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Abstract.

Curcumin is a potent bioactive compound present most commonly in the roots Curcuma longa plant, commonly known as
turmeric plant. Traditionally curcumin is well known for its nutritional factors and medicinal values. Different aspects
affecting to curcumin extraction were examined including blanching, solvent, solvent: solid, extraction time and temperature
under ultrasound, carrier and temperature for drying. Optimal results were clearly shown that the turmeric should be blanched
under 95°C in 10 seconds; extraction should be conducted by ethanol 90%, ethanol: solid (2.0:1.0), 60°C, 8 minutes; vaccum
drying should be executed at 60°C with the support of carrier (0.5 maltodextrin: 0.5 gelatin: 1.0 turmeric fluid). Ultrasonic had
positive effect on curcumin extraction and this method could be utilized to obtain the most curcumin powder.
Keywords: Turmeric, curcumin, ultrasonic, blanching, solvent, extraction, carrier, drying

l. INTRODUCTION

Turmeric (Curcuma longa) belongs to the family
Zingiberaceae. The most important part of the turmeric
tuber is a group of bioflavonoids, i.e. curcumins (curcumin
(77%), bisdemethoxycurcumin and demethoxycurcumin).
The most common method for the isolation of curcumin is
extraction with organic solvents, usually ethanol, by using
Soxhlet, ultrasonic and microwave extraction, and more
recently, due to increased use in the food industry (food
supplements), triacylglycerol. Curcumin has significant
anti-inflammatory, antioxidant, chemoprotective,
anticancer, and gastroprotective properties (Ramirez-Bosca
Aetal., 1995; Zhang D et al., 2011; Helal MH et al., 2014;
Prasad S et al., 2014; Boyanapalli SS, Kong AN, 2015;
Zhang Y et al., 2015; Daria Jovi¢i¢ et al., 2017; Gouda MM
etal., 2017).

Curcumin is extracted from the tubers of a dried and milled
turmeric by using a suitable solvent. The solvents which
can be used for the extraction are: isopropanol, ethyl
acetate, acetone, and ethanol. Curcumin is soluble in oils,
insoluble in water at acidic and neutral pH, but soluble in
alkaline conditions. The color of curcumin highly depends
on the pH, at pH 2.5 to 7.0, it has an intense yellow color,
and above pH 7.0 it is red. It is primarily used as an
additive for coloring products. As an additive, curcumin is
stable during thermal treatment and in dry food. Besides
being used for food coloring, curcumin shows significant
antioxidant properties and it prevents lipid peroxidation to a
significant extent. The antioxidant properties are the result
of the double carboxyl groups along with hydroxyl groups.
Curcumin binds free radicals, and it becomes a short-lived,
nonreactive free radical, and as such does not represent a
health hazard. Commercially, turmeric can be sold either
fresh or as dried powder. Dried turmeric powder is more
often sold all around the world but the price varies
depending on many factors including quality—ie moisture

content, appearance (color), and phenolic contents (Jose
and Joy 2009).

Sathira Hirun et al., (2014) investigated the effect of
microwave power and drying times on the quality of dried
turmeric in terms of colour, moisture content, water activity
(aw), ash, antioxidant activity, total phenolic and
curcuminoids content. Natural colorants from plant-based
materials have gained increasing popularity due to health
consciousness of consumers. Among the many steps
involved in the production of natural colorants, pigment
extraction is one of the most important. Soxhlet extraction,
maceration, and hydrodistillation are conventional methods
that have been widely used in industry and laboratory for
such a purpose. Recently, various non-conventional
methods, such as supercritical fluid extraction, pressurized
liqguid  extraction, microwave-assisted  extraction,
ultrasound-assisted  extraction,  pulsed-electric  field
extraction, and enzyme-assisted extraction have emerged as
alternatives to conventional methods due to the advantages
of the former in terms of smaller solvent consumption,
shorter extraction time, and more environment-friendliness.
Prior to the extraction step, pretreatment of plant materials
to enhance the stability of natural pigments is another
important step that must be carefully taken care of (Luxsika
Ngamwonglumlert et al., 2017).

Natural colorants have the potential to be used as
acceptable additives in foods as they are natural and they
also have potential health benefits. However, natural
pigment compounds usually have poor stability as
compared to artificial food colorants, which hinders their
usage. In the present study, we examined different
parameters influencing to curcumin extraction such as
blanching, solvent, solvent: solid, extraction time and
temperature under ultrasound, carrier and temperature for
drying
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1. MATERIALS AND METHOD

2.1 Material

We collected turmeric in Mekong river delta, Vietnam.
They must be cultivated following VietGAP to ensure food
safety. After harvesting, they must be conveyed to
laboratory within 8 hours for experiments. They were
washed thoroughly under turbulent washing to remove dirt,
dust and adhered unwanted material. Besides turmeric we
also used other materials during the research such as
ethanol, acetone, ethyl acetate, maltodextrin, gelatin,
DMSO. Lab utensils and equipments included oven,
ultrasonicator, vaccum dryer, centrifugator, water bath.

2

Figure 1. Turmeric (Curcuma longa)

2.2 Researching procedure

2.2.1 Effect of blanching on curcumin extraction recovery
(%)

Different blanching conditions were performed (100°C, 5
sconds; 95°C, 10 seconds; 90°C, 15 seconds; 85°C, 20
seconds) to verify the effectiveness (% recovery) of
blanching to curcumin extraction.

2.2.2 Effect of different solvents on curcumin extraction
recovery (%)

Different solvents (water, ethanol, acetone, ethyl acetate)
were used to examine the effectiveness (% recovery) of
curcumin extraction

500 g of dried turmeric is first grinded in a mixer grinder
and then subjected to extraction. 2 g of sample is taken and
mixed with 30 ml of solvents and 30 ml of water
respectively, separately and then filtered. The concentration
of each of the filtrate is kept same and then the absorbance
is measured using spectrophotometer at 425nm. Curcumin
content g/100 g is measured using this formula: (0.0025 x
Absorbance at 425 nm x volume made up x Dilution factor
x 100)/ (0.42 x weight of sample x 1000)

Since 0.42 absorbance at 425 nm =0.0025 g of curcumin
(Anamika Bagchi, 2012).

2.2.3 Effect of solvent ratio: material on curcumin
extraction recovery (%)

Different ratios of solvent: solid (1.0:1.0, 1.5:1.0; 2.0:1.0;
2.5:1.0; 3.0:1.0) were verified to demonstrate the effect of
ratio between solvent and material on the effectiveness (%
recovery) of curcumin extraction

Three sets of mixed solvents were used with 1.0:1.0,
1.5:1.0; 2.0:1.0; 2.5:1.0; 3.0:1.0 ethanol in ratio with water,
keeping the total volume at 30 ml of each set constant
respectively. The amount of curcumin extracted was again
calculated using the gravimetric method mentioned earlier
for the two different set of water and ethanol while another
approach was taken into account for the mixed solvents.
The filtrate from the mixed solvents were taken 10 ml each,
same as that for the pure solvents, and were left to
evaporate the ethanol in water bath and subsequently
transferring the petriplates into hot air oven at 130°C for

1.5 hours and then repeating the previously mentioned
method again (Anamika Bagchi, 2012).

2.2.4 Effect of extraction temperature by ultrasonic
combination with solvent on curcumin extraction
recovery (%)

Different temperature conditions (30°C, 40°C, 50°C, 60°C,
70°C) under ultrasonic (37 kHz) combined solvent were
examined to prove the effectiveness (% recovery) of
curcumin extraction

2.2.5 Effect of extraction
combination with solvent
recovery (%)

Different time intervals of ultrasonic treatment (2 minutes,
4 minutes, 6 minutes, 8 minutes, 10 minutes) were
investigated to verify the effectiveness (% recovery) of
curcumin extraction. 2g of sample is taken for further
solvent extraction of turmeric using separately for solvents
ethanol and water respectively. The interval of time being
optimized to 2 minutes, 4 minutes, 6 minutes, 8 minutes, 10
minutes respectively. The amount of curcumin being
extracted is then calculated using gravimetric method. After
filtration 10 ml filtrate is taken from each set, using water
as a solvent, and dried in hot air oven at 130°C for 1.5hours
in a petriplate, where the weight of each empty petriplate
was initially noted down. After taking them out of the oven
they were kept in the dessicator to cool down and were
measured until constant weight was obtained. Similarly for
the set of ethanol extractives of curcumin, 10 ml of filtrate
was taken and the solvent was evaporated under
atmospheric pressure in water bath. The weight of
petriplate with residual curcumin was noted down and the
amount being extracted was calculated (Anamika Bagchi,
2012).

2.2.6 Effect of ratio of carrier for drying to curcumin
content in powder

Different ratios of carrier: turmeric (1 maltodextrin: 1
turmeric; 1 gelatin: 1 turmeric; 0.5 maltodextrin: 0.5
gelatin: 1 turmeric) were demonstrated to show the
effectiveness of drying to curcumin recovery (%).

2.2.7 Effect of drying temperature to curcumin content in
powder

Vaccum drying was applied at different temperature (50°C,
55°C, 60°C, 65°C, 70°C) to the final moisture content of
dried powder 6 + 1%

2.3 Physico-chemical and biological analysis

Curcumin analysis (ug/g) analysis was performed through
HPLC method by Shashidhar MD et al., (2018). The
standard curcumin was purchased from sigma Aldrich. The
stock solution 10mg/10ml was prepared and was stored in
amberware bottles. Aliquots of curcumin 20, 40, 60, 80 and
100 ppm were prepared. The HPLC system included 2 LL
20 AT solvent delivery system system (dual pump), a SPD-
20A UV/Vis detector and a 7725i rheodyne injector with a
20 pL loop volume coupled with CBM 20 Alite system
controller. Separation was achieved using Luna Su C18
column. The solvent system consisted of 50mM potassium
dihydrogen orthophosphate (3.5 pH): Acetonitrile (40:60
v/v) was pumped isocratically at a flow rate of 0.8mL/min.
The detection was carried out using a SPD -20A UV/Vis
detector.

interval by ultrasonic
on curcumin extraction
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2.4 Statistical analysis

The experiments were run in triplicate with three different
lots of samples. Data were subjected to analysis of variance
(ANOVA) and mean comparison was carried out using
Duncan’s multiple range test (DMRT). Statistical analysis
was performed by the Statgraphics Centurion XVI.

I11. RESULT & DISCUSSION
3.1 Phytochemical composition in Turmeric (Curcuma
longa)
Phytochemical composition (curcumin) in raw turmeric
was analyzed. Result was clearly depicted in table 1
representing that turmeric was suitable for utilization to
collect this healthy pigment.

3.2 Effect of blanching on curcumin extraction recovery
(%)

Different blanching conditions were performed (100°C, 5
seconds; 95°C, 10 seconds; 90°C, 15 seconds; 85°C, 20
seconds) to verify the effectiveness (% recovery) of
blanching to curcumin extraction. Results were depicted in
table 2.

K. Pradeep et al., (2016) studied the influence of blanching
and drying methods on the quality characteristics of fresh
turmeric (Curcuma longa L.) Rhizomes. Different drying
methods were investigated for dehydration of turmeric
rhizomes (Curcuma longa L.) for getting good colour and
quality. Sun drying normal [SDN, 30-37°C and 30-35%
relative humidity (RH)], sun drying coupled with black
surface (SDB, 38-60°C and 28-31% RH), hot air (HA,
50+2°C and 58-63% RH), and low humidity air (LHA,
50°C and 28-30% RH) were explored for their drying
efficiency of turmeric rhizomes. The quality of unblanched
sliced rhizomes dried under HA was superior based
onphysico-chemical and CIE colour. SDB was energy
efficient due to faster drying. Turmeric oil from blanched
and unblanched rhizomes consisted of tumerone, 61.54 and

62.91%; curlone, 27.77 and 25.35%; and cyclohexane, 1.73
and 1.32%, respectively. The HPLC of turmeric oleoresin
had curcumin 81.7%, and its analogues de-methoxy
curcumin, 12.9% and bis-demethoxy curcumin 5.4%.
Among all treatments, hot air dried, unblanched samples
were superior followed by SDB drying which was energy
efficient.

3.3 Effect of different solvents on curcumin extraction
recovery (%)

Different solvents (water, ethanol 90%, acetone, ethyl
acetate) were used to examine the effectiveness (%
recovery) of curcumin extraction. Results were elaborated
in table 3.

Bagchi Anindya et al., (2015) extracted curcumin by
different solvents (methanol, chloroform, acetone). They
found that chloroform: methanol (95:5) was suitable for
curcumin extraction. This finding was also similar to data
collected by Gokhul. V et al., (2015).

Shital Patil et al., (2018) proved that among the different
solvent (ethanol, methanol, acetone, ethyl acetate) used for
extraction, ethanol shows maximum extraction yield of
curcumin than other solvents
3.4 Effect of solvent ratio:
extraction recovery (%)
Different ratios of solvent: solid (1.0:1.0, 1.5:1.0; 2.0:1.0;
2.5:1.0; 3.0:1.0) were verified to demonstrate the effect of
ratio between solvent and material on the effectiveness (%
recovery) of curcumin extraction. Results were elaborated
in table 4.

Shital Patil et al., (2018) examined different ratio of solute
and solvent (1:2, 1:5 and 1:10) was used for extraction and
its effect on curcumin yield was recorded. The solute to
solvent ratio was 1:10, highest yield were obtained,
whereas it was lesser when the ratio was 1:2.

material on curcumin

Table 1. Phytochemical composition in Turmeric (Curcuma longa)

Major composition in turmeric

Curcumin

Value (mg/qg)

5.41+0.02

Table 2. Effect of blanching to curcumin extraction recovery (%)

Blanching 100°C, 5 seconds

95°C, 10 seconds

90°C, 15 seconds 85°C, 20 seconds

Curcumin extraction

JPp
recovery (%) 74.22+0.01

76.48+0.02°

70.11+0.02° 67.44+0.02°

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not significant (a. = 5%).

Table 3. Effect of different solvents on curcumin extraction recovery (%)

Solvent Water Ethanol 90% Acetone Ethyl acetate
Curcumin extraction 44.19+0.01¢ 79.47+0.02° 74.29+0.01° 76.83+0.02°
recovery (%)
Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not significant (a. = 5%).
Table 4. Effect of solvent ratio: material on curcumin extraction recovery (%)
Solvent: solid 1.0:1.0 15:10 2.0:1.0 25:1.0 3.0:1.0
Curcumin extraction  gq 39.4 oo 68.41-0.01° 81.67+0.03" 79.11+0.01° 71.22:0.02°

recovery (%)

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not significant (a. = 5%).
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Table 5. Effect of extraction temperature by ultrasonic combination with solvent on curcumin recovery (%)

Extraction

0 0 0 0 0
temperature (°C) 30°C 40°C 50°C 60°C 70°C
Curcumin extraction  gg 564 e 74.22+0,03° 78.41+0.01° 83.44+0.01° 81.19+0.02°
recovery (%)
Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not significant (a. = 5%).
Table 6. Effect of extraction interval by ultrasonic combination with solvent on curcumin recovery (%)
Extragtlon time 2 4 6 8 10
(minutes)
Curcumin
extraction recovery 74.12+0.03¢ 78.04+0.02° 81.49+0.01° 86.02+0.02° 86.17+0.02°
(%)

Note: the values were expressed as the mean of three repetitions, the same characters (denoted above), the difference between them was not significant (o = 5%).

Table 7. Effect of ratio of carrier for drying

Carrier: Turmeric 1 maltodextrin: 1 turmeric

0.5 maltodextrin: 0.5 gelatin:

1 gelatin: 1 turmeric 1 turmeric

Curcumin drying recovery (%) 81.37+0.01°

84.11+0.01° 89.23+0.02°

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between thiem was 1ot significant (0. = 5%).

Table 8. Effect of drying temperature on curcumin recovery (%)

Drying
temperature (°C) 50 55 60 65 70
Curcumin drying 85.06+0.02° 88.12+0.03 91.15+0.01° 87.32+0.02° 84.11+0.02°

recovery (%)

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the ierence DEtween them was 1ot significant (o. = 5%).

3.5 Effect of extraction temperature by ultrasonic
combination with solvent on curcumin extraction
recovery (%)

Different temperature conditions (30°C, 40°C, 50°C, 60°C,
70°C) under ultrasonic (37 kHz) combined solvent were
examined to prove the effectiveness (% recovery) of
curcumin extraction. Results were elaborated in table 5.
Eugenio Torres Rodriguez et al., (2014) showed the use of
ultrasound in the extraction of curcumin from its natural
source. Shital Patil et al., (2018) proved that ultrasound
assisted extraction of curcumin. The experiments were
carried out in a high-intensity probe system of 200 W and
33 kHz. Ultrasonic probe was immersed in samples and
placed in water bath to keep constant temperature. Sample
was treated with different ultrasound power i.e. 25, 50 and
75 W powers for 30 min and their effect on extraction yield
was monitored. Highest yield was obtained when the
ultrasonication power was 25 w.

3.6 Effect of extraction interval by ultrasonic
combination with solvent on curcumin extraction
recovery (%)

Different time intervals of ultrasonic treatment (2 minutes,
4 minutes, 6 minutes, 8 minutes, 10 minutes) were
investigated to verify the effectiveness (% recovery) of
curcumin extraction. Results were elaborated in table 6.
Binta Hadi et al., (2015) optimised extraction parameters
for ultrasonic-assisted extraction (UAE) with aqueous
extraction solvent for curcuminoids were amplitude of
100, particle size of 0.30-0.60 mm, extraction time of
20 min, extraction solvent volume of 10 mL and extraction
temperature of 60 °C. The applications showed remarkable

improvements in terms of reduced extraction time, solvent
consumption, extraction yield and the quality of extracts.
The turmeric oleoresin was successfully solubilised in
aqueous solution by forming inclusion complex with
methyl-B-cyclodextrin (MB-CD). Phase solubility studies
used curcumin as a marker compounds to represent
turmeric oleoresin. In the presence of Mp-CD, the
curcumin was enhanced. Foozie Sahne et al., (2016)
showed that the curcumin extraction yield using Soxhlet
method (6.9%) was considerably higher than those obtained
from microwave-assisted (3.72%), ultrasound-assisted
(3.92%) and enzyme-assisted (4.1%) extractions.
Zaibunnisa Abdul Haiyee et al., (2016) compared the
supercritical fluid extraction and ultrasonic assisted
extraction of curcumin. Ultrasonic assisted extraction was
able to produce significantly the highest yield (6.40 %, dry
weight basis) and the highest curcuminoids concentration
(0.1020 mg/100 g). Kimthet Chhouk et al., (2017) used
ultrasonic assisted supercritical carbon dioxide (USC-CQO,)
to extract curcumin from turmeric and compared to
conventional method. The effect of operating conditions on
extraction, including temperature (40 - 60°C), pressure (15
- 25 MPa), extraction time (30 - 120 min), CO, flow rate (2
- 4 mL/min) and percentage of cosolvent (10 - 20% v/v)
were also studied. The result shows that the high extraction
yield of 7.17% w/w and curcumin content of 1.69% w/w
were achieved at temperature of 50°C, pressure of 25 MPa,
extraction time of 90 min, CO, flow rate of 3 mL/min with
10% cosolvent. Compared to conventional method, USC-
CO, could provide higher curcumin content in extraction
yield in a shorter extraction time.
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3.7 Effect of ratio of carrier (maltodextrin) for drying
Different ratios of carrier: Turmeric (1 maltodextrin: 1
turmeric; 1 gelatin: 1 turmeric; 0.5 maltodextrin: 0.5
gelatin: 1 turmeric) were demonstrated to show the
effectiveness of drying to curcumin recovery (%). Results
were elaborated in table 7.

D.M. Cano-Higuita et al., (2015) investigated the effects of
different formulation wall materials (gum arabic, a binary
mixture of maltodextrin and modified starch, and a ternary
mixture of gum arabic, maltodextrin and modified starch)
and different drying methods (for spray and lyophilization)
on the stability of microcapsules of turmeric oleoresin. The
drying method affected retention curcumin powder in the
drying process and storage of the microcapsules under
incident light. Curcumin retention during lyophilization
was greater than spray drying, but showed the opposite
behavior during storage; spray-dried capsules had a higher
retention of curcumin after 8 weeks under light exposure.
As a result, the ternary mixture of gum arabic, modified
starch and maltodextrin was more effective to prevent loss
of curcumin and color changes in the microcapsules.

Deivis de Moraes Carvalhd et al., (2015) prepared a
suspension with curcumin nanoparticles in tween 80, the
testing of pure curcumin solubility and of a simple mixture
of curcumin with tween 80 and nanosuspension in water
and ethanol as solvents, and fnally the assessment of the
antioxidant activity.

A.A. Ochoa et al, (2016) develop a curcumin
nanoemulsion by ultrasonication, containing a high
curcumin load, small droplet size and good physical
stability. The composition and preparation method effects
on entrapment efficiency, droplet size, polydispersity
index, and zeta potential of the nanoemulsions were
evaluated. Curcumin nanoemulsions were successfully
prepared by combined thin-film hydration emulsification
and ultrasonication methods, employing 50 % of glycerol
in the aqueous phase, and 10 % of soybean lecithin as
emulsifier; at 20 % amplitude for 12 min in the sonicator.
Nanoemulsions with 2.5 mg curcumin per g, 100 %
entrapment efficiency, mean droplet size of 108 nm, and
stable for 120 days at 4°C were obtained.

Tri Yuni Hendrawati et al., (2017) studied the influence of
concentration maltodekstrin to rendemen, the water level,
and time the solubility of flour turmeric by using dryer
spray (spray blow dryer). Variation composition
maltodekstrin used consisting of 6 %, 8 %, 10 %, 12 %, 14
% at the temperature inlet spray blow dryer 120°C. A
method of making flour saffron done by means of the
pollen from saffron in grated, then sari saffron obtained
added maltodekstrin with a variety composition and in
stirring use homogenizer that homogeneous. We do drying
in spray blow dryer at the temperature inlet 120°C.

3.8 Effect of drying temperature and time

Vaccum drying was applied at different temperature (50°C,
55°C, 60°C, 65°C, 70°C) to the final moisture content of
dried powder 6 + 1%. Results were elaborated in table 8.
Rodrigo Molina et al., (2013) evaluated the effects of the
spray drying on curcuminoid and curcumin contents,
antioxidant activity, process yield, the morphology and

solubility of the microparticulated solid dispersion
containing curcuma extract using a Box Behnken design.
The microparticles were spherical in shape, and an increase
in outlet temperature from 40 to 80 °C resulted in a
significant increase in the yield of microparticles from 16
to 53%. The total curcuminoid content (17.15 to
19.57 mg/g), curcumin content (3.24 to 4.25 mg/g) and
antioxidant activity (530.1 to 860.3 pg/mL) were also
affected by the spray drying process. The solubility of
curcuminoid from C. longa remarkably improved 100-fold
in the microparticles, confirming the potential of the
ternary solid dispersion technique to improve the dyeing
and nutraceutical properties of these compounds.

D. S. Aniesrani Delfiya et al., (2014) reported on the
microencapsulation of turmeric oleoresin by spray drying
using different ratios of maltodextrin and gum arabic
(100:0-0:100) as wall material. Solvent-extracted and
commercial oleoresin microcapsules prepared using gum
arabic alone as wall material and spray dried at the inlet air
temperature of 175C showed higher encapsulation
efficiency of 71.74 and 73.67%, maximum curcumin of
3.41 and 3.39 g/100 g and oleoresin content of 7.16 and
7.29 ¢/100 g, respectively. Stability of microcapsules
against light, oxygen and heat was higher than the
nonencapsulated oleoresin.

Aura Y. Coronel-Delgado et al., (2017) evaluate the
operation of spray drying to obtain powder curcumin from
turmeric  extract blended with maltodextrin. An
experimental design (central composite design) with two
statistical factors was used. These factors were the inlet air
temperature (140-160°C) and outlet air temperature (75-
95°C), with the rotation speed kept constant (28000 RPM).
Statistical optimization was established by considering the
response surfaces analysis where the hygroscopicity was
minimized and the curcumin concentration was maximized.
The optimal conditions for the spray drying process were
inlet and outlet air temperatures of 149°C and 75°C,
respectively, at an atomization speed of 28000 RPM. These
settings provided the following results: hygroscopicity
(11.71% + 0.03) and fnal concentration of curcumin (9.03 =
0.44 mg/g), which were statistically signifcant.

IV. CONCLUSION

Nutritional intake of curcumin could be effective against
several problems such as cellular microbial infection,
oxidation, free-radical scavenging, inflammation and
cancer. We have successfully optimized different
parameters influencing to curcumin extraction such as
blanching, solvent, solvent: solid, extraction time and
temperature under ultrasound, carrier and temperature for
drying.

REFERENCES

1. Anamika Bagchi (2012). Extraction of curcumin. I0SR Journal of
Environmental Science, Toxicology and Food Technology 1(3): 1-16.

2. D. S. Aniesrani Delfiya, Thangavel Kulandasamy, N. Natarajan, R.
Kailappan (2014). Microencapsulation of turmeric oleoresin by
spray drying and in vitro release studies of microcapsules. Journal of
Food Process Engineering 38: 37-48.

3. Aura Y. Coronel-Delgado, Héctor J.Ciro-Velasquez, Diego
A. Restrepo-Molina (2017). Spray drying of liquid extracts of

277


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cano-Higuita%2C+DM
https://www.researchgate.net/profile/D_Delfiya
https://www.researchgate.net/profile/D_Delfiya
https://www.researchgate.net/profile/Thangavel_Kulandasamy
https://www.researchgate.net/scientific-contributions/2042551297_N_Natarajan
https://www.researchgate.net/scientific-contributions/82636113_R_Kailappan
https://www.researchgate.net/scientific-contributions/82636113_R_Kailappan
https://www.researchgate.net/journal/1745-4530_Journal_of_Food_Process_Engineering
https://www.researchgate.net/journal/1745-4530_Journal_of_Food_Process_Engineering

10.

11.

12.

13.

14.

15.

16.

Nguyen Phuoc Minh et al /J. Pharm. Sci. & Res. Vol. 11(2), 2019, 273-278

curcumin: process performance and product quality properties.
Ingenieria y Competitividad 19(1): 229 — 239.

Bagchi Anindya, Raha Anusree, Mukherjee Prosenjit, Ali Tausif M
(2015). Curcumin extraction: best solvent on the basis of
spectrophotometric analysis. Universal Journal of Pharmacy 4(2):
48-52.

Binta Hadi, Mohd Marsin Sanagi, Wan Aini Wan Ibrahim,
Shajarahtunnur Jamil (2015). Ultrasonic-assisted extraction of
curcumin complexed with methyl-B-cyclodextrin. Food Analytical
Methods 8(6): 1373-1381.

Boyanapalli SS, Kong AN (2015). Curcumin, the king of spices:
epigenetic regulatory mechanisms in the prevention of cancer,
neurological, and inflammatory diseases. Curr Pharmacol Rep 1:
129-139.

D.M. Cano-Higuita, C.R. Malacrida, V.R.N. Telis (2015). Stability
of curcumin microencapsulated by spray and freeze drying in binary
and ternary matrices of maltodextrin, gum arabic and modified
starch. Journal of Food Processing and Preservation 39(6): 2049-
2060.

Daria Jovi¢i¢, Antun Jozinovi¢, Manuela Grcevi¢, Emilija Spaseska
Aleksovska, Drago Subari¢ (2017). Nutritional and health benefits of
curcumin. Food in Health and Disease 6(1): 22-27.

Deivis de Moraes Carvalhd, Katiuchia Pereira Takeuchi, Robson
Maia Geraldine,
Celso José de Mdura, Maria Célia Lopes Tdrres (2016). Production,
solubility and antioxidant activity of curcumin nanosuspension.
Food Sci. Technol, Campinas 35(1): 115-119.

Eugenio Torres Rodriguez, Lic. Zonia Guillén Gonzéalez, Robinson
Hermosilla Espinosa, Quirino Arias Cedefio, Christian Vogel,
Manuel Almeida Saavedra (2014). Use of ultrasound in the
extraction of curcumin from its natural source. Revista Cubana de
Plantas Medicinales 19(1):14-20.

Foozie Sahne, Maedeh Mohammadi, Ghasem D. Najafpour and Ali
Akbar Moghadamnia (2016). Extraction of bioactive compound
curcumin from turmeric (Curcuma longa L.) via different routes: a
comparative study. Pak. J. Biotechnol. 13 (3): 173-180.

Gouda MM, Prabhu A, Bhandary YP (2017). Curcumin alleviates
IL-17A- mediated p53-PAI-1 expression in bleomycin-induced
alveolar basal epithelial cells. J Cell Biochem 119: 2222-2230.

Helal MH, Ahmed NS, Elwessaly MS, Ammar YA (2014).
Synthesis, characterization, and antioxidant and
bleomycin-dependent DNA damage evaluation of curcumin analogs.
Archiv der Pharmazie 347: 123-133.

Jose KP, Joy CM (2009). Solar tunnel drying of turmeric (Curcuma
longa linn. syn. c. domestica VAL.) for quallity improvement. J
Food Process Preserv 33:121-135.

Kimthet Chhouk, Wahyudiono Wahyudiono, Hideki Kanda,
Motonobu Goto (2017). Comparison of conventional and ultrasound
assisted supercritical carbon dioxide extraction of curcumin from
turmeric (Curcuma longa L.). Engineering Journal 21(5): 53-65.
Natural colorants: Pigment stability and extraction yield
enhancement via utilization of appropriate pretreatment and
extraction methods. Food Science and Nutrition 57(15): 1-8.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Prasad S, Tyagi AK, Aggarwal BB (2014). Recent developments in
delivery, bioavailability, absorption and metabolism of curcumin: the
golden pigment from golden spice. Cancer Res Treat 46(2): 11-18.
A.A. Ochoa, J.A. Hernandez-Becerra, A. Cavazos-Garduno, E.J.
Vernon-Carter, H.S. Garcia (2016). Preparation and characterization
of curcumin nanoemulsions obtained by thin-film hydration
emulsification and ultrasonication methods. Revista Mexicana de
Ingenieria Quimica 15(1): 79-90.

K. Pradeep, R. Ravi, Jamuna Prakash and M. Madhava Naidu
(2016). Influence of blanching and drying methods on the quality
characteristics of fresh turmeric (Curcuma longa |.) Rhizomes.
International Journal of Applied and Pure Science and Agriculture
2(3): 32-44.

Ramirez-Bosca A, Soler A, Gutierrez MA (1995). Antioxidant
curcuma extracts decrease the blood lipid peroxide levels of human
subjects. Age 18: 167-169.

Rodrigo Molina, Martins Simone, Vieira Pereira, Silvia Siqueira,
Wellington Fioravante Salomdo, Luis Alexandre Pedro Freitas
(2013). Curcuminoid content and antioxidant activity in spray dried
microparticles containing turmeric extract. Food Research
International 50(2): 657-663.

Sathira Hirun & Niramon Utama-ang & Paul D. Roach (2014).
Turmeric (Curcuma longa L.) drying: an optimization approach
using microwave-vacuum drying. J Food Sci Technol 51(9): 2127-
2133.

Shashidhar MD, NK Hegde, Hiremath JS, Kukunoor L,
Srikantprasad D
and Patil RT (2018). Evaluation of turmeric (Curcuma longa L.)
genotypes for yield, curcumin and essential oil content in northern
dry zone of Karnataka. Journal of Pharmacognosy and
Phytochemistry 3: 130-134.

Shital Patil, R.C. Ranveer, P.P. Debaje, J.H. Kadam and A.K. Sahoo
(2018). Ultrasound assisted extraction of curcumin. Asian J. Dairy &
Food Res 37(3): 250-252.

Tri Yuni Hendrawati, Muhammad Ardian Mubarok and Anwar Ilmar
Ramadhan (2017). The effect comparison maltodextrin against
results characteristics of microencapsulation of turmeric (Curcuma
domestica val). ARPN Journal of Engineering and Applied Sciences
12(13): 4129-4135.

Zaibunnisa Abdul Haiyee, Siti Hafsah Mohd Shah, Khudzir Ismail,
Nooraain Hashim,
Wan Iryani Wan Ismail (2016). Quality parameters of curcuma
longa L. Extracts by supercritical fluid extraction (SFE) and
ultrasonic assisted extraction (UAE). Malaysian Journal of
Analytical Sciences 20(3): 626-632.

Zhang D, Huang C, Yang C, Liu RJ, Wang J, et al. (2011).
Antifibrotic effects of curcumin are associated with overexpression
of cathepsins K and L in bleomycin treated mice and human
fibroblasts. Respir Res 12: 154.

Zhang Y, Liang D, Dong L, Ge X, Xu F, et al. (2015). Anti-
inflammatory effects of novel curcumin analogs in experimental
acute lung injury. Respir Res 16: 43-50.

278


https://www.researchgate.net/profile/Binta_Hadi
https://www.researchgate.net/profile/Mohd_Marsin_Sanagi
https://www.researchgate.net/profile/Wan_Aini_Wan_Ibrahim
https://www.researchgate.net/profile/Shajarahtunnur_Jamil
https://www.researchgate.net/journal/1936-9751_Food_Analytical_Methods
https://www.researchgate.net/journal/1936-9751_Food_Analytical_Methods
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cano-Higuita%2C+DM
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Malacrida%2C+CR
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Telis%2C+VRN
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1109498
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1109498
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1109498
https://www.tandfonline.com/toc/bfsn20/current
https://www.tandfonline.com/toc/bfsn20/57/15
https://www.sciencedirect.com/science/article/pii/S096399691100408X%23!
https://www.sciencedirect.com/science/article/pii/S096399691100408X%23!
https://www.sciencedirect.com/science/article/pii/S096399691100408X%23!
https://www.sciencedirect.com/science/article/pii/S096399691100408X%23!
https://www.sciencedirect.com/science/article/pii/S096399691100408X%23!
https://www.sciencedirect.com/science/journal/09639969
https://www.sciencedirect.com/science/journal/09639969

	We collected turmeric in Mekong river delta, Vietnam. They must be cultivated following VietGAP to ensure food safety. After harvesting, they must be conveyed to laboratory within 8 hours for experiments. They were washed thoroughly under turbulent wa...



