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Abstract: Green thinking looks to develop alternatives with higher environmental advantage that traditional materials or processes. 
The present experimental studies are directed to investigation of dyeing the linen fabric prepared with modification with enzymes. In 
the research, 1% and 2% solution of cellulase enzyme Beizym ENC-SB (garment auxiliary of enzymes mixture of CHT R. 
BEITLICH GmbH/BEZEMA AG) and pectinase Beisol PRO (enzymes mixture for cleaning cellulose fibers of CHT R. BEITLICH 
GmbH) enzyme solutions were used. The main objective of this work is focus on results studies of enzyme influence on dyeing of 
flax fabric with direct Solphenyl dye triade Blue FGLE (economical, fairly good light fast blue, main trichromatic component for 
medium shades with high wash fastness), Scarlet BNLE (economical scarlet, main trichromatic component for medium to dark 
shades) 200%, and Yellow GLE (very bright neutral yellow, main trichromatic component for high wash fastness requirements). The 
dye-bath exhaustion, color fastness to rubbing and washing were estimated. The color parameters before and after tests were 
calculated. 
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1. Introduction  

Following a few decades of almost total 
abandonment, flax fibres are revaluated by the fashion 
industry and increasingly appreciated owing to the 
freshness, comfort and elegance [1]. Seventy percent 
of European Union produced long fibres have been 
exported, therefore long flax fibres products are 
considered as potential chance for Latvian textile 
industry development. 

Flax is one of the oldest plants grown in Latvia. 
Flax industry was very important for the development 
of Latvia economy in the 20th century. At the end of 
the thirties was produced 215,000 tons of flax per year 
due to flax fibres and seeds application for various 
products production [2]. Nowadays, flax has a great 
importance as a raw material in the production of food, 
medicaments and building materials [3]. The export to 
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European Union is 85%-90% [4]. With the best and 
original properties, obtained by new technologies of 
finishing flax was used for the high quality fashion 
products and technical application. 

One of the directions of technologies improvement 
is enzymes application. Enzymes use in start stages of 
bast fibre processing like retting, cottonization, 
improving pre-treatment, de-sizing, scouring and 
others are partly investigated [5]. The dyeing process 
of flax can be performed mainly by exhaustion, using 
direct or reactive dyes. Only few researches are 
devoted to the influence of different pre-treatment of 
dyeing results of vegetable fibres [6], the increase of 
lightness and removing the surface fibre (i.e., depilling 
or bio-polishing) after dyeing to change the lightness 
of the cellulase enzyme treated cotton fabric is 
observed [7]. 

The textile processing industry is one of the major 
environmental polluters. The World Bank estimates 
that 17%-20% of industrial water pollution comes 
from textile dyeing and treatment [8]. It is the problem 
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2.6 Stability to Washing 

The dyed samples were washed (5 and 10 cycles), 
according to ISO 105-C10:2006 standard. 

2.7 Examination of Dye-Bath Exhaustion 

The dye-bath ER (exhaustion rate, %) according to 
ISO 105-Z10:2001 standard was calculated: 

%100
0

0 ×
−

=
A

AA tER           (1) 

where, A0—Absorbance of the initial dye-bath and 
At—dye-bath after dyeing is marked. 

2.8 Colour Testing 

The samples were analyzed with Easy Colour QA 
(Quality Assurance) device (Pocket Spec. 
Technologies Inc. USA) on 16 points on both sides, 
using RGB (red, green and bluelight) system in 
CIELAB-76 color space, using L* axis with maximum 
100 (a perfect reflecting), L* minimum 0 (black) and 
color coordinates a* and b* (adopted 1976). 
ΔL* is the difference of lightness coordinates 

between standard and sample, Δa* is the difference of 
redness-greenness coordinates between standard and 
sample, Δb* is the difference of yellowness-blueness 
coordinates between standard and sample. ΔE is the 
total color difference between reference and sample. 
Chroma (C) is a measure of intensity or saturation of 
color. The values of L*, a*, b* and C of any one 
sample before dyeing were used as the standard. 
Lightness difference (ΔL*), common color differences 
(ΔE) and chroma (C) were calculated following ISO 
105-JO3:2010 standard. 

The designations of samples used for demonstration 
of experimental results are summarized in Table 1. 

3. Results and Discussion 

3.1 Results of Dye Exhaustion 

Experimental results (Fig. 2) show that exhaustion 
rate is dependents of applied dye and better seen for 
untreated fabric. While for pre-treated fabrics, better 
dye exhaustion is observed with cellulase pretreated 
fabric in case of dye Scarlet BNLE 200%. 

3.2 Results of Rubbing Fastness 

The fastness to wet and dry rubbing was evaluated 
for dyed fabrics (Table 2). As expected in catalogue 
of Solophenyl dye [10], the better color fastness was 
obtained for dry rubbing. The best result to dry 
rubbing (4/5-5) and lower stability to wet rubbing 
(3/4) were foruntreated fabrics. After fabric treatment, 
the small decrease of dry fastness practically in all 
cases of treatments is observed. At the same time, 
fastness to wet rubbing increases. Better stability to 
dry and wet rubbing shoves Blue FGLE samples with 
both enzymes modification. It suggests that the 
influence of used dye is significant. 

3.3 Color Characteristics 

Full analysis of color characteristics of dyed linen 
fabric before washing was made. The same test of 
color parameters at the same conditions of dyed 
samples after 5 and 10 washing cycles was determined 
as well (Tables 3-5). 

 

Table 1  Designation of samples used for experiments preliminary treatment. 

 Used Dyes 
Washing 

5 cycles 10 cycles 

 Designation 
of sample 

Concentratio
n of chemical 

Blue FGLE 
(B) 

Scarlet BLE 
200% (R) 

Yellow 
GLE(Y) B R Y B R Y 

Without 
treatment UN  UN_B UN_R UN_Y UN_B_5 UN_R_5 UN_Y_5 UN_B_10 UN_R_10 UN_Y_10 

With pre-treating PR  
 PR_B PR_R PR_Y PR_B_5 PR_R_5 PR_Y_5 PR_B_10 PR_R_10 PR_Y_10 

With 
pre-treating 
and 
modification 
with 

Cellulase 
Enzyme C 

1% C1_B C1_R C1_Y C1_B_5 C1_R_5 C1_Y_5 C1_B_10 C1_R_10 C1_Y_10 

2% C2__B C2_R C2_Y C2__B_5 C2_R_5 C2_Y_5 C2_B_10 C2_R_10 C2_Y_10 

Pectinase 
Enzyme P 

1% P1_B P1_R P1_Y P1_B_5 P1_R_5 P1_Y_5 P1_B_10 P1_R_10 P1_Y_10 

2% P2_B P2_R P2_Y P2_B_5 P2_R_5 P2_Y_5 P2_B_10 P2_R_10 P2_Y_10 
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Fig. 2  The exhaustion rate of solophenyl dyes with different fabric pre-treating. 
 

Understandable is lightness difference ΔL* for 
different dyes. Therefore, for fabric pre-treatment 
characterisation, we prefer comparison of color 
difference ΔE and saturation intensity C. The 
pre-treating influence on color difference and 
saturation intensity is evident. The obtained test 
results about used enzymes influence on color 
characteristics are different depending on used dyes. 
The effect of modification concentration is more 
significant than specific enzyme applying. In all cases, 
insignificant decrease of lightness and color difference 
is observed after washing for samples dyed with 
Solophenyl Blue FGLE (Table 3). It causes the small 
increase of chroma. As well as insignificant decrease 
of lightness and color difference after washing are 
obtained for samples dyed with Solophenyl Scarlet 
BNLE 200% (Table 4) and Yellow GLE (Y) (Table 5). 

Some no significant selective influence of enzyme 

treatment on dyeing characteristics and dyeing 
fastness properties is observed. 

The lightness difference is higher with lower 
concentration of bough enzymes (cellulase and 
pectinase). The influence on color difference and 
chroma is alike. For pre-treated samples changes of 
color difference and chroma after washing were 
observed, while lightness difference was insignificant. 

The influence of cellulase enzyme modification on 
color parameters works sparing, especially after 10 
cycles with concentration of enzyme 2%. 

The enzyme modification positively influences the 
washing fastness properties of dyed samples (Tables 
3-5). The most significant influence to color parameters 
stability to washing observed with pectinase enzyme 
modification. The enzyme modification positively 
influences the washing fastness properties of dyed 
samples. 

 

Table 2  Rubbing fastness of samples dyed with Blue FGLE, Scarlet BNLE 200% and Yellow GL. 

Sample Dry Wet Sample Dry Wet Sample Dry Wet 
UN_B 5 3/4 UN_R 4/5 3/4 UN_Y 5 3/4 
PR_B 3/4 4 PR_R 4/5 4 PR_Y 4/5 4 
C1_B 4 4 C1_R 4 3/4 C1_Y 4 3/4 
C2_B 5 4/5 C2_R 4 4/5 C2_Y  4/5 4/5 
P1_B 4 4/5 P1_R 4 4/5 P1_Y  4 4/5 
P2_B 4 4 P2_R 3/4 4/5 P2_Y  4/5 4 
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Table 3  Color parameters of samples dyed with Blue FGLE (B) and after 5 and 10 washing cycles. 

Sample Lightness difference (ΔL*) Δa* Δb* Color difference (ΔE) Chroma (C) 
UN_B -34.24 -2.96 -15.62 37.75 15.89 
UN_B_5 -32.33 -2.87 -16.96 36.62 17.20 
UN_B_10 -31.45 -1.06 -14.16 34.50 14.20 
PR_B -31.34 0.82 -12.63 33.80 12.66 
PR_B_5 -29.60 1.92 -13.70 32.67 13.84 
PR_B_10 -28.61 3.91 -14.35 32.24 14.87 
C1_B -31.89 -3.63 -16.80 36.23 17.19 
C1_B_5 -31.54 -3.42 -18.27 36.61 18.59 
C1_B_10 -30.28 -2.17 -18.68 35.64 18.80 
C2_B -33.33 -3.97 -16.49 37.39 16.96 
C2_B_5 -31.25 -3.59 -17.80 36.14 18.16 
C2_B_10 -30.78 -1.46 -18.32 35.84 18.38 
P1_B -32.39 -3.63 -16.87 36.70 17.25 
P1_B_5 -31.29 -3.40 -18.24 36.38 18.55 
P1_B_10 -30.15 -0.98 -18.74 35.52 18.77 
P2_B -34.40 -2.78 -16.09 38.07 16.33 
P2_B_5 -31.71 -3.01 -14.28 34.91 14.60 
P2_B_10 -31.52 -1.17 -18.13 36.38 18.17 
 

Table 4  Color parameters of samples dyed with scarlet BNLE 200% (R) and after 5 and 10 washing cycles. 

Sample Lightness difference (ΔL*) Δa* Δb* Color difference (ΔE) Chroma (C) 
UN_R -22.66 32.20 10.18 40.67 33.77 
UN_R_5 -21.65 30.30 9.32 38.39 31.70 
UN_R_10 -20.81 31.89 9.31 39.20 33.22 
PR_R -21.63 35.33 14.17 43.78 38.07 
PR_R_5 -20.11 34.91 13.46 42.48 37.42 
PR_R_10 -18.73 36.36 13.77 43.15 38.88 
C1_R -22.47 30.16 10.64 39.08 31.98 
C1_R_5 -21.76 30.14 9.60 38.40 31.63 
C1_R_10 -20.61 31.79 10.92 39.43 33.61 
C2_R -21.62 30.74 11.56 39.32 32.85 
C2_R_5 -21.49 30.20 9.62 38.29 31.69 
C2_R_10 -20.17 31.55 11.19 39.08 33.47 
P1_R -21.49 30.25 10.07 38.45 31.88 
P1_R_5 -21.49 29.00 8.67 37.12 30.27 
P1_R_10 -20.51 30.65 9.97 38.20 32.23 
P2_R -21.64 32.05 11.92 40.47 34.20 
P2_R_5 -21.45 30.48 9.23 38.97 31.85 
P2_R_10 -20.81 32.14 9.98 39.57 33.65 
 

Table 5  Color parameters of samples dyed with Yellow GLE (Y) and after 5 and 10 washing cycles. 

Sample Lightness difference (ΔL*) Δa* Δb* Color difference (ΔE) Chroma (C) 
UN_Y -4.77 -3.74 41.37 41.81 41.54 
UN_Y_5 -5.13 -4.88 38.67 39.31 38.98 
UN_Y_10 -3.71 -3.67 38.88 39.23 39.05 
PR_Y -0.93 0.09 45.75 45.76 45.75 
PR_Y_5 -2.65 -0.18 46.77 46.84 46.77 
PR_Y_10 -0.89 -0.02 43.61 43.61 43.61 
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(Table 5 continued) 

Sample Lightness difference (ΔL*) Δa* Δb* Color difference (ΔE) Chroma (C) 
C1_Y -4.77 -3.74 41.37 41.81 41.54 
C1_Y _5 -4.45 -5.18 40.27 40.84 40.60 
C1_Y_10 -4.59 -4.78 39.20 39.75 39.49 
C2_Y -3.68 -4.53 43.61 44.00 43.84 
C2_Y_5 -4.40 -5.41 40.27 40.87 40.63 
C2_Y_10 -2.88 -5.10 41.13 41.55 41.45 
P1_Y -3.93 -4.64 41.86 42.30 42.12 
P1_Y _5 -4.32 -5.50 38.82 39.44 39.20 
P1_Y_10 -3.93 -4.64 41.86 42.30 42.12 
P2_Y -2.93 -4.91 42.86 43.24 43.14 
P2_Y_5 -3.54 -4.74 39.07 39.52 39.36 
P2_Y_10 -2.94 -4.78 39.18 39.58 39.47 
 

4. Conclusions 

The raw flax fabric modified with cellulase and 
pectinase enzymes was dye with direct Solphenyl dyes. 
The obtained experimental results of enzymes 
pre-treatment influence on dye-bath exhaustion rate, 
color parameters as well as color fastness to rubbing 
and washing was investigated. 

The obtained test results about influence of used 
enzymes on exhaustion rate and color characteristics 
are different, depending on used dyes and fabric 
modification method.  

The effect of modification is more significant factor 
on color fastness to rubbing, especially with higher 
concentration of cellulase enzyme. 

The changes of color parameters better are observed 
for Blue FGLE dye with modification of cellulase 
enzyme, while pectinase influence in case of Yellow 
GLE and Scarlet BNLE 200% dye. 
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