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Development of solar rotary dryer combined with a heater system by utilizing the roof
of house as a solar collector for paddy drying
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Abstract

Paddy moisture reduction is an important post-harvest management process for the maintenance of good-quality paddy.
However, the traditional methods for reducing moisture in paddy often face several problems. Therefore, this research
aims to solve such a problem by developing a solar rotary dryer combined with a heater system that utilizes the roof of
a house as a solar collector for paddy drying and by studying the efficiency of the dryer. The main components of the
dryer included: 1) rotary dryer, 2) roof of the house as a solar collector, 3) a 700-watt heater, and 4) a controller unit.
The initial moisture content of the paddy was approximately 33% d.b. The drying experiment was conducted until the
final moisture content reached approximately 16% d.b. In each experiment, approximately 300 g of paddy was dried
at temperatures of 55, 60, and 65 °C. The results of the research are as follows: The drying time ranged from 3.75

to 4.92 hours, and the electrical energy used ranged from 13.20 to 16.64 kW-h. The drying rate (DR) values ranged
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from 0.0064 to 0.0113 kg/h, while the specific electrical energy consumption (SEEC) values ranged from 309.64 to
525.78 kW-h/kg. The highest DR and the lowest SEEC at a drying temperature of 65 °C. Drying at 55 °C yielded the

lowest DR and the highest SEEC.

Keywords: Paddy drying, solar-rotary dryer, dryer efficiency, the roof of the house as a solar collector
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Table 2 The analysis of DR and SEEC values.

DR SEEC
Temperature (°C)
(kg/h) (kW-h/kg)
55 0.0064 525.78
60 0.0097 346.59
65 0.0113 309.64

Note: Means with different letters indicate significant

differences at p<0.05.
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Genotype environment interactions on fruit characteristics in pumpkin inbred lines
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Abstract

The response of different plant cultivars to different environmental conditions affects to phenotype and quality of
production. A total of 29 pumpkin lines consisting of 24 inbred lines, 3 landraces, and 2 commercial varieties were
evaluated. The plants were grown in two seasons that were winter and the rainy season. Homogeneity of variance
from 2 seasons was tested. The result shows the variance is no different between the 2 seasons in all traits. Therefore,
a combined analysis of variance was tested. There was interaction between lines and seasons that affected to fruit
characteristics, fruit weight, flesh thickness, and flesh firmness (P < 0.01). Phenotypic variance indicated that the char-
acteristics of weight and flesh thickness were affected by the season, while the major effect of flesh firmness character
was genetic factors and the interaction between lines and seasons. Additionally, fruit weight had a significantly positive
correlation with flesh thickness in both winter and rainy seasons (P < 0.01), with r =0.85** and r =0.83**, respectively.
Principal Component Analysis (PCA) based on the correlation matrix explained 56.2% of the variance in PC1 and
21.3% in PC2. This study found diversity of fruit characters of pumpkin lines and identified 10 inbred lines with high
fruit weight and flesh thickness compared with commercial cultivars. Furthermore, 13 inbred lines were classified as
having high flesh firmness. From this study, the outstanding inbred lines were selected for their traits in fruit weight,
flesh thickness, and flesh firmness that were RT4, RT15, RT4/RT10-3s-3s, Pach13—4s, and PakaZ2.

Keywords: Cucurbita moschata, weight, thickness, firmness, breeding
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Table 1 Rainfall, temperature, and humidity during the cropping year in the rainy and winter seasons.
Temperature (°C) Humidity (%)
Season Month Rainfall (mm.)
Min Max Max. Min.
Nov. (2021) 66.8 23.9 31.4 95.8 63.1
Dec. (2021) 9.2 19.5 29.7 93.1 51.6
Winter Jan. (2022) 10.6 19.6 32.6 96.8 49.3
Feb. (2022) 39.8 22.2 32,5 95.4 56.1
Mean 31.6 21.3 31.55 95.3 55.0
Jun. (2022) 56.6 252 355 93.0 53.2
Jul. (2022) 84.3 24.9 345 93.8 57.3
Rainy Aug. (2022) 327.5 24.8 33.8 94.6 61.9
Sep. (2022) 308.3 24.6 32.8 96.3 65.0
Mean 194.2 24.88 34.15 94.4 59.3
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Table 2  Weight, thickness, and firmness of 29 pumpkin lines in winter (WS) and rainy (RS) season
Weight (g.) Thickness (mm.) Firmness (N/cm?)
Code Line
ws RS ws RS ws RS
RT1 Inbred line 385.8 495.5 12.2 13.9 481.1 613.7
RT3 Inbred line 608.8 1,307.8 17.4 23.2 309.4 3446
RT4 Inbred line 997.3 1,543.5 211 245 448.6 526.6
RT7 Inbred line 692.8 1,262.2 17.0 21.2 403.1 392.7
RT8 Inbred line 851.7 1,174.0 13.7 19.3 384.9 315.9
RT9 Inbred line 401.5 755.0 12.3 16.5 499.3 480.5
RT10 Inbred line 334.7 675.3 12.8 16.5 475.9 537.4
RT14 Inbred line 429.5 526.5 10.8 14.0 600.7 527.9
RT15 Inbred line 750.8 1,054.2 14.8 20.9 460.3 582.5
RT17 Inbred line 608.2 776.7 15.3 17.6 553.9 585.1
Pach1-3/5 Inbred line 388.5 752.5 7.4 12.5 513.6 475.9
Pach1-4s Inbred line 562.3 863.3 9.3 13.1 535.7 516.2
Pach1-5s Inbred line 407.2 718.5 8.9 14.5 408.8 504.5
Pach1-7/8 Inbred line 573.3 859.7 10.6 16.0 486.3 395.3
Pach13-2/3 Inbred line 1003.2 1,087.7 22.0 20.7 369.3 524.0
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Table 2  Weight, thickness, and firmness of 29 pumpkin lines in winter (WS) and rainy (RS) season (cont.)
Weight (g.) Thickness (mm.) Firmness (N/cm?)
Code Line
ws RS ws RS ws RS
Pach13-3/6 Inbred line 831.3 1,085.3 211 21.3 375.8 403.1
Pach13—4s Inbred line 825.7 1,012.2 18.1 22.0 486.3 598.1
Pach13-5/3 Inbred line 540.7 965.2 13.3 19.6 387.5 576.0
Pach14—1s Inbred line 596.8 880.5 13.4 19.8 529.2 466.8
Paka1 Inbred line 861.0 1,196.8 12.3 14.4 469.4 509.7
Paka2 Inbred line 1,118.7 1,300.5 19.8 23.4 7255 533.1
RT4/RT10-3s Inbred line 409.2 1,002.0 9.2 20.0 578.6 495.4
RT4/RT10-5/1 Inbred line 470.4 871.8 11.0 20.0 558.6 469.6
RT4/RT10-3s-3s Inbred line 758.5 1,303.0 16.3 30.0 565.6 440.8
KAN1 Landrace 488.0 4267 12.6 13.4 472.0 4473
KPS(PW) Landrace 1,270.4 1,763.0 221 26.5 401.0 546.1
CcM1 Landrace 1,248.8 1,544.0 22.9 28.5 577.3 4447
TT Commercial 565.5 820.4 12.6 16.8 486.3 390.1
KT Commercial 690.7 1,501.5 17.4 23.7 516.2 610.4
Mean 678.3 1018.1 14.7 19.4 484.8 4915
C.V. (%) 18.8 19.6 13.1 14.2 9.3 14.2
LSD,,. 229.7 3.3 81.2
Table 3  Analysis of Variance for weight, thickness, and firmness
Weight Thickness Firmness
Source df
MS P-value MS P-value MS P-value
Lines 28 730,232 <0.01 181 <0.01 51,895 <0.01
Season 1 7,799,430 <0.01 1,481 <0.01 2,047 0.4
Lines x Season 28 100,558 <0.01 25 <0.01 27,117 <0.01
Error 27,287 6 3,350
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Table 4

Genotype environment interactions on fruit characteristics
in pumpkin inbred lines

pumpkin lines in the winter (W) and rainy (S) seasons
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Principal Component Analysis (PCA) and correlation coefficients of weight, thickness, and firmness of 29

PC Eigenvalue

% variance

Correlation Coefficient

Weight_W Weight_R Thickness_W  Thickness_R Firmness_W

1 3.37 56.22 Weight_ W

2 1.28 21.29 Weight_R 0.82**

3 0.76 12.64 Thickness_W 0.85** 0.73**

4 0.31 5.18 Thickness_R 0.70** 0.83** 0.78**

5 0.23 3.88 Firmness_W -0.03™ -0.13™ -0.18™ 0.02™

6 0.05 0.80 Firmness_R -0.01™ -0.08™ 0.04"™ -0.06 ™ 0.28"™

ns = non-significantly different, * = significantly different at P <0.05, ** = significantly different at P <0.01
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Figure 2 Principal component analysis base on correlation matrix of 29 pumpkin lines
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Abstract

This research aimed to study the effects of adding molasses and phosphorus fertilizer to Thai dessert factory
wastewater to enhance biogas production as an alternative energy source for utilization. The experimental design
consisted of three sets: TR1 (wastewater only), TR2 (wastewater and molasses), and TR3 (wastewater, molasses,
and phosphorus liquid fertilizer). The experiment was conducted over a period of 30 days. The characteristics of
the wastewater, including pH, chemical oxygen demand (COD), suspended solids (SS), and total nutrient content in

terms of nitrogen and phosphorus, were analyzed every three days. Biogas production was collected and measured in
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wastewater for biogas production through anaerobic digestion system

glass vials, and its composition was analyzed using GC chromatography. The results indicated that the accumulated
biogas volumes for the experimental sets TR1 and TR2 were 226.67 + 15.07 and 258.67 + 23.71 mL, respectively,
with methane production potentials of 0.56 and 0.61 L CH4/g VSadded, respectively. The two treatments showed no
significant difference (p>0.05). In contrast, the experimental set TR3 showed the lowest accumulated biogas volume
at 133.67 + 20.36 mL and a methane production potential of 0.53 L CH4/g VSadded. For the efficiency of organic
matter removal in terms of COD, the experimental set TR2 exhibited the highest treatment efficiency, with a value of
81.54%. This was followed by experimental set TR1 (79.99%) and TR3 (76.36%). Thus, the adjustment of the nutrient
ratio by adding molasses in the system did not significantly affect biogas production but did improve the wastewater
treatment efficiency of the anaerobic system. However, the increased phosphorus concentration from phosphorus
liquid fertilizer inhibited methanogenic bacteria activity, resulting in reduced biogas production efficiency. The results

of this study can be applied to develop a biogas production system through an anaerobic digestion process as an

alternative energy source for wastewater treatment.

Keywords: Anaerobic digestion, biogas, wastewater, Thai dessert factory, nutrients
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Figure 1 Set of equipment (a) biogas production
(b) wastewater treatment
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Table 1 Water quality parameters, units and analytical methods
Parameters Units Analytical Method
pH - pH Meter
COD mg/I Close Reflux Method
TS mg/l Gravimetric Method
VS mg/l Gravimetric Method
TKN mg/l Kjeldahl Method
Nitrate mg/l Brucine Method
TP mg/I Ascorbic acid
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§eu uafldnanudasnsaandaunoialiiudu (COD)
LYINNU 6,933.33 + 461.88 LAz 5,866 + 461.88 UaaNINGD
503 uEeL TINTsRnUSunaesdsssneindadsunm
yasudsranuainiudauiosas 86.06 waz 84.50 A
d19u laann Table 2 wudﬁé'mﬂmum@;mmﬂugﬂmaa
COD:N:P 289119 3 qmmimaaaﬁﬂ’%mmm@mmsﬁ
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ﬁ‘hLﬂu@iamiLﬁtgLauimmzni:mumiﬂaﬂamwaamju
wuansowuulildeinea TaoawizWaanasaiusum
' v o A a A A A

AaudnIdin Luaafa’mﬂsmmmqmmimqmmﬂmwiﬁ’lu
naztaumstasanouuy iltamanlsfidansiulugy
COD:N:P a8141a8Lvinny 100:2.2:0.4 (NTUWMWINRIIT
NAUNUUAZAYTNENTIN NIZNTHNAINU, 2564)

Table 2  Characteristics of substrate and co-digestion
Experimental
Parameter
TR1 TR2 TR3

pH* 569 +0.03a 5.55+0.01b 543 £0.02c
COD (mg/ly* 5,333.33 + 923.76 b 6,933.33 + 461.88 a 5,866.67 + 461.88 ab
TS (mg/l)* 4,116.85 + 53.40 ¢ 5,193.67 + 108.09 a 4,922.19 + 110.51 b
VS (mg/l)* 3,94567 £ 7214 ¢ 4,469.67 + 109.43 a 4,159.40 + 119.75 b

N (mg/l)* 87.80 + 5.56 ¢ 156.98 + 7.82 a 111.88 £ 530 b
TP (mg/l)* 10.15 + 2.65 ¢ 12.92 + 1.28 b 19.70 £ 210 a
COD:N:P 100:1.73:0.20 100:2.18:0.18 100:2.00:0.34

* Different with letters (a-c) in the same column indicate significant differences (p < 0.05)
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Figure 3 Cumulative biogas production in anaerobic reactor
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Figure 4 Biogas production rate from Thai dessert factory
wastewater
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Figure 5 pH results for all the substrates and co-digestion
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Figure 6 COD results for all the substrates and co-digestion
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Table 3  Characteristics of influent in feed tank and effluent from anaerobic reactor
Parameters TR1 TR2 TR3

pH* Influent® 5.69 +0.03 a 555+0.01b 543 +0.02c¢c
Effluent* 6.07 £ 0.03 a 6.35+0.15a 524 +£0.20b

% Removal - - -

COD (mg/l) Influent® 5,333.33 £ 923.76 b 6,933.33 £ 461.88 a 5,866.67 + 461.88 ab
Effluent 1,067 + 184.75 1,280 + 184.75 1,387 £ 92.38

% Removal 79.99 81.54 76.36

TS (mg/l) Influent 4,116.85 £ 53.40 ¢ 5,193.67 + 108.09 a 4,922.19 + 110.51 b
Effluent® 3,268.86 + 169.71 ab 3,328.89 + 61.67 ab 3,136.67 + 175.34 b

% Removal 20.60 35.90 34.79

VS (mgll) Influent* 3,945.67 £+ 72.14 ¢ 4,469.67 + 109.43 a 4,159.40 + 119.75 b
Effluent 2,240.25 £ 175.64 2,335.56 + 46.71 2,014.11 £ 155.07

% Removal 43.22 47.75 50.43

* Different with letters (a-c) in the same column indicate significant differences (p < 0.05)
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Abstract

Plant diversity at Wat Loet Sawat (Khao Chan Ngam) Nature Trail in Korat Geopark, Sikhio district, Nakhon
Ratchasima Province was surveyed between January 2022 and December 2023. One hundred and seventeen species
of vascular plants belonging to 106 genera and 50 families were identified. There are six species in ferns, 22 species
in monocotyledons and 89 species in dicotyledons. The first three highest number of species are Fabaceae, Paoceae
and Malvaceae with 17, 7 and 6 species, respectively. Two species are endemic to Thailand viz. Kaempferia koratensis
Picheans. and Spondias bipinnata Airy Shaw & Forman. One species [Millettia leucantha Kurz var. buteoides (Gagnep.)
P. K. Loc] is a rare species. Six invasive alien species are also found viz. Praxelis clematidea (Hieron ex Kuntze) R. M.
King & H. Rob., Tamarindus indica L., Mesosphaerum suaveolens (L.) Kuntze, Talinum paniculatum Gaertn., Lantana
camara L. and Melinis repens (Willd.) Zizka. The results of this study can be used as basic information for planning

the conservation of plants and learning resources in the area.

Keywords: Plant diversity, geopark, tree, dry evergreen forest
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Figure 1 Nature trail at Wat Loet Sawat, Sikhio district,
Nakhon Ratchasima Province (A) Stone courtyard (B)
stream (C) dry evergreen forest (D) prehistoric paintings
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MITYFNUNNVBINTANTYT IUCN Red list
wudzlutindduwiu 66 aiia lasutaiu Alndgywug
ae98s (critically endangered species) 3144 1 Tha
fa Weed (Dalbergia cochinchinensis) ﬁ‘ﬂﬂﬁgm‘lﬁuf
(endangered species) 314 3 wha laun LANA DY
(Anthoshorea henryana) AZLALURA (Hopea ferrea) ias
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threatened species) 3113% 2 T @A 1was (Dialium
cochinchinense) WazANAN (Aglaia edulis) Amdunea
%o f_lﬁé;m (least concern species) 31121 58 THa TREATEIE

J Sci Technol MSU

Tayaliifeiwe $1wau 2 1ia (Table 1) wonanitsIwy
Noenn (rare species) @uLNILuad Chamchumroon
etal. (2017) I1UI1% 1 THa fla a5y (Millettia leucantha var.
buteoides) ﬁ‘nﬁmam (endemic species) 3144 2 TH fo
wzlana (Kaempferia koratensis) UazNEnn (Spondias
bipinnata) wonanit ﬂ'awuﬁwha?iupsm FINIH 6 THA
1@un auaiag (Praxelis clematidea) 8= (Tamarindus
indica) WIIANAN (Mesosphaerum suaveolens) Tauan
(Talinum paniculatum) NN1N383 (Lantana camara) V\tﬁ’l

ADNUAN (Melinis repens)

Table 1 List of plants in Wat Loet Sawat nature trail.
The IUCN Red
No Family Scientific name Local name Habit ) i Voucher specimens
List Categories
Ferns
. . . ’ Thummavongsa
1 Aspleniaceae Asplenium yoshinagae Makino - EF -
2023-61
. . . N . Thummavongsa
2 Dennstaedtiaceae  Microlepia matthewii Christ - TerF -
2022-03
. o « Thummavongsa
3 Polypodiaceae Drynaria rigidula (Sw.) Bedd. nizilsanian EF/LF -
2023-59
) ] nizisan Thummavongsa
4 Polypodiaceae Microsorum punctatum (L.) Copel. A e EF/LF -
WIEIN 2022-22
. Selliguea oxyloba (Wall. ex Kunze) o Thummavongsa
5 Polypodiaceae nanay EF -
Freser-Jenk. Y 2022-29
. Hemionitis ludens (Wall. ex Hook.) Thummavongsa
6 Pteridaceae . - TerF -
Christenh. 2022-39
Monocotyledonous Plants
) e Thummavongsa
7 Araceae Aglaonema simplex Blume MMUVUANIN H Least concern
2023-62
Dracaena cochinchinensis (Lour.) S. C. . e Thummavongsa
8 Asparagaceae AUNWULAI SL/STL  Least concern
Chen 2022-12
Thummavongsa
9 Asparagaceae Amorphophallus sp. un H -
: 2022-01
. S A A Thummavongsa
10 Asparagaceae Scindapsus officinalis (Roxb.) Schott LATDILVY C -
4 2023-03
. . o , Thummavongsa
11 Commelinaceae Commelina paludosa Blume nahnule H -
N 2022-30
#ENRITIN Thummavongsa
12 Commelinaceae Cyanotis cristata Roem. & Schult. e H Least concern
wag 2023-58
P Thummavongsa
13 Commelinaceae Murdannia nudiflora (L.) Brenan WKL H -
: 2022-02
. ) Thummavongsa
14 Commelinaceae Murdannia sp. - H -

2022-04
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Table 1 List of plants in Wat Loet Sawat nature trail. (continue)
The IUCN Red
No Family Scientific name Local name Habit i i Voucher specimens
List Categories
) o o Thummavongsa
15 Cyperaceae Cyperus cyperoides (L.) Kuntze AN H Least concern 2022-38
. a Thummavongsa
16 Cyperaceae Cyperus laxus Lam. var. laxus RGN H -
N 2023-02
. ] o Thummavongsa
17 Dioscoreaceae Dioscorea sp. auth HC -
2023-55
&
. X . . LAAINN Thummavongsa
18 Orchidaceae Cleisostoma williamsonii (Rchb.f.) Garay EO -
TUW 2022-40
AONLNRE Thummavongsa
19 Poaceae Centotheca lappacea (L.) Desv. N G -
kel 2022-31
. Thummavongsa
20 Poaceae Cyrtococcum patens (L.) A. Camus wa G -
N 2023-01
o i Thummavongsa
21 Poaceae Digitaria setigera Roth. - G -
2022-37
Heteropogon contortus (L.) Beauv. ex myf’mu’m G Thummavongsa
22 Poaceae a -
Roem. & Schult. 0 2022-13
o Thummavongsa
23 Poaceae Melinis repens (Willd.) Zizka RIABNLAY EG -
N 2022-5
) ) ) W9 G Thummavongsa
24 Poaceae Setaria parviflora (Poir.) Kerguelen K3 Least concern
N8N 2022-28
. . , Thummavongsa
25 Poaceae Thyrsostachys siamensis Gamble Tei9n B -
2023-60
o Thummavongsa
26 Zingiberaceae Curcuma sp. - H -
2022-41
Thummavongsa
27 Zingiberaceae Kaempferia koratensis Picheans. wnelas H -
2023-54
o o Thummavongsa
28 Zingiberaceae Zingiber sp. - H -
2022-14
Dicotyledonous Plants
. o . o Thummavongsa
29 Achariaceae Hydnocarpus ilicifolius King nIzluINan ST Least concern 2023-56
. . . Thummavongsa
30 Anacardiaceae Mangifera caloneura Kurz wza9th T Least concern
2022-23
. . L . o Thummavongsa
31 Anacardiaceae Spondias bipinnata Airy Shaw & Forman yznn T -
2023-63
. . Thummavongsa
32 Annonaceae Desmos chinensis Lour. RUNLA C -
: 2022-36
Huberantha cerasoides (Roxb.) - Thummavongsa
33 Annonaceae NITLLH ST Least concern
Chaowasku 2023-04
Monoon viride (Craib) B. Xue & R. M. K. Thummavongsa
34 Annonaceae galaw T -

Saunders

2023-57
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Table 1 List of plants in Wat Loet Sawat nature trail. (continue)
The IUCN Red
No Family Scientific name Local name Habit A i Voucher specimens
List Categories
Sphaerocoryne lefevrei (Baill.) . Thummavongsa
35 Annonaceae AN ST -
D. M. Johnson & N. A. Murray 2022-43
L ) Y Thummavongsa
36 Annonaceae Xylopia vielana Pierre BRG] T Least concern
2022-27
Cynanchum viminale (L.) Thummavongsa
37 Apocynaceae o wan 3l C -
L. subsp. viminale N 2023-40
Thummavongsa
38 Apocynaceae Hoya sp. - C -
2023-69
o Thummavongsa
39 Apocynaceae Wrightia pubescens R. Br. Tungin ST Least concern
2023-05
Praxelis clematidea (Hieron ex Kuntze) R. , H Thummavongsa
40 Asteraceae RIUUW
M. King & H. Rob. 2022-24
Thummavongsa
41 Balanophoraceae Balanophora latisepala Lec. NNANIN PaH -
2023-72
o g . Thummavongsa
42 Cannabaceae Celtis timorensis Span. WANYWIETN T Least concern 202211
. . . Thummavongsa
43 Celastraceae Siphonodon celastrineus Giriff. azqn T Least concern 209315
Terminalia corticosa Pierre ex Craib & a Thummavongsa
44 Combretaceae azuUNLNaa T Least concern
Hutch. 2023-06
A A Thummavongsa
45 Convolvulaceae Argyreia mollis (Burm. f.) Choisy LAIDNY HC -
Y 2023-53
o o , Thummavongsa
46 Crassulaceae Kalanchoe laciniata (L.) DC. WAIRNEU H -
2023-46
. Anthoshorea henryana (Pierre ex Laness.) Lﬁ&l&m:uad T Thummavongsa
47 Dipterocarpaceae Endangered
P. S. Ashton & J. Heck. 2022-16
. a a Thummavongsa
48 Dipterocarpaceae = Hopea ferrea Laness AZLALBAL T Endangered
2022-06
i o Thummavongsa
49 Ebenaceae Diospyros decandra Lour. % T -
2023-14
. . . " Thummavongsa
50 Ebenaceae Diospyros mollis Griff. ULND T -
2023-38
. - Thummavongsa
51 Ebenaceae Diospyros oblonga Wall. ex G.Don T3 T -
2023-71
. ) ) o \ Thummavongsa
52 Euphorbiaceae Euphorbia antiquorum L. Faa lath S/IST Least concern 2022-32
. . < Thummavongsa
53 Euphorbiaceae Hura crepitans L. Twelss ExT Least concern
2023-68
. . . . Thummavongsa
54 Euphorbiaceae Mallotus philippensis (Lam.) Mill. Arg. AURA ST Least concern 2022-15
. . Thummavongsa
55 Fabaceae Albizia myriophylla Benth gziayngy C Least concern

2022-17
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Table 1 List of plants in Wat Loet Sawat nature trail. (continue)
The IUCN Red
No Family Scientific name Local name Habit i i Voucher specimens
List Categories
. o e Thummavongsa
56 Fabaceae Albizia odoratissima (L. f.) Benth nNBVBA T Least concern
2023-22
o ¢ Thummavongsa
57 Fabaceae Cassia fistula L. TTWNNL T Least concern
2023-39
. o L Critically endan- ~ Thummavongsa
58 Fabaceae Dalbergia cochinchinensis Pierre Weeld T
o gered 2023-07
Thummavongsa
59 Fabaceae Dalbergia nigrescens Kurz AWIL T Data Deficient
2023-32
. . . RSN Thummavongsa
60 Fabaceae Delonix regia (Bojer ex Hook.) Raf. L ¥ ExT Least concern
W39 2023-12
R Thummavongsa
61 Fabaceae Dialium cochinchinense Pierre LUK, NN T Near threatened
2023-09
< Thummavongsa
62 Fabaceae Dunbaria punctata (Wight & Arn.) Benth. mnun (o} Least concern 2023-37
Dysolobium pilosum (J. G. Klein ex Willd.) Lo « Thummavongsa
63  Fabaceae nateAnLaN c -
Maréchal 2023-45
Thummavongsa
64 Fabaceae Erythrina fusca Lour. nadlnad T Least concern
2023-52
Grona styracifolia (Osbeck) H. Ohashi & ad ¥ Thummavongsa
65 Fabaceae WIRBWD H -
K. Ohashi 2023-11
) . ~ whlunae Thummavongsa
66 Fabaceae Grona triflora (L.) H. Ohashi & K. Ohashi H -
nag 2022-21
Millettia leucantha Kurz var. buteoides Thummavongsa
67 Fabaceae 8197 T Least concern
(Gagnep.) P. K. Léc 2023-41
, Thummavongsa
68 Fabaceae Pterocarpus macrocarpus Kurz SIpFlo) T Endangered
¥ 2023-21
. ’ . Thummavongsa
69 Fabaceae Senna garrettiana (Craib) Irwin & Barneby URURIY T Least concern 2023-18
. . - Thummavongsa
70 Fabaceae Senna siamea (Lam.) Irwin & Barneby ULKRAN T Least concern
2023-08
. oo Thummavongsa
71 Fabaceae Tamarindus indica L. ENEAIRE ExT Least concern
2023-31
. Cratoxylum formosum (Jacq) Benth. & 2 T Thummavongsa
72 Hypericaceae [k} Least concern
Hook. f. ex Dyer subsp. formosum 2023-13
o o . Thummavongsa
73 Irvingiaceae Irvingia malayana Oliv. ex A. W. Benn nIzun T Least concern
2023-36
. o Thummavongsa
74 Lamiaceae Mesosphaerum suaveolens (L.) Kuntze LyIaNAN S Least concern 2023.33
. . . - Thummavongsa
75 Lamiaceae Vitex peduncularis Wall. ex Schauer maNdn T Least concern 2023-19
. . . - a Thummavongsa
76 Lamiaceae Vitex quinata (Lour.) F. N. Williams GIME ST Least concern

2023-44
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Table 1 List of plants in Wat Loet Sawat nature trail. (continue)
The IUCN Red
No Family Scientific name Local name Habit A i Voucher specimens
List Categories
. . a \ Thummavongsa
77 Lauraceae Dehaasia candolleana (Meisn.) Kosterm. avl,mlulumw T Least concern 202210
. . . o L Thummavongsa
78 Linderniaceae Bonnaya ciliata (Colsm.) Spreng. Wnwangat H Least concern 202316
wan
) ) . i Thummavongsa
79 Linderniaceae Torenia crustacea (L.) Cham. & SchitdI. munay H Least concern 202329
Ly
S e Thummavongsa
80 Malvaceae Abutilon indicum (L.) Sweet yeNaIn S -
2023-50
' 2 . Thummavongsa
81 Malvaceae Bombax anceps Pierre 321 T Least concern
2023-20
o Thummavongsa
82 Malvaceae Microcos tomentosa Sm. WARLWAN T Least concern
2022-18
. . . a Thummavongsa
83 Malvaceae Pterocymbium tinctorium (Blanco) Merr. JaaLny T Least concern 202323
- Thummavongsa
84 Malvaceae Pterospermum acerifolium (L.) Willd. NEAWBUFI T Least concern 202310
Thummavongsa
85 Malvaceae Sterculia pexa Pierre Jap ST/T Least concern
2023-34
Memecylon caeruleum Jack var. , Thummavongsa
86  Melastomataceae waadlng) ST -
caeruleum 2023-26
- Thummavongsa
87 Melastomataceae =~ Memecylon ovatum Sm. WRDINUAN SIT Least concern 202351
" Thummavongsa
88 Meliaceae Aglaia edulis (Roxb.) Wall. AN T Near threatened
2023-24
. . . o Thummavongsa
89 Meliaceae Sandoricum koetjape (Burm. f.) Merr. nycnan T Least concern 202317
. . . o & Thummavongsa
90 Meliaceae Walsura trichostemon Miq. NafL T Least concern
2022-45
Thummavongsa
91 Moraceae Artocarpus lacucha Roxb. ex Buch.-Ham. W9, YeN1a T -
2023-42
. . M Thummavongsa
92 Moraceae Ficus microcarpa L. f. 198 T Least concern
2022-08
\ Thummavongsa
93 Moraceae Streblus asper Lour. bilald] T Least concern
2023-64
Taxotrophis taxoides (B. Heyne ex Roth) , ¥ Thummavongsa
94 Moraceae VDLW SIT Least concern
Chew ex E. M. Gardner 2023-30
95 Myrt s . - Thummavongsa
aceae zygium sp. - -
Y yers P 2023-35
Chionanthus microstigma (Gagnep.) P. n3zlasuas T Thummavongsa
96 Oleaceae Least concern
S. Green 2023-27
» . . , Thummavongsa
97 Opiliaceae Cansjera rheedei J. F. Gmel WY S -

2023-25
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Table 1 List of plants in Wat Loet Sawat nature trail. (continue)
The IUCN Red
No Family Scientific name Local name Habit i i Voucher specimens
List Categories
) . . o o Thummavongsa
98 Piperaceae Peperomia pellucida (L.) Kunth WNANTIERY H -
2023-43
Breynia androgyna (L.) Chakrab. & N. P. o o Thummavongsa
99 Phyllanthaceae WNAIBUIU S Least concern
Balakr. 2023-70
X . Thummavongsa
100 Phyllanthaceae Cleistanthus helferi Hook.f. UNBOL S/IST Least concern 202207
. o . o . Thummavongsa
101 Phyllanthaceae Emblica collinsiae (Craib) R.W.Bouman UWUUINIBDY SIS Data Deficient 202347
. L o Thummavongsa
102 Phyllanthaceae Emblica officinalis Gaertn. vzanuiay ST/T Least concern 2022-20
Thummavongsa
103 Portulacaceae Talinum paniculatum Gaertn. Tauau H -
2022-25
o A Thummavongsa
104 Portulacaceae Portulaca pilosa L. RITNAN EH -
2023-65
« Thummavongsa
105  Rubiaceae Ixora cibdela Craib Wuih ST Least concern
2022-33
« Thummavongsa
106  Rubiaceae Pavetta indica L. Wuih S Least concern
2022-35
. . o ) . o Thummavongsa
107  Rubiaceae Ridsdalea wittii (Craib) J. T. Pereira wanua S -
2023-48
) Thummavongsa
108  Rutaceae Glycosmis pentaphylla (Retz.) DC. Lgane S/ST Least concern 202942
Rutaceae Micromelum minutum (G. Forst.) Wight & o o Thummavongsa
109 RUAKBEY S/ST Least concern
Arn. var. minutum 2022-44
. o Thummavongsa
110 Rutaceae Murraya paniculata (L.) Jack unn SIST -
2023-66
. i . Thummavongsa
111 Sapindaceae Lepisanthes rubiginosa (Roxb.) Leenh. WTNIA SIST Least concern 2022-09
. . a Thummavongsa
112 Sapindaceae Lepisanthes tetraphylla (Vahl) Radlk. uztWaT9 ST/T Least concern 2023-49
. i Thummavongsa
113 Sapindaceae Nephelium hypoleucum Kurz ADLLAY T Least concern
2022-34
L . nua Thummavongsa
114 Stemonaceae Stemona collinsiae Craib HC Least concern
fPRLIN 2023-67
. o Thummavongsa
115 Ulmaceae Holoptelea integrifolia Planch. NIz T Least concern
2023-28
Thummavongsa
116 Verbenaceae Lantana camara L. WNNTBY Exc -
2022-26
. . Thummavongsa
117  Vitaceae Tetrastigma sp. - C -
2022-19

Not : B = Bamboo, C = Climber, EC = Exotic climber, EF = Epiphytic fern, EO = Epiphytic orchid, EG = Exotic grass, EH= Exotic herb, ET = Exotic

tree, G = Grass, H = Herb, HC = Herbaceous climber, LF = Lythophytic fern, PaH = Parasitic herb, S = Shrub, SL = Shrub-like, ST = Shrubby tree,
STL= Shrubby tree-like, T = Tree, TerF = Terrestrial fern, US = Undershrub
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Figure 2 Some species of plant in Wat Loet Sawat nature trail (A) Asplenium yoshinagae (B) Balanophora latisepala
(C) Breynia androgyna (D) Cleisostoma williamsonii (E) Desmos chinensis (F) Dracaena cochinchinensis
(G) Emblica officinalis (H) Euphorbia antiquorum (1) Hydnocarpus ilicifolius (J) Kaempferia koratensis (K) Pavetta indica
(L) Peperomia pellucida (M) Torenia crustacea
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Abstract

This study aimed to investigate the effects of medicinal plant additives on the chemical, microbiological, and quality
characteristics of fermented pork sausage (Nham). Two groups of herbs were used: traditional herbs (ginger, turmeric,
and pepper) and red-coloring herbs (roselle, beetroot, sappanwood, and lac dye). A basic fermented pork sausage
formula was prepared by mixing minced pork, boiled pork skin, steamed sticky rice, garlic, and salt at respective
proportions of 71%, 18%, 5%, 3.5%, and 2.5% (w/w), along with a color retention agent. Herbs were incorporated
in various forms: fresh herbs (5% and 10% w/w), herbal essential oils (1% and 10% w/w), and red-coloring herbs
(2.5% wiw). The sausages were fermented at room temperature for 7 days. Samples were collected on days 0, 1, 3,

5, and 7 to determine pH, lactic acid content, and lactic acid bacteria counts. Four formulations of herbal fermented
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pork were prepared: Formula 1 (with fresh ginger), Formula 2 (with fresh ginger and beetroot), Formula 3 (with fresh

pepper), and Formula 4 (with fresh pepper and beetroot), to evaluate their quality compared to the control formulation

without added herbs. The results showed that on day 3 of fermentation, sausages containing 5% fresh ginger or

pepper had a pH value < 4.6, which corresponded with an increase in lactic acid and lactic acid bacteria. Similarly,

sausages containing roselle or beetroot also exhibited a pH < 4.6 on day 3. Quality evaluation revealed that all four

herbal formulations had a naturally pink color. There were no statistically significant differences in protein and fat

content (p > 0.05); however, significant differences were observed in pH (p < 0.05). Microbiological testing showed

no contamination by Staphylococcus aureus, Bacillus cereus, or Clostridium perfringens. Additionally, Salmonella spp.

and Escherichia coli were not detected in Formulas 1 and 3 but were detected in Formulas 2 and 4.

Keywords: Medicinal plants, Nham (Fermented pork), chemical property, microorganism, quality
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Table 2  Ingredients of herbal fermented pork 1 kg.
Quantity (g)
Ingredients
Formula 1 Formula 2 Formula 3 Formula 4
Minced pork 800 800 800 800
Boiled pork skin 200 200 200 200
Steamed sticky rice 60 60 60 60
Sodium chloride 30 30 30 30
Sodium nitrate 0.3 - 0.3 -
Sodium nitrite 0.2 - 0.2 -
Sodium tripolyphosphate 3.0 - 3.0 -
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Crushed fresh garlic 40 40 40 40
Fresh ginger 50 50 - -
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Beetroot powder - 25 - 25
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Table 3  pH values of fermented pork supplemented with fresh and oil medicinal plants during different incubation
periods.
Average pH value by day
Formulars
Day 0 Day 1 Day 3 Day 5 Day 7
control 6.2010.06 5.8010.06 4.8010.05 4.3010.05 4.2010.05
5% ginger added 6.2710.05 5.1510.05 4.6010.05 4.1010.05 4.0010.06
10% ginger added 6.2110.06 5.8110.06 4.8110.06 4.3110.06 4.3010.06
5% turmeric added 6.2510.05 5.8510.07 4.8510.06 4.3510.06 4.0510.05
10% turmeric added 6.5010.07 6.1010.06 5.1010.06 4.6010.06 4.10%0.07
5% pepper added 6.2810.05 5.5810.05 4.5810.05 4.2810.05 4.2010.07
10% pepper added 6.3310.06 5.8310.06 5.3310.05 4.8310.06 4.3310.05
1% ginger oil added 6.2710.06 5.8710.08 4.8710.07 4.47%0.05 4.0710.05
10% ginger oil added 6.2010.05 5.8010.07 4.8010.06 4.4010.05 4.0410.05
1% turmeric oil added 6.2510.04 5.7510.06 4.7510.05 4.2510.05 4.2010.07
10% turmeric oil added 6.3810.05 5.9810.07 5.4810.06 4.9810.06 4.4810.07
1% pepper oil added 6.3610.06 5.9610.05 4.9610.05 4.4610.05 4.3010.06
10% pepper oil added 6.4010.06 6.0010.06 5.0010.06 4.5010.05 4.4010.06
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Table 4  Acidity values of fermented pork supplemented with fresh and oil medicinal plants during different

incubation periods.

Average pH value by day

Formulars
Day 0 Day 1 Day 3 Day 5 Day 7
control 6.2010.06 5.8010.06 4.8010.05 4.3010.05 4.2010.05
5% ginger added 6.2710.05 5.1510.05 4.60%0.05 4.1010.05 4.0030.06
10% ginger added 6.2110.06 5.8110.06 4.8110.06 4.3110.06 4.3010.06
5% turmeric added 6.2510.05 5.8510.07 4.8510.06 4.3510.06 4.0510.05
10% turmeric added 6.5010.07 6.1010.06 5.1010.06 4.6010.06 4.10%0.07
5% pepper added 6.2810.05 5.5810.05 4.5810.05 4.2810.05 4.2010.07
10% pepper added 6.3310.06 5.8310.06 5.3310.05 4.8310.06 4.3310.05
1% ginger oil added 6.2710.06 5.8710.08 4.8710.07 4.47%0.05 4.0710.05
10% ginger oil added 6.2010.05 5.8010.07 4.8010.06 4.4010.05 4.0410.05
1% turmeric oil added 6.2510.04 5.7510.06 4.7510.05 4.2510.05 4.2010.07
10% turmeric oil added 6.3810.05 5.9810.07 5.4810.06 4.9810.06 4.4810.07
1% pepper oil added 6.3610.06 5.9610.05 4.9610.05 4.4610.05 4.3010.06
10% pepper oil added 6.4010.06 6.0010.06 5.0010.06 4.5010.05 4.40710.06

Table 5 Lactic acid bacteria values of fermented pork supplemented with fresh and oil medicinal plants during

different incubation periods.

Average lactic acid bacteria value by day (log CFU/g)

Formulars
Day 0 Day 1 Day 3 Day 5 Day 7
control 6.0210.06 6.8310.06 7.6010.05 8.0510.05 8.4610.05
5% ginger added 6.0010.05 7.4810.05 7.8010.05 8.2510.05 8.6610.06
10% ginger added 6.0110.06 6.8210.06 7.5910.06 8.0410.06 8.5610.06
5% turmeric added 5.9710.05 6.7810.07 7.5510.06 8.0010.06 8.6110.05
10% turmeric added 5.7210.07 6.5310.06 7.3010.06 7.7510.06 8.5610.07
5% pepper added 5.9410.05 7.0510.05 7.8210.05 8.0710.05 8.4610.07
10% pepper added 5.8910.06 6.8010.06 7.0710.05 7.5210.06 8.3310.05
1% ginger oil added 5.9510.06 6.7610.08 7.5310.07 7.8810.05 8.5910.05
10% ginger oil added 6.0310.05 6.8410.07 7.7010.06 7.9510.05 8.6210.05
1% turmeric oil added 5.9710.04 6.8810.06 7.6510.05 8.1010.05 8.4710.07
10% turmeric oil added 5.8410.05 6.6510.07 6.9210.06 7.3710.06 8.1810.07
1% pepper oil added 5.8610.06 6.6710.05 7.4410.05 7.8910.05 8.3610.06
10% pepper oil added 5.8210.06 6.6310.06 7.4010.06 7.8510.05 8.2610.06
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Table 6 pH values of fermented pork supplemented with red medicinal plants during different incubation periods.
Average pH value by day
Formulars
Day 0 Day 1 Day 3 Day 5 Day 7
Control 6.2010.01 5.8010.01 4.8010.02 4.3010.01 4.2010.01
2.5% roselle added 5.6410.02 4.7910.01 4.1910.01 4.0710.02 4.0410.02
2.5% beetroot added 5.6110.01 4.7010.01 4.4010.02 4.0310.01 4.0310.01
2.5% sappanwood added 5.8010.03 5.40%0.02 4.7510.02 4.6510.01 4.6010.02
2.5% lac dye added 5.8810.01 5.4210.01 4.6710.02 4.5010.02 4.3010.02

Table 7  Acidity values of fermented pork supplemented with red medicinal plants during different incubation periods.
Average acidity value by day (%)
Formulars
Day 0 Day 1 Day 3 Day 5 Day 7
Control 0.2010.01 0.2410.01 0.3210.02 0.4010.02 0.5210.03
2.5% roselle added 0.3010.02 0.4210.02 0.6110.03 0.6910.02 0.7210.02
2.5% beetroot added 0.3110.01 0.4810.01 0.5310.02 0.7310.02 0.7310.01
2.5% sappanwood added 0.2910.02 0.3410.02 0.4510.02 0.4810.01 4.5010.02
2.5% lac dye added 0.2510.02 0.3610.02 0.4810.01 0.5410.02 0.5910.02
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Table8 One-way ANOVA compares means between formulas
Properties Formula Mean Std. p-value
1 417 0.03
2 453 0.02
pH 3 4.59 0/02 0.000
4 4.52 0.03
5 4.76 0.04
1 23.31 0.33
2 23.21 0.20
Protein 3 23.03 0.08 0.685
4 23.03 0.03
5 23.03 0.53
1 8.15 0.05
2 8.21 0.03
Fat 3 8.20 0.04 0.616
4 8.20 0.05
5 8.22 0.08

Formulas 1-4 represent different herbal supplement combinations: Formula 1 was supplemented with 5% fresh ginger; Formula 2 with 5% fresh

ginger and 2.5% beetroot; Formula 3 with 5% fresh pepper; and Formula 4 with 5% fresh pepper and 2.5% beetroot. Formula 5 was the control

formulation that contained no herbal additions.

353



354 Porntippa Pinyaphong, Thitiphorn Thiankhanithikun and

Amphawan Wiriyarattanakul

wananinaands winlng wiaingnludiunm

A Inase linadarSunmlusan was loiulundanmsd
' Ao o w A P’

uwnuunyatliiadAy (p > 0.05) Whasnnlumnda

Lmuulﬁ‘mqﬁwé’ﬂ LT Lﬁaw LL&:%ﬁdﬁH%dLﬂ%LmﬁN

aalusauuaz ladwlundan s laslddaaimasinuln

nngas Haudazfuayulnaadld dadauidsaslndi@osiu

J Sci Technol MSU

luudazgas %aﬁ%mmiﬂiaulunngml,ﬂuvlﬂmumtusT
ANATTIURRAN UATNTU UNT oo (11/3fw >20
wasidud) ﬁmﬂ’%mmvlmﬁ'ulunﬂgmﬁmLﬂ?iﬂi';u 8.195
wesidud sfunaminnnsgiuniadmeigumuies
wntas (newiwadluin <8 wadidud)

Table 9  Post hoc by Tukey HSD
Item Compare formular Mean differences 95% CI p-value
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4-5 -.24000 -.3188 — -.1612 0.000
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Abstract

Neomycin is a common broad-spectrum aminoglycoside antibiotic that inhibits the growth of both gram-negative and
gram-positive bacteria. Overdose has the potential to cause ototoxicity as well as nephrotoxicity. Thus, the presence
of neomycin in raw milk poses a possible health risk to consumers. Therefore, sensitive and selective methods are
necessary to monitor and detect neomycin. A competitive immunosensor was designed to detect neomycin residues
in raw milk. First, a microplate was coated with conjugated neomycin-bovine serum albumin and used as an analytical
competitor. The competitive immunosensor was created by incubating free neomycin with anti-neomycin antibodies

labelled with HRP-streptavidin. After the competitive reaction, captured HRP catalysed the oxidation of 3,3',5,5'-
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tetramethylbenzidine (TMB) in the presence of hydrogen peroxide (HZOZ) to create colour responses. The proposed

immunosensor had excellent analytical performance with a low detection limit of 4 ng/mL, a wide linear range from 1

to 50 ng/mL (R’ = 0.9976), high precision with a %RSD of 3.7, and high selectivity in neomycin detection compared

to six competitive antibiotics. The applicability of the sensor was evaluated by analysing neomycin in raw milk samples.

Detection of neomycin in real samples demonstrated remarkable accuracy, with a recovery rate of 85-111%.

The results showed that the proposed immunosensor can successfully detect neomycin in raw milk samples with

excellent sensitivity and ease of use. Additionally, the proposed method has great potential for farmers to detect

neomycin residues in raw milk.

Keywords: Competitive immunosensor, antibiotic, neomycin, raw milk
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Figure 1 Schematic illustration of the developed competitive
immunosensor for detection of neomycin residues.
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Figure 5 Standard calibration curve of the absorbance at
450 versus different concentration of neomycin and the
linear section (inset) of standard curve using the developed
competitive immuno- sensor. The error bars were obtained
from triplicate experiments.
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Figure 6 The absorbance at 450 nm of the proposed
competitive immunosensor for neomycin and six other
interference antibiotics. The antibiotics concentration is 10
ng/mL. Different letters above the bars indicate statistically
significant difference at P<0.05 (one-way ANOVA, N=3).
The error bars were obtained from triplicate experiments.
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Table 1 Neomycin residues detection in raw milk samples using the proposed competitive immuno- sensor (n=3).
Raw milk Neomycin
samples concentration (ug/L)
A ND
B 14+15
C ND
Blank ND

* ND= Not detected
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Table 2  Recovery of neomycin spiked in three raw milk samples by the developed competitive immunosensor (n=3).
Neomycin concentration (ug/L) Rate of Recovery RSD
Raw milk samples
Native level Spiked Found (%) (%)
0 1 0.93 93 9.40
A 0 10 10.26 103 9.35
0 30 28.72 96 2.21
14 1 15.11 111 3.27
B 14 10 24.77 108 3.77
14 30 40.80 89 2.96
0 1 1.04 104 11.61
c 0 10 9.46 94 5.27
0 30 25.65 85 5.01

Table 3
samples.

Comparison with immunosensor and others analytical methods in the determination of neomycin in milk

Limit of detection

Recovery rate

Methods LOD ((ug/L) (%Recovery) Reference
Liiquid chromatography mass spectroscopy (LC-MS) 50 80-98 Arsand et al. (2016)
Imprinting membrane (MIPs) 7 97-104 Lian et al. (2013)
Surface plasmon resonance sensing (SPR) 6.14 - de-los-Santos-Alvarez et al. (2009)
Fluorescent polarization immunosensor 4 - Beloglazova et al. (2016)
Enzyme linked immunosensor 3 87-108 Jin et al. (2009)
Amperometric immunosensor 6.7 95-113 Zhu et al. (2010)
Colorimetric immunosensor 5 75-105 Wang et al. (2009)
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Table 3  Comparison with immunosensor and others analytical methods in the determination of neomycin in milk
samples. (cont.)
Limit of detection Recovery rate
Methods Reference
LOD ((pg/L) (%Recovery)
Chemiluminescent immunosensor 9.4 89-105 Luo et al. (2016)
Antibody-based immunochromatographic 8 - Qin et al. (2022)
Competitive colorimetric immunosensor 4 85-111 This work
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Abstract

Every year, Nakhon Sawan Province is affected by water-related disasters, including floods and droughts. Therefore,
high-accuracy rainfall data and comprehensive coverage are crucial for effective water management. The main
objective of this study was to estimate daily rainfall using data from the Himawari-9 satellite based on cloud-top
brightness temperature. The study analyzed the Pearson correlation (r) and developed a model for estimating
daily rainfall. Additionally, three rainfall estimation methods were compared using Himawari-9 satellite data:
1) Auto-Estimator, 2) IMSRA, and 3) Non-Linear Relation (NLR). These methods were calibrated using rain gauge
data from meteorological stations via linear regression, and their errors were evaluated in Microsoft Excel. The results
showed that all three methods had moderate to high correlations between satellite-derived and observed rainfall,
which were significant at the 0.01 level. Among them, the NLR method proved to be the most suitable for practical
use, with the highest correlation (r = 0.7163) and the lowest Root Mean Square Error (RMSE) of +7.61 mm/day and
Mean Absolute Deviation (MAD) of 3.84 mm/day.

Keywords: The estimation, Himawari-9 satellite, rainfall, remote sensing
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Table 2  Regression statistics for estimating rainfall

from brightness temperature band 13

Model Linear Polynomial
R 0.675 0.711
R Square 0.456 0.505
Adjusted R 0.455 0.502
RMSE 7.98 7.61
MAD 476 3.70

2. maIsuisudalTnsdszunaanUSunm
el lasmislfgunnianusisvessaawsndugm
léun 1) nsUszanmudn@183% Auto Estimator (AE)
mMydszanmandisaanaina IMSRA waz nvuszanm
ANe88ana3fNa Non-Linear Relation (NL) Waz@ns
ANUFIRUERUUS N e Y nnamiaauaing
HAMSANHWLIN MILlszanmendusanasia o 3 33
fenuduiusuuuulsduluszaulunansfiegs sz
wudd 0.01 F93FnsulszanmAdudanasfia NL e
AWFWUS r 8950 LY 0.7163 Ja98du1A0 TTmTdszanm
AA88aNaINN AE AAFARUWUT r iNAL 0.7069 LAz
FFmsUszanmuAndl88ana3Nn IMSRA JFanaunus r
sga Wi 0.5921 &3 Table 3

Table 3  The relationship between rainfall from satellite
data and rainfall from rain gauges
Method Rainfall AE IMSRA NLR
Rainfall 1
AE 0.7069" 1
IMSRA 0.5921" 0.8815" 1
NLR 0.7163" 0.9852" 0.79560" 1

** Correlation is significant at the 0.01 level

= ada 1 a :’

NaN1IRaULNLUATNTU Sz AU i
UINUTINIAuATETIA NNTigungianueing
vadpaaNsdugudsiTnInanes wudnsun iy
NeIUNINNITNNIY Tz AU NLR J@n R? §980 LYY
0.51 Ya1AaALARE" RMSE LazaA1nanaLaaa MAD
ﬁaﬂﬁq@ WINAL +-7.55 WAz 3.84 ARG AU ANE19U

A a 4 AV va aa '
99898 AaUSN NI WA bFUINNATNNTU TE N Bk UL
AE @1 R? winnU 0.498 wasiAtnanatafas RMSE
LRZANARIALAREY MAD LYINAL +-7.65 Way 3.95 NARLIAT/ 14
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Figure 2 The relationship between brightness temperature
and rainfall from rain gauges
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Table 4  Statistics for adjusted rainfall from satellite
data
Method R’ RMSE MAD  Equation
AE 498 +765 395 R=-0.1104+52.325R )
IMSRA 350 +872 516  R=29672+41.070R )
NLR 510 +755 3.84

R =-4.068+4.324 R )
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Abstract

This article is a study on the topic of the antibody screening requirements when preparing negative and positive
samples for testing at the transfusion science laboratory at the Faculty of Medical Technology, Rangsit University.
However, there is a limitation with regard to the need for a large quantity of patient blood samples in order to separate
serum, so that there is sufficient for the students to use in their practices. In addition, serum samples have the risk of
infectious diseases, such as hepatitis B virus, hepatitis C virus and human immunodeficiency virus. The purpose of this
research is to examine the stability of virtual serum stored at temperatures of 2 - 8 and -20 °C for antibody screening.
Preparing a virtual serum for both negative and positive antibody screening is conducted by using chrysanthemum
powder, sodium chloride, albumin, and dissolving them in distilled water, then adding yellow coloring and finally
mixing until the solution is well blended. Next, the serum is divided into two equal parts and anti-D (IgG) is added to

the virtual serum at a dilution ratio of 1:8 to obtain a positive result, while the virtual serum that gives a negative result
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Preparation and storage stability of virtual serum for antibody screening

by conventional tube test and column agglutination test

will not have any anti-D (IgG). The virtual serum was then aliquoted for storage at 2 - 8 °C and -20 °C. The physical

examination, antibody screening using a conventional tube test (CTT) and a column agglutination test (CAT) were

assayed every 3 days for 27 days (day 0, 3, 6, 9, 12, 15, 18, 21, 24, and 27) and then the results were compared

with the baseline (day 0). The results showed that virtual serum stored at -20 °C had a greater physical stability than

when it was stored at 2 - 8 °C. The storage of virtual serum at both temperatures gave true negative and true positive

results for antibody screening with CAT and CTT on the day of the testing. This study may provide a way of preparing

virtual serum for antibody screening that is safe, non-infectious, and suitable for students’ laboratory practice.

Keywords: Virtual Serum, refrigerate, frozen, antibody screening, stability
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IANTALTOR WAz -20 BIANTALTE

1.3 MIAIIVADUANBHENIAILATN

nndsuaionasefitasundulude 1.1 sz 1.2
hanimsaaseuansamemImemwelsada laun
MINTFOUF ALY LAzATIIFELLLATIS LA T
mﬂﬁﬂﬁma}amwﬁﬁﬁﬁwmﬂ 400 ¥ (objective len
40X) FiNNIATIIFBLANWAULNMBAWNN G 3 T 1
N 27 3% (U 0, 3, 6, 9, 12, 15, 18, 21, 24 uaz 27)
T@m;ﬁ%’g 2 auuazFMISouRauiuaSuEn (337 0)

2. MInasau antibody screening

2.1 35 conventional tube test (CTT)
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2.2 35 column agglutination technique (CAT)
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W% 5 WA Nawinn1Inagay antibody screening #2833
CAT (Raos etal., 2018) 1N <) 3 1 L8N 27 T4 (WA 0,
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3,6,9, 12, 15, 18, 21, 24 uas 27) uazinmsilIouiey
AU Budu (Sufl 0) a9il vioa 50 pl w83 1% O1 waz O2
a9l microcolumn AHG uazweadsuLasionassasluudas
microcolumn #agaas 25 pl @;uﬁ 37 QIALTALTOR W
15 w7 thawn 5 wifl 81ums uaztuiinnamInases

NIDTWHANIINATAL

IzaUANNLTITEIU JATedunguludt CAT
RNNTOEUHE WL 4+, 3+, 2+, 1+ LA negative AILEAILN
Figure 1

4+ 3+ 2+ 1+ - +/-

Figure 1 Reading the results of antibody screening
by column agglutination technology

Nan1Inaaag

NANINARDUANBUNIINISNANYBITINLRN DU
A A9 o i . & A = A
359N A Na antibody screening LJ#aulazuIn LUaLALN
QaLnNdl 2 - 8 IANLTALTOR WA - 20 DIFLTALTOR b1
a1 27 T laginsdnw & AN LLa:mgmﬂﬁwu
muoldndasgansied nng 3 Twdunm 27 4 woh

4 A a A & o o

FINLFNOUWITINATUNTWIUIULIN TANBULIINIBAW
A Aa oA & @ . A = A a
fa Amnaed Yuianioy (Figure 2) uazilalnungmnn
2 - 8 PP TALTUE RINITALAUITNI lauRan¥IE N9
MUMWAT W IRSNAU L 6 T INMNUUAILATUN 9 D19 27
ANBUTNINMEANITSNU R oY Finaaady Ui UAZ
a o A =
Faznon lauazNauwasNUNIN IR 12 - 27 Va9 ILAL
M3N® (Table 1) lwpnieh Waiiufgonni 20 asen
VTRLTER NANHIALNIINNEATN FLRAd Yanas AU
IUNTUAUIBATULIAN 27 W

Preparation and storage stability of virtual serum for antibody screening

by conventional tube test and column agglutination test

Figure 2 The negative (A) and positive (B) virtual serum
for antibody screening at day 0

NEN1IN@&aU antibody screening YDITIN
A a A = A a a
\wlaud3s WalhuNgunanil 2 - 8 psaLTaITUE WA -20
= & [ \ ad A a

AN TALTOR LTWIRT 27 T WUIITIULRN DU
7416w anti-D (IgG) Laz¥inMINaaay antibody screening
#2838 CTT uagd® CAT lhuamInasauindanunn
laglAnaauns 3 39 (triplicate) Naanue RT, 37 °C Uaz
IAT (liusainanisnaaad) MnTudsuialanaSinidu
anti-D (IgG) wazinmInasay antibody screening @28
3% CTT lAnamInasauuinfanus IAT (Figure 3 LAz
Table 2) uazen83% CAT lnanInasauuan (Figure 4
WAz Table 3) AULAIUNINAUIBATULIN 27 b

Figure 3 The positive results of antibody screening
at IAT phase by conventional tube test
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Table 1 Physical examination of virtual serum after storage at 2 - 8 °C and -20 °C for 27 days
Physical examination
2-8°C -20 °C
Day (s)
Negative Positive Negative Positive
(without anti-D (IgG)) (with anti-D (IgG)) (without anti-D (IgG)) (with anti-D (IgG))
Dav 0 yellow, turbid, yellow, turbid, yellow, turbid, yellow, turbid,
al
Y bacteria few bacteria few bacteria few bacteria few
Dav 3 yellow, turbid, yellow, turbid, yellow, turbid, yellow, turbid,
a
Y bacteria few bacteria few bacteria few bacteria few
. . dark yellow, turbid, yellow, turbid, yellow, turbid,
Day 6 dark yellow, turbid, bacteria few . . .
bacteria few bacteria few bacteria few
Dav 9 dark yellow, turbid with dark yellow, turbid with yellow, turbid, yellow, turbid,
a
v sediment, bacteria few sediment, bacteria few bacteria few bacteria few
dark yellow, turbid with dark yellow, turbid with . .
. . . . yellow, turbid, yellow, turbid,
Day 12 sediment, bacteria few, sediment, bacteria few, ) .
bacteria few bacteria few
pseudohyphae few pseudohyphae few
dark yellow, turbid with dark yellow, turbid with . )
. . . . yellow, turbid, yellow, turbid,
Day 15 sediment, bacteria few, sediment, bacteria few, . .
bacteria few bacteria few
pseudohyphae few pseudohyphae few
dark yellow, turbid with dark yellow, turbid with
. . . . yellow, turbid, yellow, turbid,
Day 18  sediment, bacteria few, sediment, bacteria few, ) .
bacteria few bacteria few
pseudohyphae few pseudohyphae few
dark yellow, turbid with dark yellow, turbid with . )
. . . . yellow, turbid, yellow, turbid,
Day 21 sediment, bacteria few, sediment, bacteria few, . .
bacteria few bacteria few
pseudohyphae few pseudohyphae few
dark yellow, turbid with dark yellow, turbid with . )
. . . . yellow, turbid, yellow, turbid,
Day 24  sediment, bacteria few, sediment, bacteria few, ) .
bacteria few bacteria few
pseudohyphae few pseudohyphae few
dark yellow, turbid with dark yellow, turbid with . .
. . . . yellow, turbid, yellow, turbid,
Day 27 sediment, bacteria few, sediment, bacteria few, . .
bacteria few bacteria few
pseudohyphae few pseudohyphae few
Table 2  Results of antibody screening by CTT using positive virtual serum stored at 2 - 8 °C and -20 °C
Positive virtual serum stored at 2 - 8 °C Positive virtual serum stored at -20 °C
Day (s) o1 02 o1 02
RT 37°C IAT CCC RT 37°C IAT CCC RT 37°C IAT CccC RT 37°C IAT ccc
Day 0 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND
Day 3 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND
Day 6 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND
Day 9 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND
Day 12 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND
Day 15 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND
Day 18 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND
Day 21 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND
Day 24 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND
Day 27 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND 0 0 3+ ND

ND = Not done
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Table 3  Results of antibody screening by CAT using positive virtual serum stored at 2 - 8 °C and -20 °C

Positive virtual serum stored at 2 - 8 °C Positive virtual serum stored at -20 °C
o1 02 o1 02
Day (s)

37°C 37°C 37°C 37°C
1% 2" 3 1 2™ 3" 1% 2™ 3 1 2 3"
Day 0 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Day 3 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Day 6 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Day 9 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Day 12 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ A+ 4+ 4+
Day 15 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Day 18 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Day 21 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Day 24 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Day 27 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ A+ 4+ 4+
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Abstract

This research aims to design and improve the thermal performance of three types of TLUD (Top-Lit Up-Draft) biomass
stoves: TLUD biomass stoves using a force draft system combined with a choke ring system, TLUD stoves using only
a force draft system, and TLUD stoves using only a choke ring system. The study tested different wind directions

from the forced draft system into the stove at three angles: 0°, 45°, and 90° relative to the horizontal plane. It was
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found that a 45° angle used the least amount of time to bring water to boil. The thermal performance of the TLUD
biomass stoves was assessed using the Water Boiling Test (WBT) to compare the three types of TLUD stoves. The
findings revealed that TLUD stoves employing both the force draft and choke ring systems had the highest thermal
efficiency, outperforming those using only the choke ring system or only the force draft system. However, the TLUD
stoves using only the choke ring system had higher thermal efficiency than those using only the force draft system. The
efficiency metrics were as follows: thermal efficiency (n) was 18.84+0.14%, specific energy consumption (SEC) was
15.47+0.21 MJ/kg, specific cost consumption (SCC) was 0.800+0.011 Baht/kg, burning rate (BR) was 38.27+0.51 g/min,
firepower (P) was 9.87+0.13 kW, boiling time (BT) was 10.58+0.49 minutes, and fuel consumption was 2.279+0.049
kg. The developed stove offers advantages in fuel savings, reduced electricity consumption, lower costs for air control
equipment, and convenience as it does not require electrical power for the draft system. This makes it suitable for
applications requiring high and sustained thermal energy, such as household industrial activities in baking, steaming

food, and steam production.

Keywords: TLUD biomass Stoves, thermal efficiency, force draft system, natural draft system, choke ring system
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Figure 1 Prototype of TLUD biomass stove
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(C)
Figure 2 Testing of wind direction for the force draft system

of the TLUD biomass stove (A) wind direction at 0° (B) wind
direction at 45° (C) wind direction at 90°
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Figure 3 TLUD biomass stove

(A) force draft and choke ring TLUD biomass stove
(B) force draft TLUD biomass stove (C) choke ring
TLUD biomass stove
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Figure 4 Comparative the effects of wind directions
at 0°, 45°, and 90° angles on water boiling time

Note: The mean value followed by the same letter is not
different at the 0.05 significance level
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Figure 5 Comparative the thermal efficiency (1]) of
TLUD biomass stoves

Note: The mean value followed by the same letter
is not different at the 0.05 significance level
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Figure 6 Comparative the specific energy consumption
(SEC) of TLUD biomass stoves

Note: The mean value followed by the same letter is not
different at the 0.05 significance level
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Figure 7 Comparative the specific cost consumption (SCC)
of TLUD biomass stoves

Note: The mean value followed by the same letter
is not different at the 0.05 significance level

211 Figure 7 A lFinanasnuniume (SCC) vas
1@ TLUD lgniszuuisauaniiaiuuduaiguia u
ﬁﬂ'w‘hqﬂ LYINND 0.748+0.003 Baht/kg kaziduane1any

& . o o a Aad o A

N9 2 WU NIRESANIEDANIZAY 0.05 T9ten
A AN o A ' o o ~
’ﬁau’aaﬂhl,wml,l,wuﬂ'auquLiJmVLWLLa:i:uumﬂuamwm
28191@87 L¥iNNU 0.800£0.011 WAz 0.812+0.001 baht/kg
AUEIAU LAzl Inwn19gBaNIZAY 0.05

60
52.7241.48"

45.81£0.80"

c
40 38.27+0.51

BR (g/min)

20

0

Force Draft and Choke Ring  Force Draft Choke Ring

Figure 8 Comparative the burning rate (BR)
of TLUD biomass stoves

Note: The mean value followed by the same letter
is not different at the 0.05 significance level
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Figure 9 Comparative the firepower (P) of
TLUD biomass stoves

Note: The mean value followed by the same letter
is not different at the 0.05 significance level
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Figure 10 Comparative the boiling time (BT) of

TLUD biomass stoves

Note: The mean value followed by the same letter
is not different at the 0.05 significance level
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Figure 11 Comparative the fuel quantity of
TLUD biomass stoves

Note: The mean value followed by the same letter
is not different at the 0.05 significance level
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other stoves (Rasoulkhani et al., 2018)
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Abstract

The majority of criminal activities in Thailand involve property crimes, sexual offenses, and life-threatening cases.
Perpetrators often leave behind crucial forensic evidence, particularly fingerprints. Such incidents typically occur within
homes or buildings as perpetrators search for valuables from household furniture, which is often made from melamine-coated
plywood. Melamine-coated plywood is known for its durable surface, heat, and steam resistance, making it an excellent
material for furniture production. This research aims to study appropriate techniques and compare the quality of latent
fingerprints using various detection techniques and their durability periods on oak-colored, melamine-coated plywood.
The techniques studied include yellow powder dusting, magnetic powder dusting, Rhodamine 6G, and Basic Yellow
40, with time intervals of immediately, 6 hours, 1, 3, 5, 7, 14, and 28 days. The latent fingerprints obtained were then
analyzed using the Automated Fingerprint Identification System (AFIS) to count the number of minutiae points. The
results were statistically analyzed using Chi-square tests and two-way analysis of variance. The research findings
indicate that Rhodamine 6G is the most suitable technique for detecting latent fingerprints on melamine-coated plywood,
followed by Basic Yellow 40, magnetic powder dusting, and yellow powder dusting, respectively. It was also found that
latent fingerprints remained detectable even after 28 days. The comparison of fingerprint quality revealed significant
differences in the effectiveness of different detection techniques at the 0.05 level (Chi-square = 53.224, p = 0.000).
However, the time intervals did not show significant differences in fingerprint quality at the 0.05 level (Chi-square =
30.778, p = 0.327). Furthermore, there was an interaction effect between the detection techniques and time intervals
that influenced the quality of latent fingerprint detection on melamine-coated plywood (F = 7.425, p = 0.000). This study
provides insights into selecting appropriate techniques for latent fingerprint detection, particularly highlighting the use
of fluorescent dye principles with Rhodamine 6G and Basic Yellow 40, which offer exceptional durability. The findings

serve as a guideline for selecting suitable techniques for detecting latent fingerprints on melamine-coated plywood.

Keywords: Latent fingerprint, melamine-coated wood, minutiae, Rhodamine 6G, Basic Yellow 40
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Table 2  Study of the techniques for enhancing the visibility and durability period of latent fingerprints on
melamine-coated wood
Techniques Yellow Powder Magnetic powder Rhodamine 6G Basic Yellow 40
Durability Period X Grade X Grade X Grade X Grade

Immediately 24.67 D 52.00 B 44.67 B 14.33 D
6 hr. 5.00 E 40.00 c 60.33 A 53.33 B
1 day 00.00 E 39.67 c 52.00 B 40.67 o]
3 days 00.00 E 00.33 E 51.00 B 56.00 B
5 days 8.67 E 1.00 E 40.00 o] 47.33 B
7 days 11.67 E 433 E 33.00 o] 36.67 o]
14 days 00.00 E 5.33 E 48.67 B 29.33 o]
28 days 0.33 E 00.00 E 45.00 B 9.22 E
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Table 3  Results of a comparative study of the quality of latent fingerprint with techniques on melamine-coated

plywood using Chi-square.

Level of latent fingerprints

Techniques Total Chi-square  Asymp. Sig. (2-sided)
E D C B A
19 3 1 1 0 24
Yellow Powder
19.8% 3.1% 1.0% 1.0% 0.0% 25.0%
15 1 2 6 0 24
Magnetic powder
15.6% 1.0% 2.1% 6.3% 0.0% 25.0%
0 2 4 12 6 24
Rhodamine 6G 53.224 0.000*
0.0% 2.1% 4.2% 12.5% 6.3% 25.0%
3 4 5 7 5 24
Basic Yellow 40
3.1% 4.2% 5.2% 7.3% 5.2% 25.0%
37 10 12 26 1 96
Total
38.5% 10.4% 12.5% 271% 11.5% 100.0%

Table 4  Results of a comparative study of the quality of latent fingerprint with durability period on melamine-coated

plywood using Chi-square.

Durability Level of latent fingerprints Asymp. Sig.
Total Chi-square
Period E D c B A (2-sided)
2 3 1 6 0 12
Immediately
2.1% 3.1% 1.0% 6.3% 0.0% 12.5%
3 1 0 4 4 12
6 hr.
3.1% 1.0% 0.0% 4.2% 4.2% 12.5%
3 1 2 4 2 12
1 day
3.1% 1.0% 2.1% 4.2% 2.1% 12.5%
30.778 0.327
5 1 2 1 3 12
3 days
5.2% 1.0% 2.1% 1.0% 3.1% 12.5%
5 1 2 3 1 12
5 days
5.2% 1.0% 2.1% 3.1% 1.0% 12.5%
6 1 3 2 0 12
7 days
6.3% 1.0% 3.1% 2.1% 0.0% 12.5%
14 days 6 2 0 3 1 12
6.3% 2.1% 0.0% 3.1% 1.0% 12.5%
7 0 2 3 0 12
28 days 30.778 0.327
7.3% 0.0% 2.1% 3.1% 0.0% 12.5%
37 10 12 26 11 96
Total
38.5% 10.4% 12.5% 271% 11.5% 100.0%
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Table 5

Study of the techniques for enhancing the visibility and durability period

of latent fingerprints on melamine-coated wood

Results of study of the techniques for enhancing the visibility and durability period of latent fingerprints on

melamine-coated wood using Two-way analysis of variance

Source of variation Type Il Sum of Squares df Mean Square F P
Technique* Durability Period 167.833 31 5.414
Error 46.667 64 729 7.425 0.000*
Total 214.500 95
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