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Abstract: At present, the mechanisms by which exogenous additives regulate hydroxypropyl starch/carrageenan blends remain unclear,
and systematic research supporting performance optimization is lacking. This study systematically investigates the effects of two types of
exogenous additives—salts and plasticizers—on the properties of these blends, employing infrared spectroscopy, X-ray diffraction, textural
analysis, contact angle measurement, and ultraviolet spectroscopy for characterization. The results indicate that salts and plasticizers primarily
regulate the structure and properties of the blends through hydrogen bonding. Salts can maintain the blends' amorphous structure, enhance
mechanical properties, alter surface hydrophobicity, and affect light transmittance; monovalent salts exhibit mild effects, while divalent salts
provide superior regulation, though phase separation tends to occur when the addition exceeds 1%. 0.5% magnesium chloride was determined to
be the optimal salt concentration. At this concentration, the blend's hardness increased from 3.92 N to 4.61 N, the elongation at break rose from
25.40% to 48.60%, the contact angle increased from 101.17<to 107.22< and the light transmittance improved from 85.94% to 88.67%. The
effect of plasticizers is concentration-dependent: low concentrations improve mechanical properties and hydrophilicity, while high
concentrations reduce hardness and hydrophilicity but continue to increase elongation. The plasticizing efficiency was glycerol > sorbitol >
sorbitol sorbitan solution, in that order. With 20% glycerol as the optimal plasticizer, the blend hardness reached 5.22 N, the elongation at break
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was 58.12%, the contact angle decreased to 88.17< and the light transmittance was 88.10%. In summary, by clarifying the mechanisms of
additive action, a theoretical basis is provided for optimizing the properties of polysaccharide blends.
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Fig. 1 FTIR spectra of hydroxypropyl starch/carrageenan blends with different types and concentrations of salt
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Fig.2 XRD patterns of hydroxypropyl starch/carrageenan blends with different types and concentrations of salt
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Fig.3 Mechanical properties of hydroxypropyl starch/carrageenan blends with different types and concentrations of salt
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Fig.6 UV-Vis spectra and stability analysis of hydroxypropyl starch/carrageenan blends with different types and concentrations of salt
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Fig.7 FTIR spectra of hydroxypropyl starch/carrageenan blends with different types and concentrations of plasticizers
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Fig.8 XRD patterns of hydroxypropyl starch/carrageenan blends with different types and concentrations of plasticizers
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Table 2 Texture parameters of hydroxypropyl starch/carrageenan blends with different types and concentrations of plasticizers

VE:

WRFER  RHeE%  AEEIN =4t FEB M) AR LA FAbbE/m) rEEE /M
0 3.9240.02%  0.7740.01° 0.1320.01" 08440.01° 65540.03% 3.3040.06°  21.65:0.44"
5 52940.06° 0.7640.01° 0.1840.01%" 0.8040.01° 6.4540.10° 4.2140.07°  27.1640.92°
Hid 10 51940.15° 0.7440.02 02040.01%" 0.7940.01° 65140.03° 4.1240.12°  26.8340.76°
20 52240.15%  0.7240.01% 0.2440.01% 0.8140.01® 6.3240.02* 42140.12*  26.6140.71°
40 48340.10° 0.7140.02% 0.1540.14°7 07940.01° 6.3620.20° 3.8540.08°  24.4640.32%
0 3.9240.02%  0.7740.01° 0.1340.017 08440.01° 6554003 3.3040.06°  21.6540).44"
L 5 42040.11%  0.7140.01% 0.2240.01° 0.8140.01°® 6.2240.02% 3.4240.08%  21.2640.59"
%;: 10 4.4640.23% 0.7240.01°  0.2140.02%  0.8040.02° 6.2240.07° 3.5740.12°%  22.2140.95™
Clarn
20 4284010 0.7540.01® 0.1840.02%" 0.8640.01° 54321.00° 3.7040.08°  20.0443.17%
40 3424039  0.7440.01% 0.1740.01% 08140.01% 6.6940.19° 2.7640.31°  18.46+1.83°
0 3.9240.02%  0.7740.01° 0.1340.017 08440.01° 65540.03* 3.3040.06°  21.6540).44"
s 5 44340.10™  0.7440.02"° 02940.02° 0.79#.01° 55240.04° 3514008 19.4040.31%
AR
1Sl 10 44340.04° 07020019 0.3320.02° 0.8340.01* 55340.18° 3.674.05°  20.2640.92%
LIS 220873
20 3484090 05440067 04740.01° 0.8040.01° 5.124049° 2.7740.44°  14.4344.65°
40 32040047 05840.02° 0.4940.00° 0.8240.02% 54340.13° 2.7040.06°  14.6640.61°
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i 25.40% KRR THE 65.60% (P<0.05) , H0E >y 158.27%, iX Al GEE T H M1/ 2 [AAZFEAR . W,
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Fig. 9 Mechanical properties of hydroxypropy! starch/carrageenan blends with different types and concentrations of plasticizers
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Fig.10 Contact angle results of hydroxypropyl starch/carrageenan blends with different types and concentrations of plasticizers
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Fig.11 UV-Vis spectra and stability analysis of hydroxypropyl starch/carrageenan blends with different types and concentrations of

plasticizers
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Table 3 Weight distribution of evaluation indicators for the hydroxypropyl starch/carrageenan-additive blends
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Fig.12 Heatmap of comprehensive evaluation proximity degree for hydroxypropyl starch/carrageenan blends under different exogenous

additives
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