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Effects of Nutrient-Enhanced Fermented Cassava Pulp on Feed Intake,
Rumen Fermentation, Milk Production, and Blood Metabolites in Dairy Cows
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Abstract: This study aimed to evaluate the effects of nutrient-enhanced fermented cassava pulp on
feed intake, ruminal fermentation, milk production, and blood metabolites in dairy cows. Twelve Holstein
Friesian cows with an average body weight of 450 + 20.0 kg, in the 1% lactation, 130 + 30 days in milk,
and an average milk yield of 12.0 + 2.0 kg/day were used in this experiment. Cows were fed a total
mixed ration (TMR) containing 14% crude protein and were offered feed ad libitum. The experiment was
conducted using an independent sample t-test design with two dietary treatments: a control group fed
TMR without fermented cassava pulp (CON) and a treatment group fed TMR in which fermented cassava
pulp replaced 20% of the diet on a dry matter (DM) basis (TREAT). The experiment lasted 59 days (a 14-
day dietary adaptation period followed by a 45-day sample collection period). Feed intake and milk
yield were recorded daily, while rumen fluid, milk, and blood samples were collected on days 0, 15, 30,
and 45 of the experimental period to determine ruminal pH, ammonia nitrogen (NH5-N) concentration,
volatile fatty acid (VFA) profiles, milk composition, and blood metabolites. Results showed that on day
45, dry matter intake in the TREAT group was significantly lower than that in the CON group (P < 0.05).
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However, on days 30 and 45, cows fed the FCP diet exhibited significantly greater ruminal NH;-N
concentrations, total VFA concentrations, and propionate proportions compared with the control group
(P < 0.05). No significant difference was observed between treatments in milk yield, milk composition,
or blood metabolites. In conclusion, replacing 20% of the TMR with fermented cassava pulp enhanced
rumen fermentation activity by increasing total VFA production and shifting fermentation toward greater
propionate production, without adversely affecting milk production performance or the health status of

lactating dairy cows.
Keywords: Fermented cassava pulp, rumen fermentation, milk production, dairy cows
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pulp; FCP)

nnsfudrUzndanaini lylunismaaes
afsillafunsatuayulunsdomisunazniandn
31NUSEM fle 91i% Taeandunisnaunindy
dgndaantuingAudu 9 augasiinmun ussq
aslunszasunassiilnoy nelnaniaglsoondiau
u Fvianiwdug Uszinelne Tnsnndudiusnds
anlasunsatiuayuanuisn lnen S99 ()
yuzfinininaudely madandes nnthana gi3e
launaldouneain 1nde LIS NAL WAL
Hogauv3s (FanuazuuaiiSondansauanin) Snde
MnunasTmuslunesiy Snsauvesingiunas
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penUsznaumuadvenntud il ndsnengds
msvsiniduszezingn 21 5u wandlaly Table 1
AIIUNUNTNAADILAZENINARDS
miwmaaﬂ,umaulﬂﬂgummmaﬂgumiu
nsledmimeasaitenumiinetmansosnansinsa
Tnglasueygnnslvlvdninanosananenssunis
@Ju,amsLﬁymLLas’Lmyf‘%’m‘Lﬁ'amumai‘wmmam{
(E1LnEAT) ANELINEATANERS U IMedaiTedluy
(La%ﬂ'aﬂgﬂ'ﬁ AG01007/2568) N15NAADIANTUNTT
a0 s ulauy nATudRadnans wazdng un
ANTINEASA1ENS An1InedeLTosluy Tande
Fodlvy Useinelne (i 18.75028°N, 98.93697°F;
ArugannsER Ui 331 wng) lelauuanswug
Holstein Friesian Wanini 450 + 20.0 Alansu

aglusaun1slvuud 1 (1 lactation) ¥es28gn 15N

Yua 130 + 30 Su Ty 12,0 + 2.0 Alandune’u
Y 12 69 Iﬂuunﬂﬁ’ﬂmy%’umizﬁawsﬁ‘ﬁgams
uonwazn1ely (Ivermectin; VOMAC-F, Boehringer
Ingelheim Animal Health, Thailand) S¥121905-
NARDIiuIsINN U uaznazemlvAunaanLIa
Usudmmeanadunan 14 Yu meszezinamaaodas
45 §u SIUAABATEYZLIAINITNAABIIA Y 59 Tu
f\hammi 2 ﬂ%’;ﬂ 1281 07.00 U. wag 16.00 w. lAuy
Lm'axﬂq'mlmy%“vmmimamwaﬁu (Total mixed
ration; TMR) 7iflsfulusiu 14 % waz TDN 70 %
mm’wLLuzﬁﬂmmmymﬂ”lﬂmuzsumiﬂum (NRC,
2001). Taednrsnaununinduadivsnaansin (FCP)
Tugmsemsludaauiiuanasiu waglnomauuy
ad ibitum 3IMUNUNITNAGBILUY independent
sample t-test Immwquvwmamaamﬁu 2 ﬂa;m
Toun naudilasu TMR 7 lufn1snaununiniy
duzndminlugns (CON) uaznaufilafu TMR
ﬁ'mmmumﬂﬁuﬁmwﬁwﬁﬂiuamﬁizﬁu 20%
DM basis (TREAT) T,mﬁ m‘umﬁmmmu 20% AU
mﬂmwmaaumiaqmummmﬂwaﬂmmi
(Palatability test) neuBuNsNAaeman Weussiiu
nseeudusmsazusunanisiulavedaiof
nsvawnunnsud s el sedu 20% 1y
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seduitlaeusulauazuslnaled sadenlylunis-
naaos Tnevngasgnusulnillusiiu (sonitrogenous)
wagnay (socaloric) InalAesiiuiian
nsiiusIusandaya wazmsdaszimanad
Sufinusuunislvemsnniu Tasds
dinewnsneuluuazyinnistiermsfiuae (Feed
refusal) duLfiufdi081901919 Immﬁ’uiuﬂ%mm
as'mav 1000 n§u Tuunay mmuumwm 7 Tuvre9
YIITHLIANNAAD Lwamlﬂammmmﬂﬂﬁmau
aad laun 3 ’mqu,m (Dry matter, DM) 1N (Ash)
Loy (Ether extract, EE) waglusAunenu (Crude
protein, CP) a1u35a89 AOAC (2000) waziAsizn
wissnUsyneumuaivend ole laun niluwaa
(Neutral-detergent fiber, NDF) wag ﬁﬂiuma@ﬁaa
(Acid-detergent fiber, ADF) #m1u3§n15v94 Van
Soest et al. (1991) tufinUSanunislniiuamniu
Tauuimunlasunssauntuas 2 ads (04.45 u. uay
15.45 1) LR udog1eunlududl 0, 15, 30 uaz
45 999539¥MINARRY Fr0g1euNlunBUT LA ADY
Lﬁuqﬂwamaﬂué'mwéauwhﬁ’u LLgQLﬁUﬁquQﬁ
4 perwaLgvaaunaziluinTvesnlsyneu
vruy laun Tastu (Fat) JWs@iu (Protein) wanlna
(Lactose) 903w 9591 (Total solids) wazoudadi
Tusaulasiu (Solid not fat) Tneleia3es MilkoScan
FT2 (FOSS, Hillerod, Denmark) syeztaanlunisiaen
1894 (ruminating time) QﬂLﬁU%@gﬁI@ﬂ%ﬂaaﬂﬂa
999388993 UU Afimilk (Afimilk Automating Dairy
Farms) finsatulannia tngszuutufinveyanis-
Ae1dosuuusnlu naen 24 dalua ﬁaﬁ%@uaaﬂ
ianamLauaiﬂwaLﬁummaa WIT/5) suaen
mﬁmusuamﬁuaqmsmam
m‘umaawwaammiuﬂizmwgmu
(Rurnen fluid) 91nTAusun azia USu1ms 500
Hadans Iﬂai%ﬁaaamwwaﬂwﬂLszjy']zjﬂmww (Oral
stomach tube) naunFIe 15 own luuit o,
15,30 Lay 45 U9458UENITNAADY ANUT5UD I
Hnokaew et al. (2024) Wit 911U LAz AR
WJunsa-ana (pH) Pa8LA3 83 TAAN pH LWUUNANA
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Table 1. Ingredients and chemical composition of dietary treatments

Dietary treatments!

ltem
CON TREAT FCP
Ingredient, DM basis (%)
Napier grass 31 30 -
Sweet corn husk 19 18 -
Pellet concentrate 50 32 -
Fermented cassava pulp 0 20 -
Cassava pulp - - 79
Palm kernel cake - - 7
Soybean meal B _ 7
Molasses _ B, 3
Urea . - 1.3
Dicalcium phosphate - - 1
Salt _ B, 05
Premix? - - 1
Microbial additive® _ _ 0.2
Dry matter (%) 30.97 29.92 35.92
Chemical composition, DM basis (%)
Organic matter 87.36 88.00 89.87
Crude protein 14.01 14.31 20.22
Ether extract 3.82 5.12 6.09
Neutral detergent fiber 51.09 53.99 51.78
Acid detergent fiber 3271 34.12 2933

" CON = Basal diet (TMR) + 0%FCP; TREAT = Basal diet (TMR) + 20%FCP; FCP = Fermented cassava pulp.
2 Contains per kg premix = Vitamin A 10,000,000 IU; vitamin D 1,600,000 IU; vitamin E 70,000, IU; Fe 50 g;
Mn 40 g; Zn 40 g; Cu 10 g; 1 0.5 g; Se 0.1 g; Co 0.1 g. ° Microbial additive consisted of live yeast

(Saccharomyces cerevisiae 2.5 x 10° cfu/g; Yea-Sacc® 1026, Alltech Inc.) and a lactic acid bacteria

(lactococus lactis 0-224 6.2 x 10" cfu/g and Lactobacillus buchneri 6.2 x 10" cfu/g) based silage
inoculant (SiloSolve® FC, Chr. Hansen). DM = Dry matter.

(VWR International, Radnor, PA, USA) 7 LAY
Usurawenlutdelulasiau (NH-N) a1u3faos
Chaney and Marbach (1962) waz3ias1zvusuin
nsalasfuszimes (Volatile fatty acids; VFA) @135
294 Hnokaew et al. (2025) Wusaeu19denan
Taununavialutui 0, 15 30 uay 45 999528y
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NINABDIINUAALEDAUTLIULAUNY (Coccygeal
vessels) Tnela naonLf uLd onv S d 1unaLv09
&15 EDTA vu1n 4 ml Tusennanauinousady
w8 1,500 ¢ wru 15 wift andufuiigaumgd
20 seAnwaLGud i o3asznaisuailulan
Twdon laun blood urea nitrogen (BUN), aspartate
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aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), creatinine, total
protein tag albumin Tneluindesiinsnznsnludd
(Sysmex BX-3010; Sysmex Asia Pacific Pte Ltd,
Chuo-ku, Japan)

nsiAssideyanieana

AN5ALASIEUNI19ED A b AR U5 el

TUSUns8 R1183 7Y 4.3.1 lneshn13ns1aday
AuRgIUNTLANLAILUUUNA LAY ANYAL AL B YD
AuUsUTIURIe Shapiro-Wilk test ag Levene’s
test muddu Usuanisaule nsmifnlunssimng
Suu anssaurMIkaniuL uararswnlulaniy
don lnvhnisiuisuiioulagly independent
sample t-test n1sudananiedd fniuualvan
P-value 111131 0.05 walatAy 0.10 wanedanass
nunlUTeIALLANANIT WU sT R anaTionaLRsduvie
mmLmnmﬁaiwdwﬂdwmaaa Yauzfinn P-value
Yegmuiewndu 0.05 feaniauunnaises il
Tluddynsatiisemanguneaes

NaN1SANwILazIasal

mﬂm‘a’?mswﬂuﬁawﬁﬂ'ﬁﬂ’mﬁam
osAUszneUMuAliueseINAARNL 2 ﬂajm (Table
1) WU NINAUNY FCP lugns91113 TMR fisyeu
20% ‘Uuﬁwi“mquﬁq (DM basis) luasnalanusuna
WsRiuneu (CP) saudie olefiluazansluaisend
\Junans (NDF) waz olefiluazaneluansroniiviu
nsn (ADF) LLmﬂmlwaﬁuiwiwﬂqvmmmimmaaq
oe9lsfinu ﬂq'm TREAT &ilnsmaunu FCP Tugns
91115 39 FCP fasnusznavvaslusiu 8191io11es
fumsfivsunailusiumeny (EE) vesnqu TREAT gy
\Enuoy Lﬁ@LﬁHUﬁUﬂEﬁ;MﬂﬁUﬂﬂJ yonani weswn
FCP farudugs Ssoraiferveatumsiiuimning
w3 (OM) ‘Uaammﬂumjm TREAT anasidnues

nsnauny FCP lugnsemis TMR Mo
Usinansaulauansly Table 2 wuan Usunainsau
Fnquuie (DMD 58m119nqa CON uaz TREAT Tuiuil
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0 uaz 15 v03n15naassluunna1aiu (P > 0.05)
agndlsfinny eszesnainisneasafindy wuan
Tuuil 30 ¥99n15MAA8I A1 DM maaﬂa'u TREAT
60 LLqumaﬂaq (10.92 \ig Uy 11.59 ke/d; P =
0.067) uaz L:uamau‘w 45 YBINNTNATDI U1 ﬂam
TREAT 17 DMI mmmaw CON (10.69 ma‘um
11 65 kg/d) amauusjmﬂmmaaam (P < 0.05) Beusd
mmwmmu FCPTuama’mﬁWi AU 20% DM
basis a@sranen1sALesvetlauLl oln SUIMNS
Wuszegnaiuiy wail eraiiesannnisiiud u
yosTunaluiunasdeloddassasslugnsoims
Afinsnaunu FCP a1vasHanaianssuregauie
Tunszimnzmiinuazdssans nmniseesaaisd oly
Fainavlusnsinisiadeunuvasomslunseng
winanaarsinUsIIaNsAueIYesdas (Van
Soest,1994) uaﬂmﬂﬁy mil,ﬁ'wﬁéuu%amlﬁ neutral
detergent fiber (NDF) W@ g acid detergent fiber
(ADF) luawnsue3naa TREAT 1analviAa rumen
fill effect aanalndnitinAuBuuazannisiy
EJ’Hm‘i( llen, 2000; Mertens, 1994) Yz LAgInU
mwmuwawaa FCP wﬂmﬂimmmmmwmmw
’Luammmi awammmLﬁumuﬁuaqmsmmma
WUIHUMTNEIMNT SINTIANAINLUIALYBI8MNS
asnalulauudusunanisivemisanaadioladu
9MsFInaeeeLiios FeaonmaneiusIBnuney
mnfissynguisesomawarlessarsondely
Lﬂjuﬂﬁaﬁ’wﬁzﬁmuqumiﬁummﬂué’m’iﬁymL?j'uaa
(NRC, 2001)
\feRansaundenisminlunseime gy
(Table 3) WU AL Tvesuesludelulasiou
(NH5N), nselausiuszwelatianun (Total VFAS), dnaau
Tnsilewun (C3) wardnsaiuosdmanolnsilowun
(C2:C3) Tuufl 0 uaz 15 vesn1snnasskuunnaieiu
5¥11719nq0 CON Wag TREAT (P > 0.05) oenslsfinna
Tududl 30 uaz 45 ¥oIN1IMARDS WU NA TREAT
fANAINUTNTUYRY NHsN ( 23.34 1fisuiy 20.84
mg/dL uag 23.11 Wiguiu 18.97 mg/dL muasv),
nsnlufussinelasianun (65.29 1 figuiy 59.17
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mmol/L wag 66.73 tMeUN U 62.41 mmol/L
Auaiu) uazdnaulnsfiloiungsniingy CON
(24.67 \Wigufiu 21.30 mol/100mol wa 24.57 gy
U 20.39 mol/100mol mxdsy) eenefifaddy
Meadn (P < 0.05) Fausddemsiiutuvosianssu
mw:ﬂ’ﬂLLazﬂ'ﬁL‘LJT?{wuﬂmgﬂuwmwﬁﬂiugL:uu
Wgnsasnslnsilownuindu dwaludnsan
C2:C3 Tunqu TREAT sin1nau CON (2.83 Liauiy
3.35 WAy 2.66 Wisuiu 3.37 aud1sv) ognad
dudAgynieana (P < 0.05) Tur29RUTDINTNAADS
A uTuvesnsalausznelatoualiunnaig
9813 TALIUTEMINGY waidleszezinainislnems

UIUT UTINUAULANA19vBInTAtuTusEIvele

wevuslursansresnismnans sisiidosannis
Wasuuwmasnsluleinsauas ingauminlugnsenvns
sndumodlyszoznanlnszuunadnlunssimng
suufantsUiuinilussdulasasegurugiunie
warfanssunisuedn sudanisiudvead oy
nszimeguiiiAsavestuniagadundndunain
n13sin a'ﬁmaiﬁamaiw:hamimamt.agmiq}m%m
nanlvifuszmelaiamaaoy q Wasuwasganay
ffiafiosnmanndu Feilnanuuananauesnse

Tufusanelaauausnguudaluiud 30 uay 45
¥94n151Aa89 (Ramos et al., 2021) Tuunzii A
mwmﬂuﬂm mﬁﬂmmu (Rumen pH) 28LLIAN
ASETTIAE 0 (Ruminating time), dnanuasdion (C2)
wardnaudalman (Co) lmmﬂmaﬂuiumwﬂau
ARBATEELIAINIIVAGEY (P > 0.05) mAuidunse-
mslugiiluladudvinaannismauny FCP Tugns
9113 TMR Iagils1891unen pH vesgiuuivanyay
081295811719 6.63-7.01 (Dagaew et al., 2023)
A1 pH Anzasndenonisvhauesqauvislugim
Fefunumlunisyesenns uagnsvuaunisviinag
WibuesaUsyneuvesomslmidunsaluiuseine
anedu woulanflolulasiau uasdunavesqdunis
(Kabsuk et al., 2024) 1 olaualasuomsiddan
Fasyiulreglu FCP Tsansavionszaunisnin
nsnlusfussinesiesan @ uiuuvaswdaeuily
Usslowila (Metabollsable energy) ﬂm‘ﬂuﬂiumm
60-70% VOINS 11U AT d0 LA 8218 DlA T
(Hnokaew et al., 2024) 1 psandanidnaninly
nsiduunas probiotics ludnilAeaidesdsanunse
ﬂizQyumuﬁﬁgLﬁu‘lmamﬁuw%s}uﬁmmﬁa 9 Tu
ﬂszmwgmulmy §am‘aflmmﬁuﬁaﬂs"’uﬂ§aswu

Table 2. Effects of dietary treatments on intake of dietary components by dairy cows during

different experimental periods

Treatment’
ltem SEM P-value
CON TREAT

Day0

DM, kg/d 10.62 10.28 0.21 0.149
Day15

DM, ke/d 11.20 10.71 0.38 0.282
Day30

DM, ke/d 11.59 10.92 0.39 0.067
Day45

DM, kg/d 11.65 10.69 0.18 0.004

1 CON = Basal diet + 0%FCP; TREAT = Basal diet + 20%FCP. DMI =

Dry matter intake. SEM = standard error of the mean
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Table 3. Effects of dietary treatments on rumen fermentation characteristics of dairy cows during

different experimental periods

Treatment'
Item SEM P-value
CON TREAT
Day0
Rumen pH 6.85 6.82 0.16 0.833
Ruminating time, mins 347.57 342.84 38.94 0.443
NH5-N, me/dL 19.41 20.13 0.61 0.139
Total VFAs , mmol/L 61.35 58.72 2.84 0.180
Acetate (C2), mol/100mol 72.55 70.46 1.60 0.137
Propionate (C3), mol/100mol 20.70 21.58 0.54 0.484
Butyrate (C4), mol/100mol 6.75 7.96 0.47 0.115
c2:.C3 3.50 3.26 0.12 0.203
Day15
Rumen pH 6.73 6.80 0.14 0.233
Ruminating time, mins 372.61 365.40 39.23 0.436
NH-N, me/dL 21.82 22.37 0.56 0.129
Total VFAs , mmol/L 60.22 62.03 3.02 0.137
Acetate (C2), mol/100mol 68.88 69.40 2.31 0.485
Propionate (C3), mol/100mol 22.10 23.44 0.72 0.264
Butyrate (C4), mol/100mol 9.02 7.16 0.51 0.184
c2:.C3 3.07 296 0.15 0.332
Day30
Rumen pH 6.79 6.75 0.15 0.428
Ruminating time, mins 357.60 372.86 24.59 0.449
NH;-N, mg/dL 20.84 23.34 0.53 0.022
Total VFAs , mmol/L 59.17 65.29 275 0.004
Acetate (C2), mol/100mol 71.56 69.89 2.16 0.109
Propionate (C3), mol/100mol 21.30 24.67 0.69 0.023
Butyrate (C4), mol/100mol 7.14 5.44 0.78 0.148
c2:.C3 3.35 2.83 0.14 0.006
Day45
Rumen pH 6.80 6.78 0.10 0.828
Ruminating time, mins 353.75 364.60 27.94 0.304
NH;-N, mg/dL 18.97 23.11 0.47 0.002
Total VFAs , mmol/L 62.41 66.73 3.17 0.042
Acetate (C2), mol/100mol 68.90 65.41 2.33 0.152
Propionate (C3), mol/100mol 20.39 24.57 0.66 0.019
Butyrate (C4), mol/100mol 10.71 10.02 0.53 0.125
c2:.C3 3.37 2.66 0.12 0.034

' CON = Basal diet + 0%FCP; TREAT = Basal diet + 20%FCP. NHs-N = Ammonia nitrogen; VFAs = volatile fatty acid. SEM =

standard error of the mean
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Taringuagnszuiunsudinlunssiniz g vl
aelunssimigginudoondiauniasanisly
pondlaudifaunsuermsuazinfilauuiy Sands
ansasnwIaugan pH arenisueslenglaauay
Toalnudnenlsndilausslovilasuuaii3efingnnsn
uanfnfiasuarinlnan pH aglunszmnegiuuanas
L‘lfu Streptococcus bovis Lﬁ'aﬂizmwgmua@u
annzlseoniiau (Anaerobic) waza pH agluszdy
figdunievhaulaosreiiuszAnsnin Samngas
nonsaukarnIsial yiiulavesdunioqly
lﬂt}daaﬂ%wumﬂummwwaLuu (Jouany, 2006;
PoLyorach and Wanapat, 2015; S|r|5an 2017)
uona i i ofin1mauny FCP ALY N LB
wenlundlelulasiaulugian (NH,N) Afiuduniuld
aae Matlenaidoanaindlednisiuyiuin Fep
Q’Suw%‘ﬂugmu%éaaama cpP ﬁLﬁwfu'«Mﬂi’mqﬁu
Fanand danaliiin NH,-N TuuTunaugs (Dagaew
et al,, 2023) uenaninisgesdeloifinduile NH,-
N lugimyimunfiduuva slulnsioudmndunis-
Funsenlusiuvesqdunds muvdniieive e
51U (Khejornsart et al,, 2011) NH;N Aifloglugiay
annsagnilulalunsdunsenlusiugdunie
Tagqaundeolugiuy WuiinsuduinuueiiGefises
aneiwaglaals NH, Wuuvaslulasiaudmsy
n1stastAule (Bryant, 1973) siasiud1Uz via il
wé’qmuﬁ'wﬁ’ﬂlﬁyiﬂaiuszﬁ’uqa waza1u15adun
T sauduuna slulasiaud luly Tusdu (NPN)
FaanUaeslasinig wu gi3s Tugnsevnsdnifen
B3 FeenamaeanasuninaigmesuafiSelusm
o (
2013) Fsaraidudnanmn i siivi‘lungu TREAT
fiUsavesnsalusiusemeesIngnangy CON

(Norrapoke et al., 2018; Wanapat and Kang,

081913 A3 N30T 2T uUY NHAN aev oy
UszAvsnmnslalulasiuiiaduineidiodndeny
wiinlafissneuaz dunssaunsarn NH-N 1y
Fuaswnidulsfugduniolnosaduszansam
LA NH,-N gaifuninusosnisvioluaunaify
wdanuifiey wenluideaiuiuoiagneaduuas
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Waswdugde amalnnislolulnsiouiiszansam
anas ﬁm%’ummmﬁv‘iﬂﬁﬂ?mmiwaﬁiaLumﬁmvﬁu
mmwmuawawLﬁ]mmvimaﬂiu FCP mammu
nrsuanlnsilolun 1l ssanndanaiunsanse mu
nssgivlaveswualiieuseialunssmiz i
Aarursoduasizninsilotunla lnoiaunig
succinate : prop|onate pathway (Wolm and Miller

1997) Sanilaulsy ﬂawmmimwﬂimumi-
Lw3LAulAYes Megasphera elsdenii aun nsmewdl
T Innfiu LL%S’]G} waznsmduvnse Uulien et al,, 2010;
Sirisan, 2017) yenaniinsussfiuesrdseneuves
nsmexilufiainontan (Saccharomyces cerevisiae) i
finanon151958y09 M. elsdenii WU %mgﬁﬂsm
avuiulasuu (Lysine) uas Saffu(Histidine) ABUU
g Vlsli’JEJﬂinlumiLﬁliﬂJ‘Uaﬁ M. elsdenii Tanannan
So8aY 18.5 (Rossi et al., 2010) R /\/I elsdenii vJu
LLUﬂﬁSEJﬁmMﬁﬂ%ﬂsmLLaﬂmﬂlm fesewaz 60 B9 80
%nﬂmLLaﬂﬁﬂﬁ'wémﬁﬁyulumswagmumaﬂﬂum
(Counotte et al., 1981) M. elsdenii LﬁNﬂqﬁU%%‘g
giandnildrdynenisndninsileiuslunszmiy
suulngorfunsauaninuiuifiennism (Acyrate
pathway) LU sulnsiileiun (Asanuma and Hino,
2001) Iﬂﬁﬁ?l‘ﬂ DM ﬁamaqawmmﬂﬁ]zﬁﬂ,ﬁmm—
wuryweensalusiussmelavausanas oendlsiinu
ArureInsaluiussmelataualunssimng
;gLuuazﬁauamaiwd’mé“mwmimémﬂﬁm"lmﬁuism&J
VL@TV'?WMLLasé’miWﬂstm%mmumﬂ’mssl,‘wwgLmu
1nNUSINaANsAUL 98 aLFe7 (Dieho et al,
2016) lunsalvesna u TREAT n1siasuniniy
dlzndmdng ldnaiuvosansiulansnfisoouay
ﬁﬁﬂlﬁui']aqa o1ilndnsmniinnonuisems
Ty dsmalinIswan VFA G{amwi’mql,l,ﬁ;ﬂqaﬁ?ru
wal DMI 52uanas 3 lvanuw g uweansalusiy
sumglanenuelunszimneuudnsegluseduifu
Tuyrenuuasduualuud g uluyrsatseenis
vnasdla uanani msuesaasanslulensnitoes
Tnaneluninsfudrdendomindsaonnaseiunis-
daduweddnsilewn dadundniumdifyan
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msusinanslulswmsaiiveslnmeuasaseumsiaesy
ﬁﬂWWQHWiWﬁ’ﬂlﬂqlLE‘?‘U‘VI’NLL‘U‘U alucogenic 11nT U
(Rigout et al,, 2003) 1iis1nnsiiiat uvesinsitle-
weasneulmiudsnisasuiinmemananan
mw:ﬂ’ﬂlﬂgjLz;umqm'ﬁa;wawa”wmt.w slucogenic
Fesonnaniunisanasesnsuaniinuuasnisiiiy
Uszansamnnslandsau Olorunlowu et al, 2025)
Tnsilowumduansiemuddydnunssuaumsasns
ngladlual (gluconeogenesis) ludnuiAsades Insd
unumilunsiiusedungladluiden uazrinsznu
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5211 (Stein et al., 2006) wasanatiuanslaiugi
nanaLny FCP lua1ms TMR vagUsudgednune
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et al, 2025) LL&Jﬂ”IiﬂHlGWJEN’MﬂLLMQ (DMI) anag
wanananusluanas mmﬁumswvwamuamw
dnalasunenuigemisi Audiuduainnsidey
E‘ULL‘U‘Uﬂ’liﬂﬂﬁﬂiﬂéﬂﬁmﬁmiWimaLummﬂ‘ﬁu Fee
Lﬁmmsaj"mmﬂaiﬂmt,avLLaﬂImaﬁm%’Uﬂ’ﬁwﬁmﬁ’mu
(Ledug, et al., 2021) muu mi‘mmmu FCP Tuam
81113 TMR m‘vmu 20% Uuwummmmmammwm
Anssumamdnlugwusarysugduuunisninllu
fienaidoneuszansnmnnslandaau Tngludwa
ﬂizm@iaLaﬁaimwmaqmmmL‘ﬁuﬂim-ﬁﬁﬂugLmu
HATDINIIVAUNY FCP lugnsems TMR
eaussauznsiiiuuvedauuduandly Table 4
wuan Tutudt 0,15, 30 waz 45 YINI1INAADI
USinastiun (Milk yield) inunusuledudi 3.5%
(3.5% FCM) WrunusulvsiunasTdsiu (FPCM)
LazUseansaimnisly 81mns (Feed efficiency)
"memmlwﬁ’uszmlwﬂq'u CON LLaxﬂa;u TREAT
(P > 0.05) Lilofi915AN03AYTENBUVBILILL WU
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Fanuluu (Fat) TWshu (Protein) wanlna (Lactose)
yo9uda59u (Total solids) wazvesud i by 59
sty (Solid not fat) laJ'Lmesmﬁ’uiwiNﬂ&ju CON
LLazﬂa;:u TREAT maamnﬂ‘dwmmﬂuaqmsmaaq
(P > 0.05) Inunmsau nansAnwduandlniuan
nsmauny FCP lugnse1mns TMR 7 sedy 20%
Uuﬁyugm";”mqLLﬁaiaiéamaﬂiwm%qaw{aamiauz
mslmihusuaresnUszneuvesiuiveslauunasn
SYHZIIAINISNAABY HAGINAEDAAABIAUSIBINY
483 Suksombat et al. (2006) Fanurinislnemis
yuiidininiudusndslusedu 35-05% voeinguis
unlaunluun ludmaneuSinaniuanasesmUseney
Yot

HAYDINIIVAUNY FCP lugns1ms TMR
noarsiunilulanluidonveslauy (Table 5) wuan
hwlu‘lmwugﬁ'ﬂmﬁam (Blood urea nitrogen; BUN)
ASexATu (Creatinine) touloy woanisinnozi-
Tunsuamesa (AST) teulssiesaniluesilunsiua-
wlaisa (ALT) WUsAusu (Total protein) wagdayiiy
(Albumin) b uana 1 uee 19l Ted Aayni9ad @
'ﬁsmlwna;m CON LLama;aJ TREAT (P > 0.05) W@
fananuansluiiiuainisnauny FCP lugnsoms
TMR fisesy 20% vuiiugiuinguusludmanssny
AemsyuvssiuLarlavedlaul wenant aans
wonlulanludonveslauuiisaninquinsoglutas
mﬁ‘dﬂﬁmaqﬁmﬂqmmwﬁmaamzaznmmwmaaa
azvoulniiunensmaasdlunelmAnuanssnuids
aunaguanvesiauy as1dlsfiniy nsdnwdd
vadiafoluladidunisdinsenanuuaImg
LATYFN (5 GT‘uVluﬂIWE)’]W]i mamymﬂwawﬁmfmm
LLavm"Lmmuamumummmi) Luaqmﬂsuauamu
mwmmmma iwmamswmamamnmmums-
Lﬂmmwaua (Conﬂdenhahty) 51 i’]ﬂ’]&lu‘l/lu/i’]ﬂ’]
mvmwmam WIANSHRIUILAY Ususs 59l
mmimnLauamammmmamqmwgmamlmamq
Tusdlamelavoyaiiansaidameln
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Table 4. Effects of dietary treatments on lactation performance of dairy cows during different

experimental periods

Treatment!
Item SEM P-value
CON TREAT
Day0
Milk yield, kg/d 11.45 11.13 0.73 0.417
3.5% FCM?, keg/d 12.26 11.02 1.16 0.259
FPCM?, kg/d 11.25 10.98 0.87 0.434
Feed efficiency, milk/DMI 1.08 1.10 0.07 0.440
Milk composition, %
Fat 393 3.36 0.32 0.129
Protein 3.16 3.14 0.07 0.438
Lactose 4.58 4.60 0.03 0.408
Total solid 12.82 12.29 0.40 0.174
Solid not fat 8.89 8.94 0.07 0.730
Day15
Milk yield, kg/d 11.05 1141 0.93 0.412
3.5% FCM, kg/d 12.41 11.91 1.19 0.397
FPCM, kg/d 11.24 11.80 1.04 0.447
Feed efficiency, milk/DMI 0.92 1.07 0.09 0.174
Milk composition, %
Fat 4.28 373 0.35 0.105
Protein 3.09 3.17 0.04 0.119
Lactose 4.52 4.51 0.05 0.448
Total solid 13.01 12.47 0.38 0.121
Solid not fat 8.73 8.72 0.05 0.966
Day30
Milk yield, kg/d 11.87 11.26 0.74 0.345
3.5% FCM, kg/d 12.03 13.83 0.87 0.141
FPCM, kg/d 11.31 12.86 0.73 0.234
Feed efficiency, milk/DMI 0.96 0.98 0.06 0.446
Milk composition, %
Fat 359 3.99 0.22 0.109
Protein 333 3.21 0.03 0.126
Lactose 4.49 4.35 0.04 0.136
Total solid 12.56 13.14 0.26 0.110
Solid not fat 8.97 8.65 0.09 0.144
Day45
Milk yield, kg/d 10.59 10.13 0.86 0.383
3.5% FCM, kg/d 11.15 11.19 0.95 0.490
FPCM, kg/d 10.34 10.88 0.84 0.474
Feed efficiency, milk/DMI 0.86 0.92 0.08 0.327
Milk composition, %
Fat 373 4.07 0.19 0.107
Protein 3.28 3.21 0.05 0.276
Lactose 4.52 4.44 0.06 0.272
Total solid 12.66 12.95 0.19 0.193
Solid not fat 8.92 8.77 0.06 0.370

L CON = Basal diet + 0%FCP; TREAT = Basal diet + 20%FCP. 2 3.5%FCM (3.5%Fat-corrected milk, kg/d) = 0.4324 x milk
(kg/d) + [16.218 x milk fat (kg/d)].> FPCM (fat and protein corrected milk, kg/d) = milk yield (kg/d) x[0.116 x fat (%) +0.06
x protein (%) + 0.337]. DMI = Dry matter intake. SEM = standard error of the mean
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Table 5. Effect of dietary treatment on blood metabolic profiles of dairy cows at different trial

periods
Treatment!
ltem SEM P-value
CON TREAT
Day0
BUN, mg/dL 15.93 16.14 0.71 0.402
Creatinine, mg/dL 1.09 1.13 0.02 0.495
AST, U/L 74.50 75.37 1.92 0.253
ALT, U/L 26.41 26.85 0.69 0.429
Total protein, g/dl 9.24 8.98 0.36 0.118
Albumin, g/dl 3.48 3.45 0.04 0.670
Day15
BUN, mg/dL 17.16 16.98 0.82 0.207
Creatinine, mg/dL 1.03 1.02 0.03 0.323
AST, U/L 74.61 75.49 2.14 0.291
ALT, U/L 26.90 27.05 1.20 0.988
Total protein, g/dl 9.20 8.74 0.68 0.227
Albumin, g/dl 3.46 3.53 0.17 0.248
Day30
BUN, meg/dL 16.45 17.47 0.77 0.112
Creatinine, mg/dL 1.12 1.19 0.02 0.292
AST, U/L 73.83 76.00 3.06 0.263
ALT, U/L 26.83 27.54 1.16 0.256
Total protein, g/dl 9.35 9.07 0.83 0.653
Albumin, g/dl 3.53 3.77 0.15 0.848
Day45
BUN, mg/dL 16.88 17.13 0.65 0.730
Creatinine, mg/dL 1.10 1.16 0.03 0.689
AST, U/L 75.11 75.94 2.44 0.626
ALT, U/L 26.32 27.17 1.39 0.571
Total protein, g/dl 9.38 9.13 0.77 0.149
Albumin, g/dl 3.62 3.84 0.18 0.338

1 CON = Basal diet + 0%FCP; TREAT = Basal diet + 20%FCP. BUN = Blood urea nitrogen; AST = Aspartate aminotransferase;

ALT = Alanine aminotransferase; ALP = Alkaline phosphatase. SEM = standard error of the mean
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Effects of Plasma Solution on Quality and Shelf Life of Longan Fruit
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Abstract: Longan is the major economic fruit crop in Thailand, but the fresh fruit has a short storage and
shelf life. The objective of this study was to investigate the effects of plasma solution on the postharvest
quality of longan. The fruits were soaked in 1% plasma solution for various times; 1, 3, and 5 minutes.
Tap water-soaked fruits (1 min) were used as the control. The fruits were then stored at 5°C with 80-85%
relative humidity. After 28 days of storage, results showed that weight loss, firmness, total soluble solids
(TSS), and titratable acidity (TA) among all treatments were not significantly different, ranging from 4.52-
12.98%, 16.55-26.15 kg/cm?, 18.82-21.03%, and 0.69-1.44%, respectively. The total phenolic compounds
of longan fruits soaked in plasma solution treatment for 5 minutes were significantly higher than those
in the plasma solution treatment for 1, 3 minutes, and tap water (control) at 28 days of storage. In terms
of the color of the longan peel, all plasma solution treatments had browning index values of 2.35-2.65
at 28 days of storage, lower than 4.15 in the untreated control, indicating delayed development of
pericarp browning during prolonged storage. For a shelf life, the control had a shelf life of 21 days
because fruit decay exceeded 20% at 28 days of storage, while fruit in all plasma solution treatments
had a shelf life of 28 days with fruit decay of 13.63-14.50%.

Keywords: Longan, cold plasma, storage
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Azwuy §9ludanuunnnieiunisadfdunagle
TunssuTEA Uy a158LAINATEUIANNL UYL 1
Wosidun wIu 1,3 uay 5uli 9 edazuu
Asiaswduduinia 1.10, 1.15 way 1.14 Avuuu
mud ey wazlutuil 28 vesmsfiusne wadilelu
nssuismuaninadsududthmaveauden 4.15
AL %ﬁqaniwmsﬁ%ﬁu 7 eenafitiudfy (Table 1)
wWasidudnisuinge

Aswdendenisiiusnw nuawaaile
Tuypeueuiiongnisifune 21 fu ilesndidnm
Aswndevewaanloiu 20 wWesiunluiud 28
¥o3m3Liuinw asunadlelunnnssuisiue
a1sazargnaiaun dergnsiiusnw 28 Ju laeidl
§MI1NTULTBVDINABE T8I 19 13.63-14.50
Wesiun (Table 2)
nswasunlasiiudenvawasile

A1 L* Ao andiuansminuiinuasainuans
9998 017 L* 10lna 0 uansingidfu anan L
wlna 100 meiﬁmqﬁ%’aiw (McGuire, 1992) 210
Nan153AsIZ A1 L* vosmadle TusuiiSunisuiu
$hwn wundlan L* a&ﬂwﬁaa 50.31-51.12 Tusuil 7

ﬂJaamiLr'“i’u%’mywmaﬁwialunssﬁ%‘muquﬁﬂlw L*
i 47.28 §9gana1an Lussudenuadilely
353338 9 evnsdiveddunieadd Tutuil 14 ves
nsifiuine wadlelunssuiauauiian L* 4524
Felufienuwananetunisadddunaanlelunssuis
furluansazarenataun 3 waz 5 it Gadlan L*
WU 4455 uay 44.56 muadu ungenaan L* Tu
n55UTRTlASUNSULTANSATANENANE@INALLYNTY 1
Wesium i 1wl (43.30) Tufuil 21 9ean1siiv
$hwn wadlelunssu3siuvansavarowatauny
wurul wWesiun uiu 3 uidt fian L* 43.52 Fadl
AMULANA1TUN9aa A funaa lelunssud s wy
ANTATaNENAIEIN WY 1 way 5 udl Gefian L* 42.24
WaT 42.30 A1UaIRU waluwanaiaturaglely
nssuiBmuAuluiud 28 vesmstiuinu nadlelu
nssUABMUANMIADNENSAUSNY (Table 3)

a

A1 chroma (C¥) 1 JuAfkanInInuusan

q

L Do

o =~

4848 lagAn chroma N3ANulng 0 vinediaingiid

Favsomn mndanalng 60 nuefeingianiuy
(McGuire,1992) 31nRaNISILASIZNAT chroma U84
naanleluTuiisun1siiusnyl wuadan chroma

Table 1. Peel browning of longan cv. ‘Daw’ fruits soaked in 1% plasma solution for 1, 3, and 5 min

then stored at 5 °C and 80-85% RH

Longan peel browning (score)

Treatments Storage period (days)
0 7 14 21 28
Control (water) 1.00+0.00 1.00+0.00 1.25+0.11 2.40+0.11 a 4.15+0.15a
1% plasma (1 min) 1.00+0.00 1.00+0.00 1.10+0.07 1.75+0.10 b 235+0.10 b
1% plasma (3 min) 1.00+0.00 1.00+0.00 1.15+0.08 2.30+0.10 a 255+0.11b
1% plasma (5 min) 1.00+0.00 1.00+0.00 1.14+0.10 2.30+0.10 a 265+0.11b
F-testpo0s) NS NS NS * *

Note: Means followed by different letters within the same column are significant different at P<0.05

NS Not significant different
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Table 2. Fruit spoilage of longan cv. ‘Daw’ soaked in 1% plasma solution for 1, 3, and 5 min then

stored at 5 °C and 80-85% RH

Fruit spoilage (%)

Treatments Storage period (days)
0 7 14 21 28
Control (water) 0 225+023a 6.25+035a 12.00+0.23 a 20.30+0.23 a
1% plasma (1 min) 0 1.00+0.35b 3.25+0.23 b 9.50+0.42 b 14.50+0.41 b
1% plasma (3 min) 0 0.75+034b  3.63+0.41b 7.63+0.50 b 13.63+1.41b
1% plasma (5 min) 0 1.13+0.33 b  3.38+0.23 b 7.88+0.31b 13.63+0.23 b
F-test,_005) NS * * * *

Note: Means followed by different letters within the same column are significant different at P<0.05

NS Not significant different

Table 3. L* values of longan cv. ‘Daw’ fruits soaked in 1% plasma solution for 1, 3, and 5 min then
stored at 5 °C and 80-85% RH

L*
Treatments Storage period (days)
0 7 14 21 28
Control (water) 51.12+0.71 47.28+0.57a 4524+044a 43051039 ab .
1% plasma (1 min)  50.32+0.49 41.01+0.75b 4330+054b 4224+048b 43.39+0.60b
1% plasma (3 min)  50.31+1.09 4259+0.71b 4455+045ab 4352+026a 43.65+0.32a
1% plasma (5 min)  50.71+0.48 41.3d+0.59b  4456+048ab 42.30+0.34b 43.73+0.61a
F-test-0.0s) NS * * * *

Note: Means followed by different letters within the same column are significant different at P<0.05

NS Not significant different

- The fruit condition was unacceptable

Tuw9 30.43-33.20 Tnouaabelunssud s walu
ansazatenatannAuavy 1 wWesidun 1nan 5
Wi §ian chroma 33.20 @sluunnansiunssudsviue
aNsazatenatanIAuNTy 1 wWesidun 1nan 3
U9 LLm'qam'm'ﬂ chroma vosnaanlelunssuis
muamLLazﬂiﬁﬁ%ﬁLLﬁdmiazawwmamLﬁunm
1yiffian chroma 30.43 uag 30.73 AIUEIAU
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nssuAfAuAuIneIyNIsIAUT Y Lagnuawa
flelunssudsiuransaratenanauIA T Ny
1 Wosidun 5 w1l flA1 chroma 39.53 TsgananAn
chroma vesmadlelunssudsfiuvansavanenatasn
anTy 1 wWesidununy 1 uay 3 wifl (Table 4)

A1 hue angle 1uANfikansddunionnd
Tasanfuilnasu 90 asen Aingazeglunaudivies
mindiaailng 180 osan Aingazeylunquiiden
(McGuire, 1992) 97nHANNTILATIZNAT hue angle (h°)

gowwaalelutuiisunisiiusnew wuadan hue
angle ogluna 76.20-78.43 Faludarmunnmnsiu
neaad lunsifusnwrTud 7, 14, 21 uag 28
uaalefinn hue ancle asﬂmﬁa 67.98-70.45, 68.00-
68.93, 66.52-68.68 Wy 67.40-68.42 DA AIUAIAY
Fanaslonnnssuisiuunluuesnn hue angle
ANaY LAZAAOANITNAABINUIIAT hue angle o<
nadlens 4 nssuaslufanuunnnisiunisada
(Table 5)

Table 4. Chroma values of longan cv. ‘Daw’ fruits soaked in 1% plasma solution for 1, 3, and

5 min then stored at 5 °C and 80-85% RH

Chroma (C¥*)

Treatments Storage period (days)
0 7 14 21 28
Control (water) 30.43+0.74 b 32.26+0.61 28.95+0.46 a 30.15+0.89 a -
1% plasma (1 min) ~ 30.73+0.27 b 31.68+0.55  26.87+0.59 b 25.49+0.29 ¢ 24.32+050 b
1% plasma (3 min) ~ 31.23+0.56 ab  31.29+0.87  25.67+0.33 b 26.92+021 bc 2479046 b
1% plasma (5 min) ~ 33.20+1.18 a 30.64+0.47  26.69+0.44 b 27.26+0.26 b 39.53+2.27 a
F-test(,_g.05) * NS * * *

Note: Means followed by different letters within the same column are significant different at P<0.05

NS Not significant different

- The fruit condition was unacceptable

Table 5. Hue angle of longan cv. ‘Daw’ fruits soaked in 1% plasma solution for 1, 3, and 5 min

then stored at 5 °C and 80-85% RH

Hue angle (°)

Treatments Storage period (days)
0 7 14 21 28
Control (water) 76.92+0.51 70.45+0.54  68.93+0.61 68.19+0.52 -
1% plasma (1 min) 78.43+£0.73 68.98+1.37 68.00+£0.47 66.52+1.62 67.87+0.75
1% plasma (3 min) 76.20£1.29  69.40+1.36 68.73+0.40 68.68+0.90 67.40+0.25
1% plasma (5 min) 77.23+0.64  67.98+0.55 68.13+0.44 67.65+0.34 68.42+0.51
F-testi_o0s) NS NS NS NS NS

NS Not significant different

- The fruit condition was unacceptable
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nsgapdetn

nsgadsiainvesdlendufuinw
iuszozinan 28 Sunundnlelunnnssuisinns-
aqdeminluuenaistu Tnsdlefinunisus
asavanenatdinAeNTy 1 wWesidumduiaa
1,3 uag 5unit danisgadedivineglugag
4.97-12.98, 4.52-12.70 wag 4.83-12.53 1Uasidun
arugdu Tutud 28 vesnisifusnuinadalely
N33UIBAIVANMUADIYNISIAUSY (Table 6)
anuntuiie

Slevdafuinuiigamad 5 ssmwaidea
AU udusive 80-85 1Wesidun 1uiaan 28 Yu
wurluudl 18 gesmsifivinu manusuuieves
nnssisifiutuainniafuinyriuusn lnedianey
Turis 21.42-26.25 Alanumomsnaguiuns Juile
Fushwmaglela 14 Fu menuuuwilevesadile
fuwrluifintu uavanasluiudl 21 uay 28 voanis-
Ausnw egnslsAnud ewSeuifisuseninma
flelunssudsnmsuransazatenandunnaLLTy
1 Woskduaian 1, 3 uag 5 Uil uaznsauismuay
Tunupuuanase it dfymieada (Table 7)

Usinaweadsiauniiazaneinld (Total soluble
solids: TSS)

USinawewd wiaunfiazareilaves
aﬂsﬁ,mwLiumimmﬂwmmaﬂumn 18.82-20.33
L‘LJEJiLﬁZJumimw 14 uay 21 veanstAusnw ‘wm'l
ﬂimmﬁuaqLLEUW]wmmazawu’ﬂmqiuma 20.69-
20.94 uay 19.92-21.03 1Wesi§un auasu §ly
wANA1aTUN19ad i Tutud 28 vesnisiiusne
naanlelunssuifaruaununeignisiiusne) was
wundinamewdsimuefiazareilavewadilei
wyansazatenaanegluig 20.83-20.94 Wesliun
Faluwmnanefunisada (Table 8)
Yunaunsadilnnsald (Titratable acidity: TA)

Usunaunsaiilnmsalavesdile wuaniu
wsnifusnwinadlelunssuisi wyansazane
WanEAMULIINYY 1 Wesdus uiu 1, 3 uag 5 undl
wazNIIUITAIUAY fiusunansailnmsala asfl,uszm
0.80- 0.911astum lutuil 7 vesnisifiusnwinumn
USmnansaiilnmsnleveswadileaglurag 0.69-1.02
Wosldun uazUinmnsndibnmsnlavesuadilolun
nssuARTLw UL udsun SunsnaudeTuil 28 ves

Table 6. Weight loss of longan cv. ‘Daw’ fruits soaked in 1% plasma solution for 1, 3, and 5 min

then stored at 5 °C and 80-85% RH

Weight loss (%)

Treatments Storage period (days)
0 7 14 21 28
Control (water) 0 4.60+£0.17 11.50+0.17 11.18+0.17 .
1% plasma (1 min) 0 4.97+0.20 11.29+0.18 11.16+£0.26  12.98+0.25
1% plasma (3 min) 0 4.52+0.19 11.69+0.18 11.25+£0.17 12.70+£0.17
1% plasma (5 min) 0 4.83+0.23 11.67+0.19 11.81+0.21 12.53+0.21
F-testi-o0s) NS NS NS NS NS

NS Not significant different

- The fruit condition was unacceptable
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Table 7. Firmness of longan cv. ‘Daw’ fruits soaked in 1% plasma solution for 1, 3, and 5 min then
stored at 5 °C and 80-85% RH

Firmness (kg/cm?)

Treatments Storage period (days)
0 7 14 21 28
Control (water) 20.21+2.26 16.15+4.10 21.42+6.51 19.78 +5.85 -
1% plasma (1 min) 19.84+1.88 17.48+3.82 24.22 +4.56 20.22+5.11 20.65+4.53
1% plasma (3 min) 19.78+£2.40 16.55+4.01 26.15+4.29 21.77+4.07 20.56 +3.52
1% plasma (5 min) 19.89+1.90 17.88+3.70 22.54+4.39 2256+4.13 21.37+3.55
F-testy_o0s NS NS NS NS NS

NS Not significant different

- The fruit condition was unacceptable

Table 8. Total soluble solids of longan cv. ‘Daw’ fruits soaked in 1% plasma solution for 1, 3, and
5 min then stored at 5 °C and 80-85% RH

Total soluble solids (%)

Treatments Storage period (days)
0 7 14 21 28
Control (water) 19.78+0.37  19.46+0.36 20.73+0.18 19.92+0.28 -
1% plasma (1 min) ~ 20.33+0.38  18.92+0.37  20.70+0.23 21.03+0.22 20.83+0.24
1% plasma (3 min) ~ 18.92+0.33  1893+0.24  20.69+0.28 20.56+0.29 20.94+0.25
1% plasma (5 min) 18.82+0.37  19.66+0.38 20.94+0.21 20.41+0.24 20.91+0.29
F-test-0.0s) NS NS NS NS NS

NS Not significant differences

- The fruit condition was unacceptable

nsifiusne es19lsfiniy masan1sAnwInuln
Usinunsndi lnselavewmadileluynnssuislud
ArusAnaatueesiitudfynieada (Table 9)
USunauansusznauflueasievan (Total phenolic
compounds)
Usunaansuszneuilusaninunvesdile
TuduiiFunsifuinen fategluris 590-7.25
Tulpsnsw/nSuthwednan Tnenadlelunssudsaiue
ansazanenatdunANTy 1 Wesidun 1an 1
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1 §edan 1078 way 12.02 lulasnsu/ny
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Vrviinan wastuil 28 ween1siiusnen wadile
TunssuTEAUYE15a2A1INAIEUIANNTIUTY 1
Woesidum a1 5wt dusuimasUssneuiiuea
gafigaunity 19.22 lalasndi/nsudmiinandsgenn
HaluNTSUISA LY ETATANINANENIAT VY 1

Auaundarsdseneuiluea 11.76 lulasnsu/nsy wWesidum wiu 1 uay 3 w1 AHUSuw 14.61 way
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Table 9. Titratable acidity of longan cv. ‘Daw’ fruits soaked in 1% plasma solution for 1, 3, and 5
min then stored at 5 °C and 80-85% RH

Titratable acidity (%)

Treatments Storage period (days)
0 7 14 21 28
Control (water) 0.80+0.01 0.69+0.01 0.88+0.02 0.96+0.02 -
1% plasma (1 min) 0.89+0.02 0.82+0.02 1.07+0.01 1.16+0.02 1.40+0.03
1% plasma (3 min) 0.91+0.03 0.94+0.02 1.14+0.02 1.15+0.02 1.26+0.03
1% plasma (5 min) 0.88+0.02 1.02+0.01 0.80+0.01 1.25+0.01 1.44+0.03
F-test-0.0s) NS NS NS NS NS

NS Not significant different

- The fruit condition was unacceptable

Table 10. Phenolic compounds of longan cv. ‘Daw’ fruits soaked in 1% plasma solution for 1, 3,
and 5 min then stored at 5 °C and 80-85% RH

Phenolic compounds (ug/gFW)

Treatments Storage period (days)
0 7 14 21 28
Control (water) 590+£0.66b 650+1.13 1074+151b 11.76x1.41ab -
1% plasma (1 min)  7.25+1.03 a 7.40+0.21 12.02+1.10b 12.79+£0.13 a 14.61+2.49 b
1% plasma (3 min) ~ 7.02+0.42ab 7.01+£0.88 14.72+0.43 a 12.07+0.43 a 14.16+1.09 b
1% plasma (5 min) ~ 6.90+0.41ab 6.70+1.04 13.70+1.59 a 10.19+1.33 b 19.22+0.48 a
F-testp_o0s) * NS * * *

Note: Means followed by different letters within the same column are significant different at P<0.05
NS Not significant different

- The fruit condition was unacceptable
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Development and Quality of ‘R1’ Red Raspberry Fruit Grown at
Pang Da Royal Agricultural Station, Chiang Mai Province
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Abstract: The study on fruit development of ‘R1’ red raspberry cultivated at Pang Da Royal Agricultural
Station, 690 meters above mean sea level (18°51'12.5"N 98°45'40.4"E), aimed to investigate the changes
in physical and chemical characteristics of raspberry fruit during fruit development, in order to
provide information for cultivation, management, and production in Thailand. The results from eight
developmental stages over a 30-day period after blooming (DAB) indicated that raspberry fruit exhibited
a sigmoid growth pattern, with increases in both fruit size and weight occurring concurrently. Fruit weight
ranged from 0.60 to 4.21 g per fruit, fruit width ranged from 8.87 to 16.78 mm, and fruit length ranged
from 9.97 to 19.40 mm. Color development, the fruit initially appeared dark green, gradually becoming
lishter, and eventually turning red due to the accumulation of anthocyanins around 26 days after
blooming. The total soluble solids (TSS) increased continuously throughout the developmental stages,
ranging from 2.89 to 9.43 %. Titratable acidity (TA) showed an increasing and then decreasing trend during
fruit ripening, with values ranging from 0.98 to 2.91%. Furthermore, total anthocyanin content and
ascorbic acid content increased progressively during fruit development, reaching the highest levels

at full ripeness, with maximum values of 114.02 and 15.00 mg per 100 ¢ fresh weight, respectively.

Keywords: Fruit development, raspberry, Royal Project Foundation
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Table 1. Average of weight, width, length, and color of raspberry fruit during fruit development

Day After Weight
Stage Width (mm) Length (mm) L* a* b*
Bloom:DAB  (g/fruit)"

1 6 0.60+0.11 F 8.87+0.67 D 9.97+0.67 D 49.83+2.79 B -3.11+099 E 33.09+2.76 B
2 18 0.96+0.15EF 11.31+1.06 C 12.64+1.56 CD 53.66+4.41 AB -1.71+1.20 E 35.99+1.45 AB
3 22 1.30+0.23 E 13.53+0.99 B 14.96+£0.96 BC 57.81+1.86 A -0.87+1.41 E 38.19+1.77 A
4 25 2.44+0.42 D 14.30+£0.96 B 16.12+2.04 AB 58.77+2.27 A 6.10+£2.30 D 34.14+2.27 B
5 26 3.03+0.27 C 16.24+0.83 A 18.08+1.61 AB 53.73+3.15AB  20.64+5.26 C 29.16+1.09 C
6 27 3.46+0.38 BC 16.62+0.85 A 18.95+1.18 A 41.50+5.69 C 33.20+5.64 B 28.17+2.12 C
7 29 384+0.55AB  16.69+0.97 A 19.19+£2.03 A 33.44+3.49 D 40.03+1.74 A 24.81+1.64 D
8 30 4.21+0.35 A 16.78+£0.48 A 19.40+£1.12 A 26.17+2.03 E 33.34+3.66 B 18.29+2.48 E

F-Test *x *x *x - *x *x

%CV 14.67 14.09 21.40 792 22.14 7.21

Value in the table are mean + SD.

Y Means in each column followed by the same letters indicate no significant difference among treatments.

** |Indicates significant difference (p< 0.01)

Table 2. Total soluble solid (TSS), total titratable acidity (TA), TSS/TA, anthocyanin, and ascorbic

acid of raspberry fruit during fruit development

Day After Anthocyanin Ascorbic acid
Stage TSS (%)Y TA (%) TSS/TA

Bloom: DAB (mg/100gFW) (mg/100gFW)

1 6 3.39+0.49 E 0.98+0.13 D 3.58+0.90 BC - -

2 18 2.89+0.28 E 1.35+0.11 CD 2.17+0.33 DE - -

3 22 3.09+0.14 E 2.45+0.64 AB 1.47+0.81 E - -
4 25 7.20+£0.60 D 291+0.46 A 2.56+0.59 CDE 2.89+3.38 C 3.19+1.79 C
5 26 7.81+0.52 CD 2.47+0.21 AB 3.18+0.27 BCD 9.32+£8.95 C 8.06+1.84 B
6 27 8.23+0.54 BC 2.28+0.338B 3.68+0.55 BC 13.20+£5.34 C 14.33+1.07 A
7 29 8.71+0.24 B 2.23+0.46 B 4.05+0.72 B 57.23+22.74 B 14.74+0.61 A
8 30 9.43+0.44 A 1.62+0.41 C 6.17+1.47 A 114.02+28.15 A 15.00+1.90 A

F-Test . . - o o

%CV 7.38 20.63 25.42 46.43 14.97

Value in the table are mean + SD.

Y Means in each column followed by the same letters indicate no significant difference among treatments.

** Indicates significant difference (p< 0.01)
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Figure 3. Development stages of ‘R1’ red raspberry fruit
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Abstract: Thailand's coffee market has experienced remarkable growth, with a consistent annual increase
of 7.3% from 2017 to 2023, reaching a market valuation of 34 million Baht. Given this growth, assuring
consistent coffee quality has become increasingly critical, particularly at the initial stage of coffee cherry
selection. The quality of coffee cherries directly impacts the final coffee bean quality, making efficient
and accurate sorting essential for premium coffee production. This research explores an innovative
approach to coffee cherry classification using image processing techniques. We developed and compared
four machine learing models: Support Vector Machine (SVM), K-Nearest Neighbors (KNN), Artificial Neural
Network (ANN), and Convolutional Neural Network (CNN). Each model was evaluated based on
classification accuracy and processing speed. The experimental results revealed that the CNN model
significantly outperformed other approaches, achieving an overall operational accuracy of 81.73% and
a throughput of approximately 120 cherries per minute (about 2 kg per hour). These findings suggest
that automated visual inspection using CNN-based methods can substantially improve the efficiency and
consistency of coffee cherry sorting, demonstrating strong potential for practical implementation in

small- to medium-sized specialty coffee community enterprises.

Keywords: coffee cherry sorting, image processing, convolutional neural network, object detection,

automated sorting system

Introduction the flavor and aroma coffee enthusiasts
anticipate in their brew (Santos et al, 2020,
The global coffee industry represents Fracarolli et al, 2021; Klingel et al, 2020;
a significant agricultural sector, with Thailand Soedibyo et al., 2010; Stanley-Foreman, 2023).
emerging as a key producer in the Southeast Coffee production in northern Thailand

Asian market. From 2017 to 2023, the Thai coffee is shaped by ecological suitability and biological

market demonstrated a consistent annual growth complexity. Arabica coffee thrives in the highland
rate of 7.3% (Euromonitor, 2023). However, ensuring regions of Chiang Mai, Chiang Rai, and Nan due to
consistent coffee bean quality remains an cool temperatures and favorable elevations, yet
important challenge. The quality control process the crop is far from genetically uniform — recent
must begin at the initial stages of harvesting and studies reveal substantial variation among
sorting, as the physical condition and ripeness of accessions in the Royal Project system, reflecting
coffee cherries directly influence the final sensory multiple genetic backgrounds rather than a single

attributes of the coffee (Haile and Kang, 2019; cultivar population (Anonymous, 2024; Techanan

Iriondo=- DeHond et al., 2020; Velasquez et al., et al., 2023; ULKA, 2025). This diversity directly
2021). Traditionally, cherry sorting has relied influences yield, cup quality, disease response,
heavily on manual labor, which is not only labor- and climate adaptation, making it especially
intensive but also susceptible to human error and significant given the pressures growers face from
inconsistency. This careful attention to sorting pests, leaf rust, aging trees, and shifting weather
and processing is essential, as it directly affects conditions. As a result, agronomic performance in
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northern Thailand depends not just on variety
name but on genotype, site conditions, and
management practices combined (Chumprasert
et al., 2020; Techanan et al., 2023).

Agricultural  technology for coffee
production has advanced, but many solutions
remain only partially ready for real farm use.
Mechanized harvesting, fruit-processing systems,
solar drying, and digital farming tools have been
developed to boost efficiency and reduce labor,
yet widespread adoption is constrained by high
costs, maintenance demands, and the need
for reliable performance under variable field
conditions. The core challenge, therefore, is to
identify and develop post-harvest technologies
that are not only technically promising but
economically and operationally viable for local
farmers, which is essential for improving the long-
term sustainability of the region's coffee sector.

To automate the sorting and grading
process, previous studies have increasingly
applied computer vision and machine learning
techniques to enhance efficiency and ensure
consistent coffee quality (Anita and Albarda,
2020; Santos et al., 2020; Fracarolli et al., 2021;
Stanley-Foreman, 2023). In the coffee industry,
several research efforts have explored the use
of integrated image processing and back-
propagation Artificial Neural Network (ANN) to
evaluate and classify coffee beans (Balbin et al.,
2020; Soedibyo et al, 2010). Specifically, for
categorizing coffee cherries into different quality
grades, researchers have successfully deployed
the Gray-Level Co-occurrence Matrix (GLCM)
for feature extraction

algorithm alongside

classification such K-Nearest
Neighbors (KNN) and Artificial Neural Network

(ANN) (Anita and Albarda, 2020; Pena et al., 2014;

algorithms as
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Pei et al,, 2019; Velasquez et al., 2019). However,
despite these advancements, existing models
predominantly focus on evaluating already

processed green coffee beans or utilizing
stable, single images in controlled laboratory
environments. There remains a significant research
gap concerning the development of a practical
sorting system tailored to the specific traits of
Thai Arabica coffee (Coffea arabica) cultivated in
the northern highlands, such as Chiang Mai and
Doi Chang. These

Catimor, Red and Yellow Caturra, and Bourbon,

local varieties, including
present highly variable skin color spectrums
(Techanan et al., 2023; ULKA, 2025). Furthermore,
local harvesting practices often result in uneven
branch ripening, yielding a complex mixture
of unripe green, semi-ripe, fully ripe red, and
defective cherries, particularly those damaged by
the coffee berry borer (Hypothenemus hampei).
Currently, no existing literature demonstrates
a physical prototype that integrates edge-computing
Al via low-cost single-board computers, such as
the Raspberry Pi 5, to perform real-time visual
inspection and electromechanical segregation
under the actual, dynamic conditions of small-to-
medium Thai specialty coffee farms.

Therefore, this study aims to develop
a prototype of a sorting line system for Thai
coffee cherries using computer vision and edge
computing algorithms. Specifically, this research
investigates the effectiveness of a Convolutional
Neural Network (CNN) compared to traditional
machine learning models (Support Vector
Machine (SVM), K-Nearest Neighbors (KNN) and
Artificial Neural Network (ANN)) in accurately
classifying coffee cherries based on their visual
characteristics. The goal is to integrate the most

effective classification model into a real-time
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physical prototype controlled by a single-board
computer to automate the sorting process,
thereby enhancing the quality and consistency of
Thai specialty coffee production from the initial

post-harvest stage.

Materials and Methods

The research and development of the
coffee cherry sorting prototype using computer
vision are organized into a sequential pipeline
of five main stages: dataset preparation, image
representation and feature extraction, model
training, model deployment, and prototype
sorting operation.

2.1 Dataset Preparation and Class
Labeling: To ensure evaluation accuracy and
model transparency, the dataset acquisition was
separated into two distinct sets with different
objectives:

Dataset A (Static Model Comparison
Dataset): This dataset comprises 400 static images
of coffee cherries captured under uniform lighting
and controlled laboratory conditions. It was

utilized to test and compare the preliminary

000006090
e

@)

image classification performance among the SVM,
KNN, ANN, and CNN models. The input images
were resized into three dimensions: 6 4 x6 4,
128x128, and 256x256 pixels.

Dataset A (Static Model Comparison
Dataset): This dataset comprises 400 static images
of coffee cherries captured under uniform lighting
and controlled laboratory conditions. It was
utilized to test and compare the preliminary
image classification performance among the SVM,
KNN, ANN, and CNN models. The input images
were resized into three dimensions: 6 4 x6 4,
128x128, and 256x256 pixels.

Class Labels: The class definitions
were established consistently throughout the
study based on physical characteristics and
quality requirements (Figure 1)

Class 0: Substandard Cherries (Unripe
& Defective). This class represents substandard
coffee cherries that must be rejected. It includes
unripe cherries with green or green-yellow
skin, as well as ripe cherries with prominent
physical defects, such as being moldy, withered,
black, or damaged by pests (e.g., the coffee berry

borer).

(b)

Figure 1. Visual classification standards for the automated sorting dataset: (a) Class 0 representing

substandard green-yellow/unripe and insect-damaged cherries, and (b) Class 1

representing premium ripe/red cherries.
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2.2 Image Representations and
Feature: Descriptors To accurately evaluate the
computational complexity, the preprocessed
images were transformed and extracted using
These

techniques are strictly categorized according to

distinct computer vision techniques.
their theoretical frameworks:

Color Spaces and Intensity Representations:

e HSV (Hue, Saturation, Value): Applied as a
Color Space, which effectively separates
color information from lighting intensity,
helping to reduce the influence of shadows
on the spherical surface of coffee cherries.

e Grayscale: Applied as a Single-channel
Intensity Image Representation.

e HOG (Histogram of Oriented Gradients):
Applied as a Gradient-based Shape Feature
Descriptor that extracts structural and edge
information based on light intensity gradients.

e | BP (Local Binary Patterns): Applied as a Texture
Feature Descriptor used to describe the intricate
surface patterns and texture of the objects.

2.3 CNN Architecture and Model
Training: The CNN architecture was implemented
using the TensorFlow framework. The structure
processes input images through sequential

Conv2 D layers for spatial feature extraction,

followed by MaxPooling layers to reduce the
dimensionality of the feature maps. To prevent
the model from overfitting during the training
phase, a Dropout layer with a rate of 0.3 was
incorporated before passing the data to the final
dense layers. The model training parameters were

optimized using the Adam optimizer along with a

Binary cross-entropy loss function. (Figure 2)

2.4 Model Deployment via TensorFlow

Lite To deploy the selected CNN object detection

model for practical edge computing, the model
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underwent a quantization process. This conversion
process transformed the trained CNN model into
a lightweight TensorFlow Lite (tflite) file format.
This critical step significantly accelerated the
inference speed and reduced computational
weight, enabling real-time operation on a small
single-board computer like the Raspberry Pi 5.
2.5 Prototype Sorting Operation and
Hardware Control Logic: The physical prototype
sorting machine is composed of three main
sections: a cleaning section (to brush off dust and
debris), a specific gravity separation section (using
water density to separate light, withered cherries
and twigs), and the optical sorting section. (Figure 3)

The hardware control logic is governed
by a synchronized multi-threaded architecture on
the Raspberry Pi 5 to ensure continuous, real-time
operation without processing bottlenecks:

Thread 1 (Object Detection Thread): This
thread continuously retrieves live images from
the PiCamera, detects, coordinates, and runs
inference through the TFLite model. If a coffee
cherry is detected with a confidence score greater
than or equal to 0.7 (Confidence » 0.7), the system
classifies it and writes the result (Class 0 or Class
1) into a shared data queue.

Thread 2 (Sorting Control Thread): Operating
in parallel, this thread monitors an infrared (IR)
sensor interfaced via an Arduino microcontroller.
When the IR sensor detects a cherry passing through
the sorting zone, it triggers the Raspberry Pi to
pull the latest prediction value from the queue.
If the value is Class O, it sends a command to
actuate the mechanical rejection system (servo
motor) to sweep the substandard cherry off the
conveyor. If the value is Class 1, the mechanism
remains idle, allowing the premium cherry to pass

through.
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Figure 2. Architecture of the CNN model utilized for coffee cherry classification, illustrating
the input dimensions, feature extraction layers, dropout regularization, and standardized

output classes.

INPUT: Pi
Moving Coffee Cherries

2
O ' Raspberry Pi 5 Single-Board Computer

LIVE 500x500
RGB Image OBJECT DETECTION THREAD (Thread 1) SORTING CONTROL THREAD (Thread 2) 3 ::;fgared
3 ensor
terminator
12 Ayr——’ ATFOR | GPIO

W
IRSENSOR TRIGGER | Trigaer

VISUAL DATA
FLOW

Live Moving
Coffee Cherries

T

GET IMAGE
(PiCamera2)

LIVE IMAGE CAPTURE
(PiCamera2 Library)

Infrared Arduino
(IR) Sensor

PHASE 1: TRAINING FLOW - (TFalTessoiEic Tite wotal
(cnn_model.tflite)

400 Images

PREPROCESSING
(TensorFlow Lite Interpreter)
OUTPUT:
Ripe
Red
Cherries

ACTUATE | GPIO 40
SERVO MOTOR s
(1.5s delay) | Trigger
Yes
STORE VALID Physical , i
PREDICTION IN H BATA QU 0- raoion” f

QUEUE
4 REJECTED:

= L
cnn_model.tflite Green-Yellow
Cherries

Figure 3. System architecture and data flow of the automated coffee cherry sorting prototype.
The flowchart illustrates the multi-threading integration of the TensorFlow Lite object
detection model (Thread 1) and the electro-mechanical sorting logic (Thread 2)

controlled by the Raspberry Pi 5.
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The performance of the sorting line
system was evaluated based on the mean
average precision (MAP) of the object detector
and the overall system's processing speed. All
statistical analyses were determined at a 95%

confidence level (p < 0.05)

Results

The findings of this study are presented
in two distinct stages. First, the preliminary
classification accuracy and processing speed
of four machine learning models (SVM, KNN,
ANN, and CNN) are compared across multiple
image resolutions and feature representations
(Section 3.1). Second, the real-world operational
performance of the prototype coffee cherry
sorting line, which utilizes the best-performing
model from the first stage, is evaluated (Section 3.2).

3.1 Classification Model Comparison
(Static Images - Dataset A)

To determine the most effective
algorithm for classifying coffee cherry images, the
four machine learning models were trained and
tested on the preliminary dataset (Dataset A) of
400 static images. Images were evaluated at three
dimensions (64x64, 128x128, and 256x256 pixels)
using various color spaces and feature descriptors
(Grayscale, RGB, HSV, HOG, and LBP). Model
performance was evaluated based on peak
classification accuracy and average inference
runtime per imasge.

The comprehensive performance metrics
for the tested configurations of each model
are detailed in Table 1. The empirical data
reveal a distinct accuracy-speed trade-off. The
Convolutional Neural Network (CNN) consistently

achieved the highest classification accuracy.
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Specifically, at a 64x64-pixel resolution in the RGB
color space, the CNN achieved a preliminary
peak accuracy of 94.00%. This substantially
outperformed models relying on single-feature
extractions, such as SVM (84.00%), KNN (78.10%),
and ANN (76.25%).

However, this superior accuracy requires
a higher computational cost. The CNN model
required an average of 0.532 seconds per image,
whereas simpler algorithms like KNN and SVM
processed images in just 0.015 and 0.040 seconds,
respectively. Because the prototype sorting line
strictly prioritizes accuracy to ensure premium-
grade coffee quality, and since a processing time
of ~0.5 seconds is still viable for small-scale
operations, the CNN architecture was selected for
deployment on the physical prototype.

3.2 Prototype Sorting Line Performance
(Dynamic Operation - Dataset B)

Building on the preliminary findings, the
optimal CNN model was quantized into a
TensorFlow Lite format and deployed onto the
Raspberry Pi 5. The full physical prototype system
includes a cleaning unit, a specific gravity
separation unit, and the optical object detection
unit. For this operational stage, the model was
tasked with real-time object detection on a
moving conveyor belt.

System performance was evaluated
using mean Average Precision (mAP) at an loU
threshold range of 0.5 to 0.95, which effectively
measures the model's ability to accurately place
bounding boxes around moving cherries. As
shown in Table 2, the CNN-based model achieved
an mAP of 84.53% for Class 1 (Premium Cherries)
and 78.92% for Class 0 (Substandard Cherries).
The higher mAP for Class 1 is attributed to the

highly distinctive red coloration, which provides
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Table 1. Performance Comparison of Machine Learning Models for Preliminary Coffee Cherry
Classification (Dataset A).

Model Image Dimension Image Representation / Maximum Average Inference
Architecture (pixels) Feature Descriptor Accuracy (%) Runtime
(s/image)

CNN 64 x 64 RGB (Color Space) 94.00° 0.532°

CNN 64 x 64 Grayscale (Intensity 85.50° 0.412°
Representation)

CNN 128 x 128 RGB/HSV (Color Space) 88.00° 1.800¢

CNN 256 x 256 RGB/HSV (Color Space) 87.50° 8.000¢

ANN 64 x 64 RGB (Color Space) 76.25° 0.230°

ANN 64 x 64 Grayscale (Intensity 82.10° 0.210°
Representation)

ANN 128 x 128 RGB (Color Space) 81.50° 0.085°

SVM 64 x 64 RGB (Color Space) 84.00° 0.040°

SVM 64 x 64 Grayscale (Intensity 78.10° 0.015°
Representation)

SVM 64 x 64 HOG (Gradient-based 75.60° 0.052°

Shape)
SVM 128 x 128 HOG (Gradient-based 73.40¢ 0.022°
Shape)

KNN 64 x 64 Grayscale (Intensity 78.10° 0.015°
Representation)

KNN 64 x 64 RGB (Color Space) 74.00° 0.510°

KNN 64 x 64 LBP (Texture Descriptor) 71.10° 0.185°

Note: Different superscript letters (a,b,c) within the same column indicate statistically significant differences between
the machine learning models at the 95% confidence level (p<0.05) according to One-Way ANOVA and post-hoc
comparison tests. For Maximum Accuracy, higher values are superior (sroup ‘a'is the highest). For Average Inference

Runtime, lower values are superior (¢roup ‘a'is the fastest).

Table 2. Mean Average Precision (mAP) Values for Real-Time Object Detection on the Prototype
Sorting Line (Dataset B)

Target Class Name Average mAP Qualitative
@0.5-0.95 (%) Performance
Evaluation
Class 0: Substandard Cherries (Unripe & Defective) 78.92% Good
Class 1: Premium Cherries (Fully Ripe) 84.53% Very Good
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a stronger signal compared to the green-yellow
hues of Class 0 that occasionally blend with the
conveyor belt background.

At the system level, combining the
object detection software with the electro-
mechanical rejection hardware, the integrated
prototype achieved an overall practical sorting
accuracy of 81.73% during continuous operation.
The system successfully processed approximately
120 cherries per minute, equating to a throughput
capacity of roughly 2 kg per hour. While modest
compared to large industrial machines, this capacity
aligns well with the processing volumes of small-
to medium-sized specialty coffee community

enterprises in Thailand.

Discussion

This study set out to develop and
evaluate a working prototype of an automated
sorting line for Thai Arabica coffee cherries, and
the results show that the goal was largely
achieved. In the first stage, a comparative analysis
of classification models revealed that the CNN
stood out clearly, reaching 94.00% accuracy on
64x64 pixel RGB images, a result that left
traditional approaches like SVM, KNN, and ANN
well behind. While the CNN did take slightly
longer per inference, its ability to learn deep
visual features made it the right choice for a task
that demands the precision specialty coffee
grading requires.

Building on that foundation, the second
stage brought the quantized CNN into a physical
sorting line, complete with cleaning and specific-
gravity separation units. Running continuously on
a moving conveyor belt, the full system sorted

cherries at around 120 per minute (roughly 2 kg
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per hour) with a practical accuracy of 81.73%,
reliably separating premium, fully ripe cherries
(Class 1) from unripe and defective ones (Class 0).
These numbers suggest the prototype is a genuinely
viable tool for small-to-medium specialty coffee
enterprises in Thailand.

That said, the system is not without its
shortcomings. The current single-camera, top-
down scanning setup leaves a real blind spot:
defects on the underside of a cherry can go
undetected, and the system remains sensitive to
changes in ambient lighting. These are not minor
issues, and they are worth addressing directly
before any broader deployment is considered.

Future work should therefore focus on
designing a light-controlled enclosure to stabilize
imaging conditions and integrating a 360-degree
dual-camera setup to eliminate visual gaps.
Thorough field testing in real farm environments
will also be essential to understand how the
system performs in practice before taking any

steps toward full commercialization.
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Where did Weedy Rice Come from?
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Abstract: Weedy rice has long been known in Thailand as ‘red rice’ from deepwater rice area. Why has
it just the complete set of circumstances leading to the sudden invasiveness of weedy rice in Southeast
Asia. The paper begins with a timeline of weedy rice records and the spread of modern rice technology,
followed by evidence of genetic interaction between cultivated, wild, and weedy rice. The impacts of
photoperiod insensitivity from modern rice varieties in the local cultivated-wild-weedy rice gene pool
are analysed. The influence of modern agronomic practices on the competitiveness, adaptation, and
dispersal of weedy rice is reviewed, together with detrimental effects of weedy rice on rice production.
The main finding is that weedy rice is likely endemic to deepwater rice areas in Southeast Asia. Its recent
ecological success across the wider region is driven primarily by the introgression of photoperiod
insensitivity from modern rice varieties, resulting in the removal of reproductive control by daylength in
weedy rice, greatly expanding its adaptive capacity and increasing hybridization opportunities. Modern
crop management practices create the paddy field environments that favour weedy rice. Modern rice

technology has brought economic and social benefits to Southeast Asia, but also an unintended harm

Copyright @ Journal of Agricultural Research and Communications. All rights reserved.
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to rice production with invasive weedy rice. Weedy rice control should benefit from a comprehensive

understanding of the mechanisms driving its sudden invasiveness and spread.
Keywords: Deepwater rice, gene flow, modern rice varieties, photoperiod response, wild rice

undnge: reiinduiisdnununulutssmalne Tude “v1auas” Mnftufiuniidn wiveladeinisszunslu
fufiuvhussmadioduaianansui 21 enuUivEdhmsiensmurslassuilaamalven iyl
srumunsnanedunduiluluedosy fusondeda Tasidumemaissdunaidnsiufinndngiuntswy
ﬁdunﬁ’ﬁuﬁml,a“miLLw%ﬂsvﬁ]'msuaamﬂu‘laﬁmsﬁmmﬂﬂm nnduiahiauendngiuy a%ﬁaﬂﬁﬁuﬁugqu
fugnssusEmenYgn 17 waze ety nseutelinsenunuinsesaulilinevasuaIngI g
adelvfignanenenngurasitusnssusmvestnilunesiy Gl@l‘ﬂﬁ]W]UV]’J’LJE]V]ﬁWﬁGUEJJﬂi‘iu’sﬁm'ﬁﬁ]fﬂmﬂu
sVt rmer e slun LS MsUSUR uasnsusNsETETe Ty wasussiukAnsENy
vosmTrinensnanT nanTiAean P feituasduiivUsssduvesiiuiiundnluedens Tusen
Godauundn nisszuiaunsnszatsoenluiigimafintuainnis vavesdudnuarlilnetiauaningn
sugadelnneguszansunfeindundn amalvsuanameduluddninanonisduiug ves v ivite
snnoly washlvrTefiganunsnuiudngiuiiuvivaussmusarutiulaosan 19 wasilonanau
furmdgrlufiuiifisdu sasdertu anmnesosluuniidensailawiouresi iy Wunaniain
nssuABmameUgnaelameluladmeihuadislv funisfesslonmansvgiawssdeunaginiaiolde
nyTuoenidedla unillanelmAnkansevulnglumefanenisanumannsszuInaITesu T oy MIniuau
%ﬂﬁmﬁmﬁ’]Li‘jué?an&gaasujuummL%ﬂaasmiavémﬁmalﬂﬁﬁuLﬂ?ﬂlaumﬁxmmLLasmiLLW%mgmasuaa%ni’%ﬁm

ArdAey: v1wntan nisluavesdiu enaugadelng aulineyisues 913U
o .o < o o o o v A
AU wandv Mdudnvaedinizeeswnniuin

Wdn “enduite idudnwnilnuilaidudsingdu
I129WNY (weedy rice, Oryza sativa f. Tutenaisniwrlned sun w.ea. 2548 \WJunuun

sponteneaq) Lﬂuﬁ%ﬁﬂ'ﬁg{uﬂwuaﬁﬁu{nﬂqﬂiu wias (Jamjod et al,, 2025) 18na153¥IN13n B UNUTIY
u1 wariidnuarlagsunaiediaugn (O satva)  sindeneuiviisluunhaniifidnvasvesdina
Lwiﬁé’ﬂwmzﬁmmuuammamﬂamwszmsﬁﬂgwﬁ’u h"UﬁdyniJgﬂiw “qg1a11” (wild rice) (Puckridge et al.,
F19Und13iey (O. rufipogon) g1 Yy srunalu 1988; Vongsaroj, 1976, 1993) N1335U1ATDIV7
msunﬂaslw,ﬂmmmLaamamamamam dlmudarn  Fvivlaveeiiesssniinseuaqui uiuily
ovAMAM uaziftuauyulumsdanis (Chauhan,  piinAwedensTueenidedn anelunarsssusn
2013; Maneechote and Jamjod, 2005; Ziska et al., YoIASAR ANITIUT 21 (Chauhan, 2013) #&931n
2015) yiwfindudngrosmunniddelvauely  mawuadewsnluuivaussniu ludssmanniads

léjmﬂmmmﬂa{aﬂﬁaaﬂum %ﬂﬁﬁjﬁsm,ﬁuﬁgﬁ’ﬂ Tu .. 2531 (Bakar et al., 2000) wagluuszinelne
wurnnuarluUsewmalnglud o 919nenuvey Tuma9 w.6. 2542-2544 (Maneechote et al. 2004;
(Sanitwongse, 1941) ﬁ?a“uyﬂl,md (Sanitwongse, Chatuporn et al., 2006) mmamivmmaﬂmﬂﬂm
1927) Giyasjmﬁmﬁﬁl,?iaﬁmmﬁmﬁumuwuﬁu%mqﬂ Uszine neludaandies 4-5 9 Lﬁwgfﬂmmwma

124



Frwngananlyu

Ty “emin” uag “v1me” (Maneechote and
Jamjod, 2005)
miismmmsuy’lﬁsuﬁﬂuqﬁmﬂL@L%‘&J
avSusenideslasiursludszmdlng @dnsviun
Uqﬂsuynmmuwawﬁ’uﬂ duandudsingnisal
Aol Wewleufutymaneialunidenisn
Afiusziinisgnurifisslufsesd wnilsioau
Falymv TR B A A AS AR ARISIUR 19
( Constantin, 1960; Gressel and Valverde, 2009;
Nadir et al., 2017; Olsen et al., 2007; Watanabe
et al., 2000; Ziska et al., 2015) A1Q1NE1A QYT LA A
Fur1 wmpladrafefindenaredudngdrdnly
urfrrvsagiiniaiiiuszIAnasiiuiuisgng
g17u? wazdnaTeRvwmaniiunaanivue
unerudiviaudlsieseniateiifa
sumdnsulnTeivnareidufsiaddnyluwien
meludrnarsudu Tnaisuanmsinauslsz3a
nssrualuifudl Wisuifisutunsunsnszaneves
weluladynadelny mndudmumundngiunis
ﬁ’uﬁqmam%ﬁﬁa%ﬁqmmé’mﬁ’uémqﬁuﬁqﬂismwiw
Gduwd@‘ﬂ 117U wagrT Tl neeutsndiuunum

yosdnwaziugnssualilmetuaIniugIm
sty ‘17‘1I19;LLW§IL‘JWEjLLMaIQﬁ’uﬁqﬂiiuil’m‘UaG‘J’]’J‘UQﬂ—
319U-1 iy asniealensUsEuNansYNy
yosnsvuaie Ty onuainsalun1suy 19y
MSUSUR LAEATUNINTENEYRIINTITRY naenIL
HansENUYew Srinenannannsyulagsa
U529AN1552 UMY I TN BUAZAISUNINTZANY
vpunaluladdradslvl
nsszuIavesuyfieluunvaUsemuii
uiiniduadausnluussmelne iad uludt uiiun
nananslu w.e. 2542 (Chatuporn et al., 2006) wag
W.FA. 2544 (Maneechote et al,, 2004) Vfﬂ‘ﬁ'ﬂ'au
WY “91UAg” (Sanitwongse, 1927) wag “a1
AOANEYIN” (Sanitwongse, 1941) Lﬁuﬁgﬁ’ﬂm%ﬂ
muiugms%nqmmwa‘i’wﬂu%mummnﬁyuﬁmifﬁﬂ
Fatniduuinafinsgnanlagndioluluiiuends
v (Figure 1) iy “91Un” Taesieaun
uSefidluiuiiuningnnianans (Puckridge, 1988;
Vongsaroj, 1976, 1993) %‘ﬂmmﬂulﬁu*ﬁyﬁnﬂ’]mﬁm
w%EJLﬁ‘LJQﬂﬂ\lﬁll’iz‘m"]d%ﬂ?ﬂ?ﬁU%ﬂUQﬂﬁlﬁT i
laananualuluurasugnanamdniteuntluuas

Figure 1. A boy with some pink awned wild rice in the family’s rice field in Ayutthaya, Central

Thailand (A), and a rice landscape with mixed population of cultivated, wild, and weedy

rice at the same location (B). Source: photos by Chanya Maneechote
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Table 1. Chronological sequence of weedy rice records in Thailand and other countries in

Southeast Asia, and the introduction and spread of modern rice technology.

Year Noteworthy events and records (references in brackets)

1910, Rice contaminated with red rice, a historically common feature of deepwater rice in

1927 Thailand, was known colloquially as “tamarind buds rice” (szunmaﬂmmu) (Sanitwongse,
1941) and “khao daeng” (%nu,m) Sanitwongse, 1927)

1960s Chemical weed control in paddy fields in Asia began in the mid 1960s (Ho, 1996), selective
herbicides for rice proved harmless to weedy rice (Azmi et al., 2000, Marambe et al,,
2000)

1966 First photoperiod insensitive, high yielding rice variety IR8 released (Khush and Virk, 2005)

1970s Mechanized land preparation began in Thailand’s Central Plain in 1970s (Suebpongsang
et al., 2020), spreading to all Southeast Asia by 2010s (Haefele and Gummert, 2016)

1974 ‘Wild rice’ identified as a weed in deepwater rice area in Thailand (Vongsaroj, 1976, 1993;
Puckridge et al., 1988)

1980s Adoption of modern rice varieties took off in Thailand in 1980s, spreading over the
irrigated Chao Phraya Plain by mid 1990s, to the rest of the country (Rerkasem, 2015),
Indochina (Brennan and Malabayabas, 2011) and Myanmar (Niang et al., 2008) in the next
decades

1988 Weedy rice first observed in Malaysia in 1988, and spread over the Malaya peninsula by
2000 (Bakar et al., 2000; Ziska et al., 2015)

1992-1993  Wide adoption of combine harvesting in Thailand in 1992-1993 (Thepent and Chamsing,
2009), in Vietnam about 2000, and Laos in the mid 2010s (Fukai et al., 2019; Haefele and
Gummert, 2016)

1999, Following the first observations in irrigated rice fields in the Central Plain of Thailand in

2001 1999 (Chatuporn et al., 2006) and 2001 (Maneechote et al., 2004), invasive weedy rice
had spread throughout the country by 2005, covering the main lowland rainfed
and irrigated rice agroecosystems, and is known colloquially as “khao deed” (‘?Tnﬁﬂ) and
“khao haang” (%ﬂﬁ%’]ﬁ) (Maneechote and Jamjod, 2005; Prasertsak et al., 2007)

2010-2020 Weedy rice observed in Laos (Prathepha, 2011), Vietnam (Chauhan et al., 2015), Cambodia

(Chhun et al., 2020), and Borneo Island (Neik et al., 2019)

Lﬂuﬂsmgmﬁajﬁwulﬁﬁaaiuﬁuﬁﬁﬁ O. rufipogon 2004; Kuroda et al., 2005; Pusadee et al., 2013;

waz O. sativa oy Taufuluiuneuls (Songet al,, Song et al., 2003)
2005) niadadinangruniseniugnIsuatuauuain VANFIUIINAN BN NFUFIUVBIRUVIN
N13NAAeIkazN1SANYINITINaTeddu (Chenetal,  fanwaenauszmawvgnuazenaul dngnludu
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swarndud gnardalasaalineyasuasd
aamayaﬁﬁ’uq@,mmfma'm vi’ﬂﬂ;%maﬁ’uﬁ:ﬁmq
1A 9 Wieu (Vergara and Chang, 1985) ffatiy
0. sativa f. spontanae anfufianlunianans
Feluonaidinoysenluiufiundu q Aiflggugndu
Wiee 4-5 1ieu Snifalufilonianaunasiuiug
amitudeduituiilaee v1aviansy (O. rufipogon)
aansananiurRugaislle uaslngnuanid
ANLANY T him"mmﬂm'mauﬁuszjunﬁuﬁ:ﬁymﬁm
(Khumto et al., 2017; Niruntrayakul et al., 2009;
2005; Somkual et al., 2005)
mmlmi’mamummﬁmﬁuaﬂwmw{ﬁ
nansznumeauansalunssunaslunuay

Sinthukiew et al.,

nMsunsnsEaeresfufivaniian onisidu
72989117 (the limiting factor) mmﬂmumgaﬂam
oon meduiitmunanulaliuady RS Wusituguan
LLa5(ﬂ’mgﬁ&Jﬂ’]iﬂ%ﬁI‘ﬁﬁﬂ‘@m%ﬁaﬁjNﬁiE]L‘ﬁlaﬂu%’l’sﬁué
aelval Tulasansuiuugeiugunseduuuend
uarszduUssmailodeny Tuanidesla (Brennan
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and Malabayabas, 2011) aa1ululan eweuas
ﬁi'faLﬂué’ﬂwmxﬁwﬁ’zymadﬁdynﬁuﬁ:aﬁa‘[.m' CREIRTEY
ﬂizﬁw%mwmiﬁwuﬂmaﬁﬂﬁq@ﬂ@jﬂg’umLLawTﬂﬂ;
anwnsavgnunlanaeaiiad uiuiiihivadssvu
qqu,ayq namfe vulauinnini sadsluuvas
Fenaneluniled videugnaeiilesnasad nausslow
maAswgAauardsauvesuaiug adelualasu
m‘iﬂimﬁuaéwﬂ;ﬁwm (Pingali, 2012; Pinstrup-
Andersen and Hazell, 1985) WA HANTENUNIS
ﬁLm’i‘wmmﬂmiﬁﬂé’ﬂwmslﬂm'aﬁmLLaaLﬁduﬂq'
LL%alﬂWuﬁqﬂ‘iﬁJil’JiﬁlJ@ﬂslTﬂUQﬂ a1 wavar ot
nduwnulilafumnuaule arwilalneviuadmwa
Tunsveneveulwanuansausus wiuladaay
T oitwrtausymdlne faunsasennenuarin
Lmé‘mlvﬁyﬁﬂquLLgﬂLLam@Nu Tneilviseonnensun
43 9 176 Tundelan LLau‘UI’NLﬁULﬁEJ?@%LLG]I 63 ﬁq
202 3u (Prasertsak et al., 2007) AsafuL sunwuﬁ
Wumaqmamlmawwﬂuqmm LLawWUﬁ‘WULM@Q‘Ui‘UUN
wuauﬂaﬂmuhm framenuiuAeuv1IAaT aa
s1A3ndsveaieunanny Uszunudud 21 nanau
Tuiug nv6 way 25 nanau lurnnenued 105 (Thai
Rice Knowledge Bank, 2025)
MEINNSRALTINTENIIUIU AT
Ugn miLLamUawwuqmmmmmmumahJaEm
neLiios ﬁyqamiwaumassw'ﬁmjunﬂgﬂLLazﬁiTwﬁsuﬁsu
Tnsianizluy o ei fansdugiuresnenias
Qﬂﬁé’ﬁmimau%muwﬁgﬂaﬂw (Jamjod et at,, 2005;
, 2017) WUAESlEIUNISHANYY
iwiwgﬂamLLazﬁunﬂaﬂiwawww (Langevin
et al., 1990; Song et al., 2003) walagiialulonia
ﬁ‘%yWQQ%W%NﬁMLﬂﬂiﬂU‘UW’JUQﬂiuuﬂLLUaﬂLﬂEJ’mu

Khumto et al.

gouflunnnin nsAnegnfaieluuiutasun
sausemululszmalnowansendiunisideundas
Tuanweue ﬁILLﬂﬂﬂaaﬂ (phenotype) WAz ugNITY
(genotype) Y9991 5 11/1%’1&1%@6013% AN
“U‘L!LSEJEJ § AUNALIAN (Wongtamee etal, 2017)
msheselalasusnimalanlauansduiua 91
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P

aﬂuwwmﬂﬂﬂammqwuﬁﬂﬁiuﬂ‘umsmuaﬂw%uaauf
sulunndaafentu wnnaiinrliiduey
Tuagwanienitu meUfduiusmeaiugnssumessn
it fuAntulatuimiugadiolnlulnessuag
Tuugausesnu uazaaiiudlosiuguivlilone
paauadluuniny (wu 1nenuzd 105 uay nv6)
aruilnadamaitugnasusevnenataidiurugn
Aituegsamtuidamvlauiuluavaynsuany
(Song et al,, 2014) WAz UULAIZUDS LT 87 (Neik
et al, 2019) uanaN{ NMINUFNBUIRIUGN
01 WWonudnludd uasudsluwdaiduarumies
Tudszansenauisssund iundngiuuansds
nslnavesdulufiemendusuaineniugnlugunaun
2006; Oka, 1988)

Tudanan 5 0 doun na. 2508 &9 na.
2553 ﬂjuwﬁﬂuﬁﬂuﬁmsL1JﬁauLLUaaiuﬁﬂwmuwwaﬁmﬁwu

(Kuroda et al.,

IﬂﬂﬂmEJﬂU‘U’]’JUaﬂﬂEJLL’LJmiJ’mEN"UﬂJ uadansdnuY
LWEATINBULA 1NANINTBEAE 90 LLUULW&nﬂwmm
(Wongtamee et al., 2017) Juiiuvesde “‘U’nﬁm”
audnwaeiignimunlaensyuiunsdnng wu
AR uaztsangde Tadsulnafseiung
Ugnuindu n1sdanaefivd fnugedisannulag
ﬁﬂﬂq'msﬁ’mﬁaﬂLLazii’wmmﬁJmawﬁ’uﬁ:{n
Yy uRidmuioas (Gressel and Valverde 2009;
Jamjod et al., 2005) 3¥aunisvonTuiianie
Tmymgmumimnwwﬂqﬂsduﬂﬁwjuﬁaaéwwm
NSt guluuivUgn (crop mimicry; Vavilovian
mimicry) (Barrett, 1983; Ellstrand et al., 1999;
McElroy, 2014) Fadunszurunmsmaiivaeinendidn
wuluwity §reenawy wenwaun (Echinochloa
crus-galli) Tuuam Feildmudmse wazuduriemen
Uwufhﬁﬂglﬁmﬁ'u%nﬂ@n’lmmaa wsenTeduaILINa
%amwlﬂalmﬁmnﬂﬁyu vfﬂ,viyﬂﬂf:mﬁzj”nmnﬁasﬁju
(Ye et al,, 2019) GUWHQ%W?]UNWEJW‘IJﬁiJﬂ’J’mJﬂaWEJﬂaQ
ﬂumﬂawuqauﬂimuiuaﬂwmumum8 s29luey uaz
TLdnd1uruunn (Prasertsak et al., 2007) N15HAN

WAA AT ILIUINNUUNET IATUAUIRU UYDIUTEYVINT
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Tugunoly Faduvelaudsulunisuusduiurniugn
Samianil ﬁﬁﬁlﬁrwuiumﬁlﬂ‘i*&j (Lolium rigidum)
, 1980)

nsanemendnyEiugNsTANTUAAIIL-

Tuulaswand (Rerkasem et al.

lulanorasuas sl iaialausuiaantuggugn
yosarTiusaselruasr g iudies \alenia
Ty faiiwaunsalSusanean nwinaonluund
naInuaTy wagnanvuiurUgnlukanieaty
awalnnirialaunsnszagluitedons fusen
ol
ndnavaunalulagnisvinuradelna
nszuaunswanssalunisyiwadelng
fitlnansgnunadnaineanev iy Ussnounae
ASWTEURY N1STUIIIULTIUNISAIUT NI5IAEY
LAZLINYIMYSAREIT Laznslaansidasuite
1. nMswssunUag
mim’%'smLLiJaaLﬁaﬂqﬂsﬂynﬁuwﬂmaﬁéyaq
logwaneafslanalunismuauiaialasedunds
amivfivuay ufindu q Mvendumazgnrhanslulu
nslauafanely (Chauhan, 2013) nsefutiy sola
ﬁﬁLLiqqmmmimmawﬁ annsawIoundadlagng
nadlaslunesseliudontuuasinaiaduluney
uiivasilasen nsthsalaunlumenudadie
Ugnlaunanszanglulunawanmatuluneiiui
Tuedens Yurenidedla shegrasunistsalawiun
TlulsemelnelaSuguneuluudnmnanaiauaise
i“ﬁmhﬂuﬂmmﬂau S]Iunmmam (Suebpongsang
et al., 2020) msmawuﬂaaummumumumi—
anasvasTIuaualulssng §19anasains1a 60
aruialurae we. 2530 waeluds 20 aruialu
naiie 15 9 (Food and Agriculture Organization,
2024) 4 m.4. 2550 e IpuLlaniavgnuily
FensTusenidodalaasululssalaununislaun
mywmwl,muﬂgwm (Haefele and 6mert, 2016)
ofls wlavniwiviiddnoglufudoragnudnndy
Fuuilnsenladn a1nn1sisalaaunsaladnasiy
lufu (Zhang et al., 2019)
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2. MSIUIRIULUNTIILIAT

n3dsuutasismagnanieainnise
uluifumsmude sngndandunumnves
nsseunvesnuivadduuluedeny Suoenides
19’11LL63LEJL%EJSL(; (Azmi and Mashhor, 1994; Chauhan,
2013, Slngh et al., 2013, Ziska et al., 2015) n1s-
‘UaﬂﬁunmEJms‘mmmmuammﬂamﬂmmmmu
Afs1munsuazinunueauluiwiansinaule
Wuesne (Cramb, 2020; Konchan and Kono, 1996)
u,m'ﬂWim‘uquﬁ”ﬂuﬁ'ﬁuiuuwwa'wuﬁwlmyﬂ'aumywmn
AUNa1912018 4-6 dUa1n souflvelaFouly
nsuasFuRuY T ef L a5 seenannude way
valmuTsusansoyunauslaiaiasduniiugnaie
ﬁuﬂgmwmﬁm 2 &an Lwiml,mﬁhim;maa%ma
msszuavesuTfinluunsile

3. M3fanazuInddIesaieadng

saAgNIIUNUMABNSLNINTE T8N
myﬂai’mﬁmaqaaww N9Usn LWEnT 1SR fin
gwagﬂuLﬂ%"auﬁsmjun (Gao et al., 2018) gni1an
LLanﬁavLiJqua“ﬂLLiJawﬁaag'maamam Wles9n
safisasuanainlufinamyaauazeinadeg
sEvnalUag L:uﬁmyﬂ’ai’suﬁﬂuﬁaamgﬂﬁ’mmaﬂuaﬂ
fudilunseufuedonirvniiundlusuanen
Fn¥a mefiaes induilevdendivuniewsn
11 ¥gRgaInadonien giluladundaiug
InFeg1Ideniiuisineaieaisian
Vhdseme wuan wnninsesas 80 Yuidoumea
wne (Prasertsak et al., 2007) msﬂmﬁyawiyaamﬁm
Funudies sevaz 0.2 (agumdn) Aeravilwan
Ui 10 Ausensawns Welywinuaie
Sasnudaniug 16 Alandumels wiaiugivuden
LﬁuﬂfﬁaLﬂuﬂaiﬂa”wﬁmmmsszmmaasﬂyﬂal,l,mﬂ,u
IvYaLusnn (Noldin, 2000) GTQEJLMG!ﬁI NnaeuILINe
%’qﬁ’ﬂ%ﬁﬂgmmﬁumimmm@mmwmﬁmynasm
1ATIAYA FI98AIYY 1uUiszﬂQ§ﬂifﬂsﬁﬂUqﬂ%ﬂmuw
Luﬁﬂﬁ’uﬁ:%iauﬁamﬁywm fvunluiudaen
posasnarny e 1sdude anluigerduae
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am%mmm LiJﬁﬂ‘UTJ‘WUﬁﬂﬂ 'W‘lJﬁ‘Maﬂ uay wuﬁ
HIERN mdmumimaﬁ]wmum iuﬂmﬂgmamn
LAY INANINEIEINEAY1UEon 4 Youn (1.8
Alan3u) uenani Msesraudasivusliulasuan
wiiniuginurteivlalufuniuneieires (0.4
18ne3) warlunUaawdnmudawug vdnuasiug
SUTB9 si”aqlm'ﬁ@”usuyni’ﬂuﬁﬂaagl,aa (Hardke et al.,
2018) é’guﬁluﬂ‘ismﬂim Tusn w.a. 2560 nwmRsns
sevay 65 Selyudnarnanulangndusdaiug
(Napasintuwong, 2018) vauziieaiu vorfmualdl
vuadlaluiuniasdelusdaiugmdn 05 Alandu
wagluifiu 5 wia Tuwdawugfuses 0.5 Alansu
(Ministry of Agriculture and Cooperatlves 2014)
uummmﬂuwammmﬁmmi upulna Yo
syurmadluwnle

4. NMSME1SANINIUNY

nslyansmdnfafindomuauivialu
wiam Judusnesaussneuniweanalulagnisei
wadelny fidausilneneialanaioduiaie
ddluituiiu Inslawnvansidafefivwuudon
anefiluiiusunsionenuanl @ruanauiedisl
wugnssulnadnunniedis Alasunmstudunlulay
BUNIIYIINAITANTATIN WU UL DNYIA18EI NI U
YmEuiy (Azmi et al., 2000; Marambe et al.,
2000) w1fuiinugndnwiand sifimalulagnig-
U¥uugewus Innumuaeansmdnfuisdune

(herbicide resistant, HR technology) “ﬁuﬂmmﬂﬁ;

ausamdafiwnnaialuuiviisiuniviivleg
gNLIUANIZAUYIANUT HR (Sudianto et al., 2013)
ag13lsinin wuan vdeieluwluniadelad

ATWUINTTANUNUNIUNBETS imidazolinone Faly

mvafurIiug HR nglunawiedund ndsain
nsisulawmaluladidlu w.e. 2553 (Dilipkumar et al.,
2018; Zhang et al., 2006) wuLAeInuluansgowsn
flamalulader HR wlvlunaladeiu wuan
AU TN TOANNTYINA1EIABETT imazethapyr
Twdalugugnidanunununeansiifissesas 60
PR Y o o ¥ o ¢ '

anailiugnssulnalAgaiuvnigniiug HR 11An
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mwuwszmﬂLuaﬂswaﬂimmsmwuﬁ HR meﬂaﬂ
(Burgos et al., 2006, 2014) ‘Ui aumimﬁl’mﬁm’mu
nod1sAITn Y (HR rice) %maumwmwmmu
mﬂmimmLLanwuqﬂsﬁumaqmwa Tneianyeensbanae
fugmnssu luftuiifdeiadyunsnats way
fivnfvdadugnuanszmiswiisuangney
lluftufivuuuluussmelng

AuENsavesI SialunsUSuF e
syuumsvhunastela udulaainnisssunnasuun
LAz VEE019TILE ) Anulamisludedn
wlaanils waznszareluiaussina ndsandinu
wuadusnlunnfissaunsens Tugauiuse w.a.
2544 Tufiuiiviundazansads ludwmianigauys
yrriRalansgansluiany viuaslu 5 gauqn
(Figure 2) LLgaqﬂamliJé’mnﬂlﬂmiﬂgLﬁEN TEARE
sonaUszimantsludanfiosluid Jamjod
et al, 2025) Tu w.a. 2547 UssinelneflaaTuite
izmmagiwqﬂwmwwmumaﬂ mmumuﬂqﬂwuq
ylamerauas (Mugiudiosiuuse wvauseyu
Ugniusaselvilulinerisuas saonauiiuiiun
1han slussuuundwazuviy (Prasertsak et al.,
2007) @rlunnadesyitaluungnvainatovie
fiusznoumeisiitluninaagluuay lagnyauny
areu1 TR vareludaiesdud (Azmiand
Mashhor 1994 Ziska et al. 2015)

g1y verauns nszanelalaedla
Aenvasiumsiulaenss wu Welinsiiudana
Softmnnitelndednn luiufivinanansiidnis-
ng,ﬂmiévjﬂaémmimma (Saijuntha et al., 2013;
Wattanasuntorn, 2015) my’JEJﬁLﬂwmﬂ‘ii”IEN’]m'W
silyni’énﬁm?w3’1ﬂgsfuwé’wWﬂﬂﬁﬁwgljal,ﬂmiévjam%’a
Tuitud Lﬂmméﬂﬁ%aﬁﬁwmuaﬂawmﬂﬁuf?h #1315
gremdadnuniviisuar Suivvinduiisimnag
a&flum s2ufavesives (Pomacea 5p.) UATLLAY
ﬂmau MLLUaammmuaﬂquaﬂimLﬁuamm
memmm‘wm‘m Avundusimisiasud sada
AtnazUszneunsudavirteisdualngse
nanenduaumanddlumsiranyfeftvenuluiud
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Figure 2. Weedy rice infestation in Samsib Harb village, Kanchanaburi province, in dry season 2001

(A) compared with the level in dry season 2003, the 5" subsequent cropping season

(B, with un-marked irrigation channels) Source: maps by Ariya Phaokrueng
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1. NMSAANANARTD

AM35EUIRNveeI Y TuRalundas d1unsa
aenaluinadininsiuuasnsuanwaaluyiann
Lﬁm%uasmﬁ?j’mw (Burgos et al., 2006; Jindalouang
et al, 2018) FausdasrulaTsumsdaing1ves
Uizmﬂi{’]mqﬂmam%ﬂﬁ“ﬁﬁﬁu LANANART 1IN
anauilasziuveINsIELIN (§1Waus9v STty An

Judnaunesiuiusiaisug) dWingadu (Figure 3)
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PIUHANTENUYDINITUAILE 91NN IR Aans-
Lﬁ]%iuwl,avimLLazﬂ”l‘ia';’NLiJE‘iﬂ‘UEN‘JTJUQﬂ NUINAU
nsgadsanudaunisiedile samaulunou
n5ifiuiien (Maneechote et al.,, 2004; Ziska et al.,
2015) Iumaﬂ%?amaNémjynawqﬁgL?ialﬂﬁy’wmﬁé’mw
nssuIaiisssosay 30 o ivfivnugslauay
funugUgnneuniosrmIIgas1dn 1ol
Wisvwesunifuelunisusstuiuenivgn enaidn
INANUENNTAYAFUTIHDIMTTGIN (Estormninos
et al,, 2002; Jindalouang et al, 2018) F20819491
Tuanigousnnnuasiadendrsannsagady
mmlulmsLam"Lmammﬂivammwummwnwuﬁ
Drew(Burgos et al. 2006) wail wansymureswn
Sofiamanananniugnanuanmefunuiugunisas
awﬁ’uﬁ:sﬂni’mﬁ‘% (Burgos et al., 2006; Estorninos
et al., 2005; Jindalouang et al., 2018; Kwon et al.,, 1991).
2. HANSENUADARNTNLNAR
ﬂqmmwsuynLﬁuqmauﬁﬁﬁ'ﬁﬂﬁ@lums
Fadonvugituiiosnasiugadtelval (Prom-u-
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thai and Rerkasem, 2020) Tun1susiliuiazanidan
wuglunisgnuiav i euslnanasdandsy
nsvousuresn uilaaneauAINLEAT 11T
Ay mandaviionunulan BeyuiuEedia
Aunadudnuazsinizeesnnn arudonuiuda
Aufiddudnuusnaitugnssuiiinainnisnaneiug
figndndenlunszuaunisiiaunnisgninduen
Ugn (Sweeney et al,, 2007) w1auasivandud g
vudoulurmnassuazamans lnssnnsgiugmnin
yrilutsznalnedmualy Svnuedlalufusosay
0.5 Turmansdurnirn 100 wWesiiua uazluify
sovar 1 Turninass 100 Wesidun (Ministry of
Commerce, 2016) dmsurTiUdon Usunmuamung
foousulaintuogiulsadfinesduimmumuiasia
flsannisdeaddentmdurnians laennsida
PUAIMENIT itz uiemsinudn
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(Prom-u-thai et al., 2007) wenanis msﬁumamwu
ﬂquwamummmewﬂﬁ;imﬁmmyuuaam WS
vdulanevaunniu
Iu‘w?‘uaLﬁmium/fam%”gal,u%m 117
fuiwingni3enan “a1auas” (Noldin, 2000) walu
widonyuoonidodlauenaind evuudaduns
rfriieddidnvariu o vewnuiiimuladanae
WU wEadne Lrdenilddndedunnia uax
aﬂwmmmmwmamwNanaﬂ"LlJmn‘m‘LJaﬂ (Flgure a)
AunmTRugEn T adesnesnmuideu
msL;Jamn’gﬁuwwgﬂawﬂwnﬂ@uﬂmawavgu'vﬂ,m
113 wndaddnuagmanuamudaduaaiaiadenld
21N1INUTUAN VAEAT TARI8ANE LAY
mwm;ﬂdLﬂjué’ﬂwmuawwmmsﬂunLLﬁiazﬂ’uﬁ: (Khush
and Virk, 2005; Thai Rice Knowledge Bank, 2025)
fannsoludununussdiuauuiansvesiugly
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Figure 3. Correlation between paddy yield and weedy rice infestation in an intensive double rice

cropping system at two neighboring villages of Samsib Harb and Koke Trabong in

Kanchanaburi, Thailand in the early 2000s. The line is the linear regression [y = -6.5 x +
454.8, r = -0.85 (P < 0.001)]. Source: redrawn with data from Maneechote et al. (2004)

and Jamjod et al. (2005).
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Figure 4. Weedy rice seed with hull, showing variation in hull coloring and awning (A), and without

hull, showing variation in pericarp pigmentation and kernel size (B). Source: photo by

Chanya Maneechote.

#188199120UF 001 (International Rice Research
Institute, 2023) 1175 gluUssnelneaulnegd
mﬁmé?uﬂiﬂLLazﬁsm:asmiw%nﬁuﬁ:Mé“ﬂ (Prasertsak
et al, 2007) Uszmalneiduiiuiindsifinisavem
AT eEIATIASAE IR auAluRIAT RN
Fatfugnaftugndn 1w 919nenued 105 196 way N9
du 7 Fao1agndnsimainnisiiudnlugnasiny
yuaUszdniugUsUueganniAuly

3. NNAUUNISHER

nsfdamuauTriilavaisds doun
msneuvdedanuosnuarnIsnImTIuRu leansidn
Sy Ugnaiteiudnazoin wazUFuid sussuy
namzUgnlasnisiagasnisugnuniniefialsd
ARBAIUNITIANTTINVUUUNAUNEIY (Chauhan,
2013: Maneechote, 2009) 4 4 waluni5u um
numamﬁmLLasammﬁmaLmuﬁgﬂﬁyu miﬂqﬂmy'm
winazoin nsmdnssenivfisneusrezasnuiu

134

(nemsineanitanunioquaisansfndniuiie) uay
YAuarenLAIeailsErnaLlas wuMaILualn
nadlunisannisszuinvesssyinlunlamnadla
(Maneechote et al., 2005) penslsAnunsidnam
Fofiumugoonazamalvszensamiviindsnuus
m:w“tjynﬂqﬂsl,uwaamn%u NN Tvinluau
Weoas dnvariilaunisatenenunaineiul wu
WEn sy eLinfLaTANEINITAIBNT ULIDIN
Tulanournedn (Nadir et al., 2017; Oard et al.,
2000 ; Prasertsak and Khongchoo, 2004) ﬁﬂ‘vg{%’n
FofivansnsofiFinegsoluuladumemuu
Tugraanfissluinasswrenisiun
aelm vfuiilananeduiufivddgyluiuiiuh
Usewalne uay riaiﬁﬁmmqu:ylﬁsmwmwgﬁa
aéw;uuﬁa H191NN5ANAIUBIHANERTY N1S5LERL
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‘ﬁmmmmsﬂumiagjiaﬂqﬂ ansanduanaasle
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