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			Abstract | Persimmon is one of the major fruit grown in Khyber Pakhtunkhwa, Pakistan. However, the short shelf-life of persimmon and texture loss after ripening create challenges for traders and processor during storage. Therefore, current study was designed to check the effect of nitrogen (N2) de-astringency treatment on physicochemical and sensory attributes of five different persimmon cultivars (Fuyu, Hachiya, Great Wall, Maru, and Rojo Brillante). The five groups of persimmon varieties were exposed to modified atmosphere condition of 99.99% N2 for 96 hours at 30 ± 1 oC. The untreated and treated persimmons were stored for 6 days at 5 oC until analyzed for physicochemical and organoleptic characteristics. The results are mean of three replicates, separated using least significance difference (LSD) test and statistically analyzed at P ≤ 0.05. The results indicate that a significant difference in physicochemical and sensory characteristics was observed among the five varieties. Hachiya variety showed the highest length, width, volume, mass, water activity, titratable acidity, and reducing sugar. Whereas, Rojo Brillante showed the highest density and pH, Fuyu showed the highest soluble solids and non-reducing sugar, Maru showed the highest firmness, and Great Wall showed the highest total phenol content. Furthermore, variation was observed in the responses of varieties to N2 de-astringency treatment. Overall, Hachiya showed the best response with satisfactory physicochemical characteristics and high score for sensory characteristics followed by Fuyu variety. The results provide unique insight into the varietal differences and varying response to N2 de-astringency treatment. Further researches should explore the molecular level basis to clearly understand the way changes occur in varieties after N2 treatment. 
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			Introduction

			Pakistan, a country with multiple agro-climatic environments (tropical to temperate), is an important agricultural hub, producing more than 144 species of fruit plants (Khokhar and Bajwa, 2014, Khan and Shaukat, 2006). Among these delicious fruits, persimmon (Diospyros kaki), a highly appraised fruit crop that is mostly grown in the temperate areas particularly in Swat, Dir, and Shangla districts of Khyber Pakhtunkhwa (KP) province. Where, its production plays a key role in the economy of the region, providing income and employment for small scale farmers in addition to its significant contribution to local fruit industry. The fruit is liked for its vibrant colors (light yellow-orange to dark orange-red), different shapes and varying weights ranging from 30 grams to over 450 grams (Woolf and Ben-Arie, 2011). Persimmon is considered as a nutritional powerhouse, containing glucose, fructose, sucrose, and variety of provitamin A. Furthermore, the fruit also contains a significant portion of vitamin C and different minerals necessary for human nutrition such as calcium, magnesium, potassium, and iron. Moreover, it also contains low levels of fats and proteins (Yaqub et al., 2016; MAPAMA, 2016; Baltacioglu and Artik, 2013). The high phenolic content in persimmon fruit specially tannins are responsible for its antioxidant properties. As a result, it consumption greatly reduce risk of different diseases such as diabetes, cardiovascular diseases, hypertension and different forms of cancer. The fruit also aid in alcohol metabolism and prevention of atherosclerosis (George and Redpath, 2008; Zhang et al., 2016).

			The persimmon fruit is produced in abundance in Pakistan, however, the country faces different challenges due to high perishability and limited shelf-life which significantly limit commercial returns for persimmon growers. In Khyber Pakhtunkhwa, Hachiya and Fuyu varieties dominate the markets in the harvesting season. The glut of these persimmon varieties in the market generally leads to losses due to limited processing, inadequate transportation and storage, improper astringency management, short shelflife and preservation knowledge (Ahmad et al., 2021; MNSFR, 2016). Moreover, the temperate to subtropical climate of KP region differs from other major persimmon-growing areas, where humidity, temperature and altitude may uniquely influence fruit ripening, respiration and storage (Bhande et al., 2008). Globally, the production of persimmon has increased from 4.42 million tonnes in 2020 to 5.06 million tonnes in 2023. Asia is on the top, contributing more than 96 % of the share. Pakistan stands in the 10th position in the list of major producers, where, persimmon is grown in an area of 3,147 hectares, yielding more than 26,760 tonnes (FAO, 2024; MNSFR, 2016). Although, the lack of effective and efficient postharvest processing of persimmon, especially for astringent cultivars, hinders proper marketability of the fruit.

			The astringency present in persimmon, caused by soluble condensed tannins is the most critical factor that negatively affects commercial acceptability (Das and Eun, 2021). Persimmons are classified into astringent and non-astringent varieties. The astringent persimmons are classified as pollination-constant or pollination-variant varieties, that remain uneatable until the fruit is fully ripened or treated to remove astringency. On the other hand, non-astringent types naturally lose astringency during development (Zhao et al., 2025; Sugiura, 2005). The tannins present in persimmon interact with salivary proteins causing astringency rendering the fruit unpalatable (Jia et al., 2024). This issue makes de-astringency treatment as the critical postharvest treatment to make the fruits palatable. These de-astringency treatments include Carbon dioxide (CO2), modified atmosphere, warm water, ethanol, and nitrogen (N2) treatment (Ding et al., 2025; Han et al., 2022a; Chang et al., 2017; Novillo et al., 2014; Bibi et al., 2007). Among these treatments, CO2 is mostly used for its efficacy and efficiency, however, this treatment induces rapid softening, affecting shelflife and texture. This treatment also increases oxidative stress due to the accumulation of reactive oxygen species (Wang et al., 2021; Chung et al., 2014). Warm water and ethanol treatments are also affective but require prolonged durations and may alter flavor profiles (Ozdemir et al., 2020; Testoni, 2002). As compared to these treatments, nitrogen treatment is more promising and rapidly reduces soluble tannins with no or minimal impact on fruit firmness and sensory characteristics. These benefits of N2 makes it more suitable for fresh as well as dried persimmon products (Ben-Arie and Sonego, 1991).

			The current study, therefore, aims to reduce postharvest losses of persimmon by analyzing the efficacy of N2 de-astringency treatment, observing its effects on the physicochemical and organoleptic characteristics of five persimmon cultivars grown in Khyber Pakhtunkhwa, Pakistan. The experimental objectives of this study are: (1) to analyze the efficacy of N2 de-astringency treatment in decreasing soluble tannins in the five selected persimmon cultivars and (2) to evaluate the physicochemical characteristics of N2-treated and untreated persimmons in relation to their organoleptic attributes.

			Materials and Methods

			Raw materials

			Persimmon cultivars namely Fuyu, Hachiya, Great Wall, Maru and Rojo Brillante were harvested before commercial maturity stage (colour-break stage)-fruits showing pale green to yellow color during the months of September, from different farms in district Swat Pakistan. About 70% of the fruit surface had yellow coloration and ripening was initiated. The Fuyu variety belongs to pollination constant, non-astringent group and Maru variety to pollination variant, non-astringent group. Similarly, Rojo brilliante and Hachiya varieties are from pollination constant, astringent group. The Great Wall variety is from pollination variant, astringent group. On the same day the persimmons were transported to the Nuclear Institute for Food and Agriculture Peshawar, where fruits were graded according to size and color. A total of hundred 100 kilograms, from fifteen different trees of each variety was harvested and used for the experiment. External color of the fruit was used as maturity index. Healthy and uniform sized fruits were used for the experiments. In order to reduce the variability of the results, the fruits were selected of same maturity and color for higher homogeneity.

			De-astringency treatment

			The persimmons were washed with tap water and air-dried. All the fruit varieties were randomly divided into two equal lots. One part of each variety was subjected to a modified atmosphere condition of 99.99 % nitrogen in a specially designed sealed container for 96 hours at 30 oC. Persimmon fruits were placed on single layer trays. First vacuum was created through pressure pump and then vacuum was filled by passing an air stream of 99.99 % nitrogen into the chamber made of stainless steel. The other part of each variety was kept as untreated or control and subjected to above condition without nitrogen. Both of the groups were then stored at 5 oC and 85 % relative humidity for 6 days until analyzed. 

			Physicochemical analyses

			Linear dimensions

			The linear dimensions of fresh fruit (length (L)/Y-axis and width (W)/X-axis) were measured according to the method of Neupane et al. (2023). The length and width were measured with a digital Vernier caliper and expressed in millimeter. Readings were taken three times from same position to reduce sampling error

			Fruit volume and mass

			Liquid displacement method was used for determining volume of the fruit. Persimmons were placed in a beaker containing known volume of toluene. The increase in volume of toluene after adding the fruit was used to determine volume and expressed in cubic centimeter (Desai et al., 2019). Fruits from each sample was taken and mass was measured using digital balance having sensitivity of 0.0001g and expressed in gram (Ahmad et al., 2023).

			Fruit density and moisture content

			The fruit density was calculated by dividing fruit mass and volume. The moisture content (%) was determined according to the method of Famuyin et al. (2020). The samples were first weighed and the dried at 105 oC in an oven for 12 hours and the final moisture content was calculated using given formula.
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			Water activity and firmness

			Water activity of persimmon samples was determined at 25 oC using a water activity meter (Novasina, swift, Switzerland) following the standard method of Dhake et al. (2023). The meter was calibrated with saline solution before measurement of fruit water activity. The Firmness of samples from each treatment was determined using force measurement IMADA Texture analyzer (FRTs2017O2e) using a 10 mm flat plunger and expressed in Newton. Epicarp (0.6 mm thick) was removed in the equatorial region at two equidistant locations before determination of firmness (Famuyin et al., 2020).

			Fruit pH and titratable acidity

			The persimmon samples were sliced and blended. The juice was homogenized and then centrifuged. The supernatant was used for the analysis of the pH. Titratable acidity as mg equivalent organic acid per 100 g sample was calculated by the titration method of Zhang et al., (2020).

			Total soluble solids and sugar/acid ratio

			The total soluble solids were measured using a digital hand refractometer (model PR1, Atago, Tokyo, Japan) with a working range of 0-32 at room temperature (Zhang et al., 2020) and expressed in %, while sugar/acid ratio was calculated using predetermined values of TSS and TA following the given formula.
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			Reducing and non-reducing sugars

			The reducing sugar was determined using 3,5-dinitro salicylic acid (DNSA), in which glucose reduced the DNSA reagent into a reddish color. The color intensity was measured at 540 nm by spectrophotometer (Li and McKee, 2023). The non-reducing sugar was calculated by subtracting the amount of reducing sugar from the amount of total sugar and expressed in %.

			Vitamin C and total phenol content

			Vitamin C in the persimmon varieties was determined by the dye titration method (AOAC, 2016). Through this method, sample extracts in oxalic acid were titrated against standard 2,6–dichlorophenolindophenol dye to pink color which persisted for 5 to 10 seconds as the end point for measuring the ascorbic acid and expressed in mg per 100 g. The following formula was used for calculation. 
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			Total phenols content of persimmon was determined using the method reported earlier (Ayoub et al., 2022) and a standard curve was prepared using gallic acid (0–200 mg/L) and the results were expressed as mg GAE/100 g fresh weight basis.

			Minerals content

			The determination of minerals and trace elements Minerals (Na, K, Mg and Ca) and trace elements (Fe, Zn and Mn) was carried out as follows. The samples were lyophilized, then 0.8g of lyophilized samples was mineralized in microwave oven for 15 min with 5ml of concentrated HNO3 according to Jurkiewicz et al. (2004) with slight modifications. The concentrations of all above-mentioned eight elements were estimated by a Perkin-Elmer 5100 ZL atomic absorption spectrometer (Perkin-Elmer Ltd., Beaconsfield, Buckinghamshire, England), using the flame method for Na, K, Mg, Ca, Fe, P, Zn and the flameless method for Mn and reported as mg per 100 g.

			Sensory analyses

			All samples were evaluated organoleptically for color, texture, flavor, appearance, astringency and overall acceptability by using 9-points Hedonic scale (1 was for extremely dislike, 9 was for extremely like) of Larmond (1977). The sensory test was conducted through a panel of 15 members aged 25-45 years, fully familiar with fruit quality assessment. Samples were presented to the panelists on plates labelled with 2-digit codes at room temperature (30 ± 1 oC) under normal laboratory light conditions. The judges could assess any sample group up to two or three times if needed. The Milk was provided for palate rinsing between samples. The panelists received orientation about the study.

			Statistical analyses

			The data represented as means of three replicates (n = 3) were analyzed using a completely randomized design (CRD) with least significant difference (LSD) test at P ≤ 0.05.

			Results and Discussion

			Linear dimensions of persimmon fruit

			The final results of the statistical analysis show significant (P < 0.05) varietal dissimilarities in the length and width of the five persimmon varieties (Fuyu, Hachiya, Great Wall, Maru, and Rojo Brillante), while the N2 de-astringency treatment had minor to no effect on these parameters. Hachiya variety showed the highest length at 62.4 mm, followed by Rojo Brillante variety at 56.03 mm, showing a significant difference in length between the two and the other varieties (Fuyu, Great Wall, and Maru,), that ranged from 45.1 to 47.7 mm (Figure 1A). This noticeable variation indicates that genetic factors intrinsic to each variety substantially impact persimmon length, with Hachiya variety being distinctly different in producing longer persimmon fruit. The analogy in length among Fuyu, Hachiya, and Rojo Brillante varieties further endorse the presence of variety specific characteristics that control persimmon morphology, possibly associated with genetic regulation of cell division or elongation during fruit development.

			The non-significant alterations were observed in the length of persimmon varieties following N2 de-astringency treatment. Limited increase in the length of Fuyu, Hachiya, Maru, and Rojo Brillante varieties, and a decrease in Great Wall show that N2 de-astringency treatment does not significantly change the genetic tendency of these persimmon varieties for length. This absence of impact may show that the N2 de-astringency treatment, does not interact substantially with the physiological pathways controlling persimmon elongation in the mentioned varieties. Instead, the N2 treatment effect may be trivial to detect under the laboratory conditions. Regarding width, the substantial variation observed between the two groups of persimmon varieties (Fuyu, Hachiya, Rojo Brillante vs. Great Wall, Maru) identifies another dimension of the effect of variety on persimmon morphology. However, the non-significant differences within the mentioned groups shows that fruit width may be invariable within certain varietal groups, possibly as a result of shared and similar genetic or developmental conditions (De Mori and Cipriani, 2023; Okello et al., 2015a). Non-significant changes in width of the persimmon varieties after N2 de-astringency treatment aligns with the results for length, further supporting the conclusion that the N2 treatment has too slight effect on the linear dimensions (Figure 1B).
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			Figure 1: Comparison of (A) fruit length (mm), (B) fruit width (mm), (C) fruit volume (cm3), and (D) fruit mass (g) of five persimmon varieties (untreated and Nitrogen treated). Data represent means of three replicates (n = 3) analyzed using a completely randomized design (CRD) with least significant difference (LSD) test at P ≤ 0.05. Error bars indicate standard error of the mean.

			Overall, these results reinforce the significant role of variety on the linear dimensions, with Hachiya variety as the most elongated persimmon variety. The minimal impact of N2 de-astringency treatment shows that other factors such as genetic makeup and other environmental conditions affect size in the persimmon varieties. Similar differences in persimmon size was observed when 153 cultivars were studied by Maeda et al. (2018). These results also align with the findings of studies conducted on Camellia oleifera fruit, and Mango (Gao et al., 2022; Ahmed and Mohammed, 2015). Furthermore, Combrink et al. (2013) also reported that size of citrus fruits is dependent on genetic makeup of the fruit.

			Fruit volume and mass

			The findings of current study offer critical insights in to the impacts of N2 de-astringency treatment on the mass and volume of persimmon varieties (Fuyu, Hachiya, Great Wall, Maru, Rojo Brillante), along with the intrinsic differences amongst the persimmon varieties (Figure 1C and 1D). The outcomes of statistical analysis show that N2 de-astringency treatment did not significantly impact either the volume or mass of the persimmon varieties, showing that N2 de-astringency treatment may not have affected biochemical and physiological processes with the potential to change these physical attributes. The absence of substantial effect could be ascribed to different factors such as nature of the N2 de-astringency treatment, duration of application, or the physiological responses of the persimmon varieties to the N2 treatment. Moreover, N2 is a gas and the amount diffused into the persimmon is not sufficient to significantly change the mentioned parameters.

			On the other hand, the significant variation noted amongst the persimmon varieties in both volume and mass emphasize the effect of genetic and other varietal characteristics on the persimmon traits. Hachiya variety represented the greatest average volume of 190.65 cm3 (Figure 1C), followed by Rojo Brillante and Fuyu varieties (165.8 and 159.2 cm3 respectively), however, the differences amongst these three persimmon varieties were statistically non-significant. This shows that Hachiya variety produces longer fruits but the magnitude of variation compared to Rojo Brillante and Fuyu is not greater enough for statistical significance. Similarly, Great Wall variety showed the lowest volume of 78.8 cm3, non-significantly lower than Maru variety (85.4 cm3), specifying that these two persimmon varieties might share similar physical attributes compared to the other mentioned varieties. The similar non-significant trend noted in volume and mass further strengthens the fact that these characteristics are closely related and may be affected by common genetic and developmental factors.

			The significant difference amongst persimmon varieties might be due to the differences in their genes, that controls persimmon growth patterns and development (De Mori and Cipriani, 2023; Okello et al., 2015a). For instance, Hachiya variety greater volume and mass may arise from more rapid cell division and expansion during development of the fruit. This can be possibly linked to special genetic markers and hormonal regulation (Liu et al., 2020). Previous researches conducted on fruit development have showed that differences in the size and weight of varieties are often linked to differential expression of genes that controls expansion of cell wall and accumulation of sugar (Wai et al., 2017; Houston et al., 2016). Furthermore, treatments of fruits during specific stages of development, may have varying effect on volume and mass (Okello et al., 2015b). The similarity in volume and mass across persimmon varieties further signify the interdependence of the mentioned characteristics and are likely affected by same physiological processes. The non-significant variation observed between certain persimmon varieties show that during development these varieties might have shared same resource allocation and growth patterns (Bennett et al., 2012).

			[image: ]

			Figure 2: Comparison of (A) fresh fruit density, (B) moisture content (%), (C) water activity (aw), and (D) firmness (N) of apple persimmon varieties (untreated and Nitrogen treated). Data represent means of three replicates (n = 3) analyzed using a completely randomized design (CRD) with least significant difference (LSD) test at P ≤ 0.05. Error bars indicate standard error of the mean.

			Fruit density and moisture content

			The density and moisture content of five persimmon varieties (Fuyu, Hachiya, Great Wall, Maru, Rojo Brillante) was analyzed across two groups: untreated and nitrogen treated. After statistical analysis it was observed that variety showed significant effect on density and moisture content while N2 treatment significantly reduced density of Hachiya and increased that of Rojo Brillante variety while it did not show significant effect in case of other varieties. However, N2 de-astringency treatment showed slight and non-significant effect on moisture content of all five persimmon varieties (Figure 2A). The Rojo Brillante variety showed the highest average density of 1.00 g/cm3, followed by Maru and Hachiya while Fuyu showed the lowest density of 0.96 g/cm3. Similarly, Fuyu variety showed the highest average moisture content of 77.13 % followed by Hachiya and Great Wall, while, Rojo Brillante showed minimum moisture content of 72.24 % (Figure 2B). 

			The findings of this study made it clear that both variety and N2 de-astringency treatment affected density and moisture content of persimmon. The significant difference amongst persimmon varieties specify the key role of genetics in density and moisture content. Previously, a study on persimmon varieties showed significant difference in moisture content ranging from 78 to 83 % among the selected varieties (Baltacioğlu and Artik, 2013). Furthermore, the differences in varieties may arise from differences in structure and composition of the cells (Lara et al., 2019). N2 de-astringency treatment influence on density was specific to each variety. The density of Hachiya variety is significantly reduced, likely due to softening of tissues and enhanced in Rojo Brillante variety, possible due to loss of moisture leading to compaction (Pradhan et al., 2009). The non-significant effect of the N2 de-astringency treatment was observed in Fuyu, Great Wall, and Maru varieties, indicating that response of some varieties may be same but not all varieties respond to the same treatment alike. Similarly, in all persimmon varieties slight but non-significant difference was observed implying minimal impact of N2 de-astringency treatment on water conservation. Previously, Harker et al. (2000) reported in no change in density of strawberry fruit after CO2 gas treatment. Fuyu variety showed the highest moisture while Rojo Brillante showed the lowest, indicating an inverse relationship between moisture content and density of persimmon fruit (Pradhan et al., 2009). Finally, these results and findings signify the critical role of proper variety selection in postharvest treatment programs. Because, the changes occurring in fruit system, after applying postharvest treatments, depend on its intrinsic attributes.

			Water activity and firmness

			The water activity and firmness of five persimmon varieties were analyzed across two groups: untreated and nitrogen treated. Statistical analyses of the data confirmed that varieties have no effect on average water activity (Figure 2C). However, N2 de-astringency treatment significantly reduced water activity of all five varieties. Average water activity in untreated Fuyu variety was 0.985 that decreased to 0.97 in N2 treated samples. In contrast to the water activity, N2 de-astringency treatment significantly improved firmness of all five varieties. Similarly, the effect of varieties was also significant in the case of firmness (Figure 2D). Maru variety had the highest average firmness of 52.68 N but not significantly different from Great Wall (52.00 N). Fuyu and Hachiya has similar firmness but significantly lower than former discussed varieties. Rojo Brillante showed the lowest firmness amongst all persimmon varieties.

			These discussed results show that the persimmon varieties did not substantially impact water activity, however, the effect was significant in the case of firmness. This suggests a more important role of differences among persimmon varieties on textural properties than on moisture conservation (Borrás, 2015). All N2 treated varieties show reduction in water activity indicating efficacy of the treatment in stability of moisture content. This may be due to outflow of moisture and inflow of N2 from surrounding as reported by (Maltini et al., 2003). Similarly, firmness also increased as a result of N2 treatment, indicating the role of treatment in texture of the persimmon fruit. Among the persimmon varieties, Maru and Great Wall showed the highest firmness while Rojo Brillante showed the lowest. The higher firmness in Maru and Great Wall can be attributed to their greater cell wall integrity and lower moisture composition (Su et al., 2022). As de-astringency treatments have been reported to reduce firmness of fruits (Zhao et al., 2025). The closer firmness of Fuyu and Hachiya varieties, yet their difference from Great Wall and Maru, signify varietal-specific responses to N2 de-astringency treatment. The increased in firmness show that N2 treatment maintains structure of the cell wall and delayed enzymatic degradation leading to extended shelf life during storage (Zhao et al., 2019).

			 

			 Fruit pH and titratable acidity

			The findings of the statistical analyses on pH and titratable acidity across untreated and N2 treated five persimmon varieties (Fuyu, Hachiya, Great Wall, Maru, Rojo Brillante) show critical insights in to the biochemical changes in these varieties after N2 de-astringency treatment. The results express distinct patterns in pH and TA of persimmon fruit. Interestingly both variety and N2 treatment, significantly impacted the behavior of Hachiya compared to the other persimmon varieties.

			The non-significant influence of both variety and N2 treatment on the pH of Fuyu, Great Wall, Maru, and Rojo Brillante varieties shows that the pH of these persimmon varieties is relatively stable across different varieties and under N2 de-astringency treatment (Figure 3A). The intrinsic buffering capacity in the persimmon varieties keep the pH stable despite N2 treatment. This capacity in persimmon varieties can be attributed to the existence of buffering compounds such as organic acids generally and malic acid particularly (Novillo et al., 2015; Lee et al., 2012). As compared to other varieties, Hachiya showed a notably lower average pH of 5.82, indicating the presence of free hydrogen ions in higher concentration leading to higher acidity. The lower pH of Hachiya could enhance its microbial stability and sensory acceptability. Such variation among cultivars is crucial for selection of proper variety for product development and processing (Vázquez-Gutiérrez et al., 2016). The substantial increase in pH of Hachiya variety from 5.57 to 6.08 shows that N2 de-astringency treatment creates anaerobic condition leading to increase in acetaldehyde for conversion of soluble tannins into insoluble form. The acetaldehyde is a neutral compound and can be the reason for increased pH (Zhao et al., 2025).
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			Figure 3: Comparison of (A) fresh pH, (B) titratable acidity (%), (C) soluble solid concentration (%), and (D) sugar acid ratio of five persimmon varieties (untreated and Nitrogen treated). Data represent means of three replicates (n = 3) analyzed using a completely randomized design (CRD) with least significant difference (LSD) test at P ≤ 0.05. Error bars indicate standard error of the mean.

			Similarly, titratable acidity was significantly affected by both variety and N2 de-astringency treatment. Hachiya variety showed higher titratable acidity of 0.19 % malic acid that perfectly aligns with its lower pH and further strengthens the presence of higher organic acid content (Figure 3B). This attribute of Hachiya makes it more suitable variety for products preparation where high acidity is desired. Conversely, Maru variety has the lowest titratable acidity of 0.10 % malic acid, indicating lower organic acids that possibly affect tartness of the fruit. The significant decrease in titratable acidity after N2 de-astringency treatment in Fuyu, Hachiya, Great Wall, and Rojo Brillante shows that N2 treatment may enhance metabolic processes like conversion and degradation of organic acids (Besada et al., 2013). 

			Total soluble solids and sugar/acid ratio

			The results of this study reveal valuable information concerning the influence of the N₂ de-astringency treatment on total soluble solids (TSS) and sugar/acid ratio in five persimmon varieties. Whereas the N₂ treatment had no significant impact on TSS values, it had a significant effect on the sugar/acid ratio, reflecting the intricate interaction between variety and postharvest treatment.

			The noted non-significant decrease in TSS of all the five varieties implies that the N₂ treatment does not significantly influence the overall sugar content or perception of sweetness in persimmons. The decline varied moderately between 0.43 % and 1.02 %, adding credence to the notion that N₂ treatment mostly focuses on eliminating astringency without modifying critical sweetness indicators (Figure 3C). This is consistent with prior research where comparable treatments had little or no effect on TSS, highlighting its stability as a varietal characteristic. Even after treatment, profound varietal variations existed. Rojo Brillante showed the highest TSS (15.23 %), suggesting a potentially better sweetness level, followed by Hachiya, whereas Maru registered the lowest mean TSS of 11.01 %. These inherent discrepancies may be due to genetic variation in sugar metabolism and accumulation patterns in the cultivars.

			In comparison to TSS, however, the sugar/acid ratio was greatly influenced by N₂ treatment and variety, showing its susceptibility to postharvest modification as well as varietal nature (Figure 3D). Maru variety, with the lowest TSS, contained the highest sugar/acid ratio (125.45). This indicates a reduced acidity level, which leads to increased sweetness in taste perception, and thus would contribute to an increase in consumer preference for this variety (Chen et al., 2016). In contrast, Hachiya had the lowest sugar/acid ratio of 78.4, which may be because it has greater acidity, and this could also lead to a balanced taste. These major differences within varieties emphasize the need to take into account both the sugar and acid content while assessing fruit quality. Interestingly, treatment with N₂ led to a uniform and significant increase in the sugar/acid ratio of all varieties, with gains between 27.86 and 33.93. This may be the result of selective titratable acidity reduction, a well-documented outcome of de-astringency treatments (Zhao et al., 2025). The improvement in sugar/acid ratio, while TSS remains constant, implies an overall enhancement in the sweetness and taste balance, which could translate into favorable marketability and consumer acceptance outcomes.
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			Figure 4: Comparison of (A) reducing sugar (%), (B) non-reducing sugar (%), (C) vitamin C (mg/100 g), and (D) total phenol content (mg gallic acid equivalent/100 g) of five persimmon varieties (untreated and Nitrogen treated). Data represent means of three replicates (n = 3) analyzed using a completely randomized design (CRD) with least significant difference (LSD) test at P ≤ 0.05. Error bars indicate standard error of the mean.

			Reducing and non-reducing sugars 

			The reducing and non-reducing sugars of five persimmon varieties was analyzed across two groups: untreated and nitrogen treated. After statistical analysis it was observed that N2 de-astringency treatment significantly increase reducing sugars of Fuyu and Maru variety. N2 treatment slightly and non-significantly increase reducing sugar of Hachiya, Great Wall and Rojo Brillante varieties (Figure 4A). In contrast to reducing sugar, N2 treatment significantly reduced non-reducing sugar in three varieties (Fuyu, Maru, and Rojo Brillante), while slight and non-significant reduction was observed in Hachiya and Great Wall varieties. A significant variation in both reducing sugar and non-reducing sugar was observed among all five varieties. The highest average reducing sugar of 11.85 % was observed in Hachiya followed by Rojo Brillante while, the lowest reducing sugar of 8.63 % was observed in Maru variety. Similarly, the highest average non-reducing sugar of 2.43 % was observed in Rojo Brillante followed by Great Wall, while, the lowest average non-reducing sugar of 1.52 % was observed in Maru variety (Figure 4B). 

			The increase in reducing sugars after N₂ de-astringency treatment, as noted in the Fuyu and Maru varieties, indicates that N2 is involved in encouraging sugar metabolism or mobilization in some persimmon genotypes. Such a notable response could be due to increased activity of enzymes such as invertase or amylase, which helps to decompose complex carbohydrates into reducing sugars during the process of de-astringency (Zhao et al., 2025). The minor, non-significant increases in reducing sugars in Hachiya, Great Wall, and Rojo Brillante could reflect a varietal variation in metabolic responsiveness as reported in previous studies on fruit varieties (Rosend et al., 2019; Monti et al., 2016).

			Conversely, the dramatic decline in non-reducing sugars in Fuyu, Maru, and Rojo Brillante under N2 treatment suggests their reduction to reducing forms (Gurbanova et al., 2018), supporting the premise of increased carbohydrate hydrolysis (Tilahun et al., 2017). Minimal variations in Hachiya and Great Wall indicate potential stability or resistance to metabolic changes caused by N2 in these varieties. Such differential response substantiates the belief in varietal-specific pathways of sugar metabolism (Rosend et al., 2019; Monti et al., 2016).

			In addition, the large difference in sugar level between varieties is an indicator of carbohydrate composition and genetic diversity of response to postharvest treatment. The maximum reducing sugar level in Hachiya and Rojo Brillante signifies a sweet nature by the virtue of natural profile, whereas low reducing and non-reducing sugars in Maru signify comparatively lower capacity for sugar accumulation. In all, these results underscore the need for variety-specific postharvest treatment strategy and the potential of N2 to regulate persimmon sugar profiles.

			Vitamin C and total phenol content

			The vitamin C and phenol content of five persimmon varieties (Fuyu, Hachiya, Great Wall, Maru, Rojo Brillante) was analyzed across two groups: untreated and nitrogen treated. After statistical analysis it was observed that both variety and N2 treatment have significant effect on the two nutritionally critical parameters. The Great Wall variety showed vitamin C content of 37.17 mg/100 g, non-significantly different from 37.15 mg/100 g of Rojo Brillante but significant higher from other varieties (Figure 4C). The lowest vitamin C content was observed in Hachiya variety as 24.39 mg/100 g. Similarly, a significant variation in phenol content was observed in all five varieties. The Great Wall variety showed average phenol content of 1747.80 mg GAE/100 g FW followed by Hachiya variety (Figure 4D). The lowest average phenol content of 487.5 mg GAE/100 g FW was observed in Maru variety. N2 de-astringency treatment showed decreasing effect on vitamin C and phenol content of all five varieties. The greatest decrease of 15.33 mg/100 g in vitamin C was observed in Fuyu variety followed by Rojo Brillante. Interestingly, a non-significant decrease of 1.78 mg/100 g was observed in Maru variety after N2 treatment. Similarly, the greatest decrease of 1909 mg/100 g was observed in Great Wall followed by Hachiya variety. While, the lowest decrease of 232 mg/100 g was observed in N2 treated Fuyu variety.

			The investigation emphasizes notable varietal variations and the effect of N2 de-astringency treatment on persimmon vitamin C and phenol levels. Great Wall variety recorded the maximum content of vitamin C, statistically equivalent to that of Rojo Brillante but significantly greater than other varieties, whereas Hachiya registered the minimum. Likewise, Great Wall recorded the maximum phenols content followed by Hachiya, while Maru recorded the minimum. These results indicate that genetic components significantly affect the nutritional content of persimmons, where Great Wall appears to be a good cultivar for high phenolic and vitamin C content (Borrás, 2015).

			De-astringency treatment with N2 consistently lowered the levels of vitamin C and phenol in all varieties, most probably due to oxidative enzyme activity of polyphenol oxidase and ascorbate oxidase leading to degradation of ascorbate and phenolics. Additionally, de-astringency treatment converts soluble tannins into insoluble forms, where phenolics serve as a substrate (Han et al., 2021). Furthermore, anaerobic condition due to higher concentration of N2 affect availability of NADPH leading to degradation of vitamin C (Bibi et al., 2007). The highest reduction in vitamin C was seen in Fuyu, whereas Maru displayed minimal loss, suggesting varietal resistance to N2-induced nutrient loss (Gurbanova et al., 2018). Likewise, the significant loss in phenols in Great Wall and Hachiya implies that these varieties are more susceptible to N2 treatment, while Fuyu indicated relative stability. The decrease in phenolic compounds after N2 treatment may have resulted from oxidation of soluble tannins in to insoluble forms (Han et al., 2022a). This led to lower antioxidant and lowered nutritional value, but it improved organoleptic quality by reducing bitterness and astringency leading to improved consumer acceptance. This requires optimization of de-astringency treatment conditions to balance nutritional profile and sensory characteristics. The lack of significant vitamin C decline in Maru suggests possible tolerance and thus requires further investigation into its biochemical resilience.
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			Figure 5: Comparison of (A) potassium (mg/100 g), (B) sodium (mg/100 g), (C) phosphorus (mg/100 g), and (D) calcium (mg/100 g) of five persimmon varieties (untreated and Nitrogen treated). Data represent means of three replicates (n = 3) analyzed using a completely randomized design (CRD) with least significant difference (LSD) test at p ≤ 0.05. Error bars indicate standard error of the mean.

			Minerals content

			The mineral content of five persimmon varieties (Fuyu, Hachiya, Great Wall, Maru, Rojo Brillante) was analyzed across two groups: untreated and nitrogen treated. After statistical analysis it was observed that N2 treatment has non-significant effect on potassium (K), sodium (Na), and phosphorus (P) content of the persimmon varieties while it significantly increased zinc (Zn) content and decreased calcium (Ca), magnesium (Mg), iron (Fe), and manganese (Mn) content of all five varieties. N2 treatment slightly and non-significantly increased K content of Fuyu, Hachiya, and Rojo Brillante from 3.34 to 10 mg/100 g, while decreased K content of Great Wall and Maru variety from 6.67 to 9.67 mg/100 g (Figure 5A). Similar increasing and decreasing trends were also observed in Na and P content of the persimmon varieties (Figure 5B and 5C). A significant decrease occurred in Ca content of Fuyu, Great Wall, Maru, and Rojo Brillante ranging from 1.73 to 10.33 mg/100 g while no changes was observed in Ca content of Hachiya after N2 treatment (Figure 5D). There was significant decrease in Mg, Fe, and Mn of all five varieties ranging from 0.7 to 1.6 mg/100 g, 0.07 to 0.14 mg/100 g, and 0.02 to 0.17 mg/100 g respectively (Figure 6A, 6B and 6D). In contrast to this, significant increase occurred in Zn content of all varieties ranging from 0.03 to 0.11 mg/100 g (Figure 6C). Significant difference in mineral content was observed among persimmon varieties. Average P and Na content was found significantly higher in Maru variety followed by Rojo Brillante while the lowest was observed in Fuyu variety. Average P content was significantly higher in Rojo Brillante followed by Great Wall and Fuyu while the lowest P content was noted in Hachiya variety. Average Ca content was significantly greater in Maru followed by Fuyu, while the lowest was observed in Great Wall. Average Mg content was significantly higher in Great Wall, Fe content in Fuyu, Zn in Great Wall, and Mn in Fuyu variety.
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			Figure 6: Comparison of (A) magnesium (mg/100 g), (B) iron (mg/100 g), (C) zinc (mg/100 g), and (D) manganese (mg/100 g) of five persimmon varieties (untreated and Nitrogen treated). Data represent means of three replicates (n = 3) analyzed using a completely randomized design (CRD) with least significant difference (LSD) test at P ≤ 0.05. Error bars indicate standard error of the mean.

			The present research emphasizes the impact of N2 de-astringency treatment on the mineral composition of five persimmon varieties. Generally, the treatment had a selective impact on the levels of minerals, where a statistically significant decreasing trend in the levels of Ca, Mg, Fe, and Mn in all varieties was observed. Despite these dramatic shifts, levels of K, Na, and P were statistically unaffected by N2 treatment, with some slight varietal fluctuation detected. Mg being part of chlorophyll play role in photosynthesis and activation of enzymes. N2 treatment effect metabolites such as tannins that are not directly associated with Mg related processes (Tian et al., 2021). Similarly, K and P are not affected by N2 de-astringency treatment as they remain stable under anaerobic conditions and modification in tannins. Fe is often occurred in bounded form with compounds like tannins (Nakajima and Sakaguchi, 2000). After N2 treatment, tannins are polymerized and degraded leading to release of Fe (Zhou et al., 2022). The increase in acidity and anaerobic conditions further speed up precipitation of Fe as oxides and hydroxides (Kaksonen et al., 2014). Ca, Mg and Mn in persimmon fruit decreased after N2 treatment due to changes in membrane activity leading to cation leakage and polymerization of tannins that chelate these ions. Furthermore, anaerobic condition hinders ion transport and decreased vacuolar pH precipitate these ions, thereby decreasing their measurable levels (Li et al., 2025; Celus et al., 2018). Lastly, Zn occur as a part of enzyme systems involved in metabolic processes and stress response (Hassan et al., 2020). To slow down ripening and senescence through tolerating shift in metabolic patterns, activity of essential mineral such as Zn-dependent reactions are increased (Deng et al., 2020). 

			Sensory characteristics of persimmons

			The sensory characteristics such as appearance, taste, aroma, texture, and overall acceptability of five persimmon varieties (Fuyu, Hachiya, Great Wall, Maru, Rojo Brillante) was analyzed across two groups: untreated and nitrogen treated. After statistical analysis it was noted that non-significant effect of N2 de-astringency treatment was observed on appearance and texture, while a significant effect was observed on taste, aroma, astringency, and overall acceptability of the persimmon fruit. However, the difference due to variety was significant in case of all sensory parameters except texture. Among the varieties, Fuyu obtained the highest acceptability score of 8.01, while Great Wall obtained the lowest score of 6.12 for appearance (Figure 7A). Maru obtained the highest acceptability score of 6.93 and 6.68, while Great Wall and Fuyu obtained the lowest score of 5.92 and 5.46 for taste and astringency respectively (Figure 7B and 7C). Rojo Brillante obtained the highest acceptability score of 7.16, while Great Wall obtained the lowest score of 6.43 for aroma (Figure 7D). The highest acceptability score of 7.56 was obtained by Fuyu while the lowest of 6.60 was obtained by Maru, however, the difference was not statistically significant. N2 treatment resulted in an increase of appearance score in all varieties, ranging from 0.027 to 0.26 except Hachiya, that showed 0.12 decrease in appearance score. The treatment also significantly increased taste score in all varieties ranging from 0.37 to 2.04. Similarly, N2 treatment significantly reduced astringency in all varieties but the treatment effect varied with variety. The increase in astringency acceptability score was the highest for Hachiya (4.91) followed by Rojo Brillante while, the lowest increase in acceptability score was observed for Maru variety (0.73). Just like other sensory characteristics, improvement in aroma, texture, and overall acceptability score was observed in all varieties (Figure 8A). Maru variety showed the highest increase in acceptability score for aroma and texture (1.06 and 0.28 respectively). Lastly, the highest increase in overall acceptability score was observed in Hachiya variety that increased from 5.91 (untreated) to 7.30 after N2 de-astringency treatment (Figure 8B).

			[image: ]

			Figure 7: Comparison of (A) appearance (9-point hedonic scale), (B) taste (9-point hedonic scale), (C) astringency (9-point hedonic scale), and (D) aroma (9-point hedonic scale) of five persimmon varieties (untreated and Nitrogen treated). Data represent means of three replicates (n = 3) analyzed using a completely randomized design (CRD) with least significant difference (LSD) test at P ≤ 0.05.

			Organoleptic analyses of five persimmon varieties indicated that N2 de-astringency treatment had substantial effect on taste, aroma, astringency, and overall acceptability, whereas its effect on appearance and texture was non-significant. This indicates that the treatment by N2 strengthens the chemical and volatile compounds responsible for flavor and aroma and tannin reduction, respectively, without exerting a pronounced effect on visual and structural characteristics. Previously, N2 treatment has been reported for improving sensory characteristics of persimmon fruit (Bibi et al., 2007). The varietal differences had significant impact on all sensory parameters except texture, indicating inherent genetic differences affect sensory characteristics of persimmon varieties (Han et al., 2022b). The high appearance and overall acceptability scores of Fuyu indicate its market acceptability that can be attributed to its higher moisture content, balanced TA and TSS content, whereas Great Wall was the lowest scorer in most of the parameters, indicating varietal shortcomings in sensory quality. The possible reason for its inferior sensory acceptability could be possibly attributed to lower moisture content, TSS, sugar/acid ratio and higher firmness. The response of different varieties to N2 treatment showed clear variation in terms of astringency reduction. Among the control group, Maru showed the lowest astringency while Hachiya showed the highest. Upon N2 treatment, all varieties showed reduction in astringency. Hachiya and Rojo Brillante responded most strongly to the N2 treatment while Maru weakly responded to the treatment. This showed magnitude of response is dependent on variety, making it clear that inherent physiological variations affect efficacy of de-astringency treatment. The sharp reduction in astringency, especially in Hachiya variety indicates the effectiveness of the N2 treatment in offsetting tannin-related bitterness, with differential success among varieties (Bibi et al., 2007). The significant increase in Hachiya overall acceptability further suggests the possibility of the treatment to increase consumer preference, especially for astringent varieties. Moreover, Hachiya showed moderate moisture content, firmness and composition. These attributes optimize the release of aromatic compounds and N2 treatment enhances sugar accumulation and synthesis of volatile compounds improving the sugar/acid ratio. These effects noticeably improved overall acceptability of Hachiya variety. The significant increase in aroma and texture scores for Maru suggests variety-specific response to N2 treatment, perhaps because of its varietal distinctions in volatile compound formation and cell wall composition (Amorim et al., 2020; Besada et al., 2013). These results align with previous researches on de-astringency treatments, indicating that N2 application is a potential solution to improve sensory quality, especially for taste and astringency (Bibi et al., 2007), although its effectiveness is variety-specific, requiring variety-specific strategies in postharvest processing to maximize consumer acceptability. 
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			Figure 8: Comparison of (A) texture (9-point hedonic scale), (B) overall acceptability (9-point hedonic scale) of five persimmon varieties (untreated and Nitrogen treated). Data represent means of three replicates (n = 3) analyzed using a completely randomized design (CRD) with least significant difference (LSD) test at P ≤ 0.05.

			Conclusions and Recommendatoins 

			Overall it can be summarized that a substantial effect of varieties was observed on both physicochemical and organoleptic characteristics. The fruit of Hachiya variety was the longest with greatest volume while Maru and Great Wall were shorter. Non-significant effect of N2 treatment was observed on these physical characteristics. However, density of Hachiya was reduced while that of Rojo Brillante was increased. Moreover, N2 treatment resulted in reduction of sugars, ascorbic acid, total phenol content and some minerals. While other biochemical parameters were not notably affected. Organoleptic analyses showed improving effect of N2 treatment on sensory characteristics except appearance and texture of all varieties. Hachiya variety showed the greatest reduction in astringency while Maru and Fuyu excelled in taste and appearance respectively. Finally, using these findings, it can be concluded that N2 treatment is effective in reducing astringency in persimmon varieties without significantly affecting physicochemical attributes. These findings provide unique insight into the varietal differences and varying response to N2 de-astringency treatment. Further researches should explore molecular and genetic level basis to clearly understand the way changes occur in varieties after N2 treatment.
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Effect of Nitrogen De-Astringency Treatment on Five Persimmon
Varieties: A Comparative Study

Shah Alam* and Muhammad Ayub'

lDepartment of Food Science & Technology, The University of Agriculture, Peshawar-Pakistan.

Abstract | Persimmon is one of the major fruit grown in Khyber Pakhtunkhwa, Pakistan. However, the short
shelf-life of persimmon and texture loss after ripening create challenges for traders and processor during
storage. Therefore, current study was designed to check the effect of nitrogen (N,) de-astringency treatment
on physicochemical and sensory attributes of five different persimmon cultivars (Fuyu, Hachiya, Great Wall,
Maru, and Rojo Brillante). The five groups of persimmon varieties were exposed to modified atmosphere
condition of 99.99% N, for 96 hours at 30 = 1 °C. The untreated and treated persimmons were stored for
6 days at 5 °C until analyzed for physicochemical and organoleptic characteristics. The results are mean of
three replicates, separated using least significance difterence (LSD) test and statistically analyzed at P < 0.05.
The results indicate that a significant difference in physicochemical and sensory characteristics was observed
among the five varieties. Hachiya variety showed the highest length, width, volume, mass, water activity,
titratable acidity, and reducing sugar. Whereas, Rojo Brillante showed the highest density and pH, Fuyu
showed the highest soluble solids and non-reducing sugar, Maru showed the highest firmness, and Great Wall
showed the highest total phenol content. Furthermore, variation was observed in the responses of varieties to
N, de-astringency treatment. Overall, Hachiya showed the best response with satisfactory physicochemical
characteristics and high score for sensory characteristics followed by Fuyu variety. The results provide unique
insight into the varietal differences and varying response to N, de-astringency treatment. Further researches
should explore the molecular level basis to clearly understand the way changes occur in varieties after N,
treatment.
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Introduction Khan and Shaukat, 2006). Among these delicious
fruits, persimmon (Diospyros kaki), a highly appraised

Pakjstan, a country with multiple agro-climatic fruit crop that is mostly grown in the temperate
environments (tropical to temperate), is an areas particularly in Swat, Dir, and Shangla districts
important agricultural hub, producing more than 144  of Khyber Pakhtunkhwa (KP) province. Where,
species of fruit plants (Khokhar and Bajwa, 2014, its production plays a key role in the economy of
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