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ABSTRACT 

The present project was designed to probe the therapeutic potential of indigenously grown 

turmeric variety (Kasur) to mitigate the threat of hypercholesterolemia. Purposely, turmeric was 

analyzed nutritionally followed by extraction & quantification of active ingredient i.e. curcumin, 

its encapsulation, product development and lastly bioefficacy trial. The compositional assessment 

indicated that turmeric is a good source of minerals especially potassium (K) and calcium (Ca). 

For optimal extraction of curcumin, three conventional solvents (aqueous ethanol, -methanol & -

acetone), each at 35, 50 and 65 min and supercritical carbon dioxide at varying time intervals; 50, 

100 & 150 min were employed. The resultant conventional extracts were tested for total phenolic 

contents (TPCs), 2,2-diphenyl 1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulphonic acid)/ABTS, ferric reducing antioxidant power (FRAP) and iron chelating assays. 

Afterwards, three best treatments, one from each conventional solvent were selected on account 

of promising phytochemistry and maximum antioxidant potential. However, the best results were 

noticed for aqueous ethanolic extract at 65 min; TPC 917.06±10.08 mg GAE/100g, DPPH 

65.12±2.87%, FRAP 194.47±8.03 µM Fe2+/g, ABTS 163.14±6.12 µM Trolox/g and iron 

chelation activity 66.92±2.95%. Furthermore, the selected conventional solvent and supercritical 

fluid extracts were quantified via HPLC system that showed highest curcumin yield in 

supercritical fluid extracts i.e. 52.41±2.38 mg/g at 150 min trailed by 46.03±2.15 and 33.62±1.24 

mg/g at 100 & 50 min, respectively in comparison to conventional ethanolic, methanolic and 

acetonic extracts as 31.48±1.35, 28.75±1.09 and 23.19±1.12 mg/g, respectively. On the basis of 

HPLC analysis, two selected treatments from each extraction mode; aqueous ethanolic extract at 

65 min and supercritical carbon dioxide extracts at 150 min were further proceeded for 

encapsulation using different combinations of maltodextrin (15 & 20 g) and gelatin (2, 4 & 6 g) 

to enhance the bioavailability of curcumin. Amongst various blends of coating materials, two 

encapsulates from conventional solvent & supercritical fluid extracts containing 20 g 

maltodextrin and 6 g gelatin were selected based on their encapsulation efficiency 69.32±2.83 & 

73.58±3.16% and in vitro solubility 4.26±0.19 & 4.73±0.23 mg/mL, respectively. In product 

development plan, four types of breads were prepared using turmeric powder, microencapsulated 

nutraceuticalCSE and microencapsulated nutraceuticalSFE along with control. During storage, 

designer bread prototypes were tested for physicochemical aspects (color, texture, volume & 

TPCs) that imparted significant effect with respect to treatments and storage intervals (0, 24, 48, 

72 & 96 hr) along with acceptable hedonic response. The efficacy assessment was conducted on 

male Sprague Dawley rats to evaluate the bioavailability and therapeutic effectiveness of the 

active ingredient. In bioavailability phase, microencapsulated nutraceuticalSFE supplemented diet 

resulted in maximum plasma concentration of curcumin at 100 min as 529.31±8.73 µg/mL 

followed by 462.98±7.25 & 385.76±5.01 µg/mL at 150 & 200 min, respectively. During 

bioevaluation trial, two simultaneous studies namely Study I (normal rats) and Study II 

(hypercholesterolemic rats) were carried out for 60 days. Each study was further splitted into four 

groups to ensure the provision of selected diets; control, turmeric powder (3%), 

microencapsulated nutraceuticalCSE (1%) and microencapsulated nutraceuticalSFE (0.5%) to 

respective groups. In both studies, feed & drink intakes and weight gain affected significantly. 

The provision of microencapsulated nutraceuticalSFE supplemented diet caused significant 

reduction in serum cholesterol, LDL and triglycerides as 5.42 & 12.81, 7.25 & 15.42 and 3.17 & 

9.38% in study I & II, correspondingly. Additionally, HDL explicated significant rise in Study II 

whereas, non-momentous increment was noticed in Study I. Nonetheless, curcumin based diets 

presented pronounced decrement in serum glucose concentration in response to enhancement in 

insulin levels. Likewise, glutathione as a probe of endogenous antioxidant status showed 

significant elevation along with simultaneous decrease in lipid peroxidation (TBARS) in animals 

fed on microencapsulated nutraceuticalCSE and microencapsulated nutraceuticalSFE enriched diets. 

Moreover, liver & kidney biomarkers and hematological aspects were within normal ranges. 

Conclusively, inclusion of microencapsulated curcumin in dietary therapy has proven effective to 

alleviate hyperlipidemia.
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CHAPTER 1 

INTRODUCTION 

Contemporary consumers trends showed the popularity of phytoceutics coupled with 

dietary interventions because of their influence on human health ultimately mitigating the 

threat of lifestyle related disorders. The bioactive molecules present in foods are 

responsible for their health promoting and disease ameliorating effects. This reality has 

motivated the public health practitioners to enhance the therapeutic potential of processed 

foods via nutrification of phytochemicals especially polyphenols (Bech-Larsen & 

Scholderer, 2007; Kim et al., 2011). These are the secondary plant metabolites and non-

nutritive components covering ˃ 8,000 structural variants. Regular consumption of 

phytonutrients suppresses the onset of various physiological dysfunctions owing to their 

strong antioxidant potential. Besides, these biomolecules also possess ability to reduce the 

incidence of stress mediated diseases (Manach et al., 2004).  

The dietary regimen based on phytonutrients has invigorated nutrition that not only 

improves health but also reduces medical cost thereby ensuring economical benefits 

(Epstein et al., 2010). Nowadays, people are more inclined towards the use of natural 

ingredients as a prophylactic approach against various ailments. In this context, 

nutraceutics and nutraceutic enriched designer foods have gained importance over the 

globe due to their health enhancing potential beyond the provision of basic nutrition 

(Espín et al., 2007; El-Sohaimy, 2012). Furthermore, such dietary inclusions ensure 

immune boosting effects as they are designed to tackle the hazardous effects of free 

radicals and allied sufferings (Gupta et al., 2010; Rajat et al., 2012). Scientific 

investigations have provided an insight regarding therapeutic potential of bioactive 

moieties nevertheless, development of designer foods ensuring target delivery is required 

to manage disease burden (Pandey et al., 2010). 

There are strong evidences supporting the presence of phytoceutics in spices and their 

inclusion in diet improves hedonic response besides acting as natural defensive agents 

(Srinivasan, 2005). According to FAO (2005), spices are seasonings with aromatic 

properties widely incorporated in the traditional culinary. Amongst, turmeric is one of the 

important herbs widely used as spice, culinary additive, medicine, condiment, dye and 

cosmetic (Lal, 2012). It possesses significant potential to protect against various life 
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threatening disorders owing to diverse phytochemistry (Cousins et al., 2007; 

Hassaninasab et al., 2011). 

Turmeric (Curcuma longa L.) is a perennial rhizomatous herb belonging to Zingiberaceae 

family. It is originated from India and now widely cultivated in tropical and subtropical 

regions of the world. Although Pakistan is second largest producer of turmeric however, 

per acre yield and quality is pathetically low. Amongst the various regions, district Kasur 

accounts more than 80% of total production (Tahira et al., 2010). It is also known as 

“Indian Saffron” attributed to deep yellow color of curcuminoids. Compositional profile 

of turmeric includes; carbohydrates (69.4%), moisture (13.1%), protein (6.3%), fat (5.1%) 

and minerals (3.5%). Minerals like phosphorus, sodium, potassium and iron are 71, 0.035, 

0.031 and 0.009 mg, respectively whereas copper ranges from 0.001 to 0.003 mg/100g. 

Moreover, it is a good source of vitamin A (91 mg) and provides 310 Kcal/100g (Lal, 

2012). 

The main active compounds of turmeric are curcuminoids and essential oils. 

Curcuminoids account for 3-4% of turmeric rhizome imparting orange yellow tint in 

powder. It further encompasses curcumin I, curcumin II and curcumin III about 94, 6 and 

0.3%, respectively (Chattopadhyay et al., 2004). The curcumin I is chemically known as 

1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione with molecular formula 

C21H20O6. The structural analysis showed two aromatic rings exhibiting ortho-methoxy 

groups coupled with unsaturated β-diketon moiety of seven carbon atoms. Physically, it is 

deep orange-yellow crystalline powder that is insoluble in water. Other bioactives 

contributing antioxidant capacity to a lesser extent include ascorbic acid, β-carotene, β-

sitosterol, caffeic acid, campestrol, camphene, p-coumaric acid, syringic acid, terpinene, 

turmerin, turmeronola, turmeronol-b and vanillic acid (Naz et al., 2010). Numerous 

studies have elucidated the safety, non-toxicity and tolerability of curcumin at doses up to 

12 g/day in human subjects. Therefore, turmeric and its bioactive component curcumin 

are declared as GRAS (generally regarded as safe) by the FDA (Kumar et al., 2011).  

For isolating curcumin, numerous methods are being reported i.e. conventional solvent 

extraction, hot & cold percolation, use of alkaline solution and supercritical fluid 

extraction. For conventional solvent extraction, choice of the solvent is limited depending 

upon its predetermined purity as approved by national and international food laws. For 

extraction of spice oleoresins; hexane, acetone, alcohols (ethanol, methanol and 

isopropanol) and ethyl acetate are generally in practice. For turmeric curcuminoids, 
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alcohols and acetone are good extractants with high yields (Popuri and Pagala, 2013). 

However, supercritical fluid extraction technique has attained wider interest owing to the 

efficient penetrating power resulting in less degradation of bioactive moieties. The 

supercritical fluid extraction system is also known as “green extraction technology” due 

to oxygen free environment thereby reduces the oxidation of bioactives and minimum 

solvent residual effects (Sticher, 2008). 

Earlier, quantification of curcumin was carried out using spectrophotometer based on the 

color intensity. However, this technique is not efficient enough to characterize the 

individual fractions of curcuminoids and curcumin metabolites (Zhang et al., 2009). 

Thus, for detailed categorization High Performance Liquid Chromatography (HPLC) with 

UV/VIS detector is a promising technique with λmax at 245 nm (Himesh et al., 2011).  

Epidemiological studies have proven the prophylactic properties of curcumin to mitigate 

various ailments like cardiovascular diseases, inflammation and diabetes. All these facts 

endorse the nutraceutic worth of curcumin as dietary intervention. Bioavailability of 

curcumin is a challenge as merely insignificant fraction of the molecule reaches the target 

site through oral administration because of insufficient gastrointestinal residence period, 

low absorptivity and instability in the digestive tract (Fang and Bhandari, 2010). Certain 

studies indicated its rapid conversion into ferulic acid & vanillin by intestinal enzymes 

and conjugation with glucuronide and sulfate in hepatic cells, ensuring low systemic 

concentration (Anand et al., 2007; Prasad et al., 2014). Purposely, various techniques 

have been probed to enhance the bioavailability of curcumin with improved food 

applications. Amongst, freeze dried microencapsulation provides coating materials 

composed of sugars, proteins, lipids, gums, native & modified polysaccharides and 

synthetic polymers depending upon their compatibility with core ingredient. In this 

context, foregoing exploration has assured high encapsulating efficiency and shelf life 

(Malacrida and Telis, 2011). 

Under normal physiological conditions, production of reactive oxygen species is an 

integral part of biological reactions. However, imbalance between free radical production 

and antioxidant defense mechanism leads to the onset of oxidative stress resulting in 

various lifestyle related disorders (Cousins et al., 2007). In this reference, turmeric has 

ten folds the antioxidative capability than ginger attributed to the presence of curcumin. 

Being lipophilic in nature, it becomes phenoxyl radical on interaction with lipid free 

radicals that are further restored by water soluble antioxidants (Ak and Gulcin, 2008). 
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Moreover, it strongly quenches singlet oxygen, hydroxyl and nitrogen dioxide free 

radicals by activating glutathione and superoxide dismutase (Kunwar and Priyadarsini, 

2011). 

Globally, metabolic syndromes like obesity, insulin resistance, dyslipidemia and hepatic 

steatosis are considered as the main etiology of morbidity and mortality. Customarily, 

natural bioactives have been employed to overcome the imbalance in lipid metabolism 

and now they are claimed to be useful in controlling hyperlipidemia and associated 

pathologies (Madkor et al., 2011). Besides, several studies have reported the 

hypolipidemic effect of curcumin by lowering serum cholesterol level and triglycerides in 

diet induced hyperlipidemic rats. Furthermore, it also increases fecal cholesterol excretion 

and induces modifications in gene expression for 7-α-hydoxylase, involved in cholesterol 

homeostasis. Moreover, it modulates the activity of hepatic HMG-CoA reductase, a rate 

limiting enzyme involved in the cholesterol biosynthesis (Qinna et al., 2012). In a 

bioefficacy trial, different groups of diet induced hypercholesterolemic Albino male rats 

were fed on curcumin for 48 days. The resultant data indicated that hypercholesterolemic 

diet alone showed significant increase in serum cholesterol and low density lipoproteins 

(LDL).  In contrary, diet containing curcumin mitigates the signs of hypercholesterolemia 

(Al-Nazawi and El-Bahr, 2012). 

Diabetes mellitus is among the most common endocrine disorder in developed and 

developing countries and become the major public health concern. Despite various 

medications to control diabetes mellitus, still there is a need to develop diet based 

therapies to mitigate the prevalence of this pandemic. Curcumin has peroxisome 

proliferator-activated receptor gamma (PPAR-γ) ligand binding activity and thereby 

enhances the transcription of several insulin responsive genes and improve the insulin 

resistance in type 2 diabetes mellitus. Moreover, it activates anion (Cl-) flux to regulate 

insulin secretion in response to elevated plasma glucose level (Best et al., 2007). In an 

experimental rat modeling trial, El-Bahr and Al-Azraqi (2014) explored the association of 

curcumin intake and diabetes management. They provided curcumin based supplemented 

diet to streptozotocin induced diabetic rats and measured blood glucose levels. They 

deduced that curcumin dietary inclusion is effective against diabetes mellitus. Hence, 

curcumin is proved to be a promising constituent that can be used as an adjunct in dietary 

therapies for the management of diabetes mellitus (Santoshkumar et al., 2013). 
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Keeping in view the aforementioned facts, the present project was designed to 

characterize turmeric polyphenols with special reference to curcumin as a potent 

antioxidant. The curcumin was obtained through conventional solvent and supercritical 

fluid extraction technologies followed by HPLC quantification. The isolated curcumin 

was microencapsulated using freeze drying technique to enhance its stability and 

solubility in food matrix. Concurrently, development of designer breads containing 

turmeric powder and microencapsulated curcumin was another feature of core interest. 

Nevertheless, evaluation of the restorative potential of turmeric and its bioactive moiety 

against dyslipidemia is the limelight of this study.  

The objectives of instant research are herein; 

 Optimizing conditions for mass transfer of curcumin using conventional and 

supercritical extraction modes 

 Assessing the efficiency of curcumin microencapsulates on the basis of 

entrapment capacity and in vitro solubility  

 Evaluating the storage behavior of designer bread samples through physical 

analyses and hedonic response  

 Investigating the bioavailability and prophylactic role of curcumin in rat model of 

diet induced hypercholesterolemia 
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CHAPTER 2 

REVIEW OF LITERATURE 

Nowadays, increased reliance on hypercaloric foods, poor dietary habit and deskbound 

lifestyle are the dominating factors over the globe, ultimately responsible for escalated 

prevalence of lifestyle related disorders like hyperlipidemia, coronary complications, etc. 

To cope with the scenario, the consumer felt curiosity for healthy food options to ensure 

disease prevention beyond basic nutrition. Accordingly, bioactive plant ingredients have 

captured the attention of health conscious consumers owing to their acceptability, low 

cost and safe nature. The designer foods are tailored via nutrification of phytoceutics that 

contribute to promote health by strengthening the endogenous antioxidant status 

(Thielecke and Boschmann, 2009). Alongside, designer foods are also well acknowledged 

for their therapeutic benefits under various pathological conditions. Numerous evidences 

have enlightened the affirmative participation of spices in improving physiological 

functionality (Urala and Lähteenmäki, 2007). In this connection, turmeric has gained 

immense attention regarding its antioxidant potential, accredited to curcumin. 

Considering the aforementioned facts, present project was designed to assess the 

nutraceutic worth of indigenously grown turmeric against hypercholesterolemia. The 

literature regarding current work has been summarized under the following headings: 

2.1. Designer foods; dietary approach for healthy life 

2.2. Turmeric; an insight 

2.3. Chemical characterization of turmeric biomolecules 

2.4. Extraction and analytical techniques  

2.5. Antioxidant capacity of turmeric extracts 

2.6. Bioefficacy of turmeric nutraceutics 

2.7. Curcumin nutrification in dietary edibles 

2.8. Health claims of curcumin  

2.8.1. Oxidative stress management  

2.8.2. Hypolipidemic potential 

2.8.3. Hypoglycemic perspectives 
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2.1. Designer foods; dietary approach for healthy life 

Globally, escalating consumption of junk foods and poor dietary practices lead to 

augmented generation of free radicals and life threatening maladies. The current issue 

motivates health care professionals to probe food based strategies that are cost effective 

and safe. As customary dietary recommendation, healthy living patterns and modern 

nutritional strategies is always connected with good health. Nowadays, food is not merely 

considered as a source of nutrients but also contribute a plethora of bioactive molecules 

which interact with human biology in several ways. Moreover, prevention of chronic 

diseases requires a careful knowledge of nutritional environment as well as genes 

interaction. This inspiration encourages towards designer foods and nutraceuticals as they 

are health promoting as well as non-toxic (Prescott, 2009). 

Designer foods are enriched with naturally occurring disease preventing constituents and 

similar in appearance to that of conventional foods. They are consumed as part of routine 

diet due to their association with established health benefits to fulfill the needs of 

vulnerable masses. The trend of consuming designer foods is mostly concentrated in 

developed countries (Manjula and Suneetha, 2011). Presently, we are in better position to 

design various novel and healthier foods to mitigate several chronic diseases. The 

functional/designer foods are the processed foods with added disease modulatory 

bioactives that rectify the etiology of lifestyle related disorders. Nevertheless, ‘functional 

foods’, ‘designer foods’ and ‘fortified foods’ are synonymous terms usually involved in 

nutrification/fortification of conventional foods with complementary nutrients or those 

already present in them (Rajasekaran et al., 2008; Yadav et al., 2012).  

Nowadays, the nutritional security of the developed countries has been dependant on the 

revitalization of designer foods rather than conventional ones. Previously, Japan 

introduced this term in 1980s for processed foods containing additional nutrients with 

health promoting potential in addition to basic ones and has strict regulatory status as 

“Food for Specified Health Use” (FOSHU). Infant formula was the first designer foods 

that are modified according to the special needs of children (Rajasekaran and Kalaivani, 

2013). The rationale for moving towards endorsement of “designer foods” is also 

connected with consumer awareness regarding diet health linkages. Now consumer feels 

more attraction to adopt novel ingredients enriched dietary edibles for ensuring positive 

health outcomes. Basically, concept of diet based therapies aimed at maximizing 

physiological benefits of the bioactives from natural sources. These dietary inclusions 
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have the potential to improve health status of the targeted population (El-Sohaimy, 2012; 

Arora et al., 2013). 

Earlier, dietary advices were linked to use or restrain certain element of foods like take 

less fat or make use of more fruits & vegetables. Diet always remains feasible and logical 

way to impart favorable conditions for normal body functioning (Ismail, 2006). In this 

connection, nutritional therapy has turned out to be a core element of disease managing 

regime. Now, commercially available foods are marketed for its antioxidant, 

hypocholesterolemic, and hypoglycemic perspectives (Gorinstein et al., 2006). Plant 

based foods contain certain bioactive substances endowed with potent antioxidative 

properties. In this respect, spices not only exhibit significant place in cultural heritage & 

traditional cuisines but also hold pivotal health linkages. Phytonutrients present in spices 

& herbs have innate therapeutic worth due to the presence of bioactive constituents like 

minerals, vitamins, essential oils, fiber and antioxidants. The nutrification of bioactive 

moieties from spices in designer foods is an active disease deterrence strategy for social 

well-being. Additionally, there is need to purify and concentrate bioactive ingredients for 

higher nutritional and antioxidant profile in conventional edibles that make them designer 

foods (Tapsell et al., 2006; Sarkaki et al., 2013). 

Numerous plant sources have been tested for their antioxidative ability against several 

metabolic disorders. This can be exemplified by Alliaceae vegetables such as garlic, 

onion, parsnip, etc. that have the ability to enhance glutathione redox cycle and activate 

immune system due to sulphur containing organic compounds. These possess antioxidant, 

antibacterial and immunomodulatory effects alongside showing potential against 

hypercholesterolemia and hyperglycemia. Similarly, phytochemicals of Zingiberaceae 

family strengthen body defense mechanism by up-regulating activities of glutathione 

(GSH), glutathione peroxidase (GPx), superoxide dismutase (SOD), etc. (Kunwar et al., 

2011; Hwang et al., 2012).  

Currently, world is facing strong epidemiological transform towards non-communicable 

disorders like hyperlipidemia and diabetes. There is a need to take such measures based 

on the selection of spices to alleviate lifestyle related maladies. As spices have an array of 

natural phytochemicals that are responsible for scavenging free radicals, modifying 

detoxification enzymes, harmonizing body defense mechanism and ameliorating 

inflammatory disorders. The combinations of most of the antioxidant behave 

synergistically to prevent disease onset (Aggarwal et al., 2009). Earlier epidemiological 
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studies have proven the therapeutic worth of volatile oils from thyme, basil, rosemary, 

turmeric and cinnamon. These are dynamically considered as potent antioxidant, anti-

mutagenic and immuno-stimulating alongside, showing potential against 

hypercholesterolemia, hyperglycemia and renal dysfunctions (Tsao, 2010).  

Polyphenols is one of the largest classes of phytochemicals mostly found in plant based 

foods. It is claimed that phenols from spices like quercetin and curcumin are more 

effectual in inhibiting the oxidation of low density lipoprotein (LDL) than those 

exhibiting catechol ring in their structural configuration (Kochhar, 2008). The bioactive 

entities in herbs are worth considering owing to their prophylactic properties as supported 

by various efficacy studies. For instance, spices possess numerous health boosting effects 

including allicin in garlic; a disease remedial agent. Similarly, intake of turmeric & its 

active ingredients is accredited to maintain erythrocyte integrity alongside, suppresses 

serum cholesterol & related gallstones and diabetic neuropathy (Srinivasan, 2005). 

2.2. Turmeric; an insight 

Turmeric (Curcuma longa), botanically belongs to Zingiberaceae family, widely 

cultivated in China, India, Pakistan, Bangladesh and other tropical regions of South Asia.  

Curcuma longa is a Latin word, derived from Persian name “kirkum” meaning “saffron” 

owing to its brilliant yellow color. Currently, India is the leading producer and consumer 

of turmeric and known as “Indian Saffron” whilst, Pakistan is the second largest producer 

of turmeric, where it is widely cultivated in Kasoor, Lahore, Okara, Bannu and 

Mirpurkhas however, per hectare production is low due to poor agricultural practices. 

Amongst three available turmeric varieties; Kasur, Bannu and Faisalabad, Kasur accounts 

> 80% of total turmeric production (Tahira et al., 2010; Kiran et al., 2013). 

Turmeric is a perennial herb containing pointed, oblong leaves, yellow funnel wrought 

flowers and rhizome (i.e. grown as vegetable). Its rhizome portion is of peculiar interest 

having yellowish brown peripheral while internally deep orange tint. It looks similar to 

ginger roots exhibiting distinct earthy, nutty, hot peppery and bitter mustardy zest. 

Turmeric is highly valued as flavoring & coloring agent as well as medicinal ingredient 

(Bhowmik et al., 2009; Lekshmi et al., 2012). 

Commercially grown turmeric is dried, exported and prepared to fulfill miscellaneous 

uses. As it is less fibrous, crunchy and succulent, it can be chewed plain or chopped up 

for different food products. In different cuisine, it is being used to improve digestion and 
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decrease bloating. It is approved as food additive E100 and extensively used as coloring 

agent for mayonnaises, mustard and margarine. Owing to its brilliant yellowish orange 

color, turmeric powder is mostly substituted for saffron (Epstein et al., 2010). In 

confectionary industries, turmeric powder is cherished as base material for food seasoning 

in curry powder while in United Kingdom (UK), United states (US) and Middle East, it is 

highly valued for its prophylactic potential (Olojede et al., 2008).   

Earlier research work has depicted that turmeric rhizome have plethora of over hundred 

secondary metabolites “polyphenol”. The principal bioactive moieties of turmeric 

rhizome are curcuminoids and turmerin responsible for its therapeutic potential. Turmerin 

“water soluble protein” volatile component of turmeric comprised of protein, 

carbohydrate and lesser amount of phenolics as 76.7, 18.7 and 0.28%, respectively. 

Besides, curcuminoids ranging between 3-5% of turmeric rhizome are hydrophobic in 

nature holding strong antioxidant potential as vitamin C, E and β-carotene. In vivo studies 

showed that turmeric methanolic extracts combat various detrimental processes by 

stalling nitric oxide synthase and cyclooxygenase liable for nitric oxide and 

prostaglandins secretion in the body (Srinivasan, 2005; Lekshmi et al., 2012).  

Potency of bioactive moieties remarkably varied with respect to preparatory conditions of 

raw materials. In an investigation, Cousins et al. (2007) probed the antioxidant potential 

of four different clones of fresh and dried turmeric rhizome. The results depicted that 

potential to scavenge free radicals is affected not only by genotypic differences but also 

by harvesting conditions, drying methods and postharvest techniques.  

2.3. Chemical characterization of turmeric biomolecules 

Turmeric possesses unique position among various functional foods owing to its rich 

phytochemistry. Nutrient profiling of turmeric has documented carbohydrate, moisture, 

protein, fat and mineral 69.4, 13.1, 6.3, 5.1 and 3.5%, respectively. However, essential oil 

recovered by steam distillation contains sesquiterpines (53%), zingiberene (25%), a-

phellandrene (1%), cineol (1%), sabinene (0.6%) and borneol (0.5%). Turmeric is a good 

source of vitamin A (91mg) and provides 310 Kcal/100g (Chattopadhyay et al., 2004). 

Moreover, per 100g turmeric provides carotene equivalent to 50 IU of vitamin A. 

Besides, Olojede et al. (2009) further confirmed 69.43, 6.30 and 3.50% of carbohydrate, 

protein and minerals in turmeric rhizome, respectively. Moreover, Lal (2012) has 

recorded carbohydrate (69.9%), fat (8.9%), protein (8.5%), ash (6.8%) and water (6%) 
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along with 50, 4.8, 0.19 and 0.09 mg/100g ascorbic acid, niacin, riboflavin and thiamin, 

respectively. Mineral composition of turmeric rhizome has revealed the existence of P, K, 

Fe, Na and Ca by 260, 200, 47.5, 30 and 0.2 mg/100g, accordingly and provides 390 

kcal/100g. One of their peers, Balasasirekha and Lakshmi (2012) documented P, Na, K 

and Fe as 71, 0.035, 0.031 and 0.009 mg/100g, respectively. Currently, Youssef et al. 

(2014) detected these minerals in dry turmeric powder as 228.8, 179.5, 11.0 and 0.6 

mg/100g, respectively.  

The committee expert of Food & Agricultural and World Health Organizations 

(FAO/WHO) on food additives recommended Acceptable Daily Intake (ADI) of turmeric 

about 2.5 mg/kg body weight (Sasikumar, 2001). The prophylactic properties of turmeric 

are due to allied bioactive moieties. Until now, 235 biomolecules have been investigated 

from its different parts including diarylheptanoids, diarylpentanoids, phenylpropene, 

monoterpenes, diterpenes, triterpenoids, sterols and alkaloids. However, essential and non 

volatile oils are of vital importance due to their disease preventing abilities. Essential oil 

extracted from flowers and leaves are rich in monoterpenes in contrast to rhizome 

encompassing sesquiterpenes (Li et al., 2011).  

The non-volatile fraction of turmeric is rich in curcumionoids; a group of three analogues; 

curcumin (71.5%), demethoxycurcumin (19.4%) and bisdemethoxycurcumin (9.1%). 

Amongst, curcumin known as diferuloyl methane, the principle compound having 

chemical formula C21H20O5 and molecular weight 368.38 g (Akamine et al., 2007). The 

curcumin is aryl-C7-aryl, exhibiting diarylheptanoid structure responsible for orange-red 

shade of turmeric. The change in pH affect on hue characteristics of curcumin as it is 

brilliant yellow at acidic pH while contributes red tint at pH > 7 (Bagchi, 2012). 

Curcumin is lipophillic, biphenolic resonant complex joined by diketone bridge with 

multiple hydroxyl groups on both aromatic rings. Moreover, methoxy groups attach 

adjacent to hydroxyl group at phenolic rings further differentiate three variant of 

curcuminoid and alter their antioxidant potential (Begum et al., 2008; Lv and She, 2010).  

Curcumin solubilizes in organic solvents (ethanol, methanol, acetone & 

dimethysulfoxide) and extraction yield varies from 3-15% of turmeric rhizome. It is 

reported that change in curcumin content was due to different fertilizer type, maturity 

stages of turmeric rhizome and drying conditions (Lv et al., 2010). Earlier, it was 

analyzed by Lokhande et al. (2013) that curcumin retention is more in net-shade dried 

turmeric rhizome as compared to sun dried sample. One of the researcher groups, 
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Haneefa et al. (2014) probed the influence of varietal difference (BSR-01, BSR-02, CL-

101 & CL-219) on curcumin content of turmeric using ethanol as extraction medium. The 

HPLC analysis showed maximum concentration in BSR-01 (9.24%) and CL-101 

(8.59%). The disparity in phytonutrient contents is due to genus diversity and soil factors. 

Consequently, they proposed ethanol for routine assay of bioactive moieties from 

turmeric. 

Previous literature regarding secondary metabolites of turmeric has expounded strong 

antioxidant power of curcumin owing to its functional moieties i.e. β-diketone 

accountable for free electron transfer. It either directly interacts with free radical species 

or propel signal to various targeted molecules. Thus, curcumin is not only translates color 

strength of turmeric but behaves as strong therapeutic biomarker against various ailments 

(Togni and Appendino, 2012). Innumerable evidences have also confirmed ten times 

higher electron transferring ability of turmeric ingredients in contrast to α-tocopherol due 

to the formation of secondary free radical species relatively less damaging than primary 

bodies. It acts upon various transcription factors including signal transducers and 

peroxisome proliferator-activated receptors (PPARs) thus mediating expression of 

proinflammatory effectors (Aggarwal and Sung, 2009). One of their peers, Galano et al. 

(2009) demonstrated radical scavenging power of curcumin by deprotonation from 

phenolic group following single electron transfer present in heptadienone in polar media. 

The results suggested that both phenyl rings as well as conjugated bonds are of peculiar 

importance in seven carbon chain for its pharmacological attributes. 

The safety assessment data elucidated that curcumin does not impart any side effect even 

at high doses up to 8-12 g/day. The studies depicted therapeutic dose of curcumin 400-

600 mg equivalent to 60 g fresh turmeric rhizome or 15 g powder. The findings of clinical 

trial showed restorative potential of curcumin as a multitargeted component containing 

potent pharmacological effects including hypocholesterolemic, hypoglycemic and 

hepatoprotective potential (Bengmark et al., 2009). In spite of proven health claims of 

turmeric, one limiting factor is its low bioavailability in circulatory system. However, it is 

surmounted by different strategies using solid-lipid nanoparticles, surfactant micelles, 

polymeric microspheres and nanocarriers. Keeping in view the above mentioned scenario, 

curcumin is regarded as multifaceted secondary metabolite with numerous cellular targets 

making it a promising disease modulatory agent. 
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2.4. Extraction and analytical techniques 

The reported health claims of curcumin highlighted the need for analytical techniques to 

isolate this biomolecule. The preliminary step for characterization of curcumin is 

optimizing extraction conditions to maximize recovery from concentrated source i.e. 

turmeric. Most of the extraction studies focused on solvent extraction followed by HPLC 

or spectrophotometric quantification (Nabati et al., 2014). Some other procedures have 

also been established involving non-extraction quantification using tristimulus color 

reading and chromaticity. However, these procedures are not authentic enough to replace 

extraction techniques. Extraction from turmeric can be obtained by using various 

techniques as solvent extraction, microwave assisted extraction, hot and cold percolation 

and supercritical fluid extraction (Machmudah et al., 2005; Wakte et al., 2011). 

In conventional extraction modes, choice of solvent is an important aspect. Solvent 

selection depends on its polarity, solubility of the desired compound and rate of mass 

transfer. For the extraction of lipophilic ingredient, organic solvents are normally 

practised. Most commonly used solvents are methanol, ethanol, acetone and ethyl acetate 

often with different proportions of water. In a comparative study, water, ethanol, 

methanol, petroleum ether and acetone were used to analyze extraction efficiency under 

various selective conditions. Ethanol has maximum extraction rate for turmeric 

polyphenols followed by methanol, acetone, petroleum ether and water (Jansirani et al. 

2014). According to Popuri and Pagala (2013), acetone and alcoholic solvents are the best 

extraction media for non-flavoring components and higher curcumin solubility was 

achieved by ethanol (0.26 g) in contrast to methanol (0.25 g), acetone (0.24 g) and ethyl 

acetate (0.23 g). Accordingly, Verma (2014) compared extraction efficiency of six 

different solvents i.e. n-hexane, dichloromethane (DCM), ethyl acetate, acetone and 

methanol under conventional (CSE) and microwave assisted conditions (MAE). The 

extraction efficiencies of methanol and acetone were at par. Regarding isolation 

techniques, MAE can more effectively be used as an alternative method for curcumin 

resurgence. Another researcher, Priyadarsini (2014) affirmed the use of ethanol as choice 

solvent to recuperate curcuminoids from turmeric rhizome followed by methanol and 

acetone. 

Earlier, methods to characterize curcuminoids were based on correlation between the 

amount of analyte and absorption of light through spectrophotometer. However, it was 

difficult to analyze components individually from mixture of sample. Numerous 
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sophisticated analytical procedures have also been developed for curcuminoid assessment 

from turmeric rhizome. Chromatographic separation techniques are considered as better 

choice for curcumin analysis and quantification. They include liquid chromatography 

connected to electrospray ionization-mass spectrometry (LC/ESI-MS), UV/Vis 

spectrophotometry, continuous-flow fast atom bombardment MS, atmospheric pressure 

chemical ionization MS, matrix-assisted laser desorption ionization (MALDI), subcritical 

fluid chromatography, LC with spectrophotometric detection and Supercritical Fluid 

Extraction (SFE) coupled with HPLC using single monolithic column (Cucu et al., 2012; 

Fleshman et al., 2012). 

HPLC method is a better option for curcumin detection due to convenient sample 

preparation procedures. It is used both in reverse and normal phases to separate and 

quantify curcumin from turmeric. Further modification in HPLC detection method with 

different detector assembly allows more precise characterization of three variant of 

curcumin (Perkins-Veazie et al., 2006). Later, Revathy et al. (2011) isolated curcumin 

using various solvent systems from polar to non-polar by column chromatography 

followed by purity analysis via HPLC and Thin Layer Chromatography (TLC). The 

HPLC quantification was carried out using C18 column at λmax of 425 nm. They inferred 

that among various solvents, methanol and acetone are the most appropriate as their 

polarity apt for curcumin following chloroform, ethyl acetate and hexane. One of their 

peers, Himesh et al. (2011) screened turmeric ethanolic extract for curcumin using high 

performance chromatography and elucidated 10.23% curcumin at 420 nm using C18 silica 

gel. Conclusively, detection using HPLC showed precise results and indicated efficient 

reproducibility, accuracy, sensitivity with simple preparation and reduced quantification 

time. 

Other influencing factors include extraction time, temperature, solid to liquid ratio and 

composition of extraction media (Kamble et al., 2011). In a study, effect of temperature 

was assessed on curcumin recovery using ethanol. An inverse relation was documented 

between time and temperature. However, high temperature decreases solvent viscosity & 

surface tension thereby facilitates penetration & desorption of curcuminoids. In a time & 

temperature study, maximum percent yield was obtained at 40°C using 30 min mixing 

time (Ching et al., 2014).  

Extraction through conventional methods is very laborious and time consuming. 

Moreover, it results in the breakdown of phytonutrients due to long response at high 
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temperature. Unfortunately, extraction of herbal plants using organic solvents leads to 

oxidation of coloring & flavoring compounds. In this regard, fluid phase extraction above 

or near critical state i.e. temperature and pressure is among the novel methods for 

isolation of heat labile phytochemicals using pressurized liquids. It allows separation of 

nutraceuticals at low temperature avoiding thermal degradation of desired components. 

Moreover, CO2 is the most widely used fluid in supercritical fluid extraction as it 

liquefies at 300 bar pressure and temperature < 31 °C. It is safe, inexpensive and 

facilitates mass transfer without leaving any residual effect in extracted substance (Junior 

et al., 2010). For polar moieties, modifier is used to assist their isolation from plant 

matrix. Commonly, ethanol and isopropyl alcohol are employed as co-solvent as they 

exhibit GRAS status (Leal et al., 2003). 

Supercritical fluid extraction technique is eco-friendly alternative to conventional 

separation methods. Under supercritical conditions, extraction efficiency of curcumin was 

analyzed by changing time (0-450 min) and pressure (200 & 300 bar). Total curcuminoid 

(non-volatile oil) yield improved from 0.19 to 0.21% by increasing pressure and time. 

However, light portion of extract (volatile oil) contains (Z)-γ-atlantone, (E)-γ-atlantone 

and ar-turmerone (Leal et al., 2003). Furthermore, Wakte et al. (2011) optimized 

extraction condition for curcumin employing soxhlet and supercritical fluid techniques. 

Comparative studies revealed SFE as more effective tool for curcumin recovery (69.36%) 

from turmeric rhizome in contrast to soxhlet extraction (2.1%).  

Recently, Pyo and Kim (2014) determined effect of time (90, 120 and 150 min), 

temperature (40, 50, 60 and 70 °C) and pressure (200, 225, 250 and 275 atm), on 

curcumin yield under supercritical conditions. Maximum curcumin concentration was 

noted at pressure of 250 atm and temperature 60 °C. However, it decreased with an 

increasein temperature owing to very low density of supercritical fluid. Conversly, 

increment in extraction time from 90 to 120 min also enhanced curcumin recovery from 

26.45 to 31.07 mg/g during 120 to 150 min. One of the peers, Ching et al. (2014) 

evaluated the influence of temperature (40, 50, 60 and 70 °C) on percentage area under 

curve to assess curcumin content in ethanolic turmeric extract. Maximum curcumin 

percentage was measured at 50 °C. Formely, Vyas et al. (2011) analyzed crude turmeric 

powder using high performance thin layer chromatography (HPTLC) and noted 3.69% 

curcumin employing methanol as solvent at 30 min.  
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Globally, plants have always been the part of traditional treatments since antiquity. 

Isolated bioactive molecules from spices serve as preliminary materials for diet based 

therapies. Purposely, extraction is important in the itinerary of phytochemical processing 

from plant materials. In this respect, selection of suitable extraction technique and 

optimization of various parameters are essential for the development of designer food 

products. Use of green extraction technique such as SFE has been rapidly increasing 

owing to its safety, isolation efficiency and time consuming. 

2.5. Antioxidant capacity of turmeric extracts  

Curcumin is the principle turmeric bioactive moiety, account for 75-80% of total 

curcuminoids. It is reported that curcumin prevents oxidative damage of red blood cells 

by down-regulating hydrogen peroxide, superoxide and nitrite radicals, considered vital 

for inflammation. Its antioxidant power is 100 times more than that of vitamin C & E. In 

vivo studies reported that, it strengthens body defense mechanism by regulating the 

activities of glutathione peroxidase, catalase and superoxide dismutase. This is accredited 

to its chain breaking capability by capturing free radicals in conjugated structure 

comprised of β-diketone and methoxylated phenolic groups. Physicochemical attributes 

of curcumin depends upon the equilibrium of keto-enol-enolate in heptadienone 

configuration as it is a good proton donor under acidic/neutral environment (Eybl et al., 

2006; Bagchi, 2012).  

Curcumin content varies with maturity, cultivar and geographical location. As turmeric 

gets mature, its curcumin concentration changed from 4.65 to 14.34%. Similarly, climatic 

conditions even alter phytochemical production in the same variety (Green et al., 2014).  

In another study, 0.3 to 5.4% curcumin was reported in fresh turmeric rhizome (Akram et 

al., 2010). The solid powder of curcumin is more stable to light as compared to solution 

form. The intramolecular bonding by hydrogen provides way to arrest excited state under 

influence of photo-irradiations (Maizura et al., 2011). In solution, various cyclic products 

are formed from curcumin like vanillin, vanillic acid and ferulic acid. Curcumin solution 

is always kept in dark colored bottles to avoid its degradation (Tátraaljai et al., 2013).  

Various assays are employed to evaluate antioxidant indices of turmeric bioactive 

ingredient i.e. curcumin. Depending on the mode of action, commonly two methods are 

utilized; one associated with free electron scavenging ability whilst, other based on lipid 

peroxidation. The former includes 1,1-diphenyl-2-picryl-hydrazyl free radical (DPPH), 
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2,2_-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS), FRAP and ferrous ion 

chelating (FICA) while latter comprised of thiobarbituric acid (TBA), malonaldehyde 

(MDA) and β-carotene bleaching assays (Moon and Shibamoto, 2009).  

Drying conditions significantly alter antioxidant potential of curcumin as assessed by 

DPPH and iron chelation assay. Curcumin is sensitive to high temperature resulting in 

degradation and vaporization, leading to loss of bioactive molecules (Cousins et al., 

2007). Furthermore, Choudhary et al. (2014) reported 80-220 mg phenolics in turmeric 

rhizome that changed with conventional and cryogenic conditions. Under low 

temperature, antioxidant capacity of turmeric extract increased from 24 to 81%. 

Interestingly, freeze dried turmeric leaf powder exhibits more antioxidant potential 

64.31% than its fresh counterparts 24.93% (Yan and Asmah, 2010). According to Himesh 

et al. (2011), total phenolics in ethanolic extract of turmeric rhizome are 11.24 mg/g 

GAE. The variations in phenolics are attributed to varietal differences, geographical 

location and extraction conditions. 

The reduction potential of phenolics against free radicals is more precisely determined 

through DPPH and ABTS methods that depend on its decolorizing capability. In a study, 

Ak and Gulcin (2008) assessed curcumin against ABTS•+ and DPPH• that depicted higher 

scavenging power 79.6 and 62.2% than that of trolox 4.4 and 29.4% @ 45 g/L, 

respectively. Similarly, Cousins et al., (2007) analyzed four clones of turmeric for their 

potential against free DPPH•. The half maximal effective concentration (EC50) 

demonstrated change from 3.15 to 9.25 g/L owing to variation in genotype and 

agricultural practices. Later, Menghini et al. (2010) reported ABTS value for aqueous 

turmeric extract as 267.03 mmol trolox equivalent/g.  

In comparative study, antioxidant potential of free and bound turmeric phenolics was 

investigated by DPPH scavenging power. The IC50 value showed that turmeric contains 

phenolics; ferulic and p-coumaric acid and possesses strong scavenging ability for free 

DPPH• radicals in contrast to free ones (curcumin). However, at equal polyphenol 

concentration, curcumin exhibits 3% higher antioxidant power relative to ferulic acid and 

p-coumaric acid (Kumar et al., 2006). Conclusively, curcumin is potent antioxidant 

utilized as health enhancing tool in modern phytotherapies.   
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2.6. Bioefficacy of turmeric nutraceutics 

For therapeutic potential, accessibility of bioactive moiety at targeted site within the body 

is very crucial. The health claims of curcumin are suppressed in response to low oral 

bioavailability representing poor retention rate & extent to reach at targeted organ or 

systemic circulation. Generally, there are three factors namely solubilization, absorption 

and metabolism that strongly effect the bioavailability of compounds. Curcumin is water 

insoluble in nature hence undergoes rapid metabolism in gastrointestinal tract as well as 

in liver resultantly degraded into conjugated metabolites such as glucuronide and sulfate 

(Bhowmick et al., 2009). In this context, hydroxyl groups at phenolic ring are more 

susceptible to glucuronidation resulting in the formation of lipophilic conjugates that 

readily eliminate with stool. This problem could be resolved by encapsulating bioactive 

molecules in different types of wall materials either singly or compatible biopolymers 

(Aggarwal and Sung, 2009; Xie et al., 2011).  

Microencapsulation is among the latest approaches to pack the insoluble materials in 

miniature that enhance the bioavailability of core material at controlled rate. Actually, 

microcapsules are small particulates ranging in size from sub-micron to various 

millimeters. The application of microencapsulation is getting more popularity in order to 

protect nutraceuticals from adverse effect of moisture, light and oxidation thus extending 

shelf life of designer foods. Different methods are employed to encapsulate insoluble 

material at micro level including spray drying, extrusion, coacervation, lyophilization and 

microemulsion (Fang and Bhandari, 2010).  

In controlled delivery system, nature of carrier material is one of the important 

determinants to attain entrapment efficiency of core ingredient. In this connection, 

various encapsulation formulations are usually employed such as sugars, proteins, lipids, 

gums, native & modified polysaccharides and synthetic polymers (Kshirsagar et al., 2007; 

Xie et al., 2011). It has reported that maximum encapsulating efficiency is achieved by 

improving dispersibility of the core ingredient in emulsion formulation. In this context, 

about 1% curcumin dissolution in a medium chain triglyceride is responsible to improve 

its anti-inflammatory potential within the body due to better absorption as compared to 

free curcumin (Wang et al., 2008). In a comparative study, Takahashi et al. (2009) 

prepared from two commercially available soybean lecithin based liposome as coating 

material (SLP-WHITE and SLP-PC70) for efficient delivery of curcumin. Accordingly, 
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SLP-PC70 (5%) carrying 2.5% curcumin showed better encapsulation power 68% in 

contrast to SLP-WHITE around 10% due to good dispersibility.  

Maltodextrin is one of the widely used matrices, produced under acidic/enzymatic 

hydrolysis of starch with different molecular weights. Generally, it is economical, readily 

available in different classes based on dextrose equivalent (DE) and considered as choice 

material for natural colorants. Keeping in view the aforesaid facts, Malacrida and Telis 

(2011) evaluated the combined impact of maltodextrin and gelatin as coating material on 

the encapsulation efficiency (EE) of curcumin by applying freeze drying condition. A 

significant variation from 57.8 to 79.7% was recorded in the EE of curcumin by changing 

the gelatin contents from 0.9-2.6%, respectively, whereas keeping maltodextrin at 

constant concentration i.e. 20.6%. It has been deduced that EE of turmeric oleoresin 

increases with the addition of gelatin in polymeric matrix formulation whereas, 

maltodextrin showed non-significant effect on the delivery system due to low emulsifying 

and film-forming capacity. However, maltodextrin inclusion improves in vitro solubility 

of curcumin. In another study, Yu and Huang (2010) used food grade hydrophobic 

modified starch (HMS) to evaluate the bioaccessability of curcumin. This amphiphilic 

polymer enhances solubility of turmeric biomolecule by 1670 folds by virtue of hydrogen 

and hydrophobic interaction between HMS and curcumin micelle. 

Limited solubility and stability are the two main factors for low systemic bioavailability 

of curcumin. Various protein fractions of soybean (2S, 7S, 11S and 15S globulins) are 

being used as carrier material for turmeric biomolecules owing to its functionality and 

nutritional value. The complex of soy protein isolates (SPI) with curcumin revealed 

significant increase in its stability by 812 fold and solubility from 11 ng/mL to 8.9 µg/mL 

in aqueous media in comparison to free curcumin due to hydrophobic interaction. In vivo 

rapid degradation of curcumin (90% in 30 min) in the intestinal and gastric fluids is 

arrested by SPI-curcumin complex due to high stability up to 80% during 12 hrs. This 

would give sufficient residence time for systemic circulation (Tapal and Tiku, 2012). 

Preclinical data have elucidated that various absorption enhancers may be employed to 

delay the dissolution of curcumin in intestinal fluids such as piperine. Interestingly, 

excipient ingredient i.e. piperine magnifies bioavailability of curcumin and other 

phenolics. Bioefficacy trials on male rats illuminated 9 fold increase in bioavailability of 

curcumin loaded nanoparticles as compared to co-mixture of piperine and curcumin 

owing to reduce first pass metabolism (Shaikh et al., 2009). Furthermore, Vitaglione et al. 
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(2012) assessed curcumin bioavailability in human subjects fed on enriched bread @ 1 

g/portion of free and encapsulated curcumin with cellulose derivatives & hydrogenated 

vegetable oil. HPLC analysis of collected sera, urine and feces elucidated 1000 fold 

increase in bio-accessibility of curcumin. Actually, curcumin is pH dependent and more 

sensitive to neutral-basic conditions. Encapsulation provides shielding effect to 

nutraceutics, making them less degradable in intestinal lumen thus magnifies their 

concentration in the blood. Pharmacokinetic study showed highest the concentration of 

curcuminoids (3.36 ± 0.36  nmol/L) at 160 min in humans consumed bread with 

encapsulated ingredient as compared to curcumin free group (1.59 ± 0.28 nmol/L) at 30 

min. As a matter of fact, curcumin encapsulation improves its permeability via cell 

membrane, resists metabolic breakdown and provides longer circulation or retention time.   

Microencapsulation is a novel tool in nutrition science with remarkable therapeutic 

benefits accredited to the nature of coating material. Resultantly, process of miniature 

enrobing may serve as probe for optimal curcumin retention within the body as well as 

blocking conjugation and modifying physicochemical features.  

2.7. Curcumin nutrification in dietary edibles 

Poor dietary pattern induces various metabolic syndromes such as obesity, oxidative 

stress hyperglycemia and hypercholesterolemia that need to be managed by up-grading 

the nutritional and antioxidant status of the conventional foods via nutrification of 

nutraceutics. In this millennium, functional and designer foods are gaining popularity in 

averting physiological threats besides the provision of basic nutrition owing to their safe 

nature (Ambati, 2013). The designer foods are the means to modify health status of the 

consumers without changing their dietary pattern. Moreover, they are helpful to deliver 

recommended levels of nutritive and non-nutritive ingredients to maintain normal 

physiological functioning of the body. However, development of novel food products 

with established health benefits is a multifarious task that depends on scientific 

knowledge, consumer satisfaction, convenience, price, age and cultural habits (Siró et al., 

2008; Rajasekaran and Kalaivani, 2013).  

Large community of people relies on plant based foods to fulfill their dietary needs like 

carbohydrates, protein, fat, vitamins & minerals. Amongst them, cereal based products 

occupy core position to satisfy the nutritional requirements of different age groups (Ajila 

et al., 2008). Furthermore, spices like turmeric also have good nutritive value as well as 
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health promotive ingredients. Hence, optimal utilization of turmeric bioactives in product 

development improves antioxidant status of the targeted population. Nowadays, 

consumers are selective in choosing food items that not only fulfill their nutritional needs 

but also provide therapeutic benefits. In this connection, bakery products as carriers of 

antioxidants are gaining popularity being ready to eat nature, low cost, availability in 

different shapes & flavor and longer shelf life. The bread is one of the oldest foods, it is 

utilized as staple diet hence considered as an effective tool for phytochemicals 

nutrification (Hathorn et al., 2008).  

Due to increasing demands, food researchers are trying to improve quality, safety and 

shelf life of bread. For centuries, spices & herbs like ginger, turmeric, cloves and 

cinnamon have become part of daily diet to impart desirable aroma, color & flavor as well 

as functional agents for up-regulation of antioxidant status (Okoko and Ogbomo 2010). 

Currently, Muhammad et al. (2014) compared the effect of turmeric powder @ 3 and 6% 

on overall acceptability of breads. Maximum color and flavoring scores were recorded for 

bread supplemented with 3% turmeric during 96 hr storage.  

Another important parameter to evaluate quality of end product is to assess rheological 

properties. In this regard, bread dough is a shear thinning and viscoelastic material 

affected by inclusion of other ingredients. Earlier, Park et al. (2012) recorded the 

influence of various turmeric levels (2, 4, 6 and 8%) on farinographic parameters. It study 

showed that water absorption increased ranging from 49.6 to 69.4% by addition of 

turmeric supplementation.  This related to fiberous portion of turmeric rhizome that 

allowed more water to bind hydroxyl group (OH) via hydrogen bonding. However, dough 

stability during mixing decreased by increasing turmeric level due to dilution of gluten. 

The polyphenolics makes strong bonding with protein thus strengthening gluten network 

and enhance bread volume. 

Bread storage over longer duration may lead to deteriorative quality or unacceptable 

sensorial response in relation to lipid peroxidation. These alterations can be ameliorated 

by the application of various natural antioxidants such as active molecules of turmeric 

that prolong the storage stability of bread by scavenging free radicals (Tuba and Ilhami, 

2008). Accordingly, Lim et al. (2011) reported significant increment in bread phenolics 

from 30.9 to 150.5 mg by substituting 2, 4, 6 and 8% of turmeric powder in wheat flour. 

The phenolics are relatively reactive and unstable compounds thus degradation of 

antioxidant indices up to some extent is expected during baking process. It was reported 
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that 25 to 30% of total phenolic get lost during baking owing to thermal instability, 

whereas rest of the turmeric bioactives showed free radical scavenging potential up to 

17.56-60.34%. Regarding sensory characteristics, turmeric addition increases hardness, 

exhibiting inverse relation with bread volume and responsible for darker color owing to 

the presence of curcuminoids. It was noticed that bread has good acceptability at 4% 

partial replacement of flour with turmeric powder however, higher content are negatively 

associated with the taste of bread (Prathapan et al., 2009; Alvarez-Jubete et al., 2010). 

Later, Park et al., (2012) evaluated the effect of turmeric powder at various 

concentrations to improve antioxidant status and hedonic response of cake. The linear 

increment in antioxidant potential was observed with turmeric addition up to 45%. 

However, incorporation at optimal concentration gives satisfactory consumer response as 

enhancement of volatiles impact negatively on taste profile. It is recommended that 

consumption of two slices of bread carrying 4% turmeric provides 40.12 mg phenolics, 

contributing 4.6 mg curcumin (Lim et al., 2011). According to a bioefficacy study, 

Tschiersch (2012) investigated the effect of turmeric supplemented pan bread against 

complication of diabetes. The momentous reduction was noticed in glucose level during 

experimental period of 45 days. In the nutshell, use of bakery products as nutraceutic 

carrier is an effective vehicle for the vulnerable population. 

Color is one of the prime parameters perceived by the consumer that plays a key role in 

the product acceptance. In color analysis, L* presents lightness or darkness, a* reflects 

greenish to reddish tonality and b* represent bluish to yellowish tonality. Curcumin is a 

thermosensitive bioactive molecule of turmeric as mild heat treatments alters its 

antioxidative potential as well as coloring attributes. Earlier, Sikkhamondhol et al. (2009) 

investigated the influence of heat treatment on the color of turmeric supplemented bread. 

They deduced that L* value decreased from 80.15±1.58 to 78.23±2.23 while a* and b* 

value increased from 3.57±0.39 to 5.71±0.24 and 43.12±1.23 to 53.09±1.91, respectively.  

2.8. Health claims of curcumin 

Numerous evidences have associated chronic diseases to sedentary lifestyle including 

hypertension, lack of exercise, abuses of tobacco & alcohol and transition from natural 

foods to refined equivalents. Normally, the metabolic syndromes occur due to free 

radicals generation and their oxidizing reactions with macromolecules such as proteins, 

lipids and DNA. On the other hand, curcumin protects from various disorders. Moreover, 
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it has strong antioxidant and antiinflammatory potential against hydrogen peroxide, 

superoxide and nitrite radicals (Dai and Mumper, 2010; Ilic and Misso, 2012).  

Several authors have documented the use of curcumin as blood purifier to treat flatulence, 

dyspepsia, urinary tract and liver disease. It decreases inflammation by modulating 

peroxisome proliferator-activated receptor gamma (PPAR-α) and nuclear factor kappa B 

(NF-kB) activities. Additionally, it regularizes serum cholesterol level via activation of 7-

α-hydroxylase; cholesterol catabolizing enzyme. The turmeric and its active constituents 

possess strong hepatoprotective and inhibitory effect for cytokines. Alongside, it 

enhances macrophage phagocytosis hence contribute to immune boosting activities 

(Jungbauer and Medjakovic, 2012; Khajehdehi, 2012; Nagpal and Sood, 2013).  

It has been documented that curcumin based phytotherapy inhibits diabetes and allied 

complications such as retinopathy, nephropathy and advanced glycation products 

(Hussein and Zinadah, 2010). It provides protection against myocardial infarction by 

restoring faulty Ca2+ homeostasis of heart muscles. It improves Ca2+ mobility and 

transportation from sarcoplasmic reticulum of cardiac muscle. The curcumin intervention 

permits significant reduction in LDL and VLDL levels along with simultaneous 

increment in α-tocopherol (Bagchi, 2012; Yang et al., 2014).  

2.8.1. Oxidative stress management 

The generation of Reactive Oxygen Species (ROS) is an innate phenomenon i.e. damages 

the integrity of biomolecules if balance between free radicals and body defense system is 

devastated. In such circumstances, cell defense mechanisms become activated, comprised 

of enzymatic i.e. Superoxide dismutase (SOD) & catalase (CAT) and non-enzymatic 

pathways i.e. glutathione & vitamin E (Erdman et al., 2009). Superoxide dismutase acts 

as first line of defense by averting singlet oxygen into hydrogen peroxide. Furthermore, 

catalase and glutathione peroxidase enzymes convert hydrogen peroxide into water. 

Generally, these enzymes work in harmony but under excessive production of ROS, cell 

damage or oxidative stress may arise. Phytotherapies based on turmeric bioactives tends 

to alleviate deleterious effects by scavenging and stabilizing reactive species (Manjunatha 

and Srinivasan, 2007; Kelkel et al., 2010).  

Chemical analysis elucidated that α, β-unsaturated carbonyl groups of curcumin are 

involved in neutralizing nucleophiles. As curcumin exhibits diketone structure, it tends to 

tautomerize between ketonic and enolic forms that are important for antioxidant potential. 
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This heptadienone equilibrium also accounts for its physicochemical attributes. The keto 

form exists in acidic as well as neutral environment and strong proton donor neutralizes 

free radicals. Actually, the methylene bridge of heptadienone possesses two exposed 

hydrogen atoms that perform this task under oxidative stress. Conversely, alkaline 

conditions make curcumin potent electron donor by activating its phenolic part in order to 

stabilize free radical species (Alrawaiq and Abdullah, 2014). 

It is reported that curcumin rapidly breakdown in the intestine and produces colorless 

metabolite “tetrahydrocurcumin” that exhibits higher antioxidant potential than that of 

parent compound. In this context, Murugan and Pari (2006) found significant capability 

of tetrahydrocurcumin (THC) to strengthen endogenous antioxidants; superoxide 

dismutase (SOD), catalase (CAT), glutathione peroxidase & S-transferase (GPx & GST) 

thereby reduces oxidative stress by decreasing lipid peroxide malondialdehyde (MDA). 

Moreover, toxic oxidative species generated by cytochrome p450 resulted in the 

formation of trichloromethyl peroxy radicals resulting in hepatic and kidney cells 

deterioration. Previous literature has described shielding effect of Curcuma longa against 

DNA damage. The data obtained from gel electrophoresis delineated that turmeric 

biomolecules protect genetic material by quenching oxidative reactive species, 

contributing shielding effect (Kumar et al., 2006; Manjunatha and Srinivasan, 2007). 

Free radicals are linked with various disease pathogenesis such as diabetes, 

cardiovascular complications, osteoporosis and cataracts. Curcumin reduces 

prostaglandin E2 (PGE2) secretions; an oxidative stress biomarker that increases under 

oxidative imbalance (Ratnam et al., 2006; Menghini et al., 2010). Another way to analyze 

imbalance between free radicals and body defense system is by measuring the level of 

hepatic stress markers; alanine transferases (ALT) and aspartate transaminases (AST). In 

a bioefficacy experiment, Ling and his fellows, (2012) enumerated hepatoprotective 

potential of turmeric oil (300 mg/kg) that significantly decreases liver injury indicators 

like alanine and aspartate transaminases (ALT and AST) by 25 and 44.2%, respectively in 

contrast to high fat administered group. Moreover, antioxidative potential of turmeric oil 

was also assessed by screening the level of liver superoxide dismutase (SOD), glutathione 

peroxidase (GSH-Px) that increased by 38.6 and 77.7%, respectively while 

malondialdehyde (MDA) decreased by 54.7%. The similar outcomes were observed by 

Hussein & Abu-Zinadah (2010) in rodent modeling trial by administrating rats on 
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curcumin supplemented diet for 8 weeks. The curcumin is an efficient antioxidant to 

restore oxidative stress markers close to normal range. 

Earlier, It was reported that high cholesterol diet for a long time deteriorate membrane 

integrity of red blood cells by increasing vulnerability of membrane lipids to oxidation. 

However, curcumin exhibiting hydroxyl unit and β-diketones in their structural 

configuration retard lipid peroxidation in conjugated part of phospholipids present 

erythrocytes membrane by scavenging free radicals resultantly protects membrane 

deformation (Yang et al. 2012). Nonetheless, Anand et al. (2007) attributed antioxidant 

potential of curcumin to the methylene group existing in heptadiene-dione moiety. 

White blood indices are integral part of body’s immune system that protects the body 

against various infectious disease and foreign invaders. Under abnormal physiological 

state, immune system responded to this pathological condition by increasing level of 

monocytes and lymphocytes along with decrement in neutrophiles.  In this regard, 

Alshehri (2013) determined effect of 200 g turmeric powder on white blood cells indices. 

It resulted in significant improvement in neutrophiles along with momentous reduction in 

lymphocytes and monocytes. On the whole, it leads to 6.15% alleviation in white blood 

cells of hypercholesterolemic rats provided with turmeric enriched diet with respect to 

control.   

Curcumin attenuates lifestyle related disorders without imparting any deleterious effects 

on hematological aspects. Accordingly, Borra et al. (2013) reported scavenging potential 

of curcumin against peroxy radicals responsible for chain propagation in lipid oxidation 

reaction. This attribute give protection to erythrocytes membrane from haemolysis. In this 

context, safety assessment study was carried out on male albino rats. The oxidative stress 

biomarkers i.e. MDA reduced by 10.25% and glutathione level raised up to 4.87% 

(Rezaei-Moghadam et al., 2012). 

Conclusively, curcumin triggers inhibitory effect on oxidative stress markers, boosts body 

antioxidant defense mechanism and induces detoxification enzymes thus shields the body 

against deleterious effect of free radicals. 

2.8.2. Hypolipidemic potential 

Throughout the world, incidences of cardiovascular diseases are higher owing to poor 

living pattern and imprudent food choices. Hyperlipidemia is one of the leading causes of 

cardiovascular diseases, characterized by increased cholesterol and triglyceride levels. 

https://en.wikipedia.org/wiki/Infectious_disease
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Turmeric possesses hepatoprotective properties due to its cholesterol lowering effects. 

Ingestion of turmeric biomolecule “curcumin” decreases the absorption of fatty diet by 

rapidly eliminating bile hence lowering the risk of heart diseases (Elahi, 2012).  

Cholesterol is one one of lipophilic compounds that is circulted by chylomicron (CM), 

very low density lipoprotein (VLDL), low density lipoprotein (LDL) and high density 

lipoprotein (HDL) as carriers. However, lipoproteins are major part of each carrier for its 

identification by its receptors present on cell membrane. It was documented that curcumin 

maintained ratio of β-lipoprotein and α-lipoprotein that are important for structural and 

functional integrity of both LDL as well as HDL, respectively (Yang et al., 2012).  

The dietary intake of fatty foods for prolonged period leads to progression of LDL 

oxidation that is fatal to endothelial cells. This disturbs the oxidative balance of the body 

resulting in plaque formation in blood vessels by oxidizing lipoproteins. Curcumin blocks 

the aggregation of platelets and improves erythrocyte fragility; important factors for 

pathogenesis of heart attack and arteriosclerosis. Moreover, curcumin administration in 

daily diet tends to enhance the activity of hepatic acyl-CoA that hinders excessive fat 

accumulation in adipose tissues and liver (Bengmark et al., 2009). 

There are basically two sources of cholesterol; one from gastrointestinal absorption 

whilst, other endogenous de novo synthesis. The curcumin regulates the activity of 

hepatic cholesterol 7-α-hydroxylase thus normalizes the biosynthesis of bile acids. 

Curcumin as dietary intervention is encouraged to attenuate hypercholesterolemia. In an 

investigation, male albino rats were administrated diet with curcumin for 7 consecutive 

days. A momentous reduction was observed in total cholesterol (TC), triglycerides (TG) 

and low density lipoprotein (LDL) by 19.73, 24.69 and 73%, respectively as compared to 

curcumin free group. However, curcumin admixture resulted in increment in high density 

lipoprotein (HDL) by 33.87% along with low lipid peroxidation as indicated by reduced 

activities of alanine and aspartate transferases (Arafa, 2005). The oxidative stress 

exacerbates normal body functioning resulting in oxidation of important components 

including LDL. During an experimental trial on hypercholesterolemic Wistar rats, decline 

in atherosclerotic lesions was observed after feeding curcumin. It was observed that 

turmeric induced significant decline in cholesterol, triglyceride, LDL and VLDL up to 

38.50, 25.67, 59.56 and 33.21%, respectively whereas, increase in HDL was 10.80% in 

respective rat groups. Similarly, damage caused by elevated lipids to ALP, AST and ALT 

was restored by 17.45, 16.85, and 12.12%, correspondingly (Elahi, 2012).  
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It is interesting to know that curcumin down-regulates gene expression for 3-hydroxy-3-

methyl-glutaryl-co-enzyme A reductase (HMGR) through transcriptional inhibition. The 

major objective for cholesterol management is to attenuate serum LDL level. The 

proposed mechanism described that curcumin decreases level of Apo-B lipoprotein in 

serum from hepatocyte, involved in LDL transfer to extrahepatic cells at 1:1. Moreover, 

to manage hyperlipidemia, regulating HDL is considered good as it metabolizes & 

excretes triglycerides and cholesterol bodies. Curcumin has found to suppress the activity 

of plasma cholesteryl ester transferase (CETP) that control exchange of cholesteryl esters 

between LDL/VLDL and HDL (Shin et al., 2011). 

According to Qinna and his colleagues, (2012) increment in low density lipoprotein and 

decrement in high density lipoprotein are the major contributing factors for coronary heart 

diseases. LDL interacts with ROS resulting in the formation of oxidized-LDL along with 

the accumulation of various adhesions, neutrophils, monocytes and atherosclerotic 

plaques, responsible for cell death. In another research, impact of spices was assessed in 

two different combinations; (turmeric, artichoke & prickly pear dried leaves) and (garlic, 

turmeric, prickly pear dried leaves & artichoke). The results demonstrated synergistic 

influence of spices on hyperlipidemia by normalizing HMG-CoA reductase. Earlier, 

Manjunatha and Srinivasan (2007) evaluated additive effect of curcumin and capsaicin on 

lipid profile of hypercholesterolemic rats. During the 8 weeks trial, it was observed that 

blood cholesterol decreased by 22, 20 and 21.5% using capsaicin, curcumin and their 

combination, respectively. Similar declining trend was recorded for triglycerides and 

LDL. However, activities of glutathione reductase, -transferase & -peroxidase and 

catalase also showed improvements. Therefore, for longer duration, it is advisable to use 

the herbal combination because of their non-toxic impact on health.  

Numerous epidemiological studies provide convincing evidences regarding the use of 

curcumin to prevent coronary diseases. In a bioefficacy study, Ling and his fellows, 

(2012) explored antioxidative and hypocholesterolemic effects of turmeric oil on high fat 

induced hypercholesterolemic male Sprague Dawley rats. The total cholesterol, 

triglycerides and low density lipoproteins decreased considerably (p<0.05) by 17.1, 41.4 

and 28.4%, respectively. The imbalance between LDL and HDL levels are the 

determinants of atherosclerosis and dyslipidemia. Similarly, Ramı´rez-Tortosa et al. 

(1999) explored the protective role of ethanolic turmeric extract against rabbit serum 

cholesterol. The oxidative susceptibility of LDL was analyzed by measuring 
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thiobarbituric acid reactive substances (TBARS), produced under oxidative stress 

condition. The obtained data revealed that turmeric significantly reduce TBARS level by 

scavenging free radicals in comparison to control group. Similar pattern was observed for 

cholesterol, phospholipid and triglycerides in LDL micelle of all experimental groups.  

2.8.3. Hypoglycemic perspectives 

Diabetes mellitus is characterized by elevated blood glucose level in response to high 

calorie foods i.e. normally managed through pancreatic hormonal secretion “insulin”. The 

world health organization has estimated that 336 million people in the world will be 

victim of diabetes in 2030. This is an alarming situation and must be taken into 

consideration before it goes out of control. Diabetes is classified on the basis of β-cell 

functionality between type 1; insulin dependent (IDDM) and type II; non-insulin 

dependent diabetes mellitus (NIDDM). Clinically, diabetes is a disease that normally 

occurs in response to hyperglycemic condition (WHO, 2006). The hyperglycemia is an 

endocrine syndrome i.e. alarming and impact negatively on cardiovascular health. 

Conclusively, poorly controlled blood glucose level leads to the development of diabetic 

complications (Laitinen et al. 2009).  

Around 33% of all diabetic patients are convinced to adopt diet based therapies. 

Amongst, use of turmeric in various dietary regimens is very common. The hypoglycemic 

potential of turmeric is attributed to its curcumin content, regulating hexokinase and 

glucose-6-phosphate dehydrogenase. The enzymes are involved in glucose utilization 

either by phosphorylation to enter in glycolytic pathway or by maintaining normal level 

of NADPH (Dai and Kamel, 2014; Amin et al., 2015). The similar effect was observed by 

Narayannasamy et al. (2003) on alloxan induced diabetic rats provided with turmeric & 

curcumin supplemented diet for 21 days. These treatments drastically decreased glucose-

6-phosphatase while momentously enhanced activities of serum and hepatic hexokinase, 

glucose-6-phophate dehydrogenase and lactate dehydrogenase. However, curcumin has 

proven more efficient as anti-diabetic agent than that of turmeric, even at low dose. In 

diabetic condition, increased level of acid phosphatase (ACP) and alkaline phosphatase 

(ALP) results in increased leakage from necrotic cells but turmeric polyphenol  intakes 

reduced their level in serum (Aziz et al., 2013). Likewise, Santoshkumar et al. (2013) 

studied hypoglycemic effect of ethanolic turmeric extract on diabetic male rats. The 

significant affect up to 49.92% in blood glucose was noticed with respect to control 
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group. Conclusively, they confirmed turmeric as an ameliorating agent for 

hyperglycemia. 

There are scientific evidences for the use of various combinations of spices along with 

anti-diabetic drugs at minimum dose to treat hyperglycemic condition. Accordingly, 

Srinivasan, (2004a) evaluated combined use of onion, fenugreek and turmeric powder on 

the hyperglycemic rats. Depending on the experimental data, it was inferred that daily 

intake of 50 g onion, 25-50 g fenugreek and 1 g turmeric are efficient dietary inclusions 

to manage diabetes and related complications. The glucose regulating effect is attributed 

to bioactive moieties that enhance insulin secretion and glucose absorption.  

It has been reported that hyperglycemia is linked to the oxidation of glucose and protein 

glycation by reactive oxygen species that make deteriorative changes in DNA and tissues 

protein (Meghana et al., 2007). Moreover, the free radicals lead towards progression of 

diabetic mellitus and inflammatory pathways due to impaired by body defense 

mechanisms. In a study, Madkor et al. (2011) studied the modulatory role of turmeric on 

elevated blood glucose and antioxidant status of diabetic rats. It has been observed that 

daily supplementation of 200 mg turmeric in diet for consecutive 28 days resulted in 

59.79% reduction in glucose while enhanced insulin level by 31.63% in comparison to 

control diabetic group. However, antioxidant defense system especially GSH was restored 

by 39.16% whereas, TBARS decreased up to 60.24%. The bioactive moieties of turmeric 

keep membranes and enzymes intact by scavenging free reactive species. Alongside, it 

efficiently reduces the formation of advanced glycation end products under 

hyperglycemic condition. Daily curcumin intake normalizes fasting sugar level and 

reduces the quantity of insulin to restore normoglycaemia (Srinivasan, 2005). 

It is well documented that curcumin intervention reduces the onset of type II diabetes in 

pre-diabetic patient. In a randomized controlled trial, 240 people were provided with 

either placebo or curcumin supplemented diet for 9 months to assess progression of 

diabetes. During the dietary intrusion period, modifications in anti-inflammatory 

adiponectin, insulin resistance and β-cell functionality were recorded at time interval of 0, 

3, 6 and 9 months. The outcomes showed that curcumin decreases insulin resistance by 

activating receptors on cell surface and reducing death of β-cells. The significant 

increment was found in homeostasis model for β-cells (HOMA-β) of curcumin treated 

group representing insulin functionality. Similar trend was also observed for adiponectin 

as curcumin intake magnifies this anti-inflammatory cytokine by 17.85% thus minimizes 
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the occurrence of diabetic complications. However, insulin resistance (HOMA-IR) 

decreased up to 20.29% owing to healthy β-cells function (Chuengsamarn et al., 2012). 

Spices do not contribute to nutrient make up as they are consumed in minute quantity 

hence considered for flavoring or coloring characteristics. However, considering the 

health promoting effects, these food adjuncts have attained the status of “nutraceutics”. In 

this regard, curcumin is responsible for therapeutic effects against inflammation, diabetes, 

osteoarthritis and cardiovascular diseases. It is summarized that turmeric is one of the 

vital spices for health promotion and disease prevention. 
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CHAPTER 3 

MATERIALS AND METHODS 

The current research was carried out in the Functional and Nutraceutical Food Research 

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

Agriculture, Faisalabad. In the present investigation, locally available turmeric variety 

(Kasur) was used for the extraction and characterization of curcumin. Furthermore, 

therapeutic potential of curcumin based designer products was assessed against lifestyle 

related disorders. The materials and protocols followed are elaborated herein.  

3.1. Procurement of raw material 

Fresh rhizomes of turmeric (Kasur) were procured from Ayub Agriculture Research 

Institute, Faisalabad, Pakistan. Analytical and HPLC grade reagents and standards were 

purchased from Merck (Merck KGaA, Darmstadt, Germany) and Sigma-Aldrich (Sigma-

Aldrich Tokyo, Japan). For efficacy study, Male Sprague Dawley rats were acquired and 

housed in the Animal Room of NIFSAT. For biological assay, diagnostic kits were 

purchased from Sigma-Aldrich, Bioassay (Bioassays Chemical Co. Germany) and 

Cayman Chemicals (Cayman Europe, Estonia). 

3.2. Characterization of turmeric 

Considering the quality attributes, turmeric was cleaned from adherent soil & other 

organic matter and dehydrated at 60 °C. The dried turmeric was ground to fine powder 

and subjected to various analysis including physicochemical profiling, mineral assay and 

polyphenol extraction.   

3.2.1. Physicochemical analysis  

Turmeric powder was analyzed for moisture, crude protein, fat, fiber, ash and nitrogen 

free extract according to their respective procedures. 

3.2.1.1. Moisture contents 

Moisture content of turmeric powder was determined by drying sample in Air Forced 

Draft Oven (Model: DO-1-30/02, PCSIR, Pakistan) at 105±5°C till constant weight 

according to AACC (2000) Method No. 44-15A.  
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3.2.1.2. Crude protein 

Estimation of crude protein was done via Kjeltech Apparatus (Model: D-40599, Behr 

Labor Technik, Gmbh-Germany) following the guidelines of AACC (2000) Method No. 

46-30.  

3.2.1.3. Crude fat 

Crude fat was determined through Soxtec System (Model: H-2 1045 Extraction Unit, 

Hoganas, Sweden) as described in AACC (2000) Method No. 30-25.  

3.2.1.4. Crude fiber 

For the measurement of crude fiber, fat free sample was subjected to digestion for 30 min 

with 1.25% H2SO4 followed by digestion with NaOH solution (1.25%) while using 

Labconco Fibertech (Labconco Corporation Kansas, USA) by adopting the protocol of 

AACC (2000) Method No. 32-10.  

3.2.1.5. Total ash 

Ash contents in dry sample were determined after charring followed by direct incineration 

at 550°C in a Muffle Furnace (MF-1/02, PCSIR, Pakistan) till grayish white residue 

following the procedure of AACC (2000) Method No. 08-01.  

3.2.1.6. Nitrogen Free Extract (NFE) 

The nitrogen free extract was calculated by following the expression: 

NFE% = 100 – (Moisture + Crude protein + Crude fat + Crude fiber + Ash)% 

3.2.2. Mineral assay  

Turmeric powder was subjected to mineral profile considering the instructions of AOAC 

(2006). Purposely, Na and K were determined through Flame Photometer-410 (Sherwood 

Scientific Ltd., Cambridge), whilst Ca, Fe, Zn, Cu and Mg by Atomic Absorption 

Spectrophotometer (Varian AA20, Australia). 

3.3. Preparation of turmeric extracts 

3.3.1 Conventional Solvent Extraction (CSE) 

The treatments used in the study (Table 1) were prepared using ethanol (50% v/v), 

methanol (50% v/v) and acetone (50% v/v) at three different time intervals: 35, 50 and 65 

min with constant temperature of 50oC following the prescribed procedures of Kulkarni et 
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al. (2012). Afterwards, solvent extracts were filtered and concentrated through Rotary 

Evaporator (Eyela, Japan). 

3.3.2. Supercritical Fluid Extraction (SFE)  

Supercritical fluid extracts of dried turmeric rhizome were obtained through SFT-150 

system using 99.8% pure CO2. After the placement of sample in 100 mL extraction 

vessel, CO2 was liquefied by optimizing at three different time intervals i.e. 50, 100 and 

150 min while keeping pressure and temperature conditions constant to accelerate the 

solvation & mass transfer of curcumin (Wakte et al. 2011).        

3.4. In vitro studies for CSE 

3.4.1. Total phenolic contents (TPC) 

Total polyphenol contents (TPC) in turmeric extracts were measured using Folin-

Ciocalteu method as mentioned by Himesh et al. (2011). The principle is based on the 

oxidation of phenolic compounds under alkaline conditions that result in reduction of 

phosphotungstic acid contained in Folin-Ciocalteu reagent to phosphotungstic blue or 

blue colored tungsten oxides. The absorbance of phosphotungstic blue is directly 

proportional to the number of aromatic phenolic groups. For the purpose, 50 µL of each 

prepared extract was separately added to each of the nine test tubes containing 250 µL of 

Folin-Ciocalteu’s reagent and 750 µL of 20% sodium carbonate solution and final volume 

was made up to 5mL with distilled water. After two hours, absorbance was measured at 

765 nm using UV/visible light Spectrophotometer (CECIL CE 7200) against control 

having all reaction reagents except the aqueous sample extract. All measurements were 

performed using gallic acid as standard, expressing the results as mg/100g of gallic acid 

equivalent (GAE). The total polyphenols in each extract were measured by using the 

mentioned formula; 

    C=c×V/ m 

C = Total phenolic contents (mg/g plant extract, in GAE) 

c = Concentration of gallic acid (mg/mL) 

V = Volume of extract (mL) 

m = Weight of turmeric (g)              
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Table 1. Treatments used for conventional solvent extraction  

Treatments Solvent Time (min) 

T
1
 Aq. Ethanol 35 

T
2
 Aq. Ethanol 50 

T
3
 Aq. Ethanol 65 

T
4
 Aq. Methanol 35 

T
5
 Aq. Methanol 50 

T
6
 Aq. Methanol 65 

T
7
 Aq. Acetone 35 

T
8
 Aq. Acetone 50 

T
9
 Aq. Acetone 65 

Aq. Ethanol    =  (50% ethanol + 50% water) 

Aq. Methanol =  (50% methanol + 50% water) 

Aq. Acetone   =  (50% acetone + 50% water) 

 

 

                    

                   Table 2. Treatments used for supercritical fluid extraction  

Treatments Solvent Time (min) 

TSFE1 CO2 50 

TSFE2 CO2 100 

TSFE3
 CO2 150 

                       SFE=Supercritical Fluid Extraction 
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3.4.2. Free radical scavenging ability (DPPH assay) 

The extracts were analyzed for DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical 

scavenging activity following the protocol of Kumar et al. (2006). The DPPH is a stable 

free radical that exhibits deep violet color with characterized absorption band at 517 nm. 

The odd electron of this oxidizing radical get paired off in the presence of free hydrogen 

atoms from phenolic antioxidants that results in the reduction and stabilization forming 

yellow colored hydrazine (DPPH-H) thereby decreasing the absorption strength. The free 

radical scavenging activity depends on number and nature of polyphenol contents. In 

this context, 3 mL of freshly prepared DPPH solution in respective solvent (6×10 -5 M) 

was mixed with 77 μL sample extract. Each extract and blank (containing same 

amount of solvent and DPPH solution except extract) were kept in dark for about 15 

min. Afterwards, decrease in absorbance was measured in tested extracts at 517 nm 

using UV/visible light spectrophotometer. Absorbance for blank sample was also 

estimated at 517 nm through UV/visible light spectrophotometer. The percent 

inhibition of DPPH radical was calculated as: 

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

AB = Absorbance of blank sample at t = 0 min 

AA = Absorbance of tested extract at t = 15 min 

3.4.3. Ferric reducing antioxidant power (FRAP assay)  

The extracts were analyzed for ferric reducing ability according to the guidelines of 

Asimi et al. (2013). The principle is based on reduction of ferric-tripyridyl triazine 

complex to its ferrous colored form in the presence of antioxidants. The formation of blue 

color increase the absorbance (A) of the reaction mixture, indicate strong reducing power. 

As per protocol, fresh FRAP reagent was prepared by mixing 50 mL of acetate buffer, 5 

mL of TPTZ (2, 4, 6-tripyridyl-S-triazine) solution in 40 mmol/L HCL plus 5 mL of 

FeCl3.6H2O (20 mmol/L of water solution). Afterwards, 50 µL of turmeric extract was 

then mixed with 950 µL of FRAP reagent for 4 min. Then, absorbance of blue coloration 

was measured against blank at 593 nm spectrophotometrically. Aqueous solutions of 

FeSO4.7H2O (100-1000 µM) were used for calibration and values were expressed as 

micromoles Fe (II) per gram. 
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3.4.4. ABTS radical decolorization assay 

For the estimation of ABTS free radical scavenging ability of turmeric extracts, method 

developed by Hossain et al. (2008) was followed. ABTS radical was freshly prepared by 

separately dissolving the mixture of each of 5 mL of 2.45 mM potassium persulfate 

solution to 5 mL of a 7 mM ABTS solution to make 10 mL volume of flask. The mixture 

then transferred to amber bottle covered with aluminum foil and allowed to stand in dark 

for 16 hr until reaching a stable oxidized state. To get an absorbance of 0.700 at 734 nm, 

the prepared mixture was diluted further with ethanol solution (1:89 v/v). Afterwards, 1 

mL of ABTS solution was added to 10 µL of turmeric extract and mixed vigorously with 

vortex mixer for 10 sec and then after 30 min the absorbance was recorded at 734 nm 

using UV-visible spectrophotometer. The antioxidant capacity was compared to trolox, 

used as standard. Values obtained from calibration curve were reported in µmol Trolox/g 

sample extract.  

3.4.5. Ferrous ion chelating assay 

The ferrous ion chelation was determined using the protocol of Cousins et al. (2007). The 

chelating activity of the sample extract was quantified by measuring the decrease in 

absorbance at 560 nm of the iron (II)-ferrozine complex. Purposely, 100 µL solution of 

FeSO4 (2 mM) was mixed with 100 µL of turmeric extract followed by 100 µL of 

ferrozine (5 mM) were prepared. The mixture was placed for 10 min and absorbance was 

measured at 560 nm using spectrophotometer using EDTA (standard) as controls. The 

ability of turmeric extract to chelate ferrous ion relative to the control containing only 

iron ferrozine was calculated through following expression: 

AC=Absorbance of control 

AS = Absorbance of turmeric extract 

3.5. Quantification of active ingredient 

From the conventional solvent extracts (Table 1), three best treatments selected on the 

basis of in vitro studies and all SFE samples (Table 2) were tested for HPLC analysis. 

Accordingly, samples were prepared for analysis using 100 uL of three SFE and 500 uL 

of each CSE along with 900 uL & 500 uL of mobile phase, respectively. All the vials 

were subjected to vortex mixing using gyromixer and then filtered before subjected to 

Chelating effect (%)  = 
AC – AS 

× 100 

AC 

https://en.wikipedia.org/wiki/Trolox
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HPLC analysis (PerkinElmer, Series 200, USA) containing shim-pack C18 column (15 cm 

x 4.6 mm, 5.0 μm particle size) and an autosampler with 10 µL of sample at 25 oC 

column temperature. Mobile phase consisted of solvent methanol with a flow rate of 1.2 

mL/min using isocratic elution. Quantification of curcumin was carried out by UV 

detector at 245 nm, by comparing the retention time of sample peaks with standard 

(Himesh et al., 2011). 

3.6. Microencapsulation of curcumin 

Curcumin was encapsulated using homogenous emulsions comprised of various 

proportions of maltodextrin (15 & 20 g) as well as gelatin (2, 4 & 6 g) as mentioned in 

Table 3. For the purpose, gelatin was dissolved in warm distilled water and mixed with 

maltodextrin solution already prepared in respective solvent to make different ratios of 

maltodextrin and gelatin. Afterwards, turmeric extracts were added at concentration of 

10% depending on weight of encapsulating material. The mixture was homogenized at 

3500 rpm for 10 min. The prepared emulsions were frozen at -35 ºC for 24 hr following 

freeze drying at -30 °C according to prescribed method of Malacrida and Telis (2011). 

The resultant material was finely ground and stored for further analysis. 

3.6.1. Encapsulation Efficiency (EE) 

The prepared microcapsules were tested for their entrapment capacity depending on the 

total curcumin contents following the protocol of Malacrida and Telis (2011). Purposely, 

freeze dried curcumin microcapsules were taken in a 25 mL standard volumetric flask and 

the volume was made using ethanol. Prepared solutions were subjected to centrifugation 

(3500 rpm) after homogenizing samples in vortex for 5 min. Afterwards, collected 

supernatant as well as curcumin emulsion were used to measure absorbance at 245 nm. 

The curcumin content was calculated using the standard curve. 

Encapsulation efficiency (EE%) was expressed as: 

EE% = (CE/C0) x 100 

 

CE= curcumin content in the freeze dried powder  

C0= curcumin content in emulsion 
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     Table 3. Treatments for microencapsulation of curcumin 

Treatments Maltodextrin (g) Gelatin (g) 

T1
CSE 

T1SFE 

15 2 

T2
CSE 

T2
SFE

 
15 4 

T3
CSE 

T3
SFE 

15 6 

T4
CSE 

T4
SFE

 
20 2 

T5
CSE 

T5
SFE

 
20 4 

T6
CSE 

T6
SFE

 
20 6 

          CSE=Conventional Solvent Extract  

           SFE=Supercritical Fluid Extraction 

3.6.2. In vitro solubility 

The water solubility of microencapsulated curcumin was assessed by gently mixing in 

water (0.5%) whilst time for complete solubilization of each treatment was constant. In 

vitro solubility was mentioned as mg/mL.  

3.7. Flour analyses 

For bread preparation, raw material was procured from local market. Flour for product 

development was subjected to compositional and farinographic analyses.   

3.7.1 Proximate analysis of flour 

The respective protocols of AACC (2000) were followed to estimate moisture, (Method 

No. 44-15 A), crude protein (Method No. 46-30), crude fat (Method No. 30-25), crude 

fiber (Method No. 32-10), ash contents (Method No. 08-01) and Nitrogen Free Extract 

(NFE). 

3.7.2. Farinographic studies 

The rheological behavior of flour samples containing turmeric powder (T1), 

microencapsulated nutraceuticalCSE (T2) and microencapsulated nutraceuticalSFE (T3)  was 

assessed by running samples through the Brabender Farinograph (Brabender Gmb H and 

Co. KG, Germany) equipped with 50 g bowl capacity (AACC Method 54-21). 
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Farinograms were collected at 500 Brabender Unit (BU) line under controlled condition 

especially temperature at 30 oC. The resultant farinograms were interpreted for the 

rheological characteristics like water absorption, dough development time and stability. 

3.8. Product development 

3.8.1. Designer bread formulation 

For the development of designer bread, four treatments were prepared. The treatment T0 

acted as control whereas, T1 comprised of turmeric powder. However, T2 contained 

microencapsulated nutraceuticalCSE and T3 was formulated by microencapsulated 

nutraceuticalSFE supplementation (Table 4). Briefly, bread ingredients were blended 5 min 

in a Hobart A-200 mixer to develop straight dough and allowed to ferment at 30oC & 

75% relative humidity for about 180 min. The dough was moulded and panned followed 

by proofing for 45 minutes at 30oC at 85% relative humidity. The resultant 

functional/microencapsulated nutraceuticals breads were baked at 230oC for 25 min. For 

the development of functional/nutraceutical bread prototypes, inclusion of turmeric 

powder, microencapsulated nutraceuticalCSE and microencapsulated nutraceuticalSFE were 

made in following treatments i.e. T1, T2 and T3 @ 3, 1 and 0.5%, respectively. Moreover, 

for control treatment (T0) same protocol was followed except addition of active 

ingredient.  

Table 4. Treatments used for product development 

Treatments Description 

T
0
 Control 

T
1
 Bread containing turmeric powder 

T
2
 Bread containing microencapsulated nutraceuticalCSE 

T
3
 Bread containing microencapsulated nutraceuticalSFE 

  CSE= Conventional Solvent Extraction 

  SFE= Supercritical Fluid Extraction 

 

3.8.2. Storage behavior 

The designer bread samples were analyzed for physical parameters, phenolic contents and 

sensory response during storage intervals of 0, 24, 48, 72 and 96 hrs. 
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3.8.3. Physical parameters 

3.8.3.1. Color 

The prepared designer breads were analyzed for their color using CIE-Lab Color Meter 

(CIELAB SPACE, Color Tech-PCM, USA) following the method of Lara et al. (2010). 

The product surface was exposed and respective color values as L* (lightness), a* (–a 

greenness; +a redness), and b* (–b blueness; +b yellowness) were measured. The data 

thus obtained was used to calculate chroma (C*) and hue angle.  

 

 

 

3.8.3.2. Texture 

Texture of resultant breads was measured using triple beam snap (three-point break) 

technique of Texture Analyzer (TA-HDi, Stable Microsystems, UK). A crosshead speed 

of 10 mm/min with a load cell of 50 kg was used. Force required to compress bread 

loaves was noted and the average was calculated according to protocol described by Lara 

et al. (2010). 

3.8.3.3. Volume 

Bread volume was determined following the protocol of Amir et al. (2013) by rapeseed 

displacement method. Purposely, volume of rapeseed filled container was measured. 

Afterwards, bread was positioned in container following refilling container with rapeseed. 

The volume of refilled rapeseed was detrmined. The volume of rapeseed displaced was 

corresponding to bread volume. 

3.8.3.4. Determination of phenolic contents 

All bread samples were analyzed for total phenolic content by following the method of 

Himesh et al. (2011). 

3.9. Hedonic response 

The sensory response for breads was assessed by a panel of judges using hedonic scale 

system as described by Meilgaard et al. (2007). 

Chroma (C*) = [(a*)2 + (b*)2]1/2 

Hue angle (h) = tan-1 (b*/a*) 
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3.10. Animal study 

The rat feeding trial was split up into two parts. Firstly, oral bioavailability of curcumin 

was measured whilst, bioefficacy of curcumin against hypercholesterolemia was 

investigated in later section. Purposely, 120 male Sprague Dawley rats were housed in the 

Animal Room of National Institute of Food Science and Technology, University of 

Agriculture, Faisalabad.  

3.10.1. Bioavailability of curcumin 

To access the bioactivity of encapsulated curcumin, experimental rats were divided into 

three groups relying on respective diets (Table 5). The turmeric powder enriched diet was 

administerated to G1 group whereas, G2 and G3 were provided microencapsulated 

nutraceuticalCSE and microencapsulated nutraceuticalSFE based diets, respectively. After 

the termination of trial, blood samples were collected from right jugular vein of each rat 

at time intervals of 50, 100, 150 and 200 min to quantify curcumin content after 

separating plasma by centrifugation (Xie et al., 2011). 

Table 5. Experimental design for curcumin bioavailability  

Diets Turmeric powder 
Microencapsulated 

nutraceuticalCSE 

Microencapsulated 

nutraceuticalSFE 

Groups G
1
 G

2
 G

3
 

Time 

(min) 
50 

10

0 
150 200 50 100 150 200 50 100 150 200 

CSE=Conventional Solvent Extract 

SFE=Supercritical Fluid Extract 

3.10.2. Bioevaluation trial 

The efficacy trial was performed to test the therapeutic potential of curcumin 

supplemented diets against hypercholesterolemia. For the purpose, male Sprague Dawley 

rats were housed in the Animal Room of NIFSAT, University of Agriculture, Faisalabad. 

The rats were acclimatized by feeding on basal diet for one week under controlled 

conditions of temperature (23±2ºC) and relative humidity (55±5%) along with 12 hr light-

dark period. At the beginning of trial, some rats were sacrificed to get baseline value of 

selected biochemical parameters. In bioevaluation trial (60 days), two studies were 

conducted; study I consists of normal rats whereas, study II based on 

hypercholesterolemic rats. Accordingly, hypercholesterolemia was induced by 

administrating high cholesterol diet throughout the experimental period (Table 6). Each 
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study was further subdivided into four groups on the basis of diet administrated, 

containing 10 rats in every group. In this connection, turmeric powder (D1), 

microencapsulated nutraceuticalCSE (D2), microencapsulated nutraceuticalSFE (D3) along 

with control (D0) was fed to their respective groups (Table 7). The feed & drink intakes as 

well as body weight were also measured throughout the trail. At termination, overnight 

fasted rats were sacrificed and collected blood samples were subjected to centrifugation 

for sera collection via centrifuge machine (Centrifugal Machine, China) @ 4000 rpm for 

6 min. The sera samples were subjected to biochemical assessment using Microlab 300, 

Merck, Germany. Different biological aspects including total cholesterol, LDL, HDL, 

triglycerides, glucose & insulin levels as well as antioxidant status were measured using 

relevant commercial kits. For safety assessment, liver and kidney biomarkers were also 

determined. Alongside, hematological traits with special reference to red and white blood 

cells indices along with electrolyte balance were estimated.  

                            Table 6. Different studies conducted in efficacy trials 

Study I Normal rats 

Study  II Hypercholesterolemic rats 

Study I: Normal rats 

Normal rats were divided into four homogeneous groups to evaluate the impact of 

relevant functional/microencapsulated curcumin based diets on their biochemical aspects. 

The experimental diets were prepared using flour (82%), corn oil (10%), casein (4%), 

mineral (3%) and vitamin mixture (1%).  

Study II: Hypercholesterolemic rats 

In study II, rats were subjected to diet induced hypercholesterolemia @ 1.5% cholesterol 

to monitor the effectiveness of tested diets on the biological indicators of experimental 

rats. The remaining dietary plan was similar to control diet.  

Table 7. Efficacy study plan 

Studies Normal rats Hypercholesterolemic rats 

Groups 1 2 3 4 1 2 3 4 

Diets D0 D1 D2 D3 D0 D1 D2 D3 

D0: Control diet   

D1: Diet containing turmeric powder 

D2: Diet containing microencapsulated nutraceuticalCSE 

D3: Diet containing microencapsulated nutraceuticalSFE 
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3.10.3. Physical parameters 

The following parameters were also measured throughout the experiment. 

3.10.3.1. Feed & drink intakes 

The net feed intake of individual group of rats was measured on daily basis, excluding 

spilled diet from the total diet during the entire study period. Additionally, intake of water 

was also measured on daily basis by recording the difference in graduated bottles (Wolf 

& Weidbrode, 2003).  

3.10.3.2. Body weight gain 

In each study, gain in body weight of experimental rats was monitored on weekly basis to 

find out any suppressing effect of functional/curcumin enriched microencapsulated diets. 

3.10.3.3. Organ to body weight ratio 

Body organs as heart, liver, kidneys, lungs, spleen and pancreas were collected after 

scarifying the rats to measure the effect of tested diet on the experimental rats. The organs 

were thoroughly cleaned and weighed on electronic balance (Dyer et al., 2008). The 

results were shown as organ to body weight ratio (g/100g of bw). 

3.10.3.4. Serum lipid profile 

Serum lipid profile including total cholesterol, LDL, HDL and triglycerides were 

measured with respective protocols. The further detail is given below; 

3.10.3.4.1. Cholesterol 

Serum cholesterol level was estimated by using CHOD–PAP method following the 

protocol of Kim et al. (2011). 

3.10.3.4.2. Low density & high density lipoproteins 

Low density lipoproteins (LDL) by Kim et al. (2011) whilst, high density lipoprotein 

(HDL) of serum samples was calculated by Cholesterol Precipitant method as described 

by Alshatwi et al. (2010). 

3.10.3.4.3. Triglycerides 

Triglycerides in sera sample were measured by liquid triglycerides (GPO–PAP) method 

as outlined by Kim et al. (2011). 
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3.10.3.4. Serum glucose and insulin levels  

In each study, collected sera were evaluated for glucose concentration by GOD-PAP 

method as mentioned by Kim et al. (2011) whereas, insulin level was assessed following 

the guidelines of Ahn et al. (2011). 

3.10.3.5. Antioxidant status    

Glutathione content was analyzed after eight weeks in representative groups of rats using 

the protocol of Feng et al. (2011). For the purpose, protein free supernatant containing 

GSH+DTNB was measured at 412 nm. The indicator of lipid peroxidation i.e. TBARS 

was also evaluated according to the method of Huang et al. (2011).  

3.10.3.6. Liver functioning tests 

Liver functioning tests i.e. aspartate aminotransferase (AST), alanine aminotransferase 

(ALT) and alkaline phosphatase (ALP) were performed by the method of Basuny (2009). 

The AST and ALT levels were estimated using dinitrophenylhydrazene (DNPH) via 

Sigma Kits 59-50 and 58-50, respectively whilst, ALP by Alkaline Phosphatas-DGKC.  

3.10.3.7. Kidney functioning tests 

Collected sera were subjected to urea analysis by GLDH-method and creatinine by Jaffe-

method through commercial kits to measure the kidney soundness (Jacobs et al., 1996; 

Thomas, 1998). 

3.10.3.8. Hematological aspects 

Red blood cell (RBC) indices including hemoglobin (Hb), hematocrits (Hr), mean 

corpuscle volume (MCV) whilst, white blood cell (WBC) indices i.e. monocytes, 

lymphocytes and neutrophils were estimated. In this context, Automatic Blood Analyzer 

(Nihon Kohden, Japan) was used. Electrolytes balance i.e. Na, K and Ca of collected 

blood samples was also determined by following the respective methods of Al Haj et al. 

(2011) and Caduff et al. (2011). 

3.11. Statistical analysis 

The resultant data were analyzed through completely randomized design (CRD) through 

Cohort version 6.1 (Costat-2003). Moreover, Analysis of variance (ANOVA) was 

performed to measure the level of significance (Steel et al., 1997).   
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CHAPTER 4 

RESULTS AND DISCUSSION 

Among the dietary interventions, use of phytonutrients in designer foods is gaining 

attention of the researchers to curtail various lifestyle related ailments. Spices prove to be 

promising source of health enhancing phytoceutic moieties responsible for their 

therapeutic effectiveness. In Pakistan, no authentic research information is yet available 

regarding characterization and health benefits of turmeric. Purposely, current research 

was designed to explore the prophylactic potential of turmeric against various maladies 

with special reference to hypercholesterolemia. The present investigation was categorized 

into three segments; primarily, nutritional and antioxidant assessment of turmeric was 

carried out followed by extraction via conventional and supercritical fluid modes. 

Afterwards, the curcumin was quantified and microencapsulated using different ratios of 

maltodextrin and gelatin. The second phase comprised of development of 

microencapsulated curcumin based designer breads and their physicochemical analyses 

during storage. The last module was designed to evaluate the bioavailability and 

therapeutic worth of curcumin against hypercholesterolemia using rodent feeding trial. 

Subsequently, the resultant data was inferred statistically to estimate the level of 

significance. 

4.1. Characterization of turmeric 

Characterization of raw material is an imperative tool to assess quality traits of 

component of interest. Purposely, physicochemical analysis of raw material is critical for 

development of designer food as well as to elucidate its prophylaxis in animal modeling. 

Intentionally, turmeric was probed for its proximate profiling i.e. moisture, crude protein, 

crude fat, crude fiber, ash and Nitrogen Free Extract (NFE). Alongside, mineral analysis 

and antioxidant assays of turmeric were elaborated in the forthcoming section regarding 

the nutritional profile of turmeric. 

4.1.1. Proximate analysis 

The compositional profile of turmeric explicated that moisture, crude protein, crude fat, 

crude fiber, ash and Nitrogen Free Extract (NFE) were 12.36±0.53, 4.83±0.25, 3.42±0.17, 

5.58±0.24, 3.89±0.15 and 69.92±2.58%, respectively (Table 8). 
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The current outcomes are in line with the findings of Nisar et al. (2015) calculated 

moisture, crude protein, crude fat, crude fiber, ash and NFE as 13.20, 6.47, 2.7, 4.80, 3.49 

and 69.05%, correspondingly. Previously, Lokhande et al. (2013) determined moisture, 

protein, fat, crude fiber, ash and NFE varied from 8.62 to 9.08, 7.62 to 8.66, 7.22 to 8.44, 

7.19 to 8.06, 6.27 to 6.81 and 67.9 to 69.9%, respectively in different turmeric varieties. 

Earlier, Al-Nazawi and El-Bahr (2012) estimated moisture (13.5%), crude protein 

(11.74%), crude fiber (7.2%), crude fat (6.4%), ash (4.59%) and NFE (70.07%) in dry 

turmeric rhizome. One of their peers, Balasasirekha and Lakshmi (2012) reported 1.54% 

fat, 44.25% carbohydrate and 7.61% ash in turmeric powder. Recently, Sultan et al. 

(2014) found moisture (11.80%), protein (7.54%), fat (9.92%), ash (5.67%), crude fiber 

(21.52%) and NFE (43.87%) in dry turmeric rhizome. Earlier, Chattopadhyay et al. 

(2004) probed turmeric for carbohydrate, moisture, protein and fat as 69.4, 13.1, 6.3 and 

5.1% along with 310 Kcal/100g.  

The existing result for protein is comparable to the finding of Olojede et al. (2009), 

noticed protein as 6.30%. According to Lim et al. (2011), turmeric contained 13.2, 6.47, 

2.7, 4.80, 3.49 and 69.05% moisture, crude protein, crude fat, crude fiber, ash and NFE, 

correspondingly. Moreover, Lal (2012) has documented carbohydrate (69.9%), fat 

(8.9%), protein (8.5%), ash (6.8%) and moisture (6%) in turmeric rhizome. Previously, 

Hossain and Ishimine (2005) reported the effect of different soil types on protein, ash, 

crude fiber and fat content of turmeric that changed from 3.36 to 5.20, 4.02 to 5.30, 3.50 

to 4.19 and 2.14 to 3.64%, respectively. Currently, Youssef et al. (2014) analyzed 

proximate composition of turmeric powder and noted moisture, ash, protein, fat & fiber as 

6.6, 9.67, 9.34, 2.46 & 4.02%, accordingly. Similarly, Braga et al. (2003) estimated 

moisture, protein, fat, fiber and ash contents varied from 8.00 to 9.30, 10.74 to 12.2, 3.4 

to 5.1, 1.6 to 3.02 and 5.915 to 8.50%, respectively.  

Mineral profile of turmeric in the current study (Table 8) comprised of potassium, 

calcium, magnesium, sodium, iron, zinc and copper with their respective values as 

287.13±12.92, 204.91±7.19, 182.54±6.86, 24.62±0.91, 8.49±0.39, 2.01±0.12 and 

0.48±0.02 mg/100g, respectively. The results for Ca, Mg, Fe and Cu are in accordance 

with the findings of Youssef et al. (2014) who detected these minerals in dry turmeric 

powder as 228.8, 179.5, 11.03 and 0.6 mg/100g, correspondingly. However, the results 

for sodium, calcium, phosphorus, zinc and copper are supported by the work of Sultan et 

al. (2014), examined 34.5, 201.45, 270.21, 4.66 and 0.66 mg/100g of turmeric. Mineral  
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Table 8. Compositional profiling of turmeric 

Parameters      (%) 

Moisture 12.36±0.53 

Crude protein 4.83±0.25 

Crude fat  3.42±0.17 

Crude fiber 5.58±0.24 

 Ash 3.89±0.15 

Nitrogen Free Extract (NFE) 69.92±2.58 

Minerals  (mg/100g) 

Potassium (K) 287.13±12.92 

Calcium (Ca) 204.91±7.19 

Magnesium (Mg) 182.54±6.86 

Sodium (Na) 24.62±0.91 

Iron (Fe) 8.49±0.39 

Zinc (Zn) 2.01±0.12 

Copper (Cu) 0.48±0.02 

Values are expressed as means ± standard deviation 
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profiling of turmeric rhizome has revealed the existence of P 260 mg/100g, K 200 

mg/100g, Fe 47.5 mg/100g, Na 30 mg/100g and Ca 0.2 mg/100g (Lal, 2012). 

One of their peers, Balasasirekha and Lakshmi (2012) recorded P, Na, K and Fe as 71, 

0.035, 0.031 and 0.009 mg/100g, respectively. Earlier, Hossain and Ishimine (2005) 

probed the effect of red soil on mineral contents of turmeric rhizome and found Na, Ca, 

K, Mg, P and Fe as 5.59, 1.58, 1.03, 0.41, 0.07 and 0.02 mg/100g, accordingly. Further, 

Kang (2007) evaluated inorganic contents of turmeric at different harvesting stages that 

varied from 65.70 to 127.82, 8.82 to 30.60, 582.47 to 633.69, 6.96 to 54.56 and 29.01 to 

56.09 mg/100g for P, Ca, K, Na and Mg, correspondingly. Variations among mineral 

contents of turmeric are as a function of varietal differences, agronomic practices and 

geographical location. 

4.1.2. In vitro antioxidant activity for CSE 

Mean squares in Table 9 illustrated significant affect of solvents and time intervals on 

antioxidant profile of turmeric extracts while, their interaction showed non-substantial 

differences on TPC, DPPH, FRAP, metal chelation & ABTS. 

The observed values for effect of solvents (Table 10) elicited highest value of TPC in 

ethanolic extract of turmeric 1106.54±12.17 mg GAE/100g trailed by methanol 

736.29±8.83 mg GAE/100g and acetone 552.90±6.08 mg GAE/100g. Likewise, 

maximum DPPH value (65.71±3.40%) was exhibited by ethanol followed by methanol 

(59.82±2.51%) and minimum output (48.71±2.01%) in acetone extract.  Means for metal 

chelation explicated highest value (73.36±3.32%) in ethanolic extract followed by 

methanol (66.19±2.48%) whilst, acetonic extract showed the lowest value 

(51.16±2.17%). The FRAP values for ethanol, methanol and acetone extracts were 

212.89±9.95, 190.41±7.04 and 149.63±4.94 μM Fe2+/g, respectively. The value for ABTS 

assay was also the highest in ethanol followed by methanol and acetone as 174.85±7.86, 

159.08±6.71 and 142.32±5.14 μM Trolox/g, correspondingly. 

Considering time intervals, the maximum polyphenols were detected at 65 min i.e. 

917.06±10.08 mg GAE /100g followed by 803.52±9.64 mg/100g GAE at 50 min (Table 

11). However, the initial time interval, 35 min illuminated minimum TPC value 

(675.10±7.42 mg GAE/100g). Similarly, time also affected the DPPH with maximum 

value 65.12±2.87% at 65 min, whereas the lowest value 50.49±1.72% was recorded at 35  
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Table 9. Mean squares for antioxidant indices of turmeric extracts 

SOV df TPC DPPH FRAP ABTS 
Metal 

chelation 

Solvent (A) 2 71706** 670.17** 9262.76** 2243.94** 1155.46** 

Time (B) 2 131894** 482.60** 1382.60** 192.62* 116.95* 

A x B 4 2017 NS 0.87 NS 29.03 NS 4.27NS 0.55 NS 

Error 18 5.42 2.38 9.46 2.26 1.34 

* = Significant  

**= Highly significant 
NS= Non significant 
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     Table 10. Effect of solvents on antioxidant potential of turmeric extracts 

Parameters Ethanol Methanol              Acetone 

TPC 

(mg GAE /100g) 
1106.54±12.17a 736.29±8.83b 552.90±6.08c 

DPPH 

(%)  
65.71±3.40a 59.82±2.51b 48.71±2.01c 

FRAP  

(µM Fe2+/g) 
212.89±9.95a 190.41±7.04b 149.63±4.94c 

ABTS 

(µM Trolox/g) 
174.85±7.86a 159.08±6.71b 142.32±5.14c 

Metal chelation  

(%) 
73.36±3.32a 66.19±2.48b 51.16±2.17c 
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            Table 11. Effect of time on antioxidant potential of turmeric extracts 

Parameters 35 min  50 min 65 min 

TPC 

(mg GAE /100g) 
675.10±7.42c 803.52±9.64b 917.06±10.08a 

DPPH 

(%)  
50.49±1.72c 58.64±2.41b 65.12±2.87a 

FRAP  

(µM Fe2+/g) 
170.51±5.45c 187.95±7.33b 194.47±8.03a 

ABTS 

(µM Trolox/g) 
154.90±6.35b 159.26±5.97ab 163.14±6.12a 

Metal chelation  

(%) 
59.76±2.04b 64.04±2.48ab 66.92±2.95a 
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min. Furthermore, 65 min extraction time resulted in higher metal chelation activity 

66.92±2.95% than that of 50 and 35 min as 64.04±2.48 and 59.76±2.04%, respectively. 

Similarly, means for the effect of time showed the maximum FRAP (194.47±8.03 μM 

Fe2+/g) and ABTS (163.14±6.12 μM Trolox/g) values in the resultant extracts at 65 min. 

The extracts at 35 min reflected the minimum values for FRAP and ABTS by 

170.51±5.45 μM Fe2+/g and 154.90±6.35 μM Trolox/g, respectively. 

The results of present study are supported by the findings of Tiveron et al. (2012), found 

TPC in turmeric extract as 1279.53 mg GAE/100g. Antioxidant analyses by ABTS and 

FRAP assays expounded outcomes as 118.6 μmol Trolox/g and 169.1 µmol Fe2+/g, 

respectively. Similarly, sultan et al. (2014) reported phenolics and DPPH as 980.20 mg 

GAE/100g and 47.26% at 60 min in ethanolic extract of turmeric, correspondingly. 

Furthermore, Nisar et al. (2015) determined the effect of three solvents; ethanol, 

methanol and water on extraction efficiency of turmeric phenolics and antioxidant 

potential by DPPH assay. They reported that ethanol extract (745.76 mg GAE/100g) 

exhibited higher phenolics than methanol (682.43 mg GAE/100g) and water (496.76 mg 

GAE/100g). Likewise, antioxidant capacity of ethanol turmeric extract (52.19%) was 

higher followed by methanol and water (49.83 & 31.33%, respectively) at 60 min. 

Extraction under low temperature tends to preserve nutritional and antioxidant potential 

of turmeric bioactive moieties. In this regard, Choudhary et al. (2014) elucidated the 

effect of conventional and cryogenic conditions on total phenolic content (TPC), Ferrous 

Iron Chelation Activity (FICA) and antioxidant activity of turmeric through 2,2-diphenyl-

1-picrylhydrazyl (DPPH) that varied from 80 to 220 mg GAE/100g, 24 to 81 and 72 to 

82%, respectively. Earlier, Himesh et al. (2011) recorded 11.24 mg GAE/g total 

phenolics in ethanolic turmeric extract. During phytochemical analysis of herbs, Liu et al. 

(2008) studied 712.4 mg GAE/100g phenolics and ˃ 85% antioxidant potential of 

turmeric ethanol extract. Similarly, Hossain et al. (2008) assessed antioxidant potential as 

2.75±0.040 and 2.05±0.020 g trolox/100g using Ferric Reducing Antioxidant Power 

(FRAP) and 2,2'-azinobis(3-ethylebenzothiaziline-6-sulfonate) (ABTS) assays, 

correspondingly. Furthermore, Krishnaraj et al. (2010) determined ABTS values of 

different turmeric varieties changed from 62.45 to 73.79%.  

Earlier, Cousins et al., (2007) screened the methanolic extract of four turmeric clones for 

their free DPPH• scavenging and iron chelating potential. The EC50 values demonstrated 

difference from 3.150 to 9.258 and 0.93 to 1.462 g/L owing to variations in genotype and 
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agricultural practices. Similarly, Menghini et al. (2010) reported ABTS as 267.03±2.03 

mmol trolox equivalent/g and half maximal inhibitory concentration (IC50) for DPPH as 

0.038±0.004 mg/g for aqueous turmeric extract. Previously, Tilak et al. (2004) measured 

52% free radical scavenging capacity of methanolic turmeric extract by DPPH assay. 

Recently, Panpatil et al. (2013) observed antioxidant potential of ethanolic turmeric 

extract (43 to 91%) at different solvent ratios and accredited it to curcuminoid responsible 

for scavenging free DPPH• radicals. It was reported by Ak and Gulcin (2008) that 

curcumin has strong antioxidant capacity against DPPH•, ABTS•+ free radicals and 

ferrous ions as 62.20, 79.60 and 56.7%, correspondingly.    

Extraction conditions could alter antioxidant power of turmeric phenolics. In a study, 

Sogi et al. (2010) optimized the extraction parameters for curcumin isolation using three 

independent variables i.e. ethanol to turmeric meal ratio (10:50), temperature (50-90 °C) 

and mixing time (10-50 min). The maximum curcumin yield was acquired using meal and 

solvent 1:50 at time interval of 30 min at 60 °C. Later on, Bagchi (2012) stated the 

highest curcumin recovery using aqueous ethanol (30:70) within time duration of 90 min.  

Curcumin potency against free radicals depends on equilibrium of keto-enol-enolate 

exhibited by heptadienone structure. As its keto group is a good proton donor in acidic or 

neutral environment. Moreover, it has chain breaking ability by capturing free radicals in 

conjugated structure comprised of β-diketone and methoxylated phenolic groups (Bagchi, 

2012). In this context, Ghasemzadeh et al. (2012) probed various tropical plants for their 

antiradical potential against DPPH radical. Amongst, reported value for  turmeric extract 

was 50.66%. Previously, Kumar and his fellows (2006) investigated free and bound 

phenolics of ethanolic turmeric extract along with free radical scavenging activity. They 

analyzed that free phenolics are more (29.7 mg GAE/g) than bound ones (1.6 mg GAE/g). 

Similar trend was observed for DPPH with IC50 values as 7.13 and 3.5 mg/mL, 

respectively. Furthermore, Yan and Asmah, (2010) assessed relative higher concentration 

of phenolics 2013.09±5.13 mg GAE/100g in freeze dried turmeric leaf in contrast to fresh 

form 348.75±1.26 mg GAE/100g. It was summarized that cellular disintegration under 

freeze drying conditions resulted in the rapid release of phenolics contributing strong 

antioxidant potential. 

Earlier, Tiwari et al. (2006) estimated thermal stability (120 °C) of phenolics in turmeric 

using DPPH method. The spice antioxidants disintegrate on heating that lowers DPPH 

value from 10.81 to 6.01%. In another trial, Surojanametakul et al. (2010) estimated the 
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effect of various solid liquid ratio (1:30, 1:40 & 1:50), turmeric varieties (Chan & Dang 

Siam) and temperature (27, 50 & 70 °C) on curcumin extraction efficiency. They 

observed more TPC (146.65 mg GAE/g) in Chan variety using solid to liquid ratio 1:50 at 

70 °C employing ethanol as extraction medium. The selected treatment was subjected to 

estimate free radical scavenging ability by DPPH and the obtained result showed radical 

scavenging ability 22.27 mg/mL of turmeric extract.  

Conclusively, antioxidant activity of turmeric extracts varies with solvents and extraction 

time. Generally, the antioxidant potential of all extracts increased with increasing 

extraction time from 35 to 65 min. However, ethanol was regarded as a good extraction 

medium at 65 min due to its compatible polarity as that of turmeric polyphenols. 

4.2. HPLC quantification 

HPLC analysis of extracts is a mandatory tool for characterization and quantification of 

bioactive components. Furthermore, accurate information about exact quantity of 

curcumin in turmeric is important to assess its effective dose for higher biological 

activity. Keeping in view, three treatments, one from each conventional solvents and all 

supercritical fluid extracts at different time intervals (50, 100 and 150 min) were screened 

for curcumin quantification. Purposely, curcumin standard was run along with samples to 

compute peak area and retention time. 

4.2.1. HPLC characterization of curcumin 

Statistical analysis regarding HPLC quantification for turmeric bioactive moiety indicated 

momentous changes in curcumin content of Supercritical Fluid & Conventional Solvent 

Extracts (SFE & CSE) as function of treatments (Table 12). 

Means for the effect of supercritical fluid extraction conditions on curcumin content 

(Table 13) elucidated highest yield (52.41±2.38 mg/g) in extract obtained at 150 min 

trailed by CO2 (100) (46.03±2.15 mg/g) at 100 min. However, lowest curcumin content was 

measured in CO2 (50) accounting 33.62±1.24 mg/g at 50 min. Amongst conventionally 

obtained extracts, the maximum curcumin yield was detected in ethanol as 31.48±1.35 

mg/g followed by 28.75±1.09 and 23.19±1.12 mg/g dry matter in methanol and acetone, 

respectively. 

The current findings are in accordance with Tayyem et al. (2006) who reported 3.14% 

curcumin in methanolic extract of pure turmeric in contrast to branded curry powders 

(0.58 and 0.53%). It was further confirmed by Aggarwal et al. (2005) who  
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Table 12. Mean squares for HPLC quantification of curcumin in SFE & CSE 

extracts 

SOV df SFE CSE 

Treatments 2 300.97
 
** 53.54* 

Error 6 5.23 1.96 

SFE=Supercritical Fluid Extract 

     CSE=Conventional Solvent Extract  

 

 

 

     Table 13. HPLC quantification for curcumin in different turmeric extracts  

Solvents 
Concentration 

(mg/g) 

Supercritical Fluid (CO2) Extracts  

CO2(50)         33.62±1.24c 

CO2 (100)        46.03±2.15b 

CO2 (150)        52.41±2.38a 

Conventional Solvent Extracts  

Ethanol        31.48±1.35a 

Methanol        28.75±1.09ab 

Acetone        23.19±1.12b 

     CO2(50)=Supercritical fluid extract at 50 min 

      CO2(100)=Supercritical fluid extract at 100 min  

      CO2(150)=Supercritical fluid extract at 150 min 
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recorded 2-5% curcumin in turmeric rhizome. Later on, Gantait et al. (2011) determined 

total curcumin content in five different turmeric varieties procured from local market. The 

high performance thin layer chromatography (HPTLC) analysis depicted variations in 

curcumin ranging from 1.82 to 3.85%. One of their peers, Thomas et al. (2011) analyzed 

six popular indigenous turmeric varieties for its curcuminoids. They noticed that export 

grade varieties were low in curcumin contents (2.40-4.82%) than that of genuine 

commercial varieties (3.67-5.46%). Previously, Paramasivam et al. (2009) recorded 5.37 

and 6.18% curcumin in two famous Indian varieties; Kalimpong and Nimbarg, 

respectively. 

Various factors affect the curcumin content of turmeric like geographical location, 

agricultural practices and varietal differences. Nevertheless, qualitative as well as 

quantitative analysis of curcumin is mandatory tool to assess its economical as well as 

therapeutic values. In this context, Pawar et al. (2014) evaluated curcumin content in 

turmeric at different locations of Maharashtra in India. They concluded significant 

differences in polyphenol contents from 2.85 to 4.32%. In another investigation, Revathy 

et al. (2011) analyzed the response of different solvents; hexane, chloroform, ethyl 

acetate and acetone on curcumin extraction. Column chromatography analysis showed 

maximum curcumin recovery using acetone while hexane conferred the lowest curcumin 

yield. 

Nowadays, for isolation of organic compounds, supercritical fluid extraction has become 

central focus due to rapid curcumin solubility (0.72%) in CO2 at lower critical 

temperature & pressure that enhances up to 10% using ethanol as modifier (Braga et al., 

2007). Previously, Baumann and his fellows (2000) determined the extractability of 

curcumin from three different turmeric varieties using pure and ethanol admixed CO2 

(10%) under supercritical conditions to evaluate its effect on total curcuminoids. It was 

inferred that curcumin recovery using ethanol from commercially available turmeric 

samples was more than 100% fluid (CO2) alone. However, curcumin content from three 

different samples of turmeric varied from 1.8-2.5%. Similarly, Chassagnez-Méndez et al. 

(2000) recorded maximum curcumin content (6.53%) at pressure of 30 Mpa and 343 K 

temperature. Accordingly, high pretreatment temperature (378 K) for drying causes 

volatilization of oleoresins that affects curcumin yield. Moreover, Akram et al. (2010) 

regarded curcumin as the best studied polyphenol that constitutes 0.3 to 5.4% of dry 

turmeric rhizome. In phytochemical analysis, Wakte et al. (2011) isolated curcumin using 
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soxhlet, microwave and supercritical fluid assisted extraction techniques. The HPLC 

quantification has revealed maximum curcumin recovery (69.36%) using supercritical 

CO2 followed by soxhlet extraction (2.1%). 

Recently, Pyo and Kim (2014) evaluated effect of pressure (200, 225, 250 and 275 atm), 

time (90, 120 and 150 min) and temperature (40, 50, 60 and 70 °C) on extraction 

efficiency of curcumin under supercritical conditions. Maximum curcumin content was 

found at pressure of 250 atm and 60 °C temperature. But it decreased with rise in 

temperature due to very low density of supercritical fluid. On the other hand, increment in 

extraction time from 90 to 120 min enhanced curcumin recovery from 26.45 to 31.07 

mg/g that  significantly increased between 120 to 150 min. Likewise, Ching et al. (2014) 

calculated the effect of temperature (40, 50, 60 and 70 °C) on percentage area owned by 

curcumin from ethanolic turmeric extract. Maximum curcumin percentage was measured 

at 50 °C. Previously, Vyas et al. (2011) screened crude turmeric powder using HPTLC 

and extracted 3.69% curcumin using methanol at 30 min.  

In the nutshell, extraction under supercritical fluid conditions enhances curcumin yield 

with special reference to time intervals; 50, 100 and 150 min. However, ethanol extract 

exhibits maximum curcumin recovery owing to compatible polarity in contrast to 

methanol and acetone. 

4.3. Microencapsulation of curcumin 

The bioactive component of turmeric “curcumin” is being extensively used as coloring 

agent but its food applications are limited owing to its low solubility and stability. To 

counteract this problem, curcumin is encapsulated using wall material comprised of 

hydrophilic groups like maltodextrin and gelatin. Purposely, various ratios of 

maltodextrin and gelatin were prepared to analyze their effect on encapsulation efficiency 

of curcumin. Furthermore, in vitro solubility was recorded for each prepared treatment. 

4.3.1. Encapsulation efficiency  

Mean squares (Table 14) expounded significant effect of treatments (wall material) on 

encapsulation efficiency of curcumin. Statistical analysis for the effect of various ratios of 

wall material (maltodextrin and gelatin) on encapsulation efficiency of curcumin 

extracted under supercritical condition (Table 15) illuminated highest value 

(73.58±3.16%) for TSFE6 obtained using maltodextrin and gelatin at ratio of 20:6 trailed 

by TSFE3, TSFE5, TSFE2, TSFE4 and TSFE1 as 71.39±2.21, 65.23±2.73, 62.84±2.32, 



58 

 

59.42±2.07 and 57.75±1.96% employing encapsulating wall material (maltodextrin and 

gelatin ) at concentration of 10:6, 20:4, 10:4, 20:2 and 10:2, respectively. Amongst 

conventionally obtained extracts, the observed values for curcumin encapsulation was 

69.32±2.83 (TCSE6), 62.54±2.72 (TCSE3), 61.85±2.42 (TCSE5), 55.37±2.39 (TCSE2), 

54.91±1.86 (TCSE4) and 48.29±1.73% (TCSE1). 

The current findings are in collaboration with Malacrida and Telis (2011), evaluated 

effect of different combinations of gelatin (0.5, 0.9, 1.8, 2.6, 3 and 6%) and maltodextrin 

(12, 18, 19, 20.6, 24.4, 28.1 and 29.7%) on encapsulation efficiency of curcumin. They 

noticed variations in this trait from 50.8 to 81.1%. Accordingly, maximum core retention 

was observed up to 81.1±0.3% by using emulsions containing 18% maltodextrin and 6% 

gelatin as wall material. On the other hand, formulations containing higher amount of 

maltodextrin rapidly hydrate within 5 min of agitation whereas, increased gelatin content 

lowered the solubility of curcumin microcapsules. It was analyzed that increase in 

maltodextrin did not affect appreciably curcumin retention due to low emulsification 

capacity. The encapsulation power was dependant on gelatin content. During 

emulsification, gelatin reduces interfacial surface tension as well as rate of coalescence.  

Currently, Delfiya et al. (2015) elaborated influence of different contents of guar arabic 

and maltodextrin (from 0:100 to 100:0) as coating matrix on encapsulation power of 

turmeric oleoresins. They assessed that encapsulation efficiency improves by increasing 

concentration of gum arabic in microemulsion due to its more viscosity that enrobes 

microparticles and prevents coalescence. Similarly, Aziz et al. (2012) analyzed that 

gelatin inclusion as wall material on turmeric polyphenol i.e. curcumin resulted in the 

formation of aggregates by removing hydrophilic material from suspension thus 

encapsulating 70.66% curcumin. In a study, Wang et al. (2009) prepared microemulsions 

of curcumin with gelatin & porous starch at 1:20, 1:30 and 1:40. They inferred that by 

enhancing core to wall material ratio, encapsulation efficiency increased from 75 to 

94.4%. Similarly, Wu et al. (2011) documented microemulsion as a vehicle to enhance 

both solubility and in vivo absorption of curcumin through uniform dispersion. 

Recently, Cano-Higuita and his fellows (2015) investigated the effect of different wall 

materials; gum arabic, mixture of modified starch & maltodextrin and mixture of gum 

arabic, modified starch & maltodextrin as well as drying methods; freeze and spray 

drying on retention capacity of curcumin. It was concluded that encapsulation efficiency   
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Table 14. Mean squares for encapsulation efficiency of curcumin  

SOV df SFE CSE 

Treatments 5 121.71
 
** 150.75** 

Error 12 10.65 8.77 

**= Highly significant 

 

 

 

Table 15. Effect of treatments on encapsulation efficiency of curcumin 

Treatments 
Encapsulation Efficiency 

             (EE%) 

Microencapsulated CurcuminSFE 

TSFE1 57.75±1.96c 

TSFE2 62.84±2.32bc 

TSFE3 71.39±2.21ab 

TSFE4 59.42±2.07c 

TSFE5 65.23±2.73b 

TSFE6 73.58±3.16a 

Microencapsulated CurcuminCSE  

TCSE1 48.29±1.73c 

TCSE2 55.37±2.39b 

TCSE3 62.54±2.72ab 

TCSE4 54.91±1.86b 

TCSE5 61.85±2.42ab 

TCSE6 69.32±2.83a 

SFE=Supercritical Fluid Extract 

TSFE1=Matodextrin:gelatin (15:2) 
TSFE2= Matodextrin:gelatin (15:4) 

TSFE3= Matodextrin:gelatin (15:6) 
TSFE4= Matodextrin:gelatin (20:2) 
TSFE5= Matodextrin:gelatin (20:4) 

TSFE6= Matodextrin:gelatin (20:6) 
 

 

 

 

 

 

CSE=Conventional Solvent Extract 

TCSE1= Matodextrin:gelatin (15:2) 

TCSE2= Matodextrin:gelatin (15:4) 

TCSE3= Matodextrin:gelatin (15:6) 

TCSE4= Matodextrin:gelatin (20:2) 

TCSE5= Matodextrin:gelatin (20:4) 

TCSE6= Matodextrin:gelatin (20:6) 



60 

 

significantly varied from 8 to 46% with the highest value 45.23% recorded for binary 

mixture of guar gum and modified starch at ratio of 50:50. Actually, curcumin is 

hydrophobic in nature and has ability to anchor polysaccharide chain. The resultant 

hydrophilic molecules restrain chain to aggregate thus providing more stability to 

lipophilic molecule. Similarly, hydrophilic coating of curcumin significantly confers high 

dissolution power to this active ingredient. Furthermore, Shahani et al. (2011) reported 

75% encapsulation potency of curcumin employing poly(lactic-co-glycolic acid) (PLGA) 

as coating material. 

Previously, Aziz et al. (2007) highlighted the effect of various gelatin concentrations on 

encapsulation capacity of curcumin microcapsules at ratio of 1:1, 1:2 and 2:1. They 

observed that resultant capsules of curcumin at micro level are finely granulated when 

content of both ingredients are equivalent. However, at unequal ratios of gelatin and 

turmeric polyphenol, agglomeration of microcapsules occurs. They noted 75.5% 

encapsulating power of curcumin enrobed into gelatin matrix. Similarly, to overcome 

curcumin low systemic bioavailability, Mukerjee and Vishwanatha (2009) use 

biocompatible PLGA for enclosure of turmeric oleoresins. In vitro analysis showed that 

PLGA effectively encapsulates curcumin (90.88±0.14%) as well as enhances water 

solubility without any agglomeration in contrast to free curcumin. Likewise, Shaik et al. 

(2009) reported 77% curcumin in PLGA nanoparticles prepared by solvent evaporation 

technique. 

Later, Parize (2012) analyzed effect of sodium tripolyphosphate (0, 0.5, 1 and 2%) on 

chitosan enclosed curcumin microcapsules regarding loading efficiency during spray 

drying. Chemically, sodium tripolyphosphate (TPP) is non-toxic free crosslinker that 

binds to chitosan molecules through phosphate group. The obtained data revealed 

maximum encapsulation efficiency 72.99% without using any crosslinker. In reality, TPP 

has irregular surface area that results in leakage of core material during drying process 

and exposes the compound for degradation. 

The clinical and food application of curcumin are limited owing to its low water 

solubility, insufficient residence time, instability, less absorption rate and rapid 

metabolism & elimination from gastrointestinal tract. However, packaging insoluble core 

material into capsule varying in size from one micron to more than a few millimeters 

preserves integrity of lipid soluble material under acidic/alkaline conditions. Thus, 
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microencapsulation of turmeric active ingredient through freeze drying proved one of the 

promising techniques to tackle the current dilemma. 

4.3.2. In vitro solubility 

Mean squares showed that solubility of microencapsulated nutraceuticalSFE & 

microencapsulated nutraceuticalCSE changed significantly with variations in concentration 

of maltodextrin and gelatin (Table 16). Means for this trait (Table 17) ranged from 

4.37±0.23 to 3.85±0.15, 2.46±0.08, 2.27±0.11, 1.38±0.05 and 0.62±0.02 mg/mL for 

TSFE6, TSFE5, TSFE3, TSFE4, TSFE2 and TSFE1, respectively. However, for conventionally 

extracted microencapsulated curcumin, recorded values were 0.27±0.01 (TCSE1), 

1.14±0.04 (TCSE2), 2.39±0.10 (TCSE3), 2.11±0.07 (TCSE4), 3.45±0.14 (TCSE5) and 4.26±0.19 

(TCSE6) mg/mL. 

The instant findings are in harmony with the outcomes of Malacrida and Telis (2011), 

noticed the impact of various ratios of maltodextrin and gelatin coatings on aqueous 

solubility of curcumin. It is well known that curcumin is lipophilic in nature however, 

enrobing microparticles of curcumin with starch based packaging materials enhance its 

water solubility. Similar results were recorded by increasing the concentration of 

maltodextrin due to its rapid hydration being low in viscosity. They assessed that 

formulation containing more maltodextrin are solubilized within 4 min while 

microparticles exhibiting higher gelatin contents are soluble within 15 min of agitation. In 

a comparative study, Carvalho et al. (2015) evaluated the differences in solubility of free 

and nanosuspension of curcumin. During solubility, curcumin nanoemulsion was more 

soluble in comparison to unformulated curcumin. Accordingly, smaller the particle size 

more will be the contact surface for hydrating solvent. One of the peers, Cano-Higuita et 

al. (2015) affirmed the improvement in water solubility of curcumin up to 97.88% using 

various combinations of maltodextrin, gum arabic and modified starch. Earlier, Wang et 

al. (2009) reported that curcumin enrobed into porous starch and gelatin gets solubilized 

after 4 min while free curcumin powder does not resolve at room temperature.  

On the basis of encapsulation efficiency and in vitro solubility, two best formulations one 

from each treatment was chosen for its further application in product development and 

bioevaluation trial. According to instant findings, encapsulation efficiency increased with 

content of gelatin in microemulsion due to better film forming capacity in comparison to 

maltodextrin. However, similar trend was observed for solubility of microencapsulated  
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Table 16. Mean squares for in vitro solubility of microencapsulated curcumin 

SOV df SFE CSE 

Treatments 2 19.88
 
* 22.67* 

Error 6 0.08 0.10 

*=Significant 

  

 

Table 17. Effect of treatments on solubility of microencapsulated curcumin 

Treatments         Solubility  (mg/mL) 

Microencapsulated CurcuminSFE  

TSFE1 0.62±0.02c 

TSFE2 1.38±0.05bc 

TSFE3 2.46±0.08b 

TSFE4 2.27±0.11b 

TSFE5 3.85±0.15ab 

TSFE6 4.37±0.23a 

Microencapsulated CurcuminCSE  

TCSE1 0.27±0.01c 

TCSE2 1.14±0.04bc 

TCSE3 2.39±0.10b 

TCSE4 2.11±0.07b 

TCSE5 3.45±0.14ab 

TCSE6 4.26±0.19a 

SFE=Supercritical Fluid Extract 

TSFE1=Matodextrin:gelatin (15:2) 
TSFE2= Matodextrin:gelatin (15:4) 
TSFE3= Matodextrin:gelatin (15:6) 

TSFE4= Matodextrin:gelatin (20:2) 
TSFE5= Matodextrin:gelatin (20:4) 
TSFE6= Matodextrin:gelatin (20:6) 
 

 

 

 

 

 

 

CSE=Conventional Solvent Extract 

TCSE1= Matodextrin:gelatin (15:2) 

TCSE2= Matodextrin:gelatin (15:4) 

TCSE3= Matodextrin:gelatin (15:6) 

TCSE4= Matodextrin:gelatin (20:2) 

TCSE5= Matodextrin:gelatin (20:4) 

TCSE6= Matodextrin:gelatin (20:6) 
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curcumin that increased solubility up to 4.37±0.23 and 4.26±0.19 mg/mL for supercritical 

fluid and conventional solvent extracts, respectively. Therefore, formulations containing 

maltodextrin and gelatin at 20:6 (TSFE6 & TCSE6) were selected for product development 

and bioefficacy trial.    

4.4. Product development 

In product development module, compositional profile of wheat flour for moisture, crude 

protein, fat, fiber, ash and Nitrogen Free Extract (NFE) was analyzed following 

rheological properties. The main farinographic parameters like Water Absorption (WA), 

Dough Development Time (DDT) and Dough Stability (DS) were studied. The designer 

bread was formulated using turmeric powder, microencapsulated conventional solvent 

and microencapsulated supercritical fluid extracts. The findings related to flour analyses, 

physicochemical and sensorial attributes are separately discussed below: 

4.4.1. Flour analyses 

The flour compositional analysis (Table 18) represented moisture 11.50±0.39%, crude 

protein 10.56±0.42%, fat 0.87±0.04%, fiber 0.48±0.02%, ash 0.52±0.01% and NFE 

76.07±2.74%. 

Mean squares regarding rheological properties of flour (Table 19) expounded momentous 

changes in water absorption, development time & stability of dough. It was inferred that 

flour substituted with turmeric powder T1 has maximum water absorption and dough 

development time (64.26±2.89% & 3.2±0.06 min) whilst, values for these traits were 

62.50±2.18% & 2.8±0.09 min, 62.35±2.15% & 3.0±0.11 min and 61.80±2.42% & 

2.9±0.13 min for T0, T3 and T2, respectively. Conversely, stability of dough decreased in 

T1 (7.70±0.22 min) as compared to T0 (8.30±0.32 min), T2 (8.54±0.37 min) and T3 

(8.62±0.25 min), correspondingly (Table 20). 

The instant results for compositional profile of flour are in collaboration with outcomes of 

Lim et al. (2011), reported moisture, protein, fat, fiber, ash and NFE as 14.02, 12.83, 

1.52, 2.10, 0.43 and 69.10%, respectively. Moreover, Kumar et al. (2011) recorded 

protein 11.5%, fat 1.4% and carbohydrate 75.3% in bread flour. Earlier, Sramkova et al. 

(2009) expounded chemical and nutritional parameters of wheat grain. Accordingly, 

protein is very important component of wheat flour (10-18%) that effect rheological 

parameters of dough for product development. Furthermore, Al-Saleh and Brennan 

(2012) analyzed physical, chemical and rheological properties of dough for bread making.  
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Table 18. Proximate analysis (%) of wheat flour 

Parameters     Values (%) 

Moisture 11.50±0.39 

Crude protein 10.56±0.42 

Total ash  0.52±0.01 

Crude fat  0.87±0.04 

Crude fiber 0.48±0.02 

Nitrogen Free Extract (NFE) 76.07±2.74 
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Table 19. Mean squares for farinographic parameters of flour samples 

SOV df 
Water 

absorption 

Dough development 

time 
Dough stability 

Treatments 3 3.40* 0.69* 0.23** 

Error 8 0.85 0.01 0.16 

* = Significant  

**= Highly significant 

 

 

 

 

Table 20. Effect of treatments on farinographic parameters of flour samples 

Treatments 

 

Water 

absorption 

(%) 

Dough development 

time 

(min) 

Dough stability 

(min) 

T0 62.50±2.18ab 2.8±0.09ab 8.30±0.32b 

T1 64.26±2.89a 3.2±0.06b 7.70±0.22c 

T2 61.80±2.42b 2.9±0.13a 8.54±0.37ab 

T3 62.35±2.15ab 3.0±0.11a 8.62±0.25a 

T0= Control 

T1= Flour containing turmeric powder 

T2= Flour containing microencapsulated nutraceuticalCSE 

T3= Flour containing microencapsulated nutraceuticalSFE 
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Accordingly, the baking quality of bread is assessed by firmness and resilience of loaf 

along with sensory evaluation. Moreover, they noticed positive correlation between flour 

protein and water absorption & dough stability. Rheological attributes of dough are one of 

the essentials to analyse quality of end product. Bread dough is shear thinning and 

viscoelastic material influenced by incorporation of other ingredients (Al-Saleh and 

Brennan, 2012). In this context, Park et al. (2012) who evaluated the impact of various 

turmeric levels on farinographic properties. The study revealed that water absorption 

increased from 49.6 to 69.4% with the addition of turmeric powder (0-8%).  It was 

attributed to fiber portion of turmeric rhizome that allows it to bind hydroxyl group (OH) 

of water molecule by hydrogen bonding. However, dough stability against mixing 

decreased at higher level of turmeric due to replacement of gluten.  

According to Goldstein et al. (2010), fiber weakens dough by disrupting the gluten 

network. However, addition of polyphenols enhances stability of dough by making 

hydrogen linkages between OH group of phenol and carbonyl moiety of protein thus 

strengthening gluten network (Sivam et al., 2010). Afterwards, Malomo et al. (2011) 

elucidated the quality parameters of bread containing nuts and fruits. They concluded that 

addition of fruits and nuts in dough decrease protein content, whereas increase water 

absorption of composite flour. In another study, Wu et al. (2009) determined the effect of 

sweet potato (5, 10, 20 and 30%) on dough and bread characteristics. As content of sweet 

potato increases, mixing time as well as water absorption decrease resulting in lower loaf 

volume. 

4.4.2. Physicochemical analyses of bread  

The physicochemical analysis of designer bread was performed for color, texture, volume 

and antioxidant potential. The fallouts concerning these traits are discussed below. Color 

is the primary perceptual discriminating factor for product selection by the consumer. The 

bread color is measured by CIELAB color system that indicates L* for lightness-

darkness, a* for greenish-reddish whilst, b* attributed for bluish-yellowish tint.  

Mean squares for bread color indicated significant effect of treatments on L*, a*, b* and 

chroma values except for hue angle. However, storage illuminated non-substantial 

influences on a*, chroma and hue angle excluding L* and b* values (Table 21).  

Means pertaining to L* value (Table 22) for control (T0), functional (T1), 

microencapsulated nutraceuticalCSE (T2) and microencapsulated nutraceuticalSFE (T3) 
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supplemented bread delineated the highest score for T0 (40.39±1.97) followed by T3 

(40.35±1.38), T2 (39.04±1.32) and T1 (36.16±1.04). However, momentous reduction from 

40.70±1.92 to 36.70±1.28 in L* value was noticed during 96 hr storage. Regarding the 

trait a* (Table 23), value increased towards yellow-orange with addition of turmeric. The 

means for a* indicated T0, T1, T2 and T3 as 17.09±0.73, 20.86±0.82, 18.51±0.76 and 

18.72±0.82, accordingly. During the course of time, a* values declined from 19.93±0.83 

to 17.43±0.76 till the end of storage.  

The recorded values for b* (Table 24) revealed significant differences as function of 

treatments; 24.68±0.97 in T0, 28.78±1.51 in T1, 25.72±1.29 in T2 and 25.95±1.05 in T3. 

During storage, momentous increase in b* value was detected from 24.68±1.17 to 

28.13±1.31 at 0 and 96 hr intervals, correspondingly. The means relating to chroma value 

of designer bread are presented in Table 25. The chroma values for T0, T1, T2 and T3 were 

30.90±1.18, 35.48±1.69, 31.22±1.24 and 31.71±1.38, respectively. Besides, the storage 

showed non-significant decline for this trait at 0, 24, 48, 72 and 96 hr i.e. 31.76±1.32, 

31.99±1.47, 32.47±1.52, 32.73±1.38 and 33.30±1.55, correspondingly. For hue angle, 

non-substantial changes were observed in T0, T1, T2 and T3 by 0.32±0.009, 0.30±0.014, 

0.32±0.012 and 0.30±0.005, respectively as a function of supplementating active 

ingredient (Table 26). Likewise, storage did not impart any significant variations on hue 

angle. 

The results of present research are aligned to the findings of Sikkhamondhol et al. (2009), 

investigated the effect of turmeric powder at various levels on color tonality of bread. 

They deduced that L* value decreases from 80.15±1.58 to 78.23±2.23 while a* and b* 

values increase from 3.57±0.39 to 5.71±0.24 and 43.12±1.23 to 53.09±1.91 by inclusion 

of turmeric powder from 0.10 to 0.25%, respectively. Furthermore, Lim and his colleague 

(2011) inferred the effect of turmeric powder on color tonality of bread and observed 

significant decline in L* along with increment in a* and b* values, ensuing darker and 

yellower bread crumb. In fact, this color variation is attributed to turmeric phenolics 

“curcuminoids” that confer yellowish tint to product. The colorimetry results by Seo et al. 

(2010) indicated change in coloring characteristics of cake by altering the ratio of 

turmeric ratio. The turmeric inclusion from 0.5 to 5% remarkably transformed lightness 

(L*), yellowness (b*) and redness (a*) from 86.1 to 64.3, 29.9 to 38.1 and 2.0 to 4.8, 

respectively. Furthermore, Amir et al. (2013) evaluated the effect of cocoa pod husk on 

color tonality of bread. Accordingly, color of breads becomes darker and more brownish  
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Table 21. Means squares for color tonality of bread 

SOV df L* a* b* Chroma Hue angle 

Treatment (A) 3 254.81** 90.75* 368.70* 375.21* 0.44NS 

Storage (B) 4 79.34* 11.94NS 10.15* 12.09 NS 0.14NS 

A x B 12 2.33NS 0.12NS 13.90NS 21.90 NS 0.08 NS 

Error 40 22.03 31.02 3.48 11.01 0.004 

* = Significant  

**= Highly significant 
NS= Non significant 
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Table 22. Effect of treatments and storage on L* value of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 42.86±1.37 38.14±1.25 40.02±1.24 41.78±1.31 40.70±1.92a 

24 41.75±1.50 37.66±0.98 39.84±1.31 41.24±1.28 40.12±1.55a 

48 40.62±1.84 36.04±1.03 39.25±1.35 40.82±1.25 39.18±1.27ab 

72 39.44±1.34 35.55±1.09 38.62±1.28 39.35±1.32 38.24±1.39ab 

96 37.32±1.22 33.42±1.18 37.48±1.25 38.56±1.29 36.70±1.28b 

Means 40.39±1.97a 36.16±1.04b 39.04±1.32ab 40.35±1.38a  

T0= Control 

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 

 

 

Table 23. Effect of treatments and storage on a* value of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 18.56±0.76 21.70±0.89 19.62±0.79 19.85±0.89 19.93±0.83 

24 17.78±0.72 21.38±0.91 19.14±0.74 19.24±0.91 19.38±0.89 

48 17.05±0.69 20.95±0.85 18.75±0.81 18.92±0.85 18.92±0.77 

72 16.64±0.68 20.48±0.81 17.98±0.77 18.16±0.81 18.32±0.84 

96 15.42±0.58 19.78±0.79 17.06±0.66 17.45±0.79 17.43±0.76 

Means 17.09±0.73b 20.86±0.82a 18.51±0.76ab 18.72±0.82ab  

T0= Control   

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 
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Table 24. Effect of treatments and storage on b* value of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 22.20±0.88 27.45±0.85 24.12±1.23 24.97±1.09 24.68±1.17b 

24 23.66±0.95 27.86±1.12 24.63±0.83 25.26±1.03 25.35±0.82b 

48 24.78±0.93 28.44±0.92 25.98±1.05 25.69±1.12 26.22±1.15ab 

72 25.34±1.12 29.52±1.35 26.55±1.14 26.73±0.94 27.03±1.24ab 

96 27.45±1.10 30.61±1.04 27.36±1.31 27.12±1.10 28.13±1.31a 

Means 24.68±0.97b 28.78±1.51a 25.72±1.29ab 25.95±1.05ab  

T0= Control   

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 

 

Table 25. Effect of treatments and storage on chroma of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 29.71±1.13 34.90±1.65 31.09±1.12 31.34±1.35 31.76±1.32 

24 30.40±1.17 35.03±1.71 31.18±1.28 31.38±1.42 31.99±1.47 

48 30.90±1.19 35.23±1.70 32.04±1.07 31.74±1.28 32.47±1.52 

72 31.15±1.15 35.85±1.67 32.06±1.35 31.89±1.52 32.73±1.38 

96 32.36±1.21 36.38±1.75 32.24±1.41 32.24±1.39 33.30±1.55 

Means 30.90±1.18b 35.48±1.69a 31.22±1.24b 31.71±1.38b  

T0= Control   

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE  
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Table 26. Effect of treatments and storage on hue angle of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 0.32±0.005 0.30±0.013 0.32±0.010 0.31±0.006 0.31±0.010 

24 0.32±0.010 0.29±0.015 0.32±0.012 0.31±0.011 0.31±0.007 

48 0.32±0.003 0.30±0.007 0.31±0.008 0.31±0.010 0.31±0.015 

72 0.31±0.008 0.30±0.011 0.32±0.015 0.29±0.013 0.31±0.011 

96 0.32±0.013 0.30±0.002 0.32±0.007 0.30±0.009 0.31±0.006 

Means 0.32±0.009 0.30±0.014 0.32±0.012 0.30±0.005  

T0= Control   

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 
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by the increment in cocoa pod husk from 0 to 20% that decreased L* from 58.78 to 49.60 

and a* & b* from 12.23 to 7.11 & 32.75 to 23.25, respectively.  

Mean squares relating to physicochemical analysis of bread indicated significant effect of 

treatments on volume, hardness and antioxidant potential of designer bread. Likewise, 

storage substantially influenced these parameters excluding volume. Nevertheless, 

interaction did not affect these factors except antioxidant potential of bread (Table 27). 

The antioxidant capacity of bread was evaluated by determining the Total Phenolic 

Contents (TPCs).  

The means related to volume depicted significant variations as function of treatments; 

686.20±8.25, 572.60±7.56, 650.16±9.75 and 679.32±10.06 cm3 for T0, T1, T2 and T3, 

correspondingly (Figure 1). However, volume elucidated non-substantial decline during 

storage from 655.25±8.43 to 653.50±7.50, 648.20±8.83, 642.36±9.07 and 635.48±8.38 

cm3 at 0, 24, 48, 72 and 96 hrs, respectively (Figure 2). Means for hardness in T0, T1, T2 

and T3 were 2.97±0.11, 3.36±0.10, 3.05±0.09 and 3.14±0.11 kg/cm2, respectively (Figure 

3). During storage, minimum value for hardness was observed at 0 hr i.e. 2.93±0.13 that 

significantly increases to 3.37±0.11 kg/cm2 at 96 hr (Figure 4). On the other hand, 

maximum value of TPC 81.12±3.48 mg GAE/100g was noticed in bread supplemented 

with microencapsulated supercritical fluid extract of turmeric (T3) whilst, the values for 

T2, T1 and T0 were 76.19±3.25, 68.65±2.81 and 50.22±1.70 mg GAE/100g, accordingly 

(Figure 5). Nonetheless, phenolics decreased momentously during 0 to 96 hrs storage 

interval from 70.82±3.69 to 66.92±3.01 mg GAE/100g (Figure 6).  

The current results are supported by Lim et al. (2011), evaluated effect of 2, 4, 6 and 8% 

turmeric powder on hardness, volume and phenolics of breads. They assessed significant 

reduction in bread volume with increment in turmeric powder due to low content of wheat 

protien responsible for development of gluten network structure. However, hardness 

changed from 213.1±13.9 to 299.8±14.8 g/cm2
 owing to increase in bread density. 

Moreover, fibrous portion of turmeric powder ruptures cells of gluten network. 

Nevertheless, turmeric powder has improved total phenolics from 30.9 to 150.5 mg 

GAE/100g.  Although, phenolics recorded in turmeric powder were 2195 mg GAE/100g 

yet baking resulted in 32 to 54% losses. Nonetheless, phenolics in turmeric supplemented 

breads were more as compared to control group. They recommended two slices of 4% 

turmeric supplemented bread per day for the provision of 40.12 mg GAE/100g phenolics 

containing 4.6 mg curcumin. Later on, park et al. (2012) analyzed similar effect of  
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Table 27. Mean squares for volume, hardness and antioxidant potential of bread  

SOV df Volume Hardness TPC 

Treatments (A) 3 2405.6* 0.42* 2757.94** 

Storage  (B) 4 525.5
 NS

 0.36
 
* 29.67** 

A x B 12 19.2
NS

 0.002
NS

 0.17
 
** 

Error 40 18.15 0.14 2.28 

* = Significant  

**= Highly significant 
NS= Non significant 
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Figure 1. Effect of treatments on volume (cm3) of bread 

 

 

Figure 2. Effect of storage on volume (cm3) of bread 
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Figure 3. Effect of treatments on hardness (kg/cm2) of bread 

 

 

 

Figure 4. Effect of storage on hardness (kg/cm2) of bread 
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Figure 5. Effect of treatments on TPC (mg GAE/100g) of bread 

 

 

 

Figure 6. Effect of storage on TPC (mg GAE/100g) of bread 
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turmeric powder on the physical parameters of cake. In contrary to above mentioned 

results, turmeric supplementation (0-8%) showed a positive correlation to cake volume, 

enhanced from 606 to 814 cm3 along with simultaneous decrement in hardness from 

470.7 to 171.8 g/cm3. Accordingly, baking powder in cake assures the attainment of good 

cake volume and softness. Alongside, antioxidant potential of cakes also enhances by 

replacement of flour with turmeric powder up to 8% (p≤0.05).  

Previously, Sikkhamondhol et al. (2009) reported an inverse relation between turmeric 

powder and compression force of bread. They observed significant variation in firmness 

from 18.27±2.48 to 15.22±2.75 N by turmeric powder inclusion from 0.10 to 0.25%, 

correspondingly. Regarding antioxidant potential, presence of curcumin makes turmeric 

rhizome as an acclaimed source of nutraceuticals in designer food. Reports revealed 

addition of 25.08 mg/100g phenolics to bread by turmeric powder addition. According to 

Alvarez-Jubete et al. (2010), phenolics of whole wheat and bread were 53.1 and 29.1 mg 

GAE/100g, respectively. Phenolics are relatively reactive and unstable compounds that 

undergo degradation during baking process. Conclusively, inclusion of turmeric powder 

improves antioxidant potential of bread owing to thermal stability of curcumin. 

According to another justification by Dhillon and Amarjeet (2013), addition of cinnamon 

powder at different ratios in bread are in agreement with instant finding that bread volume 

decreased from 685 to 635 cc and hardness raised from 1.39 to 1.58 kg by increasing 

cinnamon quantity from 0 to 4%. The total phenolics of bread changed momentously 

from 3.78 to 82.39 mg GAE/100g. One of their peers, Amir et al., (2013) recorded 

significant changes in hardness and volume of bread as it becomes harder and denser 

owing to increment in cocoa pod husk from 0 to 20% hence restrain bread from 

expansion. 

4.4.3. Sensory analysis 

Development of novel food products is a multifarious task in which sensory evaluation is 

the backbone for acceptability and marketability of product. Likewise, designer bread was 

assessed for various sensory attributes including external (volume, color of crust, 

symmetry, evenness of bake and crust character) and internal characteristics (grain, color 

of crumb, aroma, taste & texture). 

Regarding external parameters of bread (Table 28), volume and color elucidated 

significant differences as function of treatments while remaining traits varied non-
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significantly. Considering storage period, only color of bread changed during 96 hr 

storage. However, interaction has non-momentous effect on all sensory attributes of 

bread.  

Means for volume (Table 29) differed significantly from 6.95±0.24 to 8.01±0.39 in T1 

and T0, respectively. However, storage imparted non-momentous decline in volume from 

7.83±0.26 at initiation to 7.37±0.28 at the termination of the study. The maximum scores 

for crust color (Table 30) were assigned to T2 (7.04±0.21) trailed by T3 (6.85±0.23), T0 

(6.54±0.25) and T1 (5.94±0.19). Likewise, storage also resulted decline in color scores i.e. 

6.86±0.20 (0 hr), 6.78±0.27 (24 hr), 6.67±0.21 (48 hr), 6.38±0.32 (72 hr) and 6.29±0.25 

(96 hr).  

Statistical analysis for bread symmetry revealed non-momentous differences during 

storage and treatments. The scores for this trait were 3.83±0.16, 3.54±0.12, 3.61±0.18 and 

3.69±0.11 for T0, T1, T2 and T3, respectively. Means related to evenness of bake for bread 

explicated non-momentous change due to treatments (Table 32). The recorded scores for 

T0, T1, T2 and T3 were 1.94±0.05, 1.63±0.08, 1.71±0.06 and 1.92±0.07, respectively. On 

the other hand, storage from 0 to 96 hr resulted in scores variation from 2.03±0.09 to 

1.58±0.04, respectively. The means for crust characteristic were 2.72±0.11 (T0), 

2.50±0.08 (T1), 2.61±0.09 (T2) and 2.97±0.10 (T3) whereas, storage resulted in slight 

decline in rating from initiation to termination of the study i.e. 2.92±0.09 to 2.45±0.11 

(Table 33). 

The mean squares corresponding to internal attributes of bread (Table 34) showed 

significant effect of treatments on crumb color, aroma, taste and texture except grain. 

Similar behaviour was observed for all these parameters during storage. In contrary, 

interaction has non-substantial impact on internal characteristics of bread. 

The scores for grain (Table 35) assigned to T0, T1, T2 and T3 were 12.23±0.56, 

12.14±0.54, 12.32±0.38 and 12.25±0.52, correspondingly. Likewise, storage did not 

change this attribute from 0 to 96 hrs. The Table 36 depicted that treatments and storage 

depicted significant effect on color of crumb, the respective scores varied from 8.18±0.26 

to 7.26±0.35 (T0), 8.35±0.40 to 7.85±0.36 (T1), 8.24±0.29 to 7.82±0.25 (T2) and 

7.98±0.32 to 7.42±0.25 (T3) during 0 to 96 hr. 

Treatments have substantial effect on aroma (Table 36) and the maximum scores were 

reported in T3 8.05±0.26 whilst, minimum in T1 7.34±0.23. Likewise, T3 (16.41±0.61)  
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Table 28. Mean squares for external characteristics of bread 

SOV df Volume 
Crust 

color 
Symmetry 

Evenness 

of bake 

Crust 

character 

Treatments (A) 3 3.31* 3.43* 1.54
 NS

 0.33
 NS

 0.59
 NS

 

Storage  (B) 4 0.39
 NS

 0.73
 
* 0.403

 NS
 0.34

 NS
 0.43

 NS
 

A x B 12 0.0006
NS

 0.17
NS

 0.002
 NS

 0.003
 NS

 0.0004
NS

 

Error 40 0.21 0.43 0.012 0.17 0.24 

* = Significant  
NS= Non significant 
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Table 29. Effect of treatments and storage on volume of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 8.22±0.35 7.18±0.21 7.85±0.23 8.10±0.26 7.83±0.26 

24 8.15±0.40 7.06±0.32 7.78±0.29 8.02±0.34 7.75±0.35 

48 8.04±0.24 6.98±0.25 7.66±0.38 7.88±0.22 7.64±0.23 

72 7.92±0.28 6.85±0.38 7.54±0.25 7.75±0.18 7.51±0.30 

96 7.76±0.36 6.72±0.29 7.40±0.34 7.62±0.25 7.38±0.28 

Means 8.01±0.39a  6.95±0.24c 7.65±0.32b 7.87±0.27ab   

T0= Control 

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 

 

Table 30. Effect of treatments and storage on crust color of bread  

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 6.84±0.21 6.36±0.19 7.22±0.35 7.02±0.23 6.86±0.20a 

24 6.75±0.28 6.28±0.23 7.15±0.32 6.96±0.30 6.78±0.27ab 

48 6.62±0.19 6.15±0.29 7.06±0.24 6.88±0.18 6.67±0.21b 

72 6.45±0.32 5.92±0.17 6.95±0.28 6.76±0.31 6.38±0.32bc 

96 6.16±0.27 5.02±0.21 6.82±0.19 6.65±0.29 6.29±0.25c 

Means 6.54±0.25b 5.94±0.19c 7.04±0.21a  6.85±0.23ab   

T0= Control  

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 
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Table 31. Effect of treatments and storage on symmetry of bread  

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 4.02±0.13 3.75±0.17 3.82±0.15 3.96±0.20 3.88±0.12 

24 3.95±0.19 3.68±0.15 3.75±0.12 3.84±0.17 3.80±0.15 

48 3.86±0.14 3.54±0.09 3.62±0.11 3.70±0.11 3.68±0.13 

72 3.74±0.11 3.42±0.13 3.50±0.18 3.58±0.13 3.56±0.10 

96 3.62±0.18 3.30±0.14 3.38±0.16 3.42±0.12 3.43±0.17 

Means 3.83±0.16  3.54±0.12 3.61±0.18  3.69±0.11  

T0= Control  

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 

 

Table 32. Effect of treatments and storage on evenness of bake in bread  

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 2.15±0.09 1.82±0.05 1.96±0.07 2.08±0.06 2.03±0.09 

24 2.06±0.07 1.75±0.06 1.84±0.09 2.02±0.04 1.91±0.07 

48 1.95±0.09 1.64±0.03 1.72±0.04 1.94±0.05 1.84±0.05 

72 1.82±0.05 1.52±0.07 1.58±0.06 1.85±0.08 1.69±0.06 

96 1.70±0.08 1.48±0.06 1.45±0.05 1.72±0.07 1.58±0.04 

Means 1.94±0.05 1.63±0.08 1.71±0.06 1.92±0.07   

T0= Control   

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 
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Table 33. Effect of treatments and storage on crust character of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 2.94±0.09 2.72±0.11 2.86±0.10 3.18±0.14 2.92±0.09 

24 2.85±0.12 2.64±0.08 2.75±0.09 3.10±0.12 2.84±0.08 

48 2.70±0.08 2.52±0.09 2.62±0.11 2.98±0.09 2.71±0.10 

72 2.58±0.12 2.38±0.11 2.50±0.08 2.86±0.08 2.58±0.12 

96 2.46±0.11 2.26±0.10 2.38±0.12 2.74±0.10 2.45±0.11 

Means 2.72±0.11  2.50±0.08 2.61±0.09 2.97±0.10   

T0= Control   

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 
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has shown the highest scores for taste that differed significantly for T2 (16.08±0.52), T0 

(15.91±0.69) and T1 (15.25±0.72). Finally, the scores for texture indicated significant 

variations among the treatments (Table 39). The scores assigned to T0, T1, T2 and T3 were 

12.33±0.46, 11.64±0.41, 12.45±0.55 and 13.02±0.52, respectively. Similarly, momentous 

declining trend was observed for aroma, taste and texture (Table 36) and at 0 hr recorded 

scores were 8.01±0.31, 16.27±0.53 and 12.87±0.45 that reduced to 7.22±0.33, 15.49±0.65 

and 11.78±0.50, respectively at 96 hr of storage.  

Natural dietary agents like spices have drawn a great deal of attention from both the 

scientific community and the general public owing to their demonstrated therapeutic 

ability. The outcomes regarding hedonic scale of designer bread are supported by Park et 

al. (2012), inferred effect of turmeric powder (0-8%) on sensory attributes of cake 

showing the highest acceptability scores at 0-6% turmeric powder inclusion. However, 

rating scores at 8% are lower owing to negative effect of phenolics and volatiles on taste 

of cake. Currently, Muhammad et al. (2014) evaluated 3 and 4% turmeric powder 

incorporation on overall acceptability of bread. They observed maximum liking scores for 

bread supplemented with 3% turmeric during storage period of 96 hr owing to better color 

and flavor. In the same way, supplementation of various levels of cinnamon (0, 1, 2, 3 

and 4%) on organoleptic properties of bread showed significant differences in color, 

appearance and overall acceptability with highest score for bread containing 2% 

cinnamon powder in contrast to control.  

Earlier, Lim et al. (2011) assessed liking scores for breads supplemented at different 

ratios of turmeric. The color of bread crumb at 8% turmeric powder had the lowest 

acceptability as it interfere with natural color of bread. The maximum hedonic response 

was noticed at 2% substitution level having optimum color, flavor, aroma and texture. 

Turmeric powder and its extract in various formulations; fat soluble crystallized powder 

and water miscible liquid are being used in variety of food products as a source of natural 

color. According to a survey, 34% consumer use turmeric as coloring agent in sweet and 

savory products. The deep yellow orange color from turmeric could be attained by 

dispersing curcumin in food grade solvents along with emulsifiers (Joshi et al., 2011). 

According to Wang et al. (2009), curcumin is non-toxic and natural preservative that find 

its application in food processing industry. Unfortunately, it is highly sensitive to oxidant, 

heat and light. By encapsulating core in biodegradable material, it could be used for 

various products like tofu and bread.  
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Table 34. Mean squares for internal characteristics of bread 

SOV df Grain 
Crumb 

color  
Aroma Taste Texture 

Treatments (A) 3 0.11
 NS

 0.73* 1.83* 3.57* 1.32* 

Storage  (B) 4 1.85
 NS

 0.70* 1.49* 1.17* 1.67
 
* 

A x B 12 0.06
NS

 0.02
NS

 0.05
 NS

 0.02
 NS

 0.01
NS

 

Error 40 3.35 0.22 0.05 0.10 0.23 

* = Significant  
NS= Non significant 
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Table 35. Effect of treatments and storage on grain of bread  

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 12.88±0.59 12.72±0.45 12.64±0.53 12.45±0.37 12.67±0.40 

24 12.64±0.42 12.58±0.38 12.52±0.60 12.32±0.43 12.52±0.52 

48 12.18±0.61 12.14±0.55 12.34±0.34 12.18±0.46 12.21±0.46 

72 11.86±0.38 11.76±0.58 12.18±0.45 11.96±0.39 11.94±0.37 

96 11.60±0.46 11.52±0.46 11.96±0.39 11.80±0.41 11.72±0.42 

Means 12.23±0.56  12.14±0.54  12.32±0.38 12.25±0.52  

T0= Control   

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 

 

Table 36. Effect of treatments and storage on crumb color of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 8.18±0.26 8.35±0.40 8.24±0.29 7.98±0.32 8.18±0.24a 

24 8.04±0.39 8.28±0.32 8.18±0.21 7.86±0.28 8.09±0.35a 

48 7.82±0.31 8.20±0.24 8.12±0.34 7.72±0.30 7.96±0.33ab 

72 7.55±0.27 8.06±0.28 7.98±0.22 7.58±0.36 7.79±0.29b 

96 7.26±0.35 7.85±0.36 7.82±0.25 7.42±0.25 7.58±0.30c 

Means 7.77±0.30b 8.14±0.26a  8.07±0.32ab 7.69±0.27b  

T0= Control   

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 
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Table 37. Effect of treatments and storage on aroma of bread  

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 8.15±0.31 7.72±0.36 7.85±0.35 8.35±0.35 8.01±0.31a 

24 8.02±0.23 7.58±0.32 7.76±0.22 8.26±0.32 7.90±0.24ab 

48 7.94±0.27 7.35±0.28 7.64±0.33 8.12±0.24 7.76±0.38b 

72 7.66±0.38 7.12±0.19 7.28±0.27 7.88±0.28 7.48±0.29bc 

96 7.45±0.26 6.96±0.24 6.86±0.18 7.64±0.21 7.22±0.33c 

Means 7.84±0.34ab  7.32±0.23c 7.49±0.37b 8.05±0.26a   

T0= Control   

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 

 

Table 38. Effect of treatments and storage on taste of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 15.74±0.50 16.24±0.48 16.34±0.49 16.76±0.52 16.27±0.53a 

24 15.58±0.64 16.12±0.53 16.25±0.53 16.62±0.68 16.14±0.59ab 

48 15.25±0.51 15.96±0.67 16.12±0.61 16.45±0.57 15.94±0.62b 

72 14.96±0.59 15.75±0.51 15.96±0.75 16.24±0.71 15.72±0.71bc 

96 14.72±0.68 15.52±0.76 15.75±0.67 15.98±0.56 15.49±0.65c 

Means 15.91±0.69b 15.25±0.72c 16.08±0.52ab  16.41±0.61a   

T0= Control 

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 
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Table 39. Effect of treatments and storage on texture of bread 

Storage 

intervals 

(hours) 

Treatments 

Means 

T0 T1 T2 T3 

0 13.06±0.42 12.18±0.47 12.85±0.46 13.42±0.48 12.87±0.45a 

24 12.74±0.59 11.96±0.50 12.68±0.57 13.25±0.41 12.65±0.57ab 

48 12.35±0.40 11.70±0.42 12.45±0.42 13.10±0.53 12.39±0.44b 

72 11.98±0.48 11.36±0.37 12.22±0.61 12.85±0.58 12.10±0.57bc 

96 11.52±0.53 11.02±0.48 12.08±0.55 12.55±0.41 11.78±0.50c 

Means 12.33±0.46b  11.64±0.41c 12.45±0.55b 13.02±0.52a  

T0= Control  

T1= Bread containing turmeric powder 

T2= Bread containing microencapsulated nutraceuticalCSE 

T3= Bread containing microencapsulated nutraceuticalSFE 
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Conclusively, addition of turmeric bioactive ingredient i.e. curcumin is a stable entity as 

an antioxidant during storage & sensory evaluation and did not impart any deleterious 

effect on the developed designer bread. It is interesting to mention that during sensory 

profiling; all values were within the acceptable range and showed better hedonic response 

thus depicting suitability of developed bread for biological assessment. 

4.5. Animal study 

The rat feeding trial was splitted into two phases; oral bioavailability and therapeutic 

efficiency of curcumin against hypercholesterolemia.  

4.5.1. Bioavailability of curcumin  

Statistical analysis for effect of treatments and time intervals elicted significant effect on 

curcumin concentration in plasma of various rat groups (Table 40). The maximum value 

for curcumin (529.31±8.73 µg/mL) was observed for rat group relying on 

microencapsulated nutraceuticalSFE supplemented diet (G2) with maximum time (Tmax) of 

100 min that decreases to 462.98±7.25 and 385.76±5.01 µg/mL at 150 and 200 min, 

respectively (Figure 7). For G1 group (microencapsulated nutraceuticalCSE diet), the 

recorded values for curcumin in rat plasma were 223.51±3.76, 405.23±7.12, 319.57±6.41 

and 237.49±4.25 µg/mL at 50, 100, 150 and 200 min, respectively. However, curcumin 

concentration decreased rapidly from 205.45±3.84 to 21.29±0.14 µg/mL in plasma of rat 

group fed on diet containing turmeric powder (G0) from 50 to 200 min, respectively.   

The low stability and escalated intestinal metabolism of curcumin during first pass 

metabolism have limited its therapeutic value against various maladies. However, 

encapsulating the core material in bio-stable matrices improves its bioavailability in 

systemic circulation. In pharmacokinetic study, Takahashi and his fellows (2009) 

determined the impact of lecithin liposome as coating material to modulate curcumin 

release at targeted tissues in rats. Accordingly, 319.2 µg/mL was recorded at 120 min in 

rat plasma receiving Liposome Encapsulated Curcumin (LEC) as compared to group fed 

on free curcumin with maximum concentration (Cmax) of 34.6 µg/mL at Tmax 30 min. One 

of their peers, Shaikh et al. (2009) recorded 9 fold improvements in oral bioavailability of 

poly(lactic-co-glycolic acid) coated curcumin in Sprague Dawley rats and documented 

maximum free curcumin about 90.3±15.5 ng/mL. Furthermore, Yu (2012) utilized 

organogel emulsion as vehicle for oral delivery of curcumin (240 mg/kg body weight) in 

mice and deduced 36.7±6.5 µg/mL curcumin in contrast to unformulated curcumin (1.1  
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Table 40. Mean squares for plasma concentration of curcumin  

SOV df Concentration 

Groups (A) 2 41763
 
** 

Time  (B) 3 9294
 
** 

Error 54                 21.37 

**= Highly significant 

 

 

 

 

 

Figure 7: Curcumin concentration (µg/mL) in rat plasma at different time intervals 
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µg/mL) after 60 min. Similarly, Akhtar et al. (2012) recorded 232±44.8 and 694.4±34.19 

ng/mL curcumin in rat groups fed on free and encapsulated curcumin at Tmax of 30 and 

120 min, respectively. One of the researcher groups, Vitaglione et al. (2012) 

comprehensively evaluated bioavailability of free and microencapsulated curcumin 

enriched bread in plasma of human.  The maximum concentration of curcumin (Cmax) was 

measured 1.59±0.28 nmol/L at peak time (Tmax) of 30 min for free curcumin while 

encapsulation delayed release of curcumin with Cmax 3.36 ±0.36 nmol/L at 120 min. The 

reason behind low bioavailability of curcumin is the formation of its conjugated 

metabolites that are abundantly present in human plasma fed on free curcumin enriched 

bread. Additionally, free curcumin rapidly metabolizes at neutral pH prior to absorption. 

However, encapsulation shields it within the core against intestinal breakdown resultantly 

enhances bioavailability.  

Earlier, Anand et al. (2007) assessed that intake of free curcumin at high doses (8-12 

g/day) results in very low plasma curcumin content. Accordingly, 0.4-3.6 µM curcumin 

was found in sera after oral administration of 4 to 8 g unformulated curcumin. In another 

clinical study, Carroll and his fellows (2011) delineated the effect of daily intake of 4 g 

curcumin on colorectal aberrant crypt. They analyzed non-significant impact of dietary 

intervention using free curcumin as it is available only for a few minutes. The mechanism 

behind low bioavailability of curcumin is exposure of its hydroxyl and methoxy groups to 

glucoronides and sulphates for conjugation that make it hydrophilic and rapidly excrete in 

feces. In view of that, bulky doses of curcumin (60 to 70%) were eliminated from body 

without implicating any pharmacological effect. 

Furthermore, in vitro release of free and gelatin encapsulated three variant of curcuminoid 

(CU1, CU2 and CU3) was studied. The maximum release time observed for each 

encapsulated curcumin were 231.56±12.45, 246.45±13.22 and 257.03±15.29 min as 

compared to free curcuminoids (86.90±4.19, 89.18±1.51 and 92.04±1.47 min) for CU1, 

CU2 and CU3, correspondingly. Conclusively, gelatin encapsulation resulted in sustained 

release of water insoluble compounds (Aziz et al. 2012). Another group of researchers, 

Paramera et al, (2011) expilicated the release profile of encapsulated curcumin in 

simulated gastric fluid (SGF) employing modified starch. After incubation time of 180 

min, SGF contained 22.3 µg/mL curcumin while protective wall matrix showed 

controlled release of curcumin up to 64.6%. However, in the simulated pancreatic fluid 

(SPF), curcumin concentration increased simultaneously during first 5 min due to high 
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pH value but decreased later owing to ita low stability under alkaline conditions. The 

maximum breakdown was viewed for free curcumin. 

Conclusively, microencapsulation is one of the controlled delivery systems that protects 

curcumin from unfavorable gastric conditions and improves its bioavailability in systemic 

circulation compared to turmeric powder. 

4.5.2. Bioefficacy trial 

Bioevaluation trial was conducted to assess the hypolipidemic potential of 

microencapsulated curcumin via model feeding trial. For in vivo biological assessment of 

selected parameters, Sprague Dawley rats were employed because they are easy to handle 

and supervise them under controlled environmental conditions. Instant efficacy 

investigation was categorized into two modules comprising study I (normal rats) and 

study II (hypercholesterolemic rats). Accordingly, hypercholesterolemia was induced by 

administrating high cholesterol diet throughout the experimental period. Each module 

was further splitted into four groups on the basis of diet. In this regard, control (D0), 

turmeric powder (D1), microencapsulated nutraceuticalCSE (D2) and microencapsulated 

nutraceuticalSFE (D3) diets were provided to their respective groups. Initially some rats 

were scarified to achieve baseline values while rest after 2 month study period. Feed & 

drink intakes were measured on daily, whereas body weight on weekly basis. The 

hematological aspects as well as liver and renal functioning tests were also performed. 

However, results of the investigated parameters in both studies were interpreted 

statistically to draw a conclusive approach.  

4.5.2.1. Feed intake 

Mean squares corresponding to feed intake illustrated significant differences as function 

of treatments and study intervals (Table 41). The graphical depiction (Figure 8) for Study 

I (normal rats) showed maximum feed intake (16.47±0.62 g/rat/day) for D3 

(microencapsulated nutraceuticalSFE) trailed by D2 (microencapsulated nutraceuticalCSE), 

D1 (turmeric powder) and D0 (control) groups as 16.17±0.71, 15.98±0.83 and 15.83±0.66 

g/rat/day, respectively. The feed intake increased gradually with the passage of time and 

at 1st week it was recorded as 13.95±0.44, 14.12±0.52, 13.89±0.57 and 14.08±0.51 

g/rat/day that subsequently increased to 18.12±0.95, 18.57±0.64, 19.26±0.80 and 

19.88±10.98 g/rat/day, correspondingly at the 8th week. Likewise in study II 

(hypercholesterolemic rats), D3 exhibited highest (19.12±0.77 g/rat/day) feed 
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consumption followed by D2 (19.03±0.84 g/rat/day) and D1 (18.32±0.69 g/rat/day) whilst, 

the lowest (18.26±0.79 g/rat/day) was noticed in D0. During the time span, it was 

increased from 15.92±0.55 to 21.25±0.82 g/rat/day in D0 at initiation to termination, 

respectively. Similarly, groups administered with D1, D2 and D3, resulted in elevation in 

feed consumption from 15.64±0.69 to 21.76±0.75, 15.79±0.62 to 22.38±0.78 and 

15.52±0.68 to 22.92±1.07 g/rat/day at 1st and 8th week, correspondingly.  

The present exploration was strengthened by research of Arafa (2013); evaluated effect of 

0.25 and 0.5% on feed consumption of Sprague Dawley rats. Accordingly, feed intake 

enhanced considerably (p˂0.05) in both groups as compared to control owing to positive 

influence on basal metabolic rate and rapid energy expenditure. Moreover, El-Bahr and 

Al-Azraqi (2014) recorded significant increment in feed intake from 17 to 25 g/day for 

rats taking 1 g turmeric enriched diet. In bioefficacy trial, Al-Nazawi and El-Bahr (2012) 

affirmed that diet supplemented with turmeric increases the feed intake of 

hypercholesterolemic rats at 6th week. Earlier, Ashraf et al. (2005) elaborated the effect of 

0.5% turmeric extract on food consumption of both normal and hypercholesterolemic rats 

and recorded similar outcomes. One of their peers, Kumar et al. (2005) documented 

significant increment in feed intake of hyperlipidemic rats in comparison to control. 

4.5.2.2. Water intake 

Mean squares relating drink intake (Table 41) were momentously varied due to study 

intervals with non-significant behavior of treatments. Means for drink intake (Figure 9) 

for all modules explicated escalating behavior throughout the bioefficacy trial. In study I, 

drink intake at the initiation was 19.25±0.96, 19.84±0.81, 19.69±0.93 and 19.42±0.90 

mL/rat/day in D0, D1, D2 and D3, respectively that increased to 26.74±0.92, 25.83±1.26, 

25.42±0.82 and 26.18±1.17 mL/rat/day, respectively at termination. Likewise, observed 

values at the beginning of study II were 21.56±0.83 (D0), 21.48±0.72 (D1), 21.72±0.64 

(D2) and 21.65±0.55 (D3) mL/rat/day that raised progressively to 27.78±0.89 (D0), 

28.61±1.02 (D1), 27.46±0.95 (D2) and 28.92±1.12 (D3) mL/rat/day at 8th week.  

Conclusively, the non-substantial differences among treatments depicted the acceptance 

and suitability of turmeric based diet with allied health claims. Alike trend for impact of 

diet containg turmeric polyphenol on water intake was reported by other researchers 

including El-Bahr and Al-Azraqi (2014) and Kumar et al. (2005). 

  



93 

 

Table 41. Mean squares for effect of treatments and study weeks on feed & water 

intakes and body weight of rats 

**= Highly significant      

 *=Significant                     
NS

=Non significant 

 
Study I : Normal rats 

Study II : Hypercholesterolemic rats 

  

Studies SOV df 
Feed 

intake 
Water intake Body weight 

Study I 

 

Diet (A) 3 11.47* 5.59 NS 305.93* 

Intervals (B) 7 70.12* 46.26* 937.56** 

Error 309 3.32 3.35 11.02 

Study II 

 

Diet (A) 3 12.13* 4.04 NS 51.8** 

Intervals (B) 7 64.02** 44.98* 1131.3** 

Error 309 4.28 3.66 12.6 
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Study I 

 

 

 

 

Study II 

 

 

Figure 8. Feed intake in different studies (g/rat/day) 
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Study I 

 

 

Study II 

 

Figure 9. Water intake in different studies (mL/rat/day) 
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4.5.2.3. Body weight 

It is obvious from Table 41 that body weights of rats in different studies changed 

significantly owing to treatments and study weeks.  

Body weights of different groups of rats at the beginning of study I (Figure 10) were 

134.73±4.31, 132.63±5.17, 131.52±4.60 and 130.58±5.35 g/rat in D0, D1, D2 and D3 

groups that consequently increased to 236±6.70, 226.44±8.23, 223.36±7.58 and 

222.69±9.65 g/rat in respective groups at the termination. In study II, it is evident from 

the means that higher weight gain was noticed in D0 compared to D1, D2 and D3. During 

1st week, the recorded values for body weight of different rat groups D0, D1, D2 and D3 

were 134.58±3.21, 133.13±5.23, 129.74±4.36 and 131.25±6.43 g/rat that reached to 

258±7.74, 245.15±8.82, 238.54±8.50 and 235.14±9.37 g/rat, respectively at the final 

week of trial (Figure 10). 

The means for final body weight (Table 42) at termination of study elucidated substantial 

variations among treatments. In study I, the maximum weight was noticed in D0 

(236±6.70 g/rat) trailed by D1 (226.44±8.23 g/rat), D2 (223.36±7.58 g/rat) and D3 

(222.69±9.65 g/rat). Likewise, study II depicted comparatively higher weight gain in D0 

(258±7.74 g/rat) that reduced to 245.15±8.82, 238.54±8.50 and 235.14±9.37 g/rat in D1, 

D2 and D3, correspondingly. The Figure 6 illuminated percent reduction in body weight of 

rats under various experimental units. During study I, groups D3, D2 and D1 showed 4.01, 

3.72 and 2.45% reduction, respectively. Besides, declining trend for body weights of 

hypercholesterolemic rats in D3, D2 & D1 groups was 8.86, 7.21 & 4.98%, respectively 

(Figure 11).  

The consumption of high caloric diet and lack of physical activity lead to various 

physiological malfunctions including obesity, hyperlipidemia and hyperglycemia. The 

extent of weight gain is directly related to the amount of diet consumed; greater the 

consumption, higher will be the body weight (Sharma and Hegde, 2009). The instant 

outcomes regarding reduced body weight of rats administrated on functional/nutraceutical 

diet are concordant with work of El-Bahr and Al-Azraqi (2014), reported significant 

increase in body weight of rats (24.6%) relying on normal diet as compared to group fed 

on 1g turmeric supplemented diet over experimental duration of 6 weeks. The theory 

behind ameliorative influence of turmeric moieties on body weight is the modulation of 

lipid and energy metabolism ultimately manages adiposity, cardiovascular health,  



97 

 

Study I 

 

 

 

 

Study II 

 

Figure 10. Body weight in different studies (g/rat/day)  
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Table 42. Body weight at 8th week in different studies (g/rat) 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

236±6.70a 

        

 

226.44±8.23b  

 

 

223.36±7.58bc  

 

222.69±9.65c  

 

 

7.12*   

 

 

Study II 

 

 

258±7.74a          

 

245.15±8.82b 

 

 

238.54±8.50c  

 

 

235.14±9.37d 

 

 

4.85** 

       

* = Significant 

**= Highly significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control 

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 

 

 

 

 

                       Figure 11. Percent reduction in body weight as compared to control 
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dysfunctions and oxidative stress (Huang et al., 2015). Later, Santoshkumar et al. (2013) 

observed considerable rise in body weight of rats fed on turmeric containing diet but 

lesser than control group. Daily intake of turmeric causes loss in body weight by 

increasing the percentage of lean mass that is also beneficial to decrease insulin resistance 

consequently, improves cardiovascular health (Weisberg et al., 2008). Likewise, results 

interpreted by Arafa (2013) observed 9.47% reduction in body weight of rats treated with 

curcumin (0.25%) compared to control group. Earlier, Narayannasamy et al. (2002) found 

significant effect of turmeric (1g/kg b.w.) and curcumin (0.08 g/kg b.w.) on body weight 

of rats during study period of 21 days. They found momentous allay 7.5 and 10% in 

turmeric and curcumin fed rat groups, respectively. This reduction in body weight is 

attributed to increased energy expenditure and lipid oxidation. 

Another group of researchers, Al-Nazawi and El-Bahr (2012) assessed higher weight gain 

in control group as compared to turmeric (2%) treated rat group during experimental 

duration of 48 days. Previously, Ashraf (2005) recorded alike outcomes of turmeric 

extract (0.5%) in both rat groups fed on normal and high cholesterol diet from 255 to 250 

and 375 to 300 g decrease in body mass, correspondingly. In high fat induced 

hypercholesterolemic mice, curcumin supplementation @ 500 mg/kg diet increases the 

basal metabolic rate contributing to higher energy expenditure and weight loss (Ejaz et 

al., 2009). Afterwards, Madkor et al. (2011) documented non-significant affect of 

turmeric on weight of male Wistar albino rats in 28 days. Likewise, Kim and Kim (2010) 

declared matching findings about body weight of rats during 8th week. In contrary, Kumar 

et al. (2005) expilicated that change in body weight of rat group relying on turmeric was 

more pronounced compared to untreated group. In another exploration it was deduced 

that high fat diet causes liver hypertrophy. Nevertheless, provision of turmeric powder 

through diet assuaged body weight of rats in contrast to reference diet El-Niely et al. 

(2010). Additionally, Hussein and Hussein (2013) perceived momentous reduction in 

body weight and observed improvement for feed intake in diabetic rats treated with 

curcumin compared to normal rats. 

It is summarized from the present investigation that turmeric is effective in reducing body 

weight gain. The results depicted more reduction in weight gain of rats consuming high 

cholesterol diet rather than control. Conclusively, turmeric supplementation in diet based 

regimen did not indicate any negative impact on growth performance at recommended 

curcumin dose. 
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4.5.3. Organ to body weight ratio 

F values concerning organ to body weight ratio revealed non-significant impact of 

treatments and study period (Table 43). Means for heart to body weight ratio of rats in 

different studies varied from 0.28±0.03 to 0.36±0.02 g/100g body weight. Likewise, non-

substantial effect for liver weight was observed that ranged from 4.05±0.04 to 4.30±0.04 

g/100g body weight. The weight of right and left kidney of rats in different studies was 

affected non-momentously by designer diet from 0.40±0.02 to 0.44±0.02 and 0.39±0.04 

to 0.46±0.04 g/100g body weight, respectively. Spleen weight varied non-significantly 

from 0.30±0.03 to 0.34±0.02 g/100g of b.w. in different studies. Mean values for lungs 

ranged from 1.01±0.10 to 1.16±0.09 g/100g of b.w. Means pertaining to the pancreas to 

body weight ratio were 0.55±0.05 to 0.63±0.04 g/100g of b.w. 

The current outcomes are concordant with earlier work of El-Demerdash et al. (2009) 

delineated non-significant impact of curcumin on the organ weights of rats during 30 days 

study. The rats were given curcumin @ 15 mg/kg b.w. per day and negligible variations 

were measured in different organs. Recently, Huang et al. (2015) also mentioned non-

significant variations in weight of kidney, liver and lungs on administrating curcumin @ 

12.6 mL/serving/day in 4 weeks rodent modeling trial. Conclusively, curcumin depicted 

protective effect for body organ & composition. Previously, El-Niely et al. (2010) 

evaluated the impact of 2% turmeric supplemented diet on body weight of rats receiving 

high fat diet. Relative weights of spleen, kidney, heart and lungs of animal group fed on 

turmeric containing diet did not vary significantly in comparison to reference group. 

Conversively, Arafa (2013) noticed decline in liver and kidney to body weight ratio of 

curcumin fed rats owing to rapid energy expenditure.  

It is inferred from the present exploration that consumption of turmeric polyphenol i.e. 

curcumin through functional/nutraceutical diet did not impart any deleterious effect on 

the rats organ weights. All the values were within the normal range showing safety of the 

tested diet. 

4.5.4. Cholesterol 

In the instant research, the effect of curcumin supplemented diets was assessed in normal 

and hypercholesterolemic rats with special reference to biological aspects including total 

cholesterol, LDL, HDL and triglycerides. The F values indicated that cholesterol in 

different groups of rats was significantly affected by treatments during the study periods  
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Table 43. Organ to body weight ratio (g/100g body weight) in different studies 

NS
=Non significant 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control 

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 

  

 

Parameters 

 

Studies 

Treatments   

F value 
D0 D 1 D 2 D 3 

 

Heart 

Study I 0.31±0.02 0.29±0.03 0.28±0.03 0.29±0.03 3.31NS 

Study II 0.34±0.03 0.36±0.02 0.31±0.03 0.32±0.02 2.13 NS 

 

Liver 

Study I 4.05±0.04 4.12±0.03 4.10±0.03 4.07±0.03 0.25 NS 

Study II 4.23±0.04 4.30±0.04 4.18±0.03 4.24±0.04 0.55 NS 

 

Right kidney 

Study I 0.42±0.04 0.44±0.02 0.42±0.02 0.40±0.02 2.15 NS 

Study II 0.41±0.03 0.43±0.04 0.43±0.04 0.40±0.04 0.79 NS 

 

Left kidney 

Study I 0.41±0.03 0.40±0.03 0.42±0.03 0.43±0.03 2.05 NS 

Study II 0.43±0.04 0.46±0.04 0.42±0.04 0.39±0.04 2.40 NS 

 

Spleen 

Study I 0.32±0.02 0.34±0.03 0.31±0.03 0.30±0.03 2.25 NS 

Study II 0.34±0.02 0.32±0.02 0.34±0.02 0.33±0.02 0.98 NS 

 

Lungs 

Study I 1.15±0.10 1.13±0.07 1.11±0.09 1.12±0.07 1.02 NS 

Study II 1.16±0.09 1.11±0.06 1.01±0.10 1.04±0.06 2.69 NS 

 

Pancreas 

Study I 0.57±0.05 0.57±0.05 0.56±0.05 0.55±0.05 0.35 NS 

Study II 0.61±0.05 0.59±0.04 0.63±0.04 0.60±0.04 0.48 NS 
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(Table 44). Means for study I (normal rats) depicted maximum cholesterol level 

80.22±2.72 mg/dL in D0 that significantly reduced to 78.34±2.89, 76.85±3.18 and 

75.87±3.41 mg/dL in D1, D2 and D3 groups, respectively. In study II 

(hypercholesterolemic rats), maximum decrement was observed in D3 (124.29±5.09 

mg/dL) group followed by D2 (127.53±4.97 mg/dL) and D1 (130.12±4.70 mg/dL) as 

compared to control (142.56±6.42 mg/dL). The Figure 12 illuminated that D3 

(microencapsulated nutraceuticalSFE) was more effective in reducing cholesterol level 

than D2 (microencapsulated nutraceuticalCSE) and D1 (turmeric powder). In study I, 

dietary treatments D3, D2 and D1 resulted in 5.42, 4.19 and 2.28% decrease in cholesterol, 

correspondingly. In Study II, provision of diet containing microencapsulated supercritical 

extract (D3) led to 12.81% reduction in cholesterol trailed by 10.54 and 7.32% decrement 

by diet exhibiting microencapsulated conventional solvent extract (D2) and turmeric 

powder (D1), respectively.   

Modern lifestyle and poor dietary practices associated with oxidative stress i.e. the root 

cause of various chronic disorder like hyperlipidemia. Moreover, oxidation of low density 

lipoproteins is of prime importance for the progression of arteriosclerosis that damages 

inner lining of endothelial cells. In this connection, curcumin provides cellular integrity 

and averts the platelet aggregation & peroxidation of lipid thus minimizes the chances of 

plaque formation in arteries (Bengmark et al. 2009). Cholesterol is a lipophilic compound 

that uses chylomicron (CM), very low density lipoprotein (VLDL), low density 

lipoprotein (LDL) and high density lipoprotein (HDL) as carriers to facilitate its 

circulation throughout the body. However, lipoproteins are important constituent of each 

carrier to be easily identified by its receptors on the cell membrane. It was reported that 

curcumin maintained balance between β- and α-lipoprotein that is imperative for 

structural and functional integrity of both LDL and HDL, respectively (Yang et al., 

2012).  

The current outcomes are in corroboration with work of Arafa (2013) delineated 

cholesterol lowering effect of curcumin provided @ 0.25 & 0.5% to the 

hypercholesterolemic male Sprague Dawley rats. They noticed gradual decrease in 

plasma cholesterol level by 6.77 and 15.62% as curcumin concentration increased. 

Accordingly, intakes of curcumin depress the gene expression for 3-hydroxy-3-methyl- 

glutaryl-coenzyme A reductase (HMGR), involved in cholesterol synthesis. Afterwards, 

El-Bahr and Al-Azraqi (2014) reported 38.09% reduction in blood cholesterol of rats on 
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Table 44. Effect of diets on cholesterol (mg/dL) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

80.22±2.72a 

        

 

78.34±2.89ab  

 

 

76.85±3.18ab 

 

 

75.87±3.41b  

 

 

4.37*   

 

 

Study II 

 

 

142.56±6.42a 

          

 

130.12±4.70b 

 

 

127.53±4.97bc  

 

 

124.29±5.09c 

 

 

35.97** 

       

* = Significant 

**= Highly significant  

 

Study I: Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 

 

 

 

 

 

 

Figure 12. Percent decrease in cholesterol as compared to control 
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provision of turmeric supplemented diet for 6 weeks. Furthermore, Budiman et al. (2015) 

confirmed that turmeric has potential to assuage triglyceride and cholesterol levels under 

hypercholesterolemic conditions. One of the mechanistic approaches behind 

hypocholesterolemic potential of turmeric bioactive is to modulate liver X receptor-α i.e. 

nuclear receptor proteins that regulate macrophage formation & transcriptional factors 

ultimately maintain lipid homeostasis (Singh et al., 2015).  

Afterwards, Shin et al. (2011) reported 13.72% reduction in plasma cholesterol level of 

hyperlipidemic rats treated with 0.02% curcumin enriched diet after 6 weeks. 

Consumption of high fat diet caused deposition of inflammatory cells, lipid infiltration 

and localization of Intercellular Adhesion Molecule-1 (ICAM-1) & Vascular Cell 

Adhesion Molecule-1 (VCAM-1) that are key indicators of coronary heart diseases. 

However, treatment with curcumin did not show any mark of ICAM-1 and VCAM-1 

adhesion molecules in aortic arch of rats fed on high cholesterol diet. Another theory 

behind lipid lowering capacity of curcumin is the activation of PPAR-α (peroxisome 

proliferator activated receptor-α) that accelerates the gene regulating cholesterol transport 

and fatty acid oxidation thus lowers the hepatic cholesterol. Furthermore, Al-Nazawi and 

El-Bahr (2012) assessed momentous decline in cholesterol (5.02%) level of the rats relied 

on 2% turmeric supplemented diet for 6 weeks. The hypolipidemic potential of turmeric 

was attributed to its lower cholesterol absorption along with synthesis of bile acid. In a 

bioefficacy experiment, rats administrated with curcumin supplemented diet exhibited 

21% reduction in total cholesterol of diet induced hyperlipidemia. Oral intake of turmeric 

polyphenol stimulates the breakdown of cholesterol into bile acid for its excretion from 

body by triggering activities of cholesterol 7-α-hydroxylase. This rate limiting enzyme 

modulates cholesterol homeostasis within the body (Arafa, 2005). According to 

Manjunatha and Srinivasan (2007), intake of high cholesterol diet for 56 days increased 

LDL/VLDL fraction of cholesterol while oral administration of curcumin alleviated total 

cholesterol by 20%. 

The successful utilization of turmeric and its bioactive ingredient in Study II was further 

documented by Elahi et al. (2012) who induced hepatic steatosis through high fat diet in 

the male Wistar rats. Accordingly, hepatoprotective role of turmeric powder was owed to 

its cholesterol regularizing effect in rats. One of their peers, Balasasirekha and Lakshmi 

(2012) outlined that curcumin decreased total cholesterol i.e. 4.23% in human subjects by 

protecting fat from oxidation. Likewise, Qinna et al. (2012) elucidated the lipid lowering 
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ability of turmeric on the Pluronic F-127 induced hyperlipidemic male Sprague Dawley 

rats during 7 weeks rodent trial. Outcomes revealed that turmeric resulted in 8 & 22% 

assuage in cholesterol & LDL, accordingly. They affirmed that curcumin is one of the 

turmeric bioactives responsible for decline in cholesterol by down-regulating HMG-Co A 

reductase gene expression. Later, Kim et al. (2014) investigated the effect of turmeric 

powder on lipid parameters of high fat fed rats and documented significant reduction in 

total cholesterol and LDL as compared to control. In this way, it normalizes lipid profile 

of rats by decreasing fat deposition. One of the scientists groups, El-Niely et al. (2010) 

observed 20.87% alleviation in total cholesterol by the provision of turmeric via diet. One 

of their peers, Kim and Kim (2010) recorded 33.8, 27 and 56% suppression in cholesterol, 

triglycerides and LDL after the intake of 0.1% curcumin along with simultaneous 

provision of 45% fat in their diet. The proposed mechanism behind reduction in serum 

cholesterol was the regulation of AMP-dependent kinase and peroxisome proliferator 

regulated receptors engaged in the catabolism of adipocytes present in subcutaneous layer 

(Ejaz et al., 2009).  

From the present results, it is concluded that diet containing turmeric polyphenol 

especially curcumin is valuable to attenuate the elevated cholesterol level due to poor 

dietry practices.  

4.5.5. High density lipoprotein (HDL) 

The F values relating to HDL expounded non-significant differences for study I whereas, 

effect was momentous in study II (Table 45). Means pertaining to this trait (study I) 

showed that treatments did not altered HDL substantially however, values for D0, D1, D2 

and D3 groups were 34.87±1.25, 35.42±1.31, 35.89±1.56 and 36.01±1.72 mg/dL, 

respectively. Nonetheless, mean HDL concentration for D0 in study II was 59.30±2.07 

mg/dL that increased to 60.55±2.24 mg/dL in D1, 61.48±2.26 mg/dL in D2 and 

62.31±2.04 mg/dL in D3. It is evident from the Figure 13 that in study I, treatments lead 

to non-significant increase in HDL as compared to control whearas in study II the HDL 

increased momentously by 4.83, 3.69 and 2.11% for D3, D2 and D1, respectively.  

The slogan “good cholesterol” is attributed to HDL due to its ability to Reverse 

Cholesterol Transport (RCT) by removing the excess cholesterol from the tissues and 

arteries back to liver. Particularly, it acts on sub-endothelial space in medium caliber 

artery i.e. the place where real cholesterol deposition is in the form of atheroma. In  
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Table 45. Effect of diets on HDL (mg/dL) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

34.87±1.25 

        

 

35.42±1.31  

 

 

35.89±1.56 

 

 

36.01±1.72  

 

 

0.40NS   

 

 

Study II 

 

 

59.30±2.07b 

          

 

60.55±2.24ab 

 

 

61.48±2.26a  

 

 

62.31±2.04a 

 

 

3.43* 

       
*  = Significant 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 

 

 

 

 

 

Figure 13. Percent increase in HDL as compared to control 
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contrary, LDL is called as bad cholesterol because it carries the cholesterol from liver to 

the body. Currently, great attention is being paid towards LDL reduction by different 

dietary tools however, various epidemiological studies also elaborated the role of HDL 

for the management of cardiovascular health (McEneny et al., 2013; Gadi et al., 2013). 

In the regimen of diet based therapy, polyphenols attained core attention as coronary 

protective agent. Amongst polyphenols, curcumin is in the focus to curtail this menace. In 

this respect, Chandrakala and Tekulapally (2015) recorded increment (2.56%) in high 

density lipoproteins (HDL) along with simultaneously decrement in cholesterol, LDL & 

triglycerides of rats on provision of curcumin enriched diet during 30 days 

experimentation. Accordingly, HDL is necessary to clear triglycerides and cholesterol 

esters from plasma to be secreted in bile. The curcumin improves HDL level by reducing 

transfer of cholesteryl esters from HDL to LDL (Shin et al., 2011). In limelight of another 

theory, high apolipoprotein A i.e. precursor of HDL leads to elevated oxido-resistant 

lipoprotein resultantly improves anti-atherogenic index. In this context, curcumin up-

regulates level of apolipoprotein A and acetyl transferase that are involved in cholesterol 

transport to liver (Hussein et al., 2014).    

In another bioefficacy trial, modulation in HDL of hypercholesterolemic rats was 

recorded on the provision of 2% turmeric in their diet supplied for 56 days (Al-Nazawi 

and El-Bahr 2012). Earlier, Arafa (2005) examined significant elevation in plasma HDL 

of rats fed on high cholesterol diet along with 0.5% curcumin. However, HDL fraction of 

cholesterol did not represent substantial changes for normal rats even after inclusion of 

0.2% curcumin in diet for 8 weeks (Manjunatha and Srinivasan, 2007). 

In a randomized control trial, dose dependant affect of curcumin was monitored @ 15, 30 

and 60 mg/day on total cholesterol, triglycerides, HDL and LDL. A specific trend was 

noticed for total cholesterol and LDL that decreased at lower dose of curcumin while an 

inverse association was recorded for HDL (Alwi et al., 2008). Another groups of 

researchers, Elahi (2012) deduced mounting behaviour for HDL on consumption of 

turmeric powder for 6 week. One of their peers, Balasasirekha and Lakshmi (2012) 

viewed differences in lipid profile of turmeric supplemented and control groups. The 

collected data indicated that group relying on turmeric powder showed 2.43% increment 

in HDL than that of control.  
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In an exploration, Ling et al. (2012) probed the therapeutic role of turmeric rich diet in 

rats relying on high fat diet. Various doses of turmeric oil supplemented diet @ 100 and 

300 mg/kg body weight/day revealed significant reduction in total cholesterol, LDL and 

triglycerides with significant elevation in HDL. Alongside, they also deduced that it 

protects LDL from oxidation, inactivates HMG-CoA reductase, up-regulates LDL 

receptor in macrophages and neutralizes free radicals. From the aforesaid discussion it is 

inferred that turmeric polyphenols are helpful against cardiovascular complications owing 

to their positive impact on HDL level. 

4.5.6. Low density lipoprotein (LDL) 

It is evident from the F values (Table 46) that treatments imparted significant variations 

for LDL in all studies. In study I, the highest value for LDL was noticed in D0 

(31.73±1.30 mg/dL) followed by D1 (30.98±1.16 mg/dL) and D2 (29.77±1.03 mg/dL) 

groups however, the lowest (29.23±0.99 mg/dL) in D3. Means for LDL in study II 

reflected maximum value for D0 (58.15±2.26 mg/dL) that momentously reduced to 

52.41±1.61, 50.14±2.06 and 49.18±1.87 mg/dL in D1, D2 and D3, respectively. It is 

obvious from Figure 14 that D3 caused maximum reduction in LDL trailed by D2 and D1 

in both studies. In study I, treatments D1, D2 and D3 resulted in 5.08, 6.34 and 7.25% 

decline in LDL, respectively in contrast to control. Likewise in study II, the highest 

reduction was exhibited by D3 (15.42%) trailed by D2 (13.77%) and D1 (9.86%). 

LDL is the major cholesterol carrying lipoprotein in plasma that mainly composed of Apo 

B100 protein (25%), cholesterol esters (74.96%) and triglycerides (< 1%). The presence 

of linoleate (polyunsaturated fatty acid) further combines to cholesterol esters thus makes 

it liable to oxidation. Resultantly, LDL oxidation considers as major determinant for the 

development of atherosclerosis. It initiates abnormal changes in the macrophage and 

combines with macrophage scavenger receptor consequently forming foam cells that 

deposits cholesterol inside the arteries (Zhang et al., 2009; Deka and Vita, 2011)  

An array of evidences revealed an inverse association between curcumin consumption 

and lipid abnormalities. It reverses LDL oxidation by scavenging free radicals and 

hindering the formation and deposition of foam cell in aortic arteries. Furthermore, it 

improves HDL level owing to its hypocholesterolemic potential (Bahorun et al., 2012). In 

this context, Hussein et al. (2014) recorded significant reduction in LDL of 

hypercholesterolemic rats on provision of curcumin based diet during 6 weeks bioefficacy  
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Table 46. Effect of diets on LDL (mg/dL) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

31.73±1.30a 

        

 

30.98±1.16ab  

 

 

29.77±1.03b 

 

 

29.23±0.99b  

 

 

3.10*   

 

 

Study II 

 

 

58.15±2.26a 

          

 

52.41±1.61b 

 

 

50.14±2.06bc  

 

 

49.18±1.87c 

 

 

52.82** 

       
* = Significant 

**= Highly significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 

 

 

 

 

 

Figure 14. Percent decrease in LDL as compared to control 
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trial. Moreover, alleviation was recorded in Apo B that represents the total number of 

LDL particles.  

Similarly in another study, reduction in low density lipoproteins (LDL) up to 7.23 and 

21.05% was found in rat groups provided 0.25 and 0.5% curcumin, respectively. Another 

mechanistic approach for low LDL is blocking the transfer of cholesteryl esters from 

HDL to LDL by retarding cholesteryl esters transferases. Moreover, reverse flux of 

hepatic cholesterol enhances due to activation of scavenger receptor-B1 (Arafa 2005). 

Later, Al-Nazawi and El-Bahr (2012) recorded 9.61% decline in LDL after administrating 

2% turmeric enriched diet to rats for 56 days.  

The common indicators for impaired lipoprotein constituents and fatty liver include high 

cholesterol, LDL and triglycerides with low HDL level. Inclusion of 5% turmeric powder 

in rat feed lowered the hepatic LDL by monitoring the activity of cholesterol 7-α-

hydroxylase. Curcumin directly interacts with hepatic cells for the translation of mRNA 

that encodes for increase in LDL receptors on liver cells. Resultantly, with increment in 

LDL receptors, liver cells are able to clear out the higher concentration of LDL from the 

body (Elahi, 2012). In another bioevaluation trial, 45 mild hyperlipidemic subjects were 

selected to examine the effect of 500 mg turmeric capsule on their liver biomarkers. 

During three month trial, significant allay was recorded in total cholesterol, LDL and 

triglycerides while positive correlation was found with respect to HDL (Balasasirekha 

and Lakshmi, 2012). Atherogenic index is a marker to predict the incidence of 

cardiovascular complications. Analysis regarding hypolipidemic perspectives of 

supercritical fluid extracted turmeric oil has elucidated amelioration in LDL/HDL ratio up 

to 46%  Moreover, 28.57% reduction was depicted in LDL by administrating 300 mg 

turmeric oil in contrast to control (Ling et al., 2012). 

In current study, provision of curcumin based functional/nutraceutical diet to 

hypercholesterolemic rats was proved effective to manage lipid related abnormalities by 

suppressing the elevated LDL level. Conclusively, turmeric polyphenols supplemented 

edibles are effectual to ameliorate various lifestyle related infirmities. 

4.5.7. Triglycerides 

The statistical analysis (Table 47) showed that treatments imparted non-momentous effect 

on triglycerides level in study I nevertheless, the effect was significant in study II. The 

means for triglycerides in study I were recorded as 64.31±2.18, 63.08±2.45, 62.59±2.39 
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and 62.27±1.92 mg/dL for D0, D1, D2 and D3, correspondingly. The triglycerides in study 

II showed maximum decline in D3 (87.91±3.52 mg/dL), whilst D2, D1 & D0 presented 

89.53±3.60, 91.69±3.32 & 97.02±4.36 mg/dL, respectively. The graphical illustration 

(Figure 15) depicted that treatments D1, D2 and D3 led to non-substantial variations in 

triglycerides as compared to control for study I whereas in study II,  the momentous 

decrease was observed in D3 (9.38%) followed by D2 (7.72%) and D1 (5.49%), 

respectively. 

The current results synchronized with the outcomes of Chandrakala and Tekulapally 

(2014) evaluated hypolipidemic effect of turmeric polyphenol i.e. curcumin to assuage 

the adverse consequences of hypercholesterolemia. They reported that both turmeric and 

curcumin decreased total cholesterol, triglycerides and LDL along with simultaneous 

increment in HDL as compared to control. However, curcumin depicted pronounced 

effect on lipid profile than that of turmeric. Afterwards, Arafa (2013) investigated the 

therapeutic potential of curcumin @ 0.25 and 0.5% in male albino rats that decreased 

triglycerides up to 12.31 and 26.69%, respectively.  

Another approach elucidated that curcumin upregulates cholesterol-7α-hydroxylase in the 

hypercholesterolemic rats via nuclear receptor liver X receptor (LXR) i.e. responsible for 

catabolism of cholesterol in bile acid. Thus, hypocholesterolemic potential of curcumin is 

accredited to increase in fecal excretion of cholesterol and bile acid that decrease 

cholesterol absorption from intestine. Earlier, El-Niely et al. (2010) noticed significant 

reduction in triglycerides level of rats i.e. 37.38% fed on high cholesterol diet with 

simultaneous addition of 2% turmeric powder during 6 weeks trial. In a bioevaluation 

trial, El-Bahr and Al-Azraqi (2014) recorded 54.92% reduction in triglycerides of rats 

relying on turmeric extract. One of the mechanistic approaches behind cardioprotective 

role of curcumin is the inhibition of fatty acid synthase involved in de-novo synthesis of 

long chain fatty acids. Moreover, it increases β-oxidation by activating carnityl palmityl 

transferase-1 that regulates the entry of acyl-CoA into mitochondria for fat metabolism 

(Ismail et al. 2015).   

One of their peers, Mirzabeigi et al. (2015) investigated 19.18, 28.87, 2.7% reduction in 

total cholesterol, LDL and triglyceride, respectively along with 5.3% increment in HDL 

for randomized placebo controlled trial on the provision of curcumin compared to control. 

The abnormalities in lipoproteins breakdown and inactivation of lipase led towards abrupt 

rise in systemic triglycerides. Earlier, Elahi (2012) reported 25.27% decrease in  
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Table 47. Effect of diets on triglycerides (mg/dL) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

64.31±2.18 

        

 

63.08±2.45  

 

 

62.59±2.39 

 

 

62.27±1.92  

 

 

0.85NS   

 

 

Study II 

 

 

97.02±4.36a 

          

 

91.69±3.32b 

 

 

89.53±3.60bc  

 

 

87.91±3.52c 

 

 

25.89** 

       
**= Highly significant 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control 

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 

 

 

 

Figure 15. Percent decrease in triglycerides as compared to control 
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triglycerides level in high fat diet induced hypercholesterolemic rats supplied with 

turmeric based diet for 6 weeks. The triglycerides lowering activity of curcumin is 

attributed to its insulin sensitizing effect i.e. control by secretion of inflammatory 

cytokines and adipokines from adipose tissues.  

In another clinical trial, 45 hyperlipidemic subjects were provided turmeric (500 mg) 

based dietary intrusion for the management of coronary complications. The research 

summary has revealed a significant reduction in triglycerides of treated patients 

(Balasasirekha and Lakshmi, 2012). Previous literature also described the role of turmeric 

oil in maintaining the normal level of lipoproteins through catabolism of lipids i.e. 

catalyzed by lipase. Similarly, Ling et al. (2013) determined 22 and 35.29% decline in 

triglycerides of Sprague Dawley rats fed on 100 and 300 mg turmeric oil extracted 

through supercritical fluid state. This indicated therapeutic effect of turmeric extract 

against hepatosteatosis by preventing lipid storage in liver as it is a concentrated source of 

various phytochemicals with special reference to curcumin. In a rat modeling study, 10% 

extract showed 22.64% rise in HDL level with 22.86, 34.01 and 30.65% decline in total 

cholesterol, LDL and triglycerides, correspondingly. Thus, the results verified that 

turmeric is a potent hypocholesterolemic agent (Asadi et al., 2014).  

The aforementioned discussion clearly elucidated beneficial impact of turmeric in the 

management of hyperlipidemia. In current research, microencapsulated nutraceuticalSFE 

significantly alleviates lipid parameters of hypercholesterolemia including total 

cholesterol, LDL and triglycerides alongwith improvement in HDL in treated groups. It 

was further noticed that microencapsulated nutraceuticals are more effective in 

hyperlipidemic state than that of normocholesterolemic. Thereby, it is deduced that use of 

microencapsulated turmeric active moiety in dietary therapies is a sustainable strategy to 

alleviate cardiovascular complications. 

4.5.8. Glucose 

The F values in Table 48 delineated that treatments exhibited non-momentous differences 

on glucose level of rats during study I however, this trait changed significantly in 

different groups of study II. For study I, observed glucose means for D0, D1, D2 and D3 

were 78.15±2.89, 76.57±2.33, 75.65±2.68 and 75.22±3.08 mg/dL. Means pertaining to 

glucose (study II), showed maximum value for for D0 group (142.02±6.19 mg/dL) that 

gradually declined in D1 (134.56±5.05 mg/dL), D2 (130.89±4.90 mg/dL) and D3 

(129.62±5.18 mg/dL). The diagrammatic presentation (Figure 16) for study II elucidated 
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that treatment D3 was relatively more effective to assuage plasma glucose with percent 

reduction of 8.73% as compared to 7.84 and 5.25% for D2 and D1, correspondingly. 

The current outcomes were supported by research findings of Adegoke et al. (2015), 

evaluated the impact of turmeric on glycemic index of high fat fed rats during 

bioevaluation trial. Accordingly, dietary supplementation with turmeric alleviated glucose 

intolerance by improving insulin sensitivity. It has been further reported by Sreenivasam 

et al. (2015) the hypoglycemic effect of curcumin by inhibiting α- amylase and α-

glucosidase. Moreover, it regulates polyol pathway to decrease high plasma glucose level 

(Nabvi et al., 2015). Earlier, Asadi et al. (2014) assessed significant amelioration in blood 

glucose from 8.17 to 23.89% in dose dependant manner 0.3 to 3 Ml turmeric extract.  

One of their peers, Santoshkumar et al. (2013) monitored the impact of 300 mg turmeric 

extract on blood glucose of normal rats during experimental duration of 28 days. The 

non-statistical differences in blood glucose were found both in acute (0 to 7 hrs) and 

chronic (0 to 28 days) studies. Nevertheless in chronic study with elevated glycemic 

index, turmeric lowered blood glucose level by 50%. It has been accepted that turmeric 

has euglycemic property i.e. beneficial to mitigate high blood glucose in diabetic subjects. 

Previously, He et al. (2012) documented that oral administration of curcumin in daily diet 

reverses glucose intolerance and insulin resistance in high fat induced 

hypercholesterolemic rats.  

Recently, El-Bahr and Al-Azraqi (2014) estimated 43.66% decrease in blood glucose of 

diabetic rats fed on 1g turmeric extract for 6 weeks due to insulin sensitizing effect. 

Another underlying mechanism proposed by Narayannasamy et al. (2003) described that 

curcumin suppresses the activities of glucose-6-phosphatase and glucose-6-

dehydrogenase by regulating hexokinase. Administrating rats on 1g/kg body weight 

turmeric for 21 days resulted in 4.76% reduction in blood glucose level in comparison to 

control group. Furthermore, Nishiyama et al. (2005) affirmed that curcumin is a potent 

hypoglycemic agent as it activates peroxisome proliferator-activated receptor-γ (PPAR-

γ). In a bioefficacy trial, Murugan and Pari (2006) elucidated the glucose assuaging effect 

of tetrahydrocurcumin (THC), one of the curcumin metabolite. It prompts pro-insulin 

response that ultimately controls blood glucose by activating β-cells in pancrease. 

According to Kumar et al. (2005), turmeric did not alter blood glucose level of rats fed on 

normal diet. This showed that lipophilic constituent of turmeric tends to restore blood  
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Table 48. Effect of diets on glucose (mg/dL) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

78.15±2.89 

        

 

76.57±2.33  

 

 

75.65±2.68 

 

 

75.22±3.08  

 

 

1.43NS   

 

 

Study II 

 

 

142.02±6.19a 

          

 

134.56±5.05b 

 

 

130.89±4.90bc  

 

 

129.62±5.18c 

 

 

55.08** 

       
**= Highly significant 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control 

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 

 

 

 

 

Figure 16. Percent decrease in glucose as compared to control 
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glucose at optimum level in normal study. Moreover, Hussein and Abu-Zinadah (2010) 

studied the effect of 80 mg ethanolic and water extract of turmeric on blood glucose 

concentration of diabetic rats. They concluded that ethanolic extract contains more 

curcumin thereby contributes to lower the blood glucose. Later, Zhang et al. (2013) 

documented that curcumin is one of the therapeutic agents that are extensively studied for 

its hypoglycemic and hypocholesterolemic attributes in variety of rodent models 

especially rats. It actively participates in catalyzing various reactions including 

gluconeogenesis, glycolysis and lipid metabolism. It is concluded from the piled literature 

that microencapsulated curcumin based designer food is effectual to ameliorate elevated 

glucose level under hypercholesterolemic conditions. 

4.5.9. Insulin 

The F values showed that insulin in normal rats differed non-significantly due to 

treatments, whereas for study II insulin level in different groups of rats varied 

momentously as function of treatments (Table 49). In study I, means for insulin in D0, D1, 

D2 and D3 groups were 8.95±0.30, 9.11±0.37, 9.14±0.41 and 9.18±0.38 μU/mL, 

respectively. In study II, D3 group illustrated highest insulin level 11.09±0.40 μU/mL 

trailed by 10.94±0.47, 10.78±0.42 and 10.55±0.36 μU/mL in D2, D1 and D0, 

correspondingly. The Figure 17 depicted the percent increase in insulin; in study II, D3 

(microencapsulated supercritical fluid extract of curcumin) resulted 5.19% enhancement, 

whereas D2 (microencapsulated conventional solvent extract of curcumin) & D1 (turmeric 

powder) caused 3.72 & 2.58% elevation in insulin level.  

Instant findings are in line with research outcomes of Madkor et al. (2011), they elicited 

combined effect of 200 mg garlic, ginger and turmeric on insulin release that significantly 

enhanced in diabetic rats, illuminating hypoglycemic potential of dietary spices. 

Curcumin and its hydrolytic products provide protection to pancreatic β-cells against free 

radical species through activation of body defense mechanism. Likewise, Hussein and 

Abu-Zinadah (2010) recorded 53.27% increment in insulin secretion after the oral 

administration of 80 mg turmeric extract by diabetic rats for 8 weeks.  

In pharmacokinetics study, it has been probed that curcumin induces electrical activity in 

rats pancreatic β-cells by activating the volume regulated anion channel (Cl-) which 

increased channel open probability. This effect was accompanied by potential 

depolarization of the cell membrane and generation of electrical activity that enhance  
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Table 49. Effect of diets on insulin (μU/mL) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

8.95±0.30 

        

 

9.11±0.37  

 

 

9.14±0.41 

 

 

9.18±0.38  

 

 

0.43NS   

 

 

Study II 

 

 

10.55±0.36b 

          

 

10.78±0.42ab 

 

 

10.94±0.47ab  

 

 

11.09±0.40a 

 

 

2.93* 

       
* = Significant 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 

 

 

 

 

 

 

Figure 17. Percent increase in insulin as compared to control 
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insulin release. Additionally, anion (Cl-) flux plays a vital role in regulating the β-cell 

function. Curcumin activates anion channel resulting in loss of Cl- and water that decrease 

β-cell volume and stimulate its function (Best et al., 2007). Later, Gosh et al. (2015) 

reported increase in viability of β-cells via inhibition of poly ADP-ribose polymerase-1 

on curcumin intake. 

Curcumin counteracts insulin resistance by reducing response of cells involved in DNA 

transcription to various stimuli such as free radical, stress and cytokine through blocking 

NF-𝜅B activity. Furthermore, it reduces expression of interleukin-6 gene (IL-6) that acts 

as a pro-inflammatory cytokine by restoring function of IL-4 in hepatic cells. This 

lipophilic polyphenol enhances viability and number of islet by neutralizing the effect of 

reactive oxygen species and reducing infiltration of lymphocytes in pancreatic β-cells. It 

causes depolarization of membrane potential eventually, enhances insulin secretion 

(Zhang et al., 2013).  This notion was further strengthened by Kanitkar et al., (2008) who 

stated that curcumin can protect islets from cytokine induced cell death by scavenging 

ROS. Clear evidence of pancreatic islets growth has proven that curcumin promotes 

hormone or growth factors for pancreatic islets.  

In a study, El-Moselhy et al. (2006) inferred the effect of 80 mg curcumin on insulin level 

of Sprague Dawley rats, fed on high fat diet for 75 days. They construed that insulin 

sensitivity increased in treated group due to curcumin attenuating effect on tumor necrosis 

factor-α (TNF-α) and free fatty acids. Adipose tissues secrete inflammatory cytokines 

such as interleukin-6 & TNF-α that induce insulin resistance and up-regulate the 

expression of inflammatory mediators. Likewise, another group of researchers, Asadi et 

al. (2014) investigated the effect of turmeric on high fructose induce diabetic rats. For the 

purpose, turmeric was administrated @ 0.3 and 3 mL/kg body weight for a period of ten 

weeks. The serological analysis elucidated the assuaging effect of curcumin on insulin 

resistance. They expounded an evident decrease in insulin resistance in rats fed on 

turmeric extract as compared to control group. Additionally, curcumin was found to 

induce heme oxygenase-1 expression i.e. reported to have cytoprotective effects in mouse 

pancreatic β-cells (Pugazhenthi et al., 2007). 

In the nutshell, microencapsulated nutraceuticalSFE mitigates adverse consequences of 

hypercholesterolemia by normalizing glucose & insulin levels. Furthermore, 

microencapsulated nutraceuticals consumption should be encouraged as a part of 

everyday diet to improve the overall health status.  
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4.5.10. Glutathione 

The statistical analysis (F values) in Table 50 displayed significant variations in serum 

glutathione level of rats as function of treatments during entire efficacy trial. Means 

relating to glutathione in study I explicated lowest value for D0 group (45.82±1.75 mg/L) 

that gradually improved in D1 (47.52±2.01 mg/L), D2 (48.16±1.67 mg/L) and D3 

(48.83±2.21 mg/L). Likewise, momentous escalation for this attribute was also reported 

during study II; 36.57±1.51 (D0), 40.33±1.77 (D1), 42.01±1.82 (D2) and 43.12±1.61 (D3) 

mg/L. It is evident from graphical representation (Figure 18) that curcumin based 

functional/nutraceutical diet intensified glutathione level throughout the study. In this 

context, study I presented 6.58, 5.12 and 3.49% enhancement in glutathione by D1, D2 

and D3, correspondingly. Likewise in study II, percent increase of 17.92, 14.87 and 

10.26% in glutathione was observed for D3, D2 and D1 groups, respectively. 

Glutathione (GSH) is an important antioxidant that prevents damage to 

integral cellular components caused by reactive oxygen species. It is a tripeptide, 

synthesizes in the cytosol of cells, modulates immune function and performs liver 

detoxification through formation of conjugates with reactive xenobiotic metabolites. The 

pathophysiological condition in response to free radicals is liable to damage various cells 

and organelle resulting in the depletion of endogenous antioxidants like glutathione. 

Glutathione reduces free radicals by neutralizing electrophiles via glutathione transferase 

and oxido-reduction cyclic glutathione transformation, controlled by glutathione 

peroxidase and glutathione reductase. Decreased glutathione level reflects its high 

utilization in managing oxidative stress; defined as disturbance in the balance between the 

production of reactive oxygen species (hydroxyl radical & superoxide anion) and 

antioxidant defense that may cause tissue injury (Lash, 2005).  

The current outcomes are in harmony with the findings of Rezaei-Moghadam et al. 

(2012) demonstrated the effect of 100 mg turmeric extract on antioxidant status of the 

male Wistar rats. It was deduced that inclusion of turmeric extract in rat feed increased 

glutathione level by 4.87%. Accordingly, curcumin activates nuclear factor erythroid-2-

related factor-2 (Nrf2) i.e. a regulator for expression of antioxidant proteins within the 

body (He et al., 2012). Another study found that oral administration of curcumin at 80 

mg/kg body weight of rats during an efficacy trial resulted in significant increment 

(23.80%) in glutathione level (Murugan and Pari, 2006). Earlier, El-Demerdash et al. 

(2009) assessed 14.08% increment in glutathione status of rats fed on normal diet along  

http://en.wikipedia.org/wiki/Antioxidant
http://en.wikipedia.org/wiki/Reactive_oxygen_species


120 

 

Table 50. Effect of diets on glutathione (mg/dL) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

45.82±1.75b 

        

 

47.52±2.01ab  

 

 

48.16±1.67ab 

 

 

48.83±2.21a  

 

 

3.34*   

 

 

Study II 

 

 

36.57±1.51c 

          

 

40.33±1.77b 

 

 

42.01±1.82ab  

 

 

43.12±1.61a 

 

 

28.58** 

       
* = Significant 

**= Highly significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 
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Figure 18. Percent increase in glutathione in different studies as compared to control 
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with 15 mg curcumin for one month as compared to group relying on basal diet. The 

therapeutic role of dietary curcumin regularizes the function of antioxidant enzymes 

tosignificant level was declared by Manjunatha and Srinivasan (2007). Formerly, Arafa 

(2005) stated 22.76 and 15% rise in glutathione level of hypercholesterolemic and normal 

rat groups fed on 0.5% curcumin supplemented diet during 21 days. In a study, Madkor et 

al. (2011) reported 31 to 52% increase in antioxidant defense system by incorporating 

mixture of 200 mg garlic, ginger and turmeric in daily feed intakes of rats. 

Curcumin demonstrates both anti-inflammatory and antioxidant properties by managing 

the activation of NF-kappa-B induced by cytokine & oxidant and by up-regulating 

glutathione (10.52%) in male Wistar rats (Elahi, 2012). The breakdown of lipid peroxides 

is monitored by glutathione that further shields cell from adverse effect of reactive 

species. Recently, Ling et al. (2012) determined the antioxidative effect of turmeric oil in 

hypercholesterolemic rats. According to them, turmeric oil provision @ 100 and 300 mg 

brought about 15.78 and 36.66% enhancement in hepatic glutathione level. It prevents 

oxidative stress by quenching free radicals and by strengthening antioxidant defense 

systems.  

In another study, turmeric powder @ 50 mg/kg/day was tested to minimize arsenic induce 

liver toxicity in mice feeding trial using glutathione as a diagnostic tool. The study 

demonstrated that turmeric significantly enhances their activities up to 12.24%. Under 

oxidative stress, free radical oxidizes sulfhydryl group of glutathione that results in 

formation of disulfide compound (GSSH) and lowers hepatic GSH level. Curcumin 

protects glutathione against free radicals damage (El-Demerdash et al. 2009). Recently, 

Mossalam and yousuf et al. (2014) observed that turmeric provision enhanced the 

antioxidant status of normal rats by 6.01% and established that its polyphenols have the 

ability to stimulate glutathione and other antioxidant enzymes by quenching hydroxyl 

radicals and superoxide radical anions. 

It is deduced from the instant research that microencapsulated curcumin supplemented 

diet actively uplifts serum glutathione level nontheless, curcumin extracted under 

supercritical fluid state strengthens body defense system more potently as compared to 

turmeric and conventionally extracted curcumin. 
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4.5.11. Thiobarbituric acid reactive substances (TBARS)  

The results (F values) illustrated significant impact of treatments on serum thiobarbituric 

acid reactive substances (TBARS) during the entire course of study (Table 51). In study I, 

mean values for TBARS were 6.04±0.22, 5.87±0.24, 5.80±0.23 and 5.77±0.26 µmol/L 

for D0, D1, D2 and D3 groups, respectively. Likewise in study II, means for TBARS in D0 

was 9.99±0.35 µmol/L that reduced significantly to 8.71±0.33 µmol/L in D3, 8.85±0.41 

µmol/L in D2 and 9.06±0.29 µmol/L in D1. It is obvious from the Figure 19 that in both 

studies the treatments presented momentous reduction in thiobarbituric acid reactive 

substances. In study I (normal rats), D3, D2 and D1 reduced TBARS significantly by 5.06, 

3.97 and 2.31%, correspondingly as compared to control. Likewise in study II, percent 

decrease of 9.29, 11.43 and 12.75% in TBARS was observed for D1, D2 and D3 groups 

respectively. 

It is stated that polyphenols are actively involved in managing complications under 

oxidative stress. Thiobarbituric acid reactive substances (TBARS) are formed as by-

product of lipid peroxidation. The role of natural products against various syndromes has 

been expounded by different scientists. In this respect, there has been dynamic curiosity 

in the exploration of herbal plants that directly protect body against free reactive species. 

The curcumin exhibits strong antioxidant potential against free radicals by regulating the 

gene expression for body defense mechanism. Moreover, it also prevents lipid 

peroxidation of subcellular membrane (Chandrakala and Tekulapally, 2014). Previously, 

Murugan and Pari (2006) found amelioration in reactive species in rat groups taking 

curcumin @ 80 mg/kg b.w. Afterwards, Rezaei-Moghadam et al. (2012) documented 

lower level of malondialdehyde (10.25 & 20.51%); one of the low molecular weight end 

products of lipid peroxidation after intake of ethanolic extract (100 & 200 mg/kg b.w.) by 

rats for one month. Likewise, reactive species decreased by 13.04% on dietary intake of 

curcumin @ 15 mg/kg b.w. for 30 days. Curcumin triggers modulatory effect on 

biochemical markers, boosts body antioxidant defense mechanism and induces 

detoxification enzymes hence shields body against deleterious effect of free radicals. it 

was accredited to presence of hydroxyl group at ortho position of phenolic ring and β-

diketone structure of curcumin (El-Demerdash et al. 2009).  

Earlier, Manjunatha and Srinivasan (2007) narrated 12.79% reduction in lipid peroxides 

after oral administration of 0.2% curcumin in diet of hypercholesterolemic rats during 

course of 21 days. However, variations in free radicals were insignificant for rats feeding 

http://en.wikipedia.org/wiki/Lipid_peroxidation
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Table 51. Effect of diets on TBARS (µmol/L) of rats in different studies 

 

Studies 
Treatments  

F value 
D0 D1 D2 D3 

 

Study I 

 

6.04±0.22a 

        

 

5.87±0.24ab  

 

 

5.80±0.23b 

 

 

5.77±0.26b  

 

 

2.74*   

 

 

Study II 

 

 

9.99±0.35a 

          

 

9.06±0.29b 

 

 

8.85±0.41bc  

 

 

8.71±0.33c 

 

 

40.71** 

       
* = Significant 

**= Highly significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control 

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 
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Figure 19. Percent decrease in TBARS in different studies as compared to control 
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on normal diet. The constructive role of 200 mg of each spice (turmeric, garlic and 

ginger) on antioxidant status of rats resulted allay in lipid peroxidation by 60-97% 

(Madkor et al., 2011). Afterwards, Hussein and Abu- Zinadah (2010) assessed 51.92 and 

58.68% decrement in lipid peroxidation metabolites by feeding diabetic rats on 80 mg/kg 

water and ethanolic turmeric extracts for 56 days, correspondingly. The toxic free radicals 

are generated by cytochrome p450 that results in the formation of trichloromethyl peroxy 

radicals on oxidation. Free reactive species further deteriorate hepatic and kidney cells. 

On the other hand, phytotherapies using turmeric bioactives alleviate deleterious effects 

by scavenging reactive species. 

According to Zhang et al. (2013) curcumin interferes in the formation of reactive oxygen 

species within body induced by phorbol-12, acetate and thapsigargin via restricting the 

entry of Ca2+. Furthermore, curcumin reactivates body antioxidant defense mechanism 

and normalizes peroxidation markers level consisting of vitamin C & E. The elevated fat 

level induces imbalance between antioxidant status and oxidative stress. This would 

direct towards oxidation of LDL in blood arteries with plaque formation that damage 

blood vessels.  However, these pathological conditions were managed by 5% turmeric 

powder intake on daily basis for 6 weeks as it tends to lower damage caused by oxidative 

species (Elahi, 2012). 

Numerous clinical trials affirmed that turmeric supplementation protects against oxidative 

damage at cellular level by scavenging reactive oxygen species In current exploration, 

microencapsulated curcumin supplementation alleviates oxidative stress thus lessen the 

expression of malondialdehyde. Such dietary interventions might be futuristic approach to 

cope with free radicals induced threats under oxidative stress.  

4.5.12. Liver function tests 

Liver function tests comprised of alanine transaminase (ALT), aspartate aminase (AST) 

and alkaline phosphatase (ALP) were carried out for safety reasons. 

4.5.12.1. Alanine transaminase (ALT) 

It is revealed from the statistical analysis (F values) that hepatic ALT level was changed 

non-significantly owing to treatments in study I whereas, momentous alterations were 

observed in study II (Table 52). Means regarding ALT (study I) indicated values for D0, 

D1, D2 and D3 groups as 48.35±1.69, 47.01±1.78, 46.84±1.92 and 46.59±2.19 IU/L, 

respectively. Besides in study II, the highest ALT value was recorded in D0  
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Table 52. Effect of diets on ALT (IU/L) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

48.35±1.69 

        

 

47.01±1.78  

 

 

46.84±1.92 

 

 

46.59±2.19  

 

 

0.98NS   

 

 

Study II 

 

 

55.01±1.87a 

          

 

52.20±1.74ab 

 

 

49.80±2.09b  

 

 

48.93±2.01b 

 

 

4.11* 

       
*  = Significant 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control 

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 
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(55.01±1.87 IU/L) that substantially suppressed in D1 (52.20±1.74 IU/L), D2 (49.80±2.09 

IU/L) and D3 (48.93±2.01 IU/L). 

Liver is of peculiar importance in order to regulate numerous physiological functions 

such as secretion, metabolism, storage and removal of many exogenous & endogenous 

compounds. Under abnormal physiological conditions, liver becomes more vulnerable to 

free radical species. In recent era, modern herbalist and healers illuminated therapeutic 

potential of spices and herbs to restore normal liver functions. In this respect, turmeric 

strengthens redox system of body comprised of cytochromes through β-diketone in 

structural configuration of its active ingredient i.e. curcumin (Varalakshmi and Abhinov, 

2015). 

Elevated level of alanine transferase (ALT) also known as glutamate pyruvate 

transaminase is one of the indicators for liver injury. The current results regarding the 

reduced ALT in curcumin administrated rat groups are concordant with the earlier work 

of Arafa (2013) reported significant alleviation in ALT of rats after administrating 0.25 

and 0.5% within 28 days. Formerly, Rezaei-Moghadam et al. (2012) elucidated 

hepatoprotective potential of 100 & 200 mg ethanolic turmeric extract in rats that lowered 

ALT by 4.34 & 8.69%, correspondingly. In another bioefficacy trial, 29.09% alleviation 

was measured in ALT level of albino Swiss rats fed on diet containing 0.5% curcumin 

(Arafa, 2005).  

Recently, El-Bahr and Al-Azraqi (2014) documented the effect of 1g turmeric extract on 

alanine transferase activity in diabetic rats that differed statistically. Moreover, Hussein 

and Abu-Zinadah (2010) determined protective effect of 80 mg water and ethanolic 

curcumin extracts on liver parameters by measuring ALT. They noticed reduction in 

serum ALT levels up to 41.02 and 48.71% for the treated groups. Similarly, Elahi (2012) 

evaluated 12.12% ammelioration in ALT of hyperlipidemic rats on provision of 5% 

turmeric powder. Feeding on high fat diet for long period enhances activities of liver 

enzymes; ALT and AST thus leading to liver damage. It was proposed that these traits 

could be restored by the consumption of 2% turmeric supplemented diet by 28.89 and 

12.12%, correspondingly. Recently, El-Ghany et al. (2014) expounded the modulatory 

effect of turmeric polyphenols against abnormal AST and ALT levels in human subjects 

with renal failure. The turmeric provision @ 5% for one month substantially suppressed 

these enzymes by 9.75 and 10.07%, respectively. 
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4.5.12.2. Aspartate aminotransferase (AST) 

The F values indicated non-significant effect of treatments on liver AST level in study I 

however, momentous behavior was observed for this trait in study II (Table 53). In study 

I, AST level was 106.85±3.31 IU/L (D0), 103.94±3.37 IU/L (D1), 103.37±3.92 IU/L (D2) 

and 102.40±4.19 IU/L (D3). Nevertheless in study II, high cholesterol diet elevated AST 

level by143.20±6.01 IU/L in D0 whereas, it substantially decreased in D1, D2 and D3 by 

136.22±5.85, 133.84±4.68 and 131.44±5.65 IU/L, correspondingly. 

The key factors associated with incidence of cardiovascular diseases in chronic liver 

disorders are obesity, hypertension, diabetes mellitus and dyslipidemia. Theses maladies 

exist in response to oxidative stress and inflammatory activities. In this regard, 

Varalakshmi & Abhinov (2015) expilicated protective effect of ethanolic turmeric extract 

for liver plasma membrane by reducing leakage of ALT, AST and ALP into blood stream. 

Previously, Rezaei-Moghadam et al. (2012) affirmed liver safety aspect of turmeric 

extracts (100 & 200 mg) on male Wistar rat. Accordingly, as the concentration of 

turmeric extract enhanced, AST level decreased by 4.81 & 7.83%, respectively. Later, 

Arafa (2013) recorded assuaging influence of 0.25 and 0.5% curcumin on aspartate 

transferase that decreased significantly.  

Growing evidences from the previous literature have narrated the association between 

biomolecules oxidation and disease susceptibility such as dyslipidemia, diabetes and heart 

complications (Junqueria et al., 2004). The issue was assessed by Ling et al. (2013), 

determined the effect of turmeric on liver oxidative stress indicators. Increased serum 

activities of AST, ALP and ALT drifted towards cellular leakage and loss of functional 

integrity of cell membrane in liver (Mukherjee, 2004). The reduction in their levels 

confirms stabilization of plasma membrane and restoration of normal activities of hepatic 

tissue. Purposely, hypercholesterolemic rats were supplied with turmeric oil for a period 

of 6 weeks followed by ALT & AST measurements. They found marked decrease in ALT 

and AST i.e. 20 and 28.57%, respectively as compared to turmeric restricted group (Arafa 

2005). Afterwards, Elahi (2012) mentioned significant decline in serum AST level of 

hypercholesterolemic rats supplemented with 5% turmeric powder. Similarly, Hussein 

and Abu-Zinadah (2010) evaluated 48.87% decrease in activity of hepatic transaminases 

by intake of 80 mg turmeric extract, respectively. 
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Table 53. Effect of diets on AST (IU/L) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

106.85±3.31 

        

 

103.94±3.37  

 

 

103.37±3.92 

 

 

102.40±4.19  

 

 

1.18NS   

 

 

Study II 

 

 

143.20±6.01a 

          

 

136.22±5.85ab 

 

 

133.84±4.68ab  

 

 

131.44±5.65b 

 

 

2.85* 

       
*  = Significant 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 

 

  



131 

 

4.5.12.3. Alkaline Phosphatase (ALP) 

The F values regarding ALP in Table 54 elucidated non-momentous effect of treatments 

during study I whereas significant variations were noticed in study II. In study I, mean 

ALP values were 153.79±5.53, 151.11±6.34, 150.12±6.30 and 148.14±5.07 IU/L in D0, 

D1, D2 and D3 groups, respectively. Conversely, ALP level for D0 group in study II was 

238.14±8.81 IU/L that decreased significantly in D1, D2 and D3 groups to 230.54±7.37, 

227.11±6.93 and 223.20±10.04 IU/L, correspondingly.  

Body defense system neutralizes the plethora of oxidative reactive species generated in 

peroxidation chain reactions. Certain elements of defense system that are influenced by 

dietary interventions have regulatory effect on liver biomarkers including ALT, AST and 

ALP. Recently, Rawal et al. (2015) has studied the hepatoprotective potential of turmeric 

in alleviating proinflammatory cytokines. Formely, Rezaei-Moghadam et al. (2012) 

proposed an inverse relation between intake of turmeric extract (100 & 200 mg) and ALP 

(1.05 & 2.63%) of rats in bioefficacy trial of 30 days. Moreover, curcumin decreases 

metabolites of lipid oxidation and liver weight. This exposed positive effect of diet based 

strategies especially herbs & spices on liver homeostasis. In another clinical trial, Elahi 

(2012) examined the interaction of turmeric and high fat diet to impaired liver functions. 

The obtained data revealed 17.45% reduction in ALP level of hypercholesterolemic rats 

on consumption of 5% curcumin enriched diet. One of researcher groups, Arafa (2013) 

documented 13.48 and 33.14% decrement in ALP activity of rat groups fed on curcumin 

supplemented diets @ 0.25 and 0.5%, correspondingly. Among various transcriptional 

factors, NF-κB is an important indicator of liver associated disorders. Previous literature 

affirmed that curcumin blocks activation of NF-κB by occupying binding site of 

glutathione S-transferases thus attenuates liver inflammation and strengthens body 

defense mechanism (Thong-Ngam, 2012). Conclusively, curcumin inclusion in daily 

menu normalizes liver histopathology and instant exporation has also confirmed 

hepatoprotective potential of microencapsulated turmeric polyphenol. 

4.5.13. Kidney functioning tests 

Kidney functioning tests were performed to analyze influence of turmeric polyphenol 

against renal malfunctions. 
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Table 54. Effect of diets on ALP (IU/L) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

153.79±5.53 

        

 

151.11±6.34  

 

 

150.12±6.30 

 

 

148.14±5.07  

 

 

0.61NS   

 

 

Study II 

 

 

238.14±8.81a 

          

 

230.54±7.37b 

 

 

227.11±6.93bc  

 

 

223.20±10.04c 

 

 

3.77* 

       
*  = Significant 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 
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4.5.13.1. Urea 

The F values in Table 55 depicted non-significant effect of curcumin based diet on urea 

level of rats during course of bioefficacy trial. In study I, serum urea values in D0, D1, D2 

and D3 groups were 27.95±0.95, 27.42±1.10, 26.23±1.09 and 26.98±1.15 mg/dL, 

respectively. Likewise in study II, the recorded urea values were 25.48±1.07, 25.34±1.13, 

24.85±1.05 and 23.62±0.98 mg/dL for D0, D1, D2 and D3 groups, correspondingly.  

Kidney performs numerous life sustaining functions including body homeostatis, 

regulation of electrolyte balance, blood pressure and removal of toxins in the form of 

urine (Garcia et al., 2012). In the recent era, Chronic Kidney Diseases (CKDs) are rapidly 

escalating among the developing world owing exposure to chemicals, environmental 

toxins and poor dietary habits. In CKD, nephrons lost their structural and functional 

integrity ultimately lead to poor glomerulus filtration and increase in blood urea & 

creatinine levels (Agarwal et al., 2012).  

The turmeric active moiety i.e. curcumin is well documented for its renoprotective 

potential as it is a bifunctional antioxidant compound that scavenges free radicals, 

enhances antioxidant and cytoprotective proteins (Sharma et al., 2006; Nabavi et al., 

2012). Daily intake of curcumin tends to avert the symptoms of renal failure such as 

hydrodynamic changes at glomerulus by enhancing mitochondrial redox potential & 

inflammatory response and preventing oxidative stress. Additionally, it diminishes gene 

expression for nuclear factor kappa-B (NF-κB), tumor necrosis factor-alpha (TNF-α) and 

transforms growth factor-beta (TGF-β) that causes kidney fibrosis. In an efficacy trial 

(one month), protective effect of curcumin was assessed by administrating it to renal 

ischemia-reperfusion injured mice. The obtained data revealed 27.46% relieve in urea 

level as compared to control group (Trujillo et al., 2013). Similarly, Arafa (2013) 

investigated 10.44 & 25.37% decline in urea level of rats provided with 0.25 & 0.5% 

curcumin supplemented diet in contrast to reference diet, coresspondingly. Previously, 

Al-Nazawi and El-Bahr (2012) confirmed assuaging role of 2% turmeric powder under 

elevated level of urea in hypercholesterolemic rats. On the other hand, El-Bahr and Al-

Azraqi (2014) found non-significant reduction in urea level after oral administration of 

1% ethanolic extract to diabetic rats. It was reported that curcumin attenuates kidney 

malfunctioning by restoring glomerular infiltration and antioxidant defense system 

(Venkatanarayana et al., 2012). Imbalance between oxidative species and defense system 

is the root cause of kidney pathophysiological state. 
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Table 55. Effect of diets on urea (mg/dL) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

27.95±0.95 

        

 

27.42±1.10  

 

 

26.23±1.09 

 

 

26.98±1.15  

 

 

0.41NS   

 

 

Study II 

 

 

25.48±1.07 

          

 

25.34±1.13 

 

 

24.85±1.05  

 

 

23.62±0.98 

 

 

1.08NS 

       
NS

 = Non significant 

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control 

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 
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In nephropathy, extracellular fluid causes thickness of glomerular membrane and 

mesenchymal cells. In a bioefficacy trial, Bahram et al. (2011) highlighted the 

renopropective effect of turmeric powder against kidney dysfunctions by restoring renal 

biomarkers i.e. urea and creatinine. Turmeric polyphenols reinstates urea and creatinine at 

normal level via inhibiting matrix metalloprotienases (MMP) that catalyze glomerular 

sclerosis and renal fibrosis. Currently, Mossalam and yousuf et al. (2014) examined 

modulatory role of curcumin (300 mg) in nephrotoxicity. Its provision reduced urea and 

creatinine by 33.33% and 67.14%, respectively. They inferred that under oxidative stress 

some morphological abnormalities in glomerular and capillary tubules are produced that 

can successfully be counteracted by curcumin. 

4.5.13.2. Creatinine 

It is deduced from the F values (Table 56) that treatments imparted non-substantial 

impact on creatinine level in all studies. The values for D0, D1, D2 and D3 groups in study 

I were 0.84±0.03, 0.83±0.02, 0.82±0.03 and 0.80±0.04 mg/dL, respectively. However, in 

study II, higher creatinine value (0.91±0.03 mg/dL) was noted in D0 group that reduced 

non-statistically in D1 (0.90±0.04 mg/dL), D2 (0.88±0.02 mg/dL) and D3 (0.87±0.03 

mg/dL) groups. 

The present findings are in collaboration with Arafa (2013) delineated non-significant 

decline in creatinine level of rats fed on curcumin supplemented diet as compared to 

control. Conversely, Sefidan and Mohajer (2013) analyzed significant reduction (38.53%) 

in creatinine level after oral intake of turmeric powder (2%) for rats with kidney failure. 

Nonetheless, Al-Nazawi and El-Bahr (2012) informed non-inclining drift in serum 

creatinine level on the provision of 2% turmeric powder to rats. Similarly, El-Bahr and 

Al-Azraqi (2014) reaffirmed non-momentous influence of 1g turmeric extract on diabetic 

rats. Previously, Nabvi et al. (2012) stated reduction in urea and creatinine levels in rats 

suffering from renal failure in response to sodium fluoride. However, in normal study, 

curcumin normalized urea and creatinine levels without imparting any deleterious effects 

on nephron structure of kidney (Venkatanarayana et al., 2012). Conclusively, utilization 

of microencapsulated curcumin in diet based therapies has proven safe for kidney as it 

equilibrates serum urea & creatinine level besides its serum lipid management. 
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Table 56. Effect of diets on creatinine (mg/dL) of rats in different studies 

 

Studies 
Treatments 

 

F value 

D0 D1 D2 D3 

 

Study I 

 

0.84±0.03 

        

 

0.83±0.02  

 

 

0.82±0.03 

 

 

0.80±0.04  

 

 

1.26NS   

 

 

Study II 

 

 

0.91±0.03 

          

 

0.90±0.04 

 

 

0.88±0.02  

 

 

0.87±0.03 

 

 

1.69NS 

       
NS

 = Non significant 

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control 

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 
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4.5.14. Hematological aspects 

4.5.14.1. Red blood cell (RBC) 

F values in Table 57 showed that red blood cells varied non-momentously by treatments 

in study I whereas, significant changes were observed in study II. The recorded mean 

values for this trait in study I were 7.53±0.25, 7.70±0.31, 7.85±0.28 and 8.06±0.33 

cells/pL for D0, D1, D2 and D3 groups, correspondingly. In study II, RBC significantly 

increased from 6.78±0.26 (D0) to 6.92±0.33 (D1), 7.17±0.39 (D2) and 7.54±0.38 (D3) 

cells/pL.  

It was reported that intakes of high cholesterol diet influence membrane integrity of red 

blood cells by enhancing vulnerability of membrane lipids to oxidation. However, 

existing phenolic hydroxyl unit and β-diketones in curcumin prevent lipid peroxidation in 

erythrocytes by scavenging free radicals thus protect membrane deformation of 

erythrocytes (Yang et al. 2012). Earlier, Anand et al. (2007) attributed antioxidant 

potential of curcumin to the methylene group present in heptadiene-dione moiety.  

According to Aziz et al. (2012), curcumin (80 mg) administration to normal rats resulted 

momentous differences in RBC counts in reference to control group.  Further, Mahmoud 

and Elbessoumy (2013) reported no adverse impact of curcumin (600 mg) on RBC of 

mice under control group. It has confirmed that curcumin administration restores 

hemoglobin, erythrocyte counts and other blood cell indices. Similarly, El-Habibi et al. 

(2013) investigated significant enhancement in RBC of hypercholesterolemic rats after 

intake of 20 mg curcumin for 12 weeks that did not alter in normal rats. High fat diet 

depleted total RBC counts owing exposure to oxidative species. Earlier, Kempaiah and 

Srinivasan (2004) reported that daily intake of 0.2% curcumin by hypercholesterolemic 

rats counteracts raised peroxide level of red blood cells ultimately protects cell membrane 

lipids. 

4.5.14.2. Hemoglobin (Hb) 

Statistical analysis revealed non-significant effect of functional/microencapsulated 

nutraceutical curcumin based diets on hemoglobin level in study I while, momentous 

alterations were observed for this trait in study II (Table 57). For normal rats (study I), Hb 

values for D0, D1, D2 and D3 groups were 11.87±0.34, 11.95±0.31, 12.01±0.34 and 

12.15±0.39 g/L, respectively. In study II, Hb level (10.64±0.38 g/L) in D0 was 
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comparatively lower than D1 (11.05±0.42 g/L), D2 (11.56±0.35 g/L) and D3 (11.75±0.41 

g/L) groups. 

The important part of red blood cells is hemoglobin that accounts about 33.3% of total 

volume and involves in transfer of oxygen to cells. In this context, Al-Nazawi and El-

Bahr (2012) recorded significant variations in Hb after intake of 2% turmeric by 

hypercholesterolemic rats during course of 6 weeks. However, non-significant trend was 

observed by Hussein and Abu-Zinadah (2010) on normal rats fed on 80 mg aqueous and 

ethanolic turmeric extracts.  In diabetic rats, effect of ethanolic extract for restoration of 

total hemoglobin was more pronounced than turmeric water extract. Under oxidative 

stress, rate of non-enzymatic glycation increases resultantly enhances exposure of 

hemoglobin to elevated plasma glucose. Further, uncontrolled glucose level is responsible 

for cardiovascular disorders, retinopathy and nephropathy. Curcumin retards oxidation of 

protein owing to its strong anti-glycation potential. Earlier, Hussain (2002) probed 

turmeric extract for its antioxidant potential during an efficacy trial conducted for 8 

weeks. He concluded that diabetic condition suppresses hemoglobin content that are 

restored by 20.68% by oral intake of 300 mg turmeric extract.   

According to Naderi et al. (2014), polyphenol components exhibit inverted-U shaped 

histogram, indicating highest antioxidant activity at particular dose that descend above or 

below this specified level. In rat feeding trial, normalizing effect of 2% turmeric powder 

was observed for Hb level without having any significant changes on other blood 

parameters (El-Niely et al. 2010). The curcumin has been declared safe for hemoglobin as 

it protects against oxidation of heme group. In a study, El-Ghany et al. (2014) 

documented non-significant impact of turmeric powder on Hb level of control group. 

4.5.14.3. Hematocrit  

It is obvious from the F values that hematocrit were affected non-substantially as function 

of treatments in study I however, momentous changes were recorded in study II (Table 

57). Mean values for this attribute in D0, D1, D2 and D3 (study I) were 45.81±1.17, 

46.13±1.33, 46.40±1.52 and 46.78±1.47%, respectively. Likewise in study II, hematocrit 

was lower in D0 (38.92±1.46%) that significantly increased by 

functional/microencapsulated nutraceutical supplemented diets; D1 (40.26±1.58%), D2 

(41.87±1.61%) and D3 (43.02±1.72%).  
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The current results are synchronized with the study of El-Niely et al. (2010) elucidated 

protective role of turmeric on red blood cells against oxidative stress. Hematocrit 

represents the volume percentage of red blood cells that varied momentously by inclusion 

of 2% turmeric powder in daily diet of hypercholesterolemic rats. Later, Mahmoud et al. 

(2013) expounded significant changes in total plasma volume of red blood cells for mice 

provided with 600 mg curcumin during 6 weeks feeding trial. However, Aziz et al. (2012) 

elucidated the restorative potential of curcumin for red blood cells of normal rats that 

varied non-significantly.   

4.5.14.4. Mean Corpuscular Volume (MCV) 

The F values in Table 57 explicated non-significant differences in MCV due to treatments 

in both studies. The study I presented non-momentous changes in MCV for D0, D1, D2 

and D3 as 52.81±1.79, 52.88±2.16, 53.10±1.82 and 53.19±2.55 fl, respectively. Similarly 

in study II, MCV values were 45.34±1.88, 45.76±1.94, 45.95±2.06 and 46.12±2.18 fl for 

D0, D1, D2 and D3. 

The present results are corroborated by El-Niely et al. (2010), reported non toxic effect of 

turmeric powder on average volume of red blood indices. Similarly, Al-Nazawi and El- 

Bahr (2012) noticed non-momentous trend in average volume of red blood cells. In rat 

modeling, Abd-Elaziz et al. (2012) investigated unexceptional differences in mean 

volume of red blood corpuscular. It was further affirmed by Mahmoud and Elbessoumy 

(2013) recorded non-significant variations in average volume of red blood cells for 

curcumin administrated rat group as compared to control. This notion supported by El-

Habibi et al. (2013) in a bioevaluation study. Conclusively, inclusion of turmeric 

polyphenol did not impart deleterious effect on heamatological aspects of normal and 

hypercholesterolemic rats. 

4.5.14.5 White blood cells count (WBCs) 

The F values (Table 58) illuminated substantial effect of treatments in study II however, 

study I was affected non-momentously. In this connection, the recorded means in study I 

were 13.70±0.61 (D0), 13.09±0.54 (D1), 12.88±0.46 (D2) and 12.68±0.57 (D3) cells/nL. 

Conversely, decreasing trend was found in study II for D1 (16.07±0.65 cells/nL), D2 

(15.21±0.63 cells/nL) and D3 (14.86±0.69 cells/nL) as compared to D0 (14.57±0.72 

cells/nL). 

Herbal plants are of great value for strengthening hematological, immunological and  
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Table 57. Effect of diets on red blood cell indices of rats in different studies  

RBC (cells/pL) 
Treatments 

F value 
D0 D1 D2 D3 

 

Study I 

 

 

7.53±0.25 

 

 

7.70±0.31  

 

 

7.85±0.28 

 

 

8.06±0.33  

 

 

1.17NS 

 

 

Study II 

 

 

6.78±0.26b 

 

 

6.92±0.33b 

 

 

7.17±0.39ab  

 

 

7.54±0.38a 

 

 

2.74* 

 

Hemoglobin (g/L) 
                                     Treatments 

F value 
D0 D1 D2 D3 

 

Study I 

 

 

11.87±0.34 

        

 

11.95±0.31  

 

 

12.01±0.34 

 

 

12.15±0.39  

 

 

0.34NS 

 

 

Study II 

 

 

10.64±0.38c 

          

 

11.05±0.42b 

 

 

11.56±0.35ab 

 

 

11.75±0.41a 

 

 

2.43* 

 

Hematocrit (%) 
                                     Treatments 

F value 
D0 D1 D2 D3 

 

Study I 

 

 

45.81±1.17 

        

 

46.13±1.33  

 

 

46.40±1.52 

 

 

46.78±1.47  

 

 

0.36NS 

 

 

Study II 

 

 

38.92±1.46c 

          

 

40.26±1.58b 

 

 

41.87±1.61ab  

 

 

43.02±1.72a 

 

 

1.84* 

 

MCV (fl) 
                                     Treatments 

F value 
D0 D1 D2 D3 

 

Study I 

 

 

52.81±1.79 

        

 

52.88±2.16  

 

 

53.10±1.82 

 

 

53.19±2.55  

 

 

0.03NS 

 

 

Study II 

 

 

45.34±1.88 

          

 

45.76±1.94 

 

 

45.95±2.06  

 

 

46.12±2.18 

 

 

0.05NS 

 
*  = Significant 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 
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antioxidant parameters of hypercholesterolemic subjects. In this context, Alshehri (2013) 

evaluated effect of 200 g turmeric powder on white blood cells indices. Accordingly, 

white blood indices are integral part of body’s immune system that are involved in 

protecting the body against infectious disease and foreign invaders. Under 

hypercholesterolemic situation, immune system responses to this pathological condition 

by enhancing level of monocytes and lymphocytes while neutrophiles decreases.  

However, turmeric inclusion resulted in significant differences in neutrophiles, 

lymphocytes and monocytes, respectively. It leads to 6.15% alleviation in white blood 

cells of turmeric treated hypercholesterolemic rats with respect to control.  

Likewise, Al-Habibi et al. (2013) reported a strong linkage between hematological 

parameters and cardiovascular diseases (CVD). Accordingly, reliance on high fat diet for 

prolonged time results in platelet aggregation and increases white blood cells (WBC) with 

low RBC counts. Actually, high level of WBC leads to overproduction of monocytes and 

lymphocytes that enhance incidence of CVD by differentiating monocytes into 

macrophage within endothelial space of arteries.  Keeping in view the therapeutic aspects 

of turmeric polyphenols, it was deduced that curcumin (20 mg) administration for 3 

months to high fat fed rats resulted in exceptional decrement in level of WBC and 

differential leucocytes (monocytes and lymphocytes). On the other hand, alterations in 

hematology of normal rats owing to curcumin were non-significant. In a randomized 

controlled study on healthy volunteers, it was observed that 500 mg curcumin intake for 

15 days exert non-momentous impact on serum lymphocyte and neutrophiles (Gandhi et 

al., 2011). Further, Mahmoud and Elbessoumy (2013) confirmed no alterations in 

neutrophiles of healthy subjects employing diet admixed with curcumin for 6 weeks.  

4.5.14.6. Neutrophils  

The F values in Table 58 revealed non-significant impact of treatments on neutrophile 

contents during efficacy studies. In study I, the recorded variations in neutrophile were 

61.16±2.07, 61.02±2.19, 60.89±2.74 and 60.66±2.30% for D0, D1, D2 and D3 groups, 

correspondingly. Similarly, study II also presented non-momentous decline for respective 

groups; 66.13±2.44, 65.97±2.43, 65.72±2.69 and 65.48±2.32%. 

4.5.14.7. Monocytes 

It is deduced from the F values in Table 58 that treatments did not impart momentous 

changes on the monocytes in normal rats (study I) however, significant differences were 

https://en.wikipedia.org/wiki/Infectious_disease
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recorded in study II. Means relating to monocytes in study I elucidated non-substantial 

variations among groups D0, D1, D2 and D3 as 6.52±0.23, 6.28±0.26, 6.15±0.30 & 

5.97±0.24%, respectively. However in study II, mean values for this trait in D0 

(5.35±0.23%) was elevated substantially in D1 (5.96±0.25%), D2 (6.84±0.29%) and D3 

(7.74±0.28%) groups.  

4.5.14.8. Lymphocytes 

The statistical analysis (F values) in Table 58 presented non-significant variations in 

lymphocytes due to treatments in study I whereas, momentous alterations were observed 

for this trait in study II. Means for study I showed that treatments did not impart any 

reasonable change in the groups; D0 (38.56±1.14%), D1 (38.99±1.11%), D2 

(39.49±1.01%) and D3 (39.75±1.19%).  However, treatments (study II) showed 

substantial increment in lymphocytes ranged from 34.75±1.39 to 35.27±1.52, 35.92±1.28 

and 36.18±1.44% for D0, D1, D2 and D3, respectively. 

4.5.15. Electrolyte balance 

4.5.15.1. Potassium (K) 

The F values in Table 59 illustrated non-significant effect of treatments on potassium 

throughout the studies. In this context, study I presented means as 6.34±0.22 (D0), 

6.39±0.24 (D1), 6.44±0.27 (D2) and 6.49±0.19 (D3) mEq/L for this trait. Likewise in 

study II, means for K were recorded as 5.77±0.21, 5.84±0.26, 5.92±0.28 & 5.98±0.18 

mEq/L for D0, D1, D2 and D3, respectively.      

Cells require electrolytes to sustain electrical balance across cell membrane and carry 

electrical impulse for nerves stimulation & muscle contraction. Earlier experimental data 

showed non-significant variations in sera Na and K contents for healthy volunteers taking 

3 mL turmeric extract for one month. Electrolyte imbalance is associated with renal 

dysfunction however, turmeric has non-significant impact on kidney markers i.e. urea and 

kidney (Joshi et al., 2003). According to Elkhamisy (2015), turmeric extract although 

enhanced urinary excretion of Na and K yet has non-momentous influence with respect to 

control thus regularizing electrolyte balance. 

In another experiment, results regarding the effect of 1% ethanolic turmeric extract on 

electrolyte balance for Ca, Mg and P did not vary statistically (El-Bahr and Al-Azraqi, 

2014). Turmeric and its bioactive ingredients have modulatory effect on Na/K+ and Ca2+  
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Table 58. Effect of diets on white blood cell indices of rats in different studies  

WBC (cells/nL) 
Treatments 

F value 
D0 D1 D2 D3 

 

Study I 

 

 

13.70±0.61 

 

 

13.09±0.54 

 

 

12.88±0.46 

 

 

12.68±0.57 

 

 

2.46 NS 

 

 

Study II 

 

 

16.07±0.65a 

 

 

15.21±0.63ab 

 

 

14.86±0.69b 

 

 

14.57±0.72b 

 

 

3.66 * 

 

Neutrophils (%) 
                                     Treatments 

F value 
D0 D1 D2 D3 

 

Study I 

 

 

61.16±2.07 

 

 

61.02±2.19 

 

 

60.89±2.74 

 

 

60.66±2.30 

 

 

0.04 NS 

 

 

Study II 

 

 

66.13±2.44 

 

65.97±2.43 

 

65.72±2.69 

 

 

65.48±2.32 

 

 

1.01 NS 

 

 

Monocytes (%) 

                                     Treatments 
 

F value D0 D1 D2 D3 

 

Study I 

 

 

6.52±0.23 

 

 

6.28±0.26 

 

 

6.15±0.30 

 

 

5.97±0.24 

 

 

1.72 NS 

 

 

Study II 

 

 

5.35±0.23a 

 

5.96±0.25ab 

 

6.84±0.29b 

 

 

7.74±0.28b 

 

 

2.75 * 

 

 

Lymphocytes (%) 

                                     Treatments 
 

F value D0 D1 D2 D3 

 

Study I 

 

 

38.56±1.14 

 

 

38.99±1.11 

 

 

39.49±1.01 

 

 

39.75±1.19 

 

 

0.56 NS 

 

 

Study II 

 

 

34.75±1.39c 

 

35.27±1.52b 

 

35.92±1.28ab 

 

 

36.18±1.44a 

 

 

4.27 * 

 
*  = Significant 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 
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adenosine triphosphatases (ATPase) by interacting with concanavalin A (Con A). Con A 

is one of the mitogens that trigger T lymphocytes thus supporting other immune cells like 

macrophages (Cohly et al., 2003). The normal electrolyte balance is very important for 

the regulation of body fluids and cell homeostasis. Conversely, in an experimental 

analysis on normal rats, El-Ghany et al. (2014) probed the effect of 5% turmeric on Ca, 

Na and K contents of body cells and revealed significant change as compared to control.  

4.5.15.2. Sodium (Na) 

Statistical analysis (F values) pertaining to sodium in Table 59 elucidated non-substantial 

effect of treatments in study I and II. Means for Na (study I) in groups D0, D1, D2 and D3 

were 114.32±3.45, 115.18±3.96, 115.85±4.39 and 116.02±3.91 mEq/L, correspondingly. 

As far as study II is concerned, similar pattern was noticed for D0 (111.53±3.64 mEq/L), 

D1 (111.84±3.81 mEq/L), D2 (112.67±4.51 mEq/L) and D3 (113.21±5.13 mEq/L) groups. 

4.5.22.3. Calcium (Ca) 

Statistical inferences (F values) concerning to calcium in Table 59 revealed non-

momentous variations as function of treatments during course of studies. In study I, 

means for Ca were 12.79±0.47, 12.85±0.51, 12.91±0.43 and 13.01±0.39 mEq/L in groups 

D0, D1, D2 and D3, respectively whereas, means for study II showed that treatments did 

not impart any significant variations in the groups; D0 (11.24±0.49 mEq/L), D1 

(11.39±0.54 mEq/L), D2 (11.50±0.39 mEq/L) and D3 (11.58±0.44 mEq/L). 
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Table 59. Effect of diets on electrolytes balance of rats in different studies 

Potassium (K) 

(mEq/L) 

Treatments 
F value 

D0 D1 D2 D3 

 

Study I 

 

 

6.34±0.22 

 

 

6.39±0.24 

 

 

6.44±0.27 

 

 

6.49±0.19 

 

 

0.78 NS 

 

 

Study II 

   

 

5.77±0.21 

 

 

5.84±0.26 

 

 

5.92±0.28 

 

 

5.98±0.18 

 

 

0.25 NS 

 

Sodium (Na) 

(mEq/L) 

                                             Treatments 
F value 

        D0         D1        D2           D3 

 

Study I 

 

 

114.32±3.45 

 

 

115.18±3.96 

 

 

115.85±4.39 

 

 

116.02±3.91 

 

 

0.30 NS 

 

 

Study II 

 

 

111.53±3.64 

 

 

111.84±3.81 

 

 

112.67±4.51 

 

 

113.21±5.13 

 

 

0.46 NS 

 

Calcium (Ca) 

(mEq/L) 

                                             Treatments 
F value 

       D0        D1        D2            D3 

 

Study I 

 

 

12.79±0.47 

 

12.85±0.51 

 

 

12.91±0.43 

 

 

13.01±0.39 

 

 

0.16 NS 

 

 

Study II 

 

 

11.24±0.49 

 

 

11.39±0.54 

 

 

11.50±0.39 

 

 

11.58±0.44 

 

 

0.72 NS 

 
NS

= Non significant  

 

Study I : Normal rats 

Study II : Hypercholesterolemic rats 

 

D0 : Control  

D1 : Turmeric powder 

D2 : Microencapsulated nutraceuticalCSE 

D3 : Microencapsulated nutraceuticalSFE 
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CHAPTER 5 

SUMMARY 

Designer foods as diet therapy have gained immense attention as pragmatic approach to 

mitigate the lifestyle related maladies. In this milieu, turmeric (Curcuma longa) is a 

promising source of bioactive entities with special reference to curcumin. The current 

research was an attempt to assess the nutraceutic worth of turmeric against 

hypercholesterolemia. Purposely, turmeric (Kasur variety) was subjected to 

characterization, extraction of active ingredient i.e. curcumin, its encapsulation and 

product development. Finally, bioevaluation trial was carried out to assess the therapeutic 

effectiveness of designer foods against selected physiological disorder.  

Nutritional profile of turmeric indicated 12.36±0.53, 4.83±0.25, 3.42±0.17, 5.58±0.24, 

3.89±0.15 and 69.92±2.58% of moisture, crude protein, crude fat, crude fiber, ash and 

nitrogen free extract (NFE), respectively. Mineral analysis revealed potassium, calcium, 

magnesium, sodium, iron, zinc and copper as 287.13±12.92, 204.91±7.19, 182.54±6.86, 

24.62±0.91, 8.49±0.39, 2.01±0.12 and 0.48±0.02 mg/100g, correspondingly. 

Different solvents; aqueous ethanol, -methanol & -acetone at varying time intervals 35, 

50 & 65 min were used to optimize extraction efficiency of turmeric active ingredient. 

Amongst solvents, aqueous ethanolic extract presented the highest values for TPC, 

DPPH, FRAP, ABTS and metal chelation, as 1106.54±12.17 mg GAE/100g, 

65.71±3.40%, 212.89±9.95 μM Fe2+/g, 174.85±7.86 μM Trolox/g and 73.36±3.32%, 

respectively followed by aqueous methanolic extract 736.29±8.83 mg GAE/100g, 

59.82±2.51%, 190.41±7.04 μM Fe2+/g, 159.08±6.71 μM Trolox/g and 66.19±2.48%, 

accordingly. Whilst, aqueous acetonic extract exhibited the lowest values as 552.90±6.08 

mg GAE/100g, 48.71±2.01%, 149.63±4.94 μM Fe2+/g, 142.32±5.14 μM Trolox/g and 

51.16±2.17% for TPC, DPPH, FRAP, ABTS and metal chelation, correspondingly. 

Considering the effect of time, 65 min showed the highest values for all parameters, 

whereas 35 min exhibited the least output. The recorded values at 65 min for TPC, DPPH, 

FRAP, ABTS and metal chelation were 917.06±10.08 mg GAE/100g, 65.12±2.87%, 

194.47±8.03 μM Fe2+/g, 163.14±6.12 μM Trolox/g and 66.92±2.95%, accordingly. 

However, observed values for same traits at 35 min were 675.10±7.42 mg GAE/100g, 

50.49±1.72%, 170.51±5.45 μM Fe2+/g, 154.90±6.35 μM Trolox/g and 59.76±2.04%, 

respectively.  
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Afterwards, three best treatments, one from each conventional solvent were selected on 

account of rich phytochemistry and higher antioxidant activity. Furthermore, the selected 

conventional solvents and all supercritical fluid extracts were quantified via HPLC 

system that depicted maximum curcumin 52.41±2.38 mg/g in supercritical CO2 (150) 

extract obtained at 150 min followed by 46.03±2.15 mg/g at 100 min. However, 

concentration of curcumin was minimum 33.62±1.24 mg/g in supercritical CO2 (50) extract 

at 50 min. Amongst conventionally obtained extracts, the highest curcumin concentration 

was detected in aqueous ethanol i.e. 31.48±1.35 mg/g followed by 28.75±1.09 and 

23.19±1.12 mg/g in aqueous methanol and -acetone, respectively. 

On account of HPLC quantification, two selected treatments from each extraction system; 

aqueous ethanolic extract at 65 min and supercritical carbon dioxide extracts at 150 min 

were further proceeded for encapsulation using different blends of maltodextrin (15 & 20 

g) and gelatin (2, 4 & 6 g) to improve the bioavailability and in vitro solubility. In this 

connection, maximum encapsulation efficiency 73.58±3.16% was noted for supercritical 

fluid treatment (TSFE6) using 20 g maltodextrin and 6 g gelatin followed by 71.39±2.21, 

65.23±2.73, 62.84±2.32, 59.42±2.07 and 57.75±1.96% by combinations of maltodextrin 

(g) & gelatin (g) as 10 & 6 (TSFE3), 20 & 4 (TSFE5), 10 & 4 (TSFE2), 20 & 2 (TSFE4) and 10 

& 2 (TSFE1), respectively. Likewise, in conventional solvent extract treatments, the 

calculated values for curcumin entrapment efficiency were 69.32±2.83 (TCSE6), 

62.54±2.72 (TCSE3), 61.85±2.42 (TCSE5), 55.37±2.39 (TCSE2), 54.91±1.86 (TCSE4) and 

48.29±1.73% (TCSE1). Nevertheless, in vitro solubility of curcumin was maximum using 

20 g maltodextrin and 6 g gelatin as 4.37±0.23 mg/mL followed by 3.85±0.15, 2.46±0.08, 

2.27±0.11, 1.38±0.05 and 0.62±0.02 mg/mL for supercritical fluid treatments; TSFE6, 

TSFE5, TSFE3, TSFE4, TSFE2 and TSFE1, respectively. Similarly, for conventional solvent 

extract, the recorded values were 4.26±0.19 (TCSE6), 3.45±0.14 (TCSE5), 2.39±0.10 (TCSE3), 

2.11±0.07 (TCSE4), 1.14±0.04 (TCSE2) and 0.27±0.01 (TCSE1) mg/mL.  

In the product development plan, functional/microencapsulated phytoceutics enriched 

designer breads were prepared by adding turmeric powder (T1), microencapsulated 

nutraceuticalCSE (T2) and microencapsulated nutraceuticalSFE (T3) @ 3, 1 and 0.5% in the 

respective treatments along with control (T0). Mean squares regarding color of the 

prepared breads indicated significant effect of treatments on L*, a*, b* and chroma values 

except hue angle. However, storage showed non-substantial effect on a*, chroma and hue 

angle excluding L* and b* values. Means concerning L* as a function of treatment 
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elucidated highest value for T0 (40.39±1.97) followed by T3 (40.35±1.38), T2 

(39.04±1.32) and T1 (36.16±1.04). However, momentous reduction from 40.70±1.92 to 

36.70±1.28 in L* values was noticed during storage. Regarding the trait a*, values were 

increased with addition of turmeric due to yellow-orange color. The means noted for T0, 

T1, T2 and T3 were 17.09±0.73, 20.86±0.82, 18.51±0.76 and 18.72±0.82, 

correspondingly. Nonetheless, b* value revealed a noticeable difference as function of 

treatments; 24.68±0.97 in T0, 28.78±1.51 in T1, 25.72±1.29 in T2 and 25.95±1.05 in T3. 

During storage, gradual increase in b* value was observed. The values for chroma in T0, 

T1, T2 and T3 were 30.90±1.18, 35.48±1.69, 31.22±1.24 and 31.71±1.38, respectively. 

Mean squares indicated significant effect of treatments on volume, hardness and TPCs of 

designer breads whilst, storage influenced substantially in all attributes except volume. 

The volume of breads depicted significant differences as 686.20±8.25, 572.60±7.56, 

650.16±9.75 and 679.32±10.06 cm3 for T0, T1, T2 and T3, respectively whereas, values for 

hardness were 2.97±0.11, 3.36±0.10, 3.05±0.09 and 3.14±0.11 kg/cm2, respectively. 

During storage, minimum value for the hardness was observed at 0 hr as 2.93±0.13 

kg/cm2 that resulted in gradual increase up to 3.37±0.11 kg/cm2 at 96 hr. On the other 

hand, maximum value for TPC 81.12±3.48 mg GAE/100g was measured in bread 

supplemented with microencapsulated nutraceuticalSFE (T3) while 76.19±3.25, 68.65±2.81 

and 50.22±1.70 mg GAE/100g for T2, T1 and T0, accordingly. However, phenolics 

decreased momentously from 0 (70.82±3.69 mg GAE/100g) to 96 hr (66.92±3.01 mg 

GAE/100g).  

Sensory attributes like external and internal characteristics of designer breads were 

evaluated during storage intervals from 0 to 96 hr. Mean squares for treatment effect on 

external parameters have shown significant differences on volume and color of crust 

whilst, rest of the traits did not vary significantly throughout the storage. Statistical 

inferences regarding internal attributes of bread showed momentous effect of treatments 

on crumb color, aroma, taste and texture except grain. Similar trend was observed during 

storage. In the current exploration, addition of microencapsulated nutraceuticalCSE and 

microencapsulated nutraceuticalSFE did not impart any adverse effect on the 

physicochemical parameters. Moreover, scores for sensory evaluation remained within 

acceptable ranges showing their suitability for further use.  

Animal study was splitted into two phases; bioavailability assessment and therapeutic 

effectiveness. The bioavailability of administrated diets; turmeric powder, 
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microencapsulated nutraceuticalCSE and microencapsulated nutraceuticalSFE was carried 

out on male Sprague Dawley rats at 50, 100 150 and 200 min. The highest value for 

curcumin in plasma 529.31±8.73 µg/mL was documented for rat group fed on 

microencapsulated nutraceuticalSFE supplemented diet (G2) at 100 min that decreased to 

385.76±5.01 µg/mL at 200 min. The G1 group fed on microencapsulated nutraceuticalCSE 

diet had recorded curcumin values as 223.51±3.76, 405.23±7.12, 319.57±6.41 and 

237.49±4.25 µg/mL at 50, 100, 150 and 200 min, correspondingly. However, curcumin 

concentration depicted rapid decline from 205.45±3.84 to 21.29±0.14 µg/mL in rat 

groups provided with diet containing turmeric powder (G0) from 50 to 200 min. 

Efficacy trials were conducted to explore the therapeutic worth of functional and 

microencapsulated nutraceutical diets against hypercholesterolemia (induced @ 1.5% 

cholesterol). Purposely, two studies were carried out i.e. normal rats (Study I) and 

hypercholesterolemic rats (Study II) along with simultaneous provision of control, 

turmeric powder (3%), microencapsulated nutraceuticalCSE (1%) and microencapsulated 

nutraceuticalSFE (0.5%) to respective groups. Body weights of different groups of rats at 

the beginning of study I were 134.73±4.31, 132.63±5.17, 131.52±4.60 and 130.58±5.35 

g/rat in D0, D1, D2 and D3 groups, respectively however, at 8th weeks body weights of 

respective groups increased to 236±6.70, 226.44±8.23, 223.36±7.58 and 222.69±9.65 

g/rat. In study II, higher weight gain was recorded in D0 compared to D1, D2 and D3. 

During 1st week, the recorded weights for D0, D1, D2 and D3 were 134.58±3.21, 

133.13±5.23, 129.74±4.36 and 131.25±6.43 g/rat that reached to 258±7.74, 245.15±8.82, 

238.54±8.50 and 235.14±9.37 g/rat, respectively at the final week. 

Regarding lipid profile, maximum cholesterol was documented in D0 80.22±2.72 mg/dL 

that significantly reduced to 78.34±2.89, 76.85±3.18 and 75.87±3.41 mg/dL in D1, D2 and 

D3 groups, respectively. Likewise, in Study II, momentous differences in cholesterol were 

observed in D1 (130.12±4.70 mg/dL), D2 (127.53±4.97 mg/dL) and D3 (124.29±5.09 

mg/dL) groups as compared to control (142.56±6.42 mg/dL). Considering the percent 

reduction (Study I), treatments D3, D2 and D1 resulted in 5.42, 4.19 and 2.28% decrease in 

cholesterol, correspondingly as compared to control. In Study II (hypercholesterolemic 

rats),  provision of diet containing microencapsulated nutraceuticalSFE resulted in 12.81% 

reduction in cholesterol followed by 10.54 and 7.32% decrement by microencapsulated 

nutraceuticalCSE and turmeric powder enriched diets, respectively.  
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The statistical analysis indicated that HDL level in various groups was significantly 

affected by treatments in Study II however, the impact was non-significant in the Study I. 

Means relating to this trait showed values for D0, D1, D2 and D3 groups as 34.87±1.25, 

35.42±1.31, 35.89±1.56  and 36.01±1.72 mg/dL, respectively. However, Study II 

elucidated minimum HDL level (59.30±2.07 mg/dL) in group fed on control diet (D0). 

Nevertheless, turmeric powder (D1), microencapsulated nutraceuticalCSE (D2) and 

microencapsulated nutraceuticalSFE (D3) proved helpful in upgrading this trait by 

60.55±2.24, 61.48±2.26 and 62.31±2.04 mg/dL, respectively. The highest percent 

increase in HDL level was observed for Study II i.e. 4.83, 3.69 and 2.11% for D3, D2 and 

D1, correspondingly.  

LDL level was substantially affected by functional/microencapsulated nutraceutical diets 

in all studies. In Study I, the highest value for LDL was observed in D0 (31.73±1.30 

mg/dL) followed by D1 (30.98±1.16 mg/dL) and D2 (29.77±1.03 mg/dL) groups however, 

minimum level (29.23±0.99 mg/dL) was observed in D3. Means for LDL in Study II 

indicated maximum value for D0 (58.15±2.26 mg/dL) that momentously reduced to 

52.41±1.61, 50.14±2.06 and 49.18±1.87 mg/dL in D1, D2 and D3, respectively. Diet 

containing microencapsulated nutraceuticalSFE (D3) caused maximum reduction in LDL 

trailed by D2 and D1. In Study I, diets; D1, D2 and D3 resulted in 5.08, 6.34 and 7.25% 

decline in LDL, respectively in contrast to control. Likewise, in Study II, highest 

reduction was exhibited by D3 (15.42%) followed by D2 (13.77%) and D1 (9.86%). 

Triglycerides were non-significantly affected by diet in Study I, whereas momentous 

differences were recorded for Study II. Means concerning triglycerides in Study I 

presented progressive decline from 64.31±2.18 (D0) to 62.27±1.92 (D3) mg/dL. However, 

Study II showed maximum decline through D3 (87.91±3.52 mg/dL) whilst, decrement for 

this trait via diets; D2, D1 and D0 were 89.53±3.60, 91.69±3.32 and 97.02±4.36 mg/dL, 

respectively. The highest reduction in Study II was observed in D3 (9.38%) followed by 

D2 (7.72%) and D1 (5.49%), respectively. It is therefore deduced from the present 

exploration that functional/microencapsulated curcumin enriched diets are effective for 

managing serum lipid profile.  

Data interpretation regarding glucose revealed non-significant effect of treatments in 

Study I nonetheless in Study II, this trait behaved momentously. In normal rats (Study I), 

maximum mean value for glucose was reported as 78.15±2.89 mg/dL (D0) followed by 

76.57±2.33 mg/dL (D1) and 75.65±2.68 mg/dL (D2) whilst, minimum level was recorded 
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as 75.22±3.08 mg/dL (D3). During study II, observed glucose means for D0, D1, D2 and 

D3 were 142.02±6.19, 134.56±5.05, 130.89±4.90 and 129.62±5.18 mg/dL, respectively. 

Study I showed 2.01, 3.19 & 3.74% decline in glucose through respective diets D1, D2 & 

D3. Significant diminishing trend was found for this attribute in Study II. In this context, 

D3 was found relatively more effective to assuage plasma glucose with percent reduction 

up to 8.73% than that of D2 and D1 7.84 and 5.25%, respectively. 

Means for insulin showed non-substantial differences due to treatments in Study I, 

whereas pronounced effect was observed in Study II. In Study I, mean values for insulin 

in D0, D1, D2 and D3 groups were 8.95±0.30, 9.11±0.37, 9.14±0.41 and 9.18±0.38 

μU/mL, respectively. In study II, D3 group showed highest insulin level 11.09±0.40 

μU/mL trailed by 10.94±0.47, 10.78±0.42 and 10.55±0.36 μU/mL in D2, D1 and D0, 

respectively. In Study II, D3 led to 5.19% enhancement, whereas D2 & D1 caused 3.72 & 

2.58% elevation in insulin levels.  

Serum antioxidant status was improved by consumption of functional/nutraceutical diets 

as indicated by increment in glutathione content along with simultaneous decrease in 

TBARS. Means pertaining to glutathione in Study I elucidated lowest value for D0 group 

(45.82±1.75 mg/dL) that gradually improved by administrating antioxidant based diets; 

D1 (47.52±2.01 mg/dL), D2 (48.16±1.67 mg/dL) and D3 (48.83±2.21 mg/dL). Likewise, 

momentous escalation for this attribute was also reported in Study II; 36.57±1.51 (D0), 

40.33±1.77 (D1), 42.01±1.82 (D2) and 43.12±1.61 (D3) mg/dL. Regarding percent 

increase, Study I presented 6.58, 5.12 and 3.49% enhancement in glutathione by D1, D2 

and D3, correspondingly. Likewise in Study II, percent increase for this trait was 17.92, 

14.87 and 10.26% in D3, D2 and D1 groups, respectively.  

Statistical analysis revealed that functional & nutraceutical diets affect serum 

thiobarbituric acid reactive substances (TBARS) significantly, in all studies. In Study I, 

mean values for TBARS were 6.04±0.22, 5.87±0.24, 5.80±0.23 and 5.77±0.26 µmol/L 

for D0, D 1, D2 and D3 groups, respectively. Likewise, in Study II, value for this attribute 

in D0 was 9.99±0.35 µmol/L that significantly reduced to 8.71±0.33 µmol/L in D3, 

8.85±0.41 µmol/L in D2 and 9.06±0.29 µmol/L in D1 groups. It is conspicuous from both 

studies that treatments led to momentous reduction in thiobarbituric acid reactive 

substances. In Study I, D3, D2 and D1 reduced TBARS significantly by 5.06, 3.97 and 

2.31%, correspondingly as compared to control. Similarly, in Study II, percent diminish 

of 9.29, 11.43 and 12.75% in TBARS was noticed for D1, D2 and D3 groups respectively. 
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Additionally, values for safety assessment including liver & kidney functioning and 

hematology were within normal ranges without any adversities. It has clarified that 

curcumin (exogenous antioxidant) is one of the safe options to elevate endogenous 

antioxidant status. Conclusively, turmeric has functional/nutraceutical worth to alleviate 

diet related dysfunctions. Diet containing turmeric or curcumin can modulate lipid profile 

such as elevated cholesterol and LDL by scavenging free radical mechanism. Moreover, 

its regular consumption did not impart any hazardous effect on liver and kidney 

biomarkers. In the nutshell, microencapsulation of curcumin and its inclusion in designer 

foods possess more bioactivity against metabolic syndromes. 
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Recommendations 

• Inclusion of turmeric in traditional cuisines or encapsulated curcumin in convenience 

foods should be promoted to alleviate hyperlipidemia and related oxidative stress  

• Diet practitioners should encourage the routine use of curcumin based dietary edibles 

owing to their potent antioxidant activity 

• Green extractions like supercritical fluid technique with optimizing features should be 

adopted to improve nutraceutics recovery being eco-friendly, non-toxic and residues 

free 

• Emerging concept of excipient foods for bioavailability enhancement need to pursue 

to attain higher bioactivity of curcumin 

• From clinical nutrition viewpoint, experimentation using human subjects should be 

practiced to better relate the effectiveness of bioactives for vulnerable segments 

• Use of indigenous raw materials should be promoted to attain food & nutritional 

security, economic stability and support allied stakeholders 

• Nutrient sensitive technologies should be introduced to minimize nutrient losses 

without altering hedonic response 

• Researchers should be motivated to work on nutrikinetics for meticulousness 

regarding the fate of phytoceutics in systemic circulation 

• Consumer awareness regarding diet-health linkages ought to be launched to highlight 

the importance of prudent food choices and lifestyle modifications via designer foods 
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APPENDIX I 
 

Performa for sensory evaluation of bread 

Directions 

Take these samples one by one in your mouth and evaluate them for the following 

parameters on Hedonic scale. It is very important to rinse your mouth thoroughly with 

distilled water before taking each sample in your mouth. 

Name of Judge       ___________                                    Date ______________ 

Assigned scores 

Parameters 
Maximum 

scores 
T0 T1 T2 T3 

External characteristics 

Volume 10     

Color of crust 8     

Symmetry 5     

Evenness of bake 3     

Crust character 4     

Internal characteristics 

Grain 15     

Crumb color 10     

Aroma 10     

Taste 20     

Texture 15     

 


