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The Effects of Protease and Lipase on the Detergency of Fabrics

Jeong Sook Lee and So Wha Chung
Dept. of Clothing and Textiles, Gyeongsang National University, Chinju, Korea

Abstract : The effects of protease and/or lipase on the removal of protein soil and oily soil were investigated in this study.
Cotton, rayon, nylon, and PET fabrics were soiled by padding of fresh bovine blood and spotting of mixed artificial sebum
evenly. The soiled fabrics were aged at 130°C for 30 minutes. The fabrics were washed by using Terg-O-Tometer at var-
ious conditions. Protease and/or lipase were added in the alcohol ethoxylate (AE) detergent solution. The removal effi-
ciency was evaluated by analysis of protein and/or oil on the fabrics before and after washing, respectively. The detergency
of protein and/or oil on the fabrics was discussed with enzyme concentration, washing time, washing temperature, pH of
washing solution and fiber characteristics. The hydrolysis of protease improved effectively the removal of oil as well as
protein by increasing removal of protein-oil mixed soil at the same time. The effect of lipase added detergent solution
was slightly shown on the removal of oil and/or protein. The removal of mixed soils from cotton fabrics was very low
because of large amount of residual soils caused by the physical characteristics of cotton fiber.

Key words : protease, lipase, oily soil, protein soil, detergency
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ok AT 7R Akt SEANRRE QAlolA 24
He gA7F FE 4o, e giFRE AR ) o
AT Eoll 8alHA ¥ong Eviozs A|77} o
U, 578 495 AYslae Al EfoE B Lo &
AEBE FAES R A7} 7he IR, AlE ol gl E)
AARA] S5 GAEe] Wi ZEo] ) gl Al Fe
FoTEe FA8k APE F7H71A "ckCutler, 1972).

aveg il shpis) g et A AR gAE AHo o]
gl A froll F-2kE Qg virRslsle] 840 A st
Eoll ¥4=7] A 81 Apgol) thiAg vzl z Balso) ¢)
d o 7% | AAEER MFo] o} g1 7R B
th 80| 7irRele §40] 713 Hol4e uR3 o 7R
Sl wet 7iisl] ) gEiAed dHEe] 2A0R s
pH, £, ¥, A2t 5% & & Stk AlFe o83 £ Je
Raw 71 Bolido] Feista, vlwa] z2oMx SY=st
£ dzhe] ZZHoM| (alkaline protease)?t U] ) 914 (alkaline
lipase)’} E&Zo|ThelH F, 1996: o1 F<2 4™, 1996).
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AA 9] AR FABH TE QAF N o EFF
£ AgEe 723 U, AE Aol IdEEAs E EFES
A7 G4%E, AFHRE, AT Alde] pH <] Wsle)
e AF3E FHHoE HESAT AEAde Hrie 9
279 ASE AHAE 27T FANIE-S o]&3l Al¥
£g AEAT, AALT7) A9 MC2 labetd trioleing ]
A oo EF AR AlA AX 7R radioactivityS
liquid scintillation counter2 243} M2E-2 H7FEINTH

2. 4 #

2.1. AEE U Al

AMEE ARRE A EL 4 TREA, 3= IR/ AIE AAe
oA Az G A= APE WIEKS K 0905y AHE-3t
gon 1 EXL& Table 13} 7t}

AleF s ZZ2HoA=  bacillus  licheniformisZ2 8 A&
alkaline protease$! Alcalase 3.0 T(Novo 2t%d), @ IAl&=
aspergillus oryzaeZ5E] -2 alkaline lipase?] Lipolase 100
TNovo AH), @3 o7& A ¢8& AMgsieH, A
AT At 17 o142 tristearin, triolein, stearic acid, oleic
acid, squalene, hexadecanol, cholesterol& AME-3ITE X]F.Q
Fo] w994 EXAZ glycerol tri(l-"*Cloleate(Specific
activity 57 mCi/mmol, radioactive concentration 50 puCi/mmol,
radiochemical purity 99%, TL.C. on Silicagel, The Radio
Chemical Center, Amersham)S AHE3tth AHEAA=
alcohol ethoxylate(AE, RO(CH,CH,O)nH, n=7, C=12, LG3}}),
2,5-diphenyl-oxazole(POP),  2,2-p-phenylenbis-5-phenyl-oxazole
(POPOP), toluene 5 7|EF AR Alef U od& AMS-SIATE

22 dgwd

232 A : AFEES 7.5cmX¥ 10.5cmB A AAF
ol 1344 AANA 152 A2 HYPOWMA 187 3
Al LGNA AAAZE Gl oTF Y TE)E T
St $¥ 0TS 75cmx35emz A MC Ez) Ly
AL HN3 AFTAA 2FNE micro pipeteE 100 pH
UsHA HA3sled DA A de] EFLFEE WE o, &
AAZXF F 130°Ce] LEA 3087 A8l LFEE
AZ3Ge}. olu) AFES QATHA Qo] ZAFL Table 29}

Table 1. Characteristics of fabrics

Material Cotton Rayon Nylon PET
Weave Plain Plain Plain Plain
Yarn No.

Warp 308 120D 70D 75D
Weft 308 120D 70D 75D

Fabric count
(ends X pick) 141 X135 175X109 214X150 210X191
Weight (g/mz) 99.81 71.99 57.52 73.14

Table 2. Composition of mixed oily soil

Components Content (%)
Tristearin 23
Triolein 23
Stearic acid 15
oleic acid 15
Squalene 8
Hexadecanol 8
Cholesterol 8

Table 3. Composition of detergent solution (%, wiv)
Surfactant 1, S0, STPP  Na,SiO, pH
AE
0.02 0.08 0 0 7.0
0.02 0.04 0.04 0 9.5
0.02 0.028 0.04 0.012 11.0

2t} o)z Zol Axg LFEE dAIACIH Yol 1~5°C
Ware] Baste] AMg-sigith

AP Mole Table 33 2 A0 2 AR5l ALE3}
93, AlHL Terg-O-Tometer(t G Y 714 2HE:, )5 A}
83l 7 $F LFEE 3FH 500 ml Mol ¥ 7+ A
Y 27004 100 cpm@ 2 MHFH F, AF A9} e 2A0A
587 23] A7 T 37150l AQdAzEAc

G e o] MAE Hrb cAA dF o7z W HkA}
& =% AAA(Model TC-8600, Tokyo Denshoku Co.,
Ld)2 393, zHzt 332 ERuilge] HaExE ARSI,
HNHEL th29] Aol o) AE3ATh

ANHE(%) = l%::—_——ll:—ss x 100

Ry : ¥3e] AU

Rg : EXO] FHTKREE

Ry : AHE] U

Ao MAE BHrl A AF I EAd=
radioactivity® 293} 4+=381t}. Liquid scintillation solution
2 6.0g%] PPOS} 0.1 g% POPOPE 1000 ml tolueneol 83}
AlA RFEem AlHE X 1S 20 ml vialHo) RS
2 o Ale th¥ scintllation N 17ml ¥ vialH &
liquid scintillation counter(Beckman 6500)%141 287} counting
3l count per minute(c.p.m.)OE Tha-2]o)| oJsla] MHES 4t
&t ct.

HHE(%) =

e

D,-D,
I

D, :AAE 272 cpm.

D, :A33% Q7¥9 cpm.

x 100
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ZZHoA L] FEE 0~500 mglE HEAA W3t Za]of 2w
E2 AES Yoz H4¥3 Fdde Fig 13 2o Fg 12
B ZZElopAe] Tt Eokdlell wEt 50 mg/hA] Ml EHA
o] FA3 A F7IeIA oY 1 oo FxoME AHES F
717} E3}s]o] 500 mg/7kAl AAEe] b7 Sksisit. o)
A AAHA Z2H ol ] 7R 2Hgol QEe] AlAd F
83 AR 283 AA2A 7R FEo] AXH MHE
T oo mel Fdldhe Aoz Az e)desn gAaHE,
1996-2). £ AdoMe E&HA TEZ 50 mylE A
ARE-3lATE HAEE AFHES B AAMR Hel FAA
3 PET 3E Hoh Mage] MAHog Wglon wxZv}
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Fig. 1. Effect of protease concentration on the removal of protein in the
mixed soil. Conditions : Detergent conc. 0.1%, pH 9.5, Temp. 40 & 2°C,
Washing Time 15 min, Agitation Speed 100 cpm
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Fig. 2. Effect of lipase concentration on the removal of protein in the
mixed soil. Conditions : Detergent conc. 0.1%, pH 9.5, Temp. 40+ 2°C,
Washing Time 15 min, Agitation Speed 100 cpm
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Y3t A= Fig. 37 2t} Z2EORE M1 3 AFA 7
o] F71 45 A& go] FolH o, 53] 5-30% oulY T
ZF AFe 2 AFHES] F7HE UERIUOY 308 o]Fh=
AH g2 S711F SRt o] RS Ao AMEE Z2EokA
7} gl F-AHg Tl 2k8-8 wjolle YA E w7 3}
29k gA47F w9 g DAY W8 AlFsle BAE U
232 247] iRl Aoz AztErheldsa) A, 1996-1, 2).
A H7iaake vle|El] AR ©@EA| Yo} Z2H ol H7}
Aol Mg} FAEIA R, Bifg o] o A5 2He-2
WEREA] gsttt. 53], ZRHoe elapA|7F Exshs 79
T ©AS JigRsishs 4ol Hohe 9L x| ohs)
WAeR 2], 2000), @A V1ES FEASHA ¢ &
HHo 2 sirRastod el & AA™, 1996-1) AES AWg
gA|ete] Az argel oale] B AYoME 23 MHERE
VeIt Azbec,

100
e}
c
e
o 60 I
a
k]
3 & AE+protease
g 20 F -~ AEHipase
[+ —B- AE-+protease+lipase
0 — I} Iy
0 20 40 60 80
Time (min)

Fig. 3. Effect of washing time on the removal of protein in the mixed soil
from cotton fabrics. Conditions : Detergent conc. 0.1%, Protease conc.
50 mg/l, Lipase conc. 100 mg/l, pH 9.5, Temp. 40 £2°C, Agitation
Speed 100 cpm
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Fig. 4. Effect of washing temperature on the removal of protein in the
mixed soil from cotton fabrics. Conditions : Detergent conc. 0.1%,
Protease conc. 50 mg/l, Lipase conc. 100 mg/l, pH 9.5, Washing Time 15
min, Agitation Speed 100 cpm
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FA5A A=A vzd Ao MFH 't 5A U
Rt e MPAT (AT )11, 19870k dAske 7
oz ZagohAe] HrtaIE 25°C~40°C F2oA 7P %
kot 60°ColdolME ZREolAle] gik= @AEHA ok
o}, Aate)RsT AAE, 1996-1elMe 50°CHA] &4e]
gago] 7P Fghout B Aol Algd i 8o T
ol . 22 e TEsL 22 M Fol E3 BE 34
a4 WAdsElo] ZaHotAe] s 2kgo] A EStEAL,
AE®] AWEA o2 A7t T3] ol FuE o
Q77 AEo) 1AF o] AFHoF MFFo] HAEHA Holi
Aoz AzZbEh e 50°CHME AE @EA oA T}
10% Wele] AlXEe] F71 JepY Zasop o] M7t
ZH7h 60°C, 70°CAME A2l YRR ogol ARHAR] 2|
olA|e] &% EAdo] 2lE YERITHNovo Nordisk, 1994).
Aete] pH7} TA - A o FE Fo] vuld oo A
HAAol| WX Gkl s gotEr] $13] pH 7.0~11.07H4]
W3l A A¥e A Fg solvh AdZxE B Age]
pH7F &2 Zog 145 ol o] AA7E F7kshe A
2 2 4 k. dubyoz Ade] pHrt dHEAHoE 25
thilge] ey} 71l we Yl o FadlA T
A Ago] EOITHEIIET, 1970: FHifET5, 1985: 1A=,
1996-2). 3, LZeolx] HHEe| Frlshs AL 27Fe
AEAS F3lsle] 7SS TEo) 83iA17IH, Aleie) A
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Fig. 5. Effect of pH on the removal of protein in the mixed soil from
cotton fabrics. Conditions : Detergent conc. 0.1%, Protease conc. 50 mg/
1, Lipase conc. 100 mg/l, Temp. 40+2°C, Washing Time 15 min, Agi-
tation Speed 100 cpm
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Fig. 6. Removal of protein in the mixed soil from the various fabrics.
Conditions : Detergent conc. 0.1%, Protease conc. 50 mg/l, Lipase conc.
100 mgAl, pH 9.5, Temp. 40+ 2°C, Washing Time 15 min, Agitation
Speed 100 cpm
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Fig. 7. Effect of protease concentration on the removal of oil in the
mixed soil. Conditions : Detergent conc. 0.1%, pH 9.5, Temp. 40 £2°C,
Washing Time 15 min, Agitation Speed 100 cpm
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Fig. 8. Effect of lipase concentration on the removal of oil in the mixed
soil. Conditions : Detergent conc. 0.1%, pH 9.5, Temp. 40+2°C,
Wahsing Time 15 min, Agitation Speed 100 cpm
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Fig. 9. Effect of washing time on the removal of oil in the mixed soil
from cotton fabrics. Conditions : Detergent conc. 0.1%, Protease conc. 50
mg/l, Lipase conc. 100 mg/l, pH 9.5, Temp. 40+ 2°C, Agitation Speed
100 cpm
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Fig. 10. Effect of washing temperature on the removal of oil in the mixed
soil from cotton fabrics. Conditions : Detergent conc. 0.1%, Protease
conc. 50 mg/l, Lipase conc. 100 mg/l, pH 9.5, Washing Time 15 min,
Agitation Speed 100 cpm
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Fig. 11. Effect of pH on the removal of oil in the mixed soil from cotton
fabrics. Conditions : Detergent conc. 0.1%, Protease conc. 50 mg/l,
Lipase conc. 100 mg/l, Temp. 40+ 2°C, Washing Time 15 min, Agi-
tation Speed 100 cpm
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Fig. 12. Removal of oil in the mixed soil from the various fabrics.
Conditions : Detergent conc. 0.1%, Protease conc. 50 mg/l, Lipase conc.
100 mg/l, pH 9.5, Temp. 40+ 2°C, Washing Time 15 min, Agitation
Speed 100 cpm
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