Journal of the Korean Society of Dyers and Finishers
Vol. 18, No. 1, pp. 10~19(2006. 2)

HAR=2(E =)

=&t QA ZAZo| FhE|Z B W AMAS

EXE - o|FA - A Y’
Foltistm AEIe et AT A elska)

Catechins Content and Color Values of Silk Fabrics Dyed with
Korean Green Tea Extracts

Ji Hyon Son, Myung Sun Lee and Tae Il Chun'

Department of clothing and Textiles, Dong-Eui Univ., Busan 614-714, Korea
(Received August 30, 2005/ Accepted February 13, 2006)

Abstract— Despite several recent attempts to measure the concentration of individual catechins by HPLC, it
has not been so easy to separate catechins accurately. The aim of the present work is to provide a proper
condition for separating each component of catechins by HPLC analysis, and also to evaluate the
experimental variables including color differences, and metal ion contents after dyeing and mordanting. Four
kinds of Catechins, (-)-epicatechin(EC), (-)-epicatechin gallate(ECG), (-)-epigallocatechin(EgC), (-)-epigallocatechin
gallate(EgCG) were isolated from the residues after dyeing. Catechins in Korean green tea leaves are richer
when the tea leaves are younger. Higher concentration of catechins owes it to the way it is processed. The
contents of catechins adsorbed in silk fabrics after dyeing were in order of EGCG>ECG>EGC>EC. We have
found 68% uptake of EGCG, and 116.8mg of EGCG in the silk fabrics after it was dyed with 1% Korean
green tea extracts. The absorbance intensity and K/S values of dyed silk fabrics were increased with dyeing
temperature and time. Only the surface color of the silk fabric dyed with green tea extracts was yellowish
red, but it changed from yellowish red to red with an increase in the mordant concentration.
Post-mordanted silk fabrics with ferrous sulfate changed from yellowish red to red and purple color shade.
In a practical evaluation, there is no significant change in color after twenty times of the continuous dry
cleaning process. However, post-mordanted fabrics with ferrous sulfate faded the brightness of color after
dry cleaning. Dyeing silk fabrics with a Korean tea extract reduced the metal ion contents in the silk fabrics
when compared to the untreated silk fabrics. Metal contents in silk fabrics dyed and post-mordanted with 1
% each metal solution were 0.194 ppm for Aluminum, 1.601ppm for Copper, and 0.334 ppm for Iron After
the post-mordanting process, the heavy metal ion absorption increased, which was mainly attributed to the
catechins and polyphenols in dyed silk fabrics.
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Table 1. Characteristics of silk fabric

Yarn counts Density(per cm)

Weight(g/m’
Ends Picks Ends Picks ght(g/m’)

Weave

Plain 21D 21D 563 39.8 26
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Table 2. HPLC conditions for catechin analysis

Item Improved method

Column X Terra ™ RPy5um 4.6 x 150mm
Mobile phase (v/v) 10% formic acid in H,O : 20
acetonitrile : 80

Detector UV 280 nm
Chart speed 0.8mm/min
Analytical time 20min
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Catechins

B The Extract for 30min before dyeing MiThe Residue after dyeing
ElThe Extract for 60min before dyeing MThe Residue after dyeing
ElThe Extract for 90min before dyeing MThe Residue after dyeing

Fig. 1. Catechins in the residue before and after dyeing silk fabrics with extracts of

the first corp of Korean Green tea leaves.
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Catechins

M The Extract for 30min before dyeing M The Residue after dyeing for 30min
EThe Extract for 60min before dyeing M@ The Residue after-dyeing for 60min
EIThe Extract for 90min before dyeing M The Residue after dyeing for 90min

Fig. 2. Catechins in the residue before and after dyeing silk fabrics with xiracts of
the second corp of Korean Green tea leaves.
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Catechins

m The Extract for 30min before dyeing
ElThe Extract for 60min before dyeing
@ The Extract for 90min before dyeing

W The Residue after dyeing for 30min
@The Residue after dyeing for 60min
B The Residue after dyeing for 90min

Fig. 3. Catechins in the residue before and after dyeing silk fabrics with extracts of
the third corp of Korean Green tea leaves.
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Table 3. Color values of

silk fabrics dyed with the first crop extracts of Korean green tea

EXE . 01Ed

- HEfL

Extracts Treatment

Color Values of Samples(I)*

Color Values of Samples(Il)**

Conc. Temp. Time L a b JEs H v/C L a b AEw H V/C
80°C 60min 8241 040 768 1902 1.24Y 812/110 8052 112 855 20.87 015Y 7.02/1.30
01% 120min 8293 0.73 9.69 1838 0.87Y 8.18/1.40 80.78 236 1026 2073 8.66YR 7.95/1.70
100°C 60min 79.74 151 921 2161 969YR 7.84/1.44 78.16 195 10.03 2317 9.33YR 7.68/1.61
120min 83.63 023 884 1775 1.60Y 825/1.23 81.62 175 888 1970 9.09YR 8.04/143
80T 60min 77.86 1.32 1258 2339 0.70Y 7.64/1.88 75.96 3.02 1645 2511 9.86YR 7.45/2.61
10% 120min 78.84 295 1849 2205 017Y 7.75/2.90 80.88 269 1040 2034 831YR 7.96/0.96
100C 60min 77.72 178 1536 1956 0.70Y 7.63/2.32 74.70 331 1786 2497 997YR 7.32/2.84
120min 8094 155 1493 2011 0.69Y 7.97/2.24 7512 500 1771 25.85 857YR 7.36/3.02
*; dyeing for 60min at 80C, **; dyeing for 120min at 80C.
Table 4. Color values of silk fabrics dyed with the second crop exiracts of Korean green tea
Extracts Treatment Color Values of Samples(I)* Color Values of Samples(Il)**
Conc Temp Time L a b 4Es H v/C L a b AFa H v/C
80T 60min 8358 029 658 1790 287Y 824/088 8221 054 857 1917 1.09Y 8.10/1.24
01% 120min 8290 1.18 ‘ 945 1837 012Y 817/142 8116 129 1414 2993 0.80Y  7.99/2.09
100C 60min 8310 058 897 18.23 1.03y 819/129 8151 21 946 1976 873YR 8.02/1.56
120min 81.47 153 1052 1982 988YR - 8.02/1.62 7980 251 1038 2133 856YR 7.85/1.74
807 60min 76.62 1.74 1357 2460 047Y ' 7.52/2.06 75.18 380 17.00 2598 9.78YR 7.37/2.38
10% 120min 7790 358 1548 1916 9.01YR 7.65/255 7669 462 1671 2428 853YR 7.52/2.85
100 60min 8030 1.68 1551 2073 0.70Y 7.90/233 7633 418 1709 2465 898YR 7.49/2.84
120min 7938 271 1775 2153 022Y 7.80/277 7503 551 1857 2588 841YR 7.35/320
* dyeing for 60min at 80C, **; dyeing for 120min at 80C.
Table 5. Color values of silk fabrics dyed with the third crop extracts of Korean green tea
Extracts Treatment Color Value of Samples(I)* Color Values of Samples(II)**
Conc Temp Time L a b JEas H v/C L a b AEap H v/C
80 60min 8266 116 839 1869 992YR 815/1.28 80.66 180 9.23 2065 9.17YR 7.94/1.49
01% 120min 8436 032 655 1710 119Y 832/092 8351 099 7.08 1790 9.83YR 8.23/1.07
100C 60min 8127 1.67 988 20.01 952YR 8.00/1.56 80.13 222 1052 2112 898YR 7.88/1.72
120min 8013 203 997 2116 9.08YR 7.88/112 798) 251 1038 2145 856YR 7.85/1.74
80T 60min 7694 312 1445 2418 926YR 755/235 7507 421 1577 2601 870YR 7.35/2.66
1% 120min 7797 278 1415 2315 943YR 7.66/227 7461 423 1637 2254 886YR 7.31/2.74
100 60min 7741 356 1637 2359 930YR 7.60/2.67 7435 495 1761 2664 8.62YR 7.28/3.00
120min 7429 491 1851 26.67 886YR 727/312 7345 586 1934 2748 843YR 7.19/3.34
*; dyeing for 60min at 80°C, **; dyeing for 120min at 80C.
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Table 6. Color values of silk fabrics dyed with Korea tea leaves extracts and post-mordanted with Alum

. Extracts Surface color values of silk fabrics Surface color values of silk fabrics”
ec. - -

P Cone, Temp. Time L a b JEw H V/C L' a b 4R H V/C
80T 60min 7906 0001 791 330 220Y 777/110 7823 084 942 189 088y 7.68/139
01% 120min 8042 069 747 262 389Y 791/098 7804 017 856 380 1.93Y 7.66/1.21
- 100 60min 7699 028 756 343 169Y 755/1.08 7437 117 942 391 057Y 7.28/142
Fir:t 120min 7803 110 802 566 204Y 766/112 8823 103 930 435 062Y 758/1.39
Corp 80 60min 7824 065 113 115 139Y 768/163 7221 188 1172 452 0.19Y 7.06/1.81
1% 120min 7702 096 1319 351 1.23Y 756/193 7418 251 1372 668 981YR 7.26/216
100 60min 7651 093 1337 248 132Y 750/195 7115 160 1339 59 082Y 6.95/2.02
120min 7606 160 964 718 988YR 746/150 7492 297 1025 773 824YR 7.34/1.76
80T 60min 7760 028 853 554 174Y 762/121 7247 114 889 964 060Y 7.09/1.34
01% 120min 7354 311 1633 837 489YR 720/251 7847 062 934 554 122Y 771/1.36
’ 100 60min 7434 268 1387 792 966YR 7.28/221 7380 -034 501 904 364Y 7.22/0.68
g?ceon q 120min 7747 059 949 424 133Y 760/138 7544 115 951 482 056Y 7.39/143
Corp 80°C 60min 7589 164 1024 341 999YR 744/159 7665 160 1465 202 080Y 752/220
1% 120min 7812 0007 1099 570 228Y 767/143 7301 102 1106 682 111Y 7.14/164
1007 60min 7593 076 902 78 106Y 744/133 7179 013 807 1087 279y 701/112
120min 7752 137 1451 392 096Y 7.61/216 7358 3.95 1679 271 9.28YR 7.20/2.76
80°C 60min 7652 0.086 742 6.31 211Y 750/1.04 7676 069 818 381 1.01Y 7.53/1.20
01% 120min 7748 079 962 6.34 1.03Y 760/141 7631 130 1014 672 042Y 748/154
100C 60min 7789 -026 693 4.89 291Y 765/094 7814 016 730 431 187Y 767/1.03
%?r d 120min 7732 124 1026 282 048Y 759/155 7646 123 1005 171 050Y 750/152
Corp 80T 60min 7562 195 1245 267 006Y 741/193 7340 260 1278 378 951YR 7.18/2.05
1% 120min 7580 212 134 2-‘38 007Y 743/208 7425 361 154 116 919YR 7.27/253
1007 60min 7668 173 1237 446  024Y 752/189 7418 325 1442 362 927YR 7.26/235
120min 7019 278 1351 681 9.65YR 692/216 7279 441 1660 317 888YR 7.12/2.79

*, dyeing for 60min at 80 and post-mordanting, **; dyeing for 120min at 80°C and post-mordanting,.
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Table 7. Color values of silk fabrics dyed with Korea tea leaves extracts and post-mordanted with Copper Sulfate

Extracts Surface color values of silk fabrics’ Surface color values of silk fabrics”

*

Spec. Conc. Temp. Time L a b AEb H ViC L a b JEb H v/C

60min 6674 234 1288 1465 017Y 650/201 6612 233 1314 1399 026Y 643/204
120min 6674 240 1360 1562 0.26Y 650/211 6315 265 13.05 1746 10.00YR 6.13/2.05
60min 6685 224 1298 1230 029Y 6517201 6625 245 1332 1163 016Y 645/2.08
120min 6789 188 1299 1507 062Y 6.61/198 6433 3.07 1388 17.92 975YR 6.25/2.22
60min 6011 587 1595 1682 8I0YR 5.83/284 5962 560 1638 1529 845YR 5.78/286
120min 5878 656 1699 2289 795YR 569/306 5690 669 1754 2178 808YR 551/314
60min 5864 554 1546 1868 B826YR 5.68/273 5784 578 1578 1684 820YR 5.60/2.80
120min 5914 535 1573 2143 847YR 573/275 5612 693 1704 2259 7.74YR 543/311
60min 6668 175 1312 1551 084Y 649/1.99 6475 324 1451 1696 974YR 6.29/2.33
120min  61.05 205 1173 2170 0.05Y 5.92/2.97 6180 509 1557 1909 8.63YR 6.00/2.69
60min 5673 780 1761 2576 713YR 549/331 6508 117 1129 1634 130Y 6.33/1.68
120min 6713 258 1441 1397 025Y 6.54/225 6016 268 1264 1951 0.01Y 5383/2.00
60min 6045 300 1273 1615 967YR 586/2.05 5848 597 1659 1730 827YR 5.66/2.93
120min 5881 671 1705 1884 7.83YR 570/3.09 5391 6.63 1635 2269 7.85YR 521/297
60min 5708 248 1118 2358 0.02Y 552/1.79 5454 402 1189 2240 855YR 5.72/2.07
120min 5862 626 1681 2060 812YR 5.68/300 5711 739 1769 1783 7353YR 553/326
60min 6487 237 1321 1745 028Y 6.31/2.05 6478 287 1373 1553 989YR 6.30/218
120min 5881 108 984 2539 151Y 5.70/147 6759 251 1394 1538 019Y 6.58/218
60min 6403 232 1316 1701  036Y 6.22/2.04 6147 250 1289 1855 020Y 596/201
120min 6682 281 1432 1296 10.00YR 650/2.26 6428 311 1432 1487 983YR 6.25/2.29
60min 6027 556 1595 1645 823YR 594/281 57.08 564 1565 1791 830YR 552/277
120min 4551 270 751 2342 831YR 537/131 5760 676 1737 1683 795YR 558/3.13
60min 5925 621 1678 1799 813YR 574/2.99 5838 661 17.06 1586 7.94YR 565/3.08
120min 5558 637 1608 1879 791YR 537/291 5361 617 1593 1991 810YR 518/286
*, dyeing for 60min at 80°C and post-mordanting, **; dyeing for 120min at 80°C and post-mordanting.

Table 8. Color values of silk fabrics dyed with Korea tea leaves extracts and post-mordanted with Ferrous sulfate

Extracts Surface color values of silk fabrics Surface color values of sitk fabrics”

* * * * * *

Spec. Conc. Temp. Time L a b 4JEab H v/C L a b 4Eab H v/C

60min 4964 210 -646 3294 804PB 4.79/1.66 5018 194 -532 3054 8.55PB 4.84/139
120min 5078 1.66 -508 3535 8.11PB 4.90/133 4941 165 -397 3445 9.14PB 477/1.04
60min 4991 217 -674 3380 800PB 482/173 4954 201 -599 3280 817PB 478/134
120min 5140 201 -583 3536 835PB 4.96/153 4927 178 -523 3529 822PB 4.75/1.53
60min 3746 258 -599 4444 884PB 3.61/133 4027 089 -530 4042 6.02PB 3.88/1.21
120min 3709 222 -576 4660 836PB 358/127 3596 1.96 402 4843 9.56PB 3.47/0.89
60min 3612 253 -644 4695 841PB 348/140 3834 221 470 4280 9.38PB 3.70/1.06
120min 3786 201 -550 47.67 822PB 3.65/122 3726 228 473 4763 948PB 3.59/1.06
60min 5247 189 -546 3321 840PB 507/146 5111 184 -517 3287 840PB 4.93/1.36
120min 5315 178 -594 3357 7.83PB 513/1.8 5131 148 -525 3451 757PB 495/136
60min 5073 183 4.65 3381 890PB 490/1.23 5081 170 419 3281 9.07PB 4.91/111
120min 4875 165 -414 3441 891PB 4.70/1.07 5046 181 420 3277 935PB 487/12
60min 3954 221 -522 4228 886PB 381/119 3952 224 422 4126 017P 381/ 097
120min 3962 232 -570 4319 868PB 382/1.29 4030 206 -384 3988 031P 3.88/0.89
60min 3996 223 -488 4417 9.28PB 3.85/1.12 3884 224 -396 4164 0.63P 3.74/092
120min 3842 213 -409 4248 004P 3.70/093 37.64 221 -330 4442 198P 3.63/0.78
60min 5284 177 -527 30.89 829PB 510/141 45.04 130 426 3933 7.67PB 4.34/1.03
01% 120min 4969 200 -529 3631 87IPB 4.79/138 3934 254 -6.23 4649 867PB 3.79/141
The ’ 100C 60min 3690 246 48 4817 9.85PB 356/1.07 4870 222 -635 3642 8.30PB 4.70/1.62
Third 120min 5015 1.89 -542 3513 835PB 4.84/141 4924 175 461 3405 870PB 4.75/1.20
Corp 80T 60min 5064 186 423 3149 947PB 4.89/113 3894 224 493 4276 921PB 3.75/112
120min 3813 227 -526 4487 890PB 3.68/1.18 3505 220 457 4683 945PB 3.38/1.00
60min 4894 192 501 3747 B875PB 4.72/129 3420 194 -515 4769 819PB 3.30/1.10
120min 3735 221 -521 4726 880PB 3.60/116 3790 2.04 -381 4349 0.19P 3.65/0.87
* dyeing for 60min at 80°C and post-mordanting, **; dyeing for 120min at 80C and post-mordanting.
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Table 9. Metal ion contents in the silk fabric samples

. - Metal ion(Mordant) Alfalum) Cu Fe
Silk Samples (Copper(ll) sulfate) (Iron(I) Sulfate)
Untreated 0.008 ppm 0.005 ppm 0.052 ppm
Dyed With Korean Tea extracts 0.002 ppm 0.002 ppm 0.036 ppm
Dyed and post-mordanted 0.194 ppm 1.601 ppm 0.334 ppm
Post mordanted only 0.107 ppm 0.709 ppm 0.281 ppm

*; dyed with 1% Korean tea extracts for 120min at 80°C
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and post-mordanted with 1% each metal solution.
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