Use of soy protein- gum arabic composite as the encapsulant of liquid orange oil emulsion particles
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The aim of this study was to evaluate the effect of soy protein isolate (SPI) with arabic hydrocolloid (GA) as the encapsulant of liquid orange oil emulsion particles. The oil-in-water (O/W) emulsions were prepared at three different velocities of the homogenizer, 1500, 15750 and 30000 rpm. The encapsulant as the wall layer for the orange oil flavorant was prepared as the GA:SPI ratios which were 1:1, 6:10 and 2:10, respectively. The emulsion stability was determined by the centrifugal method and emulsion particle size was measured using light microscope equipped with a computer1.

Results for SPI emulsified orange oil showed that by use of soy protein isolate at the ratio of 2(GA):10 (SPI), good stability (71%) was obtained while the particle size was 2 µm in diameter. Speed of the homogenization process was 15750 rpm. At the velocity of 30000 rpm and the encapsulant at the ratio of 6(GA):10 (SPI) the particle size diameter and the emulsion stability for the emulsified orange oil were 3 µm and 86%, respectively. GA- emulsified orange oil was least stable (< 3%). The results of the emulsion stabilities were discussed in terms of the capacities of proteins, i.e., soy protein to interact with water and the polymers such as GA, and having the hydrophobic part all would make some reasonable facilitation at the o/w interface (the role of protein) thus one may expect to obtain a stable emulsion2.
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Introduction

Microencapsulation as an industrially important process is carrid out in two steps: (1) emulsification of the core material, for instance the food flavorant into an aqueous dispersion of the microencapsulant, (2) drying the microencapsulated emulsion. Microencapsulated substance could be thus, protected against loss by volatilization while the protection extends to stabilize the encapsulated material chemically by minimizing the occurrence of the deteriorative type of the reactions. Gum arabic (GA) is the dried exudates from certain species of the acacia tree. GA is considered to be the best gum in use in oil-in-water (o/w) emulsion, and as an example of which is, the use of citrus oils as flavorant in citrus beverages where the orange oil is converted into a water dispersible emulsion [1]. The emulsification process is carried out in two steps: first step is deformation and dispersion of droplets of a coarse premix and second step involves stabilization of the newly formed lipophilic aquous interfaces [2]. The droplet size of the dispersed phase has determining role on the quality of an emulsion, i.e., emulsions have to be stable for a certain period of time and the emulsion droplet size hence should not increase during storage conditions [3].
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On the basis of the chemical nature of proteins and their amino acids contents and the physicochemical properties such as amphiphilic characteristics, one expects that some of the proteins would be highly capable of being used as microencapsulant and emulsifying properties of several proteins in combinations with polysaccharides have been studied [4;5]. The objective of the present work was to use soy protein isolate (SPI) with or without GA as the microencapsulant for the liquid orange oil.   Homogenizer was used to prepare an o/w emulsion and the emulsifying properties of the microencapsulant were determined in terms of the o/w emulsion stability and the size of the emulsion droplets.

Materials and Methods

Materials: commercial SPI was purchased from Gusheen Biological Technology Group, China (product code, GS5100). Orange oil was obtained from Givaoudan Company, Switzerland (product code, 012210). sudan III red dye(Product code: 111747) and Span 60 were purchased from Merck Co. Germany. GA and OSA starch was gift from the & Zam-Zam company, Iran & National starch Co. USA, respectively.

Methods

primary emulsion preparation in a beaker, 6 g encapsulant was dissolved in 74 ml distilled water to provide the predetermined ratio of GA to SPI. Then 20 g orange oil was gently added to the content of the beaker while mixing. The mixing was continued for 2 min using a mixer (1000 rpm, IKA Staufen, Germany). This mixture then was homogenized for 5 min using a high speed homogenizer (7400 Tubingen HO4). The speed of the homogenization was set at one of three values: 1500, 15750, and 30000 rpm. 

Double emulsion was prepared in accordance with the procedure described by Edris and Bergnstahl (2001),While we added whey protein, Predetermined ratio of independent variables are in the chart below:

Results and discussion

In production of an o/w (or w/o) emulsion, presence of one (or more) emulsifier during homogenization of oil and aqueous phases is necessary. An emulsifier as a surface active substance by adsorbing to the surface of the emulsion droplets forms a protective layer around the droplets and prevents the aggregation of the molecules and stability of the emulsion thus would be provided. Use of a variety of emulsifiers is a common practice in food industry. Proteins and polysaccharides are examples of food grade materials and possess several suitable characteristers [6]. Use of soy protein isolate in combinations with gum arabic (GA) as the orange oil encapsulants, has been studied in the present work. The ability of the emulsifier in the formation of small oil droplets during homogenization is strongly under influence of the operational variables such as homogenization process characteristics. Fig. 1 shows the results of the emulsion droplet size (the mean value) for the encapsulants prepared at the different ratios of SPI:GA. Presence of SPI at the lowest level in the encapsulant, resulted in the emulsion droplet size of 5 µm when the homogenization proceeded at 30000 rpm. The emulsion droplet size increased 65% and reached to 14 µm when the velocity of the homogenization decreased to 1500 rpm. The physical stability of the emulsions prepared with these encapsulates were (%): 50 and 40 for the emulsion droplet size of 2 µm and 14 µm, respectively. Incorporating only GA in the formulation of the encapsulant resulted in the large size emulsion droplets at the three speeds of homogenization tested and the range of the sizes, was 7 to 21 µm (Fig. 1). GA did not effectively encapsulate the orange oil. The range of the emulsion stability was 0.16 to 0.28%. No improvements in emulsion characteristics were observed even at the highest level of the homogenization speed. As the general accepted concept that smaller size emulsion droplets are more stable than that of the large size of the droplets and this was seen in the present work. These results are also in agreement with the results reported elsewhere [5]. According to the results obtained from the transmission electron microscopy studies, it has been concluded that SPI complexes adsorbing on the emulsion droplets were of the larger size and these protein complexes were completely surrounded the orange oil. While the larger size of surrounding GA droplets were incomplete and the researchers pointed out this incomplete layer is likely not playing an effective role(s) in preventing coalescence of the individual emulsion droplets [5]. Soy protein contains a mixed content of hydrophilic and hydrophobic amino acids and zein which is largely made of hydrophobic amino acids [7].


_______________________________________________________________________


(  Corresponding author. far@aut.ac.ir








Fig.1. particle size and stability of microencapsulant orange oil emulsions as the function of the encapsulant (GA: SPI ratios are l:1, 6:10, and 2:10). Homogenization speed is shown by the number in the parenthesis, i.e., (1) for 30000 rpm ; (2) for 1570 rpm; (3) for 1500 rpm.








References:


1. Madhav P. Yadav1, J. Manuel Igartuburu2, Youchun Yan3, Eugene A.(2004) “Chemical investigation of the structural basis of the emulsifying activity of gum Arabic” Food Hydrocolloids volume 21, issue 2 (2007) 


2. S.Tesch,Ch. Gerhards, H. Schubert,"Stabilization of emulsions by OSA starches",Journal of food engineering 54-167-174(2002)


3. Die Nahrung “Determination of stability of food emulsions” Part 1. The influence of the type and concentration of protein on creaming stability determined by analytical ultracentrifugation” Central Institute of Physical Chemistry, Berlin-AdlershoP, and Central Institute of Nutrition, Potsdam-Rehbriicke, Federal Republic of Germany A. Seifert, K. Strenge, M. Schultz and H. Schmandke35 -9,989-998(1991)


4. Mahmood Akhtar, Eric Dickinson,"Emulsifying properties of whey protein-dextran conjugates at low PH nd different salt concentrations",Colloids and Surfaces B:Biointerfaces 31(2003)125-132


5. Young D,Kim and charles V.Mor, “Microencapsulation Properties of Gum Arabic and Several Food Proteins: Liquid Orange Oil Emulsion Particles” J. Agric. Food Chem., 44 (5), 1308 -1313, (1996)


6. Tomoko Aoki,Eric A. Decker, D. Julian McClements" Influence of environmental stresses on stability of O/W emulsions containing droplets stabilized by multilayered membranes produced by a layer-by-layer electrostatic deposition technique",Food Hydrocolloids19-209-220(2005)


7. Nela Jasentuliyana,R B Toma,J A Klavons and Nilufer Medora,"Beverage cloud stability with Isolated Soy Protein", J sci, Food Agric,78,389-394(1998)


8. E. Dlu.ewska,M. Panasiewicz,Krzysztof Leszczy.ski,"Effect of gum arabic and modified starch on stability of beverage emulsions", Food science and technology, vol.  7,issue 2(2004)


9.Y.H.Cho and J.Park ,"Evaluation of process parameters in the o/w/o multiple emulsion method for flavor encapsulation"food engineering and physical properties, Journal of food science- vol 68, pp.534-538(2003)











PAGE  
1

