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A BSTRA CT 

Cotton and wool fabrics were dyed with the natural dyes chlorophyll and 
carmine after treatment with the enzymes cellulase, a-amylase and trypsin. 
Wash and light fastnesses of the dyed samples were studied. Enzymatic 
pretreatment resulted in an increase in pigment uptake in all cases com- 
pared with the corresponding untreated samples, and did not affect fastness 
properties. Pretreatment with metallic salts and dyeing of  pretreated 
samples was also carried out and the fastness properties of  the dyed 
materials were studied. The effect of conventional mordanting with metallic 
salts was compared with that of  enzymatic treatment on the dyeing 
properties of  the dyes used. 

I N T R O D U C T I O N  

There is interest in the dyeing of textile fibres with natural dyes, on 
account of their high compatibility with the environment, and because of 
their lower toxicity and allergic reactions. 

Problems in dyeing with natural dyes are related to the low exhaustion 
of  the dyes and to the fastness of  the dyed fabrics. Attempts to overcome 
these problems have been mainly focused on the use of metallic salts as 
mordants, which are traditionally used to improve fastness properties or 
exhaustion and to develop different shades with the same dye) ~ However, 
this method has lost much of  its importance and other processes based 
on fibre modification (e.g. with resins) are used. 

* To whom correspondence should be addressed. 
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Fig. 1. Dyes used in the study. 

Enzymatic treatment has recently been applied to minimize wool 
shrinkage and to improve its dyeing properties. 5'6 

The aim of this work was to study the effect of the enzymatic treatment 
of cotton and wool (the preferred substrates for dyeing with natural dyes) 
on their dyeing properties using the water soluble dicarboxylic acid of 
chlorophyll 1 (CI Natural Green 5) and carmine 2 (CI Natural Red 4). 7 
The results are compared with those obtained with the same dyes after 
treatment of the fibres with metallic salts. 

The work is part of a larger project on the use of vegetable dyes in the 
dyeing of natural fibres. 

EXPERIMENTAL 

Materials 

Commercial bleached cotton and wool fabrics, chlorophyll and carmine 
were used for the dyeings. Before dyeing, cotton fabrics were treated with 
the enzymes o~-amylase and cellulase while wool fabrics were treated with 
trypsin. Aqueous solutions containing 20 g 1-1 iron(II) sulphate heptahydrate 
(BDH), aluminium sulphate hexadecahydrate (Aldrich) and sodium 
potassium tartrate tetrahydrate (Merck) were used as mordants. 

Apparatus 

Dyeings and wash fastness tests were carried out in a Rotadyer apparatus 
(John Jeffreys Ltd). Spectrophotometric measurements were recorded in a 
Shimadzu UV-2101 PC spectrophotometer. An air-cooled Hahau Suntest 
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TABLE 1 
Enzymatic Treatment Conditions used for Cotton and Wool 

Enzyme Treatment Enzyme pH Temperature 
duration (min) concentration (g l ~1) (°C) 

c~-Amylase 10 2 7 25 
Cellulase a 30 0.7 4.4 60 
Trypsin 30 2 8 30 

Additional heating at 75°C for 30 min to inactivate the enzyme. 

apparatus (Heraeus) with a Xenon lamp was used for the light fastness 
tests. Colour changes during the light fastness tests were evaluated in 
a Verivide colour assessment cabinet (Leslie Hubble) with an artificial 
daylight (D65) lamp. A Macbeth CE 3000 spectrophotometer (UV and 
specular component  included, large area view 25-4 mm diameter) was 
used for colour measurements. 

Enzymatic treatment 

Treatment conditions for the enzymes used are given in Table 1. After 
treatment all samples were rinsed and squeezed. 

Treatment with mordants 

Cotton fabrics were immersed in a 5% ammonia  solution for 30 min and 
then in the mordant  solutions for 45 min at 30°C. Wool fabrics were 
immersed directly in the mordant  solution for 45 min at 30°C. All the 
mordanted fabrics were allowed to stand overnight 2~ and then dyed. All 
treatments were carried out at a liquor ratio of 30:1. 

Dyeing 

The fabrics were dyed with 2% o.m.f, depth of dyeing at a liquor ratio 
30:1. The temperature was raised to 90°C over 30 min and maintained at 
this level for 1 h. Sodium chloride (10% o.m.f.) or a few drops of  40% 
acetic acid solution were added to the dyeing liquors used for the cotton 
or wool fabrics respectively. 

Determination of dye adsorbed on the fibre 

This was done spectrophotometrically by extracting the pigment of the dye 
fabrics with pyridine (25% v/v in water) and measuring the absorbance 
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of the extracts at 522 and 409 nm (Amax of carmine and chlorophyll 
respectively). 

Fastness determination 

Wash fastness tests were carried out according to BS 1006:1990 CO28 
with a soap solution (5 g 1 ~, liquor ratio 50:1) for 45 min at 50 + 2°C. 
The samples were assessed against the standard grey scale for colour 
change. 

Light fastness tests were carried out according to BS 1006:1990 BO2. 9 
Colour change of  the samples was assessed against the grey scale and the 
blue wool standard. 

Colour measurement 

Dyed samples were prepared for colour measurement by folding the fabric 
three times to give a sample size of  about 3 x 3 cm. Colour differences 
were evaluated by means of the modified CIE L* C* H* (illuminant 
D65/10 ° observer systems). Reproducibility was checked by taking three 
measurements and recording the variation in percentage reflectance values 
over the range 400-800 nm; it was found to be very satisfactory in all 
cases. 

RESULTS AND DISCUSSION 

The dyeing results, percentage pigment exhaustion, wash and light fastness 
values for the dyed samples with and without enzymatic treatment are 
given in Table 2. 

As can be seen, the amount  of dye adsorbed on the fibre is higher for 
wool than for cotton. Chlorophyll has a higher percentage exhaustion 
than carmine in all cases, and especially in the case of wool dyeing where 
the uptake is significantly higher, similar to that of conventional synthetic 
dyes. Wash fastness values are also higher for chlorophyll than for 
carmine on the wool samples. This difference in dye uptake and wash 
fastness could be attributed to the structural features of  the two dyes 
(Fig. 1) and the substrates. In the case of wool dyeing, hydrophobic 
interactions seem to be largely responsible for the affinity of the dyes and 
their wash fastness on wool, while ionic forces between the positively 
charged amine groups of the protein fibre and dye sites also play a 
role. l° The large chlorophyll molecule seems to fulfil these requirements, 
while carmine, with many hydrophilic groups, does not. In addition, in 
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TABLE 2 
Percentage Exhaustion and Wash and Light Fastnesses of Cotton and Wool Samples 

Dyed with Chlorophyll and Carmine With and Without Enzymatic Treatment 

Pigment Enzyme Pigment (g) Percentage Colour change 
per 100 g exhaustion 

fibre Wash fastness Light fastness 

Wool samples 
Chlorophyll none 1.458 72.9 3 4-5 
Chlorophyll trypsin 1-818 90.9 3 4-5 
Carmine none 0-063 3.15 3 3-4 
Carmine trypsin 0.087 4.35 3 4 

Cotton samples 
Chlorophyll none 0.35 17.0 2 3 3 
Chlorophyll a-amylase 0.49 24.5 2 3 3 
Chlorophyll cellulase 0.40 20.0 2 3 3 
Carmine none 0.036 1-2 1 3 
Carmine a-amylase 0.055 2-0 1 3 
Carmine cellulase 0.090 3.0 1 3 

cellulose dyeing hydrophobic interactions between the dye and - - C H - -  
groups of cellulose contribute, to dye stability, ~ apart from weak Van 
der Waals forces and hydrogen bonds. 

Enzymatic treatment resulted in an improvement in dye uptake in all 
cases reported, which could be attributed to enhanced shrink-resistance 
properties of the fibre. 5'6 In all cases, wash and light fastness values of 
the treated samples remained the same as those for the reference samples, 
indicating that there is a real fixation of the pigment on the treated fibre. 

The results obtained show low exhaustion for carmine from the dye 
liquor in all cases, and poor fastness properties especially in the case of 
cotton dyeings. Thus carmine would not be useful as a textile colorant 
even after enzymatic treatment of the fibre, which results in a considerable 
relative improvement in exhaustion (about 30 and 50% in the case of wool 
and cotton dyeing respectively). In contrast, chlorophyll showed high 
percentage exhaustion values and medium fastness properties, especially 
in the case of wool. 

In order to compare these results with those obtained by dyeing after 
treatment of the cotton and wool with metallic salts (mordants), dyeings 
were repeated under the same conditions, as above, but after treatment of 
the cotton and wool with aluminium sulphate, sodium potassium tartrate 
and iron(II) sulphate, traditionally used as mordants for natural dyes. 
The fastness properties of the dyed samples are given in Table 3. 
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TABLE 3 
Wash and Light Fastness Values of Cotton and Wool Samples Dyed with Carmine and 

Chlorophyll With and Without Mordant 

Pigment Mordant Wash fastness Light fastness 

Cotton samples 
Chlorophyll none 2-3 3 
Chlorophyll A12(SO4) 3 . 16H20 l 3 
Chlorophyll FeSO 4 . 7H20 l 4 
Chlorophyll CgH 4 KNaO 6 . 4H20 4 3 
Carmine none 1 3 
Carmine A12(SO4) 3 . 16H20 1 3 
Carmine FeSO 4 . 7H20 1 4 
Carmine CgH 4 KNaO 6 . 4H20 1 2-3 

Wool samples 
Chlorophyll none 3 4-5 
Chlorophyll A12(SO4) 3 . 16H20 2 4 
Chlorophyll FeSO4.7H20 3 4-5 
Chlorophyll C4H 4 KNaO 6 . 4H20 3 4 
Carmine none 3 3 4  
Carmine A12(SO4) 3 . 16H20 2-3 3 4  
Carmine FeSO 4 . 7H20 2 5 
Carmine C4H 4 KNaO 6 . 4H20 4-5 4 

T a b l e  3 ind ica te s  t h a t  m o r d a n t i n g  o f  c o t t o n  a n d  w o o l  w i th  me ta l l i c  

salts is n o t  a d v a n t a g e o u s  c o m p a r e d  wi th  the  e n z y m a t i c  t r e a t m e n t  as  

r e g a r d s  the  fas tness  p r o p e r t i e s  o f  the  ma te r i a l s  d y e d  wi th  c h l o r o p h y l l  

a n d  c a r m i n e .  W i t h  the  e x c e p t i o n  o f  the  s a m p l e s  p r e t r e a t e d  wi th  s o d i u m  

p o t a s s i u m  t a r t r a t e ,  w a s h  fas tness  wa s  l o w e r  o r  equa l  t o  t h a t  o f  the  

r e fe rence  s a m p l e s  a n d  s a m p l e s  p r e t r e a t e d  wi th  e n z y m e s ,  w h e r e a s  l ight  

TABLE 4 
AL*, AC*, AH* and AE Values for Fabrics Dyed after Mordanting with Iron Sulphate 

(Reference Sample: Fabric Dyed Without Mordant) 

Dye Fibre AL *~ AC *a AH* AE Visual colour 
description 

Carmine cotton -17.88 - 12.45 0.98 21.81 darker, duller 
Carmine wool - 1.62 -27.84 4.22 28.20 darker, duller 
Chlorophyll cotton -5-89 0.98 4.18 7.29 darker, brighter 
Chlorophyll wool 4-61 -3.94 5-49 8-18 darker, duller 

AC* > 0: sample brighter than reference; AC* < 0: sample duller than reference; 
AL* > 0: sample lighter than reference; AL* < 0: sample darker than reference. 
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fastness improvement was achieved only in the case of mordanting with 
iron sulphate for both fibres and dyes. It should be noted that dyeing 
after mordant ing with iron sulphate yielded in all cases duller or darker 
colours, as is concluded from colour measurements (Table 4) for the 
corresponding dyed fabrics. The fabrics dyed without mordant  were used 
as references. Particularly in the case of  carmine, very high DE values 
were observed, mainly attributable to high DL and DC values, which are 
related to darkness and dullness of  the colours (see footnote, Table 4). 
This colour differentiation is also visually confirmed. 
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