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RD113, a Non-glutinous Rice Variety
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Abstract

Currently, foreign rice consumers are turning to soft-textured rice, resulting in high competition in
the market for this type of rice. In addition, competing countries such as Vietnam can produce more of this
type, both in quantity and quality, and the cost is low. Although the Rice Department has certified several
soft-textured rice varieties, such as RD39, RD43, RD53, RD77, RD79, RD87, and RD97, they are not widely
cultivated due to their long growth duration, rather low yields, susceptibility to rice diseases and insect pests,
and the fact that some varieties are not adapting well to the environment. To provide more options for farmers
and increase our competitiveness in the global rice market, this type of rice variety has been developed to
be diverse and suitable for the environment under the cooperation of the Hybrid Rice Development Consortium
(HRDC). The single cross between Ming Hui 63 and IR80897-84-2-2-1 was made at the International Rice
Research Institute (IRRI). The F2 populations were then introduced in 2012, and continued pedigree selection
from F3 to F8 atthe Pathum Thani Rice Research Center resulted in the outstanding line IR96522-PTT-5-1-2-1-4-1
in 2015. This line had been under the processes of observation, yield trials, and nitrogen response, as well
as evaluation of the resistance to major diseases and insect pests, physical and chemical properties of grain,
and milling and cooking quality; the total period of this varietal development was 2012-2025. The Thailand
Rice Variety Board agreed to release it in the name of RD113. It is non-photoperiod sensitive, has a maturity
from planting of 105-110 days (germinated seed broadcasting) and 107-115 days (transplanting), an average
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height of 117 cm with erect culm and stiff stem, green leaves, and a flag leaf length and width of 43.8 and
1.70 cm, respectively. It holds medium compact panicles with a length of 28.10 cm and just above the exertion
from the flag leaf, moderately shattering, with 158 filled grains/panicle. The average yield was 946 kg/rai,
with the highest yield of 1,124 kg/rai at a farmer’s field in Suphan Buri province. Its weight of 1,000 dry paddy
seeds was 28.84 g, with a seed dormancy of five weeks and straw-colored paddy with a length of 10.49 mm,
a width of 2.77 mm, and a thickness of 2.06 mm. The length of brown rice is 7.51 mm, with a 2.39 mm width
and 1.82 mm thickness, together with 7.26 mm milled rice length, 2.25 mm width, and 1.74 mm thickness,
considered a slender shape. It has good milling quality, with whole kernel and head rice of 43.50%. This
variety has low amylose content (16.84%), soft gel consistency, and low gelatinization temperature with
10.01% protein in brown rice. The quality of cooked rice is white, soft with moderate stickiness, and not
fragrant. Very high resistance to leaf blast at the seedling stage was found in Chai Nat, Phitsanulok, Ratchaburi,
Prachinburi, and Pathum Thani provinces. It is moderately resistant to isolates of bacterial leaf blight from
Chai Nat and Phitsanulok provinces but highly susceptible to brown planthopper. RD113 is suitable for
planting in irrigated rice production systems in the central and lower northern parts of Thailand, where leaf
blast always occurs at the seedling stage.

Keywords: non-glutinous rice, RD113, non-photoperiod-sensitive, soft-textured rice, low amylose content,

blast, bacterial leaf blight, irrigated rice areas, central, lower northern
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Table 1 Soil properties of the nitrogen response trial field of RD113 at

Phitsanulok Rice Research Center in 2025

Soil property Phitsanulok Rice Research Center
pH 5.56

Organic matter (%) 2.1

Available phosphorus (ppm) 8

Extractable potassium (ppm) 40

Texture Clay loam

Source: Soil Analysis Laboratory, The Office of Land Development Region 8,

Phitsanulok province
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Fig. 2 Flag leaves of RD113 at the heading stage

Fig. 3 Panicle of RD113

a1l 12t na113 EedgndaeFaing st
nanAmLaAY 683 Alanfusals innduginueni 1
(642 Alaniusald) Anlusasas 6 ﬁmqlﬁmﬁ'm 113
U AINGITDIFU 106 LFIUFLNAT UATAIUIUINGIEND
10 999 Tnefiuginuanil 1 fergfuien 127
ADTNENTBIF 115 LIUFALNAT LAY ANUIUTIIFBNE 15
74 (Table 2)

12

2.2 nMsufFuLi A NARTENINANTT

LANTNIARRITAIH (Table 3)

il 2564 TiguiAsudnatnuand Frad
ug 2113 Wnauan 540 Alandusials inndnating
yAuRugyusns 1 (367 Alaniusiald) uay
n121 (284 Alaniusials)

= o

¥ o v Y o 3 a
ALREINEUNITEILIN TILATNUG n2113 TWnanam

Thai Rice Research Journal, Vol. 17 No. 1, January - June 2026



PTT1

TR (T

RD113

RD97

Fig. 4 Physical grain characteristics of RD113 compared with Pathum Thani 1 (PTT1) and RD97: paddy rice

(top), brown rice (middle) and milled rice (bottom)

Table 2 Yields (kg/rai) and some agronomic characteristics of RD113 compared with Pathum Thani 1

(PTT1) in the intra-station yield trial at Pathum Thani Rice Research Center in 2019

Variety Yield (kg/rai) Index Harvesting Height  No. of panicles
Dry season Wet season Average (%) age (day) (cm) per hill

RD113 616 a 750 a 683 106 113 106 10

PTT 1 588 a 695 b 642 100 127 115 15

CV (%) 10.12 5.64

Yields in the same column followed by a common letter are not significantly different at 95% confidence

level by DMRT
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Table 4 Average yields of RD113 compared with Pathum Thani 1 (PTT1), RD21, RD47, RD49 and RD79

in the inter-station yield trials at five locations during 2021-2023

Variety Yields (kg/rai) Index (%)

PTT CNT PSL TRSI RBR Avg PTT1 RD21 RD47 RD49 RD79
RD113 779 899 771 786 579 763 106 111 119 105 98
PTT1 506 730 709 845 Y 720 100 - - - -
RD21 711 840 516 686 Y 688 - 100 - - -
RD47 640 695 548 Y 675 640 - - 100 - -
RD49 668 882 547 Y 802 725 - - - 100 -
RD79 661 817 752 869 Y 775 - - - - 100
" Not included

Locations: PTT = Pathum Thani Rice Research Center, CNT = Chai Nat Rice Research Center

PSL = Phitsanulok Rice Research Center, RBR = Ratchaburi Rice Research Center

TRSI = Thailand Rice Sciences Institute

n1113 liiuan@n 986 Alaniusials nnndnaenails
AAtyiuiugUYNEnT 1 (845 Alansusials) uazwug
na79 (869 Nlansusials)

a7t Tuguidsa w.A. 2566 4191a71Ug N2113
Ugnéaedidne Wnandnaids 893 Alaniusels
WNNIULYNeni 1 (721 Alansusiald) uaz na79
(775 Alansusials) Antludanay 24 uaz 15 Tnadang
iuifen 114 5 zizuﬂdﬁﬁuiﬂnumﬁ 1 (122 9U) uaz
NA79 (121 914) AV INAITBIAU 113 LIURNAT Fengn
Wuginust 1 (115 Lousiumg) wganda na79 (109
IUALNAT) WATANUIUIINABND 12 999 WINAUNUG
el 1 waz na79 (12 9a9siana)

Immgﬂm@mamma‘ﬂ%ﬁ 5 falgn wudn 419ian
Wug 12113 Ugndaedsdnan Iinananiads 763
Alansusials unnndnsiug na47 (640 Alansusials)
na21 (688 Alansusials) Wugiyusail 1 (720 Alansu
sinls) uaz na49 (725 Alansusials) Anufeuay 19
11 6 WAL 5 AMNAAL WA INALALNTLRUE na79 (775
Alansusiald) Inetlasndnfesas 2 (Table 4)

2.3 MaFuigUnanan w1 s

fgu1 2566 WU

FadaUusl 41918090 nu113 Tiuanan
935 Alansusals unndnetreliud1AyiuRug

196159119979 TN 17 atud 1 ungAw - Huiam 2569

Uil 1 (830 Alansusials) uay na97 (869 Alansu
sinls)

AINFANUNNET T1AAUG N2113 THHARER
991 Alansusials nnndnatelludAtyiunug
Uil 1 (720 Alansusials) uaz na97 (739 Alansu
sinls)

FMIANART 418AUG n113 Tinanan 993
Alansusials unndneeineiliibid Ay iuiugiyueni 1
(830 Alaniwsiald) waz n297 (703 Alansusials)

FudngnesnuLs 419197%ug na113 Tinanan
1,124 flanfusials unndtetinalisdAnyiuwug
Uil 1 (882 Alaniusials) uay na97 (766 Nlansu
sinls)

Tnaagdugguil wudn dradnsiug na113 Ugn
Taansidnen Wnauaniads 1,011 Alanfuseld
NINNIMUGLYNENT 1 (815 Alansusiald) uaz na97
(769 Alanfusials) Anlusasas 24 uaz 31 AINAIAL
Imﬂﬁmmﬁmﬁ'm 112 4 winfusiug na97 uAdNgN
WUFLNNEIT 1 (120 F1) ARNEIUDIE 120 LIURLNAT
Lﬁﬂﬂdﬁﬁuﬁﬂnumﬁ 1 (124 L IURNAT) UaT N7 (123
LIURLNAT) ATUIUTWFaNe 10 999 INALAENTLRLE
UMuENT 1 (11 999sana) Az NA97 (10 $99sana)

0A1W1LTI 2567 WudN
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Table 5 Yields and agricultural characteristics of RD113 compared with Pathum Thani 1 (PTT1) and RD97
in the farmers’ fields yield trials at Pathum Thani, Kamphaeng Phet, Phichit and Suphan Buri during

2023-2024
Variety Yield (kg/rai) Index  Harvesting Height No. of panicles
PTT KPP PJC SPR Avg (%) age (day) (cm) per hill
Wet season 2023
RD113 935a 991a 993a 1,124a 1,011 124 131 112 120 10
PTT1 830b 720b 830b 882b 815 100 - 120 124 11
RD97 869b 739b 703c 766¢c 769 - 100 112 123 10
CV (%) 6.8 10.1 3.8 7.9
Dry season 2024
RD113 985a 934a 875a 727a 880 117 123 113 111 11
PTT1 830b 819b 719b 632b 750 100 - 122 119 14
RD97 835b 784b 615c 635Db 717 - 100 114 117 12
CV (%) 3.7 6.1 5.3 7.9
Average
RD113 960 963 934 926 946 124 127 113 116 11
PTT1 830 723 745 757 764 100 - 121 122 13
RD97 852 762 659 701 744 - 100 113 120 11

Yields in the same column within the same season followed by a common letter are not significantly different

at 95% confidence level by DMRT

Provinces: PTT = Pathum Thani, KPP = Kamphaeng Phet, PJC = Phichit province,

SPR = Suphan Buri

Fandalual 41918n5iug na113 Tiuanan
985 Alansusals unndnatelludrAtyiunug
Unusnil 1 Alsiuandn 830 Alansusiels waz na97
(835 Alaniusiald)

AINTANUNINET T1AAUG N2113 THHARER
934 Alansusals unndnatelludrAtyiunug
Uil 1 (819 Alaniusials) uay na97 (784 ilansu
sinls)

nIpNARs 4121awUug 1113 Tinanan 875
Alansusials unndnaeineilibid Ay iuigilyueiii 1
(719 Alandusiald) waz na97 (615 Alansusials)

FaudnguasnuLs 419199ug na113 Tinanan
727 Alansusals unndnateldudrAtyiunug
usnil 1 (632 Alanusials) waz na97 (635 Alaniu

18

sinls)

a7dlugguinlsa wudn dradiug na113 dgn
faeatinn Winandniaae 880 Alansusiels sanndn
Wugivuanll 1 (750 Alanfusials) waz nu97 (717
Alansusiald) Andufeaay 17 uay 23 muansu lng
fengfiuiiies 113 Fu dundniuginusnil 1 (122 5)
LAz NU97 (114 34) m’m@mmﬁu 111 L IUBILNGT L'[?Tﬂ
NIAUSLNETT 1 (119 WwuRmmg) uay nag7 (117
WIUFLNAT) ATUIUTIFENE 11 999 Waandawug
UMuEIT 1 (14 999sana) Laz N197 (12 $995ana)

Tneagy d1aid1Wug na113 gnaaedaiinenli
naNARRAY 946 Alaniusels inndugLuenil 1
(764 Alaniusald) waz na97 (744 Alansusials ) An
dluferaz 24 way 27 MINAIAL WATANHILLNINNAG
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a o o 1 % ¥ o o‘dﬁld < n;
NERINEIATY WU TaRRUgERaNeALNED 113
v
Ju WinAUTug 297 wsdundriuginuanti 1 (121 4)
2 a ‘:9‘/ I o =
ANFIVBIF 116 LTURNAT LALNIIRUGLNEIH 1
(122 WURLNAT) LAy N297 (120 WUFANAT) AU

29958Ne 11 399 Wiaduwug n197 wideandniug

sl 1 (13 399siana) (Table 5)

2.4 i@ngsn1nns linanam

nanIadeLaTsn s taLART AuERTE
dainuentl dewnn Rendlan uns uuesre LazRngs
lugguinlsa 2567 wudn daldniug n2113 dgneas
3atinan Winandnieda 492 Alansusiels taandnen
RALUDINTNARDS (529 Alaniusals) Fidiudnnng
InananAeudraates TaadAndulssanansady
(1.017™) AN8332849 Eberhart waz Russell (1966) lu
WANGINNAIN 1 WAAIT ﬁﬂqﬁuq’ﬁ ANNNT0 WNALARZ
Sefnssnnnranwiandenlivanzay (Table 6)

3. AnwsumusalsauazuNadRgiaTidAny
3.1 mausunIuaalA

3.1.1 lanlngiazazndn (blast disease) Wu9N

419191WUg NU113 Lmqﬂf}ﬁ?mﬁ’f’mmuqqrﬁim%

awe lsalniinguaidudnnlyusll deumn s

uazilanAuf3 doufiussudafiengdan na113 ugng
UfisensumugeieAeudnsenue r;im%mﬂmma
T3alug (Table 7)

3.1.2 Tsmuauluuis (bacterial leaf blight)
wudn 41aniug nu113 meﬂﬁﬁ?m@j@uuﬂﬁim%@
s lsafigueRsadaspusnil meﬂgmm QRN
ANUNIUDFA UMY mmmmmm‘[mmumamm
Wnylan us meﬂgmmmumqmuwm e ARudna
GRNIE: mmmmmmimmmum@mwmﬂmw (Table 8)

3.2 ANANUNIUABUNAN

3.2.1 waansrlnadvinia (brown
planthopper, BPH) wud1 419141Mug na113 wand
ﬂﬁﬁ?ﬁmﬁ@uﬁ’wﬂ'@uu@ﬁqé@mmﬁi@ﬂi:mmmgﬂ
naslandihmadoniadtum wanaLfnsenAeutng
@'@uLL@ﬁi@ﬂi:mﬂﬂwgﬂmgimmﬁmfﬁm@ﬁwﬁmwﬁ
Lmmﬂﬁﬁ?mﬁ@mmﬁq@'@mmmnﬁi@ﬂizmmmgﬂ
ﬂiz‘lmmﬁiﬁmmﬁw%ﬁwmﬁm uazlanglniTen
gaunennAelszanamannsziandinanadanis
Unus1ll (Table 9)

3.2.2 waenszlnandeana (whitebacked
planthopper, WBPH) W41 419141ug n1113 uana

Table 6 Yield stability of RD113 and Pathum Thani 1 (PTT1) transplanted in the experimental plots at Pathum
Thani, Nong Khai, Phitsanulok, Phatthalung, Chai Nat and Phrae Rice Research Centers in 2024

dry season
Variety vield (kg/rai) Dev.MS" b?
PTT NKI PSL PTL CNT PRE Average '
RD113 257 426 522 492 521 800 492 3,111* 1.017™
PTT1 327 477 306 568 664 606 491 9,750 0.646**
Mean (Environment) 306 462 469 476 661 803 529
Index (Environment) -224 -68 -61 -53 132 274

Rice Research Centers: PTT = Pathum Thani, NKI = Nong Khai, PSL = Phitsanulok, PTL = Phatthalung,
CNT = Chai Nat, PRE = Phrae

"Dev.MS = deviation means square form regression

* = different from 0 at level .05, ** = different from O at level .01

2/bi = regression coefficient

" = not different from 1, ** = different from 1 at level .01

= low yield due to unexpected high temperature (37-39°C) in April during the stage of panicle initiation

196159119979 TN 17 atud 1 ungAw - Huiam 2569



Table 7 Reactions of RD113 at the seedling stage to leaf blast conducted at 5 Rice Research

Centers during 2022-2024

. 2022 2023 2024
Variety
PTT CNT RBR PCR  PSL PSL PSL
RD113 HR HR HR HR MS HR HR
Pathum Thani 1 M S M S S MS MS
RD47 S MS HS -1/ MS S S
RD49 S MS HS MS MS S S
RD79 _1/ _1/ _1/ _1/ _1/ MS _1/
RD97 _1/ _1/ _1/ _1/ _1/ _1/ MS
Hahng Yi 71 (resist. ck.) MS HR MR HR HR HR HR
KDML105 (suscept. ck.) HS HS HS HS HS HS HS

Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant, MS = moderately susceptible,
S = susceptible, HS = highly susceptible
Rice Research Centers: PTT = Pathum Thani, CNT = Chai Nat, RBR = Ratchaburi,
PCR= Prachinburi, PSL= Phitsanulok

"Not conducted

Table 8 Reactions of RD113 to bacterial leaf blight reactions conducted at 3 Rice Research

Centers during 2022-2024

, 2022 2023 2024
Variety
PTT CNT  PSL CNT PSL CNT  PSL
RD113 S MS MR MR R MR MR
Pathum Thani 1 S S S S HS S S
RD47 HS HS S S S S S
RD49 HS HS HS S S S S
RD79 _1/ _1/ _1/ S HS _1/ _1/
RD97 _1/ _1/ _1/ _1/ _1/ S S
KDML105 (suscept. ck.) HS HS - HS - HS -
RD7 (suscept. ck.) HS S HS S HS S HS
RD9 (suscept. ck.) - MS HS MS HS MS HS
IRBBS5 (resist. ck.) HS R S R S R M
IRBB21 (resist. ck.) S R S Y R Y

Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant, MS = moderately susceptible,
S = susceptible, HS = highly susceptible

Rice Research Centers: PTT = Pathum Thani, CNT = Chai Nat, PSL = Phitsanulok

"'Not conducted
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Table 9 Reactions of RD113 to brown planthopper (BPH) and white backed planthopper (WBPH) under

greenhouse conditions at 4 Rice Research Centers during 2022-2024

Variety BPH WBPH
2022 2023 2024 2023 2024
PTT CNT RBR PSL CNT PSL CNT PSL PSL

RD113 HS MS MS HS S HS S S MS S
Pathum Thani 1 - - - - S S Ms wMs -V
RD47 MR -1/ S S Y Y Y - MS MS
RD49 MS MS MS MS Y Y Y - MS MS
RD79 - - - - MS MS - - -
RD97 - - - - - - MS  MS N VS
Rathu Heenati (resist. ck.) MR MR MR MR MR MR MR MS MS
PTB33 (resist. ck.) MR MR R MR MR MR MR MR MS MS
ASD7 (suscept. ck.)S MS S MS MS MS MS MS MS MS
Mudgo (suscept. ck.) S MS S MS MS MS MS MS MS MS

Scored by Standard Evaluation System for Rice (IRRI, 2014)

HR = highly resistant, R = resistant, MR = moderately resistant, MS = moderately susceptible,

S = susceptible, HS = highly susceptible

Rice Research Centers: PTT = Pathum Thani, CNT = Chai Nat, RBR = Ratchaburi, PSL = Phitsanulok

"'Not conducted

ﬂﬁﬁ?mﬁ@uﬁm@'ﬂmmﬁq@jfaw,mﬁi@ﬂa‘zmmmﬁﬂ
neelannaar1naIndamdnEalan (Table 9)

+

4. msnavauassailalulnsiay

puiunnafguiidadaafenlan lugguidia
2568 %qﬁmﬂ“ﬁamﬂuﬁumzﬁmﬁﬂ Hemudlunuiou
uwiien wudd doding n1113 neuauessiedly
Tulnsiaulan tnanisldilelulnsaundna linanan
wnnduazuanssatinadlad1Aryiunislaldily
waznsldiledman 30 Alaninlulnsiausials 41080
ugiluananuaniign 1,125 Alansusials sl
wansinaiuneataiunslaie 18 Alansululnaian
sals (1,083 Alansusials) way 24 Alansnluingiay
sials (1,002 Alansusials) uaznieldiludmsn 12
Alansululnsiausals (1,059 Alansusals) wansng
agaiidAtyiunisldiledns 6 Alaninlulngiau
sinls (912 Alansusials) uaznslailadly (730 Atansu
sals) (Table 10)

196159119979 TN 17 atud 1 ungAw - Huiam 2569

%ﬁqﬁuﬁﬁmumumﬁ@ﬂﬂuimmuﬁmq 18
Alansnlulnsiausals Taeldnandnieas 1,083
Alansusialsdgduuunisaeuanaaiudulss (¥ =
749 + 30.50*X - 0.62**X?, R? = 0.97**) @1unn’li
nanAmnniign 1,124 Alaniusie lulnaawls eldds
em31 25 Nlansululnsiausals (Fig. 5)

5. ANINLNAANINIEAIN WAZAMNINNTR
AMMWNAANIWAR LAZAMNIWNITYNANLAT
suisznu

5.1 AOUNIWINAANNAILNINUASATUNINNITA
dradnsiug na113 udnaidn wWaenmandnig ena
10.49 HAALNAT N34 2.77 NAAINAT U1 2.06
NAAUAT 119NA09R117 IAALNL 7.51 RaANAT N3N
2.39 HafLuAT W0 1.82 Hadwms JUdaudnEen
(ERINFIUAMNENFAANNNING 3.15) T1941TLNAR
819 7.26 AAANAT NI4 2.25 ARLNAT YU 1.74
fadwwng Vaslddey (0.20) vesndniuglyusiil 1
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Table 10 Average yield of RD 113 atdifferent rates of nitrogen application

Nitrogen fertilizer at Phitsanulok Rice Research Center

in dry season 2025

Rate of fertilizer N—P2O5—K2O (kg/rai)

Yield (kg/rai)

0-6-6 739d
6-6-6 912 ¢
12-6-6 1,059 b
18-6-6 1,083 ab
24-6-6 1,092 ab
30-6-6 1,125 a
CV % 3.2

Yields followed by a common letter are not significantly different at

95% confidence level by DMRT

1200

1000

600

Yield (kg/rai)

400

200

0 6 12

wet season: Y = 749 + 30.50*X — 0.62**X?, R® = 0.97**

18

"]
~
w
o

36

Rate of nitrogen (kg N/rai)

Fig. 5 Nitrogen response of RD113 at Phitsanulok Rice Research Center in 2025

v
(0.76) wax NU97 (0.52) Uniindqtlaan 1,000 AR
v
28.84 niu Wuwiindlailaensede 10.97 Alansy
alal $75 % [~3 [~ 2% ¥ %

ALNNNTAR ladfinmanuazsiuinafasas 43.5
Waendniug Unusii 1 (Fauay 51.4) usinannaniug
n297 (Faeia 41.0) (Table 11)

5.2 AQUNINNAANI NIATUASADUNINAITYIEN

wazTULlsENY

22

Fradwiug na113 Wudafififiunmuefilags
(Faeiaz 16.84) NNNANWLTLYNENT 1 (Feeaz 15.98)
waz N197 (Feraz 15.25) ArAvnAwsautagnaglu
seauutlegau Nezeznisluazeulagn 80 Nadwums
taandniugivusn 1 (85 NaAlwmg) uay nu97 (86
HaqLumg) ’ﬂqmu@lﬁLL‘]jQQﬂI?%’]Iﬂﬂﬂﬁ‘;‘il,ﬁu@ﬂﬂﬁ’m’]i‘
ANELNAATIAN (1.7 % KOH) 7.0 wihiLwigLuail 1
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Table 11 Grain physical characteristics and milling quality of RD113 compared with Pathum Thani 1 (PTT 1)
and RD97 conducted at Pathum Thani Rice Research Center in 2025

Characteristic/quality RD113 PTT1 RD97
Seed color:

Paddy rice straw straw straw

Brown rice white white white

Seed size (mm)”

Paddy rice, length 10.49+0.37 10.73+0.37 11.00£0.36
width 2.77+0.11 2.60£0.10 2.81£0.10
thickness 2.06+0.07 2.02+0.06 2.10+0.06

Brown rice, length 7.51+0.26 7.71£0.23 7.89+0.22
width 2.392£0.11 2.131£0.08 2.30£0.07
thickness 1.82+0.09 1.78+0.05 1.82+0.06
length/width 3.15+0.18 3.62+£0.19 3.431£0.14
shape slender slender slender

Milled rice, length 7.26%0.26 7.37£0.22 7.46£0.19

width 2.25+0.08 2.08+0.07 2.22+0.06

thickness 1.74+0.08 1.71+0.05 1.75+0.08
Chalkiness 0.20 0.76 0.52
Paddy weight (g/1,000 seeds) 28.84 28.16 31.36

(kg/20 litres) 10.97 10.69 10.40
Milling quality (%)

Whole kernel and head rice 43.5 51.4 41.0

Husk 20.2 251 26.4

Barn 8.2 7.6 6.4

Broken rice 28.1 15.9 26.2

YAverage of 10 samples + SD
Milled rice length (mm): long grain class 1 = > 7.0, long grain class 2 = 6.6-6.9
long grain class 3 = 6.2-6.5, short grain = < 6.2
Shape (length/width): > 3.0 = slender, 2.1-3.0 = medium, 1.1-2.0 = bold, < 1.0 = round
Chalkiness: < 1.0 = small, 1.0-1.5 = medium, 1.6-2.0 moderately high, > 2.0 = high
Whole kernel and head rice (%): < 31 = poor, 31-40 = medium, 41-50 = good, > 50 = very good

= o oyl o a
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waz N297 dRsnIstinsingedwandagnund (1.71
i) mﬂﬂdﬁﬁuﬁ:ﬂnumﬁ 1(1.57 W) waz na97 (1.58
| = o o , | o =
win) Weyaidudnaiaiianeieyn Aeudnanilen
Aot Aa19u0a VLumaumu Lmummn‘uwuﬁ
Unue il 1 uaz na 97 uaz lenmaeudanirtasiaile

AR (texture analyzer) W1 mWQL@ﬁwuq nu113

b

HAMN-ule 7,956.33 NFN NNNdRugUNenT 1

ARAIINUN-1TY 6,877.52 nfu wazlndiAsany

9

o

WG N297 NHAMNLN-uTS 8,090.83 NiN HATAIN

a

witiaawinAy 3,865.01 NN wnndiugLNel 1

AN 3,224.89 NN uazTiBaINT IS NU97

-
#
ARANPNWITIE 4,665.64 NSU (Table 12)

) 2D

5. NMSNARDLNANRALALNITLANTLUDINHATNS

nsteniLTeunEAsnsTiiFadad s na113
pfiunnslunguil 2568 futlannupanisiine
a1gnn1 Aamdnilvusiil uazanatiiuul 4amdn

Table 12 Grain chemical quality and cooking and eating quality of RD113 compared with Pathum

Thani 1 (PTT1) and RD97 in 2025

Quality RD113 PTT1 RD97
Amylose content (%) 16.84+0.06 15.98+0.01 15.25+0.01
Gel consistency (mm) 80+0.00 85+2.00 86+3.06
Alkaline spreading (1.7% KOH) 7.0 7.0 7.0
Gelatinization temp. low low low

(estimated from alkaline spreading)
Elongation ratio 1.71£0.01 1.57+0.02 1.58+0.01
Protein in brown rice (%) 10.07+0.01 10.26+0.01 7.50£0.00
Quality of cooked rice”

Cooking (milled rice: water by weight) 117 117 1:1.7
Aroma 2AP (ppm) 1 1 1
Whiteness 6.67 6.67 6.89
Glossiness 6.56 6.67 7.00
Cohesiveness 6.78 6.67 7.00
Texture 6.89 6.22 7.00
Softness of cooked rice (gram force)* 7,956.33 6,877.52 8,090.83
Sticky (gram force)* 3,865.01 3,224.89 4,665.64

" Analyzed from 10 samples + SD

Amylose content (%): < 20 = low, 20-25 = intermediate, > 25 = high
Gel consistency (mm): < 40 = hard, 40-60 = intermediate, > 60 = soft
Alkali spreading (1.7% KOH): 1-3 = high, 4-5 = intermediate, 6-7 = low
Elongation ratio: < 1.9 = normal, > 1.9 = high

Aroma: 1 = none, 5 = intermediate, 9 = high

Whiteness: 1 = dull, 5 = light yellow, 7 = creamy white, 9 = very white
Glossiness : 1 = none, 5 = slightly shiny, 9 = very shiny

Cohesiveness: 1 = well separate, 5 = slightly sticky, 9 = very sticky

Softness: 1 = hard, 5 = moderate, 7 = soft, 9 = very soft
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Table 13 Yields and farmers’ responses on rice variety RD113 compared with RD49 and RD97 in the farmers’

testing and demonstrating fields in 2025

Yield (kg/rai)

Location Farmers’ responses on RD113"
RD113 RD49 RD97
Field 1 885 - 869 Prefer due to stiff stem, no lodging,
- with 7 neighboring fields high yield and no incidence of diseases
and insect pests’ damages
Field 2 937 784 - Prefer due to high yield, stiff stem,

- with 10 neighboring fields

no lodging, big panicles with numerous
branches as well as no incidence of

diseases and insect pests’ damages

""Responses from tested & demonstrated farmers and neighboring farmers

Field 1: Lum Luk Ka district, Pathum Thani province

Field 2: Ban Na district, Nakhon Nayok province

UATWIEN WU ULAUNEATNT BUNBAIGNNT AN
Uil raidniug na113 Ugndaeaudnuinm W
nanAn 885 Alansisiels luanssiiug 197 Iuanan
869 Alaniusials drufuANAAWILIa9NEAINIGD
iﬁqﬁuﬁ:ﬁﬁmqu 7 378 WU AN ITELTNUNATAUG
2113 ilesanduudlidn nandngs Tainunas
Matsveslsauaziuasdngdn

AU aUNEmINT SUNBTUUN AMTAUATINEN
49RWug n1113 ﬂ@ﬂé’wﬁ%mmﬁmu Tiianan
937 Alansusiels luaniziiviug n149 uandn 784
Alansusals dufuanumAavinaaNEmINTEadiY
maﬁuﬁfﬁ R 10 $78 WU INBAINITALT19LET
g na113 leeann IanAmnge suudslaida maelvn
wiRmsiasaann seid uazlinunmhaneseslinuas
WNa9AREN9 (Table 13)
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RD119, a Non-glutinous Rice Variety

Chuanchom Deerusamee”” Benjawan Phonkhod" Kanjana Cantiya” Alisa Senanood” Kanita Kerdsuk”
Chalotorn Limcharoen” Monticha Toong-ngern” Kedsinee Pornsopon” Paweena Garueang” Pradit Auntin”
Phuwiwat Thipkhluea"” Rungnapha Wongsakul” Nat Phon-or” Doungkamon Boonchuay? Chairat Channoo?

Prarthana Suksiri? Sopit Boontham® Watcharee Yoosingh? Narin Chantachack? Nittaya Khunbanthao®

Wiphavadee Thong-aek® Chalermchart Luechaikarm® Nattanich Thawornkae® Wanlapa Thongrak? Watcharee Sukviwa®
Pranee Maneenil” Kanokon Wutiwong® Thararat Maneenuam® Moongmart Wangka® Supaporn junbuathong®
Naruemon Maprik® Prakobkit Dangthaisong® Sukanya Dapha® Prachack Lengbumrung” Manika Noi-iam”
Charroen Thongraya” Kittipong Srimuang® Payapbhubes Makkul” Bang-On Thamasamisorn' Pavit Junhom'”

Kalthita Suangtho'” Phattharamon Khongsomyut'” Amorntip Muangprom'?

Abstract

Thai fragrant, non-glutinous rice, with aroma and sticky texture when cooked and photoperiod
insensitivity allowing year-round cultivation, is in high demand but the production is insufficient for market
demands. Because some of those varieties have low yields, they are not resistant to blast disease, have long
growth duration, and their yield and quality vary depending on the area and environmental conditions in each
season. Therefoe, breeding photoperiod insensitive, non-glutinous, fragrant rice varieties with short growth
duration, high yield and resistance to blast disease is another option. This type of rice variety has been
developed under the cooperation of Phitsanulok Rice Research Center and the National Science and
Technology Development Agency (NSTDA). The single cross between IR738349 and SPR91062 was made,
then crossbred it with the Pin Kaset rice variety at NSTDA. Growing of F1 seeds followed by pedigree selection
of F2 to F7 populations were conducted at Chai Nat Rice Research Center resulted in the outstanding line
BioH95-CNT-60-1-1-1-2-1. This line had been under the processes of observation, yield trials, evaluation for
resistance to major diseases and insect pests, nitrogen fertilizer response, physical and chemical properties
of grain, milling and cooking qualities. The total period of this varietal development was during 2013-2023.
The Thailand Rice Variety Board agreed to release it in the name of RD119 in 2025. It is a non-glutinous,
photoperiod insensitive and fragrant rice variety, has a maturity from planting of 95-100 days (germinated
seed broadcasting) and 105-115 days (transplanting) considerably shorter than that of Pathum Thani 1 rice
variety, an average height of 109-115 cm with erect culm and stiff stem, green leaves, and a flag leaf length
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and width of 40.60 and 1.20 cm, respectively. It holds medium compact panicle just above the exertion from
the flag leaf with a length of 30.10 cm, 141 filled grains/panicle and shattering. The highest yield was 993
kg/rai, with an average yield of 777 kg/rai, approximately 13% higher than that of Pathum Thani 1 rice variety.
Its seed dormancy was four weeks, weight of 1,000 dry paddy was 28.66 g, a straw-colored paddy with
11.20 mm length, 2.59 mm width, and 2.01 mm thickness. The length of brown rice was 8.31 mm with 2.13
mm width and 1.87 mm thickness, together with 7.93 mm milled rice length, 2.07 mm width and 1.82 mm
thickness, considered a slender shape. It has good milling quality, with whole kernel and head rice of 40.58%.
This variety has low amylose content (17.21%), soft gel consistency, and low gelatinization temperature with
9.54% protein in brown rice. The quality of cooked rice is soft and sticky with aroma (2AP: 1.61 ppm). It
showed moderate resistance to leaf blast at the seedling stage in Chai Nat, Phitsanulok, Lop Buri, and Prachin
Buri provinces. It is moderately susceptible to populations of brown planthopper from Chai Nat, Phitsanulok
and Lop Buri provinces but susceptible to isolates of bacterial leaf blight from Phitsanulok Rice Research
Center. RD119 is suitable for planting in irrigated rice production systems in the lower northern, central, and
upper northern parts of Thailand, where no regular outbreaks of brown planthopper and bacterial leaf blight
were found.

Keywords: non-glutinous rice, RD119, photoperiod insensitive rice, fragrant, low amylose content, leaf blast,

brown planthopper, irrigated rice, central, lower-northern , upper-northern
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Table 1 Soil properties of the nitrogen fertilizer response trial field of RD119 at
Phitsanulok (PSL) and Pathum Thani (PTT) Rice Research Centers in 2022

Soil property PSL” PTT?
pH 5.8 6.0
Organic matter (%) 2.31 3.8
Available phosphorus (ppm) 14.9 9.8
Extractable potassium (ppm) 144 221
Soil texture clay clay

Source: " Chemical laboratory, Office of Agricultural Research and Development

Region 2, Phitsanulok province

? Chemical laboratory, Pathum Thani Rice Research Center

4. msnausuassailalulnsiau

s

nisnavauassetlalulnsiauaesinaid1iug

3

2119 Aiiunsil w.e. 2566 NAueatd1anenlan

©

waztuent deflnnuauinuluulamaae 5ol

AueRasd1aienlan iuaugaglavie e
WuAuwien J8uvisadngiiunans (2.31%) Weanada
?il,ﬂuﬂizimif@;q (14.9 ppm) uaztWung @ fiatold
g4 (144 ppm) Lun3ngew (pH 5.8) TAINAUN AN

fANaNY Il UNAS (Table 1)

13
o a A

AutRatdnUnuen i iuAugasoLF iaauy

o]

Aunilen NBunsadngas (3.8%) Weanasaniiu

'
2

UseTamisn (9.8 ppm) TWunadannainlags (221
ppm) unsage] (pH 6.0) AATIRURANNY AN
anysndiunana (Table 1)

dileTulngian 5 6091 Aa 0 6 12 18 uay 24
Alansnlulnsiausiels seaitudaeiluneanesa 6
Alansn P O_stals souduilalwumaiion 6 Alaniy
K O riald
5. ANINLNAANINIENIN WAZAMNINNTR
AMMWNAANINAR LATAMNINNITUIANLAL
Fudszmu

FAITHANINHNAANNNIENTWRATADININ
N198 ADININNAANINLAN LASNITYIFHUAY
Fudsgniuaesdnodaiug na119 Wisumeuiuiug
Unuani 1 wazdradmengnesand siunisfives

UAAn19IneInfsudInInfivinegs gueisudie

32

wernglan U w.A. 2564-2567

6. NISNARAUNANRA LUUNNHATNSG WASNIS
gaNsuIaRNHATNT wazgUsznaunis

6.1 N1INAABLNANAR IULUNBATNT UAZNT
ONFLIBUNHAINT

U w.m. 2566 Ugndradning na119 Tnedainan
ruan 4 wilas Tuinemensfifinisdaniadiie i le

&

HANRAZNEARINANEN T NIBR LTI T AR LIWUE

Kl

109nHAININRENLGN (1229 N241 N85 NV107 UAY
4 !

Uyuandl 1) luiuiwugaz 1 19 33nsilgnuazgua

SnmINNgINTBLUNEAING ARRINNITUT LIRS

¥

¥
Snuransa A wuz N lun191Ta9 A UNa R AR 3119

a

1 ¥ 1
AU LNeonanan luiui 2x5 WAT a1U9u 4 90

q

e

FAANNTULAYE YN FLDIKANARTIAINTY 14
iwasfidus

AU AEINeaLNIE T SMIARUNINTS
BUNDANALNT AINTAUATAITTA BNBITTLTH Aan TR
Wans uarenerIuAs Aandnglant

n13eaNsLIaNEmINg IHnemInga1aaciLlas
NARDUNANAR UaziiauTulndiAesand uan 28
718 Usziliudnwizaesansiu T 999 N19nan 8y
MafALY waznisdunuselsaLazLLaesdng
g n2119 WhsuWauiuWugaeun®RINg na29
na41 N85 N1107 wazilyusiil 1

6.2 nisdszidunisgeniurevgsznaunis
AW 4 wida laun U8 uAsanssA wish L Naa

Thai Rice Research Journal, Vol. 17 No. 1, January - June 2026



AR FIUTAUATAITIA LN 1998T9NTeTNE ANAA
o o o al a o e O A [ o
Faudpdaun 1993 IMATmY a1natilas a9udn
wenylan uazTadlaaduf a1nelles daudpfivnglan
Tnenstsziduansnizdnnulaen Anuenam@n gilsa

[~ al A A al
AR Aulaen ANNLNNTBULASN AMUNINNNTE LAz
o % 2 £ k% o s v
anenurdnanaed 1899191479UE n2119 uazliazuu
ANTALLIY 5 $YAL AR TAUNIN ABUTNSTAL TaL
1UNAY TaUABUTNNLRE AT TIaLILIAs

NANITNARDILAZAATl

1191819Ug n1119 1dannnisuanszndng
@n8Wug IR738349 i1 SPRI1062 LLé’qmauﬁuWuﬁ‘ﬂ'u
NI 1’7;@uﬂrﬁuﬁﬁmmwl,mzmmTuT@ﬁLwi\'ismﬁ
zi"]ﬁﬂmuﬁwm%mﬁmmﬂmvmmiuiaﬁm\imﬁ
(@) lungunl 2556 Ugn F , ungunilis 2557 7
@uﬂ%mm‘mmw LL@”ﬂ@ﬂﬂmL@@ﬂ‘ﬂ’W} 209 7 uu
AumITnA mq@mﬂm wazn ULl mu,mq@mﬂ 2557
nangul 2560 aulda1eWug BioH95-
CNT-60-1-1-1-2-1 (Fig. 1) waztlgnAnsiugnguidl
2560 HAuASEdadaum UgniSeuilaunandn
naluanil gauLlis 2561 ﬁ@uﬁﬁ%%frﬁﬂmw ian
WReufeunananszinaaiifaudedniengdan
FUUIM AABINAY UNNEIT Teese wazaniiuy
InenAansinauwienni guil 2561 fegguill 2566

nagevliseselsnuazunasAnginanddny ggund

2560 Dgaull 2563 NAutRAEdRElan dewm
= = = = = a
any7 wardsauys Ugnilseuineunananluun
e oo = = = =
PN FNUNAINIAGNITOULT A92LT LNE1H avkTamna,
TART MUNNTS UAziTENs1E faunT] 2564 Dngunll
2566 31ATITHANNINIHAANINIENIN UATNIAUAT
U w.p. 2564 D9 2566 NAueRAdadRElan Ugn
nageunisnavauadsailslulnsaungudidadin
fwnyglan uaznuanil gaulfuazngull 2566 1gn
nAFeLLATEIN NN WNaNAA LI AN ERINIAITR
A3v7 UnNsl Nans NIUNAINTT waziTesse o)
W19 2566 UgnynadeunisaaNsUIauNERINg

a

& aa

FMTAUATAITTA NART AN UATglaviE op)
wlfuazgaunll 2566 ANENITNNIINANTNRUG

¥ val A v [ 9/41 ! ¥ v
naunsde IRnmlmdwiugiuses Mdaedn 4raidn
Wig “n2119” 04 JuW 9 uaneu 2568

1. anwuzilszannug

d9181ug na119 ludraidnlailasiadaauas
mﬂqlﬁuﬁmﬂizmm 95-100 14 Lﬁ@ﬂ@uﬂimﬁdﬁmm
vhmat uaz 105-115 4 Seiatinan anuiiugihnenil 1
feneiuifien 115-122 §u taeAatinen dnwasensane
A AUgaLsENI 109-115 FIURLNAT A1AUANTNY
wie WwdiTes yudanelusenss luseena 40.60
VIUFLNAT N9 1.20 FIURALNAT QNIUNM%MN (Fig. 2)

ARTMNINALANLEY F99LUNLIWNANS $99819 30.10

IR738349

SPR91062

Pin Kaset

BioH95-CNT-60-1-1-1-2-1

Fig. 1 Pedigree of BioH95-CNT-60-1-1-1-2-1 (RD119)
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Fig. 3 Panicle and flag leaf of RD119
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Pathum Thani 1

Fig. 4 Grain physical characteristics of RD119 compared with Pathum Thani 1 (paddy, brown rice, and

milled rice are on the top, middle and bottom rows, respectively)

IUALNAT (Fig. 3) ANUILNARAARDTIN 141 LNAA LWAR
99478l Iﬁmmﬁmmﬂﬁqm 993 Alansusials Lﬁ@ﬂzgﬂ
finasnensnsdandaidaese uananieds 777
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naee 3Ud19F89 819 8.31 VAALNAT N919 2.13
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Table 2 Yield (kg/rai) of RD119 compared with RD47 and Chai Nat 1

in the intra-station yield trial at Chai Nat Rice Research

Centers in 2018

Variety Yield (kg/rai) Index
RD119 860 a 102 123
RD47 846 a 100 -
Chai Nat 1 700 b 100
CV (%) 7.6

Yields in the same column followed by a common letter are not

significantly different at the 95% confidence level by DMRT

Source: AueRdedINElan (2561)
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Table 6 Average yield (kg/rai) of RD119 compared with Pathum Thani 1

(PTT1) in the farmers’ yield trial fields at 7 locations in the upper north,

lower north and central during wet season

Yield (kg/rai)

Variety 2021 2022 2023  Avg Index (%)
WS DS WS DS WS

RD119 762 814 769 778 762 777 113

PTT 1 639 767 692 679 662 688 100

Table 7 Agricultural characteristics of RD119 compared with Pathum Thani 1 (PTT1) in farmers’
yield trial fields (transplanting) during 2022-2023

Variety Maturity duration  Height No. of panicles No. of filled grain  Panicle length
(days) (cm) per hill per panicle (cm)

RD119 11045 11243 11 141 30.10

PTT1 11944 11243 13 136 29.10

Means averaged from14 experiments

788 Alansusials (Table 8)

2.6 @ mng inanas Ugnynaaaunan@s
£ v o ' = al o/ o 'S =
d91Rn9ug n2119 WraunauiuRugluendl 1
ANLTHRNNT UUNNERTNTIIRTANARNT NN LNTT
ATz1f3 et uaziBiensne naulis 2566 wudn 410
Wugi IiuananuInnaRugUyusnil 1 wae 805
Alanfusials WNnnd1ATLALLRIN1INAAEY (732
Alansusials) Anduisz@nasinsadi (b) Wit 0.559"
TILANAINAIN 1 NNADH ANTENILUIINNITANAALLL
FIn Wil 1280™ uassdndnonuiilinanangs uas

a £ 1 v al al v a v
nanandaAauidianssnn Inaaslinanangaus
Tugn I NwI AR NN I WNNZEN douanINLIARENT
winnzanazrlinanangeusiaaulinin (Epberhart
and Russell, 1966) (Table 9)

3. MSNARALANNATUNIUADLTALRZUNAIARS
drafidnAny
3.1 MsmaaaUAINAIUNIUse [7A
3.1.1 Tsnluslszeznan (leaf blast disease)
wudn dr9idniug ne119 uamslAsensuniugs oia

¥
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3.1.2 Tsnaavuluis (bacterial blight disease)
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¥ v
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v v
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Table 8 Effect of planting dates on age of maturity and yields of RD119 by germinated
broadcasting every 10 days at Phitsanulok Rice Research Center, 2021-2022

No. Sown date Age of maturity (day) Yields (kg /rai)
1 23-Mar-21 102 901
2 2-Apr-21 103 923
3 12-Apr-21 103 892
4 22-Apr-21 103 901
5 2-May-21 104 807
6 12-May-21 104 882
7 22-May-21 105 882
8 1-Jun-21 108 887
9 11-Jun-21 106 829

10 21-Jun-21 105 829

11 1-Jul-21 106 716

12 11-Jul-21 107 768

13 21-Jul-21 105 752

14 31-Jul-21 103 750

15 10-Aug-21 99 755

16 20-Aug-21 96 740

17 30-Aug-21 97 730

18 9-Sep-21 97 720

19 19-Sep-21 98 700

20 29-Sep-21 99 707

21 9-Oct-21 98 770

22 19-Oct-21 97 695"

23 29-Oct-21 99 788"

24 8-Nov-21 98 736"

25 18-Nov-21 98 725"

26 28-Nov-21 98 739"

27 8-Dec-21 98 929

28 18-Dec-21 99 905

29 28-Dec-21 98 813

30 7-Jan-22 98 874

31 17-Jan-22 98 879

32 27-Jan-22 98 849

33 6-Feb-22 98 899

34 16-Feb-22 98 899

35 26-Feb-22 98 767

36 8-Mar-22 98 789

" Outbreak of leaf blast at the seedling stage caused severe damages
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Fig.5 Relationships of sowing dates, age of maturity and yields of RD119

Table 9 Yield stability (kg/rai) of RD119 compared with Pathum Thani 1 (PTT1) in the
farmers’ fields plots in 5 provinces, dry season 2023
Variety Yield tkgrai) Dev-MS"  b”
PCT SBI KPP CRI  PTT Mean ‘
RD119 731 770 895 804 825 805 1280™ 0.5659*
PTT1 640 654 700 794 638 685 3348**  0.394**
Env. mean 596 716 767 788 791 732
Env. index -135 -16 35 56 59

" Dev-MS = Deviation from expected values

NS = not different from 0, ** = different from 0 at level 0.01

? b = Regression coefficient, * = different from 1 at level 0.05
Provinces: PCT = Phichit, SBI = Sara Buri, KPP = Kamphaeng Phet, CRI = Chiang Rai

PTT = Pathum Thani

Fandnnenian Tummz'ﬁﬁuﬁ Nu43 uazlyuandl 1
meﬂ@ﬁ?mﬁ@uiﬁ\iﬁﬂwmﬁqéﬂmmmﬂ (Table 11)

3.2.2 maenslnAnAs (whitebacked
planthopper: WBPH) mmmuﬂ@ﬁ?‘mrﬁimwgﬂmdmm
a9 luan s unaaes MNIsed Heinrich
uaTAUE (1985) ﬁquﬁ@”ﬂiﬂﬁwmiaﬂ 1 w.A. 2560
-2562 WU91 4191479Ug 121119 wanslisenAeud
daunaratsrananaenszlnandsang udaiy
Wug N143 uazilvusd 1 (Table 11)
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Table 10 Reactions of RD119 to leaf blast and bacterial leaf blight diseases compared with RD43
and Pathum Thani 1 (PTT1) under experimental plots at 4 Rice Research Centers during

2017-2020
Reactions
Variety Leaf blast (LB) Bacterial leaf blight (BLB)
PSL CNT LBR PCR PSL CNT
2017
RD119 - HR - - - S
RD43 - S - - - S
PTT1 - S - - - S
Hahng Yi 71 (LB resist. ck.) - HR - - - -
KDML105 (LB suscept. ck.) - HS - - - -
RD7 (BLB resist. ck.) - - - - MS HS
RD9 (BLB suscept. ck.) - - - - MS HS
2018
RD119 MR MR MR - S S
RD43 MS MS S - HS S
PTT1 S HS HS - S S
Hahng Yi 71 (LB resist. ck.) HR HR HR - - -
KDML105 (LB suscept. ck.) HS HS HS - -
RD7 (BLB resist. ck.) - - - - MR S
RD9 (BLB suscept. ck.) - - - - MS S
2019
RD119 MR MR MR - MS MS
RD43 MS MS S - S S
PTT1 S S S - S S
Hahng Yi 71 (LB resist. ck.) HR - HR - - -
KDML105 (LB suscept. ck.) HS - HS - - -
RD7 (BLB resist. ck.) - - - - S MS
RD9 (BLB suscept. ck.) - - - - S MS
2020
RD119 - R - R - S
PTT1 - MS - MS - S
Hahng Yi 71 (LB resist. ck.) - HR - - - -
KDML105 (LB suscept. ck.) - S - HS - -
RD7 (BLB resist. ck.) - - - - - S
RD9 (BLB suscept. ck.) - - - - - S

Scored by Standard Evaluation System for Rice (IRRI, 2014)

HR = highly resistant, R = resistant, MR = moderately resistant, MS = moderately susceptible,

S = susceptible, HS = highly susceptible
Rice Research Centers: PSL = Phitsanulok, CNT = Chai Nat, LBR = Lopburi, PCR = Prachinburi
Sources: AutRAEdaNEnlan (2560, 2561, 2562, 2563)

196159119979 TN 17 atud 1 ungAw - Huiam 2569



Table 11

Reactions of RD119 to brown planthopper (BPH) and whitebacked planthopper

(WBPH) compared with RD43 and Pathum Thani 1 (PTT1) under experimental plots
at 3 Rice Research Centers during 2017-2019

Reactions
Variety BPH WBPH
PSL CNT LBR PSL
2017
RD119 MS MS MS MS
RD43 HS HS HS MS
PTT1 S S HS MS
Rathu Heenati (resist. ck.) R MR - MS
PTB33 (resist. ck.) R MR HR MS
TN1 (suscept. ck.) HS HS HS HS
2018
RD119 MS MS MS MS
RD43 MS S S MS
PTT1 HS HS HS MS
Rathu Heenati (resist. ck.) R MR MR MS
PTB33 (resist. ck.) R MR R MS
TN1 (suscept. ck.) HS HS HS HS
2019
RD119 S MS MS MS
RD43 S MS S MS
PTT1 S S HS MS
Rathu Heenati (resist. ck.) R MR MR MS
PTB33 (resist. ck.) R MR R MS
TN1 (suscept. ck.) HS HS HS HS

Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant, MS = moderately susceptible,

S = susceptible, HS = highly susceptible

Rice Research Centers: PSL = Phitsanulok, CNT = Chai Nat, LBR = Lopburi
Sources: AutRaedanenlan (2560, 2561, 2562, 2563)

Inandmuniian (866 flansustels) wasiisluuuns
pavauasiudunss (Y = 556 + 12.5% r2 = 0.99%)
wazgguitnislailalulnsiaudne 24 Alandu
lulnsiausials Wnaudnuiniign 791 Alansusiels
warfigluuunitsnavauaaiudunse (Y = 636 +
6.72*x, r2 = 0.90*) (Table 12, Fig. 6) Imﬂ%’mﬁuﬁﬁ
arunsamavanessiedalulnsauldd ileldily
Tulnsiaugeazyinlilinanangasaeguiu
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Table 12 VYield (kg/rai) of RD119 from the nitrogen fertilizer response trials at
Phitsanulok (PSL) and Pathum Thani (PTT) Rice Research Centers
in dry season (DS) and wet season (WS), 2023

Yield (kg/rai
Fertilizer rate (kg'rai)

N-P,0 -K O kg/rai PSL il

DS WS DS WS
0-6-6 568 e 612 d 635a 653a
6-6-6 625 d 710 c 672a  733a
12-6-6 695 C 716 C 693a 770a
18-6-6 779b 755 b 696a 714a
24-6-6 866 a 791 a 713a  716a
CV (%) 4.9 3.2 7.7 6.9

Yields in the same column followed by a common letter are not significantly

different at the 95% confidence level by DMRT

1000 ~

A wet season ¥ = 636 + 6.72*x (r2 = 0.90%)

800 -+

s 600
2
ke, .
< 400 ~ @ dry season ¥ = 556 + 12.5"x (r? = 0.99%)
200 -
0 I I I 1
0 6 12 18 24

Rate of nitrogen (kg N/rai)

Fig. 6 Nitrogen fertilizer response of RD119 at Phitsanulok Rice Research Center in 2023
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Table 13 Grain physical characteristics and milling quality of RD119 compared with Pathum Thani 1 (PTT1)

and Khao’ Jao Hawm Suphan Buri (JHSPR) in 2021-2023

Characteristic/quality RD119 PTT1 JHSPR
Seed color:
Paddy rice straw straw straw
Brown rice white white white
Seed size (mm)”

Paddy rice, length 11.20+0.19 10.76+0.13 10.63+0.22
width 2.59+0.05 2.63+0.05 2.68+0.06
thickness 2.01+0.28 2.03+£0.03 2.08+0.03

Brown rice, length 8.31£0.16 7.72£0.11 7.70+0.11
width 2.13+0.05 2.19+0.14 2.14+0.02
thickness 1.87+0.03 1.85+0.03 1.84+0.03
length/width 3.91+0.10 3.56+0.08 3.60+0.05
shape slender (3.91+0.10) slender (3.56+0.08)  slender (3.60+0.05)

Milled rice, length 7.93£0.22 7.70+£0.11 7.61+0.16

width 2.07+0.05 2.19+0.14 2.09+0.04
thickness 1.82+0.03 1.85+0.03 1.81+0.04
Chalkiness 0.19+0.08 0.15+0.08 0.31£0.40
Paddy weight (g/1,000 seeds) 28.66+1.35 27.02+1.76 29.75+1.53
(kg/20 litres) 10.60+0.37 10.94+0.22 11.10£0.36
Milling quality (%)
Whole kernel and head rice 40.58+3.91 39.43+4.78 41.3916.11
Broken rice 26.35+4.20 27.68+4.32 26.54+5.21
Husk 23.61+1.28 23.08+0.91 22.52+1.37
Barn 9.46+0.84 9.81+0.49 9.565+0.53

"Average of 10 samples + SD

Milled rice length (mm): long grain class 1 = > 7.0, long grain class 2 = 6.6-6.9

long grain class 3 = 6.2-6.5, short grain = < 6.2

Shape (length/width): > 3.0 = slender, 2.1-3.0 = medium, 1.1-2.0 = bold, < 1.0 = round
Chalkiness: < 1.0 = small, 1.0-1.5 = medium, 1.6-2.0 moderately high, > 2.0 = high

Whole kernel and head rice (%): < 31 = poor, 31-40 = medium, 41-50 = good, > 50 = very good
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Table 14 Grain chemical quality and cooking and eating quality of RD119 compared
with Pathum Thani 1 (PTT1) in 2025

Quality RD119 PTT1
Amylose content (%) 17.21+0.66 16.23+0.67
Protein in brown rice (%) 9.54+0.04 8.86+0.00
Gel consistency (mm) 76.40£6.41 75.9746.32
Alkaline spreading (1.7% KOH) 6.53+0.39 6.75+0.27
Gelatinization temp. low low

(estimated from alkaline spreading)
Elongation ratio 1.63+0.04 1.69+0.02
Quality of cooked rice”
Cooking (milled rice: water by weight) 1:1.5 1:1.5
Aroma 2AP (ppm) 1.61+0.36 1.63£0.42
Glossiness 6.90+0.32 6.50+0.53
Cohesiveness 7.00£0.00 7.00£0.00
Texture 7.00+0.00 7.00+0.00
Softness of cooked rice (gram force)* 7,958 8,486
Sticky (gram force)* 3,502 3,635

1)Analyzed from 36 samples + SD

Amylose content (%): < 20 = low, 20-25 = intermediate, > 25 = high

Gel consistency (mm): < 40 = hard, 40-60 = intermediate, > 60 = soft

Alkali spreading (1.7% KOH): 1-3 = high, 4-5 = intermediate, 6-7 = low

Elongation ratio: < 1.9 = normal, > 1.9 = high

Aroma: 1 = none, 5 = intermediate, 9 = high

Whiteness: 1 = dull, 5 = light yellow, 7 = creamy white, 9 = very white

Glossiness : 1 = none, 5 = slightly shiny, 9 = very shiny

Cohesiveness: 1 = well separate, 5 = slightly sticky, 9 = very sticky

Softness: 1 = hard, 5 = moderate, 7 = soft, 9 = very soft

*Texture analyzer measurement

5. ALNINLNAAVINILNINILAZANINNNGR
ADNINAAT AT WAZADININNNTYFNUAE
Furlseniu aeednowdiig na119 wWisumeuiuwug
Unuenid 1 uazdradivenguesangd Anflunigd
Aueatdafunglan T w.a. 2564-2567
5.1 ALAMINNAAN WNENINUASATNINNE
dadsiug n2119 Wudadwdaenn waendnie

196159119979 TN 17 atud 1 ungAw - Huiam 2569

wWRndAaenTANNE19 11.20 FaamAs N919 2.59
fadiunT 1 2.01 Tadwes Thimen 1,000 LWAA
28.66 N3 vuiindrailaen 10.60 Alansusada 41
NAB4A219 WAAYIY 8.31 NAALWNAT NG9 2.13
HafwmAg w0 1.87 Hadwms 3UieEen avnenase
AYNNG1N 3.91 NINNdRUGLYNETT 1 (3.56) wazdnn
WWINeNANIIUYT (3.60) 419413 1NAREN0 7.93
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gram force (Table 14)

6. N1FEANSUARUNHATNS UazHUsENaL

N15159%

6.1 NMsBNTLINUNIATNT AUTUNNITSIHTR
MUNLNTS UATAITIH NaRs uazglavie Tull w.a. 2566
AU 4 A WU

AINTANUNNET T1AAUG N2119 THHARER
772 Alansusials innndniug na29 (764 Alansusials)
AN AN muﬂ’mﬂ’uiﬁ LWSIZBNEIL
e lusads wdagaaan HANARES LAz lininIg

Table 16 Evaluation on the satisfaction of 4 rice mill entrepreneurs'’ on RD119 in area of lower-

northern region in 2023

Characteristics High  Moderately high Moderate Moderately low

Brown rice

1. color 2 1 1 -

2. thickness of bran layer - 2 2 -
Milled rice

1. length 1 3 - -

2. whiteness 1 2 1 -

3. transparency 1 2 1 -

4. chalkiness - 3 1 -

5. hardness 1 2 1 -
Cooked rice

1. whiteness - 2 2 -

2. glossiness - 2 2 -

3. softness (texture) 1 2 1 -

4. cohesiveness (stickiness) - 2 2 -

5.

aroma -

1 2 1

Numbers in the table indicating numbers of rice mill operators expressing their satisfaction

towards RD119

1) Nakhonsawan Wangdee Rice Mill Company Limited, 2) Wangkrachy Rice Mill Company Limited,

3) Singhawat Rice Mill Company Limited, 4) Chokesanti Rice Mill

196159119979 TN 17 atud 1 ungAw - Huiam 2569
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Factors Affecting Rice Variety Selection of Farmers in Responsible Areas
of Chonburi Rice Seed Center
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Abstract

The study conducted during 2022-2023 examined factors influencing rice variety selection among
398 farmer respondents from 9 provinces within the Chonburi Rice Seed Center’s area of responsibility. The
findings revealed that the majority of farmers preferred the Khao Dawk Mali 105 (KDML105) rice variety.
These farmers typically cultivated rice once annually on land areas of 10-20 rai, dry seed broadcasting using
10-20 kilograms of seeds per rai. The research identified KDML105 as the most sought-after rice variety
among farmers. Information about rice seed sales was primarily accessed through staff members at the Rice
Seed Center. The most significant factors influencing seed selection were price, marketing channels, and
product characteristics, while marketing promotion had a moderate impact. The study further established
that demographic factors including gender, age, number of family members, education level, average annual
income, rice cultivation area, frequency of seed purchases, and sources of seed information were correlated
with variety selection factors. The research concluded that continuous field visits by staff to provide guidance
and knowledge on rice variety selection contributed significantly to the success of farmers’ rice seed
production.
Keywords: rice seed, decision-making in the selection of rice varieties, area of responsibility, Chonburi Rice

Seed Center
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73,700 318 Lmz@:uﬁfmsjﬂumu%uqﬁ Tnainnun
Andaureanguatetianinruinlszainslulsas
A9U9R (Table 1)

NNIAUUATUIANGNAIDEING ATUIDINNTUIA

o

weanquretinlnglignsves Taro Yamane (Yamane,
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aanfulan 0.05 azldaunseinguanagng sl
73,700
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. 2 D e ae L X .
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3. MENAFALLUUFALDNN

wmmummqmé’fmLﬁaqmmumumumu
(content validity) LL@W}@@@UM’]NW}L%@?]@“}J@G
WULdUaNN (reliability) TaadauaiuiunemATNg
fugndnefiddnumzlndidasiudssansiild@inum
S0 20 8 udhumadeLAnITdedelnedE
N139AANNERAARBIAINATNNTUIAT Cronbach’s
alpha udathuuugaunxuLiulgaudlaneun i1
Wudayaasa

Table 1 Numbers of households and household samples from 9 provinces in eastern

and central Thailand conducted in 2022-2023 by Chonburi Rice Seed Center

No.  Province No. of households Ratio No. of samples
1 Chanthaburi 693 0.01 4
2 Chachoengsao 24,116 0.32 130
3  SaKaeo 38,718 0.52 209
4 Chonburi 1,138 0.02 6
5 Trat 488 0.01 3
6 Rayong 336 0.00 2
7 Bangkok 3,204 0.04 17
8  Samut Prakan 841 0.01 5
9  Nonthaburi 4,166 0.06 22
Total 73,700 1.00 398

Source: NINAILATNNTNLHT, 2565
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4. MeAUsILTINTRYA
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- zﬁ'mﬂmmummgm (standard deviation)
- AmngaulAguAaF (Chi-square test)
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(Table 2)
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neEINILgnuINiga Aa 119aenNza 105 (Faaay
58.79) 3848911 AB 1MN51H 1 (Faeay 16.58) (Table 3)
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Table 2 Demographic information of 398 households from 9 provinces

in eastern and central Thailand conducted in 2022-2023 by

Chonburi Rice Seed Center

ltem Number (persons) (%)

1. Gender

- Male 219 55.03

- Female 179 44.97
2. Age

- 51-60 years 165 41.46
3. Household size

- 3-5 members 257 64.57

(Mean = 4.34)

4. Religion

- Buddhism 394 98.99
5. Education level

-Upper secondary education 145 36.43
6. Average annual income

- 50,000-100,000 THB 174 43.72

(Mean = 67,552.76 THB)

3098907 A Wugiluenil 1 (Fenas 12.31) Tiude
P9uiY FREay 19.35 AEINITWUE N2143 NU95
n241 N285 279 Winylan 2 wazdeum 1 ANAIAL
(Table 4)

3. fldafifinadansidanliwugdnaaanunsns
NiTadagnAty 4 anu laun 21A0 wansiusf deq
NNNITARANUUNE LAZNTAATUNITAANA TLATIZI
fayalaeldAradfideliunm wudn dadufidszsu
pNANATYsiansmenldRLgITenEaINs ngs
agluszAuANAIATYNIN (szﬁlﬂ 3.89) Tnaitlaqaanu
71A1 TaR8AUTAININNITAAA LaziTada a1
HARATAT HIZALIANNANATYNN \2AE 3.99 3.84 uAY
3.79 muansy daurdadasunisdudiunisnaind
szALANNAATYLUNANS \9ae 3.07 (Table 5)
4. fadafianudniusiunmsidanldwugdnn
YBINBATNS
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o ¥

HaNansunTIadeia 4 s laA 21A0 NaR T
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BN WNNIFINUE UAZNIIAUATUNITAAIA WU
WA 818 AuduaNinluasauaia sEAUNTANEA
selalaasel AuNIuT AMNDNIITOINARRIE
uwnaansudesyatnasneumA gl A NANRWE
o o N Y o 9uI/ ¥ 1 =
Autlasanisiaen lWUgIaqnNEmINgTa 4 AU
pdAyNeszAy 0.05 dauntiniugdnonlgniman
duiusiuadenisaendindniugrasnsnninm

HARUITLAZ AU TAETNNNIRA AR T AN ALY
191 0.05 (Table 6)
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Table 3 Listof rice varieties grown from 9 provinces in eastern and central Thailand conducted in 2022-2023
by Chonburi Rice Seed Center

Rice Variety 2022 Rice Variety 2023
No. of Farmers % No. of Farmers %
Khao Dawk Mali 105 279 70.10 Khao Dawk Mali 105 234 58.79
Pathum Thani 1 42 10.55 Pathum Thani 1 66 16.58
RD41 35 8.79 RD41 27 6.78
RD79 21 5.28 RD15 27 6.78
RD85 11 2.76 RD85 18 4.52
Phitsanulok 2 4 1.01 Phitsanulok 2 12 3.02
RD15 4 1.01 RD79 12 3.02
Chainat 1 2 0.50 Chainat 1 2 0.50

Table 4 Demand of farmers for rice varieties

Rice variety No.of farmers %
Khao Dawk Mali 105 272 68.34
Pathum Thani 1 49 12.31
RD43 20 5.03
RD95 19 4.77
RD41 16 4.02
RD85 11 2.76
RD79 5 1.26
Phitsanulok 2 4 1.01
Chai Nat 1 2 0.50

Table 5 Significant factors affecting farmers’ rice variety selections from 9
provinces in eastern and central Thailand conducted in 2022-2023

by Chonburi Rice Seed Center

Factor Mean SD Level of Importance
Price 3.99 0.91 High
Product characteristics 3.79 0.85 High
Marketing channels 3.84 0.88 High
Marketing promotion 3.07 1.25 Moderate
Overall 3.89 0.82 High
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Table 6 Statistical significance of factors associated with farmers’ rice variety selection in four marketing

aspects (p < 0.05)

Factors Price

characteristics

Product

Marketing Marketing

Overall

channels promotion

Gender

Age
Household size
Education level
Annual income
Farm size

Frequency of seed purchasing

L L L L K L <K KX

Source of seed-related information

Rice variety cultivated -

<
<

4

L L L L < L <K KX
L L K K K <K KX

L L L K K LK <K KX
L L L L L L <L X

v = Statistically significant relationship (p < 0.05)

— = Not statistically significant
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Monitoring and Surveillance of Pesticide Residues in Rice Products from Central Thailand
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Pakamas Wongtay” Rattanawan Jansasithorn” Chairat Channoo® Kritkamol Paothong® Pranee Maneenil”

Payorm Cobelli® Kanyanee Wongphatkang” Narongrit Klunkhiao® Sasiwan Nuchsiri”

Abstract

Rice is one of the most important agricultural export commodities of Thailand. However, intensive
pest management practices may lead to pesticide residue in rice, which can pose concerns for food safety
and international trade. Therefore, monitoring pesticide residues in rice is essential to ensure consumer safety
and compliance with maximum residue limits (MRLs). This study aimed to monitor pesticide residues in rice
samples and investigate pesticide use in rice production systems in central Thailand by interviewing farmers
about rice pests and diseases, including types of pesticides and the application period. Additionally, pesticide
residues in 277, 263 and 259 rice samples collected during the planting seasons of 2022/23, 2023/24 and
2024/25 respectively, were analyzed using LC-MS/MS and GC-MS/MS. The results showed that 155 (56%),
89 (34%) and 90 (35%) rice samples from the 2022/23, 2023/24 and 2024/25 planting seasons, respectively,
contained detectable pesticide residues including propiconazole, tricyclazole, tebuconazole, cypermethrin,
ethiprole and carbendazim. Among these, propiconazole was the most frequently detected pesticide residue
and exceeding the maximum residue limits (MRLs). These results corresponded to monitoring information
that farmers applied these chemicals during the rice maturation stages. Among 334 samples with detected
residue,102 samples exceeded the maximum residue limits (MRLs) established by the National Bureau of
Agricultural Commodity and Food Standards (ACFS). In contrast, when evaluated according to the European
Commission Maximum Residue Limits (EU MRLs), 123 rice samples exceeded the permitted limits. These
findings indicate a relationship between pesticide use practices and residue occurrence in rice, highlighting
the need for continuous monitoring to ensure consumer safety and improve the quality standard of Thai rice.
Keywords: rice, pesticide, pesticide residue, maximum residue limit, interviewing farmer, central region
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acephate, azinphos ethyl, azinphos methyl,
chlorpyrifos, chlorpyrifos-methyl, diazinon, dichlorvos,
dicrotophos, dimethoate, EPN, ethion, fenitrothion,
malathion, methamidophos, methidathion,
mevinphos, mirex, monocrotophos, omethoate,
parathion, parathion-methyl, phosalone, pirimiphos-
ethyl, pirimiphos-methyl, profenofos, prothiofos Wag
triazophos

NANAITUILNE a1Uau 14 @19 Laun
3-hydroxycarbofuran, aldicarb, aldicarb sulfone,
aldicarb sulfoxide, bendiocarb, carbaryl, carbofuran,
fenobucarb, isoprocarb, methiocarp, methomyl,
oxamyl, pirimicarb LA propoxur

ngulninseas 4a1uau 9 419 bifenthrin,
cyfluthrin, cyhalothrin (Lambda), cypermethrin,
deltamethrin, fenvalerate, fenpropathrin, flucythrinate
WaE permethrin

nanaasnuAaeIL AU 22 419 Tiun aldrin,
BHC-alpha, BHC-beta, BHC-delta, BHC-gamma,
chlordane-cis, chlordane-trans, dichlorodiphenyl-
(DDD-0,p’), DDD-p,p’,
dichlorodiphenyl-dichloroethylene (DDE-o,p)’, DDE-

dichloroethane

p,p’, dichlorodiphenyl-trichloroethane (DDT-o,p’),
DDT-p,p’, dieldrin, endosulfan sulfate, endosulfan-
alpha, endosulfan-beta, endrin, endrin ketone,
heptachlor, heptachlor exo-epoxide LAY
hexachlorobenzene

ﬂ@:uﬁluj A8 ethiprole

annaitfasiunanlsada amau 7 413 laun
carbendazim, cyproconazole, propiconazole,
pyraclostrobin, tebuconazole, tetraconazole Wag
tricyclazole

mwmmgmﬁ"\mmmﬁlﬂumwmmummn
iDQuantTM Standards Kit for Pesticide Analysis UWag
nn1madeualIN it lareadznisiasey Taed
Ana1inIaIn1snIadn (Limit of detection: LOD)
Winfu 0.005 fadnsusanianiu Amaniannsdnid
13U (Limit of quantitation; LOQ) i1fiy 0.01
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1981 (W17) 0 118 185 20
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counts > 5 uazilFaLAaLIEAAIE Bonferroni
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Fig. 2 Percentage of rice disease epidemics found in planting season 2022/23-2024/25
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Bipolaris oryzae (Brada de Haan) Shoemaker) 989a9H1
lulsanuluusia (sheath blight disease, Rhizoctonia
solani) uwazlsALNAAANY (dirty panicle disease,
Curvularia lunata (Wakker) Boedijn fae1as 16 Winiu
fnan1sHant 2566/67 nwmsnsdaulunny
Teywranlsnlugd (rice blast disease, Pyricularia
oryzae Cavara) mmﬁzﬁm faeay 27 sa9agunLily
Tsan1uluusia ‘Eiﬂh@ﬂﬁﬁﬁm@ uazlsAmAnsng iU
WnenfungNMINaRT 2567/68 inwmsnsdaulunjdsyay
doywnlsalvs wasFunuilomainisarenluud
(bacterial leaf blight disease, Xanthomonas oryzae
pv oryzae (ex Ishiyama, 1922) Swing et a/ 1990)
Yauay 15 waslsandnang 3ouay 14 FauLNNT
LN@Lﬂ?ﬂULmﬂuﬁuq@ﬂﬁimamﬂ 2566/67 TANTIFUNL
oyianlsmmnmady (Akiochi) Safaannnsdzay
mmﬁ"ﬁﬁﬂa‘immwﬁ@wm’(H2S) Tunu siumsaasiloyun
Ananninemsnvinunednsseiiies ldfinisiniun uas
Nansudnuassadeszrdnediouanne inlmnnans
Aeldvinanasindia frennissnunan snagla
ansnaasIneinsanluaule fudaazuansainig
ﬂé’mmmﬁwﬂu‘immu (Fig. 2)
nsldansiaiitTasiunnanlsadrareainsmang
Tuggnisnanl 2565/66 inumensaaulngldaisiail
fHaerurndnlsadnalusrassiates Anflulesas 47
AN UIZEIZAANTIN LAZUANNE ANNAAL AU
TunANTuART 2566/67 WAz 2567/68 AN
Ty Mannldastunidnlsadaluscazaansamin
‘ﬁqm Anufasas 43 uaz 46 AMNANAL INHATNIANT
lanspitesiunidntsadialuszazdiagnun lugg
nsuanl 2565/66 foraz 16 nANINARY 2566/67
faraz 20 uazngnIsnanl 2567/68 foeaz10 angiAl
Atenld Ae difenoconazole-propiconazole,
tricyclazole Wag isoprothiolane (Table 1) TaeIanIe
A170AN difenoconazole-propiconazole \NERINIH
mﬂ%maﬁ\‘mzimﬁlunmxmmiﬂqﬂﬁw lesannidu
angaltlasiumanlsadnovanaeiia 1 lsantuluuie
Timiuqmaﬁﬁm@ uazlsAmAnFIY dauans tricyclazole
waz isoprothiolane daulunyldiasriunidnlsalud

196159119979 TN 17 atud 1 ungAw - Huiam 2569

aginisldansiadidfasiunidnlsadioaneg
inemsnaa 3 3 Bnsldlugasnauazaiisresansh
ladumnsineiuunnin Lﬁmmﬂmmmmizﬁﬁm@ﬁa&mﬂ
TspdnafinemsnsUszavluusiaedlfinuadnandet
(Fig. 2) AMNKAN1T8NTRazIiudneRnsinigldans
wililesriuindndngdnalunnszaznisasyimulanig
fd suiasresifiuiien aenndesiunuAnmes
FRNa warAnLe (2564) taAnennsldansanilaeiu
MManARgIrenEmINTluN1THandI9 lWANIANAIY
nmarzduan uarnARziuaanaastlsznglng wunis
ldansialdeasiunidndngdna 114 ethiprole,
propiconazole, pyraclostrobin (fusu luszes
Ui WATATIEYEYN WAZADLY (2566) ANENGANgTH
nsldasesiunidnAngdnaraainsnsnsniels
Auednaguauialszma wudunsnsnsiinigldans
tesiunndndngdne ldun pymetrozine, carbosulfan
WAy isoprothiolane LAY 417HAN difenoconazole-

propiconazole Tuszeizdnagnun

2. NsAgIAATIZULETNIMATIANTRINUAIeR
unaIAnguazlsAtng

naanmMauetsdnannulansmsnsls
nnisdunisninigldansiaidasiuiidnunasdng
uazlsndg wudn

37 1 (qannsuant 2565/66) AaranunIANAg
SN B T R e T IR TR T (o P EA P L D NI
155 Faeting AMNFABENaNAR I 277 Fageing
Anwudesay 56 uaziflavinisdnmsieludil 2 (g
nsuaRll 2566/67) lavinnisiiudaegnednnanuau
263 Firating WUN1IANANTasansAiieaiunnanAng
412 s1uaw 89 faetine Anidudenas 34 dauludil 3
(qgn13nanl 2567/68) WUN1IANAINTBIANTAN
asiundndngd1nlusnet19dnaanuau 90 Faatis
anetaLa 259 Faetne Andufeuas 35 uaz
lanagey Pearson's Chi-square test W91 dadau
BIANIUEAITNHANAIHANLAN A AU
142.62,
df = 4, p<2.2 x 10 wanslfisiudn n1sanAIelinig

HudATYIruI1NrauNITALAaLIe (X2 =

A a9R et RLAUAINTIUIANURINIANT WAL
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Fig. 3 Proportion of pesticide residues detected in rice samples during planting seasons

Lﬁmﬂ?‘ﬁmﬁﬂum@' (pairwise comparison) MaINI3
nAgaL Chi-square lagd5uAn p-value Aae3s
Bonferroni correction W91 0 1UENNIANANNUBIANT
wdfasiunandngdiadiauunnsneiuae19y
HadAtysenInamnAresseuNaiusaete (adjusted
0<0.05) Ine Tl 2 uasllf 3 fdndaunsnseanyans
ANANKATANIANANNUANNINTTILARARE N TALAL
euBandiauiuilf 1 whhseud 2 uazseuii 3 azl
dndauaasiathe linuansandnelndiies i udds
AIWLANNLANAS i TadNATy Fa01aLAnaN
mmLuﬁmﬁwqm@qﬁmzﬁqﬂumjuﬁa@ﬂwﬁmfmwmw
mﬂﬁ’wLLa:mjuﬁﬁﬂ?mmma‘mﬂﬁNLﬁuﬁ'ﬁmmﬁm

fgNIINART 2565/2566 fhetihefimsaanunng
ANANNTDIA AN TRIAUAARARgE1Y Auau 155
ot HAaeteauIu 88 Aaetine wuLlFuInaes
mnmﬁﬂmﬁ’uﬁﬁmﬁmg%’wﬁmnﬁwquﬁummﬂim
AUANNEAT AN, 9002-2559 (A1UNUNINTFIU
AUANEATUAZBINITUUITIR. 2559) TAtiFnetn
finunisandrefliAunnnsgrugauluniduans
propiconazole (Fig. 3)

fanNIHAR 2566/67 Fhathafinunianndses
angAdTeeiun1dndngdne aauau 89 Freting |

72

91911 14 Aaee1e WULTHIMae9EaNTIANH
ANANGUAUNIATFIUAUANNERAT NN, 9002-2559
Fail ang ethiprole aMUAU 2 8819 @19 isoprocarb
MU 3 A8 @9 triazophos AU 3 FaBeg
@19 propiconazole A1U3Y 4 AR LAZANT
tricyclazole A1191 2 Fiaagg uiiFlafiansanmiude
nuumaesauning sl (EU MRLs) Faaeefiiuan
s fi81uan 18 Frating esanndrethainunis
ANANNTAYANT carbendazim A4 4 AA8E1Y WU
T Sun MUAINIATTIUAINA1IAR 0.01 HAGNTH
RN IANTN ULANIATFIUAUAINEAT NN, 9002-2559
AMNUAAINIATFIULEIA1T carbendazim Tudn
2 Haanfusianlaniu %qmmgmﬁuﬁmwmm
dszmalne IiHUsudgaudlansmuuaninsgu@us
INERs FeaasiEanAne: anmasisnndnagean
(NNT. 9002-2568) (AMHNITUNIAIFIUAUANHATUAY
ANMITUUNTNRE, 2568) THnunzaniuani1anisnd
laqiiu AuatsAvldinaunsay 2568 daanali
ﬁq@f;iwﬁﬁ’]maziumq@?;l,m’]w“luqqmmamﬂ
2567/68 HENNIANANNSILIL 90 Faeting Teaeing
f’fwmthummem‘mmg’mﬁuﬁqmwm AN, 9002-
2568 usiLilaLFefien i MSFIUAUAUNEAT NN,
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9002-2559 war EU MRLs NF1281991997191 16
Fnasing MAUAININUARINGID TIN1TATIANLINNT
ANAARANNUA (Fig. 3) danalfiiamauidesse
plaanstImsuazanAMTaIesiEinAse
k% Yo al U 1 a
ADLNINTBITNY 7l ASUANTLANANANNHNLNITLFINA
1 v v
avnsatisaltasaana Winanansenuialusve v du
d?/ 1 o/ a dl Yo
uaTITEIZENY WU Tinuedans N o5 uay
A v o ~l e 0 o o A
AHDIUNTANER InsanspideaiuindnAngieLng
TRANTIENNUINAINANTENUADIZULUTLAN TLL
sax1ivie 6 1 uazszuuAURug soulivenaiinAy
4 - s A 1.
W@easanisinalsanzidaialasuazanluszazeng
(Damalas and Eleftherohorinos, 2011)
HaRATUNTLATRIRNTAR T WA AN A

o

ﬁmgmz‘imiﬂqﬁmm@wﬂuﬁfmﬂ'wﬁﬂﬂuq@ﬂﬂimam
1l 2565/66 14 2567/68 (Table 2) WL4N ATIANLIANT
ANANIaeTTin el

anenguaasnilunaamn lfun acephate,
dimethoate, profenofos Way triazophos %aquuiua;
wulu Banousn aghalsfinng triazophos Fhugnsfin
esfiaalunguil Tnafidasnanadadi <LoQ -0.06
fndnsuseRlansy waswUFatRTiAN1sANAN ARy
NnsgIuresann e lsl (EU MRLs) MU 4 FAIRENS

ansnanAFuNe Tun carbaryl, fenobucarb,
isoprocarb WAy propoxur wWu41 AnsanAnaluung
Faene Inaanwie carbaryl Nda9pudndy 0.01-
0.14 fadnsusenianiy uaxil 1 fetneiifiuen EU
MRLs @21 isoprocarb wuluaiwiuaaagneaAaudg
NN (11 F2agN) Lwimusl,m&iﬁqmﬁﬂ'w‘i’ﬂﬂdﬂmmm’
NIMTFIY

nawlwameaas wu cypermethrin, bifenthrin uaz
cyfluthrin Tael cypermethrin Sdagmauidindu 0.01-
0.35 fa@niuseilansu 1o cyfluthrin wuluszau
AN (<LOQ) LLaxiﬂwuﬁq@ﬂﬁqﬁﬁmLﬁummﬁm EU
MRLs uenanniffanuanslungaiau léur ethiprole &
NTATIANL 1-6 Feeing Tneldaamnnudndiu <LOQ
-0.02 Aadnsuseflaniy uazwUAIataRLALAN
NM9FIU EU MRLs A7U9U 2 feeing

anfunquansiaideasiunidnlsadig

1196193119979 TN 17 atud 1 unaAw - Huian 2569

(fungicide) Lﬂumjuﬁwumimnﬁwmn%m Ty
@17 carbendazim, propiconazole, pyraclostrobin,
tebuconazole WA tricyclazole %\‘1 propiconazole i
mﬁéﬁwuiuﬁmf;uﬁqmjwqﬁqm Tnaimgaanunnie
135 faati luggnisnant 2565/66 uaziimatingg
\fiupin EU MRLs 944 106 5iaina 90427l carbendazim
wulu 2-6 et wazdl 4 faaeng ﬁLﬁuﬁﬂmmﬂm
EU MRLs 1@naniieiany tricyclazole \UANNIATF U
EU MRLs 1431 8 fiaating @21 tebuconazole Lay
pyraclostrobin ugfazmsaant lunanasiaaging uagA
ﬁmmmLiTuil’uﬁi’ﬁLLmVL:JLﬁummmgm EU MRLs
arndayanisanArglunanandia nag
Lﬂalﬂul,l,ﬂ@\‘igﬂLLUUﬂ’]?mﬂﬁN‘ﬂ@\M’]Tﬁﬂ@vﬁﬁﬁ/ﬁlgﬁﬂj
wandWiiviugn ngnsuant 2565/66 An1smsaanuans
lungu carbamate ludngauiigandd mmzﬁluq@mi
NART] 2566/67 LAY 2567/68 Nuualiun1snsaanyuans
lungu organophosphate s a1ainmilnyuinig
FAUNIUFARA17 TR UNNTALNAITDILNAIARFT9
(insecticide resistance) %‘\‘1 Heong WazmAnie (2013)
meuldin wasnszlandiinma ausaRaLnAIN
frunmusegslungu carbamate ldatnsmmFaiie
finnsldneteseilios daaliilszansnnaesans
WwRTaUASAALNAIAAAY LazinEATnIadusa
Waeli i danseiitesiuidaunasinnalnnisesn
qm"EfLLmﬂﬁmrTu ¥ NG organophosphate %q@@ﬂqv@r
fugaeula acetylcholinesterase IHWRHIMILAT
UsrAnBnnuarALAIFaLANANeTY Lol
WRIUIN1TRIUN WA AN TIAN TR UNITALNAS
Usz@nininaasarnaltesiunidnuuatazanas
M liinemnsnsatuiasldasdesiunndanunasdng
i’ﬂqnzjuﬁ'uj ﬁﬁﬂ@iﬂm?@ﬂﬂqmﬁmnﬁmﬁu widnans
ngnAFLmRazipeunguansaiilasiuindnulas
ﬁﬁﬂizamaﬁmw@lqﬁﬁwuﬁmﬁﬂmeuzma?ré’humu
siagaeiitesiuindnunasasunasinging uiile
AANTTANUNIUARAITNGNANTUILNA AAZINANIT
suienl Wansnga@u (Song et al., 2023) 1
1188/ UNNIAANATRIATIANNINNTINEAT LT3 NS
dnfvansiadiasiunndndngialuiasnaia nns
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Effect of Thai-Grown Temperate Cereal Malts on Physicochemical and
Sensorial Properties of Craft Beer

fngae Bunan” dldine] Tryoyde” angd dwmen” Seena auiug?

Phattarateera Inplub” Sippawit Punyatuy” Jaruvee Ancheta” Theeraphol Senphan?

Abstract

The contemporary craft beer industry increasingly seeks local adjuncts to establish unique product
identities and enhance agricultural value. However, empirical data regarding the application of temperate
cereals cultivated in Thailand as alternative brewing ingredients remains limited. Therefore, this study aimed
to evaluate the physicochemical and sensory properties of beer brewed from Thai-grown temperate cereals
malted, including barley line FNBLS#140, oat line SMGOTC21099 and wheat variety RDW1 (Samoeng 72).
Three brewing formulations were investigated: Formula 1 (barley mixed with oats), Formula 2 (barley mixed
with wheat), and Formula 3 (barley mixed with both oats and wheat). The results indicated that the grain
composition significantly influenced the physicochemical characteristics of the beer (p<0.05). Specifically,
Formula 1 exhibited the highest lightness value (L*) and received the highest color preference score from
untrained panelists. Formula 2 demonstrated the highest yellowness value (b*) and turbidity, whereas Formula
3 yielded the highest viscosity and total soluble solids. Conversely, variations in grain combinations did not
significantly impact the protein content, ash content, alcohol by volume (ABV, ranging from 7.50% to 7.53%),
or overall sensory acceptability. These findings substantiate the potential of Thai temperate cereals as viable
alternative brewing ingredients, offering a practical approach to modulating beer characteristics, consumer
acceptability, and generating value-added agricultural products.
Keywords: barley, wheat, oat, malt, craft beer, physicochemical properties, sensorial property, upper northern
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Table 1 Malt germination process
Day Process details

1 Steeping in water for 5 hours at 14.5°C, followed by air resting for 19 hours at 14.5°C with

85% relative humidity

2 Steeping in water for 4 hours at 14.5°C, followed by air resting for 20 hours at 14.5°C with

85% relative humidity

3 Steeping in water again for 2 hours at 14.5°C with 85% relative humidity
3-6 Germination for 96 hours at 14.5°C with 85% relative humidity

7 Kilning at 50°C for 24 hours, followed by the removal of roots and shoots

80

Thai Rice Research Journal, Vol. 17 No. 1, January - June 2026



50:50 Tngninunin

ams® 3 Mdaunfiad $19180 wazdnoana
Shandan 50:25:25 Tneninunin

ﬁﬂfj“mqauLiﬁ@;’%umummﬁmiﬁm@ (mashing)
Tnaussqasluieusfisesfasdnanaung Antindan
U3nms 11 ams ﬁqmugﬁ 74 avpigaidea iasnm
?zﬁuqmuqﬁmmdqummulﬁﬂqﬁi:ﬁu 68 B4AN
e Hunan 60 will wienvhnisauasiianann
10 W

demsurinaun sinnsnsesuasiufintSanms
YA (wort) Fafluresmaildannnazuaunsasa
sheauazlszneudaeinmantasassni iUl
maainldluduneudaly fewihdhgduneunisdng
mﬂmam’ﬁwmﬁuﬁﬁ”@uqmmﬁ 76 B9ANTALTA
3NR3 17 anT (MTUSUAINAINNUNITAN) BN
nInuaas ludwd Mnnisnsesuaztiuiiniliuims
i1 A Tnaaauan il 23 ans

s AmAlldu Wiiesidunan 60 w7 Tae
Gﬁluﬁuw@mﬁ@ﬁnmﬁm TugendnanIssuyiInIaLAN
nangeldaneiug Galena 13unod 14.17 nfu (0.5
aewd) Wil 0 wazunTin 30 wiauraRnanstae
AnAzNaw (rish moss) uuniin 45 edugansdn
NNIN2BUAZAT AN AL AT 10:1 (Wsunme/
1311m3) L%ﬁuﬁﬁﬁfwLL@mWﬂqmmﬁ@ﬂNmm?q

FUSLINTTLAMUNNIVEIN Wige N E&sT Saccharomyces
cerevisiae #181Wg SafAle S-04 Tneingziun13nau
lurh@fmunns 100 Aaaans fignuniiviasu 15
W neudnadlutamsdn Mnistandindaingasqn
HNUAZTANABARNTINT (airlock) LLﬁqﬁﬁiﬂﬁuﬁqmmﬁ
25 saAalTea Wiszazian 2 dUank

thdaminlUfuinenfienmad 4 asenaiden
11U 3 Ju udanseadasinainanaunuaziihdaulaly
Lﬁm*"ﬂmﬁqmugﬁ 4 aaAneraTiea Wi 2 dilanf niew
thadnaudaiueide 1 lAnasiauninmg
mannuazieiluansusialil

3. WATITUAUANHUSNNENTN
3.1 anwadzi/s1nHnNn18nIn (physical

appearance)

19619319979 TN 17 2ud 1 uns1Aw - Fuian 2569

anEuelIINgNIeNIEnIN NGRS SE
o A A A \

annsayimiesvanlgnudssmalne lnanistnagy
ANENARIONLNINAATIA (X-A3, Fujifilm, Tokyo)

3.2 AR

a e 1 _a a o e = & o =l

NATIEWANIRUBINARA LT e Fa NG oy N
Wl a91u1993 3 gas lusyuu CIE (L%, a*, b* uaz AEY)
e ldATa99mA Minolta Chroma Meter §1 CR-10 Plus
(Konica Minolta, Osaka, Japan) Mn133a luszuu CIE
Lab laA A1 L* WaeNseALANNE919 AN a* LEAIAINN

v = A o ! v

LINABRNALAY (+a) BTAALAA (-a) AT D* LLAANAINNLUN
YBIRANAD (+b) WFARUN[U (-b) LazALAIzIAN AE*
(ANNFAN9L29R) TABNITATUIIAINANNNTT 1 AT

AE* =V (AL*? + (Da*)? + (Ab*)? (1)

Tne AL* Aa* wazr Ab* ABANNANNTEZNING
W1RResAvRIAeE AN RIne FAT84 standard
189A1ANHLTNAT1Y TagAn L* windu 93.59 A1 a*
Winiu -0.98 waz A1 b* winnu 0.35 Avua lidu
background

3.3 AIANTU (turbidiity)

n1saAsziAIANTuIaNHARfiTia AN
Sy 3 gas suiiunsTneldfetna oo
nszuaunslanmuaa (degassed beer) \aiTaariy
ANAUARNALAABLANNNNINTZIALAN (ight scattering)
saalasinaansueulneenlosmanadualiriey
[ NGUELRENIICER antiuhietndlnmadadan
wpresdnpaNguduutesfifinas (Laboratory
Turbidimeter a;'u 2100N, Cat. No. 47000-00) LAz
TENUNANNTAATIEE UMY NTU (Nephelometric
Turbidity Units)

3.4 AIAINTR (viscosity)

nFATEANAMNUEnTesH AR Uafide fann
Foyfimia 3 gms ALiuN1IANATRYRS Shahnawaz WaY
Shiekh (2011) Tﬁﬂi‘f]jmdﬁiﬂx‘ﬁﬁﬂ'}’mﬂﬁmLLUUWHM
(DV2T Viscometer, AMETEK Brookfield, USA) ﬁam
[ﬁ?@ﬂ@ﬂﬂiiﬁz@wé‘“uﬁq@ﬂwﬂ?‘mmﬁ@ﬂ (small sample
adapter) fauAUIA (spindle) wWes 4 Theisann
AuISsanlunsnadeui 100 sauseundt iflusvey

81



wan 2 Wi e linnsrauANg ) RaeeRnaeng
AINTEAL 25 ANATALTEEA LAININI9TUANAYIAN
A A o
nieNanule
3.5 ArAulunga-a (pH)

NNFATIZTHANAINNLTTUNTA-AINS TRILAR DT

Lﬁm“rmﬂﬁ"mﬁﬂn%q 34n9 Guannmisinsaadnglilng
ﬂ@vmuﬂﬂsimﬂﬂsnﬁﬁ@ueuimﬂ@ﬂisnm (degassing) au
WuANEIANT LAOARAINNAAIALARDLIAIAN pH
A nTumaFaet1a R unTldATudatFuaas 50
Aaaans asludninesaunn 100 Jadans (AOAC,
2000) inlinsadadimuiiunIa-A1adasiazes
ﬁLmﬁLmﬁ‘f(pH meter 'aju FiveEasy Plus, METTLER
TOLEDO) figruvniitias

3.6 snrnresudeiiazareniianus (total
soluble solids, TSS)

M BneaLisiazan e ldiame
vewARSefidofansy ik 3 gas dauasann
78113984 Ordookhani waz Zare (2011) TaeildiAzos
FunsnInfmesuuuwnnn (hand refractometer) Tunns
nTIaTAAINTIININTRILEsTRIFeE BT T way
FILNUNANITALATI I maaiaeA LN (°Brix)

3.7 a9ALlzznaLmniuad

£

n19diAsnzeeAtlszneuniaiAlnugu
(proximate analysis) m@mamﬁmﬁﬁm{mﬂﬁyﬁm%\ﬁ
3 s I Pinnnunasid (moisture; AOAC method
925.45) T1l3fu (protein; AOAC method 920.87) lasfu
(fat; AOAC method 920.39) uazLin (ash; AOAC
method 920.153) ANHLNNIIATIEHANNTENIATIIN
2189 AOAC (2000)

Zusudiuananfulansasian e (total
carbohydrate) Usziliulag 143 8n1sAu L Lsinay
(carbohydrate by difference) Iagitin 100 aumae
Ha s S taz e mn AT Tsi asi uasidn
uAITEUEARIALsTNa LN ATLARTAN T 1R
fRua (%)

3.8 funiueanesges

N199LATZHUTHI LA AN D TR AADIE AR A DT

= o o = 3’, o a ¥ dl o
LLETRNNTEUNTNS 3 23][513‘ AntunlaaliATeYn

82

@gma@m (Ebulliometer; Dujardin-Salleron, Paris,
France) ANNATN13789 Saelim WATADLY (2018) Tag
mﬁwzﬁvﬂm?mmﬁmmmLmewmamﬁ@mwdw
o ) A & a o = Y a H o
foatiadefiTauiauiuqainendnedaaedinal
BLNNI AN U TN LA AN DDA LAY NN
Tumdgfasazinasumng (% viv)
3.9 NINAFBUNWNUIEANNENEA
A3tsziiumanufane lannelszanduiaves
nanAneidafaInsoyNavis 3 gns anfiunislag 4
AnaaauTni lHunslinduialy arwau 35 Au do
a1g3vn319 18-45 1 TneFusnadnalofuriazgns
1317m97 20 Radans asludranaranninalnsian
o e ey w y ¥
(polypropylene) U116 30 m@@mlmm@mmu VN
o Y v ¥ % %; 1 Z’/ 1
Anuua WigmeaaeuatulnAaedlamnaiiney
n133uqet9dnly nsnegeulduuudssiiuaanu
TAUWLIL 9 $¥AU (9-point hedonic scale) Tagiinauaf
o 4 ) ) a =
NN AL LULAIUE 1 ("Lmaumnmm) 09 9 (WAUNIN
4 4 - . . v
Ngq0) Wetlsziiuniseenivly 5 Andnwue leud
AnmouzileIng @ naw 1815 uazANTRLIRYIIN
3.10 JasrzddayanNans
mﬁ?‘wmmmqmmmmu@umyﬁﬂ (completely
randomized design (CRD)) 11914 3 N35:433 9 11 Imel
indayanlanidinazindieasuazdouiosuy
NMTFIU NTUIATIEANNLLITLTI (analysis of
variance: ANOVA) tiaulTauieuma nwmnsng
sendnanguined e uaslFauWsuARALIEgAaY

A% Duncan’s multiple range test (DMRT) fiszau

WadnAyneaa 0.05 (p<0.05) Taeldlisunsu R

o

version 3.1.3 (AANA, 2555)

a

NANISNANDILATAANTOL

1. ansazlsingmamaniw

HANTIANHIWLAN WARAUsdasa NN
W 3 gas fansusduseuvanla linunzney
WITUAREWTAAIINTY LA IRARINARINaIDaUADY
a1vueeu (Fig. 1) Iegldnumnuunnsiseand
wazplaszninaurazgnsathedany dadunaan
neANAzNauTasaslsznau@etauseudnelsmiu

wazTnanuea (protein-polyphenol complexes) ludu
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Formula 1
(Barley: Oat) (Barley : Wheat) (Barley: Oat : Wheat)

Fig. 1 Physical appearance of craft beers produced from different formulations of Thai temperate

cereals

ARUNTTANLN AN (Bamforth, 2017) W&IWAL
ﬂa‘zam%mwmmm?ﬂuﬁqmmﬁ[ﬁil"] waznInsesiita
Titlasuazlshunauaesannzneulsatnsanysal
fana i D FaT 2N NN BN (Briggs
et al., 2004)

fmsulenRAemeTeNaaTIiL funa
unandfisennisiindinmadldldieulosd (non-
enzymatic browning reaction) Iagianizfjizen
laaN9m (maillard reaction) ﬁlﬁmﬁuawdwmm
i Tuuasi ARl sL UL THARNOAT LAY
s A (Kunze, 2014)

1l = o
2. mAvadas
o = = I
anmrouzlsngnisnianinuazdseadefidu
adtusnidenasionafufuanmunInaesndnioued
Tunnneresguilng Teuanednezlsngaes
pandusfidafansynaia 3 gns wudn wansiuel
ManuadAnHusiurasmaAiIaemesuAne 19y
aanll Weinlihlszifiua@nieadiiluszuu CIELAB

9941391101947 T7 17 a1Tf 1 ungAx - Rguien 2569

Formla 2

Formula 3

(L*, a*, b* waz AE*) wWudn 9RARAZANNUAINUATE

o

1S ryNTIdInanszNUAA1A1aIN AR 9T 193
Aty (p<0.05) (Table 2)

WARANTUNAN L* (ANAINEATNG) WU AN

o o

edn
agnARRITUALANEUEUIINgNaNEnNAILans
Fig. 1 aeetmLau Immﬁﬂé’@;mﬁ 1 ({dundiaduan
41018m) HanmouzlusuatuaziiAipnnuadng (10.17)
wnnTiga 509891 e gastt 2 (Fraunfiadhugudaand)
(9.77) Wanuziigrsit 3 (@FnuniaduandnlEnuas
draand) SenwnizlsngiduTusazileanuadng
7.72 ﬁf@ﬂﬁqmﬂwﬁﬁmﬁqﬁm (p<0.05) (Table 2)
Tnen1sanastespmnadnslugnantpudutauses
dnunAssnauE esung Idann s uTeean TR
luffsennadadunmanbildieulsd Tnaans
UfAsanuaasn (maillard reaction) nasld ity
3 aiinsaniiu s WRnsneziiludaszuazinnnaiaadii
UAINUATE AUATHNNIATNA1TUTTNBLINAUR LAY
(melanoidins) Tuszuinetuneun sdutin B v¥inli
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Table 2 Color parameters of beer brewed from Thai temperate cereals under different formulations

Formulation Color values
L* b* AE*
1 (Barley : Oat) 10.17+0.06 a -0.49+£0.04 b 5.32+0.11 ¢ 82.24+0.26 b
2 (Barley : Wheat) 9.77+£0.10 b -0.81+£0.03 a 6.72+0.07 a 82.33x0.18 b
3 (Barley : Oat: Wheat)  7.72+0.05c¢c -0.52+£0.08 b 5.63+0.12 b 83.64+0.13 a
CV (%) 2.54 3.12 2.88 1.45

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly different at 95% confidence

level by DMRT

\DesHaduam (Kunze, 2014) wanaini Tseiuluiana
Tuggarnd1aanauazdialénaianindfizaiu
an3szneuindaWues (polyphenols) sy
41919 NaLI TNt aUN AANBUNNTEBIEINUBILED BILA
TAANa919 Yaead (Steiner et al., 2011)
AaiuAuny/dieg (a%) 2189ngnIiARnaL
(-0.49 T3 -0.81) timteInuA@en FadlAdnlnamue
A9l LAAIANNBANANNNANLANDENLAUTR LFiLHD
a | al A 901 a 1 a &
NasanAtANNdwWaen[u (b*) azwuddes
gnsv 2 JAN b* NINTGA (6.72) UATUANGINNAINGAT
AuneneliiadnAty (0<0.05) (Table 2) TeaanARAIIL
Anwouzlsngnaaniann (Fig. 1) Awans i
PR ai a a A A o LA
Hesgasn 2 AnuBivassmesiutauacadnaign
dl = o dl [ rd” o c = o‘d‘
Weaauduwnau naansiidwenaneaiveade s
nandnaataiaannsainansngunan louessiay
a a A v a 1 o
WuadAnannilaend1aa1asendnanszuIun1s4na

‘iﬁm@ (Depraetere et al., 2004)
ANUSUAIAINNLANAN9Ia4A At 9N (AEY)

wudn (Hefgeati 3 A0 83.64 wnfign Seazeuli

LﬁudﬁLﬁ'f;lﬂufi@m;m?ﬁlﬁﬁmmmuu@zmﬁmmmﬁ“wﬁmﬁ

o !

AN ANARBANEUCLIINGNNBNNUAZ AN N

kg al

pudnHenansaiieniyiaaaades (Table 2)

3. ATAANAY (turbidity)

pNgu uandnsuzdsngnianianIng
gdysianisdsviiuguunimdes Inaenizlungs
P | 2 . =2 9 oa !
\Dasldstyaniaiaen (adjuncts) B9gUsnALNNgN
218l ANAIAUIIAa AN AN URLAN ATl
FNNA LR ATBILATENAN ANNNITIAIZHIRAIAINTY
oINS oyNTvia 3 gae Aaaniiagl NTU wudn aia

\
o A A

2RI Y NIN U N INANAINAHaAIAI NG a9

o

o o

Wad1Aty (p<0.05) Tnananisnaaas wudn af

Table 3 Turbidity values of beer brewed from Thai temperate cereals

under different formulations

Formulation Turbidity (NTU)
1 (Barley : Oat) 39.40+0.20 b
2 (Barley : Wheat) 42.60+0.70 a
3 (Barley : Oat : Wheat) 39.83+0.55 b
CV (%) 4.21

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not

significantly different at 95% confidence level by DMRT
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4391 2 HANAINTI 42.60 NTU 1INTI4R WAZWANFINY
At I AATYTUgRST 1 uaz 3 (Table 3) asunals
& a [ a d‘ v
anasAlsznauniuaiaesinigd saanlildon
1 v
Tsmunduminluianage v lnaezin (gliadins)
uwazngiatiu (glutenins) TusenananszununssuLas
o a 1 le/ o aaa o a
niin TsAuinaazyindgasenduansdseneuing
Auea (polyphenols) Narinlaanueasduazastld iin
duansszneauidedaullsiu-Inauea aunalun
waruaasag usrun faiuamnuanaasnisfinaau
TULLLADAAAELIA ULATRIAN (Steiner et al., 2011)
dgl v a o a |
uanan dnaradeidansiulamsnaraanalungu
WLINTGIY (pentosans) NREIUTILAIANINAIINAEY
v
2aua9uaetuazn AU ANLAT HININTY
dafuwananwainulaiahllunquidesinnana
Tuangndefgnatinunfiaeuandq18n (39.40
NTU)uazgrsdraufiatiuandinlen wazd1aana
(39.83 NTU) HAnaaatuiiasndn ustliuansinaiunig
405 (p>0.05) (Table 3) wdndnqlBnay HFuauusn
nQuAU (beta-glucans) g3 TNATNIIDINANNATALAL
nalfiiaAugulfidun (Combes et al., 2021) us
v v
ANUANINAAENHT 1IN nalnnisiinAuguann
Wuﬁxiﬂiﬁum@ﬁmmﬁmm@mwwi@mwﬁumn
1 1 v 1
Ngn Wernfywaie 3 98a Niuaniulugnsi 3
o/ ] al 1 1 % aK A
dnaouaaslilsfunanutuaindnoanaasgniaaansas
o Yo 1 1 o dl v a o
M lirANusNanaset lussALN InalAENiLgns
Add1018n ludndaunuinndn (Table 3)

4. AANMNNURA

Auuila uantRnnilelad (rheological
properties) ﬁzﬁ’ﬁﬂ”ﬁyﬁi@@mmwmmmﬁ;mﬁuﬂ@xmw
e desmndauduiuslnenseiuanui@nans
A (mouthfeel) ma?é‘vug”ﬁqmmm;uumLmzﬁﬂﬁuﬁm
(body) paanauasnansznuinansmallse@nsninly
NTTUAUNNTNTRY (filtration) WATNITUENNNNNDAR
(lautering) AN AT LT T R
annseyitana 3 qas wudn iesuiazgmetiananasie
mmﬂwﬁmﬁLLMﬂﬁiﬂqﬁuﬂﬂNﬁi‘Iﬂdﬂﬁa&l (p<0.05)

Han1INAAaeLans Wi iasgmsdraundiae
HANTRTERLAZENNENA NANANNTTA 1.82 cP 11N
ﬁa;m ws Il Aanuumnsinatnelidadn Aty (0>0.05)
gradnauniaduandraand ffleaanuuila 1.78 op
Tuanidesgretnounsiaduandnlin fenanuvils
1.60 cP ﬁﬂﬂﬁqmﬂwﬁﬁmﬁﬁﬁa&l (p<0.05) (Table 4)
Fafinannesdlsyneuniaafisamizaesdnagna
flsnnuaflulameatuanalug lunguindudn
anlasTilad g uite afinessndTulouau (arabinoxylans)
TutBuaiigenn sadediisiuiilassadedudeu
assznenmANIMLTNusan stesaatede eyl
TuseminadunauntafiatnmIa LaYaNNITRAZANE
@ﬂﬂmumu@ﬂﬂmﬂuﬁﬁﬁ{w aqnalilpsaaiieres
sesmarfianudumusanslnauasiinanumiia v
mn%u (Briggs wazAmne, 2004)

lusnusfidratEmdusnyiafigaulUdaews-
nguAY Fafugnsianunsnfinanumiinlisuio us

Table 4 Viscosity values of beer brewed from Thai temperate cereals

under different formulations

Formulation Viscosity (cP)
1 (Barley : Oat) 1.60+0.03 b
2 (Barley : Wheat) 1.78+0.02 a
3 (Barley: Oat : Wheat) 1.82+0.06 a
CV (%) 3.67

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly

different at 95% confidence level by DMRT

19619319979 TN 17 2ud 1 uns1Aw - Fuian 2569
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NANITNARBNALINLIAN mma?ﬁslﬁ’ﬁqié"m‘[mﬂvlﬂﬁﬁwma
N@NNW]WJ’WMM@H@EWI@@ m@muﬂumum 4NN
LL@y@mmw‘Lﬂumwmummnmmmmmmm@ﬂ
# FAnumunzanuazidedaniviaaaewlas’
mﬁﬁ-ﬂqmmm (beta-glucanase) mmmmﬂ'@mmﬂ

we-nguanaindqldaldnanadluledinudnanlssd

4124 (short-chain oligosaccharides) laagnad

13@nn N M liAuutaanas Tuaneniewlay

lganiug (xylanase) ymrhidesazadiulauauann
d19d1ae1al U5 dNnsn N3 ua A luanIng
LR8I (Schnitzenbaumer et al., 2012) iy (e
fnnsindnandaclllugaaildsyians 3 s
saflunafindndouaesezsiluloway deaalinnn
uummmm@mmmmwamﬂmu@ﬂiuimumeﬂummm
| nanaludndaufinnnnn ‘Emmmmﬁ”m@mu
g ATy AN IREUINA RS ITULAZN1TAYLIAN
y
NIzUAUNNINAR FaNiInslssenslddnaanaiudou
mﬁmm’qaLﬁlmmmi;mmmmmﬁ@ﬁmﬁm Faidlu

wnansainelszasdlunguidesinsanavzans s

Wesle

5. AMAANLTIUNTA-A4 (pH)

AANITIUNIA-Ae uwdimasnnaein
AnAtyatedsrianunnasadas asanianina
Tnems9siANLERININaTIINEN AINASEITEN
paaaass 19xlUDaN95uSeaT5 taaennzaudan

4 4 4
AATUUDIATEIAN
NANITIAINTUAN pH UeaNARS U luFNAR

v
AINFTYNTRDINUINT 3 gas wudn gasidiasann

A =] [l 1 1
ﬁm‘wmmwmwimnm lddenarafinanu
unse-anseenefiipdAny adnelatinu waniuel

v
\Dafanstydania 3 qas 160 pH atflutag 4.17 D
4.33 dpaglunasiunnsgruivnnzanveada ol
(pH 4.0 D4 4.5) InenanmaaasnLan Lasgasdng
unfiadnand1al8n HA pH 4.33 Nnfiga (RAw
¥ A A A s Y s
Wunsadaeign) sasasnia Wesgpadiaunsiaeas
419814 JA1 pH 4.30 Tuaneiidafgnatnounfiael
randIBauardnngnd Jen pH4.17 taemign (Haau
\unsannige) (Table 5)
v v

MTANNLANGWUAZNTANATAIAN pH Tugns

a;d o Y o a | a $ 7%
PiAudUteuasingAuNINndn adunelinaenaln
N9TUARTLMINNIZLAUNNIUNN UAZTZLLAIUNIU

1 v 1 1
niaguutladnsa-An9relnBm FanTRNAN
A o A dl ) o al
wanuanzaestuasy g lugan 3 denaliszuud
Bunnuazatinrasansanaidadiuniaasoyruls

1 v
1098 afNraINaNeNIN U Ineannznsaes N ludass
v 1

wazilindanadu \Welas (Saccharomyces

L4
cerevisiae) Aansaardluwazusasaiilyldly
as 1 = a a = &
NTTUAIUNMTIILeATN N9l Use@nTnn Tnedias
azuAnkazlanlaeansndunTeanasineanuiiiy
nanaael ke [ NIATNERN (succinic acid) NIALAARN
(lactic acid) N3AaEAN (acetic acid) Wlumw 79xl1/Ra
nsamilantlalasiaulaaas (H) dhgszuuainnig

=) a 1 Yo

gadnuanTuitonleasy denalidn pH a8395z1L

14
aniiaead (Boulton LAz Quain, 2001) uanani sty

Table 5 pH values of beer brewed from Thai temperate cereals

under different formulations

Formulation pH
1 (Barley : Oat) 4.33+0.1 a
2 (Barley : Wheat) 4.30+0.1 a
3 (Barley : Oat : Wheat) 417+0.1 a

CV (%)

1.15

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not

significantly different at 95% confidence level by DMRT
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Table 6 Total soluble solids (TSS) of beer brewed from Thai temperate

cereals under different formulations

Formulation Total soluble solids (°Brix)
1 (Barley : Oat) 3.83+0.06 b
2 (Barley : Wheat) 3.90+0.10 b
3 (Barley : Oat : Wheat) 4.27+0.12 a
CV (%) 3.94

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not

significantly different at 95% confidence level by DMRT

Weasnuraudazalindelidansdsenaunaaina
(phosphates) uaznsnazdunusaiMuAAIINg
Twlafunnsneiu nsldsygiasviunaniauaen
o =K a o val o a‘ v
Hanule 3 alla anan liinsUiunlasulaseaing
AHAtWassanaasind Ml unuselalngiau
lanaulasdasas M linsedurremaasaisliuanngn
ANAN pH aesnandnsigading lianiauaslinagng
FaauianFauiaunugasi 45y nainas 2 1iin
(Kunze, 2014)

6. ﬂ?mmmmuﬁqﬁmmﬂﬁﬁﬁzuum (total soluble
solids; TSS)

Prnnaewdaiiazanarimiomn readefit 3
gns wud alauazANdUTa LR STy NTHaILIY
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Nt ryNLNasu0Lies 2 1hn Tuanenidusgnedng
unfiatiandinl8n Jen TSS 3.83 °Brix wavgnsdnn
UFaeTaNT19478 WA TSS 3.90 °Brix kax iAo
WANGNNAUNNADR (Table 6)
mmmmmmmmwmmwmqm L D EGIEratal)
°]J‘ﬂ\‘1LL‘LIQ@y@Wﬂu’]ﬂQLM@‘ﬂN"IﬂVI’Aﬂ 2518 lARNNANY
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nguanaInd1l8en wazazsiulowauaindinana
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afnrinae Wedhgnazuauniamin Sasazidenld
Lfaqu:mmmiuL@Q@mmmzimm@@ (viu nglea
wealag dus) Wuwan i iansdszneuluana ey
uazrnaaartananldansandnld davaeatlu
nanssgaineluBuinmuinnan (Bamforth, 2017)
HAANSHEAYINABARRRINL AMANULA TetFun
o ol I | d - o
weuisnazansinnniulugnan 3 ddoulaamsai
M lilassainaamaciausiuniunis wauas
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pNnUaLNTY deyatienatduilsclaaisie
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o A& o oA edad o o X = a
WanunanAualde Mliledndaynay waslsata
wnuAnlatsauantes
7. asAlsznaumaail
[ = = o‘:l/ ¥ !
avAlsznoumaaiaaaiais 3 gas laun
Usnnaum Ny Temu i lasd wazanslulamsn
wuan naliunlaeusiinuazdndauanssyiaiesmiung
nauny asnasediuauA NIy ladu way
Asiulansnas 1 aNilugNATY (p<0.05) LA lldauasa
Bunauldsiu wazidadeliad1Aty (p>0.05) Lila
WarsauBunuAnsiulawes wudn Wasgash 3 &
Yunupnslulamsniasas 1.93 NNNgALATLANFNY
gl g ATy Augaed 2 (Feaay 1.76) uazgman 1
(5p81az 1.62) ANA1AL (Table 7)
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Table 7 Chemical composition of beer brewed from Thai temperate cereals under different formulations

Chemical composition (%)

Formulation
Moisture Protein Ash Fat Carbohydrate
1 (Barley : Oat) 97.87+0.01 a 0.44+0.03a 0.05+0.01a 0.03+0.01b 1.62+0.05 ¢
2 (Barley : Wheat) 97.71£0.01 b 0.43+0.03a 0.06+0.01a 0.05+0.01 a 1.76+0.04 b
3 (Barley : Oat : Wheat) 97.54+0.04 c 0.44+0.01a 0.05+0.00a 0.04+0.01 ab 1.93+0.03 a
CV (%) 0.85 5.42 419 6.73 4.28

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly different at 95% confidence

level by DMRT

1 1 v 1
saunmuaslulzmssnininanlugnsi 3 Haau
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TRERAL 97.87 mmnzgm (Table 7)
155700281 wuqn AR N LANFANIWNG
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lunnuaadaaiu UFunudifiAfaaas 0.05 14 0.06
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8. Ysunnuuaanagas
Usnnmuueanesedidunmanyusiidfy

Usznsuilaresnaninsiedeshuuaaneaad a4l

Weaswsduinivuadszinnaeadas whdeiing

Table 8 Alcohol content of beer brewed from Thai temperate cereals under

different formulations

Formulation Alcohol content (% ABV)
1 (Barley : Oat) 7.50+0.10 a
2 (Barley : Wheat) 7.53+0.06 a
3 (Barley : Oat : Wheat) 7.53+0.15 a
CV (%) 2.10

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly
different at 95% confidence level by DMRT
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Table 9 Sensory characteristics of beer brewed from Thai temperate cereals under different formulations

Formulation Appearance Color Aroma Flavor Overall acceptability
1 (Barley : Oat) 711+1.35a 7.03t164a 7.14+1.29a 6.66+1.33a 6.80£1.28 a

2 (Barley : Wheat) 7.06£1.39a 6.49+1.34b 7.20+1.35a 6.83+1.07 a 7.00+1.19 a

3 (Barley : Oat: Wheat)  7.29+1.25a  6.29+0.67c 7.29+t1.18a 7.00+1.50 a 7.09+1.46 a

CV (%) 12.45 11.82 10.56 13.12 12.04

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly different at 95% confidenceg

level by DMRT
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