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Effect of Deep Eutectic Solvent Pretreatment on Structural Properties
of Porous Starch and Curcumin Encapsulation Performance
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(1.School of Food Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021, China;
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Abstract: This study employed diverse deep eutectic solvents (DESs) to pretreat corn starch, followed by enzymatic hydrol-
ysis for porous starch synthesis and subsequent curcumin encapsulation. The structural characteristics of porous starch
matrices, both pre- and post-encapsulation, were characterized using scanning electron microscopy (SEM), Fourier-trans-
form infrared spectroscopy (FTIR), X-ray diffraction (XRD), and laser diffraction particle size analysis. Encapsulation effi-
ciency (EE), loading capacity (LC), and release properties in simulated gastric and intestinal fluids were systematically
evaluated. Results indicated that the DES-pretreated porous starch matrices exhibited significant increases in both pore den-
sity and dimensions compared with the control group (P<0.05). Post-encapsulation analysis confirmed retention of the A-
type crystalline pattern despite significantly reduced relative crystallinity, accompanied by particle size enlargement and
disappearance/shifts of characteristic curcumin FTIR peaks. The ChCI-G pretreated group achieved optimal EE of 66.02%
and LC of 3.79 mg/g, significantly surpassing other comparative groups. Similarly, ChCl-LA and ChCI-AA pretreated
matrices exhibited superior performance versus pH-equivalent organic acid solutions (P<0.05). Furthermore, DES-pre-
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treated samples demonstrated sustained release capabilities in simulated gastrointestinal fluids. In conclusion, DES pretreat-

ment effectively modulates structural properties of porous starch, thereby enhancing both encapsulation performance and in

vitro sustained release characteristics for curcumin.
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Fig.1 Encapsulation efficiency and loading capacity
of curcumin in varied porous starch matrices
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Fig.2 SEM images of curcumin, native corn starch, and porous
starch matrices pre- and post-curcumin encapsulation
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Fig.3 FTIR spectra of curcumin, native corn starch, and porous
starch matrices pre- and post-curcumin encapsulation
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Fig.4 XRD diffractograms of curcumin (a), native corn starch
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(b), and porous starch matrices pre- and post-curcumin
encapsulation (c, d)
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Table 2 Relative crystallinity of different samples

B AN (%) = AHXT A5 R (%)
NS 27.10 Cur 12.46
EH/N 29.65 EH/N:Cur 26.48
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Fig.5 Particle size distribution (a) and mean particle diameter

(b) of porous starch matrices subjected to varied pretreatment

protocols



- 166 - B Tl R 2026 4 8 J
3 WUHBRZENZILIEMRESE
Table 3 Particle size parameters of curcumin-encapsulated porous starch matrices
FEAARE D[4,3](um) H A (m*/kg) Span Dj,(pm) Dyo(pm)
EH/N:Cur 16.88+0.05" 230.00+£0.46" 0.97+0.00° 16.5240.04% 25.4540.07"
EH/W:Cur 16.66+0.25° 239.7043.73™ 0.95+0.01° 16.4140.17° 24.94+0.42°
EH/ChCI-LA:Cur 15.55+0.24¢ 255.87+7.53" 1.00+0.02° 15.35+0.26¢ 23.78+0.26"
EH/LAW#:Cur 17.99+0.37° 227.70+1.50° 1.04+0.04° 17.42+0.27° 27.79+0.88"
EH/ChCI-AA:Cur 16.8120.06° 233.47+1.10% 0.97+0.01°¢ 16.49+0.04% 25.2040.15%
EH/AAVF:Cur 16.67+0.05° 235.67+1.57% 0.95+0.00° 16.43+0.04° 24.940.06°
EH/ChCI-G:Cur 16.8240.16™ 241.7343.06" 0.94+0.01°¢ 16.5620.11% 25.1540.27%
EH/ChCI-EG:Cur 17.1240.11° 229.47+0.85¢ 0.97+0.01°¢ 16.71+0.07" 25.76:0.28"
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Fig.6 Release profiles of curcumin-encapsulated porous starch
matrices in simulated gastric fluid (a) and intestinal fluid (b)
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