a potential source of 

bioactive moieties that has ability to ameliorate various lifestyle related disorders. In 

current study, different mango peels were analyzed for compositional & nutritional assay, 

antioxidant and mangiferin isolation & quantification. During product development, three 

types of functional/nutraceutical drinks were prepared by supplementation of whole 

mango peel extract and mangiferin alongside control. Lastly, the prepared functional 

drinks were evaluated against hypercholesterolemia and diabetes through a model feeding 

trial. The results and discussion of examined parameters are elaborated herein: 

4.1. Proximate composition 

Proximate composition is important to estimate the quality of raw material. Mean squares 

in Table 5 showed that protein, fiber and ash contents varied significantly in  different 

peel samples  however, non-significant variations were noticed for moisture, fat and NFE. 

The means elucidated highest moisture in the peel of desi mango 71.38±2.05 followed by 

anwar ratol, chaunsa, langra, and dusahri as 71.01±3.91, 70.74±4.01, 69.86±5.20 and 

68.33±4.14%, respectively. Moreover, protein contents were recorded as 2.36±0.01, 

2.25±0.05, 2.20±0.04, 2.06±0.05 and 1.94±0.04% in anwar ratol, chaunsa, langra, dusahri 

and desi, correspondingly. Similarly, fat and fiber contents in respective varieties were 

2.31±0.14 & 5.01±0.25, 2.26±0.10 & 5.47±0.31, 2.25±0.17 & 4.88±0.12, 2.18±0.18 & 

4.69±0.17 and 2.11±0.12 & 4.53±0.18%. Besides, the ash contents ranged from 

2.59±0.03 (chaunsa) to 1.84±0.02% (desi), respectively. Likewise, the recorded NFE 

values for respective samples were 87.87±6.87, 87.60±3.41, 88.86±5.20, 89.09±3.85 & 

89.58±2.89, respectively (Table 6). 

The results of present investigation are in accordance with the previous findings of Ajila 

et al. (2007b). They carried out proximate profiling of different mango peels and 

observed moisture, protein, fat, fiber and ash contents in the range of 66-75, 1.76-2.05, 

2.16-2.66, 3.28-7.40, and 1.16-3.0%, respectively. Similarly, Ojokoh (2008) recorded the 

values for crude fat, crude protein and dietary fiber by 5.1, 6.16 and 11.2%, respectively. 
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Table 5. Means squares for proximate composition of different mango peels 

SOV df Moisture Protein Fat Fiber Ash NFE 

Varieties 4 3.4841NS 0.07977* 0.03024 NS 0.38481* 0.25745* 2.21124 NS 

Error 10 3.46316 0.01373 0.01526 0.05116 0.06568  0.25634 

NS=Non-significant 
*=Significant   
 

 
 
 
 
 
Table 6. Proximate composition of different mango peels 

Parameters Chaunsa Anwar ratol Langra Dusahri Desi 

Moisture 70.74±4.01 71.01±3.91 69.86±5.20 68.33±4.14 71.38±2.05 

Protein 2.25±0.05a 2.36±0.01a 2.20±0.04ab 2.06±0.05b 1.94±0.04c 

Fat 2.31±0.14 2.26±0.10 2.25±0.17 2.18±0.18 2.11±0.12 

Fiber 5.01±0.25a 5.47±0.31a 4.88±0.12ab 4.69±0.17b 4.53±0.18c 

Ash 2.59±0.03a 2.31±0.02ab 2.21±0.19b 1.98±0.12c 1.84±0.02d 

NFE 87.84±6.87 87.60±3.41 88.86±5.20 89.09±3.85 89.58±2.89 
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The variations in the proximate composition of different peel samples are due to varietal 

differences, climatic conditions, topographic locations and agronomic practices 

(Granfeldt et al., 1992; Palafox-Carlos et al., 2010). Earlier, Zein et al. (2005) reported 

77, 2, 6, 11 and 2% moisture, crude fiber, protein, fat and ash, respectively in mango 

peels. Likewise, Prasad et al. (2007) characterized mango peel and noticed protein 1.76%, 

fiber 7.4%, moisture 75.25%, fat 2.66% and ash 1.30%. 

Previously, Ashoush et al. (2011) estimated the ash, fat, protein and crude fiber contents 

of mango peel powder by 3.88, 1.23, 3.6 and 9.33%, respectively. Likewise, Chau and 

Huang (2003) observed 2.24, 2.82, 10.35 & 4.23% fat, protein, fiber & ash respectively, 

in mango peel powder. 

4.2. Mineral analysis 

Mean squares explicated significant variations in the mineral contents of different mango 

peel samples (Table 7). 

In the present case, the highest K content was observed in chaunsa (18.78±1.26 mg/100g) 

followed by desi (18.76±0.96 mg/100g), anwar ratol (17.73±1.21 mg/100g), dusahri 

(17.16±1.02 mg/100g) and langra (16.21±1.12 mg/100g). Similarly, Mg and Ca were 

recorded as 56.11±4.21 & 87.46±6.32, 54.73±3.69 & 82.72±4.18, 52.54±1.16 & 

79.81±3.85, 50.25±1.52 & 75.08±4.10 and 56.83±2.32 & 78.39±5.02 mg/100g in 

chaunsa, anwar ratol, langra, dusahri and desi mango peels, respectively. Likewise, Na 

and Cr contents were 18.07±0.85 & 0.273±0.005, 17.77±1.41 & 0.263±0.006, 17.23±1.11 

& 0.261±0.001, 16.50±1.01 & 0.256±0.003 and 17.02±0.96 & 0.258±0.004 mg/100g in 

respective peel samples, correspondingly. Moreover, maximum Cu content (0.076±0.002 

mg/100g) was noticed in anwar ratol followed by desi (0.069±0.001 mg/100g), langra 

(0.066±0.006 mg/100g) and dusahri (0.063±0.002 mg/100g), whilst minimum 

(0.056±0.003 mg/100g) in chaunsa. Additionally, Fe and Mn contents were 8.826±0.25 & 

0.043±0.005, 9.596±0.16 & 0.030±0.004, 7.896±0.21 & 0.026±0.006, 5.346±0.31 & 

0.046±0.001 and 6.510±0.21 & 0.033±0.003 mg/100g in the respective peel samples 

(Table 8). The values regarding mineral composition in the instant research are in line 

with the earlier findings of Peter et al. (2007) and Gopalan et al. (1999), they explored the 

ripend mango for calcium, phosphorous and potassium contents and observed variations 

from 145 to 160, 26 to 35, and 180 to 211 mg/100 g, respectively.   
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Table 7. Means squares for mineral contents of different mango peels 

SOV df K Mg Ca Na 

Varieties 4 0.07977* 0.03024* 3.48413** 0.38481* 

Error 10 0.01373 0.01526 3.46316 0.05116 

SOV df Cr Cu Fe Mn 

Varieties 4 0.00749* 8.900* 8.87908** 2.233* 

Error 10 0.00571 4.733 0.26019 4.867 

*=Significant 
**= Highly significant 
 

 
 
 
 
 
Table 8. Mineral profiling of different mango peels (mg/100g) 

Minerals Chaunsa Anwar ratol Langra Dusahri Desi 

K 18.78±1.26a 17.73±1.21ab 16.21±1.12c 17.16±1.02b 18.76±0.96a 

Mg 56.11±4.21a 54.73±3.69b 52.54±1.16bc 50.25±1.52c 56.83±2.32a 

Ca 87.46±6.32a 82.72±4.18ab 79.81±3.85bc 75.08±4.10c 78.39±5.02b 

Na 18.07±0.85a 17.77±1.41ab 17.23±1.11b 16.50±1.01d 17.02±0.96c 

Cr 0.273±0.005a 0.263±0.006ab 0.261±0.001b 0.256±0.003c 0.258±0.004c 

Cu 0.056±0.003d 0.076±0.002a 0.066±0.006ab 0.063±0.002b 0.069±0.001c 

Fe 8.826±0.25ab 9.596±0.16a 7.896±0.21b 5.346±0.31d 6.510±0.21c 

Mn 0.043±0.005a 0.030±0.004b 0.026±0.006c 0.046±0.001a 0.033±0.003b
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Likewise, Burns et al. (2003) also recorded calcium, phosphorous and potassium in 

mango peel that ranged from 153 to 167, 31 to 41 and 194 to 217 mg/100 g, respectively. 

In another study, Mahdavian and Somashekar (2008) reported Cd, Cr, Cu, Fe, Mn, Ni, Pb 

and Zn by 2.14, 85.71, 14.22, 189.31, 39.31, 14.06, 9.52 and 32.67 ug/g dry weight of 

mango, respectively. The results of present exploration concerning sodium, potassium 

and calcium are in harmony with the work of Akhtar et al. (2010), examined Na,  K and 

Ca contents of dusahri mango peel and compiled the values as 6.33, 38.48 and 7.18 

mg/100g, for respective minerals. The compositional variations among different peel 

samples regarding proximate and mineral assays are possibly due to varietal differences, 

soil type, environmental & climatic conditions and fruit maturity stage. 

4.3. Antioxidant extracts 

Mean squares elucidated that antioxidant indices of mango peel extracts significantly 

affected by treatments and solvents however, their interaction was non-momentous (Table 

9).  

The means for mango peel varieties (Table 10) showed that the highest TPC 75.35±3.96 

mg/100g GAE was observed in chaunsa peel followed by 68.34±2.85 mg/100g GAE 

anwar ratol, 64.95±1.89 mg/100g GAE langra, 61.89±3.85 mg/100g GAE dusahri and the 

lowest output 58.85±2.45 mg/100 g GAE in desi mango peel. Means regarding solvents 

exposed the maximum TPC in ethanol 80.17±5.16 mg/100g GAE followed by acetone 

62.28±3.12 mg/100g GAE and water extract 55.17±2.41 mg/100g GAE. 

Likewise, chaunsa peel exhibited the highest DPPH activity 59.28±3.69% than that of 

anwar ratol 57.49±1.48%, langra 53.34±2.98%, dusahri 53.20±1.45% and desi 

49.64±2.74%. The mean values for solvents showed maximum DPPH activity in 

ethanolic extract 60.42±2.41% followed by acetone 56.36±3.69% and water 46.98±2.78% 

(Table 11). The antioxidant activity β-carotene% and FRAP values for different mango 

peels i.e. chaunsa, anwar ratol, langra, dusahri & desi were 57.33±4.14% & 8.88±0.62 

mmol/100g, 54.45±3.96% & 7.80±0.45 mmol/100g, 49.12±3.10% & 7.54±0.25 

mmol/100g, 48.14±1.18% & 7.12±0.32 mmol/100g and 45.38±2.50% & 6.24±0.29 

mmol/100g. Likewise, ethanolic extract had the maximum β-carotene value 58.59±3.69% 

followed by acetone 51.98±2.11% and water extract 42.08±1.85%. In contrary, highest  

  



48 

 

Table 9. Means squares for antioxidant indices of mango peel extracts 

SOV df TPC DPPH ß-carotene FRAP 

Treatments (A) 4 624.21** 337.971** 588.339** 18.2696* 

Solvent (B) 2  2486.01** 743.764** 409.828** 0.7085** 

A x B 8     13.15 NS 7.087NS 8.956 NS 0.4888 NS 

Error 30     1.00 1.452 0.0380 2.35 

NS=Non- significant 
**=Highly significant 
 

 
 
 
 
 
 
Table 10. Total phenolic contents (mg/100g GAE) of peel extracts 

Parameters Ethanol Acetone Water Mean 

Chaunsa 87.67±4.12 71.25±3.69 67.12±2.98 75.35±3.96a 

Anwar ratol 81.09±4.85 64.29±3.01 59.63±3.41 68.34±2.85b 

Langra 79.52±4.45 60.96±3.14 54.36±2.65 64.95±1.89c 

Dusahri 77.28±4.10 58.86±3.29 49.52±2.91 61.89±3.85cd 

Desi 75.28±4.29 56.03±3.21 45.25±2.25 58.85±2.45d 

Mean 80.17±5.16a 62.28±3.12b 55.17±2.41c  
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Table 11. Free radical scavenging (DPPH %) activity of peel extracts 

Parameters Ethanol Acetone Water Mean 

Chaunsa 65.23±4.11 60.25±4.23 52.36±2.12 59.28±3.69a 

Anwar ratol 62.25±3.32 60.63±3.18 49.58±3.30 57.49±1.48ab 

Langra 60.96±3.20 54.36±3.01 44.69±2.14 53.34±2.98b 

Dusahri 58.32±2.45 54.69±2.15 46.58±2.89 53.20±1.45b 

Desi 55.35±2.25 51.89±3.29 41.69±1.35 49.64±2.74c 

Mean 60.42±2.41a 56.36±3.69b 46.98±2.78c  
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FRAP activity was noticed in acetone 7.88±0.19 mmol/100g followed by ethanol 

7.52±0.12 mmol/100g and water extract 7.13±0.21 mmol/100g (Table 12 & 13). 

The results regarding TPC contents in the current exploration are comparable with the 

findings of Kim et al. (2007). They examined the antioxidant capacity of ripend and 

unripend peels of different mango cultivars through total phenolics estimation.  They 

observed higher TPC 90-110 mg/g GAE in ripend peels as compared to raw 55-85 mg/g 

GAE on dry basis. They further expressed that TPC contents were affected by maturity 

stage, cultivar type and agronomic practices. Likewise, Barretto et al. (2008) investigated 

the polyphenolic concentration in the peels of different mango cultivars including 

Embrapa-141-Roxa, Fafa, Van Dyke, Tommy Atkins, Amrapali & Kent and noticed 

24.24, 52.28, 59.09, 25.13, 18.12 and 91.21 g/kg TPC values, respectively. One of the 

researchers groups, Nithitanakool et al. (2009) examined the antioxidant potential of 

mango peel and pomace. Purposely, they conducted polyphenolic estimation and detected 

higher value in peel 98.3 mg GAE/g as compared to pomace 68.8 mg GAE/g.  

Previously, Ajila et al. (2007b) compared different solvents like acetone, ethanol and 

water for total phenolic contents of mango peel. They were of the view that ethanol and 

acetone are more efficient than water due to their polarity differences. The recorded 

polyphenols in ethanol, acetone and water were 92.62, 90.02 and 55.05 mg GAE/g, 

respectively. Likewise in another experiment, Ajila et al. (2007b) explicated that acetone 

exhibits better affinity for mango polyphenol extraction than water and recorded 54.67, 

90.18, 100.00 and 109.70 mg/g TPC for  badami ripe, badami raw, raspuri ripe and raw, 

correspondingly.   

Earlier, Larrauri et al. (1996) probed raw and ripend peels of hayden variety for their total 

phenolic contents. They used aqueous methanol for antioxidant extraction and then 

subjected to Folin-Ciocalteu assay. They observed higher TPC contents 70 mg GAE/g in 

ripend peel as compared to 55 mg GAE/g for raw peel.  Likewise, Ueda et al. (2000) 

concluded that peel is a better source of antioxidant than pulp.  Similarly, Jung et al. 

(2008) and Liu et al. (2008) reported a correlation between antioxidant activity and type 

of solvent for mango polyphenols extraction.  The results concerning DPPH activity in 

instant study are in agreement with the outcomes of Ayala-Zavala et al. (2010). They 

evaluated the effect of different concentrations on DPPH activity of mango peel. They 

were of the view that polyphenol concentration has linear association with DPPH activity  
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Table 12. Antioxidant activity (β-carotene %) of peel extracts 

Parameters Ethanol Acetone Water Mean 

Chaunsa 63.59±5.01 59.68±4.23 48.71±2.12 57.33±4.14a 

Anwar ratol 61.68±4.30 57.12±3.01 44.56±2.45 54.45±3.96b 

Langra 57.25±2.25 49.16±3.01 40.96±2.24 49.12±3.10c 

Dusahri 55.48±2.48 48.26±2.05 40.69±1.87 48.14±1.18c 

Desi 54.96±1.78 45.68±1.15 35.51±0.96 45.38±2.50d 

Mean 58.59±3.69a 51.98±2.11b 42.08±1.85c  

 

 
 
 
 
 
Table 13. Ferric reducing antioxidant power (FRAP mmol/100g) of peel extracts 

Parameters Ethanol Acetone Water Mean 

Chaunsa 8.96±0.42 9.63±0.21 8.05±0.12 8.88±0.62a 

Anwar ratol 7.89±0.52 8.25±0.14 7.25±0.19 7.80±0.45b 

Langra 7.51±0.17 7.69±0.31 7.42±0.18 7.54±0.25c 

Dusahri 7.02±0.21 7.39±0.05 6.96±0.21 7.12±0.32d 

Desi 6.25±0.11 6.48±0.15 5.98±0.25 6.24±0.29e 

Mean 7.52±0.12b 7.88±0.19a 7.13±0.21c  
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and observed 67.97% free radical inhibition at highest polyphenolic concentration (322 

mg/mL). Previously, Ribeiro et al. (2008) observed that mango peel has higher free 

radical scavenging activity 53.3% than that of seed 24.2%.  

Later, Kim et al. (2010) investigated the effect of polyphenolic concentration on free 

radical scavenging activity. They varied the concentration of mango peel extracts 

containing bioactive moieties from 12.5 to 50 ug/ml and observed a linear association 

between DPPH activity and polyphenolic concentration as 1.72 to 92.57 and 3.99 to 

81.86% in unripend and ripend mango peel, respectively. Among the various mechanistic 

routes regarding antioxidant action of mango polyphenols, single electron transfer activity 

is promising due to its ability to donate one electron thus reduces metals, carbonyls and 

free radicals moreover, hydrogen atom transfer also helps to quench free radicals through 

hydrogen donation (Wright et al., 2001). 

The instant results regarding FRAP activity of mango peel are in accordance with the 

conclusions of Guo et al. (2003), evaluated ferric reducing antioxidant power of various 

mango byproducts i.e. peel & pulp. They observed higher FRAP value for peel 10.13 

mmol/100g as compared to pulp 0.38 mmol/100g on wet weight basis. Different scientific 

groups like Scalzo et al. (2005) and Torunn et al. (2009) documented the higher FRAP 

activity of mango peel than papaya and lemon peels. The higher ferric reducing activity 

of mango polyphenols is due to their ability to chelate metal ions and free radicals. 

Likewise, Berardini et al. (2004) evaluated the FRAP activity of mango peel water and 

ethanolic extracts. They noticed higher activity in ethanolic extract 436 µmolTrolox/100g 

in comparison to water 361 µmolTrolox/100g. In another study, Kawpoomhae et al. 

(2010) observed higher ferric reducing antioxidant power in ethanolic extract. Recently, 

Joona et al. (2013) noticed the FRAP activity in methanol extract of mango leaves as 0.85 

ug/mL. Moreover, mango byproducts i.e. peel, seed, stem and bark possess high 

antioxidant activity in term of β-carotene that ranged from 42 to 71% (Scalzo et al. 2005). 

From the above discussion, it is inferred that antioxidant indices of mango peel are 

influenced by the type of solvent and variety. Conclusively, all tested extracts exhibited 

good antioxidant ability however, ethanolic extract showed better performance as 

compared to acetone and water extracts. Amongst various mango peels, chaunsa showed 

better performance regarding polyphenol profile. 
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4.4. HPLC characterization of mangiferin 

Mean squares in Table 14 showed significant effect of treatments and solvents on the 

mangiferin concentration. However, their interactive effect exhibited non-momentous 

variations.  

The means for treatments indicated highest mangiferin in chaunsa 5.53±0.31 mg/g trailed 

by anwar ratol 4.88±0.30 mg/g, langra 4.09±0.18 mg/g and dusahri 3.97±0.23 mg/g 

whilst lowest value 3.19±0.17 mg/g was observed in desi mango peel. Considering the 

solvents, the mean mangiferin values for ethanol, acetone and water extracts were 

5.25±0.01, 4.29±0.19 and 3.44±0.21 mg/g, respectively (Table 15). 

The current results are synchronized with the explorations of Luo et al. (2012), they 

probed mango peels of different varieties i.e. LPM, ZHM and XH-2 for their mangiferin 

contents through high performance liquid chromatography. For the purpose, they utilized 

reverse phase HPLC with C18 column and noticed maximum mangiferin concentration in 

LPM (7.49 mg/g) than that of ZHM (7.34 mg/g) and XH-2 (1.04 mg/g) peels. In another 

research, Reibero et al. (2008) carried out HPLC quantification of mangiferin in four 

Brazilian mango varieties and detected the range 1.05 to 12.4 mg/kg. One of the 

researchers groups, Manthey et al. (2009) observed mangiferin as 227.4–996.1 μg/g in 

mango puree of Mexico Ataulfo cultivar. They inferred that mangiferin concentration 

depends upon the cultivar, harvesting season, maturity stage, agro climatic variations etc. 

Afterwards, Jutiviboonsuk and Sardsaengjun, (2010) quantified mangiferin from the peels 

of different Thai mango varieties including Nam Doc Mai, KeowSavoey and Gaew. They 

carried out HPLC quantification of methanol, ethanol and acetone extracts for mangiferin 

concentration and noticed the highest mangiferin (2.80 g/100g) in Nam Doc Mai followed 

by KeowSavoey (2.40 g/100g) and Gaew variety (1.30 g/100g). Regarding solvents, 

acetone showed the highest mangiferin concentration 0.66 g/100g as compared to ethanol 

and methanol by 0.15 and 0.13 g/100g, respectively. Earlier, Barretto et al. (2008) 

performed HPLC analysis of mango peel for mangiferin contents and reported its 

concentration 4.94 g/kg at 278 nm. Similarly, Barretto et al. (2008) and Pott et al. (2003) 

examined different mango byproducts including peel, kernel and bark for their mangiferin  
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Table 14. Means squares for HPLC characterization of isolated mangiferin 

SOV Df Mangiferin 

Treatments (A) 4 18.9538* 

Solvent (B) 2 14.7520** 

A x B 8 1.5451NS 

Error 30 0.9745 

NS=Non- significant 
*= Significant 
**=Highly significant 
 

 
 
 
 
 
Table 15. HPLC characterization of isolated mangiferin (mg/g) 

Parameters Ethanol Acetone Water Mean 

Chaunsa 7.21±0.15 5.23±0.15 4.15±0.19 5.53±0.31a 

Anwar ratol 6.12±0.41 4.56±0.32 3.96±0.14 4.88±0.30b 

Langra 4.63±0.15 4.12±0.39 3.51±0.18 4.09±0.18c 

Dusahri 4.33±0.11 4.02±0.24 3.56±0.11 3.97±0.23d 

Desi 3.96±0.18 3.55±0.31 2.05±0.05 3.19±0.17e 

Mean 5.25±0.01a 4.29±0.19b 3.44±0.21c  
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potential. They established that mango peel has the highest mangiferin contents 15.23 

g/kg as compared to kernel 12.33 g/kg and bark 8.98 g/kg. Likewise, they also determined 

the other isomers of mangiferin like homomangiferin in peel (0.26 g/kg), isomangiferin 

(0.79 g/kg) and mangiferin gallate in bark (1.36 g/kg dry weight). Likewise, De Silva et 

al. (2006) also revealed mangiferin in the range of 6.40 to 18.33 g/kg on dry weight basis 

in different mango byproducts i.e. peel, kernel and stem. 

4.5. Antioxidant indices of mangiferin 

Means squares (Table16) pertaining to DPPH, β-carotene and FRAP activity of isolated 

mangiferin showed that treatments and solvents imparted significant differences on these 

traits. Means for DPPH activity of mangiferin are presented in Table 17. The ethanolic 

extract showed the highest value 75.05±4.12% followed by acetone 68.67±3.25% and 

water extract 59.51±2.45%. Similarly, means regarding varieties indicated the maximum 

DPPH activity in chaunsa 77.22±3.96% trailed by anwar ratol 70.26±4.89%, langra 

64.58±2.69% and dusahri 64.90±4.12% whilst the minimum value was noticed in the peel 

of desi cultivar 61.75±3.85%. The means in Table 18 depicted that β-carotene activity 

was higher in the peel of chaunsa, anwar ratool, langra and dusahri by 74.63±3.69, 

67.27±4.12, 63.77±2.33 and 62.52±2.85%, respectively than that of desi peel 

61.64±3.69%. Among the solvents, maximum β-carotene activity was reported in acetone 

(71.49±3.65%) followed by ethanol (65.25±2.85%) and water (61.14±3.87%), 

correspondingly. 

The FRAP values of the peels of chaunsa, anwar ratol, langra, dusahri and desi were 

12.30±0.24, 10.56±0.32, 10.46±0.18, 10.26±0.32 and 8.33±0.24 mmol/100g, 

respectively. Likewise, the recorded FRAP values in ethanol acetone and water extracts 

were 12.02±0.28, 9.41±0.48 & 8.39±0.57 mmol/100g in respective manner (Table 19).   

The higher DPPH and FRAP values of isolated mangiferin are in agreement with the 

earlier findings of Crozier et al. (2009), they probed the antioxidant potential of  

mangiferin in terms of  free radical scavenging activity and ferric reducing antioxidant 

power. The DPPH and FRAP values of the tested compounds have linear association with 

polyphenols and they observed 55 to 68.03% DPPH activity and 7.03 to 13.02 

mmol/100g FRAP at the concentration range of 10 to 50μmol/L. They expressed that 



56 

 

Table 16. Means squares for different antioxidant indices of isolated mangiferin 

SOV df DPPH ß- carotene FRAP 

Treatments (A) 4 724.342** 429.711** 322.984* 

Solvent (B) 2 889.870** 978.020** 257.787** 

A x B 8 9.459NS 6.214 NS 211.173NS 

Error 30 1.090 1.583 225.489 

NS=Non- significant 
**=Highly significant 
 

 
 
 
 
 
 
 
 
Table 17. Free radical scavenging (DPPH %) activity of isolated mangiferin 

Parameters Ethanol Acetone Water Mean 

Chaunsa 83.20±6.01 78.21±4.23 70.26±4.12 77.22±3.96a 

Anwar ratol 80.41±3.32 70.52±3.96 59.85±3.80 70.26±4.89b 

Langra 72.15±4.20 64.25±4.01 57.33±2.14 64.58±2.69c 

Dusahri 71.23±5.15 67.23±2.25 56.25±4.25 64.90±4.12c 

Desi 68.18±3.56 63.18±2.25 53.89±3.28 61.75±3.85d 

Mean 75.05±4.12a  68.67±3.25b 59.51±2.45c  
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Table 18. Antioxidant activity (β-carotene %) of isolated mangiferin  

Parameters Ethanol Acetone Water Mean 

Chaunsa 75.1±4.23 80.19±5.65 68.52±3.12 74.63±3.69a 

Anwar ratol 66.45±2.01 73.25±2.60 62.12±4.30 67.27±4.12ab 

Langra 62.23±4.01 70.96±2.25 58.12±2.14 63.77±2.33b 

Dusahri 62.25±4.20 66.12±4.15 59.18±2.90 62.52±2.85bc 

Desi 60.18±3.25 66.96±1.89 57.78±1.25 61.64±3.69c 

Mean 65.25±2.85b 71.49±3.65a 61.14±3.87c  

 

 
 
 
 
 
 
 
 
Table 19. Ferric reducing antioxidant power (FRAP mmol/100g) of isolated 
mangiferin          

Parameters Ethanol Acetone Water Mean 

Chaunsa 14.25±0.96 12.41±0.41 10.25±0.12 12.30±0.24a 

Anwar ratol 12.42±0.45 11.05±0.52 8.21±0.45 10.56±0.32ab 

Langra 12.02±0.59 11.25±0.32 8.12±0.36 10.46±0.18b 

Dusahri 11.96±0.48 10.47±0.49 8.35±0.38 10.26±0.32c 

Desi 9.45±0.69 8.52±0.41 7.02±0.25 8.33±0.24d 

Mean 12.02±0.28a 9.41±0.48b 8.39±0.57c  
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isolation procedures and solvent polarity are the factors of prime importance. Similarly, 

Rao and Gianfreda (2000) noticed higher antioxidant activity in poly-aromatic 

polyphenolic compounds including mangiferin that are affected by several factors i.e. 

resonance energy, delocalisation of the phenoxy radical, O-H bond dissociation and steric 

hindrance. In another research, Amin and Mulhizah (2006) observed significant 

differences in the antioxidant activity (β-carotene) of methanolic and water extract of 

mango polyphenol by 58 and 20%, respectively. Previously, Ajila et al. (2007)  

polyphenols purity, concentration and freedom from interacting compounds are the 

cardinal factors that enhance antioxidant capacity of bioactive moieties. 

Later, Vaghasiya and Chanda (2010) observed low IC50 value (11 μg/mL) for acetone 

extract of mangiferin than water extract (12 μg/mL) thus proved the higher antioxidative 

potential of mangiferin due to its purity and concentration. Previously, Abdalla et al. 

(2007) highlighted the factors that affect the antioxidant activity of bioactive molecules. 

In this context, extraction procedure, nature of the molecules, interaction behavior 

investigated the effect of variety on the DPPH activity of the polyphenols. They extracted 

mangiferin from raspuri & badami ripe and unripe mango peels and noticed lower IC50 

values for raspuri peel from 1.83 to 1.98 than that of badami peel by 3.67 to 4.54 ug/g 

GAE.   

Previously, Guo et al. (2003) documented the value 10.13 mmol/100g for ferric reducing 

antioxidant power of mangiferin. One of the researchers groups, Kim et al. (2010) 

evaluated the effect of mangiferin concentration on free radical scavenging activity. They 

observed that DPPH value varied from 1.72 to 92.57% at mangiferin concentrations 12.5 

to 50 ug/mL.  

The reaction of catechol moiety with 6,7-dihydroxylated structure alongside number of 

hydroxyl groups in side chain are responsible for the free radical scavenging activity of  

mangiferin (Sato et al., 1992). Later, Kano et al. (2005) estimated the concentration-

response curves for the DPPH scavenging activity of mangiferin. They reported IC50 

values for mangiferin and ascorbic acid as 55.90 and 13.74%, respectively. Previously, 

Dar et al. (2005) observed the DPPH scavenging activity of mangiferin water extract as 

50.21±3.11%. 
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Masibo and He (2008) & Ghosal and Rao (1996) reported that mangiferin performs 

antioxidant action by decreasing the localized O2 concentration, generating mangiferin 

phenoxy radicals and binding metal ions (Fe 2+/3+) in the form of mangiferin-iron 

complex.  Moreover, mangiferin regulates polymer chain reaction, production of feebly 

reactive oxo-ferryl radical, neutralizing alkoxy radicals and maintains cellular oxidation-

antioxidant balance. Decisively, the isolated mangiferin showed higher antioxidant due to 

the presence of more hydroxyl groups and catechol moiety. Additionally, the ability to 

form a complex with metal ion further advocates its antioxidant capacity.  

4.6. Functional/nutraceutical drink analysis 

Mean squares (Table 20) indicated non-significant effect of treatments on the acidity, pH 

and TSS of the resultant drinks whereas, storage significantly affected these parameters 

except for TSS. The acidity in functional/nutraceutical drinks including T0, T1 and T2 was 

observed as 0.176±0.001, 0.173±0.002 & 0.170±0.004%, respectively. However, storage 

caused a significant enhancement in acidity from 0.161±0.001 to 0.187±0.005% at 0 and 

60th day, correspondingly (Table 21). Likewise, the recorded pH of drinks i.e.T0, T1 and 

T2 was 4.58±0.04, 4.56±0.06 & 4.57±0.05, respectively. During storage, pH momentously 

decreased from 4.67±0.10 to 4.45±0.09 (Table 22). The total soluble solids (TSS) of the 

functional drinks T0, T1 and T2 were 1.77±0.07, 1.78±0.06 and 1.80±0.04, respectively. 

Likewise, storage also revealed non-significant decline in TSS and observed values at 0 

and 60th days were 1.80±0.05 and 1.77±0.08, respectively (Table 23). The possible 

mechanism behind decline in pH with increased acidity is due to the citric acid 

breakdown in drinks while, the acidic nature of added artificial sweetner may alter the 

acidity during storage. The current results regarding acidity, pH and TSS of functional 

drinks are in harmony with the findings of Omodamiro et al. (2012), they observed a 

declining trend in pH and elevation in acidity of the functional drinks during storage. 

Previously, Ayub et al. (2010) documented that storage intervals impart momentous 

effect on the acidity of juice stored under ambient conditions. They observed variations in 

acidity of strawberry juice from 1.59 to 2.14% after 3 months storage. One of their peers, 

Hussain et al. (2003) delineated a non-substantial increase in total soluble solids of apple 

and apricot blend.  

Similarly, Majumdar et al. (2010) prepared a polyphenolic enriched functional beverage 

with gourd-basil leaves extract and noticed an inverse association between acidity and pH  
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Table 20. Mean squares for acidity, pH and TSS of functional drinks 

SOV df Acidity pH TSS 

Treatments (A) 2 0.00154 NS 0.11937NS 0.00267 NS 

Days (B) 2 0.00008** 0.00090 ** 0.00170NS 

A x B 4 0.00002 NS 0.00605 NS 0.00003 NS 

Error 18 0.00001 0.00852 0.00146 

NS=Non- significant 
*= Significant 
**=Highly significant 
 

 
 
 
 
 
 
 
 
Table 21. Effect of treatments and storage on acidity (%) of functional drinks 

Storage 
intervals 

(days) 

Treatments 
 

Means 

T0 T1 T2 

0 0.163±0.001 0.160±0.005 0.162±0.005 0.161±0.001c 

30 0.175±0.003 0.168±0.001 0.166±0.003 0.169±0.003b 

60 0.190±0.002 0.188±0.004 0.183±0.006 0.187±0.005a 

Means 0.176±0.001 0.173±0.002 0.170±0.004  

T0= Control  

T1=Drink containing mango peel extract 
T2=Drink containing mangiferin 
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Table 22. Effect of treatments and storage on pH of functional drinks 

Storage 
intervals 

(days) 

Treatments 
 

Means 

T0 T1 T2 

0 4.71±0.21 4.65±0.32 4.66±0.30 4.67±0.10a 

30 4.64±0.30 4.59±0.21 4.58±0.25 4.60±0.07a 

60 4.40±0.15 4.46±0.14 4.49±0.17 4.45±0.09b 

Means 4.58±0.04 4.56±0.06 4.57±0.05  

 

 
 
 
 
 
 
 
 
Table 23. Effect of treatments and storage on TSS of functional drinks 

Storage 
intervals 

(days) 

Treatments 
 

Means 

T0 T1 T2 

0 1.79±0.02 1.80±0.03 1.82±0.05 1.80±0.05 

30 1.78±0.01 1.79±0.01 1.81±0.04 1.79±0.06 

60 1.75±0.08 1.77±0.04 1.79±0.05 1.77±0.08 

Means 1.77±0.07 1.78±0.06 1.80±0.04  

T0= Control  

T1=Drink containing mango peel extract 
T2=Drink containing mangiferin 
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during storage with increase in TSS from 11.32 to 11.50% after 6 months storage. One of 

the researchers groups, Dhaliwal and Hira (2004) also reported a decline in pH and 

elevation in the acidity of polyphenolic beverage as a function of storage.  Earlier, 

Majumdar et al. (2008) observed significant incline in acidity from 0.25 to 0.36 g/100ml 

in cucumber-basil juice during storage. Previously, Krishnaveni et al. (2001) observed 

slight changes in acidity from 0.25-0.27% of jackfruit based beverage. They inferred that 

enhancement in acidity and reductions in pH are due to breakdown of carbohydrates by 

the action of microorganisms that produce acids in the drink. One of the researchers 

groups, Saron et al. (2007) evaluated the effect of storage on acidity, pH and total soluble 

solids of polyphenol supplemented drinks. They recorded increasing trend for TSS 

probably due to loss in moisture content whilst, acidity and pH have inverse correlation 

with storage. In this reference, Nunes et al. (1995) observed an elevation in acidity of 

strawberry juice after two month storage due to the breakdown of pectin into pectenic 

acid. Likewise, Riaz et al. (1988) documented reduction in pH during storage from 4.7 to 

4.2 in fruit juices. Supraditareporn and Pinthong (2012) also noticed a decline in pH and 

increment in the acidity of orange juice subjected to storage. Recently, Rossana et al. 

(2012) also observed an inverse relation between acidity and pH of yogurt-based drink 

supplemented with cereals and grapes during 30 days. One of their peers, Ahmad et al. 

(2012), explicated an inverse correlation between acidity and pH of the polyphenol 

enriched functional drink during storage. They noticed significant increase in acidity from 

0.14±0.003 to 0.21±0.006% from 0 to 60th day however treatments exerted non-

significant differences. Similarly, pH decreased from 4.7 to 4.2 during storage. 

4.7. Sensory evaluation 

Means squares in Table 24 showed that all of the sensory attributes affected non-

significantly with treatments however, storage intervals imparted substantial differences 

except for flavor. 

Means for color scores (Table 25) indicated non-substantial variations from 7.50±0.03 to 

7.59±0.06 in T0 and T2, respectively. Likewise, storage showed momentous decline in 

color scores from 7.70±0.01 at 0 day to 7.38±0.03 at 60th day. Statistical interpretation 

elucidated that flavor was affected non-significantly by treatments and storage. The 

maximum flavor scores were recorded in T1 7.62±0.06 followed by T2 7.61±0.04 and T0 

7.58±0.02 (Table 26). The assigned scores for flavor at 0 and 60th days were 7.66±0.02 &  
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Table 24. Mean squares for sensory evaluation of functional drinks 

SOV df Color Flavor Sweetness Sourness 
Overall 
Acceptability 

Treatments (A) 2 0.01749 NS 0.00127NS 0.00930 NS 0.02187 NS 0.02312NS 

Days (B) 2 0.23250* 0.02960NS 0.09513* 0.05951* 0.21803* 

A x B 4 0.00166 NS 0.00080NS 0.00456 NS 0.00391 NS 0.00341NS 

Error 18 0.02232 0.01992NS   0.02010 0.02064 0.01762NS 

 

 
 
 
 
 
 
 
 
Table 25. Effect of storage and treatments on the color 

Storage 
intervals 

(days) 

Treatments 
 

Means 
T0 T1 T2 

0 7.68±0.01 7.70±0.04 7.72±0.03 7.70±0.01a 

30 7.52±0.03 7.58±0.01 7.62±0.02  7.57±0.02ab 

60 7.32±0.02 7.38±0.05 7.45±0.07 7.38±0.03b 

Means 7.50±0.03 7.55±0.05 7.59±0.06  

T0= Control  

T1=Drink containing mango peel extract 
T2=Drink containing mangiferin 
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7.55±0.05, respectively. The sweetness differed non-significantly in treatment T0, T1 and 

T2 as 7.34±0.05, 7.39±0.02 & 7.43±0.03, respectively. A significant declining trend was 

noticed for sweetness (Table 27), at the initiation, recorded scores were 7.52±0.02 that 

decreased to 7.26±0.05 at the termination of study.  

Likewise, sourness varied non-substantially among the functional drinks T0, T1 and T2 as 

7.54±0.04, 7.56±0.01 and 7.58±0.03, in respective drinks.  However during storage, 

scores for sourness decreased significantly from 7.70±0.01 to 7.45±0.04 at the initiation 

till the termination of trial (Table 28).  

The observed scores for overall acceptability in functional/nutraceutical drinks T0, T1 and 

T2 were 7.50±0.03, 7.55±0.04 and 7.59±0.02, respectively. Nevertheless, 60 days storage 

resulted a significant reduction in overall acceptability scores from 7.67±0.05 to 

7.37±0.08 (Table 29). 

The current findings regarding sensory response are in harmony with the conclusions of 

Ahmad et al. (2012), investigated the hedonic response of polyphenol enriched functional 

beverage (green cool) during storage. They prepared three types of drinks with varying 

concentration of green tea functional ingredients alongside control and stored for two 

months. There was observed non-significant differences in sensory traits including color, 

flavor, sourness and overall acceptability with treatments however, storage caused 

significant decline in the sweetness level of the drinks. One of their peers, Mishra et al. 

(2012) reported decline in the flavor and overall acceptability scores of ascorbic acid 

supplemented functional drinks as a function of storage. Previously, Aziah and Komathi 

(2009) carried out a trial to assess the effect of mango peel supplementation on the 

sensory profile of biscuits. They supplemented flour with different concentrations of 

mango peel powder and observed darkening of biscuits due to their strong coloring 

ability. They also noticed a significant decline in color, flavor, texture and overall 

acceptability scores during storage. Earlier, Ajila et al. (2007) and Ribeiro et al. (2008) 

deduced that mango peel powder (MPP) addition improves the taste and flavor profile of 

biscuits. 

Some other scientists like Ahmad et al. (2012), Ahmed et al. (2008) & Jan and Masih 

(2012) are of the view that sweetness of the functional beverage is decreased whilst, 

sourness increased during storage due to the breakdown of acidic compounds, their notion  
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Table 26. Effect of storage and treatments on the flavor 

Storage 
intervals 

(days) 

Treatments 
 

Means 

T0 T1 T2 

0 7.65±0.03 7.68±0.06 7.66±0.07 7.66±0.02 

30 7.58±0.02 7.62±0.03 7.60±0.01 7.60±0.04 

60 7.52±0.05 7.55±0.02 7.58±0.03 7.55±0.05 

Means 7.58±0.02 7.62±0.06 7.61±0.04  

 

 
 
 
 
 
 
 
 
Table 27. Effect of storage and treatments on the sweetness of the drinks 

Storage 
intervals 

(days) 

Treatments 
 

Means 

T0 T1 T2 

0 7.52±0.01 7.55±0.06 7.50±0.01 7.52±0.02a 

30 7.31±0.03 7.38±0.05 7.40±0.02 7.36±0.06b 

60 7.20±0.06 7.26±0.02 7.32±0.04 7.26±0.05b 

Means 7.34±0.05 7.39±0.02 7.43±0.03  

T0= control  

T1=Drink containing mango peel extract 
T2=Drink containing mangiferin 
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Table 28. Effect of treatments and storage on sourness 

Storage 
intervals 

(days) 

Treatments 
 

Means 

T0 T1 T2 

0 7.72±0.03 7.68±0.02 7.70±0.04 7.70±0.01a 

30 7.50±0.05 7.54±0.04 7.56±0.02 7.63±0.06a 

60 7.40±0.01 7.46±0.03 7.49±0.06 7.45±0.04b 

Means 7.54±0.04 7.56±0.02 7.58±0.03  

 

 
 
 
 
 
 
 
 
Table 29. Effect of storage and treatments on the overall acceptability 

Storage 
intervals 

(days) 

Treatments 
 

Means 

T0 T1 T2 

0 7.66±0.09 7.65±0.07 7.70±0.03 7.67±0.05a 

30 7.52±0.02 7.60±0.03 7.66±0.01 7.59±0.06a 

60 7.30±0.06 7.40±0.05 7.42±0.08 7.37±0.08b 

Means 7.50±0.03 7.55±0.04 7.59±0.02  

T0= control  

T1=Drink containing mango peel extract 
T2=Drink containing mangiferin 

 

 

 

 



67 

 

is also supporting the instant results. Moreover, nature of functional ingredients is also a 

key factor in this regard. Previously, Manzano et al. (1997) compared the sensory 

characteristics of dusheri and chaunsa mango varieties after heat treatment. They 

observed that acidity was increased with the passage of time that influenced the flavor of 

the product. They found that chaunsa mango exhibited better hedonic response. Another 

factor that accelerates the hedonic changes is the conversion of complex compounds into 

esters, aldehydes and acids during storage (Weichman et al., 1987).   

Additionally, Sistrunk and Morris (1985) observed a non-substantial decline in flavor of 

apple and grape juices during storage up to 12 months. Earlier, Din et al. (2011) recorded 

a significant decline in the overall acceptability of bitter gourd based functional beverage 

during storage.  In another research, Rathore et al. (2007) observed significant increase in 

the sourness of mango juice and attributed this as a function of citric acid degradation. 

Earlier, Murtaza et al. (2004) prepared strawberry juice and observed variations in the 

sensory profile in terms of color, flavor and taste during three month storage. They 

ascribed these changes to the non-enzymatic browning reaction of reducing sugars and 

amino acids. 

In the current study, mango peel extract and mangiferin based functional drinks have 

performed better regarding hedonic response. The storage caused significant decline in 

the color, sweetness, sourness and overall acceptability scores of the tested drinks 

nonetheless, all values were within acceptable ranges thus prove their suitability for 

further utilization in the bioevaluation trial.    

4.8. Bioevaluation trials 

Bioefficacy study was conducted to investigate the functional/nutraceutical worth of 

mango polyphenols especially mangiferin against lifestyle related disorders involving 

experimental Sprague Dawley rats. The trials were carried out on rodents rather than 

humans due to convenient management, closed supervision, control diet and 

environmental conditions. In the current explorations, efficacy trial was divided into three 

segments. In study I, normal rats were used whereas in study II and III 

hypercholestrolemic and diabetic rats were involved, correspondingly. Additionally, rats 

were provided respective diets along with concurrent intake of functional drinks (T0, T1 

and T2) to assess their therapeutic potential. At the commencement of study, some rats 

were sacrificed to establish the baseline trend whilst rests were dissected at the end. Feed 

and drink intakes were measured on daily basis however, body weights were recorded 
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weekly. The mango peel extract and mangiferin containing drinks were examined against 

hypercholesterolemia and diabetes. For better understanding, the results of all tested 

attributes in different studies are elaborated collectively.  

4.8.1. Feed intake 

Mean squares (Table 30) elucidated non-significant effect of treatments on feed intake 

however, study intervals imparted momentous differences on this parameter in all studies 

(trial 1 & 2). The feed intake increased as a function of time and at 1st week it was 

recorded as 15.13±0.82, 14.65±0.39 and 14.69±0.66 g/rat/day in T0, T1 and T2 groups that 

successively elevated to 20.71±1.01, 19.96±1.07 and 20.10±0.96 g/rat/day, respectively at 

the 8th week (study I; trial 1). Likewise increasing tendency for feed intake was noticed in 

trial 2. The initial values for T0, T1 and T2 groups were 15.20±0.74, 14.63±0.43, 

14.71±0.72 g/rat/day that increased to 20.78±1.02, 20.05±1.76 and 20.35±1.19 g/rat/day, 

respectively at the end of study I (Figure 2). 

In study II, the highest feed intake was observed in T0 group by 16.96±1.03 & 16.98±0.92 

g/rat/day at 1st week however, values in T1 and T2 groups were 16.55±1.01 & 16.64±0.81 

and16.85±0.76 & 16.91±0.89 g/rat/day (trial 1 & 2). Time span improved the feed intake, 

at termination the observed values were 24.01±0.66 & 23.96±0.83, 23.78±1.05 & 

23.75±1.19 and 23.81±0.87 & 23.89±0.14 g/rat/day in groups T0, T1 and T2 in respective 

trials. Likewise in study III, feed consumption in T0 group was increased from 16.55±1.55 

& 16.50±0.85 to 22.12±1.65 & 22.09±1.14 g/rat/day at start tills the end, respectively. 

Similarly, in other groups i.e. T1 and T2 enhancement in feed intakes were recorded from 

16.35±0.36 & 16.39±0.78 to 21.98±1.45 & 21.90±0.95 and 16.41±0.62 &16.48±0.45 to 

22.01±0.96 & 22.05±0.85 g/rat/day at 1st and 8th week, respectively during trial 1 & 2 

(Figure 2). 

The results of present exploration are in agreement with the findings of Guo et al. (2011), 

observed non-significant effect of mangiferin administration @ 50 and 150 mg on feed 

consumption of hyperlipidemic rats. Recently, Freitas et al. (2012) documented non-

momentous variations in feed intake of rats relied on mango peel polyphenols. Different 

researchers including Vasant et al. (2011) and Swamy et al. (2011) expounded non-

significant effect of polyphenols intake on feed consumption. They were of the view that 

the polyphenols enhance the feed efficiency rather suppressing the appetite. 
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Table 30. Effect of treatments and study weeks on feed intake (g/rat/day) 

SOV df 

Study I 
(Normal rats) 

Study II 
(Hypercholesterolemic 

rats) 

Study III 
(Diabetic rats) 

Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

Treatments 3 4.231 NS 7.932 NS 2.021 NS 3.957 NS 4.056 NS 6.052 NS 

Weeks 7 29.321** 31.361** 06.12** 8.56** 13.012** 18.254**

Error 21 1.003 0.959 0.218 0.389 0.196 0.201 

NS=Non-significant  
**=Highly significant  
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Study I 

 
 
Study II 

 
 

Study III 

 

 

Figure 2.  Feed intake in study I, II and III (g/rat/day)
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4.8.2. Drink intake 

Mean squares for drink intake exhibited non-substantial effect of treatments whereas, 

study span (weeks) showed momentous variations (Table 31). 

Drink intake in Figure 3 depicted that in the beginning (study I; trial 1), the drink intake 

in different rats groups T0, T1 and T2 were 20.05±0.43, 20.04±0.74 and 20.06±0.98 

mL/rat/day, respectively that progressively increased to 26.71±0.39 mL/rat/day (T0), 

26.48±1.04 mL/rat/day (T1) and 26.59±0.58 mL/rat/day (T2) at the termination. Likewise, 

in study I (trial 2) the values were 20.07±0.74 & 26.69±0.63, 20.03±1.19 & 26.58±0.34 

and 20.05±1.01 & 26.63±0.83 mL/rat/day for T0, T1 and T2 at 1st and 8th week, 

respectively. Means for drink intake (study II; trial 1) were 22.91±0.56, 22.82±0.43 and 

22.78±0.24 mL/rat/day in T0, T1 and T2 groups at 1st week whilst at 8th week 29.31±0.72, 

28.78±1.16 and 28.88±0.23 mL/rat/day for respective groups. Similarly, the maximum 

drink intake was observed in T0 followed by T1 and T2 i.e. 29.35±0.41, 28.88±0.97 and 

28.99±0.28 mL/rat/day, respectively during the entire trial. 

Moreover, in study III recorded values for T0, T1 and T2 were 20.92±0.63, 20.75±0.056 

and 20.81±0.48 mL/rat/day that uplifted to 27.42±1.04, 27.22±0.62 and 27.29±0.87 

mL/rat/day during entire period (trial 1).  Similarly, in groups relied on T0, T1 and T2 

elevation in drink intake was noticed from 20.89±0.26 to 27.37±0.65, 20.78±0.21 to 

27.24±0.76 and 20.92±0.92 to 27.48±0.63g/rat/day at 1st and 8th week, respectively (trial 

2). 

The results of this study are consistent with the earlier work of Alshatwi et al. (2011), 

who noticed a non-significant effect of polyphenols consumption on drink intake of 

experimental animals. Numerous researchers have also reported a non-momentous effect 

of polyphenols for this trait (Kuo et al., 2005; Uchiyama et al., 2011). Similarly, Bock et 

al. (2008) illuminated that mangiferin consumption did not impart any suppressing effect 

on drink intake.  

4.8.3. Body weight  

Mean squares (Table 32) indicated that the treatments and study weeks imparted 

significant differences on body weights of rats in all studies. 

The Figure 4 showed that at the initiation of study I (trial 1 & 2), the body weights in 

different rats groups T0, T1 and T2 were 132±5.32 & 130±1.12, 128±3.85 & 129±6.42 and  
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Table 31. Effect of treatments and study weeks on drink intake (mL/rat/day) 

SOV df 

Study I 
(Normal rats) 

Study II 
(Hypercholesterolemic 

rats) 

Study III 
(Diabetic rats) 

Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

Treatments 3 0.451 NS 0648 NS 0.654 NS 0.541 NS 0.468 NS 0.564 NS 

Weeks 7 6.253** 7.546** 4.526** 4.563** 6.458** 8.254** 

Error 21 0.212 0.301 0.213 0.185 0.196 0.222 

NS=Non-significant  
**=Highly significant  
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Figure 3. Drink intake in study I, II and III (mL/rat/day) 
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131±6.24 & 133±3.32 g/rat, that significantly uplifted to 233±17.41 & 236±9.41, 

223±13.02 & 226±9.41 and 228±7.21 & 227±8.41 g/rat in T0, T1 and T2, respectively at 

the termination. Similar enhancement for rats body weights was recorded with the 

passage of time in study 2 (trial 1), for T0 at first and last weeks by 132±4.02 & 

262±15.03 g/rat, respectively whereas, the groups relied on T1 and T2 had lower body 

weights than that of control as 131±6.32 & 235±13.21 and 133±8.21 & 240±10.05 g/rat. 

Similarly in trial 2 (study II), the noticed weights in control group (T0) were higher 

129±4.03 & 259±12.63 than that of T1 and T2 134±6.58 & 229±11.58 and 136±9.58 & 

238±14.58 g/rat, respectively at 1st and 8th week. 

Likewise in study III (trial 1 & 2), the recorded weights for T0, T1 and T2 were 136±4.21 

& 134±4.22, 130±6.19 & 132±3.01 and 134±5.36 & 136±5.04 g/rat at first week that 

enhanced to 248±7.14 & 241±10.41, 220±7.31 & 221±11.02 and 236±9.21 & 232±8.78 

g/rat, respectively at the last week (Figure 4).   

The present results regarding body weight are comparable with the earlier findings of 

Dineshkumar et al (2010), they noticed significant reduction in the body weight of 

streptozotocin-induced diabetic rats due to intake of mangiferin @ 10 and 20 mg/kg. 

They inferred that mangiferin diminishes the activity of amylase and glucosidase 

enzymes, enhances thromogenesis alongside accelerates the faecal bile excretion thus 

manages the body weight. Earlier, Yoshikawa et al. (2001) suggested that mangiferin 

lowers the body weight by inhibiting the activity of glucosidase enzymes including 

sucrase, isomaltase and maltase. These enzymes actively participate in carbohydrates 

metabolism and reduce the digestion of polymers into monomers in intestine by 

interrupting or retarding the carbohydrate breakdown (Singh et al., 2009). Earlier, 

Muruganandan et al. (2005) observed significant decline in the body weight from 

206.67±13.18 to 191.67±15.35 g in strptozotocin induced diabetic Wistar rats after the 

provision of mangiferin (10 and 20 mg/day) for 28 days. Further they concluded that 

mangiferin significantly reduces the incidence of hyperglycemic and hyperlipidemic 

related variables. Similarly, Morsy et al. (2010) evaluated the effect of oral administration 

of mango leaves extract @ 30, 50 and 70 mg containing mangiferin on body weight of 

diabetic Sprague Dawley rats. They deduced that tested extracts momentously reduce the  

body weight as 20.42, 23.70 and 27.13%, respectively by managing the carbohydrate 

metabolism owing to its antioxidant potential.  
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 Table 32. Effect of treatments and study weeks on body weight (g/rat) 

SOV df 

Study I 
(Normal rats) 

Study II 
(Hypercholesterolemic 

rats) 

Study III 
(Diabetic rats) 

Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

Treatments 3 169.32* 225.61* 1002.63** 12025.71** 651.01* 996.12* 

Weeks 7 4201.01* 4725.5* 5523.2** 5963.1** 2452.2** 4745.9**

Error 21 43.251 81.02 65.21 69.03 36.03 41.06 

*=Significant  
**=Highly significant  
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Figure 4. Body weight in study I, II and III (g/rat) 
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Afterwards, Guo et al. (2011) conducted a rodent experiment to elucidate the effect of 

mangiferin on hyperlipidemia in high fat fed animals. They expressed that mangiferin @ 

50 and 150 mg/kg for 8 weeks reduces the body weight by interferring the lipid 

metabolism. Moreover, they observed that mangiferin enhances the expression of 

peroxisome proliferator-activated receptor-a (PPAR-a), carnitine palmitoyltransferase 1 

(CPT-1) and fatty acid translocase (CD36) however, suppresses the activity of sterol 

regulatory element-binding protein 1c (SREBP-1c), acetyl CoA carboxylase (ACC), acyl- 

CoA: diacylglycerol acyltransferase 2 (DGAT-2) and microsomal triglyceride transfer 

protein (Freitas et al., 2012).  

4.8.4. Cholesterol 

In the present research, effect of mango peel extract and mangiferin supplementation was 

evaluated on lipid profile including total cholesterol, LDL, HDL and triglycerides in 

normal, hypercholesterolemic and diabetic rats.  

The F value in Table 33 showed that treatments imparted significant effect on cholesterol 

in all studies except for study I. In this case (trial 1), the observed cholesterol level in T0 

groups was 78.26±3.98 mg/dL higher than that of T1 and T2 76.08±5.24 & 75.72±6.18 

mg/dL, respectively. Likewise in trial 2, the reported value for T0 was (81.23±4.88 

mg/dL) that non-momentously reduced in T1 (79.13±5.89 mg/dL) and T2 groups 

(78.78±5.43 mg/dL). However means for cholesterol in study II (trial 1 & 2), indicated 

maximum values for T0 (141.25±8.01 & 145.85±6.25 mg/dL) that significantly decreased 

in groups relied on T1 and T2 as 128.28±6.08 & 132.78±6.84 mg/dL and 123.10±6.48 & 

127.98±4.32, respectively. Likewise in study III (trial 1), the highest cholesterol level 

98.42±4.64 mg/dL was recorded in T0 followed by T1 91.81±6.32 whilst the lowest value 

in T2 88.30±5.34 mg/dL. Likewise in subsequent trial, T0 showed the maximum value 

(101.25±4.92 mg/dL) that substantially suppressed in T1 (93.92±6.21 mg/dL) and T2 

(90.89±4.52 mg/dL), respectively (Table 33).  

It is evident from the Figure 5 that in study II (trial 1), drinks T2 (mangiferin 

supplemented drink) and T1 (mango peel extract based drink) resulted 12.85 & 9.18% 

reduction in cholesterol whereas in trial 2, same treatments exhibited 12.25 & 8.96% 

decline, respectively. Moreover, in study III (trial 1 & 2), T2 caused highest reduction 

10.01 & 7.01% trailed by T1 9.9 & 6.32%, respectively as compared to control. 
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Table 33. Effect of functional drinks on cholesterol (mg/dL) 
 Treatments F value 

T0 T1 T2  

Study I 
(Trial 1) 
(Trial 2) 

 
78.26±3.98 
81.23±4.88 
 

 
76.08±5.24  
79.13±5.89 

 
75.72±6.18 
78.78±5.43 
 

 
0.89NS 
0.95NS  
 

Study II 
(Trial 1) 
(Trial 2) 

 
141.25±8.01a 
145.85±6.25a 
 

 
128.28±6.08b 
132.78±6.84b 

 
123.10±6.48c 
127.98±4.32c 

 
80.2** 
65.3**       

Study III 
(Trial 1) 
(Trial 2) 

 
98.42±4.64a  
101.25±4.92a 
 

 
91.81±6.32b 
93.92±6.21b 

 
88.30±5.34c 
90.89±4.52c 

 
28.1** 
29.7**       

NS= Non-significant  
**= Highly significant  
 
Study I : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Figure 5. Percent reduction in cholesterol as compared to control 
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The outcomes of instant investigations are in agreement with the findings of Guo et al. 

(2011), they evaluated the effect of low and high concentration of mangiferin i.e. 50 and 

150 mg/kg, respectively on the lipid profile of hamsters fed on high fat diet for 8 weeks. 

Accordingly, hamsters were divided into four groups on the basis of diet i.e. control, high 

fat (HF), HF+mangiferin 50 mg/kg and HF+mangiferin150 mg/kg body weight (BW). 

The high dose treatment of mangiferin caused maximum reduction in cholesterol 38.25% 

as compared to control group. They were of the view that mangiferin administration 

upregulates liver mRNA expression of peroxisome PPAR-α, fatty acid translocase 

(CD36) and carnitine palmitoyltransferase 1 (CPT-1) proteins, involved in fatty acid 

oxidation and metabolism. Additionally, it down regulates the expression of proteins like 

acetyl Co-A carboxylase (ACC) and acyl Co-A diacylglycerol acyltransferase 2 (DGAT-

2) considered essential for fatty acid synthesis. 

Earlier, Morsy et al. (2010) also noticed a momentous decline in cholesterol, low density 

lipoprotein and triglycerides level in the experimental rats treated with mangiferin @ 30, 

50 and 70 mg. Previously, Miura et al. (2001) and Prabhu et al. (2006 a,b) explicated the 

lipid modulating and cardioprotective role of mangiferin in diabetic subjects owing to its 

antioxidant activity. 

Afterwards, Muruganandan et al. (2005) observed that mangiferin treatment resulted 

significant reduction in atherogenic index, total cholesterol, low density lipoprotein and 

total glycerides with simultaneous enhancement in high density lipoprotein (HDL) level 

in rats. Earlier, Miura et al. (2001b) conducted a two weeks model feeding trial to 

investigate the therapeutic potential of mango polyphenols against lipid related 

abnormalities. During the entire trial, experimental rats were fed on mangiferin (30 

mg/kg) along with basal diet. The results regarding different lipids related parameters 

delineated that mangiferin caused 40 & 70% reduction in cholesterol and triglyceride 

levels, respectively.  

Various researchers groups like Ho (2003) and Seth et al. (2004) reported soothing 

impact of mango peel powder in hypertriglyceridemic rats. They documented a 

significant decline in plasma triacylglycerol, low density lipoprotein and cholesterol 

contents whilst an enhancement in high density lipoprotein. Later, Nair and Shyamala 

Devi (2006) expressed that mangiferin and other promising mango peel polyphenols like 
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qurecitin significantly reduce cholesterol, triglycerides and free fatty acid levels in the 

experimental volunteers. One of the researchers groups, Dineshkumar et al. (2010) 

probed the lipid lowering role of mangiferin in diabetic rats. To induce diabetes, 

streptozotocin injection @ 65 mg/kg BW was used. They noticed an increase in LDL, 

cholesterol and triglyceride level of rats with 8.51% reduction in HDL. Nonetheless, 

mangiferin provision @ 10 & 20 mg/kg BW resulted significant decline in cholesterol 

and triglycerides levels by 34.53 & 60.41 and 20.79 & 19.06%, respectively. Earlier, 

Aderibigbe et al. (2001) conducted a one month rodent trial to investigate the cholesterol 

lowering effect of mangiferin in hypercholesterolemic rats. The mangiferin treatment at a 

dose of 10 & 20 mg/kg resulted 12.02 & 16.18% reduction for cholesterol in dose 

dependent manner.  

Mangiferin ability to alter the hepatic cholesterol metabolism is one of the promising 

mechanisms by which it tackles the elevated cholesterol level. Due to hindrance in 

cholesterol synthesis by mangiferin resulting less accumulation of cholesterol in the aorta 

thereby inhibits atherosclerosis and other coronary complications (Zern et al., 2003; 

Vinson and Jang, 2001). Moreover, mangiferin inhibits the activity of lipid peroxidase 

(LPO) after scavenging the peroxy and alkoxy radicals thus halts the liberation of 

hydrogen from cellular lipids (Ghosal et al., 1996). Low density lipoprotein (LDL) 

enhancement is a key episode in the development of atherosclerosis (Chisolm et al., 

2000). This syndrome is accelerated by oxidative modification of LDL due to reactive 

oxygen species (ROS) from vascular wall cells (Witztum and Steinberg, 1991; Lamb et 

al., 1992). During hypercholesterolemia, enhanced expression of LDL receptor (LDLr) 

reflects the accumulation of reactive oxygen species in mitochondria thus increases the 

probability of membrane oxidation. In this context, mangiferin protects the cells from 

oxidation and manages the normal ratio of lipid profile (Paim et al., 2008). High 

cholesterol de novo synthesis causes reduction in mitochondrial NADPH activity 

resultantly increases the incidence of oxidative stress and MPT (Kowaltowski et al., 

2001). The mangiferin and its various isomers have ability to protect the mitochondria 

from oxidative damage by lowering the activity of LDLr thus proved suitable to alleviate 

lipid peroxidation (Rodrigo et al., 2007). 

From the above mentioned discussion, it is inferred that mango peel extract and 

mangiferin based therapeutic drinks have potential to alleviate abnormal cholesterol 
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levels however, mangiferin is more promising in this regard. 

4.8.5. Low density lipoprotein (LDL) 

The statistical analysis (F values) revealed significant effect of treatments on LDL level 

in all studies except for study I (Table 34).  

The recorded means for LDL in study I were 29.32±1.48 & 27.85±1.08, 28.36±1.64 & 

26.97±2.13 mg/dL  and 28.16±2.19 & 26.88±1.32 for T0, T1 and T2 groups, respectively 

(trial 1 & 2). However in study II, T0  had highest LDL level as 58.96±3.49 mg/dL that 

significantly reduced in T2 & T1 groups by 50.40±4.23 & 52.94±3.92 mg/dL, respectively 

(trial 1). Likewise in the follow up trial, the observed LDL concentrations were 

60.21±4.64, 53.43±2.13 & 51.05±4.90 mg/dL for T0, T1 and T2, respectively. Similarly in 

study III, (trial 1 & 2), mean LDL values for T0, T1 and T2 differed substantially i.e. 

47.21±4.21 & 45.25±3.32, 43.68±4.28 & 41.63±3.94 and 41.90 ±3.74 & 39.69±3.32 

mg/dL, correspondingly (Table 34). 

The Figure 6 elucidated that in study I (trial 1 & 2), the developed functional drinks T1 & 

T2 caused reduction in LDL by 3.28 & 3.15% and 3.96 & 3.48%, respectively.  In study 

II, mangiferin based drink (T2) imparted maximum diminish in LDL value 14.52 & 

15.21% as compared to mango peel extract (T1) 10.21 & 11.25%, correspondingly in both 

trials. Accordingly, the recorded LDL decrease for T1 & T2 groups was 7.48 & 8.01% and 

11.25 & 12.29 %, respectively in continous trials of study III. 

Low density lipoprotein (LDL) known as bad cholesterol is a principal carrier of 

cholesterol in the blood. It mainly comprised of apo-B100 protein, cholesterol esters and 

triglycerides alongside linoleate that combines with cholesterol esters and makes it prone 

to oxidation.  Further oxidation of LDL by free radicals initiates the cascade of abnormal 

macrophage modification resulting foam cell deposition thereby accelerates the coronary 

complications. Numerous scientific explorations are in favour that mangiferin has ability 

to ameliorate the cardiovascular disorders owing to its strong free radical scavenging 

activity (Bor et al., 1999). 

The current investigation is accordance with the earlier conclusions of Muruganandan et 

al. (2005), they observed a substantial decline in LDL in hypercholestrolemic and 

diabetic male Wistar rats after mangiferin treatment @ 10 & 20 mg/kg BW for 28 days. 
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Table 34. Effect of functional drinks on LDL (mg/dL)  
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
29.32±1.48 
27.85±1.08 
 

 
28.36±1.64 
26.97±2.13 

 
28.16±2.19 
26.88±1.32 

 
2.36NS 
1.66NS 

Study II 
(Trial 1) 
(Trial 2) 

 
58.96±3.49a  
60.21±4.64a 
 
 

 
52.94±3.92b 
53.43±2.13b 

 
50.40±4.23c 
51.05±4.90c 

 
 75.4**    
 86.9** 
 

Study III 
(Trial 1) 
(Trial 2) 

 
47.21±4.21a  
45.25±3.32a 
 
 

 
43.68±4.28b 
41.63±3.94b 

 
41.90 ±3.74c 
39.69±3.32c 

 
39.2**    
48.5** 

NS= Non Significant  
**= Highly significant  
 
Study I : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Figure 6. Percent reduction in LDL as compared to control 
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The recorded LDL decline in these phases was 59.53 & 54.98% and 37.07 & 51.98%, 

respectively. Previously, Aderibigbe et al. (2001) reported 24.66 and 27.88% reduction in 

low density lipoprotein in diabetic rats after mangiferin treatment @ 10 & 20 mg/kg BW. 

Likewise, Dineshkumar et al. (2010) noticed the LDL lowering potential of mangiferin in 

diabetic rats. For the intention, experimental rats were provided mangiferin @ 20 mg/kg 

BW for 28 days. The serum analysis for LDL revealed 31.34% reduction in the treated 

group as compared to control. They deduced that antioxidative action and fatty acid 

synthesis enzymes suppressive behaviour of mangiferin are the leading routes by which it 

tackles the lipid related abnormalities. Elevation of low density lipoprotein (LDL) is a key 

event in the development of atherosclerosis (Chisolm et al., 2000). This disorder is 

triggered by oxidative modification of LDL after exposure to reactive oxygen species 

(ROS) from vascular wall cells (Witztum and Steinberg, 1991; Lamb et al., 1992). During 

hypercholesterolemic phase, elevated expression of LDL receptor (LDLr) indicates the 

accumulation of reactive oxygen spices in mitochondria that make the subjects 

susceptible to Ca2+ induced membrane permeability transition (MPT) (Paim et al., 2008). 

In this context, mangiferin has proven beneficial to suppress the LDLr expression and 

scavenge the free radicals thus protects the cell death by shielding the membranes from 

oxidation.  

One of the researchers groups, Pardo-Andreu et al. (2008) investigated the effect of oral 

administration of mangiferin on LDL receptor activity (LDLr-/-) in mice. The mice were 

treated with 40 mg/kg dose of mangiferin for 7 days and observed reduction in ROS 

production, efflux of calcium ions and MPT incidence when compared to negative 

control. Additionally, LDLr-/- mice also possessed high cholesterol level, leading to 

excessive utilization of NADPH reducing equivalents, which are mitochondrial 

antioxidant defence compounds. However, animals receiving mangiferin treatment have 

less NADPH requirement resulting increased antioxidant defence ability consequently 

protects mitonchondria from oxidative stress. 

Later, Guo et al. (2011) examined the effect of different concentrations of mangiferin i.e. 

50 and 150 mg/kg on the lipid profile of hamsters fed on high fat diet. They concluded 

that mangiferin caused dose dependent reduction in low density lipoprotein (LDL) due to 

its oxidation protective role. In a clinical trial, Aderibigbe et al. (2001) examined the LDL 



86 

 

reducing capacity of mangiferin in hypercholesterolemic rats during one month study. 

They observed 24.66 to 27.88% decline in the level of low density lipoprotein of 

hypercholestrolemic rats after mangiferin treatment @ 10 & 20 mg/kg. 

It is concluded from the above discussion that mango peel polyphenols supplemented 

functional/nutraceutical drinks with special reference to mangiferin have capacity to 

curtail the menace of LDL and other lipid related variables. 

4.8.6. High density lipoprotein (HDL) 

The F values (Table 35) showed that HDL level was affected significantly due to 

treatments in study II & III however, non-momentous differences were observed in study 

I. In study I (trial 1), HDL level was non-significantly increased from 33.23±3.15 mg/dL 

in T0 to 33.78±1.16 and 34.07±2.64 mg/dL in T1 and T2 groups, respectively. Likewise in 

trial 2, this trait was non-substantially increased from 35.21±2.78 (T0) to 36.24±2.87 (T2) 

mg/dL. However in study II (trial 1), T0 group exhibited the lowest HDL level 

(27.25±1.11 mg/dL) that elevated momentously in T1 & T2 as 28.24±1.46 and 28.78±1.47 

mg/dL, respectively. Similarly in trial 2, a substantial enhancement in HDL was recorded 

from 26.21±1.62 (T0) to 27.60±1.98 (T2) mg/dL. In study III (trial 1 & 2), T0 had the 

lowest HDL level as 30.12±2.18 & 31.25±2.89 mg/dL than that of T1 & T2 31.03±1.09 & 

32.18±2.82 and 31.43±2.12 & 32.50±2.43 mg/dL, respectively (Table 35). 

It is depicted from the Figure 7 that in both trials of study I, treatments T1 and T2 caused a 

non-significant increase in HDL level (1.65 & 1.96 and 2.52 & 2.92%), respectively as 

compared to control. In contrary, for study II & III (trial 1 & 2) the significant elevation 

was noticed in T2 (5.61 & 5.30 and 4.34 & 4.01%) followed by T1 (3.65 & 4.01 and 3.01 

& 2.96%), respectively.  

Being lipophilic, cholesterol is water insoluble and required different lipoproteins for its 

circulation in the blood. The cholesterol transportation system consists of  chylomicron 

(CM), very low density lipoprotein (VLDL), low density lipoprotein (LDL) and high 

density lipoprotein (HDL) however, HDL and LDL are the most promising carriers that 

determine the efficiency of lipid profile  (Yang et al., 2012). Various research evidences 

have elucidated that an imbalance between LDL and HDL enhances the probability of 

cardiovascular complications (Michos et al., 2012). The HDL is known as “good 
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cholesterol” owing to its ability to facilitate reverse cholesterol transportation (RCT), 

collects the extra cholesterol from arteries and tissues and sends back to liver where it is 

absorbed and excreted in the form of bile acid. It prevents cholesterol deposition in the 

medium calibre artery by collecting it from sub-endothelial space, the place for atheroma 

formation. Recently, the role of HDL has been highlighted to manage the cardiovascular 

health due to its inverse association with LDL (McEneny et al., 2012; Gadi et al., 2012). 

In the module of diet based therapy, polyphenols have gained immense attention as 

coronary curing agent due to their cholesterol and LDL lowering abilities. Numerous 

polyphenols are considered important for curtailing this menace however, mangiferin has 

attained special position owing to its unique structure and mode of action. Numerous 

investigations have shown the positive impact of mangiferin against abnormal lipid 

profile by protecting the LDL from oxidation and enhancing the HDL level in obese 

diabetic model (Hou et al., 2009; Deka and Vita, 2011; Al-Attar and Zari, 2010; Bahorun 

et al., 2012). The significant effect of mango peel extract and mangiferin based functional 

drinks on the HDL level of rats fed on high cholesterol diet are in harmony with the 

earlier findings of Muruganandan et al. (2005), observed significant elevation in HDL 

concentration (10.90%) of hypercholestrolemic rats treated with  mangiferin. Moreover 

decline in cholesterol, atherogenic index, low density lipoprotein and triglycerides are 

also noticed. 

Different scientific groups including Dey et al. (1998) and Carmen et al. (1999) 

investigated the HDL boosting potential of mango peel extract rich in mangiferin through 

a bioefficacy trial and observed a significant reduction in cholesterol and LDL with an 

increase in HDL. Similarly, Canal et al. (2000) delineated a beneficial role of mangiferin 

supplementation @ 30, 50 & 70 mg/Kg BW for HDL enhancement in 

hypercholesterolemic rats. 

The observations of Guo et al. (2011) further strengthened the results of current study 

regarding HDL elevation as they noticed a significant effect of mangiferin on HDL level. 

They treated high fat fed hamsters with mangiferin @ 50 and 150 mg/kg, respectively for 

two months and inferred that mangiferin causes HDL enhancement in dose dependent 

manner due to its ability to alter the fatty acid metabolism, provides protection to LDL 

from oxidation and modulates the HDL/LDL ratio. 
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Table 35. Effect of functional drinks on HDL (mg/dL) 
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 
 

 
33.23±3.15 
35.21±2.78 

 
 33.78±1.16 
 35.90±2.98  

 
34.07±2.64 
36.24±2.87 

 
34.3 NS 
28.0 NS 

Study II 
(Trial 1) 
(Trial 2) 
 

 
27.25±1.11b 
26.21±1.62b 

 
28.24±1.46b 
27.26±0.63b 

 
28.78±1.47a 
27.60±1.98a 

 
24.3*  
25.6*      

Study III 
(Trial 1) 
(Trial 2) 

 
30.12±2.18b 
31.25±2.89b 
 

 
31.03±1.09ab 
32.18±2.82ab 
 

 
31.43±2.12a 
32.50±2.43a 

 
11.9*    
10.0*    

NS= Non Significant 
* = Significant                     
 
Study I : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Figure 7. Percent increase in HDL as compared to control 
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The significant effect of mangiferin on HDL elevation in diabetic rats is supported by the 

work of Dineshkumar et al. (2010). They conducted a model feeding trial to investigate 

the lipids assuaging ability of mangiferin in streptozotocin induced diabetic rats. The rats 

were provided mangiferin @ 10 & 20 mg/kg BW for one month and observed increase in 

HDL level by 23.64 and 26.31%, respectively. They deduced that due to strong 

antioxidant potential, mangiferin halts the process of lipid peroxidation thus improves 

HDL concentration. Previously, Miura et al. (2001) and Prabhu et al. (2006 a,b) 

documented that mango polyphenols uplift the HDL level in diabetic rats due to their 

antioxidative potential. One of their peers, Nair and Shyamala Devi (2006) have observed 

an increase in HDL and decrease in abnormal cholesterol & triglyceride levels in the 

volunteers after mangiferin treatment. The present results are advocating the importance 

of mangiferin to curtail the complications of dyslipidemia. 

4.8.7. Triglycerides 

The F values in Table 36 showed that treatments imparted significant effect on the 

triglycerides level of rats during all studies except for study I.  

In normal rats (study I), mean triglycerides values were 67.12±2.38 & 64.23±3.42, 

65.21±2.38 & 62.34±2.86 and 65.10±3.32 & 62.14±2.96 mg/dL in T0, T2 and T1 groups, 

respectively (trial 1 & 2). Likewise in study II, highest triglycerides level was observed in 

T0 (95.23±3.87 & 97.15±4.09 mg/dL) that momentously reduced to 90.23±4.87 & 

91.31±3.67 and 85.73±5.36 & 87.43±4.90 mg/dL in groups relied on T1 and T2. Likewise 

in study III, the highest value was noticed in T0 (75.25±4.62 mg/dL) followed by T1 

(72.02±4.32 mg/dL) and T2 groups (69.79±3.76 mg/dL) (trial 1). In the follow up trial, the 

triglycerides concentration significantly reduced from 72.56±3.23 T0 to 69.55±3.56 T1 

and 67.59±3.98 mg/dL in T2 (Table 36). 

It is evident from the Figure 8 that drinks T2 and T1 caused highest decline in triglycerides 

level by 9.98 & 10.01% and 5.25 & 6.01%, respectively (study II; trial 1 & 2). Likewise, 

the recorded reduction in triglycerides for T2 and T1 groups in study III (trial 1 & 2) was 

7.25 & 6.85 and 4.29 & 4.15 %, respectively.  

In the instant study, significant diminish in triglycerides level of hypercholestrolemic rats 

(study II) is corroborated with the findings of Guo et al. (2011), tested mangiferin against 

abnormal lipid profile of hypercholestrolemic hamsters. The animals were treated with 
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different concentrations of mangiferin i.e. 50 and 150 mg/kg BW, respectively for a 

period of 56 days and observed a dose dependent decline in triglycerides and LDL 

concentrations by 23 & 30%, respectively.  They inferred that mangiferin reduces the 

triglycerides by inhibiting the expression of fatty acid synthesis proteins like acetyl Co-A 

carboxylase (ACC) and acyl Co-A diacylglycerol acyltransferase 2 (DGAT-2). Similarly, 

Dey et al. (1998) and Carmen et al. (1999) observed reduction in the triglycerides level of 

hypercholesterolemic rats due to mangiferin administration.  

The results of current exploration are in line with the investigations of Miura et al. 

(2001b), they launched a two weeks efficacy study to evaluate the triglycerides lowering 

ability of mangiferin. For the intention, the rats were fed on mangiferin (30 mg/kg) along 

with basal diet during the entire trial and noticed 70% reduction in triglyceride levels of 

tested animals. In another study, Dineshkumar et al. (2010) probed mangiferin against 

lipids related malfunctionings in diabetic rats. The diabetes was induced through a 

streptozotocin injection @ 65 mg/kg body weight BW) and treated with mangiferin @ 10 

& 20 mg/kg BW for the period of 30 days. The mangiferin provision resulted a significant 

reduction in triglyceride level of rats by 20.79 & 19.06%, correspondingly. Earlier, 

Garcia et al. (2003) evaluated the effect of water extract of mango bark containing 

mangiferin against lipid profile indicators and noticed 54% decline in triglycerides level 

of diabetic rats. They were of the view that due to strong antioxidant potential mangiferin 

protects the LDL from oxidation moreover, it influences different molecular targets 

involved in triglyceride synthesis. Likewise, Moharib (2006) documented the 

triglycerides suppressing ability of mangiferin in diabetic rats model. Similarly, Seth and 

Sharma (2004) also found significant decrease in triglycerides of hypertriglyceridemic 

rats after intraperitoneal injection of aqueous extract of mango leaves rich in mangiferin. 

One of the researchers groups, Morsy et al. (2010) observed a momentous reduction in 

triglycerides level of streprozotocin diabetic rats after treatment with mango polyphenol 

extract. They recorded dose dependent diminish in triglycerides level by 23.87, 25.54 and 

61.02% @ 30, 50 and 70 mg of mango polyphenols, respectively. They were of the view 

that mango peel polyphenols especially mangiferin has potential to tackle cardiovascular 

complications by lowering arthrogenic index and effecting the activity of triglycerides 

synthesis and metabolism.  
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Table 36. Effect of functional drinks on triglycerides 
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 
 

 
67.12±2.38 
64.23±3.42 
 

 
65.21±2.38 
62.34±2.86 

 
65.10±3.32 
62.14±2.96 

 
1.00NS 
1.28NS 

Study II 
(Trial 1) 
(Trial 2) 

 
95.23±3.87a  
97.15±4.09a 
 
 

 
90.23±4.87b 
91.31±3.67b 

 
85.73±5.36c 
87.43±4.90c 

 
 28.2**    
 28.6** 
 

Study III 
(Trial 1) 
(Trial 2) 

 
75.25±4.62a  
72.56±3.23a 
 
 

 
72.02±4.32b 
69.55±3.56b 

 
69.79±3.76c 
67.59±3.98c 

 
12.6**    
10.8** 

NS= Non Significant                   
**= Highly significant  
 
Study I : Normal diet 
Study II : High cholesterol diet 
Study III:Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Figure 8. Percent reduction in triglycerides as compared to control 
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Triglycerides are converted into fatty acids and monoglycerols in the lumen of small 

intestine by the action of pancreatic lipase. Further they reassembled in the chylomicrons 

that enter the lymphatic system and hydrolyzed to free fatty acids by lipases enzymes 

activities (Volek et al., 2001).  These free fatty acids move towards hepatic cells & 

oxidized in the mitochondria to form ATP and produce triglycerides for storage in very 

low density lipoprotein particles (Browning and Horton, 2004). In liver, lipid metabolism 

is dependent on the activity of different expressions like mRNA genes and lipogenic 

genes. In this context, mangiferin halts the activity of hepatic lipogenic genes thus 

reduces triglycerides and free fatty acids levels in serum and liver (Choi et al., 2007).  

The Diacylglycerol acyltransferase (DGAT) microsomal enzyme join acyl CoA to 1,2-

diacylglycerol and completes the TG biosynthesis. In mammals, microsomal enzyme 

comprises of two isoforms including DGAT-1 and DGAT-2, encoded by distinctive 

genes, present at high concentration in white adipose tissues (Wang et al., 2010). 

Previously, Brown and Goldstein (1997) have explicated that mangiferin supplementation 

reduces liver triglycerides level by inhibiting DGAT-2 gene expression. Another 

promising route by which mangiferin manages the triglycerides elevation is its effect on 

microsomal triglyceride transfer protein (MTP) that plays a key role in very low density 

lipoprotein synthesis by facilitating the transfer of hepatic lipids to nascent apolipoprotein 

B (Qin et al., 2008). The mangiferin significantly inhibits MTP mRNA expression and 

reduces serum TG level in hamsters fed on high fat diet (Avramoglu and Adeli, 2004). 

It is concluded that whole mango peel extract and mangiferin based functional/ 

nutraceutical drinks are effectual against lipid related variables. Nevertheless, the 

resultants drinks showed better performance in hypercholestrolemic and diabetic phases. 

Furthermore, mangiferin based drink was more efficient to ameliorate the threat of 

hypercholesterolemia as compared to sample containing whole mango peel extract thus 

can be utilized as dietary intervention against lifestyle related disorders with special 

reference to lipid related abnormalities. 

4.8.8. Glucose 

The statistical analysis (F values) revealed that treatments imparted significant differences 

on the glucose level in different groups of rats during all studies excluding study I (Table 

37).  



95 

 

The recorded mean glucose levels in study I (trial 1 & 2) for T0, T1 and T2 groups were 

82.58±5.23 & 85.96±4.83, 80.23±5.62 & 84.03±7.32 and 79.68±7.12 & 83.22±6.34 

mg/dL, respectively (Table 37). However in study II (trial 1 & 2), maximum glucose level 

was noticed in T0 group 101.25±7.64 & 99.63±6.86 mg/dL that momentously declined to 

93.58±8.35 & 92.70±7.26 and 92.79±6.68 & 91.74±7.04 mg/dL in T1 and T2 groups. 

Likewise in study III, T0  group showed the highest glucose level 214.96±8.34 & 

216.41±7.56 mg/dL that significantly decreased in T2 and T1 groups as 186.82±8.98 & 

185.55±8.46 and 197.51±8.53 & 196.26±7.15 mg/dL, respectively (trial 1 & 2).  

It is evident from the Figure 9 (study II; trial 1 & 2) that drinks T1 and T2 resulted 7.58 & 

6.96 and 8.36 & 7.92% reduction in glucose level, respectively. Similarly in study III, 

maximum decline in glucose 13.09 & 14.26% was observed in T2 followed by 8.12 & 

9.31% in T1 (trial 1 & 2). 

The instant results are in accordance with the findings of Prasad et al. (2009), observed 

blood glucose lowering effect of mangiferin in streptozotocin-diabetic rats. They 

delineated that administration of mangiferin @ 250 mg/kg for four weeks resulted 

significant diminish in glucose concentration (17.55%). Likewise, Miura et al. (2001b) 

reported significant reduction in serum glucose of experimental mice after ingestion of 

mangiferin @ 30 mg/kg for 3 weeks. In other study, Gupta et al. (2011) reported 23.37% 

decrease in glucose level of diabetic rats by the supplementation of mango polyphenols @ 

300 mg/kg BW for a period of 14 days. Earlier, Scalia et al. (2007) also recorded 47.29% 

decline in glucose level of streptozotocin induced diabetic rats with mangiferin treatment. 

Later, Sayed et al. (2011) conducted a bioefficacy trial involving male diabetic Albino 

rats to explore the role of mango peel polyphenols especially mangiferin against glucose 

related abnormalities and  indicated 51.08 & 42.02% glucose reduction after first & 

second month. In this connection, Prashanth et al. (2001) carried out a rodent trial to 

validate the α-glucosidase inhibitory activity of mangiferin. They used ethanolic extract 

of mango peel rich in mangiferin and observed a significant reduction in the 

concentration of this enzyme. One of their peers, Yoshikawa et al. (2001) also 

documented the inhibitory action of mangiferin against glucosidase enzyme. They further 

reported that suppression in the enzyme activity causes reduction in carbohydrate 

breakdown thereby slows down glucose absorption from the intestine. Later, 

Muruganandan et al. (2005) described the ability of mangiferin to modulate both 
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pancreatic and extra pancreatic activities involved in the management of diabetes. 

According to the Randle’s glucose-fatty acid cycle, higher supply of plasma triglycerides 

leads to increase free fatty acids availability & oxidation that impairs insulin action, 

glucose metabolism and utilization leading to diabetes. However, mangiferin reduces 

triglycerides level and facilitates glucose oxidation & utilization subsequently alleviates 

hyperglycemia. Additionally, mangiferin exhibits anti-diabetic response by decreasing the 

insulin resistance in non-insulin dependent KK/Ay mice. The chronic supplementation of 

mangiferin momentously enhances the oral glucose tolerance in glucose fed rats.  

One of the researchers groups, Akbarzadeh et al. (2007) have established that induction 

of streptozotocin lowers the nicotinamide adenine dinucleotide (NAD) level in β-cells, 

causing histopathological defragmentation that develops hyperglycemia in experimental 

volunteers. Moreover, utilization of food & water, urine excretion and glucose 

concentration are enhanced along with decline in the level of insulin and C-peptide 

protein. The β-cells damage plays a key role in the onset of this event. Nevertheless, 

mangiferin provision regulates the structural and functional abnormalities of β-cells 

through its strong antioxidant, immunomodulatory and anti-inflammatory properties.  

Previously, Ichiki et al. (1998) determined that reactive oxygen species initiate the 

cascade of adverse reactions that modify the glucose functionality resulting in diabetes 

however, mangiferin treatment modulates the glucose metabolism, preserves insulin 

utilization & improves insulin secretion thus alleviates glucose malfunctionings. In 

another scientific exploration, Morsy et al. (2010) noticed significant effect of different 

mangiferin aqueous extract i.e. 30, 50 and 70 mg/kg BW with 31.85, 37.14 and 43.11% 

reduction in serum glucose level of Sprauge-Dawley diabetic rats.  

The findings of Dinesh-Kumar et al. (2010) elucidated that mangiferin doses @ 10 and 20 

mg/kg BW suppressed glucose level by 8.86 and 26.82% in adult male Wistar rats. 

Afterwards, Sellamuthu et al. (2012) conducted a rodent trial involving streptozotocin 

induced diabetic rats to evaluate the hypoglycemic response of mangiferin during four 

weeks. The mangiferin feeding at a dose of 40 mg/kg BW was resulted 64.53% decline in 

glucose level. It is inferred from the above debate that mango peel extract and mangiferin 

based functional drinks are effective to address the glucose related abnormalities 

nonetheless, mangiferin is more capable to curtail this threat. 
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Table 37. Effect of functional drinks on glucose (mg/dL) 
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
82.58±5.23 
85.96±4.83 
 

 
80.23±5.62 
84.03±7.32 

 
79.68±7.12 
83.22±6.34 

 
1.53NS 
1.41NS 
 

Study II 
(Trial 1) 
(Trial 2) 

 
101.25±7.64a 
99.63±6.86a 
 

 
93.58±8.35b 
92.70±7.26b 

 
92.79±6.68b 
91.74±7.04b 

 
22.2**    
12.2**    

Study III 
 (Trial 1) 
 (Trial 2) 

 
214.96±8.34a 
216.41±7.56a 
 
 

 
197.51±8.53b 
196.26±7.15b 

 
186.82±8.98c  
185.55±8.46c 

 
56.02**    
70.01**    
 

NS= Non Significant  
**= Highly significant  
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Figure 9. Percent reduction in glucose as compared to control 
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4.8.9. Insulin  

The F values in Table 38 indicated momentous variations for insulin level due to 

treatments in study II and III whereas, non-significant effect was observed in study I. 

In study I (trial 1), mean insulin values for T0, T1 and T2 groups were 7.58±0.42, 

7.66±0.38 and 7.76±0.23 µU/mL whilst in 2nd trial 8.01±0.35, 8.15±0.46 and 8.25±0.48 

µU/mL for respective groups. Similarly, in study II (trial 1 & 2), T0 group elucidated the 

lowest insulin level 7.05±0.16 & 7.35±0.49 µU/mL that was significantly increased to 

7.22±0.42 & 7.53±0.52 and 7.33±0.19 & 7.69±0.13 µU/mL in T1 and T2 groups, 

respectively. Moreover, diabetic rats (study III; trial 1 & 2) had the lowest insulin level 

5.21±0.29 and 5.03±0.14 µU/mL in T0 group that was significantly enhanced in T1 and T2 

groups as 5.49±0.38 & 5.33±0.34 and 5.58±0.23 & 5.43±0.37 µU/mL, respectively 

(Table 38 ). 

The Figure 10 depicted the percent increase in insulin; in study II (trial 1 & 2) mangiferin 

supplemented drink (T2) led to 4.01 & 4.65% incline whereas T1 (whole mango peel) 

drink resulted 2.35 & 2.45% increase for this trait. Similarly in study III (trial 1 & 2), the 

recorded uplift for insulin in T2 was 7.15 & 7.98% higher than that of T1 5.36 & 6.01%, 

respectively. 

The current results regarding insulin enhancement are in harmony with the conclusions of 

Sellamuthu et al. (2012), explored the hypoglycemic response of mangiferin in 

streptozotocin induced diabetic rats model. The mangiferin administration @ 40 mg/kg 

BW for 28 days caused improvement in insulin level by 3 fold from 4.95±0.33 to 

12.78±0.88. Earlier, Sellamuthu et al. (2009) observed an increase for insulin level from 

5.04±0.29 to 14.58±0.65 in diabetic rats after mangiferin supplementation. Likewise, 

Birnbaum (2001) and Evans (2002) conferred that mangiferin lessens the risk of insulin 

resistance by quenching free radicals and restoring mitochondrial redox homeostasis. One 

of the scientific groups, Gupta et al. (2011) probed mango polyphenols against impaired 

insulin level in diabetic rats. They reported 32.89 and 35.43% boost in insulin levels after 

treatment with 300 mg/kg BW of polyphenolic extract enriched with mangiferin at 14th 

and 21th day, respectively.  

Protein tyrosine phosphatase 1B (PTP1B) has a critical role in type-2 diabetes as a 

negative regulator of insulin signaling pathway. It is primarily responsible for the 
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dephosphorylation of activated insulin receptor thereby downregulates the insulin 

signaling (Klaman et al., 2000; Pei et al. 2004). In this connection, Rau et al. (2006) and 

Hu et al. (2007) noted the beneficial role of mangiferin for the inhibition of PTP1B 

expression moreover, it regulates the transactivation of peroxisome proliferator activated 

receptor isoforms (PPARs) by increasing insulin sensitivity. Earlier, Saxena and Vikram 

(2004) determined that insulin acts as antilipolytic agent by inhibiting the activities of 

adenyl cyclase, activation of the cAMP phosphodiesterase that leads to cAMP 

degradation and the promotion of glucose uptake & lipid storage. The findings of Sayed 

et al. (2011) elucidated the hypoglycemic potential of mango peel polyphenols especially 

mangiferin as it induced marked enhancement in the insulin secretion (32.66%) of 

diabetic male Albino rats. They inferred that mangiferin exhibits positive impact on fat & 

carbohydrate metabolism thus regulates the insulin transporters. Likewise, Dieni and 

Storey (2011) documented that hexokinase plays a prime role in the glucose homeostasis 

maintenance through catalyzes the phosphorylation of glucose to glucose-6-phosphate in 

the streptozotocin induced diabetic volunteers. Moreover, higher hexokinase activity 

causes decline in the insulin concentration. They observed that mangiferin administration 

to the diabetic rats suppresses the hexokinase activity by activation of glycolysis and 

enhances the glucose utilization thus improves insulin secretion. In another research, 

Periyar et al. (2009) inferred that pyruvate kinase activity is significantly enhanced in 

streptozotocin diabetic rats due to decrease in glucose utilization. The mangiferin lowers 

the activity of pyruvate kinase during diabetic phase thus accelerates the glucose 

consumption and insulin production.  

Later, Fridly and Philipson (2010) have unveiled that lactate dehydrogenase (LDH) 

activity is increased during hyperglycemic phase however, mangiferin imparts 

diminishing effect on LDH expression. Besides, Pessôa et al. (2012) observed the 

gluconeogenic enzymes lowring potential of mangiferin in STZ-induced diabetic rats. 

Similarly, Zhaoyun et al. (2010) reported that activity of glucose-6-phosphate 

dehydrogenase is enhanced during diabetes that suppresses the functioning of HMP shunt 

and the production NADH and NADPH nevertheless, mangiferin brings glucose- 6-

phosphate dehydrogenase activity to normal level by improving the formation of 

NADPH, increases lipogenesis and provides substitute channel to dispose off the excess 

glucose via HMP pathway.  
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Table 38. Effect of functional drinks on insulin (µU/mL) 
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
7.58±0.42 
8.01±0.35 
 

 
7.66±0.38 
8.15±0.46 

 
7.76 ±0.23 
8.25±0.48 

 
14.9 NS 
 6.06 NS 
 

Study II 
(Trial 1) 
(Trial 2) 

 
7.05±0.16b 
7.35±0.49b 
 

 
7.22 ±0.42a 
7.53 ±0.52a 

 
7.33±0.19a 
7.69±0.13a 

 
12.06*   
8.66*    

Study III 
(Trial 1) 
(Trial 2) 

 
5.21±0.29b 
5.03±0.14b 
 

 
5.49±0.38a 
5.33±0.34a 

 
5.58±0.23a 
5.43±0.37a 

 
25.65**   
30.66**   

* = Significant  
**= Highly significant    
NS= Non Significant 
 
Study I : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Figure 10. Percent increase in insulin as compared to control 
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Different scientists including Petersen & Shulman (2006) and Evan (2002) expounded 

that mitochondrial dysfunctions caused a decline in the expressions of nuclear encoded 

genes which modulate the mitochondrial homeostasis like PPAR-ϒ. The elevated levels 

of intracellular fatty acids metabolites increased the magnitude of oxidative stress due to 

higher production of free radicals. During oxidative stress, reactive oxygen species 

activate the protein kinase signaling cascades and serine phosphorylation of IRS-1 thus 

impair insulin sensitivity. In this reference, Bhowmik et al. (2009) described the 

assuaging role of mangiferin in the oxidative stress induced insulin resistance by its 

interference with intestinal glucose absorption in gut after stimulating peripheral glucose 

utilization and glycemia reduction through inhibition of glucose intake. 

Decisively, mango peel polyphenols especially mangiferin based functional/nutraceutical 

drinks have potential to manage glucose and insulin related malfunctions thus introduce 

in the diet based therapy against these perils.  

4.8.10. Glutathione 

It is evident from the statistical analysis (F values) that glutathione level was affected 

substantially due to treatments in the entire studies (Table 39).  

Means regarding glutathione level in study I (trial 1 & 2) showed the lowest value 

47.56±3.22 & 49.65±3.68 mg/L in T0 that significantly uplifted to 50.00±3.21 & 

52.11±3.02 and 50.92±3.93 & 52.96±2.25 mg/L in T1 and T2 groups, respectively.  

Likewise in study II, the lowest glutathione level was observed in T0 (39.63±2.32 mg/L) 

that significantly enhanced in T1 (43.64±3.29 mg/L) and T2 (45.66±2.45 mg/L). Similar 

increasing trend was reported during the 2nd trial, the glutathione level was uplifted from 

37.89±1.65 T0 to 43.53±1.25 mg/L in T2. Moreover in study III (trial 1 & 2), the recorded 

values were 42.85±2.09 & 44.17±3.96, 45.64±2.57 & 47.27±3.95 and 47.25±3.24 & 

49.31±2.62 mg/L for T0, T1 and T2, respectively (Table 39). 

It is obvious from the Figure 11 that mangiferin based functional drink (T2) resulted 

significant rise in glutathione content during entire efficacy trial. In study II (trial 1 & 2), 

T2 showed 15.21 & 14.89% incline whereas, T1 drink caused 10.12 & 9.63% 

enhancement for this attribute. Likewise in study III (trial 1 & 2), the observed uplift for 

glutathione contents in T2 was 10.26 & 11.63% higher than that of T1 6.52 & 7.01%, 

respectively. 
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During oxidative stress, reactive oxygen spices (ROS) are abundantly generated and 

produce hydrogen peroxide that promotes several undesirable reactions. The antioxidant 

glutathione halts this process by converting the hydrogen peroxide into water and helps 

the body to maintain its normal oxidation potential.  Numerous physical factors like poor 

dietary habits, lack of physical activity, smoking and environmental pollutants may 

accelerate the production of several noxious radicals however, polyphenols like 

mangiferin quench these deleterious moieties, improve the body defense system and 

ensures good health & longevity (Wong et al., 2006; Seifried et al., 2007). 

The cells contain low molecular weight endogenous antioxidant glutathione (GSH) that 

has capacity to protect from free radicals. It is a major endogenous antioxidant that 

actively participates in protecting cellular components  from oxidative damage (Power 

and Blumbergs, 2009). Chemically, glutathione is composed of cysteine, glutamic acid 

and glycine and exists in reduced (GSH) and oxidized states (GSSG). Numerous 

scientific explorations advocate the beneficial impact of glutathione during oxidative 

stress phase. It quenches free radicals by conjugating the electrophiles controlled by 

glutathione transferase and oxido-reduction cyclic glutathione transformation by 

glutathione peroxidase and glutathione reductase thus regulates the imbalance between 

body redox potential and reactive oxygen species (Wong et al., 2006; Seifried et al., 

2007). 

The instant results are in harmony with the previous findings of Prabhu et al. (2006), they 

carried out a model feeding trial to evaluate the effective role of mangiferin against 

myocardial infarction (ISPH) oxidative stress phase. The mangiferin treatment @ 200 

mg/kg body weight for 28 days enhanced the concentration of glutathione, glutathione 

transferase and catalase by 34.17, 46.85 and 52.13%, respectively.  They were of the view 

that free radical scavenging activity of mangiferin is responsible for this uplift. Being a 

strong antioxidant, mangiferin has ability to enhance the activities of glutathione and 

other antioxidant enzymes. Additionally, it quenches the free radicals (hydroxyl and 

superoxide anions) due to strong radicals catching ability. Mangiferin has proven 

antioxidant that neutralizes the noxious radicals due to its unsaturated 2–3 bond and 4-

oxo function 3’,4’-catechol groups (Gao et al., 1999). 

In another study, De-Jian et al. (2003) conducted a bioefficacy trial to examine the 

glutathione enhancing perspectives of mangiferin in experimental rats. The oxidative 
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stress was induced through free radicals with concomitant provision of mangiferin @ 100 

mg/kg body weight for 28 days. They observed a significant increase in the activity of 

glutathione (GSH), glutathione S-transferase (GST) and catalase (CAT) by 52.38, 47.81 

and 93.29%, respectively.   

One of the researcher groups, Pardo-andreu et al. (2008) observed that mango 

polyphenols especially mangiferin has potential to protect the body from oxidative stress. 

They treated experimental rats with 40 mg/kg BW of mangiferin for 7 days and noticed 

significant increase in the activities of different endogenous antioxidant enzymes like 

GSH, superoxide dismutase (SOD) with marked decline in lipid peroxidation. Earlier, 

Combs and Gray (1998) documented that mangiferin has potential to refurnish the 

activity of selenium dependent antioxidant enzymes like glutathione peroxidase. Later, 

Akila and Devaraj (2008) described that mangiferin increases the GSH activity thereby 

upregulates the GPx concentration. 

Mangiferin tackles the oxidative stress related disparities by protecting lipid peroxidation 

and formation of mangiferin phenoxy and oxo-ferryl radicals through modification of 

polymer chain initiation by interacting with free radicals. This complex induces vinylic 

monomer methylmethacrylate (MMA) polymerization. Likewise, chain terminators 

initiate the mangiferin-Fe-PMMA-polymer formation and neutralize the alkoxy/lipid 

peroxy radicals, considered as the promising route by which mangiferin ameliorates 

oxidative stress (Ghosal and Rao, 1996).  

Decisively, mango peel polyphenols and mangiferin based functional/nutraceutical drinks 

have potential to enhance the serum glutathione level thus useful for the management of 

oxidative stress related variables.  

4.8.11. TBARS 

The F values in Table 40 explicated significant effect of treatments on serum 

thiobarbituric acid reactive substances (TBARS) level of rats during the entire 

bioevaluation trial. 

In study I (trial 1 & 2), the highest TBARS value was reported in T0 (6.55±0.43µmol/L) 

that momentously lowered in T1 (6.22±0.52 µmol/L) and T2 (6.10±0.28 µmol/L) groups.  
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Table 39. Effect of functional drinks on serum glutathione (mg/L) 

Studies 
Treatments 

F value 
T0 T1 T2 

Study I 
(Trial 1) 
(Trial 2) 

 
47.56±3.22b 
49.65±3.68b 
 

 
50.00±3.21ab 
52.11±3.02ab 

 
50.92±3.93a 
52.96±2.25a 

 
24.5*       
22.2* 

Study II 
(Trial 1) 
(Trial 2) 

 
39.63±2.32b 
37.89±1.65b 
 

 
43.64±3.29ab 
41.54±3.41ab 

 
45.66±2.45a 
43.53±1.25a 

 
180.02**    
170.6** 

Study III 
(Trial 1) 
(Trial 2) 

 
42.85±2.09c 
44.17±3.96c 
 

 
45.64±2.57b 
47.27±3.95b 

 
47.25±3.24a 
49.31±2.62a 

 
42.3**   
51.2** 

* = Significant 
**= Highly significant  
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Figure 11. Percent increase in glutathione as compared to control 
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Whilst, in the 2nd trial, observed TBARS values were 7.01±0.35, 6.60±0.32 and 

6.52±0.19µmol/L in T0, T1 and T2 groups, respectively. Similarly in study II (trial 1 & 2), 

the reported TBARS values were 10.29±0.10 & 11.01±0.62, 9.24±0.42 & 9.61±0.63 and 

8.62±0.21 & 9.12±0.32 µmol/L in T0, T1 and T2 groups. Moreover, TBARS values in 

study III (trial 1) varied from 9.36±0.38 µmol/L (T0) to 8.46±0.12 µmol/L (T2), 

respectively. Similar trend was observed in the trial 2 for T0, T1 and T2 group as 

8.42±0.23, 7.76±0.32 and 7.58±0.15 µmol/L (Table 40). 

The Figure 12 elucidated that functional drink containing mangiferin showed significant 

reduction in TBARS value during respective studies. In study I, the reported values were 

5.06 & 5.89% (T1) and 6.89 & 7.01% (T2) during trial 1 & 2. Similarly, the highest 

decline regarding this parameter was observed in study II (trial 1) as 16.23 and 10.25% in 

T2 and T1, respectively whereas 17.21 & 12.69% in the subsequent trial. In study III, 

maximum TBARS reduction 10.02 & 9.63% was noticed in T2 followed by 7.85 & 6.23% 

in T1, correspondingly (trial 1 & 2). During lipid peroxidation, cellular membrane 

integrity is damaged due to reaction between polyunsaturated fatty acids of the membrane 

and free radicals resulting in the production of lipid hydroperoxides and malondialdehyde 

(MDA). In this connection, mangiferin performed assuaging action on the abnormal 

TBARS and other lipid peroxidation byproducts by hampering the formation of 

superoxide, chelateing metal ions and decreasing the mitochondrial oxidation (Prabhu et 

al., 2006; Garrido et al., 2004). 

The findings of current exploration regarding TBARS level are in accordance with the 

previous conclusions of De-Jian et al. (2003), they have conducted 28 days bioefficacy 

trial to examine the lipid peroxidation protecting ability of mangiferin. The oxidative 

stressed rats were treated with mangiferin @ 100 mg/kg BW. They noticed a significant 

decline 58.37% in thiobarbituric acid reactive substances (TBARS) as compared to 

control and inferred that mangiferin provides shield against lipid peroxidation owing to its 

chemical structure, metal chelating ability and radical quenching perspectives. 

One of the researchers groups, Pardo-Andreu et al. (2008) have reported the therapeutic 

role of mangiferin against mitochondrial oxidative stress in hypercholestrolemic rats. For 

the intention, they carried out TBARS assay and lipid peroxidation extent measurement 

through malondialdehyde level. The experimental rats were provided mangiferin 

(Vimang) and observed 33.33% reduction in TBARS level. They were of the view that 
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mangiferin mitigates oxidative stress by inhibiting Fe (II)-citrate-mediated mitochondrial 

swelling, maintains transmembrane potential, suppresses the TBARS formation and  

enhances the O2 consumption (Castilho et al., 1994). 

In another research, Zasada et al. (2011) documented that mangiferin (300 mg/kg) caused 

a decline in TBARS concentration by 38% in experimental rats. Likewise, different 

scientific groups including Schulze and Lee (2005) and Lee & Prasad (2003) ascribed the 

free radical scavenging ability and lipid peroxidation lowering potential of mangiferin in 

atherosclerosis and hypercholestrolemic phases. During these conditions, atherogenic diet 

leads to enhancement in lipid peroxidation because of higher production of free radicals 

and lipid peroxidative products. However, mangiferin ameliorates these abnormal events 

by lowering the TBARS level and enhancing the activity of glutathione and other 

antioxidant enzymes. Lipid peroxidation is initiated after the reaction of free radicals and 

polyunsaturated fatty acids (PUFA), forming alkoxy (R•) and peroxy radicals (ROO•). 

These obnoxious radicals develop covalent bonds with cellular protein, disrupt the cell 

membrane integrity, enzyme activity and subsequently cause lipid peroxidation (Pandit et 

al., 2004; Brautbar and Williams, 2002). However, mangiferin exhibits soothing action on 

free radicals mediated lipid peroxidation by preventing the malondiladehyde (MDA) 

elevation & antioxidant status depletion, maintains the cellular oxidant-antioxidant 

balance by decreasing the localized O2 concentration and generates mangiferin phenoxy 

radicals. In the nutshell, mango peel extract and mangiferin based functional drinks are 

valuable against oxidative stress and allied complication. 

4.9. Liver functioning tests 

4.9.1. Serum AST  

The F values showed substantial effect of treatments on serum AST level in study II & III 

whereas non-momentous variations were observed in study I (Table 41).  

In study I (trial 1& 2), the recorded AST values for T0, T1 and T2 were 109.05±6.32 & 

104.42±7.43, 103.25±7.82 & 100.62±7.02 and 105.15±7.72 & 101.80±6.92 IU/L, 

respectively. Likewise in study II (trial 1), value for this attribute was highest in T0 

(141.77±7.62 IU/L) that significantly lowered in T1 (125.19±9.62 IU/L) and T2 

(128.01±8.43 IU/L) groups. Similar response was observed in trial 2; the maximum value 
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Table 40. Effect of functional drinks on serum TBARS (µmol/L)  
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
6.55±0.43a 
7.01±0.35a 

 
6.22±0.52ab 
6.60±0.32ab 

 
 6.10±0.28b 
 6.52±0.19b 

 
11.3* 
13.5* 

Study II 
(Trial 1) 
(Trial 2) 

 
10.29±0.10a 
11.01±0.62a 

 
9.24±0.42b 
9.61±0.63b 

 
8.62±0.21c 
9.12±0.32c 

 
95.51** 
76.02** 

Study III 
(Trial 1) 
(Trial 2) 

 
9.36±0.38a 
8.42±0.23a 
 

 
8.78±0.40b  
7.76±0.32b 

 
8.46±0.12c 
7.58±0.15c 

 
26.6** 
31.3** 

* = Significant 
**= Highly significant  
 
Study I : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Figure 12.  Percent reduction in TBARS as compared to control 
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was noticed in T0 as 135.81±8.23 IU/L followed by T2 122.38±9.75 IU/L and T1 

120.20±9.34 IU/L, respectively. Moreover in study III (trial 1 & 2), serum AST 

concentrations were declined to 110.92±8.63 & 101.00±9.55 and 113.69±8.12 & 

103.50±7.23 IU/L in T1 and T2 groups, respectively as compared to 119.27±8.51 & 

113.11±6.68 (IU/L) in T0 (Table 41). 

4.9.2. Serum ALT  

The F values in Table 42 explicated that ALT level was affected non-significantly with 

treatments in study I whereas momentous variations were observed in study II and III. 

Mean ALT values in study I (trial 1) for T0, T1 and T2 groups were 48.65±2.12, 

46.78±3.12 and 47.56±3.81 IU/L, correspondingly. Likewise in trial 2, the recorded 

values were 46.24±3.11, 44.92±3.02 and 45.18±3.16 IU/L in T0, T1 and T2 groups, 

respectively. However in study II (trial 1 & 2), the maximum ALT value was observed in 

T0 (52.76±2.82 & 55.99±3.43 IU/L) than that of T1 (49.20±3.96 & 51.90±3.58 IU/L) and 

T2 (50.25±4.03 & 52.68±3.20 IU/L) groups, respectively.  In study III (trial 1), recorded 

ALT values in T0, T1 and T2 groups were 46.55±2.12, 42.21±3.10 and 45.15±2.89 IU/L 

whereas in subsequent trial 44.02±2.53, 41.18±2.41 and 42.19±3.16 IU/L, respectively 

(Table 42).  

4.9.3. Serum ALP  

It is obvious from the F values that treatments momentously affected serum ALP level in 

all studies except for study I (Table 43). 

In study I (trial 1 & 2), T0 had the highest ALP level 150.68±8.95 & 145.79±9.12 IU/L 

than that of T1 and T2 groups as 147.58±12.43 & 142.13±11.73 and 148.17±13.22 & 

143.56±14.15 IU/L, respectively (Table 43). Similarly, in study II (trial 1), ALP level in 

T0 was 202.89±14.20 IU/L that varied significantly in T1  and T2 groups as 190.03±15.81 

and 195.25±12.63 IU/L, respectively. The subsequent trial also showed a momentous 

decline from 212.41±15.23 IU/L in T0 to 201.63±13.63 & 205.29±13.38 IU/L in T1 & T2, 

respectively. Similarly in study III (trial 1), maximum ALP level 216.39±16.15 IU/L was 

reported in T0 that momentously reduced to 206.50±10.72 IU/L in T1 and 210.22±13.33 

IU/L in T2 groups. In the next trial, recorded values for T0, T1 and T2 groups were 

220.21±14.12, 208.23±15.87 and 211.06±14.12 IU/L, correspondingly. 
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Various scientific studies have highlighted a linear association between high fat & sugar 

rich diets and hepatotoxicity. These diets are the gateways for reactive oxygen species 

(ROS) that react with membrane polyunsaturated fatty acids and impart structural and 

functional damages thus enhancing the leakage of AST and ALT from liver to the serum. 

In this context, polyphenols like mangiferin diminish this elevation of ALT and AST 

level due to its antioxidant and anti-inflammatory capacity (Pardo-andreu et al., 2008; 

Ojewole, 2005; Izunya et al., 2011).  

Earlier, Iman et al. (2011) elucidated the suppressing role of mangiferin against abnormal 

AST, ALT and ALP levels of hypercholestrolemic and hyperglycemic rats. The 

mangiferin and Psidium guajava extract treatment in the form of a gavage for one month 

caused a significant reduction in hepatic enzymes concentration. One of their peers, Rai et 

al. (2010) also noticed 25.18% reduction in ALP level of rats after treatment with mango 

peel extract @ 250 mg/kg. Different researcher groups, Rawi et al. (1995) and Sheela and 

Augusti (1992) observed enhancement in ALT, AST and ALP concentrations of diabetic 

rats by 53.36, 84.38 and 87.41% however, mango polyphenols supplementation resulted a 

marked decline in the abnormal values. They deduced that strong antioxidative potential 

of mango polyphenols has tendency to maintain the structural integrity of liver. Later, 

Mahmood et al. (2002) noticed a reduction in AST activity by 28.48% after mango peel 

polyphenols treatment.  

Previously, Rashad et al. (2008) and Hassan et al. (2007) documented that 

supplementation of mangiferin significantly reduces the abnormal concentrations of liver 

enzymes. They concluded that strong antioxidative properties of mango peel polyphenols 

are responsible to inhibit lipid peroxidation thereby alleviate abnormal enzyme 

concentrations. 
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Table 41.Effect of functional drinks on serum AST (IU/L)  
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
109.05±6.32  
104.42±7.43 
 

 
103.25±7.82 
100.62±7.02 
 

 
105.15±7.72 
101.80±6.92 
 

 
5.42NS 
4.67NS 

Study II 
(Trial 1) 
(Trial 2) 

 
141.77±7.62a 
135.81±8.23a 
 

 
125.19±9.62b 
120.20±9.34b 

 
128.01±8.43b 
122.38±9.75b 

 
48.5 *    
47.9*     

Study III 
(Trial 1) 
(Trial 2) 
 

 
119.27±8.51a 
113.11±6.68a 

 
110.92±8.63b 
101.00±9.55b 

 
113.69±8.12b
103.50±7.23b 

 
27.36*    
37.60* 

* = Significant 
NS= Non Significant  
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Table 42.Effect of functional drinks on serum ALT (IU/L)  
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
48.65±2.12 
46.24±3.11 
 

 
46.78±3.12 
44.92±3.02 

 
47.56±3.81 
45.18±3.16 

 
0.87NS 
0.67NS 

Study II 
(Trial 1) 
(Trial 2) 

 
52.76±2.82a 
55.99±3.43a 
 

 
49.20±3.96b 
51.90±3.58b 

 
50.25±4.03ab 
52.68±3.20ab 

 
10.6*    
14.1*     

Study III 
(Trial 1) 
(Trial 2) 

 
46.55±2.12a 
44.02±2.53a 
 
 

 
42.21±3.10c 
41.18±2.41c 

 
45.15±2.89b 
42.19±3.16b 

 
28.1*    
23.24*     

NS= Non Significant  
* = Significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Table 43.Effect of functional drinks on serum ALP (IU/L)  
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
150.68±8.95 
145.79±9.12 
 

 
147.58±12.43 
142.13±11.73 

 
148.17±13.22 
143.56±14.15 

 
0.12NS 
 0.22NS 
 

Study II 
(Trial 1) 
(Trial 2) 

 
202.89±14.20a 
212.41±15.23a 

 
190.03±15.81b 
201.63±13.63b 

 
195.25±12.63ab 
205.29±13.38ab 

 
8.77*     
4.72* 

Study III 
(Trial 1) 
(Trial 2) 

 
216.39±16.15a 
220.21±14.12a 
 

 
206.50±10.72b 
208.23±15.87b 

 
210.22±13.33ab
211.06±14.12ab 

 
3.47*    
6.03*     
 
 

* = Significant 
NS= Non Significant  
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
 
 
 
 
 

  



117 

 

4.10. Kidney functioning tests   

4.10.1. Serum urea 

The F values elucidated (Table 44) that treatments imparted significant effect on serum 

urea concentrations of rats in all studies excluding study I. In study I (trial 1 & 2), the 

observed values for serum urea level were 19.98±1.43 & 22.25±1.78, 18.99±0.86 & 

21.35±1.12 and 19.25±1.39 & 21.96±0.94 mg/dL in T0, T1 and T2 groups, respectively. 

However in study II (trial 1), urea level in T0 group was 27.95±1.64 mg/dL that decreased 

significantly in T1 and T2 as 25.78±1.49 and 26.85±0.34 mg/dL, respectively. Similar 

response was noticed in the following trial; the highest value was recorded in T0 as 

29.47±1.98 mg/dL followed by T1 27.35±1.96 mg/dL and T2 28.64±1.62 mg/dL, 

respectively. Likewise in study III (trial 1 & 2), a substantial decline was observed from 

30.25±2.21 & 32.55±1.46 mg/dL (T0) to 28.96±1.21 & 30.15±1.91 (T1) during both trials 

(Table 44).  

4.10.2. Serum creatinine 

The F values indicated substantial effect of functional drinks on serum creatinine in study 

II & III however, non-significant variations were noticed in study I (Table 45). In study I 

(trial 1 & 2), mean creatinine values in T0, T1 and T2 groups were 0.79±0.04, 0.77±0.01 

and 0.78±0.04 mg/dL whereas 0.81±0.03, 0.79±0.04 and 0.80±0.03 mg/dL for respective 

trial, correspondingly. Likewise in study II, the values for this trait significantly reduced 

from 0.85±0.03 to 0.80±0.04 mg/dL and 0.91±0.06 to 0.84±0.01 mg/dL in T0 to TI groups 

(trial 1 & 2), respectively. In study III, reported creatinine levels were 0.98±0.02, 

0.91±0.02 & 0.94±0.06 mg/dL in T0, T1 & T2 groups. Similar in trial 2, maximum value 

was noticed in T0 0.96±0.03 mg/dL followed by T2 0.92±0.05 mg/dL and T1 0.90±0.06 

mg/dL (Table 45).  

During normal state, kidney executes various vital functions like body homeostatic, 

regulation of electrolyte balance, blood pressure and removal of toxins (Garcia et al., 

2012).  However in diseased condition, the kidneys ability to remove metabolic wastes 

like urea and creatinine is hampered. The creatinine is a break down product of creatinine 

phosphate and its normal range indicates the normal functioning of kidney however, 

during diseased phase its level is abnormally high. The elevated blood creatinine level is 

an indicator of impaired glomerulus filtration. The mango peel polyphenols especially 
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mangiferin has tendency to ameliorate kidney related malfunctionings by improving the 

overall antioxidant status and reducing toxins produced by reactive oxygen species 

(Muruganandan et al., 2002).  

Earlier, Bibu et al. (2010) also illuminated the urea and creatinine lowering potential of 

mango peel extract. They observed that ethanolic extract of mango peel (100 mg/kg) 

inhibited gentamicin induced proximal tubular necrosis and decreased the serum urea and 

creatinine concentrations in kidney. Likewise, Al-Majed et al. (2002) and Yaman et al. 

(2010) observed that mango polyphenols caused decline in urea and creatinine levels in 

GM-induced renal injury rats owing to their antioxidative and anti-inflammatory 

potential. Later, Kemasari et al. (2011) elucidated the effective role of mango peel extract 

against abnormal urea and creatinine levels of alloxan induced diabetic rats. One of the 

researchers groups, Hu et al. (2010) expounded that mangiferin significantly reduced 

serum uric acid, creatinine and urea levels of hyperuricemic mice.   

4.11. Hematological aspects 

4.11.1. Red blood cell (RBC) 

The F values in Table 46 showed that treatments imparted non-significant effect on red 

blood cells in all studies (I, II & III).  In study I (trial 1 & 2), the mean RBC values for T0, 

T1 and T2 groups were 6.20±0.29 & 7.01±0.24 cells/pL, 6.45±0.31 & 7.08±0.52 and 

6.29±0.12 & 7.06±0.41 cells/pL, respectively (Table 46). Moreover in study II (trial 1), 

the minimum RBC concentration was reported in T0 (5.25±0.34 cells/pL) that non-

substantially increased in T1 (5.44±0.24 cells/pL) and T2 (5.35±0.33 cells/pL). Likewise 

pattern was observed in the next trial. Similarly in study III, the RBC values varied non-

significantly in T0, T1 and T2 groups as 4.10±0.26 & 5.01±0.32, 4.19±0.19 & 5.25±0.28 

and 4.15±0.16 & 5.20±0.13 cells/pL, respectively (trial 1 & 2).  

4.11.2. Hemoglobin (Hb) 

It is revealed from the F values (Table 46) that treatments imparted substantial effect on 

hemoglobin level in study II and III whereas non-significant variations were observed in 

study I. Means regarding Hb in study I (trial 1 & 2) showed the values 12.11±0.12 & 

10.89±0.65 g/L for T0 that non-momentously enhanced to 12.25±0.91 & 11.10±0.72 and 

12.20±0.41 & 10.94±0.73 g/L in T1 and T2 groups, respectively. Nevertheless in study II, 

the lowest hemoglobin value was noticed in T0 (9.81±0.64 g/L) that momentously  
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Table 44. Effect of functional drinks on serum urea (mg/dL)  
Studies Treatments F value 

T0 T1 T2  
 Study I 
(Trial 1) 
(Trial 2) 

 
19.98±1.43  
22.25±1.78 

 
18.99±0.86 
21.35±1.12 

 
19.25±1.39  
21.96±0.94 
 

 
4.51NS 
2.94NS 
 

 Study II 
(Trial 1) 
(Trial 2) 

 
27.95±1.64a 
29.47±1.98a 
 

 
25.78±1.49b 
27.35±1.96b 
 

 
26.85±0.34ab 
28.64±1.62ab 

 
15.1*    
13.4*   

 Study III 
(Trial 1) 
(Trial 2) 

 
30.25±2.21a 
32.55±1.46a 
 

 
28.96±1.21b 
30.15±1.91b 

 
29.12±1.93ab 
31.01±1.62ab 
 

 
3.18*    
3.42* 
 

NS= Non Significant  
* = Significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Table 45. Effect of functional drinks on serum creatinine (mg/dL)  
Studies Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
0.79±0.04 
0.81±0.03 

 
0.77±0.01 
0.79±0.04 

 
0.78±0.04 
0.80±0.03 
 

 
0.64NS 
0.87NS 
 

Study II 
(Trial 1) 
(Trial 2) 

 
0.85±0.03a 
0.91±0.06a 
 

 
0.80±0.04b 
0.84±0.01b 

 
0.82±0.05ab 
0.87±0.04ab 

 
7.16*  
14.60*   
 

Study III 
(Trial 1) 
(Trial 2) 

 
0.98±0.02a 
0.96±0.03a 
 
 

 
0.91±0.02b 
0.90±0.06b 

 
0.94±0.06ab 
0.92±0.05ab 

 
12.1*  
8.51*    

* = Significant 
NS= Non Significant  
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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increased in T2 (9.99±0.68 g/L) and T1 (10.85±0.67 g/L) groups (trial 1). Likewise 

increasing trend was observed during the 2nd trial, the hemoglobin level enhanced from 

10.88±0.52 to 11.96±0.83 g/L in T0 and T1 groups, respectively. In study III, the reported 

values for this trait in T0 group was 9.55±0.69 & 8.64±0.48 g/L that differed 

momentously in T1 and T2 groups by 10.44±0.43 & 10.60±0.32 and 9.99±0.48 & 

9.95±0.38 g/L, in respective trials (Table 46). 

4.11.3. Hematocrit 

The F values (Table 47) explicated that hematocrit concentration affected momentously 

by the treatments in all studies except for study I. The means in Table 47 (study I; trial 1) 

showed non-momentous differences in hematocrit level from 45.10±1.12% (T0) to 

46.75±3.12% (T1) and 45.91±2.81% (T2). During the next trial, observed values were 

46.72±2.51, 47.16±2.43 and 46.96±3.42% for respective groups. However, in study II 

(trial 1) hematocrit value in T0 was 37.33±1.12% that significantly enhanced to 

40.02±2.92 and 38.05±2.51% in T1 and T2 groups, respectively. In the subsequent trial, 

similar trend was observed that validates the data. In study III, the  hematocrit level 

noticed as 33.63±2.31, 35.74±2.71 & 34.75±1.92% (trial 1) and 35.85±1.72, 38.99±1.13 

& 36.39±1.81% in T1, T2 and T3 groups, respectively (trial 2). 

4.11.4. Mean corpuscular volume (MCV) 

The F values (Table 47) showed that mean corpuscular volume was affected non-

momentously by functional drinks in all studies.  In study I (trial 1), the mean MCV 

values were reported as 52.90±3.21, 53.32±4.11 and 52.94±3.10 fL in T0, T1 and T2 

groups, respectively.  Likewise pattern was observed during trial 2. Moreover in study II 

(trial 1 & 2), the observed MCV values for T0, T1 and T2 groups were 45.63±2.94 & 

43.78±2.76, 46.12±1.62 & 44.26±3.30 and 45.96±3.91 & 43.92±2.76 fL, 

correspondingly. In study III, the lowest MCV value was 42.96±3.13 in T0 that uplifted 

non-momentously by 43.68±3.91 and 43.10±3.32 fL in T1 and T2 groups, respectively 

(trial 1). Likewise pattern was observed in the subsequent trial (Table 47). 

4.11.5. White blood cell  

The F values in Table 48 explicated that treatments imparted non-substantial variations on 

white blood cells in all studies excluding study III. In study I, mean WBC values were 

recorded as 13.71±0.18, 12.96±0.64 and 13.29±0.63 cells/nL in T0, T1 and T2 groups,  
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Table 46.Effect of functional drinks on red blood cell indices  
RBC (cells/pL) Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
6.20±0.29 
7.01±0.24 

 
6.45±0.31 
7.08±0.52 

 
6.29±0.12 
7.06±0.41 

 
9.85 NS 
11.13 NS 

Study II 
(Trial 1) 
(Trial 2) 

 
5.25±0.34 
6.15±0.26 

 
5.44±0.24 
6.43±0.12 

 
5.35±0.33 
6.30±0.22 

 
5.81 NS 
8.16 NS 

Study III 
(Trial 1) 
(Trial 2) 

 
4.10±0.26 
5.01±0.32 

 
4.19±0.19 
5.25±0.28 

 
4.15±0.16 
5.20±0.13 

 
2.82 NS 
3.63 NS 
 

Hemoglobin 
(g/L) 

                                             Treatments F value 
        T0         T1        T2  

Study I 
(Trial 1) 
(Trial 2) 

 
12.11±0.12 
10.89±0.65 

 
12.25±0.91 
11.10±0.72 

 
12.20±0.41 
10.94±0.73 

 
1.08NS 
1.86NS 
 

Study II 
(Trial 1) 
(Trial 2) 
 

 
9.81±0.64b 
10.88±0.52b 

 
10.85±0.67a 
11.96±0.83a 

 
9.99±0.68ab 
11.01±0.80ab 

 
20.4*    
24.3*    

Study III 
 (Trial 1) 
 (Trial 2) 

 
9.55±0.69b 
8.64±0.48b 

 
10.44±0.43a 
10.60±0.32a 

 
9.99±0.48ab 
9.95±0.38ab 

 
1.08*     
1.83* 
 

NS=Non-significant 
*= Significant   
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Table 47.Effect of functional drinks on red blood cell indices  
Hematocrit (%) Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 
 

 
45.10±1.12 
46.72±2.51 

 
46.75±3.12 
47.16±2.43 

 
45.91±2.81 
46.96±3.42 

 
3.81NS 
2.69NS 

Study II 
(Trial 1) 
(Trial 2) 
 

 
37.33±1.12b 
38.98±2.43b 

 
40.02±2.92a 
41.12±3.01a 

 
38.05±2.51b 
39.50±1.83b 

 
10.8*    
14.6*    

Study III 
(Trial 1) 
(Trial 2) 

 
33.63±2.31b 
35.85±1.72b 

 
35.74±2.71a 
38.99±1.13a 

 
34.75±1.92ab 
36.39±1.81ab 
 

 
6.56*    
7.36* 
 

MCV (fl)                          Treatments F value 
        T0         T1        T2  

Study I 
(Trial 1) 
(Trial 2) 

 
52.90±3.21 
51.99±3.52 

 
53.32±4.11 
53.01±4.53 

 
52.94±3.10 
52.29±3.64 

 
1.83 NS 
 3.99 NS 
 

Study II 
(Trial 1) 
(Trial 2) 
 

 
45.63±2.94 
43.78±2.76 

 
46.12±1.62 
44.26±3.30 

 
45.96 ±3.91 
43.92±2.76 

 
2.23 NS 
2.04 NS 

Study III 
(Trial 1) 
(Trial 2) 
 

 
42.96±3.13 
43.90±3.52 

 
43.68±3.91 
44.42±3.44 

 
43.10±3.32 
43.99±2.86 

 
2.85 NS 
2.15 NS 

NS=Non-significant 
*= Significant   
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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respectively. Likewise trend was observed in the trial 2. Similarly, the highest value 

(study II, trial 1) was noticed in T0 (15.47±0.66 cells/nL) that non-momentously reduced 

in T2 (15.02±0.32 cells/nL) and T1 (14.96±0.32 cells/nL), respectively. The T0 group in 

trial 2 showed maximum WBC value (14.74±0.87 cells/nL) followed by T2 (14.12±0.13 

cells/nL) and T1 (13.25±0.82 cells/nL). During study III (trial 1 & 2), the WBC values 

varied non-significantly in T0, T1 and T2 groups as 17.51±0.43 & 19.00±0.19, 14.23±0.48 

& 17.12±0.65 and 15.25±0.97 & 18.46±0.85 cells/nL, respectively (Table 48).  

4.11.6. Neutrophils 

It is evident from the F values that treatments imparted significant differences on the 

neutrophils in all studies except for study I (Table 48). In this case (trial 1), mean 

neutrophils values for T0, T1 and T2 groups were 72.23±3.86, 74.20±4.82 and 

73.56±5.63%, correspondingly. Likewise, the lowest value was reported in T0 

(61.32±3.47%) that non-substantially increased to 62.25±4.67 and 63.08±3.04% in T2 and 

T1, respectively (trial 2).  During study II, the T0 group had the minimum value for this 

trait as 62.25±5.32% that significantly increased in T2 67.56±3.61% and T1 68.23±2.81%. 

Similarly, mean values (trial 2) for T0, T1 and T2 groups were 67.23±4.46, 72.12±3.46 and 

70.32±1.47%, respectively. Moreover, neutrophils level for T0 group in study III was 

55.36±4.63% that enhanced non-momentously in T2 and T1 groups by 57.25±3.47 and 

59.15±2.09%, respectively (trial 1). Likewise, the observed values for T0, T1 and T2 

groups were 57.22±2.46, 60.30±1.49 and 59.81±2.96% in respective trial, 

correspondingly (Table 48). 

4.11.7. Monocytes 

The statistical interpretation (F values) regarding monocytes in Table 49 explicated non-

momentous effect of treatments in all studies. During study I (trial 1), the monocytes 

values in T0, T1 and T2 were 7.70±0.12, 8.10±0.22 and 7.80±0.43%, respectively. Similar 

pattern was observed during the next trial. Similarly in study II (trial 1), T0 had the lowest 

value as 5.70±0.21% than that of T1 6.14±0.10% and T2 5.91±0.32%, whereas during the 

2nd trial, levels for this trait were 4.10±0.37, 5.01±0.31 and 4.78±0.23%. In study III 

(trial 1 & 2), the recorded monocytes level in T0 group was 4.15±0.26 & 5.45±0.36% that 

non-significantly uplifted in T2 4.96±0.24 & 5.96±0.41% and T1 5.45±0.42 & 

6.32±0.18%, respectively (Table 49).  
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4.11.8. Lymphocytes 

The F values indicated non-significant effect of treatments on lymphocytes during the 

entire experiment (Table 49). In the initial study, the reported lymphocytes for T0 group 

were 38.26±1.96% that non-substantially inclined in T2 38.75±2.12% and T1 

39.20±0.63%. Likewise, non-momentous increase was noted in trial 2 for T0, T1 and T2 

groups as 40.99±1.74, 42.06±1.25 and 41.03±1.98%, correspondingly. Moreover in study 

II, a non-significant uplift in lymphocytes level was reported; T1 (35.05±1.47 & 

32.42±1.69%) and T2 (34.73±1.30 & 31.01±1.59%) as compared to group T0 (34.55±1.13 

& 30.90±1.34%), respectively. In study III (trial 1 & 2), the noticed differences in 

lymphocytes were 32.96±2.59 & 30.61±1.54, 33.36±1.90 & 31.13±2.08 and 33.03±1.56 

& 30.99±1.03% in T0, T1 and T2 groups, respectively (Table 49). 

Erythrocytes and allied membranes have a high ratio of polyunsaturated fatty acids to the 

total lipids, indicating the susceptibility of lipid peroxidation. Moreover, RBCs are highly 

prone to lipid peroxidation due to constant exposure to oxygen and pro-oxidants (Pawlak 

et al., 1998).  During hypercholesterolemic and hyperglycemic phases, irregularities in 

both white and red blood cells indices are observed by different scientists. They inferred 

that elevation in microvescicles production, formation of excessive toxins and membrane 

oxidations are the key factors in this regard (Kumar, 2000; Hoffman et al., 2004; Madjid 

et al., 2004).  

The findings of different scientists including Muruganandan et al. (2005); Muruganandan 

et al. (2002) and Kemasari et al. (2011) delineated that mango peel polyphenols impart 

positive impact on red blood cells, hemoglobin, hematocrit and MCV levels of 

experimental rats due to their membrane protective and antioxidant perspectives.  

4.12. Electrolytes balance 

4.12.1. Sodium 

The results in Table 50 presented that treatments imparted non-significant effect on the 

serum sodium level of rats in all studies. During study I (trial 1 & 2), mean values for 

sodium in T0, T1 and T2 were 110.23±8.69 & 112.63±8.87, 112.25±10.03 & 114.21±9.64 

and 111.12±7.71 & 113.26±8.64 mEq/L, respectively (Table 50). Moreover in study II 

(trial 1 & 2), the values for sodium were 103.26±9.42 & 105.25±8.63, 107.23±9.25 & 

111.63±10.36 and 104.65±8.87 & 109.31±7.42 mEq/L in T0, T1 and T2, respectively. 
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Table 48.Effect of functional drinks on white blood cell Indices  
WBC(cells/nL) Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
13.71±0.18 
12.96±0.72 

 
12.96±0.64 
12.30±0.12 

 
13.29±0.63 
12.50±0.27 

 
5.91 NS 
4.81 NS 
 

Study II 
(Trial 1) 
(Trial 2) 

 
15.47±0.66 
14.74±0.87 

 
14.96±0.32 
13.25±0.82 

 
15.02±0.32 
14.12±0.13 

 
32.35 NS 
30.4 NS 
 
 

Study III 
(Trial 1) 
(Trial 2) 

 
17.51±0.43a 
19.00±0.19a 

 
14.23±0.48b
17.12±0.65b

 
15.25±0.97ab 
18.46±0.85ab

 
30.01* 
33.35* 
 

Neutrophils 
(%) 

                                     Treatments F value 
        T0             T1               T2  

Study I 
(Trial 1) 
(Trial 2) 
 

 
72.23±3.86 
61.32±3.47 

 
74.20±4.82 
63.08±3.04 

 
73.56±5.63 
62.25±4.67 

 
9.7 NS 
8.13 NS 

Study II 
(Trial 1) 
(Trial 2) 
 

 
62.25±5.32b 
67.23±4.46b

 
68.23±2.81a 
72.12±3.46a 

 
67.56±3.61ab 
70.32±1.47ab

 
26.27*    
24.4* 

Study III 
(Trial 1) 
(Trial 2) 

 
55.36±4.63b 
57.22±2.46b

 
59.15±2.09a 
60.30±1.49a 

 
57.25±3.47ab 
59.81±2.96ab

 
19.6* 
15.2* 
 

NS=Non-significant 
*= Significant   
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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Similarly in study III, noticed values in T0, T1 and T2 groups were 107.12±9.45 & 

109.23±8.56, 112.25±8.60 & 113.36±9.36 and 109.36±7.64 & 110.12±6.32mEq/L, 

respectively (trial 1 & 2).  

4.12.2. Potassium  

The statistical analysis (F values) revealed that serum potassium concentrations were non-

momentously affected by treatments in the entire efficacy trial (Table 50). 

In study I, mean potassium values (Table 50) were 5.91±0.12 & 6.01±0.21, 6.06±0.32 & 

6.26±0.41  and 6.01±0.43 & 6.09±0.30 mEq/L in T0, T1 and T2 groups, respectively (trial 

1 & 2). Similarly, lowest potassium level (4.50±0.16 & 5.71±0.24 mEq/L) was recorded 

in T0 that uplifted non-momentously in T1 (5.15±0.32 & 6.02±0.35 mEq/L) and T2 

(4.80±0.22 & 5.99±0.34 mEq/L), respectively (study II; trial 1 & 2). Likewise during 

study III (trial 1 & 2), highest values were noticed in T1 (5.85±0.39 & 4.35±0.26 mEq/L) 

followed by T2 (5.45±0.19 & 4.25±0.23 mEq/L) and T0 (5.10±0.10 & 4.13±0.02 mEq/L). 

4.12.3. Calcium   

The results in Table 50 elucidated that treatments imparted non-momentous effect on 

serum calcium concentrations in respective studies.  

Mean calcium levels in study I were 12.41±0.56 & 14.99±0.54 mEq/L (T0), 13.01±0.62 & 

15.21±0.35 mEq/L (T1) and 12.65±0.75 & 15.04±0.66 mEq/L (T2), respectively (trial 1 & 

2). Likewise in study II (trial 1), mean values in T0, T1, and T2 groups were 11.88±0.96, 

12.25±0.31 and 12.01±0.36 mEq/L whilst in 2nd trial 12.46±0.74, 13.01±0.43 and 

12.59±0.62 mEq/L, respectively. Similarly, calcium concentrations in study III were 

10.77±0.62, 11.01±0.60 and 10.85±0.42 mEq/L in T0, T1 and T2 groups, respectively 

(trial 1). Likewise pattern was observed in trial 2 (Table 50). 

Electrolytes perform numerous life sustaining processes like homeostasis maintenance, 

ensures proper acid base ratio and oxygen balance. In contrast, their imbalance resulting 

oxidative stress and kidney malfunctionings (Paudel and Karma, 2003). There are strong 

evidences supporting the mango peel polyphenols ability to modulate electrolytes balance 

by managing the activity of glands involved in sodium and potassium secretions (Toda et 

al., 1991; Mulder et al., 2001). 
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Table 49.Effect of functional drinks on white blood cell Indices  
Monocytes (%) Treatments F value 

T0 T1 T2  
Study I 
(Trial 1) 
(Trial 2) 

 
7.70±0.12 
6.48±0.05 

 
8.10±0.22 
7.01±0.37 

 
7.80±0.43 
8.78±0.52 

 
84.9 NS 
86.12 NS 
 

Study II 
(Trial 1) 
(Trial 2) 

 
5.70±0.21 
4.10±0.37 

 
6.14±0.10 
5.01±0.31 

 
5.91±0.32 
4.78±0.23 

 
26.3 NS 
28.02 NS 

Study III 
(Trial 1) 
(Trial 2) 

 
4.15±0.26 
5.45±0.36 

 
5.45±0.42 
6.32±0.18 

 
4.96±0.24 
5.96±0.41 

 
14.8 NS 
16.25 NS 

Lymphocytes (%)                                              Treatments F value 
        T0         T1        T2  

Study I 
(Trial 1) 
(Trial 2) 

 
38.26±1.96 
40.99±1.74 

 
39.20±0.63 
42.06±1.25 

 
38.75±2.12 
41.03±01.98 

 
7.14 NS 
7.61 NS 

Study II 
(Trial 1) 
(Trial 2) 

 
34.55±1.13 
30.90±1.34 

 
35.05±1.47 
32.42±1.69 

 
34.73±1.30 
31.01±1.59 

 
2.92 NS 
4.23 NS 

Study III 
(Trial 1) 
(Trial 2) 

 
32.96±2.59 
30.61±1.54 

 
33.36±1.90 
31.13±2.08 

 
33.03±1.56 
30.99±1.03 

 
2.47 NS 
3.15 NS 
 

NS=Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



129 

 

Table 50.Effect of functional drinks on electrolytes balance 
Sodium (Na) 
mEq/L 

Treatments F values 
T0 T1 T2  

Study I 
(Trial 1) 
(Trial 2) 

 
110.23±8.69
112.63±8.87

 
112.25±10.03
114.21±9.64 

 
111.12±7.71 
113.26±8.64 

 
3.83 NS 
2.94 NS 

Study II 
(Trial 1) 
(Trial 2) 

 
103.26±9.42
105.25±8.63

 
107.23±9.25 
111.63±10.36

 
104.65±8.87 
109.31±7.42 

 
9.22 NS 
12.7 NS 

Study III 
(Trial 1) 
(Trial 2) 

 
107.12±9.45
109.23±8.56

 
112.25±8.60 
113.36±9.36 

 
109.36±7.64 
110.12±6.32 

 
12.7 NS 
9.08 NS 
 

Potassium (K) 
mEq/L 

                                             Treatments F values 
        T0         T1        T2  

Study I 
(Trial 1) 
(Trial 2) 
 

 
5.91±0.12 
6.01±0.21 

 
6.06±0.32 
6.26±0.41 

 
6.01±0.43 
6.09±0.30 

 
28.6 NS 
29.31 NS 

Study II 
(Trial 1) 
(Trial 2) 
 

 
4.50±0.16 
5.71±0.24 

 
5.15±0.32 
6.02±0.35 

 
4.80±0.22 
5.99±0.34 

 
18.26 NS 
20.01 NS 

Study III 
(Trial 1) 
(Trial 2) 
 

 
5.10±0.10 
4.13±0.02 

 
5.85±0.39 
4.35±0.26 

 
5.45±0.19 
4.25±0.23 

 
16.02 NS 
15.01 NS 
 

Calcium (Ca) 
mEq/L 

                                             Treatments F values 
       T0        T1        T2  

Study I 
(Trial 1) 
(Trial 2) 

 
12.41±0.56 
14.99±0.54 

 
13.01±0.62 
15.21±0.35 

 
12.65±0.75 
15.04±0.66 

 
12.8 NS 
13.33 NS 
 

Study II 
(Trial 1) 
(Trial 2) 
 

 
11.88±0.96 
12.46±0.74 

 
12.25±0.31 
13.01±0.43 

 
12.01±0.36 
12.59±0.62 

 
6.95 NS 
7.02 NS 

Study III 
(Trial 1) 
(Trial 2) 
 

 
10.77±0.62 
12.79±0.76 

 
11.01±0.60 
13.12±0.45 

 
10.85±0.42 
13.01±0.53 

 
4.62 NS 
6.00 NS 

NS=Non-significant 
 
Study I  : Normal diet 
Study II : High cholesterol diet 
Study III: Diabetic rats 
 
T0 : Control drink (without active ingredients) 
T1 : Drink containing mango peel extract 
T2 : Drink containing mangiferin 
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CHAPTER 5 

SUMMARY  

Dietary phytonutrients provide protection against various physiological ailments owing to 

their health enhancing potential. In this context, mango peel polyphenols especially 

mangiferin has tendency to ameliorate various lifestyle related disorders. In the present 

research, five different mango peels were analyzed for compositional & nutritional assay, 

antioxidant and mangiferin isolation & quantification. Afterwards, three types of 

functional/nutraceutical drinks were prepared by the supplementation of whole mango 

peel extract (T1) and mangiferin (T2) alongside control (T0). Lastly, the formulated 

functional drinks were tested against the threats of hypercholesterolemia and 

hyperglycemia through a model feeding trial.  

Mean squares regarding proximate composition indicated that protein, fiber and ash 

contents varied significantly among different peel samples  however, non-substantial 

variations were observed for moisture, fat and NFE. The means elucidated highest 

moisture in the peel of desi mango 71.38±2.05 followed by anwar ratol, chaunsa, langra 

and dusahri as 71.01±3.91, 70.74±4.01, 69.86±5.20 and 68.33±4.14%, respectively. 

Moreover, protein contents were observed as 2.36±0.01, 2.25±0.05, 2.20±0.04, 2.06±0.05 

and 1.94±0.04% in anwar ratol, chaunsa, langra, dusahri and desi, correspondingly. 

Similarly, fat and fiber contents in respective varieties were 2.31±0.14 & 5.01±0.25, 

2.26±0.10 & 5.47±0.31, 2.25±0.17 & 4.88±0.12, 2.18±0.18 & 4.69±0.17 and 2.11±0.12 

& 4.53±0.18%. Besides, the ash contents ranged from 2.59±0.03 (chaunsa) to 

1.84±0.02% (desi), respectively. Likewise, the recorded NFE values for respective 

samples were 87.87±6.87, 87.60±3.41, 88.86±5.20, 89.09±3.85 & 89.58±2.89%, 

respectively. Moreover, tested mango peels contain appreciable amount of minerals 

especially calcium (Ca), magnesium (Mg) and potassium (K).  

The antioxidant indices of mango peel extracts showed significant variations due to 

treatments and solvents however, their interactive effect was non-momentous. The 

maximum TPC was observed in chaunsa peel (75.35±3.96 mg/100g GAE) trailed by 

anwar ratol (68.34±2.85 mg/100g GAE), langra 64.95±1.89 mg/100g GAE) and dusahri 

(61.89±3.85 mg/100g GAE) whilst the minimum output was noticed in the peel of desi 

mango (58.85±2.45 mg/100 g GAE). Means regarding solvents exposed the maximum 



131 

 

TPC in ethanol 80.17±5.16 mg/100g GAE followed by acetone 62.28±3.12 mg/100g 

GAE and water extract 55.17±2.41 mg/100g GAE. 

Likewise, chaunsa peel exhibited the highest DPPH activity 59.28±3.69% than that of 

anwar ratol 57.49±1.48%, langra 53.34±2.98%, dusahri 53.20±1.45% and desi 

49.64±2.74%. The mean values for solvents showed maximum DPPH activity in 

ethanolic extract 60.42±2.41% followed by acetone 56.36±3.69% and water 

46.98±2.78%. The antioxidant activity (β-carotene) and FRAP values for different mango 

peels i.e. chaunsa, anwar ratol, langra, dusahri & desi were 57.33±4.14% & 8.88±0.62 

mmol/100g, 54.45±3.96% & 7.80±0.45 mmol/100g, 49.12±3.10%  & 7.54±0.25 

mmol/100g, 48.14±1.18% & 7.12±0.32 mmol/100g and 45.38±2.50% & 6.24±0.29 

mmol/100g, respectively. Similarly, ethanolic extract had the maximum β-carotene value 

58.59±3.69% followed by acetone 51.98±2.11% and water extract 42.08±1.85%. 

However, the highest FRAP activity was observed in acetone 7.88±0.19 mmol/100g 

followed by ethanol 7.52±0.12 mmol/100g and water extract 7.13±0.21 mmol/100g. 

The DPPH, β-carotene and FRAP activity of isolated mangiferin were affected 

significantly by treatments and solvents. The ethanolic extract indicated the highest 

DPPH value 75.05±4.12% followed by acetone 68.67±3.25% and water extract 

59.51±2.45%. Similarly, the maximum DPPH activity was recorded in mangiferin 

isolated from chaunsa peel 77.22±3.96% trailed by anwar ratol 70.26±4.89%, langra 

64.58±2.69% and dusahri 64.90±4.12% while the minimum value was noticed for the 

mangiferin of desi peel 61.75±3.85%. The β-carotene activity in the peel of chaunsa, 

anwar ratool, langra, dusahri and desi peel were 74.63±3.69, 67.27±4.12, 63.77±2.33, 

62.52±2.85 and 61.64±3.69%. Among the solvents, maximum β-carotene activity was 

reported in acetone (71.49±3.65%) followed by ethanol (65.25±2.85%) and water extract 

(61.14±3.87%). The FRAP values of mangiferin isolated from the peels of chaunsa, 

anwar ratol, langra, dusahri and desi were 12.30±0.24, 10.56±0.32, 10.46±0.18, 

10.26±0.32 and 8.33±0.24 mmol/100g, respectively. Likewise, the recorded FRAP values 

for ethanol, acetone & water extracts were 12.02±0.28, 9.41±0.48 & 8.39±0.57 

mmol/100g in respective manner. 

Mean squares showed significant effect of treatments and solvents on the mangiferin 

concentrations nevertheless, their interactive effect exhibited non-momentous variations. 

The means for treatments indicated the highest mangiferin in chaunsa peel 5.53±0.31 

mg/g trailed by anwar ratol 4.88±0.30 mg/g, langra 4.09±0.18 mg/g and dusahri 
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3.97±0.23 mg/g whilst the lowest value 3.19±0.17 mg/g was observed in desi mango peel. 

Considering the solvents, the mean mangiferin values for ethanol, acetone and water 

extracts were 5.25±0.01, 4.29±0.19 and 3.44±0.21 mg/g, respectively. 

The statistical analysis showed non-significant effect of treatments on acidity, pH and 

TSS of the prepared drinks whereas, storage imparted momentous effect on these 

parameters except for TSS. The acidity in functional/nutraceutical drinks i.e. T0, T1 and T2 

was observed as 0.176±0.001, 0.173±0.002 and 0.170±0.004%, respectively. However, 

storage caused a significant enhancement in acidity from 0.161±0.001 to 0.187±0.005% 

at 0 and 60th day, respectively. Likewise, the recorded pH values of drinks i.e. T0, T1 and 

T2 were 4.58±0.04, 4.56±0.06 & 4.57±0.05, correspondingly. During storage, pH 

significantly decreased from 4.67±0.10 to 4.45±0.09. The total soluble solids (TSS) of the 

functional drinks T0, T1 and T2 were 1.77±0.07, 1.78±0.06 and 1.80±0.04, respectively. 

Likewise, storage also revealed a non-significant decline in TSS and the values at 0 and 

60th days were 1.80±0.05 and 1.77±0.08, respectively.  

Means squares pertaining to sensory response showed non-substantial effect due to 

treatments however, storage intervals imparted momentous differences except for flavor. 

Means for color scores varied from 7.50±0.03 to 7.59±0.06 in drinks T0 and T2, 

respectively. Likewise, storage exhibited a momentous decline in color scores from 

7.70±0.01 at 0 day to 7.38±0.03 at 60th day. Statistical interpretation elucidated that flavor 

was affected non-momentously due to treatments and storage. The sweetness differed 

non-significantly in treatment T0, T1 and T2 with scores 7.34±0.05, 7.39±0.02 & 

7.43±0.03, respectively. However during storage, a significant declining trend was 

observed for sweetness and recorded scores were 7.52±0.02 at the initiation of study that 

decreased to 7.26±0.05 at the termination.  

Bioefficacy trial was carried out to explore the functional/nutraceutical worth of mango 

peel polyphenols especially mangiferin against lifestyle related disorders involving 

Sprague Dawley rats. In the current exploration, efficacy trial was divided into three 

phases. In study I, normal rats were used whereas in study II and III hypercholestrolemic 

and diabetic rats were involved, respectively. Additionally, rats were provided respective 

diets along with concurrent intake of functional drinks (T0, T1 and T2) to assess their 

therapeutic potential.  

Mean squares indicated that the treatments and study weeks imparted significant 

differences on body weights of rats in the entire studies. At the initiation of study I (trial 



133 

 

1) the mean body weights in different rats groups T0, T1 and T2 were 132±5.32, 128±3.85 

and 131±6.24 g/rat, that significantly uplifted to 233±17.41, 223±13.02 and 228±7.21 

g/rat in the respective groups at the termination. Similar enhancement for rats body 

weights was recorded with the passage of time in study 2 (trial 1), for T0 at first and last 

weeks by 132±4.02 & 262±15.03 g/rat, respectively whereas, the groups relied on T1 and 

T2 had lower body weights than that of control as 131±6.32 & 235±13.21 and 133±8.21 

& 240±10.05 g/rat. Likewise in study III (trial 1 & 2), the recorded weights for T0, T1 and 

T2 were 136±4.21 & 134±4.22, 130±6.19 & 132±3.01 and 134±5.36 & 136±5.04 g/rat at 

the first week that enhanced to 248±7.14 & 241±10.41, 220±7.31 & 221±11.02 and 

236±9.21 & 232±8.78 g/rat, respectively at the last week.   

In the present research, effect of mango peel extract and mangiferin supplementation was 

evaluated on lipid profile including total cholesterol, LDL, HDL and triglycerides in 

normal, hypercholesterolemic and diabetic rats. The F values showed that treatments 

imparted significant effect on cholesterol, LDL, HDL and triglycerides in all studies 

except for study I. The means for cholesterol in study II (trial 1 & 2), showed the highest 

values for T0 (141.25±8.01 & 145.85±6.25 mg/dL) that significantly decreased in groups 

relied on T1 and T2 as 128.28±6.08 & 132.78±6.84 mg/dL and 123.10±6.48 & 

127.98±4.32, respectively. During study III (trial 1), the highest cholesterol level 

98.42±4.64 mg/dL was observed in T0 followed by T1 91.81±6.32 whilst the lowest value 

was recorded in T2 88.30±5.34 mg/dL. Likewise in the subsequent trial, T0 showed the 

maximum value (101.25±4.92 mg/dL) that substantially suppressed in T1 (93.92±6.21 

mg/dL) and T2 (90.89±4.52 mg/dL), respectively. 

The present reduction for cholesterol in groups T2 and T1 was 12.85 & 9.18% whereas in 

trial 2, same groups exhibited 12.25 & 8.96% decline, respectively. Likewise in study III 

(trial 1 & 2), T2 group showed the highest reduction 10.01 & 7.01% trailed by T1 9.9 & 

6.32%, respectively as compared to control. 

In study II, T0  had the highest LDL level as 58.96±3.49 mg/dL that significantly reduced 

in T2 & T1 groups by 50.40±4.23 & 52.94±3.92 mg/dL, respectively (trial 1). Likewise in 

the next trial, the observed LDL concentrations were 60.21±4.64, 53.43±2.13 and 

51.05±4.90 mg/dL for T0, T1 and T2 groups, respectively. Similarly in study III, mean 

LDL values for respective groups differed substantially i.e. 47.21±4.21 & 45.25±3.32, 

43.68±4.28 & 41.63±3.94 and 41.90 ±3.74 & 39.69±3.32 mg/dL, correspondingly. The 

graphical depiction elucidated that T1 & T2 groups had reduction in LDL by 3.28 & 
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3.15% and 3.96 & 3.48%, respectively (study I; trial 1 & 2).  In study II, maximum 

diminish in LDL value was 14.52 & 15.21% in group T2 as compared to 10.21 & 11.25% 

in T1 group, correspondingly in both trials. Accordingly, the recorded LDL decline for T1 

& T2 groups was 7.48 & 8.01% and 11.25 & 12.29%, respectively (study III; trial 1 & 2). 

In study II (trial 1), T0 group exhibited the minimum HDL level (27.25±1.11 mg/dL) that 

elevated momentously in T1 & T2 as 28.24±1.46 and 28.78±1.47 mg/dL, respectively. 

Similarly in trial 2, a substantial enhancement in HDL was recorded from 26.21±1.62 (T0) 

to 27.60±1.98 (T2) mg/dL. In study III (trial 1 & 2), T0 had the lowest HDL level as 

30.12±2.18 & 31.25±2.89 mg/dL than that of T1 & T2 31.03±1.09 & 32.18±2.82 and 

31.43±2.12 & 32.50±2.43 mg/dL, respectively. Considering the percent increase, a 

significant improvement was observed in T2 (5.61 & 5.30 and 4.34 & 4.01%) followed by 

T1 (3.65 & 4.01 and 3.01 & 2.96%) in study II & III, respectively.  

In hypercholesterolemic rats (study II), the highest triglycerides level was recorded in T0 

(95.23±3.87 & 97.15±4.09 mg/dL) that momentously reduced to 85.73±5.36 & 

87.43±4.90 and 90.23±4.87 & 91.31±3.67 mg/dL in T2 and T1 groups, correspondingly. 

Likewise in study III (trial 1), the maximum value was observed in T0 (75.25±4.62 

mg/dL) followed by T1 (72.02±4.32 mg/dL) and T2 group (69.79±3.76 mg/dL). In the 

successive trial, similar declining trend was observed in respective groups.  

The statistical analysis revealed that treatments imparted significant variations on glucose 

level in different groups of rats in all studies excluding study I. In study II (trial 1 & 2), 

maximum glucose level was recorded in T0 group 101.25±7.64 & 99.63±6.86 mg/dL that 

momentously declined to 93.58±8.35 & 92.70±7.26 and 92.79±6.68 & 91.74±7.04 mg/dL 

in T1 and T2 groups. Likewise in study III, T0  group showed the highest glucose level 

214.96±8.34 & 216.41±7.56 mg/dL that significantly decreased in T2 and T1 groups as 

186.82±8.98 & 185.55±8.46 and 197.51±8.53 & 196.26±197.51 mg/dL, respectively 

(trial 1 & 2). Considering the percent reduction (study II; trial 1 & 2), T1 and T2 groups 

showed 7.58 & 6.96 and 8.36 & 7.92% decline in glucose level, respectively. Similarly in 

study III, maximum decrease in glucose 13.09 & 14.26% was observed in T2 followed by 

8.12 & 9.31% in T1 group (trial 1 & 2). 

The F values indicated momentous variations in insulin level due to treatments in study II 

and III whereas, non-significant effect was observed in study I. In study II (trial 1 & 2), 

T0 group elucidated the lowest insulin level 7.05±0.16 & 7.35±0.49 µU/mL that 

significantly increased to 7.22±0.42 & 7.53±0.52 and 7.33±0.19 & 7.69±0.13 µU/mL in 
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T1 and T2 groups, respectively. Moreover, the diabetic rats (study III; trial 1 & 2) showed 

the lowest insulin level 5.21±0.29 and 5.03±0.14 µU/mL in T0 group that momentously 

increased in T1 and T2 groups by 5.49±0.38 & 5.33±0.34 and 5.58±0.23 & 5.43±0.37 

µU/mL, respectively. 

Regarding percent increase in insulin (study II: trial 1 & 2), group T2 led to 4.01 & 4.65% 

enhancement whereas T1 showed 2.35 & 2.45% increase for this trait. However in study 

III (trial 1 & 2), the recorded uplift for insulin in T2 group was 7.15 & 7.98% higher than 

that of T1 5.36 & 6.01%, respectively. 

The functional drinks improved the glutathione activity and reduced the serum TBARS 

level in rats during all studies. In study II (trial 1 & 2), maximum glutathione 

enhancement was observed in T2 group as 15.21 & 14.89% followed by T1 10.12 & 

9.63%, respectively. Likewise in study III (trial 1 & 2), the observed uplift for glutathione 

content in T2 group was 10.26 & 11.63% higher than that of T1 6.52 & 7.01%, 

respectively. The maximum TBARS reduction was observed in T2 group 16.23 & 17.21% 

than that of T1 10.25 & 12.69%, correspondingly (study II; trial 1 & 2). In study III, the 

highest decline 10.02 & 9.63% was observed in T2 followed by 7.85 & 6.23% in T1, 

respectively (trial 1 & 2). It has been observed that mango peel extract and mangiferin 

based functional drinks did not impart any adverse effect on the red and white blood cells 

indices alongside electrolytes balance.  

In the nutshell, mango peel polyphenolic extract and mangiferin based therapeutic drinks 

are effective to ameliorate various physiological disorders. However, mangiferin based 

drink performed better against hypercholesterolemia and hyperglycemia as compared to 

mango peel extract based drink with special reference to manage the elevated serum 

cholesterol and glucose concentrations. The functional drinks enhanced the overall 

antioxidant status after diminishing the body lipid peroxidation. Conclusively, mango 

peel polyphenols especially isolated mangiferin is effectual to curtail various metabolic 

dysfunctions therefore should be encouraged in the diet based regimen for the vulnerable 

segment. 

  



136 

 

RECOMMENDATIONS 

 Locally available nutrient dense byproducts must be explored for the preparation 
of functional foods to enhance the health status of the target population  

 Mango polyphenols based therapeutic drinks especially rich in mangiferin should 
be encouraged in the daily diet as safeguard  against various metabolic disorders 

 Novel isolation techniques like super critical fluid extraction should be adopted to 
seprate the nutraceuticals for further use in designers food 

 Dietitians should advice mango polyohenols based  therapeutic foods for the 
vulnerable segment to curtail dyslipidemia and hyperglycemia 

 Different promising nutraceuticals like mangiferin must be proposed against 
oxidative stress and related complications 

 Community based research trials should be planned to enhance the meticulousness 
regarding the lifestyle related syndromes 

 Awareness regarding diet based therapy ought to  be launched among the public 
through mass media campaigns 
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APPENDICES 

 
Appendix I 

Performa for sensory evaluation of functional drink 
Name of the judge…………………..                                                    Date…………….. 
Character T0 T1 T2 

Color    

Flavor    

Sweetness    

Sourness    

Acceptability    

 
Signature……………. 

INSTRUCTION 
Take a sample of functional drink and score for color, flavor, sweetness, sourness and 
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 
 
Note: 
1. Take a sample of functional drink 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 the order of samples. 
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Appendix II 
Composition of experimental diets 

 
Ingredients 

(%) 
Normal rats Hypercholestrolemic 

rats 
Diabetic rats 

Corn oil 10 10 10 
Corn starch 66 64.5 66 
Casein 10 10 10 
Cellulose 10 10 10 
Salt mixture 3 3 3 
Vitamins 1 1 1 
Cholesterol - 1.5 - 
Sucrose - - - 
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Appendix III 

 
Composition of salt mixture 

 
Calcium citrate  308.2

Ca (H2PO4)2 H2O  
 

 112.8

H2HPO4  
 

 218.7

HCl  
 

 124.7

NaCl   77.0

CaCO3   68.5

3MgCO3. Mg (OH) 2. 3H2O   35.1

MgSO4 anhydrous   38.3

Ferric ammonium citrate  91.41 

CuSO4. 5H2O  5.98 

NaF  0.76 

MnSO4. 2H2O   1.07 16.7

KAl (SO4)2. 12H2O  0.54 

KI  
 

0.24 

 100.00 1000.00
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Appendix IV 

 
Composition of vitamin mixture 

 
 

Thiamin hydrochloride 0.060 

Riboflavin  0.200 

Pyridoxin hydrochloride  0.040 

Calcium pentothenate  1.200 

Nicotinic acid  4.000 

Inositol  4.000 

p-aminobenzoic acid  12.000 

Biotin  0.040 

Folic acid  0.040 

Cyanocobalamin  0.001 

Choline chloride  12.000 

Maize starch  966.419 

 1000.00 

 
 

 

 

 

 

 

 

 

 

 


