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Abstract: Tapioca starch is widely applied in the food industry. However, it usually requires modification before
it can be used in food. Compared to traditional modification techniques, enzymatic modification has become a
research hotspot in the field of starch due to its environmental friendliness, minimal by-product generation, and
high yield. In this study, a starch branching enzyme(GBE) derived from the extreme thermophilic bacterium RhAo-
dothermus obamensis STB05 (Ro-GBE) was used for the purpose of catalyzing the highly branching
modification of tapioca starch. The effects of this modification on the molecular structure, stability, and in vitro
digestibility of cassava starch were systematically investigated. The results showed that after modification with an
enzyme dosage of 100 U/g and a reaction time of 12 h, the resulting product exhibited an a-1,6 glycosidic bond
ratio of 7.85%, which represents an increase of 152.41% over that of native tapioca starch. Additionally, the ratio

of long-chain molecules in the modified starch decreased, while the short-chain proportion increased, and the
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average chain length was reduced. Furthermore, stability tests on tapioca starch paste indicated that the highly

branched modification improved properties such as solubility, precipitation stability, transparency stability, and

freeze-thaw stability. The results from the in vitro digestion experiments revealed a reduction in the digestibility

of the modified starch. These findings provide a preliminary theoretical basis for biological modification of

tapioca starch and its industrial application.
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Table 1 In vitro digestibility of tapioca starch after different

durations of GBE modification
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Table 2 Chain length distribution of tapioca starch after

different durations of GBE modification

BER A1 /%
FE i
DP<13 DP 13~24 DP 25~36 DP>37

R, 34.56£0.25°  45.65+0.14°  14.03+0.11°  5.80+0.24°
R, 38.35+0.17°  43.82+0.08  13.59+£0.00°  4.23+0.21°
R, 40.58+0.21°  42.10+0.01°  13.28+0.08°  4.04+0.16°
R, 41.90+0.18"  40.92+0.06°  12.65+£0.20°  4.53%0.17°
Rq 453240.11°  40.17+0.10°  11.69+0.12°  2.83+0.13"
R,  51.37+0.09" 38.01+0.13" 9.12+0.16*  1.51+0.19"
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Table 3 f-amylase hydrolysis rate, average chain length,
average inner chain length and average outer chain
length of tapioca starch after different durations of

GBE modification

PR B-UE R K RZ /% PR CTPIAMEER PN EEK
R, 66.38+0.35" 18.06+0.15¢  13.49+0.35°  3.57+0.31°
R, 60.97+0.46° 17.0740.35°  11.91£0.36*  4.16+0.28"
R, 56.23+0.34° 16.70+0.27°  10.89+0.26°  4.81+0.08°
R, 54.67+0.56° 16.15£0.28°  10.33+0.46°  4.82+0.06°
Ry 50.34+0.25" 15.57£0.09°  9.34+0.24°  5.23+0.25¢
R,, 47.45+0.56" 14.15+£0.45"  8.21£0.02*  5.30+0.16°

1Ry R, Ry R Ry Ry, 73l 7R AR B VE K 42 GBE 21 0,24
6812 hJ5 T 45 1 7= 40 5 6] — 0 vp (8 AN [) - Bk 3 7 4L 1) 72 S
53 (P<0.05).
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Fig. 9 Visible light absorption curves of tapioca starch-iodine

conjugate after different durations of GBE modification
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Table 4 Correlation between stability and molecular structure of highly branched modified tapioca starch
PR -1, 6 WE T 5 B8 IR 4y H DP<13 [ 5% Bt 5 RRZK RIS RE2LIE 3N 5 P9 B K
AR 0.799 0.742 -0.759 -0.849" 0.929™
U -0.713 -0.651 0.671 0.755 -0.835"
7 WA JEE e 0.914” 0.892° -0.901" -0.961" 0.961""
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RDS Ji7 5 43 # -0.939™ -0.895" 0.910 0.955™ -0.923™
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