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Abstract 

Spoilage of meat is a metabolic process which occurs if the meat is left untreated under unsuitable 

conditions like low oxygen, high water activity & low temperature, hence it becomes unacceptable for 

human consumption. Meat spoilage is generally caused by unavoidable infections & decomposition of 

meat by bacteria & fungi. The microorganisms usually come in contact with the meat through the 

person handling the meat or borne in the animal itself. Unattractive odours & flavours, discolouration, 

gas & slime are produced by the microbes associated with deterioration of meat. For so long, food 

industry has been looking for technologies to detect deterioration of meat.  Few detection methods are 

being used in food industry these days to ensure freshness of meat & customer satisfaction such as 

spectroscopy, use of AI methods, biosensors etc. In the present review article, it has been focused on the 

detection of meat spoilage by FT-IR spectroscopy with PLS Analysis method, Xanthine Oxidase 

enzyme biosensor method & Enumeration method. 

Keywords: Spoilage of meat; Water activity; Spectroscopy; AI methods; Biosensors; Xanthine; 

Oxidase enzyme; Enumeration Method. 

Introduction 

The demand for poultry and poultry products is 

increasing day by day in both international and 

domestic markets [1] in order to protect and 

maintain human-health. Safety and quality are 

considered as the most important concerns in the 

food industry as they are directly related to get 

healthy life. Our human body requires proper 

and maintained diet comprising of all required 

nutrition to carry on the daily life-functions [2].  

 This required diet contains macro - 

nutrients and micro nutrients which can be found 

from a number of food source including cereals, 

meat, legumes, fruits, milk and vegetables [3]. 

Being nutritious, meat provides energy to the 

human body to perform daily activities by 

fulfilling the requirements needed by the body 

[4]. Meat is considered as a rich source of amino 

acids, essential fatty acids and vitamins [5] . 

 Meat is a good source of nutrition and 

different kinds of meat (e.g., chicken mutton, 

lamb, beef, fish etc.) has different composition 

with different nutritional values [6]. Due to 

increase in concerns of consumer over food 

quality and food safety, it becomes a very 

important need for Industries to ensure safe, 

unspoiled and healthy food to the consumer as 

food is related to increase in morbidity, 

mortality, human suffering and also affects 

economy [7]. To comply with the need a 

momentous effort made by meat industry has 

been observed to ensure the quality and safety of 

meat products which includes food spoilage, 

food poisoning and food waste [8]. 

 Meat gets spoiled for various reasons but 

microbiological spoilage in meat occurs with the 

growth of microorganisms. The spoilage of meat 

is identified by its organoleptic changes which 

make the meat unacceptable to eat [9]. These 

changes include appearance (discoloration), 

changes in odours, changes in taste, slime 

formation. This may result from formation of 

metabolites, decompositions, conversion of 

organic and inorganic matter and by enzymatic 

activities which occur within tissues after post-

mortem can lead to change during storage time 

due to the growth of microorganisms [9]. 

Basically, food gets rejected when it gets spoiled 

by triggering some characteristics which makes 

the meat unacceptable to the consumer [10]. 
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Food adulteration is a primary global concern for public health, especially in developing countries, due to the 

lack of monitoring and appropriate policy developments and executions. Due to its high demand in 

international trade, turmeric (Curcumina Longa) is subjected to economically motivated chemically unsafe 

adulteration, namely metanil yellow. Metanil yellow (3-4)-anilinophenylazo) benzene sulfonic acid sodium 

salt), is a hazardous dye and a common adulterant used in turmeric powder and other yellow colored food 

products. The toxic chemical travels in blood and reaches various organs and interferes with various cellular 

metabolic processes there. Our earlier studies reveal that metanil yellow generates oxidative stress in 

various vital organs such as heart, liver, and kidneys. As per the guidelines of food quality some conventional 

methods are used but these techniques possess various limitations. This study aims to review the use of 

FT-Raman and FT-IR spectroscopy for evaluation of metanil yellow in turmeric powder. 
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INTRODUCTION 

There are several types of dyes used as food 

additives and food colorants. Metanil yellow is a 

yellow dye used extensively as a food colorant. It is 

made from diazotized metanilic acid and 

diphenylamine [1]. Azo dyes are also used in 

laboratories as biological indicators. Turmeric 

(Curuma long L.) is an appetizing root commonly 

used for food seasoning and for medicinal 

purposes. Turmeric has a long history of medicinal 

use in Asian countries (Reema F Tayyem et al. Nutr 

Cancer. 2006[2]) and is used in root, oil, and 

powder forms. Its medicinal value is mainly due to 

its content of curcumin (diferuloyol methane) (T 

Osawa et al. Biosci Biotechnol Biochem. 1995 Sep 

[3]) with attributed medical properties including 

anti-inflammatory, anticarcinogenic, 

antioxidant,and wound-healing effects(B Joe et 

al. Crit Rev Food Sci Nutr. 2004[4]). Curcumin has 

also been reported to have promise for development 

of therapies for Alzheimer's disease (Tsuyoshi 

Hamaguchi et al. CNS Neurosci Ther. 2010 Oct [5]).  

                                According to the sources it 

has shown that the nutrient and acidity content in 

soil, fertilizer, soil type and cultivar affects the 

curcumin content in turmeric. Reported curcumin 

concentrations in turmeric range from 0.3% to 

8.6% [3,6-9]. Curcumin is isolated from turmeric 

for medicinal and cosmetic purposes. Although 

whole, dried, or fresh turmeric are mostly free of 

contamination, turmeric powder can be 

deteriorated with different chemical powders used 

as substitutes for curcumin (Sasikumar.B et al. 

2004 [10]). It has been using in many unorganized 
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Abstract
In the present study, an inexpensive adsorbent has been synthesized from waste sawdust which can remove the highly toxic dye
indigo carmine (IC) from aqueous solution. Activated carbon from sawdust was synthesized using physical and chemical
treatment. After using the adsorbent in batch-dye adsorption experiments, it has been characterized by SEM, FT-IR and XRD
which showed significant up-taking capacity (77%) of the dye on its surface. Sensitivity of the dye removal process has been
analysed by undergoing batch study with varying initial concentrations of the IC dye, adsorbent dose, pH and temperature and
optimization of the process which indicated the optimum condition of the experimental parameters. Various isothermmodels and
kinetic models have been used for fitting of experimental data and examined to analyse efficiency of the adsorption mechanism.
Langmuir isotherm and pseudo-second-order kinetics were found to be followed by adsorption process over the entire dataset of
tested experimental results. The maximum uptake capacity was found to be 30 mg g−1. Thermodynamic investigation was also
conducted to project the spontaneity of the reaction.

Keywords Sawdust . Waste biomass . Biochar . Low-cost adsorbent . Dye removal . Indigo carmine (IC) . Adsorption .

Environmental pollution

1 Introduction

Various industries (paper, leather, food, cosmetic, textile, etc.)
use dye for colouration of their product [1, 2] and thus ending
up discharging a considerable amount of dye inwater body in the
form of waste water. Discharge of waste water containing dye
discharges into the environment causes detrimental effect on
flora, fauna and human beings [3, 4]. There are various methods
(physical, chemical, biological) that are being employed to re-
move excess dye from the waste water before discharging into
the environment [5, 6]. Among all other techniques, the superior
one is found to be the adsorption technique with respect to low

cost, ease of operation and simplicity of design [7, 8]. The most
widely used adsorbent is activated carbon because of high pore
size and surface area [5].

Indigo carmine (IC) is a synthetic blue colourant (acid dye)
and comprises of two sulfonated groups (negatively charged)
coupled with four benzene rings. It is a typical recalcitrant dye
with high solubility (10 g/l) [9] and used as colouring agent in
various industries. Discharge of IC dye beyond permissible limit
can cause potential risk to human health and cause development
of acute neurotoxicity [10], hypertension and cardiovascular dis-
ease [11, 12], diarrhoea, nausea etc. [13, 14]. It is a highly toxic
dye and even touching may cause human eye and skin irritation
and may cause permanent damage to cornea [15, 16].

As taking in consideration of the toxicity of the dye, diverse
conventional techniques are used like photocatalytic degrada-
tion, electrodialysis, coagulation, ozonation and adsorption
for the removal of IC dye from polluted water [17–21].
Though these processes are tedious and non-economical,
however, the adsorption technique among all these techniques
is found to have shown high removal efficiency and better
operational characteristics [22].
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Cocoa butter naturally occurs in cocoa bean. It is present about 50% of cocoa nib. It is highly resistant to 

oxidation due to presence of high level of natural tocopherol. It is brittle at room temperature and its melting 

point is between 34o C to 38o C. But, cocoa butter is expensive and its price is subjected to large fluctuations. 

That’s why some alternatives for cocoa butters are produced, such as cocoa – butter equivalents (CBEs , like 

from enzymatic inter-esterification  of tea seed oil and fatty acid methyl esters), cocoa-butter substitute 

(CBSs, esterifies propoxylatedglycerin containing acyl groups derived from saturated linear fatty acids, at 

least 50 moles percent of the total acyl groups are used ) and cocoa-butter replacers (CBRs, like evaluation of 

milk fat fractional and modified techniques for making CBR.) Their composition according to triglycerides, 

fatty acids, sterols and other unsaponifiable components are discussed in this paper. Coconut oil, non-lauric 

contained fats like palm oil, soybean oil, rapeseed oil, can be used as replacer. These alternatives have 

various advantages; it improves fat stability, reduces fat migration, and incorporates softness to the product. 

As the alternatives do not require tempering, it is easier to achieve glassy texture. This work reviews on the 

theory of the compositional data of vegetable oils, and fats which are used as cocoa – butter alternatives in 

the production of chocolate.  

KEYWORDS: cocoa butter alternatives, melting point, chocolate 

 

 

I. INTRODUCTION 

Cocoa bean (CB) is the fatty seed found inside a 

cocoa pod, fruit of the  

Theobroma cocoa plant. It is a small evergreen tree 

that belongs to the family Malvaceae. There are 

several processes which undergo the preparation 

of cocoa butter. It is brittle in Temperature below 

25°C soften in hand and melts in mouth having a 

temperature of about 34°C [33]. Cocoa butter has 

several advantages which makes it the main 

ingredient saturated fat and less amount of 

caffeine and theobromine. It also contain some 

vitamins in the soluble form such as vitamin E in 

the form of beta – tocopherol , alpha – tocopherol 

and gamma – tocopherol. Among all this form of 

tocopherol,only beta – tocopherol is used for 
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Abstract 

Fast-moving consumer goods or FMCG sectors have a significant role in the Indian economy. This part is now confronting 
some issues because of the significant lockdown in the light of the new corona virus which resulted in the occurrence of the 
pandemic. There are two market divisions of FMCG sectors, they're organized and unorganized, uniquely the chaotic part is 
unorganized sectors are greatly influenced by the lockdown in pandemonium.  The FMCG sectors have indicated an amazing 
development for recent years. The aim of the review to focus the impact of a worldwide pandemic on the FMCG segment in 
India and the behavioral changes of customer and how the FMCG sector will boost the economy. The government polices and 
different technology stack like automation that can be included in the FMCG sector can bounce back and boost the economy. 
Furthermore, more investment particularly on livestock sector can contribute 1% to the annual GDP. Alongside, a continuous 
effort should make in public private partnership model to create bridge between the organized and unorganized sector.  
Keywords: FMCG, Covid-19, Food Sector, Technology stack, organized sector, unorganized sector, public private partnership  
 
1. Introduction 
India is the 5th largest economic force in the world with 3.202 trillion US$ (Nominal; 2020). FMCG is the 4th biggest 
economy supplier in India with a market size of 52.75 billion US$. Fast-moving consumer goods are non-durable 
products that sell quickly at relatively low cost. FMCGs have low-profit margins Fast-moving consumer goods are an 
inexpensive product. These items are perishable and require small shopping endeavors. FMCG sectors have a wide 
assortment of the range including biscuit packets to toiletries. This division has provided very nearly 3 million work 
openings, which is nearly 5% of the total factory employment ( Dabur annual report; 2017), but has seen a  huge 
decline in the current scenario but interestingly the food market has seen a surge of almost 40%. Most of the essential 
food items are out of stock in the market because the majority of the food sectors are unorganized market player. There 
are two different divisions in FMCG sectors, they're organized and unorganized. But these unorganized parts are facing 
major problems due to the pandemic situation which results in the lockdown of markets.  The majority of the absolute 
workforce of the nation is from the unorganized sectors. The organized sectors have confronted this equivalent 
circumstance yet but they're bouncing back rapidly. We'll discuss in this paper the behavioral changes of consumers in 
respect of FMCG sectors in this pandemic situation and some advisory solutions to overcome this uncertainty of 
unorganized sectors and to bring the unorganized market played into an organized market player. While the 
unorganized market player which runs our informal income are the ones which are in higher risk in this pandemic and 
it’s expected that more than 400 million people which help running our informal economy may lose their job. 
 
2. IMPACT OF COVID 19 ON FOOD SECTOR (FMCG) AND LIVELIHOOD IN INDIA 
With the intent to stop the spread of viruses the lockdown has been imposed and the situation remains volatile with the 
trajectory of the corona virus undetermined and a significant fall in the economic fallout according to HUL chairman -
Sanjeev Mehta [1]. The government views the pattern of the spread of COVID-19 as similar to the 2009 H1N1 
influenza pandemic, meaning the spread is unlikely to be uniform. After the unlock III, it is quite expected to maintain 
the full lockdown in "hotspot" areas and relax it in other places and started to unlock the country once again with full 
flow but with safety measures. While in some places across the Country and various states, the state government 
decided to impose strict lockdown again due to the current scenario of COVID-19. The FMCG sector has seen a huge 
decline in the current scenario but interestingly the food market has seen surge online sales were a mere 2.8% of the 
overall sales for FMCG companies in the first quarter of 2020. Kerala-based packaged foods company Elite Foods saw 
a 100% jump in online sales in certain regions for its products that include cakes, bread and buns, Indian instant mixes, 
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The consumption of fish has lately seen an upward trend in recent days considering the wide range of health 

benefits of fish and sea foods and with it, the issues of prevalent adulteration of fresh fish with unapproved 

chemicals and additives have came into light both through electronic and print media. Several instances of 

adulteration of fish and fishery products with unsafe chemicals like formaldehyde, ammonia and additives 

like sodium benzoate has been highlighted in a number of reports and research papers. Presence of these 

adulterants in freshly marketed fish seriously compromises health of consumers and daily ingestion of 

considerable amounts of these adulterants can generally cause severe abdominal pain, coma, renal injury, 

vomiting and possible death. This has aroused concerns regarding the safety and quality of fish as well as 

the necessity of a reliable and faster technology which can easily identify the contaminants and toxicants in 

food materials. As per regulatory guidelines of food quality some conventional methods are used but these 

conventional techniques possess various limitations. Biosensor is an analytical device which can replace 

these conventional techniques and offers a quick on-site monitoring with accuracy and provides an index of 

quality of the product in real time. This study aims to review the recent advancement in biosensors and their 

contributions in determination of adulteration and freshness concerning fish and seafood safety. 
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INTRODUCTION 

Fish is a healthy food and serves as a most 

important source of animal proteins and great 

source of 𝜔-3 PUFAs and micronutrients for people 

worldwide (Mohanty et al. [1])  mainly in the 

underdeveloped and developing countries. High 

consumer demand for fish and fish products has 

resulted in enhanced fish trade in various 

countries. To cater the need of consumers, fish is 

exported from the place of production to various 

distances. As fish is perishable, the flesh of fish can 

spoil quickly and it should be eaten on the day of 

capture, unless cured (Marzuki et al. [2]).  In order 

to extend the storage life as well as to improve the 

sensory attributes i.e. appearance, fishermen and 

fish vendors tend to carelessly use hazardous 

chemicals like formaldehyde and ammonia and 

additives such as sodium benzoate in various fish 

and sea foods.  Formaldehyde has been identified 

“as carcinogenic to human” by IARC (International 

Agency for Research on Cancer) (Bianchi [3]) .As 

consumption of these adulterants is hazardous to 

human body, it is important to investigate the 

presence of adulterants as well as the quality of 

fish. Various methods have been adopted for 

detection of adulterants like liquid 
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Abstract: During this ongoing period of the devastating 

pandemic of COVID-19 caused by Novel Coronavirus, the 

term “Immunity” has become quite a catchword, and a 

strong and healthy immune system has become the need of 

the hour to build up our body resistance against pathogens 

and provide protection against them. Researches on 

various nutritional components and their bioavailability 

point to the fact that there are several micronutrients and 

trace elements whose intake through diet can help in 

triggering up the functioning of the immune system. 

Nowadays, as per the Food Safety and Standards 

(Fortification of Foods) Regulations, it is also advised that 

we must buy and consume products that have the “+F” 

logo or fortification logo which means that those products 

are enriched in certain added vitamins and trace metals 

from which the benefits of a stronger immune response 

can be obtained. It has been observed that among the 

vitamins, vitamin A, C, D and E and the mineral zinc play 

a significant role in boosting up the immune response 

through their interactions with the cells of the immune 

system. Also, antioxidants like β-carotene, anthocyanins, 

etc play a major role in the immune system functioning by 

lowering down the level of oxidative stresses in the body. 

These immunity boosting vitamins, minerals and 

antioxidants can be incorporated into regular food 

products through the method of fortification of the 

products or even, they can be added into an immunity 

boosting drink, powder or supplements. Various 

researches and reviews demonstrate how these 

micronutrients can be added or incorporated into a food 

product; they can be obtained from artificial/synthetic 

sources or natural sources like fruits containing these 

vitamins and minerals can be used as functional 

ingredients in the products. Sometimes, multivitamins or 

minerals can be incorporated into the same product. 

Therefore, the following review will be based on the study 

of the methods in which various products have been 

fortified from time to time with immunity boosting 

nutrients like vitamins A, C, D and E, zinc and 

antioxidants as demonstrated in numerous research work. 

It will be a detailed study on the techniques followed 

during the fortification procedures as well as the sources 

from which those micronutrients and antioxidants are 

obtained. The roles played by the micronutrients in 

building immunity will also be discussed. 

Index Terms - Immunity, Fortification, Bioavailability, 

Vitamins, Micronutrients, Antioxidants, Minerals, 

Regular food products 

I. INTRODUCTION 

Immunity is the body’s internal capability to resist 

the harmful effects of an invading pathogenic microorganism 

or even minimize the effects of infections caused by them. It 

is mostly an internal factor of the body and the strength of a 

person’s immunity depends mainly on the strength of the 

immune response generated by his immune cells. However, 

there are certain micronutrients which are observed to enhance 

this overall functioning of the immune system and these 

elements are mostly obtained from consuming foods which 

are rich in them. The vitamins A, C, D, E and the mineral zinc 

are the micronutrients which are observed to perform such 
immunity boosting activities. Each of these micronutrients 

hasits own distinct mechanism through which it triggers the 
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AlliumCepathe scientific name of an onion. After potato Onion is the second most essential vegetable in our 

India. And also onions are very famous in all around the world. In India, the productivity of onion is about 13 

lakh tons every month, and in the world, the onion productivity ratio is about 19.40 million. There are about 

100 types of onion throughout the world and basically, India produces 9 types of major onion. Onion is very 

rich in vitamin C (12%)content and vitamin B-6( 5%)content and also rich in minerals like iron(1%) and 

calcium(2%). In the last 10 years, Maharashtra( 4905.0 thousand tons) is the biggest onion producing state in 

India. But in 2019 onion prices overlap at Rs 10 kg from Rs 100 kg as demand loss will take place. A huge 

amount of wastage of onion takes place every year due to bad Monsoon, transport system and the amount of 

wastage is nearly 25% of the total production. In 10 years a remarkable increase in the production of onion in 

India and also an increase in the area about 768,000 ha to 1064,000 ha. Onion production has been several 

benefits like it reduces our cholesterol level, fights against inflammation, decreases triglycerides and it 

contains a high amount of antioxidants. The impact of onion production on the Indian economy, an increase of 

onion productivity, price drop, Government policies related to onion production also have been focused on in 

this review. 
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I. INTRODUCTION 

Onion is the second largest production crop in 

India and also all over the world [1]. The best 

season for onion production in India is August 

October, and for hilly areas, the best time for onion 

production is September to December[2]. 

Throughout the world, China is the most onion 

producing country and produces 20507.76MT 

onions whereas India produced 15118.00MT 

onions per year. Maharashtra is the best onion 

producing state in India, produced  8474.73 

thousand tons of onion per year. But As per the 

current report onion is expected to be 20% less in 

the country and also a reduction of 42% expected 

in Maharashtra due to bad climate conditions [3]. 

The average wholesale cost of onion in India is 

1280.32 Rs/quintal. And a total of 15.89 lakh MT 

Onion is exported in 2018 and in 2019 the export 

structure is 15.22 lakh MT [4,7,9] 

Besides production argumentation, there are 

several policy tools available to arrest the 

increasing prices such as the withdrawal Of 

Merchandise Export Incentive scheme (MEIS) the 

rewards under MEIS mostly in form of transferable 

duty credit scripts and to encourage exports and 

curb free fall in prices for Onion at home, the MEIS 

ABSTRACT 
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Activated carbonaceous materials from tea
waste and its removal capacity of indigo
carmine present in solution: synthesis,
batch and optimization study
Dolanchapa Sikdar1,2*, Sudipta Goswami1 and Papita Das1

Abstract

The present work determines efficiency of domestic food waste like tea waste in removing indigo carmine from
synthetic textile wastewater. Carbonaceous material (tea waste) has been employed and it showed removal
percentage of indigo carmine at 90% through adsorption process. Carbonaceous material was chemically activated
by using modified Hummer’s method and it was observed through Scanning Electron Microscopic image, Fourier
Transform Infrared Spectrometer, X-ray diffractometer and Brunauer, Emmett and Teller analysis that revealed that
the modified biochar is comparably similar to graphene oxide (GO). Various experimental parameters are evaluated
for the removal efficiency of the synthesized adsorbent under the present study. Results of the experiments
performed using the GO-like adsorbent synthesized from tea waste confirmed potential efficiency of adsorption of
indigo carmine dye from synthetic waste water solution. The adsorption mechanism has been analysed by fitting
the experimental data in different adsorption isotherm and kinetic models. The results indicated that the adsorption
followed Langmuir isotherm model with maximum uptake of 20 mg g− 1 and pseudo second order kinetic model
with the best correlation coefficient. The thermodynamic study showed the dye removal to be spontaneous and
endothermic.

Keywords: Indigo carmine (IC), Adsorption, Tea waste, Environmental pollution

Introduction
Dyes are a specific group of chemical pollutants, pos-
ing serious environmental problems, due to annual
production in large amounts from different industrial
sector like textile industry [1–3]. If this wastewater is
released into a natural aquatic system, the photo-
chemical activities of that aquatic system are adversely
affected by the coloration of dye which reduces light
penetration. Carcinogenic dyes might cause mutations
in organisms [4, 5]. Dyes are chemically designed and
manufactured to be resistant to degradation by

oxidizing agents, light, high temperatures and hence,
cannot be easily removed by the conventional waste-
water treatments methods [6, 7].
Indigo carmine (IC) dye is widely present in waste-

water produced from textile, food, cosmetic, pharma-
ceutical and paper industries [8–12]. According to
WHO, the permissible limit of indigo carmine dye is
5 μg L− 1 in water [13]. Wastewater containing IC dye
must undergo treatment before discharging into the
environment as it may cause skin and eye irritation,
cancer to human [14–16]. Various methods that are
based on aerobic or anaerobic biodegradation and
photodegradation are not 100% efficient for removal
of most of the dyes from wastewater. The various

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
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India became the planet´s second-largest potato producing country all over the world because potato 

output increased from 1.3 million to over 34 million over the last six decades. Despite that, this spectacular 

increase makes a series of less readily apparent tendencies in the growth rates for potato production, area, 

and yields. When the area harvested enlarged, the growth for area harvested touched a series of peaks and 

valleys; as yields per hectare continuously increased, the growth rate for productivity gradually decreased to 

a half. In the present year, Uttar Pradesh is the major Potato producing State with 31.26% of production 

share, followed by West Bengal, Bihar, Gujarat, and Madhya Pradesh with 23.29 %, 13.22%, 7.43%, and 

6.20% share respectively. This paper analysis is based on the driving factors behind the increase in 

production, area harvested, and yields. Sub-sector specific recommendations include greater eco-efficiency in 

cold storage. 

 

KEYWORDS: Potato production, potato Nutrition, Potato varieties, Industrial utilization

 
 

I. INTRODUCTION 

Potato is a root vegetable along with that it is also 

a cool-season vegetable which is in part with wheat 

and rice because it is one of the most important 

staple crops in the human diet all around the 

world. Potato is a specialized underground storage 

stem which is also known as “tuber”. According to 

FAO (the Food and Agriculture Organization)  

potato is devoured by more than one billion people 

around the world.  It is a high-quality vegetable as 

well as food crop used in the reparation of more 

than 100 types of recipes in INDIA. The protein of 

potato has high biological value than protein in 

cereals and milk [1]. 

Potatoes are rich in vitamins, minerals, and 

antioxidants, which make them very healthy. 

Studies say that potatoes have a variety of 

impressive health benefits, including improved 

blood sugar control, reduced heart disease, etc. 

One medium baked potato (173 grams) including 

the skin, provides Calories: 161 grams Fat: 0.2 

grams, Protein: 4.3 grams Carbs: 36.6 grams  

Fibre: 3.8 grams Vitamin C: 28% of the RDI 

Vitamin B6: 27% of the RDI Potassium: 26% of the 

RDI Manganese: 19% of the RDI Magnesium: 12% 

of the RDI Phosphorus: 12% of the RDI Niacin: 12% 

of the RDI Folate: 12% of the RDI The nutritional 

content of potatoes can vary by the variety of it and 

how they are prepared. For example, frying 

potatoes adds more calories and fat than baked 
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 Anthocyanin pigments are readily degraded during processing and storage of foodstuffs that can have a 

dramatic impact on color quality and may also affect the nutritional properties. Total anthocyanin pigment 

content and indices for polymeric color and browning are easily measured with simple spectrophotometric 

methods. Once individual pigments are identified, their changes can be monitored by high-performance liquid 

chromatography (HPLC). The edible fruits of 12 plants were extracted in methanol and subjected to 

solvent–solvent partitioning to yield three fractions, hexane, ethyl acetate, and aqueous. A number of factors 

affecting anthocyanin stability and color are discussed in this review. Anthocyanins are probably the most 

spectacular of plant pigments since they are responsible for most of the red, purple and blue pigmentation of 

flowers, hits and vegetables. However, because of their highly reactive nature, anthocyanins readily 

degrade, or react with other constituents in the media, to form colorless or brown colored compounds. The 

presence of an oxonium ion adjacent to carbon 2 makes the anthocyanins particularly susceptible to 

nucleophilic attack by such compounds as sulfur dioxide, ascorbic acid, hydrogen peroxide and even water. 

Loss of anthocyanin pigmentation also occurs in the presence of oxygen and various enzymes, and as a 

result of high temperature processing. Certain degree of pigment stabilization may be conferred by acylation 

with various organic acids, co pigmentation, self-association and/or metal chelation. In addition, pH has a 

marked effect on anthocyanin stability, and on the color of media containing these pigments. A number of 

anthocyanin-rich sources have been investigated for their potential as commercial pigment extracts. Although 

their application is primarily limited to acidic media, continued research on the chemistry of anthocyanins 

may lead to application and stabilization of these pigments in a wider variety of food products. 

 

KEYWORDS: Anthocyanins, Natural pigment, Pigmentation, acylation, chelation, stabilization, 

fortification.

 
 

I.  INTRODUCTION 

Anthocyanins are water-soluble vacuolar pigments 

which depend on their pH, which may appear red, 

purple, blue or black. There are many food plants 

which are rich in anthocyanins include the 

blueberry, raspberry, black rice, and black 

soybean and many others pigments colored red, 

blue, purple or black.[12]]Anthocyanins comprise a 

group of naturally occurring pigments which are 

responsible for the blue, red, purple, violet and 

magenta coloration of most species in the plant 

kingdom. These polyphenolic substances are 

glycosides of anthocyanins, polyhydroxy and 

polymethoxy derivatives of 2-phenylbenzopyrylium 

or flavylium salts. The large number of glycosyl and 

acyl groups which may bind to the sixteen different 

naturally occurring anthocyanidins has 
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Abstract:-  

The aim of this paper was to bring out the beneficial properties present in petals of hibiscus flowers and their fortification in fruit juice. 

One of the flowers of Indian Subcontinent is “Hibiscus rosa sinensis” which is rich in antioxidants, anthocyanins, flavonoids. Main 

coloring pigment is anthocyanin which is proved to cure cancer, lower down cholesterol level and clear the digestive tract. Freshly 

plucked hibiscus flowers were taken and their petals were removed by hand. Petals were put in a tray drier for drying at 51.8°C. After 

drying they were crushed into fine pieces manually.100 grams of powdered leaves were obtained. Anthocyanin being water soluble, the 

powder was boiled in water at 80°C.The anthocyanin pigment was extracted in liquid form. It was mixed with lime juice and polyphenol 

content was measured by gallic acid equivalent method. Final product obtained showed 13 times increase in polyphenol content 

compared to commercially available fruit juice. Hence the above juice can be used as an effective health drink for human consumption 

and protect the body from free radical damage. 

 

Keywords: - Anthocyanins, polyphenols, gallic acid equivalent method. 

 
INTRODUCTION 

 

Flowers and other parts of the plant are used to make medicine. Hibiscus is used for conditions such as high blood 

pressure, high cholesterol, increasing the production of breast milk etc. It is a flower which is widely grown in the 

Indian subcontinent and is available around the year. Many varieties are available worldwide among which the variety 

which is widely available in India is “Hibiscus rosa sinensis”. The herb “Hibiscus rosa sinensis” (Malvaceae) is native 

to China. Many species of Hibiscus are grown for their showy flowers. It is a shrub widely cultivated in the tropics as 

an ornamental plant and has several forms with varying colors of flowers. Hibiscus has also medicinal properties and 

takes part as a primary ingredient in many herbal teas. The red flowered variety is preferred in medicine as reported by 

Vincenta Khristi and V. H. Patel (2nd November, 2016). According to Pragya Singh et al (31st May, 2017), the flower 

plays a crucial role in treating medical problems including many cardiovascular disorders, helmenthic disease and 

cancer. The plant also act as an anti oxidant and used in obesity management. The vitamin C naturally found within 

the hibiscus works to complement the iron, increasing its absorption in blood and acts effective cure for anemic 

patients. Anthocyanin-rich mixtures of bioflavonoids may provide protection from DNA cleavage, estrogenic activity, 

enzyme inhibition, boosting production of cytokines ,anti-inflammatory activity, decreasing capillary permeability and 

fragility, and membrane strengthening Mary Ann Lila (12th May, 2004). Being water soluble the pigment can be easily 

extracted by using water and thus by fortifying it with regular food items can serve as beneficial and cheap source of 

nutritional super foods. Studies of Yasuyuki Nakamura et al (8th September, 2014) showed that red colored pigments 

which are present in the flower are mainly anthocyanins which have been widely used as coloring agents. Major 

content present is cyanidin-3- sambubioside and delphidin-3-sambubioside from which the conclusion comes that the 

major component in the petals of hibiscus flower is cyaniding-3-sambubioside, although it contain many other strains 

of anthocyanins including many hybrid forms so it is still a question that whether every hibiscus flower produces 

cyaniding-3-sambubioside as the major anthocyanin flora or not. Research of Jadhav et al (2nd July, 2009) all the parts 

of “Hibiscus rosa sinensis  and chemical constituents are used as anti-tumor, antifertility, antiovultory, ant implantation, 

anti-inflammatory, analgesic, ant estrogenic, antipyretic, antispasmodic, antiviral, antifungal, antibacterial, 

hypoglycaemic, spasmolytic, CNS depressant, hypotensive and juvenoid activity. As recommended by the "World 

Health Organization" the traditional health and folk medicine systems have proved to be more effective in health 

problems worldwide. Hibiscus flower is certain to emerge in the near future as a major player in the growing field of 

herbal health supplements and medicines both in daily self-care and in professionally managed health care system. 
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Abstract: At present, the demand for functional 

foods is increasing worldwide due to the increased 

awareness on therapeutic and medicinal properties 

and their benefits among public because they provide 

health benefits beyond the provision of essential 

nutrients. Numerous plant foods or physiologically 

active ingredients derived from plants have been 

investigated for their role in disease prevention and 

health. Natural dyes are those derived from plants, 

insects, animals and minerals. In this study, color 

extracted from purple cabbage was used for the 

development of fortified yogurt, since dairy products 

or the milk derived products can be considered as 

functional foods as they are health beneficial for 

human. The physiochemical and rheological 

properties of fortified and plain yogurt were checked. 

Plain yogurt is considered as control. The 

rheological properties were measured using 

rheometer which shows a similar flow behavior of 

Bingham plastic nature. The color stability in terms 

of anthocyanin content was determined at 560nm at 

different pH. The polyphenol content (in terms of mg 

GAE/ gm dry sample) of both fortified and control 

yogurt were determined spectrophotometrically 

which shows an increase in values of 1.78 times than 

control. Thus it can be concluded that the overall 

acceptability of fortified yogurt is better than the 

control in terms of sensory analysis, syneresis as well 

as functional properties. 
 

Keywords: fortified yogurt, biocolour, purple 

cabbage, anthocyanin, functional foods. 

 
I. Introduction 

Functional foods can be obtained in whole 

or fortified, which provide health benefits by 

enriching essential nutrients (e.g., vitamins and 

minerals).Various functional foods have the potential 

to perform role in disease prevention.  But, only a 

small number of these have had substantive clinical 

documentation of their health benefits [1]. Dairy 

products or the milk derived products can be 

considered as functional foods as they are health 

beneficial for humans [2]. Functional dairy foods, the 

probiotics already have positive health image by their 

traditional use for centuries [3]. The market of 

functional food increased rapidly [2].  

In plant foods, it is found that  fruits and 

vegetables are reach in bio-active compound viz. 

phenolic compound, carotenoids, flavonoids, 

anthocyanin, vitamins, higher content of antioxidant 

and an antimicrobial compounds. In fact the waste 

peels, seeds can be used as a source of nutraceutical. 

Thus higher intake of fruits and vegetables offers an 

effective tool for preventing serious disease like 

cancer, cardiovascular disease [4].   

Colour is one of the most important characteristic of 

food. Main objective for the addition of colour in 

food is to make the food more appealing and 

recognizable. Everyone is sensitive to the colour of 

the food as it can stimulate or suppress one’s appetite 

[5]. Natural colorants have received increased 

acceptability, mainly because of the apparent lack of 

toxicity. Natural colours are sometimes rich sources 

of antioxidants [6]. 

 

Purple cabbage (Brassica oleracea var. 

capitata F. rubra) is a vegetable with good 

antioxidant capacity. The leaves of this cabbage 

contain biologically potent anthocyanins [7]. It has 

anticancerous [8], anti-inflammatory [9] antibacterial 

[10], anti-diabetic properties[11] as well as it 

possesses antioxidant, and antihyperglycemic [12]. It 

is also very rich in minerals, vitamins, anthocyanins, 

polyphenols, and glucosinolates. It was observed that 

it contains about 196.5 mg of polyphenols per 100g 

of raw purple cabbage. It is more unique among the 

cruciferous vegetables as it provides a good quantity 

of anthocyanins, which acts as antioxidant as well as 

anti-inflammatory nutrients. The antioxidant richness 

of cabbage is partly responsible for its cancer 

prevention benefits [13] [14].  

Anthocyanins are water soluble pigment and 

they are also known as flavonoids. They provides the 

bright and attractive orange, red, purple, and blue 

colours of most fruits, vegetables, flowers and some 
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The main motive of this review study is to focus on the essential components present in papaya leaves, 

pomegranate juice and sweet lime which is mausambi juice and a result of their combined effect on human 

health with enhanced beneficial components such as saponins, polyphenols etc. The leaves of papaya are 

generally considered as waste but their extracts have various health benefits. It contains calcium, 

magnesium, iron, and vitamins A, C, E, K and B. It is said that Saponin which is a component present in 

papaya leaves have anticancer capacity as well as reduces excessive oxidative stress. Here, papaya leaf 

extract can be added to pomegranate lemonade where both these fruits have predominant nutritional 

value. Pomegranate boosts immunity and aids in digestion. It also has anti-inflammatory properties. It is 

loaded with Vitamin-C and is also antioxidant-rich. Lemon on the other hand also contains a lot of minerals 

and vitamins, it also reduces oxidative stress. As a result it is an approach of a health drink having 

medicinal values. The positive effect of all the above extracts when combined can produce immense health 

benefits in the human body and can act as suitable nutraceutical with chances of less side effects and 

allergic symptoms. 

KEYWORDS: Anti-inflammatory, antioxidant, immunity, nutraceutical, saponin. 
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I. INTRODUCTION 

The main aim of our study is to use Carica 

papaya leaf extract as a base to utilize its medicinal 

value and fortify it with commercially available 

pomegranate lemonade. papaya leaf extract has 

anti-cancer properties, added to that it also has a 

lot of health benefits such as- it may aid in 

digestion as it contains fiber, it has antioxidant 

properties, it may lower blood sugar level and may 

increase blood platelets count in dengue affected 

patients. Therefore, being cost effective, papaya 

leaf extract may solve a lot of health problems. 

Carica papaya is usually cultivated in tropical 

regions, it’s commonly called as papaya in this part 

of the world and it’s from the family “Caricaceae”. 

Papaya grows best in a well-drained, well aerated 

and rich organic matter soil, pH 5.5 – 6.7 

(Priyanka et al. [1]), while water logging of soils 

often results in the death of tress within 3-4 days 

(Storey [2]).The leaves also contain active 

components such as papin, chymopapin, cystain, 

ascorbic acid, flavonoids, cyanogenic glucosides 

that increases the total antioxidant power in blood 

and reduce lipid preoxidation level. Amount of total 
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Enrichment of food by the addition of essential micro-nutrients like trace elements and vitamins to food is 

known as fortification. It can be carried out under initiatives such as Public Health Policy which aims in 

reducing the number of people with dietary deficiencies within a group of people or population. Ice-creams are 

well known dessert, and very much in demand among the children. So it is very important to keep its sensory 

factors in mind and make nutritive additions in it. To meet the demands of the consumers various natural 

ingredients are used to fortify ice-creams. Works have been done on combining ice-cream with biologically 

active molecules and produce functionally potential products. There are reports of making natural 

anti-oxidant ice-cream, experimenting it with cocoa powder, hazelnut, green-tea and ginger extract. Ice-cream 

fortification with fish-protein powder has turned to be effective in enhancing food value, but studies on its 

stability during storage and consumer acceptance are highly recommended. Researchers worked on 

incorporating dietary fibers in ice-cream like wheat, oats, bamboo, apple and orange. Its influence was 

checked on the basis of rheological, textural, sensory properties and probiotic culture survival of the 

ice-cream, to enhance the structural characteristics and cultural viability. Addition of Inulin in ice-creams as 

fat-replacers increased the viscosity and also made it resistant to melting. Hydrocolloids bind water and oil 

and adding them in ice-creams enhanced the micro-viscosity. Ice-creams were fortified with vitamins and 

minerals with successful attempts for example Vitamin D3, calcium and zinc fortifications. This study aims to 

review the various fortifications of ice-cream till date, using different nutritional components, hence fulfilling 

the nutritional needs of human-beings. 

 

KEYWORDS: Fortification, Vitamins, Dietary deficiency, Biologically active molecules, Sensory properties, 

Micro-viscosity, Dietary fibers. 
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I. INTRODUCTION 

When any food product is developed, the first few 

things that must be kept in mind is fulfilling the 

consumers’ expectancy and checking their 

acceptance of the product. It is a game of 

combining sensory properties of food with 

nutritional factors. Any kind of deficiency in the 

daily dietary routine causes the development of 

technologically advanced food (enriched in 

essential micronutrients). Fortification may be 

defined as the enrichment of food by the addition of 

essential nutritive. The fortification of foods is often 

ABSTRACT 

Available online at: http://www.ijmtst.com/vol6issue05.html  
 

International Journal for Modern Trends in Science and Technology 
ISSN: 2455-3778 :: Volume: 06, Issue No: 05, May 2020 

 



 

~ 416 ~ 

The Pharma Innovation Journal 2019; 8(12): 416-420 

  
 
 
 
 
 
 

 

 

 
ISSN (E): 2277- 7695 

ISSN (P): 2349-8242 

NAAS Rating: 5.03 

TPI 2019; 8(12): 416-420 

© 2019 TPI 

www.thepharmajournal.com 

Received: 19-10-2019 

Accepted: 21-11-2019 

 

Shairee Ganguly 

Assistant Professor, Department 

of Food Technology, Guru 

Nanak Institute of Technology, 

Nilgunj Road, Sodpur, Panihati, 

Kolkata, West Bengal, India 

 

Kakali Bandyopadhyay 

Associate Professor and Head, 

Department of Food Technology, 

Guru Nanak Institute of 

Technology, Nilgunj Road, 

Sodpur, Panihati, Kolkata,  
West Bengal, India 

 

Purba Dutta  

B. Tech. Students, Department 

of Food Technology, Guru 

Nanak Institute of Technology, 

Nilgunj Road, Sodpur, Panihati, 

Kolkata, West Bengal, India 

 

Anirzeet Pramanik 

B. Tech. Students, Department 

of Food Technology, Guru 

Nanak Institute of Technology, 

Nilgunj Road, Sodpur, Panihati, 

Kolkata, West Bengal, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Shairee Ganguly 

Assistant Professor, Department 

of Food Technology, Guru 

Nanak Institute of Technology, 

Nilgunj Road, Sodpur, Panihati, 

Kolkata, West Bengal, India 

 

 

 

 

 

 

 

 

 
 

 

A review on microbial-pigment: A good source of 

biocolour 

 
Shairee Ganguly, Kakali Bandyopadhyay, Purba Dutta and Anirzeet 

Pramanik  

 
Abstract 
In today’s world there is a growing demand for healthy food products has lead to the development of 

“Nutraceutical Food Products”. Development of natural food colours or bio-colours is a growing research 

area to shift the synthetic food colours. Bio-colours have many health benefits properties such as anti 

oxidant activity, food products stabilization, anti cancer property, etc. The main challenge faced by the 

industry is the production of natural food pigments in bulk to replace the synthetic colours and also this 

extraction process from plant origin is time consuming, expensive and the product yield is low. The 

sources are non-renewable. In this regard, the micro organisms are less expensive and renewable 

alternative source. In this review paper the competitive study of different microbial pigment is done as 

well as use of microbial pigment as an alternative of synthetic food pigment and the nutraceuticals 

properties of those pigments are discussed. This paper also highlights the challenges faced and advanced 

technologies used in this developing the pigment extracted from microbial sources. 

 

Keywords: Bio-colour, micro-organism, nutraceutical, food pigments 

 

1. Introduction 

Colours are a main property of sensory evaluation o any food materials. Since ancient times, 

human have added food colours to the food products to make the food look more presentable, 

to make up for the loss of colours during processing and to improve the quality. Customers 

have since long associated different characteristics of food with colour such as freshness, taste 

etc. Hence colours have for long served as the sensory evaluating tool. Due to the ease of 

production in bulk and the cheapness of production, artificial food colours are being used in 

large scale. However the knowledge about the toxic effect of these artificial food colours 

among the population is coming to the fore front. Thus a market shift towards development 

and production of Biocolours has been observed. This shift is more so catalyzed by the recent 

development of Nutraceutical Food Products as the bio colours are known to contain many 

beneficial properties and also natural colours are eco friendly. Thus if they replace artificial 

colour, the production of harmful chemicals polluting the environment will also stop. Now 

biocolours are generally extracted from plant and vegetable sources which are non renewable 

sources. However it has been discovered that pigments extracted from micro organisms can be 

an alternate means of production of natural food colours. Hence a Seemingly vast number of 

micro organisms found in nature, ease of cultivation of these micro organisms and their 

medicinal properties adds to the advantage in extraction and production of natural colours 

from them. Bacteria, Fungi, Algae etc. all produces pigments which can be used for production 

of bio colours. Among the molecules produced by microorganisms are carotenoids, melanins, 

flavins, phenazines, quinines (Joshi et al., 2003; Pankaj et al, 2016) [6, 13]. 

 

2. Microbial pigments as food colours 

In this earth, uncountable numbers of types of Micro organism are found. Many microbes such 

as micro algae, bacteria, fungi etc all are known to produce a variety of pigments. As colour 

extraction from microbial sources have some benefits like, cheaper production, easier 

extraction, higher yields through strain improvement, less lack of raw materials and no 

seasonal variations, microbial pigment has become a major source of bio colours (Kamla et al., 

2012; Dufosse et al., 2009) [7, 3]. The health benefits of the microbial pigment such as anti 

oxidant, non carcinogenic, anti microbial etc adds to the use of microbes. Flavobacterium sp. 

(yellow pigment: zeaxanthin), Agrobacterium aurantiacum (pink- red pigment: astaxanthin), 

Micrococcus sp. (different colored pigments, carotenoids), Serratia marcescens (red pigment), 
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ABSTRACT:Cancer is the leading cause of death worldwide. The current anti-cancer drugs have 

numerous side effects. In a search for less toxic and effective treatment of cancer some prized 

mushrooms have been found to have validated anti-cancer properties. Numerous attempts have been 

made to assess their benefits for commercial purposes and cancer therapy. Certain bioactive molecules 

including polysaccharides, proteins, glycosides, alkaloids, volatile oils, tocopherols, phenolics, 

flavonoids, carotenoids, ascorbic acid enzymes, and organic acids which are also anti-tumour agents 

have been identified from various mushrooms. The anti-cancer potential of mushrooms lies in lentinan, 

krestin, hispolon, lectin, calcaelin, illudin S, psilocybin, Hericium polysaccharide A & B (HPA & HPB), 

ganoderic acid, schizophyllan, laccase, etc. Psilocybin mushrooms are used in folk medicine though it’s 

not considered edible. Over 50 mushroom species have been found to yield immunoceuticals with anti-

cancer properties for animals including six for human cancers. PSP (Polysaccharide-peptide) over the 

last 5 year tests have significantly improved quality of life with substantial pain relief besides enhancing 

immune status in most patients with cancers of stomach, oesophagus, lung, ovary, and cervix. PSK 

(Polysaccharid-K) and PSP boosted immune cell production, ameliorated chemotherapy symptoms, and 

enhanced tumours infiltration by dendritic and cytotoxic T-cells. These chemicals have extremely low 

side-effects, improve the quality of life, and highly compatible with chemo therapy and hence, well 

suited for cancer management regimens. So here in this review paper, anti-cancer drugs produced by 

edible & wild both mushrooms & their activity to prevent & cure cancer has been discussed briefly.  

 

Keywords: Anti-cancer Drugs, Folk medicine, Immunoceuticals, cytotoxic T-cells, bioactive molecules.
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A review on extraction of glucose from rice 

 
Anindya Dhar, Poulami Chakraborty, Shalini Chanda and Dr. Anju Paul 

 
Abstract 
Carbohydrates are one of the most essential macro-nutrient required for the maintenance of life. Glucose 

and Fructose act as building blocks of energy. The Human Body consumes carbohydrates in the form of 

glucose. Glucose is converted to glycogen, a polysaccharide and it acts as a readily available source of 

energy. Approximately 130 g of glucose is required to nourish the brain cells throughout the day. 

Glucose is widely used in food manufacturing industries which include beverage, ice cream, alcohol, 

confectionary and other fermentation plants. 

Studies and researches have shown that extraction of glucose from rice is a cost effective method. Rice is 

widely consumed and important cereal crop. The three variants of Indian rice HMT, Swarna and basmati 

have high starch contents. In a nutshell the paper is focused to concentrate about the different methods of 

glucose production from rice. 

The major researches included in the paper are: 

1. Glucose obtained from Rice bran by Ultrasound-Assisted enzymatic hydrolysis 

2. Isolation of starch from Rice (Orzya Sativa L.) by alkali extraction method 

3. Efficient Recovery of Glucose via enzymatic saccharification of rice straw with soft carbohydrates 

4. Glucose production from rice husk by solid state fermentation method. 

 

Keywords: Rice starch, enzymatic hydrolysis, rice amylase, Solid state fermentation, Saccharification 

 

Introduction 

Rice starch isolation is a bit different from other sources of extraction because of it’s unique 

protein compostition. The isolation process mainly consists of the separation of other 

components like protein, fiber, and lipid. The key factor that one has to keep in mind is that the 

mechanical damage or amyoletic destruction of the starch granules must be avoided.  

 

 
 

Fig: Steps of Rice Starch extraction 
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Abstract 

         Fenugreek (Trigonella foenum-graecum L.) is a 

widely distributed well-known annual plant and has 

possessed obvious hypoglycaemic and 

hypercholesterolemia characteristics.  In the present 

study fenugreek seeds and its extracts are utilized for 

fortification of low nutritional value baked items so as 

to enhance its nutraceutical properties. It was found 

that hot extraction and roasted & grinded fenugreek 

seed extracts had more polyphenol content than cold 

extraction and raw & grinded fenugreek seed. So it can 

be concluded that the amount of soluble polyphenols 

present in fenugreek seeds are increased after heat 

treatments. Result shows that, the maximum amount of 

polyphenols is present in three different types of baked 

items (bread: 0.304±0.002, cookies: 0.291 ±0.003, 

muffin: 0.345±0.001gm GAE/100gm sample) when 

fortified with hot extraction of fenugreek seeds. 

Therefore, for fortification of heat treated baked food 

items like bread, cookies and muffins, fenugreek seed 

and its extracts are good sources of polyphenols.  

 

Key words: Fenugreek, polyphenol, heat stable, baked 

food, nutraceutical 
 

I. INTRODUCTION 
 

    Fenugreek (Trigonella foenum-graecum L.) is a 

legume and it has been used as a spice throughout the 

world to enhance the sensory quality of foods. 

Fenugreek is well-known for its medicinal properties 

such as anti-diabetic, anti-carcinogenic, 

hypocholesterolemic, antioxidant, and immunological 

activities.  

Studies have shown fenugreek seeds to be also 

a rich source of antioxidants. Polyphenols in fenugreek 

seeds include apigenin and a number of kaempferol and 

quercitin glycosides [1] as well as flavonoids; vitexin, 

tricin, naringenin quercetin and tricin-7-O-β-D-

glucopyranoside (Shang et al., 1998). The extracts of 

endosperm husk, and fenugreek seed at about 200mg  

 

 

concentration exhibited antioxidant activity 72%, 64%, 

and 56% respectively by free-radical scavenging 

method [2]. The major bioactive compounds in 

fenugreek seeds are believed to be polyphenol 

compounds, such as rhaponticin and is ovitexin [3]. 

Dixit et al. (2005) [4]found that fresh leaves of 

fenugreek contain ascorbic acid of about 220.97 mg per 

100 g of leaves and β-carotene is present about 19 

mg/100 g. On the other side, it was reported that 

84.94% and 83.79% ascorbic acid were reduced in sun 

and oven-dried fenugreek leaves respectively. 

 

Health benefits of fenugreek seeds include: 

 Diabetes Mellitus prevention: Fenugreek powder 

treatment in patients suffering from mild Non-insulin 

dependent diabetes mellitus produced marked 

reduction in blood sugar and serum triglycerides and 

total cholesterol [5]. 

 Cancer prevention: The effect of fenugreek seeds 

observed in induced breast cancer [6], Further, the 

ethanolic extract of fenugreek showed antineoplastic 

effect on the growth of breast cancer cells by 

reducing cell viability, inducing early apoptotic 

changes, declining the mitochondrial membrane 

potential and degrading cellular DNA into 

fragments[7].  

 Antioxidant activity: It has been documented in 

various studies that fenugreek bears potential of a 

powerful antioxidant in which the presences of 

flavonoids and polyphenols have been found to be 

responsible for the same [4]. The exposure of 

polyphenol rich extract of fenugreek seeds which 

showed protective effects against hydrogen peroxide 

induced oxidation by protecting the erythrocytes 

from haemolysis and lipid peroxidation in a dose 

dependent manner [8]. 

This study was carried out with the objective to 

enhance the antioxidant properties of various baked 

products made from soft wheat flour on fortification 
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Analysis and study on the antioxidant of citrus fruits 

 
Dr. Anju Paul and Debarati Bhattacharyya  

 
Abstract 
The term "antioxidant" is mainly used for two different groups of substances: industrial chemicals which 

are added to products to prevent oxidation, and natural chemicals found in foods and body tissue which 

are said to have beneficial health effects. Citrus fruits are the source of the second category. They are 

fruits of the genus Citrus having thick rind and juicy pulp. Citrus Fruits are well-known for its nutrition 

and health-promotion values. In recent years, the antioxidant activity of Citrus fruits and their roles in the 

prevention and treatment of various human chronic and degenerative diseases have attracted more and 

more attention. Citrus fruits are suggested to be a good source of dietary antioxidants. To have a better 

understanding of the mechanism underlying the antioxidant activity of Citrus fruits, we have done these 

experiments of analysing acidity, moisture content & antioxidant content of 3 citrus fruits (will be 

discussed below). 

 

Keywords: Citrus fruits, antioxidants, acidity of fruits, health benefits of fruits 

 

Introduction 
Citrus is a genus of trees with fleshy, juicy fruits, widely used edible plants belonging 
to Citrus and related genera of the family Rutaceae (orange family). Included are the 
tangerine, citrange, tangelo, orange, pomelo, grape fruit, lemon, lime, citron, and kumquat. 
Introduced throughout Europe during the Crusades, they were brought by Portuguese and 
Spanish explorers to the West Indies, hence they were introduced into North and South 
America. Commercially they are now the most important group of tropical and subtropical 
fruits in the world. The fruits are rich in vitamin C (ascorbic acid), various fruit acids 
(especially citric acid), and fruit sugar. The rind, which contains numerous oil glands, and the 
fragrant blossoms of some species are also a source of essential oils used for perfumes and 
similar products. Citrus fruits can be damaged by freezing temperatures, pests (scale insects, 
rust mites), and various bacterial, viral, and fungal diseases (e.g., citrus canker, greening, 
tristeza, and melanose). 

 

How can antioxidants benefit our health? 
Antioxidants are substances that can prevent or slow damage to cells caused by free radicals, 
unstable molecules that the body produces as a reaction to environmental and other pressures. 
They are sometimes called "free-radical scavengers." 
Free radicals are waste substances produced by cells as the body processes food and reacts to 
the environment. If the body cannot process and remove free radicals efficiently, 
oxidative stress can result. This can harm cells and body function. Free radicals are also known 
as reactive oxygen species (ROS). 
Antioxidants act as radical scavenger, hydrogen donor, electron donor, peroxide decomposer, 
singlet oxygen quencher, enzyme inhibitor, synergist, and metal-chelating agents. Antioxidant 
supplements may help reduce vision loss due to age-related macular degeneration in older 
people. 
Foods that are particularly high in antioxidants are often referred to as a "superfood" or 
"functional food." 
Health benefits of Citrus fruits are associated with its high amounts of photochemical and 
bioactive compounds such as flavonoids, limonoids, phenols, carotenoids, minerals and 
vitamins. The plant is used in traditional medicine as an antiseptic, antiviral, antifungal, 
astringent, diuretic, mosquito bite repellent, for the treatment of stomach ailments. 

 

Materials & methods 
Three types of Citrus fruits, Lemon (Citrus lemon), Sweet lime or Mosambi (Citrus limetta) 
Orange (Citrus sinensis) were taken.
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A veteran vitamin in versatile role: Vit K 

 
Anju Paul,

 Sreyasree Basu, Mainak Debnath and Amit Kumar Barman 

 
Abstract 
Vitamin K is precisely known for its role in blood clotting. The original term vitamin “K” comes from 

the K in the Germanic word Koagulation meaning the ability to clot blood or prevent hemorrhage.  In 

recent days, new roles for vitamin K have been emerged in the multifarious fields like, brain health, 

bone, cardiovascular, hormonal and reproductive health etc. vitamin K deficiency is much more likely to 

occur in infants but in adults person it is also seen. Symptoms include bruising, hematomas oozing of 

blood at surgical or puncture sites, stomach pains; risk of massive uncontrolled bleeding; cartilage 

calcification; and severe malformation of developing bone or deposition of insoluble calcium salts in the 

walls of arteries. In infants, it can cause some birth defects such as underdeveloped face, nose, bones, and 

fingers. Vitamin K is changed to its active form in the liver by the enzyme Vitamin K epoxide reductase. 

Activated vitamin K is then used to gamma carboxylate (and thus activate) certain enzymes involved in 

coagulation: Factors II, VII, IX, X, and protein C and protein S. Inability to activate the clotting cascade 

via these factors leads to the bleeding symptoms. 

 

Keywords: Vitamin K, coagulation, calcification, phylloquinone, menaquinones, menadione 

 

Introduction 

The discovery of vitamin K can be traced back to the research of Carl Peter Henrik Dam at the 

Biochemical Institute of the University of Copenhagen from 1928 to 1930. In his work on 

cholesterol metabolism, the Danish biochemist observed a spontaneous tendency to 

hemorrhage in chicks fed for longer than 2 to 3 weeks on cholesterol- and fat-free chicken 

feed. This coagulation disorder was combined with lowered prothrombin content (Prothrombin 

D factor II) of the blood [1-3]. At that time, as none of the hitherto known vitamins (e.g. 

vitamins A, C and D) were capable of preventing the coagulation disorder, Dam postulated a 

new, fat-soluble vitamin, which regulates coagulation. The latter was apparently present in 

green vegetables and liver, as supplementary feeding with these nutrients resulted in normal 

blood coagulation in the animals. Moreover, Dam successfully treated the chickens’ 

hemorrhages with an ether extract obtained from lucerne (alfalfa). Dam Called the 

antihemorrhagic vitamin “vitamin K” (after “Koagulation:" coagulation) [4]. In the 1930s, 

several working groups researched the isolation and identification of vitamin K. At this time, a 

US American research group working with the biochemist Edward Albert Doisy succeeded in 

isolating the antihemorrhagic vitamin K and elucidating its chemical naphthoquinone ring 

structure. In 1943, the 2 researchers, Dam und Doisy, were jointly awarded the Nobel Prize for 

medicine for the discovery and elucidation of the chemical structure of vitamin K [5, 6].                                                                                                              

Vitamin K is a name given to a group of fat-soluble vitamins. They are considered essential 

cofactors in humans for the production of several proteins that are involved in coagulation 

homeostasis and calcium homeostasis. 

Chemically, the vitamin K family comprises 2-methyl-1,4-naphthoquinone (3-) derivatives. 

Vitamin K includes two natural vitamers: vitamin K1 and vitamin K2. Vitamin K2, in turn, 

consists of a number of related chemical subtypes, with differing lengths of carbon side chains 

made of isoprenoid groups of atoms. 

Vitamin K1, also known as phylloquinone, is made by plants, and is found in highest amounts 

in green leafy vegetables because it is directly involved in photosynthesis. It may be thought of 

as the plant form of vitamin K. It is active as a vitamin in animals and performs the classic 

functions of vitamin K, including its activity in the production of blood-clotting proteins. 

Animals may also convert it to vitamin K2. 

Bacteria in the gut flora can also convert K1 into vitamin K2 (Menaquinone). In addition, 

bacteria typically lengthen the isoprenoid side chain of vitamin K2 to produce a range of 

vitamin K2 forms, most notably the MK-7 to MK-11 homologues of vitamin K2.  
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Development and characterization of biocolor (Brassica 

oleracea var. capitata F. rubra) fortified lime squash 

 
Riya Dasgupta, Chaitali Chakraborty, Kakali Bandyopadhyay and 

Shairee Ganguly  

 
Abstract 
The major pigment of purple cabbage is anthocyanin, responsible for many of the attractive colors, from 

scarlet to blue. It represents about 196.5 mg of polyphenols per 100g of raw purple cabbage that can be 

determined spectrophotometrically. Purple cabbage also contains high amount of dietary fiber, 

carbohydrates and related bioactive compounds. It is thus significant and even essential to find 

applications in different food products (e.g. Lime Squash). Squash is a non-alcoholic concentrated syrup 

used in beverage making. It is usually fruit-flavored, made from fruit juice, water, and sugar or a sugar 

substitute. In this study color extracted from purple cabbage was used for the development of lime 

squash, packed in glass bottles and sealed hermetically and non-hermetically using wax. The polyphenol 

of all samples were evaluated spectrophotometrically and expressed in mg Gallic acid equivalent/gm of 

sample. The light absorbance and color stability of the sample were studied using UV-Vis double-beam 

spectrophotometer. In this study, the peak of anthocyanin is processed in between 500-600 nm and the 

maximum peak height of anthocyanin is found at 560nm and color stability is determined within the 

wavelength range between 550-560nm. The best result in all aspects was found for the lime squash 

sealed hermetically. 

 

Keywords: purple cabbage, anthocyanin, lime squash, gallic acid equivalent, color stability 

 

1. Introduction 

Color is a measure of quality and nutrient content of foods. The objective of adding color to 

foods is to make them appealing, augment the loss of color during processing, to improve the 

quality and also to influence the consumer to buy a product. At present, the demand for natural 

dyes is increasing worldwide due to the increased awareness on therapeutic and medicinal 

properties and their benefits among public and also because of the recognized profound 

toxicity of synthetic colors. Natural dyes are those derived from naturally occurring sources 

such as plants, insects, animals and minerals. Among all the natural dyes, plant-based 

pigments have medicinal values so are mostly preferred (Chaitanya, 2014). The major 

pigments present abundantly in purple cabbage are anthocyanin which can be used as a source 

of natural color. The term anthocyanin was derived from the Greek anthos, a flower, and 

kyanos, dark blue. Anthocyanins are the most important group of pigments, after chlorophyll 

that is visible to the human eye (Harborne et al., 1988). Anthocyanins are responsible for 

many of the attractive colors, from scarlet to blue, of flowers, fruits, leaves, and storage organs 

(Harborne et al., 1988-1993). Being part of flavonoids, anthocyanins are the greatest natural 

pigments giving blue color in plants and showing antioxidant potential. 

Purple cabbage belonging to Brassicaceae family is a vegetable with high total antioxidant 

capacity being also very rich in minerals, vitamins, polyphenols, anthocyanins and 

glucosinolates. It represents about 196.5 mg of polyphenols per 100g of raw purple cabbage. 

Purple cabbage also contains high amount of dietary fiber, carbohydrates and related bioactive 

compounds. Purple cabbage, is more unique among the cruciferous vegetables in providing a 

big quantity of anthocyanins, which qualify not only as antioxidant nutrients, but also as anti-

inflammatory nutrients. The antioxidant richness of cabbage is partly responsible for its cancer 

prevention benefits (Draghici et al., 2013) [5]. 

 

2. Materials and Methods 

2.1 Materials 

2.1.1 Raw Materials Required: Raw materials for the preparation of this squash such as 

purple cabbage, sugar, limes were brought from local market adjacent to the institution. 
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ABSTRACT : Food processing is one of the most important industries over the world, however,,
byproducts of such industries, mainly organic material must be handled in appropriate manner to
avoid any environmental violence.  But these by products as well as the waste materials contain
some good nutraceutical properties such as presence of polyphenols which can increased the
antioxidant properties of the food materials. In this study the polyphenol contents from the wastes
of some food materials such as cucumber peels, potato peels, pea nut hulls, pomegranate seed
wastes, date seeds, pumpkin seeds are determined in mg GAE/g sample by using different solvents
viz., water, ethanol, methanol and acetone as extracting medium. It was observed that, among these
samples potato peels, cucumber peels and pomegranate seeds exhibited maximum polyphenol
content in water medium, such as 5.14, 6.05 and 4.70 mg GAE/g sample, respectively, whereas
pumpkin seeds and date seeds showed maximum  polyphenol content in acetone medium, like, 6.06
and 4.40 mg GAE/ g sample, respectively. As water is one of the main ingredients of most of the
processed foods, potato peels and cucumber peels wastes can be utilized for fortifications of
polyphenols in vegetable soups. It has been observed that the polyphenol content can be increased
upto about 2.7 times in case of cucumber peel fortified soups. Therefore, it can be concluded that
cucumber peel fortified soups showed the best result considering its functional quality in terms of
polyphenol content as well as overall acceptability in terms sensory analysis.

KEY WORDS : Food wastes, Polyphenol, Nutraceutical, Fortified soups, Sensory analysis
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BANANA PEEL WASTES: POTENTIAL SOURCE OF  

ANTIOXIDANT IN BANANA CHIPS 
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ABSTRACT 

Banana are one of the most popular fruit carries a number of beneficial pharmacological effects and comes 

with a set of variety and it is distributed all over the world. The major by-product of the banana processing industry is 

the peel causing environmental hazard. High dietary fibre, polyphenolic and related bioactive compounds content of 

banana peels make them promising for variety of applications in nutraceuticals and medicinal purposes. 

In the present study the banana chips with and without peel were prepared by drying (using tray dryer at 600C 

700C, 800C) and microwave processing (360, 540, 720, 900 watt). The results showed that moisture loss and shrinkage 

loss of banana chips increased with increase in time of drying and temperature and wattage of microwave. All types of 

chips were accepted by sensory analysis with highest gradation was obtained by microwave processed chips without 

frying. Polyphenol content (mg GAE/gm) of tray dried and microwave dried banana chips with and without peel were 

investigated which showed that microwave processed banana chips with peel contain highest amount of polyphenols 

compared to other varieties. Hence consumption of microwave processed banana chips with peel may be useful to 

combat free radical mediated diseases. 

KEYWORDS: Banana Chips, Peel, Polyphenol, Microwave, Sensory Analysis & Tray Drier 
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INTRODUCTION 

In ancient Indian literature the medicinal properties of banana have been documented and found to be 

effective in cure of many diseases [1]. As a staple fruit, it is available through-out the year which provides 

livelihood security to thousands of people [2]. In banana processing industry the major waste is the peel, 

accounting 30% of the fruit which constitute environmental hazard [3]. According to the criteria established by the 

National Cancer Standard Institute, banana peel extract is classified as non-toxic to normal human cells [4]; 

therefore, it can be safely utilized as a natural source of antioxidants for value addition. It grows in humid low land 

to upland tropical areas [5]. Being as a tropical plant, banana protects itself from the oxidative stress caused by 

strong sunshine and high temperature by producing large amounts of antioxidants [6]. 

The peel and pulp of fully ripe banana provides good antimicrobial and antibiotic properties [7]. Banana 

peel is also an underutilized source of phenolic compounds. It accounts 40% of the total weight of fresh banana 

and these are used as fertilizer or discarded in many countries [8]. It contains various antioxidant compounds such 

as gallocatectin and dopamine and it is also the rich source of total phenolics and this in turn reflects their 
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Introduction 
 

Today potatoes have become an integral part 

of much of the world's cuisine and are the 

world's fourth-largest food crop, following 

rice, wheat, and maize. China is now the 

world's largest potato-producing country, and 

nearly third of the world's potatoes are 

harvested in China and India. Potatoes have 

high nutritive value and can be consumed in 

various forms and one of these is potato 

powder [International Year of the Potato 2008 

– The potato (2009)]. Processing of potato 

into flour is the most satisfactory method of 

creating a product that is not only  

 

 

 

 

 

 

 

 

functionally adequate, but also remain for an 

extended period without damage. Potato flour 

can become a highly viable value added 

product due to its versatility in function as a 

thickener and color or flavor improver (Avula 

et al., 2006; Raj et al., 2008). Several 

products are prepared by incorporating potato 

flour with other flours and using the processes 

like baking, roasting, steaming, boiling and 

deep fat frying (Gahlawat and Sehgal, 1996).  

 

It also imparts a distinctive, pleasing flavour 

and improves toasting qualities and can be 
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Potato is probably the most popular food item in the Indian diet and India is one of the 

largest producers of potato. Potato is a very rich source of starch. It also contains 

phosphorus, calcium, iron and some Vitamins C and A. It is vastly consumed as a 

vegetable and is also used in various forms such as starch, flour, alcohol and dextrin. 

Besides being used as a daily food item in various vegetable preparations, potato today 

increasingly finds use in the form of chips or wafers as snacks food. In the present study, 

potato powder is produced from two varieties of potato like kufri chandramukhi and kufri 

jyoti. These potato powders are utilized as a binding agent to produce fortified rasogolla 

sample R1 (kufri jyoti fortified) and R2 (kufri chandramukhi fortified). Control sample (C) 

of rasogolla is prepared using chhana (a heat and acid coagulated milk protein mass and an 

Indian equivalent to cottage cheese) only and a market sample (M) is also taken into 

consideration during comparative analysis of both sensory and texture. It has been found 

that the highest overall acceptability of about 8.7 (based on 9-point hedonic scale) is 

observed for sample R2 compared with others. Whereas considering the textural profile 

like hardness, fracturability, springiness and cohesiveness the sample R2 provides 

comparable result with other control and market sample. 
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Introduction 
 

India is diversified country, famous for its 

tradition, culture in each field because of 

agro-climatic zone, language, etc. India is 

popular for its traditional beverages and 

foods. These traditional foods are 

significantly known for their taste and texture, 

nutritional and therapeutic value. The 

combination of this traditional knowledge 

with scientific knowledge will increase the 

demand of some fermented foods to the health 

conscious consumers. For example, lassi is a  

 

 

 

 

 

 

 

 

 

 

popular traditional yogurt based drink from 

the Indian Subcontinent. Lassi is a blend of 

yogurt, water, spices and sometimes fruits. In 

this present study, to increase the physical 

acceptability of lassi, it has been fortified with 

betalain (beet root color).  

 

Again, effort has been given to reduce the 

calories of lassi by using non-nutritive 

sweetener, sucralose as it is 600 times sweeter 

than sucrose and has no calorie. 
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Lassi is a popular traditional yogurt based drink from the Indian Subcontinent. Lassi is a 

blend of yogurt, water, spices and sometimes fruits. To increase the physical acceptability 

of lassi, it has been fortified with betalain powder which provides reddish colour. Colour is 

an important parameter for sensory analysis and consumer preference. However using 

synthetic colour could be harmful for health. In today’s progressive world a shift from 

synthetic to biocolour is observed. Betalain is a biocolour extracted from beet-root (Beta 

vulgaris). It also increases the polyphenol content of the product which will increase the 

anti-oxidant property of this beverage. In the present study, effort has been given to reduce 

the calories of lassi by using zero calorie sweetener, sucralose as it is 600 times sweeter 

than sucrose. To avoid the heat damage of biocolour, freeze dried powder is used as 

colorant. The polyphenol content of betalain powder is measured in gallic acid equivalents 

(GAE) by Folin-Ciocalteau assay using different solvents like methanol, ethanol, 

petroleum ether and water. Polyphenol content is increased from 755.32 gm/100gm for 

control lassi to 862.1 gm/100gm sample for fortified lassi. Proximate analysis of the lassi 

samples and the stability of betalain are also determined. Finally, the sensory evolution is 

also executed by using 9 point hedonic scale. Thus fortified lassi is prepared with 

enhanced functional properties as well as its overall acceptability. 
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Abstract: Yoghurt, one of the fermented milk products, is a
functional food which is popular and acceptable by consumers
for several years. Yoghurt is a high nutritious food containing -
lactalbumin, β-lacto globulin, vitamin A, calcium and phosphorus.
It is used to aid a variety of gastrointestinal disorders. Apples
have higher shelf life (1-2months in refrigerator) compared to
many other fruits. Apple consist higher amount of fructose (about
12.6gms) that acts as a natural sweetener which decreases the
requirement of added sucrose to yoghurt. In this study a set-
type fruit yoghurt was developed by addition of apple pulp. The
physico-chemical, sensory and rheological properties of different
types of yoghurt were determined. A control (C) was prepared to
compare the quality characteristics with Apple Incorporated
Yoghurt. The pH of the apple incorporated yoghurt lies between
3.89-4.01 whereas for control yoghurt it is between 4.14-4.34. The
addition of apple pulp lead to decrease the pH, syneresis
percentage, viscosity and an increase in total solid (TS), water
holding capacity (WHC) of the yoghurt. AY3 revealed the highest
() WHC (%) whereas the lowest value was observed in case of C.
Flow index behavior for C, AY1, AY2 and AY3 were found as 0.57,
0.418, 0.402 and 0.395 respectively. So it can be concluded that

apple incorporated yoghurt serves as an excellent food worldwide
and can be easily accepted by the consumers.

Keywords: Apple incorporated yoghurt, Physico-chemical
analysis, Rheological analysis, Sensory analysis

Introduction

Yoghurt, which is a commonly fermented dairy product, is
obtained from the fermentation of milk by lactic acid- producing
bacteria such as Streptococcus thermophillus and Lactobacillus
delbrueckii spp. bulgaricus (Fadela et al., 2009). Yoghurt has a
variety of probiotics and vitamins and is well received by
consumers. Consumption of yoghurt is associated with some
health benefits because of the lactic acid bacteria. As there is a
lot of sugar and fat in it, it is not suitable for hyperpietics and
diabetics. In recent years, consumers’ demand for low-fat or nonfat
dairy products has increased (Bitaraf et al., 2012).

Yogurt is considered as healthy food due to its high digestibility
and bioavailability of nutrients and also can be recommended to
the people with lactose intolerance, gastrointestinal disorders
such as inflammatory bowel disease and irritable bowel disease,
and aids in immune function and weight control (Danone,
2013).Addition of flavors would enhance the consumer appeal
while produce a variety of products. Flavors can either be added
immediately before homogenization or after the homogenization.
Yogurts are available in a vast array of flavors including fruit
(apple, apricot, black cherry, black currant, blue berry, lemon,
mandarin, raspberry, strawberry, peach), cereal, vegetables,
chocolate, vanilla, caramel, ginger, etc (Weerathilake et.al., 2014;
Chakraborty et.al., 2017).

Materials and methods

Fruit pulp preparation

 Mature ripened apples were brought from local market of
Sodepur, West Bengal and washed thoroughly. Then the apples
were boiled at 90-95°C for around 5-10minutes. After boiling, the
skin, core and seeds of the apples were removed properly. Then

https://doi.org/10.33785/IJDS.2019.v72i01.006
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Potential of raw banana peel as a source of polyphenol 

in muffins 
 

Chaitali Chakraborty, Kakali Bandyopadhyay, Shairee Ganguly, Bornini 

Banerjee and Shubham Mukherjee  

 
Abstract 
Fresh banana contains about 40% (w/w) peels. Banana peels are a good source of dietary fibres, 

polyphelnols and some bioactive compounds. But in our society banana peels are considered as waste 

products. Even in banana processing industries banana peels are not utilized. As a waste material these 

peels can be hazardous to the environment as they can act as a medium of some harmful microorganisms. 

In the present study the nutraceutical properties of banana peels are utilized by using them in muffin 

production. Here banana peels are used as wheat flour substitute and it is added in different proportions 

(10%, 20%, and 30%) on the wet weight basis of the dough. The muffins were produced in microwave 

oven at different wattage (360W, 540W, 720W and 900W) as well as in baking oven at 110 0C 

temperature for 20 minutes. The polyphenol contents of all types of banana peel fortified muffins (10, 20 

and 30% BPM) and control muffins, prepared in microwave oven and baking oven are determined in gm 

GAE/100 gm of samples by using five different extractions medium viz. acetone, methanol, ethanol, 

butanol and petroleum ether. It was observed that the polyphenols are mostly soluble in methanol for all 

types of BPMs as well as for control. For microwave processed 30% BPM the maximum polyphenols 

content is observed as 7.92 gm GAE/100 gm whereas this value is 7.77 gm GAE/100 gm for baking oven 

processed 30 % BPM in methanol. The sensory evaluations (by 9 point hedonic scale) of different BPMs 

are also carried out which showed the maximum overall acceptance for 30% BPM (microwave 

processed) and 20 % BPM (baking oven processed). Therefore raw banana peel can be utilized as a 

potent source of polyphenol in various foodstuffs. 

 

Keywords: Banana peel muffin (BPM), polyphenol content, microwave processed, baking oven 

processed, sensory analysis 

 

1. Introduction 

The fruit and vegetable wastes (e.g. peels, seeds) are the non-product flows of raw materials 

whose economic values are less than the cost of collection and recovery for reuse; and 

therefore discarded as wastes. Phenolics are found in a plenty of plants and consist of an 

aromatic ring within the molecular structure (Singh et al.2012) [10]. The agro-residues cannot 

be regarded as the wastes but become an additional valuable resource to augment existing 

natural materials. Recycling, reprocessing and eventual utilization of food processing residues 

offer potential of returning these by-products to beneficial uses rather than their discharge to 

the environment which cause detrimental environmental effects. Banana fruits contain various 

antioxidants such as gallocatechin and dopamine. Musa sapientum which is commonly called 

banana is a herbaceous plant of the family Musaceae. Being as a tropical plant, banana 

protects itself from the oxidative stress caused by strong sunshine and high temperature by 

producing large amount of antioxidants. Interestingly, banana peel extracts have also been 

found to contain a high capacity to scavenge 2, 2-diphenyl-1-picrylhydrazyl (DPPH•) and 2,2′-

azino-bis (3-ethylbenzothiazoline) -6-sulfonic acid (ABTS•+) free radicals (González-

Montelongo et al., 2010; Kedare and Singh, 2011) [4, 6]. Moreover, the extraction of 

antioxidants from banana peels is a great way for waste management because the main by-

product from banana processing industry is its peel (Anal et al., 2014) [2]. 

Sundaram et al., 2011 [12], reported that the unripe banana peel sample had higher antioxidant 

potency than ripe and leaky ripe. Banana peel extract is classified as non-toxic to normal 

human cells criteria established by the National Cancer Standard Institute. (Anjum, et al. 

2015), therefore, it can be safely utilized as a natural source of antioxidants and enzyme to 

cure disease. 

Banana is a highly perishable and bulky fruit, which requires processing into a more stable and 

convenient form.  
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Change in physicochemical properties of edible oil 

during frying: A review 
 

Kakali Bandyopadhyay, Chaitali Chakraborty, Suravi Chakraborty and 
Shairee Ganguly  
 
Abstract 
Edible oils from plant, animal, or synthetic origin, are used in frying, baking, and other forms of cooking, 
and in salad dressings and bread dips. Plant-derived edible oils consist of carboxylic acids with long 
hydrocarbon chains, in contrast to petroleum-based oils which lack the carboxyl group on the end. The 
carboxyl group makes the oils edible, providing a site for human enzymes to attack and break down the 
chain in a process called beta-oxidation. There are a wide variety of cooking oils from plant sources such 
as olive oil, palm oil, soybean oil, canola oil (rapeseed oil), corn oil, peanut oil and other vegetable oils, 
as well as animal-based oils like butter and lard. This paper incorporates a comparative study of different 
types of frying oils by their physicochemical properties and compositional qualities. There are numerous 
health benefits of frying oils which has been covered in the paper along with the future of edible oils in 
India. 
 
Keywords: Edible oils, carboxyl group, physicochemical properties, health benefits. 
 
1. Introduction 
Lipids and triacylglycerol naturally occur in oils and fats. Their chemical composition contains 
saturated and unsaturated fatty acids and glycerides. Edible oils are vital constituents of our 
daily diet, which provide energy, essential fatty acids and serve as a carrier of fat soluble 
vitamins (Erum Zahir et al., 2014) [26]. Cooking oil is typically a liquid at room temperature, 
although some oils that contain saturated fat, such as coconut oil, palm oil and palm kernel 
oil are solid. 
Fat frying is one of the oldest and popular food preparations. Fried foods have desirable 
flavour, colour and crispy texture, which make deep-fat fried foods very popular to consumers. 
Frying is a process of immersing food in hot oil with a contact among oil, air, and food at a 
high temperature of 150 to 190oC. The simultaneous heat and mass transfer of oil, food and air 
during fat frying produces the desirable and unique quality of fried foods. Frying oil acts as a 
heat transfer medium and contributes to the texture and flavour of fried food (Hassan A. 
Mudawi et al., 2014) [15]. Numerous types of edible oils of plant and animal origin are used in 
frying, depending on regional availability. Palm oil is often used in Southeast Asia, coconut 
and groundnut oil in the Indian subcontinent, and olive oil in the Mediterranean region. During 
the last five decades, the Western food industry has become increasingly dependent on the 
frying process to manufacture a variety of snack foods. Fried foods such as potato chips, 
french fries, and fried fish and chicken have gained worldwide popularity (Farkas B.E. et al., 
1996) [10]. 
According to Erum Zahir, the quality of Corn and Mustard oils was analyzed by evaluating 
physicochemical properties such as density, viscosity, boiling point, peroxide, iodine and 
saponification values. Results are presented in Table 1. Oils with lower values of viscosity and 
density are highly appreciable to consumers. In order to design an advanced technological 
process these properties are very important parameters. 
From the results obtained as presented in Table 1 the saponification value of palm kernel oil 
(280.5±56.1 mg KOH/g) is higher than those obtained for coconut oil (257.5±6.5 mg KOH/g) 
and groundnut oil (191.5±3.5 mg KOH/g) and since the higher the saponification value, the 
higher the unsaturated level of the oil, it can thus be inferred that palm kernel oil possess more 
unsaturated fatty acids than groundnut and coconut oils. It also indicates that the molecular 
weight of palm kernel oil is less than those of groundnut and coconut oils (Theodore, 1983) 
[23]. The iodine value obtained for palm kernel oil (i.e., 15.86±4.02 mgKOH/g) is also higher  
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Neutraceutical potential of some rare fruits & 

vegetables: A Review 

 
Chaitali Chakraorty, Kakali Bandyopadhyay, Riya Dasgupta, Abhijit 

Ghosh, Poulami Mitra, Tania Paul and Abhik Dutta 

 
Abstract 
Vegetables are considered essential for well-balanced diets since they supply vitamins, minerals, dietary 

fiber, and phytochemicals. Each vegetable group contains a unique combination and amount of these 

phyto-nutraceuticals, which distinguishes them from other groups and vegetables within their own group. 

In the daily diet, rare vegetables can add more nutrition as well as play significant role in preventing 

various chronic diseases. Rare fruits and vegetables mainly include Broccoli, Purple Cabbage, Kiwi, Fig, 

Pomelo, Star fruit and many more. All of these are rich source of vitamins, minerals and carbohydrate 

with low fat content. Mainly they are preventive against different cancer and tumors that lead to cancer. 

The promotion of healthy rare vegetable products has coincided with a surging consumer interested in the 

healthy functionality of food. 

 

Keywords: Rare fruits and vegetables, cancer, antioxidants, phytochemicals, and phyto-nutraceuticals 

 

Introduction 

The term vegetable refers to edible part(s) of a plant consumed raw or cooked, generally with a 

main dish, in a mixed dish, as an appetizer or in a salad. Vegetables include edible stems and 

stalks, roots, tubers, bulbs, leaves, flowers, some fruits, pulses (mature beans and peas), fungi 

(mushrooms, truffles), algae (seaweed) and sweet corn and hominy (cereal grains used as 

vegetables). Vegetables help to meet up major portion of the diet of humans through 

worldwide and play a significant role in human nutrition, especially as sources of 

phytonutraceuticals: vitamins (C, A, B1, B6, B9, E), minerals, dietary fiber and 

phytochemicals (Quebedeaux et. al. 1990-1999) [18]. Some phytochemicals of vegetables act as 

strong antioxidants and plays significant role to reduce the risk of chronic disease by 

protecting against free-radical damage, by modifying metabolic activation and detoxification 

of carcinogens, or even influencing processes that alter the course of tumor cells (Southon et 

al, 2000-2009) [23]. According to the 2007 World Health Report unbalanced diets with low 

vegetable intake and low consumption of complex carbohydrates and dietary fiber are 

estimated to cause some 2.7 million deaths each year, and were among the top 10 risk factors 

contributing to mortality (Dias, 2011) [5]. Especially, rare vegetables contributes significantly 

overall good health, improvement of gastrointestinal health and vision, reduced risk for some 

forms of cancer, heart disease, stroke, diabetes, anemia, gastric ulcer, rheumatoid arthritis, and 

other chronic diseases. Some rare vegetables are as follows: Broccoli, Purple Cabbage, Kiwi, 

Fig, Pomelo, Star fruit. Cruciferous vegetables (Brassicacea or Cruciferae family) which 

include, cabbage, brocolli, cauliflower, Brussels sprouts, kales, kailan, chinese cabbage, turnip, 

rutabaga, radish, horseradish, rocket, watercress, mustards, among other vegetables, provide 

the richest sources of glucosenolates in the human diet. 
 

Different Rare Vegetables 
1. Broccoli: Broccoli (“Brassica oleracea var. italic”) is a Cruciferous green leaf Cole 

vegetable. This plant is native of Italy, but can be successfully grown in India also. It is a rich 

source of valuable nutrients Vitamin A, C & riboflavin. It contains high amount of Iron and 

Calcium and is a non-fattening food and possesses various medicinal properties as well 

(Mishra and Mukherjee, 2012) [15]. Broccoli grows best in temperature ranging between 18 ˚C 

and 23˚ C. Sprouting broccoli has a larger number of heads with many thin stalks. It is planted 

in May to be harvested during the winter in areas with temperature climates. Romanesco 

broccoli has a distinctive fractal appearance of its heads, and is yellow-green in color. It is 

technically the Botrytis (Cauliflower) cultivar group. Purple cauliflower is a type of broccoli  
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Utilization of various seeds: A review 
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Prostuti Chakravorty, Rupsa Roychowdhury, Shubhapriya Samanta and 

Manasi Roy  

 
Abstract 
Seed, known to be an embryo possessing part of a plant, enclosed in a protective outer covering, does not 

have much utilization known to us. Seeds which are generally thrown away as a waste product have 

various benefits hidden among themselves. In this review paper, seeds and their different utilizations 

have been highlighted. We see that seeds, because of their concealed polyphenols and antimicrobial 

activities, serve us with various medicinal purposes. By-products such as seed flour and seed oil derived 

from them are enriched with nutrition value and antioxidant properties. Thus, instead of being wasted and 

withered, proper utilization of seeds should be done. 

 

Keywords: embryo, polyphenols, antimicrobial activities, seed flour, seed oil 

 

1. Introduction 

Seed has been considered as a waste product dumped from households or fruit/vegetable 

processing industries. But seeds have found their utilization in food, pharmaceutical and 

cosmetic industries for their antioxidant and medicinal values. Besides, seed can used for 

processing of seed flour, seed oil and can be utilized as a source of various polyphenols and 

flavonoids. The parts of the plant most commonly used for the therapeutic purposes in the 

“Alternative Medicinal” systems are the seeds which are contained in an inflated capsule 

formed from the united follicles containing considerable amount of oil having pungent and 

bitter taste. (Padhye et al. 2008). (Umbelliferae). Essential oil of fennel is used as flavoring 

agents in food products such as beverages, bread, pickles, pastries, and cheese. It is also used 

as a constituent of cosmetic and pharmaceutical products (Piccaglia et al., 2001) [75]. Herbal 

drugs and essential oils of fennel have hepatoprotective effects (Ozbek et al. 2003) [71], as well 

as antispasmodic effects. They are also known for their diuretic, anti-inflammatory, analgesic 

and antioxidant activities (Choi, E, 2004) [31] (Anand et al, 2008) [5] reported that fennel seed 

possesses anticancer activity. 

In general, the use of food parts usually discarded by industries adds nutrients to various 

preparations. (Storck et al. 2013) [84-89], elaborated preparations using papaya seed cake and 

papaya peel jam and observed an increased fiber content and sensory analyses were conducted. 

Sesamum indicum L. (Pedaliaceae) is an annual shrub with white bell-shaped flowers with a 

hint of blue, red or yellow with branches or without branches. It is grown for the production of 

seeds which is rich in oil content. (Chakraborty et al. 2008). Commonly the seeds are used 

primarily as a spice and food preservative. In folk medicinal practices they are ingested with 

food or mixed with honey and are primarily used as lactogogues, carminitative and 

antihelmnthic agents. The seeds have also been used as diuretics, anti-hypertensive, muscle 

relaxants and as immunity enhancers in immune- compromised people. Importantly, the seeds 

have been reported to be safe when used orally in moderate amount in food (Der Marderosian. 

et al, 2005) [34]. Several beneficial pharmacological effects have been attributed to various 

crude or purified components of these seeds including antihistaminic (Chakravorty, 1993) [30], 

antihypertensive (Zaoui et al., 2000) [98], hypoglycemic (Al-Hader et al., 1993) [1], antifungal 

(Khan et al., 2003) [51], anti-inflammatory (Al-Ghamdi, 2001) [9] along with significant anti-

neoplastic (Worthen et al., 1998) [96] activities. These studies collectively provide early 

indication that further development of agents derived from black cumin seeds could be useful 

in modern medicine.  

The chemical composition of fenugreek seed (FS) has been thoroughly studied and its 

medicinal properties are associated with its phytochemicals such as galactomannans, phenolic 

compounds,  alkaloids,  proteins,  vitamins  (A,  B1,  C  and  nicotinic  acid)  and  volatile  oils 



Int.J.Curr.Microbiol.App.Sci (2018) 7(5): 1406-1413 

 

 

1406 

Original Research Article     https://doi.org/10.20546/ijcmas.2018.705.167  

 

A Study on Antimicrobial Properties and Medicinal Value of  

Adhatoda vasica, Centella asiatica, Paederia foetida,  

Nyctanthes arbor-tristis, Ocimum tenuiflorum 
 

Anju Paul
1*

, Amit Kumar Barman
2
, Pradip Kumar Roy

2
 and Subhajit Ray

3
 

 
 

1
Department of Food Technology, Guru Nanak Institute of Technology, India 

2
Faculty of Dairy Technology, WBUAFS, Mohanpur Campus, W.B., Nadia-741252, India 

3
Department of Food Engineering and Technology, CIT, Assam-783370, India 

 
*Corresponding author  

 

 

 

 
 

                           A B S T R A C T  

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 
 

World Health Organisation (WHO) has 

defined medicinal plants as plants that contain 

properties or compounds that can be used for 

therapeutic purposes or those that synthesize 

metabolites to produce useful drugs. 

Medicinal plants constitute an important 

component of flora and are widely distributed 

in India. The pharmacological evaluation of 

substances from plants is an established 

method for the identification of lead 

compounds which can leads to the 

development of novel and safe medicinal 

agents. The importance of medicinal plants 

and traditional health systems in solving the 

health care problems of the world is gaining 

increasing attention. Because of this 

resurgence of interest, the research on plants 

of medicinal importance is growing 

phenomenally at the international level, often 

to the detriment of natural habitats and mother 
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The use of various herbal remedies and preparations are described throughout human 

history representing the origin of modern medicine. Herbal medicine is also called 

botanical medicine or phyto-medicine, and is defined as the use whole plants or part of 

plants to prevent or treat illness. Medicinal plants constitute an important component of 

flora and are widely distributed in India. The pharmacological evaluation of substances 

from plants is an established method for the identification of lead compounds which can 

leads to the development of novel and safe medicinal agents. The importance of medicinal 

plants and traditional health systems in solving the health care problems of the world is 

gaining increasing attention. Because of this resurgence of interest, the research on plants 

of medicinal importance is growing phenomenally at the international level, often to the 

detriment of natural habitats and mother populations in the countries of origin. The study 

on antimicrobial and medicinal values of: Adhatoda vasica (vasaka), Centella asiatica 

(thankuni), Paederia foetida (gadal), Nyctanthes arbor-tristis (shiuli), will help us to 

understand their anti-microbial property so that they can be used in more effective and 

efficient manner for pharmacological purposes. 

K e y w o r d s  
 

Medicinal plants, 

Pharmacological 

activity, herbs, 

polyphenols 
 

 
 

Accepted:  

12 April 2018 

Available Online:  
10 May 2018 

Article Info 

 



 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

 

CLIMATIC CONDITIONS REQUIRED AND FACTORS  AFFECTING  THE 

PRODUCTION OF SWEET POTATO 
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ABSTRACT: 

Sweet potato is a subtropical crop. It requires moderate temperature ranging between 21-26°C. It requires the 

average temperature 75°F (24°C) for growth. The other factor that also have significant effect on growth are abundant 

sunlight, warm nights,annual rainfall [(750-1000mm), with minimum range of 500mm in growing time].  Climate change 

such as global warming, elevated CO2 concentration, high temperature etc affects sweet potato production worldwide. 

Elevated CO2 cause malformation of tuber. High temperature also causes reduced yield. Overall climate change affects 

sweet potato greatly. 

KEYWORDS: Climate Change, Production, Yield, Carbon-di-Oxide & Temperature 
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INTRODUCTION  

Sweet potatoes can be grown where there is a long frost-free period with warm temperatures in the 

growing season. The plant does not tolerate frost .Sweet potato requires moderate temperature (21-26oC, so, it can 

be grown in every month but in different countries worldwide. Sweet potatoes require plenty of sunshine, but shade 

causes yield reduction. However, sweet potato is intercropped with other seasonal crops like pigeon pea, maize, etc 

(Nedunchezhiyan et al., 2010) and to fulfill the objective of intensification of crop and to gain the profit at a 

maximum level, it can be grown as an intercrop. At initiation stage (0-60) days, sweet potato is very much 

sensitive to draught and water-logging. If it is not maintained properly, then it causes rotting of tuber and reduced 

growth of storage root. (Nedunchezhiyan and Ray 2010). Sweet potato is very much affected by saline and alkaline 

condition of the soil. (Dasgupta et al. 2006, Mukherjee et al. 2006). 

FACTORS AFFECTING THE PRODUCTION OF SWEET POTATO  

Concentration of CO2  

Increased rates of photosynthesis, WUE, and NUE on plants grown at elevated CO2 concentrations not 

only alter biomass, but also change the plants elemental composition. The majority of studies looking at these 

effects have focused on the foliar portion of crops, or the seed or grain of major global crops and resulted in 

increased carbohydrate concentration and decreased protein and mineral concentration (Seneweer and Conroy, 

1997; Fangmeier et al., 1999; Prior et al., 1998). Loladze (2002) reviewed 25 studies that looked at changes in 

mineral concentration of plants grown under slightly elevated (twice ambient) CO2 concentrations. He found 

average percent decreases in N, P, K, Ca, S, Mg, Fe, Zn, Mn, and Cu for all foliar plants, and decreases for all 

minerals except K (.86% increase) and Cu (no data) for wheat showing the same trends found for wheat mineral 
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Abstract—The focus of this research project 
was to develop papaya peel flour from raw papaya 
and utilizing the papaya peel flour for the 
development of value added cookies. Fresh 
papaya was blanched, peeled, cut into small 
pieces, further washed and treated with sanitizer, 
tray dried and finally grinded to powder form. 
Prepared papaya peel flour was evaluated for 
chemical analysis. In the present study the 
moisture (%), ash (%), acidity, fat (%), insoluble 
solid(%),soluble solid(%), protein content(%), 
vitamin C, total fiber, total carbohydrate and 
antioxidant content of papaya peel flour were 
estimated as 13.63%, 5.25%, .163% ,.1%, 80%, 
20%, 8.64%,.22I.U, 33.5%, 38.88% and 
514.6mg/100gm  respectively. Papaya peel flour 
fortified biscuits were formulated by incorporating 
5%, 7.5% and 10% papaya peel flour with ordinary 
flour in the present investigation. Experimental 
result revealed 5% peel flour formulated cookies 
gives the best results in terms of physicochemical 
quality. The physicochemical and nutritional 
quality parameters viz. moisture(%), ash(%), 
acidity, fat(%),vitamin C, insoluble solid 
(%),soluble solid(%),protein content(%),total fiber, 
total carbohydrate  and antioxidant content of all 
fortified varieties of cookies were determined. The 
best result obtained for 5% papaya peel fortified 
cookies and was determined as 10.35%, 4.5%, 
0.02%, 15.4%, .31U, 85%, 15%,9.3%,.017%,60.43% 
and 9gm/100gm respectively. Now the 
experimental result revealed that papaya peel 
flour fortified cookies contains significant amount 
of protein and antioxidant in comparison to it’s 
ordinary counterpart which improves it’s 
nutritional characteristics. Sensory evaluations of 
all fortified varieties were also carried out and it 
was found that 5% papaya peel flour blend for 
cookies formulation was acceptable. Therefore 5% 
papaya peel flour based formulated cookies 
proves enhanced nutritional properties, 
physicochemical characteristics and organoleptic 
attributes. 

Keywords—Papaya peel flour, value addition, 
antioxidant, sensory evaluation, nutrition 

I.  INTRODUCTION 

Papaya (Carica papaya L.) belongs to the family 
Caricaceae. Papaya (C. papaya L.) is the fourth most 

important tropical fruit around the globe (Scheldeman 
et al. 2007). The major producers of papaya in the 
world are Australia, United States, Philippines, 
SriLanka, South Africa, India, Bangladesh, Malaysia 
and a number of other countries in tropical America 
(Anuara et al. 2008).Some of the active compounds in 
papaya are ascorbic acid (108 mg/100 g), antioxidant, 
β-carotene, α-tocopherol, flavonoids, vitamin B1, 
papain and niacin (Leontowicz et al. 2007; Lim et al. 
2007).Fruit processing results in large amounts of 
waste as by products such as peels and seeds. Thus, 
by-products and its further utilization in the production 
of food additives or supplements with high nutritional 
value have aroused great interest since they are high-
value products It is very much interesting that such 
wastes are important sources of sugars, minerals, 
organic acids, fibber, and phenolic compounds that 
have a wide range of pharmacological activities, which 
include antitumor, antiviral, antibacterial, cardio 
protective, and ant mutagenic activities (Djilas et al., 
2009). In addition, these components help to maintain 
health and prevent diseases such as cancer, 
cardiovascular and many other degenerative diseases 
(Larrauri 1999).Fortification of these nutritional 
constituents in processed food products is a way to 
increase daily cooking by creating new recipes such as 
jellies, pies, juice, and pastries, in addition to 
nutritionally enriched diets, providing more fibber, 
vitamins, and minerals (Storck et al., 2013). (Storck et 
al., 2013) elaborated preparations using papaya seed 
cake and papaya peel jam and observed an increase d 
fiber content and sensory analysis were conducted. In 
many countries, cookies are generally consumed and 
it could be considered as a vehicle for nutrient transfer 
(Arshad et al. 2007). A number of studies have been 
reported on the improved nutritive value of high protein 
cookies made of composite flour such as a blend of 
soybean (Shrestha and Noomhorm 2002) and unripe 
banana flour replacing the wheat flour. Rice and black 
bean extruded flour replacing wheat flour can be 
considered as a good source of protein and fiber and 
reducing lipids in cookies (Lund and Smoot 1982). This 
study was conducted with the objective to produce and 
analyze papaya waste (peel) flour for its chemical 
constituents with the purpose to use it in preparations 
and formulations of nutritionally enriched value added 
cookies in terms of nutritional properties, 
physicochemical characteristics and organoleptic 
attributes. 


