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Abstract

Castor is a plant found in arid regions of India, China, Brazil, etc. India is the largest
producer and exporter of castor seed. The various products obtained from castor seed like oil,
lubricants, deoiled cake, etc. With the growing need for sustainability and adaptation for green and
ecological processes for extraction, production, and isolation of bioactive components from plants
can be used for industrial expansion. This study includes the characterization and valorization of
waste generated during this process. The research is based on the biorefinery concept of Castor
seed bioactive compounds. India is a major producer of castor seed, but this agricultural source is

underutilized.

This study includes the characterization and valorization of castor seed for oil, protein, and
carbohydrates. The study includes the development of a green process to produce pharmaceutical
and cosmeceutical grade oil, an emulsifier for industrial and cosmeceutical applications in the form
of MG (Mono Glyceride) Ricinoleate. The castor protein consists of ricin as a toxic substance that
remains underutilized as waste or fertilizer. Therefore, the thesis includes the isolation of protein
by Sub Critical Water (SCW) Treatment Process and detoxification by high-pressure treatment.

Carbohydrate fraction of the seed and cake after extraction is used in conversion to bioethanol.

In the current scenario, castor seed is subjected to mechanical extraction by using
conventional mechanical extraction followed by solvent extraction to isolate the oil, and waste
generated in form of deoiled cake in solvent extraction industries are generally underutilized and
therefore brought to use as biofertilizer. Castor oil which is extracted using solvent or mechanical

extraction is used for lubricant purposes.



In the present study, the castor seed is utilized for the extraction of oil in non-conventional
and greener processes like Sub-Critical Water Treatment, Aqueous Extraction, and Enzyme
Assisted Aqueous Extraction methods. Current practices of using hazardous solvents for the
extraction of oil fuels pollute the environment and are toxic in nature. The utilization of water as
a universal solvent for the extraction of oil with the maximum possible yield aims at a greener
process for industry. The Oil extracted deoiled cake contains huge amount of protein
(approximately 20-40 %) which can become a very good source of income for farmers of our rural
India. Soluble sugars in form of cellulose & hemicellulose are underutilized which are present in
castor deoiled cake. The carbohydrates are intact in the cellular walls of castor seed and after
protein extraction they are present in the cake. The biorefinery concept to the castor seed and
deoiled cake is applied to recover the bioethanol for utilization as biofuel in production of

biodiesel.

The current process for extraction of oil involving the usage of solvent hexane is replaced
by water and water + enzyme combination in accordance with the green process. The extracted oil
using water as a solvent with 2.5:1:0.25 ratio (water: seed: enzyme) showed more than 91%
recovery as compared to solvent extraction (hexane) by industrial acceptable process. Sub Critical
Water Treatment proved to be a better method in oil yield with more than 95 % recovery compared
to that of solvent extraction of oil. The oil along with the byproduct of biodiesel, glycerol is used
for producing high quality and high source of income product MG. Different co-solvent ratio for
best optimal condition for highest yield of MG (59-62%) were carried out to extract a product of

high value from waste.

The characterization of deoiled cake showed results as high in protein concentration (85%

+5) and also high in lignocellulosic biomass concentration (cellulose + hemicellulose = 32.4% £2).



Thus, the use of cake for the isolation of protein with different method and production of
bioethanol for various industrial uses by fermentation process was carried out in laboratory scale.
Sub critical water treatment as a green process for separation and isolation of protein from cake
using water with 90% purity concentration and breaking of cellulosic wall for maximum utilization
of soluble sugars to obtain highest yield of bioethanol (more than 85%) was carried out with

different alteration in pressure, temperature, water: cake ratio, run time.
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3RS HRA, I, SITolTet i & 6 &l H Uil ST arel N g1 HRA SRS & stol
BT IS F9T IAGH 3R HTiad g1 3RS P & T U fAfHe IaTe oI o, W, daf I
e 31| TNl & SIa ik gl & fsebuvr, Iara 3R e & forg g IR uiRkfRuferes
gfchanaft & o fRURAT 3R SIE e B dad! STaaddl & A1y e fawar & fag gaer
SUINT fobaT o ebell &1 9 3T H 39 Ulchd1 & SR I (URTY BT A&(0r o 3R
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MYTRA B |

YR 3RS & &S &1 T YW SHCH o, A1 39 B Ad BT HH YN [HaT A1 g1 59
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JaAM AT H, 3RS & o BT IUANT IR-URURS 3R sRa ufsharel S Je-
fopfedrd arer Sietie, Sieild Fshu 3R TelgH HgradT Ut Sieird sy faferal & 9 &
fsepyur o foTg foha ST 8 | At Se & FISh T o fTT WaRTeh faeaen! &1 SUdIT R i
AT YUTY TATaR0T 1 UG BRell & SR UPidl H SIesial sidl & | dd P (shyu & o '
A [ & &0 1 Sd &1 IuAN SHfUdHar Hyd Ius & 1Y I & fore ueh gRa
UfshaT o1 A6 [adl g1 9 § el U o IR pp & YR 9 & U (@THT 20-40%)
BT 8 Sl 8HR AU YR & foramil & T 319 &1 U 98 a1 |id & qobdl & | Segarol
3R BRI & U H YoT=itel Q=T T oA ITTNT fohal STl & S 3RS b et I d b
¥ Hi9E B0 | Pefesgc SRS & 9 B PRGN aRT H RHR [ & IR WEH
fepyUr & dTa 9 b | HIgE B1d 8| 9Id $¢ o FU H IUUNT & o SraIed=id &1 g: U
FA & 1T 3RS & oIS 3R I e Fop & TEIRBIZRY AR I AN fhar S 8|

QT o & IUINT Pl XA HIA ATl 7 P (SHYU BT TAHH Flohal BT gRd
UfohdT & SR U 3R T + TSI H Taoi gRT WiadTiid foan STt g1 2.5:1:0.25 SFUTd
(U ST TOITEH) & 1Y fIae & U § UMl T UGN RSP HbTd T o 3 henfis
WiHrd Ufehar gRT fadmads FsHy0T (@) &I gaT | 91% 4 3ifid Rea’l feai | dd &t
UeraR H ¥ frfedmd arer detie, da & faamas Femyur o gam & 95% 4 s Rt &
1Y 9gdR ARID] AIfad g3 dd & Y- Feiold & Juidie, feRid &1 ST 3«

TG 3R 3o S HId a1 3T THST & TG P [o1g [T STl § | s ¥ 3ad Yok Bl
3de e & fore Thsh & S=an UeIaR (59-62%) & o gafay syay fufa & fau

faftre Tg-facmaes sruTd o1 I9dIT favan |
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d e PP & FHUFURT T Iwg WET Tigdl (85% +5) 3R I & IA
eI I Aigdl (A + gHIegdS = 32.4% +2) & ¥4 § URume Jri-
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