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Environmental pressures and emerging requirements for cleaner production across
the textile industry value chain have highlighted natural dye—based approaches and
low-impact mordanting systems as practical alternatives for textile coloration. In this
study, the synergistic effects of four natural dye sources including oak bark, spent
coffee grounds, cinnamon, and clove, on the colorimetric properties and fastness
performance of wool fabric were investigated. The performance of the metallic
mordant alum was compared with that of a bio-mordant derived from pine-cone, and
the influence of mordanting technique was evaluated under pre-mordanting,
simultaneous, and post-mordanting conditions. The results indicated that oak bark
and clove, owing to their high polyphenolic content, produced greater (7.38 and 8.24)
color depth. In binary and multicomponent dye combinations, reduced reflectance in
the 400-500 nm region and enhanced absorption were observed. When alum was
used as the mordant, post-mordanting generally yielded the highest color strength,
whereas pre-mordanting provided more favorable results in the case of the pine-cone
bio-mordant. Washing fastness ratings were predominantly in the range of 4-5, and
light fastness values were approximately 5-6, indicating acceptable color stability in
the dyed samples. Overall, the findings demonstrate that the targeted design of
natural dye combinations in conjunction with low-impact mordants enables the
achievement of warm hues with satisfactory fastness properties and can be proposed
as a practical strategy for sustainable dyeing of wool fibers.
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Table 1: Type and concentration of natural dyes (0.w.f.%) in dyed wool fabrics.
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Oak bark
Cinnamon 80 40
Clove 80 40
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Figure 1: Reflectance spectra of wool fabrics dyed with different concentrations of four natural colorants (a) fabrics dyed with single colorants, (b)
fabrics dyed with Oak bark in combination with other colorants, (c) fabrics dyed with Cinnamon in combination with other colorants, (d) fabrics dyed

with Clove in combination with other colorants, and (e) fabrics dyed with Coffee in combination with other colorants.
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Figure 2: a*-b* and C*-L* diagrams for wool fabrics dyed with different concentrations of four natural dyes.
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Table 2: Colorimetric properties and fastness of wool fabrics dyed with different concentrations of four natural dyes.

Sample code
1

10
11
12
13
14

15

48.37 10.43 19. 22.46 62.34

59.21 8.97 18.02 20.12 63.54 2.64
57.13 8.65 29.41 30.65 73.61 8.24
59.05 7.21 21.09 22.29 71.12 3.3
58.48 8.65 21.04 22.75 67.64 4.75
53.62 9.89 24.12 26.07 67.7 7.27
48.95 9.29 18.91 21.06 63.84 6.56
62.97 6.78 25.8 26.67 75.27 5.75
58.05 7.85 20.46 21.91 69.01 3.29
55.38 8.49 26.24 27.58 72.07 7.58
55.63 8.07 21.51 22.98 69.43 6.27
58.54 8.24 25.02 26.34 71.78 6.39
45.52 10.45 18.91 21.6 61.07 7.03
53.42 10.05 24.68 26.65 67.84 6.92
58.92 7.99 22.98 24.33 70.82 5.18

9 7.38
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14
12
10
8
%]
e
6
4
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
B Un-mordanted 7.38 2.64 8.24 33 4.75 7.27 6.56 5.75 3.29 7.58 6.27 6.39 7.03 6.92 5.18
B Alum -Pre 7.11 1.99 9.19 2.5 5.59 8.55 5.65 8.53 2.24 834 7.03 6.71 497 639 527
B Alum - Simultancous  3.68 1.87 83 1.88 3.56 6.3 3.6 4.92 1.9 552 497 471 3.11 3.84 458
B Alum -Post 1221 211 9.27 | 2.93 5.52 8.79  6.68 7.31 3.38  9.15 7.21 6.94 732 6.7 7.07
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Figure 3: Color strength (K/S) of wool fabrics mordanted with Alum under different methods.
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8
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4
| H|
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
8 Un-mordanted 738 264 824 33 475 727 656 575 329 758 627 639 703 692 518
B Pinccone - Pre 738 33 050 414 622 716 667 848 324 711 797 635 624 482 697
BPinccone - Simultaneous 623 2.01 872 3.02 5.63 933 512 792 352 691 745 739 63 554 55
B Pinecone - Post 638 214 7.03 378 587 866 713 799 479 815 7.59 642 447 649 72
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Figure 4: Color strength (K/S) of wool fabrics mordanted with Pinecone under different methods.
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Table 3: Wash fastness of wool fabrics in un-mordanted and mordanted states with alum and pine-cone under different methods.

Mordanted with alum Mordanted with pine-cone
Sample Code Un-mordanted
1 4 4 4 4-5 4-5 4 4-5
2 4-5 4-5 4 4-5 4-5 4-5 5
3 4 4-5 4-5 5 4 4-5 5
4 4-5 4-5 4-5 5 5 4-5 5
5 4-5 4 4 4.5 4 4 4-5
6 4 4 4 5 4 4 4-5
7 4-5 4 4 4-5 4 4 5
8 3-4 4 4 4-5 4-5 4-5 5
9 4 4-5 4 4 4 4-5 4-5
10 4 4 4-5 4-5 4 5 5
11 3-4 4-5 4 4-5 4-5 4-5 5)
12 4 4 4 4-5 4-5 4-5 45
13 4 4-5 4-5 5 4-5 4 5)
14 4-5 4 4 4-5 4 4-5 4-5
15 4 4 4 4 4 4.5 4-5
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Table 4: Light fastness of wool fabrics in un-mordanted and mordanted states with alum and pine cone extract under different methods.

Mordanted with alum Mordanted with pine-cone
Sample Code Un-mordanted
1 5 6 5 6 5 5 5-6

2 5 5 4-5 5 5-6 S5 5-6
3 6 6 6 5-6 5-6 & 6
4 4-5 5-6 5 5 6 6 6
5 4-5 5-6 5 5-6 5 5 5-6
6 5 5-6 5 5-6 5-6 5-6 5-6
7 4-5 5 5 5-6 5 5-6 5-6
8 5 6 5-6 6 5-6 5 6
9 5 5 5 6 5-6 5-6 6
10 5 5-6 5 6 6 5-6 6
11 5-6 6 5-6 5-6 6 6 6
12 6 6 5-6 6 6 5-6 6
13 5-6 6 6 6 6 6 6-7
14 5-6 6 5-6 6 6 5-6 6
15 4-5 5 5 5-6 5-6 5-6 6

1-10 A(1E-D) ¥ /S5 ) s 09US 9 PHE (Fole &3 i



e ST 339 2 SR1o 9 (IS 0945 Jiloawy iy b 1K) 3led a3t [OHSRD 9 (Sl yb Juzxo

by, 5 jea 10 polae oV Jguz) (gedinnd OLI a3l oo oo
du 0ilgl ooz ol Ladlo S O B O-F ooguse (o Ldes 3z
2ol Ol el o 1555, SosJad il 8l o ol i
oo Sl o pl 9529 L (VY YV TA) 06 00l S guiincds
Solomly sloml (e (S jsbany @lS by e gy aslais
S5 Dl ae) 50 0 gy A 2 o) Joud BB ppiind
S S g iloads 158 F L5 O-F o boee polas oF Jgox)

oolatul a5 s oo i § ol 3guzme dised I (g b ;o o b,

aslass leslaiwl plSis 0 VY dbigel oty o0 55 =Y 4 0)l5e
Sol 5 (il o oo QLS | P2Vl (695 DS S g 5o
Ol Ky @08 Guli8l red IS by yoee b ailais iy dadiges |
s 0 5 A5 b Olejee 5 005 wal 8 5 ]y sl (5598
S i 1y Joid LB 5,58 5 vl ool 5

EU ) DB 1 (65,5, Ly #ESL wes e (i mls
Wb 2l 658 aslais lesliul a0 .cl ailais coals
B ‘J_JLQ.A 3o A_».S‘SA Ql?r.l‘ ‘) u_i)) d,q.c U'»’o)’““'“’ Layo.c AJ‘A)JL’M.:
Lle asilais yig ozlS by, tre g asliss 1 eolaul oS
ST 0929 b eizrod jlo o ool 31, (55 &p08 o YL
95 A B 30 (S5 5 (st L (S D pad yo S
aSST 51 Gt gy e 5 wilose (Bl Jud BB e3gume )3 Lires
S SRRV ISP J B0 { PSS DR SHRCIR WP NS R P KV P
Aol Bus g ailais g9 sl 5 b age by, bl (bl
9b plnil (G315 5 OlS Caglyl pln 0 ) 3e0)

ailais sbdiges Ol g Sy wjyud o 1555, g4 il JYY
ool 03l
slacld 5 (S, 0,08 5 LIS, oS5 5 £9 250 i cnl o
g i gl Ao Lo (65,50, sladised (698 9 (2ot
P aslayasgbcwlodd pu)ypm gl by S ailais
A58 ey g, 50 Bdas S, Bmos (y yidion dbw 15 ailass
P LI S5 opad ain zI5 by s alais (o 5 00 Jol>
aoe bl 8 55 503 jelate 4y gl oo oulive ailSo iy (B,
2 Byo sin 2l mls bl id 5 a8 SIS g ailais o yo
Sls 2 Byo gl5 by ptee gl o (7 JS2) wlwiomy oy, sl
08,5 o8 oy (F JS8) ailsbs i b

WINS ey S35 9 S gl o boad (65,55, sladiges )
21yl e S (F LY sbhas) (el slediged dunlis
O3 L alls can diges a5 g eba tains ol SOy Sl
D)8 L 0548 diged aS Jlo ;0 00,5 o0 SEAUTY () 008 L
Groml polie YIVY (S0, &,08 b oz lo diged 5 YAY (S,

Sate 51 Lol s oo il 1y (55, &8 LI ailais ey i, 43,3
S 9 0 Bllas (555 eaiged aen ;5 Leg) gttt LS
DS olonl (6 VL pgdind (g)laul wilgs so ailads i LS 5
PO g (o g9ttt SLS 9 K5 Ges O aba) ool
ol aily 35 wlaio b ol el ¢ 1555, 68 4y 5 G 05150 do
0o)l35 0-F oogaoe 4o Lawe polae of Jgaz) (5,9 Ol 0,50 4o
S5 S ks JB S (g, et bediged (S 50 Sanl oad
Thle gy a2 50 (Al Chz (5 98 DS gl (lgie 40l
Los L il 50 sledised jo Lol ccasl onls (0,155 0 ply
A5 Ve digel aile 199 oo 0dalin (5,58 DLS 3l YL mlaw
o=l il ool (5155 0-F alais g 40 97 lojee g ailais i
Liis g o o
Sop SlS o bahg) Dol 5 Cenl 58 BB a9 (5,58 Saaglite
Jebins el a8 55, 508, ondoaslic claglis 5| Ysase
Sy oo 5l Al Ay i gl Sl sl plRin o o IS
03g9dxe y3 Sl a5l by s ;2 aS Jlo 3ol 5

il oo s st
(F JS) 7S by, 0 )lias L oadioobailass slodiges ;o

fom Szl GBS A4S aes o lid s

loigas 51 (5 )lomm 10 poimns (nl 50 090 o0 oalin (Sglite 595
ol 00,5 slol 1) S50 Oyad Jlake o ten &l ey (B,
30 =Ny B late (Lalls Sl ¥oasises jo (e sl
A58 gy 9 (AIVY) Hlojed 4y s a5 el 0540 /DA wlais i
0000 j 500 Lalls gladsiged ;o ag, ol il YL (V/-Y)
e Cenl IV aslais iy 10 (LAlS ez jl0) ¥ daiged 090 0
0543) ¥ asgei 0,5 oo )1, 8 YL YNVF wlaso gy o Y/ (lojen
YooV olojod b daslio jo 1y anie TIVE wlio iy j0 58 (LA
oy Codle 4y lgi o ) JL8) cpl e oo LaS YIVA wlais ey g
sl oslogl b (annds ailass wols cond 215 bog e ailais b g
Slagls shass (65,5, 5l iy i v (i LS 5 5l 8
o e Gl (Seilag)T 5 (59,008 SlagiaS ey oISl 5 Jld
Slaaiges (52 30 (V1 VA) 095 g0 Cugli 115, i amsis 30 4
P b (BB wlgioe 5 Al b plejes o9y (oS S
2215555 5 LS i S5 lidlen 5 swimaclts o il
Fadgad jo Jlie (e an il et dl> e (b L K plo>
5 VNG aslaso yioy 1 aS a0 XY lojpn g, 50 () &yad
Ny a8 lade Ve diged 10 Cpisred el yiion AIFF alais
Oleie 9 VIV aslass s 5l aS oass (5158 ANVO wlass u jo
ooliiwl ple jo wlais iy fgezme ;o (Jl I bl YL #/A0Y
Sl Sl 6 e JB 5 5l 3, 218 g e
iy Ladigad 51 (g5t Sl 50 5 09 g0 igmins (S5 )i
L 1355, S 5 95 4 (55 (Saly 9 03,5 ol | (S5, &0

V=10 A(VED) ¥ /55, 509Ld 9 pole (sole &g s



e ST 339 )9 SStao 9 (1S 0943 Jiloamy wndn b slaliSs) S3led Hu3t /oS 9 (Sl pb Suzxo

adlox oS (S p 5 (S 5 Gladiged 10 S9d o0 FESIRS
O VAY 55, 0,08 L) oS g AFA 55, opud LA oS
Son | S 7 o Sl ol b i on o5 558 sl
b s a5 wsly T ,Sily Wl oo s ol 095005 il LAl
Qi wode sl Jiali8l ne a0 S by yoee ailais 3l ool
Gl S5, b)) e (IS5, SIS Gla Sy bawss S5 Ges
Lol ;1o 5ol oo Guad (Bl b W 5 Ik 5 39 2 LB
O L5 ¥-0 o5 o boee oS5 5 alls sladiges gaiind OlS
Sgage oadline Cawl 0dls (5,155 F U O-F oogume ,o (5,98 LS 4
oo ylid adlg oo P-V az 0 L5 VY abges 10 (5,90 LS
S5 Samglie o (Sy Al 5 LIS, oS 5 Olojen (sl
YY) wsb

Jole 1355, 95 ailais 93 52 30 dws oo (i @l sunger
05294=) L0 SLaliSs; g Cl (55 D508 0alS (e Lo
S e bl YL polde jlanl job 4 (S5 9 i
ladises sl aslaio 95 58 3 (655 9 (9t DL (ruizeen
5 aloggn By J5ms3 B a5 e 5o biae 85 5 Al
oty ] oS5, 08 i ) a8 Vgane o] Sl
o) 2l Ban 4 dzgi bl wlais g9 5 55, oS 5 ol
GYL ol g caslio ol 4 o ol U X)) (6,55 los
255 plo!

ailais ladiges Wl g Sy wjyud pailais o8 il F-Y
o ol
5 it slo Sl g () 0y alwis g8 Sl i ol o
ooV sladsaz s ¥ oV sladss slacols 4l » 5,98
30 baee ) o diin audw gl alais jo a5 Lxil 5l 0g oo
P UL (S5 @08 ain 25 by s ailass jo g ailais ey b,
S e b ol acaslie el o] s 4 &8s G 9,
ot e ol ¢ 13105 (o0 plonil s o i Ll
Sloasges L mlis (e 053,50, 9,8es dgn ) alais (el
¥ oV slodsos 10 00d 70 polie Golwl ,u 50 ailads ey
g oo dumlie

el o szl aslais s e las ¥ SCS slaesls
S by e asliio g Cad (65V0 () 508 polie ladiges
s Heax 10 (S 008 el cas diged [0 .cwl 03,5 sl
by, s jo blie lade a5 Jb> 10w, 0 VYIVY @ siw 25
3 S BBl sl s (5158 VIV diged pon sl g8
Gk 5l ol laliSy gl o5y a3 ailads a5 cuwl ]
65 e 575 & |y S i by 5550 3L e SaS
Y YY) (0 JS5) aoo oo a3l

bt S 5 50 Dol s (leS oo 1y bl ol aS e 1)
S wisle) b kS b 5 il 5l (d ol ol s Lal 355,
asite J592)S 9 JenS g0 by S (35 1)ls s 4 (S
Sl weiens ] 3 Lo 5o Sl (sl 65V i
S Fian ) Goe a3 9 W)l A 950 b labisle
Ozl aile ol o blde o (VA=Y YY) aisS oo olm
ST Coul S Lol o jls 5429 (L8 SLuS 5wz 12 0598 g
L 09 Sl ouims (sloog 57 (5 pdy i g olass Jlai I Jlad
LS 4 g aidl Fogaze (gilenSleS ly o (0 S
=S 5 Gatses ;0 (OVAIVETYYF) Wg s onie S, &0)08
5 ol 61555, g @l bacas S5, 200800 b0 laas)
Sl Sl oSS Lo 5 shls sl o8 i Gl
Sdsn Sa0 LAl Sores 4 AND K, 508 L ) 0S aigas
30 @,8 oo 418 YL esgaze o AIVA (S, a8 L s aS
e e Lt (g dhmgie Sl VYA (S5, &,ud b 4 oS o5 b
S 5y Shos 4y Sl (5 b S5 ale i |
e e Yaio] LS )5 ol 45 45 ams o oLt Lalls
O3l pdydeis Gili 8 Gz (lblen b Jlb slo 8 L
005 yeme (Jlo ol bscal ool 7, (@ j0 iz b s
ooy 5l a0 Wiy g0 (VYIVY) Lol cax 3l S 5 o
698 G155, g3l Sl s b pdyailis glagle glusl asile
AL Chx K5 ee i 4 s ol a5 wll oS 5 0
st S Lyl ey el 5L 5l ams i
oorl el 00 5155 F-0 o3l o btes oS 5 5 Lalls (slaaiged
OLtd (555 a8 o ol Sglds 0929 b bl ced (2 Sen
SBatisn I35 prinagl] o uSliaS LS5 5l uy o5 200 0
an LalisSs, 55T 50 (65 5 (eo—iinds (5 loly Ll 5l ool
35 iy sl s (N Ve VACYY) s oo Joud (B _xbas
D se S Al i 23l
09y 9 S byt alilais Ly oad (65,5, (slodiges ;o
saS) Lalls sleasgel ;o (K, @08 L5 o 5 sl iy
Gl 010y s LoDt aiols Lol wogis oo Lais (\-F
YDA oo Ly alls s cllo ol 50 el o Lyons
S 28 b Al i o) ey g )0 1) (S5, 508 0 YL
ezl 5 FIVE (S5, 008 L oged a5 Il 10 03,65 o 1,3 VITR
coalo Ly ,Lab, ol oo o iomly polie VY S5, oy08 |y
SlaeS 5 sl (s BB g5 by y2ee wlnis Syraiz 5 ()
sl oloul b asslgy go z5 bog o (gnsj ailais ;o 04290 L8
YU 1, i sla e ol e orslad [il3il b G g5, b
Fomby $lwrSheS plg b Ll (S i n 5 S
S0y D8 &y g8 a4z jo (V) YA) e lid Ol e

V=10 A(NED) ¥ /55, 509Ld 9 pole (Sole &g puins

'y



v

e BB 399 22 S5 9 (IS 094 Siloamy i b BT ) (R1)3led 3L /YHed 9 Sl sab Juzo

Q/\/CW

w
o]

O—CH3 ¢

A

-7

2 4—]1
/\ Ny 6,
|
H 0

HC—C—0

N
Hl c—o (a) R‘
I

/\\§ /CHZ
o
0
i HO' o—CH,
—o0. , !
W oo TH HO o
LY N
HO OH BM
: / Ho/ }o
N‘Hzﬁ ;\H g
o H%_c_o
R

v sy A1053 (B) 5 38 wlais (B) 31 eolainl b ity @ -1555, (S ep p oliend JlSle 0 S
Figure 5: Proposed mechanism of dye—fiber interactions using (a) metal mordant and (b) bio-mordant.
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