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Abstract : Chemical compositions and biological functions of brown colorants extracted from pine bark(Pinus densiflora)
have been studied. Dyeing test using multifiber fabrics with extracted colorants were preliminary carried out. Dyeing con-
ditions and fastness tests of selected fabrics have been also studied. The brown colorants were produced 1.5% con-
centrations by solvent extraction from milled pine bark using methanol. The colorants were extracted with 80% methanol
as best choice by a criteria of solid quantity and dyeability on fabrics. The chemical compositions were identified as mix-
tures of taxifolin epicatechin and procyanidin by LC/MS analysis. The brown colorants could be dyed not only natural
fibers such as cotton, silk and wool but also synthetic fiber as nylon and semi-synthetic fiber as viscose rayon. Maximum
K/S values was shown at 400 nm according to different fiber with color appearance of redish brown. Optimum pH and tem-
perature of dyeing conditions was 4 and above 80°C, respectively. The brown colorants had a strong antioxidant activity
compared to Butylated hydroxyanisole as standard and weak antimicrobial activity against E. coli. compared to kanamycin.
Washing, rubbing, perspiration, dry cleaning and light fastness for cotton, nylon and silk dyed with the brown colorants
were carried out by KS K method. Most of color fastness such as washing, rubbing, perspiration, and dry cleaning were
represented as 4-5 grade. However, light fastness was reported as 2-3 grade. From this studies, brown colorants produced
pine bark have a high potentials for natural dyeing on fabrics with antioxidant activity.

Key words: pine bark(Z4U5 =3), brown colorants(32 22), natural dyeing(d &1 & A), dyeability(% 24 A1), antioxidant
activity (&2 shA])
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Table 1. Characteristics of fabrics used for dyeing

. Density(Thread/5 cm) . )
Fiber Weaves Weight (g/m”)
Warp Weft
Cotton Plain 175 155 11545
Silk Plain 275 192 6013
Nylon Plain 87.5 100 1305

>
Jo
q
d
Q;

.

N

] Z/t{,:rll

g X

g
>
L
—
W
]

Hgm) gt Hipe] 33

N

T 35°Ce] A7 o] galA 140 pmeE 3027+ £E0]
=8 F, 5,000 rpmollA 105 B 94 sl AAE The

Qof. AT HFe FE2H MAE|E Vacuum Rotary
Evaporator(EYELA, Japan)oll Y3241 40°CollA 7t Azxs}e
IANLZ e T FAIE HEFE] ARSI

SHTE A T UV/Visible Spectrophotometer(DU 8000,
Beckman Coulter, USA)E AFE-3l] 200-800 nmeoll 4] &
FEE SAAT TR g8 AR A2 Liquid
Chromatography/Mass ~ Spectometer(LC/MS)  system(LIQ
Advantage Max, Thermo Finnigan, USA)YS AMS-3IATE &
2 FE2E AR $34E Liquid Chromatograpy(LC)l
FRsl] o5 RE 0.1% EE4HFormic acid)e] XESHE ofA|
EUEY (Acetonitril)?t &5 ©]-8-3t9] 03 ml/min o] HE=
LCE F3shar, AHEA7]= ©]2 E#(ion trap)(Finnigan
LCQ Advantage MAX)3H]9} ESI(Electrospray ionzation) ©]
23} WS ARt TSt AR (peak)dl] wiEt
2] - AAstar E2l® 7} peakE Mass spectrometer(MS)°ll
3 A 2o 25 AYsII). 8 o s 43
%A =] (Photodiodarrary, PDA)E ©]-8-341 200-800 nm<]
F=E At chromatograms 23RS 2 A9E

E3le] z} AA peak’F 7ERl= UV/VIS spectrum= ASIch
Hojzl AR A9l UV/VIS spectrum A2 LC/MSo|
W data baseE &&ste] AMAaEde] F2E RIS

o oor I lo

223. 3t st 97154

A ZHLe Agar diffusion WS ALESl] AlFFoRE
Escherichia coli KCTC 1924U17=t), Salmonella typhimurium
KCTC 1926(E13XZ2~4), Staphylococcus aureus KCTC 1916(3+
A 3}54t), Bacillus subtilis KCTC 1914(2%+t), Candida
albicans KCTC 1940t tht)S ARt om A wij=] &
o] Ej(Growth Inhibition Halo)E Z43IATh & vA &)
Aol AF mAEe] 7} 107/mle] HEE #52 HES
A plateE 9E F FAA §mm Z7]9] diskol 2 ]
AAZ sl A7 3 A plated] €8 3 AAS u)
2] ZelM ErkdiffusionA 71 37°ColA 18A17F i ale] &
o] disk FHe] TRkl A7|E ZFArh kst Ark=
DPPH(1,1-diphenyl-2-picrylhydrazyl)2] A+ 2lE]Z(free radical)
o 27 %2 =43 Bran-Williams(1995) 488 AR&3ITh.
2R FaMAE 05100 ug/ml FEEE WHE g0
96 well®] ELISA plate®] Zt wellel 1.5x10% M $%7} H%
= ethanololl =<4 TE DPPH €< 100 ul9} test Al Sul
S WL Aol 107 EF WAL Fofl ELISA readerS
o]-83t 517 nmllX &3 (Optical absorption)E =g 3T},
DPPH 47 /32 th¢] 202 35Tt



140 SF=7o] 78813 A15H A5, 20135

DPPH A-f #t]Z 47 &(DPPH radical scavening
activity) (%)
= 2R EAEEE)/NET5EE X100

>

224. A% FupdRe] AE 94

AzE AU S AA FEE 0.047-0375 %O2 W
Gallol] SH]E 1:20, A= 30°C-90°C, FAAIZHS 308
MM A7 GAgt T, eAlEtal xSt A4S 9lgk A
AEZ Sk A G 9 AN R ARG AES
Table 19 YERH 5L 7F AJEE ¥, 4, Y& &S
A9 A3 7 (Starlet-2 DL-6000plus, THEZERL G)E A
&-3ste] FAETt

Colour Techno System CO., Japan)S ©]-&3fo] AWAFS HAI5}
Atk A4o] Azbeke AN AEo] K/SEoE Hrisieitt.
K/SEhe £33 S0 2 &9 §5 e aunhres &
7d3le] olefle] Kubelka-Munk2]ol 2J&] A4kl & ¢17-¢]
HE4a] Aas 54 oA FEHZ peak7t YERIA] o
obd A 7AIEA 3421 400-700 nmoll Q] K/SEHS 2F §
3 ko2 FAISHE Jung et al.(2008)2] WHHS ARgsle] F2F
FK/S)S FAFAL

K/S = (1-R)2R

CREDIE S HES

K
WS

=]

Q4 Hge] EAMS BYZAAZ olglel L¥, ¥, b,

K/S9} Munsell Value HV/CZFS 243153}

2]

FAg W\ A JA2HEe] AEAEEE KS K ISO 105
C06:2002, BAFHEE KS K ISO E04:2010, "2 AZ c=
KS K 0650:2006, =&to]&2]d 7E =% KS K ISO DOI:
2010, ¥FAZEE KS K ISO 105 B02:20102] EEHHS
ARgste] AZ= S skt

Fig. 1. Photos of pine bark powder and 1.5%, 0.15%, 0.04% solid
contents of 80% methanol extracts from pine bark.

Table 2. Colorants productivities extracted from pine bark according to
different solvents

Colorants mass Colorants mass

Solvents Solvents

(mg/ml) (mg/ml)

Water 28.92 Ethanol 100% 130.66
Acetone 100% 59.85 80% 170.93
80% 280.73 60% 124.13

60% 230.39 Hexane 0.80

Methanol 100% 291.86 Chloroform 0.00

80% 128.26
60% 130.66
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Table 3. Dyeability (K/S) of cotton, nylon and silk dyed with brown
colorants extracted from pine bark according to extraction solvents

Solvents Fibers Cotton Nylon Silk
Aceton 100% 1.53 7.50 7.42
80% 3.83 12.95 10.60
60% 6.94 16.40 21.61
Methanol  100% 8.24 23.18 16.97
80% 13.03 22.61 19.83
60% 13.84 16.89 20.31
Ethanol  100% 2.56 10.66 24.24
80% 5.16 16.27 14.65
60% 6.50 17.80 17.92
Water 4.12 4.55 14.61
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Fig. 2. UV-VIS(a) and VIS(b) scanning spectra of brown colorants
extracted from pine bark according to 12.5, 25, 50, 100 and 200 pg/ml
concentration.
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r=0M

(c)

33 MR B8 8 S FIY

M2o| 4y
i WAZE A% 53 Akl

FTE 1.5%, 84] 120, &

Ao 60°Ce] ZAoA 907 FAEke] Aol AMMEA
S ZAV8E A3 Table 49F 72+8 xS ATt

Aol FReke T
Moz
VICEE FERHK/S sum

AR L*, a*, b,
Aol A= A
Q2 gol
2 ATl

2

T O

¥

2
2
x

2
1
N
ad

O

Mo ==

34. M &5

34.0. 9 T

Z550E 80% methanol2 FE3le] H23 JAS /S
2 34&le] 0375, 0.188, 0.094, 0.047%%] TE&2 =

 EE oy

=7

o
=
o

o

Table 4. Hunter and Munsell values of various mutifabrics dyed with methanol extracted brown colorants from pine bark for 90 min at 60°C

Fiber L* a* b* H V/IC K/S
Diacetate 4843 5.00 11.68 746YR 4.69/2.09 68.33
SEF 57.75 2.73 9.13 9.01YR 5.12/1.52 57.14
Triacetate 49.86 2.99 12.34 9.80YR 4.83/1.96 66.55
Cotton 4531 5.98 12.87 7.07YR 4.93/2.29 84.32
Crelan 61 51.74 3.56 9.34 7.98YR 5.02/1.64 59.46
Dacron 54 51.53 2.90 8.84 8.69YR 5.00/1.50 58.76
Dacron 64 49.99 3.69 9.97 8.16YR 4.85/1.73 67.47
Nylon 66 47.82 4.04 12.58 8.834YR 4.64/2.08 84.15
Orlon 75 50.82 3.87 10.17 799YR 4.93/1.78 65.66
Silk 43.05 5.93 13.08 7.39YR 4.18/2.27 120.76
Polypropylene S1.11 2.86 8.92 8.80YR 4.96/1.50 63.93
Viscose 48.34 4.60 11.50 7.85YR 4.67/2.01 77.60
Wool 4542 443 12.42 8.49YR 4.40/2.69 87.85
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Fig. 5. K/S values of cotton, nylon and silk fabrics dyed with bro
colorants extracted from pine bark.
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Table 5. K/S and L-value of cotton, nylon and silk fabrics dyed with
brown colorants extracted from pine bark according to concentration

3 0,
—Loncentration(%) 755 0375 0188 0094  0.047
Fibers

K/S 8432 8605 8059 67.18  60.65

Cotton
L* 4532 4531 4632 4905 5335
K/S 8415 7664 5836 5732 5387

Nylon
L* 4670 4782 5122 5155 5297
c NS 12076 10098 8974 7979 7479

1

L* 4148 43.05 4561 46,53  54.06
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Fig. 6. K/S value of cotton, nylon and silk fabrics dyed with brown
colorants from pine bark according to different pH.

30
25
20 -

L5

S —+—Cotton
10 - —+—Nylon

-=-Silk
5 4
0 - :
30 40 S0 60 70 80 90 100
Temperature (TC)

Fig. 7. K/S value of cotton, nylon and silk fabrics dyed with brown
colorants from pine bark according to temperature.

=5 90° 245t}

ol&l A= Song er al.(2009), Dayal et al.(2001)2] A}
NNE A FudAE 222 50-90°C7HA] AE e u)
257t &2 A4E G| AXA HEF 90°CE A 4
e} L3It

3.5 HE&=O| Maol JlsY

3.5.1. Ay] Aot el ezt

gy MRS BE N3] 6, 3, 2, 1.5mgmle] &=
TEY o714 Az spE FHsld A=A 48 Fol diskE
Escherichia coli, Salmonella typhimurium, Staphylococcus aureus,
Bacillus subtilis, Candida albicans’} &2 platec]] 341 v

Sk 3 wAEoe] xR £ u] A7 clear zonel ® FAFSH



144 Il 781813 A15H A8, 20135

Fig. 8. Antibiotic activity of brown colorants from pine bark against
Escherichia coli KCTC 1924, Salmonella typhimurium KCTC 1926,
Staphylococcus aureus KCTC 1916, Bacillus subtilis KCTC 1914,
Candida albicans KCTC 1940.
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Fig. 9. DPPH radical-scavenging activity of brown colorants from pine
bark compared to Butylated hydroxyanisole(BHA) as standard.
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Fig. 10. DPPH radical-scavenging activity of cotton dyed with brown colorants from pine bark compared to Butylated hydroxyanisole(BHA) as standard.



Table 6. Washing, perspiration, rubbing, dry cleaning and light
colorfastness for cotton nylon and silk fabrics dyed with brown colorants
from pine bark (unit: grade)

Results of fastness

Test items
Cotton Nylon Silk
Washing Fastness
Color change 3-4 2-3 2-3
Cotton 4-5 - 4-5
Stain Nylon - 4-5 -
Silk - - 4-5
Wool 4-5 4-5 -
Perspiration Fastness
Acidic color change 4-5 4-5 4-5
Cotton 4-5 - 4-5
Stain Nylon - 4-5 -
Silk - - 4-5
Wool 4-5 4-5 -
Alkaline color change 3-4 3-4 3-4
Cotton 4-5 - 4-5
Stain Nylon - 4-5 -
Silk - - 4-5
Wool 4-5 4-5 -
Rubbing Fastness
Dry 4-5 4-5 4-5
Wet 4-5 4-5 4-5
Dry cleaning Fastness
Color change 4-5 4-5 4-5
Test liquid 4-5 4-5 4-5
Light Fastness
4 grade standard Blue scale 2 3 2-3
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