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ABSTRACT

Addition of calcium compounds affects particle size and induces sedimentation of milk products. This
study compared skim milk particle size of raw goat milk, sterilized goat milk, and sterilized goat milk supplemented

with 30 mM tricalcium phosphate by Laser diffraction Mastersizer X. The mean particle sizes were 0.543, 1.063

and 2.603 pm, respectively. A study of sediment content and color to be a guideline for calcium supplements
containing goat milk was compared in 5 trials: 1) sterilized goat milk, 2) calcium sterilized goat milk, 3) sterilized
goat milk treated with calcium and supplemented with 0.025% (w/w) carrageenan (C), 4) 1% (w/w) disodium
hydrogen phosphate (DSHP), and 5) 1% (w/w) trisodium citrate (TSC). The results found that the addition of
DSHP and TSC resulted in lower milk lightness, higher in red and yellow value, and greater sediment formation.
During 90 days of storage, the sediment content of treatments using stabilizers was not different. Based on the
findings of a survey involving 150 consumers, four dominant factors emerged as significant influencers of milk
purchasing behavior: health benefits, accessibility, quality certifications, and convenience of consumption. In this

study, sterilized goat milk fortified with 30 mM tricalcium phosphate was accepted by 88.32% of consumers.
Key words: goat milk, calcium, sterilization, stabilizer
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ABSTRACT

Gastrointestinal parasites are a major cause of economic impact on the layers because they will reduce
productivity. Some helminths need an intermediate host for multiplication or carriers to be able to complete their
life cycle. The objective of this study was to investigate what type of insects could be the intermediate host of
parasites in layers. Insects were collected from an open-farm system laying hen farm in Nabon District, Nakhon Si
Thammarat Province between December 2020 and January 2021. One hundred insect samples were subjected to
dissect and examine parasites in the digestive tract under a light microscope. The result revealed that the
intermediate host of Oxyspirura spp. was the cockroach (Pycnoscelus surinamensis) at 8.70% prevalence in adult
and 9.52% prevalence in nymph (2/23 samples and 2/21 samples) and the darkling beetle (4lphitobius diaperinus)
at 15.39% prevalence (8/52 samples). Moreover, both species would also be accidentally infected by nymph of
mites. Therefore, besides focusing on the cockroach and the darkling beetle, farmers must concentrate on mite

removal.

Key words: insect, intermediate host, parasite, layer chicken
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ABSTRACT

This research aimed to conduct a yield trial of commercial long cucumber cultivars in Nan province from

January to March 2021. These data helped farmers select commercial long cucumber cultivars that were suitable

for their growing areas. The experiment was conducted by using Randomized Complete Block Design (RCBD)

with four replications. In this experiment, there were 20 commercial long cucumber cultivars including Green Bus,

Premium, Big Green, Big Green Plus, Kiaw Phu Kao, Jumbo Green, Amata 3, Green Star, Lotus, Natalie 5, Kiaw

Amata 2, Mac Green, Poseidon, Chokchai 5, Green Patra, Shokun 4x4, Supernova, Rungrawee, Paragon, Natalie

8, and, Jumbo Green. Jumbo Green, a popular cultivar in Nan province, was used as the check variety. The results

showed that the 20 commercial long cucumber cultivars exhibited statistically significant difference in yield. Big

Green Plus cultivar showed the highest yield, producing 7,377 kilograms per Rai. It also had high fruit quality,

which was well-suited for cultivation in Nan Province.

Key words: yield trial, long cucumber, Nan Province
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Table 1 List of commercial long cucumber cultivars used in this experiment

Names of long cucumber cultivars (Company)

Names of long cucumber cultivars (Company)

1) Green Bus (Goal Eagle Co.,Ltd.)

3) Poseidon (Advanced Seeds Co.,Ltd.)

5) Kiaw Phu Koa (Mitraparp Seeds Co.Ltd.)

7) Amata 3 (Chia Tai Co.Ltd.)

9) Lotus (TSA Co.Ltd.)

11) Supernova (TSA Co.Ltd.)

13) Natalie 8 (Seeds Tech Marketing Co.Ltd.)

15) Green Patra (Kamlai Tong Agriculture Co.Ltd.)
17) Roong Rawee (Power Seeds Co.Ltd.)

19) Big Green (East West Seeds Co.Ltd.)

2) Premium (Advanced Seeds Co.,Ltd.)

4) Chok Chai 5 (Advanced Seeds Co.,Ltd.)

6) Kiaw Amata 2 (Chia Tai Co.Ltd.)

8) Green Star (Star Agritech Seeds Co.Ltd.)
10) Paragon (TSA Co.Ltd.)

12) Natalie 5 (Seeds Tech Marketing Co.Ltd.)
14) Mc Green (Green Seeds Co.Ltd.)

16) Shokun 4x4 (Star Agritech Seeds Co.Ltd.)
18) Big Green Plus (East West Seeds Co.Ltd.)

20) Jumbo Green (East West Seeds Co.Ltd.)
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Table 2 Yield components and yield of long cucumber cultivars from yield trial of commercial long cucumber

cultivar in Nan Province

Yield components

Variety Number of commercial Number of non- Fruit Yield
fruits commercial fruits per  weight (g) (kg/rai)
per plant plant
1. Green Bus 7 3° 202.5° 5,050
2. Premium 8’ 2 247.9° 6,755
3. Poseidon 7° 4 207.8° 5,099
4. Chok Chai 5 7 4 224.9™ 5,577
5. Kiaw Phu Koa 7° 3 226.0" 5,608
6. Amata 3 7 3° 209.1°° 5,134
7. Kiaw Amata 2 8" 3 202.5° 5,274
8. Green star 7° 3° 205.8% 5,043
9. Lotus 7° 3° 207.5° 5,090"
10. Paragon 7° 3 219.3"° 5,599%
11. Supernova 7 3° 212.5% 5,230
12. Natalie 5 8" 3 212.7°¢ 5,567
13. Natalie 8 7° 4 207.8° 5,097
14. Mc Green 7° 4 214.5% 5,286"
15. Green Patra 8" 4 204.5° 5,330°
16. Shokun 4x4 7 3 207.8° 5,110°
17. Roong Rawee 7° 4 204.5° 5,143
18. Big Green Plus 9* 2° 254.1° 7,377
19. Big Green 8" 3 213.5% 5,591
20. Jumbo Green 8" 3 235.1° 6,245
Mean 7 3 216.0 5,510
F'tCSt kk skk kk kk
CV (%) 6.85 10.17 4.75 7.73

Note: ** = highly significant difference (P < 0.01) and Means within a column followed by same letter are not

significant difference at P <0.01 by DMRT.
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Table 3 Correlation between yield and yield components of long cucumber cultivars from yield trial of commercial

long cucumber cultivar in Nan Province

Yield components Yield
Fruit weight 0.8380**
Number of standard fruits per plant 0.7656**
Number of nonstandard fruits per plant -0.5608**

Note: ** = highly significant difference (P < 0.01)

Table 4 Fruit quality of long cucumber cultivars from yield trial of commercial long cucumber cultivar in Nan Province

Fruit quality
Cultivar Fruit diameter Fruit Fresh thickness Core length Core diameter
(cm) length (cm) (cm) (cm) (cm)
1. Green Bus 42 20.0™* 0.8 16.6 2.7
2. Premium 4.4 20.2° 0.9 15.6° 2.8
3. Poseidon 4.6 19.1 0.8 16.4%* 2.8
4. Chok Chai 5 4.6 19.3 0.8 16.4% 2.7
5. Kiaw Phu Koa 45 18.6° 0.8 15.5° 2.7
6. Amata 3 4.4 19.4% 0.9 16.3 2.8
7. Kiaw Amata 2 45 18.7" 0.9 16.7 2.7
8. Green Star 43 19.4% 0.8 16.1 2.7
9. Lotus 43 19.9" 0.8 15.5¢ 2.8
10. Paragon 4.5 18.6° 0.8 17.2° 2.8
11. Supernova 4.3 19.2° 0.8 17.1° 2.8
12. Natalie 5 43 19.7™ 0.8 15.7% 2.8
13. Natalie 8 43 19.6° 0.8 17.0° 2.8
14. Mc Green 43 18.5° 0.8 16.9" 2.8
15. Green Patra 4.4 19.3% 0.8 17.2° 2.8
16. Shokun 4x4 4.4 18.5° 0.8 15.6° 2.8
17. Roong Rawee 42 18.7% 0.8 16.6% 2.7
18. Big Green Plus 4.5 20.1% 0.8 16.2° 2.8
19. Big Green 43 19.6° 0.8 15.7% 2.8

20. Jumbo Green 4.6 20.2° 0.8 16.3% 2.8
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Table 4 (Continued)

Fruit quality
Cultivar Fruit diameter Fruit Fresh thickness Corelength Core diameter
(cm) length (cm) (cm) (cm) (cm)
Mean 44 19.3 0.8 16.3 2.8
F-test ns hok ns ok ns
CV (%) 5.67 1.55 8.00 1.83 2.55

Note: ns = not significant difference (P > 0.05), ** = highly significant difference (P < 0.01) and Means within a column

followed by same letter are not significant difference at P < 0.01 by DMRT.

Table 5 Number of branches per plant, days to flowering and days to harvesting of long cucumber cultivars from

commercial long cucumber cultivar testing in Nan Province.

Cultivar Number of branches per Days to flowering Days to harvesting
plant (days) (days)
1. Green Bus 6° 25¢ 39
2. Premium 7 27" 37
3. Poseidon 5¢ 24° 38°
4. Chok Chai 5 5¢ 26° 38°
5. Kiaw Phu koa 6° 25° 37
6. Amata 3 6° 27° 38°
7. Kiaw Amata 2 6 24° 40°
8. Green Star 6° 27° 37
9. Lotus 6° 28" 38°
10. Paragon 7° 26° 40"
11. Supernova 6° 26° 39°
12. Natalie 5 6° 24° 39°
13. Natalie 8 5¢ 28" 39
14. Mc Green 6° 25° 38°
15. Green Patra 6 25¢ 38°
16. Shokun 4x4 6° 25° 38°
17. Roong Rawee 5¢ 24° 39
18. Big Green Plus 7 24° 37
19. Big Green 6° 24° 38°

6. Jumbo Green 8" 26° 38°
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Table 5 (Continued)

Cultivar Number of branches per Days to flowering Days to harvesting
plant (days) (days)
Mean 6 25 38
F-test ks ks ksk
CV (%) 7.63 3.97 1.84

Note: ** = highly significant difference (P <0.01) and Means within a column followed by same letter are not

significant difference at P <0.01 by DMRT.
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ABSTRACT

The purpose of this research was to study the effect of cricket powder content on the quality and acceptance
of brownie brittle. Tong-Dam cricket powder, used as a raw material in this experiment, had a protein content of
57.30 and 17.59 mg/kg of histamine, which is safe for consumption. The research also aimed to investigate the effect
of substituting wheat flour with cricket powder in brownie brittle at 0 (control formula), 10, 20 and 30% of the total
flour weight. The result from physical analysis ( color and texture) and chemical analysis (a,, moisture,
carbohydrate, fat, protein, crude fiber, ash and energy) showed that increasing the cricket powder increased the
protein, fat, crude fiber, and ash content. However, it decreased the lightness (L*), a_ and carbohydrate content of
the product. Brownie brittle with the highest amount of cricket powder (30%) had the least hardness. The sensory
evaluation conducted using a 9-point hedonic scale revealed that brownie brittle products with 20% replacement of
wheat flour with cricket powder had the highest overall liking score (7.90). The developed brownie brittle with
cricket powder had the a, and hardness value of 0.34 and 10.49 N, respectively. In addition, the developed products
contained moisture, carbohydrate, fat, protein, crude fiber and ash of 3.57%, 52.92%, 21.89%, 9.40%, 10.15%, and

1.76% (wet basis), respectively. The energy value determined by Bomb calorimeter was found to be 5.35 Kcal/g.
Key words: brownie brittle, cricket powder, protein, sensory

UM 2015; Koufimsk4 and Addmkova, 2016) 39139

'
a A

o & = 9
ﬁ]mﬂuwuﬂmmmmiygnﬁmmmymmﬂizmﬁ

Y
=

2 I Ao 3
rsa Wusyaansvlsgnmuiueivis

v dy 9 U
Y] 1 @ @ 1]
& (Edible insects) 3uiluuraso1m1s nLAneA N Ing aunsamizidesldnnainvesdszima ud

v
Houtwiziasauinluniaiviie uaznin

fiddluewan ieswniuunasweTUsaui
aunsaamnsanaunuiiodaild (Van Huis e al.,
2013 Levia and Martinezb, 2017) 15znoudle
Tsduiifinsaez i Tufisuiuunsramensunn

Y
wiia Tagdansaaa 100 niu 1d TusAuegluria

=

13.10- 17.15 ASY (Ritvanen et al., 2020) 1ummzw
2 4 v Y} H ™
Wa9913a I 11sAudneay 46.76 - 70.00 U1K

Y

14 (Ghosh et al., 2017) UM UGN TENOUAY
Y = A (A o A o
luunmuand TaetidSuransalviiuhisudn
P EREGRITVAIS: (Polyunsaturated fatty acid, PUFA)
=3 I~ ] @ 9 ] Y A g’/ v A
g9 vauduumaawdsnuldunitenme 14 8nnadall
1 1 1 = a A <
HSFIQA19 9 1Y uAatBen uunthiFey van

[ I P
uuamitle uazdensd 1ludu (Zielinska et al.,

=

azIuoomBouniie 1wy JandaFe vy diyu

VDUUAY UTSUI UATII¥TU dnauns uag

£l

3 v L A o o o

uATwUL uau Iﬂamwwmmﬂwuwmm
. g 2

(Gryllus bimaculatus) \UIINTAVUIANAE V19

K A a a o_ v 9
WUNLTEID fl]I“I/TﬁLl a191n319U52 819 0.70

a

FUALNAT 812U TEUI 3 IBUANAT AIUTTTNFIA

IS) = S o = S o £ v d‘
3T A dA1 NI UASTDINY Tasanyueh

)

A = = A

1 4 d' =
IAUTAAD vzlyadinanenlauln 2 9

Q

(Association for the Development of Environmental

. g £ A o oA a 2
Quality, 2020) WURNTANUFNEATNIHENIRAY

El

A 2 @ Y 3
LHUHDIDINLAYINY EllfJ"IfJ‘Wl!Tgllﬂ@fJ%ﬁ'JﬂLi'J tag

T A A a A o a3 ] 1 =\
wuNIUsunsaezil lunsuuaesemeuaz il


https://www.foodnetworksolution.com/wiki/word/1642/polyunsaturated-fatty-acid

318 75815998 YH1INNDeNA 11 1ag51%uAaAFI%Y 16(2) : 316-329 (2567)

¥ Y
3 TdsavunaindienfSeuieunudaviia
Y4 [
WUFNOUAY (Ritvanen ef al., 2020) MITVU5ENIU
] I [
TUs@unmaaenanuyaiuilunissisannis
' I =
Ja08n19150UNT2N (Greenhouse gas) N1
a 9 dy Aa
AUNAUDINTAANTIZ TanTou TagmsaeeIani
%’ o % a [ a (2] A
PIHUNAI 1 D 1anTu NAANIHITBUNTLIN 2.80
nlansu NM3@eagnIuININAT 1 nlaniy wae
[} A a [ d‘ d‘
MEBIToUNTZIN 1.13 nlansy Iuvasiunaan
[ 3 @ a [ 3’; a o A
Fudsgmuiividn 1 nlansy duNaaNIwSoU
~ a o R X
AIzANINed 2 D 1ansy U NI 1EMT RN
9 Y ' '
19911115 11 waziuNeend1 (Fleming, 2018)
=3 a =) A
59309 TUANNVBeVVDe 1TAUNINIADN LAy
1 d' A Lg o K o Y
o1 NInYU TuTagiuv i v
9 @ = A =
Aaudumiaulaldsfumaaenainuuasi
o 9 49@’ a [ d’t:y a A Yo
Sudsznulduniy Tasnaasamavisanlasy
=) = =) g’l
anudsuluaaialanuvarewsia naluzduuy
a g’z o ] ) o Qy =
M3u3 Taanadd wu msi ldvutudaianea
< I~
a2 ounsou 1udu uazlugduuvermsuisgl
Y ) Qy ~ [ a @ 4 1
dremarimasanialllalunaasaaionns wu
vuuila (Andrea er al., 2018) Wieré (Carcea, 2020)
I'4 a a
Tds@uu13s (Ribeiro et al., 2019) T ana
(Smarzynski et al., 2021) HAZIATDIAY (French,
I Y = Qy = o ~ U
2020) 1uAY Faa1anaIKIANI lantiyanl 10

[

Y = =~ g
a’]u&ﬂﬁﬂﬂluﬁ'ﬂifﬁsluﬂ NW.A. 2561 LAaZMIANITUIIL

@9

F) =

~ 1 =4 % l&y =
NyaAgene 30 anuvseyanigaeluaul we
2568 Taelua191) w.a. 2562 - 2568 HWoasuanla
~ = Ay .
masazauaoilogNiosay 16.80 (Sarawit, 2020;
Yy I K
Market watch, 2022) uaadliiriunalonmaluns
Y
MIFININ A TULNAINIVDIUNEATNTUAY
Y g‘/ dy @ a @ 4 [
AUsznouns MIUMINAUINEANUHNBINITIY
Qy =) zl 1 % AA o [
1NnegarIanaluntazavlsemadinaiivaiing
1110911910 & DAY NAUTH UATTABIARNIZA

2L A o ¥ a L A a o =2
VDIWHIA ﬂ\iuuﬂﬁlﬂﬁJNQiN‘HiﬂbluWﬁﬂﬂm“ﬂiN

a @ 4

o R = 9y o 9
mimumm3mmm"l@iumamnmmua%n

v 9

1] Y a 1] o
gausUVOHLI Inatludianyaie
{ 3
15171059 (brownie brittle) 1111311y
& AKX AW & ' 3
WHIU0IUT NN Falanvauzluunuy1ensoy 1l
YoIINNHeuveIdus Inanguisjuras Jerkau
Mordor Intelligence (2023) 5189114311517 0g T
1 a @ I'd A a 9 [
NQUAAAN NV UNNNMUNTUUI TUNDATING
=Y =1 g’l 1 lzi'
@uTaselununay Aaua WA, 2561 - 2571 agh
fovay 7.70 nazisasimaniyaulagegalu
wouertFouldin Tasldusanyuainaiim
v 9 vy 4 r
ATTNUNAUGUAINUBIAAITNNIY F1U51I1
) [ o I3
Tasnlidrunauranae uilead Fonlnuan
[ %‘ .
e 19 1ena tazuuaa (Phol, 2017) atiuilaanad
Id [ [ 4
Wudiulsznounan TUSuavesns lu'lamsa
Iy =y 1 Y
g mnsudszmululsnanneivesdanaly
2
nalsndau uazlsnlidadeisesala daguiuddl
MINAUIVIILNTOU NOADUAUDIANNADINT
Y a d’w 1 1 d’
Vo1 Inansngumwluguuuas 9 wu u3i
A a v y v =
nsounnannuilandlroirnaununilsaa
4 4 o - r
VIIUNTOVINDGUAINIINAIAINT V312U
=t ' 9 a @ a1
NAUNUUTAAUIEIUA N AT TUNATI LAz
a o o A < v
waafuaiuIItlsanInngay 1uau
(Khummee et al., 2017; Boonsean et al., 2021;
1 < Y1 o =
Hongpan et al., 2021) usazidin landa lifisneanu
Ao Aa o 2 a4 o 2 ° v A
INUNTIIWIIKTANUFNOIR N 15 U191
& y v & <
AT FI91ANITATINONAT IUVNAUUUILIHY
v ]
1@ 1msansag s A M InyuIn1g
TasmwizdsmaTlsau leorms uazussig lu

J

' Ed
wammmmnﬁmaﬂﬁ DNNIANH UL VDIN

'
= o Y Y @ =t

JIANTAM aTonu laanuFVBIUIINY

)y

9
[ Y a IS

Y [ d"d ¢ A
NIvUMIY muumm%ummmﬂizmmwa
@ a [ J A A
NAUINAANUNUINIUNTDUNUFTIUNTUUDING
2 = = 1
INNIA Tﬂﬂm:mmmuuﬂmmmqmuiu

a o 2 A ] Y
NARANUNUITNIUNTOU LLa&’LﬂuﬂWiﬁiNﬂ'NiJﬂa'lﬂ



75815998 YH1INNDeNA 11 1ag51%uAaAFI%Y 16(2) : 316-329 (2567) 319

Yo a o J ' 2L a I
nae N UNAAN MM IMITI1991N09Y I A 1D ums

2 ' <3 A Yo Y a
tiyyanaztlumaaen 1M ugU3 Inn

adl o A Aav
IFAUHUUNITIDE

G av = v d o
1. MIUAIGUNIWHIANUEN I

2 4 a v o 2 a ¢
N\W\Tﬁ‘ﬁﬂm‘ﬁﬂullﬂﬂ?ﬂﬂ?iu’liﬂﬂﬁiﬂwuﬁ

° 3 o = s o v
VI@Q@WTWL@]?J’JEJ iﬂﬂHJEJiJE‘I"UV\hﬂJ IINIATIUTIN

v
=

Touuiedredovanionununia Ngmwgh 80

q U
9

a I o @ o
pasnademiunal 6 ¥ 1ua 31miuii ljua
& v 4 . . . . '
1UNIA8IATBIUA Fitz mill (Fitzpatrick, U E-187
India) HALTOUFNIUALUNTINANNALIDEA 60 Mesh

v a a = an
250 lunsou) ussyldganana@nyiia Ind Insnaw
< @ A Aa 9 =
NUSNEINQUHYUN 0 (27 + 2 09A NS AT )
g’/ o a 4 1 [ dy
nniuh Il amszdnaninais o 4l
a d Ia ng asn
aszHdSnannury auIsnsves
1 % 1 90‘
AOAC (2019) 79192981982 3 %1
a ¢ a a ax
IasizridSualdsau auisnsves
Kjeldahl Method (AOAC, 2019) v 1T
TUsauldainiesazuealisdau = Souvay
luTasiau x Kjeldahl factor (6.25) JaA1di0619ae
Y
3 a6
a d
IpszridSanadamidiyv (Histamine) 228
7% High Performance Liquid Chromatography
[ I Aa a o
(HPLC) (AOAC, 2019) s181unieilusiaansiy
1A @ v 1w ] 9@‘
@onlaniu (mgke) IAMAI0E19AY 3 4
=S a2 Y :: = o d
2. AnmmsnaunundsaanrenadInIanus
o a o d d'
neamlumansaausninseu
2.1 MINILNGATUINIUNTO
& A = ]
lunisnaaealius s NN 1%
gATHaENIINITNIITHANAINITNITUD Phol
(2017) (199911518914 IVBUD Jintananaruemit ef
Yo = . 9 X ' ~
al. (2020) l@vimsAnpAsumItitaz wuNUII
Y
nsougasil IdsuazuuunureuIaesugega

o

agaulumswaausiinseu Usznoulidae

= 4 < a ?,’
uilaadendszasd (ue ¥onInuandw 11a1a
Y 1 A a 2
n519 walnln lvw1n naudaal wnnalaan
A H ' an
10A0 UUEA tazilal (Table 1) n3TNATIUMS
wansuIINMSIamiouNn 180 Aty aIFod
=1 9 1 S Aa o
IOTUDIADUIDIAIGUHUTA IAY VUILUY LAY
<3 a 1 o g’/
FonTauansnlalusiy auawae 1 lddsuu
Yy %y v A q v ¥
uiersou aulvazared lawalnln aianse
v
Tav1y souudls iwanalaar uazinae laas laauy
Ity udqrldnaunidaar auldddud a
v f ]
Mounaa tazinazon iaukanuI1tlngg
VUNADVUVUIANTI X 817 NPV 55%42 IFURIUAT
Y t&’ A a a 4
TagIitious1IUNANUYUT 1 Hadtuas AU
o Id o %
i ldswidlumar 13 w% udqldiadanils da
v Y
HUNUT VAN x 817 190 1x1.5 12 W 1w
< o [ P
Wuasuunia 3 wii udninnussyldganaadn
a a a a 4 o a 4
¥iualnalnsnauw Yaaiin e lU3as1ev
v
aumwlutuaouan 11/
=S S Y
2.2 AnEIMITNAuNUUIIa1aAIBN
t: = o d o a [ d d'
Faraanugne s luNaAS NI IHNTOY
= a Y 2 a
AnMINIINauN UL a1ad18HI1 I A
o ° {
Wugnosn luusingey Tag1 UM NAa0Y
[ 4
Huuguanysal (Complete Block Design; CRD)
=< = 2 = v A 9
ANy IURIIYTA 3 52A ABTRBazio (BI),
. o 4
20 (B2) naz 30 (B3) veurimiinutls Taeligas
Y
1 [ S I [
lulansvaniaillugasniugu (Control) drundy
v Y
V93UI1IHUATOU UAAIAT Table 1 910111 1)
=) 1 % dg’
YsziiuaunIng1e 9 aail

2.2.1 QUMNANNMEENMN

1Ay A o )

Jama a3 910 Hunter
Lab 3 Colourflex Usginaransgonim Janmalu

335UU CIE Lab Iaga1d L* (A1ANEI19NA1 0-100

[ ~

Tao 0 1iaNeDa IAgNUANUAINTA A1 100 HIED

@

A 1 = = =3 [ A
G]i}ﬂllﬂ1ﬂ’ﬂhﬁ’ﬂ\1’dﬂﬂ’§) G a* (+ HUYD 19N

o

A = Asa A A =
HALPN, - HUYD WNNUT VYD) AT b* (+ 1 PVRLIIAN]

9



320 75815998 YH1INNDeNA 11 1ag51%uAaAFI%Y 16(2) : 316-329 (2567)

] [
Lv a A a

=S A = OJ aAaA g Y U
TaNUTMADY, - HU1EDY TAgNNAUUIN) T
Y
@leg1aaz 3
(v U &’ v [y v z§ [ 1 ti‘
TanuHed U A8IATBIIAALUD
AUNE (Texture analyzer) ’;:' U TAXT plus, Stable Micro
Systems Texture analyzer 1U3ZINADINGY AWITNT
V84 Keeratipibul ez al. (2008) 1ag1i1u517H 50
v
=~ [ <
VAN x 817 1x1.5 1§ W1TAAINNNLTI A28
v o I ] a Y
#9799 cylinder probe (P/2) FWNUHA U IAY
e y
(N) JaA1aI9819as 5 4
2.2.2 gUMWMIAH
d
pandszneumuniilaadssuin
9
JAun S nannuang § Tudiu Tusau duleveny
4 as [
wazas Tu'lamsa auITMsvea AOAC (2019) 3@
1 % L} 90'
A1RI9E19aE 3 9
SamSinanindas: droinieasa
Y
SRIGGHIGUGRL (Water activity) EJ‘H’E] Aqualab § TU

RS-232 ﬂi%LﬂﬁﬁﬁiﬁﬂLuiﬂ] TAMAIUNaE 3 “]‘5’1

Table 1 Brownie brittle recipe

v

(Y 1 9 A
Jaarnwasnuazan laslydiasoq
Bomb Calorimeter ?J‘Pailﬁ) PARR ';;'u 6100 Uszine
[ a I~ v a d' 1 Iy
avisgowan senuduniien launasinensu
. y
(kcal/g) 3991798190 3 41
2.2.3 msdszdivmalszanmaueia
msszumadszanduia ade
35mM3 I ALLUUAIINYOU (9-point hedonic scale)
nugnageui ludumsindunguidhuuie o1y
[ A o = 1] Aaa
1219 18-357 911U 50 au FuTuddauay
a o 4
YAAINIVOINHIINITUNBATAIAAT V1YY
A Y o vy a3 v
nyuUMNLMIUAS Tagldonruaiiaeuilugn
Aa Y 1 9 1
s us Iaaunadlduaz lutormsuiao
1 = Y Id Y a
AIUNANUBIVINIUNTOY UazApITl UANATDUFY
4. 4 \ o -
Mpssulszmuusniiniounney gadnyaznm
a k) 1A a
mslsziiuanuren 1dun & ANUATOU AFIA

nAUTH LazANNyoL Iags

Ingredients Control B1 B2 B3
Wheat flour (g) 110 99 88 77
Cricket powder (g) - 11 22 33
Unsalted butter (g) 60 60 60 60
Chocolate chips (g) 160 160 160 160
Sugar (g) 150 150 150 150
Cocoa powder (g) 15 15 15 15
Egg white (eggs) 2 2 2 2
Vanilla extract (g) 5 5 5 5
Baking soda (g) 1.25 1.25 1.25 1.25
Salt (g) 1.25 1.25 1.25 1.25
Milk (g) 10 10 10 10
Water (g) 5 5 5 5
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Table 2 Physical properties of brownie brittle
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Treatment Color value Hardness (N)
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B2 25.83+0.12° 6.56 +0.36° 4294025 10.49 +0.41°
B3 27.05+0.11° 7.34+0.52% 521+0.61° 6.74 +1.43°

Mean + SD with different lowercase superscripts in each column are significantly (p < 0.05) different.
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Table 3 Chemical properties of brownie brittle with cricket powder

Treatment
Chemical properties
Control B1 B2 B3
Water activity (a,) 0.35+0.01° 0.33+0.01° 0.34+0.02° 0.30+0.01°
Moisture content (Yowet basis) 1.87j0.02d 2.21+0.02° 3.57+0.01° 2.59j0.02b
Carbohydrate (Yowet basis) 58.31+0.01° 56.32+0.01" 52.92+0.01° 50.70+ 0.01°
Fat (%wet basis) 21.08+0.43°  21.64+0.48"  21.89+0.33"  22.60+ 0.34°
Protein (%wet basis) 7.78+0.18" 8.44+0.40° 9.40+0.08" 10.47+0.44"
Crude fiber (%wet basis) 9.36+0.00" 9.65+0.00° 10.15+0.00" 11.61+0.00"
Ash (%wet basis) 1.6140.02° 1.66+0.01" 1.76+0.03" 1.83+0.10°
Energy™ (Kcal/g) 5.24+ 0.03 5.36+0.10 5.35+0.06 5.36+£0.07

Mean + SD with different lowercase superscripts in each row are significantly (p < 0.05) different.

ns = indicates a non-significant effect (p>0.05).
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Table 4 Sensory evaluation of brownie brittle with cricket powder

Sensory attributes

Treatment -
Color Crispiness Taste Flavor Overall liking
Control 7.70+1.26 7.48 + 1.66° 6.58+1.87" 6.62+1.66" 6.72 + 1.44°
Bl 7.60+1.26 8.12+1.17° 7.56+1.50° 7.38+1.49" 7.62+1.19%
B2 7.82+1.11 7.84+1.21" 7.76+1.15" 7.58+1.12° 7.90 +0.91°
B3 7.84+1.26 7.94+ 1.50% 7.12+1.81° 7.02+1.78" 7.12+ 1.71%

Mean + SD with different lowercase superscripts in each column are significantly (p < 0.05) different.

ns = indicates a non-significant effect (p>0.05).

Figure 1 Developed brownie brittle with cricket powder
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maAuasemstudnluszneudi 14-19 Lﬁ@@1auaum@'aﬂ'%mmwaawummwumuugq%u Han1g
naaenuiinsiaeslaezae 4. subtropica BUUCIS02 ﬁ’aammsmm%@gm F2 ffimaaulommlauaz
Famaitulusznhamsiaes aunsaiiumaaylaveslaezaon Idganomsgas F2 Taslianumuiu
q9g9 609.44x10° 1¥ad/adans “lummzﬁmﬁ(gmﬁ’wmmﬁqm F/2 laozaonlinnunuiutiugagea
318.33x10° 1wad/iadans o619 l5naw msgﬁumimmiﬁ'wﬂmmﬂi'n%’uqq%uiwﬁmﬁ'wmmmsmam

[ $ (IR} S A ] 3
Gui 14-19) lieldwadiivanumuuiuvu 18

Mmdne: matauases, eala, 3aine, laozaounzia, Amphora subtropica BUUC1502

ABSTRACT

Nitrate, phosphate, and silicate are important nutrients in the culture medium for diatom cultivation. This
study investigated the growth of a marine diatom Amphora subtropica BUUC1502 cultured with an addition of
nutrients alongside the culture period. The first experiment was to evaluate the growth and nutrient consumption of
the diatom when cultured in the standard F/2 medium at 30 PSU salinity. The results showed that a decrease in
nitrate concentration was found but the total concentration was still sufficient for the diatom cultivation (>8 mg-
N/L). On the other hand, phosphate and silicate were substantially decreased to almost zero within 5 days. The
second experiment was to investigate the effect of an addition of nitrate and phosphate during cultivation on the
growth of diatom by cultivation of diatom in 6 different treatments including 1) standard F/2 medium, 2) F/2
medium without phosphate (F/2-P), 3) F/2 medium without silicate (F/2-Si), 4) F/2 medium with phosphate addition
alongside the culture (F/2+P), 5) F/2 medium with silicate addition alongside the culture (F/2+Si), and 6) F/2
medium with phosphate and silicate addition alongside the culture (F/2+P+Si). The nutrient addition was performed
during days 2-13 and the nutrient concentration was increased between days 14-19 to compensate higher cells
density. It was found that an addition of both phosphate and silicate alongside the cultivation could enhance the
growth of the diatom with the highest density of 6 09.44x1 0* cells/ml whereas culturing with F/2 medium alone
resulted in a maximum cell density of 318.33x104 cells/ml. However, an increment in nutrient addition during the

final period (days 14-19) did not provide further growth of the diatom.
Key words: nutrient addition, phosphate, silicate, marine diatom, Amphora subtropica BUUC1502
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ABSTRACT

The objective of this research was to develop a Nam-Prik-Pao product enhanced with Namwa bananas
and stevia extract as a substitute for sugar in the product. Additionally, the aim was to reduce the quantity of oil in
the ingredients and study the quality characteristics of the final product of Nam-Prik-Pao supplemented with
Namwa bananas and stevia extract. The research findings indicate that suitable characteristics and quantities are
achieved with coarse minced banana, which accounts for 10% w/w of the total ingredients. The appropriate
quantity of stevia extract was 0.10 % w/w of the total ingredients. Additionally, the optimal amount of oil was a
reduction of 70% w/w of the total oil content. The final Nam-Prik-Pao is composed of coarse minced banana,
dried shrimp, dried chili, shallot, garlic, rice bran oil, stevia extract, Tamarind juice, shrimp paste, salt, fish sauce,
and water, with their contents being 11.72 %, 8.21 %, 3.52 %, 17.58 %, 15.24 %, 13.13 %, 0.13 %, 14.07 %, 9.38
%, 0.23 %, 2.11%, and 4.69%, respectively. The content of the chemical compositions, carbohydrate, protein, fat,
ash, crude fiber and moisture, was 54.94 %, 8.22 %, 13.20 %, 4.91 %, 0.09 %, 18.64 %, respectively. Total
calorie was 371.14 kcal/100 g. The total calorie was reduced by 15.43% as compared to the control sample. The
chemical qualities included a total titratable acid of 0.09% (w/w citric acid), with a pH of 5.5. The contents of
reducing sugar and total sugar were 0.29% and 0.85%. TBA was 1.32 mg malonaldehyde/kg. The physical
qualities included color values (L*, a* and b*) of 11.69, 12.45 and 6.80, respectively. The water activity (a ) was
0.850. The firmness and cohesiveness were 11.69 and -8.89 N. Consumers rated the liking score very highly,
giving it a score of 8.8 points. The total plate count, yeast and mold were within the acceptable range according to

the Thai community product standard Nam-Prik-Pao (4/2566).

Key words: Nam-Prik-Pao, Namwa Banana (Musa sapientum Linn.), stevia extract, product
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Table 1 The average color values (L*, a*, and b*), water activity (a,,), firmness, and cohesiveness of Nam-Prik-Pao

supplemented with Namwa banana product.

color values firmness cohesiveness
Formula - A,
L* a* b* ) ™)
1 16.65£0.28  3.43°:032  630°£0.16  0.75°0.11  18.04+0.40  -10.70'+0.23
2 16.78£0.22  6.74°+0.53  5.89°40.61  0.84°+0.12  21.01°¢1.25 -13.92%40.37
3 17212023 7.15°:0.48  6.27°£0.36  0.87°+0.11  26.90'+2.14  -15.64°+0.66
4 16.68+0.28  4.76°:0.17  6.62°+0.30  0.81°0.14  16.71°t1.54  -10.38%1.11
5 16.88+0.14  7.17°:0.47  538°+0.92  0.85°:0.20  22.03°+0.79  -12.92°+0.48
6 17.83£0.13  8.24%+0.56  7.44'+0.35  0.88°+0.17  23.88°+037  -14.85°+1.75

Mean value of 5 replicate measurements + standard deviation

abede

different letters in a column are significantly different levels (p<<0.05) according to Duncan’s multiple ranges test

" letters in a column are not significantly different (P>0.05) according to Duncan’s multiple-range test
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Table 2 The average chemical properties were compared to the textural types of Nam-Prik-Pao supplemented

with Namwa banana product.

Banana pulp Moisture pH TTA
Formula Factors
(%) (%) (%)
1 Banana puree 10 15.91°£1.93  5.61°+0.05 0.08"+0.10
2 Banana puree 20 17.11°+0.56  5.53°+0.13 0.10°+0.11
3 Banana puree 30 18.03°+1.88  5.41°+0.10 0.11° +0.11
4 Coarse minced banana 10 16.38°+0.67  5.86'+0.13 0.09°+0.12
5 Coarse minced banana 20 19.70°+0.44  5.47°+0.13 0.10°+0.11
6 Coarse minced banana 30 20.29°+0.52 5.42°40.06 0.12°+0.11

Mean value of 3 replicate measurements + standard deviation
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Table 3 The average of the color values (L*, a* and b*) water activity (a,) of Nam-Prik-Pao supplemented with

namwa banana product using different levels of Stevia extract

Stevia extract Colors
Formula A,
(%) L* a*™ p*"
1 0.00 (control) 16.78°+0.28 4.80+0.17 6.59+0.10 0.811°+0.12
2 0.05 19.81°40.49  4.65+0.69 6.49+0.15 0.840+0.21
3 0.10 19.46°+0.11 4.66+1.14 6.42+0.25 0.851°+0.23
4 0.15 20.80°+0.20 4.70+0.17 6.44+0.41 0.860°+0.17

Mean value of 5 replicate measurements + standard deviation

“different letters in a column are significantly different levels (p<<0.05) according to Duncan’s multiple ranges test

"letters in a column are not significantly different (P>0.05) according to Duncan’s multiple ranges test
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Table 4 The average of the chemical properties of Nam-Prik-Pao supplemented with namwa banana product

using different levels of Stevia extract

Formula Stevia extract (%) Moisture (%) Total sugar (%) Reducing sugar"s(%)
1 0.00 (control) 16.37°£0.67 1.48°+0.15 0.26+0.13
2 0.05 20.24+0.77 0.83"+0.11 0.26+0.20
3 0.10 20.21°+0.65 0.84°+0.14 0.27+0.21
4 0.15 21.44'+0.35 0.84"+0.12 0.27+0.22

Mean value of 3 replicate measurements + standard deviation

“different letters in a column are significantly different levels (p<0.05) according to Duncan’s multiple ranges test

" letters in a column are not significantly different (P>0.05) according to Duncan’s multiple ranges test
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Table 5 Means hedonic scale of sensory evaluation of Nam-Prik-Pao supplemented with Namwa banana product

using different levels of Stevia extract

sensory evaluation

Stevia extract (% total weight of all ingredient)

(scores) (Control) 0.05 0.10 0.15
Appearance 7.4°+0.73 6.9°40.63 7.6"£0.72 7.1%£0.68
Color 7.7°+0.46 7.3%+0.83 7.6"+0.89 7.2°40.71
Odor 7.5°+0.62 7.6'+0.62 7.6'+0.77 7.2°£0.74
Taste 7.7°+0.44 6.940.71 7.7°40.67 7.0°+0.76
Texture 7. 6°£0.62 6.9°40.71 7.7°+0.56 7.2°40.74
Overall liking 7.9°+0.68 6.8°+0.62 8.4°+0.67 6.9°£0.71

Mean value of 3 replicate measurements + standard deviation

abe

different letters in the same row are significantly different level (p<0.05) according to Duncan’s multiple range test

" letters in the same row are not significantly different (P>0.05) according to Duncan’s multiple range test
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Table 6 The average of the physical properties of Nam-Prik-Pao supplemented with Namwa banana products

using different levels of vegetable oil

Colors Firmness Cohesiveness
Formula A,
L* a* b* N) ™)
1 15.80°+0.20 7.87°+0.42 3.89°+0.61 0.85°+0.17 9.27°+0.13 -7.38"+1.10
2 11.69°+0.29  10.17°£0.47  3.92°+0.65  0.84'+0.11 9.91°+0.36 -7.41°+0.09
3 11.69°+0.31 1243037  6.78°+0.32  0.83°+0.16  11.72°+0.46 -8.91°+0.27
4 13.51°40.74  18.22°£0.97  6.77+039  0.83°+0.20  14.33'+0.14 -11.16°£0.18

Mean value of 3 replicate measurements + standard deviation
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different letters in a column are significantly different levels (p<<0.05) according to Duncan’s multiple ranges test
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Table 7 The average of chemical properties of Nam-Prik-Pao supplemented with namwa banana using different

levels of vegetable oil

Reduce of vegetable oil

Formula Moisture (%) Fat (%)
(% of the total oil content)
1 50 19.77°£0.21 15.32°40.19
2 60 19.43°+0.47 14.96°+0.06
3 70 18.64°+0.15 13.20°+0.32
4 80 18.26°+0.26 12.52°40.28

Mean value of 3 replicate measurements + standard deviation

“different letters in a column are significantly different levels (p<0.05) according to Duncan’s multiple ranges test
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Table 8 Means hedonic scale of sensory evaluation of Nam-Prik-Pao supplemented with Namwa banana product

with reduced vegetable oil.

sensory evaluation

Reduce of vegetable oil (% of the total oil content)

(scores) 50 70 80
Appearance 7.0° +0.63 7.5°+0.57 7.5°+0.57 72" +0.71
Color™ 7.3+0.83 74+0.71 7.6 +0.72 7.3+0.83
Odor™ 7.6 +0.62 7.5+0.62 7.6+ 0.54 7.4+0.41
Taste 6.9°+0.71 7.6"+0.13 8.1+ 0.24 7.7°+0.32
Texture 6.9°+0.62 7.5°+0.22 8.2'+0.33 73°+0.15
Overall liking 6.9°+0.52 7.4°+0.36 8.5°+0.18 7.2°+0.26

Mean value of 3 replicate measurements + standard deviation

“ different letters in the same row are significantly different levels (p<<0.05) according to Duncan’s multiple ranges test

" letters in the same row are not significantly different (P>0.05) according to Duncan’s multiple ranges test
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Table 9 Physical properties of Nam-Prik-Pao supplemented with Namwa banana using stevia extract

Nam-Prik-Pao product

Physical properties

Control Stevia extract 0.10%
L= 1060 + 0.56 1067 + 0.58
a*™ 9.03 + 022 9.08 £ 0.26
b*™ 6.68 + 025 6.69 + 0.26
Water activity (a,) 0.66° + 0.01 0.85° + 0.01
Firmness (N) 10.08" + 0.36 991° + 046
Cohesiveness (N) -12.06° £ 0.77 -7.24° + 0.03

Mean value of 3 replicate measurements + standard deviation
* different letters in the same row are significantly different levels (p<0.05) according to Duncan’s multiple ranges test

" letters in the same row are not significantly different (P>0.05) according to Duncan’s multiple ranges test
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Table 10 Chemical properties of Nam-Prik-Pao supplemented with Namwa banana using stevia extract

Nam-Prik-Pao product

Chemical composition (%)

Control Stevia extract 0.10%

Moisture™ 1429 =+ 0.67 14.64 + 0.55
Protein 6.63" + 0.21 822" + 0.3

Fat 19.43* + 1.13 13.20° + 0.27

Ash 2.05" + 0.60 491" + 033

Crude fiber™ 0.08 =+ 0.11 0.09 =+ 0.73
Carbohydrate 57.52° + 0.76 58.94" £ 027
Energy (kg calorie /100 g)) 428.89" + 0.93 371.14° + 043

Mean value of 3 replicate measurements + standard deviation
* different letters in the same row are significantly different levels (p<0.05) according to Duncan’s multiple ranges test

" letters in the same row are not significantly different (P>0.05) according to Duncan’s multiple ranges test
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Table 11 Means hedonic scale of sensory evaluation of Nam-Prik-Pao supplemented with Namwa banana

product using Stevia extract 0.1%

sensory evaluation

Nam-Prik-Pao product

(scores) Control Stevia extract 0.1%
Appearance” 7.9£0.63 8.0+0.76
Color 7.7 £0.24 8.2+ 0.63
Odor 7.1°£0.61 7.3+ 0.90
Taste 7.7 +0.35 8.5"+0.90
Texture 7.6°+0.44 8.5"+0.50
Overall liking 7.9°£0.17 8.8"+0.12

Mean value of 3 replicate measurements + standard deviation

* different letters in the same row are significantly different levels (p=<0.05) according to Duncan’s multiple ranges test

™ letters in the same row are not significantly different (P>0.05) according to Duncan’s multiple ranges test
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ABSTRACT

The comparison of inulin extraction methods from Jerusalem artichoke was investigated. The extraction
methods consisted of 1) distilled water at 80°C, 2) 80% ethanol (v/v) at 80°C, 3) microwave extraction (406 W) for
60 minutes, and 4) ultrasonic extraction at 80°C for 60 minutes. The study of the chemical composition of Jerusalem
artichoke powder revealed the moisture content of 14.01+0.04% with crude protein, crude fat, crude fiber, ash and
carbohydrates content of 2.93+0.09, 1.27+0.01, 3.98+0.04, 1.03+0.05 and 76.78+0.04, respectively. Total sugar,
reducing sugar and inulin content of Jerusalem artichoke extract solution were analyzed. It was found that the
extraction method using ethanol solution showed the highest of total sugar (136.867+10.22 mg/ml) and the inulin
content (66.526+6.10%) compared to other methods. The microwave extraction resulted in the highest reducing
sugar content (6.689+1.86 mg/ml) (p<0.05). The total soluble solids (TSS) of inulin extracted using ethanol,
distilled water and microwave extraction showed higher than ultrasonic extraction methods (p<0.05). However, pH
of the inulin extracted solution was non significantly different (p>0.05). Color analysis of L* a* and b* was also
investigated. Inulin extracted solution from distilled water displayed the highest brightness (L*) (29.37+0.13)
(p<0.05). The redness value (a*) of inulin extracted solution using the four extraction methods was not significantly
different (p>0.05). Inulin extracted solution using distilled water showed the highest yellowness value (b*)
(4.79+0.02) (p<0.05), followed by ethanol, microwave and ultrasonic extraction methods (4.55+0.16, 3.84+0.06
and 3.74+0.07, respectively). Therefore, the extraction method using 80% ethanol (v/v) at 80°C provided the highest

inulin content and did not eliminate physical and chemical properties of Jerusalem artichoke.
Key words: inulin, extraction, Jerusalem Artichoke (Helianthus tuberosus)
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NUB119): A1 Mean+SD
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p-value 0.045 0.043 0.047

NUBIME): A1 Mean+SD
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v

(Sasithorn et al.,2008) a4 U 1da15ana
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d‘ PR A 1 ] 1
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a 3 A ¥ 9y 1 I ' v A A A o 1 @
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ABSTRACT

This research has two objectives: (1) to develop an application for managing plant information in a
botanical garden using QR Code, and (2) to study the satisfaction with the application for managing plant
information in a botanical garden using QR Code. The application was developed following the SDLC process,
using the Ionic Framework and the Firebase cloud system for data storage. The application has two user types :
administrator and visitor. Only administrator can edit, add, or delete the plant information. However, both
administrator and visitor have access to the navigation menu, QR code scanning, plant information view, user
manual and botanical garden’s history. The research sample consisted of 120 visitors who visited the botanical
garden. They were selected using random sampling. The research tools were the developed application and the
questionnaire. The questionnaire was reviewed by experts, resulting in the confidence level of 0.86. The statistics
used in the data analysis included the arithmetic mean (Y) and the standard deviation (SD). The results of the
research revealed that (1) the visitors were able to use the application to visit the botanic garden independently. The
personnel of the botanic garden were able to effectively manage the plant information through the application. (2)
The visitors who visited the botanical garden were overall satisfied on the application at the highest level (§= 4.55).
When considering each aspect, it was found that User Interface Design had a high level of satisfaction (E= 4.40).
Application's performance in terms of navigating to the tree was evaluated through the tree navigator test 50 times.
It was found that the navigation was correct, although there was a discrepancy between the location of the

application user and the actual tree with an average distance of 2.24 meters.
Key words: application, QR code, botanical garden
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Table 1 Satisfaction with the Botanical Garden Tree Data Management Application in terms of functionality

Assessment Topics

X SD Satisfaction Level

Appropriateness of information within the application

Accuracy and completeness of the information

The categorization of content is clear and appropriate

Total

4.38 0.47  Good
431 0.59  Good
4.34 0.71  Good
4.25 0.59  Good
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Table 2 Satisfaction with the Botanical Garden Tree Data Management Application in terms of user interface design

Assessment Topics X SD Satisfaction Level
Font size and color offered 4.28 0.71 Good
Use of language in communication 4.42 0.71 Good
Beauty and ease of use 4.50 0.59 Excellent
Instructions for using the system 4.42 0.66 Good
Illustrations and content are consistent and meaningful 4.38 0.65 Good

Total

4.40 0.67 Good
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Table 3 Satisfaction with the Botanical Garden Tree Data Management Application in terms of usability testing

Assessment Topics X SD Satisfaction Level
Processing speed 4.28 0.74 Good
Processing accuracy 4.37 0.71 Good
Meet the needs of users 4.33 0.78 Good
Total 4.32 0.74 Good
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Table 4 Overall satisfaction with the Botanical Garden Tree Data Management Application

Assessment Topics X SD Satisfaction Level
Overall satisfied with the quality of the content 4.55 0.54 Excellent
Overall, satisfied with the design of the application 4.52 0.55 Excellent
Overall, satisfied with the application 4.60 0.55 Excellent
Total 4.56 0.54 Excellent
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Table 5 Comparison of the capabilities of the old and the new system
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1. Navigating the Tree |Z[
2. Studying data through QR codes |Z[
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ABSTRACT

The addition of ground medium-roasted Robusta coffee at 3 different levels: 1.8%, 3.6% and 5.4% to Thai
Shortbread cookie found that the inclusion of 5.4% Robusta coffee received the highest preference score from 40
panelists compared to the addition of 1.8% and 3.6% (P < 0.05). The nutritional analysis showed increases in
protein, several minerals (Calcium, Phosphorus, Potassium, Magnesium, Iron, Zinc, Aluminum and Manganese),
and 3 times increases in fiber. The biologically active compounds including antioxidant and total phenolic
compounds were increased by 4-8 times and 16 times, respectively. In accordance with the Thai Community
Product Standard 118/2555, the food microbial analysis, including Coliform Bacteria, Staphylococcus aureus,
Escherichia coli, Yeast and Mold, and Total Plate Count, was investigated on days 0 and 90 presenting at < 3.0
MPN/g, < 1.0 X 10 CFU/g, < 3.0 MPN/g, < 10 ESPC/g and < 25 X 10 CFU/g, respectively. They remained

consistent during the storage in closed PP plastic bag at room temperature (25 °C).

Key words: Thai Shortbread Cookie, Roasted Robusta Coffee, antioxidants, total phenolic compounds, active
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Figure 1 Thai Shortbread Cookie supplemented by medium roasted Robusta coffee at (a) 1.8% (b) 3.6% and (c) 5.4%
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Table 1 Sensory evaluation of the Thai Petal cookies supplemented by Preference Test

Sensory Evaluation

Thai Shortbread Cookie supplemented by Robusta Coffee (Percent)

1.8 3.6 5.4
Appearance 7.14 £ 1.49° 730+ 1.18° 7.65+0.80°
Color 724132 730+1.22° 7.60 + 0.80"
Aroma 6.84 £ 1.28" 7.81+£0.85" 8.30 £0.81°
Flavor 6.95+1.29° 7.78 £0.89" 8.30+0.78°
Taste 722+121° 7.84+0.87" 8.24+0.76°
Texture 735+1.30° 7.87+0.92" 7.84+0.80°
Overall liking 730+ 1.10° 7.89+0.81° 8.27+0.80°

Values are represented as mean += SD (N = 40). Mean values with different superscript letters along the rows are

significantly different (P < 0.05).
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Table 2 Nutritional information of the regular Thai Shortbread cookie compared with the Thai Shortbread cookie

supplemented by Robusta coffee at 5.4 %

Nutritional information The Thai Shortbread cookie supplemented The regular Thai Unit
by Robusta coffee at 5.4 % Shortbread cookie
Total energy 47.60 42.78 keal
Protein 0.48 0.45 g
Carbohydrate 5.92 6.21 g
Sugar 2.83 2.86 g
Fiber 0.65 0.12 g
Lipid 1.71 1.79 g
Minerals
Calcium 4.21 0.68 mg
Phosphorus 11.13 4.68 mg
Potassium 20.71 4.70 mg
Magnesium 6.85 0.95 mg
Sodium 0.11 0.12 mg
Phytate 2.21 2.21 g
Iron 0.73 0.20 mg
Copper 0.15 0.01 mg
Zinc 0.10 0.03 mg
Selenium 0.02 0.02 ug
Aluminium 1.29 N/A mg
Manganese 0.19 N/A mg
Vitamins
B, 0.03 0.03 mg
B, 0.02 0.02 mg
Ashes 2.04 2.21 g
Phenolic compounds 0.012 N/A g
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Table 3 The quantity of DPPH antioxidant activity in Thai Shortbread cookies

Types of Thai Shortbread cookies

Quantity of DPPH antioxidant activity

(Mg Trolax per g FW)
Thai Shortbread cookie without Robusta coffee 0.16 +£0.07"
Thai Shortbread cookie with 1.8% Robusta coffee 0.65 +0.03"
Thai Shortbread cookie with 3.6% Robusta coffee 1.38 +0.04°
Thai Shortbread cookie with 5.4% Robusta coffee 1.39 +£0.01°

Values are represented as mean = SD (N = 3). Mean values with different superscript letters along the rows are

significantly different (P < 0.05).
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Table 4 The total phenolic compound content in Thai Shortbread cookies

Types of Thai Shortbread cookies

Quantity of total phenolic compound

(mg Gallic acid per g FW)

Thai Shortbread cookie without Robusta coffee
Thai Shortbread cookie with 1.8% Robusta coffee
Thai Shortbread cookie with 3.6% Robusta coffee

Thai Shortbread cookie with 5.4% Robusta coffee

0.14 +0.03°
1.11 +£0.03°
2.21+0.08°

2.27 +£0.06°

Values are represented as mean = SD (N = 3). Mean values with different superscript letters along the rows are

significantly different (P < 0.05).
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Table 5 The lipid content in Thai Shortbread cookies
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Types of Thai Shortbread cookies

Lipid content (% per g DW)

Thai Shortbread cookie without Robusta coffee
Thai Shortbread cookie with 1.8% Robusta coffee
Thai Shortbread cookie with 3.6% Robusta coffee

Thai Shortbread cookie with 5.4% Robusta coffee

19.10 £ 3.06°
20.00 +0.73"
20.39 £ 1.54°

21.86 1 1.95°

Values are represented as mean = SD (N = 3). Mean values with different superscript letters along the rows are

significantly different (P < 0.05).
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Types of Thai Shortbread cookies

Fiber content (% per g DW)

Thai Shortbread cookie without Robusta coffee
Thai Shortbread cookie with 1.8% Robusta coffee
Thai Shortbread cookie with 3.6% Robusta coffee

Thai Shortbread cookie with 5.4% Robusta coffee

1.71 £ 0.21°
2.61 £0.07°
44510.05°

543+ 0.37¢

Values are represented as mean = SD (N = 3). Mean values with different superscript letters along the rows are

significantly different (P < 0.05).
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Table 7 Types and quantity of microbial organisms in the standard Thai Shortbread cookie compared with the Thai

Shortbread cookie supplemented by Robusta coffee at 5.4 % (Day 0 and Day 90)

Microbial quantity
Thai Community The standard The Thai Shortbread  The Thai Shortbread
Microbial
Product Thai Shortbread cookie supplemented cookie supplemented
opes Standard cookie by Robusta coffee at by Robusta coffee at
5.4 % (Day 0) 5.4 % at (Day 90)
Coliform <3.0 MPN/g <3.0 MPN/g <3.0 MPN/g <3.0 MPN/g
Bacteria
Staphylococcus <1.0X10 CFU/g <1.0X10 <1.0 X 10 CFU/g <1.0 X 10 CFU/g
aureus CFU/g
Escherichia coli < 3.0 MPN/g < 3.0 MPN/g <3.0 MPN/g < 3.0 MPN/g
Yeast and Mold <100 ESPC/g <10 ESPC/g <10 ESPC/g <10 ESPC/g
Total Plate <1X10° CFU/g <25X10CFU/g <25 X 10 CFU/g <25 X 10 CFU/g
Count
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ABSTRACT

Seed priming with Trichoderma harzianum can control plant pathology caused by fungi and promote seed
germination and vigor. The primed seed must be used immediately as it rapidly deteriorates during storage.
However, seed deterioration also depends on the storage temperature. Therefore, the effect of red jasmine rice seed
priming with 7. harzianum on seed quality and seedling growth rate during storage for 4 months was studied. The
experimental design was 3x2 Factorial in Completely Randomized Design with 2 factors: Factor A representing
seed priming (control, distilled water and 7. harzianum) and Factor B representing storage condition (temperature
25°C and 10°C). Before and after storage for two months, the result showed that seed moisture content, germination,
mean germination time shoot, and root length were not significantly different. After storage for 4 months, the result
showed that the primed seed with distilled water and 7. Harzianum, and stored at 10°C, had high seed germination
(90.50% and 83.00%, respectively), and lower mean germination time (3.45 and 3.35 days, respectively) compared
to other treatments. The primed seed with 7. harzianum stored at 10°C had the longest shoot (10.19 cm) and root
length (5.47 ¢cm), with statistical significance. This study concluded that seed priming with 7. harzianum promoted
seed germination, average germination time and seedling growth rate. Storing primed seed at 25°C can preserve

them for 2 months, while storage at 10°C can prolong preservation for 4 months.
Key words: seed bio-priming, Trichoderma harzianum, seed quality, seed storage, Red Jasmine Rice
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ABSTRACT

The aim of this research was to explore the diversity and ecological indices of fish species that were widely
distributed in the Sa-Mun River, Nan province. This exploration was conducted from March to December 2016 at
7 sampling stations by collecting 3 times from each station according to the season and there was an addition at
station 7 in March 2021. All of 492 fish specimens were collected, there were L‘]dJ U and at least at least ten orders,
one subseries, 24 families, 53 genera, and 60 species were identified. The dominant orders were 34 species of
Cypriniformes (56.66%), 8 species of Siluriformes (13.33%), and 6 species of Anabantiformes (10.00%). The
dominant families were 25 species of Cyprinidae (41.67%), 4 species of Bagridae (6.66%), and 3 species of
Cobitidae (5.00%). Two species, Mystacoleucus obtusirostris and Xenentodon cancila were found in all sampling
stations. Two endemic species, Hemimyzon nanensis and Schistura menanensis were found. Three alien species,
Cyprinus rubrofuscus, Pterygoplichthys disjunctivus and Oreochromis niloticus were found. Mystacoleucus
obtusirostris had the highest percentage of species with a frequency of 85.71% and a relative abundance percentage
of 13.41%. The average richness index and species diversity index were 4.96+1.02 and 2.70+0.24, respectively.
Station 7 had the highest richness index and species diversity index at 7.04 and 3.08, respectively. It is located on
the Sa-Mun River, which is connected to the Nan River. Considering the species diversity index, the Sa-Mun River

remains a natural water source suitable for the survival and growth of fishes and other aquatic animals.
Key words: biodiversity, fish, Nan River basin, Nan province, ecological index
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Figure 1 Seven stations for collected fish specimens in the Sa-Mun River, Nan province
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Figure 2 Percentage of order of fishes ( A) and Percentage of family of fishes in the Sa- Mun River

(B) in the Sa-Mun River
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A

Figure 3 Alien fishes in the Sa- Mun River: Cyprinus rubrofuscus ( A); Pterygoplichthys disjunctivus

(B) and Oreochromis niloticus (C)

Table 1 Diversity, Percentage of Frequency of species occurrence [ F(%)] and Percentage of relative abundance

[R(%)] of fish species in Sa-Mun River

No. of fish in each station Total no.
Order/Family/Scientific name F(%) R(%)
1 2 3 4 5 6 7 of fishes

Order Osteoglossiformes
Family Notopteridae
1. Chitala ornata (Gray, 1831) - - - - - - 1 1 4.76 0.20
2. Notopterus notopterus (Pallas, 1769) - - 1 - 1 1 2 5 38.09 1.02
Order Clupeiformes
Family Clupeidae
3. Clupeichthys goniognathus Bleeker, 1855 - - - - - - 4 4 9.52 0.81

Order Cypriniformes

Family Cyprinidae
4. Amblyrhynchichthys micracanthus Ng & Kottelat, 2004 - - - - - 1 - 1 4.76 0.20
5. Barbodes rhombeus (Kottelat, 200) 5 1 - - - - - 6 19.04 1.22
6. Babonymus altus (Gunther, 1868) - - - - - - 1 1 4.76 0.20
7. Babonymus gonionotus (Bleeker, 1849) - - - - 1 2 3 9.52 0.61
8. Cirrhinus molitorella (Valenciennes, 1844) - - - - 1 1 2 4 19.04 0.81
9. Crossocheilus reticulatus (Fowler, 1934) - 1 - - 1 - 2 4 14.28 0.81
10. Cyclocheilichthys armatus (Valenciennes, 1842) - - 5 - 7 8 5 25 47.62 5.08
11. Cyprinus rubrofuscus Lacepede, 1803 - 1 - - - - - 1 4.76 0.20
12. Epalzeorhynchos firenatum (Fowler, 1934) - - - - - - 3 3 4.76 0.61
13. Esomus metallicus Ahl, 1924 - - - - - 2 - 2 4.76 0.40
14. Garra fuliginosa Fowler, 1934 1 - 1 - - - - 2 9.52 0.40
15. Hampala macrolepidota Kuhl & van Hasselt, 1823 4 1 3 1 - 1 1 11 33.33 223
16. Henicorhynchus siamensis (Sauvage, 1881) - - - - 1 1 2 4 14.28 0.81
17. Hypsibarbus vernayi (Norman, 1925) 1 1 2 3 - 3 3 13 47.62 2.64
18. Labiobarbus leptocheilus (Valenciennes, 1842) - - - - 4 2 2 8 19.04 1.62
19. Lobocheilos rhabdoura (Fowler, 1934) - - 1 - - - 1 2 9.52 0.40
20. Mystacoleucus obtusirostris (Valenciennes, 1842) 9 7 7 10 6 14 13 66 85.71 13.41
21. Opsarius koratensis (Smith, 1931) 7 11 17 6 7 9 - 57 80.95 11.58
22. Pethia stoliczkana (Day, 1871) 8 3 1 - - - - 12 33.33 243
23. Poropuntius laoensis (Giinther, 1868) 4 4 - - - - - 8 23.81 1.62

24. Puntioplites proctozysron (bleeker, 1864) - - - - 1 - 1 2 9.52 0.40
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Table 1 (Continuous)

No. of fish in each station Total no.
Order/Family/Scientific name F(%) R(%)

1 2 3 4 5 6 7 of fishes
25. Rasbora aurotaenia Tirant 1885 - - - - - - 19 19 14.28 3.86
26. Rasbora borapetensis Smith, 1934 8 5 6 1 - - - 20 33.33 4.10
27. Rasbora paviana Tirant, 1885 7 - - 2 - - - 9 14.28 1.83
28. Systomus orphoides (Valenciennes, 1842) - - 1 1 - 3 6 11 23.81 223

Family Gyrinocheilidae

29. Gyrinocheilus aymonieri (tirant, 1884) - - 1 - - - - 1 4.76 0.20
Family Botiidae

30. Yasuhikotakia morleti (tirant, 1885) - - - - - - 2 2 4.76 0.40
Family Cobitidae

31. Acantopsis sp. “large spot” - - - 2 1 - 3 6 23.81 1.22

32. Lepidocephalichthys hasselti (Valenciennes, 1846) B B B 1 N B N 1 4.76 0.20

33. Pangio anguillaris (Vaillant, 1902) - - - 5 - - - 5 4.76 1.02
Family Balitoridae

34. Hemimyzon nanensis Doi & Kottelat, 1998 7 1 4 - - - - 12 28.57 2.44

35. Homalopteroides smithi (Hora, 1932) 1 - 4 - - - - 5 14.28 1.02

Family Nemacheilidae
36. Nemacheilus pallidus Kottelat, 1990 - - 3 - 1 - - 4 9.52 0.81
37. Schistura menanensis (Smith, 1945) 4 18 2 3 2 2 - 31 42.85 6.30
Order Siluriformes
Family Loricariidae
38. Pterygoplichthys disjunctivus (Weber, 1991) - - - - - - 2 2 4.76 0.40

Family Siluridae

39. Wallago attu (Bloch & Schneider, 1801) - - - - - - 1 1 4.76 0.20
Family Bagridae

40. Hemibagrus nemurus (Valenciennes, 1840) - - 1 - - 1 2 4 14.28 0.81

41. Hemibagrus wyckioides (Fang & Chaux, 1949) - - - - - - 1 1 4.76 0.20

42. Mystus singaringan (Bleeker, 1846) - - - - 3 - 3 9.52 0.61

43, Pseudomystus siamensis (Regan, 1913) - - - - - - 1 1 4.76 0.20
Family Akysidae

44. Pseudobagarius leucorhynchus (Fowler, 1934) - - - 1 - - - 1 4.76 0.20

Family Sisoridae
45. Glyptothorax buchanani Fowler, 1934 5 - - - - - - 5 14.28 1.02

Order Gobiiformes

Family Butidae

46. Oxyeleotris marmorata (Bleeker 1852) - - - - - - 2 2 9.52 0.40
Family Gobiidae

47. Rhinogobius mekongianus (Pellegrin & Fang, 1940) 1 5 3 - - - - 9 23.81 1.83

Subseries Ovalentaria
Family Ambassidae

48. Parambassis siamensis (Fowler, 1937) - - - - - 2 9 11 14.28 2.23
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No. of fish in each station Total no.
Order/Family/Scientific name F(%) R(%)
1 2 3 4 5 6 7 of fishes
Order Cichliformes
Family Cichlidae
49. Oreochromis niloticus (Linnaeus, 1758) - 1 - - - - 2 3 9.52 0.61
Order Beloniformes
Family Belonidae
50. Xenentodon cancila (Hamilton, 1822) 2 2 2 1 2 1 1 11 50.00 2.23
Order Synbranchiformes
Family Mastacembelidae
51. Mastacembelus armatus (La Cepéde, 1800) 2 4 3 - 2 - - 11 33.33 2.23
52. Mastacembelus favus Hora, 1924 3 1 1 - - - - 5 14.28 1.02
Order Anabantiformes
Family Anabantidae
53. Anabas testudineus (Bloch, 1792) - - - - - - 2 2 4.76 0.40
Family Osphronemidae
54. Trichopodus trichopterus (Pallas, 1770) B B B N 2 B 1 3 14.28 0.61
55. Trichopsis vittata (Cuvier 1831) - - - 1 4 2 6 13 23.81 2.64
Family Channidae
56. Channa gachua (Hamilton 1822) 2 2 2 - - - - 6 23.81 1.22
57. Channa striata (Bloch, 1793) 1 - - 1 1 - 2 5 19.04 1.02
Family Pristolepididae
58. Pristolepis fasciata (Bleeker, 1851) 1 2 1 1 1 - 1 7 28.57 1.42
Order Tetraodontiformes
Family Tetraodontidae
59. Pao abei (Roberts, 1998) 2 4 4 - - - - 10 28.57 2.03
60. Pao cochinchinensis (Steindachner, 1866) - 2 3 - - - - 5 14.28 1.02
Total number of fishes in each station 85 77 79 40 48 55 108 492
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Table 2 Richness index (R) and Species diversity index (H') of fishes in Sa-Mun River

Station No. of species Richness index (R) Diversity index (H')
1 22 4.69 2.84
2 21 4.60 2.61
3 25 5.49 2.86
4 16 4.06 241
5 19 4.64 2.66
6 18 4.22 2.45
7 34 7.04 3.08
Mean+SD 4.96+1.02 2.70+£0.24
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ABSTRACT

The production of canned Boletus griseipurpureus Corner in brine involved studying the product
sterilization conditions and the effects of sterilization process on product properties. The objective of this study was
to find proper sterilization conditions for producing the product. Boiled mushrooms, weighing 110 g, was packed
into cans before adding a salt solution (1% sodium chloride and 0.1% citric acid (w/v)) to make a total weight of
200 g and they were sterilized at two temperature levels (116 and 121 °C). The results showed that the sterilization
at 116 °C for 42 minutes and 121 °C for 20 minutes gave F, of 10.08 and 10.35, respectively. The comparison of
canned mushroom qualities sterilized at two temperature levels found that the product sterilized at 116 °C exhibited
a dark color and softer texture than product sterilized at 121 °C, but the chemical qualities of sterilized product
analyzed in both temperature levels were similar, safe for consumption, and showed no significant differences
(p>0.05) in all sensory quality factors. Therefore, both temperature levels estimated can be used for the sterilization
process of canned Boletus griseipurpureus Corner in brine. The comparison of the canned products with boiled
mushroom prepared for consumption found that the canned mushroom had a lower L* value and a softer texture.
In addition, the total phenolic content, DPPH free radical scavenging activity and ferric reducing antioxidant power
(Frap) decreased, with residuals falling within the ranges of 78.00-78.13%, 73.99-77.41% and 65.25-65.40%

respectively as a result of thermal disruption during the sterilization process.
Key words: Boletus griseipurpureus corner, canned food, sterilization
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Figure 1 Heat penetration and F,of canned mushroom in brine during sterilization at 116 °C
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Figure 2 Heat penetration and F,of canned mushroom in brine during sterilization at 121 °C
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Table 2 Physical quality of boiled mushroom and canned mushroom in brine which sterilized under different conditions

Process treatment

Characteristic Boiled mushroom

116 °C 42 min

121 °C 20 min

1. Colour (L*, a*, b*)

- Stipe
L* 31.43+0.68"
a* 8.914+0.95
b* 21.64+0.54"
Ar

-Cap
L* 19.64+0.17°
a* 8.02+0.28"
b* 11.71£0.21°
AE

2. Firmness (N)
- Stipe 1.79+0.05°
- Cap 1.5620.09°

28.28+0.34° 30.36+0.20°
5.64+0.08" 5.23+0.13°
13.40+0.22° 15.82+0.48"
9.40+0.32" 6.97+0.32°
18.48+0.73" 19.74+0.46"
5.43+0.36° 5.85+0.01"
7.9240.74° 8.64+0.07
4.75+0.97" 3.78+0.06"
1.20+0.08° 1.49+0.05"
0.93+0.11° 1.2440.11°

Remark: Values with different letters in the same row are significantly different (p < 0.05).
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Table 3 Chemical quality of boiled mushroom and canned mushroom in brine which sterilized under different conditions

Process treatment

Composition Boiled mushroom N o
116 °C 42 min 121 °C 20 min
- Moisture (% fresh weight) 90.49+0.03" 90.41+0.15" 90.68+0.11"
- Ahs (% dry weight) 7.142£0.40" 7.31£0.37" 8.26+0.99™
- Protein (% dry weight) 23.15+0.09" 25.32+0.23" 23.24+0.09"
- Fat (% dry weight) 1.53+0.15" 1.65+0.04" 1.0120.02"
- Dietary fiber (% dry weight) 35.83+0.18" 34.44+0.21™ 35.85+0.23"
- Carbohydrate (% dry weight) 68.18+0.19° 65.72+0.43° 67.49+0.11°
-pH 6.25+0.01° 5.25+0.04° 5.5240.01°
- Salt (% dry weight) 8.18+0.85" 10.07+0.49° 9.98+0.54"
- Total Phenolic Content 538.73+0.81° 420.92+1.53" 420.24+0.50°
(mg GAE/100 g dry weight)
- DPPH (mg AAE/100 g dry weight) 177.15+2.17° 131.07+1.11°¢ 137.13+0.67°
- Frap (mg GAE/100 g dry weight) 128.88+1.23" 84.09+0.35" 84.29+0.12°

Remark: Values with different letters in the same row are significantly different (p < 0.05).
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Table 4 Microbiological quality of canned mushroom in brine which sterilized under different conditions

Process treatment

Microbiological quality

116 °C 42 min

121 °C 20 min

Total plate count (TPC) <10 cfu/g <10 cfu/g
Thermophilic flat sour not found not found
Mesophilic flat sour not found not found
Thermophilic anaerobes not found not found
Staphylococcus aureus <3 MPN/g <3 MPN/g
Salmonella spp not found not found
Coliform bacteria <10 cfu/g <10 cfu/g
Clostridium botulinum not found not found
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Table 5 Sensory score of canned mushroom in brine which sterilized under different conditions

Process treatment

Characteristic N N
116 C 42 min 121 C 20 min
Color 7.51+0.74™ 7.7440.82"
Appearance 7.54+0.78" 7.86+0.77"
Flavor 7.49+0.70™ 7.66£0.76"
Taste 7.71£0.93" 7.7440.98"
Texture 7.49+0.92" 7.71£0.75"
Overall acceptance 7.69+0.96" 7.80+0.76"

Remark: ns = not significant (p>0.05)
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ABSTRACT

Reducing salinity of soil surface with a bio-technical method can be conducted by planting plants with
deep root systems to protect salt-containing underground water from moving up to the soil surface. Vetiver
(Chrysopogon zizanioides (L.) Roberty) is the grass that has deep root systems and has ability to maintain soil
moisture. Therefore, this study aimed to investigate the salt tolerance ability of the vetiver ecotype in order to
identify ecotypes that can be grown in saline land. The four ecotypes of vetiver, namely Surat Thani (SU):
Ratchaburi (RB), Mai-Huaiwai (MHW), and Songkhla 3 (SK), were used in this experiment. The in vitro plantlets
(shoot and root) were cultured on semi-solid Murashige and Skoog (MS) medium supplemented with 0 (5.4 dS/m)
1 (13.2 dS/m), 2 (35.7 dS/m), and 3 (53.5 dS/m) NaCl for 8 weeks. The results showed that increasing NaCl
concentrations resulted in lower survival percentage, shoot length, root length, fresh and dry weight of the root,
fresh and dry weight of fresh leaves, and fresh and dry weight of the dead leaves for all four vetiver ecotypes.
However, survival percentages of SU under NaCl conditions were not significantly different from that of the control,
while other vetiver ecotypes showed a significant decrease in survival rate under NaCl condition. In addition, fresh
weight of fresh leaves and dead leaves of SU under NaCl conditions was higher than that of control. Tiller number
of SU, RB and MHW were increased after cultured on 1% NaCl treatment. From the results, therefore, SU showed

better salt tolerance performance than other vetiver ecotypes under in vitro conditions.

Key words: vetiver, plant tissue culture, salt tolerance, selection
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Figure 1 Salt tolerant selection of 4 vetiver ecotypes (Surat Thani, SU; Ratchaburi, RB; Mai-Huaiwai, MHW,

Songkhla 3, SK) under in vitro condition on MS medium supplemented with 0, 1, 2 and 3% NacCl for 8

weeks



454 N3915398 WHINeaena 1ulags1¥uInai 198 16(2) : 449-457 (2567)

Table 1 Survival percentage, root length, shoot length and tiller number of 4 vetiver ecotypes (Surat Thani, SU;
Ratchaburi, RB; Mai-Huaiwai, MHW; Songkhla 3, SK) under in vitro condition on MS medium
supplemented with 0, 1, 2 and 3% NaCl for 8 weeks (mean+SE). Those followed by the same in each
column and ecotype are not significantly different at 5% level of probability by Duncan multiple range test.

Ecotype NaCl (%v/w) Survival Percentage Root Length Shoot Length Tiller Number
SU 0 93.33+4.45a 4.12+0.09a 19.624+0.04a 1.60+0.51b
1 80.00£13.33a 1.62+0.05b 7.20+0.08b 9.80+1.85a
2 80.00+7.37a 1.1240.09¢ 8.16+0.72b 4.40+0.93b
3 73.33+8.32a 1.40+0.06b 7.98+0.61b 1.20+0.85b
RB 0 83.33+10.24a 5.184+0.09a 19.16+1.59a 1.40+0.51b
1 90.00+£10.00a 2.40£0.09b 5.76+0.63bc 21.00+8.34a
2 36.67+7.78b 1.14+0.09¢ 7.94+0.57b 2.20+0.37b
3 13.33+£7.37b 1.08+0.09¢ 4.2240.34c 0.00=0.00b
MHW 0 100.00+0.00a 11.14+0.80a 16.58+0.79a 1.20+0.20b
1 96.67+3.33a 4.28+0.45b 12.92+0.49b 4.40+0.93a
2 53.33+11.33b 3.78+0.40b 6.52+0.61c 1.20+0.37b
3 0.00+11.17b 3.58+0.50b 6.12+0.56¢ 0.00+0.00b
SK 0 100.00+0.00a 6.50+0.69a 25.22+2.70a 6.20+2.08a
1 100.00+0.00a 1.98+0.26b 12.48+1.95b 8.80+1.24a
2 0.00£0.00b 1.56+0.28b 6.28+0.63¢ 0.00=0.00b
3 0.00+0.00b 1.2840.18b 5.38+1.10c 0.00+0.00b

Table 2 Root fresh weight, root dry weight, fresh leaf fresh weight, fresh leaf dry weight, dead leaf fresh weight
and dead leaf dry weight of 4 vetiver ecotypes (Surat Thani, SU; Ratchaburi, RB; Mai-Huaiwai, MHW;
Songkhla 3, SK) under in vitro conditions on MS medium supplemented with 0, 1, 2 and 3% NaCl for 8
weeks (mean+SE). Those followed by the same in each column and ecotype are not significantly different
at 5% level of probability by Duncan multiple range test.

Ecotype NaCl Root Fresh Root Dry Fresh Leaves Fresh Dead Dead
(%viw) Weight (g) Weight (g)  Fresh Weight Leaves Dry Leaves Leaves Dry

(@ Weight (g) Fresh Weight (g)
Weight (g)
SU 0 0.19+0.03a 0.02+0.00a 0.38+0.07ab 0.05£0.01ab  0.21£0.02ab  0.06+0.01a
1 0.20+0.05a 0.03+0.01a 0.51+0.13a 0.08+0.02a  0.27+0.03a  0.05+0.01ab
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Table 2 (Continuous)

Ecotype NaCl Root Fresh Root Dry Fresh Leaves Fresh Dead Dead
(%viw) Weight (g) Weight (g)  Fresh Weight Leaves Dry Leaves Leaves Dry
(€9) Weight (g) Fresh Weight (g)
Weight (g)
2 0.07+0.01b 0.02+0.00a 0.19+0.02bc 0.05+0.01ab  0.184+0.02bc  0.05+0.01ab
3 0.09+0.01b 0.02+0.00a 0.1240.01c 0.03£0.00b  0.14+0.02c  0.03+0.00b
RB 0 0.26+0.05a 0.02+0.00a 0.41£0.07a 0.07£0.01a  0.19£0.04ab  0.04+0.01a
1 0.15£0.03b 0.02+0.00a 0.40+0.04a 0.05£0.01b  0.23£0.03a  0.04+0.01a
2 0.02+0.00c 0.00+0.00b 0.06+0.01b 0.01£0.00c ~ 0.13£0.02b  0.03+0.01a
3 0.04+0.01c 0.01£0.00b 0.03+0.02b 0.01£0.00c ~ 0.12£0.01b  0.03+0.00a
MHW 0 1.10+0.22a 0.15+0.03a 1.51+0.23a 0.23+0.04a  0.28+0.16a  0.06+0.03a
1 0.55+0.01b 0.08+0.02b 0.93£0.13b 0.16£0.03a  0.31£0.04a  0.06+0.01a
2 0.09£0.01c 0.02+0.00c 0.0740.02¢c 0.02£0.00b  0.11£0.02a  0.03+0.00a
3 0.10+0.01c 0.03£0.00c 0.07+0.01c 0.02£0.00b  0.12£0.01a  0.03+0.00a
SK 0 1.03£0.18a 0.15+0.03a 2.01+0.27a 0.45£0.11a  0.32£0.07a  0.07+0.01a
1 0.22+0.05b 0.04+0.00b 0.64+0.09b 0.20£0.03b  0.22+0.02a  0.08+0.01a
2 0.02+0.00b 0.01+0.00b 0.00£0.00c 0.00£0.00c  0.25£0.02a  0.05+0.00a
3 0.06+0.01b 0.02+0.00b 0.00£0.00c 0.00£0.00c ~ 0.25£0.02a  0.06+0.00a
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ABSTRACT

The administration of the synthetic hormone buserelin acetate (BUS) in combination with the synergistic
domperidone (DOM) to induce the spawning of Lambchop rasbora (Trigonostigma espei) was studied using the methods
of in-feed medication, gavage, and intramuscular injection. Fish were bred in a glass tank imitating nature with the
broodstock ratios of 3:3 fish and 1:1 fish. It revealed that Lambchop rasbora did not spawn after providing BUS in
combination with DOM through the methods of in-feed medication and gavage. However, the breeding of this fish species
could be carried out via intramuscular injection, with male fish receiving combinations of BUS 10 pg/kg and DOM 10
mg/kg, and female fish receiving combinations of BUS 15 pg/kg and DOM 10 mg/kg. The induced fish had spawned
approximately 10 hours after injection and the fry began to hatch approximately 19 hours later. Fish breeding with
broodstock ratios of 3:3 fish and 1:1 fish showed similar results in the evaluated parameters. It indicated that the average
numbers of eggs were 50.25+13.45 and 55.50+6.61, the average fertilization rates were 81.25+1.69 and 81.12+1.34
percent, the average hatching rates were 79.40+1.56 and 79.45+1.24 percent, the average numbers of fry after hatching
for 3 days were 19.25+4.65 and 21.75+2.63, and the survival rates of fry were 59.73+1.20 and 60.81+1.79 percent,
respectively. Moreover, only a couple of fish mated in all tanks containing the breeder ratio of 3:3. There was no mating
in the sex ratios of 1:2 fish and 1:3 fish when considering mainly both the male and female breeders. Therefore, the

suitable sex ratio of the fish breeder was 1:1.
Key words: Trigonostigma espei, synthetic hormone, spawning
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ABSTRACT

Ruthenium complexes are known as promising crucial substances for in vitro antitumor
and anticancer. In this study, Ru(p-cymene)(PPh3)Cl> was synthesized through a consequence
reaction between dichloro(p-cymene)ruthenium(ll) dimer and triphenylphosphine (PPhs)
ligand in dichloromethane to investigate its in vitro activity against breast cancer cells
comparison with free PPhs ligand. The complex was characterized using single crystal X-ray
diffraction, H-NMR, FTIR, elemental to analyze its specific structure which adopted a
distorted pseudo-tetrahedral geometry. Theoretical calculations under density functional theory
were conducted to identify that the absorption band at 393 nm with a shoulder of 496 nm arose
from the characters of charge transfer transitions. The Ru(p-cymene)(PPh3)Cl, complex was
measured for cytotoxicity against three breast cancer cell lines, HCC1937, MCF-7, and MDA-
MB-231 by MTT assay. It exhibited higher anti-breast cancer activity against MCF-7, with an
IC50 value of 15.99 uM, compared to cisplatin, a commercial drug (42.2 uM), by 2.6 folds.

Key words: ruthenium(Il) complex, triphenylphosphine, density functional theory, anticancer

INTRODUCTION

In recent years, scientists have tried
to explore chemotherapeutic  drugs’
resistance to cancer cells, and they remain
ineffective in treating many diverse types of
cancer (Pettinari et al., 2014). The primary
motivation for research to develop new
metallodrugs with anticancer efficacy is the
discovery of novel metallodrugs (Rojas et
al., 2017). Currently, there has been a lot of
pharmacological interest in organometallic
Ru(Il) complexes based on the arene complex
because of their antitumor, anticancer, and
antibacterial activities ('Yellol et al., 2015;
Lapasam et al., 2019). Compared to platinum-
based drugs like cisplatin, the half-sandwich
p-cymene-ruthenium( 1l) complexes from a
piano stool show anticancer efficacy with
low toxicity to normal cells (Subarkhan and
Ramesh, 2016; Brissos et al., 2018). Ruthenium-
based drugs exhibit stronger anticancer
effects within the same activity spectrum as
Pt(Il) based drugs, which is possibly explained
by their capacity to mimic iron, trigger
apoptosis, and bind to DNA, proteins, and
enzymes ( Allardyce and Dyson, 2001;
Bergamo and Sava, 2011; Neethu et al., 2019).
The main way that the synthesis of

anticancer ruthenium( Il) complexes has
been developed recently is by altering the N-
donor, O-donor, S-donor, and P-donors of
auxiliary ligands ( Brissos et al. , 2018;
Rohini et al., 2018; Orhan et al., 2022).
However, most researchers have concentrated
on Ru-arene structures with N-donor ligands
(Dkhar et al., 2020). Additionally, phosphine
derivatives can interact with DNA chain.
RAPTA-C is a Ru(ll) complex consisting of
the bond between Ru( Il) with an arene
group, two chloro ligands, and a phosphorus
donor as an ancillary ligand (Herry et al.,
2019). It has been found that RAPTA-C
plays an important role as an anticancer agent
(Murray et al., 2016). Many researchers have
reported  phosphine- derived complexes
containing Ru(1l) metal ions with mononuclear
structural geometry (Biancalana et al., 2017)
similar to our group’s work (Chuklin et al.,
2017; Klaimanee et al., 2021) as well as some
small number of PP chelating ligands of
bimetallic Ru( 1) complexes (Herry et al.,
2019). Some other strong anticancer properties
of Ru(1l) and Ir( 1) complexes with PP
ligands were reported by Li and coworkers.
The Ru(1l) complexes [n8-p-cym)Ru(P P)
CI]PFs (BINAP) exhibited potent anticancer
activity up to 15 and 7.5 times greater than
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cisplatin, respectively, against A549 and HelLa
cells (Li et al., 2018). There are many
mechanisms for explaining the anti- growth
of cancer cells by Ru(1l) complexes for
example, cellular uptake, interaction with
nucleic acids and proteins through multiple
binding modes in the nucleus, interaction on
mitochondria, lysosome, DNA, and enzymes
(Zeng et al., 2017). In addition, the Ru(ll)
complexes with P-donor ligands have been
also widely investigated for their antimicrobial
activities (Mawnai et al., 2019).

In this present work, the piano-stool
structure of a simple molecule was synthesized
and characterized by single crystal X-ray
diffraction, spectroscopies, and elemental
analysis. This complex has been reported by
Elsegood and coworkers before, but it has
never been revealed its intra- and inter-
molecular force and Hirshfield surface
stucture interactions yet. Moreover, Honorato
and coworkers have also studied the
cytotoxicity of this complex against many
kinds of cancer cells. Nevertheless, its
anticancer property against the HCC1937
human breast cancer cell line has not yet
been studied. Besides, the in-depth
understanding of the optical property of this
complex has also never been reported.
Herein, we report all those missing points
together with the theoretical calculations
based on DFT to stimulate the absorption
spectrum in CH2Cl> which are new aspects
to be explored. The Ru(p-cymene)(PPhs)Cl.
is aimed to be used as a precursor for
synthesizing the [Ru(p-cymene)(PPhz)L]CI
complex where L = various types of amino
acids for the anticancer framework. Therefore,
a well-understand chemistry of the precursor
complex is essential.

MATERIALS AND METHODS
Materials

The A.R. grade of dichloro(p-cymene)
ruthenium( Il)  complexes dimer and
triphenylphosphine were purchased from
TCIl. Reagent- grade solvents, such as
chloroform, dichloromethane, acetonitrile,
and diethyl ether, were bought from RCI

Labscan. No extra purification was done and
used as received.

Instrumentation

A BX Perkin Elmer FT- IR
spectrophotometer (KBr disk, 4000-400 cm™?)
was used to record the vibrational frequency
spectra of the complex. A Varian Bruker
Avance 300 MHz NMR spectrometer was
used to perform proton nuclear magnetic
resonance (*H- NMR) spectra in CDCls
solvent with tetramethyl silane (TMS) as an
internal standard. The absorption spectra of
the studied complex were measured using a
UV-visible spectrophotometer, model TU-1950,
to record electronic spectra (200-800 nm).
The visible and ultraviolet light sources
were provided by tungsten and deuterium
lamps, respectively. A standard 1 cm quartz
cuvette was used. The Electrothermal 1A9000
Series melting point instrument was used to
measure melting points. Elemental analysis
was conducted using a CHNS-O Analyzer,
( CEv Instruments Flash EA 1112 Series,
Thermo Quest, Italy). The diffraction data of
Ru( p- cymene) ( PPhs) Cl. complex were
collected using a D8 VENTURE Bruker AXS
apparatus with graphite-monochromated Mo
Ka radiation (A= 0.71073 A). The diffraction
data of were collected from 30304 reflections.
The interpretation of raw data was obtained
using SMART, SAINT v8.38A, and SADABS
software. Structure solving was carried out
using SHELXS (Sheldrick, 2015). Non-hydrogen
atoms were refined from anisotropic thermal
parameters. A riding model was used to refine
calculations with all hydrogen atoms placed
in ideal positions. Molecular graphics and
materials required for publication were
prepared by the WinGX 2018/3 ( Farrugia,
2012) and Mercury 2020.3 (MacRae et al.,
2020) programs. Crystallographic data for
Ru( p-cymene) (PPh3) Cl, were deposited at
the Cambridge Crystallographic Data Center
and can be provided using the access CCDC
code 2231646, via: http://www.ccdc. cam.ac.
uk/data request/cif (or from the Cambridge
Crystallographic Data Centre, 12 Union
Road, Cambridge CB21EZ, U.K. Fax: +44
1223 336 033 or email deposit@ccdc. cam.
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ac.uk). The X-ray data were provided in the
supplementary data section.

Synthesis pathway

The Ru(p-cymene)(PPhs3)Cl, complex
was prepared by reacting dichloro(p-cymene)
ruthenium(1l) dimer (0.183g, 0.3 mmol) with
triphenylphosphine (PPhs) (0.157g, 0.6 mmol)
ligand in 20 mL of tetrahydrofuran (THF) at
40°C. The mixture of these substances was
stirred for 1.5 hours. After that, the compounds
were filtered and crystallized by adding
dichloromethane and acetonitrile 2: 1 ratio,
followed by diffusion of vapor with diethyl
ether (10 mL), and left at room temperature for
a few days to obtain single crystals. The
obtained brown single crystals were filtered
and washed with diethyl ether three times.
Moreover, the complex was recrystallized
again in the same solvent mixture. The
complex crystals were completely soluble in
dichloromethane and CDCls.

Yield: 61.86%. Melting point: 194-
195°C (with decomposition). Anal Calcd
(%) for CogH29Cl2PRu (568.45), C 59.10, H
5.10, Found, C 58.99, H 5.07. FT-IR (KBr,
cm™) see supplementary data Figure S1:
v(C-H), 3049; v(C = C), 1436; v(P-Ph),
1092; v(Ru-P), 525; v(Ru-Cl), 508 cm™.
'H.NMR (300 MHz, CDCl3) see
supplementary data Figure S2: 6 7.82 (dd, J
=7.5Hz, 6H), 7.38 (d, J = 7.5Hz, 9H), 5.19
(d, J=7.5Hz, 2H), 4.99 (d, J=7.5 Hz, 2H),
2.85 (m, J = 6.8 Hz, 1H), 1.87 (s, 3H) and
1.10 (d, J=6.8 Hz, 6H)

Computational study

The Gaussian 09 program was used
for all calculations. The calculation was
done based on the density functional theory
(DFT) in the gas phase with PBEO (Tabares
et al. , 2019) and B3LYP basis sets
(Klaimanee et al., 2021). The ground state
of the Ru( Il) complex was completely
optimized in terms of shape. For non-metal
atoms and the ruthenium atom, the basis
sets of 6-31G(d) and LANL2DZ were
selected, respectively (Roy et al., 2008).
The electronic absorption spectrum was
then simulated by using the TDDFT

program and the polarizable continuum
model (PCM) of dichloromethane (Mennucci
etal., 1997).

In vitro cytotoxicity assay

The MTT assay was used to
measure the anti- breast cancer activity
against the MCF-7, MDA-MB- 231, and
HCC1937 cell lines. Cisplatin was used as
a positive control to assess the complex’s
cytotoxicity against breast cancer cells. The
ICso value of Ru( p- cymene) ( PPhz) Cl
complex was reported. Human breast
adenocarcinoma cell line (ATCC® HTB-22"™)
was [ MCF-7 breast cancer (BRCA1 wild-
type, ER-, PR-, and HER2- positive) ]
(ATCC, USA). Human breast adenocarcinoma
cell line (ATCC® HTB-26™) was [ MDA-
MB-231 breast cancer (BRCAL wild-type,
Triple negative (ER-, PR-, and HER2-
negative)] (ATCC, USA). The human breast
adenocarcinoma cell line (ATCC® CRL-2336™)
was [ HCC1937 breast cancer ( BRCAl
mutant, Triple negative (ER-, PR-, and
HER2-negative)] (ATCC, USA).

RESULTS AND DISCUSSION
Synthesis and characterization

The complex, Ru(p-cymene)(PPhs)Cl.
was synthesized by a new method involving
between dichloro(p-cymene) ruthenium(ll)
dimer complexes and triphenylphosphine
(PPhs) ligand in tetrahydrofuran (Scheme 1).

The results from single-crystal XRD,
FT-IR, 'H-NMR, and elemental analysis
techniques were examined to confirm the
structure of Ru(p-cymene)(PPhs)Cl. complex,
which adopted a distorted pseudo-tetrahedral
geometry with n® m-bonding of p-cymene, a
single molecule of triphenylphosphine (PPhs),
and two CI ligands (Figure 1). The
crystallographic information for the Ru(p-
cymene)(PPh3)Cl> complex is displayed in
Supplementary data T1 and T2. The crystal
structure of the Ru(p-cymene)(PPh3)Cl.
complex is monoclinic with the P21/n space
group, reported in a previous study (Elsegood
et al., 2006). The selected bond distances (A)
and bond angles (°) of the Ru(p-cymene)(PPhs)Cl>
complex are displayed in supplementary data
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T3. There are two molecules in the asymmetric
unit (the label Ru(1) and Ru(2) for molecules
1 and 2, respectively). The averaged distances
of Ru-P 2.3488(5) A, Ru-Cl 2.4133(6) A, and
averaged Ru-C 2.219(2) A distances are close
to the previously studied by Elsegood et al.
(2006). These results are similar to other related
structures of [(n®-p-cymene)]RUCI(PPh2PY)]
(Govindaswamy et al., 2004) and [Ruz(p-
cymene)(dppp)Cla] complexes (Klaimanee
et al., 2021). The bond angles of P(1)-Ru(1)-
Cl(1), P(1)-Ru(1)-Cl(2), and CI(1)-Ru(1)-
Cl(2) of the complex are 90.21(2)°
87.112(19)°, and 88.46(2)° for molecule 1 and
P(2)-Ru(2)-Cl(4), P(2)-Ru(2)-CI(3), and
CI(1)-Ru(1)-CI(2) in the complex are

Hj
Hj
H,C Cl

Ru— .
Cl/ LI\CI/\\RU\/(,I

H5C

[RuCl(p-cymene)(n-Cl)], dimer

THF: 20mL, 40°C

H;C ‘_@—{CH3

c1—

@(5@

87.62(2)°, 89.81(2)°, and 88.81(2)° for
molecule 2, respectively. This points out that
our studied complex is pseudo-tetrahedral or
distorted tetrahedral in both molecules, similar to
earlier studies (Elsegood et al., 2006; Ludwig
etal., 2012). Weak intramolecular H-bonding
of C-H---ClI types is found between H atoms
of the phenyl ring of PPhs and Cl atoms in the
crystal structure of the Ru(p-cymene)(PPhs)Cl>
complex (Figure 2 and Table 1). In addition,
an intermolecular force between molecule 2
of C-H---m of C(47)-H(47)---Cg8 =2.81 A is
presented, as shown in Figure 3 and Figures
S3-S4 (Supplementary data).

©/ P\@
+ @
Triphenylphosphine (PPhj3)

1:50 hrs

CH,

¢

P

Ru(p-cymene)(PPh;)Cl,

Scheme 1 Synthesis pathway of Ru(p-cymene)(PPhs3)Cl> complex.
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Figure 1 The ORTEP structures of Ru(p-cymene)(PPhs)Cl> complex in asymmetric unit with
atom numbering

Figure 3 Inter-molecular C-H---& interactions of Rugp-cymene)PPhz)Cl, complex.



N353 U INe1aomna 1u 1adT1BuAafs 1YY 16(2) : 473-487 (2567) 479
Table 1 Hydrogen bonds for Ru(p-cymene)(PPhs)Cl, complex[A, °].
D-H...A Distance of Distance of Distance of Angles of

d(D-H) (A) d(H...A) (A) d(D...A) (A) <(DHA) (°)
C(12)-H(12)...CI(1) 0.93 2.74 3.564(3) 147.9
C(18)-H(18)...CI(1) 0.93 2.71 3.476(3) 140.1
C(40)-H(40)...CI(3) 0.93 2.71 3.548(3) 149.7
C(50)-H(50)...CI(3) 0.93 2.72 3.435(2) 134.2
C(50)-H(50)...CI(4) 0.93 2.72 3.295(2) 121.1

Symmetry transformations are used to generate equivalent atoms.

Hirshfeld surface analysis

Hirshfeld surface analysis was used to
examine the intermolecular interactions in the
crystal packing. Hirshfeld surfaces mapped
over dnorm Were created using the Crystal
Explorer program (Spackman et al., 2021).
The intermolecular contact distances, d; and
de, from the surfaces between the closest
atoms inside and outside molecules were
analyzed using the mapping of dnorm. Figure 4
displays a map of the Hirshfeld surfaces over
dnorm that reveals the intermolecular contacts
as acceptors on the surfaces. These contact
ratio, followed by diffusion of acts, which are
shorter than Van der Waals radii, are
represented by bright-red spots on surfaces
indicating intermolecular contacts of H---H,
C---H/H---C, and H---CI/Cl---H, respectively.
The strong red spots the surface of H48---H25
and H20---H53 of molecule 1 (refer to Rul)
correlate with the H---H short contacts while
the surfaces of C6---H10B/H10B---C6 and
C25---H21/H21.--C25 are the C:--H/H---C
interactions. For the H---H short contacts of
molecule 2 ( Ru2) are indicated with
H20.--H53, H25:--H48 and H42:--H52. The

reciprocal interactions of C---H/ H .- C
intermolecular contacts are shown with
C30---H38C/H38C---C30, C42: - -H52/ H52- - - C42.
The percentage contribution of the individual
types of interactions to the total Hirshfeld
surface area is displayed by the 2D fingerprint
plots in supplementary data Figure S5 for
molecule 1 (Rul). The crystal packing H---H
contacts represent the largest percentage of
the Hirshfeld surface with 64.4% with the
characteristic wings of 2D fingerprint plots
indicating the C—H---z interactions in crystal
packing, referring to the C---H/ H:-C
interactions with 21. 7% . The 12. 5%
contribution from the H---CI/Cl---H contacts
is the result of the C—H---Cl interactions.
The fingerprint plot of molecule 2 (Ru2)
depicted in supplementary data Figure S6 is
quite similar to that of molecule 1. The 2D
fingerprint  plot  suggests that the
intermolecular H--- H contacts have the
highest contribution (64.5 %), while the
relative contributions of the C---H/H---C and
H---Cl/Cl---H contacts are 21.4 % and 12.6
%, respectively.
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Figure 4 The intermolecular contacts of molecule 1 surfaces (a and b) and molecule 2
surfaces (c and d) with its neighbors for the Ru(p-cymene)(PPh3)Cl> complex.

Absorption

The data from the photophysical
study and vertical electronic transitions
calculated were presented in Table 2 and
supplementary data Figure S7. The absorption
spectrum of the Ru(p-cymene)(PPh3)Cl>
complex shows three maximum absorption

bands at wavelengths (with molar extinction
coefficient) of 228 nm (8.0x10* M-*cm™), 373
nm (4.3x10° M-cm™) and 496 nm (1.2x10°
M-tecm™), respectively. To interpret the
electronic transitions yielding the absorption
bands, the polarizable continuum model
(PCM) of dichloromethane was used to
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simulate the electronic absorption spectrum
using time-dependent on density functional
theory (TDDFT).ThePCM-TD-PBEO/6-
31+G™+LANL2DZ basis sets were used for
the calculation. The electronic transitions of
Ru(p-cymene)(PPhs3)Cl> complex is shown as
vertical lines in Figure 5 aligning to the
experimental absorption spectrum. The main
transitions regarding those three absorption
bands arise from charge transfer transition.
The band at 496 nm is belong to ligand-to-

ligand charge transfer transition (LLCT) from
PPhs to p-cymene moiety giving HOMO—
LUMO (79%) transition (Acarc. =516 nm, Osc.
Strength (f) = 0.0084). The HOMO—-L+1
(65%) transition is shown by the band at 373
nm (Aeac. = 395 nm, Osc. Strength (f) =
0.0213), with mixed MLCT (d-Ru(1)—m*-
P(PPhz) and XLCT (Cl—n*-P(PPhs) halogen
to ligand charge transfer as shown in Figure
6. Calculation data are collected in Table 2.

0.8 - ~0.14
@ Y — Abs
W
Cal L 0.12
0.6 >
0 373 L 0.10
496 — 0.08
0.4
“ 300 400 500 600 L 0.06
L 0.04
0.2 -
L 0.02
%
P & o
\/ 2
T ——— -
0.0 Ly : 0.00
I 4 I I 4 I 4 I 4 I 4 I 4 I 4
200 250 300 350 400 450 500 550 600 650

Wavelength (nm)

Figure 5 The UV- Visible absorption spectra overlaid with the PCM- TD- PBEOQ/ 6-
31+ G*+ LANL2DZ simulated spectra (dotted line). Corresponding oscillator
strengths are shown as sets of vertical lines.
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Table 2 Photophysical data and vertical electronic transitions calculated for Ru(p-cymene)(PPhz)Cl:

complex.
Wavelength (nm) Osc. Major contribution Assignment
No.  cal Exp Strength ()
1 516 496 (sh) 0.0084 HOMO-LUMO LLCT (PPhs—p-
(79%) cymene)
4 395 373 0.0213 HOMO-L+1 (65%) MLCT, XLCT
(Cl-PPhgz)
19 258 - 0.0757 H-5-L+1 (39%) LLCT (PPhs—p-
cymene)
LMCT (PPhs—Ru)
41 231 228 0.1212 H-4-1L+2 (18%) XLCT (Cl-PPhs)
H-3-L+2 (42%)
sh =shoulder

LUMO+1 LUMO+2
HOMO-1 HOMO-2

Figure 6 Contour plots of HOMO and LUMO molecular orbitals of the Ru (p-cymene)(PPhz)Cl, complex.
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LUMO~+3
HOMO-3

Figure 6 (continuous)

Anticancer activity

Figure 7 shows the plot of cell
viability percentage against the tested
concentration of Ru( p- cymene) ( PPhs) Cl»
complex in the range 0. 01 to 100 uM
respectively, for MCF- 7, HCC1937, and
MDA- MB- 231 cell lines. The Ru( p-
cymene)(PPhz)Cl> complex showed the best
activity for the in vitro cytotoxicity
selectively against the MCF- 7 cell line,
presenting an ICso value of 15.99 uM, which
showed better sensitivity than that of
cisplatin and Phosphine (PPhs) free ligand,

as summarized in Table 3. For the other
examined breast cancer cells, the 1Cso values
were all less sensitive than cisplatin, with
concentration higher than 100 puM against
those two cell lines. The result for MCF-7
corresponds to the report from Honorato et
al. (2020). The presence of PPhz which is a
lipophilic group, can increase the cellular
uptake of the complex, influencing the
cytotoxicity toward the cancer cell.
Nevertheless, in order to explain selectivity
to MCF- 7, further. for the possible
mechanism of cancer cell inhibition.

Table 3 1Cso mean values (LM) against HCC1937, MCF-7 and MDA-MB-231 cells after 48

hrs of treatment.

1Cs0 (M)

Metal complex MCF-7 HCC1937 MDA-MB-231
Cisplatin 422 +8"" 23477 1282+ 7™
RUPPh; 1599+ 5" >100 "™ >100 "™
PPhs >100 *** 543+0.2"" 100"

The following symbols represent statistically significant differences: =p < 0. 01,
compared to the 1Cso values of the same complex on cell lines; and =+p >0.001, compared to

the ICso values of the complexes on each cell line.
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0 0.010.1 15102550100

Figure 7 The chart shows the cytotoxic effect of Ru(p-cymene)(PPhs)Cl, at concentrations of
0,001,01,1,5, 10, 25, 50, and 100 puM on the cell viability of HCC1937, MCF-7

and MDA-MB-231 cells after 48 hrs.

CONCLUSION

Single crystal x-ray diffraction, elemental
analysis, and spectroscopy methods were
used to analyze the Ru (p-cymene) (PPhs)Cl
complex. The geometry of this complex
adopts a distorted pseudo- tetrahedral. H-
bonding is evident in both intramolecular
and intermolecular interactions within the
crystal structure. Density functional theory
identified that the absorption band at 393
nm, with a shoulder of 496 nm, arises from
the mixing character of charge transfer
transitions. As a result of this investigation,
the Ru(p-cymene) (PPh3)Cl> complex was
assessed for its cytotoxicity selectively
against human breast cancer cell line MCF-
7 a lower ICso value than that of cisplatin.
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ABSTRACT

This research is to study the numerical model of hydrogen combustion in a micro combustor to enhance the

energy converted to electricity by analyzing wall temperature and emissive power. This research focuses on the

affected parameters of micro combustor geometry (rectangle, cylinder, hexagon), exhaust gas recirculation (EGR) at

a hydrogen mass flow rate of 1.8551x10-5 kg/s, and an equivalence ratio of 1.0. As the result, wall temperatures

ranging from 18.8 to 19.7 oC and emissive power between 12.2 and 12.4% were observed from cylindrical and

hexagonal micro combustor, which were higher than those of rectangular micro combustor. Moreover, the installation

of hexagonal EGR and cylindrical EGR with micro combustor could enhance emissive power by 1.6 and 2.0 watt,

respectively. This study indicates that the design of a cylindrical micro combustor with cylindrical EGR, covered

with porous media, could achieve the highest emissive power of 12.26 watts, which is 33.7% higher than that of the

referenced model.

Key words: micro combustor, cylindrical EGR, hexagonal EGR, wall temperature, emissive power
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(a) (b)

Figure 6 Micro combustor models a) Hexagonal Figure 7 Air jacket models a) Hexagonal geometry
geometry and b) Cylindrical geometry and b) Cylindrical geometry with length (L)

with length (L).

Table 1 Micro combustor models with variation of geometry (Rectangular, Cylinder and Hexagon) and air jacket.

Case Micro combustor/Air jacket model Geometry
Referenced model Rectangular micro combustor (RMC)
(Zuo et al., 2017)
1 Cylindrical micro combustor (CMC) O
2 Hexagonal micro combustor + Hexagonal Air D
jacket
3 Hexagonal micro combustor + Hexagonal air jacket @
4 Hexagonal micro combustor + Cylindrical air jacket @
5 Cylindrical micro combustor + Cylindrical air jacket @
6 Cylindrical micro combustor @

+ Hexagonal air jacket
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Table 2 Comparison of mean outer wall temperature between variations of micro combustor geometry (rectangular,

cylinder and hexagon).

Micro combustor geometry

Mean outer wall temperature (K)

Emissive power (W)

Rectangular (Zuo et al., 2017)
Cylinder

Hexagon

1318.82 9.17
1337.58 10.29
1338.53 10.31
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Table 3 Average flame temperature from micro combustor model case 3, 4, 5 and 6.

Case Mean wall temperature (K) Emissive power (W)
3 1289.49 11.57
4 1290.62 11.65
5 1308.69 12.26
6 1304.65 11.95
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ABSTRACT

Nitrogen Oxides (NOx) are harmful gases to human health and the environment. These
emissions primarily result from fuel combustion in engines and industrial processes. To meet
regulatory requirements, the Nam Phong Power Plant in Thailand has implemented Continuous
Emission Monitoring Systems (CEMS) to measure and report NOx emissions to regulatory
authorities. However, considering the high costs associated with installing and maintaining CEMS,
as well as recent changes in Thai legislation allowing for predictive NOx measurement methods,
it is worth exploring the use of Machine Learning as a reliable method for estimating NOx
emissions accurately. In this study, a comprehensive comparison was conducted on six Machine
Learning algorithms: Linear Regression, Decision Tree, Random Forest, XGBoost, K-Nearest
Neighbors, and Backpropagation Multilayer Perceptron Neural Network. Among these models,
Random Forest emerged as the top performer, exhibiting superior performance metrics, including
the lowest MAE, MAPE, and the highest R2 scores. These results underscore the potential accuracy
and reliability of Random Forest in predicting NOx emissions. Furthermore, research on feature
importance has revealed the significant influence of certain parameters on model accuracy. These
parameters include steam injection flow, steam injection temperature, and ambient conditions. The
influence of controllable factors, such as the temperature of steam injection, on NOXx emissions is
noteworthy. These findings not only hold promise for enhancing the precision of predictive models
but also present opportunities to decrease NOx emission levels while maintaining plant efficiency.

Key words: NOx prediction, machine learning, Nam Phong power plant, CEMS, PEMS

INTRODUCTION

Nitrogen Oxides (NOx) are harmful
gases that have been identified as major
contributors to air pollution, with negative
impacts on both the environment and human
health (United States Environmental Protection
Agency, 2023). The primary sources of NOx
include fuel combustion in engines and
manufacturing processes. To comply with
regulations, power plants in Thailand,
including the Nam Phong Power Plant, have
installed Continuous Emission Monitoring
Systems (CEMS) to measure and report their
NOx emissions to regulatory authorities
(Department of Industrial Works, 2007).
However, CEMS is a complex and expensive
system, which has led to a search for
alternative methodologies. Additionally, the
introduction of new environmental regulations
in Thailand (Ministry of Industry, 2022)
enables the utilization of alternative methods
for measuring pollutant emissions, such as a
predictive method. Machine Learning (ML)
is a branch of Artificial Intelligence (Al) that
has proven successful in various industries
for prediction tasks. Therefore, the Nam
Phong Power Plant is considering developing

an ML-based NOx prediction model as a
more cost-effective alternative to CEMS.

In recent years, the studies of predicting
NOx emissions from gas turbines, diverse
algorithms and methodologies have been
explored across several studies. Kaya et al.
(2019) introduced a publicly available dataset
and employed Extreme Learning Machines
(ELMs), emphasizing feature selection based
on linear projection weights. Their work
highlighted the importance of recognizing that
the Machine Learning principle of "one size
does not fit all" is applicable when employing
decision fusion schemes. Another study by
Rezazadeh (2020) delved into adaptive algorithms
for NOx prediction, proposing the K-Nearest
Neighbor (K-NN) algorithm and stressing the
dynamic nature of power generation, advocating
for accurate datasets. Kochueva and Nikolskii
(2021) proposed a combined model using
symbolic regression models and fuzzy
classification, achieving metrics surpassing
previous works. Huang et al. (2022) introduced
a Neural Network model with an adjustable
intermediate layer that demonstrated improved
accuracy and adaptability, considering humidity
effects. Finally, Chawathe (2021) underscored
the importance of explainability in predictive
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emission monitoring systems, achieving numerical
accuracy comparable to less interpretable
models.

Despite these advancements, certain
research gaps persist. A notable limitation is the
concentration of studies on specific types of gas
turbines, indicating the need for broader
applications across various power plant
configurations (Chien, 2003). Additionally, the
importance of ambient weather conditions as a
key feature in emission prediction has been
underscored in existing researches (Rezazadeh,
2020; Potts et al., 2023; Chawathe, 2021).
Consequently, there is a compelling need to
conduct additional studies within the specific
context of the Nam Phong Power Plant,
Thailand. This facility operates as a gas-fired
combined-cycle power plant and employs
steam injection systems for NOx control, a
unique aspect not explored in previous studies.
Investigating the applicability and effectiveness
of NOx prediction with Machine Learning in
such a specialized setting is crucial for a
comprehensive understanding of its capabilities in
this specific domain.

This study involves a thorough
exploration of a diverse set of Machine
Learning algorithms, encompassing six different
approaches. The study employs Linear
Regression, Decision Tree, Random Forest,
Extreme Gradient Boosting (XGBoost), K-Nearest
Neighbors (K-NN), and Backpropagation
Multilayer ~ Perceptron  Neural — Network

(BPMLP-NN) to predict NOx emissions. The
performance of these ML algorithms is
assessed using various statistical metrics, and
the relationships between input variables and
output predictions are scrutinized through
feature importance analysis.

MATERIALS AND METHODS

Machine Learning (ML) is a subfield
of Artificial Intelligence (Al) as shown in
Figure 1, that enables systems to learn and
improve from experience without explicit
programming (Brown, 2021). Unlike traditional
programming, which relies on step-by-step
instructions, ML takes a data-driven approach.
By analyzing patterns in data, ML systems
can make informed decisions or predictions
based on what they have learned. A
fundamental concept in ML is the notion of a
"model." A model serves as a representation
of the patterns and relationships found within
a given dataset. This process involves
training the ML system using labeled data,
where both input data and corresponding
outcomes are provided. During training, the
internal parameters of the system get adjusted
to minimize any discrepancies between its
predictions and actual outcomes. Once
effectively trained, this model can then be
utilized to make accurate predictions on new
datasets that have not been previously
encountered or analyzed.

Artificial Intelligence

Machine Learning

Deep Learning

Figure 1 Machine Learning a subfield of Artificial Intelligence

To accomplish the study's goals, the
NOx emission prediction models for Nam
Phong Power Plant are constructed through a
multi-step methodology, depicted in Figure 2.

This figure visually outlines the sequential
process involved in developing the models,
emphasizing the utilization of a ML approach
for accurate predictions.
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Figure 2 Machine Learning development approach

1. Data Collection

The NOx prediction model was
developed using input data obtained from gas
turbine unit-21 (GT-21) and gas turbine unit-22

Table 1 Input parameters

(GT-22) operational data during 1 to 30"
September 2022. The data had a 1-minute
sampling interval with 43,200 entries and 46
input parameters per unit, as listed in Table 1

GT#21 GT#22

MEAN

STD. MAX. MIN. MEAN STD. MAX. MIN.

1 Gas Turbine Generation MW 79.3
2 Gas Turbine Reactive Power MVAR 7.1
3 Generator Current KA 33
4 Generator Voltage KV 13.7
5 Generator Power Factor - 0.5
6 Fuel Gas Pressure kg/cm2 231
7 Fuel Command % 49.9
8 Gas Turbine Speed RPM 2999.9
9 Inlet Guide Vane Command % 43
10 Inlet Guide Vane Feedback % 4.2
11 Exhaust Damper Command % 100.0
12 Exhaust Damper Feedback % 103.0
13 Compressor Inlet Air Temperature °C 26.0
14  Rotor Cooling Air Temp. (Right) °C 186.7
15 Rotor Cooling Air Temp. (Left) °C 187.6
16 Disc Cavity Row-2 Temp. (Right) °C 359.4
17 Disc Cavity Row-2 Temp. (Left) °C 4125
18 Disc Cavity Row-3 Temp. (Right) °C 325.8
19 Disc Cavity Row-3 Temp. (Left) °C 329.0
20 Disc Cavity Row-4 Temp. (Right) °C 381.1
21 Disc Cavity Row-4 Temp. (Left) °C 406.1
22 Blade Path Temp. (Average) °C 554.7
23 Exhaust Gas Temp. (Average) °C 542.8
24 Fuel Gas Flow kNm3/h 28.2
25 Fuel Gas Supply Temperature °C 30.0
26 Steam Injection Flow T/H 45
27 Water Injection Flow T/H 0.0
28  Compressor Outlet Air Temp. °C 368.3

49 99.8 60.1 79.2 49 102.3 60.3

8.8 39.8 -15.9 6.4 8.9 38.7 -16.7
0.2 43 25 3.3 0.2 4.3 25
0.2 14.3 13.2 13.7 0.2 14.3 13.2
0.9 1.0 -1.0 0.5 0.9 1.0 -1.0

0.1 23.9 22.6 23.1 0.1 23.8 22.6
0.9 52.9 45.4 511 1.0 55.0 46.2
2.0 3005.6 29929  2999.9 2.0 3006.4 2992.9
5.6 735 0.0 7.0 6.2 47.9 0.0
5.6 73.3 -0.3 7.2 6.1 48.9 -0.9
0.0 100.0 100.0 100.0 0.0 100.0 100.0
0.1 103.3 102.6 103.8 0.0 104.6 103.0
2.6 34.1 213 25.8 2.6 34.1 20.9
48 2058 173.7 192.6 58 3304 179.1
50 2077 1745 192.4 57 329.0 179.2
50 3713 336.5 333.4 44 3480 3131
73 4251 372.9 360.3 47 3733 338.6
6.0 340.2 297.3 365.5 6.8 3785 326.2
57 3428 302.5 383.8 71 3972 343.7
9.7 3970 333.1 329.3 72 3614 291.6
94 4188 357.4 360.8 88 3987 314.6

13.9 564.7 476.2 558.7 13.6 598.9 482.1
10.7 546.6 482.0 542.5 115 548.4 478.1

1.2 32.6 23.5 28.1 11 335 235
1.7 35.2 25.2 29.8 1.7 34.9 25.2
1.9 14.0 25 42 1.9 14.3 2.3
0.1 35 0.0 0.0 0.0 0.0 0.0
55 390.9 353.5 370.8 55 393.5 356.9
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Table 1 (Continuous)

GT#21 GT#22

MEAN STD. MAX. MIN. MEAN STD. MAX. MIN.
29 Combustor Shell Pressure kg/lcm2 9.4 0.3 11.6 8.7 9.5 0.3 114 8.9
30 H2 Cooling Water Temp (Sensor-33) oC 45.0 0.4 47.1 43.8 42.6 21 48.2 374
31 H2 Cooling Water Temp (Sensor-34) oC 443 0.2 45.3 434 42.8 2.0 48.0 37.6
32 Steam Injection Temperature oC 445.0 10.9 456.3 408.8 442.4 10.1 451.7 404.6
33 Compressor Index Pressure mmH20 988.0 56.0 1634.0 943.2  1000.4 71.3 13579 882.6
34 Raw NOx PPM 96.8 6.8 102.5 67.8 97.2 75 111.0 66.4
35 Excessive Oxygen % 15.2 0.2 16.1 15.0 15.2 0.2 16.0 14.6
36  Compressor Inlet Air Flow kals 323.0 7.7 4033 314.1 324.9 109 3734 305.6
37 Fuel Gas Diff. Pressure mmH20 24777 200.3 3296.0 16851 2468.0 200.5 34825 1684.2
38 Inlet Air Diff. Pressure mmH20 19.3 1.6 43.0 17.9 20.1 1.6 42.1 18.3
39 NOXx correction by 7% 02 PPM 2355 136  250.6 1739 2349 152 2682 171.2
40 HRSG Inlet Gas Pressure mmH20 950 65.0 2016 -3.1 200.5 112 2752 186.0
41 HRSG Outlet Gas Pressure mmH20 9.6 0.7 15.5 -3.8 9.9 0.8 17.1 7.1
42 HRSG Inlet Gas Temperature oC 541.8 10.3 546.4 483.3 537.5 10.6 549.2 478.3
43 HRSG Outlet Gas Temperature oC 112.4 0.8 119.5 110.8 107.1 0.9 112.6 106.1
44 Steam Turbine Generation MW 94.7 1.7 96.5 85.5 94.7 1.7 96.5 85.5
45 Ambient Temperature oC 275 2.6 35.4 23.2 275 2.6 35.4 23.2
46 Relative Humidity % 85.9 9.4 97.1 50.0 85.9 9.4 97.1 50.0

2. Data Preparation

Data preparation steps included data
cleaning, normalization, and partitioning,
with cleaning to remove missing or invalid
data, normalization to scale data to a common
range, and partitioning to split data into
training and testing sets for ML model
training and evaluation. A 70:30 splitting
ratio (Witten and Frank, 2005) was employed
in this study.
3. Modeling

Modeling plays a crucial role in the
research process, providing the necessary
analytical tools to analyze large datasets and
derive meaningful insights. In order to
predict NOx emissions from gas turbine units,
this study employed a diverse range of ML
algorithms that offer distinct strengths and
perspectives for analysis. The selected
algorithms utilized in this study include
Linear Regression, known for its simplicity
and ability to interpret results; Decision Tree,
which provides a visual and intuitive
approach; Random Forest, an ensemble
method built on Decision Trees that offers
powerful modeling capabilities; XGBoost, an
advanced Gradient Boosting framework
recognized for its speed and efficiency;

K-NN, a non-parametric method based on
proximity principles; as well as BPMLP-NN
which mimics the interconnected structure of
biological neural networks and is particularly
effective at handling complex patterns.

In order to achieve optimal performance,
the algorithms used in this study underwent
thorough training using preprocessed data from
previous stages. However, training alone does
not guarantee accurate predictions. To further
enhance predictive accuracy, a careful hyper-
parameter tuning process was implemented
using the “GridSearchCV” methodology,
which is a function that comes in Scikit-learn’s
package (Great Learning Team, 2023). This
optimization procedure systematically works
through multiple combinations of parameter
tunes, cross-validating as it goes to determine
which tune gives the best performance. The
specific  hyperparameters  selected  after
comprehensive tuning for each respective
algorithm are presented in Table 2.

By employing this multifaceted
modeling approach and conducting rigorous
optimization, it is ensured that a comprehensive
and accurate prediction of NOx emissions from
the gas turbine units is achieved.
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Table 2 Hyper-Parameters after tuning
Algorithms Llnear Decision Tree Random XGBoost  K-NN BPMLP-NN
Regression Forest
Hyper- Default - criterion : mse Default Default n:19 - inputlayer : 30 neurals
Parameters - max_dept: 8 - hidden layers
- max_leaf_nodes : 100 : 128 neurals
- min_samples_leaf : 100 : Act. Func. : Relu
- min_simple_split : 10 - output layer
. 1 neural
. Linear
- epochs : 100
- loss : MAE
- Optimizer : Adam
4, Performance Evaluation 2 _ (=72
Performance evaluation serves as a 2 (Yi=Yy)
critical checkpoint in the study, where the o
efficacy of the established ML models in 44  Standard Deviation (o).

forecasting NOx emissions is rigorously
tested. The evaluation framework utilized in
this study is built on seven robust performance
metrics that paint a comprehensive picture of
the model's performance, not only in terms of
accuracy but also the efficiency and variability
of predictions.

These vital metrics encompass:

4.1 Mean Absolute Error (MAE):
providing insights on the average magnitude
of errors between the true and predicted
values. A lower MAE indicates better
performance.

MAE =3y, - % (1)

4.2 Mean Absolute Percentage
Error (MAPE): offering a scale-
independent indicator of prediction accuracy
which represents on percentage (%). A lower
MAE indicates better performance.

_ 100Gy |Yiz¥;
MAPE =213 | - | )

4.3 Coefficient of Determination
(R?): depicting how well the predicted
outcomes match with the actual values. The
R2 value ranges from 0 to 1. A higher value
suggests that a larger proportion of the
variability in the dependent variable is
explained by the model, indicating a better
fit.

revealing the dispersion of prediction errors.
A lower standard deviation in prediction
errors indicates more consistent model
performance, while a higher standard deviation
suggests greater variability in the accuracy of
predictions.

Ney.—v.
o = [Pty
N

4.5 Maximum Error: denoting the
highest deviation observed.

4.6 Training Time: highlighting the
duration taken to train the model.

4.7 Prediction Time: representing
the prediction time of the model.

Where Y; , ¥; , ¥; and N denote the
NOx value measured from CEMS, the NOx
value predicted by ML model, the averaged
NOx value measured by CEMS, and the
number of samples, respectively.

(4)

Moreover, this investigation will
undertake a Wilcoxon Signed Rank Test
(Rosner et al., 2006) of MAPE at a 5%
significance level. This non-parametric test
compares the median of paired differences in
two datasets. The test assigns signs (+ or -) to
the differences based on their direction and
tests if the signs are randomly distributed. A
p-value less than 0.05 means the median
difference is significantly different from
zero. This indicates a significant difference in
prediction accuracy between two models or
methods. A positive (+) difference means the
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first model or method has higher MAPE,
which is worse. A negative (-) difference
means the second model or method has lower
MAPE, which is better. The test provides
insights into the relative performance of the
models or methods.
5. Feature Importance Report

Feature importance reports were
generated to determine the relative significance
of input features in a NOx emission prediction
model, highlighting the critical factors for
accurate predictions.

RESULTS AND DISCUSSION
1. Predictive Model Performances

The assessment of ML models
predicting NOXx levels in gas turbines GT-21
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and GT-22 is depicted in Figure 3 and Figure 4.
These visuals showcase the strong alignment
between predicted values and actual
measurements from the CEMS. The figure
incorporates six Machine Learning models-
Linear Regression, Decision Tree, Random
Forest, XGBoost, K-NN, and BPMLP-NN.
The time series data covers NOx emissions
from 1% to 30" September, with blue and
orange marks representing actual and
predicted values, respectively. The level of
alignment signifies model accuracy. This
visualization underscores the efficacy of ML
in predicting NOx emissions.
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Figure 4 NOx comparison between predicted values and actual measurement values of GT-22

1.1 Predictive Model Performance of
GT-21

For GT-21, performance metrics in
Table 3 highlight the superiority of the Random
Forest model. It exhibits the lowest MAE at
1.184 ppm, emphasizing its high accuracy.

Table 3 Performance Metrics of GT-21

Random Forest also excels in MAPE at
0.505 % and R? at 0.986, underscoring its
predictive accuracy and data variance explanation.
Additionally, it minimizes prediction errors
with a low Standard Deviation of Error
(ERR_STDev) of 1.557 ppm.

Parameters Regll'_elsr:ie(?r: Decllflrzz RaFnodr(;rsr; XGBoost K-NN BPM I,‘\IF;\I
MAE (ppm) 1.694 1.379 1.184 1.204 1.285 1.236
MAPE (%) 0.724 0.591 0.505 0.513 0.549 0.526
R? 0.973 0.977 0.986 0.986 0.984 0.986
ERR_STDev (ppm) 2.210 2.014 1.557 1.564 1.716 1.572
ERR_Max (ppm) 29.634 49.293 28.776 19.285  33.265 23.003
ERR_Max (%) 15.819 25.954 15.361 10.295  17.757 12.279
Training_Time (sec) 0.152 1.009 108.258 7.205 0.003 135.383
Predict_Time (sec) 0.005 0.003 0.451 0.017 42,534 0.372
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Results of Wilcoxon Signed Rank
tests are presented in Table 4 to investigate
the significant difference in performance of
algorithms of GT-21. The result further
corroborates the superiority of the Random
Forest model at a 5% significance level. The
test compares the MAPE of each pair of
models and assigns a sign (+ or -) based on
which model has lower MAPE. A (+) sign

means that the model in the row has
significantly lower MAPE than the model in
the column, indicating better prediction
performance. A (-) sign means that there is no
significant difference between the MAPE of
the two models. The Random Forest model
has all (+) signs, indicating that it has
significantly lower MAPE than other models.

Table 4 Wilcoxon Signed Rank Test of MAPE results of GT-21 at 5% significant level

. Linear Decision Random BPMLP-
Algorithms Reg ress?gn ec_?r(;e aFodr(2,>st XGBoost K-NN NN
Linear Regression N/A ) () ) () )
Decision Tree (+) N/A ) ©) ) )
Random Forest +) (+) N/A (+) (+) (+)
XGBoost (+) (+) ) N/A (+) (+)
K-NN (+) (+) ) ) N/A )
BPMLP-NN (+) (+) () () (+) N/A

1.2 Predictive Model Performance

of GT-22

For GT-22, the performance metrics
are represented in Table 5. The Random Forest
remains the top performer, with the lowest
MAE (0.99 ppm.), MAPE (0.42%), and strong

Table 5 Performance Metrics of GT-22

R? values at 0.992. It also excels in minimizing
prediction errors with a low ERR_STDev at
1.374 ppm. Moreover, it showcases the lowest
ERR_Max in this context, signifying robustness in
handling extreme prediction errors.

Parameters Reg ;'Sr:g; Dec;?'r‘;z RaF”Odr‘;'s‘: XGBoost ~ K-NN  BPMLP-NN
MAE(ppm) 1.925 1.365 0.990 1038  1.134 1.051
MAPE(%) 0.823 0.584 0.420 0441  0.482 0.453
R? 0.968 0.971 0.992 0.991  0.989 0.991
ERR_STDev(ppm) 2.733 2,571 1.374 1418 1615 1.397
ERR_Max(ppm) 49.875 55.480 17.143 20.945  36.409 22.728
ERR_Max(%) 18.744 20.850 8.494 10378  19.507 12.177
Training_Time(sec) 0.026 0.636 141.265 9432  0.006 128.638
Predict_Time(sec) 0.008 0.003 0.955 0.021  24.400 0.304

In alignment with the findings for
GT-21, the Wilcoxon Signed Rank Test
outcomes for GT-22, as presented in Table 6,
further substantiate the supremacy of the
Random Forest model at a 5% significance

level. The Random Forest model displays
exclusively (+) signs, underscoring its consistent
and statistically significant superiority in
achieving lower MAPE compared to
alternative models.
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Table 6 Wilcoxon Signed Rank Test of MAPE results of GT-22 at 5% significant level

Algorithms Regression TresForet  XGBoost KN BPMIE
Linear Regression N/A ) ) ) Q) )
Decision Tree (+) N/A ) ©) ) ©)
Random Forest (+) (+) N/A (+) (+) (+)
XGBoost (+) (+) Q) N/A (+) (+)
K-NN ) *) ) Q] N/A ¢)
BPMLP-NN (+) () ©) Q) () N/A

In conclusion, Random Forest consistently
stands out as the top model for predictive
accuracy in both GT-21 and GT-22. However,
this heightened accuracy comes at the cost of
longer training times. Conversely, Decision
Tree and XGBoost offer a balanced compromise
between accuracy and speed, making them
suitable choices when real-time predictions
are essential. The choice of model should be
made thoughtfully, aligning with the specific
application requirements while considering
both performance and time constraints.

2. Feature Importance Analysis

The feature importance for gas
turbines GT-21 and GT-22 models is
displayed in Table 7 and Table 8, where they
are ranked by their top ten average scores.
These scores, ranging from 0 to 100%,
signify the degree of importance, with higher
scores reflecting greater significance.

Table 7 Top 10 Feature importance of GT-21

2.1 Feature Importance Analysis of
GT-21
In the case of GT-21, different
Machine Learning algorithms produce
varying importance rankings for features.
Linear Regression identifies ""Steam Injection
Flow" as the most important, while Decision
Tree places great emphasis on "Steam
Injection Temperature." Random Forest and
XGBoost concur with the significance of
"Steam Injection Temperature." In contrast,
K-NN deviates, prioritizing "Steam Injection
Flow." BPMLP-NN aligns with Decision
Tree, Random Forest and XGBoost models in
highlighting "Steam Injection Temperature."
Across these algorithms, "Steam Injection
Temperature," "Steam Injection Flow," and
"Relative Humidity" consistently emerge as
the top three features with the highest average
importance scores.

Linear Decision

Random

BPMLP-

Input Parameters Regression Tree Forest XGBoost K-NN NN Average
Steam Injection Temperature 5.334 92.844 88.477 80.879  27.384 18.375 52.216
Steam Injection Flow 15.459 3.283 3.596 3.214 61727 16.931 17.368
Relative Humidity 13.077 0.096 0.183 0.186 0.635 14.979 4.859
Ambient Temperature 11.471 0.001 0.119 0.147 0.404 12.827 4.162
Combustor Shell Pressure 12.193 0.009 0.072 0.077 0.046 3.310 2.618
Compressor Inlet Air Temp. 1.068 3.319 2.588 5.578 0.293 2.385 2.539
Steam Turbine Generation 0.099 0.000 2.638 7.994 1.033 1.357 2.187
Disc Cavity Row-3 Temp. 8.815 0.000 0.679 0.252 0.185 1.171 1.850
Disc Cavity Row-2 Temp. 6.484 0.254 0.183 0.316 0.148 1.502 1.481
Compressor Outlet Air Temp. 5.548 0.000 0.141 0.061 0.214 1.517 1.247
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2.2 Feature Importance Analysis of
GT-22
For GT-22, the feature importance
analysis again reveals variations depending on
the algorithm used. Linear Regression points to
"HRSG Inlet Gas Temperature" as the most
significant feature, while Decision Tree designates
"Steam Turbine Generation" with the highest
importance. Random Forest concurs by emphasizing

"Steam Turbine Generation," and XGBoost
follows suit. In contrast, K-NN underscores
"Steam Injection Flow," and BPMLP-NN
assigns importance to "Relative Humidity."
The top three features with the highest average
importance scores for GT-22 are "Steam
Turbine Generation," "Steam Injection Flow,"
and "Steam Injection Temperature."

Table 8 Top 10 Feature importance of GT-22

Input Parameters Reg ;'s';fgr': Decﬂ‘;g R?:r‘gg XGBoost  K-NN BPM',‘\IF;\] Average
Steam Turbine Generation 0.560 85.295 59.298 91.772 1.178 2.527 40.105
Steam Injection Flow 8.829 4.181 4.865 1574  59.290 12.372 15.185
Steam Injection Temperature 4.803 5.757 29.728 3.823 24.434 13.289 13.639
Relative Humidity 8.160 3.493 3.108 1.474 1.403 14.961 5.433
Blade Path Temp. 12.746 0.055 0.106 0.049 0.167 6.944 3.345
HRSG Inlet Gas Temp. 14.506 0.003 0.069 0.045 0.155 2.006 2.797
Ambient Temperature 7.141 0.099 0.161 0.074 0.472 6.486 2.405
Combustor Shell Pressure 12.584 0.268 0.037 0.016 0.050 0.737 2.282
Exhaust Gas Temp. 4.787 0.012 0.088 0.025 0.094 8.266 2.212
Fuel Gas Flow 6.094 0.000 0.041 0.015 0.010 2.151 1.385

The consistency in the prominence of
"Steam Injection Temperature" and "Steam
Injection Flow" across different algorithms
for both GT-21 and GT-22 underscores their
crucial roles in predicting NOx emissions.
However, the specific rankings may vary,
highlighting the need to tailor feature
selection to the chosen model. Furthermore,
the interdependencies between variables
suggest that simplifying the problem by
eliminating certain dependent variables in
future studies may enhance model accuracy.
These findings provide valuable guidance for
understanding the factors influencing NOx
emissions in gas turbines and offer insights
for refining predictive models.

CONCLUSION

In conclusion, this research emphasizes
the potential of Machine Learning, particularly
Random Forest, for accurate forecasting of
NOXx emissions at the Nam Phong Power Plant.
It aligns with Thailand's evolving environmental
regulations and underscores the relevance of
data- driven insights in emissions monitoring
and mitigation efforts. While Random Forest
excels in predictive accuracy, models like

Decision Tree and XGBoost strike a balance
between accuracy and speed, making them
suitable for real-time predictions. The synergy
of technological advancements and regulations
highlights the significance of swiftly adopting
NOXx prediction systems at the Nam Phong
Power Plant.

Moreover, the analysis of feature
importance highlights the potential for reducing
NOx emissions without compromising plant
efficiency by controlling factors like steam
injection temperature. These insights hold
practical implications, benefiting public health,
air quality, and minimizing the ecological
impact, while also contributing to a more
environmentally aware and sustainable future.

However, it’s important to note that the
analysis used data from a limited time frame
(Sep 1-30, 2022), raising concerns about long-
term model performance representativeness.
Future studies should include data from various
seasons and years for extended model stability
evaluation.
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ABSTRACT

A feeding trial was conducted to study the effects of diets supplemented with Kam Kung alga (Chara
corallina) on growth performance, total carotenoid and oxidative defense of African Sharptooth catfish, Clarias
gariepinus Burchell. Dried powdered of C. corallina was added to the basal diet at 0% (control), 2.0, 4.0, 6.0 and
8.0 % and fed to the catfish for 60 days. The initial size of the catfish was 11.24+0.01 g/fish. The results found that
the mean daily growth, weight gain, average daily growth and specific growth rate of the fish fed with alga
supplemented feed (2.0 %) were significantly different from the control diet (p<0.05). Flesh of African Sharptooth
catfish fed a diet supplement with C. corallina at 8.0 % was higher than the control group and the 2.0% group
(p<0.05). The total carotenoid in flesh and glutathione in liver of catfish were related to the level of alga in the diet.
The fish fed with 4% algal supplemented feed tended towards an optimal feed level for decreasing lipid peroxidation
in the liver when evaluated at the 2" month. These findings indicated that alga supplemented should not exceed
2 % in the African Sharptooth catfish diet, and that C. corallina led to reduced oxidative stress in the African

Sharptooth catfish.

Key words: Kam Kung, African Sharptooth catfish, fish growth, oxidative defense
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H o PR dy ~ o A o

nadusimswanIfihiedernuluniesdn

<3 ?,’ [ [
P1M1IIAA0YY1 DA INITIAZUa0801115D0N

A v g ' 9 1oAa
INATOIDATAD TN ITHIUNIILIUNTVUIA
9 ] 4 a A [ 9y <
iduriguenas 3 Naamas Taslassdronnusa

a (Y < a
83.08 i’E]U/'JuTﬁ ag ﬁﬂﬁjﬁﬂﬂ?}n\lﬁ? 59.17 iﬂ‘].l/’)u’]‘ﬁ



7M5815998 YH1INDeNA 11 1ag51¥UIAaAFI%Y 16(2) : 510-525 (2567) 513

Aa

e eungumgil 50 osrnuaaBod U 6-8

u

3’; =2 [ 1 A

¥ 139 A9 IAUUIININITIOUINDAIDA

wyoswaoen 11l ussyldgananadn huldn

] a =
ﬂ!ﬂuiu@ﬂ!ﬁ{]ﬂ 4 DA UN YT

c; 4 [ a A Slcgj [ =\
MINNN 1 ENﬂ1]'53ﬂ@ll"’ll'EN'J@]Qﬂﬂiuq@'ﬁE]WVH3511’EN'(’]TVH?ﬂﬂaﬂﬂﬂisﬁmﬂﬂﬂa1ﬂﬂiﬁl%ﬂ

ravnHElugaIoInTs

Mnes

0% 2% 4% 6% 8%
Ingay
anu 20 20 20 20 20
mniioluthd 15 15 15 15 15
MNaINae 34.55 33.8 33.04 3227 31.52
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HIBIWAN 0.3 0.3 0.3 0.3 0.3
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(1) 9951N1550ANY (survival rate: %)
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90} v { o 1 a g
M339A018 WIKTNRAsAA WIHTANIANTY
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d' 1 [ v R a
magaeiu uaziunnSnumsnueisvesi/a
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o A A
= uvlarnwiae x 100

) 2 Y
NuIulasuau

Y H v 9
) Wminda 1 nuIY (weight gain: DTN /A7)

1 @ = 9 S o A 4 g9
= UHUNRAYFANY — W UNRAULTUAY

(3) 9AT M IR YA TATUNIZ (specific growth rate: SGR %/ 1)

¥ o = Y 1 o s A 9
= (In U UNRAYTANIY — In VIV UNRAYLIUAY) x 100

NUIIUNNAADY

(4) oA M I TanaosaoIu (average daily growth: ADG)

Y Ed A
=1hmindargahe hmindaisudu

INUIIUNNAADY

o 1 Q&
(5) ons1mMsn)asue1¥151ulie (feed conversion ratio: FCR)

y P a2 v o
= niine1risndanunarua (NSu/67)

Y H v 4
minlan Ay (nSu/@2)

(6) Uszansninnmslallsau (protein efficiency ratio: PER)

3 o 424 X o
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VinaTdsauiiauly ()

a ¢ & X
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d‘ [ a 1 d' 9 % g’; o

arunedalSuaaiulan’ld vasainiiuiin

o [ 1 a a A 4
dgrod19lalunsrsuenarsianlaenadimes

Tudasi 1:1 eulmdsuanelsa 9 % ad'lil e



7M5815998 YH1INDeNA 11 1ag51¥UIAaAFI%Y 16(2) : 510-525 (2567) 515

Y ¥ 2 9 g Y ' g = [} '
Lm’JGNVI\‘]‘12]i]’L!LLEJﬂ“ﬁullalﬂaﬂﬂ%uﬁ"lﬂ’ﬂguﬁ’lu

E4 Y
2

@ ' < ) = N Y a
yuarand hinursulaveaunlsiuosd 13 16y
=3 4 9 1 Qy Y g’)
Tw@sunan 15a 9 % udnveuaz9ng lienasu
= = A 1 é’i =) aﬁl Y <
dlavazsdiviaesdasssualans uarny

2 A =\ N Y o a
ﬁ]‘ia$aWﬂﬁLﬂa@ﬂﬂJ@ﬂLlﬂIiﬂu@ﬂﬂq’J SCHEFREE

o = J v g o o o
asanaunlsfivess vasnnimhasdanaliia
AIM3ganaunaInAueIAaY 450 W1 AT
fronsosanlalasInlaiiines uagdiudum

[

= J v d,/
’Iﬁﬂﬂﬂluﬂiiﬂu@ﬂﬂ PNETUNIT AN

d a a o o 3 o v
PHunawalsnuesa (Waaniu /nivvenhmindlen) = A,, X USnasaisdana X 1,000

=2 G a [
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INUAIBE1IAD L1 DTA lipid peroxides 115070
= o 4 o =
PFnuuaeuladad lead taziadsuaasdu

puyadaszria nga115TousIN (Glutathione

=

noglugl GssGuaz GsH) Tasldganaaou
0o = = o ci’
dusazilisvaziven Al
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nandmMnnanlgnieatlanlesesniayuy
3 o .. Cy L.
ﬁjjﬂﬁﬂu1mﬁui’ﬂ§ﬂ Lipid Peroxidation (MDA)
Assay Kit (Sigma-Aldrich; MAK 085) Taga@naa1n
c&’ A o g 9
HRIBOAUUDIUAINANDIYANITNAADIAL 6 T 19
Y
aula1vun 20 Jaansu 1Ay MDA lysis buffer

USura 600 luTasaas uag @135 BHT (100x)

260 X Haansuvouileiaran

6 1uTn38a3 UAAIDE19AI81AT B9 hand homogenizer
z:' Y a =
wazvyurisanelagangl 4 ear sy
~ Y] < I =3 [
N32AUAINGI 13,000 xg 1TIUa1 10 WA gadIu
la 200 luTasaaswaunuaIT thiobarbituric acid
(TBA) Nazarelunsaosdan (glacial acetic acid)
9
311035 600 TuTasans anuiidegaduly
1 Aaa a Id
91NAIVANYUHYNNYUNYI 95 DR sy aTlY
1981 60 U (ToanUAIBE1IINUAINBUDN)
2 T 2
asesazarelmdy v ldTumesd 1,600 g 4
=y Iq =1 [
parniaded Hunar 10 1A gadmlalFuag
200 TuTasaas aalu 96 well plate TaA1gana Y
A A Y A
HAINAINEIIAAY 532 U TUINAT AIBIAT O
microplate reader (Biochrom, EZ Read 2000) IELE!
A AN Y A Y 9
msganauasi laieumanududuninn v
11ATFIUYDI MDA 1agf1UIaIAI1AIUAI1Y

WUTUYDI MDA 1INAUMNT

ANUTUTUYRY MDA dmsudedis (unlulua/iadans) = (S/S,) x D

% 1 d’ = %
130 S,= 1311 MDA 903610819l0NeunUNT1WNIAT§IUY03 MDA (U1 TuTua)

8, = 5uasvesdedenlFlumsiilfnsen (iaddns)

D = 52@1UM 3999199619819

2) mydalfmnangalsleousiu deya

)

9
11018115951 Glutathione Assay Kit (Sigma-

Aldrich; CS 0260) TagAins1zianaiegraduilan

v
HAINADDI YANITNAQDIAS 6 K aa‘uﬂméfm
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Wdunung nazriaaaudaiazdanie PBS
Q'/ j’ d’ U 90’ % a a [ 1

buffer Fuilodadu1min 30 daaniu lalunaea

. (Y ' 1 3 < Y o A

Microtube taz¥da10619Tue 191 i s s u i

HRIUARIBAITALANY 5 % Sulfosalicylic acid
a 1 H v 1 '

($8A) 131195 3 IMYeiind29619 LAz
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U
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a

gl 4 peruwaiFod i 10 Wi ugnhau

U

lanlaRersnnududuaiuanumngay uag
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a a o aan YY) g
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9 . . . 2
aus fﬂgﬂ (cocktail, working mixture) 150 TuTlasaas

#9152 nov G%J 8 buffer, co-factor mixture, enzyme

PsmnangmIsTousan nTuluaves GSH/ adansvediod1) =

130 A412/min (sample) = ANUTUNTINVDIAI0814 a

mixture, DTNB (dithiobis 2-nitrobenzoic acid) STEY
(g ] A a 9 I = Y a
GI’J@EHQVIQ’QH’?QNW@Q Lllul’)ifﬂ 5 UIN UAUNY

]

NADPH solution 31105 50 luTasaas udin
miazawmﬁ’ﬂmmi@ﬂﬂﬁuumﬁmmanﬂﬁu
412 U1 TUINAS LU kinetic reaction IAAIN1S
AANAULAIND 9 30 TUT WU 4 W MuIw
total glutathione (GSH) Tagtaunnimuinigiu
U4 GSH standard stock solution ﬁ1ﬁ368jw°ﬁ%ﬁlﬂ
Y ldsaulasiinsigilSunaldsfuves
A20819A103T Lowry et al. (1951) muiadsum
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dil = 52AUMIIV01VDIAIDE

vol = J51asvesdiednlulgnse (aaans)
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' ~ 9 = an
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Multiple Range Test (DMRT) 15£A VAT 03U

95% Taal4 1151053 SPSS 1193 5U 20.0
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anuuanamadanuilainquinlasuanniie
s2A1 4% uagenniai 1dsvemsgasaiugw
A Yo ! a [ oy/
saztlaldsuamsienszau 6 uaz 8% 39N
a a 4 @
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TagmwizasngnalngudIAyalosile
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Y

@M 1007 (Spirogyra spp.) M uaIu U IMITIAE
Uaiadamusaiuens1nsson 1aa (Teerawat
etal., 2002)
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Tinanaranadanvdainldsuervisway

Y
A1MI1Y 4% 1AZOIMITFATAIUAN TIUNIDINIS
a a o = 1 ~ Yo
IFNAYES (13199 2) armdarn lasuemsney
1 % g 1 %
AMIIYTZAVFITUAD 6 1aZ 8% NA1OATING
= I dy a
aswiuiiegagalasiini 1.79:027 uag
1.8120.35 awaiau Uszansnimns 19 Tdsau
=y 1 [ d' Yo
veatlamaasatinnuuanaranululainldsy
J Y d' 1 v A t:'
911sHaNaIrieluszauNuana1enuAolan
Yo J = [ =] =

1a5vamsienszan 2% largaiiga (3.2240.51)

=

A 1 aa o U 4 Y o
llllllﬂ’ﬂlll!.@lﬂﬁ?ﬁﬂ?ﬁﬁﬂﬁﬂﬂﬂﬁ?ﬂquﬂqﬂiﬂ
1 Y] 1 1 A Yo
AINTYTEAY 4% (2.76+0.41) umqmmﬂam"lmu
Ay Yo 1 A [
E]'l‘l’i'li’g@]iﬂ’J‘]J?;IllLL@%ﬂﬁWﬂulﬂiUﬁWWE'lﬂVlizﬂU 6
g’.z a a 4
1AL 8% FINNIDIMITIFBININFE (p<0.05) Tasan
A Yo ' o 2 A
‘ﬂllﬂi‘]JE]'I‘I’i'IiNﬁllﬁ'lﬂi?ﬂizﬂﬂij‘]'ﬂluﬂﬂ 6 L1 8%

' ]
o A

UAMIINgANAT 1.87£0.31 118 1.89+0.33 AIUA1AY
" v
2. Sanamalsnueaalisitetm
=Y 4 ¥ $ [
UsuauaTsnuesd lutilodain'lasy
P1MITNAADINADATLHLIIAT 60 U WU Ua1n
Yo ' v Y A o
185uorviswanaIvitenunaNszay 8.0 %
a (A = L dy 1
lsuwaualsnuesaluileganingasainig
AUAN FATHAVEIHTIONTZA 2.0 % Az gAT
a a o $
PIMIIFINIAUYE (p<0.05) HATFATDINITNHETY
AIMI1ONTEAD 4.0%, 6.0% 1ag 8.0 % NI
= 4 dy d' ] 1 [ aa
ualsAuoea luiion luuana1anunIaana

(p>0.05) (M3199 2)

'
A a

a = 4
Wenvsadsuiavesunlsiuesa
&l d' Yo 1
Twiredarn 15 ve s gaswauaInig 8.0 %
= 1 1 % U 1 d’
PAUNINU 0.569+0.30 1N./N. AI9819 Tasiliaila
Yo A ' R 1 ° Y (a
Tasuermnsnmavainitenuyuinldls ua
=1 o 3 a1 A g
ualsivesd lue a1 la NI UINgATAILAY
3 & = dy Y [
152179 3.69 111 FINANTANBIUTOAARDINY
mslFemieln (C glomerata) luoisdaniian
1 o 4 { [
wuNnlsuamaTsivess luiiedain 1dsueims

[ =

HAUEIHII8NNITAVLAIGIATUANINUANAT
aa o A Yo A
nananugasnugy Tasdarnldsueimish
HANAINIE 7.5 % UAININNIGATAIVAN 4 -13
L9 ( Ruangsomboon and Choochote, 2004)
z:yu Id o = [ 9 [
wonvniduiu i euderdunisldainie
Y
allylaviwazamielnlumstes)mgnimde
I [ < =y L
Wunan 60 Y1 FatimaldSuaualsivesd lu
Fq R ¢ Y] '
iedarNiaesdrsemsgasnanamieln 5 %
1 % o 1 % g d[
M 2.37+0.15 TuTasnsuaensuveaiioilal &4
wmnangasaauainitea s lain s, 3uaz 0%
Y Y
AR Y (Promya et al ., 2009) HaMIANHIATIH
9 % 9 Ll ]
deandeanums Ivaniea 1l lauaanaulu
0o c;’ a A YA
pmsdusoglluma@ealaniiauns Neawalva
= '3 & A 2 o
151naun lsnuesasiulwiiedannuyuaiuseau
VoI 1ns1eNNau 1101115 (Promya et al., 2007)
3 F2A ' Y Y 9 =
iy lanamaehudadivur Tdundidnenin
A a = U = o dy
TumsilSunaarsanquunalsnuosa lutiio
v % g §
Uagniado’ld Falwilodarnlimsazanans
=1 I3 = P EAl
ualsnueganszinalinlse Terinoguninves
Y a 3 gl.: A 1
AU TaAunIu saunsansaiuyamaeslan
I A a 3 .
uazilundoIn15v09h U3 InANINYUAIY (Qiufen
dy Y a [ o’%’ a 9
et al., 2012) NN ANANDIMITdR I How1F
' A '
averayluormsdarasanuiiosniniarly
@ J = 4 4 .
nsaduasizvunlsiueeatedld (Lietal,

2016; Sathyaruban et al., 2021) BEJ'NllideﬂiJ N9

= 4 % 3}/ =1
azavualsnuesalualdariuilnsasayly
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1Wuszeznan 60 7

- . ‘gﬂﬂ1§°{lﬂﬁi’)ﬂ
WINUINDTI - -
1(0%) 2 (2.0 %) 3 (4.0 %) 4(6.0%) 5(8.0%)  ©1¥SIFININTE
1inmae
ABAI (N./7) 4430+4.15"  61.9247.95"  57.76£12.54™  36.04+£5.80° 39.88+4.64°  40.79+13.81°
1viini

9
A

NNV (n./A7) 33.06+4.15% 50.67£7.95°  46.52+12.54  24.80+5.80° 28.64+4.64° 29.55+13.81°

BATINTIIDY
wuTamae

ADIU (/") 0.55+0.07™ 0.84+0.13" 0.78+021°  0.41£0.10°  0.48+0.08° 0.49+0.23°

BATINTIIY

W Iag e
(% / Fu) 2.28+0.16™ 2.83+£0.22° 2.70+£0.37" 1.93+0.26°  2.10+0.20™ 2.08+0.56™

ONIINIS

F0A18 (%) 66.67+7.64°  53.33+10.41°  53.33£15.28"  98.33+2.89"  75.00+5.00°  63.33+22.55"

15310111157

a1nu (n./a7) 48.46+7.83° 5438+5.19"  57.47+11.18"  43.2443.15" 50.73+0.73° 40.67+12.17°

sasamsnlaoy
omnsithuito 1.47+0.17° 1.09+0.16" 1.26+0.17" 1.79£0.27°  1.81£0.35" 1.31+0.35%
Uszansnn
REACARIEERY 2.30+0.26™ 3.22+0.51° 2.76+0.41"  1.87+031°  1.89+0.33° 2.35+0.49™
ualsnuesd

(luTasnsu/n
Hrsnilon) 0.15440.01°  0.262+0.07°  0.429+0.23"  0.459£0.05" 0.569+0.30°  0.173+0.04°

[l
A o

] I 1 H 1 H v @ H 1 Y] v H
wnamg: mmihiaueiiluamdssauliounuinasgiv @0nes luuueuiuana i uingdea R ael

9 w a

ANVLIANANNUBI NN BT IAYNINADA (p<0.05)
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a ' 4 Y
1INN1INABDUAITUAIHIIIN 1NN TU
v A g @ A 2
omsdaaniadeiuszeznal 60 7 WoaUga
v a = a Y
msnaaedlalsziiunzinsvasendiatulae
@ [ v A s J a
Jaszavvesunasulasan leaniunananvoq
a  any J a @
mstnaataoseonBiatu (Lipid peroxidation,
LPO)ludred19duvelargniaide wuainis
a 1 Y Y = Y =
wsuavIenunlueimsinalvaalsunums

ina LPO Tuian'ldsvermisnasuaivsien

v
=1

1Y Yo d' a 1 ci [
seavlulan Idsuems s vanitensza 4
R A a A o 1 1 ~
Hag 8% ¥aNAINITIAA LPO NdInI1daingun
[ a a 4
185 ue1msgasnIuguIaze 1S IHTINIaYd 1ag
1911 44.63+7.50 11aE 47.69+6.57 nmol MDA / g liver
MUY Fauana 19019l ied1AYyN19ana
[ 1 cs' Yo
(p<0.05) numngui Idsuemsgasniuguuay
a a o ] ~ Yo =y
21¥ 15 FImay e uatarnldsus1visiasy
A1518NTLAY 6% WA 61.31+2.75 nmol MDA / g
liver 10TAMUUANANNNTDANVBINITGAT
AIUAN ATNEATUTINIIBNITZA 2% UATDINIT
a a o c!' =Y [
IEFINIAUFY (p>0.05) (AINWH 1) MISIATUAINT 1
9 Y Y= 1 1 @ a
munaluenislaignimsadinanoszaumsine
LPO lagmsiasua1vieNszav 4 ay 8% Una
AANITINA LPO ¥URAIINAIILIATIADDNFIATY
S =R I s 1 @ 4 g I
meluwaa yuilunadnealrdniuinlunisiilu
N1 109 UN1IZIATIADBNTIATU HANIITNAADY
2 a ) o = Y A
HiauaeAnaednUNIsANYI I a1119a
v1awiia 5y lulaviisgnuan (Pangasianodon
gigas * Pangasianodon hypophthalmus) ANV
wesuenieIn (Cladophora spp.) Tuevinsiszau
= Y [ a (2 Y
5-10% NWalnaaszaunstna LPOludvadld
1 A W o v aa A d‘ A d'
pelsdAyNada lwdoun 5 uaz@oun 7
(Amornlerdpison et al., 2015) uazmﬂ%’mwémm

(Spirogyra sp.) Weru lue1 M1 NILAVIABINUAD

< = = o
5-10% 11uszeziian 4 19U Inalumsanszay

mstna LPOlu lanazduvesartialdodrad

LY o

WodIAUNINEDA (Teerawat ef al., 2002)

o

9 '
USuavesuaouladan lad luilodo

Y [ = 1 = Yo = [
Gl“lJ’]J??ﬂﬂﬂiﬁl,“]fﬂﬂ'ejll'ﬂ"lﬂiU?J1W1§Lﬁ‘iiJ’d11’ii1EJ

Y = @

MuRanszaus uaz 8 % uuud ldudinindarlu

a

A3

gaINIVAN gATIETNTIHIIONTZAY 2 1aZ 6 %
a A IR Y < ' Yo
1Az MIsIFINAYE Faaaslimauiims lasy
A 1 Y Y A Y a
P1ITIAT UM IwNNNIUNa I aan13Aa LPO
& A ) a % d‘d LY
Fanon1zIAToAoenHATUNTaUANIIN T
4 o &2 g % { o o s
Tagiie luiuaailuesndsenoundnnveusad
WUITUYNEYYADESY 11a9zInAYLIUNS
X I o o Ay = Y 1 %
LPO Fuiludrivannainanudeneiunsag
o d a a @
nagsih Iiradinan AT oneonFIATY (Hermes-
. a 1 Y Y
Lima ef al., 1998) 1InY0yamsta3uans wmuna
TuemsiagniaFenoniizinssnoonFatull
uua TS uaI I 18aINIT0aNTTADMNS
a Y ] < = g d’l Y
ina LPO 18 061415na 10 mamsanyias il lvina
2 [} 4 ci’ d’
msaalSuiuvesuraoulaoan laa luiiieide
(2 d‘ "o A d'
dutani ludanu enduilowmnszeznalums
da‘ =1 Q. 1 glJ d[ 1
@edaniies 60 TU MUY FIN19INTIBUVD
2 o 9 .
nmstassdarmisgnuauTasldarvsie’ln
Y
(Amornlerdpison et al., 2015) wagmsiagelaiia
Tagl¥a 1318101 (Teerawat ef al., 2002) aal417a
dy I 1 Y A dy
Tums@estlantlunaiessios 4 wou uenanil
A I v A o A X2 Y =
e ln lanantalnuuIngsiu 0199 Analin1s
nAaDURNIZAIUMI eIz DO NFIAT LAY
a5 Iiamaassegluanegi ldsuanuason
(stress) nou 145 UDIMITATHAVA1MI I8 AUTU
¥ 1
msanvrluaisanaaleiideuvesainiie
2
Sargassum sp. Tumsi@estaingnaun (Yangthong

etal., 2012)
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J
6% 8% 2IMISIBITIITE

o ' Y Y
FTAVVBIENHT NN (%)

4‘ v v a J o A Ay Yo a 1 Y Y A [ ' @
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v o

Iivdagmeeda (p<0.05)
3.2 Panangalslousin
= a
vinmsanulTuiungailsTousaw
GsmlulmgniaFendsninlasuemsnaans
MnasuamienufenIzaua q AU nunsea
yosmmiedwwanelsuunga s Tousiu Tag
1A A 2 A a '
nwunilsunaiugauleiuamieluoms

[ 9 v

~ R A 1 ' A o
NIEAUY 6 UAT 8 % FIUAUANAWDYNNUUYT 1Y

o

aa o A " Yo J EY vy
‘ﬂ']\?ﬁﬂ@]ﬂﬂl]a'lﬂulll‘lﬂiﬂﬂ']iNﬁllﬁ'lWi'lfJﬂ']llﬂ

(ga3A2uqN) VA1 171.00+23.90 nmol GSH/mL
sample L1 g 184.77+12.52 nmol GSH/mL sample
MU (15195 3) uamsasuluseauiidini
A0 2 1Az 4 % 1¥a1 GSH 7 luuana1an1aadany
Ui 185 uomsgasaruguiaze s dE s
A1 130.90+3.13 nmol GSH/mL sample 118 &
135.08£9.83 nmol GSH/mL sample A 14 d10 U
(p>005) Matasua mTeudslueisinans

mainlIuia GsH ludlegraauvestaign

=

@ @ I
'5ﬁl%ﬂﬂulﬁliﬂﬂ”lﬁTiLﬂuigEIZL'JZYI 2 Lﬁﬂu Tagilan
Ay Yo ' A [ A = (2
ﬂﬂﬂ"lﬂi‘ijﬁTﬁiTElﬂi%ﬂ‘Uq\Tﬂﬂ 6 110 8 % WITAL
1 A Yo
GSH ganimn lasuemsgasaiugy uazilan

AldSva1soNTzAuA1AD 2% Ay 4% &4

@

[ @ = @ ~ F)
uanaenumsany ludarmiisgneaunlasy
1ML ua 118 1nTEAY 2.5-10.0 % N ik
[ [ <
A032AY GSH luiiaideniag (Amornlerdpison et

¥y 2 a A o ~ o
al., 2015) Naile1anaieannetedznlylumsia
d' 1 [ d[ = . .
NANA1NY BI91NNISANY11AY Rodriguez-Ariza

~ LY I 1% ~
et al. (1994) NT1euNaUue ez ineuaues
[ o v
avszau GSH Tutlar Tasngan s Teusailuans
Y a 1 I v o w
Muoyyadasslusme ifudrviglunsmaa
PYNADATLODNIINT NMIVDIAUNIOTAT
=) g 4 % %
Ysum GsH luiioigedulaignime
VoA Yo a ' ) Y = 9
nauilasvesasua i edudeliuua Ty
A g o 1 F) v = a
N URINTzAUAIRIIenunIasulugas
{ % o
91113 (915199 3) ¥3 GSHAv lasulna
(tripeptide) N3 Insea5191/5enoudlonsaosiiTy 3
a A a a =) =) u; L
wiia fiv NsANgANN Faadu waz Inadu Sunuy
[y d Y @ 4
i saosare9use Ina1aun (Struznka er al.,
I a { [~ 4
2005) tHuarsdrueyyadaszn laiuiou el
[~ 1 4
watua1ssaw (co-enzyme) YD U Wl GPx
Tae GSH Numumlumsniugumsiial §azen
A15179A LPO (Pinho ef al., 2005) Tagaz il
aan 1 a JQBI
Ugnsengnlgveanisina LPO melumadauga

a3 (Storey, 1996)
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YANIINAADI
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2. 2%
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a a J
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ABSTRACT

In this study, the fuel characteristics, thermal decomposition behavior, and kinetics of sugarcane leaves
(Khon Kaen 3) were investigated as a solid biofuel. Characterization of the sugarcane leaves was undertaken in
terms of chemical composition, proximate and ultimate analyses, heating value, and functional group. Thermal
decomposition (25-800 °C) was analyzed in nitrogen atmospheres by non-isothermal thermogravimetry analysis
using heating rates of 5, 10, and 20 °C/min. The kinetic analysis was carried out via two model-free methods: the
Kissinger—Akahira—Sunose (KAS) and the Flynn—Wall-Ozawa (FWO). The results showed that sugarcane leaves
contained the highest value of cellulose (41.41%), followed by hemicellulose (36.68%), and lignin (6.39%). The
fixed carbon, volatile matter, ash, and higher heating value of sugarcane leaves were 14.38%, 69.63%, 9.04%, and
17.76 MI/kg, respectively. The atomic oxygen-to-carbon (O/C) and hydrogen-to-carbon (H/C) ratios of sugarcane
leaves were 0.77 and 1.64, respectively, which are not suitable for use as solid fuels. Additionally, the hydroxyl
group oscillations were presented in sugarcane leaves; therefore, the quality of sugarcane leaves should be
improved. The kinetics analysis showed that the mean activation energies of the KAS and the FWO models were

similar, namely 197.66 kJ/mol and 197.88 kJ/mol, respectively.
Key words: sugarcane leave, biofuel, kinetic, thermal decomposition, thermogravimetric analysis
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Table 1 Chemical components of sugarcane leaf

AWSOUGI 232256 LuNggaADN lansy
nlansu (Dietenberger and Hasburgh, 2016)
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(Demirbas, 2001) Y9IFILIAASF U

Chemical component (wt.%, dry basis)

Biomass References
Cellulose  Hemicellulose Lignin Other*
Sugarcane leaf 41.4140.18 36.68+0.38 6.394£0.19  15.53+0.01 Present work
41.09 35.07 11.13 - (Pereira et al., 2015)
40.8 28.7 22.7 13.7 (Franco et al., 2013)
Sugarcane bagasse ~ 44.43+0.86 22.9+0.67 17.52+0.65 14.18+0.24 (Maryana et al., 2014)

*Calculated by difference (Cellulose + Hemicellulose + Lignin + Other = 100%).
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Table 2 Ultimate, proximate and heating values of sugarcane leaf

Analysis Sugarcane leaf

[Present work]

Sugarcane leaf and top Sugarcane bagasse

(Chatrattanawet ef al., 2018)  (Castellanos et al., 2012)

Proximate analysis (wt.%, as received basis)

Moisture 6.96+0.03 9.20 4.26
Fixed Carbon 14.38+0.47 16.90 11.03
Volatiles 69.63%0.55 67.80 77.99
Ash 9.04+0.05 6.10 6.72
Ultimate analysis (wt.%, dry basis)
41.41+0.12 46.152 47.63
H 5.72+0.01 5.632 6.16
N 0.60+0.08 0.443 0.42
O* 42.41+0.08 41.485 38.46
S 0.15+0.02 0.188 0.31
O/C molar ratio 0.77 0.67 0.61
H/C molar ratio 1.64 1.45 1.54
Molecular formula C,HO,
Heating value (MJ/kg, dry basis)
LHV 16.39+0.04
HHV 17.76+0.05 16.73

*Calculated by difference (C+H+N+O+S+Ash = 100%).
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Figure 1 FTIR spectra of sugarcane leaf

5. Mmyaaeimmannudeuvedludes
[ [y o 1 cs' A
ANUANNUTIEHININIANIYIAD VD
ludesnguiigiaie q neasimslinnudou 3
o = 1 = Y
52a1 (5 10 AL 20 PR UFATEAADUIN) uaadld
AININN 2 WUIINITAA1IAINIIANNS D UVB
Y g Y A a o .
ludesntuiu 3 Tufed la1asHy (Dehydration)
aTran lass¥u (Devolatilization) HAZMTIAADIU
Y I
(Char formation) VU9 1 1Aamsaalgdaalenaln
manalfasendlanssu Tugisguugil 30-125

~ I ana H =)
DA UG ALY Lﬂuﬂaﬂiﬂﬁ%mﬂuﬁ)@ﬂiﬂﬂ“ﬁﬁ]u’m

o

- £ 4
ldgapdenialiSesas 3.88 Tagiiunldns il

]

9 Y
=) Yy X

1 = @ Y 9 e
VOIFNULAININUUAINOATING IHANUTOUN
2 y 4 a aaa 2 a o X
Y Yud 2 hana In§asend Ta1n Taasud

%zﬂaﬂﬂﬁ'@ﬂﬁﬁi&Wﬂ@@ﬂ"lﬂﬂ%’ﬁJ’Jﬁlﬁ@\ﬁnﬂﬂﬁ

o’ng

gaealve9a1515enouduUNI g tnavN Iuy9

gl 175375 essuwaidoa i ldgyidonda

U9

@

11U3osaz 593 ¥r19NavIABNITAAIEAIVD

v Y
wwlarag Taainayulugieguvgil 171-312 94e
= = 1 ' A a (J Y
iAo avagluyaieliag lagaassa ldun
= = . '
M@ (200-300 BIRUFAHBE) (Cai et al., 2013) B
NawaeandesnumsdalofIvousag lad
Tugsgunigil 320-408 oer AT HazFoUTY

numsaateasvevaiag laduazaniy v

a

AAMI g TINIANINNTATIA MU0 UTR ]

QU

dy =® aan Y Qdy:)
o ﬂﬂul!ﬁﬂﬁﬂﬁﬂ’ﬂlﬁbﬂlﬂﬁﬂaﬂiﬂ1 D1RUVHUUAN

A o

= a aan Y = d’d
wnedsaunsamnalnse e edunaiiani
NIINITGYITENIAVINNFANYIIATINY
J Ad o 2 @ Y Y
AQUNYNNVIUZIVUAINTATINI 1HANNT oY
& A o v Y ' 0 q.¥
(Ha1ANATIMI IHANNTeUgIIEdIna I
= Yo FY 2 A A A
FuralasvanuieuludSmaidisanense
WINNIHAA1YRIRUNYN (Temperature gradient)

FEHINMEUNUaN1eluYID YN IATFINIA

9
v v

KX a o Y
Quuﬂﬂlﬂﬂﬂ'ﬁﬁﬁ’lﬂ@]?llﬂll'lﬂ



75815398 YH1INNDeNA 11 1ag51¥UIAAATI%Y 16(2) : 526-544 (2567) 537

100 - -12
E ----- 5 °C/min
i 10 °C/min
' - -10
80 P e 20 °C/min
i =
TV 5 Zone V g
| one L -8 3
~ 60 : z
S : 5
- ! -6 cl
) ! =
4 5
.g
20
-2
0 0
0 100 200 300 400 500 600 700 800
Temperature (°C)

Figure 2 TGA and DTG of sugarcane leaf
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ABSTRACT

This paper proposes a restructured class of ratio type exponential estimators for estimating the
population means under simple random sampling without replacement (SRSWOR) scheme. The author has
developed the estimator proposed by Cochran (1977), Sisodia and Dwivedi (1981), Singh and Tailor (2003),
Singh and Tailor (2003), Subramani and Kumarapandiyan (2012), Bahl and Tuteja (1991), and Kadilar (2016).
The expressions for the Mean Squared Error (MSE), and Minimum Mean Squared Error (MMSE) of
approximation have been obtained. In addition, the values of MSE and Percent of Relative Efficiencies (PRE)
have also been compared with the considered existing competing ratio estimators both theoretically and
numerically under the same conditions. The results of this study show that the proposed estimators perform better

than the existing ratio estimators.
Key words: ratio estimators, population mean, auxiliary variable, mean squared error
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