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CHAPTER 1 

INTRODUCTION 

Nutraceutical, a combination of two words “nutrition” and “pharmaceutical”, is a food or food 

product that provides both health as well as medical benefits, which help in the prevention and 

treatment of diseases.  

Health Ministry of Canada defines the term as, "A nutraceutical is a product isolated or purified 

from foods that is generally sold in medicinal forms not usually associated with food. A 

nutraceutical is demonstrated to have a physiological benefit or provide protection against 

chronic disease."  

The term was named, based on two words: nutrition and pharmaceutical in 1989 by Stephen 

Defelice who was founder and chairman of Foundation for Innovation in Medicine, an American 

organization associated with medical health. The concept of nutraceutical was come into picture 

when a survey was done in U.K., Germany and France. From the survey it was summarized that 

a good health can be achieved better by taking healthy diet than exercise and other hereditary 

factors (Radhika et al., 2011).  

Nutraceuticals are healthy food products that provide health and medical benefits by preventing 

diseases. Functional foods, Phytochemicals and antioxidants are also related to nutraceuticals. 

Scientists have found that foods having bioactive compounds can prevent severe diseases like 

cancer, diabetes, cardiac disease and hypertension. Antioxidants present in food products can 

fight against chronic diseases, by scavenging oxygen and free radicals which are naturally 

generated in our body due to some biochemical reactions. Nutraceuticals are mainly developed 

from natural food products which can be found easily from natural sources like plants, animals 

and sometimes from some microorganisms also (Cencic et al., 2010). 

Consumer’s great interest in health improvement leads scientists to the development of 

nutraceuticals and other fortified products obtained from green plants, fruits, vegetables, 

medicinal plants and spices and several crops also.  

In the past, research has been developed on use of natural biomolecules for controlling several 



 

 

chronic diseases like cardiac disorders, malnutrition, diabetes, mutagenic, carcinogenic and other 

physiological disorders. Due to its strong health benefit property the global market for such 

nutraceutical products is expanding rapidly at a CAGR of 10-15%. Researchers have identified 

hundreds of compounds which are having functional qualities that not only improve health but 

also reduce risks of disease outbreak. Research is ongoing to make new discoveries to get more 

benefits from natural food sources (Radhika et al., 2011).  

Fruits, crops and vegetables are rich source of bioactive compounds such as PUFA, flavonoides, 

carotenoides, ascorbic acids, anthocyanins, vitamins, and other polyphenols. Such compounds 

help in disease prevention due to having their strong antioxidant capacity. These nutraceuticals 

have an interesting property to scavenge oxygen and other free radicals as they possess free 

bonds into their structure. Free radicals are mostly known for causing cancer and other 

mutagenic disorders which is increasing risks of death for human. So, in recent years, the fast 

development of nutraceuticals is basically because of their Antioxidant property that prohibits 

Cancer (Cencic et al., 2010). 

Carotenoids are the most commonly and major naturally occurring bioactive compounds and are 

easily found in common plant and animal resources. Still now, around 600 different types of 

carotenoids have been identified, separated and estimated from various sources and their 

chemical structures and mode of action in disease prevention have been understood. Carotenoids 

commonly found in daily diets like fruits and vegetables whose consumption leads to health 

benefits in humans. Numerous studies in various populations have shown that consumption of 

sufficient amounts of carotenoid rich in diet reduces the risk of several types of carcinogenic 

diseases and other physiological disorders. As a result, from last two decades, scientists are 

focussing on investigating the protective effect of different carotenoids in treatment of cancer, 

cardiovascular and other diseases related to health (Khachik, 1999). 

Around 40 to 50 carotenoids can be found in common daily diet and they are then metabolized, 

absorbed and used by the body though mostly they are not naturally synthesized in human body. 

In addition, there are synthesis of 8 carotenoids metabolites and 1 sterioisomers in human blood 

serum or plasma level from different metabolic reactions from three major dietary carotenoids 

and those are lutein, zeaxanthin and lycopene. Therefore the commercial production of the 



 

 

purified forms of dietary carotenoids is of great importance. These carotenoids may be used, 

individually or in combined form, as nutritional supplements, food colorants and in clinical trials 

for treatment of diseases. Their potential health benefits in the prevention of several severe 

diseases like cardiovascular diseases, digestive disorders and cancer has been investigated 

(Khachik, 1999). 

The most interesting character of Carotenoids are their unique color development which 

generally termed as pigments, which results from light absorption due to the presence of 

conjugated double bonds into their structure. The high numbers of conjugated bonds help in the 

proper functioning of Carotenoids that is essential for blue light absorption in case of common 

photosynthetic organisms and all other living organisms from oxidative damages. Other major 

body function of Carotenoids are: the proper functioning of the immune system; the modulation 

of intracellular signaling pathways; cell cycle and apoptosis; the improvement of action of 

growth hormones; and the modulation of various types of receptors and many other processes 

(Fiedor et al., 2014). 

 

Lutein is one of the most widely spread and commonly found carotenoids present in common 

fruits and green vegetables which are majorly consumed in daily diet. It also found in human 

tissues, serum and plasma level and its sole source in body is dietary origin. Function and 

presence of lutein in body tissues, plasma or serum in human is mostly similar to other 

carotenoids present in the body. But, lutein and another carotenoid named zeaxanthin, are found 

at high concentration at the macula of retina and called macular pigments. Lutein has no pro-

vitamin A activity but it has several health beneficial activities that are in great interest to various 

research specially related to disease prevention. Epidemiological studies have shown that 

sufficient consumption of lutein through diet lower risk of certain chronic diseases like 

cardiovascular disease, cancer, cataracts and ARMD (Granado et al., 2003). 

Lutein a carotenoid family pigment can be utilized as a very important nutraceutical product as 

its bioavailability is high and it improve poor eye sight and cataract and several eye diseases. 

Lutein is widely distributed carotenoids found in common foods like green vegetables. Main 

source of lutein present in the daily diet depend on nutritional habits of a country or population. 

Generally, green leafy vegetables are considered as major source of lutein in the common foods. 



 

 

Lutein has no pro-vitamin A activity. Several studies suggest that its intake is directly related to 

the improvement of eye health and prevention of major eye diseases such as age-related macular 

degeneration and cataracts. Lutein may also serve to protect skin from UV damages and may 

also play important role to reduce the risk of cardiovascular diseases and some cancers 

(Holasova et al., 2007). 

Lutein is a member of Xanthophyll family which mostly found in green leafy vegetables like 

pea, broccoli, corn, spinach, carrot, egg yolk etc. and flowers like Marigold. Lutein is most 

widely distributed carotenoids in fruits and vegetables that are generally consumed in daily diet 

by different segments of populations. Thus pigment is found to be very efficient to prevent Age 

Related Macular Degeneration disease which causes blindness in eyes. These pigments also have 

antioxidant property as it can scavenge oxygen and free radicals due to presence of double 

bonds. 

 

 Lutein highly concentrated in the macula, which the centre area of the retina responsible for 

vision. Lutein helps in prevention of oxidative damages of the eyes and efficiently absorbs high-

energy photons of blue light which damage eyesight by producing free radicals. Lutein 

contributes a significant role in Haidinger's brush, an entopic phenomenon which helps human 

eyes to detect polarized light (Krinsky et al., 2003). 

Lutein is a type of oxycarotenoid or xanthophyll, containing 2 cyclic end groups having one beta 

ionone ring and one alpha ionone ring. It is having basic C40 isoprenoid carbon structure. The 

polyene chain double bonds in lutein structure could be found in both cis or trans form. (Bou et 

al., 2009).  

 

The lutein market is mainly divided into six different parts: pharmaceutical, nutraceutical 

products, pet foods, animal and fish feed. The lutein market is estimated about US$190 million 

for pharmaceutical, about US$110 million for food and nutraceuticals and about US$175 million 

for pet foods and other applications globally per year. Other than the eye disease treatment, other 

applications of lutein are also investigated in cosmetics, skins and as antioxidant. It contributes 

one of the fastest growing markets of the total carotenoid market (Culliney, 2012). 



 

 

CHAPTER 2 

TERMINOLOGY 

FMHG- Fast moving health goods 

DSHEA- US dietary supplement health and education act 

CAGR- Compound annual growth rate 

ROS- Reactive oxygen species 

BHA- Butylatedhydroxytoluene 

BHT- Butylatedhydroxyanisole 

ABTS- 2, 2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) 

ORAC- Oxygen radical absorbance capacity 

ARMD- Age related macular degeneration 

UV- Ultra violate 

RMSE- Root mean square error 

k- Drying rate constant 

N- Drying constant 

R
2
- Coefficient of determination 

MR- Moisture ratio 

˚C- degree Celsius 

mg- Milligram 

g- Gram 

GAE- Gallic acid Equivalent 



 

 

DPPH- 1, 1-diphenyl-2-picryl hydrazyl radical 

KOH- Potassium hydroxide 

%- Percentage 

ug- Microgram 

ml- Milliliter 

OD- Optical density 

nm- Nanometer 

Mt- Moisture content at a particular time 

Me- Equilibrium moisture content 

Mo- Initial moisture content 

Exp- exponential 

vs. - versus 

h- Hour 

rpm- Revolutions per minute 

cm- centimeter 

L- Liter 

KG- kilogram 

TSS- Total soluble solids 

˚B- degree brix 

kcal- kilocalorie 

 



 

 

CHAPTER 3 

REVIEW OF LITERATURE 

A Comprehensive “Review of Literature” is important for any research work. Importance of 

relevant review cannot be over emphasized by saying that it provides sound framework for 

research. It evaluates the edifice of knowledge to show that this study could be an addition to this 

field. (Best, 1981) 

Nutraceutical and its importance: 

The concept of nutraceuticals at first was considered as raw foods that provide health 

improvement and is recommended as daily requirement in the body till year 1990. The definition 

of nutraceuticals has been changed when it is investigated that it can efficiently treat nutritional 

disorders. Increasing use of the nutraceuticals to prevent or treat diseases like cardiovascular, 

cancer, physiological disorders leads to rapid growth of nutraceutical market in the last decade. 

In recent century, rapid growing awareness of nutraceuticals supplements is new branch of 

‘complementary and alternative medicine’ (Sharma, 2009). 

Pandey et al., 2010 categorized the nutraceutical industry into three main segments and are 

mainly included functional foods, dietary supplements, and herbal or natural products. Increasing 

awareness levels about health improvement and healthy lifestyle, prompting the majority of 

people exercise more, and eat more healthy and nutritional foods. The expanding nutraceutical 

market proves that consumers are looking more for minimally processed food with valuable 

nutritional benefits. This need of consumers, in turn, is increasing the nutraceutical market value 

across the world and even in India. The fast growing nutraceutical industries seem destined to 

occupy the major market in the upcoming centuries. Its rapid growth to fulfil demand leads to the 

prominent growth of food, pharmaceutical, healthcare and agricultural industries. 

It has been investigated by Verma S, 2009 that perishable vegetables and fruits and light 

sensitive nutraceuticals have a limited shelf life, so they spoil easily beyond a specific time. 

Nutraceutical-rich fruits/vegetables that present in high amount must therefore, be processed 

properly and converted into value added nutraceuticals. These products can be used further to 



 

 

prepare nutrition rich fortified foods/functional foods/fusion foods. So consumers are now 

having great interest in the health improving role of different health beneficial nutraceuticals.  

It was also documented that nutraceutical products include dietary supplements, value-added 

processed food products, non-food supplements like tablets, chewing gums, health drinks, 

powder, soft gels, capsules etc. In the past decades, the use of nutraceuticals as health 

supplements for the controlling of malnutrition, immunological disorders, cardiovascular 

diseases, diabetes, cancer and other physiological disorders are in great interest. Biocolours, 

oleoresins are also in great demand as they are having antioxidant capacity and attractive colour 

formation property that improve organoleptic value of product. Indian food supplement and 

nutraceutical market is estimated around Rs 45000 crores in recent years may refer to as fast 

moving health goods (FMHG) has a 6 % share. 

Cencic et al., 2010 has reported that, according to the US Dietary Supplement Health and 

Education Act (DSHEA) of 1994, the term "dietary supplement" can be described by several 

ways like: a product (other than tobacco) that is utilized as diet supplement contains one or more 

of the following dietary ingredients: oleoresins, herb or other botanical parts like leaf, root, bark, 

flower; amino acids, minerals and a dietary substance used by consumer in forms of concentrate, 

gels, powder or combinations of these ingredients, a product consumed as supplement in form of  

soft gels, capsule, tablet, liquid and powder form, a product not represented for use as a 

conventional food or as the sole item of a meal or diet, any products which are labeled as a 

"dietary supplement" and products related to pharmaceuticals like different drug, antibiotic, or 

other products that was used as a supplement or food before approval, certification, or license 

(unless if this provision is waived by an authority such as Secretary of Health and Human 

Services, as in USA) . Under the DSHEA (1994), the manufacturer of a dietary supplement must 

ensure the safety of intake of a particular dietary supplement before it is marketed. It is also 

manufacturer’s responsibility that the product label information is true and original.  

 

 

 

 



 

 

Nutraceutical Commercialization: 

 

 

Graph 3.1: Global market and current market of different segments of Nutraceuticals 

 

Graph 3.2: BCC research on Nutraceutical: global market and processing technologies 

Graph 3.1 showed the status of global market and Indian market of different Nutraceuticals. The 

global nutraceuticals market is estimated at about $176 billion in 2013. By 2016, it will be 

reached to nearly $207 billion (Graph 3.2), a projected compound annual growth rate (CAGR) of 

6.5% between 2011 and 2016 (BCC research on Nutraceutical: global market and processing 

technologies, 2011). 

 

 

 



 

 

CAROTENOIDS: 

According to the study of Mayne, S.T., 1996, more than 600 naturally occurring carotenoids 

have been found, among them 50 of which have vitamin A activity. Carotenoids are mainly 

found in plant kingdom and in photosynthetic organisms.  

 

Carotenoids are major components found naturally in a wide range of edible and non- edible 

sources. The major sources that can be taken in account are: green vegetables and leaves like 

broccoli, cabbage, kale, peas, spinach; red or yellow or orange colored fruits and vegetables like 

tomato, papaya, pumpkin (Jaegar de Carvalho et al., 2012), pink guava, carrot, orange, 

pineapple, grapefruit, watermelon, strawberry, blackberry, mango, passion fruit (Dias et al., 

2009; Khoo et al., 2011); flowers like marigold, rose. The major animal sources are: birds like 

flamingo, canary; marine animals like shrimp, crab, salmon and lobster; egg (Strati et al., 2012). 

Other than this, vegetable oils (like palm, corn, sunflower, linseed, olive, barley, cottonseed, 

rapeseed, soybeans) are also good source of carotenoids but the concentration is low, less than 

100ppm. Among all vegetable oils, palm oil is having highest amount of carotenoid. In market, 

palm oil is richest source in terms of retinol. It has been found that seed oil and pulp oils are also 

good source of beta- carotene (Zeb et al., 2004). Also studies are continuing on mass production 

of carotenoids from microalgae like Dunaliella salina, Haematococcus pluvialis etc. (Guedes et 

al., 2011). 

 

Carotenoids have drawn the attention of scientists from diverse fields including chemistry, 

biochemistry, nutrition and dietetics, medicine, food science and technology, pharmacy, 

agriculture and nutrition for more than a century and these fascinating compounds continue to be 

intensely investigated as it possess large variety of nutritional properties (Figure 2.1) in it. In 

nature, carotenoids are mainly produce attractive colors like red, yellow, purple and orange 

colors of foods like tomatoes, marigold flower, carrots, beet root etc. However, in green plant 

tissues, the color of carotenoids is dominated by the other dominant pigments like chlorophyll 

and becomes prominent only after the degradation of chlorophyll compounds. Carotenoids are 

isoprenoid compounds having C40 carbon skeleton and its surrounding electron clouds provides 

it antioxidant property (Dutta et al, 2005). 



 

 

 

More than 600 carotenoids and about 40 carotenoids are found in common human diet, but most 

research has focused on the five carotenoids which are found in highest concentration in human 

serum or plasma. Those are a-carotene, b-carotene, lycopene, lutein-zeaxanthin and b-

cryptoxanthin. These are having strong pro-vitamin A activity except lycopene and lutein-

zeaxanthin. Other can convert vitamin A to retinol by metabolic process while lycopene and 

lutein-zeaxanthin do not have this property (Eldahshan et al, 2013).  

 

Holden et al (1999) Biolab unit, 2010 has reported the functions of carotenoids only based on 

their vitamin A activity. Approximately 50 carotenoids have been investigated till now that are 

having pro-vitamin A activity because the body can convert them into retinol. The most 

significant pro-vitamin A carotenoid in human serum is b-carotene, but a-cryptoxanthin is also 

be metabolized to vitamin A. Each molecule of b-carotene in the body can be converted into two 

molecules of vitamin A, although in case of mechanism, the relationship is more complex due to 

the inefficiency of absorption and conversion of b-carotene. Analysis of samples from different 

human organs and tissue extracts including liver, lung, heart etc. has revealed the presence of the 

same dominant carotenoids. 

 

Carotenoids show their effects via other mechanisms such as gap junction communication, cell 

growth regulation, modulating gene expression, immune response. However, carotenoids such as 

a and b-carotein and b-cryptoxanthin also can convert Vitamin A to retinol and its related role in 

the development and disease prevention (Rao and Rao, 2007). 

 

Biolab unit, 2010 investigated that such of the value of concentration of carotenoid which is 

analyzed in human plasma serum is determined by the adequacy of fruit and vegetable intake in 

the diet. Cooking and processing increases the extraction efficiency of carotenoids from the 

intracellular organelles in which they are located and thus increases their absorption and 

bioavailability in humans. They are absorbed in small intestine by the gastrointestinal 

enterocytes cells and remain unchanged in the blood circulation, where they are transported on 

lipoproteins and enhance important body functions. 



 

 

 

Antioxidant Activity of Carotenoid:  

Carotenoids are plant pigments commonly found in fruits and vegetables and are considered to 

be the important micronutrients responsible for the protective effects (Rao and Aggarwal, 1999). 

Cancer and cardiovascular diseases are the major causes of deaths in all around world. Although 

hereditary factors and health conditions are also important factors associated with the diseases. 

Role of reactive oxygen species (ROS) and oxidative damage to biomolecules is one of the main 

focuses of recent study. Oxidative stress has been intensively studied to be involved in the 

development of several chronic diseases. Dietary antioxidants, which prevent ROS formation 

and provide protection from oxidative damage and thus are considered as most important 

protection to fight against free radical damages. Recent epidemiological studies (Fiedor et al., 

2014; Halia, 1999) have recommended that high consumption of fruits and vegetables reduces 

the risk of mutagenic disorders by determining antioxidant activity of carotenoids like FRAP and 

DPPH (Kruczek et al., 2012).  

 

Jatunov et al (2010) documented that carotenoids are made up of high numbers conjugated 

double bonds arranged in a linear way. These bonds help in the development of antioxidants, 

which protect the body from numerous diseases by quenching harmful free radicals. Several 

studies have shown that antioxidant activity varies widely among different types of carotenoids. 

So, it is important to estimate antioxidant activity. The disease preventing role has been 

associated with their ability to scavenge free radicals termed as antioxidant activity, which 

finally prevent some diseases. This is supported by studies that showed an increase of 

carotenoids in lipoproteins and an increase in plasma antioxidant capacity and lower levels of 

free radical formation after consumption of carotenoid rich. 

 

According to Goiris et al. (2012) the use of antioxidants potentially related to the shelf life of 

food products is very important. In recent years, the use of synthetic antioxidants, such as 

Butylatedhydroxytoluene (BHT) or Butylatedhydroxyanisole (BHA) is much more in industries. 

But these components are very carcinogenic to human health so there use is being restricted. 

Antioxidants are having several positive health effects, like prevention of cardiovascular diseases 



 

 

and certain types of cancers, immunological disorders. Therefore, antioxidants are being fortified 

in food supplements to improve human health. 

Carotenoids are the most efficient quencher in vitro due to their radical scavenging properties. 

The interaction of carotene with peroxyl radicals formed during lipid oxidation leads to 

prevention of a radical formation. The mechanism for the scavenging has been described as that 

of electron donation with radical cations formation. The relative abilities of the carotenoids to 

scavenge the ABTS "+ radical cations are influenced by the presence of functional groups with 

increasing polarities, such as carbonyl and hydroxyl groups, in the terminal rings as well as by 

the number of conjugated double bonds. Overall, the carotenes with 11 conjugated double bonds 

are more active ABTS "+ radical quenchers than the xanthophylls (Miller et al, 1996; Solyom et 

al., 2014) 

 

Thurnham in 1988 examined and supported the relationship between plasma b-carotene 

concentration and cancer incidences. It is reported that as many as 20 naturally occurring 

carotenoids are present in normal serum, but there are only three main pro-vitamin A carotenoids 

in blood: a-carotene, b-carotene, and b-cryptoxanthin which are converted into Vitamin A and 

improve immune system, prevent night blindness. 

 

Several studies have been explain other important roles of carotenoid may include: improvement 

of eyesight by reducing cataract formation and protecting from UV light by lutein and zeaxanthin 

(Bone R.A. et al., 1996); providing red color to some animals like flamingo, lobster, crab, 

salmon etc. for various reasons like predation, attraction and specially in fish like red porgy for 

regulation of skin and muscle color (Chatzifotis et al., 2005; Gupta et al., 2007; Bjerkeng, 2000). 

 

ORAC values of antioxidants denotes scavenging capacity of any sample and from Graph 3.3 it 

is clear that ORAC values of different type of carotenoids is very high and thus it proves that 

carotenoids are rich in antioxidant activity. 

 

 



 

 

 

Health Benefits of Carotenoids: 

 

Fig. 3.1: Role of carotenoids in the prevention of diseases (Rao, A.V., Rao, L.G., 2007) 

 

Oxygen radical absorbance capacity (ORAC)Value of Different of Carotenoids  

 

 

Graph 3.3: Different Types of Carotenoids Based On Their Antioxidant Activity (Biolab 

unit, 2010) 



 

 

Global industry analysis of carotenoids: 

 

 

 

Graph 3.4: Global market of different segments of Carotenoid (PRWEB, 2011) 

 

Global Industry Analysts report on the Carotenoids market (Graph 3.4) documented that due to 

increasing awareness of consumers towards the health benefits of carotenoids, consumer prefers 

for natural and healthy food products which increase the global market for carotenoids and is 

estimated to US$1.3 billion by the year 2017 (According to, San Jose, California (PRWEB) 

October 06, 2011). 

 

The United States and Europe dominate most of the global carotenoids market, as stated by the 

new market research report on Carotenoids. Majority of the carotenoid product sales around the 

world, mainly sourced from the US and Europe. On the other hand, developing countries such as 

China, India, Japan and Malaysia are expected to provide significant sales over the coming years.  

 

The US is one of the top consumers of carotenoids worldwide. Discovery of new health-

implications for carotenoids, especially lutein, canthaxanthin and astaxanthin have had a lead 

impact on the growth of the major US carotenoids market. 



 

 

 

Xanthophyll 

Xanthophyll is one of the most important class of carotenoid present in green leafy vegetables, 

egg yolk, fruits and mainly gives a yellow or orange colored pigment. Carotenoids that contain 

one or more oxygen atoms are known as xanthophylls. So it can be said that xanthophyll is 

oxidative form of carotenoids (Dutta et al, 2005). 

 

Sujak et al., 1999 studied that Xanthophyll contains three major pigments Lutein, Zeaxanthin 

and Cryptoxanthin (figure 2.2) which are very important in terms of antioxidant property and eye 

health improvement property like prevention of cataract, ARMD in aged people. Major role of 

Xanthophyll pigment in absorption of light in leaf of higher plants, in retina of animals as well as 

protect it against blue light oxidative damage of the biomolecules and filtration against excess 

radiation. 

 

Perry et al, 2009 found that Xanthophyll is mostly found in green leafy vegetables including 

spinach, cilantro, broccoli, lettuce; fruits like pepper, cucumber, papaya, peach, squash; raw egg 

and egg products; corn and corn products. In the case of these vegetables, egg yolk, corn; lutein 

amount is dominant while in case of corn products like Fritos, popcorn and fruits like pepper, 

whole orange; zeaxanthin concentration is predominated. 

 



 

 

 

Fig. 3.2: Structure of different group of Xanthophyll 

Lutein 

Lutein is a member of Xanthophyll family which mostly found in green leafy vegetables like 

pea, broccoli, corn, spinach, carrot, egg yolk etc. and flowers like marigold. Lutein is the active 

carotenoid in this potent, natural source antioxidant. It is one of the most widely distributed 

carotenoids in fruits and vegetables frequently consumed in daily diet by different populations. It 

is naturally derived from marigold flowers and contains a normal blend of carotenoids including 

zeaxanthin and cryptoxanthin. Xanthophyll is primarily been used as a natural colorant due to 

its orange-red color. Lutein absorbs blue light and therefore appears yellow at low concentrations 

and orange-red at high concentrations (Bhattacharyya et al., 2010) 

 

Figure 2.3 shows that lutein is made up of a long carbon chain having alternate single and double 

bonds with methyl side groups linked to it. The carbon backbone has two ends and both are 

having cyclic hexenyl structure containing hydroxyl group. Both lutein and zeaxanthin belong to 

xanthophyll family but the only difference in their structure is due to the presence of a hydroxyl 

group at both ends of the molecule. Lutein is having a strong antioxidant capacity due to 

presence of nine double bonds in their structure. This is responsible for the absorbance and 

filtration of certain wavelengths of light that let them develop unique color. As lutein can absorb 

blue light, so it shows yellow or orange like appearance depending on its concentration. Lutein 



 

 

mainly presents in its trans isomer form in plants but significantly changes during processing 

(Kijlstra et al, 2012). 

 

 

Fig. 3.3: Structural formula of lutein, FAO 2004 

 

 Sujith et al. (2012) has investigated that the chemical formula of lutein is C40H56O2 and the 

molecular weight is 568.88. It cannot be synthesized by human body thus is taken by proper diet. 

It is proposed that lutein show a significant role in filtering UV and blue light and protect human 

retina from ARMD. 

Sujak et al (1999) documented in his study that lutein pigments are highly found in the 

membranes of macula lutea, a small area of the vision apparatus in all animals, including 

humans. In macula, lutein presents in high amount which help in filtration and screening of blue 

light and thus protect eyes from oxidative damages. A protective effect of lutein against 

oxidative damage of egg yolk lecithin liposomal membranes induced by exposure to UV 

radiation has been studied. Lutein supplementation has provided an effective increasing macular 

pigment concentration and improves visual function in human and some other animals. 

 

Landrum et al. (1997) conducted a study on chosen subjects and supplement them with lutein 

rich dietary products. As a result, after 20 to 40 days, their macular pigment optical density 

uniformly increased at an average rate of 1.13±0.12 milli absorbance units/day. During this 

experimental period, the macular concentration of lutein increased about ten times than its 

primary concentration. But, decrease in optical density was less and in some cases zero optical 

density was observed. The high concentration of lutein in human Rod Outer Segment (ROS) 

proved their function as antioxidants in retina cell compartment and protective role from several 

diseases like ARMD. The decrease in time of a protective efficacy of lutein was contributed to 



 

 

the photooxidation itself. This led to ARMD in older people that weaker eye health. This was the 

reason why lutein was demanded to take as supplementary nutraceutical in recent years. 

 

Rapp et al., (2000) on the basis of his research study found that the concentration of lutein in 

ROS is higher than zeaxanthin. 70% of total lutein and zeaxanthin is present in ROS where 

polyunsaturated fatty acid concentration is high and very susceptible to oxidation. So it can be 

said that lutein has a possible antioxidant function that protect eye cell from degeneration. 

 

Lutein can be found in a wide range of food source in which it is naturally present. It is 

commonly found in fruits and green vegetables like maize, alfalfa (Lavecchia and Zuorro, 2008); 

chekup manis, sesbania, and drumstick (Liu et al.) spinach, broccoli, kale, lettuce, parsley, lima 

beans, cilantro, pea, cucumber, kiwi, orange pepper, pumpkin; egg yolk, pistachio (Perry et al., 

2009; Sommerberg et al., 2014). Flower like marigold petals contain high amount of lutein and 

one of the richest source of lutein (Lavecchia and Zuorro, 2008). 

 

Global market value of lutein: 

The lutein market is segmented into six distinct sections: pharmaceutical, nutraceutical, food, pet 

foods, animal and fish feed. The market is estimated to be about US$190 million for 

pharmaceutical, US$110 million for nutraceutical and food and Pet foods and other applications 

are estimated at US$175 million annually. Rather than age-related macular degeneration, newer 

applications of lutein are now emerging in cosmetics, skins and as antioxidant. It is one of the 

fastest growing areas of the carotenoid market. 

In India, Indian natural ingredients company, Omni Active Health Technologies has focused on 

the entire production chain for its lutein ingredients production in country. Recently it has 

inaugurated its 2
nd

 production facility. This is dedicated to premium lutein production for the 

international market. It has also focused on the lutein supply chain in India (Culliney K. Omni 

Health, 2012). 



 

 

 

Graph 3.5: Global market value of lutein (Culliney K. Omni Health, 2012) 

 

The market value of lutein (Graph 3.5) was around $233million in 2010 and is expected to reach 

$309 million by 2018 with a compound annual growth rate of 3.6% (Culliney K. Omni Health, 

2012). 

 

 

Health benefits of Lutein 

The macular pigments named Lutein and Zeaxanthin protects the photoreceptor cell of eyes from 

light damage. The possible reason behind this is, the formation of singlet oxygen formation 

during a photosensitized (oxidation- reduction) reaction. There are many epidemiological 

evidences that the decreasing of macular pigment concentration is inversely related to the 

development of diseases like age-related macular degeneration that causes blindness in the 

elderly. The macular pigment concentration in eyes can be increased by either taking sufficient 

lutein rich daily diet or by external lutein supplementation. Increasing intake of lutein posit ively 

leads to improve vision health (Krinsky et al., 2005) 

 



 

 

Age-related macular degeneration is characterized by hyperpigmentations or small 

hypopigmentations. Human retina contains pigment that is Carotenoids majorly lutein and 

zeaxanthin. During aging, these pigment concentration may be decreased that finally leads to 

prevention of blue light causes ARMD. 

 

Jacques in 1999 studied that, diseases like Age-related macular degeneration is the major cause 

of blindness (Graph 3.6) among elderly people aged over 65 in the United States, Western 

Europe, Australia, and Japan. Age-related cataract and age-related macular degeneration 

(ARMD) are two important public health problems. It has been observed that approximately 50% 

of the population of 30 to 50 million results from cataract and ARMD worldwide annually. In the 

US and other developed countries ARMD is the principle cause of blindness. So, in recent 

condition, Age-related cataract and ARMD is an economic burden and cause blindness mainly in 

adolescence. In the United States more than 1.3 million cataract operations are now performed 

annually at a cost of approximately $3.5 billion. 

 

 

 

Graph 3.6: Worldwide Distribution of Blindness by Primary Cause in 2010 (Blaithin, 2010) 

 

Mozafferieh et al. (2003) has reported that Age related macular degeneration (AMD) is the 

leading cause of blindness in the elderly population in all over the world. It is estimated that 



 

 

1.6% of the population in the 50-to 65-year-old age group and 30% in the over-75-year-old age 

group are suffering from vision problem. As the proportion of the elderly in our population is 

increasing now –a- days, it means the consequences of ARMD will become even more chronic. 

It has been hypothysed that Lutein can protect macula from blue light and visible light while 

present in proper amount. But as it decrease during aging so chances of ARMD increase. So 

nothing can be better than supplementary Lutein product which is very safe way to prevent 

ARMD and to improve eye health even in aging. 

Lutein concentration is much higher in macular region than in other body parts like blood serum. 

Ultraviolet phototoxicity from various light sources produces harmful reactive oxygen or free 

radicals, which are quenched by lutein pigment only. Some studies have shown that high intakes 

of lutein, particularly from green leafy vegetables like spinach, lettuce, corn, broccoli and other 

sources like egg yolks, marigold flower; are associated with a significant reduction in the 

formation and development of cataract (up to 20%) and for age-related macular degeneration (up 

to 40%) (Moeller et al, 2000).  

Robert et al (2009) has documented the antioxidant mechanism of lutein pigment. Light is a 

source of energy and the UV wavelengths of light are highly responsible for cell damage and 

mutation. It has been shown that, blue light is having high energy and shorter wavelength and 

effectively produce high level of singlet oxygen molecules termed as free radicals. The centre of 

retina of eyes responsible for central vision as it accumulates high amount of lutein concentration 

that reduce photooxidation by filtering blue light and quenching free radical. Thus in this way it 

acts as an active antioxidant. 

 

Skin health 

Robert  et al., (2009) has investigated that the skin and the eyes are the only organs of the human 

body that are continuously exposed to the blue light caused extensive damage. So they should be 

protected from damages caused by UV, blue light from sunlight and free radicals that 

synthesized in skin. This can be only prevented by production of antioxidant that prevents 

formation of free radicals by scavenging oxygen molecule. But it has been seen that most 



 

 

antioxidant capacity reduce in contact with excess UV light or sunlight. So it clearly indicates 

that an external source of antioxidant is needed to absorb the harmful light energy of visible light 

to protect the skin from the potential damage. It has been investigated that the intake of lutein 

helps provide protection against skin diseases caused by UV exposure of the skin by absorbing 

blue light. 

 

Antioxidant property 

 

Wang et al., 2006 has shown that as a result of the Ames test and the CHO chromosomal 

aberration test, Lutein showed significant results in both tests by reducing mutagenic disorders. It 

also found that lutein has a strong antioxidant activity by analyzing results of PCL and b-CLAM 

assays. The antioxidant activity of lutein has been potentially reduces risks and development of 

many chronic diseases including mutagenic disorders and ARMD. In his study he also suggests 

that the protective effects of lutein on mutagenic disorders is not only biologically safe, but can 

potentially reduce human chronic diseases. 

 

Cardiac health: 

Cardiovascular diseases are the most chronic diseases and cause mortality in developed 

countries. This study showed that lutein has a positive effect on prevention of cardiac diseases as 

it has high antioxidant activity. Lutein has high scavenging efficiency of peroxides and free 

radicals and thus acts as antioxidant. The proposed in vitro study showed that increase in intake 

lutein rich foods or supplements positively increase lutein concentration in plasma serum and 

play important role against cardiac disorders (Koh WP et al., 2011, Lidebjer C et al., 2007). 

Cancer prevention: 

Experimented studies showed that lutein has antioxidant property that helps in prevention of 

mutagenic and carcinogenic diseases like breast cancer, bladder cancer and urothelial cell 

carcinoma. Studies showed that dietary intake of lutein increase its concentration in plasma level 

which may reduce risk of breast cancer. Increased level of plasma lutein inversely related with 



 

 

the risk of formation of nonaggressive cell carcinoma (Ros MM et al., 2012, Sato R et al., 2002, 

Hulten K et al., 2001).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CHAPTER 4 

RELATIONALE AND SCOPE OF THE STUDY 

 

In recent era; the fast rising of several severe diseases like Cardiac diseases, immunological 

disorders, diabetes, blood pressure, cancer etc. lead people to consume proper nutritional food in 

their diet to fight against these diseases. This demand leads to the formulation of nutraceutical 

product development. 

Lutein, a type of Xanthophyll, has shown a very well activity against diseases like Age related 

macular degeneration, Cataract, Cardiovascular disorders and May be Cancer also. Some in vitro 

studies have shown that lutein is having scavenging activity which reduces formation of free 

radicals in body and mainly in eyes of human. It is a very active antioxidant that is very recently 

investigated. So, development of lutein rich nutraceutical products can be very beneficial for 

health.  

Further studies have also shown that Marigold flowers which have orange petals are rich in 

lutein and some in vitro studies also prove its active action against several eye diseases. 

Studies revealed that green vegetables like Peas also contain lutein in high amount. So, peapods 

may also have good amount of lutein in it. It will also give some good impact on waste 

management as peapods are mostly discarded due to neglecting its high nutritional value. 

So, finally it can be said that, if lutein can be extracted from these sources and incorporated into 

value added products then it will provide very good nutraceutical product in future.  



 

 

CHAPTER 5 

OBJECTIVES 

In past two decades, there has been an explosion of some diseases like cancer, cardiac diseases, 

nutritional disorder, diabetes and physical disorders which then has attracted scientists to find a 

way to control these diseases and to improve human health. This interest leads them to introduce 

‘Nutraceutical’ products in market. These are mainly supplementations contain pure nutritional 

factors like pigment, vitamins, flavonoids etc. which are naturally present in foods. 

The main property of nutraceuticals is to prohibit Cancer and other mutagenic diseases due to its 

Antioxidant property that scavenge free radicals in human body. This can be taken in account as 

one of the most important factor. So, based on these it can be said that the objectives are- 

1. To study drying kinetics of marigold flowers and peapods. 

2. To extract lutein from underutilized peapods and marigold flowers. 

3. To estimate the nutraceutical potential of extracted lutein. 

4. Formulation of value added products from lutein and their organoleptic and nutritional 

evaluation. 

Because of the fast growth of some dangerous diseases like cancer, cardiovascular diseases and 

other disorders, it is becoming very necessary to develop such a product that may supply proper 

nutrition to human health and this is the reason that nutraceutical products are very fast spreading 

in global market and even in India.  

So, this is the main goal to develop a nutraceutical product that will be beneficial for society and 

will fight against such a disease that is growing in human in a very faster rate. 

 

 

 

 



 

 

 

CHAPTER 6 

MATERIALS AND RESEARCH METHODOLOGY 

Equipments 

1. Weighing machine 

2. Tray dryer 

3. Centrifuge 

4. Hot air oven 

5. Spectrophotometer 

6. Rotary evaporator 

7. Vacuum evaporator 

8. Gas oven 

9. Deep freezer 

10. Heating mantle 

11. Bunsen burner 

Glasswares 

Beaker, Conical flasks, Burette, Petriplates, Measuring cylinder, Cuvette, Round bottom flasks, 

Micropipette, Steel vessel, Centrifugal vials, Glass bottles, Test tubes, Separating funnel, 

Crucible, Tong, Glass rod, Pipette. 

 

 

 

 

 

 



 

 

METHODOLOGY 

5.1 Procurement of the samples 

Fresh Marigold flowers (Tergetes erecta) and Peas (Pisum sativum) were bought from the local 

market of Rama mandi, Jalandhar. The market location and condition were clean and hygienic. 

They were immediately transferred to the laboratory of LPU, Jalandhar. All the samples, having 

any rot, cuts, diseased part and damaged part were sorted out and removed as they could 

contaminate fresh samples and hamper analysis. Final samples were Bright in colour, fresh and 

free of any kinds of damages, rots and any abnormal appearances. Samples (Marigold flowers 

and peas) were washed with tap water to remove dirt, dust and other impurities and foreign 

particles.  

5.1.1 Marigold 

 Marigold petals were collected by separating them from receptacles.  

 Receptacles were then removed, discarded and petals were collected in sealed plastic 

pouch bag. 

 Pouches with petals were then stored at -20
0
c for further experiment. 

 

5.1.2 Peapods 

 Peas were separated from peapods.  

 Peapods were then collected and both ends were cut with knife.  

 Peapod pieces were then washed thoroughly and well drained with distilled water to 

remove fine particles and other unwanted matters.  

 After washing, peapod pieces were bagged in sealed plastic pouch. Pouches were stored 

in refrigerator at -20
0
c. 

  



 

 

6.2 Determination of moisture content of samples (AOAC, 2000) 

Moisture content is the amount of water present in food product. It can be two types: free 

moisture and bound moisture. 

Moisture content of food is very important parameter to check the quality of the food. It leads to 

the growth of microorganisms and spoil food product. So, its amount must be determined to give 

the proper treatment to food which will finally increase the shelf life. 

 

Accurately 2g sample were taken in previously weighed and dried petriplate. The petriplate was 

then placed in hot air oven maintained at 105
o
C. After 1hour the petriplate was taken out and 

cooled in desiccator. Weight was then measured after cooling and process of heating, cooling 

and weighing was repeated until two successive weighings did not vary by more than 3-5 mg. 

The lowest weight was recorded. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

6.3 Drying (Taheri- Garavand A. et al., 2011) 

Drying is a technique in which moisture of the food material is removed to increase the shelf life, 

to minimize spoilage caused by microbial growth in food material and final product. Moisture is 

removed by applying either high temperature or low temperature. The principle of drying is 

based upon the transfer of heat and mass by Conduction, Convection and Radiation method.  

 

Drying method reduce the moisture content which leads to a stable product. During drying of 

pulp simultaneous heat and mass transfer occurs and moisture is transformed into vapor state and 

then making the food products suitable for safe storage, packaging and transportation. 

 

Simplified drying models have been used to quantify drying kinetics of marigold petals and 

peapods. The common model was used named Page’s model: 

MR= Mt – Me / Mo - Me= exp (- kt
N
)
 

Where MR represents the moisture ratio, Mt is the moisture at any time t during drying, Mo is 

the initial moisture content, Me is the equilibrium moisture content and was obtained by 

extending the drying time until no measurable weight loss was observed, k is the drying rate 

constant and N is constants. The empirical constants for the thin-layer drying models were 

determined experimentally from normalized drying curves at different temperatures, which were 

evaluated based on coefficient of determination (R
2
). The form of the normalized Page equation 

is: 

ln [- ln (MR)]= lnk +N lnt 

Where the drying constants, k and N, are determined from the intercept and slope of the  

ln [- ln(MR)] vs. ln(t) curve, respectively. 

 

 

 

 

 

 

 



 

 

The goodness of fit for Page’s model was evaluated based on root mean square error (RMSE). 

The predicted moisture ratio was compared to the experimental moisture ratio using root mean 

square error and chi square as shown in the following equation: 

 

                            
    1/2

 

 

Samples were washed thoroughly with tap water and then distilled water. Weight of sample was 

checked in weighing machine. The samples were kept in a tray which is oiled with any vegetable 

oil. This prevents burning of the samples and help to remove samples easily from tray. Tray was 

placed inside dryer where temperature was set accurately. The weight of sample was checked 

after 1 h interval with the help of weighing machine. The readings were taken upto last three 

constant readings or equilibrium in weight gained. The initial moisture content of sample and the 

moisture content of final dehydrated sample were checked by oven method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

6.4 Physico chemical tests of marigold and peapod powder: 

 

Physico chemical tests were performed to check antioxidant capacity of dried powder. These 

tests were performed which mentioned below: 

 

6.4.1 Scavenging activity against 1, 1-diphenyl-2-picryl hydrazyl radical (DPPH) test 

(Ranganna, 2011) 

 

1g sample was extracted by 5ml of 70% methanol by centrifugation at 2500rpm for 20 minutes. 

Then the 0.1ml of extract was collected for DPPH radical Scavenging activity and 3.9ml DPPH 

solution were added. The solution was incubated for 30minutes at dark condition and then OD 

was taken at 517nm.. 

 

6.4.2 Total carotenoid test (Ranganna, 2011) 

 

5g sample were taken and extracted with 10-15ml of acetone with help of pestle and mortar. The 

process was repeated and all the supernatant were collected in a beaker and combined. The 

supernatant were taken in a separating funnel and 15ml petroleum ether was added to it. Then 

10ml of distilled water was added and mixed thoroughly. After separation of to layer, upper 

organic phase were collected, its volume was measured and finally OD was taken at 452nm. 

 

6.4.3 Total phenolic test (Ranganna, 2011) 

 

1g of sample was extracted with 50ml of 80% methanol. Then the extract was collected and 1ml 

of this extract was taken in test tube. Then 5ml of Folin- Ciocalteau reagent was added and 

incubated for 10 minutes. Then 4ml of Sodium carbonate was added to it and incubated for 

2hours. OD was taken at 765nm.  

 

 

 



 

 

6.5 Extraction of lutein (Yuhas R. et al., 2011) 

 

6.5.1 Extraction of lutein from marigold powder and peapod powder  

 

In this method lutein were extracted with hexane as lutein is insoluble in water but soluble in 

organic solvent like hexane. This included simultaneous extraction and saponification for 

isolation and purification of lutein. In this process lutein hydrolyzed easily and as a result, the 

free un-esterified pure form of it easily generated.  

 

Also, in case of green plant (peapod powder), the process converted Chlorophyll to their water 

soluble derivatives and easily removed them through aqueous layer. This finally increased purity 

of lutein.  

 

Formula powders were accurately weighed (200 mg) into each centrifugal vial, mixed with 1.0 

ml distilled water followed by mixing with 1.0 ml absolute ethanol with 10% potassium 

hydroxide. 2 ml Hexane was added to each sample vials and they were centrifuged for 25 

minutes at 2500 rpm and the upper organic layer was transferred to another centrifugal vials. The 

extraction was repeated and the organic phases combined and collected. These combined phases 

were extracted with 2ml of ethanol: H2O (9:1) and centrifuged for 10 minutes at 2500 rpm. The 

upper layer was transferred into test tubes and the extraction was repeated and the organics 

phases combined and collected into test tubes. The process was performed for four replicates. 

The final phase was 95% pure lutein stock solution which was stored at -20˚C for further 

analysis. 

 

 

 

 

 

 

 



 

 

6.6 Determination of concentration of lutein extracted (Biophysical chemistry, 2010) 

 

Spectrophotometer is an instrument in which light of a desired wavelength is absorbed by 

molecules those present in the test sample and absorbed amount of light is determined by 

detector. 

Spectrophotometer is based on the principle of Beer’s law: 

According to Beer’s law, absorbance A is directly proportional to the concentration of the 

absorbing species c and the pathlength b of the absorbing medium 

     A = log P0 / P = abc  

 Here, a is a proportionality constant called the Absorptivity. Because absorbance is a 

unitless quantity, the absorptivity must have units that cancel the units of b and c. If, for 

example, c has the units of grams per liter (g L
-1

) and b has the units of centimeters (cm), 

absorptivity has the units of liters per gram centimeter (L g
-1

 cm
-1

). 

Monochromator light source is present which produce the light. It may be made up of hydrogen 

lamp. 

 

Cuvette with 1cm inner length was washed with distilled water. It was then filled with Lutein 

stock solution and wiped out with soft tissue. Spectrophotometer was set at 447nm as desired 

wavelength. Cuvette with sample was placed inside spectrophotometer and lid was closed. Light 

passed through sample and absorbed. Absorptivity was measured by detector in terms of 

OPTICAL DENSITY (OD). 

 

Concentration of pure lutein was determined by applying 

 Molar extinction coefficient of lutein= 122688 l/mol at 447nm in ethanol 

 Molecular weight of lutein= 568.88 g/mol 

 

 

 



 

 

6.7 Development of the value added products 

Suitable concentration which is derived and calculated from the spectrophotometric value is then 

added to Apple Jam. Development of Apple Jam with particular free lutein concentration can be 

considered as nutritional and value added products. 

Jam is a product which is made by boiling fruit pulp with sufficient amount of sugar to obtain 

proper consistency, thickness and texture. Citric acid was added as it acts as preservative and 

also provide texture. It is considered as Intermediate moisture food as it contains moderate 

amount of moisture which have sufficient amount of solutes that decrease water activity below 

required level of microbial growth. So, Jam has a longer shelf life that even can be stored in 

room temperature. 

6.7.1 Ingredients to develop apple jam: 

Ingredients JC71 JM70 JP70 

Apple 1.5 kg 1.5 kg 1.5 kg 

Sugar 1.25 kg 1.25 kg 1.25 kg 

Water  150 ml 150 ml 150 ml 

Citric acid 3 g 3 g 3 g 

Permitted synthetic 

food colour 

6 ml 6 ml 6 ml 

Marigold powder _ 15 g _ 

Peapod powder _ _ 15 g 

* Amount of marigold and peapod were taken from FAO, 2004 

6.7.2 Sterilization of glass jars: 

Glass jars were washed properly. Then they were kept in boiled water for 15minutes in a closed 

vessel. After 15 minutes, jars were taken out, dried and capped. 



 

 

6.7.3 Recipe to prepare apple jam (Fruit and Vegetable Preservation Principles and 

Practices, 2014) 

Fresh, raw and firm Apples were purchased and washed thoroughly 

Apples were peeled and cut into thin layers 

Layers were washed and boiled for 10 minutes until it became soft 

Then pulp was extracted by straining with muslin cloth 

Pulp was collected at bottom and sufficient amount of sugar was added to it 

Then it was cooked at boiling stage with continuous stirring 

Citric acid was then added and mixed properly 

Colour also added at this stage and mixed thoroughly and cooked until end point achieved 

In case of lutein rich apple jam, jam was cooled upto 75˚C and then Marigold and Peapod 

powder was added and mixed properly 

 

End point was determined until TSS reached to 68.5˚B 

 

Apple jam then filled into sterilized glass jars and cooled, capped tightly and stored 



 

 

6.8 Physico-chemical estimations for final products (Apple Jam) 

 

Biochemical estimations are performed to check the quality of the final product and to make 

chart of the nutritional value of the product. 

Biochemical Estimation is also important to check quality of the food product, type of packaging 

needed for the food product and processing or treatment to be given to the product. 

 

6.8.1 Determination of moisture content of samples (AOAC, 2000) 

Moisture content is the amount of water present in food product. It can be two types: free 

moisture and bound moisture. 

Moisture content of food is very important parameter to check the quality of the food. It leads to 

the growth of microorganisms and spoil food product. So, its amount must be determined to give 

the proper treatment to food which will finally increase the shelf life. 

 

2g sample was taken in previously weighed and dried petriplate. The petriplate was then placed 

in hot air oven maintained at 105˚C. After 1hour the petriplate was taken out and cooled in 

desiccator. Weight was then measured after cooling and process of heating, cooling and 

weighing was repeated until two successive weighings did not vary by more than 3-5 mg. The 

lowest weight was recorded. 

 

 

 

 

 

 

 

 

 

 

 



 

 

6.8.2 Determination of ash content (AOAC, 2000) 

 

Ash refers to inorganic residue remaining after ignition or complete oxidation of organic matter. 

It mainly contains minerals matters which are considered as micronutrients. These 

Micronutrients are the nutrients which are needed in small amount but their deficiency cause 

severe diseases. So, their amount must be sufficient in food product as they take significant part 

in immune system, metabolisms, enzyme actions, carrier of nerve impulse and other signals. 

These micronutrients cannot be degraded at high temperature. So, even after ignition in muffle 

farness, these inorganic minerals can be retrieved. 

Accurately 1 g of sample was taken in previously weighed crucible. The crucible was then 

placed over flame until it charred properly. The crucible was placed in muffle furnace at 550-

600˚C to continue ignition until grey ash was obtained. Then it was taken out and cooled in 

desiccator and weight was measured. The process of ashing, cooling and weighing was repeated 

at half hour interval until difference in weight in two consecutive weighing was less than 1 mg. 

 

6.8.3 Fat estimation (AOAC, 2000) 

 

Fat is a macro molecule which produces highest amount of energy that is 9kcal/g. But high 

amount in diet causes so many severe diseases like cardiovascular disease, obesity and fatigue 

etc. The high amount of fat amount sometime leads to Rancidity and off flavor which make 

product quality undesirable. So, its amount must be determined to inform customer. It can be 

estimated by one of the most useful process that is Soxhlet method. 

A round bottom flask was taken and washed with acetone to remove any fat residue. The flask 

then dried in hot air oven for 2-3 hours. The flask was weighed. Accurately 2-5 g sample was 

then taken in a pre weighed thimble made from filter paper. The thimble was placed in extraction 

tube of Soxhlet apparatus. The solvent extraction tube was then filled with sufficient amount of 

petroleum ether. The Soxhlet assembly then fixed properly and heating started with attaching 

condenser. Extraction was done for 8 hours. Then heater was turned off and flask was cooled. 

The solvent was evaporated in vacuum evaporator and final weight of flask with fat was taken. 

 



 

 

6.8.4 Protein estimation (AOAC, 2000) 

 

Protein is also a major Macronutrient. It is the major biomolecules which makes backbone of 

muscle structure, gives strength, produce energy etc. In this study, protein was estimated by 

Lowry method. 

BSA standard solution was prepared of 1mg/ml concentration. From this standard solution, stock 

solution was prepared of concentration 0.2, 0.4, 0.6, 0.8 and 1 mg/ml. From each of these stock 

solutions, 0.2ml was pipette out into separate test tubes. 2ml of reagent (c) was added in tubes 

and incubated for 10 minutes. Then 0.2ml of Folin reagent was added and incubated in dark for 

30 minutes. OD was then measured at 660 nm. 0.5g sample was mixed with 5ml of phosphate 

buffer and centrifuged for 20 minutes. 0.1ml of supernatant was taken into test tubes and 0.9ml 

of water was added to it. Then 5ml of reagent (c) was added and incubated for 10 minutes. Then 

0.5ml of Folin reagent was added to it and incubated for 30 minutes into dark. OD was taken at 

660nm. 

Protein concentration of unknown sample was determined from plotted graph between 

absorbance and concentration of BSA stock solutions. 

 

6.8.5 Estimation of reducing sugars (Ranganna, 2011) 

 

9.5 g sucrose was weighed into 1 litre volumetric flask and 100ml distilled water and 5 ml HCL 

were added to it. Then it was kept for three days and after that volume made up to mark with 

water. 25 ml of this solution were taken into 100 ml volumetric flask and 50 ml water and few 

drops of phenolphthalein indicator added to it. Then 20% sodium hydroxide was added until pink 

color appeared. Equal quantity of Fehling’s solution A and B were taken and mixed (50 ml 

each). Then 10 ml of mixed solution was taken into 250 ml of conical flask and 50 ml of water 

was added to it. Now take standard invert sugar in 50 ml burette, then titration was done using 

methylene blue indicator in boiling conditions. End point was indicated by decolorization of the 

indicator. 



 

 

25g sample from Standard sugar was transferred to a beaker and 100 ml water was added to it 

and boiled for 10 min. Solution was filtered to 250 ml volumetric flask and neutralized with 1N 

NaOH. Then 2 ml solution of lead acetate was added, shaked and allowed to stand for 10 

minutes. Then 2ml of potassium oxalate was added to remove excess of lead, and then volume 

was made up with distilled water and filtered. Then 0ml of sample was titrated against standard 

Fehling solution. 

6.8.6 Total carbohydrate determination (Fruit and Vegetable Preservation Principles and 

Practices, 2014) 

In case of fruits, total carbohydrate presents in terms of sugar and fibre. Sugar is the major 

portion of total carbohydrate. Starch is also found but in trace amounts. Carbohydrate is a major 

part of Jam as it contributes to the energy production. 

In this study, Total carbohydrate was determined by the following formula: 

%carbohydrate= 100- [(%moisture) + (%fat) + (%protein) + (%ash)] 

6.8.7 Total Energy (Fruit and Vegetable Preservation Principles and Practices, 2014) 

Total energy present in a food product is determined as it denotes how much calories is taken by 

consumer in daily diet.  

In this study, energy was determined by the following formula: 

Calories= [(9 * gram fat) + (4 * gram protein) + (4 * gram carbohydrate)] 

 

 

 

 

 

 



 

 

6.8.8 Acidity test (Fruit and Vegetable Preservation Principles and Practices, 2014) 

Acidity also called “Titratable acidity” as it is determined by titration method. Jam contains 

certain amount of acidity which should be in range of 0.6-0.7 per cent. High acidity affects flavor 

and organoleptic appeal. The range of acidity should be maintained as it leads to the preservation 

of final products by preventing growth of microorganisms. 

A known volume of sample was dissolved in a known volume of distilled water. From this, 10ml 

of aliquot was taken and 2-3 drops of phenolphthalein indicator was added. Then it was titrated 

against 0.1N sodium hydroxide and end point was determined by appearance of pink color. 

6.8.9 Scavenging activity against 1, 1-diphenyl-2-picryl hydrazyl radical (DPPH) test 

(Ranganna, 2011) 

 

1g sample was extracted by 5ml of 70% methanol by centrifugation at 2500rpm for 20 minutes. 

Then the 0.1ml of extract was collected for DPPH radical Scavenging activity and 3.9ml DPPH 

solution were added. The solution was incubated for 30minutes at dark condition and then OD 

was taken. 

 

6.8.10 Ascorbic acid test (Fruit and Vegetable Preservation Principles and Practices, 2014) 

 

Ascorbic acid also termed as Vitamin C is an effective antioxidant which scavenge harmful free 

radicals and prolong shelf life of food products. It is found in many common fruits and 

vegetable. In body, it prevents muscles weakness, swollen and bleeding of gums, loss of teeth 

and bleeding under the skin as well as tiredness and depression. Also, its antioxidant capacity 

may help boost immune function, protect against cancer, cataracts, age-related macular 

degeneration of the retina and other chronic diseases. 

 

10ml sample were taken and volume made up to 100ml with 3% Metaphosphoric acid. 10ml of 

this were taken in a conical flask and titrated against standard dye until pink end point was 

obtained. Standard dye were prepared by diluting 5ml standard ascorbic acid solution with 3% 

Metaphosphoric acid and titrated against dye solution until pink end point was obtained. 



 

 

 

CHAPTER 7 

RESULT AND DISCUSSION 

This study was performed in the Laboratory of Department of Food Technology and Nutrition, 

School of Agriculture, Lovely Professional University, Punjab during the year 2014-2015. The 

obtained results are discussed below: 

7.1 Drying kinetics of Tergetes erecta and Pisum sativum  

7.2 Evaluation of antioxidant property of dried powder of Tergetes erecta and Pisum sativum  

7.3 Extraction of Lutein pigment from dried powder of Tergetes erecta and Pisum sativum  

7.4 Organoleptic and nutritional evaluation of Lutein rich Apple Jam 

 

 

7.1 Drying kinetics of Tergetes erecta and Pisum sativum  

The drying process was stopped after constant weight was obtained. Then moisture content data 

was converted to moisture ratio and fitted to Page’s model. As can be seen by increasing 

temperature, a decrease in drying time was observed. Also moisture ratio of the samples 

gradually decreased with drying time. Finally increase in temperature of air reduces time to 

attain constant moisture ratio as heat transfer increases. As temperature arises heat and mass 

transfer from product to drying air increases that results to water migration.  

All figures showed that the experimental and calculated moisture ratio fit well with Page’s model 

and value of k, N and R
2
 was obtained which showed in Table 7.1. 

High value of coefficient of determination was obtained from Graph 7.1-7.4. In case of 60˚C 

drying R
2 

was higher for both samples. This was obtained due to accurate equilibrium moisture 

content. Drying constant N was highest in case of 70˚C drying for both of the samples but higher 

in case of peapod than marigold and drying rate constant k was highest in peapod 70˚C followed 



 

 

by peapod 60˚C, marigold 70˚C and least in case of marigold 60˚C (Table 7.1). This study 

showed that the drying rate was more in Peapod than Marigold petal. 

 

Table 7.1 shows the result of the RMSE for all the samples. In this study, root mean square error 

ranged between 0.10298 and 0.00798. Error was found highest in case of marigold 70˚C and 

lowest in case of peapod 60˚C. So it can be concluded that Page’s model was a good fit for 

drying kinetics of marigold and peapod based on moisture ratio goodness of fit analysis. In case 

of all the drying model an error was found very less which proves the high efficiency of drying 

model. 

Graph 7.5.1 - 7.6.2 present the variation of predicted and experimental moisture ratio using the 

Page’s model against drying time. Graphs showed that moisture ratio decreased gradually with 

drying time as high temperature increase the transfer of heat and mass from sample powders to 

air. 

 

Temperature Sample K (minute
-1

) N R
2
 RMSE 

60˚C Marigold 0.00044 1.5522 0.9954 0.07617 

70˚C Marigold 0.00054 1.5933 0.9641 0.10298 

60˚C Peapod 0.000839 1.4713 0.9805 0.00798 

70˚C Peapod 0.00562 1.1821 0.9803 0.0394 

Table 7.1: Experimental constant of the Page’s model and model prediction evaluation 

Where, k- drying rate constant, N- constant and R
2
 - coefficient of determination. 

 

 

 

 



 

 

 

 

 

Graph 7.1: Plot of ln (-ln MR) versus ln t for marigold 70˚C 

 

 

 

 

Graph 7.2: Plot of ln (-ln MR) versus ln t for marigold 60˚C 
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Graph 7.3: Plot of ln (-ln MR) versus ln t for peapod 60˚C 

 

 

Graph 7.4: Plot of ln (-ln MR) versus ln t for peapod 70˚C 
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Graph 7.5.1: Experimental moisture ratio versus drying time for marigold 

 

 

 

Graph 7.5.2: Predicted moisture ratio versus drying time for marigold 
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Graph 7.6.1: Experimental moisture ratio versus drying time for peapod 

 

 

 

Graph 7.6.2: Predicted moisture ratio versus drying time for peapod 
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7.2 Nutritional evaluation of dried powder of Tergetes erecta and Pisum sativum 

Antioxidant activity of dried marigold and peapod powder is estimated to check the antioxidant 

property of samples. Marigold and peapod is claimed to have antioxidant properties and to study 

that DPPH test, total carotene test and total phenolic tests were performed. The results are 

showed in Table 7.2.  

The results conclude that marigold and peapod both are having antioxidant properties. 

Antioxidant property is more dominant in 70˚C samples (M70 and P70) than in 60˚C (M60 and 

P70). Marigold dried at 70˚C is having 66.09±0.56% antioxidant activity, 48.45±0.26 mg GAE/ 

g phenolic content and 3.03±0.002 mg/100g total carotenoid content respectively. 

Similarly, Peapod dried at 70˚C is having 35.04±0.44% antioxidant activity, 34.26±0.26 mg 

GAE/ g phenolic content and 1.50±0.002 mg/100g total carotenoid content. 

In all parameters, antioxidant value is higher in 70˚C than in 60˚C for both samples which 

indicates that antioxidant property is positively affected by drying temperature. 

 

Parameters M60 M70 P60 P70 

DPPH (%) 65.1 66.09 33.05 35.04 

Ascorbic acid 

(mgGAE/g) 

43.5 48.45 31.15 34.36 

Total carotenoid 

(mg/100g) 

3.02 3.03 1.48 1.50 

Table 7.2: Nutritional evaluation of dried marigold and peapod powder 

Where, M60- marigold dried at 60˚C, M70- Marigold dried at 70˚C, P60- Peapod dried at 60˚C, 

P70- Peapod dried at70˚C. 

 

 



 

 

 

Graph 7.7: Nutritional evaluation of dried marigold and peapod powder 

 

 

Graph 7.8: Nutritional evaluation of dried marigold and peapod powder 

 

Graph 7.9: Nutritional evaluation of dried marigold and peapod powder 
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7.3 Extraction of Lutein pigment from dried powder of Tergetes erecta and Pisum sativum  

Marigold and Peapod powder was extracted with hexane because lutein is insoluble in water but 

easily soluble in Hexane solvent. Extraction of lutein was efficient with hexane as it extracted 

maximum amount of lutein. In this process, ethanolic KOH was used which help in simultaneous 

process of extraction and saponification. Saponification hydrolyses all fatty esters of lutein and 

makes it free and available which improve extraction efficiency. Lutein was collected from upper 

organic phase. Other impurities like chlorophyll, fatty acid esters, and base and other water 

soluble compounds were removed through lower aqueous phase. This improves purity of final 

lutein stock solution. Purification of lutein was acquired by ethanol and water solution. This 

removes all other impurities and around 95% purified lutein was obtained. Final volume of lutein 

stock sol was 3ml in case of all the samples. 

Maximum absorbance and concentration of lutein from all the samples is depicted in Graph 7.10-

7.11. The results concluded that 70˚C dried samples showed better concentration of lutein. From 

the study it has also analyzed that marigold is rich in lutein than peapod as lutein concentration is 

more in marigold powder than peapod powder. 

Lutein concentration in marigold powder samples M60 and M70 is 326.37±0.51 ug/g and 

396.15±0.39 ug/g respectively and lutein concentration in peapod powder samples P60 and P70 

is 15.62±0.14 ug/g and 20.32±0.28 ug/g. So, it can be assumed, at high temperature, lutein 

extraction efficiency is more and lutein can tolerate upto 70˚C drying temperature without 

degradation. 

 



 

 

 

Graph 7.10: Maximum absorbance of extracted lutein in marigold and peapod 

 

 

Graph 7.11: Concentration of lutein in marigold and peapod 
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7.4 Organoleptic and nutritional evaluation of Lutein rich Apple Jam 

The data for organoleptic evaluation of Apple Jam is depicted in Table 7.3. From the table, it is 

clear that, Apple jams (Figure 7.1) made from apple, apple with 15% marigold powder and apple 

with 15% peapod powder showed less difference in organoleptic parameters except grittiness. 

The maximum scores were obtained in both case of control and apple jam with 15% marigold 

powder followed by apple jam with 15% peapod powder. The value obtained from the table 

showed that the value for colour & appearance, body & texture, flavor, grittiness and overall 

acceptability ranged between 62 to 79%. JC71 (control) and JM70 (15% marigold powder) were 

found to be more acceptable than JP70 (15% peapod powder) in case of all parameters except 

grittiness. The difference between acceptability of these three products was obtained due to 

incorporation of marigold powder and peapod powder in traditional apple jam. The incorporation 

of marigold and peapod powder attributed significant changes in colour, grittiness, flavor and 

texture that finally affect overall acceptability for the final products. 

 

Figure 7.1: Formulated products 

Where, JC71 – Control; JP70 – (Peapod powder jam); JM70 - (Marigold powder jam) 



 

 

Parameters JC71 JM70 JP70 

Colour & appearances 7.8±0.92 7.9±0.74 7.1±0.87 

Body & texture 7.6±1.49 7.6±0.96 7.4±0.68 

Flavor 7.6±1.05 7.5±0.97 7.1±0.75 

Grittiness 6.2±1.98 6.8±1.23 6.6±1.43 

Overall acceptability 7.5±1.33 7.5±0.88 7.1±0.96 

Table 7.3: Organoleptic evaluation of control and lutein rich apple jam 

Where, JC71 – Control; JP70 – (Peapod powder jam); JM70 - (Marigold powder jam) 

 

 

 

Graph 7.12: Index of acceptance of Apple jams 
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The data for nutritional evaluation of three Jam samples is depicted in Table 7.4-7.5. From the 

table, it is clear that, all three samples shows non-significant difference in nutritional parameters 

except ash content. Ash content is highest in JP70 followed by JM70. The difference between 

nutritional parameters of these three products was obtained due to incorporation of marigold 

powder and peapod powder in traditional apple jam. The incorporation of marigold and peapod 

powder showed higher nutritional values than control product. It means that marigold and 

peapod contains nutritional factors which increase value of a food product. 

Moisture content 

Moisture content of thee samples of Apple jam was found in range of 23.5-26.83%. The highest 

moisture content was found in JM70 (26.83±0.33%) followed by JP70 (23.83±0.441%) and least 

moisture content was found in JC71 (23.5±0.557%). (Table 7.4)  

Ash content 

Ash content of thee samples of Apple jam was found in range of 4.17-5.3%. The highest ash 

content was found in JP70 (5.3±0.169%) followed by JM70 (4.3±0.166%) and least ash content 

was found in JC71 (4.17±0.167%). (Table 7.4) 

Protein content 

Protein content of thee samples of Apple jam was found in range of 0.49-0.5%. The highest 

protein content was found in JM70 (0.5±0.001%) followed by JP70 (0.49±0.010%) and JC71 

(0.49±0.006%). (Table 7.4) 

Fat content 

Fat content of thee samples of Apple jam was found in range of 0.98-0.1%. The highest fat 

content was found in JP70 (1 ±0.003%) followed by JM70 (0.99±0.003%) and least fat content 

was found in JC71 (0.98±0.001%). (Table 7.4) 

 

 



 

 

 

Total carbohydrate 

Total carbohydrate of thee samples of Apple jam was found in range of 67.35-70.85%. The 

highest carbohydrate content was found in JC71 (70.85±0.441%) followed by JP70 

(69.34±0.444%) and least carbohydrate content was found in JM70 (69.34±0.450%). (Table 7.4) 

Reducing sugar 

Reducing sugar of thee samples of Apple jam was found in range of 68.23-62.84%. The highest 

reducing sugar was found in JC71 (68.23±0.163%) followed by JM70 (64.33±0.147%) and 

reducing sugar was found in JP70 (62.84±0.593%). (Table 7.4) 

Acidity 

Acidity of thee samples of Apple jam was found in range of 0.61-0.62%. The highest acidity was 

found in JC71 (0.62±0.04%) followed by JP70 (0.62±0.014%) and least acidity was found in 

JC71 (0.61±0.02%). (Table 7.5) 

Ascorbic acid 

Amount of ascorbic acid of thee samples of Apple jam was found in range of 11.11-17.17 

mgGAE/g. The highest ascorbic acid amount was found in JM70 (17.17±1.02 mgGAE/g) 

followed by JP70 (16.16±1.01 mgGAE/g) and least ascorbic acid amount was found in JC71 

(11.11±1.01 mgGAE/g). (Table 7.5) 

DPPH value 

DPPH value of thee samples of Apple jam was found in range of 35.93-17.5%. The highest 

antioxidant activity was found in JM70 (35.93±0.361%) followed by JP70 (34.58±0.276%) and 

least moisture content was found in JC71 (17.5±0.188%). (Table 7.5) 

Total energy 



 

 

Total energy of thee samples of Apple jam was found in range of 280.26-294.25 calories. The 

highest moisture content was found in JC71 (294.25 calories) followed by JP70 (288.31 calories) 

and least moisture content was found in JM70 (280.26 calories). (Table 7.4) 

The data also shows that, JM70 and JP70 both are having much higher antioxidant activity than 

traditional jam. It means JM70 and JC70 can be consumed as fortified products. 

Protein and fat content is very less in all the three samples. Values are almost negligible. Sugar 

content is high and almost similar in all the samples. Reducing sugar is major part of total 

carbohydrate in case of jam samples. 

DPPH, ascorbic acid content is much higher in lutein rich jam whereas, acidity is almost similar 

in all as fruits and vegetables contain less acidity. 

 

Parameters JC71 JM70 JP70 

Ascorbic 

acid(mgGAE/g) 

11.11±1.01 17.17±1.02 16.16±1.01 

DPPH (%) 17.5±0.188 35.93±0.361 34.58±0.276 

Acidity (%) 0.62±0.04 0.61±0.02 0.62±0.014 

Table 7.4: Nutritional evaluation of formulated products 

Where, JC71 – Control; JP70 – (Peapod powder jam); JM70 - (Marigold powder jam) 

 

 

 

 

 

 



 

 

 

 

 

Parameters JC71 JM70 JP70 

Moisture (%) 23.5±0.577 26.83±0.33 23.83±0.441 

Ash (%) 4.17±0.167 4.3±0.166 5.3±0.169 

Protein (%) 0.49±0.006 0.5±0.001 0.49±0.01 

Fat (%) 0.98±0.001 0.99±0.003 1±0.003 

Reducing sugar (%) 68.23±0.163 64.33±0.147 62.84±0.593 

Carbohydrate (%) 70.85±0.441 67.35±0.444 69.35±0.45 

Energy (calories) 294.25 280.26 288.31 

Table 7.5: Nutritional evaluation of formulated products 

Where, JC71 – Control; JP70 – (Peapod powder jam); JM70 - (Marigold powder jam) 

 

 

Graph 7.13: Nutritional evaluation of formulated products 

 

 

0 

5 

10 

15 

20 

25 

30 

35 

40 

DPPH Acidity 

JC71 

JM70 

JP70 



 

 

 

 

Graph 7.14: Nutritional evaluation of formulated products 

 

 

Graph 7.15: Nutritional evaluation of formulated products 
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CONCLUSION AND FUTURE SCOPE 

It can be concluded that marigold and peapod were two underutilized edible products and rich in 

lutein, major component for vision health. Both were having high antioxidant property that could 

prevent chronic diseases like cancer, cardiac disorders, malnutrition and other physiological 

disorders. So lutein was being extracted from these two samples and incorporated in 

conventional food items to develop lutein rich fortified products. Drying of marigold and peapod 

at different temperature affected lutein concentration. Drying at 70 c showed higher lutein 

concentration than 60˚c and thus dried marigold and peapod powder at 70˚c was most suitable to 

develop fortified products. Lutein rich fortified products were also found rich in antioxidant 

property and could fight against chronic diseases, specially related to vision problem which 

proved to be getting dominant in our society. 

The whole study was done to ensure that lutein is a bioactive compound with antioxidant 

property and can be found in underutilized edible products. Many aspects that still need to be 

considered and investigated are given below and can be considered for future research: 

 To perform in vitro study on patients having vision problems with developed fortified 

product. 

 Increase awareness about the goodness of the consumption of lutein rich fortified 

products. 

 Explore ways to increase financial investments in food-based initiatives at the country 

level including by better quantifying the contribution that such interventions can make to 

demonstrate their efficacy. 

 To increase awareness regarding food waste management those are to be found rich in 

different nutritional and bioactive compounds. 
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CHAPTER 10 

APPENDIX 

10.1 APPENDIX: 9 point Hedonic scale for sensory evaluation 



 

 

Scale Degree of acceptance 

9 Like extremely 

8 Like very much 

7 Like moderately 

6 Like slightly 

5 Neither like nor dislike 

4 Dislike slightly 

3 Dislike moderately 

2 Dislike Very much 

1 Dislike extremely 

 

 

10.2 APPENDIX: Sensory scorecard for formulated products 

 

 

 

 

 

 

 

 

10.3 APPENDIX: Calculation of initial moisture content on wet basis 

 

Sample 

code 

Colour and 

appearance 

Body and 

texture 

Flavour Grittiness Overall 

acceptability 

JC71      

JM70      

JP70      



 

 

Serial no. Weight of 

empty 

petriplates 

Weight of 

petriplates 

and sample 

Weight 

of sample 

Weight of 

petriplates 

and sample 

after drying 

% Initial 

Moisture 

content 

      

 

10.4 APPENDIX: Calculation of Moisture ratio for drying kinetics 

 

Time Weight of 

sample 

Weight of 

water 

Weight of 

dry matter 

%mc db Moisture 

Ratio (MR) 

      

 

 

 

 

 

 

 

 

 

 

 


