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We prepared alginate capsules with a wide range of fish oil loading in order 
to develop a delivery device that targets a specific part of the human digestive 
system. In-vitro studies demonstrated that alginate capsules can hold up to 40% 
(w/w) oil leading to a controlled diffusion process under simulated gastrointestinal 
conditions. A partial differential equation was solved successfully to monitor the 
entirety of fish oil release unveiling apparent diffusion coefficients that vary five 
orders of magnitude between gastric and intestinal stages. 
 

Были сконструированы инкапсулированные формы рыбьего жира с 
высоким его содержанием в целях изучения контролируемой доставки в 
имитированных условияхжелудочно-кишечного тракта человека. 
Исследования invitro показали, что капсулы альгината могут удерживать до 
40% масла, что приводит к контролируемому диффузионному процессу при 
модельных желудочно-кишечных условиях. Уравнение с частными 
производными было успешно применено для контроля за контролируемым 
высвобождением рыбьего жира с раскрытием очевидных коэффициентов 
диффузии, которые варьируются на пять порядков между стадиями 
желудка и кишечника. 

 
Alginates are readily processable into three-dimensional scaffolding materials 

including hydrogels, microcapsules, sponges, foams and fibers for the design of 
tissue engineering and sophisticated drug-delivery devices [6].Advanced 
technologies for successful utilization of bioactivity in food formulations require 
multifunctional encapsulating materials and sodium alginate, which is a water-
soluble linear polysaccharide made of α-L-guluronic and β-D-mannuronic acid 
residues, has found widespread application in this respect [5]. In terms of the 
encapsulated compound, essential fatty acids are popular since they cannot be 
synthesized in the body and must be obtained from food. These have been 
incorporated in product concepts using spray-drying, simple and complex 
coacervation, emulsion extrusion [2, 9] and supercritical fluid precipitation [3]. 
Given the above, this study aims to investigate the efficiency of fish oil 
encapsulation in Ca-alginate beads during the in vitro digestion. Partial differential 
equations of the Fickian mechanism were solved to yield an accurate estimate of 
the molecular process that controls diffusion in these preparations. 
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To pursue the level of alginate utility in product concepts, we need to 
rationalize and quantify the kinetics of fish oil diffusion within our polymeric 
matrices. In doing so, we employed UV-vis spectroscopy that determines the 
optical density of essential fatty acids in hexane. Smooth absorbance curves were 
obtained within the wavelength range of 260 - 300 nm, with maximum values 
being recorded at max = 280 nm. A combined experimentation was carried out, 
over 180 min of simulated gastric and intestinal conditions, showing an intense 
release of oil from the capsules in the latter stage. This relates to the oil content in 
capsules, and Figure 1 clearly demonstrates that preparations are stable at both oil 
loadings (20 or 40%, w/w) during the gastric stage. In contrast, there are signs of a 
substantial oil release from the alginate beads after 120 min of digestion, i.e. at the 
onset the intestinal phase, leaving only residual oil in capsules.  

 
Figure 1 ‒ Oil content as a function of time for alginate capsules in simulated 

gastrointestinal conditions with 20 () and 40 () % oil loading 

To identify the transport rate of fish oil in the medium of this investigation, 
we considered concepts of the classic diffusion theory that elucidate the underlying 
transport mechanism and predict the resulting release kinetics as a function of the 
design (geometry and composition) of the device. The theory is epitomized in the 
following partial differential equation [7]: 
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where, Ck and Dk are the concentration and diffusion coefficient of the diffusing 
species (bioactive component in our case), r denotes the radial coordinate, z is the 
axial coordinate,  is the angular coordinate, and t represents time. 

Equation (1) can be solved analytically under perfect sink conditions, 
homogeneous initial drug distribution, and constant drug diffusivity for spheres of 
radius Rs yielding the below mathematical expression [8]: 
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where, Mt and M are the cumulative amounts of drug released at time t and t = , 
Dis the apparent diffusion coefficient, and n is a dummy number.  

Figure 2 reproduces the experimental observations and the outcome of 
employing equation (2) in the prediction of diffusion rates under model 
gastrointestinal conditions. Experimental release rates (Mt/M) remained stable in 
the gastric environment but increased sharply in alkaline conditions, as reported for 
the percentage of released oil in Figure 5. These were modelled as a function of 
time of observation in Microsoft Visual Basic, and programming errors were 
minimised by considering a certain number of sequential layers (n = 50). The 
theoretical function is verified by fitting the independent release rates with a very 
acceptable correlation coefficients (R2 = 0.980-0.990).  

 
Figure 2 ‒ Release rate of encapsulated oil in simulated gastrointestinal 

conditions for 20 () and 40 () % oil loading, and predictions of computerized 
modeling using a partial differential equation (solid lines) 

As long as the differential equation is solved successfully, it has the 
advantage of following the entirety of experimental observations (Mt/M ≤ 1.0) in 
contrast to a body of empirical equations that provide valid solutions only for the 
early (Mt/M< 0.6) or late (Mt/M> 0.6) stages of  data release [7]. It yields D 
values for both oil loadings of about 1.0 x 10-10 cm2/s in the gastric phase and 1.5 x 
10-5 cm2/s in the intestinal phase. Clearly, the effect of polymeric network swelling 
in the alkaline environment of this investigation is demonstrated by the high values 
of the apparent diffusion coefficient leading to rapid transport phenomena. Fish oil 
release from the “low-solid system” of sodium alginate is also rapid compared to 
transport phenomena of -linolenic acid diffusing from the “condensed matrix” of 
-carrageenan and polydextrose (85% total solids) at its network glass transition 
temperature (D = 1.0 x 10-13 cm2/s) [4]. 
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Extracts from Beta Vulgaris cv. beet greens using conventional and 

ultrasound treatment were obtained. Amount of betacyanins, betaxanthins, 
polyphenols and antocians in the extracts obtained with different extraction 
methods was investigated. It was found that the extraction using ultrasound result 


