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ABSTRACT

The present study was taken up to assessmentifofnggal activity of quaternary chitosan acrylic dgfQ CS-PAA)
nano particles mordant dyed fabrics. The resultlidate that the samples treated with Q CS-PAhibit higher
inhibition activity than the untreated samples. Thercentage of mycelium growth inhibition at higher
concentration of 800 ppm was varied from 68.06%Faisarium solani to 64.09% on Penicillium decumbens.
Findings of present study indicate that there aagation in tolerance to nano-QCS-PAA between diffie fungi
Treatments with logwood dye in combination witlinaland ferric chloride mordants inhibit fungal grith of both
fungi. On the other hand, treatment with cochindye alone and in combination with mordants eveot
effective against the above mentioned fungi (@B zone of inhibition). The results showed an aseein
inhibition % when dyeing cotton tissue was dyeth whubarb dye by 6.95%, while opposite trend wesuared
when the polyester fabric treated with rhubarb thye8.21%. Results clearly showed that treatmenéxtile with
logwood dye only resulted in a decrease in efficyenf Q CS-PAAon the growth of fungus, as the zone of
inhibition were dropped to 12.69, 20.65 and 8.69i%% polyester,, cotton and blend than non-dyedrifab
respectively. Polyester treated with Q CS-PAA ¢hioeal dye with alum and ferrimordants lead to increase
inhibition zone by 11.11 and 35.48% respectivalgamparison to treatment with Q CS-PAA + cochirdye
only. The treatment of Polyester/cotton blend loydants lead to an increase by 6.95% . On the happosite
trend was observed with ferric mordant , as theezof inhibition were dropped to 0.00 in polyestatton blend
treated with ferric .

Keywords. Natural dyes, antifungal activity, Textile, mordanfabrics, fungi

INTRODUCTION

Textile materials and clothing are known to be sptible to microbial attack, as these provide lssgdace area
and absorb moisture required for microbial growitR?]. Natural fibers have protein and celluloses, ethich
provide basic requirements such as moisture, oxygefrients and temperature for microbial growthd an
multiplication [3]. This necessitates the developtraf clothing that could provide a desired antiroiial effect.
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The antimicrobial properties of chitosan and itevdgives has been widely explored [4-7]. QCS-PAsaparticles
were synthesized and their fungicidal activitiesingt plant fungus were examined. Also, coatingosiain on
conventional fibers appears to be more realistiiesthey do not provoke and immunological actiiy textiles
are toxic to humans and do not easily degradedrettvironment. Numerous studies on the antimiefaitivity of
chitosan and its derivatives against most econguaict pathogens have been investigated [5,7,8,9Tk%refore,
these compounds are considered as useful pestinitles control of pathogenic microorganisms.

Natural dyes are very important for textiles aslvesl to replace synthetic dyes, because of non{iad, non-
carcinogenic, biodegradable and non-toxiand eco-friendly [11-13]. Also, the natural dyes &nvironmental
friendly, they are attracting the awareness of pefipt, 15].

Several studies on the application of natural digase been reported [16] to protect the environmient
indiscriminate exploitation and pollution by indies. Gupta and Laha [17] found that cotton falmated with
dye of Quercus infectorigplant in combination of alum, copper and ferrousrdiaats shows good activity at 12%
concentration inhibiting microorganisms growth by-80%. They added that the microbial growth inllpit
increase to 70-90% when alum and cupper are usetatant. However, the antimicrobial activity coeely lost
when ferrous sulphat is used.

The present study aims to evaluate the effect obf@CS-PAA and some natural dyes and mordants en th
antifungal properties of some fungi cellulose filfaper discs and textile fabrics on which nandSRAA and
natural dyes have been applied.

MATERIALSAND METHODS

1. Fabrics:
Cotton and cotton/polyester blend fabrics were ivecefrom EL Shorbagy- Egypt, while polyester waseaived
from Golden Tex Company- Egypt.

2. Dyestuffs:
Three natural dyes, in powder form were used thmougthis work:-

English Name Latin name Structure The source
Toblamas Co. U.S.A

1-Extracted rhubarb Rheum emodi
natural dye C"O
CHa
o
Haematoxylum Toblamas Co. U.S.A
2--Extra- Logwood w [

Purple Natural Dye

Toblamas Co. U.S.A

OH O

HO OH
3-Extra- Cochineal Natural Dye  Dactylopius coccosta | |, o O OH
- o OH O [e]
HO oH

CHH

3. Chemicals
Chitosan, with initial 85% degree of deacetylatitom Sigma (U.S.A), was used throughout this study.
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Laboratory grade reagents wer e obtained from different sour ces asfollows:

Chemical Name Chemical Compound The Source
Acrylic Acid CH,=CHCGQG,H. ELgomhorya Company, Egypt
Ammonium Persulphate (N S04 ELgomhorya Company, Egypt
Sodium Bisulphate NaHSO ELgomhorya Company, Egypt
3-chloro-2hydroxy propyl triethyl ammonium chloride Was laboratory prepared by reaction
(Quat.) of TEA:HCI with Epichlorohydrine
CI CH, _(I:H_ CH,N*(C,Hs) 5Cl mol/mol
OH
Sodium Carbona Na;CGCs ELgomhorya Company, Egy
Ferric chloride FeGl ELgomhorya Company, Egypt
Alum KAl (SO4),.12H,0 ELgomhorya Company, Egypt

4. Preparation of quaternary chitosan acrylic acid nano solution:

QCS-PAA nano particles was synthesized accordif8d9] as in case of obtaining CS-PAA nanopastidbased
on an electro static induced interaction betweenhtigh positively charged prepared QCS and nedsitolearged
acrylic acid (AA).

5. Mordanting:
Two chemical mordant's namely, alum (10g/l) andi¢echloride (5g/l) were used. The dyed discs drifss was
treated with mordants at 80C for 60min.

6.Treatment with nano-QCS-PAA and dyeing with natural dyes:

The fabrics (cotton, polyester, and cotton /polgestended fabric) were treated with 1% nano-QC2+xRAlution
with 4% crosslinker (0.w.chitosan) through -Padenwith pick up 70-80%, air dried and then cured2®C for
3min. The fabrics were dyed in bath contain 2 %tural dye, 2 g/l, wetting agent and 2 g/l dispeysagent, at pH
5 and 90C for 60min. The samples were then mordanted witmar ferric chloride at 8C for 60 min then soaped
and rinsed with hot and cold water.

7- Assessment of antifungal assay:

7.1: Mycelium growth inhibition: in-vitro assay was performed on growth medium treated wifferent
concentrations (0.0, 1000, 2000, 4000 and 8000 pEpn)CS-PAA nano particles agairstisarium solaniand
Penicilium decumbensbtained from Plant Pathology Department, NRC ofdg The agar plates were inoculated
by a 5mm disc of 7 day- old fungi and then incubaae27°C until it fully grow of control plates. Bial inhibition
was calculated when growth of mycelia in the cdnpiate reached the edge of the petri-dish. Théctiyxof the
nanoformulation to growth of fungi in term of pent&ge inhibition of mycelial growth was calculategusing the
formula

% inhibition =dc- dt/dc x100 according to [20].
Where dc= av. increase in mycelial growth in coplo= av. increase in mycelial growth in treatment

7.2: Agar well diffusion method: QCS-PAA nano particles of different concentratiorese screened for antifungal
activity by agar well diffusion method with steriterk borer of size 6.0 mm according to [21]. 72tsoold cultures
grown on PDA medium were used for inoculation ofdal species on PDA plates. An aliquot (0.2ml)mafdulums
was introduced to molten PDA and poured in to aijokth. After solidification, the appropriate welvere made
on agar plate and 500 pl of nanoparticle solutlmmogenized using an ultrasonic cleaner, fillediéep blocks.
Incubation period of 4-5 days at 27+2°C was mairgdifor observation of antifungal activity by meaisg zone of
inhibition of fungal growth surrounding the wellh& zone of inhibition was measured in mm and tipegment
was carried out in four replicates.

8. Statistical Analysis:
Data obtained was statistical analyzed using Duscanltiple range test according to [22].
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RESULTSAND DISCUSSION

1. Effect of nano-QCS-PAA on fungal growth:

1.1 -Effect on colony growth:

The data in Table (1) represented the effect of ®B8 nano-formulation on the percentage inhibitafrmycelial
growth of F. solaniandP. decumbenfungi. A positive correlation was reported betwela concentrations and
colony growth, with the increasing of nano-QCS-P&@ncentration a significant increase was foundtfier two
fungi. Also, the sensitivity of the two fungi to ma formulation was significantly varied, as theifhibition of
Fusarium solanfor example was significantly high (52.60 meanribition) than P. decumben&0.45).

Table(1): Antimicrobial activity (% inhibition) of nano-QCS-PAA nanofor mulation on thelinear growth (mm) of Fusarium solani and
Penicilium decumbens

Tested fungi Fusarium solani Penicillium decumbens
QCS-PAA (ppm) | Growth (mm) | % reduction | Growth (mm) | % reduction
O(contral) 90.00 A 0.00 80.75B 0.00
1000 62.50 C 30.5¢ 63.75 C 21.0¢
2000 4750 C 47.2: 40.50 E 49.8¢
4000 34.25 G 61.94 37.25F 53.87
8000 28.75H 68.06 29.00 H 64.09
Mean 52.60 A - 50.45B -

-Four replicates were used for each treatment
-Values followed by the same letter are not sigaiftly different at P> 0.05 according to Duncan's multiple range test.

Data also showed that the percentage of myceliwwthrinhibition at higher concentration of 8oo ppras varied
from 68.06% orf.solanito 64.09% orP. decumbendrindings of present study indicate that therevaréation in
tolerance to nano-QCS-PAA between different furicording to [23] the degree of fungicidal activihas
directed relationship with concentrations of naao¥fulation. Almost, similar results were previousbptained by
[9,24,25]. Antimicrobial activity expressed asogth reduction of fungi, could be explained, as @nhgno groups
in the degree of fungicidal activity has directed tietaship with concentrations of nano-formulation $ncking at
the cell surface and binding with DNA synthesis][26

1.2- Effect on zone of inhibition:

The results of the zone of inhibition activity agsare shown in Table (2). Almost, the same resuéire observed
as mentioned before on the effect of nano Q-CS-Révinulation on fungal linear growth.F. solaniand P.
decumbensvere highly susceptible to nano-QCS-PAA, as maxiniohibition zones of 25.75 mm and 20.75 mm,
respectively were observed at 800ppm. The inhibitione for the two fungi were gradually increasétth wcrease

in concentration of nano-QCS-PAA formulation. Asmniened before the antifungal activity could expkd as
chitosan derivatives, being polycationic materiblads to the anionic surface of microorganism.cell

Table 2: Testing the anti fungal activity of nano-QCS-PAA for mulation against Fusarium solani and Penicilium decumbens. (Zone of
inhibition valuesin mm)

Tested fungi | F.solani P.decumbens
QCSPAA Growth (mm) | Growth (mm)
O(control) 0.00 G 0.00 G

1000 0.00G 9.75 E

2000 8.50 F 1450 D
4000 14.25D 18.50 C
8000 25.75A 20.75B
Mean 9.70B 12.70 A

-Four replicates were used for each treatment
-Values followed by the same letter are not sigaiftly different at P 0.05 according to Duncan's multiple range test.

3. Effect of dyeing with natural dyeson zone of inhibition:

The present study in Table (3) demonstrated thieated filter paper disc samples showed zero ptage fungal
reduction, as the untreated filter paper discs tfohnshow clear fungal growth under them with none of
inhibition. Filter paper discs treatment with logwebdye without mordant showed maximum zone of iitioity
against F. solani and P. decumbenseached 11.00 and 10.75 mm respectively withogniitant difference.
Moreover , rhubarb dye also showed highest antdlumgtivity with the inhibition zone of 8.75 and.@0 mm
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againstF. solaniandP. decumbengfungi respectively. Treatment with logwood dyecmmbination with alum and
ferric chloride mordant inhibit fungal growth difoth fungi.

On the other hand, treatment with cochineal dgeeaand in combination with mordant were not ffe against
both fungi (0.00 mm zone of inhibition). The resuftom these experiment indicated that these Hatlyes had
antifungal activity both on solutions and substrany investigators reported that common natuyakdare potent
antimicrobial agents owing to the presence of gdaamount of tannins flavonoids and quinonoids .[&iinilar
work on antifungal activity of natural dyes werenddoy [28,29]

Table (3). Antifungal activity of cellulose paper discstreated with natural dyesand mordant with alum and ferric chloride agains
Fusarium solani and Penicilium decumbens. (Zone of inhibition valuesin mm). (Zone of inhibition, mm)

Tested fungi F.solani P.decumbens
Dyes and mordant Growth (mm) | Growth (mm)
Untreated (control) 0.0h 0.00h
Treated with Rhubarb Dye without M or dant 8.75cd 10.00b
Treated with Rhubarb Dye + alum Mordant 9.50bc 0.00h
Treated with Rhubarb Dye + ferric Mordant 0.00F 0.00F
Treated with L ogwood Dye without M or dant 11.00a 10.75a
Treated with Logwood Dye + alum Mor dant 7.50f 5.50g
Treated with Logwood Dye + ferric M ordant 8.50de 7.50f
Treated with Cochineal Dye without M or dant 0.00h 0.00h
Treated with Cochineal Dye + alum M ordant 7.50f 0.00h
Treated with Cochineal Dye + ferric Mordant 0.0h 0.00h

-Four replicates were used for each treatment
-Values followed by the same letter are not sigaiftly different at P>0.05 according to Duncan's multiple rangd.tes

4. The antifungal activity of nano-QCS-PAA treated fabrics:

4.1- Dyeing with rhubarb:

The effect of nano- QCS-PAA deying rhubarb dye lom antifungal activity againsk. solaniare shown in Table
(4). The untreated textile fabrics (control) sholear fungal growth under them with no zone of liton,
indicating that the textile fabrics by itself dasst inhibit fungal activity. In addition, differeriibrics treated with
nano- QCS-PAA alone showed antifungal activity agtr. solani These results were in line with those [30,31]
who assessed the effect of quaternary ammonium @ongs on textile fabricsRolyester fabric treated with nano-
QCS-PAA+ rhubarb dye with alum mordant lead to sigant increase the inhibition zone from 31.0B&00 mm
(19.35% increase) in comparison to treatment ného-QCS-PAA+ rhubarb dye with ferric mordant.

Cotton tissue treated with nano-QCS-PAA dyed withbarb and mordant alum also exhibited a highlpiicant
effect on % inhibitionof F. solanicompared with ferric mordant (11.59% increase).evéhs, opposite trend was
occurred when the polyester fabric was treated wiého-QCS-PAA dyed with rhubarb without mordan®{86
decrease).

Concerning the effect of mordant stabilizer of bldabric on inhibition zone, the treatment of bldndalum and
ferric mordants lead to an increase by 5.22 anti%.#espectively without significant differences .

Table (4):Effect of nano-QCS-PAA treated fabrics dyeing with rhubarb and with alum and ferric chloride mordant on zone of
inhibition (mm) of F. solani

Treatment Fabrics
polyester | cotton | Blend
Untreated (control) 0.0h 0.00h 0.00h
Treated with Q CS-PAA only 33.50de | 38.75ab | 28.75f
Treated with Q CS-PAA + rhubarb dye (without mor dant 30.75¢f 40.75a | 28.75f
Treated with Q CS-PAA + rhubarb dyewith Alum mordant 37.00bc | 38.50ab | 30.25f
Treated with Q CS-PAA + rhubarb dyewith Ferric mordant 31.00ef | 34.50de | 29.25f

-Four replicates were used for each treatment
-Values followed by the same letter are not sigaiftly different at P> 0.05 according to Duncan's multiple range test.

4.2- Dyeing with logwood:
Results in Table (5) showed that different fabtrested with nano-QCS-PAA only increased the irtbilyi effects
againstF. solaniover the untreated fabrics (controResults clearly showed that nano-QCS-PAA textileritas
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treated with logwood dye only resulted in a deadasthe efficiency of nano-QCS-PAA on fungal growas the
zone of inhibition were dropped by 12.69, 20.68 869 % in polyester,, cotton and blend fabrtntnon-dyed
fabrics respectively.

On the other hand, textile fabrics treated withm@CTS-PAA dyed with logwood ferric mordant leadstgnificant
increase in the zone inhibition from 29.25 to 3859 (31.62% increase) for polyester, from 30.75 %073mm
(16.26 increase) for cotton and blend textile frd&n25 to 27.00mm (2.78% increase). These resudisdtes that
ferric mordant provide protection agaitstsolanigrowth.

Table (5): Effect of nano-QCS-PAA treated fabrics dyeing with logwood dye mordant with alum and ferric chloride on zone of
inhibition (mm) of F. solani

Fabrics
Treatment polyester | cotton Blend
Untreated (control) 0.0h 0.00h 0.00h
Treated with Q CS-PAA only 33.50c 38.75a | 28.75de
Treated with Q CS-PAA + logwood dye (without mordant 29.25d 30.75d | 26.25f
Treated with Q CS-PAA + logwood dye with Alum mordant 37.50ab | 38.75a | 28.75de
Treated with Q CS-PAA + logwood dyewith Ferric mordant 38.50a 35.75b | 27.00ef

-Four replicates were used for each treatment
-Values followed by the same letter are not sigaiftly different at P> 0.05 according to Duncan's multiple range test.

3- Dyeing with Cochineal:

As mentioned before from Tables (4&5) different rfab treated only with nano-QCS-PAA showed antifaing
activity againstF. solaniover the untreated fabrics (Table, 6). Results alearly showed that polyester fabric
treated with nano-QCS-PAA dyed with cochineal dy&bi#ize with alum mordant lead to significant iease
inhibition zone from 31.50 to 35.0 mm (11.1lingeaThe same trend was also observed with ferricdamb
leading to increased by 33.33% , compared to i@a@8-PAA + cochineal dye treatment.

Table (6):Effect of nano-QCS-PAAreated fabrics dyeing with Cochineal dye mordant with alum and ferric chloride on zone of
inhibition (mm) of F. solani

Treatment Fabrics
polyester | cotton | Blend
Untreated (control) 0.0h 0.00h 0.00h
Treated with Q CS-PAA only 33.50cd | 38.75b | 28.75f
Treated with Q CS-PAA + Cochineal dyewithout mordant 31.50de | 38.25b | 28.75f
Treated with Q CS-PAA + Cochineal dyewith Alum mordant 35.00c 38.00b | 30.75¢f
Treated with Q CS-PAA + Cochineal dyewith Ferric mordant 42.00a 41.50a | 0.00g

-Four replicates were used for each treatment
-Values followed by the same letter are not sigaiftly different at P> 0.05 according to Duncan's multiple range test.

On the other hand, blend fabric treated with nai@BEPAA dyed with cochineal stabilize by alum mardaad to
significant increase in the zone inhibition from.2®8 to 30.75mm (6.25% increase), while oppositedreas
observed with ferric mordant , as the zone ofhiitlin were dropped to 0.00mm. Decline of antifahagctivity in
the case of ferric chloride mordant samples cowdtlie consequence of complex formation betweerveacti
functional groups of the dye with chloride mordahhe same conclusion was reported by Gupta and (20GV)
who reported that the use of ferric salt suppretsesactivity of dye, most likely due to the irom#ting capacity of
tannins.
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