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Study of Simultaneous Analysis of Indicator Components of
DTP(Digital Textile Printing) Textile Products Using HPLC-MS/MS

- Focusing on Natural Dyes -

Wonkyoung Lee, Eunji Sung, Joung Ryul Moon, Miji Kim, and Jonghoon Kim'

Korea high tech textile research institute; Yangju-si, Korea

Abstract: Due to the increase in consumers' interest about well-being, interest in eco-friendly products has been increas-
ing due to the harmful effects of various harmful substances contained in textile products and environmental issues. As a
result, natural dyes of less potential risk than synthetic dyes and digital textile printing(DTP) textile products with less
environmental pollution are drawing attention. However, due to the lack of evaluation criteria for DTP textile products with
natural ink and the nature of many colors are stacked layer by layer for dying, the need for simultaneous analysis is emerg-
ing. To evaluate whether the natural dye is derived from natural ingredients, the biocarbon content is analyzed. However,
in the case of ink made using natural dyes and DTP textile products using natural ink, it is difficult to analyze the biocarbon
content due to the limitation of the presence of a small amount of dye contained therein. In this study, we were shown the
possibility of natural derived verification by cross-checking the analytes of natural dyes (Persicaria tinctoria, an indigo dye;
Dactylopius coccus, a light red; and Curcum longa L., i.e., turmeric) and natural ink with HPLC-MS/MS. The coefficient of
determination was 0.999 or higher, the limit of quantification was 0.647-3.664 pg/L and a %RSD of each indicator material
was less than 10. Then, the extraction amount of natural dyes for five patterned fabrics was analyzed.

Key words: digital textile printing (] A€ © 2~E}d ZAH), natural dyes( ¥ &), natural ink (1 1% =), high-
performance liquid chromatography—quadrupole tandem mass spectrometry (4% A ZErtEIH 9] AEI2 A

£-2171), biocarbon analysis (H}°] 271 £4])
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53] AfAIEe dae T Aoz g7 wEl ¢
FAT HAE AL o, o]& gk dH=7] B 5
/A Fafgell thghe=dto] BelA] ATHGulrajani et
al.,, 2001, Ha et al., 2021, Santis et al., 2007)

olelgk EHERE Qg e B Y EAIE alAsaL
b ket At #3YEATHChoudhury, 2013). tHEHo =
Digital Textile Printing ®2], Z&}=n}, 253}, #lo]A], ol4ts}
g 2AAFA GA T AETFsE GA71se] dijte® o
FE 32 Qth(Abate et al, 2020; Banchero, 2013; Dupres et
al, 2007, Montero et al, 2020; Wang et al, 2019; Elmaaty
& El-Aziz, 2017; Haddar et al, 2018; Kan & Wong, 2013;
Khatri & White, 2015; Lehocky & Mracek, 2006; Penthala
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F A=l
< HE
A9 BAHeHAS At & 4 9loj(Hong et al, 2007; Kim
& Choi, 2012). 71 2 3740l vl 318734 |4 e
2 A uk(Park, 2011; Savvidis et al, 2014, ).

e AAA of 2 S 7dES E&gA Azt 7t
53 URE JESE DIPIARE AREsla ok @73 o)
S AAEQ] B A&7Fsd ARAAS 91819 Sustainable
Apparel Coalition(SAC) 2 Zero Discharge of Hazardous Chemicals
(ZDHC) 52 &3l &A% 34 4 SelA sl 423
Q1 X133 g bdAde tigh a7t oL Qlh

> 2
3
<
r
o
[0
z
of
n
¥
X,
eisH
ll
lo
2
2
-
[}
re
2
2
=2

o o
N
)

eith

J
ru
2
2

(Lee et al., 2020). $]9} 7Z-& EA|

18] HAADA AFe gt 5o AAfa -5
g a7}t Atk(You et al., 2022).
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AAFH AFE gl & 5 o] AFAFE et 49 ¢
37 Q) o]FHR dRe] AR

Qo T o] AAFE B AEIE Ao o] Il aiety @
<+ ATh(“Understanding bio-carbon”, 2021)

A7 BAIME Hloleeka ke Ba) Aded fR
Qlo] 7FsekA|W DTPYA 2 HAEM AlFe] 49 i &
Fo| Fhgo] w|go g Exste] Hlo] QRRAFhFe] A o] iy
oJHth

AFHAN AFS 8 WA 95e] dAfH F7E &
Ql slal AAAIEL] A BAAE T AME FE0] AFAES A
2 Hwgo N FY 95 AR RS HEste olg
HAe B & 9l

o]} o] ARSH HES} FAAIES] T4 tigt Al A
%/J(CoC, Chain of custody)e F3ll AAFe A|F] dig
AR AZo] 7Fs3ith.

AT DTP= YREARl A W] dAFA 7 oh=2A
Cyan, Magenta, Yellow 37FA] A2 drop on demand W4
O M Ao gk X FARES FA] A o] Aol

Table 1. Analyte for each natural color

Natural products Color Analyte
Curcumin
Curcuma longa L. Yellow Demethoxycurcumin
bis-Demethoxycurcumin
Persicaria tinctoria Cyan Indigo
Indirubin
Dactylopius coccus ~ Magenta Carminic acid
B odAFolE Cyan AMAOZ £ Magenta MO 2 4T

Yellow Ao 2 7388 AR DTPE Y3 E (F) UEolo]
ZHE Aol WEzel| ZAYSITE Al sidsle AR
522 ol Table 19 YERNSITH
olE EUE HAHEE AR DTPYAZE 1d HAd
A5 S5t AAFAAEo 2 HE
AAHE ABAE B4 gist sAEAES

Azt gt

334 429 A

2.1. Materials

Z+zke] A xAdE i EEEZ: Curcumin(98%),
Demethoxy-curcumin, bis-Demethoxycurcumin, Carminic acid,
Indigo(98%), Indirubin(97%) Avention*H(U.S.A)ZFE HPLC
S5 Tisle] ARE-SFI T Ammonium acetate, Acetonitrile,
Formic acide Sigma-Aldrich*H(U.S.A)2] HPLC 552 AR
3192 Methanol& J. T. BakerAH(U.S.A)IA o 3}sich.
FRTE Milli-Q System= A4 32F F/HFE ARSI
AAAEE A 93 2 =g # o9 5% 992 G

Hololg Fal Alguol 24sksr,

2.2. Analysis of 14C(biocarbon)
AA A d5e] A f# AFE gl st
Korea Apparel Testing & Research Institute®l] 2|23l ASTM

Table 2. Analytical condition of HPLC
HPLC condition

Column Hypersil GOLD CI18 (2.1 x 100 mm, 1.9 um)
Flow rate 0.3 mL/min

Column oven 35°C

Injection vol 3.0uL

Mobile phase (A) 0.1% formic acid (B) acetonitrile
0~1 min : 90% A
1~5 min : 50% A
5~10 min : 30% A
10~11 min : 90% A

11~12 min : 90% A

Gradient method




846 Y IBIX] A23H A6Z, 2021

Table 3. Optimized HPLC-MS/MS conditions for each analyte

Precursor ion(m/z) Product ion(m/z) Dwell time(ms) Analyte DP(V) EP(V) CE(V) CXPV)
367.17 216.90 10 Curcumin 55 -10 -16 -11
337.12 119.10 10 Demethoxycurcumin -50 -10 -52 -9
Negative
307.01 119.00 10 bis-Desmethoxycurcumin -60 -10 —48 -11
491.05 447.00 10 Carminic acid -5 -10 -28 -33
262.96 206.10 10 Indigo 26 10 47 26
Positive
263.05 219.10 10 Indirubin 206 10 37 18
*DP : declustering potential
EP : entrance potential
CE : collision energy
CXP : collision cell exit potential
D 6866-200 3le] S<A3)t & 71457] A7F 1417 (Accelerator < 0.22um PVDF Syringe filter2 ZE ¥ HPLC-MS/MSZ
Mass Spectrometry, AMS)Z '‘C2 2% 319 THASTM Inter- A5t ZE AlgE 33 W AIFEIS

national, 2020).

2.3. HPLC-MS/MS analysis

EAo] A8F HPLC-MSMS #42 QTrap® 5500(AB
Sciex, US.A)S AR&-silom AMGHE A7 B o]54e] HPLC
FAZ7L Table 29 e AT

AMEE A7) A7ES o8} (electrospray ionization,
ESI) WHO 2 0] 23}351%. 9™ negative?} positive modedl| A=
Z¥z} —4500V, 4500VS] Tonspray Voltage(ISYS- 71T} Nebulizing
gas?}l drying gase 50 psiz AF3IATh L 99 BEXA o]
2 g 27} o] tigt 271 ol Table 39 Vst

2.4. Method validation

HAAds AEEZ U AAHFAHE external standard
calibration methodE ARS8l 1, 2, 5, 10, 20, 50 pg/Le] 671
TR 33 g SAsIon Adsen olw HEH
(Limit of Detection, LOD) 2 34| (Limit of Quantification,
LOQE Aol 718719 A3t =314

LOD =3.3 x (SD/SC)
LOQ =10 x (SD/SC)
SD : standard deviation of the response

SC : slope of calibration curve

2.5. Extraction of DTP product
AFE ARE3 HAYI-DTP AFA1E 55 tigk X
FZE2 Y5l AFE Smm xSmmZ AE T 0.25
ZEFste] 40 mLulo| Lol e
dimethyl sulfoxide 500 uLE €3 70°C @254 30%
%2592 12} 5 ¥ methanol 4.5 mLe E53f] X292
3027k 24 &5 Sk

FEE NE= AEY7E AMEsl 6000 pme = 104
AR B Y AP AT 22S ARG 5l

o =

ri %q'

s

7] ] 4?4_ —‘1‘ So U ANES] Y, FE SEHN
497} EA1%HcH(Serrano et al., 2011).
ot Zd‘i“i 2 283 DTPY 73, Drop and Demand %}
2oz Jasl) UH-rOH Methanol“hiJ_ A FAAE FZ=o0] 7}
3tk 13y Carminic acid®] 749 A84S 3L o]
Methanol“* AREsH FE850] Eé*"ﬂ T St 2 =EllA

FAIEAE O] o] BE AR 350E A& e
@' —;%HJ'“SQE‘H DMSO02} Methanole =302 EFEshe
29A FE& ksl =AU

3.1. Analysis of "C (biocarbon)

AHEE dEe] A AT B9 Slsjel vloleria(to)e)
ters SRlg dx) 7k &, 4% @E9] A g st
Hl S (percent Modern Carbon)°] ZHz} 106.2, 103.7, 107.1%
2 Uehge), vlo] o¥tagae ofgle] Aol e} Asgle

noi'

= WAPIE 91 UAT pMC Gl 71215 REF 2k
1008 Flo 45 e

o pMC

%Biobased = REF x 100

A S Q| A Ak (pMC) : FhEA TR 7| 0] ZA 7L

O BA
7| BAASE (REF) : 100.0 (pMC el 100~1052 73-%-)

BARE A3} viol egkielgo] 22t 97, 100, 96%= HERF
2 AFe] DTPYA Azl ARE 3 7K G85E 96%0132.
Z HA #9852 IRIEStKTable 4). & 9FEE A9

935k
il

Table 4. Results of 'C (biocarbon) content

Natural dyes  Percent modern carbon (pMC) "C content (%)

Curcuma longa L. 106.23 97
Persicaria tinctoria 103.71 100
Dactylopius coccus 107.12 96




HPLC-MS/MSE 883! DTP(Digital Textile Printing) 9] A FEE AR 97 - HAGEE FR0F - 847

e T 959 vlo)oukA Fo] 100%7F obd RS darangavvanahally et al., 2002)9} H|ws|HS wj, AEH &

E AZRTY oM AL sleEd ol 2RE AeE F Al 8ghere] b9t AR & HIUTh o224 3% A

Aok of that AFHES T HAHeR IR & 4 Uk
ool HielQ ¥ Fhfyoll A HRE T A= 9l

 AAGA 2L HAADA A FoIM FE2E FE] AAFANE 3.3 Method validation

I F AUE FlolH, olzjgt M= thh Hlgo] AQF| 7k AFEL 2 3F AFAE 48 F AN H(Fig.

 3HEIAEL HAfH Al B AF i glAE AHH 2). RE AxEZ] AFAFR) S 0999 o)Fe] & Fa4

o7 ARG F e FoF ARE LEH HAFH A < 1o A& 7= KOLAS G15 318H8 A|E

9 AE AL stet 38T dANE A= s A el f84 1S #1g X% (Korea Laboratory Accreditation

o|t}. Scheme, 2020)° wjg} 7H9] WkE AJHS F3Yste] Wkgo] ®

AR} A 71E7]d 2Ast] AEIN BEE

3.2. HPLC-MS/MS method development (%RSD)E 243 A= Table 57 2th. TAE g} 7o)

DTP HfAIFL RN E F53 ARYLE e 24 2 %RSD %] 5.5~58°0% FEek e HAoH e LOD,
= Fig. 1914 total ion chromatogram(TIC)Z AT LOQZS 714 ml=re] d87} AREE A BolMxE A EAES
%Ath. Carminic acid 7Fg WA 4.03%] AEo] HUoH AT F USS AP
Indigo®} Indirubin® Z}Z} 6.99%-3 74180l HE =AU %

o] ) FAEQ AFo)= AL 3ES Curcumin 7.302, 3.4. Extraction of DTP product
Demethoxycurcumin 7.20%, bis-Demethoxycurcumin 7.09%1| TFs siglo g JalE AF 552 BAsIen el 3
AzHAG. AFo o= AS 2 4D (Gudde- Ele} 2ok Fig 30 TAIE wke} 7ol 22 pattern 1, 2, 3,

bis-Demethoxycurcumin

16854 \

Demethoxycurcumin

Curcumin
* Carminic acid Indigo | Indirubin
) !
\
L4
000 — -
5 5 7 s
e
Fig. 1. TIC of standards using HPLC-MS/MS.
800000 Curcumin . . Demethoxycurcumin . 4000000 Bis-Demethoxycurcumin =
y = 16177x4 72335 = 63167x+47882 = 67472x-15645
0000 Re= 0.9992 Fom 09993 ¥ 09990
g g 3
5 4o ] 3 2000w 3 o
3 . 5 . 3
& & s .
200000 4
. . .
- p P
o] o = of
0 5 10 15 2 25 B 3B/ 40 45 0 T 5 1t 15 2 25 % 35 40 45 %0 0 5 10 15 2 25 % 3 40 45 %0
Standard solution (ug/L) Standard solution (ug/L) ‘Standard solution (ug/L)
Indigo . Indirubin . Carminic acid -
300000 20000y . 394904741
y = 7158.4x+77206 y = 4116.7x+23603 Ri= 09990
R¥= 0.9997 R¥= 0.9998
L o &
] S 10000 s
5 . E . E 100000 - -
100000
- - o
- » .
o oo ol
T 5 to 15 2 25 % 5 40 45 %0 T 5 fo 15 2 25 3 3 4 45 % R

Standard solution (ug/L) Standard solution (ugiL) Standard solution (ug/L)

Fig. 2. Calibration curve for each analyte.
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Table 5. Retention time, coefficient of determination, LOD, LOQ, %RSD of analyte by HPLC-MS/MS

Retention time (min) Coefficient of determination LOD (nug/L) LOQ (ng/L) %RSD
Curcumin 7.30 0.9992 0.461 1.382 5.629
Demethoxy curcumin 7.20 0.9993 0.560 1.679 5.455
bis-Demethoxy curcumin 7.09 0.9990 0.216 0.647 3.745
Indigo 6.99 0.9997 1.221 3.664 5.805
Indirubin 7.41 0.9998 0.602 1.807 5.580
Carminic acid 4.03 0.9990 0.849 2.546 5.527
Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5

7% [¢)
H 7ol AFEZ9 Curcumin®] 4136 mg/lLE 71 &2
slo 2 & =9°o™ Demethoxycurcumin 4.98 mg/L, bis-
DemethoxycurcuminZ} 3.41 mg/L 53 =& s Bt
A o] AMEE 2o AHEHS Indigo’}t 24.19 mg/Lo}
Indirubin’} 024 mg/Lo] A& HUTh & d5E FEUY €
2R Fol| o) A xEHe| g ulg Hjo|7} vlwA Z 7
o2 A QUth(0h, 2010) ¥ =FoAAME Cyan APFE $
Slo] 58 HE Indirubin B} SEAEL == Indigod]

Table 6. Extraction amount of various pattern fabrics

ﬁ“@(y
O

=

I ooes S

YAE ARSI wEel] ]l

o] 3 | Uehd RS SR 4 ASATE A4 J39
AMgE FAde] X #EZQ Carminic acid 1.23 mg/LE HE
HATH AlFE] F Ao wet e AlGe] AFEAE T
B A4S Bt Pattern 28 Ao i AFEHQ

Indigo7} 62.27 mg/Lollom F WAZ F2 TS Hel A
BEALE =2 AE] Curcumin®] 5.55 mg/Le] TS B
tt. 2 HE Carminic acid’l 1.29mg/L ¥ Ho=Z B4
HAth Pattern 29] AXEZD IS HYS W, HRkHo=
AAGe] Afo]l Bl = A o F Qe RoR X

=

Pattern 1 Unit: mg/L

Extract amount(n = 3) Mean
Curcumin 3334 40.88 49.86 41.36+8.27
Demethoxycurcumin 3.86 5.26 5.82 498+ 1.01
bis-Demethoxycurcumin 2.88 3.04 432 3.41+0.79
Indigo 28.04 24.80 19.74 24.19+4.18
Indirubin 0.12 0.38 0.23 0.24+0.13
Carminic acid 0.96 1.44 1.28 1.23+0.24
Pattern 2 Unit: mg/L

Extract amount(n = 3) Mean
Curcumin 5.06 6.30 4.48 5.55+£0.95
Demethoxycurcumin 1.26 1.30 1.22 1.26 +£0.04
bis-Demethoxycurcumin 0.96 1.04 0.64 0.88+0.21
Indigo 63.08 52.84 70.90 62.27+9.06
Indirubin 1.88 1.04 1.09 1.61+£0.49
Carminic acid 1.68 1.24 0.96 1.29+0.36
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Table 6. Continued.

Pattern 3 Unit: mg/L

Extract amount(n = 3) mean
Curcumin 1.52 1.56 1.26 1.45+0.16
Demethoxycurcumin 0.76 0.68 0.74 0.73 +£0.04
bis-Demethoxycurcumin 0.88 0.56 0.72 0.72+0.16
Indigo 39.38 30.36 50.56 40.10+10.12
Indirubin 1.48 1.26 0.12 0.95+0.73
Carminic acid 1.23 1.68 1.41 1.44+0.23
Pattern 4 Unit: mg/L

Extract amount(n = 3) Mean
Curcumin 4.72 6.80 5.34 5.62+1.07
Demethoxycurcumin 1.18 1.22 1.20 1.20+£0.02
bis-Demethoxycurcumin 1.04 0.64 1.04 0.91+0.23
Indigo 12.28 26.84 26.68 21.93 £8.36
Indirubin 0.16 1.00 0.23 0.46 +0.46
Carminic acid 1.04 0.64 1.04 091+0.23
Pattern 5 Unit: mg/L

Extract amount(n = 3) Mean
Curcumin 5.74 4.64 422 487+0.78
Demethoxycurcumin 1.16 1.22 1.10 1.16 £ 0.06
bis-Demethoxycurcumin 0.88 0.64 0.80 0.77+0.12
Indigo 51.82 50.54 23.94 42.10+15.74
Indirubin 0.58 0.64 0.16 0.46 +0.26

Carminic acid ND ND ND -

*ND: Not detected

FEZO g §ero R Rlske A Frle] Aol U A AE e tRYE g B By AlGe] Aite] 3l
s 0 T U = Y AFoM & A5 T IR0 ABEH] Bol #
Pattern 3 HE3F Indigo®] &l 40.10 mg/LZ pattern 3014 AERom HeMo] #aky= AFRAA 71| A A RE
4" AZEE Fo 7P e I HE, Curcumingt Ao BF FAEE S 2 & & Ui
Carminic acid’} Z¥2} 145, 144 mgLE A5tk pattern 1 A ZHE AF 559 dxe B AFEED FAHES
7} pattern 39] XN FEE A2 ®ePAS W7] Ssixe Pz Foll AALE AREsle] AlxdE DTP Y& ZUES AlF2
Ao A7t o] AMEE F5 < Utk o Carminic AEEH g AR 7Fs8S &0 & o Ak
acid®] ZA$ 129 mg/lL 224, 40.10 mg/L2] Indigool] B]is)
HS o vFors F2 A5 3l 2 Fdss ¢+ U 4.2 B
ATt
Pattern 4% Indigo®] ¥eo] 21.93mgLE 71 %k3 B Ao AR 78} 2 FF dEE 7+ 96, 100, 97%
Curcumin 5.62 mg/L, Carminic acid 0.91 mg/L. TOZ, =2 o] nlolork2(0) e A4S Ao ) dEvt BE
< W7 S8 HA A} = YAt ARRE o= i A ds2d 2S Ilsisict
HEITh Pattern 5 HE3F Indigo7t 42.10mg/LE 7HY =2 3 748 d7o] A ®EEZL Curcumin, Demethoxycurcumin, bis-

S HAUY I FH=ZE Curcumin 4.87 mg/L7} SREo] & Demethoxycurcuming, £ 9752 X EEZ-E Indigo, Indirubin
3

AA
Carminic acid= AEIH ©]3le] FHo& FA =t Fig.

] <, 9T d89 AEEHL Carminic acidS A% 3l5oH,
pattern 5] ZAlo] goto @ IRlEx] ok= S B 4 3o DTPE A|Fe] MAHUEE B4l % & HPLC-MSMSE
AFQEEA A w3 F24 2] ABARC] AEHA FI FAREA RS AT ST

kS BTk A SARAHOR, SEl AlF 5Tl g AxEE T
DTP W29 SHOR kZdX Jas BAMIA S35 & TS sl AAYZ-DTP AlFel AE e 2
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o] A7) XYooz FHHAFUT
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