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ABSTRACT 

Experiments were conducted to study the effect of different drying methods for pot marigold flowers. Half opened 

flowers with 5 cm long pedicel were selected with four replications and embedded in three drying media (Coarse silica gel, 

Fine silica gel and Boric acid powder) with Microwave oven, whereas in Hot air oven four embedding media (Coarse silica 

gel, Fine silica gel, sea sore and and Boric acid powder) were used. Temperature used in Hot air oven was 35, 40, 45 and 

50°C for 24, 48 and 72 hours and the microwave frequencies employed in Microwave oven is 20%, 60% and 100% for 1.0, 

1.5, 2.0, 2.5 and 3.0 minutes. Observations were recorded for percent weight loss of fresh weight, reduction in flower size 

and effect of drying on flower quality. Data were statistically analyzed with completely randomized design (CRD) in a 

factorial arrangement. Dried flower samples were given scores on 10 point scale with reference to ornamental values 

comparable to fresh samples on the basis of colour, shape and texture and appearance, mechanical damage and overall 

quality of flower. Eighteenth judges were employed from various group of society for assessment of quality of dried 

flowers. Based on cumulative score, ranks were given and the best treatment combinations were worked out. Among 

different method of dehydration, the loss of fresh flower weight was highest at 100% microwave frequency, fine silica gel 

embedding media and 3.0-minute microwave duration in microwave drier and at 500 C temperature, 72 hours duration and 

in sea sore sand embedding media in cabinet oven drier. Effect of drying on quality of flowers and flower size was 

recorded and most acceptable quality of dried flowers and least reduction flower size were observed at 20% microwave 

frequency, and 1.0 minute microwave duration in microwave oven drier. In cabinet oven drier most acceptable dried 

flowerer was at 450 C temperature, 24 hours drying duration and in sea sore sand. Coarse embedding media were processed 

most acceptable quality of dried flowers in microwave oven where as sea sore sand exhibited in cabinet oven drier. Among 

the interactions, maximum weight loss was recorded at 100% microwave frequency x 3.0 minute duration x fine silica gel 

whereas least reduction of flower size at 20% microwave frequency x 1.0 microwave duration x boric powder embedding 

media in cabinet oven drier. 
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INTRODUCTION 

Since the beginning of human civilization flowers have been known for the beauty and joy. Even today we all get 

pleasure to see the beauty of flowers. So also is the desire to preseSrve their beauty for a long time. The beauty and fresh 

look of flowers can be retained only for a few days even when some flower preservatives or chemicals are used to prolong 

the shelf life. This limits our ability to use them for different occasions and have to wait till the next season to obtain the 
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desired flower. However, techniques like flower dehydration can preserve certain flowers and foliage in such a way that 

there fresh look is maintained for several months or even years. These dried flowers are handy and available throughout the 

year and score over the cut flowers. They are often used to decorate home and office because of their ability to remain 

decorative of longer period and the low care levels are needed (Zizzo and Fascella, 1999). With growing eco-conscious the 

use of more and more nature-friendly things like these comes as natural choice for decoration. In other words, these 

beautiful creatures of nature have been freed from the bondage of seasons to be profit. Mao (2000) suggested that there is 

potential for developing dried flower making as a cottage industry in remote area of North – East India. However, endeavor 

could find lacking of scientific research on this topic. There is need to standardize method of dehydration for different 

flower species. Hence, the present investigation was under taken to study the effect of dehydration methods and embedding 

media on quality of pot marigold flowers (Callendula officinalis L.) var. 'Dwarf Orange'. Pot Marigold is one of the most 

commonly grown seasonal flowers and are available in various shades and useful for bedding, potting and as cut flower but 

are long lasting. 

MATERIALS AND METHODS 

Series of two experiments were conducted at APPE unit of Anand Agricultural University, Anand with the 

following procedure. Among drying methods, cabinet hot air oven drying and microwave oven drying were employed in 

the experiment. Fresh, healthy, half bloom and undamaged flowers of pot marigold (Callendula officinalis L.) var. ‘Dwarf 

Orange” were embedded in various media such as coarse silica gel (6-20 mesh), fine silica gel (thin layer chromatography), 

sea sore fine sand and boric powder. The method for embedding described by Kher and Butani (1979) was employed in 

experiment. After dehydration process dried flower was left at room temperature for two hours so that plant material is 

dried completely. The embedded flowers were taken out by tilting the container in order to remove the desiccant. Inverting 

them and tapping with finger or painting brush slowly and gently cleaned the dried flowers. Quality of flower was assessed 

by visual ranking method. Eighteenth judges were employed from various group of society for assessment of quality of 

dried flowers. Quality was measured by considering following characters viz., colour, texture, toughness, appearance, 

mechanical damage of flowers and shape of petals and overall quality of flower. The experimental design for both the 

experiments consists of 4 replications of Completely Randomized Design with treatments in a factorial arrangement. 

Expt. No.1: (Microwave Oven Drying) 

A series of experiment were conducted for testing various desiccants (coarse Silica gel, fine Silica gel and sea sore 

sand) and microwave frequencies (20 %, 60 % and 100 %) in combination with several micro waving duration (1.0, 1.5, 

2.0, 2.5 and 3.0 minutes), to measure their effect on weight loss, reduction of flower size and quality of flowers. Micro 

waving duration were chosen based from a pretrial in which time of 4 minutes and more caused burning at setting of 

medium and high. 

Expt.No.2 (Cabinet Hot Air Oven Drying) 

The embedded flower containers were kept in electrically operated hot air oven at controlled temperature for 

appropriate duration. There were different temperature (35, 40, 45 and 50 0C) and various embedding media (coarse Silica 

gel, fine Silica gel, sea sore sand and Boric powder) used, in combination with several oven drying duration (24, 48 and 72 

hours) to find out best treatment combination. 
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RESULTS AND DISCUSSIONS 

Table 1 elucidate that microwave frequencies, microwaving durations and embedding medias exerted significant 

effect on weight loss (%) of fresh Calendula flowers. The positive trend of weight loss with the increasing microwave 

frequency was noticed and maximum weight loss (71.92 %) of fresh Calendula flower was recorded at 100% microwave 

frequency. Among the microwave duration treatments, maximum weight loss was observed at 3.0 minute microwave 

duration which differed significantly than rest of treatments. These responses may be explained by process of 

microwaving. Microwave are generated in applicator by mean of a magnetron are transferred by mean of wave-guides, has 

reflected internally. When a substance absorbed in its free state and then microwaved, it responds by heating and 

vaporizing. This is due to its high relative dielectrical activity (Decareau, 1985). Paparozzi and Mccallister (1988) observed 

similar findings in statice flower. Among the embedding media, significantly higher weight loss of fresh Calendula flower 

was observed with fine Silica gel embedding media (76.49 %). This might be due to smooth surface, lighter weight and 

dense nature of fine Silica gel, which support more absorption of heat. 

It is evident from Table1 that flower size reduction (%) was markedly influenced by microwave frequencies, 

microwaving durations and embedding medias. The significantly least reduction of flower size was observed at 20% 

microwave frequency (27.62%), 0.5 minute micro waving duration (24.67%) and Boric powder embedding media 

(24.29%) then rest of treatments.60% microwave frequency (30.13%)and coarse Silica gel embedding media (32.31%) 

differ non significantly with 100% microwave frequency (30.99%) and fine Silica gel embedding media (32.15%), 

respectively whereas significant difference was observed at all levels of micro waving durations. 

The mean value obtained for the changes in quality of different flowers during dehydration by microwave oven 

method are given in Table 1. Among microwave frequencies and embedding medias, 20% microwave frequency (2.15) and 

coarse silica gel embedding media (2.06), contain significantly acceptable quality then rest of treatments. This might be 

due to coarse Silica gel is not sticky by nature on dried surface of flower, whereas rest of embedding media made a fine 

layer on surface of dried flowers which badly influence acceptability 

Although, the interaction of microwave frequency x embedding media, microwave frequency x micro waving 

duration and micro waving duration x embedding media were significant, only higher order interaction of microwave 

frequency x micro waving duration x embedding media is discussed here. Data observed for higher order interaction of 

microwave frequency x micro waving duration x embedding media are presented in Table 2. These data clearly showed 

that among different combinations studied 100% microwave frequency x fine Silica gel x 3.0 minute micro waving 

duration recorded highest loss of weight (80.45 %) which being on par with all levels microwave frequency in combination 

with fine Silica gel at 2.0, 2.5, 3.0 micro waving duration, differed significantly from rest of combinations. The result 

revealed that among different combinations 20% microwave frequency x 1.0 minute micro waving duration x Boric 

powder embedding media showed the lowest reduction (16.33%), which being at par with 20% microwave frequency x 1.0 

micro waving duration x Boric powder embedding media (17.33 %), differed significantly from the rest of combinations 

(Table 2). 

The data of interaction effect of microwaving duration x embedding media (Table 3) showed that very acceptable 

quality of dried flowers in 2.5 minute microwaving duration x coarse Silica gel embedding media, which being at par with 

2.0 minute microwaving duration x coarse Silica gel embedding media, differed significantly from rest of the combination. 
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The furnish value obtained for microwave frequency x embedding media interaction are presented in Table 4, clearly 

showed that 100% microwave frequency x coarse Silica gel embedding media was recorded the very acceptable dried 

flower quality (1.96), which being on par with 20% microwave frequency x coarse Silica gel embedding media (2.01), 

differed significantly from rest of treatment combinations. The interaction effect of microwave frequency x microwave 

duration was found to be significant for quality of dried flowers. The interaction data of quality of dried flower are given in 

Table 4, revealed that the 20% microwave frequency x 2.0 minute microwaving duration (2.1), which being on par with all 

levels of microwaving duration in combination with 20% and 60% microwave frequency at 2.0, 2.5 and 3.0 minute 

microwaving duration and 100% microwave frequency in combination with1.0 and 1.5 minute microwaving duration, 

differed significantly than rest of treatment combinations. 

The mean data pertaining to loss of weight of fresh flowers after oven drying at different temperature, embedding 

media and drying duration are presented in Table 5. From the table it was observed that highest weight loss at 50oC oven 

drying temperature (83.43%), which was significantly more than rest, except 45oC drying temperature (82.72 %). There 

was no significant difference on weight loss of flower in different embedding media, except sea sore sand, which showed 

significantly highest weight loss (82.01 %). Loss of flower weight was showed significantly positive trend with increasing 

of oven drying duration and significantly highest loss of weight (81.25 %) was observed at 72 hours drying duration.  

The mean value on reduction of flower size are presented in Table 5, revealed that the least reduction of flower 

size at 35oC drying temperature (15.79 %), differed significantly with rest of treatment. There were significant effect of 

oven drying duration on reduction of flower size and least reduction of flower size was observed at 24 hours drying (16.03 

%). Singh, at al. (2003) observed similar pattern in Zinnia flowers. Among different embedding medias Boric powder 

showed least reduction of flower size (16.88 %) which on par with Coarse Silica gel (18.82 %) and sea sore sand (17.77 

%), differed significantly with fine Silica gel. The possible reason for size reduction may be general physiological effect of 

water loss from cell. The sequence of size reduction may be -  

Moisture loss →failure of cell turgidity →cell became flaccid →reduction in protoplasm size →increase in 

viscosity →cell wall thickening →reducing in size. This effect might be more at 50oC temperature, 72 hours drying period 

and in fine Silica gel embedding media. Boric powder has rough texture and binding properties and heavier weight, which 

resist reduction of flower size during dehydration. 

The mean value pertaining to quality of dried flowers is listed in Table 5, which showed that 45oC oven drying 

temperature processed acceptable flower (2.05), which differed significantly to rest of treatments. There were interesting 

influence of embedding media observed on quality of flower and sea sore sand showed acceptable dried flower (2.17) 

which being on par with coarse silica gel (2.23) and differed significantly with rest of treatments. 24 hours oven drying 

duration produce significantly acceptable dried flower (2.15) than rest of treatments. Sea sore sand and coarse Silica gel are 

not sticky on surface of dried flower, which ameliorate acceptability of dried flowers. The data of oven drying temperature 

x embedding media interaction as given in Table 6, showed that 50oC drying temperature x sea sore sand embedding media 

treatment combination lost highest weight (84.74 %), which being on par on par with 45oC drying temperature x coarse 

Silica gel (84.02%), differed significantly from rest of treatment combinations. 

The interaction effect of oven drying temperature x embedding media on quality of dried flowers are presented in 

Table 6, revealed that the dried flower of treatment combination 45oC oven drying temperature x sea sore sand (1.83), 
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being at with 45oC oven drying temperature x coarse Silica gel (1.96), showed significantly acceptable quality as compared 

to rest of combinations. 
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Table 1: Effect of Microwave Frequency, Microwaving Duration and Embedding  
                  Media on Weight Loss, Flower Size Reduction and Quality of Dry Flower 

 

 
Table 2: Interaction Effect of Microwave Frequency X Embedding Media X  

Microwaving Duration on Weight Loss and Reduction of Flower Size 
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Table 3: Interaction Effect of Embedding Media X Microwaving  
Duration on Quality of Dried Flowers 

Microwave 
Duration (Minutes) 

Embedding Media 
Coarse Silica Gel Fine Silica Gel Boric Powder 

1.0 
1.5 
2.0 
2.5 
3.0 

2.23 
2.10 
2.01 
1.91 
2.07 

2.18 
2.27 
2.29 
2.43 
2.55 

2.32 
2.42 
2.40 
2.37 
2.41 

CD (5%) 0.10 
 

Table 4: Interaction Effect of Microwave Frequency Χ Embedding Media and  
Microwave Frequency X Microwave Duration on Quality of Dried Flowers 

Microwave 
Frequency 

Embedding Media Microwave Duration (Minutes) 
Coarse 

Silica Gel 
Fine 

Silica Gel 
Boric 

Powder 
1.0 1.5 2.0 2.5 3.0 

20 % 2.01 2.21 2.25 2.12 2.15 2.10 2.19 2.21 
60 % 2.22 2.38 2.28 2.38 2.40 2.27 2.21 2.21 
100 % 1.96 2.44 2.63 2.23 2.25 2.33 2.31 2.60 

CD (5%) 0.14 0.18 
 

Table 5: Effect of Oven Drying Temperature, Embedding Media and Oven Drying  
                Duration on Weight Loss (%), Size Reduction (%) and Quality of Flowers 

Treatment Weight loss (%) Size reduction (%) Quality 

Hot air cabinet 
oven drying 
temperature 

35oC 
40oC 
45oC 
50oC 

72.16 
81.51 
82.72 
83.43 

15.79 
18.14 
19.75 
21.4 

2.36 
2.21 
2.05 
2.53 

CD (5%) 1.00 1.94 0.09 

Embedding media 

Coarse Silica gel 
Fine Silica gel 
Sea sore sand 
Boric powder 

79.10 
79.21 
82.01 
79.50 

18.20 
22.30 
17.77 
16.88 

2.23 
2.28 
2.17 
2.46 

CD (5%) 1.00 1.94 0.09 

Oven drying 
duration 

24 hrs. 
48 hrs. 
72 hrs. 

78.69 
79.93 
81.85 

16.03 
19.50 
20.96 

2.15 
2.29 
2.42 

CD (5%) 0.87 1.68 0.08 
 

Table 6: Interaction Effect of Oven Drying Temperature  
                        Χ Embedding Media on Weight Loss of Flowers (%) 
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Table 7: Interaction Effect of Oven Drying Temperature  
X Oven Drying Duration on Quality of Dried Flowers 

Oven 
Drying 

Duration 

Oven Drying 
Temperature 

35oc 40oc 45oc 50oc 
24 hrs. 2.44 2.07 1.85 2.24 
48 hrs. 2.36 2.30 1.96 2.54 
72 hrs. 2.28 2.26 2.33 2.81 
 CD (5%) 0.15 




