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A Study on the Blueberry Dyeing Properties for Slow Fashion
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Abstract

Blueberries were used to test the solution concentration, dyeing temperature, and pH concentration on cotton, linen,
wool, and silk fabrics, which are natural fibers, as an eco-friendly method for slow fashion. In blueberry dyeing, cotton,
linen, wool, and silk fabrics were commonly found to have better dyeing properties as the solution concentration increased,
and overall, they were found to have the most stable and excellent dyeing properties at pH 3. Cotton and linen fabrics
had better dyeing properties as the dyeing temperature decreases. Cotton fabrics represent various colors of green,
purple, and blue depending on the dyeing conditions, and linen fabrics represent purple colors. The higher the dyeing
temperature, the better the dyeing properties of wool and silk fabrics have better dyeing properties. The surface color
of wool represents a brown color with yellow. In silk fabrics, the pH concentration is a very important factor rather
than the solution concentration and the dyeing temperature, and the surface color ranges from red-purple to brown
colors. Cotton, linen, wool, and silk fabrics all have a low grade of fade in colorfastness to washing, but the stain
is all excellent in grades 4-5. Colorfastness to rubbing was found to be quite excellent, and Colorfastness to light
was found to have a low overall grade.

Keywords: Natural fiber, Natural dyeing, Blueberry, Anthocyanin, Dyeing property
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=

W Fo2 Qlstel BARAV WY HWA B4 B

o] wlE Aol gt 85| T Arh(FHAF,
FH7Zmb(olAF, BRE, 2021°A1%187)). A 7ol whet
ool ot AR el Hfreh of T oA
Aeke A Flg S JAsH] flske] A A9 A
AME MR AR A 2AE e o7
A& eAslelE 8o g uiaks TRkl vk 47,
7w, 2022a).

FEAJOPI(Anthocyanin)> A, A2, A4S LE}
e e MaEM el F7), &, a5 FEA
TEEo] glom, welFe] thEAl MAg A AEd
A%k 7Ho} A1ZP71s 7)Y WUl A 5 o
Aol F83F BAR FEU gtk oggh kA
obde 715 2 AARAEZN wed] 2Fo] Zhe
B FHES HIgt 124 13& HolAl A} whef7]
= ° o 1:591&7] AR Jjoq

2
OE
Fl

HAS Eals Eﬂix—qu el ?rﬂ]?l](blueberry)
= XJ%EHE’% Aoy 2 Ericaceae, Vacciniumspp.)©]
™ 2% 15-21C2} pH 4.5-5.5 AHE}A 2 2=
thdA 2o == gHlofo|(rabbiteye blueberry), 313+
Z-(highbush blueberry), A3#-5-*J(lowbush blueberry)
O F b oFd ol & duiE L= ARES)
I ek SFHe ofe] Ao RE Wit 2Rl §4
o Z751m, ¥ 2 3 A 2, fsaﬂ_/ﬁjd- o o347
&, 372}—}% 2 Arsgo] sle AR et &
3] AlA 10th = 2] shu= —zrﬁ A g A F
#a1e] 3 ﬁr DAEAS ek e AR deA
°1E}(715H—r 9, 2005).
FHEE A #E AFERh, A, 2016; 9
Iﬂl ], 2012), 71 AT (ov‘rﬂ 94, 2015),

of

g
=)

wab A (7] 9<%, 2004; AL, 2015; A4, Bf
AT, 2017; A4, 2018; Fu|ed, 2011) 5 kst &
ofllA] A7t FAsAl AAHL Lot ofF Al B
ATEE FEAJOPAA ?d?ioézﬂﬂ AR gt a9
AEEF, 2016) A+ o Bayalule] of2o)

a =

ol 7
RLAES

& o] 7545 AAE FASNel A} W w1 F
& d49e @ 5 9
sFeh 2 Qe ol s, s 5 4

PHBES PRSI FBHF AALAZE A

1A ¥ Al

2 236 AHgE Alms

R h=4 pu3 3_4_1_
[e]
—

Eoln, ARg-H A= 548

Aol AREE S ElE FEHE ARRA] A Al
sto] AFHE AFCR - 20T ot W& Ba F A
Akt

i]ﬁ}ﬁ;@o] /\]@ﬁ S,q—s}oq pH 3 =T
A AEE ARSI Zepia
100%%E Fdate] ARSSFaL, A2
1000m{ S Yo F83] ahkA7l o2
A o] A REE vhE

27 A 2R
= elEd)
A 100ge] &
el 1R

shol ol A

(2 1) 229 &4
58 gapy oo SEETEE L S Fekg/m)
A 37 100 100 41 33 0.28 7245
i} 4 100 100 27 23 0.35 130£5
A=} 3% 100 100 23 19 0.40 14545
El %2 100 100 50 40 0.13 5045
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2| FrMoy 2tst 7 3

(lye)= AH8skirt

e ARE Mol 32 F He s B
= 1:1 v &= B3H)
2] 3Kgoll & 3LE Frlskarl 2A7](3FL:HMF 32508)%
255t ddS E s o] &H] FEE 100%= 3t

f
)
oL
o2
12
rlo

1:50 &0 A4 77 10gY of Az
500g 71Eew fAeksltt. BFHle AEde] &
50%2} 100%2 3lo] dAstgon, pH 5= 2
Al AN AEE o]-gste] WstAIZE 71 7
2159 pHE 40|13 AAE=rt 50% o wf ZepiA|
I} A= ARg3ste] pH 3, 5, 7 & x4slal, pH 7
el kAl e s E9 T ddewrt
100% & wj Z=ikr] izt Q&S ARS8k pH 3, 4,
508 ZHsto] AlFstATh A4, B $(2017)9] A
Tol| w2 EFue] FEHoAM HA o ANzl A4
25 40T, AHARE 402 Farste] A= 40T
60CE WatA7|aL, AMARE 40202 st =3

S Pt

(o o

=2

o o ™ WM o 12

1) B =4

QA A Eo] ZM7)(E33 5, datacolor 110™,
MAESTECH)E A}g3le] 3¢ D652 =0
CIE Lab #t2 =433t} Labolr] L'e HEg g7]e]
AeE Yehl, a= red, green?)
blue?] AEZE Jehdt) a7} +2 F4E red, -2 95
2 green, b S +2 ZFE yellow, -2 Z5E blue
s HERdTH

AE"E vzl gAZ7 o] A= Axksle] Hlul

3.

@ E%a

b = yellow,

AE" =[(Ly"-Ly ") H(ai-a ) +(bi by )]

LCHOlA L™& "% (Brightness)Z, C'+= J%(Chroma)
£, H'E 9] 2% (Hue angle)E YERATH o] Zhwd
A 0% red, 90%= yellow, 180% green, 270% blue,
3605 T gHo, = 052 redE YERALH

Zt Alme] HHEIANES 5743 & Kubelka Munk 2]
o oJ&] K/S#te T3l

K/S=(1-R)*/2R
K : Absorption coefficient, S : Scattering

coefficient, R : Reflectance

g

2) A==

A

A= KS K ISO 105 C01¢] %74 we} &
H] 50:1, H*F 5g/ 2, AlE2% 40°C, 3083t Ak & W
A3 0 dAZ| =S Frista, nkEAR=E= KS K ISO
105 X12¢] Zz1el| w} 900g2] a1l 10cm Alo]E 10
23 103 5 vpd ¥ A, A= ekt o
s}

FAZEE KS K ISO 105 B029] =) we} 133
AAxzel I 2% 63T, F% 30%2] Q1F Fd7|dl
204 =2AI] & 558 Hrlekh
I, 2= ¢ n3
1, HE| 29| MM gl EHM

vzl WaE A 3 mude <t 2>, Al
TINR Fr2H| E-(UV-Visible spectrum) [13 1]
I 2t el e oY HEAjopd o] HulE

Fube 2o el hFE 550 ~570nm He|Z e}
drh. dAsE 50%ET 100%Y of debqo s b=y
o] & Aoz Yepton, 7 3= JA2%E= 60TCH
t} 40 ColA pH 57} asdF2 AR K/S#kel
2 Zog Jao] molAE AL & F k. FUd
271 A ATt HEE pH ot AaEE 9
T YolAa, et oA, a'ghe Hold] He A
o] Z3ElEal, bk SolAHA F2 Ago] ZalE o]
Ak o g wepd Alde] MEso] veptaL gk A
9] A dAerrt vowA 257 EolA|1l pH &
57} S7VERE a'gho] 8413] YobA] w4 Aol s}
He AL & Jrh FAFEE 100%, M= 60T,
pH F57} 712 a'ghe AolAda] #e Aol
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Fds) oslEo] Ao g FEMo] FilEE Aoy e AAEE HAS(2004) ATl Zo] HAYE
VeI, dabgo] Ade] vlulsHAl UERdTE WREel|  Foll ARSEE it AEdEE AFoE Ao 1
M dATE 225 50%EE 100%0014 G g2 FEEE AL ol X|vt Zzke] Z531 Ayt 37t
WHSPE 60 CHUR= 40C ol pH 3, 4, 5 F 2558 & 7FssH sl bkt d8s 380l 71sst sle=
pH 3914 AE'gk 34.08, K/S3k 1.028 714 e 97 Btk skt & I35 eg 9kl daazto] o7

4, k-

F2 ek A2 $(2017)9] A-ollA QHEA]
ohd @Al pHol ¥IZHs1) W-gkat pH w7t 37K
o wel dre G438 Frasiiis Avel Axjes
Aoz vttt WAEe] H'(Me] Zw)E 191-320%
el W9l b 94 27ol wet e, weh, B
2ale] okt Zelg ehla & % 9l olo}

[o) Kelie]
= =3

d 13] QAR AR BE Ghow A5E Sk
Aol ke sk vehilzlel EEH(HRIE, AE,
2011)0lek= Asje} B2 Suold Aol A4 B
AARE-o] &34 (Fletcher, 2008/2011) olgl= A& 11
= 272 QAo SRk B elle] 97} Had

T 1l
Aoz melty

(E 2) 32| G =Zof| mE HEE FEUMO| g5}
AE | dds= | 2% | pH L a’ b’ c’ H AE' K/S ERESRE
Ax - - 90.53 | -1.54 2.89 327 | 118.04 - - -
3 68.52 | 10.03 -8.86 13.39 | 318.54 | 27.50 | 0.64
40°C | 5 69.88 | 6.2 -8.32 10.57 | 308.08 | 24.84 | 0.55
. 7 | 7223 | 649 -7.12 9.63 | 31237 | 22.35 0.45
0% 3 7043 | 291 -6.90 749 | 29286 | 2280 | 051
60°C | 5 76.89 | -4.58 -0.96 468 | 191.79 | 1450 | 030
=l 7 | 7754 | -4.17 -1.48 443 | 19947 | 1395 | 029
3 62.74 | 1278 | -10.67 | 16.65 | 320.15 | 34.08 1.02
40°C | 4 | 6420 | 7.09 -9.71 12.03 | 306.14 | 3044 | 086
5 68.82 | 5.73 -8.03 9.86 | 30552 | 2537 | 0.60
100%
3 67.00 | 7.8 -6.85 10.22 | 317.89 | 27.06 | 0.69
60°C | 4 | 6806 | 4.39 -6.14 7.54 | 305.56 | 24.93 0.62
5 69.82 1.18 -4.95 508 | 28338 | 2232 | 0.53

[%3
02 03 04 05 08 07 08

01

4=

50%, 40°C, pH3

50%, 40°C, pH5

50%, 40°C, pH7

50%, 60°C, pH3

50%, 60°C, pH5

50%, 60°C, pH7

1009, 40°C, pH3
100%, 40°C, pH4
100%, 40°C, pH5
100%, 60°C, pH3
100%, 60°C, pH4
100%, 60°C, pH5

540 560
Wavelength fnm1
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2. opx29]

of
=

AHA O

EH

O AH

AH A AN = o5 pH sEe FATTE
2 Aoz Aol ol AS & Utk AERL
= 3l o 2]

7}/\]—r T2 EHUV- Vlslble spectrum) [:7. 2] 60°C HEF 40°C o)A AAo] S5t Ao AB2 o g
S ek il v o6 ehedold B0 HAE g g P Sl g5 SR 48
"}‘3} UV] «] FAEL “V]%«] ﬁ*“”i‘;} ikl RN (3439, 2009) ‘/]'EP/}“ A3z th’/} Eoé?ﬂ =7
2 2 ZAog Yelton, ol FE EAA HAEY A AL} RErE pH BTl FARSE HE
FATEEC] 8.5%, ofAEe] Tl 12%(443 Grolx|a, A= PN

€, 20002 ofhzEe] Aol 22 U B ekt

T EolAH, a ke EobA B2 Ao
ZehE|a, bghe Ao R ol FE

}'\lv] Oo] 70

A m g & 7w aemn goon T A AR 2 v B, g
(£ 3) SFH[2] ¥M =Zof| wE ol=E EHMO| w3}
AE | dd9s= | 2= | pH L a’ b’ (o} H’ AE' K/S R
BEA - - | 8994 | 136 | 465 | 485 | 10633 ] ] -
30| 6251 | 1445 | 874 | 1689 | 32883 | 3438 | 106 |
40°C | 5 | 6500 | 1060 | -9.02 | 1392 | 31959 | 3086 | o083 |
) 7 | 6749 | 980 | -678 | 1191 | 32531 | 2756 | 068 |
0% 3 | 6683 | 610 | -639 | 884 | 313.66 | 2668 | 068 |
60°C | 5 | 7187 | 658 | -477 | 813 | 32400 | 21.87 | 047
o} 7 | 7203 | 207 | 335 | 394 | 30174 | 1991 | 046
3 | 5907 | 1578 | -9.10 | 1822 | 33003 | 3790 | 137
40°C | 4 | 6075 | 1317 | -835 | 1560 | 327.62 | 3511 | 1.17
5 | 6177 | 1335 | 898 | 1609 | 32607 | 3458 | 1.09
100%
3| 6310 | 1205 | -651 | 1370 | 33161 | 3201 | 086 |
60°C | 4 | 6366 | 692 | -677 | 968 | 31565 | 29.83 | 098 L
5 | 6503 | 475 | 597 | 763 | 30851 | 2776 | 077

04

02

2] 72| opEE G
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9| UV-Vis

2
ETAUEH

4=

50%, 40°C, pH3

50%, 40°C, pH5

50%, 40°C, pH7

50%, 60°C, pH3

50%, 60°C, pH5

50%, 60°C, pH7

1009, 40°C, pH3
100%, 40°C, pH4
100%, 40°C, pH5
100%, 60°C, pH3
100%, 60°C, pH4
100%, 60°C, pH5
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HMsE 100%, 2= 40C, pH 30l AEGk 37.90, 7PA3 F5-23HEF(UV-Visible spectrum)S [ 3]
K/S% 1.372 713 2 9948 Uepllz H'(Me] Zx) 7 2ok BAE| gigh ot SHEAlopd Mef &
+ 301-331% Axo] Mz Hepde] AE vepich,  FiPde 2o wEt 400nm HLAE veRdth o
AEFE Aaatke] ThlA 960 olmT|(-NH)9F & 50%HTE 100%% o, FAe== 40T HT} 601
Agste] &, Ao HA QARG AET o~ Ahol= Ul AubHog AE P K/Stto] T 2 Zos gao)
ol :=7|(-NH,)7} glo] 23 dzto] & wx] eol(Fel  EobAle AS & 4 vk A4, 9 E5(2017)004 &
22 9], 2011) TA Aol B AZE vjg)] A2z FHlE] FEEY AEACM Mies dHEr U1
2 gl W, vpERe] gFio] ke Aow molth.  F= K/S g I, Lk Z: Sh= Bl 5
gk Avg Yepdth dAEE 50%, JME 40 ColMe
3 DXZ20| GAHAM T Toia o] 7P vtor, pH & tﬂﬁ}oﬂ gk A 53]
o] BqAsl Zlo g Helth RAEAE Foler 100%,
B A 9 Fude <F 4> 239l guew= 60T, pH 3904 AE'%E 33.80, K/S%k 3.08%

o _IZ’: 5‘.:
e off ot

i

A

7o 23]

(Z 4) SF4[2] FM ZHo| e 222 ZHMo| w3}

g | 995= | 2% | pH L a b C H AE K/S A
AX - - 87.83 | 223 | 1137 | 1159 | 101.08 - - -
3 72.92 5.12 6.33 8.14 51.04 | 17.37 1.16
40°C | 5 72.11 4.90 6.21 7.92 51.71 | 18.01 1.23 :
) 7 | 7216 | 450 7.11 8.42 5767 | 17.57 1.24 R
0% 3 59.80 | 7.20 9.27 1174 | 5216 | 29.64 | 262
60°C | 5 62.71 5.78 9.48 11.10 | 5863 | 2643 2.27
o] 7 | 6679 | 5.14 7.77 9.32 56.54 | 22.58 1.72
3 65.07 8.29 5.83 10.14 | 3514 | 25.68 1.78
40°C | 4 | 6789 | 7.50 3.88 844 | 2733 | 2342 1.46
5 66.84 | 6.72 572 8.83 40.40 | 23.50 1.64
100%
3 56.21 8.94 7.17 1146 | 3872 | 3380 | 3.8
60°C | 4 | 5882 | 7.71 6.51 1009 | 40.16 | 31.04 | 262
5 57.30 8.29 6.35 1044 | 3742 | 3268 2.88

2 — = 4=
\ — 509, 40°C, pH3

. 50%, 40°C, pH5
S O S A N B 50%, 40°C, pH7
5 50%, 60°C, pH3
= = 50%, 60°C, pHS5

50%, 60°C, pH7

I ~. | | | | | | ----- 100%, 40°C, pH3
L = = =1 - N 1009, 40°C, pH4
T e 100%, 40°C, pHS5

B — N 100%, 60°C, pH3

25

S
15
VO

10

e

A e e W)
[ S 100%, 60°C, pH4
e — Bty 100%, 60°C, pH5

00
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22 IfdS 2lat SF42] Ao 2
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-
-

Aol 7P 2 Aoz Uesith pH st g 7P A9 Aoz ddtdnh 11955(2004)] AellA
5 Wie YolAL, Aws FolAn, duidom aigke  AEdRe SHL dId BEE PATeRA 2ok
23 oA EA Fe Aol winjah] ZhulEx, bT B3HHoln zlo] olE AMEdk Ahe A < lvhe At
e UE Aol Hate] 2 FAE JHAL glor pH oF YT Aom Helth mARe H (MY Am)E
FETL A2EFE AvbHos 2EY o AAEA kb 27-58% o] H9lR =gt Ago] 7hvjd Bk A
Ao AstE= Aow yepdth A mede B o Hjg yehfia Stk

& Ade] ez Yephdth. QHeE} FoldE o
bkl BE AXE o2 B Ay =d A 4 AXIZ0| QA 3 FoHA
ol AstEl= AL & 7 Sirk BAE g BE
o 271 A pH 32w QAo 717 2 Aoz v el AzE A 2 22 < 5>, A
Jon, 1 ole] Emods MukHos 2 zolr} g 7HAE FFAIER(UV-Visible spectrum)& [ 4]
Aoz Hol mzE B2ug g zddXE pH 30| 9 Btk AF=ol that oy kEAlobd Ao Al

s

AE | dds= | 2% | pH L a b C H AE K/S EREARE
BE3 - -] 9069 | -143 | 308 | 340 | 11484 - - -
3| 6300 | 1139 | -035 | 1139 | 35826 | 3070 | 154 |
40°C | 5 | 6420 | 823 | 035 | 824 | 242 | 2833 | 143 [0
) 7 | 6391 | 873 | 097 | 878 | 633 | 2872 | 144 |
0% 3| 5527 | 7.85 5.92 983 | 3704 | 3672 | 285 |
60°C | 5 | 60.62 | 681 | 697 | 975 | 4566 | 3141 | 213 |
7 7 | 6293 | 548 | 621 | 828 | 4859 | 2877 | 184 |
30| 5757 | 1326 | <120 | 1331 | 35483 | 3648 | 210 |
40°C | 4 | s8.14 | 1148 | -010 | 1148 | 35950 | 3516 | 207 |
s | 6224 | 938 | 215 | 982 | 1262 | 3052 | 174 |
100%
3| 5588 | 941 477 | 1054 | 2688 | 3649 | 273 |EN
60°C | 4 | 5768 | 891 4.07 979 | 2455 | 3460 | 243 |
s | 5736 | 1048 | 397 | 1121 | 2076 | 3540 | 243 |

—_ - 4=
ek 50%, 40°C, pH3
S 50%, 40°C, pH5
........ 509, 40°C, pH7
50%, 60°C, pH3
== 50%, 60°C, pH5
50%, 60°C, pH7
..... 1009, 40°C, pH3
100%, 40°C, pH4
1009, 40°C, pH5
100%, 60°C, pH3
100%, 60°C, pH4
100%, 60°C, pH5
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_/,: lq.xl-g =z

O 1o -

= 50%ET 100%Y

[[H b

[eZP\ el wiiok

= gy W ey T

el w2} 400nm W2 Yehdth, 9%
40°CET} 60°C Y

] Aoz AEZT K/SFo] t 2 Aoz Ao

oA E As & 5 U
0ColM= Fataol 71

FHA F2)E50] Eis
A pH =Y 9 &
7V moras fAksE A

7t TS HEE o
Hebstth S35

oA Ak &74%

™, Hukzog pH 3 o|F

2 L'k 37kste] Aol

Ao Uehgth. pH 3 71E0%
T A=

= 40TE A=k

= 36.72

ANEE

. PEE

100%,

=101~

o= PN Kol ud

| fhay INWES S

e\ KeR ued

| ey WSS

50%,
03]}\“_9_.1:

=y WSS

50%, L% 4

= Sy INWES S

o, pH = vstel
o= welh thake 24

= ZolA= A=

© 52 Yepe], gt vjds the B A
7} Ae] Ak ERtE 3

2

A

¢ % 3l

WA Se 55

293 <], 200821187 oJahH

pH l‘:—wj} wjl--

o, pH 3 9J9] 5
= Aoz Mo, vkds (7

QHEAJo} 4

AN
3
Ao Hol AXZe] o)
Z23 9%lo % FeHTI= A

wolx] EH AR )

tlo o

7
Z=

N

Q016), 539 g0 FT
pH 394 dMAo] 7P <=3l
F2E pH 7} Sl m
Bolirke Astel AAshe

A= 0%’ A Q.

=10 - = Shay Iy

60°C2] JEZk
40°C2] AE'Fk 3648,
60Ce] AE7ES 36.49% =

ﬁ&

ofs
2

A oy

#3e] AN pH 4 ofale] Aol kEAlole] A

PgHE frAE,

(% 6) 220 W

=722 HMARE

pH 4 oo AE M oMo F

735 HaEe Ao dxlals Ao Hold
23T bR Qewe] met 2 AolE ey 3l
AL 40°C A= 60°C 1T} a'gro] kAo

o =
2 ol WA Fe APgol AshEm, bghe tolAwA
FE Aol ZhlE, 60°C oAl 40CReh a'ghel B

e FA3] FOAHA =T A
= °e %ﬂ:} 3131—,{2016) oﬂ;toﬂ )

t}. o]AL FEF(2016) 7 A} red-purpled] Aol
Al 1202 ZpE brownol| 77k Mo 2 Wsksrh=

25t AAske Ao meldh Wlohet S@F(2016)

Aol AR Bl A A Ao 94 ex

20-60°C 8] WSlelAE Qo] 7Koot 60-80C

o B AN BT AT Bk 3, ol
R=N

AREe E7E] A2t 60°Col-7E hs= A

SR 60T Aol 718 w7 vehd 2 A7 JJr
o} dAskE e & & Atk AT 599t o
(2020) S7-ellM ofmuol MG AHEe FEE v
7h S7VEE ARl SRl 82k 80Tl 4
fHes 52 A4S Uehdl ZeR Hol gtEAjobd
Al A el meh 9 2L 25 HE es
S A75e] H'(H9] 2he)e 35448 Aol 4]
Fl= Apolx] Bekg Alde] Aej7hA] vehia gl

4ru

a4 o o H&E];lé}ﬁélggog - A - e
3 1 4-5 4-5 4 1-2
kil 40°C 4 1 4-5 4-5 4 1-2
5 1 4-5 4-5 4-5 1-2
3 1 4-5 4-5 4 2
n} 40°C 4 1 4-5 4-5 4 2
5 1 4-5 4-5 4-5 2
3 2-3 4-5 4-5 3-4 2-3
=l 60°C 4 2-3 4-5 4-5 3-4 2-3
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Zal 60°C 4 2-3 4-5 4-5 4-5 2
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