
Prolonged Storage at Commercially Recommended Temperatures Promotes 1 

Chilling Injury in Fresh Georgia Peaches 2 

Orestis Giannopoulos1, Jakeline Zuluaga-Acosta1, Angelos Deltsidis1* 3 

1Department of Horticulture, University of Georgia, Vidalia Onion Research Laboratory, 121 4 

South Entomology Drive, Tifton, GA 31793 5 

Footnotes 6 

1. Corresponding author email: adeltsidis@uga.edu  7 

mailto:adeltsidis@uga.edu


Abstract 8 

Peach (Prunus persica L.) is a climacteric fruit highly susceptible to chilling injury (CI) during 9 

cold storage, a physiological disorder that significantly reduces commercial quality and shelf life. 10 

This study evaluated the postharvest quality of fresh-market peaches stored at different 11 

temperatures, with a focus on CI development and the critical temperature interval known as the 12 

storage ‘killing zone’. Three commercial cultivars, ‘Blazeprince’, ‘Rich Pride’, and ‘O’Henry’ 13 

were stored for up to 28 days (d) at 1.1°C, 5.5°C, or 10°C with 90% relative humidity. Fruit 14 

quality was assessed based on visual appearance, respiration rate, weight loss, firmness, decay 15 

incidence, CI incidence, flesh color, and total soluble solids (TSS) concentration. Flesh firmness 16 

declined in all three cultivars over time, with the most significant losses occurring at 10°C. 17 

Weight loss and decay incidence were also higher at 10°C, particularly after 21 d. CI symptoms 18 

were most severe in peaches stored at 5.5°C, confirming the elevated risk associated with the 19 

‘killing zone’ temperature range. Importantly, our results showed that 1.1°C, which is usually 20 

considered a safe storage temperature, did not prevent CI, with all three cultivars developing CI 21 

symptoms after a prolonged storage period. TSS levels increased slightly as fruit ripening 22 

progressed, while color changes varied by cultivar and were more pronounced under warmer 23 

storage conditions. Overall, these results showed that CI can develop during extended storage 24 

even under temperatures commonly regarded as safe for peach preservation. 25 

 26 
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Introduction 28 

Peach (Prunus persica L.) is a stone fruit with wide varietal diversity [1]. Originally cultivated in 29 

China, it was later introduced into Europe through Persia and Egypt [1,2]. Currently, peaches and 30 

nectarines are cultivated worldwide, in response to strong consumer demand, reaching a global 31 

production of 25.3 million metric tons in the 2024/2025 season [3]. Peaches are known for their 32 

distinct flavor, aroma, and texture. However, their high perishability presents major challenges 33 

and limitations for postharvest handling and market supply [4]. As climacteric fruit, peaches will 34 

ripen both on and off the tree, requiring cold storage immediately after harvest to slow down the 35 

ripening process and prevent decay [5].  36 

Peaches are cold-sensitive, and storage within the temperature range of 2.2°C to 7.7°C, 37 

commonly referred to as the ‘killing zone’ is detrimental to their postharvest quality [6]. This 38 

range, although above the freezing point, promotes the development of chilling injury (CI), a 39 

physiological disorder that typically becomes visible once the fruit is transferred to ambient 40 

temperatures [7]. CI is particularly challenging to detect because it does not always manifest 41 

externally, making visual assessment unreliable. However, it causes significant internal quality 42 

deterioration on the fruit flesh, including symptoms such as mealiness or wooliness (dry, grainy 43 

texture, and reduced juiciness), flesh translucency, browning, internal breakdown, incomplete 44 

ripening, and, most importantly, loss of flavor [8–11]. Previous studies have shown that to 45 

minimize the CI risk, peaches should be stored within the recommended temperature range of -1 46 

to 1.6°C, which slows down ripening, while avoiding freezing injury [12].  47 

Chilling injury-related quality issues are typically noticed by consumers rather than growers or 48 

shippers, often after purchase, which can negatively affect market sales [13]. Repeated instances 49 

of poor quality due to CI may further discourage consumers and shift preferences toward 50 

alternative fruits [14]. Considering the impact of CI symptoms on consumer perception, CI is 51 

recognized as a major postharvest disorder and remains one of the primary challenges in the 52 

peach industry. In addition to reducing consumer acceptance, CI results in considerable 53 

economic losses due to fruit rejection during marketing and processing [15]. This study 54 

evaluated the effects of three storage temperatures, including a recommended optimum, a 55 

temperature within the ‘killing zone’, and a temperature above that range, on the postharvest 56 



quality and shelf life of three commercial peach cultivars, aiming to identify novel approaches to 57 

reduce CI incidence.  58 

Materials and Methods 59 

Fruit Material 60 

Three commercial peach cultivars were utilized in this study: ‘Blazeprince’, an early-season 61 

clingstone cultivar released by the University of Arkansas breeding program; ‘Rich Pride’, a 62 

mid-season clingstone peach developed by the USDA-ARS breeding program in Byron, Georgia; 63 

and ‘O’Henry’, a late-season freestone cultivar originating from the Stiles private breeding 64 

program in California. Fruit was harvested at commercial optimum maturity from orchards 65 

located in central Georgia (Fort Valley, GA) (Table 1). Immediately after harvest, peaches were 66 

hydrocooled in 1 to 3°C water and sanitized using a chlorine solution containing approximately 67 

60 ppm free chlorine, with pH maintained between 6.5 and 7.5. Peaches were transferred the 68 

same day to the postharvest laboratory at the University of Georgia located in Tifton, GA, in an 69 

air-conditioned vehicle held at 20°C. Upon arrival, the fruit was sorted for uniformity of size and 70 

color, and any fruit showing defects, bruises, or decay were discarded.  71 

 72 

Storage Conditions 73 

Peaches were randomly divided into groups for storage at three different temperatures. The first 74 

group was stored at 1.1°C, the second at 5.5°C, and the third at 10°C. Relative humidity (RH) 75 

was maintained at 90% to minimize excessive weight loss and shriveling. Each group consisted 76 

of three biological replicates per evaluation day, with a minimum of 20 fruits per replicate used 77 

as individual observations. Evaluations were conducted after 7, 14, 21, and 28 d of storage. After 78 

each storage period, fruit was held for three additional days at 20°C and 70% RH to simulate 79 

market or home conditions, which also induce the appearance of CI symptoms and other quality 80 

defects.  81 

Weight loss  82 

Three boxes (replications) of 25 peaches (experimental units) each were labeled and weighed on 83 

arrival (day 0), and weight loss was calculated with the difference between the initial and final 84 



weights, then divided by the initial weight and multiplied by 100 to express the weight loss as a 85 

percentage according to the following equation (1): 86 

𝑊𝑒𝑖𝑔ℎ𝑡 𝐿𝑜𝑠𝑠 (%) =
(𝑊𝑖−𝑊𝑓)

𝑊𝑖∗100
         (1) 87 

Where Wi is the initial weight in grams (Day 0), and Wf is the final weight in grams. 88 

Respiration Rate 89 

Ten peaches per replication were randomly selected from each storage temperature and enclosed 90 

in two-gallon plastic buckets (United Solutions, Leominster, MA, USA) for one hour. Three 91 

biological replicates were set for each group. Respiration rate (RR) was measured using a 92 

CO2/O2 modified atmosphere package gas analyzer (Bridge 900141; Bedford Heights, OH, 93 

USA). The values were determined using the formula (2) proposed by Fonseca et al. (2002) [16] 94 

and expressed as the amount of CO2 released per hour (mLkg-1h-1). 95 

𝑅𝐶𝑂2
=

(𝑦𝑐𝑜2

𝑡𝑓
−𝑦𝑐𝑜2

𝑡𝑖 )⋅𝑉

100⋅𝑀⋅(𝑡𝑓−𝑡𝑖)
          (2) 96 

       97 

Where: 98 

R= respiration (consumption/production) rate, mLkg-1h-1 99 

V= free volume, mL 100 

y= volumetric concentration, % v/v 101 

M= mass, kg 102 

t= time, h 103 

Firmness 104 

Fruit firmness was assessed using an AFG 250N Mecmesin Advanced Force Gauge (Richmond 105 

Works, Lake View, Halifax, UK) attached to a Multitest 2.5-d Mecmesin texture analyzer tower. 106 

Nine peaches were randomly selected from each group. A 1-mm slice of peel was removed from 107 

the surface of each fruit with a knife, and puncture tests were performed at that site with an 8-108 



mm cylindrical probe. The loading speed was set at 2 mm/s, and the maximum puncture depth 109 

was 10 mm [17]. Firmness was expressed as the maximum force in Newtons (N). 110 

Visual Flesh Appearance 111 

Flesh visual appearance was evaluated by randomly selecting five peaches from each storage 112 

temperature at each evaluation point. Images were collected to document the development of CI 113 

symptoms during storage. High-quality photographs were captured on days 0, 7, 14, 21, and 28 114 

using a smartphone camera (iPhone 15 Pro Max, Apple, Cupertino, CA, USA) placed within an 115 

enclosed photobooth to ensure uniform lighting and consistent imaging conditions. 116 

 117 

Flesh Color Evaluation 118 

On each sampling day, three peaches were randomly selected from each replication (nine fruits 119 

per storage temperature). Flesh color was assessed on the cut flesh surface by taking three 120 

readings at different positions, and their mean was used as the color value for each fruit. 121 

Measurements were obtained using a digital colorimeter (Konica Minolta CR-400, Tokyo, Japan) 122 

and expressed in the CIE L* a* b* color space, where L* represents lightness (0 = black, 100 = 123 

white), a* the red-green index (+a = red, −a = green), and b* the yellow-blue index (+b = yellow, 124 

−b = blue). 125 

Decay and CI Incidence 126 

Decay incidence was determined visually by inspecting a minimum of 20 peaches per replicate at 127 

each storage temperature. Fruits displaying mold growth or water-soaked lesions on the surface 128 

were considered rotten. The decay incidence was calculated as the percentage of affected fruits 129 

relative to the total number of peaches evaluated. CI incidence was similarly determined by 130 

recording the presence or absence of characteristic CI symptoms on each fruit and expressing the 131 

results as a percentage. 132 

Total Soluble Solids 133 

Samples were prepared by homogenizing 10 g of fruit with a homogenizer (PowerGen 500, 134 

Fisher Scientific, Waltham, MA, USA). The homogenate was centrifuged in an Allegra 25R unit 135 

(Beckman Coulter, Brea, CA, USA) at 4,800 rpm and 4°C for 35 min. Subsequently, the 136 

supernatant was filtered through cheesecloth, and the juice was stored at -20°C until analysis. 137 



TSS concentration was measured using a pocket refractometer (PAL-1; Minato-ku City, Tokyo, 138 

Japan) by placing a drop of juice on the prism, and the results were expressed as a percentage of 139 

TSS. 140 

 141 

Data Analysis 142 

The study was conducted during the summers of 2023 and 2024 and involved three commercial 143 

melting flesh peach cultivars (‘Blazeprince’, ‘Rich Pride’, and ‘O’Henry’) stored at 1.1°C, 144 

5.5°C, or 10°C. Quality attributes were evaluated on days 0, 7, 14, 21, and 28. A subset of three 145 

biological replicates per storage temperature was held for three additional days at 20°C and 70% 146 

RH to asses CI incidence under simulated market conditions. A completely randomized design 147 

was used in this experiment. All statistical analyses were performed in R (R Foundation for 148 

Statistical Computing, Vienna, Austria). Data were analyzed separately for each sampling day. 149 

For each cultivar and each storage day, a linear model was fitted, followed by a one-way 150 

ANOVA to test for differences among storage temperatures. When the significant effects were 151 

detected (p < 0.05), means were compared using Tukey’s HSD test (95% confidence level). 152 

Compact letter displays were used to illustrate statistical differences among the groups. The 153 

results were expressed as means ± standard errors.  154 

  155 



Results 156 

Weight Loss 157 

Weight loss in the ‘Blazeprince’ cultivar progressively increased during storage (Fig. 1, II, A). 158 

After 7 d, peaches stored at 1.1°C exhibited significantly lower weight loss (5.29 ± 0.28%) when 159 

compared to 5.5°C (6.94 ± 0.07%) and 10°C (6.70 ± 0.13%) (Fig. 1, II, A). On 14 d, differences 160 

among storage temperatures were not statistically significant (Fig. 1, II, A). By 21 d, peaches 161 

stored at 1.1°C demonstrated significantly lower weight loss (11.04 ± 1.13%) compared to 5.5°C 162 

(13.46 ± 0.47%) (Fig. 1, II, A). This trend remained consistent throughout the 28 d storage 163 

period, where peaches stored at 1.1°C maintained significantly the lowest values (10.99 ± 164 

0.09%) compared to the other storage temperatures (Fig. 1, II, A). 165 

Weight loss in the ‘Rich Pride’ cultivar, increased over time during storage (Fig. 1, II, B), 166 

following a similar trend to ‘Blazeprince.’ After 7 d, peaches stored at 1.1°C (4.81 ± 0.23%) and 167 

5.5°C (5.97 ± 0.12%) showed significantly lower weight loss compared to 10°C (7.33 ± 0.45%) 168 

(Fig. 1, II, B). On day 14, peaches stored at 1.1°C exhibited significantly lower weight loss (6.90 169 

± 0.63%), compared to those stored at 10°C (10.11 ± 0.39%) (Fig. 1, II, B). By day 21, 170 

differences among the three different storage temperatures were not statistically significant (Fig. 171 

1, II, B). However, after 28 d of storage, fruit stored at 1.1°C maintained significantly lower 172 

weight loss (12.56 ± 0.22%) compared with fruit stored at 10°C (17.30 ± 0.30%) (Fig. 1, II, B). 173 

In ‘O’Henry’ peaches, weight loss gradually increased during storage at all storage temperatures 174 

evaluated (Fig. 1, II, C). On 7 d, peaches stored at 1.1°C demonstrated significantly lower weight 175 

loss (2.78 ± 0.44%) when compared to 5.5°C (4.84 ± 0.23%) and 10°C (5.10 ± 0.48%) (Fig. 1, II, 176 

C). On 14 d, no statistically significant differences were observed among the three storage 177 

temperatures (Fig. 1, II, C). As storage progressed to 21 d, weight loss followed a trend similar to 178 

that observed in ‘Blazeprince’ and ‘Rich Pride’, with peaches stored at 1.1°C showing the lowest 179 

weight loss value (8.65 ± 0.63%) (Fig. 1, II, C). A comparable pattern was maintained at 28 d, 180 

when peaches stored at 1.1°C demonstrated significantly lower weight loss (19.8 ± 0.48%), 181 

compared to storage at 5.5°C (22.5 ± 0.80%) and 10°C (27.3 ± 3.03%) (Fig. 1, II, C). 182 

 183 



Respiration Rate 184 

In the ‘Blazeprince’ cultivar, RR increased gradually during the storage period (Fig. 2, II, A). 185 

After 7 d of storage, peaches stored at 10°C exhibited significantly higher RR compared to 186 

peaches stored at 1.1°C. After 14 d of storage, peaches stored at 5.5°C demonstrated a 187 

significantly higher respiration rate (28.84 ± 1.60 mLkg−1h−1), compared to those stored at 188 

1.1°C (24.54 ± 0.59), while fruit stored at 10°C exhibited intermediate values (25.19 ± 0.65 189 

mLkg−1h−1) (Fig. 2, II, A). On 21 and 28 d, no statistical differences were observed between 190 

storage conditions. 191 

In ‘Rich Pride’, RR progressively increased during the storage period across all evaluated storage 192 

temperatures (Fig. 2, II, B). No significant differences were observed between storage 193 

temperatures at any time point, except at 28 d, when peaches stored at 10°C exhibited the highest 194 

RR (37.31 ± 1.15 mLkg−1h−1) (Fig. 2, II, B). 195 

In the ‘O’Henry’ cultivar, RR increased on a larger scale compared with ‘Blazeprince’ and ‘Rich 196 

Pride’ throughout the 28 d of storage for all three storage temperatures (Fig. 2, II, C). After 14 d 197 

of storage, RR ranged from 50.83 ± 4.56 mLkg−1h−1 (1.1°C) to 53.91 ± 2.77 mLkg−1h−1 198 

(10°C), with no statistically significant differences observed among storage temperatures (Fig. 2, 199 

II, C). However, after 21 d of storage, peaches stored at 10°C showed statistically significantly 200 

higher RR (62.83 ± 1.45 mLkg−1h−1) compared with those at 1.1°C (50.04 ± 0.60 mLkg−1h−1) 201 

and 5.5°C (53.89 ± 0.77 mLkg−1h−1) (Fig. 2, II, C). This trend continued after 28 d of storage, 202 

where fruit held at 10°C showed the highest RR (88.12 ± 5.06 mLkg−1h−1) (Fig. 2, II, C). 203 

 204 

Firmness 205 

In the ‘Blazeprince’ cultivar (Fig. 2, I, A), fruit firmness declined from 0 to 7 d of storage. By 7 206 

d, peaches stored at 1.1°C maintained significantly higher firmness (4.29 ± 0.28 N) compared to 207 

those stored at 5.5°C (3.54 ± 0.14 N) or 10°C (3.44 ± 0.14 N), a trend that persisted at 14 d. After 208 

21 d, peaches stored at 1.1°C showed a marked increase in firmness (5.33 ± 0.18 N), both 209 

relative to the previous time point (14 d) and compared to fruit stored at 5.5°C (1.94 ± 0.22 N) or 210 

10°C (3.20 ± 0.14 N) (Fig. 2, I, A). Firmness at 1.1°C continued to rise through 28 d and 211 



remained the highest among storage temperatures. No differences were detected between 5.5°C 212 

and 10°C at this final time point. (Fig. 2, I, A). 213 

Similarly, for the ‘Rich Pride’ cultivar, firmness declined from 0 to 7 d of storage (Fig. 2, I, B). 214 

After 7 d, fruit stored at 1.1°C exhibited the highest firmness (6.21 ± 0.30 N), while those stored 215 

at 10°C exhibited the lowest readings (4.00 ± 0.15 N) (Fig. 2, I, B). After 14 d of storage, 216 

peaches stored at 1.1 and 5.5°C were significantly firmer than those stored at 10°C (Fig. 2, I, B). 217 

This trend continued through 21 and 28 d, with fruit stored at 1.1 and 5.5°C consistently 218 

maintaining higher firmness compared with those stored at 10°C (Fig. 2, I, B). 219 

In the ‘O’Henry’ cultivar, firmness decreased sharply during the first 7 d of the storage period 220 

(Fig. 2. I. C). After 7 d, peaches stored at 1.1 and 5.5°C maintained higher firmness compared 221 

with those stored at 10°C (Fig. 2, I, C). After 21 d, peaches stored at 5.5°C were firmer than 222 

those at 10°C, while 1.1°C showed intermediate values (Fig. 2, I, C). After 28 d, peaches stored 223 

at 10°C showed the lowest firmness readings (8.10 ± 0.75 N), when compared to both 1.1°C 224 

(13.70 ± 0.96 N) and 5.5°C (12.57 ± 0.78 N) (Fig. 2, I, C). 225 

Flesh Visual Appearance 226 

During the first 7 d of storage, all cultivars retained their visual quality, with no sign of CI across 227 

storage temperatures (Figs. 3, 4, and 5). By 14 d of storage, CI symptoms appeared in fruit stored 228 

at 5.5°C, whereas peaches at 1.1 and 10°C remained unaffected (Figs. 3, 4, and 5). On day 21, CI 229 

was observed on peaches stored at 1.1°C and 5.5°C, while fruit stored at 10°C continued free of 230 

symptoms, a pattern consistent across cultivars (Figs. 3, 4, and 5). This trend persisted through 231 

28 d, when peaches stored at 1.1°C and 5.5°C showed CI (Figs. 3, 4, and 5), whereas peaches 232 

stored at 10°C remained free of CI throughout the entire storage period (Figs. 3, 4, and 5). 233 

Flesh Color Evaluation 234 

The L* value, representing lightness, showed no significant differences among storage 235 

temperatures in the ‘Blazeprince’ cultivar through 14 d. However, on 21 d, peaches stored at 236 

10°C exhibited significantly higher L* values (66.8 ± 0.41) compared to 5.5°C (62.9 ± 1.46) 237 

(Table 2). In the ‘Rich Pride’ cultivar, no significant differences were observed until 28 d, when 238 

fruit stored at 10°C presented lower values relative to the other conditions. For the ‘O’Henry’ 239 



cultivar, significant differences were observed at 21 d, with peaches at 5.5°C showing 240 

significantly lower L* values (69.0 ± 1.62) compared to fruit stored at 1.1°C.  241 

The a* values, representing red-green color tones, remained stable throughout storage in the 242 

‘Blazeprince’ cultivar, with no statistically significant differences among storage temperatures 243 

(Table 2). In the ‘Rich Pride’ cultivar, differences emerged after 21 d of storage, when peaches 244 

stored at 1.1°C showed lower a* values (6.2 ± 1.56) compared with 10°C (11.3 ± 1.15) (Table 2). 245 

By 28 d, peaches stored at 10°C retained higher redness (9.3 ± 0.73) (Table 2). For the ‘O’Henry’ 246 

cultivar, significant differences appeared earlier, at 14 d, with peaches stored at 10°C showing 247 

significantly lower a* value (1.29 ± 0.29) compared to 1.1°C (3.12 ± 0.64), and 5.5°C (5.45 ± 248 

0.45) (Table 2). On 28 d, peaches stored at 10°C expressed significantly higher a* values (10.9 ± 249 

1.58) compared to 1.1°C (6.2 ± 0.88) (Table 2).  250 

The b* values indicate yellow-blue tones. For the ‘Blazeprince’ cultivar, fruit stored at 10°C 251 

expressed significantly higher b* values at 14 d (49.1 ± 0.99) compared to fruit stored at 5.5°C 252 

(43.5 ± 1.71). A similar trend was observed at 21 d, when peaches stored at 10°C expressed 253 

significantly higher b* values (53.8 ± 0.99) compared to both 5.5 and 1.1°C storage temperatures 254 

(Table 2). For the ‘Rich Pride’ cultivar, b* values remained stable throughout storage, with no 255 

significant differences among storage temperatures. In the ‘O’Henry’ cultivar, significant 256 

differences were detected at later stages, with fruit stored at 10°C presenting higher b* values 257 

after 21 and 28 d of storage compared to 5.5°C. 258 

Decay Incidence 259 

In the ‘Blazeprince’ cultivar, decay incidence was not significantly different among storage 260 

temperatures until 21 d, when peaches stored at 5.5°C showed a significant increase in decay 261 

incidence (32.0 ± 1.63%) compared with the other conditions (Fig. 1, I, A). At 28 d, decay 262 

incidence increased sharply in peaches stored at 5.5°C (80.0 ± 2.94%). Fruit stored at 10°C also 263 

showed a marked increase during this interval, reaching approximately 25.3% ± 2.62%. In 264 

contrast, fruit stored at 1.1°C remained free of decay throughout the entire storage period (Fig. 1, 265 

I, A). 266 

In ‘Rich Pride’, decay incidence was not significantly different among storage temperatures until 267 

21 d, when fruit stored at 5.5°C showed significantly higher decay incidence (46.7 ± 2.87%) 268 



compared with other conditions (Fig. 1, I, B). By 28 d, decay incidence remained highest in 269 

peaches stored at 5.5°C (49.3 ± 2.36%), followed by 10°C (14.7 ± 1.25%) and 1.1°C (6.7 ± 270 

1.70%) (Fig. 1, I, B). 271 

In ‘O’Henry’, no decay was observed until day 7. By 14 d, peaches stored at 10°C exhibited 272 

significantly higher decay incidence (11.7 ± 0.47%) compared with 5.5°C (6.7 ± 0.47%) and 273 

1.1°C (3.7 ± 0.47%) (Fig. 1, I, C). At 21 d, decay incidence was higher in fruit stored at 10°C 274 

(12.3 ± 1.25%) and 1.1°C (9.3 ± 1.89%) than at 5.5°C (3.5 ± 0.47%) (Fig. 1, I, C). By 28 d, fruit 275 

stored at 10°C exhibited the highest decay incidence (23.3 ± 0.47%) compared to 5.5°C (4.3 ± 276 

0.47%) and 1.1°C (6.7 ± 0.47%) (Fig. 1, I, C). 277 

Chilling Injury 278 

CI in ‘Blazeprince’ peaches was absent across all three storage temperatures up to 7 d (Fig. 1, III, 279 

A). On day 14, peaches stored at 5.5°C exhibited significantly higher CI incidence (84.0 ± 280 

1.41%), while no symptoms were detected at 1.1 or 10°C (Fig. 1, III, A). However, by day 21, 281 

fruit stored at 1.1 and 5.5°C showed significantly higher CI than those at 10°C, which remained 282 

free of symptoms (Fig. 1, III, A). This pattern persisted through 28 d of storage, when peaches 283 

stored at 1.1°C reached 100% CI incidence, statistically similar to 5.5°C (92.0 ± 1.41%), 284 

whereas peaches stored at 10°C remained unaffected (Fig. 1, III, A). 285 

For the ‘Rich Pride’ cultivar, no CI symptoms were observed until 14 d, when peaches stored at 286 

5.5°C showed a slight increase in CI incidence (13.3 ± 2.49%) (Fig. 1, III, B). By 21 d, fruit 287 

stored at 1.1°C and 5.5°C exhibited significantly higher CI incidence (86.6 ± 1.25% and 82.6 ± 288 

0.94%, respectively), compared to fruit stored at 10°C, which remained free of CI symptoms 289 

(Fig. 1, III, B). By 28 d, a similar pattern was observed, with peaches stored at 5.5°C exhibiting 290 

the highest CI incidence (94.6 ± 1.25%), followed by 1.1°C (70.6 ± 3.40%), both significantly 291 

greater than 10°C, where no CI symptoms were detected throughout the storage period (Fig. 1, 292 

III, B). 293 

In ‘O’Henry’ cultivar, CI was absent during the first 7 d of storage across all three storage 294 

temperatures evaluated (Fig. 1, III, C). On 14 d, peaches stored at 5.5°C exhibited significantly 295 

higher CI incidence (70.0 ± 4.32%) compared with the other storage conditions, which showed 296 

no CI (Fig. 1, III, C). On day 21, fruit stored at 5.5°C presented the highest CI (89.47 ± 0.82%), 297 



significantly greater than 1.1°C (48.1 ± 3.30%), while no CI was detected at 10°C (Fig. 1, III, C). 298 

This trend persisted through 28 d, when storage at 5.5°C resulted in the highest CI incidence 299 

(85.0 ± 1.41%), followed by 1.1°C (51.6 ± 0.47%), while fruit stored at 10°C remained free of CI 300 

symptoms throughout the storage period (Fig. 1, III, C). 301 

Total Soluble Solids 302 

For the ‘Blazeprince’ cultivar, TSS increased gradually over 28 d of storage, with no consistent 303 

pattern among storage temperatures (Fig. 2, III, A). Differences were not significant until after 28 304 

d of storage, when peaches stored at 5.5°C had significantly lower TSS (10.37 ± 0.17°C), 305 

compared to the ones stored at 1.1 and 10°C (Fig. 2, III, A). 306 

In the ‘Rich Pride’ cultivar, TSS increased gradually during storage, following a pattern similar 307 

to of ‘Blazeprince’, with only minor variations among the temperatures (Fig. 2, III, B). 308 

Specifically, after 21 d, peaches stored at 1.1 showed statistically significantly higher TSS values 309 

(9.40 ± 0.10%) when compared to 10°C (6.67 ± 0.72%) (Fig. 2, III, B). By 28 d, TSS values no 310 

differed significantly among storage temperatures. 311 

In the ‘O’Henry’ cultivar, TSS values increased slightly throughout storage period (Fig. 2, III, C), 312 

and no significant differences were detected among storage temperatures at any evaluated 313 

timepoint (Fig. 2, III, C). 314 

 315 

  316 



Discussion 317 

Postharvest temperature management plays a key role in maintaining peach quality during 318 

storage and distribution. Peaches, as climacteric fruit, continue to show increased metabolic 319 

activity after harvest, which can lead to rapid softening, increased susceptibility to decay, 320 

shortened shelf life, and declined marketability value [10]. Refrigeration is crucial to slow down 321 

respiration and ethylene production, both of which contribute to the fruit ripening and senescence 322 

[18]. Consequently, for producers, packing house owners, distributors, and even consumers, the 323 

storage temperature must be carefully optimized. Peach storage is particularly challenging due to 324 

the ‘killing zone’, defined in the literature as the temperature range between 2.2 and 7.7°C, 325 

where the risk of CI symptoms such as mealiness, browning, and internal breakdown is elevated 326 

[10,19]. In this study, ‘Blazeprince’, ‘Rich Pride’, and ‘O’Henry’ peaches were stored at 1.1°C 327 

[20], 5.5°C (within the ‘killing zone’), and 10°C (above the ‘killing zone’) for a storage period of 328 

up to 28 d. Our results showed that CI developed even at 1.1°C (putative safe storage 329 

temperature) during extended storage durations. The incidence was higher at 5.5°C, but the 330 

presence of CI at 1.1°C in all cultivars indicates that this storage temperature is not completely 331 

safe under specific circumstances. This shows the cultivar differences and the need for more 332 

precise temperature management in order to protect fruit quality after harvest. On the other hand, 333 

storage of peaches at 10°C did not trigger any CI symptoms in any of the three cultivars. 334 

Nevertheless, fruit stored at the elevated temperature softened faster and showed higher decay 335 

incidence and weight loss. The complete absence of CI under 10°C storage suggests that this 336 

storage temperature could be an acceptable solution for short storage periods or rapid distribution 337 

when the main concern is the avoidance of chilling injury. However, this storage temperature is 338 

unsuitable for long-term storage. 339 

Weight loss steadily increased over storage for all three cultivars, and the highest values were 340 

constantly observed at 10°C. Peaches stored at 1.1°C with 90% RH consistently showed the 341 

lowest weight loss during the 28 days storage period, which agrees with the expected reduction 342 

in weight loss at lower storage temperatures [21–23]. Storage at 5.5°C resulted in intermediate 343 

values and showed a faster increase in weight loss after 21 d, especially in ‘Blazeprince’ and 344 

‘Rich Pride’. These results showed that even though weight loss is affected by the present 345 

relative humidity in the air, storage temperature is also linked with losses and thus, 1.1°C 346 



remains the most effective temperature for reducing weight loss. The higher weight loss at 10°C 347 

also supports the observation that fruit at this temperature softened faster and had higher decay 348 

incidence (after 21 d) due to the increased activity of cell wall modifying enzymes [24]. 349 

Peach respiration rates increased overall during storage for all cultivars evaluated, and the 350 

highest values were usually linked with the highest storage temperature (10°C). This is an 351 

expected outcome because the warmer temperatures increase metabolic activities and lead to 352 

faster CO2 production. Several studies have shown that peaches stored at higher temperatures 353 

respire more rapidly, which accelerates softening and reduces shelf life [14,19]. However, 354 

‘Blazeprince’ showed higher respiration rates at 5.5°C compared to 10°C after 14 days of 355 

storage, which suggests a possible stress response in the ‘killing zone’ temperature range for this 356 

specific cultivar. The different patterns show that cultivars can react differently when exposed to 357 

cold stress or warmer storage conditions. In our study the increase in respiration at 10°C was 358 

accompanied by accelerated softening and higher decay incidence, while the lower respiration 359 

rates at 1.1°C reflected the reduced metabolic activity under cold storage conditions.  360 

Total soluble solids (TSS) values increased slightly during storage for all cultivars as expected 361 

during ripening progression, with starches and complex carbohydrates breaking down into 362 

simpler sugars [25,26]. The differences among temperatures were not consistent, and the changes 363 

were small compared to the other quality traits. This agrees with previous work showing that 364 

storage temperature has a limited direct influence on TSS in peaches, since sugar accumulation 365 

mainly depends on ripening stage and cultivar characteristics rather than temperature alone [18]. 366 

In our study the minor increase in TSS reflected normal ripening during cold storage and did not 367 

show a clear temperature effect or any correlation with the chilling injury (CI) disorder. 368 

Firmness is key quality attribute for peaches and is directly reflecting textural integrity, 369 

postharvest shelf life, and has a serious influence on the marketability value of the product [25]. 370 

Our results showed that firmness for all three cultivars declined over time. This softening is 371 

primarily attributed to the enzymatic degradation of pectin, cellulose, and hemicellulose, crucial 372 

cell wall components for fruit integrity. Enzymes, including polygalacturonase (PG), pectin 373 

methylesterase (PME), and β-galactosidase, directly influence the pectic substances and loosen 374 

the cell wall structure, ultimately leading to fruit softening [8,26]. An uncommon behavior was 375 

observed in peaches stored at 1.1°C where firmness slightly increased during later storage stages 376 



(after 14 days of cold storage). This response has been previously associated with the evidence of 377 

CI, where peach mesocarp cells fail to fully disassemble, resulting in a dry and rubbery texture, 378 

commonly referred to as mealiness or wooliness [8,10,27]. On the other hand, peaches stored at 379 

10°C exhibited greater fruit softening, confirming previous findings that elevated storage 380 

temperatures can accelerate the activity of softening-related enzymes [24,28]. 381 

Decay incidence development is a serious postharvest concern that can negatively affect peach 382 

marketability, especially under conditions that compromise fruit integrity. In our study, decay 383 

incidence increased notably after prolonged storage (21 d), with the highest rates observed in 384 

fruit stored at the higher storage temperatures of 5.5 and 10 °C. A similar study by Sun et al. 385 

(2018) [29] found that peaches stored at 5 and 8°C developed decay earlier and at higher 386 

percentages than fruit stored at 0 and 2°C with decay increasing steadily as storage duration 387 

progressed. In our study we also observed that decay appeared sooner at the higher storage 388 

temperature of 10°C, while 5.5°C showed noticeable decay after 21 d and 1.1°C maintained the 389 

lowest decay incidence throughout the storage period. 390 

It is worth noting that our findings showed CI symptoms at 1.1°C in all three cultivars during 391 

extended storage, which poses a challenge for the common view that this temperature is 392 

completely safe for long-term peach storage. Franzoni et al. (2023) [12] reviewed the 393 

biochemical and molecular responses of peaches to low temperature stress and described how 394 

cold storage led to damage of membrane integrity, reactive oxygen species (ROS) accumulation, 395 

as well as cell wall disruption associated with CI development. Our results are aligned with the 396 

findings of this study, highlighting that extended storage durations at putative safe storage 397 

temperatures (1.1°C) contribute to the development of visible CI symptoms, after a period of 398 

three weeks or longer. This suggests that the presence and severity of CI are not solely dependent 399 

on storage temperature but are also significantly influenced by storage duration and cultivar 400 

variability.  401 

Conclusion 402 

This study demonstrated that storage temperature and duration play a crucial role in the 403 

postharvest quality attributes and the chilling injury (CI) development of three commonly grown 404 

Georgia peach cultivars. Among the three temperatures evaluated, fruit stored at 1.1°C exhibited 405 



the lowest weight loss and decay incidence during the 28-day storage period. However, our 406 

results showed that prolonged storage (≥21 d) at this temperature (1.1°C), previously considered 407 

as safe and outside the ‘killing zone’, led to a gradual increase in firmness due to CI incidence, 408 

indicating that 1.1°C is suitable only for short-term storage and should not be recommended for 409 

periods exceeding three weeks. The low temperature might slow the fruit metabolism, but it does 410 

not fully prevent the internal stress that leads to CI. On the other hand, peaches stored at 10°C 411 

did not develop any CI symptoms, suggesting potential use for short-term storage or quick local 412 

distribution. Responses to cold storage were cultivar-dependent, highlighting the need for 413 

targeted postharvest handling protocols. Although this study focused on postharvest quality 414 

attributes and the appearance of visual CI symptoms other factors such as aroma volatiles, 415 

consumer flavor perception, or different harvest maturity stages, may further influence CI 416 

susceptibility and warrant future investigation. Due to the nature of CI symptoms which manifest 417 

only when the fruit is exposed to room temperatures (20°C), the quality decline is usually 418 

noticed by end of market consumers rather than producers, packers or shippers. Overall, these 419 

findings provide practical postharvest information for optimizing cold chain management by 420 

balancing storage temperature and duration, directly relevant to commercial peach postharvest 421 

handling protocols. 422 
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Table 1. Harvest dates for the three peach cultivars used in this study. 

Cultivar Date of Harvest 

‘O’Henry’ July 20, 2023 

‘Blazeprince’ June 15, 2024 

‘Rich Pride’ June 15, 2024 



Table 2. Color values L*, a*, and b* for ‘Blazeprince’, ‘Rich Pride’, and ‘O’Henry’ peaches stored for 

7, 14, 21, and 28 days at 1.1, 5.5, and 10C at 90% RH. 

Day Color Value Storage 

Temperature 

‘Blazeprince’ ‘Rich Pride’ ‘O’Henry’ 

7 L* 1.1C 63.4 ± 1.56 a 61.1 ± 1.23 a 74.7 ± 1.05 a 

  5.5C 68.6 ± 1.46 a 60.1 ± 1.26 a 77.4 ± 0.49 a 

  10C 62.6 ± 2.30 a 62.7 ± 1.52 a 77.2 ± 0.74 a 

14  1.1C 65.9 ± 1.78 a 63.9 ± 2.08 a 74.9 ± 0.84 a 

  5.5C 60.9 ± 1.85 a 60.6 ± 1.96 a 73.1 ± 0.65 a 

  10C 63.9 ± 0.89 a 61.3 ± 1.60 a 74.9 ± 0.73 a 

21  1.1C 63.9 ± 0.80 ab 67.4 ± 1.86 a 74.1 ± 1.32 a 

  5.5C 62.9 ± 1.46 b 66.2 ± 1.30 a 69.0 ± 1.62 b 

  10C 66.8 ± 0.41 a 61.5 ± 1.86 a 71.4 ± 0.85 ab 

28  1.1C 64.6 ± 1.33 a 65.3 ± 1.52 a 70.2 ± 1.38 a 

  5.5C 64.6 ± 1.33 a 68.9 ± 1.17 a 67.7 ± 1.89 a 

  10C 65.4 ± 1.48 a 61.2 ± 0.74 b 65.4 ± 1.07 a 

7 a* 1.1C 5.23 ± 1.26 a 11.4 ± 1.38 a 1.00 ± 0.77 a 

  5.5C 4.66 ± 0.74 a 11.5 ± 1.23 a 0.58 ± 0.29 a 

  10C 5.65 ± 0.95 a 10.7 ± 1.16 a -0.43 ± 0.59 a 

14  1.1C 4.92 ± 0.98 a 10.2 ± 1.76 a 3.12 ± 0.64 b 

  5.5C 6.72 ± 1.03 a 13.5 ± 1.35 a 5.45 ± 0.45 a 

  10C 5.72 ± 0.63 a 10.5 ± 1.18 a 1.29 ± 0.29 c 

21  1.1C 7.42 ± 1.18 a 6.2 ± 1.56 b 6.96 ± 2.15 a 

  5.5C 6.04 ± 0.63 a 9.3 ± 1.02 ab 7.34 ± 0.99 a 

  10C 5.13 ± 0.57 a 11.3 ± 1.15 a 5.70 ± 0.84 b 

28  1.1C 5.81 ± 0.61 a 7.1 ±1.29 ab 6.28 ± 0.88 b 

  5.5C 5.81 ± 0.61 a 5.7 ± 0.55 b 7.34 ± 0.99 ab 

  10C 4.72 ± 0.53 a 9.3 ± 0.73 a 10.9 ± 1.58 a 

7 b* 1.1C 51.1 ± 1.68 a 49.5 ± 2.39 a 54.8 ± 1.35 a 

  5.5C 54.4 ± 1.29 a 50.1 ± 2.03 a 54.9 ± 0.63 a 

  10C 50.7 ± 2.96 a 55.8 ± 2.47 a 54.7 ± 1.38 a 

14  1.1C 47.1 ± 1.72 ab 51.9 ± 2.16 a 52.5 ± 1.35 a 

  5.5C 43.5 ± 1.71 b 48.4 ± 2.10 a 51.8 ± 1.12 a 

  10C 49.1 ± 0.99 a 52.2 ± 1.89 a 51.6 ± 0.96 a 



533 

21  1.1C 45.3 ± 1.95 b 52.1 ± 1.32 a 55.1 ± 2.87 ab 

  5.5C 45.8 ± 1.44 b 52.6 ± 1.14 a 48.1 ± 3.29 b 

  10C 53.8 ± 0.99 a 52.9 ± 2.21 a 62.7 ± 1.46 a 

28  1.1C 42.7 ± 1.25 a 50.7 ± 1.69 a 51.9 ± 2.59 ab 

  5.5C 42.7 ± 1.25 a 51.5 ± 1.81 a 48.1 ± 3.29 b 

  10C 47.0 ± 1.20 a 48.7 ± 1.02 a 60.3 ± 1.43 a 

Note: Different letters are assigned where storage temperatures significantly affected the measured 

parameters (p-value < 0.05). 
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List of Figure Captions 546 

Figure 1. Effects of three different storage temperatures (1.1, 5.5 and 10°C) on Decay Incidence (I), Weight Loss (II), and Chilling 547 
Injury (III) of three peach cultivars ‘Blazeprince’ (A), ‘Rich Pride’ (B), and ‘O’Henry’ (C) during 28 days of storage. Data are shown 548 
as means ± standard error (n = 3). Different letters above the bars indicate significant differences among the storage temperatures 549 
within each storage day (Tukey’s HSD, p < 0.05). ‘ns’ indicates no significant difference. 550 

Figure 2. Effects of three different storage temperatures (1.1, 5.5 and 10°C) on Firmness (I), Respiration Rate (II), and Total Soluble 551 
Solids (TSS) (III) of three peach cultivars ‘Blazeprince’ (A), ‘Rich Pride’ (B), and ‘O’Henry’ (C) during 28 days of storage. Data are 552 
shown as means ± standard error (n = 3). Different letters above the bars indicate significant differences among the storage 553 
temperatures within each storage day (Tukey’s HSD, p < 0.05). ‘ns’ indicates no significant difference. 554 

Figure 3. Visual appearance of cut peaches for ‘Blazeprince’ stored at three different storage temperatures (1.1, 5.5, and 10°C) over 555 
four storage evaluation points (7, 14, 21, and 28 days). Representative fruits were selected to be shown for each temperature and day. 556 
White arrows highlight the areas that have been affected by chilling injury symptoms, including internal breakdown, mealiness or 557 
wooliness, lack of juiciness, and bleeding. 558 

Figure 4. Visual appearance of cut peaches for ‘Rich Pride’ stored at three different storage temperatures (1.1, 5.5, and 10°C) over 559 
four storage evaluation points (7, 14, 21, and 28 days). Representative fruits were selected to be shown for each temperature and day. 560 
White arrows highlight the areas that have been affected by chilling injury symptoms, including internal breakdown, mealiness or 561 
wooliness, lack of juiciness, and bleeding. 562 

Figure 5. Visual appearance of cut peaches for ‘O’Henry’ stored at three different storage temperatures (1.1, 5.5, and 10°C) over four 563 
storage evaluation points (7, 14, 21, and 28 days). Representative fruits were selected to be shown for each temperature and day. 564 
White arrows highlight the areas that have been affected by chilling injury symptoms, including internal breakdown, mealiness or 565 
wooliness, lack of juiciness, and bleeding. 566 


