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Abstract 
 

I reviewed about dyeing fastness and functional properties of the non-mordant dyed cotton and iron 

mordant dyed cotton with astringent persimmon juice. In the UV-VIS spectrum of astringent persimmon juice, 

the maximum absorption wavelength of the juice was 272.0㎚, which was a characteristic peak of tannin. In 

dyeing fastness, light fastness of the non-mordant dyed cotton was a little low at grade 2～3. But by the iron 

mordant treatment, the light fastness was good at grade 4. Dry cleaning fastness to discoloration and 

contamination was excellent at grade 4～5 for both the non-mordant dyed cotton and iron-mordant dyed 

cotton. Their rub fastness were grade 3 and grade 2～3 respectively, in the dry condition, and grade 2～3 

and grade 3 respectively, in the wet condition. In the perspiration fastness of the non-mordant dyed cotton, 

the discoloration from acidity and alkalinity was grade 3～4 and grade 3, respectively, and contamination 

from acidity and alkalinity was relatively good at grade 4. Meanwhile, in the perspiration fastness of the 

non-mordant dyed cotton, discoloration from acidity and alkalinity was fair, both recording grade 3～4, and 

contamination from acidity and alkalinity was very good, both recording grade 4～5. In the ultraviolet 

protection effect of the non-mordant dyed cotton and iron-mordant dyed cotton, the ultraviolet protection 

factor was both 50+, both of which showed an excellent ultraviolet blocking effect. And the protection rate of 

UV-A appeared 98.4% and 99.1%, respectively, and the protection rate of UV-B showed 98.7% and 99.2, 

respectively. In addition, both exhibited an excellent deodorization rate over 99.9% or more, irrespective of 

the passage of time. Also, both showed an excellent antimicrobial activity over 99.9% or more against 

Staphylococcus aureus and Klebsiella pneumoniae. 

 

Key words: Astringent Persimmon Juice, Dyeing Fastness, UV Protection Effect, Deodorization Activity, Antimicrobial 
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1. INTRODUCTION 
 

Synthetic dyes are reported to be less eco-friendly and not biodegradation. they potentially cause allergies 

and may be carcinogenic which detriment to human health [1]. Today, there has been a revival of the use of 
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natural dyes for food coloring, pharmaceuticals, cosmetics, textiles and histological tissue staining [2]. The 

crude extracts from natural plants are not only relatively safe human but also environmentally friendly [3]. 

Natural coloring substances are renewable and biodegradable sources, and offer colors with generally high 

values of brightness and good harmony [4, 5]. A revived interest in the use of natural dyes in textile and food 

coloration has been growing since last few decades. Recently discovered properties of natural dyes such as 

insect repellent, deodorizing, flame retardant, UV protection, fluorescence and antimicrobial activity besides 

being biocompatible, biodegradable, renewable, and non-toxic have revolutionized all industrial sectors 

especially textile industry for producing more appealing and highly functional value-added textiles [6-15]. 

Persimmon extract is produced from the juice of young astringent persimmons after fermentation and is 

marketed as materials for tanning of leather, traditional natural dyes and paint, and so on in East Asian 

countries such as China and Japan [16]. Immature astringent persimmon contains a tannin that flavors a strong 

acerbity. Recently, useful physiological activities such as antimicrobial, antioxidant, antitumor action, and 

heavy metal removal effect of tannin component have been reported, and the possibility of functional activation 

of tannin compound contained in astringent persimmon can be estimated [17].  

The purpose of this research is to study the dyeing fastness such as light fastness, dry cleaning fastness, rub 

fastness, and perspiration fastness, and functional properties such as UV protection effect, deodorization 

activity, and antimicrobial activity of the non-mordant dyed cotton and iron-mordant dyed cotton with 

astringent persimmon juice. UV protection effect was expressed as UV protection factor and UV protection rate 

calculated in wavelength range of 290-400 ㎚ range. Deodorization activity was made from concentration of 

residual ammonia gas in a container. Antimicrobial activity of the dyed cottons was measured against 

Staphylococcus aureus and Klebsiella pneumoniae.  

 

2. THEORETICAL BACKGROUND 
 

2.1 Astringent Persimmon 

 

Tannins are a group of phenolic metabolites and are widely distributed in almost all plant foods and 

vegetables [18]. Persimmon (Diospyros kaki L.) fruits (Figure 1) [19], especially young fruits, contain abundant 

tannins [20]. Persimmon extract is rich in tannin and is known to contain several polyphenols like catechol, 

tannic acid, gallic acid, pyrogallol, catechuic acid, etc [21]. As shown in Figure 2 [22], persimmon tannins are 

composed of epicatechin gallate, epigallocatechin gallate, epigallocatechin and an unknown monomer. These 

compounds are commonly called catechins and comprise of a group of bioactive compounds with strong 

antioxidant capacity involved in many chronic diseases based on oxidative stress [23]. Persimmon extract, the 

juice of astringent persimmon, contains large quantities of persimmon tannin and has been traditionally 

employed in various applications as natural paints, dyes, tanning agent for leather tanning, a coagulating agent 

for proteins, folk drugs, etc [21]. As natural paints, they are painted on pillars and walls of buildings because 

they have the insecticidal and antiseptic properties. As natural dye, the dyed color is reddish brown to reddish 

black. When iron mordant treatment is done, it becomes dark gray˗black. This is because the iron reacts with 

the tannin of the persimmon and becomes tannin iron. Due to the strengthening effect of the reaction of tannin, 

it has also been used for paper umbrellas and fishing nets. As a folk remedy, it has been used for burns, 

frostbites, insect bites and so on [24]. 
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Figure 1. Astringent persimmon (Diospyros kaki L.) 

Figure 2. Chemical structure of tannin contained in astringent persimmon juice 

 

3. EXPERIMENTAL MATERIALS AND METHODS 
 

3.1 Experimental Materials 

 

Fabrics: Cotton used in this study was purchased from Testfabrics Inc. (West Pittston, PA)., and the 

characteristics are as shown on the Table 1. 

 

Table 1. The characteristics of cotton 

Fabric Weave 

Density 

(Threads/㎝) 
Thickness 

(㎜) 

Weight 

(g/㎡) 

Warp Weft 

Cotton Plain 
44 

38 0.55 230 

 

Astringent Persimmon: Astringent persimmons were purchased from rural education farm called 'Indigo 

morning' in South Korea. 
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3.2 Experimental Methods 

 

The Extraction Treatment of Astringent Persimmon, Dyeing, and Iron Mordant Treatment: The astringent 

persimmons, which stored for 10 months in a low-temperature warehouse kept at an average temperature of 

4℃, were squeezed juice using electric mixer. Those were used for dyeing and was called a dyeing solution. 

The cottons were dyed by kneading with hand in the traditional way for 10 minutes in the dyeing solution at 

1:50. Then the fabrics were squeezed so that the dyeing solution did not flow, and patted to distribute the 

dyeing solution evenly, and flattened and dried. The same procedure was repeated 3 times. The cotton dyed 

with astringent persimmon juice was treated for 20 minutes at room temperature in the iron mordant solution 

with liquor ratio 1:50, rinsed and then dried. 

UV-VIS Spectrum: The astringent persimmon juice diluted 100 times with distilled water was used as a 

sample for UV-VIS spectrum analysis. The UV-VIS spectrum measurement was carried out in a wavelength 

range of 190 to 700 ㎚ using an Ultraviolet-Visible/Near Infrared spectrophotometer (PERKINELMER 

LAMBDA 1050). 

Dyeing Fastness Tests: The light fastness means the degree of fading of the dyeing fabric by the sunlight 

source. It was measured by Fade-O-Meter (25-FR, Atlas Electric Devices Co. U.S.A) having water cooled 

Xenon Arc according to KS K ISO B02:2005. The dry cleaning fastness is to measure the degree of 

discoloration and contamination of other fibers during dry cleaning of dyeing fabrics. It was measured using 

Launder-O-Meter (Yasuda Model 408, Japan) according to KS K ISO 105D01:2010. The dry and wet rub 

fastness was measured using Rubbing-Crock Meter (CM-5, Atlas Electric Devices Co. U.S.A) according to KS 

K ISO 0650:2011. The perspiration fastness was measured by using AATCC Perspiration Tester (PR-1, Atlas 

Electric Devices Co. U.S.A) based on KS K ISO 105E04:2010 to determine the degree of discoloration and 

contamination. 

UV Protection Effect: UV protection effect was expressed as UV protection factor (UPF) and UV protection 

rate. UV protection factor was tested using UV-VIS-NIR Spectrophotometer (PERKINELMER LAMBDA 

1050) according to KS K 0850:2014, and was measured at a wavelength interval of 5 ㎚ in a wavelength range 

of 290 to 400 ㎚. UPF was calculated according to the following formula. 

UPF = 

400    

(1) 

Σ EλSλΔλ   
290    

400    

Σ EλSλTλΔλ   
290    

In Equation (1), Sλ is the solar spectral irradiance at noon for a typical summerʼs day, Eλ is the CIE erythermal 

spectral effectiveness, Tλ is the spectral transmittance of each fabric sample at wavelength λ. 

The transmittance of the UV-A and the transmittance of the UV-B were respectively determined as a 

percentage of UV transmittance. The UV ray protection rate was calculated according to the following formula. 

  

 

(2) 

 

(3) 

 

In Equation (2) and (3), Tλ is the spectral transmittance of each fabric sample at wavelength λ. 

UV-A transmittance rate 

(%) 
= 

T315 + T320+ … + T395 + T400 

18 

UV-B transmittance rate 

(%) 
=  

T290 + T295+ … + T310 + T315 

6 
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Deodorization Activity: Deodorization activity was expressed as the disappearance rate of ammonia gas. In a 

test environment at 24℃ and a humidity of 43% RH, a sample of 10×10 ㎝ (2.7g) is placed in a closed 

circulating device. Then, 3ℓ of ammonia gas is injected. After a certain period of time, the concentration of 

ammonia gas remaining in the closed device was measured and the deodorization rate was calculated using the 

following formula.  

 

   Deodorization rate (%) = Cb -Cs × 100 (4) 

Cb 
 

  

In Equation (4), Cb is residual gas concentration of control after 2hours, Cs is residual gas concentration of 

specimen after 2hours. 

Antimicrobial Activity: The antimicrobial ability was tested according to KS K 0693: 2011, and 

Staphylococcus aureus and Klebsiella pneumoniae were used as test strains. The degree of antimicrobial 

activity was expressed as the bacterial reduction rate. The bacterial reduction rate was calculated by the 

following formula.  

 

Bacterial reduction rate (%) = A - B × 100            (5)       

A 
   

In Equation (5), A is the number of bacteria recovered from the inoculated control specimen incubated for 

18hours, B is the number of bacteria recovered from the inoculated treated test specimen incubated for 18hours. 

 
4. RESULTS 

 

4.1 UV-VIS Spectrum of Astringent Persimmon Juice 

 

Figure 3 showed the UV-VIS spectrum of astringent persimmon juice. The λmax of tannin contained in the 

extract of natural plants is known to be in the range of 272 ㎚ to 285 ㎚. As shown in the Figure 3, the λmax of 

astringent persimmon juice was shown at 272 ㎚. This was a characteristic peak of tannin, and it could be found 

that the main component of the juice was tannin. 
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Figure 3. UV-VIS spectrum of astringent persimmon juice 

 

4.2 Dyeing Fastness 

 

Dyeing fastness of the non-mordant dyed cottons and iron-mordant dyed cottons were given in Table 2. As 
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shown on Table 2, light fastness of the non-mordant dyed cottons showed a little low level of light fastness at 

grade 2～3. The dry cleaning fastness in the terms of discoloration and contamination were very food, both 

recording grade 4～5. Rub fastness showed at grade 3 in dry condition, and appeared only grade 2～3 in wet 

condition. Perspiration fastness to discoloration from acidity was fair grade 3～4, and perspiration fastness to 

contamination was good at grade 4. Perspiration fastness to discoloration from alkalinity showed grade 3, 

and perspiration fastness to contamination was good at grade 4. Meanwhile, light fastness of the iron 

mordant dyed cottons appeared a good level of light fastness at grade 4. As with the non-mordant dyed 

cotton, the dry cleaning fastness to discoloration and contamination were very good, both recording grade 

4～5. Rub fastness showed grade 2～3 in dry condition, and appeared low at grade 2 in wet condition. 

Perspiration fastness to discoloration from acidity and alkalinity was fair, both recording grade 3～4. And 

Perspiration fastness to contamination from acidity and alkalinity was very good, both recording grade 4～5. 

Thus perspiration fastness of iron mordant dyed cotton showed a little better than that of non- mordant dyed 

cotton, and perspiration fastness to acidity was superior to that to alkalinity. As above, whether it was treated 

with mordant or not, the cottons dyed with persimmon juice generally showed a good dyeing fastness. And it 

was found that the iron mordant dyed cottons appeared better dyeing fastness than the non-mordant dyed 

cottons. 

 

Table 2. The dyeing fastness of the cotton dyed with astringent persimmon juice 

Dyeing fastness 

Grade 

Non˗mordant  
Iron 

mordant  

Light fastness 2～3 4 

Dry cleaning 

fastness 

Discoloration 4～5 4～5 

Solvent contamination 4～5 4～5 

Rub fastness 
Dry 3 2~3 

Wet 2～3 2 

Perspiration 

fastness 

Acidity 

Discoloration 3～4 3～4 

Contamination(Cotton) 4 4～5 

Contamination(Wool) 4 4～5 

Alkalinit

y 

Discoloration 3 3～4 

Contamination(Cotton) 4 4 

Contamination(Wool) 4 4～5 

 

The cotton fabric is a cellulose fiber which mainly composed of a cellulose compound and has a hydroxyl 

group in the molecule. It is believed that a hydrogen bond is formed between the hydroxyl groups of the 

cotton fabric and the hydroxyl groups contained in the tannin and finally the fabric is dyed. Tannin is also 

characterized by a very high reactivity with iron. It is known that when tannin reacts with iron, black tannin 

iron is formed. That is, as shown in the Figure 4, if the iron-mordant treatment is performed on the dyed 

cotton fabric, the catechin iron complex is formed by the complex formation reaction in which the catechol 

residue of the tannin is used as the coordination group, so that it is considered that the iron-mordant 
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treatment cotton had more excellent dyeing fastness than non-mordant treatment cotton. 
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Figure 4. Chemical reaction between hydroxyl group in tannin and iron mordant 

 

4.3 UV Protection Effect 

 

Photoaging is primarily caused by repetitive exposure to UV radiation and characterized by deep 

wrinkling loss of elasticity, dryness, laxity, rough-textured appearance, pigmentation disorders [25, 26], UV 

rays can be divided into UV-A, UV-B, and UV-C according to their wavelengths, and damage DNA and 

RNA, which are nucleic acids, to cause skin cancer by genetic reaction [27-29]. Of these, UV-C is blocked 

by the ozone layer, and ultraviolet rays actually contained in daylight are UV-A and UV-B [30]. In other 

words, solar UV comprises approximately 95% UV-A (315-400 ㎚) and 5% UV-B (290-315 ㎚) because of 

atmospheric ozone that absorbs UV-C (200-290 ㎚) [31].  

UV protection effect of fabric is provided by UPF (Ultraviolet protection Factor). Australia/New Zealand 

is adopted the most widely among the current classification system. According to that standard, less than 15 

UPF is defined as insufficient protection, UPF of 15 to 24 is defined as good protection, UPF 25 to 39 is 

defined as very good protection, and UPF 40 to 50 and 50+ UPF is defined as excellent protection ('Sun 

protection clothing-evaluation and classification', 2016). As shown in the Table 3, whether it was treated 

with mordant or not, cottons dyed with astringent persimmon juice exhibited excellent protection with the 

ultraviolet protection factor of 50+. Their UV-A protection rate in wavelength range of 315-400 ㎚ showed 

98.4% and 99.1%, respectively, and their UV-B protection rate in wavelength range of 290-315 ㎚ showed 

98.7% and 99.2%, respectively. Thus the non-mordant dyed cotton and the iron-mordant dyed cotton 

appeared a very excellent UV protection effect. Tannin acts as a deterrent against the destruction of plant 

tissue by ultraviolet light in plant cells. Therefore, when dyed with a tannin-containing persimmon juice, the 

dyeing fabric is considered to have an excellent ultraviolet protection effect. 

 

Table 3. UV protection factor and UV protection rate of the cotton dyed with astringent 

persimmon juice 

Sample 

UV protection factor 
UV protection rate (%) 

UPF UV-R UV-A UV-B 

Non˗mordant 
50+ 

98.5 98.4 98.7 

Iron mordant 50+ 99.1 99.1 99.2 

 

 



34                                      International Journal of Advanced Smart Convergence Vol.8 No.3 27-38 (2019) 

 

4.4 Deodorization Activity 

 

The deodorization activity of the cotton dyed with astringent persimmon juice was shown in Table 4. As 

can be seen in the Table 4, whether it was treated with mordant or not, the rate of deodorization of cottons 

dyed with astringent persimmon juice was 99.9% or more regardless of the passage of time. Therefore, it was 

found that cotton dyed with astringent persimmon juice exhibited excellent deodorization activity against 

ammonia gas. Many studies [32-34] revealed that polyphenols and their derivatives exhibited deodorizing 

activity. For instance, (-)-epigallocatechin gallate, the main phenolic constituent in green tea, showed a 

substantial deodorizing activity against methyl mercaptan, which is a major odor component in human 

halitosis [35]. It is well-known that tannins from green tea or persimmon are effective in removing body odor, 

detected mostly for the elderly people [32, 34]. Thus the deodorizing effect of the astringent persimmon is 

well known. For various odors, including aging odor, persimmon tannins remove odors by adsorbing 

molecules of such odor components. The deodorizing action of the perspiration is not a removal of the odor 

temporarily such as the deodorant spray or the perfume, but the deodorization action is strong because it 

fundamentally scientifically decomposes the bad smell such as the perspiration odor or the aging odor, it 

lasts a long time. phenolic hydroxyl groups contained in persimmon tannin and the odor components such as 

the nonenal which are the cause of the aging odor are chemically bonded and changed into another substance 

(polyphenol adduct), thereby removing the odor. 

 

Table 4. Deodorization activity of the cotton dyed with astringent persimmon juice 

Sample Time (min.) Deodorization rate (%) 

Non-mordant 

30min. over 99% 

60min. over 99% 

90min. over 99% 

120min. over 99% 

Iron mordant 

30min. over 99% 

60min. over 99% 

90min. over 99% 

120min. over 99% 

 

4.5 Antimicrobial Activity 

 

The antibacterial activity of the cotton dyed with astringent persimmon juice against Staphylococcus 

aureus and Klebsiella pneumoniae was shown in Table 5, Figure 5 and Figure 6. As shown on Table 5, both 

the non-mordant dyed cotton and the iron mordant dyed cotton showed excellent antimicrobial activity of 

over 99.9% or more against Staphylococcus aureus and Klebsiella pneumoniae. As described earlier, tannins 

are naturally an occurring heterogeneous group of phenolic compounds with diverse structures [36], and its 

antimicrobial activity is well known [37]. Phenolic compounds possess great structural variations and are one 

of the most diverse groups of secondary metabolites. The hydroxyl(-OH) groups in phenolic compounds are 

thought to cause inhibitory action [38] as these groups can interact with the cell membrane of bacteria to 

disrupt membrane structures and cause the leakage of cellular components [39]. 
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Table 5. Reduction of bacteria of the cotton dyed with astringent persimmon juice 

Sample 
Reduction of bacteria (%) 

Staphylococcus aureus Klebsiella pneumoniae 

Non˗mordant > 99.9 > 99.9 

Iron mordant > 99.9 > 99.9 

 

Blank

 

Non-mordant

 

Iron mordant

 

Figure 5. Antimicrobial activity of the cotton dyed with astringent persimmon juice on 

Staphylococcus aureus 

 

Blank

 

Non-mordant

 

Iron mordant

 

Figure 6. Antimicrobial activity of the cotton dyed with astringent persimmon juice on 

Klebsiella pneumonia 

 
5. CONCLUSIONS  
 
In this study, dyeing fastness and functional properties of cotton dyed with astringent persimmon juice were 

reviewed and the results were as follow. 

First, the maximum absorption wavelength of astringent persimmon juice in the UV-VIS spectrum of the 

juice was 272.0㎚. This was a characteristic peak of tannin, and it was found that the main component of the 

juice was tannin. 

Second, light fastness of the non-mordant dyed cotton was a little low at grade 2～3. But by the iron mordant 

treatment, the light fastness was good at grade 4. Dry cleaning fastness to discoloration and contamination 

was excellent at grade 4～5 for both the non-mordant dyed cotton and iron-mordant dyed cotton. Their rub 

fastness were grade 3 and grade 2～3 respectively, in the dry condition, and grade 2～3 and grade 3 

respectively, in the wet condition. In the perspiration fastness of the non-mordant dyed cotton, the 

discoloration from acidity and alkalinity was grade 3～4 and grade 3, respectively, and contamination from 

acidity and alkalinity was relatively good both recording grade 4. Meanwhile, in the perspiration fastness of 

the iron-mordant dyed cotton, discoloration from acidity and alkalinity was fair, both recording grade 3～4, 

and contamination from acidity and alkalinity was very good, both recording grade 4～5.  

Third, in the ultraviolet protection effect of the non-mordant dyed cotton and iron-mordant dyed cotton, the 

ultraviolet protection factor was both 50+, both of which showed an excellent ultraviolet blocking effect. 
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And the protection rate of UV-A appeared 98.4% and 99.1%, respectively and the protection rate of UV-B 

showed 98.7% and 99.2, respectively.  

Forth, the deodorization rate of the non-mordant dyed cotton and iron-mordant dyed cotton exhibited a 

deodorization rate of 99.9% or more regardless of the passage of time, indicating that the fabric appeared an 

excellent deodorization activity.  

Fifth, both the non-mordant dyed cotton and iron mordant dyed cotton showed an excellent antimicrobial 

activity over 99.9% or more against both Staphylococcus aureus and Klebsiella pneumoniae. 

 
ACKNOWLEDGEMENT 

 

This work was done by 2017 Semyung University Research Fund. 

 

REFERENCES 
 

[1] O. G. Avwioro, P. C. Aloamaka, O. Nu, N. U. Ojianya, T. Oduola, E. O. Ekpo, “Extracts of Pterocarpus osun as a 

histological stain for collagen fibres,” African Journal Biotechnology, Vol. 4, No. 5, pp. 460-462, April 2005. 

[2] S. A. Shehu, A. Danmaigoro, A. A. Umar, I. M. Wiam, S. A. Hena, M. I. Sonfada, “Kola nut (cola acuminata) 

extract as a substitute to histological tissue stain eosin,” Scientific Journal of Veterinary Advances, Vol. 1, No. 2, 

pp. 33-37, March 2012. 

[3] K. Larson, H. H. Ho, P. I. Anumolu, T. M. Chen, “Hematoxylin and Eosin Tissue Stain in Mohs Micrographic 

Surgery: A Review,” Dermatologic Surgery, Vol. 37, No. 8, pp. 1089-1099, August 2011. 

[4] X. X. Feng, L.L. Zhang, J. Y. Chen, J. C. Zhang, J. C. Zhang, “New insights into solar UV-protective properties of 

natural dye,” Journal of Cleaner Production, Vol. 15. No. 4, pp. 366-372, April 2007. 

[5] S. A. Khan, A. Ahmad, M. I. Khan, M. Yusuf, M. Shahid, N. Manzoor, F. Mohammad, “Antimicrobial activity of 

wool yarn dyed with Rheum emodi L. (Indian Rhubarb),” Dyes and Pigments, Vol. 95, No. 2, pp. 206-214, 

November 2012. 

[6] W. Sricharussin, C. Sopajaree, T. Maneerung, N. Sangsuriya, “Modification of cotton fabrics with βcyclodextrin 

derivative for aroma finishing,” Journal of The Textile Institude, Vol. 100, pp. 682-687, October 2009. 

[7] M. M. M. Specos, J. J. Garcia, J. Tornesello, P. Marinoa, M. D. Vecchia, M. V. D. Tesoriero, L. G. Hermida, 

“Microencapsulated citronella oil for mosquito repellent finishing of cotton textiles,” Transactions of The Royal 

Society of Tropical Medicine and Hygiene, Vol. 104, pp. 653-658, October 2010. 

[8] L. Huang, M. Gerber, J. Lu, A. E. Tonelli, “Formation of a flame retardant-cyclodextrin inclusion compound and its 

application as a flame retardant for poly(ethylene terephthalate),” Ploymer Degardation and Stability, Vol. 71, No. 

2, pp. 279¬284, February 2001. 

[9] D. Grifoni, L. Bacci, G. Zipoli, L. Albanese, F. Sabatini, “The role of natural dyes in the UV protection of fabrics 

made of vegetable fibres,” Dyes and Pigments, Vol. 91, pp. 279-285, December 2011. 

[10] A. Guesmi, N. B. Hamadi, N. Ladhari, F. Saidi, H. Maaref, F. Sakli, “Spectral characterization of wool fabric dyed 

with indicaxanthin natural dye: Study of the fluorescence property,” Industrial Crops and Products, Vol. 46, pp. 

264-267, April 2013. 

[11] L. J. Rather, S. Islam, F. Mohammad, “Study on the application of Acacia nilotica natural dye to wool using 

fluorescence and FT-IR spectroscopy,” Fibers and Polymers, Vol. 16, pp. 1497-1505, July 2015. 

[12] M. I. Khan, A. Ahmad, S. A. Khan, M. Yusuf, M. Shahid, N. Manzoor, F. Mohammad, “Assessment of 

antimicrobial activity of Catechu and its dyed substrate,” Journal of Cleaner Production, Vol. 19, pp. 1385-1394, 

August 2011. 

[13] M. Shahid, A. Ahmad, M. Yusuf, M. I. Khan, S. A. Khan, N. Manzoor, F. Mohammad, “Dyeing, fastness and 

antimicrobial properties of woolen yarns dyed with gallnut (Quercus infectoria Oliv.) extract,” Dyes and Pigments, 

Vol. 95, pp. 53-61, October 2012. 

[14] S. A. Khan, A. Ahmad, M. I. Khan, M. Yusuf, N. Manzoor, “Antimicrobial activity of wool yarn dyed with Rheum 

emodi L. (Indian Rhubarb),” Dyes and Pigments, Vol. 95, pp. 206-214, November 2012. 



Dyeing Fastness and Functional Properties of Cotton Dyed with Astringent Persimmon Juice                           37 

 

[15] S. Islam, M. Shahid, F. Mohammad, “Perspectives for natural product based agents derived from industrial plants 

in textile applications - a review,” Journal of Cleaner Production, Vol. 57, pp. 2-18, October 2013. 

[16] M. Gurung, B. B. Adhikari, H. Kawakita, K. Ohto, K. Inoue, S. Alam, “Recovery of Au(III) by using low cost 

adsorbent prepared from persimmon tannin extract,” Chemical Engineering Journal, Vol. 174, pp. 556-563, 

November 2011. 

[17] J. H. seo, Y. J. Jeong, K. S. Kim, “Physiological Characteristics of Tannins isolated from Astringent Persimmon 

Fruits,”  Korean journal of food science and technology, Vol. 32, No. 1, pp. 212-217, February 2000. 

[18] J. Serrano, R. Puupponen-Pimia, A. Dauer, A. M. Aura, F. Saura-Calixto, “Tannins: Current knowledge of food 

sources, intake, bioavailability and biological effects,” Molecular Nutrition Food Research, Vol. 53, pp. 310-319, 

September 2009. 

[19] 

https://www.google.co.kr/search?biw=1920&bih=935&tbm=isch&sa=1&ei=8-TsXIX4CP-Qr7wP2ZCx2AI&q=Di

ospyros+kaki+L.&oq=Diospyros+kaki+L.&gs_l=img.12...0.0..24925...0.0..0.0.0.......0......gws-wiz-img.7GetZMn4

D3M#imgrc=2a-G0DuOe18erM:&spf=1559029004008 

[20] T. Matsuo, S. Ito, “The Chemical Structure of Kakitannin Immature Fruit of the Persimmon(Diospyros kaki L.),” 

Agricultural and Biologcal Chemistry, Vol. 42, pp. 1637-1643, September 1978. 

[21] T. Matsuo, S. Ito, “The Chemical Structure of Kakitannin Immature Fruit of the Persimmon(Diospyros kaki L.),”  

Agricultural and Biologcal Chemistry, Vol. 42, pp. 1637, September 1978. 

[22] T. Mamet, Z. Z. Ge, Y. Zhang, C. M. Li, “Interactions between highly galloylated persimmon tannins and pectins,” 

International Journal of Biological Macromolecules, Vol. 106, pp. 410-417, January 2018. 

[23] S. PerezBurillo, M. J. Oliveras, J. Quesada, J. A. RufianHenares, S. Pastoriza, “Relationship between 

composition and bioactivity of persimmon and kiwifruit,” Food Research International, Vol. 105, pp. 461-472, 

March 2018. 

[24] https://www.jstage.jst.go.jp/article/kakyoshi/64/7/64_348/_pdf 

[25] G. J. Fisher, S. Kang, J. Varani, Z. BataCsorgo, Y. Wan, S. Datta, J. J. Voorhees, “Mechanisms of photoaging and 

chronological skin aging,” Archives of Dermatology, Vol. 138, No. 11, pp. 1462-1470, November 2002. 

[26] A. Kammeyer, R. Luiten, “Oxidation events and skin aging,” Ageing Research Reviews, Vol. 21, pp. 16-29, May 

2015. 

[27] K. C. Smith, “Physical and Chemical Changes Induced in Nucleic Acids by Ultraviolet Light,” Radiation Research 

Supplement, Vol. 6, pp. 54-79, October1966. 

[28] R. O. Rahn, Ultraviolet Irradiation of DNA, in radiation cell Biology, G. L. Whitson, Ed., Avademic press, New 

York,  pp. 1-56, 1971. 

[29] F. Urabach, Ed., The Biological Effects of Ultraviolet Radiation, Rerymon press, New York, p. 1, 1969. 

[30] L. B. Donald, P. H. Daniel, V. O. Thomas, “An Animal Model of Solar-Aged Skin: Histological, Physical, and 

Visible Changes in UV-Irradiated Hairless Mouse Skin,” Photochemistry and Photobiology, Vol. 46, No. 3, pp. 

367-378, September 1987. 

[31] G. G. Choudhury, L. Mahimainathan, F. Das, B. Venkatesan, N. Ghosh-Ghoudhury, “c-Src couples PI 3 

kinase/Akt and MAPK signaling to PDGF-induced DNA synthesis in mesangial cells,” Cellular Signalling, Vol. 

18, No. 11, No. 11, pp. 1854-1864, November 2006. 

[32] H. Yasuda, T. Arakawa, “Deodorizing Mechanism of (-)Epigallocatechin Gallate against Methyl Mercaptan,” 

Japan Society Bioscience, Biotechnology, and Agrochemistry, Vol. 59, pp. 1232-1236,  November 1995. 

[33] C. Cabrera, R. Artacho, R. Gimenez, “Beneficial Effects of Green Tea-A Review,” The Journal of the American 

College of Nutrition, Vol. 25, No. 2, pp. 79-99, April 2006. 

[34] P. Lodhia, K. Yaegaki, A. Khakbraznejad, T. Imai, T. Sato, T. Tanaka, “Effect of Green Tea on Volatile Sulfur 

Compounds in Mouth Air,” Journal of Nutritional Science and Vitaminology, Vol. 54, pp. 89-94, August 2008. 

[35] J. Tonzetich, V. J. Richer, “Evaluation of volatile odoriferous components of saliva,” Archives of Oral Biology, 

Vol. 9, No. 1, pp. 39-45, February 1964. 

[36] G. Rabin, A. I. Salam, “Natural products as antimicrobial agents,” Food Control, Vol. 46, pp. 412-429, December 

2014. 



38                                      International Journal of Advanced Smart Convergence Vol.8 No.3 27-38 (2019) 

 

[37] M. Liu, K. Yang, J. Wang, J. Zhang, Y. Qi, X. Wei, M. Fan, “Young astringent persimmon tannin inhibits 

methicillin-resistant Staphylococcus aureus isolated from pork,” LWT  Food Science and Technology, Vol. 100, 

pp. 48-55, February 2019. 

[38] P. Lai & J. Roy, “Antimicrobial and Chemopreventive Properties of Herbs and Spices,” Current Medicinal 

Chemistry, Vol. 11, No. 11, pp. 1451-1460, November 2004. 

[39] J. Xue, P. M. Davidson & Q. Zhong, “Thymol Nanoemulsified by Whey Protein-Maltodextrin Conjugates: The 

Enhanced Emulsifying Capacity and Antilisterial Properties in Milk by Propylene Glycol,” Journal of Agricultural 

and Food Chemistry, Vol. 61, pp. 12720-12726, December 2013. 


