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Abstract

The aim of the research was to select effective and technologically rational methods for removing astringency from the
fruits of industrial persimmon varieties common in Georgia immediately after harvest. The study involved the testing
of three different methods: warm water treatment (40°C for 4-4.5 hours), freezing (-20°C for 3 and 6 hours), and carbon
dioxide treatment (CO,, 95% at 20°C for 16 and 24 hours). Samples treated by each method were stored at a
temperature of 0-1°C with a relative humidity of 90-95%. According to the results, warm water treatment reduces
astringency and improves organoleptic indicators; however, it causes fruit softening and deterioration of visual
characteristics, with the effect appearing only after 7-10 days. The freezing method ensures rapid astringency removal
(20-24 hours) but leads to tissue darkening and reduces shelf life. The best results were achieved with a 24-hour CO,
treatment, where astringency completely disappears after 3 days, the fruit retains its original color, shape, and firmness,
and the shelf life reaches 60-70 days. The conducted research reveals that CO, treatment is the most effective method,
ensuring the preservation of both taste and visual qualities.
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1. Introduction

The persimmon (Diospyros kaki L.) is a perennial fruit of subtropical and warm-temperate climates. It is primarily
cultivated in the warm regions of China, Japan, Brazil, Italy, and the Mediterranean [1]. While persimmons are widely
consumed in Asia, their popularity has spread to the West over the past several years. Since then, persimmon production
and consumption have steadily expanded, driven by its versatile benefits. According to FAO, global persimmon harvests
increased by nearly 2% between 2018-2021, while Geostat data shows a significant increase of almost 37% in Georgia
during the same period [2]. Notably, Azerbaijan has the highest average annual growth in world persimmon exports
(16.2%), ranking second globally by this indicator [3].

Persimmons are characterized by relatively high antioxidant activity, resulting from a high content of phenols and
phytochemical compounds [4,5,6]. Laboratory studies have demonstrated the potential benefits of persimmons in
treating conditions such as obesity [7,8], diabetes [9], cardiovascular diseases [10], and cancer [11,12]. These benefits
are directly linked to the high concentration of bioactive compounds [13].
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It is noteworthy that in Georgia, persimmons are harvested in October and November. Both astringent and non-
astringent varieties are widespread throughout the country. Astringent varieties are characterized by a higher content
of bioactive compounds and antioxidant activity compared to non-astringent ones. However, the latter are distinguished
by superior organoleptic properties, such as a pleasant aroma and taste. Astringent fruits are primarily used for
producing dried fruit (chiri), fruit purees, and candied fruits (tsukati), and are generally not consumed fresh in their
firm state because the astringency significantly impairs their organoleptic qualities. This restricts their fresh
consumption to the stage of full maturity when the fruit has softened. Post-harvest ripening during storage triggers the
natural polymerization of tannins. During this process, soluble tannins (which cause the astringent taste) are converted
into an insoluble form. While this ensures the removal of astringency, the fruit softens and loses its original color and
shape, presenting a significant challenge for storage, transportation, warehousing, and shelf-display.

Based on modern literature, there are several proven methods for removing astringency from persimmons.

High CO, concentrations consistently promote the production of more acetaldehyde, facilitating rapid astringency
removal [14]. It has been established that acetaldehyde plays a decisive role in astringency removal both naturally and
through CO, treatment [15].

Temperature plays a significant role in anaerobic metabolism. At higher temperatures, a greater accumulation of
acetaldehyde and ethanol occurs, which serves as an effective means of removing astringency [16]. Research has
established the positive effects of various treatments in this regard, including hot water [17], ethanol [18,19], freezing
[20], irradiation [21], and others.

It should also be considered that newly harvested astringent persimmon fruits must be stored in cold storage at optimal
temperatures, which entails additional costs in terms of space, time, and electricity.

Consequently, the objective of our research is to remove the astringency of newly harvested persimmon fruits using a
simple method and to determine the optimal parameters for varieties common in Georgia. The goal is for the fruit to
retain its firmness and attractive external appearance. Furthermore, it is essential to ensure that the fruit can be
introduced into the marketing chain shortly after harvest and that the research results are economically justified and
effective.

2. Object and Methods

The study was conducted on three introduced persimmon varieties Hachiya, Kaki Tipo, and Rojo Brillante—grown in
the fruit orchards at the Jighaura base (Mtskheta district, Georgia (41°55'25" N, 44°46'35" E)) of the Scientific-Research
Center of Agriculture.

The research experiment was conducted according to the following sequence:

Persimmons were harvested at the under-ripe stage, when the fruit exhibited a greenish-yellow coloration.

To remove astringency, the samples were initially treated using safe (non-toxic) methods standard in fruit storage
technology. These proven methods were compared across all three persimmon varieties to identify the most efficient
option. Specifically

Newly harvested, astringent persimmon fruits were treated in a warm water bath at 40°C for 4-4.5 hours. Following

the treatment, the samples were cooled and subsequently stored in a refrigerator at a temperature of 0-1°C, with a
relative humidity (¢) of 90-95% (Figure 1).
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Figure 1 Treatment of persimmon fruits with warm water

A freezing treatment technology was employed, in which the persimmon fruits were placed in a freezer at a temperature
of -20°C for durations of 3 and 6 hours. After treatment, the samples were stored in a refrigerator at 0-1°C, ¢ - 90-95%
(Figure 2).

Figure 2 Treatment of persimmon fruits by freezing

To remove astringency, the persimmon samples were placed in a hermetic desiccator and treated with a high
concentration of CO, (95%). The treatment was conducted at a temperature of 20°C for durations of 16 and 24 hours.
Following treatment, the samples were stored in a refrigerator at 0-1°C, ¢ - 90-95% (Figure 3).
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Figure 3 Treatment of persimmon fruits with CO,

2.1. The following equipment was used for the experiment
[ ]

Water bath (LAZNIA Wodna TYP LW-4800W WSL BYTOM BCM);
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e Gasanalyzer (F-940 Three Gas Analyzer, Felix Instruments, USA, for determining carbon dioxide levels);
o Freezer (FS 225320, Beko Vertical Freezer);
e (Cold storage refrigerator (Midea semi-dry, 0-13°C).
e Alwas used to generate the images.
3. Results

3.1. Method: Warm Water Treatment

The conducted experiment showed that in the case of all three persimmon varieties, warm water treatment effectively
reduces astringency and improves organoleptic indicators. The fruit stores well at low temperatures in the refrigerator
and maintains a pleasant taste until the end of the storage period. Despite these positive aspects, the application of this
method is characterized by partial darkening of the color and loss of surface gloss; consequently, the fruit is visually less
attractive and becomes relatively softened. Furthermore, the result (astringency removal) is achieved only 7-10 days
after treatment.

3.2. Method: Freezing Treatment

The freezing treatment yielded interesting results. After removal from the freezer, the persimmon fruits were stored in
a refrigerator at a low temperature (0-1°C), where the thawing process took place. The removal of astringency was
observed 20-24 hours after treatment in the case of all three persimmon varieties. At room temperature, the samples
exhibited improved organoleptic properties, specifically a pleasant taste and aroma. Additionally, astringency was
significantly reduced in the fruits; however, the degree of reduction was most pronounced in samples held in the freezer
for 6 hours compared to those held for 3 hours. The surface of the persimmon remained glossy and visually appealing.
However, in both exposure groups, darkening of the fruit tissue was observed, which may be related to the disruption
of redox (oxidation-reduction) processes [22]. At the same time, the test samples maintained their firmness for only
20-30 days.

3.3. Method: CO, Treatment

Based on the conducted experiments, a significant positive effect of CO, treatment on the removal of astringency in
persimmon fruits was observed.

According to the results, astringency was no longer detectable in samples treated with CO, for 24 hours after just 3 days
of cold storage. In contrast, the 16-hour exposure variant still partially exhibited astringent traits. This indicates the
high efficiency of the 24-hour treatment duration. It appears that this timeframe is sufficient to maximally reduce the
undesirable taste characteristics caused by soluble tannin compounds. The treated fruits retained their original
morphological characteristics, such as shape and color, and were characterized by pleasant organoleptic properties,
including a distinct aroma. Notably, under storage conditions (60-70 days), the samples maintained sufficient firmness
and the visual characteristics typical of the variety, which serves as an indicator of stable storability.

4, Conclusion

Based on the obtained results, it can be concluded that while the studied treatment methods generally ensure the
reduction of astringency and the improvement of organoleptic properties, warm water treatment is less effective in
terms of maintaining fruit firmness. The freezing method achieves the goal of astringency removal, but the visual appeal
of the fruit is compromised due to tissue darkening. The most effective and technologically rational method is CO,
treatment with a 24-hour exposure. This approach maximally ensures the removal of astringency and the improvement
of organoleptic indicators while simultaneously preserving the initial quality parameters. This method allows
persimmon fruits to be harvested early before softening and quickly integrated into the marketing chain, thereby
significantly increasing its potential for commercial application.
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