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The objective of the essay was to study the effect of wool scoured color 

on the color acquired after dyeing and the interaction between wool 

yellowness with different light stains in Corriedale wool. According to 

the value of yellowness index (Y-Z) measured using a Hunterlab 

spectrophotometer, 5 homogeneous carding webs were prepared (mean 

Y-Z values of -0.84, 0.74, 2.50, 4.77 and 7.79, respectively). A dyeing 

procedure was performed                                                                                         

using three acid colorant: Blue Erionyl AR, Yellow Erionyl A-3G and 

Red Erionyl A-3G. Color measurements of dyeing samples using the 

CIELAB L* a* b* system were carried out. The total color difference 

(ΔE) of the dyed samples was calculated from L*, a*, b* coordinates. 

Significant effects (P<0.001) of dye and carding web initial color were 

found on all color parameters. ΔE values increased with increasing 

values of initial Y-Z, the yellower the sample was, the higher the ΔE 

that presented. The position of cut off point in the Y-Z scale from 

which difficulties in staining were evident, was under 0.74. In 

conclusion, a difference in color in dyed wool with pastel shades can be 

visually detected even starting from low values of scoured color, and 

these differences vary with dyes used. 
                 

 Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Many parameters determine the quality of wool: fibre diameter, staple length, wool color and yield. Wool scoured 

color can vary from white, through creamy to yellow colorations and it is important as it indicates the color palette 

that can be used for dyeing. The presence of yellow colorations in wool is the result of a complex interaction 

between fleece structure, non-fibre components, bacteria (Cottle et al., 1992) and environmental factors such as 

warm temperatures, high rainfall and moist conditions (Aitken et al., 1994; Reid, 1994). The incidence of these 

colorations varies with locations and breeds. 

 

Clean wool color can be measured using a Colorimeter that brings information of yellowness index (Y-Z) and 

luminosity or brightness (Y) (Wood, 2002). The values of Y-Z (CIE D65/10) may vary approximately from -2.0 

(extremely white) to 12.0 (bright yellow)
 
(IWTO 56). A higher Y value indicates a better color due to higher 

brightness.  

Corresponding Author:- Neimaur K. 

Address:- Sheep and Wool Department, Veterinary Faculty, UDELAR, Lasplaces 1550, Montevideo, 

Uruguay. 
 

http://www.journalijar.com/


ISSN: 2320-5407                                                                                  Int. J. Adv. Res. 6(8), 1163-1169 

1164 

 

Corriedale breed represents the 45% of the Uruguayan flock (MGAP, 2017). Its wool is characterized by fibre 

diameter between 25 and 30 µm, high yield (78%), good staple strength (33.1N/ktex), low vegetable matter content, 

but with an average scoured color of 4.2 Y-Z units, which is a cream color (Capurro, 1996). For this breed, it is 

considered that Y-Z values below 2.0 are very good, 2.0 to 4.0 acceptable and higher than 4.0, insufficient color 

(Peinado et al., 1999). Corriedale wool presents a creamier coloration than Australian Merino wool (Abella, 2011).   

 

The goal of wool dyeing is to obtain a colored product in the desired shade, uniform in intensity and tone of color, 

produced by an economic process and exhibiting satisfactory fastness properties in the finished product (Peter and 

Rouette, 1989). The presence of yellow colorations in wool has been associated with poor performance of dyeing 

(Rottenbury, 1984; Marler and Samuelsdorff, 1987; Whiteley, 1987; Reid, 1993), limiting the range of colors that it 

can be dyed. In the majority of end-uses, the natural color of wool is adequately covered by most dyeing, but if 

fashion dictates a very white or a bright pastel colored article then it is necessary that the fibre should be given some 

sort of bleaching procedure (Duffield and Lewis, 1985). However, this practice may lead to unnecessary fibre 

damage or to color instability (Lewis, 2009). 

 

While there are several studies about dyeing Merino wool (Milligan, 1966; Brady, 2005), there is no available 

information about dyeing Corriedale wool. Moreover, there is no information about where in the Y-Z scale is the 

cutoff point from which difficulties in staining with pastel colors are notorious and if the performance of this wool 

against dyeing process varies with different pastel shades.  

 

The knowledge of Corriedale wool performance when dyeing with pastel colors would be of interest to validate or 

quantify the suggestions from the industry on the importance of producing whiter wool. Thus, the objective of the 

essay was to study the effects of wool scoured color on the color acquired after dyeing and the interaction between 

wool yellowness with the different light stains in Corriedale wool.  

 

Material and Methods:- 
Preparation of wool samples  

Wool samples from 200 Corriedale sheep of the Migues Experimental Station of Veterinary Faculty (Uruguay) were 

extracted from midside during shearing.  They were scoured in a 4 pools-carwash, using hot water and a nonionic 

detergent diluted to 25% in the first three pools. They were centrifuged, dried at a temperature of 60°C and 

conditioned in the laboratory at 20ºC ±2 and 65%± 3 of relative humidity. After that, they were carded in order to 

remove vegetable matter. Clean wool colour was measured using a Hunterlab Miniscan XE spectrophotometer 

(IWTO 56), obtaining data of yellowness index and luminosity or brightness. According to the value of Y-Z 

obtained and considering the average scoured colour of 4.2 Y-Z units, recorded by Capurro 1996) in the 

characterization of Corriedale Uruguayan wool, 5 groups of samples were prepared (Table 1).  

 

Table 1:-Y-Z value of the different groups of samples prepared 

Group Y-Z 

1 0.5- 1.0 

2 2.0- 2.5 

3 4.0-4.5 

4 >7.0 

5 (Control) <0.0 

 

Samples in each group were blended and carded in a carding machine, obtaining 5 homogeneous carding webs.  

 

Measurements and analisis 

Clean wool color of the 5 carding webs was measured in order to check color homogenity while mean fibre diameter 

(MFD) and coefficient variation of fibre diameter (CV) were determined using a Sirolan Laserscan (IWTO 12, 

2009).  

 

The carding process, fibre diameter and wool color measurements and the dyeing procedure were carried out in 

Laboratorio Tecnológico del Uruguay (LATU). 
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Dyeing Procedure 

Three acid colorants were used: Blue Erionyl AR, Yellow Erionyl A-3G and Red Erionyl A-3G. The dyeing 

procedure was performed in a Roaches Dyeing equipment. Each wool carding web was dyed with the 3 colorants, so 

12 dyeing procedures were done. The equipment had 10 metal containers, thus for each dyeing process, 10 samples 

of 4g of wool were used, 9 of the corresponding carding web and 1 control sample (Y-Z lower than zero).  

 

A general dyeing bath was prepared with 2000 mL of water, acetic acid (drops) and the selected dye. The quantity of 

dye used for each color and card web was 0.0008g for Yellow Erionyl A-3G and Blue Erionyl AR and 0.0003g for 

Red Erionyl A-3G.  The bath ratio was 1/50 (wool gram/50 mL of water). 

Wool samples were previously dipped in water in order to be wetted. The dyeing bath (200mL) was placed in each 

metal container and wet wool was added. The dyeing equipment had to be at a temperature of 40°C until the 

placement of the metal containers inside. The elevation of the bath temperature was 1°C per minute, up to 98°C, 

temperature at which the samples were for 40-60 minutes; next, the bath temperature was lowered to 80ºC 

(Huntsman International LLC, 2007). Finally, wool samples were air dried and manually carded.  

 

Color measurements 

Color measurement of the dyed samples was carried out using a Hunterlab Miniscan XE spectrophotometer with 

illuminant D65 and 10º observer (geometry 45°/0 °). Data obtained were L*, a*, b* coordinates. 

 

Statistical analysis 

Means and standard deviation of L*, a*, b* in the 4 carding webs and the control one stained by the 3 dyes were 

determined. An analisis of variance (ANOVA) was carried out to analyse the effect of carding web initial color 

(Group 1: Y-Z 0.5-1, Group 2: Y-Z 2-2.5, Group 3: Y-Z 4-5, Group 4: Y-Z>7) and the effect of dye used (Blue 

Erionyl AR, Yellow Erionyl A-3G and Red Erionyl A-3G) on the colorimetric characteristics. The interactions 

between these effects were also determined. The total color difference of the dyed samples was calculated from the 

L*, a*, b* coordinates by applying the following equation: 

Total color difference       √                     

Where ΔL= L* sample – L* standard; Δa*= a* sample – a* standard; Δb*= b* sample – b* standard (ASTM 

Standards, D2244-11, 2011).  

 

A multiple linear regression was fitted to obtain prediction equations of ΔE from ΔL, Δa and Δb variables. All the 

statistical evaluations were performed with STATA statistical package program (Stata Statistical Software, 2011). 

 

Results and discussion:- 
Physical measurement of samples before dyeing 

The 5 carding webs defined by their Y-Z value showed similar values of mean fibre diameter (between 25.8 and 

27.2µm), comparable with those reported for this wool breed in Uruguay (Abella et al., 2010) (25-32μm) and 

considering that hogget´s wool is finer. Table 2 shows clean wool color and fibre diameter characteristics of the card 

webs. 

 

Table 2:-Means and standard deviation of clean wool colour, mean fibre diameter and coefficient of variation of 

fibre diameter of the carding webs. 

       C1= Carding web 1; C2= Carding web 2; C3= Carding web 3; C4= Carding web 4; Co= Control carding web. 

 

Colorimetric measurement 

The CIELAB L* a* b* system is derived from the X, Y, Z system, and is preferred by dyers because it facilitates 

color difference measurements, important for the matching of dyes (Wood, 2002). The value of lightness (L*) refers 

to level of lightness or darkness of the produced shade, and ranges from O (black) to 100 (white). The a* parameter 

Carding web  Color (Y-Z) MFD (µm) CV (%) 

C1 0.74± 0.09 25.81±0.11 22.4±0.17 

C2 2.50±0.09 26.72±0.06 23.5±0.19 

C3 4.77± 0.08 26.25±0.12 24.9±0.22 

C4 7.79±0.10 27.21±0.07 24.9±0.25 

Co -0.84±0.06 26.63±0.05 23.8±0.13 
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represents the red/green value (positive sign=red, negative sign=green) and b* parameter, the yellow/blue value 

(positive sign=yellow, negative sign=blue). 

 

The samples dyed with Yellow Erionyl A-3G showed increasing values of b* coordinate. This fact should be 

expected as we are adding a yellow dye to a cream-yellow base, intensifying b* values towards the yellow region. 

Moreover, these b* values were positive and the highest obtained from the three dyes used (16.94 to 22.92). 

 

For the Blue Erionyl AR, negative values of a* coordinate were observed, indicating shifting of this color coordinate 

towards the green region of the color space diagram. Secondly, increasing positive values of the b* coordinate from 

C1 to C4 were obtained, instead of the negative values that would be expected for this blue staining, demonstrating 

an increasing change towards the yellow region, possibly due to the increasing wool color base. Lightness also 

showed a reduction from values of 74.58 to 72.61. 

 

In the carding webs dyed with Red Erionyl A-3G, a decrease of lightness from C1 to C4 was produced while an 

increase in b* coordinate was obtained.  

 

In Table 3, means and standard deviations of color parameters of the carding webs dyed with the three colorants are 

showed. 

 

Table 3:-Mean and standard deviation of Colorimetric data (L*, a*, b*) of the different carding webs dyed with 

three colorants. 

 

C1= Carding web 1; C2= Carding web 2; C3= Carding web 3; C4= Carding web 4; Co= Control carding web 

 

Effect of carding web initial color and dye used on the colorimetric characteristics  

A significant dye effect (P<0.001) on all color parameters was found, as well as a card web initial color effect 

(P<0.001). As initial Y-Z values increased from C1 to C4, L* declined, which was concordant with Andrews et al. 

(1988). On the contrary, b* coordinates increased, becoming more yellow, which it would be explained by wool 

base color, which also got higher from C1 to C4. The interaction between carding web yelllowness and dye effects 

was significant (P<0.001). 

 

Effects of card web initial color (Y-Z) and dye used on the colorimetric characteristics are showed in Table 4. 

 

Table 4. Effect of card web initial color (Y-Z) and effect of dye used on the colorimetric characteristics (L*, a*, b*). 

Dye Carding web L* a* b* 

 

 

Yellow Erionyl 

A-3G 

Co 80.12±0.26 -1.32±0.36 19.04±0.39 

C1 81.25±0.25 -1.27±0.24 17.22±0.39 

C2 79.34±0.25 -0.32±0.10 16.94±0.44 

C3 79.37±0.13 -0.44±0.28 21.92±0.22 

C4 79.30±0.43 -0.53±0.21 22.92±0.56 

 

 

Blue Erionyl AR 

Co 74.50±0.23 -5.19±0.66 1.25±0.41 

C1 74.58±0.39 -6.03±0.55 2.39±0.50 

C2 73.72±0.13 -4.54±0.31 4.50±0.27 

C3 73.56±0.35 -5.53±0.25 5.18±0.36 

C4 72.61±0.39 -6.61±0.22 6.40±0.27 

 

 

Red Erionyl A-3G 

Co 75.88±0.19 11.14±0.34 9.40±0.13 

C1 77.47±0.12 10.56±0.23 9.08±0.10 

C2 74.89±0.30 8.80±0.13 11.73±0.43 

C3 74.37±0.48 10.16±0.54 12.58±0.21 

C4 73.67±0.28 12.52±0.28 14.86±0.38 

 L* a* b* 

Yellow Erionyl A-3G 79.82±0.88 -0.64±0.49 19.75±2.76 

Blue Erionyl AR 73.62±0.77 -5.68±0.84 4.62±1.51 

Red Erionyl A-3G 75.10±1.48 10.51±1.38 12.06±2.11 
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 C1= Carding web 1; C2= Carding web 2; C3= Carding web 3; C4= Carding web 4; Co= Control carding web;                                    

***= significant P<0.001 

 

Total color difference (ΔE) 

It has been found that the summation of three, vector color-difference components (L*, a*, b*) into a single scalar 

value is very useful for determining whether a specimen color is within a specified tolerance from a standard 

(ASTM Standards, D2244-11, 2011). Moreover, it is interesting to find out if the human eye can also detect these 

significant differences. The parameter that provides this information is total color difference, calculated using a 

control-carding web. According to Bechtold (2007), a color difference of 1.0 is accepted as tolerable between two 

dyes when using synthetic dyes. Willis (1997) coincided with this value for commercial purposes.  

 

In the current essay, the ΔE values obtained for the three dyes were higher than 1.0 for all carding webs.  It can be 

clearly seen that ΔE values of the samples increased with increasing values of initial Y-Z of the different carding 

webs (from C1 to C4), the yellower the sample was, the higher the ΔE that presented. The highest ΔE value (6.06) 

was obtained for the Red Erionyl A-3G colorant, while the lowest one (1.62) with Blue Erionyl AR. Considering 

carding webs, in C1, the highest ΔE was recorded with Yellow Erionyl A-3G dye, while in C4 (the yellowest 

carding web), with Red Erionyl A-3G. Significant dye and carding web effects on ΔE and a significant interaction 

between dye and carding web were obtained (P<0.001). In Fig. 1, total color difference of each carding web dyed 

with the different colorants is presented. 

 

Figure 1:-Total color difference (ΔE) of the carding webs dyed with the different colorants. 

 
Multiple linear regression analysis was used to develop a model for predicting total color change from ΔL*, Δa* and 

Δb. The results showed that the model, being significant at P ≤ 0.05, explained 74.6% of ΔE. ΔL* and Δb* had both 

significant regression weights, indicating that for each unit increase in the ΔL* score, ΔE decreased at 0.52 and that 

for each unit increase in the Δb* score, ΔE increased by 0.28. Otherwise, Δa* had no significant regression weight. 

The results indicated that the total color difference was mainly based on the differences in b* and L*. This gave a 

pattern of movement of the axis b* toward the yellow region, possibly due to wool base color, and strengthened the 

suggestion that brightness decreases with wool yellowing. 

 

According to Skinner (1958), wool-dyer requires wool slivers and tops with a perfect white color. It had been 

described that poor color limits the range of shades to which a wool can be dyed, often precluding its use in products 
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requiring light pastel shades (Teasdale, 1995). Moreover, Wood (2003) suggested that a yellow wool cannot be dyed 

to a light pastel shade and hence it has a lower dyeing potential. The color difference found in wool with Y-Z values 

lower than 1.0, demonstrated that for this kind of shade, color requirements might be higher. The position of cut off 

point in the Y-Z scale from which difficulties in staining with pastel colors were perceived was under 0.74 in this 

Corriedale wool. From this value on, subjective visually evaluation could detect differences in color and these 

differences varied with the pastel dye used. However, the human eye is the final arbiter in deciding not only at what 

point matches become unacceptable (Jaeckel and Ward, 1964), but also at what degrees of color change cause 

complaints. 

 

Conclusions:- 
This essay quantifies the significant effects of wool scoured color (yellowness) and pastel dyes on the acquired color 

of wool after dyeing. As Y-Z values of carding webs increased, total color difference determined after dyeing was 

greater. This difference was detected even in wool with Y-Z values lower than 1.0 and was mainly based on 

variations in b* and L* parameters. From this value on, dyeing performance would be affecting the colour adquire 

after dyeing, with variation according to the pastel dye used.  
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