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1. Introduction

Bamboo exhibits attractive greenish color due to
the abundant chlorophyll in culms as well as in
leaves. But the green color on the bamboo culms
fades away because of chlorophyll degradation easily
by light, oxygen and enzymes1).
The green color protection of bamboo had been

widely studied to increase the economic value of
bamboo products using green culms.
However, abundant bamboo leaves have not been

utilized, except that young leaves made into bamboo
tea recently in Korea.
We thought the bamboo leaves have a high poten-

tiality for useful resource of natural green dye. In
previous studies, several inorganic salts including
chromates, nickel salts, and copper salts were used as
protectors of green color of bamboo culms2,3).
In addition to inorganic salts treatments, alkali pre-

treatment was necessary process for the protection of
bamboo green color4).
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Paying attention on this point, the objective of this
study was to find an appropriate method and process
for protecting the green color in bamboo leaves and
subsequent extraction of the green colorants. Various
inorganic salts including cupric sulfate, ferric sulfate,
and zinc chloride were employed as green color
protectors.
Accordingly, the effects of metal salts and treatment

conditions on color protection were investigated to
find appropriate protector and conditions. And also,
the efficacy of bamboo colorants as a natural green
dye was evaluated through dyeing and colorfastness
tests.

2. Experimental

2.1 Materials

Bamboo leaves of Phyllostachs nigra (Lodd) Munro
var. henonis (Bean) Stapf in Damyang areas were
collected, dried in the shade and kept in a refrigerator.
Reagents used were of first grades. For dyeing test,

wool and microfiber nylon fabrics were obtained
commercially (Table 1).
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Fabric Weave Yarn count (wxf/cm2) Weight (g/m2) Thickness (mm)

Wool plain 28x27 102 0.25

Microfiber nylon plain 50x70 62 0.02

Table 1. Specifications of fabrics

2.2 Pretreatment and extraction

Bamboo leaves (50g) were boiled for 60min to
remove yellow colorants and subsequently treated with
inorganic salts such as solution to protect green color
of chlorophyll. Three inorganic salts used were
CuSO4 5H· 2O, FeSO4 7H· 2O and ZnCl2. The pretreated
bamboo leaves were used to extract colorants in
NaOH solution at 80 for 1hr and this extraction℃
process was repeated twice. Two extracts were mixed
together, filtered, concentrated, quick frozen at 80‐ ℃
and frozen dried at 50 .‐ ℃
2.3 Dyeing and color evaluation

Using colorant extracts, dyeing was carried out
100°C for 60min at a liquor ratio of 1:100 using an
infra red automatic dyeing machine (Ahiba Nuance,‐
Data Color International, USA), and rinsed for further
evaluation. Dye uptake was assessed by measuring
K/S value at the maximum adsorption wavelength (λ
max; 400nm) using a Macbeth Coloreye 3100 spectro-
photometer. CIELab coordinates (Illuminant D65/10°
Observer) was measured with a Macbeth Coloreye
3100 spectrophotometer at λmax. H V/C values were
obtained from L*a*b* data using CIE Munsell con-
version program. Absorbance of colorants extraction
was measured using a UVVis spectrophotometer (Agilant‐
845, Agilant Technologies, Waldbronm, Germany).

2.4 Colorfastness to light

Light fastness was assessed in terms of color
difference and color change against the appropriate
Gray scale according to AATCC method 16 1998‐
with a Xenon Test Chamber (Q Sun Xe 1 B, USA).‐ ‐ ‐
2.5 Antimicrobial activity

Antimicrobial activity of dyed fabrics was measured
by shake flask method in terms of bacterial reduction

rate. Staphylococcus aureus (ATCC 6538) was the
bacteria used.

3. Results and Discussion

3.1 Effect of pretreated metal type on

colorants stability

Figure 1 shows absorption spectra of colorant
extracts at different metal pretreatment. Two peaks are
observed at 400 420 nm and 630 660 nm, indicating‐ ‐
yellow green and green colors, respectively. Depending‐
on metal type, peaks were varied slightly in similar
color ranges. And so, their absorbance peaks were
slightly different; extracts from no treated bamboo
leaves at 415 and 638nm, Cu salt treated at 404 and
629nm, Fe salt treated at 400 and 656nm, Zn salt
treated at 412 and 633nm. The extracted green
colorants after pretreatment with metal salts were
expected to form into metal chlorophyll derivatives‐
such as Cu chlorophyll Na, Fe chlorophyll Na, and Zn‐ ‐ ‐ ‐ ‐
chlorophyll Na.‐
Chlorophyll is a stable colorant in nature, but it is

degraded by surrounding environment such as oxygen,
light, heat and acid when it is existed in extracts from
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Figure 1. Visible absorption spectra of bamboo leaf extracts.
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plant tissue5). The loss of green color of chlorophyll
is caused by pH change as a result of turning Mg
ion into H ion. Light stability of the extracts was
evaluated in terms of absorbance retention, indicating
colorant concentration, for 12 days under the artificial
daylight (6500K) conditions including UV (Figure 2).
Among inorganic metals, copper salt resulted in the
highest stability of colorants, 80% of colorants were
remained after 12 days of light exposure. Other
metals resulted to retain 10 30% of colorants at 630‐ ‐
660 nm. Fe salt treated extract was retained about
30% of absorbance after light exposure and, Zn salt
treated extract showed about 10% of absorbance
retention. Extracts from no pre treated bamboo leaves‐
retained about 20% of absorbance.
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Figure 2. Light stability of colorants extracts pretreated
with different metal salts.

Fabric Metal Dyed color H V/C L* a* b* EΔ * Light fastness

Wool

Control 0.6GY 3.9/3.1 39.96 4.33‐ 21.41 46.01 1

Cu 3.4GY 5.3/3.1 53.93 7.76‐ 20.80 32.97 2/3

Fe 9.9Y 4.5/3.1 46.04 3.91‐ 22.71 40.47 1

Zn 1.7GY 4.3/3.5 44.39 6.48‐ 23.87 42.64 1

Microfiber
nylon

Control 10.0Y 5.3/3.4 54.10 4.12‐ 24.96 47.92 1

Cu 7.5GY 6.2/3.5 63.24 13.87‐ 19.33 39.45 2/3

Fe 9.8Y 5.8/3.3 59.47 4.12‐ 24.29 43.08 1

Zn 0.8GY 5.0/3.5 51.32 5.60‐ 24.59 50.25 1

Table 2. Color and colorfastness of dyed fabrics with colorants extracts after different metal pretreatment

3.2 Effect of metal type on dyed color and

light fastness

Table 2 shows dyeing results using colorants extracts
with different metal treatments respectively. Pretreat-
ment was done at 0.05% of metal concentration,
followed by extraction 1% NaOH solution and then
dyeing was carried out at 100 for 60min. Without℃
pretreatment, the colors of dyed wool and nylon
fabrics were 0.6GY and 10.0Y, indicating dark yello-
wish kaki color rather than green color, resulting
higher L* value than pretreated samples. Among
metal salts, Fe salt also produced yellowish color.
The results confirmed that green color can be
protected by Cu and Zn metal salts pretreatment on
the basis of a* value. Compared to Zn salt, Cu salt
better protected green color of chlorophyll and
produced more vivid green color to the dyed fabrics.
Yellowness or blueness is expressed by coordinate a*,
which is positive for yellow and negative for blue.
The wool fabric dyed with Cu pretreated extract
showed most greenish color, indicated by a* value (– ‐
7.76). The Nylon fabric also showed the most
greenish color when dyed with Cu salt pre treated‐
extract, confirmed by a* value ( 13.87). E– Δ‐ * in Table
2 was calculated on the basis of un dyed sample.‐
One of disadvantage of natural dye is low fastness

to light. Chlorophyll of plants during storage degraded
and green color faded away easily under light exposure.
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Cu salt pretreatment before colorant extraction from
bamboo leaves improved light fastness remarkably.
Chlorophyll has Mg ion in the center of molecular
structure and this Mg ion substitutes easily to H
atom, resulting that green color changes to yellow
and brown. More stable molecular structure was
formed by replacing the magnesium ion in the por-
phyrin ring of chlorophyll of native form with
divalent cations. This method has been used to keep
green color in canned fruits and vegetables5). By Cu
salt pretreatment, Mg ion is substituted to Cu ion,
which has better stability. And bright green color is
protected and shows improved light fastness.
On the basis of experimental results, it was con-

firmed that Cu salt was the most appropriate pro-
tector of green color considering dye uptake, photo-
stability, and light fastness. Experiment for optimum
pretreatment condition with Cu salt was carried out
further.

3.3 Effect of Cu salt concentration on green

color protection

Figure 3 shows absorption spectra of bamboo leaves
extracts depending on the pretreatment concentration
of Cu salt. Absorbance at 629 nm was decreased
with increase Cu salt concentration.
Highest absorbance was obtained at Cu salt

concentration of 0.025%. The results indicated that
the extracted color was more greenish at 0.025%. So,
its optimum concentration of Cu salt was 0.025%.
To understand the influence of Cu salt concen-

tration on green color protection and dye uptake, Cu salt

Cu concen.(%) K/S value Dyed color Hue L* a* b*

0.025 15.5 6.4GY 49.51 11.99‐ 19.62

0.050 12.0 3.4GY 53.93 7.76‐ 20.80

0.100 9.0 1.8GY 56.24 6.03‐ 21.32

0.025 7.5 9.2Y 57.93 3.51‐ 22.57

0.500 6.3 6.7Y 58.56 1.29‐ 23.87

Table 3. Effect of Cu salt concentration on the color of dyed wool
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Figure 3. Visible absorption spectra of extracts from Cu
salt pretreated bamboo leaves.

concentration was varied. Green colorants were extracted
from the Cu salt pretreated bamboo leaves in alkaline
(1% NaOH) solution and wool fabrics were dyed
with the extracts adjusting pH 7 at 100 for 60min.℃
The results are presented in Table 3.
The highest dye uptake was obtained at 0.025% of

Cu salt concentration and thereafter it decreased with
increasing Cu salt concentration. Accordingly, a* value–
was decreased with increasing Cu salt concentration.
It is speculated that Cu salt may be existed in dipole
form to make larger molecule at higher concentration
and thereby, accessibility to chlorophyll was decreased.
Wu et al. confirmed that green color(–a* value) of
bamboo culms was protected efficiently at 0.5% of
copper chloride, but a* value was decreased at–
higher than 0.5% of copper chloride1). At 0.025% of
Cu salt concentration, hue value (6.4GY) of dyed
wool fabric indicated more greenish color.
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With increasing Cu salt concentration, the hue values
moved progressively toward more yellowish color.
Accordingly, 0.025% of Cu salt concentration was the
most effective to protect green color (a* 11.99) and‐
it resulted the best dye uptake (K/S 16.8).
The results confirmed that green color can be

protected by metal salts pretreatment and Cu salt
among metal salts produced more saturated green
color to the dyed fabrics. Similar results were obtained
on nylon fabrics.

3.4 NaOH concentration effect on dye uptake

and color

Chlorophyll is not water soluble. Alkaline condition
is needed to extract chlorophyll. To find more effi-
cient extraction condition, colorants extraction was
done with varied NaOH concentrations.
As shown in Table 4, dye uptake increased with

the increase of NaOH concentration, indicating more
colorants were extracted at higher NaOH concen-
tration.
And, the hue of dyed wool fabrics moved from

3.9GY to 6.4GY with increasing NaOH concentration.
The color of dyed wool was observed getting stronger
green color as NaOH concentration increased up to
1.0%.
Green color protection was considered more critical

than getting high dye uptake in this study. The optimum
concentration of NaOH for extraction was set 1.0%.
It is necessary that the balance between color and
dye uptake should be considered for determining optimum
condition.

NaOH concen.(%) K/S value H V/C L* a* b* Dyed color

0.25 6.75 3.9GY 6.0/3.2 61.59 8.54 21.96

0.50 12.00 6.0GY 5.2/3.6 53.77 11.61 20.80

0.75 15.50 6.3GY 4.9/3.5 50.45 11.96 19.94

1.00 16.50 6.4GY 4.8/3.5 49.51 11.99 19.62

1.50 15.25 6.4GY 4.9/3.5 50.42 11.83 19.73

Table 4. Effect of NaOH concentration on the color of dyed wool

3.5 Antimicrobial activity

Table 5 shows antimicrobial activity of the dyed
fabrics. Wool and nylon fabrics dyed at 3% colorants
concentration exhibited above 90% and 99% reduction
rate against Staphylococcus aureus (ATCC 6538), res-
pectively. It has been known that extracts from bam-
boo leaves has functional properties such as antiaging,
antibacterial, antivirus and so on6 8)‐ .

Fabrics Staphylococcus aureus (ATCC 6538)

Wool 90.4%

Nylon 99.9%

Table 5. Bacterial reduction rates of dyed fabrics

In addition, the antimicrobial activity of green colorants
prepared in this study is also attributed by Cu
pretreatment. Recently, consumer’s concern in health
and wellbeing has been increased so that the fun-
ctionalities of natural colorants are considered very
important advantage7,9 11)‐ . So, the antimicrobial functio
-nality of green colorants prepared would be valu-
able advantage and it can be applied in various end
uses including cosmetics and hygienic products as
well as textiles.

4. Conclusion

Bamboo leaves was explored as new biomass re-
sources for natural green dye for textiles. Metal salts
including Cu, Fe, and Zn salts were pretreated for pro-
tecting green color before extraction of colorants.
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Among them, Cu imparted the best photostability
and thus efficient protection of green color of bamboo
leaves. And more saturated green color was produced
on wool and nylon fabrics with Cu salt pretreated
extracts. The optimum concentration of Cu salt for
pre treat‐ ment was 0.025%. The colorants extraction of
the Cu salt pretreated bamboo leaves was carried out
efficiently at 1.00% NaOH solution.
Wool and nylon fabrics dyed at 3% colorants

concentration exhibited above 90% and 99% reduction
rate against Staphylococcus aureus (ATCC 6538),
respectively.
In conclusion, bamboo leaves has a high potentiality

as a new resource to produce a natural green colo-
rants with antimicrobial functionality.
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