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Abstract  

As global population surges, ensuring food security through sustainable agriculture becomes 
increasingly critical. Whey protein-based coatings emerge as a promising solution to reduce food 
waste, particularly in countries like Jordan, where financial support, technological advancement, and 
inclusive practices are vital for agricultural sustainability. This study delves into how whey protein 
concentrate can enhance potato quality by increasing dry matter content, firmness, and soluble solids, 
potentially extending shelf life and fostering sustainable agriculture. To this end, potatoes treated with 
whey protein coatings were subjected to various storage conditions to assess their impact on quality 
parameters and statistically analyze the results. Dry matter was affected minimally by treatments, 
storage conditions, and their interactions. Firmness was affected marginally by treatments and 
storage conditions but significantly by storage period. Total soluble solids were affected significantly 
by all factors, with significant interactions between storage period and treatments/storage conditions. 
Treatment 2 preserved firmness better but slightly reduced total soluble solids compared to treatment 
1, while both maintained dry matter levels similar to the control. Refrigeration was most effective at 
preserving total soluble solids, while room temperature and incubator conditions led to greater 
degradation. Over time, dry matter peaked at 24 days and then declined, firmness softened steadily, 
and total soluble solids dropped sharply after 32 days. Refrigeration and coatings helped maintain 
quality, but storage beyond 32 days significantly deteriorated product quality. Figures 3-11 illustrate 
the changes in these parameters under various conditions and treatments. The partial correlation 
coefficients between dry matter, firmness, and total soluble solids, indicating minimal to no significant 
correlations except for a significant correlation between firmness and total soluble solids at the 32-day 
storage period. The study concludes that while dry matter was affected minimally, firmness and total 
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soluble solids were significantly influenced by treatments, storage conditions, and storage period, with 
refrigeration proving most effective in preserving quality, especially beyond 32 days, emphasizing the 
importance of optimized storage conditions for producers.  

Keywords: Food Preservation, Edible Coatings, Post-Harvest Technology, Crop Storage, Sustainable 
Practices. 
 
1. INTRODUCTION  

The rapid growth of the global population presents an opportunity to enhance crop production and 
ensure food security and sustainability [1]. Sustainable agriculture is essential in meeting these 
challenges, offering innovative solutions to improve resource efficiency and significantly reduce food 
waste [2]. 

Food waste is a major global issue, with one-third of food produced for human consumption wasted 
annually [2]. Edible coatings made from natural materials offer a promising solution by extending the 
shelf life of fruits and vegetables, providing an eco-friendly and cost-effective alternative to synthetic 
packaging [3].   

Whey protein, a high-quality biopolymer derived from food waste, possesses unique properties such 
as biodegradability, thermal stability, and excellent gas barrier performance, making it a promising 
candidate for food coating applications [4].  

Many studies have demonstrated the effectiveness of whey protein-based coatings in reducing weight 
loss and maintaining quality in various crops, including apples and tomatoes [5].  

Whey protein concentrate (WPC) offers a promising way to enhance potato quality. By stabilizing 
moisture, it boosts dry matter content, improves texture, and extends storage life [6, 7]. WPC also 
strengthens firmness by altering the cellular structure, making potatoes more suitable for various 
culinary applications [8]. Furthermore, WPC can modify soluble solids, enhancing both flavor and 
sweetness for a more appealing taste [9].  

In Jordan, agricultural sustainability is influenced by financial support, technology adoption, and 
inclusive practices. Access to agricultural loans has been shown to significantly boost productivity [10], 
while financial aid programs and partnerships with NGOs play a crucial role in supporting small farmers 
[11]. Adopting advanced technologies tailored to specific production types has improved efficiency 
and sustainability across the sector [12]. Additionally, initiatives to empower rural youth contribute 
to building a more inclusive agricultural landscape [13]. However, despite moderate household food 
security levels [14], challenges remain, such as substantial storage losses in potato production. These 
losses and increasing demand highlight the pressing need for innovative preservation and storage 
solutions [15].  

This study examines the impact of whey protein concentrate on key quality attributes of potatoes, 
including dry matter content, firmness, and soluble solids. By treating potatoes with varying 
concentrations of whey protein, the research evaluates how this edible coating influences these 
parameters, potentially enhancing potato quality and shelf life while promoting sustainable 
agricultural practices. 
 
2. MATERIAL AND METHODS  

This study was conducted in 2022 at Jerash University's Faculty of Agriculture. Potatoes were 
examined under different storage conditions and treatments for 60 days. Dry matter (DM), firmness 
(FR), and total soluble solids (TS) were measured weekly.  
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2.1 Plant Material Selection 

Potatoes of uniform size (Solanum Tuberosum L.) were sourced from the central vegetable market in 
Irbid City, Jordan. The collected samples were examined thoroughly to remove any abnormal, rotten, 
or damaged ones.  

 2.2 Edible Coating Preparation 

Two edible coatings were prepared: Treatment (TRT1) involved dissolving 50 g of whey protein 
concentrate (WPC) in 1000 ml of distilled water, which was then heated in a water bath at 80–90 °C 
for 30 minutes to induce denaturation. Treatment (TRT2) followed the same process for WPC 
preparation, but with additional additives.  

Specifically, 5 g of high-molecular-weight chitosan (antimicrobial) was dissolved in 10 ml of distilled 
water, and then 5 ml of glycerol (plasticizer), 5 ml of glacial acetic acid (preservative), 1 ml of Tween 
80, and 1 ml of coconut oil (antimicrobial) were added. The solution was mixed thoroughly using a 
magnetic stirrer.  

2.3 Coating Application  

Potato tubers were washed under running tap water, dried with tissue paper, and divided into three 
groups: C (Control), where no coating was applied; TRT1, where 100 g of potatoes were dipped in WPC 
for 30 seconds and air-dried; and TRT2, where 100 g of potatoes were dipped in WPC with additives 
for 1.5 minutes and then air-dried. The samples were stored under three conditions: SC1 at room 
temperature (55% relative humidity), SC2 in a refrigerator (4 °C), and SC3 in an incubator (20±2 °C and 
74% relative humidity).  

2.4 Measurements 

Dry matter (DM) 100 g of cut potatoes (wet weight) were placed in a paper bag and dried in an oven 
at 70°C for 48 h, then the dry matter was calculated, according to the following formula: 

𝐷𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 =  
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑊𝑒𝑡 𝑤𝑟𝑖𝑔ℎ𝑡
× 100 

Firmness (FR) was measured using a digital fruit hardness meter (Model GY-4) as shown in Figure (1). 
Readings were taken on both sides of the peeled potato samples, and the average was recorded. 

Total soluble solids (TS) were measured using a portable digital refractometer (Atago PAL.1) as shown 
in Figure (2), and the results were expressed in °Brix. 5 g potato weight was mixed, diluted with 50 ml 
of distilled water, and mixed using an electric mixer, then filtered using filter paper.  

A few drops of the extract were placed on the lens and the reading was taken to obtain the sugar 
concentration in °Brix. The weight of the sample was then multiplied by the dilution according to the 
following standard equation: 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑜𝑙𝑢𝑏𝑙𝑒 𝑆𝑜𝑙𝑖𝑑𝑠 = 𝑟𝑒𝑓𝑟𝑎𝑐𝑡𝑜𝑚𝑒𝑡𝑒𝑟 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 × 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟  

Where, Refractometer Reading: The value obtained from the instrument in °Brix, Dilution Factor: 
Accounts for any dilution made to the sample.  
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Figure 1: Gy-4 Portable digital fruit hardness 
tester fruit Sclerometer 

Figure 2: The PAL-1 digital refractometer 
accurately features NFC data transfer 

2.5 Statistical Analysis  

Program SAS was used for statistical evaluation [16]. GLM was used to determine the effect of the 
treatments, storage conditions, storage periods and the interactions between them on dry mater, 
firmness and Total soluble solids of potato crop according to the following linear models:  

𝒀𝒊𝒋𝒌𝒍 = 𝝁 + 𝑻𝑹𝑻𝒊 + 𝑺𝑪𝒋 + 𝑺𝑷𝑲 + (𝑻𝑹𝑻 × 𝑺𝑪)𝒊𝒋 + (𝑻𝑹𝑻 × 𝑺𝑷)𝒊𝒌 + (𝑺𝑪 × 𝑺𝑷)𝒋𝒌 + 𝑰𝝈𝟐𝒆 

Where, 𝜇 = overall mean. 𝑇𝑅𝑇𝑖= effect of ith treatments coded as i=1 (no coating was applied, control), 
i=2 (Whey protein concentrate applied alone for 30 seconds and air-dried) and i=3 (Whey protein 
isolate combined with glycerol, glacial acetic acid, and ethanol).  

𝑆𝐶𝑗= effect of jth storage conditions coded as j=1 (Stored at room temperature (24°C) with 55% relative 

humidity), j=2 (Stored in a refrigerator at a constant temperature of 4°C) and j=3 (Stored in an 
incubator at 20°C±2 with 74% relative humidity). 𝑆𝑃𝐾= effect of kth storage periods coded as k= SP8, 
PS16 … SP60 indicate the storage periods of 8, 16 … 60 days, respectively. 

(𝑇𝑅𝑇 × 𝑆𝐶)𝑖𝑗= effect of ijth interaction between treatments and storage conditions. (𝑇𝑅𝑇 × 𝑆𝑃)𝑖𝑘  = 

effect of ikth interaction between treatments and storage periods. (𝑆𝐶 × 𝑆𝑃)𝑗𝑘  = effect of jkth 

interaction between storage conditions and storage periods. 𝑒= random error term associated with 
𝑌𝑖𝑗𝑘𝑙  observations with zero mean and variance 𝐼𝜎2𝑒. To determine significant differences between 

means (LSM) of the group effects, Duncan’s multiple range test was used [17]. The results were 
presented as LSM±SE. 
 
3. RESULTS  

The overall least square means was 16.69±1.25 (%), 6.10±0.53 (Newton), and 3.54±0.38 (°Brix) for dry 
matter, firmness, and total soluble solids of potato crop, respectively during the study. 

Neither treatment (TRT) nor storage conditions (SC) significantly affected dry matter (DM). However, 
storage period (SP) had a slight effect (p=0.05). Moreover, interactions between factors had minimal 
impact on DM content.  
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Both TRT and SC marginally affected firmness (FR) (p=0.09 and 0.08, respectively). However, SP had a 
more significant effect on FR (p<0.01). In contrast, interactions between factors had no significant 
effect on FR. 

TRT, SC, and SP significantly affect total soluble solids (TS) (p<0.01). Furthermore, the interaction 
effects of SP with both TRT and SC are similarly significant (p<0.01). In contrast, the interaction effect 
of TRT and SC is not significant (p>0.05). By understanding these factors, producers can optimize 
processes to enhance product quality.  

Table (1) show that TRT2 preserved firmness (FR) better than TRT1 but slightly reduced total soluble 
solids (TS), while both maintained dry matter (DM) levels similar to the control. 

According to (DM) and (FR) were similar under different storage conditions. While refrigeration (SC2) 
was most effective at preserving (TS), whereas room temperature (SC1) and incubator conditions 
(SC3) led to greater degradation.  

Over time, DM peaked at 24 days but declined by 60 days, FR softened steadily, and TS dropped 
sharply after 32 days. Refrigeration and coatings helped maintain quality, but storage beyond 32 days 
significantly deteriorated product quality.  

Table 1: Mean and standard error for variables (Dry Matter, Firmness, and Total Soluble Solids) 
across different effects (Treatments, Storage Conditions, and Storage Period) 

Variable Effect Mean Std Error 

Dry Matter (%) 

"C" 18.43A 0.36 

"TRT1" 18.02A 0.34 

"TRT2" 18.77A 0.37 

Firmness 

"C" 7.19A 0.14 

"TRT1" 7.27A 0.13 

"TRT2" 7.63A 0.26 

Total Soluble Solids 

"C" 4.85A 0.15 

"TRT1" 4.78A 0.17 

"TRT2" 4.41B 0.18 

Dry Matter (%) 

"SC1" 18.10A 0.30 

"SC2" 18.81A 0.37 

"SC3" 18.31A 0.39 

Firmness 

"SC1" 7.20A 0.13 

"SC2" 7.27A 0.14 

"SC3" 7.63A 0.25 

Total Soluble Solids 

"SC1" 4.41B 0.09 

"SC2" 5.67A 0.15 

"SC3" 3.95C 0.13 

Dry Matter (%)  

"SP8" 18.28B 0.37 

"SP16" 18.14B 0.45 

"SP24" 20.07A 0.68 

"SP32" 17.70B 0.43 

"SP40" 18.51B 0.57 

"SP50" 18.24B 0.6 

"SP60" 17.89B 0.55 

 
Firmness  

"SP8" 8.03A 0.08 

"SP16" 7.72A 0.07 

"SP24" 7.76A 0.08 

"SP32" 7.81A 0.1 
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Variable Effect Mean Std Error 

"SP40" 7.59A 0.09 

"SP50" 6.67B 0.59 

"SP60" 5.97C 0.10 

Total Soluble Solids 

"SP8" 4.60AB 0.17 

"SP16" 4.51B 0.15 

"SP24" 5.06A 0.27 

"SP32" 5.07A 0.31 

"SP40" 4.59AB 0.14 

"SP50" 4.58AB 0.33 

"SP60" 4.36B 0.33 

C: Control (no coating was applied); TRT1: Whey protein concentrate (WPC) applied alone for 30 
seconds and air-dried; TRT2: Whey protein isolate combined with glycerol, glacial acetic acid, and 
ethanol. SC1: Stored at room temperature (24°C) with 55% relative humidity; SC2: Stored in a 
refrigerator at a constant temperature of 4°C; SC3: Stored in an incubator at 20°C±2 with 74% relative 
humidity. SP8, SP16, … SP60 indicate the storage periods of 8, 16, … 60 days, respectively. The 
presence of at least one identical letter means that there is no significant difference between the 
means (P>0.05).  

Figure (3), (4), and (5) illustrate the changes in dry matter (DM) percentage, firmness (FR)/ (newton), 
and total soluble solids (TS)/ (°Brix) of potatoes stored under various conditions (SC1, SC2, SC3) and 
subjected to different treatments (Control, TRT1, TRT2).  

The lack of significant interaction between treatments and storage conditions indicates that the 
effects of different treatments were consistent across all storage conditions.  

   

Figure 3: Effect of the 
interaction between storage 

conditions and treatments on 
dry matter (DM) percentage 

Figure 4: Influence of storage 
conditions and treatments 

interaction on firmness (FR)/ 
(newton) 

Figure 5: Total soluble solids 
(TS)/ (°Brix) as affected by the 
interaction between storage 
conditions and treatments 

Figure (6), (7), and (8) compare the dry matter (DM) percentage, firmness (FR)/ (newton), and total 
soluble solids (TS)/ (°Brix) of potatoes stored for different periods (SP8, SP16, SP24, SP32, SP40, SP50, 
SP60) under different treatments (Control, TRT1, TRT2).  
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The interaction between treatments and storage periods was insignificant for DM and FR, but highly 
significant (P<0.01) for TS. DM and FR were similar across storage periods within treatments, while TS 
varied significantly. This emphasizes the importance of storage period in maintaining TS of potatoes.  

 
  

Figure 6: Comparison of dry 
matter (DM) percentage 

across different treatments 
and storage periods 

Figure 7: Variation in 
treatments and storage period 
interactions on a firmness (FR)/ 

(Newton) 

Figure 8: Interaction effects of 
storage period and treatments 

on total soluble solids (TS)/ 
(°Brix) 

Figure (9), (10), and (11) depict the changes in dry matter (DM) percentage, firmness (FR)/ (Newton)  
and total soluble solids (TS)/ (°Brix) of potatoes stored for different periods (SP8, SP16, SP24, SP32, 
SP40, SP50, SP60) under various storage conditions (SC1, SC2, SC3). While DM and FR remained 
relatively stable across different storage periods (PR) within each storage condition (SC), TS exhibited 
significant variations.  

This indicates that the interaction between SC and SP was insignificant for DM and FR but highly 
significant (P<0.01) for TS. This emphasizes the importance of storage period under different storage 
conditions on TS in potatoes.  
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Figure 9: Effect of storage 
periods in storage conditions 

on dry matter (DM) 
percentage 

Figure 10: Firmness (FR)/ 
(Newton) changes over storage 
periods within the conditions 

periods 

Figure 11: Effect of storage 
periods within storage 

conditions on total soluble 
solids (TS)/ (°Brix) 

Table (2) presents the partial correlation coefficients between Dry Matter (DM), Firmness (FR), and 
Total Soluble Solids (TS) in potatoes across various treatments and storage conditions. The analysis 
indicates minimal to no significant correlations among these traits (P>0.05), suggesting that they are 
likely influenced by independent factors and do not exhibit strong interrelationships.  

Table 2: Partial correlation coefficients for the variables of dry matter (DM) percentage, firmness 
(FR)/ (Newton), and total soluble solids (TS)/ (°Brix) of potatoes in each treatment and storage 

condition studied 

Variables 
"C" "TRT1" "TRT2" "SC1" "SC2" "SC3" 

DM FR DM FR DM FR DM FR DM FR DM FR 

FR 

0
.0

8
3

 

 

0
.1

9
1

 

 

-0
.0

9
9

 

 

0
.3

0
4

 

 

-0
.1

1
7

 

 

-0
.0

0
8

 

 

TS 

-0
.1

1
9

 

-0
.1

7
1

 

0
.0

2
6

 

0
.0

2
6

 

0
.2

6
4

 

0
.0

1
4

 

0
.1

2
9

 

0
.2

4
2

 

-0
.0

9
6

 

-0
.0

3
7

 

-0
.0

3
2

 

-0
.0

4
7

 

C: Control (no coating was applied); TRT1: Whey protein concentrate (WPC) applied alone for 30 
seconds and air-dried; TRT2: Whey protein isolate combined with glycerol, glacial acetic acid, and 
ethanol. SC1: Stored at room temperature (24°C) with 55% relative humidity; SC2: Stored in a 
refrigerator at a constant temperature of 4°C; SC3: Stored in an incubator at 20°C±2 with 74% relative 
humidity.  
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Table (3) shows the partial correlation coefficients between Dry Matter (DM), Firmness (FR), and Total 
Soluble Solids (TS) in potatoes across storage periods. The analysis indicates minimal to no significant 
correlations (p>0.05) between these parameters, indicating they are likely influenced by independent 
factors. However, a significant correlation (p<0.01) was found between FR and TS at the 32-day 
storage period, likely due to physiological changes affecting both firmness and sugar content.  

Table 3: Partial correlation coefficients for the variables of dry matter (DM) percentage, firmness 
(FR)/ (newton), and total soluble solids (TS)/ (°Brix) of potatoes in various storage Period studied 

Variables 
"SP8" "SP16" "SP24" "SP32" "SP40" "SP50" "SP60" 

DM FR DM FR DM FR DM FR DM FR DM FR DM FR 

FR 

-0
.2

7
6

 

 

-0
.0

0
8

 

 

0
.2

0
9

 

 

0
.0

2
8

 

 

-0
.2

5
3

 

 

-0
.0

4
7

 

 

0
.0

6
5

 

 

TS 

-0
.0

5
2

 

0
.0

8
1

 

-0
.1

6
5

 

0
.3

4
5

 

-0
.0

6
8

 

0
.3

9
2

 

0
.1

4
0

 

-0
.6

2
3

**
 

0
.0

5
8

 

-0
.0

5
4

 

0
.0

7
8

 

-0
.3

2
9

 

0
.0

5
5

 

0
.0

9
3

 

SP8, SP16, … SP60 indicate the storage periods of 8, 16, … 60 days, respectively. The presence of at 
least one identical letter means that there is no significant difference between the means (P>0.05). 
**: highly significant correlation (p<0.01).  
 
4. DISCUSSION  

Treatment (TRT) and storage conditions (SC) did not affect dry matter (DM), while storage period (SP) 
had a minor impact. Firmness (FR) was influenced slightly by TRT and SC but more strongly by SP. TRT, 
SC, and SP found no significant interactions for DM or FR. Total soluble solids (TS) were strongly 
affected, with SP interactions influencing TS. Managing these factors can improve potato quality. 

Table (1) shows that Treatment 2 (TRT2) preserved firmness (FR) better than Treatment 1 (TRT1) but 
slightly reduced total soluble solids (TS). Both treatments kept dry matter (DM) similar to the control. 
Refrigeration (SC2) best preserved TS, while room temperature (SC1) and incubator (SC3) caused more 
degradation. 

Dry matter (DM) peaked at 24 days and declined until 60 days. Firmness (FR) softened steadily, while 
total soluble solids (TS) dropped sharply after 32 days. Refrigeration and coatings slowed quality loss, 
but storage beyond 32 days caused significant deterioration. 

In the literature, Firmness was affected minimally by 9-month tuber aging, with vacuum packaging 
and sodium ascorbate best-preserving texture [18]. Dry matter was optimal in Asterix and Cronos 
cultivars stored at 8°C for up to 120 days, reducing browning and maintaining quality [19]. 
Additionally, soluble solids decreased during 35-day storage, improving processing quality while 
reducing oxidative defense enzyme activity [20].  

The effects of different treatments (Control, TRT1, TRT2) on potato dry matter, firmness, and total 
soluble solids were consistent across various storage conditions (SC1, SC2, SC3), as illustrated in 
Figures (3), (4), and (5). This consistency suggests that the effectiveness of a particular treatment can 
be predicted reliably, regardless of the storage environment. 

Figures (6), (7), and (8) compare the changes in dry matter (DM), firmness (FR), and total soluble solids 
(TS) in potatoes stored for different periods (PR8, PR16, PR24, PR32, PR40, PR50, PR60) under various 
treatments (Control, TRT1, TRT2). The interaction between treatments and storage periods had no 
significant effect on DM and FR. However, it was highly significant for TS. While DM and FR remained 
relatively consistent across storage periods within each treatment, TS showed notable variation, 
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indicating that storage duration had a stronger impact on the soluble solids content than on dry 
matter or firmness. 

Potato dry matter and firmness remained stable during storage, while total soluble solids fluctuated 
significantly, as shown in Figures (9), (10), and (11). Storage duration primarily influenced total soluble 
solids, with no significant interaction between storage conditions and storage periods for dry matter 
and firmness. This suggests that storage duration primarily affects total soluble solids, while dry 
matter and firmness are less sensitive to storage time and conditions.  

In reviews, combining cold storage with natural inhibitors like DMN and PMO effectively prevents 
potato sprouting, especially in short-dormancy cultivars, increasing consumption in tropical regions 
[21]. Plant growth regulators (PGRs) are the most effective method to break change, with identified 
hormonal changes [22]. Furthermore, e-beam irradiation is another option that extends storage life 
by inhibiting sprouting, reducing weight loss, and softening, while minimally affecting sugar content 
[23]. 

Table (2) shows that dry matter, firmness, and total soluble solids in potatoes have minimal to no 
significant correlations, suggesting they are influenced by independent factors and respond 
differently to treatments and storage conditions. 

Table (3) shows that dry matter, firmness, and total soluble solids in stored potatoes have minimal to 
no significant correlations, except for a significant correlation between firmness and total soluble 
solids at 32 days, suggesting potential physiological changes affecting both.  

Several studies have shown correlations between potato quality and various factors. For instance, 
Abbasi et al., [24] found links between tuber firmness, dry matter, starch content, and antioxidant 
properties. Xiao et al., [25] linked storage time to changes in tissue structure and scattering properties. 
Rosales et al., [26] found that high dry matter and total soluble solids correlated with lower stickiness, 
higher antioxidant levels, and sweeter taste.  

Potatoes lose dry matter as their starch breaks down into sugars, releasing carbon dioxide (CO₂) and 
water vapor to sustain the tuber [27]. This process, known as respiration, leads to weight loss and can 
affect the potato's quality and shelf life. 

To mitigate these losses, researchers have developed coatings made from chitosan, coconut oil, and 
whey protein [28]. These coatings have been shown to significantly reduce weight loss, respiration 
rates, decay, and shrinkage, ultimately helping to preserve the potato's quality and extend its shelf 
life.  

Saha et al., [28] also demonstrated that combining chitosan with coconut oil and whey protein 
effectively reduced weight loss, respiration, decay, and shrinkage in potatoes compared to uncoated 
tubers. Whey protein, in particular, helps extend shelf life by controlling the levels of O2 and CO2, 
which slows down spoilage [29]. 

The reduction in total soluble solids (TS) in uncoated potatoes, as observed by Yadav et al., [30], may 
be attributed to a slower rate of sugar synthesis. This suggests that coating potatoes could potentially 
mitigate this issue. 

Research by Camila et al., [31] has demonstrated the effectiveness of edible coatings in preserving the 
TS content of cherry tomatoes. By applying a 2% protein hydrolysate coating, they were able to 
maintain the fruit's sugar levels. 

Butt et al., [32] have highlighted the potential of edible coatings to enhance the texture and nutritional 
value of foods. While promising results have been observed in fortifying foods with nutrients like zinc, 
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additional research is necessary to develop optimal coating formulations for a wider variety of food 
products. 

In this study, coated potatoes exhibited a significantly longer shelf life compared to uncoated tubers, 
lasting approximately one month longer. 

Among the various coating treatments, potatoes coated with T2 (whey protein concentrate) 
demonstrated the most extended shelf life and the least amount of spoilage. Potatoes coated with T1 
closely followed this. 

The superior performance of T2 can be attributed to the gas barrier properties of whey protein. As 
reported by Kandasamy et al., [29], whey protein effectively regulates the levels of oxygen (O2) and 
carbon dioxide (CO2) within the storage environment, thereby delaying spoilage processes. 
 
5. CONCLUSIONS  

Potato dry matter (DM) content remained largely unaffected by treatment, storage conditions, or 
their interactions, although storage period (SP) had a slight impact, peaking at 24 days before declining 
until 60 days. Firmness (FR) was mainly influenced by SP, with refrigeration (SC2) being most effective 
in preserving it. 

Total soluble solids (TS) were affected significantly by SP, treatment (TRT), and storage conditions (SC), 
with refrigeration again proving most effective in preserving TS. While treatments had minimal impact 
on DM and FR, they did influence TS, with TRT2 better preserving firmness but slightly reducing TS.  

Longer storage periods, particularly beyond 32 days, led to a decline in quality. There were no 
significant interactions for DM and FR, but interactions between SP, TRT, and SC affected TS. 
Additionally, correlation analysis revealed minimal relationships between DM, FR, and TS, except at 
32 days, where FR and TS were correlated significantly due to physiological changes. 
 
6. RECOMMENDATION  

To preserve potato quality, producers should prioritize optimal storage conditions, especially 
refrigeration. Prolonged storage, especially beyond 32 days, can significantly degrade quality.  
 
Acknowledgments 

The research team gratefully recognizes the vital financial support of the Scientific Research Support Fund of 
the Jordanian Ministry of Higher Education (Project No.: FS-Agr/1/2021), Jerash University’s exceptional 
administrative and laboratory facilities, Dr. Khaled Al-Najjar's help in statistical analysis, and this research 
review. 

Conflict of Interest 

The authors declare no conflicts of interest. 

 
References  

1) Licciardello, F. (2017). Packaging, blessing in disguise. Review on its diverse contribution to food 
sustainability. Trends in Food Science & Technology. 65: 32-39 https://doi.org/10.1016/j.tifs.2017.05.003  

2) Wani, NR., Rather RA., Farooq A., Ara S., et al. (2023). New insights in food security and environmental 
sustainability through waste food management. Environmental Science and Pollution Research. 
https://doi.org/10.1007/s11356-023-26462-y  

3) Gupta, V., Biswas D., Roy S. (2022). A Comprehensive Review of Biodegradable Polymer-Based Films and 
Coatings and Their Food Packaging Applications. Materials, 15, 5899. https://doi.org/10.3390/ma15175899   

https://doi.org/10.1016/j.tifs.2017.05.003
https://doi.org/10.1007/s11356-023-26462-y
https://doi.org/10.3390/ma15175899


Hunan Daxue Xuebao/Journal of Hunan University Natural Sciences 

ISSN：1674-2974   |   CN 43-1061 / N 

 
DOI: 10.5281/zenodo.14545934 

Vol: 61 | Issue: 12 | 2024 

 

Dec 2024 | 44  

4) Xie, D., Ma H., Xie Q., Guo J., Liu G., Zhang B., Li X., Zhang Q., Cao Q., Li X., Ma F., Li Y., Guo M., & Yin J. 
(2024). Developing active and intelligent biodegradable packaging from food waste and byproducts: A 
review of sources, properties, film production methods, and their application in food preservation. 
Comprehensive Reviews in Food Science and Food Safety, 23(3), e13334. https://doi.org/10.1111/1541-
4337.13334   

5) Xin, Y., Yang C., Zhang J., Xiong L. (2023). Application of Whey Protein-Based Emulsion Coating Treatment in 
Fresh-Cut Apple Preservation. Foods. 12, 1140.  https://doi.org/10.3390/foods12061140     

6) Karipçin, MZ., & Al Benni, B. (2024). The effects of synthetic fertilizer and whey protein concentrate 
application on pepper plant’s (Capsicum annuum L.) yield and growth. Journal of Plant Nutrition, 1–14. 
https://doi.org/10.1080/01904167.2024.2414762  

7) Bhutto, RA., Bhutto NUAH., Khanal S., Wang M., Iqbal S., Fan Y., & Yi J. (2024). Potato protein as an emerging 
high quality: Source, extraction, purification, properties (functional, nutritional, physicochemical, and 
processing), applications, and challenges using potato protein. Food Hydrocolloids, 157, 110415. 
https://doi.org/10.1016/j.foodhyd.2024.110415  

8) Zhao, L., Zhang M., Chitrakar B., & Adhikari B. (2020). Recent advances in functional 3D printing of foods: a 
review of functions of ingredients and internal structures. Critical Reviews in Food Science and 
Nutrition, 61(21), 3489–3503. https://doi.org/10.1080/10408398.2020.1799327  

9) Kheto, A., Adhikary U., Dhua S., Sarkar A., Kumar Y., Vashishth R., Shrestha BB. & Saxena DC. (2024). A 
review on advancements in emerging processing of whey protein: Enhancing functional and nutritional 
properties for functional food applications. Food Safety and Health. https://doi.org/10.1002/fsh3.12067  

10) Tarawneh, RA., and Al-Najjar, K. (2023). Assessing the Impacts of Agricultural Loans on Agricultural 
Sustainability in Jordan. IOSR Journal of Economics and Finance, 14:49-56. https://doi.org/10.9790/5933-
1406014956    

11) Tarawneh, RA., Tarawneh, MS. and Al-Najjar, K. (2022). Agricultural Policies among Advisory and 
Cooperative Indicators in Jordan. International Journal of Research-GRANTHAALAYAH, 10:10-17. 
https://doi.org/10.29121/granthaalayah.v10.i2.2022.4489  

12) Abu Harb, S., Dayoub M., and Al-Najjar, K. (2024). The impact of agricultural extension program 
effectiveness on sustainable farming: A survey article. International Journal of Agricultural Technology. 
20(2):477-492. Available online http://www.ijat-aatsea.com  

13) Abu Harb, S., Tarawneh R., Abu Hantash KLA., Altarawneh M., Al-Najjar k. (2024). Empowering Rural Youth 
through Sustainable Innovation, Entrepreneurship and Peer Learning In Agriculture. Hunan Daxue 
Xuebao/Journal of Hunan University Natural Sciences. 61(11):1-8. 
https://doi.org/10.5281/zenodo.14058869   

14) Abo Znemah S., Tarawneh R., Shnaigat S., and Al-Najjar K. (2023). Estimating Some Indicators of Food 
Security for Rural Households. Asian Journal of Agriculture and Food Sciences. 11(1): 7-17. Available online 
www.ajouronline.com     

15) Jordan Ministry of Agriculture, (2020). Annual statistical report; ministry of agriculture; directorate of 
agricultural information and statistics; agricultural statistics and database department.  
https://www.moa.gov.jo/ebv4.0/root_storage/ar/eb_list_page/.pdf  

16) SAS, (2012). Institute Inc.: SAS/STAT User’s Guide: Version 9.3, SAS Institute Inc., and Cary city, NC., North 
Carolina, United States of America, USA. https://support.sas.com/en/books.html     

17) Duncan, DB. (1955). Multiple Range and Multiple F tests. Biometrics, 11.1. Retried from 
https://www.jstor.org/stable/3001478.7   

18) Hunjek, DD., Pranjić T., Repajić M., & Levaj B. (2020). Fresh-cut potato quality and sensory: Effect of cultivar, 
age, processing, and cooking during storage. Journal of Food Science, 85(8), 2296-2309. 
https://doi.org/10.1111/1750-3841.15353  

https://doi.org/10.1111/1541-4337.13334
https://doi.org/10.1111/1541-4337.13334
https://doi.org/10.3390/foods12061140
https://doi.org/10.1080/01904167.2024.2414762
https://doi.org/10.1016/j.foodhyd.2024.110415
https://doi.org/10.1080/10408398.2020.1799327
https://doi.org/10.1002/fsh3.12067
https://doi.org/10.9790/5933-1406014956
https://doi.org/10.9790/5933-1406014956
https://doi.org/10.29121/granthaalayah.v10.i2.2022.4489
http://www.ijat-aatsea.com/
https://doi.org/10.5281/zenodo.14058869
http://www.ajouronline.com/
https://www.moa.gov.jo/ebv4.0/root_storage/ar/eb_list_page/.pdf
https://support.sas.com/en/books.html
https://www.jstor.org/stable/3001478.7
https://doi.org/10.1111/1750-3841.15353


Hunan Daxue Xuebao/Journal of Hunan University Natural Sciences 

ISSN：1674-2974   |   CN 43-1061 / N 

 
DOI: 10.5281/zenodo.14545934 

Vol: 61 | Issue: 12 | 2024 

 

Dec 2024 | 45  

19) Cruz, RRP., Pereira, AM., Ribeiro, WS., Freire, AI., Costa, FBD., Zanuncio, JC., & Finger, FL. (2021). Ideal 
temperature and storage period for commercial potato cultivars selected for frying. Ciência Rural, 51(4), 
e20200470. https://doi.org/10.1590/0103-8478cr20200470  

20) Salomão, HM., Suchoronczek A., Jadoski SO., Suchoronczek A., Hartmann KCD., & Bueno JCM. (2022). 
Quality of potato tubers according to the storage time. Communications in Plant Sciences, 12. 
https://cpsjournal.org/  

21) Murigi, WW., Nyankanga, RO., & Shibairo, SI. (2021). Effect of storage temperature and postharvest tuber 
treatment with chemical and biorational inhibitors on suppression of sprouts during potato storage. Journal 
of Horticultural Research, 29(1), 83-94. DOI: https://doi.org/10.2478/johr-2021-0001  

22) Haider, MW., Nafees M., Ahmad I., Ali B., Iqbal R., Vodnar DC., Marc RA., Kamran M., Saleem MH., Ahmed 
AMF., & Elshikh MS. (2022). Postharvest dormancy-related changes of endogenous hormones in relation to 
different dormancy-breaking methods of potato (Solanum tuberosum L.) tubers. Frontiers in Plant Science, 
13, 945256. https://doi.org/10.3389/fpls.2022.945256  

23) Etemadinasab, H., Zahedi M., Ramin A., Kadivar M., & Shirmardi SP. (2020). Effects of electron beam 
irradiation on physicochemical, nutritional properties and storage life of five potato cultivars. Radiation 
Physics and Chemistry, 177, 109093. https://doi.org/10.1016/j.radphyschem.2020.109093  

24) Abbasi, K.S., Masud T., Gulfraz M., Ali S., & Imran M. (2011). Physico-chemical, functional and processing 
attributes of some potato varieties grown in Pakistan. African Journal of Biotechnology, 10(84), 19570-
19579. https://doi.org/10.5897/AJB11.566   

25)  Xiao, Z., Xu Y., Wang X., Wang Y., Qu J., Cheng M., & Chen S. (2024). Relationship between optical properties 
and internal quality of potatoes during storage. Food Chemistry, 441, 138334. 
https://doi.org/10.1016/j.foodchem.2023.138334  

26) Rosales, RJG., Photchanachai S., & Khanobdee C. (2025). Quality Assessment of Selected Pumpkins Based 
on their Dry Matter and Total Soluble Solids. Egyptian Journal of Horticulture, 13-30. 
https://doi.org/10.21608/ejoh.2024.313614.1275  

27) Chemeda, Addisu S., Geremew Bultosa, and Nigussie Dechassa. (2014). Effect of variety and storage on the 
tuber quality of potatoes cultivated in the eastern highlands of Ethiopia. Science, Technology and Arts 
Research Journal 3.1: 84-89. https://doi.org/10.4314/star.v3i1.14   

28) Saha, A.; Gupta, RK.; Tyagi, YK. (2014). Effects of edible coatings on the shelf life and quality of potato 
(Solanum Tuberosum L.) tubers during storage. J. Chem. Pharm. Res., 6, 802–809. Available online 
www.jocpr.com  

29) Kandasamy, S., Yoo J., Yun J., Kang HB., Seol KH., Kim HW., & Ham JS. (2021). Application of whey protein-
based edible films and coatings in food industries: An updated overview. Coatings, 11(9), 1056. 
https://doi.org/10.3390/coatings11091056  

30) Yadav, A., Kumar N., Upadhyay A., Sethi S., & Singh, A. (2022). Edible coating as postharvest management 
strategy for shelf-life extension of fresh tomato (Solanum lycopersicum L.): An overview. Journal of Food 
Science, 87(6), 2256-2290. https://doi.org/10.1111/1750-3841.16145 

31) Camila, da C. de Q., Lima KO., Luz Bueno CH., Fogaça S., & Prentice C. (2020). Effect of the edible coating 
with protein hydrolysate on cherry tomatoes shelf life. Journal of Food Processing and 
Preservation, 44(10), e14760. https://doi.org/10.1111/jfpp.14760  

32) Butt, MS., Rasul Suleria HA., & Ahmed W. (2015). Physicochemical Behavior of Zinc-Fortified, Sodium 
Caseinate-Based, Edible-Coated Apricots during Storage in Controlled Atmosphere. Journal of Food 
Processing and Preservation, 39(6), 2431-2441. https://doi.org/10.1111/jfpp.12493  

https://doi.org/10.1590/0103-8478cr20200470
https://cpsjournal.org/
https://doi.org/10.2478/johr-2021-0001
https://doi.org/10.3389/fpls.2022.945256
https://doi.org/10.1016/j.radphyschem.2020.109093
https://doi.org/10.5897/AJB11.566
https://doi.org/10.1016/j.foodchem.2023.138334
https://doi.org/10.21608/ejoh.2024.313614.1275
https://doi.org/10.4314/star.v3i1.14
http://www.jocpr.com/
https://doi.org/10.3390/coatings11091056
https://doi.org/10.1111/1750-3841.16145
https://onlinelibrary.wiley.com/authored-by/da+Costa+de+Quadros/Camila
https://doi.org/10.1111/jfpp.12493

