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ABSTRACT
Background: In a system of two oppositely charged colloids a spontaneous liquid-liquid phase 
separation is termed as complex coacervation and the separated phase is called coacervate. 
In recent times coacervates prepared from different colloidal systems have found extensive 
uses in the microencapsulation of bioactive molecules including drugs. The search for new 
coacervation systems and coacervates with novel properties remains an active area of research. 
In the present work preparation of complex coacervate from chitosan phosphate and sodium 
alginate for subsequent use for encapsulation of curcumin is reported. Materials and Methods: 
Chitosan was first modified to chitosan phosphate. It was then reacted with sodium alginate 
to form the complex coacervate. Several parameters like ratio of concentration of the chitosan 
phosphate to alginate, pH of the reaction media were varied to attain the optimum condition 
for the maximum yield of the coacervate. Results: It was found that the maximum amount of 
coacervate formed at pH 3.6 and at the ratio of 5:4 by volume of the 3% solution of alginate and 
chitosan phosphate. The maximum loading efficiency of curcumin was found to be 84%. Swelling 
and release studies were carried out at different pH and the maximum swelling and percentage 
of release was observed at pH 9. The curcumin loaded coacervate showed mild antibacterial 
activity against Staphylococcus aureus, Bacillus subtilis and Enterobacter aerogenes. Conclusion: 
Results from Fourier transform infrared spectroscopy, thermogravimetric analysis, powder x-ray 
diffraction and scanning electron microscopy supported successful encapsulation of curcumin 
in the chitosan phosphate/alginate coacervate. Swelling and release studies could be modulated 
by changing the pH of the medium. A sustained release behavior of curcumin over a period of 72 
hr was observed without the loss of physical integrity of the coacervate.

Keywords: Curcumin, Chitosan Phosphate, Sodium Alginate, Staphylococcus aureus, Bacillus 
subtilis, Klebsiella pneumonia, Enterobacter aerogenes.

INTRODUCTION

Curcumin is a naturally available bioactive molecule and has 
been in use in traditional medicine for hundreds of years.1,2 
The yellow colour of turmeric, isolated from the rhizome of 
Curcuma longa is due to curcumin which constitutes about 
77 weight percent of turmeric.3 Curcumin has significant 
anti-inflammatory, anti-infective, anti-oxidant,4 anti-mutagenic, 
anti-microbial,5 anti-carcinogenic,6 anticoagulant and wound 
healing properties.7-13 However the potential use of curcumin 
as a drug is handicapped by its properties such as aqueous 
insolubility, rapid metabolism and instability in biological 

systems. All these properties result in poor bioavailability of 
curcumin when used as a drug. To overcome these problems 
and increase the bioavailability of curcumin several strategies 
have been explored. These mainly constitute the encapsulation 
in liposomes and polymeric micellar systems, cyclodextrin based 
inclusion complex and formation of curcumin cocrytals14 with 
other compounds. Complex coacervate is another medium of 
choice for encapsulation, protection and delivery of bioactive 
molecules including curcumin15,16 Complex coacervate results 
from electrostatic interaction between two oppositely charged 
colloids in a system. As such wide variety of oppositely charged 
biopolymers like proteins and polysachharides are potential 
precursors for formation of coacervates. Mohammadian et al.17 
reported the use of gum Arabic and whey protein nano fibrils 
based complex coacervates as medium for encapsulation of 
curcumin. A complex coacervate from gum Arabic and albumin 
was used by Shahgholian and others18 for encapsulating curcumin 
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and the encapsulation efficiency was reported to be 92%. Complex 
coacervates based on gum Arabic and chitosan,19 ovalbumin and 
k-carragenan20 were also used as medium for encapsulation and 
delivery of curcumin. Huang et al.21 developed a system based on 
lysozyme and k-carragenan as a delivery vehicle for curcumin.

The present work describes the encapsulation and release behavior 
of curcumin in a complex coacervate prepared from chitosan 
phosphate having a better aqueous solubility than chitosan itself 
and sodium alginate. Antibacterial activity of curcumin loaded 
coacervate was investigated against four different bacterial 
strains, 2 g positive (S. aureus and B. subtilis) and 2 g negative (K. 
pneumonia and E. aerogenes).

MATERIALS AND METHODS

Materials

75-85% deacetylated chitosan of low molecular weight 
(Sigma-Aldrich, India), curcumin (Sigma-Aldrich, India), 
sodium alginate (Himedia Laboratories, India), ethanol, 
DMSO (Merck, India), were used without further purification. 
Inhibition zone scale and nutrient broth were procured from 
Himedia, India. Four bacterial strains S. aureus (MTCC No. 
737), B. subtilis (MTCC No. 736), K. pneumoniae (MTCC No. 
619) and E. aerogenes (MTCC No. 111) used in the investigation 
were procured from MTCC, Chandigarh. All experiments were 
carried out in deionized water.

Methods
Preparation of Chitosan Phosphate

In a three necked flask fitted with a thermometer, water condenser 
and nitrogen gas inlet, 2 g chitosan, 6 g orthophosphoric acid 
and 100 mL 2% acetic acid were mixed.22 The reaction mixture 
was heated to dissolve chitosan and then refluxed for 2 hr. The 
resultant solution was cooled and then poured in excess methanol. 
The heavy white precipitate formed was dissolved in minimum 
volume of deionized water and reprecipitated in excess methanol. 
The precipitate, chitosan phosphate, was dried in a vacuum oven 
at 80ºC.

Optimization of reaction conditions for the 
preparation of coacervate

Two parameters, the pH of the reaction medium and the relative 
ratio of the concentration of the two constituents of the complex 
coacervate were changed to obtain the optimum condition for the 
maximum yield of the complex coacervate.

Determination of optimum pH of the reaction 
medium

Buffer solutions of ten different pH (3.2, 3.6, 3.8, 4.0, 4.2, 4.4, 
4.6, 4.8, 5.0, and 5.2) were prepared from 0.1N acetic acid and 

0.1N sodium acetate solution. 3% (w/v) solutions of sodium 
alginate and chitosan phosphate were prepared separately in 100 
mL buffer solution of specific pH. Sodium alginate solution was 
added drop wise to chitosan phosphate solution under stirring 
at room temperature. The procedure was followed for buffer 
solutions of ten different pH. The coacervate formed was dried in 
vacuum oven at 40ºC till constant weight was obtained.

Determination of optimum ratio of chitosan 
phosphate to sodium alginate

Optimum ratio of the two components was determined at pH 3.6 
of the reaction medium. 0.3% (w/v) solutions of sodium alginate 
and chitosan phosphate were prepared separately in buffer 
solution of pH 3.6. Chitosan phosphate and sodium alginate 
solutions were mixed at eight different volume ratios at room 
temperature, keeping the total volume of the mixture at 45 mL. 
Different volume ratios of sodium alginate: chitosan phosphate 
were 40:5, 35:10, 30:15, 25:20, 20:25, 15:30, 10:35, 5:40 respectively. 
The optimum ratio of the two components resulting in maximum 
yield of complex coacervate was determined by measuring weights 
of the coacervate formed, and also by measuring the viscosity, 
UV-absorbance (UV-1800, SHIMADZU) and conductivity of the 
supernatant liquid.

Swelling Studies

Swelling behavior of the coacervate was investigated at pH 4, 
7, 7.4 (phosphate buffered saline system) and 9. The weights of 
four samples of the dry coacervates were measured and then 
immersed in solutions of four different pH. The weights of the 
swollen coacervates were measured at fixed intervals of time up 
to a limit of 72 hr. The equilibrium swelling index was calculated 
from the relationship:

​​

Where, weight of dry coacervate = Wo and weight of swelled 
coacervate=Wg

.

Preparation of curcumin loaded chitosan phosphate/
sodium alginate coacervate

Curcumin loaded coacervates were prepared at pH 3.6 and 
volume ratio of 3% solution of sodium alginate to chitosan 
phosphate at 5:4. A 0.3% (w/v) solution of sodium alginate 
was prepared in 250 mL buffer of pH 3.6. Curcumin solutions 
containing varying weight (0.05-2.0) g were prepared in 100 mL 
ethanol. A 0.3% (w/v) solution of chitosan phosphate was also 
prepared in 250 mL buffer of pH 3.6. To this solution of chitosan 
phosphate, ethanolic solution of curcumin was added drop wise. 
This was followed by the drop wise addition of alginate solution. 
After complete addition, the reaction mixture was stirred for1h 
followed by removal of ethanol. The resultant product was then 
freeze dried.
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Preparation of calibration curve for curcumin

A known amount of curcumin was dissolved in 100 mL ethanol 
and a series of dilute solutions were prepared from this stock 
solution. The absorptions at 427 nm were recorded in a UV-visible 
spectrophotometer (UV-1800, SHIMADZU). On plotting 
the absorbance values at 427 nm against the concentration of 
the curcumin solutions, a straight line was obtained with the 
following characteristics, y=1455x+0.0138 and R2=0.9956 which 
is shown in Figure 3(i).

Loading Efficiency (LE)

The curcumin loaded into the coacervates was extracted by 
agitating in ethanol for half an hour. The curcumin thus extracted 
was quantified from its absorbance at 427 nm from the calibration 
curve. The loading efficiency of curcumin was derived from the 
following relation:

Loading efficiencies were determined at varying amounts of 
curcumin in the loading solution.

Release studies

The release of curcumin from loaded coacervate was investigated 
in medium of pH 4, 7, 9 and 7.4 (phosphate buffered saline) over a 
period of 72 hr. The weighed samples of loaded coacervates were 
placed in seven tubes containing a medium of definite pH. After 
fixed interval of time the content of the tubes were centrifuged 
and the UV spectra were recorded for the supernatant liquid. 
The amount of curcumin released was determined from the 
calibration curve. The percentage of curcumin released was 
determined from the following relation.23

​

Antibacterial activity assay

The antibacterial activity of curcumin loaded coacervate was 
investigated against four different bacterial strains: 2 g positive 
(S. aureus and B. subtilis) and 2 g negative (K. pneumoniae and 
E. aerogenes) by agar well diffusion method. The organisms were 
cultured in nutrient broth for 24-48 hr. Erythromycin antibiotic 
disc and DMSO disc were used as positive and negative controls 
respectively.

Figure 1:   Alginate: Chitosan phosphate ratio by volume against (a)weight of coacervate formed (b)viscosity (time of flow) of the supernatant 
liquid (c) conductivity of the supernatant liquid(d) UV-absorbance at 250 nm of the supernatant liquid.
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RESULTS

Preparation of coacervate: Optimization of reaction 
parameters

The pH of the reaction medium giving the maximum yield of the 
coacervate was found to be 3.6. The relative ratio of concentration 
of alginate to chitosan phosphate giving the maximum yield at 
pH 3.6, was determined and the results are shown in Figure 1. The 
results showed the most suitable ratio of 3% solution of alginate 
to chitosan phosphate by volume as 5:4.

FTIR study

The FTIR spectra of chitosan, chitosan phosphate, alginate, 
coacervate, curcumin and curcumin loaded coacervate are 
shown in Figure 2(i) and (ii). A SHIMADZU IR Affinity-1 FTIR 
spectrophotometer, with a scanning range of 4000-400 cm-1 was 
used to record the FTIR spectra in the form of KBr pellets. Data 
were recorded in the transmittance mode.

Chitosan showed peaks at 3462, 1643, 1554, 1415 and 1078 cm-1. 
The peak at 3462 cm-1 is due to -OH stretching. Peak at 1643 cm-1 
is due to C=O stretching (amide I), peak at 1554 cm-1 is due to 
N-H bending (amide II) and peak at 1415 cm-1 is due to C-N 
stretching (amide III) and the peak at 1078 cm-1 is due to C-O-C 
stretching.24,25

Alginate showed peaks at 3446, 1629, 1309, 1091, 1028 and 945 
cm-1. The peak at 3446 cm-1 is due to stretching vibrations of O-H 
bonds. The peak at 1629 cm-1 is due to asymmetric stretching of 
O-C-O vibration of carboxylate salt ion while the peak at 1309 
cm-1 is due to C-C-H and O-C-H deformation. The peak at 1091 
cm-1 is due to C-O and C-C stretching vibration of pyranose rings 
and the peak at 1028 cm-1 is due to C-O stretching vibration. The 

peak at 945 cm-1 is due to C-O stretching vibration of uronic acid 
residues.26

Chitosan Phosphate showed peaks at 3473, 1645, 1550, 1309, 
1078 and 520 cm-1. The peak at 3473 cm-1 is dueto -OH group, the 
peaks at 1645 cm-1 (amide I) and 1550 cm-1 (amide II) are due to 
asymmetric and symmetric N-H bending respectively, the peak 
at 1309 cm-1 is due to P=O stretching of phosphate group, the 
peak at 1078 cm-1 is due to phosphorylated hydroxyl groups, the 
peak at 520 cm-1 is due to P-OH group.27

The coacervate showed peaks at 3454,1649,1554,1421 and 524 
cm-1. Most of the peaks due to chitosan phosphate and the 
alginate are present in the coacervate with small variation in the 
absorption values. The peaks due to amide-I and amide-II moves 
to longer wavelength due to protonation of the NH2 group in 
chitosan phosphate and electrostatic interaction with alginate

Curcumin showed peaks at 3479, 2362, 2337, 1629, 1564, 1425, 
1278 and 964 cm-1. The peak at 3479 cm-1 is due to O-H groups 
while the peaks due to asymmetric and symmetric stretching 
of methylene groups appeared at 2362 cm-1 and 2337 cm-1 
respectively. The peaks at 1629 cm-1 and 1564 cm-1 are due to C=C 
vibration of olefinic group, while the peak at 1425 cm-1 is due to 
C=C aromatic stretching vibration. The peak at 1278 cm-1 is due 
to C-O stretching and the peak at 964 cm-1 is due to out-of-plane 
vibration of aromatic C-C.22

Curcumin loaded coacervate showed peaks at 3449, 1637, 1560, 
1429 and 879 cm-1. As is evident all the peaks of coacervate are 
present in the curcumin loaded coacervate as well with small 
shifts in the peak positions, which may be indicative of presence 
of in situ interactions between the coacervate and the curcumin. 
Further the additional peak at 879 cm-1 present in the spectra, is 
due to the aromatic group in curcumin.

Figure 2:  (i) FTIR spectra of (a) chitosan (b) chitosan phosphate (c) alginate. (ii) FTIR spectra of (d)coacervate (e) curcumin (f ) curcumin loaded 
coacervate.
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TGA study

The thermo gravimetric analyses were done in the temperature 
range, 30-700ºC at a heating rate of 10ºC/min under a nitrogen 
flow of 20 mL/min. The data were recorded in Perkin Elmer TGA 
4000 instrument. The results of thermo gravimetric analysis are 
presented in Figure 3(ii).

A two step thermal degradation was observed in case of chitosan 
and the major weight loss occurred at 300ºC.28 The thermal 
degradation profile distinctly changed with the phosphorylation 
of chitosan and the major weight loss for chitosan phosphate 
occurred at around 200ºC. Deka et al.22 reported similar thermal 
behavior of chitosan and chitosan phosphate. The major weight 
loss was observed at around 270ºC for alginate.29 Curcumin 
showed the highest thermal stability with the major weight 
loss at around 400ºC.22 When the TGA-curve of the coacervate 
is compared with those of chitosan phosphate and alginate, 
it becomes obvious that the coacervate formation changed 
the thermal degradation behaviour and it is found to have an 

intermediate thermal stability with respect to the constituents. 
Further, loading of curcumin again changed the thermal behavior 
of the complex coacervate, with a rise in the thermal stability 
of the curcumin loaded coacervate with respect to the pristine 
coacervate. Unlike the pristine coacervate, it exhibits a distinct 
two stage thermal degradation. The TGA-curves of neat and 
curcumin loaded coacervates indicate that the two materials are 
not identical.

XRD study

X-ray diffractograms of curcumin, pristine coacervate and 
curcumin loaded coacervate are presented in Figure 4(a), (b) 
and (c) respectively. An x-ray diffractometer, model X’Pert Pro, 
make PANalytical was used to record the spectra with a scan 
rate of 0.02º 2Ɵ/s in the scan range from 2Ɵ=5 to 40º. The XRD 
patterns indicated the amorphous and crystalline nature of the 
coacervate and curcumin respectively. The amorphous nature 
of the coacervate changed on loading of curcumin in it. As the 
coacervate is present in larger amount many of the peaks of 

Figure 3: (i) Callibration curve of curcumin (ii) Thermogravimetric curves of (a) chitosan (b) chitosan phosphate (c) alginate (d) curcumin (e) 
coacervate (f ) curcumin loaded coacervate (iii) Swelling index of the coacervate at pH 4, 7, 7.4 and 9 (iv) % release of curcumin from the curcumin 

loaded coacervate at pH 4, 7, 7.4 and 9.
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curcumin are masked. However, a few peaks at 9.46º, 13.30º 
and 15.76ºfor the curcumin appeared in the curcumin loaded 
coacervate, with marginal shifts in the 2Ɵ values of curcumin. 
This may be indicative of presence of some physico-chemical 
interactions between the matrix material and the curcumin.

Swelling study

The swelling behaviour of the coacervates was followed by 
plotting the swelling index measured at four different pH against 
time and the resultant plots are presented in Figure 3(iii). From 
the plots it is evident that the swelling is dependent on the pH 
of the swelling medium. The highest and lowest swellings were 
observed at pH 9 and pH 4 respectively. Further a common 
pattern of swelling was observed at all pH. The swelling rate was 
very high in the initial hours and then it decreased and gradually 
attained an equilibrium value after approximately 10 h.

Loading efficiency and Release Profiles

The result of investigation on loading efficiency of curcumin in 
the coacervate is presented in the Table 1. It is evident that the 
loading efficiency is dependent on the amount of the curcumin 
in the loading solution with a limiting amount of curcumin at 
which the loading attains a saturation value. A maximum loading 
efficiency of 84% was observed with curcumin 0.1 g in the loading 
solution.

Release of curcumin from the coacervate was studied at four 
different pH (4, 7, 7.4 and 9). The release of curcumin is pH 
dependent and the release behavior parallels the swelling 

behavior. The plots of % of release against the time at the four 
different pH are presented in Figure 3 (iv). The % of release was 
maximum at pH 9 and minimum at pH 4. Further in all cases 
initial release was very fast and after approximately 25 h the % 
of release attains an equilibrium value and a slow and sustained 
release behavior is observed. Similar behavior was reported by 
Vandenberg et al.30 and Zhang et al.31 while studying the release 
of protein from chitosan-alginate microspheres.

SEM study

A scanning electron microscope (Model Zeiss, SIGMA-300) 
operating at an accelerated voltage of 5 kV was used to record 
the SE-micrographs of pristine and curcumin loaded coacervates. 
The surfaces of the samples were coated with gold before SEM 
analysis. Scanning electron micrographs of the pristine and 
curcumin loaded coacervate are shown in Figure 5(i) and (ii). 
The loading of curcumin into the coacervate resulted in a distinct 
change in the morphology. The surface morphology changed 
from a smooth to a rugged one on encapsulation of curcumin as 
is visible from the micrographs.

Antibacterial study

Table 2 shows the zone of inhibition of curcumin loaded  
coacervate against four different bacterial strains: 2 g positive 
(S. aureus and B. subtilis) and 2 g negative (K. pneumoniae 
and E. aerogenes). The curcumin loaded coacervate displayed 
antibacterial activity against both the gram positive bacteria and 
one of the gram negative bacteria (E. aerogenes). E. aerogenes 
(15 mm) showed the highest zone of inhibition. The unloaded 
coacervate showed no antibacterial activity against any of the 
gram positive and gram negative bacteria. In some cases DMSO 
exhibited moderate zone of inhibition. As the coacervates were 
dissolved in DMSO, zone of inhibition of coacervates were 
calculated by subtracting the zone of inhibition of DMSO. Figure 
5(iii) shows thephotoplates showing antibacterial activity of 
curcumin loaded coacervate against S. aureus (photoplate A), 
B. subtilis (photoplate B), E. aerogenes (photoplate C) and K. 
pneumoniae (photoplate D).

Figure 4:  XRD pattern of (a)curcumin (b) coacervate (c) curcumin loaded coacervate.

Amount of curcumin (g) in the 
loading solution

LE (%)

0.05 48
0.08 81
0.1 84
0.15 65
0.2 64

Table1: Loading efficiency of the coacervate.
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DISCUSSION

Curcumin possesses anti-inflammatory, anti-infective, 
anti-oxidant, anti-microbial and wound healing properties. In 
recent times curcumin is shown to have anti-cancer activities 
also. So it becomes essential to address two issues related to 
curcumin preventing its use as an effective drug, viz. low aqueous 
solubility and poor stability under physiological conditions. 
A complex coacervate prepared from chitosan phosphate and 
alginate is used to encapsulate curcumin to enhance its stability 
and facilitate slow and sustained release to remain effective for a 
longer period of time.

In the preparation of the coacervate, chitosan is modified to its 
phosphate to make it water soluble. The reaction parameters 
were varied to determine the optimum condition giving the 
maximum yield of the coacervate. The chitosan is protonated 
at acidic pH which enhances the electrostatic interaction with 
alginate leading to the higher yield of coacervate. The FTIR 
spectra indicated the formation of the coacervate from chitosan 
phosphate and alginate. The peaks of chitosan phosphate and 
alginate are found imprinted in the spectra of the coacervate. 
Further, the minor change in the absorption peak values of the 
chitosan phosphate and alginate in the coacervate indicated 
the presence of interaction between them through electrostatic 

Figure 5:  Scanning electron micrographs of (i)coacervate and (ii)curcumin loaded coacervate (iii) Photo plates showing antibacterial activity of 
curcumin loaded coacervate against S. aureus(A), B. subtilis(B), E. aerogenes(C) and K. pneumonia (D).
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interactions, hydrogen bonding etc. The TGA data besides being 
used to determine the range of thermal stability is also used for 
diagnostic purpose, as no two materials will have the same TGA 
curve. From that point of view, the TGA data also supported 
the formation of coacervate as well as the loading of curcumin 
in the coacervate. Similarly, the FESEM data also supported the 
successful encapsulation. The swelling studies at physiological 
pH as well as at acidic and alkaline pH indicated the robust 
nature of the coacervate as the physical integrity remains intact 
even after 72 h of swelling. Moreover the swelling was lowest at 
pH 4. At acidic pH chitosan phosphate is protonated resulting 
in strong bonding with alginate. The resultant tight network 
structure lowers the diffusion of water in to the coacervate 
structure32. However at elevated pH due to decreased protonation 
of chitosan phosphate the bonding is weakened resulting in the 
loosening of the network structure and facilitating higher degree 
of diffusion of water into the coacervate, resulting in increased 
swelling. The release pattern of curcumin from the coacervate 
as expected parallels the swelling pattern. Two observations can 
be made about the release behavior; firstly, it is pH dependent 
and highest at pH 9. And most importantly it showed a sustained 
release behavior over a period of 72 h, which is considered as a 
hallmark of a drug to remain effective for a longer period of time 
without causing any side effect. However at the initial period 
the release of curcumin is fast before attaining equilibrium, 
which may indicate that some portion of curcumin may remain 
adsorbed to the coacervate surface instead of being encapsulated 
inside the coacervate. The curcumin loaded coacervate showed 
antibacterial activity against three bacterial strains in in vitro test.

CONCLUSION

A robust coacervate was prepared from chitosan phosphate and 
alginate, which maintained its physical integrity in solutions at 
four different pH 4, 7, 7.4 and 9 for up to a period of 72 h. The 
swelling is dependent on the pH of the medium and the maximum 
swelling was observed at pH 9. The curcumin was successfully 
loaded, by preparing the coacervate in presence of curcumin. The 
maximum loading efficiency attained was 84%. The FTIR, TGA, 
XRD and FESEM data supported the successful encapsulation 
of curcumin in the coacervate. The curcumin encapsulated in 
the coacervate gets released in a slow and sustained way in a pH 
dependent manner. Thus the dual issue which hinders the use 
of curcumin as a drug, i.e. poor bioavailability and inability to 

remain effective for a prolonged period due to rapid metabolism 
under physiological conditions, could be suitably addressed by 
encapsulation in the coacervate from chitosan phosphate and 
sodium alginate. Further the curcumin loaded coacervate retains 
the antibacterial property of curcumin and found effective against 
three bacterial strains tested during the present investigation.
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SUMMARY

A complex coacervate was prepared from two oppositely charged 
polysaccharides, Chitosan phosphate and alginate. Curcumin 
was loaded in the coacervate by preparing the coacervate in the 
presence of curcumin solution in ethanol. The neat coacervate 
and the curcumin-loaded coacervate were characterized by FTIR, 
TGA, XRD and FESEM studies. Swelling studies were carried out 
at four different pH, 4, 7, 7.4 and 9 and swelling was found to be 
dependent on the pH, with highest swelling at pH 9.The swelling 
was studied for a period of 72 hr and the coacervate maintained 
its integrity during that period. The release of curcumin from 
the curcumin loaded coacervate showed a sustained release 
behavior over a period of 72 hr. The curcumin loaded coacervate 
showed antibacterial property against three bacterial strains, 
Staphylococcus aureus, Bacillus subtilis and Enterobacter aerogenes.
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