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ABSTRACT: Sodium alginate and combinations of sodium alginate-

pectin were used to study the effect on the loading efficiency and the 

radical scavenging activity of the polyphenols extracted from 

pomegranate peels (Punica granatum). The results indicate that the 

polyphenol content was less when the microbeads were prepared with 

a single type of polymer in comparison of the microbeads prepared 

with two types of polymers. Also there was an optimum ratio of these 

two polymers (2:1), which was responsible for the maximum 

polyphenol content. The microencapsulated particles provided to 

polyphenols an effective protection against the degradation 

phenomenon, whereas antioxidant activity remained identical. In-vitro 

release studies indicated that 64.87% and 48.81% of polyphenols was 

released in simulated gastric fluid from sodium alginate and sodium 

alginate-pectin microbeads respectively. 88.37% and 70.48% of 

polyphenols was released in simulated intestinal fluid from sodium 

alginate and sodium alginate-pectin microbeads respectively. The 

microcapsules described in this study represent an interesting food 

additive for incorporation into functional foods. 

INTRODUCTION:  Different types of 

phytochemicals have been identified in various 

parts of the pomegranate tree, including fruits and 

seeds. The major class of pomegranate 

phytochemicals is the polyphenols that 

predominate in the fruit 
1
.
 

Consumers across the world are becoming more 

interested in foods with health promoting functions 

as they gain more awareness of the links between 

food and health.  
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Epidemiological studies have revealed that 

consumption of fruits and vegetables with high 

phenolic content correlates with reduced cardio- 

and cerebro-vascular diseases and cancer mortality 
2, 3

.     

Phenolic compounds produce their beneficial 

effects by scavenging free radicals.  

There are many factors which affect the stability of 

polyphenols during processing and storage. These 

compounds are very sensitive to oxygen, light, 

acid, and alkaline, but relatively less sensitive to 

heat; therefore encapsulation by ionic gelation 

method was used to avoid their degradation. 

Microencapsulation is an economical method for 

the preservation of natural antioxidants by 

entrapping the ingredients in a coating material. 
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Sodium alginate and pectin are of the most 

important carrier and coating agents used for the 

encapsulation of water soluble drugs, so it is 

important to evaluate the encapsulation of 

polyphenols in these materials.  

Alginate is a linear unbranched polysaccharide 

composed of varying proportion of 1, 4- linked 

beta-D mannuronic acid (M) and alpha- L 

guluronic acid (G) residues. Alginate has a unique 

gel-forming property in the presence of multivalent 

cations, such as calcium ions in an aqueous 

medium, which takes place mainly at junctions in 

the G-G sequence rich chain region known as egg 

box junctions 
4
. Varying proportions of pectin were 

used in the formulations with alginate.  

Pectin is a heterogeneous anionic polysaccharide 

present in the cell wall of most plants. It is non-

toxic, almost totally degraded by colonic bacteria 

and is not digested by gastric enzymes. Pectin 

forms water insoluble complexes with several 

drugs and may be useful additive for sustained 

release preparations 
5
. The low methoxy 

polysaccharide, pectin with the degree of 

esterification less than 50% can form rigid gels by 

the action of calcium ions which cross link the 

galacturonic acid chains of pectin to yield 

hydrogels that are stable at low pH 
6
. 

The main objective of the present study is to 

formulate polyphenols in sodium alginate or/and 

pectin beads to protect them from degradation. The 

effect of some formulation parameters on 

polyphenol loading efficiency, namely the use of 

pectin and sodium alginate combination was 

investigated. Furthermore, the in vitro release 

studies of alginate gel beads were evaluated in both 

simulated gastric fluid (SGF) and simulated 

intestinal fluid (SIF). 

MATERIALS AND METHODS:  

Chemicals and Reagents: Sodium alginate, pectin 

and Folin-Ciocalteu reagent 2N were purchased 

from Sigma-Aldrich (Switzerland), 2,2-Diphenyl-

1- picrylhydrazyl (DPPH) (Sigma-Aldrich, USA), 

calcium chloride and tri-sodium citrate were 

purchased from (Carl Roth, Germany), tri-sodium 

phosphate (Merck, Germany), methanol (Sharlau, 

Spain), hydrochloric acid and sodium carbonate 

anhydrous were purchased from Surechem 

(England). 

Equipments: Micropipette 100-1000 µl (Iso lab, 

Germany), sensitive balance (Sartorius, Germany), 

ultra sonic bath, electric stirrer and heater, 

centrifuge (Shanghai surgical instruments factory, 

China), centrifuge Megafuge 2.0 R, (Heraeus 

instruments GmbH, Germany), spectrophotometer 

(Jasco V-530, Japan), dissolution apparatus with 

paddle (Pharmatest, Germany). 

Extraction procedure: 1 g of dried and ground 

peel was placed in a thermostatic water bath shaker 

with 100 ml of DI water at 50°C for 20 min. The 

liquid extract was separated from solids by 

centrifugation at 2000 rpm for 10 min. The 

supernatant was transferred to a 100 ml flask, and 

DI water was added to make the final volume 100 

ml as reported by Wissam et al (2012)
 7

.
 

Beads preparation with a single polymer: Beads 

were obtained by mixing 10 ml of the active 

component with 10 ml of the sodium alginate 

solution or pectin solution 3%. Once homogenized, 

10 ml of calcium chloride solution 0.05 M was 

added to the alginate solution and was cured for 20 

min at 25 °C. The beads formed in this process 

were maintained in the gelling bath to harden for 

15 min. Then, they were centrifuged at 4,000 rpm 

and 4 °C for 15 min as proceeded by Pablo et al. 

(2011) 
8
.   

Beads preparation with Sodium alginate and 

Pectin blend: The technique involved was similar, 

total polymer concentration, calcium chloride 

concentration, curing and gelling tomes were kept 

constant. Only different combinations of sodium 

alginate and pectin were added (1:1, 1:2, 2:1). 

Loading Efficiency: The amount of extract loaded 

in beads was estimated by dissolving the capsules 

obtained from 10 ml extract in sodium citrate (10% 

w/v) during 20 min for alginate capsules in a 

shaker at 37 °C and 125 rpm as reported by Lorena 

et al. (2007).
9
 The concentrations of extract loaded 

in the beads were determined by Folin-Ciocalteu 

according to the International Organization for 

Standardization (ISO 14502-1: 2005)
 10

. A blank of 

sodium citrate was also performed. The percentage 

of loading efficiency was calculated with the 

following equation: 
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Loading efficiency (%) = (L/L0)*100 

Where L is the amount of extract determined on the 

solution of sodium citrate and L0 is the initial 

amount of extract dissolved in the polymer 

solution. 

DPPH Radical Scavenging Activity: The 

antioxidant activity was measured in term of 

hydrogen donating or radical scavenging ability 

using the stable DPPH method according to the 

method proposed by Brand-Williams et al (1995)
 

11
. 250 µl of the extract was diluted with distilled 

water to 10 ml. Aliquots of 200μl of sample was 

mixed with 2 ml of 100 μM DPPH methanolic 

solution.  

The mixture was placed in the dark at room 

temperature for 60 min. The absorbance of the 

resulting solution was then read at 520 nm. The 

antiradical activity was expressed in terms of the 

percentage reduction of the DPPH. The ability to 

scavenge the DPPH radical was calculated using 

the following equation: 

DPPH scavenging effect (%) = [(A0-A1)/A0]*100 

Where A0 is the absorbance of the control at 60 

min, and A1 is the absorbance of the sample at 60 

min. All samples were analyzed in triplicates. 

Dissolution studies: The ability of the prepared 

microcapsules to release the polyphenols in the 

physiological environment of the stomach and the 

small intestine was assessed by conducting release 

studies in stimulated stomach and small intestinal 

pH, respectively. Dissolution test was conducted in 

duplicate using USP dissolution apparatus (paddle 

method) at 75 rpm and 37±0.5°C.  

The beads prepared from 100 ml pomegranate 

peels’ extract were placed in basket. Initial release 

studies were conducted in 150ml of 0.1N HCl (pH 

1.2) as simulated gastric fluid (SGF) for 2 hours. 

After this 50ml of 0.2M tri-sodium phosphate was 

added to the dissolution media as simulated 

intestinal fluid (SIF) and the pH adjusted to 6.8, the 

study at a pH of 6.8 was continued for 4 hours.  

Samples were withdrawn at specified time intervals 

and volume was replaced immediately with an 

equal amount of fresh medium. Samples were 

suitably diluted and polyphenol release was 

analyzed using Folin-Ciocalteu’s method. 

RESULTS AND DISCUSSION: 

Optimization of loading efficiency: The gelled 

microbeads were formed by ionic interaction 

between the negatively charged carboxyl groups of 

polymers (sodium alginate or pectin) and the 

positively charged ion Ca
++

. The addition of the 

divalent ions such as Ca
++

 produced a partial 

neutralization of carboxylate groups present on the 

alginate chain, forming insoluble gelatinous 

microbeads. Pectin along with sodium alginate 

formed gel microbeads by ionic gelation with 

divalent calcium ions. Gelation occurred due to 

intermolecular crosslinking between the divalent 

calcium ions and the negatively charged carboxyl 

groups of pectin and sodium alginate molecules. 

Results in Table 1 indicates that the loading 

efficiency was less when the beads were prepared 

with a single type of polymer (sodium alginate or 

pectin) in comparison of the beads prepared with 

two types of polymers (sodium alginate and 

pectin), these results are in agreement with Sunita 

et al (2008) 
12

. 

TABLE 1: EFFECT OF CO-POLYMER COMBINATION 

ON THE LOADING EFFICIENCY OF EXTRACTED 

POLYPHENOLS 

Sodium alginate: 

pectin 

Loading efficiency Polyphenols 

(%)
 a
 

0:3 34.97±0.011 

1:2 35.23±0.007 

1:1 37.78±0.012 

2:1 50.20±0.010 

3:0 43.92 ± 0.006 
a 
Values are mean ± SDs, (n = 3) 

This might be due to the presence of two types of 

protective layers in beads, one of calcium pectinate 

and other one of calcium alginate, which prevented 

the diffusion of polyphenols more effectively than 

a single type of layer only. Another factor that 

affected the loading efficiency is the Alginate 

Pectin Ratio. As the proportion of alginate was 

reduced the polyphenol content started to reduce. 

These results are also in agreement with Durga et 

al. (2009) and Azhar et al. (2011).
13, 14

 It can be 

explained that in combination, of two layers 

calcium alginate layer was more effective in 

prevention of diffusion of polyphenols than the 

calcium pectinate layer but there was an optimum 
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ratio of these two polymers (sodium alginate: 

pectin 2:1), which was responsible for the 

maximum loading efficiency.  

Microcapsules’ antioxidant activity: The 

preservation of the antioxidant activity, according 

to the polyphenol concentration after encapsulation 

by the use of both encapsulating agents was 

demonstrated in Table 2.  

TABLE 2: EFFECT OF MICROENCAPSULATION ON THE FREE RADICAL SCAVENGING ACTIVITY OF 

EXTRACTED POLYPHENOLS 

Shell used in microencapsulation DPPH Theoretical value DPPH Practical value 
a 

Sodium alginate 30.25% 29.16% ± 0.096 

Sodium alginate: pectin (2:1) 34.58% 33.33%± 0.055 
a 
Values are mean ± SDs, (n = 3) 

The results obtained showed that microbeads 

presented only slight variations around their 

original antioxidant activity measured by DPPH 

assay. This means that the antioxidant activity of 

pomegranate polyphenols could be effectively 

protected by microencapsulation. 

Dissolution studies: Polyphenol release pattern 

was affected by polymer nature as shown in Figure 

1. But in both cases there was an initial burst 

release, this may be due to the water-soluble nature 

of polyphenols. It may also be possible that 

polyphenol particles were dragged on the surface of 

the beads during curing in aqueous surrounding 

medium, which resulted in initial burst release. 

 
FIGURE 1: DISSOLUTION PROFILE OF 

POLYPHENOLS FROM SODIUM ALGINATE AND 

SODIUM ALGINATE-PECTIN MICROBEADS 

The release pattern of polyphenol from microbeads 

prepared with combination of polymers (sodium 

alginate and pectin) was entirely different from that 

prepared with single polymer (sodium alginate). 

The release of polyphenol from calcium alginate 

microbeads was found to be 64.87 ± 0.05 % in pH 

1.2 within 2 h. 90% of remaining calcium alginate 

microbeads were disintegrated and polyphenols 

were released within 3 h in the dissolution medium 

SIF (pH 6.8). When pectin was added to sodium 

alginate, the release of entrapped polyphenol 

during first 2 h in SGF was significantly reduced. 

Only 48.81 ± 0.06 % of polyphenol was released in 

pH 1.2 within 2 h. This was expected, since an 

interaction between two polymers had occurred, 

forming a closer network, which decreased the 

diffusion of polyphenols outwards from the 

interiors of the microbeads. 

CONCLUSION: The gelled microbeads 

containing polyphenols extracted from 

pomegranate peels were formed by ionic gelation 

using a single polymer (sodium alginate or pectin) 

and 3 different combinations of sodium alginate 

and pectin.  

These microbeads beads can entrap polyphenols in 

sufficient amount and also protect their antioxidant 

activity. They can also successfully deliver them in 

gastro-intestinal fluids.  

Thus without using any organic solvent and 

anytime consuming steps in the preparation of 

these microbeads, it is possible to develop an 

effective, cheap and nontoxic microbeads which 

can be used as food supplements. 
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