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Abstract

‘Qingcui’ plum fruit becomes soft at harvesting. In this study, we assessed the effect of the following different 
treatments on various fruit texture parameters: three concentrations of nitrogen (NH4NO3 0%, 0.5% and 1%) and 
three forms of selenium (selenomethylcysteine [C5H9NO2SSe/SeMeCys], sodium selenate [Na2SeO4] and sele-
nomethionine [SeMet]). The fruit texture parameters evaluated were fracture, hardness, cohesiveness, springi-
ness, gumminess, chewiness and initial modulus under 4oC. Results showed that the optimal N concentration 
was 1% and the optimal Se form was SeMeCys. Fruits treated with SeMeCys had similar fruit texture parameters 
as those of the group under cysteine treatment. We then sprayed the fruit with approximately 2 mL/fruit of the 
following treatments: five different combinations ratios of Se (SeMeCys; 10 mg/L) and N (NH4NO3; 1%) (2:18; 
4:16; 10:10; 16:4; 18:2), after which the fruit was stored at 4oC for 13 days. The parameters of fruit texture, fruit 
color, and other fruit qualities were measured. Linear correlations were observed between parameters, and main 
sensory qualities were analyzed. We observed that a combination of Se and N in a ratio of 18:2 produced the best 
results in terms of fracture, first hardness and second hardness, preventing the softening of the fruit. The param-
eters of soluble protein, titratable acid and soluble solids had significant linear relationships with three fixture 
parameters. The fruit color parameters of a* (greenness) and b* (yellowness) also had significant linear correlations 
with fracture and first hardness. These findings may offer a promising strategy to prolong fruit storage and main-
tain fruit crispness and hardness. 

Keywords: ‘Qingcui’ plum; nitrate; selenium; fruit texture; fruit color 

Introduction

Plum (Prunus salicina L.), an adaptable and disease-
resistant fruit tree, is planted globally (Qiu et al., 2021). 
China is one of the origins and distribution centers of 
plums and is extremely rich in germplasm resources 
(Liu et al., 2007). ‘Qingcui’ plum is a variety group that 
originated in China and is widely planted in southwest 

China. The fruit of this variety is known for its green 
color, crisp and sweet flesh, and free nucleus (Qiu et al., 
2021; Zhang et al., 2021). According to incomplete sta-
tistics, there are nearly 40 ‘Qingcui’ plum varieties dis-
tributed in Southwest China. In Chongqing, Sichuan, 
Guizhou and other provinces, one finds not only the tra-
ditional cultivars, ‘Huangla’ and ‘Maihuang’, but also the 
newly selected ‘Wushan’, ‘Bashan’, ‘Fengtang’ and ‘Fendai’ 
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SeMeCys, SeMet et al. (Heryadi, et al., 2020; Huang et al., 
2022). SeMeCys as a Cys derivative also slows ripening 
process during storage, although application of SeMeCys 
on freshly stored fruits has not been reported.

Nitrogen (N) affects several aspects of fruit quality, 
namely size, shape, color, texture, flavor and composi-
tion (Maheswari et al., 2017). Fruit cracking, a primary 
disease limiting the production of ‘Qingcui’ plum, is 
affected by the level of elemental nutrients. Yilmaz and 
Ozguven (2019) showed that the fruit peel of cracked 
fruit contained higher levels of N, compared to that of 
healthy fruit whereas Engin et al. (2009) determined 
that application of N reduces cracking in sweet cherry 
fruit under different levels of irrigation. In a study con-
ducted by Engin et al. (2009), irrigation application of N 
were shown to have no great effect on fruit color in sweet 
cherry but influenced fruit firmness. Excess of water—
via rain, soaking, or irrigation—causes fruit cracking by 
reducing sugar content, ascorbic acid, and titratable acid-
ity, making the fruit more susceptible to cracking (Gibert, 
et al., 2007; Simon 2006). Application of Se to the roots 
has been shown to enhance leaf N content, improve N 
uptake efficiency, and increase fruit yield and fruit qual-
ity (Sun et al., 2020; Zhan et al., 2021). However, specific 
interaction between Se and N during the fruit develop-
ment process remains unclear.

In this study, we detected the impact of different forms of 
Se and N concentration on ‘Qingcui’ plum quality during 
cold storage (4°C in a foam box). The aim was to evaluate 
a number of fruit qualities, viz. texture, cracking, color, 
and other parameters to determine the optimal combina-
tion of Se and N to slow down the ripening process.

Materials and Methods 

Experimental design

‘Qingcui’ plum fruit were harvested at a commercial 
orchard located in Chongqing, China, from August 2021 
to September 2021, to prepare for three experiments. For 
each experiment, the fruits were hand-picked, selecting 
those of intermediate size and weight. The experimental 
design is shown in Figure 1. For treatment of N, 90 indi-
vidual fruits in three replications, with 10 fruits per treat-
ment, were sprayed with ammonium nitrate (NH4NO3) 
at concentrations of 0.0% (control), 0.5%, and 1.0% pre-
pared in 10-mL reagent per treatment. After 3 h, the 
fruits were immersed in water for 16 h to assess changes 
in fruit appearance, fruit texture, and fruit cracking rate. 

For Se application, the fruits were sprayed (approximately 
2 mL/fruit) with 10 mg/L of Se as SeMeCys, Na2SeO4, 
and SeMet as well as water only as a control spray. In case 

cultivars and other super varieties. The planting area and 
yield of ‘Qingcui’ plum are increasing each year; this has 
played an important role in poverty alleviation and rural 
revitalization in China. 

Crisp and sweet fruit are important qualities of ‘Qingcui’ 
plum. Crispness is measured by a texture analyzer, and 
sweetness, an intrinsic quality, is quantified in terms of 
soluble solids. The ‘Qingcui’ plum is a typical respiration 
climacteric fruit. During the aging process, the color 
changes from green to yellow-green to yellow. Change in 
color is assessed using a colorimeter, with assigned values 
of L, a*, b*, C and H (Adhikary et al., 2021; Karagiannis 
et al., 2021). As the fruit of ‘Qingcui’ plum ripens and 
approaches senescence, it softens slowly, mainly because 
the production of ethylene changes the composition of 
the cell wall as well as the level of enzyme activity (Zhang 
et al., 2021). Application of sodium selenate (Na2SeO4) 
can reduce ethylene production and effectively delay 
fruit ripening and senescence (Pezzarossa et al., 2012). 
Addition of sodium selenite (Na2SeO3) and nano Se treat-
ment reduce ethylene production, titratable acid, and 
stone cell content, and improve quality of fruit (Yuan et 
al., 2023). However, selenomethionine (SeMet) increases 
the content of reactive oxygen species (ROS), inhibit 
auxin and promote production of ethylene (Malheiros 
et al., 2020), which could promote fruit ripening and 
senescence. In terms of cell distribution, the Se delivered 
through nano Se and Na2SeO3 mainly converts to SeMet, 
which is distributed in the cell wall. However, in selenate-
treated plants, selenate was mainly distributed in the sol-
uble cytoplasm (Wang et al., 2020). Thus, differences are 
observed in the solubility and cell structure distribution 
of different forms of Se in plants, which have significant 
differences in the key quality of ‘Qingcui’ plum fruits 
during storage.

Cysteine (Cys) delays the process of fruit senescence. 
Gohari et al. (2021) reported Cys (0.4%) to be a safe, nat-
ural, and environment-friendly treatment to preserve the 
nutritional quality of flat peach fruit during long-term 
cold storage. Wang et al. (2022) reported that 0.05% of 
Cys treatments at 4oC with 90% relative humidity signifi-
cantly reduced decay ratio and weight loss in goji fruit. 
The derivatives of Cys also show similar functions in 
improving the storage quality of fruits. Li et al. (2018) 
reported that application of Cys hydrochloride delayed 
breakdown of the aril and maintained fruit quality of lon-
gan. Liu et al. (2006) reported that soaking Litchi fruit in 
a solution of 0.1% N-acetyl cysteine and indole-3-acetic 
acid (IAA) inhibits browning of the pericarp and main-
tains flesh quality during storage. Selenomethylcysteine 
(C5H9NO2SSe/SeMeCys) is a seleno amino acid deriv-
ative having a potent anticancer activity in animals 
(Brummell et al., 2011). Plants in a natural manner 
transform inorganic Se into organic Se, in the form of 
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Figure 1.  Experimental design.

of each treatment, 10 fruits were stored in closed foam 
boxes in cold storage at 4°C for 7 days, following which 
the fruit quality parameters were measured. In addition, 
30 ‘Qingcui’ plum fruits were used as experimental mate-
rial; 15 fruits (5 fruits as a replication in three replica-
tions) were sprayed with 15-mL SeCys or Cys in 10 mg/L 
and stored in a closed foam box at 4°C for 7 days. 

To test the effect of different combinations of N, as 
NH4NO3 (1%), and Se, as SeCys (10 mg/L), the following 
volumetric (mL:mL) ratios were prepared: 0:0 (control 
with 20-mL H2O), 2:18, 6:14, 10:10, 14:6 and 18:2. These 
combinations were sprayed in volumes of 20 mL on 10 
individual fruits, which were subsequently placed in a 
closed foam box in cold storage (4°C) for 12 days. 

Analytical methods

Evaluation of  fruit appearance
The transverse and longitudinal diameters of individual 
fruits and volume were calculated before and after the 
fruits were soaked in water using a Vernier caliper. Fruit 
weight, edible part of fresh fruit, and dry weight were 
measured using an electronic balance. Fruit volume was 
measured using the drainage method. Fruit cracking rate 
was measured as the number of cracked fruits divided by 
the total number of fruits. 

Determination of  fruit texture
The following texture parameters were measured: frac-
ture, first hardness, second hardness, cohesiveness, 
springiness, gumminess, chewiness, and initial modulus. 
Half of the plum fruit was placed on the plate of a texture 
analyzer (TL-PRO; Food Technology Corporation, VA, 
USA), and the parameters were measured using a cylin-
drical probe P/75 with 75-mm diameter. The parameters 
of texture analyzer were set as follows: test speed, 60 
mm/min, compression deformation of plum pulp, 60%, 
and triggering force, 1.5 N. The pause time was 1 s.

Determining fruit color
The surface color of the plum was determined with a col-
orimeter (WR-10QC; Weifu, Shenzhen, China), and the 
corresponding values were recorded for L (lightness), a* 
(greenness), b* (yellowness), C (chroma) ([a2* + b2*]1/2), 
and h (hue) (h = tan−1 [b*/a*]) (Adhikary et al., 2021; 
Dobrzanski and Rybczyski, 2002). Color attributes were 
determined at the middle part of the outer epidermis of 
each fruit. 

Determining fruit intrinsic quality
The water content of the edible part was calculated as fol-
lows: (fresh weight – dry weight)/fresh weight. The total 
soluble solid content (%) of each fruit was calculated with 
a refractometer (Atogo, ATC-1, Japan). The fruit titrat-
able acid content (%) was determined using 0.1-mol/L 
NaOH and phenolphthalein as a pH indicator (Singh 
et al., 2009). The soluble protein content was determined 
using the Coomassie brilliant blue method (Rosen, 1957), 
in which 5.0-g fruit was weighed, ground, and centri-
fuged. Then 0.3 mL of supernatant was added to 1.5 mL 
of Coomassie brilliant blue G-250 and mixed for 2 min 
before being measured at 595 nm. The ratio of soluble 
substance to acid was calculated as the value of soluble 
substance divided by titratable acid content.

Statistical analysis 
The experiments were arranged in a completely random-
ized manner, and each treatment comprised four repli-
cates. Data were analyzed using Origin 8.5 (OriginLab 
Origin Pro, MA, USA). The least significant difference 
(LSD) was calculated to compare significant effects at 5% 
level.

Results 

Effect of different nitrate applications on fruit quality 
after soaking

Although spraying of three different concentrations of 
HN4NO3 increased transverse and longitudinal diame-
ters of fruit, the difference between treatments was not 
significant (Table 1). The change in fruit volume was 
lowest after treating with 1.0% NH4NO3 and significantly 
lower than the other two treatments. The change in fruit 
weight was maximum after treating with 1.0% HN4NO3, 
followed by 0.0% and 0.5% treatments, and the difference 
between these treatments was significant. However, no 
significant difference was observed between soluble solid 
content, fruit water content, and fruit cracking rate with 
three different N treatments. However, fruit cracking rate 
was increased from 0% to nearly 30% after 3 h of soaking.

All texture parameters—fracture, first hardness, and 
second hardness—increased with increase in HN4NO3 
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Table 1.  Effect of different concentrations of HN4NO3 on changes in fruit diameter, weight, and volume, fruit contents of soluble solids and 
water, and fruit cracking rate.

Treatments Transverse 
diameter change 

(mm)

Longitudinal 
diameter change 

(mm)

Volume 
change 

(mL)

Fruit weight 
change  

(g)

Soluble solids 
content  

(%)

Fruit water 
content

(%)

Fruit cracking  
rate  
(%)

0.0% 0.76±0.00a 1.07±0.21a 1.38±0.33a 0.51±0.01b 11.37±0.63a 88.86±0.03a 28.79±0.11a

0.5% 0.77±0.08a 0.97±0.14a 1.46±0.51a 0.45±0.01c 11.99±0.36a 88.91±0.01a 24.54±0.13a

1.0% 1.17±0.38a 0.71±0.30a 0.65±0.31b 0.66±0.02a 11.94±1.20a 88.50±0.00a 27.91±0.15a

Note: The same superscript letters indicate nonsignificant differences at the significance level of  0.05 (n = 3).

concentration, but without significant difference between 
different treatments (Table 2). No difference was observed 
in cohesiveness, springiness, gumminess, chewiness, and 
initial modulus with different N concentrations.

Effect of different Se treatments on fruit texture 

In control and Na2SeO4-treated fruits, similar values were 
obtained for fruit fracture, and these values were signifi-
cantly higher than the values obtained in SeMeCys- and 
SeMet-treated fruits (Table 3). The highest first hardness 
was obtained with SeMeCys and was significantly higher 
than that of the control (16.7%), followed by the Na2SeO4, 
control, and SeMet treatments. The value for second 
hardness was highest in the control group and signifi-
cantly higher than that observed in the SeMeCys group 
(16.1%), followed by the SeMet, Na2SeO4, and SeMeCys 
treatments. The parameters of cohesiveness, springiness, 
gumminess, and chewiness of ‘Qingcui’ plum fruits with 
SeMeCys treatment were similar to the correspond-
ing values of the control group and higher than those 
obtained with the SeMet and Na2SeO4 treatments. The 
initial modulus value with SeMeCys was highest and sig-
nificantly higher (19.9%) than that obtained in the con-
trol group. It was observed that SeMeCys and Na2SeO4 
had better effect in maintaining plums’ fruit texture, 
compared to SeMet. 

There was no significant difference between SeMeCys and 
Cys treatments in terms of fruit fracture, first hardness, 

Table 2.  Effect of different concentrations of HN4NO3 on fruit texture.

Treatments Fracture
(N)

First 
hardness

(N)

Second 
hardness

(N)

Cohesiveness
(ratio)

Springiness
(mm)

Gumminess 
(N)

Chewiness
(mj)

Initial 
modulus
(N/mm)

0.0% 101.86±2.23a 119.43±6.10a 100.21±3.55a 0.09±0.01a 6.44±0.20a 10.19±0.82a 67.83±8.40a 21.04±1.08a

0.5% 103.94±4.97a 123.43±5.33a 103.98±4.90a 0.10±0.00a 6.69±0.49a 11.27±1.21a 77.73±10.85a 18.88±1.47a

1.0% 112.40±8.85a 127.52±3.23a 109.60±7.41a 0.08±0.01a 6.54±0.78a 10.32±1.24a 71.11±14.54a 20.42±0.27a

Note: The same superscript letters indicate nonsignificant differences at the significance level of  0.05 (n = 3).

cohesiveness, springiness, gumminess, chewiness, and ini-
tial modulus. Among these parameters, only the second 
hardness with Cys treatment was significantly lower than 
that with SeMeCys treatment. Spraying different forms of 
Se on the fruit surface did not produce fruit cracking.

Effect of different N and Se ratios on fruit colors

With the exception of b* (yellowness), fruit colors with dif-
ferent Se and N ratios demonstrated no significant differ-
ence, compared to the control group (0:0 ratio) (Table 4). 
With increase in Se ratio, increase in the L (lightness) 
was observed, reaching the highest level with 16:4 ratio 
treatment, which was significantly higher (4.1%) than the 
result obtained with 2:18 ratio treatment. The value of L 
then decreased with 18:2 ratio treatment. The value of a* 
also showed an increasing trend, reaching the maximum 
limit with 18:2 ratio treatment and significantly higher 
(30.7%) than that with 2:18 ratio treatment. The values of 
b* and C (chroma) also showed initial increase, reaching 
the highest levels with 10:10 and 16:4 ratio treatments. In 
contrast, the value of h (hue) showed a decreasing trend 
and was not significantly different with different Se and N 
ratio treatments. 

Effect of different N and Se ratios on fruit fracture 

The fracture value was observed to increase with increase 
in Se–N ratio, but the difference was not statistically 
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significant (Figure 2). The first hardness and the sec-
ond hardness also increased, reaching the highest level 
at Se–N ratio of 18:2, and were significantly higher by 
28.27% and 44.51%, respectively, than that of the con-
trol. The parameters of cohesiveness and springiness 
demonstrated a decreasing trend with increase in Se–N 
ratio; the values with Se–N ratios of 16:4 and 18:2 were 
approximately 9.56% and 1.25% higher, respectively, and 
statistically significant, compared to those of the control. 
Both gumminess and chewiness values were lowest with 
an Se–N ratio of 2:18, and were significantly lower than 
the corresponding values of the control (approximately 
12.57% and 24.10%, respectively). Regarding other Se–N 
ratio treatments, we observed no significant differences, 
compared with the control. There were no significant dif-
ferences in initial modulus with different Se and N ratio 
treatments. 

Effect of different N and Se ratio treatments on intrinsic 
quality of fruit

The fruit water content was reduced with increase in 
Se–N ratio, and the highest fruit water content was 
obtained with an Se–N ratio of 2:18, approximately 1.16% 
higher than that of the control, followed by 4:16 ratio 
treatment, which was 1.08% higher than that of the con-
trol. The other treatments did not result in any significant 
differences compared to the control (Figure 3). The solu-
ble solids content with an Se–N ratio of 2:18 resulted in 
the lowest value and was significantly different from the 
corresponding value of the control as well as that of the 
18:2 ratio treatment. No significant effect was observed 
in titratable acid content in different Se–N ratio treat-
ments. With increase in Se–N ratio, the soluble protein 
contents also increased; the levels of soluble protein con-
tent at Se–N ratios of 16:4 and 18:2 were significantly 
higher than the levels of the control, i.e. approximately 
25.52% and 29.93% higher, respectively.

Correlation between different Se and N ratio treatments 

A significant negative linear relationship was observed 
between L and C, a* and b*, and a* and h (P < 0.05) 
among different Se–N ratio treatments, especially, L 
and C showed a positive linear (P < 0.001) relationship 
(Table  5). Statistically significant linear relationships 
were observed for five pairs of attributes: a* and fracture, 
a* and first hardness, b* and fracture, b* and first hard-
ness, and h and chewiness. Among fruit texture parame-
ters, a positive relationship existed between fracture and 
first hardness and second hardness whereas a negative 
relationship existed between springiness, first hardness 
and second hardness. The initial modulus was posi-
tively correlated with chewiness and gumminess, and the 
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Table 4.  Effects of different Se and N ratios on fruit color.

Se:N ratio L a* b* C h

0:0 51.55±1.78a,b –4.32±0.91a,b 32.22±2.45a 51.72±1.78a,b –0.12±0.05a

2:18 50.53±2.70b –4.96±1.38b 31.41±2.53a 50.79±2.71b –0.16±0.04a

4:16 52.38±2.10a –4.68±1.45a,b 31.82±2.16a 52.60±2.11a –0.14±0.04a

10:10 52.39±1.19a –4.48±2.33a,b 32.40±1.59a 52.62±1.13a –0.14±0.07a

16:4 52.60±1.40a –3.53±1.94a,b 28.73±2.04b 52.75±1.40a –0.12±0.07a

18:2 51.31±1.52a,b –3.44±1.56a 28.12±2.69b 51.44±1.50a,b –0.12±0.05a

Note: The same superscript letters indicate nonsignificant differences at the significance level of  0.05 (n = 3).
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ripening process during storage (Attri et al., 2015; Valero 
et al., 2013; Yan et al., 2022).

Different forms and doses of Se improve the storage 
quality of fruits. A low concentration of Se (0.02 mg/kg) 
combined with chitosan prolongs the storage period 
and post-harvest life of guava, while high concentration 
of Se with chitosan has a negative effect on fruit storage 
conditions (Choudhary et al., 2020). The application of 
low-concentration Se nanoparticles, synthesized using 
Cassia fistula L. extract and 10-mM Na2SeO3 solution, 
on post-harvest strawberry fruits increases shelf life and 
maintains quality attributes (Aftab et al., 2022). In our 
study, Se with the highest content and the lowest ammo-
nium nitrate showed the best results for preservation of 
fruit quality.

As a post-harvest application, N is used mainly in the 
form of nitric oxide (NO) or sodium nitroprusside (SNP) 
in plum, peach, and pear fruits (Singh et al., 2009; Zhu 
et al., 2006). The fruit firmness was influenced by the 
application of different forms of N to the roots, with 
application of inorganic NH4NO3 showing significantly 
prominent effects, compared to application of organic 
nitrogen (Fikry et al., 2022). The application of NH4NO3 
during fruit storage resulted in increased values of frac-
ture, first hardness and second hardness (Table 2). 

The weight of fruits is generally reduced during fruit rip-
ening and senescence. The average mass loss in plum fruit 
is approximately 7.7% or 0.23% per day during –1°C–0°C 
storage conditions (Сepдюк et al., 2016). In our study, 
the application of 1.0% NH4NO3 increased fruit weight 
significantly. The fruit water content increased with 
increase in N under different Se and N ratios (Table 1 
and Figure 2). This result indicates that the application of 
NH4NO3 can increase fruit weight and fruit water con-
tent with Se. 

Generally, fruit cracking, a physical failure of the cuti-
cle or skin, occurs because of stress and heavy rain 
(Ramteke et al., 2017). The maturity period of ‘Qingcui’ 
plum coincides with the rainy season. In a study, tomato 
plants grown in a hydroponic environment and enriched 
with Se (in the form of Na2SeO4) showed improved per-
formance during storage and post-harvest shelf life as 
well as greater potential of health-promoting properties 
(Puccinelli et al., 2019). In our study, the spray applica-
tion of Na2SeO4 also had a beneficial effect on plum attri-
butes during short-term storage (Table 3). 

We also determined that the effectiveness of SeMetCys 
and Na2SeO4 was higher than that of SeMet treat-
ment (Table 3). The literature has a number of reports 
of Cys treatment preventing fruit senescence (Gohari 
et al., 2021; Sharma and Rao, 2013). Comparing texture 

relationship between chewiness and gumminess was also 
shown to be positive. 

A positive linear relationship was observed between 
a* and titratable acid, and between b* and soluble pro-
tein. Statistically significant linear correlations were also 
observed between fruit water content and initial modu-
lus (negative), chewiness (positive), and gumminess (pos-
itive). The protein content was significantly passivated 
with fracture, first hardness and second hardness, and 
was negatively correlated with springiness. The titrat-
able acid was negatively correlated with fracture and 
first hardness and was positively correlated with second 
hardness and soluble protein. A positive linear relation-
ship was observed between soluble solids content and 
fracture, first hardness, second hardness, initial modulus, 
and fruit water content whereas a negative correlation 
was observed with chewiness.

Main sensory quality

Variations in crispness and sweet sensory quality of 
‘Qingcui’ plum fruit after different Se and N ratio treat-
ments and short-term storage are illustrated in Figure 4. 
Fruit treated with an Se–N ratio of 18:2 showed max-
imum values for first hardness, second hardness and 
fracture. Values of water content and the ratio of soluble 
substance and acid fluctuated within a narrow range with 
different Se–N ratio treatments. 

Discussion

The application of melatonin, alginate edible coating, 
salicylic acid, calcium–etheylenediaminetetraacetic acid 
(Ca-EDTA), and other bio-regulators on plum fruit slows 

Fracture

First hardness

Second hardness

Water content

the ratio of soluble
sustance and acid 10:10

16:4 4:16

18:2 2:18

0:0
200

150

100

50

0

Figure 4.  Effect of different N and Se ratio treatments on 
fracture, first hardness, second hardness, water content, and 
the ratio of soluble substance and acid.
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control (0:0 ratio), to prevent fruit senescence; however, 
the soluble protein content was increased significantly 
(Figure 3). 

In ‘Qingcui’ plums exposed to an Se–N ratio of 18:2, Se 
content in the edible part of the fruit was approximately 
0.6 mg/fresh weight (FW), even if the fruit absorbed all 
the available Se. These Se-enriched fruit (ranging from 
0.01 to 0.5 mg/FW in Chongqing, China) did not exhibit 
any signs of Se stress based on quality parameters. The 
addition of NH4NO3 had a thin impact on fruit nitrogen 
content, with the N content quantifying around 0.1 mg/
FW, which was lower than the upper limit of N content 
(approximately 96 mg/FW) observed in fresh eggplant 
fruit in China. Overall, plums with an Se–N ratio of 18:2 
exhibited higher Se content and lower N content, with-
out any food safety concerns.

Crispness and sweetness are the most important qualities 
of ‘Qingcui’ plum, distinguishing it from other types of 
plums (Zhang et al., 2021). ‘Qingcui’ plum softens more 
slowly than other plums (Zhang et al., 2021); however, 
it softens quickly after harvest. This trait has a nega-
tive impact on consumer acceptability. The overall sen-
sory quality is useful for determining fruit storage life 
(Adhikary et al., 2021). Based on five primary sensory 
quality parameters, our study was capable of assessing 
the storage quality of fruits (Figure 4).

The fruit texture properties are examined using the 
concept of texture profile analysis, in which fruit is cat-
egorized as soft, moderate and hard, based on sensory 
textual profile analysis (Bejaei et al., 2021). Storage 
time is inversely related to the quality of fruit texture. 
Appropriate ratio of N and Se improves fruit quality 
parameters, notably fracture, first hardness and second 
hardness (Figures 2 and 3). The parameters of fracture 
and hardness are reflected in the ‘crispness’ of fruit. We 
discovered that an Se–N ratio of 18:2 resulted in optimal 
values of these parameters. 

Conclusion

Our results demonstrate that water is the main factor in 
the cracking of ‘Qingcui’ plum fruit. The application of N 
neither significantly inhibited fruit cracking of ‘Qingcui’ 
plum, nor it significantly promoted fracture and hard-
ness. We discovered that 10-mg/L SeMeCys solution, 
followed by selenate treatment, could promote the short-
term post-harvest quality of ‘Qingcui’ plum whereas 
SeMet had opposite effect on maintaining fruit fracture. 
After 12 days of treatment with different Se and N ratios, 
a consistent maintenance Se–N ratio of 2:18 was consid-
ered as most effective in delaying softening and maintain-
ing fruit texture, color profiles, and intrinsic fruit quality.

parameters under the same concentration and doses of 
Cys and SeMeCys, we observed that SeMeCys as well as 
Cys treatment could preserve fruit freshness. 

The values of L, a* and b* increased continuously with 
advancement in the cold storage conditions of green pear 
fruit (Adhikary et al., 2021). In the present study, we dis-
covered that a 12-day application of different Se and N 
ratios resulted in no significant effects on a* and L val-
ues, compared to that of control. However, the value of 
b* was significantly reduced at Se–N ratios of 16:4 and 
18:2 (Table 4). These results indicate that Se and N in 
higher ratios significantly change the color of fruit skin 
during storage because of the degradation of chloro-
phyll content. Similar changes were reported in pear 
fruit (Adhikary et al., 2021). A significantly positive lin-
ear relationship between a* and b* (Table 5) indicates that 
greener or yellower the fruit, the higher is the N content. 
In the case of parameter h (hue), representing the type of 
pigment, the lower the angle, the greener the color. The 
highest level of a* and the lowest level of b* were deter-
mined at an Se–N ratio of 18:2 (Table 4). This result sug-
gests that the application of N protects the pigment of 
fruits during storage. Our study also showed that a* had 
a linear relationship with titratable acid, fracture and first 
hardness (Table 5), which was consistent with our knowl-
edge. In other words, the greener the fruit, the more sour 
and harder it is. The value of b* was negatively correlated 
with fracture and first hardness, which was consistent 
with the observation that the yellower the fruit, the softer 
it is. Karagiannis et al. (2021) reported that fruit firm-
ness and, along with peel color traits (a*), were strongly 
affected by Se. In our study, fruit texture parameters, as 
well as fruit color traits (Tables 3 and 4), were markedly 
influenced by Se and N ratio treatments. The L value rep-
resents black-and-white channel: 0 represents black and 
100 represents white. C value reflects color saturation or 
purity: the greater the value of C, the brighter the fruit 
color. Our results demonstrated a significant and posi-
tive linear interaction between C (lightness) and L (color 
index) with different Se and N ratio treatments.

The longer the fruit is kept in cold storage, the more 
the fruit weight, titratable acid level, and phenolic con-
tent are reduced, with increase in soluble solids content 
(Adhikary et al., 2021; Singh et al., 2009; Yan et al., 2022). 
Fruit firmness is discovered to be positively correlated 
with the level of titratable acid, and negatively correlated 
with soluble solid content (Adnikary et al., 2021). In our 
study, we also observed linear relationships of the level 
of titratable acid with fracture (negative), first hardness 
(negative) and second hardness (positive), and a signifi-
cant positive linear relationship with soluble solids and 
soluble protein content (Table 5). The N and Se ratio 
treatment increased fruit water content, and reduced 
soluble solid content and titratable acid, compared to the 
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