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ARTICLE INFO ABSTRACT

Curcuma longa (Zingiberaceae - family) commonly known as turmeric, has great
importance in food, textile and pharmaceutical industries. Essential oil from turmeric is
reported to possess anti-oxidant as well as antibacterial activities. The anti-oxidative
compounds in turmeric are α and β turmerone and ar-turmerone. In the present study,
turmeric oil was analysed by GC-MS. Qualitative analysis of the oil confirmed the presence
of Turmerone and ar- turmerone in it. 5.0 %, 10.0 %, 15% and 20% (w/w) environment
friendly emulsifiable concentrates (EC) were developed from turmeric oil. Vegetable oils
were used as solvents in place of petroleum based solvents to avoid toxicity of the
formulation. It was observed that mixture of non-ionic and anionic emulsifiers with HLB
value 10-16 gave good result in EC formulation from the oil. All parameters of the
formulation were studied as per standard specification. The best formulation with methyl
oleate was taken for further studies. Rose is the most popular cut flower in the international
market, wherein, its limited vase life is cause of higher post harvest loss, adversely affecting
its trade. The formulation of turmeric oil EC was used to evaluate its effect on postharvest
quality and vase life of rose cut flower cv. Poison. 1 ppm diluted emulsion of turmeric oil
was highly effective in retaining higher fresh weight and water uptake as compared to
untreated flowers. Diluted emulsion treatment of 1 ppm showed significant increase in
enzymatic activities of CAT and POD and further maintained higher absolute integrity of
cell membrane that delayed senescence and enhanced vase life. However, diluted emulsion
caused some restriction in bud opening of rose which is desirable up to some extent.
However, diluted emulsion of 5 mgL-1 showed toxic effect as it caused higher restriction in
bud opening (only up to 30%) and adversely affected its postharvest life by inducing early
senescence.

INTRODUCTION
Curcuma longa popularly known by the name turmeric is a small
rhizomatous perennial herb of family zingiberaceae. The origin of
the plant is not certain but it is thought to be originated from south
eastern Asia, most popularly from India. Curcuma rhizomes are
highly reputed herbs in Ayurveda, the Indian holistic medical and
are widely used in skin applications including those for the
treatment of ulcers, wounds and inflammation in humans
(Matsuda et al., 1998). Apart from its multiple medicinal uses, the
plant is credited with interesting anti-oxidative properties which is
capable of boosting the cellular protection mechanisms against
oxidative stress (Wegmann et al., 2009). ar-turmerones, a
compound present in turmeric oil have been shown to interfere
with platelet aggregation and have also shown peroxisome
proliferator-activated receptors (PPAR) ligand-binding activity,
demonstrating bioactivity (Lee, 2006). Turmeric has also been
found effective in controlling certain agriculture and animal pests
due to the presence of variety of bioactive constituents that
interfere with insect behavior and growth (Tripathi et al., 2002).
The formulated products are more effective than essential oils due

to its easy applicability and its requirement in smaller quantity
(Vanitha, 2010). Emulsifiable Concentrate (EC) is one of the most
widely used pesticide formulations because they have a lot of
advantages, such as good storage stability, relatively high
biological activity, easy production and so on (Kozuks et al.,
2009). It contains one or more active ingredients, one and more
emulsifiers and a water immiscible solvent (Mulqueen, 2003;
Slavica et al., 2012). In order to produce stable emulsions,
screening of emulsifiers or combination of emulsifiers with
hydrophilic-lipophilic balance (HLB) value within range is very
important (Orafidiya, 2002; Magda, 2010).

Rose, known as the “Queen of the flower” belongs to the family
Rosaceae. Globally, about 150 species of roses are found, out of
these 34 species are cultivated in India. History, symbolism, color,
fragrance and sheer elegance of form, all combine to give rose, its
pre-eminent position. Rose is the most popular cut flower in the
international market, accounting about 19% of global trade. It is
the largest traded flowers in the world, worth 1.5 billion $
globally.
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In present work, Turmeric oil Emulsifiable Concentrate (EC)
formulations were developed using vegetable oils and suitable
emulsifiers. Petroleum based solvents like C IX, aromax, solveso
were replaced by vegetable oils like methyl oleate & seasam oil
due to their toxic effect. Before formulation development, the
turmeric oil was analysed by GC-MS for confirmation the active
components. The formulation was evaluated for its physico-
chemical, antimicrobial and antioxidant activities. The
formulation of turmeric EC was evaluated for antioxidant effects
on postharvest quality and life of rose cut flowers.

MATERIALS AND METHODS
Materials

Turmeric oil was procured from Rakesh Products, Kanpur (U.P),
India. The solvent, Methyl Oleate was procured from Mohini
Organics Pvt Ltd, Mumbai. Vegetable oil like sunflower oil,
soyabean oil and seasam oil were procured from local market.
emulsifiers like Tween 80, Tween 60, Span 80 and Triton X -100
were procured from sd fine Chem Ltd. Mumbai while
ethoxylates  from  Kaiser Industries, Delhi.

Plant Material

Fresh cut flowers of rose cv. Poison were obtained from a local
commercial farm and brought to the laboratory at an ambient
temperature (18-21oC). The experiment was conducted in
completely randomized block design. There were 3 treatments
and each treatment was replicated five times. One hundred fifty
flowers of uniform opening were selected and sorted for uniform
size (50±5) cm and fresh weight (20±5g). Fifty inflorescence (10
in each replicate) were held in different vase Solutions.

Methodology

GC-MS (Gas chromatography coupled with mass spectrometry)
analysis of Turmeric oil was carried out with Simandzu GC-2010
instrument coupled with GC MS-QP2010 detector. Helium was
used as a carrier gas. The detector voltage was 0.95kV, Ion-source
temperature 250˚C and interface temperature 280˚C. A column
DB-5MS, 30m × 0.25mm diameter and internal diameter 0.25µm.
Injection temperature was 250̊ C with splitless injection mode.
The oven temperature was programmed as follows: from 50˚C, (2
min. hold) @ 20̊ C/min. up to 130˚C (0 min. hold) @ 12˚ C/ min.
up to 180 ˚C (0 min. hold) and @ 3˚C/min. up to 280˚C (15 min.
hold).Total run time was 58.50 minute. The confirmation of
compounds was performed by comparing their mass spectra with
data from WILEY and NIST mass spectra library and retention
time (Leela et al., 2002; Pavel et al., 2009; Derwitch et al., 2010).

Turmeric oil EC was prepared by dissolving fixed amount of the
oil in biodegradable solvents (methyl oleate & seasam oil).
Suitable emulsifier or blend of emulsifiers after screening was
added to make it clear. The details of ingredients of EC
formulation is tabulated in table 1 -2. Different compositions of
EC were made and their emulsion properties like blooming,
stability as per standard methods were checked (BIS, IS: 1448-
1960; BIS, IS: 6940-1982, 1997).The best formulation EC-01 was
selected for antimicrobial and postharvest quality studies.
Antimicrobial studies of  EC formulations against E. coli and S.
aureus bacteria and two strain of fungus A. niger and C. albican
was done by Broth Dilution method from Micropharm Diagnostic
Centre, Gandhinagar, Gujarat, India  to find out minimum
inhibitory concentration (MIC).

Postharvest Treatments for Rose and observations

Different concentrations viz., 1ppm and 5 ppm diluted emulsion
from turmeric oil EC were prepared to use as vase solution
treatment and control flowers were held in distilled water. The
experiment was conducted in completely randomized block
design. Eighteen cut flowers from each treatment (Six of each
replicate) were used for enzymatic activities [Catalase (CAT) and
Peroxidase (POD) activity] and percent absolute integrity (PAI) of
cell membrane. Twelve cut flowers per treatment were used to
determine vase life. CAT and POD activity, Percent absolute
integrity (PAI) of cell membrane were estimated (in triplicate) on
3rd and 5th day after treatment.

Change in fresh weight and solution uptake

Flowers were weighed and the change in fresh weight was
calculated on the basis of initial fresh weight. The solution uptake
by the cut flowers was recorded at regular to intervals (volume
ml) and total water uptake was determined by summation at the
end of vase life evaluation.

Determination of enzymes

Enzyme preparation and assay

Extracts for determination Catalase (CAT) and Peroxidase (POD)
activities were prepared from 0.1 gm petals of flower
homogenized with a pre-chilled mortar and pestle under ice cold
condition in 1 ml of extraction buffer, containing 50 mM sodium
phosphate buffer (pH 7.4) 1 mM EDTA and 1% (W/V)
polyvinylpyrolidone (PVP). The homogenates were centrifuged at
10000 rpm for 20 minutes and the supernatant was used for the
assay (Mahatma et al., 2011).

Catalase Activity (CAT)

Total catalase (EC 1.11.1.6) activity was determined in the
homogenates by measuring the decrease in absorption in 3 ml
mixture at 240nm as H2O2 ( = 39.4 mM-1 cm-1) was consumed
according the method of Aebi (1984) and enzyme activity
expressed as µmol H2O2 oxidized min-1 g-1 Fresh weight. The 3
ml reaction mixture containing 2 ml, 50 mM sodium phosphate
buffer (pH 7.0), 900 µl, 10 mM H2O2 and 100 µl enzyme extract.

Peroxidase (POD) Activity

POD (EC 1.11.1.7) activity was determined in the homogenates
by measuring the increase in absorption at 470 nm due to the
formation of tetraguaiacol ( = 26.6 mM-1 cm-1) in a reaction
mixture containing 2 ml, 50 mM sodium phosphate buffer pH 7.0,
containing 0.1 mM EDTA, 0.1 ml enzyme extract, 450 µl, 10 mM
guaiacol and 450 µl, 10 mM H2O2 (Costa et al., 2002).

Absolute integrity of cell membrane

Absolute integrity of cell membrane was calculated on the basis of
electrolyte leakage of petals using conductivity meter. The
percentage of absolute integrity (PAI) of cell membranes was
determined from one flower in each replicate.  Three discs
(10 mm diameter) were sampled from the tissue of the petals. The
discs were kept in test tubes immersed in 30 ml of distilled water
for 24 h prior to the first measurement of free conductivity. The
second measurement (total conductivity) was performed 1 h later
in test tubes that remained in a water bath at 100 °C. The
percentage of absolute integrity of the cell membrane was
calculated using below given formula:
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= 1 − × 100
Where, PAI is the percentage of absolute integrity of cell
membranes (%),
FC the free conductivity (dS m−1) and
TC is the total conductivity (dS m−1).

Percent Bud Opening

Percent bud opening was measured on the basis of flower bud
diameter and converted it into percentage basis by using following
conversion table.

Vase life (days)

Vase life was measured in hours at the time of keeping the flowers
in vase until the first sign of wilting or necrotic drying to the death
of the 50 % flower petals.

Statistical analysis

The recorded data were statistically analyzed (ANOVA analysis)
using the software ‘WASP’, ICAR research complex Goa, India.
Source of variation were vase solutions. Mean comparisons were
performed using LSD test to determine whether the difference
between the variables were significant at P ≤ 0.05.

RESULTS
Analytical chromatogram and spectra of Turmeric oil obtained by
GC-MS analysis (qualitative) revealed the presence of several
compounds. Termerone and ar-turmerone among them were
confirmed as major compounds by comparing data with the NIST
& WILEY library. Analysis chromatogram is given in figure 1 on.
Structures of confirmed components are given below:

Turmeric oil was used to develop EC formulation with the help of
combination of anionic and non-ionic emulsifiers and different
solvents like soyabean oil sunflower oil, methyl oleate & seasam
oil. Among them,   methyl oleate and seasom oil were found
compatible with technical (Turmeric oil) and most of the tested
emulsifiers in all aspects.  EC formulations with 5%, 10%, 15%
and 20 % (w/w) Turmeric oil were developed by selected solvents
and emulsifiers with appropriate HLB value  i.e. between 10 -16.
Observation details for EC formulations and their
physicochemical studies are given in tables 3 - 4. All developed
formulations were subjected to their physicochemical parameter
test for various standard parameters as given below:

Flower diameter (cm) % opening
˃ 5 100

5-4.5 80
4.5-4 70
4-3.5 60
3.5-3 50
3-2.5 30
2.5-2 20
2-1.5 0

O

ar-Turmerone

O

-Turmerone

Table 1 Details of formulation developments by using Methyl Oleate as solvent

S.N.
Sample/

compound
Code

Turmeric
Oil % (w/w)

Emulsifiers
HLBa

Bland Appearance
Name Percentage

(%w/w)
Ratio of

emulsifiers
HLBa

value
1 EC-1 05

Tween 80
Tween 60

12 80:20
15.0
14.9

14.9 Transparent
2 EC-2 10
3 EC-3 15
4 EC-4 20
5 EC-5 05

TritonX-100
Tween 80

12 80:20
13.4
15.0

13.7

Transparent
6 EC-6 10
7 EC-7 15
8 EC-8 20
9 EC-9 05 Tween 80

Castor oil
Ethoxylate

11 90:10
15.0
12.5

14.7
Transparent10 EC-10 10

11 EC-11 15
12 EC-12 20
13 EC-13 05

TritonX-100
Ethoxylate

11 90:10

13.4
15.5

13.6
Transparent14 EC-14 10

15 EC-15 15
16 EC-16 20
17 EC-17 05

Nonyl Phenol
Tridecanol
ethoxylate

11 80:20
12.9
09.3

12.1
Transparent18 EC-18 10

19 EC-19 15
20 EC-20 20

a: Hydrophilic-lypophilic balance
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Spontaneity Test/Blooming Test: Dispersion of above developed
ECs in hard water (342ppm) gave excellent blooming followed by
milky white emulsion formation.

Emulsion stability test: the above formed emulsions were kept
undisturbed at room temperature for one hour. Neither phase
separation nor sedimentation was observed in any emulsion
during and after hours of incubation.

Test for heat stability: No phase separation or sediment occurred
during incubation for 14 days at accelerated temperature i.e.54̊ C
±1˚C.

Test for cold stability: No phase separation or turbidity was seen
in tested formulations during the incubation period i.e.10̊ C for 1
hour.

Test for Acidity or alkalinity: The pH values for all these EC
formulations were found in acidic range i.e. 3-0 to 5.2

Flash Point Test: All developed formulations did not catch fire
results before till 54˚C. These formulations compiled flash point
test that is above 24.5˚C.

Antimicrobial studies

Antimicrobial Study: EC-1, (5% w/w) was found active against
both bacteria and fungi. Four different dilutions of formulation
(with turmeric oil) and control (without turmeric oil) were
examined for MIC determination. From table-5, it is clear that
only 1.25 µg/ml formulation is required to control selected strain
of bacteria.

It clearly shows the activity of turmeric oil against both the
bacterial agents. In case of antifungal study, the formulation was
found less active (50µg/ml) against A.niger and more active (10
µg/ml against) C. albicans while in control MIC was ≥1000
µg/ml. Thus, it is clear that turmeric oil EC formulation possess
both antibacterial as well as antifungal property.

Table 2 Details of formulation developments by using Seasam oil as solvent
S.N. Sample/

compound
Code

Turmeric
Oil % (w/w)

Emulsifiers HLBa

Bland
Appearance

Name Percentage
(%w/w)

Ratio of
emulsifiers

HLBa

value
1 EC-21 05 Tween 80

Tween 60
12 80:20 15.0

14.9
14.9

Transparent2 EC-22 10
3 EC-23 15
4 EC-24 20
5 EC-25 05 TritonX-100

Tween 80
12 80:20 13.4

15.0
13.7 Transparent

6 EC-26 10
7 EC-27 15
8 EC-28 20
9 EC-29 05 Tween 80

Castor oil
Ethoxylate

11 85:15 15.0
12.5

13.6 Transparent
10 EC-30 10
11 EC-31 15
12 EC-32 20
13 EC-33 05 TritonX-100

Ethoxylate 11 90:10
13.4
15.5 13.6 Transparent14 EC-34 10

15 EC-35 15
16 EC-36 20
17 EC-37 05 Nonyl Phenol

Tridecanol
ethoylate

11 80:20 12.9
9.3

12.1 Transparent
18 EC-38 10
19 EC-39 15
20 EC-40 20

a: Hydrophilic-lypophilic balance

Table 3 Physico-chemical stability studies of Turmeric oil EC formulations using Methyl Oleate

S. N. Sample
code

Bloomig
Emulsion
Stability
(1Hour)

Temperature Stability

pH Flash
PointATSb54˚C±1˚C

for 14days)

Cold Test
10˚C for 1

hour)
1 EC-1 Excellent Stable Pass Pass 4.8±0.05 Complies
2 EC-2 Very good Stable Pass Pass 4.9±0.10 Complies
3 EC-3 Very good Stable Pass Pass 4.7±0.10 Complies
4 EC-4 Excellent Stable Pass Pass 5.0±0.05 Complies
5 EC-5 Excellent Stable Pass Pass 5.0±0.10 Complies
6 EC-6 Very good Stable Pass Pass 5.1±0.10 Complies
7 EC-7 Very good Stable Pass Pass 5.1±0.10 Complies
8 EC-8 Excellent Stable Pass Pass 5.2±0.10 Complies
9 EC-9 Good Stable Pass Pass 4.0±0.10 Complies

10 EC-10 Very good Stable Pass Pass 4.2±0.10 Complies
11 EC-11 Very good Stable Pass Pass 4.5±0.10 Complies
12 EC-12 Good Stable Pass Pass 4.1±0.10 Complies
13 EC-13 Very good Stable Pass pass 4.3±0.05 Complies
14 EC-14 Excellent Stable Pass Pass 4.2±0.10 Complies
15 EC-15 Excellent Stable Pass Pass 4.6±0.10 Complies
16 EC-16 Very good Stable Pass pass 4.5±0.05 Complies
17 EC-17 Excellent Stable Pass pass 3.3±0.10 Complies
18 EC-18 Excellent Stable Pass Pass 3.9±0.10 Complies
19 EC-19 Excellent Stable Pass Pass 4.0±0.10 Complies
20 EC-20 Very Good Stable Pass pass 3.3±0.10 Complies

b: ATS –Accelerated temperature stability
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Fresh weight and water uptake

Diluted emulsion from the EC significantly influenced loss in
fresh weight and total water uptake of cut rose cv. Poison. Flowers
held in 1 ppm diluted emulsion recorded high fresh weight
retention as indicated from minimum loss in fresh weight (7.85%
and 23.77% on 3rd and 5th day respectively) along with maximum
total water uptake (29.36 ml) while maximum loss in fresh weight
(27.16% and 59.23%) on 3rd day and 5th day and minimum total
water uptake (13.79 ml) was observed in flowers treated with 5
ppm diluted emulsion (Table-6).

Bud opening

Bud opening was progressively slow in flowers treated with
diluted emulsion (Table- 7). 1 ppm diluted emulsion treated
flowers showed 20%, 30% and 50% bud opening on 2nd, 3rd and
5th day of vase life whereas, untreated flowers (control) showed
quick bud opening (30, 60 and 100%) on 2nd, 3rd and 5th day
respectively. Flowers treated with 5 ppm diluted emulsion showed
restriction in bud opening (20, 30 and 30%) on 2nd, 3rd and 5th day
respectively.

Enzymatic activity (CAT and POD)

Highest enzymatic activity CAT and POD was found in diluted
emulsion treated flowers as compared to control (Table- 8).

From both the diluted emulsion treatments, 5 ppm diluted
emulsion treatment recorded highest CAT (0.84 mM/min/g FW)
and POD (1.12 mM/min/g FW) enzymatic activities on 3rd day
followed by 1 ppm diluted emulsion treatment that recorded CAT
(0.34 and 0.51 mM/min/g FW) and POD (0.19 and 0.20
mM/min/g FW) on 3rd and 5th day respectively. CAT (0.13
mM/min/g FW) and POD (0.12 mM/min/g FW) activity was
recorded lowest in control on 3rd day. CAT and POD enzymatic
activities could not be recorded on 5th day in 5ppm diluted
emulsion treated flowers as well as in control as the vase life of
flowers was over by 5th day.

Absolute integrity of cell membrane and Vase life

Absolute integrity of cell membrane and vase life of cut rose cv.
Poison was significantly affected by treatment of diluted emulsion
(Table- 9). Highest absolute integrity of cell membrane (70.28%
and 50.14% respectively on 3rd and 5th day) was recorded in
flowers treated with 1 ppm diluted emulsion followed by control
(54.99% on 3rd day) while flowers treated with 5 ppm diluted
emulsion recorded lowest absolute integrity of cell membrane
(37.06% on 3rd day).

Absolute integrity of cell membrane could not be recorded on 5th

day in 5 ppm diluted emulsion treated flowers and control as T3.
Vase life of rose cut flowers treated with 1 ppm diluted emulsion
recorded maximum vase life (6.52 days) followed by control (4.55
days) while 5 ppm diluted emulsion treated flowers showed
minimum vase life (3.57 days).

Table 4 Physico-chemical stability studies of Turmeric oil EC formulations using  Seasam oil
S. N. Sample

code
Bloomig Emulsion

Stability
(1Hour)

Temperature Stability pH Flash Point
ATSb (at 54̊ C±1˚C

for 14days)
Cold Test (at 10˚C

for 1 hour)
1 EC-21 Very Good Stable Pass Pass 4.0±0.02 Complies
2 EC-22 Very Good Stable Pass Pass 4.4±0.02 Complies
3 EC-23 Very Good Stable Pass Pass 4.1±0.02 Complies
4 EC-24 Good Stable Pass Pass 4.0±0.02 Complies
5 EC-25 Good Stable Pass Pass 4.9±0.01 Complies
6 EC-26 Very Good Stable Pass Pass 4.6±0.02 Complies
7 EC-27 Very Good Stable Pass Pass 4.8±0.03 Complies
8 EC-28 Good Stable Pass Pass 4.7±0.02 Complies
9 EC-29 Good Stable Pass Pass 4.8±0.02 Complies

10 EC-30 Good Stable Pass Pass 4.2±0.01 Complies
11 EC-31 Good Stable Pass Pass 5.0±0.01 Complies
12 EC-32 Good Stable Pass Pass 5.1±0.03 Complies
13 EC-33 Good Stable Pass Pass 3.5±0.03 Complies
14 EC-34 Good Stable Pass Pass 3.2±0.02 Complies
15 EC-35 Good Stable Pass Pass 3.9±0.01 Complies
16 EC-36 Good Stable Pass Pass 4.0±0.02 Complies
17 EC-37 Very Good Stable Pass Pass 4.9±0.02 Complies
18 EC-38 Very Good Stable Pass Pass 5.0±0.03 Complies
19 EC-39 Very Good Stable Pass Pass 5.1±0.03 Complies
20 EC-40 Good Stable Pass Pass 4.9±0.01 Complies

b: ATS –Accelerated temperature stability

Table 5 Antibacterial data of EC-1, 5 % (w/w) Turmeric oil EC

S.No. Sample code
MIC (µg/ml)

Escherichia coli Staphylococcus aureus Candida albicans Aspergillus  niger
1 EC-1(5%) 1.25 1.25 10 50
2 Control 100 50 ≥ 1000 ≥ 1000

** Control: all other components of EC without Turmeric oil (AI).

Table 6 Loss in fresh weight (%) and water uptake (ml)
in diluted emulsion treatment

Treatments
Per cent loss in

fresh weight
Water
uptake

(ml)3rd day 5th day
T1 - 1 ppm diluted emulsion 7.85 23.77 29.36
T2 - 5 ppm diluted emulsion 27.16 - 13.79

T3 - Control 11.10 38.44 20.23
LSD at 5 % 1.05 0.52 0.78

Table 7 Bud opening (%) in diluted emulsion treatment

Treatments
Bud Opening (%)

2nd day 3rd day 5th day
T1 - 1 ppm diluted emulsion 20 30 50
T2 - 5 ppm diluted emulsion 20 30 -

T3 - Control 30 60 100
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DISCUSSION
It was observed that 5%, 10%, 15% and 20% (w/w) of turmeric
oil EC can be formulated with addition of 10%-13 % of
emulsifiers only. Much variations in these concentration resulted
either failure or poor stability in formulation.  Turmeric oil EC
formulation with soyabean and sunflower oils could not be
possible. The diluted emulsion of 1 ppm turmeric oil retained
higher fresh weight and water uptake in the rose cut flowers.
Higher fresh weight and water uptake in cut flowers have been
known to influence continuity and higher rate of metabolic
processes that are required for maintenance of flower turgidity,
freshness and enhanced vase life (Mayak et al., 1974, Marousky,
1972). The retention in fresh weight was a result of higher total
water uptake by the cut spikes owing to increased vase life and
maintained cellular integrity. Improved water relations through
retained fresh weight and water balance with nano silver pulse
treatment have been explained in rose (Lu et al., 2010).

Table 8 Catalase and Peroxidase (mM/min/g FW) in
diluted emulsion treatment

Treatments

Peroxidase
activity

(mM/min/g FW)

Catalase
activity

(mM/min/g
FW)

3rd day 5th day 3rd day
5th

day
T1 - 1 ppm diluted emulsion 0.34 0.51 0.19 0.20
T2 - 5 ppm diluted emulsion 1.12 - 0.84 -

T3 - Control 0.13 - 0.12 -
LSD at 5 % 0.03 0.02 0.03 0.01

Table 9 Absulate intergrity of cell membrane (%) and
Vase Life (Days) in diluted emulsion treatment

Treatments

Absulate intergrity
of cell membrane

(%)
Vase Life

(Days)
3rd day 5th day

T1 - 1 ppm diluted emulsion 70.28 50.14 6.52
T2 - 5 ppm diluted emulsion 37.06 - 3.57

T3 - Control 54.99 - 4.55
LSD at 5 % 1.63 0.94 0.47
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Higher activities of catalase and peroxidase enzymes were
recorded in nano pulsed rose stems (1 and 5 mg l-1 diluted
emulsion) while in control the activities of these enzymes were
highly declined. Peroxidase and catalase enzymes of ascorbic acid
cycle have been known to remove potentially harmful reactive
oxygen species (Asada, 1999). Catalase and peroxidase enzymatic
activities play anti oxidative role in plant cells (Droillard et al.,
1987) and have been known to be maintain higher in the initial
phase and gradually decline with approaching senescence as
reported in pea leaves (Pastori, and Del Rio, 1997) and
sunflower(Bailly et al., 1996).The antioxidative role of turmeric
diluted emulsion owing to the presence of turmerone (Evonik
industries, 2003) thus, retained higher catalalase and perosidase
activities in the petal cells. Further, higher PAI of the petal tissue
(Table 4) would have had protective influence on peroxisome that
contain catalase and peroxidase enzymes as earlier discussed by
(Binns et al., 2006) also demonstrated higher expression of
antioxidative enzymatic activities including catalase with
application of turmeric oil in reconstituted human epidermis after
UVB irradiation.

Bud opening was progressively slow in rose cut flower treated
with diluted emulsion (upto 50% by the end of vase life) as
compared to control, while the rose treated with 5 ppm diluted
emulsion failed to open beyond 30%. Water balance (Halevy and
Mayak, 1981) fresh weight retention (Waithaka et al., 2001 and
Singh et al., 2009) along with intact cell membrane of petals
(Torre et al., 1999) is associated with bud opening in cut flowers.
The higher enzymatic activities may have restricted the bud
opening in diluted emulsion treated rose flowers, wherein higher
water uptake may have contributed in opening up to 50%. Low
water uptake along with higher enzymatic activities, followed by
early senescence may have caused restriction in further bud
opening. Free radical scavenging properties of turmerone
(Wegmean et al., 2009) as well as antioxidant properties might
have contributed in maintenance of membranous structure of cell
organelles as indicated by higher absolute integrity of cell
membrane that further enhanced increased vase life. Activities of
catalase and peroxidise (Dhindsa et al., 1981, Arora et al., 2002)
have been further known to exhibit stabilizing effects on lipid
bilayers and membranous system. Turmerone present in Curcuma
longa has been shown capable of inducing the cellular protection
mechanisms against oxidative stress in skin. The processes that
enhance the formation of the oxyradicals, and increase cell
membrane permeability have been correlated with senescence
(Lynch and Thompson, 1984). Correlation of membrane
stabilization with delay in senescence and increase in vase life of
cut flowers has been earlier known in cut flowers (Singh et al.,
2008, Mangave et al 2012, Kwon and Kim, 2000).

CONCLUSION
From the above work, we can conclude that petroleum based
solvents used in conventional EC formulations can be replaced by
biodegradable solvents like methyl oleate and seasam oil. It was
observed that EC with methyl oleate gave better performance than
that with seasam oil. Combination of emulsifiers in definite ratios
like Tween 60 and Tween 80 gave best result in development of
Turmeric oil EC formulations. These formulations with all
biodegradable and non hazardous components can definitely
make environment and user friendly formulations. Antimicrobial
data indicated that formulated products were found active against
tested microbial agents than turmeric oil. Turmeric oil diluted
emulsion can be used for post harvest handling of cut rose flower

cv. Poison as delays opening and also improve its post harvest life
but still further study is need to study their effects with other
chemicals to avoid their adverse effect on flowers like petal
blackening.
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