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India produces on an average around 10 lakh ton of Castor seeds which accounts for about 87% of the 
world’s castor seed production and extracts on an average around 3.5 - 5.0 lakh ton of Castor oil annually 
meeting nearly 90% of world’s castor oil requirement. Approximately 80% - 85% of castor seed production 
in the country is concentrated in the state of Gujarat, followed by Andhra Pradesh and Rajasthan.Presently, 
processing (derivatization) of castor oil into 2nd and 3rd generation derivatives and into high demand value 
added products like nylon etc is being done by other countries using oil imported from India.

The global castor oil and derivatives market size has exceeded US$ 2.30 billion. Key factor contributing to 
the growth of castor oil market being, among others, increasing preference for renewable, sustainable and 
biodegradable products in place of petrochemicals. Developments in sectors such as cosmetics, textiles, 
automotive, and pharmaceuticals is anticipated to additionally boost the global market demand in future.
In contrast, the domestic demand of castor oil and basic derivatives is very limited (around 50,000 ton – 
60,000 ton).The country is thus losing a major domestic value addition opportunity. Moreover, in absence of 
a significant domestic market, the fluctuations in export marketproducesa direct and heavy impact on castor 
oil manufacturers and traders in the country. 

There is thus a need to enhance domestic value addition, expanddomestic market for oil as well as value 
added products and explore export markets for them to bring in greater benefits to our economy leveraging 
this important resource. To realise these objectives, there is a need for developing a coordinated approach 
among different stakeholders addressing the issues related to technology, quality, competitiveness and robust 
business environment.

It is in this context that TIFAC has preparedthis brief report in coordination with wide-ranging stakeholders 
like Department of Science and Technology (DST), Solvent Extractor’s Association (SEA), Castor Directorate 
of ICAR- Indian Institute of Oilseeds Research (IIOR), CHEMEXIL- Ministry Of Commerce, Gujarat State Seed 
Producer’s Association, National Seed Association of India, Sardar Krushinagar Dantiwada Agriculture 
University (SDAU), Banaskantha, Gujarat, CSIR- IICT, National Institute of Agricultural Marketing (NIAM)- 
Jaipur, Indian Oil Corporation - Faridabad,  IIT - Delhi, and several other Industries and experts. The report 
has brought out the current status, challenges, opportunities and a road map for realizing the value addition 
potential within our country. 

We do hope that the report would prove to be of value to all stakeholders including R&D professionals and 
policy makers and trigger coordinated efforts to bring in greater benefits to our country. My compliments to 
everyone associated with preparation of this report.

Dr Anil Kakodkar, Chairman, TIFAC
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The Castor, scientifically known as Ricinus Communis 
L., one of the oldest cultivated crops, belongs to 
the family Euphorbiaceae. The plant is found in 
practically all tropical  and  subtropical countries of 
the world,  either wild or cultivated. It contributes 
around 0.15% of all the vegetable oils produced in 
the world. 

The oil extracted from castor seed is one of the most 
important commercial source of hydroxylated fatty 
acid called the ricinoleic acid. The commercial 
varieties of castor contain around 48%- 50% oil, of 
which only around 45 % – 46% is extractable with 
present technologies. The hydroxyl functionality of 
Ricinoleic acid (RA) makes the castor oil a natural 
polyol providing oxidative stability to the oil, and 
a relatively higher shelf life compared to other oils 
by preventing peroxide formation. The presence of 
the hydroxyl group in castor derivatives provides 
ability of performing variety of important chemical 
reactions including halogenation, dehydration, 
alkoxylation, esterification, sulfation etc. This unique 
functionality allows the castor oil and its derivatives 
to be used in major industrial applications such as 
medicines (laxatives etc), food, textiles, polymers, 
electronics, paints, coatings, inks, lubricants, 
adhesives, cosmetics, perfumes, dielectric, hydraulic 
and brake fluids, industrial feedstock, detergents 
and fuels: biodiesel etc.

India produces on an average around 10 lakh tons 
of Castor seed which accounts for about 87% of 
the world’s castor seed production and extracts 
around 3.5 - 5.0 lakh tons of Castor oil annually and 
meets nearly 90% of Castor oil requirement of the 
world. This trend is expected to continue with both 
shipments of Castor oil and derivatives and domestic 
consumption estimated to go up. Castor oil production 
usually fluctuates between 250,000/350,000–  
5, 00,000/5,50,000 tons per year depending on crop. 
Approximately 80% - 85% of castor seed production 
in the country is concentrated in Gujarat, followed 
by Andhra Pradesh and Rajasthan. Total estimated 
production of castor seed for the cycle 2016-17 as 
of April, 2017 was around 10.61 lakh tons which is 
around 3.00 lakh tons less than the previous year 
(2015-16). However, seed production is expected 
to be 12.50 lakh tons and India’s contribution is 
expected to increase from 86.39% in 2016-17 to 
88.21% in 2017-18. 

ExECuTIvE SummARy

India, China, and Brazil are the major castor oil 
producing countries in the world. In 2015-16, these 
countries produced around 93% of the world’s 
supply of castor oil. India is a net exporter of castor 
oil, accounting for around 90% of castor oil exports, 
while the China, European Union, United States etc. 
are major importers, accounting for 84% of imported 
castor oil. The castor oil exports from India remained 
quite stable during the last five years barring 2015-
16 when the exports were up (522,000 ton) due to 
low oil prices. The annualized growth of castor oil 
exports from India since last 10 years is around 7.5 
%. The exports of Caster oil in the year 2016-17 
was 6,25,550 tons which is more than the previous 
year. The exports fetched around Rs 5,000 crores 
(approximated from volume of exports).The export 
of castor oil in 2017 was around 6,25,550 tons and 
that of castor derivatives around 16,800 tons.     

The price of castor seed is around Rs. 4,000 - Rs. 4500 
per quintal or Rs. 45,000 per ton (August, 2017). The 
prices have shown volatility over time with market 
crashing to around Rs. 31,000/ ton in late 2015 and 
early 2016. This led to shift from castor to other cash 
crops resulting in significant production deficit. Due 
to this, the total castor acreage fell by more than 24% 
in 2016-17 in comparison to that of the previous 
year. This lower castor seed and oil prices prompted 
processors and consumers in China and EU to boost 
castor oil imports from India during the past year. 

The global castor oil and derivatives market size 
exceeded US$ 2.30 billion in 2016 consisting of $1.3 
billion basic grades and generation I, and $ 0.600 
billion generation II and $ 0.400 billion Gen. III. The 
key factor contributing to the growth of the global  
castor seed oil market include increasing demand for 
renewable, sustainable and biodegradable products 
due to the shift of the industry from diminishing 
dependence on petrochemicals. Development in 
sectors such as cosmetics, textiles, automotive, and 
pharmaceuticals is anticipated to additionally boost 
the global market demand. The growing demand 
for natural and organic cosmetic products is also 
forecasted to generate beneficial prospects for the 
global castor oil and derivative market. Presently, 
India is exporting castor oil and some 1st level castor 
derivatives worth Rs. 5,000 – 6,000 crores (over US$ 
850 million per annum) to the world. 
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Locally, castor oil is being used in variety of 
applications including food, pharmaceuticals etc. 
Since the domestic consumption and demand of 
castor oil is limited in India (50,000 ton – 60,000 
ton), and more production is taking place due to 
an increase in acreage and yield levels, India is 
dependent on exports to generate revenues from the 
commodity. Major buyers for India’s castor oil are 
China, Europe, US etc. require oil for their industries 
for value addition. The global Castor derivatives 
market is expanding rapidly with China emerging 
as major player over the last few years. There is a 
need to develop domestic market, increase domestic 
consumption, perform value addition in the country, 
produce value added products of higher generations 
(II and III) and explore markets for export of the 
same for generating more export revenue for the 
nation.

It is also required to increase the farm yield 
towards the objective of increasing income from 
farm produce through development of superior 
hybrids and varieties. For this, need is to improve 
the technologies and update the machines for 
increasing output of oil from the seed. Indian 
farmers are getting more and more sensitive to price 
fluctuations and when prices are low they switch 
over to more remunerative crops like other oil seeds 
and pulses. Hence, there is need to overcome price 
volatility of the market to ensure the production of 
sufficient quantity of castor seed on regular basis. 

Development and demonstration is also required  
for processes and products (alternate applications) 
that use the unique attributes that derive from 
ricinoleic acid. Development of appropriate 
technology for recovering and purifying high value 
fatty acids can improve the overall economics of castor 
oil. At high price of crude oil, and legislative support,  
tryglyceride oil and therefore castor oil based 
biodiesel could be competitive and economically 
lucrative. 

For residual castor meal after oil extraction, toxicity 
is another great challenge due to presence of toxins, 
ricin and ricinine, which requires the development 
of ricin and ricinine free castor so that, it can be used 
as animal feed. Further, value addition of castor meal 
is also required. Its use as organic manure should 
extensively be promoted in view of its high nutrient 
content, slow release of nutrients and insecticidal 
properties. Further value addition of castor meal is 
also required through R&D. 

There is a requirement of developing a coordinated 
approach among different stakeholders for 
production and consistent supply of castor seed at 
reasonable prices, complete recovery of oil from 
the seed, production of focussed III rd and IV th Gen 
derivatives and their gainful utilization towards 
preparation of high value products having consistent 
quality of international standards to enhance the 
export earnings through need based technological 
interventions and policy support.
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Castor is one of the oldest cultivated crop. Seeds of 
this crop were found during excavation in Egypt, 
Sudan, India, North West Asia and Iran. In Egypt, the 
seeds of castor were found in Pyramids dating back 
4,000 BC. Castor seeds also find its place in Indian 
book of Sushrut Samhita written nearly 2,000 year 
ago. Chinese written evidence of castor existence 
dates back around 1,000 years. Nile River and 
Ethiopia are reported to be original birth centres of 
castor plant. Palestine, South West Asia and Arabian 
Peninsula are considered to be the second area of 
origin while India as the third and China as fourth 
area of origin of cultivated castor.  

The oil produced from this crop is considered to 
be of importance to the global speciality chemical 
industry because it is the only commercial source 
of a hydroxylated fatty acid called the ricinoleic 
acid, which constitute about 90% of the total fatty 
acids of the seed. Even though castor oil accounts 
for only 0.15% of the world production of vegetable 
oils, worldwide consumption of this commodity has 
increased more than 70% during the past 30 years, 
rising from approximately 400,000 tons in 1985 to 
690,000 tons in 2016. On an average, worldwide 
consumption of castor oil increased at a rate of 7.32* 
10 3 tons per year. In general, the current rate of 
castor oil production is not considered sufficient to 
meet the anticipated demand. 

India uses only about 50,000-60,000 tons of castor 
oil for local consumption. Castor oil and derivatives 
find diverse applications in surfactants, cosmetics, 
engineering plastics, coatings, urethanes in addition 
to lubricants. However, the Indian chemicals 
industry is manufacturing only a few low value 
added products popularly known as HCO, DCO and 
12 HSA. Major part of the castor oil produced in 
India is exported with value addition taking place in 
importing countries. 

Future of castor oil as a feed stock for the chemical 
industry appears bright and the Indian industry 
should come forward to exploit the full benefits 
from this commodity by developing derivatives 
of high generation and their use in high end value 
added products, for which our country enjoys a near 
monopoly.

CHAPTER-1

InTRODuCTIOn 

1.1 Castor Plant 
Description: The castor is a 10 ft tall plant with its 
stem 7.5cm –15 cm in diameter. It grows mostly in 
temperate regions. Commercial varieties of castor 
are mostly annual. Its stems are succulent, plant 
is herbaceous, stem is geniculate, thick branching 
and terminate in raceme - spike. The Number of 
nodes varies with type and kind of variety.  Normal 
varieties have 6cm -10cm inter-nodal length while 
dwarf varieties has 1.5 cm to 3.0 cm internodal 
length. The first lateral braches are formed in the 
axils of leaves of the main stem. They have 4-6 nodes 
and ends with spike. In moderate climate; plant has 
one central spike and 1-2 lateral spike of first order. 
Under favourable conditions, lateral branches and 
spike of second and third orders are formed. The 
colour of stem, branches and leaf petiole ranges 
from green, red, brown, violet or grey; both with and 
or without waxy coat.

Figure 1. Typical Castor Plantation in Farm

The castor plant is well foliated, arrangement of 
leaves is alternate. The leaves are longer with long 
petioles 20-50 cm. The lamina of the leaf is smooth, 
rarely wrinkled, with a palmate blade which has a 
width of 10-40 cm with 7-11 lobes having double 
toothed edges. The colour of leaves of green stem 
castor form is bright green and that of red stem form 
is brown or greyish with violet or pinkish fibres. 
It has well-developed tap root which penetrates  
1.5 m - 3 m (annual) and up to 5 m - 6 m (perennial). 
Most important are secondary lateral roots which 
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spread in ploughed land up to 1m .The inflorescence 
of castor is a raceme/spike having a length of 10 cm 
- 40 cm with unisexual monoecious flowers. Male 
flowers are arranged at the lower portion of the spike 
occupying 30% - 50% of its length .Sometimes they 
are absent or arranged singly among female ones. 
Dioecious flowers are very rarely seen. There are 
varieties which bear only female flowers (Shifriss, 
1956) which are called pistillate lines used  in hybrid 
seed production .The spikes differ in form (conical, 
cylindrical and oval), length of their non productive 
part (peduncle), and in density (dense, average or 
loose).  

Figure 2. Castor Leaves and Spikes

Figure 3. Castor Seed

Plant Parts: Buds of  male flowers are wide conical 
with a diameter of 0.4 to1 cm with a five bladed 
simple perianth and with many stamens united into 
several bundles , each bundle of which carries twin 
chambered golden yellow anterior lobes. There are 
60-80 pollen grains in each chamber and 50,000-
60,000 in a flower. Pollen grains are small oval 
with a 20 -22 cm width and 29-33 cm length. Male 
flowers after blooming spreads pollens for 1-2 days, 
then after forming abscission layer parts from the 
peduncle of raceme along with part of pedicle.  

Buds of female flowers are narrow conical 0.6 
to 1.2 cm long and 0.2 to 0.4 cm in diameter, the 
perianth is  simple split into 5 segments . Its ovary 
is comprised of three lobules. It is three celled , with 
growth underneath,  the short  stub and three bright 
coloured (crimson, pale yellow) fringed stigma. After 
fertilization (7-10 days) the ends of stigma dries up.     

The fruit is called capsule having spherical or 
elongated shape with or without spines. The capsules 
are dehiscent or non dehiscent depending on variety 
or stage of maturity. The capsule has 3 seeds. In 
castor, formation of aril caruncle is characteristic 
which plays an important role in the nutrition of 
embryo.    

The seeds of castor is nut-oval egg shaped rarely 
spherical or elongated; 0.4 cm to 1.0 cm thick. The 
seeds are covered by a dense, shiny but fragile hull 
of two colours. The background is dark, usually dark 
grey, red or brown, rarely black or white; there are 
mosaic spots of various dimensions and colours, 
pink, white, brown, red.  The embryo of castor seed 
is erect with large leaf like cotyledons surrounded 
by strong  endosperm which occupy 75-80% of the 
total volume.

1.2 Germination: Climatic and 
Other Conditions
Climate: Castor plant grows optimally in tropical 
summer rainfall areas. It grows well from the wet 
tropics to the subtropical dry regions with an 
optimum temperature of 20°C–25°C. A hot and 
humid climate is required for its best growth but 
seed may fail to set if it is above 38°C for an extended 
period.  Castor bean is reported to tolerate annual 
temperature of 7.0 °C to 27.8°C (mean of 68 cases 
= 20.4°C) and pH of 4.5 to 8.3. The high content of 
the oil in the seeds can be attributed to the warm 
climate conditions additionally; temperatures low 
enough to induce the formation of frost is known to 
kill the plant. 

Temperature limits for germination of castor seeds, 
are minimum 14 -15°C (optimum 31°C). The best 
germination is observed at 25°C. At the time of 
germination castor seeds absorb 28% - 32% water. 
The seeds of low oil variety absorb more water than 
high oil castor variety. 

It is cultivated in the arid and semi-arid regions 
of the world. It thrives in wide range of soils and 
requires well distributed rainfall of 500mm- 
600 mm throughout the crop period. The crop 
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duration is around 7-8 months. In India, it is sown in July/August and harvesting commences around 
December/March. The seeds are then dried, de -podded, bagged and brought to the market yard for trading. 
The arrival of seeds in the market starts from December onwards. Irrigated crops require 2 to 3.5 acre-feet 
of water (5-6 irrigations) for producing satisfactory yields. High humidity contributes to the development 
of diseases in castor plant. The crop grows best in fertile, well-drained soils which are neither alkaline nor 
saline, sandy and clay loam preferred.

1.3 Popular Plant Varieties and Hybrids:  
List of Varieties/Hybrids of Castor 

S. No. Variety/ 
Hybrid

Year of 
notific-
ation

Yield (kg/ha)/ 
ha)/Oil Content

Adaptability and Special 
features

Agency / State 
developed

1. TMV-5 
(V)

1985 920 kg/47-49% Tamil Nadu TNAU,  
Tindivanam (TN)

2. GCH-4 
(H)

1988 1800-2000 kg/  
48-50%

All India, resistant to wilt S.D.A.U., Sardar 
Krishinagar -385 506, 
Gujarat

3. AKC-1 (V) 1995 1200 kg/45% Maharashtra, Tolerant to 
semilooper & Capsule borer

PDKV, Akola, 
Maharashtra

4. DCS-9 (V) 1995 1000-2400 kg/ 
49%

Rainfed areas of A.P., Tamil 
Nadu and Karnataka, Tolerant 
to wilt

DOR, Hyderabad – 
500 030

5. GC-2 (V) 1996 1200-2100 kg/  
47-49%

Gujarat, Resistant to root rot, 
early maturing

S.D.A.U.,  S.K. Nagar 
-385 506, Gujarat

6. TMV-6 
(V)

1997 930 kg/13.52% Tamil Nadu, resistant to wilt 
and leaf spot, rust and insect 
pests

TCRS, TNAU, Yethapur 
– 636 119 Tamil Nadu

7. GCH-5 
14. (H)

1997 1740(RF)/ 
2820(IR) kg/  
15.50%

All India, Resistant to wilt & 
tolerant to root rot

S.D.A.U.,  SKNagar- 
385 506, Gujarat

8. Kranti  
16. (V)

1999 1365 kg/48-50% Andhra Pradesh, drought 
resistant

ANGRAU, Palem- 
509 215 AP

9. GCH 6  
18. (H)

1999 1400-2300 kg/  
19.48%

Gujarat, Rajasthan and 
Maharashtra, Root rot 
resistant (Both rainfed and 
irrigated)

JAU,  Junagadh-
362001,

10. DCH 177 
(H)

2000 500-1600 kg/49% TN, Karnataka, AP and MS, 
Tolerant to wilt 

DOR, Hyderabad – 
500 030

11. RHC 1 
(H)

2002 2500-3000 kg/ 
49%

Rajasthan RAU, Mandor, Jodhpur, 
Rajasthan

12. Haritha  
(V)

2004 1400-1600 kg/  
48-51%

Andhra Pradesh (Rain fed) ANGRAU, Palem- 
509 215 AP

13. Kiran (V) 2004 1200-1500 kg/ 
49%

AP (Rain fed), Tolerant to 
Botrytis  

ANGRAU, Palem- 
509 215AP

14. DCH 519 
(H)

2006 1700-2000 kg/ 
49%

All India (Rain fed & irrigated 
(both), Resistant to wilt 

DOR, Hyderabad – 
500 030

15. SAGAR 
SHAKTI 
(H)

2006 2000 kg/49% All India, Tolerant to wilt & 
sucking insect pests 

Sagar Laxmi seeds, 
Ahmedabad
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1.4 Yield Variation among 
Varieties
Average seed yield ranges from 2000-3000 kg/
ha under irrigation, and 700-1000 kg/ha under 
rainfed conditions, depending upon variety. High 
yielding hybrids give 4000-6000 kg/ha under 
irrigated conditions adopting fully recommended 
package of best agricultural practices in Gujarat. The 
commercially grown Indian varieties of castor have 
48%-50% oil content of which 45%-46% can be 
extracted, while the cake retains the rest.

16. GCH 7 
(H)

2007 3000-3500 kg/ 
49%

Gujarat (Irrigated), Resistant 
to wilt – nematode complex, 
Tolerant to sucking pests  

SDAU, SK Nagar, 
Gujarat

17. Jwala (V) 2007 100-1500 kg/48% All India, Resistant to wilt & 
tolerant to capsule borer and 
Botrytis 

DOR, Hyderabad – 
500 030

18. YRCH-1 
(H)

2010 1800 kg/49% Tamil Nadu TCRS, Yethapur, TN

19. K-8501 
(V)

2010 1800-2000 kg/ 
53.8% 

UP (Rainfed), Resistant and 
tolerant to wilt and insect 
pests   

CSAUT, Kanpur 

20. DCS-107 
(V)

2011 1500-1700 kg/ 
49%

All India, Resistant to wilt and 
tolerant to leaf hopper 

DOR, Hyderabad

21. GC-3 (V) 2012 2340 kg/49.6% Gujarat (Irrigated),  Resistant 
to wilt and tolerant to root rot

JAU, Junagadh, Gujarat 

22. DSP-222 
(V)

2012 2600-3000 kg/ 
48.4% Resistant to 
wilt

Gujarat, Rajasthan, UP, 
Haryana (Irrigated) 

DANTIWADA SEED 
PVT. LTD., Ahmedabad 

23. Kohinoor 
(NBCH-
66) (H)

2016 2600-3000 kg/ 
48.4%

All India (Irrigated & Rain 
fed) 

Navbharat Seeds Pvt. 
Ltd., Ahmedabad. 

24. Pragati 
(V)

2016 1500-2500kg/  
48 %

Telangana, Resistant to wilt PJTSAU, Hyd., 
Telangana

25. HCH 6 
(H)

2016 1800 kg (Rain fed)/ 
48%

Karnataka, Resistant to wilt UAHS, Shivamogga

26. GNCH-1 
(H)

2017 2500-3000 kg/  
48-49%

Gujarat NAU, Navsari 

27. YRCH-2 
(H)

2017 2089 kg/48%  TN, Resistant to wilt and 
tolerant to insect pests 

TCRS, Yethapur

28. GCH-8 
(H)

2017 1895 (R), 3588 (I) 
kg/48%

All India, Res. to wilt and 
tolerant to root rot

SDAU, SKNagar, 
Gujarat 

Table 2. Castor varieties and hybrids and their respective regional performance.

1.5 Agronomic Practices and 
their Relative Effect on Crop 
Productivity 
Sr. 
No.

Practice Improvement 
in productivity 
(%)

1. Introduction of 
improved lines/hybrids

11-115

2. Timely fertilizer 
application

12-69

3. Plant protection 
measures

23-45

4. Whole package 22-119
5. Intercropping system 12-164

Table 2. Impact of agronomic actions on productivity of castor 
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1.6 Storage Aspects
Seed is very hard and does not require much care 
during storage. No insect or disease attacks the 
seed.  The oil content does not get either reduced or 
affected even after 3 years of storage.   Usually castor 
seed is not required to be stored in warehouses area 
for long  periods.   Being a cash crop, it   is immediately 
crushed locally and the oil exported.  In warehouses, 
castor-seed is stored in gunny (jute) bags. 

Castor Oil Storage, Packaging and Shelf Life: 
Castor oil contains double bonds in its lipid structure; 
it is prone to an undesirable reaction called lipid 
oxidation. Lipid oxidation occurs when the double 
bonds in the fatty acid react with oxygen to form 

peroxides - this changes the chemical nature of the 
oil. There are many factors which influence the rate 
of oxidation in foods: fatty acid composition, free 
fatty acids versus the corresponding acylglycerols, 
oxygen concentration, temperature, pro-oxidants, 
radiant energy (visible and ultraviolet light), and the 
presence of antioxidants. 

Owing to the above reasons, castor oil is stored in 
a controlled environment. That includes removing 
oxygen, storing the oil in a cool place, placing the 
oil in an opaque container, removal of pro-oxidants 
(e.g., cobalt, copper, iron, manganese, and nickel), 
and possibly adding antioxidants. Castor oil is not 
as prone to oxidation as much as other oils unless 
exposed to high temperatures.
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Castor seeds contain around 48% - 50 % oil by 
weight. Around 45% - 46% of this oil can be 
extracted with presently available technologies. To 
extract, seeds must be crushed and pressed with 
hydraulic or continuous screw pressing at high 
or low temperature.  High temperature hydraulic 
pressing yields 80% of available oil. Further solvent  
extraction can release much of the remaining oil. 
Modification of the oil is achieved by a variety 
of chemical processes including oxidation, 
hydrogenation and thermal treatments to produce 
products for specific applications.

Composition: There is relatively little variation in 
the oil content of fully matured seeds and in the 
chemical composition of the oil. Typical of most 
fats, the oil is a triglyceride of fatty acids. What is 
unique in castor oil is that the fat contains 87%-90% 
ricinoleic  acid,  cis-12-hydroxyoctadec-9-enoicacid, 
CH3(CH2)5CH(OH)CH2CH==CH(CH2)7COO, a rare 
source  of an eighteen carbon hydroxylated fatty acid 
with one double  bond. 

Castor oil, a triglyceride of ricinoleic acid, is one  of the 
few naturally occurring glycerides that approaches 
being a pure compound.

Castor oil has white tingue and it has a viscosity 
approximately that of the sirson oil. The oil is pale 
yellow, with a  slight characteristic odour,  and  is 
nearly tasteless but familiarly unpleasant. The 
industrial uses of castor oil are extensive. Castor oil 
has medical value as purgative              

2.1 Physical and Chemical 
Properties:
Castor oil consists almost entirely of the triglycerides 
ricinoleic acid, has faint odour, slightly acrid taste, 
and a nauseating after-taste. Castor oil does not 
become excessively viscous at low temperatures. It 
performs well as a high-temperature lubricant, well 
suited for use in jet, diesel, and race car engines.

The physical properties of castor oil have been shown 
in following Table. The values of viscosity, density, 
thermal conductivity, and pour point for castor oil 
are higher than that of a standard lubricant (SAE 40 
engine oil).

CHAPTER-2

CASTOR ExTRACT-CASTOR OIl

Sr. No. Physical Property Value

1 Viscosity (centistokes) 889.3
2 Density (g/mL) 0.959
3 Thermal conductivity 

(W/m°C)
4.727

4 Specific heat (kJ/kg/K) 0.089
5 Flash point (°C) 145
6 Pour point (°C) 2.7
7 Refractive index 1.480
8 Iodine Value 82-90
9 Saponification Value 177-188
10 Acetyl Value 143-150
11 Hydroxyl Value 162-165
12 Unsaponifiables 0.3-0.7%

Table 3. Physical Properties of Castor Oil

Chemical Properties: Castor oil competes with 
most typical temperate climate edible oils such as 
soya, canola, cotton seed oils and to a lesser extent 
with tropical oils such as coconut and palm oil for 
industrial applications. Castor oil is unique in having 
high concentrations of ricinoleic acid. Fatty acid 
composition of typical castor oil are as given in the 
following table. 

The unique structure of castor oil offers interesting 
properties, making it appropriate for various 
industrial applications. Castor oil is known to consist 
of up to 90% ricinoleic, 4% linoleic, 3% oleic, 1% 
stearic, and less than 1% linolenic fatty acids. Castor 
oil is valuable due to the high content of ricinoleic 
acid (RA), which is used in a variety of applications 
in the chemical industry.

Sr. No. Fatty Acid Composition %

1 Ricinoleic 85-92
2 Patrotic 1.0-1.2
3 Stearic 1.0-1.2
4 Oleic 2.0-3.0
5 Linoleic 3.0-4.0
6 Dioxy Stearic 1.0-1.5
7 Ricinoleic 85-92

Table 4. Fatty Acid Composition of Castor Oil
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2.2  Importance:
The hydroxyl functionality of Ricinoleic Acid (RA) 
makes the castor oil a natural polyol providing 
oxidative stability to the oil, and a relatively high 
shelf life compared to other oils by preventing 
peroxide formation. The presence of the hydroxyl 
group in RA and RA derivatives provides a functional 
group location for performing a variety of chemical 
reactions including halogenation, dehydration, 
alkoxylation, esterification, and sulfation. As a 
result, this unique functionality allows the castor oil 
to be used in industrial applications such as paints, 
coatings, inks, and lubricants.

2.3 Toxicity: 
Castor Beans, the source of castor oil, contain some 
allergenic (2S albumin) proteins such as ricin; 
however, processed or refined castor oil is free 
from any of these substances and can be safely used 
in pharmaceutical applications. The ricin  can be 
attributed to its wide range of biological effects on 
higher organisms. Ricin is found exclusively in the 
endosperm of castor seeds and is classified as a type 
2 ribosome-inactivating protein. Type 2 ribosome-
inactivating proteins such as ricin from castor oil are 
lectins, which irreversibly inactivate ribosomes, thus 
stopping protein synthesis and eventually leading to 
cell death. This makes ricin a potent plant toxin.
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India, China and Brazil are the major castor 
growing countries in the World. Among them, India 
contributes 85% of the total world production and 
thus, our country is the world leader in castor seed 
production. 

CHAPTER-3

CASTOR PRODuCTIOn SCEnARIO 

Country Production 
(000, Ton)

Yield 
(Ton/
Hectare)

Harvest 
Area (000 
Hectare)

16-
17 
(P)

15-
16

16-
17 
(P)

15-
16

16-
17 
(P)

15-
16

Ethiopia 10 11 0.63 0.73 16 15
Brazil 15 47 0.47 0.57 32 82
China 40 40 1.74 1.54 23 26
India 1070 1410 1.23 1.24 870 1140
Thailand 11 11 0.85 0.85 13 13
Other 
Coun-
tries

88 87 0.60 0.60 147 146

World 1234 1606 1.12 1.13 1101 1422

Table 5. World production of castor seed (source: Oil world, 
Hamburg)

3.1 Seed Production
India is the world’s largest producer of castor 
seed contributing to around 87% of world’s total 
production in 2016-17 and dominating the global 
trade. India produces more than 10 lakh tons 
of Castor seed which in turn produces around  
5.0 lakh tons of Castor oil depending on market 
needs/demand meeting more than 90% of the world 
demand of castor oil. The production in India has 
been witnessing an increasing trend since the 2001 
to 2014 due to rising usage of castor oil in different 
industries. Moreover, strong export demand for 
castor oil was also one of the reasons for rise in 
production. Gujarat, Andhra Pradesh and Rajasthan 
are the major castor growing states in the country.

Indian crop size is estimated at 12.50 lakh ton during 
2017-18 which is  higher by 17.92% over previous 
year. This is owing to higher yields. However, 
production of castor had decreased in 2016-17 
compared to previous years. The past production 
data have indicated that production of castor seed 
within the nation fluctuates enormously depending 
on climatic and rainfall conditions. There is also 
a drop in the net sown area in 2016-17 which was 
only 845 thousand hectares. 

India is also a net exporter of castor oil, accounting 
for over 90% of castor oil exports, while the United 
States, European Union, and China are the major 
importers, accounting for 84% of imported castor 
oil.

As of 2015-16, three countries (India, China, and 
Brazil) produced 93% of the world’s supply of castor 
oil. Because production is concentrated mainly in 
these three countries, total castor production varies 
widely from year to year due to fluctuations in 
rainfall and the size of the area utilized for planting. 
As a consequence, this concentration has led to cyclic 
castor production. Thus, diversification of castor 
production regions and production under irrigation 
would hopefully reduce the climatic impact on castor 
supplies.

Figure 4. Castor production across world
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State Area under Crop 
(Thousand Hectares)

Production (Thousand 
Tons)

Estimated Yield (kg/
Hectare)

2016-17 2015-16 2014-15 2016-17 2015-16 2014-15 2016-17 2015-16 2014-15
Gujarat 565 781 734 850 1150 1067 1504 1472 1454
Rajasthan 170 198 213 123 150 183 723 758 859
Andhra 
Pradesh

78 93 111 64 80 75 820 860 674

Other States 32 36 42 19 20 24 594 555 560
Total 845 1108 1100 1055 1400 1349 1249 1264 1226

Table 6. State wise castor area under crop, production of seed and estimated yield (source: SEA, 2018)

Regional Production: Approximately 80% - 85% of 
castor seed production in the country is concentrated 
in Gujarat, followed by Andhra Pradesh and 
Rajasthan.

Figure 5, 6. Major states/region in India under 
castor production

Specifically, the regions of Mehsana, Banaskantha,  
Saurashtra and Kutch in Gujarat and the districts of 
Nalgonda and Mahboobnagar of Andhra Pradesh are 
the major areas of castor  production. The economic 
success of castor crop in Gujarat in the 1980s and 
thereafter can be attributed to a combination of a 
good breeding program, developing the first castor  

hybrid  GCH 3 followed by GAHCH 1(high yielding 
and early and drought tolerant). GCH2 (root rot 
resistant), GCH4, (wilt resistant), GCH5 (wilt 
resistant 

and root rot tolerant), GCH6 (root rot resistant), 
GCH7 (wilt- nematode complex resistant and root 
rot tolerant), and GCH8 (wilt complex resistant), 
development of hybrid seed production technology 
and improved package of practices,  a good extension 
model, coupled with access to well-developed 
national and international markets.

State Area un-
der Crop 
(Thou-
sand 
Hectares) 
2016-17

Produc-
tion 
(Thou-
sand 
Tons)
April, 2017

Yield  
(2016-
17 in
kg/ 
hectare)
April, 
2017

Banaskantha 102 203 1989
Sabarkantha 17 31 1826
Aravalli 19 31 1615
Mehsana 66 99 1499
Patan 82 138 1680
Gandinagar 24 40 1667
Kachchh 88 71 804
Surendra-
nagar

45 44 971

Jamnagar 8 9 1125
Rajkot 12 19 1583
Vadodara 21 39 1838
Kheda 5 8 1584
Ahmedabad 44 75 1698
Others 32 48 1510
Total 565 853 1510

Table 7. Stats of area cultivated, production and yield in Gujarat 
(source: SEA)

Personal use only



20

Figure 7. Castor Oil Import and consumption Pattern in World

India, being the single largest producer of castor 
seed in the world, is likely to witness a decline in 
the crop output after the farmers shifted to other 
remunerative crops during the kharif of 2016. The 
total castor acreage fell in 2016-17 in comparison 
to that of the previous year. In Gujarat, the largest 
producer of castor seed, a drop was recorded in the 
acreage with merely 5.65 lakh hectares being sown. 
Rajasthan and Andhra Pradesh also registered a 
drop in acreage. The acreage from castor has been 
shifted to groundnut and cotton which were more 
remunerative. Pulses acreage also rose significantly 
which is attributed to higher prices. The lower 
castor seed and oil prices prompted processors 
and consumers in China and EU to boost castor oil 
imports from India during the past year. Farmers 
too, reduced the crop by sizeable quantum.

4.1 Status of Consumption and 
Import 
The consumption as well as the imports of Castor oil 
in world had shown positive and increasing trend in 
the past (refer figure below): 

CHAPTER-4

COnSumPTIOn AnD TRADE

4.2 Supply and Demand:
Low prices generated a pickup in world oil imports 
to an all time high of around 567, 000 tons in 2015. 
Part of this satisfied the rising demand and part was 
stocked up/accumulated. This led to record stocks of 
1,45,000 tons, thus negatively impacting the castor 
oil imports with Indian imports down by around 
30,000- 40,000 tons.

Indian Castor Balance Sheet: With carry over stock 
of 2.44 lakh ton , the total availability of castor seed 
would be around 14.94 lakh ton in 2017 – 18 which 
is lower than the previous year of 20.60 lakh ton. 
It has been estimated that a shortage of seed and 
oil would create a mismatch between demand and 
supply of the order of around 41,3000 ton of castor 
seed in year 2018 as per the analysis as under:

Items 2017 (MT) 2018 (MT) 
(Estimation)

Opening stock 
(seed)

1000000 244000

Crop size 1060000 1250000
Total seed supply 2060000 1494000
Oil quantity (@ 46% 
extraction)

947600 687240

Total oil usage 
(exports, derivatives 
and domestic 
consumption)

835550 877300

Table 8. Indian castor balance sheet (Source: SEA, 2018)

World Castor Balance Sheet: The world crop size is 
estimated at around 14.17 lakh ton in the year 2017-
18 which is around 15.48% above the previous year 
crop size (around 12.27 lakh ton). Considering the 
carry over stock of 2.44 lakh ton in India, global 
supply would be down by around 25% compared to 
previous year. Indian contribution to world crop is 
estimated to increase (refer table below).
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Castor Oil: World Supply & Demand Balance 

(1000 T) October / September
16/17F 15/16 14/15 13/14 12/13

Opening Stocks 145 125 107 134 119
Production 655* 705 675 641 675
Imports 524* 567 495 496 518
EU-28 169* 180 162 169 157
USA 50* 49 61 57 54
China, PR 225* 247 189 189 229
Thailand 19* 27 24 20 18
Exports 525* 563 496 495 516
India 485* 522 451 454 474
Consumption 690* 688 657 667 662
Ending Stocks 108* 145 121 109 134

Table 9: World Supply and Demand Balance of Castor Oil

Country 2015-16 (000, MT) 2016-17(000, MT) 2017-18 (000, MT) 
(Estimation)

India (Share in world crop) 1397 1060 (86.39%) 1250 (88.21 %)
China (Share in world crop) 40 40 (3.26%) 40 (2.82%)
Brazil (Share in world crop) 25 10 (0.81%) 10 (0.71%)
Thailand (Share in world crop) 11 11 (0.90%) 11 (0.78%)
Others (Share in world crop) 106 106 (8.64%) 106 (7.48%)
Total & year on year growth/decline 
from previous year

1579 1,227 (-22.29%) 1417 (15.48%)

Opening stock in India (Jan., 2018) 600 1,000 (66.67%) 244 (-75.60%)
Gross quantity available for crushing 
& year on year growth/decline from 
previous year

2179 2,227 (2.20%) 1,661 (-25.42%)

Reason for growth/decline Area up by 0.8 % 
but low yield

Area low by 24% Area low by 2% but 
high yield

Table 10. World supply and demand balance (source: SEA, 2018)

Exports and Imports: India is the largest exporter of castor oil to the world as compared to countries like 
China and Brazil. India accounts for around 90% of the World exports of castor oil.

Figure 8. Past trend of castor oil exports to world and Indian contribution
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The castor oil exports from India had remained quite 
stable during the last five years barring 2015-16 
when the exports shot up (522,000 ton) due to low 
oil prices. The major importers being China, EU, USA 
and Japan with China leading the import list.

With inventory available with exporting countries, 
the exports in the year 2016-17 was 6,25,000 ton 
which  was higher than the previous year. In 2017 – 
18 castor oil exports are estimated to be of the order 
of 656,800 MT. The exports are growing at a CAGR of 
around 4.7 % from last three years.

Year Exports (‘000 Ton)

2011-12 461
2012-13 474
2013-14 454
2014-15 451
2015-16 522
2016-17 625
2017-2018 (Estimated) 656

Table 11. Oil exports from India

Major Importers: Situation of Castor Oil 

Imports by China: China is the largest importer 
of castor oil from India. Import of oil by China 
have increased considerably in 2015 and 2016 as 
comparedof 2014 thus showing an upward trend. 
China has been one of the biggest growth drivers for 
castor oil due to its demand for sebacic acid (a basic 
industrial chemical compound) which is developed 

However, despite these glorious numbers, India 
continues to be a price taker and not a price setter 
in the global castor oil market. One major reason 
being that India became the largest producer of the 
seed by default. Brazil, which in the 70s was the 
largest producer of castor seeds in the world, moved 
away from this seed to soybean which has a higher 
yield and greater export demand for both its beans 
and oil. So did other major countries, leaving India 
with a virtual monopoly. Ironically, with synthetic 
substitutes being available at cheaper prices, India 
has not been able to leverage this monopoly

from this oil. China currently imports 30.67% of 
its total castor oil requirement, valued at $215.87 
million, from India.

Table 12:                                                        China, P.R.: Castor Oil Imports by Country of Origin
(1000 T)                                                                                     January / December
From: 2016 2015 2014 2013 2012 2006
India 245.3 221.6 167.2 227.3 225.9 82.9
Thailand 1.1 5.0 5.8 4.2 1.1 -
Other Countries 0.7 0.4 - 0.4 0.6 0.6
Total 247.1 227.0 173.0 231.9 227.6 83.5

Imports trend to EU and USA

EU-28: Imports of Castor Oil (1000T)
                                                                                                  January / December

2016 2015 2014 2013 2012 2006
India 188.0 160.2 159.6 162.8 148.3 101.4
Brazil 0.6 0.6 - - - 3.5
Other 2.3 1.9 2.6 2.4 1.3 1.7
Total 190.9 162.7 162.2 165.2 149.6 106.6

Table 13. Past Import of Castor oil by Europe

Figure 9. Import trend in China  
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USA: Castor Oil Imports by Country of Origin
(1000 T)                                                                                   January / December

2016 2015 2014 2013 2012 2006
Brazil 1.2 2.7 - - - 1.6
India 43.1 57.8 60.6 53.1 51.8 44.1
Other Countries 0.1 0.3 0.1 0.2 0.2 0.2
Total 44.4 60.8 60.7 53.3 52.0 45.9

Table 14. Past Import of Castor oil by USA

4.3 Price: 
The price of castor seed is around Rs. 4500 per quintal or Rs. 45,000 per ton (17th August, 2017). The prices 
have shown volatility over time with market crashing to around Rs. 31,000/ton in late 2015 and early 2016. 
Due to this, farmers have shifted to other cash crops like groundnut etc. The oilseed (castor) corresponding 
prices in past years can be seen from the figure below:

Castor Oil and Soya Oil Prices – a comparison over time

The below given average oil prices (US$/ton) of castor oil and soya oil at Rotterdam. In 2017, castor oil is 
around US$ 300 more than the low of 2016 and around US$ 600 more than soya oil.

Figure 10. Castor seed price 2015 - 2017 vis a vis groundnut, rapeseed and soyabean 

Figure 11. Past Trend in Castor Oil and Soya Oil Prices
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Extraction

Castor oil from seed (48%–50% oil) can be extracted 
from castor beans by either of the following 
methods: 

l mechanical pressing,

l solvent extraction, or 

l a combination of pressing and extraction

After harvesting, the seeds are allowed to dry so that 
the seed hull will split open, releasing the seed inside. 
The extraction process begins with the removal of 
the hull from the seeds. This can be accomplished 
mechanically with the aid of a castor bean dehuller 
or manually with the hands. When economically 
feasible, the use of a machine to aid in the dehulling 
process is more preferable.

After the hull is removed from the seed, the seeds 
are then cleaned to remove any foreign materials 
such as sticks, stems, leaves, sand, or dirt. These 
materials can usually be removed using a series of 
revolving screens or reels. Magnets used above the 
conveyer belts can remove iron. The seeds can then 
be heated to harden the interior of the seeds for 
extraction. In this process, the seeds are warmed in 
a steam-jacketed press to remove moisture, and this 
hardening process will aid in extraction. The cooked 
seeds are then dried before the extraction process 
begins. A continuous screw or hydraulic press is 
used to crush the castor  seeds to facilitate removal 
of the oil. 

The first part of this extraction phase is called pre 
pressing. Pre pressing usually involves using a screw 
press called an oil expeller. The oil expeller is a high-
pressure continuous screw press to extract the oil. 

Although this process can be done at a low 
temperature, mechanical pressing leads to only about 
42% - 46% recovery of oil from the castor beans. 
Higher temperatures can increase the efficiency of 
the extraction. Yields of up to 80% of the available oil 
can be obtained by using high-temperature hydraulic 
pressing in the extraction process. The extraction 
temperature can be controlled by circulating cold 
water through a pressing machine responsible for 
cold pressing of the seeds. Cold-pressed castor oil 

CHAPTER-5

PROCESSInG

has lower acid and iodine content and is lighter in 
color than solvent-extracted castor oil.

Extraction Follow Up: Following extraction, the oil 
is collected and filtered and the filtered material 
is combined back with new, fresh seeds for repeat 
extraction. In this way, the bulk filtered material 
keeps getting collected and runs through several 
extraction cycles combining with new bulk material 
as the process gets repeated. This material is finally 
ejected from the press and is known as castor 
cake. The castor cake from the press contains up to 
approximately 10% castor oil content. 

After crushing and extracting oil from the bulk of the 
castor oil seeds, further extraction of oil from the 
leftover castor cake material can be accomplished 
by crushing the castor cake and by using solvent 
extraction methods. A Soxhlet or commercial 
solvent extractor is used for extracting oil from the 
castor cake. Use of organic solvents such as hexane, 
heptane, or a petroleum ether as a solvent in the 
extraction process then results in removal of most 
of the residual oil still inaccessible in the remaining 
seed bulk.

Castor oil refining

After filtration, the crude or unrefined oil is sent to a 
refinery for processing. During the refining process, 
impurities such as colloidal matter, phospholipids, 
excess free fatty acids (FFAs), and coloring agents 
are removed from the oil. Removal of these 
impurities facilitates the oil not to deteriorate 
during extended storage. The refining process steps 
include degumming, neutralization, bleaching, and 
deodorization. The oil is degummed by adding hot 
water to the oil, allowing the mixture to sit, and 
finally the aqueous layer is removed. This process 
can be repeated. Following the degumming step, 
a strong base such as sodium hydroxide is added 
for neutralization. The base is then removed using 
hot water and separation between the aqueous 
layer and oil allows for removal of the water layer. 
Neutralization is followed by bleaching to remove 
color, remaining phospholipids, and any leftover 
oxidation products. The castor oil is then deodorized 
to remove any odor from the oil. The refined castor 
oil typically has a long shelf life about 12 months 
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as long as it is not subjected to excessive heat. The 
steps involved in crude castor oil refining are further 
discussed in the next section.

Oil Refining

Unrefined castor oil leads to rapid degradation 
due to the presence of impurities as mentioned in 
“Castor oil refining” section, making it less suitable 
for most applications. Hence, a refining process has 
to be conducted prior to the derivatization of the 
oil. The order of the steps performed in the refining 
process, which includes:

Settling and 
Degumming 
of the Oil

Neutrali-
zation

Bleach-
ing

Deodori-
zation 
of the oil

Removes 
the aque-
ous phase 
from the 
lipids, and 
to remove 
phospholip-
ids from the 
oil.

Neces-
sary to 
remove 
free fatty 
acids 
from the 
oil.

Results 
in the re-
moval of 
coloring 
materials, 
phospho-
lipids and 
oxidation 
products

Results in 
the remov-
al of odour 
from the 
oil.

 

Figure 12 : Castor processing flow diagram

Winterization:

The majority of vegetable oils contain high 
concentrations of waxes, fatty acids, and lipids. 
Hence, it is subjected to the process of winterization 
before its final use. Winterization of oil is a process, 

whereby waxes are crystallized and removed by 
a filtering process to avoid clouding of the liquid 
fraction at cooler temperatures. Kieselguhr is the 
generally used filter aid and the filter cake obtained 
at the end can be recycled to a feed ingredient. In 
certain cases, a similar process called “dewaxing” 
can also be utilized as a means to clearify oil when 
the amount of cloudiness persists.

5.1 Industrial Processing: 
Castor Meal: The left over meal after oil extraction 
has high protein content (25% -40%) and good 
amino acid distribution, but it is highly toxic due the 
presence of ricin and ricinine. 

Chemical composition of Castor Cake/Castor Meal

Constituents Composition (%)

Oil 6-7 (cake) ; 3-4* (meal)
Protein 25-40
Sugars 25
Ash 10
N 6.0
P2O5 2.5
K2O 1.5

Table 15. Composition of Castor Meal

Processing: The meal can be detoxified by high 
temperature cooking or steaming, preferably in 
conjunction with treatment with an oxidizing 
agent such as chlorine. Broken seeds and their dust 
are highly toxic, and require precautions during 
harvesting, transport and processing. 

Castor cake is rich in minerals and protein and about 
85% of castor cake produced in the country can be 
utilized as organic manure. As organic manure, it is 
intermediate between chemical fertilizer and FYM.  
Toxic constituents in cake provides nematicidal  
and termiticidal properties. The proteins isolates 
from castor cake are useful in the manufacture of 
surfactants, fibres, plastics and wall distempers.
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Classification, Economics and Uses 

High ricinoleic castor oil has many of the same 
industrial uses as mineral oils but it is readily bio-
degradable. Its high ricinoleic acid content allows its 
ready derivatization through the OH Group. 

Castor oil and its derivatives has become an 
important commodity to the chemical industry. 
Chemical structure of castor oil affords a wide range 
of reactions to the oleo chemical industry and the 
unique chemicals that can be derived from it. These 
derivatives are on par with petrochemical products 
for use in several industrial applications. In fact, 
they may be considered superior since they are 
from renewable sources, bio-degradable and eco-
friendly. While castor oil by itself is used in diverse 
applications, chemical derivatives of castor oil find 
numerous uses in industrial applications and their 
domains of use are increasing. 

6.1 Classification of Castor 
Derivatives:

Classification of Castor Oil Derivatives

Main Grades
* Commercial, FSG, BSS

* First Pressed 
Degummed Grade 

Castor Oil
* Refined Castor Oil-

Extra Pale Grade
* Castor Oil 

Pharmaceutical Grade
* Blown Castor Oil
* Urethane Grade

* Pale Pressed Grade

Generation I 
Derivatives

* Dehydrated Castor Oil
* Ethoxylated Castor Oil
* Hydrogenated Castor 

Oil
* 12-Hydroxy Stearic 

Acid (12-H.S.A.)
* Sulfonated Castor Oil – 

Turkey Red Oil

Generation II 
Derivatives

* Sebacic Acid
* Heptaldehyde

* Undecylenic Acid
* Polyols

* Ricinoleic Acid
* Other Dimer Acids

* Undecylenic Aldehydes
* 2-Heptanol, 2-Octanol

Generation III 
Derivatives

* Zinc Ricinoleate
* Zinc Undecylenate

* Methyle 12-HSA
* Methyle Ricioleate

* Methyle Undecylenate
* Calcium Undecylenate

* Others?

CHAPTER-6

vAluE ADDITIOn - CASTOR OIl DERIvATIvES:

6.2 Key Derivatives: 
Hydrogenated 
Castor Oil

Hydrogenated castor oil (HCO) or 
castor wax is a hard, brittle wax 
that is insoluble. Hydrogenated 
castor oil or castor wax is 
produced by addition of hydrogen 
to castor oil (hydrogenation 
process) in the presence of a 
nickel catalyst.  

Castor Seed 
Residue, also 
called Castor 
Meal

Castor meal - the residue obtained 
from castor cake - is one of the 
most versatile natural manures. 
It serves as organic manure that 
enhances the fertility of the soil 
without causing any damage or 
decay.  

12-Hydroxy 
Stearic Acid 
(12-HSA)

12 HSA is an off-white solid fatty 
acid used to manufacture lithium 
and calcium based lubricating 
greases. When reacted with an 
ester, 12 HSA provides a hard 
finish for the automotive and 
small appliance industries.  

Blown Castor 
Oil

Blown or oxidized castor oil 
is prepared by blowing air or 
oxygen into it at temperatures 
of 80 – 130*C, with or without 
catalyst to obtain oils of varying 
viscosity.  

Commercial 
Grade Castor 
Oil

Sulfated castor oil is also known 
as turkey-red oil. The traditional 
method of preparing turkey-red 
oil is to add concentrated sulfuric 
acid at a controlled rate to castor 
oil over a period of several 
hours.  

Commercial 
Grade Castor 
Oil

Industrial or commercial grade 
castor oil is obtained from a 
mixture of the first pressing and  
second phase of production - 
solvent extraction.  

BP grade 
Castor Oil

Bp Grade castor oil is generated 
from commercial grade castor 
oil by neutralization process and 
utilized in pharmacy and medical 
applications in Great Britain.  
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Castor Oil Eu-
ropean Phar-
macopoeia

European pharmacopeia grade 
castor oil is a highly refined 
product from commercial castor 
oil obtained by neutralization 
principles.  

Castor Oil Pale 
Pressed Grade

Pale Pressed Castor Oil, a 
premium product in Castor Oil 
category is produced from the 
first pressing of the castor seed. 

 First pressed 
degummed 
grade castor 
oil

First  pressed degummed grade 
castor oil is an early product 
of castor seed produced by 
degumming process , involving 
removal of plant polymeric 
substances so as to improve oil’ 
texture, colour etc.  

First Special 
Grade (FSG) 
Castor Oil

Castor oil FSG is produced by 
refining commercial grade castor 
oil using bleaching and filtering 
processes.   

Castor Oil USP Pharmaceutical grade castor oil is 
produced from the first pressing 
of castor seed in which the oil 
does not lose any medicinal 
qualities. 

Dehydrated 
Castor Oil 
(DCO)

Dehydration of castor oil is carried 
out at about 250 degree Celsius 
in the presence of catalysts (e.g., 
concentrated sulphuric acid, 
activated earth) and under an 
inert atmosphere or vacuum.   

Ethoxylated 
Castor Oil

Ethoxylated castor oil is prepared 
by reacting 35 moles of ethylene 
oxide with 1 mole of castor oil 
which is capable of reacting as a 
non-ionic detergent in solutions.   

Extra Pale 
Grade Castor 
Oil

The extra pale grade of castor oil 
is obtained from the first pressing 
of the castor bean.   

2-Octanol 
(Capryl  
alcohol)

2-Octanol (Capryl alcohol) is a 
monohydric alcohol which is 
produced as a major product 
along with sebacic acid in the 
caustic fusion of castor oil under 
high temperature conditions.   

Sebacic Acid Sebacic acid is a dicarboxylic acid. 
Sebacic Acid is a white flake or 
powdered crystal. It is dissolved 
in ethanol, ether and slightly 
soluble in water. Two derivatives 
of sebacic acid are used in a range 
of applications as well.   

Ricinoleic Acid Ricinoleic acid (12- hydroxy-9-
cis-octadecenoic acid) is a light 
coloured, unsaturated omega-9 
fatty acid that naturally occurs 
in mature castor seed which 
constitutes for about 90% of the 
castor oil.   

Castor Oil C-18 
derivatives

Hydroxy Stearic Acid, Methyl 
12-HSA, Methyl Ricinoleate, Zinc 
ricinoleate.   

Castor Oil C-11 
Derivatives

Undecylenic acid, Undecanoic 
acid, Zinc undecylenate, Methyl 
undecylenate     

Castor Oil C-7 
Derivatives

Heptanoic Acid, Heptaldehyde,  
Heptyl Alcohol (Heptanol)  

Castor Oil C-3 
Derivatives

Glycerine (Glycerol) is a key 
product of transesterification 
reaction in castor oil with 
properties of high viscosity and 
transparency. 

6.3 Applications: 
The uses of castor oil have changed over the years. 
Many years ago, castor oil was primarily used for 
medicinal purposes and as a general industrial 
lubricant. Later, derivatives of the oil were produced 
and found many more uses. Sulfonated (sulfated) 
castor oil, or Turkey Red Oil, was the first synthetic 
detergent after ordinary soap, and other forms of the 
oil became important for the treatment of leather, 
industrial lubricants, and other industrial uses. 

Many uses of castor oil and its derivatives have 
been developed such as: Polyamide 11 (Nylon 11) 
engineering plastic, lubricating grease, coatings, 
inks, sealant, aircraft lubricants, surfactants, 
emulsifiers, encapsulants, plastic films, plasticizer 
for coatings, and components for shatterproof safety 
glass. Castor oil has even made its way into cosmetics 
and related products due to its non comedogenicity. 
Also, biodiesel production from castor results in 
huge volumes of glycerol that may be used to add 
value to the process. Glycerol from castor is one 
of the major raw materials for the manufacture of 
polyols for flexible foams, and to a lesser extent rigid 
polyurethane foams. Glycerol is used to produce 
nitroglycerin, an essential heart medication, but also 
it is an essential ingredient of dynamite, smokeless 
gunpowder and other explosives. Medical uses of 
glycerol are many but are requiring relatively small 
volume of high purity glycerol. 
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Potential uses for glycerol are; Glycerine acetate (as 
fuel additive), Citric acid production, Ethylene and 
Propylene glycol production, conversion to acrolein, 
conversion to epichloro -hydrin as a raw material for 
epoxy resins.

Potential uses for glycerol in fuel are; Hydrogen gas 
production, conversion to ethanol and as compost 
additive. 

Combination of glycerine and hydroxy fatty acids 
makes it an excellent emollient and pigment 
carrier. Valuable products can also be formed from 
triglycerides of castor oil by sequential hydrolysis like 

Figure 13 : Uses of Castor oil

Medicinal Use: Castor Oil is regarded as one of the 
most valuable laxatives (in medicine. Castor Oil 
forms a clean, light-coloured soap, which dries and 
hardens well and is free from smell. Externally, the 
oil has been recommended for various cutaneous 
complaints. Castor Oil is an excellent solvent of pure 
alkaloids  and such solutions of Atropine, Cocaine, 
etc., as are used in ophthalmic surgery. It is also 
dropped into the eye to remove the after-irritation 
caused by the removal of foreign bodies.

Folk Medicine: Castor oil in India has been an 
ingredient in folk remedies for arthritis, asthma, boils, 
burns, cold, colic, convulsions, corns, dermatitis, skin 
sores, toothaches etc. 

Manufacture of Paper and related products 
from castor stalk and capsule hulls : Presently 
castor stalk and capsule shell/hull are used as a 
low value fuel. However, the stalk and hull  pulp can 
find better use in paper industry. Hulls are active 
source of carbon, an absorbant utilized in removing  
impurities and colours.

diacylglycerols (diglycerides), monoacylglycerols 
(monoglycerides), (free) fatty acids plus glycerol. 
Basic industrial oleo chemical compounds 
derived from triglycerides are used directly or as 
intermediates. These include fatty acids,  fatty acid 
methyl esters (FAME),  fatty alcohols, fatty amines; 
and glycerols. Further reactions yield a series of 
alcohols and their derivatives i.e. alcohol ethoxylates, 
alcohol sulphates, alcohol ether sulphates, aliphatic 
linear chain hydrocarbons, quarternary ammonium 
substances. There are numerous uses of fatty acids 
and their derivatives. 
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Use of Derivatives:

Details of area of use, end products & the castor products/derivatives used in that area are given in following 
table.

Industry End Products Castor Products Used

Agriculture Fertilisers – Organic Fertilisers Castor Meal

Food Surfactants

Viscosity Reducing Additives

Flavourings

Food Packaging

Food Grade Castor Oil

Polyoxyethylated Castor Oil

Textile Chemicals Textile Finishing Materials

Dyeing Aids

Nylon, Synthetic Fibres & Resins

Synthetic Detergents

Surfactants, Pigment Wetting Agents

Ethoxylated Castor Oil

Sulfonated Castor Oil/Turkey Red Oil

Methyl 12-HSA

Paper Flypapers

Defoamer

Water Proofing Additive

Paper Coatings

Methyl 12-HSA

Glycerine

Plastics & Rubber

 

Polyamide 11 (Nylon 11)

Polyamide 6

Polyurethane Foam

Plastic Films

Adhesives

Synthetic Resins

Plasticizers

Coupling Agents

Polyols

12-HSA

Heptaldehyde

Ricinoleic Acid

Methyl Ricinoleate

Sebacic Acid

Undecylenic Acid

Glycerine

 

Cosmetics & Perfumeries Perfumery Products

Lipsticks

Hair Tonics

Shampoos

Polishes

Emulsifiers

Deodorants

Castor Oil

Castor Oil Esters

Undecylenic Acid

Castor Wax

Zinc Ricinoleate

Heptaldehyde

Heptanoic Acid

Undecylenic Acid

Heptyl Alcohol

Ethyl Heptoate

Heptyl Acetate
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Electronics & 
Telecommunications

Polymers for Electronics & 
Telecommunications

Polyurethanes

Insulation Materials

Castor Oil Esters

Polyols

 

Pharmaceuticals Anthelmintic drugs

Antidandruff

Cathartic (Substance that accelerates 
defecation)

Emollient

Emulsifiers

Encapsulants

Expectorant

Laxatives & Purgative

Additives & Excipients

Glycerine

Undecylenic Acid

Zinc Undecylenate

Enanthic Anhydride

Calcium Undecylenate

Hydrogenated Castor Oil

Paints, Inks & Additives Inks

Plasticizer f or Coatings

Varnishes

Lacquers

Paint Strippers

Adhesive Removers

Wetting & Dispersing Additives

Polyols

Glycerine

Dimer Acid

Ricinoleic Acid

Castor Oil

Dehydrated Castor Oil (DCO)

Lubricants Lubricating Grease

Aircraft Lubricants

Jet Engine Lubricants

Racing Car Lubricants

Hydraulic Fluids

Heavy Duty Automotive Greases

Fuel Additives

Corrosion Inhibitors

Dimer Acid

Ricinoleic Acid

Castor Oil Esters

Blown Castor Oil

Heptanoic Acid

Hydrogenated Castor Oil

Hydroxy Amide Waxes

12 Hydroxy Stearic Acid

Sebacic Acid

Ethoxylated Castor Oil

Bio-fuels  Biodiesel  Methyl ester of castor oil
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By Product: (Sebacic Acid, Ricinoleic Acid, 
Undecylenic Acid, Castor Wax, Dehydrated Castor 
Oil)

By Application: Lubricants, Surface Coatings, 
Biodiesel, Cosmetics & Pharmaceuticals, Plastics & 
Resins Segment 

The global castor oil and derivatives market size 
exceeded US$ 2.30 billion in 2016. Key factor 
contributing to the growth of the global market 
include increasing demand for renewable, 
sustainable and biodegradable products due to the 
shift of the industry from diminishing dependence 
on petrochemicals. This shift towards bio-based 
chemicals is on account of unstable prices of 
petrochemical derived products owing to the 
imbalance in the supply and demand created 
an elevated distress among the overall chemical 
industry. Regulatory support, due to conventions 
for governing environmental hazards connected 
to conventional sources and petrochemicals is also 
expected to drive castor oil and derivatives market 
over the period. Besides, development in the chief 
industries such as cosmetics, textiles, automotive, 
and pharmaceuticals is anticipated to additionally 
boost the global market demand. The growing 
demand for natural and organic cosmetic products 
would also generate beneficial prospects for the 
global castor oil and derivative market over the 
forecast period.

However, highly unstable prices of castor seed due 
to the imbalance in their supply chain is expected to 
hinder the growth of the overall market. Additionally, 
the prices of unconventional renewable chemicals 
are further estimated to negatively impact the 
market growth globally. Over-reliance on the weather 
generates huge concerns regarding the continuous 
castor oil and its derivatives supply. Crop production 
is highly dependent on the climatic conditions and 
the process of harvesting takes over six months, 
giving rise to unreliable crop supply. 

CHAPTER-7

OvERvIEW OF CASTOR OIl AnD DERIvATIvES 
mARkET 

Product Wise: 

Sebacic acid remained the highest castor oil 
derivatives consumed in 2015 and held more than 
20% of the global market revenue. The major factor 
driving this segment is likely to be the extensive 
application of sebacic acid. Castor wax is anticipated 
to observe the maximum growth on account of 
its increasing utilization in lubrication, greases, 
cosmetics, and coatings uses. Dehydrated castor oil 
and derivatives are projected to see table progress 
shortly.

Application Wise: 

Pharmaceuticals and cosmetics were the major 
application segment and held more than 30% of 
market. Growing healthcare industry along with the 
development of the personal care industry in the 
emerging   nations of South America and Asia-Pacific 
is estimated to provide significant gains to the market. 
Rising investment in Research & Development to 
expand the castor oil and derivatives application 
base is anticipated to boost the market demand. 
Growing biodiesel demand is further projected to 
benefit the overall castor oil and derivatives market 
in future.
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In the background of the emerging International trends, India’s Castor business strengths, weaknesses, 
opportunities and threats are as follows: 

Strength Opportunities 

Dominant share of world trade in Castor.

Favourable agro climatic condition for Castor 
farming. 

Low labour cost – farming.

Strong R & D Infra-structure both at production and 
technology levels. 

Stable political Environment. 

Strong and decisive Government. 

Tax reforms (GST) leading to more ease of doing 
business and reducing tax evasion and corruption.

Strong and stable Indian currency.

Agro is now the focus of policy makers.

Improvement in productivity of castor seed through 
further R&D 

Diversification of crop in non traditional area, 
and Rabi and semi Rabi also under intercropping 
system 

Opportunity for value addition

Convert dominant trade in raw material to that in 
value added specialities

Compete with other oils to develop “new” 
applications for Castor 

Weakness Threats 

Raw material supplier, and not derivative supplier

Reliability of supply - Low/fluctuating farm yield – 
dependence on rain.

Fluctuations/volatilities  in castor seed prices

Lack of process technology for higher level 
Derivatives

Variable quality of Derivatives

Most Indian players deal through intermediaries and 
have little knowledge of end consumers and their 
requirements.

Shift away from Castor by consumers due to price 
volatility

Experiments in Latin America, Africa and other 
countries with similar agro climatic conditions as 
India for cultivation of Castor

Research in Ricin free seed development in the US

China’s rapid progress as cost effective manufacturer 
of Castor derivatives (as in many other products) 
can severely affect India’s prospects limiting India 
to a raw material supplier

CHAPTER-8

STREnGTh, WEAknESS, OPPORTunITIES AnD 
ThREATS  

Prospects 

In view of the numerous and significant threats, it 
is critical for all concerned to determine a strategy 
for initially protecting India’s position in Castor and 
then chalking out a path to long term sustainable 
growth. 

The current role of a commodity player supplying 
raw material (Castor Oil) to global consumers 
needs to be upgraded and augmented into that of a 
value added finished products (Castor Derivatives) 

supplier. Ability to achieve this will ensure a long 
term and commercially profitable Castor business 
for the country. 
Some of the key enablers will be:
1. Working towards a substantial degree of price 

stability, eliminating frequent short term price 
volatility, in the first stage.

2. Build on India’s agro climatic advantage by 
augmenting this with cutting edge R&D in 
seeds/farming to usher in an era of stable and 
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competitive Castor prices that will generate 
additional and new uses of Castor Oil replacing 
other oils. 

3. Leverage the country’s strengths to grab 
the opportunity of becoming a world class 
manufacturer of Value-Added Derivatives, 
serving consumers all over the world with end 
products. 

4. Promote “face” of India as a reliable supplier of 
quality Castor Derivatives graduating  from the 
current portfolio of Level I Derivatives to higher 
levels. 

5. Overcome weaknesses and chalk out action 
plan to mitigate the threats. 

6. Establish direct contact with the end consumers, 
understand their specific applications and be of 
service through “solution selling” improving 
performance of consumers’ finished products. 

Strategic Vision:

A two-pronged strategy is suggested for “Castor 
India”:

 Go all out for Value Addition – catch up with 
China and Brazil in five to seven years.

 Promote Castor farming with the single-
minded objective of ushering in a stable and 
competitive price regime that will generate 
“new” applications for Castor Oil replacing 
other oils. 

Immediate/Medium Term Action Envisaged: 

Farming 

1. Ensure that the farmers consider Castor as 
worthy cash crop year after year.

2. Promote additional centres of Castor farming to 
mitigate vagaries of local weather. 

3. R&D to improve seed quality to get low 
impurities/contaminants, disease resistance, 
low water and fertiliser propensity and 
consequently, better farm yield.

4. Undertake R&D into toxin/allergen free Castor 
seeds to increase realisation from meal.

5. Work with the Govt. On DEPB benefits on farm 
inputs, announced in  Exim policy.

Price Stability

1. Usher in price stability – eliminate shorter term 
speculative volatility.

2. Seed buffer storage?

3. Well regulated futures market on the lines of 
international ones.

Derivatives Technology Development

1. Develop technology capability through own 
R&D as well as JVs with international majors to 
progress into higher level Derivatives.

2. Leverage R&D capability in public and private 
sector for the development of high value added 
Derivatives with speciality applications.

3. Upgrade quality capability in Derivatives in 
general and meet emerging quality legislation 
in specific.

4. Develop application of knowledge to achieve 
capability of “solution selling”. 

5. Liaise with the Govt. To promote rapid 
development of Derivatives manufacturing 
capability – incentives, waival of domestic levies 
on export etc.

Management

1. Develop global marketing prowess and an 
image of a quality source for Derivatives. 

2. Form a Castor Apex Body which will co-ordinate 
within and beyond the Castor industry.

3. Make available accurate statistics on all 
aspects i.e. cropping, periodical estimates of 
production, capacity and utilisation of mills and 
Derivatives units, destination/product – wise 
export shipment, etc. for total transparency and 
optimised efficiency. 
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A Brainstorming cum Discussion Meeting on 
“Opportunities and potential of Value Addition in 
Castor: Technical Needs and Requirements and the 
Way Forward” primarily focusing on technology was 
convened at TIFAC on 15th March, 2018 in  Delhi. 

The draft report on Castor compiled from data and 
information available from various sources (public 
domain) was presented and discussed at length 
during the meeting. Presentations from domain 
organizations/departments/agencies and different 
stakeholders (producers, consumers, industries etc) 
ranging from agricultural aspects to value addition 
were held during the meeting. The focus was on 
status of available technology, various aspects 
of castor research, castor seed production, value 
addition of castor oil for development of derivatives 
and other value added products having export 
potential, industry perspective, challenges and 
issues, application, technology for processing and 
conversion, R&D areas etc.  Thread - ware discussions 
towards developing action plan/road map with an 
aim to boost the value addition of castor was also 
undertaken. 

The meeting was participated by representatives 
from various stakeholders including ICAR Directorate 
on castor research - Indian Institute of Oilseeds 
Research (IIOR) Hyderabad, S.K. Nagar Dantiwada 
Agriculture University (SDAU), Banskantha,  
Agriculture University, Jodhpur - Rajasthan, National 
Institute of Agricultural Marketing (NIAM), Jaipur, 
CSIR - Indian Institute of Chemical Technology  
(IICT), Hyderabad, CRDT - Indian Institute of 
Technology - Delhi, Indian Oil Corporation (IOC 
R&D Centre) - Faridabad, CSIR-Indian Institute 
of Petroleum (IIP) – Dehradun (through inputs), 
Department of Science and Technology (DST), 
Delhi and representatives from Solvent Extractors 
Association (SEA), Mumbai, Industry participants 
from Jayant Agro Organics Ltd. Mumbai , Royal 
Castor Products Ltd., Siddhpur - Gujarat, Gujarat 

CHAPTER-9

bRAInSTORmInG WORkShOP Cum DISCuSSIOn 
mEETInG-OPPORTunITIES AnD POTEnTIAl OF 
vAluE ADDITIOn In CASTOR: TEChnICAl nEEDS 
AnD REquIREmEnTS AnD ThE WAy FORWARD

State Seeds Producers Association, Ahmedabad, 
CHEMEXIL, Delhi etc and Officials of TIFAC. An 
overview of the presentations and discussions  was 
given underneath:

9.1 Presentations Highlights: 
9.1.1 Castor Industry Perspective (Oil Extractors 
and Traders) – Status, Opportunities and Future 
Projections in Castor

Presented by - Sh. Abhay Udeshi, Vice Chairman, 
SEA, Mumbai and Owner Jayant Organics

Past and present castor production scenario of the 
Word and India was briefly presented. Up to 1983, 
Brazil was the main castor producer in the Word 
but farmers there switched over to other high 
remunerative crops like soyabean and sugarcane 
leaving India to take its place in castor and today 
India is the most significant player in castor seed 
and castor oil production in the World meeting about 
90% of the castor oil demand of the World. 

Gujarat, Andhra Pradesh and Rajasthan are the 
major castor producing states in the country where 
Gujarat has the lion’s share contributing more than 
80% of the castor seed and oil production of the 
country. This could happen due to very strong R&D 
infrastructure in Gujarat giving high yielding hybrids, 
improved production technology and availability of 
quality seeds for commercial cultivation including 
easy access to market. There is immense possibility 
for doubling the yield from level of 2000 Kg/ha to  
4000 Kg/ ha by adoption of full recommended package 
of practices in Gujarat. Though, productivity is good 
under irrigated condition, the productivity is still 
poor under rainfed condition.  There is an increasing 
trend in production and productivity. There is also 
fluctuation in area under cultivation and production 
from year to year creating problem in regular supply 
of raw material. This is due to fluctuation in prices 
and also due to aberrant climatic conditions. 
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Needs/requirements: 

 Need to develop new high yielding hybrids 
and varieties on regular basis to replace old 
deteriorating ones from time to time to enhance 
farmers income by increase in yield/ha . 

 The castor based industries are expanding at 
the rate of about 5% per annum ,there is urgent 
need to diversify castor cultivation in non 
traditional areas, Rabi/semi Rabi conditions  
and also under intercropping system to meet 
the increasing global castor oil demand. 

9.1.2 Castor Industry perspective (Oil Extractors 
and Traders )- Status and Opportunities 

Sh. Haresh Vyas, Member SEA and owner, Royal 
Castor Products, Siddhpur, Gujarat, in absentia 
shared his views on industry perspective and need 
of the hour.

Status: The country produces on an average 
about 1.4 Million Ton of castor seed which meets 
around 80% of the World requirements. Gujarat 
alone produces around 80% of the total domestic 
production. The average oil output is about 0.67 
Million Ton most of which is exported as there 
is very low domestic demand. Most of the castor 
based industries are located in Gujarat. Very limited 
portion of oil is converted into value added products 
i.e. primary derivatives. There are around 6 major 
and 20 small to medium crushers of castor seeds. 
All major crushers are involved in production of 
primary derivatives. There are 3 units involved into 
advanced derivatives manufacturing in the country. 
The installed capacities for both oil crushing and 
primary derivatives are more than double, creating 
unhealthy competition and adversely affecting profit 
margin. Entire billion $ castor industry has only 2 
R&D centres. 

Wide fluctuation in cultivated area often results in 
fluctuation in prices and supply. With World demand 
growing at about 4 %, India’s ability to sustain this 
growth is always questioned because of erratic 
supply and prices. Tax on export results in blocking 
of money till refund, is a problem for industry. 

Suggestions:

 Industry has to be more judicious in establishing 
capacities.

 There should be a mechanism for relay of 
information on demand supply situations both 
for the Industry and farmers.

 Sustained remunerative prices for farmers.

 Educating farmers on good agronomic practices, 
focus on yield and not prices

 Industry’s focus has to shift from volume to 
value.

 Bringing export of oil at par with export 
of derivative by incentivizing/supporting 
derivative/value added products exports. 

 Do away tax on exports improving liquidity of 
Industry.

 Warehousing price mechanism to handle excess 
and short supply situation.

 Majors have to shift focus for technical tie ups 
for advanced derivatives rather than produce 
oil and sell it.

9.1.3 Draft Report Presentation- Status of ‘Castor, 
Castor oil and Derivatives’

Dr H C Pathak Ex Director of Research & Dean PG 
Studies and Ex Vice Chancellor, Navsari Agricultural 
University.

Background: Castor is one of the oldest cultivated 
crops belongs to genus, Ricinus species communis 
and family euphorbiaceae having chromosome 
number 2n=20.  It is an important non edible oilseed 
crop of arid and semi arid regions of the World. 
India, China and Brazil are major castor growing 
countries  where  India is the World leader in castor 
production and export. India shares about 80% of 
the area and 87% of total World  production and is 
the net exporter of castor oil accounting for about 
90% of the global requirement .

Gujarat is the leading castor growing state in 
the country accounting for about 80% of the 
total production. Gujarat is also pioneer in the 
development of the first commercial hybrid, GCH 
3, in 1969-70, not only in India but also in the 
whole World. This along with subsequent release of 
hybrids viz. GAUCH1 (high yielding, non shattering, 
early maturing), GCH 2 (high yielding ,root rot 
resistant), GCH 4 (high yielding ,wilt resistant ,one of 
the most popular hybrid in the country), GCH 5 (wilt 
resistant, root rot tolerant), GCH 6 (root rot resistant 
and early) and GCH 7 (high yielding, resistant to wilt 
–nematode complex, most widely grown, 80% of the 
area in Gujarat, also popular in other States) brought 
into quantum jump in productivity from 300kg/
ha in 70’s to more than 2000 kg/ha, presently, The 
potential yield of hybrids is much higher (4000 to 
6000 kg/ha) which can be realized if best practices 
are followed under irrigated condition.
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Past production scenario in India (2001-2014) 
revealed increasing trends in production due to 
rising usage of castor oil in different industries. 
More over strong export for castor oil was also one 
of the reason for rise in production. Production 
was, however, found to fluctuate over years due to 
decrease or increase in area and also due to climatic 
factors. The World consumption as well as the 
imports of castor oil showed increasing trend in 
the past. India is the largest exporter of castor oil to 
the World and meets  around 90-93% of the global 
castor oil demand. China, EU, USA and Japan are the 
major importers of castor oil from India with the 
China leading the import list. China imports 30.67% 
of its total castor oil requirement, valued at $215.87 
million from India.  China has been one of the biggest 
growth drivers for castor oil due to its demand for 
sebacic acid. The price of castor seed was around 
Rs 45,000 per ton (as on 17th August, 2017). The 
prices have shown volatility over time with market 
crashing to around Rs. 31,000/ton in late 2015 and 
early 2016. This prompted farmers to shift to other 
remunerative crops, resulting in significant castor  
production deficit in 2017.  

Castor Oil and Derivatives Market: The global castor 
oil and derivatives market size exceeded US $ 2.30 
billion in 2016. The key factors contributing to the 
growth of global market include increasing demand 
for renewable, sustainable and biodegradable 
products over those of Petrochemical products. The 
development in the chief industries like cosmetics, 
textiles, automotive and pharmaceuticals is 
anticipated to boost global market demands over the 
next 8 years. However, unstable prices of castor seed 
due to the imbalance in their supply chain is expected 
to hinder the growth of the overall market.  

Over reliance on the weather generates huge 
concerns regarding the continuous supply of castor 

oil and its derivatives.

Product wise Sebacic acid remained the highest 
castor oil derivative consumed and held more than 
20% of the global market revenue. Castor wax (HCO) 
is anticipated to observe the maximum growth from 
2016 to 2024 on account of its increasing use in 
lubrication, greases, cosmetics, and coating uses. 

Application wise pharmaceuticals and cosmetics are 
the major application segment and held more than 
30% market volume in 2015. Growing healthcare 
industry along with personal care industry in the 
emerging nations of  South America and Asia Pacific 
is estimated to provide gains to the market . Biodiesel 
is forecasted to observe the highest growth rate 
shortly.

Processing Technology: Oil extraction is done 
by mechanical pressing, or solvent extraction or 
combination of both, pressing and extraction. After 
crushing and extraction of oil from the bulk of 
the castor oil seeds, further extraction of oil from 
castor cake which contains about 8-10% oil can be 
accomplished by crushing the castor cake and by 
solvent extraction using solvents such as hexane, 
heptanes or petroleum ether during extraction 
process which removes most of the residual oil . 
Left over castor meal still contains 2-3% oil. To aid 
removal of impurities in the extracted oil, filtration 
systems are employed, the filtration systems are 
able to remove large and small size particulates, any 
dissolved gases, acids, and even water from the oil. 
Crude castor seed oil is pale yellow or straw colour 
but can be made colourless following refining and 
bleaching.

Applications : Left over meal has high protein and 
good amino acid distribution. It has high nitrogen 
(6%), P2O5 (2.5%) and K2O (25%). It is good 
organic manure promoting growth and productivity 

Figure 14: GCH 7-Most popular hybrid in Gujarat
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of castor and other crops. It has soil amendment and 
insecticidal and nematicidal properties. It contains 
ricin and ricinine  as toxicants and can not be used 
as animal feed . The toxicants in castor meal can be 
reduced or removed through autoclaving, boiling 
with water, salt solution or mild alkali treatments. 
The detoxified castor cake/meal are better animal 
feed than other oilseed cakes. Protein isolates of 
castor meal can be used in manufacturing wall 
distempers, oil bound paints ,adhesive for woods, 
surfactants, fibres and plastics .

Castor Oil Derivatives: The presence of a double 
bond and hydroxyl group in ricinoleic acid can be 
made use of in a host of value added derivatives.  
Most of the castor oil derivatives cannot be obtained 
from other sources and whose properties cannot 
be easily duplicated. Sequential hydrolysis of 
triglycerides provide a number of valuable products 
mainly fatty acids and glycerol. The fatty acids and 
their derivatives can be used for manufacturing, 
surfactants, emulsifiers, detergents, cosmetics, 
lubricants, fire extinguishing foams, plasticizers,  
heat stabilizers and uv  absorbants. 

China, India and EU are top 3 markets for  castor 
oil and derivatives. The North America, already 
a significant consumer, market could consume 
significantly higher quantities in near future for 
some derivatives. Potential can increase significantly 
in Asian market such as Japan and South Korea and 
select South American market in the short term 
and perhaps completely new market in the medium 
term. 

Emerging Uses: 

 Biopolymers- diverse uses for PA and PUR in 
Auto components, Apparel, and Electronics.

 Personal Care : Natural Exfoliation (HCO beads)  
as alternatives to plastic micro  particles  (PE 
and PP), Premium deodorants, Lipsticks, 
Sunscreen lotion 

 Health Care and Pharma.: Nano–protective 
ingredients.

 Others: Flame retardants, Textile accessories, 
Sub components in solar panels and Wind 
turbines, Optics, and Sport shoes, Glasses, Ski 
boots and Aeronautics in Europe.

SWOT analysis in Indian perspectives and views on 
strategy for future development was also presented. 

Highlight of suggestions: 

 Streamlining Supply – Reduce volatility of 

supply and prices of castor oil through a more 
diverse cultivation and improved technology, 
thus creating an overall global momentum for 
larger investments into R&D.

 Selecting Derivative Focus – Focus on select 
derivatives where India can have a competitive 
advantage vis-a-vis China; This could be either 
in generation II or in generation III derivatives.

 Partner for R&D rather than going solo which 
may be a more practical approach. Joint ventures 
are the need of the hour. An example of such a 
JV is Vithal Polyols- an Indo Japanese – Korean, 
JV Jayant Agro from India, for poly urethanes 
catering to auto, furniture and packaging 
market . 

 Public Private Partnership (PPP) with 
developing strong R&D both under Public and 
Private domain. Mechanism is required to 
develop both sectors so as to provide support 
to facilitate them move ahead in a coordinated 
manner to develop, test and commercialize new 
technology for high level derivatives and value 
added products of international standards and 
towards optimum utilization of castor.

9.1.4 Status of Castor Hybrid Seed Production 
and Availability, and R&D Issues & Challenges:

Dr Pranjivan Zaveri, Secretary, Gujarat State Seed 
Producers Association and General Secretary, 
National Seed Association Of India .

Castor is one of the most versatile crop suitable 
for diverse conditions and a premium crop for 
chemical industry, because of its varied uses. There 
are a number of Castor R&D set up focusing on seed 
both in Public and Private sectors. There are over 
50 seed companies in the private sector. There are 
17 hybrids and 26 improved varieties in public 
sector and 88 registered hybrids and 5 improved 
varieties in Private sector. Gujarat is the pioneer in 
the development of first commercial castor hybrid, 
GCH 3 in 1968. Development of hybrid technology 
along with production technology, speedy adoption 
and market availability as the three pillars for the 
success story of castor in Gujarat .

Hybrids like GCH 1, GCH 2, GCH 4, GCH 5, GCH 6,  
GCH 7 and GCH 8 (from Gujarat), DCH 132, DCH 177 
DCH, 519 (DOR/IIOR), TMVCH1, RCH 1, PCH 111,  
PCH 222, HRCH 1 as important public hybrids and 
Aruna, Bhagya, Jyothi, Kranti, Hatitha, Jwala, RC8, 
AKC1, TMV 1 to 5  as important public sector varieties. 
VP 1, Geeta, JP 65 and SKP 84 (Gujarat), LRES17, 

Personal use only



38

DPC9 and  M574 (IIOR) as important pistillate lines 
used in India for hybrid  development .

For hybrid seed production a row ratio of 3 – 4 lines 
of female and 1 line of male is followed. Isolation 
distance is 300 m for hybrid seed plot, 600 m for 
foundation seed both for male and conventional 
female and 1000 m for refined–modified female. 
Rouging is the most important activity in seed 
production programme where knowledge of 
morphological marker characters is very important. 
Presentation also highlighted detailed procedure for 
seed production of pistillate-female lines following 
conventional and modified method and opined that 
modified female is better than conventional female 
where very less rouging is required and success rate 
is very high .

Figure 15: Seed production process 

Figure 17: Castor Hybrid Seed Production in Gujarat

Figure 16: Effects of Rejection in Seeds

As the female used for hybrid seed production  
(S type) is highly sensitive to environment, about 
30-40% hybrid seed plots/lots are rejected each 
year resulting in huge financial loss to seed industry, 
shortage of quality seed resulting in use of sub 
standard seed for commercial sowing giving less 
yield per hectare. 

Gujarat is the hub for hybrid seed production and 
around 5000 to 6000 MT hybrid seed is produced 
annually which is sufficient not only for Gujarat 
but also for other castor producing states in the  
country.

Major R&D challenges: 

 Presently grown hybrids are medium duration, 
farmers want early duration hybrids maturing 
in 150-160 days.

 Productivity under rainfed farming is low and 
needs focused R & D to improve genetics and 
agronomy.

 There is need to develop highly productive 
varieties as yields of varieties are either same 
or more than hybrids under certain conditions.

 Redesigning of castor pant type suited for high 
density planting and those suitable for multiple 
and intercropping system.

 Inadequate isolation distance and presence of 
volunteer plants, poor and insufficient rouging 
in seed plot and poor agronomic practices are 
major challenges in hybrid seed production.

 Since presently used pistillate lines are highly 
sensitive to environment, stable Pistillate 
i,e, CMS line is required to be developed for 
which he suggested different techniques, 
such as spontaneous selection, intra & inter 
specific hybridization, tissue culture and wide 
hybridization.
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Figure 18: DCH-177

New Pistillate Lines Used in Development  
of Hybrids

Figure 20: DPC-23

Figure 21: DPC-24

Figure 22: DPC-25

Figure 23: DPC-21Figure 19: DCH-519

9.1.5 An Overview Of Castor Research in India in 
General and IIOR in Particular–Present Status 
and Future Strategy

Dr C. Lavanya, Scientist, Directorate of Castor 
Research, IIOR, Hyderabad

Castor is a monotypic genus and India is the major 
centre of diversity. The phenotype is highly sensitive 
to environmental fluctuations, the crop having 
success story of hybrids without CMS system. 
Castor is monoceious but polymorphic for sex 
expression. Various breeding methods are available 
and followed for the development of high yielding, 
high oil hybrids/varieties and creating variability 
through non conventional method. Biotechnological 
approaches for resistance to insect pest, increase 
or decrease of Ricinolic acid, Gene silencing for 
allergen and ricin, and inter-specific hybridization 
with Tapioca and Jatropha are being followed and 
researched further.

Presentation highlighted the success story of castor 
hybrid owing to the development of VP1 pistillate line  
in Gujarat followed by a number of other pistillate 
and male lines mainly at SK Nagar University and 
IIOR. 

GCH 4, GCH 5, GCH 6, GCH 7,DCH 177, DCH 519, 
YRCH 1. YRCH2, GCH 8 and RCH 1among hybrids, 
and Haritha, Kiran, Jwala(48-1), GC2, GC3 ,DCS 107 
and Pragati are main varieties presently under seed 
chain.
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Figure 24.

Large number of hybrids and varieties developed 
at different centres are tested in AICRP trails each 
year and promising ones are promoted/identified 
for release. 

Nine genotype. DPC9, DPC21, DPC23 and DPC 25, 
DCS 94, DCS 109, DCS 110, DCS114, DCS118 and  
M 571 as resistant to leaf hoppers and wilt. RG1771 
(Papaya leaf type) was found  tolerant to leaf miner. 
Number of parental lines with multiple useful 
characters, among them DCS 94 among males  
DPC 23 among pistillate lines were early, wilt and 
hopper resistant with high HI. DCS 106, DCS 97 and 
DCS119 revealed maximum ricinoleic acid. Wilt, 
root rot, gray mould root knot nematode, seedling 
blight were mentioned as major castor disease for 
which sources of resistance are identified. There 
is good progress for the development of gray 
mould resistant castor genotypes. Development of 
allergens and ricin free castor is in progress using 
biotechnological approaches. 

Presentation also provided an over view of seed 
research in India. Two line hybrid systems and 
refined method of female seed production(S type) 
were standardized, about 5000 tons of certified 
hybrid seed is annually required for the country 
which is mostly produced in Gujarat. Since, S type 
pistillate line is highly sensitive to environments, 
stable pistillate line that is CMS system is required 

to be developed. The work is in progress at IIOR, 
Hyderabad.
Issues: 

 Limited manpower working in oil quality and 
other necessary infrastructure are limiting 
factors.

 Development of wilt, root rot and insect 
resistant early, medium, late duration hybrid 
and varieties suitable for early, late khriaf and 
rabi season in traditional and non traditional 
castor growing states of the country as area 
requiring further thrust in castor research.

9.1.6 Castor Crop Research Enhancing Seed 
Production and Yield/Productivity and Future 
Work Plan of SDAU in Castor:

Dr D.K. Patel, SDAU, Banaskantha, Gujarat 

Statistics on area, production and productivity of 
castor in world and national level were presented. 
Gujarat has maximum area, production and 
productivity (more than 2000 kg /ha). He highlighted 
the detailed account of morphological/marker 
characters, various sex forms of castor and various 
types of pistillate lines, N, S and NES etc. He also 
described the chronological order of castor hybrids 
development and release in Gujarat starting from 
GCH 3 in 1968-69 to GCH 07 in 2006 and GCH 8 in 
2017 and their special features.
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Figure 25: Monoecious Figure 28: Inter type

Figure 26: Pistillate Figure 29: Mostly male

Figure 27: Hermaphrodite Figure 30: ESSF

Work of SDAU: SDAU produces about 30 q (20 q 
pistillate lines and 10 q male lines) of breeder seed 
of castor parental lines of hybrids as per state and 
national indents each year without any short fall. 
Technology, such as, modified method of female 

seed production, screening techniques for wilt, 
root knot nematode and wilt-nematode complex 
were developed and standardized for screening 
castor genotypes. Against root rot, sick plot has 
been developed at Junagarh. The breeding for  
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Figure 31

Figure 32: Share of India and China in Oil and Derivatives 

development of inbred and pistillate lines is 
extensively undertaken each year. About 420 
inbred lines and 124 pistillate lines are developed, 
maintained and evaluated for their use in hybrid 
breeding programme. Maintenance breeding of 
parental lines of presently cultivated hybrids,  
namely, VP1, Geeta, JP 65 and SKP 84 (pistillate 
lines) and VI 9, JI 35, 48-1. SH 72, JI 96 and SKI 215 
(male lines) is under taken each year for nucleus  
seed production.

Crop production technology developed on various 
aspects viz., sowing time, sowing method, spacing, 
fertilizer applications, irrigation, weed management, 
crop rotation, intercropping. Complete plant 
protection umbrella developed and established 
well equipped laboratory for seed and oil quality 
analysis. Germplasm lines, advanced breeding lines 
are analysed each year for oil , ricinolic acid content 
and number of high oil lines are identified. CO1 
(56.9%), VH 6 777 (56.90%), SPS 34 (58.21%), SKI 
217 (56.49%), SKI 225 (56.37%), SKI 226 (56.21%), 
JI298 (56.56%) and EC97709 (55.58%) were high 
oil lines, similarly for test weight and ricinolic acid 
superior lines are identified. These lines are being 
used in breeding programme. About 700 germplasm 
lines are grown evaluated and maintained. 

Research areas/needs: 

 Development of disease resistant (wilt 
nematode, wilt- nematode complex and root 
rot), 

 Development of hybrids and varieties suitable 
for irrigated and rain-fed conditions 

 Hybrids for inter and multiple cropping 
system including hybrids and varieties suitable 
mechanical harvesting.

9.1.7 Issues and Challenges before Castor 
Industries in Value Addition/Derivatization– 
Needs and Requirements:

Shri Abhay Udeshi, Jayant Agro Organic Limited

The application of castor oil and its derivatives is 
very diverse specially in sectors like, Agriculture, 
Food, Textile, Paper, Plastic, Perfumes and flavours, 
Personal care, Health care, Lubricants, Paints and  
Inks, Automobiles, Aviation, Electricals and 
Electronics, Telecommunications, Adhesives  
etc. Castor oil and derivatives are in most cases 
substituting petroleum based products through 
renewable resources–lower carbon footprint, but 

pricing is a big factor for their usage, consumption 
and replacement.

On yield aspect, India produces 86% - 87% of the 
total castor seed of the world with 1450 kg/ha – 
1600 kg/ha yield as average yield, but yield of castor 
can be increased to about 6000 kg/ha, and at this 
level of production, castor will be highly competitive 
and profitable to farmers as compared to other crops 
viz., ground nut, rapeseed, cotton seed and cumin 
seed etc. 

Castor Oil & Value Added Product: India’s share in 
derivatives segment is only 10% and China’s share 
is 40%. Derivatives manufacturing has developed 
close to the end users in consuming countries, having  
$ 6 billion market.
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Table 16: Castor Products Manufactured in India

Figure 34: Sebacic Acid: Value Chain

Figure 33: Sebacic Acid: Demand

Existing products manufacturing in India, share 
in world market and their value in Rupees:

Main Derivative is Sebacic acid: Demand and value 
chain is highlighted as under: 
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Sebacic Acid Challenges for India and advantage 
China: 

Low production cost due to low power and fuel 
cost,  low chemicals cost, relaxed pollution control, 
closure to end market, Chinese aggressive pricing 
policies, Govt Support, scale of operations , existing 
Co product, 2 octanol demand in China for esters 
fuel, cleaning and spurious consumption. But sebacic 
acid is creating new opportunity for India

Suggestions: 

 Continued Govt support for the development 
of new castor hybrids and varieties having high 
yield, short duration, high oil content and those 
suitable for mechanization. 

 Improving farmer’s income through increased 
productivity. 

 Promoting ericulture to increase formers’ 
income. 

 Intensive transfer of technology to realize 
potential productivity in farming. 

 Establishing Centre of Excellence focusing 
on economic value addition on castor farm 
residues.

 Castor meal, by- product of castor oil and about 
55-60% castor seed is a good organic fertilizer 
having limited  use in India and over 90% Deoiled 
Cake (DOC)  is exported in  different countries. 
Need is to promote use of DOC through public 
undertakings (e,g,, GSFC, GNFC, RCF, IFFCO etc.) 
and R&D to make DOC suitable as animal feed 
(eg CFTRI,CIFE, Agricultural universities ).

 Move towards manufacturing High End 
Technology Products like 12HSA, Sebacic acid, 
2 Octanol, Engineering Plastics, Polyol , Ricinolic 
acid, Plasticizers, Surfactants, Amides,Waxes, 
2 Octanone. 

 Boost R&D for the value added castor 
products development, providing testing 
and development facilities at reputed Govt.  
Institutes & organizations in different industrial 
fields e.g. Lubricants,  Polymers, Plastics, 
Coatings & Inks, Adhesives, Defence etc.

Areas where Govt support is required include:

 Indian demand of 500 MT to be met by 
promoting indigenous manufactures through 
encouraging public sector companies (IOC, HP 
etc).

 Financial Support on REACH: This involves cost 
of registration and cost of data access (Letter 
of Access - LOA). The Govt is bearing 50% cost 
of registration and not on LOA which is much 
costlier (Rs 2 crores for 4 castor derivatives 
than registration fee of Rs 28 lakes).  

 Expanding Indian market to increase demand of 
sebacic acid and 2 octanol based end products.

 Encourage public sector companies to carryout 
research on end  applications (IOC, BPCL, GSFC, 
Indian Raw Earths etc)

 Provide Incentive on sebacic acid and 2 octanol 
exports helping. 

 Allowing Indian Producers to compete with 
Chinese prices. 

 Support for increasing Indian demand by 
developing Indian Market for other castor based 
value added products e.g. castor based polyol 
usage in coatings , foam etc. and encouraging 
public and private sector companies to 
use (Indian Railway, Defence, Automobile 
companies, and infrastructure) 

 Giving price advantage to Indian manufacturing 
companies for new products developed in the 
country vis-a-vis same products procurement 
through imports by Govt companies, IOC& HP.

 Support industry by incentivizing export  
(10-15% FOB value) for 3rd and 4th generation 
Derivatives. 

 Speedy pollution and environmental clearances 
for new castor based projects and flexibility to 
switch products within the approved norms to 
cater to shift in global demand and/or add new 
value added products in existing facilities.

9.1.8 Issues and Challenges before Castor 
Industries in Value Addition/Derivatization – 
Needs and Requirements:

Shri Haresh Vyas could not attend the meeting but 
shared views as under: 

The mind set of most industry player is that of trader 
and not industrialist. Human resources investment 
are more in traders and not in technologist. Copying 
is being followed rather than creating. Lack of 
resources to fund R&D, lack of good technical skill, 
lack of Govt, initiative to encourage investment 
in technology, trade tariff barriers in consuming 
countries to encourage local industry and barriers 
in transfer of technology are major reasons for this 
situation.  
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Suggestion: 

 For encouraging value added product 
development and trade need is to make castor 
oil export difficult and incentivize IInd  and 
IIIrd generation castor oil derivatives. 

 Encourage R&D in private sector with appraisal 
and incentives 

 Govt. Support (part funding or full) for one time 
acquisition of advance technology. 

9.1.9 Marketing of Castor Oil and Castor 
Derivatives–Sustaining the Industry Status 
(Present and Future) and Issues:

Dr Hema Yadav, Director, National Institute of 
Agricultural Marketing (NIAM), Jaipur

Presence of hydroxyl fatty acid, Ricinoleic acid 
makes castor oil unique among vegetable oils. 
India is the largest exporter of castor oil and the 
value of export of castor oil was US $ 597.2 million, 
China, France, Netherlands and USA are the major 
importers of castor oil from India. Trade indicators 
for India, Netherlands, France and Germany include 
value of export, share in export, quantity  exported, 
unit value (US &/Ton), growth in export and average 
tariff faced by exporting country. The unit value for 
India is less compared to others like Netherlands 
,France and Germany. India faces higher tariff while 
exporting to China and Thail and (10%). India in 
spite of having monopoly in castor oil export is not 
the price setter. 

Suggestions for sustained growth of the industry: 

 Right balance i.e. reasonable and remunerative 
price to farmers and a stable price for the 
Industry.

 Castor industries need to grow and start 
producing second and third generation 
derivatives.

 Domestic market needs to be expanded.

 Export to China may be risky in long run so, 
India should concentrate more on derivatization 
on generation II and III and developing own 
market. 

 Import duty of 10% by China needs to 
be negotiated to be reduced to improve 
competitiveness in export.

 Need to educate farmers on sowing quantum 
based on demand and supply Encourage 
warehousing receipts financing by informing/
educating farmers to avail the same and the 

bank to reach the farmers through awareness 
programmes/workshops.

 Consolidation of the fragmented agriculture 
value chain from producers to processes backed 
by agriculture infrastructure. A complete chain 
study from production to consumption for 
castor and castor derivatives need to be in 
place. This will help in designing strategies for 
better price and market.

9.1.9 Castor Derivatives and Value added 
Products including Growth Opportunities for 
Advanced Level Castor Derivatives – Technology 
Availability and Performance 

Dr K. I. Suresh, Principal Scientist, Polymer Science, 
CSIR, Indian Institute of Chemical Technology (IICT), 
Hyderabad. 

Collaboration with industry/entrepreneurs/Govt. 
Departments is required to develop   polymer science 
& technology and provide technologies, processes 
and solutions. 

Work at IICT: Providing brief of Indian chemical 
Industry he elaborated that industry contributes 
around 6-7% to national GDP and is the 3rd largest 
in Asia and 6th largest in the World and expected to 
register 8%-9% growth in next decade due to lower 
cost of labour, availability of key raw materials and 
large consumer market. India is a global player 
in specialty chemicals and the World’s largest 
consumer of polymer today .Specialty chemical 
Industry is US$ 375 and comprises of paints and 
coatings, adhesives and sealants, pharmaceuticals 
additives, lubricants, water treatment chemicals, 
plastic adhesives, derivatives and other industrial 
chemicals. Alternate feed stock for chemicals is 
a priority area and development of sustainable 
chemical feedstock based on renewable resources 
is significant as they contribute to green chemistry 
approaches. Petro Refinery using crude oil and 
natural gas gave the same products as Bio Refinery 
using biomass and waste as raw material i.e. fuels, 
chemicals and other materials. With increasing 
environmental awareness, positive attitude from 
Govt. and continuing R&D efforts, the demand of 
renewable resources of feedstock is expected to 
increase but higher cost of bio-based plastics, limited 
knowledge of infra structure, limited funding and 
availability of feed stock and biomass will be major 
limiting factors. 

Poly urethanes from sustainable sources are the most 
versatile polymers due to the flexibility of structural 
design at the application site. Major applications of 
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poly urethanes are in the area of flexible and rigid 
foams but significant application is in coatings, 
adhesives, sealants and elastomers. Growth of key 
end use industries including biodiesel, lubricants 
and cosmetics is expected to drive global castor oil 
and derivatives market. 

He highlighted the different types of polymers, their 
applications in coatings, composites, adhesives, 
sealants, packaging materials, urethane foams, 
solar energy materials, solar paints/inks thermo 
reversible gels, hot melt adhesives etc had been 
developed at IICT as under:

Figure 35. 

Presentation also highlighted the advantages of 
bio-based feedstock in polymer material and the 
sebacic acid as the highest castor oil derivative 
consumed and on major castor oil derivatives and 
their applications, e.g. sebacic acid’s use in bio-based 
polyamides commonly known as nylon and its use in 
auto parts. It was mentioned that North- East Asia 
consumes 78 % of the World’s nylon fibres for textile 
filaments.

IICT had developed bio polyol from castor oil which 
can replace petroleum based polyol for rigid PU foam 
of 40 g/cc density which has 

90% bio based content. It has good self life and 
can be stored at room temperature for more than 
one year. The  Centre for Lipid Research at IICT has 
developed and commercialized the technologies 
for castor oil derivatives viz., Dedydrated Castor 
Oil, Hydrogenated Castor Oil, 12 Hydroxy Stearic 
Acid, Methyl 12 Hydroxy Stearate, Undecenoic 
Acid /Heptaldehyde and 11 Bromo and 11 Amino 
Undecanoic acid . 

Suggestions: 

 Identify needs and markets both National and 
International.

 Create database of stakeholders involved in 
production, processing and value addition 
including specialty chemicals.

 Enhance R&D efforts for new product 
development

 Improve infrastructure and working 
environment and identify new castor application 
area.

9.1.11 Insight into Bio Refining and Cracking of 
Castor Oil 

Dr S. N. Naik, Professor, CRDT, IIT, Delhi 

Presentation focused on biorefining and cracking 
of castor oil. Bio refinery as an integrated biomass 
conversion processes and equipment to produce 
fuels, chemicals and power from biomass. 

Castor crop bio refinery consists of castor seed based 
and castor crop residue based bio refinery.  Castor 
seed based bio refinery uses variety of different 
technologies to produce chemicals such as castor oil 
derivatives, bio lubricants, bio polymer, bio pesticides, 
bio enzymes, bio fertilizers, flavours, fragrances 
and bio surfactants, biodiesel and ricinoleic acid 
oleo chemicals  whereas in  castor crop residue bio 
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refinery castor crop residue and de-oiled cake is 
utilized for production of bio energy and plate form 
chemicals such as protein isolates, ethanol ,enzyme 
production and bio fertilizer.  Castor crop leaves are 
suggested to be used for ericulture.

Flow chart showing the chemical reactions for the 
development of different castor oil derivatives 
through ester reaction, double bond reaction and 
hydroxyl group reaction of ricinoleic acid was 
presented. Hydrogenation would yield products like 
grease, PVC, Lubricants cosmetics, plasticizers and 

paints; esterification would yield products viz., fuel 
additive, plasticizers, cosmetics; acidification would 
results in coatings, ink, adhesive, casting oxidation 
and polymerization would provide products like 
plasticizers, urethanes, ink, paints, adhesives and 
lubricants. Sulfonation would provide products like 
surfactants, dyeing and surface cleaning items where 
as alkali fusion would provide sebacic acid and  
2 Octanol, polmers, corrosion inhibitor, fragrances 
and surfactants. 

Figure 37: Green Process for Castor Products

Figure 36: Different castor oil derivatives through chemical reactions 

 Green process for castor seed, both for oil and cake through sub critical hydrolysis and  enzymatic reaction 
was elaborated as under: 
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Figure 38: Flow of pyrolysis of castor oil 

Cracking of Castor Oil: Cracking is splitting of molecules under the influence of heat, catalyst and solvents. 
Trans-esterfication of castor oil results in methyl Resinoate and glycerol and pyrolysis of former results in 
Heptaldehyde and 10 undecenoic acid ester which after saponification followed by acid spitting gives 10 
undecenoic acid. Castor oil after high pressure splitting and saponification followed by acid splitting gave 
fatty acids and glycerol. Pyrolysis of fatty acids results in undecinoic acid and Heptaldehyde as described 
below:

Suggestions: 

 Development of castor crop biorefinery 
producing variety of products i.e. biolubricants, 
ethanoi, biosurfacants, biochar etc.

 Enhanced research on green chemical processes 
such as reactive extraction  reaction in carbon-
dioxide medium. The economic feasibility of 
the bio refinery will be enhanced by integrating 
these green processes.

9.1.12 Castor Research at Agricultural University 
Mandor Jodhpur

Dr. Ramesh Choudhary, Scientist, AICRP, Jodhpur 
University  

Presented an overview of hybrid development in 
India and listed the important hybrids developed 
and released in the country. Success in hybrid 
breeding is due to availability of pistillate lines, cross 
pollination and other support techniques. Castor is 
cultivated in 1.99 lakh ha area with 1.45 lakh tons 
of total production and 729 kg/ha of productivity 

in Rajasthan. Jalore, Sirohi, Jodhpur and Barmer 
are major castor growing districts in the state. RCH 
1 was the 1st castor hybrid released in the state in 
2002 while MCI 8 was the first variety released in 
2012. RCH 428 is the promising hybrid giving higher 
yield than GCH 7 and RCH 1 and is being proposed 
for release. Wilt was found to be the major castor 
disease in the state. Oil and ricinoleic acid content 
of cultivated hybrids like GCH7 had the highest oil 
(49%) and ricinoleic content (87.7%).

9.1.13 Castor Oil in Lubricant Industry: 

Dr.  Pankaj Bhatnagar, General Manager, Indian Oil 
Corporation R&D Centre, Faridabad

Glimpse of activities under IOC ambit includes 
India’s largest crude oil refinery having 35% market 
share. Lubricant formulation–validation of lubricant 
performance, OEM/user approval, fuel additive, 
Catalyst and Refinery Additives, Bioremediation and 
IPIG for pipeline health monitoring are other areas. 

Lubricant market is changing because of: 

Personal use only



49

 Upgraded industry specifications owing to 
improved technology of engines and machines

 Environmental issues such as lower base oil 
volatility and emissions, biodegradability, 
recyclability, non toxicity and BS IV norms for 
fuels by 2020

 Requirements for High Performance lubricants 
as longer drain intervals–stable base oil , 
lower oil consumption, fuel economy-low 
friction, energy efficiency– ow viscosity (better 
circulation and cold characteristics), use of 
synthetic oils etc. Demand for GPII + base oil is 
increasing. 

 OEM specifications, customer needs and service 
cost, competitors, and regulations (health, 
safety, emissions, and disposals) are major 
factors affecting lubricants.

Advantages of Vegetable Oil Based lubricants: 
Vegetable oil can be used as additives and base oil in 
lubricants and also as fuel - Biodiesel. Vegetable oils 
appear good as base oil but are costlier than mineral 
oil, but their biodegradability is 100%. From health 
and safety points, biodegradable lubricants are better 
as they have less emission, less oil mist and vapours, 
less inhalation, better skin compatibility, and high 
safety on shop floor due to high flash points at same 
viscosity. Bio lubricants also have better effect on 
ecosystem as those are free from aromatics, no long 
term environmental effect, less disposal cost, net 
CO2 emission lower than mineral oil. 

Use of Vegetable Oils in Lubricants: IOC uses 
vegetable oils in biodegradable lubricants, 2T oils, 
cutting oils, hydraulic oils, rolling oils, greases, mould 
release oils, drawing lubricants, textile oils and food 
grade lubricants. 

Figure 39: Uses of vegetable oils in lubricants 

Castor Oil in Lubricants: Use of castor in lubricants 
is limited and depends on characteristics of castor 
oil which has good volatility, viscosity is high but 
viscosity index is lower. oxidative stability is poor – 
undergoes polymerization  at higher temperature, 
excellent biodegradability but poor solubility in 
mineral oils particularly for GP II and GP III, good 
storability at room temperature, good tribological 
performance and green super lubricity. 

S. 
No.

Characteristics Performance

1. Volatility Good volatility 
characteristics 

2. Viscosity •  Viscosity is very high

•  Viscosity Index  is  
     lower

3. Oxidation Stability •   Poor

•   Undergoes  
     polymerisation on  
     higher temperatures

4. Environment 
Friendliness

•   Excellent  
     Biodegradability

5. Solvency Poor solubility 
in mineral oils, 
Particularly Gp II &  
Gp III

6. Tribological 
Properties

•   Enhanced surface  
     wetting  
      characteristic

•    Good - Lubricity  
      and WSD

7. Storage Stability •    Good storage  
      stability at room  
      temperatures

Table 17: Characteristics of castor oil in lubricants

Challenges in Use of Castor Oil/Vegetable Oil in 
Lubricant: Miscibility with other base oils and 
additives – compounding issue, oxidation stability, 
hydrolytic stability, low temperature flow, high 
temperature operability, poor corrosion protection, 
availability, consistent quality and cost are the 
challenges in the use of castor oil in lubricant.
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Figure 40: Challenges in using castor oil/vegetable oils in 
lubricant industry 

Way Forward:

Due to its unique properties, castor oil has strong 
potential for its use as base oil in certain lubricants. 
There is need to have further researches for enhancing 
its use. Ensuring availability with consistent quality 
and affordable cost is a challenge. 
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The castor industry/stakeholders need to develop 
and demonstrate processes and products that use 
the unique attributes that derive from ricinoleic 
acid. Also, at high price of crude oil, and legislative 
support, tryglyceride oils and therefore castor 
oil based biodiesel could be competitive and 
economically lucrative. To achieve these objectives 
much research and development is required, over an 
extended period.

Looking into the overall scenario there is urgent 
need to plan short, medium and long term strategies 
including prioritization of R&D and execute them to 
tap market potential to the maximum extent both 
present and emerging. The steps are broadly divided 
into two distinct categories – Dissemination of best 
agricultural practices and trajectory of R&D efforts 
so that India can gain a prominence also in exports 
of high value added Castor Derivatives instead 
of export of Castor oil and some low value added 
derivatives.

10.1 Dissemination of Good 
Agricultural Practices 

Seed:

Seed is the most important and crucial input for 
obtaining the higher productivity. The strong R&D 
infrastructure facilities available in the country for 
the castor research has resulted in the development 
of high yielding hybrids and varieties of castor 
resulting in quantum jump in productivity from 300 
Kb/ha in 80’s to more than 1000 kg/ha at present in 
the country. The yield in Gujarat increased several 
folds after the release of a number of high yielding 
and superior hybrids one after another, raising yields 
from 300 kg/ha in 80s to 2000 kg/ha at present. 
The yields of 4000 to 5000 kg/ha is very common 
under irrigated conditions in Gujarat following 
recommended agricultural practices. 

Hybrids and varieties resistant to wilt complex under 
irrigated conditions and hybrids/varieties resistant 
to root rot under rain fed conditions are required to 
be grown as wilt complex is serious problem under 
irrigated conditions and root rot is serious under 
rain fed conditions. The seed replacement rate is 
100% for hybrids and very low for varieties. 

CHAPTER-10

RECOmmEnDATIOnS AnD ROAD AhEAD

Only certified seeds of recommended hybrids and 
varieties with high genetic purity (>90% ) should be 
used for commercial cultivation for realizing higher 
yields.

Sowing Time:

The commercial castor crop is grown with the onset 
of monsoon under rain fed conditions to take the full 
advantage of rainfall. Under irrigated conditions, the 
commercial crop is grown in July to August. 

Sowing Method:

A plant population of 14000/ha and 18500/ha 
were found to be optimum for irrigated and rain-
fed area, respectively. The sowing is done in line 
following recommended line to line and plant to 
plant distances. A spacing of 90x60 cm. or 120x60 
cm. is followed under irrigated areas of Gujarat and 
Rajasthan, whereas the distances of 90x45 cm. is 
followed under rain-fed area of A.P. and Tamil Nadu.

Seed Rate:

To achieve required plant stand, a seed rate of 5 to 6 
kg/ha under irrigated conditions and 10 to 15 kg/ha 
under rain-fed conditions could be adequate. There 
is tendency of crop to put forth excessive vegetative 
growth with elongated internodes under excessive 
moisture conditions, where wider spacing of 90x90 
cm. are 120x120 cm. should be followed. 

Seed Treatment: 

Before sowing, the seed should be treated with 
Thiram or Bavistin @ 3gm/kg seeds to protect the 
plants from seed borne diseases like Alternaria leaf 
blight, seedling blight and wilt. 

Seeding Methods and Devices:

Castor is generally planted behind a country plough. 
For quick coverage and uniform stand, seed cum 
fertilizer drills can be used profitably. Castor seed 
takes 7 to 8 days in kharif and 10 to 15 days in 
winter to germinate depending upon the prevailing 
temperatures. 

In rain-fed area with undulated land topography, 
proper preparation of land, sowing the crop across 
slope, 2-3 inter cultures and tieing ridges along the 
rows after the last inter-culture helps in conservation 
of soil moisture apart from controlling weed. 

Personal use only



52

Fertilizer Application: 

For rain-fed Castor, application of 20kg N and 40 kg 
P2O5/ha as basal dose followed by 20kg N as top-
dress, each at 35-40 and 65-70 days after sowing 
gives higher economic response.

Under irrigated condition, besides a basal dose of 
40 kg N and 40 kg P2O5 for castor of more than 
180 days duration, requires 20 kgN/ha at each 
successive pickings at an interval of 30 days gave the 
highest yields. Higher levels of N than recommended 
as basal dose results in excessive vegetative growth 
and weak root system. 

In light textured soils of Gujarat, seed treatment with 
Azospirillum or phosphorus solubilising bacteria 
(PSB) @ 50 gm/kg seed and application of 75-50-0 
kg NPK/ha  in conjunction with castor cake  (1 t/
ha) and FYM (5 t/ha) is advocated. Under high input 
management, application up to 200 kgN/ha in 5 
splits (40 kg each at sowing and at 40, 70, 100, 130 
DAS) for GCH-4 increased seed yield significantly. 
The farmers of North Gujarat in Sulphur deficient 
soils are advised to apply sulphur @ 20 kg/ha 
through gypsum.

Irrigation: 

Castor crop does not need much water in the 
initial stages of vegetative growth. However, in 
case of prolonged dry spells during grand growth 
period, one protective irrigation either at primary 
spike development or secondary spike initiation/
development will greatly benefit the crop/improve 
the yield. Under intensive management, all currently 
recommended popular, medium, long duration 
hybrids/varieties require seven irrigations in sandy 
loam soils of Gujarat and six in the red soils of 
Karnataka and Andhra Pradesh. For realizing the full 
productivity potentials, the first irrigation should be 
applied at around 55 days or around full flowering 
of primary spike. The subsequent irrigations may be 
given at intervals of 20 days after first irrigation, so 
as to ensure availability of adequate moisture for the 
development of different spike orders.

Weeding and Intercultural:

Castor is very sensitive to weeds. In rain-fed areas, 
2 or 3 inter-cultures with the help of bullock drawn 
blade harrows starting from 25-30 days after planting 
combined with one manual intra row weeding after 
first inter-culture effectively checks weed growth. 
Another dicot weed, Celosia argentia appears in a 
very large number in the months of September to 
January and it is not possible to use any implements 
due to coverage of plant canopy. Manual uprooting 

of the weeds before flowering is recommended. 

Weeds are more serious problem even in irrigated 
castor. Hence, the crop may need 2 or 3 hand weeding 
at intervals of 15-20 days in order to keep weeds 
under check. Alternatively pre plant application of 
herbicides such as fluchloralin or tribluraline @ 1.0 
kg a.i./ha or pre-emergence application of alachlor 
@ 1.25 kg ai/ha is equally effective under irrigation. 

Crop Protection: 

Seeds treatment with thiram and bavistin @ 3 gm/
kg seeds should be followed to protect the crop from 
seed borne diseases. For other diseases like wilt, 
nematode and wilt nematode complex, and root rot, 
recommended resistant varieties should be utilized 
for cultivation. For insect pest the need based 
recommended plant protectionmeasures should be 
followed. 

Inter Cropping: 

Inter cropping castor with short duration pulses, 
cereals and other oilseeds viz. Groundnut and 
sesame, provided stability to yield and better 
economy to the farmers. 

Inter cropping of one or two lines of green-gram or 
one line of sesame produced significantly higher 
castor equivalent yield (3895 kg/ha) over sole crop 
of castor. 

Castor green-gram (1:1) produced the highest 
equivalent castor yield with more net realization 
and B:C ratio of 3.41. 

Castor + Pigeonpea  in the ratio of 2:1 was found 
suitable inter cropping in Telangana. Blackgram and 
castor in the ratio of 6:1 and inter cropping with 
ground nut in the ratio of 1:2 gave the maximum 
return in dry areas of AP.

In North Gujarat, even though there was reduction in 
the yield of castor to the extent of 24 to 40 percent, 
total returns were higher and stable in inter cropping 
castor with ground nut, cow pea and sesame. 

Harvesting and Threshing: 

Castor is by nature a multiple branching type. On an 
average, it produces 4 to 5 sequential order spikes 
over a span of 180 to 240 days, one each at intervals 
of 30 days. The main spike is ready for harvest 
within 90-120 days after planting. The subsequent 
pickings can be taken up at intervals of 30 days. 
Physiological maturity in castor is attained when any 
of the capsules turn brown in colour. The matured 
spikes are cut and dried in sun for few days for easy 
threshing. 
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Threshing is usually done by either beating the 
capsule with sticks or alternatively by trampling 
with bullock or tractor wherever possible. Power 
operated mechanical threshers are also available for 
the purpose. 

Obtaining higher yield: 

  Using quality seeds (certified/variety seed) 
procured from authorized agency. 

  Avoiding continuous cropping of castor year 
after year in the same field particularly in the 
wilt endemic areas and adopt at least 2 year 
crop rotation. 

  Sowing the crop with first monsoon rains by 
taking control measures for red hairy caterpillar 
under rain fed condition and from 15th July to 
15th August under irrigated condition.

  Treating the seeds with thiram/Kaptan @ 3 g/
kg seed before sowing to protect the crop from 
seed borne diseases.

 Apply recommended doses of fertilizers as per 
recommendations for, rain-fed, irrigated and 
even hybrid/variety wise.

  Adopting recommended cultural practices.

  Adopting need based control measures 
for diseases and insect pest and as per 
recommendations 

  Harvesting crop at physiological maturity

10.2 R & D Efforts:
10.2.1 Crop Production

Short Term: 

1. Making available certified seeds of recommended 
hybrids/varieties having high genetic purity 
(More than 90%).

2. Transfer of technology to the farmers on package 
of practices and demonstration at farmer’s field 
both for commercial crop and also for quality 
seed production.

3. On farm and off farm training programmes to 
be organized on various aspects of production 
technology for commercial crop and also on 
seed production. 

4. Arranging Farmers day at the site of 
demonstration trials.

5. Timely grow out test of hybrids and varieties by 
Seed Certification Agency to make available the 
certified seed material in time for commercial 

sowing. This needs to be done preferably 
through biotechnological approach. 

6. Dissemination of and commercialization of 
technologies for eri -culture.

Medium Term:

1. Development of improved package of practices 
for new hybrids and varieties for maximization 
of production.

2. Developing the seed production technology of 
newly developed hybrids  and putting them in 
seed production channel-Breeder, Foundation 
and Certified. 

3. Survey for the diseases and insect pests on 
farmers fields to monitor the incidence in 
different cultivated area and their level of 
incidence and also the occurrence of new pest 
and diseases to plan the suitable strategy to 
control the same.

4. Evaluation of germplasm for yield characters, 
diseases and pest reaction under laboratory 
conditions, sick plot and also in endemic area 
at farmer’s field and also to identify proven 
genotypes to be used in breeding programmes.

5. Evaluation of germplasm and advanced 
breeding lines for abiotic stresses like drought 
,salinity and  also for physiological parameters 
to identify promising potential genotypes to be 
used in Breeding programme to develop high 
yielding physiologically efficient hybrids and 
varieties . 

Long Term:

1. Development of new hybrids and varieties 
having high yield and disease resistance for 
irrigated and rain fed areas.

2. Development of short duration hybrids and 
varieties for rain-fed area.

3. Development of drought and salt resistant 
variety and hybrids for specific situation.

4. Development of wilt, root, nematode wilt 
complex inbred and pistillate lines to develop 
resistant hybrids.

5. Development of new diverse and stable 
pistillate lines (S, NES types) having resistance 
to pest and diseases. Since the pistilliates lines 
used presently are limited in numbers and have 
narrow genetic base. In these pistillate lines, 
reversion is a serious problem hindering the 
quantity and quality of seed production.
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6. Presently used pistillate lines are  highly 
unstable and lot of rouging are required to 
be done in the hybrid seed production plots 
increasing cost of hybrid seed production and 
many times rejection of seed plots, hence, 
CMS lines are required to be developed  using 
biotechnological approaches. As CMS lines 
are highly stable across environments, large 
quantity of quality hybrid seeds can be produced 
at low cost of production. 

7. Since, lot of variability exist for oil content (36-
56 %) and also for ricinoleic acid (83-94%), 
high oil and high ricinoleic acid castor lines need 
to be developed following conventional and 
biotechnological approaches. These lines can 
be utilized in breeding programme to develop 
high yielding; high oil and high ricinoelic acid 
hybrids and varieties which will help reduce 
cost of processing and enhance profitability of 
the Industry.

8. Development of ricin and ricinine free castor 
lines through conventional and biotechnological 
approaches. 

9. Grey mold disease (Botrytis)  is the serious 
threat to castor cultivation causing sometimes 
70% to 80 % yield losses in AP and Tamil Nadu, 
to overcome the problem, resistant hybrids/
varieties need to be developed through 
conventional and biotechnological approaches.

10. Development of genotypes for multi -cropping 
system, rabi and semi rabi conditions and 
those suitable for mechanical harvesting 
(monospike).

A concrete action plan bringing out detailed R & D 
road map with milestones in close association with 
organizations like ICAR, State Departments, IIOR, 
Agricultural Universities are required to be drawn.

10.2.2 Castor Oil and Derivatives

Short Term R&D Objectives: 

1. Determining the physical, chemical and 
engineering properties of the oil, fatty acid 
fractions and derived chemical feed stocks.

2. Demonstration of applications on a pilot and 
full plant scale. 

3. Immediate focus on widely used derivatives of 
National and International importance having 
complete value chain.

4. Addressing environmental/pollution issues 
effectively.

5. Energy saving through improving processes 
and up keeping of the Plant and machinery,

6. Improving oil yield from current 30%- 42 % 
(average) to 45%- 49% through improvement 
in extraction technologies.  

7. Development of technology/efficient method 
of non-catalytic trans- esterification of castor 
oil in supercritical methanol and ethanol -It 
is an enzymatic reaction model that involves 
two substrates and two products (referred to 
as bi-bi system). An enzyme reacts first with 
one substrate to form a product and a modified 
enzyme. The modified enzyme would then react 
with a second substrate to form a final product 
and would regenerate the original enzyme. 

8. Enhancing local consumption of the castor oil 
from the present level of 50,000 -60,000 tonnes  
per annum to higher level, so as to develop a part 
shield from foreign demand-supply situation 
and so that we can move a step towards the 
setter of the prices for this commodity in the 
world market ,

9. Development of simple processes to detoxify 
castor meal to make it suitable for animal feed 
and trials as feed on other animals. 

10. Usage of castor meal as alternate fuels.

Medium Term:

1. Development of alternate applications for novel 
products based on ricinoleic acid.

2. Developing appropriate technology for 
recovering and purifying high value fatty acids.

3. Capacity enhancement and upgradation of 
the processes and technology for focussed 
Derivatives with complete value chain. eg., 
Sebacic acid in China .

4. Leverage R & D capability in public and private 
sectors for the development of high value added 
derivatives with specialty applications.

5. Developing processes/technology for 
separation of protein isolates from castor meal 
and their gainful utilization in development of 
value added products having immediate local 
market.

6. Membrane technologies, supercritical processes 
and absorption technologies, alone and in 
combination, promise to produce high quality 
fuel and oleo chemical feed-stocks.
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Long Term:

1. Developing environmental friendly profitable 
uses for the large volume of glycerine generated 
as a by products of both biodiesel and oleo 
chemical feed stock production, expected in 
future. 

2. Commercialization of processes and technology 
for novel products based on sebacic acid, 
ricinoleic acid and polyols. 

3. Exploring market for the derivatives and novel 
value added products for sustainability on long 
term basis. 

4. Use of biotechnological innovations –Use of 
genetic engineering for improving both the 
quality and quantity of castor oil. Genetic 
engineering can be categorized into two parts: 
one approach is to increase certain fatty acids, 
while the second approach is to engineer 
biosynthetic pathways of industrially high-
valued oils.

5. Develop a coordinated approach, for complete 
utilization of castor - This requires the 
development application and integration of a 
range of chemical unit operations, encompassing 
separation techniques and reactions, resulting 
in a complete set of products: Feed ingredients, 
fuels and oleo chemicals.

10.3 Policy/other Important 
Issues:

1. Liasoning with Government towards 
promoting rapid development of derivatives 
manufacturing capability, putting in place 
incentive structure for production of castor oil 
derivatives, their consumption, and supportive 
tax and export promotion policies to address 
existing mechanisms like REACH etc. 

2. Facilitating acquisition/adoption of requisite 
technologies, including those from foreign 
sources, by Castor based industries. 

3. Need for developing a continuous mechanism 
for survey of segmented product market and 
market dynamics based on usage/application 
for information and incentivization of 
industries. 

4. Speculation -  More steps to be taken to minimize 
speculation

5. Creating requisite storage facilities for seed and 
oil. 

6. Capacity building for farming practices, 
production techniques and market intelligence. 

7. Ensuring price stability. 

8. Introduction of MSP on the lines of other crops 
and or formulating other crop price assurance 
mechanism. 

9. Putting in place an efficient dissemination 
structure for sharing knowledge base on 
castor and sharing/spreading data or reports 
on statistics related to all aspects of castor ie. 
Cropping, periodical estimates of production 
capacity and utilization of mills and derivative 
units, destination/product wise export 
shipment etc, for total transparency and 
optimized efficiency.

10. Organizing focused trade-fair and exhibitions, 
exposure visits towards global reach.  

11. Developing a coordinated approach, and 
establishing a Nodal Centre/Authority,   
involving various organizations like  

ICAR, Agriculture Universities, IOC, IICT, traders, 
millers, Industries,  exporters etc for implementation 
of  chalked out road map through coordinated 
approach with Industries and Institutes. 

10.4 Mission Mode Approach:
It is suggested to develop a coordinated approach  
involving various organizations like ICAR, 
Agricultural Universities,  traders, millers, Industry, 
exporters, IOC, IICT, IITs and various industries like 
Pharmaceutical, Cosmetics, Textile, Automobile, 
Policy makers and Govt representatives, for 
chalking out a comprehensive R & D strategy for the 
development of castor oil based Industries  in the 
country as a whole .Though various domain specific 
organizations are working in different areas, it 
may be worthwhile to approach and address broad 
spectrum of issues under an umbrella of Mission 
Mode Programme which can steer and orchestrate 
from beginning to end linking and net working 
of various stakeholders involved and nucleate 
and execute requisite specific actions through 
individual domain organizations. TIFAC with its 
vast experience in networking and coordinating 
with wide spectrum of stakeholders including inter 
ministerial organizations and also with accrued 
experience of executing several major Technology 
Programmes in Mission Mode could play a leading 
role in this context.
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AV acid value

CCD central composite design
COP castor oil polymer
DCO dehydrated castor oil
DOC de-oiled cake
FAH12 fatty acid hydroxylase 12
FFA free fatty acid
GA genetic algorithm
GIC glass ionomer cement
HBPUs hyperbranched polyurethanes
HV hydroxyl value
IV iodine value
IPNs interpenetrating polymer networks
KOH potassium hydroxide
MTA mineral trioxide aggregate
SV saponification value
RA ricinoleic acid
PU Polyurethan
PV peroxide value 
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