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Effect of Fabric Types on Direct Determination of Protein on Fabrics

Mai Tsukazaki »*, Miyuki Morita2, Yuji Yoneyama ®

Abstract

The influence of the weave, thickness, and fiber material of the fabric on the direct determination of the
protein in the fabric by the bicinchoninic acid (BCA) method was investigated in this paper. Six kinds of
cotton fabrics, with different weaves and thicknesses, and eight kinds of plain-weave fabrics with different
fiber materials were used as the test swatches. The K/S value was calculated from the reflectance, based on
the color reaction of the BCA method, and the quantitation was evaluated based on the relationship between
the K/S value and the protein concentration. Based on the results, it was determined that the influence of the
weave and thickness was not significant, and the quantitation was good. Contrastingly, it was found that
protein fibers (wool and silk) and the cuprammonium rayon, in which copper ions remained, which react
with the C solution of the BCA method, are not suitable for this method.
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Fig 2. Images of six types cotton swatch
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Table 1 Distributor and basic physical characteristics of swatch fabrics

Distributor Weight Thickness Yarn Density
2
g+ cm? mm number of yarns / cm
warp weft

Canequim Japanese Standards Association 0.010 0.23 29 26

Plain weave(1) |Sentaku Kagaku Association 0.015 0.35 25 23

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
Cuprammonium rayon Plain weave Japanese Standards Association 0.007 0.10 53 37
Diacetate Shikisensha 0.007 0.10 39 26
Polyester Japanese Standards Association 0.006 0.08 41 37
Nylon(6) Plain weave  [Shikisensha 0.006 0.10 43 34
T/C(65/35) Shikisensha 0.011 0.21 54 28
Wool . Japanese Standards Association 0.011 0.28 25 23

) Plain weave

Silk Shikisensha 0.006 0.12 51 37

25



nm ORMEFELAZRE L-, WEIE, EH
WECRNE ) v — O ENDIEEIH LY
T, RBA 1K D& 4D FTORS R ZRIE
L, 2OV E G, b, 3B 1k
DREIN, FEHELTHHENOYSLL T Th
4, 7 oE=TL—ay, OTET— ],
RV ATV, FAarO4AFI%, MmfEE O
JEXDFEEMZ D120, 2 8% ERCRE
&L THWE,

2.4 BCA RIGIZH T & HBMDEE

BCA £ C RIZkId 5 &3 O A6
L2 NI BEOEENEERETT 5720, 0,
48, 24 pglem? JBEDOT IV T I UIRIRE, &
KRB T LZ ET CHARGSYE, K
SEEEZRE L, EBRFEIRIZ, PE >— O
PR A EE, v 7y U TK
SUL/ ecm?, TV X VIR 4.8 pllem? % i
FTLTY— %L, 50WE LK, v—
b ZBIVT Ciflia 24 pullem?2iiE F L THOY
— h&PALC, 25 cCOMKIRIEIRMEIZFRE L T
SOt Sz, RBRAT O 2L, ko 2.3 @
YIS ROBEZIT 12,

3. BERBIUEER
3.1 BRI DIBIES & UHHEIED RT3

2, YBR
~DEE

eV, JE S DSR2 e O FBRAT ~Lek

100

O sheet+swach(dry)
90
Opurple dve
s0 [ — — —
70
=
]
o
=
£ 50
s
T 40
-
30
20
10
0
Canequim  Plain Plain Parcale Twill Satin
weave(l) weave(2)
Weave type

Fig 3. Reflectance of Cotton swatch and purple dye
dropped swatch (N=4)

Fig 4.

26

W F L, REELNELERE Fig. 3
W, GuBRiE T ORIERITIC L 2EO%
iz KT T-OFEERAZ =T ——L LTH
L7,

FREAT 6 FRICOWT, v— N TCHIE L0
DI 76~80 % TH Y, Yekhii Rk D
SCHRIL 37~40 % & 72 oTn, /N—r—)b,
VAN, YT O 3FEIT, YR Tk OR
KNP ILUEST & el LT, 2~3 %mVME & 7
SR, WEEN X D KHFEOEITNEL,
HE~DREREBINEEZLND,
— = LoV TIE, Table1 12/ R L 9H1IZ
REAT DR S BIEYEAT DY 70 % & T2,
GUBHR 23 s RAT 2 DB T DR F 5B S 41,
TN ALTE LT T — = IBINTEE X
5o Flo, VAN, BTUO2MTIE, KM
DOAREFED TR L0 b REL 2D, oK
FHENBIN U2 2 & DR~ LT L HE
Wiz,

WHERRED B72 2 SO MR % Fig. 4 128
T, ZZITiE, BEAOKFR GO LT,
— bR LT S DA DT RIL 72~
81 %, ThY, YuBHE FM2ORSHIT 37~
49 W%l lpot-, ZDOX I, MEHEFED R
5B A IS =N A U, R, TIC A
%, Brm—AfHEEEATEY, EI0E
W2 ERILET S,

—
=
=1

Osheet-+swach{dry)
%0 Opurple dye
80 | M o
70 M M
3
<60
&
E 50
2
;.:-540
30
20
10
0
& >
R I
& VST S <=
¥ S 9 <
o
&
&
o

Fiber type

Reflectance of different fiber types swatch and
purple dye dropped swatch (N=4)



EEIX, B RITOOMEND, Yet
TR OMEITEER I L TWA, ERIT
FERRIZ L > TlL o — R HE R S O WK M %
HOL VIR, EHIESHLEL LTINS
ZEmG, WK, TIC ALV L Ir otz LB
bbb,

AT =T L—ay, PTET—h, K
YZRAT)N, FAaay, BOEME, 747
AV MR THDHTD, Yertobiuz X0 s
FNEEER L L K& otz BB
b Flz, ZIHOARILH N— 7 — b L [Flkk
VZJE X 39 < YeBHIR DN I E Rp LBl 3 2 Ak 1
DHER S 4L, IRERAMENRE < ole, %
2, WU T AT VTHEHE B A BKETH 5
Te WA FE) Lo <, MaERAm & oz L C
ERNE L feo - EHERI SN D,

PLE, MO B L OE S ORE
HHHERELZ X D MR OB L MG L TR R,
i Ch 2561, FEkEv b Ty, v
A WD T RN E < e AN S
NI, MUTRKRERETIE R -T2, T
bbb, MEHEO ST ERIK OB EN
2L TR, ERILTEE 72D 2 E b
ST, U7, WHEREAN R DA,
HEDHAME « BiAKPER & O O JE S 03 E3EIR
DIRFFHEICHE L, KINERRR >TSS
EbhoT,

THH ORI E 2, SFEA R A &
L CTHW, BCA FUGLEAT - 7o 856 O GTHEA~
DREL G LT,

3.2 BCA RISIZHIT5HDHY L UVE
SOFE

0, 4.8, 24 polcm2IBEDT VT I VIR,

5 FEDOMAI A~ T L, BCA R@IZ X255
REWE LTk % Fig. 5117,

TNAT I BN O DOEE, 31 Tk
R OMEUTI R 57, BCA IR Tl
@), k@, YA NTREFRITT~15%
M L VIR o7, ods, MRlkMEX C
REDLTDIIE L TRAT DN, XXy
BEBICEELY B2 WVERETH D Z LTl
WIZTHIE L T D 9, SEOERT,

27

OCanequim
70 Plain weave(l)
B Plain weave(2)
Parcale

60 * Twill

Satin

Reflectance /%

0 5 10 15 20 25 30

Albumin concentration / pg em?

Fig 5. Effect of albumin concentration on
reflectance at cotton swatch (N = 4)

WD LT — 251 Lo OH 3, “EHiEA
i L BCA 2y & OB, F/- i3l s L
TR RICFRRE T DA DR L b
Ez bbb, ik Q), VAT, T ORE
He & D BAKIENE S OHEEORBRICE D,
RSEORS & LTERAZEHRTE S, —
77, WAk @, EEALVBHLNICRENE
BERLTNDZ ENG, CIREMEE D
A L O, B 2 ITEESR A T Tl
HA) 19 S35 L, 2OMIGMERE Sz
ZENEBEZLND, YT v, N—=b—,
ThENEE EOREEORE, RIEOWH)
\C R DB TR RN IR L v @m < otz
0, (FEYEORBEIRNEEZ LN,

EHIT, IS SEOMAMITT LT I ik
FEMRSBEINT DIZHEV, SO SR TR YEAT 12
VME L7220, 24 pglem? BRE OSE, BB
IZEDEDZET 5 UNIZIR L TWD,
bbb, MHEOE AL, ¥R T
SRTIGA, KR CIEERBRAT ORI S
RICHBE 5.2 50, HBHIEWZ 78
BREDOLAITE OREBIT/ NN LIS
LT,

3.3 BCA RIGIZH T AN EE
WRHERE D S 70 2 8 T O ERAT 2 JWE 12 Ay,
HaAn & A%, BCA R X DR RZHIE



O Canequim
ALimen
70 <>‘.‘ A Cuprammeonium rayon
Diacetate
60 L ] . OI\’_oln:atu:r
o . Nylon
[~ o o T/ C
=2 50 [ORNSER S N, B Wool(refined by LAS)
.~ "\‘ - ‘\‘ Silk
3 F SN
z
= 40
5
=
= 30
20
10
e
0
0 5 10 15 20 25 30

Albumin concentration / pg cm?

Fig 6. Effect of albumin concentration on
reflectance at swatch of different fiber

types (N=4)

L7-#t 5% Fig. 6 ~773,

EEB LML, T I BEN0 T
HoTH, TNENORHFIT22 %, 5 %
ThY, EFICRVWEEEZR LT, IbiT
LR EIBHETH Y, fliHER K2 BCA X
JGEEZLTLE Y Z &b, EE, AT
I% BCA BASJSZFIM L TR R & Lz
BRI EENEERTDHIETERNI L
A L7,

T E=T L—I DS, TILVT I
REEN 0 DR, [A U< e — AR5 Rk
MTHLHODTET—NEEET D E, 20 %
FT<EVMEZRL TS, &HIZ, 773
VIRFEE O X 2 BAKISIE, Mo
CHELTHEL CWA Z ERbhot, &
UL, 7 =T L — 3 T F ORISR
WZBWTHIA A 2D 720, ZO8A 4
VSRR 0L, BCA ROLUGICEE L L
Ezohb,

W, YTET7T— b, BLOTICAHIE, TV
TV LN o T, Y L REIL
etz R LTz, Lo, TA7 I U EEO
D& EITIE, BB E CIIRORIGHEZ/
Ihotz, ZOEHIE, MoOE/LO—RS5T
OFEREEA LD %<, U787 — M,

28

BREORLEDFHRIL SN TNDHZ LMD,
CiREIGELIZS Wb EtEZ NS, TIC
i OEETE, FROWAKPEIZ L 0 RIER D MREF
SN, HAEAD X I ICRARISHE D
D8, FEHED 65 % & HHHARY AT IV,
L BOSHEDMEWRME TH 27280 C IR~D
FOGHEE Z 01T < <, FEHEMR L0 b KN
ELIpolmtER D,

AU ATV, BkETESLHELS, C
EOBFEEND N2, KL L TEWVK
FRZRTN, TAT I BEIZLER-T
SR OB B G, Z ORI R AR &
FEECH -T2, AL, NIV AT ILL
DO HEMES 2D, A a0 T
X NFEEAICE D CHRE DR E T2 TWAKME:
IZED CHDBEENEELI-bDLEEZ
Do

Uk, B, 77—, TICAi, AJ=x
AT, FAvOSFRIZE L TIE, &l
THEDOETIHH DD, TILT I U BEIN
U 7 BIfe 72 ISP =R O T A3 pER8 S 41, BCA
BN E AW Z T EEENAHETH
HZENHLMNE 2T, —, FEE, A
BIOWT7T rE=T7 1L —3 0% CRE DK
JERFEE, BCA ISIZ L DX /87 BHiER
WIS N2 b ho Tz,

3. 4 KBREATD X XY B IE R

KR OEE /ML E LT D% R &L,
Kubelka-Munk @z (K/S = (1 —R)¥2R) %
W THEREBAT O KISfEZ KD, 5RO/
BT L7 VT I VRE L OB%RE Fig. 7,
HHEFE O R 72 2 5 ORBAICBIT AT LT
S UPREE L ORIRE Fig. 81 RT, TR
» DYLFEFIH 0~24 pg/em? TUH{LLERR & 3K,
ZOEMOBEZT NG ERMEZFHMOL7Z, 7P,
B O NCE RS SN0 o T2 FE, 1
BXOERT v E5=7 L—3 VIR LA L
77

Figure 8 (28T, k(1) & Y7 13 e
i DOEMR EFEF IV E 2R Lz, £z,
PRI & A T IYER LV & R0
INSWERERLTIZLOD, TATIVOE



3.0

O Canequim
Plamn weave(l)
25 B Plain weave(2)
- Parcale
Satin
* Twill
2.0

0 5 10 15 20 25 30

Albumin concentration / pg cm?

Fig 7. Correlation between K/ S value and
albumin concentration at cotton swatch

Bt L CIIRAFTH 7=, Figure 8 L1,
TIC Aii & Ml O FRBRAT [FIBR 1 FE VAT & A fEd
L7ZEMBEOND Z ENbhoTz, FrET
fuy, BLOYTETFT— R ATV
N, TNENEFITERI L EREZRL, i
TFEEM LV /NS o Tz,

Pk, &#Bfo KISEzE FAWTH >
R B OFERMEE BT LR, k@),
YT, TIC AilZ@mWEREMEZRL, R
T, W, FAwy, M=, MY A
DEMOEENRKEL, 78T —h, KV
T AT NVDIRICEEMEIZRIFCTHh o T2,

DT ENG, AR LEOX NI EEE,
BCA Rt E HWTERT %G, M
ERVEZ LT D 7-011E, WHERE) E— 0
HLDOTHL5E MR OMESES, 7720
HREIRIED SIS FEA~D BN DT TR
52 ER0, MRHEN LRSS DG DREDFR
DT, R e+ 24 R ChrEfi A Rk L
TELILEPVETH S,

4. &R

BT O Y LIRS, BIUWHMERIZ L D,
A b5 ™y A E BIEA~ OB ARG
Lic, #ifE LT, RO BIUVESD
SORRIAT R AT O RSO ZAIC X0 feiaR
WHOTNIEFT L ENMERSNT, &6

29

3.0

O Canequim
A Linen
55 Diacetate
o ¢ Polyester
Nylon
e T/C
2.0

30

Albumin concentration / pg cm?

Fig 8. Correlation between K/ S value and
albumin concentration at swatch of different
fiber types.

2, WHEOREEICHRT o8 L LT, i
71 & BCAE Cilk & DRIGSDHIENZET 5
iz, I, AiRORIEOREHET Z2b Bk
HIRODNSCBHORLE, X512, M T
HIE DM EY O ENMER SN, ZThbIT
£V, U T BCA RESIEVPIEER LY
HEATL, RAEMET T Dm0, ROk
FEEDMRWIGAITII RS 03 & < 72 DA A
o,

CRE DRIGHHHER SN EFEB LUHED
&R G A, T =T L—a vk
PR, MsMEAT 3 L ONRSIR T E BN & <,
ZHRLIAMIHR L VIR 72 2 B EEMEIX R T
HoT,

PLbms, REREZEHAT2MA8BIE, M
RO DB MLETH D Z ERbrote, 4
%, WokMEZTE LT, fBofEics CR
R BEOFEE, TREEDDHZ LT, &b
R EE D E BRI Z AT 2 E IR SN
Do

BEE  RWFITIX R ISPS KAKENHI
Grant Number JP20K13808 MBIk % 5% 1+ THT
WE L7,

S5 30

1) BIEEE, HEEDOFIS, 2006, 51, 2-7.



2) BHMIZ, EDFIF, 2006, 51, 2-7.

3) WAL, MIARET, ATz AT 7
FHRI #1982, 30, 67-80.

4) MIREA, R, FEGGEE, 199, 47,
243-246.

5) K&Ws, Kk, FKezg, 2010, 61,
483-491.

6) J. M. Walker, “Basic Protein and Peptide
Protocols.” Methods in
Molecular Biology Volume 32, p.1-15
(1994)

7)B.J. S. C. Olson, J. Markwell, “Assays for
Determination of Protein Concentration.”
Current Protocols in Protein Science. John
Wiley & Sons, Inc., Unit 3.4, p.1-29
(2007)

8) M. M. Bradford, Analytical Biochemistry.
1976, 72, 248-254.

9) O. H. Lowry, N.J. Rosebrough, A. L. Farr,
R. J. Randall, J. Biol. Chem., 1951, 193,
265-275.

10) R. Kurono, N. Nishino, M. Oya,
Journal of Oleo Science, 2013, 62, 223-
229.

11) ¥, FREHDE, KEGFE, 2018, 69,
238-242.

Humana Press,

30

12) =i, BEBBIL, AT, AR
+, FEKFEHEG F T IBE G ELNTE
T & — TR, 1987, 6, 61-71.

13) P. K. Smith, R. I. Krohn, G. T.
Hermanson, A. K. Mallia, F. H. Gartner,
M. D. Provenzano, E. K. Fujimoto, N. M.
Goeke, B. J. Olson, D. C. Klenk,
Analytical Biochemistry, 1985, 150, 76-85.

14) W. N. Reichelt, D. Waldschitz, C. Herwig,
L. Neutsch, J.Ind. Microbiol. Biotechnol.,
2016, 43, 1271-1280.

15) M. Tani, T. Amemiya, M. Tsukazaki, M.
Matsuda , M. Morita , Nihon Kasei
Gakkaishi (J. Home Econ.Jpn.), 2020, 71,
464-469.

16) Hi#E, MHPE, KM, FKEGE.,
2022, 73, 199-205.

17) | EH 2+, ZHKIER,
65, 347-359.

18) frda sz, e 2 1.2, 1970, 3, 774-781.

19) B HIVR, #HaE, 1996, 3, 397-404.

20) JPEE R ME S SR A T, AL
1982, 23, 334-337.

FKEGE., 2014,



