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Extraction of bioactive pigments from Cenchrus longispinus and their

application in dyeing and functional modification of silk fabrics

Yan Xinyue, Zhou Yuyang

College of Textile and Clothing Engineering, Soochow University, Suzhou 215123, Jiangsu, China

Abstract: One-bath dyeing and functional modification was conducted on silk fabrics using extracts
from Cenchrus longispinus (a representative invasive alien plant). Studies revealed that the primary
bioactive components in Cenchrus longispinus extracts are flavonoid compounds. The optimal
extraction conditions were a pH value of 7, a temperature of 70 C, a duration of 30 min, and
ultrasonic-assisted extraction. The purified dye solution of Cenchrus longispinus exhibited stable
performance under silk fabric modification conditions. Silk fabrics dyed directly with the purified dye
solution demonstrated superior color uniformity, rubbing fastness, and soaping fastness compared to
those dyed with unpurified dye solutions. Under conditions of a pH value of 4.2 and a dye mass
concentration of 50 g/L, the silk fabric dyed with purified dye solution achieved higher dye
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adsorption and deeper coloration. The adsorption behavior of the purified dye solution on silk fabrics

followed a pseudo-second-order kinetic model ( R*>0.99) and conformed to the Langmuir adsorption

isotherm, indicating that chemical adsorption dominated the dye-fiber interaction. Silk fabrics

modified with Cenchrus longispinus extracts exhibited antibacterial and antioxidant properties

exceeding 98%. These findings confirm the feasibility of using Cenchrus longispinus extracts for

dyeing and functional modification of silk fabrics, providing a theoretical basis for the eco-friendly,

large-scale production of dyed silk textiles.

Keywords: bioactive pigment from Cenchrus longispinus; extraction process; purified dye solution;

silk fabric; dye adsorption; K/S value; antibacterial property; antioxidant property
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Fig. 1 Fourier infrared spectrum of Cenchrus longispinus extract
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Fig.2  Analysis of influencing factors on extraction of Cenchrus longispinus extract



®43 %5

EURMAR

2025 F£ 5 11 88 Technical Textiles k= RES B .
WCH DRI 1735
2.2.2 RRpH e B
B pH {04 K RIBEHEHLIR I B 0 A0 21) <ol '
FE AT 2R PR A, DL AR IO EE 80 C £1s
SRR ] 60 min # 46 FF R, B LI pH {ELAY 810
I, PSR AN W S, B 20 ey
pH (1203 7 F, W 32 i 1 KA, T e TR
etk T O BE A WA, 314k o 3R B R T Lo
FAOHTH ORI B 1 P AL A e B L
SE T AR SEFR A A 2R 1 ARG I S
BB IR B T REMEROR | SR (0 484 2 s 3
RIS | T 3K W E A A 4 T at
EIITFIER | 1 155 F 7 A S F G T, 43 . sl
T B PR R 6 2 £,
PR, PRI, ATIFIE B 4 pH (Y 7, Bl
2.2.3 BIRE 2
PR XK S5 2 4 U )52 Wi AN 1 2¢ ) o 65 80
TR 2R R, LRI pH 6% 7 BB at
24 60 min {46 PE T, e AR A e MR W 2
BRI L T 5 AW I S R 0 o
OHIAE 70 CHTWOBEE R B R  #Eid 70 Cla, &R 5
Sy THILHITT RE IR, S AL T I, S e A
BOMOERERZ W, DRI, ABIFTE 72 SRR HE e
70 C. S30
2.2.4 HICH 2o
BRI [ %K RS AR BRI G S R ] 2d ) B
L AE R A LS pH {8 7 BB =1
SR H 70 C 1 4T SRR ] 30 min B 773 o ':' ——
BRSO HE R | A AE KA ], R ;

FCBEARKE S [, XN, B SR R] A 34 T, €2
BT IR BN, 2 5 Pk S in 4 4l ey
— e AR AR o BN T RO I,
AHIFFE A 2 $E AT [R] 3£ 5 30 min,
2.3 KREZFRGgLBHIREMN
2.3.1 pHH

E 3a) Sl T il 5 B HE 2l e pH (EL A AR
FEPE, AT KRB A Y W A pH (BN 4.2 5%
PR B EESE 24 pH (B 9. 0 B, WG BE AR {5 4%
K, 31X AT BB R T 2R £ 21 O B R 2 AR Y
AW RS R M 2, S5 M B 3R A
il pH AEAAFE TS WO N T £2. 5%,

FRIE T [E]/min
c) PRIRIE]

B3 Ko 3 AEAE4E R 09 A8 (N, =280 nm)
Fig. 3 Stability of purified dye solution of Cenchrus longispinus
(N, =280 nm)

2.3.2 BE

Pl 3b) Sz il 1 095 A2 £ 4 e i %o Ui B ) AR
P, AT R AR T 80 °C B, K AR R Al YL
RIS HE B4 A0 5 LB SR 5] 100 °C I, WO AR AL Ry
T, SREEULIT PR 2l YA s iR N B — o AR
FEE AR BN B 5 PRA R 2 Gl i 2 R AT 4R
oot



L RESH7

= RS

5 Vol. 43
Technical Textiles Nov. 2025

2.3.3  {RIE A
P&l B ) S < ol 2 8 4 WX PR IR IF ] 17
Fee I, T R0« Bl 2 R IR P T A S 4 | ) B B B
LR WG RE SR (AR E] 100 min B, OB
Rk, 3% ] R 5 1 4 Yy 32 A ] a4, 6 Ik P e
AKX,
2.4 KREZRALFAERRBALBHLEHR
RGOS BB IBCT. 20 5 R Al e v Fn 4t
P, $0.5 g MU A 50 o/L B4,
EEHIGE H 1:50 pH {H 4. 2, N IR I I i #iudig

i, LA 2 C/min BYEEZEFHE % 80 C, fRif 60 min J5
ShgyLAn, X LAY R SRS YR g
BRI B AL W RO B B /N TR AR A L i, 2
SRR LY O 0 7 22 V) B 2 S T PEE
AR RN Bk R B TR A, X T
ALE IR T ERE /R T EZ AR, H
BLODEAE S BB K o F al 2e T, A5 42 4l e
MG RE T B T AR PR ol Yl B ), Fo ik
Iy F B AR T HRE R B £ 2 2 1, Joik ik A SR 4N
i, HAa A5,

R1 RREALRSRAJBHEZLBIRIT

Tab.1 Comparison of direct dyeing effects between unpurified dye solution and purified dye solution

e} R Y Ay
YW SR (YL BRI R 0.5 /L) 1.172 1.041
B S S, (M) FAE ] 0.118 4 0.016 6
T 3-4 4
i JEE R L/ .
A 3 3-4
i FeL € 22 B (R R RS K/S B0 R IR EAE) /% 21.79 14.9
2.5 AEpHEMAEARRERES G TEE 350 116
St 3001 »
P4 W T pH KRB BRI WOR 7 T oasol A 13
A BU) K/ (E SR BBt 1 B0, T DL 4 9 | "y -
AR G R B K/S IR M R * g
pH B8 SE 3 S B Wi R, 24 pH H N 4.2 2
i, LB K/S AR e, akgeny 5 LR IGIE
TN pH {8, %222 1 B 1F R fF 5 /0 | T 4 22 b Y 3]
YRR | I 7 7R RO, 5 9] B ek s ss o
Z AV AR R TR, AR T YR e T pHI
28, B4 pH AR EHIR b f R g &R LB K/S hiAe

P15 S 1 2 o e VA T3 o) K 2 il 4 v
Yot Zr 22 1Y) K/S (AT YR B & i 52 i, o] LU
H AR ALY 0 A 22 BV K/S (B AN LA B 2 Bl
YL TR B (R B TG 0, Y Y VR R
5~50 g/ L}, 8 22 V)1 K/S (RN YL} 08 B 388 el
B MY T R I 50 o/ L i, ARG e i
R | F 22V K/ S BRI RIE 4R Ak
AU TSR Sy, 2 Yot B Rk B0 4R R 3
TG v B | ekl 2 AR TRt p e s | e six
2221 K/S AEE N, AR5 Yol it 35 2010 R
AUk S 1 0 R A A WU R R A 22 1 S AR

F AR 09 R
Fig. 4 Influence of pH value on K/S value and dye
adsorption of silk fabrics dyed with purified

dye solution of Cenchrus longispinus
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Fig.5 Influence of dye solution mass concentration on K/S value
and dye adsorption of silk fabrics dyed with purified dye

solution of Cenchrus longispinus
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Fig. 6  Ultraviolet-visible absorption spectra and standard working
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Tab.2 Fitting parameters of dyeing rate curves of silk fabrics dyed with purified dye solution of Cenchrus

longispinus at different temperatures

R/ C h,/(mg-g™" +min"") k/(g-mg ' -min™") t,,,/min C,/(mg-g™") R?
50 54.95 0.001 0 4.23 232.56 0.995 3
80 83.33 0.001 3 3.00 250. 00 0.998 7
95 103. 09 0.001 6 2.49 256. 41 0.994 9
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Fig.7 Dye adsorption and K/S values of silk fabrics dyed with
purified dye solution of Cenchrus longispinus at different

temperatures
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dye solution of Cenchrus longispinus at different

temperatures on silk fabrics
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Fig. 8 Adsorption isotherms of purified dye solution of

Cenchrus longispinus on silk fabrics at different

temperatures
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Fig.9 Antibacterial and antioxidant properties of silk fabrics

treated with different mass concentrations of purified

dye solution of Cenchrus longispinus
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