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Abstract— The pigment extraction of Opuntia ficus-indica has been conducted to develop useful natural
dyes in place of synthetic dyes which are suspected to bring serious environmental pollutions. The dyeing
ability on wool fabric by addition of ascorbic acid and several mordants were investigated by means of
color measurement. In addition, the fastness of washing, perspiration, rubbing, light, dry cleaning, effect on
bacterial reduction and UV-B protection were also investigated. From these investigation, it is suggested
that the pigment extracted from Opuntia ficus-indica can be used as a source of natural dyes and the
obtained result are as follows.

1. Maximum absorption band (Amax) of Opuntia ficus-indica extract is 533nm.

2. The wool fabric dyed with Opuntia ficus-indica extract has stable color by the addition of ascorbic acid
and is achieved with addition of 0.1% ascorbic acid, 0.5% several mordant, and three repeated dying at
50¢C for 1.5hr.

3. The wash fastness of the dyed wool fabric when it is washed with neutral detergent is more effective
than alkaline detergent. The dry cleaning fastness of the dyed wool fabric is more excellent. In addition,
the perspiration fastness of the dyed wool fabric is increased by mordanting method. And than the
rubbing fastness of the dyed wool fabric is showed excellent under dryness and wetness. Light fastness
of the dyed wool fabric, however is showed inferiority.

4. The wool fabric dyed with Opuntia ficus-indica extract is showed effective bacterial reduction and UV-B
protection is increased remarkably.
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Fig. 1. UV-visible absorption spectrum of the water
extract of Opuntia ficus—-indica.
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Scheme 1. Chemical structure
of betacyanins.
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Table 1. The colorimetric values on the non-mordanted
dyeing wool fabric at various concentration of antioxidant

Conc. of Colorimetric value
ascorbic - - - -
acid(%) L a b C AE
0 494 2185 238 2198 427

0.05 465 2579 054 2579 476
01 438 3004 -124 2950 515
0.2 429 3004 -191 3005 526
0.3 412 3083 -195 3063 532

Note : L', a', b, C values for the wool fabric are 84.0,
-1.94, 8.82, 11.17, respectively.
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Table 2. The colorimetric values of the non-mordanted

dyeing wool fabric at various dyeing temperature

Dyeing
temperature( ) L a b C AE

Colorimetric value

Room temp. 593 2231 -620 2316 38.1

50 459 2704 -624 2704 490
70 451 2600 1058 28.07 479
90 4.6 2580 2565 3638 507

Note : L', a’, b, C values for the wool fabric are 84.0,
-1.94, 8.82, 11.17, respectively.
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Fig. 2. K/S value for the non-mordanted dyeing wool

fabric at various dyeing time.
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Table 3. Washing, drycleaning, lighting fastness of the wool fabric dying with Opuntia ficus-indica extract
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Fig. 3. The chromaticity diagram for the dyed wool fabric according

to the mordanting method.
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Fastness

Mordants Mordanting method ~ --.... Washing ™ Deycicaning T Tighting "
None 34 5 1
Pre-mordanting 34 4-5 1

Al Post mordanting . 45T 45 T 177

Simultaneous mordanting . 34T 45 T 177
Pre-mordanting 45 4 1

Sn  Post mordanting . 4T 45 T 177

Simultaneous mordanting - 45T 45 T 177
Pre-mordanting 23 4 2

Fe  Post mordanting 2T 3T 27T

Simultaneous mordanting . 2T 3T 177
Pre-mordanting 23 4-5 1

Cu  Post mordanting 237 g T 177

Simultaneous mordanting . 4T 45 T 177
Pre-mordanting 45 4-5 1

Cr  Post mordanting . 237 g T 177

Simultaneous mordanting . 237 g T 177
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Table 4. Perspiration, rubbing fastness of the wool fabric dying with Opuntia ficus-indica extract

Fastness
Mordants Mordanting method
Perspiration Rubbing
Acidic 4-5 Dry 4-5
DL 2 V=
Alkaline 2 Wet 4-5
Acidic 4-5 Dry 4-5
Pre_mordanting ..................................................................................................
Alkaline 2-3 Wet 4-5
Acidic 4-5 Dry 4-5
Al Post mordantlng ...................................................................................................
Alkaline 34 Wet 4-5
Simultaneous Addic e D O
mordanting Alkaline 23 Wet 45
Acidic 5 Dry 4
Pre_mordanting ..................................................................................................
Alkaline 34 Wet 34
Acidic 4-5 Dry 4
Sn Post mordantlng ..................................................................................................
Alkaline 4 Wet 4
Simultancous Acdic - Py .. O
mordanting Alkaline 23 Wet 45
Acidic 3 Dry 4-5
Pre_mordanting ..................................................................................................
Alkaline 2 Wet 4
Acidic 2-3 Dry 4-5
Fe Post mOTdanting — «-eeeeeesee s
Alkaline 2-3 Wet 4-5
Simultaneous Acidic 23 Dry 45
mordanting Alkaline 2 Wet 45
Acidic 4 Dry 4-5
Pre-mordanting oo
Alkaline 3 Wet 4-5
Acidic 34 Dry 4-5
Cu Post mordantlng ..................................................................................................
Alkaline 4 Wet 4-5
Simultaneous Addic e D O
mordanting Alkaline 45 Wet 45
Acidic 4-5 Dry 4-5
Pre_mordanting ..................................................................................................
Alkaline 4-5 Wet 4-5
Acidic 4 Dry 4-5
Cr Post mordantlng ..................................................................................................
Alkaline 4 Wet 4-5
Simultaneous Addic R A S
mordanting Alkaline 4 Wet 45
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Table 5. Bacterial reduction rate(%) for the Simu-
ltaneous mordanted dyeing wool fabric

_ Mordants
Undyed Non. """"""""""""""""
mordanting A] Spn Fe Cu Cr
17.8 90.0 902 99 909 999 315
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Mordanting method

ecing temperature{
Dyeing P (9 Pre-mordanting
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Al 9.5
Sn 96.1
Fe 95.9
Cu 96.0
Cr 95.5

93.8 89.1
95.2 92.7
95.2 92.9
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97.2 97 .4

Note : UV-B protection rate(%) for the undyed and non-mordanting dyed wool fabric are 86.3% and 94.9%,
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