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	ABSTRACT	
In	the	present	study	the	�lowers	of	chrysanthemum	cv.	Baggi	were	subjected	to	four	different	pre-drying	treatments	i.e.	P 	-	Control	0

(Soaking	in	Distilled	water	for	15	minutes);	P 	-	Soaking	in	Citric	acid	(2%)	for	15	minutes;	P -	Soaking	in	Magnesium	Chloride	(10	%)	1 2	

for	4	hours;	P -	Soaking	in	Glycerol:	water	(1:3)	for	24	hours	and	�ive	drying	techniques	i.e.	D =	Air	drying	at	room	temperature	3	 0	

without	embedding;	D =	Embedded	drying	in	Silica	gel	in	a	hot	air	oven	at	50+5	°C;	D =	Embedded	drying	in	Silica	gel	in	a	microwave	1	 2	

oven;	D =	Embedded	drying	in	Borax	in	hot	air	oven	50+5	°C	and	D 	=	Embedded	drying	in	Borax	in	microwave	oven	in	a	factorial	3	 4

completely	randomized	design.	Pre-drying	treatment,	Glycerol	and	Water	in	a	1:3	ratio	proved	best	which	resulted	in	a	maximum	dry	
�lower	weight	of	0.83	grams,	a	minimal	moisture	loss	of	67.45%,	a	maximum	dry	�lower	diameter	of	4.24	centimeters,	and	a	minimal	
reduction	in	diameter	of	0.37	centimeters	besides,	a	minimal	drying	time	of	71.43	hours.	In	terms	of	quality	parameters,	the	�lowers	
treated	with	glycerol	and	water	(1:3)	had	the	highest	scores	for	color	(3.82),	texture	(2.76),	shape	(3.65),	non-shattering	of	petals	
(3.87),	and	overall	acceptability	(3.64).	Silica	gel	embedded	�lowers	and	drying	them	in	a	hot	air	oven	resulted	in	a	smaller	reduction	
in	diameter	(0.20	centimeters)	and	achieved	the	highest	scores	for	color	(4.39),	texture	(4.18),	shape	(4.30),	non-shattering	of	petals	
(4.20),	and	overall	acceptability	(4.54).	The	combination	of	the	glycerol:	water	pre-treatment	and	the	silica	gel	with	a	hot	air	oven	
drying	method	showed	the	least	reduction	in	diameter	(0.23	centimeters)	and	the	highest	scores	for	color	(4.75),	texture	(4.60),	
shape	(4.60),	non-shattering	of	petals	(4.55),	and	overall	acceptability	(4.75).	Drying	the	�lowers	in	a	microwave	oven	with	either	
desiccant	resulted	in	the	shortest	drying	time	of	0.10	hours.	On	the	other	hand,	air	drying	without	embedding	the	�lowers	produced	
the	lowest	dry	�lower	weight	(0.46	grams),	the	highest	percentage	of	moisture	loss	(82.44%),	the	smallest	dry	�lower	diameter	(3.57	
centimeters),	and	the	largest	reduction	in	diameter	(1.00	centimeters).	However,	air	drying	took	the	longest	time	at	328.93	hours	
and	resulted	in	dried	�lowers	that	were	deemed	unacceptable	with	minimal	scores	for	color	(2.70),	texture	(1.35),	shape	(1.95),	and	
overall	acceptability	(2.35).

Keywords:	Desiccant,	drying	technique,	chrysanthemum,	pre-treatments,	texture.

Introduction
The longer life span and aesthetic appeal of the dehydrated 
�lowers offer an advantage over the fresh �lowers. The gaining 
popularity of dehydrated �lowers as an alternative to fresh 
�lowers for various decorative and commercial purposes is due 
to their eco-friendly nature and year-round usability, regardless 
of climate or season.	Flowers and foliage can be dried through 
various techniques which primarily involve the reduction of 
moisture content of the plant tissue while preserving cell 
structure, pigment levels, and shape. Several methods are used 
for drying but air drying is the common method however it 
causes tissue shrinkage which is the only limitation, and that's 
why the "embedding approach" is often preferred [1].	Changes 
in petal color, such as browning or darkening are common due to 
heat-induced tissue damage during the drying processes. Pre-
treatment using various chemicals like sodium bisulfate, 

magnesium chloride, and magnesium sulfate has shown 
signi�icant effects on color and quality retention during the 
dehydration process of vegetables and �lowers [19].
The availability of a wide range of vibrant colors in 
chrysanthemums including red, pink, orange, magenta, scarlet, 
and many more make it a highly signi�icant �lower crop 
worldwide [14]. With a vase life of only 10-15 days, 
chrysanthemums can also be preserved in dried form for an 
extended period. Dried chrysanthemum �lowers are in high 
demand around the world [23]. Keeping the above factors in 
mind, the current research was carried out to standardize 
drying methods and various pre-treatments signi�icantly 
impacting the �inal product's quality of dried chrysanthemum 
�lowers.

Material	and	Methods
The research was carried out at the Division of Floriculture and 
Landscaping, Faculty of Horticulture, Sher-e-Kashmir 
University of Agricultural Sciences and Technology, Jammu, 
Jammu & Kashmir from November 2021 to March 2022. The 
study aimed to evaluate the effects of different chemical pre-
drying treatments and drying techniques on the �lowers of the 
Chrysanthemum cultivar “Baggi”. A total of 20 treatment 
combinations were tested in a factorial completely randomized 
design viz., four pre-drying treatments viz., P  - Control (Soaking 0
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in distilled water for 15 minutes);	P  - Soaking in citric acid (2%) 1

for 15 minutes;	P - Soaking in Magnesium Chloride (10 %) for 4 2 

hours; P - Soaking in glycerol: water (1:3) for 24 hours and �ive 3 

drying techniques i.e. D = Air drying at room temperature 0 

without embedding; D = Embedded drying in silica gel in a hot 1 

air oven at 50+5 °C; D = Embedded drying in silica gel in a 2 

microwave oven; D = Embedded drying in Borax in hot air oven 3 

50+5 °C and D  = Embedded drying in Borax in a microwave 4

oven. Each treatment was replicated three times. Healthy and 
uniform chrysanthemum �lower stems were collected from the 
�ield during the morning hours at the full bloom stage. The stems 
were trimmed to a consistent length of 6 cm. The �lowers were 
then immersed in the respective chemical solutions based on 
the assigned treatments. Afterward, the �lowers were drained 
and allowed to evaporate the excess water on a cloth. Various 
drying techniques, as mentioned in the treatments, were 
employed to dry the pre-treated �lowers. Air drying was 
performed by hanging the �lowers upside down using a thread in 
a room with temperatures ranging from 15.6°C to 23.3°C. Inside 
the laboratory, the relative humidity (RH) ranged from 48.7% to 
85.4%. Flowers treated with silica gel or borax were embedded 
in microwavable plastic containers and dried in either an 
electrically operated hot air oven or a microwave oven, 
depending on the treatment. After drying, the �lowers were left 
at room temperature for approximately 3 hours for setting. The 
desiccants were removed by inverting the containers, and the 
dried �lowers were hand-picked and cleaned. Any remaining 
desiccants were carefully removed using a �ine brush. The 
moisture content of the petals was checked by pressing them 
with �ingertips. If moisture was present, further drying was 
conducted to ensure complete moisture removal.
Several parameters were recorded, including �lower fresh 
weight, dry weight, fresh �lower diameter, dry �lower diameter, 
reduction in diameter, percent moisture loss, and drying time. 
The quality parameters of the dried �lowers, including color, 
shape, texture, overall acceptability, and non-shattering of 
petals, were evaluated by a panel of �ive judges using a �ive-point 
scale. The judges assigned scores based on the quality of the 
�lowers, ranging from excellent to below average, with 
corresponding weights. The collected data was analyzed using a 
factorial Completely Randomized Design (CRD) methodology 
[13].
The amount of moisture lost as a result of drying was calculated 
using the formula below and expressed in percentage. 

         Fresh weight - Dry weight
Per cent moisture loss (%) = ----------------------------------- X 100 
        Fresh weight

Results	and	Discussion
Morphological	parameters
No signi�icant effects were observed in the fresh weight and 
diameter of �lowers due to various treatments. The lack of 
variation in these parameters was due to the use of uniform 
�lowers. When comparing different drying methods and pre-
treatments (Table 1), it was found that �lowers pre-treated with 
a glycerol and water (1:3) solution for 24 hours had the highest 
dry �lower weight (0.91g) and the least amount of moisture loss 
(67.45%). In contrast, �lowers pre-treated with 10% MgCl  had 2

the lowest dry weight (0.56g) and the highest moisture loss 
(78.26%). This discrepancy can be attributed to the fact that 
glycerol, being a plasticizer, replaces the natural water content 
in plant material through osmosis. Such plasticizers are known 

to enhance the permeability of gases, liquids, and water vapor 
[2]. The results obtained are in agreement with previous work 
incarnation [15, 16], in gerbera [10], and on different types of 
ornamental foliage [9]. 
The highest dry �lower weight (0.72g) was observed in �lowers 
that were embedded in borax and dried in a hot air oven, and the 
lowest moisture loss (72.02%) was observed in the �lowers that 
were embedded in borax and microwaved for 6 minutes. This 
outcome can be attributed to the fact that borax is less effective 
than silica gel in extracting moisture from the surrounding 
environment. Additionally, silica gel exhibits greater 
hygroscopic properties as an embedding medium compared to 
borax. Borax absorbs moisture at a slower rate and tends to 
solidify into lumps, which reduces the likelihood of moisture 
evaporation from the �lowers [4]. Similar �indings have been 
reported in previous studies conducted on carnation [12] and 
on yellow button chrysanthemums [11]. When the �lowers were 
air-dried without embedding, the lowest dry weight (0.46g) and 
the highest moisture loss (82.44%) were observed. This can be 
attributed to the fact that the �lowers were directly exposed to 
the microclimate for an extended period, leading to greater 
moisture evaporation [20]. The �indings of this study align with 
previous research conducted on rose buds [6]. However, in 
contrast to our study, Wilson et al. [23] found that embedded 
drying led to the highest moisture loss compared to air drying 
when working with chrysanthemums. These variations in 
results could be attributed to differences in the speci�ic �lower 
species, experimental conditions, and methodology used in 
each study. The interactive effect of pre-drying treatments and 
drying methods on dry weight and moisture loss was found to be 
signi�icant. The highest dry �lower weight (0.91g) and least 
moisture loss (64.04%) were observed in �lowers that 
underwent a pre-treatment of glycerol and water (1:3) for 24 
hours and were dried by embedding in borax and using a hot air 
oven. Similarly, �lowers that were pre-treated with glycerol and 
water (1:3) for 24 hours and dried by embedding in silica gel 
using a microwave oven also had a dry weight of 0.91g. On the 
other hand, the lowest dry �lower weight (0.38g) and highest 
moisture loss (85.32%) were observed in �lowers that were pre-
treated with 10% MgCl  and air dried at room temperature in 2

shade without embedding (Table 1).
The pre-drying treatments had a signi�icant impact on both dry 
�lower diameter and relative shrinkage. Flowers that 
underwent pre-treatment with glycerol and water (1:3) for 24 
hours had the largest dry �lower diameter (4.24cm) with the 
least amount of shrinkage (0.37cm). Conversely, �lowers pre-
treated with water (control) recorded the smallest diameter 
(4.13cm) which was similar to 10% MgCl  pre-treated �lowers 2

(4.13cm). The highest amount of shrinkage (0.48 cm) was seen 
in �lowers that had been pre-treated with distilled water. The 
choice of drying technique also affected the dry �lower diameter 
and relative shrinkage. By drying �lowers in a microwave oven 
while embedded in silica gel, the largest dry �lower diameter 
(4.37cm) was obtained and the least amount of shrinkage 
(0.23cm) was observed when �lowers were dried in a hot air 
oven and embedded in silica gel. In contrast, the smallest dry 
�lower diameter (3.57cm) and the highest amount of shrinkage 
(1.00cm) were recorded when �lowers were dried at room 
temperature in the shade without being embedded. These 
conclusions concur with those made by Dhatt et al. [5], Wilson et 
al. [23] regarding the chrysanthemum, Verma et al. [22], and 
Akram et al. [3] about the Cleretum bellidiforme and Calendula 
of�icinalis. However, another study shows that microwave-dried 
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rose buds tend to shrink less than those that are dried in a room 
or a hot air oven [1]. The �lower diameter decreased 
substantially with the combination of pre-treatments and 
drying methods. Flowers pre-treated with glycerol: water (1:3) 
for 24 hours, dried in a microwave oven, and embedded in silica 
gel showed the greatest dry �lower diameter (4.46cm). The least 
diameter reduction (0.20 cm) was seen in �lowers that had been 
pre-treated with 1:3 glycerol: water and dried in a hot air oven 
while being embedded in silica gel. The smallest dry �lower 
diameter (3.48cm) and the highest shrinkage (1.09 cm) were 
air-dried at room temperature without embedding and pre-
treated with distilled water (Table 1).
Among all the pre-drying procedures, 10% MgCl  pre-treatment 2

required the longest length of time (77.16h) to dry the �lowers, 
on the other hand following a 24-hour pre-treatment with 
glycerol and water (1:3), the least drying time for �lowers (71.43 
h) was noted. The likely perpetrator may be the drying property 
of glycerol, which replaces the native water molecules in �lowers 
through osmosis and causes the bloom to dry earlier than 
anticipated [10]. The outcomes concur with those reported by 
Adiga et al. [2] for gerbera and Ravichandra and Pedapathi [16] 
for carnation. Different drying techniques had a signi�icant 
impact on the drying time of �lowers. The quickest drying time 
for �lowers was achieved in the microwave oven (0.10h), while 
the longest drying time was achieved when air drying �lowers in 
the shade at room temperature (328.93 hours). This could be a 
result of the water molecules being agitated by electronically 
generated microwaves, which release the most moisture quickly. 
Additionally, the powerful hygroscopic qualities of borax and 
silica gel also contribute to the results indicated above [20]. The 
results concur with Singh et al. [21] �indings on zinnia �lowers 
and Safeena et al. [18] �indings on roses. It was discovered that 
the interaction effects of pre-treatments and drying techniques 
on drying time were signi�icant. Flowers were pre-treated with 
any of the chemicals, embedded in silica gel or borax, and 
microwaved and dried more quickly (0.10h). The longest drying 
time (336.00 hours) was required for air-dried �lowers without 
embedding that had been pre-treated with water and 10% MgCl  2

(363.20 hrs.) (Table 1).

Flower	quality	parameters
The highest ratings for color (3.82), texture (2.76), shape 
retention (3.65), non-shattering of petals (3.87), and overall 
acceptability (3.64) were given to �lowers pre-treated with a 1:3 
glycerol: water solution for 24 hours. In contrast, the lowest 
ratings were given to �lowers pre-treated with water (control), 
which received ratings for color (3.00), texture (2.14), non-
shattering of petals (3.21), and overall acceptability (3.13). The 
�lowers that had been pre-treated with 10% magnesium 
chloride for �ive hours had the lowest form retention score 
(3.16). Hygroscopic substances called humectants, like glycerol, 
pull water vapor from the air to keep plant material �lexible, 
making preserved plant material less brittle and more lifelike 
[2]. The results are in line with those of Patil et al. [15] for 
gerbera, Mathapati et al.	[10] for gerbera, and Ravichandra and 
Pedapathi [16] for carnations. The lowest ratings for color 

(2.70), texture (1.35), shape retention (1.95), and overall 
acceptability (2.35) were given to air-dried �lowers without 
embedding. Flowers that were dried in a microwave oven while 
being embedded in borax also obtained a minimum grade of 
(1.35) for texture and (2.38) for petals that did not shatter. This 
might be caused by changes in the microclimate's relative 
humidity, which would lead to uneven drying and cracking and 
have an impact on the shape, color, and other characteristics of 
the quality of the �lower [20]. Flowers dried in a hot air oven with 
silica gel embedded produced more acceptable �lowers in terms 
of color (4.39), texture (4.18), shape (4.30), non-shattering of 
petals (4.20), and overall acceptability (4.54). When dried in a 
hot air oven, �lowers embedded in silica gel received the highest 
scores for better appearance as reported by Nair et al. [11]. 
These �indings are consistent with those of Sindhuja et	al. [20] 
for carnations, Nair et al. [11] for chrysanthemums, Safeena and 
Patil [17] for roses, Akram et al. [3] who con�irmed that Cleretum 
bellidiforme and Calendula of�icinalis silica gel embedded 
�lowers were the best in terms of texture and appearance. 
According to Lalhruaitluangi [8], rose �lowers dried in hot air 
ovens and embedded in silica gel obtained the top ratings from 
tasters for �lower color, �lower form, �lower texture, and overall 
acceptance. In a different experiment, Acharyya	et al. [1] found 
that silica gel worked best as an embedding medium for 
preserving the color, texture, and shape of dried rose buds in a 
microwave. The interaction of pre-drying treatments and drying 
techniques signi�icantly in�luenced the dry �lower quality 
parameters. Maximum scores for color (4.75), texture (4.6), 
shape (4.6), non-shattering of petals (4.55), and overall 
acceptability (4.75) were obtained with �lower pre-treatment in 
glycerol: water (1:3) and drying in hot air oven embedded in 
silica gel. The lowest color (2.20), texture (1.10), shape retention 
(1.4), and overall acceptability (2.1) non-petal shattering scores 
(2.0) were obtained when �lowers were pre-treated with water 
and dried in air (shade) without embedding. The lowest texture 
ratings (1.10) were likewise seen in �lowers that had been pre-
treated with 10% magnesium chloride and dried in a hot air 
oven with borax. The lowest non-shattering of petals ratings 
(1.9) were observed when �lowers were pre-treated with water 
and dried in a microwave oven with borax (Table 2). 

Conclusion
From the above studies, it can be concluded that soaking of 
chrysanthemum �lowers in glycerol: water (1:3) ratio for 24 
hours before dehydration treatment resulted in the best quality 

odried �lowers and hot air oven drying at 55+1 C, embedding in 
silica gel generated the best-dried chrysanthemum �lowers 
when compared to other drying methods.
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TABLE	1:	Effect	of	Pre-drying	preservation	treatments	and	the	ideal	drying	technique	on	fresh	weight,	dry	weight,	moisture	
loss,	 fresh	 �lower	 diameter,	 dry	 �lower	 diameter,	 reduction	 in	 diameter,	 and	 time	 taken	 to	 dry	 Chrysanthemum	
(Chrysanthemum	morifolium	Ramat.)

TABLE	2:	Effect	of	Pre-drying	preservation	treatments	and	the	ideal	drying	technique	on	color,	texture,	shape,	non-shattering	
of	petals,	and	overall	acceptability	scores	of	Chrysanthemum	(Chrysanthemum	morifolium	Ramat.)
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NOTE:	The	scores	were	given	on	a	scale	of	1-5	(0-1:	below	average,	1.1-2:	bad,	2.1-3:	good,	3.1-4:	very	good,	4.1-5:	excellent)
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