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This study aimed to investigate the effects of freshwater algal extract as a biostimulant on the
growth and yield of cherry tomato (Solanum lycopersicum) cultivated under controlled greenhouse
conditions subjected to heat stress (35.0-39.0°C). The experiment was conducted in a closed
greenhouse with full sunlight exposure and restricted ventilation to simulate high-temperature stress
conditions. A randomized complete block design (RCBD) was employed with four treatments and three
replications. The treatments consisted of (1) distilled water as the control (T0), (2) 5 mL algal extract
per 1,000 mL water (T1), (3) 10 mL algal extract per 1,000 mL water (T2), and (4) 15 mL algal extract per
1,000 mL water (T3). All treatments received a basal chemical fertilizer (15-15-15) at a rate of 15 g per
20 L of water, applied every three days. Growth and yield parameters were recorded, including plant
height, root length, number of flower clusters per plant, number of fruits per cluster, and total number
of fruits per plant. Data were collected from 20 plants per subplot. Leaf chlorophyll content and leaf
nitrogen concentration were measured using six leaves per plant. Observations were conducted at 15-
day intervals after transplanting (15, 30, 45, and 60 days). Total soluble solids (TSS) was determined at
80 days after transplanting. At harvest, fruit samples were analyzed for amino acid content using an in-
house method based on AOAC (1989), and for essential nutrients (N, P, K) using an in-house method
based on AOAC (2019). Foliar application of the algal biostimulant was performed four times: at 20 days
after transplanting, at the early flowering stage, at the early fruit set stage, and 10 days after the third
application. The results demonstrated that treatment T2 significantly (p<0.05) outperformed all other
treatments across all measured parameters. The highest mean plant height (103.9+2.7 cm), root length
at 45 days after transplanting (26.7+1.1 cm), total fruit number per plant (807.0+3.8 fruits), total soluble
solids (9.00+0.00°Brix), and leaf chlorophyll content (39.9+0.4 SPAD) were observed under T2. This was

followed by T3 and T1, while the control (T0) showed the lowest performance, with all parameters
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being approximately 1.5-1.6 times lower. In conclusion, foliar application of freshwater algal extract at

10 mL per 1,000 mL (T2) represents the optimal concentration for enhancing the growth performance

and yield of cherry tomato under heat stress conditions.

Keywords: biostimulants, spirogyra extract, tomato
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Figure 1 Amino acid composition of freshwater algae extract as determined by AOAC (1989) and AOAC (2019)
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Figure 2 Nitrogen, phosphorus and potassium content of freshwater algae extract as determined

by AOAC (1989) and AOAC (2019)
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Wiy 103.9+2.7 @3l 38989U1A8 A1TUNITNAREY
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Table 1 Effect of biostimulant treatments on the mean height of tomato plants at 15, 30, 45, and 60

days after transplanting

Treatment Height (cm+SD)
15 days 30 days 45 days 60 days

TO 7.0£0.5™" 31.3 1.9 51.3 +1.3" 61.9+0.6°
T1 11.740.6™ 35.3+0.8° 55.3+0.4" 65.7+1.4°
T2 20.3+1.0™ 39.3+0.3% 62.7+3.6™ 103.9+2.7°
T3 13.5+1.0™ 37.5+0.7% 58.6+0.9" 78.4+0.9°

CV (%) 38.4 8.2 22.9

t (t-value) 2.31 2.47 9.69 7.49

TO = No bio-stimulant (control); T1= Freshwater algae extract 5 ml: 1,000 ml water; T2= Freshwater algae extract 10 ml: 1,000 ml

water; T3 = Freshwater algae extract 15 ml: 1,000 ml water

1/ ns and * : Non significant and significant at the level 0.05, respectively

2/ Means with different letters in the same column are significantly different at p<0.05 by DMRT.

SD = Standard deviation; CV = Coefficient of variation
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Table 2 Effect of biostimulant treatments on the mean root length of tomato plants at 15, 30, 45, and

60 days after transplanting

Treatment Root length (cm+SD)
15 days 30 days 45 days 60 days
TO 11.6+0.8%% 16.5+0.5™Y 18.4+0.2° 24.8+0.3"™
T1 12.6+0.6° 17.6+0.3™ 22.1+2.5° 28.8+1.0™
T2 13.4+0.3° 19.3+0.3™ 26.7+1.1° 36.6+0.3"™
T3 12.7+0.1° 18.1+0.3™ 24.3+0.7¢ 337+1.0™
CV (%) 6.3 14.8 15.3
t (t-value) 2.306 3.81 6.76

TO = No bio-stimulant (control); T1= Freshwater algae extract 5 ml: 1,000 ml water; T2= Freshwater algae extract 10 ml: 1,000 ml

water; T3 = Freshwater algae extract 15 ml: 1,000 ml water

1/ ns and * : Non significant and significant at the level 0.05, respectively

2/ Means with different letters in the same column are significantly different at p<0.05 by DMRT.

SD = Standard deviation; CV = Coefficient of variation
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Table 3 Effect of biostimulant treatments on the mean number of inflorescence, number

of fruits inflorescence, number of fruits and ©Brix of tomato plants

Treatment Tomato plants aged 80 days after transplanted (day)
number of number of fruits number of fruits ©Brix
inflorescence inflorescence

TO 2.7+0.6 ™Y 1.0+1.0™ 24.3+1.5% 5.67+0.6°
T1 6.3+0.6" 4.3+0.6™ 242.0+4.4° 7.33+0.6"
T2 10.0£1.0™ 9.0£1.0™ 807.0+3.8¢ 9.00+0.0¢
T3 77+0.6™ 5.3+0.6™ 359.0+6.3° 7.66+0.6°

CV (%) 42.4 42.6 83.0 17.7

t (t-value) 3.01 3.13 269.56 1.49

TO = No bio-stimulant (control); T1= Freshwater algae extract 5 ml: 1,000 ml water; T2= Freshwater algae extract 10 ml: 1,000 ml

water; T3 = Freshwater algae extract 15 ml: 1,000 ml water

1/ ns and * : Non significant and significant at the level 0.05, respectively

2/ Means with different letters in the same column are significantly different at p<0.05 by DMRT.

SD = Standard deviation; CV = Coefficient of variation
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Table 4 Effect of biostimulant treatments on the mean Leaf chlorophyll and nitrogen content

of tomato plants at 80 days after transplanting

Treatment Leaf chlorophyll content Leaf nitrogen content
(SPAD) (mg/g)
TO 12.3+0.7°% 11.3+1.0™Y
T1 18.4+0.7° 12.6+0.8™
T2 39.9+0.4¢ 16.8+0.6™
T3 33.4+0.9° 14.7+0.5™
CV (%) 44.6 17.7
t (t-value) 18.27 1.20

TO = No bio-stimulant (control); T1= Freshwater algae extract 5 ml: 1,000 ml water; T2= Freshwater algae extract 10 ml: 1,000 ml

water; T3 = Freshwater algae extract 15 ml: 1,000 ml water

1/ ns and * : Non significant and significant at the level 0.05, respectively

2/ Means with different letters in the same column are significantly different at p<0.05 by DMRT.

SD = Standard deviation; CV = Coefficient of variation
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This study was conducted to address the major challenges faced by mulberry farmers in
Mukdahan province, Thailand, including water shortages, inefficient soil management, limited
value addition of mulberry leaves, and the need to improve production capacity under local
environmental conditions. The objectives were: 1) to transfer appropriate innovations and
technologies tailored to local conditions for sustainable mulberry cultivation, and 2) to enhance
farmers’ income through collaborative capacity-building approaches. The study involved 560
mulberry farmers in Mukdahan province. The research was conducted in three phases. The first
phase involved a participatory needs assessment, problem analysis, stakeholder consultation,
and collaborative planning for technology transfer. The second phase focused on the transfer of
appropriate technologies, including mulberry plantation management, water management
systems, soil improvement for nutrient-deficient soils, integrated pest management, value-added
processing of mulberry leaves into consumable products such as mulberry leaf powder, and the
development of mulberry leaf-based feed for laying ducks to reduce production costs. The third
phase consisted of monitoring, evaluation, and knowledge-sharing activities among participating
farmers and relevant stakeholders. The results demonstrated that technology transfer and
capacity-building interventions significantly improved production and livelihood outcomes.
Mulberry leaf production increased by 30%, average household income increased by 54% and

farmers’ knowledge of mulberry cultivation and value-added product development improved by
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50%. In addition, the participatory learning process strengthened farmers’ confidence, enhanced

their capacity to apply appropriate technologies effectively, and increased their potential to serve

as model farmers for scaling up similar initiatives in areas with comparable socio-economic and

environmental conditions. The findings suggest that participatory technology transfer combined

with value-added product development can substantially improve agricultural productivity,

household income, and farmers’ capacity, thereby contributing to sustainable rural development.
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Figure 1 Making fertilizer to nourish mulberry trees in planting plots
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Figure 2 Processing products from mulberry leaves
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Figure 3 Development of food recipes for raising ducks
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Table 1 Results of the cost-benefit analysis before and after

Product period Unit Fixed Variable Total Cash Total Net Gross Return on invest ment
cost cost cost cost profit  margin (ROD
Mulberry  Before THB/ 0.05 3.59 3.64 2.95 5.00 1.36 2.05 37.50 93.11
seedlings  After plant 5.47 417 9.64 2.98 15.00 5.36 12.02 55.61
Mulberry  Before THB/kg  0.11 36.37 36.48  16.68  30.00 -6.48 13.32 -17.76 125.28
powder After 136.87 55.88 192,75 28.28 400.00 20725 371.72 107.52
Feed Before THB/kg  0.06 20.57 20.63  20.18 1943 -1.20 -0.75 -5.81 11.18
After 2.39 21.33 2373 2047  25.00 1.27 4.53 5.37
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Effect of Plant Spacing on Growth, Yield, and Cannabidiol Content of Hemp
(Cannabis sativa L.) Cultivars EHFGP#1, EHFGP#3, and EHFGP#8
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This study investigated the effects of plant spacing on the growth, yield, and cannabidiol (CBD)
content of hemp (Cannabis sativa L.) in an evaporative cooling system greenhouse. A 2x3 factorial
experiment in a randomized complete block design (RCBD) with five replicates was used, with Factor A
consisting of two plant spacings (0.5x1 m and 1x1 m), and Factor B consisting of three hemp varieties
(EHFGP#1, EHFGP#3, and EHFGP#8). This study was conducted at the Hemp Research and Development
Center, Maejo University, Chiang Mai, Thailand. The results showed that plant spacing significantly
affected plant height, stem diameter, number of nodes per plant, number of branches per plant,
inflorescence size, fresh flower yield per plant, dry flower yield per plant, and cannabidiol content. In
contrast, varieties significantly affected plant height, number of branches per plant, and cannabidiol
content. In addition, a significant interaction between plant spacing and varieties was observed for the
number of nodes per plant, number of branches per plant, and cannabidiol content. At the narrower
plant spacing (0.5x1 m), variety EHFGP#3 achieved the greatest plant height, reaching 226.97 cm. In
contrast, the wider spacing (1x1 m) significantly increased stem diameter (27.58-29.48 mm) and

resulted in the highest average number of nodes per plant (5 nodes) and the highest average number
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of branches per plant (10 branches), particularly in variety EHFGP#1. Conversely, the narrower spacing
(0.5x1 m) resulted in lower values for these traits. The 1x1 m spacing produced significantly higher
fresh flower yield (0.71-0.84 kg/plant) and dry flower yield (0.15-0.20 kg/plant) than the 0.5x1 m spacing
(p<0.01). Variety EHFGP#3 grown at 1x1 m spacing showed the highest dry flower yield, reaching 20.81
kg per 160 m2 greenhouse, equivalent to approximately 1,300 kg ha™. A highly significant interaction
between variety and plant spacing was observed for CBD content (p<0.01). Variety EHFGP#1 at 0.5x1 m
had the highest CBD content (15.46%), while EHFGP#8 showed the lowest (10.33-13.48%), indicating
that genetic factors play a major role. Growing hemp at 1x1 m spacing in an evaporative cooling system
greenhouse maximizes flower yield per plant, while 0.5x1 m spacing produces higher CBD content in
variety EHFGP#1. For industrial production prioritizing total biomass, 1x1 m spacing with variety EHFGP#3

is recommended, whereas 0.5x1 m spacing with variety EHFGP#1 is optimal for high-CBD production.

Keywords: cannabidiol, evaporative cooling system greenhouse, hemp, plant spacing, variety
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AunngaazdUTumasuauuidlaesa (CBD)
Tusgdufiungausndudesondonisdnnisdunis
mnzUgniimunzan Taslaniznisaruaudade
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Tegluszduivnzan anmnueSennemmgiigs
waziiinUsEAvBamnsduassinawosiiy daal
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UANLTUARAIIINIT 10% Feriuin uavFuIam
Anadptmnranannonuedy 3) tiuinuanan
aenusrelsudeu Mula N mnNarannonus
FOF maawﬁaziwsﬂgﬂluﬁuﬁ 1 15950u

Iazviusunaaswauutlnesanie 0a
(Cannabidiol: CBD) #284A3 8 High Performance
Liouid Chromatography (HPLO) & e Aglent Technologies
U 1260 Infinity Il Useinaguadn andgouisn

AATITRANULUTUTIUNNE@D AR 8 TUTILATH
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EHFGP#1, EHFGP#3 uay EHFGP#8 IﬂEJiSEJS‘UQﬂ
0.5x1 nuinfiaadsanunieemsaa iy
130.70-141.27 o3, uaz szo3Uqn 1xl Luns
firnadsnunhavemsay iy 131.87-139.20
o3, ludanuuanasiuegediedAgynisaif
(Table 1) Wail erasdululdinnsiesaivinvecdy
fywisansszezdgnlildfinnuunnsatusnn

urugudnansasiu
Jaduauszuzign nudndawasevunves
Wur A ug naedd ueg 19l edd g wmnead a

(p<0.01) WuINUaNTEEE 1x1 WAT dewalAvuInYes

dsiugudnansddnduniiian Aadeeglutag 27.58-
29.48 1. @ufl seErUqn 0.5x1 WA §Alade
Winfu 24.62-27.89 1. il ansaniladosuaeiug
warUAuiussusenInsvesUg niaranenug wuin
Lufidvanasievunvasdusinugudnarsaisiu (Table 1)
FadenAd 09 UNTINBUYDY Yazidi (2022) WuInIs
Ugnsvevlinhlivusvesdiuanad uag Panday et al.
(2025) WUTNTLHEIENINUAIVUIN 19 gy, iladuy
fvunmdnasdensuifsuiuszorseminnn 38 au,
wag Amaducd et al. (2008) wuinmsugnlaeszezugn
‘ﬁ'ﬂi’wﬁﬂﬁ'ﬁwmLé’umuqua‘ﬂmaﬁﬂﬁulmjmfﬂ

mMsUgnseestin

Table 1 Effect of plant spacing and variety on plant height (cm), plant canopy diameter (cm) and stem

diameter (mm) of hemp grown in evaporative cooling greenhouse

Plant spacing Varieties Plant height Plant canopy Stem diameter
(mxm) (cm) diameter (cm) (mm)
0.5x1 EHFGP#1 207.43+7.10b 130.70+7.83 2571217
EHFGP#3 226.97+9.24a 141.27+4.04 27.89+0.52
EHFGP#8 194.40+8.30b 140.20+6.52 24.62+1.41
1x1 EHFGP#1 161.07+7.95¢ 131.87+8.76 28.39+0.97
EHFGP#3 176.47+3.65C 132.70+6.09 29.48+3.55
EHFGP#8 166.43+10.33¢ 139.20+6.53 27.58+3.95
Plant spacing (A) ** ns **
Varieties (B) ** ns ns
AxB * ns ns
CV (%) 4.62 8.93 10.06

ns = non-significant, ** = Mean there was highly a significant difference. There was no significant difference between identical

letters in the same column (p<0.01) according to the Duncan’s New Multiple Range Test (DMRT) at (p<0.05).

34



Journal of Agricultural Research and Extension 43(3): 29-42

Iuudaudariadiu

Hadoduaneitug s 3 aeiugliidanadie
Fruaudeudesory Tuvazitadoszosugnuas
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daHaron1siRINIveItaUd e yuslsas AW UG
TABKANITNARBILA99IN 159189710 Schober
(2024) Fa51897U77 szevUgnldivudAgysodnuiu
Toudos fetlonadumasaunaassdandiatgn
TuszezUqniidauin Ao 33.33x25, 16.67x16.67,
25x16.67 WAy 25x25 %3, JIbUdINaf 991U

a v [
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fiugriluszes 1x1 wes ddwouianniige fie 10.00 As
J99RWAD @eug EHFGP#8 way EHFGP#3 winfu
8.60 waw 8.00 Av MudFU drusterUgn 0.5x1 L
fywanta 3 aeiusiswauRniosfian wiiu 4.00 As
(Table 2) uanslsiiuinszosUgni nd1aundu
demanenisiasgiiulauaynsauns uIu wes
AfyyannateWug wag Chandra et al. (2012) wuin
Fuifguiivgnlunramuiiiuiivdessozugniiving
36-92 as1easiofy flassaiianisunnd adilug
wazufausadunaainnsiduiivldiuuaann ussn

Tudu wazdludSunaunniy

YUIAVDIYEABN

Jaduauaneiuguas U duiussiusening
srgzUgnuazaneiugliiidninasevuinvesienen
uislefiansantiadususzozlgn wuindwmasevun
vevanonat1 ituddnydmada (p<0.01) ﬁﬂgﬂ
vy 1x1 W duuiavonenlugfign Ao 28.39-
30.54 1. daufivgnszes 0.5x1 lwas dvuintensn
Ny 24.62-27.89 . (Table 2)
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Table 2 Effect of plant spacing and variety on nodes per plant, number of branches per plant

and inflorescence size (mm) of hemp grown in evaporative cooling greenhouse

Plant spacing Varieties Number of Number of inflorescence
(mxm) nodes per plant branches per plant size (mm)
0.5x1 EHFGP#1 2.00+0.00c 4.00+0.00c 25.71+£1.89
EHFGP#3 2.60+0.00c 4.00+0.00c 27.89+2.86
EHFGP#8 2.00+0.52c 4.00+0.84c 24.62+2.25
1x1 EHFGP#1 5.00+0.00a 10.00+0.00a 28.39+0.80
EHFGP#3 4.00+0.52b 8.00+0.00b 29.48+2.72
EHFGP#8 4.40+0.00b 8.60+0.00b 30.54+2.31
Plant spacing (A) i *% *%
Varieties (B) ns ** ns
A xB *x *x ns
CV (%) 9.64 5.67 10.06

ns = non-significant, ** = Mean there was highly a significant difference. There was no significant difference between identical

letters in the same column (p<0.01) according to the Duncan’s New Multiple Range Test (DMRT) at (p<0.05)

UunNanannanannanu

TadeausvezUgniidvsnasaivinuanin

'
a

ponanmenuag 19l ubdAgydan1sad@ (p<0.01)
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nenuvslRdeseduviniy 0.15-0.20 Alandusiody
genifiszezUgn 0.5¢1 1wns FanAewiniu 0.08-0.12

Alansusiodu wavidlofiarsandadesuaeniug uas

anSwasiuseniteaeiuguazszesUgn wulnld
ANLANG 1908 19T T ad1A Y N19adf (Table 3)
A0AAABIAUNITINBIIUVY Vanhove et al. (2011)
WuUIIN15URNITEEENINI Ae UTWINAY 16 Fuse
M151905 nandnneduganitn1sugnizuse
fifid sy 20 dusenisauns esannisugn
svezdarhlfivutefuiunnty Tnsowzdadedes
waaziu Suhlinandnsesuanas Schober et al.
(2024) 53711 MsUgnluszeznineteiiunsiam
FOADNVDINTLAAZAU IABANIZUIIMEIUA NUDIAY
desnlsuuaaiismeuasdmaudsdumelunsos
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dhuinuandnnonueelsaSou

HadedussozUgnilavinaneumiinuanan
nenuiaralseseuegaiiveddaneadn (p<0.05) i
seplan 1x1 WA wuindusseedithiminuandanon
WK Bl3T OUWNAY 15.50-20.81 Alansu u1nndn
282 0.5x1 Wns WAy 11.20-16.24 Alansu (Table 3)
#OnAABIAUNITII8UTDY Malik et al. (2025) WU
15U nluWesit i szuuAIuAY (controlled indoor
chamber) A1Ugnd1ua 9 Fusismsawns inandn
FOADNUWWIFINIINITUGNTIIU 27.5 AUronIIuUns
gt il TudAyvneada ol 0991nnsuy I uA LA
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Fvmngentu venani szazUgniindnaninsanany
ey dwalinisudsdumeluwlasugn
anaskasid e on1sWaLIsTUUTINLA A S 9T U 1ile
Nsudnswas sz 1adadevesssezlgnuay
g nuinsesUgnuavaneug idauuananei
eadf ogalsiny aeiug EHFGP#3 ﬁﬂqﬂiwg
1x1 w3 denalifiminuandnnenuisiolsgeian
A9 20.81 AlanJusiolsasou (Table 3)

AMTIHANTNARDINUUTUIURNANTALARN
Tiiiwin madgnigedhulsaSaussuuienuduiuy
sevigin UadusvezUgniidvSnasanandnnonines
wnndaneiug Inenuitadeiumeiiuguazdnina
SseivsrerUgnivaneiug lidwaunnseeg 19l
HedAgymeadia ﬁgﬁmaLﬁaqmmﬂmaﬁuﬁjﬁmmﬁw
lun1snaaes @19Wug EHFGP#L, EHFGP#3 uay
EHFGP#8)  Aalnd @ amnasius nssu 1 eaanniu
mewugTiiRNINNUE sug NI WA umudoya
39 unsfouusy Wrveansuivinisinuns
(Department of Agriculture (Thailand), 2022)

udfen CV(%) vesthmnaandnnonandedy
dminuandanenuisnedy uazimdnuanan
penuriwelsadou wweylusyiuAeuings Jenvasviou
AMAULUFUTIUANETINTIAVBIN TUANA AUaT NS
nIraedenanuoanaywe 9e19lsAnIL Nan1sIATIEI
Fenuansdninavesszezugneg1aivud Ay

VeNGRL

Table 3 Effect of plant spacing and variety on fresh flower yield per plant (kg), dry flower yield per

plant (kg) and Dry flower yield per rai (kg/rai) of hemp grown in evaporative cooling greenhouse

Plant spacing Varieties Fresh flower Dry flower yield Dry flower yield
yield per plant per plant per greenhouse
(mxm) (kg) (kg) (kg/160 m?)
0.5x1 EHFGP#1 0.44+0.13 0.10+0.03 13.44+3.22
EHFGP#3 0.34+0.19 0.08+0.06 11.20+£5.99
EHFGP#8 0.55+0.11 0.12+0.03 16.24+3.22
1x1 EHFGP#1 0.71+0.18 0.15+0.05 15.50+6.57
EHFGP#3 0.84+0.13 0.20+0.04 20.81+0.00
EHFGP#8 0.84+0.15 0.19+0.03 19.58+4.72
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(Continued)
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Plant spacing

Varieties

Fresh flower

Dry flower yield

Dry flower yield

yield per plant per plant per greenhouse
(mxm) (kg) (kg) (kg/160 m2)
Plant spacing (A) ol *% *
Varieties (B) ns ns ns
AxB ns ns ns
CV (%) 25.24 28.94 30.41

ns = non-significant, ** = Mean there was highly a significant difference. There was no significant difference between identical

letters in the same column (p<0.01) according to the Duncan’s New Multiple Range Test (DMRT) at (p<0.05).
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Table 4 Effect of plant spacing and variety on cannabidiol content of hemp grown in evaporative

cooling greenhouse

Plant spacing Varieties Cannabidiol
(mxm) (%)
0.5x1 EHFGP#1 15.46+0.28a
EHFGP#3 12.66+0.36d
EHFGP#8 10.33£0.02¢
1x1 EHFGP#1 14.56+0.37b
EHFGP#3 12.35+0.21d
EHFGP#8 13.48+0.04c
Plant spacing (A) **
Varieties (B) **
AxB **
CV (%) 2.17

ns = non-significant, ** = Mean there was highly a significant difference. There was no significant difference between identical

letters in the same column (p<0.01) according to the Duncan’s New Multiple Range Test (DMRT) at (p<0.05).
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Mae Hong Son (MHS) Province in northern Thailand constantly faces social and environmental
crises caused by forest fires. This study designed policies to integrate hemp into the agricultural
extension system to mitigate land preparation burning. A survey of 200 households from three
communities, in-depth interviews, focus group discussions (FGDs), and observations were conducted.
The results showed that forest fires cause distinct impacts on livelihoods, health, and the environment,
while existing control measures are insufficient. Hemp products have significant potential as an inclusive
alternative for income enhancement and value-added product development. A Social Return on
Investment (SROI) of 2.5:1 illustrated significant economic and social benefits. This framework shifts
toward livelihood-based mitigation, demonstrating that integrating a structured hemp value chain into

agricultural extension services can effectively reduce burning and enhance community resilience in MHS.

Keywords: BCG model, forest fire mitigation, hemp extension, Mae Hong Son (MHS)

43


https://orcid.org/0009-0007-8963-6679

Journal of Agricultural Research and Extension 43(3): 43-61

Wuil nramidevssuszmalvelagianizdaninuigesaou Fiaantyiun1izinganisdiaunay

N o

Aswandeuiiinanlngn muddedifnguszasdiiouauuimmamsesniuudeulovis Tneysannistyw
9navNT3H (Cannabis sativa L) $3fuszuvdaaiunmsinens guinsnisussimniymvssniswniitownieon
fluflingugn delddsan 200 afaFoulu 3 gueu dnnsduaval msaunuingudildulfidouasnmsdung
guru wuinliiadsmansenudaausedinsdsedin guam wazdwnnden uhinsnsmuaulusedy
Fminddlifivane Jawdnsamiandyedifnonmgsinseunquvatedd ieuaiselduazyaufiunniyusy
Tnefnanouununisdsauainnisasmusregiudu (SROI, 2.5:1) AT dsUselomimaasughauazdsnuiioglu
seiutftanela fady Fadunumeaivayunsoonuuudauleungvesdmia wonsdndulalusnudaaty

nsinunshinsathvng anansadeuinuldegadsduiasiinnudangu tlugasugiagiudininssauyusy

Wunawesdaninuigesasy

AR TueaAsugia BCG nisusswndgmilidn msdaaSugninys Sminusigesaou

Introduction

The forest fires in Mae Hong Son (MHS)
Province are used to clear land for cultivation
(Talukdar et al., 2024) and pose a complex crisis
that creates a conflict between livelihoods and
economic stability. Whereas the perception of fire
as a manageable ecological element is evolving
towards a “living with fire” approach (Thacker et al.,
2023). A recent comprehensive review by Singh
(2024) highlights that persistent fire disturbances
can lead to ecological degradation and potentially
ireversible changes in biodiversity, thereby
compromising the long-term ecological integrity
of the region. In MHS, this concept is implemented
through livelihood-based mitigation strategies that
use hemp (Cannabis sativa L.) to foster fire
mitigation and community resilience. Industrial
hemp, which has low THC levels, plays a crucial

role in the value chain, boosting economic

resilience through opportunities in fiber, food,
and handicrafts. This approach aligns with the
Bio-Circular-Green (BCG) economy model and
leverages local cultural assets to create high-
value enterprises.

The use of industrial hemp, a high-yield,
carbon-negative crop, benefits soil regeneration
and has multiple applications, including sustainable
textiles and green construction materials, contributing
to a circular bioeconomy. In the wellness and
functional food sectors, hemp seeds and oils
are recognized as an important source of
essential fatty acids and plant-based proteins
(Farinon et al., 2020). The traditions of MHS offer
new opportunities for hemp use through
applications like data-driven hemp seed oil, next-
generation textiles, and green construction
(Mistry et al., 2025; Yildiz et al., 2025). The diverse
heritage of the MHS provides a foundation for

developing hemp-centered creative tourism and
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promoting sustainable economic opportunities. Key
indicators for this development include sustainable
income, creative industries, market activities, and
overall sustainability (UNCTAD, 2022).

MHS can successfully apply sustainable
community-based tourism (CBT), which aims to
enhance local livelihoods through direct
community participation in tourism activities,
cultural preservation, and job creation. These
policies should be grounded in comprehensive
ecological knowledge and social justice relevant
to the local context. It is crucial to establish
governance structures that empower communities
to become active participants. A systems approach
using the theory of change helps identify the inputs,
stakeholders, and activities needed to enhance a
heritage-led circular creative ecosystem (Hussein
and Alhebsi, 2025). This study proposes a policy
framework for integrating hemp as an alternative
crop to reduce forest fire risks and enhance
community incomes.

Specifically, this study pursues four
objectives: (1) to assess the multidimensional
impacts of forest fire smoke on community
livelihoods, health, and socioeconomic conditions in
MHS; (2) to analyze the causal relationships between
drivers, pressures, states, impacts, and responses
using the DPSIR framework; (3) to evaluate the
potential and value chain of hemp as a flagship
crop within the provincial context, incorporating
ROI and SROI analyses; and (4) to synthesize an
integrated extension framework known as the
Hemp-Integrated Fire Mitigation Pathway (HIFMP)
to support evidence-based provincial decision-

making.

Methodology

1. Study Sites, Population, and Sample Size
The research focused on three communities
across two districts—Mueang and Khun Yuam—uwith
a history of hemp cultivation and use. These
comprised (1) Ban Huai Makueasom/Ruamthai
(Mueang District), located within the Pangtong 2
Royal Project area (Pang-ong); (2) Ban Maesakued
(Mueang District); and (3) Ban Pangtong (Khun Yuam
District). Household lists were obtained from the
MHS Provincial Agriculture Office before data
collection. From the total target population of
397 households, the sample size was determined
using Cochran’s formula at a 95% confidence
level (Cochran, 1977), resulting in a minimum of
200 households. A purposive sampling approach
was employed, selecting 80 households from Ban
Huai Makueasom/Ruamthai, 58 from Ban Maesakued,

and 62 from Ban Pangtong.

2. Data Collection
2.1 Quantitative Data Collection

A rapid rural appraisal (RRA) was
conducted that included community discussions
and structured interviews to ensure the data
collected was contextually relevant. Following
this, a structured survey was distributed to 200
households to gather baseline information on
community perceptions of the impacts of forest
fire smoke (FFS) on livelihoods, health, and

socioeconomic conditions.
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2.2 Qualitative Data Collection
(1) A modified Delphi technique was
conducted with policy stakeholders representing
the Agriculture Office, Department of Commerce,
Community Development  Office,

Office, Tourism Office, and Public Health Office of

Industrial

MHS Province. Participants were purposively
selected based on their direct involvement in
agricultural extension, rural development, public
health, and provincial economic planning related
to forest fire mitigation and hemp development.
The first round involved structured documents
distributed to 12 stakeholders, while the second
round consisted of a roundtable discussion to
validate and refine strategic viewpoints.
Additionally, field observations of hemp farming
and weaving practices were conducted to
complement the interview data.

(2) In-depth interviews with 20 Hmong
hemp weavers in Ban Pangtong, focusing on
traditional knowledge systems and adaptive
livelihood strategies.

(3) Focus group discussions (FGDs)
with 12 community leaders from the Hmong,
Karen, and Lahu ethnic groups in Ban Huai
Makueaom/Ruamthai and Ban Maesakued. These
discussions aimed to explore collective fire
management strategies.

2.3 SROI Assessment

The primary data for the SROI analysis
was collected from key stakeholders across the
hemp value chain in MHS and Tak Provinces.
Upstream data included fiber yields of 3,800
kg/rai for fresh stems and 280 kg/rai for seeds,

sourced from farmers in Phop Phra District (Tak

Province), Ban Pangtong, and Ban Maesakued.
Midstream metrics on oil extraction ratios and
weaving labor costs were gathered through
observations with community enterprises.
Downstream market valuations for products, such
as hemp soft gels and premium textiles, were
obtained from retail data from We-Eco Co., Ltd.
and the Huai Makhueasom group. The SROI
analysis utilized an evaluative approach to
quantify the social, environmental, and economic
value across the value chain, structured in several
steps. (Modified from Basset and Giaré (2021) as
(1) stakeholder identification and scope, (2)
outcomes mapping and data collection, and (3)
financial proxies and impact calculation. The
proxy value is based on a study of economic and
environmental returns (Pongwiritthon et al., 2024;
Wongvilarat, 2025).

3. Data Analysis and Analytical Frameworks

(1) The survey data underwent
exploratory factor analysis (EFA) with varimax
rotation in SPSS. The Kaiser-Meyer-Olkin (KMO)
measure was 0.915, and Bartlett's test showed
significant results (X2 (66) = 2132.397, p<0.001).
Communalities exceeded 0.7, and internal
consistency, assessed with Cronbach’s alpha, was
above 0.80 (Field, 2018).

(2) Qualitative data from interviews, focus
group discussions, and field observations were
analyzed using thematic content analysis as
outlined by Moore et al. (2025) The data were
coded and organized into themes that reflect the
impacts of forest fires, community adaptive

strategies, and enabling environments for hemp

products.
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(3) The modified Delphi process was
analyzed to identify convergent stakeholder
perspectives regarding strategic constraints,
opportunities, and policy priorities for hemp-
based livelihood transition and forest fire
mitigation in MHS. The consensus themes
derived from the Delphi rounds informed the
development of the PESTEL and SOAR
strategic dimensions used in the analytical
framework.

(4) The use of four complementary
frameworks: the DPSIR framework mapped the
causal relationships between drivers, pressures,
states, impacts, and responses that alter the
current state of nature, subsequently affecting
ecosystems and human well-being (Yadav
et al., 2026). The political, economic, social,
technological, environmental, and legal conditions
that facilitate the promotion of hemp were
analyzed using the PESTEL framework (Fragoso,
2018). To design effective policies, the SOAR

framework was utilized to synthesize field

evidence into strategic strengths, opportunities,
aspirations, and results (Sukmawati et al., 2025).
Finally, ROl (Return on Investment) and SROI
(Social Return on Investment) analyses were
conducted to evaluate both financial feasibility
and broader social, cultural, and environmental
returns at the program level. These analytical
frameworks were integrated to develop the
Hemp-Integrated Fire Mitigation Pathway (HIFMP),
aligned with the NBSOIL Theory of Change
2023).

components were synthesized from EFA-derived

(Montellano  Lopez, The framework
livelihood impact dimensions, qualitative themes
from FGDs and key informant interviews, and
valuation outputs from ROI/SROI analyses.

The analytical process followed a sequential
systems-design logic, beginning with empirical
diagnosis of fire impacts, followed by systems
interpretation, strategic stakeholder consensus
formation, and socio-economic  valuation,
ultimately informing the development of a

systems-integrated extension policy framework

Table A1 Summary of financial proxies and market values for hemp-based economic outcomes

Outcome Specific outcome Financial proxy Value Source /
category (THB/rai) Reference
Economic / Market Raw seed sales Market price per kg x yield 56,000 Field data
outcomes (280 kg/rai)
Fiber — coarse Market price per kg x yield 93,100 Field data
(stems 3,800 kg/rai x 25% fiber)
Fiber — fine Market price per kg x yield 100,558 Field data
(stems 3,800 kg/rai x 27%
fine fiber)
Seed oil Market price x oil yield (kg) 187,650 We-Eco Co., Ltd.
Soft gel/nutraceutical Retail price x product yield 715,620 We-Eco Co,, Ltd.
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Table A1l (Connected)

Outcome Specific Outcome Financial Proxy Value Source /
category (THB/rai) Reference
Social / Labor income from Local daily wage x labor days 10,500 Wongvilarat (2025)
Employment fiber processing Field data
outcomes
Labor income from Local daily wage x weaving days 8,400 Wongvilarat (2025)
weaving Field data
Social / Skill Training in processing Cost of equivalent vocational 4,500 Field data
development and weaving training
Environmental Reduced open Avoided the cost of 6,000 Field data
outcomes burning/soil remediation/air pollution
conservation mitigation
Household Reduced income Proxy via net income 7,200 Field data
income stability volatility from increase per rai
diversified processing
Table A2 Sensitivity analysis of SROI ratios under alternative assumptions
Scenario SROI Ratio
Base case (province-level, optimistic) 7.364
Healthcare -50% 5.992
Tourism -30% 6.472
Environment -50% 6.815
All reduced (H-50%, T-30%, E-50%) 4.553
Conservative case (program-aligned) 2.500

Source: Kumar et al. (2024)
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Figure 1 Policy design-informed framework of the study

Results

Forest Fire Impact Assessment

The forest fire management methods in
MHS are currently ineffective and reactive, which
leads to several negative consequences. Table 1
presents the results from a survey conducted in the
target area. Principal Component Analysis (PCA) was
used to identify three key components that account
for 78.82% of the total variance. Factor 1, labeled
“Livelihoods, Health, and Environment,” includes
eight items (IP-1 to IP-5, IP-8, IP-11, and IP-12) and
accounts for 43.84% of the variance. Factor 2 is
associated with  “Socio-Psychological Distress,”
comprised of items IP-9 and IP-10, and contributed
20.26% to the variance. Factor 3 is identified as the
“Business Environment,” which encompasses the

impacts on transportation and investor confidence

(items IP-6 and IP-7). (Loading factor, see Table 2)
Residents of MHS have confidence that
forest fire smoke (FFS) problems most significantly
affect health, with an average score of 3.94.
Respondents were first screened to survey
health-protective behaviors by using a single
question about the consistency of their practices
in response to FFS. Did their protective behaviors
fluctuate or remain consistent? Each group was
assessed to determine if they fully followed the
recommended practices. Among those who
were identified as consistent practitioners,
82% reported full adoption. This research
shows that self-reported consistency doesn't
which
highlights the need for structured, community-

guarantee  complete  protection,

level health programming alongside any agricultural

policy transition.
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Table 1 Descriptive statistics of the evaluation of MHS people's opinions on FFS impacts

Items Mean Std. Level
Daily Life and Community Participation (IP-1) 3.58 1.171 High
Agricultural Livelihoods (IP-2) 3.47 1.075 High
Tourism and Trade Activities (IP-3) 345 1.088 High
Household income (IP-4) 3.41 1.095 High
Environmental Visibility/Perception (IP-5) 3.47 1.322 High
Transportation and Communication Accessibility (IP-6) 3.28 1.190 Moderate
Investor Confidence and Business Opportunities (IP-7) 3.03 0.974 Moderate
Physical and Public Health (IP-8) 3.94 1.275 High
Psychological Stress and Anxiety (IP-9) 3.33 1.194 Moderate
Social Tensions and Conflicts (IP-10) 3.02 1.130 Moderate
Forest and Wildlife Degradation (IP-11) 3.82 1.220 High
Heat Accumulation and Atmospheric Discomfort (IP-12) 3.75 1.302 High

Table 2 Rotated component matrix factor loadings for the variables on the three extracted factors

Impact items Component
Factor 1 Factor 2 Factor 3
Daily Life and Community Participation (IP-1) 0.789 0.414 0.185
Agricultural Livelihoods (IP-2) 0.706 0.430 0.238
Tourism and Trade Activities (IP-3) 0.723 0.407 0.159
Household Income (IP-4) 0.728 0.374 0.289
Environmental Visibility/Perception (IP-5) 0.825 0.220 0.302
Transportation and Communication Accessibility (IP-6) 0.492 0.034 0.775
Investor Confidence and Business Opportunities (IP-7) 0.170 0.430 0.801
Physical and Public Health (IP-8) 0.777 0.291 0.194
Psychological Stress and Anxiety (IP-9) 0.450 0.780 0.187
Social Tensions and Conflicts (IP-10) 0.192 0.885 0.179
Forest and Wildlife Degradation (IP-11) 0.788 0.041 0.180
Heat Accumulation and Atmospheric Discomfort (IP-12) 0.820 0.242 0.310

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization; A rotation converged in

6 iterations; KMO=0.915, Bartlett's test (X2 (66)=2132.397, p<0.001, Communalities>0.7
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Causal Relationship of FFS

The DPSIR framework provides a
comprehensive perspective on the forest fire
crisis, effectively connecting administrative
policy gaps with the socio-economic realities
of the 12 community leaders. As illustrated
in the DPSIR model (Figure 2), the crisis is
characterized by reinforcing feedback loops

that worsen the situation. For example, poor

air quality reduces labor productivity and

-----------------------------------------------------

Drivers (D)
1. Limited arable land
2. Cash-crop expansion
3. Multicultural agriculture

+*
1

Pressers (P)
1. Forest clearing by fire
2. Intensive fertilizer use
3. Climate vulnerability

State (S)
1. Degraded resources

heightens economic vulnerability. The DPSIR
model illustrates reinforcing feedback loops
linking poor air quality, reduced labor
productivity, and economic vulnerability in
MHS. By addressing these causal links
rather than just the symptoms we can
cycle of

begin to disentangle the

environmental degradation and livelihood

insecurity that currently defines the region.

- - - - - ke - - -

Responses

Resistance
— Fire breaks; time-bound
burning; permitted areas

Resilience
Monitoring groups; litter &
agri-waste management.;
Community cooperation

Impacts (1)
1. Health (respiratory)
2. Livelihood decline
3. Tourism loss

Transition

Degraded land-> lower yields| 2 Increased PM. 2.5

3. Biodiversity loss
'y

Soil amendments; avoid hunting
—| fires; ecological engineering
(controlled burning, check dams,
firebreaks)

Figure 2 DPSIR causal diagram of the forest-fire smoke crisis in MHS

The results of FGDs with 12 community

leaders identified strategies for forest fire
management, categorized into 3 progressive
adaptation concepts based on community-level
practices. (1) Resistance strategies: these focus
on preventing and warning against forest fires
through the creation of firebreaks, regulating the
timing of burning, and limiting activities to
designated areas. (2) Resilience strategies: these
involve forming fire monitoring groups, managing

dry plant biomass and agricultural residues, and

enhancing cooperative efforts in fire prevention.
(3) Transition strategies: these emphasize long-
term change by reducing dependence on fire
through implementing ecological engineering
measures, including controlled burning, check

dams, and firebreak systems

Hemp Functions and Opportunities in
MHS’s Economy
The findings are drawn from three

primary data sources collected in this study:
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FGDs with 12 community leaders, in-depth
interviews with 20 Hmong hemp weavers in
Ban Pangtong, and field observations across
MHS. Comparative market data from Tak
Province (Phop Phra District) are used as
upstream reference benchmarks to assess the
value chain potential in MHS, where processing
infrastructure remains nascent. In the FGDs,
transitioning to hemp is seen as a strategic step
toward a creative economy.

(1) Handicrafts and Fabrics: Local artisans
need training to enhance their techniques in
weaving, embroidery, and dyeing. Market
development, including national and international
promotion through trade shows, online platforms,
and partnerships with designers, is essential.

(2) Healthy Foods from Hemp Seeds:
Community entrepreneurs should receive
support to develop hemp-based snacks and
protein powders.

(3) Hemp-Infused Massage Oils for
Traditional Medicine: By integrating local herb
wisdom with global wellness trends, hemp-
based massage oils can offer natural solutions
for relaxation, stress relief, and pain management.

(4) Use of Hemp Fibers in Hmong
Rituals and Festivals: Promoting these cultural
values is crucial to ensuring that hemp stays
deeply rooted in the community’s identity.

The results showed four primary
needs—textiles, food supplements, massage
oils, and rituals—through the DPSIR framework
under the BCG model to elevate hemp to the

status of a flagship crop as follows: (1) to

enable the legal export of hemp seeds and

massage oils; (2) to enhance the economic
resilience of weavers through building capacity
and advanced production techniques; and (3)
to create high-value-added products linked to
community-based tourism. Field evidence
from MHS and Tak Province indicates that
hemp is a versatile resource that drives
economic development. Table 3 summarizes

hemp functions and associated business

opportunities identified from field evidence.

Economic and Social Returns

The ROI and SROI figures presented below
are derived entirely from primary data collected in
this study, including in-depth interview responses
of weavers (n=20);, enterprise-level cost and
revenue data gathered through field observations
with We-Eco Co., Ltd. and the Huai Makhueasom
community enterprise; and benefit proxies
validated through key informant interviews. The
financial proxy values for healthcare savings and
cultural tourism are grounded in local stakeholder
estimates cross-referenced with Pongwiritthon
et al. (2024); Wongvilarat (2025) as comparative
benchmarks.

The results reveal a contrast between
localized financial viability and broader social
returns. A small-scale pilot project shows a 182%
RO, but when including wider program costs, the
overall return drops to -98%, emphasizing the
need for institutional support. Despite this, the
SROI evaluation reflects hemp's status as a socio-
environmental asset, with a conservative SROI of

2.5:1. Hemp's true value lies in its multiple benefits,

including fire mitigation, improved respiratory health,
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and increased cultural tourism, making it an effective proxies used to calculate SROI include outcome
tool for achieving Sustainable Development Goals categories, monetary values, and sources (see

(SDGs) in fire-prone highland areas. The financial Table 4).

Table 3 Mapping of hemp functions and business opportunities in Mae Hong Son

Hemp functions Strategic business opportunities

Crafts & Textiles Small-scale enterprises producing fabrics, embroidery, fashion accessories, and

home decor, and community branding linked to cultural heritage.

Food, Wellness & Foods, oils, massage products, and herbal remedies; integration into health-

Traditional Medicine  oriented and sustainable living markets grounded in local knowledge.

Cultural Tourism Hemp-centered festivals, workshops, and heritage activities that preserve traditions

while generating supplementary community income.

Creative Provincial Linking farmers, artisans, and entrepreneurs, positioning MHS as a hemp-based
Branding wellness hub emphasizing authenticity and sustainability.
25,000,000
21.31M
19.67M

20,000,000

15,000,000

10,000,000

7.87M

NPV over 5 years (THB)

5,000,000

0.07M

Figure 3 The net present value (NPV) of benefits for hemp-based development in MHS over five years
was analyzed by category. The main benefits are cultural tourism and healthcare cost savings,
with environmental services and social equity gains also playing significant roles. However,

the increase in household income from pilot-level enterprises is relatively low.
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Table 4 Summary of ROl and SROI analysis for hemp-based enterprises in Mae Hong Son (aligned with

conservative scenario)

Dimension Indicator / Benefit category Annual Adjusted NPV over Interpretation
gross Year-1 5years
(THB) (THB) (THB)
ROI (Financial) Enterprise (pilot) — Total 83,587 - - Pilot-scale revenue across hemp
Revenue product lines
Enterprise (pilot) — Total Costs 29,625.5 - - Direct production costs (pilot level)
Enterprise (pilot) — Gross Margin 53,9615 - - ROI = 182% (positive at enterprise
level)
Program-aligned (conservative) - 83,587 - - Revenue remains pilot-scale
Total Revenue
Program-aligned (conservative) - 5029 6255 — — Includes programmatic investment
Total Costs (5M THB/year)
Program-aligned (conservative) - -4,946,038.5 - - ROI = -98% (negative when
Profit accounting for program costs)
SROI (Social/ Reduced respiratory healthcare 15,000,000 6,300,000 19,666,500  Cost savings from reduced haze-
Environmental) costs related illness (conservative)
Increased household income 53,961.50 22,664 70,749 Net household income uplift from
from hemp hemp enterprises
Cultural tourism revenue 16,250,000 6,825,000 21,305,380 Revenue from hemp-linked cultural
tourism (conservative)
Environmental benefits 6,000,000 2,520,000 7,866,602  Value of avoided emissions and
(reduced burning/carbon carbon credits (conservative)
sequestration)
Other social benefits 6,000,000 2,520,000 7,866,602  Employment and social equity
(employment, women & youth gains
empowerment)
Totals PV of Benefits - - 56,775,837  Aggregate net social value over 5
years
PV of Investment (Program- - - 22,729,753  Discounted program costs over 5
aligned) years
SROI Ratio (Conservative) - - 2.5:1 Every 1 THB invested yields ~2.5

THB in social value
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Strategic Solution Synthesis

The following synthesis integrates findings
from EFA, FGDs, key informants, and valuation
analyses into a policy design-informed framework.
Integrating PESTEL, SOAR, and SROI analysis, this
strategy for MHS's hemp value chain addresses
social, economic, and environmental challenges
through a systems-based approach. It connects
upstream production, midstream processing, and
downstream market development, emphasizing
value chain upgrading. By enhancing localized

processing capacity, the strategy promotes value

addition and social return  on

investment. Table 5 presents a PESTEL-SOAR-

increases

SROI framework, connecting external factors with
strategic responses and impacts. It shows that
upgrading the value chain, especially through
processing structure, is essential for improving
economic returns and achieving a positive social
return on investment. This study outlines a
strategic framework for hemp development in
MHS, focusing on fostering a sustainable cultural-
creative economy based on the BCG model and

the SDGs.

Table 5 PESTEL-SOAR-SROI, connecting external factors with strategic responses and impacts

Dimension

Key factors

Strategic response (SOAR)

Expected impacts

Political / Legal

Hemp legalization, BCG policy,

FDA regulation, and land tenure

Leverage policy, licensing, and

strengthen institutional

Improved program feasibility,

scaling of the hemp value chain

issues coordination
Economic High-value markets (wellness, Invest in processing, develop Increased income, improved
textile), limited capital access the market, and enable SME ROI, and financial sustainability
financing
Social Ethnic cultural capital, Extension-based culture Social equity gains
Community cohesion enterprise development Improved well-being
Technological Lack of local processing Establish district-level Reduced dependency on

processing, upgrade local

technology

external processors

Environmental

Fire-prone landscape, carbon

sequestration potential

Integrate hemp into fire

mitigation strategies

Environmental services,

reduced PM2.5

Strategic vision

(SOAR)

Strengths + Opportunities

alignment

Hemp-Based Wellness &
Cultural Hub

Regional competitiveness,

sustainable rural transformation

SROI results

Measured social, economic, and

environmental value

Strategy validation through SROI

SROI = 2.5:1
Health NPV 19.67M THB,
Social gains 7.87M THB
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The findings emphasize that MHS Province has Integrated Monitoring and Evaluation

the necessary biophysical and socio-economic To ensure accountability, the framework
factors for hemp development. Favorable employs ROl to measure micro-level financial
climatic conditions in both the highland and viability and SROI to quantify macro-level social,
lowland zones, along with local farmers' existing cultural, and environmental returns incorporating

expertise in seed production, suggest favorable rigorous adjustments for attribution, deadweight,

conditions for hemp-based innovation in the
food and healthcare sectors. There is a collective
desire to diversify hemp-derived products by
combining local wisdom with modern wellness
and textile markets. Empirical data from Ban
Pantong support this potential, revealing seed
yields of 280 keg/rai. This result provides a
scientific basis for hemp value-added processing
and effective market positioning.
Strategic Policy Levers

To operationalize the hemp value chain
as a systemic tool for development, this begins
with establishing regulatory standards to
streamline licensing and quality certification
(Tetrahydrocannabinol, THC<1%), thereby
facilitating market entry. The incubation of local
enterprises is a leverage point for empowering
SMEs through infrastructure investments for seed
and fiber processing. Furthermore, these efforts
are unified under a strategic provincial brand MHS
Hemp, designed to integrate local products with
cultural and health tourism. Ultimately, these
levers are anchored by comprehensive socio-
environmental protections, including measures to
mitigate open burning, restore vital soil-water-air
ecosystems, and preserve the irreplaceable

ethnic cultural heritage of the MHS highlands.

and discounting.

Discussion

Forest fires in MHS have significant
impacts, with health and livelihoods at 43.84%,
economy and infrastructure at 20.26%, and
psychosocial effects at 14.72%. These indicate
that forest fires have cross-dimensional effects,
with physical health being the most critical,
reflecting worsening PM2.5 levels in northern
Thailand (WHO, 2021). The DPSIR analysis
highlights that limited agricultural land in MHS has
led to a chemical-fire feedback loop, increasing
reliance on burning for forest clearing, which in
turn degrades soil health and reduces crop yields.
Introducing hemp could disrupt this cycle by
improving soil health and decreasing dependence
on chemicals and fire (Adom et al, 2024). While
policies promote a zero-burning strategy, they often
fail due to farmers' constraints and costs. Hemp
offers a fire-independent alternative that provides
more effective solutions. This approach marks
a shift towards proactive, livelihood-focused
mitigation, turning agricultural waste into an asset

and providing economic incentives against burning.
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Hemp cultivation aims to strengthen
communities in MHS by reducing their dependence
on forest income and reducing costs associated with
burning land preparation. The We-Eco Company
and Maesakued farmers' evidence shows that
high-quality hemp fibers can be produced, while
farmers in Ban Pangtong have demonstrated the
ability to cultivate seed that is rich in oil and
protein. The forest fires harm investor confidence
and tourism, which highlights local economic
vulnerabilities. "Rebranding" MHS as a "Thailand
Hemp-based Wellness Hub" could restore
investor trust and boost cultural tourism, with a
projected SROI of 21.31 million Baht. Among the
high-value hemp products are massage oils and
superfoods, which combine traditional medicine
with wellness product lines. Notably, the "MHS
hemp" brand emphasizes Hmong traditions as a
luxury asset. The strategic focus is on enhancing
uniform decortication to expand downstream
applications. Current policies lack local infrastructure
for effective biomass management, necessitating
policy decoupling to address both environmental
and economic challenges.

Integrating ROl and SROI into the analytical
framework enhances its power by reconciling
micro-level financial feasibility with macro-level
social, cultural, and environmental value. The
positive SROI ratio observed in this study
indicates the project’s potential not only to
mitigate direct fire damage but also to alleviate
complex indirect economic burdens (Adom et al.,
2024). The transition to sustainable agriculture in

MHS requires a supportive environment. The

base-case scenario applies province-level benefit

proxies—such as total healthcare cost savings
across MHS and region-wide cultural tourism
revenue—against a pilot-scale investment of
approximately THB 30,000 per enterprise.
Applying broad social benefits to a
narrow investment base mechanically inflates
the ratio. Economically, the SROI is estimated
at 2.5:1, correcting for this by incorporating full
programmatic costs (approximately THB 5
million/year), higher deadweight, lower
attribution, and steeper drop-off rates, yielding
a ratio that more accurately reflects realistic
expectations for a scaled provincial program.
This coincides with the global market growth
projected to reach USS$26.6 billion by 2025
(Mistry et al, 2025). Socially, hemp can empower
women and youth, preserve Hmong cultural
heritage, and differentiate products in the premium
market (Yildiz et al, 2025). Moreover, the findings
position hemp as a key element that aligns
seamlessly with Thailand’s BCG strategy and the
SDGs, highlighting the framework's relevance for
integrated rural

upland areas (NSTDA, 2021). MHS's hemp policy

development in fire-prone
goes beyond simply changing crops; it's a
systemic change following the EU's approach,
comprising utilization of hemp knowledge,
extension of hemp cultivation as a replacement
for corn to reduce burning, improved soil health,
and reduced air pollution. (Montellano Lopez,

2023).

Policy and Implementation Implications
As explained below, a comprehensive

policy framework is necessary for a successful,
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long-term shift to hemp as a strategic crop for
forest fire mitigation.

(1) Institutional Governance: Establishing
clear regulatory distinctions between industrial
hemp and cannabis is a prerequisite for de-risking
SME investments (Thai FDA, 2024). Beyond legal
clarity, policymakers must shift from traditional
financial accounting to an SROI framework. This
enables the measurement of intangible elements
crucial for sustaining policies over time
(Naklungka et al., 2023).

(2) Strategic Value Chain Development:
To address the negative financial ROl observed in
early stages, the government must incentivize the
establishment of district-level processing hubs.
By investing in small-scale infrastructure for fiber
stripping and hemp seed oil extraction.

(3) Cultural Capital and Market Differentiation:
The MHS Hemp brand should leverage the unique
cultural landscape of ethnic groups as a core
marketing asset (Panturee, 2024). Integrating local
wisdom with modern innovation, as seen in
comparative models like Tak Province (Pongwiritthon
et al., 2024).

(4) Integrated Policy for Public Health and
Environment: Hemp needs to be used as a tool
for "integrated fire management" in response to
the PM 2.5 crisis. Cross-coordination is necessary
for this, which entails coordinating the public
health, environmental conservation, and agricultural
extension sectors.

These findings support the potential of
hemp-based extension programs to generate
measurable social and environmental returns under

a systems-oriented rural development approach.

Limitations

This study primarily proposes a policy
design framework rather than evaluating long-
term implementation outcomes. Therefore, the
estimated economic and social returns should be
interpreted as indicative, context-dependent
projections rather than definitive predictions.
Future longitudinal studies are required to assess
the long-term effectiveness of livelihood
transition pathways in reducing fire dependency

and strengthening rural resilience.

Conclusion

This study achieved its objectives by
demonstrating that forest fire smoke in Mae Hong
Son (MHS) causes multidimensional impacts on
livelihoods, public health, and local economic
stability. The DPSIR analysis revealed that the
crisis is driven by interconnected socio-economic
and environmental pressures, indicating that
reactive fire suppression alone is insufficient. The
findings further show that industrial hemp has
strong potential as a livelihood-centered
alternative crop through its applications in
textiles, wellness products, and cultural tourism.
Although program-level financial ROl remains
limited in the early stage, the conservative SROI
ratio of 2.5:1 indicates substantial social and
environmental benefits. This study also
contributes
Mitigation Pathway (HIFMP), which integrates

DPSIR, PESTEL, SOAR, ROI, and SROI into a

to the Hemp-Integrated Fire

systems-oriented extension policy framework.

The framework reframes forest fire mitigation
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from a prohibition-based approach toward
livelihood transition and sustainable rural
development under the BCG economy model.
Therefore, it depends not only on fire control but

also on the transformation of livelihoods.
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This study investigated the chemical composition and nutritional characteristics of Long Lab Lae
durian (Durio zibethinus Murr.), an economically important Thai fruit cultivar that is officially recognized
as a Geographical Indication (GI) product. Fruits were collected from three growing regions, namely
Uttaradit Province (UT), Lower Northern Thailand (LN), and Eastern Thailand (ES), and analyzed for
proximate composition, mineral content, fatty acid profile, carotenoids, total phenolic content, and
antioxidant activity. The growing location significantly influenced the chemical composition and
nutritional characteristics of Long Lab Lae durian. Fruits from UT and LN contained higher carbohydrate
and fat but lower moisture levels than those from ES. Sucrose was the predominant sugar in all samples,
with the highest concentration observed in LN fruit 22.07 ¢/100 ¢ fresh weight (FW). Potassium was the
most abundant mineral, followed by phosphorus, magnesium, and calcium. Monounsaturated fatty
acids constituted the major lipid fraction, with elevated oleic acid levels detected in fruits from UT and
LN (2.37 and 2.33 ¢/100 g FW, respectively). In addition, UT fruit exhibited the highest B-carotene content
(86.29 ug/100 g FW). In contrast, total phenolic content and antioxidant activity did not differ significantly
among growing regions. These findings demonstrate that geographical origin plays an important role in

determining the chemical and nutritional attributes of Long Lab Lae durian. The distinctive Gl
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characteristics of Uttaradit Long Lab Lae durian, including its dry texture, fine flesh, and rich
sweet-creamy flavor, are closely linked to variations in the physicochemical properties of the fruit
associated with the growing environment. This study provides scientific evidence supporting the unique
quality attributes and geographical identity of Long Lab Lae durian and thereby reinforcing its recognition

as a geographical indication product.

Keywords: durian, geographical indication, Long Lab Lae, nutritional profile, proximate composition,
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Introduction

Durian (Durio zibethinus L.), commonly
known as the “King of Fruits,” is one of the most
popular fruits in Thailand due to its distinctive
aroma and unique flavor. Thailand is the world’s
leading producer and exporter of high-quality
durian, surpassing other major producing countries
such as Malaysia and Indonesia. Nearly 200 durian
cultivars have been identified in Thailand;
however, only approximately 60-80 cultivars are
commercially cultivated. Among these, Mon
Thong, Chanee, Kan Yao, and Kradum Thong
are the most widely grown cultivars. Major
production areas are located in the eastern and
southern regions of the country, particularly in
Chanthaburi, Rayong, Chumphon, Trat, and
Nakhon Si Thammarat Provinces (Somsri, 2018).
Owing to the economic importance and widespread
cultivation of durian, extensive studies have been
conducted on the physical characteristics, physiology,
chemical composition, and bicactive compounds
of major Thai commercial cultivars, particularly
Mon Thong, Chanee, Kan Yao, and Kradum Thong
(Kongkachuichai et al., 2010; Gorinstein et al., 2011,
Charoenkiatkul et al., 2016; Arsa et al., 2021;
Aschariyaphotha et al., 2021).

While most durian cultivars in Thailand
are predominantly cultivated in the Eastern and
Southern regions, Long Lab Lae durian, originating
from Uttaradit Province in Northern Thailand, has
gained increasing popularity due to its distinctive
fruit quality. The cultivar is characterized by its
small round-to-oval fruits, thin rind, thick

dark-yellow flesh, mild aroma, creamy texture,

and sweet taste, although some fruits may
contain aborted seeds. Owing to these unique
characteristics, Long Lab Lae durian has been
registered as a Geographical Indication (GI)
product of Uttaradit Province (Department of
Intellectual Property, Ministry of Commerce,
2019). Geographical indications identify products
whose quality, reputation, or other distinguishing
characteristics are linked to their geographical
origin.  Environmental conditions and local
production practices are considered key factors
underlying the distinctive quality of Gl products
(Cassago et al., 2021). Previous studies have
shown that geographical origin can influence the
composition and quality characteristics of fruit
crops. For example, significant differences in the
elemental composition of fruits have been
observed among production regions, reflecting
the influence of environmental and locational
factors on fruit characteristics (Debbarma et al.,
2021). In the case of Long Lab Lae durian, the
Gl-designated production area comprises Lab
Lae, Mueang Uttaradit, and Tha Pla districts,
where sandy loam soils, mountainous landscapes,
and favorable rainfall distribution are believed to
contribute to the characteristic flavor and texture
of the fruit (Department of Intellectual Property,
Ministry of Commerce, 2019). In recent years,
increasing market demand has promoted the
cultivation of Long Lab Lae durian beyond the
registered Gl area to several provinces in Northern
and Eastern Thailand, including Sukhothai,
Phitsanulok, Chanthaburi, and Rayong. Fruit
quality may vary according to differences in

growing environments and cultivation practices,
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including soil and climatic conditions, irrigation,
fertilization, pest management, and tree
management (Dichi, 2018).

However, scientific information regarding
the chemical composition and nutritional
characteristics of Long Lab Lae durian cultivated
in different production regions remains limited.
Therefore, this study aimed to investigate the
chemical composition and nutrient content of
Long Lab Lae durian cultivated in different
regions of Thailand. The findings are expected
to improve our understanding of regional
variation in fruit quality and provide scientific
evidence supporting the geographical identity
and distinctive characteristics of Long Lab Lae

durian.

Materials and methods/Methodology
Plant material

Durian fruits, specifically Durio zibethinus
Murr. cultivar 'Long Lab Lae' (Figure 1), were
collected from orchards located in different
regions of Thailand during May—June 2018. The
experiment was conducted using a completely
randomized design (CRD), in which planting
regions were assigned as treatments. Three
planting regions were included: Uttaradit
Province (UT), the original cultivation area of
the cultivar; the Lower Northern region (LN);
and the Eastern region (ES). For UT, fruits were
collected from four orchards located in Lab
Lae and Mueang Districts, Uttaradit Province
(soil series no. 62; annual rainfall 842.8 mm;

mean temperature 28.0 °C). In LN, fruits were

obtained from four orchards, including three
orchards in Si Satchanalai District, Sukhothai
Province (soil series no. 62; annual rainfall 736.2
mm; mean temperature 28.8°C) and one orchard
in Noen Maprang District, Phitsanulok Province
(soil series no. 62; annual rainfall 867.6 mm; mean
temperature 28.6°C). In ES, fruits were sourced
from four orchards, including three orchards in
Khao Khitchakut and Khlung Districts, Chanthaburi
Province (soil series no. 26; annual rainfall 2,538
mm; mean temperature 28.5°C) and one orchard
in Mueang District, Rayong Province (soil series
no. 35; annual rainfall 946 mm; mean temperature
28.8°C). All fruits were harvested at 105 days after
flowering (DAF). Twelve durian fruits were
collected from each orchard, with each orchard
considered one replicate. The fruits from each
orchard were divided into three subgroups of four
fruits each, resulting in a total of 48 fruits per
planting area. After harvest, the fruits were
transported to the Food Science and Technology
Laboratory, Faculty of Agriculture, Uttaradit
Rajabhat University, and allowed to ripen at
room temperature for 3-5 days prior to
chemical and nutritional analyses. The edible
pulp was separated and homogenized into a
uniform paste. Moisture content was measured
immediately after homogenization, while the
remaining pulp was vacuum-sealed in aluminium foil
and stored at -18°C. For bioactive compound and
antioxidant assays, separate aliquots were
freeze-dried, vacuum-sealed, and maintained
under identical cold storage conditions until

analysis.
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Nutrient determination
1. Proximate composition

The proximate composition of Long Lab
Lae durian pulp including moisture, ash, crude
protein, crude fat, total dietary fiber, available
carbohydrates, and energy was determined
using standardized analytical protocols. Major
macronutrients were quantified according to
official methods of the Association of Official
Analytical Chemists (AOAC, 2005). Moisture
content was measured by oven drying at
100+2°C to constant weight (Method 952.45),
while ash content was determined by incineration
in a muffle fumnace at 550+5°C (Method 945.46).
Total nitrogen content was determined using
the Kjeldahl method (AOAC Method 981.10),
and crude protein was calculated by applying
a standard conversion factor of 6.25 to the
measured nitrogen value. Crude fat was extracted
following acid digestion and continuous Soxhlet
extraction with petroleum ether (Method 945.16).
Total dietary fiber was quantified using an
enzymatic-gravimetric method (Method 985.29;
AOAC, 2016).

Available carbohydrates (percentage)
were calculated by difference: Available
carbohydrate (%) = 100 — [Moisture + Protein +
Fat + Ash + Total dietary fiber (%)]. Total
energy (kcal/100 ¢ fresh weight) was then
estimated using at water conversion factors: 4
kcal/g for protein and carbohydrates, and 9
kcal/g for fat (FAO, 2003).

Comprehensive sugar profiling including
total sugar, glucose, fructose, and sucrose was

performed by the Institute of Nutrition,

Mahidol University (Nakhon Pathom, Thailand)
in accordance with AOAC Method 982.14
(AOAC, 2016).
2. Mineral, fatty acid, and carotenoid

The quantitative profiling of mineral,
fatty acid, and carotenoid content was
performed at the Institute of Nutrition,
Mahidol University, Nakhon Pathom, Thailand.
Mineral concentrations were quantified using
Atomic Absorption Spectrophotometry (AAS)
and Inductively Coupled Plasma Optical
Emission Spectrometry (ICP-OES), following
AOAC Official Methods 985.35 and 984.27
(AOAC, 2016). Meanwhile, the fatty acid
profiles were determined and characterised in
accordance with standardised AOAC protocols
(Methods 963.22 and 969.33; AOAC, 2016).
Carotenoid content was measured based on
the method of Speek et al. (1986) using high-
performance liquid chromatography (HPLC).
All procedures adhered to the respective

validated standard protocols.

Total phenolic content and antioxidant activity
All chemicals and reagents used in this
study were of analytical grade and obtained from
Sigma-Aldrich  (St. Louis, MO, USA), including
Folin—Ciocalteu reagent, gallic acid, DPPH, Trolox,

and TPTZ.

1. Total phenolics

The Folin-Ciocalteau method was used
to determine the total phenolic (TP) content (Lu
et al., 2007). For extraction, a freeze-dried sample

was added to 70% ethanol and shaken for two
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hours at room temperature. A ten-fold diluted
Folin-Ciocalteau reagent (2.5 mL) was reacted
with the extract (0.5 mL) for 5 min, followed by
the addition of a 7.5% sodium carbonate
solution (2 mL). The mixture was measured
using a spectrophotometer at 760 nm after being
incubated for two hours at room temperature in the
dark. Standards of gallic acid at concentrations of 0,
10, 20, 40, 60, and 80 pg/mL were prepared and
measured for comparison with the unknown
sample.
2. Antioxidant activity assay

2.1 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
assay. The DPPH assay was performed following
established techniques as described by Moreno
et al. (2002). The ethanolic extract of the sample
was combined with 2 mL of DPPH solution in
ethanol to obtain a final concentration of 0.05 mM.

After being stored at ambient temperature in the
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absence of light for 30 minutes, the absorbance was
measured at a wavelength of 517 nm. The Trolox
standards were prepared at concentrations of 0,
0.01, 0.02, 0.04, 0.06, 0.08, and 0.1 mM.

2.2 Ferric reducing antioxidant power
(FRAP) assay. The FRAP assay was assessed using
a minor adaptation of the methodology developed
by Benzie and Strain (1996). An acetate buffer (300
mM, pH 3.6), TPTZ (10 mM) in 40 mM HCl, and
ferric chloride in deionized water (20 mM) were
combined in a ratio of 10:1:1 to generate the
FRAP reagent. Subsequently, the reagent had a
reaction with the ethanolic extract of the sample
in a 3:1 ratio for four minutes at a temperature of
37°C under dark conditions. The absorbance was
thereafter obtained at a wavelength of 595 nm
and subsequently compared to the Trolox
standard at concentrations of 0, 6.25, 12.5, 25, 50,
and 100 uM.

e Pulp quality: proximate compositions, minerals, fatty

Map of Thailand

A

acids, carotenoids, polyphenols and antioxidants

B

Figure 1 (A) geographic locations of the studied orchards across three regions in Thailand

and (B) the physical characteristics of 'Long Lab Lae' durian (Durio zibethinus Murr.)

harvested from different planting sites
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Results and Discussions

Proximate composition

The pulp of Long Lab Lae durian
cultivated in UT and the LN had the same energy
content but was greater than that of those
cultivated in the ES, with values of 175.83+5.23,
178.57+5.56, and 152.24+2.19 kcal/100 ¢ FW,
respectively (Table 1). It was reported that the
energy content of durian pulp from four
Indonesian and four Thai cultivars ranged
between 84 and 185 kcal/100 g FW. The energy
content of the four Thai durian varieties
Monthong, Chanee, Kradum, and Kobtakam were
134-162, 145, 185, and 145 kaal/100 ¢ FW, respectively
(Aziz and Jalil, 2019), which corresponded to
those of Long Lab Lae durian grown in all three
areas in this experiment.

Long Lab Lae durians produced in UT and
LN had similar fat content (5.38+0.16 and
5.51+0.01 ¢/100 g FW, respectively), whereas the
fruits produced in the ES had a lower fat content
(4.82+0.04 ¢/100 g FW) (Table 1). The fat content
of the pulp of Long Lab Lae durian was higher
than the amount found in four Indonesian durian
varieties: Ajimah, Hejo, Matahari, and Sukarno, but
the values were similar to the fat content of the
pulp of four Thai durian varieties: Monthong,
Chanee, Kradum, and Kobtakam (Aziz and Jalil,
2019).

The carbohydrate content of durian pulp
produced in the LN area was higher than that of
durian produced in the ES (26.24+1.60 and
20.89+0.81 ¢/100 g FW, respectively); however,

the value obtained from ES did not differ from

that of durian pulp produced in the UT location
(25.25+1.75 ¢/100 ¢ FW). Charoenkiatkul et al.
(2016) also reported that Monthong, Chanee,
Kradum, and Kobtakam cultivars contained 21-29
g/100 ¢ FW of carbohydrates in their pulp. The
LN’s durian pulp had the highest total sugar
concentration, which corresponded to the
sucrose content. Durian pulp produced in UT and
ES showed similar total sugar and sucrose
content. Furthermore, the findings revealed that
the fructose content of durian pulp produced in
the three areas was not different. Glucose was
not detected in all durian pulp (Table 1). A study
on sugar composition in four Indonesian durian
varieties, six Malaysian varieties, and four Thai
varieties discovered that the total sugar content
generally ranged between 3.10-14.05, 7.52-
16.90, and 14.83-19.97 ¢/100 g FW, respectively
(Aziz and Jalil, 2019). In addition, Thai durian
cultivars such as Monthong, Chanee, Kradum,
and Kobtakam contain sucrose, fructose, and
glucose, with sucrose being the predominant
sugar (Charoenkiatkul et al., 2016; Aziz and Jalil,
2019). These results indicate that Long Lab Lae
durian variety exhibits a higher total sugar
content than most other Thai durian cultivars,
with sucrose being the main contributor to its
distinctive  sweetness. The

hicher  sugar

accumulation observed in durians from
northern Thailand (UT and LN) may be
associated with pre-harvest environmental
conditions, particularly low rainfall and well-
drained hillside

conditions may induce mild water deficit stress,

orchard systems. Such

which can influence carbohydrate allocation
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and dry matter accumulation in fruit. In durian,
increased dry matter and total soluble solids
(TSS) during ripening are strongly associated
with perceived sweetness and eating quality
(Jerapat and Siriphanich, 2008).

As for protein content in Table 1, fruit
from UT contained the highest amount.
Meanwhile, the protein level of durian pulp
produced in other locations was comparable.
The protein content in the pulp of the Long
Lab Lae durian variety grown in all three regions
ranged from 6.08+0.23 to 6.62+0.11 ¢/100 ¢ FW,
which was higher than that reported for Thai
durian cultivars 2.2-3.4 ¢/100 ¢ FW (Thiyajai et al.,
2020). The nutritional content, particularly
protein, and postharvest quality of horticultural
crops are significantly influenced by pre-harvest
factors, including genetic, environmental, cultural,
and physiological factors (Thokar et al., 2022).

The dietary fiber content of durian
produced in UT was 3.34+0.19 ¢/100 ¢ FW,
comparable to that of durian produced in the
ES (3.67+0.27 ¢/100 g FW). Table 1 shows that durian
pulp from the LN area had the lowest amount of
dietary fiber: 2.54+0.02 ¢/100 g FW. The experiment
results showed that the amount of dietary fiber in
Long Lab Lae durian was similar to values reported
for Monthong, Chanee, Kradum, Kan Yao, Puang
Manee, and Kobtakam, which contained dietary fiber
between 1.20 and 3.58 ¢/100 ¢ FW (Aziz and Jalil,
2019). Devalaraja et al. (2011) previously found that
durian is a high-fiber source, accounting for 3.1% of
its total fiber content. This finding aligns with the
research conducted by Gorinstein et al. (2011), which

also indicated that fresh durian pulp is abundant in

dietary fiber, including soluble fiber, insoluble dietary
fiber, and total dietary fiber. The ash content
was highest in durian pulp from the ES region
(1.29+0.01¢/100 ¢ FW) followed by fruit from
the LN area (1.14+0.04 g/100 g FW). Durian pulp
from UT had the lowest ash content (1.05+0.02
g/100 ¢ FW) as illustrated in Table 1. The ash
content of the Long Lab Lae durian pulp in this
study was lower than that reported for Thai
durian cultivars (Charoenkiatkul et al., 2016).
According to Table 1, durian cultivated in the
eastern region contained the highest water
content in its pulp, measuring 62.69+1.69 ¢/100
g FW. Conversely, the moisture content of
durian pulp from UT and LN did not differ
significantly, with values of 58.38+2.56 and
59.06+£1.11 ¢/100 ¢ FW, respectively. These
values were slightly lower than those
previously reported for Thai durian pulp, which
typically ranges from approximately 60 to 65
¢/100 ¢ FW (Aziz and Jalil, 2019; Thiyajai et al.,
2020). Generally, the moisture content of fully
ripe durian pulp varies depending on cultivation
practices and growing location (Ketsa et al., 2020).
The higher moisture content observed in durian
from the eastern region may be associated with
its erowing environment, which is characterized
by higher rainfall and lower elevation, thereby
promoting greater water availability and
retention within orchard systems. In contrast,
durian orchards in UT and LN are often located
in more sloped areas with relatively lower
rainfall, which may reduce soil water retention.
Pre-harvest environmental conditions, particularly

rainfall pattemns and orchard-specific microclimate,
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have been reported to influence durian pulp dry
matter, which is inversely related to moisture
2008).

Furthermore, when considered together with

content (Jerapat and Siriphanich,
the environmental factors that contribute to
the elevated sugar content observed in durians
from the LN area, this specific agroecological
environment appears to play a significant role
in producing Long Lab Lae durians cultivated in
northern Thailand. These characteristics are
consistent with the geographical indication
attributes of Long Lab Lae durian, which are

characterized by a dry flesh texture and sweet

taste.

Mineral contents

The Eastern region provided durian pulp
with the highest calcium (7.36+1.62 mg/100 ¢
FW) while the mineral content in durian pulp
from UT and LN was similar (3.09+0.1 and
4.01+0.66 mg/100 g FW, respectively) (Table 2).
On the contrary, phosphorus in the pulp of
durians cultivated in the UT and LN areas was
found to be much greater than that of durians
grown in the Eastern part of Thailand. The pulp
of durian cultivated in the Eastern region
contained the highest amount of potassium,
followed by that of durian cultivated in LN.
Meanwhile, the UT area provided the lowest
potassium content in Long Lab Lae pulp. In the
case of magnesium, cultivating durians in ES and
LN provided a similar amount of the magnesium
contents; however, the value was much greater
than that from the UT location. Although the

pulp of durian grown in the eastern region

contained the highest copper level, it

contained the lowest amount of zinc.
Furthermore, durian grown in the LN area
contained the most zinc in its pulp, followed
by durian farmed in UT and ES. Nonetheless,
durians from the three locations had similar
amounts of sodium and iron. Charoenkiatkul
et al. (2016) determined the mineral content
of four types of Thai durians (2 indigenous and
2 commercial cultivars) and discovered that
potassium concentration was the greatest in all four
types, followed by phosphorus. In addition, all
four durian varieties contained significantly high
levels of magnesium, sodium, and calcium. The
results aligned with our study, which found that
Long Lab Lae contained the highest amount of
potassium, followed by phosphorus, sodium,
magnesium and calcium. The eastern region
consisted of several soil series, including soil
series 35 in Rayong Province and soil series 26
and 27 in Chanthaburi Province (Land
Development Department, n.d.), which are
generally characterized as acidic soils with
adequate to moderate drainage. Although these
soils are commonly classified as having relatively
low natural fertility, favorable environmental
conditions together with well-drained soil profiles
may promote root growth and nutrient uptake in
durian trees. Well-drained soils are generally
considered favorable for durian cultivation
because they support root development and
nutrient absorption. Furthermore, potassium plays
a critical role in fruit development and quality, and
nutrient accumulation in durian fruit has been

reported to be influenced by fertilization
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practices (Poovarodom and Phanchindawan,
2006). Therefore, the higher concentrations of
K, Ca, Mg, and Cu observed in fruits from the
eastern region may be associated not only
with soil characteristics but also with intensive
nutrient management practices commonly
employed in commercial durian orchards. In
addition, interactions among K, Ca, and Mg can
affect nutrient

availability, uptake, and

translocation within plants, thereby contributing

to the mineral composition observed in the fruit
(Kitprasong et al., 2021). Although soil nutrient
concentrations were not directly measured in
this study, the characteristics of the soil series
present in the eastern region suggest environmental
conditions that may support nutrient acquisition by
durian trees. Nevertheless, the observed mineral
composition is likely influenced by a combination
of soil properties, fertilization practices, and orchard

management factors.

Table 1 The nutritional value of fully ripe durian cv. Long Lab Lae grown in different areas of Thailand

(Uttaradit Province; UT, lower Northern region; LN, and Eastern region; ES)

Nutritional parameter Planting area F-test cv
Uttaradit Lower Northern  Eastern region
Province (UT) region (LN) (ES) (%)
Energy (kcal/100 g FW) 175.83+5.23" 178.57+5.567 152.24+2.19° * 272
Fat (g/100 g FW) 5.38+0.16° 5.51+0.01° 4.82+0.04° * 1.81
Carbohydrate (g/100 g FW) 25.25+1.75% 26.24+1.60° 20.89+0.81° * 6.00
Total sugar (¢/100 g FW) 20.49+0.13" 23.27+0.45° 20.07+0.42° * 1.71
- Sucrose (g/100 g FW) 19.19+0.36" 22.07+0.14° 18.82+0.18" * 1.24
- Fructose (g/100 g FW) 1.31+0.23 1.21+0.30 1.26+0.23 NS 20.62
- Glucose (/100 g FW) ND ND ND - -
Protein (g/100 g FW) 6.62+0.11° 6.08+0.23° 6.27+0.22° * 2.55
Fiber (¢/100 g FW) 3.34+0.19° 2.54+0.02° 3.67+0.27° * 5.96
Ash (g/100 g FW) 1.05+0.02° 1.14+0.04° 1.29+0.01° * 2.73
Moisture content (%) 58.38+2.56° 59.06+1.11° 62.69+1.69° * 2.02

Different letters within rows indicate significant difference based on Least Significant Difference Test, p<0.05.

NS and * mean non-significant or significant at p<0.05, respectively

ND, not detected
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Fatty acid composition

Table 3 shows the fatty acid compositions
of ripe Long Lab Lae durian. Palmitic and oleic
acids were the main saturated (16:0) and
monounsaturated (18:1) fatty acids, respectively,
in the cultivar. Durian cultivated in the LN region
contained the highest concentration of palmitic
acid in its pulp, with durian from UT coming in
second. The ES region exhibited the lowest
palmitic acid content in durian pulp (1.34+0.01
¢/100 g FW; 34.78+0.26 % of total fatty acids). In
the case of oleic acid, the fruit from UT and LN
contained comparable amounts; however, the
two regions had higher levels than the pulp from
ES. Furthermore, the findings indicated that
durian pulp from the LN region exhibited the
highest concentration of saturated fatty acids.
Meanwhile, there was no significant difference in

the pulp of durian grown in UT and ES.

Nevertheless, the pulp of durian cultivated in all
three regions contained a similar composition of
various fatty acids, including lauric acid, myristic
acid, palmitoleic acid, stearic acid, linoleic acid
(omega 6), linolenic acid (omega 3), and
polyunsaturated fatty acids, as shown in Table 3.
The relatively high oleic acid and total
monounsaturated fatty acid contents in durian
pulp from Uttaradit may contribute to its fatty
mouthfeel. Lipids and unsaturated fatty acids
play an important role in oral perception,
smoothness arising from oral processing and texture
interactions (Stokes et al,, 2013). In addition, fatty
acids have been associated with fat-related taste
perception (oleogustus), particularly in relation to
creaminess and supporting their role in oral fat
sensation (Mattes, 2009). Therefore, the elevated
oleic acid content may partially explain the rich

and fatty sensory characteristics of this cultivar.

Table 2 Mineral content of fully ripe durian cv. Long Lab Lae grown in different areas of Thailand

(Uttaradit Province; UT, lower Northern region; LN, and Eastern region; ES)

Mineral parameter Planting area F-test cv
Uttaradit Lower Northern Eastern

(mg/100 g FW) Province (UT) region (LN) region (ES) (%)
Calcium 3.09+0.10° 4.01+0.66° 7.36+1.62° * 20.99
Phosphorus 86.62+7.90° 70.17+2.91% 63.22+3.71° * 7.25
Sodium 38.51+1.69 35.16+0.45 36.02+1.41 NS 3.55
Potassium 308.30+1.77° 353.92+4.24° 382.84+0.13° * 0.76
Magnesium 18.98+0.93° 21.75+0.72%° 23.23+1.36° * 4.87
Iron 0.30+0.01 0.33+0.01 0.29+0.01 NS 0.00
Copper 0.10+0.01° 0.11+0.01° 0.16+0.01° * 4.68
Zinc 0.31+0.01° 0.39+0.01° 0.19+0.01¢ * 0.00

Different letters within rows indicate significant difference based on Least Significant Difference Test, p<0.05.

NS and * mean non-significant or significant at p<0.05, respectively
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Table 3 Fatty acid composition of fully ripe durian cv. Long Lab Lae grown in different areas

of Thailand (Uttaradit Province; UT, lower Northern region; LN, and Eastern region; ES)

Fatty acid composition Planting area F-test cv
Uttaradit Lower Northern Eastern

(/100 g FW) Province (UT) region (LN) region (ES) (%)
Lauric acid 0.01+0.00 0.01+0.00 0.02+0.01 NS 0.00
Myristic acid 0.03+0.01 0.04+0.01 0.04+0.01 NS 3.96
Palmitic acid 1.44+0.03° 1.56+0.04° 1.34+0.01° * 1.83
Palmitoleic acid 0.22+0.00 0.24+0.01 0.22+0.01 NS 2.27
Stearic acid 0.04+0.01 0.04+0.01 0.04+0.01 NS 4.59
Oleic acid 2.37+0.00° 2.33+0.06° 2.0320.01° * 1.58
Linoleic acid (omega 6) 0.09+0.01 0.08+0.01 0.07+£0.01 NS 13.14
Linolenic acid (omega 3) 0.12+0.00 0.12+0.01 0.11+0.01 NS 2.63
Saturated fatty acids (SFA) 1.52+0.03" 1.65+0.05° 1.43+0.01° * 1.84
Monounsaturated fatty acids (MUFA) 2.59+0.01° 2.57+0.05° 2.25+0.01° * 1.30
Polyunsaturated fatty acids (PUFA) 0.21+0.01 0.19+0.01 0.18+0.02 NS 6.86

Different letters within rows indicate significant difference based on Least Significant Difference Test, p<0.05.

NS and * mean non-significant or significant at p<0.05, respectively

Carotenoid content

The findings indicated that the durian pulp
cultivated in UT had the greatest concentration of
B-carotene, specifically 86.29+3.77 pg /100 g FW,
while the composition in pulp grown in the LN and
ES regions showed no significant difference, with
values of 74.16+0.22 and 78.13+0.18 pg/100 g FW,
respectively. Similarly, O-carotene and lutein
contents did not differ significantly among the
regions, ranging from 14.64+0.19 to 17.40+1.90
Hg/100 ¢ FW and from 24.32+4.67 to 28.70+8.03
ug/100 g FW, respectively (Table 4). Typically, the
flesh of the durian fruit has a yellow color. Varying
concentrations of carotenoid molecules lead to
durian

distinct hue values in the

pulp
(Wisutiamonkul et al., 2015). The pulp of durian

fruit (cv. Long Lab Lae) is characterized by its
dark yellow color derived from its carotenoid
component (Namitha and Negi, 2010). The findings
of this investigation demonstrated that the pulp of
Long Lab Lae durian cultivated in all three regions
contained three distinct carotenoid compounds:
B—carotene, Ol-carotene, and lutein. The durian
pulp had the greatest quantity of B-carotene,
followed by lutein, and a trace amount of
Q-carotene. The experimental findings aligned with
previous reports on the presence of carotenoids in
the pulp of durian varieties Chanee and Monthong.
The primary carotenoid molecule discovered in the
ripe fruits pulp is B-carotene, with Q-carotene
following closely behind. Lutein and zeaxanthin

are present as minor carotenoid compounds. The
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mature Chanee durian pulp exhibited a greater
concentration of total carotenoids, including
B-carotene and Q-carotene, compared to the pulp
of Monthong durian. In addition to carotenoid
composition, instrumental color analysis further
confirmed differences in pulp coloration among
growing regions. A previous study by Somniyam et al.
(2024) reported that durian pulp from Uttaradit
exhibited lower L* values compared with those

from the eastern and lower northemn regions,

indicating a darker yellow appearance. In contrast,
higsher chroma values in pulp from Uttaradit
suggested a more vivid and saturated yellow color,
while hue angle values indicated subtle differences
in color tone among regions. When considered
together, L*, chroma, and hue angle values suggest
that durian pulp from Uttaradit exhibits a more
intense  golden-yellow coloration, which is
consistent  with its higher B-carotene content

observed in the present study.

Table 4 Carotenoid content of fully ripe durian cv. Long Lab Lae grown in different areas of Thailand

(Uttaradit Province; UT, lower Northern region; LN, and Eastern region; ES)

Carotenoid content Planting area F-test cv
Uttaradit Lower Northern  Eastern region

(ug/100 g FW) Province (UT) region (LN) (ES) (%)
B-carotene 86.29+3.77° 74.16+0.22° 78.13+0.18" * 2.74
o-carotene 17.40+1.90 16.40+1.44 14.64+0.19 NS 8.54
Lutein 24.32+4.67 28.70+8.03 27.75+£1.14 NS 20.08
Zeaxanthin ND ND ND - -
B-cryptoxanthin ND ND ND - -
Lycopene ND ND ND - -

Different letters within rows indicate significant difference based on Least Significant Difference Test, p<0.05.

NS and * mean non-significant or significant at p<0.05, respectively

ND, not detected

Total phenolic content and antioxidant activity
The study found no significant difference
in total phenolic content among durians
cultivated in three locations, with values ranging
from 37.72+3.62 to 38.92+6.06 mg GAE/g FW.
Furthermore, the results revealed that the pulp
of durian grown in various places showed similar
trends in antioxidant activity, as measured by the

2,2-diphenyl-1 -picrylhydrazyl (DPPH) assay and

the ferric reducing antioxidant power (FRAP) assay
(Table 5). The antioxidant activities ranged from
22.94+1.67 to 24.00+4.49 umol TE/g FW for the
DPPH assay and from 13.43+0.66 to 14.37+1.59
pmol TE/g FW for the FRAP assay. Phenolic
compounds are considered secondary metabolites
in plants that include a wide range of chemical
compounds. The metabolites with several

structures and activities can be classified into two
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groups according to water solubility: a water-
soluble type (phenolic acids, phenylpropanoids,
flavonoids, and quinones) and a water-insoluble
type (condensed tannins, lignin, and cell-wall-
bound hydroxycinnammic acids) (Rispail et al.,
2005). Durian is a fruit that is known to be high in

phenolics, flavonoids, and carotenoids. The

amount and proportion of each type of compound
in durian vary depending on its origin, agro-climatic
conditions, and genetic diversity, making durian an
important fruit in terms of composition and
antioxidant properties (Arancibia-Avila et al., 2008;
Leontowicz et al., 2008; Toledo et al., 2008).

Table 5 Phenolic content and antioxidant activity of fully ripe durian cv. Long Lab Lae grown in different

areas of Thailand (Uttaradit Province; UT, lower Northern region; LN, and Eastern region; ES)

Phenolic content Planting area F-test cv
and Uttaradit Lower Northern Eastern
Antioxidant activity Province(UT) region (LN) region (ES) (%)
Total phenolic content (mg GAE/g FW) 38.92+6.06 37.72+3.62 38.33+1.68 NS 10.93
Antioxidant activity
- DPPH™ (umol TE/g FW) 24.00+4.49 23.77+2.01 22.94+1.67 NS 12.73
- FRAP™(umolTE/g FW) 13.43+0.66 14.37+1.59 14.08+0.44 NS 7.35

Different letters within rows indicate significant difference based on Least Significant Difference Test, p<0.05.

NS and * mean non-significant or significant at p<0.05, respectively

Conclusion

This study investigated the nutritional
value, mineral content, fatty acid composition,
carotenoid content, phenolic content, and
antioxidant activity of fully ripe durian cv. Long
Lab Lae cultivated in Uttaradit Province (UT), the
lower northern region (LN), and the eastern region
(ES). The results showed that the growing region
influenced the nutritional composition and mineral
levels of the fruit. Slight variations were observed in
fatty acid composition and carotenoid content,
whereas no significant differences were found in
phenolic content and antioxidant activity among

regions. These compositional characteristics may be

associated with the distinctive quality attributes

described in the geographical indication
specification of Long Lab Lae durian from Uttaradit,
particularly its dry and fine-textured pulp with a rich
sweet and creamy flavor. The lower moisture
content may be associated with a drier pulp
texture, while higher sugar levels may enhance
sweetness perception. In addition, the higher oleic
acid and monounsaturated fatty acid contents may
contribute to a fatty mouthfeel. Collectively, the
results highlight the potential influence of regional
growing conditions on the physicochemical
properties and eating quality of Long Lab Lae durian
and may explain the distinctive quality attributes

of fruits cultivated in Uttaradit.
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Cucumis melo L. seeds are a by-product of consumption and are considered agricultural waste,
despite reports indicating that seeds in the Cucurbitaceae family contain various important
phytochemicals. Therefore, this study aimed to investigate the nutritional composition and bioactive
compounds of Cucumis melo L. seeds obtained from eight commercial samples collected from
Chiang Mai province. The analyses included the determination of total phenolic content, total flavonoid
content, antioxidant activities using DPPH and ABTS assays, and phenolic compounds (gallic acid,
catechin, vanillic acid, caffeic acid, vanillin, and quercetin). In addition, nutritional components such as
vitamin E, moisture, protein, fat, ash, and energy were analyzed. The results showed that the Cucumis
melo L. seeds contained 19-22% protein, 18-20% fat, 2-3% ash, 5-6% moisture, and 49-54%
carbohydrates, with an energy value of 450-466 kcal per 100 g. Significant differences (p<0.05) were
observed among the seed samples. The seed oil contained a-tocopherol (vitamin E) ranging from
20-27 mg kg™ The total phenolic content ranged from 434-490 LgGAE g DW, while the total flavonoid
content ranged from 1,357-1,420 ug QE g* DW. The antioxidant activities determined by DPPH assay
showed ICs; values of 32-38 mg mL™, whereas the ABTS assay showed ICs, values of 6-9 mg mL™. The
phenolic compounds detected were catechin, vanillic acid, vanillin, and quercetin. These findings
indicate that Cucumis melo L. seeds, which are food-processing waste, have considerable potential as
value-added raw materials, such as plant-based protein sources, antioxidant-rich extracts, or functional

ingredients in food products and natural cosmetics. The utilization of Cucumis melo L. seeds could
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contribute to economic value addition, reduction of agricultural waste, and the sustainable use of local

biological resources.

Keywords: antioxidant activity, flavonoid, nutrient, phenolic, seed
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wio1n1sle tudu (Siriphat, 1997; Chansingh,
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et al., 2019)

Figure 1 (a) characteristic of Cucumis melo L. and (b) seed of Cucumis melo L.
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6. MRS ueanlusEaundve
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Table 1 Seed percentage and nutritional values of Cucumis melo L. seeds collected from different

areas in Chiang Mai

Sample Fruit Seed Protein Fat Moisture Ash Carbohydrate Energy a-
weight  weight tocopherol
(kg) (%) (%) (%) (%) (%) (kcal/100g) (mg/kg)
M1 30 0.65 21.41+1.05 16.72+0.20°  5.40+0.06" 2.85+0.21 53.62+1.76™ 450.55+1.83° 24.80+0.18°
cMm2 30 0.64 21.00+£1.00°° 16.83+0.29°  5.13+0.23° 2.80+0.17 54.23+3.60° 452.43+3.06° 24.42+0.32°
M3 30 1.18 19.83+0.41° 19.77+0.11°  532+0.34°  2.93+0.04 52.15+0.99° 465.84+1.18° 26.95+0.11°
M4 30 1.15 19.93+0.12° 19.60+0.10°  537+0.12°°  2.78+0.17 52.32+0.90° 465.43+1.06° 26.17+0.11°
CM5 30 0.85 20.07+0.09" 18.19+0.28°  5.88+0.04° 2.93+0.16 52.93+2.56° 455.67+0.73° 26.47+0.74%°
M6 30 0.83 20.17+0.29" 18.17£0.29°  5.86+0.06° 2.8310.15 52.98+2.60° 456.07+1.84° 26.23+0.63%
M7 30 0.74 21.90+0.11° 19.7240.15°  5.45+0.10° 3.02+0.18 49.92+1.32° 464.70+0.56° 20.42+0.42°
cMms8 30 0.67 21.93+0.12° 19.70+0.10°  5.40+0.10° 2.930.12 50.03+0.90° 465.17+0.55° 20.67+0.04°
Mean - - 20.78 18.58 2.88 52.27 459.48 24.51
CV% - - 4.62 6.78 5.21 3.02 1.37 10.19

n=3, Means within a column followed by different alphabets were significantly different at p<0.05 by DMRT.
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Figure 2 The bioactive compounds in Cucumis melo L. seeds
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Table 2 Relationship between the total phenolic compounds content and the total flavonoid content

on the antioxidant activity by DPPH and ABTS (Pearson correlation coefficients) of the Cucumis

melo L. seed extract

TPC TFC IC5,(DPPH) ICso(ABTS)
TPC 1
TFC 0.28 1
ICso(DPPH) -0.55%* 0.72%* 1
ICso(ABTS) -0.91%* -0.28 0.59%* 1

** correlation is significant at the 0.01 level (two-tailed)
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Table 3 Phenolic compound in Cucumis melo L. seeds from Chiang Mai province

Sample Phenolic compound (ug/g)
Gallic acid Catechin Vanilic acid Caffeic acid Vanillin Quercetin
CM1 nd 35.23+0.37°  5.58+0.08 nd 1.4120.03° 1.20+0.03'
CM2 nd 28.83+0.58°  3.49+0.10° nd 1.20+0.03° 0.85+0.01°
CM3 nd 23304059  3.40+0.08° nd 1.06+0.01° 7.23+0.15°
CM4 nd 21.89+1.21  3.16+0.11° nd 1.05+0.02° 6.04+0.06"
CM5 nd 12.05£0.08"  4.08+0.14° nd 1.39+0.02° 1.51+0.02°
CM6 nd 13.96+0.85°  3.44+0.09° nd 1.33+0.04° 1.31+0.01°
M7 nd 14.1420.26°  3.57+0.22° nd 1.19+0.02° 2.13+0.06°
CM8 nd 10.274£0.09°  2.05+0.12' nd 0.98+0.05' 1.42+0.07%
Mean - 19.96 3.60 - 1.20 2.71
CV(%) - 42.64 26.41 - 13.32 86.67

nd = not detected; n=3; Means within a column followed by different alphabets were significantly different at p<0.05 by DMRT.
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way vanillin wusesasun Tuvaei quercetin 1373
wuUSHuansiveAIndg (0.8-7 lulasnsumeansu)
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d99AUsenavarsiuedan laed catechin 1Ju

ansdfamdn Jeans catechin inTranululiua
snfigalusuided Wuassznousiafeaty
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eudunumdAglunisitueyyadase lag
g1afldrutivanaud saen1siinaiiuasen
gondindulusnenie annsfnufinuuidisies
31 catechin anufiadesiunisyzasnszuIunis
dowveuwad wazerafidneninlunisannisiie
oxidised low-density lipoprotein (oxidised LDL)
Feduiladeiiduiusfunsazauvenoiaanesoa
Tunaonden uaznisiialsaldfaneld ode 1wy
Tsaalauazvaenden (Bae et al, 2020) fatu
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This study aimed to compare the extraction efficiency of organic solvents with different
polarities, specifically ethanol and dichloromethane, for the extraction of tryptanthrin from the leaves
of Strobilanthes cusia (Nees) Kuntze collected from five locations in Phrae Province, Thailand. The
samples were extracted by maceration, and the tryptanthrin content was quantified using high-
performance liquid chromatography (HPLC). The results demonstrated that both the extraction solvent
and sampling location significantly affected the amount of tryptanthrin obtained. Overall,
dichloromethane vyielded higher tryptanthrin contents than ethanol at all sampling sites, and the
sample collected from Ban Natong exhibited the highest tryptanthrin content (4.332 mg ¢! crude
extract). These findings support the suitability of dichloromethane as an effective solvent for the
extraction of tryptanthrin from S. cusia leaves and highlight the importance of raw material origin in
determining the level of bioactive compounds. The results provide baseline information for selecting

appropriate plant sources and optimizing extraction conditions for future industrial applications.

Keywords: dichloromethane, HPLC, solvent extraction, Strobilanthes cusia, tryptanthrin
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IngllinafArIg (symmetrical peak with no tailing)
finamsananslenIuea (Figure 1) NARINATIUGIN
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Figure 1 HPLC chromatograms of tryptanthrin in Strobilanthes cusia leaf extracts from different

sampling sites; (A) Ban Natong (NT), (B) Ban Nakhuha (NKH), (C) Ban Namjom (NJ),

(D) Ban Maelua (ML), and (E) Ban Nakham (NK). For each site; (a) ethanol extract,

(b) dichloromethane extract, and (c) tryptanthrin standard. The red boxes indicate

the retention time of tryptanthrin.

1ASANYIUSUIMENTANANEIULAY
Usunaasnsvununsuainlu Strobilanthes cusia
AAvIINNUTFNIa 5wk TegldFvinazaneaenn
uea (EtOH) waglamaslsiiiny (DCN) wuIn n1sann
srepaalsiinuliasesasnandnvesasannneu
(% yield) gentnsatadeionusaluynituidng
TAYANANARVDIATANANEIUIINNITARAAIY
DCM oglutas 2.10-2.60% wazdinisadasig
EtOH Tvinandnegluyag 1.00-2.58% (Table 1)

wenanil n1sadndaelanaslsiimuly

YSHaasnIUUnuUnIUADN SUVRIASANANEIUEY

nIneniuea lnedA1egluyie 1.424-4.332 me/g
crude GUmgﬁmiaﬁ’mﬁwmmuaalﬁmayﬂuﬂm
0.977-1.904 me/e crude Tu 4 90 5 Hudidnw
(eAuRuR ML) Tngtanizfiogrsanniiudl NT 84
nsafaimglanaslsimulisunm nTvwnumsugs
ﬁqm (4.332 mg/s crude) diawSesuifisutunsada
A8LeNIUea (1.977 mg/g crude) AalnalAesiy
nsanaaelanaslsivu (1.933 mg/g crude)
(Table 1; Figure 2)
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asanaveIukarUIINUE INSULUNIUgINIen)
uea dzvioudaUszdnsnmvesininazateiining

WIS AURBNNSANAANSNSULNUNIUINN MU DY

Table 1 Crude extract yield of Strobilanthes cusia leaves extracted with different solvents

from various locations

Location Yield (%) EtOH Yield (%) DCM
NT 1.84+0.04 2.10+0.03"
NKH 1.00+0.02¢ 2.12+0.04°
ML 2.58+0.03° 2.60+0.04°
NJ 2.0020.05" 2.12+0.03°
NK 1.26+0.03° 2.20+0.02°

Data are presented as mean+SD (n=3). Data were analyzed using two-way ANOVA to evaluate the effects of extraction solvent

and sampling location on extraction yield, followed by Tukey’s multiple comparison test (p<0.05). Different superscript letters

indicate significant differences among means.

nanAnvesansatafifinsvununiuanly
Strobilanthes cusia l95usnsnasenedtsd1Agyain
Wrdnvesdarareildlunisadauasfudiiy
A19819 (p<0.05) Tnun1nsin nasldlamaslsdmu
(DCM) Wusvhazanelinandnvesansainiisingy
uUMIUGINIIENILea (EOH) lunniuiidnen
LansdermLNE AN aIF Y azaefitiauild
Yoasonsatnasnsuunuvsudaidnuae i
910 Table 1 Wofiarsansunnufiud wuid
Fr08199 0 uT ML Ifnandnvesansasnfisingy

Lmum%uqqz«jmLﬁaaﬁ’mé’amamuaa (2.58+0.03%)
Tuyefidiod19aniiuil NKH way NK Tdnanan
#1am (1.00£0.02% WAz 1.26+0.03% A1NEIFU)
aghalsfiony dieldlaraslsdmudughasane 1
WUAIULANFAI VB INANERSENINe R URoE4d]
HydrAgneada Fauaidvhazanevinianunse
anansvununsuannlu S cusia laoegnadl
Uszansamuazdauadnaveludiediaain
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Figure 2 Tryptanthrin content in Strobilanthes cusia eaf extracts obtained using ethanol and

dichloromethane from different sampling sites.

NT = Ban Natong; NKH = Ban Nakhuha; ML = Ban Maelua; NJ = Ban Namjom; NK = Ban Nakham; EtOH = ethanol,

DCM = dichloromethane
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Neto and Lopes, 2007; Yang et al, 2018) TngLNIY
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This study assessed the carbon sequestration capacity and developed a comprehensive tree
database for eight school sites in Maejo Municipality, Chiang Mai province, Thailand, with a total area
of 97.55 rai (15.60 ha). The research employed field inventory methods. The diameter at breast height
(DBH) and height of the trees were recorded from January to April 2025. Then biomass (both
aboveground and belowground) and carbon storage were evaluated based on allometric equations
and carbon fraction. A geographic Information System (GIS) database was developed, and stakeholder
interviews were conducted to evaluate carbon storage potential and identify management challenges.
The inventory documented 1,802 trees comprising 1,383 common trees, 408 palms, and 11 bamboo
clumps. Total carbon storage across all eight school sites was 427.70 tonnes of carbon (equivalent to
1,568.22 tonnes of CO,eq), yielding a carbon density of 4.38 tonnes C/rai (27.38 tonnes C/ha). This
value aligns well with the international benchmark for urban educational institutions of primary and
secondary schools. The study identified key management challenges, including structural risks to

buildings, allergen concerns, pest management, and debris handling. The findings emphasize the need
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for integrated urban planning that coordinates educational institutions, municipal authorities, and

community networks initiatives to optimize carbon sequestration.

Keywords: carbon sequestration, climate mitigation, GIS, school green space, urban trees
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Management Organization (Public Organization)
(2023) Anenmussdulisonisang A ufa
Teusnaiiiisunasdonmadmninuinadlidsue
Tursnandeudn 11-25% wu fiufs wifsennns
wazndsnn Wuiierfunisanetvesduliitiean
gaumqdeinialuyiegaoulaussuia 1-5°%
(U.S. Environmental Protection Agency, 2020)
AuiididerluanufnwneslsuFouludiosdneg
Tunuiany daingrUaluidies (urban forest)
Adneawnisinifuanfueuvessuliifeateaiy

Jadeuranufl gdanwugld laseas1aseugen

NANNSANYIAMNUNLILLUYDINSANAUAISUDU VDS
Tutidles (AadeviausymAvesansgening) wui
fidedsunsgiu 25.1 dunfueudelsnas (4.016
funsueusals) tlvldietieusufiudnenmues
Unludlaglasiald (Nowak and Crane, 2002) d1u5u
vFunan sunsAnsruInnatsdunalugfidnig
Famsiuiaidoregradussuy AraumuLduTes
nsfinfiumsuauegsEnIng 10.0-35.0 Auaisueu
foLanAs (1.6-5.6 suA1IsUauUnals) (Lafia et al.,
2025)

Mazon (2025) @nw1USuunisaniv
arsveuvesdulifluituil e siessuuinausnis
glesiidunansmsanmniienmea i Wediauadud
(Viladecans) njsunsiglawn Useimaau 19nis
d19793 wduniaussvrgusgraddiusanlunisiiu
wazUszananatoya N13E1599IAEUTBUN ANES
wazsadinsauvesuld duansiniuaisveu
voadulsl S1uauduldfdsald 1,274 du wuin
auldaualugdnisiniiuiigasueulasenlanle
wnnitegdided Ay Tnesuldluguwudieadniiu
asuaulaoanledidadeszning 10 89 20 Alandy
Tua29d A.A. 2024-2025 Nualsri et al. (2024)
Anwinisiniiuatsveuvesldfuvesaiuasisayly
wamALIaeImn SaTanIn 3 @uasnsae fui
590 33.125 13 Tnwaunsuealawss nusuliifidnsam
16 423 ¢ 52 wiln 24 29 wssallsiAnunndian
oA dunuvn emgny warUszgUn aumsnIny
Wanueiiv3unanisinfuadueulssanm 129 §y
AURLLLI LTINS UBURAY 3.9 Fuasususels
LU siiudneamnsinuAsUs LU
auassaziensUgndulsl idefinnsaniiietu
wiiildaosvesfanssunazesdusznaudsneadis
AUASITE WU BaTumsAnu il edsianas
Uszidunsinfuasveuluiuiiantugau@n

ATWNNUNIUAT 17 W9 Ime Anantsuksomsri et al.
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(2024) Anwlemavesituidideanadnaninlunis
fnfuadueuvesduliluiiuiiaantunisine 14
N15d1579588¢lnavesnInagnisN Larennia
gnuliau asrdeuANgndesTINiundTIasuldl
AAAUNY 2 ﬂﬁimﬁaaﬂﬂaﬁuﬁamﬂ’umiﬁﬂm nU
AUl ao1TunisAnwitanun i usiansinLiv
AT UDUIIY 22,546.97 U 9RIINITANLAU
Arsvoulneonlan 1,402.78 duned dJ97e
LA Bt 09ueIfi Aa 1A UR AL LA Yes
UINYIAY LAZAITINOUAUNUIINGISEE T uaE
audsdusudawndouszaulan (Ul Green Metric
World University Rankings) Na@n1SNUNILISIaNI s
seloniavaslsaseuluiosdududnmaudonves
n1sAne Wevszliunsinifuaisuauvesduld
Tulsusou sausun1susmssanisdulsl wiewdu
ﬁyuﬁ'ﬁua%mmiﬁauﬁ USIWINANTENUIINATT
LUﬁIEJuLLUaﬂﬁﬂ’]WQ‘ﬁE]’]ﬂ’M wazti oud uwuanig
nsugnuazguasnwdulilulsaleuluidewiely
TnonsAnwilidenlesfuuundnisiaugudoya
srvuglansaunavessulduazraussfiunsiniu

A15UBUYDITDLALT SN UN (spatial data) uazdeya

AaNwMe (attribute data) §N3IUTIN TALAY
A9 AU uanwna wazUiulgsoyalsegradu
SpUU Predsznaunsindule efuiesuaziBunves
dorun1sal (Geo-Informatics and Space
Technology Development Agency (Public
Organization), 2013) T idunuwinislunisusms
Famaifleafioiuiinuifider nsquadnudulsl
nsAnANAsTIvaey USulgenisuseilunanuseu

STELLIAT ABN1SUBINU AANANTENU SULBRBNS

¥
I

LﬂﬁauLLUaaaﬂﬂwgﬁQWﬂwm LLazéumamaqwuﬁSu g
nsAnw i Taguszasd il eszifiunis
Anfiuarsuen nseaduaniveulasenlydvessiuly
Tuflufilsadou mataunguteyagdasaumeduls
Welduuuinisusvusanagdnasuuszdnsam
nsiniiumsusuvesiulilulsaseu nsaunwife
ns@nwsuuniduaesseduddn Ao sefuiiud

a

FowasuFunituilsaoulumueuiiosiidnasuilos
Ade7 suiluilsassuveanisdisaanas S
grudeyagiarsaunanuld aniunisalvesduld
Tulsai5eu Wes wazlsassusianisuinsdnniseuled

(Figure 1)
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Urban school context promoting green
city initiatives
-Land use and Building use

-Urban development policy

-0-> -Tree height

\ -Green city laws and regulations /

Guidelines for Enhancing Carbon Stock

Efficiency of Trees in School Areas

Tree Geo-Informatics database

-Tree location

\ -Tree circumference and crown

v

Situation of tree in school areas

2 N

-Tree species diversity

-Carbon stock of tree

-Carbon dioxide absorption /
School and Urban
-Spatial and tree management

-Problems, Obstacles

k -Requirements for school areas

Figure 1 Conceptual framework

AL IUN15IY

AsANITlE IS NS UUUNENRETY (mixed
method) 19U UIULALLTIAUNIN MUIBTLATIBA
Ao fuilsadeulumauiadionld feuuiandes
87 wurAnUszdunsaniiuasveuvessulsl
wAnguteyandaisauine mQQﬁuﬁﬁu%uLﬁaa
19.46 n5.ny. wazlsadou 8 Mud (97.55 15) laud
Audimwndndnmauiadionlld auduivnln uay
audviauin Tsadeutuiive Tsadeutuieie
Ty Souviuudld Isusvudautunntes 1susou

FUNS1INeAN warlsuseuAIFINagTeg bl

Ussrnauwanguinedns fe TsaSeuluiiui
wAu1ala w1y l9n1sgudlog19aniziansas
(purposive selection) AsIMNUTEAWITE (intensity
sampling) F1uwunidu 1) ﬂq'uﬁaasmﬁruﬁiiaﬁau
FavmelumsdsldiBusiu fumis anags dusouas
a19u wagSAinTaNy laainaeiaeAn1suTmising
139UNIZAN (W) (Thailand Voluntary Emission
Reduction Program [T-VER], 2023; 2025) e
Usudlumsiniiunivewvesiulil wasianngudeya
afiasaumadulsl 2) dun1wall§sdng 1A ordossie
ulsnemiliiveaiiouarlsaiou evianudilase

Unngmsal [ieSesiowazismaivteya Al
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1) wufifugiuainamaeaiisugiia
1955 (Google Earth) B mnuaf uny o uil
(geo-rectification) 193w ug1utoyayuvuLd o
fdsaldnmmhsnuiifetos aneaeudeya vinld
LﬁuLLmuﬁﬁugm (based map) lun1sd1sranaauy
$rufUTEUUMIAIIUARIWALSULA LT nsdienin
wagmsansuiinaiaauy euiuussdeyaliidy
Ja3Uu sadeanisdrsadeyandenivesdade
AAsdostuuTunvedsaSounasuvuiior 49513
197 fu 81A15 WHusu Tarvuanaznguune
AAgtos

2) 13 esfloniaauiuyszneusiy nuin
sty AdesilednAInugs (cinometer) uazia3nadlo
dr5rasuniadeiud (Global Navigation Satellite
System) @192301A&UN 8 Nufl (UNsIAN-LWIEL
w.A. 2568) Uszilun1sAniuaIsusuaInuiadanin
vosiliifiugnuFetumussammilulsaou Tngns
wnunsiudeyanieisduglulszyinsvesiuldl
(tree census survey) @1399 Uil frnsifudoya
sundarulyl Yayavuaidunugudnatavesiuly
Tudeliiy (tree) Aiflanugaious 130 wms wagdl
dusiuAudnanafi sAunNga 130 Lums Faud
4.50 =sal. Gﬁuvlﬂ (diameter at breast height, DBH>4.5
cm) wazlsimiy (sapling) fifimugaiu 1.30 was
wiflidurngudnansfiseduaugs 1.30 wns ou
A1 4.50 ¥, (DBH<4.5 cm) LLaxmmqwgwm
(total height, H) mmfu u°ﬂszTayJamUizLﬁuma
Fanmniefudiu (aboveground biomass) Y
whsvasiuliynanfiogimieiuiu (G As aen
waglu) wradan1nladu (belowground biomass)
vminusavesduduliifegldfiu Ingldaunis
woalawwns (allometric equation) ¥1AMUFURUS
sewhadurinugudnans uas/vie mnugaarLnes
dulsl Felddaiminuisveaduldl s

= o & A ° !
Njasﬁ'ﬂﬂqwsﬂQQWUImUWUW AIHNTIIILUNATUNGN

viln 3 nqu dsaldvesnsdnuadediduluniu
52 08udfIdunavinaaiu1nTgIuNITanai 1Y
SeaunsyanvesUsewmelng (T-VER, 2023; 2025)
3) NFIATINVRYA
3.1) wadanwnilen ufungumesals
vl Sadunssailindalumluvesnamie @onld

A1N15999 Ogawa et al. (1965)

nadinnwesasu W, = 0.0396 (DBHH)***
18T NVDIAS W = 0.00349 (DBH 2H)1:%°
1aT ety W, = (28/ W, + W+ 0.025)"

wnathmwwdlefuiu - W = W, + Wp + W,
3.2) wadan o ufunguurdu
(Peason et al., 2005)
AT ENUAL Wy = 6,666 + 12.826 (H X(n H)
3.3) wadnwndofiudunduls
“Wuath wadanmniofiuiu
Wy = 0.1466 (DBH)®"®" (Wannalangka, 2015)
‘v watinmmileiiuiiu
Wy = 0.49522 (DBH)®®"? (Kutintara, 1995)
Wdvana watanmmieiiuiiu
Wy = 0.17446 (DBH)"**’ (Kutintara, 1995)
W3 waleinnn watanmmileitufiu
Wy = 0.2425 (DBH)'"! (Kutintara, 1995)
VUEN0):

Ws = 3nafinntiefiufuludiuidu

a19u (nA.)

W, = tatinwnilonuduludiunduna

(nn.)
W, = wnafinmwwilenuiuluguinduly
(nn.)

Wr = 18t muiionuauanug (nn.)

DBH = vwiadurnAugna1afisyauaies
1.30 4. (4.)
ANugeaiunvosiulll ()

T
I
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Tag DBH 11970 Wduseulsfinugaiiesen
(girth at breast height, GBH) / Tt

MuranaTan sy (druwmiefufuuay
) veadulsl fail

Wy = W, + (W,B)
NUENP):

W, o snadanmmiefiufu (nn./éu)

B fe sasndrusewinanadinmléiumiu
warnatimwwilefuiu (root/shoot ratio) Tng
wssauldlulwmidios v 0.28 wesalaieddnan
0.41 wazngulel 0.27

3.4) n1sUsEunsAALAUAIS UBUSIY
vosduldsfonunlnelddndurasasvenluuiag
Fanm Fefl AAENTTNNNTIENINITUIAIIILNS
Wa suuvasaninnfeinia iinua e 0.47
(Intergovernmental Panel on Climate Change

[IPCC], 2006)

USuaun1siniAumsuau (nN.) = Y88 InUes

#uldl (nn.) x 0.47

3.5) N15A1UIUUSUIUATS UDUN INUA

vossruviliamdunisgeaduesveulasenlud (CO,
. & a v & ¢

absorption) 1 ukaTIURIUTLIMNTANIATAISUBY

Y993LUVUNA (ecosystem carbon stock)
COZ absorption = EC stock X COzCF
‘Wiﬂﬁlﬁﬁﬁi

CO3 absorption A8 UTHIUNNTAATUANTUBY
lapanlynvaasyuuing (tCO,/LS)

ECuosk  A® USHNuAsAALAUAISUDY
vosszuuilng (tc/13)
CO,CF  @p ArdAdIUTENINNATS UBY

laeanlonlazansusy wse 3.67

) IUNTUTTUUNTANTAUNA 8BNWUY
wauynsuteya (data dictionary) i dayaidaiu
(spatial data) 903 anMa Ny (attribute data)
suvsadulsl Teyadulsl (Fo arugs saiinsaiy
HAaUITELTUNISTANLAUATIT UBY WagN15A AU
asveulaoenlud) il oTinsziuazuaninadoya
Baitui

5) WUUANN1WallT9EN (in-depth interview)
Funwainguiaeg1e Ae fuimslsaiou 8 Aui
NUIULEDY (NB9T19 LaznNInNIsANEYI) 39 10
Fr0813 ludruiiiesdostuusunlsadounazduls
n1squasnyiaulsl (mmﬁimﬂﬁqua 35015 NS
Fansiewic 1U) N15USHITTAnI s U uazduls
Jgymuazguassavesnulyl (Sunsie anudeme
91nAV/AIu/adU 7n/999 wazAufesn1snenis
daauiulilulsausey muluInmanasesssuive
Tual (MJUIRB no.ST009/68)

6) Ussunanailiasigvianiunisainuly
TulsaSsuvesanuvatnvanevesduld n1sinuiu
A1SUBY Lagn1sgadua1sueulnaantenvasnuld
Woeulosgrudeyandarsauna Jiasiesilaonis
%’auﬁu%u%’aaﬁa (overlay analysis) JadefliAeadas
HAILATIETRYALTINT TN TAIAwal ey
wuaNaUsuUsad asuuszdnS amnasiniiu
Asuauesuldlulsusoy

NAN1529Y

usuniwunlseseuluguysuios wauia
=1 I v =1 a = al [~ 12
il wWesluvsunnisAnw Tsaseudunisiy
NAUYTLANADITUNISAN AN UNTIN 1.35 M15.N4.
(6.95%) vosiiufidios e1astudosdulugdunis
ag1de Souaz 70.81 sesawwndusinisuszian
a1e1snyUlnAlazansnsniunis Y89 1uan U
S1%AN5 FDIVUANSANET ADTUNLIUNE WarTINeITe9

Saway 11.42 WlgueNaIUL DIl ABWNUNUNNDIDY
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v ¢

Feviml “wilillesed Silawmun g30TInyuvy
Fafu” ynsenansidesdidoaduniseusny
nineInTsTINTIALArAsInden Aufigusuidios
ogluinduiiossufiondednl (Usuugendsi a)
e, 2565 vuamslidia liun fiegends wdvenssu
ars1sUlaanaransnsauns anndun1sAnw
uazAAuANTY A IRsLAA T Tdnenmarly
flufiginansonsiaudios Wuiuinddumnngu
Auiidvanevosiui fiTe luunuanfinon
nszan Janiadedlnid we. 2562-2573 1A59013
WFoslmiidesn1suaus (Chiang Mai low carbon
city) Usssaniuiivnlduasfufidifen (urban ereen
forest) T 1nu18ann 193 oUNTEAN 59,500 AU
Asuaulaeanles wWuldediulilasiniseusny
ugnITURrsULle NI A (on.as.) Lo
n1sausn¥ugnssuny Undn¥sne lneineuia
Wieawalld waglsaSeudiwau 5 uwie wWsauduniA
\A30918lATINIAINET?
gudayagiansaumaduldl wadisaald
FusiuluiiuilseFeou 8 fufl wuldBusu 1,802 du
aT%mmﬂumajummlﬁﬁﬂU 1,383 §1u (76.75%) dAn
ANNgaRdY 9.79 las ANAABIEUTOUNEIY 0.85
AT Aedssainseu 3.14 was ngulrdy Sy
408 #u (22.64%) TrrAnugaade 6.64 Wns Aade
Wduseuradid 0.41 wwng Anadefaiingay 2.03
wns wazngulil 11 ne (0.61%) fidAnugaeds
10.88 AT ARABIAUTEUNEIFU 0.19 las Alade
SAInsany 3.34 W5 Kad15aduldTIefuLmL

gudeyagiiarsauma Yeyaldaiufivessumnis

<9 Y

2 1 @

Aulsl wazdoyanmudnuuy laun Yoduld anuas
WWusauae sadnsany wan1suszidunisiniiv
Afuauresnulyl waznisgaduaisvaulasenlyd
(Table 1)
'S’ = a U
danunsalduldlulsasey lsassudunsne
Weaudianuvainatenssalduinian 31 296 75

wiln se9a91 Ao lsuSeuasdanadidedn 30 29d
53 gilp lsussudauuunnioy 26 194 46 ila
TsaiFoutuiieiios 24 29 45 vila ngumssalld
alufinuann leun 294 SAPOTACEAE (fina annd
LLEJ‘LJL'*Tja) LEGUMINOSAE-CEASALPINOIDEAE (S'ﬁymﬁﬂ
LTV F1INGNY aUNgINTs maungalne vsla)
LAMIACEAE (&n) LYTHRACEAE (szlun dunilaun
Suwilatn 1@a1) LEGUMINOSAE-PAPILIONOIDADE
(Us¥g n04n117) ANNONACEAE (alanduide)
APOCYNACEAE (W 1a auUSIad 8 a11d)
COMBRETACEAE (‘VL N1119) CASUARIMACEAE (& u
UsgANWNS) CUPRESSACEAE (dualins) wagl9d
MELIACEAE (g ganned) na uU1au Ao 194
ARECACEAE (#1178 Munnilien wuniudes U1au
939990 Uduindrs Unduwan Urduduasstiuun
vannas) ngallsiiiny Ao 29d POACEAE (lsiug) wasadlsl
sz Ifsuauve Ui uil auufn aula
LUADUL/5/01A15 WRaUY wasTeuRuRlsISoY
A9RIU TEUUIIN d9NaRBAIULEENI8T8991A7S
Tassadedauariung Asuagluuemaulugguds
9elU NAUAYDDILNYT LATUNAY dINARDAUAE
(Table 1 and Figure 2)

naUsziluinadin nuagnsiniiuansuau
vosdulsluiiuidnwn 97.55 15 Suradanimsau
WM eR uAy 713.56 U wraTan1nsuldR udy
196.45 §1 37ATINNTINTIAY 910.00 1 &13150
AniuAsuausula 427.70 duasueu (tC) Anduy
U3mansgeduaiveulaeenledrmazauiioun

& a

1,568.22 fup1suoulaeenleaiiiauin (tCOLeq)

v '
A a

Tnelsasswinuwinindasduiunnddneninlunig

a

andumsuaulasenledanan fe 602.67 tCOeq
J098917A8 13 TBUdUNIIwINYIAL 368.87 tCOeq
auddu veiilsuieutauinintesianadons
anduarivaulaeenleddefiuiivuiutuiian Andy

Fouay 120.53 tCO, eq/ls wasnuwiulosiign
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A 3

Ao AudinuAndnnauiIaiiewlly (@uduinil)
Anduseway 120.53 tCOeq/ls nalATIEiNUAIM
AuuUsvesnadinmaadogs gudimuinidn
waualoswild (gudwsiianly) daranadainimei
fan 3.47 fu TsaGouiawiuindos Tamadanim
Tougefian 349.71 fu WuRsafuUTiamsiny
A3 UBUTINA T Aoy TEMINa 1.63-164.36 tC Lilo

N lesUuNInggIY (SD) vesUIunnns

Table 1 Tree Species Diversity in School Area

fAniuAIsuausIN TA1gta 56.16 tC uagA1 SD Vol
AU AN SUB s uAingy 18.82
tC/15 wanIiamIULANATILATNTEANAIT B AGY
fneanlunisiniuaisueuvesaa uAnwdAu
AU NIRRT o1AnsAneadne Aui
Nanssu wagguuuunsiseunisaeu (Ugudy Usvou
Ispunu dssulans wazlseSesunsAnulawdnsu
i) wazengresililuiiuil (Table 2)

@30

School name Area Species Group
General Tree Species Palm Group Bamboo Group
Family Species No. Family Species No. Family Species No.
(rai) (tree) (tree)
Child Development Center 2.23 a4 a4 15 - - - - - -
(Mae Tao Hai)
Child Development Center 1.60 5 5 10 1 1 6 - - -
(Thung Pa Ket)
Ban Pa Bong 7.00 9 11 69 1 4 9 - - -
Ban Huay Kiang 13.24 21 35 161 2 9 61 1 1 8
Ban Maejo 8.00 21 32 95 1 3 8 - - -
Wat Mae Kad Noi 5.00 25 39 205 1 7 28 - - -
San Sai Wittayakom 35.51 30 63 453 1 12 182 - - -
Srisangwan Chiang Mai 24.97 27 43 375 2 9 114 1 1 3
Total 97.55 - - 1,383 - - 408 - - 11
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Table 2 Summary of biomass and carbon storage assessment

School name AGB BGB Total Carbon Co, Density
Biomass Storage Absorption

(9] (9] () tC tC/rai  tCO,eq  tCO,eq/rai  Tree/rai  tC/rai

Child Development 273 0.74 3.47 1.63 0.73 5.98 2.68 18.26 1.42
Center (Mae Tao Hai)

Child Development 24.92 6.78 31.70 14.90 9.32 54.63 34.14 20.43 16.02
Center (Thung Pa Ket)

Ban Pa Bong 35.21 9.58 44.79 21.05 3.00 77.18 11.02 24.76 4.01

Ban Huay Kiang 129.31 35.55 164.86 77.48 5.85 284.11 21.45 25.84 11.31

Ban Maejo 39.56 10.78 50.34 23.66 297 86.75 10.84 23.88 4.59

Wat Mae Kad Noi 275.16 74.55 349.71 164.36  32.87 602.67 120.53 44.60 32.87

San Sai Wittayakom 167.13 46.91 214.04  100.60 2.83 368.87 10.38 27.11 4.30

Srisangwan Chiangmai 39.52 11.56 51.08 24.01 0.96 88.03 3.52 9.52 0.48

Total 713.54 196.45 910.00 427.70 - 1,568.22 - 18.47 4.38

Min. 2.73 0.74 3.47 1.63 0.73 5.98 2.68 9.52 0.48

Max. 275.16 74.55 349.71 16436  32.87 602.67 120.53 44.60 32.87

SD 93.90 25.60 119.49 56.16  10.69 205.92 39.22 9.95 18.82
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© WYTHRACEAR 1 o w = i

1) Child Development Center (Mae Tao Hai)

-

=szt,°<,:~,f¢.5ﬁ. esonascesseec?

Family

@ ARECACEAE

® LEGUMINOSAE- CEASALPINOIDEAE
LAMIACEAE

® EUPHORBIACEAE ,
© LEGUMINOSAE-PAPILIONOIDEAE
@ LYTHRACEAE
@ MELIACEAE —
@ STERCULIACEAE
@ ROYSTONEAE

2) Ban Huay Kiang School

Family

@ LAMIACEAE
@ ARECACEAE / | /= L
1 LEGUMINOSEA- CAESALPINIOIDEAE 1

@ DIPTEROCARPACEAE

@ COMBRETACEAE

@ SAPOTACEAE

@ LEGUMINOSAE-PAPILIONOIDEAE

4) Ban Maejo School

7[__11% P

Family f ks D // v
© LAMACEAE | ,? /
® ARECACEAE /

© LEGUMINOSEA- CAESALPINIOIDEAE
@ DIPTEROCARPACEAE .~

© COMBRETACEAE)

@ SAPOTACEAE

© CAESALPINIOIDEAE
CALOPHYUACEAE Y
P:

5) Ban Pa Bong School

© MYRIACEAE
@ PHYLLANTHACEAE

6) Wat Mae Kad Noi School

Figure 2 Diversity of families of trees in the school area (1-8)
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7) Sansaiwittayakom School

Family,—

@ ARECACEAE

@ ANACARDIACEAE
 MORACEAE

@ SAPOTACEA!

@ LYTHRACEA!

® MYRTACEAE

ANNONACEAE -

® LEGUMINOSAE-CAESALPINIODEAE
© CUPRESSACEAE

® LEGUMINOSAE-CAESALPINIODEAE
@ ELAEOCARPACEAE

® MELIACEAE

@ APOCYNACEAE

© COMBRETACEAE
@ MAGNOLIACEAE

@ DIPTEROCARPACEAE
 BIGNONIACEAE
® LAMIACEAE
@ FABACEAE
® SAPINDACEAE
ARAUCARIA

 CAESALPINIACEAE

© LAURACEAE

| LECYTHIDACEAE

® LOGANIACEAE
@ SALICACEAE
@ CALOPHYLLACEAE
@ EBENACEAE

@ MORINGACEAE

OXALIDACEAE
® STERCULIACEAE
ML 1 Metens
o 2 ® =0

8) Srisangwal Chiang Mai School

Figure 2 (Continued)
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Efficacy of Non-thermal Atmospheric Pressure Plasma for Inhibiting

Colletotrichum spp. the Causal Agent of Chili Anthracnose

Astiunt lveudl™” namn seasssn’ sdeann Ale? Junild uweds® uazsIIuy !

Y eyl

Veeranan Chaimanee®”, Kunlada thayatham!, Torlarp Kamyo?

Wanthani Paengsri* and Thummanoon Boonmee'

T InmaluladTanmn1agnamnssuineas InInendeudl-uns aunssfesh uns 54140
ZgnndrinunsUnlel i inendouslld-uns wiunseiiesh wws 54140
Angrenansiugu wnine dousli-uns wiuwssiiosh und 54140

'Program in Agro-Industrial Biotechnology, Maejo University Phrae Campus, Phrae, Thailand 54140
2Program in Agroforestry, Maejo University Phrae Campus, Phrae, Thailand 54140
*Basic Science, Maejo University Phrae Campus, Phrae, Thailand 54140
*Corresponding author: chveeranan@gmail.com

**ORCID iD: https://orcid.org/0000-0002-8095-5717

Received: November, 18, 2025

Abstract Revised: April 13, 2026
Accepted: June 11, 2026

Non-thermal atmospheric pressure plasma is a promising alternative technology for microbial
inactivation in food and agricultural applications, as it generates reactive species that play a crucial role
in damaging microbial cells. This study aimed to evaluate the efficacy of an argon-based plasma jet in
inhibiting Colletotrichum spp., the causal agent of anthracnose disease in chili. The effects of plasma
treatment at gas flow rates of 0.25 and 0.5 L min™! for 1, 3, and 5 min on fungal mycelial growth on PDA
were examined. The results showed that argon plasma significantly inhibited mycelial growth (p<0.05).
For isolate 1, plasma treatment at 0.25 L min™ for 5 min resulted in the smallest colony diameter
(5.08+£0.16 mm) on day 8, corresponding to a growth rate 8.31-fold lower than that of the control. For
isolate 3, plasma treatment at 0.5 L min™! for 5 min demonstrated the highest inhibitory effect, reducing
mycelial growth by 9.4-fold compared to the control on day 8. In Vivo assays on chili fruits further
demonstrated that plasma jet treatment at 0.25 L min™ for 5 min completely suppressed anthracnose

development caused by isolate 1 on day 7 and achieved 89.09% inhibition on day 14.
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These findings indicated that an argon-based plasma jet has a strong potential to inhibit the growth of

Colletotrichum spp. and may serve as an effective, environmentally friendly, and safe alternative for

postharvest anthracnose control.

Keywords: anthracnose, atmospheric-pressure plasma, chili, Colletotrichum spp., disease control
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Figure 1 Schematic diagram of the atmospheric-pressure plasma jet system used in this study
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Figure 2 Morphological characteristics of Colletotrichum spp. isolated from chili pepper showing

anthracnose symptoms. (a—c) colony morphology of three isolates grown on PDA, and (d)

hyphal characteristics observed under a light microscope at 400x magnification. The microscopic

image represents a representative isolate, as all isolates exhibited similar morphological

features.
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Table 1 Effect of argon plasma treatment on the mycelial growth (colony diameter) of Colletotrichum spp. (isolates 1-3) at different gas flow rates

(0.25 and 0.5 L min™) and exposure times (1, 3, and 5 min)

Isolate Treatment Colletotrichum spp. mycelial growth (mm)"
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

1 0.25 Lpm/1 min 5.20+0.25% 7.57+0.19% 11.08+0.82°° 15.12+0.57%° 21.40+0.52% 25.20+0.38% 29.00+£0.53% 34.37+1.56™
0.25 Lpm/3 min 4.32+0.15° 5.25+0.63" 7.18+1.20 14.40+1.19% 18.78+1.40% 24.72+1.42% 29.72+2.04%° 31.52+1.23%
0.25 Lpm/5 min 5.08+0.16%° 5.08+0.16 5.08+0.16° 5.08+0.16° 5.08+0.16° 5.08+0.16° 5.08+0.16° 5.08+0.16°
0.50 Lpm/1 min 5.28+0.07%° 8.20+0.362 13.67+0.71% 17.87+0.97° 22.40+0.97° 25.00+£0.71% 28.83+1.10% 31.83+1.09%
0.50 Lpm/3 min 4.53+0.11° 6.60+1.087° 10.17£3.21b¢ 13.22+4.41%b 16.02+5.79% 19.02+7.18%¢ 21.97+8.61%¢ 24.90+10.08%¢
0.50 Lpm/5 min 4.42+0.04° 4.42+0.04° 5.10+0.73¢ 7.07+2.69° 8.72+4.34 9.85+5.47°¢ 11.10+6.72 13.63+9.26
Control 6.05+0.44° 8.27+0.517 17.97+0.82° 22.33+0.93 25.48+0.66° 29.50+0.70° 34.57+1.00° 42.22+1.56°

2 0.25 Lpm/1 min 5.35+0.18% 8.48+0.64%° 15.25+0.18° 18.10+0.61° 21.93+0.09° 25.83+0.58° 29.17+0.53° 31.80+1.63°
0.25 Lpm/3 min 4.28+0.14° 4.82+0.39 6.13+1.71° 7.52+3.09% 9.03+4.61° 10.83+6.41° 12.03+7.61° 13.07+8.64°
0.25 Lpm/5 min 4.15+0.06° 4.22+0.09° 4.22+0.09° 4.22+0.09° 10.20+3.00° 13.33+4.58° 16.03+5.912 19.30+7.56°
0.50 Lpm/1 min 5.00+£0.23% 7.92+0.72%¢ 12.32+1.67% 16.90+1.83° 21.95£1.97% 26.65+1.30° 31.38+0.33" 33.93+0.66°
0.50 Lpm/3 min 4.52+0.19° 6.23+1.08" 9.47+2.68%° 11.22+3.55% 13.45+4.68° 16.07+5.99° 19.83+7.86° 23.22+9.552
0.50 Lpm/5 min 4.07+0.21° 4.87+0.96> 6.55+2.63° 8.32+4.39%P 9.48+5.56° 11.10+7.18° 12.75+8.83° 13.52+9.59°
Control 6.07+0.62° 10.77+1.24° 15.55+1.03° 19.55+0.76° 23.13+£1.23° 28.77+1.88° 32.72+1.55° 37.72+1.79°

3 0.25 Lpm/1 min  5.45+0.05% 7.40+0.16° 9.82+0.37™ 14.62+0.61° 19.15+0.98% 22.48+1.95% 26.40+2.522° 29.07+2.77%°
0.25 Lpm/3 min 4.38+0.22 4.52+0.08° 4.52+0.08¢ 5.80+1.205 7.23+2.63 9.02+4.425 10.83+6.23" 12.03+7.43%
0.25 Lpm/5 min 3.73+0.09¢ 4.38+0.71¢ 5.70+0.98< 11.97+4.22%5¢ 11.98+4.235 12.33+4.495¢ 12.85+4.63 12.92+4.67°
0.50 Lpm/1 min 4.88+0.22% 7.53+0.56° 11.55+1.43° 15.80+1.86%° 20.23+2.25% 24.55+2.88% 28.70+3.22% 32.22+3.47%
0.50 Lpm/3 min 4.47+0.13 4.98+0.59 7.15+1.285 10.22+2.86™ 13.42+4.49% 15.85+5.91% 17.37+6.40° 20.30+7.85%¢
0.50 Lpm/5 min 4.22+0.14< 4.22+0.14° 4.22+0.14¢ 4.22+0.14° 4.22+0.14° 4.22+0.14° 4.22+0.14¢ 4.22+0.14¢
Control 6.30+0.35° 11.75+1.07° 18.43+1.11° 22.08+1.78% 26.88+1.85° 30.88+1.24° 34.77+1.04° 39.73+1.16°

* Values are expressed as meanzstandard error (SE). Different lowercase letters indicate significant differences among treatments within each isolate at each observation day (p<0.05).
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At present, the production of agricultural bio-products has become increasingly diverse in both
powder and liquid forms. However, limitations in user convenience remain, as most products require
mixing or microbial activation prior to application. This study aimed to develop a pelletized bio-product
using Bacillus subtilis in combination with agricultural residues, namely, rubberwood sawdust and corn
cobs, which serve as carrier materials and nutrient sources. The prototype product was evaluated for
bacterial growth efficiency and hydrogel coating performance. The hydrogel coating was prepared from corncob
extract mixed with maltodextrin at a ratio of 1:1, which demonstrated effective coating properties using an
encapsulation technique to delay the degradation of the pelletized bio-product. The pelletized bio-product
exhibited an initial microbial concentration of 1.52x10% CFU g¢*. After a storage period of 3 months, the
survival rate of Bacillus subtilis remained at 6.3x10° CFU g™, Scanning Electron Microscopy (SEM) analysis
revealed a clearly defined coating layer, which effectively prevented a reduction in bacterial
performance. Biodegradation tests conducted through soil burial demonstrated that the hydrogel-
coated pellets degraded within 3—4 months, whereas uncoated pellets degraded within 2 days. In

distilled water, the coated product maintained its structural stability for more than 2 months.
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Furthermore, the hydrogel-coated pellets extended the shelf life to more than 6 months, with a

microbial survival level of 1.84x10° CFU g¢. Toxicity and contamination assessments confirmed the

absence of harmful residues, highlighting the strong potential of the developed pelletized bio-product

for sustainable application in organic agricultural systems.

Keywords: agricultural waste, Bacillus subtilis, bioformulation, corn cobs, rubberwood sawdust
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Table 1 Appropriate ratio of carrier material and bacterial suspension volume for immobilization

on the carrier

Method Bacterial suspension volume Carrier material ration
(mU) (sawdust : corncob)
1 20 50:50
2 40 50:50
3 60 50:50
4 80 50:50
5 100 50:50
6 120 50:50
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Table 2 Study of the optimal ratio for forming biological product formulations

Ingredients Method
(9) 1 2 3
Rubber wood sawdust 50 30 30
Finely ground corncob 25 30 25
Coarsely ground corncob 25 30 25
Cornstarch 30 30 20
Maltodextric 43 30 20
Bacterial culture + distilled water 200 150 300
Total 373 300 420
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Figure 1 Size and appearance of corncob and rubberwood sawdust sample and pellet formation

of Bioformulation using agricultural waste materials; (A) rubberwood sawdust and (B) corn cobs
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Table 3 Bacterial survival rate on carrier materials over a 3-month period

Method 7 Day 30 Day 60 Day 90 Day
(cfu/g) (cfu/g) (cfu/g) (cfu/g)

1 1.52x10° 7.89x10° 8.94x10° 1.65x10"

2 1.52x10° 7.20x10° 4.65x10° 5.30x10*

3 1.52x108 1.20x10° 1.20x10° 2.08x10*

4 1.52x108 2.25x10° 6.40x10° 4.40x10*

5 1.52x10® 3.82x10° 3.52x10° 3.82x10*

6 1.52x10° 8.95x10’ 2.89x10’ 6.30x10°
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nsudnanslalasieaaindsdalng Tneds
250 n¥usetNdY 1 403 Tigaungdl 80° 1Hunan 30
Wi dwhiiadaldnanfuaisuealnangdniu

IR 1:1, 12 wae 1:3 lnemsiinnusaun 800 Tna

Wuan 1 uil wuINeasIdIuimuIzausnon1sii

\wa Ao 1:1 vlbiinealaffgaunzausoinluld

Tunsindevanslelasiealnemaiaeuuntgadu
W 991N153 118 ANE LY a* way b* ANdUed
$msdniimanzay 1:1 AWy 21.750£1.100,
2.477+0.565 wag 7.813+1.272 (Table 4)

Figure 2 Evaluation of the optimal maltodextrin concentration for hydrogel production

from corncob
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Table 4 Color measurement values of corncob samples and corn extract

Sample

Color analysis values (mean+SD)

L*

Corn starch extract
1:1 maltodextrin
1:2 maltodextrin

1:3 maltodextrin

22.177+1.431
21.750+1.100
22.107+1.381
21.233+1.222

a* b* Ae
2.267+1.434 7.957+1.832 12.037+1.431
2.477+0.565 7.813+1.272 13.120+1.715
2.253+0.660 6.943+1.023 14.087+1.644
2.867+0.617 7.900+1.000 12.690+1.558

n153tAs1elaseasieluianande  Scanning
Electron Microscope (SEM)
devimsfnundnuvauslasiailuanaves
Wogrud ouuafidslunisdainzuutanianag
1AeN15dINA 099aNIIABLANATOURUUE BN 31
(Scanning Electron Microscope: SEM) Iug‘ULL‘U‘U
Lifnsimdevaisnudnuasvedlassairadugngu
yliAansunnldiediefienudy uaznisiadou
aslelasiaavuiandanarsazyielu eanns
Janddogansuuudn q a1nnisindevdulalnsiea

fnssuaindsdninad fd1uiiinainlaseaiig
nofiNeiaNsITuYIA laun waglaa tediwaglaa
wazAniiu Fadulassadanudanvae it gnguuazis
Furlld dawavilinisunsvesiuazansoongns
gnuauylialsgnuaseeanuneg19dl q uag
sevles uasfiddynisndovansialnsaiinalnnis
JanUdosresans iannduruesiidnglassadhs
lalasavinlinesds uasavesinseaululas-uily

danalansaoy q LWNTRONUININAINAUILUY

WAZYUIAINTUVBINGA TN

Figure 3 Structure of pelletized biological products; (A) pelletized biological product without

hydrogel coating and (B) pelletized biological product with hydrogel coating
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ASNAFUNTSLRYEA1BNISTINN
A1INAABUNITYDURANYVDINANA T @S
AU LAgYIINISNAABUIIUIY 2 WUUAIEAY AB
msnadeunstesaaeluii uaznsegeUNsYee
aanoluguuuunisilsiu wuinansdidueiidnng
wwasuastalasiaaanndsdalnadAiuaiuise
Tunsdesaanelutifuszezia 1 §Uai waznns
nagounsgevaanvlufultszognatusennu 3-4
o wazdlevhnisssuiiisuiuanstadmeiaills
mswdevansialaswaiievhnismeaeunseesluh

a ' I a dl‘ o
WNANISURYARNELUUITTEZIAT 2 U LALLUBYINNIG

naasunsgesaanglufuinnuauisalunisgesla
2 Ju (Table 5)

nINegaUIgNISuIneHAAs el
N13NAAaUBIYN1SAUTNBINER A 9T V03
fegrsanstifausisadialuguuvuiifininndovans
lalaswanndadilne wdndeiasdafasindnig
wiovaslelaswanininndu uavsAnsasiansTasi
fliifinsiedevanslalasiaanuin ognisiiuinm
nanAuaidszeznandu 6 Wou 10 Tu uaz 7 Ju

AUaIAU (Tableb)

Table 5 Degradation test results of pelletized biological products and shelf life test results

of pelletized biological products

Sample Degradation time Shelf life
in water in soil
Biological product coated with corncob More than More than More than
hydrogel 1 week 3-4 months 6 months
Biological product coated with hydrogel 21 hours 7 day 10 day
from distilled water
Biological product without hydrogel coating 2 mins 2 day 7 day
N1SNAFDUAITNEANAIN 35lNan1TINY

NAADUAITANA19Na ¥ Organochlorine,
Organophosphate, Pyrethroid kag Carbamate lng
15 In-house based on QUEChERS waginaiia GC-
FPD, GC/p-ECD, LC-MS m1ud1au SIURIn1Inadau
lanignn Arsenic, Cadmium, Lead way Mercury
M1U7T 5 Manual for Organic Fertilizer Analysis
(APSRDO, DOA:4/2551) lal ff nsuwd euvesans

ANANIAINET?

nIiALIENTI N TdndnNAY TR LnEe
flamnamainuns 1wy Tidesanisuazdadinlng
wauie Bacillus subtilis asluagdadindoldu
1130399838 (immobilization) luluw3nduesuds
(Bashan et al., 2024) uazn1siAd ouanstalasiaa
ndedilnalugvuuuieunadgiadu azagluns
ann1sUanlassvesdunsd Jasdunisdesaaiey
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snwendadifarilusssund esananslalas
warndainlnadunedmedssmumatiannsaain
Tassieaudia Samaudinisnesdadodudady
waziilassasegnguszavlulas-uily ildAanis

AIUALNTTUNTTN BONELAY WazaseITIANg
Wadadmel danavinligisannisgesaansiia
lusssund uavarupunIsUanUaseanstidoeiluly
iuaudndusafia (Mikhailidi et al., 2024) g
wuideuuadiFuanunsaseadinuuTandena ils
wide 3 ey iflesnayianudeiomsninnuas

aanandudandnluwaglaa Midulsenaudie

waglaa wilwaglaa uazdnidy Falgngy waviul

Y 9
a

Arge vilid astonisshmeiidutandanans Fud
AUNUZAUFDNITEAINIY haziNafon158nI1500
“Uaﬂl,%yaqﬁuwﬁf (Cruz-Barrera et al., 2025)
aenndesiuuiteues Phiromatan et al. (2013) 7
Anwin1330aTInve3 Azotobacter vinelandii NDD-
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1ngat1alne Tunesnin wagiasiiia lnenuinin
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(6.41 log cfu/g) %1 Parveen et al. (2023) Anwinns
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Prgdainie (Wded1191 Yuw1d weanariu) Tu
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nsdanaosansdafueflaidu munaideves

Skrzypczak et al. (2022) %QI%LLﬂﬂsgalaImwaLLuu
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Development of Spirulina-based Diet for the Commercial Nursery Culture

of Rice-field Crab (Sayamia germaini)
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This study aimed to develop a Spirulina-based feed formula for commercial nursery culture of
rice field crab (Sayamia germaini) by evaluating the growth performance, cost, and economic return of
different feeding treatments. The experiment was conducted using a Completely Randomized Design
(CRD) with four treatments and three replications each, as follows: T, pellet feed (PF, Control); T, pellet
feed+2% Spirulina powder (PFPS2%); T, pellet feed+5% Spirulina powder (PFPS5%); and T, pellet
feed+8% Spirulina powder (PFPS8%). Crab juveniles were reared in circular cement ponds lined with
plastic sheets, with a pond area of 0.79 m?/pond. Feeding and water quality were controlled regularly.
The initial average body weight was 0.007+0.0001 ¢/ crab. The juveniles were stocked at a density of
158 crabs/pond (200 crabs/m?) and fed daily at 10% of body weight. Growth and water quality data
were collected every 30 days for 90 days. The results showed that growth rate, weight gain rate, specific
growth rate, and survival rate in T, and T5 were significantly higher than in T, and T, (p<0.05). However,
the feed conversion ratio of T, at 0.470+0.013 was significantly better than that of Ts;, T,, and Ty,
respectively (p<0.05). Regarding costs, T; exhibited the lowest value at 191.22+1.50 THB/m2. However,
T yielded the highest return of 155.74+0.87 THB/m?, which was significantly higher than the other

treatments (p<0.05). Water quality parameters in all treatments were within the acceptable range for
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aquaculture. It was concluded that diets supplemented with 5 and 8% Spirulina powder significantly

enhanced the growth performance of rice field crab. Furthermore, the 5% Spirulina inclusion level

provided the highest economic return.

Keywords: economic return, growth performance, nursing, rice field crab, Spirulina
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Y
a

waztnededvuinlndiAeiu wendllnunng 13
waakdy Tinandngedie 450 nn./ls uavylesu

X v = = = Y]
iﬁﬂngaqﬂqiLaUﬂiwaanLmaLU?UULWUUﬂUﬁ@ﬂ?UQN

faiu puzdAfedhidumaiangnsems
dnsaguainamsiealugdundandyg dmsuns
oyu1ayun Wi e TiAsIEvIUT oI BusasIANg
WIYHULR AUNU UATNARDULNULTLATYENA Lag
YU UNITHARYUIAAIN AIUNINTFIUAITY
Uaonfemni01ms wazinuasdun3d eladuaing
dnenmlunisusznaverdnliudinunans wiousi
snszduyan Mg nInsiiaisldaniiznis
Wasuwasanmgiiennia shlugnisiauinianis

Uszaaagnedatiy
4 ad
aunIULAZISNT

1. 15LATEUUBYIAADY LAZNITITILANUNTT
neaes Wuadwudnauynarainluvasengnd ey
H1uAudnanave 1 1ns svsutdn 10 wu. Usuns
vnluue 7.85 dns/o waziiuiivennasawiriu 0.79
AsaL/Ue 1w 12 Ue wasflssuutenseni 1 Ue usiay
Yassuutd suseiuita 12 Us ld@vie PVC aun
Gurinugugnans 1 4 Wuilaudeulignyunlutaen
anATIU warszuulemsonlud @ (Figure 1a)
d1gnyuieny 7 Tu 1t 0.007+0.0001 n3u/eA
(Figure 1b) vésmniivaaannviesusi TaeUasegnyun
asvennassfiwIealy ludusinisuaey 158 fa/us
visasovnefiui 200 /A3, (Atsasan et al., 2023)
i1 4 gananaaeslionaaiuduih () uaglv
9IMINANUNYNYUINTULNUNITNAGBY 1A8INT
WHUNIIVNAaBILUUA unasn (Completely
Randomized Design: CRD) il 4 ¥an15naaes  ag 3
g szEvamITInass 90 Ju fil

YANINARDIN 1 BYUIAYIFILENTENT
wanalusiunng 0 Wosidus Sauleutinanth (pellet
feed (PF, control)) TUsAu 35%
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YANINARDIN 2 BLUIAYLIAILEATOIMNS
wavalUsaunm 2 Weddud sndinelinauh (pellet
feed + 2% powder Spirulina: 2% PFPS) TUsh1 35%

YANI5NARBIT 3 BYUIAYUIBENTOIMT
naualusauing 5 Weddud Saulardaau (pellet
feed + 5% powder Spirulina: 5% PFPS) TUsAu 35%

YANITNARBIN 4 DLUIAYUIWNEEATEMIS
nanalUAUIRg 8 Woedidud Snidavinanth (pellet
feed + 8% powder Spirulina: 8% PFPS) TUsAu 35%

2. MIATPURIMNS BUUIRgNYUIBIY 7

Fu wdaniingaainviesws dduneuninmion
03 fail

21 wngAseinealuzat luted s

LUV raceway ponds (Promya, 2019) LAUKANAR

Tugvamsean drluainuwiauans (59A19 U

amealugiuimg 350 UIm/nn. $1A1V1E 600 YN/

nn.) waztalU AU ININAN TN LUK UNTVIAADS

Tol 1 uagonsilaurauvasingau (Table 1)

Table 1 Dietary composition of the four experimental groups

Ingredients T,

(PF, control)

T, T, Ty
(2% PFPS) (5% PFPS) (8% PFPS)

Fish meal (%) 24 21 21 20
Soybean meal (%) 23 23 24 22
Peanut meal (%) 23 23 19 19
Rice polish (%) 14 14 14 14
Broken rice (%) 14 15 15 15
Spirulina powder (%) - 2 5 8
Vitamins and minerals (%) 2 2 2 2
Total (%) 100 100 100 100

2.2 thauranvesingauluewnsne 4 ¢a
maveaaes lude 2.1 ludadevlinemsidaag aun

dndurugugnansUszana 0.1-0.2 uw. (Figure 1c)

11911157 9na 17 1AL ANAINI0INIT WaY

AUYUIIANEIMTAINET LaNaN1SIATI9 (Table 2)

wazihlvoyuragnylunisidestely

154



Journal of Agricultural Research and Extension 43(3): 151-163

Table 2 Nutritional value and prices of each feed formula

Nutritional value T, T, Ts Ty

(PF, control) (2% PFPS) (5% PFPS) (8% PFPS)
Moisture (%) 9.07+0.03° 9.06+0.06 ° 9.10+0.01° 9.18+0.02°
Ash (%) 12.34+0.01 ™ 12.40+0.02 " 12.36+0.03 "™ 12.22+0.02"
Protein (%) 35.02+0.01" 35.06+0.01"° 35.10+0.04" 35.20+0.05"
Fat (%) 6.27+0.00° 6.60+0.00° 6.33+0.01° 6.20+0.02°
Fiber (%) 6.42+0.01° 6.31+0.02° 6.43+0.04° 6.46+0.05°
Carbohydrate (%) 30.88+0.01™ 30.57+0.02" 30.68+0.04™ 30.74+0.06"
Energy (kcal/kg) 2,886.56+50™ 2,851.75+30™  2,766.75+60"™  2,720.65+60™
Calcium (%) 1.27+0.01¢ 3.10+0.02° 6.12+0.04° 9.03+0.04°
Phycocyanin (mg/g) 0.05+0.01°¢ 0.32+0.01¢ 0.40+0.01° 0.52+0.01°
Feed prices (THB/kg) 26.30+0.01¢ 30.10+0.01¢ 40.20+0.01° 50.10+0.01°

Mean=SE followed by different english letters horizontally indicate statistical difference at (p<0.05).

3. MIARAINUTEANS NINVDI01MITIUNTS
oyunagnyun S8mdidunmavaaes dail
3.1 luvenaasdsyuiagnyul dsyuuus
nseehn 1 Us uazidousouonnass sie 12 Us i
InUennassnnsesiuszuvlutensesidingn
wariinswasudieiiludennass drssvuuonses
Umne1ing warfinsinauaua g g
AroendLauaraeun (DO) 1Wunn3n 3 un/ans
Agangivosinegsening 23-30° Araandu

n3A-A19 (pH) 88581314 7.2-8.5 wavuauluie-

Tulnsiau Wikndn 0.05 un/ans laemsaaiayniu
(Department of Fisheries, 2021)

3.2 M3WiomNIgNYW Wiazyansnaaes
TH1ed0sliemssnlusia vunnussy 200 N3N Fans
IﬁmmsqﬂQuﬂumu’i%’m%ﬁ Temsludns 10
Wesidus Ahweing/u (Department of Fisheries,
2021) Tnedanaildenns 12 $aluvie uazdvun
W89 feed 919115 103 0slFa 5o RluR Thowns
feed 16 0.20 n3u/gny 158 #/ie Tu 1 Yu Ifemns
2 ila
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(@) (b)

Figure 1

3.3 fivdoyanisasgiulavesgnyun
M1U35U09 Goddard (1996) augnyuiengasu 90 Ju
(Figure 1d) Inanisiiudayanisaiauivladanad
finnsdsdaingnyun vn 30 Tu Tasnisgugnyun
30 WesuR/an i ensududnd i udu udam
Aade udoyaludsafiuAdnsmaasqivle
(growth rate) VAl ud u (weight gain) 9931115
W3gLAUlnI W (specific growth rate) §m51115500
(survival rate) 8 951019 wanid (feed conversion
ratio) kAEAUYL/HANBULNUNITOYUIRANYUINLTS
489 Chucheep (2001) Sswazidundiail
Bty (Weight Gain: WG) n3u/51
= ﬁmﬁfﬂl,ﬁa??uemmsmam ~dwmindleBummaes

a1t aAulnanedu (Average Diary Growth:
ADG) n¥u/a7/7u

= Umindleduaanmveaes — Wviindlasinsvaaes

W TUTNAADS

dnsInsaseAulndLNIg (Specific Growth Rate:
SGR) Westdud/Tu

SGR = (In Uwmidnaaving - In Wntinisuaw) X 100

TLYLLIANITINAEDY

(d)

(a) rice field crab nursery ponds, (b) 7-day-old rice field crab, (c) rice field crab nursery

and (d) feed and 90-day-old rice field crab

g031n1559m778 (Survival Rate: SR) LUasidud

= IUAUGANTIAGBS X 100

FIUIULDLSUNITNARDY

dm1Nswaniila (Feed Conversion Rate: FCR)

= U1vine sty

thvinfdiu

AUNU hagHanauwny lun1seyuIagny
Funuazuyoen 2 d9u leun 1) Fununasil Ane
dousmvesduninglunsamuisunsnazyintiu 5
U 2) sunuiuuds wagselaannisdiminegnyun
lananauuwnulun1soyu1agnyul NanauLunse
mlstuniseuuayuianansadiulann seldsiu
Tun1seyuiagnyun Winsnefuyusn (Funuead +
Aunuiuiys) lunmseyuiagnyun sxlananauuny
wsemlslunisenutagnyin

N133ATIYINeaRA Uleyalunsazynnis
NAADY UITLATIENNIAIAIIUUANG 19N19aT A Lag
NINABUATINLUTUTIULUUNGAET (One-way
Analysis of Variance; One-way ANOVA) L& ¥
WS BULWT BUAIINUANG 19983A NAE 853N
YANIINAABININITVBY Tukey’s HSD multiple
comparisons test fiszfuAILTasiu (p<0.05) §ae
TWsunsudnsagy
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NAN1599¢

nssivlalussezniseyuIagnyun
druiniade (average weight; N31/67) 270

nsliavtnied sveagnyun 13 udusis 4 gang

NAABs 1Y 0.007+0.0001 n3u/ia uazmin

wie Tutuil 90 YBINTOUVR WU Ty, T Uag T,
M IAU 6.750+0.050,6.500+0.050 Lay
6.127+0.025 ASU/A7 MUAIRU Lay Ty, Ts wag T,
Iy T A1uuane 19aN19d8 @ Lau1InnI 1 T,
(5.103+0.021 NTu/67) e 19l dd A yN19adf
(p<0.05) (Figure 2)

Average weight (g/crab)

10.000

8.000
6.000
4.000
2.000
0.000

T

6.750

6500 f 6.127

5.103

7 -
-2.000 (g/éLab) (g/éab)

-4.000 0day

(g/crab) (g/crab)

30day———
=== T] Pellet feed (PF; control)
T3 PF+powder Spi.5% (PFPS5%)

60 day
T2 PF+powder Spi.2% (PFPS2%)
T4 PF+powder Spi.8% (PFPS8%)

90-day

Figure 2 Average weight (g/crab) of rice field crab four treatments for 90-day nursery period

035115493 gLAule (average diary growth)
YBIgAYWT WU T, uae T, Wi 0.075+0.001 uae
0.074+0.001 n33/72/Yu §as1undni LA uTu
(weight gain) T, kag T5 v1AYU 6.740+0.050 Lay
6.490+0.050 N5U/A7 §0I1N156A3YLAUTAT WY
(specific growth rate) T, k@ T5M1AU 7.520+0.010
way 7.480+0.010 LUasIduM/TU LaLdnIINITIEN
(survival rate) T Wag T, 717U 59.00+1.00 uag

55.00+1.15 Wodldud Fednsnisasaydvla §ns
droninlind NFINITRIYRUINT NI LazdnT)
N15500A T, Way T WAANNLANA1INai@ we
WA T, ke T, 9819UEdAYNI9Eta (0<0.05)
d2ugn31n1suanid o (feed conversion rate) T,
WINAY 0.470+0.013 AN31 Ts, T, Wae T, AINE1AU

o w

p819tsdAYN19EnRA (0<0.05) 9 Table 3
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Table 3 Growth of rice field crab nursery four treatments for 90-days

Treatment Average diary Weight gain Specific growth Survival rate Feed
growth rate conversion rate
(g/crab/day) (g/crab) (%/day) (%)
T, (PF, Control) 0.057+0.001° 5.093+0.021° 7.240+0.000° 43.33+2.10° 0.670+0.016°
T, (PFPS2%) 0.068+0.000° 6.117+0.025° 7.373+0.042° 51.67+1.80° 0.530+0.015°
T, (PFPS5%) 0.074+0.001° 6.490+0.050° 7.480+0.010° 59.00+2.30°° 0.530+0.014"
T, (PFPS8%) 0.075£0.001®  6.740+0.050°  7.520+0.010° 55.00+1.15 0.470+0.013"

Mean=SE in a same column followed by the different letters are significantly difference by LSD (p<0.05).

dunuuaznanauunulunIsayuIagnyun
AunuluniseyuIagnyun ekUINITUTENIUNIS
penidu 2 daudes leun Funulunisasmuiiuusn
udumuaad uazduyulunisddunseyuiayun
Duduruiuuds lnglunisdszananisduyuasiinng
szeaalun1seuuIa Yur isimfiasantuns
AMuMFUNY RasnsrezaIMITeLUIa 90 Tu 3
équum‘ﬁ (fixed costs) Uszmmmiwﬁugm Andey
evesduninglunisasmui uusnazindy 57
Suyuas (UW/ma) 1 4 ganisneans darlsadou

ANRARITEUVUN ARAGasTUUAY ARRRIszuUla

9113 warAgUAsaifildlunseyutayun lenasam
yosfunuasi Tu T, Ay 83.90£0.50 UW/n5.4l.
AN Ts, T, oy T, og9ldudAgneaia (0<0.05)
wagAWUALUS (variable costs) i 4 YANITNADDY
fAusanu @i lekasiusunuiuuds Tu T,
Wiy 96.11+1.60 VIN/AS.A. #1A30 T, T, uaz T,
ag 19l dud1Agyn19ad@ (p<0.05) waglanunus
(total cost) 79 4 gan1snAans lu T, w1fy
191.22+1.50 UIN/A5.41. A0 Ty, Ty was T, oe19dl

Y

DEGRNR

[

YN19EnA (p<0.05) 64 (Table 4)

Table 4 Estimated total cost for nursing rice field crab for 90 day (THB/m?)

T, (2% PFPS)

T5 (5% PFPS) T, (8% PFPS)

Lists T, (PF, Control)
1) Fixed costs (THB/m?) 95.40+2.60°
2) Variable costs (THB/m?) 96.11+1.40°

bc

89.96+2.30" 87.15+1.90 83.90+0.50°

106.11+1.60° 111.11+1.40° 116.11+1.30°

Total cost (THB/m?2) 191.22+1.50°

196.07+1.00° 198.26+1.10° 200.11+1.25°

Mean=SE followed by different english letters horizontally indicate statistical difference at (p<0.05).
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sgldannisayuiagnyun Tunisuseunmn
ns5ela dnsiszegnatluniseyuia wagdns
M38A SreEIaINIsaRIa 90 Tu ladwregnyun
e 4 yan1svaaes lusan 3 v/ vilidaeld
M sTmtegnyun Tu T, Wiy 279.66+1.56
UIN/U (0.79 75.4.) 11nnN30 Ty, T, wag T, 08198

WodAgyn19ada (p<0.05) wazamisaurluaiuia
518l 31nN1TeURLIANYL somiaefudl 1 3.,
WUQ T3 11NAU 354.00+1.97 UIW/A5.4. 11N Ty,
T, wag T, 98 WAUYEAYN19@0 A (p<0.05) f19
Table 5

Table 5 Estimated revenue for nursing rice field crab for 90 day (THB/m?)

Lists T, (PF, Control) T, (2% PFPS) T; (5% PFPS) T, (8% PFPS)
1) Selling price (THB/crab) 3 3 3 3
2) Rice-field crab sales revenue 205.38+1.85d 244.62+2.10c 279.66+1.56a 260.70+2.20b
(THB/pond area 0.79 m?)
3) Income from juvenile crab 259.98+2.34d 310.02+2.66C 354.00+1.97a 330.00+2.78b

sales per unit area (THB/m?)

Mean=SE followed by different english letters horizontally indicate statistical difference at (p<0.05).

nanauunulun1sayulagnyun viserls
lunseyutayun seezian 90 u anunsaduinla

Mnselasaminmesunusidluniseyuiayun azla

nanauwnuysenils Tu T, Wiy 155.74+0.87 v/

o w

M3.4. 01NN Ty, T, WaeT, 88 190Usd1AYN19EDA
(p<0.05) 9131 Table 6

Table 6 Returns or profit for nursing rice field crab for 90 day (THB/m?)

Lists T, (PF, Control)

T, (2% PFPS) T, (5% PFPS) T, (8% PFPS)

1) Income from juvenile crab 259.98+2.34d
sales per unit area (THB/m2)

2) Total cost (THB/m2) 191.22+1.50d

310.02+2.66¢ 354.00+1.97a 330.00+2.78b

196.07+1.00c 198.26+1.10b 200.11+1.25a

Returns or profit (THB/m?2) 68.74+0.84d

114.02+1.66c¢ 155.74+0.87a 129.89+1.53b

Mean=SE followed by different english letters horizontally indicate statistical difference at (p<0.05).

Qmmwﬁ"ﬂuu’aaqmaqn%m naon
SEEElIan 90 U ﬁﬂ'wqmugﬁﬁuaqugw GERPAZRRE
26.00+0.00-30.33+0.58 93ALgaLTud A1 pH ot
5¥1114 7.50+0.10-7.61+0.01 A1 DO 88 581

5.50+0.01-5.63+0.06 1N./8AT WagA1 NHs-N) o¢

5¥M719 0.021+0.001-0.031£0.001 un./&n5 39
gaungfivenit pH, DO uag NHxN Tutseyuiagnyun
i1 4 yansvaaeslifianuunneigegedtoddy
N9EDR
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32150iNAaN1598

NNATTYNITNAUIGATEINITOUUIAYUN
Mnawmsealusaundanded Wewssuifisuns
LO3QYLAULR NaRBUWNU LLaszmwﬁn luniseyuia
anyu maeAszeiaan 90 Yu fail

n1sas A ulavesn1sauuIag Ny ul
S28zIIN1INAADY 90 Tu UIniTnLed BueenIs
BUUTA Ty, Ts ko T, dA188 581319 6.127+0.025-
6.750+0.050 N51/87 11NN T, 8RFIN1TLA3QYLAULR
T, ez T5 tM1AU 0.075+0.001 tay 0.074+0.001
N$U/f2/7U waguInnINYAn1TNAAedd U 44970
HAaWITeianagnyun ddnsnisaseiauls Andd
NUITYed Pintasi et al. (2021) Tunseyuiagniyun
(Sayamia bangkokensis) aagamnsuasldalugain
Mg 5 1esidud d9msinisasydula 0.021+0.003
nsu//u ansldalusaundsluganuioudud
(freezed dried) hagn ﬁﬂmamﬂﬁﬁLMMWzamiuﬂﬁi
oyunadnfirfogou osmnawiwaluzaundoun
Enuazdendne leinsmaaestudaiiedasag o
wudiliasninaiyiulagedu uasu3uw
Funnzaulunsnaluemsdmiuideedaii e
nsasaAule T9UTunm 10-25 Wesidudlag
Sminuste (Nakamura, 1982)

Sasnmdni i udy T, way T, WU
6.740+0.050 way 6.490+0.050 NTU/A7 RTINS
WILAUlRTNIE T, way T, WinAY 7.520+0.010
wag 7.480+0.010 LUas 1 us /Tu u1nnI1gans
NRaDIs U uAsmsInasLantd o lu T, My
0.470£0.013 An1yANTMARDIBU §991n9 1358
Fanagnyun Seamuminddudy snanis
W3LAUlAI NI LardnsInsuaniie Andnnudde

Y04 Pintasiri et al. (2021) lun1sauu1agnyul

(Sayamia bangkokensis) @ 1691M1SHANEINT 18
015ls5alUsme 5 Wesidud Sensmiiniliiuty
1.290+0.201 AFU/A7 §MI1N1TLATYLAUIRT LN
2.150+0.335 wWasifus/Tu uazdnsnnisuaniiie
0.9200+0.2007 uavn1sMIAABIASad fInTIN1350R
T, Way T, M1AvU 59.00+1.00 way 55.00+1.15
Wesidud innniyanismaaeddu d991nnaauide
Aana1Ignyuddnsinissen Andn9uideves Tian
and Chaoshu (2022) lun1seyuiagnynelaaisany
(Camposcia retusa) #8015 msidusda8ou
9157 Tudnsn 10 /888805 MaoATINITHAILN
Meau wvilignynziamenuiidnsisen wiiu 13
Woedidud delunisimisid sayun lddseay
Audnsa wardfulddvy Wiryapattanasub
et al. (2020) nd1vi1 n1sidenldemisiuniseyuna
gnyun ATlUsAUlue I SHAY 35-40 Wosidud 3
Wesduslsiu Tuomslndifesiumsnnassadsil
yhlansnsaiiusanauussansnmnsTilusiugs
liens1n11sea Uszansnmnisasgauled 210
N1911AAB9UBY Apaisri (2019) TaTinsiaiuannse
915lesalusng 5-10 wWosidud Tugnsenms vili
psHausInana dlusiuluems 35 Wesidus lu

'3

NTEUIUNTNANDIMITLIANAADS L?;umgmawv‘v“uq
MunanYs nan1snaaewiliduniaiueninsenes
dhminiiatu FRTINTLATYAUINT NN 1AZERT
Mss0RRNINYANITMAGRIdY

AUNULAZNAABULNY Tun1saLUIagnyun
MADATEEZLIAT 90 TU NUIIAUNUTINVBINITOUUNA
Yunlu T, Wiy 191.22+1.50 vn/ns.a. And1ya
mMsvaaesdu MneIddna dfuyuAniy dunu
nsiesimeanunsnsiidesysiludminusina
TANNIAY 433.28 UIN/A9.4. WASNAADULNIUNIO

nlsluniseyuiadur wudn lu T,y
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155.74+0.87 UW/AT.4. 1INNI1YANITNAADIDY
PMANANUITBAING T T; laNanauLnunsanils
fini inwesnsfidssydludminunsna Tadls
gnd 141.72 uw/as.a. (Thaiburi et al., 2020)
Aannunluyseuuiagnyul aaen
srowiaan 90 Tu wul Aguvnivesi egseming
26.00+0.00-30.33+0.58 94ALYALTud A1 pH ot
5¥1114 7.5040.10-7.61+0.01 A1 DO 8 581114
5.50+0.01-5.63+0.06 un./8M5 ULazA1 NH;-N ¢
55319 0.02120.001-0.03120.001 un./AAS T9An
gavgive3u pH uazA1 NHAN 9913910009
fanana InalAesiun1snaaeues Kaewpraju et al.
(2023)ﬁqqu‘ﬁmaqu%waq'izm'w 29.33£0.91-
30.33+0.58 aarniwalfea pH 0gj5eming 7.50+0.10-
8.13+0.01 uay NHs-N 88'5¥1314 0.031+0.001-
0.051x0.001 un./an5 uazlndlAseaiuauideves
Thapprangsi et al. (2013) ﬂ'ﬂﬂmmwﬂéﬁ‘ﬁ'mmgau
sensiasaiulnvesdniiin wu Usinauenluie
|8 819117U 0.044£0.032 un./Ans TaA1AmAIN
Tuveouuiagnyur nn1s3dsluadadegluinosi
ey TUTeIMIIsAsdn il dafie pH oy
21119 6.5-9 A1 DO lalsngn 5 un/Ans waz NHxN
l3itAiy 0.05 Un./ans (Boyd and Tucker, 1992)

#3UNan153Y

NSRAUIENTIMITOUUIAYUIAINANTY
alusdundanidivd masnszeziind 90 Tu WUl
ihntniedsvesgnyun Ald¥uormanaualuauing
8, 5 waz 2 WWesidus ffA1egszning 6.127+0.025-
6.750+0.050 NTU/F3 11nNN31 0 Wasidud (¥m
ruAN) Widhsnsaiauivle Saamindniduty
gMIINTATYLAUINTINIE UazdnIINITTON gns
awnsnavaluzaume 8 uaz 5 wWesdud unningns

2

g snaNaluzauIng 2 Wesidusd uay 0 Wesidud

(gaAuAL) d1udnsnisuanide qrso vk
adlugduine 8 Wosidud windu 0.470+0.013 fin
gasemsnanalusdume 5, 2 wag 0 wWesidud (Yn
AIUAN) AIUAUNUNITOUUIAYUT dRTRIMITHANE
TUg8un 0 Wesidud (¥naruaw) Wiy 191.22+1.50
UIN/ATA. ANIIYANITNARBID U LATNANDULIY
gnsomnswanalusauine 5 Wesidud wiriu 155.74
UW/A3.. NNNTYANTNIAABIBY KazAMNIINDY
Tuinasiuasgiuresnmsmzdssdaduiiialy an
n1naagsasulain msldemsnanalusduins
5 uag 8 Wosius Yreduasunisasyivinees
aniulad dauemsuaualusduing 5 wWesidud

TANARDUWIUMNLATEFAE
AnAnssuUsznA

YBYBUA, U WA VAU UI1UY AT
(Fundamental Fund) UsganUsuuseunn w.A. 2568
NFIUNNUANENTIUNTAUATUINYIAERT 198
WazUINNIIN (@ndd.) d@1nIteuazdasuivinis
N13LNEAT W Ine1deudly §ITeveveunn AL
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Effects of Egg Replacement with Soy Protein on the Quality Characteristics
of Thai Custard Dessert
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Plant-based proteins are alternative protein sources that have gained widespread attention and
popularity recently, especially among consumers who avoid consuming meat and animal-derived
products and health-conscious consumers. This research aimed to study the efficiency of three different
protein coagulants in precipitating soy protein to obtain an appropriate soy protein curd for the
development of Thai custard with soy protein. The physical and chemical properties were analyzed,
and the sensory evaluation was conducted using a 9-point hedonic scale. The results showed that
calcium sulfate produced the highest amount of soy protein yield and provided desirable curd
characteristics. Formula 1, containing duck eggs, coconut milk, and palm sugar, was selected as the
appropriate formula. It received the highest scores (p<0.05) and had the lowest production cost. The
effect of replacing duck eggs with an appropriate amount of soy protein in Thai custard was investigated.
The results showed that increasing levels of soy protein resulted in increased moisture content,
hardness, and lightness (L*) values. Thai custard in which duck eggs were replaced with 1,200 g of soy

protein showed high sensory scores in all attributes (p<0.05), with mean values of 6.94, 7.02, 6.98, 6.06,
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6.82, and 6.98, respectively. Furthermore, consumer acceptance of Thai custard prepared using
commercial soy protein (tofu) compared to that prepared using self-produced soy protein was studied.
It was found that Thai custard containing self-produced soy protein curd exhibited significantly higher
lightness (L¥), firmness, and overall liking (p<0.05) than Thai custard containing commercial soy protein.
These findings indicate the feasibility of developing Thai alternative traditional desserts by replacing

eggs with soy protein, which is not only enhances the nutritional value of Thai desserts but also provides

a new option for consumers.

Keywords: alternative proteins, nutritional value, protein precipitation, soybean, Thai custard dessert
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Table 1 The ingredients of basic Thai custards

Ingredients Formula 1 Formula 2 Formula 3

Duck egg () 400 440 440
Coconut milk (g) 305 500 375
Palm sugar (g) 290 - 200
Coconut sugar (g) - 505 -
Rice flour (g) - - 2

167



Journal of Agricultural Research and Extension 43(3): 164-181

nsAneUsunalusiiugamdasdiunzaulunis
nAnvuImdawnlUsAudnEas
aznoulUsiuiildandandes drunlddu
drunaulunisudnvuumiawnanaununisidlalna
mudumeulunsnanvumonnsnu3inisludadu
Womusunalusiudmdosiimnslunisudavuy
wifounslusfiudamdes TnowUsuSinamzneulusiu
fwdeadu 5 sedu Tdud 0 (@msrunw), 400, 800,
1,200 wag 1,600 NSy drvuumsounsiinanlaly
AATIEANNAUNINNEANUAUTETUANAINNNY
Uszammduda vt on1usuaslusfud 10md 09

PunnadluruuriawnalusAunL e e

N1TAATIZRAMNTNYDINAAN I

1) SaUSinamanandily sdunisnuitves
Katsuwan and Banjong (2018) Taoni59 9 1uiln
yuuns own i naud Ty sutn llauwaziindn
anvhevosvumiaunsiilingeey thameafosay
NanARTLe

2) Sy Adunisauia AOAC (2016)
Tnedadagrsvuansionns Usuna 3 ndu asludoe
drfUmANT Y (moisture can) insiutmin
wiueau ULY1e suaus ey (Binder, Germany) i
guvindl 105:2° unsevtaldiminuisasdt wly
U fesazUSinamuTy

3) Yan 1@ A2e1a5 09¥Ad U CR-400
(Minolta, Japan) Tusguu CIE L*, a*, b* lng L* Lans
far1Amadng dAneglugae 0-100 F9A 0 Muneds
da1 wagA 100 18 @913 A1 a* LARSDY duns-
WWea g +a* Buede dune —a* nu1edy d10en
LavAn b* wanade d1udes-uiu Tagaa +b*
wanefe AEes wazAn —b* e AUnGu wiey
feg19ruLnd ounalaaAnvuNut aLnlAdvuIa
ashane s uiinisTaAnd L¥, a*, b* uSnafia

ANUUDNVBIVUNNL DLNILUATLAL 9T LANA 191U

$1uu 3 garenilafiegne uddsiavusmiiounsm
wwanadiolfiumings wazvinisiaadusiou
oduluvesvuumionndieisifeady (Pramai
et al., 2025)

4) Msheseaiiileduda sdunisniuds
299 Wirivutthikorn (2020) waziin1saaulasunsdiu
Fouil eduiavosvuuniouninioia3 o Texture
analyzer (TX.XTPlusC, stable micro systems) g
ldianauuunsagnuea (ball probe P/5) Uiy
HIUANENaNY 5 U3 NASIUURAI0E19 40% Y89ANY
gadud 1031157 1.70 w./3uf srearuian

wiuLie (firmness) Wuniie il

N1UTZEUAMAINNIUSEEMNANEE

v @

N5UTELUAMAINNIIUTEANTUNAVDIVUY
wifauna Usznause dnwaizusng & ndu savid
doduda wazauveulaeiu daeisnsliaeuuy
AMUTEUT 9 Sz (9-point hedonic scale) Tagli
ATLULANYOURINATEAY 1 vanefs Tureuunn
fign auflasedu 9 munefia vouuIniign (Pramai
et al., 2025) Wsjf‘mmaauﬁ}aiﬂﬁllﬁiﬁfumiﬂmJu
117U 50 AU Ao NAnduaignausaR ey 3
i wazddnlutsaiitu Tnensdnuildsu
n133usesatusssunTidelunyud taviluiuses

HE-007-2568

= s a (4 I3 4% =
ANYINITHOUTUNA AN U VUUNT awnalUsAY
A auUS UL BUTENI191USAUN LKA 89N19
) RN a o a o =1
n13A1 (16n1) AulUsAudImARTENTULES
ANYINISEBUSUNA NN U VUUNLI BN LUTAU
Dded IneSeueuTErnInansalusAua a4
1N19N15AUIUENY (AY) uaglusAudunies
mespudues luingAundnlunmsndavunniouns
wnun N5l g v anue TuuSuia 1,200 ndy

Pntuindaduaiflaluussidiugunimniauad

168



Journal of Agricultural Research and Extension 43(3): 164-181

N1EAIN warAuAINA 1uUszamdula lneld
Hvaaoun LA lilasunisilniu 91u3u 50 Ay
(Pramai et al., 2025)

nsAATIEVdayanIeEn

153784 vN1INAa0Y 3 41 N1TILATIZY
ABAINVNAATILAZNIEATN TUHUNITNABDIUUEY
a1y 50l (Completely Randomized Design: CRD)
wazUssliunun MU sTamaNRE 219uNUnI3
naaoswuua wluudenauysal (Randomized
Complete Block Design: RCBD) TLAS1EW A4
kUSUT3U (Analysis of Variance: ANOVA) ha g
Wisuiisuauwane13awad adae33 Duncan's
New Multiple Range Test (DMRT) Tunsnagauniny
WANFIIAMNINNINAT NIBATN LATAMNINNIAY
Uszamdudavesvuumsiounslusiudamies 2 ngu
f19819 A2875n15 Independent samples t-test
AszAuanud esiuil 95% daelusunsudiagy
N19@H SPSS (Version 16)

NAN1599¢

Uszansnnvasarsanaznaulusaiu
nsanazneulusfuaindundeddasldans
anaznaulusiyu 3 ¥la lawn waaldeudaineg
wuniifeudas waziaal@oumaslsa nuinnasly
A15NALNBUAISIRANY danalilauSununenouy

o w a

lUsAuaIndmvaeaunnaeiuegsluud Ay nIeanam

(p<0.05) Insuaatdendatna aunsannaznoulusiu
ndandedlddinitansddu  Feldnayssana
28 unii dnwurvemeneulusiudldfidnunzsing
wanslu Fisure 1 wudtmgneulusiuiiléddunieen
A3y eazduautiuuanilou weviindudwdowou 9
Fadotanandnd I wudngnaulusiudlia
USinaanniigafe 123.33 nSuthwilnanste 100 ¥y

LA A INA DILYY WAZAINNITANAENDULUSAU

'
[

= v a a U 1 al [
WdegkUNtdsugamn wuineenaulusaudu

dunazanaznoullifian lngldnaszana 15 und
fidnunzumnguesmeneulusAudundsaduden
Weduduneunazliidou dnausssuvfives
fmdendnifey tudnezneulusiuandamies
Algindu 96.48 nfutmynanse 100 n¥a WA
fundeuis dnsunmsanaznaulsiudindesie
wpalfeunanlss aunsannagnaulusiulaisina
wAalBsugae waginIuunili@endaina lagiian
Uszanal 23 U anwarUsIngresnznaulusiu
Sandeeiiladdens 1 oneu dauaziduanay
wiuiletesnimzneulusiuiildanuaadondamn
findusssuvAvesddesuiauEn Yinihezney
Wsfuandamaesdilgviiu 105.74 nfuhwdnan
fe 100 N3y WaadwEei fatu Seldidennzneu
TUsfud wundeed ldainnisldunadoudaun
desnnlduiinunanangeaauaridnudnuusie
aznoulusfudia dilufnwinisduusunalusiu
§undeeimuzanlunisudavuunownslusau

el

169



Journal of Agricultural Research and Extension 43(3): 164-181

A B
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Figure 1 The appearance of soy protein curd obtained by using; (A) calcium sulfate, (B) magnesium

sulfate and (C) calcium chloride
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Table 2 Physical and chemical properties of the basic Thai custards

Parameters Formula 1 Formula 2 Formula 3
Yield (%)™ 87.69+2.20 90.91+2.93 89.98+3.04
Moisture content (%) 42.85+1.37° 39.65+1.48° 47.80+1.53?
Color of surface of Thai custard

L* 57.12+0.92° 54.32+0.85° 61.51+0.36°

a* 13.86+0.81° 12.68+0.12° 14.52+1.00°

b* 13.15+0.59¢ 15.56+0.17° 18.37+0.20°
Color of inner of Thai custard

L* 62.58+0.60° 58.12+0.81¢ 68.68+0.66°

a* 9.38+0.33° 6.63+0.22° 8.90+0.43°

b* 16.18+0.48° 14.27+0.59° 16.37+0.64°
Firmness (N) 40.33+2.49¢ 46.20+2.08° 59.95+2.57°

abe Different superscript letters within the same row indicate significant differences (p<0.05); ns= not significantly different (p>0.05).
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Table 3 Sensory evaluation of the basic Thai custards

Attributes Formula 1 Formula 2 Formula 3
Appearance 7.40+0.95° 6.94+1.27° 7.20+1.28°
Color 7.42+1.20° 6.98+1.38° 7.56+1.152
Flavor 7.34+1.35° 6.82+1.77° 7.52+1.11°
Taste 7.64+1.17° 6.40+1.84° 7.36+1.38°
Texture 7.24+1.44° 6.66+1.69° 7.10+1.34%
Overall liking 7.86+0.99° 6.86+1.53° 7.50+1.23°

abe Different superscript letters within the same row indicate significant differences (p<0.05).

Formula 1

Formula 2

Formula 3

Figure 2 The appearance of the basic Thai custards
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Table 4 Physical and chemical properties of Thai custards replaced egg with soy protein

Parameters Formula 1 Formula 2 Formula 3 Formula 4 Formula 5
(Control) 400 g 800 g 1,200 g 1,600 g

Yield (%) 85.40+3.88°  79.90+2.90°  76.83+2.65°  71.22+2.18°  69.33+2.71¢
Moisture content (%)  46.28+1.33° 46.13+0.48°  47.44+128°  47.00+1.61°  52.67+1.70°
Color of sureface of Thai custard

L* 57.05+0.65% 70.86+1.01¢  71.04+0.81¢  74.65+0.80°  76.30+0.40°

a* 13.76+0.65%  7.38+0.67°  7.28+0.33°  6.69+0.18°  6.32+0.14°

b* 15.69+0.92% 11.53+0.23°  11.78+0.50°  10.41+0.23°  9.63+0.16°
Color of inner of Thai custard

L* 59.15+0.56°  69.39+0.41%  75.46+0.26°  76.81+0.22°  81.29+0.03°

a* 6.48+0.19°  6.14+0.09° 4.99+0.07¢ 4.78+0.09¢ 4.05+0.03°

b* 14.62+0.38%  12.53+0.16°  11.51+0.10°  11.58+0.14°  10.68+0.05°
Firmness (N) 42.77+2.33° 62842469  69.37+3.94°  7859+2.57° 126.31+3.77°

abe Different superscript letters within the same row indicate significant differences (p<0.05).
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Table 5 Sensory evaluation of Thai custard replaced egg with soy protein

Attributes Formula 1 Formula 2 Formula 3 Formula 4 Formula 5
Control 400 g 800 g 1,200 g 1,600 g
Appearance 7.40+0.90° 7.06+1.17%° 7.02+1.04%° 6.94+1.17% 6.86+0.99°
Color 7.50+1.31° 6.80+1.25° 7.00+1.16% 7.02+1.30% 5.52+1.64°
Flavor 7.64+1.26° 6.68+1.35° 6.60+1.14° 6.98+1.13° 5.42+1.73°
Taste 7.56+1.75° 5.72+1.87> 5.82+1.44 6.06+1.28° 5.52+1.60>
Texture 7.34+1.56° 6.28+1.29° 6.32+1.19° 6.82+1.10%° 5.54+1.85°
Overall liking 7.42+1.18° 6.66+1.42° 6.90+0.93° 6.98+1.22% 5.76+1.49°

ab< Different superscript letters within the same row indicate significant differences (p<0.05).

Formula 2

Formula 1

Formula 3

B e i

Formula 4 Formula 5

Figure 3 The appearance of the basic Thai custard replaced egg with different content of soy protein
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Table 6 Physical and chemical properties of Thai custards replaced egg with soy protein

Parameters Thai custard with soy protein curd  Thai custard with Tofu
Yield (%) 72.22+2.56° 80.73+2.16°
Moisture content (%) 48.68+1.53° 52.17+1.43°
Color of sureface of Thai custard

L* 75.46+1.09° 70.61+1.12°

a* 7.01+0.13° 4.92+0.26°

b* 11.72+0.20° 22.48+0.71°
Color of inner of Thai custard

L* 77.48+0.72° 74.48+0.99°

a* 5.02+0.17° 2.70+0.17°

b* 12.61+0.31° 24.07+0.89°
Firmness (N) 75.73+2.27° 51.97+1.96°

2 b Different superscript letters within the same row indicate significant differences (p<0.05).
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Figure 4 The appearance of Thai custard with; (A) soy protein curd and (B) Thai custard with Tofu
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Table 7 Sensory evaluation of Thai custard with soy protein curd and comercial soy protein (tofu)

Attributes Thai custard Thai custard
with soy protein curd with Tofu
Appearance™ 6.52+1.54 6.50+1.59
Color™ 6.78+1.50 6.68+1.57
Flavor™ 6.32+1.62 6.44+1.98
Taste™ 6.46+1.87 6.68+1.80
Texture 6.72+1.18° 6.16+1.57°
Overall liking 6.92+1.12° 6.56+1.74°

2b Different superscript letters within the same row indicate significant differences (p<0.05); ns= not significantly different (p>0.05).
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Factors Influencing Consumer Acceptance of Black Pepper Sauce Hybrid Kolon

Chicken Steak Products in Phatthalung Province
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This research aimed to study: 1) consumers’ personal characteristics; 2) consumer acceptance;
3) the level of importance of marketing mix factors; and 4) the factors influencing consumer acceptance
of hybrid chicken steak with black pepper sauce in Phatthalung province. Data were collected from 400
respondents using questionnaires and analyzed using descriptive statistics (frequencies, percentages,
means, and standard deviations) and stepwise multiple regression analysis. The results were as follow:
1) The findings revealed that most consumers were female, aged 21-40 years, held a bachelor’s degree,
were single, and worked in government agencies or state enterprises. 2) Consumers accepted it due to
its appetizing aroma, pleasant taste, and deliciousness. Most preferred a price range of 50-100 Baht
and a package weight of 101-200 grams, and showed an intention to continue purchasing the product
in the future. 3) The overall marketing mix factors were rated at the highest level (X=4.56), with product
factors receiving the highest importance, followed by distribution channels, sales promotion, and price.
4) Age had a statistically significant negative effect on product acceptance at the 0.05 level, while
product and distribution channel factors were the key determinants influencing consumer acceptance.

These findings highlight consumers’ emphasis on product quality and accessibility. They may serve
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as guidelines for developing processed livestock products, adding value to agricultural products, and

improving marketing strategies for community products in Phatthalung province.

Keywords: consumer acceptance, hybrid kolon chicken, marketing mix, Phatthalung province
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Table 1 Acceptance of the Kolon crossbred chicken steak with black pepper sauce

Acceptance of the Kolon crossbred chicken steak Frequency Percentage
with black pepper sauce
Love the Kolon crossbred chicken steak with black pepper sauce product 396 99.00
Reasons for liking the product
Nutritious 33 8.25
Beneficial to the body 36 9.00
Beautiful and appropriate container/label a3 10.75
It is unique. 51 12.75
It's new and interesting. 63 15.75
Beautiful color, good appearance 129 32.25
Good taste, delicious 169 42.25
Delicious aroma 285 71.25
Satisfactory price compared to market prices
50-100 Baht 280 70.00
101-200 Baht 101 25.25
201-300 Baht 9 2.25
301-400 Baht 2 0.50
More than 500 Baht 4 1.00
Product weight per package
Less than or equal to 100 grams
101-200 grams 132 33.00
201-300 grams 93 23.25
301-400 grams 35 8.75
401-500 grams 50 12.50
37 9.25

More than 500 grams
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Table 1 (Continued)
Acceptance of the Kolon crossbred chicken steak Frequency  Percentage
with black pepper sauce

Purchase intention for future consumption
Strong intention not to purchase 17 4.25
Possible purchase for consumption 181 45.25
Definitely buy and consume 202 50.50

Suitable place for selling products
Department stores 19 4.75
Retail and wholesale stores 55 13.75
Supermarkets 71 17.75
Community stores 92 23.00
Markets 163 40.75

Answer more than one question
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(9 4

FondndneiUTuraundanudiAyey lusedu

'
1 N

euiian (Aade 4.51) aenndaafy Srjaiwong
(2023) IA@nwINIsALaTUNITAAIAT dINaHD
Wq@ﬂiiuﬂ’]i%‘d{lj’l’sLLGTU‘IZ;’ILLWQI@J“U@Q%&”I%?I%“QN‘UU
nauwvIuIUTIMLDY FAUaYIEing 81LNeYNNENT
FIMTAFIUIT NUIIRIUNTHUATUNITVIENINEY

FanfayuyuiinIsaLESUNsVIERaRALIAIEINTan

wanuanuaudusuunaly i egnddunde
dusuludiuiuunnanguiazdifianssulaenis
ansAduilviiugnAmselinemaunal 1y
duAdudouinn menquitsinisansauanuioy
Tifuniadaunans Sansfiawdmivgndnidodu

UsgduazilugnAfnegnaeniian (Table 2)

Table 2 The level of importance of marketing mix factors to consumers

Marketing mix factors Mean SD Description
1. Product 62.4 0.53 Highest
1.1 Freshness 69.4 54.0 Highest
1.2 Hygiene and cleanliness 65.4 57.0 Highest
1.3 Certification and safety standards 59.4 63.0 Highest
1.4 Visually appealing and appetizing physical appearance 60.4 63.0 Highest
(color, shape, smell)
1.5 High-quality, attractive packaging 56.4 37.0 Highest
2. Price 52.4 63.0 Highest
2.1 The product has a reasonable selling price. ar.a 71.0 Highest
2.2 It offers good value for money considering its nutritional value. 52.4 66.0 Highest
2.3 Prices are clearly displayed. 52.4 71.0 Highest
2.4 The selling price meets customer needs. 54.4 67.0 Highest
2.5 Multiple payment options are available. 56.4 65.0 Highest
3. Place 59.4 56.0 Highest
3.1 Easily accessible and convenient to purchase 56.4 65.0 Highest
3.2 The retailer is reliable/has high standards. 64.4 64.0 Highest
3.3 The store provides good service with polite sales staff. 61.4 63.0 Highest
3.4 Service is available for claiming defective products. 56.4 68.0 Highest
3.5 Products are inspected (color, shape, size, smell) before sale. 60.4 65.0 Highest
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Table 2 (Continued)
Marketing mix factors Mean SD Description
4. Promotion 54.4 64.0 Highest
4.1 Price reductions are offered. 53.4 73.0 Highest
4.2 Free gifts are given for bulk purchases. 51.4 77.0 Highest
4.3 Information about the benefits of consumption is provided. 67.4 67.0 Highest
4.4 Advertising is increased. 55.4 72.0 Highest
4.5 Local delivery service is available for large orders. 69.4 66.0 Highest
Total 4.56 38.0 High
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Table 3 Factors influencing product acceptance
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Variables Coefficient (b) Beta t p-value
(Constant) -4.783 70.084 0.000
Age (X,) -0.071 -0.126 -2.543 0.011*

SEest=0.528; Durbin-Watson=1.655; R=0.183; R®=0.330; F=6.469

*statistical significant level at 0.05 level
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consumers' food choices and purchasing habits:

an English university setting Wu11918318n5Nane
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This study aimed to investigate the personal, economic, and social characteristics, knowledge
and implementation levels of Good Aquaculture Practices (GAgP) for Wolffia farming as food, factors
associated with GAgP implementation, as well as the problems and needs of Wolffia farmers in four
provinces of Northeastern Thailand. A survey research design was employed with 123 farmers selected
as the study sample. Data were collected through structured interviews and analyzed using descriptive
statistics and multiple regression analysis.The results revealed that most respondents were female
(75.50%), with a mean age of 45.77+11.34 years. The majority had completed secondary education
(57.40%), earned an average annual income of 35,481.93+24,652.18 THB from Wolffia farming, and had
an average farming experience of 1.51+0.72 years. Most farmers demonstrated a moderate level of
knowledge regarding GAgP (57.72%), with a mean score of 13.86+1.84. The overall level of GAgP
implementation was also moderate (X=1.98+0.42). Strong practices were observed in farm site selection
and post-harvest management, whereas fertilizer and chemical management, environmental management,
and record keeping were implemented at relatively low levels. Multiple regression analysis indicated
that age, education level, outstanding debt, Wolffia farming experience, number of GAgP training
sessions attended, and access to Wolffia farming information were significantly associated with GAgP

implementation. These variables jointly explained 37.10% of the variance in GAgP implementation
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(Adjusted R?=0.371, p<0.001). Major constraints included limited knowledge, insufficient financial

resources, and marketing challenges. Farmers expressed needs for practical training, equipment support,

and market development assistance. The findings provide useful information for designing extension

programs and capacity-building strategies to enhance farmers’ compliance with GAgP standards and

promote sustainable Wolffia production.

Keywords: Good Aquaculture Practices (GAgP), knowledge assessment, practice, Wolffia
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wagnaddsdayatnannieitfunisinigideh
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wlsusIuveanIsuuinuansgiulasesas 37.10
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NYAINITHAMUADINITNITEUTY NMTatiuayuaunsal
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Fungd s lfanansoUfoiniunnsgiu GAP
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5¥AUN1SUHURAINNIATEIU GAGP UBNWATAT
Q’L‘wwLgaaﬁﬂaﬂﬂdﬁﬁaﬁwﬁmmqaﬁﬁ Taenuuali
MsUJURABLNASE I GAGP L ufuUsmu waznnnun
Jaduauwme 91y sEAUNITANYY a0 unINaNTH
Frunuussuluaiiou meldanniamedssh
flufingifios mmsgviau Uszaunisainamzdes
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eudl 2 f-ﬁ’wmmﬁ'mﬁummiﬁugmﬁmﬁ’u
msﬂﬁﬁ’ﬁmqmﬂwwLﬁymﬁﬁﬁm%m%mﬁﬂL‘ﬂ'aLfJu
913 laglduuudunuwalifunvuneseuludnwuy
A0 QN-RA 913U 20 T8 LlagAmun Ameu Hn
WA 0 AZLUY WagABUYA WU 1 AzLUY oR
nariazuuuwyady 3 sedu fe @1 (0.00-6.66)
Urunany (6.67-13.33) uazgs (13.34-20.00)
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ierdue1ms (GAGP) $1uau 10 du Tdun 1) nns
Fonituiinisu (farm site selection) 1w 3 4 2)
A ETT I TSR (pond preparation) 31U 4
o 3) Msdanisin (water management) 31U 2
1o 4) MsavIAvianisuuazuInsnIsdesiunis
‘Um‘ﬁyau (farm sanitation and biosecurity
measures) $1u3L 5 99 5) M5FANIINITINEIAEY
(cultivation management) 97U 4 19 6) N5
N30 oUazs10 @15 (fertilizer and nutrient
management) §1uau 4 98 7) M3Tansiuariu
(water and soil management) 91u2u 1 98 8) A3
Auinarnsufiavdanisiiuien (harvesting
and post-harvest practices) 41U 6 18 9) N3
TANTTYAAINTUAZNISH NBUTY (personnel
management and training) 91U 1 U0 wag 10)
n1sduindeyanazn1snsiadeudaundu (record
keeping and traceability) 91u7u 1 98 A15UsTLU
nsUfvAutseandu 3 sedu Tdun Ufoavnads
Wiy 3 Aziuu UiUAURSs ity 2 ezuu uaz
LUAUR wirdu 1 Azuuu

i uagiuui ldauauduase
ndmnantminAede WeReuvnelidu “ann
Ununans doe” sannaeiaal dluufoRmn = a1
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Tun1sUAsAnennmsd s e dmsunngu
iietdusnslaglidnuaznuuuuiaeide

nsAATIEtaYa
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(maximum) wagA1Ld 89 uuNINTFIY (standard
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mﬁamaawwqmwm‘?umu (stepwise multiple
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fon1sasuulaedinUsny
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ATULULRAE 13.86 AxUUY UAzfiYIaAzULY 9-18
ATULY (Table 1) Wlefiansanaudaede wuin
Fofinunsnsmeugnunniign leun nstuiindeya
wlemsnsrasoudeundusgietios 19 (We 20 $evaz
97.6) uazn1snraRmnnunould (fa 7 fouas
96.7) Tufsnsfindautanyaounounisnizdes

({0 3 $ovay 88.6) uarmatiostumsuudeundn/
uAnaneuen (18 9 Seuar 87.8) lunansaiudiy
Tofinwnsnsnovdauindian 1aun nasladniy
Fosprunuaun i@ miudsgunsal (1o 8
Fouay 78.9) wavn13dannugianunaslafle
MNIIAgN (To 11 Jouae 63.4) auasu (Table 2)

Table 1 Knowledge level of farmers on Good Agricultural Practices (GAgP) for Wolffia farming

(n=123)
Knowledge level (score) Number (person) Percent
0.00-6.66 (Low level) 0 0.00
6.67-13.33 (Moderate level) 71 57.72
13.34-20.00 (High level) 52 42.28
Mean (Standard Deviation) 13.86 (1.84)
Minimum-Maximum 9-18
Total 123 100.00
Table 2 knowledge on Good Aquaculture Practices (GAgP) for Wolffia farming
(n=123)
No. Knowledge on Good Aquaculture Practices for Wolffia farming Correct (%)  Wrong (%)
1 Farm sites may be located near livestock farms or industrial waste sources 53 (43.1) 70 (56.9)
if wind speed is low.
2 For in-soil cultivation, land-use history should be >1 year to avoid heavy 89 (72.4) 34 (27.6)
metal/chemical residues.
3 Before in-soil cultivation, remove weeds and foreign materials (e.g., plastics, plant 109 (88.6) 14 (11.4)
residues) to prevent contamination.
4 Natural predatory control in in-soil ponds is sufficient; trapping or chemical 59 (48.0) 64 (52.0)
control is unnecessary.
5 Non-soil ponds (cement/plastic) do not require pre-use cleaning because 75 (61.0) 48 (39.0)
contamination risk is low.
6  Contaminated water sources may be used if pre-filtered. 68 (55.3) 55 (44.7)
7 Inspect water quality (e.g., turbidity, color, odor) before use to ensure product 119 (96.7) 4 (3.3)
quality.
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Table 2 (Continued)

No. Knowledge on Good Aquaculture Practices for Wolffia farming

8  Water for cleaning equipment does not require quality control because it does

not contact the product.

9 Implement measures to prevent contamination from animals or outsiders

that may carry pathogens.

10 Pest control (e.g,, rats, insects) is unnecessary because it does not directly affect

consumers.

11 Wolffia seed stock can be obtained from any source without standards or health

inspection if cheaper.

12 Abnormal pond conditions (e.g., foul odor, unusual algal growth) may be left

without corrective action.

13 Ultraviolet (UV) disinfection can reduce contamination in cultivation systems

14 Excessive fertilizer use may cause nutrient accumulation and increase consumer

health risks.

15 Do not use fertilizers mixed with decomposed organic matter or animals
that died from unknown causes due to contamination risk.

16 Do not discharge wastewater directly into public waters to prevent aquatic weed

problems.

17 Post-harvest washing is unnecessary because cleaning accelerates product

spoilage.

18  Sorting before packaging (e.g., removing debris/foreign matter) reduces

contamination and improves safety.

19 Cold storage requires temperature monitoring and periodic record keeping

20 Maintain production records (e.g., seed source, output, harvest date, issues)

for 21 year to ensure traceability.

Correct (%)  Wrong (%)
26 (21.1) 97 (78.9)
108 (87.8) 15(12.2)
56 (45.5) 67 (54.5)
45 (36.6) 78 (63.4)
89 (72.) 34.(27.6)
93 (75.6) 30 (24.4)
98 (79.7) 25 (20.3)
102 (82.9) 21(17.1)
92 (74.8) 31(25.2)
105 (85.4) 18 (14.6)
103 (83.7) 20 (16.3)
96 (78.0) 27 (22.0)
120 (97.6) 3(2.4)

Correct (%) refers to the percentage of respondents whose answers were consistent with the correct response according to GAgP

standards, whereas wrong (%) refers to the percentage of respondents whose answers were inconsistent with the correct response.

Ao o

seRuNTUUATIA Bt UM amsd sefladmiu
whuriiaduems
N3UsELUTEAUNISUSURRINLIATE Y
Rertumamngzidssiisdmivrhsudniiodusms
YaLnuAINTgINIEIa B Usenaudaedorniy
91U 31 U9 ATEUARY 10 Au lakA 1) n1siden
flufivhsa 2) mawIeuvamziaes 3) nsdanisi
4) miqﬁmﬁmami‘mLLazﬂ'ﬁﬂaaf‘Tuﬂ’ﬁUuLﬁau 5)

N159AN1IN1INIELABY 6) N159AN15Y Blazs Y
9113 7) Madmsthuasiu 8) mafuifeanagns
UFtAndsnsiiuiies 9) msdansyaainsuazans
Anousy uaz 10) mstuiindeyaifionisnsiaaey
foundu
NKANTTITY NUINNBATNTATEAUNS
U UAlnesineyluseauuiunane (X=1.98+0.42)
defansanduneds wuidsensujiaieylu
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seuan $1uru 9 4o Taededifdnadegege liud  luszduiles S1uu 11 4o Tasdedifdadediign
nsidond ui 7l et vian (£22.96£0.20)  Idun n1sluldansdesiiuniearssunsng
sosaafie MimuaumsUudeundimaiuies  (X=1.12+0.41) wagnsldde/asiaiind unsiou
(X=2.93+0.27) 52uflansnindnd audanvasy  (X=1.16+0.49) sesasunie msfuinwioetie
(X=2.92+0.31) wazmsldnvuzussiiazenn  wnzau (X=1.22+0.52) waznsuiindeyadifny
(X=2.9020.33) Tumemssfuinununemsufiafied  ilonismsiaaeuiioundu (X=1.49+0.63) (Table 3)

Table 3 Level of Good Aquaculture Practice (GAGP) implementation for Wolffia farms

(n=123)
Good Aquaculture Practices (GAgP) Mean SD Translation
for Wolffia farming as food

Farm site selection

1. Selection of non-flood-prone areas 2.96 0.20 High

2. Verification of land-use history 2.20 0.78 Medium
(22 years) for soil-based systems to prevent heavy
metal or chemical contamination

3. Soil and water quality analysis with proper 1.54 0.84 Low
documentation retained as evidence

Pond preparation

4. Removal of weeds and foreign materials before 1.69 0.62 Medium
cultivation

5. Controlled use of herbicides to prevent 2.87 0.41 High
contamination

6. Inspection of pond structure, water, and lining 2.75 0.51 High
materials

7. Cleaning of new ponds prior to operation. 1.80 0.73 Medium

Water management

8. Use of water tested for quality prior to cultivation 1.67 0.82 Medium

9. Use of treated and safe water for cleaning harvested 1.72 0.58 Medium

products (e.g., chlorinated, potable, or filtered water)
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Table 3 (Continued)

Good Aquaculture Practices (GAgP) Mean SD Translation

for Wolffia farming as food

Farm sanitation and biosecurity measures

10. Sanitation control to prevent contamination 2.46 0.61 High
11. Proper waste container management 1.95 0.46 Medium
12. Safe storage of inputs and equipment 1.81 0.65 Medium
13. Pest control measures 1.88 0.68 Medium
14. Animal exclusion measures 1.32 0.54 Low

Cultivation management in accordance

15. Use of certified or traceable seed stock 1.46 0.71 Low
16. Water contamination control (filtration/UV) 1.35 0.55 Low
17. Density management 1.32 0.56 Low
18. Monitoring and corrective action for water 1.75 0.49 Medium

abnormalities

Fertilizer and nutrient management

19. Use of registered fertilizers and chemicals 1.16 0.49 Low
20. Appropriate application; avoid pre-harvest use 1.60 0.74 Low
21. Proper fertilizer storage 1.22 0.52 Low
22. No prohibited or hazardous substances 1.12 0.41 Low

Water and soil management
23. Management of water and soil to prevent adverse 1.64 0.72 Low

impacts on public water sources and surrounding areas

Harvesting and post-harvest practices

24. Clean tools and containers during harvest 2.08 0.89 Medium
25. Clean harvest area preparation 2.76 0.49 High
26. Removal of foreign materials 2.90 0.36 High
27. Use of clean packaging containers 2.90 0.33 High
28. Proper handling and transport 2.68 0.67 High
29. Post-harvest contamination control 293 0.27 High

203



Journal of Agricultural Research and Extension 43(3): 195-210

Table 3 (Continued)

Good Aquaculture Practices (GAGP)

for Wolffia farming as food

Mean SD Translation

Farm sanitation and biosecurity measures
Personnel management and training

30. Training on hygiene and proper GAgP practices

2.21 0.50 Medium

Record keeping and traceability
31. Maintenance of essential records for traceability

from production to harvest

1.49 0.63 Low

Average

1.98 0.42 Medium

The mean score interpretation was based on the following criteria:
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low (1.00-1.66), medium (1.67-2.33), and high (2.34-3.00).

s

37.10 (R? Adjusted=0.371) (Table 4) wan133LAT1Y
N Table 4 anunsaran@euaunisanaesld §ai
Yl = 1434 - OOZOXZ - OOZ].XQ + 0025><7

+ O-]-ZOXlO + O.OZZXM - 0.033 X13

Y, = AzuuunsUURnU GAGP
(AzUULRRETI)

b
N
Il

918

X, = SAUNISAN

X, = MsEAbAUAIA

X1 = Uszaunsalnmsinziaesin

Xy = Srununfeilgsuniseusy GAQP

nsifstayanisinizifesin

x
&
I

AUNISOMDDYA AIAST LN IA U 1.434
PUIYAINUIN L BAFILUTDATLNINUAT AU
Aug AAIIAZLUNNITUSURANIN GAGP agivinfy

1.434 Aguuu M9 Wenarsaundnlsnddedfgy

aad

N9AfANTEAU 0.05 WU 818 (X p=0.036) SEAU
N15AN®I (X p=0.037) A5EMIT AUAIAIS (Xo;
p=0.004) Uszaun1salnmsiwizidesni (X,; p=0.012)

204



Journal of Agricultural Research and Extension 43(3): 195-210
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Table 4 Multiple regression analysis of factors associated with Good Aquaculture Practices (GAQP)
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Supply Chain Analysis, Consumer Behavior, Marketing Mix, and Strategic
Approaches to Value Addition for One-Sun-Dried Squid Products
in the Khlong Wan Community, Prachuap Khiri Khan Province, Thailand
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This research aimed to: 1) investigate the production, marketing, and management systems for
one-sun-dried squid products; 2) analyze consumer behavior, marketing mix factors, and purchasing
decisions; and 3) propose strategic development guidelines for enhancing the value of one-sun-dried
squid products. A qualitative research approach was employed, conducted in a purposively selected
study area in the Khlong Wan community, Mueang District, Prachuap Khiri Khan Province. Data were
collected from 79 key informants and analyzed using content analysis in conjunction with PESTLE,
SWOT, Supply Chain, Value Chain, TOWS Matrix, and Balanced Scorecard frameworks. The results
revealed that one-sun-dried squid processing plays an important role in adding value to local fishery
resources and generating household income. The major strengths of these products include high-quality
raw materials, freshness, local wisdom, and the unique identity of traditional coastal fisheries. However,
the production system remains semi-traditional and highly dependent on household labor and seasonal
marine resources, resulting in inconsistent product quality and production capacity. Consumers
emphasize product quality, cleanliness, safety, and source reliability over price factors. In addition,

communicating community identity through storytelling and digital media significantly influences
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product recognition and purchasing decisions. Strategic development approaches should focus on

improving production standards, developing packaging and traceability systems, promoting digital

marketing, and establishing place-based branding through Geographical Indication (Gl) registration, while

linking products to tourism activities. Furthermore, government agencies and related stakeholders

should support the development of production standards, Gl branding, digital marketing, and tourism

integration to enhance competitiveness and promote sustainable economic development within the

coastal community.

Keywords: consumer behavior, dried squid, value addition, value chain
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Figure 1 Framework of the supply chain and value chain for one-sun-dried squid products

in the Khlong Wan community
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Table 1 TOWS Matrix Analysis for one-sun-dried squid product development

Factors Opportunities (O) Threats (T)
Strengths SO Strategies ST Strategies
(S) 1. Promote food tourism and 1. Compete through quality and storytelling
storytelling 2. Improve quality control and traceability

2. Develop a Gl-based local brand 3. Promote eco-friendly product branding
3. Expand into premium markets

Weaknesses WO Strategies WT Strategies

W) 1. Develop digital marketing and 1. Establish producer clusters

e-commerce

2. Improve standardized packaging

3. Strengthen financial management

2. Develop raw material reserve systems

3. Upgrade GMP and FDA standards
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Foushmilnuanifien ieiiuyarmsTausssuuay
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2) nagnsUasiu (ST Strategy) AsldAMA M INgFU
wazFessnyurudugasiisanguanielvg niou
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doansnndnualndnsariniduinsiedainden 3)
nagnsualy (WO Strategy) A35ldlan1a31nnaln
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A3vTa USuugaussedaeiliadsy 3119537 wae

gnogdun deasunisvitydasisouiianiuny
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(Table 1) 5) NagNSAIWAWIHEAS gl WUINBURY
A 180 nmsadisuusud Gl wagdndnualyuyy
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Table 2 Strategic prioritization using the balanced scorecard framework

Rank Strategy Financial Customer Internal Learning and
Process Growth
1 SO 1.2: Gl-based Increase Build loyalty Support Gl Improve branding

local branding

product value

certification

skills

2 SO 1.1: Food Generate Enhance Link tourism Improve
tourism and tourism experience with communication
storytelling income production skills

3 SO 1.3: Premium Expand Meet premium  Improve Learn industrial
market expansion  modern trade  standards production standards

a4 WO 3.1: Digital Increase online  Expand Reduce Develop digital
marketing and sales customer traditional skills
e-commerce reach market limits
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Although gastronomy tourism has been increasingly promoted as a mechanism for adding value
to agricultural products and generating income for local communities, empirical evidence explaining its
impacts at the farm level remain limited, particularly in relation to improvements in production
standards and the conversion of knowledge into tangible economic outcomes. This study aimed to
evaluate the effects of the gastronomy tourism project in Chanthaburi Province in enhancing farmers’
knowledge, production standards, and market opportunities. A quantitative research approach was
employed using a program evaluation design. Data were collected from 200 participating farmers
through a structured questionnaire, and descriptive statistics were applied to analyze changes observed

after project participation. The findings revealed that the project produced positive effects on
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strengthening farmers’ production capacity. Notably, 49.50% of farmers obtained Good Agricultural

Practices (GAP) certification, and 90.50% reported improvements in production standards consistent

with their expectations, indicating progress toward standardized and value-added agricultural practices.

However, outcomes related to market access and income generation remained moderate. Only 29.00%

of farmers adopted online marketing channels, and 5.00% reported increased income from gastronomy

tourism-related activities. These results suggest that the transformation toward value-added agriculture

through gastronomy tourism remains at an early stage.

Keywords: Agricultural program evaluation, Chanthaburi province, GAP certification

gastronomy tourism
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Table 1 Changes among farmers after participation

Aspects of change Number of farmers Percentage
(n) (%)
GAP certification Not certified 101 50.50
Certified 99 49.50
Total 200 100.00
Increased promotion/support from Not received 155 77.50
public and private agencies Received a5 22.50
Total 200 100.00
Increased participation in farmer Not participated 145 72.50
networks/producer groups Participated 55 27.50
Total 200 100.00
Increased use of online communication  Not used 142 71.00
channels or social media for agricultural ~ Used 58 29.00
product promotion Total 200 100.00
Increased income from opening farm ~ No increase 190 95.00
areas for agritourism activities Increase 10 5.00
Total 200 100.00
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Table 2 Consistency between Project Outcomes and Farmers’ Expectations

Aspect Number of Farmers Percentage

(n) (%)

Production standards / cultivation Not consistent 19 9.50
practices Consistent 181 90.50
Total 200 100.00

Marketing (online and offline) Not consistent 52 26.00
Consistent 148 74.00
Total 200 100.00

Income Not consistent 49 24.50
Consistent 151 75.50
Total 200 100.00
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Table 3 Perceived value of participation

Opinion Number of farmers (n) Percentage (%)

Not worthwhile 11 5.50

Worthwhile 189 94.50

Total 200 100.00
130IHaN153Y Wasuuasmaasygialuszeznarsdadadldiag

Han1sAnunandliiiua Tasenas
Comprehensive Gastronomy Tourism @Chanthaburi
funumdidglunisenseAuesRnUI kAT NTgIu
NNSHEAVDNBATNTBENITALAL VT HANS AL
lananienisaanauazsgladieglussauiiunans
w3 osrzi3 Ay nadnsfananaiuisaesunele
AelansounuIAnvIlgAuA191M1T (food value
chains) @ swesdnismunlufanssudui Wy
AN uaru1nssiu 1y “wadns? uduy
(intermediate outcomes)” AdeaRntudaunsLia
waAmaLATYgnalusserend (Porter, 1985; OECD,
2018) Wmnendnvesmsiineusuneldlasennsi
fie mafiayuAnavenYRIng Inesaiumsiamun
Al ervgdiunaluladnisineasudugn n1s
USUUTIRUAINAY kagNITIANITHYLATYAINGN
FedarafeuLImMmananuesnumsng Wy msldie
ot el Usransamundu wazii uuszans an
msndn Insnnzeswiudlod exlssiumsuandudn
AUANEININLINTFIU GAP § 9989288058 Y
mmﬁflumimwﬂuﬁuﬁ nadndluszezduainns
Aneusuviulddanulundvesniuguasrinyy
Aiatulumsdamsuwdamarnslfineluladnisinuns
wiugh egnelsfnny nadwsiieitostunaindadd
LalkagNIsatvaYUIINNalnnan W n1asIe
W3e91eNITIERIUNSeuTiendaununs wien1s

Wousanus1uamshuviesduiialanainlud n1s

Tumsiauuary saNN1sANIiUTEUIUNITAATA W
Asasumawiendisndununsiiadeseldlviu
YuYULAZINEAINT Teazieuliiuiinisa vy
anufliiduseldiddu nslduuifnisosdas
Wasukwesnsaugeliiunmdaaudn uld
anufazidusingruiididny uinsaesuniing
Tdunelddudeodonalnnanuazied oterdo
fannsod ealoadunand afl A un1m s2uEanIs
aﬂ’uauumnﬁqmﬁguasmwLaﬂﬁuu 400A5 031U
NIV Rajala et al. (2021) Waz Maitho and Kyalo
(2025) 4fi U s AL Lazn15UsE ulATINTg
nansnens Tnsanized 198 dunivesnisiineusy
inwpsnsuaznsUsEnd AN mamelladift oy
UszAvBammsuan Sedenedaiuwuinees Maitho
and Kyalo (2025) Tunsuszidunansenuaedlasenis
NUMTNEASFT oAU UAIIDIM SRR IS ou Tag
Lﬂumﬂﬁ'umummiuazﬁ’ﬂwﬂumﬁmmiw%’wmm
LAEMSHAAT DU TUUTINATE UM INEATIM N YT
Tusvevduuayszozenn luvaiioatu Rajala et al
(2021) gafunslinguinsivdsundas “Theory
of Change” 11t a1aSuasrenalnlunisdaaiy
NANITITENNNITAYATIALUIDITEUUNITHAAVD S
InwAsNITeEos duAitesiunisidoulesaing
ildsunnisiineusufunaiauaziadeviensung
Tnganzegadnisadiumawionfiondununs 39
dudrunisvesnagnslunsialenalunisadie

elaiiunuasnitavyuvulussesen

235



Journal of Agricultural Research and Extension 43(3): 226-241

TulseLAuYeIN1TENTEAUBIAAINT V0T
Wnunsns nudnnvasnsauluglasuainusg oy
fddalufifisng q el 1) ﬂ’gmimqmmﬁﬂﬁlﬁm%’m
AunsiamnIsnsnaaifiussansamuariulse
AMAMNHEASI (19U MIUTuUTamaliansUgnivy
wazn1sIanIsaIuRalil) 2) ANTA1UNITIANTS
ARgadostumsiamsmdsnmaiiuifsanagnisinwm
A MEENS e 3) ANTAIUNIIMAIAT Yel
inwnsnsdlannudenloaseninanuninisuuay
N5 04L7 82159019115 TIUFINITA UMY 0N
msnanlmiiieliuyadwdndoel uaz 4) Annd
sruszuuiigliinuasnadlaunumuesauluvisly
AALazMTIuTmAURansedunelusyuy
uidinwnsnsazasmindninugInai ldsuain
Tasensil wrfdadanuuansislunssuiunin
a3 lldlumsuFoR Geansnsautseanidu 3 dry
laud 1) msnsening inwnsnslasuteyanieninus
IndrunsEnauTILaEAANTIUA 9 2) N1T8eNSY
inwmsnsFutlanazifiunuiinuddyesaug
AA$U uaz 3) Mavszyndld 1Aeatostunsuy
ANuzldAuNIsUian1ansinenslunieujua
wonanil Imamsﬁé’ﬂﬁwuwmﬁwﬁ’qﬂumim%ua%w
Aneamlimnunsnisedeslagnisdaasunisiseus
AMavURLarRRUIAI1UT H1uUTEaUN1TaIaT
Tuu3unsiesdiulanig Hgliinuasnsaunsadui
wazszylondli lunienuwnsnssy ndesles
inwnsnssufunsvisaiisndeemsidulenanis
firensnsansnsalivsslomildtiuanudidesuuias
\Bemanadildsuannlasans inwasnsduluna$uian
1A59n15EeLfiNeIA AT A IUNNTHER N13TANIS
wdsnnAuiier waznindenlesnisinunsiunis
viouflendiong Jeaenadesiunuidessszine
7731 nsdrenenssdarufiunalndidylunis
gnsEAuAnanInvannNunInIegaslussuungly

919115 (FAO, 2018) Taanizluusuniiinunsns

AeundyiuanulduiueunanIngieniAuas
maelan 9l 91398904 Richards (2015) S¥UN
Tnssmsviesiiendsemsiivszavanudiiadinigy
3111158319 “Aanudladeszuy” R uan
Aeafuunumvesmiluvisldnen aaonadesiiy
nansAnudfinuasnaisunssmindsanudenles
FENINAMANINGAY 11NTFIUNTHER Lazn1ain
Uszaunsalsmuemsiviutinveadien uagluuium
Uszinalne nan1s@nuii aenadestusiuves
Tinnarat et al. (2023) W& Maneerat and Jaroenwisan
(2022) nU3n tnwAInsEvIaAINEALANTIANS
lgUNILLAENIINAIN LATNITAENDABIARIINS
rulasinsdsituiivaeiiudnenwlunmsufusuee
nsueaiulenialud q lunainlaegrefided Ay
Frewnil nasnsefunnudvonnunsnslsliifioue
Aeadestunsiiuanudilavesinunsnsivindy
widssmfamatanuarnsUssgndldauiduie
WasuwUamgAnssunagisnisviinensegtaiy
szuv thlugnadnsidatuluszezen
TuUszAUY8INITINTEAUNINTFIUNITNER
wuin Tasanisiazsenlfiiusisaudnsauas
fodrin lngianzegsdslusnunisensyfungu
nsuan inunansiieuaimisldiunisuses GAP
vianihiuilasins fadundngruiidudosduas
BusUssauvemadndiBeuin nadwiiaonndasiu
MUATESIILANNTITIN NMsdASIANASTINANSHER
warauUasnfoemsiduialadfyvesnisidiu
yadluvsldens (OECD, 2020) agslsfina msil
Fadinwasnssruunidslalamnsadifiniiuses
1MIFIU GAP agvieudedinidslassainafifleg 1y
APUNTDUVBINTNEINT VUIALUAI N1TAARIUNE
Aliiganennmicsnuiisados wiededifnsm
naskazuulun1TUTUsEUIUNIITNGS lganiy
08198 ainunInsi fuvasyuadnvi e vianis

aduayuaINMUI8UN LA 8370 §9nu319

236



Journal of Agricultural Research and Extension 43(3): 226-241

Y Y o

ANUEINNatuNIsUsUIsNsHAa N AuLRsgIu

a 1

GAP 281 fu7 N5 Ies1evitadeniansnasaniny

= o

widanalun15i189119551u GAP JedianudAgy
ag1e8sian1svianudilalssanvesnsatuayy

a9 v Y Y = 1% '
W@JIWLLﬂ LNWRININ amﬁm%mwm’igﬂulm (bUu

a ¥

Rumu Au3 vsemsatuayunuuieaw) Tuvaue

S v

N NY1AN1980 190981 URT YA UT 8T ALmail

F9dnAdINUIIUIIBYBY Supapunt et al. (2021)

D}

a

ANV N5YBUTUNINTEIY GAP Gﬁuagiﬁ’uﬂﬁaﬁm
Runu AN3 NMIaduayuaIInNmiieny uasviruai
YOUNYATNT VUl 9uT T8 Ve Somarsa et al.
(2025) §31ugdinunsnsasdsiauaii fnonuns
g938zuazuInsgIun1Ina e win1sululdass
Fosendenalnatiuayueeseiilos
Tufiflemanisnisnanauaznsidenleenis
vieufiendeerms nuitudinunsnsaulngiiuin
HAR WS LAINADAAR DINUAIUAIANTI WANS
WasuwUandangiingsy wu nsldvemseeuladl
wiansd1saASevIenannInan uinduly
2981Tn nadnSHdenndasiuuSTeves Everett
and Slocum (2013) ag Bessiere (2013) ﬁlizqi’l
nsdeuleansinuastunisiendisndiemisdes
91ABLIa1 N13A319AT9YY UagAUTINT BV
druiertoddunarsseiu uenantdu 1uiTeves
Nadee (2018) wag Sriyothin et al. (2024) §3WU71
n3IRN1sUIsIanIswazAuuileluguyndy
guassadAydonswauInsviend sudenuns
agnadeBu
lufifivasnadnsausgliwaznissuiay
Auen wudusmsiineldanmsvisaisnds
inunslagnsazdaiatuiununsnsiiesainiion us
wnwasnsaulngnduussiuinlasenisiiauduen
Tunsdnsan nadnsdasieuuminniswauiuuy
Aoatduasyly (gradual transformation) Fe1u3se

984 Richards (2015) 5811 1ATINITVDUN LTS

9IMNSINANANAIMNFIANLATDIARIINS NBUNS
Wananauununiessldegradugusssy sauda
NUITYVBI Maneerat and Jaroenwisan (2022) wag
Tinnarat et al. (2023) 3391 inwasnslinmAtiy
TonalunsiFousuazniad enloanievie usl
wanouLunINsiuagdliAntuiui venaini
AuA1voslasanst ildTineg isawadninig
nsuvitiy uiirudgnirivesnatuazalitng
fnunsnsaaulunisidisam wu nmswauinee
Tral N15USUTEUUNISHAR wazn1sndanuIeIu
a3y Ferawaiennundeunazilayuuelug q
dmsuniswauilusuinn n1swaunlussezend
fafaanInisifousiauazaiusudensesoiiio
nngildulddndeluaeseiv lnesaudinising
Fliiiuisaudnsaveddasanislunisenseéu
WINIFIUNIHARLATESLENIENINITRAIN UANLIL
erdstesnfinideeimundidnlugiusiie q Wy ms
aduauuNINeINs ANUSWTAUYUYY A1TAMUN
inueAdva uaznsaiaaietisnsnainiudaunss
Wigliulainnunsnsanansaudusuagidislona
Tl 9 Igegnededuluounan

Tagagy wan1s@nud g lasenns
Comprehensive Gastronomy Tourism @Chanthaburi
A11150UT37 IR UITTENARIUNTENTEAUDIAAINS
LAZUIATTIUNITNANTBIUNEAINST LA BE1ITALIY
yauziinadnsinulonaniamsnanauazselddaeg
Tusvezidudu msinsainanifedimendrin ns
Uszidunalasenisviendsndee1msnasiansan
dduresnadnsInFuLg vateu uagliaag
avTaraneuumeneldlusverduiisses e
KamsAnuiddmafniuesdnuiidesying
LﬁIEJ’JﬂUUUVIUWVPUEN Gastronomy Tourism Tuns
WAILIANEAINNYATNTIEAUIANIA LATAINITE
1\ dugnudoyadifydmiuniseenwuuuazdosen

TASINITHAILNTINUN U UIAR DY NN L AL

237



Journal of Agricultural Research and Extension 43(3): 226-241

#3UNan133Y

nsnuiliiagUszasditouseiiunadns
2941ATINT Comprehensive Gastronomy Tourism
@Chanthaburi m'am'ﬁsmizﬁuaaﬁmmé’ UINIFIU
NSNER Laglon1anIaNITNAINVONNBATNT LAY
o1fedeyaninunsnsiidnialassnissiuiu 200
578 Han1sAnwiauisoasUlssiauddgld 3
Usaidiu oivil 1) Tassmnsiiunumandalumssnsesu
2IAANNVRLNEATNT Laginunsnsd1ulungsuiin
Aanssuvedlassmsthoiiuanuinidilafetu
NFLUIUNTHER N15TAN1TUdInTiiuA el uay
Luadnnid euleenisinuesiunisviesiieada
91113 am‘mmifﬁménLﬂuﬁugmﬁﬂﬁmﬁﬁ"@mmi
USUUTINTZUIUNTHAALAZNITNAIUIAUAINEUAN
nunsliaenndosiuauieanisvesnani L
AUAIAYAUANATNUATUINTFIU 2) TA AU
UNAIFIUMTHAR INwRTNTIAoUAs wildldFunis
$U509L1M 35 UM TUFUANINTNATAR (GAP)
Menden1sinsalasens wasinunsnsalugidiudn
HadNSUaIlATINITADAAd BiuAIINAIANISluAIY
UINTFIUNITHAAUATNITNILUYN NATNEAINED
deviaudn lasensaiusayisndnaulvinunsnsi
aaanu3luUszendldlunisensedunssuIunIsuEs
1#239 ogelsfnny Seflinwasnsursdrui dalal
arnsadfansfuseannsguld eagiouds
Todrfndunsneinsuagnszuiunisisndudes
I$unisaduay i uidy wag 3) Iddulena
MIn1Ina1n MaUdsuulasiiiind udseylusedu
Urunans usiinwnsnsunsdrnisulivdesmanisnais
paulad 1U15mAT0U18INYAINT M3BLATUNS
afuayuInmhsnuiitisites uinniesdanug
Wgnadnsidanimanogradugussausalaiingy
otaunsvans wenannil msademeldanfanssy

ANSYIBT 8260991115 A8 SITUN AT WTW9911A

agioudn Nl euleanisinuasiunisedien
Feso1fszezinen waznalnatuayuiiufui el
IANALTLATYEN 0819 TALU
whwansenuiarassouldiiuiaunum
2941A594115 Comprehensive Gastronomy Tourism
@Chanthaburi lun1s8nseaveIAaINg NN

NMIHER WazloN1dN19NITNAIAVDUNEATNTOL19E

e

1Y) 1

vdfey og19lsiniu mTdedidesiiaulslsznig

o=

'
a

AarsiansanlunsAauNaniIsane tawn 1) N1

[V
o A

FHeasiillidoyanendinisdisiulasaniadundn
wazlilafinsiivtoyadwuTeuiivunauuasnas
N15191359ulATINT (pre—post comparison) UL
Usunaegraduszuu dwalildanunsaszyruinues
MsUasuwUas (magnitude of change) AAnTuiy
WNwAsNSuuAariia legsdnau sudeldanunse
LeNUEzHATedlATINISeBNIINYaTuneuandy ¢
Wi Uszaun19allAuainensng an1naaindual
\nwRs viemsatuayunnrienudulutiang
Wwenuldegrsauysal 2) nisussidunadns
Iumuﬁﬂﬁ’aﬁ?mﬁ’ami%’uiuazmiﬂszLﬁumuwwaa
inwmsnadundn Jalazavviouspmososidnld
drudelnenss undienadvednna1uenfa1nnIg
FU3 (perception bias) kazAIUNTITVEDUNES
(recall bias) IngtanizluuszifuiliAsadoatunis
Wasuwlaswiuselduazlenianisnisnann uway 3)
nseenuuunTIdelusnwagnsUTzdunalasang
AYNGINIANLEUIU (post-project evaluation) ¥n
Tinan13An w1y L uN5eS UEHAR N LTINS
LAEAUADAAA BINUAIINAIARITIVDILAYATAT
UINATINITNAFOUANNFUNUT LT 11 9R LAe AT
ot u Han1sAnwIAITgnAnIuluguendngu
\WWeUsEIn¥sEAUAU (initial empirical evidence)
Aasioufianisuazdnoninelasanis ¥anni

nstudunansenuleaie

238



Journal of Agricultural Research and Extension 43(3): 226-241

Jorduaunuy
Jatausuuzitaulaue (policy implications)
nan1sAnu T lidiud miaenuniesgua
W ivuauleutgadsliaudidyiunisregen
Tnssmsviesiisndsemsludnuway “seoveniuay
daified” unndinsdudulasinisuuuadins
Inglanizni1sonkuuLInInIsaduayui ¥agan
T3 AlUN1T 1T ININTFIUNITHER LWU N3
auvauualdItglunisfusesuinsgiu Nty
AMUsnwITedn warmsdenloanunsnsiumiingny
figatesedruduszuu venani mrsiiuleuis
M aasunisasnaunserieseni19nunIng
fUseneumsiuems wazmansviesileluszdu
T Wisl¥nsensefuesdnudanunsauusiasy

Wulemamaasugialaaisluszezen

Forauauuitaufin (practical implications)

TulUFUR wihenui fuiaveulasenig
ArsoenuuUAansINA Peliinuasnsaun s
93AANNTFUATRAN waznsdeansaanlule
a3anniu wu msfinUioRduniseaiaiaa n1s
finundomdeeoulay uarn1sdugssia (business
matching) AugUsznaunslunianisvieai o
uenani msfiszuufamunandsnisiinousuuay
nsidnsanAanssy Weatuayuliinuminsaiunse
Usuldanuslaogaseiios uazantesinesening
N138NIEAVBIAAINI AUNTAT Tl s dlee
s dugusau

ANANISUUTZAA

Tasansiildfunsatuayusulszanamin
drilnauddansensinmseaudng) meeans 39y
wazwinnssu (91.) n1eldlasanis Comprehensive
Gastronomy Tourism @Chanthaburi %1381A53n13
duasunsadreeldannisvendiendeasieassa
wazdnusssn Meldnunugnsmansiiieativayuy

AUNISASIIANANNITOLUANTRYITU
1'% a
LBNEISD1999

Bessiere, J. 2013. “Heritagisation”, a challenge
for tourism promotion and regional
development: an example of food
heritage. Journal of Heritage Tourism
8(4): 275-291.
https://doi.org/10.1080/1743873X.2013.77
0861.

Everett, S. and S.L. Slocum. 2013. Food and
tourism: an effective partnership? A UK-
based review. Journal of Sustainable
Tourism 21(6): 789-809.
https://doi.org/10.1080/09669582.2012.741601.

Food and Agriculture Organization of the United
Nations. 2018. The future of food and
agriculture: alternative pathways to 2050.
Rome: Food and Agriculture Organization
of the United Nations. Retrieved from

https://www.fao.org

239



Journal of Agricultural Research and Extension 43(3): 226-241

Maitho, T. and D.N. Kyalo. 2025. Monitoring and

evaluation of agricultural-based project
outcomes on household food security in
Murang’a county, Kenya. International
Journal of Professional Business Review
10(2): 1-23.

Maneerat, P. and K. Jaroenwisan. 2022. Value
chain model for value addition of local
ingredients to gastronomy tourism’s
activities in Phuket province. Journal
of Multidisciplinary in Humanities and
Social Sciences 5(3): 813-825. [in Thail

Nadee, P. 2018. Agro-tourism development
towards sustainable tourism. EAU
Heritage Journal Social Science and
Humanity 8(2): 113-124. [in Thai]

Organisation for Economic Co-operation and
Development. 2018. Agricultural Policy
Monitoring and Evaluation 2018.

Paris: OECD Publishing. 204 p.

Organisation for Economic Co-operation and
Development. 2020. Food Supply
Chains and COVID-19: Impacts and
Policy Lessons. Paris: OECD Publishing.
48 p.

Porter, M.E. 1985. Competitive Advantage:
Creating and Sustaining Superior
Performance. New York: Free Press.

557 p.

Rajala, E., I. Vogel, A. Sundin, D. Kongmanila,
M.G. Nassuna-Musoke, R. Musundire,

M. Muipatayi, N. Marianne, K.L. Chiwona,
M. Ulf and S. Bogyist. 2021. How can
agricultural research translation projects
targeting smallholder production systems
be strengthened by using theory of
change? Global Food Security

28: 100475.

Richards, G. 2015. Evolving gastronomic
experiences: from food to foodscapes.
Journal of Gastronomy and Tourism
1: 5-18.
https://doi.org/10.3727/216929715X14298
190828796.

Somarsa, W., P. Sriboonruang and P. Tongdeelert.
2025. Adoption of precision agriculture
systems smart farm (handy sense) of Nam
Dok Mai mango farmers, Bang Phli district,
Samut Prakan province. King Mongkut’s
Agricultural Journal 43(3): 410-417.
[in Thail

Sriyothin, S., Y. Leelakitpaisarn, P. Wichasin,
J. Huanchom, A. Sriprasertsuk,
T. Srinathiyawasin and B. Sriyothin. 2024.
Agrotourism: driving tourism and
hospitality industry through learing
resources in the community to increase
sustainable income. Punyapiwat Journal

16(3): 313-333. [in Thai]

240



Journal of Agricultural Research and Extension 43(3): 226-241

Supapunt, P., P. Intanu and K. Chaikampun. Tinnarat, G., N. Wongwichit, P. Phuworakit,
2021. Factor affecting adoption for P. Anderson and N. Lakkham. 2023.
vegetables with good agricultural practices The study of guideline for value creation
standard in the upper north of Thailand. in supply chain of Khao Wong sticky
Journal of Agricultural Research and rice farmers in Kalasin province. Journal
Extension 38(3): 152-170. [in Thai] of Accountancy and Management

15(4): 35-55. [in Thai]

241



Journal of Agricultural Research and Extension 43(3): 242-265

Jaduiidamasensiansuandngrannmaamdnaniiivingta (FSC) vesavnsainaayuaiuge
Uuaassdne 31in snealuiiss Jendndsvan
Factors Affecting on Rubber Production and Marketing Management-According to the Forest
Stewardship Council (FSC) Case Study: Khlong Chang Rubber Fund Cooperative Limited

Khuan Niang District, Songkhla Province

Tws gadns' NEuAMN yyaeun? Uryun auysalge’® lvees aswal® uavsed Wesinn’
Prai Sudjit!, Milinpat Boonkongma?", Buncha Somboonsuke®, Chaiya Kongmanee*

and Rawee Chiarawipa®
PedsasuuazimuIn1skdn n1senawislsemalng uunys 10700
Zgunignuasmansuazannsal i Inenaualuriesssingay wumys 11120
UL IANTINNSINYATLAZANTINNITAUSNTNGINTEITUTIR LRI IABAUAUASUNS I unmalvg dswan 90110
AU NATYFANANTNYAT ANBIATEIANERNS UM INENGEAIUAIUATUNS INeNIRMIAINGY F9Ua1 90110
!Production Promotion and Development Division, Rubber Authority of Thailand, Nonthaburi, Thailand, 10700
°School of Agriculture and Cooperative, Sukhothai Thammathirat Open University, Nonthaburi, Thailand, 11120
3Agricultural Innovation and Management Division, Faculty of Natural Resources, Prince of Songkla University, Songkla, Thailand 90110
4Agricul‘turat Economics Division, Faculty of Economics, Prince of Songkla University, Songkla, Thailand 90110
*Corresponding author: milinpat.boo@stou.ac.th

*ORCID iD: https://orcid.org/0009-0009-5945-3980
Abstract

The research objectives were to explore the economic, social, and production management
characteristics of cooperative members, identify problems and operational constraints in FSC rubber
marketing, analyze factors associated with marketing success, and synthesize appropriate marketing
models for FSC-certified rubber products. The study employed both quantitative and qualitative
methods. Quantitative data were collected through structured interviews with 290 cooperative
members, while qualitative information was obtained from group discussions and in-depth interviews
with 10 key informants. Quantitative data were analyzed using descriptive statistics, including
percentages, means, and standard deviations, together with Pearson’s correlation and multiple
regression analysis. Qualitative data were examined through data organization and thematic synthesis.
The findings was showed that the average annual income of cooperative members was 201,680.25 Baht,
with an average rubber plantation area of 20.16 rai per household. Most farmers cultivated the RRIM
600 rubber clone (86.00%), and the average yield was 277.72 kilograms per rai per year. In terms of

operational challenges, the overall level of problems and constraints in FSC rubber marketing was

242


https://orcid.org/0009-0009-5945-3980

Journal of Agricultural Research and Extension 43(3): 242-265

relatively high (mean=3.67), while the overall level of success in marketing management was also rated
at a high level (mean=3.52). Four marketing patterns for FSC rubber products were identified: 1) trading
through the central rubber market, 2) direct sales from farmer organizations to buyers, 3) contract-based
sales between farmer organizations and companies, and 4) sales involving private sector investment.
Statistical analysis indicated that the absence of rubber plantation management standards, the diversity
of buyers in the market, and inconsistent product quality were significantly associated with the success
of FSC rubber marketing management at the 0.01 level. In addition, uncertainty in the FSC fresh latex
market and the lack of established plantation management standards were found to be key factors
influencing marketing success. The study suggested that farmer understanding of FSC rubber plantation

management should be improved and fair and transparent market mechanisms should be developed.

Keywords: Forest Stewardship Council (FSC), rubber market development guidelines, rubber market

management success, rubber product marketing models
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Figure 1 Location of Ban Khlong Chang Rubber Fund Cooperative Limited

Source: Kwawor (2004)

245



Journal of Agricultural Research and Extension 43(3): 242-265

A5ALIUN15IY

Tuns@ nwraniud dnwd leun annsel
neauaILe1U AR 910 d1LnanIulies
Fwtnaswan wWesanduannselfifinissanisaiu
819 FSC Uszansildlunis@inen 1oun aundnves
arnIalnaINuaINEUIUAR0ITI 311N 81100
AULles Jarinasaan 91uau 290 518 Taglidnng
duiegafid19aun1sdanisaiuens FSC nsifiv
swsmdeyautseandu 2 du leud dwdl 1 g
ATuLT U Adun1sdunirvalaundnannsal
1 290 518 Freuuudumvaluuuilaseadie Feld
m'mmim’sﬁ]aaummmqL%Mﬁyamim@%mmw
waznageuAudoturennIesdioneuiluldess
1AEATITRRAN AT ALTINTTUUT bALA ANSBEAY
Annde wavAndeauunsgiu adRavduiusiiefay
(Pearson's correlation statistics) uaz @ A nanoy
WA (multiple regression analysis) dufi 2 113
WeorBanunn aliunsaiguuudunivalwuulid
Tassasrennnguinegne toun lmifinnsetuns
Uszwmalng fisuRnseunissndunisdanisaiue
FSC vo4annsalnaanuaIug1 st uaaesd1e 9119
U 2 18 LazUsysuannsal nSIUN1SannTel

fiuns wazdude suvivau 8 e nawiudeya

e e

(% '

AUNITIAEIUING UL BETINAUNTTUNWAILT AN
WaEILATIENTOYARIENTITTIUTIN ITBULTEY LAY

duasgideya ueniani Sednurdeyanfend

Wertvanunsal Jam wazdednialunisdnnis
PANANANANYIN FSC 91NLNANT 318971 518911798

KAZUNALAVINITNEITRIRUUTERUTARNY
NAN15ILLAZ I

LATHEND H9AN WATNITIANITNANFIUYIINIFT
vasaBnannIainamuaueNtIuAaaIde 31fin
gnaAULlee JMIREIVAN

971 Table 1 wu3nn¥asNsTIEIUEnsTy
aundnannsals f5eldieds 201,680.25 vnsed
Mufiauenansiiensonady 20.16 lrensadeu
fussulumssamsanuenaeds 2.12 audensisou
aunTnannsals Suszaunsallunsviaiuensiade
23.65 U duszaunisallunsiiuduaundnannsaiv
Wwae 15.11 3 wazduszaunisailunisidnsay
1A591159AN15aIu8198 98U FSC FUNI5819419
Uszindlneads 5.20 3 luguniswaauazn1ssnnis
aaue1e nudndlvgaundnannsalv faasugn

'3

g19m1579uE RRIM600 Ladu¥esas 86.00 wagiug
RRIT251 Ladsfesay 14.00 fuillinandneaads
16.80 15 fiszezuan 3x7 s lwAsTesay 79.62
uaszazUgn 3x8 WA ldsievas 20.38 S1utudy
filvinandninde 73,51 dusiols o1gdugnaady 24.56

U wazilnanasiads 277.72 dlansusialsnal

246



Journal of Agricultural Research and Extension 43(3): 242-265

Table 1 Economic, social, and production management characteristics of Khlong Chang Rubber Fund

Cooperative members

(n=290)
Title Unit Detail
Economic characteristics
Annual income Baht/year 201,680.25
Annual expenses Baht/year 162,676.89
Average rubber plantation holding area rai/household 20.16
Average labor in rubber plantation people/household 212
Social characteristics
Average age year 53.56
Experience in rubber plantation occupation year 23.65
Years of education year 17.32
Cooperative membership duration year 15.11
Duration of FSC project participation year 5.20
Production management
Rubber clone varieties percentage RRIM600 (86.00), RRIT251 (14.00)
Rubber productive area rai 16.80
Planting spacing percentage 3x7 m (79.62), 3x8 m (20.38)
Number of productive trees tree /rai 73.51
Age of rubber tree year 24.56
Average yield kg/rai/year 277.20

n=290 (Khlong Chang Rubber Fund Cooperative members)

Uy wazdodniansalivaunanuananens FSC

910 Table 2 wuhnmsmAnadedamuas
ToIANITANTUIIUAAIANANA A1 FSC VD
du¥nannsalnoanualueaiiuaaeste 919
whiu 3.67 (aglunauiunn)

Taenuin Ussiiutlymuardesitmieady
Ms¥AN1saIuens FSC Aidadldina (unsiseus)
wazhseuaaud19u1n un1sdavienans) i
Aadgafigamindu 4.82 (egluinasinniiga)

N 13 a1 Y 1 1
ERNGAF MG ‘Uiﬁmiﬁﬂillﬂ?i‘ﬁﬁ]?ﬂiﬂﬂ?i@]@@?‘q

Tususes FSC finoudnege faadewindu ¢.74
(egluinausianniian) Ussiiuaildanglunisdanis
e FSC Autsgauazliduiunelsiaamsally
yilrlsiAeusegdle sanadewindu 4.72 (egluinasi
unign) wazUszidudgmnlsalusrssialusmas
sruIndmalinandneanas inlruSununananens
FSC luiasiiawe faadewiniu 4.70 (eglunmsi
unfige) mudiy Turngdssidunsiaiug
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nsbesulususes FSC angnniniivium (U w.e. 2567)
daad eviv 2.40 (g luinaeives) 31nua

ASANYITLAIUIN TunIsaiunIsnaInaIuena

FSC tuiszaulgmuiaziivainnnnoutisnuilag
AaDA AINAliNITALTILIIUTANITAIULNY FSC 109
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Table 2 The problems and constraints of FSC's marketing operations among Khlong Chang Rubber

Fund Cooperative members

(n=290)
The problem and The problem and constraints level
constraints Highest High Moderate Low Least Average Criteria
(%) (%) (%) (%) (%) (%)
1. FSC rubber plantations 0.00 4.00 7.50 70.50  18.00 1.98 Low
did not start from the true
needs of rubber farmers.
2. FSC rubber plantation 81.00  19.00 0.00 0.00 0.00 4.82 Highest
management requires
considerable time for
learning and substantial
labor for documentation.
3. In the FSC market 6550  32.50 0.00 2.00 0.00 4.62 Highest

system, there are few
buyers. The FSC market
system operates as a
voluntary monopoly based
on mutual agreement

between buyers and sellers.
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Table 2 (Continued)

The problem and The problem and constraints level
constraints Highest High Moderate Low Least Average Criteria
(%) (%) (%) (%) (%) (%)
4. The price of FSC 73.00  17.00 7.50 2.50 4.61 Highest

products that farmers
and agricultural institutions
receive is not high, close to

the normal rubber product

price.

5. The agreed premium 10.00  10.50 3.50 44.00  26.00 2.48 Low
price is mostly set by
the buyer (at the factory)
most FSC sales are long-
term contracts of 6-12
months agreed between

buyer and seller.

6. The cost of renewing FSC ~ 74.60  25.40 0.00 0.00 0.00 4.74 Highest
certification is quite high.

7. The market for 70.50  27.50 0.00 2.00 0.00 4.66 Highest

purchasing FSC fresh
latex is more uncertain,
less transparent, and
more complex than for
FSC cup lump rubber,
with limitations in latex
storage (shorter shelf life
than cup lump) and
longer transport distances
between collection areas

and factories.
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Table 2 (Continued)

The problem and The problem and constraints level
constraints Highest High Moderate Low Least Average Criteria
(%) (%) (%) (%) (%) (%)
8. The market involves a 1.00 2.00 58.00 36.00 4.00 2.60 Low

variety of buyer

interaction channels.

9. Land title and ownership 0.00 2.00 56.00 38.00 4.00 2.56 Low
issues
10. The cost of managing 73.50  24.50 2.00 0.00 0.00 4.72 Highest

FSC rubber plantations
is quite high and not
worth the expected
income, making it

a non-motivating factor.

11. Most agreed premium 70.00  26.00 2.00 2.00 0.00 4.64 Highest
prices are determined
unilaterally by buyers
(at the factory level).

12. Farmers and agricultural 4.00 24.00 5.50 56.50  10.00 2.56 Low
institutions have not yet
adopted any rubber
plantation management

standards.

13. Farmers and rubber 5.50 24.50 12.00 48.00 10.00 2.68 Moderate
farmer institutions lack
sufficient readiness and
knowledge for FSC rubber
plantation management

(as of 2024).
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Table 2 (Continued)

The problem and

The problem and constraints level

constraints Highest High Moderate Low Least Average Criteria
(%) (%) (%) (%) (%) (%)
14. New leaf fall disease is 78.00  16.00 4.50 1.50 0.00 4.70 Highest
spreading, causing
decreased rubber
production and
inconsistent FSC rubber
output
15. Inconsistency in rubber 68.50  23.60 4.60 4.0 0.00 4.56 Highest
production volume
16. Delayed FSC certification 2.00 0.00 45.50 40.50 12.00 2.40 Low
renewal (2024)
17. Diverse buyer 56.00  12.00 20.00 12.00  0.00 4.12 High
characteristics in the
marketing system
18. Rubber production 0.00 2.00 81.00 39.00  0.00 2.62 Moderate
quality remains below
standard
Total Average 3.67 High

Criteria average 1.00-1.80 mean least problem and constraint, 1.81-2.60 mean low problem and constraint, 2.61-3.40 mean

moderate problem and constraint, 3.41-4.20 mean high problem and constraint, and 4.20-5.00 mean highest problem and constraint

Jaduanudnialunisdnnisnannnananens FSC

910 Table 3 WU 1A INsINA LAY
AnudSalun1sTnnIsRaIANaNENE19INIST FSC
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mméﬁL%ﬁﬂ,uﬂizLﬁuﬁﬂﬁ%aaazﬁuﬁﬁamaqﬁgﬂé’aa

mmg‘wmasuaqmwmmﬁmmﬁu F1UNTOLUTINANT
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inauafniian) waraudnstlulssiuliiiedaay
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inawsinniign) Tuvaigd anmdnialuuszidunis
fnanafulonanan FSC fiinunisusesiidnauuay
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Table 3 Achievement factors for FSC rubber plantation marketing management

(n=290)

Achievement factors Achievement level

Highest High Moderate Low  Least Average Criteria
(%) (%) (%) (%) (%) (%)
1. The purchase price of 0.00 0.00 11.50 41.50  48.00 1.60 Least

FSC-certified products is
satisfactory to cooperative

members.

2. There is a clearly defined 0.00 2.10 2.20 43.8 51.90 1.54 Least
price for FSC-certified

products.

3. Members meet the 10.0 52.0 22.0 16.0 0.00 3.56 High
requirements for FSC

certification.

4. There are consultants 32.0 50.10 13.9 2.50 2.00 4.10 High
who clearly advise on

FSC's marketing operations.

5. Received a supporting 60.50  21.50 15.60 2.40 0.00 4.42 Highest
budget for FSC's marketing

operations

6. Have a continuous 56.00 35.10 2.90 6.00 0.00 4.41 Highest
follow-up system from

RAQOT officials

7. Higher percentage of 81.20 19.20 2.00 0.00 0.00 4.72 Highest
members with legal land

ownership

8. The knowledge and skills ~ 56.00 14.50 17.50 10.00 2.00 4.10 High
of the cooperative
chairman on FSC's

marketing system
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Table 3 (Continued)

Achievement factors

Achievement level

Highest
(%)

High
(%)

Moderate

(%)

Low

(%)

Least

(%)

Average

(%)

Criteria

9. Continuity in purchasing
FSC products throughout
the 5-year certification

period

6.00

2.00

9.50

32.50

50.00

1.80

Least

10. Appropriate FSC
marketing policies from
both government and

private sectors

2.50

9.50

75.50

10.50

2.00

3.00

Moderate

11. The intention and
enthusiasm for FSC's

marketing operations

24.00

52.50

19.50

4.00

0.00

3.98

High

12. There is a clearly
defined FSC market before

starting FSC operations.

65.00

31.00

2.50

0.00

1.50

4.58

Highest

13. The preparation of
rubber farmer groups

for FSC operations

81.90

16.10

0.00

0.00

2.00

4.78

Highest

14. Optimized premium
cost management for

FSC operations

38.00

48.00

8.00

3.50

2.50

4.16

High

15. Examples of FSC trading
and demonstrated

benefits from FSC trading

72.00

20.00

4.00

4.00

0.00

4.12

Hish

16. The status of the FSC

certificate

4.00

0.00

10.50

29.50

56.00

1.66

Least
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Table 3 (Continued)

Achievement factors

Achievement level

Highest High Moderate Low Least Average Criteria
(%) (%) (%) (%) (%) (%)
17. The strength of the 56.60 17.60 16.00 10.00 0.00 4.20 High
farmer group and FSC's
financial administration
18. Receiving an FSC premium 8.00 10.50 3.50 26.00  52.00 1.98 Low
price higher than the
normal rubber price
19. The level of farmer 56.00 15.50 28.50 0.00 0.00 4.28 Highest
participation and
operations based on
FSC regulations
Total Average 3.52 High

Criteria average 1.00-1.80 mean least achievement factor, 1.81-2.60 mean low achievement factor, 2.61-3.40 mean moderate

achievement factor, 3.41-4.20 mean high achievement factor, and 4.21-5.00 mean highest achievement factor
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Table 4 Pearson correlation coefficients (r) between problem and constraint factors in FSC rubber

marketing management (X1-X18) and the achievement of FSC rubber marketing

management (Y)

The problems and constraints issues

Pearson correlation coefficient

(r)

1. FSC rubber plantations did not start based on the true needs 0.243
of rubber farmers (X1)

2. FSC Rubber Plantation Management requires both -0.287*
considerable time and substantial labor (X2)

3. In the FSC market system, there are few buyers. The FSC -0.368**
market system operates as a voluntary monopoly based on
mutual agreement between buyers and sellers (X3)

4. The price of FSC products that farmers and agricultural 0.545%*
institutions receive is not high, close to the normal rubber
product price (X4)

5. The agreed premium price is mostly set by the buyer (at the -0.505**
factory); most FSC sales are long-term contracts of 6-12
months agreed between buyer and seller (X5)

6. The cost of renewing FSC certification is quite high (X6) -0.059
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Table 4 (Continued)

The problems and constraints issues

Pearson correlation coefficient

()
7. The market for purchasing FSC fresh latex is more uncertain, 0.519**
less transparent, and more complex than for FSC cup lump
rubber, with limitations in latex storage (shorter shelf life than
cup lump) and longer transport distances between collection
areas and factories (X7)
8. The market involves a variety of buyer interaction channels 0.410*
(X8)
9. Land title and ownership issues (X9) 0.457**
10. The cost of managing FSC rubber plantations is quite high -0.223
and not worth the expected income, making it a non-
motivating factor (X10)
11. Most agreed premium prices are determined unilaterally by -0.203
local merchants (X11)
12. Farmers and agricultural institutions have not yet adopted 0.729*
any rubber plantation management standards (X12)
13. Farmers and rubber farmer institutions lack sufficient 0.427**
readiness and knowledge for FSC rubber plantation
management (as of 2024) (X13)
14. New leaf fall disease is spreading, causing decreased rubber -0.373**
production and inconsistent FSC rubber output (X14)
15. Inconsistency in rubber production volume (X15) 0.360%
16. Delayed FSC certification renewal (X16) -0.281*%
17. Diverse buyer characteristics in the marketing system (X17) 0.671**
18. Rubber production quality remains below standard (X18) 0.628**

* Statistical significance at the 0.05 level; ** Statistical significance at the 0.01 level
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3 baht/kg.

Farmer /
Farmer Group

Figure 1 The model of the FSC rubber product market: Model 1

source: in-depth discussion

RAOT market
center

Figure 2 The model of the FSC rubber product market: Model 2

source: in-depth discussion
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h"

Farmer /
Farmer Group

Factory / Buyer

Figure 3 The model of the FSC rubber product market: Model 3

source: in-depth discussion

1
1
Invest by \
mTe—
Company

1 baht/kg.
Tax 0.5 baht

Factory / Buyer

Figure 4 The model of the FSC rubber product market: Model 4

source: in-depth discussion
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Table 5 Characteristics, mechanisms, and conditions of FSC rubber marketing models

Alternative FSC’s Characteristics and Conditions

marketing model Mechanisms

1. Buying and selling Farmer groups buy and sell 1. FSC products are bought and sold
FSC products through  FSC products through the through the Central Rubber Market, with
the Central Rubber Central Rubber Market based RAQT as the FSC certificate holder.
Market Model on its announced price. 2. Premium price is based on the
announced price of the Central Rubber
Market.

3. Shipping costs: (1) from farmer groups
to the Central Rubber Market is the
responsibility of the farmer group only;
and (2) from the Central Rubber Market
to the destination buyer is the
responsibility of the Central Rubber
Market.

4. The FSC premium price may be
adjusted based on socio-economic
conditions and the rubber management

investment situation.

2. Buying and selling Farmer groups buy and sell 1. The farmer group is the FSC certificate

FSC products FSC products directly through holder and is responsible for FSC

through a destination  a destination buyer based on certificate renewal.

buyer model the announced price of the 2. The farmer group can contact,
Central Rubber Market. coordinate, and negotiate terms

directly with the destination buyer.
3. Premium price is based on the
announced price of the Central Rubber

Market.
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Table 5 (Continued)

Alternative FSC’s

marketing model

Characteristics and

Mechanisms

Conditions

3. Buying and selling
FSC products through
a destination buyer
with a contract farm
or MOU commitment

model

Farmer groups buy and sell
FSC products through a
destination buyer under a
contract farm or MOU

commitment

1. Farmer groups operate under FSC
standards with financial support from
the destination buyer.

2. Farmer groups are the FSC certificate
holders, and the destination buyer
provides financial support for FSC
certificate renewal.

3. Premium price is based on the
announced price of the destination

buyer.

4. Buying and selling
FSC products
through a
destination buyer by
investment of the

destination buyer

Buying and selling FSC
products through a
destination buyer, with the
destination buyer fully
investing in management, FSC
certificate renewal, and

trading.

1. The FSC premium price is mutually
agreed upon between the farmer
group and the destination buyer
before FSC management begins.

2. The destination buyer is the FSC
certificate holder and is responsible
for its renewal.

3. Premium price is based on the
announced price of the Central Rubber

Market.

Source: Synthesis from in-depth group discussion
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Table 6 Suggestions for alternative FSC marketing development of Khlong Chang Rubber Fund Cooperative

Limited
(n=290)
Suggestion* Percentage

1. Assess the readiness and market demand before managing sustainable rubber 82.50
plantations

2. Provide knowledge and understanding of the costs and outcomes of FSC 78.60
rubber production

3. Establish comprehensive terms of reference (TOR) to create FSC marketing 75.10
opportunities

4. Improve rubber farmer registry information for groups or agricultural 81.25
institutions, and enhance traceability

5. Create incentives by reducing the cost of managing FSC rubber plantations 90.21

6. Provide knowledge of rubber plantation management principles according to 45.89
international sustainability standards

7. Ensure consistency of supply to strengthen buyer confidence 88.25

8. Promote sustainable rubber plantation management in alignment with the 74.12
20-year national rubber strategic plan

9. Support and expedite the process of finding markets for FSC rubber products 80.45

10. Develop a clear roadmap and strategy for building a sustainable rubber 65.70

supply chain

More than 1 answer is possible
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This research aimed to examine consumer behavior and satisfaction regarding a newly
developed crossbred native chicken breed, known as “Khaw Dok Khae,” while also evaluating the
sensory attributes of its meat. In addition, the study sought to propose product development strategies
and identify market opportunities for Khaw Dok Khae chicken meat in line with consumer preferences.
The sample consisted of 400 consumers selected through convenience sampling. Furthermore, sensory
evaluations were conducted by 50 food experts selected through purposive sampling. Data were
collected using questionnaires and sensory evaluation tests and were analyzed using descriptive
statistics. The findings revealed that the majority of consumers (66.75%) consumed chicken meat 1-2
times per week. Most respondents also reported spending between 101-200 Thai Baht per purchase
(66.75%) and typically buying approximately 1 kilogram per occasion (42.25%). Fresh markets were
identified as the most preferred purchasing location, selected by 61.25% of respondents, followed by
supermarkets (26.00%), chicken farms (12.00%), and other channels such as online platforms (0.75%).
Preference for native chicken meat was primarily associated with its nutritional benefits, as indicated by
66% of respondents. Boiling was the most preferred cooking method, accounting for 44% of responses.
However, a substantial proportion of consumers (91.50%) reported limited awareness and knowledge
regarding the development of new native chicken breeds in Southern Thailand. The sensory evaluation

results demonstrated a high overall level of consumer satisfaction with Khaw Dok Khae chicken meat,
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with a mean score of 3.63. Among the evaluated attributes, overall appearance (mean=3.92), taste
(3.86), and aroma (3.68) received high ratings, whereas color (3.40) and tenderness and texture (3.32)
were rated at a moderate level. These findings suggest that although Khaw Dok Khae is a newly
developed crossbred native chicken breed, its meat possesses strong sensory quality potential and can
serve as a valuable alternative protein source in the future. Therefore, enhancing consumer awareness
and improving production quality to meet market demands are crucial for increasing the added value
of crossbred native chickens and supporting strategic marketing initiatives aimed at sustainably

expanding the consumer base.

Keywords: consumer behavior, crossbred native chicken, satisfaction, sensory evaluation
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Introduction

Native chickens have long been utilized
by humans. In addition to being a popular source
of protein in Southeast Asia, they are also used in
religious rituals, particularly during the Chinese
New Year festival, when whole native chickens
are traditionally boiled as offerings to ancestors,
with large numbers used annually. Moreover,
male native chickens possess natural fighting
instincts and chickens that win fights gain
additional value due to their fighting ability
(Siriwadee et al., 2023). However, the primary
purpose of raising native chickens is for meat
consumption. Their meat is characterized by
unique texture, odor, and flavor, (Jaturasitha,
2004) distinguishing it from commercial broilers or
other meat-type chickens. Native chicken farming
can serve as a primary source of income for
farmers, as their products are in high demand
both domestically and internationally
(Rattananavinkul and Nukreaw, 2020). Raising native
chickens is widespread and practiced in nearly
every rural household, forming an integral part of
rural Thai life. In 2024, Thailand had 2,761,853
farmers raising native and crossbred native
chickens, totalling 114,252,480 chickens. In the
southern region, specifically, 410,407 farmers
raised native and crossbred native chickens,
totalling 13,689,253 chickens (Information and
Communication Technology Center, Department
of Livestock Development, 2024).

The demand for native chicken meat has
been increasing steadily in a group of Thai

consumers (Wattanachant et al., 2005) due to its

desirable characteristic’s low fat and cholesterol
content, firm texture, distinct flavor, and the
absence of hormones and antibiotics. This
growing demand has encouraged farmers to
adopt commercial native chicken production
(Sunanta et al., 2023). Prices for native chickens
are typically two to three times higher than those
of broilers, particularly during major festivals such
as Chinese New Year and New Year. Native
chicken production thus contributes to national
food security and rural economic stability
(Chankong et al., 2022). Consumer preference for
native chicken meat is primarily influenced by its
delicious flavor and firm yet tender texture.
Similar trends are observed in other Asian
countries, such as China, where the consumption
of native chickens is driven by flavor and the
firmness of meat texture (Tang et al., 2009).
Scientific evidence confirms that native chicken
meat contains significantly lower levels of fat,
cholesterol, and triglycerides compared to
broilers (Jaturasitha et al., 2003). Moreover,
Chaosap and Tuntivisoottikul (2006) reported that
native chickens exhibited the highest toughness
score (5.26), followed by Tanawsri chicken (4.78),
Srithong chicken (4.08), and broiler (3.42).

In southern Thailand, popular native
chicken breeds include Surat Thani Red Chicken,
Colon Chicken, Sriwichai Chicken, and Betong
Chicken. Among these, Nakhon Si Thammarat
Province has the highest number of farmers
raising native and crossbred native chickens. To
reduce production costs and meet rising

consumer demand, selective breeding programs

have been established to develop crossbred
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varieties. One such innovation is the Khaw Dok
Khae, a crossbred native chicken developed from
the Sriwichai breed. Nakhon Si Thammarat’s
signature native chicken by the Nakhon Si
Thammarat Livestock Research and Breeding
Center. Khaw Dok Khae chickens are
characterized by their bare necks, white feathers,
well-developed chests, and strong heat
tolerance (Chuaychu-noo et al., 2023). They are
commonly raised in orchards, rubber plantations,
and oil palm areas across Nakhon Si Thammarat,
Trang, and Phatthalung Provinces. However, as
rural contexts evolve, small-scale farmers
increasingly adopt precision farming methods
that emphasize high growth rates and short
rearing  periods.  Simultaneously, modern
consumers demand ready-to-cook products and
seek transparency regarding the origin and quality
of ingredients. The Khaw Dok Khae chicken meets
these needs with its large breast size, tender and
non-sticky meat, and flavor profile similar to that
of pure native chicken. Moreover, its shorter
rearing period of only 10-12 weeks and
comparable market price yield favorable returns
for farmers. This breed also serves as a viable
supplementary source of income and food for
households. Therefore, this study aimed to
examine consumer behavior and satisfaction
toward the Khaw Dok Khae crossbred native
chicken. The findings will provide fundamental
insights  for market targeting, product
development, and the formulation of effective
long-term marketing strategies to enhance

consumer satisfaction and awareness.

Methodology

Population and Sample

The study population consisted of
crossbred native chicken meat consumers
residing in the southern region of Thailand. As the
total number of local chicken consumers was
unknown, the sample size was determined using
Cochran’s formula (Cochran, 1963) at a 95%
confidence level and a +#5% margin of error,
resulting in a required sample of 385
respondents. To ensure sufficient data for
comprehensive analysis, a total of 400 consumers

were surveyed.

The study included two distinct groups:

The participant group for this study
consisted of 400 consumers who had previously
consumed crossbred native chicken meat and
attended the Thung Yai Agricultural Fair 2025 in
Thung Yai District, Nakhon Si Thammarat
Province. Data were collected between February
28, 2025, and March 9, 2025. Convenience
sampling was employed to select participants
who were at least 18 years old, literate, and
willing to voluntarily participate in the research
project. This approach enabled the collection of
detailed and specific information relevant to the
objectives of the study.

A total of 50 food experts were selected
through  purposive  sampling.  This  group
comprised 20 lecturers and students from the
Faculty of Agro-Industry, Rajamangala University

of Technology Srivijaya, and 30 restaurant
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operators from Nakhon Si Thammarat, Trang, and
Phatthalung Provinces. The inclusion criteria
required that participants be healthy adults aged
18 years or older, free from contagious diseases,
able to consume chicken, literate, and willing to
participate voluntarily. This group was used to
evaluate sensory satisfaction with the crossbred

native chicken.

Collection of Data

A structured questionnaire was employed
to assess consumers’ sensory satisfaction after
tasting boiled Kai Khaw Dok Khae chicken. The
questionnaire was adapted from Pongvichai (2008)
and utilized a five-point Likert scale to measure
satisfaction levels across various sensory
attributes. Each item offered multiple-choice
responses with corresponding weights as follows:

Level 1 = Least satisfied

Level 2 = Slightly satisfied

Level 3 = Satisfied

Level 4 = Very satisfied

Level 5 = Most satisfied

The questionnaire evaluated consumer
satisfaction across five key sensory dimensions:
(1) color, (2) odor, (3) flavor, (4) texture
(chewiness), and (5) overall appearance

The research proposal has been
submitted for approval to conduct human ethics
and has received the document number WUEC-

24-357-01

Data Analysis
Data obtained from the questionnaires
were analyzed

using descriptive  statistics,

including frequency, percentage, mean, and
standard deviation. Levels of satisfaction were
interpreted based on the mean scores derived
from the five-point Likert scale.

The interpretation of mean scores
followed the principle of stratification, calculated
by subtracting the lowest value from the highest
value and dividing the result by the number of
levels (i.e., 5). This produced an interval range of
0.80, corresponding to the following satisfaction

levels:

Average Score Interpretation

4.21-5.00 Most satisfied
3.41-4.20 Very satisfied
2.61-3.40 Satisfied
1.81-2.60 Slightly satisfied
1.00-1.80 Least satisfied

Results

General Socioeconomic Characteristics and
Consumer Behavior of Crossbred Native
Chicken Consumers

The analysis of general information on
consumer of crossbred native chicken meat
including gender, age, marital status, education
level, occupation, and average monthly income
was conducted using frequency and percentage
distributions. The results showed that the
majority of respondents were female (84.50%),
while male respondents accounted for 15.50%.
Most consumers were aged 21-30 years (35.50%),
followed by those under 20 years (30.75%). In

terms of marital status, the majority were single
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(83.25%), and married respondents accounted
for 16.75%. Regarding educational attainment,
most consumers held a bachelor’s degree
(42.50%), followed by those with lower or upper
secondary education (36.25%), and postgraduate
degrees (21.25%). For occupation, nearly half of
the respondents were students (49.00%),
followed by civil servants or state enterprise
employees (25.75%), farmers (18.75%), and
employees or laborers (6.50%). In terms of
income, the largest group of consumers earned
an average monthly income of less than 15,000
baht (49.50%), followed by those earning
15,001-30,000 Baht (30.25%). With respect to
chicken consumption behavior, the majority of
consumers reported eating chicken meat 1-2
times per week (66.75%), followed by 3 -4 times
per week (25.75%). For expenditure on chicken,
most consumers spent 101-200 Baht per
purchase (66.75%), followed by 201-300 Baht
(30.50%). In terms of quantity purchased, 42.25%
of consumers typically bought 1 kilogram per
purchase, while 30.50% purchased 1.5 kilograms.
Regarding purchasing sources, the majority of
consumers preferred to buy chicken from fresh
markets (61.25%), followed by department
stores (26.00%), chicken farms (12.00%), and
other sources such as online channels (0.75%).
The primary reason consumers preferred native
chicken meat was its perceived nutritional value,
as indicated by 66% of respondents. This was
followed by its suitability for preparing a variety
of dishes (19%) and its affordability relative to
product quality (15%). Regarding cooking

preferences, boiled dishes were the most

commonly preferred preparation method,
accounting for 44% of responses, followed by
curry-based dishes (34%), stir-fried dishes (14%),
and fried dishes (8%). In terms of consumer
awareness of newly developed native chicken
breeds in Southern Thailand, only 8.50% of
respondents reported having received relevant
information, whereas the vast majority (91.50%)
indicated that they were unaware of recent
developments in native chicken breeding. These
findings underscore the importance of
implementing promotional strategies and public
awareness campaigns to improve consumer
knowledge in Southern Thailand, particularly in
Nakhon Si Thammarat, Trang, Phatthalung, and
surrounding Provinces. Increasing public
awareness of the benefits and ongoing
development of new native chicken breeds may
contribute to greater market acceptance and

consumer demand in the future.

Consumer Satisfaction for Sensory Properties
of Crossbred Native Chicken

The sensory satisfaction evaluation of
the crossbred native chicken (Khaw Dok Khae
Chicken, KDK-Chicken) was conducted using a
structured questionnaire administered to 50
food experts. The participants included 20
lecturers and students from the Faculty of Agro-
Industry, Rajamangala University of Technology
Srivijaya, and 30 restaurant operators from
Nakhon Si Thammarat, Trang, and Phatthalung
Provinces. This assessment provided preliminary
data regarding the experts’ satisfaction levels

with various sensory attributes of the crossbred
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native chicken, including color, odor, flavor,
toughness, and overall appearance. The data

were analyzed to determine satisfaction levels

consistent with the study’s objectives. The
sensory satisfaction results for Khaw Dok Khae

Chicken are presented in Table 2.

Table 2 Consumer satisfaction for sensory properties of crossbred native chicken (KDK-Chicken)

Consumer Mean score Standard Satisfaction Ranking
sensory satisfaction Deviation (SD) level
1. Color 3.40 0.646 Moderate 4
2. Odor 3.68 0.653 High 3
3. Flavor 3.86 0.572 High 2
4. Toughness 3.32 0.642 Moderate 5
5. Overall Appearance 3.92 0.528 High 1
Average 3.63 0.455 High

from structured questionnaires and calculations

Based on the sensory evaluation
presented in Table 2, experts assessed boiled
and sliced Khaw Dok Khae chicken and reported
high overall satisfaction, with an average score of
3.63. When analyzed by individual attributes,
three aspects received high satisfaction ratings:
overall appearance (3.92), flavor (3.86), and odor
(3.68). In contrast, two aspects were rated as
moderate: color (3.40) and toughness (3.32).
These results indicate that the sensory
satisfaction assessment conducted by food
experts provides valuable guidance for the
development of the Khaw Dok Khae crossbred
native chicken, helping ensure that the product
meets consumer preferences and demand in the
future.

The sensory evaluation results of the

crossbred native chicken “Khaw Dok Khae”

revealed that the product’s key strengths were
its overall appearance, taste, and aroma, all of
which received high satisfaction ratings. In
contrast, color and tenderness/texture were
rated at a moderate level. Therefore, marketing
promotion strategies should adopt an approach
of “highlighting strengths while improving
weaknesses” in accordance with the research

findings, as follows:

Establishing the Product’s Selling Point
Marketing communication strategies
should emphasize that Khaw Dok Khae is a
“crossbred native chicken distinguished by its
excellent taste, appealing aroma, and desirable
texture.” The product is well positioned to
satisfy consumers seeking the traditional flavor

and eating quality of native chicken while also
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benefiting from enhanced production efficiency

and commercial potential.

Product Positioning

The product should be positioned as a
“premium native chicken for health-conscious
consumers and traditional local cuisine.” It is
particularly suitable for local restaurants, health-
focused restaurants, consumers who prefer firm-
textured chicken meat, and the gastronomy
tourism market. In Southern Thailand especially,
the product can be closely associated with local

culinary identity and traditional food culture.

Marketing Communication Strategy
Promotional messages should emphasize
phrases such as “Khaw Dok Khae chicken:
aromatic and delicious like authentic native
chicken” or “Khaw Dok Khae chicken: rich flavor,
ideal for traditional Thai cuisine.” Marketing
efforts should incorporate reviews from
professional chefs, cooking demonstrations, food
tasting activities, and content marketing through

online media platforms.

Product Development Based on Moderately
Rated Attributes

1) Color

Some consumers may expect darker skin
or meat color. Development approaches may
include adjusting feed formulations through the
use of natural carotenoid-rich ingredients,
improving free-range farming systems, or creating
consumer awareness that natural color reflects

product safety and quality.

2) Tenderness/Texture

Texture is an important issue, as some
consumers prefer a firm yet tender texture,
while others may dislike excessively tough meat.
Therefore, marketing strategies should clearly
segment consumer groups. For example,
products targeting elderly consumers or urban
markets may focus on processed products with
softer textures, whereas traditional food markets
may emphasize the product’s “firm and
enjoyable chewiness” as a distinctive

characteristic.

Value-Added Product Development

The product can be further developed
into both ready-to-cook and ready-to-eat
products, such as premium frozen crossbred
native chicken products. In addition, it may be
adapted into region-specific dishes using locally
sourced ingredients or community identity
products to strengthen its market value and

unigqueness.

Discussion

This study of consumer behavior and
satisfaction with crossbred native chicken (Khaw
Dok Khae) aligns with previous research on native
chicken consumption patterns and marketing
preferences in Thailand. For instance, Lekbangpong
et al. (2024) examined consumer behavior in
Phatthalung Province and found that consumers
typically purchase native chicken meat once per
month, preferring whole, yellow female chickens
Fresh

weighing approximately 2 kilograms.
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markets were the preferred purchasing venue,
and the meat was commonly used in dishes such
as free-range chicken curry and tom kha. Key
marketing factors prioritized by consumers
included product quality, promotion, distribution
channels, and price, all of which were rated highly.
Similarly, Prasertchitsan (2019) investigated chicken
purchasing behavior in Tha Uthen Subdistrict
Municipality, Nakhon Phanom Province, based on
400 consumer responses. The study found that
consumers favored fresh markets due to
proximity, spent 50-100 Baht per purchase, and
typically purchased 1 kilogram of chicken two
times per week. The meat was commonly used
for stir-frying, deep-frying, and boiling. Marketing
factors were ranked in the order of product, price,
distribution channels, and promotion.

Comparable findings were reported by
Orahuntgulbodee and Suriya (2020) in Khon Kaen
Province, where consumers emphasized chicken
size and odorlessness when selecting native
chickens. Fresh markets were again the preferred
source, and chickens were primarily used in
boiled dishes, with an average weekly purchase
volume of 1.1-2.0 kilograms. Consumers considered
product quality, price, and distribution channels to
be the most important factors. These studies
collectively provide a benchmark for developing
effective marketing strategies for crossbred native
chickens.

In Southern Thailand, a wide range of
native and crossbred native chicken breeds are
raised to meet the specific needs of producers,

and the market demands of each locality. The

Khaw Dok Khae chicken, a newly developed

crossbred native breed, demonstrates strong
adaptability and is suitable for a variety of
culinary applications, offering meat with a
desirable balance of tenderness and firmness.
The overall satisfaction score of 3.63 indicates a
high level of consumer acceptance. This finding
suggests that crossbred native chickens raised at
an appropriate age and market weight are highly
preferred by consumers. The sensory evaluation
results further reveal that the Khaw Dok Khae
crossbred native chicken has considerable
potential to be promoted as an alternative
livestock product for consumers who value the
flavor and unique characteristics of native
chicken meat. In particular, sensory attributes
such as taste, aroma, and overall acceptability
received favorable evaluations. Nevertheless,
improvements in meat color and tenderness are
still needed to further enhance consumer
acceptance and support future commercial
expansion.

Previous research in Thailand supports
these findings. Sopha et al. (2013) reported that
the advantages of dishes prepared from native
chicken include firm meat, good taste, and high
nutritional value, whereas disadvantages include
higher cost, limited availability, and tougher
texture. Lengkidworraphiphat et al. (2021) analyzed
the nutritional composition and flavor of Thai native
chicken, broiler chicken, and black-boned
chicken, finding that Thai native chicken contains
the highest amino acid content especially
glutamic acid contributing to its superior flavor.
Jaturasitha et al. (2008) reported that native

chicken meat has lower fat and cholesterol
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compared to imported breeds such as Bresse and
Rhode Island Red, making it particularly suitable
for health-conscious consumers seeking low-fat,
chewy meat. Further studies, including
Prapasawat et al. (2013), found that consumers
expressed very high satisfaction with various
native chicken breeds, particularly regarding
firmness, tenderness, odor, and taste, with
overall satisfaction scores ranging from 3.92 to
4.35. Leotaragul et al. (2009) assessed awareness
and satisfaction with the Chiang Mai Pradu-
Hangdum native chicken among researchers and
students at an invention contest, reporting that
32.70 percent were familiar with this breed. To
meet consumer demand for crossbred native
chickens in the southern region, producers
should implement safe and certified farming
systems to build consumer confidence. Effective
marketing  strategies  including  campaigns,
advertisements, and public relations through
multiple media channels are essential to
establish a reputation for quality and flavor.
These strategies will serve as a guideline for
promoting the crossbred native chicken market

and supporting long-term development.

Conclusion

This study examined consumer behavior
of the Khaw Dok Khae chicken, a crossbred
native chicken developed from the Sriwichai
breed, a signature native chicken of Nakhon Si
Thammarat Province. Data were collected from
400 consumers using a structured questionnaire,

and sensory satisfaction was assessed by 50 food

experts. The results indicated that most
consumers were female, aged 21-30 years, held
a bachelor’s degree, and had an average
monthly income of less than 15,000 Baht. Most
consumers consumed chicken meat 1-2 times
per week, typically spending 101-200 Baht per
purchase and buying 1 kilogram at a time. Fresh
markets were the preferred purchasing source.
The primary reason consumers preferred native
chicken meat was its perceived nutritional value
(66%). Boiled dishes were the most favored
preparation method (44%), followed by curry-
based (34%), stir-fried (14%), and fried dishes
(8%). Awareness of newly developed native
chicken breeds in Southern Thailand was low,
with only 8.50% of respondents reporting prior
knowledge, while 91.50% were unaware of such
developments. Sensory evaluation by food
experts revealed high overall satisfaction with
the cooked chicken (mean score=3.63). Three
sensory attributes overall appearance (3.92),
flavor (3.86), and odor (3.68) received high
satisfaction ratings, whereas color (3.40) and

toughness (3.32) were rated moderate.

Recommendations

Further studies should be conducted to
develop appropriate culinary preparation
methods and value-added food products that
highlight the distinctive characteristics of this
crossbred native chicken, particularly its firm yet
tender meat texture. Farmers should also
emphasize proper feed management and rearing

practices, especially the use of nutritionally
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balanced diets and an optimal rearing period not
exceeding 12 weeks, to ensure carcass and meat
quality suitable for market demand and diverse
cooking methods.

In addition, continuous promotion and
marketing activities should be strengthened to
increase consumer awareness and market
opportunities. These activities should highlight
key selling points such as meat quality, flavor,
breed identity, and safe production practices.
Collaboration among government agencies,
educational institutions, and private-sector
organizations is also essential to support
knowledge transfer in production, processing,
and marketing throughout the value chain,
thereby promoting sustainable income for local
communities.

For future research, sensory evaluation
or blind testing should be conducted to compare
this crossbred native chicken with other native
chicken breeds in Southern Thailand. The results
could be used to identify distinctive selling
points and support pricing strategies and targeted
marketing communication in competitive

markets.
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Flooding has become a recurring problem in many areas of Lopburi Province, particularly in Ban
Phai Khwang Community, Khao Phra Ngam Subdistrict, where low-lying topography, continuous urban
expansion, and increasing rainfall variability have intensified the frequency and severity of flood events.
These conditions have significantly affected local livelihoods, property, and residents’ quality of life.
Effective flood management therefore requires both spatial information and active community
participation. This study aimed to integrate geospatial technology with community participation in flood
risk management. The study consisted of two main components: 1) flood risk area analysis using a
Geographic Information System (GIS) with weighted overlay analysis based on physical and land-use
factors, and 2) an assessment of community participation using questionnaires administered to 167
respondents, analyzed using descriptive statistics and correlation analysis. In addition, focus group
discussions were conducted to formulate community-based flood management strategies.

The results showed that most areas of Khao Phra Neam Subdistrict, particularly Ban Phai Khwang
Community, were classified as high- and very high-risk flood zones. The community demonstrated a
high level of flood-related knowledge and awareness, while the overall level of participation in flood
management was moderate. Community participation was higher in problem identification, planning,

and evaluation than in practical implementation. Factors significantly associated with participation
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included education level, occupation, income, and flood-related knowledge and awareness.
The integration of GIS-based flood risk analysis with participatory processes through focus group
discussions enabled the development of flood management strategies based on the principles of
prevention, preparedness, response, and recovery, which were consistent with the local context. The
findings indicate that integrating geospatial technology with community participation can effectively

support local-level flood risk management and may serve as a useful framework for policy development

and flood management in other areas with similar characteristics.

Keywords: community participation, flood management strategies 2R 2P, flood risk areas

geographic information system, weighted overlay analysis
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Jade Usznoudae 1) Usunaniduedesety 2)
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st lemininu (Kazakis et al., 2015; Rahmati et al.,
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Uade (Table 1)

Table 1 Weights and scores of factors used for flood risk area analysis

Factor Weight Description Score

1) Average daily rainfall 9 <35 mm 1
source: Department of Meteorology 35.1-90 mm 2
(2021) 90.1-120 mm 3
120.1-140 mm a4

>140 mm 5

2) Average annual rainfall 8 <1,000 mm/year 1
source: Department of Meteorology 1,000-1,100 mm/year 2
(2021) 1,101-1,200 mm/year 3
1,201-1,300 mm/year a

>1,300 mm/year 5
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Table 1 (Continued)

Factor Weight Description Score

3) Distance from water bodies <500 m 5
source: Royal Irrigation Department 501-1,000 m 4
(2012) 1,001-2,000 m 3
2,001-3,000 m 2

>3,000 m aq

4) Drainage density <0.20 km/km? 1
source: Royal Irrigation Department 0.21-0.40 km/km? 2
(2012) 0.41-0.60 km/km? 3
0.61-0.80 km/km? a4

>0.80 km/km? 5

5) Elevation <120 m 5
source: Mitrearth (n.d.) 121-150 m a4
151-250 m 3

251-350 m 2

>350m 1

6) Density of waterway obstructions <0.1 km/km? 1
source: Royal Irrigation Department 0.11-0.20 km/km? 2
(2012) 0.21-0.30 km/km? 3
0.31-0.40 km/km? a4

>0.40 km/km? 5

7) Soil drainage capacity Very poor 5
source: Department of Land Poor a4
Development (2020) Moderate 3
Good 2

Very good 1

8) Slope <1% 5
source: Mitrearth (n.d.) 1-5 % a4
5.1-10% 3

10.1-20% 2

>20 % 1
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Table 1 (Continued)

Factor Weight Description Score
9) Land use 2 Urban and residential areas 5
source: Department of Land Agricultural areas 4
Development (2020) Forest areas 3
Water bodies 2
Miscellaneous land 1

A score of 5 indicates areas with the highest flood risk. A score of 4 indicates areas with high flood risk.

A score of 3 indicates areas with moderate flood risk. A score of 2 indicates areas with low flood risk.

A score of 1 indicates areas with the lowest flood risk.
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Flood Risk Factors

Recurring Flood (9 Factors)

Problems in Khao Phra

- GIS-based flood risk analysis

- Statistical analysis of

Ngam Subdistrict —

community participation

Municipality, Mueang

- level of community participation

in flood management

Lop Buri Community-based - Integration of spatial data
Data and social data
|
4 Flood Risk Management Implications
- flood risk zoning map - Area-based flood management planning

- Community-informed decision making

- Integrated flood risk management strategies

Figure 1 Conceptual framework
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Legend
Flood Risk Areas

Risk_Lavel

[ Very Low Fiood Risk Area
[:J Low Flood Risk Area
I:] Moderate Flood Risk Area
I:I High Flood Risk Area

- Very High Flood Risk Area
[ Ban Phai Khwang

Lop Buri Province

Figure 2 Flood hazard map of Khao Phra Ngam Subdistrict, Mueang Lopburi District,

Lopburi Province, Thailand
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Table 2 Personal characteristics of the sample from Ban Phai Khwang Community, Khao Phra Neam

Subdistrict Lop Buri (n=167)

Characteristics Category Frequency Percentage
(persons) (%)
Gender Male 69 41.3
Female 98 58.7
Age (years) Below 30 14 8.4
31-40 29 17.4
41-50 26 15.6
51-60 38 22.8
60 and above 60 359
Education level  Primary school or below 83 4a9.7
Secondary school 36 21.6
Diploma 20 12.0
Bachelor’s degree 26 15.6
Higher than Bachelor’s degree 2 1.2
Occupation Government officer / State 15 9.0
enterprise
Agriculture 11 6.6
General labor 67 40.1
Trading / Business 39 234
Student 8 4.8
Others 27 16.2
Monthly income  Less than 5,000 67 40.1
(THB) 5,001-10,000 49 29.3
10,001-15,000 30 18.0
15,001-20,000 8 4.8
20,001-25,000 7 4.2
25,000 and above 6 3.6
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Table 2 (Continued)

Characteristics Category Frequency Percentage
(persons) (%)
Length Less than 5 years 2 1.2
of residence 6-10 years 5 3.0
11-15 years 5 3.0
16-20 years 15 9.0
More than 20 years 140 83.8
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AUEIRU (Table 3)

Table 3 Level of community participation in flood management in Ban Phai Khwang Community

(n=167)
Dimension of participation Mean (f) SD Interpretation Rank
Problem identification 2.64 1.58 Moderate 2
Planning and problem-solving 2.49 1.56 Moderate 3
Implementation 2.22 1.48 Low 4
Monitoring and evaluation 2.71 1.63 Moderate 1
Overall 2.52 1.56 Moderate -
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(Table 4)

Table 4 Relationship between factors influencing community participation in flood management

in Ban Phai Khwang Community

Factors

Community participation in flood management

Correlation coefficient

Significance level (p-value)

Education level
Occupation
Income

Flood-related knowledge and awareness

0.200** 0.010
-0.154*% 0.047
0.224* 0.004
0.159* 0.040

* p<0.05, ** p<0.01
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(@) The first focus group discussion

(b) The second focus group discussion

with relevant government agencies

Figure 3 Focus group discussion of Phai Khwang Community for flood management
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This study aimed to investigate the personal, academic, and psychological profile, including career
decision-making, and factors affecting career decision-making, as well as the reasons for pursuing a career
after graduation among Maejo University graduates. Data were collected using an online questionnaire
during the rehearsal day for the Royal Graduation Ceremony in the academic year 2023-2024 from 902
bachelor’s graduates out of 2,101. The quota sampling and accidental random sampling methods were
employed across 11 faculties, 2 colleges, and 2 educational areas to identify the sample group. The
obtained data were analyzed using descriptive statistics, inferential statistics, and rationale content
analysis. The results indicated that the majority of graduates (57.65%) were female, with an average age
of 23.57 years, and most of them (62.19%) resided in the northern region. In addition, 61.10% had student
loans debt, and 23.73% graduated from the Faculty of Business Administration. Furthermore, 74.50% had
specialized knowledge in their field of graduation, and 68.74% had previously registered for cooperative
education. However, 57.76% of the graduates were employed in their field of study and exhibited a
favorable attitude towards pursuing careers in their field of study (mean=4.09). Meanwhile, the graduates
reported high levels of inspiration from teachers (mean=4.18), motivation from friends (mean=4.07), and
career decision-making after graduation (mean=4.21). Moreover, the analysis revealed four factors affecting
career decision-making after graduation, namely: age, attitude towards pursuing careers in their field of
study, inspiration from teachers, and motivation from friends. Finally, most graduates decided to pursue
an entrepreneurial career (35.03%) due to its independence, despite the relative investment risks under

uncertain economic conditions.
Keywords: career decision-making, Maejo University, pursuing career in the field of study
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Table 1 The graduates’ attitude towards pursuing the career according to the graduation field

Graduate’s attitude X SD Rating

1. Able to use the knowledge to the fullest 4.05 0.813 Favorable

2. Causing the progress in the line of work rapidly 4.06 0.800 Favorable

3. Helping to learn the work faster 4.13 0.795 Favorable

4. Helping to expand knowledge in work 4.12 0.774 Favorable

5. Creating special expertise 4.15 0.813 Favorable

6. An opportunity to earn a higher salary 4.03 0.869 Favorable

7. Causing pride in the profession 4.09 0.834 Favorable

8. Able to transfer expertise to colleagues 4.08 0.831 Favorable

9. Able to use expertise in careers throughout life 4.12 0.804 Favorable

10. High chance of getting a job 4.12 0.888 Favorable

Total 4.09 0.656 Favorable

Table 2 The inspiration from teacher and motivation from friend of graduates
Factors X SD Rating
Inspiration from teachers
1. Knowledge and skills gained are sufficient for a career 4.21 0.742 High inspiration
2. Professional experience 4.18 0.761 High inspiration
3. Specialization a.17 0.785 High inspiration
4. Practical learning and problem solving-based study 4.16 0.783 High inspiration
5. Inspiration to pursue a career after graduation a.17 0.762 High inspiration
Total 4.18 0.703 High inspiration
Motivation from friends

1. Getting a job immediately after graduation 4.06 0.879 High motivation
2. Work success after graduation 4.09 0.854 High motivation
3. Invitation to work together after graduation 3.99 0917 High motivation
4. Better quality of life from working after graduation 4.11 0.831 High motivation
5. Supporting families from working after graduation 4.12 0.835 High Motivation
Total 4.07 0.774 High Motivation
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Table 3 The career decision-making after graduation of graduates

Type of career X SD Rating
1. Public servant 4.05 0.856 High
2. State enterprise employee 4.04 0.759 High
3. Private company employee 4.13 0.737 High
4. Entrepreneur 4.23 0.770 High
5. International organization employee 4.15 0.788 High
Total 4.21 0.671 High
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Table 4 Stepwise multiple regression analysis of significant independent variables and career decision-

making after graduation of Maejo University graduates

Variables Career decision-making
after graduation
B t-value
Gender (X;) 0.051 0.042
Age (X)) -0.106 -3.482**
Student’s resident (X,) 0.130 0.118
Debt from student loans fund (X,) 0.884 0.059
Graduated faculty (Xs) 0.016 0.018
Specialized knowledge in the graduation field (X,) 0.037 0.030
Enrollment of cooperative education subject (X;) 0.290 0.192
Characteristic of current work (Xg) 0.322 0.237
Attitude towards pursuing the career according to the graduation field (X,) 0.231 4.701**
Inspiration from teachers (X;,) 0.278 5.403**
Motivation from friends (X;,) 0.229 5.303**

Constant=8.785; Adjusted R°=0.429; R°=0.433; F-value=118.972%*

** highly significant (p<0.01)
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