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Abstract

The effect of freeze drying and fixatives in post-treating freeze drying on the morphological properties of
the rose (Rosa hybrida L.) petal were investigated for the production of high quality of freeze dried rose.
The morphology including form and color of the dried flowers of cut rose were depended on the drying
methods. The drying time was extended due to their density and water content, and was shorter in the freeze
drying than that in the natural and hot air drying. Freeze dried process for dried flowers took 2 days in a
freeze dryer and did not cause shrinkage or toughening of rose petal being dried, preserving its natural shape
and color. The diameter of freeze dried flowers showed little reduction compared to fresh flowers. In Hunter
color values of petals of freeze dried flowers, L and a values were high and showed little variations in compar-
ison to fresh petals. Frecze drying led to a noticeable increase in anthocyanin contents in petals, suggesting
that anthocyanin contents play an important role in the acquisition of freezing tolerance. Exposure of flowers
to freeze drying was accompanied by an increase in the carotenoid content. In the post-treating freeze drying,
epoxy resin, a fixative, applied alone or in combination to petals of freeze dried flowers showed efficient
coating for the protection from humidity and sunlight. Combined application of epoxy and acetone to freeze
dried petals permitted maintenance of natural color and excellent tissue morphology, showing color stability
and shiny texture in surface of petals. These findings suggest that application of fixatives to freeze dried rose
petals improves the floral preservation and epoxy coating provides good quality in the freeze dried flower

product.
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1. Introduction

—  Freeze drying (Lyophilization) is a- dehydration
process where water vapor is removed by sublimation
from materials, usually under conditions of low pres-
sure and temperature™”. The advantage of this-process
is mainly related to the high quality products with little
or no change in chemical composition. Despite the ex-
cellent quality of final products, the cost of the freeze
drying process is relatively expensive®. The major dis-
advantage of freeze drying is directly related to the
long processing times caused by the high material re-
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sistance to heat transfer during the operation, the sam-
ple configuration, its own properties and the operating
conditions”. Recently, freeze drying is applied in many
industries such as phamaceutical and biotechnology,
food industry, technological industry and floral in-
dustry-4§ well as” withiin laboratories, as a laboratory
lyophilizer.

Freeze dried flower industry began in 1980s and
provides one of today's most valuable business oppor-
tunities”. Extensive research continues on new prod-
ucts to produce perfectly preserved blooms for floral
preservation®. The market potential of floral industry
is literally staggering for floral freeze drying. A great
advantage of being able to use freeze dried petals of
floral varieties is that it increases the shelf life of prod-
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ucts and extends their season. Freeze drying is efficient
natural means of preservation and it produces a result
that favors extended storage for natural items, preserv-
ing the item's natural beauty7). Most botanical items
such as flowers, fruits and vegetables can be preserved
without change in shape, color or fragnance. The basic
principle of floral freeze drying is the removal of water
from frozen botanicals as water vapor. However, re-
moving the water too fast may cause blistering, shrink-
age and shriveling of freeze dried flowers.

Valuable knowledge for the freeze dry industry is
gained from working directly with fresh product being
prepared for freeze drying, pre-treating flowers for flo-
ral freeze drying and post-treating freeze dried flowers.
In dried flower production, freeze drying can be used
as late-stage of preservation procedure, because it can
effectively remove solvents. Freeze dried flowers are
fragile, shattered easily and have a tendency to change
color. To solve these problems, post-treative chemicals
are applied extensively to the freeze dried flowers.
Chemicals with a full range of non-hazardous pre- and
post-treatment are available for floral freeze drying.
The application of fixatives are extensive and include
coating, adhesive and composite materials®. In biol-
ogy, a fixative is a solution to preserve or harden fresh
tissue of cell specimens and they usually stabilize and
firm tissues by denaturing or cross-linking constituent
proteins. In drawing, a fixative is a liquid which is usu-
ally sprayed over a finished picce of artwork to better
preserve it and prevent smudging. The post-tréative
chemicals used to meet the needs for color stabiliza-
tion, durability and longevity in freeze dried flowers.
Therefore, extensive research on both freeze drying
and chemical pre- and post-treating freeze drying is
needed for the floral freeze dry industry.

The objective of this study was to determine the ef-
fect of freeze drying and fixatives in post-treating
freeze "drying on the morphological properties of the
rose petals with regard to flower preservation techniques.

2. Materials and Methods

2.1. Plant materials
Red rose (Rosa hybrida L. cv. Victor hugo and
Sandra) and white rose (Rosa hybrida L. cv. Fabulous)
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obtained from a local farm were selected for dried
flower preserving experiments. Cuttings were made
from flowers of average size and they were dried be-
fore full blooming by different drying methods includ-
ing natural, hot air and freeze drying. Cut rose flowers
were hang upside down on wire and gently dried at
root temperature for natural drying, or they were dried
at 40T in a drying oven for hot air drying. Freeze dry-
ing of cut rose flowers was carried out in a vacuum
freeze dryer (Samwon Co., Korea) and then allowed
to dry for 48 h. For time-course analysis, the flowers
were harvested at different time intervals.

2.2. Plant dry weights

The fresh weight of rose flower was determined im-
mediately after harvest and the dry mass production
was determined by drying samples at 80°C for 72 h
in a drying oven and reweighing.

2.3. Measurement of flower color

Each petal were analyzed for color variation with
spectrocolorimeter (CR-200, Varian Co., Australia) and
colorimeter (DM-200, Varian Co., Australia). The val-
ues of L (lightness), a (red to green) and b (yellow to
blue) were measured.

2.4, Estimation of anthocyanins

Anthocyanins were extracted by submerging the
flowers in acidified 70% methanol (CH;OH) that con-
tained 1% HCI at 4°C for 24 h. Anthocyanin content
was determined by Francis” and estimated by measur-
ing absorbance at 535 nm with UV/VIS spectro-
photometer.

2.5. Estimation of carotenoids

Each preweighed petal was homogenized with a
mortar and pestle in 80% (v/v) acetone and centrifuged
at 10,000xg for 10 min at 0-4°C. The supernatant was
brought up to a 1 ml volume, then the absorbance of
the acetone extract was measured at 470 nm using a
UV/VIS spectrophotometer. The carotenoid content
was calculated according to the method of Arnon'®.

2.6. Application of fixatives
After freeze drying process, the flowers were han-
dled with gentle hands and placed in room temperature



Application of Fixatives to Freeze Dried Rose Petals

to allow softening and each flower was then post-
treated. A thin layer of fixative was coated to the sur-
face of petal of cach freeze dried flower for floral
preservation. Epoxy resin, glycerine and toluene were
selected as fixative coating and they were applied
alone or in combination. Fixatives were sprayed with
high pressure of butane or airbrushed over petals of
freeze dried flowers.

3. Results and Discussion

3.1. Effect of freeze drying on morphological char-

acteristics of cut flowers

Duration of drying of flowers depends on many fac-
tors including humidity, temperature, airflow and the
type of flower. The time of drying and morphology of
the flower of cut rose was affected by the drying
methods. Under continuous drying of the flowers the
time for dried flowers in natural drying and hot air dry-
ing was a minimum of 10 days and 3 days, respectively.
On the contrary, the time for the dried flowers in
freeze drying was approximately 2 days in freeze
dryer. The visual symptoms of rose flower by freeze
drying showed little reduction in flower size and com-
plete coloration of the entire flowers, showing the sub-
tlety of shading and natural look of a fresh petal.
However, other methods such as natural and hot air
drying resulted in rather shrivelled petal and had small
size and darker color. The drying time was extended
due to their density and water content.

Notable differences in dry weight between cultivars
were not observed and the degree of reduction was
upon the drying methods (Table 1). Dry weight was
reduced in flowers exposed to natural and hot air dry-
ing, while those that had been exposed to freeze drying
were less affected. The cut rose flowers exposed to
natural drying had flower diameter less than half that
of fresh flowers, whereas flowers of freeze drying had
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little change in flower diameter (Fig. 1) ; that is, the
degree of shrinkage of the flowers was very low by
freeze drying. The size of the rose petals was main-
tained in spite of removal of moisture from the petal
as a freeze drying process, indicating that the ex-
traction of moisture as water vapor may prevents
shrinkage of the flowers'”. The basic principle of floral
freeze drying (lyophilization) is the removal of water
from frozen botanicals as water vapor and collection
of this water vapor as ice in a condenser. Therefore,
shrinkage is eliminated or minimized and near perfect
preservation will result. Freeze drying greatly increased
the overall production costs and low temperature stor-
age was important for retaining excellent functionality
in freeze dried samples such as pharmaceutical prod-
ucts and some special food'?. Freeze drying creates
softer particles with a more homogenous chemical
composition than traditional hot spray drying in ad-
vanced ceramics process.

In Hunter color values of dried petals, all samples
exhibited some changes in L, a and b values according
to the drying methods (Table 2). L and a values
showed small variations compared to fresh petals,

Flower diameter {cm)
w
.

T
Fresh Freeze drying Natural drying
Treatment

Fig. 1. The diameter of cut rose petals exposed to natural
and freeze drying.

Table 1. Dry weight of cut rose petals exposed to various drying methods

: . Dry weight (g)
Cultivar Fresh weight(g) Natural drying Hot air drying Freeze drying
Rosa hybrida L. cv. Victor hugo 1.347+0.045 0.473+0.018 0.463+0.019 0.527+0.082
Rosa hybrida L. cv. Fabulous 1.125+0.062 0.390+0.052 0.489+0.083 0.600+0.048
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Table 2. Petal color of cut rose exposed to various drying methods

Hunter color value

Drying method

L a b AE
Fresh 38.0 +69.3 +30.8 -
Natural drying 17.5 +30.8 +3.5 51.45
Hot air drying 20.8 +35.7 +6.4 4494
Freeze drying 36.5 +57.1 +14.5 20.41

whereas b values were considerably reduced in dried
petals. The greatest degree of change was noted in the
natural dried petals. On the contrary, both L, a and b
values in the freeze dried petals remained relatively
constant over time. Freeze dried petals had little
change in L and a values with lower levels of b values
compared to fresh petals. This changes were probably
the result of a Millard reaction'”. In the presence of
heat and amino acids, sucrose is able to undergo a non-
enzymatic browning reaction. The reaction rates were
faster in the freeze dried samples because of the rela-
tively high concentration of amino acids and sucrose
due to the removal of the water. Another reaction that
might have caused color changes is lipid oxidation.
Highly reactive compounds could undergo oxidation
over time, resulting in dramatic increases in the b
values. The reaction can be slowed at low temper-
atures, thus the smaller degrees of change occurred in
the samples stored in the freezer'®.

There were significant differences in anthocyanin
content according to the drying methods and between
cultivars (Fig. 2). Natural drying had minimum antho-
cyanin content compared to other drying methods.
Notable differences in anthocyanin content were ob-
served between fresh and freeze dried flowers.
Anthocyanin content began to increase from the first
day, reaching maximum level on the 3th day of ex-
posure in freeze dried petals. Overall content of antho-
cyanin in red rose was much higher than that in white
rose. The synthesis of anthocyanins is affected by envi-
ronmental and growth conditions including photo-
oxidation, low temperature, water and nutrient stress.
Suboptimal temperatures experienced either as sudden,
short-term . cold spells induce anthocyanin syn-
thesis'>'®. The present observations showing a higher
anthocyanin level in freeze dried petals suggest a pro-
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Fig. 2. Changes in anthocyanin content in cut rose petals
exposed to various drying methods.
A, Rosa hybrida L. cv. Victor hugo ; B, Rosa hy-
brida L. cv. Fabulous.

tective role of the anthocyanin in the acquisition of
freezing tolerance.

Petals exposed to freeze drying had lower level of
carotenoids than those from natural drying treated pet-
als (Fig. 3). Carotenoid contents were almost 2-fold
higher in petals of red rose than those of white rose.
There is substantial evidence that carotenoids play an
important role in protecting the photosynthetic system
from photooxidative damage'”. From the above results,
it is suggested that freeze drying is the most perfect
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Fig. 3. Carotenoid content in cut rose petals exposed to
natural and freeze-drying.

method of preservation with a laboratory freeze dryer,
creating preserved flowers without change in shape or
color.

3.2. Effect of fixatives on coating of freeze dried
flowers

The freeze dried flowers were fragile, shattered easi-
ly and had a tendency to change color owing to remov-
ing of water too fast from petals. The requirements for
long term storage of freeze dried materials is the pre-
vention of moisture re-entering the product. These
problems have all been addressed through chemical
pre- and post-treatment. For the chemical post-treat-
ment of the freeze dried petals, fixatives such as epoxy

Fig. 4. Effect of fixatives on the meorphological properties of freeze dried rose flowers. a, epoxy ; b, glycerine ; ¢,
toluene ; d, epoxy + toluene ; e, epoxy + glycerine + toluene.
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Fig. 5. Changes in shape and color of freeze dried rose flowers treated fixatives and solvent in combination. a, epoxy
+ acetone ; b, epoxy + glycerine ; ¢, epoxy + alcohol.

resin, glycerine and toluene were applied to the petal
of each freeze dried flower (Fig. 4). The freeze dried
petals coated with epoxy resin became more durable,
elastic and color fast, creating a more distinct and lon-
ger lasting product as compared with other chemicals.
Therefore, application of epoxy resin on freeze dried
petal surfaces showed the most excellent coating and
adhesive properties, suggesting protection from humid-
ity and sunlight. When using epoxy resin and hardener
such as acetone, alcohol and glycerine in combination,
acetone was an effective solvent for dissolving epoxy
(Fig. 5). Combined application of epoxy and acetone
to freeze dried petals showed color stability and shiny
texture in surface of petal, indicating the best quality
for good freeze dried flower products.

Epoxy is a thermosetting epoxide polymer that poly-
merizes and crosslinks when mixed with a catalyzing
agent or hardener. The chemistry of epoxies and the
range of commercially available variations allows cure
polymers to be produced with a very broad ranges of
properties. In general, epoxies are known for their ex-
cellent adhesion, chemical and heat resistance, good-
to-excellent mechanical properties and very good elec-
trical insulating properties'™. Epoxy coatings are wide-
ly used as primers to improve the adhesion of automo-
tive and marine paints especially on metal surfaces
where corrosion resistance is important. Since in-
formation on fixatives as floral coating to improve the
flower preservation is very limited to date, it is highly
recommended that further research is done in this area
for good quality of freeze dried flower product.

4. Conclusions

The shorter drying time of the freeze drying process
leaded to minimum damage to rose petals and retained
their natural look compared to other drying methods.
Freeze dried petals showed higher Hunter parameter L,
a and b values than other dried ones. There was no
significant difference between fresh flowers and freeze
dried flowers in terms of L and a values of petal color.
Freeze dried petals had maximum anthocyanin content
during drying time compared to other drying methods.
Using fixatives as coating to freeze dried petals, the
most prominent effect was at epoxy resin, retaining
natural color vibrancy and adding durability. Combination
of epoxy resin and acetone to freeze dried petals
showed more excellent tissue morphology permitting
color stability and protection from humidity than epoxy
alone. From the results, it can be concluded that the
application of fixatives to freeze dried rose petals pro-
vides effective method for product of good quality in
floral freeze dry industry.
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