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Abstract: In this search, the wool fabric was dyed with a natural dye Calligonum comosum (Callig. 

Co. dye); the dyeing process was applied under different conditions by changing dye bath temperature, 

time of dyeing, and pH of dye bath also using different mordants. Ultraviolet protection factor (UPF) 

was determined for each dyed wool sample. The role of these dying conditions on the via color strength 

analysis their effects on the reflectance spectra were investigated using the spectro-photometer tool, 

CIE tristimulus values, and the color parameters. The dye-ability strength and fastness to washing and 

perspiration properties of these wool samples dyed with (Callig. Co. dye) were carried out 

spectrophotometrically and evaluated the antimicrobial activity for blank and dyed wool fabrics via 

gram-positive and gram-negative was followed. The results showed that dyeing wool fabrics with 

(Callig. Co. dye) increased their protective abilities markedly, and they have effective protection against 

UV rays, also improving their antimicrobial activity. Moreover, Different conditions of the dye bath 

changed the optical properties noticeably. The present study will be useful for dermatologists advising 

patients regarding the UPF properties of clothes made from natural fabrics (wool) and dyed with natural 

colorants (Callig. Co. dye). 

Keywords: Calligonum comosumdye; wool; UPF; optical properties; antibacterial properties; fastness 

properties.  
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1. Introduction 

Solar ultraviolet radiation (UVR) constitutes consists of three parts: UV-A (400-315 

nm), UV-B (315-290 nm), and UV-C (290-200nm). These radiations are transmitted in natural 

terrestrial sunlight in different percentages.UV-C and a large portion of UV-B do not reach the 

earth[1, 2]since it is filtrated by the upper atmosphere layer and the local conditions(attitude, 

clouds, latitude, etc.). UV-A decreases the immunological response of skin cells and causes a 

little visible reaction on the skin. The rest of UV-B was most responsible for developing skin 

cancer[3]. 

UV radiation can cause severe damage to human skin, plastics, timber, and other 

polymeric materials. This damage may be in the form of discoloration, chalking, and reduced 

mechanical properties. This situation has worsened due to the recent ozone depletion caused 

by the increased generation of manufactured free radicals species, such as nitric oxide, nitrous 

oxide, and oregano-halogen compounds [4]. 
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Excessive exposure to sunlight increases the existence of skin cancer. Long time 

exposure to UV radiation results in sunburn, premature skin aging, allergies, skin cancer, 

Alzheimer's disease, and inflammatory disorders. Medical advisers suggest several means to 

protect human skin against UV radiation by avoiding exposure to the sun at its highest 

intensities, covering the skin surface by wearing clothes, and using sunscreens [3]. 

1.1. Effect of UV radiation on textile materials. 

Degradation occurs when textiles materials are exposed to UV radiation due to 

excitation in the polymer molecules and gradually loss of integrity which depends on the nature 

of the fabrics [5-8]. When UVR penetrates clothing materials, it causes photo-oxidation and 

some increase in the degree of crystallinity of clothing materials [7, 9]. Different types of 

interaction occur when the textile materials are hit by UV radiation, this interaction depends 

upon the substrate and its conditions[10-12]. The UV protection provided by apparel depends 

on the construction of the fabric, physical properties, i.e., thickness, porosity, the extension of 

the fabric, also chemical characteristics.,physicochemical nature of the fiber, dyeing and 

finishing treatment given to the fabric, moisture content, and presence of UV absorbers [13-

18]. 

1.1.1. Structure of fabric. 

As the fabric density and thickness for similar construction increase, the value of UPF 

increases and is dependent on fabric porosity [19] but also influenced by the nature of fibers 

[20]. UPF shows a better correlation with fabric weight and thickness than the porosity [21]. 

1.1.2. Physicochemical nature of the fiber. 

The variation in ultraviolet transparency is due to the chemical nature of the fibers, 

which influences the UPF[22]. Synthetic fibers have a higher degree of absorption of ultraviolet 

radiation than natural fibers[23]. Protein fibers also have different effects on ultraviolet 

radiation penetration. Silk fabrics are usually finer and medium ultraviolet transmission [22]. 

Wool fabrics have lower transmission and higher absorption of UV radiation. Wool 

absorbs strongly in the region of 280 nm-400 nm and even beyond 400 nm. 

1.1.3. Dyeing and finishing. 

The permeability to ultraviolet radiation of all textiles is affected by the dye used to 

color them. The absorption band of many dyes extends into the ultraviolet spectral region, 

depending on the dyes' chemical structure. Using the same fabric structure and dye, the darker 

the shade, the higher the UPF value[24]. To obtain high ultraviolet protection, a high 

concentration of premium dyes is used. These dyes contain conjugated molecules that disrupt 

UV radiation. Pigment dyed fabrics, including a resin, get high values for ultraviolet 

protection[25]. The type of dye or pigment, the absorptive groups present in the dyestuff, depth 

after dyeing, the uniformity, and additives influence the ultraviolet protection of the fabrics.  

All dyes extracted from various natural sources have UPF within the range of 15-45 

depending on the mordant used[26]. 

Personal apparel (including garments, shoes, hats, and fabric made for personal apparel) 

is sun-protective clothing, i.e., a claim of protective advantage against solar ultraviolet 

radiation is made[27]. 
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The textile, which protects from sunlight, harmful UV light, is called a UV-protective 

textile by reducing the risk of skin injury associated with UV exposure or using a rating system 

that quantifies the amount of protection afforded[28]. 

By calculating the UPF value, we can know how much time can a person stay in the 

sun when fabric covers the skin compared with the length of time in the sun without fabric 

covering to obtain the same erythemal response. The endpoint is generally just perceptible skin 

Redding. The reverse of UPF, i.e., (1/UPF), is the penetration of erythema weighted 

transmission. No upper limit of the UPF value to indicate the protection provided. 

1.2. Type of protection. 

Many methods are used to quantify the protection of human skin from sunburn by 

covering it with fabrics. 

1.2.1. Precancerous skin lesion. 

Two dermatologists [29] have reported cases in which the appearance of or a number 

of skin tumors on the patient's body seemed directly related to the type of clothing worn [30]. 

1.2.2. Photoaging protection. 

Biophysical parameters of skin color, skin moisture content, skin wrinkling, and skin 

elasticity were determined as a function of exposure to UV radiation [31]. 

1.2.3. Skin-darkening protection. 

The darkness of skin was assessed using a chromo meter yielding the color L.a.b 

coordinates [31]. Fabrics can efficiently prevent tanning. Tanning can be seen as a surrogate 

for various other kinds of photodamage. To completely avoid any sign of tanning (skin 

pigmentation), UPF greater than 15 is required under the regime of irradiation used in this 

study. 

    1.2.4. Skin moisture retention protection. 

Skin moisture content was determined before and after irradiation using a cornea meter 

skin conductivity/capacitance instrument. The results show that skin moisture content drops 

considerably with UV irradiation. However, they should use a protective cream. 

1.2.5. Wrinkle protection. 

The wrinkle is an important sign of photoaging. Wrinkle was measured by surface 

profile meter (i.e., analysis of shadow patterns). The formation of wrinkles was avoided when 

fabric covered the skin during UV exposure [32]. 

1.2.6. Skin-elasticity protection. 

Skin elasticity was determined by a cutometer. A tube with integrated light barrier 

measures by means of repetitive suction skin extension and rebound time of the skin. When 

fabric covered the skin that was reduced the effect of elasticity drop. 

There are other useful factors that are visually obvious. 
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1.2.7. Optical whitening agents (OWAs). 

The optical whitening agent (OWAS) is included because they whiten (white fabrics) 

and brighten(colored fabric).OWAS convert apportion of incident UV radiation (near 360nm) 

to the visible blue wavelength and reflect the visible blue wavelength (at about 430nm); 

secondarily, the presence of  OWAS on fabric enhances UPF value because they absorb better 

in UVA region than in the UVB region. They have an absorption weakness at about 308nm, a 

wavelength that is a powerful producer of erythema. 

1.2.8. Fabric shrinkage. 

After laundering, a small shrinkage of fabrics can lead to improving the UPF value of 

the fabric significantly. The fabric cover factor has a tremendous influence on UV 

Transmission that goes directly through the fabric. They are not scattered because they never 

interact with the fibers[33, 34]. 

The proportion of fabric surface area filled with fiber to the total fabric surface area is 

known as the cover factor. As the percent cover factor increases in small increments, the UPF 

increases rapidly. The importance of the cover factor is a high fabric parameter because it 

determines the probability of a UV ray striking a fiber. Conversely, as the porosity percent of 

the fabric is high, the probability that rays are directed perpendicular to the fabric surface is 

great[33]. 

1.2.9. Fabric depth of shade. 

The description of a fabric color may be specified by its hue (e.g., red, orange, yellow, 

blue, or green) and its depth of shade. The fabric depth of the shade is related to the lightness 

or darkness of the color (hue) of the fabric. The fabric of dark shades, i.e., containing more 

dye, had higher UPF values than less of the same dye (light shades) [35]. 

1.2.10. Moisture and swelling. 

Wet garments have a lower ultraviolet protection factor than the same dry garment. This 

is due to the presence of water in interstices reducing UV radiation scattering, which increases 

the UV radiation permeability [33.36]. The phenomenon is caused by moisture absorption, 

which reduces UV transmittance.  

1.2.11. Ultra-violet absorbers. 

Ultra-violet absorbers are organic/inorganic colorless compounds with strong 

absorption in the UV wavelength range of 290-360 nm. [37]. They convert electronic excitation 

energy into thermal energy. They function as radical scavengers and singlet oxygen quenchers. 

Optical brightening is often applied to enhance the whiteness of texts, by ultraviolet 

excitation and visible blue emission. This is caused by the transition of electrons from 

conjugated or aromatic compounds[38]. Many optical brightening agents absorb in the UV-A 

part of the day or night spectrum but have a weak absorption in UV absorption around 308 nm, 

which causes skin diseases [39]. 
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2. Materials and Methods 

2.1. Materials and chemicals. 

 Pure wool fabrics 100% (weight 176.71g/m2) were supplied by Golden-Tex Co., 

Egypt. Wool fabric was scoured in a bath containing 2 g/l nonionic detergent and 5 g/l sodium 

sulfate at liquor ratio 1:50 at 45oC, and the temperature remained constant for 30 min. Finally, 

wool was rinsed with warm water and air-dried[40].  

2.2. Extraction of dye. 

The dye used was extracted from the barks of a plant named Calligonum comosum. 

Calligonum comosum plant barks were crushing, and 20 g of it was weighed and dissolved in 

100 mL distilled water to obtain a concentrated dye solution. The solution was left for 24 hours 

for complete extraction. The dye liquor was heated slowly until 100°C, then stilled at this 

temperature for one hour to get the required quantity of the extracted dye. The extraction is 

cooled, then filtrated to get rid of unwanted portions. Finally, the dye liquor was measured to 

the original level by adding distilled water[41]. 

2.3. Characteristics of the Extracted Dye. 

The extracted dye was characterized by Ultraviolet-visible spectroscopy. Figure 1 

shows the absorbance spectrum of the extracted dye "Calligonum comosum plant barks" all 

over the UV-VIS range using LAMBADA 35 Spectrophotometer, Perkin-Elmer, USA, making 

clear that the maximum absorbance for the dye is at a wavelength (λmax)  460 nm in the visible 

range. 

Table 1 presents the characteristic functional group using Nicolet 380 FTIR 

Spectrophotometer, USA, of 4 cm-1 resolution and 32scans, with Attenuation Total Reflection 

(ATR) and Zinc selenide crystal. 

 
Figure 1. The absorbance spectra of the extracted dye. 

Table 1. FTIR analysis of Calligonum comosum dye showing its peak intensity values of its characteristics 

functional bands. 

Wavelength (cm-1) Characteristic functional bands Peak intensity value (%) 

522.44 

1075.65 

1240.53 

1402.15 

1650.97 

2924.50 

3411.91 

O-H twisting 

Sulpher cystine monoxide 

C-O stretching vibration 

C-C benzene ring vibration 

C=O antisymmetric stretching 

C-H Vibration 

O-H Stretching band 

70.2 

71.3 

62.8 

74.0 

100.2 

62.8 

99.2 
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2.4. Dyeing samples. 

The wool fabrics were dyedwith Calligonum comosum dye at different conditions, and 

dyed samples were divided into four groups: group (1) the wool samples dyed at different 

temperatures (20,40, 60,80oC) at pH 6 and dyeing time 45min., group (2) the wool samples 

dyed at different pH (2.3.4.5.6) at 80oC and dyeing time 45min., group (3) the samples dyed at 

different dyeing time ( 15,30,45,60 min.) at 80oC and pH 6 finally, group (4) the wool samples 

dyed and treated with different mordents Potassium aluminum sulfate (alum) (KAl 

(SO4)2.12H2O], ferrous chloride (FeCl2) and ferrous sulfate (FeSO4.7H2O) were used at pH 6, 

80oC and dyeing time 45min. 

2.5. Evaluation of dyed samples. 

2.5.2. Ultra-violet protective factor (UPF). 

UPF was measured using UV-VIS double beam spectrophotometer (Perkin-Elmer, 

Lambda 35, Diffuse transmission technique) according to the American standard (ASTM 

D6603-2000) and AATCC test method [AATCC 183- 2000]. The following equation was 

used to calculate UPF: 

𝐔𝑷𝑭 =
∑ 𝑬, 𝑺, ∆𝟒𝟎𝟎 𝒏𝒎

𝟐𝟖𝟎 𝒏𝒎

∑ 𝑬, 𝑺, 𝑻, ∆𝟒𝟎𝟎 𝒏𝒎
𝟐𝟖𝟎 𝒏𝒎

 

Where: Eλ = Relative Erythermal effectivness function, Sλ = solar spectral irradiance in Wm-

2 nm-1, Tλ = spectral transmittance of fabric, Δλ = measured wavelength interval (nm); 

The tested samples were classified according to their UPF values: <15 Poor, 15 to 24 

Good, 25-39 Very Good, > 39 Excellent [42]. 

2.5.3. Opticalmeasurements of the dyed samples. 

The color coordinates (L*b*a*) and color strength (K/S) values of all examined dyed 

samples were determined using an SDL Optimatch Color Matching System, England. 

The positive values of a and b indicate redness and yellowness, respectively, while 

negative values indicate greenness and blueness. L parameter measures the brightness of the 

samples and varies from 100 for perfect white to zero for black. The lower the value of L, the 

greater the depth of the color.  

2.5.4. Colorfastness properties of al dyed samples. 

The fastness properties of washing were determined according to ISO 105-C06 (2010), 

while fastness to perspiration was performed according to ISO 105-E04-(2019). 

2.5.5. Antibacterial evaluation. 

We used the standard method (AATCC Test Method 147-2004 Antibacterial Activity 

Assessment of Textile Materials: Parallel Streak Method) to evaluate the antibacterial activity 

of all samples under test. Two types of bacteria were used, Staphylococcus aureus (Staph. 

aureus) as Gram-positive(g+ve) bacteria; and Escherichia coli (E. coli) as Gram-negative (g-

ve) bacteria. The antibacterial assessment was prepared on nutrient agar and incubated at 

37°C[43]. The antibacterial activity of all examined wool fabrics was evaluated after the 
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specified contact time (24 h). It is calculated by measuring the inhibition zone against the 

growth of Staphylococcus aureus and Escherichia coli. 

3. Results and discussion 

3.1. Group 1: changing temperature.  

3.1.1. Ultraviolet protective factor UPF determination.  

Basant et al. found that each dye has an optimum dyeing temperature and that dye 

uptake will continue to increase with increased temperature. This is due to the reduction of 

aggregation in the dye bath, and hence, the quantity of dye available to the fiber in the dye is 

increased [44]. 

It is clear from table 2that the increase in dye bath temperatures from 20oC to 80oC 

causes an increase in the UPF value of the dyed wool fabrics above that of the blank one. The 

higher dye attraction into the dyed fabrics and enhancing the reaction efficiency between the 

dye and the fabric due to increasing temperature causes this increase in UPF values. Enhancing 

the reaction efficiency between the dye and the fabric was accompanied by increasing the dyed 

fabric's carboxyl content. 

All dyed wool samples could be classified as having excellent protection factors (above 

39). Also, the dark-colored fabrics gave more protection against intense UV radiation when 

using synthetic dyes[45]. It shows that dyeing fabrics in deeper shads and darker colors 

improves sun protection properties. The high bulk structure effect of the natural dyes causes 

blocking of the holes in the fabric to prevent holes effect; this causes improvement of UV-

protection property of the dyed fabrics, so the transmission of UV-radiation through the fabric 

structure will be minimized, i.e., better UPF rating[35].  

Figure 2 shows the relation between absorbance and wavelength range from 290nm to 

400nm for the dyed wool fabrics with Calligonum comosum dye at different temperatures. 

 
Figure 2. Relation between absorbance and wavelength at different temperatures. 

3.1.2. Color strength (K/S) determination. 

Table 2 represents the results of the calculated relative color strength (using Kubelka 

Munk equation), determined from diffuse reflectance of the wool fabrics measured at 

wavelength 460nm. It is clear that at all dye bath temperatures of wool that K/S values increase 

by increasing temperature. It is well known that affinity, the heat of sorption, and accessibility 
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are the most important parameters which affect the exhaustion of natural dyes onto substrates 

at high temperatures[44]. This dye gives bright color at higher temperatures due to its easy 

absorption on wool. 

Table 2. Variation between K/S and UPF values for the four investigated groups. 

Sample conditions UPF K/S at 

ƛ = 460 nm 

Blank 41.84 -- 

Group (1): Dyeing Temperature oC   

20 

40 
60 

80 

46.09 

49.25 
51.36 

53.04 

1.7990 

2.3135 
2.655 

3.125 

Group (2): pH values   

2 
3 

4 

5 

6 

50.32 
48.16 

48.90 

49.59 

47.42 

2.7956 
2.7047 

2.9583 

2.7635 

2.9287 

Group (3): Dyeing time (min.)   

15 

30 

45 
60 

50.70 

49.81 

46.35 
49.69 

2.4083 

2.8624 

3.1007 
3.0554 

Group (4): Different mordents   

Potassium aluminum sulfate (alum) 

Ferrous sulfate 

Ferrous chloride 

52.66 

52.93 

52.16 

2.3289 

3.2612 

2.8794 

3.2. Group 2: changing pH. 

3.2.1. Ultraviolet protective factor UPF determination. 

Etters JN determined that the pH of the dye bath must be controlled to obtain good 

shade and wash fast characteristics. The pH of the dye bath is one of the most important 

parameters. The liquor used for dyeing must be buffered for some dyes which are sensitive to 

pH[46]. 

 
Figure 3. Relation between absorbance and wavelength at different pH. 

Table 2 represents the effect of the pH value of the dye bath on the UV protection factor 

(UPF) of the blank and dyed fabrics by Calligonum comosum dye. Increasing pH dye bath 
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values leads to a decrease in the UPF values at pH =2, 3, and 4; then, an increase occurs at 

pH=5 followed by more decrease at pH=6. It is noticed that all samples have excellent UV 

protection classification. The increase in UPF values may be due to the increase in the number 

of –CH molecules in the dyed fabrics.  

The relation between absorbance and wavelength in the range from 290 nm to 400 nm 

for the dyed wool fabrics with Calligonum comosum dye at different pH is shown in Figure 3.  

3.2.2. Color strength (K/S) determination. 

The values of the color strength of these examined substrates are tabulated in Table 2 

and taken to measure the dyeability of the examined samples dyed at different pH values of the 

dye bath. The color strength decrease from pH =2 to pH=3, then increases markedly at pH =4, 

another decrease at pH =5, then an increase at pH= 6; i.e., wavy trend. 

3.3. Group 3: changing time. 

3.3.1. Ultraviolet protective factor UPF determination. 

Table2 shows that the UPF values of the dyed wool fabrics decreased by increasing the 

dyeing time 15, 30, and 45min. But after 60min of dyeing time, the UPF increased again. All 

the samples still have excellent UPF classification.  

The relation between absorbance and wavelength in the range from 290 nm to 400 nm 

is shown in figure 4 for the dyed wool fabrics with Calligonum comosum dye at different times. 

3.3.2. Color strength (K/S) determination. 

The color strength K/S of dyed wool fabrics increased by increasing dyeing time, 

resulting in deeper colors on the fabrics. 

However, the relationship of K/S with UPF is limited to the same fabric type, and the 

results cannot generalize across different weave structures[47]. 

 
Figure 4. Relation between absorbance and wavelength at different dyeing time. 

The UPF values depend on many factors of fabrics construction, such as pores, 

thickness, weight, and processing parameters such as dyeing and finishing. 
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Also, the dependence of K/S on the absorbing properties of colorants in the visible 

region of the spectrum does not influence the absorption characteristics of colorants in the UPF 

region. Besides, hydrogen bonds are formed between the hydroxyl group of the dye used and 

the chemical groups in the fabrics [48]. Thus the numbers of these polar groups in the dye and 

the substrate increase, i.e., dye uptake increases, which improves the lightfastness. 

3.4. Group 4: Changing mordents. 

3.4.1. Ultraviolet protective factor UPF determination. 

The three dyed mordanted wool samples have excellent UPF and are nearly in the same 

range (52.66- 52.93 and 52.16), as shown in Table2. 

The function of the metallic salt mordant is the formation of coordinate bonds with the 

functional group of the dye molecules and the textile substrate. In addition, it is observed that 

mordant may increase fastness, shade variation, dye exhaustion, and other fabric 

properties[49]. 

The different mordants give different colors and shades, encouraging natural dyes 

instead of synthetic ones. This may be due to the change in the chemical bonds in the fabric, 

dye, and the mordant, i.e., preferential light absorption at a particular wavelength[50]. 

By following the values of UPF of the three dyed wool fabrics and then mordanted by 

Potassium aluminum sulfate (alum) (K Al (SO4)2.12H2O], ferrous chloride (FeCl2), and ferrous 

sulfate (FeSO4.7H2O) in Table 2, noticed that the three samples have nearly UPF value 

(excellent). No relation is observed between these UPF values and K/S values.    

Figure 5 represents the relation between absorbance and wavelength range from 290 

nm to 400 nm for the dyed wool fabrics with Calligonum comosum dye using different 

mordents. 

3.4.2. Color strength (K/S) determination. 

The variation in the optical parameter K/S may be taken to present the variation in the 

chemical groups of different mordants.  

 
Figure 5. Relation between absorbance and wavelength using different mordents. 

This led to new color centers in the dyed wool fabric. These color centers are formed 

due to the change in the molecular configuration as a result of the change in the chemical bonds 

between the dye, the mordant, and the wool fabrics samples. Other molecular species formed 

due to bonds occur when the formation of active free radicals, which may combine [50]. 
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In general, the content of functional polar groups in fabrics was affected the dyeing 

affinity of fabrics. It is well known that wool has many functional groups, so the polarity of 

protein fibers is higher than that of cellulose fiber. The K/S value was in the order of 

wool>nylon>silk>cotton fabric for all-natural colorants.It was found that this order of dyeing 

affinity matched the order of polarity/functional group content of fabrics very well [40]. 

The optical studies can differentiate between different kinds of fabrics with different 

types of mordents present in small quantities. 

The value of (K/S) of this group which contains wool fabrics dyed with Calligonum 

comosum dyes, then mordanted with different mordants are calculated and represented in Table 

2. The values are less than those of the above three groups. The highest K/S value was related 

to FeSO4 mordant. This can be seen easily in its fabric color. Wool fabrics mordanted by alum 

have the lowest one. The dyed wool fabrics mordanted with Fe Cl have K/S value lay between 

these two mordants.  

3.5. Determination L, a & b parameters. 

Table 3 represents the color parameters L (brightness), a, and b (color components) of 

all the wool fabrics samples. L for group 1 (changing in temperature) decreases by increasing 

temperature, i.e., wool fabric samples become brighter. While group 2 (changing pH), little 

increase at pH=3 then nearly constant at pH= 4.5 and 6. Group 3 (changing time bath time), L 

drops after 30 and 45 minutes, then markedly increases after 60 minutes of immersing, i.e., 

darker color. Wool samples mordanted by different mordants show different L values, and the 

lowest one occurs by using FeSO4mordants. 

Following the color component (a) for group 1 increases continuously by increasing 

temperature from 20oC to 80oC, i.e., wool samples got redness in color on account of green 

color. Also, for group 2, the color parameter (b) decreases steeply, reaching pH=5, then 

increases at pH= 6, so the wool sample goes to the blue side and at pH=6 returns to the yellow 

one. Finally, with respect to group 3 (a), component decreases noticeably, i.e., acquire blueness 

in color. 

The (b) color parameter for group 1 drops by increasing temperature, so the color of 

wool fabrics becomes blueness. Group 2 acquires blueness color, which becomes nearly 

constant at pH=5 and 6. Group 3 decreases markedly for all dye bath time, but at 60 minutes, 

the wool fabrics return to yellowness since a high increase in the b component occurs. The 

wool-mordanted dyed fabrics have different (b) color parameters, but the lowest one (bluer) is 

that for FeSO4, but alum and FeCL have the same (b) values. 

3.6. Percentage UV-A/ UV-B ratio (UVR). 

The Percentage UV-A and UV-B transmission values are useful in better understanding 

the sun-protective properties of fabrics. 

The values of the ultraviolet protection factor (UPF) and the percent of UV transmission 

for UV-A and UV-B ranges were calculated and shown in table 4. The values reflect the higher 

protection against UV radiation when dyeing wool fabrics with Calligonum comosum dyes. 

It is clear that from table 4, the relative erythemal spectral effectiveness for all the wool 

fabrics dyed is higher in the UV-B region compared to the UV-A region, i.e., the UPF values 

depend primarily on the transmission in the UV-B region. Group 2 has significant transmittance 

and hence a low UPF. 
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Table 3. Results of color parameters L, a, b, for all groups of dyed wool fabrics. 

Sample conditions L A b 

Group (1): Dyeing Temperature oC    

20 

40 

60 

80 

54.21 

55.03 

53.47 

53.88 

10.10 

10.45 

9.83 

8.21 

13.19 

14.51 

13.57 

12.52 

Group (2): pH values    

2 

3 

4 

5 

6 

53.04 

68.93 

61.12 

56.65 

58.97 

9.53 

6.10 

8.48 

9.17 

10.07 

12.27 

18.18 

15.81 

14.47 

15.25 

Group (3): Dyeing time (min.)    

15 

30 

45 

60 

52.73 

49.4 

49.45 

57.88 

10.25 

9.02 

8.50 

7.78 

11.72 

9.09 

8.76 

15.17 

Group (4): Different mordents    

Potassium aluminum sulfate (alum) 

Ferrous sulfate 

Ferrous chloride 

53.52 

46.87 

52.47 

8.72 

4.51 

7.23 

11.82 

6.27 

11.81 

Table 4. The percent UV transmittance for the four groups of dyed wool fabrics. 

Sample conditions UV transmission %  

UV-A/ UV-B 
UV-A UV-B 

Blank 4.29 2.31 1.857 

Group (1): Dyeing Temperature oC 

20 
40 

60 

80 

 

2.68 

2.34 

2.33 

2.30 

 

2.24 
2.10 

2.04 

1.98 

 

1.196 
1.114 

1.142 

1.162 

Group (2): pH values    

2 

3 

4 
5 

6 

2.38 

2.36 

2.35 

2.32 

2.48 

2.07 

2.13 

2.11 
2.10 

2.20 

1.150 

1.103 

1.115 
1.105 

1.127 

Group (3): Dyeing time (min.)    

15 

30 
45 

60 

2.38 

2.43 

2.45 

2.42 

2.06 

2.08 
2.21 

1.99 

1.155 

1.168 
1.109 

1.216 

Group (4): Different mordents    

Potassium aluminum sulfate (alum) 

Ferrous sulfate 

Ferrous chloride 

2.23 

2.22. 

2.29 

2.01 

1.9 

2.03 

1.109 

1.116 

1.128 

The transmission data and its corresponding UPF tabulated in Table 4 noticed that all 

the wool fabrics dyed with (Calligonum conrosum) natural dye under different conditions 

caused a marked reduction in UVR transmission through it. This is so clear for dyed samples 

at different temperatures (group 1), which have excellent UV protection against UVR when 
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compared with other dyed factors. Dyes react like additives and improve UV protection 

abilities because they absorb UV radiation in the visible and UV radiation band. 

3.7. Result of color fastness for perspiration and washing. 

Tables (5-8) show the data for colorfastness for perspiration and washing, which 

indicates that the four groups of the wool fabrics dyed with Calligonum comosum have 

colorfastness ranges between 4/5 and 4. 

Table 5. Effect of different pH on colorfastness for perspiration and washing. 

pH Washing Acidic  

perspiration 

Alkali perspiration 

Alt. 

 

Stain. 

W        C 

Alt. 

 

Stain. 

W        C 

Alt. 

 

Stain. 

W        C 

2 4 4/5        4/5  4 4/5       4/5 4 4/5       4 

3 4/5 4/5        4/5 4/5 4/5        4/5 4/5 4        4 

4 4/5 4/5        4/5 4/5 4/5        4/5 4 4        4 

5 4/5 4/5        4/5 4/5 4/5        4/5 4 4        4 

6 4/5 4/5        4/5 4 4          4 4 4        4 

Temp=60o C, Time=45 min. 

Table 6.Effect of different temperatures on colorfastness for perspiration and washing. 

Temp. oC Washing Acidic  

perspiration 

Alkali perspiration 

Alt. 

 

Stain. 

W        C 

Alt. 

 

Stain. 

W        C 

Alt. 

 

Stain. 

W        C 

Room 

Temp. 

4/5 4/5        4/5 4/5 4/5        4/5 4/5 4/5    4/5 

40 4/5 4/5        4/5 4/5 4/5           4 4 4        4 

60 4/5 4/5        4/5 4/5 4/5       4/5 4 4/5        4 

80 4/5 4/5        4/5 4/5 4/5       4/5 4/5 4/5        4 

Time=45 min., pH= 6. 

Table 7. Effect of different times on colorfastness for perspiration and washing. 

Time mln. Washing Acidic  

perspiration 

Alkali perspiration 

Alt. 

 

Stain. 

W        C 

Alt. 

 

Stain. 

W        C 

Alt. 

 

Stain. 

W        C 

15 4/5 4/5        4/5 4/5 4/5        4/5 4/5 4/5        4 

30 4 4/5        4/5 4 4        3/4 4 4        4 

45 4/5 4/5        4/5 4/5 4/5       4/5 4 4/5        4 

60 4 4         4/5 4 4          4 4 4        3/4 

Temp=60o C, pH= 6. 

Table 8. Effect of different mordents on colorfastness for perspiration and washing. 
Mordent Washing Acidic  

perspiration 

Alkali perspiration 

Alt. 

 

Stain. 

W        C 

Alt. 

 

Stain. 

W        C 

Alt. 

 

Stain. 

W        C 

Alumina 4/5 4/5        4/5 4/5 4/5        4/5 4/5 4/5       4 

Copper 

sulphate 

4 4/5        4/5 4 4/5        4/5 4 4        4 

chloride 4/5 4/5        4/5 4/5 4/5       4/5 4 4/5       4/5 

Time=45 min., pH= 6, Temp=60o C. 

3.8. Antibacterial properties. 

The antibacterial properties for all the four groups of the wool fabrics dyed was 

evaluated towards gram-negative bacteria (Escherichia coli) and gram-positive bacteria 

(Staphylococcus aureus) after the specified contact time (24h), where their activity was 
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calculated by measuring the inhibition zone against the growth of each bacteria type. The 

results indicated that the highest dye bath temperature, long time immersing or bath of pH=6 

displays good inhibitory effect against the Gram-positive and noticeable activity against the 

negative bacteria. 

4. Conclusions 

In this research, it can be concluded that a new eco-friendly natural dye (calligonum 

conrosum) in the form of crashed barks was used to dye wool fabrics. The steps of dyeing were 

applied easily with low costs taking into account the following legal environment conditions. 

Therefore, the disadvantage of synthetic dyes was avoided.  The accurate measurements of 

UPF and K/S using the spectrophotometric tool can be used to improve protein fabrics 

characteristics. The UPF values were calculated using UV diffuse transmission. The intensity 

and percent transmission of UV-A through wool fabrics are higher than that of UV-B. An 

increase of the UV absorbing activity in the dyed wool fabricsmeans protecting the body 

against radiation. The UPF values for all dyed samples under different dyeing conditions are 

not affected by laundering up to 30 wash cycles. The UV protective properties of clothes made 

from natural fibers and dyed with natural dyes will be useful for dermatologists advising 

patients. All the wool fabrics dyed with Calligonum comosum show very good fastness 

properties for washing and perspiration. Dyeing wool fabrics with the natural dye Calligonum 

comosum improves its antimicrobial activity and has a beneficial effect in controlling the 

pathogenic microbial organisms. 
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