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Abstract 

Drying is an essential process used all over the world for the preservation of farm produce. It 

helps in reducing the water activity of the produce to a level below which deterioration does not occur 

for a definite duration. Various drying methods/sources are employed to dry different food produce. 

Each one is having its own advantages and limitations. Conventional fuel operated driers are more 

efficient than open sun drying, provide uniform high quality dried produce, with many more 

advantages, but in spite of all these favourable points, such units are beyond the reach of rural people 

with limited product volume and financial resources. Moreover, the increasing rate of fuel 

consumption in agriculture has made it necessary, not only to save energy by intensifying the drying 

process, improving designs etc. but also using renewable energy sources for drying processes. Solar 

and biomass are the two main renewable sources of energy that is used for drying of agricultural 

produce. Appropriate use of these sources in drying provide reduction of drying time and specific 

improvement of the product quality in terms of colour, taste and texture in comparison to open sun 

drying. In order to increase the energy efficiency, improve the energy quality, and reduce emissions in 

the energy conversion, integration of biomass and solar drying system is important in the development 

of the alternative energy systems. 

So, the present research was undertaken in design and development of a solar biomass fired 

integrated drying system (IDS) for drying of ginger and turmeric rhizomes. Functional design of a 

solar flat plate collector was carried out to harness maximum solar intensity. The collector dimension 

of 2220 mm x 1230 mm was finalized with an inclination of 15
0
 facing south (26.75

0 
N and 94.22

0 
E) 

for maximum exposure to insolation. To increase the intensity of solar radiation, a double parabolic 

concentrator was designed accommodating 6 parabolic concentrators with equal spacing of 15 mm. 

Horizontal and vertical manual tracking was incorporated to provide tracking by 11.54
0 

and 4.68
0 

respectively. A bio-waste fired assembly with a detachable grate type husk feeding system, 

combustion chamber with a horizontal grate for burning of solid biomass of length 1620 mm and 

diameter 450 mm was also designed. The capacity of the dryer was designed for 100 kg per batch in 6 

perforated trays. Total cost involvement of the dryer was Rs.80,000/-. Along with the developed 

dryer, drying were also carried out simultaneously in a fluidized bed dryer (FBD), electrical oven and 

open sun drying for comparison.  

To understand the drying kinetics, drying experiments on ginger and turmeric rhizomes were 

carried out by interchanging the trays in a predetermined sequence and time interval for uniform 

drying. Drying of ginger was accomplished in 16 hour of effective drying time reducing moisture 

content from 88.8 % to 6 % (wb), when air temperature was maintained at 55±3
0 

C using paddy husk 

as the source of fuel. Drying curves were drawn and moisture ratio (ln MR) against time was 

computed. While drying turmeric, it was observed that drying was accomplished in 14 hours of 

effective drying. The moisture content was brought down to 6.26% (wb) from initial level of 89.26% 

(wb).  

Comparative performance of the selected mechanical drying systems was studied considering 

specific energy consumption (SEC). The highest SEC while drying ginger was by oven drying 

followed by IDS and FBD. However, in case of turmeric drying minimum SEC was observed in IDS 

followed by FBD and Oven drying. Cost of drying was compared. In comparison to IDS, cost of 

drying ginger in FBD and Oven were 5 and 19 times more, respectively. The same in case of turmeric 

were 14 and 30 times more in FBD and Oven drying, respectively compared to drying in IDS. 

 Energy utilization efficiency by the IDS was analyzed. After computing overall heat loss 

coefficient of collector surface area, energy utilization efficiency by the solar collector assembly was 

found to be 49.27%. Energy utilization efficiency of the bio-waste fired assembly was found to be 
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62.32%. Considering total heat available in the plenum chamber and latent heat of evaporation, the 

IDS showed 39.33% of overall energy utilization efficiency.  

Attempt was made to simulate a drying process and to identify best suitable model out of six 

selected thin layer drying models. Moisture content data were converted into the moisture ratio (MR) 

expressions and curve fitting with drying time for the selected drying models were analyzed. Sigma 

Plot software was used for nonlinear regression to the data obtained during drying and for modeling 

of drying curves. The suitability of the equations was evaluated in terms of statistical parameters such 

as coefficient of determination (R
2
), mean percentage error (P) and standard error estimate (SEE). 

Analyses of overall statistical parameters of drying kinetics validated Page model as the most suitable 

one among the six models tried for simulation. Experimental and simulated moisture ratio curves 

when drawn for this model for both the spices, it was observed that the curves were near similar 

indicating sound drying conditions. The effective moisture diffusivity during drying for different trays 

was determined using method of slopes for ginger and turmeric separately. The effective moisture 

diffusivity (Deff) for ginger was found to be, 2.97×10
-7

 m
2
s

-1
, while experimenting with turmeric 

rhizomes effective moisture diffusivity was found to be 3.747×10
-7

 m
2
s

-1
. It was observed that, 

diffusivity in IDS was 35.7% more in comparison to diffusivity reported in literature under sun 

drying.   Effective moisture diffusivity in case of turmeric drying was nearly 21% more in comparison 

to ginger drying. Moisture diffusion was easier in turmeric rhizomes due its less fibrous nature 

compared to ginger.  

The effect of selected drying methods on the quality attributes of dried spices were studied by 

analysis of different parameters viz. rehydration ratio (RR), oleoresin level, volatile oil content, 

texture, colour for ginger samples and curcumin content, texture, colour  etc. for turmeric samples 

using standard methods. Results obtained were statistically analyzed using 1-way analysis of variance 

test (ANOVA). Non uniform exposure to hot air and extreme drying conditions affects the cell 

structures resulting in poor rehydration, which is a negative quality attribute. The rehydration 

characteristics of dried ginger were studied in terms of RR and coefficient of rehydration (COR). In 

case of samples dried in IDS, rehydration ratio values ranged from 1.60 to 2.29 with respect to 

different time intervals, which was compatible with samples from oven drying (2.32). Better values of 

COR, which is indicative of good quality attributes was observed in products from IDS than from 

oven as well as sundried. Oleoresin and volatile oil content in dried ginger from different drying 

methods were studied as these are the most heat sensitive quality parameters of ginger. Ginger 

oleoresin was found to be highest in samples from IDS (2.60%) and affected most in FBD (0.84%). 

Highest amount of volatile oil was found in samples from oven drying (0.95%) and lowest (0.40 %) 

was found in samples from FBD. Texture studies of dried turmeric from all the four drying methods 

showed that, turmeric dried in IDS required maximum peak force (8789.006 g) which was an 

indication of achieving maximum uniform drying whilst positive area under curves was minimum 

(10745.264 g.sec) amongst all indicating dried turmeric would require minimum energy during size 

reduction operations. Maximum deviation of colour from raw turmeric (67.354) was in case of oven 

dried samples. Lowest value of ΔE (52.681) in case of samples obtained from IDS indicated most 

acceptable characteristics colour of turmeric. However, IDS produced samples with minimum Hue 

angle (64.87
0
). Corresponding Croma value being highest (26.786) indicated comparatively more 

colour intensity. Taking curcumin content of raw turmeric (6.35%) as base, percent retained in 

samples after drying was compared for the selected drying methods.  It was observed that, variation in 

retention of curcumin was only 1.31%, varying between 97.13% and 95.82%.  

The drying processes were optimized using a nine point Hedonic scale wherein the range was 

fixed based on maximum and minimum values of drying time, specific energy consumption, texture, 

colour change, rehydration characteristics, oleoresin and volatile oil content, curcumin content as 

applicable. IDS scored highest value (47) whereas FBD scored lowest (22).  

Key words: Biomass-solar drying system, food quality, ginger, optimization, turmeric
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