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Protein Determination Based on Modified Lowry Method

Preeyanut Butmee et al.
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ovalbumin (Chicken egg white albumin,
A5503) (Sigma-Aldrich, USA), Folin-Ciocalteu’s
phenol reagent (2N, F9252) (Sigma-Aldrich,
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USA), bromophenol blue sodium salt
(C,,H,Br,0,S-Na, B5525) (Sigma-Aldrich,
USA), disodium hydrogen phosphate (Na,HPO,,
PA-ACS) (Panreac, Spain), potassium
dihydrogen phosphate (KH,PO,, RPE-ACS)
(Carlo Erba, Italy), sodium chloride (NaCl, RPE)
(Carlo Erba, Italy), potassium chloride (KCI,
RPE-ACS) (Carlo Erba, Italy), deoxycholic
acid Na-salt (DOC, 99%) (Acros Organics,
Belgium), trichloroacetic acid (TCA, RPE-ACS)
(Carlo Erba, Italy), phosphotungstic acid (PTA,
RPE) (Carlo Erba, Italy), sodium hydroxide
pellets (NaOH, RPE-ACS) (Carlo Erba, Italy),
cupric sulphate pentahydrate (CuSO,-5H,0,
RPE-ACS) (Carlo Erba, Italy), sodium
carbonate anhydrous (Na,CO,, RPE-ACS)
(Carlo Erba, Italy), was sodium tartrate
(C,H,Na,O,, RPE) (Carlo Erba, Italy)

m%‘mﬁauaxi’aq

Lﬂéaﬁﬁa: Lﬂ%'aﬂ UV-Vis spectrophotometer
(EVO 350, Thermo Fisher Scientific, USA), Lﬂ%m
FI9UB0 4 G (ML001T, Mettler-Toledo,
Switzerland), (gj”auam"au (TS 8136, Termaks,
Norway), Lﬂ%}a\‘\ﬂumi"mmmlféaga (MDX-310,
Tomy, JAPAN), L@3nstgans (WS-100D,
Wiggens, Germany), Lﬂémmamms (Genie 2,
Scientific Industries Inc., USA) Ll,a::l,ﬂ%}a\‘lﬂimﬁﬁ
Reverse Osmosis & DI Water System (Merck,
France)

Jaq: anuaswanadn (PP, Nalgene,
USA), 2ajusuwwarain (PP, Nalgene, USA),
Mmunanaadn (PS, Macro, VMR Apparatus, UK),
AaMaad (Quartz, Starna Scientific, UK),
wapaluies 2100 15 uaz 50 Aaaans (Nunc,
Denmark), MN3841a00RALN YUIATWTY 0.22
Tumsau (CA, Filtratech, France) asaIn5a41aan

Anen YUIAFWITU 0.45 luasau (CA, Johnson, UK)
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g%recovery = C x 100 i JUMIN 3
F actual concentration
(e C s enudndumdssslisiu (ug/mL, n = 4)
F  @a Uedsenudndu anesgiu ASTM D5712-15 Q9aNnIsh 4 Uazaansg

EN 455-3 @4@Nmsi 5

actual concentration @@

ADNIIINT

U595 NaOH nlflumsazaranznauuainiage

AN NTUNUNSIraelUsAY fa 2.5, 5, 10, 20 waz 40 lulATASY

FNMSN 4

USanasuae NaOH nldlumsszmaaznauzaslisumnasgiu

F USanes NaOH nldlumsazaranznau

Py
duNIIN 5

mMsanwgreenaduidunses deannalunis
»32236 (limit of detection; LOD) uazaainnm
TumsieszviuSanas (limit of quantitation;
LOQ)
w3gNEsaraglUsfuanasgiuanNt Ny
1.0, 2.5, 5.0, 10.0, 20.0, 40.0, 60.0, 80.0, 100.0,
125.0 waz 150.0 WlAsnsudeliadans lagazas
TUs@u ovalbumin fred1savars PBS wndu
25 Nadluars wazdnszhusualdsiulasia
ANNENTUAE 3 T MNTUFNE LOD war LOQ
Tagdasiziusunalusiuzesarsazaraldsiu
mmgmﬁmmlﬁuﬁueﬁqm (1 ug/mL) 10U 10 A59
M S, uaaewi LOD = 3 x S, uag
LOQ = 10 x S, fugua LOD lagdasziusana
Tus@uienududuiu LOD (20 %) wisy
Weunuasazans blank (10 ‘§1) Aunaeag (1)
LLﬁSﬁ1LﬁﬂQLUHN1WS§1u (standard deviation; SD)
284 blank mvuanaeizansy fa Wsdufinn
Wuduinu LOD aavldedyanunsiaasi

0.8

(false negative result) Waanisagay 57 waztueu
a1 LOQ Tasdaszvusinalusiuianuduiy
wnu LOQ (20 *zqigw) AIUIN %recovery WHE
mtﬁ'mmummgmﬁuﬁﬂﬁ (%RSD) MuuaLnust
gansu e Wsaufenudaduwhiu LOQ daslian
gerecovery MAIN3DLL 80—110 waz %RSD aenh
WIBLMNUSa8az 10 (0.66 x predicted RSD,)"®

ANNLiEg (precision) (azANNUNY (trueness)

w38y fortified sample lagldnasazas
Tusduanasgud 3 seduemnududu (a nans uazg
muniliaasuaaudldng ludathegeiiaiil
seauldsfiuen nntuadalsfunndiageneiia
wasiaeiUSinalusiu Sy 10 91 wez 7
FruSudnsranuiissneldaniiznisnig
(repeatability) LAZFNIZMTNIUD (within-
laboratory reproducibility) muaau Usziiuna
ANNfiguazaNNUAUIINMSANMaIN HORRAT

waz %recovery’® @UIUANFNNITN 6 WAz 7

gandan X + SD 284 blank lasgansulviinaauan  awaeu
RSD, 4
HORRAT = i FNNIN 6
predicted RSD,
o predicted RSD, = 20"
grecovery = _nuuiuiuiiensvild - enuuiuduludiade SUMSA 7
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GaNadaNT °1u°umzﬁ'mmgm EN 455-3 {if LOD
waz LOQ wniu 2.0 uaz 5.0 lulasnsudaiadans

MNAOU

NsasnsHInenendasMsunng
66 ATUTI 4 AAIAN - FUNAN 2567

=3
=



Protein Determination Based on Modified Lowry Method

Preeyanut Butmee et al.

(ﬂ) 40
35
30
25

20

CIF (ng/mL)

154

10 1

5 ? : © e ASTMD5712-15 -

. : © e EN4553 :
0 T T . y T T r T
0 5 10 15 20 25 30 35 40

Original protein concentration (ug/mL)

) 140 -
120 -
100 1
80f - — - m - m -

60 4

Recovery (%)

40

20- —e—ASTMD5712-15
—eo—EN 455-3
0 T T T T T T T T

0 5 10 15 20 25 30 35 40

Original protein concentration (ug/mL)

amd 2 (n) anudNNusszrINe C/F uaz () %recovery NUAMNENIUNUIswasllsdiu iaanasgu

ASTM D5712-15 wae EN 455-3 #en F (AU 4 wag 5 MNaI0U

()
0.4-
[}
0.3-
3
8
Q
g
€ 0.2-
£
o
7]
2
<
0.1-
y = 0.0062x + 0.0086
r* = 0.996

0-0 + T T & T T T

0 10 20 30 40 50 60
Protein concentration (ng/mL)

<)

0.7 1 0 1.0 25 50 10 20 40 60 80 100 pg/mL
T T

Absorbance (a.u.)

© o o o o
N w - o (-]
1 1 1 1 1

=
-
1

y =0.0062x + 0.0134
2 =0.997

0 20 40 60 80

Protein concentration (ng/mL)

100

MU 3 ANNFNNUSIZHINMMIQanFuLEITUANNINTULalUsiY nadaumNINaszIN (n) ASTM

D5712-15 e (¥) EN 455-3

A NLfisaLaza N udnu lagiaoa
fortified sample nNIsLANEITAzar8lUsHY
MNATTIUT 3 SzAUAMIINTY 10, 30 WAz 55
luTasnsudaiiaddns (Iiasaungudramsldou
poaninasgin) laludagigaliaamumnasgiu
ASTM D5712-15 2auzianuENdy 10, 50 uay 95
lulasnsudaiiadans ladmsunadoumuannsgiu
EN 455-3 namsUsziiuanuiisameldaniznms
¥heh (repeatability) MMNMINATIEN U 10 A3

Wuf HORRAT aglugn 0.5-1.0 uas 0.5-1.1

M5815NTHANENFFATANTUWNE
7 U 66 TN 4 ganaw - FuNAN 2567

HSUNIN53U ASTM D5712-15 was EN 455-3
maEIRU HemanadaurNiisamelaanzmu
(within-laboratory reproducibility) 31uu 7 ﬂ’?\i
wuA HORRAT agluz9 0.4-0.8 uaz 0.6-1.1
HSUNIN53U ASTM D5712-15 was EN 455-5
sy daaaslumaed 2 miinuhenuuai
2NMINAFBUMNNINTFIY ASTM D5712-15 wae
EN 455-3 3 %recovery ag L1130y 101-104

AT 86—99 MNIIAU



mMsIeRUSInalusiumeislarsaauds

USenyy yasil uasaoe

9NN 2 ANNLfgILazeMNLNULaINIsIteN U alUsAueunIasgIu ASTM Ds5712-15

waz EN 455-3 Mg laaniemsmanuasmsniua

. AN EMIMUT 40EMINT
AINLYNYUYBDY (n - 10) (l‘l _ 7)
Wn3g U fortified sample — —
(ug/mL) AINLYNYY % HORRAT AIINLYNYU % HORRAT
(ng/mL)* Recovery (png/mL)*  Recovery
ASTM 10 10.245+1.2 102.5 1.0 10.305+0.5 103.1 0.4
D5712-15 30 31.057+1.4 103.5 0.5 30.733%+1.5 102.4 0.5
55 56.5562+2.9 102.8 0.6 55.633+4.1 101.2 0.8
EN 455-3 10 9.438+0.9 94.4 0.8 9.422+0.6 94.2 0.6
50 49.346+4.6 98.7 1.1 47.963£4.9 95.9 1.1
95 81.652+3.0 86.0 0.5 83.240+7.3 87.6 1.1

winewa: *da anuaindulusiumdenialduas fortified sample Zarhumsvinauanudaduludiadigeiio

dAnmSeuisunamsienzidsinalysau
Tudnaggaliaeamamsunngssnintnin e
(intra-laboratory comparison) MNHANITNAFTDU
10U 10 71 wuhwansnagaulsalusiu

SERTNUNMILANHINFTDINNNINTFIUSINS ASTM

D5712-15 waz EN 455-3 a0 luuaneenuasng

]
v Y

HlsdPNsauaNNEaNUIaa: 95 NNMIUTTIRU

T
o

Medd6 paired t-test § df (AU 9 HaAINE

t. <t OWFOILUMTNN 3

3199 3 WisuiiisunsitensdilSinalsiulugeiisenamemsunndszuininieszyi nadau

MNNNNI3U ASTM D5712-15 waz EN 455-3 enaadé paired t-test N9zauUANNIzDNY

Sazaz 95 (df = 9)

Aaasyaaldsiu
NINTFIU (ng/dm®) (n = 10) tear tonit
WNMAEHAUN 1 UMezhiaui 2
ASTM D5712-15 198.44+29.6 188.5+13.2 1.028
2.262
EN 455-3 44.34+5.5 42.445.5 0.653

AnwSeudisunamsienziusinalusiu
Tua9819gIiaENNINMSUNNETEUININATFIY
ASTM D5712-15 waz EN 455-3 losgunadau
il Y 3 MIBEN WUTIHAMINAFBUTEVIN

[

NAsgIuaInanidasliuananuaeeiived an
MU UNNAI8TDA paired t-test NsLAU
ANNTONUSDEAY 95 way df AU 7 Wiasana

b < b PILFNI UMD 4

NsasnsHInenendasMsunng
i 66 atiun 4 aaay - Sunau 2567




Protein Determination Based on Modified Lowry Method

Preeyanut Butmee et al.

m397 4 WiguiisuuSinaldsiulugeiienanemsuund nagaumuanasgiu ASTM Ds712-15
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Method Verification of
the Modified Lowry Assay for Determination

of Protein in Medical Gloves

Preeyanut Butmee, Veenus Pathamat, Wanida Ponwongsa, and Pornthep Chancunapas

Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Thailand is a leader in manufacturing and export of medical gloves made from natural
rubber. Unfortunately, the protein content of natural rubber latex products can cause allergies in some
latex-sensitive individuals. Thus, American Society for Testing and Materials prescribes a method for
detecting residual protein in finished gloves, which recommended a maximum limit of 200 ug/dm’.
The objective of this work is to study and verify the modified Lowry methods for protein analysis in
accordance with the ASTM D5712-15 and EN 455-3 standards, which aimed not only to protect customer
safety but also to encourage the rubber glove export industry. The measurements relied on a colorimetric
analysis as a consequence of the reactivity of proteins with Cu’ and Folin reagent in an alkaline
condition, producing blue-colored products that can be measured using 750 nm spectrophotometer. Protein
binding capacity of the materials used throughout the work, the precipitation processes, and analytical
performance characteristics of the methods were sequentially investigated. The verified ASTM results
demonstrated linearity from 5-60 pg/mL with a LOD and a LOQ of 1.8 and 5.0 pg/mL, respectively.
Meanwhile, the linear range of 5-100 pg/mL with the LOD of 2.0 and the LOQ of 5.0 pg/mL were received
according to the EN standard. Furthermore, the precision and trueness of these two methods were assessed.
The HORRAT values were less than 2.0 and the recovery percentages were found as 101-104% and 86—99%
for ASTM and EN standards, respectively. In conclusion, the standard testing is appropriately verified and
can be applied to detect the protein content in medical gloves, leading to further expanding the scope of

services to promote the medical rubber gloves in the country.
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