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Studies on the Soiling of Fabrics. Part 6
Detergency of Amylase and Soap Solution on the
Starched Cotton Fabric

Tetsuya Matsukawa and Toshiko Chomei

Laboratory of Textiles, Faculty of Home Economics,
Ochanomizu University, Tokyo.

Abstract

Soils on the starched cotton fabric are difficult to bz deterged when
washed by soap solution, owing to the insolubilizing characteristics of starch.
Amylase solution without soap had no detersive .effect, as compared with
water, on the unstarched original fabric, but showed higher detergency than
soap solution on the starched fabric. Effective concentration of amylase was
found lower than 0.02~0.03%, and the detergency of this soiution was higher
than that of 0.39 soap solution.

Binary solution of amylase and soap had not so effective detergency as
éxpected from both the detergency of amylase solution and that of soap solu-
tion. Therefore we assumed the presence of some interaction between amylase
and soap. When amylase was used at first for washing, and then after about
ten minutes soap was added in washing medium, the detersive efficiency of
starched fabric was extremely increased. This fact showed that the adsorp-
tion of soap by the starched fabric interfered the activity of amylase, and
amylase must be adsorped by the fabric before soap was adsorped.
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Table 1. Detersive Efficiency of Original and Starched Cotton Eabrics

Soap (%) 0 0 0 0.3

_ :
Washing ‘ | ”‘ 0.3 03
Solution Amylase (%) 0 0.1 0.3 0 | 0.1 0.3
Detersive Starched Fabric | 19.3 5.1 60.7 | 454 ( 5.9 | 6.9
Efficiency (%) | Original Fabric | 34.3 | a0 | s | 58.8

B2 FZBI0E e, B4AMOERNITH O SEORY v — M E LTnA, »
fmék%m&bfmﬁﬁ%%%b,%@K%@&%%ﬁ«m%>%@t%m@bt%
DTH B, CCl, 5L (S) DIEITABYE (Sy) 10 X 3 ERAE MMA T2 H UL 40°C,
30 IR DWEHHTR T 5 o | |
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2) BMFRWMORISEvEEIEE, D< 8 2 RITGRAITHIERCE L TR, Bl S &I
PRIELLARTH D, ol (CMC-PVA-PVA-Ac) QBT ZERIKIEERE XD §
HOTE . TOMBE, KBERERIC LoD Th CCLBYEERRETH S5, Lizh
DTN, BRI 2 BHOMBANENTHS 8DEEZELDZ T ENTE %,
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Table 2. Detersive Efficiency of Sized Cotton Fabric with
Various Sizing Materials.

Soiling Medium ' S; CCl,-medium S, HyO-medium
Sizing Material | W; Water | W, Amylase* W, W, Mean
F, None 21.0 20.5 49.5 42.6 33.4
F, Starch 25.5 51.2 35. 6 61.5 43.4
F, SCMC 89.1 75.5 100.0 86.7 87.8
F, PVA 12.9 11.7 34.9 35. 0 23.6
F, PVA-Ac 42.7 33.1 57.9 47.5 45.3
Mean 38.2 38.4 | 556 5.7 | 46.7

* (.39, Aqueous Solution.
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Table 3. Analysis of Variance
. Sum of Square | Degree of Mean Square Variance

Source of Variance (8S) Freedom (¢) ) Ratio (F)
F (Sizing Material) 19,479. 8 4 4,870.0 238+
S (Soiling Medium) 2,840.9 1 2,840.9 139%*
W (Washing Solution) 1.7 1 1.7 —
FxS 364.1 4 91. 0 4. 45%
FxW 1,938.8 4 484.7 23. 68%+%*
SXW 2.9 1 2.9 —
FxSxW 18.5 4 4.6 - —
E (Residual) 408.8 20 20. 44

 Total 25, 036. 9 39

6= +Vp=4.521
** Significant at 19, Level Fl =8.10, F§=4.43
* 5% Level Fi =4.35, Fi=2.87

IO EBPICEV, (HbEDHEERICINE, SOHERETS COHEAZRED 3)

4) HIALEREZHBLUTHCNE, BEEIZUOEREI DZ0PMAT 505 L
> UNE ZBEMTHOWIE SICORTERRE» SIAF SN AR L VB2 KL, HE
WCEEERE 2 I L TV A L B EL BN S,

5) BEHix 40°C, 30 DM TH D, CNRBROBEEF (EBAE 3 82R) L1 3
FTOLE, L2 TRESEEZP VL 3) HOBEARILCBEINZ D EEA
$90 BleAL, WD pH (20°C) BEKDOTEL ThH Y, ATARICER2HLTFEINS &,
FEMIC pH BETLTO L 2, B#EM 1 pH=7 fLLshTnb,

0.15% A3 AW 10.58, 0.15% EEsEwE 5.92,
MR 7.25, 0.15% HiF A - 0.075% EEEILTFR 8.95
2. AFABRNOEBERME L ESEE Detergency of Soap and Amylase Solution
and the Concentration of Amylase

AEEICE LTI, IO 5~6 5 « 8 2 NOEBRB L 3~6 HDOEERITH O
THERTHRAZMATH 255, FHEBRE UTORMBZE 4 RITEK~N 3,

8 4 R 1% B X 2 e, CCL /B2 LU, TEEIEo AT ABER, 0.3
% &—EITL, HETIREOERE %2 0~03% I TELITIZE X0, 40°C, 30 4
DYHFERTH 5,

Table 4. Detersive Efficiency of Starched Cotton Fabric Soiled by~
C-CCl; Medium (Washed at 40°C, 30 min.)

0.3

Washing | Soap (%) 0.3 0.3 0.3 0.3 0.3

Solution Amylase (%) 0 0.019 0.038 0.075 0.15 0.3
Amylase/Soap 0 1/16 1/8 1/4 /72 1

Detersive Efficiency (%) 50.1 66.1 75.2 78.9 57.6 66.5
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Tabhle 5. Detersive Efficiency of Starched Cotton Fabric

Soiling Medium S, CCl;-Medium S, H,O-Medium
Amylase (%) W, Water (W, 0.39% Soap W, W, ean
A, 0 N 14.9 2.3 8.7 8.9 14.7
A, 0.019 46.7 35.6 47.9 17.7 - 37.0
A, 0.038 43.2 42. 0 47.7 21.8 38.7
A, 0.075 43.7 49.4 45.0 28.4 41.6
Ay 0.15 40.9 71.1 48.3 49.1 52.4
Mean 37.9 44.9 39.5 25.2 36.9
Mean of S Mean of W
Amylase (%) S, FSz W, W,
Ay 20.6 8.8 11.8 17.6
A, 41.2 32.8 47.3 26.-7
A, 42.6 34.8 45,5 31.9
A,y 46.5 36.7 44. 4 38.9
A 56. 0 48.7 44.6 60.1
Mean 41.4 32.4 38.7 35.1
Table 6. Analysis of Variance
Source of Variance i SS ) MS (V) VR (F)
S (Soiling Medium) 1,194.4 1 1,194.4 95. 61%*
W (Washing Medium) 191.7 1 191.7 15. 35%*
A (Amylase Concentration) 9,074. 4 4 2,268.6 101. 57%*
SXW 1,736. 4 1 1,736.4 139, 01
SxA 45. 0 4 11.3 —
W <A 2,490.3 4 625.6 49, 84%*
SxWxA 167. 2 4 41.8 3. 34%
E (Residual) - 499. 6 40 12. 49
Total 15, 399. 0 59
G=+Vp=3.53 .

*# Significant at 125 Level F}=7.31, F4=3.83
526 Level F} =4.09, F§{=2.61

*
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®5 FERACL 1% BBEI X 2872, 2hzn CClL, /BY (S) &KELTH
(S) &y, A (W) 5L 03% Hitak (W) ic, B#E2 0~015% (A~
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%6 RiZLTLOKBEDFERME (Bl X 20HIHEKRTDH 5,
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U1z ?

(F b IHEE)

1) BEZITRIAERRZ, VITNOHET
b, EKCIZEEIDRZELAAATARIC
XABEEILD VEV., KRERITEIT 2 R/NRE
(C,;=0.019%) TH T ZDEYR 2R T HHICDH
b, ZNYULEORMEBC X AHEERZIIEZEA L
BETHZ, DLAHODTETTAHEME RSN

Detersive Efficiency (%)

g £ ' I,

5h5, CNRBERMICASZ D ERED NG, ¢ wwmoon o
2) BUARCEERZRINLIZEA I, BE Amylase Concentration (%)
OEE & R LT ER L, &% Fig. 2. Detersive Efficiency of

Starched Cotton Fabrics in Amy-
(%JEZ% i; E%;?Qf. Lj &Z J: ZD Y%@Zﬁ;%hﬁgé C & lase Solution. <40°C’ 30 m'ln_)

Wish, U UERNRISHsZRT 5L, A s, X— Soiled by CCl,-Medium

FARK L ThE ) DHER & 2 RO BE LR ®— o— Soiled by H;0-Medium
WAL EREMETH S E Bbil, B LALEOE 0 e e e
ERHCBEBOBIC, BIADESHOTY X e~ Washed in 0.3% Soap

and Amylase Solution
BRPETIVTVALEXCEREERED S B
DEEALD,

3) FIED 2 HOMRILL2E, PEOBENEIAOLFECIOTHELE 2E>TL
BZEEABEPIITV. CHICELTIED EDER 7 180 CHFORBNEZ IO,
TR 2INA 5o '

4) BREOSEIEC & 2 813, MERX TR IAEETRE LA LTI T AEN S
WA, ATAEOHBIHRRICE >/ YD E (B8 6 Rl 5 SXW OZEIERR)
i, SBIF W 0ZNZFhOoERL Y BLICERESE . Mdb. Chic
UTH, RIA EBR 3 OHEI—FFELTEREMA 5,

3. HIfttTRE ?c FUHBREDEE Effect of Starch Concentration and Washing
Temperature on the Detergency
B O B TEEVEEMO R E R ERTH S T2 &, MU BED EFCHES, &
ez D D~DIHENRT DB R, IHRED LT & 2 BROEHEMAEZ, wIhd
BIRINAOBREE2ED 280D EEL NS,
87 &z 1% (C) L 3% (C) oWIwI X 2376 %, CCl, 5y ﬂ&&t;of’fﬁ
JeU, ZEK (W) 2308 0159% B AWM (Wo) 12, B#% 0~0.075% (A~A,) N

UT, 20~60°C (T ~Ty) T 30 FHEOLEHHAB 2T OIHRTH . MRLH 20D 470
BB AERTHY, FLRIBRZLWEESHLTH 225, BEDIE 3 3EBRORS

~ A= 17 v 7\mV/u| | = . E)
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Table 7. Detersive Efficiency of Starched Cotton Fabric Soiled
by C-CCl, Medium. '

Wash- Amylase C; 19 Starch C, 32 Starch
ing -7 >
Temp. (%) W, Water Wzsgégﬁ Mean | W, W, | Mean | Me8
A, 0 9.7 27.8 18.8 15.9 23.3 19.6 19.2
T, A, 0.025 56. 3 37.5 46.9 69. 0 32. 3 50.7 48. 8
A; 0.038 51.0 37.7 44. 4 72.4 32.4 52.4 48.4
20°C | A, 0.050 46.2 40.8 43.5 69.8 38.0 53.9 48.7
Ay 0.075 42.7 37.8 40.3 58.2 36.4 47.3 43.8
Mean 41.2 36. 3 38.8 | 57.1 | 32.5 | 44.8 | 41.8
A, 36.5 30.4 33.5° 26.2 28.2 27.2 30.4
T, A, 68.0 38.2 53.1 | 74.7 | 42.3 | 58.5 | 55.8
Ag 61.6 43. 0 52.3 81.1 39.5 60. 3 49.9
40°C | A, 53.4 46.0 49.7 75.0 50. 6 62. 8 56. 3
Ag 62. 6 52.7 57.7 75. 0 49.4 62. 2 60. 0
Mean 56. 4 42.1 49.3 66. 4 42.0 54.2 51.8
A, 33.5 34.6 34.0 30.3 36.2 33.2 33.6
T, A, 71.3 36.6 54. 0 81.4 49.3 65.4 59.7
A, 68.1 41.1 54.6 80.4 41.6 61. 0 57.8
60°C | A, 72.1 44.9 58.5 83.1 50.0 66. 6 62. 6
Ay 64.7 41. 0 52.9 83.5 49.4 66. 5 59.7
Mean 61.9 39.6 50.8 71.7 45.3 58.5 54.9
Table 8. Analysis of Variance
Source of Variance SS ) MS (V) VR (F)
C (Sizing Concentration) 11,232.7 1 11,282.7 523. 42%*
T (Washing Temperature) 3,647.1 2 1,823.6 84, 92%*
W (Washing Medium) 1,098.1 1 1,008.1 51. 16%*
A (Amylase Concentration) 13,978.9 4 3,494.7 162. 84%*
_CxT 32.6 2 16.3 —
CxW 1,026.7 1 1,026.7 47, 84%*
CxA 644.9 4 161.2 7. 51%*
, TxW 437.5 2 218.7 10. 19%*
TxA 26.8 8 3.4 —
W x A 4,929.8 4 1,232.4 57. 43%*
CxTxW 298. 5 2 149.3 6. 75%*
CxTxA 457.6 8 57.2 2. 66%
CxXWxA 464.8 4 116. 2 5. 41%*
TxWxA 607.7 8 76. 0 3. h4xk
CxTxWxA _
E (Residual) 1,459. 2 63 21. 46
Total 40,342. 6 119
6= vVg=4.63

*k Significant at 19, Level

*

59, Level

F1,=7.02, F3,=2.79, F4=3.60, F§=2.79
Fl,—3.98, F2,=3.13, F4,=2.50, F& =208
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Fig. 3. Detersive Efficiency of Fig. 4. Detersive Efficiency of
Starched Cotton Fabrics (Soiled by Starched Cotton Fabrics (Soiled by
CCl-Medium) in Water at Various CCl,-Medium) in 0.3% Soap Solu-
Temperature. . tion at Various Temperature.

— 194, Starched Fabrics
~ 39, Starched Fabrics

BECOVTREINLTH S,
8 Kix EIROMBROFME (B X2 0HIWETDH %,
803 4 MITiE 7T BOMREBREZDIZHDICER LI, 8 3 RIZZEBKICERRIND
e (W), 8 4 AT AKRCEIOEE (Wy) ThHSe
(B & 7258
1) WSO BEOBVLD, LB O>THNERLZWIES* (C,=3%, £ 3,4 Mitk
B 5, FHIURLEBOYBMECIIRBRRITOLEL 85, BETIHRTLETI

i,ﬁ®w<K&OT BEEOEHENT b6 AEMIE L1,
C, 46.44 < C, 52.50

2) ULhrUkdd, HIA4XNTEHLL»THY, £ 2 [E]?ﬁ&ﬁﬁifﬁ@?ﬁ“( CxW D3
BLEBELELTDON T3 X9, fiE 1) OBREWLEITTO®E (W) kT
FRCBRETH DT, AT A EOLERE (W, Tidtr ULABERHE LTS (T,=
20°C) 8 H 2, COCERXEHUTEDED 4) WHIHMN S,

3) TEEHRED EFC X A REERDO A S FEE b iIKHDN, (ﬁﬁ*’ﬁzxﬂ%ftt@“@‘ﬂ
RO CRBEMTOBEDEEZE (1% KHE) 28D 5,

T, 41.88 < T; 51.73 € T, 54.81
EDEFERR 1% /KA 2.74, 5% JK¥E 2.06 :

4) VIR &M O MO LEEH TXC SEEOHEENE L O TR S h
AZDW, 2) WHARUIZED, AT A « BEMHEEE TS NT, 40°C i (T,) 258 E LT
WHELTOEHH6Thb, CHid, FBR 2 BN THRRIZE S, ATA LEZEDILE
ko oTEhFNoOERAsIfl s h s LA, 20°C I EOIEREE X D & »

* PREBIC LU, BRI I L, ‘Z‘EZFU&M&‘»L CERER I D %
URESIES TN
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BYIEREOT, AUAR L 2EBOEREERDIE S 23, BET I 2BHOTEIMITHES
PEEHEOmEX D, LUARRBEO TV ENLD EZA LGN 3,

25785 L, BEZHAVZOVERARICESOVTTITIELSN TV 2R, o DRI
OSBRSS & T, HBEUKEER - G ARRRERN TR S KT 2HHEHY
KELULTESLDITH 3, '

5) WAERMBOMEE, AEEREECTH 3 BEEEE RIS » TRV, 20330
RBr2HsEROMLTED, VTN HERINOEE (A) RENNEEEOFEEEZRT
b5, HEEAER (A~Ay) KWRERENTIDNIS, ‘

A, 27.91 € A, 54.70 ~ Ay 54.53 ~ A, 55.74 ~ A4 54.45
SEQREHRA 1% K% 3.54, 5% zkiE 2. 64

Table 9. Detersive Efficiency of Starched Cotton Fabric Soiled
by C-H,0 Medium

Washing | Amylase C, 12z Starch C, 325 Starch
Temp. (26) W, Water Wzsooép?’% Mean W, W, Mean Mean
A0 23.7 27.6 25.6 26.6 30.7 28.7 27.2
T, A, 0.025 57.0 38.9 48.0 55.0 20.7 42. 4 45.2
20°C A;0.038 52.5 48. 0 50.2 59.7 51.1 5. 4 52.8
A, 0.050 50.7 54.6 52.6 54.1 57.1 55.6 54.1
A;0.075 49. 3 58.3 53. 8 53.3 59. 2 56.2 55.0
Ag0.10 44. 8 65. 1 54.9 55.0 70.5 62. 8 58.9
A;0.15 50.3 56. 3 53.3 58.5 69.2 -63.9 58. 6
Ag0.25 51.9 51.1 51.5 58.0 69.1 63.6 57.6
Mean 47.5 50.0 48.7 52.5 54.6 53.6 51.2
A, 34.1 34.3 34.2 26.0 24.9 25.4 29.8
T, A, 42.6 37.8 40.2 48.2 31.1 39.7 40. 0
40°C Aq 40.2 38.0 39.1 47.1 40.0 43.6 41.9
A, 42. 6 41. 0 41.8 46.4 45.2 45. 8 43. 8
Ay 40.1 4.1 42.1 42.2 49.2 45.7 43.9
Ag 40.8 48.0 44. 4 51.5 49.5 50.5 47.5
A, 41.1 56.0 48.6 43.6 53.2 48.4 48.5
Ag 38.4 48. 3 1 43.4 46. 0 51.4 48.7 46.1
Mean 40.0 , 43.4 41.7 43.9 43.1 43.5 42.7
A, 32.9 27.8 30.4 30.3 31.5 30.9 30.6
Ty A, 45.4 39.4 42.4 47.0 44.3 45,6 44.0
60°C Ag 40.0 39.2 39.6 48.4 41.1 44.7 42.2
A, 41.8 40. 1 40.9 43.9 42. 6 43.2 42.1
A, 40.3 44.5 42.4 43.7 65. 0 54. 8 48. 6
A 42,0 48.9 45.5 44. 3 65. 1 54.7 50. 1
A; 42.9. 50. 0 46.4 43.0 62.9 52.9 49.7
Ag 42.8 50. 4 46. 6 43.2 62.9 53.0 49.8
Mean 41. 0 43.7 41.8 43.0 58.1 47.5 44.6
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Table 10. Analysis of Variance

Source of Variance SS ] MS (V) VR (F)
C (Sizing Concentration) 825. 0 1 825. 0 29, 93
T (Washing Temperature) 2,531. 4 2 1,265.7 35, 107k
W (Washing Medium) 396. 8 1 396. 8 11. 0Q#*
A (Amylase Concentration) | 9,575. 6 7 1,367.9 37. 95
CxT . 84.5 2 42.2 1.17
CxW 9.2 1 9.2 —
CxA 518.8 -7 74.1 2.06
TxW 193.2 2 96.6 2.68
TxA 1,065. 6 14 76.1 2.11%*
WxA 3,140.6 7 448.7 12. 45%
CxTxW 364.2 2 182. 1 5. 04%*
CxTxA 413.1 14 | 295 —
CxWxA 206.5 7 29.5 —
TxWxA 718.8 14 51.4 1.43
CxTxWxA

E (Residual) 3,964.8 110 36. 04

Total 24,007.9 191

6=+Vz=6.00
** Significant at 1% Level Fl, =6.88, F2,=4.80, FJ, =2.81, Fi§ =2.25
* 5% Level F}, =3.93, F2,=3.08, F7,,=2.09, Elf =1.78

6) BMRARNMELHMAURELOMOREERAZR AXC @Ed 2 hFE UVEREZR
LTV, BRIZUDEREDIID 245 L, BREOHMATE (C) BBRROIHEHEZR
TRERWIR I, EBREOMNT (C) SRAEZRTEEGMEL Y, »20ECEE
2T 5,

7) BESRENINE & VR L OMO L EEMAZIR AXW L EEEERL, BRIZTIK
L AVEE (W) T, »2BEREZBA2 L0 UAETT 3, |

BORBETREMRZERS, KEJIC & BHERMACOVTEBLIHERTH 5,
MRBEIZJEE 7T ROFERID SPPEREEITE D, 0~0252% (C~C) RIMLT
bbo I2ds, RRDERICH T 2RESM (T) 1201, #aic > THRIERE 2 Jl#EIiT>
TbOTHY (BIAE, 60°C PRI 1 W HEEE DT oE LI LD TH 3),
CORED b BEMR PR B C LB, OBEHIFIE OV THBIE U0

810 Rz FRROBROFEHE (B KX A30HSHETH . BEDR (T) 248
THEMTT 2 C &, ATRO X 5 sBEA» 5 A TEERBDOD, B8 REABLLTL T2
e T 289128 0D%RT, . : :

% 5,6 RICIZEE 9 ROFREBEOIHICBIRUIzo 8 5 I 2HAIC BRI
e (W), 28 6 M BATAKCERMOSEE (W,) Th 3, ’
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s0r (B kR

—fgie CCL BYWEIC X 285 7
KOMFN, THEIEFAZIR
D EHRBPEF2EDELT
W3

) WS OBEORSHRIETER
DEBEELAMTH D, TEHRIIW
DEdTE B,

Detersive Efficiency (%)

I | , | | | | | |
° 075 VED = C,44.71 < C, 48.29
Amylase Concentration (%) LS 7T ROMBEEBEL

Fig. 5. Detersive Efficiency of Starched Cotton b, #iEm (W) . BEERINE
Fabrics (Soiled by H,O-Medium) in Water at Vari- (A - geEE (T) o 2 BT
A i 52

ous Temperature. .
— 194 Starched Fabrics LEFRHRBELS, WIho
- 3%, Starched Fabrics Bawd, 3% W (Cyo
Bo5M8 1% icksdo (C) kb
o0F b PR AR |
2) WEREIEOR RS F I
EOBEIER b o0, PEHEE
OREVEH AXW BZ LD T,
FERRE U TR %4 (A)
EDOMICHBEERZRBD 51T TH
2T, WMRERICREEESD
EQ'R
: i ' A, 29.35 ¢ A, 42.98~ A, 45.32

0 ' ' a3 0.25 03
~A, 46. 61~A, 49. 52~ A, 51. 02
~Aq 5L 82~A, 52.31

Detersive Efficiency (%)

Amylase Concentration (%)

Fig. 6. Detersive Efficiency of Starched Cotton
Fabrics (Soiled by H,0-Medium) in 0.3% Soap 12120, Aak A Agy Ag, A,
Solution at Various Temperature. ' A, <A, ZEOEFEBER

1% Jk#E 4.65, 5% sk#E 3.50

3) BERRIMELEFEKEOBOREEANE AXW BEEOEREEZRL, £ 7
FOEBMR L FEAFEEACEDbNZ, Tbb, BEIZDICE 325E (W) T,
BEBENS A BEEICET 2 LIBIF—ER 2T 2L, AFTANDBHIT X 3 5kl
(W,) Ti&, RINBESHETHEO>TERT2, ULrd CClL HBIHOHELD S, b
BREECELETLELROBE@MERL TV S,

4. FBLrDEEORE Effect of the Dispersing Medium of .the Soiling Bath

N ROHBRP CRIck L BEEIC 2T, ATIHBRBICE T 55N O 53O %
S, RMNBEROHEL D 3RELBEbDEEDNS, CRIREALTIRI XDE 3~
4 WO W2 MA I,

BT 2 K OHGRO ALBRRIT THEY (Chve KIBYLERT2) §5&L 5K
3, EHERGRE 1 SROBERTESOTE»2VIRAKL, 8 d CCl /B (kiFYkc
I IMEFR) L DidiEL, ZORXBNRITOBEICFEEANCE TCODEBE LTY B
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RELET2EOELEDLONS, LIZHDT, BROBAOOHRIE, KEGLAGDE S CCly
HIHOGE LD b, a&~@%§@&ﬂ%%t bDEEBEAOLND,

B2 K (EB L85 K (FEBR 2 879K (R WRULERE»S, RO
io&ca@%%gnioo

1) BRI X 2BoH 6w, Ksgms CCl BYth s, BMEOBEIELT
FEFERZEAZRT, CORTEOBERA 2 A—ERFERN TR LG & (8 5%,
2R BB »TH 3,

2) AUA ORI BWHFOHEIIE, KERMOEEHRD FED ook, CCl,
BERELD D, %%kgmﬁ%%wﬁtﬁé CAUZIKTEYLBE DHZ IR DBRIT, 5 D BS
BEMEOWNIICE TAR LD EEZEL LN S,

5. ARKBIEBRLEOREFICKZESRE Detergency of Synthetic Detergents
and Amylase Soluticn

FUAELBREORFERERCB LTI, fIEE TOREERORREL S, GUTALERE
ﬁmﬁmﬁ%%mﬁgnéio@%%@%toC®ﬁ%@uﬁwht%$&®ﬁ6#®@
EMERC L2500, A VTR 7 va ) EOME (ko 6 IHIKHRKRR3) T
bHHDRBEFT 8L UT, TLAREBEOSERER (HIR) 2RAT, AITAMR « %
BKZHREREE T2 5D LDHBETDOI,

11 BB 12 Wic & 2% CClL, /B L, RO&/LEHR (E#E D) o 03%
KW (12120 Dy @Al L) 2B E L, BE2 0~0152% (A~Ay) BRMULIZHIC

Table 11. Detersive Efficiency of Starched Cotton Fabric

—_ Detergent |
~— D, Na-Alieyl | Do a2kl
Amyl(a;e) \\\‘ D; None D, Soap Sulphate Sulphonate Mean
A, 0 29.0 56. 2 62.7 44. 3 48. 0
A, 0.019 57.3 74. 0 74. 1 49. 0 63. 6
Ag; . 0.038 ’ 63.2 74.4 82.2 48. 0 66. 9
A, 0.075 59.8 86.6 82.1 49.6 69.5
Ay 0.15 . b8.7 i 85.9 82.3 47.3 68. 6
Mean 53.8 75.4 76.7 47.6 63.4
Table 12. Analysis of Variange
Source of Variance SS b MS (V) VR (F)
D (Detergent) 3,444 3 1,248.12 88. T
A (Amylase Concentration) 9, 968. 3 4 2,492, 07 44, 5k
DxA 1,355.7 12 112.98 4. 0%%
E (Residual) : 1,123.5 40 28. 08
Total 16,191. 8 59
6=+Vg=5.3

#* Significant at 1z Level F3=4.31, F4{=3.82, Fiz=2.67
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Lk BUEEROTHE B LI 3) 2R HEE, 40°C, 30 SHTH 5,
D:D, AU A., LIEUHRMTIZEL, Fv4 VY — FRB3E,
D; BT v - Vil 2 7 vy — FROHERER 0.3% o pH=6.95 (20C)
Dy, A7y vz 5 vBEY — X ROHRER, 0.3% Wo pH=4.42 (20C)
12 R 11 ROEBICHK T 2 FBE (ER) X208 MKTH %,
BT NRE 1l ROFBREZSZOILDIBR LI,
(B LR
L) AdA (D)« 7va—vREH (Dy) &OBAK X 2EE, HICBRIZT DB
FEIDRIBOHEZRLTO S, COMBIRESI R (ER2) T a/BERVLS
DB UBVDIITH 3, ATARE LU CRATRGE TR BB HE 95%) 20

212D TH 5o

S 2) LhlLohd, AFARE 2HEHHRE
Bl P —— BESRIC & B PRI & 25, (RITHEBIfRITIRITIT
8 | - FERIT2b0ET53E, 8 7RO D, Ok
O et S T TN~ —— y .
E / . ) DR ONRRE LB, TabDE, BMER
@ al® InEE, 0.075% (A, BIJTAD® 1/4 &) UTO
g EBE I Tid, BERRING & % s Ro
E ERE»OHFH IR THE T EBD» 3, Bt

4

GA e C . #l D, 05T &L FAROHEGRS T, B3R
. mylase Concentration ‘(/0) P DS s s A & & 25T b, HIEIOD B S 7
Fig. 7. Effect of the Addition of

Amylase to Synthetic Detergent 50 %,
Solution. 3) 77V RER (D) o0 TiE,
1. Amylase only BERMOFREBITIEAEELT DN,
2. 0.3% Na-oleate (Soap) 21ze i PH 12U H 5 5% &, pH BIET

3. 0.325 Na-alkylsulphate

4. 0.39 Na-alkylbenzenesulphonate X579 (BE# 03% 3 pHb5.92) £ 8EZA 5

nad, zhe bBEEL, HRMTHBITHIT
BRZANEEATI2ETOEEN TS E B E/ING,

6. FIAYLBREOHRFICKSHEFE Detergency of Alkali and Amylase
Solution v '

ARBCHERUZEBRAOER pH &R 7 fAEPRETH Y, 7vr ) BERICEH T
BEEIIMBE AR EINT VDS, ATALOHRFRIC X 2UEEEOIELS, BCH T AR
#-5¢ pH o LR (03% W< pH=1058) 1t X % b D75 5, AT A LBEE DELY
DERLHHITH T AMEDOBIREDE L E X EZEBULIRL LS, LIZB2TINE2HE
BUTHBLIZDR, 7ivh ) EBREEORFERIC I ABEBEOHRZHRE L

B 013 L 1% Wic X 28t %2 CCl, /By L, ZEmAx (W) BIO7vh )i
B (W) 2EEEIKE U, BER 0~0.15% (A~A;) TINU KT & 3 EEEDE
BE BRE U 3) 2R7. teEnd 40°C, 30 4RTH %,

fEEwE Kolthoff MRDMERIZL 2 d DEHEH LIz, Chid pH 9.2~11.0 o#iFEI

HBHEEUEINTEY, UIZBO2TAHITAKID 3L L2080 pH TH %,
0.05 M jEg+ by wa (538 NayCOy/l), 0.05 M s v (19.07 g Na,B,0,+10H,0/2)
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Table 13. Detersive Efficiency of Starched Cotton Fabric by Alkali Solution

HIWEETTEALLNS S, AERICHAWV IBERR
S X AEEE IS MEE S 5,

2) BEORMCIA2PPRIEFEEREZ § O,
WIRMOBA (A) LOEBELWIZT T, RINEDH
I X AEEED ERHRBIT LA EL V. FPR T
el T Rom e b, mmg 0.075% (A,) <

my THRingE 0.019% L OHEEENEL 5,

A, 2355 < Ay 3777~ Ay 40.55 ~A, 41.99~ A, 43.39
I Ar<A~ Ay
19% sk# 5.30, 5% 7k 3.89

ZDEFRA

Washing Solution
} W,; Water W, Alkali Solution Mean
Amylase (25) T ,
A, 0 26. 6 20.5 23.6
A, 0.019 39.9 35.6 37.8
A, 0.038 40. 3 . 40.8 40.6
A, 0.075 42.1 41.9 42. 0
A, 0.15 42.4 44. 4 43.4
Mean 38.3 i 36.6 37.5
Table 14. Analysis of Variance
Source of Variance SS ) MS (V) VR (F) 7
W (Washing Solution) 20.2 1 20.17 1.93
A (Amylase Concentration) 1,552.1 4 388.01 37. 20%*
W xA 67.9 4 16. 97 1.63
E (Residual) 208.5 20 10.43
Total 1,848.6 29
#* Significant at 125 Level F}=8.10, F§,=4.43
* at 525 Level Fl=4.35 F§=2.87
B 14 R OERICHY 3 ERE (BK) X 3003 HETH 5,
2 8 iz 13 ROMREZEZEDO DAL S ~
OTH %o >
> sph
(35 & IS REH) B 3
= J s = 4 .9—4) K
1) 7uh VEEIRIC L AMESERZED LT, B & e
FORMD LB EE, &b USEEAIZT X a2k &
o 3 i
KEYBENIZETHE., CORFRIBIMCTHELZE 2
WV — PR O THE U BA, EEEo LY 3
Q , . ,
THBRLRHTH B, HHEY — Y RBHEOREY R % ws s a5

Amylase Concentration (%)

Fig. 8. Detersive Effici-

ency of Starched Cotton
Fabric (Soiled by CCl,-Me-
dium) in Amylase Solution
(40°C, 30 min.).

x—Washed in Amylase

Solution Without Alkali
o ----Washed in Alkali-

Amylase Solution
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3) EEERMB LR L OMOLEERE AXW 12, #Et Ly b 3EEE %2R
X7, U U E UTR, BERZEFEIRE T 256G (W) 0IF 525, K% E:
WETAEE (W) kbd, BERNEOHING L 2HEBERD ERBL0EL»TH 3,
bLAACOBERS, ATARZHKET2MIHEI TOMERII ECE LV DOTIRZ L,
F 7z W, OBEOZEENE, FIHE TOEERICBIZEDEELLA—Tdh %,

4) b DEBREED S, BERRINC X 3 B OUREE L, BEESmEo 7 v h Y
PED Tz, ZDRBELRDOEEMSETT A UTY, BBEROBKBED LITHEE?ED
IRABECE, KEBEHEEZO2TOWEVWIDEAD A ENTE S,

7. BREREOBREN/EE Effect of the Time of Addition

LIt O THRTALEREDOBHC X 2HEOMEIER 224 2 Fic, B3 hiz K&
BRI, MM T2 A0 A LBERE OREICEIREN S 2 D TRV EWV S S
Thbo WEZD DX DOWTERBNCKEFHTDH b, RHITIE, ZNHBHILEOBEEED
FIESIHDNAEPITDNWTIT 2R3,

BIEHE TORERICO L TED TRICK 51, WMIHAHOEECET 51D, BHRED
0.02% 13 & DWW TEAIE L) 3, BTAD 03% | (BRSL) &b #55EmELER
LTWh, ELAWZOMERHEIRIEAIRE, FPHINZ B EOHES AL LW
WD TR, CUABRIZTICLARERL D JELA LI EBB WV, 20T, il
FOBBBCEDL SBRRCEEBEINTIER 272 » 2 MEMR &EZ A, BEORMERM, L
RO TENRTAORNEHE Z2HET2 L cd D, MEOLL JIESERER2 72N Z
NEFCHEIR2 LB TE2 L5501, BINHOREEZI S EAIELINZ T T
HHHEHRLUI

515 XK 1% Wi 25 % CClL IHYL L, BREOEEHEE 28%0 0.03%
W (W) EaTAD 03% 1 (W,) 2o, MEORSOERMEEE (M) 2%k & 51
2572 C, 40°C THEF 30 DD E 2T O RO LME (A—&IEOBRELEK 3) %
RTo ‘

M, 0 5% - BO»5MERLEFEIRIZEDTH %,

M, 10 9%---W, ~izfad A 03% 40 %, W, ~3EEE 0.03% 4T %, 21
Zh 10 FoBEEKRE LT 10 SRICEML, 3518 20 FTE OS2I 5 bDOTH 5,

Table 15. Effect of the Time of Addition on the Detergency
(Amylase and Soap)

Time before the Addition Original Washing Solution
. of Other Component W, 0. 0325 Amylase W, 0.32 Soap Mean
M, 0 min. 47.1 47.1 47.1
M, - 10 73.5 36.3 . 54.9
M, 20 ‘ 67.6 30.1 48.9
M, 30 44,5 ‘ 30.8 37.7
Mean 58.2 36.1 47.1
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Table 16. Analysis of Variance

Source of Variance SS é MS (V) VR (F)
W (Original Solution) 2,934.9 1 2,934.9 114, 60**
M (Addition Time) 920.2 3 306.9 11, 98%*
W x M 1,540.9 3 513.6 20. 05%*
E (Residual) 409.9 16 25. 61
Total 5, 805.8 23
6=+vV=5.06

#* Significant at 195 Level FI,=8.53, F3,=4.49

PHEL (2R F N 0.0273%, 0.273%) 2T 55 T X 2 2EI D EEBREI» A T
CRBELPDODRTTH S, , '

M, 20 434 - R IR %, PRSRBROBBOd & 20 SHICTOT, =5IEHER
Rk BMEE 10 SEEI O THE, ,

M, 30 53 HESOEMETb T, W, - W, 2h ZnBkc 30 R 0 % E i
LIy DTH 2o |

% 16 ZIATROERICI T 5 BEHE (BI8) 1< X 2 DHIRERRT.

{//“\\x \
N \x« 0.039%, Amylase

£ 9 RIZE 15 ROER22ED 80
HIERLUIZADTH %,

(B 8 KR

1) BEREIZUIC X 355 (W,-M,),
ATARTIRE 20 (We-My), M
ZoHF X 3 PEE (W, WM, ®
BUEEER ORI, FTEHZ TOHEE

>
=]

| \\\
o

TS~ ————o— 0.39, Soap only

Detersive Efficiency (%)
N N
S =3

BROME LA TH 5,

2) BAIOVEHEN (W) ic X 3 % I
é‘hjj%@'_%g@ﬁ%%%ﬂ?b’ @%i%‘ Time before the Adding of the other
Bk e T 2585 (W) D55, G Component to Washing Bath (min.)
ARBHETAES Wy kb diE Fig. 9. Effect of the Time of Binary Sys-

TR DS X e BENCE T A tem through Washing (Soap and Amylase)

W2 EAUCEPLOBRZRNMLIZE D (We-MeMy) 12, D »5MEZ2EES
BTHEZT 2 XD 3HOTIREFESE L,

CORERD»S, ATAVMNHE FRBELTWBE EL AN, BEXSHERXEDTHEEL
Th, ZRNODAVAZIIIRKTREFETIHTAL, HEYRERT 2L EDT LWBE
U, WEE EOBBE NS Uit <, ULIzhB D2 TE RO aBEMmIcpE 5 TetE o
EARELVIDEELLNS,

3) WMRODILFELTCORE M) k2 EPREZ, (ARKEBEEDHEREMEZRL TS
2, ChRBRERZBRETI2HEE (W) &, BRTHTARMAIES LM, BULMRE
BWHEREALUTOWAILDTHD, D VBRI D THIAHB LEOBEN 2 45 U 1tk



78 WINES « ERBT NSR. 0. U,, Vol. 9

HBEAINTS, N5 DENEZEMTERE URERA~E R T2D i, SEAIOER 2 &

DT NIEE LBV CEZRTIDETAL I,

4) WEEBREIFEEZTORMEOZEEMADR WXM @B oBEE2TRT.,
ehiz, W, OBEREBREFTHEI®S CEBERLEDTHEDIEL, Wy, OB
WL BN B o WEREZ2HTFEIRRCE, BRE LV TRBU»SBHAT 20055 L H
FTHBENIEBENCEIEEDTH B,

W, OBERE 200 ARINE TOFMRERIZ, ThiZT 0D 0KEDER TN
Wr iz <uwvds, My (10 388) & M; (20 588) EBREDLNC EH AT, 35 ICER
(<10 B TdXvdoEEbhs, 3~5% WK~ 0.03% OBEZREMLT,
FEEE DA T o> & IR O 75 il I % B U 7o B BRAHIRD (A ialgd) ik 3 &, Btk 5
SETT CIRBIFEEECGENMERZRLU TV 5,

817 R 55 15 REBEFAMSEKIFCI2EEEZ, ATADORICT VY Y BEK
(BB 6, 25 13 RBMH) 2HOTH 2R TH B, T TIKHER 6 BT, 7uHhY
BT PEHED ST &, BIOBREOMICIGWER L3250 L2 DIZDT,
RIFCILRD % 467 S @ 2 B 15 04 (M) 1243 & Ui,

B8 18 RIIFIGCOFERT KT 2 FHME (B X320 OHETH 5,

Table 17. Effect of the Time of Addition on the Detergency
(Amylase and Alkali)

Time before the Addition Original Washing Solution
of Other Component W, 0.0326 Amylase | W, Alkali Solution Mean
M, 0 min. 38.8 38.9 38.9
M, 15 : 35.4 32.8 34.1
M, 30 36.5 17. 4 27.0
Mean 36.9 : 29.7 33.3
Table 18. Analysis of Variance
Source of Variance SS ¢ - MS (V) VR (F)
W (Original Solution) 232.0 1 232. 0 552%%
M (Addition Time) 283.7 2 141.9 338k
W xM 479.7 2 239.9 569
E (Residual) 5.0 12 0. 42
Total 1000.4 17
6=0.65

*k Significant at 19, Level F1,=9.33, F.2=6.93
g 12 12

810 Mi2#E 17 ROBRE2BEONLDIKRLIL D TH %,
(F b I kEER) :
1) WeEPEKET IHEE (WY &, ZVWHIVOHEERELIOSOTEHEH B2,
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BHTIRINZLTY, Mo

BRI D FRIER S NS, o

2) Tovm Y R ETBHH (W) g
i, BER OB TR 2RI é w = x-— Amylase only
BRHAOKNETH S, R CBEL A N

W5 X0 &, 0hbitEIE2IE % o S Alkali only
IVBREV, COHEKR, B 15K 3 J |
HIRETAREBHET B BELR A ° & ”

Time before the Adding

BiToh b, WA ETHES Ol other Component to Washing Bath (min.)

FHERT SO LHLNZD, AT A Fig. 10.  Effect of the Time of Binary
OHBAER ECELLIFTW, System through Washing. (Alkali and
Amylase)

® E Summary

BOYMV TR T OB N 2 RS 5 0w, BIORESE (79— 2 AT,
WIHT LT B Ao U 1o B0 BESRIC & D Taliifb 41, LIii o CHRIEREE 5 b &
BATHEBRTON, AT AZ LSO & ORhe, FEICYERE 2 4IHl4 5 5 LBl
SRBHI, COFE L GEORIT & 5 PIHREIC X TRHY, 2 OEE%E % 120
Bid» BB U120 AT, TEIRABRIC IS 2 RER IS W TR 2 A 123, 18
AR OB ThH %o

1) WERMEZ 0 b o, KRG LT, 2RISR BEEEL D $ k0L
O WVTERIMEISUE b 12780, M e UCix 0.02% UTORBETI» DO
PEHE 2 RT, SCMC - PVA 1z 8@ X 2 B U Tid, MDD T & 503 5 BEHEI R
BEbNL O, (B 1~3 %)

2) BERW T & B I OPE O By A, WEBH L3 & T 6 )443 <, 0.02
~0.05% TUWS B THbo ATALTZ/BNTHINTZ XD 3, WHVEZL»iIKE
Vo (B8 4~12 K, 8 2~T7 XD

3) A AWITHEER 2 DL U THOIIAE 2 2Er 3 2 S, BEREOBESHTTh
DTHHRL L5 T 2, U LIEBEOICIMH TR UABRIZTIC I 3 R XD §
T BN THY, HARREORIMES S DT UD THEITITIC I B RIER LD § 5
BOT, ATAREE TS 2D BED SNDZ, CDOLELDL, RITAEBEED
BT S > OIMEIEBSELTVE 3 DEELALON D (55 4~12 %, 5 2~7 X)

4)  [LARoFEE, BRI e st C-CCl, R D(C ) Tk IE GRTED DATHE
ReURBECLBHECHEDN, AVABRKERNTNEEROREBZ{ LS, T4bb
AT A EHEREE OWBIEABERT 2, (88 2.5:7-9 %, & 2~6 X))

5) BKIMIMT TV 2 IR OB B IE &, BRI & 2 TR S e ks
5o VEHHRIE &, BMROMERDOIIDICHEE TRIIREVE GRS, BRI ZEE I,
TIZL, ATARBAT2HEIE, KE (RE) TR BER X 2 BisEiERog)
RfBibhmw, 8 7~10 %, % 3~6 )

6) ATALBMEL ZIFEI T THRET 2 H5CRY 5 N3 HACHEIEMZ, ATA
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DTN IEDIZD TRV, Tiaobb, ERRAE UTHL T2 TR o S RBEA]
(BRT NI~ VRBIETVEF VT VVRO(CEN) WHEERZNH LTS, BADES

BRI I ED B DM, T L, Tovh Y EER (pH 9.2~11.0) @£ % Dk
B9 28EcE, BEERTIREAEE RIZFM—TH 2T, WHEIVEMIZIZEAETDN
W, (8 11~14, 17~18 %, 5 7~8, 10 [X)

7)) AR E 2T 2800, IS e brew s &, piikEs LAT
XA ERBDI. THDLAT AWK EEIMILE LTI 2By, 1[G CHE 2N
BE, HIOp S IFIRIZYE XD SUEIRIC b, WIro& D O TIRMLIZ D
BAG AT L BRI E KIEZ 0 &8 AN, BEEK 2T & U T 2 ko
BCHTARRIMT S &, BLULEIMERIL, Do DIEHRrL b BRI IT X
BT LD B PEIOEB L Do DRIMER S 12T ovh VI E R E DR T, T
&0 MG Bl i, T s OBIRY 5, F WAL X 2 THMITE o Ml %
T U, 7 TN ADTIMEN 2 CHIE S & 5 C & ko T, Lo mifife
s bRREETHILTEA L ER2RBD I, (B 16~18 &, & 9~10 X)),

(HFEE)  ABORBICBIL, TEEEBECD SREEIR LY, BRICOVTRBIARZ L Y Ex
BE2Bb-120 & 2EHT 5, EROBIIIROHRM, BEIRFUCERAL?> - ORETH Y Th
b EEBRDT,

31 A X it References

1) IR « ERE-LT « KAEEE, HiFFhamEayk (Mar. 31, 1954)

2) RAIEER o KEEB T o KR, AL (Mar. 31, 1955)

3) WAIEER « RARRET, HARUHERE 9 FER78EK (Apr. 3, 1956)

4) WJIES AL 8 10 FE27E (Apr. 5, 1957)

5) RAITETEL « RASET « AT, HAFRBEFERBERHHE (Oct. 13, 1956)

6) L BEROKE PRI ERFIFEEE, 8 113, 123 (1957)
FEDOICER 3)~5) DI B, THYL e PRIRITITICEE T A FEER 2L DTH %,

7) WIS s LT, BEESEUEREKs (May 29, 1958)

8) MIEH, HALEERE 11 4ER3E (Apr. 5, 1958), gk s

9) WATEARE, {LE#dH, 6. No. 5 15 (1953)

10) E. Bradbury, J. Text. Inst, 47, P 619 (1956) % il

11)  AAlg b, pEE IR A RZ RS R (i, 1956)

12)  HARHAEZER S, Wi EEE, p.o 654 (A3, 1958)

13) R, mdbie, 6, 461 (1957), /NVBRiTHE, [AEE, 6, 466 (1957) (3>

14) BJIESR, BEOKETRFARBIEERE, 5 109 (1954), 6, 143 (1955)

15)  HARLERME, (LB, p. 1096 (AL, 1958)

(Received August 30, 1958)



