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Gd,0,/UHMWPE
Simulation of neutron attenuation and wear resistance/hardness properties of Gd,05/UHMWPE
composites with surface treatment of the filler
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(Ultrahigh molecular weight polyethylene;

UHMWPE) (Gadolinium oxide; Gd,0,) 0-50% wt
NGCal (W pm)
Gd,0, Gd,0,
KBE-903 5wt 10%wt  20% wt
Gd,0, 20% wt
UHMWPE
Abstract

This work aimed to investigate neutron shielding properties of ultrahigh molecular weight polyethylene
(UHMWPE) with the addition of 0-50%wt Gd,0, through the simulation using NGCal. The results showed that
both linear and mass attenuation coefficient (11 and ) of the UHMWPE composites were increased with
increasing Gd,0, contents. This work also determined effects of surface modification of Gd,0, on wear
resistance and hardness properties of the composites. The surface modification of Gd,0,was carried out using
a silane coupling agent, namely KBE903, with varying contents of 5% wt, 10% wt, and 20% wt. The results
indicated that Gd,0,/JUHMWPE composites with 20% wt of a silane coupling agent exhibited the highest wear
resistance, with slightly increases in hardness properties. In summary, the outcomes from this work could be
applied for the development of highly effective transporting casks for the containment of radioactive materials.
Keywords: Composites, Filler, Neutron attenuation, Silane coupling agent, Wear resistance
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Boron Neutron Capture Therapy (BNCT)
(Toyenetal., 2019)

“As Low As Reasonably Achievable”  “ALARA” 3

(1) (2) (3)
(2004)

(Fast neutron) (Elastic scattering)
(Polyethylene PE) (Ultra-high-molecular-weight-
polyethylene  UHMWPE)
UHMWPE
( , 2556)
UHMWPE

UHMWPE
(Gadolinium oxide; Gd,0,) UHMWPE (Gd)
(Thermal neutron absorption
Cross section) 48860x10% (48860 barns)
Tiamduangtawan et al. (2020)
Gd,0, (Poly(vinyl alcohal)
(W 0.05/cm
Gd,0, 105%wt W 1.91/cm ( 38 )

(Toyen et al., 2019)

(Silane coupling agent) Arslan and
Dogan (2019) Basalt fiber (BF)/Poly (butylene terephthalate)
BF 3-aminopropyltriethoxysilane
Gd,0,/JUHMWPE Gd,0,

0-50% wt NGCal (Saenboonruang et al., 2021)

P
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() () (HVL)
Gd,0, 3-Aminopropyltriethoxysilane
(KBE903) 5%wt10%wt  20% wt
Gd,0,/UHMWPE

Table 1
Table 1 Chemical names and their contents, roles, and producers for the fabrication of Gd,0,/JUHMWPE
composites

Chemical Content (% wt) Role Producer

UHMWPE 75 Matrix PTT Public Co., Ltd, Thailand
Gd,0, 25 Radiation protecting filler  Richest Group Shanghai, China
Paraffinic ol 10% wt of UHMWPE Processing aids Facobis Co., Ltd., Thailand

Silane coupling agent 5,10, 20 of Gd,0,  Silane coupling agent KISCO(T) Ltd., Thailand

Gd,0;
KBE903 99%
20:72:8 (Magnetic stirrer) 15 Gd,0,
30 1000
(Water bath) 90°C 60 800C
Gd,0, 3
Gd,04/UHMWPE
Table 1 Gd,0,
10%wt  UHMWPE (Toyen et al., 2019) UHMWPE
(High speed mixer) ~ LMXS Lab tech engineering
UHMWPE Gd,0, (Twin screw extruder) ~ CTW 1000 C
Haake Rheomix Feed zone  Die zone
170°C 175°C 180°C  185°C 40
(n-Hexane) 24
GT-7017-L GOTECH Testing Machine 80°C
12
(Hot compression molding) ~ LP-20M LMXS Lab tech
engineering 185°C I5MPa 14

)
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Gd203/UHMWPE
Gd,0,/UHMWPE
(Scanning Electron Microscope; SEM) ~ Hitachi  SU3900
10 kv
Gd,04/UHMWPE
Gd,0,/UHMWPE
(Wear rate) Pin on disk ASTM G99-95
6 5
0.3 1000 3
Equation 1
Wear rate= — erar volume Ios§ (1)
sliding distance x applied load
wear rate (mm*/Nm)
wear volume loss (mm?)
sliding distance (m)
applied load (N)
Gd,0,/UHMWPE
Gd,0,/JUHMWPE (Hardness (Shore D))
(Durometer Hardness Tester)  GS-719G Teclock
ASTM D2240-03 3
Gd,04/UHMWPE NGCal
(Hn) (W)
(HVL) 2
0.025eV  4MeV NGCal Gd,0;  0-50% wt
(Saenboonruang et al., 2021) W, HVL Equations 3-5
|=loe™ (3)
M=t @
HVLz% 5)
b
I
X
P
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(Elastic Scattering)
(Diffraction)
Gd,0,/UHMWPE
Gd203/UHMWPE
Gd,0,/UHMWPE W, HVL
Fig. 1 Gd,0, UHMWPE
Gd,0,/UHMWPE
b, M HVL Gd,0, Gd
Gd,0, 48860 barns
Gd,0,
Gd,0,/UHMWPE
h, M HVL Gd,0,
UHMWPE
Gd,0, Gd,0,
UHMWPE
Gd,0,/JUHMWPE (Saenboonruang et al., 2021)
(@) (b) (c)

Mass attenuation factor (cm?%g)

Linear attenuation factor (cm?/g)

/ — & Thermal Neutro
Fast Neutro)

Half value layer (cm)

w0l
n(i 5 1

15 20 25 30 3s 40
Content (%wt)

e 15 35 a0 a5
(ll(/l)

T 35 a0
Conte t(/ 1)

Fig. 1 Simulated results of () i, (b) W, and (c ( ) HVL for Gd,O,/JUHMWPE composnes with varying Gd,0,

contents of 0-50% wt
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Gd,04/UHMWPE
(Wear rate) (Hardness (Shore D))
Gd,0,/UHMWPE Gd,0, 25% wt
Gd,0,
25%wt
Gd,0,/UHMWPE Gd,0, KBE-903
50 wt, 10%wt ~ 20% wt Table 3
( )
Gd,0,/JUHMWPE 20% wt
Gd,0,
Gd,0, UHMWPE
Fig. 2 Fig. 2(c)
20%wt Gd,0, Fig.2@@)  2(b)
5  10%wt UHMWPE Gd,0,

Table 3 Wear rates and hardness (Shore D) of Gd,0,/JUHMWPE composites prepared using different silane
coupling agent contents of 5% wt, 10% wt, and 20% wt

Silane coupling agent content (% wt) Wear rate (mm*/Nm) Hardness (Shore D)
5 6.84740.922 6411

10 3.820£0.344 6511

20 0.3320.044 6611

Fig. 2 Mhologicl igs 0623/UHE compsites prepareduing (a wt b) 10% w, and (c)
20% wt of a silane coupling agent (KBE903)

e e LA

1. 6d,0, UHMWPE !
0, HVL

)
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2. Gd,0, UHMWPE U
U, HVL
3.
20% wt
()
( P-PROF)
( )
. 2547, .
: : . 2556.
UHMWPE Ram extrusion the influence of

forming variable on wear resistance property of UHMWPE in ram extrusion process.

Arslan, C., Dogan, M. 2019. The mechanical and thermal properties of chopped basalt fiber-reinforced poly
(Butylene terephthalate) composites: Effect of fiber amount and length. J. Compos. Mater. 53;
002199831983077. doi.org/10.1177/0021998319830775

Saenboonruang, K., Poltabtim, W., Thumwong, A., Pianpanit, T., Rattanapongs, C. 2021. Rare-earth oxides
as alternative high-energy photon protective fillers in HDPE composites: Theoretical aspects.
Polymers 13(12): 1930. doi.org/10.3390/polym13121930

Tiamduangtawan, P., Wimolmala, E., Meesat, R., Saenboonruang, K. 2019. Effect of Sm,03 and Gd,0; in poly
(Vinyl alcohol) hydrogels for potential use as self-healing thermal neutron shielding materials. Radiat.
Phys. Chem. 172(30): 108818. doi.org/10.1016/}.radphyschem.2020.108818

Toyen, D., Wimolmala, E., Sombatsompop, N., Teerasak Markpin, T., Saenboonruang, K. 2019,
Sm,0,/JUHMWPE Composites for radiation shielding applications: Mechanical and dielectric
properties under gamma irradiation and thermal neutron shielding. Radiat. Phys. Chem. 164:
108366. doi.org/10.1016/j.radphyschem.2019.108366

2


https://doi.org/10.1016/j.radphyschem.2020.108818
https://doi.org/10.1016/j.radphyschem.2019.108366
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Influence of fly ash-based geopolymer forming method on gamma radiation shielding properties

ak b c
1 ]

Napakeat Somchue?*, Pungtip Keawtubtim?, Samunya Sanguanpak°
94000

b 94000

¢ 12120

iGraduated Student, Faculty of science and technology, Prince of Songkhla University, Songkhla 94000,
Thailand

"Applied Physics, Faculty of science and technology, Prince of Songkhla University, Pattani 94000, Thailand

“National Metal and Materials Technology Center, National Science and Technology Development Agency,
Pathum Thani 12120, Thailand

*Corresponding author. Email address: Napakeat26@gmail.com

1.3498-1.3662/cm 0.5134-0.5073 cm

Abstract

This research is to study the influence of geopolymer forming methods (press and cast) from fly ash
from power plants in Songkhla Province. To be used as a material to shield gamma rays by experimenting with
forming the geopolymer by compression and casting method then compare the physical properties and gamma
radiation protection properties. From the experimental results, it was found that the geopolymer formed by the
compression method gave compressive strength and provides a greater radiation protection value than cast-
molded geopolymers. Compression method was able to provide a linear gamma attenuation coefficient in the
range is 1.349-1.366/cm and half-thickness values are in the range is 0.513-0.507 cm. In addition, the
Compression method better protection against gamma radiation than extruded cement.
Keywords: Cement paste, Fly Ash, Geopolymer

2
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( , 2556)
(Prasanphan
etal, 2019) (
, ) (
)
(Buchwald et al., 2011)
(Fly Ash)
S0,  ALO, Table 1
Table 1 Chemical composition of fly ash and ordinary portland cement (Zhiyuan et al., 2019)
Chemical composition Concentation (%)
Fly ash Cement
Si0, 22.679 19.9
ALO, 3.445 4.6
Ca0 23.183 63.7
SO, 10.279 2.10
K,0 13.057 0.690
Fe,0, 1.79 2.57
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Table 2 Cement-paste and formulation by forming with a compression method and casting method

Cement-Paste Geopolymer
Formi Na,Si0,: NaOH
o Cement Water Fly-ash a28|033l2 0
Compression method 100 40 100 40
Casting method 100 95 100 95

Casting method

A ]
Fly ash NaZSiOS: NaOH
3:2

Compression method

Fig. 1 Fly ash-based geopolymer formulation by forming with a compression method and casting method

Casting method

Cement Water

Compression method

Fig. 2 Cement by forming with a compression method and casting method
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ASTM C109 Equation 1

. Force
= — 1
Compressive stiength= —— (1)

(Water Absorption)
(Bulk density) ASTM C 642

(Water Absorption)
Equation 2

Mass of sample in air after immersion- Mass of dry sample in air
[ p ry samp ] X100 (2)

Water Absorption = — . .
Mass of sample in air after immersion

(Bulk density) Equation 3

Mass of dry sample in air
[Mass of sample in air after boiling-The apparent mass of sample in water after boiling]

Bulk density = (3)

(W Equation 4 (Suleiman, 2018)
(HVL)  Equation 5
0Co (11722 1,3325keV)
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AL IEEH ED

LAEBtar DI CISLEe DM TWITH: 2101
L] Might Mockar: T71 - S50 Gesusa D 0000
[Brev ] [ i T

Fig. 3 Linear radiation attenuation coefficient of geopolymer materials

Gamma ray intensity = [Gamma ray intensity at zero absorber thickness]exp(H)(Tickness ofthe absorbers) - (4)

(HVL)
Equation 5
- In(2) (5)
Linear attenuation Coefficient of the absorber

XRF

Table 1 XRF

S0,  ALO, 20.679%  3.445% Fe,0, 1.794%
Kaur et al. (2018)
39.95 MPa Zhiyuan et al. (2019)
S0, ALO,  Fe,0, 19.9%46%  257%

500,
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X-Ray Diffraction (XRD)
(Quartz)
(Syngenite) (Arcanite) Hanjitsuwan et al. (2013)
Quartz  Fig. 4
15000 Q Q=Quartz
12500 S= Syﬂgenite
A= Arcanite
10000 -
7500 | S

Intensity [Counts]

5000 | Q

2500 1

5 25 45 65 85

Position [2 Theta]
Fig. 4 XRD pattern of fly-ash
2 Table 3

Table 3 Density, water absorption and compressive strength of geopolymer and cement paste

Forming Formula Density (g/cm®) ~ Water absorption (%) ~ Compressive strength (MPa)
. Cement-Paste 1.907 7,983 19.87
Pressing
Geopolymer 1.858 4,068 21.58
. Cement-Paste 1.824 8.750 19.76
Casting
Geopolymer 1.776 10.08 20.04
Table 3
1.858 glem®  1.776 g/cm® 4.068%  10.08%
27.58 MPa

)
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20.04 MPa Prasanphan et al. (2019)

21,58 MPa 19.87 MPa

11732 13325keV
8

Table 4 The gamma attenuation coefficient (u) and the half-thickness value (HVL) of geopolymer and cement
paste

Forming Formula u{fem) HVL (em)
1,173.2 keV 1,332.5keV 1,173.2 keV 1,332.5keV
Pressing Cement-Paste 0.9541 0.9465 0.7263 0.7322
Geopolymer 1.3498 1.3662 05134 0.5073
Casting Cement-Paste 0.9539 0.9462 0.7266 0.7325
Geopolymer 0.9327 0.9335 0.7430 0.7424
Table 4
37.63-36.55%
1.349-1.366/cm 0.507-0.513 cm

0.932-0.933/cm
0.743-0.742 cm
36.29-34.35%
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11732keV 13498 0.9541/cm
13325keV 13662 09465 cm
Si, A, Mg, N.K P

(TGIST)

M 208
(MTEC)

. 2554,

, , : . 2556,

American Society for Testing and Materials (ASTM). 2002. Standard test method for compressive strength of
hydraulic cement mortars (Using 2-in. or [50-mm] Cube Specimens): C 109/C 109M - 02. In ASTM,
Annual Book of ASTM Standards, Vol. 04.01, USA.

American Society for Testing and Materials (ASTM). 2006. Standard test method for density, absorption, and
voids in hardened concrete: ASTM C642. In ASTM. Annual Book of ASTM Standards, Vol. 704.02,
USA.

Buchwald, A., Zellman, H., Kaps, C. 2011. Condensation of aluminosilicate gels—model system for
geopolymer binders. : J. Non-Cryst. Solids. 357; 1376-1382.

Hanjitsuwan, S., Phoo-ngernkham, T., Chindaprasirt, P. 2013. Influence of fineness of high calcium fly ash on
properties of geopolymer paste. KMUTT Res. Dev. J. 36: 399-408.

Kaur, K., Singh, J., Kaur, M. 2018. Compressive strength of rice husk ash based geopolymer. The effect of
alkaline activator. Constr. Build. Mater. 169: 188-192.

Prasanphan, S., Wannagon, A., Kobayashi, T., Jiemsirilers, S. 2019. Reaction mechanisms of calcined kaolin
processing waste-based geopolymers in the presence of low alkali activator solution. Constr. Build.
Mater. 221: 409-420.

o)
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Suleiman, 1. 2018. Determination of linear absorption coefficient for different materials. Int. J. Modern Res.
Eng. Technol. 3(8): 28-38.

Tonnayopas, D., Nokkaew, W. 2008. Effects of Thai natural perlite on properties of heavyweight concrete
containing barite aggregate. In: Proceeding of the 13th National Convention on Civil Engineering,
Jomtien Palm Beach Hotel and Resort, Chonburi, pp. 154.

Zhiyuan, Z., Massoud, S., Elisa, L., Rackel, S., Gideon, H., Priyan, M. 2019. Strength development and
thermogravimetric investigation of high-volume fly ash binders. Materials 12: 3344,
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Quantification of blue ballpoint pen ink extract and mobile phase for thin layer chromatography
technique and image analysis

*

Patcharaporn Jornsamer, Bhanopol Klongratog*, Aparpom Sakulkalavek

10520
Department of Applied Physics, Faculty of science, King Mongkut's Institute of Technology Ladkrabang,
Bangkok 10520, Thailand
*Corresponding author. Email address: bhanupol.ki@kmitl.ac.th

Ethanol
n-Butanol : Ethanol : H,0 50:15:15 vivy

Abstract

This article is an analysis of thin layers of chromatography ink for forensic use. The researchers looked
at the solvents used to separate inks and mobile phases so that thin layers of chromatography showed the best
differences between pen inks. Ethanol is solvent for ink extraction and mobile phase n-Butanol : Ethanol : H,0.
The ratio of 50:15:15 v:v.v provides the best separation of chromatogram images.
Keywords: Ballpoint pen, Data analytic, Forensic, Image analysis, Thin-layer chromatography
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( , 2560)
( , 2560)
(UV-visible spectroscopy)(Mehwish et al., 2019) (Fourier Transform
Infrared Spectroscopy, FT-IR) (Muhammad et al., 2015) (High Performance
Liquid Chromatography, HPLC) (Mohamed et al., 2013) X-ray fluorescence spectroscopy (Daniela and Aurelia,
2014) - (Gas chromatography/Mass spectrometry, GC/MS)
(Weyermann et al., 2006) (Thin layer chromatography, TLC) (Djavanshir et al., 2008;
Mehwish et al., 2019)
( , 2558) ( , 2562)
Djavanshir Djozan Tabriz Tabriz (Djavanshir
etal., 2008) (,2553)
Thin layer chromatography
(RGB)
XY plotter pen
25
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25

Table 1 The trademarks of collected samples are listed

Table 1

No. Commercial characteristics Size(mm)
1 G'soft fizz101 0.38
2 Java Russian blue naong 0.38
3 Quantum GeloPlus Sport1250 050
4 San-x Rilakkuma 0.38
5 Lancer spiral 825 050
6 Java Slim Ball 400 0.38
7 Yoyo 1301 0.50
8 M&G MF 1011 050
9 M&G tropical 050

10 G'soft Titus 0.38

11 Yoyo 1031 050

12 Quantum Rhythm 050

13 Quantum GeloPlus Cute 1245 0.70

14 Faster daily patt CX911 0.38

15 Faber Castell RX5 050

16 Horse H-402 0.70

17 Quantum Skate 222 duo 050

18 Quantum snow bear 0.38

19 M&G TR1 0.50

20 Quantum point 0.38

21 Java e-office ball 0.70

22 M&G QBP888R6 0.38

23 Staedler 4273F 0.70

24 Yoyo 1037 0.50

25 Quantum liner2233 0.38

o)
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A
Methanol, Acetone  n-Butanol

TLC

TLC
H,0 70:35:30 (viviv)

TLC
(Mobile phase)

Butanol ; NH3 60:35:5 (viviv)

MATLAB

15

n-Butanol : Ethanol ; H,0

60

25 XY plotter pen 20
20 6
10 5 Ethyl acetate, Ethanol,
5 ml
1
TLC 2.5
(Mobile phase) Ethyl acetate : Ethanol :
TLC 10
MATLAB image processing toolbox
4
TLC
TLC 25

50:15:10 (viviv) Ethyl acetate :

Ethyl acetate : Ethanol : H,0 70:35:30 (viviv)
10
Resolution(R,)
Equationl
_ Atrp-tR)
T WyHW g
AtWp
1 trg 2,
2 Fig. 1
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o ]
o e N - N e
A A W AN /|
o M N
Fig. 1 Resolution of chromatogram
5 Ethyl acetate, Ethanol, Methanol, Acetone  n-Butanol
Ethyl acetate : Ethanol : H,0 70:35:30 (v/viv) (Djavanshir et al., 2008)
Fig. 2 Ethanol  Acetone
Ethanol
Ethanol
TLC
(Mobile phase)
3 Fig. 2
(@) (b)
(©) (d) (€)
\ | | |~
i 1{ I'| 1 ._ _|I_ i _‘“ | "lr

Fig. 2 Chromatograms obtained from the droplets of 5 types: (a) Ethyl acetate, (b) Ethanal, (c) Methanol,
(d) Acetone, and (e) n-Butanol of solutions were processed for image processing

2
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Fig. 3 50:15:10
50:15:10
Rs Table 2
(a) (b) ()
AN ] TN Jl S ol

Fig. 3 Chromatograms using mobile phase 3 systems (a) 50:15:10 v:v.v (b) 60:35:5 viv:v (c) 70:35:30 v:viv
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Table 2 Ry values of mobile phases of various systems

. R,
(37\;/'3) Penl Pen2 Pen3 Pen4 Pen5

R12 R23 R34 R4S R12 R23 R34 R4S R12 R23 R34 R4S R12 R23 R34 R4S R12 R23 R34 R4S
50:15:10 8.07 237 2.23 228 197 158 142 194 33 818 226 237 228 197
50:15:15 843 228 2.03 24 494 217 2026 251 218 240 494 217 205 797 263 224
50:20:10 401 143 322 097 224 26 582 081 247 1806 224 225 272 230
55:15:10 297 073 223 10.77 191 203 285 245 534 254 265 3.36 224 265
55:20:10 571 192 237 6.81 146 175 175 177 616 291 687 279 292 276 518
55:25:05 1.67 243 407 091 347 1459 157 344 406 165 243 436 279 26 224
60:20:10 6.4 205 3.00 1083 194 24 297 092 778 066 532 168 269 1.25
60:25:05 16 236 321 209 263 698 182 192 331 694 143 257 279 0.8

Table2 R 12 1, R¢23 1 2,
Ry 34 3 Ry 45 3 4
50:15:15 Rs 15
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Ethanol
n-Butanol : Ethanol : H,0 50:15:15 vivv
15
. 2560. . https:/lIwww.scimath.org/article-biology/item/7466-2017-
09-08-02-55-47, 15 2564,

: . 2558,

: 7. 166-182.

: , : . 2562,

: 1:35-41.
. 2560.

3. 28-36.
. 2553,

. Veridian E - Journal 3: 1.

Daniela, L.F., Aurelia, M. 2014. Possibilities to differentiate ballpoint pen inks by spectroscopic and
chromatographic techniques. U.P.B. Sci. Bull. Series B, 76: 113-126.

Djavanshir, D., Tahmineh, B., Ghader, K., Shahidi, M. 2008. Forensic discrimination of blue ballpoint pen inks
based on thin layer chromatography and image analysis. Forensic Sci. Int. 179: 199-205.
doi.org/10.1016/}.forsciint.2008.05.013

Mehwish, S., Madeeha, B., Sohail, C., Farooqi, ZH., Tirmazi, S.AA.S., Athar, M. 2019. Forensic discrimination
potential of blue, black, green, and red colored fountain pen inks commercially used in Pakistan, by
UVIVisible spectroscopy, thin layer chromatography, and fourier transform infrared spectroscopy. Int.
J. Environ. Anal. Chem. 1: 1-11. doi.org/10.1155/2019/5980967

Mohamed, I.A.H., Norashikin, S., Rozita, 0., Jasmani, H. Abidin, N.N.Z. 2013. Discrimination of black ballpoint
pen inks by High Performance Liquid Chromatography (HPLC). Malays. J. Anal. Sci. 17(2): 230-235.

Muhammad, N.M., Wan, N.S.M.D., Dzulkiflee, I. 2015. Fourier Transform Infrared (FTIR) spectroscopy with
chemometric techniques for the classification of ballpoint pen inks. Arab J. Forensic Sci. Forensic.
Med. 1(2): 194-200. doi.org/10.12816/0017699

Weyermann, C., Kirsch, D., Costa, V.C. 2006. A GC/MS study of the drying of ballpoint pen ink on paper.
Forensic. Sci. Int. 168(2-3): 119-127. doi.org/10.1016/}.forsciint.2006.06.076

=)
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Administration of meeting of Thai parliament

ax b

Nueafun Pimwong?*, Pobsit Kamolvej®

2 10300

b 10900

“Bureau of Information, The secretariat of The House of Representatives, Bangkok 10300, Thailand
"Department of Computer Science, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand
*Corresponding author. E-mail address: nueafun.p@parliament.go.th

(7=393,SD = 051)

Abstract
This research study Design and administer the meetings of the new parliament. To support the drive

of the Digital Parliamentary Development Plan, the focus is on the use of information and communication
technology to support operations and service systems. Parliament has developed an infrastructure system. Set
up a security system as well as integrate information and databases including bringing many media Type to be
used in conjunction with meeting operations to be effective. This research has developed a meeting
management system through smart devices and cloud technology. Itis a guideline for deploying technology to
support the operation of the Smart Parliament. The results of this research show that the quality of meeting room
management system usage is at a good level. (X =3.93, SD = 0.51)

Keywords: Digital parliament, Manage meetings, Smart drive
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(Green Parliament)

Unified Modeling Language (UML)

(1) 2) 3) (4) (5)
(5) SDLC (Malkovich and Tumbas,2010)
(1) (Plaining)
2) (System Analysis)
3)
(Logical Design)
4) (Physical Design)
(5) (System implementation)
(6)
(System Maintenance)

P
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(1) (
2555) E-S QUAL ( , 2559) (2)
( , 2558) (3)
( , 2562) (4)
Web
Application ( , 2556)
Web Application ( , 2558)
Web Application ( , 2560)
( :
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(Cloud Computing)
Fig. 3
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(V=399, SD =0.47)
(¥=395,SD = 0.64) (=384, SD = 059)
(=395, 5D =0.14)
(7=3.93, D = 0.51)

Table 1 The results of the quality assessment of the use of the meeting room management system with staff
member of the Secretariat of the House of Representatives

Detai r S Assessment
results
1. Ease of use and the speed to accessing the system
1.1 Ease of access to the system and its parts 3.97 043 Grate value
1.2 System accuracy and speed 3.97 052 Grate value
1.3 Displays images and works quickly 3.95 041 Grate value
1.4 Ease of use of the meeting room management system 4.08 053 Grate value
Average 3.99 0.47 Grate value
2. System response to users
2.1 The working procedure of the system is correct 3.89 0.69 Grate value
2.2 System reliability 3.93 0.66 Grate value
2.3 Service request response speed 3.95 0.71 Grate value
2.4 Accuracy in responding to user requests 4.02 048 Grate value
2.5 The accuracy of the data according to the needs ofthe ~ 3.95 0.68
Grate value
system user
Average 3.95 0.64 Grate value
3. System operation accuracy
3.1 The system can work properly 3.83 0.55 Grate value
3.2 The system can be used continuously 3.85 0.54 Grate value
3.3 The system can work without any errors 3.83 051 Grate value
Average 3.84 0.54 Grate value
4. System security
4.1 Ability to protect data and information in use 3.95 041 Grate value
4.2 Protection of user information 3.95 041 Grate value
Average 3.95 041 Grate value
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Mobile Application Smart Device  Tablet ~ Smart Phone
(1)
2)
)
(Video Conference)
(Hybrid Meeting)
(Face Detection)
(e-Voting)
(Smart Device)
, . (2562). SPSS for Windows
. (2555). ;
, : . (2560).
17(1): 37-58.
: : . (2556).

2. 365-310.

P
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: . 2563,
o PULINET.
Disrupted World. ~ 1-12.
: : . 2564,
4, 18
. 2558,
166-172.
. 2558,
()
. 2559, E-S-QUAL

10: Library Transformation in a

Matkovic, P., Tumbas, P. 2010. A Comparative Overview of the Evolution of Software Development Models.
International Journal of Industrial Engineering and Management 1(4): 163-172.
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4
(044 ) (Table2)
2(0.39
3029 ) 1019 ) (Table 4)
4 (307 )
2 3 4
1 9 1 5
001 ) 1
(Table 1) 1
(Table 2)
(N) (N) (Fig.1)

Fig. 1 Green Oak seedling at 21 days in 4 growing media mixture

Table 4 Fresh and Dry weight of root and plant of Green Oak seedling at 21 days in 4 growing media mixture
Treatment Fresh weightroot (g)  Fresh weight plant (g)  Dry weight root (g) Dry weight plant (g)

1 019°¢ 0.74°¢ 0.01° 0.06°
2 0.398 3.04° 0.022 0.22
3 0.29° 2.71° 0022 0.192
4 0448 3.07° 0.022 0212

* Means in the same column followed by different superscripts are significantly different (p < 0.05)
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(Table 1)
(Fig.)
2 3
1 2
(92.85%) 9
200 /
4
2 9
1 3 . 1)
(92.85%)
60
, . 2563. . 48
:990-1001.
, . 2559.
GQ2. TIST 5: 283-295. doi.org/10.14456/tjst.2016.28
. 2543, . . . . 135
. 2556. 5
10: 117-124.
. 2555,
, . 2563. Red oak.

48: 1093-1100
Bradly, N. 1990. The nature and properties of soils. 10" Ed., Macmillan Publishing Company, Cranbury.
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Effects of pretreatment methods of tomato qualities of tomato puree and application guidelines
for bakery product development

*

Sachiporn Onsuabsai, Saowanee Lertworasirikul*

10900
Department of Product Development, Faculty of Agro-Industry, Kasetsart University, Bangkok 10900, Thailand
*Corresponding author. E-mail address: saowanee.|@ku.ac.th

8
7500 rpm 5
13158.34 /100
331153 /100 107
45.8% 22.5%22.4%  9.30%

Abstract

This research aimed to study the effects of preparation methods of tomatoes on physical and chemical
qualities of tomato puree, which was used to produce the product of tomato puree cake with good qualities and
increased nutritional values for consumers. In this research, tomato pretreatments were divided into 2 methods;
tomatoes that were blanched at 95°C for 8 minutes and tomatoes that were not blanched. Ground at 7500 rpm
for 5 minutes. The results showed that the average contents of lycopene and beta-carotene were highest in the
unblanched tomato puree, with average lycopene and beta-carotene content at 13158.34 ug/100g and 3311.53
Lig/100g, respectively, which were significantly higher than those with blanching. From the online survey of 107
consumers, it was found that consumers were interested adding tomato puree in butter cake, muffin, chiffon
cake, and sponge cake with 45.80%, 22.45%, 22.45% and 9.30%, respectively.
Keywords: Bakery, Beta-carotene, Lycopene, Tomato puree
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( - Lycopersicon esculentum Mill.)
Lycopene Beta-carotene ( , 2548)
Oxidative
stress ( reactive )
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(Tsubono et al., 1999)
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(Yapetal, 2017)
L
Makro 28-32
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3.
31
311 Brix
Brix ( Master-M  ATAGO )
1-2
5 t
3.1.2 L* a* b
Y
Reflectance ( Hunterlab  Ultrascan PRO )
5 t
313
(Bostwick Consistometer
CSC Scientific )
30
5 t
3.2
Anthon and Barrett
(2007) 0.6 Hexane (  Qrec ) - Acetone
( Merck ) . Ethanol (  Merck ) (HAE) 211 15
Homogenizer  SS3  STUART 500 REV/MIN 5
15 15 15
444 503 Spectrophotometer (
160A  SHIMADZU ) HAE

(Equatonl 2

(1100 )=(6.95x Abs.503) - (159 x Abs.444) x 205,35 x (/W) x 100 ()
(/100 )=(9.38 x Abs. 444) - (6.70 x Abs.503) x 295.35 x (V/ W) x 100 (2)
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Application Line 8
52 Google Form
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SPSS Static Version 19 T-test
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Table 1 Physical values of blanched and non-blanched tomato puree.

Pretreatment %Brix Consistency L* at b*
(cm) in 30 min
Blanch95°C,8min.  6.02+045° 940+034* 46.04+0.16° 2622£024*  25.87+0.33"
Non-blanch 7241089 7.08+019° 4726£091* 2828+038°  32.5113.66°
*Means£SD the same column followed by different superscripts are significantly different (p < 0.05)
Brix L*a*  Db*
(p <0.05)
Brix L¥a* Db
L*a*  b*
95
8 Racheland Kabelka (2009)
L*
a carotenoids at
carotenoids carotenoids
30

Table 2 Chemical values of blanched and non-blanched tomato puree.

Pretreatment pH Lycopene (ug/100g)  Beta-carotene (ug/100g)
Blanch 95 °C,8 min. 4.25 £ 0.00% 11670.09 £ 114.17° 217777 £ 126.68°
Non-blanch 422 £0.00° 13158.34 + 94.06° 331153 £ 104.95

*Means+SD, the same column followed by different superscripts are significantly different (p < 0.05)

(p <0.05)
(pH 7-8)
Marijan (2007)
(Isomerization)
488
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Effects of compost obtained from food waste recycling system on lettuce’s growth (Lactuca sativa
var. Crispa L.)

Aunkamol Kumngen?, Usmana Meehae?, Pattamavadee Kunwandee?®, Siwapong Leunram¢, Noodchanath
Kongchouy?, Jutarut lewkittayakorn?*

*Division of Biological Science, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90110, Thailand
PAgricultural Innovation and Management Division, Faculty of Natural Resources, Prince of Songkla University,
Hat Yai, Songkhla 90110, Thailand

“BIOAXEL Co., Ltd. 6/9 Moo 3 Bophut Chaweng Beach Road, Koh Sa-mui, Surat Thani 84320, Thailand
“Division of Computation Science, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90110, Thailand
*Corresponding author. E-mail address: jutarut.p@psu.ac.th

Abstract

In Thailand, food waste represents 64% of the total garbage. The wastes are disposed in the land(il
leading to environmental pollution. To reduce the problem, the BIOAXEL company has developed a food waste
recycling system to convert food waste into compost which was branded as BA compost. This study aims at
testing the use of BA compost on the plant growth. To this aim a planting mix compose of BA compost, soil and
coconut coir was tested on lettuces (0-70%). Planting mixes containing different ratios of BA compost were
tested in pots in a layout designed to identify the optimal ratio. Lettuces were cultivated for 45 days in 8 single
plant pots before measurement of growth parameters. The planting mix displaying the best results on the
lettuce’s growth (i.e. 10% BA compost) was later compared a commercial mix. Since the planting mix containing
BA compost showed better results than the commercial mix, we recommend to use it as fertilizer for the growth
of lettuces and other vegetables.
Keywords: Compost, Food waste, Lactuca sativa var. Crispa L., Organic soil, Pot plant systems
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Introduction

One-third of the food produced in the world is thrown away as food waste (Food and Agriculture
Organization of the United Nations, 2020). In Thailand, 64% of total garbage is food waste, only 2% of it is
recycled and the remaining waste is disposed in landfills, where hygiene is not a priority (Srisuwannaket and
Liumpetch, 2019). Several methods have been used to reduce this waste such as selecting the safe past-date
food in supermarkets and surplus food from hotels, and donating it instead of throwing it away. However, it still
remains left outside, generating gas that causes environmental pollution that is averse to human health and also
breeding ground for pathogens. The transformation of food wastes into a valuable compost could help to reduce
the negative impact of landfills on the environment. BIOAXEL Co., Ltd. has developed a food waste recycling
system to change food waste to compost which has a commercial name as BA compost. The BA compost
passed the test of quality standards approved by the Thai Department of Agriculture for compost. with nutrient
total nitrogen content of 2.44% wiw, total phosphorus contents of 1.18% wiw, total potassium content of 1.69%
wiw and carbon nitrogen ratio of 13:1.

Lactuca sativa var. Crispa L. (Green Oak lettuce) is in the Asteraceae family, native to Asia and Europe,
is one of the most popular leafy vegetables for fresh consumption (Chiesa et al.,2009). Lettuce is an
economically valuable crop that can generate income and greatly improve the quality of farmer’s life. Lettuce
IS a plant that rich in many nutrients including vitamins A, C, calcium, potassium, magnesium, sodium, iron,
antioxidants like quercetin, caffeic acid and lactupicrin which is anti-carcinogenic and manganese, copper,
zinc and selenium (Kawashima and Valente, 2003). Suslow et. al. (2003) also reported that harvesting method
has an effect on yield and the nutritional value of the plant. Salad vegetable is commonly grown in pots. Growing
salads in pots uses a reduced planting area and makes it easy to move the plants when necessary and allows
a better management of the growing conditions including the control of the weeds. Therefore, the main objective
of this research was to study the effect of BA compost on Lactuca sativa var. Crispa L. cultivation. BA composts
were mixed with topsoil and coconut coir at different ratios in order to find the optimal ratio for growing salad
vegetable in a pot system then compared with the soil which is generally used in the area of the study. The
growth parameters were measured in terms of root length, plant length, number of leaves, thickness of plant,
width of bush, plant fresh weight and plant dry weight.

Material and Methods

Preparation of plant materials and seedlings

One hundred seeds of green oak lettuce were purchased from local market, Hat Yai, Songkhla,
Thailand. The seeds were sown in the nursery under plastic pits (11 x 21 inches (200 wells)) for 14 days
(Siringam, 2015) before transplantation to 8-inch pots (4L). (Jarsaing, 2012).
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Effect of food waste compost on green oak lettuce growth

Food waste compost (BA compost) was obtained from BIOAXEL Co., Ltd., Koh Sa-mui, Surat Thani,
Thailand. Planting material including soil (70% topsoil and 30% coconut coir) and BA compost were applied to
samples of the planting soil at various adding ratios as shown in Table 1. After this, the soil-BA compost mixture
was called “BA organic soil". The plants were grown under field conditions at the Faculty of Natural Resources,
Prince of Songkla University, Hat Yai, Songkhla 90110, Thailand from October to November 2020. 500 mL of
tap water was provided for each pot per day for the 45 days planting period for all experiments, then harvested
for plant growth measurements analyses. The treatment that gave the highest plant growth was repeated and
was further compared with a commercial soil purchased from a local gardening shop, Hat Yai, Songkhla,
Thailand. This second trial is described in described in Table 2. Plants were grown in the same location from
January to February 2021. The green oak lettuces were watered regularly for 45 days, then harvested for plant
growth measurements.

Table 1 Ratio of BA compost added in different treatments.

Treatment Description (%viv)

Tl 100% Soil (control)

T2 95% Soil + 5% BA compost
T3 90% Soil + 10% BA compost
T4 70% Soil + 30% BA compost
T5 50% Soil + 50% BA compost
T6 30% Soil + 70% BA compost

Note: "Soil" designates a soil mixed with coconut coir at 70% topsoil by volume. BA compost
designates the food waste compost from BIOAXEL Co., Ltd., Koh Sa-mui, Surat Thani, Thailand.

Table 2 Ratio of BA compost added in different treatments compared with commercial soil.

Treatment Description (%viv)

El 100% Soil (control)

E2 90% Soil + 10% BA compost
E3 70% Soil + 30% BA compost
E4 100% Commercial soil

Note: "Soil" designates a soil mixed with coconut coir at 70% topsoil by volume. BA compost
designates the food waste compost from BIOAXEL Co., Ltd., Koh Sa-mui, Surat Thani, Thailand.
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Plant growth measurements

After transplanting for 45 days, the green oak lettuce plants were harvested in order to measure plant
growth in terms of physiological parameters including plant length, root length, number of leaves, thickness of
plant, width of bush, plant fresh weight and plant dry weight according to Deepika and MubarakAli (2020). The
harvesting process of the lettuce was carried out by cutting at ground level to calculate its physiological
parameters, except for dry weight. The plant dry weight was recorded after oven dried at 65°C for 3 days
(Wongkrachang and Rattaneetoo, 2018).

Statistical analysis

The seven target traits (plant length, root length, number of leaves, and thickness of plant, width of
bush, plant fresh weight and plant dry weight) were analyzed for statistical significance, the mean values and
standard deviations were calculated. The homogeneity of the variance was assessed using the Levene test and
the normal distribution of the samples with the Shapiro-Wilk test. The analysis of variance (ANOVA) combined
with the Tukey honest significant difference (HSD) test was used to analyze parametric data. The Kruskal-Wallis
test combined with the post-hoc test for the Kruskal-Wallis test is the Dunn test to analyze non-parametric data.
The significance level was set at 5% (p < 0.05) in all tests. The statistical analyses were conducted using the R
program 4.10.

Results and Discussion

Effect of different BA compost ratio on lettuce growth

The physical growth characteristics of green oak lettuce after planting for 45 days at different BA
compost addition was shown in Fig.1. It was found that 5%, 10% and 30% BA compost had the better growth
than that of planting without BA compost adding. The presence of the BA compost in the planting mix had a
significant difference on all seven growth parameters. A one-way ANOVA revealed that there was a statistically
significant difference in growth parameters between at least two groups (plant length: F5 ,,= 76.26, p < 0.000,
root length: 5, = 79.31, p < 0.000, number of leaves: F5 ;,= 25.50, p < 0.000, thickness of plant: F; ,, = 66.63,
p < 0.000, width of bush: F;,,= 76.63, p < 0.000, plant fresh weight: F;,= 491.15, p < 0.000 and plant dry
weigh: Fs 1,= 132.42, p <0.000) of The Lactuca sativa var. Crispa L. Differences in parameters between the six
groups of plants could be attributed to the differences in the composition of nutrient because each group of
plants received different nutrients. This resulted in significantly different growth rates (Fig. 2). The highest plant
length was found in T3 (10% of BA compost) compared to other treatments with the value of 30.00 £ 1.00 cm,
however, this treatment presented the root length at the same value as the soil mixing with the 70% of coir with
the value of 13.33 £ 0.58 cm. The treatments T2 (5% of BA) and T4 (30% of BA) also exhibited the high plant
length compared to T1 (0% BA compost), T5 (50% BA compost) and T6 (70% BA compost) but less than T3.
However, the root length of T2 and T4 and T5 were higher than T3. The lettuce grown in T1 and T6 presented
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the smallest values for all parameters (plant length, root length, number of leave, width of bush, thickness of
plant, plant fresh weight, plant dry weight). The number of leaves, the width of bush and the thickness of plant
had the close value for T2, T3, T4, T5. The plant dry weight and the plant fresh weight followed the same
tendency as the plant length with the highest value for T3. The observation of highest plant length, plant weight
and decreasing of root length in T3 with 10% BA compost suggest that this treatment presented a high nutrient
contentinthe pot. It was reported that plants tend to optimize their shoot biomass for photosynthesis and reduce
their root biomass when the quantity of nutrient is not a limiting factor for growth Generally, plants increase their
root biomass when the quantity of nutrient is limited for growth to increase the volume of soil exploration as
observing in T2, T4, T5 in this study. The quantity of nutrient in the treatment T1 and T6 were insufficient for the
lettuce growth suggest that only the soil mixing with coir or only the BA compost cannot provide a nutrient for
plant growth. The results suggest that the mixture of both increase the mineralization rate and the mineralization
is optimized when mixing of BA compost at 10% by volume. The treatment of 10% and 30% BA organic soils
were selected for repeated experiment compared with commercial soil. This second trial is described in
described in Table 2. Plants were grown in the same location from January to February 202 1. The green oak
lettuces were watered regularly for 45 days, then harvested for plant growth measurements.

Soil 5% BA 10% BA  30% BA  50% BA  70% BA

compost compost compost compost compost

Fig. 1 Growth of green oak lettuce after planting for 45 days at different BA compost addition: 0% (soil) - 70%
BA compost respectively.
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Fig.2 Growth parameters of green oak lettuce: plant length (A), root length (B), number of leaves per plant (C),
width of bush (D), thickness of plant (E), plant fresh weight (F), and plant dry weight (G) of green oak. Vertical
bars represent the standard deviation (n = 3). The letters are significantly different by Tukey's test (p = 0.05);
T1: 100% soil (control), T2: 5% BA compost, T3: 10% BA compost, T4: 30% BA compost, T5: 50% BA compost,
T6: 70% BA compost (ratio of BA compost and soil)

Effect of BA organic soil and commercial soil

The results showed that green oak lettuce grown in BA organic soil and commercial soil had
significantly different (p < 0.05) plant length, root length, number of leaves, thickness of plant, width of bush,
plant fresh weight and plant dry weight (Table 3), while differences in parameters between the four groups of
plants had significantly different (p < 0.05). It was noted that green oak lettuce cultivated with soil, BA compost
formula (10% and 30%) and commercial soil by volume at harvest time of 45 days found the largest early length
at 16.50 £ 0.70 cm, while the maximum root length was 21.80£0.76 cm, the maximum number of leaves at 23.00
1 15, maximum brush width at 26.33 £ 0.58 ml, maximum early thickness at 12.46 + 0.56 mm, most live checked
at113.1811.28 g, and considering the plant dry weight at 4.58+0.14 g, which is 10% BA organic soil formulation.
Based on growth data, as a result, it is deemed that 10% BA compost planting material at the age of 45 days
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has the best growth. When considering total nitrogen (N), total phosphorus(P) and total potassium (K) nutrients
according to Thai Agriculture Standards for compost (TAS 9503, 2005), it was found that 10% BA compost
(N:P:K:0.2:0.15:0.16 %wiw) and 30% BA compost (N:P:K:0.30:0.2:0.25 %wilw) have higher nutrients than
commercial soil (N:P:K:0.1:0.1:0.1%wiw). These results supported the higher plant growth. The BA compost
has potential as a fertilizer in mixing soil for growing plant.

Table 3 Growth parameters of green oak lettuce: plant length root length, number of leaves, width of bush,
thickness of plant, plant fresh weight, and plant dry weight.

Treatment Plantlength Rootlength  Numberof  Widthof ~ Thicknessof  Plantfresh  Plantdry

(cm) (cm) leaves bush (cm)  plant (mm) weight weight
El 12.00£1.00%  6.83+0.76*  12.00£0.00°  10.67+0.58% 6.65+0.13° 9.95+1.19°  0.69+0.10°
E2 16.00£0.00°  21.83+0.76%  23.00+1.15° 26.33+0.58°  12.47+057¢  11320+1.28¢ 4.5840.14°
E3 13.33£057%  15.03+0.55°  22.00+0.57°  25.33+0.57% 8.27+0.27° 90.50£1.32¢  3.17+0.08°
E4 433:0.58*  1250:0.50°  17.00£0.57¢  7.3310.58 4.20+0.10% 2.99+0.50*  0.33£0.03*
Test 10.30 269.802 10.02¢ 10.23 335.902 424,007 1341002
p-value 0.016 <0.000 0.018 0.017 <0.000 <0.000 <0.000

Significant differences are indicated by different letters (p < 0.05). Mean values = standard deviation; E1: 100% solil
(control), E2: 10% BA compost, E3: 30% BA compost, E4: commercial soil.
! Kruskal-Wallis chi-squared test and Dunn test Kruskal-Wallis multiple comparison.

p-values adjusted with the Benjamini-Hochberg method for performing multiple pairwise-comparison between the
means of groups.
2 ANOVA F-test, and Tukey HSD (Tukey Honest Significant Differences) for performing multiple pairwise-comparison
between the means of groups.

Conclusion

The use of food waste compost was tested on the growth of green oak lettuces. Out of six treatments,
a ratio of 10% and 30% BA compost exhibited the most desirable plant growth. The planting mix formulas
containing BA compost displayed even better results when compared to a commercial mix. Our results indicate
that the formula containing 10% of BA compost gives the best results for the cultivation of lettuces. BA compost
could be used as a fertilizer and is an efficient utilization of food waste. In the future, the utilization of BA compost
for vegetable growth can be used for many types of plants. The amount of fertilizer can be increased in case
of larger plants.

Conflict of Interest
The authors declare that there are no conflicts of interest.

497




60

Acknowledgements

Financial support for this research was supported by Triple helix master degree integrated platform for
research, development and innovation in industry under Program Management Unit - Brain Power (PMUB),
Office of National Higher Education Science Research and Innovation Policy Council (Nxpo). The authors
gratefully acknowledge the Division of Biological Science and the Center for Genomics and Bioinformatics
Research, Faculty of Science, Prince of Songkla University (PSU), Hat Yai, Songkhla, Thailand.

References

Chiesa, A., Mayorga, I., Leon, A. 2019. Quality of fresh cut lettuce (Lactuca sativa L.) as affected by lettuce
genotype, nitrogen fertilization and crop season. Adv. Hortic. Sci. 23: 143-149.

Deepika, P., MubarakAli, D. 2020. Production and assessment of microalgal liquid fertilizer for the enhanced
growth of four crop plants. Biocatal. Agric. Biotechnol. 28: 101701,

Jarsaing, K. 2012. Nitrate accumulation in green oak, Bachelor of science. Rajamangala University of
Technology Thanyaburi.Bangkok, Thailand.

Kawashima, M.L., Soares, V.M.L. 2003. Mineral profile of raw and cooked leafy vegetables consumed in
southern brazil. J. Food Compost. Anal. 16: 605-611.

Siringam, K., Jirasutas, P., Sawaengmee, W. 2015. Effect of growing methods on growth and pigment
concentrations of leaf lettuce (Lactuca sativa var. crispa L.). Phranakhon Rajabhat Research
Journal10: 82-95.

Srisuwannaket, T., Liumpetch, C. 2019. Tackling Thailand's food-waste crisis. Thailand Development Research
Institute. https://tdri.or.th/en/2019/10/tackling-thailands-food-waste-crisis/, 15 February 2022

Suslow, T.V., Oria M.P., Beuchat, L.R., Garrett, E.H., Parish, M.E., Haris, L.J., Farber, J.N., Busta, F.F. 2003,
Production practices as risk factors in microbial food safety of freshand fresh-cut produce. Compr.
Rev. Food Sci. Food Saf. 2: 38-77.

Thai Agricultural Standard. TAS 9503. 2005. Compost. National Bureau of Agricultural Commodity and Food
Standards. Ministry of Agriculture and Cooperatives. Royal Gazette.122 Section 114D.

Wongkrachang, S., Rattaneetoo, B. 2018. Effects of media mixed with local residues in Narathiwat Province
for lactuca sativa var. crispa L. growth. Khon Kaen Agr. J. 46: 1156-1160.

498




60
Effect of drying temperature on physical and chemical properties of duckweed (Wolffia globosa)
Phattharaphum Inta, Saowanee Lertworasirikul*

Department of Product Development, Faculty of Agro-Industry, Kasetsart University, Bangkok 10900, Thailand
*Corresponding author. E-mail address: saowanee.|@ku.ac.th

Abstract

This research aimed to study the effect of different drying temperatures (40, 50, 60, and 70 °C) by
using a hot air dryer on drying time, water activity (a,), color characteristics, and chlorophyll contents of
duckweed (Wolffia globose). The drying time was determined based on Thai community product standard of
dried fruits and vegetables, in which the moisture content and a, must be lower than 12% and 0.6 respectively.
The drying time and a,, of the duckweed decreased significantly when using higher temperatures. The lowest
a,, was found when using 70 °C (a,= 0.161). The color characteristics for L*, a*, b*, and aE were significantly
different at different drying temperatures and times. L* and b* values were higher, a* value was lower when
using higher temperature and lower time. The lowest AE value (7.88%) of dried duckweed compared to fresh
duckweed was found when using the lowest drying temperature (40 °C) and longest time (720 minutes). The
content of chlorophyll a and b at 40, 50, 60 °C were not significant but at 70 °C was significant (p > 0.05) by
the highest chlorophyll a was 1.37 mg/g at 50 °C of drying temperature and the highest content of chlorophyll
bwas 1.67 mglg at 70 °C.
Keywords: Chlorophyll content, Color characteristics, Drying, Duckweed
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Introduction

Duckweed is the aquatic floating vegetable that is fast growing and used as feed for the animals such
as ducks, swans, or geese, and in several Asian countries serve as human food, and also in Thailand sold in
the vegetable market in different regions of Thailand (Bhanthumnavin and McGarry, 1971). Duckweed contains
high nutrients, i.e., 20-30% protein, 1-5% fat, starch 10-20%, and fiber around 25% per dry weight (Appenroth
et al., 2018). Even though the high value of duckweed nutrients is valuable but the water content in fresh
duckweed is very high and needs to be processed before using it as dry base duckweed.

Drying is the most common process for the preservation of agricultural ingredients, also there are
various drying methods such as sun drying, high-temperature drying, microwave drying, and freeze-drying. But
the well-known method to decrease the moisture content is high-temperature drying by using a tray dryer
because the tray dryer can be used for uniform drying, any shape form of ingredient, the possibility to dry small
batches, easy handling, and low electric energy consumption (Fellows, 2017). For dried duckweed, in Thailand,
it is classified as dried fruits and vegetables under Thai community product standard (Ministry of Industry,
2558), so it must have a moisture content below 12% and water activity below 0.6. There is quite limited research
about the drying of duckweed and its application, as Thongkham (2019) research found drying duckweed at
40, 50, 60, and 70°C used drying time 30, 25, 20, and 15 hours respectively, also studied antioxidants and
products as small rice noodles made from duckweed.

This research aimed to study the difference in the properties of dried product may contribute from the
different moisture contents (2.6 to 10.8%) by considering the time of drying which reduce moisture content to
lower 12% and water activity to lower 0.6, the color characteristic, and chlorophyll content.

Materials and Methods

Material

Duckweed (Wolffia globosa) was purchased from San Pa Tong district of Chiang Mai province and
transported to Kasetsart University by refrigerated trucks. Acetone (Merck Co., Germany) was used for
duckweed extraction of chlorophyll.

Drying of duckweed

One kilogram of fresh duckweed was cleaned by water and drained excess water. Fresh duckweed
was put on a tray with non-stick baking parchment with the size of 40 cm in wide, 45 cmin length, and 3 cmin
height of the tray and fresh duckweed was spreaded equally over the tray. Fresh duckweed was dried in the
hot air dryer consisting of five wire-mesh trays, an air heater, a 0.18 kW fan motor, a timer, and a thermostat for
temperature control. The fan speed in the tray dryer was constant. The sample was dried in the middle tray of
the dryer. The temperatures used in this study were 40, 50, 60, and 70 °C. Fresh duckweed was flipped and
spread equally every 1 hr during drying. During the drying process, the samples were collected periodically to
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determine the average moisture content (%, wh) to find the time, which reduced the moisture content and water
activity (a,) of fresh duckweed to lower 12% and 0.6, respectively based on the requirement of Thai community
product standard of dried fruits and vegetables. Then, dried duckweed with the moisture content below 12%
was mashed and passed through 100 mesh sieve to obtain a homogeneous particle size. Dried duckweed was
kept in an aluminum bag and stored at -18 °C until used.

Determination of physical and chemical characteristics

Moisture content was determined using hot air oven method at 105 °C until constant weight obtained
(AOAC, 2000)

Water activity was measured using water activity meter (Aqua lab, CX3TE) at 2542 °C, calibrated with
a standard solution with a, of 0.760. For each sample, measurements of moisture content and a,, were
performed in triplicate.

The color was measured using a colorimeter reflectance mode (CM3500D, Minolta Co., Japan). Dried
duckweed was added to the Petri dish glass 90x15 mm., and color parameters was expressed in CIE (L* -
black at 0 to white at 100, a* - red when positive and green when negative, b* - yellow when positive and blue
when negative) value, ten replicate measurements were performed and results were averaged. In additional,
total color difference (aE) was calculated using Equation 1. where L, a,, and b, are the control values for fresh
duckweed.

A= (@-ag)+ by 2 L+l (1)

Determination of chlorophyll content

Chlorophyll content was measured using a spectrophotometer (Model 160A, Shimadzu, Japan) by
modified method from Roshanak et al., 2016. Dried duckweed 100mg was added in a falcon tube and added
10 ml of 80% acetone. The falcons were kept in an ice and a dark environment for 30 minutes. The samples
were centrifuged at 1119 RCF (Rotina 380R, Hettich, Germany) for 10 min at 4 °C. After centrifugation, the
falcons were immediately transferred to ice before rapid measurement with a spectrophotometer. The
absorbance of the solution was read at two wavelengths 663.2 and 646.8. Chlorophyll concentrations were
calculated in mg/g of acetone according to Equations 2-5: where Abs is absorbance values between 0.100
and 0.900, V(ml) is final adjustment volume, and weight(g) is weight of the sample.

Chla (mg/l)=(12.25><Ab8663,2)-(2.79></—\b8646_8) (2)
Chlb (mg/l):(21.50XAb8646_8)-(5.10XAb8663.2) (3)
|
Chla (mglg)=Chla(mgl)x = xweig;t(g) 4
|
Chib (mglg)=Chl b(mgl)x = xweig;t(g) (5)
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Statistical analysis

All experiments were performed in duplicate. The results were reported as the mean t standard
deviation and subjected to analysis of variance (ANOVA). Differences among the means were determined using
Duncan’s multiple range test (DMRT) and significance was defined at p < 0.05.

Results and Discussion

Drying time, moisture content and water activity of duckweed in different temperature

As shown in Fig. 1, the moisture at Time 0 minute (40, 50, 60, and 70°C) was 97.33£0.05 %wb. At a
drying temperature of 40 °C, it was found that before 480 minutes the moisture content showed a slightly slow
decrease because of the behavior of the constant rate phase of duckweed. The heat is transferred convectively
from the warm air to the cooler wet surface through the boundary layer at the interface and induces some
evaporation. The water vapor formed is transported by convection from the moisture saturated surface to the
drier air. As long as the wet surface is saturated with water, the behavior will show the same until the wet surface
Is not saturated anymore. Then the phase will become a falling phase and show fast decreasing behavior (Berk,
2018). After 480 minutes at 40 °C, the moisture content decreased sharply until it reached the equilibrium point
at time 740 minutes. In this case, the time required to reduce the moisture content below 12% was 720 minutes.
Also, at 50 °C, the moisture content was decreased slowly before 300 minutes and reached the equilibrium
point at time 500 minutes. However, at time 460 minutes, the moisture content was lower than 12%. At 60 °C
and 70 °C, the moisture content showed the same behavior as 40 and 50 °C by decreasing slowly at first until
180 and 120 minutes, respectively, and reached the equilibrium points at 360 minutes for drying at 60 °C and
320 minutes for drying at 70 °C. In addition, it took 320 and 280 minutes at 60 °C and 70 °C drying temperatures,
respectively, to make the moisture content lower than 12%.

100.00 .
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Fig. 1 The maisture content of duckweed at different drying air temperatures at 40, 50, 60, and 70 °C
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As shown in Table 1, the water activities and final moisture content at below 12% wb showed
significantly difference at all temperatures, while at 70 °C (using times 280 minutes) had the lowest moisture
content and water activity (2.560.23, 0.161+0.018) and at 40 °C (using times 720 minutes) had the highest
moisture content and water activity (10.8410.81, 0.299+0.004). Because using higher temperature can
decrease the amount of moisture lost from material more than using a lower temperature, and using higher
temperature can reduce much more free water in the material better than using the lower temperature before
the material gets to the equilibrium state.

Table 1 Drying time, final moisture content and water activity of different drying temperatures

Parameters Temperatures

40°C 50°C 60°C 70°C
Time (minutes) 720 460 320 280
Final moisture content (%wh) 10.84+0.81° 7.0440.55° 4.34+0.79° 2.560.23¢
Water activity 0.299:0.004¢  0.232+0.004°  0.2000.002°  0.161+0.018

*MeansSD in the same row followed by different superscripts are significantly different (p < 0.05)

Color characteristic and AE

The color characteristic at different temperature (40, 50, 60, 70 °C) was compared with fresh duckweed
by using L* a* b* and aE parameters. In table 2, all color parameters at different temperatures were
significantly different compared to fresh duckweed. L* at 60°C and 70 °C showed the highest lightness
(48.8410.12 and 49.1620.28), while fresh duckweed showed the lowest lightness (37.86+1.09). a* at 70 °C
showed the highest greenest (-9.5610.07), while a* at 40 °C showed the lowest greenest (-7.46+0.03). b* at 70
°C showed the highest yellowness (31.42+0.50) and at 40 °C showed the lowest yellowness (27.46+0.20). Also,
the AE at different temperatures was significantly different, by the highest difference was at 70 °C (11.59) and
the lowest difference was at 40 °C (7.88).

Table 2 The effect of different drying temperatures and times on color parameters and chlorophyll content

Parameters Temperatures / Times

Fresh ~ 40°C/720min  50°C/460 min  60°C /320 min  70°C/280 min
L* 37.86£1.097  4550:0.09°  48.30£0.20°  48.84£0.12*  49.16+0.28°
a* -8.20£0.16°  -746£0.03*  -856£0.67°  -8.780.15*  -9.56£0.07°
b* 20.26:055¢  27.46:020°  29.63:0.19°  30.23t0.29°  31.42+0.50?
AE 0° 7.88¢ 10.46° 11.04° 11.59°
Chlorophyll a (mg/g) - 1.35£0.10° 1.37:0.718 1.3410.29 1.29+0.15°
Chlorophyll b (mg/g) - 1.60£0.20° 1.5940.20° 1.5840.01° 1.6740.33

*MeanszSD in the same row followed by different superscripts are significantly different (p < 0.05)
Chlorophyll content of duckweed at different temperature
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As shown in Table 2, the chlorophyll a content at 70 °C temperature was significantly different from
those at 40°C and 50 °C, while it was not statistically different from chlorophyll a at 60°C. Chlorophyll a found
at 70 °C had the lowest content (1.29£0.15 mg/g) and at 50 °C had the highest content (1.37£0.71) but the
content of chlorophyll a at 40 °C, 50 °C, and 60 °C were not significantly different. Chlorophyll b found at 70 °C
had the highest content (1.67£0.33 mg/g) and at 60 °C had the lowest content (1.5810.01) but there were not
significantly different at 40, 50, and 60 °C. Because using the higher temperatures and using more time can
lead to degradation of chlorophyll a and b content, and chlorophyll is sensitive to heat. This is why at 70 °C
there was the lowest chlorophyll compared to at other temperatures. Also, from Table 2, it was clearly shown
that the chlorophyll a was more heat sensitive than chlorophyll b (Rahimmalek and Goli, 2013; Weemaes et al,
1999). Furthermore, during drying treatment, the color transformation to undesired color could be as a result of
the magnesium of chlorophyll which is readily replaced by two hydrogen atoms in the presence of mild acids
such as oxalic or acetic acid, or longer thermal processing to produce a compound called pheophytin thus
affect the color during heating (Arslan and Ozcan, 2012),

Conclusion

In conclusion, to select the best drying condition for dried duckweed, different criteria should be
considered such as drying time, final moisture content, water activity, color characteristics, and chlorophyll
content. The results showed that the best drying condition based on the lowest moisture content, water activity,
and time with high chlorophyll b content was at 70 °C and it was in good condition for the stored product
because of the lowest moisture content and water activity.
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Dyeing Buddhist monk cotton rope with Jackfruit wood by using Cetyltrimethy lammonium bromide
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Abstract

This research aims to develop the cotton rope dyeing process by pre-treating cotton with the cationic
substance in order to improve the colour fastness of the cotton dyed fabric with Jackfruit wood. The cotton
fabrics were pre-treated by two different concentrations of Cetyltrimethylammonium bromide (CTAB)” “The
pretreat cotton fabric using two different concentrations, 1%w/w and 3%wi/w, and four pretreatment methods:
exhaustion method, exhaustion cure method, Pad dry method, and pad dry cure method. It was found the
optimal condition was carried out by using 1%wi/w of CTAB and pad-dry cure method because the resulted
fabric from this condition showed the highest colour strength (K/S) value. The washing fastness was graded on
a grayscale with a 3 out of 5 ratings.
Keywords: Cationic pretreatment method, Cetyltrimethylammonium bromide, Jackfruit wood, Natural dye, Padding
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Fig. 2 Chemical structure of Cetyltrimethylammonium bromide. (PubChem, 2021)
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CTAB CTAB -
_ CTAB (2509)

Table 1 Exhaustion method and Exhaustion cure method
Conditions KIS L* a* b* Fabric

Blank 2.56 69.03 1.12 2943

uncure 3.46 64.25 10.08 29.41
CTAB 1%

cure 4.89 59.08 12.22 30.99

uncure 4.10 62.49 10.41 30.94
CTAB 3%

cure 547 58.86 13.04 3251

Table 2 Pad dry method and Pad dry cure method
Conditions KIS L* at b* Fabric

Blank 293 67.29 1.177 30.15

uncure | 6.27 56.27 13.75 33.20
CTAB 1%

cure | 6.54 5744 1377 33.59

uncure | 553 57.91 13.56 31.38
CTAB 3%

cure | 6.20 57.23 15.06 3252

CTAB Table 3
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CTAB
Table 4
CTAB
CTAB
CTAB

2 5 CTAB1%  CTAB 3%
2 5 CTAB1%  CTAB 3%

2 5 CTAB1%  CTAB3%
223 5 CTAB1% 3 5 CTAB3%

Table 3 Colour fastness to washing with soap (Exhaustion method)

Blank ~ CTAB1%  CureCTAB1%  CTAB3%  Cure CTAB 3%

Colour change 12 2 2 2 2

Colour staining
- Acetate 5 5 5 5 5
- Cotton 5 5 5 5 5
- Nylon 5 5 5 5 5
- Polyester 5 5 5 5 5
- Acrylic 5 5 5 5 5
- Wool 5 5 5 5 5

Table 4 Colour fastness to washing with soap (Padding method)

Blank CTAB1% CureCTAB1%  CTAB3% Cure CTAB 3%

Colour change 12 2 2-3 2 3
Colour staining
- Acetate 5 5 5 5 5
- Cotton 5 5 5 5 5
- Nylon 5 5 5 5 5
- Polyester 5 5 5 5 5
- Acrylic 5 5 5 5 5
- Wool 5 5 5 5 5
4.87%
CTAB CTAB 1%
65.34% 4 Fig. 3
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PubChem. 2021. Cetrimonium bromide. https://jpubchem.ncbi.nim.nih.gov/compound/Cetrimonium-bromide,
28 November 2564.
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Abstract

This research aimed to develop the stiffness and shape retention properties by finishing the cotton
fabric with cellulose-titanium dioxide. To make fabrics stiffer, smoother and better shape retention. Cellulose
solution helps TiO, stronger adhesion to cellulose fibre molecules. To study the influence of TiO, concentration
on the stiffness of cotton fabric for the development of bag products. The experiment was done by finishing
cotton fabrics with the cellulose-TiO, solution at the different concentrations of TiO, as follows: 0, 1, 3, 5, 10%
wiw. The results showed that cotton fabric finished with 10% wiw cellulose-TiO, has the best crease recovery
value. Abrasion resistance both dry and wet were decreased as TiO, increased. Cellulose-TiO, finished fabric
have reduced tensile strength, excepted the sample with titanium dioxide 5 and 10%. It can be concluded that
5% wiw TiO, is an efficient solution for shape retention finishing.
Keywords: Cellulose-Titanium dioxide, Cotton fabric, Fabric finishing, Shape retention, Stiffness

513




60

(Singh etal., 2008)
(Xuetal., 2015)

(Slater, 2003)

(Kumar and Choudhury, 2017)
(TiOy)

(Prof. Robert Schiestl, 2009)

60%
(Klemm etal., 2005)

(Kale etal.,
2016)
60%
(Crease Resistant property)
(Crocking Resistant property)
(Tensile Strength)
(TiO,) , (H,S0,) Guangdong
Guenghua Chemical Factory Co., Ltd, (Na,CO,) Labo Chemie Pvt. Ltd,
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L
2. 100%
3.
4, Roller Padding ~ DL-2500V
5.0ven Heshan Perfect Dyeing Equipment Factory Ltd
6.
T. “Shirley” Crease recovery tester  Loading device  M003a
8. Abrasion-resistant  Electronic Crockmeter ~ GJS 042
9. Tensile Testing Machine Instron series 2701
10% 60%
0,135 10% 5
4 30
Padding 20 30
Roller Padding 100/ 20
60 C 30
0,135 10%
40*150 2000 5
5
1,35,10%
( )121 52552
10 9
(Gray scale of colour change) 5 4-5 4
3 2-3 2 1-2 1
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0,1,35 10%
()121 92552

Table 1

Table 1 The results of the crease recovery test

Crease recovery angle (°) Non-finishing  The concentration of TiO, in Cellulose-Titanium dioxide (%)
Cotton fabric
0 1 3 5 10
Before 98° 87° 102° 105° 94° 96°
After 104° 100° 112° 114° 103° 107°
Recovery angle (%) 4% 1494%  98%  85%  9.57% 11.45%
98°  104° 4%
10% 9°  107° 11.45%
- Ti0, 1% 9.8%, TiO, 5%
9.57% gre 100°
14.94%

Kale et.al. (2016)

(Xuetal., 2013)

Kale et.al. (2016)

Table 2
Table 2 The result of an abrasion-resistant test, rating by color changed of tested.

Sample Non-finishing Cotton fabric ~ The concentration of TiO, in Cellulose-Titanium dioxide (%)
0 1 3 5 10
Dry testing 5 5 5 5 415 4/5
Wet testing 5 5 4 4 3/4 213
516
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*5=hest, 4-5=Good to Best, 4=good, 3-4=Moderate to Good, 3=Moderate, 2-3=Poor to Moderate, 2=Poor,
1-2=Worst to Worst, 1=worst

Table 2
5 45 ( )
4,304
213
10% 213 Kale etal.
(2016) - L3 5%
10%
- 1 3%
5% 10%
Fig 1
36 34.70538 3400611 35.26381
32.44881
27
= 20.90756
E 19.17936
§ 18 I I
9
0
Cotton TiO2 0% TiO2 1% TiO2 3% TiO2 5% TiO2 10%
sample
Fig. 1 The results of tensile strength on cotton fabric.
5
0,1 3%
5 10%

Kale et.al. (2016) 0, 1%

Kale et.al. (2016)
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Effect of different pretreatments on drying characteristics, color and chlorophyll contents of
duckweeds (Wolffia globosa)
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Abstract

The objective of this study was to determine the effect of hot-water blanching and steam blanching
pretreatments before drying with a hot air dryer at 70°C on the drying time, color, and chlorophyll contents of
duckweed. The results showed that pretreatments with hot-water blanching and steam blanching helped to
decrease the drying time of duckweed. The color difference (aE) and lightness (L*) values of steam blanching
pretreatment were highest and significantly different from fresh duckweed and hot-water blanching duckweed.
The highest chlorophyll a (1.63+0.01 mg/g) and chlorophyll b (1.69£0.01 mg/g) contents were found in dried
duckweed using the steam blanching pretreatment. The findings of the research suggested that steam
blanching pretreatment could be used to develop dried duckweed with high chlorophyll contents and help
decrease the drying time.
Keywords: Chlorophyll, Color, Duckweed, Hot water blanching, Steam blanching
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Introduction

Duckweed is a plant that grows in the clean river of the Northeastern and Northern parts of Thailand.
The species of duckweed in Thailand is Wolffia arrhizal (L.) and Wolffia globosa (L.). Although the fresh
duckweed has very high nutrition but needed to be pretreated before the drying process for optimal quality of
duckweed powder. Duckweed is the organism that can give more nutrients instead of consuming meat because
duckweed has high nutrients, its protein content is 50.89%, fat 6.07%, carbohydrate 31.33%, ash 11.71% of
dry weight (Hu et al., 2022).

In this study, selecting blanching methods is the way to destroy enzymatic and microbial activity in
vegetables and some fruits before further processing. The blanching in this study including the steam blanching
and hot-water blanching. Steam blanching has advantages such as smaller losses of water-soluble components
and better energy efficiency. The hot-water blanching has advantages such as more uniform product heating
and uses less floor space (Fellows et al., 2017). Both processes were investigated for the drying process of
duckweed. The suitable drying time was determined for the good quality of dried duckweed based on color
and chlorophyll content. The objective of this study was to determine the effect of different pretreatments on the
drying characteristics, color and chlorophyll contents of duckweeds.

Materials and Methods

Materials

Fresh duckweed was purchased from San Pa Tong district of Chiang Mai province and transported to
Kasetsart university Bang Khen campus by cooling trucks. Acetone (AR grade, Merck Co., Germany) was
purchased from T.S. Interlab limited partnership.

Pretreatment

Fresh duckweed in the quantity of 1 kg was washed in clean water and drained the water out, after
that the sample was passed to two pretreatment methods including hot water blanching and steam blanching
with 1 kg of duckweed and boil 2 kg of water with 98+2 °C for 1 minute. Then the sample was cooled down by
passing through clean water at room temperature for 30 seconds and drained excess water.

Drying of duckweed

After 1 kg of fresh duckweed was pretreated, it was spread on a tray with paper baking sheet with the
size of 40 cm in width, 45 cm in length and 3 cm in height of the tray. The sample was dried in the hot air dryer
(Assemble order, Thailand) consisting of a timer, a thermostat for temperature control, an air heater, a 0.18 kW
fan motor, and five wire-mesh trays. The sample on a tray was placed in the middle of hot air dryer and the fan
speed of the dryer was set constant during the drying process. The sample was dried at 70 °C for 5 hr. During
the drying process, the sample was flipped and spread evenly every 1 hr. Dried duckweed was mashed for
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30 seconds and passed through 100- mesh sieve to get homogeneous particle size of duckweed powder. Then
the duckweed powder was kept in to an aluminum bag, and stored in refrigerator at -18 °C.

Measurement of moisture content

The duckweed sample was collected every 1 hr during the drying process for measurement of its
moisture content. To measure the moisture content, the sample was heated using hot air oven method at 105
°C until constant weight obtained (AOAC, 2000). Weight loss of sample was used to calculate the moisture
content of the sample (%, wb) using Equation 1. Measurement of moisture content was performed in triplicate.

Moisture content (%)= H X100 (1)

where

W1 = weight of container with lid;

W2 = weight of container with lid and sample before drying; and
W3 = weight of container with lid and sample after drying.

Measurement of color

The color of duckweed powder was measured using a spectrophotometer (CM3500D, Minolta Co.,
Japan). The duckweed powder was added in to the Petri dish then the color parameters was showed in CIE (L*
- lightness, a* - redness-greenness, b* - yellowness-blueness) value. Measurement of color of duckweed
powder with 10 replications and calculation in total color different (aE) were made using Equation 2, which L,
a,, and b, are the control values of fresh duckweed.

AE= T = o2+ ( = 02+( = o) (2)

Measurement of water activity

Measurement of water activity using water activity meter (CX3TE, Aqualab, USA) at 2522 °C. Before
measurement, it was calibrated with a standard solution with a,, of 0.760. For each sample, measurements of
a, was performed in triplicate.

Determination of chlorophyll content

Measurement of chlorophyll content was done by using a spectrophotometer (160A, Shimadzu,
Japan). 100 mg of duckweed powder was added in a falcon tube, and then 10 ml of 80% acetone was
added in the tube. The falcon tubes were kept with ice in the dark environment for 30 minutes and then
the samples were centrifuged at 3000 rpm with Rotina 380R (Hettich, Germany) for 10 minutes at 4 °C
before immediately putting in ice and then determining chlorophyll content by rapid measurement with a
spectrophotometer. The absorbance of solution was read at two wavelengths 663.2 and 646.8 nm
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(modified method from Roshanak et al., 2016). Calculation of chlorophyll concentrations in mg/l of
acetone was done by Equations 3-6:

Chla (mg/l)=(12.25><Ab8663_2)-(2.79XAb8646.8) (3)
Chi b (mgll)=(21.50xAbs5)-(5.10¥ADS53.,) (4)
Chla(mglg)= Chla(mgl)x -~ "Wlt(g) (5)
Chib(mglg)=Chl b(mgl)x = xweig;t(g) (6)

Statistical analysis

The results showed the mean + standard deviation and subjected to analysis of variance (ANOVA).
The difference between the means was determined using Duncan’s multiple range test (DMRT) and defined
the significance at (p < 0.05).

Results and Discussion
Drying time, moisture content of duckweed in different pretreatment

From Fig.1, before 120 minutes it was found that the moisture content of 3 methods showed slowly
decreased but after 120 minutes it showed that the moisture content during drying of the treatments with hot-
water blanching and steam blanching pretreatments reduced faster than the method without pretreatment. As
some researches showed pretreatments helped faster drying time possibly because of hydrolysis and
breakdown of the cell wall (Zhao et al., 2015). And also, it was found that the moisture content and water activity
of the dried duckweed in the 3 methods was below 12% and 0.6, respectively, which passed the Thai
community product standard of dried fruits and vegetables, after drying for 220 minutes.

100.00
:g g0 |
£ 60.00
§ 40.00 —e— No pretreatment
;) 2000 -.-@--- HWBlanching :
"25 R o Steaming 2, '

0.00
0 50 100 150 200 250 300
Drying Time (Minutes)

Fig.1 Changes in the maisture content (%) of different pretreatment method with without pretreatment, hot-water
blanching method and steam blanching method.
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As shown in Table 1, the water activity and final moisture content were not significantly different
(p > 0.05), with moisture content below 12%wb and water activity below 0.6 following the requirement of Thai
community product standard.

Table 1 Drying time, final moisture content and water activity of different pretreatment methods

Parameters Pretreatment

Without Hot-water blanching  Steam blanching
Final moisture content™ (%wh) 3.3410.01™ 3.0420.17™ 3.390.46™
Water activity™ 0.30£0.02" 0.340.08™ 0.330.19™

*ns in the same row followed by different superscripts are not significantly different (p > 0.05)
Color of duckweed powder

In this study, the color of treatments were significantly different. The different L*, a¥, and b* values of
dried duckweed powder might be caused by the different pretreatments which destroyed the enzymatic
browning reaction. The L* value was significantly different at p < 0.05 while the steam blanching method showed
the highest L* value (45.17£2.15) and the lowest L* value (39.36+0.21) was the fresh duckweed. The a* value
of the treatment with the steam blanching method was not significantly different from fresh duckweed but was
different from other treatments, while the steam blanching method showed the lowest a* value (-8.43£0.47) and
the highest a* value (-7.87+0.76) was the method without pretreatment. As (Janiszewska et al., 2021) said the
pretreatments could influence color. The aE was significantly different in all methods compared to fresh
duckweed and the highest aE was the steam blanching method (6.49) and the lowest was the hot-water
blanching (5.43).

Table 2 color of duckweed powder in different pretreatment

Duckweed Color parameter

L* a* b* AE
Fresh 39.36+0.21° -7.94+0.82 28.20+0.21% 0.00
Without pretreatment 41.58+3.43° -1.87+0.76° 2542+1.99¢ 5.78°
Hot-water blanching 42.59+2.32° -1.94+0.44° 25.67+1.6%° 543
Steam blanching 45174215 -8.43+0.47° 21.67+2.14" 6.49°

*MeansSD in the same column followed by different superscripts are significantly different (p < 0.05)

Chlorophyll content of duckweed powder in different pretreatment

As shown in Table 3, the chlorophyll content a and b of the steam blanching method showed
significantly difference at p < 0.05 from the other methods while the steaming method showed the highest of
both chlorophyll content a and b (1.63£0.01 and 1.690.01 mg/g respectively). While the lowest of chlorophyll
A content was found in the duckweed without pretreatment (1.38+0.10 mg/g).and the lowest of chlorophyll b
content was the hot-water blanching method (1.6120.05 mg/g)
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Table 3 Chlorophyll content of duckweed powder in different pretreatment

Pretreatment Chlorophyll

Chlorophyll A Chlorophyll B
Without 1.38+0.10" 1.63+0.04"
Hot-water blanching 1.40+0.10° 1.61+0.05°
Steam blanching 1.63+0.01° 1.69+0.01°

*MeanszSD in the same column followed by different superscripts are significantly different (p < 0.05)

Conclusions

In conclusion, the findings of this study indicated that the pretreatments by hot water blanching and
steaming helped improve drying time but pretreatments affected color of duckweed powder because they
destroyed structure of the samples. The AE of steaming treatment was highest and was significantly different
from fresh duckweed than other treatments. The content of chlorophyll content was preserved the most by the
steaming method. This study suggested that before drying duckweed, steaming pretreatment was
recommended to help faster drying time and preserve chlorophyll contents of duckweed powder. Also, at this
condition, other characteristics such as moisture content, water activity were not different from other methods
and followed under Thai community product standard.
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Abstract

This research aimed to develop concept design of dog suit for dogs with skin diseases. Firstly, the
problems and needs of dog suit from users and stakeholders were conducted by the in-depth interview with
four veterinarians and nine dog owners. The interview's results found that most dogs with skin diseases were
caused by infections of the trunk and groin. So the medications were used in order to reduce symptoms and
the dogs were required to wear dog clothes because the dogs might bite the itchy area of their body. After that,
the physical properties of four types of knitted fabrics; 100% had high loop density made polyester, polyester
blended with cotton and polyester blended with cotton and spandex were investigated for selecting the optimal
fabrics for developing dog suit prototypes. It was found that the 100% polyester knitted fabric showed the

highest air permeability and highest wicking property for both vertical and horizontal direction.
Keywords: Air permeability, Design and development, Dog suit, Dogs with skin diseases, Wicking
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Table 1. Specification of tested samples

60

Fanetal. (2020)

ltem Sample specification
Samples 1 2 3 4
Composition 100% Polyester | 67% Polyester 45% Polyester 43% Polyester

30% Cotton 55% Cotton 52% Cotton

5% Spandex
Fabric | Front :
samples i -
Back " ;.':
' 1t
Color Brown Iack Grey Green
Fabric structure single jersey Single jersey Single jersey Single jersey
(Warp knit)
Fabric | Coursefinch 57 50 70 44
density | Wales/inch 51 50 64 82
Fabric weight (g/m?) 152,57 169.17 149.2 188.83
Fabric thickness (mm) 0.60 050 0.40 0.67
Air permeability (cfm) 448 297 141 74
Vertical | Course 0.27 0.06 0.06 0.21
Wicking
Rate Wales 0.18 0.06 0.06 0.24
(mmis)
Horizontal Wicking 120.56 57.52 3.94 15.36
Rate (mm/s)
1
2,4 3 1
2 3 Fan et al. (2020)
1
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Fig.1

Fig. 1 Skating dog suit
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. 2555, . https:/lpet kapook.com/view36486.html,
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The efficacy of green synthesized ZnO nanoparticles from Litchi peel on the growth of fungi
causing postharvest decay of fruit
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30-100
4
Aspergillus niger, Colletotrichum gloeosporioides, Lasiodiplodia theobromae Rhizopus stolonifer

4 195.31-3,125
/
(Sodium Benzoate : Sodium Propionate) 55
MICs 48.82-781.25 /

Abstract

Biosynthesis of the ZnO nanoparticles (ZnONPs) with green technology by Litchi chinensis peel extract
as the reducing and capping agent under optimal condition gave the highest synthesis of ZnONPs and
synthesized particle size in the range of 30-100 nm. The antifungal activity of synthesized ZnONPs on the
growth of 4 species of fungi causing postharvest decay of fruit (Aspergillus niger, Colletotrichum gloeosporioides,
Lasiodiplodia theobromae and Rhizopus stolonifer) were evaluated. The results of minimum inhibitory
concentration (MIC) and minimum fungicidal concentration (MFC) of the synthesized nanoparticles showed the
synthesized ZnONPs could inhibit the growth of all four fungi tested with percentage of inhibitory effect were
between 195.31t0 3,125 pg/mL. In this study the efficacy of ZnONPs was improved in combination with mixed
antifungal agent (Sodium Benzoate + Sodium Propionate). It was found that biocontrol solutions that combined
between ZnONPs and mixed antifungal agent at ratio 5:5 gave the most effective to control all postharvest fungi
tested which MICs was 48.82-781.25 pg/mL.
Keywords: Antifungal activity, Green synthesized, Litchi peel, Postharvest decay of fruit, ZnO nanoparticles
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(Chemical vapor deposition; CVD)

and Dugaszewska, 2016)

(2563)

1 2561)

30-50

10%
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(Anand Raj and Jayalakshmy, 2015)
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(Zinc acetate)
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12 (pH12.0) 90°C 2hr
UV-vis spectroscopy 200-800 nm
10,000 rpm 15
60°C

4
Aspergillus niger, Colletotrichum gloeosporioides, Lasiodiplodia theobromae  Rhizopus stolonifer
poison food technique (Dhingra and Sinclair,1995)

PDA 121°C 15
15 PDA 45-50°C
Cork borer 7
25°C
near ultraviolet
(Equation 1)
=[(A-B)/A]x 100 (1)
A
B
2
(Sodium Benzoate) (Sodium Propionate)
4 A. niger, C. gloeosporioides,

L. theobromae  R. stolonifer poison food technique (Dhingra and Sinclair,1995)

Resazurin Microtiter Assay Plate Method (Rahman
etal., 2004)
4 Potato Dextrose broth 100 L
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two-fold dilution 100,000 pg/mL
10,000 pg/mL 100,000/10,000 pg/ml 100 puL
microtiter plate 100 pL
100 pL
Possitive control Negative control
30°C 72 hr
4 A. niger, C. gloeosporioides, L.
theobromae  R. stolonifer poison food technique (Dhingra and Sinclair, 1995)
4
R. stolonifera
4,000 ppm 87.621.90%
C. gloeosporioides, L. theobromae ~ A.niger T7.77+2.38%,
65.1812.96%  24.32+0.82 % Table 1
Table 1 The Efficacy of ZnONPs on the growth of fungi causing postharvest decay of fruit.
Concentration Inhibition Percentage (%)
(ppm) A C L R
1000 12.9841.23 48.6512.53 43.10£1.54 69.23£2.78
2000 13.1441.27 67.49:2.06 48.2811.71 74.36£2.79
3000 16.91£1.53 72.8312.81 57.14£3.65 85.13£1.87
4000 24.3240.82 71.772.38 65.182.96 87.62£1.90

*Means A; A. niger, C; C. gloeosporioides, L; L. theobromaeg, R; R. stolonifer

ROS (Reactive oxygen species)

ROS ROS  Zn*

(Oehlke etal., 2014; Sunetal., 2018)

(Sodium Benzoate
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:Sodium Proionate)

2
(Sodium Benzoate) (Sodium
Propionate) :
(Stopforth JD, 2005)

Penicillium Digitatum (Smilanick JL, 2008)
P. Digitatum  Penicillium Italicum (Valencia-Chamorro SA. 2009)

( , 2561)
4 poison food technique
2
A. niger 4,000 ppm
A niger  100% R. stolonifer, L. theobromae ~ C. gloeosporioides
82.5624.19%, 53.01£1.09%  35.71+0%
R. stolonifer 81.07+0.97% 4,000 ppm
L. theobromae, A. niger  C. gloeosporioides 75.05£0.49%,
39.65¢121%  4.29+0.38% Table 2
2
4
4 4,000 ppm
4.29-100%

Table 2 The Efficacy of commercial antifungal agents on the growth of fungi causing postharvest decay of fruit.

Inhibition Percentage (%)

Concentration Sodium Benzoate Sodium Propionate

(ppm) A C L R A C L R
1000 1.05+0.05 16.80+0.71 47.72+2.68 40.83+1.07 20.17£1.55 010  36.92#1.07 59.44+2.19
2000 74.19+1.86 22.86+1.43 47341249  43.83+1.31 32.0141.23 010  49.56£3.02 78.68+1.16
3000 1000  30.57#0.78 52.51+3.76  55.24+3.18 35.83£0.69 11440 50.44+3.18 79.28+1.15
4000 10020 3H.71+0  53.01+£1.09  82.5644.19 39.65£1.21 4.29+0.38 75.05+0.49 81.07+0.97

*Means A; A. niger, C; C. gloeosporioides, L; L. theobromae, R; R. stolonifera
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3
ZNONPs (Sodium Benzoate+Sodium Propionate)
10 0
5
10

100,000 50,000 10,000ug/mL
, Resazurin Microtiter Assay
Plate Method 4 A. niger, C. gloeosporioides, L. theobromae
R. stolonifer MICs 4
195.31-3,125pg/mL MICs
156.25-2,500pg/mL
(MICs) 48.82-781.25ug/mL Table3  Fig.1

Table 3 Minimal inhibitory concentration of fungal ZnONPs and commercial antifungal agents and their
combinations against the tested fung.

Ratlo Minimum Inhibitory concentration (ug/mL)
ZnONPs  antifungalagents ~ A-niger  C. gloeosporioides L. theobromae R stolonifer
10 0 6,250 781.25 390.62 390.62
5 5 1,562.50 390 97.65 19531
0 10 2,500 2,500 3125 625

* The experiment was replicated 3 times.

causing postharvest decay.

MFCs 4
39062-6,250ug/mL. ~ MFCs
312.5-2,500ug/mL 55
(MFCs) 97.65-1,562.50ug/mL Table 4
537
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Table 4 Minimal fungicidal concentration of biocontrol solutions on the growth of fungi causing postharvest decay.

Ratios Minimum fungicidal concentration (jg/mL)
ZNnONPs  antifungal agents A. niger C. gloeosporioides L. theobromae ~ R. stolonifer
10 0 3,125 781.25 195.31 195.31
5 5 781.25 195.31 48.82 97.65
0 10 2,500 1,250 156.25 3125

* The experiment was replicated 3 times.

A. niger,
C.gloeosporioides, L. theobromae R, stolonifer
6,250, 781.2,390.62  390.62 pug/mL 1,562.50, 390, 97.65
195.3 ug/mL Fractional Inhibitory Concentration Index
(FIC gex) MICs
FIC | gey 1 (Synergistic) 1
(Additive) 1 (Antagonistic) Table 5
Table 5 The synergistic effect of ZnONPs with commercial antifungal agents against fungi causing
postharvest decay.
Ratios Fractional Inhibitory Concentration (FIC index)
ZNONPs antifungal agents ~ A.niger  C. gloeosporioides L. theobromae R. stolonifer
10 0 1.00 1.00 1.00 1.00
5 5 0.28 0.20 0.28 041
0 10 1.00 1.00 1.00 1.00
The experiment was replicated 3 times.
FIC, gex
4
0.20-1.00
55 (Synergistic)
(Antagonistic)
Trifolium pratense
Psudomonas aeruginosa gentamicin Staphylococcus aureus

Escherichia coli  (Dobrucka and Dugaszewska, 2016)
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(polyphenolic
compound) (tannin)
4 A. niger, C. gloeosporioides, L. theobromae R, stolonifer MIC
195.31-3,125ug/mL
55 MICs
48.82-781.25ug/mL
2560-2561
: . 2561, - 777-791.doi: 10.144561tst).2019.62.
. 2563.
; 58.
, ,  664-67L.
, , : . 2564,
2561.

Dobrucka, R., Dugaszewska, J. 2016. Biosynthesis and antibacterial activity of Zno nanoparticles using
Trifolium pratense flower extract. Saudi J. Biol. Sci. 23: 517-523.

Mittal, AK., Chisti, Y., Banerjee, U.C. 2013. Synthesis of metallic nanoparticles using plant extracts.
Biotechnol. Adv. 31; 346-356.

Oehlke, K., Adamiuk, M., Behsnilian, D., Gréf, V., Mayer-Miebach, E., Walz E., Greiner, R. 2014. Potential
bioavailability enhancement of bioactive compounds using food-grade engineered nanomaterials: A
review of the existing evidence. Food Funct. 5:1341-1359.

Rahman, M., Kuhn, I, Rahman, M., Olsson-Liljequist, B., Mdllby, R. 2004. Evaluation of a scanner-assisted
colorimetric MIC method for susceptibility testing of gram-negative fermentative bacteria.
Appl. Environ. Microbiol. 70: 2398-2403.

Sinclair, J.B., Dhingra, O.D. 1995. Basic Plant Pathology Method. CRS Press, Inc. Boca Raton, Florida, pp. 355
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Influence of pH, autolysis time and temperature on meaty volatile compounds formation of
yeast autolysate
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10900, Thailand
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Abstract

Meaty flavors produced from non-animal source is a market demand to the growth of the food products.
The objectives of this research were effect of pH, autolysis time and temperature on meaty aroma compounds
formation of yeast autolysate (YA). Heating suspension of dried yeast cell at different conditions of 50 °C and
60°C at pH 3.0, 4.0 and 5.0. The optimum temperature and pH of autolysis was 50 °C at pH 3.0 which gave the
highest autolysate yield (52.00£0.11% wiw). Protein contents of autolysate during 16-26 hours were measured
by Lowry's method. The highest protein content was 1.34 mg/mL at 50 °C for 24hr at pH 3.0. Aroma volatile
compounds was characterized through headspace-solid phase micro-extraction gas chromatography-time of
flight mass spectrometry (HS-SPME-GC-ToFMS). Meaty volatile compounds are generated through Maillard
reaction in three stages of yeast autolysate production. 2,5-dimethyl pyrazine (roasted beef), dimethyl trisulfide
(sulfurous, meaty), furfural (bread) were the major volatile compounds related to cooked meat flavor. The best
condition for dried yeast autolysate (180°C) produced sulfur and nitrogen containing compounds such as
dimethyl trisulfide. The information about volatile characterization of YA could benefit the food and flavor
industry involved in the manufacturing of meaty flavorings for non-animal origin products.
Keywords: Autolysis, GC-ToFMS, Meaty volatile compounds, Thermal treatment, Yeast autolysate
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Introduction

Yeasts are one of the most important microorganisms widely used in the food industry. The value-
added products from yeast are also widely used all over the world. Yeast extracts and autolyzed yeast extracts
are categorically declared as GRAS (generally recognized as safe) by the Food and Drug Administration (FDA).
Consumers accept them as a naturally derived product, and they also are inexpensive.

The rise in demand for meat flavoring agents has been attributed to the growth of the food industry.
|zzo and Ho (1991) investigated flavor compounds of yeast extract without adding beef protein hydrolysate and
animal lipids. Heating is used to prepare the autolyzed yeast extract. It is a cost-effective and environmentally
friendly use of resources to lower the cost of meat flavoring production. It also encourages the development of
meat flavoring agent from yeast.

Yeast extract (YE) is a natural flavoring agent obtained by extracting the liquid in yeast cells from
Saccharomyces cerevisiae by hydrolysis. Hough and Maddox (1970) described yeast autolysate (YA) as a form
of yeast extract obtained by autolysis of yeast cells. It's a cell-based substance that breaks down soluble
proteins and cell walls. The cell wall-removed product, which contains 50% of the total soluble solid, is known
as autolyzed yeast.

Typically, the Maillard reaction products result from a complex reaction involving amino acids and
reducing sugars, resulting in a significant alteration in the overall flavor profile of food systems. This reaction is
widely regarded as the primary cause of many heat-treated food products' characteristic odorants. Roasted
meat, coffee, cocoa, beef-like, and other odorants are all associated to Maillard reaction products. During the
manufacturing of yeast autolysate (enzymatic hydrolysis, concentration, spray-drying, etc.), Maillard reaction
occurs and impacts the odor and taste of yeast autolysate (Alim et al., 2018).

Until now, to our knowledge, little information is available concerning meaty volatile compounds
generated in yeast autolysis production steps was reported. The objective of this research was to study the
effect of autolysis pH, time, and temperature on meaty volatile compounds formation of YA during the production
stages. This result will provide useful information for the quality control of the processing of YA liquid and powder
related to meaty aroma compounds.

Materials and Methods

Determination of autolysate yield

Autolysis was performed in sterilized 1L glass beaker in triplicate. Sixty grams of super alcohol active
dry yeast (Saccharomyces cerevisiae) were rehydrated in 0.6 L of deionized water at a temperature of 37 °C
for 30 minutes. The pH levels were adjusted to 3.0, 4.0 and 5.0 with IN HCI. Autolysis was carried out at
controlled temperature of 50 °C and 60 °C in a water bath. All experiment were conducted with 3 replications.
During autolysis, samples were harvested at 24 hours, pasteurized at 80°C for 30 min then cooled down to
room temperature and finally, centrifuged at 6500 x g for 10 min at 4 °C for chemical analysis of the supernatant.
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The supernatant and precipitate of yeast autolysate were dried in a hot-air oven at 105+2°C until constant
weight. The autolysate yield was determined using the method of Hill (1981). The autolysate yield was
determined according to Equation 1:

% autolysate yield = dry weight of liquid supernatant (g) x100 (1)
dry weight of liquid supernatant (g) + dry weight of solid precipitate (g)

The experiment involving autolysis of brewer's dried yeast was divided into two treatments: treatment
1, studied autolysis pH (3.0, 4.0 and 5.0 respectively) and temperature (50 °C and 60 °C) which could give the
highest autolysate yield; and treatment 2, studied autolysis reaction time (16-26 hours) which could give the
highest protein content.

Determination of protein content

The optimal autolysis condition (pH and temperature) for producing yeast autolysate was selected
from previous experiment which could give the highest autolysate yield. During autolysis duration at pH 3.0 and
5.0, samples were harvested at 16, 18, 20, 22, 24 and 26 hours, pasteurized at 80 °C for 30 min then cooled
down to room temperature and finally, centrifuged at 6500 x g for 10 min at 4°C for chemical analysis of the
supernatant. The total crude protein content was determined using the method of Lowry et al. (1951). Bovine
serum albumin was used as standard of this experiment.

Production of yeast autolysate

The autolysis of brewer’s dried yeast to produce yeast autolysate liquid and powder was carried out
at 50°C for 24 hr by using water bath (Memmert, Germany). The process was terminated by heating at 80°C for
30 min and then cooled down. The suspension was centrifuged to remove the cell debris. The test was carried
out in triplicate at the same conditions. The sample was placed in autoclave (Hirayama, Japan) and let it react
at 120 °C for L hr. The sample was concentrated to 15% solids content by using rotary evaporator R-300 (Buchi,
Switzerland). The concentrated was added 10% wiv of Arabic gum then spray dried with mini spray-drier B-
290 (Buchi, Switzerland) using an inlet air temperature of 180-190 °C, an outlet air temperature of 100-105 °C,
a feeding rate of 30 mL/min (Tanguler and Erten, 2008). The resulting powder was stored in an aluminium foil
bag at4 °C.

Determination of volatile components

Volatile compounds were determined based on the method of Alim et al. (2018). Three gram of the
homogenized sample and 5 uL internal standard (2-methyl-3-heptanone) were placed into a 20 mL glass vial,
capped with a Silicone-PTFE septum, and transferred into a CTC SPME Autosampler (CTC Analytics AG,
Zwingen, Switzerland). The SPME fibers (a 50/30 im DVB/Cachoxen™/PDMS StableFlex™, Supelco: 57329-U)
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were exposed to the headspace of the vial for 60 min at 55 °C and the volatiles were desorbed in the injection
port of the gas chromatography for 5 min at 250 °C in split-less mode. An empty vial was used as a blank
sampler to clean the column and the fiber before each sampler run.

The analysis of volatiles were analyzed using Gas Chromatography (7890A; Agilent Technologies,
USA) equipped with a time-of-flight mass spectrometry detector (Pegasus 4D, LECO Corp., USA). Separation
of compounds was performed on polar StabilWax capillary column with polyethylene glycol stationary phase
(0.25mm I.D. x 30 m x 0.25 um film thickness; Restek Corp., USA). Helium was used as the carrier gas at a
flow rate of 1.0 mL/min. The oven temperature was programmed to start from 35 °C, held for 10 min, ramped at
4 °Clmin up to 225 °C, and held for 10 min. Volatile compounds were identified comparing their mass spectra
with references from several libraries databases.

Results and Discussions

Autolysate yield

After autolysis at 50 °C for 24 hours, the amounts of autolysate yield at pH 3.0, pH 4.0 and pH 5.0 were
52.000.11% wiw, 36.00£0.23% wiw, and 49.57+0.92% wiw respectively. For autolysis at 60 °C for 24 hours,
the amounts of autolysate yield at pH 3.0, pH 4.0 and pH 5.0 were 25.30£0.37% wiw, 17.630.92% wiw, and
23.5410.28% wiw respectively. YA under 50 °C at autolysis pH 3.0, 4.0, and 5.0 could give autolysate yield in
the range of 36-52% wiw, which higher than 60 °C. While yeast was autolyzed at pH 3.0, 50°C could give the
highest autolysate yield (52.00£0.11% wiw).

Protein content during autolysis

The influence of pH and autolysis duration on protein content is given in Fig 1. Protein content was
affected by autolysis pH and time. The concentration of protein released into liquid yeast autolysate from cells
during autolysis at pH 3 considerably increased by 24 hr of incubation when the process was performed at
temperature of 50 °C. After 24 hr there was no appreciable increase at pH 5 of yeast autolysate. Therefore, 24
hr was used as autolysis time in this study. The highest protein contents were obtained as 1.34 mg/mL at pH 3
for 24 hr of autolysis and as 1.12 mg/mL at pH 5 for 16 hr of autolysis. According to pl of yeast protein is 6.91
(Kozlowski, 2016), so pH 3 is the suitable pH for yeast autolysis. The further the pH from the pl, the higher the
soluble protein content. Soluble proteins are important because they are non-volatile compounds that act as
precursors to the formation of meat-like flavor, which are ultimately volatile compounds. Moreover, lower pH
value also creates a reducing environment to release H,S, thus, stimulating the formation of sulphur-containing
volatile compounds specifically related to meaty odors (Ajandouz et al., 2008).
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Fig.1 The influence of autolysis duration on protein content of yeast autolysate

Meaty volatile compounds

A total number of 5 meaty volatile compounds were identified in non- thermally treated YA sample by
head space-solid phase micro-extraction (HS-SPME) coupled with gas chromatography time-of-flight mass
spectrometry (GC-ToFMS). The retention indices, odor descriptions, and other chromatographic information
enlisted in Table 2. It contained the highest relative concentration of meaty aroma compounds which are acetic
acid (sour), furfural (bread, almond, sweet) and butanoic acid (cheesy) respectively. It can be seen that YA
sample before heating is exhibited little pyrazines and high amount of acetic acid (12.5 pglL).

Pyrazines are the characteristic products of Maillard reaction products (MRPs) which are volatile
substances and mostly produce during heat processing (Wang et al., 2021). Table 2, show a total of 10 kinds
of detected meaty volatile compounds from non-thermally treated, thermally treated and dried YA by HS-SPME.
The following volatile compounds were identified in YA samples, including four pyrazines: trimethylpyrazine
(roasted, potato, must), 2,5-dimethylpyrazine (roasted beef), 2,6-dimethylpyrazine (roasted nut), 2-ethyl-3-
methylpyrazine (roasted); two furan derivative: 2,5-dimethylfuran (meaty, roasted beef), furfural (bread, almond,
sweet); two aldehydes: 2-methylbutanal (cocoa), 3-methylbutanal (chocolate); two sulfur volatile compounds:
dimethyl disulfide (onion, cabbage, putrid) and dimethyl trisulfide (sulfurous, meaty). Among them, furan
derivatives are Maillard reaction products. Pyrazines are Strecker degradation products of dicarbonyl
compounds and amino acids. 2-methyloutanal, 3- methyloutanal are typical Strecker aldehydes derived from
Leu, lle, and Met respectively. While sulfides, such as dimethyl disulfide, dimethyl trisulfide, are derivates of
methional (methional is degraded to H,S, then sulfide like dimethyl disulfide is formed from H,S) (Raza et al.,
2020). It revealed that some volatile compounds may be from peptide degradation.

The Strecker degradation is a very important step of Maillard reaction, it is mainly responsible for the
production of Strecker aldehydes and 2-aminocarbonyl compounds (Yaylayan, 2003). The present study has
recorded 4 pyrazines in dried YA samples, these includes, 2,5-dimethylpyrazine, 2,6-dimethylpyrazine, 2-gthyl-3-
methylpyrazine, and trimethylpyrazine. Researchers also claimed that the responsible factors for the production
of amino-specific pyrazines are actually dihydropyrazines which were formed through the condensation reaction
between two a-aminocarbonyl compounds and the Strecker aldehyde product from the amino group.
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Table 2 Selected volatile compounds with relate to meaty flavor during production stages of yeast autolysate
(YA) analyzed through HS-SPME-GC-ToFMS.

Aroma MW:?  Identfi-  CF” CAS no. RI Odor Relative concentration® (ug/Kg)
compounds Cation WAX®  description?
Non-thermally ~ Thermally Dried
treated YA'  treated YA YA
2-methylbutanal ~ 86.1323  RL,MS  CH,,0  96-17-3 904 Cocoa 0.0310.02 2324237  38.38
$11.36
3-methylbutanal ~ 86.1323  RL,MS  CH,,O  590-86-3 909 Chocolate 0.02:¢0.00  17.93t846  209.04
68.76
Dimethy! 94.20 RLMS  CHsS, 624920 1063 Onion, 0.00£0.00 0.01£0.01 0.52
disulfide cabbage, putrid 0.4
Dimethy! 126264  RILMS  CHgS, 3658808 1355 Sulfurous, 0.00£0.00 0.70£0.41 0.21
trisulfide meaty $0.20
2,5-Dimethyl- 96.12711  RILMS  CH, O  625-86-5 1288  Meaty, roasted 0.00£0.00 0.00£0.00 0.05
Furan beef 0.00
Trimethyl- 1221677 R, MS  CHyN, 14667-55-1 1388 Roasted, 0.0740.06 0.0310.02 0.00
pyrazine potato, must 0.00
2,5-Dimethyl- 1081411  RLMS  CH,N, 123320 1308  Roasted beef 0.0310.03 0.00£0.00 011
Pyrazine +0.10
2,6-Dimethyl- 1081411  RL,MS  CH,N 108509 1314  Roasted nut 0.00£0.00 0.00£0.00 0.06
Pyrazine +0.00
2-Ethyl-3- 122.1677  RL,MS  CHyN, 15707-23-0 1383 Roasted 0.00£0.00 0.00£0.00 0.03
methyl-Pyrazine +0.00
Furfural 9.084  RLMS CH0O,  98-01-1 1452 Bread, almond, 0.640.17 308.87 92.81
sweet +292.15 1247

#Represents the molecular weight of aroma compounds.
bRepresents the chemical formula of aroma compounds.

“Retention index of volatile compounds were calculated with n-alkanes mixture on a polar StabilWax column.

9The odor property of a volatile compound was confirmed through online data bases; http:/fflavornet.org,
www.thegoodscentscompany.com.

® Relative concentration was calculated from concentration of internal standard (2-methyl-3-heptanone).
" Non-thermally treated YA = YA at 25°C without thermal treatment; thermally treated YA = YA with thermal
treatment at 120 °C for 1 hour; dried YA = YA after thermal treatment at 120°C for 1 hour and then spray drying
atinlet air temperature of 180 °C. All experiments performed in the table were conducted with three replications.

Pyrazines were generated in this experiment at thermal treatment temperature of 120°C and drying temperature
of 180°C. Pyrazines is a chemical group which mostly generate after thermal reaction. A non-volatile substance
such as peptides are nitrogen sources for Maillard reaction and can promote the formation of nitrogen-
containing heterocyclic compounds such as pyrazines which are considered as the main volatile products from
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the Maillard reaction of peptides (Alim et al., 2018). With the increase in temperature, odor characteristics like
meaty and roasted became more intense, when temperature reached 180°C, roasted, sweet and sulfurous
odors were becoming predominant and stronger than other odors. As a result of the greater temperature of
spray drying, various meaty aroma molecules are formed.

Conclusion

Among the experiments, autolysis at 50°C for 24 hr at pH 3.0 was desirable condition in terms of
autolysate yield and protein content. The highest levels of autolysate yield and protein content were
52.00£0.11% wiw and 1.34 mg/mL, respectively. Therefore, yeast autolysate was produced at those conditions
for aroma compounds analysis. After the treatment of YA, it was observed that some volatile compounds such
as dimethyl disulfide, dimethyl trisulfide, 2,5-dimethylpyrazine, 2,6-dimethylpyrazine, trimethylpyrazine, 2-ethyl-
3-methylpyrazine, 2-ethyl-5-methylpyrazine, furfural, 2,5- dimethylfuran were identified in YA samples in this
study. Dried YA samples were shown the highest kinds and the concentration of volatile compounds. The GC-
ToFMS analysis confirmed that the nitrogen and sulfur-containing volatile compounds were the main aroma
compounds responsible for the meaty aroma of thermally treated products. The information about volatile
characterization of YA could benefit the food and flavor industry involved in the manufacturing of meaty
flavorings for non-animal origin products.
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Abstract

Instant noodles have gained popularity to become one of the most starchy foods world-wide with
reasonable prices and easy preparation. The noodles are initially cooked by steaming, further cooked by frying
or baking, and then dehydrated. Heat treatment during cooking could result in the formation of carcinogenic
acrylamide. This study aims to monitor the content of acrylamide in 20 instant noodles available in Thai market
(10 domestic samples and 10 imported samples). Dietary exposure to acrylamide from instant noodles to Thai
population was also evaluated. Acrylamide in domestic samples (28.3-241.4 nglkg, ~—= 137.4 pglkg) was
apparently higher than those of imported samples (26.8-64.1 uglkg, ~= 45.4 uglkg). The dietary exposure of
the Thai population to acrylamide from instant noodles ranged from 0.39 to 0.84 ug/kg body weight/day. Small
children (3-5.9 years old) showed the highest acrylamide exposure (0.84 uglkg bw/day) followed by children
(6-12.9 years old) (0.80 pglkg bwiday), while population ages 65 up obtained the lowest acrylamide exposure
(0.39 pglkg bw/day). The results obtained in this study are considered useful as a database for determination
of acrylamide in instant noodles.
Keywords: Acrylamide, Acrylamide exposure, Dietary exposure, Instant noodles, Thai population
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Introduction

Since 1994, the International Agency for Research on Cancer (IARC) has classified acrylamide as a
‘probable human carcinogen' (class 2A carcinogen), and the food safety authority has concluded that levels of
dietary exposure to acrylamide are cause for concern due to its carcinogenic effects. Acrylamide is a carcinogenic
contaminant from thermal food processes formed through the Maillard reaction mediated by asparagine and
reducing sugar. Moreover, acrylamide has been reported to form during frying in many research studies (Pérez-
Lopez etal., 2021). Inthe presence of carbonyl groups such as aldehyde, ketone or other breaking down products
from the lipid oxidation during high temperature frying, these compounds could react with asparagine to form
acrylamide in the system without the presence of the reducing sugars (Capuano et al., 2010). Apart from Maillard
reaction pathway, acrylamide could alternatively formed through acrolein as well.

Instant noodles are one of the most popular foods that people consume because they are inexpensive
and easy preparation. Consumption of instant noodles are increasing and the market of instant noodles are
growth together. The noodles are initially cooked by steaming, further cooked by frying or baking, and then
dehydrated (Kim, 1996). Main ingredient of instant noodles is wheat flour, which contains asparagine ranged
from 140-190 mg/kg (Stadler et al., 2002) and reducing sugars which are major precursors of acrylamide
formation (Nematollahi et al., 2021). Factors affecting of acrylamide formation in instant noodles is asparagine
and reducing sugar in wheat flour, fat/oil used during frying and cooking time and temperature (Li et al., 2006).
In Thailand, the instant noodles market is dominating by large domestic brands. Recently, more international
brands have entered Thailand's instant noodles market, mainly from other Asian countries, such as Korea and
Japan. Even though the consumption of instant noodles are rapidly increased in Thailand, There is a lack of
studies regarding the acrylamide content in instant noodles.

The objective of our study was to investigate acrylamide content in instant noodles available in Thailand
both domestic and international brands. The dietary exposure to acrylamide from instant noodles in Thai
population had been evaluated. The result of this study would be useful to assess the risk of acrylamide and
define mitigation measures it in the future.

Materials and Methods

Chemicals
HPLC grade acetonitrile, methanol and hexane were purchased from Lab Scan (Ireland). Analytical
grade acrylamide was obtained from Sigma-Aldrich (USA).

Instant noodles samples
Instant noodles domestic samples (n = 10) and imported samples (n = 10) were collected in
September-October 2021 from supermarket and convenience stores in Bangkok, Thailand. Information shown
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on the label including net weight, manufacturing country, wheat flour content, and palm oil content was
recorded.

Acrylamide extraction

Acrylamide extraction was adapted from Michalak et al. (2013). 10 grams of sample were
homogenized with 20 mL of 80% methanol and shaken in shaking water bath at 60 °C for 2 hours. Following
acrylamide extraction, the samples were filtered through filter paper. A portion of hexane (20 mL) was added
and shaken by hand for 2 minutes. The top hexane layer was scraped away. After that, the sample was filtered
through a 0.45 um nylon syringe filter into an amber vial and analyzed using HPLC.

Acrylamide determination by HPLC-DAD

The determination of acrylamide concentration was adapted from Michalak et al. (2013). A Shimadzu
LC-10A series HPLC (Kyoto, Japan) with a UV-vis 190-600 nm diode array detector (DAD model SPD-M20A,
Shimadzu) set at 200 nm was used. C18 analytical column (250 x 4.6 mm, 5 m; GL sciences Inc, Japan) heated
to 25°C was used for the analysis. The mobile phase was 3.5% acetonitrile in deionized water, with a flow rate
of 1 mL/min and an injection volume of 10 uL. The chromatogram of acrylamide is shown in Figurel. This
acrylamide measurement has been validated. The LOD, LOQ and recovery were 89-106%. 3.37 ug/kg, and
10.22 pglkg, respectively.
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Fig. 1 The chromatogram of acrylamide (t; = 4.506 minute)
Estimation of acrylamide exposure

Acrylamide exposure = ——
Where,
C =the average concentration of acrylamide detected in instant noodles samples (g/kg)
Q =the average daily consumption of instant noodles samples (g/day)
BW = the body weight (kg)

550




60

The daily consumption of Instant noodles and human body weight were calculated using food
consumption data from Thailand's National Bureau of Agricultural Commodity and Standards (ACFS, 2016).
This database is based on 4,310 Thai people who participated in dietary surveys across 17 provinces and four
regions of Thailand. The average daily consumption of instant noodles sample (g/day) of Thai instant noodles
consuming individuals of six group by age which were 3-5.9, 6-12.9, 13-17.9, 19-34.9, 35-64.9 and 65 up
years old. This study focused on people who typically consume instant noodles (eaters only), which presented
in from of average and 97.5" percentile.

Results and Discussion

Information of collected instant noodles

Net weight, manufacturing country, percentage of wheat, percentage of palm oil and appearance of
twenty instant noodles samples are shown in Table 1. Sample No.1-10 are imported samples and sample
No.11--20 are domestic samples. Net weight of imported samples (85-160g, ~= 113.40g) were higher than
those of domestic samples (20-90 g, ~=63.00g). However average of wheat flour and palm oil contents in the
imported samples (average of %wheat = 58.60%, average of %palm oil = 13.40%) were slightly lower than
domestic samples (average of %wheat = 59.92%, average of %palm oil = 15.92%). The different percentage
of wheat flour and palm oil in instant noodles could depend on the original wheat flour and the manufacturing
process such as centrifugal oil separation and blowing out the oil after frying, resulting in instant noodles with
lower oil contents. In addition, the color of each instant noodle sample was varied. The yellow-brown color of
instant noodles is contributed by the Maillard reaction between constituents such as sugar and amino acids
during frying or baking. The darker color was observed in domestic samples which may be due to the nature
color of wheat flour, cooking time and temperature or even reusing of frying oil (Nematollahi et al., 2021).
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Table 1 Information of twenty instant noodles

Sample  Net ~ Country Wheat Palm  Appearance Sample  Net  Country Wheat Palm  Appearance
no.  weight flour —oil no.  weight flour ol
@) ) () @ () (%)

1 120 Korea 610 118 1 55 Thailand 680 150

2 140 Korea 520 110 12 80  Thalland 476 189

3 112 Korea 617 150 13 90  Thalland 648 88

4 120 Korea 588 126 14 60  Thalland 564  18.0

5 90 Indonesia  56.7  20.6 15 20 Thaland 68.3 19.0

6 160  Korea 390 80 16 55 Thailand 683 18.0

7 90  Singapore 760 80 i 60  Thaland 530 16.0

8 87 Japan 670 175 18 65 Thalland 650 18.0

9 130 Korea 518 98 19 60  Thalland 523 142

10 85  Indonesia 620 196 20 85  Thaland 555 134

SIS
2

e
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Acrylamide content in instant noodles

Figure 2 showed the concentration of acrylamide detected in twenty instant noodles samples (10 domestic
samples and 10 imported samples). Acrylamide content in domestic samples (28.3-241.4 glkg, ~=137.4 pglkg)
was higher than those of imported samples (26.8-64.1 puglkg, ~=45.4 ug/kg). This could be the reason that domestic
samples have darker color than imported samples because of acrylamide occurs from Maillard reaction. As a result,
samples with higher acrylamide content have darker finished products. This could be caused by using a high
temperature for an extended period of time during the process (Nematollahi et al., 2021).

300
250
200
150

100

Acrylamide (ug/kg)

50
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Instant noodles samples

Imported samples Domestic samples

Fig. 2 Acrylamide content in twenty instant noodles

Table 2 Acrylamide level in instant noodles from other countries.

Country ~ Source of production N Acrylamide content (Lig/kg) References
max - min average
Thailand  Domestic samples 10 283-2414 1374 Current study
Imported samples 10 268-64.1 454 Current study
Tawan  Domestic samples 8§  20.0-156.0 N/A Cheng et al. (2006)
Japan  Domestic samples 2 11.0-300 21.0 Onoetal. (2003)
China  Domestic samples 30 83.7-1027.7 N/A Zhang et al. (2008)

N/A Data is not available.

Table 2 compared the acrylamide content of instant noodles obtained in this study to those of other
countries. The average acrylamide content of twenty instant noodle brands obtained from our study was 26.8-
241.4 uglkg, which is higher than the acrylamide content of instant noodles in Taiwan ranged from 20.0-156.0
ugkg (Cheng et al., 2006) and Japan ranged from 11.0-30.0 pg/kg (Ono et al., 2003). According to the study of
Zhang et al. (2008), China has the highest acrylamide content in instant noodles, ranging from 83.7-1027.7 pglkg.

Acrylamide is a possible human carcinogen, and the benchmark levels for acrylamide as
recommended by Commission Regulation (EU) 2017/2158 (European Commission Regulation, 2017) in wheat
and rye based products are 300 pg/kg. The level of acrylamide in Thai instant noodles ranged from 26.8-241.4
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Lg/kg, indicating that they are still lower the benchmark levels. In other countries where acrylamide levels are
less than 300 glkg, they are also safe.

Acrylamide exposure from instant noodles

Acrylamide dietary exposure (ug/kg body weight/day) was calculated by multiplying the average
concentration of acrylamide detected in instant noodles samples (jig/kg) and the average daily consumption
of instant noodles sample (g/day). The results showed that the dietary exposure of the Thai population to
acrylamide from instant noodles in average acrylamide level with average and the 97.5" percentile instant
noodles consumers ranged from 0.09-0.21 and 0.15-0.32 pglkg body weight/day, respectively and the 97.5
percentile acrylamide level with average and the 97.5™ percentile instant noodles consumers ranged from 0.23
0.56 and 0.39-0.84 pglkg body weight/day (Table 3). Small children (3-5.9 years old) showed the highest
acrylamide exposure (0.84 pg/kg bw/day) followed by children (6-12.9 years old) (0.80 pglkg bwiday), while
population ages 65 up obtained the lowest acrylamide exposure (0.39 uglkg bw/day). It was discovered that
acrylamide exposure from instant noodles to Thai population is affected by acrylamide concentration, daily
consumption, and human body weight.

Table 3 Acrylamide exposure through the consumption of instant noodles at the average and 97.5" percentiles
acrylamide content across different age groups of Thai population.

Consumption Acrylamide exposure (jig/kg bw/day)
Age Bodyweight  level (g/day) average acrylamide level® Py, s acrylamide level”
(years) (kgbw)  Average Pys  Average Py Average Py
consumption  consumption  consumption  consumption
3-5.9 17.25 40.2 60 0.21 0.32 0.56 0.84
6-12.9 33.38 5419 110 0.15 0.30 0.39 0.80
13-17.9 53.42 6123 110 0.10 0.19 0.28 0.50
18-34.9 63.12 6347 110 0.09 0.16 0.24 0.42
35-64.9 63.53 5981 110 0.09 0.16 0.23 0.42
65up B5.77 5369 90 0.09 0.15 0.23 0.39

“The average of acrylamide content in instant noodles is 91.40 pg/kg
"The 97.5" percentile of acrylamide content in instant noodles is 241.4 uglkg

Conclusion

Acrylamide in domestic samples (28.3-241.4 uglkg, ~=137.4 uglkg) was apparently higher than those
of imported samples (26.8-64.1 pglkg, —= 45.4 uglkg). The dietary exposure of the Thai population to
acrylamide from instant noodles ranged from 0.39 to 0.84 pig/kg body weight/day. Small children (3-5.9 years
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old) showed the highest acrylamide exposure (0.84 ug/kg bw/day) followed by children (6-12.9 years old) (0.80
ugrkg bwiday), while population ages 65 up obtained the lowest acrylamide exposure (0.39 uglkg bw/day).
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Abstract

The objective of this study was to investigate the effect of total amylose (AM) content on pasting
properties and other Physico-chemical properties of starch blends. High amylose (HAM) rice starch and waxy
(Wx) rice starch containing AM content of 36.89% and 0.28%, respectively were blended at five different ratios
(20/80, 40/60, 50/50, 60/40, and 80/20 wiw). The total AM content of the blends was ranged from 7.60% to
29.57%. Strong statistical correlations were reported between AM content and swelling power (SP)
(r =-0.99), solubility (r = 0.86), and pasting parameters which were pasting temperature (r = 0.90), peak
viscosity (r =-0.91), trough (r = -0.81), breakdown (r =-0.90) and sethack (r = 0.68), respectively. Non-additive
behaviors of starch-blend pastes were exhibited, and the extreme effect was shown in starch blends containing
60%-80% of HAM. The addition of HAM starch drastically reduced the breakdown (BD) value of the blends by
44.5%-81.0%.
Keywords: Native starch, Non-additive effect, Pasting properties, Physico-chemical, Starch blend
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Introduction

Blending native starches with different weight ratios exhibit additive effects and non-additive effects of
food properties. When the food properties can be predicted based on the properties of parental starches
according to their blending ratio, the effect is additive. On the contrary, the non-additive effects do not comply
with the properties of their parental starches. For example, starch blends displayed higher swelling power (SP)
than that of their parental starches (Yao et al., 2003).

Besides starch botanical sources, amylose (AM) content is one of the major factors affecting the
functional properties of the starch blends. Sasaki et al. (2002) studied the effect of blending normal and waxy
(Wx) wheat starch using various blend ratios. They concluded that AM content had a strong negative correlation
with the swelling power (SP) of starch blends. The addition of potato starch to high amylopectin (AP) potato
starch also increased moduli values of starch gels (Ortega-Ojeda et al., 2004). The authors suggested that the
presence of AM was essential to the rheological behavior of starch blend gels since AM led to a strong network
formation. Although the linear glucan polymer significantly influences starch gelling and pasting properties,
their effects on those properties were not that simple. The 10% wiv starch paste of the blends of normal rice/Wx
rice at a blend ratio of 75/25 exhibited several non-additive pasting properties (Hagenimana and Ding, 2005).
The pasting profile displayed double peak viscosities. The values of peak viscosity (PV) increased, but its
sethack decreased significantly. And those pasting parameters at the specific ratio, evidently, were not the
weight-average values of those parental starches.

Previous studies suggested important roles of AM content on the Physico-chemical, rheological, and
pasting properties of the starch blends. However, those studies have been done on a system of 10%
concentration of starch. It is worth exploring the effect of AM content of the blends at 6% concentration on
pasting properties. The typical concentration is used as food thickeners in bakery products such as pie-filling.
Therefore, the objective of the study was to investigate the effect of total amylose (AM) content on pasting
properties and other Physico-chemical properties of starch blends. High amylose (HAM) rice starch and waxy
(Wx) rice starch were blended at five different weight ratios. The concentration of the blends was 6.0% wiv. The
hypothesis of this study is effects of AM content of starch blends on their pasting properties are non-additive.
The application of the findings aimed for utilization of native starch blends as clean-label food ingredients.

Materials and Methods

Materials
High amylose rice - Chainart (CN) and waxy rice - Sew Mae Jan (SMJ) were obtained from the Rice
Research Center (Thailand). Amylose from potatoes was purchased from Sigma-Aldrich (St. Louis, MO).
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Starch isolation
Rice starches were isolated according to the alkaline method (Lumdubwong and Seib, 2000). The
starch was extracted using rice grain. The soaking time was increased to 24 hr.

General method

Moisture content and proximate analyses (protein, lipid, and ash) of starch were determined using the
methods of AOAC (1990). The apparent amylose content of starch was measured by the method of Chrastil
(1987).

Measurements of Physico-chemical and pasting properties

A completely randomized design (CRD) was used in all experiments. HAM and Wx starches were
blended at seven weight ratios of blending: 100/0, 80/20, 60/40, 50/50, 40/60, 20/80, and 0/100. Total treatments
Were seven.

The gelatinization properties of starch were determined by differential scanning calorimetry (DSC)
(model DSC 1, Star® System, Mettler-Toledo, Greifensee, Switzerland). The ratio of starch to water was 1: 2.5
(wiw). The heating condition was according to Hsieh etal. (2019). Swelling power (SP) and solubility of starches
(1%wiv) were determined by the method of Croshie (1991). The pasting properties of starch were determined
by a rapid visco analyzer (RVA) (model 4500, Perten Instruments, Sydney, Australia). The concentration of the
samples was 6.0% wiv and 10.8% wiv. The pasting condition of Lumdubwong and Seib (2000) was applied in
this study.

Statistical analyses
All measurements were done at least in replicate. Analysis of variance (ANOVA), Duncan’s multiple
comparison, and Pearson’s correlation were performed using SPSS 25 software.

Results and Discussion

Chemical compositions and Physico-chemical properties of starches

High amylose (HAM) rice, Chainart (CN), and waxy (WX) rice, Sew Mae Jan (SMJ), were used in this
study. The AM content of both samples obtained from the iodine method (Table 1) verifies that they are HAM
and Wx starches, respectively. The higher protein residue in HAM starch, compared to that of Wx starch was
related to the presence of granule-bound starch synthase (GBSS) (Tomlinson and Denyer, 2003). However, the
fat and ash content of both samples were not significantly different (p > 0.05). The gelatinization temperature
(T,) of HAM starch was  10°C higher than that of Wx starch (Table 1). In addition, its difference between T,
and T, was narrower than Wx. The incidents indicated HAM starch had a higher molecular order of AP as well
as a higher perfection of the crystalline phase, compared to Wx starch. Their similar values of the gelatinization
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enthalpy (aH) (p = 0.05) were not agreeable to a previous study in which waxy starches displayed a higher aH
than normal starches. The high enthalpy value was generally reflected a high percentage of crystallinity of AP
(Jane et al., 1999). However, our results were in accordance with the study of Vandeputte et al. (2003b). The
authors reported some normal rice starches contained both high T, and aH. Furthermore, their values were
equivalent to those of Wx rice starches.

Table 1 Chemical compositions, and gelatinization properties of native starches.*

Sample Chemical compositions AM Gelatinization properties
Protein Fat Ash content T, T, T, T, AH
(%) (%) (%) (%) ('0) ('0) (0 (0 (J/g)
HAM 0.47 0.08 021 36.89 76.45 81.25 89.53  13.08 14.39
starch +0.03° 1003 003  10.55° 006" +0.11°  #013 008" 112
Wx 0.22 0.13 0.16 0.28 63.79 70.75 8269 1890 12.17

starch 10100 2003 #0020 039" 019" 011" 015 004 038
Means in the same column with different letters are significantly different (p < 0.05).
AT, = onset temperature of gelatinization; T, = peak temperature; T, = conclusion temperature.

Table 2 Swelling power and solubility of native starches and their blends.*

Sample Swelling power (g/g) Solubility (%)
HAM starch 23.810.22° 17.53+0.19"
HW80/20 29.31+1.21' 19.19+1.02°
HW60/40 33.5411.35° 18.5811.85°
HW50/50 37.82+1.14° 15.32+1.68"
HW40/60 40.410.28° 13.810.01°
HW20/80 46.98£0.37° 10.87+0.47°
Wx starch 53.960.38° 11.10£0.71°

Means in the same column with different letters are significantly different (p < 0.05).
AHW = the blends of HAM/Wx starches at different mixing ratios.

Swelling power and solubility of starch blends

Swelling power (SP) of HAM starch was twice lower than Wx starch (Table 2). The result was consistent
with previous reports. AP was responsible for SP of starch granules; but AM restricts granule swelling and,
therefore, provides granule rigidity (Tester and Morrison, 1990). Percentage of solubility of HAM starch was also
higher than W starch. Vandeputte et al. (2003a) justified the event that leaching ability during heating increased
when starch contained high AM content. SP of the blends of HAM/Wx samples at five different ratios increased
proportionally to AP content of the samples. Their values also indicated additive effects (Table 2). In contrast,
the solubility of the blends exhibited non-additive effects. The solubles of the blends of HW80/20 and HW60/40
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were similar to that of HAM (p = 0.05). Percentage of solubility of the blends drastically reduced when the blends
contained 40% of HAM starch (Table 2).

Pasting properties of native starches

Typical pasting profiles of HAM and Wi starches at 10.8% wiv are shown in Fig. 1A. To compare the
effect of concentrations, pasting properties of hoth starches at 6.0% wiv were also determined (Fig. 1A). The
pasting characteristic of starch with similar AM content was originally expected to be the same since both
concentrations were an excess water condition. The curve of 10.8% starch, however, should be sharper, and
the overall viscosity was higher than that of 6.0% starch. The presumption was based on the lower amount of
free water and a larger proportion of swollen granules occupying the space in the higher concentration of starch
(10.8%) (Srichuwong et al., 2005). Surprisingly, only the 6.0% Wx starch exhibited the pasting profile as
predicted (Fig. 1A). The profile of 6.0% HAM starch, in contrast, was totally different from the 10.8% HAM starch
(Fig 1A). It exhibited an extremely low peak viscosity (PV), very low breakdown (BD), and final viscosity (FV).
The profile was somewhat a cross-linked starch. Differences in swelling power, granule rigidity, resistance to
friction during shear, and leaching ability of HAM and Wx starches were proposed to be the causes. HAM
granules had restricted swelling. Consequently, the friction between granules due to shear force (stirring) was
very low under a diluted system. Besides, their granule rigidity was high; and the amount of leached AM was
extremely low. In turn, the profile of 6.0% HAM was similar to the cross-linked starch. While at a higher
concentration, swollen granules were more compact with each other, resulting in an increase of friction between
granules during stirring. The incident led to higher granule disruption (Srichuwong et al., 2005). The amount of
AM leaching in this system was also supposedly at least twice higher. Thus, a distinctive PV, a higher BD, and
ahigher FV of the 10.8% HAM paste were reported. On the contrary, high SP of Wx resulted in the high occupied
volume despite the diluted system. In turn, the friction between swollen granules increased. The granule rigidity
of Wx was also very low. Therefore, those granules were easily swollen and disrupted during shear.
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Fig. 1 Pasting profile of native starches and their blends: (A) starch concentration 10.8% and 6.0%; (B) starch
concentration 6.0%.
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Pasting properties of starch blends and correlations of AM content with pasting parameters

The pasting temperature (PT) of hoth starches corresponded with their gelatinization temperature
(Table 1 and Fig. 1B). HAM starch was higher than Wx starch (82.43°C vs 67.95°C). The HW20/80, HW40/60,
HW50/50, and HW60/40 blends displayed a double-slope characteristic prior to its peak viscosity (PV),
indicating a two-stage swelling of granules. The HW80/20 blend was the only sample exhibiting a single slope
(Fig. 1B). The ratio of the length of the first and the second slope was positively correlated with the weight
fraction of Wx and HAM starches, respectively. Wx starch was possibly responsible for a rise of the first stage
of heating viscosity. Wx granules not only rapidly swelled, but disrupted easily due to their low shear resistance
while stirring. HAM starch superseded Wx starch at the second stage of heating viscosity, due to its AM leaching
and granule swelling (Hagenimana and Ding, 2005). The strong negative correlations between AM and SP
(r=-0.99), PV (r=-0.91), and breakdown (BD) (r = -0.90) affirmed significance of AM as it provided granule
rigidity and shear resistance (Table 3). The positive correlation of AM and PT (r = 0.90) also supported the
justification.

AM content was generally positively correlated with final viscosity (FV) of starch paste. The linear
molecules efficiently re-associate to form a 3-D network during the cooling stage, resulting in high viscosity
(Ai-and Jane, 2018). Our study, in contrast, found no correlations between AM content and FV of the 6.0%
HAM/Mix blends (Fig. 1B and Table 3). The FV of all the HAM/Wx blends was 680724 cP. In other words, the
non-additive effect of FV of the HAM/Wx blends was reported. The results suggested that AM content was
probably not the only factor that governed the FV of the system. In fact, the interaction between granule
remnants and leached molecules reinforcing the starch network was another important factor governing FV
during cooling (Waterschoot et al., 2014).

Table 3 Pearson’s correlation of AM content, SP, solubility, and pasting parameters.
Parameter ~ AM SP Solubility — PT PV Trough BD Fv SB
AM 1.00

s 099" 1,00
Solubiity 086"  -089* 100

PT 090% 093  091% 100

PV 091% 083" 084" 081" 100

Tough  -081%  082% 0%+  087% 082* 100

BD 0907  093%  08% Q79 099% 078 100

FV 035 03 03 011 058 026 061 100

sB 068% 072%  074% 055 086" 074% 085 084% 100

*Correlation is significant at the 0.05 level (p < 0.05).
*Correlation is significant at the 0.01 level (p < 0.01).
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Non-additive effects of HAM starch on pasting properties of the HAM/Wx blends.

Although AM content of the blends decreased PV and BD of the paste, its effect was not proportional
to their weight ratio. The actual values of the pasting parameters of the blends were  100-200 cP lower than
the predicted values, the weighted average of the ratio of HAM to Wx fraction. The addition of HAM starch
drastically reduced the BD value of the blends by 44.5%-81.0% (Fig. 2B). The non-additive effects of HAM
starch, seemingly, depended on the ratio of HAM. The strong non-additive behavior was addressed when the
blends contained 60%-80% of HAM as shown in Fig. 2A and 2B. Therefore, the mechanism of the non-additive
behaviors of pasting profiles when HAM was blended with Wx at certain ratios will be further investigated.

B)
A 600 (
. 1200 W @ Predicted value
f_é 800 s ®..o... Z 40 ®.. Experimental value
§ ......... % 1) o
é 400 | -.--e.... Predicted value £ 20 ©..
[1+3 X [ Q
& 0 —e— Experimental value e« 0

0 20 40 60 80 100 0 2 40 60 80 100

Ratio of HAM starch in blends (%) Ratio of HAM starch in blends (%)

Fig. 2 Comparison of experimental and predicted values of pasting parameters of starch blends: (A) peak
viscosity (PV); (B) breakdown (BD).

Conclusion

The pasting profile of HAM starch at 6.0% was similar to a cross-linked starch paste, and different from
the HAM paste at 10.8%. AM content, SP, solubility, and pasting parameters of the 6.0% paste of the HAM/Wx
blends were strong statistically correlated. The addition of HAM resulted in non-additive behaviors of pasting
viscosities. AM content of the blends decreased PV and BD of the paste but its effect was not proportional to
the HAM weight ratio. The blends containing 60% to 80% of HAM displayed the strongest non-additive effect
of reduced viscosities. Blending HAM with Wx was proposed to be an opportunity to design the desirable
viscosity of the paste for food applications.
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Abstract

Waste latex sludge, which is a null by-product of concentrated latex manufacturing, was a digestion
process of waste latex sludge with sulfuric acid. Effect of the moisture of waste latex sludge and sulfuric acid
at concentration was studied. It was found that moisture of waste latex sludge affected on the reaction between
acid and waste latex sludge. In addition, this moisture influenced also on several reusable acids. The acid
concentration hardly affected on the digestion process of waste latex sludge. The wastewater that occurred
from acid digestion was treated by an alkaline, obtaining the matters which contain essential nutrient elements
for plants namely nitrogen, potassium, and phosphorus in amounts of 1.29, 6.70, and 2.05% wiw, respectively.
It was found that quantities of these nutrient elements were not significant at < 0.05. Moreover, from the X-ray
diffraction pattern results, it was found that many elements were analyzed such as sulphur, magnesium, and
phosphorus elemental as by products. Therefore, the wastewater in this work is suitable used the fertilizer.
Keywords: Concentrated latex, Moisture of waste latex sludge, Sulfuric acid, Waste latex sludge
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Introduction

The natural rubber latex is not only consisted of natural rubber latex particles that has a dry rubber
content of 25-35% wiw, but also non-rubber parts such as Magnesium (Wirach, 2011). The production of
concentrated natural rubber is manufactured by centrifuging to bring fresh latex to a concentration suitable for
processing into various products. The natural rubber latex contains high magnesium and has an impact on the
centrifugation process and the quality of concentrated latex. The method of magnesium precipitation is
achieved by adding diammonium hydrogen phosphate, in which the reaction of diammonium hydrogen
phosphate with magnesium results in solid sludge formation and precipitation. The sludge is waste generated
and obtained from various steps of the latex production process. Generally, this disposed of sludge waste
became wasted, abandoned, reclamation and incineration, which the waste disposal method is not considered
appropriate. In addition to the waste residue left behind, it will cause a smelly, disturbing smell
(Korwutthikulrangsi et al., 2015). The waste latex sludge was generated from concentrated latex manufacture
by centrifuging. Sludge waste is generated and found at the bottom of the tank. The basic composition of these
materials is rubber hydrocarbon, nitrogen, magnesium, and phosphorus for 12.5%, 3.3%, 12.2%, and 14.7%
wiw (dry weight), respectively. (Boonsawang et al., 2008). Therefore, the sludge wasted from the concentrated
natural rubber latex industry can be increased in its value by being modified with effective processes before
utilization for agriculture.

Most of the nitrogen contents of the latex sludge are derived from the protein fraction on the
decomposed rubber particles. However, digestion with acid inorganic and organic matters are decomposed
until a solution can be used and the use of acid causes various elements in the waste latex sludge to be
dissolved. Meanwhile, the component does not deteriorate. Meanwhile the component does not deteriorate
(Wirach, 2011). These materials can be comparable used as commercial fertilizers The three main nutrients are
nitrogen (N), phosphorus (P), and potassium (K). Other important nutrients are calcium, magnesium, and sulfur.
Plants also need small quantities of iron, manganese, zinc, copper, boron, and molybdenum, known as trace
elements, because only traces are needed by the plant. The role these nutrients play in plant growth,

In this research, the study holds waste disposal with sulfuric acid and preparation fertilizer from waste
digestion with sulfuric acid. Apart from developing fertilizer precursors from waste latex sludge, these are the
commercial fertilizers in the market

Materials and Methods

Waste latex sludge dry (the moisture of waste latex sludge is about 8% wiw), waste latex sludge wet
(the moisture of waste latex sludge is about 50% wiw) and dried waste latex sludge soaked in water (the
moisture of waste latex sludge is about 50% wiw) were used in this work as illustrated in Fig 1. In the first step,
the waste latex sludge was digested to separate rubber through reaction between waste latex sludge and
sulfuric acid (98 Y%wiw) for 24 hours at room temperature. After that, the liquid part was titrated to determine the
concentration of the residual acid from the waste latex sludge infusion, The solid part or rubber was washed
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with water and dried. The waste latex sludge was added into sulfuric acid from in the first step in case of higher
than 15% wiw of acid concentration and/or the acid content has adequately to add into further waste latex
sludge.

Then, the properties of wastewater from latex sludge digestion were analyzed. Total nitrogen, total
phosphorus and total potassium were investigated by Kjeldahl method, spectrophotometry, and inductively
coupled plasma (ICP), respectively. In addition, sulfuric acid, at less than 15% wiw, was neutralized by ash
powder and then analyzed for fertilizer standard such as total nitrogen by CN analyzer, total potassium by
spectrophotometry, phosphorus by inductively coupled plasma, organic matter, and germination index. The
crystal as by product in this work was characterized by X-ray diffractometer.

PN

Fig. 1 (A) waste Jatex sludg

Results and Discussion

Effect of moisture on the reaction between waste latex sludge and acid as shown in Table 1. It was
found that higher moisture waste latex sludge can react with acids faster than lower moisture waste latex sludge.
The waste latex sludge wet presents the fastest reaction time, compared to others. It was approximate 3
seconds due to appearance of reaction between water on the surface particle and acid (Goodman et al., 2000).

In addition, moisture influenced also on several reusable acids as shown in Table 2. It's clearly that
waste latex sludge which was soaked in water had number of times to add into acid than waste latex sludge
dry but closed to waste latex sludge wet. However, the acid concentration hardly affected on the digestion
process of waste latex sludge.

Table 1 Reaction time between waste latex sludge and acid

Waste latex sludge characteristics Time (sec.)
waste latex sludge dry 6300
waste latex sludge soaked in water 5
waste latex sludge wet 3
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Table 2 Effect of moisture of latex sludge on reusable acid
Number of times to add Waste latex sludge
1 2 3 4 5 6 7 8
waste latex sludge dry (%) 9314  61.78  87.05 - -
waste latex sludge soaked 9544 9531 9409 9336 8956 86.84 9151
in water (%)
waste latex sludge wet (%) 9430 9290 8940 87.14 8639 8680 86.77 8180
acid concentration (%) 98 70 50 40 35 30 25 20

The weight was lost of

Table 3 shows nutrients for plants in wastewater in this work. It was found that waste latex sludge dry,
waste latex sludge wet, and dried waste latex sludge soaked in water consist of significantly enough nitrogen,
potassium, and phosphorus elements because waste latex sludge comprises a mixture of organic and
inorganic about 5-50%. Therefore, when organic was digested by sulfuric acid at hydroxyl group positions led
to releasing of various elements. However, the other components were not deteriorated. (Goodman et al., 2000).

Table 3 Nutrients for plants in wastewater

Waste latex sludge characteristics Total N Total P Total K
wastewater from waste latex sludge dry 178 6.86 0.25
digestion with sulfuric acid

wastewater from dried waste latex sludge 115 1.77 0.27
soaked in water digestion with sulfuric acid

wastewater from latex sludge wet digestion 0.95 6.39 043
with sulfuric acid

One Way Analysis of Variance S S S

significant **significant at p < 0.05
The mean difference is significant at the 0.05 level

Ash powder was added to the wastewater from sludge digestion with sulfuric acid at a concentration
of less than 15 %w/w to analyze important nutrients for plant such as nitrogen, potassium, and phosphorus as
shown in Table 4.

The results were found wastewater from sludge digestion with sulfuric acid after adding ash powder
which presented pH about 6. In addition, its nitrogen, potassium, phosphorus, organic matter, and germination
index were approximate 1.29, 6.70, 2.05, 8.10, and 93.96% wiw respectively. It was found that the results of
nutrients were not significant.
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Table 4 Several nutrient elements in wastewater which was neutralized

rgani rmination
Total N Total P Total K organic. - Germinatio

matter index
Organic Fertilizer Standard >1.0%ww >05%ww >05%ww >20%wiw > 80% wiw
Sulfuric acid at a concentration ~ 1.29 6.70 2.05 8.10 93.96
ofless than 15% add ash powder
T-test ns NS Ns ns Ns

Not significant **significant at p < 0.05
The mean difference is not significant at the 0.05 level

The crystal formation was appeared from waste latex sludge digestion with sulfuric acid as shown in
Fig 2. It's clearly that the crystal characteristics are transparent and glossy. In addition, the crystals were
analyzed by X-ray diffraction pattern. It was found that many elements appeared such as sulphur, magnesium
and potassium as shown in Table 5.

Fig. 2 The crystals from waste latex sludge digestion using sulfuric acid

Table 5 Elemental analysis of crystals

Analyte Compound formula Concentration (%)
Mg MgO 4623
P P,0: 0.491
S SO, 39.714
K K,0 1.057
n Zn0 0.949
Rb Rb,0 0.117
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Conclusions

The wastewater from sludge digestion with sulfuric acid through neutralization was found to contain
several nutrient elements such as nitrogen, potassium and phosphorus were 1.29, 6.70 and 2.05% wiw and
was feasible solution to solve the problem of waste disposal in the latex concentrated factories. Therefore, the
wastewater in this work is suitable used the fertilizer because it contains various nutrients for plants.

Acknowledgements

This research was supported by the Triple helix master degree integrated platform for research,
development and innovation in industry under Program Management Unit - Brain Power (PMUB), Office of
National Higher Education Science Research and Innovation Policy Council (Nxpo). PC are grateful to T.C.
GROUP Co., Ltd. for the M.Sc. financial supports.

References

Boonsawang, P., Laeh, S., Intrasungkha, N., 2008. Enhancement of sludge granulation in anaerobic treatment
of concentrated latex wastewater. Songklanakarin J. Sci. Technol. 30: 111-119.

Goodman, A.L., Underwood, G.M., Grassian, VV.H. 2000. A laboratory study of the heterogeneous reaction of
nitric acid on calcium carbonate particles. Department of Chemistry and Center for Global and
Regional Environmental Research, University of lowa, lowa City. J Geophys. Res. 105: 29,053-29,064.

Korwutthikulrangsi, S., Prasertsongskun, S., Chaisuksant, Y. 2015. The Innovative reduction odor of Latex
Sludge. Faculty of Science and Technology Prince of Songkla University, Pattani, Thailand.
https://ph01.tci-thaijo.org/index.php/JEE T/ article/view/180908, 4 December 2020.

Taweepreda, W. 2011. Industrial Prototype of Rubber Recovery Technology from Waste Latex Sludge.
Department of Materials Science and Technology, Faculty of Science, Prince of Songkla University,
Songkhla, Thailand. https://chem.eng.psu.ac.th/tiche2011/TCHE/data/paper/international/pplorall
pp007.pdf, 31 December 2020.

570 |



60

Assessment of greenhouse gas emission, water footprint and water supply quality from village
water supply systems; Case study of Singburi Province

*

Pichayanin Chanbailek*, Cheema Soralump

10900
Department of Environmental Engineering, Faculty of Engineering, Kasetsart University, Bangkok 10900,
Thailand
*Corresponding author. E-mail Address: pichayanin.c@ku.th

1,009-17,251 kgCO,elyear 1,334-24,721 kgCO.elyear
1.05

9 Turbidity, TDS, Hardness, Fe,
Mn, As,Pb, TCB  E. coli

Abstract

The study aimed to assess the GHG emission, water footprint and water supply quality of village water
supply systems. The results of this study are reduced GHG and improve production efficiency and
sustainability. The data are collecting and calculating according to the manual. The results of the GHG
assessment showed that the GHG emissions from water production in the range of 1,009-17,251 kgCO,efyear
and electricity consumption in the range of 1,334-24,721 kgCO,elyear. There are no chemicals are used in the
water production, therefore no footprints occurred. Water footprint per unit of product is 1.05. Which is water
used in various processes, including water loss and water hidden in the water production. The results of water
quality analysis found that the measured parameters exceeded the standard 9 parameters: Turbidity, TDS,
Hardness, Fe, Mn, As, Pb, TCB and E. coli.
Keywords: Greenhouse gas emission, Village water supply systems, Water footprint
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IPCC Guidelines for National Greenhouse Gas Inventories (2006)
The Water Footprint Assessment Manual (Hoekstra et al., 2011) Microsoft Excel

Table 1 Greenhouse Gas Emission Coefficient

. . . Factor
No. Activity Details Unit (kgCO.EIUn) References
1 Electricity, grid mix  Electric grid mix kwh 05986  Thai National LCI Database,
2016-2018 TIISMTEC-NSTDA (with
TGO electricity 2016-2018)
2 Water Supply PWA  Produced by m’ 0.2843  Thai National LCI Database,
Surface Water and TIISMTEC-NSTDA (with
Groundwater TGO electricity 2016-2018)
3 Water Supply - Produced by m® 0.7948  Thai National LCI Database,
MWA Surface Water TIISMTEC-NSTDA (with
TGO electricity 2016-2018)
4 Chlorine Chlorine, gaseous, kg 1.0548 Ecoinvent 2.2, IPCC 2007
diaphragm cell, at GWP 100a
plant
5 Aluminium Aluminium sulphate, kg 0.5311 Ecoinvent 2.2, IPCC 2007
Sulphate; powder, at plant GWP 100a
ALUM (A1,(SO,),)
Source: Thailand Greenhouse Gas Management Organization (2020)
L
1 2
2 Emission Factor
Emission Factor  Electricity, grid mix ( gridmix  2016-2018)
Table 1
GHG Emission = > I, GHG; (1)
GHG, = Activity Data, x Emission Factor; 2)
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(kgCO,e), Activity Data = , Emission Factor (EF) =
E i= |
3,
X 1 (3)
(m% month) + (m¥month)  (4)
(m¥ year) + (m? year) (5)
(m’)/ m)  (6)
.. 2563
. 2564 6 pH,

Turbidity, Color, SO,%, NO;, NO,, Cl, F, TDS, Hardness, Fe, Mn, Zn, Cu, Cr, Cd, Ph

As Hg TCB, E.caoli

L.
11
2563
kgCO,e/m?
12
( grid mix  2016-2018)
2563
Table2  Fig.2
2
( )

Emission Factor
0.2843 kgCO,e/m?
1,008.70-17,251.32

Emission Factor  Electricity, grid mix

0.5986 kgCO,e/kiWh
1,333.68-24,720.98 kgCO,ekWh
4 )
)
4
1,112

574 |



60

() 2
Table 2 Population of this study
No. Local Government Organization Population
1 Ban Cha Village No.1 418
2 Ban Cha Village No.2 (Saraphi Tree) 410
3 Ban Cha Village No.4 (Ban Don Ma Duk) 1,112
4 Ban Cha Village No.6 (Nongkrata) 601
5 Promburi Village No.1 (Buddhists Association) 291
6 Promburi Village No.1 (Sa La Mae Ban) 288
7 Promburi Village No.3 (Subdistrict Health Promotion Hospital) 304
8 Promburi Village No.3 (Promburi Temple) 138
9 Promburi Village No.5 (Drinking Water Plant) 96
10 Promburi Village No.5 (Che Pa Temple) 116
11 Promburi Village No.5 (Amphawan School) 79
12 Promburi Village No.6 (Ban Bang Pra Tun) 339
13 Tha Ngam Village No.9 (Ban Pla Lai) 405
14 Chak Si Village No.2 560
15 Hua Phai Village No.10 321
30,000.00
25,000.00 m GHG Emission from Water Supply Production
m GHG Emission from Electricity Consumption
- 20,000.00
2 15,000.00
S
£ 10,000.00
5,000.00
0.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Local Government Organization*

*Local Government Organization from Table 2
Fig. 2 Greenhouse gas emissions from village water supply system
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Fig. 3 Emission Factor  Electricity, grid mix
( gridmix  2016-2018) 0.5986 kgCO,e/kwh
2563
0.2483 kgCO,e/m?
4( )
6 ) 1( ) 1( ) 3
() 5 ) 5( . ) 5( )
10
30,000 0.2848
% 25,000 e GHG Emission from Electricity Consumption
% = 20,000
8 5 15,000
2 3 10,000 0.2843
S ' kgCO2e/m3
S 5,000
0 0.2842
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Local Government Organization*
*Local Government Organization from Table 2
Fig. 3 Greenhouse gas emissions from water supply production and electricity consumption
13
15
2.
(Water Loss) Emission factor
Grid Mixed . 2563
0.0039 m¥/kWh mélyear

5 (Ministry of Health, Labor and Welfare, 2011)
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399,215.19 m?
15 105 Fig.4
72.9 m¥lcaplyear
1,240 m*caplyear (Hoekstra and Chapagain, 2006)
15 4.36 x 10°
9 x 10* tons/year

1.10
1.08

106 | 105 105 105 105 105 105 105 105 105 105 105 105 105 105 1.05
et —

1.04

1.02

Water Footprint of a Product

1.00

1 2 3 4 5 6 7 8 9 10 1 12 13 14 1
Local Government Organization*

*Local Government Organization from Table 2
Fig. 4 Water footprint of a product

Table 3 9 Turbidity, TDS,
Hardness, Fe, Mn, As, Pb, TCB  E. coli
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Table 3 Results of Water Quality Analysis
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Results
Local Governmert Turbidit ~ TDS ~ Hardne Fe Mn Pb As TCB E. coli
Onganizaton (<500 ss (<03 (<03 (<10 (<001  (not (not
(<5 mglL) (<300 mgl) mglL) pgl) mgl) detecte detecte
NTU) mglL) d) d)

Ban Cha Village No.1 048 36 36

BanChaVilage No.2 385 4.62 0.62 0.0122

Ban Cha Village No.6 0.0161

Hua Phai Village 3335 1353

No.10

Chak Si Village No.2 1233

Promburi Village No.1 10.73 23 2.2

Promburi Village No.3 644 382.5 15.68 16

Promburi Village No.5 51

(Amphawan School)

Promburi Village No.5 606 332 12.59

(Drinking Water Plant)

Promburi Village No.5 674 365 10.85 2.2 11

(Che Pa Temple)

Tha Ngam Village 2.2 2.2

No.9 (Ban Pla Lai)

1,009-17,251 kgCO,g/ 7,194
kgCO,e/ 1,334-24,721 kgCO,g/ 6,493 kgCO,e/
4( )
1,112
( ) 2
15 1.05
72.9 m¥lcaplyear
15 4.36x10°
9 Turbidity, TDS, Hardness, Fe, Mn, As,

Pb,TCB  E. coli
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6( )
. 2563 . http:/www.dla.go.th.
. 2563. " . http:/www.eppo.go.th
/Infromation_service/Publication/Knowledge/greenearth.paf
. 2560. http:/hwww.wwf. or.thiwhat
we_do/wetlands_and_production_landscape/freshwater,
.2563.  Emission Factor . http://thaicar

bonlabel.tgo.or th/admin/uploadfiles/emission/ts_117a135106.pdf, 20 2563.

Hoekstra, A.Y., Chapagain, A.K. 2006. Water footprints of nations: Water use by people as a function of their
consumption pattern. Water. Resour. Manag. 21: 35-48.

Hoekstra, A.Y. Chapagain, AK., Aldaya, M.M., Mekonnen, M.M. 2011. The Water Footprint Assessment Manual:
Setting the Global Standard. Earthscan Ltd, London, UK.

Ministy —of Health, Labor and Welfare. 2011. Waterworks technologies in  Japan,
https://www.mhiw.go.jp/english/policy/health/water_supply/8.html.
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Concept development and testing of water treatment contaminated with nitrate by using
electrolysis method

ax ah c

Upaipat Buamgam?*, Nantakan Muensit*®, Pisan Sukwisute®

a 90110
b 90110
c 10520

#Science for Industry Program Faculty of Science Prince of Songkla University, Songkla 90110, Thailand
"Physical Science Faculty of Science Prince of Songkla University, Songkla 90110, Thailand
“Department of Physics Faculty of Science King Mongkut's Institute of Technology Ladkrabang, Bangkok
10520, Thailand

*Corresponding author. E-mail address: reen_buangam@live.com

(NOY)
0.79 L/min
3 mAlcm? 5V 1
0.5cm 12 12 um
100 mglL 63.7
mg/L 154mgll  52mglL 66
49

Abstract

This research aims to study and develop nitrate (NO;) treatment by using electrolysis method, nitrate
was reduced to nitrogen gas. The experiments were conducted for synthetic and real wastewater with the same
continuous flow at a flow rate of 0.79 L/min. In order to determine the parameters for electrochemical reaction
of nitrate removal, the optimal conditions are the current density of 3 mA/cm? a potential difference of 5V, a
retention time of 1 minute and an electrode spacing of 0.5 cm for the number of electrode plates of 12. Hence,
all the sample water was undergone a coarse filter before the electrochemical process. From the study, the
synthetic water contaminated with a nitrate of 100 mg/L was reduced to be 63.7 mg/L, wastewater from a source
of community nitrate of 15.4 mg/L was reduced to be 5.2 mg/L or 66% and 48% for High Nitrate Concentration.
Keywords: Electrolysis, Nitrate, Non-chemical water treatment, Wastewater
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(Guoetal., 2020)

50 mglL (
4
( 1 2553)
87%
(Synthesis Water) 90
(Guoetal., 2020)
(Continuous Flow) 1

(Total Dissolves Solids ; TDS)
(Conductivity) (Rusydi et al., 2020)

(KNO3) 4.891¢
200 mglL

(Cd)

HANNA Nitrate Portable Photometer  HI 96786

o

Eutrophication
, 2563)

(Total Nitrogen) 20mglL (
, (NHs), (NG2),

90% (Batch Electrolysis)

DS

DS

200 mglL 10L

10L

(Colorimeter)
(Cadmium Reduction)
0-100 mg/L
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10 mL

5  (Hanna Instruments, 2021) mgiL

Fig. 1 Process Measurement of Concentration of Nitrate (A) Cadmium Reagent (B) Water Sample Color
Changed to Yellow (C) HANNA Nitrate Portable Photometer

1100 8x10 cm 12 05cm 1L

Fig. 2 Electrolysis Process (A) Diagram Electrolysis Setup (B) the Experimental Setup

12 ym 2.51m
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Waste water —| Filter 1 Electrolysis > Filter 2 > Other
(11 pm) (2.5 um) Treatment
- Synthetic - Removal - Treatment - Removal - Treatment
Waste Water Sediment in Nitrate 87 mg/L Aluminum Other
- Community Community Sediment from Parameter
Waste Water Waste Water Electrolysis

Process

Fig. 4 Nitrate Treatment Process Waste Water to filter 11 im to Electrolysis Process to Filter 2.5 um and to Other
Treatment

(Total Dissolves Solids ; TDS)

DS
DS
TDS 7,500 mg/L TDS 250 mg/L
TDS
100 ppm 120 mu/
4,8,12
v
100 ppm
1,2, 3 v
1
100 mg/L 2 1
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DS

15-1.3v
DS

98.1 mg/L

60

L
101
TDS TDS
TDS
-0.004179
Conductivity
TDS 700 ppm
DS
12
33.2mglL
Fig 7B
3
85.2 mglL
35.2mglL

B2

5v

258.8 mglL

TDS 250-1,250 mglL
TDS
Conductivity

5V
Fig 7A

1 40.1 mg/L
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TDS
1 Fig 7 (c)
100 mglL 63.7mg/L
100 mg/Lg 64.7 mgiL
Fig 7D
- 15.6 mglL
5.2 mg/lL 66.7 % 17.9 mg/lL
18.7mglL 4.2% Fig 8A
- 258.8
mg/L 132.4 mglL 48 % 23
mgll 24 mgl
N0-3+6H20+8e- - NH3+9OH 6
Fig 8 (b)
(A) (B)
() (D)

unfilier

eeeeeeeeee Tres

Fig. 7 Sorting Picture Resulting Experiment Concentration Nitrate Treatment (A) Fseélationship of Nitrate with TDS
(B) Relationship of Nitrate with Number of Electrode (C) Relationship of Nitrate with Number of the step of
Electrolysis (D) Relationship of Nitrate Concentration in Filtered and Unfiltered Processes
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aaaaaaaa

atar

Fig. 8 Total Nitrogen in Electrolysis Treatment from (A) Community Wastewater (B) Community Wastewater
Nitrate High Concentration

L DS
v

2.

3.

4,

5 2

2
66% 48%
(Triple helix master degree integrated platform for research, development and innovation in
industry)
()
(.
. 2553,

,(27).
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2560. https:/fweb.mwa.co.th/ewt_dl_link.php?nid=33082

Rusydi, A. F. 2018. Correlation between conductivity and total dissolved solid in various type of water: A Review.
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HANNA instrument. 2021. Instruction Manual HI96786C Nitrate ISM. HANNA-HI96786.pdf

Guo, M., Feng, L., Liu, Y., Zhang, L. 2020. Electrochemical simultaneous denitrification and removing
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Materials Institute Lavoisier-88A (MIL-88A)

The influence of reaction time and amount of Materials Institute Lavoisier-88A (MIL-88A) for the
treatment of COD from coolant oil by Modified Air-Fenton process

a bx b

Kwanruedee Suwannasung?, Vorapot Kanokkantapong ®*, Sumeth Wongkiew?

2 10330

b 10330

“Interdisciplinary Program in Environmental Science, Faculty of Graduate School, Chulalongkorn University,
Bangkok 10330, Thailand

"Department of Environmental Science, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand
*Corresponding author. E-mail address: vorapot.ka@chula.ac.th

100,000
(30-180 ) MIL-88A(02-1 )
MIL-88A
56 50 g 2
MIL-88A 1 144 92.86%
93.06%

Abstract

Coolant oil from the automotive industry contains various types of additives, causing the wastewater to have a
high chemical oxygen demand (COD) around 100,000 mg/L. This study investigated the influence of reaction time (30~
180 min) and amount of MIL-88A (0.2-1 g) for COD treatmentin coolant oil by modified air-Fenton (MAF). The experiments
were designed by central composite design (CCD) and the results were analyzed by response surface methodology
(RSM). It was found that increasing the reaction time and amount of MIL-88A resulted in higher treatment of COD in the
coolant oil. For coolant il 5% (50 mL), pH 9 with the addition of an airflow rate of 2 Limin, the optimum condition for COD
treatment efficiency was 92.86% which occurred at 1 g of MIL-88A for 144 minutes. When repeated experiment under the
same condiition, it was found that COD treatment was 93.06% which was close to the prediction from program.
Keywords: Central composite design, Metal organic frameworks (MOFs), Wastewater treatment
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(Coolant oil)

: (Jagadevanetal., 2012)
: , (Aminetal., 2017)

100,000 (Ministry of Environment
Republic of Korea, 2004) (Fenton process)
(Advanced Oxidation Processes: AOPs)
(Hydrogen peroxide: H,0,) (Fe*) (Hydroxyl
radical: «OH) (Neyens and Baeyens, 2003)

(Modified Fenton processes)
(Cheng etal., 2018)

(Metal organic Frameworks: MOFs)

Materials Institute Lavoisier ~ MILs (Ye et al., 2020)
(Liang et al., 2015)
Liao etal. (2019) MIL-88A 100% 15
Utset et al. (2000)

MIL-8BA
(Modified Air-Fenton: MAF)

MIL-88A (Central Composite
Design: CCD) (Response Surface Methodology: RSM)

(Soluble Oil Coolant),

(H,S0,, 98%, Grade AR, Quality Reagent Chemical, New Zealand), (NaOH, 99%, Grade
AR, KEMAUS, Australia), ((NH,),Fe(S0,),:6H,0 : FAS, >95%, Grade AR, Loba Chemie
Pvt. Ltd.), (K,Cr,0-, 99%, Grade AR, KEMAUS, Australia), (HgSO,, 99%,
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Grade AR, Quality Reagent Chemical, New Zealand), (Ag,SO,, 99%, Grade AR, Quality Reagent
Chemical, New Zealand), 1,10- (C,Hg.H,0), Grade AR, Ajax Finechem),
(C,H,0,, Grade AR, Sigma-Aldrich), (FeCl,:6H,0, Grade AR, Quality Reagent
Chemical, New Zealand), (C,H;0H, 99%, Grade AR, Fulltime)

MIL-88A

MIL-88A  Fuetal. (2020)

Hotplate Stirrer 300 24 (30£1 C)
6,000 5
60 24
MIL-88A
MIL-88A
MIL-88A
MIL-88A
(Central Composite Design: CCD) Minitab 19
2
(30-180 ) 02-1 )
5% ( 120,000-140,000 [ ), 50 9
), 2 | 3
(Air flow meter) MIL-88A  Fig.1

| Air flow meter (L/min) |

Bubbles w
| A

e MIL-88A

Fig. 1 Experimental equipment installation

MIL-88A
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33 (12
12 9 ) Table 1

Table 1 Levels define of factors

Factor Low Hight

Time (min) 30 180

MIL-88A (g) 0.2 1
8 2

Standard method 5220D (American Society for Testing & Materials, 1995)
Equation 1
(o) = 2% 4100 (1)
0
CoD, = ( )
CoD, = ( )
MIL-88A
33
Table 2
95%
MIL-88A p-value
2 a=0.05 0000  0.000 Table 3
Equation 2 (R) 0.9428 R
0.9322
93%

o
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Table 2 COD treatment efficiency (%) obtained in the tests

Time  MIL-88A COD treatment No. Time MIL-88A COD treatment
(min) () efficiency (%) (min) (9) efficiency (%)
1 30 10 56.78 18 180 0.6 64.75
2 180 10 87.29 19 180 0.2 52.54
3 105 06 53.90 20 105 0.2 47.46
4 180 10 89.83 21 30 0.2 351
5 180 10 88.98 22 105 0.6 53.90
6 105 06 53.90 23 30 0.6 38.98
7105 06 53.90 24 105 0.6 52.54
§ 105 10 96.95 25 30 1.0 58.47
9 105 02 49.15 26 30 0.2 3.70
10 105 06 53.22 21 180 0.2 54.24
11 30 06 37.63 28 105 0.2 52.54
12180 06 63.39 29 30 0.2 3.70
13 105 06 54.58 30 180 0.6 64.75
14 105 10 96.61 3130 1.0 59.32
15 105 10 97.29 32 105 0.6 51.86
16 105 06 53.90 33 0.6 37.63
17 180 02 61.02
Table 3 Response Surface Regression: Time and MIL-88A

Term p-Value
Constant 0.000
Time (min) 0.000
MIL-88A (9) 0.000
Time (min)*Time (min) 0.000
MIL-88A (g)*MIL-88A (9) 0.000
Time (min)*MIL-88A (g) 0.005

COD treatment (%) =

592 |

-15.86+3.0MIL-88A(9)+0.8192Time(min)+60.1 MIL-88A(g)xMIL-88A(g)
-0.002229Time(min)xTime(min)-0.1815 MIL-88A(g) )xTime(min)

2)



60

MIL-88A 3
2 Fig.2A 2B

— =3
S = = = ¢ COD treatment
E = 8 ] -
S 2 5 i efficiency (%)
= o =
a 9o e e
8 5 25 = 20
20 - 40
0 06 MIL-88A(g) W 40 - 60
50 W 60- 80
100 | = 80

Time (mi
e (min) Time (min)

Fig. 2 Surface Plot of treatment compare with time (min) and MIL-88A (g) (A) and Contour Plot of treatment
compare with time (min) and MIL-88A (g) (B)

Fig. 2B
80%
20%
MIL-88A MIL-88A
Equation 4 (Vallyathan and Shi, 1997)
MIL-88A Fe**  Fe*
Equations3 4 (Phaniendra et al., 2015)
Fe?* Equation 5
Equation 6 (Amin et al., 2017) Fe*  Fe* Equation7
Equations 3-6 (Estrada-Arriaga etal., 2016) MIL-88A

0,+Fe* - Fe**+0," (
20,7+2H* - 0,+H,0, (
Fe**+H,0, - Fe* + "OH+OH (
"OH+RH - R+H,0 (
Fe**+H,0, » Fe**+H"+HO, (
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5% 50
9 2 MIL-88A 1
144 92.86% 3
93.06%
MIL-88A
MIL-88A
p-value o =0.05 0000  0.000 MIL-88A
MIL-88A
5% 50 9 2
MIL-88A 1 144 92.86%

American Society for Testing & Materials. 1995. Standard test methods for chemical oxygen demand
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Wood assessment of standing trees to support business collateral: a case study of teak in Kroeng
Krawia forest plantation, Kanchanaburi Province
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<21 21-30 >30
V. = -0.146+0.015dbh+0.042dp0s-0.399dsi , V. = -0.128+0.016dbh+0.021dpos-0.463dsi and

V = -0.147+0.02dbh+0.056dp0s-0.367dsi, <21,21-30  >30 12
242 326 58 .. 3 3.18,

341 596

Abstract

The aim of this research was to study wood assessment of standing trees to support business
collateral. This study was conducted at Kroeng Krawia Forest Plantation, Kanchanaburi Province.
Teak merchantable volume models were created by using regression analysis to assess the current yield.
Teak growth models were created by using techniques of dendrochronological and regression analysis to
assess the future yield. The results of the study were able to generate the volume models in 3 age ranges of
< 21, 21-30, and > 30 years. The suitable model in each age range was V = -0.146+0.015dbh+0.042dpos-
0.399dsi, V. = -0.128+0.016adbh+0.021dpos-0.463dsi and V = -0.147+0.02dbh+0.056dpos-0.367dsi,
respectively. Total currentyield of 12 teak trees in each age class of < 21, 21-30 and > 30 years was 2.42, 3.26
and 5.85 cubic meters, respectively. The total yield in the next 3 years of these trees will be 3.18, 3.41 and 5.96
cubic meters, respectively.

Keywords: Business collateral, Teak, Wood assessment of standing trees
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(..
(..
( ,2552)
( , 2560)
2484
(1) 1:50,000; (2)
Forestry Pro; (3) ( Diameter tape); (4)
Pentaprism caliper; (5) Swedish bark gauge; (6)
(increment borer); (7) Suunto Tandem pm5+KB-14; (8)
(Global Positioning System: GPS); (9)  (10) (11)
1(12) 1 (13) belt sander, rotary sander
 (14) 4-40  ;(15) velmex measuring
system;  (16)
14,810.73 25 .. 2522, 2523, 2524, 2525, 2526, 2521,

2528, 2529, 2530, 2531, 2535, 2536, 2537, 2540, 2543, 2544, 2546, 2547, 2548, 2549, 2550, 2551, 2552,

=3
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2555 2556 2
3
1 <2 11 3,482.3
2 21-30 4 1,196.9
3 >3 10 10,131.6
Line plot survey
1.25 (Circular sample plot)  12.62

( ,2556)  Equation 1

= )
n =
t = t 95
CV =
AE =
5
1.30
() ()
3
8 4 4 24
, ()
0 () () ()
30 130 .( ),
()
()
0 , ()
() 1.30 2
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12 6 6 36

Huber's formula
(regression analysis)
(2547)  Equation 2
Variance Inflation Factor (VIF)  Tolerance
(Mean Absolute Percentage Error)

V= f(dbh, form, d, dpos, dsi)
Vo= ( )
dbh = 1.30

form = =

Stepwise Regression
MAPE
2)
)

Smalian’s formula

Warmer et al. (2016)

30
d = 0= 1=
dpos = ()
dsi = ()
( , 2556)

COFECHA (Holmes, 1983)

, 2563)
(regression analysis)

3

Linear equation, Logarithm equation, S-Curve equation ~ Exponential

equation(  ,2550; ,2552)
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3
3
3 <21,21-30  >30
<21-30 16 21-30 15
>30 20 273,328 345
150,180 151
3 Table 1
Table 1 The DBH class of teak trees
Age class DBH class Age class DBH class Age class DBH class
(years) (cm) (years) (cm.) (years) (cm.)

10.00-22.07 10.00-23.87 10.00-26.73

<21 22.08-34.14 21-30 23.88-37.73 >30 26.74-43.47
34.15-46.2 37.74-51.60 43.48-60.20

(r2), (SE),

F <21,21-30, >30

Equation3,4 5 (MAPE) 2857, 39.51

39.96 (Lewis, 1982)
V =-0.146+0.015dbh+0.042dpos-0.399dsi (r = 0.776) (3)
V =-0.128+0.016dbh+ 0.021dpos-0.463dsi (r = 0.830) (4)
V =-0.147+0.02dbh + 0.056dpos-0.367dsi (r = 0.802) (5)
(2547)
Equation3,4 5 1 0.78,0.83,  0.80 SE
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(Tertiary-butyl alcohol: TBA)

5 300 5 0.1

5%, 10%,  20%

30 Fig. 8
5 78.16%, 71.25%  62.51%
5%, 10%,  20%
81%
6.2x10° M*S?

5
Kruanak and Jarusutthirak (2019)
12
1 —a—0% 5 TBAS% TBA10% —e—TBA20%
08
8 06
(&)
04
02
0
0 5 10 15 20 25 30 35

Time (min)

Fig. 8 Effect of TBA on RB5 removal efficiencies by catalytic ozonation (O, = 30 mg/h, [Catalyst] = 0.1 glL,
[RB5] = 300 mg/L, and pH = 9)

5 005 01
11.25%  84.17% 05
72.95%
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