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Research on a Complex Enzyme Preparation for Bleach-Boosting of

Sulfate Softwood Pulp
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Abstract: Aiming at the problem that a large number of chemical reagents are used in the bleaching process of papermaking
process, resulting in a large number of harmful compounds, causing difficulties in wastewater treatment, this study
developed a complex enzyme preparation for bleach-boosting of sulfate softwood pulp, based on oven-dry pulp (ODP),

which consists of laccase 25 U/g, xylanase 20 U/g, lipase 20 U/g. The whiteness (1SO) of kraft softwood pulp was 69.16%,
which was 7.37% higher than that of chemically bleached paper; The bursting index, tensile index and tearing index of the
paper were (1.3940.01) kPam?g, (25.7020.19) Nm/gand (23.6540.13) mN m?/g respectively, which were improved
compared with chemical bleaching. The chemical structure of pulp components was analyzed by Fourier transform infrared
spectrum (FTIR) and high performance liquid chromatography (HPLC) . The physical structure of pulp was analyzed by

scanning electron microscope (SEM) . The results showed that the developed bleaching enzyme preparation had significant
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bleaching effect, could improve the physical properties of paper, and could reduce the use of chemical reagents. This

research provides technical support for the enzymatic bleaching process of pulp, and has practical significance for promoting

the green development of the paper industry.

Key words: enzyme preparation; bleach; brightness; pulp; xylanase

Bl & 4= BR A TF I RF 2238 KRN AATT AR V5 7K P 1 32
B, AR K AR B TSR E A M pR
WRALR R ARES SR ARG R DA 3.2
fCml/EERL, BRI, o 3 AT M A PR R ) R
WG TR UR AT R . RIS e Mg Pk . S i
WAAT W O R 5T E s, TR 2 NI H
1 BRI 34K T RS e, IRKRERE
VR 7528 7 A 10 B S T R PR AR R K o SR
EIEA QBN R, EEA TFH, AR FER
BEATZNEGER (ECP) A, KM CIo; #R
AR CLHHTEA. Wb TR, HE
RGNS G4 B ECF E 4k, 5 (TCF)
AR AR, TCFEHRMHA (0 RA(2).
HEAE (P MEAR, HEARAKPATHIE
W, B 52 TCF 8 (e MR 2, T8 R K T ECF
EEHARB,

A AT R R R IRBE AR, AR
AT 2 5N A WA R /D 5 S5 (9 77 A
SR [0 AU AR O 260 B R P D HTIR T B . X R &2
A — AR, o A= WDV 1 7E FAR ¥ e B AT R )
B, $8IF TRK =R A T E, SSRGS E
R R E ST, B B AE RS (A T 9 3 B
FAARGHEATIEL (. F BB Rl AR RAERS. fRid
AN AR ZLENEES . B TARER A
JRERLFUE RS 2 RN, BRRICITE SO s 3k
PrEE 8, T R R, SAM AR
P S BIE . Sharma ZPIESE BE ECF ¥ (1T H

SR Tl R SR S b ) A B, T DA S BRI 4 1)
RO, oot Bk GE, B30 5 S A s
SUHIAE. Yingkamhaeng 21012 i 5 A BB i 1)
Al bR AE YR H e, PRI AL EGHEATIE R, WA
MARF . Guo ZERUIRRE. A RPERE. H 5 JRhE
BEHEAT A BNE A WF A, F AU ST, MY AT
DA 2 R, ] AP AR . R’
IR LI 7T AR A B R AR, ER TR B 2 S
ook 5 B A EGAT ECF A, FMEEES
FEVNT . LA, AW SR B B I8 7R AR HE AN A Y

ARIR EORL A BB R A SR AN LE A1 o

N T R PRIXEE R, RSO A R A S
TCF A4S &, UMRBREREHH AR ER, A%
Wi AR SEBEBEAN R B AT R BDER A, TR —RRE
R R R AT AR A RCR 2 Al 2R
o ) 7R HEAT A B A T AT S A 3t 4T TCF
W, BAAREEARITER, AEAEDR, W
SEggm /N, T HIS s 7 AR B RE . R, AR
W FEIE 3 — 0 i At 1 R A BT B e O TR AR
RIPTRENLAR o I T A BRIR Eh B I AR B TR 2 5 il
A, RS B FIRSR RINARIE A TS
%, BN A T ERMBORSCE, HEz)
AAT LIS R R .

1 MR5RE

1.1 sKIeMs

RIE R ER B H AR AR (1SO H [ 46.88%) Hi K
AR R TR S TR B I, s B AR 5
PR FH R A AR T RS AR A R A ] B
M, BRI R [ S 5 ORAT 1R R P R BRI R o

NaH:POs. NaHPO4. £ %4 2./ (EDTA) ,
LR ZREREARAR; ROMmEE (PVA) « AR
TREN TR, BB T AR I A PR A F] 5 3,5-
TAHHK SRR (DNS) « RS 4E Ry,  RiRIE
EVREA IR AT BRI 9 75 i 271

Agilent1260 =GR OTE RGE, wHERRH
AIRAF]; FD-1A-50 B E AR TENL, JbaifEiE
RESZIA B PRA F] s RK-ZA-KWT HY s 48 7T pl 774
o, ME PTIAMRAF; VERTEX 70 %Y {H HLH-AR i
ZLAMEIEAY, EEAE AR 9701054 BUIKRLET iR
Bl 062969921 RIHrsk s SE051 Y AL FEAX |
02 9699 20 ZUf FEMAAL . PC CTP-1SO 4 {4 Rl 52
1%, Hidt L&W A7 .
12 SKWHE
1.2.1 BhiZEgEAa N

T AR AR ZERERE . N B 75 e A7



2026 4F

b, S BRI ah BT AR B S MR R O E T

TR —FEE (35 5, BERIE (135 503655 AR SR A
Bl A2 5 g 1) ) (P AR 713 o T e 12k o

Hilig: RIFREL 0.1 g IR, AENEEE. fei
B VAT 10 mL 0.1 mol/L BERRANZEmMVER (pH
7.0, 14 713 EE 30 min, 4 °C.8000 r/min 55> 5 min,
B I8 TR s o 43 )0 52 5 0o i I 0 M
£ 50 °C. pH 7.0 Z61F FARIR 2 h J5 BRI 77

HAEM: S JE S RS A E . 3 P
WWHEBIFEOE, S 2 mL RS JENE &7E
50 °C. pH 7.0 2 MR 2 h J5l5E
122 KFERBHOH

FE ORI — & T AT 2R S5k, 428 38 [ m]
A BEVR S S AhRAE (NREL) , X JEURHS E AL 224
SIHHTIE, EFERAKMED . AR (BRABAKE.
FRIGAZD « KB AR 5y
1.2.3  KIZRIHARB ik

WRBRIBEEENEB T/KTL 4h 5, Hink
24 cm? B F o TEBUANLF NN 20 °CE B 1K 18 L,
PRI N RL A RN SRR AT B
HEAYER T HII 5 BifRERE, BREMEIN K
85, XET KM, HEINKREERT,
b J5 F 2R T BUAS HT 8 T HUS I 2ZRRBON 5% B 48 2%
BHRAE, BT 4 CHEEH-PHATK S, W Pk G
R KR,
1.2.4 BhIZ A SEEHIF T EARMR

Wi 52 G T ) 70) B DR 2R A S . AR R AR S5k
RN, £ pH 7.0 264 ~, DAL 2R HE0E, IR0
fifg (10 20+ 30. 40 U/g, EFAIN 1% N AREIRER)

RHERGE (10, 20. 30. 40 U/g) . fiENilERE (5.
15. 25. 35U/g) F3 nlidtA7 4 Bhise B R 25 S .

WA B T2 B8, AN [F8 0 2 () e )
(1 0.1 mol/L pH 7.0 BEERENZE PPl AR ) » AR
BHRFE T A 10%, 7F 50 °CIEIE KB &M 120
min, &% 15 min FEEEAE—IR, 2 h 5 2K
o XTHRALCRINEE, HARHKM—2.

MRPE R R SIS R, AT Lo (3% IEAZ IR
1, TN IEAE SEER AT H e A 2R AR AT BRIE S 58

TIRERAREE: N T IRITERHI BRI UEZE
(S ISR AT R B AR B AN — O ), IR A R
B bb 5 55— YR B TRUAL FEAH F] o (R B 52 B S 3ot B A
£ ok il 1) 7] Ak R 1 R VKR 19K
125 #%KZa

YRIZAE FRNB/K IR S NN 1% EDTA, 80 °CH &

. 3 .
0.5 h J5 HZEME/KEEE, T 3% NaOH. 6% Hz0,.
0.4% MgSOa. 1% NaSiOs R IEATIE [, 70 °CAbHE
1.5h, EPEHEG
1.26 Fib A 0941 %&

HCPAT7K 5y 5 W 2R0kE, i DU 40 0 Rl 2 2833047
FYRPYE, FiEF R gtk e &% 57 60
o/m=2 FH R THR&AFA: B2 E-90 kPa, TIEHEE
95°C, FHEITE 10 min.

1.3 ®WMAEE
1.3.1 BgEH e

BRBGHEE 7154752 UON: 1E 25 °C. pH 5.0 %1
T, 1 min %4k 1 mmol ABTS s B E, BN
UimL. REEEE MR ABTS Lt KB
25 °C{#3E 10 min, 7E L@ 1 mL 3& 4R
B 1 mL 4R-LFRANEE M (pH 5.0) , Z &N
A 1mL ABTS JH3I %N, MERT 3 min 4 420 nm 4t
W P I AR IR,

KRR BEB S /) ALE LN 55 °C. pH 5.0 %%
8, BB AR KA 1 pmol AHEFT
(B, BN UmL. A SEBERGTEPER A DNS v2
B4, R RE S A SREE B VBRI K SR 55 °C
PR 5 min, WREL 1 mL ARRREREARS 1 mL AR EbE
IR A5 55 °C M 30 min; SN 58 A IIA 2.5 mL
DNS & 5 min, BWHIEIMAZERKE RS 125
mL, W5 540 nm &GS .

JE 5 B R ) 506 5 LR 40 °C. pH 7.5 A4
TR BOKIRIEYI A 1 umol TR <€ AR I R I B i,
AL UImL. AR e 1 SR RO Jih v 0 sz (45-28)
7£ 150 mL =AM PVA B i L AL 5 mL Al
0.025 mol/L pH 7.5 B FRZ% MK 4 mL, IIABEE 1 mL,
40 °CJ= ¥ 10 min J53ZRIANA 95% B¢ 20 mL H 1k %
N, INEyELE N7 2 3%, A 0.05 mol/L S AL EN bR
TR € BT N s . TEEA L T35 T AR
AEB &

1.3.2 ZEBEHMmy ST

WSCEE AR IR 1 5 R, B VAR (B 7R 22 3 WA
MEHBH RS E. FRORSE.

1.3.3 &Gt

VT A S P ARIR B e, EAT IR SF B3Pk
KR, BSRAT G R e AR 2R A 1
1.3.4 KK ADILIE LA M)

W & SE R T4 7 B TR % e R (231 °C,
MG B HI7E (5042) %MIIE TR =, HUE I



04-

[EAT 4 h, DR ik 2IF80E IR RS .

ERL R R GBIT 451.2-2002 (48F14%
BB RIEY « GBIT 451.3-2002 (4% AI 464 5 )
e krill, {EAFALE 2 RN EBCFIE. Pk
1% 8 GBI/T 12914-2018 (ACAI4CHR ks it il 2
E R AL (20mm/min) Y vk, FBUoK 5E R IR L
FFP Fr, sk W e K v SR . IR
Kl 4% 18 GB/T 454-2020 (4SiR Ak FE s ) Iy,
FH it B0 B W 52 (SO &2 90 B3, il oK IE
1. WiZLEEF5IE GBIT 455-2002 (4CAN4CH T 2L B 1)
WE) J7ik, MR BN E SO AT #2GR5E, ds%
T I L
1.35 -F1afaaym e

1% GB/T 1546-2018 (4% RAAMEMME) B
ik -RAE. BN 500 mL ZE1REK
Bifft 25 g 44T K, RAGEERTCEMRE. KRR
JEMIREHERS 22 2 L pedf b, A0 2808 K0 B i pL it
T2 PG, IR — IR d, mial
SARFAN 750 mL. KRRl R 25 CCoK I 1 -4
I, 8% 54 100 mL 0.02 mol/L KMnOg4 FR#EVE R AT 100
mL 2 mol/L iRV RIR & - LR E N 25 °C, Rk
BINIRFE S FFUR T o Z8MK PR PRIR A R8s,
PRRE R 1 L. 78N HEAT 2] 10 min i, #ERHEE 20
mL1 mol/L ML B, IS B o DLZE 1 e B
SERPE 0.2 mol/L B ARHR BR AN bR HE T VRO VA AT
TE o I IR B BT, SRS i) L e b
TR TR RF, dRE/ N0 e, BERRIE AR
TH A, T HERAIE S5 BT T FE R B A B IR B v v R 1
*/131[17]
1.3.6 A4 2ot 3 e r Sh ki AT

TELRIK I 3 B e, {8 B AR 3 2T A 1% 43 A mT
TAHGEER., PAERMRRNE R E &S FE5
Y BRI A) JE AV VR TR, IS BORE S S TR
B TR O 1:100 W ELBIEATIR S REES, R R,
0 400~4000 cm™, 43 HEER 4 om 8],
1.3.7 4% (SEM) M

B2 g 4RI LA 2% 3K B 4 BUE 26 B8 K R gk AT
AT HRACEE, F/NEEFREUD SRR T SRR b,
Mi4> 60 s FEAEFR 3 K5 B T2 = N T FFEIINL,
MK R A 5 kP,
1.4 HEST

8] SPSS B AFX SIS B AT Ge it b, BT

ARBRRE SR
SIS EE 3 IR, SEILE RN “OPIE R w27
o, WIAIELEEK ] one-way ANOVA 73 #. P<<0.05
R R ) 2 O B35, 0.01<P<<0.05 HfFRR4l
A 22 2%, P<<0.001 Wy FRn4la) 2 il H B3, M
P>0.05 N KA A LA B EEZER.

2 #R5THE

21 BNESEEHIFINL
211 KFAZ DA

W FRUEFROR ] HPLC BEAT R 2047, 073145 2]
AR KPE. PIRAARErbsE 26 5 72, AR
M 28 75 FE 9 y=62573x+14009, r=0.9929; A MRt
i 28 77 F A y=62310x+13053, r=0.9926; [+ fHHEbn
YH 2 7 R y=69297x+4411, r=0.9930. X F/R & B
PR EIRIE, y Fon &I . A r ERTLLE H,
MR ARRL, ATUHTF A IR RERER R
B ARSI SRR 1. IR ERE A KRR A
JR 2RI R AN Vs A 2% 2 B8 A TR R 6 i i A
MIBRIR $h RAT I ZB], IRy IR EEHh iR & i,
R 5 A A A R T PR R

Rl RRPASWEE

Tab.1 Component content of pulps

Hoy EEIY% Hoy EEIY%
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AR ALY 4L n=3; LRSS A A LEL 0.01 < P <0.05, **
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Fig. 1 Enzyme activity stability of different enzyme
preparations
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Tab. 2 Effect of enzyme dosage on bleaching effect

B4Rk EEAINE/(UG)  1SO FE/% A
0 54.1640.61 4.2140.13
10 54.3040.69 4.1140.11
peis 20 55.0340.59 3.7640.10
30 54.21+40.69 3.8840.12
40 54.1240.71 3.9140.14
10 54.2040.59 4.1840.21
20 55.0540.63 3.7140.13

VN
30 54.3040.61 3.9440.15
40 54.1040.79 4.160.16
5 54.1940.64 4.0540.17
) 15 54.98+0.59 3.8340.13
Jig Fiy g

25 54.1940.71 3.9640.14
35 54.1740.81 4.0140.16

B R ISEARS NS HEAH L 5 3 ol il B f At B 1

5
fE— R B3R 7 AR, R TR REE, A
[F Wl ) B AN I AN (] o R AT R S BB B AE VR I =
20 Ulg I 4R A P fe i, 1T HiE i BiEAE 8 N &0 15 Ulg
I 2R 1 S foe o 3 Al PSS T IS R BT — € O
BRI, ATRERIALEE Y. RERAEA A AE I RS
EAREMATR, SEmEARCR AT LUK
FLYER, B FAAERMIER AR, #ITAR
LRUEI R IR G, AR R S Ar ke A s R iy i
AL BRACK P AAAE R DB IR, T RR K f
15, A2 ulGh 5 AR 2T 4ERE i S 4
214 EXHAER

RYE AR LI GE R, AT IR AR E &
it b1 790 B0 B B 1 AE SO SRS, AR R 3. IR
3L, WHEHERISZHEB Ry C>B>A, KU a7 B x
BEER SN R R & RERE S S 48N
AsB,Cs, R[N 25 Ulg. AZEFEEG 20 Ulg FAE NI
20 U/g.

*x3 EERMENBEHRIIFN
Tab. 3 Effect of enzyme dosage on bleaching effect

a5 A Bl B KR HEEG C N&bits ISO /%

1 15 15 10 5451
2 15 20 15 55.46
3 15 25 20 56.28
4 20 15 15 54.94
5 20 20 20 56.47
6 20 25 10 55.46
7 25 15 20 56.68
8 25 20 10 57.80
9 25 25 15 54.90
ky 55.42 55.38 55.92

ko 55.62 56.58 55.10

K 56.46 55.55 56.48

R 1.04 1.20 1.38

215 RIEER

X IE RS SE U A5 R Rt B A T A A
(A3B2Cs) BEATUGIUESEYG, S HIBe ]I FsL AR,
FEATHAE A, S8R 2 Pk,
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Fig. 2 Effect of complex enzyme preparation on bleaching of

sulfate softwood pulp
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(2.18) ik 0.23. FRZERFH, ZEGHFHFIELR
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22 FREFMHARREAS S

XF MPMP 271 PP ZH2E (B8 A it A7 R il

PO 2H o3 AR AN, A3 AT B ) 7R 0 A A 4 P A P

ARBBLEZ R
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it i 2 77 5/ y=55311x+2192, r=0.9937, X FE~&
FRUCIE, y RN IRIEHIAR . M r (HAT LB, 2tk
REARL, AT T #4100 15

FIREHHARIRA KIS B NER 4. MPMP 415
PP EE . ABE . PTRARE S BT PP 4,
MHARM RS EmT PP A, ALY , Ha
A BRI T 2R AR, AW ] A1 B 3 R
TR YR R . A R A AR
A RIS RN 1R - 5 RK W, A1 PP 4AHLL,
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Tab. 4 Component content of bleached softwood pulp

) HERE%  RBE  BTRAANE% HIRI% LK%

PP 50.3040.33 7.3640.09 3.6330.02 4.160.03 2.6820.01

MPMP 57.6340.42 6.5440.08 2.9140.01 4.7240.03 3.0140.01
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il E 0o e i AR SR ) B i B S 45 SR LR 5
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TAAG AT A A 3K T BE R PR g i 750 s TR 4 P 421
YEmt, FERLTAELL BN N, YT RN, M
MARTE T AR, YRR 3R M
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Tab.5 Effect of enzyme bleaching on physical properties of
softwood pulp

5 TS BB BUiksREY LB R
(kPa m?/g) (N m/g) (mN m?/g)

PP 1.3340.02 22.6040.15 20.1540.12
MPMP 1.3940.01 25.7040.19 23.6540.13
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Fig. 3 Fourier transform infrared spectroscopy analysis of
coniferous wood fibers after different processing methods
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Fig. 4 SEM images of softwood fibers treated in different

methods
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