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Abstract: To develop a novel carrier for mineral delivery, sodium alginate-albumen composite gel beads (SA-A) were pre-
pared using sodium alginate and albumen as substrates, and further iron-loaded composite gel beads (SA-A-Fe) were syn-
thesized. The physicochemical properties and Fe’* loading capacity of the beads were evaluated through structural charac-
terization. Results revealed that the binding between sodium alginate and albumen was governed by non-covalent interac-
tion. Compared to pure sodium alginate beads (SA), the SA-A beads exhibited markedly enhanced viscoelasticity and ther-
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mal stability, with both viscoelastic and thermal properties further improved upon Fe** loading. The adsorption of Fe** was

more in line with the pseudo-second-order kinetic model, indicating that chemisorption could be considered as the domi-

nant mechanisms of Fe** adsorption. In the first adsorption stage of the intraparticle diffusion model, the rapid diffusion of

Fe’* from the aqueous phase to the bead surface was identified as the rate-limiting step, followed by gradual intra-particle

diffusion until equilibrium was attained. The adsorption process was characterized by heterogeneous surface sites and multi-

layer adsorption behavior. In vitro release studies demonstrated that the SA-A bead, as a wall material, effectively delayed

premature Fe’* release in simulated gastric fluid while promoting sustained release under simulated intestinal conditions,

demonstrating that the SA-A-Fe gel beads possess unique sustained-release characteristics and good stability. Collectively,

these findings demonstrate that SA-A beads possess excellent structural integrity and high Fe** loading efficiency, with con-

trolled iron ion release under simulated gastric and intestinal fluid conditions, highlighting their promise as an effective car-

rier for iron delivery. This work provides a scientific foundation for the rational design and application of novel iron supple-

ments.
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Table 1 Lagergren model kinetics fitting parameters
By AR LB gl A
q.(mg/g) q,(mg/g) k,(min™") R? q,(mg/g) k,(g-(mg'min)™") R
7.75 7.1912 0.0214 0.2611 7.58 0.07 0.9993
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Fig.9 Intraparticle diffusion model kinetics fitting
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Table 2 Intraparticle diffusion model kinetics fitting

parameters
BB 1 e
K; (mg/(g-min®*) )= K; (mg/(g-min®®) )= K; (mg/(g-min®*) )=
1.1751 0.4913 0.0242

Aj(mg/g)=0.1972 A;(mg/g)=3.9426 A (mg/g)=7.5652
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Table 3 Fitting parameters for isotherm model

Freundlichf%%) Langmuirf& 7

K (L/mg) n Adj R K, (L/mg) Qunax Adj R
7.135 0.9854 0.9713 0.0095 769.23 0.9660
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