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Introduction

U FoodEngineering is a multidisciplinary in nature.
U Fortunate to work withProf. JB Joshi

U Chemicakng. is relatively younger branch of eng. with aspects from several eng. disciplines and itself is
multidisciplinary in nature

U Prof MM Sharmag Half cooking iChemeng. & not the other way round
U Foodtechnology needs to be integrated with chem. eng. to get the right blend.
U At NITW afterUnivof Colorado started Food Processing as an elecg\zestiny !!!



R&D at CFTRI R&D at CFTRI (Contd..)

® Product/Process Development
> Coconut Milk Powder, Virgin Coconut Oil, Fruit
Powders

® Osmotic Dehydration: Mass transfer & Modelling

® Drying: Conventional & field assisted.

® Heat & mass transfer in design of equipment for
traditional foods.

® Design of bioreactors for SSF and SMF (Xanthan)
> Tray Bioreactor
> Packed bed bioreactor
> Rotary drum bioreactor
> Integrated bioreactor
> CSTR with helical ribbon.

L o

Design of bioreactors for Hairy root cultures

> Acoustic Mist bioreactor
> Photo-bioreactor — tubular

Downstream processing
> Aqueous Two Phase Extraction
> Reverse Micellar Extraction
> Adsorption.
> Membrane processing (OMD & DO)

L oo

R&D at FE, CFTRI Contd..) Process/Product Development

> Application of Chemical Engineering to
food and bioprocessing

> Applied research with a flavour of basic
research especially mathematical modelling
from first principles.

> | attribute my professional success to all
the students and scientists who worked
with me for their PhD in Food Engineering
and Biotechnology disciplines.

Case studies
* Phycocyanin
- Betalains
* Enzymes/Proteins
- Several other solutes
* Cells & Particulates
Value added products from Coconut



Food Processing Operations

 Diverse & Complex




4™ INDUSTRIAL REVOLUTION Leap Frogging to Pole-Vaulting

How is this revolution different from the rest?...... Varity in Industry & Services, Speed
* Frog leaps to safety out of fear of predators
Mindset Changes Technological Changes * Not good enough. Need pole vaulting.
* Changesintheway Waillve wark «m | * Breakthroughslike robotics, IoT,3 D * No incremental — 10 x principle (1000 %). 10 Times cheaper or better in
& relate to each other ul sigs
= | o | printing & 4D process), nanotech, performance
L biotech, energy storage —name a few
* Scale, scope & complexity of o N & . e ” 9
changes unknown to humankind - DR reEomantath Disruptive ways are needed : Innovation/Thinking, Management
i B l a fusion of technologies across * Size of the pole is size of the aspiration
physical, digital & biological fields
i * In corporate world, Pole is supporting talent, Technlgy and Tools
Business Model Changes Societal Changes ‘ = & 2
* Disruption of incumbents ( MNCs), R Y — * Excellency + Affordability is the Motto
Eg: Uber, reshaping of production, inform and entertain ourselves (Robot—

consumption, transportations and

. does dirty work, No medical leave)
delivery systems

* Profound uncertainty exists about the

way the development and adoption of @ fﬂ”
the emerging technologies

¢ Govt.and Pvt. institutions are being
reshaped and rediscovered (Rol)

Need for Total Innovation (not Jugaad, stop-gap) ROLE OF START-UPS

Future belongs to young Startups, innovations / innovators, disruptive thinking, out

Aff S . . of the box thinking. Big giants are collaborating with startups round the world (eg:
 Affordability : is required to create access for everyone across the economic ” 2 .
pyramid, especially for those at the bottom Siemens and Ayadsi, Stanford Univ)

« Scalability : Ability to have significant impact on Energy, Environment and
Employability MINIMUM OVERHEADS HIGHLY COMPETITIVE

« Sustainability : Not only economical sustainability but social and environmental

sustainability needed. Ability to adapt to local neéds and stay relevant in a long ENCOURAGE INCLUSIVE hﬁbﬁ
run.

LOW WORKING CAPITAL &

GROWTH (Mfg, Service and SIMPLE MANAGEMENT

Trade) STUCTURE
World is a better place to live only if it is better place for all.
Islands of prosperity will not survive for long in the ocean of poverty CREATE LARGE SCALE EROVIBES ECONOMICSTABILITYIN
N Murth EMPLOYMENT TERMS OF GROWTH & LEVARAGES
arayan Murthy (Micor 99 % of MSME) EXPORTS (Jet, King fisher, Deccan)
@ . working age population growth in India is ~ 16 Million. However, only 2 Million jobs are being created annually.
’-ﬂ” Technology is a boon or a bane. Needs holistic approach. Still long way to go to think of automation as deterrent



Dry biomass: a potential alternative

1. Growing biomass requires a lot of space and cost

2. Drying is an economic alternative increasing the shelflife

for ease of transportation.

3. Immensely benefit the small and medium scale industries.
4. C-PC was at par with the quality of C-PC obtained from

wet biomass
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Liquid

I Bioethanol I

Sonication

* Freezing & Thawing
Manual grinding + Sonication
* Homogenization + Sonication

Preliminary i
Extraction

Homogenization
Manual grinding

e Aqueous Two-
Phase Extraction

e Adsorption
‘ e Ultrafiltration
\

\
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Primary extraction methods and operating conditions
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Reverse osmosis
Forward osmosis
Osmotic
membrane
distillation
Freeze Drying

tftri

Fe;'tllller > bout ,", - —~ Gelidium pusillum
3 = (Rhodophyta)

Purity

Mr Rochak Mittal

Dr. Richa Sharma

Spirulina maxima : An alternative source of C-PC

The total phycobiliprotein content in A.

platensis.
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Ultrasonication and Enzyme assisted extraction of phycocyanins

Ms. Chandralekha A

from Spirulina maxima

Conventional Method

Precipitation — Centrifugation —
Dialysis — lon-exchange chromatography

Gel filtration chromatography

Multiple extractions showed increase in
Purity of C-PC from 3.23 to 4.02

Dr. Ganapathi Patil [JE¢;

1.00 | N N N
A

‘\ (a)

| Ag20/Azg0 =

1.18

]
[
de 0.20 I
c ox © Asso/l\zso =
divy L+
|

000 L
A 260.0 nm (mo/a. 700 o

Shoulder was observed at 650 nm

i = =

incdicating presence
Allophycocyanln along with C-
Phycocyanin
by ATPE - ; . .
1.50 A [
/ |
(b) N1
(0200 | As20/Aze0 =25 /|
vy | / \ !
/ |
A / \ 1
1\ /
0.00A [ > ; \
700.0

280.0 nm (100/div)

Phycobilliproteins Yield (mg/g.d.b)



Meth for high i f C-ph i
cthod foritieiupurity 0B cpliycocyanin Downstream processing of Betalains

T— sanp REF
le) \ Ty
By, dde N Present Study = R
( Mrac, Ve : >
: "‘#y ! . . i 620nm - 1.003 ;
i 1"8 i — & . Adsorption ‘:;ms”[ Purified Sample/ 280nm - 0.193 > — / N —_—
- followed by (ATPE) / ’ 2 W = o~
ATPE 4 Purity - 5.2 -
. Fresh beet ‘Wash, peel, slice and grind Centrifuge at 12000 rpm to
+0.008 .3 Z \ root with acidified water remove polyphenols
Scaled up to any 260.0 100.0¢Hn-010. > 700"8
o 12:28 2/09 ‘oS 760 00N -0.0224) i)
extent PEG | .
. I Recovery l
Literature s, ess” E”§ l
1.4 Betalains B
- 2 . G—— =
(NH,),SO, precipitation g 12
3 - =
Product P
g . Fresh juice
o.s = D= r_ & 0O Sugar and other 2
Ion Exchange oe iterature Puz l(.\ 5.02 (concentrated) = components subjected to
Chromatography e ATPE
: 02 0 BCN
°
Gel Chromatography 000, P40, 990 1930, 680, 700 f . Fractionation
Wavelength (nm) e oy of Betalains J
Scale up is very o . dayy Bt —BXN
difficult S *Y M Zhang and F Chen, L == 2 g,‘-'!:: ! — L powder. 4
Biotechnology Techniques Vol 13,1999,601 —-603 Lyophilization =

o 1=

Dr. Ganapathi Patil LT ot Dr. S Chethana T gt

Bottlenecks for ATPE Electro osmotic flow model

Polymer cost—recovery/smart polymer
- Recovery of Phase Forming Components ek oo

Hydrodynamic flow V

electrophoretic
m nt

| = o o _ - ow
T —cC =N 2l S
= % + N | o droplet
(=] =N e
© + N\ -

droplet)

Anode
+

- To obtain the product in pure form

- To recycle the phase components (after
recycling the phases to the possible extent)

- Thermal, solvent and membrane processing particle. & S T S
i = =uE L
Slow demixing — 5T W) e T
- electrophoretic Cathode Hydrodynamic flow
» Electro-kinetic demixing s S i W
e Electro_osmosis flow model Conceptual diagram of rigid colliodal Conceptual diagram of electrophoreticflow in

particle movement in electric field the phase dropletin electric field

Dr. ND Srinivas

* Microwave demixing
- Acoustic demixing LT g

$EE qui




Paradoxes Resolved Field-Assisted ATPE

————————————————  Demixing Column

The electro osmotic flow model could explain

PEG

satisfactorily the following two paradoxes it e M—%:‘“ﬂ
ik Y
1. The direction of migration of drops is the opposite of e B G S— s o2 W il
- - - - pray 22
that predicted by colloid electrokinetics. cupponsuns b — L acwmte  Column 2
(Variable Height) T EEEE S i
Acousticdemixing )
2. The phase demixing rate increased irrespective of I 7 L] -
the sign of the applied electric field. ( :‘b = T
Dispersion mé ““““““ =

Phase

Published in Biotechnology progress, 14, 1998, (922-930) ] Micrmmareasinedening Dr. Naveen Nagaraj @ tftn

Mathematical Model

TRAY COVER
dy/dt « E or dy/dt= g B =~ (1)
TRAY

STEPPER MOTOR

INDEXING MANUAL h = pgEt ()
CONTROLS 3
m = (h/H)(N) = (ngEt/H)(N) -——------------- (3)
PLATE ASSEMBLY
—(N )n.r (I )n.r— 1.5= (In)n.r (4)
LAB UNIT BASE —(N)pr + (N ey = (MgEt/H)(N),_; (5)
Physical description of multistage B
I extraction of cells/particles (N)pr = —(ngEt/H)(N), . + (N), . oece. (6)
f- ® (MNuip= —(O)(BEE:/H)(N) - (N )
N — @ ‘ n.r E
8 Fad - s =8
= \O c ol o.ov] o ol alalo @ (@ @O He: Electrophoretic mobility c: Cell concentration
=]l = o |  ®g N E: Intensity of electric field r: Step number
[ J ® 60  © 0| 0| ®| ®: ® G i H: Total height n
= x

: Initial concentration of the bioparticles
h: Distance from the top surface of bottom : Time of application of electric field

~n chamber (slug height)
Dr. S Chethana & ftri N: Cell concentration x Volume of the chamber & ftri




Processes Integration to Improve productivity

Kinetics of Phase Demixing ( Mathematical Model)

r —(lzsnzrsY)ex —[A ]% i 4 How
‘ 3 p /72“”Yr 81y - Yield loss

Yo  Cost :
Inter-integration
- ATPE / UF/RO/OMD/DO
- RME/UF/RO/OMD/DO ‘

140 4
120
100 4

Rate of coalescence of droplets (10°)

80 %
60 -
40
— Effect of radius and number of
o ; = : ' : ' | droplets on the rate of coalescence Intra-integration
04 05 06 07 08 09 1 1.1 of droplets

* Multiple operations in single step —
—e— = 200000000 drops per cubic meter of dispersion - ATPE is vel-'satlle t9 'conzubme filtration, extraction,
—®— n= 300000000 drops per cubic meter of dispersion conce ntratl on, purlfl Catlon.

—&— n= 400000000 drops per cubic meter of dispersion
n= 500000000 drops per cubic meter of dispersion

—&— n= 600000000 drops per cubic meter of dispersion . .
Dr. RS Barhate L& i Dr. AV Narayan oz I

Equivalent radius of droplet (10 -3m)

Microencapsulation of Microorganisms and

Inter Integration

Biomolecules
Salt Precipitation + ATPE EE gt ——
PEG Precipitation + ATPE BISMGIEEIEs =T
Precipitation + Ultrafiltration + ATPE Lypoxygenase
Ultrasonication + ATPE Fructoseoligosaccharides

Ultrasonication + Precipitation + ATPE
ATPE + Athermal membrane processing

= Purification e
i * Reverse osmosis

e Forward osmosis

Microorganisms
Yeast
Phenol degradation Bacillus sp.
Pseudomonas aeruginosa
Bacillus pumilus
Bacillus licheniformis

e Osmotic membrane

IL based ATPE | I distillation
Ultrasound assisted ATPE | * Freeze Drying

e Salt Precipitation e ATPE

* PEG Precipitation +
Partial
Purification L
Dr. Chandrasekhar Jampani

L]

-

e Adsorption

e Ultrafiltration Concentration
(Membrane

processing)




RME: Scale-up and Continuous Operation g

Reverse Micellar Extraction of B-Galactosidase

Organic phase Reverse micellar phase

peaH Jejod

ER(RERC

ANVLOVHYNS
R

—F
2 FORWARD
. . EXTRACTION
Forward Extraction Back Extraction

Membrane unit Strippil_lg

. MF) phase with
solute
WATER CORE y Membrane unit (UF)
i Concentrated
a b < solute
Dr. Umesh Hebbar

SRR Dr. AB Hemavathi @ ofti

Vibro Fluidized Bed Dryer/Roaster

Spent Biomass

- Ethanol, being a food grade
solvent, was preferred

e The best conditions were

100% concentration of ethanol,
1:8 S/L ratio, pH 6, 50°C
temperature & 1 h extraction
time.

« Low-Humidity drying was
observed to be a possible
alternative to freeze drying for
drying of spent biomass.

=

Dried Biomass Dried Biomass

Standardization of Conditions

§ 0N aald

ocate/biortech
Solvent & its S/Lratio Temp Pooled Extract
@ [‘ft’." Concentrations 29
forthe Solvents (C,H:OH & C;HO) Serial Extraction

Saving of Fuel (cost)

Contents lists available at ScienceDirect

JNTEGRATED HOT AIR
ROASTING MACHINE

Snack foods - vermicelli, corn Bioresource Technology

flakes and fryams also roasted

Dr. K Venkatesh Murthy T gt m

journal homepage: www.elsevier.com/|




@ Scraped Surface Evaporator

. Ball Valve

. OMD Plate and Frame Module

. Feed Reservoir

@ * Reverse Osmosis (up to 25 Brix)
Followed by Thermal Evaporation

State-of-the-Art
Hybrid with membrane system

. Osmotic Agent Reservoir

ettt | S
B Lt

) - =
a A W N R

. Peristaltic Pump

Plate and Frame Flat Membrane set-up cocurrent Mode

Membrane Process

Acoustic enhancement of flux

Thermal process- energy/heat damage.

:~V . = A"‘ = " 4 = e " ‘ T B Amicon cell
Advantages — z \ - R = ool
— - 7 — capacity)
> Low temperature and low pressure process m— i Stirrer

> Low energy consumption guide

Strip Solution

Disadvantages i Teflon tube  Feed in{e\t (NacCl solution)

Plastic bottle _ _ Membrane
> Maximum achievable concentration ool ¢ (Hydrophobic
> Membrane fouling Solution

. . . (Pure water) : ?
> Concentration polarization - Magnetic stirrer



Coconut (Integrated Processing) Process for VCO production

Coconuts Shells Erech & Matine CENTRIFUGAL
Coconuts SEPARATOR
> Activated charcoal

/ COCONUT
3 > Bio cups > I% PROTEIN
Ball copra Deshelled > Decorative items
Coconuts COCONUT,
s > Fuel MEAT COCONUT PUMP
Parings MILK
> Coconut oil Coconut water COCONUT AQUEOUS
>Animal feed > Coconut water concentrate WATER GRATED PHASE
3 (Membrane distillation) 3 COCONUT ;
i White > Clarified vinegar i MEAT
Coconut flakes/gratings -— g B ————
4 - Endosperm (Fermentation MF/UF) =
Spent fiber
> Dietary fiber : i  COCONUT i COCONUT MILK

i EXTRACTOR
>Natural laxative Coconut Milk > Dry powder GRATER :

BOTTLING / & =,

i =
> Micro cellulose » Coconut oil feeea o 3 é$
PACKAGING P
Virgin coconut oil ,_I I_. FCosonutcrean - coconuT P 1
> Coconut whey proteins = FIBER e =
> 60 Industries

ENZYME

TREATMENT
Dr. SN Raghavendra EE qui Dr. SN Raghavendra LT g

Coconut skim milk & whey powder

Tender Coconut Water

Tender coconut water

l

l

Temperature (25+2°C) Temperature (25+2°C)
0.2bar 0.6bar 0.8bar Ultrafiltration alone Acoustic field assisted

Drum drying

ultrafiltration (UF+US)

o

1 1 s

30kDa PES membrane 100KDa PES membrane
l |

l l

1bar 3bar 4.5bar

& o

Dr. Aduja Naik




Coconut and Its Value Added Products

U Desiccated coconut powder

U Spray dried coconut milk powder

U Wet processing of coconut - VCO
U Coconut dietary fiber

U Coconut beverage

u Coconut Spread

U Coconut Chutney

U Coconut proteins (Recovery)

U Coconut Bites

U Blends of coconut oil

U Coconut milk

t Coconut grating

U Instant mixes - Rice, Filling, Chutney & Instant adjunct mixes

U Tender coconut water & Tender coconut water powder




Process for desiccated coconut powder Coconut Spread

Add sugar, water,
<+Desiccated coconut is manufactured from the fresh mature nuts. Mature coconut pectin, xanthan * Product well received
water solution, citric with a high score of 10.0
% Shredded coconutis usually produced in seven grades. acid + Shelf life of 6 months at
In the order of their fineness, they are classified as macaroon, ambient condition.
- : : | Filtration | -
fine, medium, coarse, chips, tapes and shreds. x | Boil to get 62-68°B |

|
Desiccated Coconut Powder

“+Desiccated coconut contains high percentage of fat (60%),

followed by carbohydrate (20%), protein (15%) and natural sugars (5%). | Cenrigation |

| Boil to get 68-70°B |

+ Desiccated coconutretains all natural flavours and it is ready to use Concentration

at convenience for preparing many food items. (60°B) Qd:°§°;:::;:tter

+The final product is soft, pliable and feels moist to touch, it has a great demand in EinG & Capoi
world market. | illing & Capping

Vibrofluid bed dryer to be employed here Coconut

B i spread & i

Spray Dried Coconut Milk Powder Tender Coconut Beverage

After Buffalo milk spray drying (Amul) CFTRI has taken up Coconut milk
Nozzle, Wet bulb, exit air temp, H/D ratio are critical (Tenderwmnut" ~ — -

quid Tender coconut solid Heating
+Retains the natural flavor and texture of coconut milk. endosperm (Water)., [ endosperm (white meat)

o . ’ :
++ Ready to use at convenience for preparing food items. Washing &
Disintegrating

Blending & Homogenizing
(2:1 ratio)

Formulating &
Heating (95 °C)

Filling
(glass bottles)
Exhausting
(90°C, 15 min)

«+Product has good demand for export.

++ Bulk reduction for better storage at low temperature.

Autoclaving
(121°C, 20 min)

_ Spray Dried Coconut * Productwell re_ceived wigh a high score of 10.8 and shelf life of 3
Spray Drier Milk Powder @ (fti months at ambient condition. @ oftri




Fouling Mechanisms Membrane processing: Non-aqueous Applications

Pressure

Feed (Initial volume: 100g)
It was assumed that Dense membrane theory for Qg (36 MPa) . o
= - - = s 3% ‘emperature %
The pores are cylindrical differential permeation of L= .
in shape and run parallel : A ‘ ‘ IRe o Membrane cell
to each other across the vegetable oil constituents B i!_ i .
thickness of the ‘ e == }

(97.5 cm, 32cm’) R

Membrane Processing of Used Fryin i =
(a) Complete pore blocking (c) Intermeduate pore blocking membrane, 2 g ying ‘ \ ,';‘:'e‘:“‘ o Eermcats
Oils was also performed Ex Magietie s
InF,, =InF,y -Kct + Kt All the pores have same «% (400 rpm)
= = N 5 .
= th FvO 1 diameter and length,
« The fluid flow is o
Oleic acid /
perpendicular to the PC %
membrane surface (a Feed =
valld- assumption in case Triglycerides A Triglycerides Bhedin
of stirred cell). % = %
ermeate
(b) Standard pore blocking (d) Cake formation @ oft

(a) Boundary layer Membrane (b) Boundary layer Membrane

172y

F. 172y — (F 2 (_2) = <_2) + 2K crt s ;
(Fpe ™) (Fyo Fyy Fyo Ms. Archana/ Mr. Rochak Mittal Dr. R Subramanian o

Heat and mass transfer studies on
cooked rice and vegetables.

Osmotic dehydration: Engineering Aspects

Pineapple: : :

Fickian diffusion in cubical ) g L :

configuration . E /}/}

Carrot dices, Potato Dices, o o R > s | e T u
Coconut, Gamma-irradiated o @ ; Cooked rice 3 RSN Y -'

o Relative Distance Bed height (d)

= E S
VAW

red beetroot:
Fick’s second law for
diffusion from infinite flat

Perforated Steel belt

>
) &
™~ 2 X Transport Properties Model
plate H“i*ﬁ*i*:*i*i*i” > ™ Liquid
2902020202020202

WM, HHHHHNNHHHHHHHHN
Banana: ;Hixix;ﬁﬁ MH;:HNH g Bed of cookedrice: infinite flat slab
Fickian Diffusionin o 4 ;
Cylindrical Configuration ° Relative Distance

Dr. NK Rastog e g B




Nutra-Phyto Incubation Centre & Common Instrumentation

Encouragement to entrepreneurs Facility (NPIC-CIF Phase | : A View @ CFTRI

Focused research initiatives for food processing industries

These incubation centers provide a platform for the development
of new products/processes in the area of food processing by
providing facilities such as:

e Laboratory

* Administrative space with Connectivity and library facility

= Analytical Facility

 Safety/efficacy studies

= Pilot Plant (facilities and services provided on a rental basis)

* Services

* Technical advice and Mentoring

Instruments NPIC-CIF (Phase 1) @ fti

The incubation centre has Autoclave, BOD Incubator,
Top loading balance, Vortex, Upright Chiller, Upright
freezer, incubator shaker, Refrigerated centrifuge,
Deep freezer, Analytical balance, Vacuum
Concentrator, UV-Vis Spectrophotometer, Powerpac
HC, Waterbath, Water purification System, Kjeldahl
analyser and Biosafety cabinet.




Infant food from Buffalo milk T CSIR-CFTRI SHOWS THE WAYé

First time in the world, buffalo milk was processed to infant food suitable for babies

Ch;:aen ol Curd tension too
= high
Digestibility to
be improved

Technology transferred to KDCMUL through NRDC
in 1961 (Amul) T supplied 50% baby food in 1960s

CSIR-CFTRI took

Mid 1950s, entire baby up challenge

food was imported

Cowds mil k was n
No technology for buffalo milk
existed!!

High fat content
of 7¢ 8%

Deficient in some
vitamins

1.Collectionof milk in tin coatedbrasscontainersto avoid Cucontamination

2. Reductionof fat content to 2.5%from 7.5 ¢ 8%

3.Pasteurization and addition of phosphates/ citrates to bring down
curdtension -

4. Addition of cane sugar to adjust protein to 2Z22% and fat to 1415% X Spurred the growth of dairy industry

5. Concentrationand addition of vitamins In India and white revolution

6. Homogenizationand Rollerdrying/ spraydrying x Indigenous weaning foods like
7. Packing in tin containers under nitrogen Balamul and Bal-ahar followedé é ..

Tt N . e




Specific products developed

PARBOILED RICE

Traditional process involved
72 h with quality problems and
low yields

CFTRI process used by the industry
- ~60% paddy produced is parboiled

Processing time ~12 h
Good quality, yield and
nutritive

RICE FLAKING

Traditional method is only
applicable to rice and a batch
process

CFTRI process is adaptable to other
grains also
It is a continuous process

Adapted by the Indian
industry to a large
extent

MILLETS AND
COARSE GRAINS

Traditional processing
restricted to primary
processing only i cleaning
and flour preparation

CFTRI - primary processing
machinery developed

Secondary and tertiary processing
for these indigenous health grains
for value addition

Many popular processed
products available in
market today

WHEAT FLOUR
FORTIFICATION

Traditionally only whole wheat
flour or wheat flour used

Fortified wheat flour, multigrain
flours for better protein and
digestibility developed by CFTRI

Many similar products
available in the market
today

CONVENIENCE
FOODS

Traditional foods tedious to
prepare and labour intensive

CFTRI one of the first instiutes to
develop instant mixes

Market growing at 16%
for instant snack mixes




Specific products developed Millets/ legumes

A Cereal Banana Bar

A Ragi mudde machine

A Spirulina Chikki

A Kokum jelly Candy

AEgg cubes

A Multi whole Grain mix for porridge
A Bifidocurd

A Carbonated fruit juice beverages
AHigh protein bakery and pasta

Refined flour

Flakes

Popped grains

Husk free malt flour

Drum dried products

Health foods and beverages
Bakery products

Semolina and composite flour
Convenience flour for Mudde

A
A
A
A
A
A
A
A
A

Extruded products Infant food

RTE/ RTC products & snacks
Automated traditional foods

Weaning food

Supplementary food

Value addition from by-
products Food for diabetics Ca rich -Health
beverage



