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L. Introduction

ABSTRACT

Nﬂh'r.rdu:us. textife processing based an biovechnofogy has gained iy

pmportance i1 the view of siringend environmemial and icusivial salely

condifiovrs, The wiv of privease ensymes in proiein fibers fo improve
somg phnwical aed mechamical propertiex is partieudarly fmteresting. In this
research, wool yarns were first treated with different concemtratinns of protease
e I agreous solition inclicding 1% 2% 4% and 6% ol for 60
minntes. The dyeing process was then applied on e treated virns with pistochio
bl s b fravit waste Some-of physical, mechonival aod colorimelric properiies
af e freated wool voarns were dicuoed. Teroile strengrh of the freated varms
wery decreaned due o the ermyme ireatmen and It comtimined o deerease with an
ircreie i e ensye concemiralion i solntion, Lighiness vy decreased for
the somples treated with engyates. The wavh and Hght fosmess propertiex of
samplis wire memnned accordivg o 180 105008 and Dayliphs 150 105-B0,
Tie wishing fasiness propervies of the reated samples were not changed. In the
case of light fastness propertics, i was increased a litle for 4% and 6% enzyme
irenied snples, Prog. Color Colorants Cogt. 20088, |6 © lasiinsie for Color
Science and Techmology,

waste and addad energy comsumption. The main emsymes

In recent wears, the use of low-environmenial impact
biotechnology has given rises to now tvpes of treatment
in the textile indusiry [1]. The best-established
spplication of biotechnology 10 textiles is the use of
ereymes, These vital paris of all lving organisms are
ofgansc cotalyss, which specify the reaction catalysis and
select the substrales. Some traditional chemical treatments
can be replaced by ennme ireatments, because ' of their
lower product quality, higher manufacturing cost. more

1_ "Corresponding author: mparvinzadeh@amail.com

med in fextile processing ane  amylases, cellulases,
profeases,  esterases, nifriloses, catalases, peroxidases,
laceases and pectin-degrading engymes [2, 3].

A great many studses have been done on spphcations of
profeases, inchding antifelting and antishrink fimishings,
oidative  trestments  followed by profeolysis, pilling
performances, sirfoce pnd sppearance modilication of wool

fibers [4. 5]. .
i has been demonsiraicd i GE SADsklhic



properiics and scaly structure of the wool surface are the
F3n. fg)ons iphage. Proteases have been used
for descaling pedicess (o mprove shrink resistance [4).

Some of emeymatic processes on  wool fibers
described that proteolytic enzvme will improves the
pelling hehavior, the handle and luster of wool fabrics
I3}

There wre relatively few papers stdy effects of
prodease on dveing propertics of wool with natural dyes
and finel- wasies. Some researchers have reported the
dyemg properiies ol pao matural sellow pagmems. on the
protease remed wool fibers. Protease enzyme also tends
to improve natural dyes absorption on wool fibers |6, 7).

For several centuries, humans admired the heauifol
natural colors of plants and mincrals. Natural dyes have
been known and used for thousands of years- for body
painting snd colonng foods for ancient humans [8]. The
preatesd wse ol natural dves occumed when the an of
weaving developed [9-11]. Today dyeing processes
hased oo naturd sources have gained importance in view
of stifinged  environmental  and  industrial - safity
conditions. Innovative ideas in notural dyeing of textiles
wre betng: med o eater 1o such necds [12, 13], Kawral
sources of dyes prepared for dycing do not andergo any
chemical operations. Those operations involved ane
purely physichl, such == grinding, drving and waler
extractions. None of these opertions crested any grest
environment problems. Special color effects were also
achieved o fbers dved with natwiral dves with gposd
wishing properiics. The combmation of nofurel sources
with new processes could mmprove to expand into the
added value of comsumer goods | 14].

Piitachio is a common name for a plant genus of the
eashéw family on evergreen shrub or small tree growang
1 | =& m wll with o long wadstion in folk medicine since
the. ancients Greeks. 11 18 one of the principal agreculiuee
plants in Tran (the srea under pistachio cultivation being
ot 430,000 acres) and the country is o major pistachio
exporter worldwide (> 130; DD fons for vear 20021 The
merinl purt heas troditionally been weed 05 o stimulant, for
it divretic propemies, and o treal hypertensgm, coughs,
sore throals, ecremy, womach aches. kidney stones and
Jmmelice [15];

Pistachio  holls contain  phenolics a5 quercetin
(14.9 microgg), hutsolin (100 microgig), eriodictyol
(102 mmcroggh, rutin (1.6 microg/gh, narngemn (1.2
microg/g). apigenin ((1.2 microg/g), and the anthocyanins.
cyanidine-galactoside (6% microp/g) and cvanidin3-
glucoside (209 microg’g). The chemical composition of

the essentind oil also reveals the presence of several main
compounds: myrcene  (19-25%),  a-pinene  (16%),
terpinen=4-0l (12%), d-3-carenc (65%), limoncne, b-
pinene, a-phellandrene, sabinene; pora-cymene and g-
terpimene. The extracts of the phenolic compounds reveal
considerable antimicrobial and antipxadant activity in
particular antifungal activity {16, 17].

Whasse materials from fruits generated during the food
production process can be wsed directly in wool fiber
dveing with no nedssary. processing m advance,
Commercial and institutional food producers can save
money and protect the environment by introducing frait
wistes 1o dyeing sectors for producing sdded valoe
products. Main centers that may benefit from this are
restaurants, supermarkets, schonl caleterins, hospitsls,
sl processors, fanmers, hotels, prisons, employee hunch
oo, parks and recreanonal Dcilities, amd commumy
events [18, 19]. In our previous studies on some fruit
wasles such as omon, pomegranate ond walnut shells, we
produced bright shades on dyved wool yams using
ammonia reatment |20-22). The present stsdy is a new
approach’ for using colonnts extracied from pastachio
hulls on wool fibers pretreated with protease cnzymes.

2, Experimental

2.1, Materials and Methods

The wool was Irnian vam of 4322 Tex with 144
patstemicter. The ponionic detesgent, used for scourmg
the wool, was obtzined from Shirley Development
Limited. The emryme used was Novolan T from Novo
Mondisk. It was produced by Termeniation of genctically
modified Baciilus microorzuniem. Acetic acid (85%)
from Merck was apphed for dyveing process. Powder of
Iranian pistachio holls was wsed for dyeing of prosease
ireated wool yams.

The Wool vam was first scoured in (L3% nonionic
detergent for 30 mins. o1 S0°C und o liguor ratio of 40:1,
The ‘erivm treatments wene applicd for | hre st pHl 7 md
IPC. Enyme concentrations of 1, 2. 4 and 6% owl were
wsed, The liguor mbio was 10:], Folbowing the emerymtc
treaiment; in order o denature the ensyme, the vms
were mamianed for 5 mins, a8 2 lemperature of 990°C o
g pH lower than 4, Frally, the vams were nmsed 19
climmate’ omy rémanmg eneyme - Dye solubkons wer:
prepared 24 hres prior 1 dyeng by sdding the pistachi
budls powder to water {50% owd, ligoor ratio 50:1). The
dyeing process was staried at 90°C end the temperature

was ramsed 10 830 over 20 mins. and At b
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acetsc acid.

Some of  physical, mechanical and colonmetne
properiies of the ireaned wool vams {(dyebath exhaustion,
wendile  sirength, meRsErerent, - vertical
wicking height and color fostness) were discmssed. All
messurements were repested five times, fogether with
siandard  deviution (the coelTiclent of vanstion was
bedlow 3% fior all cases).

The effect of emeyime ircabments on the percentage
dyebath exhaustion was calculated according 1 g 1

reflectines

Erm A0 A= 10K (1

Where A and Ay, wre the absorbunces (at A ) of dye
origimally in the dvebath and of residual dve i the
dyebath, respectively. The obsorbances were measured,
i o Shemacba U2 100 PC UV-Vis spectropholomsater

The tensile strength of the enzyme  treated
untrenfed woadl yams were evalimbed asing an Instron
TE-5300 from Faravab with geuge of 20 om and & cross-
head speed of 25 cm/min, after conditioning the
specimen for 24 b oand 65%, relstive bumidity amd 2HP°C
(ASTM D2156)

The reflectance: of the dved ssmples was: recorded
wing a GretmpMacheih COLOREYE TOMA specim-
phodometer inlegrated with an IBM personal compuster.
CIELABR polor coordinates (L%, a® &% ™ and &) were
caleulated from the reflectance dita for 107 observer amd
dlluminant [3,.

The elfects of the neyme selutions on the wicking
properties of e sams were #lso examined, For this
purpose, samiples were hung vertically in such o way thal
1 emi ol the sample soaked i the waler contamer, Afier |
man, the wetl height of the samples wis measured by
mears of o ruler. The samples were raw, scoured, and
aneyme-repted |1, 2, 4 mnd 6%,

The wash-Fistness properties of the simples sere
messtred pocording o150 105-000. The color e
charges of the varmn ond the degree of staning on the
sdgscent yarms werne measured after drvinar For lighi-
imsiness. messuremenls, the vams were exposed o0 the
davlight Tor 2 nind 7 dayvs scconding [ the daylight 150
105-130], and the changes o the color (mding) were
asacssed by the blue scale.

X, Results and discussion

Tahle 1 shows the exhonestion viloes for the untreated

andd the eneymie dresled wool sams dwved  with the
pistachio. hulls; The pistachne hulls shows musch higher
exhaustion on the sample treated with 1% cnsyme
silution than  anireated “samples. The increase m the

elEyme  concentrmiion resuls from oan ineresse i the
dyebath exhaustion

Table 1: Exhaustions of the unireated and enzyms
freated woal yims dyed with pistechio hulls
(Standerd deviabions in parenthesas)

i 5512
I TAILS)
1 (1T}
4 TS
[ EX(1.5)

Resilis of obtamed from the verical wacking 1e3512 on
the cnamyme mested wool yarms are shown i Table 2. I
can bie seen in Table 2 that the wicking heght of mw
wool increases with  scounmg: Thas means that the
sendiring  proceis removies fher ity acids which ane
found in - the  cubicle: surfsce. The eneyme treatmend
inbensified the vertical wickig of the scoured wool

Table 2: ‘ertical wicking haight of the aw
scoured, and trested wool with 1, 2, 4 and 6%
enzyme (CV wag less than 5%)

i { Raw aool)

L

0 (Scoured wool) 7
| 9
2 It
4 |
f 15
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cabensyon 3t dhe

with 1%

wia| yarms dyed
are JEiven n Teh

decreases lor e u:|1|1!1.- reated wilh 1% emovme mnd

Table 3 shows thar the mashilus,  tenacity  and

brepkgng palues for the sample treafed
lovwer than those. untresded. A

b ERFVITR WeTe

greater decrease n the tenacity and extension ¢ break

cili be seen |.'“- an Inerease 10 the CILAY T COmCeniratiom

The L% o &% O* and & values of eneyme ineated
i |I|'. the pastachi ills and unireated,

The hghimess (L*) values: show

further decreases as the CEYIE COnCemration decrenses.

There are relatively small change ino®, &% C* pnd & for

erdyme ineaied pistachio hlls dyed wool yams.

The results obtamed from the wash and light fastness
tesis are given in Tables 5 and b, Eneyratic pretrestmeni
does not affect the wash Fastness for those samples dyed
with the pisinchio hulls

AdLer CRpsang ihe *\..'|||1rll._'3. 1y |.|:|._:. I-.;I-.I oF 2 .,I:L_'.:q.,_
samples treated with 4 and 6% enzymes have indicajed
beiter light fastness than others

With an extenspon of the duration of cxposure 1o the
davlight for T dave. no more fading was obsérved. The

corlor fedhing of the samples was limited 10 8 certien

period of the exposure to daylyzhi

Table 3: Tensile properties of unlrealad and enzyme ireabed wool yams dyed wih pistachio hulls (CV was

lass than 5%)

* S IF I mmm

231050
| 2504050
d 238 (0.8)
4 Fek f A
i 204 {0,

Table 4: Color co
(Standard devialions in pareniheses)

Emgyme [ %a)

1] B[ .50 (1.0
| BILRE (0.7 156 (0.5)
> SR 2) 1650 0.6)
4 53,07 [4) 105 (o)
1] F 28 (LY 155 (LB

LA 623 0.2}
284 (1.0 542 (03)
21.5{0.9) 4 83 00.1)
25,08 (0.5 481 (0.3)
220 (07 AT L)

oramaies of the unireated and enzyme trealed wool yams -:|-':.-|:r_| with {he pistachss huSs

TN 2R0201.00 2

IhRE(L.O) 2977 (0L .50 (1.5}
1113 40.3) 2006 (0.7) M0 (1)
¥1.02 {08 20,50 (0.8) 0 30 14}
12930.4) 2800 | 0L5) 5706 (0.7}

Table 5: Wash fasiness propertes of untrealed and snzyme treated wool vams dyved with pistachio hulls

] i
1 4
i 4
4 4
ts ' |

Prog. Calor Colorants Coat. 2(2009), 1-6

"-.r;nllinlrl 1H] 1'.||.||

4 |
4 J
4 4
i 4



improving Colorant Absorption from Pistachio Hulls on...

Archive of SID

Tabla 8 Light fastness properbes of the untreated and enzyme. reated wool
yans dyed with the pistachio hulis,

(]

e

Wonl vams were treated wath 1, 2, 4 and 6% profense
solutions for 1 hr. Results of the UV-Vis spectro-
photometry annlysis on the remaining dychath solutions
showed that enzyme increased absorption of the pistachio
hulls cxtracts into the fiber.

Wool, a complex natural [iber composed mainky of
prodeins (97%) and lipids { 1%), is an ideal substrate for
profease enyme. [t consisis of two major morphological
parts of the culicle ond the cortex, Culicle i the bamer
for dye and penerabion, due to the highly. crosshinked
structire. by the large amound of  disulphide and e
pound lipid materials. When wool is used as a subsirate
for enryme (reatmemd, ol the fist step, enzyme is
sbsorbed ot the fiber surface, Then it is diffused through
the fiber surfoce mto the fber bulk ond finally. i

cpilalyees reactions oo the fiber. Professe colalyess the
degradation of epicutiche, and 85 5 comsequence, |
mproves the susceptibility of dyes sttniction. On the
piher hond, the effect of incremed dye absorpiion i
mostly due. to the damage o1 the cuicles edge,
progressive damage oo the  malnx  proleins ok
macrofibrils in the fiber cortey, which are allowing the
Ldve moleculs 100 penetrale more easily mio the fiber
cortey. The vertical wicking height is also intensified by
L ihe enyme trentment (2, 4, 5, T Further degradotion’ s
shown with the increase in the enzvme concentration,
The nerease in wicking height confirms that the protease
tatabyse mte is mereased with any increase in the enryine
eoncentration. Cubicle provides a hydrophoble barmer st
the fiber surfice while the protease hydrolyses cuticle
improve maodsture diffusion from the surfsce o the
fber. These results: are. in - agreement with' the resilts
obtained from the dyebath exhastions, It can be seen for
VW the results of lensile' strenigth, ey penctrtes into the
fiber resulting degradation the cortical cells. Increase in
gryme concentrution caused more - degradation and

structuril damage | 13].

The color measuremend fesis confirmed that L®
volues decrensed with the treatment of ensyme, and also
thar any increase in the percentage of enzyme in the
sofulion coused @ decredse in the amounts of L*. There
wis oo comsiderable change in wash-fasiness 1esi for
erovme trented and pistachio bulls dved wool yams. In
the case of light fstness properties. il was increased for
samples treated with 4 and 6% cnzymes.

Many faciors mfluence the Dight fustness ol dyes.
including the chemical and physical stuie of the dye
within the fiber, the fiber substrate, dye concentration in
the fiber, dve enwvironmental faciors, the source ond
intensity ol illumination, and the presence of LY
absorbers und  other sdditives: m the dvebath, The
decrement of dye concentration 15 a function ol the
irradiation time. Onothe other hand, the Hght Fistness
mereases with the picrease of dyve conceniration in
fiber. In general, the dissipation of absorbed energy of
light is ensier when more dye 15 ahsorbed by the fiber,
and comsequently the photo-degradanon process is slower
(24, 23} The cneyme treatment causes the dye diffusion
indo the fiber to increase and shades become darker. As a
result, the absprbed dyes are less volnerable (o the effects
ol Hght. Prolease hydrolyses edrophobic barrier on the
fiber surface improve the dve shsorplion info the fiber,

4. Conclusions

Wool yams were treated with 1, 2, 4 and 6% projease
sofusons for 1 h Hewls of the UVVis spectro-
photometry pnalysis on the remaining dyebath solutions
shivwed that eneyme inereased absompinon of the pistacino
hulls colomanis inko the friber. These resulis ore similar to
the results ablained from verical wicking test. The color
mensurement tests confirmed that L* volues wed
with the treatment of enyyme, and .;1!3’“-{1’:"&“ II1L"|?I:!J:’:E




in the percenfage of enzyme in the solulion caused an
mcrease in the amownts of £*, There was no considerable
changtjip frishinfs$ tERDfor enzyme treated pistachio
hulls dyed wool voms. In the case of light fostness
propertics, it was incrensed for samples treated with 4
ind 6% enzymes. Scourmg process disrupts hydrophobic
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