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Abstract

In this research, the method modified from the AOAC method (Mudge and Brown, 2017) and
Limsuwanchote method (2017) for determination of mitragynine in Kratom leaf extract was
optimized and validated. The method presented specificity and good linearity within a concentration
range of 5 to 50 pg/mL, with a correlation coefficient (R*) of 0.9996. The accuracy studies were
conducted as percent recovery, resulting in values ranging from 100.19 — 103.26%. The precision
evaluated as a relative standard deviation of repeatability (%RSD) for intra-day and inter-day
precision, which exhibited good repeatability of less than 3%. The limit of detection (LOD) and
the limit of quantitation (LOQ) were 0.108 and 0.125 mg/g, respectively. The linearity, percent
recovery, precision, LOD, and LOQ values were deemed acceptable and complied with the
requirement of Standard Method Performance Requirements for Alkaloids of Mitragyna speciosa.
Moreover, using this validated method, fifteen samples of Kratom leaves from the central and
southern regions of Thailand were analyzed, revealing mitragynine concentrations ranging from
2.30to0 25.54 mg/g. The research results showed that the modified method is reliable and suitable

for determining mitragynine in Kratom leaf extract samples.

Keywords: Mitragynine, Kratom, High performance liquid chromatography
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1. unU (Introduction)
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2. 298m42]8 (Experimental methods)
2.1 AR
9 o ¥ o a <3 o ' ] 31’ dl o o 1% ! = =
fdulAstunafiudaedelunsevianlununnianans 3 &mdn laun tyuss wungs
dgl dl ¥ o o ¥ ! = dl A <
wazunstn wazlununnials 4 Sudn Loun guns uasedsssnss neel uavans Tnadeniiu
lunanviseduainseas Wulunlisewiralidunawiuly danadneocly antiuindayaaes
Funsevianmivuaziuinawlunszvianld antuinsaetnalunseviananundneinannuazein
LAazaUNAMUNE 60 avANTATaA AuAat1eLEe nualdaziaan LazfaufenzLNIINg
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2.2 \Azesiiauazgilnsal

Lﬂ%ﬂﬂﬁ‘miwn@ﬁ\lmmmmammuz@jq (High-performance liquid chromatography,
photodiode array detector, HPLC-PDA) fivia Waters 14 Waters 2998 HARAINLUTLNAQUTFRLNTN
linaduiiztindannzindalaay (Octadecylsilane) Wse C18 awnaduruAuenaaniely 4.6 wu.
ADNENG 25 3. AUNAAYNA 5 lHATEL fi%fa Merck 414 LiChrospher® Wasanilsyinatenssiud,
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Lﬂ?imﬁﬂﬁm?‘qw‘é (Deionized Water) &i¥a Ultra-Pure Water, ELGA, 7 ULTRA IONIC HARAnN
UszinAauigalsn

2.3 @15LAN

1
o a v
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éﬁ'ﬂ Merck, waNlNIDeNL TN (Ammonium acetate) HPLC grade ﬁlﬁ'ﬂ Merck waziadinlulnsd

(Acetonitrile) HPLC grade &%a Merck Nanannilssindieasiui

2.4 msm‘%‘zmmsazmammgm
2.4.1 wireNansazaanInsg U 7-lansend lunsn latiudndu Inedsarsuinsgiu 7-lansen
@launalatiuinmin 200 lulpsniu (0.2 Naanid) azanssnemniuea wazdiuBFunnsluandni Buns




1177 10 Hadans azldansarareunsgiu 7-lansend lunsnlatiu Stock solution indi 20 lalasniu
FANARAMNT

2.4.2 wiranansazangN1nsg uluns lallududuy Tmm;qmammgmiumﬂ@ﬁuﬁmﬁﬂ
2,000 lulATNTN (2 HAANTH) AZANALMNNILEA WAz T BN UI9AS R BNIRTIUA 10 NARART

a

azldarsazaaninsgiulumanlaiiu Stock solution arnidindiu 200 Tulasniusedianans

2.5 2aALHUNY
nmegeLANltliveRinageL me%umu Standard method performance requirements
(SMPR) for alkaloids of Mitragyna speciosa 183 AOAC (2015) [11] wazuiaLfiFnsmageuANNgnsies
199389AzINInAR Rl JiRn 9 1aenINiIneIAIansnITLNNE NITNINEIE1TNI4T
(2549) [12] Tneldannsfimunzandviunisanmeilanslaiugamaiedlasunnnmdaesman
ANITNULG FapN3197 1

AN9197 1 ANINZINHNIZANAIMSUNTAATI T LN laTiusneLATad HPLC

Anae s1ERzLAA

o

ABANY LiChrospher® C18 LAUNWANINANN 4.6 WA,
ANNENT 25 T, TUIABYNIA 5 TuATal

Elution mode Isocratic

wanaewd 20 mM wenluillanuading pH 6.0 wazuedinlulned
#M31491 35 : 65

dmsanislva (19./407) 1.0

Bunafian (lulasans) 5.0

nanlunisan (W) 15

AN TAREUT (T 11.28

\AaRaRaTn aiinlnInlalanaiss (Photodiode array detector)

ANHENIAAL (1T1RS) 226

2.5.1 MINAFAUAMNIANNIZLAEAS (Specificity)
MINNTATITHATALANENIFIFIURNANIENIN ANTATANLNIATFINYE 7-lansand 1u
na1latin aondindu 1 Tulnsndusediadans wavansazatauimsgulunaalaiiu asudndu 10
Tulnsnsusiefiadans #eiAzes HPLC anmagaunnsuananslumalafiueanainansay y Fagnsg
FagasdastifaLenaananniuatnedaiay
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2.5.2 MINAFAUAMNIULAUAT (Linearity)
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2.5.3 ANLNL9UDINEILATIZI (Precision)
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2.5.4 A9NYNAAY (Accuracy)
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2.5.5 MINAKAUAAINNAARIMSATIANY (Limit of detection, LOD) AAINNAARIMSIA
dasunoe (Limit of quantitation, LOQ)
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3. NALAYIANTD] (Results and discussion)
3.1 MINAKBUANNINUNIELANZA (Specificity)
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3.3 mimmmumﬁmﬁm (Precision)

Anandie WuprnalndiAesesniildannnsinazie y funaneafuitagnisnszang
vesAfRnilEluusiazanududu lnadeniinmsiasinnegulunslafiunadudu 10,
20 waz 40 lulasniurelafans LazA9819NIZYiaN AL 2 faetd TneRAsziuuy Intra-day
precision LazLUll Inter-day precision LLé’Qﬁ’mamﬁLﬂ‘a‘ﬁzﬁmmﬂmumiugﬂmm %Relative
standard deviation (%RSD) #aA31471 2




FIN9199 2 HANINARBLIANITIEN Intra-day WAE Inter-day precision 1838131 AIgIWlamelatiu uay

Tusinegnegnsana lunseviad (n = 6)

Intra-day Inter-day
KITNIRTIIUY/ o o o o o a
T AUN 1 AUN 2 AMUN 3
AIBEN

10 pg/mL 9.90£0.16 . 9.91£0.16 1.99 9.98 £0.23

20 pg/mL 19.95+£0.12 0.59 20.96 + 0.46 2.19 21.04 +£0.30 1.42
40 pg/mL 39.83+£0.29 0.72 40.74 £ 0.74 1.81 41.48 £ 0.81 1.94
Sample 1 20.58 £ 0.39 1.89 20.31+£0.34 1.68 20.84+0.28 1.33
Sample 2 20.49+0.30 1.46 20.34 £ 0.34 1.69 20.77 £0.24 1.17

mﬂmamimm@ﬂw ziinlfdnAn %RSD 184 Intra- -day WAa¥ Inter-day precision 184417
Nﬁfﬂiﬁﬂui’l\‘] 3 ANHLTNDY LL@“’?J@\‘]WJ@EINGL‘LIWT“’VI@NVIQLﬂ?ﬂ”ﬂ/ﬂm Lﬂuiﬂmmmmﬁm Standard
method performance requirements for alkaloids of Mitragyna speciosa Avuald Tneanisapsest
Bannaslunelafiuilin %RSD < 3% uandlfifiuiAaainmziiaonufinge

3.4 mswmaummﬂnﬁm (Accuracy)

mmmmwmmmm@fau (Aaccuracy) lunisuansanulndidssasdniains il
FaeAanNIMAgaUTUALANE1 IRV AT mwmﬁm@wmmmﬂummmmmwmmﬁm
§198414 Aainainasiinsgulamalatiu 3 szAuaNdndl Aeadnudndu 10.00, 20.00 uax
40.00 luimsniurenadans adlusnetnglunsevienneunisana wazimmesiundsunnlanalaiiy
udaduanimn %Recovery wudn Seetludas 100.19 - 103.26% fauaaslumnaedl 3 deag)
el,ummﬁﬁﬁﬂ@u?ﬂﬁmu Standard method performance requirements for alkaloids of Mitragyna
speciosa itmuaAn1¥lugag 95-105

dl Y A [ % = o 1 o '
AT 3 ANTRYALNITAUNAL (%Recovery) °1|@\‘1’51'1?13JVI?’]1’QMH1H[§]’J@EI’N’&’]?’&Hﬂi‘].lﬂﬁ‘ﬁ‘l’]@ll
(n=3)

AMNLTNTUADY SREaTMIAUNAL
o a a %RSD
Tunsladiunan (mg/ml) (%Recovery)

10.00 101.99 + 1.49 1.46
20.00 100.19 £ 0.81 0.80
40.00 103.26 + 1.60 1.55
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3.5 MINAFALLAANNAURIMSIASIANL (Limit of detection, LOD) wazmsiscunaumiain
e lwmsInLgadsunee (Limit of quantitation, LOQ)

AINN3ANHITARNIA1NNTAIIANU (Limit of detection : LOD) WaxA13U3eNANTARNAR
Tun139pd 938104 (Limit of quantitation : LOQ) 2a9lunsnlaiiulasmiuiaiainannisiude 2.5.5
WaAn LOD waz LOQ wudn ietifethenssienfignaialanslailueanuds unadn
waaRAmznanialunisnsaanuaadlunalaliumingy 0.108 Naanfusaniy wazlaAnilseun
Fndnfnlunssaielszannuyiniu 0.125 TaAnFusensi LARIFIANINT 4

R399 4 HANIANHNTAANAATUNINIIANU (LOD) karn13Lsesiminaninluni1sdmmesunns
(LOQ) 2a9lunslaiiy

s ﬂ?ﬁmﬁm"lﬁmlm'lﬁﬁu sagazaadlunslaiiu
(AAANSNADNTH) (Y%wiw)
1 0.102 0.0102
2 0.102 0.0102
3 0.097 0.0097
4 0.103 0.0103
5 0.099 0.0099
6 0.098 0.0098
7 0.104 0.0104
8 0.097 0.0097
9 0.101 0.0101
10 0.099 0.0099
1ae 0.100 0.0100
SD 0.00253 0.000253
%RSD 2.49 2.49
LOD = (X+33D) 0.108 (107.6 ppm) 0.0110
n19uszanniAT LOQ=(X+10SD) 0.125 (125.1 ppm) 0.0130

FRNNEILG ﬁﬁﬁﬂﬂu?ﬂmmmmﬂﬂu Standard method performance requirements for alkaloids of Mitragyna speciosa (2015) ANUUA
LOD 0.015% (150 ppm), LOQ < 0.05 % (< 500 ppm)
= [ ' o a = o a = dl o

wandninlunisdndliun Tnaiinisidnaisazanauinsgiulunsalaiiuiseiu
ANNHNMNTYE 0.1251 HaanFuAansy (A1NN19AUILAUTEHN LOQ) WaziINIs3LATIe
FnEILATed HPLC LARINAAIRI9T 5 wudn %Recovery 1adlunanlatiueglugag 99.02-102.39%
LAZHA %RSD = 1.44 ag/lunnisiniseeniuluges 95-105% uazrAn %RSD < 3 LaniNTndIin
Tunsdmdeliunn (LOQ) 1edlunalatiuiiaougnsiasuasiaanumesnsaniule




5113199 5 N1agatiandinlun1edamaiunn (LOQ) raslunanlatiulumiag Hadniusaniy

Psunalunslaiiu (Raansusansy)

1 L 9/
ARWANANLINY UFanadlunslatiu
No. %Recovery o . da 1%
TufaatnanAsizile

L 101.65 0.1260

2 102.09 o

3 102.39 0.1270

(0.1 25?22%1:;:;%5“) 4 SRy 0.1233
5 102.28 0.1268

6 99.86 0.1238

! 99.02 0.1228

i 0.1252

22 0.0018

UIASID 1.440
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Abstract

Egg white product is a high protein product. To produce it as a shelf-stable one, a high
temperature is needed, but at the expense of the color attribute being brown. The objective of
this research aimed to develop the browning kinetic model of the egg white undergoing a high-
temperature treatment and to investigate the effect of adding glucose oxidase to desugar in egg
white. The samples were filled in sample holders made of aluminum, then heated at 70 °C to
solidify the egg white. The samples were heated in an oil bath at 100, 110, and 130 °C for 30
minutes. The sample was randomly taken to measure its surface color using a spectrophotometer;
the yellowness index (YI) was subsequently calculated. It was found that the L* value of egg
white declined, while a* and b* values increased with increasing heating time. The first-order
kinetic model was applicable for predicting the change of YI-ratio (R* = 0.92-0.95, RMSE =
0.11-0.29 ). In addition, the samples pre-treated with glucose oxidase of 30 units/mL-egg white
and 30 °C-incubation for 6.5 hours had a significant reduction of the YI-ratio (p<0.05) from 5.9
to 2.6 leading to obtaining lighter product colorthe quality of CRM. TRM-F-2006 can be used for

method validation and quality control purposes.

Keywords: Egg white product, Browning reaction, Glucose oxidase, Kinetic model

'Department of Food Engineering, Faculty of Engineering, King Mongkut’s University of Technology Thonburi
’Food Science and Technology Association of Thailand (FOSTAT)
‘Corresponding author's e-mail address: chairath65@gmail.com

Bulletin of Applied Sciences, Vol.12 No.2, 2023




1. Introduction

Egg white products are often used as ingredients in other food products, usually found in the
form of liquid, frozen, and dried egg whites. Nowadays, a change in people's lifestyle influences
more consumption of ready-to-eat (RTE) products. Pasteurized hard-boiled egg white contained
in a plastic tube or tray has been developed and is considered a high-protein RTE snack. However,
it has a short shelf-life and needs to be kept in a refrigerated condition throughout the cold chain
resulting in a high operating cost. Sterilization is recognized as an effective method to produce
shelf-stable products. A high temperature of sterilization is typically needed for low-acid foods,
including egg white; however, using high temperature induces adverse changes in texture, brown

color, and undesired flavors, leading to an unacceptable product for the consumer [1].

Melanoidin in the egg white product is an undesired browning compound induced by the
Maillard reaction, in which reducing sugar reacts with amino acids when heated at a high
temperature [2]. The combination of time and temperature is a significant factor that controls the
rate of Maillard reaction. Some previous research studied the color change of egg white during
the thermal process but mostly conducted at a temperature below 100 °C [3-5]. Therefore, the
change of egg-white color in a range of sterilizing temperatures is still in doubt. Over the past
decade, several studies have attempted to control the Maillard reaction in foods. The general
practice is the desugarization of glucose with glucose oxidase (GOX) before heating. The glucose
oxidase oxidizes glucose to gluconic acid and hydrogen peroxide, then the hydrogen peroxide

is catalyzed by catalase to water and oxygen [6]:

2C.H,,0,+ 2H,0 + 20, —> 2C.H,,0, + 2H,0,

catalase

2H,0, %55 2H,0 + O,

The whiteness and foaming properties of duck egg-white powder were improved by
desugarization. Glucose oxidase and catalase of 31.24 and 781 units/mL, respectively, were
added and then incubated at 30 °C for 6.55 h prior to spray drying to inhibit the off-flavor and
brown color [7]. Among the wide research on the application of glucose oxidase, there are only
a few studies applied in desugaring egg white [7,8]. Moreover, no published study has explored
the effects of glucose oxidase in desugaring to inhibit browning reaction in the hard-boiled egg
white.

To examine the influence of process parameters on a change in food qualities, the isothermal
kinetics model is often used, especially in thermal processing. Many studies confirm that using

the general rate law of reaction combined with the Arrhenius equation is applicable to reasonably




describe quality degradation associated with thermal processing and storage [9-11]. This research
therefore aimed to develop an isothermal kinetic model to examine color change in hard-boiled
egg white at high temperatures and to minimize the browning reaction in the sterilized egg white

mixed with glucose oxidase.

2. Experimental methods
2.1 Sample preparation

Fresh whole eggs were daily purchased from a Betagro shop (Bangkok, Thailand). The
liquid egg white was manually separated from the yolk. The pH of liquid egg white was then
adjusted to 9.0£0.05 with 0.1 M HCI. The egg-white liquid (albumen) was divided into 2 parts:
(1) the untreated sample and (2) the sample treated with glucose oxidase solution. The glucose
oxidase solution was prepared by adding 2 mL of 50-mM sodium acetate buffer (pH 5.1) into
glucose oxidase (Sigma-Aldrich Corp., USA) and was kept in a refrigerator at 4 °C. The enzyme
solution of 48 uL was added to 8-mL egg white to obtain a treated sample with 240 units of
glucose oxidase. This method was adapted from [7]. The mixture was subsequently stirred at
30 rpm in an incubator shaker (New Brunswick Innova 42/42R Shaker, Germany) at 30 °C for 6.5
hours. The lag time before reaching the steady-state temperature was minimized by using the
sample holders (50 mm in diameter and 20 mm high) made of aluminum, which has high thermal
conductivity (206 W/meK) and equipped with an inserted 0.5-mm diameter thermocouple wire
(T-type) to measure the surface temperature of the sample as shown in Figure 1. The treated and
untreated samples of 8 mL each were filled into sample holders and sealed with lids and gaskets.
The samples were heated at 70 °C for 30 minutes in a water bath to solidify the egg white prior
to cooling in ice water to minimize the thermal effect. The temperature used is higher than the
coagulation temperature of egg whites in the range of 60-65 °C. The sample holders were left

at the ambient temperature to reach equilibrium before further thermal treatment.

Thermocouple

Cover + Gasket Cup

Figure 1 Sample holder equipped with a thermocouple wire.
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2.2 Thermal treatment
The untreated and treated samples in 5 holders each were heated at various temperatures
(100, 110, and 130 °C) using a thermostatic oil bath (14 liters) containing ethylene glycol (Memmert-
ONE, Bangkok, Thailand). A 2 kg dead weight was placed on the sample holder lid to ensure
that the holders were hermetically sealed. Temperatures of the samples and the heating medium
were recorded using a data logger (YOKOGAWA FX112-4-2, China). At an interval heating time
of 5,10, 15, 20, and 30 minutes, one sample was randomly taken and immediately cooled in ice

water to cease the reaction. The experiments at each temperature were conducted in triplicate.

2.3 Color measurement
After thermal treatment, the color at the surface of the sample was measured by a
spectrophotometer (Color Quest XE, Hunter Associates Laboratory, Inc., USA), equipped with a
standard illumination source D65, the observation at 2° of the viewing field, and 1 inch of port
size. The color determination for each treatment was carried out at five different positions, and
then the average value was presented in terms of L*, a*, b*, and yellowness index (Y1 ), which

is calculated according to Eq. (1) [12].

1.2985X - 1.1335Z
YT =100 x v (1)

where X, Y, and Z are the CIE tristimulus values.

2.4 Isothermal kinetic modeling
The kinetic model of color change is described by the yellowness index ratio, which is
defined as the fraction of the yellowness index at a given time, YI(t), to the initial yellowness index

(Y1)

_ Y
M= (2)

0

For an isothermal reaction, the rate of YI, change was assumed to follow the zero-and

first-order kinetics, as shown in Eq. (3) and (4):

Zero-order reaction (n=0):  YI, =YI, -kt (3)
First-order reaction (n=1):  YI, = YIROe”‘T‘ (4)

where Y1, is the yellowness index ratio at a given time, Y1, is the initial index ratio, k.t
is the rate constant, which is temperature dependent, ¢ is time, and n is the reaction order. The

temperature-dependent rate constant is assumed to follow Arrhenius’s equation.




k.= koe’Ea/RT (5)
where k is a pre-exponential factor, E_is an activation energy, R is the universal gas
constant, and T is the absolute temperature of the product surface, which is time-dependent.

The constant parameters (k, and E ) were determined by linear regression analysis.

However, the rate constant must be determined at a constant temperature for an isothermal
reaction. The heating system was designed to approach the assumed isothermal condition by
using a large volume of heating medium to obtain a constant temperature, high thermal conductivity
of the sample holder, and the surface temperature of the sample arriving at the third time constant
(1=37), which elapses 95% of a full temperature response. In other words, the isothermal temperature
for further study in the kinetic model is assumed when the temperature reaches 95% of the

steady-state temperature that can be calculated according to Eq. (6) [13].
T=T,+(T-T)e'™ (6)

where T is the surface temperature of the product at a given time (¢ ), T is the temperature
of the heating medium, 7' is the initial temperature, and 7 is a time constant.

The goodness of the fit between the predicted values and the observed values was
calculated in terms of the coefficient of determination (R?) and the root mean square error (RMSE)

using Microsoft Excel® software.

where y. is the i" observed value, ¥.is the corresponding predicted value, y is the average

of observed values, and N is the number of observations.

3. Results and discussion
3.1 Surface Temperature
Figure 2 shows the surface temperature of hardened egg white with/without glucose
oxidase. During heating in the oil bath at 100, 110, and 130 °C, the surface temperature of both

sample treatments rapidly rose from the initial temperature of 25 °C to 90, 100, and 120 °C,
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respectively, and then stabled at those temperatures below the oil temperatures (5-10 °C)
throughout the experiments. In this study, a heat-up period or a delayed time was inevitable
because a large sample size was used so that the surface color of the sample was measurable.
To compensate for the heat-up period of each experiment (i.e., 3-10 min), the constant temperatures
used in the kinetic model were obtained from Eq. (6), which were 92, 98, and 115 °C for the oil

bath temperatures of 100, 110, and 130 °C, respectively.

140
120 1 ==~z ==<=-""--- - - - ---=7=-9
[ - ——
£.100 —— e~ — — ———
g
=2
© 80
ol — — —100°C_EW
& 60 100 °C_EW+GOX
= - ==~ 110°C_EW
40 110 °C_EW+GOX
- - -~ 130°C_EW
20 130 °C_EW+GOX
0 T
0 600 1200 1800
Time (s)

Figure 2 Surface temperatures of egg white with and without glucose oxidase
undergoing heating at 100, 110, and 130 °C oil temperatures.

3.2 Color Kinetics

Figures 3(a)(b)(c) show the instrumental values in terms of lightness (L*), redness (a*),
and yellowness (b*) of untreated egg whites. It was found that the L* of the samples steadily
decreased with time from 91 initial value to 89, 87, and 75, when heated at 100, 110, and
130 °C, respectively. It can be clearly observed that the L* value at 130 °C changed at a higher
rate than in other cases. In addition, the L* value remained constant during the first 5-10 min of
the heating time, which was defined as the lag time or the heat-up period. The extent of the lag
time was inversely proportional to the heating temperature. Without a change in L* value, the
browning reaction might not have started yet; this evidence was also observed in the cases of
a* and b* values. The a* value was initially negative (-2.78) and dramatically changed to be
positive (+3.63) after heating at 130 °C for 15 min when the surface temperature reached
121 °C indicating that the color changed from green to red due to the temperature effect. The
initially positive b* (+7) indicates that the natural color of hardened egg white is pale yellow and
increased to 10, 17, and 33 after heated at 100, 110, and 130 °C, respectively. The influence of

a time-temperature could be clearly observed. Particularly at a high temperature the substrates




of the Millard reaction, reducing sugar and amino acids, collide with each other more frequently
leading to a faster reaction to generate the brown color of 4-hydroxy-5-methyl-3(2H)-furanone
[4]. In other words, the browning reaction intensity could be indicated by a reduced L* value

and increased a* and b* values, accelerated by a high temperature.

An alternative way to present the color development is the use of yellowness index ratio.
Figure 3(d) represents the yellowness index ratio of the hardened egg white surface treated with
glucose oxidase compared with egg white without any enzymatic treatment. In all treatment
conditions, the YI-ratio of desugarized egg white showed less than that of the untreated egg
white. The YI-ratio of the sample heated at 100, 110, and 130 °C increased from the initial value
of 1t0 1.5, 2.6, and 5.9, respectively, while the YI-ratio of egg white treated with glucose oxidase
increased from 1 to the final values of 1.05, 1.13 and 2.56 when heated at 100, 110, and 130 °C,
respectively. Obviously, the YI-ratio of the treated sample significantly reduced (p<0.05), especially
at temperatures higher than 100 °C.

Figure 4 displays the color development on the surface of egg white treated/untreated
with glucose oxidase during heating at 100, 110, and 130 °C. It appears that at 100 °C the color
of treated samples slightly changed throughout the 30-minute heating, while pale yellow color
started to be observed after heating at 110 °C for 30 minutes. At 130 °C, it was noticeable that
the pale-yellow color was observed within the first 10 minutes, and its intensity obviously increased
with increasing heating time. For the hardened egg white surface treated with glucose oxidase,
the brown color was not found for the samples of 100 and 110 °C, but not the case of 130 °C
where the brown color could be observed at the first 10 minutes at which the surface temperature
reached 119 °C. The final brown color of the treated sample (EW with GOX) seems less than that
of the sample without glucose oxidase (EW), but at a high temperature for a long time (130 °C
for 30 min), the brown color was still occurred likely because of the extant presence of glucose

in egg white. The observed results were consistent with the instrumental measurement.

Table 1 shows the estimated parameters of both zero-and first-kinetic models. Based on
high R*and low RMSE, the first-order kinetic model (R°= 0.92-0.95 and RMSE = 0.11-0.29) gives
a better fit compared with the zero-order kinetic model (R = 0.83-0.94 and RMSE= 0.16-0.3).
The observed rate constants (k;) of the YI-ratio increased with the treatment temperatures. For
untreated samples, the k; varied in the range of 2.98-10.2x10* s™ based on the first-order reaction,
whereas 8.29-24.7x10° s for treated samples. Thus, the reaction rate was slowed down to
around 10 folds. The E,values were 62.93 and 152.42 kJ/mol for untreated and treated samples,

respectively, which agree with the E, of a non-enzymatic browning reaction (23-238 kJ/mol) [14].
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The higher activation energy (E,) indicates that the reaction is more difficult to occur. Moreover,
the predicted yellowness index ratio obtained from the first-order reaction had good agreement
with the observed data (R°>0.9) as shown in Figure 5. The observed rate constants (k;) were
reduced by 10 folds approximately when the samples were treated with glucose oxidase, whereas

the activation energies were increased.

4. Conclusion

The change of yellowness index (YI) of egg white undergoing a high-temperature treatment
followed the first-order reaction. An increase in the activation energy (E,) of desugared egg white
indicated the high energy needed to initiate the reaction and the reaction rate was relatively slow
down indicated by a low-rate constant. In conclusion, it could be confirmed that glucose oxidase
could reduce the brown color development in egg white undergoing heating at high temperatures.
This research demonstrated the potential of using glucose oxidase to reduce brown color

development in shelf-stable egg-white products, which are processed at a high temperature.
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Figure 3 Changes in (a) lightness (L*), (b) redness (a*), (c) yellowness (b*), and (d) yellowness
index ratio of egg white during heating at different temperatures.
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Figure 4 Browning development on the surfaces of egg white (EW) and egg white with glucose oxidase (EW with GOX)
during heating at 100, 110, and 130 °C for 5, 10, 15, 20, and 30 minutes.
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Figure 5 Comparison of the observed and predicted yellowness index ratio (YI/Yl,) obtained from the first-order kinetic
model of (a) untreated egg white and (b) and treated egg white with glucose oxidase.
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Table 1 Estimated zero-and first-order isothermal kinetic parameter for egg white (EW) and egg

white with glucose oxidase (EW with GOX)

_

3.27x10™ 2.98x10™
Keg () 5.71x10™ 4.17x10*
Kys (s7) 2.51x10° 1.02x10°
ko (s 2.84x10" 3.00x10°
E. (kJ/mol) 104.43 62.93
R? 0.9382 0.9449
RMSE 0.2952 0.2878
Kgp () 1.83x10° 8.29x10°
Keg () 5.09x10° 2.72x10°
Kyps (87) 7.80x10™ 2.47x10™
EW with GOX ko (s™) 5.84x10% 1.76x10"7
E, (kJ/mol) 165.75 152.42
R? 0.8298 0.9145
RMSE 0.1621 0.1133
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Abstract

Radiation protective rubber sheet for producing neutron radiation, X-rays and gamma rays
protection suits are developed from natural rubber mixed with boron oxide for neutron radiation
protection, lead oxide and tungsten oxide for protection against X-rays and gamma rays. The
study of neutron radiation shielding properties from *'Am-Be (Americium-Beryllium) neutron
source found that, at the same thickness of 2 mm, rubber compound containing boron oxide 40
phr provided a neutron radiation attenuation value of 18 percent, gave better attenuation comparing
to those with vary amounts of boron oxide. The neutron attenuation values are similar to shielding
materials polyethylene which commercially available that gives a neutron radiation attenuation
value of 11 percent. But the boron oxide filled rubber sheet, when formed, the rubber sheet formed
small white flakes all over the sheet and the physical properties of the tensile strength were very
low. Therefore, this formulation of rubber sheets is not suitable for the production of radiation
protection suits. This research also studied the X-ray shielding properties by using X-ray source
and gamma-ray generated from *'Cs gamma-ray source. The efficiency of X-ray shielding
increases with the amount of lead oxide and tungsten oxide. It was found that, at the same
thickness of 2 mm, the formula with 500 phr lead oxide had an X-ray attenuation value of 87
percent and gamma ray attenuation value of 8.8 percent and the formula with 900 phr tungsten
oxide had an X-ray attenuation value of 85 percent. Gamma rays 8.3 percent, which had better
attenuation values than commercially available radiation protection suits had an X-ray attenuation
value of 84 percent and a gamma ray attenuation value of 6.2 percent. Physical properties of
radiation protection rubber sheet, namely hardness, tensile strength, elongation at break and
tear strength are also studied. It was found that the radiation protection rubber sheet (500 phr)
an increase in radiation protection substance resulted in a decrease in their physical properties
to an acceptable level. However, the radiation protection rubber sheet with tungsten based (900

phr) has very low tensile properties, therefore proper application has to be more considered.

Keywords: Natural rubber, Radiation, Radiation protection suit
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4. @31 (Conclusion)
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Quantitative study of absorbable organic halides (AOX) residual
in natural fiber-containing-fabric in Thailand
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Abstract

AOX is a product from the reaction between lignin in plant fibers and chlorine or chlorine-
containing compound which occurs during the bleaching process. This compound is stable,
difficult to be broken down and could be accumulated in living things, which are resulted in gene
damaging, irregular growing of plants and endocrine system of animals. The detection and
reduction of residual AOX compound become an issue in textile industries, which is produced
during the bleaching process. The limited amount of residual AOX compound on the fabric and
factory wastewater are legally indicated in many countries, but not in Thailand. This research
aims to study and collect the quantitative data of remaining AOX compound in six common natural
fibers fabrics in Thailand, which are unbleached cotton, bleached cotton, bleached jeans, linen,
muslin, and polyester-cotton blending. The water extraction was done using Soxhlet extraction
and the amount of AOX compound was determined by following the 1ISO 9562 procedure. The
study revealed that the bleached cotton contained the highest amount of remaining AOX compound,
which was 56.34 milligrams per kilogram of dried sample. On the other hand, the polyester-cotton
blending contained the lowest amount of remaining AOX compound, which was 7.73 milligrams
per kilogram of dried sample. Compared to the criteria that stated in Global Organic Textile
Standard (GOTS), which is supposed to not more than 5.00 milligrams per kilogram, the residual

amount of AOX compound of all six fabrics is higher.

Keywords: Chlorine-containing compound, AOX compound, The fabric extraction
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1. UMY (Introduction)
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2. 78mMs5248 (Experimental methods)
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3. NALATIANT] (Results and discussion)
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4. @3 (Conclusion)
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Microbiological quality of dietary supplement products randomly

collected from department stores in Bangkok and online shops
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Abstract

This research aimed to study the microbiological quality of commercially available dietary
supplement products. The contamination of three pathogenic bacteria, Salmonella spp.,
Staphylococcus aureus and Clostridium spp., as well as an indicator of unhygienic manufacturing
process, Escherichia coli, were investigated. The results showed that a total of 33 products did
not contain Salmonella spp. S. aureus and E. coli. However, five products (15%) contaminated
with Clostridium spp. were found. The contamination indicated the distribution of dietary supplement
products which do not meet the microbiological standard according to Ministry of Public Health
and Food and Drug Administration. These products may be the cause of adverse impacts to

customer health.

Keywords: Microbiological quality, Dietary supplement product, Contamination
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2. 78msa48 (Experimental methods)
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: L e 20 5.A. 64
anaiinEnn (nealniandvisw),
ANFUFNNAUTIINTNG, ANTUFANAUAILATIZIA
26 S26 wes  wynlaledlnudnedlsd  ansldianumanuunuiiiea (@fieealna
D) Bydu IET) 29 130.81. 65
lnaengas
L3 ¢ % ’o’
27 S27 ARaalal  Aeaatallling a1liAnNmLUNULIANA (gATilan uas
(4) lelanaas), a19AnLEun0s (ealnand
o Sl . e 22 p.A. 64
7131), Ad9ATIZY, ANTUFINALIAEY
FITNDR
28 328 ARAalaY  Afaantawlllng AT IANINMIIULNUENANE (TATN1AA LaT
(#9) Jafneq), A17A2UANANLTINNTA
= a A - - 15 N.N. 64
(N3ATYiaN), ANARNLENL (NaalnwNdEew),
AFUATILY, ANTUAINAUALUFIINTNR
29 S29 TWwef  leeunzaindingna AN IHANINMULNULENANA (1A31184),

() Wynlaledlnudnanlsd  arsmaupuasiunge (nandvisn),
gnstlesiunsduduien @anaula 14 4.A. 65
aanlas), AFUATIZY, A1TLFAINALALL
FITNDR

30 330 ARRalal  AsaantawUlng AT IANINMIIULNWLENANA (TAT1184),
(#9) AsmLANANLunga (NFATENaN),
i ¢ = 8 n.¢l. 63
ANINLTNNDL (NaalNANTNFW),
AFATIYY, ANTUAINAUALUFIINTNR
31 S31 wstllsfn welldshiu a1sliiAnNvLUNULIANg (gaslag), P
D) ANTUFNRULALIUEITNTR o
32 S32 Twas  learvisanuweilitla AT IANINMIULNWLENANA (TAT1184),
(89) NINZUN gangmauANANEUNTA (NIATN3N),
- T A = 12 N.N. 65
meduLlszan ARUATIZY, AVTUFNNAULALIUETINTF
lanendad
33 S33 wef  wynlaledlnudnanles mﬂumwmﬂmmumm@ (@A9laa),

N BuAU mimmﬁmm (nawsndingg), Adwmnzd,  1n.A.65

lalman ATUAIN AR UTTINTR

v

Wi_lﬂ’ﬁ‘“llﬁ‘V]’]@’T‘EJV]N'J’ll@\‘iﬂ@’ﬂ\‘ﬁ_l‘é‘i‘@luﬁ]’]LL'l/Tuﬂ‘V]‘i‘V'LI LOT
* ‘W‘Llﬂﬁi‘ﬂﬁVﬂ@’WmﬂN'Jﬂlﬂ\‘iﬂ@‘ﬂdll?i‘“‘ﬂu[ﬁﬁLLMH@V]?WUQ%WN@G] ’JLW]'MNWL]’W?_I WAZATITIHAR (Batch No.)




2.2 \pFasilauazailnsal
2.2.1 AnaeroGen™ 2.5 L (Thermo Scientific, US)
2.2.2 Dry anaerobic indicator strips (BD, US)
2.2.3 naa9qanssatl (Olympus, Japan)
2.2.4 Lﬂ?'?'mmuaumi@mﬂﬁwmmmw (Pipette aid) (Thermo Scientific, US)
2.2.5 Lﬁ?ﬁlﬂx‘l%ﬂ (Sartorius, Germany)
2.2.6 ieiseun uarloufd syl iueieun (Waring Commercial, US)
2.2.7 mumﬂu%@'wm@ﬁﬂ (Thermo Scientific, US)
2.2.8 é’%f;ﬁ?ﬁﬂ (Biological safety cabinet) (Astec, UK)
2.2.9 gunmIuANgUUN (Binder, Germany)
2.2.10 qq‘ﬂ@@m%@ (Nasco Whirl-Pak, US)
2211 Inunlfeandian (Anaerobic jar) (Oxoid, UK)
2.2.12 thiméi (Falcon, US)
2213 @J"N{iﬁmmu@mmﬁ (Julabo, Germany)
2.3 &19LAN
2.3.1 Baird-parker agar (BPA) base (Oxoid, UK)
2.3.2 Barrit's reagent (Scharlau, Spain)
2.3.3 Brain heart infusion (BHI) broth (Oxoid, UK)
2.3.4 Buffered peptone water (BPW) (Oxoid, UK)
2.3.5 Coagulase plasma (rabbit) with EDTA (BD, US)
2.3.6 Columbia agar (Merck, Germany)
2.3.7 EC broth (Oxoid, UK)
2.3.8 Egg yolk-tellurite emulsion (Oxoid, UK)
2.3.9 Gentamicin (PanReac AppliChem, Germany)
2.3.10 Gram stain reagents (Clinag, Thailand)
2.3.11 Hektoen enteric (HE) agar (Oxoid, UK)
2.3.12 Hydrogen peroxide (H,0,) (Merck, Germany)
2.3.13 lodine (Merck, Germany)
2.3.14 Koser's citrate broth (HiMedia, India)
2.3.15 Kovacs' reagent (Scharlau, Spain)
2.3.16 Lauryl tryptose (LST) broth (Oxoid, UK)
2.3.17 Levine's eosin-methylene blue (L-EMB) agar (Oxoid, UK)
2.3.18 L-Lysine decarboxylation medium (HiMedia, India)
2.3.19 Methyl red (Scharlau, Spain)
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2.3.20 MR-VP broth (HiMedia, India)
2.3.21 Muller-Kauffmann tetrathionate-novobiocin (MKTTn) broth (Oxoid, UK)
2.3.22 Nutrient agar (NA) (Oxoid, UK)
2.3.23 O'Meara's reagent (Scharlau, Spain)
2.3.24 Plate count agar (PCA) (Oxoid, UK)
2.3.25 Potassium dihydrogen phosphate (KH,PO,) (Merck, Germany)
2.3.26 Rappaport-Vassiliadis medium with soya (RVS broth) (Oxoid, UK)
2.3.27 Reinforced medium for clostridia (Oxoid, UK)
2.3.28 Salmonella O polyvalent antisera (Clinag, Thailand)
2.3.29 Salmonella H antisera (Clinag, Thailand)
2.3.30 Sodium chloride (NaCl) (Oxoid, UK)
2.3.31 Sodium hydroxide (NaOH) (Merck, Germany)
2.3.32 Thioglycollate medium (Oxoid, UK)
2.3.33 Triple sugar/iron (TSI) agar (Oxoid, UK)
2.3.34 Tryptic soy broth (TSB) (Merck, Germany)
2.3.35 Tryptone (Oxoid, UK)
2.3.36 Tryptone soya agar (TSA) (Oxoid, UK)
2.3.37 Urea 40% (Oxoid, UK)
2.3.38 Urea agar base (Oxoid, UK)
2.3.39 Xylose lysine deoxycholate (XLD) agar (Oxoid, UK)
2.4 FEMLUUU
2.4.1 NIFRENAIRENINARATUI L ETNAYNS
dufretheLSanmn 100 ni siliduileieatilugeaenite nsdifisaedailanun
Hudinazinnnsgudasaetnasunn 100 nu aslulnufaivnlfaenidadiendieiinausile
wiuslfaziBeaauihuie fafudairiewn
2.4.2 NM9RIIARDUADIN NN NAATIINNIBINARS U LATHA NS
2.4.2.1 NN7MTIARR1U Salmonella spp.
R9IadaL Salmonella spp. AEATHN MI51U1SO 6579 : 2017 [6] Tedasnaing
B 25 N3 asluanmnaiaeaide Buffered peptone water (BPW) U3u1ps 225 Naaamng L
QOUNAN 37+1 A ATea unan 18£2 dla dneiderinnms 0.1 Hadans adluenaaeside
Rappaport-Vassiliadis medium with soya (RVS broth) 1581817 10 Haaang ﬁmﬁ’ﬂqmwgﬁ 41.5%1
aeAnTaTes unan 243 alus waztneidedsinms 1 Badans acluemnsiaeaide Muller-
Kauffmann tetrathionate-novobiocin (MKTTn) broth 1311m3 10 Haqaamn3 ﬂmﬁqmuﬂmﬁ 37+1
asrnizadua iunan 24+3 dali amiuinaieane e inyFinm 1 a1l Tnasunenmg




\AeLT® Xylose lysine deoxycholate (XLD) agar Waz811N3WaeaiTe Hektoen enteric (HE) agar
1 dl a al [~ uI/ o al al a A = o
Uungauuni 37 asactaimea Wunan 2423 dalus dunelalailladung Dvivalaiianninsanany
Talatiuuenunnaeaa XLD agar waz/vize talatidlaqduneenandumeaiudenvinsuueuns
d” d” v A dnﬂld o o 1 = dgl dgl .
AT HE agar waaidanlalalilan#uzianiziinanilnaduueunaaeaia Nutrient agar
(NA) uaztinnguugil 3741 avrnaaiios uinan 2423 49lue iiasanisngaatiugu
n17mTaatiugy Saimonella spp. Usznaudaanisnagaun1ataai lua1unsiaeeLTe
3 1in lAun
1) Triple sugar iron (TSI) agar
fMEaAINNMNTLALNITE NA IAAILURIUTIN 189811 TLaeNITe TSI agar slant kaz
wnsasludouaesansifinvaan (But) Uniguund 3741 asamaidaa iunan 24£3 491u9
Salmonella Minauan dedannliann Usnniianiin Slant Hawee UEnuturaanidwaes Auwid
\NeduLazini9a519 Hydrogen sulfide (H,S) dsdainmlaann@miinatuluaunsiaaaise
2) Urea agar
X 5 X ~ - . X%
O8I TRANNENUNTALTE NA IAAILIURINENU898 NIRRT Urea agar slant

a

Unngauund 3721 avAmaiiea unan 24 49149 Salmonella Tinaau Aa TdiRansulasudans

a

R

AWNTIAE T
3) L-Lysine decarboxylation medium
dﬂf;ll,%’a@ﬁﬂﬂ’]m‘a‘l,gﬂ\‘u%ﬂ NA adlu L-Lysine decarboxylation medium Taeld
qUidende Unflgniugil 37+1 esdnaaiden hinan 24+3 9ol Salmonelia siuauan Ae a1uns
AeTeguuaziTAsas
MANRANINAFaLNTAT e Mg ReEeRe 3 aRntiaTdTlL Saimonelia
AN INARDLINN A BN (Serological testing) e
1) n1IAdad Auto-agglutination
nemaIazane Sodium chloride (NaCl) finnudiudiv 0.85% TnsanaseFunns
1 viea asunalad @oidaanialaliireunewsiaeads NA nrzangadluansazane Besalas
navlduniszunns 1 wd vnniiiansausiadluia (Agglutination) waaedniiia Auto-agglutination
Aasnatetiaglignunsaiumageun i vaeaneld dousatineiliifa Auto-agglutination
AztNINAgeL O-antigens WAz H-antigens sg bl
2) n1mmedal O-antigens
wem Salmonella O polyvalent antisera 1 eA aqLUALaR Aedaanialaiiaen
LI RENITE NA n3zantadli Samonella O polyvalent antisera W@enabasnavliluntszuncy
1 Ui dunAnI3iia Agglutination
3) N1IA&aL H-antigens

ueim Salmonella H antisera 1 BieiA adUWg a8 1aendaannialatiifsnuuaning

Bulletin of Applied Sciences, Vol.12 No.2, 2023




ek NA nszanaadlu Salmonella H antisera Besaladndultantlszanas 1 widt dunanisifin
Agglutination Salmonella spp. Tnaniaiin Agglutination %ﬁsl,u Salmonella O polyvalent antisera
WAL Salmonella H antisera
2.4.2.2 NIRTIAQAU S. aureus

FIIRERLU S. aureus é’qﬁ%mm‘gm FDA BAM Online, 2016, Chapter 12 [7]
Tnefasnnsnelsunn 50 n3u aslugnsazans Butterfield's phosphate-buffered dilution water (PB)
53 450 Tadans WenuanlfidnAy udrinsansazatenBunns 1 fadans adluewnsiaeiTe
Baird-Parker agar (BPA) Tagtiaiflis 0.3 Nadams 2 a1u e 0.4 HaRang 1 211 NIZALA1TATANE
ihanumnzidedaeinaiia spread plate Unfigoungfl 3541 esrnaidea iluaan 48 Falus
danslaladAiman fnmoss nas wu Badeutu fusnguseulalad uasiitBnnlaseuuentfiom
quantu denlalaifddnenzansinaianinnimeaey coagulase lnginaideatiuaims
{A¢9139 Brain heart infusion (BHI) broth 1381619 10 Na@aams ﬂuﬁfqmmﬁ 37+1 a9ALTALTEIA LT

a

a7 24 Falad udareBeaNNaMTAENITe BHI broth 1FuNAT 0.1 TAAART HANAL coagulase
plasma (rabbit) with EDTA 15u1519 0.5 fadans luvaesnaaedlaanide ﬂuﬁ@mma 37+1 A49AN
waiFua unan 6 92lus Funanauanges S. aureus Fainnisudeinetnsauysaftesansluaen
NAADY

2.4.2.3 NM7A3a@aU Clostridium spp.

A33@aU Clostridium spp. L%”J?J?J%mmﬁ’m USP 42/NF 37 Volume 5, 2019,
<2022> Microbiological procedures for absence of specified microorganisms-nutritional and
dietary supplements [9] Tnedasnntnaiunn 10 nfu asluansazans PB 15u1As 100 Haaans
e s ldNTL LaansazanefaesnaBunms 15 Taaans ldnaeanaaeddasndendaniiliy
Tuﬂ'wﬁﬂmmu@qmmﬁﬁ 80 avrnitaidaa unan 10 wi Mlfduasiigumgiviesinanisud
vaeanAaasluin felTeannansazansfenailiinuninutewiunns 10 Haaans adluanmns
{AgN1Ta Reinforced medium for Clostridia 151nA3 100 fiadaas waztneiaannansazaiefatng
Frinunnslinanuseudi 80 aernimaded 15ums 10 H0aans AdllevNIRENITe Reinforced medium
for Clostridia 3unms 100 Sadans Usiian1nzlfufaeentiau fanmnil 3541 asrnizadaa huan
48 dalas anntiudnedelasinacuemaiaesida Columbia agar fnaxenfFz Gentamicin
fipnnadind 0.02 fadnFusefiadans Uuflannzliufaeandiau figumnl 35+1 avrnizaidaa
e 48 Falu VWﬂWUﬂ’]iL@?QﬂJ@\‘IL%ﬂ nadeannusazlalaifiunnsnefilaedaauems
/a8 Columbia agar lalatlaz 2 AMANITR etiTignns TR seanTian Lazannsliufa
pandiau figauvnd 35+1 esrnitaidaa unan 48 9l mnwuNsadnzeside Wikmsden
wnan waznedaulaulmyd Catalase tnaldansazanelalnsaunasaanlad (H,0,) finnnudind 3%
(VAV) bR anmnsin e ia ﬁq@ﬂ'wﬁmmmL@?mﬂmummqﬂ%uﬁ”m@ﬂ%wuVL;JL@??miuaﬂqu
fifluRaeandiau Wuaunsuuan gusavien wazlfinaaulunimeaeuieulad Catalase Teazluld

WoauRainruluseninanimaaa axgnRasuN3 WL Clostridium spp.




2.4.2.4 N17RTIRAAL E. coli

FTIRERAU E. coli ﬁ’]ﬂ"i'ﬁmmﬂ’m FDA BAM Online, 2020, Chapter 4 [8] Tmel
FasatheL o 50 n3u aslugnsazane PB Uiums 450 Aaaans wewaa i adldsesu
ANNIARANT 107 Fnnsiaeanarelilugnsazany PB lagideans 10 win asdnaflugéy (Serial
dilution) Ml &sLdLANARANAT 102 UaY 10° anthutesesnTissdANLAea1sg 7 3ums
1 f0RamT adluvaeaRiiaNmsiAs LT Lauryl tryptose (LST) broth UTu1m9 10 Hadams LAy
Avaansnuiaagniely Tnutiafaetin93eiuANIRaaniay 3 Uaan ﬂuﬁ@qmmﬁ 35+0.5

asrradas unan 4843 Falua & INARIINYULATNNALAR L UNABAANILAS
nsmsatudu E. coliinldlnednaideanvasaiituuaznieiaufaluvaen
nuAg 1 g4 asluvagaTilevnaiagide EC broth tixnas 10 Aaaans uaziuaensn uwigagnielu

N1TAIIRAAL E. coli %umumdﬁﬂmmﬂdwL%mmmmmmﬂgw,%@ EC
broth Tuuazvieiauialuvaeadnuia 1 U Saaunemsagside Levine's eosin-methylene
blue (L-EMB) agar ﬂuﬁﬂqmmi 35+0.5 aeAaaidea Wunan 24 4alus dunalalatindldnsne
WUWIU HARNRNNAY HviFaluTnTany (Metallic sheen) dne@eannialaiitdnsusfnaIag
LaNM9LaEI3e Plate count agar (PCA) ﬂuﬁ'qmmﬁ 35+0.5 aqAades e 24 Falua
warnnstieaunsy Talaililiing wnsuau susreveudu axgninlEudunisifoufaluems LsT
broth AnA%a IALENETRANNE M TIAENITE PCA adlunaanitlonvsiagide LST broth 15unas
10 Hadans uazinaensnuiaegniely Uafigoumnfl 35:0.5 asrnadaa unan 48+2 4ol

anaaNguLaznsnauialuaendnuia uarlalatidanansazgninlineaeudjizen IMViC
%
i

R

1) Indole production
X 5 X 5 X . -
themiaaInNamaiaeN e PCA adluaninsiaeisia Tryptone broth Unvigunni
35+0.5 agAtaded Luaan 2442 d4lue nagau Indole Taais Kovacs' reagent 15u1ms 0.3
Fadan3 E. coli WnaLaniFanaal a949nm tiannn1sinaaLmua 0L Adised ianda N 9 uLuaed
DNMNTLALLTRANNA G
2) Voges-Proskauer (VP)-reactive compounds
EmeANBNMNTALNITE PCA adluamaiagita MR-VP broth Unngasmnd
35+0.5 B4ANLTALTEA LTIWAN 4842 d9l34 Wanane@einmg 1 Raaans ldlunasannasdiilan
\Fid Barrit's Reagent 15167 0.6 NadaMT LazlAN O'Meara's Reagent U3u1m9 0.2 Na8amT
Y Y o XU o L6 v = o [y X X \ =
nan 1A fenald 2 dqla E. coli Winaay Tedansbiannatunsasaae buulasud
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3) Methyl red-reactive compounds
Uaiia lua11nsiaeada MR-VP broth uadannagau VP-reactive compounds
sialifguugi 35£0.5 asAmaiea Wunan 48+2 dalug wdafinansazana Methyl red 5 ven
E. coli Winauan dsdanmliannavnaiasadailaguaindwasaduduns
4) Citrate
L 5 5 X ,
O TRAINAUNTALNTE PCA adliua1unslaeai@a Koser's citrate broth

1
oAl

UNnguun 35£0.5 avAmaiisa e 96 4ol E. coli 1iinaay Gsdanaliainanmaiass

Cl

e lsiey
3. HaLasIaNsal (Results and discussion)

et AR T AT N NITIE AN NN s8R aANNTsaTINALAN Lariudneaulad d1uou
33 faeie Seanusiluneduoy 28 frate iWusdndiuam 2 faetine waziuaeamaisiuy
3 fnaeing @nunsndaLlssinninefansananndaudszneuuantaie 7 Ussnn Tawn Tnlwesanuau
10 F10E19 ADAANAUAILIL 10 FAENg LARAIANSIUIL 8 Faating AmAuTsIuIL 2 Faetng
115R891191 1 freeng TalAn 3 4119 1 Fnaeing LATANTANAS1WIL 1 FaBeing (mifmﬁl 1)
Fafiansnndaulsznat e ssaninaiaiuenyns wodn dansunerfiefidudoulsznaumanlumane
wassfnun Lhun Wanlalealnudnanlss ladendad aaaaawnhllng wazdyau Wanlnledlnudnanlss
waAuinulvinefFazaneniild fafuasimanenilulameniligndes luszuumaidiuems

1
] =

vaeuyst] wiaunsiduunaesldiuwuad Sefidusdenliesannefienduer ludldlug
16 Tiaauvauides Tdldindseu uazlavinliiug [10] lodsndadidulaanaeamdang Psyllium
vragunaaves (Plantago ovata) asAtlsznavaeslndandadiduailulamsai o sans
lusruumaAuemsresuisnnnezsilulouau daimisedenifnhmalelaauaziinia
azsluaifhuman SanandR dlniefazanetinld SauRlunmsfana ananseldidudaunas
lunandsiensiaglainlfeanpuanuly [11] dauneaanaunldIndiudun/ndanedu
HFannnstesaanelusiuneaanian anansnazanetinld gneeeaanauazgnasisldalusenig
el sontalgnalunisfiiueyyadassuazqaunFela TnunnantTRfanaauegfuAaHe)
gpeanaiiiinduaznsnailuiiiluesdilsznevluanennddas [12] venannil fretenansined
idinewsdauludsfidauaznansesingdetuawstiinsng q Weldlid ndu uazeadn’
fifaszaed 1un ansliaanavauunuinna anspauANANITiuNge ansilaaiunisduifuieu
anafinsinns ansvinliines ansliiranudumiien miﬁﬂﬁlﬁmmﬁmjﬁu sy ansusnau
A9990TR WAZRRUATIT (N34T 1) mamﬁm%@?mmmimﬂuﬁgﬁﬂﬁmmﬁmmﬁ@lﬁﬁﬁq
fusTnalding ednslafinn nisldhanailimdsnunudnfianalinseasaangeanises

Y a

fuslnAnandusiasNasidalugiduindesnsaauguiinuaslifianis lHumasnuann

a

anusniuLlseniu Juanasinldanslinounonuunuiiaianauny Tasasldmaunonuiny




A
o

tnnadaulunfifudaulsnevlunandnefidsuemsluemideiifesamiag Jugndaamefiu
Tmﬂmaﬁmu,ﬂm‘liﬂNa’fwmmﬁﬁm@ﬁiﬂm ﬁm’mmmmmdﬂﬁﬁmmiﬂmmﬁa 600 in iflugnsii
ligneleelusrene Tallindany uagldfunssensuialandduasiidaendesiasenig [13]

mﬂm?mm@am@mmwwmazﬁﬁwmmm[ﬁTQ@ﬂ'Nmﬁmﬁmﬁm’?ummiTmﬂmm@mumaﬂwﬂ@u
1899A1YI3E] Salmonella spp. S. aureus Clostridium spp. W8 E. coli AeRTNINIFIU WU WARsinu
3uRNea 33 Faeting lufinnstuileuaes Saimonelia spp. S. aureus WA E. coli agingbafinna
LR TN TN uilewaes Clostridium spp. 137191 5 faatina LA S08, S12, S28
529 uay 31 TafhunAnumidiiensssnmitecin reaaau aeaaniaw Iives wazadlisiu
ANNAAL (ﬁ]ﬁﬁ"]ﬂ‘ﬁl 2)

A1379% 2 n3Uuwdlenunes Saimonella spp. S. aureus Clostridium spp. wae E. coli TNaRS st
WINAWIT AU 33 FLBLN

NAaMeATIAdaL

ARAEIN Salmonella spp. lu 25 nsu S. aureus 11 0.1 nSN | Clostridium spp. lu 0.1 nu E. coli
(wu/laiww) (wu/laiww) (wu/laiwwy) (BNNLBWNEN)

S01 Taiwy laiwy Taiwy

502 Tadwu Tadwu Tadwu <3.0
S03 Tadww Taiww Taiww <3.0
S04 Tadww Tadww Tadww <3.0
S05 Taiww Taiww Taiww <3.0
S06 Taiww Taiww Taiww <3.0
s07 Taiww Taiww Taiww <3.0
S08 Taiww Taiww WU <3.0
S09 laiww Taiww laiww <3.0
S10 laiww laiww laiww <3.0
S11 Taiww Taiww N <3.0
S12 Tadwu Taiwu Tadwu <3.0
S13 Taiwy Taiwy Tawy <3.0
S14 Tadwy Tadwy Tadwy <3.0
s15 oy Tadww oy <3.0
S16 Tadwy Talwy Tadwy <3.0
817 Taiwy Talwy Taiwy <3.0
S18 laiwy Talwy Taiwy <3.0
S19 Taiwy laiwy laiwy <3.0
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A13799 2 n13dwidlenues Salmonella spp. S. aureus Clostridium spp. Wa% E. coli TUNanAnst
L@TNANYNT A3 33 Fiaaging (5iR)

NAMTATIAFAU

Salmonella spp. lu 25 ndn S. aureus 14 0.1 N4 | Clostridium spp. 1 0.1 ndn E. coli
(wu/laiww) (wu/laiwy) (wu/laiwy) (MBNWBWNEN)

S20 Taiww laiww Taiww

S21 Taiww Taiww Taiww <3.0
S22 Taiww Taiww Taiww <3.0
S23 Taiww Taiww Taiww <3.0
S24 laiwy Talww laiww <3.0
S25 laiwy Taiww Taiww <3.0
S26 Taiwy Taiwy Tadwu <3.0
S27 Taiwy Taiwu Taiwy <3.0
S28 Tainwu Taiwu WU <3.0
S29 Taiwy Taiwy WL <3.0
S30 Taiwy laiwy laiwy <3.0
S31 Taiwy Taiwy WL <3.0
S32 Taiww Taiww laiwy <3.0
S33 laiww Tainwu Tainwu <3.0

AN INYTONIRTTIUTRINART AT e LGN vualdnuszniAnsznsaeanan g
(aﬁuﬁ' 293) W.A. 2548 Aaq HARAIIAINEYNT LavlsznAGITINIIUANIZNITINNTAN M LAL
¢ (8g.) Bag Mﬁﬂgmm:L@ﬂmafﬂaﬁzﬂ@uma‘ﬁ'um@wmﬁmi*ﬁammmNamﬁmﬁm?umm? LAY
@mmwu%mmgmﬁmﬁgauﬁﬁﬁﬂﬁﬁm'lfm Tutwualdin asany E. coli aendn 3 sleawng
1 n5u Tneidd BN A 181 (Most probable number) slumummf‘gauﬁﬁﬁﬂﬁﬁm‘llm Lannuualadn
Asaalidny S. aureus Aaa1113 0.1 nFu m3aalany Clostridium spp. AB8111T 0.1 NS WAL
;1394 LWL Salmonella spp. Aaa1M13 25 NFN 089 lafieNN NIAFIAEBLAUNINNNAATIRNENTBS
LARTT N0 ASEHS 19U 33 Faetine Wudn AR NeM 29 1L 5 Faating
1‘7{134'mumwﬁmm@gqmﬁmmnwu Clostridium spp. 58811113 0.1 N3 SaRnfluFeeas 15 wuATEe
luana Clostridium wluwuanzaunsuuon gilvew aiwales warldifenisaendiaulunianiss
F3m fseeutlszanns 180 4134 naTFdiuuuadiGanalsn 1y C. perfingens S3anansna3ns
anafieldvanatiia nelfiAnlsaavnailuiie C. botulinum Ssanannaians e udunme e
sruutsvam mlFAnsunale way C. difficile %w”ﬂﬁﬁmLEELLm?}m%@Iuﬁﬂmuag [14-15]
Flesanudadnsitmuniinunisuiienaes Clostridium spp. Hannuziilung R uanFRRTAY




fn (Water activity, aw) 5in SAEIfNNdNsEUT C. perfringens Wag C. botulinum @nunsaiasty & [16]
A¥nindunanduainiianudeadianinnisiuientesansiviinanainideqdunid
Faaeaiindenang ednalsiinnm Clostridium fiuaaurisdfiaeases Tagarlaaes Clostridium
anansnusegnmnR AHAY 5978 teule] wazanaindl [15] fevu adefaes Clostridium A9ena
Uuilewsniuingau sideanaiamsudlenlussuinnszuaunsnan wazasnsnseadaslands
WARTUTATe SeenanelfiRndunmesiedsinA L vy fnanaspsnszutiniaslinaudnAty
AUAYLIANANNINLAZAMNLABA BB AR DTIETN MR NATATA TRE INARANITDA LT
mmammummgmmiﬂﬁﬁﬁzgmﬁﬂwmzﬁﬁ (Good hygiene practices (GHPs)) waz@u19n’d
izuumaﬁLﬂmzﬁﬁum’mLmzamﬁﬂqmﬁﬁmmuam (Hazard analysis and critical point (HACCP)
system) TUNINERBINIS Watlesiusunmaietadudienluenis wazaireannuiulaleiu
ARIEIRT

4. @3 (Conclusion)

nAnfsiaieailuensfifnisimue g midennsguldetnetaia atndlafan
muﬁ%*ﬁ%’zﬁmmmwum'ﬁmﬁmwﬁzﬁummiﬁﬁ@mmwmqa@%ﬁmﬂﬁLﬂuiﬂmummgmﬁﬁmum
TnenszninanssngaLazdinauam NI TsLazen uansliiiuiennuidadigiiing
aaldsuislesinananseiauemsmant neenaneldifalsaluszuumadnesuaziy
dupaesiagunIwle
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nnsgla (Breathing resistance)
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Abstract

During the epidemic of COVID-19 in Thailand at the beginning of 2020, personal protective
equipment (PPE) was crucial for medical staff, especially, power air purifying respirators (PAPR).
PAPR s an effective PPE for medical staff used to protect themselves when dealing with COVID-19
patients. In the situation of lacking PPE for the medical staff in Thailand at that time, many domestic
developers built PAPRs for urgent use to support the medical staff. Therefore, to ensure safety
and gain confidence in the domestically built PAPR, there was an attempt to develop the
specifications and standards to ensure the safety of the products and set up the testing facilities.
The risk assessment was undertaken by interviewing some invited medical staff in a focus group
and resulted in setting up facilities for testing three important parameters, namely, Total inward
leakage, Air supply, and Breathing resistance.

This study aimed to evaluate the performance of the domestically built PAPR in terms of the
three parameters above and to compare it with the commercially imported PAPRs. The results
exhibited that the performance of the domestically built PAPR was equivalent to the commercially
imported ones. Thus, it was promised that the domestically built PAPR could be used in the event

of a pandemic.

Keywords: PAPR, COVID-19, PPE
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1. UNU (Introduction)
annNM9zuNReedia tasalalaun 2019 (COVID-19) linlan fuszannsmmimeisandiusnuausnn

ol

LL@”Lﬂu‘timﬁﬁﬁmf]mﬂ%ﬂ?ﬁmm Iﬁ&lL@W’]”ﬁﬂﬂ%ﬂ@ﬂﬂﬁ?ﬂ’)ﬁlé@a‘/\i wazggeang inlvmnusema
‘m‘E@mm\m’mﬁ@avmumwmmmqmmwmmeumnummummwmewu mimﬂmm‘w
mLﬂu’Lum@ﬂfmﬂumimmmmmumﬂmmmqmmwmmmmmumwmn Frawhnnmansunned
1A N99 tLaz N95 ﬂgmﬂ@\mummmwfa (Personal protective equipment, PPE) LLmqﬂmmﬂmﬂu
muﬁumﬂ%dmmmﬁﬁ@m% (Power air purifying respirators (PAPR)) FeAudFananaiiy
wamﬁmsﬁﬁﬁmmgmqq ﬁszim'ﬁmﬁié’i"um?ﬂ@m*ﬂuﬁmmmmﬁﬂmw uazidlaiiannszinages
Im%m"mmmmﬁmmimmnnﬂﬂixmﬂ LLﬁLL&iﬂiwam’gmﬁmL@qﬁmwﬂ@zmm’w’mfa@ﬂﬂi:mﬂ
IﬁauﬁwLmhﬁt,ﬂumamﬁmeﬁmuquﬁwmidq@@ﬂ NTUALARUAINANASHANTENLBE 19MINFiR
‘14mmmwmmal,l,wmﬁﬁﬂ%iLLmuﬁfﬂumiﬂmﬁuL%Im Lmtzmmzmmzzﬁﬁﬂﬂ%ﬂmﬂuﬂmm
mamsunndfesinaluaniesildiaeafaaunszisaiedldsuide
féi']m”uﬂizmﬁimlummf;xﬂﬂﬁfqﬂﬂmiﬂmﬁuzﬁﬂﬁuqﬂmmm\imil,t,wmﬂﬁ@uﬁwmmf?fm
Wdansinalsvine imm@qumﬂmﬁumiﬁﬂL%@zﬁfmﬁ*uuﬂ@fmiwmﬂflmwmﬁmLfaqu@ﬂmmi
‘ﬂmﬁumqLﬁuu’mi@dmmmmu’%@m’é (PAPR) %QLﬂumamﬁmﬁﬁﬁmmﬁ;mmiwmmuﬁﬁuﬁu N1
?_TqiaiLﬁméwamluﬂixmﬁiwﬁqﬁﬁﬁﬂﬂﬂqwiuﬂqmam%ﬂum’qmm;’gﬂ@:ﬂ@umi%umu@mmumm
fanunsnmun PAPR I Wedszmedszaufiuaninznisszunaveidelasalalsun 2019 daali
ladgnnsndnungadananldineanasanisldinuaesyaainmienisunme mqmmﬁﬁﬂﬁtﬁm
R E PG LU U NER ?wdwéﬁﬁmmﬁmmmiummmmrﬁm AT AR R AR W
L‘ﬁlfamndwﬁlﬁu panInNLneldaulfatraiesne TnglduuiAnainuannianiayinauaes
fgﬂﬂfmﬁum@ﬁmL%fazﬁmﬁ*uuqmmmmqmmwwﬁ'1‘71'11’1L%’W’mﬁmﬂi:mﬁmﬂszqﬂmﬂ% TAnLAY
qunsal Adesteamnsananiuldiaslulszmalng snsudnuaznageunelidesinzes
NINENIUATITLLLIAN %IqmmmﬁwmfgmﬂmﬁumiﬁmL?'E'aa‘hm”uqﬂmmmqmmwwﬁﬁw?ﬂﬂ%
muu,@zwam%uiﬁuﬂimﬁimﬂm@wﬂmumummﬁmﬁuﬁ 2 mmﬁmmmﬁzﬁﬁﬁa&l P 1. NIATFIN
EN 12941:1998 + A2:2008 [1] at/nsaitlntlasntamumsla (Respiratory protective devices) Ing
mmgmﬁixu%ﬁwum NIMARALLAZNITASRANE m'a‘um;m%m”u'qﬂﬂmimmmmﬁ‘ﬁl"Léﬁ
Aunsanvizautiininilasii (Powered filtering devices incorporating a helmet or a hood) NIRTFIU
EN 12942:1999 [2] gilnsaltnilasmnaimuniela (Respiratory protective devices ) Tmmmﬁmﬁ
pIaLAgNDedaiLA N1amadaL LATLAIRLNE dwiuginninsasanieuuyldusaiuens
TN UL LT Faevth vide wildluRedluvti (Power assisted fitering devices
incorporating full face masks, half masks or quarter masks) LarNIATFIVAINA ISO 16900-1:2014
[3] ginsnitintlasnaiumne’la (Respiratory protective devices ) 11 mgmﬁmmﬁﬁ%mimmu
Lmufﬁlfaqﬁ@wmmuﬁléﬂuzﬁw?ﬂmimmmuqﬂmmiﬂﬂfjmmqLaumﬂ@ 2. NIMTFIUTUTRIUDS
gontiuenineutawarANlaandaniietn@ (National Institute for Occupational Safety and
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Health, NIOSH) tiaatlfjiiAnamalulatinnstlasiudanyanauiieani (National Personal Protective
Technology Laboratory, NPPTL) ﬂ@zmmu%ﬁ;ﬂLu??mLﬁ'@mq%@uLmzwﬁﬁfqﬂmfﬁﬂmﬁumqLau
‘1/1’181@LL‘].I‘LI@"]EI@’]T]’]ﬁu?@%émqm‘ﬁ'ﬂﬁﬂﬂuﬂﬂﬂﬂﬁ'ﬁﬂﬁ 42 szaaanguanaigunanan dnudi 84 (42
CFR 84) [4] ﬁﬁl\m’mﬁmﬁwnwﬁmmﬁmﬂﬁﬂamiwmmu‘lﬁmunﬂmﬂmﬁﬂLﬂwﬁ’fﬂﬂ%ﬁmmmu
waveraldviusaaniuninl feaaldunamienislssiiuaanuide (Risk assessment) $987U
nnnnpdauiifaadasdaideinmunamudnrnzglnsaintlewmuiumnelasngeiniAsgna
LULUNINAGNATDUATHE A UTULARINININNITWNTE (Specification for powered air purifying
respirator with a helmet or a hood for medical and health care personnel (PAPR)) [5] Lﬁlfasﬁflﬂu
LUINNTRIENAdeLLATINTINTTEaNTY uarlARin1sUsEnnA HIRsgIURARTUsigRaTMNeTH
aunsnfinilasmadumelasnaeinimidgnanuunuanaquAsse (uen. 3191-2564) [6] Lszne
P Sedieeaziduianeaeusenndesiu mMaau e iRnnsgUnsailasfunafumisla
AteNIALEAYaLLLMNINAqNAsEE lusenisitpndifugegafianansauansialss@nanm
wazANNUaaAsE Lﬁ@l%‘l,umaﬂﬁu“ﬁmu {1491 3 718019 LALA 1. ﬂ’]i'?ﬁw,%’ﬂzjmﬂslu (Total inward
leakage) 2. LUadaNE8INIA (Air supply) AL 3. ANA1IWNIUNNUNY LA (Breathing resistance)
Taeildsnathadneaslunsufoufaunanimmagay uazanansolisnimesenlfuimiomaui
WU NARS U %ﬂua’aummﬂmﬁﬁmﬁumiﬁmL%@z%’wm"uqmmmmammwmﬂ‘ WATUEININ
TAEHANNINARALAINNTI LT R IL AN NN 1109 U A R ATUTTRENIBIN TN AGDLIANY
NIRTFIU Sefuananmnsntideyasananadszendldlunsiaunadnie ieldiinauiila
Ferinun1day

2. 78ms248 (Experimental methods)
2.1 MSLATANAIDEN
nmaaeLiildiandng PAPR 1edeiismineluiiesnana uazsantng PAPR EHAR e
fifinnsgugs I8sumstenitlufiowan wasihlUnummsgiunssuaunsuanesesdownd
ISO 13485: 2016 Medical devices —Quality management systems — Requirements for regulatory
purposes [7] 9138 Good manufacturing practice (GMP) dfauﬁﬁmiwmmuiﬁﬁuﬁmﬂwif’iﬁ@mmﬁ
WATAATLTATMTLS (@eapvideman) madeyavasduamiadiresanioeidunan 7241 hr
wathsniiUlAanzuandesetnetien 4 hr wieanidui UL ATenmof uazarsduEnA ik
(@eanviderngn) mudeyavesdndmiserdiresdnioet dunan 7241 hrwdathaniuldfianiag
wandeNatnatiae 4 hr nauinnaged
2.2 ms‘ﬂm@umié’ﬁm%émﬂu (Total inward leakage) nizﬁmﬁ’wmﬂuﬁuﬁu
2.2.1 Fanuavginand
2.2.1.1 Faeting PAPR §nadsithdnannsinstlssme §mau 4 gn
07 1 1FFmgIUNNITMAGEL EN-12941




5B
Lo S). She

¥ 2 1AFuNIRsgIuNIITMAReL EN-12941

109 3 1HuNIRsgIUNIIMAGRL EN-12941
109 4 1HFUNIRgIUNIIMAGRL EN-12941

2.2.1.2 09819 PAPR 289 NARINY 119U 2 16

2.2.1.3 YU LATARYU AU 1 A9

22.1.4 gnamau S1uau 1 § AvieenAdwiuddenazessannia Poly alpha olefin
(PAO) A uiaNn e uEAsaLIfadEAITIIN 0.12-0.2 mis BRaNaunaduuainaalitiand
350 mm Andeegnelugnaaey ieriaihiinauauamEaNLBsey | Aswzaasnulidien
Wi 2 mis A lugnagaudesiian iy 60% RH

2.2.1.5 unaenilinareasauniA Aerosol generator A1191 1 4n NelugnagaUfagH
Araglutae 1uaduetluges 0.1-1 pm u?ﬂmmﬁijmam{iﬂmﬁwum

2216 m‘?'?'md"mmwL%’N%’um@mz@mwmﬂ (Aerosol photometer) 31017114
28.3 /min $1U9w 1 1A399 Frvsudamanuidudu nelugnaaay (Upstream) wazd1niudn

AHiNdY N lunuanAguATaLAsE: (Downstream) HANTADULNLLIAILAAIIWANTIST 1

AN3NT 1 HANNTEaLIELLATeIRANNITNTuTavazaasaLNIA (Aerosol photometer)

Background (volts) 8.91E-06 In purge mode (3.0E-6 to 1.1E-5)
Sensitivity (mv / mg/m?) 2.1 Response to emery oil (1.8 to 2.3)
Downstream flow (Ipm) 2.1 (1.9t02.1)

Vacuum draw pressure (psi) 9.5 >8

wuee HestfRn"saeLiniey Innovative Instrument Co., Ltd. aauifieiiile 23/07/64

2.2.1.7 gaviadnfaae19e1nIA a1uIL 1 90

1) gaviednsinatwainiAlunsInAguAsLATHY 41U 1 90 Usznauson vie
%I\u%@uﬁmgﬁuwmmﬁﬂmﬁﬂ@u Hauaduruaudnanstlszainm 20 mm fimumimsaduseung
POIWANARNNINAN HANTIUIA 1.5 mm 411U 8 7 usargiszazviiami - Au mugﬂ‘ﬁ' 1
wnaNAguATaLATHeuULRNIRTIui agnsslamisnalndiulneesivuazilssnasa
viednAaetneeInA mugﬂ‘ﬁ 1 AUFUMNINAGNATAL AT LULIE AVeW L IiAnsansinfivares
sundarinlpdesfugaviednsaatieennia augLlii 2

2) gaviadnsnatiaIn AN lugNAReL AW 1 10 gaviadnsiaeting (inaae
wanamn) nelugnaasy %u%mi@mﬁum%ﬁmmmm PAO Asilauenaladiiu 1 m dmsniEa
lunsdnsaaeineaInAwinaL 3 1/min
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1. MUANAQHATOLATHY 3. unuwanaRnUsudauszaule
2. aneindsny 4. gaviednsietinea s

Ui 2 nsdiasisgaviednsinetweniAniglumnnaguaseuAsweiuataiadsmy
109uNINAgNATELATIEL LU AUl

2.2.1.8 wsastqevnela (Breathing machine) a1uau 1 1A3a9 iAgasdaeunglaniau
71 40 Iimin AAF9ANELN 3

1. Lﬂ‘%‘lmmﬂmﬂ% 3. NiadnFnatneania
2. 3ReiLAWINeLNA 4. Yunngeyl

97 3 swmdszesnisfnsaatesdasmglanazviadnsaetinsainianunaaay




2.2.2 7 N1MAAAL

2.2.2.1 aaxldginsnl PAPR Ausiavu Lavhavy

2.2.2.2 \1Aszuure9gnaaeL

2223 ﬂ%uﬁmwmﬂmmmmmﬂﬁm@iﬁmmn’wmquﬂmrﬁ PAPR iiia L&A Ena
mﬂummmmﬁﬁ'wzgmmuﬁé’mam/ﬁwmmamﬁmsﬁﬁmum

2224 @aeiestaamela

2.2.2.5 \TlaLpieq Aerosol generator a519eunna nelugnadey

2.2.2.6 dapnndnduaynia nelugnaaay (Upstream)

2.2.2.7 Sapnudinduaunia niglunsanaguAsee (Downstream)

2.2.2.8 Saanidinduannim melugnageas (Upstream) Anasaitelsiuilladn An Upstream
Henaglutdas £15%

= | o

2.2.2.9 ThunnAn Aurnlasidusinisiadudngnae’lu (Total inward leakage)

'
4 !

n35adsdNdn1elu P (%) @ unsnAnuanlaseannig

a

C ~
P(%) = & x 1.25x 100 ANNIIN 1

Tnefl C, ha Avudinduaeseynanelugnaaey
C, An AvatrasANdnduateunIAn el breathing zone 1a3gLinani PAPR

~ 1L

LeH 5]

T —
. 5
L .
1. PERNNHIAATE8981NA 4. \ATRITLIAUIUBUNIA
2. Winau 5. gnpaay
3. wzaadaemela 6. Yunagay

gﬂ*ﬁ' 4 miﬁm%\ifqﬂmmiwmm@umﬁ%ﬁuL‘ﬁﬁzjmﬂiu*ﬂmqﬂmnﬁ PAPR
2.3 mavAgauLata gaImea (Air supply)
2.3.1 Januarginand
2.3.1.1 Faeting PAPR §nsdsiitidnannsineulseine dauaw 4 ga anw 4 2.2.1.1
2.3.1.2 f29ti19 PAPR 989 NARINY 41191 2 146
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2.3.1.3 TulagunTuiimas 4110w 1 1AFaq
2.3.1.4 viaa1n1AdN AU 1 10
2.3.1.5 A9 AfRIINFIMATA9RINIA 41101 1 LAFEN NANTIAALNELAILAAI11UAN919T 2

AN91997 2 HANNTAALALLLATANTAERATINITINATRIDINA

Unit under calibration Reference Reference

(I/min) 24 °C (I/min) 28 °C (I/min)
160 73 157.5
180 98 167.5
200 120 177.5
220 137 186

240 154 194.5
260 167 202.5
280 180 209.5
300 190 216.5

waneime elJuRnnsasuifisunsuinenmaniinig asuiisuiile 18/06/64

2.3.1.6 2189AUANERIINITINATB8INIA AU 1 70
2.3.1.7 gunsnlgaainiA A1uau 1 70
2.3.1.8 ¥1981N1A AU 2 i9
2.3.2 Fanea1
2.3.2.1 TagnsnsivazeseniAGuEy
1) ﬁmI;T\iLLa:ﬂizﬂ@uqﬂmmimM@ummgﬂﬁ 5
2) \agunsnd PAPR LL@:‘]J‘?ULﬂ?lmmu@ummﬁuwiuimmiuﬁLm@'? GITL
prusnansailugud Tufindrsnamnsluafidaldnn < 5 min auAsy 30 min
3) AUILANRAE189EPINT A 7 A1 wazseeTugRsnnslnaBudy
2.3.2.2 Sadmensluatese niAnusztziaa IR duAnAd e AR
1) AEURIANNT AR INaTa9e N AGLAUANN 10 2.3.2.1 uEdA9nen
LalasunTuilimasaanainginanl PAPR me‘]mLﬂ%q@m@ﬂﬂﬁﬁmmxﬁ@ﬂﬂﬁd PAPR vin91ulalan 1 hr
2) selalasunlufisef wazdlaiasgaennis SufinAndmenisluaiianldnn
5 min AUATLANHNIIAINITAANLULIVBNENARYTLE 1 IBINARAIT U (39341987 30 min A lun3da
smsnisluaidudiu wazan 1 hr igdneal PAPR vnauedlnellldrertlalasntuiimes)
3) AUUANRAL 048R T Iva wazane A RInslvaTeI nERY
izﬂzl,ammaéﬁﬂmu'ﬁ'sﬁjmﬁm/ﬁwmmﬁmﬁm%ﬁwum




1. lalpssnlufimes 5. daALANERINTINATEIRINA
2. viapmeidn 6. gunsnigaainia

3. wisaeindnsnIsiuatesaInia 7. vi887N1AL8N

4. gunsolaupudnsnislvazesenie

717 5 nsfinssgUnsnimaaauLraIEERINA

717 6 gUnsamasauLMaIaIaaINIA (Air supply) Winwilae NexAneAERsiENIg

2.4 MSNAFALANNAUNIUMSUELla (Breathing resistance)

2.4.1 Januazginanl
2.4.1.1 firat e PAPR §19@eiiindnannsnetlszing anuiu 4 g4a anu 4 2.2.1.1
2.4.1.2 finatne PAPR 9845uAR e 41101 2 40
2.4.1.3 vhips uasinu Mlsznauiuaswnulfudnsnisiuazesennis (3L 7) auwon 1 61

A o o 1

2.4.1.4 a1aeneEn 411U 1 9a g19tszinnd 1 m I lunnsacuANALiisteasNInAg

= o I dl

ATRLIATIHELUNITDIYL (gﬂw 8)
v 1

2.4.1.5 MasFunugld (mugUil 8) Anuau 1 du
2.4.1.6 wrastianala aauau 1 1ATas Naunsalfuensnisela 25 cycles/min waz

2 Ifstroke vizaLlfudnannisliuavesainiAwLLsieined 160 I/min NeauugR 25 °C NAufudNysnl
1 bar
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1. @Ns1enN9Ein . 3. viedeniuATastaewela
2. sawuilfudnanisiuasesainia (U 7) 4. ealfupangalsd

717 8 nsfimssawMuliLdRTINsluaresenia fuaisestin

2.4.23aMAd8L
=l A o . &4 A = Y
2.4.2.1 @NNNINAQNATRLATHEIMLRTIIIBIULATENTBNIMNINAgNATE LATEE 1
o o o = o o ~ 4 gy a4
Aunswmauliudnsnisluazesenia natilianeanuuanaquase Uz sluggEaliaonegin
Tusasresaunauliudnanisluanesainie
v
2.4.2.2 Baanae9EnRINENILITHINL 1 M AMNUEIT LA ULNIBIUNINAGNATELIA 1Y
= = o4 A =~ P y A o
(317 8) iaAUANNITLARLUN UL UIUBUIBINNINAQNATELATE: LAz lilNaeaNgaiL
1 i v
NNILARELT LULUIEN
v
2.4.2.3 dupnngeaesansslalifnuunaesnanaguasauAsseRiuiuanaegEn
2.4.2 4 U5udnsnisluaresaniandnlilumuonaguaseudswendnanisluasusu

¥

da 2.3.2.1 uarllademnweanuuigumouliudnanislvaresennis wazdesmiseaniinuesin

|
! o A
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b
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2.4.2.6 Y5uardnsnisluaresanianialunionaguaseudsuelndliviniudne
msluamgeaesfindnidnaesaniue uazdlndeseniafitnaesianu ufdeiriesdaamela
dnriusiavy

2.4.2.7 Usuirsesdasvnelaliisnsnisnela 25 cycles/min wax 2 lstroke 13e1l
ShannslvazesenniauLLseiiasd 160 Umin *ﬁ@qmmﬁ 25°C *ﬁlmmﬁuaﬁuymﬂ bar

2.4.2.8 nadimuanaquasauAsslifanesadsys Wiansfhununsnela e
FupeTindiudnaeu

2.4.2.9 nadivuanaquasauAsslifianesasys Wiannsfununanegla e
Fupsd ‘Lumm:ﬂ'umnm@um@uﬁm:mﬂutﬁqme 3 vt fiet

Rt 1 uNINAQNATEEANTATIAYNIBITIY

Fumided 2 UNINAQNATDU AT ANTAT LA UNAI BT

Fumnied 3 UNINAQNATDLATHDLAIINANTIY

UFUATULNUITBINNINAGNATDUATHEFIINITAIAEENERN AABATTEZLIA
NINAABLNNINAJNATALATHSBva luA L IsaNna wrhANAgansdn s lalé
3 Fuattls wnArA NNl aLedE

2.4.2.10 yinnmavegasaunsunaetnlanldiaresiiaingamaaiuuasimasatiaaeni

3. NAWATIA50l (Results and discussion)
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3.1 mﬁmmﬂaumi'}bﬁmiﬁ'gjmﬂu (Total inward leakage)

dunnsmagerluaninzirasanislden ivsusaziiuldgUnsalagliinnnadelm
Lﬁﬂ&%mmﬁqiﬂmaﬁwmmmmﬁﬂ (ﬁmmumml,‘-%ﬂim/mmﬁ) azausadinlilgnielumiinan
iwdwmﬂ%ﬁmuﬂ,é’Tmﬂmiﬁ’]mm’f@mzmi?ﬁuL%’ﬁzjmﬂu P (%) Fagun137i 1 uaaiBeiey
ﬁun,ﬂmﬁmmﬂmﬁﬁmum wudn fisvezinannimaganEudi sTezuanImMedey 5, 10 UAY
20 Wil Faetie PAPR #nedeiiindnannsnsszind wazdaeting PAPR 1esdnaninadAnfouas
nefatulndesiulugnianssunimageu naAndasnisluazeseniafidnmgn atludos
0-00-0.01% %aﬁndqmmsﬁmmgm BS EN 12941:1998 + A2:2008 Airnsuallaiiiv 1% Aauans
Tupnseft 3 Fewaseiepanuanansalunisineuaesgaglnenl PAPR ldetneaitszaninm
IndiFueiu ilenaaeuiignanisluazeseniafidningn fiszylneduanidrrenansioes toe
smeglaildesysnsnslnaaasennaiiAnsingals usisnsnisinaaesenniAeslpouduiug
%ﬁﬂizaw“ﬁmwﬁ’humi?ﬁuL%’ﬂzjmﬂlu wazAFu e N Ridesaiepnmimunsngla

A9 3 ulFaunaunanIaaaunisidndngnielu (Total inward leakage) fianting PAPR
v a dl o v 1 3 1 Y a
gnedantidnanselssma wazsinating PAPR 1asfuas lne

NAMSNARAUMSSITNTNgn2lu (Total inward leakage)

‘a‘ﬂﬂﬂ“’ﬂ’]‘ii’l%“‘ﬂﬂd’ﬂ nIIMs luaTasaIm P’WINF”I’] m'mm P (%)

FLEUSLINT
21994 1 21994 2 21994 3 81984 4 NN'&ﬁl‘l"nﬂ 1 NN‘&C‘IULVIEI 2

5 Ui 0.00 0.00 0.00 0.00 0.00 0.00
10 w7 0.00 0.00 0.00 0.00 0.00 0.00
20 w1l 0.00 0.00 0.00 0.00 0.00 0.00

3.2 mInAfaULaIagaImeaA (Air supply)
Mnnamaasusieideiuszaziann 4 hr MuNIR9gIL BS EN 12941:1998 + A2:2008 ng
1ansIn1saaaInIAAd (§RsnisliuatesainianAfign) Inan1sAIuIAILRAL 1898 RN
nsluausazdaliauazinFanmauns wudn faaeng PAPR gwaardnainssisemna uazsinating
PAPR a93§nanne dAndnsnisluasesainianaaaanaiaingingnl PAPR wadeludalued 1,
2, 3 uay 4 aglugaq 160-220 I/min TAWARIDIAINAINIINIUNNINNUARDATINTTEZIIAT 1Y
nsldeuldaeinamdilsz@ninin laalssiivainnisindnsnisataainianialunianAguAsad
= ! o ¥ dl 1 dl = o
Aszludaanainimesey laadnsnisinaseseiniasesasuutladdldnnnilemauiusyazioa
QI % dl ¥ a v a o & o dl d” v @ a a
Fusu T99ry AL HAR/AA1IBINANT U AIUAASIUANTIN 4 N1INARELHLAAS AT ANEA N
wazANianesresglnIniluaninznisinan Inennsgunimmaaevussyliglnsnl PAPR s
ansnislnarasaniAnadanesaidasilusyezinanlaiiaandt 4 hr Tefaeing PAPR 195H&6
Ineisagssegraiinanismaasuiulymuuinsgiu




AT 4 IWFRUWELEANNINARDLWUAIAEANA (Air supply) Faeeina PAPR $1989n1indann
F9LsnA uazAIaEng PAPR 9894 Nas tngl

NAMINARALLRAIANEDTMA (Air supply)

ARNsIMS LUaLaIRYMA (I/min)

Nangsu/Aaaeng
21994 1 A19949 2 21994 3 29B1 4 | dudnlne 1 | duanlne 2

'r%ﬁ’]ﬂﬁﬂﬂ@‘llﬂx‘i'ﬂ’]ﬂ’]ﬂﬁ‘ﬂ !

sasnnslwaaesenniaeaeludalued 1 219 201 162 179 169 226
samslvaresemawaeludalieiic - 218 201 162 182 168 232
samnmslvazeserniaeaeludalued 3 219 201 162 183 168 228
sanslvazesenniaeaeludalued 4 218 200 161 183 168 228

3.3 MSNARAUANNAIUNIBMSUE LA (Breathing resistance)
WU Hennaausieng PAPR g1asimidnannswtszima uazshecng PAPR 1095am e

PAWMIUNINAQNATELATHEANHARLAYN 12N ANTATLAUNAITITuLAZaLRTINATY
Wu ImﬂmiﬁmqmmL@?}Iﬂmmmﬁ@miwmmmé’q Wre g UNATLINMTINIATFI1 WU
nﬂﬁqmimmmuﬁmmmﬁumﬁlmw 2¢/lut99 0.15-0.75 mbar %qﬁﬂdqmmsﬁmmgm BS EN
12041:1998 + A2:2008 fitnuunlllainnnnin 5 mbar LLﬁiLﬁ@ﬂ@ﬁmﬂm€§ﬁu13i1§’itq§ﬂﬁ"1ﬂﬁﬂﬁ@
218987N1A28991In50d PAPR ﬁqﬁuémammmm@@ﬂLLUU‘Lﬁﬁﬁmﬁmﬂummmmﬁiuﬂ?mmqﬂé’
el sr@nniwnnsdunnaiaudngnieluiidafige usidlesandmsinisluasesainiadl
ANANTUSILAYINAUIBIRINIANTE TN %'qmm@ﬁqmmﬁmmmmimﬂ%\mmEjmuslm' Azt
deliRnauazanatneungldeugnanl PAPR NIRIgIUAIIMUALIRAN lINNN9Y 5 mbar

panandlunnaeh 5 Inesnetne PAPR 2avian ineiimagnieunusimuanni@nnimionisin

A15197 5 WRaueuNan1InageUANNALunIuNNTunela (Breathing resistance) faaging PAPR
geBantdnanselssma wazfaetng PAPR 2096 Nas tns

NAMINAFALAMNAIWNIUMSUELA (Breathing resistance)

(mbar)

AANAY (mbar)
219949 1 A19849 2 21994 3 21994 4 guaning 1 | guamine 2

AUMLMNINPQNATELATHANTE

IUAYNUBIII

AN AGNATELATHANTE 0.55 0.75 0.16 0.51 0.30 0.30
AUAUNGITBITIY

ALMUNINAGNATEL AT 0.54 0.73 0.16 0.53 0.28 0.30
BEATNANIU

12Ae 0.54 0.74 0.17 0.52 0.29 0.30
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4. @31 (Conclusion)

4.1 fatiha PAPR #redefiidnannansdszma uazsaating PAPR s0sfkdnlne fiinsmagey
mmsﬁmiﬂ@ﬁuﬁzﬁﬁﬁm&l 749U 3 378013 bAKA 1. m@ﬁ*ﬁm*ﬁngmﬂlu (Total inward leakage)
2. WWANRNE8INIA (Air supply) WAL 3. ANEIUNILNNgUngla ( Breathing resistance) ANLNTOLNT
dse@nsninlunisineuesginanils Tnauanali mum@ﬂmmmmummmeﬁummmﬂlumﬂm
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4.2 Fiaating PAPR 1894NAR INANNANNINARALNNIIENIITNAADL NIUINUTIN1TUaNFUATY
mmsﬁmmﬁ;mﬁzﬂq IndiRaeiuseting PAPR Sredeiiiidnannsinsdszina anansasiunldmaun
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Submission Guidelines

Submission preparation checklist

As part of the submission process, authors are required to check off their submission's

compliance with all of the following items, and submissions may be returned to authors that do

not adhere to these guidelines.

Certify that the manuscript is authors’ original work, has not been published before, and
is not being considered for publication elsewhere.

Confirm that results, records and reports are presented clearly, honestly without fabrication,
falsification.

When referring to a source accessed from the internet, provide the URLs and a retrieval
date in the reference list.

Certify that the experiment's independent variables are not changed, altered, or influenced
on purpose by the researchers (Experimental manipulation).

Prepare manuscript in Microsoft Word format, align paragraph in Thai distributed, use
single-spaced lines, Cordia New font for both Thai and English, and Vancouver referencing
style. More stylistic and reference list requirements are outlined in the Author Guidelines.
As part of online submission process, the journal will contact authors through your registered
e-mail address, please check your inbox regularly. If it is not there, please checking your
spam/junk mail folder. If you still experience difficulties when submission, please contact
tei.thai@gmail.com or passachon@dss.go.th

Authorship list should be honestly reflected their intellectual contributions to the work.
Provide authors, name and mobile phone number in “Comment for Editor” and save. For

inquiries, please also send to “Comment for Editor”.

Author guidelines

Manuscript preparation and submission

For Research and Academic article

Title in Thai and English languages. Use font of Cordia New style, bold, size 18 and centered
align. For English title; only the first word has a capital letter.

Name of the author and co-author: both in Thai and English. Use font of Cordia New style,
regular, size 12 and centered align. Use superscript numbers (1, 2, 3...) before name to

represent author’s address and e-mail.
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'Division of Engineering Materials, Department of Science Service
*Metallurgy and Materials Science Research Institute, Chulalongkorn University

*Corresponding author e-mail address: pranee@dss.go.th

Research article

1. Abstract in Thai and English languages. Use font of Cordia New style, regular, size 14. The
usual sections should briefly contain objectives, methods, results and conclusion.

2. Keywords in Thai and English, not more than 3-5 words for each language. Use font of Cordia

New style, regular, size 12.
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Introduction:

» Main topic: Cordia New style, bold, size 16

» Sub topic: Cordia New style, bold, size 14

» Content: Cordia New style, regular, size 14
Experimental methods:

» Main topic: Cordia New style, bold, size 16, left align.
» Sub topic: Cordia New style, bold, size 14

» Content: Cordia New style, regular, size 14

Results and discussion:

» Main topic: Cordia New style, bold, size 16, left align.
» Sub topic: Cordia New style, bold, size 14

» Content: Cordia New style, regular, size 14
Conclusion:

» Topic: Cordia New style, bold, size 16, left align.

» Content: Cordia New style, regular, size 14
Acknowledgement:

» Topic: Cordia New style, bold, size 16, left align.

» Content: Cordia New style, regular, size 14

References: Bulletin of Applied Sciences uses the Vancouver referencing style.

» Anumberin square brackets, [ ], should be assigned in numerical order to each reference

as itis cited in the text.

» Reference lists should be listed numerically at the end of the article, in the same order

in which they were cited in text.




» If citing more than one reference, write a number for each separated by comma e.g.
[1, 3.
» If citing more than one reference which is numbered consecutively, include reference

numbers in increasing order separated by hyphen e.g. [1-3].

4. Table and Figure:

Use Cordia New style, regular, size 12

Table: Every table must have a caption that includes the table number on the top of the
table, with left align.

Figure: Every figure must have a caption that includes the figure number on the bottom of

the figure, with centered align. Image resolution should not less than 300 dpi.

Academic article

1. Abstract in Thai and English languages. Use font of Cordia New style, regular, size 14. The

usual sections should briefly contain objectives, methods, results and conclusion.

2. Keywords in Thai and English, not more than 3-5 words for each language. Use font of Cordia

New style, regular, size 12.
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Introduction:

» Main topic: Cordia New style, bold, size 16

» Sub topic: Cordia New style, bold, size 14

» Content: Cordia New style, regular, size 14

Content: states the written work in the topic.

Conclusion: should contain the most important message of the study and author perspective/

suggestion.

Acknowledgement: should contain financial support and other research contributions.

References: Bulletin of Applied Sciences uses the Vancouver referencing style.

» A number in brackets, [ ], should be assigned in numerical order to each reference as
it is cited in the text.

» Reference lists should be listed numerically at the end of the article, in the same order

in which they were cited in text.

Copyright notice

The manuscript must never been published elsewhere or is under consideration by another

journal.
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« The manuscript can be written in either Thai or English. Abstract must be in both Thai and
English.
» The submitted manuscript will be sent to at least three experts in the field (referee) to
evaluate the manuscript by double-blind (double-blind peer review).
+ BAS' editors reserve the right to pre-screening the manuscript and request the revise
version.
Responsibility: The published article is an academic work with authors' perspective not by
The Department of Science Service or editorial board. Authors are responsible for their works.
The published article must never been published elsewhere and is not under consideration by

another journal within 60 days.

Privacy statement
Personal data protection
On BAS website, we collect and use your personal information (name, email, and other personal
data) to facilitate efficiency and productivity in BAS publishing process. BAS is dedicated to
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