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SPONTANEOUS CO-ASSEMBLY OF PROTEINS FOR ENCAPSULATION OF A HYDROPHILIC VITAMIN

INTRODUCTION AND OBJECTIVES

Encapsulation of bioactive compounds such as vitamins and micronutrients is a great challenge to develop new functional foods. There is a growing demand from consumers for food products offering health benefits such as products enriched with vitamins. At the same time, consumers tend to favor natural food or products with minimal amount of additives. The encapsulation of bioactives usually resorts to extraneous components that are not natural constituents of the targeted food product. It could therefore be relevant to seek to encapsulate bioactive molecules by means of intraneous components that are natural constituents of the targeted food product.

Among food constituents, food proteins are biopolymers that appear suitable for the transport and protection of several bioactives. Recent studies have reported the ability of two oppositely charged milk proteins, beta-lactoglobulin (BLG) and lactoferrin (LF), to spontaneously co-assemble to form heteroprotein complexes called "coacervates" [START_REF] Anema | Complex coacervates of lactotransferrin and β-lactoglobulin[END_REF][START_REF] Tavares | Selective coacervation between lactoferrin and the two isoforms of beta-lactoglobulin[END_REF]. Complex coacervation is a wellknown phase separation between two oppositely charged macromolecules, into a concentrated phase of coacervates and dilute phase. It can be used as an encapsulation technique. In the literature, two general procedures can be found to encapsulate a compound by the complex coacervation of two biopolymers.

The objective of this work is to investigate the potentialities of coacervates entirely made from food proteins to encapsulate a bioactive compound according to these procedures. We investigated the potentiality of BLG-LF coacervates to encapsulate the hydrophilic vitamin B9 (B9).

MATERIAL AND METHODS

Encapsulation of B9 by BLG-LF co-assembly.

LF and BLG were mixed with B9 following the encapsulation procedure by coacervation (Fig. 1). B9 was mixed either with BLG or LF at a certain ratio and controlled pH. After ten minutes, the other protein was added to the system either at the same initial pH or after a drop of pH. All systems were mixed at room temperature. A range of mixing ratios, and pH conditions were tested according to a screening experimental plan in order to determine the ratios and pH conditions that lead to B9-BLG-LF co-assembly.

Characterization of the B9-BLG-LF co-assembly.

Co-assembly of B9-BLG-LF was assessed by turbidity measurements. Co-assembly formation and final shapes of the encapsulated systems were followed by phase contrast microscopy (micrographs) and live phase contrast microscopy (films).

B9 loading capacity of B9-BLG-LF co-assembly.

Mixed systems of B9-BLG-LF were centrifuged at 28 000g for 30 min. Concentrations of B9, BLG and LF in the supernatants were determined by RP-HPLC and used to determine the remaining concentrations into the pellet by subtraction. These fractions were used to calculate two key parameters of the co-assembly, the co-assembly formation and its loading capacity for B9, according to the following equations: 

RESULTS AND DISCUSSION

Effect of initial pH and mixing ratio on B9-BLG-LF coassembly.

Turbidity measurements presented three different kinetics profiles according to pH conditions and mixing ratio (Fig. 2): two profiles where turbidity increased over time up to a maximum and one profile where turbidity is maximum with BLG introduction and then decreased. In addition, the control series show no turbidity. This suggests that, the increase of turbidity may be associated with BLG and LF spontaneous co-assembly in presence of B9.

According to the micrographs of the three turbid systems (Fig. 3), we identified three different types of B9-BLG-LF coassembly: small aggregates (A), large aggregates (B) and microspherical coacervates (C). Linking micrographs with turbidity profiles, it can be deduced that B9-BLG-LF selfaggregation has a rather low kinetics compared to B9-BLG-LF complex coacervation which happened spontaneously with BLG introduction and lead to the formation of microsphere coacervates. As the turbidity decreased, the coacervate phase is probably unstable. 

B9-BLG-LF microspheres formation by complex coacervation.

Co-assembly by complex coacervation is a spontaneous phenomenon which occurs through electrostatic interactions between two oppositely charged biopolymers and can lead, depending on the system, to microspheres formation [START_REF] Yan | Heteroprotein Complex Coacervation: Bovine β-Lactoglobulin and Lactoferrin[END_REF]. Micrographs in Fig. 4 showed the microspheres formation by complex coacervation resulting from adding BLG to a mixed system of LF and B9. We evidenced the growth of microspheres over time, until 5 µm diameter for the smallest and 25 µm diameter for the biggest within 5min. ranged from 0.60 to 0.91 depending on the B9/total protein ratios. The higher loading capacity is obtained for the higher microspheres formation. This indicates that, B9-BLG-LF microspheres co-assembly may be viewed as a viable loading system to encapsulate B9.

Loading capacity of B9-BLG-LF microspheres.

CONCLUSION AND PERSPECTIVES

BLG and LF are able to spontaneously co-assemble with B9 into aggregates or coacervates depending on the mixing ratio and pH. Coacervates are obtained by the complex coacervation process and lead to the formation of microspheres. B9-BLG-LF microspheres present a high loading capacity for B9. These results demonstrate that BLG-LF microspheres can be used to encapsulate a hydrophilic bioactive compound by complex coacervation. Now, the stability of these structures has to be investigated. These coassembly has potential to improve the nutritional characteristics of a food product while ensuring its naturality as whey proteins are used as encapsulating agents. 
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 2 Figure 1: General procedures used to encapsulate a core molecule by the complex coacervation of two biopolymers.

Figure 3 :

 3 Figure 3: Phase contrast microscopy micrographs of B9-BLG-LF co-assembly, 1cm = 100µm.

Figure 4 :

 4 Figure 4: B9-BLG-LF microspheres formation by live phase contrast microscopy, 1cm=25µm.

Table 1 : Co-assembly formation and B9 loading capacity of B9-BLG-LF co-assembly in situation of microspheres formation. B9/Total protein Co-assembly formation B9 Loading capacity

 1 

	4/3	0.87	0.64
	6/3	0.89	0.73
	10/3	0.92	0.81
	4/11	0.93	0.60
	6/11	0.94	0.70
	10/11	0.95	0.91

Table 1

 1 evidenced that for a fixed total protein content, microspheres formation by co-assembly [1] was promoted by an increase of B9. Loading capacity of microspheres[2] 
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