Project details

1 Technology Assessment, Standardization and Acceleration of Shidal
(Indigenous Fermented Fish) Production in Northeast India

2 Refinement, standardization and popularization of technologies for
value added pork products in North-Eastern India

3 Development of traditional fermented dairy products enriched with
an indigenous probiotic strain for promoting the health and well
being of consumers

4 Nutritional approach for designing goat meat based functional
products

5 Quality improvement of traditional method of rice beer preparation
by the tribal people of North-East India

6 Development of Health Food based on Rice Bran

7 Processing of Apple Pomace for Value Added Product Development

8 Development of value added products of guar gum

9 Preservation of selected vegetables and fruits by
(i) Improving quality and shelf life of minimally processed products
(ii) Development of a new range of dehydrated products having
superior re-hydration and keeping qualities.

10 Bioprocessing & pilot Scale Production of High Valued Tea
Nutraceuticals: Catechins & Theaflavins

11 Enzyme mediated food processing

12 Enhancing the shelf-life of Banana

13 Kinetic of Thermal Degradation d Chlorophyll h Green Leafy
Vegetables and Increasing the Shelf life of the Vegetables

14 Ultrasound Processing of Liquid Food: Feasibility and Efficacy

15 Production of n-3 Polyunsaturated Fatty
Acids Concentrate From Sardine Qil

16 Development of a Process For Nanoencapsulation of Polyphenols for




Food Supplement Applications

17 Efficacy of Xylooligosaccharides (Xos) and Their Food Applications

18 Development of Database For Indian Seafood Safety and Traceability
Based on AFLP Markers

19 Functionalized Polymers for Processing of Soymilk and Apple Juice

20 Comparative Evaluation of Enzymatic and Fermentative Methods for
Preparation of Chicken Liver Hydrolysates: Recovery, Biofunctional
Characterization And Application

21 Biotechnological Approaches to Regulate Fermentation and Drying
Process of Cocoa

22 Quality Assessment of Traditionally Processed Dried Fish of The North
East India

23 Development of Strip Based Detection Tests For Selected Adulterants
and Contaminants in Milk

24 Phosphine and Carbon Dioxide (CO2) Combinations as Alternative to
Methyl Bromide to Manage Stored Pests of Rice Under Bulk Storage

25 Ih Vitro Assessment of the Effects o Commercially Available
Nutraceuticals and Oligosaccharides as Prebiotics on
The Human Gut Microflora

26 Nutritionally Enriched Innovative Convenience Foods Suitable for
Industrial Production From Underutilized Grains

27 Development and Optimization of Edible Coating Formulations to
Improve the Postharvest Quality and Shelf-Life of Underutilized Short
Lived Fresh Fruits by Using RSM

28 Studies n Physio-Chemical Properties of Plasma Processed Rice
Grains

29 Prebiotic Efficacy o Xylooligosaccharides (Xos) and their Food
Applications

30 Development of Degradable Polymer Based Food Packaging ,

Green-PACK"




31 Development Of Chromatographic and PCR Based Methodology to Ascertain the
Quality of Milk Fat

32 Non-destructive Nano-sensors for detecting chemical and biological food toxins using
surface enhanced Raman scattering

33 Development of Health promoting extruded RTE breakfast cereal incorporating
Choukua Rice and Bhimkol Banana of Assam along with Carambola Pomace

34 DNA barcoding to discriminate traded spices from their adulterants

35 Design and Fabrication of Prototype model of Annatto Seed Separator

36 Clean Drying Technology for locally available medicinal plant & seasonal vegetables

37 Value added processing of millets for sustainable nutritional security of Tribes in
Jharkhand

38 Design of Novel Functional Food Supplements using Supercritical Carbon Dioxide
extraction and encapsulation Technologies

39 Enhancing the shelf life of Sapota (Manikara Zapota) by value addition

40 Biotechnological production of Xylitol from xylose rich lingo-cellulosic materials

41 Development of Piperine-iron conjugates to increase the bioavailability of Iron

42 Preparation and characterization of nanoemulsions of curcumin for their use in
functional foods

43 Design and Evaluation of a Tamarind Fruit dehuller and Deseeder

44 Studies on development of cereal based functional breakfast food from the underutilized
crops of North-East India

45 Pilot Scale Process Technology for ‘Bhimkol” (Musa balbisiana) Slice, Grits and Powder
Using Hybrid Drying Methods

46 Chemical, rheological and processing quality of fractions produced by successive size
reduction milling of different wheat varieties

47 Healthy Foods: Production of Stable and Active Probiotics

48 Package of Technologies for On-farm Processing, Value Addition and Safe Storage of
Onions

49 Production of buffalo casein hydrolysates enriched with antioxidative and

immunomodulatory peptides and their application for the development of functional
beverage




50 Biotechnological approaches for utilization of deoiled seed cakes in producing food
enzymes and chemicals

51 Design and development of ohmic heating system for pasteurization of Liquid egg white
and to enhance the functional properties of egg white aloumen

52 Microencapsulation of anthocyanin pigment extracted from kokam (garcinia indica )
processing industry waste

53 Osmotic dehydration and Microwave vacuum drying of Kachkal Banana File

54 Development of Process Technology for Functional Snack Food using Flaxseed

55 Use of Natural Resins and Gums for Preservation and Value Addition of Fishery

Products




Project Summary : 1

L

Basic Information:

a. Project Title:

Technology Assessment, Standardization and Acceleration
of Shidal (Indigenous Fermented Fish) Production in
Northeast India

b. Relevant Food Sector: Marine / Sea Food or Fermented food

industry

c. Organization

Central Agricultural University, Lembucherra, Tripura

d. PI/Co-PI, Address, Phone, E-mail:

Dr. Armaan U. Muzaddadi, Assistant Professor

e. Duration of Project: 4.5 years
f. Total funding received by the organization

Rs. 37.34 lacs

I1I. Outcome:

a. Resulting Outcome of the project (whether product, process

technology, equipment design):

The project has resulted into modification of process for Shidal
production which is presently being produced using traditional
methods.

The Shidal preparation method has been standardized and
modified for laboratory preparation supplementing with starter
culture. This considerably improved the appearance, color, texture
and odour of the final product.

. Possibility of project to result in commercialization/

technology transfer:

After thorough validation of the protocol and undertaking further
studies for shelf life evaluation using different packaging materials.



c. Whether the outcome of the project has reached a

particular level from where the industry can directly take it
for the advancement of their work?

No, further studies need to be undertaken for validating the
process of Shidal preparation before the industry can take up

d. Has the project resulted into any value addition to
Products/Process at harvesting or post-harvesting stage for
take up by farmers/micro-entrepreneurs

Yes, the project has been a value addition to the traditional
method of Shidal preparation with respect to acceleration of the

fermentation process and thereby, reducing the total maturation
period

. Any further work needs to be carried out so that the finding
could be taken up by the stakeholders of the food industry
for further advancement of their work

As indicated above

f. Papers/Publications

5 publications
g. Patents-

Not indicated

h. Any PhDs produced- Not indicated

i. Any Other Information- No



Project Summary - 2

L

Basic Information:

a. Project Title:

Refinement, standardization and popularization of

technologies for value added pork products in North-Eastern
India

b. Relevant Food Sector: Animal Product Development

c. Organization National Research Centre on Pig,
Guwahati, Assam

d. PI/Co-PI, Address, Phone, E-mail:
Dr. R. Thomas, Scientist

e. Duration of Project- 2 years
f.

g. Total funding received by the organization
Rs. 29.71 lacs

II. Outcome:

a. Resulting Outcome of the project (whether product, process
technology, equipment design):

New pork products were developed and certain other products
were modified during the investigation:
i. Pork nuggets incorporated with kordoi (Averrhoa carambola),
which is a natural antioxidant.

ii. Pork nuggets incorporated with potato (Solanum tuberosum)
paste to improve the textural properties

iii. Pork sausages incorporated with curry leaf powder (Murraya
koenigi), with better antioxidant property

The institute has signed a Memorandum of Understanding with M/s
Arohan Foods, Guwahati to establish Public-Private-Partnership.
Currently, 10 different value added pork products (viz. frankfurter,
cocktail, ham, nuggets, salami of different flavor and taste) are



being marketed in 5 different states in NE region (Assam,
Meghalaya, Nagaland, Mizoram and Arunachal Pradesh) under the
brand name "Choice Pork".

b. Possibility of project to result in commercialization/
technology transfer: Already commercialized in conjunction with
M/s Arohan Foods, Guwahati, under the brand name "Choice Pork"

c. Whether the outcome of the project has reached a
particular level from where the industry can directly take it
for the advancement of their work?

The results of the projects have already been taken up by M/s
Arohan Foods, Guwahati, under the brand name "Choice Pork®

d. Has the project resulted into any value addition to
Products/Process at harvesting or post-harvesting stage for
take up by farmers/micro-entrepreneurs

Yes

e. Any further work needs to be carried out so that the finding
could be taken up by the stakeholders of the food industry
for further advancement of their work

No
f. Papers/Publications
4 papers communicated
g. Patents

1 patent under process

h. Any PhDs produced
Not indicated



Project Summary : 3
L Basic Information:

a. Project Title:

Development of traditional fermented dairy products enriched
with an indigenous probiotic strain for promoting the health
and well being of consumers

b. Relevant Food Sector : Dairy Industry

c. Organization
National Dairy Research Institute, Karnal, Haryana

d. PI/Co-PI, Address, Phone, E-mail:
Dr. Sunita Grover

e. Duration of Project:
2 years

f. Total funding received by the organization
Rs. 65.78 lacs

II. Outcome:

a. Resulting Outcome of the project (whether product, process
technology, equipment design):

Indian probiotic strains of proven efficacy and safety namely Lp9
and Lfl have been studied in-depth for product development (dahi,
lassi and shrikhand), and industrial scale-up as well as antagonistic
effects against food-borne pathogens.

At present Indian probiotic strains of proven efficacy and safety are
not available commercially. There is a considerable scope to
commercialize some of our probiotic strains includingLp9 and Lflfor
product development at industrial scale

b. Possibility of project to result in commercialization/
technology transfer



The potential for commercialization of indigenous probiotic strains
Lp91 and Lfl are there and can be scaled up for large scale
production of ehthenic dairy fermented products for the mass
target population in the country for the purpose of health benefits.

c. Whether the outcome of the project has reached a
particular level from where the industry can directly take it
for the advancement of their work?

The outcome from the project can be taken up by the industry
after undertaking certain scale-up studies

d. Has the project resulted into any value addition to
Products/Process at harvesting or post-harvesting stage for

take up by farmers/micro-entrepreneurs

The outcome from the project can be taken up by the
microentrepreneurs

e. Further work required for work advancement

Pilot and Industrial scale up of dairy products made using
indigenous probiotic strain.

f. Papers/Publications

g. 1 research publication, 2 presentations

h. Patents
Not indicated

i. Any PhDs produced- Not indicated



Project Summary : 4
L Basic Information:

a. Project Title:

Nutritional approach for designing goat meat based
functional products

b. Relevant Food Sector:
Animal Product Industry

c. Organization
Central Institute for Research on Goats, Mathura, Uttar Pradesh

d. PI/Co-PI, Address, Phone, E-mail:
Dr.V.Rajkumar, Scientist (Sr. Sc.)

e. Duration of Project:
3 years

f. Total funding received by the organization
Rs. 106.15 lacs

I1I. Outcome:

a. Resulting Outcome of the project (whether product, process
technology, equipment design):

The following new products were developed:

i.  Animal Protein enriched shelf stable crispy snacks (Murruku,
Nimkee and Biscuits) with shelf life upto 6 months;

ii. Emulsion based herbal goat meat products (Lemon albido
fiber fortified Nuggets, Almond fortified goat meat nuggets)

iii. Herbal based functional meat products

iv. Ayurvedic flavoured milk and whey drink and Ayurvedic
paneer

b. Possibility of project to result in commercialization/
technology transfer
Yes



c. Whether the outcome of the project has reached a
particular level from where the industry can directly take it
for the advancement of their work?

Yes

d. Has the project resulted into any value addition to
Products/Process at harvesting or post-harvesting stage for
take up by farmers/micro-entrepreneurs
Yes, the outcome from the project can be taken up by the micro-

entrepreneurs

e. Any further work needs to be carried out so that the finding
could be taken up by the stakeholders of the food industry
for further advancement of their work

No

f. Papers/Publications
9 research publication

g. Patents 7
patents filed

h. Any PhDs produced- Not indicated



Project Summary : 5
L Basic Information:

a. Project Title: Quality improvement of traditional
method of rice beer
preparation by the tribal people of North-East India
b. Relevant Food Sector: Beverage Industry (Fermented Alcoholic
Beverages)
c. Organization
Dept. of Food Engineering & Technology, Tezpur University, Assam
d. PI/Co-PI, Address, Phone, E-mail:
Prof. S. C. Deka

e. Duration of Project: 2 years
f. Total funding received by the organization
Rs. 77.548 lacs

I1I. Outcome:

a. Resulting Outcome of the project (whether product, process
technology, equipment design):
i. New kinds of starter cakes developed for rice beer production
ii. New methodology developed for preparing rice beer
iii. Improvisation of rice beer production technology vis-a-vis
traditional technology for each tribe has been done. The
methodology of preparing rice beer was standardized and
quality rice beer was
prepared in the laboratory. This beer had a higher sensory
score (7.43 overall acceptability on a 9 point hedonic scale)
when compared to other samples

b. Possibility of project to result in commercialization/

technology transfer
Yes, after scaling up of the process and process validation .

c. Whether the outcome of the project has reached a
particular level from where the industry can directly take it
for the advancement of their work?

Since various studies including the studies for shelf life have been
undertaken, the product can be taken up for commercialization



once the studies at pilot scale have been completed. Toxicity
studies need to be undertaken

. Has the project resulted into any value addition to

Products/Process at harvesting or post-harvesting stage for
take up by farmers/micro-entrepreneurs

Yes, the project has resulted into quality improvement of the
product as compared to the product prepared using traditional
methods

. Any further work needs to be carried out so that the finding

could be taken up by the stakeholders of the food industry
for further advancement of their work

Toxicity studies need to be undertaken

Papers/Publications 1 research publication, 1 review
article, 3 paper presentations

. Patents

1 in process

. Any PhDs produced

Not indicated



Project Summary : 6

L

Basic Information:

a. Project Title: Development of Health Food
based on Rice Bran

b. Relevant Food Sector: Nutrition and Food Science (Bakery
products)

c. Organization Central Food Technological Research
Institute, Mysore

d. PI/Co-PI, Address, Phone, E-mail:
Dr. Manisha Guha

e. Duration of Project:
2 years

f. Total funding received by the organization
Rs. 10.00 lacs

I1I. Outcome:

a. Resulting Outcome of the project (whether product, process

technology, equipment design):

The project has resulted into development of new products with
standardization of different products based upon rice bran along
with certain minor grains using various technologies such as
extrusion, baking and cooking to develop extruded products
suitable for elderly (Geriatrics) as nutraceuticals and nutritional
products with good palatibility

b. Possibility of project to result in commercialization/
technology transfer
Yes

c. Whether the outcome of the project has reached a
particular level from where the industry can directly take it
for the advancement of their work?

Yes, after scaling up the processes and process validation



d. Has the project resulted into any value addition to
Products/Process at harvesting or post-harvesting stage for
take up by farmers/micro-entrepreneurs
Yes, the project has resulted into value added products specially

for providing nutrition and act as nutraceuticals for the elderly

e. Further work required for work advancement
Scaling up of processes

f. Papers/Publications
Nil

g. Patents
Nil

h. Any PhDs produced
Not indicated



Project Summary : 7

L Basic Information:

a. Project Title:
Processing of Apple Pomace for Value Added Product
Development

b. Relevant Food Sector: Food Industry (Bakery, Beverage)

c. Organization
Institute of Himalayan Bioresource Technology, Palampur,

Himachal Pradesh

d. PI/Co-PI, Address, Phone, E-mail:
Dr. Shashi Bhushan

e. Duration of Project:
3 years

f. Total funding received by the organization
Rs. 103.314 lacs

I1I. Outcome:

a. Resulting Outcome of the project (whether product, process
technology, equipment design):
i. Prototype designed and fabricated for seed
separation
ii. Characterization of apple seed oil for application in
food and nutraceuticals

iii. Studies have been carried out for safety evaluation
of apple pomace to be used as dietary food

ingredient
iv. Identification and structure elucidation of two cell
wall polysaccharides from apple pomace
V. Process for extraction of dietary fiber at lab scale
Vi. Evaluation of different fibre fraction for dietary fibre
quality, marking its suitability for food fortification,
vii. Value added product such as bakery products and

extruded snack food prototype development
undertaken.



b. Possibility of project to result in commercialization/
technology transfer-

Yes

c. Whether the outcome of the project has reached a
particular level from where the industry can directly take it
for the advancement of their work?

Yes

d. Has the project resulted into any value addition to
Products/Process at harvesting or post-harvesting stage for
take up by farmers/micro-entrepreneurs

The equipment developed as well as the value added products
which have been developed can be taken up for the production by
the micro-entrepreneurs and the farmers.

e. Further work required for work advancement

No

f. Papers/Publications
05

g. Patents
01

h. Any PhDs produced
Not indicated



Project Summary : 8
L Basic Information:

a. Project Title: Development of value added
products of guar gum

b. Relevant Food Sector: Nutrition and Food Science (Bakery
products)

c. Organization
CCS HAU, Hisar, Haryana

d. PI/Co-PI, Address, Phone, E-mail:
Prof. Raj Bala Grewal

e. Duration of Project: 4 years

f. Total funding received by the organization
Rs. 32.50 lacs

I1I. Outcome:

a. Resulting Outcome of the project (whether product, process
technology, equipment design):

The project has resulted into standardization of processes for

preparation of bottlegourd and aonla pomace powder and its

characterization for various nutritional parameters. Process
technologies have been developed for making the following products:

i. Value added high fibre biscuits (sweet and sweet and salty) and
cake by incorporation of different levels of pomace powder and
guar gum

ii. Fried snacks with reduced fat content using various levels of guar
gum

iii. Value added Pasta and noodles using pumpkin powder and guar
gum

iv. Value added Ready to eat extruded snacks using pumpkin powder
and guar gum

V. Ready to eat extruded snacks by using Ashwagandha root powder
along with guar gum and by using cereal-pulse blend and guar
gum



b. Possibility of project to result in commercialization/
technology transfer
Yes, the following technologies are ready to transfer:

i. Value added high fibre biscuits and cakes

ii. Fried snacks with reduced fat content

iii. Value added pasta and noodles
iv. Value added Ready to eat extruded snacks

c. Whether the outcome of the project has reached a
particular level from where the industry can directly take it
for the advancement of their work?

Yes

d. Has the project resulted into any value addition to
Products/Process at harvesting or post-harvesting stage for
take up by farmers/micro-entrepreneurs
Two trainings have been imparted to entrepreneurs in collaboration
with Business planning Development unit, Directorate of Human
Resource, CCS, HAU, Hissar

e. Further work required for work advancement
No

f. Papers/Publications-
Not indicated

g. Patents
Not indicated

h. Any PhDs produced
Not indicated



Project Summary : 9

L

Basic Information:

a. Project Title:

Preservation of selected vegetables and fruits by

(i) Improving quality and shelf life of minimally processed
products

(ii) Development of a new range of dehydrated products
having superior re-hydration and keeping qualities.

b. Relevant Food Sector:

Fruits and Vegetables
c. Organization

School of Food Sciences and Technology, Karunya University, Tamil
Nadu
d. PI/Co-PI, Address, Phone, E-mail:

Dr. C. T. Devadas, Director (Projects and Training)
e. Duration of Project: 5 years
f. Total funding received by the organization

Rs. 253.8 lacs

Outcome:

a. Resulting Outcome of the project (whether product, process
technology, equipment design):
The project has resulted into development of process technologies
for enhancement of shelf-life of minimally processed fruits and
vegetables and also an instrument for making (mixing and
cooking) jackfruit halwa (with capacity of 500 g) have been
developed.

Following minimally processed packaging for fruits and vegetables
with extended shelf life have been developed in this study:

i. Partial vacuum packaged cabbage shreds in low density
polyethylene bags (shelf life:~15 days in refrigeration temperature
and 3 days in ambient temperature).

ii. Fresh cut guava slices packed in low density polyethylene bags with
modified atmosphere (shelf life: ~7 days in refrigeration
temperature).

iii. Fruit juices with biopreservative, ( nisin)



iv. Cauliflower and pine apple slices packed in antimicrobial package

(shelf life: ~ 4 days in ambient temperature and 5 days in

refrigeration temperature),

v. Osmotic dehydrated banana slices,

vi. Osmotic dehydrated bottle gourd slices, Osmotic dehydrated ash
gourd slices

vii.Osmotic dehydrated anola slices,

viii.  Tray and Vacuum dried amla shreds,
iX. Vacuum and Cabinet dried drumstick leaves and

a. Possibility of project to result in commercialization/
technology transfer- Yes

b. Whether the outcome of the project has reached a particular
level from where the industry can directly take it for the
advancement of their work?

Yes, after taking up certain scale-up studies and validation of
processes, industry can take up the technologies for processing of
above mentioned products

c. Has the project resulted into any value addition to
Products/Process at harvesting or post-harvesting stage for
take up by farmers/micro-entrepreneurs
Yes, the project has resulted into certain post-harvest processes and
equipment design which can easily be adopted by the farmers and the
micro-entrepreneurs

d. Further work required for work advancement
No

e. Papers/Publications 04 paper
presentations during the conference

f. Patents
Not indicated

g. Any PhDs produced
Not indicated



Project Summary : 10

L

Basic Information:

a. Project Title:

Bioprocessing & pilot Scale Production of High Valued Tea
Nutraceuticals: Catechins & Theaflavins

b. Relevant Food Sector:
Bevarage industry
c. Organization:

Institute of Himalayan Bioresource Technology, Palampur,
Himachal Pradesh
d. PI/Co-PI, Address, Phone, E-mail:
H. P. Singh, Sr. Principal Scientist
e. Duration of Project: 2 years
f. Total funding received by the organization
Rs. 146.7 lacs

I1I. Outcome:

a. Resulting Outcome of the project (whether product, process
technology, equipment design):
Pilot scale bioprocessing of Theaflavins purified to 90% levels from

Tea leaves was achieved. Catechins both mixed and purified were
made in the powdered form. In addition gallated catechins and
gallated theaflavins, that have a high market demand, have high
export potential and nutraceutical value, were isolated and purified
from Tea. Apart from this, the waste from the above mentioned
process was used and an innovative, rapid, low-cost solvent-free
green process was developed to produce plant derived natural amino
acids termed “"Bio Amino acids” which are readily bio-available as a
low cost supplement as compared to costlier protein supplements.

b. Possibility of project to result in commercialization/
technology transfer
Yes

c. Direct Adoption of Project Outcome by the Industry
Yes



d. Value Addition to Products/Process at harvesting or post-
harvesting stage for take up by farmers/micro-
enterpreneurs
There has been a high value addition to the tea leaves during post
harvesting

e. Further work required for work advancemen
No need

f. Papers/Publicati
ons 02 esearch
publications

g. Patents- 01 patent granted



Project Summary : 11
II1I. Basic Information:

a. Project Title: Enzyme mediated
food processing

b. Relevant Food Sector:
Enzyme manufacturing Industry

c. Organization:
Institute of Himalayan Bioresource Technology, Palampur,
Himachal Pradesh

d. PI/Co-PI, Address, Phone, E-mail:
H. P. Singh, Sr. Principal Scientist

e. Duration of Project: 2 years

f. Total funding received by the organization
Rs. 64.50 lacs

III. Outcome:

a. Resulting Outcome of the project (whether product, process
technology, equipment design):
The project involved extensive screening of microorganisms (fungi or
bacteria) for enzyme production having potential in various food
processing industry.
The lipases from A.carneus and T.lanuginosa were evaluated for
various properties and their potential industrial applications including
esterification and trans-esterification reactions and it was found that
they could be used for synthesizing alcohol esters of fatty acids with
variable chain length ranging from C4:0 to C18:0. The esters were
found to be highly useful in food preparation as emulsifiers and flavor
enhancers.

Using A.carneus lipase Fatty acids of varying chain length can be
esterified with sorbitol, sucrose and fructose by to form biosurfactants
and amino acids could be esterified with fatty acids to form another
class of bio-surfactants

The lipase from T.lanuginosa was evaluated for cocoa butter synthesis
Bacillus circulans was selected for further amylolytic potential
investigations which showed good anti-stalling properties



The rennet from Bacillus subtillis was purified and used for making
mozerella cheese

b. Possibility of project to result in commercialization/
technology transfer
Yes. After process optimization was carried out at laboratory scale
in shake flasks, production was further translated and scaled upto
30 and 200 litre fermentors using 22.5 and 150L optimized
production medium respectively

c. Direct Adoption of Project Outcome by the Industry Yes,
since pilot scale studies have already been carried out.
Negotiations are underway with industries for transfer of
technology and commercialization

d. Value Addition to Products/Process at harvesting or post-
harvesting stage for take up by farmers/micro-
enterpreneurs

The enzymes produced from the micro-organisms are high value
products for use in food processing industry for various
applications

e. Further work required for work advancement
No need

f. Papers/Publications
Not indicated

g. Patents
Not indicated



Project Summary : 12

I. Basic Information:

a. Project Title:

Enhancing the shelf-life of Banana

b. Relevant Food Sector:
Fruit & Vegetable industry

c. Organization:

Agricultural Engineering College and Research Institute, Tamilnadu
Agricultural University, Coimbatore, Tamilnadu

d. PI/Co-PI, Address, Phone, E-mail:
Dr. N. Vardharaju

e. Duration of Project:
S5years

f. Total funding received by the organization

Rs. 22.0 lacs

IV. Outcome:

a. Resulting Outcome of the project (whether product, process

technology, equipment design):

The project involved determination of respiration rate of banana and how
the shelf life of banana could be enhanced using optimization of length
and diameter of the diffusion channel and thereafter conducting
organoleptic studies of the stored banana. The diffusion channel storage
system is one of the methods of modified atmosphere packaging in
which the storage chamber is impermeable to gasses and exchange of
gas takes place only through the diffusion channels.

The work was carried out to store banana in PET container and in carton
boxes with diffusion channel to study the suitability of the system at
various temperatures of storage.

The respiration rate was found to decrease with decrease in oxygen
concentration, time and temperature and the physiological loss of weight



(PLW) was found to increase with storage period. It was also studied that
fruits stored with largest length and smallest diameter had the minimum
PLW while the PLW was maximum when the fruits stored with smallest
length and largest diameter.

The physico-chemical analysis showed that bananas stored with channel
diameter of 2.5 mm and L/D ratio of 6 was found to be of best
combination. From the study, it was found that by keeping green and
unripe bananas in low atmosphere of 5-7 percent, the shelf life could be
extended to maximum of 20 days with minimum loss in quality

. Possibility of project to result in commercialization/ technology
transfer
Yes. The following organizations have shown interest:
i. Banana Grower"s Association, Sathyamangalam, Erode, Tamil
Nadu
ii. Banana Traders of Coimbatore and Chennai
iii. SPIC Biotech

. Direct Adoption of Project Outcome by the Industry
Yes

d. Value Addition to Products/Process at harvesting or post-
harvesting stage for take up by farmers/micro-enterpreneurs
The technology developed would help in preventing post-harvest
losses of Banana which is a highly perishable fruit item

e. Further work required for work advancement
Certain pilot scale studies

f. Papers/Publications
Not indicated

g. Patents
Not indicated



Project Summary : 13

Kinetic of Thermal Degradation of Chlorophyll in
Green Leafy Vegetables and Increasing the
Shelf life of the Vegetables

Amit Keshav
National Institute of Technology, Raipur

Preservation of green leafy vegetables could be achieved thermally by either
pasteurization or sterilization. Sterilization though could provide effective
preservation but for pastes and purees, it suffers from disadvantage like
uneven heat distribution and loss of flavored and sensory characteristics of the
vegetables. On the other hand pasteurization with the added effects of hurdles
could provide effective thermal preservation techniques. In the present work
thermal preservation of green leafy vegetable (Amaranth leaves) found in
Chhattisgarh region is studied in terms of hurdle effects for kinetics of
degradation and shelf life of the vegetables in presence of these hurdles.
Different temperature, pH, salt and time combinations were tried to find out
the suitable thermal methods for effectively sterilizing the purees with least
effect on color of these vegetables (since colour is important sensory
characteristic that decided the acceptability of these vegetables for use in feed
or food stocks). The color of green leafy vegetables pastes or purees is due to
chlorophyll pigment (chlorophyll a and b). Temperature was varied from 70 to
90 oC; pH was varied from 5.6, 6.6 and 7.6 (acidic, neutral and basic) and salt
concentration was varied from 10-100 ppm in enforcing hurdles to the thermal
treatment. The analysis of the degradation was done using spectophotometric
method. Kinetics of thermal degradation was studied by noting the change in
concentration of chlorophyll with time. The degradation of chlorophyll pigment
was found to be first order and first order rate constant (k) was evaluates at
different temperatures and pH. k was found to decrease with increase in
temperature and hence implying that higher degradation was observed at
higher temperature. Thus this brings out that at higher temperature the puree
should be processed for lower times. Activation energy (E) was evaluated
using Arrhenius method. Increase in pH was found to lower the k values and
hence thermal treatment is better at high pH values. However, at higher pH



there are some tart in the puree as found by tasting the puree. In addition five
different salts were tried to see the effect of different zinc salt (zinc, zinc oxide,
zinc sulfate, zinc magnesium phosphate and zinc chloride) on the shelf life in
terms of color of these vegetables. Shelf life was studied in terms of days for
varying salt ppm on the zinc pheophytin content in the leafy vegetables with
and without pasteurization. This information“s are essential in the design of
suitable thermal processing equipment for preservation of green leafy
vegetables pastes/purees.
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Ultrasound Processing of Liquid Food: Feasibility
and Efficacy

Ashish Rawson

Indian Institute of Crop Processing Technology,
Thanjavur

Tender Coconut Water (TCW) is an emerging beverage, which is rich in
vitamins, minerals, proteins, amino acids, sugars and other biological growth
factors and enzymes. TCW (nariyal pani) is a natural isotonic beverage which
has almost the same level of electrolyte balance as in human blood. It is the
'fluid of life' that promotes anti-aging, healthy cell growth and rehydration.
TCW is used as a nutritious health and sports drink and is a base for many
ayurvedic preparations. Since it serves as a mineral drink with therapeutic
properties that help in regaining the vitality of the human body, it is gaining
popularity in the beverage industry. To prevent the growth of microorganism
adequate preservation methods that do not affect the quality attributes of TCW
are preferred over conventional methods of preservations. Since thermal
pasteurization grossly alters the taste, flavour and heat sensitive nutrients of
TCW, there is a need of alternative non-thermal technology. Power ultrasound
has been recognized as a promising technology alternative to conventional
thermal processing in the food industry, capable of killing pathogenic
microorganisms. Hence this study is a novel approach on preservation of TCW
to avoid contamination and to maintain its stability during storage. The
objective of this project was to investigate the effect of power ultrasound on
microbial safety and analyzing the physico-chemical characteristics of TCW,
using ultrasound with constant frequency of 20 kHz for treating samples, and
changing various conditions (treatment time, power level) on E Coli and total
aerobic count in TCW.

Following ultrasound treatment the TCW was analysed for e.coli and total plate
count, furthermore refrigerated storage for 35 days was conducted to study
the quality changes of the same. It was observed that power ultrasound
significantly inactivated ecoli, a 5 log reduction (pasteurization condition) was
achieved. Similar reduction was observed for total aerobic count. Moreover it



was observed that during refrigerated storage there was no further microbial
growth in TCW. The least change in physico-chemical properties were observed
for the TCW treated by power ultrasound over the duration of storage, and it
can be compared as close to fresh.

Hence this study presents a promising technology to enhance the shelf life of
tender coconut water which is as good as fresh. Future work in this line would
involve testing the experiment on a pilot scale and industrial scale to
commercial this product and technology.
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Production of n-3 Polyunsaturated Fatty
Acids Concentrate From Sardine Oil

B. D. Prasanna
National Institute of Technology, Surathkal

The aim of the project was to develop an integrated process to produce n-3
polyunsaturated fatty acid (n-3 PUFA) concentrate from crude Sardine oil. It
was proposed to use lipase enzyme and ultra-filtration process integrated with
conventional physical and chemical processes.

Crude Sardine oil produced by “Fish meal/oil industries” in India, is found to
contain triglycerides, valuable n-3 PUFA [Predominantly Dicosahexaenoic acid
(DHA) and Eicosapentaenoic acid (EPA)] esters, impurities including free fatty
acids(3% (w/w)), colouring matter, odorous substances, phospholipids (500-
700 ppm), Mercury (1.2 ppm), Copper (0.6ppm) and Iron (1.06 ppm).The
impurities in the oil induce rancidity which in turn destroy valuable n-3 PUFA
and its esters during storage and transhipment. Thus the major challenge is to
develop a refining process to eliminate impurities without losing n-3 PUFA.

Through this project, a lab scale integrated technology has been developed to
remove all the impurities through a combination of physico-chemical treatment
and membrane assisted solvent extraction. Further, an enzymatic process was
developed to produce n-3 PUFA concentrate. Refining and enzymatic
enrichment resulted in the production of n-3 PUFA rich (40% w/w) sardine oil
from crude sardine oil ( 23 % w/w, n-3 PUFA) with an yield of 72 % (by wt.)
Hitherto this is the first report of an integrated technology for the production of
n-3 PUFA rich oil from crude sardine oil. Now efforts are on to scale-up the
technology with industry participation.

Karnataka state alone earned USD 28 million through fish oil export
(23,000MT) in 2013-14 and the industry is expected to grow by 4-5 % in the
coming years. Basic and applied research in this area is going to contribute
immensely to this industry. During this study, it was realized that
understanding the mechanism and kinetics of rancidity of n-3 PUFA rich
sardine oil under storage conditions is necessary. Based on the kinetic study,



there is a scope to develop an efficient refining technology and develop anti-
oxidants to enhance oxidative stability of oil.
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Development of a Process For Nanoencapsulation
of Polyphenols for Food Supplement
Applications

C. Anandharamakrishnan
Central Food Technological Research Institute, Mysore

Green tea contains the antioxidant flavanols namely catechins that are shown
to exert protective effects against chronic diseases. However, its poor chemical
stability and low oral bioavailability limits the usage as a potent nutraceutical.
Moreover, green tea polyphenols are highly susceptible to epimerization at
higher temperature and alkaline pH which further deteriorates the polyphenols
activity. Furthermore, polyphenols are very astringent and bitter in taste that
makes it difficult to be incorporated in food items. Encapsulation of
polyphenols may help to overcome these problems.

The objectives of the project were to optimize the water based extraction
conditions for green tea catechins using different techniques, nanoencapsulate
catechins and analyze its stability, bioaccessibility and intestinal permeability,
microencapsulate catechins and investigate its application in food system.

The conditions for extraction of catechins were optimized and microwave
extraction at temperature of 80 °C for 15 minutes with tea leaves to water ratio of
1:30 resulted in maximum extraction of polyphenols from the substrate. Two
nanoencapsulation systems using lipid or protein carriers were developed by
nanoemulsification and electrospraying techniques. In the nanoemulsification
technique, high pressure homogenization was employed to encapsulate catechins
in soy protein stabilized lipid based delivery system. The nanoemulsions retained
its physical and chemical stability until 15 days at refrigeration temperature.
Further, the bioaccessibility of catechins in nanoemulsified form was 2.78 fold
higher than the unencapsulated catechins. The effective permeability (Peff) of
these nanoemulsified catechins was analyzed using dynamic small intestinal
system developed at CSIR-CFTRI and results compared with conventional in-situ
method. The Peff of nanoencapsulated catechins were higher than the
unencapsulated catechins and the values obtained were not significantly different
from in-situ results. On the other hand, catechins were nanoencapsulated in solid



dry systems using electrospraying technique. Zein, the maize prolamin protein,
was used as a carrier material for nanoencapsulation. The nanoparticles had
spherical morphology with diameters ranging from 200 nm to 400 nm. The
nanoencapsulated catechins had improved antioxidant activity and storage
stability than unencapsulated catechins. With regard to microencapsulation, spray
drying and freeze drying techniques were used to obtain green tea polyphenols in
powder form. Bread fortified with microencapsulated green tea polyphenols
possessed improved sensory and quality characteristics compared to polyphenols
extract fortified bread.

Microwave assisted extraction can be employed for better yield of green tea
catechins with desirable colour characteristics. The micro and nano
encapsulates can be used as functional food ingredients or as antimicrobial
additives in active packaging materials. Further, the developed dynamic small
intestinal model can be used for determining the effective permeability of
nutrients which has a high correlation with bioavailability.
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Efficacy of Xylooligosaccharides (Xos) and Their
Food Applications

D. Malathi

Agricultural Engineering College and Research Institute,
Tamil Nadu Agricultural University
&

Usha Antony
Anna University, Chennai

In the context of increasing expectation for food products, that meet
consumers demand for a healthy life style, xylooligosaccharides (XOS) have
health benefits in promoting gut health. XOS play an important role in food
industry as functional food ingredients with constantly growing demand. In this
study attempts were made for the development of Xylo Oilgo Saccharides
incorporated bakery products viz., bread and cookies. The rice bran, finger
millet seed coat and proso millet bran representing abundant sources/raw
materials for the extraction of xylan were selected.

Oligosaccharides were extracted from rice bran and finger millet seed coat was
used in the preparation of bakery products (bread & cookies). The Xylo
Oligosaccharides was used as a replacement for sugar both bread and cookies
made out of refined wheat flour and millet flour. The level of incorporation was
varied from (5 to 40%). The developed products were compared with the one,
which was prepared using the commercially available Xylo Oligosaccharides
(obtained from corn) with the same level of incorporation. The developed
products were also analysed for physio chemical, nutritional and sensory
properties.

The results revealed that the developed products were on par with the control
in all aspects. The nutritional analysis indicated that in products with Xylo
oligosaccharides from finger millet seed coat ( FXOS) to the level of 30% in
cookies( millet cookies and refined wheat flour cookies) and to the level of
10% in bread ( millet bread and white bread) was having higher amount of
slowly digestible starch and resistant starch.

The sensory evaluation and textural properties goes to show that the product



with 10% FXOS in bread and 30% FXOS in cookies was rated as the best
among the different treatments given. The shelf life of the developed products
was found to be seven days for bread and 90 days for cookies under ambient
conditions of storage.
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Development of Database For Indian Seafood Safety and
Traceability Based on AFLP Markers

G. leyasekaran
Tamilnadu Veternary and Animal Science University

Seafood industry requires stringent regulations for authentication of fishery
products to avoid seafood fraud. This project is mainly concerned with the
authentication of species of tuna viz. Euthynnus affinis (Little tuna), Auxis
thazard (Frigate tuna), Katsuwonus pelamis (Skipjack tuna), Thunnus
albacares (Yellowfin tuna), Thunnus obesus (Bigeye tuna), and seerfish viz.
Scomberomorus commersoni (Narrow barred Spanish mackerel),
Scomberomorus guttatus (Indo-Pacific King mackerel), Scomberomorus
lineolatus (Streaked seerfish) by PCR-AFLP. The restriction enzyme, EcoRI,
was used. The pre-amplification was done with pre-amplification primer EcoR1-
5% GAC TGC GTA CCA ATT C[A]3" followed by selective amplification using
different selective primers EcoR1-5“ GAC TGC GTA CCA ATT C[ANN]3“. Six
primers viz. E-AGT, E-AGA, E-ACC, E-ACT, E-ACG and E-ACA were used to
develop the AFLP profile of raw and processed tuna and seerfish species. The
processed form of tuna included frozen, and cooked. In the case of seerfish,
the processed forms were frozen, and fried. Based on observed AFLP markers,
it has been found that the primers viz. E-AGT, E-AGA, E-ACC, E-ACT and E-
ACA were efficient in discrimination of raw tuna species. The primers viz. E-
ACT and E-ACA provided better separation of frozen and cooked tuna species.
Distinctive AFLP markers were identified to differentiate two Thunnus spp.
Markers at 450 bp with E-ACT primer and at 730 bp with E-ACA primer
distinguished T. albacares from T. obesus in raw condition. A common AFLP
marker at 500 bp was identified in frozen and cooked T. obesus using E-ACT
primer. In the case of raw seerfish species, all the primers showed distinct
AFLP markers, except E-ACG. For frozen seerfish, AFLP marker at size 1000 bp
was obtained for S. commersoni, and 1100 bp for S. lineolatus with the primer
E-ACC. The primer E-ACT produced AFLP marker at 750 bp for S. guttatus. For
fried seerfish species, S. commersoni, many distinct AFLP markers were
observed at 700 bp, 1000 bp, 600 bp, 470 bp, 800 bp for the primers E-AGT,
E-AGA, E-ACC, E-ACT and E-ACA, respectively. S. guttatus had AFLP marker at
360 bp for the primer E-AGT, 900 bp for E-AGA, 690 bp for E-ACC, 1200 bp
and 380 bp for E-ACT. S. lineolatus had the AFLP marker at 370 bp for E-AGA,



680 bp for E-ACT, while E-AGT and E-ACC produced many AFLP markers
between 200 bp and 300 bp. These AFLP profiles could be used as a standard
for identification of unknown samples of fresh and processed forms of various
tuna and seerfish species. AFLP markers were also sequenced. The
authentication could be further simplified by developing species specific
primers based on the sequence of AFLP markers. One paper was published in
INFOFISH International (2014, 7:46-50). Two papers were communicated. One
paper was presented in 10th Indian Fisheries and Aquaculture Forum held at
National Bureau of Fish Genetic Resources, ICAR, Lucknow. Two technologies
were developed for the authentication of species of tuna and seerfish based on
AFLP markers identified from this study.
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Functionalized Polymers for Processing of Soymilk
and Apple Juice

Nitin Wasantrao Fadnavis
Indian Institute of Chemical Technology, Hyderabad

Soymilk contains antinutritional factors such as trypsin inhibitors (SBTI) and
lipoxygenase (LOX) which should be removed or destroyed before consumption of
soymilk. Indian Institute of Chemical Technology (IICT) have successfully
employed macroporous polymers functionalized with 1,2-amino alcohol functional
groups. Soymilk is treated with these polymers to bind unwanted proteins which
are denatured due to hydrophobic interactions between protein and polymer
surface. The bound proteins are eluted easily and the polymer can be reused.
Since the recovered SBTI and LOX have no activity, they can be used to
supplement the polymer treated soymilk to restore protein content.

The so-called anti-nutritional factors SBTI and LOX are actually high value-
added products used in cosmetics. These valuable products can be easily
separated and recovered at room temperature from soymilk by a combination
of hydrophobic and ion-exchange chromatography. This methodology is an
excellent alternative to existing technology of membrane filtration for the
recovery of functional proteins from soymilk.

In the field of apple juice clarification, pectinases are used and are needed to be
destroyed by heating. IICT have presented a simple method for immobilization of
pectinase using polyethyleneimine modified polymer as immobilization matrix. The
immobilized enzyme is stabilized by crosslinking with dextran aldehyde, which an
acceptable crosslinker for use in food related products. The enzyme is stable and
can be recycled several times for clarification of apple juice. The expensive
polymer matrix can also be recovered and recycled several times, making this
process economically attractive.
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Comparative Evaluation of Enzymatic and
Fermentative Methods for Preparation of Chicken
Liver Hydrolysates: Recovery, Biofunctional
Characterization And Application

N Bhaskar
Central Food Technological Research Institute, Mysore

Application biotechnological (fermentation and enzymatic hydrolysis)
techniques for utilizing by-products of poultry processing thereby reducing the
disposal as well as related pollution problems, was the main objective of the
project. Protein hydrolysates were prepared from chicken liver using
fermentation and enzymatic hydrolysis. The chicken liver hydrolysates (CLHs)
had high amount of protein (55.85 and 61.34%). This will allow usage of these
CLHs in preparation of protein rich foods. CLHs exhibited both anti-oxidative,
anti-bacterial properties shows their ability to reduce oxidative stress and
function against harmful bacteria. The amino acid profile of both hydrolysates
revealed presence of considerable amounts of essential amino acids. The
hydrolysates had an iron content (mg per 100g) ranging from 16.1 to 17.1;
while the in-vitro bioavailability assay of iron revealed 18-22% of the total iron
being bioavailable. This bioavailability of iron indicates the potential of these
hydrolysates for preparation of iron rich products/formulations. Two functional
food products were formulated viz., chicken feet gelatin based iron rich jellies
and the other was CLH fortified wheat flour. CLH fortified wheat flour showed
better nutritional profile as compared to commercial wheat flour. Procedures
optimized for preparation of gelatin from chicken feet (underutilsed poultry
processing byproduct), as an off shoot of the project. Gelatin prepared from
chicken feet had better physico-chemical properties comparable to that of
commercial gelatin indicates the potential of this material as an alternative for
porcine/bovine gelatin in food product preparations. This material was
prepared with an intention to use it as a carrier for delivering the iron-rich CLH
through product formulations.

Mice models were used for evaluating the use of CLH for reversion of induced
anaemia. CLH had an efficiency to help the animals to recover from the
anaemia induced and in turn allow the animals to regain the weight lost as



well. As per National Family Health Survey 3 (2005-06), >50% of Indian
population is anaemic; and, CLH products (fermentative or enzymatic) proved
to be good ingredients that can reverse anaemia as seen from the in-vivo
studies. The CLH prepared have been tested as iron sources for recovery from
cyclophosphamide induced anaemia in murine model. The restoration of
haemoglobin content in CLHs fed groups was on par with control and in some
cases higher than the observed recovery in the group fed with the chemical
source of iron. Apart from restoring the lost weight, CLHs also improved the
antioxidative status of the serum significantly. This being the first report, of
alleviation of iron deficiency anaemia by CLHs, suggests the potential of CLHs
as a nutraceutical. Overall, the project outpouts demonstrate the ability of
CLHs (FCLH or ECLH) to alleviate the effects of cyclophosphamide induced
anaemia. As cyclophosphamide is an important chemotherapeutic agent in
case of cancer, the CLHs have the potential to be part of the diet of people
undergoing chemotherapy to hasten the restoration of hematogenic function.
Further, studies in respect of exact molecular mechanism with which the
restoration of hematogenic function is the need of the hour. Also, the findings
will help solve disposal problems related to poultry byproducts as well as
reduce pollution thereof.
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Biotechnological Approaches to Regulate Fermentation
and Drying Process of Cocoa

Pushpa S. Murthy
Central Food Technological Research Institute, Mysore

The project entitled “Biotechnological approaches to regulate fermentation and
drying process of cocoa” as enabled to process cocoa with new dimension in
post harvest processing of cocoa.

Fermentation of the Cocoa bean is the pivotal step in the post - harvest process
which defines flavor precursors. Firstly, the bioreactor for cocoa fermentation was
fabricated considering important parameters and the scale-up of 50 kg was
operated and validated. Secondly, The fermentation of cocoa using starter
consortium developed using Saccharomyces cerevisiae  (yeast), Lactobacillus
plantarum

(LAB) and Acetobacter aceti  (AAB) with optimal concentrations of yeast ranged
from 2.58 to 5.62 % (w/v), LAB, 13.65 to 19.18% (w/v) and AAB 20% (w/Vv)
accelerated fermentation and decreased fermentation duration to three days
from five-seven days that is practiced commercially. The solid state
fermentation (SSF) was monitored for microbial ecology, metabolism, bean
chemistry and chocolate quality along with natural (control) fermentation.
Thirdly, soaking of the fresh fermented cocoa with clean water for one hour
indicates improved sensory profile. Finally, the drying of the processed beans
by cross flow drying maintained at 60°C for 16 h dries the beans uniformly
with consistent quality. The studies also have provided new applications for
utilization of cocoa by products obtained during fermentation which can be
value addition. Important outcome of the project has been completed through
filing of process know-how of Cocoa processing using developed starter
cultures. Thus, an effective starter culture, inoculums concentration and
efccetive drying with economical strategy was accordingly established which is
more significant than conventional spontaneous fermentation.
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Quality Assessment of Traditionally Processed Dried
Fish of The North East India

P.J. Handique
Gauhati University

Twenty (20) dried fish species traditionally produced by various ethnic
communities of North East India (states of Assam, Arunachal Pradesh and
Manipur) were collected and enumerated giving information on availability,
species name, local name, users and demand. Complete biochemical
composition of these 20 fish species was evaluated. The biochemical analysis
included proximate composition, free fatty acid content (FFA), peroxide value
(Rancidity), acidity (pH level), and total volatile basic nitrogen (TVB-N). Such
information was not available earlier for these dried fish species.
Microbiological assessment was done for 20 dried fish species. Total count of
the bacteria of the all the samples were done by PCA method. A total of 50
isolates of Lactic Acid Bacteria were obtained from the dried fish samples.

The traditional fish drying processes of various communities of North East India
are acceptable but require more precaution in the level of cleaning and
preservation. The biochemical and microbiological parameters are in acceptable
level in almost all the tested fish sample of North East India. Most of the dried
products are normally sold in open markets in unhygienic condition which
contributes to the deterioration of the commodity. Most of the traditional fish
drying procedures are combination of sun drying and smoke drying and
preservation. Damage of dried fish by various flies, mites and beetles are common
in market place. Such infestation can be reduced by maintaining proper hygiene
and sanitation, disposal of wastes and decaying matter, use of physical barriers
like screens, covers for curing tanks etc., and use of heat to physically drive away
the insects and kill them at 45°C.

A new process using indigenous herbs and herbal preparations combining with
traditional drying process was developed for drying and preservation of fish.
Biochemical analysis and microbial assessment of these new products were
done which showed better food value and less bacterial counts in preserve
condition. The process so developed is under optimization and will be



submitted for grant of patent.

Molecular and biochemical characterization of LAB isolated from the dried fish
samples is necessary which may help in the development of new probiotics. An
analysis of the microbial community structure and a qualitative and
guantitative profile of biogenic amine are required for better comprehension of
the quality of the dried indigenous fish products. DNA fingerprinting of fish
species used in dry processing is another important aspect of future study.
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Development of Strip Based Detection Tests For
Selected Adulterants and Contaminants in Milk

Rajan Sharma
National Dairy Research Institute, Karnal

The menace of adulteration of milk has taken serious proportion in recent
times as evident by the media reports. Although, conventional chemical tests
can detect the presence of adulteration of milk in a laboratory, the dry reagent
paper based strip tests for detection of adulteration in milk are an attractive
alternative to conventional wet chemical methods. Recently, a group of
Scientists at National Dairy Research Institute, Karnal in a MOFPI funded
research project has developed rapid paper based strip tests for detection of
neutralizers, urea, glucose, hydrogen peroxide and maltodextrin in milk. The
characteristics of these strip based tests are their enhanced sensitivity, quick
response time, longer shelf-life and low cost compared to existing wet
chemistry based methods. These strips have been developed by immobilization
of chromogen(s) and/ or enzyme(s) on pre-treated filter paper. The neutralizer
and urea detection developed strips are required to be dipped in the milk
sample followed by visualization of change in colour. For detection of glucose,
hydrogen peroxide and maltodextrin in milk, the test involves placing a drop of
milk on the strip followed by visualization of change in colour of the strip.
Repeatability and reproducibility of the developed strip is satisfactory and
probability of false positive results is nil. The sensitivity of these strip have
been ascertained and is 0.04% for neutralizer, 0.06% for added urea, 0.03%
for glucose, 0.005% for hydrogen peroxide, 0.05% for maltodextrin and 0.1%
for sucrose. These tests can be done at milk reception area as well as in
house-hold. The tests have been validated extensively at field level and third
party validation also performed. These technologies have also been
commercialized to dairy industries and other stakeholders in this field and the
details of technology transfer are strips for the detection of neutralizers, urea,
hydrogen peroxide, glucose and maltodextrin in milk to Rajasthan Electronics
and Instruments Limited, Jaipur; Strips for the detection of neutralizers, urea,
hydrogen peroxide, glucose and maltodextrin in milk to Mother Dairy, Delhi;



Strip for the detection of maltodextrin in milk to M.BHANDARI CHEM Pvt. Ltd.
Ahmedabad, and Vaishal Patliputra Dugdh Utpadak Sahkari Sangh Ltd. Patna
and Havmore Icecream Pvt. Ltd. Ahmedabad. Further, in the project, a process
for the preparation of lateral flow strip for the rapid detection of antibiotic
residues (cephalexin and oxytetracycline) in milk has been developed. The two
developed lateral flow strips are on competitive format and can detect

cephalexin and oxytetracycline residues in milk at around 40 ppb.
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Phosphine and Carbon Dioxide (CO2) Combinations
as Alternative to Methyl Bromide to Manage Stored
Pests of Rice Under Bulk Storage

R. Meenatchi
Indian Institute of Crop Processing Technology

The development of alternative treatments for pest control in food commodities
has increasing demand from the food industry, which should meet consumer
demands for the reduced use or elimination of pesticides. Carbon dioxide (COz2) is
a fumigant that leaves no objectionable residues in the treated commodity;
relatively safer and helps to retain the quality of treated grains than the
conventional treatment and has synergistic effect when it is combined with
phosphine which is widely used fumigant for treating grains. But it requires air
tight bin/storage structure for the retention of CO2 for the effective management
of stored pests at farm or household level. Lab model fumigation set up was
successfully designed and developed at Indian Institute of Crop Processing
Technology (IICPT), could maintain the carbon dioxide without any leakages. This
set up is more useful to conduct fumigation studies for toxic gases like phosphine.
This can be scaled up to larger capacity for treating grains and other commodities
in modified and controlled atmospheric storages and can be used for treating high
value commodities for export purposes. Also, PVC bins available in the local
market with 100 Kg capacity was made airtight for fumigating grains with CO2
which is cheaper and cost-effective at farmer™s level. Application of phosphine @ 3

& 2 g/m3 + 40 % CO2 could achieve 100% mortality to all stages of stored
product pests such as Tribolium castaneum and Sitophilus oryzae in 5 days
fumigation period instead of 7 days as a normal practice in warehouses.
Application of 40 % CO2 to pulses such as black gram and green gram in airtight
containers could effectively manage all stages of pulse beetle populations.
Phosphine residues in the treated paddy were below detectable limit (0.1 ppm)
and are safer to use. Sorption of phosphine by paddy and rice in the laboratory
showed paddy was more sorptive than rice, thus paddy requires more fumigant
than rice. Phosphine fumigated paddy doesn“t affect the germination of treated
seeds and it is safer for treating seeds too.



Select Publications:

O R. Meenatchi and K. Alagusundaram, 2014, The current status of fumigation
in India: Constrains and recent developments, Trends in Entomology,  Vol.
10, 97 - 103. (Impact factor: 4.4)

O R.Meenatchi, R. Brimapureeswaran, K.Alagusundaram, Alice R.P.Sujeetha
and G.Nivas, 2015, Design and development of CO2 fumigation setup with
automatic gas control system for safe storage of grains, International

Journal of Emerging Technology and Innovative Engineering.
(Impact factor: 2.32)

e R.Meenatchi, R.Brimapureeswaran, K.Alagusundaram, Alice R.P.Sujeetha
and M. Loganathan, 2015, Studies on the effect of carbon dioxide and
phosphine to control Tribolium Castaneum. H, International Journal for
Science and Advance Research in Technology . (Impact factor: 2.17)
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Optimisation of Operational Parameters for the
Extraction of Thiamine From Rice and Wheat
Brans and Enrichment of Foods

Shaik Khasim Beebi
GITAM University, Visakhapatnam

India is one of the top rice growing countries, producing 22.4% of the world“s
rice crop. The produced rice will be milled and milling of 100kg of rice will yield
10-12 kg of rice bran. Rice bran is rich in proteins, fibre, sterols, vitamins and
minerals. Hence, this can be used a supplement in human foods in order to
curb malnutrition. But, rice bran contains enzyme lipase which degrades the
fats making the bran rancid. Inactivation of lipase will prevent rancidity. This
can be done by heating the bran uniformly to a temperature of 90°C for three
minutes. The stabilized rice bran can be used as food ingredient for the
production of value added products. Wheat bran is rich in fibre, minerals,
vitamin E, vitamin B6, folate, antioxidants such as phenolic compounds. Many
of the bioactive compounds present in the brans are with antioxidant and anti-
inflammatory activities.

The present project has stabilized the rice bran and wheat bran, the stabilized
brans were analysed for nutritional components. The various extraction
procedures were being applied to extract the functional ingredients from brans.
The extraction procedures were being optimized and functional ingredients
were preserved for shelf life studies. The functional ingredients of rice and
wheat bran can be combined to achieve the maximum benefit and this
composition can be utilized for reducing the malnutrition among weaker
sections of the society. The outcome of the project will help in optimizing the
conditions for extraction of functional ingredients.

Rice and wheat brans were obtained from local millers and used for all the
experiments. Bran obtained from rice variety RC11 and sieved into four
fractions using mesh numbers 36, 52 85. All the fractions were defatted and
stabilized b heatin to 105”C for 1Y-15 minutes. TBA no. was evaluated to
know the stability oT rice bran. The ash content and moisture content of the
brans was determined by heating the sample to 600~C in a muffle furnace for 2
hours and drying in an oven at 105°C respectively (AOAC methodc?. Protein and
nitrogen content of the brans was determined using Kjeldhal method.
Soluble Carbohydrates were analysed by usmg g_h_enol sulphuric acid method
and expressed as percentage of glucose. The stabilised brans were subjected



to aqueous exBracti%n. Thg purifieca water was preheated to various
temperatures 60°C, 70°C, 80 “C and 90°C) and at 5:1 w/w solvent . bran ratio
in flasks was immersed in preheated water bath. After extraction times of 5,
10, 15, 20 and 30 minutes, the mixture was centrifuged and the supernatant
was collected for further analysis. Thiamine in the supernatant was analysed.

Oryzanols were also extracted using supercritical extraction unit and were
estimated.

Select Publications:

Role of thiamine in human metabolism. Journal of Pharmacy Research, 5(11),
5144-5148 Impact factor: 2.507
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In Vitro Assessment of the Effects of Commercially
Available Nutraceuticals and Oligosaccharides as
Prebiotics on The Human Gut Microflora

Shilpi Sharma
Indian Institute of Technology Delhi

The predominance of multinational brands and foreign players in Indian
market, and dearth of availability of indigenous probiotic products poses a
major challenge for researchers and Indian food companies alike to develop
and produce indigenous probiotic products, tailored to meet the demands of
the Indian consumers. One of the major hindrances has been the non-
availability of probiotic strains indigenous to the nation, which could be used
for development of suitable functional food product. Another challenge has
been to identify an appropriate oligosaccharide / prebiotic and assess its or
mutualistic effects on the probiotic organism. The present research study is an
attempt to work towards these challenges - isolate and identify indigenous
probiotic strains from healthy individual, assess the efficacy of traditional
Indian produce in enhancing the growth of indigenous probiotics, and finally to
offer a suitable alternative probiotic formulation to the Indian consumers.

Various herbal extracts were tested for their prebiotic potential. A combination
of indigenous strains and herbal extract could be identified which not only was
efficient in cholesterol lowering, anti-oxidative abilities, anti-microbial activity,
antibiotic resistance, besides all other mandatory requirements of a probiotics,
it was stable even at 45°C.

Another major accomplishment was development of a single stage chemostat
to evaluate the efficacy of this strain. A single-stage chemostat assembly was
established to test the efficacy of this strain in the presence of different herbal
extracts. A comparative analysis of the culture samples obtained during
chemostat experiment was performed using optical density measurements,
CFU count, DNA quantification using PCR, and short chain fatty acid analysis
using HPLC method. Similar trend was observed in the results obtained from
chemostat experiment, which indicated that the herbal extract could be used
as a suitable digestive stimulant.



The strain has been submitted in Microbial Type Culture Collection and Gene
Bank (MTCC) and patent filing is in process. Licensing of the technology is in
process with an Indian food giant.
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Nutritionally Enriched Innovative Convenience
Foods Suitable for Industrial Production From
Underutilized Grains

Sila Bhattacharya
Central Food Technological Research Institute, Mysore

Development of nutritionally enriched convenience foods from underutilized
grains is the objective of the present investigation. Two varieties of each of the
millets (proso and foxtail) were used for the study. Distribution of nutrient and
nutraceuticals in the grains was located. The flours from these milled fractions
along with whole grain flour were evaluated for nutrient composition,
antinutritional factors and flour functionality. A considerable variation in the
content of nutrients and antinutrients was found among the milled fractions.
Depending on technological or nutritional properties appropriate milled
fractions were chosen to achieve the desired product. Different treatments
were given to proso and foxtail millet and their functional, rheological and
technological characterization was studied to make them suitable for making
the products.

A process for instant multigrain semolina was developed which provides a
process for the preparation of composite high protein, slow digestible granules
useful for preparing instant porridge and gels composed of cereal, pulse and
millets. The product is suitable for normal, healthy persons as well as for
people with health problems like overweight and obesity.

The effects of different hydrocolloids and thermal treatment of proso millet
flour and doughs on cookie making quality were studied. The principal
component analysis was done to assess the quality of the cookies and volatile
quality was analyzed as per the e-nose analysis and standardized the process
for preparing cookies from millet. The gluten free cookie developed from proso
millet has good taste, texture and shelf-life of 6 months. Developed a process
for ready-to-eat extruded snack using proso millet and characterized the
product. The extruded millet snack product showed a shelf life of more than 12
months.



These products have good potential for home and cottage scale production;
income generation of women entrepreneurs and self-help groups are also
possible. Agricultural producers will be indirectly benefited as they may get

better returns for their crop because of expanding market opportunities, and
this can also spare the much-in-need costlier major cereals.
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Development and Optimization of Edible Coating

Formulations to Improve the Postharvest Quality

and Shelf-Life of Underutilized Short Lived Fresh
Fruits by Using RSM

T.V. Ramana Rao
Sardar Patel University, Gujarat

Edible coatings on fresh fruits help in reducing qualitative changes and
quantitative losses during their postharvest storage and can be a good
alternative to modified atmosphere storage. The composition of edible coating
formulation and the concentration of individual components play a major role
in this process.

The present study used Response Surface Methodology (RSM) based
optimization to develop affordable, safe and eco-friendly edible coating
formulations comprising of Soy Protein Isolate (SPI), Hydroxypropyl methyl
cellulose (HPMC), olive oil and potassium sorbate. The results of present
investigation offer suggestions for possible formulation of composite edible
coating which can be used for enhancing the postharvest quality and shelf life
of fresh fruits like pear, phalsa, jamun, custard apple and mulberry.

As the present study is based on RSM optimization of edible coating
formulations, it helps predict the exact concentration of each component of a
coating emulsion and its effect on the physiology of the fruit. This can help to
formulate edible coatings on commercial basis, in the long run.

Select Publications:

A.S. Nandane, Rudri K. Dave and T. V. Ramana Rao Optimization of edible coating
formulations for improving postharvest quality and shelf life of pear fruit using
Response Surface Methodology. Communicated to Journal of Food Science and
Technology on 23-02-2015.
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Studies in Physio-Chemical Properties of
Plasma Processed Rice Grains

Uday S. Annapure
Institute of Chemical Technology, Mumbai

The low temperature plasma processing is known for the etching of the surface of
any material when it comes in contact of plasma . the ionized state of the gas. It
is a well-known fact that brown rice takes longer time to cook as compared to
polished rice. Our major objective was to reduce the cooking time of brown rice by
increasing the rate of water absorption. Brown rice was subjected to low pressure
air plasma treatment at two different power levels (40 watt & 50 watt) for 5 and
10 min durations and samples stored in vacuum desiccators till further analysis.
The etching of the surface of the brown rice was observed using morphological
studies and analysis of change in contact angles and surface energy. It was
observed that, the plasma treated brown rice shows the reduction in cooking time
by (28%). The amount of water absorption by the plasma treated samples was
increased by 7.2%, and there is decrease in cooking loss also. Water uptake ratio
was found to be increased in treated samples can be correlated with the reduction
in cooking time and surface modification of the grains. The reduction in cooking
time can also be explained by the decrease in contact angle and increase in
surface energy in treated samples. The changes in the cooking properties are due
to surface etching making the surface more hydrophilic than the untreated
samples. The extent of the surface etching or ablation can be observed from
increase in whiteness index and from the scanning electron micrographs.

This can be concluded that by the application plasma technology the cooking
time of brown rice can be significantly reduced (28%). From the results it can
be inferred that plasma processing enhanced the cooking and textural
properties without significant changes in nutritional quality of brown rice.

There is a great scope to use the atmospheric plasma treatments to overcome
the certain limitations in the present process. Further basic research is
required in this direction as this area has never been explored for food
processing. We at ICT are very much eager to take these studies ahead so that
this technology can really be implemented on commercial scale.



Select Publications:

O Thirumdas, R., Sarangapani, C., Annapure, U.S. (2014) Cold Plasma: A
novel Non-Thermal Technology for Food Processing Food Biophysics 10(1),
1-11. (Impact Factor 1.55)

[J Chaitanya Sarangapani, Yamuna Devi, Rohit Thirundas, Uday S. Annapure*,
and Rajendra R. Deshmukh (2015) Effect of low-pressure plasma on
physico-chemical properties of parboiled rice. LWT - Food Science and
Technology. 63(1), pp. 452-460 (Impact Factor 2.47)

O Rohit Thirumdas, R.R. Deshmukh, U.S. Annapure (2015) Effect of low
temperature plasma processing on physicochemical properties and cooking
quality of basmati rice. Innovative Food Science & Emerging Technologies.
31, 83-90 (Impact Factor 3.27)
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Prebiotic Efficacy of Xylooligosaccharides
(Xos) and

their Food Applications

Usha Antony
Anna University, Chennai

In the context of increasing expectation for food products that meet consumers
demand for a healthy life style, prebiotic xylooligosaccharides (XOS) have
health benefits in potentiating the function of probiotic and promoting gut
health. XOS play an important role in food industry as functional food
ingredients with constantly growing demand. In our study rice bran, finger
millet seed coat and proso millet bran representing abundant sources/raw
materials for the extraction of xylan were selected. Till date there are no
reports available on the exact quantity of xylan present in these sources and
on their use for XOS production using xylanase enzyme. The objective of the
project was extraction and characterization of xylan from rice bran, finger
millet, proso millet; enzymatic production of XOS and their characterization;
enrichment of XOS with bread, and assessment of its physico-chemical,
rheological, organoleptic, nutritive value and shelf life.

Water soluble polysaccharides were extracted from the three raw materials
using cold water with pressure (8 bar), and alkali (10% NaOH) and
characterized instrumentally (FTIR and NMR). The presence of xylan identified
in each was compared with standard beech wood xylan. Extracted WSP were
treated with commercial xylanase to produce XOS, which was characterized by
HPLC and compared with a standard. XOS was incorporated into bakery
products (bread and cookies) at various levels. Enrichment studies with FOS
and XOS in bread showed that product acceptability at 30% level was better
with XOS than FOS. Enrichment with 5% XOS resulted in acceptable cookies.
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Development of Degradable Polymer Based Food
Packaging ‘Green-PACK’

Vimal Katiyar
Indian Institute of Technology Guwahati

Extraction from muga silkworm and chitosan synthesis by deacetylation has
been successfully achieved. The yield of chitosan production from extracted
chitin is about 87% (dry weight basis). Synthesis and characterization of poly
(lactic acid) [PLA]/chitosan bionanocomposite master batches has been
executed as subsequent objective. It has been found that PLA oligomer chains
are successfully grafted with chitosan in order to prepare masterbatch.
Solution casting approach is used to prepare polymer composite films using
PLA and chitosan masterbatch.

Industrially viable Melt compounding cum film processing technique has been
successfully achieved to process uniform PLA/chitosan films (Figure 1) and
bilayer lamination protocol has been developed to produce laminates with
improved mechanical properties. In this way, PLA/chitosan films (Figure 2)
have been developed which can be an alternative to the PET films based
packaged trays, bottles for food storage. In short, we have developed
alternative of non degradable PET films with PLA based degradable films for
food packaging. Under the project, extraction of chitosan from Muga silkworm
has been achieved; hydrophobic chitosan-OLLA master batches have been
prepared; and processing technology for PLA/chitosan film production. This has
an application in high barrier biodegradable films for food packaging
applications.

High gas barier film production has been achieved successfully through
industrially viable approach. However, pilot plant level (industrial scale) is
needed with the help of industrial partner to transfer this technology for
commercialization.

Patents:

Vimal Katiyar, Akhilesh Kumar and Neelima Tripathi,

Dispersible Biobased additive formulations for biodegradable polymer packaging,
Indian Patent Application: 890/KOL/2015 (Filed on September 15, 2015).
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Development Of Chromatographic and PCR Based
Methodology to Ascertain the Quality of Milk Fat
and its Validation Under Field Conditions

Vivek Sharma
National Dairy Research Institute, Karnal

An isolation protocol of DNA from fat samples (Ghee and Clarified Body fats)
has been standardized using QUIAMP fast stool kit. The amplification
behavior of the isolated DNA was checked using two universal primers viz-
UNI-1 and UNI-2, primers. In case of UNI-1 primer 360 bp product was
obtained while in UNI-2 primer 440 bp product was obtained. This clearly
confirming that the material isolated from the fat was DNA. DNA isolated
from body fats and ghee was also amplified using species specific primers,
wherein it was noticed that pig specific primer amplified the DNA isolated from
pig body fat (lard) and goat specific amplified the DNA isolated from goat body
fat. These primers did not amplify the DNA isolated from cow ghee or buffalo
ghee. The same protocol of DNA isolation from ghee and body fats was applied
in ghee sample adulterated with body fats. Using pig species specific
primer targeting mt-cyt gene amplicon size 149 bp, pig body fat could be
detected in both cow and buffalo ghee upto 10% level. The method was
found to be good and reproducible. Using same protocol, adulteration of
ghee samples with commercial lard was also achieved and the level of
detection was the same as in case of laboratory prepared lard. Similarly,
using goat species specific primer targeting mt-cyt gene amplicon of size
294 Bp , got body fat could be detected in ghee to the tune of 10% .
However, in case of buffalo body fat there was an interference with the DNA
isolated from buffalo ghee. Hence, the method was found to be specific in
detecting the level of goat body fat and lard in cow as well as buffalo ghee.

Protocol developed during the study is useful in detecting the adulteration of
ghee with goat body fat as well as lard (Pig Body fat). Hence, the approach can
specifically identify the body lard and goat body fat addition in ghee.
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I Basic Information about the Project:

a. Project Title:
Non-destructive Nano-sensors for detecting chemical

and biological food toxins using surface enhanced Raman
scattering

b. Relevant Food Sector: Food safety and Quality

c. Organization: Amrita Centre for NanoSciences, Amrita
Vishwa Vidyapeetham University, Amrita Institute of Medical
Sciences Campus, Elamakkara, Cochin 682026, Kerala

d. PI/Co-PI, Address, Phone, E-mail: Dr. Manzoor Koyakutty

e. Total funding received by the organization: Rs. 58.5 lacs

I Outcome of the Project:

The project has resulted into development of:

1) A novel technique based upon Raman spectral-imaging for
label free rapid detection (<20 minutes) of bacterial
contamination in food samples with single cell sensitivity.

2) Ag-TiO2 nano-structure based Surface Enhanced Raman
Substrate (SERS) for the detection of chemical toxins and
pesticides in fruits and vegetables present at trace (PPM)
level.

3) Raman Spectra Data-Bank of common bacterial strains
(n=8) which can be used for quick reference and automated
bio-sensing from food samples.

The deliverables from the project can result into commercialization of
nano-sensors for detection of bacterial food borne pathogens as well
as chemical toxicants in various food products
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I Basic Information about the Project:

a. Project Title:
Development of Health promoting extruded RTE breakfast
cereal incorporating Choukua Rice and Bhimkol Banana of
Assam along with Carambola Pomace

b. Relevant Food Sector: Ready — to - Eat food industry

c. Organization: Tezpur University, Assam

d. PI/Co-PI, Address, Phone, E-mail: Prof. C.L. Mahanta, Dean
(R&D)

e. Total funding received by the organization: Rs. 40,32,036

I Outcome of the Project:

Resulting Outcome of the project:

i. A RTE breakfast cereal using low amylase rice and seeded
banana along with Carambola pomace was developed and the
processing parameters were optimized. The developed product
was studied for the various quality parameters including
nutritional and physico-chemical parameters and was found to
have good amount of energy, magnesium, potassium and
dietary fiber content. The physico- chemical properties
(Expansion index, bulk density, Texural measurement, colour,
Rheological properties, water absorption, index, water solubility
index etc.) of the RTE processed under optimized conditions were
optimal

i. Sensory studies were carried out which indicated that the

extrudate made from blend of low amylase rice: seeded
banana: carambola: pomace (65:25:10) was liked better than
the extrudate of chiokua rice and seeded banana only.

iii. The shelf life studies carried out showed that the product

retained taste and mouth feel for 6 months, overall acceptability

was good though there was an affect on the color.



iv. Cytotoxicity studies have indicated that the extrudate made

from blend had 80% cell survival and hence does not have
toxic effect on the cells.

The project can be taken up for further commercialization after
undertaking the pilot scale studies One entrepreneur who is making soya
nuggets in Tezpur has expressed his
interest and willingness to make the extruded breakfast cereal developed

in the project. He has discussed the raw materials required to make the
product.
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I Basic Information about the Project:

a. Project Title: DNA barcoding to discriminate traded
spices from their adulterants

b. Relevant Food Sector: Herbs and spices

c. Organization: Indian Institute of Spices Research, Calicut,
Kerala

d. PI/Co -PlI, Address, Phone, E -mail:
Dr. B. Shashikumar, Indian Institute of Spices Research, P.O.
Marikunnu, Calicut 673012, Kerala.

e. Total funding received by the organization : Rs. 26.2444 lacs

I Outcome of the Project:

Resulting Outcome of the project:

The project on DNA barcoding was undertaken with an objective
of tracing out the plant based adulterants in traded market
samples of major spices (Black pepper, chilli, cinnamon and
nutmeg). A New protocol was standardized for isolating DNA
from cinnamon barks and nutmeg mace. PCR conditions for all the
eight barcoding loci were standardized. SNPs (Single nucleotide
polymorphisms) specific to the adulterant and genuine species
were confirmed. These SNPs can be utilized for the construction of
species specific primers and thereby easy detection of the
adulterants.

The project has resulted in identifying the adulterants in the traded
spice & spice products at very low levels (0.5% adulteration) using
DNA barcoding. Seventy barcodes were generated for all the spices
used in the project and



deposited in NCBI as reference database for the mentioned spices
and their adulterants.

In DNA barcoding project the SNPs can be used for the
construction of spices specific primers thereby resulting into
easy detection of the adulterants. DNA barcoding can help in
determining purity of the traded spice and spice products available
in the market.

Further study need to be carried out for development of the
commercial kits for easy detection of adulterants in the traded
spices. This can be taken up by the industry directly or the current
investigators can develop the kits.
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I Basic Information about the Project:

a. Project Title:
Design and Fabrication of Prototype model of Annatto
Seed Separator

b. Relevant Food Sector: Herbs and spices

c. Organization: CFTRI, Hyderabad

d. PI/Co-PI, Address, Phone, E-mail: Shri P. G. Math,
PM&C, CFTRI. Resource Center, Habshiguda, Uppal Road,
Hyderabad 500007Scientist

e. Total funding received by the organization : Rs. 13.56 lacs

I Outcome of the Project:
Resulting Outcome of the project:

The project was conceived to design and fabricate prototype
machine for separation of annatto seeds from pods which is a
fresh produce and purported to help the tribal people earn higher
return and at the same time the industry receives seeds of good
quality.



The project has resulted into designing and fabrication of a
prototype of an equipment for separation of annatto seeds
from the pod efficiently and at the same time maintain the
high quality of the product . The newly fabricated equipment
will help in :
i. Reducing the losses of valuable natural color from annatto seeds.
i. Producing high quality seeds that would help in getting
high returns to farmers and tribal who grow annatto seeds.
iii. The bixin content obtained frm the seeds is higher (1.62%)
as compared to traditional method (1.42%)

iv. Eliminating the laborious and time consuming manual
operations

The performance of the fabricated prototype machine was
demonstrated to the PDRU committee, CFTRI, Mysore. It is

ready for the commercialization and popularization in the
annatto growing areas.

Further work needs to be taken up for modifying the

equipment to enhance the output of the high quality seed
products.
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I Basic Information about the Project:

a. Project Title:
Clean Drying Technology for locally available medicinal
plant & seasonal vegetables .

b. Relevant Food Sector : Dehydrated vegetables and herbs
c.Organization: 11 T Delhi

d.PI/Co-PI, Address, Phone, E-mail: Dr. G.N. Tiwari,
Professor, Centre for Energy Studies, IIT Delhi - 16

e. Total funding received by the organization: Rs. 11.36 lacs

I Outcome of the Project:

Resulting Outcome of the project:

1.A hybrid photovoltaic (PV) (75W, glass-to-glass) integrated even
span greenhouse dryer has been designed and constructed at
Solar Energy Park, II T Delhi, New Delhi, India, and hybrid PVT
(35W, glass-to-glass) single slope greenhouse dryer has been
designed, constructed and installed at BERS' complex, Varanasi
India.

2.The hybrid PVT single slope greenhouse dryer is more effective for
drying as compared to hybrid PVT even span greenhouse dryer. The
solar radiation transmitted through non-packing factor area of
single slope green-house dryer is direct gain received by crop
placed on top tray heating of crop. The thermal energy associated
with solar cell is convected to inside closure of hybrid PVT dryer for
indirect heating of crop which causes faster drying.

3.The inside temperature is 10 C higher than the ambient
temperature.
4. The moisture content was found to be lower in the dried sample



and hence the shelf life of dried products is more.

5.The total fat content, protein content, carbohydrates content, ash
& crude fiber content and the total chlorophyll content are
retained in the dried samples. This method of drying is efficient and
retained the original calorific, nutritional values and the original
color of the dried samples

6. Drying efficiency of the PV/T green house dryer was
calculated as 34.2%. Due to retention of above quality, the
product can be widely used for drying of various herbal/medicinal
products with significant commercial applications. The proposed
methodology to develop characteristic equation can be used to
test any hybrid PVT dryer under different climatic conditions
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I Basic Information about the Project:

a. Project Title:
Value added processing of millets for sustainable nutritional
security of Tribes in Jharkhand

b. Relevant Food Sector: Nutrition and Food Science (Millet
products)

c. Organization : Department of Home Science, Birsa Agricultural
University, Ranchi, Jharkhand

d. PI/Co-PI, Address, Phone, E-mail: D r (Mrs.) Rekha Sinha,
Senior Scientist and Head, Department of Home Science,
Birsa Agricultural University, Ranchi, Jharkhand

e. Total funding received by the organization : Rs. 38,63,252/-

Outcome of the Project:

The project has resulted into standardization of processes for
preparation of about 30 millets products of urban, domestic and
commercial use and its characterization for various nutritional
parameters. Process technologies have been developed for making
value added products from finger millets by using different processing
methods. Primary processing mainly included germination, malting,
popping and milling for improving the colour as well as enhancing the
nutritive value & bioavailability of nutrients.products of primary
processing were further processed to develop various value-added
products such as macaronies, vermicelli, noodles, burfi mix, halwa mix,
composite flour, health drink, ready mix, cookies/biscuits, weaning mix,
and five types of traditional product of local relevance.

The following technologies are ready to transfer:
i. Value added biscuits/cookies
ii. Value added vermicelli, composite flour, health drink and ready
mix
iii. Value added macaronis and noodles
iv. Value added halwa mix, burfi mix and weaning mix
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I Basic Information about the Project:

a. Project Title:
Design of Novel Functional Food Supplements using Supercritical
Carbon Dioxide extraction and encapsulation Technologies .

b. Relevant Food Sector: Functional foods
c. Organization: Department of Food Technology & Biochemical

Engineering, Jadavpur University, Kolkata-700032
d. PI/Co-PI, Address, Phone, E-mail: Dr. Paramita Bhattacharjee,

Lecturer, Department of Food Technology & Biochemical

Engineering, Jadavpur University, Kolkata-700032

e. Total funding received by the organization Rs. 32,93,608/-

II.Outcome of the Project:

a. Resulting Outcome of the project (whether product,
process technology, equipment design):

The project has resulted into development of process technologies
for:

i. Development of therapeutic supplement and food
preservative from

supercritical carbon dioxide (SC-CO 2 ) extracts of clove buds (
Eugenia caryophyllus Linn.).

ii.  Natural food colorants from peels of egg plant, commonly known
as brinjal ( Solanum melongena Linn.) using SC -CO 2 extraction.
iii. SC-CO 2 extraction of antimicrobial compounds from tuberose
flowers (Polinathes tuberose Linn.).
iv. Design of novel food and formulation of therapeutic products using
the above extracts.

v. Microencapsulation of the above extracts for food and



therapeutic applications.

vi. Scaling up of the laboratory scale process to piolet plant level in
collaboration  with industrial partner in Pune.

A successful pilot plant trial for ectraction of eugenol-rich extracts
from clove buds is already done at Pune.
The project has resulted into certain post-harvest processes which can
easily be adopted by the micro-entrepreneurs.
The following technologies are ready for transfer:
I.  Anti -oxidant rich cookies and mayonnaise from eugenol -rich and
eugenol lean extracts of clove buds as novel food products.
ii.  Novel microencapsulated clove extract as replacement of
commercial synthetic antioxidants in frying oils.
iii.  Natural egg plant peel color without any toxicity as a new food
colorant.
iv.  Nutraceu tically enriched custard and jelly crystals with the egg
plant peel color.

v.  Novel antimicrobial topical powder and cream using extracts of
tuberose flowers, with potency against Staphylococcus aureus .



Project Summary : 39

I . Basic Information about the Project:
Project Title:

Enhancing the shelf life of Sapota (Manikara Zapota) by value addition
b. Relevant Food Sector: Fruits and Vegetable Processing Industry

Organization : Kongu Engineering College, Perundurai, Erode-
638052, Tamilnadu

PI/Co-PI, Address, Phone, E-mail: Dr. Dr.V.Sivakumar,
Department of Food Technology

Duration of Project: Not indicated

Total cost of the project : Rs. 10.4 Lakhs (Rs. 5,22 lacs from the MoFPI
and Rs. 5.22 from the organization)

I1. Objectives of the project
Studies on the influence of fundamental and operating
variable

I1I. Outcome of the Project:

a. Resulting outcome of the project ( Whether Product, Process Technology,
equipment Design):

The Project has resulted in development of Process for shelf life
enhancement of sapota by osmotic dehydration in combination with other
secondary drying techniques with subsequent studies on interactive effect of
process variables on product quality. It also involves design and fabrication of
Air assisted microwave dryer.

b. Possibility of Project to result in commercialization/ technology transfer:

After thorough validation of the protocol and undertaking further
studies on nutritional quality and effect of different packaging materials of
product stability and shelf life.

c. Whether the outcome of the project has reached a particular level from



Where industry can directly take it for the advancement of their work

No, Further studies need to carried out for optimization of process before
the industry can take up.

d. Has the project resulted into any value addition to product or Process
at harvesting or post harvesting stage for take up by farmers/ micro-
entrepreneurs

Yes, the project has been a value addition to the commercial method of
sapota drying by shelf life enhancement using osmotic dehydration by
sucrose in combination with microwave drying for storing it up to 6 months.
So, it can be taken up by farmers at field level.

e. Any further work needs to be carried out so that the finding could be taken
up by the stake holders of the food industry for the further advancement of the
work

Yes, further work needs to be carried out by selecting different osmotic
agents for dehydration and its effect on product and effect of different packaging
materials on storage stability of dried product.

f. Papers/Publications - Two articles were communicated to journals
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I. Basic Information about the Project:
a. Project Title:

Biotechnological production of Xylitol from xylose rich lingo-cellulosic
materials

b. Relevant Food Sector:

Post-harvest agricultural waste (like corn -cob) management; Sweetener industry
c.Organization: Indian Agricultural Research Institute, New Delhi.

d. PI/Co-PI, Address, Phone, email:
Dr. Livleen Shukla, Principal Scientist, Division of Microbiology, IARI, New Delhi.

f. Total sanctioned amount by MFPI: Rs. 21.65 Lakh

I1. Objectives of the project:

1 Screening and selection of high yield xylitolproducing organisms
1 Preparation of hemicellulosic hydrolysates from potential lignocellulosic materials

1 Process optimization of xylitol production under submerged fermentationat shake flask
level

1 Bio-process optimization of xylitol production at 5 | scale under submerged fermentation

III. Outcome of the Project:

a. Resulting outcome of the project (whether product, process technology,
equipment design):

The project has resulted into economical production of xylitol from lignocellulosic
substrates (corncob) with modification of existing processes through microbiological
interventions demonstrating a process through which hemicelluloses rich post harvested
agricultural biomass like corn cobs can be commercially utilized. Currently, xylitol is being
manufactured using catalytic hydrogenation process using xylose as chief substrate,
obtained from hydrolysates of high cellulose containing lignocellulosic material, which is



uneconomical. The process has been optimized for nutrient factors at shake flask level.
Immobilization has enhanced the xylitol production in batch process as compared to the
free cells.

Three strains have been identified as Candida guilliermondii (XAD-4), Pichia stipitis
(XDC4), and Rhodotorual Graminis (XDC-10). All of them were capable of
withstanding metabolic stress provided by the furans and producing Xylitol amongst
which XAD-4 showed highest activity

b. Possibility of project to result in commercialization/ technology transfer:

Although the process has already been validated at shake flask level and 5 L scale under
submerged fermentation, still certain studies may need to be conducted at pilot scale for
manufacturing higher quantities than 5 I .

c. Whether the outcome of the project has reached a particular level from where
the industry can directly take it for the advancement of their work?

Large amount of work has already been done in the project. The industry can certainly take
it up for further advancement of their work after conducting a few more studies.

d. Has the project resulted into any value addition to Products/Process at
harvesting or post-harvesting stage for take up by farmers/micro-entrepreneurs.

Yes, the project has been an economical value addition to current method of xylitol
preparation and the hemicelluloses rich post- harvest agricultural biomass can be
commercially utilized.

e. Any further work needs to be carried out so that the finding could be taken
up by the stakeholders of the food industry for further advancement of their
work.

As indicated above
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I. Basic Information about the Project:
a. Project Title:

Development of Piperine-iron conjugates to increase the bioavailability of
Iron

b. Relevant Food Sector: Herbs & Spices

c. Organization: GITAM Institute of Technology, GITAM University, Visakhapatnam-
530045, Andhra Pradesh

d. PI/Co-PI, Address, Phone, email:
Prof. Aruna Lakshmi Komarraju, Department of Biotechnology.

e. Duration of Project: Not Indicated

f. Total cost of the project: Rs. 30.0 lacs (MFPI contribution is 15 lacs and Institute
contribution is 15 lacs

II. Objectives of the project:

Process optimization for extraction of piperine from black pepper

Synthesis & Characterization of piperine-iron conjugates

Investigations into partition coefficient of piperine & its conjugates

Evaluate the efficacy of conjugation of iron with piperine on the bioavailability enhancement
via clinical trials

I1I. Outcome of the Project:

a. Resulting outcome of the project (whether product, process technology,
equipment design):

The project has resulted into development of a new piperine-iron conjugate which is first
of its kind and a process has been developed for its preparation. Studies suggest that the



piperine iron conjugate increases bioavailability of iron four fold in serum in 24 hours.
Piperine iron conjugate has the great potential in enhancing iron absorption in body which
will result in combating iron deficiency anemia in India population.

b. Possibility of project to result in commercialization/ technology transfer:

The project can result into commercialization / technology transfer after taking up studies
for By developing piperine-iron formulation, by optimizing the scale up process

c.Whether the outcome of the project has reached a particular level from where the
industry can directly take it for the advancement of their work?

No, further studies are needed to develop piperine-iron formulation by optimizing the scale
up process before the industry can take up.

d. Has the project resulted into any value addition to Products/Process at
harvesting or post-harvesting stage for take up by farmers/micro-entrepreneurs.

The product will be a new formulation and process for developing it will be beneficial to
pharmaceutical and health industry.

e. Any further work needs to be carried out so that the finding could be taken up by
the stakeholders of the food industry for further advancement of their work.

As indicated above
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Project Title: Preparation and characterization of nanoemulsions of
curcumin for their use in functional foods

File No.: DST No: SERB/MOFPI/0002/2014

PI (Name & Address): Dr. (Mrs.) Bimlesh Mann, Principal Scientist Head,
Dairy Chemistry Division, National Dairy Research Institute, Karnal-132001
Phone: 0184-2259152,9896245110

1. Abstract : Half page (indicating in brief the outcome achieved)

Nanoencapsulated curcumin was prepared with food grade wall materials by using high
speed/pressure homogenization. In this study, two oil in water nanoemulsions were
selected on the basis of their stability from large number of formulations.

The Preparation I contains whey protein concentrates-70, Tween80 as emulsifiers and
240mg curcumin dissolved in medium chain triglycerided with a mean particle size
189.7 nm and 91.9% encapsulation efficiency. Fluorescent spectroscopy studies
indicate that successful incorporation of curcumin in the hydrophobic core. FTIR spectral
study indicated the chemical interaction of curcumin encapsulation nanoemulsion was
observed with the emulsifiers.

The Preparation II contains sodium caseinate as emulsifiers, milk fat and 240mg
curcumin dissolved in medium chain triglycerided with a mean particle size 395+ nm
and 90.7% encapsulation efficiency. Scanning and transmission electron microscopy
results for both the formulations indicate spherical shape structure and entrapment of
curcumin in the emulsion. Before and after homogenization of this nanoemulsion the
colour difference (AE) was 30.30.

The preparation I is stable under simulated gastric conditions, but 85.75% release of
curcumin is observed under simulated intestinal conditions while preparation II almost
stable during simulated gastrointestinal digestion with 15.71% release of curcumin. Both
the preparations are stable and retained similar properties on freeze drying.

The second preparation was used in the dairy product (Ice-cream) and encapsulation
efficiency was 93.7% in the product. The color difference (AE) was observed to be 6.90
between control and encapsulated curcumin in the product. This formulation was
incorporated in to the dairy product (Ice cream). Encapsulation efficiency in the
prepared dairy product was observed to be 93.7%.

2. Research Highlights:



The oil in water (O/W) curcumin nanoemulsions were successfully freeze dried in the
presence of bulking agent. The reconstituted emulsions have the same proparties as
that of the fresh emulsion.

Curcumin nanoemulsion prepared with sodium caseinate, showed greater color masking
and slower release of curcumin.

3. New Observations: 2 -- 3 lines, if any

Ice cream is the suitable dairy product for the delivery of the curcumin in the form of its
emulsions Whey protein stabilized curcumin nanoemulsion withstand the simulated
gastric conditions

4. Innovations: 2 -- 3 lines, if any

The bulking agent was used for freeze drying of oil in water (O/W)
nanoemulsions.

Sodium caseinate stabilized emulsions are stable to simulated
gastrointestinal conditions and processing conditions during
product preparation.

The milk protein reduces the yellowness of the emulsions.

5. Potential outcome/Deliverables/ Achievements : 3 — 5 lines
Methods for the Preparation of Stable Oil in water curcumin nanoemulsion

& Application Potential :

6.1 Long Term : 1 to 2 line

1. Long Term

The methodology develop to encapsulate the curcumin can be used to encapsulate other
lipophilic bioactives for their use in functional Foods.

6.2 Immediate : 1 to 2 line

The developed formulation of curcumin nanoemulsions can be used as an ingredient in
the
functional dairy product for therapeutic purpose

7 Manpower trained:
Ph.D. / M. Tech Produced no: 3 Technical Personnel trained:1

8. Infrastructure developed / facility generated: 2 to 3 lines: Two Small equipment
purchased

Manual Hollow Fiber Filtration
High speed homogenizer



9, Patents filed / awarded with details :

Oil in water curcumin nanoemulsion and method of preparation thereof
Patents N0.201611018434

10. New Product/process development :
(innovative product/technology/design & building of proto-type equipment/process

work)
Nil

11. Technology developed/transferred : Nil

12. Commercialization of finding from this project — initiated/implemented/in progress:
Nil

13. Involvement of entrepreneurs/industry under the project (if any) : NA
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1. Project Title: Design and Evaluation of a Tamarind Fruit dehuller and Deseeder

2. File No.: Title of the project: DST No: SERB/MOFPI/0003/2012

PI (Name & Address):

Dr. P.Rajkumar,

Professor & Head,

Dept. of Agrl. Process Engineering and Basic Sciences,
AEC &RI, Kumulur, Trichy — 621 712

Co-PI (Name & Address):
Dr.R.Viswanathan, Professor,
ADAC&RI, Trichy 621 009

&

Dr.C.Indu Rani, Ph.D

Assistant Professor (Hort)

Dept. of Food and Agrl. Process Engineering,
AEC&RI, TNAU , Coimbatore 641003.

1. Abstract : Half page (indicating in brief the outcome achieved)

A tamarind fruit dehuller with a capacity of 100 kg per hour was developed. The
machine can accommodate various size of the dried fruit for dehulling purposes. After
dehulling, the hull and fruit can be separated by the sieves fitted with the machine.

A tamarind deseeder with a capacity of 40 kg/hour was developed to deseed the
dried and dehulled fruits tamarind fruits in to halved full strip form. The tamarind
deseeder consists of a feed hopper, major roller, minor rollers, sieve shaking
mechanism, power transmission system, motor and frame. Deformation of tamarind
fruit caused by shear and compression of the two counter rotating differential rollers
are effectively utilized to split and separate the pulp from seeds of dehulled tamarind
fruit.

The optimum performance of the developed tamarind deseeder (two pair of
deseeding units) showed that the maximum deseeding efficiency of 92 % was obtained
with a combination of 20% moisture content (d.b.) of tamarind fruits used at 10:1
differential speed of the rollers maintained with a gap of 7.5 and 5 mm top and bottom
rollers, respectively. The mechanical deseeding saves 78% of operation cost and 92.5



% of operation time.

2. Research Highlights:

The tamarind processing operation has been done manually in many parts of India.
This tamarind dehuller and deseeder can definitely replace the drudgery. The
technique is new and highly useful technique for the effective dehulling and deseeding
purposes.

The developed tamarind dehuller and deseeder work well for the dried tamarind
fruits. Hulling and seed removing actions are performing very well.

Salient Features:
TAMARIND DEHULLER

Salient Features:

i Suitable for dehulling dried tamarind fruits

i Various sizes of the tamarind fruits can be used for dehulling

i The gap between concave and pegs can be adjusted as per the size of the tamarind
fruits

U The dehulled fruits are separated into whole fruit, hull and
broken U Capacity of the machine : 100 kg/h

TAMARIND DESEEDER

U suitable for deseeding dried dehulled tamarind fruits

U Various sizes of the dehulled tamarind fruits can be used for
deseeding U The roller gap can be adjusted as per the size of the
tamarind fruits

U The deseeded fruits are separated into pulp strip, seeds and broken
pieces i Capacity of the machine : 40 kg/h

i Cost of operation : Rs. 2.5 /kg

3. New Observations: 2 - 3 lines, if any

The impact force for the huller operation and shearing force for the deseeding
operations were observed. The product is a cleaned one.



4. Innovations: 2 - 3 lines, if any
The techniques used for dehulling and deseeding are very new. The mechanical
operations will replace the manual drudgery and unhygienic operations.

5. Potential outcome/Deliverables/ Achievements : 3 — 5 lines

A tamarind dehuller with a capacity of 100 kg / hour as been developed
A tamarind deseeder with a capacity of 40 kg/hour has been developed.

6. Application Potential :

6.1 Long Term : 1 to 2 line
The tamarind dehuller and deseeder will replace the drudgery of manual methods.

The export opportunity will be higher.
6.2 Immediate : 1 to 2 line
The units can be used immediately at the field level.

7. Manpower trained:

Ph.D. / M. Tech Produced no:
Technical Personnel trained: One

8. Infrastructure developed / facility generated: 2 to 3 lines
The tamarind dehukller, deseeder, accessories were developed
9. List of Publications from this Project (including title, author(s), journals & year(s)

Papers published only in cited Journals (SCI) :
Papers Presented in the national and International Conferences held in
India

1. Indu Rani, C and P. Rajkumar. 2013. Studies on the physical characteristics
of the tamarind fruit and the performance of the tamarind deseeder. In:
National symposium on spices and aromatic crops (SYMSAC VII): Post-
Harvest processing of spices and fruit crops, Indian Society for Spices,
Kozhikode, Kerala, 27-29 November 2013, pp: 230.

2. Rajkumar, P, C. Indu Rani and R. Visvanathan. 2014. Studies on



performance evaluation of a tamarind huller cum deseeder. In:
International Symposium on Plantation Crops Abstracts- PLACROSYM XXI
((Eds) Dinesh R, Santhosh J Eapen, Senthil Kumar CM, Ramakrishnan Nair R
, Devasahayam S, John Zachariah T, Anandaraj M), ICAR-Indian Institute of
Spices Research, Kozhikode, Kerala, 10- 12 December 2014, pp:202.

3. P.Rajkumar, N.Karpoora Sundara Pandian, C.Indu Rani and R.Visvanathan
2015 Development and Evaluation of a Tamarind Huller and Deseeder.
Annual Convention of Indian Society of Agricultural Engineers (ISAE) and
Symposium on Engineering solutions for sustainable Agriculture and food
Processing PAU, Ludhiana February 23-25, 2015.

Articles published - National
1. Karpoora Sundara Pandian, N and P. Rajkumar. 2014. Study on
Drying Kinetics of Tamarind (Tamarindus indica, L ). Trends in Bioscience,
7-23. 3844 - 3851.

2. Paramasivan Karthic Kumar, Narasingam Karpoora Sundara
Pandian, Perumal Rajkumar, Allimuthu Surendra Kumar and Murugesan
Balakrishnan. .2015. Development Evaluation of Continuous Tamarind

Deseeder. Agricultural Engineering. 2.49-59.

3. Karpoora Sundara Pandian, N and P.Rajkumar. 2014. Development
and Evaluation of Hammer type Tamarind (Tamarindus indica, L ) deseeder.
Research Journal of Agricultural Sciences. 5(6).1228-1231

10. Patents filed / awarded with details : It is proposed to file the patent for tamarind

deseeder.

11. New Product/process development : (innovative product/technology/design &

building of proto-type equipment/process work)

Tamarind dehuller and deseeder were developed with a new concept for hulling and



deseeding operations.

Dehuller Deseeder



12. Technology developed/transferred :

The technology for processing of Tamarind fruit dehuller andTamarind deseeder were
developed.

13. Commercialization of finding from this project - initiated/implemented/in progress:

In progress
The developed tamarind dehuller, deseeder and allied equipment’s will be

utilized for conducting training and demonstration purposes for the usage of

tamarind producers and processors.

Also, it is planned to proposea new project proposal for the series of unit operations of
tamarind fruit such as dehulling, drying, deseeding and packaging. Storage study will
also be carried to assess the change in quality and the optimum condition for increasing
the shelf without change in the quality of the tamarind pulp will be evolved.

14. Involvement of entrepreneurs/industry under the project (if any) :
It is in collaboration with the industrial partner M/s Sri Balaji Industries, 622-1, ELGI
INDUSTRIAL ESTATE, TRICHY ROAD, SINGANALLUR, Coimbatore - 641005, Tamil

Nadu, India
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Project Title: Studies on development of cereal based functional breakfast food
from the underutilized crops of North-East India

File No.: SERB/MOFP1/0004/2013

PI (Name & Address):
Mr. Amit Baran Das, Assistant Professor, Department of Food Engineering & Technology,
Tezpur University (Govt. of India), Napaam — 784028, Assam: India

1. Abstract :

The present investigation was conducted to develop a functional food product from
the underutilized crop of north-east India. Lingkang taker ame (LA), Umling ame (UA),
and Pungpo taker ame (PA) were the three variety used for development of rice based
function breakfast cereal. It was revealed that the pigmented rice variety content
more than 12 bioactive compounds. The detected bioactive compounds were -
Carotene, Tocopherol, Tocotrierol, cyanidin-3-glucoside, Peonidin-3-D-glucoside, Caffeic
acid, Catechin hydrate, Chlorogenic acid, Coumeric acid, Trans-Ferulic acid, 4-
Hydroxybenzoic acid, Syringic acid, Sinapic acid and Vanillic acid. To develop the
functional breakfast cereal a twin screw extrusion process was used. The extrusion
process was optimized using response surface methodology. The optimize condition were
temperature 98.10°C, screw speed of 250 rpm and feed moisture content 26.63%. In
the optimized condition the predicted response were 11.250 expansion ratio, 7.931 of
water solubility index 2.976, 133.469 mg GAE/100g of total phenolic compounds and
67.146 % of DPPH antioxidant activity. In the final product four types of phenolic
acid were detected namely Caffeic acid, () Catechin hydrate, b- Coumeric and Syringic
acid. It confirmed that the developed breakfast cereal had functional properties. The
storage life study of the develop product showed that with change of packaging material
there was a variation of water adsorption behavior of the product.

2. Research Highlights:

1. To analyze important physico—chemical and engineering properties of regional
underutilized crops of north-east India.

2. To develop a process technology for production of functionalbreakfast food from
underutilized crops.

3. To develop a twin screw extruder to produce functional breakfast food from
underutilized crops.

4. To study the change during storage and evaluate the shelf life of prepared
functional breakfast cereal product.

5. To study the sensory, textural and microscopic properties of the developed breakfast
food and its comparison with the conventional type.

3. New Observations:



In present investigation, fourteen bioactive compounds were detected and quantified
namely salicylic acid, caffeic acid, quinic acid, apigenin, ferulic acid, gallic acid and
quercetin in the red pigmented rice. Three vitamins namely 0-Carotene, Tocopherol
and Tocotrierol were also detected in the pigmented rice.

4. Innovations:
A innovative functional food product has been developed from pigmented rice. More
than ten bioactive compound has been identified in developed extrudate product.

5. Potential outcome/Deliverables/ Achievements :
Functional breakfast product has been developed using twin screw extruder. The
extrusion process has been optimized in term of functional quality of the final product.

6. Application Potential :
6.1 Long Term :

1. Development of red rice based breakfast food can be treated as functional food
which can attract the food industry.

High variety colorant can be developed from pigmented bran and can be a good
source of rice bran oil.

Local revenue generation

Employment generation for local people

Waste utilization from underutilized crop

Agro-industrial potential of exotic fruit by-products as a source of food additives

N

o AW

a. Immediate :

7. Increase the utilization of underutilized crop.

8. Product with high functional property will develop from red rice and fruits like
passion fruit.

7. Manpower trained:
Ph.D. / M. Tech Produced no: one
Ph.D Technical Personnel trained:

8. Infrastructure developed / facility generated: Any type of extrudate food product
can be develop in the lab.

9. List of Publications from this Project (including title, author(s), journals & year(s) Papers
published only in cited Journals (SCI) :
Duyi S, Deka C. S. and Das B. A. (2015) “"Phytochemical and antioxidant
profile of pigmented and non- pigmented rice cultivars of Arunachal



Pradesh, International Journal of Food Properties
http://dx.doi.org/10.1080/10942912.2015.1055761.
Duyi S, Deka C. S. and Das B. A. (2015) Evaluation of physical, thermal, pasting
and mineral characteristics of pigmented and non-pigmented rice cultivars Journal of
Food Processing and Preservation DOI: 10.1111/jfpp.12594 (accepted).

10. Patents filed / awarded with details :

11. New Product/process development : (innovative product/technology/design & building
of proto-type equipment/process work)

Rice based breakfast cereal with antioxidant capacity has been developed
A new type of extruder has been developed

12. Technology developed/transferred: a process technology for the functional rice based
extrudate breakfast cereal was developed.

13. Commercialization of finding from this project - initiated/implemented/in progress:
The commercialization of finding from this projects initiated.

14. Involvement of entrepreneurs/industry under the project (if any) :


http://dx.doi.org/10.1080/10942912.2015.1055761.

Project Summary : 45

Project Title: Pilot Scale Process Technology for ‘Bhimkol’ (Musa balbisiana ) Slice,
Grits and Powder Using Hybrid Drying Methods. SERB/MOFPI/0016/2013

PI (Name & Address): Dr. Brijesh Srivastava, Associate Professor, Department of Food
Engineering & Technology, Tezpur University, Tezpur, 784028, Assam, INDIA.

1. Abstract : Half page (indicating in brief the outcome achieved)

Bhimkol is a sweet, seeded wild variety available in Assam. Initially the study was
undertaken to classify the Bhimkol fruits based on their ripening/maturity by using
physic-chemical and mechanical properties. The changes in colour of peel from green
to reddish -yellow and TSS of fruit from 2 to 24 shows optimum stage of ripening. The
hardness is reduced from 16.563 N to 5.770 N. The major chemical changes also take
place during ripening such as Total sugar (2-22 %), Starch (20-2) % and reducing
sugar (1.110-11.993).

Based on the experience of earlier fruit pulper, a modified fruit pulper was
developed. The modified fruit pulper having nylon brush which is helps for beating
and washing of pulp. However the recovery got increased up to 80% as compare to 50
% in screw type juice extractor. The arrangement of sprinkled water system in pulper
is undergoing.

Further, additional investigations are required to explore the feasibility of Skim milk
powder for foaming, which could be effectively achieved by incorporation of Bhimkol
pulp. There are Central composite rotational design was implemented for the
optimize foaming behavior and drying characteristics. The optimum sample considering
higher foam stability (FS), lower density (LD), whipping time (WT) and less drying
time (LDT). There was 9.62 % TSS of pulp and 8.18% skim milk powder determine
optimum foam stability, density, whipping time and less drying time i.e, 0.674
gm/cm> 99%, 145.54 sec and 8 hrs respectively. The moisture content of optimized
sample is 84.9% (w.b.), which is reduced up to 8.41% (w.b.) Water activity reduced
up to 0.2885 from 0.9945. The powder behavior is light weighted and free flowing.
The storage study of powder will also be studied.

2. Research Highlights:
a) To develop a pulping or deseeding operation with minimum enzymatic browning or



colour change.

b) To develop technologies for production of Bhimkol slice .grits and powder on pilot
plant Scale.

C) To study the storage stability of produced banana powder and grits.

3.

New Observations: 2 - 3 lines, if any

a) The correct stage of ripening was observed by changes in physico chemical
characteristics.

b) The modified pulper are effective than ordinary pulper with respect to high recovery
and smoothly pulping.

c) Peeled and sliced banana blanching followed by multipass crushing is assist to
further processing.

d) Skim milk powder useful in Bhimkol pulp for preparation of quality powder.

e) The variability in total soluble solid of Bhimkol pulp affected on whipping
operation.

Innovations: 2 -- 3 lines, if any

a)Investigate the optimum stage of ripening.

b) Skim milk powder act as a good foaming agent and sweetener in Bhimkol pulp.
c) Investigate the sliced banana blanching followed by multipass crushing helps for
reduce the TSS and effective whipping operation.

d) Investigate the optimum condition in tray dryer for preparation of banana flakes,
powder and grits which is free flowing, sweet, puffy and no browning.

. Potential outcome/Deliverables/ Achievements : 3 — 5 lines

a) The precise stage of ripening was observed after 13 days at 22°C after
harvesting.

b) The recovery of pulp increased in modified fruit pulper.
c) Due to the banana blanching followed by multipass crushing smooth pulping
operation has been carried out.

d) The foam mat drying has been performed successfully.

e) Prepared powder by using foaming agent like skim milk powder is considered
vegetarian.

f) There is 0% chemical or other additives are added for preparation of powder.

. Application Potential :

6.1 Long Term:



Optimized stage of ripening and foaming operation helps to drying of fruit on pilot
scale basis.

6.2 Immediate:
Banana pulp will be crushed for convert powder by using tray drying method.

7. Manpower trained: Nil
8. Ph.D. / M. Tech Produced no: Nil
o, Technical Personnel trained: Nil

10. Infrastructure developed / facility generated:
a) Major equipments such as Vacuum dryer, Tray dryer, Dehudifier, Baby boiler,

Steam jacketed kettle has been situated in pilot plant.

b) Water activity meter, Digital balance and Utensils have been procured.
c) Foaming device was developed with attaching compressor, rotometer and filter
for incorporation of fresh air.

11. List of Publications from this Project (including title, author(s), journals & year(s)
Nil
Papers published only in cited Journals (SCI) : Nil
12. Patents filed / awarded with details : Nil
13. New Product/process development : (innovative product/technology/design &
building of proto-type equipment/process work) :
Bhimkol powder will be considered is an innovative product in Assam.
14. Technology developed/transferred: yes
The developed process has minimal affect on quality in terms of color, nutrients and

functional properties. The further development in process is undergoing.

15. Commercialization of finding from this project _ initiated/implemented/in
progress: In Progress

16. Involvement of entrepreneurs/industry under the project (if any) : Nil
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Project Title: Chemical, rheological and processing quality of fractions produced by
successive size reduction milling of different wheat varieties
File No.: SERB/MOFPI/0019/2013

PI (Name & Address): Dr. Narpinder Singh
Department of Food Science and Technology, Guru Nanak Dev University, Amritsar

1. Abstract : Half page (indicating in brief the outcome achieved)

The relationships of polymeric as well as monomeric proteins (unextractable and
extractable) with various flour properties amongst Indian wheat varieties were studied.
Protein molecular weight (MW) distribution, quality characteristics and muffin making
properties amongst Indian wheat varieties were also evaluated. Unextractable polymeric and
monomeric proteins were related to grain hardness index. Unextractable polymeric proteins
showed a positive correlation with gluten index (GI) and Lactic acid solvent retention capacity
(LASRC). Majority of varieties with HMW-GS combinations of 91 kDa + 80 kDa + 78 kDa +
74 kDa PPs showed very high grain hardness index (97-100). Both UnEx-PP and UnEx-MP,
HMW-GS as well as various wheat flour properties showed wide variation amongst Indian
wheat varieties. Flours from varieties with higher grain weight showed lower proportion of
fine particles. LASRC, sedimentation value (SV) and dough stability (DS) correlated with the
proportion of 0-55 um size particles. Peak viscosity and breakdown viscosity showed positive
correlation with polymeric protein and negatively with monomeric protein and sodium
carbonate solvent retention capacity (NaSRC). DS, dough development time (DDT), LASRC
and GI were positively related to polymeric protein and negatively to monomeric protein.
Both G Guand G were correlated significantly with GI, LASRC, DS and DDT. The varieties
that possesses high MW glutenin subunits combinations of 91 kDa + 84 kDa + 78 kDa + 74
kDa showed lower GB&nd Gu Muffin volume was positively correlated with protein content,
gluten content and LASRC.

2. Research Highlights:
Large variation in quality attributes amongst Indian wheat varieties was observed. The
proportion of FF and CF fractions vary amongst different wheat varieties.
FF and CF fractions from different varieties vary in quality and suitability for various
products.

3. New Observations: If any GHI also showed significant effect on ash content. Ash
content of flour decreased with decrease in GHI. Protein content of FF fractions was higher
than CF fractions. Interaction between cultivars and fraction effect on both extractable and
unextractable PP and MP was significant. GHI showed significant effect on both UnexMP and
UnexPP. The difference in SV between CF and FF fractions was more pronounced that
between cultivars.



4. Innovations: If any Varieties with higher grain hardness index produced flours with higher
ash content and protein content. Unextractable polymeric and monomeric proteins were
related to grain hardness index. Lactic acid solvent retention capacity (LASRC), sedimentation
value (SV) and dough stability (DS) correlated with the proportion of 0-55um size particles.
Flour paste viscosities were correlated with polymeric protein. MW glutenin subunits
combinations of 91 kDa + 84 kDa + 78 kDa + 74 kDa showed lower G and G and Muffin
volume was positively correlated with gluten content and LASRC. Hard wheat varieties had
starch with lower surface lipids that resulted into lower amylose-lipids complex formation
during heating.

5. Potential outcome/Deliverables/ Achievements :

Protein content of FF fractions was higher than CF fractions. Interaction between
cultivars and fraction effect on both extractable and unextractable PP and MP was
significant.

Results clearly demonstrated that FF and CF fractions obtained from different wheat varieties
vary in their quality attributes.

6. Application Potential :

Long Term :

Modeling of various quality measuring parameters helps in identifying the varieties
giving best performance. The variables that would best describe the solvent retention
capacity, sedimentation value, gluten index and dough rheological properties of flours
from different bread wheat varieties. This study is very wuseful in identify
varieties/fractions suitable for specific purpose.

Immediate :

Wheat varieties quality variability has been evaluated in details and findings are useful for
industry involved in the utilization of wheat.

7. Manpower trained:

Ph.D. / M. Tech Produced no: 1(pursuing)
Technical Personnel trained: 1( Project fellow)

8. Infrastructure developed / facility generated: 2 to 3 lines
Freeze- Dryer, Particle size Analyzer and Air Classifier

9. List of Publications from this Project (including title, author(s), journals & year(s)
Papers published only in cited Journals (SCI) :

1) Mehak Katyal, Amardeep Singh Virdi, Amritpal Kaur, Narpinder Singh,
Seeratpreet Kaur, Arvind Kumar Ahlawat, Anju Mahendru Singh. Diversity in



quality traits amongst Indian wheat varieties I: Flour and protein characteristics,
Food Chemistry 2016, 194 337-344. (IF = 3.391)

2) Narpinder Singh, Amritpal Kaur, Mehak Katyal, Seerat Bhinder, Arvind Kumar
Ahlawat, Anju Mahendru Singh. Diversity in quality traits amongst Indian wheat
varieties II: Paste, dough and muffin making properties, Food Chemistry 2016,
197, 316-324. (IF = 3.391)

3) Narpinder Singh, Navneet Kaur, Mehak Katyal, Amritpal Kaur and Khetan
Shevkani. Characteristics of starch separated from coarse and fine flour
fractions obtained from hard, medium-hard and soft Indian wheat cultivars.
Starch/Starke 2016, 68, 1-10 (IF = 1.677)

4) Mehak Katyal, Narpinder Singh, Nidhi Chopra, Amritpal Kaur. Modeling Flour
and DoughQuality of Indian Wheat Varieties. Journal of Food Processing and
Preservation (in press). (IF = 1.159)

5) Narpinder Singh, Mehak Katyal, Amardeep Singh Virdi, Amritpal Kaur, Annu
Goyal , Arvind Kumar Ahlawat, Anju Mahendru Singh. Grain hardness,
fractionation and cultivars effects on protein,pasting and dough rheological
properties of flour. Food Chemistry (Submitted) (IF = 3.391)

10. Patents filed / awarded with details : NIL

11. New Product/process development : (innovative product/technology/design &
building of proto-type equipment/process work)

Nil
12. Technology developed/transferred : NIL

13. Commercialization of finding from this project — initiated/implemented/in progress:
In progress

14. Involvement of entrepreneurs/industry under the project (if any) :
Kulwant Nutrition, Batala



Project Summary : 47
Project Title: Healthy Foods: Production of Stable and Active ProbidtiesNo.: SERB/MOFP1/0026/2013

PI (Name & Address): Dr. Surajit Mandal, Sci, DM Division,
ICAR-National Dairy Research Institute, Karnal, Haryana — 132001;

1. Abstract : Half page (indicating in brief the outcome achieved)

Lactobacillus cell biomass has been produced in a formulated Whey based medium;
preserved by Freeze & Spray drying. Fermentation conditions for production of
Lactobacillus spp. biomass in whey based medium has been optimized under Batch and
Fed batch scale. Cell biomass was harvested by centrifugation and microfiltration. Cell
biomass has been preserved by freeze drying (10! - 10! cfu/ g) and spray drying (10%° -
10! cfu/ g). Concentrated & dried cell biomass has been applied in value addition to
fermented dairy beverage & kulfi (108 cfu/ ml). Viable counts: >108 cfu/ ml during
storage. At pH 2.0, LR-610 culture count decreased by 2.0 log after 2 h of exposure
from 8.0 log cfu/ ml, counts of LC-298 decreased below 5 log after 1 h. At 1.5% bile salt,
both LR-610 and LC-298 survived till 6 h. Optimum conditions for biomass production of
Lactobacillus casei NCDC 298 and Lactobacillus rhamnosus NCDC 610 have been
standardized under fermenter scale. L. casei NCDC 298 and Lactobacillus rhamnosus
NCDC 610 biomass produced in whey media has been preserved as freeze and spray
dried powder. The optimized conditions can be applied for preparation of probiotic
importance Lactobacillus sp. biomass in dried form for food and nutraceutical
applications.

2. Research Highlights:

Lactobacillus rhamnosus NCDC 610 (LR-610) and Lactobacillus casei NCDC 298 (LC-
298) cell biomass has been prepared in a formulated Whey based medium; preserved by
Freeze and Spray drying. Fermentation conditions for production of Lactobacillus sp.
biomass in whey based medium has been optimized under fermenter scale. Cell biomass
has been harvested by applying microfiltration and centrifugation and preserved by freeze
drying (10! - 10!? cfu/ g powder) and spray drying (10!° - 10! cfu/ g powder).
Concentrated and dried cell biomass has been applied in value addition to fermented
dairy beverage and Kulfi (10%° cfu/ ml). Viable counts: >108 cfu/ ml during storage. At
pH 2.0, dried LR-610 culture count decreased by 2.0 log after 2 h of exposure from 8.0
log cfu/ ml, counts of LC-298 decreased below 5 log after 1 h. At 1.5% bile salt, both
LR-610 and LC-298 survived till 6 h.

3. New Observations: 2 - 3 lines, if any

Optimized the parameters for fermenter scale production of lactobacillus biomass at
batch and fed batch scale.

Preservation media for freeze and spray drying have been optimized for preservation of



lactic acid bacteria.

4. Innovations: 2 - 3 lines, if any

o Optimized parameters for production o Lactobacillus sp. biomass
and preservation in powder form(s).
* Application of concentrated and dried Lactobacillus biomass as

starters/ functional supplements in value addition of fermented and non-fermented dairy
products.

5. Potential outcome/Deliverables/ Achievements : 3 — 5 lines
Lactobacillus cell biomass has been preserved by Freeze & Spray drying

Concentrated & dried cell biomass has been applied in value addition
to

fermented dairy beverage & kulfi (10%° cfu/ ml). Viable counts -->10% cfu/ ml during
storage

* Fermentation conditions for production of Lactobacillus spp. biomass in whey
based medium has been optimized at fermenter scale

* Harvesting of cell biomass by microfiltration/centrifugation; (Preservation by
Freeze drying (10!!-10'2 cfu/ g powder) and Spray drying (10'°-10%! cfu/ g powder).

6. Application Potential :

6.1 Long Term : 1 to 2 line
Optimized parameters will be used for mass production of Lactobacillus spp.

biomass.

* Preserved Lactobacillus sp. biomass will be used as starters and functional
supplements.

6.2 Immediate : 1 to 2 line
Optimum conditions for biomass production of L. rhamnosus NCDC 298 and

NCDC 610 standardized fermenter scale will be wused for biomass

production for preservation
* L. casei NCDC 298 and L. rhamnosus NCDC 610 biomass produced in whey
media and preserved as dried powder form can be used for value addition of fermented

and non-fermented dairy products

7. Manpower trained:

Ph.D. / M. Tech Produced no: Nil



Technical Personnel trained: One JRF

8. Infrastructure developed / facility generated: 2 to 3 lines

The equipment (lab scale spray dryer; microfiltration system and autoclave) purchased
in the project would be utilized for the development bioprocess for stable starter cultures
for fermented dairy products, bioactive peptides etc. These equipments have been placed
at Techno-functional Starter Lab, Dairy Microbiology Division, National Dairy Research
Institute, Karnal. The above mentioned equipments are being used in this facility. Apart
from this, the equipments are also being used extensively by students as well as other
scientists of the Institute and consultancy projects to industry.

9. List of Publications from this Project (including title, author(s), journals & year(s)
Papers published only in cited Journals (SCI) : Nil
10. Patents filed / awarded with details : Nil

11. New Product/process development : (innovative product/ technology/
design & building of proto-type equipment/process work);reservati Optimized
parametersfor  production of Lactobacillus sp.  biomass and on in powder
form(s).

Application of concentrated and dried Lactobacillus biomass
as starters/ functional supplements in value addition of fermented and non-fermented
dairy products.

12. Technology developed/transferred :

I A consultancy/contract project “Preparation of probiotic (Lbsl and Lbs2)
concentrates in an optimized whey based medium?”, for Sarvotham Care Ltd., 1-
20- 248, Umajay Complex, 1% Floor, Rasoolpura, Secunderabad-500003 has been done
based on capacity and facility developed. The two indigenous probiotic strains of
Lactobacillus sp. (Lbsl and Lbs2) had already been commercialized to Sarvotham
Care Ltd, ICARNDRI, Karnal.

il Facility has also been used for imparting training to industrial personnel during
transfer/commercialization of two technologies “"Whey based medium for lactic
acid bacteria” and “Bioprocess for Direct Vat Set (DVS) Misti Dahi Culture” to
ABsource Biologics (P) Ltd., Kinetic Innovation Park, D-1Block, Plot No.-18/1Part, MIDC
Chinchwad, Pune 411019, Maharashtra, India.



13. Commercialization of finding from this project -
initiated/implemented/in progress:

Technology/know-how developed "“Direct ProductProbiotic (DPP)
Formulation of Lactobacillus culture’”has been incorporatedin Zonal Agro-
Technology Management Centre, ICAR-National Dairy Research Institute, Karnal
technology list and presented during Industry Meet held on Dec 01, 2014 and Dec 17,
2015 at ICAR-National Dairy Research Institute, Karnal.

i. A poster “Production of Lactobacillus casei NCDC 298 Biomass in Whey
Based Medium” has been presented in 7th National Seminar on ‘DAIRY SECTOR:
THE KEY PLAYER FOR NUTRITIONAL SECURITY IN INDIA’ Organized by NDRI
GRADUATES ASSOCIATION & ICAR-NATIONALDAIRY RESEARCH INSTITUTE,

KARNAL at ICAR-NDRI, Karnal during 19-20 SEPTEMBER, 2014 (Surajit Mandal,
Pritee, Sudhir Kumar Tomar, Pradip V. Behare and Kaushik Khamrui).

14. Involvement of entrepreneurs/industry under the project (if any) :

Not applicable



Project Summary : 48

Project Title: Package of Technologies for On-farm Processing, Value Addition and Safe
Storage of Onions (SERB/MOFPI/0027/2013)

PI (Name & Address): Dr. Sinija V R, Associate Professor & Head, Department of
Food Product Development, Indian Institute of Crop Processing Technology , (Ministry of
Food Processing Industries, GoI) Pudukkottai Road, Thanjavur , Tamil Nadu

1. Abstract : Half page (indicating in brief the outcome achieved)
Objectives of the project are to design and develop on-farm and accelerated (forced air)

curing gadgets for pre-processing of freshly harvested onions and to develop protocols
and technologies for modified atmosphere packaging for extending the shelf life of cured
onions under controlled temperature conditions.

A modular ventilated structure (IICPT Model) for curing of fresh onion was designed
and developed. The matured (uncured) green onions (of CO-3 and bellari varieties) were
purchased from nearby farms and curing studies were conducted as per traditional
windrowing method, tray drying, solar tunnel drying and shade drying and in IICPT
Model. Curing was carried out for onion bulbs with foliage and without foliage and during
the period of curing physico-chemical changes were monitored continuously.

The onions are sprayed with several pre-harvest chemicals to control the A.niger (black
mould) growth in storage which leaves not only residue in the produce but may also
develop resistance. A.niger on the surface of the produce decreases the potential of
export market. The greener gaseous ozone technology, which leaves no residue on the
produce was tried and provided promising results against the A.niger .

Diffusion storage system is developed for 50 kg of ozone pre-treated onions which are
packed in 3 layer “F - flute” corrugated boxes of 1 m>® volume and is attached with
different lengths 0.05 x 0.004, 0.10 x 0.004 and 0.15 x 0.004 (diffusion storage system
I, IT and III). Quality changes of small onion stored in diffusion storage system were
observed periodically.

The IICPT model developed for curing of onion was slightly modified by painting with
calcium hydroxide paint leaving 500 holes to act as diffusion channels for oxygen
transfer and the back calculated total oxygen transfer was 38.89 x 102 m3 s atm™.
Cured and ozone pretreated onion samples were stored in this model also under
ambient condition and the quality changes with respect to time was observed
periodically and was found suitable for on farm storage of onion.

2. Research Highlights:



i On-farm modular ventilated curing structure (IICPT Model) for onion was developed.
i Compared to all traditional methods available, IICPT model found to be best for
curing without quality deterioration, which is cheap and affordable by farmers and can be
easily fabricated.

O IICPT model can use even for short term storage at farm level under adverse
climatic conditions.

i Curing of onions with stem yield better quality and storability bulbs compared to
without stem.

i Ozone pre-treatment was found to be a potential method for preventing microbial
infection during storage. It is a greener technology and leaves no residues compared to
the pre-harvest chemical spray used by farmers.

1] Mathematical model was developed using dimensionalanalysis for predicting the
permeability of oxygen through diffusion channeltubes for modified atmosphere
packaging system (MAP).

i MAP using diffusion channel system was found to be suitable for bulk storage of onion
for more than 3 months without any quality deterioration at 10 °C even though the
recommended temperature is 0°C.

i On-farm Modular Ventilated Structure stores the onions for 9 weeks at ambient
conditions without quality deterioration.

3. New Observations: 2 - 3 lines, if any

i On-farm modular ventilated curing structure (IICPT Model) found to be best for
curing without quality deterioration, which is cheap and affordable by farmers and can be
easily fabricated for onion was developed.

i Curing of onions with stem vyield better quality and storability bulbs compared to
without stem.

i Ozone pre-treatment was found to be a potential method for preventing
microbial infection during storage. It is a greener technology and leaves no residues
compared to the pre-harvest chemical spray used by farmers.

4. Innovations: 2 -- 3 lines, if any
On-farm curing cum storage structure
Ozone pre-treatment of onion before storage to prevent the microbial attack.

Diffusion channel system for modified atmosphere packaging of onion.

5. Potential outcome/Deliverables/ Achievements : 3 — 5 lines
Cheap on-farm system for curing of onion
Green technology- ozone pretreatment instead of chemical sparys before storage
Storage guidelines for small onions.



6. Application Potential :

6.1 Long Term : 1 to 2 line
Ozone pre-treatment for bulk storage of onion can be followed to prevent the huge

losses involved due to microbes during storage.
Modified atmosphere packaging using diffusion channels can be recommended for
transport of onions in corrugated boxes especially for exports market.

Respiration rate model and dimensional analysis model developed for permeability
calculations can be used for other commodities also.

6.2 Immediate : 1 to 2 line

IICPT Model developed for curing of onion can be immediately taken to the field for
hygienic curing and storage of onion with minimum losses. The farmers themselves can
fabricate the set up with locally available materials, depending on their yield.

7. Manpower trained:
Ph.D. / M. Tech Produced no:
Ph.Ds Produced no: 1

M Tech Produced no:1
Onion farmers of perambalur district were trained for this on-farm technology.

8. Infrastructure developed / facility generated: 2 to 3 lines
i On farm structure developed
U Equipments purchased ( Water vapor transmission analyser, oxygen ,
carbondioxide head space analyzer, environmental chambers and data logger)

9. List of Publications from this Project (including title, author(s), journals & year(s)

i. Sandeep Singh Rana and Dr. V. R. Sinija (2014) Design and development of an
on-farm modular ventilated structure for curing of onions. International Journal of
Progress and Research (IJSPR) Accepted For Vol. 6, 2014.

i. Banuu Priya. E.P, Sinja.V.R, Alagusundaram.K. 2014. Studies on Respiration
Rate of Small Onions at Different Temperature Conditions. Journal of Trends in
Bioscience. Accepted for publication on August — September’14

ii. Sandeep Singh Rana and Dr. V. R. Sinija (2014) Study on curing of big



Bellary onion when cured in Modular Ventilated Structure and by other popular
curing practices. International Journal of Latest Trends in Engineering and
Technology (IJLTET) accepted November 2014

iv. Sandeep Singh Rana and Dr. V. R. Sinija (2014)A Review on Curing of
Onion. International journal of Biol. Technology (IJBT) Published on 15 Dec.
2014

v. Banuu Priya. E.P, Sinja.V.R., Alice RPJS, Shamugasundaram S and
Alagusundaram.K. 2014. Storage of Onions — A Review. Agricultural Reviews.
Accepted.

vi. Banuu Priya E. P, Sinija V. R and Singaravadivel K (2015) Inactivation of
Aspergillus niger in Small Onions by Ozone Treatment and Process Optimization
using RSM. Trends in Biosciences (Accepted for May 2015 issue).

vii. Banuu Priya E P, V R Sinija, M Esther Magdalene, J Alice RPS and K
Alagusundaram (2015) Engineering Properties of Cured Small and Bellary Onions.
International Journal of Agricultural Science and research . Accepted for
Publication.

10. Patents filed / awarded with details : Nil

11. New Product/process development : (innovative product/technology/design &
building of proto-type equipment/process work)

- IICPT model modular ventilated curing structure
- Ozone pre-treatment to avoid microbial spoilage during storage

12. Technology developed/transferred: Not transferred officially.

13. Commercialization of finding from this project — initiated/implemented/in progress:
Peramabalur district onion farm, the field studies were conducted and demonstrated to
farmers.

14. Involvement of entrepreneurs/industry under the project (if any): Nil



IICPT model, modular ventilated on farm curing system



Project Summary : 49

Project Title: Production of buffalo casein hydrolysates enriched with antioxidative
and immunomodulatory peptides and their application for the development of
functional beverage File No.: SERB/MOFPI/0028/2013

Pl (Name & Address): Dr. Rajesh Kumar (Principal Scientist), Dairy Chemistry Division,N@#Aéhal Dairy
Research Institute, Karnal

1. Abstract : Half page (indicating in brief the outcome achieved)

The process for the production of buffalo casein hydrolysates enriched in potential
antioxidant peptides has been optimized and assessed for their techno-functionality,
cytotoxicity in Caco-2 cell lines and immunomodulatory properties based on the
proliferation of lymphocytes and phagocytic activity of macrophages and
interleukins levels (IL-4, TNF-a, TGF-B, IFN-y) in spleenocytes. It was observed that
the hydrolysates preparation derived from buffalo casein after treatment with alcalase /
or flavourzyme resulted in immunomodulatory property. The major peptides score for
beta casein hydrolysed with flavourzyme corresponded to 672, with peptides
corresponding to sequences QEPVLGPVRGPFPIIV and TTMPLW identified as
immunopeptides. While the preparation of casein hydrolysates derived from combination
of the treatment of alcalase and flavourzyme generated potential antioxidant peptides
with dominant peptide identified as SKVLPVPQ. The preparation with high antioxidant
peptides was majorly free of peptides greater than 3kDa and possesses low bitterness,
thereby making it a potential ingredient for food applications. This preparation was
used in the development of whey beverage raising its antioxidant activity by nearly
fourfold.

2. Research Highlights:
The process for the production of buffalo casein hydrolysates enriched in
potential antioxidant peptides optimized
Hydrolysates characterized for their peptide profile, cellular and non cellular
antioxidant activity
Alcalase-flavourzyme treated casein hydrolysates resulted antioxidant peptides enrich
preparation (SKVLPVPQK1, VPYPQ2, RDMPIQ3, HPHPHLS4) along with two potential
fragments of each peptide
No cytotoxic effect of hydrolysates (MTT cell proliferation assay/LDH
cytotoxic assay/Neutral red assay)

Provides cytoprotective effect against p202-induced OXidative stress in Caco-2
cells

Alacalase treated  hydrolysate resulted immunomodulatory effect



(Phagocytosis & Lymphocyte proliferation).
Hydrolysates preparation derived from buffalo casein after treatment with
alcalase / or flavourzyme resulted in immunomodulatory property.
The major peptides score for beta casein hydrolysed with flavourzyme corresponded
to 672, with peptides corresponding to sequences QEPVLGPVRGPFPIIV and TTMPLW
identified as immunopeptides.

Model whey beverage incorporated with antioxidant peptide enriched casein
hydrolysate evaluated.

3. New Observations: 2 -- 3 lines, if any

U Process optimized for the production of buffalo casein hydrolysate using sequential
treatment of microbial proteases with enhanced antioxidant activity, as assessed by
non cellular and cellular antioxidant assay

U Preparation of buffalo casein hydrolysate with immune response

4. Innovations: 2 -- 3 lines, if any

c:

Antioxidant peptide enrich preparation from the buffalo casein hydrolysates
A buffalo casein hydrolysate preparation with immunmodulatory activity

c:

5. Potential outcome/Deliverables/ Achievements : 3 — 5 lines

The process for the production ofbuffalo caseinhydrolysates enriched in potential
antioxidant peptides. The hydrolysate preparation, exhibiting no cytotoxic effect
and comprising of specified antioxidant peptide sequences together with high solubility
at low pH and reduced bitterness score. The preparation can be used as functional
ingredient.

6. Application Potential :

6.1 Long Term : 1 to 2 line A neutraceutical ingredient with proven functionality /
health potential

6.2 Immediate : 1 to 2 line A preparation for the improvement of functionality of
dairy beverage

7. Manpower trained:

Ph.D. / M. Tech Produced no: Ph.D (one, ongoing) & M.Tech (two, completed)
Technical Personnel trained: Three JRF



8. Infrastructure developed / facility generated: 2 to 3 lines

Facility for the prodction and characterization of bioactive peptides strenthened
with following equipments: DH analyser, Referigerated centrifuge, UF Stirred cell, Water
purification system, Weighing balance, Water bath, HPLC column, HPLC lamp

9. List of Publications from this Project (including title, author(s), journals &

year(s) Papers published only in cited Journals (SCI) :

1. Alka Parmar, Arvind Jaiswal, Rinku, Rajesh K. Bajaj and Bimlesh Mann (2015)
Effect of single and sequential treatment of alcalase and flavourzyme on

antioxidant activity of buffalo casein hydrolysates. Indian J. Dairy Sci. 68(6):566-
571.

10. Patents filed / awarded with details :

The technology developed has been approved from the Institute Technological
Management Unit (ITMU), ICAR-NDRI, Karnal and is being filed for patent entitled
“The preparation of buffalo milk casein hydrolysates with enriched antioxidative
peptides and the process thereof”

11. New Product/process development : (innovative product/technology/design &
building of proto-type equipment/process work)

The process for the preparation of buffalo casein hydrolysate enriched with low molecular
weight peptides (<3kDa) having potential antioxidative activity. The process
comprising enzymatic system having endoprotease and/ or exoprotease activity to the
specified degree of hydrolysis. The preparation with antioxidant activity 1600-2400
pmol trolox equivalent antioxidant capacity per mg of peptide content and the
antioxidant property validated through in vitro human intestinal epithelial cell line
(Caco2). Further, the hydrolysate preparation, exhibiting no cytotoxic effect and
comprising of specified antioxidant peptide sequences together with high solubility at
low pH and reduced bitterness score. The preparation can be used as functional
ingredient.

12. Technology developed/transferred :

The technology developed for the preparation of buffalo casein hydrolysate enriched
with low molecular weight peptides (<3kDa) having potential antioxidative activity



and reduced bitterness score.
13. Commercialization of finding from this project — initiated/implemented/in progress:
The technology demonstrated to M/s ITC Ltd., Bangluru.

14. Involvement of entrepreneurs/industry under the project (if any) : NA



Project Summary : 50

Project Title: Biotechnological approaches for utilization of deoiled seed cakes in
producing food enzymes and chemicals File No.: [SERB No: MOFPI/0029/2013]

PI (Name & Address): Prof. S.K. Khare, Department of Chemistry, IIT Delhi,
Hauz Khas, New Delhi 110016

1. Abstract : Half page (indicating in brief the outcome achieved)

Proximate composition of deoiled rapeseed and cottonseed cake samples was
determined by standard procedures. The seedcakes were assessed for their
suitability in supporting good microbial growth and simultaneously serving as
substrate for enzyme and food chemical production by solid state fermentation
(SSF). y-aminobutyric acid (GABA) is a non-protein amino acid which due to its
physiological functions finds applications in drugs and food additives. Lactobacillus

brevis, Lactobacillus plantarum, Aspergillus flavus, Aspergillus niger, Aspergillus

oryzae, Rhizopus microsporus were screened for GABA production utilizing deoiled
rapeseed and cottonseed cake as substrates. Qualitative determination by TLC indicated
GABA production by Lactobacillus brevis in both submerged and solid-state
fermentation. LC-ESI-MS analysis confirmed GABA production by Lactobacillus

brevis. The conditions were optimized for maximum GABA production. It reached to
maximum of 19.7mg/g at 6" day of fermentation of cottonseed cake. Under these
conditions, simultaneous degradation of gossypols of upto 70% was achieved in 9
days. Similar optimisation by one-factor at a time approach led to GABA production
of 12.19mg/g at 5" day of fermentation of rapeseed cake. Under these conditions,
simultaneous degradation of glucosinolates of upto 50% was achieved in 9 days.
GABA was purified by silica gel column chromatography. Purified GABA was
characterized by NMR, ATR and Mass spectroscopy and it matched the spectra
obtained by standard GABA from sigma. Microbially synthesized GABA was cyclized
to 2-Pyrrolidone which is a widely used organic polar solvent for various applications
and also an intermediate in the manufacture of polymers. Thus nylon 4 can be
synthesized by its bulk polymerization. This biobased pathway is a viable alternative to
chemically synthesized or petroleum derived chemicals like 2-Pyrrolidinone. This
microbial synthesis process can also be explored in the design of improved health-
promoting functional foods, with the benefits of enriched GABA and probiotic
bacteria. Moreover the simultaneous detoxification observed also widens the scope of
utilization of agriculture food byproducts for production of value added chemicals.



2. Research Highlights:
Cost-effective  GABA production by utilization of abundant and cheaply

available toxic seed cakes as substrate during fermentation by Lactobacillus
brevis .

Simultaneous degradation of gossypols in toxic cottonseed cake and
glucosinolates in rapeseed cake widens the scope of utilization of these residual
seedcakes for feed use vis-a-vis production of other value added chemicals.

The green process of 2-Pyrrolidone production from bio-based GABA has
high potential to substitute depleting petro-products by bio-based materials.
GABA produced by GRAS (generally regarded as safe) bacteria L. brevis could

also be used in the design of improved health-promoting functional foods, with
the benefits of enriched GABA and probiotic bacteria.

3. New Observations: 2 - 3 lines, if any
Chemical analysis of fermented and unfermented deoiled seed cakes-The
proximate
composition of deoiled rapeseed and cotton seed cake was determined by following
the standard AOAC procedures.
Optimization of conditions for GABA production on cottonseed and rapeseed cake
with
simultaneous assessment of reduction of toxic gossypol and glucosinate levels
respectively.
Purification and characterization of GABA by NMR, ATR-FTIR and Mass spectroscopy
2-Pyrrolidone synthesis from microbially synthesized GABA

4. Innovations: 2 -- 3 lines, if any
GABA production from cottonseed cake with significant simultaneous detoxification of
toxic gossypols.

4. Potential outcome/Deliverables/ Achievements :8lines
Solid state fermentation process for production of GABA Ggtobacillus brevisitilizing toxic deoiled
cotton and rapeseed cakes as substrate.
Simultaneous degradation of glucosinolates in rapeseed cake and gossypols in
cottonseed cake.
Purification of GABA and its characterization by NMR, ATR and Mass
spectroscopy.
Production of biomass-derived 2-pyrrolidone, an industrially important organic
solvent and precursor for manufacture of polymers like nylon, polyvinylpyrrolidone
(PVP).



5. Potential outcome/Deliverables/ Achievements : 3 — 5 lines
Solid state fermentation process for production of GABA by Lactobacillus brevis

utilizing toxic deoiled cotton and rapeseed cakes as substrate.
Simultaneous degradation of glucosinolates in rapeseed cake and gossypols in

cottonseed cake.
Purification of GABA and its characterization by NMR, ATR and Mass

spectroscopy.
Production of biomass-derived 2-pyrrolidone, an industrially important organic

solvent and precursor for manufacture of polymers like nylon, polyvinylpyrrolidone (PVP).

Since GABA production is by GRAS bacteria Lactobacillus brevis , thus it could
be used in the design of improved health-promoting functional foods, with the benefits of
enriched GABA and probiotic bacteria.

6. Application Potential :
6.1 Long Term : 1 to 2 line
A solid-state fermentation process for the production of chemicals using deoiled

cottonseed/ rapeseed as substrate with their simultaneous detoxification is developed.
It will widen the scope of utilization of agriculture food byproducts for production of

value added chemicals.
6.2 Immediate : 1 to 2 line
GABA is useful functional food additive
7. Manpower trained:
Ph.D. / M. Tech Produced no: 1
Technical Personnel trained: 2

8. Infrastructure developed / facility generated: 2 to 3 lines Procured Nanodrop
Spectrophotometer and Refrigerated Centrifuge from this project.

9. List of Publications from this Project (including title, author(s), journals &

year(s) Papers published only in cited Journals (SCI) :

eManuscript entitled “2-Pyrrolidone synthesis from y-aminobutyric acid produced
by Lactobacillus brevis =~ under solid state fermentation utilizing toxic deoiled
cottonseed cake” communicated.



10. Patents filed / awarded with details :-



11. New Product/process development : (innovative product/technology/design &

building of proto-type equipment/process work)
Solid state fermentation process for GABA production using toxic deoiled cottonseed cake

as substrate.

12. Technology developed/transferred : -

13. Commercialization of finding from this project - initiated/implemented/in progress:-

14. Involvement of entrepreneurs/industry under the project (if any) :-



Project Summary : 51

Project Title: Design and development of ohmic heating system for pasteurization of
Liquid egg white and to enhance the functional properties of egg white
albumen : SERB/MOFPI/0030/2012

PI (Name & Address): Dr.K.Thangavel, Professor (Food Engg), Department of Food &
Agricultural Process Engineering, Agricultural Engineering College & Research Institute,
Tamil Nadu Agricultural University, Coimbatore, India

1. Abstract : Half page (indicating in brief the outcome achieved)

Egg white - a clear jelly like substance comprises about 58 percent of the weight of the
egg/ consists of 88 percent water, 9 percent protein and some minerals. Egg white
proteins have been extensively utilized as ingredients in food processing because of their
unique functional properties. Egg white exhibits characteristics critical to the preparation
of many food products such as water binding properties, excellent foaming and
emulsification capacities, high nutritive value and ability to coagulate and form gels
upon heating.

Egg white is heated to 60° C for 3.5 minutes to kill salmonella and higher temperatures
are used to produce extended shelf life of liquid egg. In this temperature eggs would
coagulate and accumulate on the heat exchanger plates reducing their efficiency. To
overcome this when the liquid egg is ohmically heated by passing through the electrodes
the coagulation would not be a problem.

In Ohmic heating an alternating electrical current is passed through a food sample. The
food is internally heated due to its electrical resistance, without involving any heating
medium, and heat transfer surface.Liquid egg white is a high viscosity products and also
heat sensitive having restrictions in the pasteurization temperatures..Liquid egg can be
ohmically heated in a fraction of a second without coagulating it. Heat generation takes
place volumetrically within the food because of its inherent electrical resistance.

In the present research work, a static ohmic heating system of 1 lit capacity consisting
stainless steel electrodes was developed with a specially designed process control system
to vary the frequency and wave shape. Voltage gradient 17.93 V/cm, 10 Hz frequency,
1.6 minute holding time with sine wave was found to be the optimum combination for
ohmic heating of liquid egg white with respect to functional properties viz. turbidity,
soluble protein content, amylase activity, foaming capacity and stability. The ohmically
processed liquid egg white was found to be clear as fresh egg white, retained high soluble
protein content of 98.41 per cent and exhibited the lowest amylase activity of 3 pg maltose
ml™? min?. The nutritional properties of angel cake and custard incorporated with
ohmically heated liquid egg white were on par with fresh liquid egg white

To meet the Industry needs, a continuous ohmic heating system of 100 lit per hour was



designed and developed to suit the need of the processor and needs to be validated.

a) Research Highlights:

a) The static ohmic heating system of 1 lit capacity was developed with a
specially designed process control system to vary the frequency and wave
shape.

b) Voltage gradient 17.93 V/cm, 10 Hz frequency, 1.6 minute holding time with
sine wave was found to be the best combination for ohmic heating of liquid egg
white with respect to functional properties viz. turbidity, soluble protein
content, amylase activity, foaming capacity and stability.

c) The ohmically processed liquid egg white was found to be clear as fresh egg
white, retained high soluble protein content of 98.41 per cent and exhibited the
lowest amylase activity of 3 ug maltose ml™* min2.

d) The foaming capacity and stability were found to be improved over the fresh
egg white and it was found to be 406.81 and 31.67 per cent respectively.

e) The nutritional properties of angel cake and custard incorporated with
ohmically heated liquid egg white were on par with fresh liquid egg white.

f) A continuous ohmic heating system of 100 lit per hour was developed to suit the
need of the processor and needs to be validated.

2. New Observations: 2 - 3 lines, if any
Pasteurization of liquid egg white (56°C) at voltage gradient 17.93 V/cm, 10 Hz
frequency, 1.6 minute holding time with sine wave gave a clear liquid egg white
without any coagulation
When liquid egg white was ohmically heated the electrical conductivity of liquid egg
white increased with increase in temperature. It was also observed that electrical
conductivities decreased with temperature rise after the coagulation started
Electrical conductivity of the liquid egg white was in the range of 0.2 to 0.7 S/m

3. Innovations: 2 - 3 lines, if any
The ohmic heating process will utilize the principle of passage of electrical current
through the liquid egg white and egg white liquid is heated due to the resistance offered
it and heating take place instantaneously and volumetrically ,without any coagulation .

4. Potential outcome/Deliverables/ Achievements : 3 — 5 lines
a) The static ohmic heating system (1 lit capacity) with stainless steel electrodes
was developed. In the Static ohmic heater , liquid egg white can be pasteurized
without any coagulation at a voltage gradient 17.93 V/cm, 10 Hz frequency,
1.6 minute holding time. The ohmically optimized liquid egg white could be
used for the preparation of Angel cake and Custard and the nutritional



properties of angel cake and custard
incorporated with ohmically heated liquid egg white were on par with fresh
liquid egg white

b) A continuous ohmic heating system of 100 lit per hour was developed to suit the
need of the processing Industry.

5. Application Potential :

5.1 Long Term : 1 to 2 line
Liquid egg white can be pasteurized without any coagulation and packed in flexible
pouches and sachets and can be supplied to the Bakeries

5.2 Immediate : 1 to 2 line
The developed Ohmic heating system (Static and continuous models) could be used for
the pasteurization of liquid egg white as an alternative method to conventional
technique using heat exchangers

6. Manpower trained:

Ph.D. / M. Tech Produced no: Ph.D
- Nil

M.Tech - Two( 2)

Technical Personnel trained:

SRF -1
JRF -1
Technicians -2

7. Infrastructure developed / facility generated: 2 to 3 lines

a) An Ohmic heating laboratory consisting of prototype models of static ohmic
heaters of 500 ml,1000mIl and 1500 ml was developed

b) Instrumentation techniques/procedures for measurement of electrical
conductivity of food materials and pasteurization of liquid food materials developed

C) Prototype of 100 Iph continuous ohmic heating system developed for the use
of entrepreneurs and Industry

8. List of Publications from this Project (including title, author(s), journals & year(s)

Papers published only in cited Journals (SCI) :

1 Gomathy, K., M.Balakrishnan, ILThangavel. 2014. Effect of ohmic heating on the



functional properties of liquid egg white. Trends in Bio Sciences, 7 (20) 3301-3305
9. Patents filed / awarded with details : NIL

10. New Product/process development : (innovative product/technology/design &
building of proto-type equipment/process work)

a) The static ohmic heating system of 1 lit capacity was developed with a
specially designed process control system to vary the frequency and wave
shape.

b) Voltage gradient 17.93 V/cm, 10 Hz frequency, 1.6 minute holding time with
sine wave was found to be the best combination for ohmic heating of liquid egg
white with respect to functional properties viz. turbidity, soluble protein
content, amylase activity, foaming capacity and stability

c) Prototype model of continuous ohmic heating system of 100lph capacity
developed and ready for validation and commercialization

11. Technology developed/transferred :
Technology of pasteurizing the liquid egg white using ohmic heating as an
alternative to conventional heat exchangers was developed and results validated

12. Commercialization of finding from this project — initiated/implemented/in progress:
Validation of the continuous ohmic heating system of 100 Iph capacity using large
scale trials and commercialization of the technology is in progress

13. Involvement of entrepreneurs/industry under the project (if any) :
There is a scope for the involvement of Egg processing Industries for taking up the

technology for commercialization and action is being taken for the involvement if
industries



Project Summary : 52

Project Title: Microencapsulation of anthocyanin pigment extracted from kokam
(garcinia indica ) processing industry waste. File No.: SERB/MOFPI/0033/2013

PI (Name & Address):
Dr. Rahul Cudaman Ranveer, Assistant professor
Department of Food Science and Technology, Shivaji University, Kolhapur 416 004

1. Abstract : Half page (indicating in brief the outcome achieved)

New Knowledge: The waste obtained from Kokan Amruta contains highest
amount of anthocyanins (2.35%) within tested samples, Whereas Kokan Hatis
contains highest hydroxycitric acid (23.35%). The optimization study of enzyme added
extraction of anthocyanins showed highest yield was recorded for both cellulase
and pectinase treatment at 1.5% concentration, 4h incubation time, and 35°C
incubation temperature. The microscopic examination of enzyme treated samples
showed broken cell wall structure in treated samples and enact cell wall in untreated
sample. When these enzymes were used in combinations the extraction of
anthocyanins was improved and maximum extraction was achieved when cellulase:
pectinase were used at the ratio of 1:3.

The extracted pigment conformed by TLC, FT-IR, NMR and HPLC as cyanidine —
3 - glucoside. The optimization study of encapsulation of anthocyanins using
maltodextrin and gum tragacanth as carrier materials showed higher encapsulation
efficiency and encapsulation yield when the core to wall ratio was 1:3, Inlet
temperature of 140°C and feed rate of 2ml/min.The SEM image of encapsulated
samples showed spherical structure without any damaged surface in sample
encapsulated with gum tragacanth, whereas slightly rupture surface was observed in
sample encapsulated with maltodextrin. The storage study showed highest
retention of anthocyanins in encapsulated samples stored under refrigerated
conditions. These samples showed about 90% retention in refrigerated condition.
Highest degradation was observed in free sample (without encapsulation) in case of all
refrigerated conditions.

New Product developed: The degradation in free anthocyanins was recorded, when
added in product prepared by hot processing. The sample added with encapsulated
anthocyanins showed better retention during heat processing.

Patent Filed : Detailed process for extraction on anthocyanin from kokam processing
industry waste
Paper Presented in Conference: 03



Future direction: The outcome of these studies will be beneficial to the kokam processer
to earn additional benefits from waste. This will give idea for encapsulation of
anthocyanin and also helpful to improve storage stability of anthocyanin.

2. Research Highlights:

Efficiently extraction of anthocyanin was carried out from different Kokam Cultivars.
Anthocyanin is isolated and purified from crude anthocyanin.
Purified anthocyanin has been analyzed by using TLC, HPLC, NMR and FTIR methods

and compared with standard anthocyanin.
Encapsulation of Anthocyanin using maltodextrin and gum modified starch as
carrier materials showed higher encapsulation efficiency and encapsulation yield
when the core to wall ratio was 1:3, Inlet temperature of 140°C and feed rate of
2ml/min.

3. New Observations: 2 -- 3 lines, if any

Kokum processing industry waste is good source of anthocyanin after peel. The yield of
Anthocyanin was improved by application of cellulase and pectinase enzymes. The
degradation in free Anthocyanin was recorded, when added in product prepared by
hot processing. The sample added with encapsulated Anthocyanin showed better
retention during heat processing.

4. Innovations: 2 -- 3 lines, if any

The yield of anthocyanin was improved by the application of cellulase and pectinase.
The storage study showed highest retention of anthocyanins in encapsulated samples
stored under refrigerated conditions. These samples showed about 90% retention in
refrigerated condition. Highest degradation was observed in free sample (without
encapsulation) in case of all refrigerated conditions. The encapsulated anthocyanin
can be successfully utilized as food colorant in food products.

5. Potential outcome/Deliverables/ Achievements : 3 — 5 lines
We can make profit from the food industry waste.

6. Application Potential :
6.1 Long Term : 1 to 2 line
The microencapsulated anthocyanin can be utilized as a colorant in many
pharmaceutical formulations

6.2 Immediate : 1 to 2 line



It can be used as colorant in Many food formulations

7. Manpower trained: Ph.D. / M.Tech Produced no: ----
Technical Personnel trained: 01
8. Infrastructure developed / facility generated: 2 to 3 lines
Water activity meter
HPLC
Moisture balance

* List of Publications from this Project (including title, author(s), journals & year(s)

Papers published only in cited Journals (SCI) : ----
R. C. Ranveer and A. K. Sahoo. Optimization of microencapsulation
process of anthocyanin extracted from Kokam (Garcinia Indica Choisy)

N processing waste. "Journal of agriculture and food chemistry”, Communicated.

X

(A) Papers published in Conference Proceedings, Popular Journals etc.

1.R. C. Ranveer and A. K. Sahoo (2013). Optimization of microencapsulation process
of anthocyanin extracted from Kokam (Garcinia Indica Choisy) processing waste. A
paper presented in 7™ international Food Convention on “NSURE - Healthy foods”
December, 18-21, 2013 at CFTRI, Mysore, Abs No. E- 010:314.

2. R. C. Ranveer and A. K. Sahoo (2013). Enzyme-assisted extraction of anthocyanin
from Kokam (Garcinia Indica Choisy) processing waste. A paper presented in 7"
international Food Convention on “NSURE - Healthy foods” December, 18-21,
2013 at CFTRI, Mysore, Abs No. E-001:311.

3. First prize in poster presentation for “"Standardization of Rapid Estimation of
Total Anthocyanins from Kokam (Garcinia indica Choisy) processing industry
waste” in National conference on Emerging technologies for sustainable
developments (NCET2012) at Department of Technology, Shivaji University, Kolhapur
on 27-28 Dec 2012.

9. Patents filed / awarded with details :

10. Title of the invention: Detailed process for extraction of anthocyanin from waste
of kokam (Garcinia Indica ) processing industry.

Date of filling of application : 17/04/2014 Application no. 1390/MUM/2014A
Publication Date: 02/05/2014.

11. New Product/process development : (innovative product/technology/design &



building of proto-type equipment/process work)

e The degradation in free anthocyanins was recorded, when added in product
prepared by hot processing. The sample added with encapsulated anthocyanins
showed better retention during heat processing.

12. Technology developed/transferred : ---

13. Commercialization of finding from this project — initiated/implemented/in
progress: --

14. Involvement of entrepreneurs/industry under the project (if any) : ---



Project Summary : 53

Project Title: Osmotic dehydration and Microwave vacuum drying of Kachkal Banana File
No.: SERB/MOFPI/0035/2012

PI (Name & Address):
Dr Kshirod Kumar Dash (Assistant professor), Department of Food Engineering and
Technology, Tezpur University, Napaam, Tezpur, 784028, Assam, India

1. Abstract : Half page (indicating in brief the outcome achieved)

Osmotic dehydration of kachkal flour in salt solution was carried out using four
independent variables (temperature, time, salt concentration and solution to sample
ratio) by RCCD design with 31 experiments. The ranges of the independent variables
are; 25-45°C temperature, 30-150 min processing time, 5-25% salt concentration and
5:1-25:1 solution to sample ratio. The optimized result so obtained from the osmotic
dehydration based on the criteria of three responses, maximizing water loss, weight
reduction and minimizing solid gain was obtained as 35.8°C temperature, 110 min
processing time, 24 % salt concentration and 13.9:1 solution to sample ratio. Kachkal
flour was produced from osmosed kachkal flours. The optimized process parameters
from the osmotic dehydration of kachkal flours were used for the osmotic treatment of
kachkal flour before drying. Gluten free bread formulation was prepared using kachkal
flour, waxy rice flour with maximum and minimum value of 0-100% in both cases. Guar
gum was used as a gluten supplement and egg white was used as a source of protein to
the bread samples. 11 combinations of rice flour and kachkal flour flour were considered
for the experiment. Four physical parameters (crumb hardness, difference in color, loaf
volume, specific volume) were determined which were the response for the optimization
process by RSM. The optimized result obtained based on the response criteria of minimum
hardness, minimum color difference, maximum loaf and specific volume was rice flour
28% and kachkal flour flour 71%. The analysis of the results comes up with the following
conclusions.ANN and GA combined can be used for effective optimization process
confirmed by low Rd, MSE value and higher R? value of the responses. The optimum
condition for osmotic dehydration of green kachkal flour was 35°C temperature, 110
min processing time, 24 % salt concentration and 14:1 solution to sample ratio. Mass
transfer study at 35°C reveals maximum water loss and minimum solid gain with
moisture and solid diffusivity value 2.26E-04 (m?/s) and 1.21E-04 (m?/s) respectively.
Moisture sorption study of osmosed kachkal flour suggests type II isotherm curve of
the kachkal flour flour. GAB model most closely predicted the isotherm of kachkal flour
with maximum R?= 0.994. According to baking evaluation and sensory evaluation the
bread containing 30:70 BRF/KBF showed the best quality parameters. So, this
formulation with additional improvement can be used in gluten free breads. The
optimized thickness, power and vacuum level for drying banana slices was found out to
be 4.03mm, 405.93 watt, 636.73 mm Hg respectively. The biscuits were in acceptable
range from (10:90) upto 70:30 (K.P.: R.W.F.) combination. In the moisture diffusivity



study, the effective moisture diffusivity of the banana slices increased with increase in
vacuum level and power.

2.

i
ii.
iii.
iv.

Research Highlights:

Microwave vacuum dried kachkal banana

Kachkal banana flour based gluten free Biscuit

Rice flour and Kachkal banana flour based gluten free bread

Sensory evaluation and estimation of shelf life of the developed products

3. New Observations: 2 - 3 lines, if any

4,

In spite of kachkal being the only culinary banana found in the entire Northeastern
region of India, till today no scientific effort has been put to identify its unknown
features, improve its consumption or to obtain processed products. The developed
value added products of kachkal would have a potential market in North eastern for
a wider range of snack products. Flour has a longer shelf life than the raw fruits
because of the reduced moisture content. Banana flour is prepared from green
unripe fruit by Combined osmotic dehydration and microwave vacuum drying is
having high nutritive value and also characterized by high starch content. Banana
chips are one of the most important foods usually fried in the form of crisps (thin
circular). They can be preserved for a long time given adequate packaging and storage
facilities. The combined osmotic dehydration and microwave vacuum drying process is
very cost effective and energy efficient process. The product quality obtained by the
process is very high.

Innovations: 2 - 3 lines, if any

Kachkal flour obtained by microwave vacuum drying may be considered as
excellent ingredients in preparation of different functional and convenience
foods.

ii. Kachkal starch is the potential source for development of type III resistant

starch due to its high amylose content.

ii. Foods prepared by incorporating by kachkal resistant starch gives low glycaemic

5.

index therefore may be recommended in the diet of diabetic patient.

Value added products prepared from kachkal flour are nutritionally rich.
Resistant starch Biscuits fortified with Banana powder is having very high nutritive
value. Resistant starch is a type of starch that isn’t fully broken down and
absorbed, but rather turned into short-chain fatty acids by intestinal bacteria.
This may lead to some unique health benefits.

Potential outcome/Deliverables/ Achievements : 3 - 5 lines

Optimization of Osmotic dehydration of Kachkal banana by artificial neural network



and genetic algorithm.
i. Effects of vacuum level and microwave power on Kachkal banana during
vacuum- microwave drying.
ii.  Gluten free biscuits prepared from Kachkal banana flour: Physicochemical and
sensory properties
6. Application Potential :

6.1 Long Term : 1 to 2 line
Combined osmotic dehydration and microwave vacuum drying can be applied to
drying of other heat sensitive fruits and vegetables and the product quality obtained
by the process would be very high. Successful development of these products will
help in entrepreneurship growth in Assam and adjoin states.

6.2 Immediate : 1 to 2 line

The banana chips and banana powder obtained by the process is having very high
nutritive value. The Biscuit with high resistant starch would be an attractive dietary
target for the prevention of diseases associated with gastrointestinal disorder,
dyslipidemia, insulin resistance as well as the development of weight loss diets, dietary
therapies and coronary heart disease.

7. Manpower trained:

Ph.D. / M. Tech Produced no: 01
Technical Personnel trained: 01

8. Infrastructure developed / facility generated: 2 to 3 lines

The permanent equipment i.e. Microwave Vacuum dryer, Incubator, Rotary Baking
oven, Planetary mixer have been procured for experiments.

9. List of Publications from this Project (including title, author(s), journals &
year(s) Papers published only in cited Journals (SCI) :

Communicated but not published till date.

M A Gayary, A Biswal, K K Dash, 2016. Optimization of Osmotic dehydration of
Kachkal banana by artificial neural network and genetic algorithm, Journal of
Food Processing and Preservation.

M A Gayary, A Biswal, K K Dash 2016. Effects of vacuum level and microwave
power on Kachkal banana during vacuum—microwave drying, Drying
Technology.

M A Gayary, A Biswal, K K Dash, 2016. Gluten free biscuits prepared from



Kachkal banana flour: Physicochemical and sensory properties, LWT -- Food
Science and Technology.

10. Patents filed / awarded with details : No patents Filed

11. New Product/process development : (innovative product/technology/design &
building of proto-type equipment/process work)

i) Kachkal flour having high nutrient value obtained by microwave vacuum drying
i) Kachkal starch is the potential source for development of type III resistant
starch due to its high amylose content.
iii) Gluten free biscuits prepared from Kachkal banana flour.

12. Technology developed/transferred :

i) Combined osmotic dehydration and microwave vacuum drying for heat sensitive
fruits and vegetables.

i) Development of highly nutritive value from Kachkal banana i.e banana chips and
banana powder

iii) Gluten free biscuits and bread prepared from Kachkal banana flour.

13. Commercialization of finding from this project — initiated/implemented/in
progress: Not Applicable

14. involvement of entrepreneurs/industry under the project (if any) : Not Applicable



Project Summary : 54

Project Title: Development of Process Technology for Functional Snack Food using
Flaxseed File No.: SERB/MOFPI/0037/2013

PI (Name & Address) : Pravin M. Ganorkar, Department of Food Processing Technology,
A.D. Patel Institute of Technology, PO Box — 52, Behind GIDC,
New Vallabh Vidya Nagar, Anand — 388121, Gujarat

1. Abstract

Five flaxseed varieties were analyzed for the proximate composition and fatty
acid profile. Flaxseed variety Sheela was selected for the development of DFM
(defatted flaxseed meal) incorporated extruded food product owing to higher protein
and fiber while flaxseed variety Padmini was selected for flaxseed oil incorporated
extruded food product owing to higher ALA (Alpha linolenic acid) content.
Optimization of microwave roasting with RSM (Response surface methodology) was
carried to reduce cyanogenic glycosides in flaxseed. The combination of microwave
power of 60% (580 W) and treatment time of 300 seconds time was optimized to
reduce CG content under permissible limit. CG removal rate of 81.64% was
achieved. Overall there were no major changes in the fatty acid profile of flaxseed
oil after microwave treatment. RSM was employed to optimize DFM incorporation
level and extrusion parameters. The best combination of the responses
(Desirability — 0.836) were 10 % DFM incorporation with rice flour, 20 %
moisture content (wb) of extruder feed, 312 screw rpm and 125 °C barrel
temperature. For flaxseed oil incorporated product, the actual process variables for
the best combination of the responses (Desirability — 0.89) were 14.5% feed
moisture, 5% flaxseed oil, 130°C barrel temperature and 355 screw speed.
Proximate analysis of optimized DFM incorporated extruded product revealed
that significant increase in moisture, ash content, protein content and dietary fiber
content was observed. Protein and dietary fiber content increased by 1.3
times and 4.3 times respectively as compared with control sample (without
DFM). Moreover, lignan (SDG) content was found to be 29 mg/kg while in control
sample it was not detected. Proximate analysis of optimized flaxseed oil
incorporated showed that there were no significant changes in ash, protein and
dietary fiber content compared with control (without flaxseed oil). However, fat
content increased significantly in flaxseed oil incorporated extruded product.
Fatty acid profile of optimized product confirmed the increase of ALA content
from 17.52% (in control sample) to 35.17%. Storage stability studies of both
optimized products were carried out. DFM incorporated extruded product was stable
up to 90 days of storage while flaxseed oil incorporated extruded product was
stable up to 45 days of storage.



2. Research Highlights:

Five flaxseed varieties were analyzed for proximate composition and
fatty acid profile. Flaxseed var. Sheela and var. Padmini were selected for defatted
flaxseed meal incorporation and flaxseed oil incorporation respectively.

Microwave roasting conditions was optimized to reduce cyanogenic
glycosides content.

DFM  incorporation and flaxseed oil incorporation level along
with extrusion parameters were optimized using RSM.

Proximate composition of DFM incorporated extruded product confirmed the
increase in protein, dietary fiber and lignan content.

Fatty acid profile of flaxseed oil incorporated extruded product confirmed the
increase in ALA content.

DFM incorporated extruded product was stable up to 90 days while flaxseed
oil incorporated extruded product was stable up to 45 days at stated
condition.

3. New Observations:

Desirable nutrient content like protein, dietary fiber and lignan content
can be enhanced by incorporating low value DFM in extruded product.

ALA content in flaxseed oil incorporatedextruded  product
confirmed the enhancement.

4. Innovations:

Functional snack foods were produced with the incorporation of DFM and
flaxseed oil along with the complete process technology.

5. Potential outcome/Deliverables/ Achievements : 3 — 5 lines

Process technologies for DFM incorporated extruded product and flaxseed oil
incorporated extruded product were developed. Functional snack food products can be
produced with the use of low value DFM and flaxseed oil. Developed products have great
potential to impart health benefits in human being.

6. Application Potential :

6.1 Long Term :
Since the study is based on RSM optimization of feed formulation and extrusion
parameters, it may be possible to predict the exact value of each component and its



effect on the extrudated characteristics. This will help to formulate functional
extruded snack food products

6.2 Immediate :
The outcome of the present investigation offer suggestions for exploring low value
defatted flaxseed meal utilization in extruded food product for making value added
products. Moreover, the investigation offers the promising results for flaxseed oil
enriched extruded product containing enhanced alpha linolenic acid content beneficial
for human health.

7. Manpower trained:

Ph.D. / M. Tech Produced no: Nil
Technical Personnel trained: 4 nos.

8. Infrastructure developed / facility generated: 2 to 3 lines

Automatic protein analyzer,Laboratory scale oil expeller, Controlled Humidity &
temperature chamber (Stability chamber), Pulverizer, Auto Fiber analyzer, Auto Fat
extraction system were procured under this project. Instruments are useful assets for the
laboratory and will be used for the research work carried out in future. The facility will also
be made available to other students in the department as and when required for their
research and practical learning course work.

9. List of Publications from this Project (including title, author(s), journals & year(s)

Papers published only in cited Journals (SCI) :

Pravin M. Ganorkar, Jhanvi M. Patel, Vrushti Shah, Vihang V. Rangrej (2015). Defatted
flaxseed meal incorporated corn rice flour blend based extruded product by response
surface methodology. Journal of Food Science and Technology. DOI: 10.1007/s13197-
015-2134-3 (Impact factor: 2.2)

10. Patents filed / awarded with details : Nil
11. New Product/process development : (innovative product/technology/design &
building of proto-type equipment/process work)

DFM incorporated and flaxseed oil incorporated extruded product were developed.

12. Technology developed/transferred :
Process technologies for DFM incorporation and flaxseed oil incorporation in extruded



product aiming towards functional snack food were developed.

13. Commercialization of finding from this project — initiated/implemented/in progress:
Nil
14. Involvement of entrepreneurs/industry under the project (if any) : Nil

Project Summary : 55

Project Title: Use of Natural Resins and Gums for Preservation and Value Addition of
Fishery Products, File No. : SERB/MOFPI/0038/2013

PI (Name & Address):
Dr BINSI PK, Scientist, Central Institute of fisheries Technology
CIFT Junction, Willingdon Island, Matsyapuri P.O., Cochin-682029, Kerala

Dr. P.C. SARKAR, Senior Scientist,
Indian Institute of Natural Resins & Gums (IINRG), Namkum, Ranchi, Jharkhand

1. Abstract : Half page (indicating in brief the outcome achieved)

The present project addressed the diversification of natural gums and resins for
preservation and value addition of fishery products. Under the project an efficient
coating technology for fresh fish as well as dried fish was developed. The edible coating
developed for fresh fish based on natural gum Arabic was found to be equally effective
as the costly vacuum packaging technique, hence may be advocated as an alternative
for the same. The edible coating developed for dried fish based on the natural resin
shellac was found to be promisive against the dominant pest Dermestes and fungal
incidence in dried fish, which is the first reported study so far. The same is under
compilation for patent filing. Apart from that, a total humber of 6 novel value added
products based on natural gums were developed under the project. The findings are
compiled to 10 research manuscripts, which are under various stages of publication.

2. Research Highlights:

1. Edible coating with gum arabic was found to be equally effective as the costly
vacuum packaging technique, for controlling the spoilage process in Indian
mackerel during chilled storage.

2. Edible coating with natural resin, shellac was found to be promisive against the
dominant pest Dermestes, fungal incidence and microbial deterioration in dried fish

3. Natural gums are ideal for modifying the gelation and thermal characteristics of fish
gelatin and hence can find application in a wide variety of gelatin based food
products for modification of the textural and functional performance of gelatin at



ambient temperature.

4. Natural gums, especially gum Arabic may be ideally used for the development of
shelfstable fish oil encapsulates having controlled release properties.

5. Incorporation of Gum arabic improved the functional properties and imparted
oxidative stability of spray dried fish roe powder.

6. The use of shellac coating for dried fish imparted significant protection
against microbiological deterioration, pest attack and moisture absorption
making shellac a functional edible packaging material for dried fish.

7.Novel caviar mimetics can be made using underutilized fish roes, such as that of Indian
major carps, incorporating a suitable gelling gum such as alginate gum.

8.Low-calorie noodles can be formulated using agar as a primary ingredient for
gelation with an average shelflife of 17-20 days at 2°C.

9.Incorporation of gum acacia may be advocated in fish nugget formulations, not
only as binding and texturizing agents, but also as an active ingredient for
reducing fat content, without compromising the optimum texture and sensory
attributes of the processed fish nuggets.

3. New Observations: 2 -- 3 lines, if any

Antifungal properties of shellac coating on dried fish

Shellac acted as a natural physical barrier against pest attack in dried fish.
Novel texturing properties of natural gums with fish proteins could be
utilized for developing fish caviar substitutes, encapsulated fish roe powder,

and fish flavored jelly nooldes.

4. Innovations: 2 -- 3 lines, if any

Various natural gums, typically Acacia and Guar gum, can be used in
enhancing thermal stability of fish gelatin gels.

Incorporation of Gum arabic improved the functional properties and
imparted oxidative stability of spray dried fish roe powder.

Shellac coating can prevent pest incidence in dried fish, which has great
economical implications
Natural gums can be used for developing novel caviar substitutes from carp

roe mass

5.Potential outcome/Deliverables/ Achievements : 3 — 5 lines



Patent : Under filing: The primary results obtained in this brief research
project indicate that shellac has immense in extending shelf life of dried

fish, thereby reducing post-harvest losses.
A total number of 6 novel value addedproducts based on natural gums

were developed under the project.
The findings are compiled to 10 research manuscripts, which are under

various stages of publication

6. Application Potential :
6.1Long Term : 1 to 2 line

Economic gain for both fish farmers / entrepreneurs in fish processing
industry, during primary processing of fish
Development of novel specialty products such as spray dried health drinks
with enhanced shelf stability.

6.2 Immediate : 1 to 2 line

Safe and natural preservation and storage technique for fresh and dried
fishery products

Safe functional stabiliser for customized nutraceutical formulations

7. Manpower trained:

Ph.D. / M. Tech Produced no: NIL
Technical Personnel trained : 3

8. Infrastructure developed / facility generated: 2 to 3 lines

Procured one laboratory model spray dryer under the project.

9. List of Publications from this Project (including title, author(s), journals & year(s) Papers
published only in cited Journals (SCI) :

1. PK, Natasha Nayak, Sarkar PC, Upali Sahu, George Ninan, Ravishankar C.N.
2016. Comparative evaluation of gum arabic coating and vacuum packaging on

chilled storage characteristics of Indian mackerel (Rastrelliger kanagurta ). Journal
of Food Science and Technology. Published online. DOI 10.1007/s13197-015-2122-7



2. P.C. Sarkar, Upali Sahu, P.K. Binsi, Natasha Nayak. 2016. Effect of vegetables gums
on proximate, functional, optical and sensory attributes of catfish nuggets during chilled
storage. Asian J. Dairy & Food Res, ISSN:0971-4456 / Online ISSN:0976-0563

Another 8 papers under various stages of publication

10. Patents filed / awarded with details :
A new method for reducing pest incidence in dried fish: Patent under preparation

11. New Product/process development : (innovative product/technology/design &
building of proto-type equipment/process work)
Edible pest resistant coating for dried fish
Edible fungal resistant coating for dried fish
Novel protocol for the preparation of Novel caviar substitutes from carp roe mass

New process for the stabilization of fish roe powder against fat oxidation

12. Technology developed/transferred :
Edible coating technology for fresh and dried fish

Reverse spherification protocols for fish caviar substitutes using natural gum
and fish roe protein

Cold gelation method for ready to eat low calorie fish flavored jelly noodles
Spray drying of fish roe mass
13. Commercialization of finding from this project - initiated/implemented/in progress:
Edible coating for dried fish is under field trial evaluation

14. Involvement of entrepreneurs/industry under the project (if any) :

Field trials are in progress with selected domestic entrepreneurs involved in dried fish
marketing



R&D Completed Projects

Sr. No. Project Title University/ Institute/ College
Andhra Pradesh
Development of Piperine Conjugates to Increase the | Department of Biotechnology, GITAM Institute of Technolo
1 Bioavailability of Iron GITAM University, Gandhinagar, Rushikonda Visakhapatni
530045
Optimization of Operational Parameters for the Department of Biotechnology, GITAM Institute of Technolo
2 Extraction of Thiamine from Rice and Wheat Brans an| GITAM University, Gandhi Nagar Campus, Rushi Konda,
Enrichment of Foods Visakhapatnam 530045
Development of a three dimensional culture system to] Department of Biotechnology, GITAM Institute of Technolo
3 produce meat from chicken satellite cells GITAM University, , Visakhapatn&&0045
Assam
Quality improvement of traditional method of rice beer|] Department of Food Processing Technology, Tezpur
4 production by the tribal people of Nortkast India University,
Napam, Assari84028.
Production of dried honey powder using vacuum puffif Assam University, Silchar, Assan88011
5 technique
Refinement, “standardization and popularization of NationalResearch Centre on Pig, Indian Council of Agricult
6 technologies for value added pork products in Nerth | Research, Rani Guwahati 781184sam
Eastern India
Development of health promoting extruded rte Departmentof Food Processing Technology, Tezpur
breakfast cereal incorporating choukua rice and bhiml{ University, Napaam,Assafi84028
7 banana of Assam along  with carambolapomace
Quality Assessment of traditionally processed dried fi§ Department of Biotechnology, Gauhati University, Guwahal
8 of the North East India 781014
Development of Degradable Food Packaging Technol| Department of Chemical Engineering, Indian Institute of
9 "GreenPACK' Technology, Guwahati 781039
Pilot Scale Process Technology for ' BHIM KOL ' (MU{ Department of Food Engineering & Technology, Tezpur
10 BALBISIANA) Slice, Grits and Powder using Hybrid D| University, Napaam, Tezpur 784028
Methods
Studies on development of cereal based functiona Department of Food Engineering & Technolobgzpur
11 breakfast food from the underutilized crops of North | University, Napaam, Tezpur784028
East India
Osmotic dehydration and Microwave vaccum drying o| Department of Food Engineering & Technolobgzpur
12 Kachkal Banana University, Napaam784028




Application of multihurdle technology for value additiof Assam Agricultural University, Khanapara,
13 and preservation of spent chicken meat products at | Guwahati781022
room temperature
Development of economic process for the drying of | CSIR, NEIST, Jor hat, Assam
14 Umorok Chilli and Turmeric and their quality evaluatio
with stability study
Studies on Functional properties of the dominant Tezpur University, Napam, Assam
15 microflora found irrice beer of Assam
Development of Value added food products from Leaf| Department of Food Engineering and Techno)dgzpur
16 Lrotein concentrate of Green Leafy Vegetables of Ass| University, NapaanTezpur784028
Development of a Process for Effective use of Department of Chemical Scien¢@®zpur University
Acetylcholinesterase (AChE) Biosensors for
17 Quantification of Organophosphate and
Organocarbamate Pesticide Residues in Produce
Biodegradable Polymer bas@thermally Conductive Department of Chemical Engineerjigdian Institute of
18 tO1F3IAYy3I @AftOaQ We¢ KSNX 2 [ Technology, Guwahati781039
Bihar
5850St 2LIySyid 2F t2¢ 0O2ail | RajendraAgricultural University, Pusa ( Samastipur) Bihar
19 848125.
Chattisgarh
Kinetic of Thermal Degradation of Chlorophyll in Gree| Department of Chemical Engineering, National Institute of
20 Leafy Vegetables and Increasing the Shelf life of the | Technology Raipur, Raipur 492010
vegetables
Delhi
Technology Development for Commercialization of red Lady Irwin college, University Of Delhi, Skandara Road,
21 to eat Indian foods New Delhi110001
Development, Demonstration and dissemination of Indian Institute of Technology
Protective Technologies: Biodegradable Emulsion for | HuazKhasNew Delhil10016
22 food security and prevention of waste of perishable fou
items (Fruits and Vegetables) by extending their shelf
Microbial proteases and lipases for the production of | University of Delhi South Campus, Benito Juarez Marg, N¢|
23 food-related value added products Delhi110021
Development of Soybean/Rich bran based Ganesh Scientific Research Foundation654Satguru Ram
24 Nutraceuticals. Singhi Marg, Kirti Nagar Industrial Area, New DEI015.




Enzyme mediated food processing

University of Delhi, South Campus, Benito Juarez Road,

25
Clean drying technology for locally available medicina| Centre for Energy Studies, IIT Delhi, New BEshi
26 plants and seasonal vegetables
Biotechnology Production of Xylitol from Xylose rich | IARI, New Delhi
27 lignocelulosic materials
Development oPhenolic Enriched Multigrain Bread wif Indian Agriculture Research Institute, New Delhi
28 Improved Functional Quality
Biotechnological approaches for utilisation of deoiled | Indian Institute of Technolgy Delhi, Hauz Khas, New Delhi
29 seed cakes in producing food enzymes and chemicals
In vitro assessment of the effects of commercially Indian Institute of Technology Delhi, Hauz Khas, New
30 available nutraceuticals and oligosaccharides as Delhi110016
prebiotics on the human gut microflora
Utilization of deoiled soyabean cake for production of | IIT Delhi, New Delti6
31 enzymes, bioactive components and protein productg
Enzymatic synthesis of Theanin: A nutraceutical usingl University of Delhi, Sout@ampus, New Delhi
32 microbial ¥ glutamyltranspeptidase
Supercritical Fluid Extraction of Natural Antioxidant fol Indian Institute of Technology, HauzKhas, Delhi
33 Food Preservation
Gujarat
Establishment of Pilot scale multipurpose processing | Department of Rural Engineering Gujarat Agricultural
34 Plant for ISABGUL and Spices University, Sardar Krushinaga85506
Development and Optimization of Edible Coating Department of BRD, School of Biosciences, Sardar Patel
Formulations to Improve the Postharvest Quality and | University, Sardar Patel Maidan,dtal Road, Post Box No. 3
35 Shelflife of Underutilized Short Lived Fresh Fruits by | Vallabh Vidyanagar 388120
using RSM
Development of Process of Technology for Functional| A.D. Patel Institute of Technology, New Vallabh Vidya Nag
36 Snack Food Using Flaxseed Karamsad, Anand388121
Himachal Pradesh

37

Bio Processing and Pilot Scale Production of High
+F fdzSR ¢SI bdziNI OSdziAxOF ¢

Institute of Himalayan Bioresource Technology, Post Bex N
6, Palampur (H.P.) 176061.




Processing of apple pomace for value addition

Institute of Himalayan Bioresource Technology, Palampur,

38 Himachal Pradesh (IHBT)
Haryana
Development of microbial based on farm rapid kits for| National Dairy Research Institute, Kartd2001
39 the detection of antibiotic residues in raw milk during
production and processing
Development of Block and Real Time PCR kits for-mu| National Dairy Research Institute, Kartd2001
40 pathogen Detection for Application in Dairy Industry
Separation, Characterization and Food applications off Guru Jambseshwar University,Hissar, Haryana
41 Wheat Gluten
Development of value added products of guar Department of Food Science and Technology, CCS , Hary:
42 (Cyamopsistetragonoloba L. Taub) gum Agicultural University, Hisset25004
Molecular Characterization of nutritional evaluation off Department of Biotechnology and Molecular Biology, CCS
43 Moth Bean Haryana Agricultural University, Hiss#5004
Development of traditional fermented dairy products | National Dairy Research Institute, Kart82001(Haryana)
enriched with an indigenous probiotic strain for
44 promoting the health and welbeing of consumers
Healthy Foods: Production of Stable and Active National Dairy Research Institute, Karnal132001
45 Probiotics
Development of Strip based detection tests for selectq National Dairy Research Institute, Karnal 132001
46 adulterants and contaminants in milk
Development of Chromatographic and PCR Based National Dairy Research Institute, Karnal132001
47 Methodology to Ascertain the Quality of Milk Fat and i
Validation under Filed Conditions
Production of buffalo casein hydrolysates enriched witf National Dairy Research Institute, Karnal132001
antioxidative and immunomodulatory peptides and the
48 application for the development of functional beveragg
Mineral bound milk based ingredients: Preparation, National Dairy Research Institute, Karnal132001
49 characterization and application

50

Preparation and Characterization of Nanoemulsions o
Curcumin for their use in Functional Foods

Department of Dairy Chemistry, National Dairy Research
Institute, , Karnall32001




Study on development of dietary fibre enriched design LalaLajpatRai University of Veterinary and Animal Science|
o1 meat products Hissar, Haryana
Evaluation of Green Functional Foods fortified with National Institute of Food Technology Entrepreneurship an
52 Cereal grassesd in reducing risk of Metabolic Syndron Management, Sonepat131028
Effects of Microfluidization on the quality of fruit Department of Food Science and Technology, National
53 flavoured and low fat yoghurt Institute of Food Technology Enterpreneurship and
Management, Plot No 97, sect 56, HSIIDC Industrial Estate
Sonepat 131028
Jammu & Kashmir
Extraction of resistant starch from Horse chestnut and| Department of Food Science & Technolddgiversity of
54 rice, its utilization as an encapsulating agent for target| Kashmir, Srinagar190006
delivery into the clone
Jharkhand
Value added processing of millets for sustainable Department of Home Science,Birsa Agricultural University
55 nutritional security of Tribes in Jharkhand Ranchi, Jharkhand
Use of Natural Resins and Gums for Preservation and Indian Institute of Natural Resins & Gums, , Namkum, Ran|
Value Addition of Fishery Products 834010
56 Mumbai Research Centre of Central Institute of Fisheries
Technology, CIDCO Admn. Building, Vashi, Mud®@703
Overproduction of anthocyanin, the plant derived Birla Institute of Technologyesra,
57 natural colorant, for food processing industries Ranchi835215, Jharkhand.
Development of probes for early detection of Birla Institute of Technology, Mesra,
58 microorganisms responsible for food spoilage Ranchig835215.
Karnataka
Development of new Controlled Atmosphere (CA) D/o Fruit & Vegetable Technology, CFTRI,
59 Storage using polymeric membrane for storage and | Mysore¢ 570020
export of selected fruits and vegetables
Design and development of functional foods from agri| Dept. of Protein Chemistry & Technology, Mysdi'@0020
60 materials and its by products from Food Industry for
value addition.
Establishment of a Demonstratid’lant and Training Central Food Technological Research Institute, My&3i@020
Centre for Food Processing in Rural Area to Produce |
61 Promote Nutritious, Value added Foods from Locally
available Agri Produce




Design and Development of low cost sebased, PLC

Central Food Technological Research Institute,

62 operated grain/ grain products automatic weigher for | Mysore570020

flour mill industry

hOKNI} G2EAY W!I Q A yNatidnald S &| Central Good Technological Research Institute,
63 Surveillance/ Database generation Mysore-570013

Development of Technologies for the production of Central Food Technological Research Institute,
64 liquefied fruit Juices and concentr ates through Mysore570020

biotechnological and membrane techniques

Large Cardamom: Evaluation of Drying Systems & Central Food Technological Research Institute,
65 Technology for Making Value Added Products Mysore570013

Studies on application of Annatto Dye ( A natural food| Planning and Coordination, CFTRI
66 colour) in Foods Mysore570013

Standardization of Ragi based traditional Food Produq Defence Food Research Laboratory,DFRL, Siddarthanaga
67 Mysore570011

Development of Health Foods based on Rice Bran Central Food Technological Research Institute, Mysore
68 570020.

Biotechnological approaches to regulate fermentation| Central Food Technological Research Institute, Mysore
69 and drying process of cocoa. 570020

Production of A3 Polyunsaturated Fatty Acids Department of Chemical Engineering, National Institute of
70 Concentrate from Sardine Oil Technology Surathkal, Srinivasnagar, Mangalore 575025

Nutritionally Enriched Innovative Convenience Foods | Department of Grain Science & Technology, Central Food
7 Suitable forlndustrial Production from Underutilized Technological Research Institute,

Grains Mysore 570020

Comparative Evaluation of Enzymatic and Fermentatiy Department of Meat, Fish & Poultry Technology, Central F¢

methods for Preparation of Chicken liver Hydrolystate{ Technological Research InstiéyMysore 570020
72 Recovery, Biofunctional Characterization and Applicat

Development of Process for nanoencapsulation of Central Food Technological Research Institute, KRS Road
73 polyphenols for food supplement applications Mysore 570020

Biotechnological Production of Bioactive Metabolites | Central Food Technological Research Institute, Mysore57(
74 from Therapeutic Fungal Biofactory Ganoderma sp. fo

Pharmaceutical Applications

Reverse Micellar Extraction of Lactoferrin from Whey:| National Institute of Technology Karnataka, Surathkal,
75 Continuous Process Shrinivashagar, Mangalore575025

76

Developing Inexpensive, Disposable and Biodegradal]
Food Containers Using Agricultural Wastes

Center for Emerging Technologidain Global Campus, Jain
University Ramanagara DistricBangalore562112




Scale up of chitosan based coating formulation for Central Food Technological Research Institute, Mysore57(
7 preservation of selected fruits

ScaleUp and Down Stream Processing of Stable Pign| Central Food Technological Research Institute, Mysore57(
78 & Key Metabolites from Morus Alba

Kerala

Non-destructive Nanesensors for detecting chemical | Amrita Centre for Nanoscinces, Amrita Vishwavidyape@thal
79 and biological food toxins using surface enhanced Ra| Elamakara, Cochi®82026,Kerala

Scattering

DNA barcoding to discriminate traded spices from tH Indian Institute of Spices Research,Calicut 673012, Kerala
80 ' Rdzf GSNYyGaég 2F LYRALFY L

Maharashtra

Postharvest Management and Processing of waste la] Marathwada Agricultural University
81 fruits for sustainable economic rural transformations | Parbhani431402,

through demonstrations.

Management of Wastes from the Food Processing National Environmental Engineering Research Institute, Ne
82 Industries Marg, Nagpur 440020

PHM and processing of waste land fruit for sustainabl{ MarathwadaAgril. Uni,Parbhani (Mah)
83 economic rural transformation

Standardization of method for preparation eélue Department of Dairy Microbioogy, College of Dairy

added probiotic, products beverages containing Technology, Waryud (Pusad), Maharashtdb204.
84 Spirulingplacentsis biomass suitable for malnourished

children
85 Development of Sorghum based Weaning Food S.G.B Amravati University, Amravati. (M4&14602

Validation of economically important fish species from| Dr. Baba SahebAmedkarMarathwada University, Aurangak
86 India by DNA BatodingusingC® 3ISy Sé 431021.

Moisture Sorption Isotherm for Indian Fruits and Department of Chemical Engineering, Indian Institute of
87 | Vegetables Technology, Powai, Mumb400076.

Studies in Physie@hemical Properties of Plasma Department of Fod Engineering & Technology, Institute of
88 Processed Rice grains Chemical Technology, Nathalal Parekh Marg, Matunga,

Mumbai 400019

Microencapsulation of anthocyanin pigment extracted| Department of Food Science and Teglugy, Shivaji
89 from kokam (Garcinia indica) processing industry was| University, Kolhapur416004

Development of Continous and Energy Efficient Cooki| Institute of Chemical Technology, Mumbai400019
90 Devices and Practices




Studies for the selective separation of proteins from m Chemical Engineering Division
91 whey NCL, Pune,
Studies on Post Harvest Application e¥ICP on Shelf | Dr. Babasaheb Ambedkar Marathwada University,
92 Life and Quality of Mango and Tomato Fruits Aurangabad431004
Biochemical composition of Bombay duck fish, and Division of Fisheries Resources, Harvest &-Rastest
93 functional characterisation of its muscle proteins Management Central Institute of Fisheries Education, Seve
Bungalows, Versova, Mumbai
Synthess and Characterization of Nai@ellulose and its| Institute of Chemical Technology, University of Mumbai,
94 Application in Biodegradable Polymer Composite Film{ Matunga, Mumbai400019
for Food Packaging
Extraction and Concentration of Bioactive Compoundg Centre for Technology Alternatives for Rural Areas (CTAR
95 and Sugars from Horticultural Processing Waste using Indian Institute of Technology Bombay, Powai,
MicrowaveMembrane Technology Mumbai400076
Development of Healthy and Nutrient Rich Noodles by Department of Food Science and Technology, Shivaiji
96 Supplementation with Legumes and Leafy Vegetableq University, Kolhapu#16004
Meghalaya
Approaches to Value Addition of the Ch@how Fruit by| State Institute of Rural Development, Nongsder
97 its Fermentation to a Nutritionally Improved Product
Pondicherry
Development of &nctional Mixed Starter Culture for Idl] Department of Food Science & Technoldggndicherry
98 Using Microbial Biodiversity and Interrelationship University,Pondicherry605014
Punjab
Development of a Minimal processing Technology for | Thapar Institute of Engineering & Technology, Post Box Nc
99 high quality edible mushrooms 32, Patialal47004
Chemical, rheological and processing quality of fractidf Department of Food Science and Techno)dgyru Nanak Dey
100 produced by successive size reduction milling of diffeq University, Amritsar143005
wheat varieties
Improving the microbial safety and nutritional quality of Central Institute of Post Harvest Engineering and Technolc
fresh meat using a low cost refrigerated cabinet for re{ Ludhiana, Punjab
101 | marketing of meat in street meat shops
Novel bioactive edible films for extending shelf life of | College of Veterinary Science, Guru AngadDev Veterinary
102 meat based products Animal Sciences University, Ludhiana




Encapsulation of Natural Bioactive Compounds and | Guru Angad Dev Veterinary and Animal Science University
Micronutrients for the enhanement of Nutritive, Ludhianal41004
103 Preservative and Processing functionality of Meat
products
Development and Quality Evalution of Gluten free Department of Food Science & Technolo@yru Nanak Dev
104 Products for Celiac Disease Patients University, Amritsar143005
Reviving the Utilization of Millets and Minor Cereals in| Department of Food Science & Technold@yru Nanak Dev
105 Chapatti to Deliver Bioactive Components University, Amritsar143005
Rajasthan
Characterization of Colostrum Baative Components MaharanaPratap University of Agriculture and Technology,
from different spices and their Application in the Udaipur, Rajasthan
106 Formulation of Novel Dairy Products
Tamil Nadu
Formulating value added products from coarse grains| Tamilnadu Agricultural University,
107 and millets for food industrial use Maduraic 625104
Enhancing the Shelf life of Banana Using Diffusion Tamil Nadu Agricultural University, Coimbat&41003
108 Channel
Development of value added products from SuganthiDevadason Marine Research institute,Beach
109 | underutilized marine mollusks Road, Tuticorir628001, Tamilnadu
Preservation of selected vegetables and fruits by (1)| Karunya University, Colmatore
Improving quality and shelf life of minimally processed
110 products (2) Development of a new range of
dehydrated products having superiormgdration and
keeping qualities
Development of process for Exploring the possibilities| Horticulture, Faculty of Horticulture, Tamil Nadu Agriculture
111 utilization of processing waste of fruit crops University, Coimbator&41003.
Development and popularization of insulated Ice bags| Deptt. of Fish Processing Technology, Fisheries College
112 traditional fishing sector Research Institute, Thoothuku@R28008
Development & Standardization of technique for Post Harvest Technology Centre, Agriculture Engineering
113 preservation of nutriet rich Palmyrah products College & Research Institute, Tamil Nadu Agricultural
University, Coimbatoré&41003.
Ultrasound processing of liquid food: Feasibility and | Department of Food Process Engineering, Indian Institute (
114 Efficacy. Crop Processing Technology, Thanjavur 613001
115 Enhancing the Shelf Life of Sapota (Manikara Zapota)] Department of Food Techtagy, Kongu Engineering College]
Value Addition Perundurai, Erode 638052




Phosphine and Carbon dioxide (CO2) Combinations g
Alternative to Methyl Bromide to Manage Stored Pests

Department of Storage Entomology, Indian Institute of Cro)
Processing Technology, Pudukottai Road, Thanjavur 6130(

116 of rice Under Bulk Storage
Package of Technologies for-€amm Processing, Value | Indian Institute of Crop Processing Technology, Thanjavur
117 Addition and Safe Storage of Onions 613001
Design and development of Ohntiieating System for | Agricultural Engineering College & Research Institute,
Pasteurization of Liquid Egg White and to Enhance th{ Tamilnadu Agricultural University, Coimbatore
118 Functional Properties of Egg White Albumen
Design and Evaluation offamarind Fruit dehuller and | College and Research Institute, Tamilnadu Agricultural
119 Deseeder University, Coimbatore641003
Feasibility Study of Pulse Power Technique: Alternatiy] Department of Electrical Engineerirgdian Institute of
120 Technology for Water Treatment Technology Madras, Chenn&D0036
Development of database for Indian seafood safety ar| Fisheries College and Research Institute, Tamilnadu Veter
121 traceability based on AFLP markers and Animal Sciences University, Thoothukudi
Prebiotic Efficacy of Xylooligosaccharides (XOS) and | Agricultural Engineering College and Research Institute,
Food Applications Tamilnadu Agricultural University, Coimbatore641003
122 _
Centre for Food Technology, Department of Biotechnglogy
AnnaUniversity,
Developing New Technologies for Processing Sugarcq Division of Crop Production, Sugarcane Breeding Institute
123 Juice (ICAR), , Coimbatoi®41007
Developing Post Harvest Mechanization Package for | Department of Agriculture Structures and Process
124 Banana Central Core Engineering, Central Institute of Agricultural Engineering,
Coimbatore641003
Development of Technologies for Novel Food product| Indian Institute of Crop Technology Thanjavur, T.N.
125 based on Indigenous Technologies
Development Stability and consumer acceptance of | College of Food Dairy Technology, Tamil Nadu Agricultura
126 omega3 enriched functional food University, Chennai
197 Post harvest technology and value addition of cashew] Tamil Nadu Agricultur&niversity, Chennai.
apple
Formulating value added products from minor tubers f| Tamil Nadu Agricultural University, Home Science College
128 food and industrial uses Research Institute, Madurai




Lactic acid bacteria of functional interest in rition of

Agricultural College & Research Institute, Tamil Nadu

129 finger millet Agricultural University, Coimbatore641003

Industrial Process Development for Meat Preservation] Anna University, Chennai600025
130 Natural extracts

Evaluation of Physiochemical, Nutritional, Pasting and Department of Food Science & NutritidPeriyar University,
131 Textural Characteristics of Processed Millets Based F{ Salem636011

Industry waste water treatment adopting pulsed powel| Department of Civil Engineeringndian Institute of
132 technique Technology Madras, Chennai600036

Bacteriophage#\ novel biopreservative for vegetable | Tamil Nadu Agricultural University, Coimbatore
133

Telangana

Preparation of tailocmade annatto dye formulations fo] Central Food Technological Research Institute,Habshigudg
134 selected traditional and industrial processed foods Uppal Road,HyderabasD0007.

Design and Fabrication of Protoype model of Annatto | CFTRI, Resource center, Habshiguda, Uppal Road, Hyder;
135 Seed Separator 500 007.

Functionalized polymers for processing of soymilk and Biotransformations Laboratory, Natural Products Division,
136 apple juice Indian Institute of Chemical Technology, Hyderabad 50000

Studies on the preservation of vegetable Juices and-N Central Food Technological Research Institute, Habshigud
137 Acidic fruit juices by Microwave Heating Uppal Road,HyderabasD0007.

Production of Selenium enriched functional meat ICARNational Research Centre on Meat, Chengicherla,
138 through nutrient supplementation in sheep Boduppal (Post)

Extraction of Proteins and Phytic Acid from Waste Ric| CSIRndian Institute of Chemical Technology, Hyderabad
139 Bran using Biocatalysis

Utilization of pumpkin for development of carotene riclf CFTRI, Hyderabad
140 extruded and other value added products

Tripura

Technology assessment standardization and acceleral D/o Fish Processing Technology, College of Fisheries, Cer

141 of Shidal Production in Northeast India Agr. Uni.Lembucherra, Agartala, Tripura

Uttar Pradesh




Quality assessment of aonla phacts particularly in Central Institute for Subtropical Horticulture,

142 relation to browning during preservation and storage | Rehmankhera, Luckne@227107

Nutritional approach for designing goat meat based | Central Institute for Research on Goat (CIRG), Makhdoom|
143 functional products

Development and quality evaluation of innovative Indian Veterinary Research Institute, Izatnagar, Bareilly, Ul
144 | convenience food product

Development of intelligent packaging sensors for Indian Veterinary Research Institute, Izatnagar, Bareilly
145 monitoring quality and safety of meat and meat produq District243122
in supply chain

Development of Nandmmuno Rapid Test to detect Central Institute for Research on Goats, CIRG Makhdoom,
146 Mycobacterium avum subspecies paratuberculosis in | FARAH, Mathura281122
Milk samples
West Bengal
Microwave assisted hot air and vacuum drying of fruity Post Harvest Technology Center, Indian Institute of
147 and spices Technology,
Kharagpw721302.

Enzymatic Production of Tagatose : A Low Calorie Su| Indian Institute of Technology,
148 0t heové Kharagpw721302.

Design of Novel Functional Food Supplements using | Jadavpur University, Kolka#@0032
149 Supercritical Carbon dioxide Extraction and
Encapsulation Technologies

150 Rapid control atmosphere storage of mango, lichi and| Agriculture & Food Engg. Deptt., IIT, Kharagpur
apple

Application of image processing technology for Agicultural& Food Engg. Deptt, IIT Kharagpur
151 assessment of food materials




