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Figure 1 Conceptual framework.
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Table 1 The average, standard deviation, and proportion of received opinions
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Aniuluszdunis lusvesmnufifertunsldaulasy nui
HABULUUABUNINDY 62.38 % Fuinlasuansaldlunisdanu
ansidn vl Ineflnzuuuadeeyil 3.12 (SD = 0.85) vaudl
Tuduauannsalunisauaudiinmansiy wuiidnou
LUUABUALFIUIL 63.84 % 1FeTlnTuANTAAIUANSERUMS
wuasld Tneidiadef 3.19 (SD = 0.60) uenaniinislilnsu
Tunnilufl faruAniueyd 6355 % lnsdaziuuiad oi
3.18 (SD = 0.66) uazfuiinsduduinlasuauninanszeviian
nmsvhau uandliiuindenualauazseuumeluladiflundy
y1lsden ST mneunuuaUa T INA 65.06 % Lned
AzLULLRABRYT 3.25 (SD = 0.61) FauaniinuaIwLNAsNIT]
fiidaunsunuuaeuniuisuun (SD = 0.99) Ususniunumsns
awnsavilaegefivsg@nsam Tusuanuasainlunisious
nsldanlasy ffidrsunounuuasuauianun 65.35 % uaz
I#aziuuade 3.27 (SD = 0.63) Avsdinislilasulionuas
dlaldias venanil inwnsnsfivgndesdsdninniadeusnsly
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ALIULLRAE 3.33 (SD = 0.61) qai1e tnuasnsamsaldanu
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Usganal 65.60 % WazAzluuLeAY 3.28 (SD = 0.65) Fauandin
wnwnsnsansaseuln1sltdlasuldegiesinss vinlinas
sudunislulifanufivssansaimuindu dauandunisis
(Table 1)

Strongly

Opinions received level Agree Neutral

agree

Disagree

Strongl - Interpret
i Total X % SD. P

disagree results

1. Do you know that drones

can be used to spray 13 93 174 50

herbicides.
2. The quantity of herbicide

sprayed can be managed by 2 95 215 31

drones.

3. Drones are applicable in a
wide range of fields.

4. Drones can cut down on

3 108 207 25

work time.
5. Herbicides can be
independently sprayed by

5 105 186 26

sugarcane farmers using
drones.

6. Easy-to-follow instructions

for using a drone to spray 6 107 205 25

pesticides.
7. Sugarcane producers learn
how to apply pesticides with

drones in a simple and 2 131 191 18

straightforward manner.
8. Sugarcane producers can

quickly and efficiently apply 3 123 188 28

herbicides with drones.

14 344 3.12 62.38 0.85 Neutral

63.84 Neutral

63.55 Neutral

3.25 65.06 0.61 Neutral

3.07 61.45 Neutral

3.27 65.35 Neutral

66.57 0.61 Neutral

65.64 Neutral
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niTeineatuauaulavesnalsseslunisldlasy
dwsunisiuansialannnguiaede 344 Ay WuIIAILILYES
Y1UNEATHTEAU "Nang" Imamuuma?{aag}ﬁ 3.28 019 3.30 uay
Arnuidosuuannsgiuegd 0.64 fis 0.66 Feagviouliiuds
aulidmileuiuluauaaiulusyduuiunais Tusdouwsn
Wertuanuaulalunisldlasy valsfanuaulaviunais
TneAzuuuaedl 3.28 (SD = 0.65) uazilmauluuaauAIud
65.58 % fiiAuAMIUEUINTSENa1Y Senanstiernudesnis
naaedldimeluladlndluinuasnssy dmsuideiidenisatu
nsmdeyaiaiy maunsasnsiiaudladnumislilasy tned
AaAsAzILLLT 3.30 (SD = 0.66) uaz 66.05 % wansnuaula
Mnspiunaivgs Tasiiemufesnindoudifsaiuuinngs

Table 2 % of interesting views, mean, and standard deviation

i msuanamsldlasuiauddnlunstielfinumsnsinaule
1#Tu Taefiruaded 330 (SD = 0.68) uaz 66.05 % wesrnou
WARIAIILIUSTAUNANaTIES %QLLamaﬁqmmﬁwﬁmmsﬁm&au,az
nsansalunislmeluladilununsnssy Wefiuussansam
nsldlasu msfinisdananssuliinuasnslanaaeddlasuaie
uwdnsdnauedeyasgradusudeu nsatvayunisdnduls
Hrun1sanSauaznislimusneaztelmnunsnsiulalunnsly
umaluladdlunisinens nsduasunisldlasulunin
mMsneRsaztsiunandnuarassnnuaulanawmaluladlng
Faduwumaiionswaundididulueuan nsdnfanssuuas
msthiaueteyafivnzauaziiglunsnssdunsivasuuladly
AEUNTIUNTINEAT (Table 2)

. Strongly X Strongly — Interpret
Interested opinions level Agree Neutral Disagree . Total X % SD.
agree disagree results
1. Farmers who grow sugarcane are eager
) . ) 7 112 195 30 0 344 3.28 65.58 0.65 Neutral
to test out chemical spraying with drones.
2. Farmers that grow sugarcane learn
more about the use of drones in 4 128 182 28 2 344 3.30 66.05 0.66 Neutral
agriculture.
3. When agricultural drones arrive to show
how to utilize them, sugarcane farmers
1 133 181 27 2 344 3.30 66.05 0.64 Neutral

can test them out to help them decide

how best to employ them.

MnmsasunnuasnsgUgndeeifsatunislilasuly
nsniuansenSivtuaula wuindirnudadiuiidoudhsnans Tae
azuuuiedseglusziu 3.35 fa 3.39 vaziiddoauumasgud
52N 0.60 89 0.65 Fauansidlanumainanevesnnudniiu
Tusyaud Tududsyleniveanisldlasy tnuasnsuesinnisld
Tnsufivszlovinenisugnees lasazuuulad ofi 3.35
(SD = 0.60) UazUsva 67.03 % VBIYRMOULUUADUN NG
Tusgdunansiegs azvieufanisseuiuluuinnssut wonani
mmL%"aﬁuiuﬂwﬂﬁmuﬁaeﬂuizﬁmmﬂ Tnefinzuuuiadsd
3.35(SD = 0.62) wag nauUssuI 66.92 % v uda8lu
sydfunans Falstasenusiulaludnenmnnslélasy fausineed

Table 3 % of evaluation opinions, mean, and standard deviation

yunesTiuanmeiuINnIeY Invasnsiipmesiinislilasuiaony
g907n Tasazuuuad ol 3.39 (SD = 0.65) uazdlds 67.73 %
uesinsltlnsudesnisiinuzuazmsidlaluseduiigs Jauans
faeuvimedmiunssudiuldnumeliladd Wewiunisiug
wazUsgdnznmnsiilasuluinwes Sidoauefiddey wu n1sdn
Anousuitolinsldiuiiedu waradsenuiulaliinunsns
uennimsiangunsallildauldieiu Weanaudeanis
inweiilay mﬂﬁﬁmuzﬁwmﬂQL%aamwmluixaxLéuﬁuﬁéwﬁzy
Bnavaniartsanguasselunislilnsuuesifiuaushilals
inwAsns Faavilugnislduinnssuiidlunianenslusuinn
(Table 3)

. . Strongly . Strongly — Interpret
Evaluation opinions level Agree Neutral Disagree i Total X % SD.
agree disagree results
1. Sugarcane producers believe that
their own sugarcane crops will
2 137 185 20 0 344 3.35 67.03 0.60 Neutral
benefit from the use of drones to
spray herbicides.
2. Sugarcane producers believe that
using drones to spray chemicals 6 128 189 21 0 344 3.35 66.92 0.62 Neutral
would be a smart idea.
3. Because it requires a lot of
expertise and knowledge.
Sugarcane producers therefore 8 140 175 19 2 344 3.39 67.73 0.65 Neutral

believe that using drones to spray
pesticides on their fields is difficult.
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sefunansfiags Bauansianaasuaiemudludiud uwigedinng
voupaulusuaasivlafeafunslda lunslélasuun
FEnnsidniuivuuuin inwasnstuudltudiazfinnsannsly
Tasu Inavduazuuulade 3.40 (SD = 0.63) uay 67.91 % Vs
Frounuuasuamiiuselusziunans Fsusuenisaudnu
walwlaglmilunszuiunisineas MensiuSeuiisunadns
sewinansldlasusunsineasuuus aiudy aasldsunis
avvayu W eliiiuuszAnsnmuazaud ud1vesnisii
welulagunldlugeainnssunmsinens nsenyiuieuiisuiuy

Table 4 % of experimental viewpoints, mean, and standard deviation

o -

Tarveliinunsnslasudeyandaaulunisdadulafesiunig

a

denldlasulunuujod deenathldgnisifiunandauazan
Anldsneluntswanludnuasitinnumng wonani nswamn
Tosulfmnzaufuanmitufinfiaumannnans Wy fuiiain
Funserhsuruiadn Mldudndadedidglunisnsedunisia
TasulUldlugmanvnssunisineas n1seonuuulasuiiaiunse
voluanwundesfiunnsnaiuiu szaaelfinuasnsanunsa
dameluladifldedniazmnunniy wasdfislennalunisldiu
agneiiUsEAnEam wonand annadisratnuasnsiiuualdud
axRarsann1slilasy Felimpzuuwade 3.0 (SD = 0.63) uaz
67.91 % wiudelusedunans dedunisiaduaiiainyzainug
wieausunseusuisatunsldaulasu Tunanisineasesu
nsatfuayunsiimealuladunldidlussezen nsweunng
wavinueiisuiuliinuasnszgrelimnaiaunsaldnulasu
IFogefiuszans nmuardefu dwaldauindenisiauinia
wnwnslusunan (Table 4)

X . Strongly . Strongly — Interpret
Experimental opinions level Agree  Neutral Disagree . Total X % SD.

agree disagree results
1. Sugarcane farmers are learning concerning the
use of drones to spray herbicides in sugarcane 3 129 188 23 1 344 332 6640 0.62 Neutral
fields.
2. Instead of using traditional methods to get rid
of weeds, sugarcane farmers turn to drones to 7 142 175 20 0 344 340 6791 0.63 Neutral
spray herbicides instead.
3. Sugarcane farmers use drones to spray

8 137 181 16 2 344 339  67.73 0.64 Neutral

herbicides to suit their sugarcane fields.

nsAnsdesmslilasudmiunswuansidatufialuls
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rlansldanulnsu Fevsvendemuaulanazaruannsoly
n1susuandrgmalulagivg Tunrsiarsainisldlasuunu
WA INWAINTIANT
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= =
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u
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Tudnuamaeslasulunisusunislidaulvaonnd aeiu
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wilafidud sy i otasuadeannnd e uluguvu
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a

waziUsEansnmunntu (Table 5)
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Table 5 % of accepted ideas, the mean, and the standard deviation
. Strongly X Strongly = Interpret
Accepted opinions level Agree  Neutral Disagree Total X % SD.

agree disagree results
1. Sugarcane farmers are learning concerning
the use of drones to spray herbicides in 9 145 185 5 0 344 346  69.19 0.57 agree
sugarcane fields.
2. Sugarcane farmers use drones to spray
herbicides instead of other methods of 10 151 179 4 0 344 349  69.71 058 agree
eliminating weeds.
3. Sugarcane farmers use drones to spray

20 150 163 10 1 344 352 7035 0.66 agree

herbicides to suit their sugarcane fields.
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AM981989115398970 (Punyawattoe et al, 2017) i liuanadn
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ogdadu fau anuseusunaznsluldmaluladd el
ANUdIAYRENITHAILIgAaIMNTTUNISINEATIUYSEWAlnely
AN

wilinwaansazidladanualunisldlasudiniy
nsinwas wirnuaulaasdunisldaulasudsligedn denns
Weszyhanuaulalunmsmasesddlasulunuasnssudieyly
sedusn Tnefvansdadvesvieidosd wu anududeunes
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Tun1anisinens nan1sAdnwilaeg (Poolkasem et al., 2020)
wuinnwasnsidonggmaznsAnulisnndnndyiugUassely
nsldumalulaging wagdeenisnisaduayusiudunis
Aneusuifisifuienevauawonsdsuuadldistu A
aupaundlakazausglunsidnaluladivuade
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UsgAnsam Bslundniu inwasnsngulvgdadunguiions
Uszauanuauinlunsiimeluladlvsiunld Wesanmanian
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msfnyiuduAsiuuianssmad msasenisiuiuagnis
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Chantrarat et. al (2019) 4 I udnnuasnsluvssinalned
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a3 N15398laY (Wachasuwan & Wongsansukcharoen., 2022)
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aud alalunisldauanif ud uoged Yo dy weds
naviiu amnufnaisatuaugseinlunisldauissylil
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nsveusumealuladlmilungunumsng uenani nan1siseves
(Chantarat et al.,, 2019) Sawgliiiutagminisuinineanu
wadad sinansznuddyaenisiilasuuildlufanssums
nsinwas n1svnesRnuiagyinuelunsldmalulagivg q
oo liinunsnsdd@nluuylouaglind i a:ldlasulunis
fuiuay Sefealinsimuuazduaiuiolinuasnsanunsnii
welwladdurldldegeiuseansamd iy 91nnan1sdine
Windudameinnuasnsdindanaudladetunsidaulasy
Tununsinumseglusedum Tasfisnaunuasnsiilasuvied
unuiazdelnsuluounanegsinia deyainsstunisidenes
(Koondee et al., 2022) 71 5zy38as1nseousumaluladin
fnvgsuilosainnisvinniuuasunasuruiisndulunns
rdanaluladivani wiiesinsfnviandiiduiinasly
Tasulunmsviudelulsdosanunsoifiuussdnsammsvinnuay
ann15en15v9uld (Punyawattoe et al., 2017) uan1silasy
uldlunrswuarsiadnndniaivlulsdeudinsuszautgm
fesnnmswuansiadsududeddanuuduglusedudlng
Ay Faduauimedilasuldannsarildmmiatuntsy
oy auimediAnananugeedudesuazguassanig 9
Aflnasonisnszateansiaianuiifesnts nsiwuniznisvie
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n15nwas wein1sdluldauadsdandyiuanuimemsie
adudeulunisldny alddneiias waznsuinuaaulusunss
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(Srivetbodee S. & Igel, 2021) fiLfug1fsmIud A yr0INIS
Waulasufildaudisuazdsiandiangay Woduaduau
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#3UNaN1539Y
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(SD) +0.61 2. Funsanila TnoAzuyuuRAagsEying 3.30 uazAn
drudonuusnnsgiu (SD) +0.66 34unisusuiiue Tnsazuuy
1dyogszmning 3.39 uazAduDoauuLasgIl (SD) £0.65 4.
Fun1vaaes ImaﬂxLLuuLa?{aasﬁ 3.40 wazArdudsauy
WMs51U (SD) +0.63 uae 5.5unsseniulnsazuuuadsegi
3.52 wazAnduLdaULIAIgIL (SD) £0.66 Inwnsnsaulvig)
wiuilasudidneniwlunsiiuUssAvBaimmainunsuazanusn
Usuldlimunzanduanmlsdasls agrslsfinny Ffinnuina
Weaduanududoulunisldanu lnsangluguinuemaie
wagnsmunxlasy Jsflveuuzihlvifinisdansiineusuiisatiy
nsasfleufuAasufi o uarudulanaz aruaiunsaves
InwRINT TudansatuayunisuaniUdsuyszaunisalssning
wnumang waznstaunraluladlildaudisduuazandunu
wielanunsndndsldegnanieung Faetaelinnsiilasuunld
TumAnessnssuivszansnmuagdidiluounan
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1090 UANINYATNTLATANIANYIILT S oA
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Table 1 Population and sample size
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Santisuk Sub-District

Population (cases)

Number of samples (cases)
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Pa Laeo Luang 64 44
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Total 179 124
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Table 2 Adoption use of Trichoderma spp. control plant diseases

N153U091IM551U GAP @enAd 84 uuId8ve9 Panumas
(2019) wu3 nwasnsdulvgy lasusesuinsgiu GAP dsula
9nnsUgninLeds 26,461.13 U asandesiuauideves
Siritchot (2012) Aidnw13es msldneluladnswandnuaende
NATRYVRUNEATNT  TudNNoyUUN FamTarouuiu wuid
inwasnsiisoldannisndndnuaondy iy 29,265.83 U
sHaRAnRds 23.46 v Suaundslunisnaninlud 2566
Wds 5.81 A%t Suauussenilunissdniniede 2.31 au S
nandnede 1.31 19 Tndifssiueuiseves Kaewduang (2015)
Ifviinns@nud esnswdndnuasassniunisufianianig
inwasTirvesnumsnsludmiavuoine wuinavnsnsituily
nswaninUaenfbiade 1.40 13 ladoiads 2.40 as
dmfuransdnuiisaiunissensunsldidesiaslas
wosulunisnuauiis wuin Sudu 1 Ae nislidoslasias
wesulunsauaulsaiiy daadvwindu ¢ daudoauy
1ATFIUIIAY 0.943 509091 Aa NaHARLAENNTUEBLT DT
Iaslasinefuniidndewiiiu 3.84 drufosuuinnsgiusiniu
3.81 upzduduaufio sunounsliideslaslasnesunoulgn
fifnuadnwinfy 3.81 drudsvunnsgiuniiy 3.81 (Table 2)
nNan1Inaao Ul nIAUFURUS T Ld U I US
a5y (Multicollinearity) Tu Table 3 wuinduussansanduius
voiauUsdaseynaiiailiiiu 0.80 awnsaeduielainduds
Xi- Xs annsalfidusuusdasy eliasevinisanaesnvgu
Tnglinelidadymeanuduiudidaduvesiuysdasy
INN15ATIENNITanneenAuly Table 4 HANTS
Ansgiiiomiafeiifuaronisseniunisliitoslaslamedin
muaulsanvlunisndain dwsuiulsdase 8 fuds nanis
ARs1e9t Wi SFus 1 fuds Ae Swauadinislateinade
nssausunsifideslaslamesuilunismunulsaiiy agned
Toddnmeadnfisedu 0.05 nefianuduiusidsauniolunia
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7 liflenduitusfunissensumsldideniaslamefinnuau
lsafeluntsudnineesiioddgnisedia 0.05

n=124
Standard
Adoption Items Average L Description Ranking
deviation
1. Production process expansion 3.87 0.902 a lot 2
2. Using before planting 3.81 0.857 a lot 3
3. Using during plantation for control disease 4.00 0.943 Most 1

Average 3.89
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Table 3 Analysis of correlation coefficients
n=124
Variable X X5 X3 Xq Xs Xs X7

X1 1 -0.052 -.252% 0.010 -0.141 -0.044 -0.019 -.218%

) 1 -0.041 0.086 .182* .204* 0.139 -0.048

X3 1 -0.095 0.100 -0.027 0.135 -0.067

Xq 1 0.032 0.082 -.266%* -0.016

Xs 1 0.005 0.085 0.016

Xe 1 -0.147 0.046

X7 1 -0.133

Xs

Table 4 Multiple regression analysis
n=124
Constant Variable Coefficient t sig
Regression (b)
X3 Age (years) 0.004 0.838 0.404
X, Cost of vegetable production (baht) -5.512E-06 -1.088 0.279
Xs Number of vegetable production (times) -0.023 -1.132 0.260
Xq Number of workers in vegetable production (people) 0.002 0.049 0.961
Xs Income from vegetable production 0.001 0.814 0.417
(baht per year)
X Area of vegetable production (rai) 0.018 0.472 0.638
X7 Number of times to apply fertilizer (times) -0.090 -2.549 0.012
Xs The use of Trichoderma spp. control plant diseases -0.011 -0.034 0.973
R?=0094 SEE=0270 F=1489 Sig = 0.169
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ABSTRACT
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Adoption
Trichoderma

Plant disease control
Vegetable production

The purpose of this study was to analyze factors affecting the acceptance of
Trichoderma plant disease control in Vegetable production of farmers in Santisuk District, Nan
Province, from farmers who Register farmers with the Department of Agricultural Extension.
Production year 2023/2024, a total of 179 cases, using the Taro Yamane formula at an error level
of 0.05, resulting in a sample size of 124 cases. The instrument used for data collection is an
interview. Data were analyzed using statistics such as percentages, averages, standard deviations,
and multiple regression analysis. The results of the study found that most farmers had an average
age of 54.05 years, graduated from primary school, 38.70 percentage, had an average of 7.87 years
of vegetable production experience. Farmers attended training an average of 2.51 times, with an
average total annual income of 79,669.84 baht, an average income from the agricultural sector of
31,460.88 baht, an average income from growing vegetables of 26,461.13 baht, an average income
outside of the agricultural sector 21,747.82 baht, average production price 23.46 baht, average
number of vegetable production times in the production year 2023, 5.81 times, average number of
laborers in vegetable production 2.31 people, average vegetable production area 1.31 rai, and
average fertilizer application 2.40 times.The results of the simple correlation coefficient test
(Pearson Correlation) found that the factors affecting the acceptance of using Trichoderma fungus
to control plant diseases in vegetable production were statistically significant at the 0.05 level is
the number of times fertilizing with a correlation coefficient equal to -0.090. For other variables, it
was found that there was no relationship at the level of statistical significance at the 0.05 level
including age, and vegetable production prices, the number of vegetable production times, number
of vegetable production workers, income from vegetable production, vegetable production area,
number of times to apply fertilizer, and the use of Trichoderma fungus to control plant diseases in
vegetable production.
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Table 1 Relationship between personal factors and goat meat consumption behavior of consumer samples in Southern Thailand by using Chi-square test

Age Religion Monthly Income
Behavior
X df Sig. X’ df Sig. X df Sig.
Frequency of goat meat consumption 6.343 3 .096™ 938 626" 11.974 3 .007**
Amount of goat meat consumption 16.488 6 011* 16.715 .002** 20.910 6 .002**
Purpose of purchase 24.028 3 .000%* 3.402 182™ 2.087 3 555"
Criteria for purchase decision 36.809 21 .018* 54.833 14 .000** 50.516 21 .000**
Preferred store for purchase 15.393 12 221" 51.685 8 .000** 61.712 12 .000**
Preferred time of purchase 27.501 15 .025% 42.553 10 .000** 52.209 15 .000**
Situations of consumption 10.590 12 564" 35.568 .000** 36.879 12 .000**
Reasons for consumption 33.530 15 .004%* 45.355 .000** 43.397 15 .000**
Appropriate price per purchase 47.241 15 .000%* 74.800 10 .000** 39.633 15 .001**
Influences on purchase decision 18.773 12 094" 40.627 8 .000** 45.398 12 .000**
Factors affecting purchase decision 26.635 15 .032% 31.319 10 .001** 20.201 15 164™
Preferred packaging characteristics 16.454 12 A7 41.896 .000** 42910 12 .000**
General consumption behavior 24.092 12 .020* 122.478 .000** 27.690 12 .006**
Preferred form of goat meat 37.965 15 .001%* 41.746 10 .000%* 22.571 15 .094™
Role in consumption process 20.780 12 054" 79.608 8 .000** 42.903 12 .000**

ns = not significant, * = significant at 0.05 level, ** = significant at 0.01 level.
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Table 2 Perceived benefit and value of goat meat
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Perceived Benefits and Value Mean S.D. Interpretation
Quality Dimension 3.41 0.80 Agree
Emotional Dimension 3.09 1.11 Neutral
Price Dimension 3.28 0.88 Neutral
Social Dimension 3.04 1.08 Neutral
Overall 3.21 0.85 Neutral
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Table 3 Comparison of perceived benefits and value of goat meat by personal factors using one-way

ANOVA

Personal Factors F df Sig.
Age (years) 6.926 3 .000%*
Religion 18.920 2 .000**
Monthly Income 8.276 3 .0007**

** = significant at 0.01 level.
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Table 4 Consumer attitudes towards goat meat
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PNARU Aalansly Table 4

Attitude Items Mean S.D. Interpretation

Goat meat is healthy 3.37 1.11 Neutral
Goat meat has good quality 3.40 1.00 Neutral
More beneficial than other meats 3.26 1.05 Neutral
Shows good taste 3.27 1.06 Neutral
Better than other meats 3.21 111 Neutral
Goat meat is expensive 3.52 0.97 Agree
Goat meat is interesting 3.34 1.06 Neutral
Goat meat has no harmful effects 3.45 1.02 Agree
Goat meat is a modern product 3.30 1.04 Neutral
Goat meat has good taste 3.39 1.07 Neutral
Goat meat has good smell 3.20 1.14 Neutral

Overall 3.34 0.88 Neutral
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Table 5 Health consciousness levels of consumer samples
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Health Consciousness Items Mean S.D. Interpretation
Very concerned about personal health 3.85 0.99 Agree
Very aware of personal health 3.80 0.96 Agree
Generally conscious about health 3.77 0.95 Agree
Regular health check-up 3.58 1.00 Agree
Overall 3.75 0.84 Agree
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Table 6 Analyze the relationship between health consciousness and the perceived benefits and value of goat meat using the person correlation method

Health consciousness

Perceived benefits and value

Health Consciousness
Perceived Benefits and Value of Goat Meat

1.000

0.492** 1.000

** = significant at 0.01 level.
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Table 7 Multiple regression analysis of factors affecting attitudes towards goat meat

Factors B SE Beta t p-value
Constant 0.193 0.073 2.641 .008**
Perceived benefits and value 0.839 0.020 0.813 42.004 .000**
Health consciousness 0.121 0.020 0.115 5.958 .000**

R = .875R’ = .766 adj.R? = .765 df = 3, 391 F = 1349.114*** SE . = 42698 p — value = .000

ns = not significant, * = significant at 0.05 level, ** = significant at 0.01 level.
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Table 8 Purchase intention for consuming goat meat
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Purchase intention items Mean S.D. Interpretation
Willing to purchase goat meat 3.24 1.19 Neutral
Willing to pay slightly more for goat meat 3.18 1.14 Neutral
Willing to purchase continuously 3.05 1.19 Neutral
Would recommend to others 3.22 1.13 Neutral

Overall

3.17 1.05 Neutral
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Factors B SE Beta t p-value
Constant -0.336 0.098 -3.446 .001**
Perceived benefits and value 0.681 0.047 0.551 14.459 .000**
Attitude towards goat meat 0.369 0.046 0.308 7.968 .000**
Health consciousness 0.025 0.028 0.020 0.905 366™

R=.843R* = 711 adj.R? =

710 df = 3,391 F = 676.163*** SE s = .56804 p — value = .000
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Table 1 Consumer behavior of bamboo shoot-processed product (n = 400)
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Table 1

Items Frequency Percentages
(Person)
Source of bamboo shoot-processed products purchase regularly
Flea markets or village markets 355 88.80
Direct purchase from farmers or sellers 20 5
Convenience stores (e.g., 7-11, Mini Big C, Lotus Express) 11 2.80
Department stores (e.g., Big C Extra, Lotus) 7 1.80
Grocery stores 3 0.80
Others 3 0.80
Online platforms (e.g., Facebook, Shopee, Lazada) 1 0.30
Types of bamboo shoot-processed products most frequently purchased
Fresh bamboo shoots 228 57
Boiled bamboo shoots 90 22.50
Pickled bamboo shoots 48 12
Others (e.g., dishes with bamboo shoots as an ingredient) 20 5
Canned bamboo shoots 11 2.80
Dried bamboo shoots 3 0.80
Frequency of purchasing bamboo shoot-processed products
Occasionally 221 55.30
1-2 times per month 133 33.30
3-4 times per month 32 8
More than 4 times per month 14 3.50
Main aims of purchasing bamboo shoot-processed products
To prepare main meals for personal family consumption 386 96.5
To prepare food for sale or resale 11 238
Others (e.g., as gifts) 3 0.8
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Table 1 Consumer behavior of bamboo shoot-processed product (n = 400) (Continue)

Iltems Frequency Percentages
(Person)
Number of bamboo shoot-processed products in the household
Consumed by 2-3 people 227 56.80
Consumed by more than 3 people 126 31.50
Consumed by one person a7 11.8
Influencers motivating the purchase of bamboo shoot-processed products
Oneself 192 a8
Family members 190 47.50
Friends 10 2.50
Vendors 7 1.80
Advertising through various media 1 0.30
Quantity purchased per transaction
Less than 1 kilogram 291 72.80
1-2 kilograms 102 25.50
3-5 kilograms 5 1.30
More than 5 kilograms 2 0.50
Types of packaging for bamboo shoot-processed products regularly
Plastic bag tied with a rubber band 322 80.50
Vacuum-sealed plastic bag 28 7
Non-vacuum-sealed plastic bag 28 7
Plastic jar 11 2.80
Canned 9 2.30
Others 2 0.50
Average spending on bamboo shoot-processed products per purchase
Less than 50 baht 220 55
51 - 100 baht 157 39.30
101 - 150 baht 19 4.30
More than 150 baht 4 1
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Table 2 The level of importance given to marketing mix factors affecting the overall consumption of ready to-eat bamboo shoot products

Marketing Mix X S.D. Level of Opinion

Product

1. Good taste, fresh, and retains its natural ingredients. 4.37 0.72 Strongly Agree

2. High-quality, safe, and meets standards. 4.12 0.91 Agree

3. The product provides nutritional value. 4.01 0.89 Agree

4. Durable packaging that is not easily torn. 3.90 0.95 Agree

5. A wide variety of product options available. 3.84 0.90 Agree

6. The brand is easily recognizable. 3.72 1.03 Agree
3.99 0.9 Agree

Price

1. The price is reasonable for the quantity of the product. 4.16 0.80 Agree

2. The price matches the quality of the product. 4.14 0.82 Agree

3. The price is reasonable compared to other brands. 3.93 0.90 Agree

4. A variety of price ranges are available. 3.89 0.92 Agree
4.03 0.86 Agree

Place

1. Easily accessible and convenient to purchase. 4.23 0.76 Strongly Agree

2. Products are available in general retail stores, such as convenience stores and supermarkets. 3.84 0.84 Agree

3. Home delivery service is provided. 3.70 1.09 Agree

4. Products are available for online purchase. 3.67 1.08 Agree
3.86 0.94 Agree

Promotion

1. Communicating information about the process of cultivation, processing, and distribution. 3.74 1.10 Agree

2. Providing knowledge by food or bamboo shoot experts. 3.68 1.09 Agree

3. Communication and advertising through online media. 3.65 1.08 Agree

4. Marketing promotions, such as discounts, freebies, and loyalty points. 3.63 1.11 Agree

3.68 1.10 Agree

2. tfodeiiamanionszuaunsinduledondnsausiuysyyan
nialiveswuslnaluiiningiva)

nsrwaun1siadulade (Consumer Decision Process)
\unszurunislunisifendiaznseyinddded wmilsannmaden
#eq Aiiteguoswesiuilan Tnsmsidelundaiifinuinszuauns
#ndulade 5 Tunou Usznoudae n1s3uddama (Problem
Recognition) ina1nduslnasdnisaiudesnisifiuiudym
msuaandaya (information Search) Wunsnisuarsmdoya
VLAY L ernunsudlad v n1sUseiduniaden
(Evaluation of Alternative) v un151 19t onu1v1n1s
Wisuiiisudeya mnuide Adeu vieuszaunisalluefin s
dindulade (Purchase Decision) lun1sinnswesfuslnaly

nsinduladoniolide uasngAnssuniendanisde (Post
Purchase Behavior) il e u3Tanazld sudszaunisallunis
u3lan Georeazldsumunelovielinelefly dmelaguslan
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Table 3 The decision-making process for purchasing processed bamboo shoot products

Decision-making process X S.D. Level
of Opinion
Problem Recognition
1. Purchase bamboo shoot-processed products due to a desire for consumption. 4.11 0.91 Agree
2. Purchase bamboo shoot-processed products influenced by the persuasion of people around. 3.16 1.11 Neutral
3. Purchase bamboo shoot-processed products based on advertisements. 298 1.11 Neutral
4. Purchase bamboo shoot-processed products based on recommendations from famous individuals in society, 277 1.17 Neutral
such as celebrities, singers, or YouTubers.
3.26 1.08 Neutral
Information Search
1. Consider past purchasing experiences before buying bamboo shoot-processed products 3.58 1.08 Agree
2. Survey and inquire at stores selling the product before deciding to purchasing bamboo shoot-processed 3.46 1.07 Agree
products
3. Ask for information from people around you before deciding to purchasing bamboo shoot-processed 3.36 1.06 Neutral
products
4. Search for information from various sources before purchasing bamboo shoot-processed products 3.19 1.08 Neutral
3.40 1.07 Neutral
Evaluation of Alternative
1. Consider the price when purchasing bamboo shoot-processed products 3.84 0.93 Agree
2. Consider the packaging when purchasing bamboo shoot-processed products 3.70 0.98 Agree
3. Consider sales promotions when purchasing bamboo shoot-processed products 3.52 1.09 Agree
4. Consider the brand when purchasing bamboo shoot-processed products 3.50 1.08 Agree
3.64 1.02 Agree
Purchase Decision
1. Decide to purchase bamboo shoot-processed products based on product quality. 3.87 1.00 Agree
2. Decide to purchase bamboo shoot-processed products based on recommendations from previous 3.70 1.81 Agree
consumers.
3. Consider sales promotions when purchasing bamboo shoot-processed products. 3.49 1.08 Agree
4. Advertising and various promotional media influence the decision to purchase bamboo shoot-processed 3.45 1.08 Agree
products
3.63 1.24 Agree
Post Purchase Behavior
1. Repurchase if satisfied with the consumption of bamboo shoot-processed products. 3.71 1.08 Agree
2. Share feelings or feedback with others after consuming bamboo shoot-processed products. 3.36 1.12 Neutral
3. Recommend others to purchase bamboo shoot-processed products. 3.24 113 Neutral
3.44 1.11 Agree
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5) dhuuvidsiitonandamiussuanuislfidulsydiing
undusionszuLmsFadulatevesiuslnaludminasan aanuiii
Foused 1y senan st uasiudessuen e1glifiteyaide
dnvsemsusenduiusifvatundndae viligusTnadeam
Foyaninunasdu vnanuiidasmireiduanui fifiunsgiu
ogheiuazmnteviersasmaudn fuilneavannsaduitigm
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Fu lil@enndosiu Detthamrong et al. (2019) 7ildvinns@nwn
HadennAnssuuilnasomarnauladodudluiuduanuuy
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viioosuieTwaiBen anaRiRaf AL Weadienudosiu
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FasBunfIuanly Table 4

Table 4 The factors affecting consumers' purchase decisions for bamboo shoot-processed products in Songkhla Province

Factors B S.E. Beta t P-value
Consumer Behavior Variables
Constant 0.778 0.046 16.892 0.000%
Frequency of purchasing 0.343 0.008 0.958 61.988 0.000"
Types of products purchased 0.012 0.015 0.021 0.800 0.424
Good taste and freshness -0.023 0.009 -0.042 -2.676 0.008"
Number of consumers in household -0.043 0.013 -0.054 -3.388 0.001"
Type of packaging 0.022 0.008 0.042 2.651 0.008"
Purchase location -0.021 0.009 -0.040 -2.469 0.014"
Purchase amount per time 0.009 0.012 0.018 0.750 0.454
Marketing Mix Variables
Product factors 0.011 0.014 0.020 0.786 0.433
Price factors 0.008 0.013 0.016 0.615 0.539
Place factors 0.007 0.012 0.015 0.583 0.560
Promotion factors 0.005 0.011 0.012 0.455 0.650

R = 0.953 R? = 0.908 adj.R* = 0.907 df = 5 F =

776.779 S.E . = 0.15196 P — value = .000°

*indicates statistical significance at the .05 level.

311 Table 4 gnansaasUuuudaesidenidvinasonszuiunisdndulaviinandnsusiulssunnudeliivesuslnaludwinasuan il

>

Y = 0.778 + 0.343X; - 0.023X; - 0.043X3 + 0.022X4 - 0.021X5
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wuurasdassudimnmideiogs Inefid R = 0.908 wanad

Table 5 SWOT analysis

Fudsdasglunuuiassanunsneduisnisiasunlaswesnis
dnauladelfieseray 90.80
3. nagnsn1anIsnaInd nunzauluntsun SR kA A
wanAusiulsyuInmieldlidgamudululdlunisdmieds
wiglve

A9TATed SWOT 1uad esfloddayiivasliesdns
prtadlaanmuandeuanelunasaeuensghaiuszu e
advayunsdnauladanayns dvaninusinazuume deil 1)
MIlnTzianmwIadaunsuenesns Wunsinseilenia
(Opportunities - O) wazgUassa (Threats - T) 2) N1534ATI¥NA
anmwandeuneluerng Wunisiiansangauds (Strengths- S)
uazqneau (Weaknesses - W) 9niuazihdayainnsiinse
SWOT lfiansuiiefvuanagnsniadensiieg (Altemative
Strategies) Ineldia3osiiofiZunin TOWS Matrix utseanidu 4
JULUU Ao nagns SO (The SO Strategy) tunagnsidesn na
g5 ST (The ST Strategy) Ao nagnsi¥adasiu nagns WO
(The WO Strategy) fio nagnsiawily uaznagns WT (The WT
Strategy) i@ NagNSLT3U (Nitichaowakul , 2022) 91019
AeneideyaiienfiusziuaudAguestadeludulszauma
nsnaafidnaienisuslaandndnsinsguanmdelsl sauds
Hadeiifnasionsiaduladondadusiuusglanmieliveg
Fuslneludminasan uazran1sias eyt SWOT Analysis Lite
Tdluni1simunnagnsn1nIsnaIneie3snis TOWS Matrix Tu
s auILarensza uRdad el udsyUanuu el vl
ANNENNTAIUNITIIINEBaNIYE dnan1533efs Table 5

S (Strengths)

W (Weaknesses)

1. Bamboo shoot-processed product are long-lasting products that can
be distributed nationwide.

2. Bamboo shoot-processed product are organic products aligning with
the needs of health-conscious consumers.

3. The enterprise group has been established for a long time, possesses
operational potential, and is open to learning new things.

q, The raw materials have a verified source, undergo nutritional value
analysis, and ensure product credibility.

1. The product has not yet been certified by the FDA or produced
according to Good Manufacturing Practices (GMP) standards.

2. The Bamboo shoot-processed has not yet been certified under the
Good Agricultural Practices (GAP) standard.

3. The enterprise group consists of new-generation farmers who lack
knowledge in business planning, marketing, and food processing for
distribution.

4. There is no large-scale bamboo plantation, resulting in low
production volume that does not meet demand.

5. Farmers have not yet formed a cooperative for production,
processing, and distribution.

6. There is a lack of funding, equipment, facilities, and machinery for
production and processing.

7. The product type lack of diversity.

O (Opportunities)

T (Threats)

1. Digital technology, especially social media, can serve as an effective
marketing tool and channel.

2. Processed bamboo shoots are high consumption potential.

3. The overall demand for bamboo shoots nationwide is increasing, and
they can be used in a variety of dishes.

4. Educational institutions provide support, promotion, and knowledge
transfer, covering the entire supply chain from upstream to

downstream.

1. The industry is highly competitive due to the large number of
producers and distributors of processed bamboo shoots.

2. Fresh bamboo shoot production is seasonal, leading to supply
shortages during certain periods.

3. Government support for bamboo cultivation, processing, and
product distribution among farmers and enterprise groups is still
lacking.
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This research aims to study consumer behavior and the marketing mix in the
consumption of bamboo shoot-processed products. It also seeks to examine the factors
influencing consumers' decision-making processes regarding bamboo shoot-processed
products in Songkhla Province and to explore appropriate marketing strategies for
developing these products to achieve commercial viability. The study sample consisted
of two groups. The first group comprised 400 consumers who purchase bamboo shoot-
processed products in Songkhla Province, selected through accidental sampling. The
research utilized questionnaires as the primary tool for data collection. The second group
included five participants—bamboo farmers and agricultural marketing experts—who
were selected through purposive sampling. Data from this group were gathered using
focus group discussions and in-depth interviews. Statistical methods used for data
analysis included descriptive statistics such as percentages, means, and standard
deviations. Factors influencing the decision-making process for purchasing bamboo
shoot-processed products were analyzed using Stepwise Multiple Regression Analysis.
Additionally, a SWOT Analysis was conducted through focus group discussions, and
strategies were formulated using the TOWS Matrix Analysis.

The study results revealed that: Most consumers purchase bamboo shoot-
processed products from flea markets or village markets. The main problems
encountered include product unavailability in certain seasons and inconsistent quality.
Consumers prioritize good taste, freshness, and the retention of natural ingredients.
Additionally, they consider the price to be a crucial factor. Factors influencing the
decision to consume bamboo shoot-processed products include: the frequency of
purchasing bamboo shoot-processed products, the type of packaging of regularly
purchased bamboo shoot-processed products, good taste, freshness, and the preservation
of natural raw materials, the number of consumers of bamboo shoot-processed products
in the household, the location of purchase, which has a significant inverse relationship
with the purchase decision at the 0.05 level of statistical significance. Farmers primarily
sell fresh bamboo shoots through community market distribution channels. There is
currently no advanced processing, branding, or availability of modern products for sale
on online platforms. An appropriate marketing strategy should focus on producing
products that meet quality standards, with prices at or above market rates. Additionally,
distribution should be tailored to ensure adequate quantity and quality through
convenience store channels. Sales promotion strategies should include public relations
efforts involving food experts, price reductions, free gifts, and loyalty programs such as
point collection systems.
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Table 1 Ranking of success achieved through the application of the sufficiency economy philosophy in agriculture by role model farmers

Aspect Thai Role Models (Number of Foreign Role Models (Number
People) of People)
Self-reliance 1 1
Income enhancement 1 3
Expense reduction 1 4
Good health 3 1
Sufficient and sustainable happiness 2 1
Agricultural network creation 1 2
Conservation of natural resources and the environment 1 3

Take out lessons from role model farmers.
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Revised: 27 February 2025 This research aims to (1) extract lessons on success from the implementation of the

Accepted: 2 March 2025 Sufficiency Economy Philosophy in agriculture and (2) propose guidelines for
Online published: 25 April 2025 promoting its application among farmers and other interested individuals. Data were
Keyword collected using a mixed-methods research approach, incorporating a review of relevant
Lessons Learned research documents, non-participant observation, and interviews. The interview sample
Success Lessons was selected through purposive sampling and included 10 exemplary farmers—5 Thai
the Sufficiency Economy Philosophy and 5 foreign—who served as case studies for extracting success lessons. The study

found that key factors contributing to success include adherence to the principles of self-
reliance, increasing income, reducing expenses, embracing a philosophy of sustainable
happiness, establishing farmer networks, and conserving natural resources and the
environment. Regarding the guidelines for promoting the application of the Sufficiency
Economy Philosophy in agriculture, they are presented in seven sequential steps: (1)
having faith and trust in King Rama IX and his royal initiatives; (2) understanding
oneself and practicing moderation; (3) thoroughly studying and comprehending the
Sufficiency Economy Philosophy; (4) taking action by starting with gradual
experimentation; (5) continuously seeking additional knowledge and adapting to
change; (6) building networks; and (7) disseminating knowledge to society.
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FaluniswaundadusianudeldviliiAnveundeie
(by-product) fiansathunduuseniléidusuauann Roxana
et al. (2023) Iénaafanisldussloadanianyanmdodi
Tugnamnssnens dsdaulngieillddmivgnavnssu
oslemzmvieemsitequamdundn usnistunld
Usrlomiludnuruuruifedaditosinn mnvdnnisuasvnua
6‘1’&ﬂa'nﬁz’mﬁué’qﬁwﬁﬁ'i’ﬂﬁmﬂ'w‘hmiﬁﬂmm%ﬁﬁuumﬁmﬁm%
YuNIUIA B uaUNTE VN Bl uar AT zsiqmA TN
nenenw wadl uazqdund sauluiengvdnisdiueyyadasy
vosndndnsl ladundndasimadondmiuiinuasduilan

lunsfulsemurunrufeniivsslesinoguawsoly

gunsaluazIsn19Ide
1. Jngau

Fogavildlunsfinu leun wislillinsiiforgiiuiien
mamsén (udn 1.50-2.00 Alandusionie) uazUsidannisa
wavwuas ldnmasluriosiu a.idandl 2. 5oeidn
2. mMsmeningiu

2.1 mMsiwsguniely

1) dmleldlinsfiongiuieanenisiunii

nrsUanden daussdiufilduselondlyls wasdevinay
dx0

2) Mnnsdudaefeusi gumgd 100 s
walda [WJuszesinan 30 w1

3) thandollin i inunisduugludduiud
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Fu Wefansandndiufimnzauieninuveure wanSsi v
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AMNTeUlnesIn tnen1suseiiuanwue el ssamdunalsis
9-point hedonic scale (Nicolas et al., 2010) Tun1swansan
gasinzauiiethlndnsely MMMIMAUTINBUAUB VD
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AudIRu Mnran1snaaessansliiiuitunadldlunisviue
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wamﬂmﬁﬂi:zLﬁué’wmwwﬂizmwé’mﬁaawmﬁmmaauqmﬁﬁ
flgnfialndlAusiy (Table 4) wazanunsaaunisyiuneldld
Tumsvhwedadiuiivunrauniielldmnisseususudnuus
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Table 1 The basic formula for developing snack product from edible bamboo shoots

Ingredient Amount (g) %
Seasoning 14 48.12
Sugar 10 34.36
Butter 5 17.18
Salt 0.1 0.34
Sum 29.1 100.00
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Figure 1 Response surface of organoleptic test of snack product from edible bamboo shoots.
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Figure 2 The score accepted at 7.10 of attribute sensory evaluation formula of snack product from edible bamboo shoots.

2. gaunIwveswaaSsignsTaTan
wAnSausTusruAenleliansiiaian de nsld
Ysuaumdeld wilsdivewusd wavldlnsevay 31.40, 30.00
LAY 38.60 MUAIRY HANTSANE MUY WARSaeTLLTUAE?
nndeliiianAimidasuinisludiudiuiaaisivlamsn
TUsfiu leawns anutu Loty wasidn Wity 54.09, 17.15,
9.42, 7.86, 6.52 uay 4.96 niusia 100 n3u AuaRU (Table 6)
dermnuadne (L) wirdu 54.96 A1 a* windu 8.45 uagan b*
Wiy 21.04 Fandndasiilfezdddeutrsadnaninnisidy
dunavvesmioliiliAnuiAsendimannieulsd idesann
teulodnodaf usasendiaa (polyphenol oxidase, PPO)
gnvihangluludunountsfimislilunszuiunswdsutng v
(Bal et al,, 2011) wagNAnA Uy I FoonlUun198 LA9-11d 09
(Table 5) TuwmgAifgnslunisdueyyadastlagis DPPH
radical scavenging infiusesay 51.65 %aamwaé’ugﬁawa
Sastldganinovay 50 duindiunuimddylunisdudans
Lﬁmﬂﬁﬁ%waaﬂ%Lmﬁﬁuﬁyﬂuiwwaﬂmmi (food system)
warg1aMenyEes (human body) Tussuuvesemsiiuasiidau
FgsraonninUfseneendinduvedlutusaziiluams
LLazﬁﬁmﬁaama%aﬁaizmﬂﬂﬁﬁ%maaﬂ%wﬁuiu%uv]ﬁaqﬁ
(secondary state) T9azfldrute$nuIAUAINYBIDIMITAIY
#1991y 1 oduda ndusa qudmslaguInisLaznis
L‘UadlEJ‘L!LLUaﬂﬁ%aﬂaW‘ViﬁI‘ui%MdNﬂWiLLU’iEULLaxLﬁU%’ﬂ‘H’]

uenaniSaidmrasannisinfiseroondiatuvesiusiu
WAz uAIA3eN (interaction) seninalusiunazvyaisuetiaves
AUNUGATA (Elias et al., 2008)

nnsAnwadiuansliiduiwdasustvunuien
nnvislifgnsniaiaaiiusinalusfiuaeudisgs (17.15 niusie
100 n3u) WewSeuifisufundndusivunvuidesiady q Wy
nAnfausuUIReInlouraud loviauvidUinalusiy
7.50 n3usie 100 ¥y (Thamee et al, 2018) PULVULAEI9IN
wlidmndesdaivenivqalivsunalusiu 8.28 nsusie 100 n3u
(Thongnok et al,, 2023) $run3sulasudrunaeiisanumne
HUsu1adlUshu 9.94 nfume 100 nsu (Domnchai et al., 2023)
wonanundnf T vunr LA sa9 el Waun g uddl
Usmailasfuroudnas (6.52 nfusie 100 n§u) WeUseuiiey
funandosivunauiaeriingy 9 12U KBRS T IULUUIAEIIN
nipunaualsviauvieiusunalodu 8.12 nfusie 100 Ny
(Thamee et al,, 2018) FuyvUiREITdAUVESuUa Tt anN
wirediuSunaslesiu 8.12 nsuse 100 nSu (Treeinthong et al,,
2024)

duUinugdunisomn Baduazsmuliinaiosnd
10 cfu/g 571'5Lﬂuiﬂmmmmgmmﬁmﬁm%qmammimumiau
NI (Won. 1534-2541) firmusliiinaqdurisiaan
wulaldiiu 1x10? cfu/g druBaiuazsinulelaiiy 10 cfu/g
(Thai Industrial Standards Institute, 2022)
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Table 2 Variables (factors) used for mixture design of product

53

Coded- variable levels

Natural-variable levels

Z Z, Zs X; (Bamboo shoot, %) X, (Flour, %) X (Egg, %)

0.00 0.50 0.50 30.00 40.00 30.00

1.00 0.00 0.00 50.00 30.00 20.00

0.00 0.00 1.00 30.00 30.00 40.00

0.67 0.17 0.17 43.40 33.40 23.40

0.50 0.00 0.50 40.00 30.00 30.00

0.17 0.17 0.67 33.40 33.40 33.40

0.33 0.33 0.33 36.60 36.60 26.60

1.00 0.00 0.00 50.00 30.00 20.00

0.00 0.00 1.00 30.00 30.00 40.00

0.50 0.50 0.00 40.00 40.00 20.00

0.00 1.00 0.00 30.00 50.00 20.00

0.00 0.50 0.50 30.00 40.00 30.00

0.17 0.67 0.17 33.40 43.30 23.40

0.00 1.00 0.00 30.00 50.00 20.00

Table 3 Organoleptic test of snack product from edible bamboo shoots
Organoleptic test
Coded- variable levels
Appearance Color Taste Crispness Flavor Overall

30.00 40.00 30.00 5.77+£0.92 5.73+1.08 6.40+0.56 6.74+0.78 6.35+0.58 6.77+0.85
50.00 30.00 20.00 5.96+0.65 6.50+0.64 6.68+0.84 5.93+0.82 5.67+0.76 5.92+0.74
30.00 30.00 40.00 6.40+0.74 6.23+0.98 6.87+0.96 7.12+0.94 6.75+£0.92 7.14+1.02
43.40 33.40 23.40 6.50+0.68 6.67+0.54 6.47+0.82 5.63+0.80 5.70+0.90 6.34+1.08
40.00 30.00 30.00 7.00+0.54 6.86+0.76 6.40+0.86 6.20+0.76 6.21+0.84 6.80+0.86
33.40 33.40 33.40 6.17+0.98 6.23+0.86 6.47+0.64 6.45+0.98 6.42+1.04 6.93+0.72
36.60 36.60 26.60 6.60+1.02 6.53+0.94 6.30+0.52 6.18+1.06 6.17+0.86 6.53+0.80
50.00 30.00 20.00 5.96+0.62 6.50+0.70 6.63+0.80 5.93+0.80 5.67+0.58 6.47+0.64
30.00 30.00 40.00 6.40+0.78 6.23+0.86 6.87+0.98 7.07+0.72 6.70+0.64 7.10£0.72
40.00 40.00 20.00 6.47+0.96 6.37+0.82 6.23+1.04 6.07+0.90 5.82+0.68 5.56+0.68
30.00 50.00 20.00 5.43+0.57 6.33+0.70 5.96+0.90 5.64+0.96 5.74+0.90 5.87+0.70
30.00 40.00 30.00 5.75+0.76 5.73+0.78 6.40+0.84 6.74+0.72 6.28+0.82 6.67+0.96
33.40 43.30 23.40 6.37+0.90 6.40+0.80 5.93+0.76 6.09+1.02 6.03+0.78 6.42+0.90
30.00 50.00 20.00 5.45+0.85 6.33+0.98 5.84+1.02 5.56+0.84 5.94+0.98 6.07+0.78

Data is shown as mean values + standard deviation and was obtained from one hundred panelists.

Table 4 Predicted and observed values for response variables of the suitable formula of snack product from edible bamboo shoots

Response Critical values of independent variables Stationary point Predicted value Observed value®
variable Xy Xz X3
(Bamboo shoot, %) (Flour, %) (Egg, %)
Overall 31.40 30.00 38.60 Maximum 7.10 7.20 +0.92
“Data is shown as mean values + standard deviation and was obtained from one hundred panelists.
Table 5 Regression coefficients of predicted polynomial model for response variable
Organoleptic test Equation R
Appearance Y = 5.95X1 + 5.48X2 + 6.35X3 + 3.33X1X2 + 2.91X1X3 - 0.57X2X3 - 0.50X1X2X3 0.9167
Color Y = 6.50X1 + 6.35X2 + 6.21X3 — 0.05X1X2 + 1.85X1X3 — 2.20X2X3 + 6.04X1X2X3 0.9691
Taste Y = 6.68X1 + 5.87X2 + 6.87X3 — 0.23X1X2 - 1.72X1X3 + 0.01X2X3 + 0.19X1X2X3 0.9575
Crispness Y = 5.82X1 + 5.61X2 + 7.14X3 + 1.04X1X2 - 0.25X1X3 + 1.59X2X3 - 8.31X1X2X3 0.9439
Flavor Y = 5.64X1 + 5.85X2 + 6.73X3 + 0.17X1X2 - 0.08X1X3 + 0.16X2X3 - 0.01X1X2X3 0.9635
Overall Y = 5.71X1 + 5.99X2 + 7.10X3 - 0.86X1X2 + 1.56X1X3 + 0.70X2X3 + 5.80X1X2X3 0.9485

X1 (Bamboo shoot), X2 (Flour), X3 (Egg).
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Table 6 Chemical, physical, microorganism and antioxidant properties of snack product from edible bamboo shoots

Chemical, physical, microorganism and antioxidant properties Content
Chemical properties
Carbohydrate (g/100g) 54.09+1.35
Protein (g/100g) 17.15+0.94
Fiber (g/100g) 9.42+0.56
Moisture (g/100g) 7.86+0.62
Lipid (g/100g) 6.52+0.40
Ash (g/100¢g) 4.96+0.24
Physical properties
Color
L 54.96+0.32
a* 8.45+0.18
b* 21.04+0.20
Antioxidant activity
DPPH radical scavenging (% inhibition) 51.65+1.80
Microorganism
Total plate count (cfu/g) <10
Yeast and mold (cfu/g) <10

Data is shown as mean values + standard deviation and was obtained from triplicate samples.

d3Unan13IY

wAnSuTvLrRB el gesfiATian g uslaaly
msgeusuie deldusuamdelsl ulirveuusd wavldlndes
ay 31.40, 30.00 way 38.60 MNaRU YilFHA1AIINTDUTIN
gagawindu 7.10 Tnendadaeiiinuemislasuinisludu
Usandlulawnse Tusau loomns mnudy lusy wazdn
Wiy 54.09, 17.15, 9.42, 7.86, 6.52 kag 4.96 n3usi® 100 N3
PUARU UA1ANEI (L) Wiy 54.96 A1 a* AU 8.45 uay
A b* Wiy 21.04 gndlunisdueyyadaslag3s DPPH
radical scavenging Winfiusaeas 51.65 d1uUsuIuqdiunsd
e Saduazsmutioondn 10 cfu/e
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Figure 1 The designing of a machine for transforms active compounds of mango into nanoparticles
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Figure 2 Front components of a machine for transforms active compounds of mango into nanoparticles.



K. Jantara et al./ (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(1): 57 - 66 61

duoined

e
wsninsuazuan

Figure 3 Rear components of a machine for transforms active compounds of mango into nanoparticles.

2. ansnageuUszansninias esviliansdidyann
wzidoynaluszavululuana dnanisnaaauusedniam
sastoluil

1) wansAnwanwarlunIuLarAU5I0UTeN
13 osiliansddyainuzsinsfioynaluseduuiluluiana
wuadu

N1SANINIANINTITOUYDINBLNBS AoR NN Tves
UMD NHANSANYT WUIINLGITOUTDWBLADSTINANTENU
egamgiivesueines laewuinnnuisisouvememeiinmd
59U 100 S0UsEUNT azflgamgiivesuoimeiginitauiisey
300, 500, 700 Uag 900 FOUABUNY WAz )N VBLBINBT L
indudonatumsldmuiisty nemsfnemuindewdosho
Wunan 15 it gamgfiveandesiinraniiseu 100, 300, 500,
700 wag 900 seuseund dandu 53.20, 31.00, 30.50, 30.00 way
29.60 psmgadua udRy uanenseseditedRnys wnaads
(p<0.01) Wuensudiowdowhnnuuna 30 Wil (56.20, 35.40,
34.20, 34.10 uaz 34.00 IR NIAEYE AuEIRU), 45 19 (70.00,
36.30, 35.00, 36.00 wag 35.80 asAllwadad aua1ny), 60 Ui
(76.00, 37.50, 36.20, 37.30 Uag 37.00 DIFALTALTLE ML), 75

Table 1 Effect of motor speed on motor temperature

w19 (80.00, 38.00, 37.90, 37.80 way 37.60 ayALyaLd
AIWEIRU), 90 W19 (84.00, 38.50, 38.20, 38.10 waz 38.00 04
wallea auaRv), 105 W19l (86.00, 38.80, 38.40, 38.30 uay
38.10 DeA@aTEd audIRy) waz 120 119 (90.00, 39.00, 38.70,
38.40 uay 38.30 DIFITATEE MUAIAU) WanEeE TRy
Bensadn (p<0.01) Asanslu Table 1
Anwinividavasluniunauiuiual1u vas
asazany nuan13An® wudn lumuwuudl 1 (spinning mixen)
anunsanIuvemaild 6000 Taddns (95.5%) IeuLfiuANURUeY
Az TieuiSiseudaus 100, 300, 500, 700 wag 900 seude
Wil Inglivinlivesmannszifiusanuonnvuzidayldainusi
v Tunasiiedl 2 (spiral mixen) Mdmmualdgeanit 500 sou
fiawdl lUSinaanuquesmian 500 dadans (7.96%) daluniu
wilot 3 (bridge mixen) 19AnunEigsanlaiiu 100 sousiownd 16
UTUIuANRURLUAT 500 Haddns (7.96%) wiail Tunaunau
vpumanasinalugueunItue uazviliveanainszinueen
uenaugliine Wemnuaiutunisnsudiuifiunude 3a
wilavadluniudsasieusinuaugesansazany windseeadl
udfeyBwnsand (p<0.01) Fauanslu Table 2

ltem Motor speed (rpm) P- Value
100 300 500 700 900

15 minute 53.20° 31.00° 30.50° 30.00° 29.60° 0.0001
30 minute 56.20° 35.40° 34.20° 34.10° 34.00° 0.0001
45 minute 70.00° 36.30° 35.00° 36.00° 35.80° 0.0001
60 minute 76.00° 37.50° 36.20° 37.30° 37.00° 0.0001
75 minute 80.00° 38.00° 37.90° 37.80° 37.60° 0.0001
90 minute 84.00° 38.50° 38.20° 38.10° 38.00° 0.0001

105 minute 86.00° 38.80° 38.40° 38.30° 38.10° 0.0001

120 minute 90.00° 39.00° 38.70° 38.40° 38.30° 0.0001

Remark: Means in the same row with differrent superscript letters are significantly differrent (p<0.01).
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Table 2 Effect of stirring blades type on solution capacity
[tem Stirring blades type P- Value
spinning mixer Spiral mixer Bridges mixer
100 rpm 6000° 2000° 500° 0.0001
300 rpm 6000° 1000° 0° 0.0001
500 rpm 6000° 500° 0° 0.0001
700 rpm 6000° o° 0 0.0001
900 rpm 6000 0° 0° 0.0001

Remark: Means in the same row with differrent superscript letters are significantly differrent (p<0.01).
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g9 i liuseiunusudeuseninduinniuasivansuas
11NN7I1usa gndsunnueined denavihliaiiuisuas
UsyAvEnmveaadosmuansanadlude fudu aussousiinves
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msasraadesviliiansddyanuesiasdieymaluseduun
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vnldiduasnauwnulufiulundedusidamesiin Taenisu
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Table 3 Results of the study on the antioxidant activity and percentage of emulsification of machine for transforms active compounds of mango into

nanoparticles

Motor speed (rpm) Property Time Result Mean Physical appearance
100 antioxidant activity 1 23.12 X

DPPH (%) 2 25.28 24.25

3 24.35

% of emulsion 1 10.29
formation 9.82 10.02

9.95

300 antioxidant activity 1 10.03
DPPH (%) 10.98 10.65

10.95

% of emulsion 1 25.38
formation 26.08 26.04

26.68

500 antioxidant activity 1 10.35
DPPH (%) 9.94 10.06

9.89

% of emulsion 1 29.28
formation 2 30.32 29.81

3 29.85

2 34.01

3 33.56
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Table 3 Results of the study on the antioxidant activity and percentage of emulsification of machine for transforms active compounds of mango into

nanoparticles (Continue)

Motor speed (rpm) Property Time Result Mean Physical appearance
700 antioxidant activity 1 9.92 . . =
DPPH (%) 2 9.78 9.88
3 9.95
% of emulsion 1 32.95
formation 32.87 32.57
31.89
900 antioxidant activity 1 9.34
DPPH (%) 8.65 8.98
8.96
% of emulsion 1 32.99
formation 34.01 33.52
33.56
Table 4 Effect of rotational speed on antioxidant activity and emulsion formation
Item Motor speed (rpm) P- Value
100 300 500 700 900
antioxidant activity DPPH 24.25° 10.65° 10.06™ 9.88™ 8.98° 0.0001
% of emulsion formation 10.05° 26.05° 29.82° 32.57° 33.52° 0.0001

Remark: Means in the same row with differrent superscript letters are significantly differrent (p<0.01).
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nanoemulsion size range of 20200 nanometers.
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Ww3gysulnvasUaniiawns (Oreochromis niloticus X O. mossambicus)
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Aiuioaulad: 13 wguwnau 2568
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mswasumen

Fj

nisfnwdiingussasdifieiUiouiieussuumsidsaiiinisdiomi (Change fish tank water; CFT)
ﬁmzuumiLﬁymuuuswuﬁmguﬁau (Recirculating aquaculture systems; RAS) 372U 6 UBRBIzUUNITNAGDY
Tudanilauns (Oreochromis niloticus X O. mossambicus) i miindaieds 10.20£0.05 g MWIUM 12 AINDUD
SY8YANAET 60 Su flon1siasgyAule Ghuinfifindueds; FBW, tuinfiiinduiadeseu; ADG, §hs1ms
WwIgAulngwng; SGR, Sasmsiaeueslutming FCR, wazdnsinissen; SR) lafinine (Aidiadonuns;
RBC, 8lulnada; Hb, Sulns A3e; Ht, nalea; Glu, tnsndiweslsd; TG, Wsfiusaw; TP) ﬂmmwugw (uouluiiley; NHs,
lulnssl; NO», lulmsn; NO, Total bacteria; Vibrio spp.; Yeast and fungi uag Usumveand eiilaazareth
(The total suspended solids; TSS) Lﬁ‘aﬁyuq@mimaaa S¥UU RAS mmsaLﬁuammu:mim%fyﬁﬂm FBW
W5y 29U 95.46:4.72 g; ADG 1.59£0.08 g/day ; SGR 3.89+0.07 %/day; FCR 1.56£0.07; hay SR 97.52.74 %
AN Ht sy 26.26+1.10 % waz TP 35.86+1.38 g/L ’dﬁﬂ%ﬂiu‘U‘U CFT (p<0. 05) fifien Ht uae TP asm 23.08+1.22
% way 32.57+0.34 ¢/L MUARU mmmmﬂmmwm NO's WA TSS S¥UU RAS snnsguu CFT (p<0.05) Tnglaifina
mamilfdaauLnJaaamuUiumﬂsa}auwssﬁummsww CFT uag RAS (p>0.05) Fofumswneidssanaunuuy
RAS anusaifinaussaugn1siaiaiuln Useansamnisldomsuazsnsinissen TngszuunszIE Bauuy
RAS a311308n58U NO's TSS wagUSinanhiililumsimisidos tnsluifinansenusdenisiudsuuiasqanini

Tunsinngiaes

unin

s2UUN19LE 8eUaMUUL M uLT oY (Recirculation
Aquaculture System; RAS) 589155 uFuE vl o9 su
Uszunansandnsie 1950 luszuunisinied ssdanandu
(Cyprinus carpio) Uatnsas  (Oncorhynchus mykiss) S238 4
Uannne (Clarias gariepinus) (Dalsgaard et al., 2013) Lﬂug‘dLL‘U‘U
miﬁmﬂmwwﬁymﬁ’miﬁwﬁLﬁu'gULmeié‘fﬂmi mstnziaedag
mwmquﬁamf'mé“umﬂﬂmiLﬁaamﬂ%‘mmmﬂ“ﬁﬁw (Lal et al,
2024) milfd'ﬁlauwammmwa}ntwd’uwﬁu ann13g yide
asevng amnsaiaszavs nmnnsidemsuazmuANA LN
Pl arusmnzalunmsimnzdssdn i (Xue et al, 2022) §q
gULmun'ﬁ'«ﬁ’ﬂﬂ'ﬁsxwmiLWﬂngmsfuaa”ir‘i’wﬁmammmanﬂm
ﬁLﬁysm (Taufik et al., 2024; Zhao et al., 2022) Ingn153ANITTEUY
annsaamvesdsanyamnzidsuarmsduileudmsuaid il
T¥dmsunsnzdedario shlfiRanmsanaznauvewaudaitls
avanguianue Wi unssuaunsmdavendelussuulnenis
sondladouyaweuludeliiduarsusenavlulasdvielunse

"Corresponding author
E-mail address: suksankum@mcru.ac.th (S. Kumkhong)

(Malone & Pfeiffer, 2006; Emparanza, 2009) ‘ﬁlﬁwam'amﬂﬁu
UstAvBmmmsteEesdn i
ssuumawnzdsuuuihvyudeuainsaussgndldluns
wnsdpsdrithagaunivans (Aich et al, 2020) Tneamzdariuh
Lﬂi@gﬁﬁ]ﬂ@'urfﬁ’mﬁaﬂanﬁﬁmasﬂmma W 119 (Shrimp),
Uananes138u (Sturgeon), Uan(Grouper), Uansd (Trout),
Uaunes uen (Turbot), Uanlea (Sole), 1 (Crab), Uanugauou
(Salmon), Uannewsari(Seabass), Yartinith (Pufferfish), Uawigia
(Sea cucumber) wag Uanila (Nile tilapia) (Mugwanya et al., 2020)
TngsruUMaNzLAsILUY RAS Srasdonsnasdussuuniduiu
maaé’miﬁfﬂmEJms%ﬂmqmmwug'maamxsjmmmst,wwugmlﬂﬁ
Wabuuasiinasenisanmu3savesanseninansia sanas
WiuUseangnmnswanvesdniun (L et al,, 2019; Cacho et al,
2020) N15@ nehuluamsie (Rain brow trout; Oncorhynchus
mykiss) Taeaaeszuu My udsuassnmUAIUTINaRaRERTY
asTinuidenisidannnitssuunsnsEeeiiinsasua et
(Roque d’Orbcastel et al., 2009; Docan et al., 2011) ANyl
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Uar@u3u (Seabream; Sparus aurata) Uanangnuau (Catfish; C
macrocephalus x C. eariepinus) mﬂ‘ﬁ'iwuﬁmguﬁwmmm
muauﬂmmwﬁﬂﬁmﬁu,azﬁmaﬁiaﬂmﬁuamiauzﬂmﬁmLﬁUTm
vaaUanngnHaLLazUa1TUIU (Arechavala-Lopez et al., 2020;
Atse et al,, 2009) miﬂﬂmiuﬂmua _(Nile tilapia; Oreochromis
niloticus) SEUUNTTINAZLE BIRUULS Wy uLT guaInTaLiy
UsgAns nmnisiad i ulauagdminnisseavesUandaide
WisuTEURUSEUUNSINEE BILUURY (Arredondo-Figueroa et
al, 2015) ‘lusumﬁanm%ﬂszwmiLwnzLﬁy&NLmuﬂéwmuﬁw
aunsamuRmAnmlFinsnazneuveseudiiliazanei
anAud uivresweluideowasifi uUseAns imn1sd sy
weslanileliduansussneungululasivielunslussuunsides
Uelkic et al, 2012; Nuwansi et al,, 2017) egalsfimuzUinuunis
FasruunmamnAsuuy RAS Sensdifunuanldinevesssuuly
nsdansldfiaumnzaniuda i fivhnmsmedswsaveiio
(Badiola et al., 2018) TPgaNNZI3 8998I IMUAUSININNTWAR
Tfsedulndifssiugunuunamnsidsuudaiu liduures
Foiviia sdlussuudmud sudasdsnangs widsanuse
fa"mmﬂiﬁluﬁwmﬁLﬁEmwhﬁ”ugﬂqummammuﬁy'a@u (Haku'c-
Btazowska et al., 2024) TmﬂLawwﬁaqmﬁaumaqﬂﬂmﬁﬁaqmﬁa
N3IANITAURINIS msm‘uvqu@mmwﬁﬁwﬁaﬂ%mmwaNawam
Wielhiflemeremudonsieumsdewodulanilofidnlng
Iasurnuienanguslanegrauniviatg (FAO, 2020)

Janrtawns (Oreochromis niloticus X O. mossambicus)
Wulaiifianuddgmaassgiaildfumuiouilan Wesn
Wulaniifisanid ansauszneuyemsuslnaldvainuans
(FAO, 2020) Sﬂﬁ”’né“aﬁﬁé’uﬁﬁqmﬁﬁim (Behrends et al., 1982)
ImasULm‘umiLa mﬂmuaLmeuMmuammsLaaﬂ,uivuwamu
A BIUUY aBius i’mmiﬂLL‘U‘UﬂﬁLW%LaENLLUUﬂiJZNaEJEJu’l
Tuuith LuaamﬂLﬂuﬂmwmmiaﬂium"wmmuamwwmaamlmm
faustumulsngs (Dey & Gupta, 2000) og¢lsAinuszuUNg
wneidssuudafuddnateuinanandnliutuou Taglued
WA, 2560-2566 USanaumanand w.a. 2564 1adgoe 253,489 fu
U w. 2565 fUSunaumanand 269,394 fu iiiutudesay 5.90
Turaued wa. 2566 USinamandnduilduaniaundaifiog
266,480 fiu anassouay 1.08 (Department of Fisheries, 2023)
mm“]nvmmim?{auuﬂammmwﬁw msmﬁ'auuﬂaaaquﬁmmﬂ
daranszvudeiinaunsndnUafiauaaiientstn (Sakunphun et
al,, 2024) §J‘1.JLLUUﬂ’liR]u@mSi%UUﬂ’ﬁLayENLLUU?SUU“E’M&!HL?HU
dmfudswaiaunsannsaldiluwuamedmiumsnanuaznis
wneidssUanlawnadondeduazniswanndidedu (Sustainable
Development Goals: SDGs) lugmmsinnzidesdaiun fiflnasie
EULLUUﬂ’liﬁﬁuu’li%“UUﬂﬁLﬁyENﬂa’]ﬁaLL@N (Zhao et al, 2022)
WiolannsoiunandnUardaunsiifisamesonnudainisves
pann msAnuluadsi e UsrasdiileAnw S oudiousewing
SYUUNMSLA 89S A saemin (Change fish tank water; CFT) fiu
izuumil,gmLLUUizUU‘ﬂgmanuL"EEJu (Recirculating aquaculture
systems; RAS) @ 8@1T50ULNITIATYLAULA 4NN UATNIST

wWasuwUasnaunmilunsinsidssandaunsiieldiduiuma
dwumsiaiunssuumaneitssUaauasioly

aUnInluazIsNIY

A13@ A NUS B UL BUTEUUNISLE BaUand auns
(Oreochromis niloticus X O. mossambicus) gneanuwuulvidiaIy
WINZaIMUNaNaTINeTUTINNSITdR iAo Inendesady
vyjtinuaonds lavitougalddnd AS6611010 hnsneununIs
wmaamw?juauysai (Completely randomized design, CRD) Wi
NPFBUANLLANANwB AN TR BsUaTTlaunT 2 syuulstnousae
1) 'i“wmil,ﬁymﬁﬂmsa'wl,mfﬂ (Change fish tank water, CFT)
2) 3“"U‘Um§LaENLLUU'§“UUu7mJUL’JSJ‘LJ (Rearculatmg aquaculture
systems; RAS) 31UIUYANITNARDIAE 6 % (mwm 12 Uans
250D LaaamammsmLsagﬂmummaaamamsuﬂamwm
(Wshlalshnin 300%) Wemnstuay 2 Ade/fu (an 10.00 1. way
16.00 W) #2e1a3 oelWe s mlusiAa seaunislienis
5% vesmiing/Aleewns Tnsfiuiegefisveznamsiaed
30 Fu (Timing-) LLazLﬁaﬁyuqmmimmaaqﬁswmmﬂmgmﬁ
60 Ju (Timing-ll)
mMsesENUaIAA3

tvandaunsaniiduvanensudmidvd luesdy
(Wmindiede 8.08 = 0.09 9 Aol ouiuanmdatlutevun
A213, 11 800 L (1719 1.0 mx 17 1.0 mx&n 0.8 m)
Wuszegiam 14 Fu weduanmualiduiutuaninuinden
1091918 Berewinsguanil e sdmindiuan 12 fadeve
(et 144 §2) TminduanSuduede 10.20 + 005 g e
Tudnsnasuunaeiug 100 L (0$1s 0.58 m x &n 0.45 m) fislszuy
Lauﬁ']Lﬁamuqmzﬁuﬁﬂﬁmﬁmaamzammmﬂgm
MswaEaannae

sruumsidedlundeiuteeniu 2 svuu G 6 Ueste
sruumsides) Tnefndessuuivenmaludadsmandniewiu
gnet (LP-100) MABASEE%L3Ia1N156 89 1RBWU 5 UUNITE B9
Usgneudae 1) suu CFT Tasdieximn 9 7 Yu Unas 30 % ves
dtomuauazyhnsenduiinUsinasidldlunisides 2) ssuu
RAS fifinsmuausasinislvauuunsi Ensinislva 10 LPM)
Tusruulifimsdeugrenaensvezannisidios Inefinsinds
gnassdmsuRutiflesnuszduliasiluszuumsides Aok
finosfausinastilusruunsid s etuiinusunmsunildly
szuumﬂﬁ"@ﬁﬂﬁfﬂﬁﬁmummmq 2,000 L ﬁm&%’uaqﬂ&ﬁmaz
fupdsenlsluaeudiiiumg 16 meefa (um 10 cm x 10
cm) °u;u§nmqmﬁgﬂﬁmﬁa{]aﬂﬁummié’uaaﬂuaﬂﬁwﬁm STUU
RAS fin1ssanindunindad sad ensost usr U ANsaUT
Usznaude 1) fansesnzneu (Mechanical filtration tank) #iins
Tdmane Wanarafnvunadndviiduguuanid oadefluili
WUAT L5 8 (Moving- bed bioreactor tank) 7 inil 19 WA B
wonlundlaidulumsnuay 2) fensestinnim (Biological filter tank)
reudsutidngssuunadesds Figure 1



N. Chukerd et al. / (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(1): 67 - 77 69

.

CFT system

|

A

Water
control
Overflow pipe

Stock water
2,000 Liter

[_Air Line |
RAS system .

Water
control

B

Overflow pipe

10.21 £ 0.06 g

Water circulating system pipe

Figure 1 Schematic shows two different fish culture systems. System A is a system that changes water throughout (CFT system) the culture period by changing

water every 7 days at a rate of 30% of the total volume. System B is a recirculating aquaculture system (RAS system) that recirculates water with two

sedimentation tanks consisting of a biofilter and a water storage tank in the recirculating water system. The RAS system, tank no. 1, containing 200 L, has been

filled with fish hapas and bio balls as a substrate for microbes, and filter to remove solids. Tank no. 2 is used to receive water from the first filter tank to pump

back into the cultivation system.

171359AN1971599A89

desandawnniuszesiaa 60 Tu Iemstamniu
Tnen1sldindadlformsuuusaiainisliermns insduiin
USinaewns snnuvaluudaseyniuieUssdudasng
som duifiufiegisUadaunssuiutens 5 1 efeszozim
30 U (Timing-1) k@ 60 Tu (Timing-) YBINSIHL ﬁﬁmiaﬂu%’q
dwiinvesUailagyinisaauuandaeinduniumg (10% Clove
ol) 7 s2AUAILTUTY 40 me/L (Kumkhong et al., 2021)
iioifudeyaanssaugninaiyiulalasnsdaimindauan
(Body weight; BW) L'ﬁ'aﬁﬁaaﬂamwﬁﬂmmmﬁmﬁﬂﬁtﬁmﬁumﬁa
(Final body weight; FBW) vwindiiudued ooty (Average
daily weight gain; ADG) 8n31n151a3guLAulnamng (Specific
growth rate; SGR) §m51n130WA pue s ulndn (Feed
conversion ratio; FCR) wag@ns1n1558a (Survival rate; SR)
fanansluaunis

'FBW= Final body weight -

?ADG= (Final body weight -

SGR= 100 x [(ln
weight)/Experimental days]

*FCR= Dry feed fed/Wet weight gain

®SR= (Number of fish at the end of rearing / Number of initial fish
stocked) x 100

Initial body weight
Initial body weight)/Experimental days

Final body weight - (n Initial body

nsguuansiuau 2 faseve ieiudiegrudenain

a Y oA o . ' o & o
Uinadudene (Caudal vein) Tnglaastosiunisudsinves
1dem (5% KEDTA azatelu 0.85% NaCl) Liininluitasigiian
Ta%ininen (Hematology) Usgnausae 1) USunuidaldenuns

(Red blood cell) 2) sgaudglulnatu (Hemoglobin) Lay
3) USumsidaldenunssauiu (Hematocrit) Availumaian
(Plasma chemical) Usznausie 1) Amaauinglaa (Glucose)
2) waantnsndwelsn (Triglyceride) waz 3) warauilushu
(Total protein)
nsfudeyanainim
Lﬁuﬁagaﬂqmmwﬁmaamﬂmizasnmmil,?iym Taun
1) aungilennid Z)ammﬁﬁé’] 3) pendiaud avareluih
(Dissolved oxygen; DO) 4) Aaudunsaduana (pH) nndu
maammsl,amimaimmmmwmﬂmmwm (Hanna HI98194)
LLaumaam@mmwmiwaﬂmwﬂimauma 1) aweulanile
(NH5) 2) lulasyt (NO) FaeyanaaaunmaIn (Monitor
test kit) wazalwman (NO) ﬁaaqmmaauammw% (Tetra
Test NO) ¥n1sduTiaseiviunudszeinsgdunislu
Tussuumsinzdesie 2 svuu Ussneuse 1) s1unusuniise
Wavin (Total bacteria; plate count agar (PCA)) 2) wuafiiselu
anaiuile (Vibrio spp.; thiosulphate citrate bile salt sucrose
(TCBS)) 3) qéum?éaﬁmmﬁvaﬁ (Yeast and fungi; sabouraud
dextrose agar (SDA)) fge1msfianusmzsaanuafise
wazydunidudazuia lneseninanmaassAigumgiienie
maamsasLfammuﬁymasjisij 32.00 - 38.00 °C qquﬁﬁﬁ
oej3Emg 26.80 - 29.00 °C Uiinasenfiuiiazaeihiidads
9551114 3.44 - 3.50 mg/L andunsadunnsey sening
7.50 - 8.50 wouluiilyag 581319 0.00 - 0.50 me/L lulnsvieg
FENT19 0.00 - 050 mg/L wazA1luiasvey send s
0.00 - 50.00 mg/L mua1U laenangieseuziiaInIsAneal
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aunmieglussduitlidaindusuanedmiumameides

& (Taufik et al,, 2024)

FEn1suATIziluiosuanTg
N5IATIINIBIAUTENBUNAATIvase I TInaedly

wosUfuRnsTaslda8n5v09 AOAC (2010) fail n1sdiasiest

Wi en1USunalusAy (Crude protein; CP) T35 19an1via

Table 1 Commercial items utilized in the study's nutritional value

(Kjeldahl method), U3 u1aulasiy (Ether extract; EE) lng?
Ether-extraction, USu1aia2144 4 (Moisture) 1o e 7
Oven-drying, U3u1aute1lae3s Muffle furnace combustion
warUsinanielelngds Acid-alkali digestion Tuewnsvianisen
siafinaeeridmiuuaniiuiia (Table 1)

5
g

Components g/kg (dry matter basis)
Dry matter 95591
Crude protein 321.24
Crude lipid 38.67
Crude fiber 46.49
Ash 106.95

nsiesgalainine 1) msieneiusinadiaiien
LAg (Red blood cell; RBC) 2) USunnsidaldenung sauuu
(Hematocrit; Htc) wag 3) Hlulnalu (Hemoglobin) N153LATIEH
USurandadonunse auuuldT5n15v89 Neubauer
hemocytometer Tngn1513 0919 28e 1018 oaf U187 ae
Joatululiidenud sia (Grower’s solution, (Voight 2000))
Fearadonfegeiuihenlusnsasdiu 1:200 Yusiuaude
\ioauns Tnelddunlelndines (Counting chamber) 7414 ufl
1x 1 mm? wag chamber Auan 0.1 mm? wagtusiuaudia
deauninelindosganssminazdunamanadsuiinusin
donuas Usumsidiadenunsdaudy vhnsgadendiogradily
75% ve3A1NUYIVaDn Capillary tube n1sUavanednania
vosmasadasiuiniy ynsdunaeaussqdendieiedestiu
W3 89 (Microhematocrit centrifuge) #18m51153 12,000 rpm
Wuszeziaiuiu 5 w1 wazvhniseruailsuinsidadenuns
SauruanUsastmunssudieuiudiinsdindoaunmds
Pusies MuamavinadindenunarAaiovessuns
dindenunsdauy faiuandluaunisiuia

®RBC (mm?) = (RBC count x dilution factor) / Volume
"Htc (%) = (Height of red blood cell layer (mm) / Height of total blood
(mm)) x 100

flulnadu vnsAnwlagldnszurunismiuisnisves
Photometrical cyanohemoglobin method @ 1875 49 8 U#
(Colorimetric method) Tmennslduen Drabkin's aslumaen
nAaeU3u1ns 1,000 pl gadeeuden 4 pl aslunasanaaes
qun 1.5 ml e (Vortex) neihenfushegradenlmdiu &
fdlifigamgiivesdunm 5 uid wdwhnmstumiesiiniug
10,000 rpm v uiian 10 w1 i ennnzneaudAded
vaudaifonunsuaziAvvangadgafiog19U3uIng 200 pl
unrnisgandunduuas (0.0) Ineldia3oseuufAservu
Tulasiwan (Microplate Reader) finnug1apdu 540 nm Tngld
1161 Drabkin's 1{fu blank snudwesdlulnadu 91nnsvluans
Standard calibration curve 910157 ALW s UA U Standard
hemoglobin (g/dl) lgnaunis (Pal & Pal, 2006)

N1399193RTeRA Al lunaIau iU ssduaunmYes
Uauazaniugnelaruinisiaenisuisiegisdenuiinnistu
wigaiiausnwanann lnensdumieiaiestumlssfisnsiii

a Y ' @ A
10,000 rpm 5 W19 LazLAUAI9E 19NAENILAEAITUY LD 99
gaumndl -20°C nounisinlydasievianadlunaiauia
Usenausmie seaunglad lnen1siasieiideusinanuisves
Trinder’s method (Trinder, 1969) Uszliuusunalnsndwalsa
1ae1935n15 Glycerol-3 phosphate oxidase-sodium N-ethyl-
N-(-3 sulfopropylm-anisidine method % 85 unelae Bucolo
and David (1973) wazn1snsrviamusunalusiulunataunlag
143813 Biuret method M1e5unelag Gornall et al. (1949)

N5 RUsiuve st egdunigluiivesseuunis
& a o < o
WwesUandauns nasannmaassdussuziian 30 waz 60 Tu
nsguiudleg i lussuunisidssdatdanne vn 9
2 dUavi leneduddeg 19U ndaud geud111u1deanen ey
@135aza18 0.85% Sodium chloride Tugmsaau 1 : 1,000
(Serial dilution) a1ntuYN1sATIATULTREUNIEAILTT Viable
plate count Tua1msidgadoliaAuTUNILAOTIUIULUATLSY
Usznaume 1) 9IMsaeatinNinuT L wIzaod UL UATILS Y
& % S SN o= a ay v
e fiwemadsuesin PCA 2) wuaiiseluanaiuslesiey
91MNTELATD TCBS wag 3) JAUVTIIININTRTWILD MRS
\o Sabouraud dextrose agar ¥iINISUNLY 8T 9Nl 37°C
& o ° v o & a o saal
Jusgezanian 18 - 24 Falas vinsiuduiuiedunsdnd
Fnanduulaladflaainnisun@effidnuau 30 - 300 lalail
(Colony) U WINYTEYINTAUNI I T Ul avunsie
faddansuarsigaunaidu Colony forming unit/gram (CFU)
(Rawling et al., 2009) 31n&UNT

éColony forming unit / ml = ruaulalail (Colony) x daunduressziu
AT

nafiusinanhiidlunsidedeenstufinUsunashi
THuines Tausinmsthitlvariiuwagyinisdufuioga
WiotinseiuTunavesudeiiliararsiuiuiuasseyluih
(Total Suspended Solids; TSS) 1n8n15n5094F10819U511MS
50 ml ﬁasﬂismmﬂiaﬂaLLﬁaﬁﬁmmmgmawssmm 1.2 pm
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WA YBILT IS INaNNRAA1UUNTEAENTBIlURIUNITS TN
sanaunuaiigaumall 105 °C Wuszezia 4 Falus ihnstudin
dntnuazanuantelngldaunis

1SS (mg/L) = (hinreueu (me) - Sawidvdaau (me)) x 10° / U3anms

iy (mU)

MTIATITYTRYa
ihdeyafildannsiduiegauaznanisinszsideya
L‘U%‘auLﬁauswwdwﬂa'uﬁaaﬂwﬁLﬂuﬁaiwiaﬁ’u (Independent
group) iwmwivwmiwavl.ammmimamm (CFT) fiuszuuy
mit;wmayumuswuummumu (RAS) iilaiFouiisuany
LANFANIYBIALRA BLAAENGUN1INARBIRIETT Tukey’s t test
srelusinsu RStudio R version 4.3.2 (2023-10-31ucrt)

NaLazIsalNan1sIdY
wamssguaule Ussansnmnisliormsuazensisen
9InnsAnEINISIUSBUTBUsSEUUNNSIE Bedandlauns
(O. niloticus X O. mossambicus) M58 13810157 Nw1 il
30 (Tlmlng D) ’Ju way 60 au (Timing-I1) LwaLﬂieJULmJUimaN
syuumsdeeiinisdnesmi (CFT) U ssuumsidssuuussuy
umqunﬂmwuﬂm (RAS) Nan15AN®INUI 1921958881780
Asfnedl 30 Fu s aiiulanazdszansamnisldenns
yewanaunsiiiesieszuy CFT was RAS Liflnuunnsnaiu
Tuszuumsinzdeiiuanaediu (p>0.05) sglsinuszuuns
BBIuUU RAS danaradnsnissenvesuaiiaunsiiganianis
Heedesyuu CFT eghaiifoddaymaeadn (p<0.05) Tngsyuuil
deauuy CFT 18051N1350A0YTENING 93.33 + 2.58 % YUzl

TEUUNIILE BIRUU RAS ﬁé’mwmiiamq'ﬁ' 98.33 + 2.58 %
TnoifloAuganisnidsediszoriianis@inud 60 u ssuunis
NEE eUanTlanA Uy RAS dmasiodnsnIsiasgLAulaves
UmﬁaLLmﬁqqﬂdwsswﬂmwmgw,l,w CFT agailydnAny
yaadd (p<0.05) Inefiantinindaaaving (105.67 +4.76 g)
vhwindafiiiudy (95.46 + 4.72 g) dnTINIsLasLAulane Ty
(1.59 + 0.08 g/day) 8as1n15LasgLAvladnniz (3.89 + 0.07
%/day) UszAnsnmnnsideuemsidiudhwin (1.56 + 0.07)
firninsdssandaunsiaeszuy CFT a1 ity dIAYNI9EnH
(p<0.05) Ingszuumsiassanfiounsiuy RAS fi8ns1nssenes
7l 975 + 274 % gandsruUNBIEEsILUY CFT AiTnIn13
59MBYT 92.50 + 2.74 % (p<0.05) Flauanslu Table 2 MsAnw
svuunsdesaniaunslunsiiaenndesiusenunanising
Tutannsng (0. mykiss) Yaiia (O. niloticus) anufaauau
LanLauAn (Salmo salar) vanlu (Cyprinus Carp/o) fiszuuns
WY LaEmeLLUUivuuumuunwmammuwmmiauwmi
Lﬁ]iEy,LGIUIG]SUENUa’IUiuﬁMﬁﬂ’]WmﬁLﬂaﬁlum%ﬁLUuU’MUﬂLLau
SnrnsTontiganinsruunawnzlasswuuRain (Good et al,
2009, d’Orbcastel et al., 2009, Gullian-Klanian & Aramburu-
Adame, 2013; Arredondo-Figueroa et al., 2015; Wang et al,,
2019; Liu et al,, 2017) 9nuan1sAnwlulandaunuansliiiu
JsrUUMsIEA s e launeiesEuUN1S ALY RAS fina
sensiinaussauzninasaivle msdsuemsidudivin
wazdnIIN1TTenURIUaIdawns nuan1sAnwluvariawng
wanslidiugn sruunismnzdswandaunsissyuunsides
WUU RAS Snadanisifinaussouzn1siasaiivln n1sideu
gnsdudminuazdnsnmssenvesuaiauns

Table 2 Growth effects of red tilapia reared in different culture systems at 30 (Timing-/) and 60 (Timing-Il) days of study

Red tilapia culture system

Parameters SEM P-Value
CFT RAS
Timing-I
Initial weight (g) 10.20 + 0.03 10.21 + 0.06 0.01 0.821
BW (g) 47.83 + 2.56 49.00 + 5.80 1.25 0.662
FWG' (g) 37.63 + 2.55 38.79 + 5.77 1.24 0.662
ADG’ (g/day) 1.25 + 0.08 1.29 £ 0.19 0.04 0.681
SGR® (%/day) 515+ 0.17 521 +0.36 0.08 0.694
FCR 1.20 + 0.08 1.18 £ 0.15 0.03 0.800
SR’ (%) 93.33 + 2.58° 98.33 + 2.58° 1.04 0.007"
Timing-Il
BW (g) 97.67 + 5.65° 105.67 + 4.76° 197 0.013"
FWG' (g) 87.47 + 5.65° 95.46 + 4.72° 197 0.013"
ADG” (g/day) 1.46 + 0.09° 1.59 + 0.08° 0.03 0.014"
SGR’ (%/day) 3.76 + 0.09" 3.89 + 0.07° 0.03 0011
FCR 1.67 = 0.10° 1.56 + 0.07° 0.03 0.032"
SR® (%) 92.50 + 2.74° 97.5 + 2.74° 1.07 0.010"

Note: CFT = Change fish tank water, RAS

= Recirculating aquaculture systems, BW (Body weight),

'FWG (Final Weight gain); ADG (Average daily gain);

>SGR (Specific growth rate); “FCR (Feed conversion ratio); °SR (Survival rate); SEM = Standard error of the means, t-test analysis was used to analyzed between

CFT and RAS system. The different letters indicate that differences were considered significant at p< 0.05.
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Table 3 uaninavesAlainInewazALAlludonUD
UarTaunifilasad 1855 UUn1518 894Uy CFT uag RAS
TnonisAnwailainingrwesandaunuiledssdaessuunis
sdssiuanenaiy Aisvevnainisanud 30 Yu uay 60 Ju
PnMsANINUIsEUIUMSEsUaaun sy RAS finasenis
Wuszau Sulaase vealandaunsiisseziiainisfinuil 30
waz 60 Yu laefiszeriian 60 Yu fnasen1sdsunlacan
Tusiusalunananiifidngeniissuunindssuuy CFT aghadl
UydrAgyn1eada (p<0.05) Tnensinwmaossyuunsiasaan
JaunalanuamnuunnanaesAInsinyl Arduuindenutaa

glulnadu wanaunglaa waswanaunlasndigeslsd (p>0.05)
dufriunsdssmdessuuingudouiinadeninsedu
niAuduvesaluranouLenwauin (S. salar) (Wang et al,
2019; Liu et al., 2017) Yanila (O. niloticus) (Good et al., 2009)
Uanduman (Scophthalmus maximus) (Liu et al,, 2017) a8
Yangnaglsy (Dicentrarchus labrax) (Santos et al., 2010)
oglsfinuszuunsidsauvuimyudsuluvadaunsiing
neiensasunUasidunlaesnuasnanauTusAufiuandli
FudsEUunInAsauuY RAS fkademaiaiuguainuazaay
\Huegiirvesuaniauns

Table 3 Hematological and blood chemistry values of red tilapia reared in different culture systems at 30 (Timing-/) and 60 (Timing-Il) days of study

Parameters Red tilapia culture system
SEM P-Value
CFT RAS
Timing-I
RBC? (cell x 10" /L) 147.75 £ 5.22 147.67 = 7.75 1.82 0.983
Hemoglobin (g/dV) 45.46 + 2.27 45.15 + 0.88 0.48 0.760
Hematocrit (%) 2333 + 1.22° 2593 + 1.81° 0.58 0016
Glucose (mM) 343+ 0.51 3.42 + 0.86 0.20 0.971
Triglyceride (mM) 1.85+ 0.14 1.89 + 0.32 0.07 0.811
Total protein (g/L) 31.16 + 1.9 32.76 + 0.85 0.47 0.102
Timing-Il
RBC? (cell x 10" /L) 156.75 + 3.82 157.75 + 2.38 0.87 0.598
Hemoglobin (g/dl) 54.35 + 3.90 5752 + 3.81 1.66 0.184
Hematocrit (%) 2308 + 1.22° 26.26 + 1.10° 1.04 0.001"
Glucose (mM) 4.41 + 0.65 4.44 + 0.47 0.16 0.921
Triglyceride (mM) 2.65 = 0.32 2.75 = 0.35 0.09 0.598
Total protein (g/L) 32.57 + 0.30° 35.86 + 1.38° 0.57 0.002

Note: CFT = Change fish tank water, RAS = Recirculating aquaculture systems, RBC = Red blood cell, SEM = Standard error of the means, t-test analysis was used

to analyzed between CFT and RAS system. The different letters indicate that differences were considered significant at p<0.05

HaveIAIAN WL

Table 4 uanaNaN1SANWIAUAINLLTA 81T BUITIBY
Aanmiilunndsslaniaunsiiid ssfaesruunisidsaoy
CFT uay RAS lnanisuseiiurtwanlanile (Figure 2A) lulnsvt
(Figure 2B) warluimsn (Figure 20) luszuufildid o
Uanflauns anmsfnuaiaanimi Awesludouaylulasy
2095¥UUN5LE B9UUU CFT uay RAS lidauunnaieiu
aglidedAgYN19ads (p>0.05) Asnantly Figure 2A-2B way
Table 4 Ingnnsfnwailunsnvesszuunsassaniauns
WUU RAS fszauarlumsm (Figure 20) ndluszuunsides
WuU CFT agnafifodfynneadf (p<0.05) (Table 4) Tneiile
duganisneaasldvninfununuimahildlussuuns
WA B958MIN93YUU CFT way RAS (Figure 2D) Tusyuunsiaes
wuu CFT finsllusSinuiigenitlussuunsdeaanioung
WUU RAS agsilfuddnynisadn (p<0.05) Tngssuun1siaes
wuu CFT fufinunslddiiledugnmadssitszosina 60 Yu
agfisEAu 3.72 x 10° L YU SEUUNISIABILUY RAS Aaon
izstnmmsfﬁymﬁﬂ%mmﬂWilﬁﬁifﬁagjﬁizﬁu 1.14 x 10° L 3sn1s
W uu RAS TdUSinaifesndisyuun1sid ssuuy CFT
34 3.25 wi1 mapAsEEZIIAINIIIA Bl od uaanIINARE T

s8NNI 60 Ju fauandly Figure 2D was Table 4
IﬂﬂﬂﬂaiwumiL?ﬁymﬂmLmuﬁwmuﬁaummiaamzﬁumm
Wuduvesweuluide (ldifiunin 1 me/L) Snwiseaululasy
(laiAunan 1 me/L) wazluwmsyn (luiAunaa 1,000 me/L)
(Taufik et al, 2024) 881919 un15@ nwlulamsd i vinis
wzidssiesruuinyudsuaninsomuauszdutenlue
Tulpsviwazarlumsn (Crouse et al., 2023; d’Orbcastel et al,,
2009) fifinasensifindsnanandnveinisinzidsslanmsd
Bandvdsntadianddiiiuiinisanusunsnisldindmsu
nMsneEsuguisaiumseneludandaunduadsd sdnslsa
muudinaeansfinuuTinueendlauiiasaeihiidaieey
58I 3.44-3.50 mg/L Fanninseduuiinaeendnuiiavans
fﬂﬁ'mmsamﬁm%msmwzLﬁymﬂmﬁal,lmﬁ'msaaﬁizﬁ'u
6.0-6.5 meg/L (Abdel-Tawwab et al., 2014) unUardauns
annsnodveguazia3apivlaluanzundfiuiinueendiaui
avansulisinga 3 mg/L (FAO, 2021) Tnenisaniiudisodn
Tun1sid seaai olwlid wansznusonisia ssdandanns
Wi gt un1sAnui ds1uaudandawns (12 dasevenis
Vnaes) Mnzausof uAins1dseinsyauUSImoend Lo
avanuinlddsmansenusosnsinssennaonsTeIaNNSANY
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Table 4 The table shows the average water quality values collected every 4 weeks and the water consumption throughout the 60 days rearing period.

Parameters Red tilapia culture system
SEM P-Value
CFT RAS
Ammonia (mg/L) 0.36 £ 0.13 0.32 £ 0.10 0.02 0.500
Nitrite (mg/L) 0.33 + 0.16 0.25 + 0.11 0.02 0.061
Nitrate (mg/L) 2375 + 8.98° 14.68 + 5.83° 139 0.001"
Total water volume (Liter x 10°) 3.72° 1.40° 0.02 <0.001"

Note: CFT = Change fish tank water, RAS = Recirculating aquaculture systems, SEM = Standard error of the means, t-test analysis was used to analyzed between
CFT and RAS system. Different letters indicate significant differences in the mean values among the groups (p<0.05).
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Figure 2 The effects of ammonia, nitrite, and nitrate in change fish tank water (CFT) and recirculating aquaculture systems (RAS) at 30 (Timing-) and 60
(Timing-Il) day study periods consisting of Ammonia (2A), Nitrite (2B), Nitrate (2C). Water samples were collected for analysis every 4 weeks, and the amount of

water used (2D) in the culture systems throughout the 60-day period were studied. System CFT is the culture period by changing water every 7 days at a rate

of 30% of the total volume. System RAS is a recirculating aquaculture system that recirculates water with two sedimentation tanks consisting of a biofilter and

a water storage tank in the recirculating water system. T-test analysis was used to analyze between CFT and RAS system. Throughout the experiment, the

differences were considered significant when p<0.05.
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Figure 3 shows the results of the microbial population variability of change fish tank water (CFT) and recirculating aquaculture systems (RAS) consisting of total

bacteria (3A), Vibrio spp. (3B), and fungi (3C). Water samples were collected for analysis every 4 weeks, and the total solids (TSS) fraction (3D) of the culture

systems was analyzed throughout the study period of 60 days. T-test analysis was used to analyzed between CFT and RAS system.
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The effect of recirculating aquaculture system (RAS) on hematology
water quality and growth performance of red tilapia (Oreochromis
niloticus X O. mossambicus)
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ARTICLE INFO

Article history ABSTRACT

Received: 15 November 2024 This study aimed to evaluate the performance of two aquaculture systems, changed fish
Revised: 12 January 2025 tank water (CFT) and recirculating aquaculture systems (RAS), using 6 pounds of Red Tilapia
Accepted: 11 April 2025 (Oreochromis niloticus x O. mossambicus) per experimental unit. The initial body weight of the
Online published: 13 May 2025 fish was 10.20+0.05 g, with 12 fish per pond, and the rearing period lasted 60 days. Parameters
Keyword assessed included growth performance (final body weight [FBW], average daily gain [ADG],
Red tilapia specific growth rate [SGR], feed conversion ratio [FCR], and survival rate [SR]); hematology
Recirculation water systems (red blood cell count [RBC], hemoglobin [Hb], hematocrit [Ht], glucose [Glu], triglyceride [TG],
Changing water system and total protein [TP]); and water quality (ammonia [NHs], nitrite [NO2"], nitrate [NOs], total

bacteria, Vibrio spp., yeast and fungi, and total suspended solids [TSS]). These were used as
indicators for developing commercial aquaculture systems. At the end of the experiment, the RAS
group showed significantly improved growth performance compared to the CFT group: FBW was
95.46+4.72 g, ADG was 1.59+0.08 g/day, SGR was 3.89+0.07 %/day, FCR was 1.56+0.07,
and SR was 97.5+2.74%. Hematocrit (26.26+1.10%) and total protein (35.86+1.38 g/L) were also
significantly higher in the RAS group than in the CFT group, which had Ht and TP values of
23.08+1.22% and 32.57+0.34 g/L, respectively (p<0.05). Additionally, the RAS system showed
significantly lower levels of NOs~ and TSS compared to the CFT system (p<0.05), without
significant differences in microbial populations between the two systems (p>0.05). Therefore,
culturing Red Tilapia in a RAS can enhance growth performance, feed utilization, and survival
rate. Furthermore, the RAS can reduce NOs~ and TSS levels as well as water usage, without
compromising water quality.
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Figure 2 Defective peanuts separated from shelling plant (a) Undesirable defects include severely shrunken kernels, dirt-contaminated kernels, and split or
broken kernels with abnormal odors or colors. These defects pose a high risk for fungal toxin contamination. (b) Desirable defects include small kemnels, as well

as split or broken kernels, which pose a low risk for fungal toxin contamination.
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Figure 3 Process of preparing defective peanuts before ground dried peanut manufacturing; (a) Sorting defective kernels; (b) Defective kernels removal;

(c) Washing to clean sorted kernels; (d) Draining excessed water; (e) Arranging cleaned kernels on a tray; (f) Drying at 60°C for 6 hours and (g) Packing in bags for

storage and further processing

Table 1 Different methods of making ground dried peanut

Methods Drying 1 Drying 2 Grinding time
Cc/hn (°C/min) (s)
! 60/6 150/25 15
2 60/6 150/25 20
3 60/6 150/25 25
q 60/6 150/25 30
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Table 2 Packaging methods used for the storage of ground dried peanut
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Method Package
1 Packaged in a small two-layer PET/PE bag
2 Packaged in a small two-layer PET/PE bag and then packed in kraft paper
3 Packaged in a small two-layer PET/PE bag and then packed in a foil bag
4 Packaged in a small two-layer PET/PE bag and then packed in a clear zip-lock bag
5 Ground roasted peanuts from retail stores (PP plastic bags commonly used for packaging in the market)
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Figure 5 The relationship between drying time (0 - 6 hr) and a,, (water activity).

Table 3 Microbial analysis of ground dried peanut after drying process

Total microbial level (CFU/g)

Methods
0 day 5 days 10 days
Normal
Total plate count 94.8 a1 6.31x10*
Yeast and Mold <5 33 106
Drying for 5 hrs
Total plate count ND 16 258
Yeast and Mold ND <8 35
Drying for 6 hrs
Total plate count ND ND ND
Yeast and Mold ND ND ND
ND represented for not detected.
Table 4 Aflatoxin levels of defective peanuts that meet the TIS 4702-2557 standard after drying process
Aflatoxin level (ppb)
Methods
0 day 5 days 10 days
Normal ND ND 43.19+0.15
Drying for 5 hrs ND ND 11.23+0.07
Drying for 6 hrs ND ND ND

ND represented for not detected. Mean values + standard deviation of determinations for triplicatesamples.
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Table 5 Physicochemical properties of ground dried peanut
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dasluanludu Ae L*, a*, b* uag AE* MR 73.52, 6.06,
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U 15 Judl e lufudnwsiuan 90 Ju sely

Grinding time (s)

Physicochemical properties

15 20 25 30
(Method 1) (Method 2) (Method 3) (Method 4)
Color

L* 66.18+0.40° 69.63+0.32° 65.39+0.31° 68.99+0.42°

a* 7.94+0.29° 7.30+0.14° 9.14+0.06" 7.29+0.15°

b* 26.39+0.34° 27.22+0.24° 29.01+0.16° 27.95+0.24°

Moisture (%) 1.58+0.07% 1.64+0.04° 1.50+0.04° 1.28+0.10°

aw 0.192+0.01° 0.176+0.01° 0.175+0.01° 0.128+0.00°

Peroxide value (milligrams of equivalent oxygen peroxide per kilogram)™

0.89+0.40° 0.99+0.41° 0.97+0.72° 0.91+0.83°

Mean values + standard deviation of determinations for triplicate samples. Values with the different superscripts in each row are significantly different (p<0.05).
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UGinaumesoenlusisnfianudssiomsifiannuiiuifosiign (Thai

Agricultural Standard TAS 4702-2014, 2014) mmg’mﬁ YA WNEAT
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Table 6 Chemical quality of ground dried peanut at different storage times

Package
Number of days $
Method 1 Method 2 Method 3 Method 4 Method 5
Moisture content (%)

0 day 1.580+1.11¢ 1.580+1.11° 1.580+1.11¢ 1.580+1.11¢ 1.580+1.11¢
30 days 1.74+0.05° 1.58+0.09° 1.59+0.04° 1.63+0.03% 1.84+0.11%°
60 days 3.14+0.34% 2.01+0.13% 1.61+0.02°® 1.64+0.02°° 1.93+0.06°®
90 days 3.17+0.08™ 2.0120.02% 1.73+0.08% 1.83£0.15% 2.05+0.06™*
Water activity (a,)

0 day 0.119£0.00° 0.119+0.00° 0.119+0.00° 0.119+0.00° 0.119+0.00°
30 days 0.369+0.01° 0.268+0.01 0.234+0.12° 0.267+0.01° 0.335+0.02°¢
60 days 0.484+0.00°° 0.416+0.01" 0.327+0.02° 0.353+0.00° 0.353+0.00°
90 days 0.573+0.01°* 0.423+0.01% 0.368+0.00% 0.395+0.00* 0.420+0.00"
Peroxide value (milligrams per kilogram)

0 day 0.89+0.26° 0.89+0.26" 0.89+0.26" 0.89+0.26" 0.89+0.26"
30 days 4.64+0.81° 2.09+0.10° 1.56+0.19° 2.15+0.19*¢ 4.83+0.30™
60 days 5.53+0.30° 4.46+0.11® 3.66+0.11% 4.40+0.20° 5.93+0.12°°
90 days 8.80+0.20™ 7.93+0.23% 6.40+0.20% 8.06+0.30°* 8.60+0.20™
Aflatoxin level (microgram per kilogram)

0 day ND ND ND ND 35.18+0.01
30 days ND ND ND ND 45.65+0.02
60 days 8.67+0.01 10.96+0.01 3.52+0.01 5.67+0.01 -

Mean values + standard deviation of determinations for triplicate samples. a, b, c different superscript letters for each parameter in a row indicate significant
difference at p<0.05. A, B, C different superscript letters for each parameter in a column indicate significant difference at p<0.05. ND represented for not

detected.

Table 7 Microbial analysis of ground dried peanut at different storage times

Method
Microbial quality 1 2 3 a 5

0 day
Total plate count (CFU/g) ND ND ND ND ND

Yeast and Mold (CFU/g) ND ND ND ND ND

30 days
Total plate count (CFU/g) ND ND ND ND ND
Yeast and Mold (CFU/g) ND ND ND ND ND

60 days
Total plate count (CFU/g) 1.6x10° 1.6x10° 1.2x10° 1.8x10° 2x10°
Yeast and Mold (CFU/g) <2 <3 <6 <3 <4

90 days

Total plate count (CFU/g) 1.7x10° 2.8x10° 1.7x10° 2.7x10° 3.4x10°
Yeast and Mold (CFU/g) <19 <19 <15 <35 <51

ND represented for not detected.
Table 8 Physical quality of ground dried peanut at different storage times
Number of days Method
1 2 3 4 5

L*

0 day 62.83+1.08° 62.83+1.08" 62.83+1.08° 62.83+1.08° 62.83+1.08°
30 days™ 65.77+0.86° 66.36+1.49" 60.42+18.89° 65.47+1.84° 65.04+1.37°
60 days 68.62+0.53™ 67.81£1.67 67.16+0.78™ 66.09+0.86° 68.48+1.43%
90 days 67.97+1.00°“" 68.54+0.79% 66.96+1.61% 70.04+2.03% 73.90+0.43*
a*

0 day 7.93+0.16° 7.9320.16° 7.93+0.16° 7.930.16° 7.93+0.16°
30 days 9.03+0.52™" 8.50+0.83°" 7.97+0.81® 8.47+0.58°" 8.91+0.17*
60 days 7.76+0.49%° 7.97+0.81% 7.84+0.59° 8.06+8.06™° 8.69+0.29™
90 days 7.94+0.52° 7.98+0.81%° 8.46+1.61°" 8.46+0.58°" 8.65+0.14*"
b

0 day 26.35+0.39° 26.35+0.39° 26.35+0.39° 26.35+0.39° 26.35+0.39°
30 days™ 28.25+1.19" 25304595 25.10+8.04 26.97+0.62° 24.95+0.71°
60 days 27.76+0.49° 27.97+0.81% 27.84+0.59° 28.06+8.06™ 28.69+0.29™
90 days 27.94+0.52° 27.98+0.81% 28.46+1.61° 28.46+0.58° 28.65+0.14%"

Mean values + standard deviation of determinations for triplicate samples. a, b, ¢ different superscript letters for each parameter in a row indicate significant difference at p<0.05.

A, B, C different superscript letters for each parameter in a column indicate significant difference at p<0.05. ns not significant difference at p>0.05.
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Article history ABSTRACT

Received: 29 December 2024 Ground dried peanut, derived from ground peanuts, is a common food ingredient.
Revised: 3 March 2025 Defective peanuts, such as broken or split kernels, are often used in its production. However,
Accepted: 10 May 2025 improper processing and storage can lead to contamination by fungal toxins, posing health risks to
Online published: 13 May 2025 consumers. This study aimed to extend the shelf life of ground peanuts by employing Hurdle
Keyword ) Technology, a method that combines multiple preservation techniques to inhibit microbial growth
ground _d”9d peanut and prevent food deterioration. Peanuts obtained from a shelling plant were washed, dried at 60°C
processing methods for 6 hours, and then further dried at 150°C for 25 minutes. The dried peanuts were subsequently
shelf life ground for varying durations, 15, 20, 25, and 30 seconds, corresponding to four different
hurdle technology treatments. The results indicated that the first treatment, involving a 15-second grind, yielded the

most favorable results. This treatment produced ground dried peanuts with a moisture content of
1.58%, a water activity (aw) of 0.192, and a peroxide value of 0.89 milligram per kilogram.
Subsequently, the shelf life of the ground peanuts was evaluated over storage periods of 30, 60,
and 90 days using five different packaging methods. Method 3, which involved double-layer
packaging (an inner PET/PE layer and an outer aluminum foil zip-lock bag), was the most effective
in maintaining product quality. This method successfully preserved low levels of moisture, water
activity, peroxide value, and aflatoxins, with no microbial contamination detected in the stored
products. These findings demonstrate that aluminum foil zip-lock packaging is highly effective at
preventing the permeation of moisture, gases, odors, oils, and light, thereby extending the shelf life
of ground peanuts and preserving their overall quality.
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FululefndsssumAaniudenTnlA (Natural symbiotics from cocoa husk silage, NSCOS) tluansiasufindgnainnig

- T v o o o v - y oy
udeninlindnsauduimingduniduaninfivenedonnlunguudesuazamsadinléiduasiaiuluemsdnila
oo Horw A = - Cos i v sy .
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918 50 dUAM 913U 144 1 MeusunIveassuuvduanysal lnewudlildlldsugasemiiuandieiu 3 ndunnaes dell
nguil 1 ensaauaulUsiiu 18 Wosldud ngudl 2 e1ms ArunuiasuUFeninld 2 wWesidud wasnguil 3 ersnIunuEsy

AdnAy NSCOS 2 wesidud vinismeass 60 Tu 91nmmeasswud msiasudenlnlAuaynisiasy NSCOS ladswadauSununisiu
Fululofindossuyii uazUiamandnld (p>0.05) suziisnsnmsasuemmaduuinledashaalullfiadu NSCOS (p<0.05) mgosld
wWaeanlald voeTnguita Buniding wazidelofidnufiutu vaziishsdiesdn HL ratio franas (p<0.05) luldldiasudoninliuay
FUTIOUNISIIHANES 1&3u NSCOS aaunwlaludiuves Arwgdliuns uagA1 Haugh unit fiauiiatu (p<0.05) luldldfasu NsCos idewFuiiou
ALY Aunguenuauuaznauiasuddoninld uandiifiuindululefndsssumadldandentnld NSCOS awnsaldifuaulu
lnly o1sllald Tnsdwmaisosnsmsdsuswnadulduasanninle
unii 555U lnglnsluledndsssuvAdugdunidinulu
{jq]qlﬁummamldisgjLﬁamm”ql,ﬂuqsﬁaﬁsumaﬁqLﬁmq sysumATiaunselduansiasuluomsudiinaliinUselowd

nfanarldsunsdauaiuanaiaigedredaiiies Taglylndu
SnpAviimdedieuaziusfiugsandnd dutsuiuamuamua
Binaudrieindulusiuiifinagniguslanaunsadndslsn
yutu FoiliunarUiinunsuilnaliliduge vl lvde
Fndudniimsugiavesszmalng delunisnandesddafs
wanAnlifigauazsmdmesuiauauamlliis g wite
noUAUBIANUFeINISYRIUSLaA agtlsfinny uenainU3unn
anusisnsuilnafigauudrduduilnadsiosnsuslnelalidis
AuNNARY A danarviliinensnsidednlisnduses
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mslfansieuiassavsamnsndsluguuiuures Sululefind
(Symbiotics) nanafe Lasusiuiusyninanslulednd (Prebiotics)
warlnslulefind (Probiotics) Wnensidensweiuluguuuudululednd
ansnsafiasEAvsammsvhauesiwsluledndls
Fululefndsssuand (Natural symbiotics) WUUNSHARENS
wunanszrinaslulafndannunassssumaTiuiulnslulednd
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Bavnsenslnananvedliile (Chaiwong et al., 2023) 31
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a4x107 CFU/Radnsu Feazrilildnilulefndsssumfnnuden
InlagudulnslulefndsssuvAaniduniduanin andeya
Wosduuanddiiiuinanunsandndululefndsssuyiian
Waenlnldndnld waru1vvaruisaldiduaisiasuiiu
Uszdnsnmnisudnuaznaninlvluln vl egrslsfinu deya
Fanamdwian1sdnvmeassdmaiiinluddniUnlasangla
19 fafueniafoadsifajuiudnmnavesnmsliasasudulule
ﬁﬂéﬁﬁmmﬁﬁwﬁmmﬂLﬂﬁaﬂiﬂiﬁwﬁﬂiuzﬂmaﬂ NSCOS 7o
Uinaumslinandnliuazsufmaiiiatusonunwldluldly

guUnsalkaIsNsIdY
mawseasninlnuiuazdululednassadoinasninlamn
Yuvdeninldiilaanlssundalald sunevintan
iy dhanduaniBenaun 1 - 2 wuiwes lneldiedesdu
wedaluth nduiiudentnlAkumsdundutadu 2 dawu
druusnihluanuislazunazidsanoud1luTiAsigvnn
sAvsznaumaadilann aquits Tusfiunetu Welosam lusu
323 LagLa1 MINASUDY Association of official analytical
chemists (AOAC) (1995) uavtmsealldidusmsiasudmsulalu
9m5dn T dwd 2 thuwdn NSCOS TnstwdenlnlAiduuda
wpaniu  dnifuuaiiZouaniin lnetdwsinuuaiiSeiiude
nsAkandn NaalagUsuUTINTEUIUNITHANNINITN5V0Y
Bureenok et al. (2007) ¥nsvenesfadoununiGensauanin
Imaiﬂuwm%uMmmmu 200 mm Hulkaziden Wuldasu
1 an5 Mntunsesteusitudadutinansie 20 a3 vinnsuy
mqm‘mqwm Wunan 3 T Aeuthunldvinisiesigimusunm
wuafiZensauaniniutingn wudn dsiuruedewihiu 2.02 x
10° CFU/fiadans Tnensyuaumswinthnsnaudmndiu
WaenlnlAlusnsauudontald 100 d@au vimein 2 dau (2 %
Tnethwiinan) trldminludauuudoendion wdwuliidunan
14 Yu rouduiegrsiunlieneivideqdunie wafiFena
waA@n Aae3s Culture technique lagly Selective media Aw
MRS agar + 0.02 % NaH; + 0.05 % L-Cystine Hydrochloride
Monohydrate a1135989 Makivic et al. (2019) wu31 A91u2u

AUNIOuaARn 4x10" CFU/Iadnsu uwariinsgsimnesdusenay
maadl loun Saquits Tusuneu Belesan lusfusin wagtdn
P50 AOAC (1995) Lardwiegdinesimusinalndiluea
mUIEN15v83 Hou et al. (2003) daufimdethuimnuiuay
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gun1sltdninaass Ingn1unN1TRANTUIINAUENTTUATS
fﬁﬂ”UQLLamm"wLﬁumim‘@ﬁ’m‘l,ﬁamumﬁw&nmam%
uningrdewmaluladsivasaadiuw Tusygyiaasil RMUTL-
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Iidm mAaeIeguuNTIFHUIWIANTIE X 817 X g9 WU 45 x 55 x
40 wuduns lngdnsdanmsguasazlilassssuralulsasou
wuutla (231981 06.30-18.00 u.) Saudunstinaslniienn
vaontioau (1181 18.00-22.30 1.) LAIMAABINIUAITANYINAIIN
avenn sidefeningnenido BIOCLEAN uaglseyurniislineu
suiiunsmaaesdunan 14 u
AITINURUNITINRDIUAA 5O InaDd

IUﬂ’liﬁmﬂ’lﬂ%ﬂ‘ﬁ’)’NLLNUﬂ’]iV]ﬂaENLLUUQINﬂﬁJyJiEﬁ
(Completely Randomized Design; CRD) Taelunisneansnsadl
T¥svevnamnass 60 Ju Usznaudae 3 vivaud q az 4 9
(F117u 4 nwiesn Tasussalinssas 3 @ swwthay 12 §) 14
dorinpansitonun 144§ Tneinsduvinansliiudiisinua
Plufiuinneglulsadoudiontu lnsAuavunvesinegis
A1135N15984 Neter et al. (1996) TagNINUUATANULANFAS
fugail

nINuET 1 Ao qmmmiﬁﬁiﬂiﬁu 18 Wasigud
(@n3nauAN)

vENUAT 2 A grsemsmuauasdentnld 2
Wesidud

NINLUUG
Wesidud

7l 3 A9 §A59IM1IAIUANLATH NSCOS 2

o sdinaasaiiliuanmafunuusiazngunaaes lng
THom33UuUURe (@1vswasied) Awulidlusiuvenu 18
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W@mmmswamLaﬂrﬂEJLwiazqmﬁmmLmﬂ@mﬁuﬁé’w?‘mmuﬁ
Tngd1ulsynouYeI9191snaass uandly Table 1 Tunsla
osanIneassdnlilnlulasuemsuuuinie (Restrict feed)
Taofunaumnailivssann 110 niuinquiisdedsdetu Tne
wueslwemslunrazudu 2 an Ae lumeuldian 7.30 .
wazmoul1eIa 16.00 u. uavdniUnnaaadldsuihazainadns
Weaneuagiilinunaonaiian
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Table 1 Experimental feed ingredients

Iltems Kg/100 kg

Fish meal (60 %CP) 3

Full fat soybean 5

Soybean meal 22
Broken rice 5

Rice bran 10
Corn meal a2
Rice bran with hull 4.8
Premixed 0.3
Salt 0.3
Dicalcium phosphate (P21) 2.5
Lime stone 5.0
Plant oil 0.5
DL-methionine (99 %) 0.2
L- lysine (99 %) 0.1
Total 100
Price (THB/kg) 15.8

aussauznsuanlvvealnly

Aedalduunsaiunss 9 ax 3 ¢ Wi Tnaussausnns
nanlngldnananun 60 Su tufins uulesesu wazduinin
winly ihdeyaunAnuanssaugnndnvelily (Hen-day
production) tuidnlaeds (Average egg weight) Usunouaiala
994 (Egg mass) [Egg mass = (average egg weight x hen-day
production)/100)] #1135v83 Zhao et al. (2004) Ragab et al.
(2012) wag Lokhande et al. (2013) ¥Mn1sanvuiinUTuIa
grmsiliasUSunaemsimae WeruwamuSuanisiy
16 (Feed Intake) uagduLfiuemsimdeyn q dUasives
Faaansnnaes waduassdiu druusninluouiigamai
100 ssmnwaidua iothaildluiinszimusinainguiives
asnaaet Mntwhmfldlumuntsinunsivldlnednsde
wiagthainuis warormsBndunisilusuiigumndl 60
sarnwaila @Saudnhluumiunsunsawa 1 fadwns die
Ansizimaiudsenaumaaivedavugang 9 laun Tnguis
Wsflumenu olesau lodusi wasid muiSues AOAC (1995)
warAuInIA1Aslulemsnd sould e (Nitrogen free
extract, NFE) 91n@n15 NFE = 100 - (% A0 + % lusiy
et % Belesan + % losusan + % 18 wasAuaumn
UssAnsamnsiasuemaduled 1 Alansu (Feed conversion
ratio per 1 kg of egg) (FCR = feed intake/egg mass) M35 UD
Hu et al. (2011) Lokhande et al. (2013) wag Nopparatmaitree
et al. (2014)
nslauselenilaveslnvugluomslaly

msiaTeiansiduselevdlavednsugluomslnle
meluaidnd (In vivo) Aeisnisnageunisidusslovilasiu
(Total tract nutrient utilization) laald @15y ﬂ% (Indicator
marker) fia lasiindoonlen (Cr,05) 0.3 Wosidud lue1ms
vnaes MUITues Fenton & Fenton (1979) Tnewiielnlunaaas

218MAABY 6 U1 YIn1sdulnynaaedIuIu 3 N33 Aevsn
s Wmeaeumsldusslenildvedavuy Tnsusaznsssesitu
Fudnsstsaaifivya waeditliilemnsdunivense
Irlivnaedlunssazgnaulildsuomameansii 3 gns Tagluus
azgnsasnausglasiindeante (Cr,05) §1uau 0.3 Wosidud
Tt dUAWT 7 uar 8 vasnIvaaes lnsuustmaanseendu
2 $alpetasdi 1 futieududns (Adjustment period) Wi
7 Ju 929t 2 \Judrafiudiese (Sampling period) 18uiian 7
Fu lnoiflensuszoziiand fmunvzguiiviiegsenmsuay
Hethyaves lnlifldsuomsmaassinanlasindoonlud Tu
dumasiiegyaazynisivadugufviifiadaaniurns
WWUNIATATITA (H,S0,) AU LY 3 Wasidusd muisves
Mountzouris et al. (2011) Aouidled199mTUazAI9E194a
wszimAtesAUszEnoumaail laun Tnguis Tshunenu
Wolosaw Tofusu uasidh suddiangimuimalasindesn
lgsimuisuns AOAC (1995) anduhiildunduaameins
Tduselovdlaanslnvuz a1uisves Sharfi et al. (2012) 4
aung

mslusslevilivasinguiis (Apparent dry matter utilization) =
(% Cr,05 luga - % Cr,0; Twems) x 100
% Cr,0; luya

msldusglevdlaveslamug (Apparent nutrient utilization) =
100-[100 x (% Cr,05 Tuowns x % lnvurluya)
% Cr,0; Tuya % lnyugluems

myinlaginingrveslnlyuazesrusenovveinsalyiuliubon
Jaalafininevadbnlunarasrusenaumaniiluion
Tngluiugavnenismaassiinisensmsiiliussunn 12 4alus
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uwdadulniviitevaassay 1§ $1uau 7 dadenInuudiieiiu
fegradenlnazidenlnuinadn (wing vein) faay 2 Nadans
Wethuiarnududuressadonunsdauuy (hematocrit; Het)
A adanuag (Red blood cell; RBC) AL atd anv13 (White
blood cell; WBC) windanvviaigmnelsiia (Heterophil; H)
way dulwles (Lymphooyte; L) it et lumdnau H/L ratio ¥
F5ulUAnsevianelaamesoa (Cholesterol) uay lnsndiwolsd
(Triglyceride) Ineld1a3 sansa91d ondmlwalA (Advia 120, Bayer,
Tarrytown, NY) @2838 enzymatic colorimetric method (CHOD-
PAP method) #1335 Zhou et al. (2010)
nsinnanmvaslylnuazesdussnouniuedlulyll

Tuts 5 JugavinevesnsmaassdUnnin 4 wagdunnif
8 yimsifiumeeslalndiuiu 1 eseulunsazuiienaass
W ovinnsiaganmnianienmueslyld de dminle (Egg
weight) AunuIveaUdenla (Egg shell thickness) ArAvWUUE
v83luns (Yolk color) a3ugeluuns (Yolk height) Aaugaly
917 (Albumin height) wag11#1 Haugh unit Tneldias aein
ANy (Digital egg tester) YT ANRETE NEARTEPHT GRYIER
IWlifgaumnsl 20 ssmwaldoa Lilethdsinesdusznauma
nilveslinuisues AOAC (1995) Lazmalaainasealuldlayly
cholesterol assay kit (Beijing Biological Technology Co.,
Beijing, China)
MsUATILYToYaN WA

Toyaildainnisnaassianuagnirusauuasin
A1z ANLUTUSIU (Analysis of variances; ANOVA) a1

WHUNTVIRBUVANENYTA] WaslUTousuAILANA19YeY
AadeluusazyEnuusinaassdieds Duncan’s multiple range
test OMRT) Tngldlusunsunieaiian (SAS, 1998) Inannnuman
Auuanesegitddniisedunnudetiu 95 wWedidud

NALAZITAINANTTINY
09AUTENOUN ALY 5011 TNAASN

NMIANYINUI EATOMITNARBIGATATUAL FATIATH
waenlnling uazgasiady NSCOS flusiueds 18.1 17.9 uas
18.0 wWesidud Hidelesiade 7.22 7.54 uaz 7.43 Wesidus
flasfusiuads 5.01 5.04 uay 5.05 Weodifud 1diedy 6.45
6.47 waz 6.45 Wosidus waz NFE e 63.2 63.0 waz 63.1
wWesidud muddu andeyadnanuanddiiiuitesduseney
vmmﬁmmzﬂmmmsﬁﬁﬂﬂﬁlﬁmﬁuuazaamﬂﬁaqﬁuﬂ'ﬂﬁ"l,é’mm
nsAuladlaglusunsupeuiaees Wasnlnlauisdlusfusiu
elosau TusTusiu 1 NFE wasdSunalndfiueasiu witu
7.03 23.8 6.52 7.60 55.1 Wesidua uag 61.2 nfuasilaniu
Toguiis auandu FululendsssuyAain NSCOS WUsiusau
elosau Tusfusan 18 NFE wasUsunalndfiueasiu wiadu
12.4 18.0 6.94 6.5 56.2 WoslGus waz 58.4 niuseilaniuing
wie mudsy venandudmuindululedndsssurdann
NSCOS fU3unaupduvsduanin 4.01 x 107 CFU/Tadnsu wang
Tu Table 2

Table 2 The chemical composition of experimental diets, dried cocoa husk and NSCOS

Experimental diets

Items Dried cocoa husk NSCOS
T1 T2 T3
Moisture, % 9.40 9.42 9.48 82.8 79.1
Chemical composition (% of DM)
cp 18.1 179 18.0 7.03 12.4
CF 7.22 7.54 7.43 238 18.0
EE 5.01 5.04 5.05 6.52 6.94
Ash 6.45 6.47 6.45 7.60 6.50
NFE 63.2 63.0 63.1 55.1 56.2
Total polyphenol (g/kg DM) - : - 61.2 58.4
Lactic acid bacteria (10'CFU/mg) - ) ) - 4.01

NSCOS=natural symbiotics from cocoa husks silage, DM=dry matter, CP=crude protein, CF=crude fat, EE=ether extract, NFE = nitrogen free extract.

wavesnrsiasudululedndsssuvidoinidaenlnlivinge
qussauznslvinananlulnly
msinaussaugnsinandnvesialy wuin nsiesy
wWaenlnlAnsiaznisiasudululefndsssurifain NSCOS lai
dawareuSinansiulduaziUasidudnananlidotu (p>0.05)
TnefiAnadevesUsunansiuld 109.1-109.6 nfusatu uay
wandnly 77.6-77.9 Waesiiud audidu vaisdl nsiaSudulule
Andsssurian NSCOS luanmsialudiuunlduvilsiminld
Lﬁmqqsfu (p=0.07) aghslsAnuldianuunnaiemisadd (p>

0.05) WelssuiisuiunguaruAu wazdwavinlisnsinis
wWasuomadudminlifiaiian (0<0.05) iewfisuiunis
wTudeninlineuargnseomnsatunl deawavinlidunu
Ao MIsRaNSIikaNanty 1 Alansu anas Auandlu Table 3
e UsunanisAulai el unndraduluudazninud
Wesanlunsdnwiadedfinislkermsuuusifalaginun
UsinansliomnsUszana 110 nfutaquiissiessietu thwiin
Tefuualtududululaleildsunsesudululefndsssuani
971 NSCOS wauriivsunanisiuladianlaunnanasud adanals
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dethandnaesanmadasuevnadudminlidasian
Fawwnltunsifistuveshminlduandiduinlnldldsulnvue
Tunsatraeslrunntudsiinnuasnndosiuainisldusson
Fvoddasusiigatululnleflasunnasudululefndsssumi
910 NSCOS wandlu Table 4 & sdawalnensasowusliiudi iy
qﬁumaaﬁmﬁﬂiﬂumswmaaﬂﬂ%ﬁ NARINANIEINTADD UMY

Tnensiasudululefndsssuy1fann NSCOS fd1unanvos
9aun3duanindsdadulnslulefndiidnasonszuiunisdey
n3gedu uazUsinunanantigely aonndestusenues
Cabuk et al. (2006) waz Zhang et al. (2012) fiwuin n15iady
qauniduanindwnariiviiinisgeslaveslilugs nandnliuas
hmiinldfifngedu

Table 3 Effects of natural symbiotics from NSCOS on productive performance of laying hen

Treatments
Items SEM P-value
T1 T2 T3
Average daily feed intake (¢/day) 109.6 109.2 109.1 1.44 0.78
Hen day production (%) 775 7.4 779 2.15 0.59
Average egg weight (¢) 54.1 53.9 56.0 1.56 0.07
Feed conversion ratio (kg feed/kg egg) 2.02° 2.02° 1.98° 0.03 0.05
Feed cost per 1 kg of egg (THB) 30.3 30.6 29.9 1.85 0.10

2 Mean within the same row with difference letters are significantly different at p<0.05, SEM=standard error of mean, T1 = a control diet (18 % of CP), T2 and

3 = control diet supplemented with 2 % of dried cocoa husk and NSCOS, respectively.

wavasnIsiasudululednasssuyrifeinaeninlnnenisly
Usslewdlalulnly

nransAnwnudn Inleildsugasemsaunu gas
gmsidsuUdeninling wargnsenaasudululefndsssud
970 NSCOS darnislauselosilavodlusiu vy wazidn L
uANAsRUNSEdA (p>0.05) usinuin lrluildFugasemsiadu
Wasnlnling wazgnsomsiaiudululefndsssuvifann
NSCOs fnsliuszlemildvosinquits Sunidinquazidelegs
ninlAlvdilesugasmuny (p<0.05) fauandlu Table 4 wansli
wiuinmsdsudeninlinaionsasudululefndainsssums
Tugunes NSCOS finasonislivsslovidlivodavusfingety
neilifosnnludenndnlindiosiuszneuunduiiduledln
wwanladuazinadu fedaiiuemnsvesqdunidiifondn w
lulefind Fsfinauandianunsanumusionisdeslunszmzuay
anldidndrudusazlnaruluddldidndrwinewazgnld
Uselonillasgauvdaiusslon Woedunidnquiverssau
wintuardumumlunsesugduidnguiinelsnlianasil
qmmwmaaéﬂﬁﬁ%u #OnAABINUIIBIUVBS Topping & Clifton
(2001) wuirnsiasunsluledndinaviliduiugdunidngui
Lﬁuﬂiﬂﬂ‘uﬁlﬂwﬁu WU Lactic acid bacteria (Bifidobacterium
spp. Wag Lactobacillus spp.) kag Enterococcus spp. uduy
Qdunidnquilaeningoonslulefndossany saiuaziin
nandel Ao ufa nsauaniin waznsaluduiiseimediesy
(Short chain fatty acid) (n3a eg@fn nsalnsilelln wagnsndn
3n) (Nabizadeh, 2012) dswalianldduldiuiidnainendu
an11znIad blmanze on15ies i ulauaznisuusiaes
wuaiieldlny i msiuAsnssunmsntnuasUSinamense
lufufissnedherudenuduiudfuenundunsaifiatuuay
dmarian1ssusudonelsn drarodugnine1vesdild nande

finalfaugeialowazanunitewesnduduiud udsmarinle
Anuannsalunisdesliuaznisgaduveddavugluainisves
dlduiugetu (ozefiak et al, 2004) uanantuFoninlAds
Usgneusmeasnguinafiueauazsleluuiu delunuivlunis
Arun1seniauuazyinateydunsdnelsaluniud ueinig
(Kemperman et al,, 2010) v iigalulefndsssunfnniden
InlAvsdniidudsenauvesansnqulndiluea (Polyphenol) way
AUNIITTTUMAIUNGUVRILUATISBUARRNDY TINMY N13IATY
wWasnualnlifiunsmingmiuduviduanin dwarivllaly
Iosuansnagu wilulefind ndfluea wavuuaiiSeuaninidally
sumedailiiiiinagauidngudnanluviomaduems
dsnalaonsaoguninvesdilduaznislivsslovdldvodnuugi
Aty aonndesiusBauYes Bai et al. (2017) $1897U31 N3
@3uuuaiS e nannsauandnlue1visaiunsoif udiuou
9aunidnauvesnuaiiieiinannsauaninludld nadana1
danaviliuszrinsgdunignelsalualdanas duasioniy
udausaazaunmesdldin dusdunszuiunisosuaznisgn
Fulavurldddu vnzilansusznoulueada (Phenolic
compounds) a1ntUdenaasinliuagiudonlnldmin 9adu
ansusznaunguvemnslulefind ansuszneungudsnaniiunum
Tunsueyyadasy nssduniduiu wasnsedunisuduigos
luremadiue1ns udiddmanonisteelauaznisgadulnsue
qqsz‘fyu (Qingming et al,, 2010) e upsiasudululednd
sssuvinnFeninlivinnAauselonianisfiqdunisd
i luaranesAuseneudrdgyluguvemslulednd Indil
uoauagvlelusiufinuluudonlals doyadosubummmalyi
Ansgesldvasinguite Sun3diag wandele daufugedulu
lrlvildsugnsemsiaiuidonlnling uazgnsomsiasudy
lulefindsssuwifiain NSCOS
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Table 4 Effects of natural symbiotics from NSCOS on nutrient utilization of laying hens

Treatments
Items SEM P-value
T1 T2 T3

Nutrient utilization, %

Dry matter 74.9° 76.2° 77.8° 0.19 0.02
Organic matter 85.4° 86.9° 87.8° 0.18 0.03
Crude protein 78.2 78.7 78.8 1.08 0.43
Crude fiber 21.4° 29.9° 30.4° 0.48 0.05
Ether extract 89.5 89.0 89.1 3.01 0.45
Ash 30.2 29.9 32.6 3.06 0.74

5 Mean within the same row with difference letters are significantly different at p<0.05, SEM = standard error of mean, T1 = a control diet (18 % of CP), T2

and 3 = control diet supplemented with 2 % of dried cocoa husk and NSCOS, respectively.

wavesnsiasugululefnasssuridoinddeninlinelainive)
lulaly

Nnuansinwmud leilddugnsomsaunu gns
maiasuUdeninling wavgnsemsiaiudululednd
535UIRAIN NSCOS A1 Hematocrit hemoglobin Fwaudia
1Heaune S1uudiadenunn uazilndenunuia Lymphocyte
Laiunnsineiu (p>0.05) winuin lddildsugnsermsiasy
Wienlnline wazgasemsiasudululedndsssuvifain
NSCOS fuwualduusunandaldonv1iviin Heterophil anas
(p=0.08) agslsfimulaifinnuunansnaiumeada (p>0.05) wle
wWiguieuiunguauau wazdmarinlif1gnsndu HiL ratio 3
Aanas  (p<0.05) sauandlu Table 5 aeslsAnuen H:L ratio
vaslilanaasduniliidiadewiiu 0.56-0.61 Falldlndifes
U HiL ratio UnfivesdnidniifiA15ening 0.33-0.57 (Jain,
1993) psanasesen HL ratio Hlunaiiounainmsnisanas
veudindonuniinennelsila silneUnfmndmslasudadn
Tndusmilnuinmnnaionssdnarilvedindenunsingy
Tnledsianhuusidadonumuiaemnelsiadngau ma
Fanariinainnisudsgesiuuuaiilaaniiu (Catecholamine) i
ninaneeunuInladwlunazsesluunglanednsed
(Glucocorticoid) finamansesmnnlndiuuenidrgnszuaiden
Wasngu Uulian, 2000) nsudssesluudananiiiuasilside
Fonvwiindulnledanas (Harmon, 1998) wariinaifiusziu
dindenviviiaienivelsilaain Hemopoietic system liiidng

nszuadonuIntu (Jain, 1993) n1sanases HL ratio Wldlyd
Tasunsiasuildentnlinsuazdululefndsssurifain NSCOS
ﬁ?uﬂwamﬁamsamawaammLﬂ%*amLLaxmiamawaaa%aams
lungudenan dadunaunanarsnguraliuesdainlalddl
AuandAluninduasiueyyadased fussdninings
(Tachakittirungrod et al., 2007) vaugiReaiuATAaNTRLUNS
Freifiunsvnuveasuluifineiteddunisiineyyadass
19U catalase ua¥ glutathione peroxidase IMNAMANTRAINAT
JedamalvianunsatisannaideiiinanoyyadassdruiAudingn
Fulugasiidniinanuaienld dsalfsruugiduiulsaves
S ihaldedadisyansamanntu

agalsfinu nsAnwiediinuingentnliuuasdy
TuleAndsssumiain NSCOS Tusumsinly lidwmadauTunm
Anududuresnglaauazlnsndiwelsdlunseuaiion (p>0.05)
waiwuIHLlUNi T uMANUIT NI UeIRBIAANB IO
1denanas (p=0.07) agalsAnu ldinnuunnaneiumeada (o>
0.05) WlanBsuiisudunguamunu fauansly Table 5 Femidly
nalntgraddunisansziuneiaanesearenisiinslulefindann
Fululodnds53u¥18 NSCOS a1adnanon1d 526U
AoLadLADTAlUTER U (Hypocholesterolemic action) wu
nsathi miﬁﬁ;ﬁuw%’sjm%mLa‘uimLLazLﬁmi’ﬁmuu'm%ummm
Frwdevaaineiadnosoanazduiinisgadununtedld
(Mikulski et al., 2012)

Table 5 Effects of natural symbiotics from NSCOS on hematological and chemical values in blood

Treatments
Items SEM P-value
T1 T2 T3

Hematological characteristics

Hematocrit (%) 29.1 28.6 29.6 3.23 0.41
Hemoglobin (g/dL) 10.3 10.0 10.6 251 0.73
Red blood cell (x 10%/pl) 2.36 2.41 2.48 1.06 0.38
White blood cell (x 10°/ul) 192.00 188.0 199.4 9.14 0.44
Heterophil (%) 35.8 34.2 335 1.03 0.08
Lymphocyte (%) 58.7 59.9 59.6 3.6 0.17
H/L Ratio 0.617 0.57° 0.56° 0.12 0.03
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Table 5 Effects of natural symbiotics from NSCOS on hematological and chemical values in blood (Continue.)

Treatments
Items SEM P-value
T1 T2 T3
Blood biochemical profile
Glucose (mg/dl) 193.3 204.4 194.6 7.80 0.25
Triglyceride (mg/dl) 1087 934.5 9953 27.4 0.42
Cholesterol (mg/dl) 178.0 175.2 169.1 6.91 0.07

2 Mean within the same row with difference letters are significantly different at p<0.05, SEM = standard error of mean, T1 = a control diet (18 % of CP), T2 and

3 = control diet supplemented with 2 % of dried cocoa husk and NSCOS, respectively.

wavesn nasudululedndsssundoiniaeninlinenaninly
uazvesAUsznaunuadveslyly

nsfinwiafainudn maasudentnliuuasdulule
AndsTsuyAan NSCOS luammisinlylidwasioninugslivn
AunIelruns AunuUdenty (p>0.05) WANUIN NISLETH
Fululefindsssuvidain NSCOS luamsinly villaugsla
uasuazA Haugh unit SAngedu (p<0.01) Wlaisuiflouifundy
Alifansiaiu dauandly Table 6 uanslisiuinnseudalule
Andsssumfiann NSCOS Snadenmsiiuturesriaugdlaung
wagen Haugh unit dadunaainansngulndiiueatiegluiden
Inlfuazaduniduandniidudluseninanssurunisvin
aenAdeariu Chungsiriporn et al. (2022) finuinnsiasudden
TnlAouuvsii sedu 2-6 Wesidud lugnsermsiina vivlen
Haugh unit iugedy Weviausmiuadunisinslulefind iwu
nauvesgAuvIduandniinuludululedndsssumAain NSCOS
aeliuszAnsnmlunisifind Haugh unit denadesfiuvany

mMsfnwiinuinnaiugdunisinslulendngusng « 1wy ngu
vo3duniduanindnaludiunisanvesusuialaduuasy
Aaladwmesealitautnusdmatanuluiununinlinaznis
Bao1gnsiiuinw (Zhang et al., 2005)
wonanilunsdnwadsifmuinnisasuudenlaldy
nanazBululofndsssuri@ann NSCOS luemis Inlalidenase
ssrUsznoumaaiivedlvludiuvesnnutiu Suniding Tsiu
wazlolu (p>0.05) winuiduuliuinlvroaawmesoaluly
anas (p=0.08) egslsAmuldimuunnanesiunsaia (p>0.05)
WewSeuiisuiunguaiuay dauansly Table 6 Fanadanan
denndesiudeyanaveinisasuiianinlinuasdululednd
555UY1RN NSCOS waUsunumlaainesoaluldon wuindl
wwltihliuSinureiaanesoaluionanad sauansly Table 5
%amaﬁaaa’nLLamﬁqmsm%mazmﬁ@meﬁﬂmaamasaaﬁ
anas daalnensareUsinaneaamesealuliiianamulusie

Table 6 Effects of natural symbiotics from NSCOS on quality and chemical composition in egg

Treatments
Items SEM P-value
T1 T2 T3

Physical quality of eggs

Yolk color 8.70 8.75 8.75 2.12 0.48
Yolk height (mm.) 7.83° 7.85° 8.75 0.03 0.01
Albumin height (mm.) 17.5 17.6 17.7 1.05 0.56
Yolk wide (mm.) 41.6 42.1 43.2 1.93 0.1
Shell thickness (mm.) 0.45 0.43 0.46 0.31 0.62
Haugh unit 78.5° 80.8%° 85.7° 1.36 0.01
Chemical composition of egg

Dry matter (%) 27.1 274 27.6 281 0.65
Organic matter (% of DM) 98.5 98.6 99.0 1.04 0.82
Crude protein (% of DM) 20.8 21.2 20.4 2.59 0.74
Ether extract (% of DM) 12.4 11.3 11.8 1.12 0.29
Cholesterol (mg/dl) 298 252 229 20.6 0.08

2 Mean within the same row with difference letters are significantly different at p<0.05, SEM = standard error of mean, T1 = a control diet (18 % of CP), T2 and

3 = control diet supplemented with 2 % of dried cocoa husk and NSCOS, respectively.
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ARTICLE INFO
Article history ABSTRACT

Received: 17 November 2024 — - - — -
Revised: 28 March 2025 Natural symbiotics from cocoa husk silage (NSCOS) is an additive product derived from

Accepted: 23 April 2025 fermented cocoa husks using lactic acid bacteria obtained from Napier grass leaves. It
Online published: 26 May 2025 can be used as a dietary supplement in animal feed. The objective of this experiment
Keyword was to study the effects of NSCOS on production performance and egg quality in laying
natural symbiotics hens. A total of 144 Lohmann Brown laying hens, 50 weeks of age, were used in the
cocoa husk experiment. The experimental treatments were arranged in a completely randomized
production performance design (CRD) and divided into three groups according to dietary treatments as follows:
egg quality Group 1 received a control diet (18% crude protein), Group 2 received a diet
laying hens supplemented with 2% dried cocoa husk, and Group 3 received a diet supplemented

with 2% NSCOS. The experiment was conducted for 60 days. The results showed that
supplementation with dried cocoa husk or NSCOS had no significant effect on feed
intake or egg production (p>0.05). However, the feed conversion ratio to egg weight
was significantly lower in hens that received the NSCOS-supplemented diet (p<0.05).
The utilization of dry matter, organic matter, and crude fiber increased, while the
heterophil-to-lymphocyte (H:L) ratio in blood was decreased (p<0.05) in both the dried
cocoa husk and NSCOS groups. Additionally, yolk height and Haugh unit values were
significantly increased (p<0.05) in hens fed the NSCOS-supplemented diet compared to
the control and dried cocoa husk groups. These findings indicate that natural symbiotics
derived from NSCOS can be used as a feed additive for laying hens, with positive effects
on feed conversion efficiency and egg quality.
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Tdasludninesouin 50 Tadans waziudindes usa
30 fiaddns Iuvawiuanazauliyaunzazatguazaziden
L nsesieRzLNTIaIAvUIAIRTE U aend i liifesnns
pan Urarsazatsunsianilunens Ineldvasangnga
ansavanefimudnfuings venasluresiuvesaladtulunens
4198z 0.3 Jaddns ddlasnunsiadudiuiulune dlagldndos
ganssAuidvens 4ox lineslussuumaiuvemsuenlalay
n1swWssuiiguiu suawlinensves Mehlhorn (2016) F1uau
Tanenluya 1 n3u (Egg per gram, EPG) muiaildningms

Srumilanens EPG) = EnnuldneSATuld x 3004(0.3+0.3x2)

N1TIATIZITBYA

Anngviteyalagnsldaifdanssauun (Descriptive
statistic) 1usesay Tiasghanuduiussyninetadesening
Srnuldnendiussuunsiaes Mmeadndsinseinngounis
anneeLUUladadn (Binary logistic regression analysis) lagn1s
Tdlusunsudusagumeadia IBM SPSS version 29.0.0.0
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1. Foyaiiugiu anmATHEA LA IANIBUNYIINT
1381529518 saunglu 9 SunevesTanianngs

INLNYAINT 23 578 ﬁﬁﬁagaﬁyugmﬁa wnwnsnsdIulug

(73.90%) flongszwing 31-60 U vaufitnuasnsongsinin 30
fiifies 8.70% warerguinnit 61 U 17.40% laedrulng)dugd
Usgaunsaflun1ad ssdnt invnsnamaseidndaug el
82.60% AUNANGY 17.40% n15AnwIvetnunsnsaiulug
(39.10%) agszauiliseuAnwinoulaty sesaunAsyTyyIns
(26.10%) Uszaudnw (21.70%) waznsAnesinindioeudng
noustu 8.70% Yoyaiiarieudsarumanuateysnisinuily
nauiidssuny Tudumaun wudt invnsnsaaulng (56.50%)
fufiemaurnms wag 43.50% Wuiemaurdaaiy 34619910
183704 Sukrat et al. (n.d.) fseewingidssungluniald
drulugiiuiiomaudaay 91INRENTOUNYATNIABYINEIUL
(43.50%) 509891 @ N15LABIUNE (26.10%) WazN1IAITY
(13%) Tnon1idssung uorinsosifidnaaugeanis 60.90%
Feagiioudsunumddnlunsiatuseldlitunuasnsluguo
2 Sulsmersimsaony
NMETIRNSILNE 23 vh9u Srutuuneanue
85 @7 nulyne1sluunsyndaiiiudaega (100%) Alede
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gLneUInnyy (893.75 ev/ya 1 n$i) ULAD (814.58 Wey/
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Wou/ya 1 W) Lwduau (418 wew/ya 1 nfu) uazvsuly
Sunenglvn (31437 Woy/ya 1 n3u) wudunedliwe dinan
lavueunediinsranuidulungunuouneiddnay
A9 We15 Strongyloides sp. (a) luweSuds Trichuris spp. (b)
uazfeauYas Haemonchus sp. (c) Auandlu Figure 1
snnulvnesluya Tneszdulinersluyaidodndu
sEAudunTIesouns Ao d9wiulyne1duinnia 1,000 Wese
18 1 n¥u (Paul et al, 2023) lnsfi nudrdadelunisd os
U vuendn sUwuunsdss msldumanii sseznatlunis
218018 NuI T A UdNRUS AUTIUIUNYIT (0>0.05)
(Table 1, Table 2, Table 3 uag Table 4)
wonanfinuinldfauduiusiddedide (0>0.05)
seing auersutuiwauldnesluge dduniadesdnily
yumhdufisheiu (Feendn 50 ¢ uazanandt 50 §9) laidawa
nsgnusieduulanesluyainy (Table 1)
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weslugalunsalil Faumneina91n Wongsawang et al. (2020)
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a ! ﬂy Sl 1
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Figure 1 Strongyloides sp. (a) Trichuris sp. (b) Haemonchus sp. (c).
Table 1 Relation between EPG and Level of farm
Level of farm EPG <1,000 EPG >1,000 OR 95% ClI p-value

Size of herd <50 head 7 4 1.06 0.12-9.39 0.957

Size of herd >50 head* 9 3 1
EPG: Egg per gram., * reference group
Table 2 Relation between EPG and the farming system

The farming system EPG <1,000 EPG >1,000 OR 95% ClI p-value

Grazing 4 2 0.68 0.05-9.1 0.774

In housing* 7 2 1

Mix 5 3 0.36 0.03 - 4.88 0.446
EPG: Egg per gram., * reference group
Table 3 Relation between EPG and the use of water sources husbandry management farming system

The use of water sources EPG <1,000 EPG >1,000 OR 95% ClI p-value
husbandry management

Tap water® 11 5 1

Rain water 1 1 0.57 0.02 - 15.56 0.737

Pond water 4 1 1.96 0.15 - 26.09 0.609
EPG: Egg per gram., * reference group
Table 4 Relation between EPG and Duration of deworming

Duration of deworming EPG <1,000 EPG >1,000 OR 95% ClI p-value
< 3 months* 9 3 1
> 3 months 7 4 0.45 0.06 - 3.62 0.451

EPG: Egg per gram., * reference group

wonaniinudn lifieuduiusniead adifided day
(p>0.05) sgninsrezattunsaenensivinnulinesluga
Feduszernalumsmenssislidmanszmudesiuaulines
Tuya mukansaaeuil (Table 4) wazanuanIsvadBUT LA
Uatlén Muuseng 4 W widsth sUsuumades suemisu
wagsrezIaTuNSEeNens dwansenusiednuiulinensluya
nnMsmageudl p-value 11031 0.05 Fauansinlsidaudusiug
Fitfuddnymeadn

Anugnuameslun1sdaaieinuiune igunsia
Wy BV anuadanend (100%) 44u1nn9101951891UV09
Jittapalapong et al. (2012), Ratanapob et al. (2012), Yusof
and Isa (2016) uay Azrul et al. (2017) finuanugnidusied
WU 76.4%, 79.47%, 52.30% WAy 68.65% AuEIAU WAzl
11NNI1578971UY83 Sangvaranond et al. (2010) k&g Rupa and
Portugaliza (2016) 1 mU AIMYNLMAATY 96.37% Uag 96.22%
ANAIFU wITUNITNUANYNII8NSU (herd prevalence)

Y937135A neelumaiuemIsiaenuANLYNYBINESNEY
Strongylid 11U 100% Y1 U31891UV84 Ratanapob et al.
(2012) A FanTauAsUgy wazMIAUTIB9IUTDS Azrul et al.
(2017) fingammavnuas
msa"wsmmgaﬁwwm'm'uuwnuj't,ﬂ uny1Svila
Strongyloides spp. uaﬂmﬂﬁ?mﬂu lainenSudiin Trichuris spp.
WaT 28 0UVBI Haemonchus contortus § 49115183MUD
Worasing et al. (2011) wumngnSdanauludlduiniian liud
spp., spp.,
Paramphistonum spp., Fasciola spp. Wwag Trichuria spp.
LAY 52.78%, 22.21%, 6.39%, 1.79%, 0.79% way 0.28%
puddy Fudunersinvlunafuemsungveanialily

Strongyloides Coccidian oocyst, Moniezia

Usenelne (Wae nsed 451993511 uATATEIINIIY 1inas
aUaN @na Lagn3a)

Tuaruasrnuduiusvaansatewens fusruuli wens
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4849 Ratanapob et al. (2012) wuingsuneiiiissegiiaminlumsdie
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Tngalvg Junesinay ldwuanudusiudvestade 4 Jade
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Survey of farming systems and prevalence of gastrointestinal parasites in goats in
Phatthalung Province (February to October 2024). The purpose of this study was to survey goat
farming systems and the prevalence of gastrointestinal parasites in goats in Phatthalung Province.
Data were collected from 23 goat farms across nine districts: Tamode, Khuan Khanun, Srinakarin,

Keywqrd Mueang Phatthalung, Pak Phayun, Khao Chaison, Lampam, Bang Kaeo, and Kong Rha District
Goat farming systems (listed twice, possibly an error). The study also aimed to investigate the causes of parasitic
Prevalence of gastrointestinal parasites infections in goats and examine how farming practices relate to their occurrence. Fecal samples
Phatthalung Province were collected from 85 goats and tested for gastrointestinal parasite eggs using the Modified

McMaster Technique. The results showed that all sampled goats were infected with gastrointestinal
parasites, indicating a 100% prevalence. The average number of parasite eggs in feces ranged from
314.37 to 1,635 eggs per gram (EPG), with the lowest count in Tamode District and the highest in
Khuan Khanun District. The parasite eggs identified included Strongyloides sp., Trichuris spp., and
Haemonchus sp.An analysis of factors potentially affecting parasite levels—such as water source
usage, husbandry management, rearing systems, farm size, and deworming intervals—revealed no
statistically significant relationship with fecal egg counts (p > 0.05). The high prevalence of
parasite eggs highlights the need for effective control measures to prevent production losses in goat
farming.
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Figure 1 Minimum temperature, maximum temperature and solar radiation during the buckwheat

growing season at (a) Phrae Rice Research Center and (b) Nakok Village
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Figure 2 Biomass Accumulation (a), Carbon Content (b), Nitrogen Content (c) and Carbon to Nitrogen Ratio (d) of buckwheat at Phrae Rice Research Center (PRE)

and Nakok Village (NAK)

quUAmsianavesiu
PANANISANYINUIINSIanauUnIndaalraudfnng
Fandvesiuiinsiasunlasegedmau Tnanglusudndiu
YasunAAY loun aunAnste sumanseuts uazeuninfu
wilen Tagludas 30 Tundslanau suntanseiuduain
65.20% 1Ju 67.50% drueyniafunietanasain 13.30%
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Tnehludndiuounaduieifuauifnuiiroutisnsiluszesdu
mim?{auLLanﬁwuawﬁa’aummﬂmﬂmmmm?{aﬂumﬁjm
\Ausegaiiu wie nanszanedavesdunieingiliaiiausly
Huiinaaes (Gee & Or, 2002) $aAr3iinsmsavaeudilusvey
priieduduuunliduging wusliuiddmaulugae 60 Sumds

lanau Tmaqmﬂmﬂmﬁ'm*‘fmﬁu 71.60% vnigfi ey nAfy
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Table 1 Physical soil properties of the soil before buckwheat planting and after buckwheat tillage at 30, 45 and 60 days at Phrae Rice Research Center

Duration (day) Physical properties Before After Two samples
tillage tillage t-test
30 Sand (%) 65.20 67.50 ns
Silt (%) 21.50 23.90 ns
Clay (%) 13.30 8.60 *
45 Sand (%) 65.10 69.50 ns
Silt (%) 26.50 22.10 ns
Clay (%) 8.30 8.40 ns
60 Sand (%) 63.80 71.60 ns
Silt (%) 26.60 21.80 *
Clay (%) 9.50 6.60 ns

Note: ns = no statistically significant difference (p>0.05), * = statistically significant difference at p<0.05
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Y83l (Bjorkman, 2009) @ wnsudsinudunseingluauiinig
wWasuudasluusiazae Taelurag 30 Suusnanandniesain
1.29% 18y 1.23% Seeadunainnsgesaaeonesingives
FandunIdafia1 ON ratio Anlurasusn egelsfiniy ¥as
45 uay 60 Ju Wm'w%mmﬁuw%i“mqLﬁ'm%'ymﬁu 1.03%

LAy 0.98% AINEFU wansisn1sazauvesdunIeingia
dnenmlumsusuiplasadauasanuausolumsinifui
voanulusrereny vz Usuiureanesan duuss oy
sl ulutag 30 uas 45 Yundslanau Tnglutas 45 Su
Winan 18.16 1u 21.29 fadnduseilansy msiintulugaedu
p1afinnnsnszaulviinnIsazangveaneanealufulaense
Suvidiivdeseanainnisdesaatsvestnia (Possinger et al,
2013) LazA@IAARBINUIIBIIUVDY Boglaienko et al. (2014)
wurrnstanaudninanunsoui ureanedaluduldes1adl
HydAgy wonaniidamuin Aveddnunadeudiatnld gy
athetmau Tnsanelugas 30 uaz 45 Yundslanau Jafiany
uwanAsegeiifeddymieain (p<0.05) fUSunaufisan 50.28
WJu 70.13 wazann 34.28 1Ju 44.65 Jadnsusenlandy
PNaRU Lansdsdnenmuesnislanavtninlunisuanlaes
Tnunaideu § e unuindrdgaonisdunssiuaswasnis
\ndeueussgluity (Patel & Paul, 2024)

Table 2 Soil chemical soil properties before buckwheat planting and after buckwheat tillage at 30, 45 and 60 days at Phrae Rice Research Center

Duration (day) Chemical properties Before After Two samples

tillage tillage t-test

30 pH (1:1 H,0) 5.93 5.40 *
Organic matter (%) 1.29 1.23 ns

Available phosphorus (mg/kg) 25.23 26.18 ns

Exchangeable potassium (mg/kg) 50.28 70.13 *

45 pH (1:1 H,0) 5.78 6.33 **
Organic matter (%) 0.93 1.03 ns

Available phosphorus (mg/kg) 18.16 21.29 ns

Exchangeable potassium (mg/kg) 34.28 44.65 *

60 pH (1:1 H,0) 5.69 6.41 *
Organic matter (%) 0.96 0.98 ns

Available phosphorus (mg/kg) 16.09 14.89 ns

Exchangeable potassium (mg/kg) 32.35 37.20 ns

Note: ns = no statistically significant difference (p>0.05), * = statistically significant difference at p<0.05
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Research article

The Potential of Buckwheat as a Green Manure for Soil Fertility

Improvement
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ABSTRACT

This study aimed to evaluate the potential of buckwheat (Fagopyrum esculentum
Moench) as a green manure for improving soil properties under specific environmental conditions.
The experiment was conducted in two locations: the Phrae Rice Research Center, Phrae District,
Phrae Province and Nakok Village, Bo Kluea District, Nan Province. Data were collected on plant
growth, biomass accumulation, carbon content, nitrogen content, and the carbon-to-nitrogen ratio
(C/N ratio). Additionally, physical and chemical soil properties were analyzed before and after
buckwheat incorporation. The results showed that biomass accumulation increased with plant age.
The highest biomass was recorded at 60-75 days after sowing in Nakok Village, with a C/N ratio
ranging from 20 to 30, which is optimal for organic matter decomposition and nutrient release into
the soil. In contrast, the Phrae site exhibited a C/N ratio exceeding 40 in the late growing season,
indicating a slower decomposition rate. Buckwheat incorporation improved soil structure and
enhancing soil pH, organic matter, available phosphorus, and exchangeable potassium, especially
within 30-45 days after incorporation. In conclusion, buckwheat demonstrates strong potential as
a green manure for highland areas. The optimal incorporation time is at 45-60 days after sowing to
achieve high biomass and an optimal C/N ratio for decomposition, thereby enhancing soil fertility
efficiently and sustainably.
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Table 2 Summary of social media use including media type, number of times, and frequency of social media use used in daily life. and agricultural social media

n =155
Used in daily social media Agricultural social media
Media Number Frequency Media Number Frequency

Social media type use of times use of times

% X X % X X
1. LINE 94.20 8.97 6.52 64.50 3.31 3.67
2. YouTube 70.30 4.23 4.46 56.10 2,62 3.14
3. Facebook 85.80 6.60 5.86 61.90 3.09 3.65
4. TikTok 29.00 1.69 1.71 12.30 0.44 0.73
5. Website 7.10 0.23 0.41 6.50 0.14 0.28
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Yrunans fie Yamidiunislédedinuesulatinianisinuns
onailoananuingunsainndldanu delndiAsstuanuide

489 Wongrakngan (2019) finuintlyminislddedsnueeulal)
agluszdutunans nefussiiudiaguuiniaely Jymdu
anudsavestona Tuvnigiieuidoves Suwanman (2020)
Finuindgwinislddedanu ldun Insdnvislodelisessunsld
nu nensnsumeiudaausiuglunmsineglussduanyn
Uszidiu (Anade 3.62) Tauuseunniigalusunislidedn
poulaunianisinuns fasigazifunlu Table 3 §461997n
910388999 Suwanman (2020) fiwuin tnwasnsIuieRY
forausuurlusutoya/devussdennnitgn

Table 3 Summary of the problem suggestions for promoting the use of agricultural social media by farmer

n =155
fterms Problem Level of problems Suggestions Level of suggestions
Average (S.D.) Average (S.D.)
1. Distractions 3.44(1.134) High 3.61(0.996) High
2. Use of social media in agriculture 2.96 (0.900) Medium 3.70 (0.989) High
3. Devices for using social media 2.88 (0.864) Medium 3.70 (0.989) High
4. Content and information 2.74 (0.921) Medium 3.55 (0.909) High
Average 3.01 (0.697) Medium 3.62 (0.832) High

\nwnsnsianudesnislidedsaueauladnisnisinuns
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Msnsineas (Aade 3.48) Tagisssanunlutes Ae ady
3o 3Unm domnuiilonidaussers msnumeuwaniudey
Foya uazdulinswiln aud1au desrgazidenly Table 4

Table 4 Summary of farmers' needs for agricultural social media use

Feaennd ot uauITaves Wonerakngan (2019) lé@nuinas
duasunslidederuseulatiiunisinunsvennensns sua
finsnm SnedA SIMTAUATIITEL MU LnERsnsiiAaY
sesnsdedsaussylatianninnludessuinssudeyaivins
doanstiudvting Tuiis uarmste-1edun auddy uazd
Anudeanisdedsauesuladainuinludesludugluuy
do75le detornu Fenm wardeldss audidu

n =155
Standard Level of need
Items Average Ranking
Deviation
1. Content/Activities of agricultural social media
3.60 0.898 High 1
3. Forms of agricultural social media 3.48 0.936 High 2
3. Agricultural social media type 3.28 0.975 Medium 3
4. Time of using social media 2.36 0.571 Low 4
Total 3.45 0.821 High
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Table 5 Summary of extension guidelines for the use of social media in agricultural by farmer

n =155
Extension Items Average Standard Deviation Level of need Ranking
1. Support 4.00 0.978 High 1
2. Forms/Types 3.79 0.925 High 2
3. Content 3.78 0.940 High 3
4. Methods 3.61 0.805 High [
Total 3.80 0.825 High
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The objective of this study was to examine the extension guidelines for social media
use in agriculture among farmers in Na Klang District, Nong Bua Lamphu Province. This research
employed a survey design, with a study population of 11,674 registered farming households from
the 2023/24 production year. A sample of 155 farmers was determined using Taro Yamane’s
formula (0.08 margin of error) and selected through simple random sampling. Data were collected
using interview schedules and analyzed using descriptive statistics. Findings revealed that
approximately 56.80% of farmers were female (average age: 52.75 years), with 38.70% having
completed primary education. Their average agricultural income was 69,903.23 THB per year, and
non-agricultural income averaged 50,000 THB per year. Farmers spent an average of 5,286.45
THB on mobile phones and 314.14 THB per month on internet costs. A significant 96.80% of
farmers accessed social media via smartphones, with an average experience of 6.42 years, and the
most active usage period was 06:00 AM — 09:00 AM, with an average daily usage time of 48.94
minutes. The most used agricultural social media platforms were LINE, Facebook, YouTube,
TikTok, and websites, respectively. Farmers reported a moderate level of overall difficulty in using
social media (mean = 3.01), with distractions being the most significant challenge. They strongly
agreed with recommendations for using social media in agriculture (mean = 3.62), especially
regarding agricultural content. The demand level for agricultural social media use was moderate
(mean = 3.28), with YouTube, Facebook, and LINE being the most preferred platforms, and
preferred content formats included video clips, images, and descriptive text content. Approximately
46.50% of farmers had previously received extension services on agricultural social media use,
mainly through publicity about social media activities and the creation of agricultural online
networks. Finally, farmers highly agreed with the extension guidelines for using agricultural social
media (mean = 3.80), most strongly supporting agency provision of equipment and data for
agricultural social media use through practical demonstrations and publicity via group extension
methods.
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Table 1 Chemical Quality Analysis of Fermented Bio-extracts
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Analysis Items

Results of Chemical Quality Analysis

Total nitrogen content (% N)

Total phosphate content (% P,0s)
Total potassium content (% K;0)
pH level

Electrical conductivity (EC) (uS/cm)

0.5
0
0.28
3.7
10.2
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Table 2 Comparison of Chlorophyll Content in Pathum Thani 1 Rice Sprayed with Fermented Bio-extracts (SPAD reading)

Treatments 30 DAP 50 DAP 70 DAP
Water (Control set) 42.94 4536 42.76
1 ml per 1,000 ml of water 44 43.6° 42.05
1.5 ml per 1,000 ml of water 43.62 44.68™ 42.86
2 ml per 1,000 ml of water 44.36 45.63° 42.98
F-test ns * ns
CV (%) 3.46 2.45 5.1
Note: DAP = Days After Planting
ns = non-significant difference
* Significant difference at 5% probability level
a, b = different alphabets in a column showed a highly significant difference
Table 3 Comparison of Height Growth in Pathum Thani 1 Rice Sprayed with Fermented Bio-extracts (centimeters)
Treatments 30 DAP 50 DAP 70 DAP
Water (Control set) 50.95 82.05 116.25
1 ml per 1,000 ml of water 52.4 84.85 119.45
1.5 ml per 1,000 ml of water 54.15 89.28 121.45
2 ml per 1,000 ml of water 51.53 81.9 120.1
F-test ns ns ns
CV (%) 5.85 5.99 3.5
Note: DAP = Days After Planting
ns = non-significant difference
Table 4 Comparison of Tillering Growth in Pathum Thani 1 Rice Sprayed with Fermented Bio-extracts (Tillers)
Treatments 30 DAP 50 DAP 70 DAP
Water (Control set) 13.9° 44.95 52.7
1 ml per 1,000 ml of water 17.28%° 49.5 56.2
1.5 ml per 1,000 ml of water 21.05° 53.58 56.95
2 ml per 1,000 ml of water 14.4° 48.8 56.15
F-test * ns ns
CV (%) 16 12.55 9.94

Note: DAP = Days After Planting
ns = non-significant difference

* Significant difference at 5% probability level

a, b = different alphabets in a column showed a highly significant difference
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Table 5 Comparison of the Yield of Pathum Thani 1 Rice Sprayed with Fermented Bio-extracts 120 Days After Planting

Number of panicles Number of grains per 100-grain weight Weight per hill
Treatments

per hill (panicles) panicle (grains) (grams) (grams)
Water (Control set) 50.7 144 237 251.75
1 ml per 1,000 ml of water 52.25 156.5 233" 279
1.5 ml per 1,000 ml of water 57.8 172 2.557 317
2 ml per 1,000 ml of water 54.45 158 241 282.75
F-test ns ns * ns
CV (%) 9.26 15.4 4.94 13.96

Note: ns = non-significant difference

* Significant difference at 5% probability level

a, b = different alphabets in a column showed a highly significant difference
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Effectiveness of Fermented Bio-extracts on Growth and Yield of
Pathum Thani 1 Rice

Chinnakorn Jirakajornjaritkul®
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ARTICLE INFO

Article history ABSTRACT

Recglved: 24 March 2025 This study aimed to examine the effects of different concentrations of fermented bio-
Revised: 18 May 2025 extracts on the growth and yield of Pathum Thani 1 rice variety. The experiment was conducted
Accepted: 8 June 2025 using a Completely Randomized Design (CRD) with four replications. Treatments included four
Online published: 25 June 2025 concentrations of fertilizer: 0 mL (control), 1 mL, 1.5 mL, and 2 mL per 1,000 mL of water, applied
Keyword by foliar spraying at 30, 50, and 70 days after transplanting. Data were collected on plant height,
Fermented Bio-extracts number of tillers per clump, chlorophyll content, number of panicles per clump, grains per panicle,
Growth 100-grain weight, and total grain yield, and analyzed by comparing treatment means.
Productivity The results indicated that applying bio-fermented liquid fertilizer at a concentration of
Pathum Thani rice 1 1.5 mL per 1,000 mL of water resulted in the highest plant height (121.45 cm) and the greatest

number of tillers per clump (56.95). A 2 mL concentration produced the highest chlorophyll content
(42.98 SPAD reading). In terms of yield, the 1.5 mL treatment showed promising outcomes with
57.8 panicles per clump, 172 grains per panicle, and the highest total grain weight of 317 grams.
Additionally, the 100-grain weight under the 1.5 mL treatment was significantly greater (2.55
grams) than the control (p<0.05). These findings suggest that varying concentrations of bio-
fermented liquid fertilizer can influence vegetative growth, flowering stimulation, and yield
performance. Particularly, application during the flowering stage appears to enhance grain weight
and quality in Pathum Thani 1 rice.
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AT AnwUsE NS mnsafnansataveusdeUinuasiueuyadaszmnlufay (Cannabis sativa) Tneld
38nnsafadeadudandileiia (Ultrasound-Assisted Extraction, UAE) Saufuaviazanediiuduazueanesed 95%
HANIINARBINUTY N3aiaRIuanesed i LAs sdaniledaaunsafinusuaasiiuednuazailiuesdldunn iy
WewFeuiitsutunisatadaeih msatassueanssediiviunfliuedngefia 73.45+2.31 mgGAE/g uazvialausedgafia
58.12:+1.84 meQE/g luvairfinisafindaetinfiueanifios 4532:1.94 meGAE/g wazsailauess 35.78+1.52 meQE/e lu
duvesnsvadeuguiiueyyadasy uandiiutansafaiiiiunszuiunts UAE feusanesediiinisiueyyadaszgaan
dlonnaoudaeds DPPH TnefiAn ICswinfu 19.85+0.45 pg/mL uaglunisnagaau ABTS A1 ICs, vadansaiamiiu 15.32+0.87
pe/mL Faninmsarindaethitlien ICso @ DPPH = 30.14+1.22 pg/mL uae ABTS = 28.67+1.05 pg/mL n1s3iszvid3ana
Tetrahydrocannabinol (THC) way Cannabidiol (CBD) wansliiuinlufiyuaniiAn THC geils 10,327 me/ke Tuvaeitlainy
CBD nsarinanlufiyuieuniienuin CBD U3unaigeda 6,842 me/kg Fannnd THC fifiusunas 4,923 meke wanalidiudn
msataansafaneuiendusanilefatufuieanesed annsfiulszaninmnsataaiseenayimsianmannlufyy
1883w Toawsludugnisusyyedassuavnisisansddgitqnimensunndenuldinndy Ssansatluussgndld

Tumsudnesuazenla

unin
nasannansddganiyayulnsuasiydu 9 1lu

%
v @

N3¥UIUMINTUNUIMAAYNTIUAILEAYNTINBINNT 81 Wae

]

< o

\3e3d019 anseengvdTiataldaniivsindguaudinisdinm
fiusglowd 1wy quidduoyyadase qvsdumsshiay wazqws
Tun1s$nwlsanng 9 (Liu et al,, 2013; Medina-Torres et al,,
2017) 108197 dd Aoy (Cannabis sativa) & ududia
Alezueuaulasgrannluthmaedfiuuiiesainaisesn
qwé 19U Tetrahydrocannabinol (THC) wag Cannabidiol (CBD)
fifidnanmlunissnwilsasng 9 wu Tsraudn Tsadumas waz
nMsdanisAudulin (Buczaj et al., 2022; Mello et al., 2010)
148NN THC wag CBD ui Ayandesznaulumeanswailiusen
wazansUszneuiluednifinuantfinandvnssuvatousznng
Wy qudueyyadase Funssniay wazdestunsiiauziss
(Medina-Torres et al,, 2017) CBD Wuasininauudues s
gns manduinerddy ludiwadoszuudseam (Non-
psychoactive) wifinanmandaingriduvselevdunnune wu
and Aun1sdnavuagdueyyadasy uenani CeD &l
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AuaTRTINeamitisanmuinniae Fued 01ns3anm
wazen159n Wudu (Atalay et al., 2020)
Yagduaniuanisalsiugnaimnssulaiauaula
et unsruauntsanavesuds-veainan (Solid-liquid
extraction) aaﬂmﬂi’mqﬁ"utﬁwmﬁu losnndudumeudiy
AMTUNITWAUINE AN Uy S od1unaun1unalulad
Tugaaivnssy laslamignisadaaisoengns n1adanm
(Bioactive compounds) a1nandiy F3nsatanuunaiy Ly
Msue NsaLuUTenYiian uwaznsnauseth [uisTiseuie
w7170 1wy 198 uu narndann ware1avley
asvdonannld Wi euddaymuvani Wadnsiauunalulad
msafauuulvl 1wy nsléadusansiledauaznisaiadieves
Inaingndeean Faduanuduinsdedawandon annsld
WEIURarFTharats WuUssaniamnisade wazdiesnw
A mvssasiiliienuieu Inemalulafnanilyaiunisan
HANTENUADAIINE DUANLULINI "WalulaBnisanadiden”
(Green extraction technologies) & srdslafunnuaulauay
ﬁmmashwial,ﬁaﬂu{]m;ﬂ’u (Anaya-Esparza et al., 2023)
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nasanaansaA I yanulng 1y Agyv LR
asUszneviiuodnuasraluesdiifignidueyyadaszuas
gnimstanmdu q Wunszuiumsiladuaruavladuegaa
110 Fviazareildlunisadadesalasnsesieusyansamees
nsTUILMsHaTUSIaEsTiaale welianisatawuusaia Wy
NITANARIRAYIIaZALAZN1TARAAA8AINTOU (Soxhlet
extraction) finazldanuunazdeansuiinadvhazatedias
waridgmludemenisdenan nvesansddndledudady
mu¥euge dae19anUstavsninuesansadals (Anokwuru et
al,, 2011) wewdlatlagmiinan wediamsaraserdusanilutin
(Ultrasound-assisted extraction, UAE) iﬁﬁ'UﬂﬂiﬁGumLﬁ'aLﬁm
Uszdnsamnisadaansdidy nisanndiend udansleda
(Ultrasound-assisted extraction, UAE) msafinsnerausanileia
(Ultrasound-assisted extraction, UAE) Wuasnsataiduiing
Reduandon fUszAnSamgs Funusi uarldaudie Tagld
pdudansvRlureavaiioaiaesonaiiiewamansas
inAdunszunn deieifiunisanslousiauasnisaaieiives
wifead vilianunsafsanseangndnisdinmesnunldedied
UsgAn3am nszuaunns UAE amnsasiiluntslanewuuld
Tnsudanseadudedsdansnend TnsTnsuliuadiviugini
UAE feanansaldsaufusvazanefifniohiits suiavaia
nsafndu q wu nsldanufeu usedugaainia auulih
Wad uazlulasian i o unandanazaniarlunisada
MsUSULUIA 9 W Anadureandiny anud winvess
vhavane wavgavgll Wulladeddyfidesiamnlimnzaui
Fanfivusiazadn Welldnandaidauanuazusinagegalu
ﬂixmumi‘ﬁ (Anaya-Esparza et al., 2023) 1ae UAE @u1508n
varlunisada aansTédviazats wasiiinusgansamlunis
faansoongioonanditlagluvilfarsidenanin (Liu et al,
2013; Medina-Torres et al., 2017)

nsatmanseangninsdanimainiiy 1wy fuednuas
Waluesd TanudrAgeg1auinlugnaInnsuemsasen
asulns osnansvaniifiqrilunisiueyuadasy Yeatulsa
Aenfunsdniau uazanauidssvaslsauzide (Anokwuru et
al, 2011) Bnsadaldlutegduinuiaduassngulvg « fe
nsafisefvhazatefiuinasivihararefiduieanssed
Faansisiinaunndraiusenisatnaiseangnsnisaninuay
Qmamﬂ“ﬁma%amwﬁlﬁ%’u (Ratananikom et al., 2022) Ay
(Cannabis sativa) \Jufivildsuanuadlaiduegrsannludu
nsafaaseengninietinin Tnslangasisieuau i
ouyadaszuATAUNMTINLAY 15U CBD way THC Jaduansddny
nulutimnagdlutym msataasmardonfivaunsasild

a

vanmane s usismsideunaziiuszaviamgsAenisadnse
Fviagany Wy Uiuazieanasad (Mello et al, 2010) CBD
\Wumsuszneumaaiiifigvddueyyadassuazdunissniay
g9 fdneamlunisihwlsavainvans wu lsawmanu Anuey
ladings wazlsaiala (Atalay et al., 2020) fivanea13delendu

A nsAnuinislddviazaisnie 9 WU lenIueakagin

Tunsatnanseengrinarianndys Iﬂm}ﬂﬁﬂgﬂwlﬁaqmﬂ
auvasasdeuasidufinsredanindey luvaeiiveanesed wu
levueaiimuannsalunisafnansiidiiasuaglyifida vinlk
annsafanseangn’ eenunlaluusuiasn (Mello et al,
2010)

nsldsvaranediiwhegaiisainegliussansnm
nsadasdlowseuiisufuirhasareussinvueanesed
msafasefviazarefiiuieansged fvhavaneueanesed
WU nueakazniuea Wudhazateidenldlunisade
aseengydniy esnianuaunsalumsatnaisusznay
ik etuarlifidaldnninth (Anokwuru et al, 2011) enuea
Husvhazanedilauamnudensn Weseniimaasniogs
Lﬁ@iﬁi’ﬂumiLLUigﬂmmiLLazm msafnseeueansaLiial
USunaansfluednuazailouesdfiadald deimuddase
AaudRfeuLadaTE

nsiSsuisusyninanisatadlsuiuasueanased
vaneeAseldnansliiiuinnsldfiazaenausenin
wazueanaged wWu nslitnauonuealudadiu 50-70% ax
Tinalunisatnansoengninadanmiiaiae Taglanizans
fuednuaznailiuesd §elquaudAduoyyadaszgs
(Ratananikom et al,, 2022) 91u3d38v99 (Anokwuru et al.,
2011) F$3edrwusnnlauansdiiiiuiinisld UAE Tunisada
ansdfyanity 1wy Huedn wanliuewd wazansiueyyadasy
annsainUsnaasatalduniuilodisuiuisnsatawuy
fFadu (Liu et al., 2013; Puranik et al,, 2012) n15b¢ UAE Tu
nszvaunsataasandyrndumedaiitiemnuseaniamn
Tunisaia lae UAE 9asanianlunisadnuaziiuusunaens
fluednuaz Wanlauesdiiadald Madsefnuiauauding
Fanmvesansfianmeonuilaniuilewssuiisuiuisnisain
LUURSLAL (Ratananikom et al, 2022) n1safagae UAE ddaf
NaneUsEnI1s WU N1saaaIlunIsane ann1sianaau way
n1sdfestunisid suaninvesarsusznaud laseainudou
wona1nil UAE Seanunsaiaviunaasddyiiadals wu
asviahusssuazituedn Juduasiueyyadassiiddnly
nssnwauaudinandunssy (Tiwar et al., 2015) nsld UAE
Lifigauarisannanlunisaiauazanusunuiivazay wLads
FrorfinuImmasannnnfivldganiinisatauuuiiy 1
msanaslgiviiazatenuuldminusou (Tomsik et al., 2016)
wenanil msld UAE lunsafindiuednuasanluoesanniivds
Frvfnugunnvesasanalasanzlunsdilidhazay
LUULarLeanaged AN sl un1savatevesansae
(Curcin et al,, 2015)
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AnianTRnadininvesansata wu qrsduouyadasy Tagld
n13MIAAeU DPPH, ABTS Wwax FRAP WialUSsuifisuuszdnsniw
ysasannnglianiizang (Medina-Torres et al., 2017) N3
anpansdfganiia 1wy Auednuavailiuess lasuauaula
9619310 lugAAIMNTINDIMIT 81 UazlA3psd187 LHB991N
AnaTRvnadinmiivainuans swmdsquiiueyyadase qvi
Frunssniau waznsdudanisiinuzide (Mello et al., 2010)
Nynateyidn 1y Ayl Wuunawesarsusyneuinai
Tngtanie CBD uag THC fdudi§dnagreninsvndunives
Usgleminmenisunnduaznaaudfdiueyyadase agalsinng
nsantaasdfymanianfivdndidesitauicszns wu
anugenlunslidiiasarsuagnisadaansluuIuud
wiza Tnsianngansiilseanudou (Kleinhenz et al., 2020)

Tusuidedinuun mada UAE 1agnuanldiil e
Uszansamlunisadaansdidganiivauulng iiesainidu
wielulaBfiannsnansveznalunsatauaslidvhasaetosas
UAE fstaglunsadaansiluednuasianliuesdidamandidu
auuaaaivaﬂmamwﬂi $AN3N1N (Ratananikom et al,, 2022)
uen1Ni NITBAIAATINUIY 1saadae UAE taeLdia
Uszavisamnsarinansanity iy dduieuazarsailauess
§Rninsarindedsaaiiu iwu nsadadedmieswhazans
Leanegadsssua (Medina-Torres et al,, 2017) luatddod 151
sutiulufinsfinwinasiieuiisunisatinans CBD wagansdiu
oyyadasranlutyulnelidvinasasfifuiuazueanesed
sudsnslénaia UAE ieifiudszansamlunisads dadu
wwamslmiifenuddnylunmsiaugnamnssuoimisuazen
Tusuan

gunsaluazIsn19IdY
1. msw3eslunyy
Topavludywilaandamialnduifumes dune

ndwiseal fmianiwdus Tudgwan dvihauazen wiu
Dutudnudufviiguugien iWovhnisieszsiansdidy
Toun TiAs1zvn1UTuIuve9a1s THC @19 CBD wazans
asngnuadanng o launarsfiuedn Walwueed aaslsilad
wagnagougnalunnduamsiuoyyadasdsansuiinfieg
6w DPPH ABTS FRAB

2. MSAARaISAANEIUIINTUAYY)
Tunsaaansadanervainludgen Taeldluantuduiudn
YunUsEanu 1 wudmes sauaadlu Figure 1 Tdulinvnsdavi
avane 2 wiliafe Wavennuarsanesed 95% waiUSeuiiou
nsldipsesdansleda (LabTech, Korea) & 2 wuu fenisafn
wuuldeunsesdaniledn uaziiwedosdandleila wisy
fmpavluyw fe 1uinaluansesvhazanethuaydanosed
95% ludnsndiu 1:5 wisdegeiildfvhasatsuazyin
ganifu 2 d dadi 1 likunnsTdiesosdanslatdia (CE) uaz
gl 2 Wuedesdanileda (UAE) Tagldaud 350 W uae
50 Hz  USugamadl 20 esmwaied 1Wuian 15wl dians
araitlalunyunisafieind samsumiss auiiiseu 5000
pm W 15 wndt e efianadiedanssediluniuei e
seweanana aulaUsinaasaiaveIu 100 ladans Mg
flatadaei dludmdnfioungid 85 osaneadoa uld
USunuansanavenu 100 laddns (Figure 2)

Figure 2 Process for extracting crude extracts from cannabis leaves by machine ultrasonic using different solvents.
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3. MsAnwIANYaAlE N NIgNINLaEIATYelUAY YA a1 5aR R
nluigr

Wisegslufymanuwararsatnanlufywiiniould
wiTyisnvasmsmennuasiadl Gl

3.1 inpnd

Yaandluszuu L a* b* ufledd L* Aorariuadng
a* (+) feduns a* () fedilen b (+) Aefivdes b* () Aedth
3u Tagldie3ee¥nd (8% Hunter Lab u Ultra Scan PRO) Tag
ihdeeslufyuldlugamanainauin 3x5 1 vhnismaaes 6
%

3.2 YaUsinavesudefiazaneld

Tneldindostnusunavesud silazaneldienun (Brix
Refractometer Digital) 983U3¥% ATAGO §u PAL-1 fianunsa
Sausinawesndsiiazangldmunlugae 0-53 Usnd indesdled
1950 dnhataneuluiymuveaumesssdlofildsa Judin
il dumheesaing (Brix) Tasuiusmnsguietndu
rowhmsiannadshnsindogs 4 az 3 61

3.3 AU IaILTY

Towla35v09 AOAC (2016) U Moisture can W3DUA2E
dInlugouandousigauugil 105 ssmuwaidoa 24 Falus Al
lulogaeaaitu (Desiccator) figuungdivos 30 w1 Fadnin
Moisture can wazshdaldldihminfutuey dwhedns dhmin
Uszanas 3 n$u Tdnsetloamannutundourilniiiuniseuuis
wazmsudwinfiuuou thlvevlugevauiou figangf 105
osadea Uszann 24 Halus Udeniielilnduluganainuiu
figumniivies 30 wift wagdamimdnfuiuey vinniseud
wiuasear 30 Wil wardaiminaundtayldiaming aedi
AmnaUSina % mnuTuresiiegs (% Moisture content)

3.4 NMTIATIZAET THC

Ans1zsinuIEMITesU URRN1snae (Uszinelng)
3719 918 11UI5VOI AOAC (2019) (In-house method TE CH-
418 walla Liquid Chromatography)

3.5 MTIATIZAET CBD

AnsrzsinuIEMIiesUURRn1snae (Ussinelne)
9119 A28 MIUI5V0I AOAC (2019) (In-house method TE CH-
418 walla Liquid Chromatography)

3.6 MINATIZHAN00NNENNTINM

1) MsiasENaNTane

Fasheedlufymanuasuis $1um 0.5 uag 0.2 niu

PINEIRU LANLONIUDE 80% USWIMT 35 Way 30 Uadang
aud1u UlU Sonicate figamadl 25 ssrwaldoa w1y 15
it Mntuiiegauendaulasenisiiduadomyunios
(Centrifuge) wdnhansarndlsldvindesiunas uaziiulugus
-20 perwaldua sen1sinluiesgvinelu

2) MsIAsIETUS NSRBI

Trseiilaeleds Folin-Ciocalteu Jiumansann

foene 200 lulasdns uasazay Folin-Ciocalteu Usuns
1.25 fiaddns 1sliiqungives umw 10 wnil 1iuansazane

Sodium carbonate (7.5%) 1.0 fiadans Hel3lufitiauu 2 dalus
Farnisganduasd 760 uiluwns Tagldienuea 70% 1y
wuash Auradsuiaaisuseneufluadniianus Tngnas
WisulauiunsmasazaieuInsgIunIaknadn n1snsey
A1988a718U1R551UNTALNAAN (Stock solution gallic acid)
1,000 ppm Tag 9 Gallic acid 10 fadn$u Hiueniuea 70%
USuUiung 10 faddns (Anududunsawnadn 1 meg/ml) waz
thansazanefiléiwden Working solution
3) Usanaumlalauesdianun

nsw3eusiegne UURuaeatuiun1siasii
Uinauansituednstavan

WAz weansazatemieg19uiuing 50
1uTAsaAS Wiy NaNO, Wudu 5% s1uru 150 lulasdns (Fa
NaNO, 5 nu U3uusunsaastnusieainlessulasu 100
fiadans) Hel3 6 wnit Wiy AlCL.6H,0 Wudu 109% 1uau 150
TulAsans (F1 AICL.6H,0 10 n$u USuuSunnsieidsiaan
lovau 100 fadans) Wwulafeulansenlamdudy 10% I1uu
500 lulasans #1913 6 undl Wnhusieendesy s 1,525
lulasdns Aefislifgumgidondunan 15 udt thlutae
N15gANAULAT AINE1IAAY 510 urlulums uagAInng
aanduuasiildlumummuimanatluesdimuaainauns
294n31ME1588818119551U Qucertin N15LATENAITAZANY
11A3§7 Queertin Tt Queertin 20 fiadnsu azaneluevnuea
95% U§uUsums 10 faddns thansazaneiiléindey Working
solution

4) Vinanaslsiladnaun

nswiudted1y UJuRwwdediuiunisinsei
USinaansiueanstavan

38nhesnzd dhatalutye daegay 3
fiedans ldasAam ﬁﬂﬁmﬂ'wmi@mﬂﬁuuaﬂﬁmmywaﬂﬁu 525
ULULUAS

5) MIlATIRAIINUDYLADATY

(1) mﬁmeﬁqwémsﬁma%aﬁaiz1,1—diphenyt—
2-picrylhydrazyl radical (DPPH)

ASATBUAI0EN LTULABIAUAUNTIASIERUT U
arsfusdnvanun 35n1531A518% tharsanadege 50
lulasdans L@uarsazaty 2,2 diphemyl-1-picrylhydrazyl 2
fioddns feluidadunm 30 uii Sarmsganduuasd 517
wiluams Fewedes UVvis spectrophotometer tngldiovueaifu
wuasd Aunngviueyyadassiiavin lasmsisuifivuiu
N3 MMAINIFINVBIAITATANE Trolox ansazateaIuRx (Control)
wisnlneTiuneniuea 95% Usunsdnuiu 50 lulasdns Liu
asavaty DPPH 1WuTuU 0.1 mM 91uau 2 fadans wenlmdiy
Fealuiisiauu 30 Wi TR ANAULEIUBW DL AUETIARY
517 Uluns @1582an8u10557U Trolox LINTY 50 mM (Wisew
Taluriaunaden) n1sim3en Trolox stock solution L WNTY 50
mM §3 Trolox 62.6 fiadnsu Wuteniuea 95% USu1ns 5
1addns tw3ou Trolox working solution LUNTU 1 MM 910
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Stock solution trolox 50 mM Tagtiun Trolox stock solution
Waudu 50 mM USanmes 100 lulasdns wuthusiendesy
U311915 4,900 lulasdng Wia1sazanenInIgIuLiasianul
50 lulasdans WWuansavate 2,2 diphemyl-1-picrylhydrazyl
$1uau 2 fedans Rdduiidadunan 30 Wil

N35euna IneiieuivansavaeunsgIu Trolox
niredansuvedlnsasndnonsuf10619 uag % N15VIAEIS
DPPH scavenging activity 31nANSAIUIMAIENAITAIUANS

DPPH-scavenging activity (%) = ODs1yYAAauAl - ODs17 1308119 x 100

ODs17 sqﬂﬂ'J'Uﬂll

(2) mIanesiqrdmsinueyLadasy ABTS
MMIATIUAIDEN  IUREIAURUAITIATIEAUTUNE
ansTueanaLn
WsEENSIASl Stock @15azay ABTS' LWSBNAINAIWA
@15 ABTS' lUudu 7 mM 91w 5 Jadans Avaisazaty KyS:0s
Wudu 140 mM $auau 88 lulasdns wldiiuiusiaannuas
w16 Falua neuldau arsavany Phosphate buffer saLme
(PBS) 1w 5 mM pH 7.40 Taeld PBS 1 iin 1Fo9ratindu
A1588a18UIM5gIU Trolox LNTY 50 MM Levuea 95% 35n13
4ATI9W Stock ansazans ABTS® MAuld 16 Halus thundesns
fuansazane PBS YluinAnisgandunasd 734 unlues 19
Iemnududy 0.70+0.2 (PBS 1uuuasd) a1savaleuInsgiu
Trolox L Wau 1 mM Tm Stock solution trolox 50 mM 113U
100 lailasdns Wudusiaaindeou siua 4,900 lulasdns
Ln 5 &1 Working solution 21n Stock solution trolox 1 mM
Ywnasazane Trolox urayuasn Usums 50 lulasans (wiriu
A13annf19819) NauAUE1TazaY ABTS' 91uiu 3 daddns
T$nanihufdsen 6 wiit Suhurindgandunasi 734 uilu
R fewdeain UV-spectrophotometer Tnefiansazane PBS
Wuuvass Unansadnsiedgie 50 lulasans nauduans ABTS'
1w 3 fadans Iaawhuasen 6 udl dnindiganiuues

Table 1 FeSO,.7H,O working solution

132

#i 734 wiluams Feia3esda UV-spectrophotometer 51841U
alfisuiuasarareuInsgu Trolox sneaunaluliadnduves
nsaandronsufIng s uag % N15UIRENS ABTS 91NN1SATUIE
FRANAIAIUATS

% NMSVIRENS ABTS Wiy arialaannasulvsa - A1IRnsaeeng x 100
AtalaanAeulnsa

(3) mIanesigrdmsinueyyadasy FRAB
nsw3eNdIege UjuRuheiuiun1sinsien
USinauansituedniiaman
gunsalkavarsiadl HCL 40 mM wiseslaeld HCL 1dudu
1.46 ml U5utsnadaeindulild 1 dns Wiulifigumgfives
Acetate buffer 300 mM pH 3.60 wipalneds Sodium acetate
trihydrate (C2H3Na0,.3(H20)) 3.10 n5u LAy Glacial acetic
acid $1uau 16 faddns YsudSuadiedindulild 1 des
0 pH Al§ 3.60 wazifvlifigamadll 4 esmwaiioa 2,4,6-
Tripyridyl-s-triazine (TPTZ) 10 mM w3 eulagda TPTZ 0.0312 ¢
aganglu HCL 40 mM $1uau 10 ml (ilumsiynasauasldvaon
vaaaslval) Iron (Il chloride anhydrous 44 0.0324 n¥u avane
Tuh 10 faddns (w3eulvainnasuasldnaoanaaoing)
FRAP solution tnF sulaenauaisavaiy Acetate buffer
Tripyridyl-s-triazine (TPTZ) wag Iron (lll) chloride anhydrous
dm31d3u 10:1:1 v/v Iron (Il) Sulfate (FeSOs.7H,0) N15LmTes
anvazaneunsgunesadainaaunslainsn (FeSOq.7H,0)
ANAUTNTY 1 MM 9 FeSOa.7H,0 9117 0.278 n3u Uy
Usinadaenduldle 1 das wasiioansmu Table 1 Juum
f10819 50 lulA5805 way FRAP solution 31U 2 Hadans
Talunaenvinufisenden wansandy dluiludida 30 undl
wdthluianisgandunasd 593 uluiuns Tnodl Acetate
buffer {Wunuasd Aanuasalun1ssidansinueyyadasy
Tae3ITms3Adianinesinvesdied e WisudunsmuinsgIu
aswleSadainieunzlansn

Tube FeSOq.7H,0 Deionized water Final concentration (uM)
solution (ul) (o
1 100 900 100
2 200 800 200
3 300 700 300
4 400 600 400
5 450 550 450
6 500 500 500

4. MINATIZINNTaR

iuﬂﬁiwmaaaﬁf TAN1TYAaDILUU Completely Randomized
Design (CRD) ¥1n15naaes 3 $1 YndesgsiinnunUsusiu
(Analysis of Variance, ANOVA) LaziUSauliisumuuansnamnig
78 Duncan’s New Multiple Range Test Wi szauaiud e
95%

NAKAZITAINANITIVY
1. 1 THC uae CBD iimulusywian

NN1Aass (Table 2) lainwuans CBD Tuluigwian
WANUUTHNRY THC 8989 3627.63 me/kg Fawanailufyuild
Tunaaesiiilans THC geun Saduansddyiifauautflunis
gengrsnindsvamiisnifeadestunisldluensnulsauay
rARSeiTREaToet Uy msldnu CBD Tuludywiane1ain
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Nnanuvavanevesameiugiaild faursaneiugeranan
@15 THC 17nnd1 CBD a8 19tmiau

Tulufywaniinageu nsavkinuans CBD vagiiny
a3 THC TudSanaugedia 3627.63 me/kg Faaonndosiunisfinw
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nanduainlaandysaiuisausnasiulusgrsintuey iy

aeugwazIsnsUgniny anenugNiusuna THC gedngn
danldluneniswangdunsusnuilsannelveatussuuyssan
wara1n1skiulIn Ve CBD fndlunumlunisanainuiasen

v84 Citti et al. (2018) i wui1U5u1uves THC was CBD 1y wazmuinniada
Table 2 Physical qualities of cannabis leaves in terms of color value (L*a*b*)
Color value
Material Brightness Green Yellow
(L*) (-a*) (b*)
Cannabis Leave 42.57+1.44 -2.59+0.10 8.31+0.58

INNAN1INAaY (Table 2) wuiludgyvianduiuim
THC ge wiilsiny CBD nsarin CBD uay THC andgyduegiu
vanelads Wy aefusiariBnsmnzgn SeAdeiiieides
19U N15ANWIVEY Zheng & Wang (2001) %Iﬁl,ﬁu’hﬂ’uﬁ:ﬁﬁuﬁma
faUSuuasUsnauiuadiniazauausalun1sAueUYa
dasz JeonvdwmarennaniAamsnisunmdvasiiniguiu

uBNINE $1UTFBa N Buczaj et al. (2022) g8y
nsuuugaismsadalagldinadasandledaaruisoliiy
Uszavisamlumsadnansddganluiyn Jadudeyaddnlu
n1sAnw THC way CBD 9 nnsuiusunaansanagyluiymives
Mazzetti et al. (2020) 5y31 CBD wag THC daulseaniiy
mafuinwaznszuaumsililunsudssy Tae THC Sunli
flagasiildfnidefisuiu CBD Aunlduasinnistosaais
Ifinodleldsunamiennuiou nisitlinu C8D lusaegia
Tugyeranlu Table 2 e1atAinannIsaateA2luNIZUIUNNT
wisuiegviooradunannnisliiugiywnfill THC guasd
CBD 71 weN91Ni Wrona et al. (2019) anui1n15l4 UAE
ansndae afaarsuauunduesdlduindu Tagluivilians

Table 3 Physical qualities of crud extracted cannabis color value (L*a*b*)

songsidonaniw fududeivesnaieiiionssuiioutuns
afnse el
2. AN NNIENINYNTISANANE TUDIN [UARY Y IR
nMsnAaeiinmALEi ez dvesasataiilgainly
A leaedinssuiivunszuiunisanadie 9 lown nsane
Fretuazueanased uvudunarliduadessandledn
nsafagen msaedilinusandleialfaianuaing (L9
9l 22.08+3.31 Fatfosninmsadnriuindessansludiaiilin
19.782.78 wanslilfiuinnislddanslaiane1aanmrniuaing
andndey Adden (a*) warAdndos (b¥) s2yin N1HIY
Sam¥lediavhliieAeigetu (2.38+0.42) uazeAmdoaiuiy
WWndes (1.66+£0.24) N1SANARIULEANBEDE NISANARQY
woanesadn1ulas esdaniledalviriaiuainageignd
43.54+1.50 vl aviisuunsadalywudandlodadi 060
mmajﬂqa%ﬁ' 40.87+1.29 mslduoanagoauazuiudanileia
VA larnaTiaudad duieddiden (&%) wazadndes (b¥) 3

%
S

UstismuLatesuesdnnvu (Table 3) (Figure 3)

Color value
Extraction method Brightness (L*) Green Yellow
(-a*) (b*)
Cannabis Water extraction UAE 22.08+3.31%° 1.62+0.41° 1.16+0.41°
Leave CE 19.78+2.78° 2.38+0.42° 1.66+0.24°
Alcohol extraction UAE 40.87+1.29° 0.72+0.06" 27.19+1.89°
(95 %) CE 43.54+1.50" 1.38+0.08" 26.04+1.93

nslfiriesdansiledalunszuiunisadianudn duasenaan
MenenMveasataeg 19ty Tneangluansatni ld
weanesed Jwanisenuin mslddanilafiaaeiiunisadia
Fuazansadgyaniialdegaiuszdnsam Wesndandled

Agas 1L sduaziiou NV lvnluwasvasiisuanfIoenule
89U lanunsasansdfgyeeninlauntunasdnladaii
@i suInUU (Wang & Weller, 2006)
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Figure 3 Crude extracts from cannabis leaves using different extract. a: Crude extracts extracted with water without passing through an ultrasonic machine. b:

The crude extract is extracted with water and passed through an ultrasonic machine. c: Crude extracts are extracted with alcohol without passing through an

ultrasonic machine. d: Crude extract extracted with alcohol and passed through an ultrasonic machine.

AuALTANIINIEAINVRIATANR WU AIAINATINLasE
AHaNTENUIINAIIALABLALNTEUIUAITANA IUTTBAIN
Neuang et al. (2017) uansliiuinnisldinaianisainnae
SaniledaannsavioifinUszansamlunisadaansuszney
Ausdnuwazalaussaainiiaaie o laegrelusza@nsain
mslddanitledadlinsainaisdifgyeenainuiliwadvosiy
¥y ililfansadaiidaunmusziafosluiomwesduasy
AEITANINIEA M

n13@n¥1994 Arslan & Ozcan (2011) TulFpsnisouuis
anulnsgliifiuinnsldasnsiuiuuumeuuarlulasio
denaienisidsuntasdvesansann esnufAzenisiing
wdosazuaduaulnsiideduiloldfunnuieu vhlvansadn
fikuniseundelalasindandiidsinnisevuanuuud i
nsnaaesiigassyinmsvhuiaisanilelinaunsonsdves
asanalildinin Gamsafunanismeaes (Table 2) fuandliifiu
Ihmsafindeusanesedruniesdanludasiinuainegs
wardiandfiaudnnindodisuiunsaadeth

31NN15MAARY (Table 4) n1sadaansadaneiuaniy
fymdeiiliknusanileediuiinuvesudsiiorasldingn
(0.13+0.06°Brix) LLaxmm?Tuqnq@ (99.28+0.002%) \ilaLisuiy
nsafmsiueissdaniledaifuimaveadiiazangldgenin
(0.20+0.06°Brix) LL@'WUU%mmmm%uqméﬁm (99.21+0.06%)

nsataweanasedrularlinwes e ansledauandlifidiu
Usuameaudsitavansldunnninnisadadaeii Tagnnslainau
Sandleiia Ten 3.60+0.58°Brix uaznuA3ossanileilaliie
4.43+0 5°Brix Audulufetuiaenuvanaudieiieuiu
nsarasaeu wandlWiiudinisatadioueaneged
UsgBvsnmlunisanmnuduldfinin venendsmuinnisadn
feueanesedliiinamesudefiovansldganinnsaiadaeth s
Dulumamualiui niuideves Wang & Weller (2006) na1alin
LLaaﬂaaaéLﬁuﬁaﬁwaza’laﬁﬁﬂizﬁw%quﬂumiaﬁ’mmﬁaan
gvidanniiy mslisaniletamfuweanssedanunsoanialy
nsafauasiiinUssansnmlunisisansesnaindegasldau
Tnonsyuaunssandlodagoiiufiui Aadudassmninafari
avanefuiiogns vilwnnsadafiussavsamd iy nsvaaes
wandliiiuinnsataseueaneseaiivsinaewdafiazansle
1nnIINIsaTadae1 Gquaamﬂa’faqﬁ’umﬁﬁ?’aﬁlizq’hﬁ’gﬁw
avaneildlunsaiin Wy lemusanderh annsaiinaseUsuna
ansfiadals Tnswmsarsiuednuazalouess daduasiidl
AuauURlun1Ii ey adasegaves Zheng & Wang (2001)
9uTT8910 Liu et al. (2013) Sl 3 IR uisnruddyves
fvharaneildlunisasalunisifinuszans amvosnisaina
asanAgAINNY

Table 4 Physical quality of crud extracted cannabis, aspect, soluble solids content, and moisture content

Extraction method

Total Soluble solid (°Brix) Moisture content

(%)

Cannabis Leave Water extraction UAE 0.20+0.0° 99.21+0.002°
CE 0.13+0.06" 99.28+0.06°

Alcohol extraction UAE 4.43+0.58° 99.16+0.006°

(95 %) CE 3.60+0.50° 99.21+0.009°

3, msaan:]w§w7ﬁ3n7wwamasmsﬁwa%/aﬁmwmﬂn“@
ne v MUAYYIAR

31NNaNIINAABT Table 5 Ll oRarsaUSunadiuedn
fome lusegefiiunisatadetuassaniledalinadia
qGﬂ,uL%"m‘umﬂ?mmﬁluaﬁnﬁwm (9.26+0.45 MgGAE/g) izl

msanasieusanesedliudanileda Tidhgn (6.25+0.69

7
o
7N

MeGAE/g) dauuSunaanlaussdianuanuiinisatanae
woanesedliiudaniledadusuiunailiusesiqedian
(2.89+0.06 mgGAE/g) wiiilan1uiadadaniledaa1usua
analaniee (2.67+0.09 MgGAE/g) raslsfladn1sdarina e
weanegedawuuR Ukl iusandledaldAUs i
ﬂaais*?\laéqmdmﬁaﬁ'mﬁwfw (0.70+0.01 mg/100g)
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Table 5 The amount of phenolics, flavonoids and chlorophyll of crud extracted cannabis

Total Phenolic

Tatal Flavonoid Total Chlorophyll

Extraction method (mgGAE/g (mgGAE/g sample DW) (mg/100g sample
sample DW) DW)
Water UAE 8.84+0.99 1.01£0.15° 0.193+0.01°
Cannabis extraction CE 9.26+0.45° 1.07+0.15% 0.194+0.01°
Leave Alcohol UAE 6.25+0.69° 2.89+0.06° 0.697+0.012°
extraction CE 7.84+0.13° 2.67+0.09° 0.7020.01°

NNNAMIVIAGE: Table 4 WuinmsartafeLeaneses i
wiessani TetaliBnnifluednuasailuess getu Msdng
283 Tiwari et al. (2010) laduduinnsldndusansletnanunse
mamsannansiluednuazwalesnanialaeg iUz @nsan
fluednuarwaliussdiiuansuszneuiifiguandilunisdu
ouyadaszgs daduvsglonidegquanuazanansailulely
gaavnssueaitoguamld Wwudstunisadanaslsiladi
Ienarnnsldsaniledn Suiliusinanaslsiladiuduly
AsvuIuMsl

MsafinsieLeanesoduaznuAesansledavlile
USinuiluednuagilaliusesigaan deaenndeaiueuided
AnwiReatunsatnansiuednuasnanliuesdainiiasing 4 lag
THnaiansafnaedaniileda wWu uves Liu et al. (2013)

nsanearsiusdnuazialiuesdvnfivayulnsleeldiznis
Sanslefeluenansnuifoiifeides wunuideves Mazzetti
etal. (2020) ld'szyv1n1slddansleday 181590154
asuszneufluednuazrailuesdldegeiiuseansam dudu
asiifinuauiRdiueyyadaseiifiunn aenndeiunaly Table
5 Auandiifuinnsadaseuoanesedinudaniledaviilvld
Ysunasiluednuazlanliuesdgean Mazzetti et al. (2020) 310
nsfnwnisataaiseangninadanmanluywlasldadu
dandlada wuiinisld daviazatsusanaged 95% Tina
nsafndinninh siluudvesUSinaesiiuedn vialuesd wae
asoengnsmadanm s fueuyedasy dadululu
AA1aRgINUUITEUR Anaya-Esparza et al. (2023) ﬁix‘qu
UAE annsauiisdseansnmnsadaansdidainiivasulnsld

wansliiuinnedaivaelfnisatnanseongrdivssansam  edrdifuddy
gegn MslusnuvesUTunuuazANanslunIiueyLaBaTy
Table 6 Analysis of the antioxidant activity of crud extract cannabis
Antioxidant activity
Extraction method DPPH ABTS FRAP
(mgGAE/g sample (mM/g DW) (mM Fe®/g DW)
DW)
Water extraction UAE 2.79+0.17° 30.87+1.00° 2.19+0.16
Cannabis Leaf CE 4.53+0.34° 29.45+1.39° 2.10+0.05°
Alcohol extraction UAE 6.69+0.59“ 25.88+1.34° 4.24+0.05°
CE 6.05+0.23° 30.18+1.23° 4.22+0.05°

NNANITNAGLY Table 6 AuNITAIUDYYADATY Ly
NM5NA@OUID DPPH scavenging activity n1saninnlgweanaged
frhuuarliiiuedosdaniledalvigriduoyyadasegandy
nsafagaetn (6.69+0.59 MeGAE/g uay 6.05:0.23 meGAE/g)
waziilofinnsan ABTS scavenging activity wuImsaraget
W1utp3asdaniludaliian ABTS (30.87+1.00 mM/g) gefign
vauriinsatadisueanesedlinusanilodaia1siian
(25.88+1.34 mM/g) MsanameLeanaseduIuLa llNIudansa
Toilafiqusnisiiuoyyadassain FRAP gandn (4.24£0.05 mM
Fe2'/g) wavosiinazatwmaUsunaasiusdnuaznailiuess
PNNANTNAGBINUT Faviazasieanased 95% Ain1u UAE
ansaainasiuednuasraliuesdlaluuIunaganiinigld
N TneduSinailuedng s 73.45+2.31 meGAE/g wawvianliueen
58.12+1.84 meQE/g vausfinsariasetiliusinafiuedniios
45.32+1.94 mgGAE/g hazWailausea 35.78+1.52 mgQE/g
nansAnYTdenAdeIty Buczaj et al. (2022)

Table 6 wansdansvnaeugrsaUeyadaseluasann

a

Tutaw §eUsznauludienisiaa1Aanssu DPPH, ABTS uay
FRAP Faituisitenldlunsussiiuguandidueyyadasz v
a3y miaﬁﬂiwﬁaﬂ%ﬁ,aﬂmiﬁL?{wﬁaﬂumiﬁwﬁﬁa;ﬂamﬁ
NNANITNAGDY NIFNAOU DPPH 91NKANITNAADY WUIAIS
afmanlufyendan 1Cso o Sanansliiiudervauisoly
msdueyyaBasEiia mATeues Liu et al. (2013) Fadnwinmsaro
ansrlaluesnfinlagldiinsatndendusansleda wuii
nsifisuszAvEamwesnsataanunstIeinAanssy DPPH Tu
ansafnlfossdituddny Tnefle ICs adsusdanmslunisdiu
ouyadasHiigs

nslsanileialunsanna gaeliansusznaunailauesn
wazfluedngnatnoonuldddy dsffunumdrdglunisdu
auyadase Torres et al. (2017) Wuimafufinulunanismaas
il msatasaesaniledalilduinumsiueyyadass i
UszAnSamganinnisaasieisaug wu msadamennuiou
Wson1slUMinaza1uluUsITUAT. N1SAdEU ABTS (2,2-azino-
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bis(3 - ethylbenzothiazoline-6 - sulfonic acid) Aan3354 ABTS
vasasanatuiye) Tu Table 6 wandbiviudisnisdiuoyya
dasziige Tasuiduuns Medina-Torres et al. (2017) leifinwn
Wenfunisafnasiiuednaniivseizsanileda wuiinis
T¥8anilelaaunsatieifiuamnuaansolunisiueyyadasy
ABTS 1 Insndudanilelintronsedunsanesdagadiivii
Iansddgdunaliueeduas lusdngnudsyeenuntulsuu
wndu Fsaenndostunanisnnaetlunissi dniseduse
\iaAs91na13§884 Dias et al. (2021) 58431 UAE a1n3a
dnldsmtunsatadisvediuaingadean (Supercritical
fluid extraction, SFE) visemsannmevasvainigliniuiuas
(Pressurized liquid extraction, PLE) Wil uUsEANE nNnNg
annansdAgnNny wonanilfersanusunadrinazane
aanalunsada waganndanuild Fohlidunadedivang
dwsumsiiildlugramnssueuazemsitandu

o

9"l

T

o

Han1sNAdeU FRAP Lansliiiuinansannainluiey
A

mnuanansalumsAuanndnligs Sadunuandindg
NsAueuYAdATY e TR ARt SR REV NPT E SRR
Nguang et al. (2017) #ildAnwinisataansiuednaindivayulng
wuinsldsandleilagaefinusinaasiivedn delunum
dfglunmaifivanuannsalunisiueyyadass nsafndie
Sandleiadiaeiiuianssy FRAP Tnsnisifiuuszansnnly
AsataEnsfiarunsafuan muniu Jadunadsonisiiia
AuaudAlun1siueyyadastluaisann (Medina-Torres et al.,

2017)

d3UNan1339Y

INHANITNARDY Table 6 A1UAITHIUOULADATE
lagn15MAdeuls DPPH scavenging activity n15aA A28
woaneseaY s uLay linund asdaniladelgndfu
a%aﬁassqandwmiaﬁﬂﬁaaﬁﬁ (6.69+0.59 MgGAE/g uag
6.05+0.23 meGAE/g) waziil afa15041 ABTS scavenging
activity nuinnisataaaeunsuad ssdandledalian
ABTS (30.87+1.00 mM/g) gl a vzl n1sanasae
woanosadlun usaniladaddniiian (25.88+1.34
mM/g) nsanaalsueanegeanulaz liiusanslelind
qwﬁsmiﬁmaugaﬁmzmﬂ FRAP 9031 (4.24x0.05 mM
Fe2'/9) navaswwhazaesoUsinaasiusdnuaynailiueus
NHANTNARDINUT FIvazaIBLeaNnased 95% Tiku
UAE anunsaainansiluednuazrailiuesalaluliunaes
sl TnefiuSunailuedngsdis 73.45+2.31 mgGAE/g
wazalauees 58.12+1.84 meQE/g vassinsanadetin
TRUTunuuedniies 45.32+1.94 mgGAE/g wazWaila
UeHR 35.78+1.52 meQE/c HANI5ANYIT donAE 89U
Buczaj et al. (2022)

Table 6 uansisnsvaaougydfnueyyadastluas
aftnluiy JeUseneulushenisiarAanssy DPPH, ABTS

uaz FRAP 011387 et lunsuseid unuani@dueyya
Saszuesansiia mseAUseaxldienansiiisatoslunis
é"wﬁneﬁ'aaﬂaﬁlﬁmﬂwamimaaq AMsNAdBU DPPH a1nwa
Msnaaes wuinansatnanluiyesian ICs i Sauansls
Lﬁuﬁam1ummsalumiﬁma%aﬁmzﬁﬁ UIT8Yea Liu
et al. (2013) Fs@nwinisataansnailiusssarniialngly
Rsatamenausandledn wuinisfiaussdniamees
Asataunsatieiufanssy DPPH luansaialdagiedl
todAy Tnefien ICso sdausdfagmilunisiueyyadass

P

g

sl ansedalumsana Faeliansussneunanliuees
LLaxﬂuaﬁﬂQﬂaﬁmaaﬂuﬂﬁﬁ%u Feflunumdfalunisdiu
oyyadase Torres et al. (2017) Wuidsaduiinulunanis
naasdil nsafadedaniladarililausuaansdiu
oyyadasyiifiuszaniamgeninnisadadieisaug 1y
N1SANANILAIUSBUNS DA AIVINALANUULUUSTIUAT
ANINAEBU ABTS (2,2-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) 79n554 ABTS ¥09@15an Alun g1
Tu Table 6 wansliisiudanisduoyyadasziga lng
NuATees Medina-Torres et al. (2017)  @@nwnieafu
nsanma1siuednanivnleddoansaleda wuinnisly
Fand1lednaru1sar e uaaruaiuisalunisdu
oyyadase ABTS Id Tnuadusaniludingionszdunis
anentiagadity iiansddgunaluseduagiluadngn
Ugowoonunlud3unannniy Jsaenndasiunanisnaasdly
5191 158 AUSIOLA ULAN9INUATUes Dias et al
(2021) 52y UAE anunsadnanldsiudunsaiasmeves
lﬁa’iﬂqm?fﬂmm (Supercritical fluid extraction, SFE) %39
nsannfevretnaInelinINaugs (Pressurized liquid
extraction, PLE) LﬁaLﬁmixﬁm%mwmiaﬁ’mmia‘hﬁmmﬂ
iy wenaniigadivanySunmsvinarats aananlunisadia
wavannd s ui 1 ¢ oilfidumadad munzdmdu
nsilldlugmamnssueuazeimsileidu

KM SNAEBU FRAP wansliiiiuinansainainlungyanil

o

o w

AnenansalumsAuamwanldgs Sadugnandindalu
mMsnueyyadase HamEYRAeIEI08 BRI
Nguang et al. (2017) 71 li & nwinisadaansfi ued nanniie
aulng wuinslisanilatenaniianBunensiiuedn Ful
unumdAglunsiuanuamsalunsd oy adass
nsafasedanileiadwhoiuionssy FRAP Taonsifiy
UszAvismmlumsariaansfianansafuanimantu Sadunan
sionsifiunmansAlunsiuoyyadastluansatn (Vedina-

Torres et al,, 2017)
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Research article

Optimization of bioactive compound extraction from cannabis
leaves via ultrasound-assisted extraction (UAE) utilizing
advanced solvent systems

Panida Wongpreedee! Apinya Bhomsaidon' Khankhanang Ratananikom? and
Panorjit Nitisuk'”

! Department of Food Science and Technology, Faculty of Agro-Industry Technology, Kalasin University, Mueang,
Kalasin Province 46000, Thailand
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Province 46000, Thailand
ARTICLE INFO

Article history ABSTRACT

Ez\C/ZZZ% ljir?:gtg;;ber 2024 This study evaluates the efficiency of ultrasound-assisted extraction (UAE) in
Accepte.d: 8 June 2025 recovering antioxidant compound; from Cam.zabis sativa leaves .using water and 95%
Online published: 27 June 2025 ethanol as solv_er}ts. Fresh and dried cannabls le_aves were spbj;cted to.UAE under
Kevword controlled conditions to compare the extraction yields anq antlogldant activities of the
Can)llm bis sativa two solvents. The rest}lts indicate tha_lt ethanol, wher} combined with UAE, s1gn1ﬁcant!y
Ultrasound-assisted extraction enhanced_ the extraction of phenolic and flavonoid compounds. The total phenolic
Phenolic compounds content in ethanol-extracted samples was .73..45i2.31 mg GAE/g,. compared to
Antioxidant activity 45.32+1.94 mg GAE/g for water extraction. Similarly, the total flavonoid content was
Bioactive compounds 58.124+1.84 mg QE/g for ethanol extraction, significantly higher than 35.78+1.52 mg
QE/g obtained from water extraction. The antioxidant activity, assessed using DPPH
and ABTS assays, was also highest in the ethanol-extracted samples, with ICso values
0f 19.85+0.45 ng/mL (DPPH) and 15.32+0.87 ng/mL (ABTS), demonstrating superior
performance compared to water extraction (ICso = 30.14+1.22 pg/mL (DPPH) and
28.67+1.05 pg/mL (ABTS)). Additionally, the analysis of Tetrahydrocannabinol
(THC) and Cannabidiol (CBD) revealed that fresh cannabis leaves contained a high
THC concentration (10,327 mg/kg) with negligible CBD, whereas dried leaves
exhibited a higher CBD concentration (6,842 mg/kg) and a lower THC concentration
(4,923 mg/kg). These findings suggest that UAE, particularly with ethanol as the
extraction solvent, enhances the recovery of bioactive compounds from cannabis
leaves, offering promising applications in pharmaceutical and functional food
industries.
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2menaeagnednyuasmsuneuandle wmivendesvagiiusents dunevends mingrvys 70150 Ussnelne
2 naumsunneusndlyeuasnisunveninden dunales Famiauunys 11000 Ussinalney
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Article history

FU: 24 uns1AY 2568

udle: 3 figuieu 2568
noUTUNSATINA: 26 Tguieu 2568
Anurieeulal: 29 fguieu 2568

AdAny

uAnIIa
arsduduoula
Warlauees
toulwsiueavnglading

unulneuaznIsuwmnadonadedaiu

ATeiTngUszasdifiofnyiUszansnmnissudeulesiuoaringladinavesansiailuessiatndeiianly
Ay BI0ULIAY niumumianmwmhuawﬁﬁmﬁumﬂma’bﬁﬁwﬁqmmﬁ 40, 80 war 100 peAwaLTEa N1FIASIEAUSUIMNaID
uepaALiun1siagld3s Aluminum Chloride Colorimetry Assay LLa:mﬁLﬂﬁxﬁﬂixﬁm%mwmiﬁm}xﬂLaulénﬁuaamnqiﬂ%
wall#33 Dinitrosalicylic Acid (DNS) Assay wamsnwnuinnisaaiigamgd 100 sseadealiuiunaailussrgnd
1.12 g QE/g extract Wanlaueesfianalidunaliuoedlnalaleddayarelas Lt,auﬁﬁnamw‘lumsﬁuETyﬁLauimﬂLLaaWW
naladine Imsm‘nlmwWimﬂsvavmmwauw,aulwme‘lwmmwmsanmﬂaﬂauaamum ICso Wiy 97.36 pg/mL e
Wisuiitsuivazaluadafien ICs windy 14.81 pg/mL wan1Inaesduiuingangiveninfigedieiiunisazansuazng
UanUdesraluessdosnineghsiitudfy sideddidduiemudululdlunsiaunaasuroluiyriierisansedu
thnaluden Feeneiivssleisomsinuiiommiusiaiiaes uasdaiadumslinineinsanivailnslunianisummd

unidn

wWvueiiadl 2 (Type 2 diabetes mellitus) 18un1azdi
wusnlugdasuau Andu 90 wWesidusvestefanmn
Tnoalvgnuluglngviedgeeny anamdniAnainaiigiie
Sugdu (nsulin resistance) dsnalidugdurauldluiiv
Useansam wazsiliseduinnaluidengsiu (Zimmet et al,
2001) U wa. 2565 Ysemalnedigiisiumnilussuunissnm
VBINTENTNATITUVUTELU 5 Aruay lagnugUisiuviu
wiin 2 s1elndlunduaueny 15 Yiulegit 9.2 wWesidusves
Uszrns niedadushsinisifindunds 3 uauaused
(Lertdetkajorn, 2022) n155nwnurmusiad 2 sududes
muguszduthmaludenlvioglunusifivanya wisluisns
Snwiideulddentslisnguanssudaevluiveaningleding
1¢ud ozanlua (Acarbose) uaz faTna (Miglito) Tnsaongws
szaonsdesasiulewmsaludldidn shlseduinaluden
Wit udhasedeiivszansnm SdlinelfAnnnzdmaluden
i Fadutelfiusouddguessnguil dosidavesedenis
AANAT9LALIHOTEUUNINALDIMIST U Yiesdakaviaude v
Tndealdsauivenumanungud uil eaanansznuain
natn9Assveaen (Dirr et al., 2022)
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Usznrlnelavandendysesnaintydonanialul
w.a. 2565 teduasunsldlusugunimuaznisunnd n1side
nframanguaneildadisonialmilunis@nudneninues
Agysamdansiaundndasiayulng wu vige) (Yimsaard
et al, 2023) fenAfefuandifiuiasatnanaenuagluves
Fufyy duszansaiwlunisdudaeulsiueannglading
mufseulsiduiiiedesiumsmuauszduhmaluden wu
wuladlauddalufiina-a (dipeptidyl peptidase-4) uas
wulwsferluaa (Amylase) ansdrdnylunendyudinumin Téun
wauwn Juees (Cannabinoid) efiu3anm 15 fa 20 wWodidud
fmesiueed (Terpenoid) 1 fis 2 Wesidud wazivialiuess
(Flavonoid) 0.1 wWesidug dululuigamuinduauunduesn
weenilunen Taenuinduiumnaniies 1 89 2 wWesldud fwesd
uaed 0.2 Wosidud walivaliussdluySuudgeda 8
Wosidud vuidedildszydninaiswaliuesdainludye
laun 1A1ed7u (Quercetin) atesea (kaempferol) uag oWl
wufiu (apigenin) fuszanamgdunsduduouleiueanies
luaa Tnsnlaluesdvaniamsaatalddluguuvuasarin
NeIUAIBAIIATAIEBUNTY YU LEIUDa WYIuea pxdlau
Mnsideudines uaziofinordion Snindanui wanlaussdain
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fyadannududuresarsiamnsasudinassfisenves
wulwsiozluaalues mils (Cso) ogflugaa 15 §a 80 llasluans 3
wanslyiii uf sUseAnE nwdi A ndnansngud u (Lowe et al, 2021)
Wanhwesduriaiilassadamanaifiannsadeunuudnvae
vosduamsnveeulviuearinglafing 1w uealva (Maltose)
ilanunsadnluduusnanssweseulsdlaludnuaznisudadu
(Competitive inhibition) Tneilewanliuesdduiuiouledudias
Wntusglalasiausenhailsnduveaanlwesdiunsnesiily
Tuvsnansseaoulysl 2wmuuuurssaliueendsanise
wnsniud1guinni fdnvarldveuihvenevleuariin
Ufdunusuuulalasinin (Hydrophobic interactions) dawali
nsfanileaszminalanlauesd fueuluidauduaenniy
wavannsadudamsindesanslulawnsaldedediussansam
(Proenca et al., 2017)
warlusssasnsaaralddeiuasnuinaseglugUves
aluesslnaleled Fudumsviahuesdiifuanausanilsidueg
sreiululassadne udannsldmiiazatedunsdazaunsnania
ansundueeniuanfivudafiony uifdenanseldiatanals
wolnalalesoonuiudulddnlutsinamils nsldidusn
anavanlausenlnalaleniidoflusuauvasndonaziduiing
sedndey iemnindusvhavaeiiliiluiiv lLifely
AeliAnansangnslundndasiiluldde uazdannansenuse
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fudneuluiuoarhngladinaeenldann taswuinanssend by
anstalaueed fisiuseans amdean ICowindu 21.12 lalasniusie
§iadans (Thiantongin et al, 2020) SnsAnwmanliueesiartaldan
dFuanfelaeldmedensuluiiigamgd 2 9addun 80 uay 95

ssmniadoa Wunm 2 2l ahusediiaialdiszavsamly
nsueyyeassasansnsndusseulasiueanngladinalusy
fifnn Taefian ICo ogluag 4.7 fa 26.86 lalasnsudefiadans
(Suriyaphan et al,, 2023) uazmsAnwignamssud wevleluearh
naledinaanansadavialiuossluazmofiatadaetfigamad 95
ssmniwaifea Sauiunsladulalasim wuiwaluesddiadald
aunsaduaeulaiuoarhnglafiadldi uidsdosniesiiatadae
Wwuea Usvanal 4 i1 (Pantong et al,, 2024)
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voundasinlufyrlunisdudaninsafiservoneuled
woanngladina uazeraurludszgndldlunisguayyae
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Wongsa hagamy (Wongsa et al, 2012) Tngsaulasdanias
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gunndfi varnnatsuazsningaien dufguilduiain
uvinendenadgythusents ddsueeyaugniyuiyys
\ion9de Lammaﬂqﬂﬁ 65-1-1-0015131 IpeiAnluigyiain
Fufifiony 4 Weu wndwharwazein daliduuruinsiiy
sulvisfioamadl 60 ssrnwaauy 24 ilus vieauninay
faruduliiiunindesay 8 Sdldurlufgrmdoniy aandui
Tuwhefildluatndethlngldgumnifisnetu 3 seduie guil
gamgdl 40 uay 80 ssAwaIsauazdulutLAon 100 o9
wadsaun 1 Halus Ineldsnsdauhminluwisiovinu 1
n3u sl 30 fladans wazanslusanAUIAIANAgY (Sonicator)
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daduluusslumesaussgansvunadn (Eppendorf) whlugiden
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fladund dhdhegaiAsudunaudluiuinelivigamai 4 asen
walduaiiantolfomelugeseqiiiesmend (Nowak & Jakubczyk,
2020)
MsIATIEIUTIMNA L IUDEs
MAwERUsutamaliuesdld3s Aluminum chloride
colorimetry assay (Chang et al, 2002) ¥Nn15L93 BLA1TaLAYET
afaveuau ity 200 lulpsnsu/daddns luansazaiy 1
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fladnsu azawalsansazats 11Uesidus DMSO USums 10
fiedans Mntuthansevaeasataveuilldgies 400 lulasans
weuiuansazany 15 wWesidus (wa) NaNO, Usums 30 lilasdng
weliddudwalifigumgivieaduna 10 wil Wnasazan
ALCl; 10 Wasidud (wA) Banms 30 lilesdns welidniuud vy
Wigamgfiieaduna 10 i Wisasazans 4 Wesidusd (wA)
NaOH a3 400 alasans muderindulsenloseutiung
40 lallasdns webidniuudwalifigumgivieadunan 15 wi
tluTarnmegandusasiirmemedu 510 wilwunslaglddingu
Unenlesswdu Blank vhnmsfuwamBuaansussnounails
ueA lnewIsuiisuiunsnunsgiuvesansazateanliuesn
wnsgUAeTiu (quercetin) ruidiuduiaus 0.1, 02,04, 05, 08,
wae 1 fadnsusdefiaddes nefvbeduladniuauyaveunadii
v windetansartn 1 n3 (mg QE / g extract) YhmsiLAsIzH
ogwansataii ldang amgdsng 4 $1uam 3 61 waging
AipswiredsyTinamailiuess fegaiiatnanngumgileis
Ginaumnsanhueedsnniigalvidadenluiiesesiseans am
nefufseulmivearhnglating wavAnrmnududuesasiianinso
fudsuinzeluessildudumousely
nsaATITiAINenTsueulvdueannglading
nsineiafanssuveteuledueaningladinaldis
Dinitrosalicylic acid (DNS) (Miller & Joubert, 2022) lngdinuias
éntey dasazarsuwladudvansauazifiouuszdndaimnis
gosutlslngliasaransansgiunglaa vhnandouiuds 1
Wesidud (wiv) Tuansazane 0.1 Tuans Phosphate buffer pH
6.9 U315 0.25 fadans ﬁ’]ﬁﬁaﬁa’lUﬁWLLﬂjﬂiﬂijuﬁQMMgﬁ 37
psriwaliea thansazaetuleUiung 0.25 Tadans luuaw
fuasazaneieulesueariinglaginanianisdn dse Merck
Uszinaigasudl USuns 0.15 faddns Wndinduusean
leaauusunns 0.1 daddns udrhluvufigumgd 37 aem
waieafue 10 wiil iduansazans DNS ileviuizeins

Andu3ams 05 daddns tludludifendunat 5 wi
Udetlduiigumgivionduna 10 uid mndutluiadins
aanduuasiienueniedu 520 uilusmslasldindudsaain
losawdu Blank naunuarsazanseuleduoaringleding via
nsiSeuiieuAnisgandunasiunsninnsgIuvedansazaty
wpsgunglaa Arudaduiausd 0.2, 04, 05,08, uay 1 fadndy
fefladans AmnANInssuveteulediearngladnarisuiu
n3mlunsgiung laanuleg daded ddns (U/mL) fvuali
1 gilpstediadang vnedsUSinaseulalueavnglating 1 fadans
fansnsngosutidldidmimanglaa 1 llastuens Tunm 1wl Tu
anmeivhmsveaes Tneldgnadl

) ~ Ax1000
Afanssueuluiiearnglading (U/mL) = Vx T x MW

dlo A Ao Usmanhmanglaafildanaumsdussdluns
NI

Vo fe Usinesvesansavanetoulesidililunisvaaes

T fe naiilflunmeihufisesswiedlsifuduasm

MW o walianavesimanglaa
mﬁmsww’i/izﬁw?n7wn75&7uz7gatau26zf;ﬁzaamngfm‘ima'

mrngilsravsamnssudeulaiuoavhngledindlsi

Aenzianosaznsdudwouleiuearingladinaiuisuiiiey
3¥MI90EAIUARUASANATEIU LaZAIUIMAIAINTUTUID
arsfianusadudaufasenluadeids (1Cso) Tnswnssuansazany
svaluaseiusaanlessu Wilanududusiegldud 1, 5,
10, 20, 30, 50, 80, 100 lulasnsu/Aadans wasinseuaisann
weumlgansazaly 1 wWesiud DMSO viinnuidudusig o
eun 1, 5, 10, 20, 30, 50, 80, 100 lulasnsu/Aadans vinns
naaesdiATgA1nanssueulsduearngladinan1uisns
Jnulpeldarsazatserailuanazaisannneiuusuing 0.1
fiadans wndnhnduunenleseu ynmmmaesrududuay
3 1 wazimusliinduusiaanlessudiu negative control
Goulmiuoarnglafinadaifanssu 100 Wesidud) nisduan
Souaznsdudaeules (% Inhibition) ildaunsiai

% Inhibition = 100 x [1- (B/A)]

dlo A Ao Ansgandusasiildiinduusiaainlessudu

Fuamsn (negative control)

&

B e mmsaﬂﬂﬁuuaqméﬁamﬂua (positive control)
seansanaverududuainse

M 1Cso misanarududuesansazareieg1eiidl
Usensnmgud sevleluarngladinald Sosas 50 (50%
Inhibition) TmeAuaumrelusunsueaulal ICs Calculator 984

USEN AAT Bioquest, Inc. (Sennikova et al., 2022)

MUATIZIYVYaN NG

ynsieseiusunamailiuvess Arnanssuveoule
woarnglading wazAn ICs tudads (Mean + standard
deviation) uagnadeuALLANANIALRds Tnedasiziny
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WUSUTIUMALAEI (One-way ANOVA) yn1siUssuifisuaiaie
518A 77875 Least Significant Difference (LSD) 11 5¥AUAIY
Wody 95 Wedidud lneldlusunsumuiunisaid PSPP

Freeware
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NAKAZITAINANITIVY
wanisanauazUsuamalausealuluigysui

nsouwislufyviiigaumnil 60 esrmiwaidoaduna
24 F2las anunsavililufyouisadnldegnefivseans aan
Fnvarvedlutgrmdininniseusianudnfinisdeudan
Feaan (Figure 14) udidervuihmauasdaunseu (Figure
18) Tnethwinudanseuwisamdu 11.25 wWesidusvetmiin
TuannaunsaULs

B

Figure 1 Characteristics of fresh cannabis leaves (A) and dried cannabis leaves (B).

dlethlusgauislurhnsasaralivessdadetn T
mmsAnvlIeuiisunaresguugddenisadiniiuiu 3 9aa
oA 40, 80 way 100 AIYALTYE NANISNARDINUINNISENA
fgaumgdl 40 samwadua fuTinamanlusesfiaialdde 0.29
ﬁaﬁﬂ%’mauy’amaqLﬂa%ﬁuﬁfaﬁmﬁﬂé\’aaemmiaﬁ“m 1 nfu 7
ouvgil 80 ssmuwaidua annsaadaiailiussdlfifndudy
0.85 fiadn$uauyavasaediiusotmiindegasana 1 n¥u
uazfigumnd 100 ssmieaifuanuin aunsaadanailauoss
lUSnageganindy 1.12 ﬁaﬁﬂ%’mamy’amaqLﬂa%ﬁuﬁafﬁwﬁﬂ
fegansaia 1 ndu

mATeReundlidnvinisataaisngnuadainly
Ay IneTeuiflsuuszandsnmvesdaiazats 6 via loun
BN (Hexane), lamaslsiinu (Dichloromethane), fiaeydinm
(Ethyl acetate), tan1usa (Ethanol), lun1uea (Methanol) wag

Table 1 Effect of water temperature on total flavonoid content

11 nansfnwinanslifiiudn nsadadaetniigungives
ansaainaslunguinesiiuesn (Terpenoids) kazdaniaees
(Alkaloids) lstagiaiiuseAnsan (9 % w/w) usanunsoainans
Tung'uwaTauess (Flavonoids) Id i eaid niasin 11y
(Niyomdecha & Niyomdecha, 2022) atalsfmulueuiveid
mﬂﬁuqmuqﬁmmﬁwﬁm%’umﬁaﬁﬂﬁwaiﬂamwiaﬂ%mmv\laﬂa
upwsfiatale lasuanismaassnuitnisadaigungiigenda
9o ived (40, 80 Uay 100 B waldya) dawaliuIaunaman
Tauossditsmunifiud uogafided iy (p<0.05) Insgmgid
getwhlivinamsalussdismuaiiadalfidunniuegg
Farau Inganznsaiaiioamgd 100 esreaidoadliiuadia
fign (Table 1) Fatuazuldinnisléthsmivgmnifvnyan
Jutadeddniivheiulszansamnisataanluesdlegis
dUszavsnm

Water Temperature (°C)

Total Flavonoid Content
(mg QE / g extract)

40
80
100

0.29 + 0.12°
0.85 + 0.05°
1.12 + 0.08

Mean + SD represents the average value and the standard deviation.
QE refers to quercetin equivalent.
Values with different letters are significantly different (p<0.05).

meuaEJﬁﬁaﬁﬂlﬁmmm%"aﬁlﬂuﬁ'awﬁwaqﬂzjamlm
Thussesilnalelest (Flavonoid elycoside) Gsansusenauiliinain
nsTuiesalesdivluanauwsanilsd wu nglag usu
Tua w3anuanlng arewuselnaladfn (Glycosidic linkage)
Tngvaluesslnalalganuldunnluduluwazudnvesiia (Bao

etal, 2018) Auant@laniauveararliussdlnalalas e
awanselunsazasluiilas §wildaunsaatnoenun
Iganndlelddufuivhazans Tasiadrsvamaliussdlnaln
ladUsgnaunlgasumueglsundnadaiainaea (Catechol)
Srunudensiienfufsaznuasueu 3 oxaeu (C3) wadl
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vy lansanda (-OH) fianunsard susoduuaaailsdlivane
s dsrsauirfiasegadyiaiusansianunailivess
Inalalgavangsiialaun g (Rutin) 1A29BW3U (Quercitrin) L
WS AU (Hesperidin) hazlum1du (Baicalin) (Bautista et al,,
2021) Mnuanisneesiiandifiuinnsliifigungiissning
80-100 parnwaldoaanusarinyszansamlunisadanadls
weedlnalalasldatueghditeddey nanmsneassiidenndosiu
nuiderounthil (Lau et al, 2017) #lfinadnatanalouessd
Inalelwsian Camellia oleifera Fetin$ounasldussdugs Tne
Tdgamgll 140 ssmiwaLdoa wazar iy 600 Uoussen1snaia
wailddoanngnsatadaunsoatanailoussdlnalalesls
wnninsatadaeingamgiviesfiennuduund 1.19 &9 1.23

Table 2 Analysis of commercial glucosidase enzyme activity
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sa o

wi uenanismuimaliuesditadaldfirnuduiiguasd
Uszavgamlunsinueyyadasziiaunn
HamiazIsisyansamnsdusueulsiuoaningladina

wulwsiuearhngladinaiiuldlusnideiibuouled
Aannldanndas (Saccharomyces cerevisiae) & slusuided
anansndinsiediafanssueulesild 4.33 U/mL (Table 2) lng
douassudsosaluaaduludumeunisiinseidfansau
vosouleiTanudn exanluaivszdniainnisdudeniaige
UjAseweaeuluiueariingladinaia Tnsuunaezailuad
Windudsnaeuszansnmnissud woulesiueaningladinai
sty

Enzyme

Enzyme Activity (U/mL)

O-Glucosidase from

Saccharomyces cerevisiae

4.33 + 0.56

Mean = SD represents the average value and the standard deviation.

uansnasaandliiiiuin nssudseulesiueanngle
Fnaduwnlinfintuegafiteddymeadn (p<0.05) muau
Wuturesesarslualugag 1-50 pe/mL (Fisure 2) widioay
Wuduinduan 50 10u 100 pg/mL Arnsdudsldumnsinadiu
ognildedAty (p>0.05) UiﬁﬂgmmﬁawLﬁmmﬂamwéuﬁa
(Saturation) v8suUsansweteuley Taefiaruiduduieulsd
sefunita ansdudaldsuiuenledifoutmunuds vhlvudas
Wuaududuveanssnfildnelfiindszans amnnsduds
Wiy Ysngnisalwud nulunalanisdud swuuue sy

(Competitive inhibition) Inendleansiiudsilasadrendnendaiu
Fuaasn waztinnisugeduiusumiasweneuluiluanizi
Fruauteulsd 917 N5l uansdudaluseaui iund
Anuanusavesouladlunisnevaussavsilinswsevaznig
ETUEfaLiJ’wejmwmﬁ (Plateau) 37 Usanglunanisvaaes 3
Tayaninanamisadilvldlunsinuauiunuaisadinegis
wanzay ioliiAaussansaimgaan Tngliduddesansvdo
ninenslaglididu (Miller & Joubert, 2022)
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Figure 2 Inhibition of glucosidase activity by (A) acarbose and (B) crude extract at various concentrations. The values represent mean + standard deviation (SD)

for triplicate measurements. Different letters above the bars indicate statistically significant differences (p<0.05).

Tuanuddedladansadanailiusesfianalaainui

a o ya a

gauqdl 100 IANY AT %ﬂLﬂuqmuqﬁw AALAAYFAUN
nsAnwinisdudueulesivearinglading lnsnanisdny
wuanarsananailiuesaiAuausalunisdudwoulesl
woarnglaBinals lnefiaududy 100 pg/mL arsafanail
wegALanIUszANENMNEUEEsEaTl 59 Wesiiud (Figure 2B)
| v v v A = = a a

druanuuturesEnsanaf 1 89 80 pg/mlL Ausgdnsainnis
fudaueanngladinaiiuiy lnenaududy 1, 5, 10, 20, 30,

50 way 80 pg/mL annsadusaeuleslla? 3,3, 6, 8, 23, 32
way 42 Wosiudnuaiu lnsudavanududuinmnuuansna
furessvansnmmsdudegadidedfyneada (0<0.05)
MATefi M ldseruIalwesdfiataanitedl
dnenmiinlunssudiouleiuearnglafioa waraunsnadn
Ignansazanevatesin Walweedlnalalesuavinfiadale
mmfwﬁﬁmmmmiﬂumﬁuégﬂLaulmﬁLLaaWwﬂqiﬂ%Lmalﬁﬁ
Wiy Feflanudenadostunanisnuilunuised ednslsh
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o

mamalauesslnalalesiiniiussansnmeesnimalauess i
atmandvhavaredunid esanlassadanaluesslnala
lwsiazingjuanmnlse 19 glucose iWendafurawmululaiana
agdanaliiiin Steric hindrance vadgdaduluus Ly svos
wulwiuoaningladinad siidnwazidulnse Tassaradilg
yoanalauesslnalaledazluannuduaddunisdasuiv
wulzl ¥nliUszansamnsdudsanas msAnwves He et al
(2019) Wenfunatauess 15 ¥ila wuimatlueedlnalales 4
3o Tawn Naringin, Hesperidin, Baicalin lte@ Rutin fJAuaIunsa
Tunsdudneulesiuoannglefina laefien ICs > 500 pg/mL usi
nduilusyavinwiesnimialiusedeiaduiiatnandvhazane
Sun3 6 1 Myricetin G wduralauessvila aglycone @y
flerduduilailiusanlse) Felnseairsluanadinandy Steric
hindrance Wufuusvwndnnimgueanilsauin Taedlen 1Cs
snimarlavesdlnalaledsis 4 vilaunds 250 win egrdlsh
anu ulialuesslnalalesfiatnldaniesidenludeni
Uaensde winan1sfneiiaunlduansddiiuinauinuas

TassadsluanavosansdudsdnalaensaroUsyansamlunis
fuduouluuearngladiaa

NaN13ANYIAT ICso SEuinsansaianailiussnlnalalen
fatnsethanulufyruaresalualumiddeduanddidiu
Sapuuanansegretaauluguussans annssuduoules]
weavhngladiag (Table 3) lnvovaluadadumssudannsgu
WARIA 1Cso WU 14.81 = 0.217 pg/mL Fasndnan ICso 104
ansananaliuesdfida1infu 97.36 + 1.54 pe/mL og1adl
Ted1Ayn19adf (p<0.05) nasnaadliifuirezarluad
UszAnsnwganinansadarailiuesdildaneuidedlunis
fudaouluiuoarngladina lasfiuszansammannitusza
6.5 i Sedoyaiifnuddydmiunisussandlinaliuoss
nludguluniswauindnsugiiaine1m s suinnssue,
fnwlsmum edaslsiniy watliuessiatnseuidng
wansbiiudsinanmilunisdudaeului@a Sumnzdwmiuns
Wann e und afasfias uemisi 1191 unaIsTTuYA
Uaenss wagmngauuinguitimvaneiidesnisannisiiannans
&uA3129% (Jain and Ramawat, 2013)

Table 3 The ICs, values of water-extracted flavonoids and acarbose for Ol-glucosidase Inhibition

Inhibitor

1Csp (ug/mL)

Acarbose

Flavonoids (water extract)

14.81 £ 0.217°
97.36 + 1.50°

Mean = SD represents the average value and the standard deviation.
Values with different letters are significantly different (p<0.05).

dlewssuiieunanisvnassiifueiideves Phan et al,,
(2013) spyiransnlanlausesiadadaetiainly Epimedium
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Huesdusznaundnlusnegs uenani 1u3deves Thiantongin
et al, (2020) §9lgiUspuiioudsnsatananlauess daeuaz
wovueavnayulng 3 wieldun 31 nswiulne uey dunadady
Tnewuitalauees i afadaeuingien ICso winiu 21.12 pg/mL
Tureiinahuesdiiadadeeniueaiian ICs dnindndesi
17.12 pg/mL Fawandlifudeinenmessialueedluasadn
nayulnslunanuaigisnisarin

asrlaluesslnalalesiiatnldaneideiannsadu
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UiduiusddyiiAnd uusnasweseulnl uasifisawediay
Favdldliduamsaiuiase wu vealna Wrduwazeu
nTevIUN1nsUgAseldniuuns n15@nwinie molecular
docking wag IGM (Independent Gradient Model) 91191UYB4
He et al,, (2019) ﬂiaaaﬁuaquwamiﬁﬂmﬁlﬁadwﬁ Taawuin
alusesezlnalau ﬁﬁa‘hmwgiamaﬂ%mm WU LADTTIY
(Gefimylamsondadis 5 suvis) Instemnglutdnanumu B oy
aunsaduiunseeziluusnussetoulsl 1wy Asp215, Tyr72
uay Argdd? I¥ifunsdetu UisuusEagnvazaes Competitive
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ABSTRACT

This study aimed to evaluate the a-glucosidase inhibitory activity of
flavonoids extracted with water from dried cannabis leaves. Flavonoid extraction was
performed using water at 40°C, 80°C, and 100°C. The flavonoid content was analyzed
using the Aluminum Chloride Colorimetric Assay, while o-glucosidase inhibitory
activity was assessed using the Dinitrosalicylic Acid (DNS) Assay. The results
indicated that extraction at 100°C yielded the highest flavonoid content (1.12 mg QE/g
extract). The extracted flavonoids were identified as water-soluble flavonoid
glycosides that demonstrated significant a-glucosidase inhibitory potential. The 1Cso
value of the flavonoid extract was determined to be 97.36 ng/mL, compared to 14.81
pg/mL for acarbose. The results confirmed that higher water temperatures
significantly enhance the dissolution and release of flavonoids. This study highlights
the potential of developing cannabis leaf tea products to help reduce blood sugar levels,
which could be beneficial for managing type 2 diabetes. Furthermore, the findings
support the sustainable use of medicinal plants in traditional and alternative Thai
medicine.
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(Osmotic pressure; O.P.) 395 mOsm/kg) L o919ud alu
Sasndau 1: 4 Wudeihenions; v figaumgd 22 9ae
\waLded mﬂﬂ’juﬁ'lﬁaaﬁmﬁgwL%alﬂfitmwﬁ@mmwﬁwLﬁ?’iuasiaiﬂ
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n75ﬂ5mi7ug;mn7wzf7m‘fa

MaiAdeuTivededd

Usziflunsind euflveseg faeiai es computer-assisted
sperm analyser (CASA) 5,4 10.0D HTMHVOS (Hammilton-Thome
Bioscience, Beverly, MA, USA) thifaegatind e eandluhenie
25gns BHSY ludnsdern 115 (hidothendons) venfets
Yridieasuuuriualas CASA waxllasay cover slass nanasuy Dual
slide sperm analysis U3ugamgiialadil 37 ssmmaidea Tnturh
nMsUszdiudesidudinsedend (Total Motile; MOT)

Bn3ININTINvetead

MU ud nsINsHTInA 8158 oud SYBR-14 52U
Propidium iodide (PI) (Live/dead® sperm viability kit, L7011,
Invitrogen; USA) Tnetiiaeg 19 edsunns 150 lulasdns §
Fuued IUsENI 1.5x10° 1wad Aud SYBR-14 USu1nas 5
lulasdms Un 10 wil wagiiy Propidium iodide 5 lalasans Uu 5
UM wazyi1ns fixed cell #1128 formaldehyde AT uTW 10
Woddud Usums 15 lulasdns andwinisussduldndes
ﬁ]qamiﬂﬁanaLiamwi‘ (Fluorescense microscope; Inverted
Microscope with Micromanipulartor Olympus IX71) firhdavene

400 Wi TnefeadiisondinasAndidenvesd SYBR-14 wavsieqa
fimeazfndunwedd Pl (Partyka et al, 2012)

nMylATEtoya

ihdeyaiildanmsussifiugunimdndoan g
FAs129IM1ANRUTUTIY (Analysis of variance; ANOVA) 114
LNUNITNARBILUY Randomized Complete Block Design
(RCBD) Tnemuslivaritugliseiigniafuindelunsn
Hu block waziUdsufisumaruuanaaseriaiadsluusias
YSNUURRILIT Duncan’s new multiple rang test (SAS, 1997)

HAKAIATAINANTSIVY
Anwinisdunisiinufiseneandnsuveadeoudeniudn
A

MnNsAnwIMIaNsUsEneuiueasmiunvedovy
Waenuwdauzym wuindevudondnuzuuiviinaiiuea
s9uvannA 743508 mg/g DM ludauvesuFum flavonoids
fanua nuindoruddenudauramivimasiaman 503.95
meg/g DM (Aauanslu Table 1)

Table 1 Phenolic content (TPC) and antioxidant activity by 2,2-Di-phenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity assay, ferric reducing (FRAP) assay,

Trolox equivalent antioxidant capacity (TEAC) assay, and Reducing power (RP) assay methods in tamarind (Tamarindus indica) seed husk. Values are the mean

of three replicates + standard deviation

Assay TSH

TPC (mg/g DM) 7435.08+48.56
TFC (mg/g DM) 503.95+39.7
FRAP (MM FeSOs/ml) 3538.56+92.66
DPPH (% inhibition) 85.7+3.33
TEAC (% inhibition) 69.81+1.1

TSH; Tamarind (Tamarindus indica) seed husk, TPC; Total phenolic content, TFC; Total flavonoid content, FRAP; radical scavenging capacity assay, ferric

reducing (FRAP) assay, DPPH; 2,2-di-phenyl-1-picrylhydrazyl, TEAC; Trolox equivalent antioxidant capacity.

anmanenFenadausunuive weensueuRoonTnu
(antioxidant) 91n5553TATIIANENMgeRausiagsunslianna
Founudandsnsdianuannsalunisiuujiseeendinduey
(Suksomtip & Pongsamart, 2008) Wl e@nwrdan1sdaunis
\iaufAsereendiaduved evjuildenudauzi seis
Radical scavenging capacity assay ferric reducing assay Wui1
\WorfuiudenudnuzumiinUfisen FRAP fiuSuna 3538.56
UM FeSOy/ml iflafinwdisujisennisduousadasedieis
DPPH waz ABTH nuindevuiudenudeusimeengvifng
71 85.70 uay 69.81 muddu msUszneuiiuedaiigrsiueyya
Sase daulng/iduansii Usenaudlsarsvatesida 1oy
tocopherol (-+epicatechin wag gallic acid 2V san3 flavonoids
(Ramamoorthy & Bono, 2007) ansianddnalnnisiaudiu
DULADATEVANLUU LUU ANTUBYYABATE (Radical scavenging)
Taeiduilsilelasiauniediannsounaziineendiauiioglugy
wonfinveseyyadastlunquiiiioondiaudussdusznoundn
(Reductive Oxygen Species) ERI Sﬂﬂﬁﬁimaqaﬁllmaﬁm
neliinufisegnleviseuiiseneendindulinduunegsuiuy
fadosnioasiiliannsaviufiseeendiaduld uenanids

Vmiiduans3iag (Reducing agent) Tnsnisdnduiuleseuy
Tanglaglany Fe?* uay Cu* Mdudissujfseneendindu
(Metal chelation) (Sanchez-Moreno et al., 1999) 19 unal
YraevseneaNinUiseeenTinturesaad
navesmsasudoudonanusvnluamslaweugse
UssAnsnmmamsauiugiasmsifuinynindouuuuddu
pwnsdniidutladvddyianlunisudndnd Andu
Aunu 60-80 wWosidud vean1sudndnd dnormsdnideld
anuddaludosvedlavugsing 9 lugnseimns lasiesnis
AaAN AnuaNnaveslavusinsinunIuFeIn1svedn
iielnsuandaifiussansamgeqelunsainsuandnvesdni
lfinannA1evesansudiueludadnd wazdiaulasndune
AUslaa uavandununiswandnd lunisednemsdniuenain
#esUsznauseansiililavus dsznoudioansiasy (Feed
additive) vanswiafifoaussasdunnanaiuioiiuuszansam
1SWAR LU ASLNANMIY asifiud ansifiundu wazans
wouRDENBIAUN Sittikijyothin & Cherdwongcharoensuk (2011)
Fenuinldeniuwdauzuudasdueuyadassguiisuni
asannInEandaeilasuemMsaINeaUTEme lagludeniiu
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wiauzyuduunasdAguesarsiueyyadasylunguiluea
(Phenolic compounds) fivsdansarnudauzuuiiondlums
fudan1ainfATenoondiadu (Sandesh et al, 2014) wagd
qwﬁ‘éfﬂmwﬂﬁL%'su,miumml,ammimau (Tril et al, 2014) waz
anunsatundssdnld mnnunaaesilifinfnvmaresnis
idsudorudonudnussluemsdmiunisdeslineius
WioiinuseAnsnmmenisduiug wuimavesnisiasudevy
Waenudauzraluemstenmnmindeliveitusfisesu 03
0.6 uaz 0.9 fadnfu/Alansuems wuitnguiltasud evu
wWisnuwadauzvuluemis 0.6 Gadnsu/Alansueims fgns
naidoudivan wargnmpilumsifuinuiihidelddouniswa
\iewiigamgdl 5 uay 25 ssmwaidea [Wuan 24 $2lus dea
Resammaiadeuiivm snsnsndeuiiluiiamh wagdnsins

152

sontingaiign eiSeuiisuiuliviewusaldiunsiasuderu
Waenwdauzviwluemsszau 0.3 0.9 waz 0.0 dadnsu/
Alansue s suady (Fauandlu Table 2 3 uag 4) Fagaunm
hideflasunnweiugilliuemsififorudonadauzan
sz 0.9 fadn3u/Alansuewns mevdsnsiiuinwd 5 uas
25 asmigauiva tudununmesiudefiansaiiluldluns
nauisulalagludemanssnunesnsiniswanin Donoghue &
Wishart (2000) wansliifiuindnsinisind oudioqdfedndu
ﬁaﬁ’sﬁwﬁ’zyﬁ'dﬂmam'aﬂWiLﬁuwwqiﬂé’maﬁ’mﬁuaq% (sperm
storage tubules; SSTs) @afAuduius funisnaufiaiiuszau
wad s Tnedasnnauinazanasdodnsnisiadoud v
dramthwhnin 50 Wesidust (Kneawkanha et al., 2023)

Table 2 Total motile spermatozoa (MOT) of cooled semen after storage at 5 °C and 25 °C for 0 h, 12 h, and 24 h (mean+SE)

Temp.

control Hr. TSH (mg/kg diet)
0 0.3 0.6 0.9
5°C 0 95.31+1.37 95.83+0.46 96.73+0.8 95.89+1.45
12 81.77+1.83° 87.16+1.44° 89.83+1.1° 87.17+2.06°
24 68.53+2.31° 83.72+3.14° 88.83+5.49° 86.51+3.17%
25 °C 0 80.73+2.31° 89.75+3.14° 93.61+5.49° 77.12+3.29°
12 61.42+3.67° 75.08+4.28° 88.99+1.47° 67.32+1.32°
24 58.53+3.67° 63.72+3.92° 66.55+2.18° 59.62+1.4>

Different letters (a, b) within rows indicate significant differences (p<0.05), MOT (%): percentage of spermatozoa with percentage of motile spermatozoa, Hr:

time of semen storage and measurement, TSH; Tamarind (Tamarindus indica) seed husk.

Table 3 Progessive motile spermatozoa (PMOT) of cooled semen after storage at 5 °C and 25 °C for 0 h, 12 h, and 24 h (mean+SE)

Temp. .
Hr. TSH (mg/kg diet)
control
0 0.3 0.6 0.9
5°C 0 65.27+2.57 64.93+3.78 60.98+2.95 63.95+3.02
12 59.28+2.45° 60.10+2.67 66.00+5.54° 61.89+3.25"
24 48.13+2.34° 57.77+3.67° 64.47+4.22° 54.46+3.68°
25 °C 0 59.93+3.67¢ 65.41+4.54° 63.37+4.9° 57.38+3.26°
12 28.73+4.87° 40.01+4.54° 58.62+2.07° 54.40+4.21%°
24 10.66+3.54° 22.86+3.12° 25.01+3.32° 19.97+2.4°

Different letters (a, b) within rows indicate significant differences (p< 0.05), MOT (%): percentage of spermatozoa with percentage of motile spermatozoa, Hr:

time of semen storage and measurement, TSH; Tamarind (Tamarindus indica) seed husk.

Table 4 Sperm viability (VI) of cooled semen after storage at 5 °C and 25 °C for 0 h, 12 h, and 24 h (mean+SE)

Temp. .
control Hr. TSH (mg/kg diet)
0 0.3 0.6 0.9
5°C 0 90.02+2.5 91.32+2.97 90.56+3.11 92.04+4.37
12 75.23+2.15° 84.75+3.4° 85.94+4.22° 84.15+3.28°
24 66.70+2.64° 74.32+3.12° 80.36+3.31° 76.37+3.99°
25 °C 0 88.90+2.83™ 86.26+3.64° 89.05+3.6° 80.31+4.74°
12 55.30+5.15° 68.32+4.84° 70.65+3.85° 64.23+4.38°
24 5.35+5.26° 32.68+3.19° 40.55+5.28° 36.04+4.24°

Different letters (a, b) within rows indicate significant differences (p< 0.05), VI (%): sperm viability, Hr: time of semen storage and measurement, TSH; Tamarind

(Tamarindus indica) seed husk.

31NN3ANYIVBA Simdes et al. (2013) wuitmulives
freginennuaTendnufisereendinduduiusiuaiig
auysaived DNA 0961843 uaﬂmnﬁyﬂ’amlmaﬂﬁﬁ"?m
sondinduiiiiud ulidsmados uiuvatalawed wazdwald

Sasnsuaufinanas uenaindidevuideniudeauzandsd
23AUTENOUYBY polymeric tannins (Sinchaiyakit et al., 2011)
fanunsavihmiiduasiueyyadasy Fuadunied uazdu
Usdnuidanuinanunsadmansenudsausednitnuinnindn’d
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nszinnesInlufIureINIsanAIINesINe IS dnsnisiula
waznsgadureanseslunsaiidnilasu tannins Tudsunm
g4 (Calislar, 2018) e?jqmﬂ%ﬁaﬁuLﬂﬁamuﬁmmmﬂummiﬁ
s 0.9 dadnsu/Alansu e193vdwmansenudaUssadnsan
mansAuiugrdonuamiideidesanlinewusldsuuium
wazansownsiilsidiisame fduiellmAananszmudsausiold
worusvesn1sliid oudeniudauzvnluemisii eviiu
UsgAnSnmmnsnisduiugenavsdosddedessdunisled
wnzauswiunsifiudeyadnsnisiuldvedlanenug

A3UNaN1339Y

nsiasudevudenwdauzanlueimnsszdu 06
fadnsw/Alansueims ’mmmLﬁmmmwﬁwﬁyaa@ﬁqmm
Wuduwazsnsnissendin Iiumnzausonsihluifiushwnse
nskanienle

AnAnssuUsznA

AT ITBvBvRUAM uATUALUNI SR Aans
33y waruinnssy aingrdomeluladumsaatyyd d9l63u
n1satuayuaInNnevudsasuIne1mans 338 wazuinnssy
UsgdnUaudsvana w.e. 2566 (59alAsan15338 FRB66E0213)
(vdA13UT0s FRB660012/0168)
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ABSTRACT

Keyword
Tamarind seed husk
Semen quality
Storage

Chicken

The objective of this study was to determine the effects of dietary tamarind
seed husk (TSH) supplementation on rooster semen quality. TSH was extracted using
a spray dryer. The phenolic and total phenolic contents were analyzed and found to be
7435.08 mg/g DM and 503.95 mg/g DM, respectively. Antioxidant activity was
assessed using various assays, including radical scavenging capacity, ferric reducing
antioxidant power (FRAP) assay (3538.56 puM FeSOs/ml), 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay (85.70%), and Trolox equivalent antioxidant capacity
(TEAC) assay (69.81%), indicating that TSH possesses high antioxidant activity. The
experiment followed a randomized complete block design (RCBD). Twenty-four Thai
native roosters (1-1.5 years old) were divided into four groups. The four treatments
included dietary TSH supplementation at 0, 0.3, 0.6, and 0.9 mg/kg. Semen was
collected twice per week for six weeks. Different storage temperatures (5 °C and
25 °C) and durations (0, 12, and 24 hours) were used to evaluate semen quality and
determine the optimal storage conditions. Semen quality evaluation included motion
parameters, progressive motility, and viability. The results indicated that total motility,
progressive motility, and the percentage of viable sperm in the 0.6 mg/kg TSH group
were significantly higher than in the other groups (p< 0.05). These findings suggest
that dietary supplementation with 0.6 mg/kg TSH improves the quality of fresh semen,
particularly in terms of motion parameters and sperm viability, making it suitable for
semen storage or artificial insemination in roosters.
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Introduction

Soil 1s the most important factor for
plant production and crop yield. Fertile soils
contribute to food security, high yields for
farmers and economic development for the
countries. Deteriorated soil is degraded soil
or unproductive soil which reduced soil
fertility, soil biodiversity, soil structure, and
local ecosystems. It caused by many factors

such as wind and water erosion,
deforestation, overgrazing, farming, use of
toxic soil pollutants, overexploitation,

industrialization, and urbanization (Irawan
& Antriyandarti, 2020). There was an
important effect on agricultural productivity
because the parameters of soil fertility such
as organic matter, nutrients, and
microorganisms in soil have been lost. Soil

*Corresponding author
E—mail address: chulalak.t@chandra.ac.th. (C. Talubnak)

fertility is the ability of soil to nourish plant
growth and optimize crop yield which
supposed to essential plant nutrients uptake
and favorable chemical, physical, and
biological characteristics for plant growth
(Rabot et al., 2018). Thus, macronutrients,
micronutrients, and microorganisms in soil
were used by plants. It affected to the soil
fertility. It 1s known that vermicompost
improves soil property, soil fertility, aeration
capacity, and agricultural  products
(Alwaneen, 2016; Oyege, & Bhaskar,
2023). Vermicompost is a soil amendment
and a biocontrol agent (Joshi et al., 2015).
Vermicompost contains macronutrients
(nitrogen, phosphorus, potassium, calcium,
magnesium, and sulfur), micronutrients
(boron, chlorine, copper, iron,
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manganese, molybdenum, and zinc),
vitamins, enzymes, antibiotics, hormones,
and saprophytic microorganisms to
sustain soil fertility and plant growth
(Geremu et al.,, 2020; Erdawati et al.,
2021). Vermicompost was retaining the
nutrients for a long time, gave a high
water-holding  capacity and  high
percentage of humic acids in soil
compared to conventional compost
(Theunissen et al., 2010; Elissen et al.,
2023). Although in drought stress,
vermicompost was an effective fertilizer
to improve soil properties and nutrient
availability for plants yield (Feizabadi et
al., 2021). Therefore, the usage of
vermicompost to the degraded soil was
beneficial because it was increasing the
soil organic matter composition, nutrient
content, and soil microorganisms
(Mahmud et al, 2018). At present,
vermicompost has been widely used in the
crop fields which produced high crop
yields and soil amendment as reported in
wheat (Hafez et al., 2021), Amaranthus
(Uma & Malathi, 2009), tomato and

cabbage (Goswami et al., 2017),
pineapple (Mahmud et al., 2018),
rapeseed (Feizabadi et al., 2021),

vegetable crops (Theunissen et al., 2010),
strawberry (Zuo et al., 2018), cucumber
(Tith et al., 2021) and potato, spinach and
turnip (Ansari, 2008). In addition, the use
of vermicompost can improve the quality
of the plants and save the soil from all the
ill effects of pollution. It was noted that
the use of vermicompost could slightly
reduce heavy metal contamination or
chemical residue in soil and agricultural
products (Shetinina et al., 2019). Also, the
application of vermicompost and drum
compost in combination with recommended
chemical fertilizer promoted crop growth,
yield, product quality, and storage
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longevity of tomato and cabbage plants
(Goswami et al., 2017). Moreover, it was
reported that the use of vermicompost
mixed with biochar could be eliminated
the detrimental effects of soil salinity and
water stress on wheat growth (Hafez et al.,
2021). Moreover, the usefulness of
vermicompost was not only increased soil
amendment and plant growth but also
used as an organic pond fertilizer to
improve water quality and survival rate of
catfish fry (Clarias sp.) (Erdawati et al.,
2021). Therefore, the objective of this
research was to examine the effect of
vermicompost ratios on morning glory
(Ipomoea aquatica) growth such as plant
height, leaf number, branch number, fresh
weight, and root weight grown in
deteriorated soil.

Materials and methods
Pot experiment

In order to evaluate the efficacy of
vermicompost ratios on plant growth,
morning glory (lpomoea aquatica) was
chosen. A pot experiment was conducted in
natural condition at Faculty of Agriculture
and Life Sciences, Chandrakasem Rajabhat
University, Bangkok  Thailand.  This
experiment was conducted in June, 2021. The
deteriorated soil or used soil was used in this
research and sterilized by one week exposure
to sunlight before reusing the soil. The
vermicompost was derived from Chai Nat
province. The experiment was conducted in
completely randomized design (CRD) with four
different vermicompost ratios (vermicompost :
soil) such 0:10 (no vermicompost), 1:9, 3:7 and
5:5. Four replicates for each treatment and each
pot with three morning glory seedlings.
Plants were watered every day.
Data collection

For measuring growth and yield
parameters, all plants were recorded plant
height, leaf number, branch number, root
weight and shoot weight. Plant height was
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measured every three days after sowing 14
days. Leaf number, branch number, and fresh
weight were recorded at harvesting day (4
weeks after germination).
Data analysis

Data were expressed as means =+
standard deviation (SD). All data were
statistically analyzed by statistical software.
Significant differences among different
treatments were carried out via analysis of
variance (ANOVA) using Duncan’s Multiple
Range Test (DMRT) at significance level of
95% (p<0.05).

Results and Discussion

Application of vermicompost ratios to
improve deteriorated soil or used soil was
significantly presented on morning glory
growth. Data in table 1 indicated that four
different ratios of vermicompost to soil were
gave significantly the growth rate of morning
glory when compared to the control (0:10, no
vermicompost). The plant height was
measured every three days until the harvest.
The result was found the highest plant
presented in vermicompost ratio 5:5 with
19.72£023 cm plant! followed by
vermicompost ratio 3:7 and 1:9 (17.42+0.38
and 12.94+0.36 cm plant! respectively)
(Table 1). The branch number and leaf
number were in line with plant height. The
vermicompost ratio 5:5 showed high
significant morning glory growth of leaf and
branch number (32.92+3.60 and 1.92+0.17
number plant! respectively). Meanwhile, no
vermicompost gave the lowest vegetative
growth of morning glory (Figure 1A).
Regarding the morning glory yield, data in
table 2 presented that the shoot weights of
morning glory plants tended to increase by
increasing dose of vermicompost. The
highest shoot weights of morning glory were
not significantly affected which obtained by
application the vermicompost to soil in 5:5
and 3:7 with 21.29+4.40 and 19.73+3.88 g
plant!, respectively. Also, the root fresh
weight was not significantly enhanced by
vermicompost to soil in 5:5 and 3:7 with
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7.28+£1.73 and 7.16x1.49 g plant’!,
respectively (Table 2), while control (no
vermicompost) treatment gave the lowest in
shoot weight (Figure 1B). The result
indicated that vermicompost could be used
for soil amendment in deteriorated soil or
unproductive soil.

As the results, plant growth and yield
were significantly affected by applied
different ratios of vermicompost to
deteriorated soil. Similar results were noted
that the vermicompost application could
promote tomato plant growth and improve soil
fertility (Stepanova et al., 2020). The results
were similar to those reported by Barroso et al.
(Barroso et al, 2021), who found that a
combination of chicken manure and
vermicompost improved the growth and
productivity of kangkongs. Also the growth of
Amaranthus plant, the vermicompost had
promoted Amaranthus growth better than
chemical fertilizer in plant height, shoot length,
branch number, leaf number, leaf length, seeds
number, and root length (Uma & Malathi,
2009). However, vermicompost could be
combined with biochar which enhanced soil
quality, increased nutrient uptake, and
stimulated soil chemical properties. The
treated soil was significantly presented soil
properties in relative water content,
chlorophyll content, stomatal conductance,
cytotoxicity, proline content, growth, and
yield in wheat crop (Hafez et al.,, 2021).
Vermicompost has positive influence on the
soil with high percentage of organic matter
and available nitrogen, phosphorous, and
potassium of soil (Uma & Malathi, 2009).
Moreover, the vermicompost helps to
optimize the physical properties of soil and
increases the activity of microorganisms in the
soil (Stepanova et al., 2020). Soil analysis
revealed that vermicompost applied soil had
higher organic matter and available nitrogen
than chemical fertilizer applied soil. The use
of vermicompost to soils increased their
microbial biomass and dehydrogenase
activity. To ward an increasing plant growth
and yields (Uma & Malathi, 2009). In
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addition, the application of vermicompost
alone could be promoted an excellent plant
growth performance and given the low total
cost more than treated with chemical fertilizer
in produce pineapple plants. It was suggested
that the usage of vermicompost as the single
source of nutrients was not suitable for sandy
loam soil, but could be used as addition to
sustain the soil health, soil fertile, and soil
structure  for agricultural sustainability
(Mahmud et al., 2018). Same as the other
organic fertilizers, it was reported by
Hitinayake et al. (2018), the morning glory

growth and yield were affected by using cattle
slurry mixed with compost. There were
presented with high fresh weight and dry
weight of the leaves. Also onion plant, organic
cattle manure gave the highest values of
vegetative growth (fresh and dry weight of
bulb and leaves, bulb diameter and plant
length) (Shedeed et al., 2014). Moreover,
organic fertilizers have been an appropriate
nutrient supply was major to reach high yields
and good taste of tomato fruits (Heeb et al.,
2006).

Table 1 Effect of vermicompost ratio on morning glory growth at 28 days

Vermicompost : Soil Plant height Branch number Leaf number
(cm plant™) plant™! plant!
Control (0:10) 10.47+0.454V 0.00+0.00¢ 11.33+1.364
1:9 12.94+0.36¢ 1.09+0.42° 19.17+1.00¢
3:7 17.42+0.38° 1.58+0.32? 26.08+2.69°
5:5 19.72+0.232 1.92+0.17? 32.92+3.60*

Number is averaged of 4 replications, followed by a letter. Different letter means there is a significant difference at

p<0.05 by Duncan’s Multiple Range Test.

Table 2 Effect of vermicompost ratios on morning glory yield at 28 days

. 1
Vermicompost : Soil Shoot Fresh weight (g plant”) Root
Control (0:10) 3.26+0.69V 1.23+0.32°¢
1:9 10.66+2.85° 3.53+1.43°
3:7 19.73+£3.882 7.16£1.49*
5:5 21.29+4.40% 7.28£1.73*

"Number is averaged of 4 replications, followed by a letter. Different letter means there is a significant difference at
2<0.05 by Duncan’s Multiple Range Test.

Figure 1 Comparison of the vermicompost ratios to deteriorated soil on morning glory plants for 28 days (A) and

vegetative growth and root system (B)

Conclusion

From the results, it can be concluded
that the application of vermicompost at ratio
5:5 (vermicompost : soil) produced good
yield of morning glory (Ipomoea aquatica)
with highest quality of plant height, leaves
number, branch number and fresh weight. It

was a significant difference compared to the
other treatments. As a result, vermicompost
may be a preferable option for morning glory
and other crop cultivation.
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ABSTRACT
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Deteriorated soil

Deteriorated soil refers to soil that has been degraded or rendered unproductive, leading to reduced
fertility and biodiversity. Vermicompost is known to enhance soil quality, fertility, aeration, and
agricultural productivity. Therefore, the objective of this research was to examine the effect of
different vermicompost-to-soil ratios on the growth of morning glory (lpomoea aquatica). The
study evaluated vermicompost-to-soil ratios of 0:10 (no vermicompost), 1:9, 3:7, and 5:5.
Measurements included stem length, number of leaves, number of branches, root weight, and shoot
weight. The results showed that the 5:5 vermicompost-to-soil ratio produced the greatest stem
length at 19.72 cm, followed by 3:7, 1:9, and 0:10 ratios at 17.42 cm, 12.94 cm, and 10.47 cm,
respectively. In terms of the number of leaves and branches, the 5:5 ratio also yielded the highest
values, with averages of 32.92 and 1.92, respectively, compared to the other treatments. The highest
shoot and root weights were observed at the 5:5 ratio, averaging 21.29 g and 7.28 g, respectively,
showing a significant difference compared to the other treatments. Therefore, this study indicates
that vermicompost can be used as a biofertilizer to promote the growth of morning glory.
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