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ABSTRACT 

 
Today, interest of peoples towards the consumption of natural antioxidant rich food is growing 

day by day due to their health promotional activities. On account of this, production of safer 

and antioxidant rich food is the need of the hour. This can be possible by developing green 

solvent free extraction processes for antioxidants and knowing chemistry of antioxidants in 

terms of their applicability in proper food system. Therefore, responsibility on researchers, 

scientists and food industrialist is increased to provide natural antioxidant rich food to the 

consumer.  

 

In relation to this, present study has been focused on choosing lipid soluble antioxidant sources 

for edible oil preservation which is a base of all lipid based food materials. In context to raw 

material selection, preference has been given to spices (present abundantly) and industrial 

wastes (big source of natural antioxidants). In spices, ginger (Zingiber officinale) and turmeric 

(Curcuma longa) were selected due to its lipid soluble nature and good source of antioxidants. 

Industrial wastes of rice bran processing industry (rice bran oil distillate) and turmeric 

processing industry (spent turmeric oleoresin) were utilized for recovery of natural 

antioxidants. In terms of extraction, non-conventional green extraction techniques 

(supercritical fluid extraction, pressurized liquid extraction and liquid CO2 extraction) has been 

used over conventional to get pure extracts rich in antioxidants. On the other hand GRAS 

solvents has been used for further recovery and purification of antioxidants from resinous part 

of spices and industrial wastes. After extraction, separated and antioxidant rich extracts were 

applied in edible oil preservation. Three edible oils namely linseed, sunflower and peanut were 

selected for stability study.  

 

In the case of ginger, both solvent and supercritical fluid extraction (SFE) methods were used 

for comparing results of extraction yield and [6]-gingerol content. Result of this study indicate 

that solvent extraction method gives higher yield of oleoresin (3.85%) in comparison to SFE 

method. But, concentration of [6]-gingerol was found to be higher in SFE extracts (~40%) at 

the optimum condition of 250 bar pressure, 20 g/min CO2 flow rate and 40oC temperature. Pale 

yellowish colour ginger oil (GO) was also obtained at 100 bar pressure with the yield of 0.93%. 

GC-MS analysis of ginger oil shows detailed data of chemical composition which contains 

some predominant pungent compound such as zingiberene, nerolidol, curcumienen 
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sesquisabinene, rishithin, shogaol and gingerol. Phenolic acid profile for seven phenolic acids 

namely gallic acid, vanillin, myricetin, rutin, protocatechuic acid, quercetin and kaempferol 

were also investigated in extracts. After extraction study, solvent extracts of ginger (GE), 

selected SFE extracts of ginger with ~25% (GE1) and ~40% (GE2) and ginger oil (GO) were 

used for total phenol (TPC), total flavonoid (TFC), antioxidant and oxidative stability study. 

Highest TPC and TFC values was observed for GE followed by GE2. Besides lowest IC50 

values for highest DPPH and ABTS were observed for GE2 followed by GE and GE1. Same 

trend of results was observed for percent inhibition activity in both DPPH and ABTS methods. 

Stability study of all four extracts in selected three oils give positive antioxidant index and 

comparable results with synthetic antioxidants. Linseed oil was found to be more benefitted 

with highest antioxidant index. GE and GE2 were found to be best antioxidant in increasing 

shelf life of all three oils and also observed to be comparable with BHA and BHT.   

 

Turmeric rhizomes were extracted by solvent, SFE and pressurized liquid extraction (PLE) 

method. Oleoresin yield of solvent extraction method was observed to be higher than both SFE 

and PLE. But PLE method was found to be suitable for both recovery of oleoresin and turmeric 

oil by adopting two step separation process. Moreover yield of curcuminoids obtained after 

optimization of PLE solvents was also observed to be higher than SFE and solvent extraction 

methods. Turmeric oil (TO) obtain after liquid CO2 extraction was analysed in GC-MS for its 

chemical composition. α, β-turmerone (~52%) and Ar-turmerone (13.35%) were observed to 

be principle chemical constituents. Turmeric oleoresin obtained by solvent (TE1), SFE (TE2) 

and PLE (TE3) were studied for phenol, flavonoid, antioxidant and stability study. 

Curcuminoid powder (C) obtained crystallization was characterized through different 

analytical techniques namely HPLC, HPTLC, NMR and XRD. Results of stability study of TO, 

TE1, TE3 and C in all three oils were found to be satisfactory at 100-300 ppm concentration. 

Antioxidant effect of TE1 and C was observed to be higher than BHA and BHT. In terms of 

oil, sunflower oil was found to be more benefitted by addition of TO, TE1, TE3 and C.  

 

Industrial wastes, rice bran oil distillate (RBDO) and spent turmeric oleoresin (SPTO) were 

selected for the recovery of γ-oryzanol and curcuminoids recovery. Crystallization and column 

chromatographic separation process was employed for recovery γ-oryzanol from RBDO. On 

the other hand, two-step process including liquid CO2 separation of turmeric oil from SPTO 

and further crystallization of curcuminoids from remaining oleoresin has been employed in the 

case of SPTO. Crystallized γ-oryzanol rich concentrate was further studied for phenol, 
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flavonoid and antioxidant activity. Values TPC and TFC for γ-oryzanol rich concentrate were 

found to be 2.7±0.18 mg GAE/g and 1.28±0.06 mg QE/g respectively. Results of stability study 

in all three oils at 100-300 ppm concentration were also gives positive antioxidant index. γ-

oryzanol rich concentrate in all three oils give comparable antioxidant index with BHA and 

BHT except TBHQ. 

 

Overall, present study conclude that extraction of biologically active compounds by using 

green extraction techniques help to isolate pure extracts without any impurities and also saves 

time, energy and higher cost of solvents. In addition to this, antioxidant compounds separated 

from industrial wastes were also proved to be beneficial for value addition in food products. 

Moreover extracts of ginger and turmeric extracted by SFE and PLE methods also have the 

potential to protect oil from oxidation. In future, use of synergistic effects of above extracted 

natural antioxidants (at higher concentration) in above mentioned oils may provide fruitful 

information by retarding oxidation period of oil. 
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