
FIRST UP 
 CONSULTANTS 

Transition from Fat to Fit     
by Use of Heart Healthy 
Vegetable Oil Powder 



Introduction 
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Non-communicable diseases 

Source: World Health Organization (2020) 

Types of non-communicable diseases 

Selection 
of 

 Healthy oil 

Source: World Health Organization; 
IHME, Global Burden of Disease 



According to American Heart Association (AHA), the healthy cooking oil must satisfy the balance between 
 Monounsaturated fatty acids (MUFA)/ polyunsaturated fatty acids (PUFA) (1 to 1.5) 
 ω-6/ω-3 (1 to 4) 
 Presence of antioxidants 

Healthy cooking oil  

Lipid 
oxidation 

Proper 
storage 

conditions 

Lower 
shelf life 

Concerns of PUFA rich edible oils 

Addition of synthetic 
antioxidants 

Addition of extracted 
natural antioxidants 

Partial hydrogenation 

Toxic effect on human 
health on long run 

•Induces high cost. 
•Light, heat and pH 
sensitive 

Trans fatty acid 
generation 

Common practices for shelf-life extension 
& its adverse effect  
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According to American Heart Association (AHA), the healthy cooking oil must satisfy the balance between 
 Monounsaturated fatty acids (MUFA)/ polyunsaturated fatty acids (PUFA) (1 to 1.5) 
 ω-6/ω-3 (1 to 4) 
 Presence of antioxidants 

Healthy cooking oil  

Microencapsulation of PUFA rich 
oil blend  

Conversion into oil powder using 
microwave drying technique 

Blending of vegetable oils 

Synergistic oil blend with balanced 
fatty acid composition high 

endogenous antioxidant potential 

Proposed Solution  
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• The oil powder is produced by microencapsulation process through solvent evaporation. 

• Microencapsulation is defined as the process of surrounding or enveloping one substance within 
another substance, yielding capsules ranging from less than one micron to several hundred 
microns in size.  

•    Two phases : (a) Core material, and (b) Coating material. 

 

O/W / 
Homogenization 

Oil Powder : Basic Concept 

19-10-2022 PROFESSOR H N MISHRA                    INDIAN INSTITUTE OF TECHNOLOGY KHARAGPUR 5 



Process Flowchart 

Rice bran-peanut-flaxseed 
oil blend with synergistic 

effect 

Oil 3 

Veget
able 
oil 2 

Veget
able 
oil 1 

Wall materials 

Microwave drying 
technology 

Balanced fatty acids & 
Antioxidant rich oil 

powder 

Microencapsulation of 
optimized oil blend 

Homogenization 

Sealed oil powder 
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Edible Oil Blending 

Refined RBO without  added 
synthetic antioxidants 

Refined PO and FO without 
added antioxidants 

RBO: 50-75% 
PO: 20-40% 
FO: 5-10% 

Optimized edible oil blend (OB) 
obtained by D-optimal mixture design 

Fatty acid composition and antioxidants of edible oils 
and oil blend 

•RBO: Rice bran oil 
•FO: Flaxseed oil 
•PO: Peanut oil 

Parameters RBO PO FO OB 

MUFA/PUFA 1.14 1.13 0.11 1.1 

Ꞷ6/Ꞷ3 42 74.37 0.11 2.7 

Total phenolic 

content (mg 

GAE/ kg) 

3.42±0.5 3.46±0.2 3.98±0.3 4.67±0.3 

Total tocopherol 

content (ppm) 

827±8.7 286±4.4 128±2.42 696±0.25 

Oryzanol (%g) 1.45±0.6 - - 1.13±0.1 
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Oil samples 
Tonset  

(° C) 
OIT, min 

Peroxide value 

(mEq/kg) 
Totox value 

RBO 239.46±0.04a 32.3±0.02 1.51±0.48f 8.89 

FO 180.14±0.03k 20.4±0.10 3.45±0.25g 11.40 

PO 195.6±0.06f 26.25±0.11 2.87±0.32a 7.16 

OB 209.21±0.05c 27.67±0.08 1.81±0.07c 9.63 

Thermal and oxidative stability of edible oils and oil blend 

Tonset : Thermal decomposition onset temperature 

OIT: Oxidation induction time 
TOTOX: Total oxidation  

Shelf-life (days) of OB at 30℃= 239 ±1.9 
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Soy Lecithin 

Oil blend 

Heat at 60 ℃ 

Oil-lecithin 

Wall material 
solution 

(1) (2) 

Sodium 
caseinate 

MPI 

Homogenization 

Maltodextrin 

(3) 

Microwave dryer 

O/W emulsion 

(4) 

Oil-wall material 
solution 

Oil blend 

Oil powder 

By D-optimal mixture design 
•Starch: Protein- 3:1 
•Milk protein isolate (MPI): 
Sodium caseinate- 2:1 

Processing of Oil Blend into Oil Powder 
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Polarization of water 
molecules (solvent) 

Selective heating of 
coating materials 

Fusion of coating 
materials into shell 

Formation of 
microsphere upon 

cooling 

Solution  Homogenized 
emulsion  

Microwave drying of  
emulsion  

Radiation  

Emulsifier  

Oil  

Mixture of water & coating 
materials  

Microencapsulation by Microwave Drying : Basic Concept 

Induction period (IP, h) of oil blend almost doubled 
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Properties of encapsulated oil powder 

Light microscope image showing 
oil droplets in O/W emulsion 
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Storage time (days) 

oil

oil
powder

Effect of storage at 60 ℃ for 30 days on the peroxide 
value of oil blend and microencapsulated oil powder 

SEM images of microencapsulated 
oil powder  

Properties Oil Blend MW oil powder 

%Inhibition (radical scavenging activity) 82.20 72.10 

Total phenolic content (mgGAE/100g) 4.67 4.03 

Antioxidant properties of the encapsulated and non-encapsulated oil 

Properties MW oil 
powder 

Bulk 
density(g/mL) 

0.39 ± 0.02 

True 
density(g/mL) 

1.024 ± 0.05 

Flowability Fair 

Water activity 0.526  

Water solubility 
index(%) 

83.1 ± 0.02 

Wettability (s) 180 ± 0.05  
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  Developed oil powder Market oil powder 

Balanced fatty acid 

composition 

Yes No 

Added antioxidants No Yes 

Artificial colour No No 

Shelf life (months) Upto 12 Upto 12 

Unique selling points  

Saturated fat replacer 

Extended shelf life 

Antioxidant Rich 

Well-adjusted 
MUFA/PUFA & omega FA  

Healthy Heart 

Nominal cost 

Easy handling 
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Coating materials (60-70 kg)
•Maltodextrin
•Sodium caseinate
•Milk protein
•Lecithin Microwave Dryer

Power: 750 W
Frequency: 2.45 Hz

Emulsion= 200 kg

Vegetable oil powder= 100 kgPouch packaging machine

Sachet filling: 100 to 250 g

Approx. Rs. 480 -510/ kg

Plant Machinery for 100 kg Vegetable Oil Powder 

19-10-2022 PROFESSOR H N MISHRA                    INDIAN INSTITUTE OF TECHNOLOGY KHARAGPUR 13 



Food Use 

With 

Partial or full replacement of 

Vegetable Oil Powder 

Frozen Dessert 
Possible Applications 

Flat breads Biscuits/cookies Frozen dessert Cakes 

Food Applications Done in FCTL 

Bakery premix 

Other 
Ingredients 

Oil Powder 
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Vegetable Oil Powder 

• MUFA/PUFA & omega fatty acids 
balanced 

• Antioxidant Rich 

• Heart healthy 

• Less Energy Consumption 

• Nominal cost 

Margarine 

• Reactive Catalysts 

• High Equipment Maintenance Cost 

• More Energy Consumption 

• Risk of Trans Fat and More Saturated 
Fats 
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Patent, Publications & Awards 

Patent Publications Awards 

SHRI SOMALAL VYAS - SEA INNOVATION AWARDS 
2022 (1st Prize) of the Solvent Extractors’ Association 

(SEA) of India 

SITARE-Gandhian Young Technological Innovation 
Award (SITARE-GYTI) (2020) by Biotechnology 
Industry Research Assistance Council (BIRAC), 

Department of Biotechnology, Government of India. 
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ISBN: 978-93-83305-98-8 ISBN: 978-93-86546-94-4 ISBN: 978-93-86546-95-1 

www.fctliitkgp.co.in 
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