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Abstract: The study employed three methods—odium tripolyphosphate method, neutral protease method,
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and ultrasonic treatment to modify the Chlorella protein in this paper. The investigation focused on changes
in particle size, zeta potential distribution, antioxidant activity, functional properties, thermal stability, and
structural characteristics before and after modification. The analysis revealed that compared to unmodified
Chlorella protein, all three modification methods significantly reduced particle size and zeta potential.
Additionally, significant improvements were observed in solubility, emulsification, emulsion stability,
microstructure, and thermal stability. Overall, all three modification methods effectively improved the
Chlorella protein. However, the sodium tripolyphosphate method showed only slight improvement in
hydrophobicity and fluorescence intensity, with no significant overall improvement observed. The neutral
protease method exhibited the most significant improvements in antioxidant activity, water-holding capacity,
oil-holding capacity, thermal stability, and secondary structure of the Chlorella protein. For instance, the
ABTS free radical scavenging rate increased from 22.95% to 35.72%, and the thermal stability improved by
11.48 °C compared to the control. The ultrasonic method significantly increased the solubility of Chlorella
protein from 23.56% to 69.66%, emulsification from 70.29 m*/g to 95.25 m*/g, and emulsion stability from
10.74 min to 39.47 min. Additionally, reductions in particle size and improvements in zeta potential were
observed.

Key words: Chlorella protein; sodium tripolyphosphate method; neutral protease method; ultrasonic method,;
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Fig.1 Effect of different modification methods on the

antioxidant activity of Chlorella proteins
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Tablel Comparativeanalysisof changesin functional
properties of Chlorella proteins by different
modification methods

AR
STPPM NPM UM
23.56£0.66° 38.52+0.78° 46.62+0.75" 69.66+0.59"
FiktE (g/g)  2.00£0.13° 2.50+£0.23° 3.00+0.18" 2.80+0.14™
Felitke (g/g)  3.00£0.13° 3.40+£0.09° 4.00£0.15a 3.40+0.08"
R HKPE(pug ) 9.74+0.09° 19.11+0.15* 14.24+0.14° 18.92+0.19°

FLAkPE (m*g) 70.29+0.50? 87.15+0.78" 83.00+0.34° 95.25+0.65"
2 Ak E (min ) 10.74£0.15¢ 36.37£0.16° 17.39£0.56° 39.47+0.13°

H: BPAFENNEFHRELDEAFEREEZER
(P<0.05), RFEWR/IMRIXA “a,b,c¢”, T,
Note: Differernt lowercase letters in the table indicate

significant differences among samples (P<0.05), significance in
order of “a, b, ¢”, the same as below.
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Fig.2 Effectsof different modification methods on
the functional properties of Chlorella proteins
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Fig.4 Secondary structure of each modified protein
analyzed by infrared spectroscopy
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Fig.5 Effect of different modification methods on the
secondary structure of Chlorella protein
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Table2 Comparative analysis of changesin the
secondary structure of Chlorella protein by

different modification methods %
FE o- R JiE p-Ir & B-efl LA
Control  10.5+0.8*  29.0+0.9°  15.5+0.7°  44.9+0.1°
STPPM  1.0£0.3°  36.8+0.9°  16.6:0.4°  45.6=0.2°
NPM 1.9+0.2*°  37.7+0.7°  15.3+0.6°  45.2+0.2°
UM 5.0£0.8"  32.4+0.8"  17.9+0.9°  44.8+0.17°
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Fig.6 Effect of different modification methods on the
tertiary structure of Chlorella proteins
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Fig.7 Effect of different modification methods on the
thermal stability of chlorella protein
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Fig.8 Scanning electron microscopy of chlorella
proteins before and after modification
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