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Radish (Raphanus sativus L.) undergoes texture changes in their phy-chemical properties during the long-term
dry-salting process. In our study, we found that during the 60-day salting period, the hardness and crispness
of radish decreased significantly. In further investigation, we observed that the collaborative action of pectin
methylesterase (PME) and polygalacturonase (PG) significantly decreased the total pectin, alkali-soluble pectin
(ASP), and chelator-soluble pectin (CSP) content, while increasing the water-soluble pectin (WSP) content.
Furthermore, the elevated activities of cellulase and hemicellulase directly led to the notable fragmentation of

cellulose and hemicellulose. The above reactions jointly induced the depolymerization and degradation of cell
wall polysaccharides, resulting in an enlargement of intercellular spaces and shrinkage of the cell wall, which
ultimately led to a reduction in the hardness and crispness of the salted radish. This study provided key insights
and guidance for better maintaining textural properties during the dry-salting process of radish.

1. Introduction

Salted vegetables, a traditional Chinese fermented food product
highly favored by consumers, are widely used as side dishes or appe-
tizers (Wei et al., 2022). It is mainly made of vegetables as the main raw
material, processed through techniques such as immersion in edible salt
or saline solution, with the optional addition of supplementary in-
gredients. Based on the aforementioned classification criterion, the
processing methods of salted vegetables can be categorized into dry-
salting, wet salting (soaking in edible salt water), and mixed salting
(salt water plus ginger, red pepper, garlic, onion, and vinegar et al.) (Liu
et al., 2017). Dry-salting, the simplest, typical, and widely produced
salted vegetable processing method by small-scale factories or house-
holds, can make the salting liquid more concentrated, thereby
enhancing the flavor of the vegetables. In addition, dry-salting at low
temperatures increases the safety and extends the shelf life of vegetables
by delaying the growth of microorganisms.

Texture stands as a crucial quality indicator in assessing the market
value and consumer acceptance of salted vegetables. In recent years,

researchers in salted vegetable production field have increasingly
recognized that the texture changes during the salting process varied
greatly among different vegetable types. For instance, Yang et al. (2023)
observed twice “increase-decrease” texture changes of kohlrabi during
the complex pickling procedures, while Ye et al. (2022) found that the
hardness and crispness of chili peppers decreased gradually with pro-
longed salting time. Studying the underlying regularities of these com-
plex textural changes can provide crucial guidance for the processing of
salted vegetables. In previous studies, the mechanism of vegetable
texture changes was thought to be primarily associated with alterations
in cell wall polysaccharides, water status, and cellular structure induced
by the processing (Li et al., 2018; Lu et al., 2021).

White radish (Raphanus sativus L.), belonging to the Brassicaceae
family, is a vegetable widely cultivated and consumed around the world.
It is rich in various nutritional components (e.g., flavonoids, sulfo-
raphane, dietary fiber, f-carotene, and minerals), exhibiting potent
antioxidant and anti-cancer effects (Gamba et al., 2021). Thus, radish is
always employed in the production of salted processed products with
good flavor and taste properties. However, the texture changes of radish
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during long-term dry-salting at low temperature (4 °C) have not been
reported yet. Additionally, the role of water distribution, cell wall
polysaccharides, and microstructure on radish textural properties of the
typical dry-salting method under low-salt conditions during the salting
process remains unclear.

Therefore, this work aimed to (i) reveal the rule of texture changes in
dry-salted radish during long-term dry-salting; (ii) clarify the impact of
comprehensive changes in water distribution, cell wall polysaccharides,
and cell microstructure on the textural properties of salted radish; (iii)
summarize the texture evolution mechanism of dry-salting radish and
provide effective process guidance for their industrial production ac-
cording to the experimental outcomes.

2. Materials and methods
2.1. Chemicals

All kits (KIRbio) for this experiment were provided by Beijing
JINZHIYAN Biotechnology Co., Ltd. (Beijing, China). The required
chemical reagents (i.e., concentrated sulfuric acid, acetone, ethanol, and
glutaraldehyde) were all of analytical grade (greater than or equal to
95% purity) and supplied by Bailingwei Technology Co., Ltd. (Beijing,
China).

2.2. Sample preparation

Fresh white radish samples (“White-Jade Chun” variety) were pur-
chased from a local market in Beijing, China. The samples were washed
with water to remove surface contaminants and the surface moisture
was wiped with sterile gauze. Subsequently, the head and tail tissues
from the radish were removed and the remaining tissues were cut into
strips (approximately 7 cm x 1 cm x 1 cm) using a clean knife. After-
wards, the fresh edible radish strips (marked as Fresh) were subjected to
natural air drying for 24 h (temperature ranging from 10 to 22 °C, with
approximately 45% humidity), facilitating dehydration to approxi-
mately 50% of their fresh weight. Finally, dehydrated radishes with salt
in a ratio of 5% to the weight of the radish were kneaded till the salt was
fully dissolved, thereafter, salted radish samples (500 g) were put into a
sterile glass jar for sealing. Eventually, the sealed samples were stored at
4 °C for 60 days, sampling was conducted at 0, 15, 30, 45, and 60 days
for texture analysis, water distribution assessment, cell wall poly-
saccharide component content determination, pectin-related enzyme
detection, and scanning electron microscopy observations. Three par-
allel samples were taken at each time point. The results were marked as
Fresh, DO, D15, D30, D45, and D60, respectively.

2.3. Texture analysis

Textural properties of hardness (N) and brittleness (mm) were
determined using a texture analyzer with a P/5 N probe (TAXT-Plus,
Stable Micro Systems, Surrey, UK). The test parameters were as follows:
test mode, compression; test speed, 0.5 mm/s; post-test speed, 15 mm/s;
target mode, distance; distance, 9 mm; trigger type, button; advanced
options, Off. Notably, the radish strips with uniform thickness were
selected before a test and each sample was tested 18 times.

2.4. Water distribution

2.4.1. Low-field nuclear magnetic resonance (LF-NMR)

A low-field nuclear magnetic resonance (LF-NMR) analyzer (NMI20-
025 V-I, New Mai Electric Co., Ltd., Shanghai, China) was used to
monitor water distribution and migration. Detailedly, samples (2.00 +
0.05 g) were placed into an NMR glass tube and removed into a 25 mm
diameter nuclear magnetic coil, operated at 32 °C. The Carre-Purcell-
Meiboom-Gill (CPMG) pulse sequence was adopted to test transverse
relaxation time (T2) and corresponding peak areas (A2). The parameters

Food Chemistry: X 22 (2024) 101407

were performed as follows: TW = 4500 ms, TE = 0.5 ms, NECH =
12,000, NS = 8, and total iterations number = 100,000.

2.4.2. Magnetic resonance imaging (MRI) analysis

The proton density images of salted radishes were obtained using a
sequence of SPIN ECHO (SE) in a New Mai NMR imaging system
(V1.23.03D), the detailed parameters are as follows: field of view = 100
mm x 100 mm, slice width = 3.0 mm, slice gap = 2.0 mm, average = 4,
read size = 256, phase size = 192, TR (time repetition) = 500 ms, TE
(time echo) = 20 ms. The final images were obtained by using the filter
and unified map functions in the image processing software (version 1.0,
New Mai Electric Co., Ltd., Shanghai, China).

2.5. Cell wall polysaccharides content determination

The micromethod assay was used to determine the content of total
pectin, cellulose, hemicellulose, soluble pectin, chelator-soluble pectin,
and alkali-soluble pectin, and 0.05 g sample was taken. All procedures
were carried out according to the instructions of their respective content
detection kits. To be specific, total pectin, WSP, CSP, and NSP were
extracted using alkaline solution, water, chelating agent, and sodium
carbonate, respectively. These pectins can be degraded into galacturonic
acid under acidic conditions. The sulfuric acid-carbazole colorimetric
method was then used to determine the pectin content (expressed as
galacturonic acid content). The principle of this method is that gal-
acturonic acid can undergo a condensation reaction with carbazole in a
strong acid solution, forming a purple complex, with a maximum ab-
sorption peak at 530 nm. Cellulose can be thermally decomposed into
B-glucose under acidic conditions. p-glucose, under the action of strong
acid, can undergo dehydration to form p-furfural compounds. This
compound can then undergo dehydration condensation with anthrone
to produce furfural derivatives. Subsequently, the cellulose content can
be quantified based on the intensity of color. Hemicellulose is converted
into reducing sugars after acid treatment, forming a reddish-brown
substance with 3,5-dinitrosalicylic acid (DNS), exhibiting a character-
istic absorption peak at 540 nm, then the absorbance value reflects the
hemicellulose content. All content units were expressed in mg/g dry
weight (DW).

2.6. Cell wall polysaccharides-related enzyme activities determination

The double-antibody one-step sandwich enzyme-linked immuno-
sorbent assay (ELISA) was employed to determine the activities of pectin
methylesterase (PME), polygalacturonase (PG), cellulase, and hemi-
cellulase, and 0.05 g sample was taken. All procedures were performed
according to the instructions of the respective kit. The method of ELISA
achieves high-sensitivity detection of the target molecule by simulta-
neously employing two specific antibodies on solid-phase support, with
the addition of enzyme markers and the subsequent reaction with a
substrate generating measurable changes in absorbance. Activity units
were expressed in U/g.

2.7. SEM observations

Each sample tissue was cut into small pieces (approximately 0.4 cm
x 0.2 cm x 0.1 cm), and fixed with 4% glutaraldehyde for 24 h.
Thereafter, the samples were washed for 3 h with phosphate buffer so-
lution (pH 7.2), 10 min each time. Then, samples were dehydrated with
30%, 50%, 60%, 70%, 80%, 90%, 95%, and 100% alcoholic solution, 15
min per gradient. After that, a critical point dryer (Leica CPD 030, USA)
with CO, was used for sample drying. Before testing, stick the dried
samples to the sample stage and make group records. The samples were
sprayed with an ion sputtering instrument (HITACHI MC1000, Japan)
and observed with a cold field-emission scanning electron microscope
(HITACHI Regulus 8200, Japan).
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2.8. Statistical analysis

The experiments were repeated three times in each group indepen-
dently. Graphs were created using OriginPro 2019 (OriginLab Corp.,
Northampton, MA, USA). Analysis of variance (ANOVA) and Duncan's
test was performed using SPSS Statistics 24.0 (IBM, Chicago, IL, USA) to
determine the significance level (p < 0.05). All acquired data values
were expressed as mean + standard deviation (SD).

3. Results and discussion
3.1. Texture analysis

The hardness and brittleness changes of salted radish during the
long-term dry-salting process are illustrated in Fig. 1A and B, the initial
hardness and crispiness of fresh radish samples were 46.96 N and 6.35
mm, respectively. The longer the salting time, the hardness and crisp-
ness decreased (P<0.05), the greatest decline was observed in the later
period (day 45 to 60) of salting, and the decline rates of the two in-
dicators on the 60th day were approximately 66.33% and 54.53%,
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Fig. 1. Hardness (A) and brittleness (B) of dry-salting radish during the 60-day
salting period. Different lowercase letters represent significantly different at a
level of p < 0.05.

Food Chemistry: X 22 (2024) 101407

respectively, compared with that of fresh samples. This regular change
differed from the trends in the salting processes of bamboo shoots,
where texture initially increased and then decreased (Zhang, Zheng,
Zhong, Chen, & Kan, 2016). In the salting stage, the ongoing decrease in
texture parameters was associated with an increase in intercellular
space, thinning of cell walls, and changes in the content of the primary
components of pectin in a previous report (Ye et al., 2022). In the
existing research results, the salting period (15 days as one salting stage)
showed a significant negative correlation with hardness and crispiness
indicators (p<0.05).

3.2. Water distribution

3.2.1. Transverse relaxation time analysis

The transverse relaxation time was frequently employed to elucidate
the distribution and mobility of intracellular water (Shi et al., 2022). As
depicted in Fig. 2A, three distinct hydrogen proton peaks emerged
within the relaxation time range of 0.01-10,000 ms. These hydrogen
proton peaks, are denoted as bound water (T21), immobilized water
(T22), and free water (T23) according to the moving properties of water
molecules (Zhang, Yu, Fan, & Sun, 2021). In line with the pattern
observed in most fruits and vegetables, the relative content of free water
was highest in radish samples, followed by immobilized water and
bound water (Chao, Li, & Fan, 2023; Yao et al., 2021). Additionally, it
can be observed that the transverse relaxation time of the fresh radish
sample was the longest, with the highest peak amplitude. In the early
stage of salting (day 0), the peak amplitude of free water decreased and
the transverse relaxation time shifted to the left. This phenomenon is
likely attributed to the loss of free water caused by osmotic pressure
resulting from salting. Similar findings were also observed in the kohl-
rabi samples by Yang et al. (2023). Particularly, the peak amplitude of
free water was significantly reduced at day 15. This could be attributed
to the fact that sample tissues that have not adapted to the salting
environment in the early stage were more susceptible to damage during
the salting process, while the cells that had adapted to the salted envi-
ronment showed a stronger external resistance (Mothibe, Zhang,
Mujumdar, Wang, & Cheng, 2014). Therefore, although there was a
decline in the peak amplitude of free water at day 60, it was not pro-
nounced. Furthermore, with the prolonged salting period (day 45 to 60),
the transverse relaxation time of free water exhibited a rightward shift,
indicating increased water freedom, enhanced mobility, and decreased
binding forces between water and cells (Cheng et al., 2017). A plausible
explanation for this phenomenon is that the extended salting time led to
damage in the cell wall structure (thinning of the cell wall, wrinkling
instead of smoothness, and loosening instead of turgor), which promp-
ted an enhancement in the flow dynamics of hydrogen protons, resulting
in a weakening of the binding forces between water and radish tissues.

A21, A22, and A23 represent the relative content of different water
components (Chen et al., 2020). It can be observed from Fig. 2B-D that
A22 and A23 constituted the major portion of the samples with a pro-
portion exceeding 98%, and dry-salting led to a regular increase in the
relative contents of A21 and A22, while the relative proportion of A23
was reduced to a certain extent, which meant that the loss of the relative
content of free water during the salting period was irreversible. This
conclusion is largely consistent with the findings of Jiang et al. (2021),
who stated that the microstructural damage to cell walls significantly
caused tissue weight loss, and this indicator primarily manifested as the
loss of free water, followed by immobile water and bound water.
Transverse relaxation time and relative water content are not sufficient
to visually visualize water distribution and transfer, therefore, magnetic
resonance imaging (MRI) analysis is necessary.

3.2.2. MRI analysis

Based on the principle of LF-NMR, MRI can directly observe the
spatial distribution of water molecules in samples. The hydrogen proton
density of radish tissues at different salting stages is depicted in Fig. 2E.
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Fig. 2. Carr-Purcell-Meiboom-Gill (CPMG) proton distribution (A), T2 relative area (B, C, and D), and proton density maps (E) of dry-salting radish during the 60-day
salting period.
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Using the pseudo-color scale as a reference, the transition of hydrogen
proton density from low to high is defined by shifting from blue to red
(Gu et al., 2022). As illustrated in the images, the hydrogen proton
density in fresh salted radish was uniformly distributed and concen-
trated throughout the entire tissue of the sample (excluding the edges).
After salting, both the density and uniformity of hydrogen protons were
visibly reduced. After the 60-day salting period, the water distribution of
the sample was reduced, and was even scattered only in the edge regions
of the tissue, which represented the transfer and loss of water from the
center to the outside. This phenomenon is consistent with the findings of
the study conducted by Yang et al. (2023), who convinced that salting-
out action promoted the reduction of water components after cell wall
damage and facilitated tissue dehydration.

4. Cell wall polysaccharides content and related enzyme
activities

4.1. Cellulose, hemicellulose content, and related enzyme activities

Cellulose, as a structural polysaccharide capable of forming micro-
fibers in the cell wall, plays a beneficial role in supporting cell structure
and maintaining cell integrity and rigidity. Its functional properties
contribute to the texture maintenance of plant tissues (Wang, Elliott, &
Williamson, 2008). Hemicellulose is a heterogeneous polysaccharide
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primarily composed of xyloglucan (XyG) and xylan (Xyl). Physical
cross-linking through hydrogen bonds occurs between cellulose micro-
fibers and hemicellulose polymers, forming a complex network struc-
ture, with pectin polysaccharides embedded within this network
(Miyamoto et al., 2022). When either was degraded, the hydrogen bonds
between the two were disrupted, leading to the breakdown of the
intricate network structure (Zhang et al., 2022). Therefore, pectin is
closely related to cellulose and hemicellulose, and this relationship has
been valued by researchers. As observed in Fig. 3A-B, the cellulose and
hemicellulose contents in fresh radish samples were highest, which were
43.17 + 1.04 mg/g DW and 30.94 + 1.84 mg/g DW, respectively.
Subsequently, with the extension of the salting period, there was a sig-
nificant downward trend in both indexes. At the end of the salting
period, they dropped to 28.26 + 0.54 mg/g DW (a decrease rate of
34.54%) and 22.47 + 0.49 mg/g DW (a decrease rate of 27.38%),
respectively. The overall results meant that the content of cellulose and
hemicellulose were prone to degradation in the salting environment, a
process likely triggered by exogenous enzymes released by microbes in
the environment and the corresponding release of endogenous enzymes
(cellulases and hemicellulases) within the tissues (Mcfeeters, 2010). In
this study, the activities of cellulase and hemicellulase were the lowest
in the fresh sample, and then gradually increased. On the 60th day, they
increased to 1.82 and 1.42 times their respective original content
(Fig. 3C-D). In conclusion, the enzyme activity results were consistent
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Fig. 3. The content of cellulose (A) and hemicellulose (B), and the activities of cellulase (C) and hemicellulase (D) of dry-salting radish during the 60-day
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with the enzyme content outcomes, collectively revealing a pronounced
regularity in the degradation of cellulose and hemicellulose in salted
radishes during an extended dry-salting process.

4.2. Pectin content and related enzyme activities

As a complex biopolymer, pectin consists of the primary cell wall and
middle lamella, contributing to enhanced cell adhesion and mechanical
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strength (Lv et al., 2021). Total pectin contains three forms (WSP, ASP,
and CSP), and determining pectin content aids in advancing the explo-
ration of the pectin impact mechanism on the texture of salted radish
(Liu, Liang, Jiang, & Chen, 2019). From Fig. 4A, total pectin content
showed a pronounced downward trend (p<0.05), especially in the later
stages of salting (days 45 to 60). This result is consistent with the find-
ings of Wongkaew et al. (2021), who proposed endogenous pectinases in
fruits and vegetables degraded total pectin into soluble oligosaccharides
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or free monosaccharides, leading to continuous reduction of total pectin
content.

The CSP exhibited the highest content in fresh radish tissues, fol-
lowed by ASP and WSP, with content of 44.49 + 1.46 mg/g DW, 34.73
+ 0.86 mg/g DW, and 18.16 + 0.66 mg/g DW, respectively (Fig. 4B-D).
This compositional ratio is similar with the findings of Deng, Wu, and Li
(2005) in grapes. During the salting process, the WSP content exhibited
an initial increase (day O to day 30) followed by a subsequent decline
(day 30 to day 60), while ASP and CSP showed a consistent decreasing
trend, which was most pronounced at the late stage of salting. ASP
typically binds to cell wall polysaccharides through covalent bonds,
forming a polysaccharide network that plays a key role in the stability of
the primary cell wall. The significant decrease in ASP during the dry-
salting period weakened the strength of the cell wall, leading to a
thinning of the cell wall thickness and promoting a looser connection
among cells (Liu et al., 2017). CSP primarily interacts with calcium ions
in the cell wall through ionic bonds, influencing cell adhesion. The
reduction in CSP content disrupted the connections among cells in salted
radish tissues, resulting in loose intercellular spaces that were adverse
for maintaining hardness (Zdunek, Koziol, Pieczywek, & Cybulska,
2014). Studies have indicated that the breakage of ionic bonds in
polysaccharides converts CSP into WSP (Sun et al., 2022). Additionally,
the demethylation reaction of pectin under the action of PME led to an
increase in hydroxyl groups, enhancing the hydrophilicity of pectin and
making CSP more prone to conversion into WSP. Therefore, the overall
upward trend in WSP content during the dry-salting period could visu-
ally reflect the degree of degradation of pectin substances (Imaizumi
et al., 2017). Noteworthily, the WSP content exhibited a relative
decrease on day 45 and day 60. We speculate that this was mainly due to
the severe degradation and disruption of the cell wall structure, leading
to the rapid loss of the cytoplasm, in which WSP is located, even though
the CSP may still be undergoing the conversion to WSP during this
process (Einhorn-Stoll, Kastner, & Drusch, 2014). The changing trends
of these three pectin fractions were similar to the trends observed in
various fruits and vegetables during the softening process, and these
changes were commonly explained as hydrolysis phenomena resulting
from the collaborative action of PME and PG (Paniagua et al., 2014;
Yuliarti et al., 2015).

Pectin metabolism can greatly affect cell wall properties (Zhang
et al., 2022). Pectin methylation is one of the manifestations of pectin
metabolism and can affect the biomechanical properties of cell walls
(Wormit & Usadel, 2018). PME can promote the demethylation of
pectin, and the low-esterification pectin can further combine with cal-
cium ions to enhance the rigidity of the cell wall, thus increasing the
texture of fruits and vegetables (Yan, Han, Fu, Jiao, & Wang, 2021). As
shown in Fig. 4E, compared to the fresh samples, the activity of PME
exhibited a decreasing trend in the early stages of salting (day 0-15).
Given the enzymatic nature of PME as a protein, we speculate that the
decline in PME activity is likely due to the adverse effects of salt on its
active sites, causing a substantial loss of its catalytic properties. This
speculation is consistent with the viewpoint of Ge et al. (2021). Subse-
quently, PME activity showed a significant upward trend, with the most
pronounced increase in the later stages of salting (days 45-60). Research
has shown that PME could bind to the cell wall through electrostatic
interactions, and the destruction of the cell wall caused by salting could
release more PME, increasing its overall activity (Wormit & Usadel,
2018).

As a pectin-degrading enzyme, PG can participate in the decompo-
sition of the galacturonic acid backbone, leading to a decrease in cell
rigidity and adverse effects on tissue texture (Vi et al., 2016). As illus-
trated in Fig. 4F, the PG activity showed an overall regular increase
trend, with the most significant elevation observed in the later stages of
salting (day 45-60), which was 1.67 times that of the initial stage. This
phenomenon was distinct from that of pectin methylesterase (PME).
Taking the functional properties of PG into consideration, this finding
can be explained by the following viewpoints: PG can effectively
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recognize the deesterified neutral HG pectin chain and promote the
decomposition of cell wall pectin (Ayour et al., 2021). During the early
stages of salting, PME's low activity prevented it from participating in
the demethylation of pectin, resulting in an insufficient supply of cata-
lytic substrates for PG, causing it to lose enzymatic catalytic perfor-
mance. Subsequently, the severe loss of the cell wall led to the release of
PG, which worked with PME to promote the hydrolysis of cell wall
pectin polymers, ultimately causing a decline in the texture and crisp-
ness of salted radish (Lu et al., 2021).

5. SEM observations

The SEM, with its wide observation range and capability to effec-
tively depict the three-dimensional morphology of samples, was
employed to elucidate the relationship between the texture changes of
radishes during the dry-salting process and the microstructure of cell
walls and intracellular substances. From Fig. 5, it can be observed that
the fresh, unsalted radish tissues exhibited a regular elliptical-shaped
parenchymatous tissue, and the middle lamella also had a well-
defined feature. However, as the salting period advanced, the cell
walls underwent turgor loss, resulting in a gradual shrinkage and
collapse of the cell profile. Moreover, the middle lamella underwent
thinning, progressively losing its adhesion properties, thereby leading to
enlarged intercellular space and noticeable separation. After the salting
period, the cell walls of the radish samples had undergone complete
wrinkling, with severe shape distortion, and the middle lamella had
entirely lost its adhesive properties. These visual outcomes vividly
illustrated the rupture of the microcellular structure after prolonged
salting, and this phenomenon is similar to the trend of microscopic
structural changes observed during the salting period of cucumbers and
carrots (Llorca et al., 2001; Yoo, Hwang, Eog, & Moon, 2006).

6. Speculated mechanism of changes in textural properties

We hypothesized that the textural changes in salted radish under-
went the following processes: in the long-term dry-salting process, the
activities of cellulase and hemicellulase significantly enhanced, which
directly stimulated the degradation of cellulose and hemicellulose,
leading to the rupture of their structures. Additionally, the substantial
release of PME and PG, along with their interaction, directly contributed
to the overall loss of total pectin. This phenomenon was accompanied by
a simultaneous decrease in ASP and CSP content, while the WSP content
increased. The comprehensive depolymerization and degradation of cell
wall polysaccharides accelerated the shrinkage and wrinkles of the cell
wall, and at the same time enlarged the intercellular spaces. The above
results were mutually verified with the findings of low-field NMR (water
was lost and transferred from the internal to the surface of the tissues).
Eventually, a notable decline in the hardness and crispness of salted
radish was observed with the prolonged salting period (Fig. 6).

7. Conclusion

The changes in textural properties and the factors affecting the
texture of radish during long-term dry-salting at 4 °C for 60 days were
studied. Prolonged salting resulted in a significant decrease in the
hardness and crispiness of salted radishes, which was associated with
overall increases in content of water-soluble pectin (WSP) and activities
of cellulase and polygalacturonase (PG), and gradual decreases in total
pectin, ASP, CSP, cellulose, and hemicellulose content. SEM observa-
tions revealed that prolonged salting time caused a reduction in cell
turgor, increased wrinkling of cell walls, and a gradual loss of adhesion
capability in the middle lamella. Moreover, dry-salting accelerated
samples' water loss and transfer. The research findings can provide
targeted guidance for maintaining the texture of radishes in the step of
dry-salting processing.
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Fig. 5. SEM images (magnification 300 times) of dry-salting radish during the 60-day salting period. Short arrows (red) indicate intracellular space and long arrows
(yellow) indicate cell wall shrinkage. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 6. Hypothetical mechanism of dry-salting radish texture changes during
the 60-day salting period.
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