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Abstract: Fresh-cut vegetables are gaining economic importance around the world. They are highly 

perishable products, and in the context of global food waste challenges, any new solutions to reduce 

losses are in line with the expectations of producers, traders, and consumers. The aim of this study 

was to evaluate the effect of hot water treatment (HWT) on the quality and durability of two 

varieties of fresh-cut peppers at three storage temperatures: 3, 5, and 8 °C. Microscopic observations 

revealed changes in the tissue structure of the pepper sticks. During storage of red-fruit ‘Yecla’ 

peppers, HWT samples retained be�er firmness. Peppers treated with 55 °C for 12 seconds 

maintained the best quality during storage. Cream-fruit ‘Blondy’ peppers softened during storage, 

but the browning of the cut surface contributed most to the reduction in quality. HWT at 53 °C for 

3 min and 50 °C for 5 min effectively inhibited the development of destructive changes during 

storage. HWT is beneficial for fresh-cut peppers, but the temperature and time of operation should 

be properly selected given the nature of the cultivar. 

Keywords: cultivar; storage temperature; shelf life; weight loss; softening; browning; microscopic 

analysis 

 

1. Introduction 

Partial or complete preparation of fresh vegetables for direct consumption includes operations 

to remove inedible parts of the plant material (e.g., peel), as well as washing, trimming, cu�ing, and 

coring. Such vegetables are very perishable during storage, transport, and distribution because tissue 

damage causes an increase in physiological, biochemical, and microbiological intensity. Low 

temperature and altered composition of the atmosphere during storage are most often used to inhibit 

these changes. Various tests have been performed with different post-cu�ing treatments to improve 

storage ability and lengthen the shelf life of fresh-cut vegetables [1]. One of them is hot water 

treatment (HWT). It is a non-chemical technology that is friendly to users, consumers, and the 

environment [2,3]. 

HWT with simultaneous gentle brushing has been commercially used for years in Israel for fruits 

and vegetables such as sweet corn, persimmon, sweet peppers, melon, mango, avocado, orange, 

grapefruit, kumquat, and organic citrus fruit [2]. HWT with temperatures up to 60 °C reduces 

respiration in many species of fruits and vegetables, reduces ethylene production, delays ripening, 

and reduces pathogen infestation [4–7]. High temperature (10 °C above the normal growing 

temperature) also promotes the formation of new proteins (heat stress proteins - HSPs) in place of 

proteins found in untreated products [4,8,9]. The accumulation of HSPs provides protection against 

stressors, both those that cause their biosynthesis and those occurring during storage, as well as 

against infectious and physiological diseases [10,11]. Salveit [12] reports that heat shock induces the 

synthesis of HSPs in place of wound-induced enzymes of phenylpropanoid metabolism. This may be 
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a new way to control browning of minimally processed vegetables and fruits. The effect of HWT on 

freshly harvested horticultural produce depends on the temperature applied and the time of 

treatment. According to Fallik and Ilic [13], factors such as the cultivation method, the cultivar, the 

stage of maturity at harvest, storage conditions also affect the result of the treatment.  

The cultivation and consumption of sweet peppers is growing worldwide, and much a�ention 

is being paid to both production methods and storage options. HWT technology turned out to be 

helpful because it was found that immersing whole bell pepper fruits for 3 min in water at 50 °C 

markedly reduced damage caused by the fungi Botrytis cinerea and Alternaria alternata during storage 

[14]. Red sweet peppers treated with hot water at 55 °C for 1 min showed less development of chilling 

injury, electrolyte leakage, and weight loss during 4 wk of storage at 10 °C [15]. Hot water rinsing 

and brushing (HWRB) with temperature 55 ± 1 °C for 12 ± 2 s effectively cleaned and disinfected 

peppers and contributed to maintaining be�er quality and improving storage life [2]. A beneficial 

effect of HWRB was reported also for other products: tomato (52 °C – 15 s), apples (55 °C for 15 s), 

organically grown citrus (56 or 60 °C for 10 s), litchi (55 °C for 20 s), mango (55 °C – 15–20 s), and 

others [2,16]. According to Zong et al. [17], HWT of tomato in water at 42 °C for 40 min helped reduce 

the development of gray mold on the fruit. However, excessive hot water treatment (55 °C for 3 or 5 

min) can lead to damage to the fruit tissue [15]. 

Numerous studies indicate that HWT can improve the shelf life of cut vegetables during short-

term storage. Brief immersion in hot water at 53 or 55 °C essentially delayed quality degradation of 

fresh-cut Chinese cabbage during storage at 0, 5, and 15 °C [18]. In a study by Loaiza-Velarde and 

Saltveit [19], crisp le�uce nerve sections treated with hot water at 50 °C for 90 s showed less browning 

of the tissue and delayed loss of green color compared to untreated pieces. Also, nerve sections of 

romaine le�uce treated with hot water at 45 °C for 2.5 min showed less tendency to brown during 

storage than untreated sections [20]. Freshly sliced pears treated with water at 35–45 °C for a period 

of 40–150 min avoided surface browning and maintained be�er firmness [21]. In a study by 

Koukonaras [22], treating peaches with water at 50 °C for 10 min prior to cu�ing also delayed 

browning and softening of the slices. The hot shock of spinach leaves at 40 °C delayed senescence 

and improved postharvest storage ability [23]. Green bell peppers exposed to hot water (55 and 60 

°C for 3 min) and cut after treatment maintained be�er sensory quality during storage at 4 and 10 °C 

than untreated samples [24]. Rodoni et al. [25] recommend for unripe cut peppers a HWT at 45 and 

60 °C for 3 min, while a treatment at 45 °C for 3 min is adequate for mature red-fruit peppers. On the 

other hand, treating leek pseudostems with hot water at 50–57.5 °C contributed only slightly to 

maintaining be�er color through 9 d of storage at 4 °C [26]. According to Salveit [8], the application 

of hot water to the cut material replaces the rinsing step, and the subsequent removal of residual 

water is easier due to its weaker adhesion to the plant surface. 

The purpose of this study was to evaluate quality and determine the morphological changes 

occurring during short-term storage of fresh-cut red- and cream-fruit peppers treated with hot water. 

The evaluation was carried out through morphological observations and microscopic analyses. 

Preliminary tests by Grzegorzewska [27] with fresh-cut yellow peppers Sunny F1 showed that the 

use of hot water helps to inhibit softening and thus maintain be�er quality during short-term storage. 

2. Materials and Methods 

2.1. Plant Material and Treatments 

Red-fruit 'Yecla F1' and cream-fruit 'Blondy F1' peppers were purchased from the largest bell 

pepper basin in Poland in Radom region (“Agropaprix” in Przystałowice Duże - Kolonia). 

Immediately after delivery to the laboratory, the fruits were washed, dried, and cut into sticks 0.5–

1.0 cm wide. Immediately after the cut, the pepper sticks were treated with hot water by immersing 

individual batches for a defined time in hot water with one of four parameter regimens: 1) 45 °C for 

10 min; 2) 50 °C for 5 min; 3) 53 °C for 3 min; 4) 55 °C for 12 s. The control treatment was fresh-cut 

peppers not treated with hot water. 
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The treatments were performed in a vessel filled with 150 l of water. Two portion of cut peppers 

weighing about 2.5 kg (each portion) was immersed in hot water for each treatment. After treatment, 

the peppers were dried in a stream of air provided by two SEVERIN VL 8620 fans. After drying the 

surface of the sticks, the peppers were packed into crates, protected from desiccation by polyethylene 

(PE) film, and stored overnight at 8 °C. The next day, the fresh-cut peppers were packed into 

polystyrene foam trays of external dimensions 226 mm × 100 mm × 9 mm and placed in plastic boxes. 

Each box was lined with PE in such a way that the trays with peppers were also covered with this 

film. Each treatment had 21 samples, each representing 200 g of cut peppers (separately packed into 

a tray). Four replicates from each treatment were stored under cold condition at 3, 5 and 8 °C for 6 

days. Two replicates for each treatment from each storage temperature were used for evaluation of 

shelf life. After 4 d of cold storage (3, 5, or 8 °C), these two replicates were moved to 18–20 °C (market 

simulated conditions) and stored for 2 d. One replicate from each treatment and each storage 

temperature was subjected to microscopic observation. 

2.2. Quality Assessment  

Quality assessment was performed every 2 d during cold storage, i.e., after 2, 4, and 6 d. Under 

conditions of market simulation (18-–20 °C), observations were made daily. Evaluation was 

performed organoleptically based on a nine-point scale:  

– softening: 1 – none, 3 – light, 5 – medium (clearly perceptible), 7 – strong (soft sticks), 9 – very 

strong (completely soft sticks); 

– browning: 1 – none, 3 – slight, 5 – medium clearly visible, 7 – strong, 9 – very strong    (brown); 

– ro�ing: 1 – none, 3 – slight (individual small rot spots), 5 – medium clearly visible (few clearly 

visible rot spots), 7 – strong, 9 – very strong; 

– marketable value: 9 – excellent (appear as freshly cut), 7 – good (light defects, only slightly 

reduced quality), 5 – sufficient (light and medium defects - lower limit of commercial suitability), 

3 – bad (large defects), 1 – very bad. 

On the same days, the natural weight loss of cut peppers was measured, expressed as a 

percentage representing the difference between the initial weight and the weight on a given day of 

observation. 

2.3. Microscopic Evaluation 

The morphological features of pepper fragments were evaluated using a stereoscopic 

microscope Olympus SZX 16 (Olympus Corporation, Tokyo, Japan) with cellSens imaging software. 

For histological analysis, the samples were fixed in a solution of chromic acid, acetic acid, and 

formalin for 48 h, dehydrated through an alcohol series, embedded in paraffin, and sectioned to 15 

µm on a rotary microtome. Cut material, after staining with safranin and fast green, was enclosed in 

Canada balsam [28,29] and examined by conventional light microscopy with a Nikon Eclipse 80i 

(Nikon Corporation, Japan, Tokio) with imaging software NIS-Elements Br 4.00 for photo-

documentation. 

2.4. Data Analysis 

The experiment was conducted twice, each time following the same protocols, in a two-factor 

system of five treatments and three storage temperature. The results were statistically analyzed with 

a two-factor analysis of variance. The averages for storage temperatures were analyzed as a one-

factor analysis of variance. To compare means, the Tukey test was used with statistical significance 

at p < 0.05. Calculations were made using STATISTICA 13 software (Dell Inc.). 
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3. Results 

3.1. Changes in Quality A�ributes 

Immediately after treatments and drying the surface of the sticks, the appearance of both 'Yecla’ 

and ‘Blondy’ peppers was very good. No heat damage was observed, and the sticks retained their 

proper color and firmness.  

After 2 d of cold storage, the sticks of red-fruit ‘Yecla’ peppers showed no signs of quality 

degradation. During further storage, the quality began to decline. The main reason for the 

degradation was softening. The first signs of softening appeared after 4 d of cold storage; softening 

was significantly more intense at 8 °C and least intense at 3 °C. The marketable value after 4 d was 

rated highest for peppers stored at 3 °C; the difference between 5 and 8 °C was insignificant. During 

the next 2 d of storage, the peppers softened further, and their commercial value dropped. After 6 d, 

peppers at 3 °C were rated as good, at 5 °C they were rated as between sufficient and good, and at 8 

°C they were near sufficient, (Table 1). 

HWT affected the delay of softening in ‘Yecla’ peppers. Softening was clearly visible after 4 d at 

3 and 8 °C. At the three storage temperatures, the control samples softened the most and had the 

lowest commercial value. For the next 2 d, the trend in 3 °C continued despite the fact that differences 

were not significant, and a similar situation was seen at 5 °C. At 8 °C, inhibition of softening occurred 

only for peppers treated with water at 55 °C for 12 s and at 50 °C for 3 min, although the differences 

were not significant. After 6 d of cold storage at 3 °C, peppers treated with hot water at 55 °C for 12 s 

had the highest commercial value, while control peppers had the lowest value. At 5 °C, all HWT 

improved the storage life of fresh-cut peppers to the same extent. At 8 °C, the storage life of peppers 

was only improved by treatments with water 55 °C for 12 s and 50 °C for 3 min., (Table 1). 

Table 1. Effect of hot water treatment on quality parameters of fresh-cut red-fruited 'Yecla' pepper during short-

term cold storage. 

Cold 

storage 

tempe-

rature 

Hot water parameters 4 days of storage 6 days of storage 

softening marketable 

value 

softening marketable 

value 

3 °C 55 °C–12 s 

53 °C–3 min. 

50 °C–5 min. 

45 °C–10 min. 

Control – not treated 

1.5±0.0  a 

1.6±0.2  ab 

1.5± 0.0 a 

1.5±0.0  a 

1.9±0.2  bcd 

8.3±0.63  b 

8.1±0.2  b 

8.2±0.3  b 

8.3± 0.3 b 

7.8±0.3 ab  

2.0 ±0.6 a 

2.6 ±0.8 a 

2.6±0.9 a 

2.6±1.2 a 

3.0±1.1 a 

7.7±0.5 e 

7.2±0.5 de 

7.2±0.7 de 

7.1±1.0 de 

6.5±0.5 cde 

Mean  1.6 ±0.2 A 8.1±0.3 B 2.6±0.9 A 7.1±0.7 C 

5 °C 55 °C–12 s 

53 °C–3 min. 

50 °C–5 min. 

45 °C–10 min. 

Control – not treated 

1.8±0.3 abc 

1.9± 0.2 bcd 

2.0±0.0 cd 

1.9±0.2 bcd 

2.0±0.0 cd 

7.7± 0.8 ab 

7.6± 0.7 ab 

7.5± 0.5 ab 

7.6± 0.6 ab 

7.5±0.5 ab  

2.8±0.8 a 

2.8±0.8 a 

2.8±0.8 a 

2.8±0.8 a 

3.8±1.3 a 

6.5±0.5 cde 

6.5±0.5 cde 

6.5±0.5 cde 

6.5±0.5 cde 

5.8±0.8 a-d 

Mean  1.9±0.2 B 7.6±0.6 A 3.0±1.0 A 6.4±0.6 B 

 8°C 55 °C–12 s 

53 °C–3 min. 

50 °C–5 min. 

45 °C–10 min. 

Control – not treated 

2.0±0.0  cd 

2.0±0.0 cd 

2.0±0.0 cd 

2.2±0.4 de 

2.5±0.5 e 

7.5± 0.5 ab 

7.5± 0.5 ab 

7.5± 0.5 ab 

7.3± 0.9 ab 

7.0± 1.1 a 

3.0±0.9 a 

4.5±2.7 a 

2.7±0.4 a 

4.7±2.0 a 

4.8±1.3 a 

6.0±0.5 cde 

4.5±2.7 ab 

6.4±0.4 b-e 

4.6±2.0 abc 

4.4±1.5 a 
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Mean  2.1±0.3 C 7.4±0.7 A 3.9±1.8 B 5.3±1.8 A 

Values are means from 8 samples ± standard deviation (SD). Means followed by the different lowercase within 

columns are significantly different (p˂0,05, Tukey test). Means ± SD for storage temperature are significantly 

different with different capital le�ers (p˂0,05, Tukey test).Grade scales: softening: 1 – none, 3 – light, 5 – medium 

(clearly perceptible), 7 – strong (soft sticks), 9 – very strong (completely soft sticks); marketable value: 9 – 

excellent (appear as freshly cut), 7 – good (light defects, only slightly reduced quality), 5 – sufficient (light and 

medium defects - lower limit of commercial suitability), 3 – bad (large defects), 1 – very bad. 

By changing the storage temperature after 4-day of cold storage to 18–20 °C, an acceleration of 

softening and decrease in the commercial value of fresh-cut peppers was noted. After one day, the 

decline in quality was affected only by softening, while after 2 d, rot appeared on some samples. 

There was a slight trend toward be�er quality of fresh-cut peppers stored at 3 °C and poorer quality 

after storage at 8 °C. HWT clearly had an effect on delaying softening and ro�ing within 2 d under 

market simulation conditions following cold storage. Control peppers softened and ro�ed noticeably 

faster than HWT peppers in all cold storage groups. After storage at 3 °C, peppers from all HWT 

combinations maintained similar quality over the next 2 d. After storage at 5 °C, the best quality 

peppers during the next 2 d were those treated with water 55 °C for 12 s and water at 50 °C for 5 min. 

For peppers stored at 8 °C, sticks treated with water at 55 °C for 12 s showed the best shelf life at 18–

20 °C, (Table 2). The color during refrigerated storage as well as market simulated conditions did not 

change in fresh-cut ‘Yecla’ peppers and was the same in both HWT and untreated samples (Figure 

1). 

Table 2. Effect of hot water treatment on quality parameters of fresh-cut red-fruited 'Yecla' peppers during shelf 

life at 18-20 °C, after 4 days of cold storage. 

Cold 

storage 

temperature 

Hot water 

parameters 

1 day at 18-20 °C 2 days at 18-20 °C 

softening marketable 

value 

softening rotting marketable 

value 

3 °C 55 °C–12 s 

53 °C–3 min. 

50 °C–5 min. 

45 °C–10 min. 

Control – not 

treated 

2.0±1.2 a 

2.3±0. 3a 

2.5±0.4 ab 

2.5±0.6 ab 

3.5±0.6 ab 

7.5±1.2 d 

7.3±0.3 cd 

7.0±0.4 cd 

7.0±0.0 cd 

5.5±0.6 ab 

3.0 ±2.3 a 

3.5±1.7 a 

3.4±0.8 a 

3.5±1.7 a 

5.0±2.3 a 

1.0±0.0 a 

1.0±0. 0a 

1.3±0.3 ab 

1.0±0.0 a 

1.3±0.3 ab 

6.0±1.2 b 

5.8±1.4 b 

5.8±0.3 b 

5.8±1.4 b 

4.0±1.2 ab 

Mean  2.6±0.8 A 6.9±0.9 A 3.7±1.8 A 1.1±0.2 A 5.5±1.3 A 

5 °C 55 °C–12 s 

53 °C–3 min. 

50 °C–5 min. 

45 °C–10 min. 

Control – not 

treated 

2.4±0.5 a 

2.8±0.3 ab 

2.0±0.6 a 

2.5±0.6 ab 

3.1±0.3 ab 

6.9±0.3 cd 

6.3±0.3 bcd 

7.5±0.6 d 

7.0±0.6 cd 

5.9±1.0 abc 

3.3±1.5 a 

4.3±2.0 a 

3.5±1.7 a 

3.8±2.0 a 

5.1±1.2 a 

1.1±0.3 a 

1.0±0.0 a 

1.0±0.0 a 

1.0±0.0 a 

2.4±1.6 ab 

5.8±1.3 b 

4.5±1.7 ab 

5.8±0.9 b 

5.5±1.7 ab 

2.6±0.5 ab 

Mean  2.6±0.6 A 6.7±0.8 A 4.0±1.7 A 1.3±0.8 A 4.8±1.7 A 

8 °C 55 °C – 12 s 

53 °C – 3 min. 

50 °C – 5 min. 

45 °C – 10 min. 

2.4±0.5 a 

2.5±0.6 ab 

2.8±0.5 ab 

2.6±0.8 ab 

4.0±1.2 b 

7.1±0.3 d 

7.0±0.6 cd 

6.4±0.8 bcd 

6.3±0.3 bcd 

4.8±0.3 a 

3.0±1.1 a 

4.3±2.0 a 

4.3±2.1 a 

4.3±2.0 a 

6.8±0.9 a 

1.0±0.0 a 

1.0±0.0 a 

1.0±0.0 a 

1.0±0.0 a 

3.0±2.3 b 

6.0±0.6 b 

4.6±1.9 ab 

4.6±2.0 ab 

4.5±2.3 ab 

2.0±0.0 a 
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Control – not 

treated 

Mean  2.9±0.9 A 6.3±1.0 A 4.5±2.0 A 1.4±1.2 A 4.4±2.0 A 

Values are means from 4 samples ± standard deviation (SD). Means followed by the different lowercase within 

columns are significantly different (p˂0,05, Tukey test). Means ± SD for storage temperature are significantly 

different with different capital le�ers (p˂0,05, Tukey test).Grade scales: softening: 1 – none, 3 – light, 5 – medium 

(clearly perceptible), 7 – strong (soft sticks), 9 – very strong (completely soft sticks); ro�ing: 1 – none, 3 – slight 

(individual small rot spots), 5 – medium clearly visible (few clearly visible rot spots), 7 – strong, 9 – very strong; 

marketable value: 9 – excellent (appear as freshly cut), 7 – good (light defects, only slightly reduced quality), 5 – 

sufficient (light and medium defects - lower limit of commercial suitability), 3 – bad (large defects), 1 – very bad. 

 

Figure 1. Fresh-cut ‘Yecla’ peppers after 4 d at 5 °C and 1 d at 18–20 °C. Labels on trays give hot water parameters. 

Kontrola = control (untreated peppers). 

The ‘Blondy’ peppers differed from ‘Yecla’ peppers during storage because of cut-surface 

browning. After 2 d at 8 °C, untreated ‘Blondy’ peppers already showed slight signs of browning of 

the cut surface (score 1.8), which slightly reduced the quality of these samples (score 8.0). Softening 

and ro�ing also developed with greater intensity during storage at 8 °C than at 3 and 5 °C. For this 

reason, peppers at 3 and 5 °C had be�er quality after 4 and 6 d than at 8 °C. 

HWT, depending on the parameters used, had a strong effect on reducing the browning of 

‘Blondy’ peppers. After 4 d at 3 °C, signs of browning were seen only in the control. Browning on 

peppers at 5 °C was observed in the control and on peppers treated with the highest temperature (55 

°C), while at 8 °C there was browning in the control and on peppers treated with both the highest 

and lowest temperatures (55 °C and 45 °C). After 6 d, browning was evident in the control and the 

samples treated with 45 °C water and stored at 3 °C and in the control and the samples treated with 

45 °C and 55 °C water and stored at 5 and 8 °C. At each storage temperature, samples treated with 

water at 53 °C for 3 min and water at 50 °C for 5 min retained the highest quality. Ro�ing, which 

developed the most on control samples, also contributed to the decline in quality after 6 d storage, 

(Table 3). 

Table 3. Effect of hot water treatment on quality parameters of fresh-cut cream-fruited 'Blondy' peppers during 

short-term cold storage. 

Cold 

storag

e 

tempe

Hot 

water 

paramete

rs 

4 days of storage 6 days of storage 

softenin

g 

surface 

brownin

g 

marketab

le value 

softenin

g 

surface 

browni

ng 

rotting marketab

le value 
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-

rature 

3 °C 55 °C–12 

s 

53 °C–3 

min. 

50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not 

treated 

1.1±0.1a 

1.1±0.1a 

1.1±0.1a 

1.1±0.1a 

1.1±0.1a 

1.0±0.0a 

1.0±0.0a 

1.0±0.0a 

1.0±0.0a 

1.8±0.8a

bc 

8.8±0.3d 

8.8±0.3d 

8.8±0.3d 

8.8±0.3d 

7.8±1.3bc

d 

1.5±0.3a 

1.2±0.1a 

1.5±0.0a 

3.4±2.3a

bc 

2.6±1.1a

bc 

1.0±0.0a 

1.0±0.0a 

1.0±0.0a 

1.3±0.3a

b 

2.5±0.0c 

1.2±0.3a 

1.0±0.0a 

1.0±0.0a 

1.0±0.0a 

1.5±0.5a 

7.5±0.3fg

h 

8.3±0.3h 

8.3±0.3h 

5.5±2.7de

f 

5.7±0.8d-

g 

Mean  1.1±0.1

A 

1.2±0.5A 8.6±0.7B 2.0±1.4A 1.4±0.6

A 

1.1±0.3

A 

7.0±1.7B 

5 °C 55 °C–12 

s 

53 °C–3 

min. 

50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not 

treated 

1.1±0.1a 

1.1±0.1a 

1.1±0.1a 

1.1±0.1a 

1.4±0.2a 

1.3±0.3a

b 

1.0±0.0a 

1.0±0.0a 

1.0±0.0a 

2.5±1.6c 

8.0±1.1cd 

8.5±0.5cd 

8.5±0.5cd 

8.5±0.5cd 

7.0±1.6bc 

1.5±0.0a 

2.0±0.9a

b 

1.5±0.0a 

3.8±2.4a

bc 

3.8±1.9a

bc 

1.8±0.8b 

1.0±0.0a 

1.0±0.0a 

1.3±0.3a

b 

4.0 

±0.0d 

1.0±0.0a 

1.0±0.0a 

1.0±0.0a 

1.0±0.0a 

1.3±0.3a 

7.0±1.1e-

h 

7.8±0.3gh 

8.3±0.3h 

5.2±2.9cd

e 

3.8±0.8bc

d 

Mean  1.1±0.2

A 

1.4±0.9A 8.1±1.1B 2.5±1.7A 1.8±1.2

A 

1.1±0.2

A 

6.4±2.2B 

8 °C 55 °C–12 

s 

53 °C–3 

min. 

50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not 

treated 

1.4±0.3a 

1.1±0.1a 

1.1±a0.1 

2.4±1.2b 

2.0± 

0.0b 

2.3±1.5b

c 

1.0±0.0a 

1.0±0.1a 

1.8±0.8a

bc 

4.0±1.2d 

7.1±1.7bc 

8.5±0.5cd 

8.5±0.5cd 

6.3±0.3ab 

5.3±1.9a 

3.7±1.3a

bc 

2.4±1.2a

bc 

2.3±0.8a

b 

5.3±4.0c 

4.5±1.6b

c 

3.9±0.5d 

1.3± 

0.3ab 

1.4±0.1a

b 

2.9±0.2c 

6.0±1.1e 

1.6±1.0a 

1.1±0.2a 

1.0±0.0a 

1.9±1.1a

b 

3.0±2.1

b 

3.1±0.7ab

c 

6.7±0.4e-

h 

6.6±0.7e-

h 

2.5±1.7ab 

1.5±0.5a 

 

Mean  1.6±0.7

B 

2.0±1.4B 7.1±1.7A 3.6±2.5B 3.1±1.8B 1.7±1.3

B 

4.1±2.4A 
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Values are means from 8 samples ± standard deviation (SD). Means followed by the different lowercase within 

columns are significantly different (p˂0,05, Tukey test). Means ± SD for storage temperature are significantly 

different with different capital le�ers (p˂0,05, Tukey test).Grade scales: softening: 1 – none, 3 – light, 5 – medium 

(clearly perceptible), 7 – strong (soft sticks), 9 – very strong (completely soft sticks); browning: 1 – none, 3 – slight, 

5 – medium clearly visible, 7 – strong, 9 – very strong (brown); marketable value: 9 – excellent (appear as freshly 

cut), 7 – good (light defects, only slightly reduced quality), 5 – sufficient (light and medium defects - lower limit 

of commercial suitability), 3 – bad (large defects), 1 – very bad. 

Fresh-cut ‘Blondy’ peppers after 1 d at 18–20 °C differed very significantly in browning, 

depending on HWT (Table 4). Under market simulation conditions, degradation processes 

accelerated, but significantly the best color and firmness were retained by peppers treated with water 

at 50 and 53 °C. After 1 d at 18–20 °C, the quality of the peppers from the best HWTs stored at 3 and 

5 °C was very good, while those stored at 8°C were good. After 2 d at 18-20 °C, the quality of the 

peppers decreased significantly, but the best appearance was retained by the peppers treated with 50 

and 53 °C water. Most browning, regardless the cold storage temperature, occurred on the control 

peppers. The most rot was also found on control peppers, although this was not statistically 

significant. Fresh-cut peppers subjected to water at 55 °C for 12 s and water at 45 °C for 10 min were 

ranked third and fourth in terms of severity of degradation changes. The least severe changes were 

found in samples treated with water at 53 °C for 3 min and water at 50 °C for 5 min. 

Table 4. Effect of hot water treatment on quality parameters of fresh-cut cream-fruited 'Blondy' peppers during 

shelf life at 18-20 °C, after 4 days of cold storage. 

Cold 

storag

e 

tempe

-

rature 

Hot 

water 

paramete

rs 

1 day at 18-20 °C 2 days at 18-20 °C 

softenin

g 

surface 

brownin

g 

marketab

le value 

softenin

g 

Surface 

brownin

g 

rotting marketab

le value 

 3°C 55 °C–12 

s 

53 °C–3 

min. 

50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not 

treated 

2.0±1.2a 

1.5±0.6a 

1.5±0.6a 

3.5±2.9a 

4.0±1.2a 

2.0±1.2a

b 

1.0±0.0a 

1.0±0.0a 

1.8±0.9a

b 

5.3±1.4d 

5.8±1.4c-f 

8.0±0.0f 

8.0±0.0f 

5.8±0.9c-f 

3.5±1.7ab

c 

6.5±0.6a 

3.1±1.6a 

3.5±2.9a 

6.0±2.3a 

8.3±0.3a 

4.5±1.7c

de 

1.4±0.3a 

1.5±0.6a

b 

2.5±1.7a

bc 

6.0±1.2d

e 

3.5±2.9

a 

1.4±0.5

a 

1.1±0.3

a 

2.5±1.7

a 

4.5±4.0

a 

2.0±0.0ab 

5.5±0.4d 

4.9±2.1cd 

1.5±0.6ab 

1.0±0.0a 

Mean  2.5±1.7

A 

2.2±1.8A 6.2±2.0A 5.5±2.6

A 

3.2±2.2A 2.6±2.5

A 

2.9±2.1A 

5 °C 55 °C–12 

s 

53 °C–3 

min. 

2.5±1.7a 

1.5±0.6a 

1.6±0.8a 

3.5±2.9a 

5.5±0.6a 

2.8±0.9a

bc 

1.0±0.0a 

1.0±0.0a 

4.8±0.9b-c 

8.0±0.0f 

7.9±0.0f 

4.5±1.7a-

d 

4.0±2.3a 

2.6±1.9a 

2.8±2.1a 

5.5±4.0a 

7.5±0.6a 

3.3±0.3a

bc 

1.4±0.5a 

1.9±0.9a

b 

3.0±2.3

a 

1.3±0.3

a 

2.0±0.0ab 

5.8±0.5d 

4.9±2.3bc 

1.5±0.6ab 

1.5±0.6ab 
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50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not 

treated 

2.5±0.6a

bc 

4.5±1.7c

d 

2.5±0.6ab 3.3±0.3a

bc 

6.0±1.2d

e 

 

1.1±0.3

a 

3.0±2.3

a 

4.0±3.5

a 

Mean  2.9±2.1

A 

2.4±1.6A 5.5±2.3A 4.8±2.9

A 

3.2±1.8A 2.5±2.2

A 

3.1±2.1A 

 8°C 55 °C–12 

s 

53 °C–3 

min. 

50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not 

treated 

3.5±2.9a 

2.0±1.2a 

2.3±1.5a 

4.0±3.5a 

5.5±1.7a 

3.5±0.6bc

d 

1.0±0.0a 

1.3±0.3a

b 

2.0±1.2a

b 

5.5±1.7d 

3.0±0.0ab 

7.4±0.9ef 

6.6±1.2de

f 

4.0±2.3d 

2.0±0.0a 

6.5±1.7a 

4.6±3.3a 

5.0±3.5a 

6.03.5±a 

8.5±0.6a 

 

5.0±0.0c

de 

2.9±1.7a

bc 

4.0±1.2bc

d 

4.5±0.6c

de 

7.0±0.0e 

 

3.0±2.3

a 

1.0±0.0

a 

2.5±1.7

a 

3.0±2.3

a 

4.5±4.0

a 

 

1.8±0.5ab 

4.0±2.4bc

d 

2.5±0.6ab

c 

1.5±0.6ab 

1.0±0.0a 

Mean  3.5±2.4

A 

2.7±1.9A 4.6±2.4A 6.1±2.8

A 

4.7±1.6B 2.8±2.5

A 

2.2±1.5A 

Values are means from 4 samples ± standard deviation (SD). Means followed by the different lowercase within 

columns are significantly different (p˂0,05, Tukey test). Means ± SD for storage temperature are significantly 

different with different capital le�ers (p˂0,05, Tukey test).Grade scales: softening: 1 – none, 3 – light, 5 – medium 

(clearly perceptible), 7 – strong (soft sticks), 9 – very strong (completely soft sticks); browning: 1 – none, 3 – slight, 

5 – medium clearly visible, 7 – strong, 9 – very strong (brown); ro�ing: 1 – none, 3 – slight (individual small rot 

spots), 5 – medium clearly visible (few clearly visible rot spots), 7 – strong, 9 – very strong; marketable value: 9 

– excellent (appear as freshly cut), 7 – good (light defects, only slightly reduced quality), 5 – sufficient (light and 

medium defects - lower limit of commercial suitability), 3 – bad (large defects), 1 – very bad. 

 

Figure 2. Fresh-cut ‘Blondy’ peppers after 4 d at 5 °C and 1 d at 18–20 °C. Labels on trays give hot water 

parameters. kontrola = control (untreated peppers). 
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During cold storage and commercial shelf life, there was no pi�ing or other signs indicating 

chilling injury on the strips of pepper. Damage was not found on either ‘Yecla’ or ‘Blondy’s. 

3.2. Weight Loss 

Weight loss during cold storage was low. For ‘Yecla’ peppers, it did not exceed 0.4%. The 

greatest weight loss occurred during the first 2 d of cold storage, increasing on subsequent days but 

with much less intensity. Despite the low values, the increase in weight loss was greater at 3 °C than 

at 5 and 8 °C. This relationship was also marked after 1 day in shelf life. At 18–20 °C, weight loss 

increased rapidly. After 2 d, the highest losses were found for peppers treated with HWT at 55 °C for 

12 s and control peppers, depending on the cold storage temperature, (Table 5). 

Table 5. Weight loss of fresh-cut red-fruited 'Yecla' peppers during cold storage and shelf life (18-20 °C), after 4 

days of cold storage. 

Cold 

storage 

tempe-

rature 

Hot water 

parameters 

Cold storage (days) Shelf life at 18-20 °C after 4 

d of cold storage (days) 

2 4 6 1 2 

3°C 55 °C–12 s 

53 °C–3 

min. 

50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not treated 

0.30±0.05 de 

0.30±0.05 de  

0.36±0.07 e 

0.25±0.06 cd 

0.38±0.03 e 

0.32±0.07 def 

0.31±0.05 c-f  

0.36±0.07 ef 

0.27±0.05 b-e 

0.39±0.04  f 

0.38±0.09 d 

0.31±0.05 bcd  

0.37±0.07 cd 

0.28±0.05 abc 

0.40±0.05 d 

0.70±0.20 e 

0.42±0.09 a-

d 

0.42±0.06 a-

d 

0.36±0.02 

abc 

0.50±0.00 

cde 

0.91±0.10 fg 

0.66±0.14 

bcd 

0.76±0.05 def 

0.54±0.05 

abc 

0.87±0.03 ef 

Mean  0.32±0.07 C 0.33±0.07 B 0.35±0.07 B 0.48±0.15 B 0.75±0.16 A 

5°C 55 °C–12 s 

53 °C–3 

min. 

50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not treated 

0.26±0.06 cd 

0.22±0.04 

bcd 

0.19±0.06 

abc 

0.12±0.05 a 

0.22±0.03 

bcd 

0.26±0.06 a-d  

0.22±0.04 

abc 

0.20±0.05 ab 

0.20±0.05 ab 

0.24±0.04 a-d 

0.28±0.07 abc  

0.27±0.03 ab 

0.21±0.05 a 

0.24±0.04 ab 

0.26±0.03 ab 

 

0.59±0.17 

de 

0.32±0.06 

abc 

0.24±0.03 a 

0.32±0.06 

abc 

0.32±0.06 

abc 

0.83±0.13 def 

0.54±0.06 

abc 

0.46±0.03 a 

0.55±0.08 

abc 

0.71±0.05 

cde 

Mean  0.20±0.06 B 0.22±0.05 A 0.25±0.05 A 0.36±0.15 A 0.62±0.15 A 

8°C 55 °C–12 s 

53 °C–3 

min. 

50 °C–5 

min. 

45 °C–10 

min. 

0.19±0.04 

abc 

0.18±0.05 

abc 

0.14±0.06 ab 

0.13±0.05 a 

0.11±0.04 a  

0.21±0.04 ab 

0.21±0.05 ab  

0.19±0.06 ab 

0.21±0.04 ab 

0.17±0.04 a 

 

0.31±0.06 bcd 

0.26±0.06  ab 

0.28±0.06 abc 

0.28±0.06 abc 

0.26±0.04 ab 

0.35±0.04 

abc 

0.29±0.02 

ab 

0.22±0.03 a 

0.36±0.05 

abc 

0.84±0.02 def 

0.49±0.03 ab 

0.46±0.05 a 

0.56±0.02 

abc 

1.08±0.06 g 
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Control – 

not treated 

 0.47±0.03 

bcd 

Mean  0.15±0.05 A 0.20±0.05 A  0.28±0.06 A 0.34±0.09 A 0.68±0.25 A 

Values are means from 8 samples ± standard deviation (SD) for cold storage and from 4 samples ± SD for shelf 

life. Means followed by the different lowercase within columns are significantly different (p˂0,05, Tukey test). 

Means ± SD for storage temperature are significantly different with different capital le�ers (p˂0,05, Tukey test). 

The weight loss in ‘Blondy’ peppers during cold storage was not high either, although it reached 

0.73% for the control peppers at 8 °C. After 2 d, the lowest losses were recorded for peppers stored at 

8 °C, but after 6 d, the lowest loss was with cold storage at 3 °C and the highest was with 8 °C 

(although not significantly different from storage at 5 °C). A dynamic increase in losses occurred after 

peppers were moved to 18–20 °C. As in the case of ‘Yecla,’ the highest losses after 2 d were found in 

control peppers and peppers with HWT at 55 °C for 12 s in all three cold storage temperature groups 

(Table 6). 

Table 6. Weight loss of fresh-cut red-fruited 'Blondy' peppers during cold storage and shelf life (18-20 °C), after 

4 days of cold storage. 

Cold 

storage 

tempe-

rature 

Hot water 

parameters 

Cold storage (days) Shelf life at 18-20 °C, after 4 

d of cold storage (days) 

2 4 6 1 2 

3 °C 55 °C–12 s 

53 °C–3 

min. 

50 °C–5 

min. 

45°C–10 

min. 

Control – 

not treated 

0.19±0.02 ab 

0.21±0.04 bc 

0.29±0.04 de  

0.24±0.02bcd 

0.19±0.03 ab 

 

0.23±0.03  

abc 

0.27±0.03 a-e 

0.33±0.05 d-

g 

0.28±0.05 a-e 

0.21±0.04 a 

 

0.24±0.02 a 

0.31±0.04 ab 

0.38±0.05 bc  

0.32±0.04 ab 

0.37±0.05 bc 

 

0.35±0.04 a 

0.36±0.05 ab 

0.50±0.04 

bcd 

0.35±0.04 a 

0.54±0.05 cd 

0.94±0.15 a-d 

0.70±0.06 ab 

0.80±0.15 

abc 

0.74±0.06 

abc 

1.89±0.17 gh 

Mean  0.23±0.05 B 0.26±0.06 A 0.33±0.06 A 0.42±0.09 A 1.01±0.55 A 

5 °C 55 °C–12 s 

53 °C–3 

min. 

50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not treated 

0.34±0.04 e 

0.21±0.03 b 

0.22±0.04 bc 

0.23±0.03  

bcd 

0.27±0.04 cd 

 

0.38±0.04 fg 

0.26±0.03 a-d 

0.29±0.06 a-e 

0.39±0.05 g 

0.34±0.07 efg 

 

0.41±0.05 bc 

0.31±0.04 ab 

0.66±0.05 bc 

0.46±0.04 cd 

0.56±0.06 d 

0.57±0.03 de 

0.38±0.03 ab 

0.39±0.05 ab 

0.56±0.02 de 

0.60±0.04 de 

1.21±0.02 de 

0.60±0.04 a 

0.68±0.03 ab 

1.06±0.06 cd 

1.64±0.08 fg 

Mean  0.25±0.06 C 0.33±0.07 B 0.42±0.10 B 0.50±0.11 A 1.04±0.39 A 

 8°C 55 °C–12 s 

53 °C–3 

min. 

0.21±0.05 b 

0.14±0.02  a 

0.19±0.02 ab 

0.31±0.06 c-f 

0.22±0.03 ab 

0.29±0.03 b-e 

0.56±0.07 d 

0.30±0.04 ab 

0.38±0.05 bc 

0.69±0.11 e 

0.40±0.04 

abc 

1.51±0.20 ef 

0.71±0.05 

abc 
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50 °C–5 

min. 

45 °C–10 

min. 

Control – 

not treated 

0.18±0.04  

ab 

0.18±0.03 ab 

0.34±0.04 efg 

0.31±0.04 def 

0.45±0.07 cd 

0.73±0.19 e 

 

0.50±0.04 

bcd 

0.59±0.05 de 

0.98±0.13 f 

0.98±0.13 

bcd 

1.18±0.06 de 

2.09±0.36 h 

 

Mean  0.18±0.04 A 0.29±0.06 A 0.48±0.20 B 0.63±0.22 B 1.30±0.52 A 

Values are means from 8 samples ± standard deviation (SD) for cold storage and from 4 samples ± SD for shelf 

life. Means followed by the different lowercase within columns are significantly different (p˂0,05, Tukey test). 

Means ± SD for storage temperature are significantly different with different capital le�ers (p˂0,05, Tukey test). 

3.3. Microscopic Evaluation 

Immediately after HWT, there were no noticeable changes in the tissue texture and surface color 

of bell pepper fragments in either the Yecla or Blondy cultivars. The sticks were firm with a well-

preserved characteristic pa�ern on the inner surface of the fruit (Figures 3 and 4). The fruit tissues 

showed no changes in cellular structure, indicating that cell turgor was preserved. In the cross 

sections, a clearly marked outer epidermal layer covered with cuticle and characteristic large spaces 

within the inner epidermis were observed (Figure 5). 

 

Figure 3. Interior surfaces of fresh-cut ‘Yecla’ peppers immediately after hot water treatment. (A) Control; (B) 55 

°C for 12 s; (C) 53 °C for 3 min; (D) 50 °C for 5 min; (E) 45 °C for 10 min. 
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Figure 4. Interior surfaces of fresh-cut ‘Blondy’ peppers immediately after hot water treatment. (A) Control; (B) 

55 °C for 12 s; (C) 53 °C for 3 min; (D) 50 °C for 5 min; (E) 45 °C for 10 min. 

 

Figure 5. Cross section of a pepper strip immediately after hot water treatment at 50 °C for 5 min. (A) Visible 

outer epidermis covered by a thick layer of cuticle (red arrow); (B) Characteristically large, convex spaces of the 

surface of the internal epidermis (black arrows). 

Samples stored at 3 and 5 °C generally retained a be�er structure than samples stored at 8 °C. 

The parenchyma cells of the pepper strips stored at 8 °C lost their regular shape and density, which 

is associated with a decrease in cell turgor. The fresh-cut peppers after HWT retained normal tissue 

structure when was stored at 3 °C, while at 8 °C the structure of the flesh degraded (Figure 6.). There 

was a squashing of the cells, leading to softening and maceration of the flesh. In pepper strips treated 

with water at 45 °C for 10 min, stored at 8 °C, and then exposed to 1 d of 18–20 °C, there was 

degradation of the epidermal and subepidermal compartments as evidenced by separation of the 

epidermal layer from the flesh cells (Figure 7). 
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Figure 6. Cross section through the glandular tissue of a pepper strip after hot water treatment at 50 °C for 5 

min, cold stored for 4 d, and kept 1 d at 18–20 °C. (A) Cold storage at 3 °C; (B) Cold storage at 8 °C. 

 

Figure 7. Cross section through the pepper sticks treated with hot water at 45 °C for 10 min, stored 4 d at 8 °C, 

and kept 1 d at 18–20 °C. Visible degradation of the cells of the spongy tissue and separation of the epidermis 

(red arrow) from the fruit flesh as a result of storage at too high of a temperature. 

When the peppers strips were assessed after 4 d of cold storage and 1 d at 18–20 °C, observations 

confirmed that cold storage temperature and hot water treatment significantly affected the 

morphological quality of the fruit. The observed changes were increased surface wetness and 

glassiness as well as cracking, which are the result of denaturation of cell wall proteins and increased 

permeability of cell membranes. ‘Blondy’ peppers from control treatment and HWT at 55 °C for 12 s 

showed discoloration. The best maintained structure was in the strips after HWT at 53 °C for 3 min). 

Tissue translucency was visible on pepper strips from the HWT at 45 °C for 10 min (Figure 8). 

Immediately following HWT, no changes were observed in the vascular bundle structure (Figure 9A, 

red arrow). After storage, the oxidation of phenolic compounds was visible, especially in the lignin-

rich xylem (Figure 9B, black arrow). 
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Figure 8. Interior surfaces of fresh-cut ‘Blondy’ peppers after 4 d of storage at 8 °C and kept 1 d at 18–20 °C. (A) 

Control; (B) Hot water treatment (HWT) at 55 °C for 12 s; (C) HWT at 53 °C for 3 min; (D) HWT at 50 °C for 5 

min; (E) HWT at 45 °C for 10 min). 

 

Figure 9. Cross section through tissue of fresh-cut peppers with visible vascular bundle. (A) Immediately after 

hot water treatment (HWT) at 45 °C for 10 min, red arrow indicates vascular bundle; (B) After HWT at 45 °C for 

10 min, 4 d storage at 8 °C, and 1 d at 1–20 °C, black arrow indicates xylem. 

4. Discussion  

Currently, the demand for fresh vegetables and fruits prepared for direct consumption is 

developing intensively. However, producers and traders have a problem with poor shelf life and 

consequently large losses. HWT is a non-chemical method to improve storage life of whole vegetables 

and fruits. The use of this method appeared to be effective for improving the shelf life of fresh-cut 

red-fruit and cream-fruit peppers. The response of the tested cultivars to HWT differed significantly. 

The ‘Yecla’ peppers showed an inhibition of stick softening, while the ‘Blondy’ peppers showed a 

reduction in stick softening and browning. Both disorders severely limit commercial marketing and 

increase losses [25,30]. The reasons for the softening may be a change in the osmotic state of the tissue 

and decomposition of the cell wall structure [1,31]. Discoloration of the ‘Yecla’ peppers was not 
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apparent during cold storage as well as during shelf life under market simulated condition, which 

may have been a result of the predominance of red pigments that masked other pigments in the 

pepper tissue. According to other researchers [32,33], the reason is the weak expression of genes 

affecting membrane lipid metabolism, which can limit the browning process. Our finding contradicts 

the results of Rodoni et al. [25], who found that heat treatment of red peppers at 45 °C for 3 min led 

to color change during storage at 4 °C, in addition to softening and ro�ing. The cultivars we tested 

also reacted variably to the different combinations of HWT. Inhibition of softening of 'Yecla' strips 

occurred as a result of al HWT, but there was a tendency to maintain the best firmness and quality 

during short-term storage after HWT at 55 °C for 12 s. The ‘Blondy’ peppers treated with water at 53 

°C for 3 min and water at 50 °C for 5 min retained the best color and quality. This is strong evidence 

that the reaction of fresh-cut vegetables to HWT is dependent on the type of plant material. The 

specific genetic and structural characteristics of the fruit can influence the direction of changes in the 

synthesis of HSPs and determine the morphological response in the tissue. The HSPs can delay the 

maturation and senescence processes to which the inhibition of polygalacturonase and exo- and 

endocellulase activity contribute [2,16]. In this way, HSPs also have an effect on delaying tissue 

softening, which occurred in the fresh-cut ‘Yecla’ peppers. The beneficial HSPs can affect the activity 

of polyphenolic oxidative enzymes and contribute to reducing browning of the cut surface of 

vegetables [9]. This discoloration was inhibited after two HWT at 50 and 53 °C in ‘Blondy’ peppers. 

The browning is caused by the oxidation of polyphenolic compounds under the influence of 

polyphenol oxidase (PPO). Also, there is evidence that peroxidase (POD) and phenylalanine 

ammonia lyase (PAL) may be involved in tissue browning of fresh-cut plant material [1,9,34,35]. 

Tissue browning may also be due to nonenzymatic polyphenol autooxidation [34]. Preventing 

browning requires deactivating the enzymes in this process [8]. Enzymes were not evaluated in our 

study, but numerous literature reports indicate that treating horticultural products with high 

temperatures results in inhibition of oxidative enzyme activity and reduces browning of cut 

vegetables. According to Lurie et al. [36], short-term immersion of plant products in water at 40–55 

°C can reduce the activity of oxidative enzymes (e.g., POD and PPO), which reduces tissue darkening. 

Heat shock treatment in minimal processing of celery petioles at 50 °C for 90 s reduced PAL and 

subsequent browning [37]. Cut le�uce reacted similarly to the same shock treatment [38]. HWRB 

inhibits PPO activity, which reduces browning of the litchi peel [2]. Also. HWT was an effective 

inhibitor of browning of fresh-cut eggplants and the storage time was extended from 4 to 8 d after 

HWT at 45 °C for 30 min [39]. Browning of potato slices was inhibited only if the whole tubers were 

first stored one day at 20 °C and before cu�ing immersed in water at 55 °C for 10–20 min [40]. 

The differences in fresh-cut pepper quality between cold storage at 3 °C and 5 °C were 

insignificant in our study. Some authors recommend no more than 5 °C as the ideal storage 

temperature for fresh-cut fruit and vegetables [1,41]. Higher storage temperatures encourage 

microbial growth, which can lead to ro�ing and maceration of the tissues [42]. 

The storage time of fresh-cut pepper was short, so even at low temperature chilling injury did 

not develop. The development of other damage (softening, discoloration, and ro�ing) terminated the 

storage of the fresh-cut peppers. Generally, chilling damage of fresh-cut, cold-sensitive horticultural 

species is not a problem during storage, as it develops more slowly than damage caused by enzymatic 

and microbial activity. Therefore, a low storage temperature is used for most cut vegetables, even for 

chilling sensitive commodities [1,43]. Weight losses of the pepper sticks were low, but it was 

surprising to see a slightly higher percentage loss in the first days of storage at 3 and 5 °C than at 8 

°C. Covering the samples with PE film protected them from excessive drying. However, turning on 

the cooling equipment more often in a chamber with a temperature of 3 °C than in one with 8 °C 

resulted in more intensive air circulation and a slight increase in the loss of fresh-cut pepper weight. 

Microscopic observations immediately after treatment indicated that the HWT in our study did 

not cause changes to the cellular structure of the pepper tissue. The temperatures of the hot water 

used were within the range suggested for fresh vegetables and fruits [4–6]. If the temperature is too 

high or the exposure too long, then it could damage the integrity of the cells [44], leading to leakage 
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of cell contents, loss of firmness, and faster spoilage. HWT affected other changes of a biochemical 

and physiological nature. During storage, the structural changes led to quality degradation of the 

fresh-cut peppers. This is in line with Foncesa et al. [31], who claimed that cell separation and cell 

breakage are involved in tissue softening during storage of fresh-cut vegetables.   

5. Conclusions 

Demand for fresh-cut vegetables is growing worldwide, but a concern is maintaining their high 

quality at all stages of production and distribution. The challenge for science and industry is to 

develop new technologies to improve the storage life of these products. To develop the most 

appropriate protocol for the chosen technology, it is necessary to take into account the physiological 

nature of the species and cultivar. Tests conducted in our study indicated that post-cu�ing HWT 

inhibits the softening of the sticks of red-fruit ‘Yecla’ peppers. This fresh-cut variety, whether treated 

or untreated, did not change color during short-term storage. The cream-fruit ‘Blondy’ peppers 

softened and browned during storage. Among four HWT tested, two regimens, water at 53 °C for 3 

min and water at 50 °C for 5 min, proved effective in inhibiting these adverse changes. Based on these 

results, we conclude that HWT technology can be used in the postharvest management of cut 

vegetables, but further research is needed to determine the biochemical mechanisms triggered by the 

heat treatment, as well as to evaluate other sensory characteristics of fresh-cut peppers. The 

technology should be optimized to eliminate risks and achieve greater benefits for more nutritious 

and safe food. 
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