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Abstract

This research aimed to (1) study and develop a small-scale solar power
generation system to reduce household electricity costs, and (2) analyze and
compare the electricity output of two small-scale inverters over different time
periods. The two inverters included the DXM 300-watt microinverter and the
Hoymiles MI-300 microinverter, each connected to a 325-watt solar panel. All
components were housed in a control box measuring 44 cm in width, 61 cm
in length, and 23 cm in depth. The system was designed for Plug & Play grid
connection and included electrical control components such as a fuse, circuit
breaker, DC surge protector, two cooling fans, and a power meter. Electricity
generation was tested between 08:00 and 17:00 hours, with measurements taken
6 times per hour over a three-day period. The highest average power outputs
were recorded at 13:00 hours, with values of 189.01 watts and 273.86 watts for
the DXM 300 and MI-300 inverters, respectively. The total daily energy outputs
were 1.27 kWh and 1.42 kWh, or 1.27 and 1.42 units per day. The results indicate
that the Hoymiles MI-300 microinverter outperformed the DXM 300 model by
30.98% in peak power output and generated 10.56% more accumulated daily

energy.

Keywords: Small Solar Power, Electric Current, Household
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DEVELOPMENT OF BIOCHARCOALS FROM DURIAN PEELS
FOR PHOSPHORUS FERTILIZER ADSORPTION

a o a 1,* a &2 o N a 1 a 1
IEJﬁ“LJ nayILad f]zyzyﬁm NYTT , LBNTY ALY LAY VUBZT AUINEA
. 1,* . 2 . 1
Yotin kallayalert " , Punyathida Kayao , Ekachai Chongsereecharoen

and Kanittha Pamonpot1

1 a e a o o LY
AngINemanswasinalulad wninedesuigilageasnsallunssususyuiudg
1 ) ) -
Faculty of Science and Technology, Valaya Alongkorn Rajabhat University under the Royal Patronage
2 o o a a s a o '
duiniyinermansavnin unInendeniinva

? School of Health Science, Mae Fah Luang University

Received: 24 July 2025 Revised: 25 August 2025 Accepted: 26 August 2025

UNANED

dudanmanidenySeudielflumgaduleveaneta Aldlunsdnui
Iannszuaumsuuunlsladaiigamgil 400-600 ssmiwaldea udhaudinm
flsnnneilasadiwdndemeianiadsnuuvessdidng (XRD) Anmesilasads
JaN1AMIENABIaNIIAUBIANATEULUUADINTIA (SEM) FinT1eviasdusznausinsie
nefandseuvesisdidndfinaaoonunaindaesna (EDS) warlnneimituiiiage
walla Brunauer-Emmett-Teller (BET) udatianudinnlunaaeunispaduneanasa
#1781 0.5, 1, 5, 10 wag 20 2l AATIEMATIATIIPNIAVBIEUTININAIUNA DY
qaNIIAUBIANATOULUUADINTINKAZIATIT D9 BIAUTZNBUMIBNITIANAIUYBY

@ ¢

SddndNvaneeninaniiege namTlinTeilasEemdnvesiuginman&en

a v a dy v a & 6 L3 U (3
NisguMemAlianN1sReULYeTaddnd (XRD) nuiaaTuauedugu wasunslng
wenantudmulnunadesergililendiing nan153As1enlasEseganIAvesEaIy

= = a ¥ ¥ fa 1 ¥
mmwmmﬂaaﬂnLiaumaﬂaamamimaLaﬂmamwuamﬂim (SEM) nulaseasna

* Corresponding author: le8u fagide

E-mail: yotin@vru.ac.th

Vol.13 Issue.2 (May — August 2025) | Uil 13 adudl 2 (Waun1AY - Famnau 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIemansuazmalulad wininedusvigenssiil

anIAvesaIUTININAINFeNSBudivuIagnueluyie 10-20 pm uasiignguy
yuradn 9 lugniulvgunsney alvuingngueglutg 5-10 pm wanFiasz
8IAUTENOUSINVBII U WTINMAINWFRNISEUME EDS wudn dansueuievay
51.96 \Jus1andn sesawn liun eendiau Soeaz 28.07 Inunaidey Sevay 12.58
wunfideu Sosay 1.74 uazeariosa Jovar 1.64 uaznanSlaneiiuinadewmeie
Brunauer-Emmett-Teller (BET) Ineld Gas adsorption %ﬂmu%amwmmﬂﬁaﬂnﬁﬂu
fuiifns e (specific surface area) 113 ssamnsHonsy wantunseaduneanesa

' = & = a d' & o A ) a
Sﬂaﬂﬂr]usU'gﬂ']W"\ﬂﬂLUaaﬂV!Liﬂu llﬂ’]ll’]ﬂ‘wq@ ﬂE]L’JmQW?jUW 20 50'31113 llﬂ’]%@l U

Noanesa NSeuay 7.60
AR autininandenisen, migaduleneaneasa, nswkuulnlslada

Abstract

Biochar from durian peels in this study for phosphorus fertilizer
adsorption was obtained through a pyrolysis process at temperatures of 400-
600 °C. The prepared biochar was analyzed for the crystalline structure using
X-ray diffraction (XRD), the morphology by scanning electron microscopy (SEM),
the elemental composition via energy-dispersive X-ray spectroscopy (EDS),
and the surface area using the Brunauer-Emmett-Teller (BET) technique. The
biochar conducted phosphorus adsorption examination at intervals of 0.5, 1,
5, 10, and 20 hours. Subsequently, the investigation of the crystal structure of
biochar derived from durian peel by XRD indicates the existence of amorphous
carbon and graphite phases. Furthermore, potassium aluminum silicate is found
as well. The SEM results show that the biochar exhibited pore diameters between
10 and 20 micrometers (m), as well as smaller pores (5-10 pm) situated inside
larger ones. The elemental composition study by using EDS shows that carbon
contains 51.96%, followed by oxygen at 28.07%, potassium at 12.58%,

magnesium at 1.74%, and phosphorus at 1.64%. The analysis of surface area
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with BET method through gas adsorption reveals that the specific surface area
of biochar derived from durian peel is 113 mz/g. Moreover, the optimal time
for phosphorus adsorption of biochar from durian peels is 20 hours, with a

phosphorus adsorption value of 7.60%.
Keywords: Biochar from durian peels, Phosphorus fertilizer absorption, pyrolysis
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AT usnugudnatsdiy S1uanlu Auiily dhatinanuagdminusts sauds
Snunuemnaaisine Wy Usinueaslsilad msduasizsinas msanei uaznnsi
Inlihwesuinlu Ainsiesiteyamenmsiingiauuususi Wisuifisudadsde
75 LSD wagliasnsianuduiusaiensonnosiady

HANISVIAADINUIT SEezliaInshilasasuinanonissyiulnuesndens

agildudfny (p<0.05) lnevsnmuanlvinaseaiy 12 Tlusdenadulngsan lawn

VAUNUANENANNEIAUREAY 8.66 L. ANUANLRAY 100.43 9. wasNunlude 67.78
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n3.99. ValzfUsNunaelsiad NsdLATIZRLEY Lazn1Ta1euldunnaeiusEnINg

a 2 1 @ o a o o 6 o a a 1 IS
naaud 9g15lsAan nsilnivesUnludanuduiusiunisaiyivlnegiel
WodAny wan1sanwinansliiug nsliias LED w@sulunounaisfuauisasa
maasgAulavenatesld Tasanizviawud 4 Talusdsdaumnzanlusiunis
Uszndandsnularmsduasunmsiasgiuln Jaduwummedfidnenimdmsuniswan

AUNENENAMNINGATIDaATTEZIA IR B Az AT UALUNTUgNIBe NN lYe

AEARY:  FuNanen, NMsveNeTugee, n1slvikamaenln LED, 819ug RRIM 600

Abstract

This research aimed to study 1) the effects of LED lighting duration on
the growth and physiological characteristics of RRIM 600 rubber seedlings and
2) the relationship between growth and physiology. The experiment involved four
treatments and three replications: 12 hours of natural light (no supplementary
lighting) and supplementary LED lighting at night for 4, 8, and 12 hours, respectively.
Data were collected on growth, including height, stem diameter, leaf number,
leaf area, fresh and dry weight, as well as physiological traits such as chlorophyll
content, photosynthesis, transpiration, and stomatal conductance. Data were
analyzed using analysis of variance, LSD, and linear regression analysis.

The results revealed that supplementary lighting duration significantly
affected the growth of rubber seedlings (p<0.05). The 12-hour supplementary
lishting treatment had the highest growth values, with average stem diameter
of 8.66 mm, height of 100.43 cm, and leaf area of 67.78 cm2. Chlorophyll
content, photosynthesis, and transpiration were also significantly lower. And
transpiration was not different between treatments. However, stomatal
conductance was significantly related to growth. The results showed that
supplementary LED lighting at night could accelerate the growth of rubber

seedlings, especially the 4-hour treatment, which was suitable in terms of
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energy saving and growth promotion. Therefore, it is a potential approach for
producing high-quality rubber seedlings to reduce the cultivation time and

support commercial cultivation.

Keywords: Rubber seedlings, Rubber propagation LED, light bulbs, Clone
RRIM 600

N

A @

wugereidenugnuinludsemalng Ae Wugens RRIM 600 Fadunswa
fusensszwing wslxla (Tjir 1 x PB 86) Wuiusiifinsusualdflunnituiinindula
A fnandnd (@a1duideens, 2559)

Mniuiugnensmnuasiugiiteutgn asiildd Tealdwugens RRIM 600
wazmsyneiusesnsdnivgdedldiinsinm Wesmnaansasnudnuasiusa
uaziiiunananldegnaiussansnm Fanszuaunsinnens Sududesddiundon
msveneiusanng desliudeiugens RRIM 600 iesanmidaiusliieuas
wingandmsunismizugn ag1lsfiny nszuINnIsHARAUNAI8 1IN LUE
yosantiddoens mssawisUssmalng Fesufsnswnzwdaluuvasmendn ns
Aodlugames uegnsdanisiufinedes feddnannuuagdoimsmaguasgis
soliles nszuaumMIKARFundslimnzandmiuNsAnAdesNsaUsEaN 6-9
Fiou uazdeansmsguatielidunddidnwasingay 1wy Wasniaend1e uay
vnadusiuguenandlsitosndn 0.9-12 lwufwng (@n1duideen, 2550) uenaini
w&ansinaudn fafeddinan 45-90 Juilelfundnfifnnudmiendmiunisugn
Fsenadsranszmusion N NLNTUgNIazggMaINEUgN

dmsuiladeiid dyivinvdundrens ansasydvlaldsins fe was
Tnguas Ynlsunanens@ansadansiguias (Photosynthesis) lasnn Ineuassssuani
fifaunsagandudielilumsaiumslulammiidnduiivadniion fadu mavamn
sruumaveeiugieomalilad wu nsliuasannvasalsl LED fiansnsadmusduas
aaduvesuasld (uivs Tauniiung uarlvedud yad, 2560) fefunslduiansa

Waa LED @nSunIsingtaganunanend aeangiilnsiiulanianuainy anseesiiad
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Tumamsidsauazniseeiug 990 9- 12 ey anaundewiss 6-8 iiou vilv
NYATNTANNTAILRUN ARk N1TUgNee s ban sl ming aaduulunis
guasny uazilugnisiaunszuunismdnensnaegnedaiy fuduiainising
NaYesTzA sl nvaealul LED fiflionisiiulnuavaisinevesfundnens
g RRIM 600 letduuimis dmunaimizndnensuazveneiugens uaNaNTiss

aunsasioganuinnssudinanlunsveneiugivsiindu o laendie

F/ANTuUN15Iw

1. s2:08Un15398 TUukUNIIVAaBIlUyU Completely Randomized Design
4 yEnwud S1uau 3 61 Taglddundrens Wug RRIM 600 dieiudsuifisunisidule
funaene Inelduaonln LED Grow Light 200W Usgtan@yu LED SMD 2835 A1y
g1IPAUAUNATY 447-660 nm PPFD/1 %l 457 tmol/m’/s' (ufns Yaumiiuns way
loadud yadl, 2560) 8n31dU Fund : a1y 101 Inevdammudi 1 (T1) mslasunas
Unf warldliuasadumaenlnl vinwudi 2 (12) msliuaamasalil LED wduluneou
naneAu & Falus viEawwdi 3 (T3) msliuasaenlyl LED wiulunaunansiu 8 $alus
VEnuGT 4 (Ta) nsliuaswaenlnl LED wdulumounansdiu 12 dalua

2. mssfiums deuBudunismeass nedeuauduLasamasali LED
Favliifunanasy neldinies Quantum Light Meter Sarn PPFD Saiusd snusunas
waslutnesnueedunas Tnevinisialugaaaan 20.00-22.00 u. manuduuasl
Tounin 300 wmol/m’/s’ ndsaniidundrenaaiaiuln uasdeinldnig 25-30 Su
navsaudezlesuuassssumavuualaaduna 12 $luwsiotu (06.00-18.00 1)
ogainane iuszezim 5 ey vdanan 18.00 u. wvimsUniutuaaiionunm
MsuLaveIRundn wasashudnasilunan 06.00 u. vesiudaly sauszeviaan
fenuauuasiavan 12 Hlusefu nuAsnsded vimamdd 1 (1) 1iuemzuas
555URLUYI 06.00-18.00 w. Tman 12 F9lus lifinsliiuasasuarnwasnll LED
VERUGT 2 (T2) 19Sunassssuwd 12 99lus uasuaaaduainvasall LED 4 alus
(18.00-00.00 1) SaaldSunasiavan 16 9lue/Su vdmaudd 3 (73) l85uuas

55503 12 Falus wavwanasuanvaenl LED 8 $2las (18.00-02.00 1) 52317a1
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IdSunasiavun 20 dalue/fu vidnwusid 4 (7a) 1§¥uuasssund 12 $2Tus wazua
iaduarnvaaall LED 12 dluadi (18.00-06.00 w) sauvatlduuasiamun 24
Hlue/fu

3. msUgnuazquadne Inonislddundrenadiily 2 Tu englitiu 14 $u
reuazéheasugnlugetivunn v x 14 #1 fudeutranier yavquin 50 iwufiuns
414 20 WuRLIAT 872 100 WuRLAg thged1fthiundiens 2 Tu Mades 2 x 10 Q9
594 20 QasiauUaddoy wuatgosiivuia 120 x 150 wufuns 311U 12 wlasdes
naguadnuliii Mszuuliduoy Sdavsunesdnlul® Yuay 2 afs Wuasibu

1+

adsar 0.5 alus nieuiiladogns 15-15-15 Vs 5 niusedusionds ieuas 1
p¥s uazhdatrfindulszdmnion dudiousunay 2567 fmguaiay 2568
neluaudideenmuesney an1duideens mIesuiaseindalng
4. mausausandaya nisiivteyaudsoandu 3 dawndn louna
0.1 Fageanmgdenma iudeyanungd anudufinivg uasUiainaninly
suwnnanfandeniveminsinunsvesaudidesmueag [Wussezian 6 eu
4.2 Yeyanmsiulnvessiunaie
1) FaLduruagugna1sEny (1) ANNgeny (33 wazdwiulu s
5 \fou Tngdavnduiiszey 5 wufiuns 9InUINQed
2) Snituiflulngléindes L-3100C anlunansiiasysalludngd 2 ves
e W NaNs uazving
3) foanamiaiodu (wiinanuazusie) wenidudumedlu §1du uazsn
4.3 YoyAnNNEITIN
1) fademmsdaesigiinas Anisaned wagansiilnihwesunly
FreLedos L6400
2) fasinanaelsiladlululagldiaies SPAD-502 Plus
5. menzidoya Jeyaramagninseilagldis ANOVA iawSsuiiey
ANULANATIYDILARENIALUUA A287D LSD (Least Significant Difference) lagld
Tusunsy Statistix 10.0 w¥envisAnwAudufusifeadfssninsdnvasneaising

AUNSI3QLAULRAIETS Linear Regression Analysis
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HaN13ITBUAzaRUTIENA
1. wavasszezIaniuasanvaanlv LED denisidulnvasiundiens
Wug RRIM 600
1.1 maAulnvasdundiene Wug RRIM 600 lasnslviuasmasalul LED
wslumeunansiu 12 $lus (74) Wnamsiivlediian Teefidusiugudnansvesdidy
|afE 8.66 TAAWIAT WazAINGY WA 100.43 Lwufiluns YaurAinislasuuasund uas
Lilviuaaasulumeunansdiu (T1) fdusiugudnatsvesdidu deufian e 7.12
fadns LagAugs Wdy 72.25 lwufuns tnedanuunndianeeada (p < 0.05)
5EMI19 MEAUAT 1 AUNSAUAT 2, 3 uagnEawudn 4 (319l 1,2) Tudiuves
fuilundegean Ao nsliuamasnal LED wSslunounansiy 12 92l (T9) wihiy
67.78 FNTMUBUALINT 1NTALATLANAIIN VEAIIUAT 1 (49.12) LAy NEALIUAT 2
(52.23) Mimmudd 3 (57.19) laiunnsingann 3muudd 4 usiganin nimaudd 1
agafitfddey (597t 3) wagduailusan vesnsiiuamasal LED w@sulunau
nansAu 12 Falus (Ta) Ddwaulumniign wiriu 689 Tu dauduauly vesnnsli

wasviaeanlyl LED duns wavu1du waSulunaunansdu 8 Talus (T3) dadesiign

wiiiu 578 Tu Gauily S1uaulu nnnsewudlaifannuuand1an1eada (113199 4)

A191990 1 YWIALdURIUALENaI9asAUNAI81e g RRIM 600 Lialasuuaann

aanln LED Awpnananiy

173 1 4 v ¥ a a
LEUNIUAUENANYDIAUNAIYY (NAALNAT)

Treatment/ifay -
un.67 AN.67 un.67 1318.67 nA.67
T1 3.15 3.76ab 4.44 5.54b 7.12b
T2 3.07 3.59b 4.56 6.13a 8.21a
T3 2.84 3.68b 4.73 6.34a 8.38a
T4 3.07 3.92a 4.79 6.35a 8.66a
SD 0.12 0.11 0.13 0.23 0.46
F-test ns * ns * *
CV(%) 4.94 3.26 3.46 4.58 6.98
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M50 2 NSAUTATEIAINEIVRIAUNNEN TG RRIM 600 Wialdsuwasannviaanl

LED 7ansingny

ANGIVDIRUNAIENS (URALUAT)

Treatment/ihay -
UA.67 nAN.67 4un.67 Lle.67 WA.67
T1 33.30 37.30 42.22 56.85¢ 72.25b
T2 29.80 3552 48.79 63.13bc 93.24a
T3 30.30 39.90 40.45 71.91ab 99.72a
T4 30.37 41.91 50.71 76.90a 100.43a
SD 2.49 2.28 8.33 5.64 7.85
F-test ns ns ns * *
CV(%) 9.87 7.18 22.39 10.28 10.51

o

ns = ldumnuandnafiunieadn fseiuded 1fity 0.05 (non-significant) LSD

= UANANTUN9EER TiseRutaddry 0.05 (significant difference) LSD

M19199 3 Nudilude Yosiunanens fug RRIM 600 wolasuuas a1nvasabn LED

Fumnsineiu
. Huiluade (Msaaufians)
Treatment/taau -
uA.67 nN.67 fin.67 1E.67 "A.67
T1 11.33 18.43 27.40c 41.86 49.12b
T2 12.45 18.41 26.75c 44.62 52.23b
T3 14.58 21.35 30.60b 48.95 57.19ab
T4 18.58 24.96 36.90a 58.19 67.78a
SD 2.82 4.22 1.23 5.73 5.18
F-test ns ns * ns *
CV(%) 24.28 24.84 4.96 14.49 11.21

o

ns = llunnuansnatumseda fissduted 1fity 0.05 (non-significant) LSD

* = uanenefunneadn fisedutiddey 0.05 (significant difference) LSD
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M15199 4 Panlusiuedy ve3dundnen g RRIM 600 Lislasuiasainvaanln

LED wn@19iy

3uulusau (lu)

Treatment/thay -

UA.67 nN.67 4un.67 LY.67 WA.67

T1 171 153 369 455 636

T2 165 216 417 489 637

T3 161 192 349 409 578

T4 176 248 416 503 689
SD 27.46 34.23 67.62 78.21 135.43

F-test ns ns ns ns ns
CV(%) 19.96 20.69 21.33 20.62 25.71

YY)

ns = laumnuana1siunsada Aszautdaddny 0.05 (non-significant) LSD

[}

* = uAnEeuNI9Eia Nszautiadfsy 0.05 (significant difference) LSD

1.2 dhaiinaafuduminuievasdungiens wug RRIM 600 nsliiuas
vagalil LED wa3alumeunansiu 8 4l (T3) fwiinan vas 310 d1du Tu way
dwnrmsndian wiswihtu 149 n3u dedu msldsunannd warldlVuasadaly
pounasAL (T1) fdmiinan ves 510 &1 Tu wasthwiinsaadetosiian whiy
79.85 n3u sodu Tuynninmud ldflnnuuandnemieadd (p < 0.05) (119149 5)
Tuduvesthwiinuia Tnemsliuasmaonl LED waSulunounansdu 8 dalus (T3)
fiwninuka 109 910 $1du Tu snfiansauiaie Wiy 42.88 ndu dedu waznslisy
wasUnd uagliliuanasuluneunansiu (T1) Sdwiinuiis ves 510 défu Tu 2anade

Weedign winiu 28.59 nSu dedu Nnvisamud lifianuunnd1aneada (p < 0.05)

(miwqﬁ 6)
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A15197 5 Umtinandosy Yaaiunalens Wug RRIM 600 Waldsuuasainvaonl

LED funnsineiu Tufew wquanau 2567

Treatment wiinan(ndu) . Wasuigu
570 andu fMulunacglu (away)
T1 26.67 30.46 22.72 79.85 100.00
T2 34.73 46.27 26.41 107.41 134.51
T3 39.33 46.42 33.10 118.85 148.84
T4 32.78 45.96 29.73 108.47 135.84
SD 6.13 12.2 8.18 24.84
F-test ns ns ns ns
CV(%) 22.65 35.33 35.35 29.42

ns = ldunnuanasiunieadd Aszduladdny 0.05 (non-significant) LSD

* = UAnEUNeEnR NseAutludfny 0.05 (significant difference) LSD

M990 6 Umitinuviasiadi Yaesundnes Wug RRIM 600 walasuuasainvaonb

LED wansnsfiu Tubiau wawniau 2567

Ymnudta(ndu) wWasuiigu
Treatment 374
370 afu Aulunazlu (5ovaz)
T1 9.30 11.61 7.68 28.59 100.00
T2 12.85 18.27 9.17 40.29 140.92
T3 13.65 17.86 11.37 42.88 149.98
T4 11.90 17.61 10.51 40.02 139.98
SD 2.65 471 2.82 9.72
F-test ns ns ns ns
CV(%) 27.24 35.28 35.73 31.37

ns = Luupnuana1afumsadd Asyauteddny 0.05 (non-significant) LSD

* = uAnNENAUN9Etn NszAutivddsy 0.05 (significant difference) LSD

ANUEIARYUBITEBE AN TN zaNlunEET ISR Ul UNAD

819 WU MSkasInvaealn LED wiSulunaunansdu 8 9alud (T3) dnananisnaiun
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vonhwmiinan waziunusiduseiuiiifian Weisusunauudsu 9 uinsliuas
nvaealyl LED efalumeunansdi 12 Halus (T4) desalvidundfinmsiiulavesdisu
LAzANNgTIATian denadeddu (Cheng, X. et al,, 2021) Aiwudn nsiadulul LED
Auns-thidu meunansiu (12 ) Tusmmalyma Yssmadu fusnan wug CATAS
7-20-59 iulmity TnegldAmas PPFD 200 pmol/m™/s' Wuan 5 e wuinduens
dlelduuanatu Sanugafivtu 41% wanduihugudnansdfudfistu 36% Woifiey
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Abstract

This research aimed to determine the optimal concentration of sea
lettuce (Ulva rigida) extract for gummy jelly production and the appropriate
amount of isomaltulose for producing reduced-sugar sea lettuce gummy jelly.
Three different sea lettuce extract concentrations (5%, 15%, and 25%) were
investigated. The findings revealed that the gummy jelly product with a 5%
sea lettuce extract concentration was the most suitable. It received the highest
sensory acceptance scores from panelists. This formulation achieved a moderate
liking score for color, odor, flavor, and overall acceptance. The color values
were L* = 32.00, a* = 0.43, and b* = 5.33, with a total soluble solids content
was 66.0 °Brix and the water activity (aw) was 0.86. When the gummy jelly
with 5% sea lettuce extract concentration was studied for the replacement of
sucrose with isomaltulose at three different levels (0%, 15%, and 25%), it was
found that sucrose could be replaced with isomaltulose in gummy jelly products
at 15%. Sensory evaluation by panelists indicated no significant differences in
all attributes, including color, odor, flavor, elasticity, chewiness, and overall
acceptance, compared to the control formulation (100% sucrose). The gummy
jelly product with 15% isomaltulose substitution had color values of L* = 26.97,
a* = 1.17, and b* = 10.60. The total soluble solids content was 67.0 °Brix, the

moisture content was 10.14%, and the water activity (aw) was 0.85. The total
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energy content was 2.81 kCal/g.Texture values showed that when using a higher
amount of isomaltulose, the hardness, chewiness and gumminess values

decreased, making the gummy jelly softer and easier to chew.
Keywords: Gummy Jelly, Sea Lettuce, Isomaltulose
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AQUALAB, Usewmrianigalaisni) nadeunislseavduda lagisnislvimsiuuninuveu
Hedonic Scaling (1-9 Azuww) TuandnuuiuA ndu savd AnuBangu Auen
iellumsiden wasanuveulaesi Tngld @mmaauﬁiﬂé’mumﬁmJuaﬁ’m’au 30 AU
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Analyzer §u TA Prime (Sﬁa Bravo, Uszinelng) 1neis Texture Profile Analysis (TPA)
T§%1%n P/0.5HS fhognefufiiwad vuranine 1.5 cm 817 1.5 cm %W 0.7 cm Jail
gaumadl 25 °C lneTeaunadum1ng 4 leun Hardness, Cohesiveness, Springiness,
Chewiness uag Gumminess 3aAU3unameudsiiazarsldnmn Tngldindosin
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AonYTNLANATUIUMINOY LERIANNLANGNaTUREN9TIY

a

dPyn19adA(P<0.05)

a

HaNsANYIUSINRUNISvanandmueiiuiiiwad wudl YSuiuqdunsd

o
o

o W

wadume (§nNUNIFILERaMNgIY, 2547) N

A o

Y a £y € o a a6
m‘wuﬁﬂ,‘wmamnm%mwmuqauma

Ve Baduazsn dosndn 10 Taladisesiegne 1 nfu Wuluaunasiuinsgiuves

gj 1 a 4 a0 v 1 v = I3 v T a a0
Panualiiiu 1x10 lalatlfesiagny 1 NSy daduazsidosliiu 100 1alatise

f70879 1 ASY

Vol.13 Issue.2 (May — August 2025) | Uil 13 atudl 2 (MauA1AY - FAY 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIemansuazmalulad wininedusvigenssiil

M5190 4 eanseensusUstavdudavesdndaeiiuiisadavsielinnmansiagns

nawnumanseaelelaseay laaiiseiusiig o

USunallelewean laailinawmuimansie (%)

Jadedidnen
0 (gnsmaunAw) 15 25
a" 6.87+1.14 6.63+1.13 6.63+1.13
nAusd 6.80+1.42° 6.37+1.96° 547+161°
a1 7.801.25° 6.871.33" 6.57+1.48"
Py 6.80+1.10 6.83+1.39 6.70+1.09
amenndelumsiaen™ 6.63+1.50 6.77+1.65 6.50+1.31
AureUlneTIy 733:1.15° 6.93+1.34" 6.60+1.28"

e : ns=non-significant Lfianuumnensiuegeliduddgnieeada (P>0.05)

N o

FonwsNuansteiuluLIuey wanIANULARFNaTuag1elTdn

o

un19anm (P<0.05)

HANINAADUNNUTTAMAUNE AILAASIUAITINT 4 WU AZLUUNITEIUTU
NUTEaMAUNAAUNAUTE Ta9R wazANTOUlAYTIN TAULANAINAUDE 9D
WodAgn19ada (P<0.05) lneinaaeudulvinzuuuaiuyeuiuiisaiansnnawnu
nnanseiegleleseaylaasesas 15 Liuand191nansmuny lngllaziuuninuyey
lussdurauidntios drwnnuveusud anudangu wazannueinitelunisaedlid

1 LY 1 a o o (% aa a U
AMNLANA1IAueE Tt Ay 9ada (P>0.05) lnefiazkuuanureuluszaureu
& v v < v - % o =
Wntloy dstuaziiulainaunsanawnuiinansieimeleleueanlaaluiuiiead

luszaufosar 15 Inedalasumssansumalssamduiandmaaeudy

A7UNANT3IY

a

1. wdnsusituiioadamieinniangadiissduanududuresiiaming
Yovay 5 WWussduangandian TH3unsseniumeUszamdudaangmaaousnn
fign Tngldzuuuanuroudud ndusa savd uazanuwoulasnlusziuvey
Ununans dau anamaudiueuBangu wagaueindelunsfelussduy ey
dintios laedA1d L¥, a* uay b* i1y 32.00 0.43 wag 5.33 auaau JUsui

vasudsazanetlavianun 66.0 ° Brix Lage a,, Wity 0.86

Vol.13 Issue.2 (May — August 2025) | Ui 13 atudl 2 (WauA1AY - AmAy 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NI TIMEIeansuazmalulag Wineaus1vinenssnd

2. ansanaunuianseiigleleveayladlundndueiiuiivadlalusedu
Sovay 15 Wneivaaeudailvinguuunsveniumelssamdudalunna loun & ndusa
sau1f ANNBangy ANNeIndeluNsiAed uazauveulaesn liuaneaIngss
AuAY (U1snansgdesay 100) HAE L*, a* uag b* wi1iu 26.97, 1.17 uaz10.60

o v A a < o Tvyvd o . i a - )

audiy JUSuaveuliagaainlivianua 67.0 ° Brix AUSu1MANTwNAY
Jeway 10.14 uazen a,, Wiy 0.85 USunaundenuniavus wiriu 2.81 kCal/g ALile
dudla wudn dieltleloueaylaaluusuinnigs@u dwavinlyl fn Hardness, Chewiness

WAz Gumminess anad Y lvnuillwaalANNYNLALIALI8TY

AnfnssuUsEANA

Ya v v

AMLH I8RO UANADITUITE AT HRILILMINGI188 319493 Lnns salf

Y 9

0 o a

UayunuAEuNITINY wasanzwAlulagn1sinens unInedus1vigsatnnssdl

q

o

MoywngvivieslfiAnslun1sinide

1ANE1581989
nans wvsd uay W¥ayuld Tauwn. (2566). NIsLINGAA MY AuTIEadLs V04,

0 4

(UM TITeatuauysel). Junys: inInedesivagsilunssel.

USEYY LasAsIUNsg, gIn NInsiiAIa way a50WIA Hudna. (2556). nstdainine
rrawsaamslunindnenilann. 1759153memansuazinalulad uninerae
Wealu, 17(3), 289-298.

ol Busmmsnia assan 15807 wag weum deeus. (2558). nIsiTuyaRIaIIE
Annamzialnemslaidudinsenavlundniusiomsifioguain. ey
nsideaduanysal WnIneaeyIN.

ol Susamsna, gassan 15ANA uay nsuM UeeWus. (2558). msuiugyan 1A 1Y
Anmanzialnenstaidugusenaulusansasionsiiogunn. (Meay

ndLatuanysal). ¥ayT: InInedeyInn.

Vol.13 Issue.2 (May — August 2025) | Uil 13 atudl 2 (MauA1AY - FAY 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIemansuazmalulad wininedusvigenssiil

ASNT gAUSINY, glua ATANYa way a3sA Yasindl. (2552). HaveIUTINMKNIEI MY
alusdurionunimuazdnuagnalssamduiavesndndusidunioien.
13315 IMemansuazinalulad um1Inedeideln, 10(1), 1-10.

anntiuenns. (2561). wianssuaawmanAY Palatyne Uhmatitogun1meinsssuys.
dududlotuil 3 NSNYIAN 2567, 31N https://fic.nfi.or.th/technologyandin
novation detail.php?smid=1737.

aenwsgesulay. (2566). widve-DITP wewmsususlanvuieaseafunIuslug Uy
uuEAnwr9unLaIentus1els. AuduisoTui 20 unsiAu 2567, 970
https://siamrath.co.th/n/451348.

435040 23899, 53 33T, a0 ASEUA way AT 29ALTa. (2552). dgIUINe
msidgazn st lemivesamsredinmaness Ulva rigida C. Agareh,
1823, (enumyideatuanysal). n3amn: Ainisonaviaunyseasmeila,
nINUTEIN.

diinnunasgundnfausionamngsy. (2547). 11955 UREASATIGNTY LEABU.
A3 NN IURERSUYIRREMNTTY.

AOAC. (2000). Official Method of the Association of Official Analytical Chemists.
17" Edition, Washington DC.

Vol.13 Issue.2 (May — August 2025) | Ui 13 atudl 2 (WauA1AY - AmAy 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NI TIMEIeansuazmalulag Wineaus1vinenssnd

NAYBINTTHETURUBULNAL U EaUL lUa M SN TR LAULALAS
9NIINTTTOAVBIPNUAMUDYUNT 1
EFFECTS OF DRIED BLACK SOLDIER FLY LARVAE SUPPLEMNTATION IN DIET
ON GROWTH PERFORMANCE AND SURVIVAL RATE OF CLIMBING PERCH
CHUMPHON 1 (ANABAS TESTUDINEUS)

a a al

9 o 1,% & a " o el =2
INING) Uy , NUNATEYIU JULIITNY , IYYAT YUR A8NU NANTAT s

a
£ 4

3 a awu o
NOANUN WY WAY NARANG TINWAIUN
1 1 ) 1
Worrapornpat Patpai * , Kanokkarn Reebreangrum’, Witchuda Yindee',

Saifon Thodthasiz, Krikanok Phabu’ and Kittisak Ruampattana4

anuindnemans AEINYATHAZANANVNTTUNYAT UNINIRUTVAYFTUNS
? auATInEATMAnS ANEINYASLATEAENMNTTUINYAT IINeIdTwAnaiuns
* anumivimsdanisladadind auzinensdanis sminerdeneigaiuns
favnin$guszmaumant anzuywemansuazdsaumans ainerdesvdgaiuns
! Department of Animal Science Faculty of Agriculture and Agricultural Industry, Surindra Rajabhat University
? Department of Agriculture Faculty of Agriculture and Agricultural Industry, Surindra Rajabhat University
’ Department of Logistics management Faculty of Management, Surindra Rajabhat University

¢ Department of Public Administration Faculty of Humanities, Surindra Rajabhat University

Received: 29 April 2025 Revised: 25 August 2025 Accepted: 26 August 2025

UNANED
mferaiiinguizasdiiiofnudnininaigiulauassnnmssenres
anUamueyuns 1 lagldvusuwiasiuatodiuluonms 1uaUN1TInaeIwuUEy
auysal (Completely Randomized Design ; CRD) laglasunuauliasiuaIeauwi
Tuemss iy 4 yan1sveaesdie 0, 5, 10 waz 15 Wesidudnuanu tngliillusiu
Tuens 30 Wesidudvindu Bedluszezingn 60 Yu nansvnasswuitmiingevine

1%
o o 1%

WAeYNSAaeN 4 Eunueuniasiuany 15 Wesidud fhmingavinewniessiian

* Corresponding author : 33W§ﬁg Undie

E-mail : worrapornpat@gmail.com

Vol.13 Issue.2 (May — August 2025) | Uil 13 atudl 2 (MauA1AY - FAY 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIemansuazmalulad wininedusvigenssiil

Wiy 13.000.87 ndu twiinifiudeTuiiy 0.18+0.02 nfusetu Sammaidiule
Fumziniy 9.58+0.01 iWedidudrotu Saruaniowiiiu 1.10£0.02 Ussandam
Y94 IM5INTY 0.9120.08 Iaediauunneeiun1aedia (p<0.05) uagANueIgaving
WRAvgefigawiniu 10.55+0.16 loufuims uazdnsINssonwinty 86.00+2.86 1Wosiud
wiliiflnnauansnefumeada (0>0.05) Malfiaszdnammsaigiulngnuaiviue
s 1 Ingvinsiasuvusuwiasiuatsouwisluuiunnm 15 Wesidusdavdmasnodns
mMaasyulauazsnsnssenvesgnUatens 1 Aflga vusuuvasiuaeidy
wiaslUsfiunadonitaninsandunuaionmsanansadiuussansaiwnsdsuas

1%
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AdA:  ueuLNAYTIUaNY, 81115, gnUAINBYLNT 1

Abstract

This study aimed to investigate the growth and survival rates of
Climbing perch “Chumphon 1” (Anabas testudineus) fed diets with dried black
soldier fly (BSF) larvae. A completely randomized design (CRD) was employed,
with four experimental treatments containing 0, 5, 10 and 15%, larvae, each diet
containing 30% crude protein for 60 days. The 15% inclusion group had the
highest final weight (13.00+0.87 ¢), average daily weight gain (0.18+0.02 ¢/day),
specific growth rate (9.58+0.01%/day), feed conversion ratio (1.10+0.02), and a
feed efficiency (0.91+0.08), with significant differences (p<0.05). The highest
final length (10.55+0.16 cm) and survival rate (86.00+2.86 %) were recorded in
the same group; however, survival rate did not differ significantly among
treatments (p>0.05). There findings indicate that 15% inclusion of dried larvae
can effectively improve growth performance and survival rate of Climbing perch
“Chumphon 17, black soldier fly (BSF) larvae an alternative protein source,

resulting in reduction of feed costs, increase farming efficiency and reduction
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of the risk of using expensive aquatic animal feed ingredients in raising Climbing

perch “Chumphon 1”
Keywords: Black soldier fly, Diet, Climbing perch “Chumphon 1”

uni
Uamweyuns 1 duiugamuelvedlasunmsusudsaiugmelnldaneiug

a a a a o a gy oA < o v &
V]iJﬂ']iLﬁ]iingUI@@LLa%IWNﬁNaG]QQ UANWUZLAU A I@Li'ﬂ EUu’lﬁﬂ‘wauJ AIUNIAN LA

=2

dunun lnefidnanisniswigiivlaganinlamueaienugiiude 25.22 Wesidud

MnMsRanuUszdiusamanziismennunsnslul 2565 nuhiinondnadoiuiy
5.91 wWasidus (nsuuszua, 2566) Uarnuayuns 1 mmmmﬁaaﬂlé’ﬁ%ﬁﬁwmz
Yndes (Davenport & Matin, 1990; Liem, 1987) ilesaniloYerziawdovela
(labyrinth organ) shl¥mumusieanmihiifioendiaus uazanunsnogsonluuiig
fihosviafissamuguiulduy dwalfanunsovudduszeslnaquagsminely
stUaanidinlfidudiuaunn nandndnlvaidsldanundsiossmd (gudidouas
fiatugnssudnfthmams, 2560) Fununiadesdniihmemnstadudiuddomes
Aflfetmmauandutatefifmedemedesuazaunanarseuesldenn smnannso
anduyuiuemsasldgdaeifiuneliuazauannsalunsuisiuresnunns
Hagtuinsiannuvastsiumadeniifiguaimislavuinsgafisusindonnnnii
fnguidesdniitilunddudufe nusuuuasiuats (Black Soldier Fly) Hermetia
illucens (L., (Diptera : Stratiomyidae) Fswuldvlanitsluunouguuasionioudu

(Wang & Shelomi, 2017) 29953nvesunasiuaaisuansyesly (3-4 1) syevmiviuou

'
= ] (Y] v

(14-18 Tw) Fayadnd ervnvidn WIeverdunid neuindssasanua (10-15 Ju) uaz
fimungszezladiute veuwasiuasansaasuveuvaelinisdunidlilusiu
warlufunnnings Taglugis (1-14 Ju) vesszezdmvuauililusiu 38-56 WWesidud
wazludu 4-28 Wesdud svevnoudnuailusiu 40.2-40.4 Wesldud uagludy 24.2-
28.0 Wosidud sravdnuaiilsiu 43.8-46.2 Wesidud uazluliu 7.2-8.2 Wesidud

(3 Y

FududomalIlusiv 44.0 wWesidud warludu 32.2 Wesidud vausiidufuieme

Vol.13 Issue.2 (May — August 2025) | Uil 13 atudl 2 (MauA1AY - FAY 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIemansuazmalulad wininedusvigenssiil

dedlushu 43.8 Wesidus uazlaiu 30.6 Weosludnmuadu fenuaAnIlayunIg
a1 1t indunassuyunanEns vueulasTumeFaluuvaddusiudnenndmiy
Tduingivemnsdnii nsnwilitngUszasdiioyssidunavesnsldomsaiaiu
NnuusuuasiuaesonsiaiulauarsasINsTenvesgnUAmIeTImS 1 Lileld

Judeyauuztdinuasnsfineidesdniuisely

A5A U153y
N5ANYITNTINTATUAULILAEENTINTTOAVRIGNUAIMNBYUNT 1 ¥1IN13
VaedluaTEl AMBINYASLALNENYINITUNYAT WNINETRET1vAasunsmauiiuiny

faADUMYIEY W.A.2567 SeeziaTlun1siaes 60 Tu IN1SIUKUNTNARBILUUEY

4

auysal (Completely Randomized Design: CRD) Tunsedandng 1 X £12 1 X A2uén

Y
20 lUAT 8RTIAUNUILUL 50 F/n5eds 91U9U 4 ¥AnN1TNAGeY NNINAaBIaE 3

1
PIO

=De

YANTNARN 1 = LasuruoULIaTIUagauLiilLaINT 0 % (ATUAL)
YANTNARTN 2 = LaTUrUDULIATIUMEBULIlLaINT 5 %
YANTNAGNTN 3 = LaTunruaULLATIUAEaULlLeMNS 10 %

- a Y %
YANIINRABIN 4 = @urusuLLasiua18auwATluems 15 %

o o

nsldmueuntasiuaeauwindusserdmuoueiy 14-18 Ju Wwviany

avonkarainngegvaIuiieiinsudlutududnhuteufioumalin 60 oeen

Y

wadea Wuan 48 Talus daniseulisuavueusiasiuanslaziduniiundsingn

ievhmsuauluewnsnuganisnaaes dmualiensilusiu 30 Wesidudiiniu

(% a

nngns Ingivlueimsusenaumie Yardu mndundes S1asden wlstnamilen

q

€

[ a 1

wisg thifudad thingiuuiasgranaulidrfuduihlssanm 25 Weddudues
e wng andutindadiadeiedosdasininuguiiuiurunmduinugudnans
4 fiadins emnssalunnuen 24 $alus udnihluliuamamiisnismaaes
ownsdmiunsmanedlionmagnuaniinm 3 Weddudvesimiinduan
Juay 2 1387 ABLian 09.00 U. wazlaan 15.00 u. wagynisiiudeyann 30 Tu lny

guivuanvueyuns 1 91U 20 MABYANITNARDS

Vol.13 Issue.2 (May — August 2025) | Ui 13 atudl 2 (WauA1AY - AmAy 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

- . a e . 69
NTATIEImaniLaziialulad HMINYI[YINTNBNITIU

Weduannsvaaesiideyanlauiameinasunsensinsiiulavesuan
ARLUAA1NITNI5UBS Hepher & Pruginin (1981) Aeil

1. dhwrdniede Wudminwdesess (n3) vealatluusazyanisnaasdniy
ggnsdesimuuakazanTeidladela 60 Tu

2. anuenede Wuanueiadedes (wuRues) veavarluwiazyanis
VAaBININDIENSRETImUALasanveliadesla 60 Tu

3. dhwinifiuse u (Average Daily Weight Gain, ADG; nusiaIu)

uniinvanfleduganismaaes - dmnuasuny

FELINNADN

4. spsimsiduladnng (Specific Growth Rate, SGR; wWosidusine )

In dndnUandleduannisneass — n dminuansusu

x100
ITYLLIANNNAD

5. ensuaniile (Feed Conversion Ratio; FCR)

YN NUaNNU

P1utnUanMnuay
6. 91351599918 (Survival Rate: SR; Wasidus)

A Iiledugan1saaes

- — x100
UIUYANIUAU

7. Us2@n3n1Mv0991913 (Feed Efficiency Ratio, FER)

PN UanMnuay

P '
£ =

Uutinemsnuannu

idoyanugnsN1sauln i A 1endeyanuLANANNISEiAfI8n13
AATIEIAMULUTUTIU (Analysis of variance) wagiUIeuiiguauLANAIIBIALRAE

1061438 Duncan’s new multiple rang test (DMRT) fisgduauidetiudesay 95

Vol.13 Issue.2 (May — August 2025) | Uil 13 atudl 2 (MauA1AY - FAY 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIemansuazmalulad wininedusvigenssiil

N139TIRATIERRUNMUTILNUNUBVAa taevinn15IndinnginunIni

1N 30 Tu Tuiaan 08.00 u. ARLUAIINTENI5VR lun3 AaTan uarangIssa aufs

[
v

(2528) 9191

1. Usinmeondiauararsluth (adnsu/ans) 13os EUTECH Multi-
Parameter 3u PCD 650

2. erundunsausng ia3es EUTECH Multi-Parameter §u PCD 650

3. anulusaas (lwuAmns) fe Secchi disc

4. Aaunesth (NTU) éae Turbidimeter §u TN-100

5. Qm‘mgﬁﬁﬂ (29 TaLTYa) Lﬂ%‘lax‘i EUTECH Multi-Parameter i;u PCD 650

6. el (lalasTuud/imufiuns) wdes EUTECH Multi-Parameter
U PCD 650

7. AuENYeI (lAs) /ey Portable Depth Sounder §u PS-7

HaN1538UazaAUTIEHA
1. dn51nsRsyiAulnvasgnuavsayuns 1
511/1%?1@%amﬁlmwudwmﬂﬁmamﬁ 4 ﬁﬂfﬁ%ﬁ'ﬂ@jﬂﬁﬂa@%gﬁ@@L‘vhﬁ’u
13.00+0.87 n5u iaqaﬂmﬁaﬂgﬂmwmaaﬂﬁ 3,2 kay 1 @ua1eumnu 12.87+0.12,
11.07+0.12 ez 9.40+0.69 nSumudsfu (5197t 1) dwdinifiusieu (Average Daily
Weight Gain, ADG; niusiafu) wuigan1smeaesdt 4 uaz 3 Smdnifiusotuads
gefignivindy 0.18+0.02 n3usetu sosasunfAoyanismaassil 2 waz 1 Wiy 0.15+

0.02 tag 0.12+0.01 nFuseTumua1dy 8N sRulndLwIg (Specific Growth Rate,
SGR; Wefidusiratu) wuianisveassd 4 T8asmaduladimzanniigaminiy
9.58+0.01 WoildudsoTu esaunfoyanisaaesil 3, 2 uay 1 audifuminiy
9.43+0.02, 7.67+0.02 uay 5.97+0.01 WesiudseTumudsu (m51eit 3) sns1uan
\il (Feed Conversion Ratio; FCR) nuiganisnnaesil 1 fdnsuanidlosniigamini
1.60+0.01 0909 AOYANITYIAGDIT 2, 3 WA & suAIFUWINTY 1.31£0.02, 1.13£0.01
war 1.10+0.02 muadu (m15197 3) Uszavsn1muesenns (Feed Efficiency Ratio,

FER) wUIYANInaaei 4 JA1sednSnmuetomnsafiganiniu 0.91+0.08 50903

Vol.13 Issue.2 (May — August 2025) | Ui 13 atudl 2 (WauA1AY - AmAy 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NI TIMEIeansuazmalulag Wineaus1vinenssnd

Aoyan1snaaesil 3, 2 uay 1 MuAFUWINAY 0.89£0.05, 0.7620.09 Wag 0.62+0.06
AU Srnuuansneiumaaiia (p<0.05) (sl 3) uazAnueAAYNERAIUTY
YANIVAResi 4 armenuadsnilgawintu 10.55+0.16 lwuRiuns sesasnAoyn
MINARBT 3, 2 uag 1 MUSIFUMAY 9.48+0.20, 9.25:8.96 Wag 9.24:+0.46 LUUALINT
muadu laifirnuuandnafumnaadi (p>0.05) (5197 2) §rsn5en (SR) wud1yn
ManRaesdl 4 fignsn1ssenunigaminiy 86.00+2.86 Weosiiud sesasundeyanis
VRaBafl 3 WAz 2, 1 mMuaIRuWiniU 84.67+2.82, 82.00+2.33 LAy 82.00+2.73 wesiius

AR LalUTANLANANAUN9EDR (p>0.05) (5199 3)

15 HT1(0%)
1287 1300 g 15 (506
12 1107 B T3 (10%)

T4 (15%)
9.40

(nFa)

407 a5z 412 463

3 206 204 206 205

0 -

UM 1 dwlingnuamueyuns 1 eSuvueuiiasivangauwnslueimsysinasineu

15 HT1(0%)
W T2 (5%)
2 T3 (10%)

10.55
T4 (15%)

924 925 %48

(wufins)

612 615 636 627

&

473 465 467 457
3
L]

a1 abai 2 bt 3

aruEAY

JUN 2 anmgmgnuamineyuns 1 idsurieuilasiumeauwisluanssinasinetu

Vol.13 Issue.2 (May — August 2025) | Uil 13 atudl 2 (MauA1AY - FAY 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY
NITIeImansuazmalulad WIneausvinenssnd

120 W fpinniieniiuiu

w00 EdnTnisieanegaie

100 100 100
100
86
o

T1 (0%) T2 (5%) T3 (10%) T4 (15%)

(Wasigud)
8 i3 3

8

dmin13Ton (SR)

3UN 3 dnsnnsTengnuamvueyuns 1 LaSuvuauLiasiuagauwi

Tupmnsusunamnany

PNEaMIaBsUIMsIusuLtasiuaaELluensUSINa 15 Wesidus
vilvignuavmetams 1 Thsimaidyiuladnityamaassdu lae St-Hilaire et al.
(2007) nnaoIEsamIW (Oncorhynchus mykiss) @895 WAL ULNAT
Sumeszozdoudndnug 25 wWesdud lvianasuivlailnddesiunsiasie
91M15Ua198191A87 LwuReaiU Kumar et al. (2011) mmaauﬁquﬂﬂmﬂxwaﬂma
anunsaldvueuiuasiuanaifudiunaunaunuuarvulusimsialauinnin 28.4
Wasiud udtieandn 50 wWeddusd svibignUannenwsnniasydulalad emmsidu

Haduddurensidssantanaraninwinasulaeiinluiinasenisiaeslaiia was

o

¥
< i ¢l

o9 Jelndoin (2528) senuidmmmaasuomaduieluadioglunusiaa
pnsfiinuamiiatu arsidnsuanidesini 2.00 aenadestuiniun uufia
(2563) naaesdlinusunuasiuaadudiunauluomsgniuamuelveyuns 1 91ms
NauvLoULIAYuaTY 30 Wosdudivesadulimaonsivhliandhmdnifiudy
1 Alanugnninesngudu mslivusuusasiuane 30 Wedldudiadaluemsdnsy
doammelneyguns 1 feandununsnde Snvemuouuuasiuatedinsnozdlud

)

o & o o o o g v & & o o . a

Iudu Ty uwagansermssesiddsy vililunadeniifinuedmiuunadusiiu
Tuemsdnd (Makkar et al.,, 2014) Fupunuasiuateflushiu 42 wWesidud v
35 Weosldud ninexdilu ussndusgiasiueuutasiuaeiindsau 2,900 Keal/kg

(De Marco et al., 2015; Spranghers et al., 2017)

Vol.13 Issue.2 (May — August 2025) | Ui 13 atudl 2 (WauA1AY - AmAy 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NI TIMEIeansuazmalulag Wineaus1vinenssnd

M99 1 dwdniade (nu) gnuaivueyuns 1 e@sunusuiuasiuatgeuwily

21915V LU Y
sx@f‘umatﬁ%muammaﬁumaauLLﬁﬂummi
ITYTLIAN F-test
T1 (0%) T2 (5%) T3 (10%) T4 (15%)
Sudy 2.06+0.02 2.04+0.05 2.06+0.04 2.05+0.01 ns
30 Yu 4.474008° 4524003  4.72+0.05 4.63+0.03" *
60 Tu 9.40+0.69°  11.07+0.12°  12.87+0.12°  13.00+0.87° *

MBI : MIgneInwdinguiliiaiuniununs uansdlidanuuandismisadia (P>0.05)

M99 2 ANNENILRRY (WURWAT) gnUaMNeYUNT 1 ESUrUaUIIAITUANER U

Tusmnsusunasnanu
%ﬁuﬂﬂiLﬂ%ﬁJWuBuLLﬁJﬁﬂguﬁ'lElaULLﬁﬂuaﬁﬁ'Ii
2N F-test
T1 (0%) T2 (5%) T3 (10%) T4 (15%)
Sudy 4.73+1.07 4.65+0.21 4.67+0.30 4.57+0.21 ns
30 Fu 6.12+¢0.12°  6.15+0.050°  6.36+0.07°  6.27+0.02" *
60 Tu 9.24+0.46 9.25+8.96 9.48+0.20 10.55+0.16 ns

wueme . Msnwsnwdinguilinaiuniuius wansihifianuunnd1emeda (P>0.05)

A19197 3 8RTINMTATYAULAgNUAINDYUNT 1 LAglaSunuauLIaITuaIgauW

Tuawnsusunasnanu

. - . STRUNNSLESUMLAULNALIUAEaUS WA MNS
BNIINTRTYLAULR F-test
T1(0%) T2 (5%) T3 (10%) T4 (15%)

dnnsTendaving (%)  82.00£2.73 8200£2.33 84.6742.82 86.00£2.86 ns
doindiusiotu (g/d)  0.12+001°  0.15:002° 0.18:0.02° 0.18:0.02°  *
Sasmsdulasimng 59740017 7.67:0.02°  9.43x0.02° 9.58:0.01°  *
(%/d)

Sasuaniile 1.60£0.01°  131x0.02° 1.13:0.01° 1.10£0.02° *

a

UsLANTAINURI9MNS 0.62+0.06 0.7620.09b° 0.89+0.05" 0.91+0.08 *

naewe : MgnwsnwsInguiliinaiumuiud wanslidenuunnemeada (P>0.05)

Vol.13 Issue.2 (May — August 2025) | Uil 13 atudl 2 (MauA1AY - FAY 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIemansuazmalulad wininedusvigenssiil

2. aauantivasunluvafuifeslaniuayuns 1 lnglasunuauuuadiy
argluammsUsunasineiulunseds szeziian 60 Ju

Usinaeendwuitavansluii (Dissolved Oxygen, DO) fifnsewing 2.52-2.80

[ ' [

faansuseans Wussauundlunmsidesdnidn anudunsadusig (pH) Sasewing

7.10-7.04 wingaudmsunsidesdniun amulusaies (Transparency) A1A3TUSY

1%

waswehfiAnszwing 25-30 wufiung Wuifmunzadlunisdssdaii AUYU
w3t (Turbidity) flesgwing 40.05-59.6 NTU aglutasausuinfivilvuasannsa
dosaslulddnunn guugiveti (Water Temperature) oeflutiag 31.2-33.4 a3
waiBua dadugampifivmnzausomsaiayiulavesatlunieumsogflutag 25-32

srwalua ArnuL i (Conductivity) agllusening 420.5-475.0 lulasBiuus/

v

WURLLAT AUz dURDNITIERIERTUN ALENTEIUT (Water Depth) A1AINLANTDY

v ' v
o

o a ! al' wa a i s ¢ a
YIUATEMNING 0.7-1.5 s (115199 4) ﬂmaﬂiumﬂLVNW%aN@%IULﬂm%Wﬁ@?U']Lf\]ify’

Wiulalarauunfnazmuzausonisissdinvesdailn (nsuauauuaiy, 2553;

Boyd, 1990)

Y

M19199 4 AaunwinlutefuiidesUaivueuns 1 lngieSuvuouiasuaIgo Ui

Tuemsusuneauseiuy
- . e . ﬂ%\?ﬁ
WIAIULBT UGN Lﬂm‘?/lﬁ-l']ﬁ?ﬁqu
1 2 3
Uinaeendiauavaneluii mg/l 2-5 2.52 2.70 2.80
Anudunsadusing - 6.5-9.0 710 708  7.04
ﬂ'ﬁlliﬂﬁlﬂLL?N LYURLUNT 30-60 30 28 25
ALY NTU 25-80 405 486 596
gaumgdih °C 28-32 312 325 334
el (uS/cm ) < 2,000 4205 4508  475.0
mmﬁﬂmamjﬁ LRI - 1.5 1.0 0.7

Vol.13 Issue.2 (May — August 2025) | Ui 13 atudl 2 (WauA1AY - AmAy 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NI TIMEIeansuazmalulag Wineaus1vinenssnd

d3UNaN133Y

N13ANYIENTINTRTYRUIALAEENTINTTOAVRIGNUAIMNBYUNT 1 WU
msiasuvuouluasiuatgluemsUiunnm 15 Wesidus dnanednsnisiaiyivle
wazUs¥ANTNIMUeI8IMIT IANULANAIAUNIETH (P<0.05) kagAI1ue1IgAving
unfigalusuimiingaine dntindiudetu sasnisiviadumg Snsuanide
dasnssengagaiign ualifianuuandeiunieada (P>0.05) lunisldnueuunag
fumeoaSiluemsdmiudssUamonms 1 aansatodlusiuluomnsiiiels

Uanvmuagums 1 f8nsmsasaiulaiisatuwazaninsaanfuyuaue1mnsnsaesle

AnAnIsuUIENA
AIdeveveUAMNBIUALaSIINgMans TFeuaruinnsTy (3u.) didnau
ANENITUNITAUASIINY IManT Auazuinnssy (anad.) NTENTINITRAUANYT

o

Mgeans ITuuaruinnssy (91.) NatvayunuideussIntauussun w.e. 2567

=

LA VBVOUAMUNNINGNGETAaSunsiatuayunud aunsal wazadugidnsy

9 9

AMsaiuauIseluasIl

LONE1591989

AsuUsE. (2566). Efﬁ?ﬁﬁlﬂﬁ/ﬂ?\?ﬁ/ﬂj Aumusloudl 1 fusneu 2567, 910 https://
wwwi fisheries.go.th/index.php/dof/news_local/1210/185820.

nsuAUALLATY. (2553). alon siaeualunsyte tuiinsdudauandon. nganme:
AENTNNTNINTOTIUVPUarAINE .

Infiun wiuRa. (2563). nsldnueuwtasiuaradudiunanluenmsgndamuelne
YINT 1. 97587599971950710UN 150159 UNYAT, 4(2), 15-25.

LS maatan way 9197990 AWAS. (2528). AeuanURves Ay AT wd eI
59em19m7UTzaN. (Meeunsive). ngaumme: andulszunihdauiend.

Hee Welndin. (2528). 9175147, [onansuseneunsaou]. AzUszas unTineds

LNWRSAERNS.

Vol.13 Issue.2 (May — August 2025) | Uil 13 atudl 2 (MauA1AY - FAY 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIemansuazmalulad wininedusvigenssiil

Auiidoungimuiugnssdaitiguns. (2560). Eesvammelnlaselds. Fudu
dletudl 1 fueneu 2567, 91nhttpsy/wwwafisheries.go.th/index.php/dof/
activity _item/1180.

Boyd, C. E. (1990). Water Quality in Pond for Aquaculture. Alabma Agricultural
Experiment Station. Auburn University, Auburn Alabama.

De Marco, M., Martinez, S., Madrid, F., Gai, F., Rotolo, L., & Kovitvadhi, A. (2015).
Nutritional value of two insect larval meals (Tenebriomolitor and
Hermetiallucens) of broiler chickens: Apparent nutrient digestibility,
apparent ileal amino acid digestibility and apparent metabolizable
energy. Animal Feed Science and Technology, 209, 209-218.

Davenport, J., & Abdul Matin, A. K. M. (1990). Terrestrial locomotion in the
climbing perch Anabas testudineus (Bloch) (Anabantidea, Pisces). Journal
of Fish Biology, 37(1), 175-184.

Hepher, B., & Pruginin, Y. (1981). Commercial Fish Farming: with Special Reference
to Fish Culture Israel. John Wiley & Sons, New York. U.S.A.

Kumar, S. V. R, Inamdar, N. Md., Nayeemunnisa, & Viswanatha, G. L. (2011).
Protective effect of lemongrass oil against dexamethasone induced
hyperlipidemia in rats: possible role of decreased lecithin cholesterol
acetyltransferase activity. Asian Pacific Journal of Tropical Medicine,
4(8), 658-660.

Liem, K. F. (1987). Functional design of the air ventilation apparatus and overland
excursions by teleosts. Fieldiana. Zoology, 37, Doi.org/10.5962/bhl title.
2823.

Makkar, H. P., Tran, G., Heuzé, V., & Ankers, P. (2014). State-of-the-art on use of
insects as animal feed. Animal feed science and technology, 197, 1-33.

Spranghers, T., Ottoboni, M., Klootwijk, C., Ovyn, A., Deboosere, S., Meulenaer,
De B., & Smet, De S. (2017). Nutritional composition of black soldier fly

Vol.13 Issue.2 (May — August 2025) | Ui 13 atudl 2 (WauA1AY - AmAy 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NI TIMEIeansuazmalulag Wineaus1vinenssnd

(Hermetiaillucens) prepupae reared on different organic wase substrates.
Journal of the Science of Food and Agriculture, 97, 2594-2600.
St-Hilaire, S., Sheppard, C., Tomberlin, J. K, Irving, S., Newton, L., McGuire, M. A,,
Mosley, E. E., Hardy, R. W., Sealey, W. (2007). Fly prepupae as a feedstuff
for rainbow trout, Oncorhychus mykiss. Journal of the World Aquaculture
Society, 38(1), 59-67.

Wang, Y. S., & Shelomi, M. (2017). Review of black soldier fly (Hermetia illucens)

as animal feed and human food. Foods, 6(10), 91.

Vol.13 Issue.2 (May — August 2025) | Uil 13 atudl 2 (MauA1AY - FAY 2568)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NITIemansuazmalulad wininedusvigenssiil

Vol.13 Issue.2 (May — August 2025) | Ui 13 atudl 2 (WauA1AY - AmAy 2568)



UM INY1A V1A 5511
64 n.MNT Auananuls Snailiss Jmingassiil 41000
Tnsfnii: 042-211040 s 1702 Vulae: http://rdi.udru.ac.th
AUl https://pho1.tci-thaijo.org/index.php/scudru
dua: scjournal@udru.ac.th




