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Abstract

The typical classification of soil adhering to clothes includes water-soluble, greasy soil,
particle dirt and protein soil. Protein soil includes colored colorless, and especially colorless
soil. There is a recommended posed by the visual determination of the extent of adherence of
types of soil to the fabric. Storing clothes with residual protein soils causes problems such as
the formation of colored stains and malodor because of microorganisms which attach to the
fabric as a nutrient source, and the process of oxidation. For such protein-rich soils,
quantitative analysis methods are widely used to determine the amount of protein which
adhere to fabric in the study of apparel cleaning. Additionally, it is necessary to separate and
extract the protein from the fabric, use them as liquid samples for measurement, which is a
time-consuming and complex technique. Furthermore, the extraction process has a
disadvantage in that the results tend to vary by depending on the experimenter. For example,
the following two methods have been investigated as simple protein determination methods:
one is to prepare a contaminated cloth using hemoglobin, a colored protein, and quantify the
protein in units of mass and washing efficiency by measuring reflectance; the other method is
to directly react a color reaction reagent using bicinchoninic acid (BCA) on protein-
contaminated filter paper and quantify it by measuring reflectance. To date, no study has
reported quantitative methods for colorless proteins using fabric as a substrate.

This study aimed to develop a novel method for directly determining proteins adhering to
fabric by measuring the reflectance of the BCA method color reaction. It also, investigated
the effect of the type of protein and fabric used as the substrate as possible factors influencing
this determination method. Additionally, for application to cleaning research, it examined
the effect of surfactants and enzymes contained in laundry detergents and fatty acids

compounded as sebum soil which coexist in this determination method.
The results are as follows:

(1) The protein soil direct determination method was developed by measuring the reflectance
on fabric using the BCA method. Bovine serum albumin was used as the protein, and white
cotton fabric was used as the test swatch. The actual protein soil condition was assumed. The
protein solution was added to the fabric and the effects of aging time, air contact of reaction
(conditions container method and sheet method), amount of reagents liquid, reaction time,

and temperature were examined. When the aging time exceeded about 10 days, the protein



solution reflectance was slightly affected. Tt was determined that the protein reagent was
added at the time of the experiment. The sheet method showed no effect of air contact on the
BCA reaction, and the protein amount was expressed in terms of the reflectance with high
sensitivity. The calibration curve of the sheet method for albumin with K/S values calculated
from reflectance had a high correlation coefficient in the range 0.96 to 14ug/cm? (R2=0.9974),
and the slope was higher to that of the container method. It was discovered that the sheet
method is suitable for the direct determination of proteins. The experimental condition of the
sheet method with high quantitative performance was determined as follows: 50uL water for
moisture, 30pL protein reagent and 0.1mL reagent C for BCA method, added onto 2.5c¢cm X

2.5cm test swatch, and the reaction observed at 25°C for 30 minutes.

(2) The effect of the protein type adhering to the fabric on the reflectance and quantitative
performance was investigated. For the protein-containing soil which adhered to clothes,
casein, gelatin, and keratin were selected in addition to bovine serum albumin, and the protein
reagent was prepared as a solution or dispersion. The relationship between the protein
amount and reflectance or K/S value by BCA color reaction using the sheet method was
examined. It was observed that the amino acid composition of the protein, albumin, and
keratin with cysteine and cystine groups that are susceptible to the BCA reaction had lower
reflectance compared with other proteins with simultaneous, high quantitative performance.
In contrast, gelatin showed a slightly bluish color compared to other proteins, and because of
the absence of amino acid groups such as cysteine, its reflectance became relatively high while
quantitative performance was low. These results agreed with the original publication on the
BCA reaction. Therefore, it was determined that the type of amino acid in the protein had an

impact on the determination method.

(3) The effect of weave and fiber material of the fabric that was used to adhere protein on
reflectance and quantitative performance was investigated. Cotton canequim was used as the
reference fabric. Six types of cotton fabric, with different weaves and thickness (plain weave
of two types, percale, twill, and satin) and eight different fiber materials (linen,
cuprammonium rayon, diacetate, polyester, nylon, T/C, wool, and silk) of plain weave were
used as the test swatches. To determine the optical characteristics of the test swatch in the
moistened state, the reflectance was measured using a dripped purple dye solution. It was
found that the reflectance only increased by a small degree, but no significant effect was
observed on the surface structure. In contrast, wool and silk, protein fiber, and
cuprammonium rayon suspected to have residual copper ions, were reacted with reagent C in

the BCA method. Those fabrics were not suitable for this determination method. In addition,
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one type of plain cotton weave presented a significant decrease in reflectance owing to the
attached fiber processing agents, and quantitative performance observed to decrease. Cotton
fiber fabrics and blended fabrics were found to be highly quantitative while, the other fabrics
showed good quantitative performance, although their reflectance was lower than that of
cotton. It was discovered that the degree of wetting or bleeding of the reagent solution, that
is, the retention of the reagent on the fabric, was a factor affecting the quantitative
performance. As a result of the effects of the fabric properties, it was also found that the
determination method required the preparation of a calibration curve using the same fabric

as the test swatch.

(4) For the application of the determination method to cleaning research and clarify the effect
of the coexistence of surfactants and enzymes contained in detergent components on the
white cotton fabric, the effect on reagent C and quantitative performance were examined by
adding coexisting substance reagent similar to water in the standard method. Three types of
anionic surfactants, one nonionic surfactant, six sodium fatty acids were selected, and
protease was used as the enzyme. To determine the concentrations of coexisting substance
reagents, the condition was assumed to be a washing environment with a 1:15 bath ratio
followed by a single rinse. Therefore, the concentrations of the 10 surfactants were
determined to be 1/16% of the critical micelle concentration of each other, and the
concentrations of protease used were 0.001%, 0.01%, 0.1%, and 1% (v/v), and coexisted with
the BCA reaction. It was found that the surfactant had no effect on reagent C at the
concentrations of the coexisting substance reagents, and protease had no difficulty when the
adhesion amount was less than 0.93 pg/cm?. The reflectance of albumin, in the presence of
six surfactant reagents or 0.01% (v/v) protease, was measured, and relative values were
calculated based on the reflectance of the albumin reagent alone as standard value 1.00. It was
revealed that the results were dependent on the type of coexisting substance. Sodium dodecyl
sulfate (SDS), blanched dodecyl benzenesulfonate (ABS) and sodium linear dodecyl
benzenesulfonate (LAS), showed higher reflectance than albumin alone, resulting in higher
relative values. SDS is known to adsorb metal ions strongly and it is considered that these
anionic surfactants bind copper (II) ions in reagent C and bind specifically to albumin through
ionic or hydrophobic interactions. This inhibits the formation of BCA-Cu complexes. In the
case of sodium fatty acids, the relative value for sodium oleate was slightly lower than 1.00,
and sodium laurate increased with higher albumin concentration. K/S values were calculated
from these reflectance and the quantitative performance of the protein was examined. It was
found that quantification was close to that of the absence of coexisting substances in the range

of albumin concentration below 19.2 pg/cm?, except for SDS and sodium laurate.
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(5) Focusing on sebum soil that coexists with proteins in actual soil, the effect of the
coexistence of fatty acids contained in sebum, palmitic acid, oleic acid, and sebum oil, which
is a mixed soil of oily components, was also investigated. The effect of sebum soil on reagent
C was examined; palmitic acid showed no effect, while oleic acid and sebum oil decreased the
reflectance and had an impact on liquid C at an adhesion of 80 pg/cm? or more. It was
suggested that the double-bond portion present in the molecular structure of oleic acid may
react with reagent C, affecting the formation of the BCA-Cu complex. Next, the quantitative
performance was investigated using the determination method on the test swatch, which was
contaminated with oleic acid, washed with anionic surfactant, and an albumin reagent was
added. For fabrics with 200 pug/cm? oleic acid, the reflectance increased in contrast to the
amount of albumin adhered, and it was found that coexisting oleic acid may prevent the BCA
reaction from occurring. In contrast, it was revealed that high quantitative performance was
shown when oleic acid coexisted at 20pg/cm? or less, and the determination method was

applicable in this range of oleic acid adhesion amounts.

Based on the findings of this study, an advanced method to determine the protein adherence
to fabric using the BCA method was established. Although the quantitative performance is
impacted by the type of protein, such as specific amino acid groups, retention of the reagents
on the fabric, fiber molecules, and adhering materials such as fiber processing agents, it was
found that this method was highly versatile. The effects of residual surfactants and enzymes
on the fabric after washing were observed for SDS and sodium laurate. It was also noted that
the quantitative performance was maintained even when other surfactants and proteases
coexisted. Furthermore, it was found that the coexistence of oleic acid as a fatty acid did not

affect the method, with amounts to less than 20pg/cm?.
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ENERE T2 HERXHLT 2L 2HNE L, COERBEOFEERL LTE2HL, XV
SNy EOME, (TERE & R 2 MOMMEIC X 2 ELRETT 2, 35T, iR~ DA
IR 2 o, POBVEANICEE T 0 RENE TR & R, BRI e L CEE S 2 N
BIFET 2L EOREBE~DHEELHL LT 5, KETIc L VELN T, Eiag
DR, HHECR 2 3 28 - FIHZLE L &3, B K o2k > 2 L RS &
Y BIZAE & o3 7B ICRHE U 22 eRE A o BTG M o BAFE & B R 3R 4 BT
DIFRF I L, A =T 4 THEORWERBMT 21T FRL L THEKTE 225X 5,
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FH2E PRICNET 2L 2 v 7 HIERTE
2.1 PRICAEET 250

HN LT ARKD 5 _XETHRVGATICAE LZWEH TS 5, Bk~ DG 0D & BN 131
HMTHY, KL T, ROMNEDHTTREZ 5N D, ARDRKY i &5 DEME B R & A
ROEE HBAG L, FEEIC X o TAVIATYEIIAE, 15 & lER I o RImERLIC X 2 &
BN L o 7 L ERBAETH 2V, Ledio T IRICHE L n e dtnik e 5
ediciE, Hne k., HEOHEZSLE X 2LENRDH 5,

PRCAE S 2 2 9 Lzimhicid, 2 odskilic, BKIEFO ANMEdko b0 e B~ 2Ig
LEDHREIRHRD b DOFES 5, MHH & LCoBid 5 &, JKEE, itk Bk,
B & 7= 3R e R & | ARERI oy & LT, B - B, (3R, ihlis. e, 2 L
RYNTENBETOND,

2.2 BURICATE L 7295 it 3 2 sl 7 i

HICHNT 2 BRI R 2 G52 & &, iR Ic s W TEETH 2, FHEiOX R,
ABRICEE U 72 il & 72 30kes (BEERR) oG ici 3 2 i b 5,

O EEFBCHEVABGETIASAY AT ZAMTHY, 7 A Y B D ASTM(American
Society for Testing & Materials) CTHIE I WL I N TTETH 2, EEMH O R 23 FEER
ISR Z A L. RIERTRER COER 2B VR L, mfIcHER TN EBEA 2 HIE S 2 BiE
24T 9o —77. TOHIEICIZZ K OREDH I L LR L BB BETH Y %<
DY v TNV EREVIRLICK BEEEDOH EXEEND Y,

LD, HH2 LOEOHNEAMCAE S ¢ W3] AL =7 A ERTD
Al 23— R T b 5, Gl DTk, HECHIE S 2 BRERHlE. £ 7213, BuE & L CHIE -
B LHES 2 ERHIi2 2 T 5 Y,

FEmaHiicit, 510, RERFFEOMEICL YV BRORRL L CHEER L., Mk
fTERZRKDZ DL, Kz ot Laielel & LT 2 v X 7 EER L2 H il
WEEREZERTDIHERDH L 49, LrLanrb, KaozimbERST 2 5% IE. KEED
HE &L T ) O L EEZE T 5 720, 1550 O X SR OME I X V1T
b DOPEHITH B, AT, RENLRBRMICONTE LD, FFRICE T 5 G
I X 2 FHliZe b I I HE R IC X 2 FHiliic o v TR B,

2.2.1 55 oM
(1) KR GeAn CRERTIIEAT)
B ~EE, 905, Bt T NEZAME L72d D Th ) FEAFEOHN & BEiftEGE 2 e
T CHHIi S 2 BICEMTH 5. RGP O P 15k JIS K 3371 Tid, M 275
Befii & L CHMEAT 2MEE S Tk 0 | JISL 0803 ICKUE & 47z Bt B A FERABR I AR 1 1 A
B 35) Z2dfie 32V, ZLOHEE, HRAMIIIK~2 ) — s EEGNWME LT
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WA AR I NG, HYATOMERISIER ICHEL <L EAZIC X 2RO AN T O 2L
57201 % S D% v IV EEST 5, BERNICE, EARBEICERTEY, 2o, o
FRERSRCD O, FREDD D, 550b oD 3EMEZHET 2 L8R H 5, JiiFilak, o
v 7z O—NEBIRIC X Y BT S BRSHEZRTT S LHE I NTH Y 2 BEHN 7 E =RT
filiic B S Wil 2G93 2, HIIC X D, REEOHEEIC X 2 HE0HY 722 500, Bl L
LM EVEOERMPHELEL TI5H5bH 5,

(2) NTLiGYAn

—TEDETNAHENRS MBS RERATH L, RAFRMERERY, H, BLdicHh
—ic, —~EIc S RICF ek HRESES CRHIROR TR T 2 0I1IBLTwb & F
Zbo —H., WiEvy b, HNOFHEIC X o CH—OWFAITH > THHRPKECEA S
T &, NLiHGA 5 O Lz 3l & A OGN R 2 2548055 0 | FEARFHE %
15 2 L WEETH 2 Y, 20720, NLIHFA & F o 72 5 I R AR A & o HelsE
BREAT 9 S L FEARL o Tl Y | IR IT. PEEHIT I 7 < PRiHkeR 3 b b UERK D
PERERBR L LT JIS C 9609 ICHE S T\ %, ENTIX, KIEHE A CBEBRLAEA
TiHGAT QERANTGRA) LEN 2GR ER X, JIS C9606 FEXAGEMKICET 2
P BT iR CHEHABE S T wd D, Shid, KRG & IRIEFERRO S &, Jeil
CEHINZBHEONRELIMT 220Xy N2 HLLCEIFVRFHLEZDDTDH
5, AT OR~NRT,

Table 2-1 Soil components of wet-artificially soiled fabric.

Components Composition / %
Oleic acid 28.3
Triolein 15.6
Oily soil Cholesterol oleate 12.2
Organic components Liquid paraffin 2.5
components Squalene 2.5
Cholesterol 1.6
Protein Gelatin 7.0
component
Inorganic Inorganic dirt (clay) 29.8
components Carbon black 0.5

WAL TIE. Swissatest([H EMPA. Z A &), Testfabrics (7 XV A7), wik (FA YY) &wn
DI A= —8RBHE N TH 5, FAIC BT 2 H ORATG A Ofth, BRLEF oK FI5 i,
oy R, MEHE N, 237K A v E v 2BYoFENICEL L 720 Db FET 3 2,
FRgH L (Sebum) HFRAADFET 2205, RV AQHENLEKEL X Vv N HOHRE WS
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YA 3R A cELE SR X . EPSNE BT, 2 v N7 E D A DERA IER T T v
&w&%ﬂéhéo;@@mi RN ITHEANICEAOTH Y KEERIC X 33T
THAH3ANLHERGOEEICITEI A EERINTWE =D EEZLNS,

2.2.2 RERHEIC X 5 5

(1) R L X

KIEERIZ, BEFEO X S 2 EBL AV 2R e L23HEICHE L - KETH
%, JISZ 8722 1< IKEWIMA D WS I X OZ N DRI E TN TV BB Y . —E DN
ORI ERI L, ZORENEZT CREEE 100 & Lz 20EGE2HET L L
WO I HE S 2 28, FRIC RO D Z SR I AT RE 2 R 1 HE R RR I & b B
o TWn3 9,

Bl LT, RGO L 2 taEsE, ~v T4 8, Gl 55ETH Y LED 2GR
EL7ZEHK0/45 R I 2 7 CH 5, JIS Z 8722 D IH KR U2 D i &4 b
SN T 5, —RAICITHEERRCH 3 380~720nm FREOHIPHCHIE I NS, HARDZ &
708 B HERHT I ASHELSN DA DS 3 Hegm i KL 7w X 5 L BIESR 2 R ICH A X
HBVERD L, AR ETIEEEF. ADOEE T ICTX o> RIEIL DR 2 548 D23
RAT2ARENED D 5 Z & TR L, 2o, NREH LT 2 itk o TEI AR
LB LR X S, ~m@ﬁ@§%é%é:kﬁ#ﬁmégﬁ%ékgiéo

HTE U 7= eSO 2 tic, o ZFEIC 3 2 ZHiE X, Y. Z, 3L U0z oftiok
tBROEELTOND, %@f@?% L*a*b*a 5[, 59w 3 0 cidb A LT
2REFTHY, JISZ 8781-4 iICHBWTHHINT WD, LYIHE, %L a*, b*THL
(HA772 L), a*OfEDSEZR 53R, Bk b idfkE %R L, b*OfEAE R & IXH G,
B OIFHFOHMEZRLTWS 10, a* bMESKE WRICEENE L, AP TH 2 &
B

(2) VEHh R o ¥ /5 %

YA & O 7 ST IC X 2 P sh R o Rl IA K T Tl b | dEdsh®E (D%) ©F
N BRI % ko B, JISC9606(2007) I B T E 2 Rko 2 3HER e LTI
T\ % Harris (1) Tld, FE DR D SFHFE (772 LIEI/NERTD L Y E (Yxy REEFH
ICBFEHE®) 2 (100%=1) & LTHRAT 23,

D (%) =(Ry-R,)/(Rp-Ry) X100 — (1)
R, : G4 (soiled) i O KEF, Ry, i (washed) % D KETH, Ro JH A O G

L2, Z0H 13KA oMM X 0 HERHIC AT 2 REDEOEEL. $hbb . ILHUX
SCDREEDNK T LT JRBUREDE IR, e 2 IS L 72 BRic—ER D e 3 IE AL LS
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DIFENCET L. & 2 WIFERINEICEITRAL Rl T 2 & THh 3 11D, Zo8A,
KR OEEEZIELSHET 2 e BAREETH 5, FFlohikzxgRe Lcifibh 3 EET
b5, HRPHEBHEAEROMMBRFICE T 2 HoEF LIELT L LW IRIDOD L HiF
I L C ORI D E Z B EA I N T WS, 2D &h b, D REEIC X 5 3
I2ix. # offiic Kubelka-Munk o) 23SH W5 3,

K/S = (I-R)%2R — (2)
KOEHREK SHUELIREL RiHTR (hEERD)

Z ot SEERLT-. BRI T % & OEHBE ICHRHOL R % i L 72 R0 RKif 2 R$ b ©
TH D, MMERICE T 2R e R, Rt wH Bl o ik, coRXicixRmo Kot %
EEAEERLTWE LW ERTEET 20D, RERWICKE RFEICIEIR > Tk
W E D DWREFAMFEE OB CIA R ANLNT VS VY, et fiic 51 2 ekl o Yurg
BT hDHbEORIDFEICOHONTWEIATH Y, HeEERHABREOMIG & L <
WL T2 Y, 2720, ToORXEHWZZHEFNIFHEICE W Td, FriChRFHIRGIc LR
RBHIET %0 MTFORE I 2V/NI IR, HERAOWEME DA L 725 7=, AT
TLY, B EBEREDBIES 72X ) CiHlichTLE 5, Thbb, ISR ED
FEHICREL D, 2D, RFHENEETHRA O RKFTHEIC X 2 5Hlli% 175 BRicid,
DIICEBILETH B,

Pl Xdic, HED L 2 —&ic, #EIRICHTE L2 R0 2 v o 2 Bl % §¥li$ %
LA, BOYWE 2 EGEI T AR VN2 EEN RS X &7 N LIEYAR % SRR
WX VFHIiT 2 708 b TWE e E x5, LA L, 2OHEIRD K T CHINHY & 5FHM
ICHEED, BRBL L COERIT. KB~z HiHIc X 25z 175 HERD 2,

2.2.3 HhHERIC X 2 3

fi EOEEDOHE NI EDL OIS 2 I3 TER VD, MofELE RIS 5 45
BdHbd, ZvANITHEDEAE, ikl dICHBETKILL CERFET (N) & LTER, v
JEBICHE T 2BV BB, T A Y OKEELT b ) T L) KRR CHi O £ v
NIBERMB L, B TRA VR EERT 2B RO EREGINS | R
WKBWTLLZITFTANLLN TS EEZLND,

SHTHHOLN TV S, H6 omEHI Tk, BERMICROFIETITY. & v 878G
Qetfi% . pH10~11 CREEFRH @\ 0.1IN KEE{LF + U v 20K+ < 120 4rfH. 90°CT
MEAL TR v A7 ERZMES Tl U, iz . $id-Folin 338372 b Lowry k% H
WTHBER L, REMRP O X VAN HOHBZRD TS, TOEMFE, 7= 7 — 13
LR VANRITEDRIGITET V7 D ETER L RO BARE L 25720, &iE pH D 10
~11 L LTHH, IHICBNERRHTAbL 2 v NV HOEWEESWIC X > THOLE I
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REAHBEL 270, L DX VANTEDPEELBOLERLET 5 120 v S L
T3 1419

COHFETEH, R ZH 256 8 382 Y N ARFHicidad, BEgL L TR Y
NUEHENERHMEIT 5 2 LA TEDS, 20— MBICHE LY X HER RN I TR
WHICHAT S 2% 1T 5 720, & O LI CHHERIFR R F-E ORI X v o8 7 B 235K
ML, EFRICEEL2EZ 258 KICEZONS, Tabb, EEI L OBEDAED
KEL 2D, HHEAMKL 22 A[REERE Z NS, 20720, BEEDOH LT -2 %155
7eDICL K DR E T RERDHB725 9, £l RKEEEH WKLY —EoFEE
BT 2 FEPEMTDH Y, L ORHZ2ET 2L HRETETH S,

DXy, BODRYAZETNIZZ DRED O RERDORMESER, M2 A L 7
TEZRCTEEDORGHEIESNEETH Y 2 v X7 EHIHENICN S 2 e ik e L <.
INOLDOHEFETHEL T neEZ b5,

2.3 RVASIEHRN

CIT . HDOTRYNIEFNICOWTHEESCHKRE T LD, 200 PBIREIICE W T
72O TRIEICOWTIRRS, IHICERZ VY ANIVEERIBICOWTCZORE T LD 5,
WIRICM BT 2 S MaEnoh T, 2 v 28R KRB INRERERRICb & T h
ZHENTHY, BIFENED 7~20%% 55 L I N5 120, Xbic, & v 578 EM R
BEFOBDTTHY MM ELTEWT S et nEE Licd K, Bl T& X ) i
EBobDIFHRIC L 2 MAEOHAANEETH 2, Lizd> T, FFFRIcE T2 v N2
HNTEESRMENRTH L LFE RS,

231 Ry NrEEE

£V EIK20FEOT I ) BARTF NS (7 2 7 BRLEO T I FisA-CONH-)
ICEXVEALE. BOTWETH 2, ARFICIET 2 7 BBEY. EAE DR 2 RIS
W R VN EWEE OGS & FE OBRERTF D . EVOR AR L., EMiEEIE X A Tw 5,

—f&ic, 7 I A 50~2,000 O o2 b DR XV AZE LN, 50 AU T Db
DEFRTFFEEEINE, 7 I/BIZ—2D0TFHNICT I 7 EECNH,) & AR F o5 (-
COOH)., A& vigh (-SOsH), V vEgk (-POsHy) %#F201FTh b,

Z VR EIC R AEER D V. T I BEAIIC X B [k ], <7 F FE#HD
BRI 72 A S IC X 2 [ R ], fifix G0 -2fo s chd s [ =R %
B L. o0 [DUREESE ] LI 2682 TBET2b0b 55, k. 2F0IRIC
L0, BRIR& v oS, IR 2 Vot 2 EICRE L I NS 212D,

2.3.2 ANEdskox v o372 8iGn
RIS E T 2 MR W e LT, BiE, Uh. T, I, ATl IR, PROE[MEHZET
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b Y9, LUT D Table 2-2 i, Hive LTilbn 2 REFEMNZRDDICOWT, X 5IC Fig
2-1 ~EEREE DM EZ £ L0 3,

Table 2-2 Types and components of protein soils from human body.

Types of protein soils Components

Keratinocyte debris Keratin

Perspiration Dermcidin

Blood, Pus Albumin, Hemoglobin, etc.
Milk (mammal) Albumin

Excrement Food and Cell-derived complex

(1) B

b b OREERMEITECIFERE T EREE | cEbhTw b, IBIRCER, fieodn/k K
fg) &REMIEERD THRE | 3B ICIZR R 5208, AR CIcho 2T Lo T K]
LERT MR EEROIAIC X 0 FE L WELIZR S v, TRE R IZNEIR O BAL S 7-
D OFEEICBEH L CRARZ RO -oTED, DL VOIFHIFET., Yol THTH
%, ek, IBEIX. BMiE. 77V wnfl§E, 274 vIRE, Vv 7 A, AT B—ITKS)
Hanzd, BEIKEEDODDOHFEHET S, PV Z VRV N, VY JATZRAT AL, A7 T L
v (6 DDA faMIFE A, KFEH 30 o). GHEEIENTE (2 V) RF VR, Vv I F ViR
BETOND, KEFEEMER NSO I3 2L TRET 2 obroThh, filx
X, FZHBRMEIR Y X—EEE2H O MY 7Y v ) N R LEREERE 7)Y v
L TWw3 2,

NIl % % < &t oG nid, HRHERE 7210 7 <, M o rh 22 RS R Ic B L.
NEFEOE WD DIZ LB, EALLTCEOLT L2 broT 05, T, KiFe
T, RERIICHET 28R (B0, TIR» 0I5 720, RO Kt
EHT 5, FICZ ) LEdwanEOROEAEF L Cw 2 ECHE 213 U, ke AMEDEE
BIZX Y, 37T TR VOB IYEEMEIND 2 VX0 8 (77 F V) ofEMlast
HLZDDBMET S 2, —MRICKIEHEN LRI N2 b DX, &5 LeKIR T, REAL
MR LN TH B,

(2) B A
R OWERE, REACMIE 2D 90%LL EFFEL., i, HE» o, fAfE, JH
JE. ARUE, EEFCRATE, X7 =vEBREEL AT 734 b, WEICEICBEEGT 57
v v ZHIRE, RIS S FES 5, R BEOEFICEEELH Y, a7 -7 v
HFORVANTHETHRINSG, ZORKRBICE S 3 KISV CHIlE R L Z2illdss
Ll BINE~mD > CTREE), ALl TAIIIEE 2 b | RIS AR S 2. L)
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R—VF =N =Y RT ),

B, MifE e L CidBEA T3 3MUBHIEEFE S T b KD R EE T 2 &El % i1
S WKE (V7 1) 7 I7F v EMEN MR v 0 ERFECTH L, TRAET LA v,
INFFTAEYVEDOR VA ERLEBEE L. AE L TR S L B BRR o sy T
AIEELTWS, 7 7F VIZABD X v 70K 80% % o, gz LkicLTw3,
531 &H9 40,000~60,000 D & v X2 ETH Y| 20 FEEL Eos TSR LN T WS, B
MRS, BREUBECR Ty 7 F 1L 10 835845, chd 2 on T3
BEREELAEATA L CHBIE 7 4 7 AV b ETN A ERK 10nm DOFE 2 T
5, METIX7 4 7 AV PRI LICat, BHE LB CHE G & 7 2 25, &I+
JETI R Vv I ERRER T e T 7 — O IC X VI hiisned s, Hnk
LCHIRICATE S 2 Did, ok L2 MEMIETH O KRB X v 87 HTH 5 P,

Sebum, Epidermis : 0.1 to 0.2 mm thick;

Perspiration, etc. divided into stratum corneum,
stratum granulosum, stratum
spinosum, and stratum basale from
the upper layer. Keratinocytes
account for 90% of epidermal cells
become soils when them shed from

skin.

Dermis : 1-2 mm thick; contains

\

many extracellular collagen, sweat
glands, sebaceous glands, and

@ . capillaries. Responsible for skin

\ metabolism.

Subcutaneous fat

Fig. 2-1 Schematic diagram of skin structure, components and soil of the skin surface.

(3) i

TRz 7 ) Ve 7R 2 ) VRIS, =2 ) VIRIE R E oA LK 2 R, K
T AR, RB. MERD L LTR Y 2 2 G, (ThoflEE,. REFERIE pH 2
S CTH Y BAEL DS b, BEFEHZ b2, —77. 7R 2 ) v RIZE P HEER I RS
LCopfn L BIERR & [FRRICBTAICH A2 H 5, =27 Y VRO WY & L 2 v o878
FxL U0 TH 5, B REDOEEMEMIC X Y s h, BROJFR L
%% 2,
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(4) 1M

MEFICd 2 v X 2EREENTEY, RO L DIRRMRTH 5, ZORBEOEE I
k2 VRV BED~NEZ7BEVICEEINITA AV EBBEO/AICLII DI NG 19,
TAT I VIR ORE R v 7B e LTIEEL, a3 X vox B & L TR DT
IEAALNTWELDDUEDTH S 20,

2.3.3 AEBEHRRD 2 v ok BiER

AEERIE D b OH I, kA 5 KA L <. B, (LhES. ATER S GREL BehE
oEMeilEE Vb o), R ok MAEY llE. 7). M oKEEYE & v
STHARR» Db OBETFLNE V2, LTo—%Eic, Hne L TifbnaREMN DD
COWTHHlZ E L 2, FRIC, AWRBRBICAEA S NTRET 2 b 0 lkBYHkoBE %
W7ZA 9 BIRDIMANCTATE T2 2 & 3% K, Bl Th s < 230 BT X 2505
DEILL WA, KRECHETE DL S »pOMRARNETH 3, 2070, FIFICK>T
MR KL > TLE ),

Table 2-3 Types and components of protein soils from external environment.

Types of protein stains Components

Foods (meat, egg yolks, beans, lactic products, seasonings, | Casein, Gelatin,
etc.) Non-protein  complexes  with

lipids, Sugars, etc.

Albumen Water, Protein only

Cosmetics Ex.) Lanolin, Silk-derived protein
Microorganism (bacteria, mold, etc.) Biogenic protein

Enzymes Biogenic protein

234 XV EBNOREIC X HRE
KEED 2 o7 EOEE, e LTHE L CH R ch I, @il %z kk g <o
NIEFREI NS TV, Lo L, EREOKEIC X 28, 2 (FRCRR)., BB X U7
#Y . AR OREICL Y, 2V 2 BB OXT7 T VEOES VIS . Bl <5
THNE I FRICHEGZE L TRE LAY & 73D IKICH T 2 IR MK T 32 1827,
Thbb, ZWHICX Y KEED Z v 7N NEED X v BN~ T H L
D, KITXBPEHTIEEDICSSZoTLE I,
FRICHARICBWTIRNFZE U 25R L BEOZM LK E (. B IIERSEOREEIC
K OMHEFE R 72T Ch CUEMIC L o TSR L 7%, 2 D72, X V7 EENDIRE L
TW=GE, BHEL 72EM L 2 o mPnc L b, HGEn-cERoRE, Wit BGico
w3 Y ROV DB EADIFR E o TL 5 2,
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L7z oT, 2OXIBRHWRICHELZZ Vv N 2EENDONERYERBT A LT, &V
N7 EENDWE R TR T 3 L CTEETH B,

24 RUANIEDERE

2RI BEOEREIT, B LFEPEMMUFICB O TIRbNE C L% BEBPHED
TIJBEE X NHE L TCHES 2757, EXUKENE, SOGE, PO RS, #o
FEDBEET 5, RECE, FRICHEIREL A © i, W FIEA S 2 EE A Wb b
Lz, ZZTEZOBEDORRNATELZIY LT 5,

WHHEETIE, 2 v 7B XA L CERT L L3 TE R0, HERED
v EUEROYEIX KAV N HERLELTKRD L LIRS, TOR EEMRE
IEREL B 2 N2 TR T B 2 L ERITH B, kv 2 HIRGRE S O K E
DRXVAIVEDERHNE T25EIF. 7u~ b 27T 7 4 —, BXRIKENE OB % 17
IMELD B,

kB, 23.1@)ThidiR7 kS ic, AUEPIRERICH T IEEL 2 HE LT, AT
DLEEL TS L, HHPHBESEZE IRV b, il hy v iliEhk T v 7
I v (Bovine serum albumin, BSA) 23X < kb3 20, Z DX v 7EH0—RiEEIZ, 17
oY 2T 4 FHEES-S). 1D 274 v 18D a-~V) v 7 AEEZET 5, &
KEETIE, BUKMER7 v b (2240) & MEN B R S v, TRIAEE. B A A v & i
BT 5, BEICX o TIREE L T 2 BN 2 IR E L 2ffaassldi e LTHvwohn s,
TATIVIFERIRZ v BETH Y, iR & v o8 7 Tl b IR E L 229

241 StrEERMAE L o0
(1) &AM

ZYNTEEWE ST 2T IO b, FHEEEERONI T N7y Furv Y T
AT I VORIGERTH S 280nm ITB T B3WEE (Abs) ZHIET 2, b % & F
ARV ANITEOHEIERTF MG ICHKT 5 206~215nm 2MET S Z L ATRETH
253, T OPRMBIHITINE S D135 DWE D % | AEWE 2 H 5 AlREM: 23 B 2 560 130
ERRFHBRE I N5, $72. OF2ETHE I EOLEBCE T 2560 5 5, Kl
R rETRNWR Y N7E (12 350nm D Abs (20 THB7-0, TZIWCKRERIEBRA SN
250, SARPEHED L Vo oI OB ERE Z LN D,

IR BE L B FIER ICHM AL TH Y WEL 2R E Z 0 F o EBICH W 2
TEDBTEDZRELFMRDED 5, —J7 T MEAROMEHE - C L 2FIFETH Y, Y
BEVRFEETLI2DODOMMEICIAMETH D, T/, X2V N7 HOMEIC X 5T Abs DR
B, EEMbo T ke LT 50~2000pg/mL & T3 30,

2.4.2 AL¥RIGIC X 2 REZMM L 2087
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(1) Bradford (79 v F7+—F) &

FY 7 2= XX VvFZEFETH S Coomassie Brilliant Blue G-250(CBB G-250) %z, B
FHETTRYANZEEERPICHMLT Abs ZHIEL., 55 UDERL ZERICY T
DCERTLHIETH L, BERE T2 T, CCB &2 v XrEHpofHMET I/ W%
ETehrr7r¥ov, VYV, LXATFVVBIUCERKmT I /S, FFEN. BUKMEHA
ERIC X > THEE T %, 2Hick ) CCB DI RKBIKEZRFED 4656nm 7 5 FHED
610nm 1232 Z & ZFIHL. Z DEFD Abs 23R A L 72 % 595nm @ Abs #HIE T %,
WRPMET T DYE k. CCBIIfiA L v, MELZRIML TRAL &, ERT27313Y
FET 272 CHIERRETH v, (R X v N7 BEEARIE, 1 RREIXAR P ICLE ISy
T 270, MIENTMETH 5, 72, BERICITN T 2@TTHIL F L — FAIOFE)R R L
iE S HiPH 2 10~2000pg/mL30 L {KIREHIFH ClEr H 5, 20—), AFzH THH, 7
HEEAI OB 2B T 2 2 &b, FHEMHEAI O A 23E 2 6 4 5 3B o HIGE 12 1308
v, UERIH T ABEARE LT WE W) BB A H 5, $7-. REROE
BB NC & By AT BEICK o TROEFEND 5 T LB SN TS 303,

(2) WST i

JETCHEATH ZRENET b 7 V) v MRS ) . WST 12 C 003,
PRSI & o MG C D 2o AALE R RIMLERTCHONS T &A%\, < ORI
AYRNRIBICE o THRBICETLINTRASTF VIREER L, 7TAn Y KERP CRAR
I 650nm OFMIC R BT 2, FERHMIFIE 50~5000pg/mLOTH b, REFMKICE
HT 1 A ET 27 CHIETREE & 205835 5, 20— T. XY 7 EofEHEIC L
DREDEDD Y, BITHNC X 2B K E (3039,

(3) Biuret (¥ 7L v }) &

Biuret 13/RFE O “BILEEEZ b OEEYITH L, 7T I /S 3 DU ESARD 572 b U~
TFFUEDSD, I E VN2 EL, COEEMEMNZ LS BRIGET 2720, 20
FRCIEENT W3, 2V 528 %8 (1) A4 VIRR~TAA ) EETCRAT S L. K
T F PGB L ERFE TR e b v kRS LT, 8@l (1) A4 v IcENAEE L CH
XTF PR EET 5, KIGICEM 30 0%2%ET 5, chick ), *7F FiEGoEICS
U TR DD REICEG L, 540nm © Abs ZHIE L & 54 U HEH L 2B IS T
DL TERBVPIREL D, XV ANVEOHENERED Y ORTF FESEUIERICH
LRI ETHY, Z Vv AN IHEMBICL D BE~DHEINI Ve WO FERH 2, Lo L,
ERED P AREER, T /B, A7 u—R, TVvEZYLALY (NHY) &Ep3dbfEs
ZHEIIEL CHETE v, 72 EKEIX 2 0z & < 7 K CERHIPH I 5~160mg/mL3
ThHHVEKBEORRNCITFEE v, ZDIED, W EA VREDEGEVANIHE, 77—V
DEIRFELRT I VHBHBD & v 7BIIeREDDEE B L TG 0,
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(4) Lowry (v —Y —) &

il Biuret IR WR L, X v A 7EFOHHRBEREFFON) S b7y, Fuv v,
VATAV CRFV VY TANTF VORI EIGH L 72 DT, B IR D ST iE
D100 f5E a3z, ELFERTCHMBEL v N 7EERERL LU HWLNT WS, £F,
ARG Z & T 7 ) ST C Biuret g3 % & v o8 ZEEWRICHIM L TR (1) ~7'F
FEERZ IR L. RIC Folin-Ciocalteu 383 (V v Y 77 VgL V) v 2 v F AT VB % I
MWEBICAR L 72 D) 2#F T 22 LT, 2 v A2 EHh o /EEAZEFOT I 7Bk Y
CORFEZEITT L., 650~750nm IR APINKRE 2R OFELZELET 2, TNHDRIGIC
13K 40 E T 2, Z D EklE 1~1500pg/mL30 & KE A E L 5O N3 BREM D RIFC,
IR DI CIEA H 5, Lo L, BIEXEM T, IIEMELS <, FmEtEA %2 13 C otk
e ¥ L — P, BICYEIC X VB AL 2 e vftnich b, Tz, ilEEDOLE
REICITWERE BEE L, HHINCERICE T RLEDRH 5 309430,

(5) BCA i

FBD Lowry % T Hictk B L, 8 (1) ICKrEA 7 2EFHIETH % Bicinchoninic Acid
(v va=vig BCA) ZRWRHEH L WAL TH 3 7%, J5FE, S HICHELZ D
HWSEIRE B I LT b, JHEMIT Biuret 3%, Lowry k& [FIERIC, 7Ah VEFET TR v
N2ERH (D) $EERRL, v AT v, vAF v, Fry vy, P T b7 7 vIicko
T Zv 2 7BRIGUH (1) IGETEI NG, ZoRILEIE, X Vv 7HEREOBKTH
b, XKic, i (1) & BCA2 3035k %2 M $ % 2 & C 562nm I iR R % Ff o %
BIcEET 5,

Protein  + Cu®

Fig. 2-2 Reaction scheme of the BCA method.

BRI, AT A VICX i B+ 38 #80H 5, 2D Abs #HIEEL. 55 L oHEH
LEMEBERRICYCTII® 5 2 L CERBNARETH 3, Z O, EEAffE ©. BTl
PRFE. KEEILF t U o LD & v 8 2 GEWR, —SoF L — FlEoPELZ T2 <,
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2SN IEOREHIC L 3R EDENNE WE WIHELRH B, X oic. EEEPHIT 1~
2000pg/mL% & Ji < | REE D RAF CHREROEMRMEI S (R2>0.95) & ¥z 9, 20K
i, Lowry i & [tk SSEATUMIC X 2 RERIGTH S C &b, FlA A VIS5 F L —
P, BB ERRT 50, INLORFFICFEESLETH D,

COEREL. BEIC X0 RISICET 2B EAL Y . FEHELIEL 37°C30 HRITH Y .
FEOEAT 2 B 60°COEA T 30 40 E X ha, KGRI LY KSsE oy b a
—AT B EHURETH D FRIC X DB L 72 O REIT 3, R TH > T KUGIMEST
TEZE BT INENRD D 303,

2.5 AT
FEICHE L2 v EEREEIC b, T2 3EET 200t LT UTD
MEBETONS,

251 =ve FY UYRIBICK 2 & v 32 EHENO R 32940

EfEO k. HRNEICEST 27T, 7 I 78, Bz R e L, EEN RS ZBINICE
ZBBOMGERHAL T, KPEEEZRNRE LAHEREHRENICRZ 2K EE2HKATHS, &
I, INERESE, /I PARORE - AR R E L 2HERG CORREMILE H
e LAREERKREZIT> T b, BEEOHND I b, 2 v 7EFH LI LT=YE R
VIRIGEERAWT WS, =ve FY Y (CHO) 137 3/ EERIG L TEB%E 2T 2 EH#
HY, TIEAICHCONETETH 5, FHBNARLABH Y, EXRHP CBLI T
W, BOICFELLETH B,

A& ORFEZNRE LR ER T, BBafie L, F—o/NEREFEREN 1 Hb
720 SEREM L7zl >y <, 1HM, 4HEob o %#HEL., . &, Mo, B, e
DEEHNLZ 10cm X 6.5cm 1Y D 3 iF 72 b D% & HIC =55 L CERBICHWTWw3, 2o
BRfiic, 1%=ve FYYKEREREMTF, TAnvELI P74y —CiggI 2 HET
I 21T o 72, % OFER. BECER Y 7 BHRIcBlEIns & L bic, EHBHESHET L
BELRIRY. K, MEoEEHTICEwTHETHo LTINS,

INxkSFEZ, N FERENRIITbN - REEE I, RE - EEs 7 v r—+ %
Ty IHRAERE, o, B e L CoFMEZEHEL T2,

MEBNOREEML L L COIEHICERDDH ZMETH L 7T, =ve F I vRIGI
HLETTIVHBENRELTCWE 2D, 2V 2B EHBL BB TH 2 »EEM13E S,
Toic, HEHEMEZHNE LAEEHENAERTHY, TEINME TEIRBEL Tk,

252 ~TruvvEHwnws gy 2 BTG YA 18194D
KIE 1%, BB IEIEATH b, RESHES D BRE L TR ER L, R
W BT ATRE 2 5 AT OIEBLR AT\, % DR B, (LR 2 O R, 554 & L OFF
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flizikAaCTwd, HhoEe L, BifEf1FE 2y S 2BHIGEHL, 2 v X7 BHLET
nELThHtB~En ey v, IHHREHIIMEM, ~E7 v V0 INT VE=ST
WA L 759 e U O g & &, i2EA ZKBMIUIC X o CTEM I ¢ TR ICkRE X
NEWEHIICLTwb, KEFEOHEEIX, 5 KD FEFR B OHYA % B CHIE L, K/S s
OUYEHINRE R KD 72, LFERE L LT, HHA % 0.IN KL + Y ¥ Z/KERF TR
Re 5 Z1 T\, #i-Folin 53 72b b Lowry i(EZHWTER L Z OWRE % HIE, g
BRICK 5 TR Vv I ERE X VPSR E KD 72,

C ORER. HYR O T H R RS L TR 5 2 & T, KEEIC X 2R L Ly
ERICX B RICIEE ICEVHE 2723 2 LI L7z, L L, ~EZ B VIidE
xRN TH DWW ZIC, PEEICHE S 2 AR FrOBRELKRICRKE 8%
ZIBZ b0 MEINTLE D LT, KERTHE L Z5AICEBOMNERID
LA vEE LCHHEE N Z b otz, T X iC, HaD & v EiEN% KEHE
HIE L WO HEERGECERTAMENRALNLTwEIbDoD, HLETTHATH L ~E
R vENRELTHEED, KIRGNCEENE XV X7 HEP, ¥ 7 F VEOEAD X
VARIBOERICEINETHLLEF R D,

2.5.3  ATR-FRAMCHE & - 7215 0V o) D Hei B O TELEEE B o hT 2

RS 3, WG, 2 v o8 2 BN R EREN D O E RIS S 5 72 0 ORI R
JiEoFEE B E L, BRI ORANTIHRAARE O ATR-FT/IR 2~~2 b2 HIE S
BIERRE L T s, 7 — ) 2RI ORI X O BUIATL . 800~4000cm™ D EK
HiPH OWIE 217\ G R T BRI & & v o3 7 G R O WIIGE (727 T3
Y F) 2o CHIEEE 2 O fHARE, Rz ko T2, AN TH - TH i
MTEIHMEDD Y, BOERICEFEZFL a0, BN E L2 52 TERARETH 5 —
7iv BETRENEOEAE VIR CE R\, 2, WEGN. & v 7B kicsg—
AL TWwE 2L 2HHEL LTH D, IEOREIC X 2EY, 2V 7 HE XU D
HGHERE 1C X 2 MRt 3 X NHIRSRIE ~ DB, SRIRGT S 2 X2 ERL1 S {IFET 5,

254 vyva=vig (BCA) %7z v X7 EHENDEYIHE 4349

Bolx, B2y SIEENRE L, FNETALELTCTAT IV (7o liFhE) 246
L C.BCAETHGAREAZ B RAMEICHHE T L, ROCO RS RLZHEST 2 2 & T,
RYRNZEOEEERZAA TS, Ibic, BRICK 2 2 v x7EEOHH, G2 HIY
ELT, BEEAVOREL L2 AT — Lo L To T s, MEDOX Vv 7 H 2R E
L. 2EICXVMNEEMCEREOHMATE, RERICXZERVRETH 5, /2. i
W ZTbRWi-oBBEREVHETH LI EEX LN,

CCCEHLZVDIR, HREE A2 E LTwa b, 2 LT, A2 N L2k
EEHET HROCEREEE LT, W7 AV y—LEHAWTWERD2O0THS, 9. HEHLE L

17



THwZA IO VT, fifiFEow o — @i x fRiceET L7z bD iz L
DAHETH B — 5, TICAM S 7% JFRE & L OB & kil /7 1001338 — < 70 < BIRM R
ICHW B2 HHE & TR L OCELENE R KR Z (R 5, 20720, A% H w72 BEti,
1 & IR, AL FEICEE O R A2 b0 TH Y, 20X THAEOWIRMENCEA T 2 <

CIEREECH L LELXOND, RIC, v ¥ —LATHKICEETL T3 Z &id, KtH ok
B A TE 2 M THMATH 228, KEPEROUERICTIZY ¥ — L2 b il 2D
LT, HIELBEDEHT7 4 VA EICBEI R 20823 H 5, & oI, SURNCEZIER %
FCREEZUET 2720, KCEPSBEEZICLAHTENDEZ NG,

RO FEETRERDIZ, BCA ikid, AIffi Cilb~_7-8 Y BITKIEAKRELBESGLTw3
ETH b, Thbb, RRDOWEGEHETD 5IEMRR DG TH L, WHEHE 2D B,
A RA L ORI TCHRILOMERE Z b b2, FHNAEY Fcidam it opE
BRINVFLLE NI LICHRDL, ALDHRTITODNL TS, ¥ v —LHNOKIGERIX, 5
ERBBCREETIE AR VD DD, BLAFOMBHE LN 2 HEIIAL2PICKEVWES L%, 20
TEPL, vy —LEHOEHETRELRATOREICL 2 —EDORICHENKZ Y, YR
E RV ANTEONEROHBMEIGEE 25 2 T A REESAEZE 2 b5,

Pz tpb, ko, MicfE Lzx v 282 ERT 2 7ECIIRERS L, il
BEE LI E L WilifER FNEC, KE X CERRER. Hi7- R TkoKE ko b5,

AR TR, il bicfE LzEGo &2 v 328 %, BCA k&M L CERE., ffEicE
ErlRem ik L, 2 OWEERNEZHAL TS 2 2HNE T3, BCA Eiddido
WY 2V EEDRITTIGIC X > THHREHAEZ YV BEOFT 2 RIETH 2, XV 30 H
DOFEFHIC X 2 ROEAEV~OREC, RIEERE O LEWE I X 2 E 3 R/ X <
RERR W EBREE LTETON, il oz vy 78 %, BCA ExHwTEHX
B CREKPFEZIET 2 b, ZOERIE~OHEER L L <, KISDERD 225 i,
VoGO, TG L 2R OHO KCHE~DE LR L 2 0 EEH 5, T H
I, PERITICICIEA T 5 & 2 RRETIC AN, PEEAICE 5 FUANEMERI LR ARSI
BEINZEMMENE OEZFICE T L, 2V 7 HOEREICOWTH MG 2 4%
b5,

T T, AT~ 2 [RISH] L id, RICEI SRR v 2B CIRBFIGL
FRRL7Z2B2OEACT RO KNEL LU K/S &, 2 v 37 EoflEREDHBIBG DR
T, DIV RMNEROETH > THKFEL LU K/S oD Z & LT & KB
N5 e%, RIgWr»RE o, RIFRRIGHEER T, £ RT, $72, ERGEDOBVICL K
WHEB L K/S & x v s B8MEROHEBBGE T 2 5601k, EBFTIERIC X 2 G
DR, LT3,

INLESLT R, FARL 2 2 FBREMERIGE L 2%, FERICO W THET 21T, RIS
D=z v N7 HERZRLE LTOFMAEEZHL I L7,
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F3E ERUEoMGT
3.1 HmY

Q%ZETﬂKflOu\%$m CHEEO, FFRICHE LZIRETH 2 2 v " HEER
Al 2 720l A S & v o 2B R L, il E 2ot LERT 2 ik S
Nd, LHrL. ZOHETIRKRZEL, BERENELCT Wz, %ﬁ’sbi@b*ﬁmi‘%ﬁ‘zé
NBEEMTRICITEL Ty, KfEIR., v vamvizHwiE2 vy X7EEEE
(BCA #) 1 EEL\»@ﬁ%%ﬁ%CHELtﬂVﬂ7§Kﬁﬁ¢5:kﬁzéﬁmé
., ZOREEACEREKIFRAEICX > it s 2 2o iR b0 s v 2 ERHE
BERT LI LEilAhlz, BCAEZMB LOX v X7 HERICGHEHT2BRICEZ LN
R T LT, KIBEHET X ¢ 20 KIGERE I B 2 2508, fig bicfiE Lzx v
NI E ORI, KR, GBS X CREAE T O, 22T, AETEIILD
WERTFICOWTHE L, 20 ETfif EIcfiE L& v 2 8% BCAILCHEEEET 2
B FEERSAF I oW TS L 72,

3.2 FEbx
3.2.1

ZYANTEIE, WRR R VNV EOMRCTEH IRy vIiET A7 I v (BT
AV LR RS, AL 278K 66,000) %A, 0.02~0.50% (w/v) @
KB A B 72, K, ZREHK % BMKEEE (Simplicity UV, A28 G L 723 @
L 72, KB D pH 13 5.8~5.9 TH > 7=,

BCA KIGICH W 331X, v va=vF + Vv 2L (Thermo Science #) 1g. kg
FPU YL LTl g, WAEEES Y 7L ZKAY 0.16g, KEE{LS + U 7 4 0.4g. KRIEKFEF
UYL 0.95g K 95mL AR L. RIS 50%KEETL T+ U T LKA E L T
pH11.25 & L, chx AE L7z, TilEs 7oK 0.4g K 9.6mL ICiAfEL, i B
e Lz, EBYHICIhS ARE BiRE 50:1 (v/v) ICRALT ClEFATL THw
Teo ek, AEIIFFCHRE L TRV d old, B4 7 4 v LHDEMEER oKl 2 - v 7z,

3.2.2 EA OfFHR
R VNI EAE S BEE I IS St R O (A v 35, AEE
27 29K /em, =2 26 AK/cm, EX 0.23mm, HARKEHS) Z6HHL-, M. =
J=nlbk=1:1 (v/v) OREGRICGREL. BIERER. BRfRFEH7 2 v (BT,
7y 7)) CHEMAL, ERT 12 R EENE L 2%, AR L OB EITo 72, O
% 2.5cm X 2.5cm IEWT L. FEERICH W72,

3.2.3 YK DHIE
BT A BCA RIGIC X 0 B LZEAEVIZ. v T 4 B mst (NF555. HAE
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T%) sXUHEMY 7+ (ColorMate Pro, [FI#H#) % {HH L. KHFEZHE L, HIE
SR D65, fHEF 100 . A X B Y 0 45C, HIERE 560nm & L7z, Z OHIERHE
& BCA-Cu $E{R DI KRIGHEFR 562nm ICHEL 72 D THh 5, KEFEITHEM (560nm I
B B AT 82.5~83.4%) D I HERA & & % . (Ao MIE EE D S % SR 1< FEEIC
FEIE, AN Lo 4 20 zllEL., 20 FEEEKRD 72,

3.2.4 §B#Ai _ECco BCA Kt

B VORFEHEEZSEZICY v —LERWEE (BiE) BLUOER0BELEEL,
v—=tEMAVERE (= FE) BUTO X5 1cfTo 7,

(1) Adrik

Eff8cm, HE 2ecm DY ¥y —LHNILT7 v 7 (FYVxFLv (PE) 8, FH7 41 v4) %
BNCHBAZEE, 2O LCHEREO Y VIET AV 7 I viRiiE~A 7ay ) v T
4.8uL/cm?H T L7z, ¥ v — L DHEXA® TS HiffrEth. & Oibifiic Ci% 24pL/cm?
TLTICIKyy—1LD&E%R L, 25°CoKIRIERIE (IN60AN, ¥~ FFHAHED) NICHTE K
MEE L CIGE 272, HlEid, Bz 7 v 72 & AIERO FicE) L, Bk o L5
O EEEHE A 2 B 1Y T TV, ROz ko 72 (Fig. 3-1),

RIERE :25°C

EI2AV- Cik (152
| &HFE3ouL 0.15mL RSB 305
25 | {25°C)
wem | -~ A
SvS \?‘ ‘ E> :J

HIR — —

Yr—L - \ \

S, A BRI’ A

Sao—L AL Uv—L%EFELS

Fig. 3-1 Flowchart of container method experiment.

(2) ¥— ik

T W ENEHY —F (dem X 5.5cm, JE X 0.04mm, PE # HAAEFEED
ZHAVC, RN 2 & % | A OK%E 8.0uL/cm?, B X UFTERED 7 VMiE T v
TIVERE~2A 7Y voT 48ul/em? N L7z, ECICYy— Py, B 2 ik
H5iEE. v — FEHWT Cii % 24pL/em?H P L, Oy — F 2P L T 25°Co{Kim
TEIREICHE L TG X 7z, v — MicgkEn @Bz aEMR EIcEEZ, o — D Erb
B E R % HE L 7= (Fig. 3-2),

RISREE:25°C

ik I ; (fEEH)
H 50uL ‘ ?{;/3\5 f [ giﬁom RS 3043 F
- ?‘ i [[ 125
[y s . el
| | ~ / |
JJ\ [j> Ml ) Ej> hJ} [:::>I L[L \
—r [ gt/ L g | / . N
HEPE 2H )\ \ — /)
e ($B@%) o—hERCS v—hEHCS SHEIcHERET
EIES R

Fig. 3-2  Flowchart of sheet method experiment.
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@) 2 v AV TREDTA VY 7 O

BRI E T 2RO 2 v X7 EHENEE 2 DE, % I3 EZRF 2B L, 2R RE
Thd, TNEERTR, TAT I VE 2pg/em? 2 BICHHE &, FiF (27£2°C) 1T
AR L. KBS 2o R 31 ARIRIE L7, =4 ¥ 2 &7 sl & ATy —
BSIC L D BCA RIB &I\ IEPRHIE 217>, BEICRIET T4y VR E
R L RO S e LGl 5 4 2 Rt L7, 7o, BEIFICH T 5 6 3R 2,
TAZVIICXBKRARICTEL RS, CHOADBTD IR ~ET 5 2L 2 F
L 0.15mL & L 7=,

(4) ¥ — MEIC BT 38K E LU CHE MG

v MEIEAREL Y b EBIE S L O KSFFE T Lic< < REEARE L%
TUEBTH 2 BN, RBAICT V7 I VIR —ICRET 5 720 DK D
% 8.0, 16, 24pL/cm?, 3 XU BCA KGO C ikt % 8.0, 16, 24, 32uL/cm? & 2L X
*C, BORKCICGET 2EEKES L CIREZMT L 7,

(5) ¥ — MEICH T 2 RIS & CFISHHR O BET

(4) DECcfF o NI iRiE R IREKE S X ORERICS VT, RGEE%E 5. 15, 25,
37°C. X OGRS 0~40 2y o#EiH o2 L X ¥, KIGIRES L ORIGERIC X 2 B
G~ DB R L 72,

33 MRBILUEE
3.3.1 AWkl v — MEONKIGEEIC X %2 BCA Kt ~DFE

BEREL v — MEICH T 2 REEONER R 2 T 2105720 . HIE O EEARR 7504
BEESTWE b, £F., WiKICH T 2 KGR HEROFEEL MG L 72, BERiEIL.
BN TW 2B Z Sy — L AL HY L, EESRER % il X & CRRAE %2 1T o C
Wb, =T Y= FMETIZEHY — F B 2 A Z D0 B2 SHEL TWwd, v ) g
BhoTnwd,

TNT I VvEERML 2 WEAIC CHER N L. EROKITELZIE L Z#ER, &
FETIE 5% LT, = METIE70%TH Y. > — MERIIKEES 5%ET L, A
TWw3RYZFL vy — BRI EZRD IR THE 2L nbdoZ,

i, BBARICT V7 I vE 4.8 & 24pg/cm? Z A1 &, Wik % T 25°CC 40 5[]
RIGE 72 EDORFEEZEEL 7z, ZDkEFR% Fig. 3-3 ITR T,

RomiE b & — VRO RERIFZICKE & & b I KERIZET L, 30 2L Eodlifbd 21
MICH o7z, L, 4.8 & 24ug/cm? DT NDOT LT I VvETH, BemibL v — 1+
EOGE T, RIGKFR & & I 5% EDENRIAR 572, ZhiE, v — FEERICX KR
OB T T, BamEoBa I iAo Er 2T <. BOKGHSY—MNEXD
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YIHES A L ELLNS (Fig. 3-4),

PLE XD, BEREIRZERIC X 3 —iE OB R Z 1T TR OIS 0T IR AE U fe— T
T v — P EIRZER & OB A BUNRICT 5 © & T RERORIRE L 0 RIS 5 h
L2 EBbhotz, Tz, RICKHEIZESRE LR 30 7 TRWIZ LB bh o7,

80
O 30ug/30uL(container) ’ 24
A 150pg/30uL(container) Protein  + Cu
70 ® 30pg/30pL(sheet) Oz
A 150pg/30uL(sheet) OH" l
o
60
(o) o cu™ O2
. ° o
e 50 © o 2BCA l
~ A [ ]
g ]
§ 40 A e
g A A ® o o
= A A I
& 30 A N
Ao
A
20 A, |
10
0
0 10 20 30 40
Reaction time / min
Fig. 3-3  Reflectance for each reaction time  Fig. 3-4 BCA reduction reaction cycle and
by the container method and the the effect of oxygen in the air.

sheet method. (N=4)
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332 zvnrEHAEOT L YK B RFEEOEA

v—PERICBWT, 2V HBRERTERr OO Vv SHED RITT KA E~ DR
ARG L7, =AY v 7 HBUC X B KEER~DFE L | Fig. 3-5 KR T,

IAY VTR 0~13 HORTIE, KE*E20~22%THH, =47 0 HOELIZITE
bohhrotz, TA YV IZH 17T HURETIE, EHE 24~26% & THMZR L7z, Zhit
R AR VWA P v 7T Rb b T AT I v OEWRETT 5 & &b ik ok
EAME T L, EEREAE RS O v 7O BN KD ERL S R b0 FEZD
ns,

LI EDRERP S, 2y N7 EEHICHELTHALDILA YV 7 X B RKER~DHE L
DIV ALNDEDDD, XV ANTEHBEM 205X % 10 HEIUNA L IX, 2 v 52
ZHIC X 2 REREETI RV LB o7z, T2, ¥ — PEITE BRI U 72 6205
Ry ANXZBEICN L CHBHRRETH 5 2 LRI Tz,

100

90

80

70

60

50

Reflectance / %

40

30
ht o

20 oege®-——--@--——--=—T-=—===——-

10

0

0 10 20 30
Aging period / day

Fig. 3-5 Reflectance for each aging period after albumin adhesion.

(N=4)(Reflectance of white cardboard : 75.7%)

333 v — bkl 2Rk CHRO
(1) K EOwE

= MERBEREIL VEHE S V2D, K3 FE LIS WERETH 5, 22T, bR
IR LTy S IMET V7 3 VRS — 10 BE T 5 720 0K O &, X U BCA K
D CHEEWD THET L7z, TAHT7 I VEEL 38FB XU 24pg/cm? & LT, BE/KEE 0~
24pL/cm? & % 2 C BCA RIC % 1T o 7z DGR % Fig. 3-6 1K~ d, Kbz F— =13, 1
KORBARICET B 4 2O RKFED AT S & %R EHEEECH 2,

SRS OpL/cm? Tl & ¥ 5 7 THHRE S — T . ke LTH-IEL, 15
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DICLTBRLNT, 16 B XU 24pL/cm? Tlid, KEFRIC 1.7~29% DA o W2
BT e Bbh b, £, BEFBBEALOLREICLANLTLE S 20ic, Ak
DEM X Y KEFRORIE L L TRt N E 2 5, —J, HiH/KE 8.0pL/cm? OHE
Z. 77 2 v E 4.8pg/cm? B X O 24pg/ecm? D WIS E W T HAEHER 2 0.1~0.3 TH
D, ¥—LBEERT LD o7,

Reflectance / %

60 60
04.8ug/cm? A 8.0ul/em?
® 24pg/cm? G ® 16ul/cm?
50 | 50 0O24ul/cm?
®32ul/cm?
a0 | % b a0
;o
~
3
30 | E 30 A A A
@
=
¢ 3 } & 4
20 ® 20 [ ]
M o
10 10
0 0
0 8 16 24 0 10 20 30 40 50
Amount of water / uL * cm? Amount of albumin / ug * cm?
Fig. 3-6  Effect of amount of moist water Fig.3-7 Effect of amount of reagent C on
on reflectance. (N=4) reflectance. (N=4)

(2) CiEoMa

ClREIZZ v 78 TDRICGL T BCA-Cu AR I EOEZRT Lo, & v
JHBICH L TR EE TR LETH D, 72720, 3.3.3(1) TR~ {BHK O E D
bbhrolzkric, =L LARIRVIEREE LW, 22T, TL7 IVE 14,
19, 24pg/cm?, B X CHiE 8.0, 16, 24, 32uL/cm? & L725&E 0 R HIC X 2 KHEE %
E LT, Z DR % Fig. 3-7 ~RT,

HWEETII CIRE R 24pL/cm?2 28 F0f & LTz VA, o — MiETilR, 77 2 vEIicH
b 53,24 B XU 32pL/cm? DA TIRITIR USRE %2R L7z, LA L.24 35 X OF 32pL/cm?
TN ROBERFC Y — P 2 OHER L AH KT AR LN, v — METIHHEJETD
220 birol, —J. Cilids 16uL/cm? DA, LA L & SR I —I1cid
LTWABKT R TE 2, TAT7 2 VED 24pg/cm? M EiIc B W TREROEE IZ K% <
BRObDD, TAT I VERICIGUZEDETAMETE, 747 3 v & DORISIHEARE 2\
BCTHLEILRHLNE R ST,

7o, C s 8.0pL/cm? & D WA ClE, H—IcHBREICTEES T T L2500
ARTKIEPHEITLCLIBRELTLE W, L LTHEHL T o7,

27




DEDRERL Y, & — FETIHEREK 8.0ul/cm?,  C i l6pL/cm? 2350l TH 5 Z L 53
Lo Tz,

3.3.4  RIGIEL & IRFfH

LEDOWMEHC X WAL & o ey — FEORIFREZEMFICENT, TAT I vEEE(t
T, RIGIRE % 5~37°C& L CUGHKHH 30 73R i D SOpt R 2 |IE L 72, % OfiH % Fig.
3-8 ITiRT,

WITND X VAN ZERICEWTH RIGREDE L 72 513 ERAEMET L, BEPRES
7507, mEDK 5 CL 1I5°COGEITRAREDOETII/NT SR, —J5, 25°CL 37°CD
FOSRETIE T V7 3 vV EOEANCHE o TR T AE L <. 24pg/cm? M FTREFHE
DFFILEV BRSNS, ThiE, IREEFICX Y BCAKIGH A 7 AR5 L, $EAE
EOMEE S N CRAaDHED 720, —EDHKRIEEAED & RRKIGD X v 78 L (1)
AFAVEIYHELS D KEEPIZITEIC o7z EZX 5,

BECX>TRICEEZ Y bu—LTE 283, SREED X v 7R T3, K
JEIRE AR RET R 2L CRIGEBPLIC LT, BEEZ RS LB TELEEZLN
5, T2, AKBED X v o3 7 EIREHIFC I MIGIRE % 25°CLLEICRET 2 2 & T, K
ROBEEART LB TELIERRBINS, Thbb, XV X7 HoOERHIFH AT
ZHREHEZ TR T OTH Y FAERICGE: 25°CTRY R BEISHHET 2 &1k, K7k
DR L FZ %, fifEREFEEZS2 2 L 2FE L. KIGIREL 25°CE L 30 7rfi]o 5423
W5 LA L 72,

80

©5°C
70 m15°C
ﬁ 025°C
60 A37°C
i
2 50 <&
~
g [ |
g0 °
K] <&
-
2 30 A ©
| ]
20 * P
10
0
0 10 20 30 40 50

Amount of albumin / g » cm?

Fig. 3-8 Effect of albumin concentration at each

reaction temperature on reflectance. (N=14)
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Reflectance / %

335 AEEBIUY—MERICLDE 2 v HOMREMR

Rt I B W TICOE L 2 3Bt 8. REm o E»oko b5 K/S fH L
Blgszentbrotnd 2, 22T, AREBLIFy—MEZHWAETALT IVE 096
~24pg/cm? OHFFIC B T 5 KEEEH T K/SEZ KD, TAL7 I vEs oRREZEIEL
Too LT A7 I v EOBRZ KD 724 % Fig. 3-9. 2612, K256 K/SEEZR
ML, K/SfEE 7 A7 3 vEEDBGRE RS iR % Fig. 3-10 iIKRd, &k, TA7 IV
BN 0L E, MAMBEMIZ C i Tk 30 2B KIE TR EO L, KR FHL T
61.3%%RL7-, 2N, MAMICEFEINLI XV " 7HET3vrn— 2501 Eo—Ho
BRI EDONIGICHKRT B LEZOND D, 2V 7EOEREICITEERTVWEEZ B,

REEOMERII AL L CRIFREREEZRLCWE 28, HER Y — MEXD D/
CVK/STEDO DT D RZATH XV IVEREVPRESEboTLES 0, KEMNICH X
DIFE L RN e B bh otz —H, ¥ — METIRZERDEMAEE T S5 2 L hHiEIT
FOGHHEIT L, TA7 I vEICHR L K/SEAE K 720, 14pg/cm? ML LTI RETEFE O8I
e ici b7, K/STED TAT I vEIHEINT 2 IVl Z vz, LA LA,
0.96~14pg/cm? OHIFHIZE VT, BRamE L 0 bREMROMEE 2K E (| RIFRERMEZ R
L7z, ZOREROMBARIZ T O X 5 ik b, MHEFRE (R2) 13 0.9974 & RIFMHBE%
wL72,

y=0.0784x + 0.1326 (R2=0.9974)

PLEX Y, = MERMEBEDO X v N 2ETH-oTHRERCEOTZ 200, kX
D OUREEDEL, TAT7IVvE 0.96~1dpg/cm? DERFEE LTGHT 2 2 &03b o7z,

80 2.0
0 Container method @ Sheet method
70 ® Sheet method 1.8 O Container method
(0} 1.6
[ ]
© % .
o 14
® o
(0]
1 e o 1.2
v
40 ° 210
. x
* ° 0.8
[ J Q .
30 ° o}
() 0.6
20 L ° o
0.4
O
10 0.2 o0
0 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25
Amount of albumin / ug * cm?2 Amount of albumin / pg * em?

Fig. 3-9  Reflectance for each albumin Fig. 3-10 Calibration curve for albumin
amount by the container amount and K/S value.
method and the sheet method.

(N=4)
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3.4 faw

Ko HEL 725, BCA RIGEFIA L 74k Lo &2 v o BikERT 5 EERFIAE Ik
ET 270, BREB LUy — MEORISEREOHIER, v — MEICE T 5 £ v 7 HildEo
IA YV IRRIC X 28, RS X URIGIRE L KoM 21To72 8 25, LT DR
DS 27 o 72,

REETIEY ¥ —LNORTE OB CRFAELEL 2 b LWL 20 R
MRMZEHS — FCHEET 22— MEDS AR OITIEL L TGET 2 2 L 3bh b, Stk
DRFICHWB Z &L LT,

RO 2 v 7 BHENEREL, TA7 I vEAABfiicfE e Thrbo 4V v 7IC
L3ROBRIG~DHE L, T4 YV 7HH 10 HUAN TR, BCA RIG~DEERR ST,
ZNULETEOTHICKFEEML BEXHE R o7z, TNX Y 2V EEMNE SR
TAild, ATV I RBRE L ROICERIMEHT 208RB W &Bbd o7z, L7zdi> T,
KX DLAT DECTIEERRFIC X v N VRS- TERICHV 2 L L LT,

72, v— MER, REEr RO OB K/SHE 2 v HE L ORGSR
R (0.96~14pg/cm? DHiFH T R2=0.9974) G, Remk kv KESE ERAEET
HHTlPbhrolz, TDOY—MEOERSME L TlX, 2.5cm X 2.5cm DO EHAR % iR
& LT, ik 8.0pL/cm?, & v o8 7 iR 3K 4.8uL/cm?, C i 16pL/cm? %, SIGIREE 25°C,
FOCKEE] % 30 73 & T &R RIFCTH 5 2 bbb - Tz,
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1) Tani, M.; Amemiya, T.; Tsukazaki, M.; Matsuda, M.; Morita, M. Direct Determination of
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Vavardlly Bl w =3

5 4EK
2 vo7BOBHEIC X 3E




AT X voNsBoMBEIC X b
4.1 HB

BCA KB IZ R v A2 EEBKT 2T I/ BOLRATA v, YAF v, Fuavy, F U7 h
ZrVEERIGE L, 2V N EBOEVIC X BEENMIOERTIEL Y b IR v e
wWhinTwd, LaL, EBOWRICMNEST 2 & v 3 7EHENE, AMEEK, &0/
REHREODDRH Y, ZOMBEIILIKICHZ 5, FIRICENT, X v 7 HICy Ui
TATIvEMG, AR EICHE L2y 28 % BCAKIGICX WERT 3 ke L
T8, RiERVEEFFEICHV 2123, ko Xy iciHhne LCTEES W2 LD & v oy
IS 2R IC O W CRET T 2 MR D B,

ZZTARECTE, RICHET 22 v s BERE LT, AR HERO ¥4 v, BiIE
HANCHWo N ¥ 7T v, KEOAEMIEHKkTH 27 7F v 2 Y LT, 5 3ETHY
ey IMET A7 I v L, RIGHEDE W ZBRET L 72,

4.2 g
421 Rk
(1) & vorEHR#E

¥4 v Gk, LEH. BL7 4 2 D3RR, v 7 F v Ft—k. L7 4
N LFEHEREL, DI F v wid3), BLWEZ Vv FbFo eI 5y (@ER4E 2
7 4% 7F v (HMG-BP) |, KKk, 53 F&#) 100,000, LAY Z7F v N e §3), 77
Fv CEEHR. MERL AL, HEURIER) 2HW2, ZhZNo X v X7 BIZUT
DX ICIERGRE L, W E % L CEBRICH W,

XA VIER: ¥4 v 2.000g 2, 25% (w/v) NaOH /KiA#KR 0.4mL & 7K 10mL DR
BWHEIM AT 5 5L EHEER L 72, #9 20mL ©/K %12 TIE &34, =Rk (23+1°C)
I 3 BEREIEHE L72e HEA VBB L 72 L 2TERL, 100ml AR 7 5 RATART v 7
LT 2.00%w/V)IREDRHKE L, fflL CTHW,

YIF VIR T 20X I FvidvEid 2.000g % 50mL FEEOKCEEE €T
60°COEIRKME T 45 /R L. & 51T 2 IR E R TR 4 HHk L QMg fus 2. 100mL
ART v 7 LT 200%WwW/V)IREE LTCRREE Lz, 2OXHICHABL 2 2 HOX 75 v
RHRIZ, RS A RRR 2 AR L CHEBRICH W72,

TIF VAR T 77 F VIR ERIRTH 2720, 1.00% (w/v) 53 BUIK % FH B
L. SNEEHRE L7z, FERIIMA T 2 nicBE 2 o Tl 7% H oL, 2 - &
ML CHW,

(2) BCA {3
WI3TLFEIMKIC, vy vamviEF P Y ARG T A R, FEES (1) oK%
FAWT B ZFABL, EEYHICAWK :Bi#%EZ50:1 (v/v) KWRALTCHWEZHIHHL /-,
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4.2.2 J7ik

FI3IW TRy —FEEAWE, v — b5 2.5cm X 2.5ecm DB (JIS
Yot B A AR 2 R L 72 b ) REE, 4 7mv ) vy oK 8.0}1L/crn2\ X

WCHEIBED 2 v X EER % 4.8ul/cm? 2 F L7z, EIK, ¥ — F RS T
oL CallfmzikAs, 5 HFHEL k. Y — P&V CT~f7rEv<y T C iK%
24pL/cm? i F L7z, HOy — F 2B L T, 25°CofKiRIEE S (IN604N, ¥ kRlEH) (c
@%Lfﬁmé%:m%&®&%$%@ibto

FGHEHIE ORI, ¥ — Mok -5l & H R (RO 83%) o RiciE w7z,
/\‘/T/rifbﬁj\j‘c@i'éaf (NF555, HAEEGITER) X UHEHY 7 b (ColorMate Pro, [H]
) 2. =D R SHEIE L 72 ETFRIZEEMA 1 ICo X 4 22 lEL. 20
FEfEE 7,

RARE:25°C

K BUINHE ; (2B )
‘[ 50pL -;}:/;/30 L S?OmL RSB 305
777 ? esc) -
e ) . |
| ~— | J ‘ |
L = D) = [ D) wep/ o)
= [ x [t = N \
%&E PE #H
Sk (mE) o— M:H}L% S—hEBLS 55345 EfE T
eI
Fig. 4-1 Flowchart of protein types experiment.
4.3 fEFR

431 v 7B X %5 BCA KG~D 7%

R VR TFITDNT, 24ng/em? {1 & 2, BCA MG % 1T - 72 55 o HIE B i3
2 IR R % Fig. 4-2 ~R$, WD & v o878 d 560nm 1B CTvIME % & b 480,
680nm THiKfEZ & 24t o7z, ¥ 7 F v 2 LN D & v X7 Tl EHFE
HIAR DR R BT IX R o e o 7208, €7 F v 21, 540nm & 560nm D G IE
FICEL o te, &L LT, IFEREWVIHIC, ¥75 Y (w, N&bio), MzZEiFT
HNEAV, TI7FV, TATIvehh, B 2HEIIMEIERET 23, TA7 I vHARbK
WEZ R L 72,

72 BEOMPICOWTREFR a*b* 2 HE L, 2 DBR% Fig.4-3 IR T, 1A v,
roFv, TATI VIR, a*AIE. bR, 15~20 oFEE iz v, 757 LT
—EHRLICTey PINTWERZ b, TNLIEFRAFADANNT Vv ZAORNT-EEIC
L, INLDX VY N I7EOBHICL 2BEDORELENIIRV 23D 5 —ﬁ\%7
Fv 2k, AIEOX VN E 3L T 5L, bMEX D D a*ER DT KL, X
WICEADD L, REMEETH Y, 777 70ER L2 O DTNz, T OfERIT,
HC X 2 BRI L —8F 5,
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T, ¥7F v 2l
JEXDBEEIRC LB D, KIC
N7 L vk [ARRIC RO R 28 BURITAR T LT 6 28,
D, 7 FVICROTRERITELS GRoTWwd, &EIC
T, o & v v HE 38 ) KEEOETIENKE L, 3

s 8 B B
- [~} = = R . & *
? o = B + o o °®
e © o -] -
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Fig.4-2  Spectral curves for different protein types at 24ug/cm?adhesion.
(albumin N =4, other proteins N=8)
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Fig.4-3  Scatter plot of a*b™* values for different protein types
at 24pg/cm? adhesion. (albumin N=4, other proteins N=8)
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Fig. 4-4  Reflectance of protein types for each reaction time
at 24pg/cm?adhesion. (albumin N=4, other proteins N=8)
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Fig. 4-5 Reflectance of protein types for Fig. 4-6 K/S value of protein types for
each protein concentration.

(albumin N =4, other proteins N=8)

each protein concentration.

FRUVNIBICBTMNER L RFEOMEREE Fig. 4-5 I8 d, ¥7F v 2k, &d
fEERD 7m0 0.48ug/cm? 2> b i D %\ 48ug/cm? I 21T T, 59% 2> 33% F T D #ipH
TRIPEMETLTHEY, o X v 7 H LR LRHER G ot AXAY, T 7
TV TAT Vo 3HIIPEROHEMICH G, AN 57% 5 58] 20%~KE KT
L. FRicr 29 v, 7A7 IV i3dERIGEBIL 2% /R L 72, 38.4pg/cm? LARE D15 & T
IZMEIC R Z 22 237 <L IBIE P & 7 o 72,
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RS K/SEEFHH L, 2 v 7 EfER L OMB%Z TR L 72K % Fig. 4-6 ICR 3,
B2V ARIFILBEWT, FIFWTRDEZTAT I v ORER L FC, HEIBRA R,
72 b HHBIRE R220.99 %72 T & BHIFOMERA L R2EE KD, ZOME, B
BRMOMEE I, TAT IV, ¥5F Y, HE¥A v, ¥FF VOIHICNS rotz, bEE
DREVWTATZIVIZ0.07T THLZDICH L, D/NIWETF v (w) 12014 &, HZD
fHIC 5 RN RbNTz, /2, 2 Vv 2 HOMHEIC X - T R2 fEO AL 72 T 5 R
DHFITRZ Y, TAT IV, FI7F v, €£7Fv 2 i, h¥4 v OIRICHFIZLL 72>
720 MODMEROHFABILNZ VXTI EIIAEA VTH Y, KT 38.8pug/cm? &7 -7z,

4.4 H

52 FE TRz Y, BCA KIIfhoERIE L L Tx v N7 ORI X 3 BanzE
BNT & INTnED, KEDOHRETIIRICHEICHES R b, BCAEITX v 7H
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T I ) HOFEEREI ML TR EEZLND,

RIZ, 2/ X2EOT I BHKE ST 2, CORIGEDHEICODWTERT S,

T UIMET M7 2 v OGEIR, —XEEPIC 1o 274 vEEZR L, MG T,
BUKMER 7 v b EMEEN B (FEfL) CHiA DA F v Ry FREICKHEG T 5., Bk x v o8
7EE LTCOME %29, 7RI 66,000 TH Y O, 15FHic, BCAETELS EM
TELINDVATAVEELESFE2EE 2220, BRIz v 7 E L L T
B, RERMELS o2 B EZLNG,

FLHK A LA V13 20 UL L ofEs R I N TE Y, 205 b, REW R KGOV
KOVPHET %, [Fl—X vl 7Bk 4 e fEENRET 2729 0 FRIZH 19,000~
25,000 LIEBH B, DTEOKZIRTAT I VX O/NEL, BH—WRT /A TIX
BORE»PL, TL7IVvIDHEAERFES - EEZONS, b, AE¥A ViZArevy
LAF Y (Ca?t) BDRBEICHA L 72D D0 BERZZE T 2 YL 020, Fffio CiEt
CEENDH (1) 4+ v ~DFERTFHRI NP, R LG ERA~EE PRI v
b oTl,

Y¥IF VIR a7 =T v ELBICETEHYOREGHME. BEE X T vh ) THRILE L 72
#%. Bk (50~80°C) THIHI L CTAKT 22 v 2B TH B, K7 I 7 BBicF oy v
FETBEB, PATA Y, P AF Y, P TFT 77 vHEBEINRENZ ERbroTWVS %
0, 2070 flhox vk 7B e L BEPRDE L RKFHELREL S oz EZ LN,
TDORICOWT, BCAEZFFK L2 Piece HITX B L&, IWRBOCEEERETHEITF vidy
VIMET AT IV ORHE X VK T0%KL . BEZRZ L3RI, ZoMBe LTy
ATAVHEIZILD LT IREDT I VBOFELET T3 W, ThIIANEOR R % H
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L7zhio T, REFEEFWSLLE RO BCAE L AKORFEE AT L & bic, TA7 I v P4
DR YVANIVEERBOUETH 2PHEDSHL 2 L o oTz, XY AAZEOEBEICL>THS
2 LOMREBMAEFEHL 2 ECHEE{T) 2 LT, HEOEVWERNEEICAR L Z LB bA

277,

37



51 FSCHR

)

2)
3)

4)

5)

6)

7)

8)

9)

HA2tt=v ¥ web ¥4 I [HEHR] €75 v 8, KV FrFrvEI5y
(https://www.nippi-inc.co.jp/product/chemistry/tabid/196/Default.aspx)
2022/11/6 18
PARKER, fea v 82 BOERE, SAEE, 517, 2-9 (2018)
ThermoFisher SCIENTIFIC web # 4 } [BCA %, Bradford &, Lowry ik &, “f” %
VAR BEEREORME & » (https://www.thermofisher.com/blog/learning-at-the-
bench/protein-basic4/) 2022/11/6 =g
(BB HAGHL SR, & v 32 B obr, &M, p.13-14, P24 £ 11 H
e, REGE, MRS, LEIE—, PRER, mERE, v o 7805, §ig
HH, 2008 4 7 HWIK
WEEET, s —, Wire—, L PIRE, AR OBIEFIE 7 v 7 2 v (BSA)
DEEEHS & EE, BAIIE, 19(4), 163-169 (1992)
CARREL, BHREAE, 437 €4 v ZoEiRE ez oL LT, s & Y, 22(4),
219-227 (1984)
TN, KREBUN, WRINE, =AY, JEEY, vy vy v 78T,
A, 2018 42 HES 1 il
FiHEZ7F v web 4+ [Tweb WFFERAT] £ 7 F v %E (https://www.nitta-
gelatin.co.jp/ja/labo/gelatin/05.html#:~:text=%E3%82%BC%E3%83%A9%E3%83%8
1%E3%83%B3%E3%81%AF%E8%84%82%E8%82%AA%E5%88%86%E3%81%AA
%E3%81%A9, %E7%B5%84%E6%88%90%E3%81%AB%E3%81%AA%E3%81%A3
%E3%81%A6%E3%81%84%E3%81%BE%E3%81%99%E3%80%82)
2022/11/6 =#

10) AVLEME, ¥ o7 F v, @oF, 11(12), 1291-1299, 1283 (1962)
11) Smith, P. K.; Krohn, R.I.; Hermanson, G. T.; Mallia, A.K.; Gartner, F. H.; Provenzano,

M. D.; Fujimoto, E.K.; Goeke, N. M.; Olson, B.].; Klenk, D. C. Measurement of Protein
Using Bicinchoninic Acid. Analytical Biochemistry, 150, 76-85(1985)

12) ILNiE, 7 7 F v ofb¥ e FH—BRE o E—, &S971, 50(4), 240-243 (2001)
13) WIEE, FEofky (1), &a71, 2(11), 491-496 (1953)

38



HOHE

T D

kHIC L A




5T AR ORHIC X 2 E

5.1 HW

B3 ETHRARZ X9, RETHG AR IS MM EIEEL LCwb, Ml
PRI Bt D —DoTH O | B i A — BT, BRER L D ICHEEE oM TH
LR D D . BRI S BB L L CEEHEN R R A o T B i § 2 5, Tk
L. EEROBARIL, “FRELSMC & & & Mk 0 iR AMIRC. JEA 0B UM b Sk
RHERE 2 VG SN T W3, A% Tld BCAEIC X o TEE L 7240 1 O KR 2 HlE L T
Wb Ehb, fEEERORE S, IR OWBOKIEIC X ), KR~ ER RTINS
TEBREFEZLND XY, 510, BCAEITETKIGTH V| M A AROEREREIC X 2%
bEZOLND, LD o> T, MMk EARIC X 28, MR X 2 E82HL 22T 5
T ot REOBEMAREMEZ AT, XY EEEOPBEREIGE WS comit 2 iEs 35 3
DTH 5,

AETIE, Lzt 2, FIBETHCMe M2 EEE L L, MEHE O 0 MK JE 5
DETe 2. KT (T V). BESGE (VA 0) 2R, 51, 8D S 2RO
ARAT 2 O CARERIED IR~ E LRI L, 2 v X7 EOEREEZHL »ICL 72,

5.2 HBR

5.2.1 s X 0B

(1) #H

HIELFER, 2 v 2By IET AT I VRV, 2.00% (w/v) KIS % 5L <
BHEE L7z, SHEARL T, 0.10, 0.50% (w/v) ZFHEL 7,

BCA RHEDF 3 TLRMRIC, vova=viE)r ) v 22T ARE, Bl (1)
TR ZM ST BEZRE L, 2 A BIREERYHIC50:1 (v/v) IKRALT
CiH sl 7=,

(2) HErfA

BRI, JIS Pt BRE BRI (b % v 35, Fh) ZEMERE L, #v /-
TR IR MM a6 HUEE L7z, T 72, P ClHE 0 Re 2 % 8 HEE L 72,
TS 14 FEORERAR DFEICIC DT Table 5-1 1R L, iR OHER% Fig. 5-1 1T/R7,
ABfII T2 — k=111 (v/v) DIRGERIC—KE (12 Fefd) DL RRE L COREmL .
2.5cm X 2.5cm IZFEWT L CEERICH W=,

B, F)ZZATNE BaTFHOPICZ AT ARG 2 EDERET TORIFTH Y | K
FETEFRYIZFLYTFL 7L —F2HWTWS, L, cnZ2RI) AT EMHT 5,
72, FAwviE, KY TR T VERRICERDCEVI DB HFEST 508, FA4Rrv 66 L4
veofRENBRDDOTHY VU, Kt ClEFA v v 6 VW w3, U, chikFfmy
LT 5,
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FEICOVWTE, BRI r vETHE M RELICA W b, nVHREDLDHE
BETNLFAR LY ALK VEF Y 7L 0.05% (w/v) IBIRCHEH LTI $ X,

L7zbDEHW,

Table 5-1 Details of fabrics for test swatch.

Distributor Weight Thickness Yarn Density
2 number of yarns / cm?
g cm mm
warp weft
J Standard
Canequim apanese standards 0.010 0.23 29 26
Association
Sentaku Kagak
Plain weave(1) |oon o u hagaku 0.015 035 25 23
Association
Plain weave(2) [Swissatest 0.019 0.32 24 24
Cotton
Parcale Swissatest 0.010 0.16 46 45
Twill Swissatest 0.020 0.36 40 21
Satin Shikisensha 0.013 0.26 31 56
Linen Shikisensha 0.013 0.26 21 21
J Standard
Cuprammonium rayon Plain weave apan.esg andaras 0.007 0.10 53 37
Association
Diacetate Shikisensha 0.007 0.10 39 26
J Standard
Polyester apanese stancards 0.006 0.08 41 37
Association
Nylon(6) Plain weave Shikisensha 0.006 0.10 43 34
T/C(65/35) Shikisensha 0.011 0.21 54 28
J Standard
Wool Aapan.es‘? andards 0.011 0.28 25 23
Plain weave ssociation
Silk Shikisensha 0.006 0.12 51 37
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Fig. 5-1 Picture of surface of fabric for test swatch.
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5.2.2 J7ik

(1) S fds 3 &aliifn ok » 3 X HER 0 28

M DRKIBERRI A YAy N4 4Ly F P-3R % 0.01% (w/v) D/KEHE LTBCA
KIEDETURRE LTH, 5 3 Boihzy — bETHw 2 E RoRE L FED
28.8uL/cm? % &l I3 P L. ZIRT 5 2FHERIC 560nm IS8 5 K EZ v T 4
RSyt Est (NF555, HABETHER) CHlE L 72 (Fig.5-2), & —  THE L 72 44kRhiK
AN % 0 O KGR BR AR O SGHE D [FIRRICHIE U, 5B Ofk 0 | BHERE 12 X 2 KA~
BT L 7, SORERIE OB ICIE, AGER (KH#FE83%) o hicklklziE s, 114
D& 4 p iz llE L CFEEZ kD 72,

mB, HTvE=TL—3 VY, VTR T—F, FIVTRATA, FA4 8 vo4 i
DEXHR, KL FTIMENMORESUTTHL 20, Mo EXDEEZMZ 27
B, 2KERIC L TEBRICH W,

H 0.18mL
~yL ] [0 \
/ “ ﬂ \
| |CH. EXEE)/ (@) \
—hk kA\ 2E / = N
S EEILS (Bfh1438) sHEIcHEHET

RETRRE
Fig. 5-2 Flowchart of experiment using purple dye solution.

(2) BCA JGIT 31 % KakBifn o 2

BCA ko Ciicx s 2 i o RO L 2 v 2 EOERBW T 2720, v —
MEE M, K 8.0uL/em?, TA 7 I VEREK 0, 4.8, 24pg/cm?® D& 2 FIBRATICHE L T
5 0HE L 72, Cili% 24pL/cm? f5i0 L C 25°COHIRZEN CRIG X ¥, 30 20 D SR
ZWE L 72 (Fig. 5-3)o KEEOMUEIX, 5.2.2 D(1) DY 12T 5 72,

RIGRE:25°C

o . . (E:EH)
¢ J (25°C)
Ty T - E
L = | @y | ) =/ B \
%&.EPE 2 | T ._L,,AXQ [ M. ,_L.\kx: / )

S—k (B#1358) o—hERCS —rEBALS SHEICEEEET

e

Fig. 5-3 Flowchart of experiment for effect of test swatch types to BCA reaction.

5.3 fEH

5.3.1 HTHEICKIT T B Ok D I X OHIHERE 0 R

FHEDORR D . X 087 2 3 B ~Jekt 2 T L. RETEZHIE L 724558 % Fig. 5-4 IC

AT MIERATNC X 2O EE % R T 7= 0 FHERZEE = 7 — =& LT L 72, MBI 6 ff
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ICDoWT, YukhiE PR, TR O SHRIE 76~80%CTH v . YLkl FH o R 1E 37~
40% L 7r oz, 2= =, VAN, FT v D 3FEIE. YeRHE T D SRR A EEAG & i
LT, 2~3%@E\W i & 7o 7223, HIEREATIC & 2 KEROZEII/NE K otz X—=T7 — LI
D Tld, Table5-1 12/ $ X 5 1T ERERAT D JE & ASEEHELT DK 70% & #7200 Yok 253K
B 2> BT 2R T A ERR S s

100

Osheet + swach (dry)
90 Opurple dye
80 - — I
. 10
N
~
]
c
©
E 50
=
&
40 L B3 L= =
30
20
10
0
Canequim Plain Plain Parcale Twill Satin
weave(l) weave(2)
Weave type

Fig. 5-4 Reflectance of Cotton swatch and purple
dye dropped swatch. (N=4)

WA D R 72 2 S D KHE % Fig. 5-5 18T, & 2, HHEROKEER S iRl L 7=,
F7ERIRREIC 310 2 8 MDA D AT 72~81%., TH V. Ykl F o K RI1Z 37~49%
Elot, TOX ST, WHERED B 2 BB CIIEEIC D E Uz BR. T/C AR, &
n— X ffEE A TE Y EIENZ EAET 5, FEIL B DSR2 K53,
ORI T O I IERER 1AM L T b, 7 vE=T7L—3a v, Y77 —F, FVITX
%w\%4nv\%@%ﬁm\mﬂﬁ?%@&%%ﬁ%ﬁﬁib%<ﬁotoit\:n@
DA I — T — b & [FRRICE X 233 < | JuRhR A3 BC1E IR I JBh 3 2 Bk T A3 2.
N, T7—N=0R&EL oz, FiC, ﬁulx%»umﬁEW#ﬁmﬁf%ét@m#ﬁ
L3, MhEEfm e iR L TR ko LHElIE NS,

PAE. $EERAE DR D 3 X OJE X OFZ 8, MR IC X 2 SO RO 2 T L /R, il
HETHBBEE IR, LV DI T v VAN DT ISR LRE 2 3 HA R 5725,
MUTREARETIE AL -7, Thbb, Ml OHA ﬁ;&@ﬁm%ﬁﬁﬁ K iFh
. KEPRILERIL 72 e 2 2 LB o7z, —J. MHERA B 2 561, WD
BUKM: - BUkME S X O 08 & 25338 o Rt ic 2 L | ﬁ%rﬂﬁﬁof<5:kﬁb
2077,
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INLORMER AT 2, FHEMAREEZEEE LTHY, BCA KIEZTT > 7285H O KGR~
DB L T,

100

Osheet + swach (dry)
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70 ]
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Reflectance / %
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40 -I— ] —I_ T
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%%
S
%,
2
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Fiber type

Fig. 5-5 Reflectance of different fiber types swatch and purple
dye dropped swatch. (N=4)

5.3.2  BCA RIGIcH 1T 3 K akEidn o 2

5HDFAIC 0, 4.8, 24pg/cm?’ B L B REDOT V7 I VIERZT T L. T bic BCA
RIBE &, KRR ZRE LR e, 3 ECHLN-EEA OfE% Fig.5-6 ~R"T, 71
7 I VIRED 0 08t 5.3.1 TR K EOELII R S . BCA R TIEF#(1),
T (2). VA NTREFRIT T~15%HEHER X VKL o Tz, P, M CRE DT
CRIGL CTRET 20, RV VEERIGEELZEZA R CEBETH L LT, B 3 HICT
ERLTw 3,

I, TS 5 FOMMIZT AT I vEIEINT 2 IH, SER P FEHE 1T IT i
&0, 24pg/em? O L & ABRAICK 2MHDEIT 5% UNE o7z, ThbDD ., MHED
Bitrix, 2 v 0 G S 7250, D8 TR O RO AR I E R 5 2 5 A3,
% i v ok 7 BRBOGE X2 OEIT/NS (ot

WAERRE D % 7e 2 8 BB 2 FE I A, M A & [FRk. BCA 21T X 2 G % HIE
L 724558 % Fig. 5-7 ~R3,

EEBICHEAIE. TV 7 I VvEB0THoTHENEFNDRIEIL 22%, 5% TH v JE
HICEOREEZIR L, RO VS EHIECTH D . A2 BCA K& LT
LEI>T L, b, FEE, AT BCAKISEFAL TH LICfEE L7z 2 v X7 BHENEE
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Reflectance / %

BT TERNT EHAL 72,

7 vE=ZTL—avOBAE. TAT I VENODK, [FU L o — 2 RAE T
HLIT T — P EHETE L, 200 EWEEZRLTWS, 51T, TALT I VIEED
B X 2 BEKISIE, oM e L Cifbt L cwa 2 bbb oz,

B, YT T — b, BLXUOT/CHilk, TAT7 I vEBOBEINCHE > T, L LERIL 72
Gt TR L7ze L2l TAZIVEODE 2, itk e C RO RIGHEIZ/NE 2
277,

RYZZATE, BUKECTES 3, CIROEREI D hvizo, 2FL L CEuE
RERTH TA7 I VvEOHINCHE o TREFEDOHA 2 &, Fiefn & FREO ik 2w
Lizo 740 ViE, KVZZATALD D RKEENMELS 2D, 4 v vilififh o7 I P&
X3 CilRE DRIGHHZ o 7= AREME, £ 7213k EIC X 3 CHDOMREFERHEL - E 2
b7,

LLE. R, 77—+, T/CHi. BVZ AT, 4o 5 IcBLCli, &
EDEIXHZDDD, TAT7 I VRIS U 72 A2 AR OAR N SR S L7z, — 77, FE.
BEIOCHTvE=TL -3 VIZCHEDORIGPIEEZ, BCARIGIC X 3 X v X7 HERIC
BEX R b o7,

20 80 -
O Canequim
O Canequim Alinen
70 Plain weave(1) 70 <P 4 Cuprammonium rayon
M Plain weave(2) . Diacetate
Parcale N © Polyester
60 . Twill 60 Q;\ N Nylon
. Satin 30 ‘@ eT/C
< (b \\\ :\. 50 R ™, ® Wool(refined by LAS)
S : -
. Y c
a0 | Troas g
T g
""""" B T
-------- ~. x
0, 0 T X
TS 3
20 —
10
0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Amount of albumin / ug * cm™? Amount of albumin / pg * cm?
Fig. 5-6 Effect of albumin concentration Fig. 5-7 Effect of albumin concentration
on reflectance at cotton swatch. on reflectance at swatch of
(N=4) different fiber types. (N=4)

533 K/S{lHE 773 Vil L oME

5 3 E L FEIRRIC, FalBafi o K/S iz ke, 5 MM IC DOV T DS R % Fig. 5-8, il
o2 5 MoRBEMmICOWToOfE% Fig. 5-9 IR, TA7 I veEo#HH 0~
24pg/cm? THEMZ RK® ., Z OEMROMEE » S EREAFHEIL 72, & 2T, %D Fig. 5-7
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CEBWTHLICERES R ON 2 o 2FE, BLCHTvE=T7L—3 D 3 i
FRob L 72,

Fig. 5-8 ICB W T, MAOFHE() & 47 v (3 FHER OER & IEF T WEZ 2R L 72,
T2, N T = VAN BIER X VEE R RNEVERERLEZDDOD, TAT IV
DERMEL L TIIRIFTH 57z, Fig. 5-9 OMHERICOWTld, T/C i3t & Rk K%
ﬁ&ﬁULfﬁﬁ# bNBZEBbhroT, eFAny BIXUOYTET— R T
AT MCDWTIE, IZIEFRICERZR L, HEIEREER L VNS o7,

LAEXD, %aﬁ%ﬁZ‘EOD K/S iz T T7 7 3 ViR & OB Z T L 7258, #iF
(D, M7 v, T/CHIEFEVWEREZTR L, ROT, Bk, FA4 v, =7 —n,
VANDEMMOEELKEL, VT T — b, KT AT ADNEIC BIFRERRESR LNz,

3.0 3.0
O Canequim O Canequim
Plain weave(1) A Linen
H  Plain weave(2) Diacetate
25 Parcale 25 © Polyester
¢ Twill Nylon
Satin e T/C
2.0 2.0

K/S

0 5 10 15 20 25 30 30
Amount of albumin / pg * cm?2 Amount of albumin / pg * cm?

Fig. 5-8 Correlation between K/S value Fig. 5-9 Correlation between K/S value
and albumin concentration at and albumin concentration at
cotton swatch. swatch of different fiber types.
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BRZHE L MR 2 ERT 2, M ORBmIcE T, =7 — VD&, ELB MO
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Zbo VAN, T vD2HTIE, kLD DARDIFZNRKEOARHAEPIKE L D7
50 D REHEPEML 72 2 & BSER~FEEL 72 L & iz,

MRAERE o $2 70 5@%%@%::\ EBITEHIC X o T m — ZEHER S o ok k% b o
Xoicky, WEXHFEPMLTHWEZ b, K, T/C EaWt ko7 EZLD
na, l7vE=7L—3v, V77— b, KVZZATNA, FAvV fHE74 721
AR TH D720, FRlORNIC XY RS HSHEEM L L KE (ko2 el NG, T/,
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TN T7 47XV FRICIE, BiIARRHCIEEIC X > CRE EICHBPELZ Db H L2, Th
X BREE~DHL 2 AFE TR wEEZ LN, XD, &b oA 0%
o AT EREE ~ DR & g8 7n < | MHERE Y R 7n 2 580 12, 2 DWRIKIE DS RS~
BEE25ZE3bhY, Kicihx2 BCARKIGOHIER R 2 ERT 2L LT,

INESE A KRBAM~T V7 I VIR ER F L BCAE~DHEICOWTHEET 5,
MRAE D&, v — 2507 Foo OH B, —HiAHE L BCA 1 & OBE, 72 (3%
i & L C oA ISR 3 2 MHELAI D b 0 & F 2 b 28R R b7z, BRI, F
D, YA, CofiEe o ROMGOHE S PEOMRIC LY, KFFRoKE L L
TEN HEHTE 2, —77, k@)X, BERLVHL2ICRVWEBREZRL TS I L
256, CiE RISt b2 &0 OWE ., il 2 XTESRE % Fl o 72 fE LA 7O 03 5 Ly
BORIEHEEI N e BEZLNS, T v, N—=F =k, ThEFNEH O R HERK
DFZE I DWENIC X 2 P8 ORI AR X 0 &< o et MEYEORE LR
EEZLNT,

MR O B 2B DA, A7 vE=T L —3 viz 2z 0fEBRRICE VT, 2 b v
Yy a—%FRE L CEMED LT —REHT VESTHICK > TIRM L., BEFERHIC
Witkd 2720, 2044 v HEEL 10, BCA RIGICHEL-E2060%, £7-. #.
ST T—b., T/CAHD, TATIVBENRODLE, HEMTHIMENIOD CliL
DIRIGHEDNE o7z LT TIE, RO X HITEETX B, L., Lo — 2070k
SRER SR L D D% L. YT T— ik n—2NT o Fo X HEBokiEo g
AT NI (-O-COCHs, 77— M) IcEHi ., #9 7 HIL LBt I hCTws 2 L ph
b, CIlREIGLIZS wWeEZ NS 9, T/CHOHAIE, MoK X b SRR
Frans7-0 HEFR D X 5 ICROKICIIEEZ 2 25, fiifED 65% % 50 2K Y T2 7L,
LGP NEHET D 2720 CIA~DJUCHHEEZ DT < <, HIER X D b KERHE
(T & 25,

FAavid, XV ERMEE FERRIC, prhicBUkEo T 2 25 ((NH), AriF s
Hiraa, FHPICECDOT I VEAZEOMN. FEF L O0H0 X ) MR E@IIAsh
ozl b, INLDOERIIBCAKICEELEZTWEEZLND, ib, FEOD
LA, REENA CHlM AT o722 L CERHEDO AT — A (Fa2—TF 4 7 0) oMl eE
RCANLT Y 7 ACCHPMIREL ., BHEEBK L, v AF v EEB AV NVETHIT TTFV
ERIGLT-EEZbNS, BIIVAFvELZ oL GEhwizw, BCAEERKIGLRTW
o2 v NI EBRELEETHEEZLND O, bbb, K, ¥ 77—+, T/C i,
KUY TZAFA, FAnYD5EICEL Tl BCARIGE W& v EERBTHETH 5
TEDBHL 2L T,

DT EhL, iR oz v rEREE, BCA MGEHWTERT 254, BVWERENE
RS 2 720113, WHEREDE — 0 b 0 TH 2 EA D AR OMERLE S, $2bbREIR
BORKE~OHER LT HICERND T L, MM LAIEDMNEYORENRND 12D,
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WNRET BMBTHEMRZIFHL TEL LBV ETH B LER D,

5.5

HE DR Y . EADE 2 6 MDA F., 5 2 MR O kA 8 1 %2 v, A fdIc
L2, 2V HEHERBE~OFERRGT Lz, ZO/E., MARoMKY s XEx D
WL, fRRE OB L > TRFERDTHhIC LR T 2 2 L PRSI Nz,
72, HREORMHIC X 2B LT, & v o8 2 EHkHEIED T & BCAE ClE DG
HEEXCEOICGEEL, 2V AXJHERBIGHI WIBHERD 2 Z L 3bh o7, T HIC,
BCA SIGICHE T 2 HIK & LT, fif OO RFET b bR o nn 2ok
FE, MM THZEOMNEM OO AIREME SR S Nz, Thbic X b, BCA KIt23HHE
LY SHETL, FOREMET I 2Mm e, HEORFHEMR G AT R E L 72
LHIRDB D Bbrotz, Lo T, REOHELRIET 572012k, BT LI
BREMREERT 2 L BHBETH B,

DILE# 5 F 2, M s X N T/CHild, BCAEICX 2 2 v 2 HoE <.
R Y T AT VDM OHERE DA 4 TR X VA TRERIGHEL &5 b ooERN
BRFTHEZ b0, iR tox vy 28%, BCAEEZHWTERT 3 AEIR, @
IR . WHEDH 5 2 LRI sz,

St MROWIKIEL Vo 7RG L3R EOBED T k2D 2 2L T, b
CERBEOERSWREIC K 2 LIAfFTE 2,
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6 FLIEMEAl & R o I X 208
6.1 H®

HAE, FBLEICENT, ERBNRE DXV AAHEZOMNERE L 75 210 5 O
IS X BHEZWOIT LTz, 20O DMEIHIR 2R T, AT 2 e B O ~EH 3 5
Tz i, PSR 2 AR IC X BB 2 W O 2T 2 D H B, PeiFiR DA
IE KIS K 2T T ECTEBRET 2 2 LB TE d o7z, S N2 EAI S O EHE 3 E
I 1P, £ I TARETIE, REGIBRANICE EN L M0 TH 5, FHIETEA & Bk
DREWLFIHICOWT, MR OT T FRICRE T 2E2ZAEL. BCA EoREHHEET
H5CHIINT 208 ETN2L bl 2y H LML G A DEREZRE L 72,

6.2 Fhk
6.2.1 A3k
(1) FmEiEMA 5 & OEERREE
SNSRI, PEEVERNICE ST v 2 AR EE A O a5 KR R EH T L F
NRYE VALK VEF Y7L (LAS) EHBTALEFAR Y XY LK VS Y T L
(ABS), FF v lfilgF Vv (SDS), #VAFzFL v T7ArFarz—F A (POE)
ZHW, $7HTA L L TRFEB DR 7 2 GRS 2 72, BERICIE, WRIREATICHW S
NTWE RV NIENREESE (a7 T —%) 2wz, 205 Ok % Table 6-1 1ICRd,
3. ABS 34T BEOHIGERI CIIEH I AT Zand D TH 225, 4Hl
TR D 72 o FABRICH W 7z,

i ETD o DREIREICOWTIZ, AT O X 5 ITHEE L 72, BRI 13RI D JiK BRI S
BHFIC, VEEY) kg W LC/K 15L (@t 1:15), 379 & 1 HAME L 72 Y, sl 25
3 2 1 IIPERIAT O FLIATE AR S 2 Vi (CMC) fhETHif I N5, PEE - B
Kt PEEY O EKFEIT—AEITIC 100% &SN TE Y | PEEICITiR 1kg 2233 &R 15L I
FbilEhd, Lo T, T X FHEENFIEEIZCMC D 1/16 £ 725,

—J. BRI I 1%, BAICE A S hTw b, % { OTIRGEERAT. JoEYy
lkg (K 15L) i 25g ffifH 2 412 D T, PEEIRH OPAIRE X 0.1666% (w/v) &725, L
72080 C, BRI IZ 2 @ 1/100 & 720, 0.001666% L HEE XN 2, 5 1[HT1/16 IC
5D T, 7RT T —+1%0.0001% (w/v) DIREOTTEEREE & 0, BiKEZEOMICIKE
T2EEZLNDG, CORBIMETIVIRCSHL . EHREED S HBEREEIT 10 £
D 0.001% % & e Lz,

KT, TTEBROPUKICL 2 EKEKICOWT, 27 BB XN 7 2K % H - iR
FERE(T o7 & T A, PUKEME A OEKEIIN 84% TH o7, T OHERFEIFRDFERIC
DNWTEK62ICE LD, L=d> T, 2.5emx2.5ecm DOFFRERAG 0.6g 12X, 0.5g T72b
b 50pL DKBEEFND L LD,
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PLE X b BmEiETHEAREE X CMC @ 1/16, BEREE X 0.001% (w/v) LEDRE L L,
REAA~OFMEIZ, chF coMmitics T 2EEKEFHED 50uL 258 TH D L E 2
7z

(2) 2y 7B IFEIBEEFRBRIC, TUMET VT I v RV, 2.00% (W/v) KB % BT
L. FHRICX->T 050, 0.10% (w/v) ZFHELL 7=,

(3)BCAHMIED AB LI U'BIE, F3EmEFARICHBL, chd A BiiAEEB 4H
i250:1 (v/v) WRAGELTCHlEFHEUL /-,

Table 6-1 Details of surfactants and enzymes used in the coexistence substance reagents.

L. Molecular Weight cMC Concentration
Surfactant Distributor Grade
g/ mol mol /L % (w/v)
i | Ify

sodium dodecylbenzene sulfonate o kaGakU Extra Pure 348.48 1.2x10° 33x10°
(hard type)
Sodium dodecylb Ifonat

odium dodecylbenzene suttonate Kao Corporation — 348.48 1.2x10° 5.0x1073

(soft type)

FUJIFILM Wako P
Sodium dodecyl sulfate ) axo Fure Extra Pure 288.38 8.0x10° 1.8x102
Chemical Corporation

Polyoxyethylene (6) lauryl ether Kao Corporation — 450.59 0.11x103 3.9x10"
TOKYO CHEMICAL
: o -3 -1
Sodium decanoate INDUSTRY >99% 194.25 98 x 10 1.5x10

FUJIFILM Wako P
Sodium laurate . axe u.re Chemical Pure 222.30 25x107° 4.4 %10
Chemical Corporation

Wako Pure Chemical Chemical Pure
Sodi istat 250.35 3 2
odium myristate Corporation (min.50%) 5.2x10 1.0x10
TOKYO CHEMICAL
: : o -3 -3
Sodium palmitate INDUSTRY >97% 278.41 1.4x10 3.1x10
YONEYAMA YAKUHIN
Sodium oleate Chemical Pure 304.44 3.0(g/L) 2.3x1072
KOGYO
Wako Pure Chemical Chemical Pure
Sodium stearat 306.46 3 -
odium stearate Corporation (including C16 30%) 0.34x10 8.1x10
1.0,1.0x 107,
Protease (Savinase) Novozymes — — — 1.0x 10'2,
1.0 x 107 (v/v)
Table 6-2  Moisture content of cotton fabric by dehydration method.
Mechanical Course label Wash machine  Dehydrating | Mass of water Mass of water to dry cloth mass
action type time / min included / g ] % (w/w) Average / %(w/w)
"standard" 5 24.3 74.1
vertical
Normal "personal course" 4 28.0 85.3
"standard" drum 8.5 24.8 75.1 84.4
"gentle wash" vertical 2 28.6 84.6
Reduced
"dry clean" drum 5 34.3 102.9
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6.2.2 Jiik
(1) FLHEGEPEA & BRI X 2 BCA RIG~ D578

FLTGTER & R OddEZ D b D A3, BCA UGICKIT TR f~7, I ED — b
FATHE W 2.5cm X 2.5cm O FRERAR (JIS Feth ER7R EEEABR ARG 2 R HLEE L 72 b ) 1T}
PR & 72 13 BEREAEE 8.0uL/cm? A3 N L C 5 & L 72%%. C % 24pL/cm? 3N L T,
25°ClEIR AR TG X &, 30 0RO KEFEEWIE L 7z (Fig. 6-1), KEEHEBRS L
FfEE. chECclFEBkE L,

(B HE RIGRE:25°C
HEME HEREO) Cite (12248
uiisom J 7K30 pL | o10mL | RIGEFR: 3053
: ‘/(25 )
T T
/ ]
\ /] x
J | U \ 1“ DU
* LN N /=
HWEPE Y . -
o—pk (%%Ei?ﬁ) =k Fﬁb@ o= F%F‘ﬂl/ SHEICHEHRET

S A

Fig. 6-1 Experimental flowchart of the effect of coexisting substances on reagent C.

(2) FUETEMER & RS & v o3 2 i 2T 2 56 @ BCA KIG~ D552

Fig. 6-2 IC/R T X HIcv — Mk CﬁEL\ 2.5cm X 2.5cm O i EAERAR 1< SIS PEA £ 72 128
Fil¥ % 8.0pL/cm?, T HICKBEDOT AT I vild 4.8pL/cm? Z i F L, iE L7 & &
72IRBET 5 rEEte. C % 24pL/cm? i L € 25°ClEHLER N CAUG & 2, 30 0 D K&
REHE L, 7732 vE#iz, 0.04, 0.1, 0.4, 0.5%(w/v)D 4 DDHEFER 7=, R
MR EAIEASE & U<, JEBEHlo sy & L TfR#EM 7 LAS, SDS, POE, 7 v VA +
VYL, FLAVEEF LY YLD 6HE, a7 7 —EildiE, 0.01% w/V)EBEEH W,

RIGRE:25°C

sEmE 2250 e (A

‘ saEsouL ‘-T ::t%o uL ‘ O?OmL R E - 305

e J ‘/(25 °c)
T T T ] [ Tl
NEEINEE INE e
O = 0] o [ ) e/ [m] \
— L gt | [ . _— / J
WEPE E31 \ \ ‘
S—k CCI=ED) o—hrEFCS zFL% SHEICBEMHET

R ERE

Fig. 6-2  Experimental flowchart of the effect of coexisting substances on

protein determination.

FHIFETRo N, FUEIEA & R Lo (A7 vildo s o) HH e, K
BETRONZHITFT 25602 NLNOREEL S, THRIORSTHEZ R L, frE
I & B IR~ DFEORE 27 L 72,

HAHE = HAFEREL 70 7 L VvEREE O R E (%) /T v 73 v I D R (%)
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6.3 HEHE
6.3.1 FREIEMA & BERHEIC X 5 BCA ik C i~ D8
FEETEAESE & CHIC X 2 SR 2 |IE L 724558 % . Fig.6-3 & Fig.6-4 IR 9,
FTEMRE D LAS 3 X UV ABS, SDS, POAE, 2 LT, TXCOMEHEF M) v L3 Zh
ZNHINCH FICHFIE L 286, C I X 2 2B OKERIZ 30 2k VT 61.3~
62.6%TH o7,

80 80
75 75
70 QO 70 0O
65 o 3 Al 65 L ] [ %
® e 8 ® 8 -
~ 60 T ~ 60
o O No coexistence g
& 55 A ABS g 55
E ALAS e O No coexistence
T @SDS ko
& S0 :POE e« 50 —Sod?um decanoate
X Sodium laurate
45 45 X Sodium myristate
O Sodium palmitate
40 40 © Sodium stearate
@ Sodium oleate
35 35
30 30
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Reaction time / min Reaction time / min
Fig. 6-3 Reflectance of the synthetic Fig. 6-4 Reflectance of the sodium fatty acids
. . : : >
surfactants for each reaction time. for each reaction time. (N=4)
(N=4)
80
© No coexistence
75 [10.093 pg / cm?
[0.93 pg / cm?
M9.3 pg/cm?
00 W93 pg/cm?
65 E -
® [ - H
~ 60 ] -
[}
H ]
o]
55 ]
$ [
&
x 50
45 u
40 u m
|
35 n T
30
0 5 10 15 20 25 30

Reaction time / min
Fig. 6-5 Reflectance of the protease for each
reaction time. (N=4)
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¥, FLHEEER - 3REREOBE2 0 L7 T vy GtEwER L) oigh, &t
12.8uL/cm? DK & CHD H % T L 728 B4 BIRD SURER1Z 58 3 |oMSER X 0 sIG# 30
ST 613%THD, COEEEEETEE, o REEMANIC X 2 RO 23RS N
VANV W

Kic, EFEAEE L CRIC X 2 BORISZHEGE L 7-#53R % Fig. 6-5 IC/R3, i LORHRE
DAY ED 0.093 B XU 0.93pg/cm? DEé, 30 3O KEHIZ 62.9~61.2%Th -
720 el D FLHNEVER] & FIER. C DIREHIF O#FR CTlE, BCAE~DFEII R WEF R 5,
L2l 93 3LV 9Bpg/cm? DEH, KBk 5 75205 KE S REPEMET L, 30 2T
IIZNZN53.9% & 34.5%TH - 7=,

6.3.2 SUHIEMA & BEE D & v S 2 FICHET 25 D BCA MG~ D 2

FEEEA £ 72 3R e T 7 I v RS2 CBCARIG X & KAHEEZHIE L <.
B3 ETCHLNEETEYELIFEL R T AT I Vv ORDOREER L OMMNELZFEL /-,
Z D%, Fig. 6-6, Fig. 6-7 & Fig. 6-8 I/8d, T 2C. 70 v b AHNHE 1.00 it
B, 77 vREORDGEOKFRIGEWC EERL, REEERIE 237 TrT7 —+
C X 2B DI EERTE 2, 720 MHAHEA 1.00 & b KRZ i, HEWERDH 5
G O R EPHMNCE S 20, BEPHELS Ro72Z L 2RT,

2EONENIET + V) v LSO RIEEEAI L 7 r T T — ¥R ET 25, TAT I Vi
FEA 4.8ug/cm? LA LT, MHMEIX 1.00~1.15 o2 R LeeEWEE ko7, Thbb,
TATIVOARDEELD S RFARNEL ozl &b b, I b, TAT I VRED
RbEVE &, 2TCOREYE LA THMEIX 1.00 1ISES AR D, TA7 I ViREMK,
EERLEEVERITEENNIS LI LB 0T,

FeWifg S b U v L 2 fodG, SDS & L FtkickzA 4+ v REEHAIcH 2 b oo, ftho
HEYE L 3EERERLRL I Bbhrotz, ALAVEEF MY v LIdERE LT
EMEL B R ONz—)FC, Fv IV VEFPI T LR TAT I VBELRELS &b
ICoON T, MHMED L 7o 2o RIKDHIHED S < 72 o 7HIC, SDS, ABS, LAS, 7'm
77 —%, POEE721377 ) v+ + VY LDIETH - 7=,

INHDOFERTHE LN KETEL S K/SE% R L&A EIGEA & B3R 12w T Fig.
6-9 12, EMfEEF + U v L ic oW Fig.6-10 IR $, 2NF o Xrhic, HfFxg-E—7
AT VDb P TR L7, ABS, LAS, POE, 7u 57 —¥BT7 A7 3 veitEs 2l
ik K/S R DT KT 37503, HEMEBEELRWT A7 I v o ADEE LIEFIC
EWCEAZR L7z, £/, ALAVEEF LYY LABRETIEA, TAT I ViEE
19.2ug/cm? @ & FIC K/SEBE L oo 7283, Z AT T L7 I v o ADgE e K/S A
DFEF IR0z —T7. KEEOHMENE L o7z SDS, 77 ) vigEF + U v a4
T3GA, TAT I VIERE 19.2ng/cm? L BT, K/S fHOK T 23t i Al 3 X OER
X dRELS o7z,
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Fig. 6-6 Relative values of each albumin

concentration coexisting with the

surfactants. (N=8)
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<QE

&
1.00 (32
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Fig. 6-7 Relative values of each albumin
concentration coexisting with the

surfactant and protease. (N=8)

X Sodium laurate
® Sodium oleate
X
X
%3 o
b °
0 5 10 15 20 25

Amount of albumin / pg * cm?

Fig. 6-8 Relative values of each albumin

concentration coexisting

with the sodium fatty acids. (N=8)
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3.0 3.0

O No coexistence No coexistence
A ABS X Sodium laurate
25 A LAS 25 @® Sodium oleate
DS
& POE
20 O Protease 20
7 ."" v
< 1s % g S 15
®
[ ]
1.0 1.0 X X
O..-
0.5 0.5
N *
-]
0.0
0 5 10 15 20 25 30 0 5 10 15 20 25
Amount of albumin / pg = cm™ Amount of albumin / pg * cm?

Fig. 6-9 K/S values of each albumin Fig. 6-10 K/S values of each albumin
concentration coexisting concentration coexisting
with the synthetic surfactants and with the sodium fatty acid.
protease.

6.4 H5%

Pt i BR 1S D WA ICFREE 2 R A AT L 72 FUEE R B X R R A IE T C il
BRI L7z 2 A, TRTORMEWA L AR 0.093~0.93ug/cm?> ® 7v 77—+
IR DS E LRk OB L 72 \BCA UGS E 2 5 2w bbb o7z, LA L,
9.3pg/cm? LA ED 7T uF 7 —¥idEEBEL, 2V AN7HELTRIGLZEEZ LD,

CoxvARZEBELCGHIT 2720, BonzKEELHE 3 Bk zREMRK
(y=0.0728x+0.1444) I ¥4 CTiE®TT A7 I VAERICHE L 72, ZO#E, 9.3pg/cm?> D
RMAERIZ, 77 I VR TIE 0.72pg/cm?, 2 L T, 93ug/cm? DfEZR I 6.6pg/cm? D
TATIvELTHENINA, LzdoT, HeEERRIEICIE 8~9%D % v X7 EHE
INselBbrol, TDXHIC, HEIT BCAKIGICKRE CEET 208, HEOYERE
T LI T 2R RITER 6.2.1 © (1) Tli~7 X 5, Fig. 6-5 O —FK R
0.093% DFIC 1/10 DK VBETH B 2 b, BEOFEIENLE 25,

KIT, TNT7 3 v OAEEMFIC BT 2 KGR OB D W, BIFYE 258 L .
WHE L IcERT 2, 2 MOEHiEEF Vv L %kkE, SDS, ABS, LAS, 7u 77 —*%,
POE D CAEDOMMHE L E { 7 o 72, THF HEVEOREN —ETH 5 Z LiTxiL,
TNATIVERSEMNL 72 2 & C, WEVE ORESHNIITNE o T &Ik
THEEZLND,

SDS & ABS., LAS i34 # v REFEHAICH Y, MIRETX v 2 HIHEAT LI LEZD
VEEEDOT v 7 A=A T A v Thbb AR R ERI T, RRETHSTH, TAT
IV LA A v, BUKERAERIC X WV RRNCHEAGT 2L Ind Y, -, ffieE
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AF T BHEEIESDS D BE W ERHEINT WS Y, 2D &2 6, SDS,ABS,
LAS DNEICHIESE K 7o 2B I1E, 2 v N2 BHE~DHE R T Tl 44 v~k
# & BCA-Cu R DIEK Z FHE L T\ 2 AlH 'l'i#mmk%x&n%

JEA & v REHERICTH 2 POE 13, &EA A4 v L OFBENERIC X 25 1EA A+ VR
FEPEAT X O D7 wiATREME A3 2 6 41, ABS, LAS, SDS XY Mﬁiﬂuw L/AhE <
A Fd v ~DFEGR Yotz EZLND,

RYNTENRBEEZED T T T —X 3. TAT I v EHGETIEES. KEESZIC L Y
HER%ZEZ L, BCA-Cu A DIEICOT2ICHE L Cnwb &ExbLbND, 7rT T —%
BTNT I v mZEEE A4 4 v ORITBE T b ad o ZAlREMEIC O W TR, 57 50
TBRD LN,

—77. Fig.6-8 icB T, JEMEEF + V 7 L 3aA F v FLEEMAI < H 2 25, HHRHED %
I G IEEA 3R e o7z, COMBE LT, 77V VRS P Y Y LA C DA
FyERIGLCEBRTAZER L, 4 4 v 0idic X - T BCA KIGHPHE X -<Hx
ERE L o7z M T2, ALAVEF P IV LEBBEAAVERIGLTH TV Y Vg
FEFVYLXY KEMREZRST 2720, HWMEIZTZ VY VEEF PV T LR EELS kDR
Pol-tEZD,

INH DRI RO NK/SIEL Y S E O 2 o2 st z2s i 2 &
TA7 I v 19.2pg/cm? DL ET K/S fERMEL 2572 SDS, 77 Y ‘/@&‘f DR AVAYRP S 62
TEEARERENMELS o7z, LA L, Zoftho RiEiEtE#Hls X O & & 0.93pg/cm? 7
077 —tRlEEAHEL T, ERMEICRE(EELZSEZVWEEZ LN, Lo T,
77 3 v 19.2ng/cm? Kin OHP 7 O (X, FLENEUEA B X RS AT 28 I/
Wl Bbhot, kB, BIEIN, KETHLNIBEDOES WREROHMIZ T L7 2
vE ldpg/em? . LTHY, :ni@@@ﬁW§aﬁ¢éﬁla%ié

PepaABc AL 2 B S 2 56, PERRICT I E 2T o R EARBIRE ChNIE, 2 v 32
DERMBICKE g I v <‘:75>Hﬂfoﬁ>}:ix0f:7b> Fric SDS, 77V v+ MY v L
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Fig. 7-1 Chemical structures of palmitic acid (left) and oleic acid (right).
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Fig. 7-2 Experimental flowchart about the effect of fatty acids and

oily components contaminant on reagent C.
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Fig. 7-3  Flowchart of contaminated test swatch washing and

protein determination experiment.
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Fig. 7-4  Reflectance of the fatty acid and sebum oil

for each concentration. (N=8)
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Reflectance / %

70 80
O - = Oleic Acid Sebum Oil Oblank
< Q o o
60 ® 70 —
60 ] ]
50
= Hexane adhered swatch x 20
40 <
Benzene adhered swatch 9
Ono organic solvent E 40
30 =
Q
= 30
20
20
10
10
0 0
0 10 20 30 Cotton T/C Polyester(two
Reaction Time / min layers)
Fig. 7-5 Reflectance of the organic solvent Fig. 7-6  Reflectance of the contaminated
adhered swatch for each reaction swatch for each fiber type. (N=4)
time. (N=8)
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IR WEZ R L7, 20— T, AL A VBAR 1% bbbt L4 vEiEE
200pg/cm? DA ICHEH T2 & KEEIZ53% 05 36% I T TELLZd DD, flindk
e iR L Cied REPEA @ e o 72, Th, Fiffii 7.3.1 bz, L4 VEOFE
HEBEOORITHOORHEOMIICHET L IR LEERLZbDTHY, TAT
VDBALAVIREEAET AL T L0 EL L L TR b DL HEREING, £
e TA7IVvER 0D LT, UREAhOEAFL Y DR &b, PRIk AL 4 v
BEAREEINTESL T, CIRE G L ZATREMEAVR S iz,

70 2.0
200pg/cm? oleic acid adhesion 200ug/cm? oleic acid adhesion
20pg/cm? oleic acid adhesion 1.8 20pg/cm? oleic acid adhesion
60 Y 2pg/cm? oleic acid adhesion 2pg/em? oleic acid adhesion
Oblank O blank
| N an 16 basic calibration curve

50 Q 1.4
=
<40 Q 1.2 o O
] N,
(=) .
g 5 1.0
30
= 0.8
e - @]

20 0.6

0.4 O
10
02 [0
o
0 0.0 |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Amount of albumin / pg * cm? Amount of albumin / pg * cm?
Fig. 7-7 Reflectance of the washed oleic Fig. 7-8 K/S value of the washed oleic
acid contaminated swatch acid  contaminated  swatch
for each albumin concentration. for each albumin concentration.

(N=8)
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