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Abstract : Turmeric is an important commercial spice crop grown in India and it is named as “Indian saffron”. Turmeric is grown
intropical countries like India, Pakistan, Myanmar, Chile, Peru, El Salvador, Japan, China, Sri Lanka, Bangladesh, Indonesia,
Taiwan, Jamaica, Thailand and West Indies. The quality of turmeric powder depends upon theinitial quality of rhizomesand on-
farm processing of turmeric rhizomes which effects curcumin content, organoleptic characteristics, size and general appearance
of the dried turmeric rhizomes. The on farm post harvest processing operations consists of washing, curing, drying, polishing,
grading and colouring. Curing is a process of cooking the raw rhizomes in hot water to obtain attractive colour, characteristic
aroma, destroy the viability of the fresh rhizomes and obviate the raw odour, reduces the time of drying, ensures an even
distribution of colour in the rhizomes and gives a better quality product by gelatinisation of the starch (Purseglove and Brown,
1981). The study was conducted to obtain fundamental data on the effect of different floor materials on open yard sun drying and
polyhouse drying. It isobserved that the moisture content of turmeric fingersincreaseswith increasein temperature of curing and
curing time. At the time of 90 minutes the moisture contents were 84.41, 84.48, 84.80 and 85.77 per cent (w.b.) at the curing
temperatures of 60, 70, 80 and 90°C, respectively. The moisture contentsincreased from theinitial moisture content of 79.56 per
cent (w.b.). Itisobserved that the floor material s affected the drying time marginally under the conditions of experiments, varied
considerably from one method to the other. It is concluded that polyethyl ene sheet followed by tarpaulin are better floor materials
to reduce the drying time and for good quality of turmeric powder.
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INTRODUCTION a coholic beverages, gelatins, butter and cheese etc. The
colour curcumin extracted from turmeric is used as a
colourant. Turmeric is also used as a dye in textile
industry, in cosmetics, preparation of medicinal oils,
ointmentsand poultice. Itisstomachic, carminative, tonic,
blood purifier and an antiseptic. The agueous extracts
have biopesticidal properties.

Turmeric is used in diversified industries as
condiment, as flavouring, col ouring agent and principal
ingredient in Indian culinary as curry powder. Oleoresin
extracted from turmeric is used in brine pickles and to
some extent in mayonnaise, relish formulations, non-
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Open yard sun drying (OY SD) method has some
disadvantages|ike contamination and non uniformdrying,
affecting the colour and quality parameters that cause
significant losses. Even then many growers use OY SD,
asit requiresno capital investment. Further, mechanical
drying and other alternative drying methods are not
possible to adopt because of their high cost. In this,
produce is spread on concrete, polyethylene sheets
instead of dry in the fields. These innovative methods
proved to be effective to some extent, but could not
reduce drying timesignificantly.

The polyethylene sheets of black colour is mostly
adopted for drying scientific studies have not been
conducted to know the best of the different types
available. Keeping the above pointsin view, theresearch
work was conducted with the following objectives.
Evaluation of the quality parameters of the turmeric
rhizomesdried on different floors and conditions.

MATERIAL AND METHODS

This paper deals with the procurement of raw
materials and dried the turmeric rhizomes on different
floor materials and used this dried samples for
determination of quality parametersof turmeric samples.

Raw materials:
Raw turmeric rhizomes :

About 150 kg of freshly harvested turmeric fingers
of ‘Tekurpet (Long duration type)’ variety were procured
from progressive farmersof Duvuluru Village of Guntur
district, in Andhra Pradesh were used for drying at
College of Agricultural Engineering, Bapatla.

The moisture ratio of the turmeric rhizomes dried
ondifferent floors and under different drying conditions
were observed and noted that the moisture ratio was
decreased in polyethylene sheet with respect to drying
time in polyhouse conditions and then followed by
tarpaulin, cement concrete and sand floors and the same
trend was followed in open sun drying conditions.

Quality parameters of the turmeric rhizomes :
The quality parameters such as ash content, ash
insolublein diluted HCI, crudefibre, oleoresins, curcumin
content and colour of turmeric were estimated using the
Standard techniques as per theAOA C guidelines. About
250 g of representative samples of dried rhizomesdried
on four floors were taken under two different drying
conditions. The sampleswere then madeinto fineturmeric

powder by using motorized pedal and pestle. These
powder samples were used to estimate the different
quality parametersfor turmeric.

Determination of crude fibre:

To determine the crude fibre content of turmeric
powder samples of 2.5 g ground turmeric powder was
taken into a thimble and extracted for about 1 hour with
petroleum ether in a soxhlet extractor. The extract was
thentransferredtoal litreflask. 200 ml of dilutesulphuric
acid (1.25 % w/v) was taken in to a beaker and brought
it to boil. The whole of the boiling acid was transferred
totheflask containing fat free material and immediately
connected to awater cooled reflux condenser and heated
so that the contents of the flask begin to boil within 1
minute. Frequently the flask was rotated, to keep the
material in contact with the acid. The boiling was
continued for exactly 30 minutes. Theflask wasremoved
and filtered through hardened filter paper heldinafunnel
and washed with boiling water until the washingsareno
longer acid when tested with alitmus paper. Theresidue
wastransferred into the flask containing 200 ml of boiling
sodium hydroxide solution. Immediately connected the
flask with the reflux condenser and boil for exactly 30
minutes. Theflask wasremoved and immediately filtered
through the filter paper. The residue was thoroughly
washed with hot water and transferred to a gooch
crucible prepared with a thin but compact layer of
asbestos. The residue waswashed thoroughly first with
hot water and then with about 15 ml of ethanol (95 % v
/ v) and with 3 successive washings of petroleum ether.
The contentswere dried in an air oven at 105 +1° C for
3 hours. The process of heating and cooling was repeated
until two consecutive readings were found to be same.
Incinerate the contents of the gooch in amuffle furnace
at 550+20°C until all carbonaceous matter isburnt. The
gooch crucible was cooled in a desiccator and weight
was taken. The crude fibre content of the turmeric
powder was calculated asfollows:

(Wy - W,)" 100" 100

Crudefibre(ondry basis)% by wt. =
(ondry basis)% by W(100- M) @

where,

W, = Wt. of gooch crucible + contents + asbestos
before ashing

W, = Wt. of gooch crucible + ash and asbestos
after ashing

W = Wi. of sample taken for test

M = Per cent moisture content
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Determination of oleoresins :

Acetone being organic solvent dissolves whole
contentsof turmeric. After pouring acetone fromturmeric
powder acetone can be evaporated. After boiling by mild
heating at 15°C to get oleoresin that can be quantified.
This method was devel oped by Roger Brooth in 1965
and modified by Bajag and Kaur (1979). Inorder to
determinethe oleoresins, finely meshed turmeric powder
of 25 gwastaken. A glass column wastaken, the narrow
end was plugged by cotton and powder was transferred
intoit. A thin layer of cotton over turmeric powder was
placed. The glass column was placed on a stand. 25 ml
of acetone was added to a glass column placed 250 ml
beaker placed below the glass column. After al the
acetone dessicated, 25 ml acetone was again added
continuoudly till it accountsfor 250 ml. After desiccation
red color liquidin beaker wasaccumulated. Thecollected
filtrate wastransferred to a250 ml volumetric flask and
made up the volume with acetone. A dry 250 ml beaker
was taken and its weight was noted as W, g. 250 ml of
extract wastransferred into beaker and kept it in awater
bath at 50-60 °C for 15-30 min. Weight of the beaker
was taken again and noted down as W, g. The (W, -
W)) g is the weight of oleoresin from 25 g turmeric
powder. The contents of oleoresins obtained were
calculated in percentage using thefollowing formula:

Oleoresin content, % =W2W—1W1x100 )

where,W = wt of the empty beaker, W,= wt of the
empty beaker + oleoresins.

Determination of curcumin content :

Turmeric rhizomes contains variety of pigments.
The powder contains a large number of aromatic
compoundsand curcumin content isthe major compound
responsiblefor the characteristic colour. In pureformit
isanorangeyellow crystalline powder, solublein a cohol
and glacial acetic acid. Curcumin content is used as an
index for the quality of the produce.

Preparation of standard curcumin solution :
Standard curcumin (25 mg) obtained from Loba
Chemicals; Hyderabad was weighed into 100 ml
volumetric flask. It was dissolved and diluted with
absolute alcohol and volume was made up to the mark.
1 ml of the solution wastransferred to 100 ml volumetric
flask and made up to 100 ml with 99 per cent alcohol.
This has an absorbance of 0.42 at 425 nm. The

absorbance of different turmeric sample solutions
obtained from different floors was measured in a
spectrophotometer asfollows.

Curcumin content was quantitatively extracted by
refluxing the turmeric powder in absol ute al cohol andits
absorbance was determined by spectrophotometer at 425
nm wavelength (AOAC method). 0.5 g of weighed
moisture- free sieved turmeric powder was dissolved in
250 ml of absolute alcohol. The contentswasrefluxedin
theflask fitted with an air condenser over aheating mantle
for 3 h. Alcohol loss if any due to evaporation was
compensated by adding alcohol freshly into the flask.
The extract was cooled and decanted into a volumetric
flask and made up the volume. A suitable aliquot (1-2
ml) to 10 ml was diluted with absolute acohol. The
intensity of yellow colour was measured with a
spectrophotometer.

Curcumin content was determined using the
formula:

Absor banceat 425nm” 125" 0.0025
0.42" Weightof thesample(g)” pathlength(cm) ©)

Since 0.42 absorbance at 425nm = 0.0025 g
curcumin and the path lengthis 1 cm.

Curcumincontent=

Determination of colour :

The colour of turmeric powder was measured, using
hunter Lab colour Flex (model No. A60-1010-615,
Hunter Associates L aboratory, Virginia, USA), interms
of CIE ‘L*’ (lightness), ‘a*’ (redness and greenness)
and ‘b*’ (yellowness and blueness). For this experiment
about 50 g of turmeric powder wastakenintoa2.5inch
(64 mm) cup and placed on the measurement port. The
instrument port wasarranged in the port up position. Then
theL*, a* and b* values of the sample were measured.
The measurement was repeated thrice for different
turmeric powder sampleson different drying conditions
and the average values were reported.

True density :

True density was cal culated by using multivolume
pycnometer 1305. The multivolume pycnometer 1305
providesarapid meansfor precisaly determining thetrue
volumeof pores, porousmaterials, and irregularly shaped
solid objects. A very widerange of samplevolumes, from
0.5to 150 cm?® can be accommodated. Absolute density
can then be calculated with an assured accuracy of 0.1
to 0.2 per cent. The sample cup of 35 cc was chosen for
determination of true density. Turmeric rhizomes were
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filled in sample cup and ensured 75 per cent of the cup
isfull with the sample material. The pycnometer valve
was placed in the position for the 35 cc volume range.
The sample cup wasinserted in the chamber. The sample
chamber was closed with lid. Purging was carried out
10 times in each time to remove the dust etc. from the
surfaces of turmeric rhizomes by filling and venting the
gasinside the chamber containing the sample. After the
purging operation, the pressures P, before expansion
(Valvein PREP position) and P, after expansion (Valve
in TEST position) were taken. Then the vent valve
gradually opened till the pressure approaches zero. The
experiment was repeated 5 times for each sample dried
ondifferent floorsand different drying conditions. From
the pressures P, and P, the true volume of the sample
was cal culated by using the following formula:

Vaample™ Vedl =73
&0 1}{; (4)

where

V e = The sample to be found,

V., = The empty volume of the sample cell with
the empty sample cup in the place,

V_., = The expansion volume added when the
PREP/TEST valveisinthe TEST position.

P, = The charge pressure

P,= The pressure after expansion

Thetruedensity of turmeric rhizomeswascal cul ated
with theweight of the sample and itstrue volume obtained
from pycnometer using the formula. The average values

of 5 samples are reported. True density :

Netweight
y=——m

(3)

Vsample

RESULTS AND DISCUSSION

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

Quality parameters of the turmeric rhizomes :

The quality parameters such as ash content, ash
insoluble in diluted HCI, crude fibre, oleoresins,
curcumin content and colour of turmeric powder was
estimated using the standard techniques as per the
AOAC guidelines. True density of whole dried turmeric
rhizomes was determined using multivolume
pycnometer.

Crudefibre:

Crudefibre content of theturmeric powder obtained
from different floorsin polyhouse and open sun drying
conditionsareshownintheTableland Fig. 1. Thevalues
of the crude fibre content in per cent were calculated
based on the amount of sample turmeric powder used,
moisture content of turmeric powder, asbestos content
after and before ashing and crudefibre content remained
inthe crucible by the equation (1). It was observed that,
the minimum crude fibre content of 3.54(+0.01) per cent
was resulted in the powder obtained on tarpaulin sheet
in polyhouse conditions, whereas maximum crudefibre
content of 5.80(+0.01) per cent was resulted from sand
floor dryingin open sun drying. Crude fibre content was
observed to below inthe powdersobtained fromal floors
in polyhouse drying compared to their respective floors
in open sun drying. But the maximum amount of crude
fibre 5.80(x0.01) per cent obtained on sand floor drying
in open sun drying is lower than the maximum allowed
amount of 6.00 per cent.

Tablel: Crudefibrecontent of turmeric powder dried in
polyhouse and open sun drying conditions
Crude fibre content, %
Drying condition

Floor

Polyhouse Open sun drying
LDPE sheet 3.98(+0.01) 5.16(+0.01)
Tarpaulin 3.54(+0.01) 4.31(+0.01)
Cement concrete 3.71(+0.01) 5.61(+0.01)
Sand floors 4.13(+0.01) 5.80(+0.01)
O Polyhouse drying
7.00 B Open sun drying
6.00
£ 5.00
g
S 4.00
ko)
$3.00
© 200
1.00
0.00+
Polyethylene Tarpaulin Cement Sand floor
concrete
Different floor materials
Fig. 1: Comparison of crude fibre content of turmeric powder

dried in polyhouse and open sun drying conditions

Oleoresins :

Thevaluesof the oleoresin content in per cent were
calculated based on the amount of sample turmeric
powder used and oleoresins remained in the beaker by
the equation (3.7). It was observed that, the maximum
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oleoresin content of 9.09(+0.07) per cent was resulted
in the powder obtained on tarpaulin sheet in polyhouse
conditions, whereas minimum oleoresin content of
6.19(+0.12) per cent is resulted from sand floor drying
in open sun drying. Oleoresin content was observed to
be high in the powders obtained from the floors in
polyhousedrying compared to oleoresin onfloors of open
sun drying. The oleoresins contents obtained from the
turmeric powder samples obtained from all the floors
under polyhouse conditionsare higher than the minimum
[imit of oleoresins of 7.00 per cent .But the oleoresins
obtained on cement concrete and sand floors under open
sun drying conditions, 6.79(x0.06) and 6.19(+0.12),
respectively were lower than the minimum limit of
oleoresins of 7.00 per cent (Table 2 and Fig. 2).

Table2: Oleoresinscontent of turmeric powder dried in
polyhouse and open sun drying conditions
Oleoresins content, %
Drying condition

Floor Polyhouse Open sun drying
LDPE Sheet 8.59(+0.05) 7.41(+0.09)
Tarpaulin 9.09(+0.07) 7.53(+0.08)
Cement concrete 8.44(x0.02) 6.79(x0.06)
Sand floors 8.05(+0.06) 6.19(+0.12)
10.00 O Polyhouse drying
9.00 B Open sun drying
8.00
7,00
2
‘B 6.00
8500
5 5.00
4.004
3.001
2.00
1.00
0.00
Polyethylene Tarpaulin Cement Sand floor
concrete
Different floor materials

Fig. 2: Comparison of oleoresins content of turmeric powder

dried in polyhouse and open sun drying conditions

Curcumin content :

Curcumin content of the turmeric powder obtained
from different floors under polyhouse and open sun
drying conditions are shown in the Table 3 and Fig. 3.
The values of the curcumin content in per cent were
calculated based on the amount of sample turmeric
powder used, absorbance at 425 nm and the path length
(1 cm) by using the equation (3). It was observed that,

the maximum curcumin content of 1.65(+0.00) per cent
was resulted in the powder obtained on LDPE sheet in
polyhouse conditions, whereas minimum curcumin
content of 0.92(+0.02) was resulted from sand floor
drying in open sun drying. Curcumin content was
observed to be high in the powders obtained from the
floorsin polyhouse drying compared to curcumin content
obtained on floors of open sun drying. The curcumin
content obtained from the turmeric samples dried under
all the floors under polyhouse and open sun drying are
higher than the curcumin content range of 0.37-2.07 per
cent.

Table3: Curcumin content of turmeric powder dried in
polyhouse and open sun drying conditions
Curcumin content, %
Drying condition

Floor Polyhouse Open sun drying
LDPE sheet 1.65(+0.00) 1.10(x0.03)
Tarpaulin 1.52(+0.01) 1.03(+0.08)
Cement concrete 1.35(+0.02) 0.97(x0.05)
Sand floors 1.26(+0.02) 0.92(+0.02)
1.80+ 3 Polyhouse drying
B O dryi
1604 pen sun drying
1.40
g 1.20
5 1.00-
5
20.80
€
§ 0.60
&
0.404
0.204
0.00
Polyethylene Tarpaulin Cement Sand floor
concrete
Different floor materials
Fig. 3: Comparison of curcumin content of turmeric powder

L, aand b colour values :

The L, a and b values for turmeric powder on
different floors in polyhouse and open sun drying
conditions are shown in the Table 3. It was seen from
the table that, maximum values of a and b were
16.54(+1.68) and 30.48 (+0.04), respectively were
recorded for turmeric dried on LDPE sheet under
polyhouse conditions. And the L value of 51.07 (£2.05)
was recorded for the same floor under polyhouse
conditions. The minimum value ‘a’ of 12.51(+1.08) for
LDPE floor and ‘b’ of 25.15 (+1.82) on sand floor were
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recorded for turmeric dried under open sun drying
conditions. The L, a and b values were recorded high
for turmeric dried under polyhouse conditions compared
to the open sundrying onfour different floors. The higher
valuesof L, aand b are desired for turmeric as positive
values of L, aand b shows the brightness, redness and
yellowness, respectively. These higher values also
reflectsthe quality of color pigment.

True density :

True density of the whole turmeric rhizomes
obtained from different floors under polyhouse and open
sun drying conditions are shown in the Table 4 and Fig.
4. 1t was observed that the maximum value of truedensity
istobe 1465.33 kg/m? in polyhouse drying condition and
the minimum of 1440.76 kg/m*in open sun drying. True
density values are observed to be higher for turmeric
rhizomes dried on floors in polyhouse condition in
comparison with floors in open drying condition. The
higher true density values under polyhouse drying shows
the soundness of dried rhizomes.

Table4: Truedensity of turmericrhizomesdried in polyhouse
and open sun drying conditions
True density, kg/m®
Drying condition

Floor Polyhouse Open sun drying
L DPE sheet 1465.33 1440.76
Tarpaulin 1459.87 1457.26
Cement concrete 1451.35 1443.33
Sand floors 1461.91 1449.22
O Polyhouse drying
1470~ B Open sun drying
14651 [
1460-
mE 1455+
g
= 1450
=2
2 14451
©
8 1440+
=
1435
1430+
1425
Polyethylene Tarpaulin Cement Sand floor
concrete
Different floor materials
Fig. 4 : Comparison of true density of turmeric rhizomes

dried in polyhouse and open sun drying conditions

Conclusion :

Crude fibre content was observed to be low in the
powders obtained from the samples dried in polyhouse
compared to their same floors in OYSD. But the
maximum amount of crude fibre 5.80(x0.01) per cent
was observed on sand floor in OY SD which is lower
than the maximum allowed amount of 6.00 per cent as
per the standards prescribed for turmeric powder.

Oleoresin content and curcumin content of the
turmeric powder was observed to be high for samples
dried on all floors for samples dried in polyhouse
compared to their same samples dried on all floors in
OYSD. It was aso observed that the floor materials
affected the drying time marginally under the experiment
conditions from one method to anther method.

It was thus, concluded that polyethylene sheet
followed by tarpaulin are better floor materialsto reduce
the drying time and were good in quality of turmeric
powder.
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