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Abstract

The purpose of this study was to study accumlated residual soils which may be one of the
causes for yellowing of worn cloths. Wear and wash tests of white cotton undershirts were
repeated at 30 households sellected at random over a period of 60 days. Laundry conditions
were similar to home laundry habits in a fact-finding survey, using a powdery heavy duty
detergent containing no enzymes oI enzymes.

The subjects in this study were survey of laundry actual condition, the undershirts from
prior to and after the final washing was measured residual soils, L*a*b* value and yellowness
index of CIE systerm.

Data were analysed by simple correlation analysis of wear and wash cycle, residual soils,
whiteness.

The results obtained were summarized as follows:

1. Using pattern of washing machine, Presoaking was no singinificant differnece in general
characteristics of survey respondent. Laundry frequency was significant difference in income
level, occupation of housewives whether or not. Use of cold and hot water was significant
difference in residence shape.

2. The analyzed consequences of recognition and actual behavior in connéction with
laundry were found variables each other to have independence or not.

3. Amount of residual seburn soils is using non-enzyme detergent were much more than in
using enzyme detergent, increased linearly with increase of the number of wear and wash
cycles.

4. Residual protein soils with increase of the number wear and wash cycles less than

— 549 —



110

HER S ERE

increase of residual sebum soils. Protein soils in white cotton undershirts was to be removed

in laundering more easy than sebum soils. Since accumulated residual sebvum soils were much

more than residual protein soils.

5. Increase of residual soils was raised yellowness index and diminshed whiteness.

yellowness index of residual sebum soils was higher than protein soils. If increase of whiteness

will be incresed, amount of residual sebum soils will be decreased sebum soils. Because

amount of residual sebum soils much more than protein soils, yellowness index of residual

sebum soils was more higher than that of protein soils.
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Table 1. Characteristics of Undershirts

Material cotton 100%

Yarn Number (Ne) combed varn 40
Thickness (mm) 0.675

Weight (g/100 cm?) 1.6

CIE L* a* b" 93.5, 4.45, —16, 44
Yellowness Index —30.95
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Table 2. Composition of Detergent

LAS-Na 9.5%
AOS-Na 8.0%
AE 2.0%
Soap 3.0%
Zeolite 20%
Na; CO; 10%
Naz; 50, 34%
Na, Si0O; 10%
Fluorescent Whitening Agent 0.2%
Moisture 5~8%
pH 9.5
®@ Fi4 AA

ey z] 1540 clol] 38 4 AlAdls Table 2o &
A9 wlEa A AYe] Bacillus Bel olAdEolA
AAm chlA BE 49 Savinase®™ 0.6%2h
Aspergillus Oryzaeo| AZ¥A#HA AA4E A F
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2222 (CHCly), 4H5(CuS045H0), +4

A g JEE {KOOCCH(OH)CH(OH)COONa-
4H,0}, S4htE$-(NaOH), EhAlube & (NaCOs)
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Table 3. Characteristics of Enzymes

Enzyme Product Standard Activity in enzyme

24 designation activity preparation and detergent
Alcaline protease Savinase 4.0 T 4.0 KNPU/g 5.8 AU/g®
Alcaline lipase Lipolase 100 T 100 KLU/g 1 LU/g*®
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Table 4. General Characteristics of Survey Respondent

% (%)
oyl AL e 3 476%
A7) 5 al e} 471 (99)
=5 ) ol e 140 (29.7)
2% 2 323 (68.6)
g 2= Fa0)5) 48 (10.2)
na = 223 (47.3)
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&5 SE 401t4] o) 5} 6 (1.3)
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20014 o] 44 85 (18)
_7'_-__\?, Zed o B ot 299 (63.5)
gl } 163 (34.6)
71e} B S35 A9



Vol. 18, No. 4(1994)

e AEr] F5= kR4

(65%), uk=b5 A=t7] 1097 (23%

(7%), == A7) 774 (1.5%) hﬂr
Fhgol Mg AgEe ¥5F& Fig lolAe

142}5 AE7] 309
. ¥ A7) 34

113
Table 5% 24} thaabe] kA S434 Agle)
Mg AR, AR s, G, g-24 AL Ed B4

2 A PG Aotk
A7) Abg Heln ode AL dlabale] QubE

7ol %9 FFHh Ay 2334, A7 180, 29 SAS Fo=el Aelrl glch Agrlzal AEele
Hxw 99ed o 2 Agsla 9lch FH= 1399 (29.5%) o), HEbriolwl == o
T F= 3329 (67.7%) ol 2Ehgdck
2 =13 A7) 2t Qe F3oh AL olf Au) 4
b =
e 23 Sol A2 Fe Eaht Az Az, g
iy 0 A% Az s Aok 4E A7 1974
tmt (41.4%), 37 %% A7) 829917.2%), 4%
| SR Lo, | S ) O | T 1 olul AEbr] 584 (12.2%) o g vJehytoh A= w
0 80 160 240 320 400 (%) :
a P8 X 4% 237 37 A 4Fsh 57 Aol ®
b L FahAl gt dolx, % 433 F7 Yelshs fomal 2olr}
¢ RE TR AL R giek. Table 6] A= wlzsl £5 4%, F¥ o
v A e HE
e ARslel WAL LA AL A%E Arun 420
£ 7 £ 4% Al WEE gelAlm, A FHA} 39
(a) Prior to thc? Final Wash Zuuch de wes) =
(b) After the final Wash Wegd AEe o Welsh Sojde] HolE 1hE
Fig. 1. The Lanudry Classification Method W mg 43 AZ A= =Y o) ofBoll 00
Table 5. Laundry Method and Condition by General Characteristics of Survey Respondent
Aty g A" 22 B (%) F7] ¥R A 25 SF | FF HY %
Agz] | SR AR R ] AL 248 (52.7)
A& “%‘ELJJr Bl A7) ARE 51 (10.8)
;e ek A7) AR 20 (4.2) N.S N.S N.S N.S
Hl%”].-.“.} 139 (29.5)
7]8} 13 (2.8)
A= 157l 3kel 45 (9.6)
A 5=k} 30 (6.4)
3d=le} 154 (32.7) N. 5 N. 5. * *

29lelc} 136 (28.9)
wlel 105 (22.3)

. b W AR 144 (30.6)
& 7V & AR 85 (18) N.8 N.§ N.§
Ag A-golnt &5 A& 160 (34)
P &4 Hol AHE 82 (17.4)
o & ol A3k ekt 52 (11)
7}E oA {165 (35) N.§ N. § N.§

| of| 2 dkc} 254 (54) |

N.S. ! Not Significant at 0.05 level
* . Significant difference (p<0.05)
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Table 6. Laundry Frequency by Income Level, Occupation of Housewives g (%)
A wx 1T o
£54E Y FEYAY T vy = A el
HeEE 9 (2.0 10 (2.2) 11 ( 2.4) 30 ( 6.6) 10.54
—/":-i FTAaEE 40 ( 8.8) 79 (17.4) 109 (24.0) 228 ( 50.2) DF=¢4
R = 23 (51) 59 (13.0) 114 (25.1) 234 ( 51.5) P<0.05
5 A 72 (15.9) 148 (32.6) 234 (51.5) 454 (100.0)
z=uy| o 41 (89 97 (21.0) 162 (35.1) 300 ( 64.9) ¢=3.52
dArl g g 32 (6.9 54 (11.7) 76 (16.5) 162 ( 35.1) DF=2
B il A 73 (15.8) 151 (32.7) 238 (51.5) 462 (100.0) P<0.25
549 A9
Table 7. Use of Cold and Hot Water by Residence Shape = (%)
F7 e W AE +F AR 17 A fol=
2% 9 0 (13.0) T mary 139 (30.1) 14.72
35 74 80 (17.3) 243 (52.6) 323 (69.9) DF=1
) A 140 (30.3) 322 (69.7) 462 (100.0) P<0.0001
& A9
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Aet E3bol o) A AA e
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ol Ag A% HA A A
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“““““““ & 'ﬂ/‘ﬂ 5 To] ALEHSE 157 117 39 313
Ae Eaobe (33.3) (24.8) (8.3) (66.5)
A=A v
| A 266 160 45 471
(56.5) (34.0) (9.6) (100.0)
X*=18.03 DF=2 P<0.001
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Hele) wak 4 Axg ¥ 7S Sl vE 3% - ANA Mgkl wheh AlRb Aabr) of QA gakxl st
Fho] A 24 AAAS0] £42 o ol 8T o) i F¥ES) AAEet A A8she AA
Ach AE 7124l 59elA TYAAE 64.6%0)40]  BAT £ =™ AP A3 Table 83 e,

48 ALE3T 54%0] 4]

AREF AP

X*=18.03>X%(2, 0.001)

— 554 —

=

=13.8¢|23 4A A=A



Vol. 18, No. 4(1994) 115
Table 9. the Quality Water Pollution, Standard of Detergent Selection = (%)
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Fig. 2. Overlay Plot of Residual Sebum Sojls (S) with the Number of Wear and Wash Cycle (N).

--------------- 1 Regression Line (Non-enzyme Detergent)

—— 2 Regression Line (Enzyme Detergent)
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Table 10. Regression Equation and Correlation Coefficient

Regression equation

Correlation coefficient

(a) (b)

(a) (b)

S= 3.04+2.92 N S=11.44+1.23 N r=0.676 r= 0.479

”‘_— §=35.59+0.17 N $=22.82—0.05 N r=0,051 r=—0.029
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Fig. 3. Overlay Plot of residual Protein Soils (P) with the Number of Wear and Wash Cyele (N).

--------------- 1 Regression Line (Non enzyme Detergent)

—— 2 Regression Line (Enzyme Detergent)
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Table 11. Regression equation and correlation coefficient

Regression equation

Correlation coefficient

-
(a) (b) (a) (b)

P=16.67+0.67 N P= 6.41+0.04 N r= 0.230 r= 0.064

- P=45.28—0.88 N P=12.04—0.5 N r=—0.185 r=—0.442
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Fig. 4. Overlay Plot of Yellowness Index (Y.I.) with Residual Soils.

1: b value with Sebum Soils
2. Y. 1. with Sebum Soils

3: b value with Protein Soils

4: Y. 1. with Protein Soils

$: Muitiple Occurrence

............. 2 Regression Line
—— 4 Regression Line

— 557 —



118

—0.4420] 5 Ak Zlepol] wheb whdA A5
L FobebA] ek AR Adxe] HF IR 2
37re 34.6mg/gelx AEt%e] 72 5.8mg/gelw
o] Aeez ArsHE 9P 2L 83.2% =4
Wl E AL AHEE AREe AAE T3.2%R ¥
A ebgted, o)A whalA Ha) Eol savinaser}
Aol A A o qle] FARRE AotalA vl
o 42E gl ARMEYA HEor F4 7HE3
H317) wirolek AeA APz wA| AR
WA abgEke] WE dlE 11/10)3n AEFe zle
3.8/1°]k.

[+

3. XHE {7} b value I & X|£(Y.L) HZ

B FAo ofn $EEol FHel AARAA @
AR S| Aol e AT olshgel 2
dlel Aol i WAH HEE FH A4(Yellow-
ness Index) 24 Heh=d, o] A% gho] B4 3
Ars) Zao] Az WAE} FolRE Holek,

2 741 = 77 0.532, 0.275011, AL Y. L=
13.64+0.07S, Y. L=15.5+0.045¢]"] 3)=] =25eke]
S22 bitel F74etn g H57) wopRld

vl ARk 3 x5 A AlS7) (a)el A

= 0.362, (bellAE 0.162019 FHAAL Y. L=
13.44+0.06 P, Y1.=14.440.07 P24} chai=a 1%%
o] Z7}a4-E byk o 2 A7l FolEYh AR F
A 29e® odsag] 3o %‘oMt—tﬂ*’ I&“H
S5dol ws] AlAge] e AR 2] AF HHH
= oope] g}, 12z R H] zEske] thid R
Hop idvo) o geks v edelzhn @ & gl
o}, HAzE gdir|eld 2R SHHE G 29
e Fa}e) wele g zhaAjFA ol T Aolth

2770 87 Ae PReled sFol SAsE 2
% 293 HAEg AT =AFF] Aded, 223
229 304cho] a9l st AR (Is Y )

EedeiECe B - i

ok 22z A9t AeA @
Sl S A8 A A5 A g
& Aoz p AN ka9 i AAEE
& ARe) 23 AFHE A2 o r—wnﬂ o et &
We) Aoz AASE 2oighe ¥ G A4
= A ez Aol 7#-31—% Z32 o

A% B4 A% S0 ZAsch 2 2

o ]q
é
2
ru']ru
of_!

1. P<0.05 4%0% A7) *P‘— A&7 oYL
Aubd B4 fod9 Aol 9
5 S, T-*'r Hol 59} fola}

Hejst frolHal Aolg ugl

A et s AAE g 5

cdgpol v gew] Wit AAE P4 2
8, A% A4sh A ARl AT 4RE AR B
A7k 3lof 947t BEES 92 AFFE 271D
aeht ks AAlE

_I

¢

k3

?
23 A7t 0.51, —0.02924
959 A AFs 4Rl Foo] A% A Y5

7 FANE £ SH ARG BEA F7beA
+ @ech

4 0% A gl o b AR Fohe
A7) AFe) Folol vid] wow Aa AAE A4
B W sl uhet Wi RRLe FohehA o
Eoh Azl ¥ad eqmre w4 29gol Wy

et ghoo] Aetehel g 2ede) x| 2eln
o AAZ 2 Aeh, 2eEE AF EAPE ccige
W82 2 @guct 97 ezl v

P A4 ARVAE AR A5
F 77+ 0.532,
A= 0. 362 0.162°]ch 25
el oadp e} pon] Ak}
4 2930 nc} gojalek 1
MY AFF ok W
2 0

% 2qdoleln ¢ 4 9ok

— 558 —



Vol. 18, No. 4(1994)

2 n 2 9

1) Powe, W.C,, in Detergency Theory and Test Me-
thods, Part 1, Marcel Dekker Inc, 32 (1972).

2) Hayashi N. and Inoue S., Analysis of Natural Soils
1., J. Jon. Oil Chem. Soc. (YUKAGAKU), 18 (4), 176
-183 (1969).

3) Nakako O., Tomiko F. and Haruhiko Q., Removal
of Qily Soils (part 1), J. Home Economics Jon., 25 (3),
216-223 (1974).

4) Okumura O. and Mukaiyvama T., Enzymes for
Washing, J. Jon. Oil Chem. Soc. (YUKAGAKU), 36
(10), 754-760 (1987).

5) Murata, M., Hoshino, E. and Suzuki, A., Some Facts
on Residual Soils on Home-Laundered Dress Shirt
Collars-From a Home Laundary Test in Japan, J.
Jon. Oil Chem, Soc. (YUKAGAKU). 42(1), 2-9 (1993).

6) Murata, M., Hoshino, E. and Yokosuka, M. and
Suzuki, A., New Detergent Mechanism with Use of
Novel Alkaline Cellulase. JAOCS, 68(7), 553-558
(1991).

7) Murata, M., Hoshino, E. and Suzuki, A., Importance
of the Removal of Sebum Soil from Cotton Under-
shirts in Japanese Home Laundry, /. JPn. Oil Chem.
Soc. (YURAGAKU), 41(6), 472-479 (1992).

8) Kissa, E., in Detergency Theory and Technology,
Marcel Dekker, 26 (1987).

9) Shigehiro F. and Tsuruoka H., Studies on White-
ness Retention in Home Laundering (Part 3), Jap.
Res. Assm. Text., End-Uses (SENSHQSHID. 21(2), 29
-34 (1980).

10) Sato M., Yoshikawa K., Kitamura N. and Mina-
gawa M., Studies on the Detergency of Phosphate-
Free Detergents for Home-Use (part 8), Jup. Res.
Assn. Text., End-Uses (SENSHOSHI), 29(4), 155~161
(1988).

11) Okumura O., Umehara K. and Nakagawa R,
Development and Application of Alkaline Lipase
for Laundry Powder Detergents, J. Fragnance, No.
91, 78-85 (1988).

12) Nielsen, M.H., Jepsen, S.J. and Outtrup, H.,
Enzymes for Low Temperature Washing, JAOCS,
644-649 (1981).

13) Kondo K., Fujii T., Nishida A. and Suzuki M.,
Washing Test by Natural Soil. 1., /. Jpn. Oil Chem.
Soc. (YUKAGAKU), 17(1), 31-35 (1968).

14) Gilman, W.5., Terg-O-Tometer Testing, JAOCS, 66

119

(1), 6-7 (1989)

15) Brummer, J.R., Bundle Test Evaluates Detergency,
JAOCS, 66(1), 24-33 (1989).

16) Kashiwa i., Kuwamura H., Kawasaki Y., Inamori
M., Nishizawa H. and Tsunoda T., Study of Deter-
gency (part 14), J. Jom. Oil Chem. Soc. (YUKAGA
KU), 18012), 1095-1101 (1970).

17) Tsunoda T. and Oba Y., Study on detergency (part
7, J. Jpn. OQil Chem. Soc. (YUKAGAKU), 18(1), 41-46
(1969).

18) Ando Y. and Hayashi m., Detergency Evaluation of
Laundry Detergents by Multicycle JIS-test, /. /pn.
0il Chem. Soc. (YUKAGAKU), 81(6), 372-376 (1982).

19) Komeda Y., Mino J. and Yoshizaki K., Studies of
Detergency (Part 6), J. Jpn. Qil Chem. Soc.
(YUKAGAKU), 19(3), 163-169 (1970).

20) de Vaus D.A., Surveys in Social Research-2nd, Un-
win Hyman Inc., 3-117 (1986).

21) Miller Delbert C., Handbook of Research Design
and Social Measurement, David Mckay Company
Inc., 151-207 (1964).

22) FAS, 4] F3e AEz) AL Aol et x4}
A7, Fobdl b F-she-E, 2, 121-134 (1988).

23) Novo Information, B 259b-GB 2000 (1984).

24) Novo Information, B 435-GB 250 (December 1987).

25) Novo Analytical Method: Manual Procedure for
Determination of Proteolytic Activiity in Enzyme
Preparations and Detergents (1984).

26) Novo Analytical Method: Lipase/Esterase-pH-stat
Method on a Tributyrin Substrate (1983).

27) KS K 0250, e~ &2 vl4d#4 4 4w At
(1977).

KS K 0251, A A5 »Ad+d S+ 24 (1982).

28) AaAd, 4F (15 A", AFEHA,
-79 (1992).

29) Harris E.L.V. and Angal, S., Protein Purification
Method, IRL Press, 12-13 (1989).

30) Goodwin Jesse F and Choi Siu-Ying, Quantification
of Protein Solutions with Trinitrobenzenesulfonic
Acid, CLINICAL CHEMISTRY, 16(1), 24-31 (1970).

31) Billmeyer, W., Principles of Color Technology, John
Wiley & Sons, 59-66 (1981).

32) Wonnacott R.J,, Wonnacott T.H., Statistics Discov-
ering Its Power, John Wiley & Sons, 253-257 (1982).

33) o] &4, wAdl, S& FAE, A=FahA}, 459-479
(1992).

34) A &3, SPSS/PC+, Azhi-&:4}, 95-112 (1990).

— 559 —



