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This research used fennel as a natural dye for dyeing the cotton-polyester blend fabric
to increase UV protection and antibacterial and antioxidant activity. On the other
hand, low-temperature plasma and UV pre-treatments were used to increase the
affinity of the dye to the fabric. For this purpose, the raw and pretreated cotton-
polyester blend fabrics were dyed with the ethanol extract of fennel leaf by the
exhaustion method. The color strength, various color fastness, UV protection,
antimicrobial activity, antioxidant activity, hydrophilicity, physical and mechanical
properties of dyed samples were evaluated. The pretreated fabric dyed with fennel
extract showed a significant increase in the UV protection factor (UPF) with minimal
effect on tensile strength.
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Figure 1: The major molecular structures from extract components of fennel (Foeniculum vulgare) (48).
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Table 1: Contact angle, drop adsorption time and wicking length of samples.

Wicking length (cm) droplet adsorption time (s) Contact angle (°)

0.3 5.8 1.16 +5.32
0.4 6.3 0.11 +1.85
8.5 0.08 £2.73

2+32 Untreated cotton-PET fabric
1+23 Per-treated sample
2+19 UV pre-treated sample

UV ol 5 Lowdly (a5 iy s o slasigns 5 pl g (a5 a5 Y Jpoir

Table 2: Bending length and flexural rigidity of untreated, plasma and UV pre-treatments of samples .

Untreated sample Plasma pre-treated sample UV pre-treated sample

Bending length (cm) 1.1+0.2

flexural rigidity (mg. cm) 15.9+2.4

1.2+0.2 1.2+0.2

17.3+1.7 17.3%£2.0

(b b )3 Jobobosl e ys 5 (o8iS plSotinl 69 p JeoSS A RS Y Jgur
Figure 3: Effect of pre-treatment on the tensile strength and elongation at break.

Untreated sample Plasma pre-treated sample UV pre-treated sample

Tensile strength (N/Tex) 21.2+23

Elongation at break (%) 28.8+6.5

20714 151+3.0

254+8.1 324528
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Figure 3: FTIR spectrum of final extract.
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Table 4: Color coordinates of the undyed Cotton-PET Fabrics without and with the various pre-treatment Conditions.

3.17 7.80 -

Untreated fabric 89.73
Pre-treated with plasma 87.54 3.74 7.92 2.19
Pre-treated with UV 87.30 4.08 8.34 2.65
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Figure 4: UV-visible absorbance spectrum of the extracted dye solution from fennel powder.

OH

OH O

Quercitine

OH O
Kampferol

Figure 5: The chemical structures of quercetin and kaempferol (46).

UV L oSS Sy 5 00855,55, e (€) 9 LoDy b oSS iy 5 00855,555 e (0) ¢ eSS iy (9t 00565,55 5 g (@) SEM gl oF JS

Figure 6: SEM images of the (a) dyed sample without pre-treatment, (b) dyed sample with plasma pre-treatment, and (c) dyed sample with UV pre-
treatment.
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Color strength (K/S)

Figure 7: Comparison of color strength of samples before and after of washing.
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Table 5: The reflection of dyed samples before and after of washing at maximum of wavelength.

Sample % R(%) before washing R(%0) after washing

Untreated fabric
Pre-treated with plasma

Pre-treated with UV

29

21

15

60

24

18

UV Gl g lewdly b o JuoSS i g o5 sladised () Qi duoy0 g SO, S 1P Jgus

Table 6: Color difference and dye exhaustion of untreated, plasma and UV pre-treatments of samples.

Untreated sample Plasma pre-treated sample UV pre-treated sample
0.45 1.74 2.21

Color difference(AE*)

Dye exhaustion(E%) 17

25 34
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Table 7: The bacterial reduction of samples against E Coli and S.aureus.

The bacterial reduction
percentage against the
Gram-positive S. aureus
bacteria after 10 cycles
laundering

The bacterial reduction
percentage against the
Gram-negative E. Coli
bacteria after 10 cycles
laundering

The bacterial reduction
percentage against the Gram-
positive S. aureus bacteria
before laundering

The bacterial reduction
percentage against the

Sample name Gram-negative E. Coli

bacteria before laundering

Dyed cotton-polyester fabric
without 3 2 5 4
pre-treatment

Dyed cotton-polyester fabric
and pre-treated with plasma

Dyed cotton-polyester fabric
and pre-treated with UV

E.coli

S.aureus

Undyed Cotton-PET fabric Dyed Cotton-PET fabric  Plasma+ Dyed Cotton-PET fabric ~ UV+ Dyed Cotton-PET fabric

oyl ool 5 SY5Ssl sl Sl il po sl Sl ity (K5 5 od eSS S oS5 (9 4z (29,50 Culad A IS
Figure 8. Antibacterial activity of undyed and dyed cotton-PET fabrics with and without pre-treatment against E. coli and S. aureus.
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Table 8: UV protection properties of undyed and dyed cotton-PET fabrics.

_ T(UVA) T(UVB) UPFA UPFB UV protection class

Undyed cotton-PET fabric 44.37
Dyed cotton-PET fabric 15.08
Plasma+ dyed cotton-PET fabric 6.24
UV+ dyed cotton-PET fabric 7.47

7.82

2.75

3.42

6 2 Low
24 11 Very high
22 8 Very high
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Table 9: Total Phenolics and Flavonoids Present in Dyes Extracted in ethanol Solvent.

Total phenolics Total flavonoids amount per 1mg dry matter
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Figure 9: Comparison of the antioxidant properties of washing solutions of dyed samples without and with pre-treatment on DPPH radical
scavenging compared to ascorbic acid.
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Figure 10: (a) FTIR spectra of dyed sample, (a) without pretreatment, (b) pretreatment with UV radiation, and (c) pretreatment with plasma.
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Figure 10: Continue

35,5 e oanlin Vo sla IS 0 a5 jgblen aimd oo il
o leald ol Jg cusl oaid sl bdiged FTIR (ol )0 (6 s
Sgd> ;0 Sy Db 1 C g Veb jo il on)S sy bl 5l Sy
Sloog,5 [iiSTy Jdo any wilgs oo () a5 Conl a8l alS YY-
2 997se JenSg e Jale (slaog 55 1355, 53 S92 50 JouSg 000

2 35290 DlaS 5 9580 oaline Vo IS8 ;0 oS jobijles

ST ¢392 (JemeS 92)S e oS o (glog 5 (g5l allyj,
Slalos plosl axiws ()5 -5 sl alSgs slavisn 5 5]
$9) 2 Sale sloeg S (6,8 UKD 4 e Lowdly § UV oSSt
L Lagl STy 55 ool 51 g 0gdion sl sl faty (VS o

PAA-F-A EOEF)IA /55) 5 29Ud 5 pole ale & s



V-0

B9 9 el (65,3 555 1y i sod Sk o Lgs aS Wlos ST L
St 0ddis3,55, 42,k 59 55l mizen ile ol LI5S,
5 AL Cumlo o sliands olge I35, cdale g Sy Cundy 36
Olts 00835555, sladtisel (595 Ol @l el 1K) g4
o529 4 doaz b sl mae lalesl o 5o ym (610 S5, LS
03ga e el oud ool Lii Ve Joaz j0 a5 jeblen aiyle
UL.»J ‘) Y-f ‘;L.JS Ja;‘,w BTN ).3‘),.1 30 uLu 6‘).3 as él} )
"\"bb(_‘?q
Sl o peSo3lail sl w3031 S GHlle il p0 S5 syl
odds e 5155, (i 5 wgb e > o e by cl X,
Old @l 0SS o0 onp b R0 ghw 4 (K 4zl gl |
5V —idle ld (l)ls diges a jo a5 aas oo ol badiges il
Logl ol a8 alaaised an byoye pslai (rizpen ool YU 4

S g0 odmlive VY S jo el a6 .50l

w9 AL Gruab 61355) b piwl S/ duly boglie A )l (55 )53) / p3Eesp9ls 035le 9 (53 )2 M )L Jubillsl

el oal ;S0 By b sladl il fas VB mhe )
Sl s S 09,5 (o288 il 4 Ly e VW oM 4>l
el slmos S ol St s 4 lgi e ol S el iy
@l 5ail Ly 518 5 UV g5 (2l s @ Ul o (s,
albiv ylh famsy GYLS (59, 2 99290 (sl (slaog S oS
2L e 9529 Guizen g Sl Al SIS, ele slaog S
5 glabamde ol wlpss gl ety Y6 (59, 2 155, 0

30,5 s0i odaline baigai FTIR (ol

sbdnt Biges old glgil LYY
99— dgad Gl ool oolo Liad Ve Jaam 0 a5 jebles
Jdo « &‘93‘5,0 &S conl cars YR AS LS Lgl)b JoeSS s
At il L Jasy bslie GLI L 1355, (sla JsS)ge consis poc
45 Aled (955 (sdiied SLI IS 00l eSSy slaaiges
b v 59, 2 Wz el slaog 5 Gl Jdo 4 Sl e
Ol S n Rl A 50 5 (eSS slatbiles by
b 135, ol JpSge 5 il e
S (S0 S5 s 555 GG S50 () lge den
L slozse Job 155, (nl a5 was oo lis )55 6 )5 wle (n 5V

Wet Rubbing

Dry Rubbing | Alkaline Perspiration | Acidic Perspiration

fastness fastness fastness fastness

Light fastness

Wash fastness Sample Sample name

Untreated dyed
cotton-PET fabric

Plasma pre-
treated dyed

sample

UV pre-treated
dyed sample

Figure 11: Images related to changes in types of fastness.
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Table 10: Color Fastness to wash, light, perspiration and rubbing of dyed samples.

Rubbing fastness Perspiration fastness
Light fastness \WESIRER G ESS Sample name

Untreated dyed cotton-PET fabric
3-4 4 3-4 1-2 5-6 3-4 Plasma pre-treated dyed sample

4-5 B 3-4 1-2 5-6 3-4 UV pre-treated dyed sample
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