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Abstract 

This study investigates the effect of various pre-treatments on the drying and rehydration characteristics 

of Amla (Phyllanthus emblica L.) under open sun drying. Five treatments were studied: untreated 

(control), flaking, pricking, pricking with blanching, and pricking with blanching and flaking. Moisture 

reduction during drying and rehydration behavior were assessed. Results showed that untreated Amla 

required approximately 8 days to dry, while pricking reduced drying time to 42 h. Combining pricking 

with blanching further reduced the drying time to 29 h, while flaking alone limited drying to 12 h. The 

highest rehydration ratio (3.14) and coefficient of restoration (0.558) were observed for flaked samples. 

These findings suggest that appropriate pre-treatments can significantly improve drying efficiency and 

rehydration quality of Amla, thereby enhancing its potential as a value-added dried product. 
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1. Introduction 

Amla (Phyllanthus emblica L.), also known as Indian gooseberry or aonla, is valued not only 

as a food fruit but also for its high nutritional and medicinal value, particularly its richness in 

vitamin C, polyphenols, and antioxidants (Verma & Gupta, 2004; Prabhu Reshmi et al., 

2018) [37, 34]. However, its fresh form is highly perishable, because of high moisture content, 

enzymatic activity, and sensitivity to microbial spoilage. To reduce post-harvest losses and 

extend shelf life, dehydration is often employed. Among dehydration methods, open sun 

drying remains widely used in many rural and low-cost settings because of its simplicity and 

minimal energy input. Yet it has well-known drawbacks: slow drying times, uneven drying, 

exposure to environmental contaminants (dust, insects), risk of quality loss (colour, flavour, 

nutrients), and variable final moisture content. 

One route to mitigate these drawbacks is the use of pre-treatment(s) applied to the fruit 

before drying. Pre-treatments such as blanching (hot water or steam), pricking or piercing of 

the skin, slicing or flaking, use of osmotic agents or salt/citric acid, dipping in antioxidant 

solutions, or combinations thereof, serve multiple potential functions: (i) disruption of skin to 

facilitate moisture removal; (ii) inactivation of enzymes (e.g. polyphenol oxidase) that lead to 

browning or nutrient loss; (iii) alteration of the microstructure to reduce internal resistance to 

moisture movement; (iv) removal or reduction of surface waxes or cuticle barriers; (v) 

possibly reducing microbial load. 

Several studies have demonstrated that pre-treatments significantly influence drying kinetics 

and rehydration properties of fruits and vegetables. Verma and Gupta reported that pre-

treated Amla exhibited better rehydration ratios compared to untreated samples. 

Arumuganathan et al., 2003 [2], found that blanching improved the rehydration characteristics 

of mushrooms, while Walde et al., 2006 [3], showed that different drying methods influenced 

final product quality. Studies on solar drying techniques further confirm that treatments like 

pricking and blanching can reduce drying time and improve overall quality. Building upon 

these findings, the present work evaluates the impact of different pre-treatments on Amla 

drying efficiency and rehydration capacity. 
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2. Materials and Methods 
2.1 Raw Material Procurement and Selection 
Fresh Amla (Phyllanthus emblica L.) fruits were procured 
from the local market in Surampalem, Andhra Pradesh, 
India, during the peak harvest season. Only healthy, fully 

matured, and uniform-sized fruits without blemishes or 
signs of microbial spoilage were selected for 
experimentation. The fruits were manually sorted to remove 
diseased or damaged ones, ensuring uniformity in size and 
colour for consistent drying behaviour. 

 

 
 

Fig 1: Fresh Amla 

 
2.2 Cleaning and Washing 
Selected fruits were thoroughly cleaned to remove adhering 
dust and debris. Washing was carried out with potable water 
to remove soil particles. To minimize enzymatic browning 
and microbial contamination, the fruits were dipped briefly 
in a reducing solution containing food-grade antimicrobial 
agents, following the recommendations of Beelman et al. 
(1989) [35] and Sapers et al. (1994) [36]. Care was taken to 

minimize mechanical injury to the surface to avoid 
excessive water uptake that could predispose the fruits to 
spoilage. 
 
2.3 Pre-treatments 
Five treatments were applied to evaluate the effect of 
different pre-processing methods on drying and rehydration 
characteristics. 

 
Table 1: Pre-treatments and their actions for evaluation of different Pre-processing methods 

 

Sl. No. Treatments Action 
1 Control (T1) Whole, unprocessed Amla fruits. 

2 Flaking (T2) 
Fruits were flaked into thin slices (≈ 3-5 mm thickness) using a stainless-steel knife to increase surface area 

for moisture evaporation. 

3 Pricking (T3) 
Fruits were pricked with a sterilized stainless-steel needle to create multiple small perforations, facilitating 

moisture diffusion through the cuticle. 

4 Blanching (T4) 
Pricked fruits were blanched in a boiling 0.1% (w/v) sodium chloride solution for 5-6 min at 95-100 °C, 

following the method reported by Saxena and Rai (1990). 
5 Combined (T5) Fruits were subjected to pricking, blanched as above, and subsequently flaked into thin slices. 

 
After pre-treatment, excess surface moisture was removed 
using clean muslin cloth before subjecting the fruits to sun 
drying. 
 

 
 

Fig 2: Processing of Amla 

 
2.4 Sun Drying Procedure 
Open sun drying was carried out under ambient conditions 
typical of the tropical climate of Surampalem. The average 
temperature during the experimental period ranged between 
30-35 °C with relatively low humidity and clear skies. The 
treated and untreated samples were uniformly spread on 
clean, food-grade trays lined with muslin cloth and placed in 
a well-ventilated, insect-protected drying area exposed to 
direct sunlight. Samples were periodically turned to ensure 

uniform drying and weighed at 3-hour intervals until 
constant weight was achieved. The total drying time for 
each treatment was recorded. 
 

 
 

Fig 3: Flacking of Amla 

 
2.5 Moisture Content Determination 
Initial moisture content of fresh amla and final moisture 
content of dried samples were determined using the hot air 
oven method at 105 °C until constant weight (AOAC, 
2019). Moisture reduction curves were plotted to study 
drying kinetics under different treatments. 
 
3. Rehydration Studies 
3.1 Rehydration Ratio (RR) 
Dried samples (2 g) from each treatment were soaked in 
distilled water at 35 °C. At 30-minute intervals, the samples 
were removed, surface water blotted with absorbent paper, 
and weighed. The procedure was repeated until no further 
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weight change was observed, indicating equilibrium 
rehydration. The rehydration ratio was calculated using: 
 

 
 

 
 

Fig 4: Drying of Amla 

 

3.2 Coefficient of Rehydration (CR) 

The coefficient of rehydration, which reflects the extent of 

restoration of the dried sample toward its original state, was 

calculated using the following expression: 

 

 
 

Where; 

 Wr = weight of rehydrated sample (g), 

 Wd = weight of dried sample (g), 

 Wu = moisture content of dried sample (g), 

 A = weight of raw material (g). 
 

4. Results and Discussion 

The untreated control samples required nearly 8 days to 

reduce moisture content from 495% to 6% (db). Pricking 

significantly accelerated drying, reducing the drying time to 

42 h, while pricking combined with blanching further 

reduced it to 29 h. Flaking alone reduced drying time to 12 

h, and the combination of pricking, blanching, and flaking 

limited it to 14 h. These reductions in drying time are 

attributed to increased surface area and disruption of the 

waxy layer. Rehydration studies showed that flaked samples 

had the highest RR (3.14) and COR (0.558), followed by 

pricked + blanched + flaked samples, while untreated 

samples had the lowest values (RR 1.76, COR 0.315). 

Overall, pre-treatments significantly improved drying 

efficiency, colour, texture, and rehydration characteristics as 

shown in the fig. 5. 

 

 
 

Fig 5: Variation in Moisture content with time 

 

5. Conclusions 

The study demonstrates that pre-treatments play a crucial 

role in improving the drying and rehydration behavior of 

Amla. Flaking was found to be the most effective treatment, 

yielding the shortest drying time and best rehydration 

properties. These results indicate that the adoption of pre-

treatment techniques can enhance the efficiency and quality 

of sun drying Amla, thereby supporting its utilization in 

value-added food products. 
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