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Turmeric (Curcuma longa) is an important spice and
cash crop of India. Currently, India is the largest producer
and consumer of turmeric in the world. During 2010-2011,
the country produced 232 022 tonnes of turmeric from an
area of 1 268 280 ha. Andhra Pradesh, Tamil Nadu, Odisha,
Karnataka, West Bengal, Gujarat, Meghalaya, Maharashtra,
Asom, are some of the important states cultivating turmeric,
of which, Andhra Pradesh alone occupies 35.0% of area and
47.0% of production. During 2009-10, India exported 88 513
tonnes of turmeric worth ‘55 487.7 lakhs to UAE, Japan,
Iran, Malaysia, Bangladesh, Srilanka, USA, UK and other
countries (Spices Board 2014). Turmeric is used in many
culinary preparations to add flavour and colour to foodstuffs.
It is the principle ingredient of curry powder. The colour
curcumin extracted from turmeric is used as colourant and
as a dye in textile industry.

Curing of turmeric involves cooking of fresh turmeric
rhizomes in boiling water for approximately about 60 minutes
and is an essential unit operation to be done before drying.
Curing in boiling water destroys the vitality of fresh rthizomes,
avoids the raw odour, reduces the drying time and yields
uniformly coloured product. The curing of turmeric is done
by different methods in different places and the time varies
from 1 to 12 hr. The objective of the present paper was to
compare the curing of turmeric by cooking in boiling water,
steam cooking, water dipping, slicing and to determine its
effect on drying time and quality of cured turmeric rhizomes.

Curing studies of freshly harvested Prathiba variety
turmeric rhizomes obtained from the Experimental Farm of
Indian Institute of Spices Research (IISR), Kozhikode were
conducted during April 2010 at IISR Farm. Eight treatments
of curing fresh were followed using 25 kg of fresh turmeric
rhizomes per treatment. Curing treatments included cooking
in boiling water (WC) as traditional method (40, 60 and 90
min), steam cooking (SC) using TNAU model turmeric
boiler (Viswanathan et al. 2002) (30, 45 and 60 min),
dipping the rhizomes in boiling water (Dip) for 10 min and
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slicing the fresh turmeric rhizomes manually to 3 mm thick
and then sun drying. The cured rhizomes from different
curing methods were sun dried in cemented drying yard
between 9 AM to 3 PM and the mass loss during drying was
recorded periodically till the rhizomes obtained constant
weight. The maximum ambient temperature recorded during
the day was 37°C.

The cured turmeric were analysed for its biochemical
qualities. Essential oil was determined by reflux distillation
method and oleoresins by acetone extraction method both
as per the procedure described in ASTA (1997), starch
(Sadasivam and Manickam 2008) and curcumin was
quantitatively extracted by refluxing the material in alcohol
and estimated spectrophotometrically at 425 nm as described
by Sadasivam and Manickam (2008). Moisture content of
the fresh turmeric samples were determined by toluene
distillation method (ASTA 1997). The experiments were
replicated thrice and quality parameters of turmeric rhizomes
obtained by different curing methods were analyzed by
AGRES (Version 7.01, Pascal Intl software solutions)
statistical software.

The drying characteristic curves of turmeric rhizomes
cured by different methods and dried by natural sun drying,
indicated that the moisture content during drying decreased
continuously with time. The time required to dry turmeric
rhizomes from an initial moisture content of around 373.71%
(db) (dry basis) to a final moisture content of around 10%
(db) varied from 9 days to 24 days for different initial curing
processes followed (Fig 1). Turmeric rhizomes cured by
traditional water boiling for 40, 60, 90 min, took 11 days for
complete drying. While turmeric rhizomes cured in steam
boiler for 30 min took 24 days for complete drying, 18 days
when for 45 min of steam treatment and 12 days for 60 min
of initial steaming. The drying time reduced significantly (9
days), when the rhizomes were sliced to 3 mm thick and
then dried. The process of dipping in boiling water for 10
min and then drying took 13 days to reach a final moisture
content of 10%. It was thus observed that curing time
significantly affected the drying time. Curing for a longer
duration soften’s the tissues and enhanced the removal of
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Fig 1 Moisture loss during drying of turmeric rhizomes after
curing by different methods
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Fig 2 Loss in mass during drying of turmeric rhizomes after
curing by different methods

Table 1 Quality parameters of cured turmeric rhizomes obtained by different curing methods
Treatment Dry Recovery Drying time  Curcumin  Essential Oleoresin  Starch
(*0) (hr)/(days) (%) oil (%) (%) (%)
Cooking in boiling water boiling for 40 min. 22.8 66.33 (11) 5.91 3.60 13.33 66.96
Cooking in boiling water boiling for 60 min. 22.76 65.83(11) 5.85 3.60 13.30 63.32
Cooking in boiling water boiling for 90 min. 22.72 65.33(11) 5.12 3.33 13.08 62.44
Steam cooking for 30 min. 23.18 144.5(24) 6.00 3.33 13.96 63.33
Steam cooking for 45 min. 22.98 137.5(23) 5.76 3.20 12.60 62.18
Steam cooking for 60 min. 22.73 71.5(12) 5.12 2.93 12.22 61.38
Dipping in boiling water for10 min. 23.10 77.5(13) 5.18 3.20 11.54 66.86
Slicing to 3 mm thickness 22.60 53.5(9) 5.71 3.07 12.76 69.53
CD (0.05) 3.47 1.10 0.21 0.37 1.18 5.10
SE 0.52 0.10 0.18 0.56 241

water at a faster rate thus reduced the drying time. The loss
in mass during drying of turmeric is indicated in Fig 2.
The curve of drying rate verses drying time, showed no
constant rate period during drying of turmeric and indicated
that the drying process occurred in the falling rate period. In
the falling rate period, the material surface was no longer
saturated with water and drying rate was controlled by
diffusion of moisture from the interior of solid to the surface.
The phenomenon of drying was in agreement with the results
of the study on sun drying of figs (Doymaz 2005).
Studies on quality aspects of cured dried rhizomes
indicated that as the curing time increased a reduction in
quality parameters like curcumin, starch, essential oil and
oleoresin content was observed. Maximum retention of
curcumin (5.91%), essential oil (3.6%), oleoresin (13.33%)
and starch (66.96%) was obtained for rhizomes cured by
water boiling method for 40 min (Table 1). In case of steam
cooking also the maximum retention of curcumin (6.0%),
essential oil (3.33%), oleoresin (13.96%) and starch
(63.33%) was obtained for rhizomes cured for 30 min.
However, as the curing time increased from 30 to 60 min
there was significant reduction in all the quality parameters.
In case of slicing, the quality parameters like curcumin,
essential oil, oleoresin and starch varied as 5.71%, 3.07%,
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12.76% and 69.53%, respectively. Suresh et al. (2007)
reported significant loss in spice active principles when
subjected to heat processing. Curcumin loss during heat
processing of turmeric varied from 27 to 53% with maximum
in pressure cooking for 10 min.

SUMMARY

The results of the study on curing Prathiba variety
turmeric by eight different curing methods indicated that
slicing significantly reduced the drying time to 9 days.
Turmeric cured by cooking in boiling water for 40, 60, 90
min, took 11 days for complete drying. While turmeric
rhizomes cured by steam cooking for 30, 45 and 60 min
took 24, 23 and 12 days for drying. Increase in curing time
of turmeric rhizomes resulted in significant reduction in
curcumin, starch, essential oil and oleoresin content. In case
of water boiling method, maximum retention of curcumin
(5.91%) and essential oil (3.6%) was obtained for rhizomes
cured for 40 min. While in the case of steam boiling method,
the maximum retention of the quality parameters was
obtained at 30 min steaming when the curcumin content
(6%), essential oil content (3.33%), oleoresin content
(13.96%) and starch content was highest (63.33%). But, the
drying time was longest (24 days) at this curing level.
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However, the steam cooking had several advantages over
traditional cooking by water boiling in terms of fuel
consumption and the quantity of rhizomes that could be
cured per batch and also reduction of labour.

REFERENCES

ASTA 1997. Official Analytical Methods, 2" edn. American Spice
Trade Association, New Jersey.

Doymaz I. 2005. Sun drying of figs: an experimental study. Journal
of Food Engineering 71: 403-7.

Sadasivam S and Manickam A. 2008. Biochemical Methods for

Agricultural Sciences, 6 Edn. New Age International (P) Ltd,
New Delhi.

Spices Board. 2014. Spices Board of India http://
www.indianspices.com/statistics. accessed on 27-5-14.

Suresh D H, Manjunatha and Krishnapura Srinivasa. 2007. Effect
of heat processing of spices on the concentrations of their
bioactive principles: Turmeric (Curcuma longa), red pepper
(Capsicum annum) and black pepper (Piper nigrum). Journal
of Food Composition and Analysis 20(3-4): 34651

Viswanathan R, Devadas C T and Sreenarayanan V V. 2002.
Farm level steam boiling of turmeric rhizomes. Spice India
15(7): 2-3.



May 2016]

699

ULBRIGH

T (7D S
S =

UNITED STATES-INDIA EDUCATIONAL FOUNDATION (USIEF)

2017-2018 FULBRIGHT-NEHRU AND OTHER FULBRIGHT FELLOWSHIPS FOR INDIAN CITIZENS
FOR STUDY, RESEARCH, TEACHING AND PROFESSIONAL DEVELOPMENT IN THE U.S.

Fulbright-Nehru Master's Fellowships

These fellowships are for outstanding Indians who demonstrate
leadership qualities, have completed the equivalent of a U.S.
bachelor's degree, and have at least three years of professional
work experience, to pursue a master's degree program at select
U.S. colleges and universities in the areas of Arts and Culture
Management including Heritage Conservation and Museum
Studies; Environmental Science/Studies; Higher Education
Administration; International Legal Studies; Public Health; Urban
and Regional Planning; and Women's Studies/ Gender Studies.
Application deadline: June 15,2016

Fulbright-Nehru Doctoral Research
Fellowships*

These pre-doctoral level research fellowships, for six to nine
months, are designed for Indian scholars who are registered for a
Ph.D.atan Indian institution.

Application deadline: June 15,2016

Fulbright-Nehru Postdoctoral Research
Fellowships*
These fellowships, for eight to 24 months, are designed for Indian

faculty and researchers residing in India, who have a Ph.D. degree
within the past four years.

Application deadline: July 15,2016

Fulbright-Nehru Academic and
Professional Excellence Fellowships*

These fellowships, for four to nine months, aim to provide Indian
faculty, researchers, and professionals residing in India the
opportunity to teach, conduct research, or carry out a
combination of lecturing and research at a U.S. institution.
Applicants can opt for four to six- month Flex Awards in two
segments.

Application deadline: July 15,2016

*Eligible Fields of Study: Agricultural Sciences; Bioengineering;
Computer Science (with emphasis on cyber security and digital economy);
Economics; Education Policy and Planning; Energy Studies; International
Law (limited to environmental law, immigration law and labor law);
International Security and Strategic Studies; Materials Science (with
emphasis on environmental applications); Neurosciences; Public Health;
Study of India (limited to anthropology, history, sociology, and visual and
performing arts); Study of the U.S. (limited to anthropology, history,
sociology, and visual and performing arts); Urban and Regional Planning
(with emphasis on smart cities and waste management); Women's and
Gender Studies.

(In addition to above mentioned fields, Climate Change Sciences is offered
for Fulbright-Nehru Academic and Professional Excellence Fellowships

only.)

Fulbright-Kalam Climate Fellowship

These fellowships aim at building long-term capacity in the United
States and India by engaging scientific and technical research
scholars and professionals related to climate research and
education.

* Indian students registered for a Ph.D. at an Indian institution can
apply for six to nine months pre-doctoral level research in the
us.

* Indian faculty and researchers who have a Ph.D. degree within
the past four years can apply for eight to |2 months
postdoctoral research in the U.S.

Application deadline: July 15,2016

Hubert H. Humphrey Fellowships

For young and mid-career professionals, policy makers, planners,
administrators , and managers in the government, public and
private sectors, and NGOs for professional development in the
fields of Agricultural and Rural Development; Communications/
Journalism; Economic Development; Educational Administration,
Planning and Policy; Finance and Banking; Higher Education
Administration; HIV/AIDS Policy and Prevention; Human
Resource Management; Law and Human Rights; Natural
Resources, Environmental Policy, and Climate Change; Public
Health Policy and Management; Public Policy Analysis and Public
Administration; Substance Abuse Education, Treatment and
Prevention; Teaching of English as a Foreign Language (Teacher
Training or Curriculum Development); Technology Policy and
Management; Trafficking in Persons, Policy and Prevention; Urban
and Regional Planning.

Application deadline: June 15,2016

Fulbright Foreign Language Teaching
Assistant Program (FLTA)

For young Indian teachers of English or training to become teachers
of English, or young educators in related fields. FLTAs from India

will teach Bengali, Hindi and Urdu at select U.S. campuses during
their nine-month non-degree grant.

Likely to be announced in Spring 2016

Fulbright Distinguished Awards in Teaching
Program

Designed for full time teachers teaching any subject at any level;
primary and secondary level library media specialists/librarians,
guidance counselors, curriculum specialists, special education
coordinators, gifted and talented coordinators and teacher
trainers; and administrators who spend at least 50% of their time
in classroom teaching.

Likely to be announced in July/August 2016

For complete details visit USIEF website www.usief.org.in or e-mail at: ip@usief.org.in
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