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Abstract: This study aimed to investigate the effect of cell wall damage on the physicochemical properties of intracellular
starch. The intact potato cells were isolated using pectinase, and then cells with different degrees of cell wall damage were
prepared by cellulase treatment for 2 and 4 h. The changes in intracellular starch structure and physicochemical properties
(viscosity property, thermal property and digestion property) were investigated. The results showed that cellulose in the cell
walls was hydrolyzed as enzymatic hydrolysis time increased, leading to increased cell wall damage, leakage of starch

granules from cells, reduced protein content and decreased cell size. The damage to the cell wall enhanced the interaction
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between starch granules and water molecules, resulting in increased swelling power and solubility of potato cells and a

lower gelatinization temperature. Potato starch showed the lowest gelatinization temperature (Tp=68.49 °C). Cells treated

with cellulase for 2 h showed the highest peak viscosity (4616.0 cP), this was attributed to the strong water absorption by

cell wall polysaccharides and rapid starch swelling inside and outside the cells. Compared with potato starch, the presence

of intact and damaged cell walls inhibited the hydrolysis of starch, and the broken cell wall weakened the barrier effect

between digestive enzymes and starch. The resistant starch (RS) content in cells treated with cellulase for 4 h was 4.74%

lower than that in intact potato cells, while potato starch showed the lowest RS content (39.91%). In summary, cells with

varying degrees of cell wall damage exhibited significant differences in functional properties, providing novel insights and a

theoretical foundation for the application of potato as a staple food.
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Fig.1 Microscopic structure of potato cells and potato

starch potato
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Table 1 Components of potato cells and potato starch

bk Ko (%) VER (%) (%) IR (%) HEF4E(%)
TEREAIML 15.03£0.36" 73.60£1.90° 6.94£0.46° 1.90+0.58" 2.72+0.16
M2 h4MiE 14.28£0.49™ 81.83+2.00° 5.04+0.3° 1.80+0.66" 1.48+0.20
4 h4AE 14.05£0.71° 84.80+2.98 3.32+0.67° 1.58+0.11" 0.74+0.10°
A ERENT 13.2940.48° 93.70+0.99° 1.15+0.24¢ 1.00£0.25° 0.38+0.18°
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Fig.2 Particle size distribution of potato cells with different
degrees of damage
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Table 2 Particle size distribution of potato cells
and potato starch

i D[4,3](um)  D10(pm) D50(um) D90(pum)
SEEANM 196.30+£0.23°  36.62+0.37° 188.30+0.15" 354.20+0.29°
BEF2 hafi  147.10£0.21°  20.13£0.02° 127.50+0.10° 314.70+0.50°
Jififi4 D4 140.30£0.61% 19.67+0.04% 116.40+£0.65% 304.20+1.43*
LARIERY  34.074£0.03°  13.2140.01¢  32.48+0.02¢  57.7240.04¢
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Fig.3 XRD diagrams (A) and relative crystallinity (B) of potato
cells and potato starch
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Table 3 Water-holding power, solubility and swelling of potato
cells and potato starch

Ei=00n SCHEONMI WA hEAE WA nAR SRR

WoKk#(%)  70.20£3.45° 65.61£1.76°  55.32+£231° 42.51+1.89¢
R (%) 821+1.17°  8.99+0.45%*  9.39+1.15°  10.64+0.18"
IR (g/g)  9.16£0.06°  14.69+0.05°  15.31x0.39°  18.34+0.05°

E: R TN NG TR [ — 38 hR A BAT 8 1422 5+ (P<0.05)
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FAAHEAEH, [RIBsH A P S e 4l i B 3 o BR vl 1 ey
B SR, Bl AN A B Em R BE A3 i, i P
3 S KRR BAE FHYE 5, PE i vEm KK, #
SRR EE AT FH R T M At R H T Ay s W I s i e 224
S MR I AT ARG I . ST SR A S B
FARPY VSRR, 31X T2 02t T AN MBS (A FE A S 30
M P4 24 U T 5 T 2 BHL S48 R 14 434 DML 1Y 1%
PSS By S v TS A 2 e UL
TEJC A e 1) BBV E T, R A 2 3 Aoy R i
2, SRR, R TR SRR T IAH BAE .,
FHEZWIER ST TN, 5 Guo U 5T 45 R
—3.
2.6 YHEEEEREIGT AR PALEM IR SR RO RN

Z B2 S 5 ) PR BN N A B AR .
2% 4 I1SEEAE 2 h R Y 0EE 25 B 15 (4616.0 cP),
SERE LM A W E BE B IR (2792.0 cP) . Hff#: 2 h 4
Jit e v (R 0 B T BB T Y B 4 b R A 4
R AT, AT & A 50 v & R ) R RE 220, HLAT SR I
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Table 4 Viscosity characteristics of potato cells and potato starch

Fhzk VA ZR I (cP) BHESEE (cP) JHfE{E (cP) AR (P) [l A=AH (cP)
SEELA 2792.0+31.1¢ 1019.0+15.6° 1773.0+£53.0° 2979.0+10.6° 1960.0+12.7°
72 h4m i 4616.0+41.1° 3643.0+28.3° 973.0+19.1° 5293.0+40.3° 1650.0+4.9°
W fit4 h4m i 3599.0+53.0° 2977.048.5 622.0+14.9° 5138.0+9.9 2161.0+73.5°
TS ETEN 3312.042.1¢ 2716.0+2.5° 596.0+24.0° 3549.0+1.4 833.0+9.2¢

T RSB AR/ ING P s B 22 51 25 (P<0.05)
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Table 5 DSC analysis of potato cells and potato starch

i T, (°C)
SERRAIM 67.59+0.56°  70.49+0.47°
f#2 h4IME  67.06£0.17°  70.11+0.14°
Ff#4 h40ME 66.78£0.60°  69.59+0.88°
IR ERENT  65.77+0.78°  68.49+0.80°

T,(C) T (C) AH(J/g)

11.1240.85°
11.43+0.38°
11.70+0.36°
14.35+0.23"

74.73+0.33°
74.56+0.21°
74.17+0.94°
74.14+0.52°
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Table 6 In vitro digestive performance of potato cells
and potato starch

HEfh RDS(%) SDS(%) RS(%)
SEREA 26.03+0.36° 20.32+0.26° 53.65+0.62°
HiHF2 haniE 27.36+0.21° 22.36+0.01° 50.28+0.20°
i fift4 hZH 28.36+0.27° 22.46+0.08" 48.91+0.20
LR BETER 36.44+0.22° 23.65+0.04* 39.91+0.18°
T SRR AR ING R 2R B0 25 70 .35 (P<0.05) .
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