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ABSTRACT

Curcumin extract from the turmeric plant is unstable to light, temperature and changes in pH, therefore
it is necessary to be coated with biopolymers to have a longer shelf life. This study aims to determine
the type of degradation kinetics of maltodextrin-coated curcumin and its shelf life at room temperature
storage. Encapsulation was performed using an emulsion technique combined with freeze drying with
the ratio of turmeric ethanol extract to maltodextrin of 7: 5 (w/w). The results showed that the efficiency
of coating ethanol extract of turmeric with maltodextrin was 31.26%. Kinetics degradation of curcumin
coated with maltodextrin follows zero-order reaction kinetics. Microcapsule of turmeric ethanol extract
coated with maltodextrin has a shelf life at room temperature for 8.35 weeks.
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1. INTRODUCTION

Turmeric (Curcuma domestica Val) is a spice and medicinal plant widely spread in Southeast Asia. The
chemical content in turmeric extract consists of 30-45% curcuminoids and 15-20% essential oils.
Curcumanoids consist of the pigments curcumin, dimethoxy curcumin, and bisdemethoxy curcumin. '
Curcuminoid compounds have many benefits as antioxidants, anti-inflammatory, anti-hepatotoxic, and
antirheumatic. * Curcumin can be extracted with ethanol solvent which has medium polarity. Ethanol with a
concentration of 96% is able to extract curcumin up to 12%. *

The unstable behaviors of curcumin can disrupt its health benefits, such as unstable at high

temperatures, light, and changes in pH. These deficiencies can be overcome by using coating techniques. The
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appropriate coating agent used is a biopolymer compound because it has biocompatible properties and is safe
for health. Coating or encapsulation methods for natural compounds and medicines have been widely used,
such as the encapsulation of active compounds with chitosan,’ ethylcellulose,® and maltodextrin. ’

Coating of active compounds can be done by several techniques, such as spray drying and freeze
drying. Previously, the use of the spray drying method for coating curcumin used maltodextrin and a mixture
of maltodextrin, xanthan, and pectin. *° However, the use of the spray drying method uses high temperatures
which can affect the stability of curcumin. The advantage of using the freeze-drying technique is that it uses
low temperatures, therefore, the active compounds such as curcumin will not degrade. Coating of natural
product extracts with maltodextrin using the freeze-drying method has been widely used, such as the coating
of dragon fruit extract,!*!! Elsholtzia ciliata extract,'? tuna fish oil,'* lycopene,'* and propolis extract.'

Maltodextrin can be used as a curcumin coating because it can stabilize emulsions, easily form matrices,
is stable in oil-in-water emulsions, and is non-toxic.!®!” The use of maltodextrin as a curcumin coating has
been carried out in other studies but has never studied the degradation kinetics and shelf life of curcumin at
room temperature storage.

2. EXPERIMENTAL

2.1. Chemicals, Equipment and Instrumentation

The materials used were turmeric rhizomes that were obtained from the Garden of Kayowa Village,
Batui, Central Sulawesi, ethanol 96% (Merck), distilled water, maltodextrin DE 20 (Sigma-Aldrich),
curcumin standard (Sigma-Aldrich), and tween 20 (Merck), while the equipment used in this study were a
knife, blender, oven, stir bar, analytical balance (Ohaus Corp. Pine Brook), freeze dryer, UV-Vis
spectrophotometer (PerkinElmer L850), rotary vacuum evaporator, and sieve 60 mesh.

2.2. Research Procedure

Extraction of Turmeric

Turmeric extraction using 96% ethanol. Turmeric rhizomes of 6 kg were cleaned and thinly sliced, then
dried in an oven at 50°C for 24 hours. The dry samples were blended and sifted. Turmeric powder was mixed
with 96% ethanol solvent with a ratio of 1:10 (w/v), then stirred at 500 rpm for 2 hours at room temperature
and allowed to stand for 24 hours. The filtrate is separated and evaporated using a rotary vacuum evaporator.
The condensed extract is used at the encapsulation stage.

Encapsulation of Turmeric Ethanol Extract

Turmeric ethanol extract of 7 grams was mixed with 5 grams of maltodextrin. The mixture was added
20 mL of distilled water and 5 mL of Tween 20 2%, then stirred at 600 rpm. The mixture was dried using a
freeze dryer to obtain encapsulated turmeric ethanol extract. '3

Determination of Encapsulation Efficiency

The microcapsules were weighed as much as 0.025 grams and dissolved in 50 mL of 96% ethanol, then
1 mL was diluted in a 10 mL volumetric flask and the absorbance was measured at a maximum wavelength
of 422 nm. The curcumin concentration was calculated using the regression equation of the curcumin
standard curve. Encapsulation efficiency (EE) is calculated using equation 1. '
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where, Cc= curcumin concentration (mg/L), df = dilution factor, V= solution volume (mL), a = total mass of
encapsulates (g), b = mass of the microcapsules analyzed (g), and m. = mass of turmeric ethanol extract (mg)

Determination of Degradation Kinetics and Shelf Life

The kinetics of curcumin degradation were determined using zero order reaction curves (concentration
versus time), first reaction order curves (In concentration versus time), and second reaction order curves
(1/concentration versus time). Curcumin concentrations were determined by using regression equation of
standard curcumin every week until the 7® week. The curve that produces a linear line with the highest
coefficient of determination (R?) or close to 1 is the chosen kinetic. > Shelf life is determined using the
reaction order method at room temperature storage. Selected degradation kinetics were used to determine
shelf life. Shelf life was calculated at only 30% remaining curcumin concentration using the regression
equation y= ax+b of the selected reaction order. The x value is the shelf life of maltodextrin-coated
curcumin.

3. RESULTS AND DISCUSSION

3.1. Encapsulation Efficiency of Turmeric Ethanol Extract with Maltodextrin

The ethanol extract of turmeric obtained was 111.51 grams with a yield of 22.30%. The ethanol solvent
is used because it is able to extract curcumin in turmeric and is non-toxic. The higher the concentration of
ethanol used, the more curcumin is extracted. !°

The encapsulation efficiency of turmeric ethanol extract with maltodextrin on microcapsules was
31.26%. Encapsulation efficiency is affected by the properties of the coating material (viscosity and
solubility) and the ratio of core to coating. The right emulsifier concentration in the matrix will produce a
high encapsulation efficiency value. ° The emulsifier used in this study was Tween 20 with a concentration
of 2%. This concentration can work effectively to stabilize the emulsion, thereby the coating efficiency is
more than 30%. In another study, the encapsulation efficiency of curcumin with yeast was 8%. 2! The EE
value of maltodextrin is higher than yeast because the yeast cells have glycoprotein compounds that can react
with curcumin, therefore curcumin is not extracted optimally, while maltodextrin does not react with
curcumin, thereby curcumin can be extracted properly from microcapsules.

3.2. Degradation Kinetics of Curcumin

Determination of the curcumin concentration of turmeric ethanol extract in encapsulates for each week
using the linear equation y = 0.1517x + 0.0025 (R? = 0.9987) that was obtained from the curcumin standard
curve (Figure 1). The degradation kinetics are obtained from the reaction order graph. Foodstuffs generally
follow zero-order, first-order, or second-order degradation kinetics. The calculation results show that the
degradation of curcumin in the maltodextrin matrix follows zero-order kinetics because it has the highest R?
value (0.9845) (Figure 2).
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Figure 1. Standard curve of curcumin
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Figure 2. Degradation of curcumin at zero-order (A), first-order (B), and (second-order)

The value of R? in zero-order (R>=0.984) means that 98.4% is influenced by the storage time and the
remaining 1.6% is influenced by other factors, such as light, pH, and others (Figure 2a). In another study, the
degradation of maltodextrin-coated curcumin pigment in soft drinks and jelly at room temperature also
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followed zero-order kinetics with an R? value of only 0.669. * Storage time generally has a significant effect
on the increase in curcumin degradation. 2 Temperature and light can also cause curcumin degradation
which follows first-order kinetics. >* The use of room temperature in this study was intended to determine the
durability of maltodextrin-coated curcumin without having to store it at a cooler temperature. Storage at

room temperature and dry conditions was also reported to be able to keep curcumin from degrading quickly
23

3.3. Shelf Life of Turmeric Ethanol Extract Coated by Maltodextrin

The shelf life of maltodextrin-coated turmeric ethanol extract at room temperature was 8.35 weeks
which was obtained from the kinetics of curcumin degradation at zero order. Encapsulates are considered to
have no use value if the concentration of the active substance is less than 30%. If only 30% of the active
substance in food remains, it is considered unfit for use or consumption again. '*

The shelf life obtained was still shorter than research using a combination chitosan-alginate coating
which was able to produce curcumin's shelf life of up to 29.9 weeks at room temperature. 2° This shows that
it is necessary to modify the coating to increase shelf life, such as the combination of maltodextrin with other
biopolymers.

4. CONCLUSION

The encapsulation efficiency of turmeric ethanol extract with maltodextrin was 31.26%. Kinetics of
curcumin degradation from maltodextrin-coated turmeric ethanol extract followed zero-order degradation
kinetics. The encapsulated shelf life at room temperature reaches 8.35 weeks. In future research, it is
necessary to do a combination of maltodextrin and other biopolymers to extend the shelf life of turmeric
ethanol extract.
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