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Abstract

Papain and catalase were used to scale and bleach yak wool fiber, the effects of enzyme concentra-
tion, temperature and time on the bleach decolorization of yak wool fiber were investigated by
orthogonal experiment and comprehensive equilibrium method. The results showed that the op-
timum process was as follows: catalase concentration 7.5% (o0.w.f), temperature 60°C, time 100
min, H,0: 4.2 mL, the performance of yak hair after decolorization was relatively better at present.
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Compared with the traditional oxidation-reduction method, the whiteness of yak wool fibers in-
creased from 0.2 to 4.2 and the breaking strength decreased from 20.12 cN to 13.32 cN after the
enzymedecolorization treatment, with a weight loss ratio of 5.01%, which was higher than that of
the traditional oxidation-reduction method treatment, with soft hands and slightly lower white-
ness, but did not affect the subsequent production processing.
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1) FACH . FERNAEA B REAT 7028, 708 AR F AR 6, TN R BB 2R S0 IR A AR 5
Wbk HAhLTHE 225557

2) Rk RAARNE SRR AT H, 1 6% (0.w.DHIANE HEEHIIA pH N 6.86. 25°CHY
PRRRERZE 0P, IR L 1:30, AEIRE 30°CALEE 60 min Ji , R 52 R Bk HOHE - TR K 78 0 i Tk, 285 1E 80°C
BT

3) MALEE: RA P TG M, BE —ERENFBIR. FeSOs NaCl W, WAL 1:30, K
F i S A SR e ST IR B, Gl PR A SR B A ] AR H0, IR 4 MR
R, AHUS AK, dIEAS R BT St 25 AHSEER, M E e AL AR B T ISR A
FACHRWIE | Ps, IEZSERBIHRAIE 2 s,

Table 1. Factor levels of yak wool treated with catalase

= 1. SEASECERF AR RKTER

K i 1] /min g/ C PR FE /% H,0,/mL
1 20 (1) 20 (1) 0(1) 22
2 40 (2) 30 (2) 2.5(2) 2.7
3 60 (3) 40 (3) 5(3) 3.2
4 80 (4) 50 (4) 7.5 (4) 3.7
5 100 (5) 60 (5) 10 (5) 42

Table 2. Orthogonal experimental design table
2. EXTHRITR

RIS i 8] /min 5 W/ C 5 B /% H,0,/mL IS S
1 20 1 20 1 0 2.2 AB,C\D,
2 20 2 30 2 25 2.7 AB,C,D,
3 20 3 40 3 5 3.2 AB;C3D;
4 20 4 50 4 75 3.7 AB4C4D,
5 20 5 60 5 10 42 ABsCsDs
6 40 1 30 3 75 42 A,B,C,Ds
7 40 2 40 4 10 2.2 A;B;CsD,
8 40 3 50 5 0 2.7 A;B,C\D,
9 40 4 60 1 2.5 3.2 A;B5C,D;
10 40 5 20 2 5 3.7 A,B,C3D,
11 60 1 40 5 2.5 3.7 A;B;C,D,
12 60 2 50 1 5 42 A;B,C3Ds
13 60 3 60 2 75 2.2 A;BsC,D,
14 60 4 20 3 10 2.7 A3B,CsD,
15 60 5 30 4 0 3.2 A3B,C,D;
16 80 1 50 2 10 32 A4B,CsD;
17 80 2 60 3 0 3.7 A4BsC Dy
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18 80 3 20 4 2.5 42 A4B,C,Ds
19 80 4 30 5 5 22 A,B,C;D;
20 80 5 40 1 7.5 2.7 A,B;C4D,
21 100 1 60 4 5 2.7 A;sBsC;D,
22 100 2 20 5 7.5 32 A;B,C4D;
23 100 3 30 1 10 3.7 AsB,CsDy
24 100 4 40 2 0 42 AsB;CDs
25 100 5 50 3 2.5 22 AsB,C,D;

22.2. BGHEREE
etk 2 I R AL - IR T8, BRI T &N
TRALFERY B : FeSOy4 15% (owf), NaHSO; 3 g/L, ¥tL 1:40, I8 40°C, AbFEMS ] 40 min;
FAEABEL: Hy0, (30%) 25 /L, FEBEFREN 8 /L, WL 1:40, JHJF 50°C, A A] 120 min;
JFE AR B RER 1 g/, FERERRN 2 o/L, WL 1:40, IR 50°C, &R IE 60 min.

2.3. HEEMLRK

KH CU-2 T A 2 21 B 430} A Wi A PR AT f5 48 2 SR A 4 R AN SR S5 /R4 T 0T R YG(B)003A
7 e Sy AL B D E 24 g fr A s Sy A R, ZIRER, BCPFISME; 7E WSB-3A B L
MR YA, ZRER, BUFHE; @SSR 7K, FREFR R, IR )5 2 4ERe i &
&, HHEHEERAER,
3. TWER5THS
3.1. KREEBLETFERS AT HENERSERE

3.1 KRB AEAERTEIE S BT R AN
S BB ROK 40 25 , WLSEHE 2k R T M A TR 1 AL T 1 AL, A 1 s

Figure 1. Appearance structure of fibers before and after papain treatment at 40X magnification (left: before scaling treat-
ment; right: after scaling treatment)

1. K 40 EARMEBBLIRRTEAHERIMNER (L : FIBLIRAT; G: RBLIER)

MEHFTLAE Y, £F4E RSN SR ASE R R, (EAC B R EH R P A A i, A 0N,
SRAENR, T HEREMTET, XMELEAXEOCH, mHEAR T 5 BIE YT A e 4e iR A it
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3.1.2. KINEBBAERERES AT S TIERE
KA A FI BB A SR AT RIBRAC BT )5, 2T 4R S IUMEREFR AR W12 3 Jfa

Table 3. Fiber properties of yak wool before and after treatment with papain

3 3. ARNEBEE AR S IE R RO AT 4t RE

. PEBEFE bR
et 75458 J3/eN 724 £ fmm ST (1A AR K%
i b HE 20.12 5.50 0.2 0
R b HE f5 16.22 4.79 1.5 4.33

MFE 3 R LA, RSB AT AE R WS A TR RE, RN 19.38%, Btk
WA, (BRLF4E A A RART, AEMEM 0.2 EFHE 1S, BLMAEELE SR YRR 108k Z AT
TERIFER, 58 AR e (i 0 s R AR, AR AP 4E A BTt . s, s Vg r{E
HI, £Foe3RTm sl 8 oy AR KB, PR ALT e S B AR T — e PR PG, B EHUR RN 4.33%.

3.2. TEUSEHLENRETZHR

3.2.1. TENUSEAEIHES AAHENF ERER T
NTARBIEAMTTR, VWS R fa bR, W IEZ RIS RAAT it 500, ARG RIE 4
I

Table 4. Orthogonal table of breaking strength of yak wool fibers treated with catalase
= 4. FEUEEEAE RS AAHERRRIENIENR

FSEN
¥ ras)
B} 7] /min 5 EE/IC 5 BRI FE /% H,0,/mL W AL58 77/cN
2 20 2 30 2 2.5 2.7 12.93
3 20 3 40 3 5 32 12.46
4 20 4 50 4 7.5 3.7 12.38
5 20 5 60 5 10 42 12.27
6 40 1 30 3 7.5 42 11.47
7 40 2 40 4 10 22 12.93
8 40 3 50 5 0 2.7 12.84
9 40 4 60 1 2.5 32 12.27
10 40 5 20 2 5 3.7 11.47
11 60 1 40 5 25 3.7 12.93
12 60 2 50 1 5 42 12.84
13 60 3 60 2 75 22 12.46
14 60 4 20 3 10 2.7 12.38
15 60 5 30 4 0 3.2 12.93
16 80 1 50 2 10 3.2 13.60
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17 80 2 60 3 0 3.7 12.46
18 80 3 20 4 2.5 42 13.76
19 80 4 30 5 5 22 14.89
20 80 5 40 1 7.5 2.7 10.93
21 100 1 60 4 5 2.7 11.32
22 100 2 20 5 7.5 32 15.77
23 100 3 30 1 10 3.7 14.96
24 100 4 40 2 0 42 14.44
25 100 5 50 3 25 22 13.47
K1 61.51 66.93 68.64 62.62 66.03 64.27
K2 62.44 66.48 64.36 63.7 66.85 64.75
K3 64.21 66.36 62.85 67.19 64.47 64.87
K4 63.36 61.07 64.65 69.37 63.86 66.24
K5 73.83 64.51 64.85 62.47 64.14 65.22
R 12.32 5.86 5.79 6.9 2.99 1.97
K3 E X A>B>C>D
(WIS A5 B1C2 D5

i 4 fLAEH: IR0 R R R B0 R A > i > S AR IR E R T it
FACE M E, BNREEEE, SO 4En b Rnm Ry . Rk, S A SRR AR 2R Sk et 4k LU 35 )
REE BIRAR, BT R ASBIC2D5, HIREE 60°C, WA 20 min, A MERE 2.5% (o.w.f), T4k

A&E 42 mL.

3.2.2. EENUSEAIESHEL ST HE R R
TR A 2 S R A SR ET AR I 1 BE S D 5 P .

Table 5. Orthogonal table of whiteness of yak wool fibers treated with catalase
=5 dEASBLERRGHAEIERE

FSEN
W5

I} 8] /min el R/ C el T /% H,0,/mL =] 3
1 20 1 20 1 0 22 2.36
2 20 2 30 2 2.5 2.7 2.35
3 20 3 40 3 5 32 2.34
4 20 4 50 4 7.5 3.7 2.35
5 20 5 60 5 10 42 2.36
6 40 1 30 3 7.5 42 2.35
7 40 2 40 4 10 22 2.35
8 40 3 50 5 0 2.7 2.35

zinl
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9 40 4 60 1 2.5 32 2.36
10 40 5 20 2 5 3.7 2.35
11 60 1 40 5 2.5 3.7 2.35
12 60 2 50 1 5 4.2 2.34
13 60 3 60 2 7.5 2.2 2.41
14 60 4 20 3 10 2.7 2.34
15 60 5 30 4 0 3.2 2.35
16 80 1 50 2 10 3.2 2.36
17 80 2 60 3 0 3.7 2.40
18 80 3 20 4 2.5 4.2 2.37
19 80 4 30 5 5 2.2 2.36
20 80 5 40 1 7.5 2.7 2.37
21 100 1 60 4 5 2.7 2.40
22 100 2 20 5 7.5 32 2.39
23 100 3 30 1 10 3.7 2.39
24 100 4 40 2 0 4.2 2.39
25 100 5 50 3 2.5 2.2 2.40
K1 11.76 11.82 11.81 11.82 11.85 11.88
K2 11.76 11.83 11.8 11.86 11.83 11.81
K3 11.79 11.86 11.8 11.83 11.79 11.8
K4 11.86 11.8 11.8 11.82 11.87 11.84
K5 11.97 11.83 11.93 11.81 11.8 11.81
R 0.21 0.06 0.13 0.05 0.08 0.08
F#ERK A>B>C>D
(WIS A5 B5 C4 DI

7 5 ofLVEH: M EERE R R A B > EE > A AEERRE > R AR
TESZEG TR, AR R K, RIS (AR, HBARORAF4Em A RRGT . DR, i R A SR (AR 2R R AT
HE LA BE g A hri, 7 RN ASB5CAD1, BPI(A] 100 min, #EE 60°C, E S 7.5% (0.w.1),
A 2.2 mL.

3.23. BEHESHREBENMEFHEENFD

DA SRR VPN TR bR, W IERC LI g BT UM S50 0, BARgE R IE 6 fis.

7 6 FTLAEH: sma E SRR R F TR W > SEERIRE > BE > dEAES
B, LRSI s Rk, MR, FEA A e E BB, Bk, DLE B R Y
RABIRET, et 7 %8 A3D3B4C4, BIEFE 40°C, A MERE 3.2% (o.w.), KA 80 min, & MEE

# 7.5mL.

HO
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Table 6. Orthogonal table of weight loss of yak wool fibers treated with catalase
= o. FREUEMAIRRFAAEEESMKRERE
B3
e
W E)/min -~ 224 I C =5 RV /Y% H,OpmL  EEHILE/%
1 20 1 20 1 0 2.2 4.00
2 20 2 30 2 2.5 2.7 4.00
3 20 3 40 3 5 32 5.00
4 20 4 50 4 7.5 3.7 8.00
5 20 5 60 5 10 42 5.00
6 40 1 30 3 7.5 42 4.00
7 40 2 40 4 10 22 4.00
8 40 3 50 5 0 2.7 5.00
9 40 4 60 1 25 3.2 8.00
10 40 5 20 2 5 3.7 5.00
11 60 1 40 5 2.5 3.7 4.00
12 60 2 50 1 5 4.2 8.00
13 60 3 60 2 7.5 2.2 9.00
14 60 4 20 3 10 2.7 10.00
15 60 5 30 4 0 32 10.00
16 80 1 50 2 10 32 6.00
17 80 2 60 3 0 3.7 5.00
18 80 3 20 4 2.5 42 6.00
19 80 4 30 5 5 2.2 5.00
20 80 5 40 1 7.5 2.7 5.00
21 100 1 60 4 5 2.7 5.00
22 100 2 20 5 7.5 3.2 5.00
23 100 3 30 1 10 3.7 6.00
24 100 4 40 2 0 4.2 5.00
25 100 5 50 3 2.5 2.2 5.00
K1 26 26 29 28 29 29
K2 15 15 15 15 15 10
K3 43 36 31 33 31 30
K4 26 30 32 26 30 28
K5 26 24 30 31 29 27
R 28 21 17 18 16 20
B NE R/ A>D>B>C
(VS A3 D3 B4 C4

HO
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3.24. AIREEYEEHEEYBERRGRELE

SR AT AR HR S0 B TR R bR B Wi 2T, 15 2B B FR AR AR 22 2 T AR 7 &
SR G FIARAE AN [F) D5 2200 S 44 45 RS MR 2 AN [ A T 45 6 P 0, A7 HE B R T 258 ]

BRI E A A T, RIER 4~6 PARHIEERIEAT oM LE, ATRMRH, XA FEE bR
5, AFIFE R,

BEME A): THREANE, HNEARREENRNEK, WAS, FHELHE; S TAENS,
HNE A RREENHNE, MRZETTUSEH, BAS; MTEEHRANS, NE A BEREENRE, L
Wz LA, B A3, BT LURRIE 2 5 Al A IR SR bR 0 EEFERE, % AS.

BRI B): W TFWiIRR NS, KR B 2XEENFEER, WE\EHKE, B MFTAENE, K
B HRREEWKE, MRZETLEE, BBS; MERHRIKERE B AEIREMKNEK, REHKLE,
B4, AHESHRE. R4EZEEM B R AR E R, %I BS.

A AR (R C): X Ty, FE C REREMREZE, WMEkzE, W C2; XTFHaEE
Fr, &R C RERENHNE, W C4, AHELEE, N THEREHAMS, HER C RERKENKE, I
C4. FrUMBIEFZE C WA FFEFR E R, & C4.

MAEERE(RE D): TSNS, FED RRIRENEE, DS, RNHELAEE; T
FEME, FEDERREMFZE, WIENZE, B DI M TEERARNS, FED SXREENEE,
MARZETT LIS, B D3, MR 2 50ia i D AR FFE bR BB, wH D5.

gi b, R A A R R (Y e L2 ASBSC4DS, BIE[E] 100 min. &% 60°C. it % ik
S 7.5% (o.w.f). ITEAMEA 4.2 mL.

3.3. £YEHE T 25455 FR G RA4EMRERLL
Ko etk T 2T IR RS (55 R 5 4% G A AR IRVEEAT PR REXT LE, 45 5R IR 7 Fios.

Table 7. Comparison of fiber properties between biological enzyme decolorization and traditional chemical decolorization

= 7. £ & SRS U FRERRTUEMREXLL

ﬁ;\fﬁ A3 H1/cN 220/ i ARSI F
R R RE h 20.12 5.50 0.2 0 F
At i € 13.32 5.76 4.2 5.01% BEW

AL - IR JE 7.89 3.48 6.11 7.98% —

SIS EEAT AR (A5 BRI RRAE UR A EsR J0, EERURFN, PRESREL it
Jr TN AT 207 wh AR PERERCA s (ERAELT YR AT T, BB (i 2r 4, A U

MR R AT R e AW ECRCIR AT, £ B G IR R, PR X B B AR L A BRUR R
R, LEsmakl, SESEgEL - RFRROENH, 4RI Mg i Gk b i s BIRLT
YER) A R, (HR R MR A AT, DG e e I BORSR, 3 BUG I b i B ARG
B g eb (¥ ar itk W G PR

4. &g

1) SRHAIANER B e F 23 AT ISR RE ) T 2w DRI, 1R R Mg b B 5 e 7F 4R AT 4
MR 2 —ERENOR, AEART, AR TR KB R ARG,
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2) RMIEALSENE Sre-TIHE, HiE 1 I S S MR e G AT ¥ 1 e (o i foe B T2 9% A, B

/] 100 min. L 60°C. LEALEEE 7.5% (o.w.f). TEAEA 4.2 mL. B 1:30.

3) SEGHAER GO, RETZ TN AV ARG AR 48, TR, Bk, HH

JEHAC B AR, ISR, IS g T, K, KR —MEEmR—E B, JUSTRERY 55
NWTE, FESEBRAEF o BA — 5 BRI A {8

B VIR, s OIMR, NIBORL, ARG TR — AN B R T 1A, AT B RS

MO AT G, FF T ISR 85 TR R, 7 R R (2 4 ) P K
EEUH

2022 R A e E X PO R QU BN ZRit- R H (WU H 40K 95430 pH BAREIRES KB i

Kl 4%y 35 24T RE 2021 #24% SRT i H (8517213108 8517211004).

SEEk
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