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ABSTRACT

Of late, there has been a growing shift towards the use of plant-derived
molecules (phytoconstituents) in the sectors as diverse as flavourings and fragrances,
pharmaceuticals, nutraceuticals, cosmeceuticals, perfumery and even pesticides due to
the increased consumer awareness and tighter governmental regulations regarding the
health and safety aspects of synthetic chemicals. The most commonly used traditional
methods for isolating bioactive phytochemicals from medicinal and aromatic plants;
viz. maceration, percolation, steam distillation, hot continuous solvent extraction,
decoction, infusion, etc. are time consuming besides using large amounts of toxic
organic solvents. Moreover, the continually shrinking list of safe solvents, sky
rocketing prices of energy and thermal instability of most of the natural ingredients
have given way to some novel extraction technologies such as Supercritical Fluid
Extraction (SFE) Pressurized Liquid Extraction (PLE), Ultrasound Assisted Solventl
Extraction (UAE) and Microwave A531sted Solvent Extraction (MAE) The need of
the hour is, therefore, to design, develop and commercialize ‘green’ extraction
technologies that use no petroleum based solvents at all or comparatively less solvent
and that may satisfy all the current as well as foreseeable future regulations
concerning safety, heaith and environment. In accordance, the theme of the present
research wérk was to develop green- extraction method to recovef high vaiue bioactive

components from renewable raw materials.

The present research work was carried out with a focus on developing a green
extraction method utilizing pressurized solvents for recovering important

phytochemicals from Vanilla (Vanilla planifolia Andrews) cured beans and Neem



(Azadirachta indica A. Juss) seed kernels. Both the selected plants are source of high
value chemical compounds. Vanilla is known for its flavour compounds that are
finding increasing use in ice-creams, food and beverages and perfumery whereas
Neem is being exploited for extracting limonoid compounds that are widely used in
biopesticidal formulations. The operating conditions (temperature, pressure, solvent
composition, flow rate, particle size and extraction time) for the optimal yield of the
desired phytochemicals from both the plants: have been' established. Sub- and
supercritical CO, extraction was also employed for the recovery of natural vanilla
flavour. In addition, the extraction efficiency of the proposed method was also
compared with their conventional counterparts. Mass transfer studies involving
mathematical modeling of the experimental data were performed to provide useful
information for process scale-up and yield predictions in the commercial scale
facilities. Lastly, an attempt was also made to carry out preliminary economic analysis

of a small scale industrial unit based on the proposed method.

The Pressurized Liquid Extraction (PLE) of both the plants revealed that
pressure had an almost insignificant effect on the extraction efficiency. However, an
enhanced vanilla oleoresin yield with an improved flavour profile was obtained with
an increase in temperature. 40% aqueous ethanol was the best solvent for maximizing
vanilla oleoresin yield but it was 70% aqueous ethanol which resulted in oleoresin of
best flavour profile with maximun: vanillin content at a temperature of 90 °C. Apart
from wvanillin, the other major flavour compounds extracted were p-
Hydroxybenzaldehyde, vanillic acid and vanillyl alcohol. In case of PLE of defatted
neem kernels, a temperature of 50 °C and a pressure of 50 bar resuited in maximum
azadirachtin recévéry. The best particle size was found to be 60 mesh. Higher

temperatures caused thermal degradation of azadirachtin. Mathematical analysis of
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the experimental data showed that spherical model (in case of PLE of neem kernels)
and flake model (in case of vanilla beans) can be applied to predict the time required
to obtain a given extraction yield and thereby rendering useful process scale-up
process. The economic appraisal revealed that a small-scale processing unit based on
the developed PLE method is commercially viable for both the selected plants. The
return on investment and pay-back period for vanilla extraction unit (360 kg/day
capacity) were found to be ~20% and ~3 years, respectively. For the neem extraction
unit (2 MT/day capacity), these were ~25% and ~2.5 years, respectively.
Establishment of such units in the regions with easy and sustained availability of these
raw materials will help in their value addition and thereby giving boost to the rural
economy by providing better returns to the growers and by additional employment

generation.

As compared to the conventional methods, PLE was found to be superior
resulting in higher yields of desired phytochemicals in shorter duration (1 h) with a
1.5 to 5 fold reduction in soivent consumption. This, in turn, would pave the way for
green alternative method for recovering bio-based products from a gamut of
renewable raw materials by reducing environmental impact of bulk organic solvents

utilization in traditional extractions.
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