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A study on the variation of cell wall components and activities of their

degradation enzymes in sweet cherry during fruit development
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Shandong, China)

Abstract: [Objective] The study was conducted to understand the relationship between the texture
changes of sweet cherry and changes in cell wall components and their degrading enzyme activities dur-
ing fruit ripening. [Methods] Sweet cherry trees of three cultivars, including the hard meat- type
‘Tieton’, the conventional type ‘Hongdeng’ and the soft meat-type ‘Jiahong’, cultivated in a 12-year-
old open orchard were used as the experiment materials. Samples were collected during core hardening,
color-break (whitening), coloring, and full maturity to determine the fruit firmness, cell wall compo-
nents, and the activities of cell wall degrading enzyme. [Results]Hongdeng’ fruit was harder than the
other two varieties in the early stage of fruit development, but the range of decline was large during the
later stages. ‘Jiahong’ had the lowest hardness after color-break. With the development of the fruit, the
hardness difference between the three varieties gradually decreased, and there was no significant differ-
ence between the them at full maturity, but the fruit hardness of ‘Tieton” was higher than the other two
varieties. The WSP content of the three varieties gradually increased from core hardening to color-
break, and decreased or remained stable after the coloring period. The WSP content in ‘Hongdeng’ in-

creased from the core hardening stage to the coloring stage (189.49%), while ‘Tieton” WSP content in-
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creased by 43.60%. The WSP content of the three varieties was negatively correlated with hardness.
The ISP content in the three varieties decreased first and then increased, rapid decreases in both ISP con-
tent and hardness were found during color-break. The ISP content peaked during core-hardening, after
which the content decreased significantly in the three cultivars. During the fruit development, the differ-
ence gradually decreased. The CSP content in ‘Tieton” and ‘Hongdeng’ decreased after color-break,
while that in ‘Jiahong’ declined after the coloring period. Among them, ‘Hongdeng’ had the highest
rate of decline (45.08%) with an increase towards full maturity. The change pattern was opposite to that
of WSP. As the fruit matured, cellulose content in ‘Hongdeng’ and ‘Jiahong’ was significantly re-
duced, which was significantly lower than that in ‘ Tieton’ in all periods. For ‘ Tieton’, there was no sig-
nificant change in cellulose content from core hardening to fruit coloring. Although its cellulose content
dropped significantly during maturation, it was still significantly higher than that in the other two variet-
ies. The hemicellulose content of the three varieties showed a gradual decline during fruit development,
and ‘Tieton” and ‘Hongdeng’ had a higher content than that in ‘Jiahong’. From color-break to the col-
oring period, hemicellulose content gradually decreased till full maturity when it had no significant dif-
ference. The activity of PG of the three varieties increased at the beginning, then remained stable or
slightly decreased. The increase rate of PG activity in ‘Tieton’ was the highest (110.56% ), and it
peaked during coloration in ‘Tieton” and ‘Hongdeng’. During the coloration and maturation periods,
the activity of PG in ‘Tieton’, ‘Hongdeng’ and ‘Jiahong’ decreased in turn and differed significantly.
PME activity peaked during core Thardening. ‘Hongdeng’ had a significantly higher PME activity than
‘Tieton” and ‘Jiahong’. ‘Jiahong’ showed no significant difference in PME activity during the four
stages, while in the ‘Hongdeng’, a significant decrease occurred from core hardening to color break. In
‘Tieton’, the activity of PME decreased significantly from core hardening stage to coloration stage.
The PL activity in the three varieties fluctuated with time and had no correlation with fruit firmness.
The a-L-Af activity in the three varieties was the lowest during core hardening, and ‘ Tieton” had a sig-
nificantly higher a-L-Af activity than the other two varieties. During fruit development, the activity of
a-L-Afin ‘Tieton’ was the smallest, however, the rate of rise in ‘Jiahong’ was the largest. The activity
of the enzyme in ‘Hongdeng’ rose to 392 nmol - g"'-min"' during the maturation period, which was sig-
nificantly higher than those in the other two varieties. The £-Gal activity of the three varieties was very
low in the core hardening stage, and then, there was an upward trend. Among them, ‘ Tieton” had a low-
est rate of increase, ‘Hongdeng’ had a highest rate of increase. In ‘Jiahong’, a significant increase in
enzyme activity was found and then the activity maintained high. The Cx activity of the three varieties
showed an upward trend, but the growth rate in ‘Tieton” and ‘Jiahong’ was higher than that in ‘Hong-
deng’. The difference in fruit development gradually increased. During the maturation period, the activi-
ty of this enzyme in ‘Jiahong’ continued to rise and became significantly higher than that in ‘ Tieton’
and ‘Hongdeng’. During the fruit development of ‘Tieton’, the change in hardness was significantly
positively correlated with Cx. For ‘Hongdeng’, the change in hardness was positively correlated with
the change in hemicellulose and cellulose contents, but the activities of a-L-Af, f-Gal and PME were
significantly negatively correlated. During the development of ‘Jiahong’ fruit, fruit hardness was sig-
nificantly negatively correlated with WSP content and the activities of Cx, a-L-Af, and PME. [Conclu-
sion]During the ripening of sweet cherry fruit, the degradation of protopectin and the hydrolysis of cel-
lulose are the key factors for fruit softening. The degradation of fruit cell wall components is the result
of a synergistic effect of multiple enzymes. The lower activities of PME and a-L-Af in ‘Tieton’ than

that of the other two varieties might be the main reason for its higher fruit hardness. The low degrada-
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tion rates of cellulose and protopectin, high PG activity and low f-Gal activity might be secondary

causes for its high hardness. The Cx enzyme seems to have different effects in ‘Jiahong’ and ‘Tieton’

and seems not significantly affect the fruit hardness in ‘Hongdeng’, which might be the difference be-

tween these varieties.

Key words: Sweet cherry; Hardness; Cell wall components; Cell wall degradation enzymes
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Fig. 2 Changes in hardness during fruit development
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Fig. 4 Changes in ionic pectin content during

fruit development
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Fig. 5 Changes in covalent pectin content during

fruit development
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Fig. 6 Changes in cellulose content during

fruit development
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Fig. 7 Changes in hemicellulose content during

fruit development
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Fig. 10 Changes in PL activity during fruit development
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Table 1 Correlations between cell wall components and
degradation enzyme activities during

fruit development in ‘Jiahong’

b fifi g

Index Hardness Cx o-L-Af p-Gal PL  PME
il j5 - 0.603 -0.988" -0.959" -0.540 -0.183 -0.975"
Hardness

P YER 0.594

Hemicellulose

-0.267 -0.927 -0.765 -0.171 0.049 0.746

YR 0.708  -0.375-0.935 -0.866 -0.401 -0.288 0.760
Cellulose

WSP -0.984"  0.834 0.885 0.9937 0.817 0.290 0.908
ISP 0.931 0.989" 0.600 -0.808 0.897 -0.133 -0.794
CSp 0.621  -0.417 -0.914 -0.718 0.089 0.334 -0.851

PSR TE 3 A L0t A TE ¥ o ) N N S
Note: * Significant linear correlation, ** extremely significant linear

correlation. The same below.
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Table 2 Correlations between cell wall components and
their degrading enzyme activities during fruit development

in ‘Hongdeng’

fabr st

Index Hardness Cx  a-L-Af p-Gal PL PME
i 5 - -0.825 -0.778 -0.958" -0.966" 0.678 -0.961
Hardness

R 0.966" -0.729 -0.847-0.908 -0.956" 0.626 0.895
Hemicellulose

Yz 0.979° -0.717 -0.849 -0.997" -0.991" 0.815 0.995"
Cellulose

WSP -0.893 0.990™ 0.419 0.755 0.747 -0.328 0.783
ISP 0.598  -0.827 -0.048 -0.551 -0.446 0.295 0.607
CSP 0.876  -0.966"-0.434 -0.707 -0.729  0.246 -0.727
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Table 3 Correlations between cell wall components and
their degrading enzyme activities during the fruit

development period in ‘Tieton’

izt fifi g

Index Hardness Cx  o-L-Af g-Gal PL  PME
Tigi i - -0.909 0.971"-0.756 -0.707 0.147 0.922
Hardness

YR 0.725  -0.921 0.832 -0.938 -0.933 -0.561 0.916
Hemicellulose

RIS 0.659  -0.640 0.809 -0.931 0.477 0.157 0.568
Cellulose

WSP -0.642  0.672 -0.803 0.956 0.546 0.268 0.686
ISP 0427  -0266 0.202 0.231 -0.162 0.529 0.266
CSP 0.743  -0.934 0.842 -0.932 -0.943 -0.545 0.929
30w
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