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A simulated annealing algorithm for packing problem
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SA-CPP lanafind1 anunsaanarldanglunisvuduaylddnoumumesiunisussqduidesian

ANENARY: WUUTIERUWLEY N13IAUUUNAGOUIANUAIFULNY NITIAINUUUALY

Abstract

In this study, we present the method for packing problem into rectangular container by Simulate
Annealing (SA) combine with 2 placing methods, the Axis Order Test: AOT and Corner Point Placing: CPP.
Since there is the limit of space, cost and time in the shipments, the purposed of this research is to
manage the problem for packing using SA-AOT and SA-CPP. The computational performance of both
models compared. The results from SA-CPP provide the reduction of costs in shipments with the use

minimum number of containers.

Keywords: Simulate annealing, Axises order test, Corner point placing
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1. sUuUUIEMsIAINdasduan
TuamAdeillimihauesuuuunisinnnasduiludaeumumes 2 35 Ao
1.1 A15IAINNUUUNAFBUIAAAANEIAULAY (Axis Order Test: AOT)

o A

ivuali A fe naeswhusuussyasdanaui {
(X,Y,Z) fo vunevedmoumumiaivsmin
K f9 91U2UT99Na0919iua

Fn15dnneuuy AOT Tumeuderoluil
1. andesit A #ddadudu (0,00)
2. Aounandesit Adesnmaaeureuingaiivrussyturmavendes A dudiuiliaunsonas
lugpoumuuesliiel ian (0,00) daunsonsidliiuluide 3 Slsianusanddliide 2.1
2.1 Waidamuuuanny x flag 1 A1 aundazaansnas A 1 é x> X,y <Y,z2<Z 14
Wdefi 22 x> X, y>Y,2<Z Thde 2381 x> X, y>Y,z2>Z Tide 3
2.2 Wafidamuuuouny y fiag 1 a1 Tasdwuelien X =0 udnduluvhde 2.1
2.3 finfidamuwuiwny Z fiaz 1 a1 Taemuualian X=0uaz Y = 0wdinduluvhde 2.3 mended
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3UN 1 3UMeg19n153neuuunageuIafan ULy (Axis Order Test: AOT)
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Y

X

1.2 mi{fm'mwuuqmgu (Corner Point Placing: CPP)

De Almeida and Figueiredo (2010) l#iausisnisnauuugesulasiduneuseluil

1. 19ndesddiufl 1 vun (Xx Y x 2) flgafidaizusy (0,0,0)

2. Lﬁl‘al’Nﬂa'EJQLLéJ’J‘-\]zLﬁﬂﬁ!ﬂﬂﬁﬂﬁlLﬁﬂﬁ]’]ﬂﬂ’]’i’s’mﬁzdﬂuﬂ 390 Ao

(0+x,00),(00+y,,0),(000+2)

3. deafiinande 2 sdufitndwmiuanandesdaly

4. p329aeURARARTLANINN1919 (Xt,Yt,Zt) \iorandesdifudaly Tned (Xt,Yt,Zt) Ao firai
AntiuainnTandes

0.1 fndedminun (% x Y, x Z;) awnsondld Tfsgafiaildanmsnndeadisiusn 3
e (X, +%,Y,Z) (XY + ¥, Z) (X, Y., Z, +2,) wewauqmiidndilénandesesnld

4.2 tnaedldannsandldlugafidniu Thaengafitadaluahnigig

4.3 frqaiifaditiausliainsanndedd Inldndoshdudalusmaseulutuneud 4 Snafen
ASUMUAIAUYINGDY

5. fugntunou

JUN 2 JUfeg1aN1sIAaUUUgRL (Comer Point Placing : CPP)

2. su108U3583aRnd (Heauristic Method)
suDouisE3aRn AR AutunifleudtymnsinGedneisiasainddimsumataGesdudadugaeu

WILBSIMuAUNAN 9 4 WUUAD NMITALULTALTITALEY N1SIALUUTBNIS Tabu Search danesfiuwuuRugNITH
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2.1 wuuInaesauLutien (Simulate Annealing)

° ~ . . & ad v A a PR v
N5 UUBUMUYY (Simulate Annealing) Lﬂmﬁiummﬂﬂmmmimmwmmzawqm FAUUNITAUNING
WABLUULANIET (Local Search) Fa9zivunoun1svingl (iteration) 3uninaglanadnsivanegfign (Hanan et al,
2017) lneaesmginssuvedlansiilasuanuiousunasuazaeduveanaiuazldanaaumgiiognad 9 aunseiiy
TangfudnaraznauazinnisiSeasnauduseidovaudufiuimela Uens et al, 2010) Ineiidanasiiuveans

yiausaneluil

Simulate Annealing Algorithm
1. denAEudy X, Mvanzaw
2. \Fengaumail T, Armsfives Bolzmann Kk wagfAman (Reduction Factor)
3. While ‘wmﬁmauﬁﬂlﬂaﬂuﬁmﬁmmzam do
for UIUTOUTBINTATLIUNA RO UL
wonemaulud X, + AX

it f(x, +AX)> f(X,) them
Frow = T (X + AX); %, = X, + AX

else
Af = (x, +AX)— f(x,)
GHGN r(O,l)
i r>eCK) then
f = F(X +AX); X, = X, + AX
else
frew = T (%)
end if
f="f.
end if
end for
end while

3UN 3 sUdanasfiuvesiuuinaeteuwmilen
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NaN1598

v
N YA v

Tuwddell §Idulaiavenanimaaeunisinieinassdudaslugrounuuesingldselouisdsannd

U

a v a

$AUNITIAFLWUVUNITIAINUUIALY (SA-CPP) kaN15INIIUUUNAADUIAAARMINEIAULNY (SA-AOT) Hviadu
2 aymceiume Jaymivesndesdumimhanussadivuiauanssiunase Uy 1) waslymvendesiiivuin

upneiu 6 vun Und 2) Inefinansidenweluil

'
a

Ugynd 1 draumnuiuesiivun 7x7x7 W wagldnuiundesdosianun 30 naedlaeNvuInuenaesduAuANeIg

o

v
YR

U9 30 NADY INULEAASIUIAVDINABIAIAISIN 1

M19197 1 MINVUIAYRINGRgRLTINAlAgT X ABA1UNIN, Y ABANYT Way Z ADANEN (lR9)

nang 1 2 3 4 5 6 7 8 9 100 | 11 12 | 13 | 14 | 15
X 7 a4 4 2 7 5 3 5 3 4 5 1 6 2 3
Y 7 5 7 3 2 6 1 6 3 3 3 1 4 3 1
Z 5 2 7 7 5 1 6 7 3 6 7 2 2 1 1

nang 16 17 1 18 | 19 | 20 | 21 |22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
X 6 2 5 7 7 3 1 4 4 1 2 4 7 3 7
Y 7 4 6 4 1 4 7 4 7 3 6 3 4 1 6
Z 6 5 3 5 7 7 7 3 6 7 1 a4 7 5 4

M19199 2 ;sRantaannsAualagldisiuuiaesuvs UM deITINAUNTTASEUUNITINIUUUAYL

UALNITININUUUNAFBUIARAA M AULNY

% U3uns AAUNISIALSBINED 1387(s)

28, 11, 5, 9, 24, 8, 4, 12, 7, 3,22, 16, 20, 2, 25, 19,
SA-AOT 343 400.412
10, 27, 13,15, 6, 30, 23, 29, 26, 17, 1, 18, 21, 14,

3, 4, 21, 10, 6, 9, 18, 11, 19, 23, 29, 13, 30, 20, 27, 28,
SA-CPP 343 37.332
2, 24, 16, 15, 17, 22, 5, 1, 25, 7, 12, 26, 14, §,

nuBme;: June Aonaeianunsaussyadlula

_— = S
[ —
—1 — .

gﬂ‘ﬁ 4 5UMIINNGUUU SA-AOT
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Ul 5 sUnsdanauuy SA-CPP

Uyvdl 2 graumuluevun 7x7x7 Wes uazlldnuiundesdesviaun 30 nasdlagNvuinveindesduiivun
LANANNGNAY 6 YUIA AB 3x3x1, 1x3x1, 2x6x2, 3x2x4, 3x2x2 WAy Ax2x2 F1UIU 30 NADI LALLARIYUIATDINABIAY

A15197 3

=

M99 3 MTvUIAYBINARITETIEAlALT X AaAuNTg, Y ABAINET Way Z AiaAd1uge (ng)

Q6N 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15

X 3 1 3 3 2 4 3 1 3 3 2 4 3 1 3
Y 3 3 2 2 6 2 3 3 2 2 6 2 3 3 2
z 1 1 2 4 2 2 1 1 2 4 2 2 1 1 2

Q0N 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30

X
Y 2 6 2 3 3 2 2 6 2 3 3 2 2 6 2
z

M99 4 aTamailaannisiwindesliisuuuTaeuuUs UMlEITIAUNTTAEEMUUNITINILUURALY

KAENTINIUUUNAADUIARAR AR ULNY

% USuns AMAUNITINSBINED 1I81(s)

2r. 18. 6. 3. 19. 12. 2. 10. 13. 9. 29. 14

SA-AOT 300 22. 4. 25. 5 16. 23. 24. 20. 28. 1. 7. 26. 21. 68257
11. 17. 15, 8. 30.
12. 6. 26. 20. 19. 23. 15 2. 7. 29. 13. 1.

SA-CPP 292 28. 27. 5. 22. 21. 3. 16. 8. 10. 25. 24. 11 67.234
8. 9. 17. 4. 30. 14

= = oA v
nueme: Juas Aendesianinsaussyadlule
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3‘Uﬁ 7 JUN53ANaUY SA-CPP

n15anUsIENa

MnnuideisldAnyuasiiauesUuuumsussyndesiudadugreumuines IneldussyndldiBuuusiaes
auwillya (Simulate Annealing) lng35ina1ilainuuIAnu19In Rao and Lyengar (1994) Tngtundssgndldsie
Tu13e9909n15U559na0sAuA o un1svuds fuauslfunauedyuinisussgaudiaclug
Aoumnuiues Ingliisuuudnaeeumiersindusunuunsiniuwuunageundnauwny SA-AOT Wazkuudnass
aumilgnsrudugunuunisdnatsuugayu SACPP lnsunauedgyninisussy 2 fedadiedunde
AABULNUDTIVUIN TXTXT AT Uﬁf\;ﬂéanﬁué’wﬁﬁmmmnéammﬂGi'mﬁ’uﬁ';mm 91U 30 NADY WALFABULNY
wostioun 7x7x7 wns® ussyndesduiivinauandstuiieiu 6 una $1uau 30 ndeutuinIfuIINMIMRARY

WuiNTBuuY SA-CPP Tdnalunsussyiiosndnig SA-AOT HaINIBNITININLUL AOT 2ei8anasfiun15InIei

£ =

Fudou Fainliisniswuu SA-CPP wngauiagiluldlunisdaeduiugnravnssunisuuddud

unagu

HAGNSTLAIINN1TIAMUY SA-AOT Uar SA-CPP 73 2 uuulvinamasiilndldusiu fwszdanuunnseiuly
muvasanlilunisuszuiana n151138N159RUY SA-AOT anunsatluuszandldluaunlidiniuswiu
mesunauagldlunisussanananiuiug1seaugs dudsn1sinnawuy SACPP anansanluldluanuiidenis

a I3 A 1o 9
WNAVIINLIT LLagiﬂUﬂqﬁﬂigll’JaNanlLLNUUWﬁ%@UﬂWUﬂaWQ

ARRNSsUUTZATA

lunuideaduiidusagarldegiauysalieanuniuiegadainuninerdemaluladsvunadaiy

WMENNETUNT wazumInedesvdgumansauilinisadvayulunn 9 a1
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AMrAINUaTILaznsltUslevivaswrananuuyy (39A89) Tudwmiaumansay
Diversity and traditional utilization of the genus Kaempferia (Zingiberaceae)

in Maha Sarakham Province

gawa uauge' Uvzws wauge' wazansinu Snwadal?

Surapon Saensouk!”, Piyaporn Saensouk' and Areerat Ragsasilp?

LequgInenmans UmINeIagunaITnIN SIINUIEI A
AL AU INADUUALYISWEINSAIANT UNINGIBEUNITITAIN FINIAUNIAITAI
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x4 1
UNANYd

Anwamanvasuaznisliusslesinutuiivanaguayy (e Tudsriamansay Tasfnwszuing
WounalAy w.A. 2561 fufioufiugneu w.e. 2562 wuiivananunyu 91w 8 ¥lln liun Kaempferia angustifolia
Rosc. (Usnuayns), K galanga L. (Wigview), K gilbertii W.BuLl. (m‘%méyuwaq), K mahasarakhamensis Saensouk & P.
Saensouk (AU ulvnanseu), K marginata Carey, K parviflora Wall. ex Baker (uviy/u), K pulchra Ridl. (’iﬂuuﬂﬁm) ey
K rotunda L. (Iuvmuew) ansnsaadnsguistusuunalinandnuasdugineiiviinuluisssuedd 3 via 8n
5 afiaduiiviivnugnlutudeu lusuuimmed 1 siadwuidusssurfuagiivgn fe K rotunda L wuflen
gnuanduivd wien 19dn fe Kaempferia mahasarakhamensis Saensouk & P. Saensouk $1891Un 1510 Use ol

fiutu 5 du ldun fveyulng @ vila) fvsea @ via) Aglivseiu (3 vlia) ive1ms (2 vile) waeivldilueyids

(1 vin) druvasivunanlduselov own Nedu winaglu

AdAey: fivanaguryu nsldusylevdiiudi anuvainvane Jwdnumasay

Abstract

Diversity and traditional utilization of the genus Kaempferia (Zingiberaceae) in Maha Sarakham Province is studied
between October 2018 and September 2019. Eight species of Kaempferia, namely Kaempferia angustifolia Rosc. (Prab-
Sa-Mut), K galanga L. (Proa-Hom), K gilberti W.Bull. (Sa-ri-Ka-Lin-Thong), K mahasarakhamensis Saensouk & P.
Saensouk (Toob-Moob-Mahasarakham), K marginata Carey (Toob-Moob), K parviflora Wall. ex Baker (Kra-Chai-Dam), K
pulchra Ridl. (Wan-Nok-Kum) and K rotunda L. (Wan-How-Non) are recognized. The Key to species of the genus

Kaempferia in Maha Sarakham Province is constructed from morphology. There are three species of plants found in
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natural forests. The other five species are plants that are grown in homes. Among the total, there is one species found
both in nature forests and cultivation, namely K rotunda L. One rare and endemic plant, Kaempferia
mahasarakhamensis Saensouk & P. Saensouk. has been found. The traditional utilizations of Kaempferia are reported
five uses which are herbs (4 species), rituals (4 species), omamental plants (3 species), food plants (2 species) and tonic

plants (1 species). The most parts of the plants utilized include pseudostem, rhizomes and leaves.
Keywords: Kaempferia, Traditional utilization, Diversity, Maha Sarakham Province
unin

WYANANUNYU %38 ana Kaempferia 8¢ n1elia9dtay Zingiberoideae WH1 Zingibereae 34 Zingiberaceae

9 U Y

€

S8

gananIUEUNMEY1eesiu Engelbert Kaempfer (1651-1716) Wuiiwdugnyansy dnvugiauvesiiveana

N

unyu Ae Nndruvesiviinduveuveniiuveuseme lnganizdiuvesninaziindulaziunduneuszimvennn

=) e

an nduUnuiuuutazyaerdnuiaduassy fsonsdvansvesduisy vissdalusunuudniafu visin
wiuludaty feanatiimansyaeiusluniousus Sude Juneuld laufuedens fusenideds flannudts
anatiuszanas 60 ¥ia wuianzlusouiewds fvanailulneunnd 25 ¥is lulssmdlnedinisliusslonianiy
anaguuyy laun 1Wuewns wu aunyu (Kaempferia marginata) Wussulng Wy nszwied (K. parviflora) W
Wisgau Wu Tuunagu (K pulchra) Hurhwew 1w UV 10uATeadens Wy guuyu (Larsen and Larsen,
2006) Sinngnuaansnarevituldins@nwifivanagunyuluniansiusendeunie laun gsna uasaue
(2556;2560) R wagAMy (2557) dswa uazAug (2560) Saensouk et al. (2016) way Saensouk et al. (2018)
Fwdaumansany Hudmiamenensfusenidsanievessmalne Wuiisiugdaifighen anwfududu
318 anmindulidels Jagiuanmihiiauysalmdetesas shlviemansuiomely uaﬂma‘f‘?[,uwiazﬁmm
Faflnslivselovianninenssssunasevin uazthitvananyuuuduinigniitelivssleviluthuBeuvesiios
Hanagunyuidufivanand silarusanuleialunaznszareiugldalududofs Uuganssalunia
ny fuoanidsanionuiluimisumansany feumhiffinsdunufivsialmivedan 1 vlauandufivmennuay
fivdudien Ao AUNYUURIAITANY %30 Kaempferia mahasarakhamensis Saensouk & P. Saensouk (Saensouk
and Saensouk, 2019) uendnisanuidfivanagumuvaesinungniileldUsslevdmutudou dufuis
wuidnisliuselonifvanaguiuAoudtannluiuiimeng fusenidsaniouaslusminumarsam fady

TouszasAveIn1sAnwiatel dauaulafnwianunainnameuaznislduselevdanivanagunyuludmin

Y & = v oA
URFITATULND L‘IJ‘L!SUay)awugmium'ﬁﬂﬂmm‘u@um@l‘ﬂ

o

769 aunsal wazdsns

drafivdeayanumainvatauaznistiusslosiiiutuiivanaguiyy Tnensasiuiidisiauazaeuaiunishy
Usglegdwuduvesiivanaguvyuaineadiulunuigusy 13 nyduludmiaumansay laundusum
(9479 0409 Urudsuiiey (niBsaiisy o.dled) TaUrTade (Aviweuen .0 unide) Uruvinveuen (nviveusw

a.AunsIve) YruvuFes (manuSes a.AunsIde) Uuuni (Y1 0.u19W) Uiuiadl (f.und e.unen) Uruuden
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(iden ounden) thuvuesiuns Guarive) eunFen) rusmesiios (uamls oanden) thutit @A o.usde)
Unuunwim eudind endeanliids) weelids Gudun elnauide) lne@nwissninufiounainu w.e. 2561 fs
Weufugeu w.e. 2562 dauaiuioviedu Tuiindaya Juiinam Fumouuariznsliussloriiilunsieaoude
SnenenanianusdotenssalsiuieUsendlng W alfituny adusdludisdiy we. 2557 @dnaunenssadld
NIUNEIUUNIF dndUanasius iy, 2557) asna wavAme (2560) Larsen and Larsen (2006) Saensouk and

v o Al

Saensouk (2019) warUszaunsalanAUle v ivATwesEidendnewiannit 20 U

NaN1598

INMIFNIANIaINagLarn1siiUsElevdiuiuvesivanaguryuluiuimiaumansany wuilvanagu

nyuiidnsdldussloninuiniuandunsd 1 uaeguin 1-8

1. Anunanviangvasivanaguryulunundminamiansais
n1sfnwiANuaInratgvesianaguryuluiun daminumansaiy wuiwanaguryu wazdinisianld
Usgleminududniau 8 wila Awuandlunsnen 1 uaggui 1-8 wuiniiens 8 vilaanansatanuadugninennlyly

uunlpeasadugisussaurialdal

sUIs i wunvllanvanaguvyuldwrinamnansay

1. Yonpniiansussumilonu K rotunda
Jomendeiimsnaeiumiiony 2
2 iislumdaidudiniem K parviflora
delumi-dunioweu dety 3
3. i uluBuus R URAY il
widluswsodesuBomnionu 5
4. ypuluildiiag K marginata
veuludgniedilisnssu K galanea
5. AONFLIN K pulchra
PRNAYM 6
6. luane K gilbertii
Tulsiane 7

7. vauluiiFing fRlusuan @@ eaUunng

Yauludleneau Ralunua@lenoau

K mahasarakhamensis

K angustifolia
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v

A9N 1 Auvannviateuaznisiiusslevdnuduvesivanagunyuluiundminumansaiu

Feineneans Fotudis Hnefiven WaeTiny nsldusdlemiudu
Kaempferia angustifolia Unuams wgn - U TaEs main V’T’ﬂﬁulﬂuaagulwmamﬂulﬁ
Rosc. Ut 8.ty weaugnlivthiulvienne

- Uit aunee. A
e
- U 9.7
210U
K galanga L. Wgveu #iwgn - UUVINUOUENS B, ﬁy’qéfuLﬂuaaguT,WiLLamﬂuiﬁ
weugweduws  weauanbiviiiulvidnneg
e A
- UU IS AW
1589 0. /Uit
K gilbertii W.Bull. afmauwes  fiwgn -tufud aise.  viesududulivsdusey
dles Wisnaugnlinriuli
-SRI A ANERA
589 0.AUNTITE
K mahasarakhamensis AUYIU Uufsss -Unand@en e Tussududnanuazinge
Saensouk & P. Saensouk EUAGEPR Y Won a.uNgen awmmﬁaﬁuméumq
K marginata Carey AUVU YR U ety Tussududnanuasiing
D.UMU pnsilafunauem Wy
~Sumeriuate.  vevanne seunu
el
~ it
Noustle
- thuvesges o
wnls o.unen
- Uit ALUASUN
alnauiide
- Uruununim mudin
i andraniiee
K parvifiora Wall. ex Baker — nsganes Wiwgn ~thudui aise.  winduainauesilunes

I

e
- UM BY AN
Se9 9. UNTITe

- TR i

YUY B.AUNTITY

Y & o w
WA ueNYNIas
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A a s 4 X A  a " A
VDINYIATNT VYDWUHDY ULIAINEN AN U

mslgusyleifintu

- UMY D40

K pulchra Ridl TUUNAY wgn - thufiugn A e,
0N
- UMuaEBe ANy
589 0.AUNTITY
- U TaAs eLyin
YOUBN D.AUNTIVE

- UUFIT ML

nmuduliiusesiu

D.UNPN
K rotunda L. oo Uiissiuee - Unudsadieu o visuduagulng Wivssau
wgn Doty audleq waziuliimaugnliniin

- UIUAUM AN B.

diag

- YIUVNS 9 7.0

589 9.AUNTITY

- TaU1Teas f.yIn

YUY B.AUNTITY

- U DM

Slvirnned

31]17‘ 1 Kaempferia angustifolia Rosc. (Us1U#313) 5UN 2 Kaempferia galanga L. (Ws1zviay)
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gﬂﬁ 3 Kaempferia gilbertii W.Bull. (@3n1auneq) §1J17i 4 Kaempferia pulchra Ridl. (31uunf)

31]17; 5 Kaempferia marginata Carey (1U%U) g‘lJ‘ﬁ 6 Kaempferia parvifiora Wall. ex Baker (n5z18/61)

3‘1]‘17; 7 Kaempferia mahasarakhamensisSaensouk & P. 3‘1]17" 8 Kaempferia rotunda L. (311un171a)

Saensouk (JUNYUNNIAITAIN)
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2. Uraeinen
NenwuludsssuwAdl 3 vila Ae Kaempferia mahasarakhamensis Saensouk & P. Saensouk (A UV UNEnIAIY),
K marginata Carey (uvyu) waiz K rotunda L. (3mumauen) 8n 5 sila i ufivsfitsnugniud s e ludnuiavmed

1 yflannunidussamnAuaeitagn fie K rotunda L. (Iuvnaue) (3 1)

3, mydUslovifudu

gt orimsnansmaniiivanaguvay 8 slinrldusslonial Avalns & 4 ofin fo K angustiolia Rosc. (U
auns), K galanga L. (Us1eviex), K parviflora Wall. ex Baker (n3e18i7) waie K rotunda L. (3Mumnuey) Wausna i
4-9tin eun K angustifolia Rosc. (Usuayns), K galanga L. (Wi1zview), K. silbertii W.BuL. (@r3maumes) waz K rotunda
L. (ummiuew) Wldiuszau 1 3 vila loun K alberti W.BuLL. (@Bnauwes), K pulchra Ridl. (3Muunéiv) wee K rotunda
L. (uvniueu) Wee1mns  2wia Ae K mahasarakhamensis Saensouk & P. Saensouk (1) Una] ULTN@15AY) Uae

K marginata Carey (auvisv) usie ieldiluenyrinds @ 1 %fin fie K paniflora Wall. ex Baker (nsswnes) (1573 1)

4. sy Sy
wuiigmenuazduiiad wied 1 ¥ila Ae Kaempferia mahasarakhamensis Saensouk & P. Saensouk () UMYy

UMNEAITANN)

unagu

ﬁ‘tjaqa@wgﬂwﬁuﬁﬁwi’mmmsmmﬁaﬁmu 8 wiln AU Kaempferia angustifolia Rosc. (Us1uasws), K galanga
L. (\Usheviow), K gilberti W.BuLl. (aﬁm?;’ UNY), K mahasarakhamensis Saensouk & P. Saensouk (5 Uy UNaNsnal),
K marginata Carey (A uvisu), K parviflora Wall. ex Baker (nN3en86in), K. pulchra Ridl. (7Muunesl) Uag K rotunda L. (31U
vmuey) Tneanmséhnanuin K marginata Carey (o) Simsnszanesiuganniign fe 6 it et 1) sosmaniie
K rotundi L. (uvmuen) ddustesndimsnszaewugeiage 4 Hufl wu 2 4ia fe K paniflora Wall. ex Baker (n3zanesh)
war K pulchra Ridl (3 1uune ) wonani Sanui e 1 uiamenuasduisd wier 1vida Ao Keempfera
mahasarakhamensis Saensouk & P. Saensouk 58 AUMUNNENTAL (Saensouk and Saensouk, 2019) ﬁﬂﬁﬂ@msﬁmgﬂu
InandevhsUinudiosuunieded dveant Sumiioiu W wiulu mafemonon wavdsen gurudinsihiivana
punyuihalFUsleniiugu Wun Dufvowns fayulng Avldidueysds fuliusd ussfinea Tewuinfing
TdUselomikua ulwsuasinaeanniiaefo 4 9l nmsfnwiad s senadasiunsfinuves a3ey uasan (2559)

wazgsna uazany (2560) N1sfnwasslidunisfnwasasnludminumansany
a a
naANIIUUIZNIA
YBUVDUAMANIUUITLIREINUNY W INendeumansay wagdtinauiauinemansuazmalulaguriagi i

(@) A aduayunsIToaseil vavounseauvItunAiIuilideyaruinunauideadul veveunm

V3RRAINEULaYATIVEOUUNANITERTUTaua I SOmewNsLe
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LBNE15919D9

935y Wntdoy, gINA waugY, INASW Nl WarIne Yeseusna. (2559). n1sliusylovuivisds. asfnsaiu
WONuANERS NTENTININEINTUAL AR

Aam1 AW, gIna wauae, Yoens wauaw wazan1snd auuwi. (2557). anuvainyiauaznisidusslevivesiy
dgalugneuuisnaguaun Jwmiadegil. 115815398 wv., 19(6): 794-803.

qIna uaua, Yoens uaugy uags1a dadneq. (2557). ivasdddlugneudseiemansgnszum a.0uie 9.
qmmﬁ. NIAINGNYAEARTING, 5(2): 99-105.

asma uaugy, Toens wauae uazavegn Tuilsiing. (2560). Anumannuanewasnsldusslovifuduresiivnad

FeluFaminnuesne Usemalne. 1sasInenans uv. 45(3): 574-594.

o S
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Improving growth performance and economic return of Babary ducks by

using autolysis yeast supplemented in the diet
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Abstract

Trend to using prebiotic replacement for antibiotic in livestock industry was enlarged. Many agro-
industrials byproduct and coproduct were used to prebiotic function and expected their results to improve
growth performance. The aim of this experiment was to evaluate growth performance of Babary ducks
when supplemented autolysis yeast in the diet. Ninety-six Babary ducks averaging 59.03+5.86¢ body weight
and 10d aging were used. The experimental design was completely randomized design. The animals were
conducted into four group. For each group was four replicates with six ducks for replicate. Treatments were
control and supplemented autolysis yeast at 0.1, 0.2 and 0.3 percentage. The experiment lasted for 8 weeks
with four periods including period 1 during 1-2 week, period 2 during 3-4 week, period 3 during 5-6 week
and period during 7-8 week. The results showed that in during week 2 period supplementation of autolysis
yeast at 0.1 percent tended to higher growth performance (p<0.10). However, when supply autolysis yeast
up to 0.2 percent found that body weight and body weight gain were greater than control group similar the
result in 5-6 weeks period. Additional autolysis yeast at 0.1 percent had higher growth performance and
feed conversion ratio than control group. Moreover, Babary ducks received 0.1% autolysis yeast showed
high salable bird return and net profit (p<0.05). It can be concluded that optimize level for supplementation

autolysis yeast is 0.1 percentage resulted to great performance and economic return.
Keywords: Duck, Autolysis yeast, Growth performance, Economic return
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Autolysis yeast supplementation (%)

Parameters SEM p-value
0 0.1 0.2 0.3
1-2 weeks
BW (g) 409.2 459.9 378.6 351.8 13.30 0.071
BWG (g) 3535 397.6 319.5 292.8 12.73 0.065

FI(g) 583.4 581.6 554.0 573.4 14.45 0.882
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FCR 1.66 1.67 1.74 2.02 0.12 0.701
3-4 weeks
BW (g) 1032.9 1215.3 1075.4 1092.6 45.42 0.547
BWG (g) 623.4 755.4 696.8 740.7 2757 0.369
FI () 1600.5 1723.7 1567.5 1882.5 72.07 0.434
FCR 2.61 2.28 2.29 2.55 0.09 0.521
5-6 weeks
BW (g) 1407.4¢ 1811.3° 1613.8° 1549.6™ 31.05 0.005
BWG (g) 374.5° 646.0° 563.4% 457.0% 31.10 0.044
FI () 2199.3 2557.5 2197.8 2526.9 78.52 0.241
FCR 7.12° 4.20° 5.30° 7.83° 0.19 <0.001
7-8 weeks
BW (g) 2278.8 2878.4 2450.7 2504.3 86.71 0.151
BWG (g) 871.4 1,017.1 811.9 954.7 74.91 0.780
FI () 3198.3 3,550.3 2852.1 3365.3 133.62 0.341
FCR 4.12 3.49 3.85 3.68 0.15 0.761
1-8 weeks
BW (g) 22788 2878.4 2450.7 2504.3 86.71 0.151
BWG (g) 222313 2816.10  2391.65 244533 86.249 0.154
FI (g) 7581.65 841314  7171.30  8348.15 299.56 0.348
FCR 3.41 2.99 3.00 3.41 0.13 0.606

NNEWe: °° Uag © ﬁﬁﬂﬁU@QiuLL@iauLmLLﬁfﬂ&m’]mmﬂ&i’maﬂ?ﬁﬁﬁﬂﬁ’]ﬁ@m’mﬂaa (p<0.05)
SEM = Standard error of the mean

Tusuranouununuasegha wuivesninasueslnladadasnuinnsiasudasie 3 suiulildwanons
Wasuuamesdunulumsiiiuthming (Feed cost gain) fumuA1e1ms (Feed cost wazdunusIimn (Total
cost) aeiitiddiynisadin (p>0.05) eghdlsfinunailunissmhedauiuiivenduiviinisaiueslsladadad
0.1 Wasidust luermsiisailunissiving (Salable bird retumn) fifign (p<0.05) Ingaunsasiviodaldly
$AadYy 27345 unaeda 91 alunisdimiisvendanguiviinisaiueslnladadadisedv 0.1
Wosidud geitandsinlimlagns (Net profit) veadanguilgaiigailowIsuisutudanguiu 1 (p<0.05) &

A15197 2
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Level of supplementation (%)

ltem SEM  p-value
0 0.1 0.2 0.3

Feed cost (Baht/kg) 13.50 13.54 13.58 13.63 - -
Feed cost gain (Baht/kg) 49.45 4344  43.65 49.71 20.68  0.388
Feed cost (Baht/bird) 109.03 12233 10440  124.04 6.18 0.119
Total cost (Baht/bird) 13493 14733 12939  149.04 6.18 0.119
Salable bird return (Baht/bird) 216.48°> 273.45% 232.82% 242.66%°  12.73 0.048
Net profit (Baht/bird) 81.55° 126.12° 103.42°  93.62* 6.58 0.003

MBI °° Uag © ‘1'7iﬂ°'1f‘ﬁ"ua&ﬂ,uLusiazLLmLLammmumﬂﬁmasmﬁﬁaﬁﬁzymaaaa (p<0.05)
S.E.M = Standard error of the mean
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simsmdedailansuay 95 um
Feed cost gain = Sasmswasuensduiming x mewnsaeilanty
Feed cost = U3inaemsfinunasnn1snnass x Ae1msdentany
Total cost = 1A1gNiUn + FUNUAIEIMTRADANITVIAGDS
Salable bird return = 51uﬁﬂLﬁ®Lﬁa§u§@ﬂﬂiwmaaq x s vedanenlansy

. ° . & v &
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Efficacy of soaked-water dried indian almond leaves (Terminalia catappa)

on regeneration of goldfish (Carassius auratus) fins
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Abstract

Study on efficacy of soaked-water of dried Indian almond leaves (Terminalia catappa) \eaves on
regeneration of goldfish (Carassius auratus) fins was conducted. The caudal fins of experimental fishes were
cut, at non-contiguous positions then perform treatment to have the regeneration of the missing part by
using soaked -water dried Indian almond leaves at different concentrations. To determine regeneration

rates, the times of recovering and the survival rate of fish. The experiment was designed into 4 treatments,
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with 3 replications; namely, T1 using water without dried Indian almond leaves, T2, T3 and T4 using 3, 6
and 9 grams of dried Indian almond leaves per 1 liter of water, respectively. The study found that
experimental fishes can completely regenerate the cut portion in a period of 6 weeks. The new fins were
lighter in color than the original fins, whereas the lengths of new caudal fins of fishes in T3 and T4 were
significantly (p<0.05) different from T1. However, this length of T1 was not statistically different (p>0.05)
from T2. Percentage survival rates over the period of trial of T 1, 2, 3 and 4 were 91.66+7.21, 100+0.00,
83.33+14.43 and 91.66+14.43 percent, respectively. Which were not statistically (p>0.05) different.

Keyword: Indian almond leaf, Surgery, Golden fish, Regeneration
UNUI
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Optimal feed types for cost reductions of African catfish (Clarias gariepinus)

culture in land-based cages
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Abstract

The objective of this study was to compare growth rates and economic returns of African catfish
(Clarias gariepinus) by using pellet together with natural foods found locally at Ban Nonsa-at, Nong Daeng
Sub-district, Na Chueak District, Maha Sarakham Province. This was the wisdom and knowledge of the
community. The research was conducted between October to December 2020. It was planned as a
complete randomized complete block design (RCBD) by using farmer’s 3 Block farms each block is randomly
assigned to every set of experiments with density rate of 50 fishes per square meter by providing ready-
made pellet feed consisted of 32 percent of protein in combination with 3 types of natural food, namely
termites, crickets, and red ants. The researcher released the fish in land-based cages of 1.5x2.0x0.3 m?
which mean lengths were 10.29+0.01, 10.26+0.04 and 10.26+0.01 cm. And mean weight 10.19+0.36,
10.18+0.10 and 10.26+0.05 g. respectively for 60 days. At the end of the trial, the mean lengths were
23.00+0.27, 22.75+0.22, and 22.06+0.06 cm. And mean weights of 95.76+0.53, 93.67+0.58 and 94.09+0.19
g, respectively. The growth of African catfish in terms of the length and weight were not statistically different
(p>0.05) while the specific growth rates, there was no statistically difference in average daily weight gain,
survival rate, and feed conversion of the three fish groups (p>0.05). When analyzing the return on
investment in African catfish in land-based cages, it was found that the feeding of pellets together with
termite feeding has high return on investment significantly was 55.44+2.75, followed by crickets and red
ants, 54.01+1.16 and 52.82+3.65, respectively. Statistical analysis showed that there was no significant
difference (p>0.05) and when considering the return on investment in raising the giant catfish in the cage at
a density rate of 50 fishes per square meter by feeding ready-made pellets with termites has more rewarding

than the finished pellet feeding experiment with crickets and red ants respectively.

Keywords: Low cost, Natural food, Land-based cage
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Feeding Termites for Fish Culture in Feeding Crickets for Fish Culture in In-

In-land Based Cages land Based Cages

e —
IIIIIIIIIIIi:;' S
o P
- find

Feeding Red ant for fish in-land based Weighing the African catfish during the

cages experiment

Measuring the length of African catfish Fish product yields obtained from the

during the experiment experiments conducted

gﬂ‘ﬁ 1 Activity of African catfish culture in In-land based cages.
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mﬂﬁﬂa’mﬁﬂf’mﬂ’ﬂm?{ﬂqnqmLLmﬂﬁmﬁ’uasmﬁﬁﬂﬁﬁzymnaaa (p<0.05) Auilideesazermssauifunslidaie
LAZUALAY LHULREIAUSATINITIS YUY Lagnsasgdulading LLazmmamaﬁ‘c’mmUamﬂs’]’ﬂﬁﬁtﬁyw
Freemnssaiunsiiann uay 3wde wnsafuegdildfamneadn fuilidestsonmssuiunisly uauns
drusnsnmsdsuemsdude snsnissennie wasnandnsensyds lifauuansisiunisads (p>0.05)
(51971 1-2, JUT 2-3) usnaannsmaassmuIUaInning fiAeaFesnsAIvILLY 50 Fasansauns Tne
Tremmsindisagusiuduiain axfiwnliuannmsidyduladiven enaideswhouiinalusiusasluiuly) was
uhvsevamniioSeuiisuiuuiawidndu 9 %Lﬁudwﬁimﬁuqﬂﬂdﬁqﬁmu,azmum (f3UsEAT Uazuwlg, 2527)
Fnduundsomsitinuameemsgs ilesantinadumsennsussnvlusiuuaslushy Fdusivuandsizinaunm
Filusfunniio Gnng, 2523) nuan1sfinuie 3 gansvaaes wanshmadssaandndlunsedaun udha
AMUVWILLUUTENIN 50 Msien1siauns Tagldemsdindisagusuiuuanaunsaanduyuemsisedied u
Snuilsnadenfiannsoaiieneld afraunasemsiiifismedviuinunsnsnedesluusemalne A1dasinis
Lﬂ?iaummivfluLﬁaﬁﬁwzLLam’hé’m’j‘ﬁLganﬁﬂﬁx%m%mﬁlumﬂ%m‘miaﬂ’hﬂ'wé’m'mm,ﬂ?iaummiLfluLﬂfaﬁgq
ndremnsiildidesdriidnlvgjegluanmutidnedindussduszneudio 5-10 Wedduduimiy Sasmadeu
ownauilowulsiulunueinvesdnith aunimvesemns Bnnsldewns gaunmesdniuazanimdwndon
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8n51n13580 (Survival) vasdnindesme nstifinisliiemsedeseunsulardninifedidnsinissensgs A18ATT
nswasuomsifuiievesanasiidiszning 1.2-2.0 waveraiinnudululdiiaaziinii 1.0 dmsuuisaniiz
AvasInsasuemisiduieassdisslosddmsunis@nwisulavumansuaziasegatan 13 adisuifiou
(35, 2561) warlumsfnwasainuimdnsnmsivasuemsiliuiiedugaioninnsasuieamsansiuiu
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A15199 1 Average body weight (£SD) and length (+SD) of African catfish of each treatment at 15 days

Intervals culturing in land based cages for 60 days

Food type
Duration
T1 (Termite) T2 (Cricket) T3 (Red ant)

(days)
weight (g) length (cm) weight (g) length (cm) weight (g) length (cm)
start 10.19+0.422 10.29+0.01° 10.18+0.10? 10.26+0.04° 10.26+0.052 10.26+0.01°2
15 13.54+0.25° 12.86+0.11° 13.13+0.19¢ 12.90+0.81° 13.42+0.21° 13.06+0.08?
30 38.55+0.97° 16.83+0.08? 38.81+0.89° 16.88+0.09? 38.40+1.15° 16.95+0.19°
a5 68.52+0.32° 19.83+0.022 67.25+0.18° 19.67+0.052 67.45+0.34° 19.46+0.11°
60 95.76+0.53%  23.00+0.27%  93.67+0.58°  22.75+0.22*  94.09+0.19°  22.06+0.06°

Note: mean values having the same superscript within the same row (weight and length) are not significantly different

(p>0.05)
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31]17; 2 Average length of each treatment at 15 days intervals culturing in land based cages for 60 days
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gﬂ‘ﬁ' 3 Average weights of each treatment at 15 days intervals culturing in land based cages for 60 days

15199 2 Growth performance, survival rate and feed conversion ratio of African catfish cultured in land

based-cages with different stocking densities for 60 days culture period (Mean+SD)

Growth parameters

Food type

T1 (Termite)

T2 (Cricket)

T3 (Red ant)

Initial weight (g)

Final weight (g)

Initial length (cm)

Final length (cm)

Average daily growth (ADG)
Specific growth rate; SGR (%/day)
Feed conversion ratio (FCR)
Survival rate (%)

Yield/cage (Kg)

10.19+0.42°
95.76+0.53°
10.29+0.01°
23.00+0.27°
1.30+0.01°
3.73+0.01°
3.34+0.07°
94.67+4.16°
4.53+0.19°

10.18+0.10°
93.67+0.58°
10.26+0.04°
22.75+0.22°
1.27+0.00°
3.70+0.02°
3.40+0.03°
96.00+2.00°
4.49+0.07°

10.26+0.05°
94.09+0.19°
10.26+0.01°
22.06+0.06"
1.27+0.01°
3.70+0.00°
3.41+0.08°
94.67+3.18°
4.45+0.20°
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Shsnssenmevesangndng Adsdunszdiun lunisvaaesaded wuhlsifieuunnsatunaadin (p>0.05)
Tnefinsidsefidnseumuuiu 50 Aareemsdusagusiuiudan 3130 uazuauas fnsnissenme i
ARABYINRU 94.67+4.16, 96.00+2.00 Lay 94.67+3.18 Wesiius audsu Wunaliioswiannisudesvaias
deedvunnlngFailidsninisenaniefigauarliuandistuluynngunismaass uagiinisnsisaey fnn
Bossruuh uazaunnihlioglussduiimnzanegnasatisszernanimeans saenauiinsusuUinue s
fldmudanduninaiyiviavesyainn 1 svey 15 Tu lunseaesndsiifladidunisuduata Iivinisiu
KanAnUa1annaaesanuaioilifinsugasenasgssauvid iesnnnisudestaniidesadluumasia

wiadueanauiugiulasevinseng o Adeginu viliiugnssuvesUamartuiilianuuanaeseninsan

=2 [

AUsgrInsantesal Jwslunaduegadaelsunsunisusulsaiug lnenedlodaanisuidnvaelml 4 1

v o v ¢

WinliiuUssansiimdsuiuuseiug viededeanaifiuszduanuvainatsvesuszans (giedmi, 2544;
Ryman, 1981) uay d1und waguiesni (2551) ﬂa'n’hﬂmmé’ﬂﬁLﬂuandﬂLw?jalﬁqu ausafRumdeiduun
1/8 vesiasines anunsanduiuldimunadnuazawelnglléne warannsodosmieldnigly 16 Falue Fedu
mnfinisugavioUdesaunaninassarsiounaninsssmirdmalidinishatsmeiusvosailneluumde

533UYIR 9 bITINIAIUANNIREIAINETILAMANTENURDWILED M INETTHYIA LA

ARt lummaaes

paantATlun1svaass vnsnsalinssdnuantiimn q 2 da wuirilAngean uaz A1einganaen
SYUTIAMINAADY Il gaumgdl 21.4-33.2 sarnwadea anudunsadusine 7.0-7.5 Usinauoendiauiiazaneii
2.3-4.2 fiaansunedns Amuilumig 119-136 fadnsuredns Aulusauas 3-13 wuiuns Ysuianeuluily

wa

0.05-0.15 Hadnssiedns seausesludeviivivaeestluig 02-20 Tadnsuwedns (Avnimelech, 2014) Aasaud?

s

e vihnmsvesediifinaauinuingay sglunasindaihnaunsamsydulaldd (afss waviuma, 2555; Useivs
wazAnz, 1.U.U.; Boyd, 1990) uazUamndndiludafifimnueanugs Snviamumuseanininyndes awise
Usudndnnvan muwanaeulaf (Akinwole and Faturoti, 2007; Rutaisire, 2007) 3elsinsgnusanisiaigiiulnues

Uan

A15199 3 Range of some major water quality parameter inside the cage

Food type
Parameter
T1 (Termite) T2 (Cricket) T3 (Red ant)

Temperature (°C) 21.4-325 21.8-33.2 22.1-33.1
pH 7.0-7.2 7.3-75 7.1-74
Dissolved oxygen (mg/\) 2.3-4.1 2.5-3.8 2.5-4.2
Alkalinity (mg/l CaCOs) 119-129 106-136 98-126
Transparency (cm.) 3-11 5-13 5-12

Total ammonia nitrogen (mg/\) 0.08-0.19 0.05-0.12 0.10-0.15
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NAABUUNUAULATHFANENS
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warandununI1luinnind enaviilanandnuazAineuunuuinnind imsigdnlunis@nwias sl gnsinig

wigAulalduanaieiy

15199 4 Economic returns of African catfish land based in cage for 60 days for all experimental

treatments
Food type
[tem/cage
T1 (Termite) T2 (Cricket) T3 (Red ant)

1. Cost (Thai; baht)
1.1 Fish fingerling (cost/cage’) 50 50 50
1.2 Fish feed (cost/cage?) 75.58+4.45° 75.83+1.51° 75.50+4.21°
1.3 Depreciation (cost/cage ) 49.32 49.32 49.32
1.4 Total cost (cost/cage) 174.90+4.45° 175.15+1.51° 174.82+4.21°
2. Fish production (Kg/cage) 4.53+0.19° 4.50+0.07° 4.45+0.20°
2.1 production cost (baht/Kg) 38.61+0.68° 38.96+0.29° 39.28+0.94°
3. Income (Thai; baht)
3.1 Total income from selling fish* 271.94+11.31° 269.76+4.18° 267.22+11.73°
3.2 Profit/cage 97.04+7.04° 94.61+2.76° 92.41+8.03°
3.3 Profit/Kg fish 21.39+0.68° 21.04+0.29° 20.72+0.942
4. Return on investment (%/cage) 55.44+2.75° 54.01+1.16% 52.82+3.65°

Note: Means with different superscripts in the same row are significantly different (p<0.05)
1. Fish’s cost 1.00 Baht for one fish
2. Feed’s cost for 25 Baht each kilogram

3. Cage’s depreciation from cage cost of one cage 300 Baht used one year
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Food type

Item/cage
T1 (Termite) T2 (Cricket) T3 (Red ant)

4. Market’s selling price 60 Baht

Tunsinwiifadunwimdlunismsianisuuamdunsiannnisidesagndndlunsedun e ssuyu
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Performance testing of barometer sensor in smartphone for liquid pressure
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UNANY

Tuunanui Wunsinauenanismageussansnmeuwesuiseivmed wazioUndinduinainanusuuy
iPhone 8 (LoUNaLATU Barometer Plus way Bar-o-Meter-Altimeter & Barometer) Kag Samsung Galaxy Note 9
(Lo UnaLATU Barometer Plus way Physics Toolbox Sensor Suited) Tunns¥afAMuFuvesn (Py=1.000x10
kg/m?) wazaialusm (Ps=1.067x10° kg/m?) an15348 WU wuwesurseilinosuazuoundinduinAiauauuu
iPhone 8 SanAnusuvosialysmlgusiuginind luvasiwuwesunsofieduy Samsung Galaxy Note 9 ¥n
ArAuiuvesinldudugrninualusn TnaAiranuduil Taldswe iPhone 8 waz Samsung Galaxy Note 9 §i
Woswudranuaaiaind oulunsiaiisuiunguifiaidesndn 1 fsagulain wuwesursedinesuay
waUnaAtuInA1AUAUUN iPhone 8 Lag Samsung Galaxy Note 9 HUsg@vEnnuazaukiuggdunisina
AufuTeseNnaY LwuigesurseilinesuuauinlrusislussuuUfuanag 10S waz Android 9 awnsavily
Usggndaltlunmsindranuduvesweavadilvaluviefifvuiadusituguenanssing 4 du iiemaAussfuves

YoUNAIRINUNNIAFATIE 9 16l

ANANARY: N13NAARUUIEAVIENIN Wwuwesu1salios aunsviny ANUAUYDIYR AT
Abstract
In this paper, we presented results of the performance of barometer sensors and pressure measurement

applications on iPhone 8 (Barometer Plus and Bar—o—-Meter—Altimeter & Barometer applications) and

Samsung Galaxy Note 9 (Barometer Plus and Physics Toolbox Sensor Suited applications) to measure the
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pressure of water (Py,=1.000x10° kg/m?) and sprite (Ps=1.067x10° kg/m?). The research results found that,
the Barometer sensor and application on iPhone 8 can be measured precisely the water pressure more
than sprite. Moreover, Samsung Galaxy Note 9 can be measured precisely the sprite pressure more than
water. The percent errors of liquid pressure measured both iPhone 8 and Samsung Galaxy Note 9 have
been less than 1. Conclusion that, the barometer sensors and pressure measurement applications on
iPhone 8 and Samsung Galaxy Note 9 have been high efficiencies and precise in measuring liquid pressure.
In application, the barometer sensors both on iOS and Android smartphones can been used measuring the
pressure of liquid flow through the pipe in many dimensions to find the liquid force per cross—sectional

area.

Keywords: Efficiency testing, Barometer sensor, Smartphone, Liquid pressure
UNUN

Tudlagtulanveanléiitnganssui 21 nioyalnsuaud 4.0 Fadugaiiinnisiamiuaznisiuasunas
\Huegrannmsiumalulad finuuazesnuuuisaimantasigunsaiddnnsednddumnnnine dmiududs
Aannsasasauazanlifuuyudld Wy reufiawes aunivlnu uiuide udu 9asiuldinlulagu
aunsulvdlfdnandonvlufisuyedinngdu deannanivinudugunsaifinesiadn wamde wavanansa
povALesEayuiFonsld Wy mehauwhumneeulal nstereaudt msfindedeans viensinw duadn
mianud Wudu WA A i g udWamnldinswau wusedang 4 Aadsasuuuuvedaauinlly
(Chen et al., 2014; Countryman, 2014) iﬁﬁiwuﬂ,ﬁﬁammmﬂLaai‘ﬁﬂ’uaﬁa SR UALDIANA BNV
uyuslénndaty Weiusearemnismaauasiulsslondlituglénu Smafugusesiodndunisimun
aundvlnuguuuunils (Countryman, 2014; Daponte et al, 2013) Ingidunsifinuszavsnmuazusslonilunis
Tdnuainausving wu wuwesuisedwes udu nanfe wuwesuiselwesuausnlnuauisarinisin
sefueugdlurasioguuiiuiigs Sniaeusesunsefinosaunsavnuintuseundiaduluansaliu (Vanini
et al, 2016) 1l a1d@nwIMIANAUUTIBINTA (Monteiro et al,, 2016) WarsEAUAINNE 151HBINITNTIY
(Monteiro and Marti, 2017) saalufenisldussleninssunsdnwmaaemnafldnd (Vieyra et al, 2017) &s
HEvuvdetfaeuminsauszendlfinueesunseinesivhnusiuiuueundinduluan vy weldifuedesdiely
N15¥A9Ns5UNNINARBY 1Y AanssunImaasd 1383 mnuiy wudadeallelunmmaassenaazdliifisswesie
FuaufiSeu nievnadaniesiioenvnriinisdirgademns dedwarensdnumaaes fefunsiieuges
vsefimeiiinuiuiuweundeduluaindvinuinussgndldlunisviifanssunimeaesiy eraasviiliidou
annsnyhianssunsvaaeslduuumeyaeariefismereduauvesifou uanainin 1sUszgndldisumes
vsefiwesivhnusuiuweundinduluausninuddiauasainuarsinss Tunisduanuiuaaiiig 4 n1e
F@ngdnee (Kuhn and Vogt, 2013; Oprea and Miron, 2014; Vogt and Kuhn, 2014; Gonzalez et al., 2015; Sans

g o v v o a - = o oA P
et al,, 2015) i'ﬂﬂvmﬁqﬂfﬁﬁur]sﬂayuﬁm‘lfﬂﬁnﬂﬂ’]ﬁ/ﬂﬂq]ﬂﬁillﬂ’]ﬁmﬂaa\ill']L‘LJTEJ‘UW]EJUﬂUWqHaLi@Q%aﬂlﬂalﬂaﬂﬂqa
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lunsideaseliingUsvasdiionaaevuseaniamiguiwasuiseiimasuaziaundiaduuu auninluun du
53UUU{URAN15 10S (iPhone 8) way Android (Samsung Note 9) Tun15IAAIAIILALYDIVDANAIF 8L AD 11

wazialusn

' v
s ala v 5

UL u1elives (Barometer Sensor/Pressure Sensor) fig WUl iIRAAULIUUDSAvR AN Tlvud Sy
Tlumsnseiaaudueimenionunneinia anusaldinAnnuduiissduanugeing 4 miofiuiu wasd
seiuAuEnvesvesvan TaeAiialdiinedu hPa (1 hPa=100 Pa) fofiveansliiwumesurseiinesuuanin
Tnlu A ansnsald Sarrausuenialdnniiisdeanisindr axmnuarldnude deide fe 1osn Barometer
Sensor/Pressure Sensor fluasnnlwutisguhidu W Tussuuufoinag 0S 13uillu iPhone 6 1Wusu wagly
38UUUURN"S Android 13 uiilu Samsung Galaxy Note 5 LHudu et aunsansiaaevinautsvlnugulag
Barometer Sensor/Pressure Sensor %38l 1¢# http://www.techmoblog.com Fauulun1sitendeisudentd

wuosurseliwosuuanslualussuuuusnis i0S wag Android TunsinAanuduresiiuazdnalysn
/ ¢ ad
260 gUNTRY 1ALIENIT

aunsalnsIY

v
v 6%

lun153deaseigunsallunisnaasuanideguil 1 Feusenoudigveanal taun U1 (Aunuwdy py, =

9

1.000x10° kg/m?) wazthalusv (pnunuiuiu Ps = 1.067x10° keg/m?) iosanuuasinalusniianulawmiioudu
~ A o a o - ) o % = a o 9 ' 4 4

Fadenldiduveunarlun1sidensald aduuns gesiuduasfidasdandudmsuldausninuy aunsnlnu
53UUUfUANTT I0S (iPhone 8) warseuuUfufnis Android (Samsung Galaxy Note 9) dawarafnd1nsuld
VBUNAT VBWITVUIALEURUAUENANE 1.5 17 817 1105 uag weundiaduuussuulusnig iOS (Barometer
Plus uag Bar-o-Meter-Altimeter & Barometer kanaa43uf 2 (n)-(2)) wazuuszuul{Uani1s Android

(Barometer Plus kag Physics Toolbox Sensor Suited meﬁ'ﬂgﬂﬁl 2 (A)-())

R i e

JUT 1 yagunsain1snaaesinauiuluvevan
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U 2 wuweunselinefuasueundiaduuuan vlnuvesssuuUFuins (n) i0S (Barometer Plus)
(1) i0S (Barometer &Altimeter) (A) Android (Barometer Plus) Way
(9) Android (Physics Toolbox Sensor Suited)

TunauLaINTHTe

Tunmsiseadiiidunisnedeuyssasmnus wruwasuselimesuazue Undndutnmnusuuuaunsnlnude
nnuesaRumIABN1INAARIUBY Macchia (2016) Tnefiseandendunoudll

(1) dadumnsianuenivie PVC daudvarsvewioauldauen 27 wuiuas Ingnnanaasuuvislagi
B 0 wuRmsaEiuTIMNa1Tie LAY 27 WuRns sgiiusnaatevie

(2) vhwavihalddmmadugaimanain Imaiﬁﬁxﬁuﬁwgqmﬂﬁ’uﬁq 20 1URIAT

(3) gunsaldmiudadnaunininurianiuiuseurie PVC TngldUanesmumiuiivuielvgnindndatusie
PVC dhududlidnninusulsmnetusuu ielddmsuinnauninliulunismaaes

(@) vih/halusniinFoul imasdmanafnaussduaugeiinimun (20 wufiuns)

(5) foArAuFuYoTifumMLwaneet (Fumsdl 1 (0 cm) sumdedt 2 (5 cm) shuvdsit 3 (10 cm)
FuMLaf 4 (15 cm) wagsiumied 5 (20 cm) audidu) Tnglfieugeiuiseine fueaaun fvlnuszuuufuans
i0S 9 1US WA VWD UNGLATY Barometer Plus Way Bar—o—Meter—Altimeter & Barometer wagaus nivu
5euUUURANS Android vinnusiuiukeunaiadu Barometer Plus uag Physics Toolbox Sensor Suited

(6) SufinAnanududiseduanudnng o Aldnueundiedy wdihamanuduainnsmeaedUisuiiuiu

AAUAUIINNITAUIUATING )

N13MAae U ANSA MU ULWTDTUITOTINESHATMO UNGLATUTAAIINA LU AN SNTWUAI8N VRsaRLIUAY
Fnsneaeswes Macchia (2016) sawnisiansniviy (dgesiui) Juadluluvesmaiiiseduaiiudnee 9 it

TAAANUAULEAIAIFUN 3
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Patm

Ps

<

y

Smartphone

3UN 3 MyladnAnuiuresifisyiuauane1e o lngldwugesinanusiuuuainininu (nndeile)

WA 2aAUsTNaUTRIAUAUTINTEIFaau sVl (2 wYI1dle) (Macchia, 2016)
Macchia (2016) levins@nerinaeusuvesvestaniumuduiudveingvesanivau aeeunisn (1)
P, =pgH +PF,, (1)

o P, florusureseunaaiivhnista (umbe hPa) P, fie AufuusssINIATese N ATIARTUULRAY
vasvasval (lumiae hPa) (aefl 1 Pa=0.01 hPa) Tun153deadailld Aneroid Barometer BTI® e P,y 7i5z6u
Ravesweawan 0 cm (huasialdd) Ide P,,=1008.21 hPa (= 1.00821x10° Pa Juammgud) pfe A
nuwduveswaunal (luniie ke/m?) TnsAuruILYuYeI (o) 111U 1.000x10° kg/m? wazthaludn (09
WU 1.067x10° kg/m? (1.6 kg/1.5x10° m?) ¢ fie Anansaiiesanusdlidugisvestan (9.80 m/s?) uae H fie A
dnvesmninliuiwegluveaan (lumite cm) warldauns (1) lunsdamaufuveme wvaissAum

aneing

NIAMUIUAINIINAUNING B
nsAnnumanuiulumangullagldaunisi (1) A1 P,y 19A16Y Aneroid Barometer BTI® 752AUNIUBY
Youual 0 cm (Wwaztnalusn) 1aan P,,,=1008.21 hPa fl0g19n1SATUINAIAINNALYDIUNITEAUAIINEN 5 cm

@

5l
P. = pgH + P, = (1000kg/m®)(9.80m/s?)(5x102m)(0.01hPa)+1008.21hPa =1013.11hPa

fvg1anmseuluAIANUsuYsialusnAsysuauan 5 cm sadl

P. = pgH + P, = (1067kg/m*)(9.80m/s?)(5x102m)(0.01hPa) +1008.21hPa =1013.44hPa
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NaNI15998

1. ms¥adAnusuYe st fiszduANENAIg 9

Apusuusssneflfiudmguiidudii Salaeld Aneroid Barometer BTI® nenpnuduiiinhsesu
0 cm ldFAusuUssEnTe (P,.,) 1008.21 hPa uarldranuiuussenne (P,,.) dunueiluaunisi (1) wawiii
THluntsnaaasdimumnuiu (p,) Wirfu 1.000 x 10° kg/m?® Aarusuitindomuigesuiseiwmesunauniviny

seuuUUANIS I0S Uag Android kagAIAIUIUNIING YL WARINIAITINN 1 kaEAITIN 2 AIUEIRY Fail

A15197 1 Kan1IneaesinAIANAIuYRNNTEAUAINENAS 9 Ingldiwuesurselmesunann vy

S¥UUUURNIS 0S

JLAUAINEN Anusuluvewava, P (hPa) AMNG W) % Error

AN 1 AN 2 AN 3 LAY S.D.

Barometer Plus App

0cm 1008.66 1008.66 1008.66 1008.66 0.00 1008.21 0.045
5cm 1012.04 1011.95 1013.97 1012.65 1.14 1013.11 0.045
10 cm 1017.73 1017.79 1018.66 1018.06 0.52 1018.01 0.005
15 cm 1021.52 1021.27 1022.50 1021.76 0.65 102291 0.112
20 cm 1026.50 1027.30 1026.02 1026.61 0.65 1027.81 0.117
Bar-o-Meter-Altimeter & Barometer App
0cm 1007.07 1008.65 1007.10 1007.61 0.90 1008.21 0.060
5cm 1011.62 1012.32 1011.75 1011.90 0.37 1013.11 0.119
10 cm 1015.41 1016.62 1015.52 1015.85 0.67 1018.01 0.212
15 cm 1020.33 1021.52 1020.32 1020.72 0.69 102291 0.214
20 cm 1024.24 1025.03 1026.21 1025.16 0.99 1027.81 0.258

annan smaaedlumsnd 1 fadranudufissduanudnuanieiu (0-20 wudiung) lngldwuises
u150imasuL iPhone 8 Usznauseuaunaiadu Barometer Plus way Bar -O-Meter- Altimeter & Barometer
WU Ai5edu 0 cm nsTariAuFuteN 3 SadsuounAiaty Barometer Plus ldAwnAuYNASs wazidle
Wisuisusue e wudn dannueainadou 0.045% luvaedivinisTarianuduresi 3 gadae
woUNALATY Bar -O-Meter- Altimeter & Barometer wu31 IaAuansstulazdiddudsauuanasgiumiiy
0.90 waziiloiFuiisuiuAmimeued wuin danueaaedou 0.060% wazidlovhnsinenausuvesniiisfu
ATWANAS 9 Ui eenadudidfistunuseduaudn wevaenedestusfuanmmgul Weduiiisuen
mssuifaldiuAmamged wuin e sleudmiuaaiaedeuinniign fe 0.258 Fudumnuamaindoutes
wn (ounin 1%) WevunidsunsmiIeudfisumanuduilinsemuwesuiseiine suuanivliu (Barometer
Plus way Bar -O-Meter- Altimeter & Barometer) fuAMaguiuansisgudl 4 Fsaziiiulsinnsindranuiuves
ihilszdupudndng 4 feueundiadu Barometer Plus Welndimauiiuinninisiaseueundindu Bar -

O-Meter- Altimeter & Barometer
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25

H (cm)

—o— Barometer Plus
—B- Bar-0-Meter - Altimeter & Barometer
—0—Theory

UM 4 WisuiiguAanuiurenifszauanuansg q lngldaugesuiseiiinafunainsninussuuliuians

i0S flungeg

A19199 2 HANSNAARTIAAIAINNALTEIUNTITEAUAINANENY o Tnelduresurseline Sunain vl

5¥UUUfURN1S Android

SEAUAINY Anusuluvesvasual, P (hPa) , .
- T T— T— 5 AING Y3 % Error
an ATIN 1 AN 2 ATIN 3 Dl S.D.
Barometer Plus App
0cm 1008.41 1008.39 1008.66 1008.48 0.15 1008.21 0.027
5cm 1013.34 1012.95 1012.09 1012.79 0.64 1013.11 0.032
10 cm 1017.80 1017.79 1017.32 1017.70 0.27 1018.01 0.030
15 cm 1021.38 1022.73 1021.65 1021.92 0.71 1022.91 0.097
20 cm 1026.91 1027.52 1026.98 1027.14 0.33 1027.81 0.065
Physics toolbox Sensor Suited App

0cm 1009.36 1008.93 1008.95 1009.08 0.24 1008.21 0.086
5cm 1013.97 1012.96 1013.56 1013.50 0.51 1013.11 0.038
10 cm 1018.99 1017.55 1018.45 1018.33 0.73 1018.01 0.031
15 cm 1022.99 1022.52 1021.93 1022.48 0.53 1022.91 0.042
20 cm 1026.60 1025.95 1026.59 1026.38 0.37 1027.81 0.139

ANNHANISNABDILUAITIN 2 TAAIAINUAUN SEAUAMUANLANA19AY (0 — 20 Lwuiuns) Ineldiwuiwes
U150A1MBSUU Samsung Galaxy Note 9 UsenauslguaUnaiadu Barometer Plus Way Physics toolbox Sensor

Suited WU A5EAU 0 cm NISIAAIANUAUVDIU 3 GIA28waUNAATY Barometer Plus LaA1ANAUUBIUN
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uanssiudniosuardmadudoauumnasguitiy 0.51 wasdlowIeuifisuiuammmgul wui faueaia
\asY 0.027% luvaisivinisinAarusuuestn 3 SadeueUndiadu Physics toolbox Sensor Suited Wudn 1¢
Apruduresiuanfulaziiehd i desvunasgusiaiu 0.24 uasilowSeudisutudmimgud wudn 3
muAaIRAAeY 0.086% waziiievinisinAmudurenhiiszsuaLEnsing 9 WU AAusuiiaiuTun
sefuALdn uardenadestuArmuILMag e WeIsufisuannuduiin ldfudmmaus wuia fie
Weslwudnnuamaadeusnniign Ao 0.139 Fuduanuaainiedeutosuin (eandt 1%) iothudsuns
WisuisuaimnuduiiTadieueesuisefimesuu aunsvivu (Barometer Plus wag Physics toolbox Sensor
Suited) fuAnyamguiuanafaguil 5 faandiuldinsinrmanudureshiissiuanudnine 4 doweundindy

Barometer Plus lvirlndifisamngeduinninnisinmeusunaadu Physics toolbox Sensor Suited

1035
1030
1025
S 1020
< 1015
% 1010
1005
1000 A : : : :

0 5 10 15 20 25

H (cm)

——&—Barometer Plus
—@-Physics toolbox Sensor Suited
—O—Theory

JUT 5 Wisuiflgumanuiuvenifissduaudneg 9 lngldwugesuiseiwesuuansninussuujunanig

Android fufamnges)

2. MsnAranuiunaluimiisssuaudneing g

Aaruiuusssmailidudmguiidudiiinlag Aneroid Barometer BTI® Jnsanudufiinihalusnsesu
0 cm lAALfuUssENMIA (P,,) 1008.21 hPa wagldmamnuduussennia (P,,,) Sunuailuaunisd (1) wazin
alusndildlunisvaassinuvuiuiy (o) Wiifu 1.067x10° ke/m?® Ararududi fadewuiwesuisedmesun

aunsnnuszuuUURNTT I0S wag Android WAZANAIUINVINNIOE]] WARIRIRNITIN 3 kAR 4 AUEIRU AITl
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A15197 3 wan1sneassinAANAuYeshalUIMNsEAUANAnae 9 IngldeuesurselinesunaunIviviu

5EUUURURNNT 0S

ANusuluuaual, P (hPa)

JLAUAINAN o o o - RIS % Error
AN 1 AN 2 AN 3 Dhld] S.D.
Barometer Plus App
0cm 1008.73 1008.13 1008.55 1008.47 0.31 1008.21 0.026
5cm 1013.17 1012.99 1012.57 1013.01 0.31 1013.44 0.042
10 cm 1018.36 1018.01 1017.75 1017.95 0.31 1018.67 0.071
15 cm 1023.04 1024.32 1023.47 1024.38 0.65 1024.89 0.050
20 cm 1027.05 1028.56 1027.31 1028.34 0.81 1029.12 0.076
Bar-o-Meter—Altimeter & Barometer App
0cm 1008.18 1008.02 1007.95 1008.05 0.12 1008.21 0.016
5cm 1012.07 1012.00 1011.94 1012.34 0.07 1013.44 0.109
10 cm 1017.86 1017.56 1017.32 1017.58 0.27 1018.67 0.107
15 cm 1022.17 1022.02 1021.98 1022.06 0.10 1024.89 0.276
20 cm 1026.89 1026.53 1026.34 1026.59 0.28 1029.12 0.246

NNANITNARDIUATTIN 3 TAAIANUAUIBIELUSNTASEAUAIUANLANHA Y (0-20 twuRuns) tnaly
UL DS U5 LMBS UL iPhone 8 UsenaumiawaUwataty Barometer Plus wag Bar -O-Meter- Altimeter &
Barometer WU 7A5¥aU 0 cm M5inAAusuYesialusyn 3 disnewaundmtu Barometer Plus loAmnusay
wanAfudnteswaziiadnudonuuinnsgiurenisinainnusuwiiy 031 wasdlewSeudisuduanimegeg
NUI1 dAueataaaeu 0.026% luveiivinnisinatanusuuesialusyn 3 $193eaUnaadu Bar -O-Meter-
Altimeter & Barometer wu31 leiAauduuanstsiudntesuaziiadulssuusinsgiuvesnisiawiiu 0.21

a a a YRl a oA a a o Y o 4 s a
LAzl DLUIIUWIBUNUAINIING S WU UAINARTIALAGDY 0.016% wazidlevinnisinAAuauvesalysng
FEAUAMUANAN 9 WU AIANAUNIALATANARTUAUTEAUMNEN LazdonAdoItuAIAIINNIMa Y] LD

a a ' v Ao VYyve a oA ¢ & A a A =
Wisuiguaauduiinlaiuamiamnged wuit dewesiwudanuaaianiouniniign Ae 0.246 Fuluainy
AANALAGBUTRENN (Uaenin 1%) WatulgunsiilSeuiisuainnusuninmewueesuiselinasul iPhone
8 (Barometer Plus uag Bar -O-Meter- Altimeter & Barometer) fuAMMIMguiuansiagudl 6 Fsazimiuldinnisin
AIAMUAUYBIUNTZAUAIINENAN 9 MewaUndiadl Barometer Plus TianlndiRsmguiuinniinisinaisuey

NALATUY Bar -O-Meter- Altimeter & Barometer
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1040
~ 1030
1020
Q- 1010

1000 + ; ; ; ;
0 5 10 15 20 25

H (cm)

(hPa

—o—Barometer Plus
—I-Bar-o-Meter - Altimeter & Barometer
—O—Theory

JUTl 6 Wisuiflgurmanuiuvesialuinfissiuanudn Tngldwuwesuiseliwesuuannininussuuujuianig

i0S AL

A15197 4 wan1sveassinAauduveshaluimiszauauands o Ingldeumesurselmesuuauniviviu

5¥UUUfURN1S Android

mmﬁus[,u%waqmm, P (hPa)

FEAUAINEN — — — - ANG W) % Error
ATIN 1 ATIN 2 AN 3 b3eY S.D.
Barometer Plus App
0cm 1009.48 1008.45 1008.20 1008.71 0.68 1008.21 0.050
5cm 1014.28  1014.01 1013.51 1013.93 0.39 1013.44 0.048
10 cm 1018.79 101826  1017.85 1018.30 0.47 1018.67 0.036
15 cm 1022.02  1021.55  1021.30 1021.62 0.37 1024.89 0.319
20 cm 1028.57  1027.03  1026.77 1027.79 0.97 1029.12 0.129
Physics toolbox Sensor Suited App
0cm 1008.73 1008.13 1008.55 1008.47 0.31 1008.21 0.026
5cm 1013.47 1012.99 1012.57 1013.01 0.45 1013.44 0.042
10 cm 1018.09 1018.01 1017.75 1017.95 0.18 1018.67 0.071
15 cm 1025.63 1024.32 1023.47 1024.38 1.09 1024.89 0.050
20 cm 1029.14 102856  1027.31 1028.34 0.94 1029.12 0.076

31nNaNIINARRIlURIS19T 4 SaA1AuRuT sERUALE AN Y (0-20 wuRuns) Tngldiguies
U150A1MB5UU Samsung Galaxy Note 9 UsznausisuaUnaiagu Barometer Plus Way Physics toolbox Sensor
Suited WU 7i5EdU 0 cm MsTarAusuTehElUM 3 S1daueUnAlAd Barometer Plus dANAILT VDS
ihalusmuansstudndesuasiimdmidsauunasguresnmsiamiiy 0.68 uandlensuiiiautuamiamgu]

WU fnueanandeu 0.050% Tuaaefivinnisinaiausuvesinglisn 3 gmsleunawadu Physics toolbox
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Sensor Suited WU VLﬁ"mﬂ'amﬁmm‘fwavLﬂ%wLmﬂmﬁuuagﬁmdamﬁmwummgmmmmﬁmL‘vhﬁ’u 0.31 uae
dewseudisuifusmimgui wui Sanueanaedou 0.026% waziilernisineausurenialuimitsesu
AraEnee 4 wuth AenaduiiiutunuseiuenaEn uaraenedestummuumagel dewSouiiisudn
asuifaldiuammamgud wuih Senveisudnnunanandeunniian fe 0. 319 Fadumnuamaedeutios
wn (Houni 19%) WethindeunsSeuiieumanusuitiadewuwesuisefiwmesuu Samsung Galaxy Note
9 (Barometer Plus uaz Physics toolbox Sensor Suited) AuAymauiiuansfagudl 7 deaziiulddinisiad
anufuvenifisziunudndng q frenoundiadu Barometer Plus A lndidsmguiinnninisiaseuey

WaALATU Physics toolbox Sensor Suited

1035
1030
1025
S 1020
< 1015
% 1010
1005
1000 : : : :

0 5 10 15 20 25

H (cm)

—o—Barometer Plus
—IPhysics toolbox Sensor Suited
—O-Theory

JUN 7 Wisuileurauduveaaluivissauanudnee 9 lngldeugesunselinesuuaunininy

52UUUURN1S Android fiungud)

3. UseAnSnanwvaawuiwasulsadisnasunaunsnlny
Watheauduwdy Andesidusamiunainindeu vasiitazinalusnidamewuwasuiselmasuuauisy
InunsluseuudUAnis i0S wag Android wazAIMaNgue N5EAUANNENAIT 9 31NA15197 1-4 ETUTINAS

WaASlUASI9 5 e AUTEENS AU UIReSUNTBImBSUNANTSTILNY iPhone 8 way Samsung Galaxy Note 9
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A15199 5 HaN1SIUSEUWEUAREAY ANAIUARIALARDUSENINAIANUAUNLAIINNITNAABY LALAIANALIINNNT

ATUINAIUNE Y
aunsnlvlusyuudunig i0S aunlvlusyuudusnis Android
(iPhone 8) (Samsung Galaxy Note 9)
s¥AU  Barometer Plus Bar-O-Meter— Barometer Plus Physics toolbox . -
. ANE )
AIUEAN Altimeter & Sensor Suited
Barometer

ARaY % Error ARae % Error  ALRAY % Error  ALRAY % Error

SaFanusure s iisysunuEnsng 9
0cm 1008.66 0.045 1007.61 0.060 1008.48 0.027 1009.08 0.086 1008.21
5cm 1012.65 0.045 1011.90 0.119 1012.79 0.032 1013.50 0.038 1013.11
10cm  1018.06 0.005 1015.85 0.212 1017.70 0.030 1018.33 0.031 1018.01
15 cm 1021.76 0.112 1020.72 0.214 1021.92 0.097 1022.48 0.042 1022.91
20 cm 1026.61 0.117 1025.16 0.258 1027.14 0.065 1026.38 0.139 1027.81

[

ToAanuauvesaluimiszauaudneig o

0cm 1008.47  0.026 1008.05 0.016 1008.71 0.050 1008.47 0.026 0.026
5cm 1013.01 0.042 101234 0.109 1013.93 0.048 1013.01 0.042 0.042
10cm  1017.95 0.071 101758  0.107 1018.30 0.036 1017.95 0.071 0.071
15cm 102438  0.050 1022.06 0.276 1021.62 0.319 1024.38 0.050 0.050
20cm 102834  0.076 1026.59 0.246 1027.79 0.129 1028.34 0.076 0.076

9NANSNT 5 A1AuTURAELaYAILAAIALAE BUYEINNTIARA IR UYE N §eriinnsTadisne Undindy
Barometer Plus iwlouifuiisly iPhone 8 waz Samsung Galaxy Note 9 wuin sz 0 cm msTasaususae
Samsung Galaxy Note 9 fliiUasiwusanunainmdenu 0.027 daloaniinsinfinanuiugie iPhone 8 (0.045%)
wazilevhnisinAra e seuanEEn 20 cm wudn nsTafANEuAE Samsung Galaxy Note 9 &
Wesusauraanion 0.065 Jefasninnisinaaududie iPhone 8 (0.117%) Wufe wuwesursedwmesu
Samsung Galaxy Note 9 fluszansamlunsiarianusureniiingi iPhone 8 widlatrluinAranusuvei
alusnii szdu 0 cm MU n13TAAIAIINAUR e Samsung Galaxy Note 9 (woUNE ATy Barometer Plus)
fesiwudanupaiamdsu 0.050 311nn31n15TRAIAINR LAY iPhone 8 (WoUnALATY Barometer Plus)
(0.026%) waziiievnisinArauiuenhaluiniissiuanudn 20 cm wudn MsTAIALTE e Samsung
Galaxy Note 9 Tlefifudannuraiaadou 0.129 Funnniinisiasiainuiuaie iPhone 8 (0.076%) Hufe
wuwedunseilinesu iPhone 8 fUszansawlumsinAranusuvesialddn findn Samsung Galaxy Note 9

a

wanslAiuIwuwasuIseiinosuL iPhone 8 ﬁﬂizam%ﬂﬂwiuﬂﬂi‘i’mmﬂmuﬁumawaammﬁﬁﬂ'wmwwmLLu'ugq
(Ps > Py TwuniginisindanufurestemaiiFianumuILLium Samsung Galaxy Note 9 fUszansanlu
ns¥araldusiugingn iPhone 8 Heiflunisinranusuresiuazihalusmaewuwesuisednesus iPhone 8
Waz Samsung Galaxy Note 9 fwosigudanunaiaadevlunisinainnuduiiosnin 1% ﬁﬂﬁuﬁﬁﬁﬁqﬂléf’j’l

WULBSUIT0IMOIUL iPhone 8 Wag Samsung Galaxy Note 9 fiuszansnwlunisinaArAusure v Lia)
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unagy

Tunmsiseiifunisneseulssavsnmusssuimeiunsefinesu iPhone 8 uaz Samsung Galaxy Note 9 L@
woundinduinAanuduuuain vy annan1snaaesaguladn wuwesuiseliinesuu iPhone 8 uag Samsung
Galaxy Note 9 uasuounanduinmanudy fussansawlunisinmanusuvewosman (huavialudn) Tng
WwulwosU1sediinesuy iPhone 8 SnAnusuve waamadffimanuvuugdldiugind luvasfiisumes
vsefiweiuy Samsung Galaxy Note 9 Saranusuvesweanafifidmumunuiuslduiugind staiinnsnen
mufuesIeIMaIiig iPhone 8 war Samsung Galaxy Note 9 fivaswudAanurananasutosnin 19 ey
LULED S UITDALADS LAz WaUNALATUIAAIAIUA UYBITBUUAIUY iPhone 8 Waz Samsung Galaxy Note 9 &
UsganSnmaaranuiuggdunmsinainnudure e smad

wuwosuseiime fuuan flnuislussuuUfRng i0S waz Android § ansnsauiluvszgndldlunisTae
Anusuresasnmiilvaluedfivunaduiugudnansing 4 fu iemaussiureseunaseiuiinafauig

Ang 9 e

ARRNSSUUTZATA

¥
o

NuITeHlATuRUNUEAMIENITITEINNeWUdRasHINemans ITouaruinnssulubauuITenugIu-

unIngduaundn lauiidyamuide 64-FF-a08
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Effect of substitute with phoenix mushroom to physical-chemical quality of
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UNANYD

mATeiliuntsinwinanimaunudiounsiideamnmyaai-nenmaeswdaduelldsanuiiinah
Wineih 75% (w/w) naunuidenuniglundndug mnnisiienesiesddsznoumaniivadlddany nu 148y
fifinsmaunuiinuisihiuiinalusiiugaingt (18.18% w/w) gaseiuas (13.18% w/w) ielefiuiungstu
(6.50% (w/w) lorFeuiieuiugnsniunu (4.24%) 1&8anugnsmaunuiivunailesuiini (0.92% (w/w)
gnsmuAN (2.80% (w/w) luiienfuuTananislulensndinindy (4.17% (w/w) gasaaunam (10.20% (w/w))
warUSinanivesldinugasvaunuiianlndiAssgasaiunu (4.46 wag 4.23% (w/w) MUEIRU) 99NN1TIATIZ
Unamdanu wudldganugnsmaunulimdsnusing (77.68 kcal) gnsaiunu (118.72 keal) 91nmsiasies
A1 Peroxide Value (P.V.) wag Acid Value (AV.) nud Ténuegluinamisnnsgiuvestdnnsiniiousznouves
lasfuily ns@nwiganImmianienm wuingmsnaunuiial Water activity ARl LLasmmié:mqua
N1 (0.76, 13.26 N Uag 64.02% (w/w) ANNE6U) gAsAIUAN (0.70, 11.92 N uag 58.00% (w/w) AuaIsu)
Fedanafrenndnvuziad-nunmusINEnTualdS uardsmafdenmamlnvuInsvemANS e AU uaz
lymsas

1Y

AndAey: ldanu wiauneih gauniwmaadi-nnann
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Abstract

This research is to study physical-chemical quality the Sai Aua Kob product the substitute with
75% phoenix mushroom. The chemical composition analysis of Sai Aua Kob product found that it was
higher of protein (18.18% (w/w)) and fiber content (6.50% (w/w)) than protein (13.18% (w/w)) and fiber
content (6.50% (w/w)) of control formulas (4.24% (w/w)). The lower of fat content (0.92% (w/w)), control
formulas (2.80% (w/w)). Including the lower of carbohydrate content (4.46% (w/w)), control formulas
(10.20% (w/w)) and ash content of substitute formulas has similar value with control formulas (4.46 and
4.23% (w/w), respectively). The energy value analysis found that the substitute formulas for lower energy
(77.68 kecal), control formulas (118.72 kcal). The acid value (A.V.) and Peroxide value (P.V.) were in the
standard level. The study of physical quality found that the substitute formulas have higher of water
holding, firmness and water activity value (64.02% (w/w), 13.26 N and 0.76, respectively), control formulas
(58.00% (w/w), 11.92 N and 0.70, respectively). This results in physical-chemical good characteristics of Sai
Aua Kob product.

Keywords: Sai Aua Kob product, Phoenix mushroom, Physical-chemical quality
UNn

1487 Juemnsiiudosiinunsnamievesuszmalne Taesin 81 el Tdld wardnlinssnans daunfivh
nnifonyun wagildrunaundnuie nseiiion viiu (au3olaldfld) 91 Tungnga neuuns wasin3eaUsesa
nsonaslululdgeuvasmyiinunmstiainanuarenn mndudaliidureuneyssana nanfulssmuaziilugdlal
viooulanaufiivdomiousuusemu mandnldsaluunsiuidnmmaunumiolifuaazdendlududiuna
wuidlony daldsridvhanndelfmngdmivsnyeduniedilivszasdiiazutssmuny uioo1aasdautas

Tlednivindu uagldenaldlddniviinduvseldldiouunilinyla (@Wns wavane, 2554)

[ Yo a

HaqUulddndundndurndensulszniuiuduegaunmmnaaiieliamnsaldingavluudaz iuiliie

Usglowilunisdnfaunduldanls vadluiiundminasunsiinisdeanuiluennasuluguyy lnownie

P
°

guneusIam uardnenuide Nidesnudnmheuasnglugluuunudald waznuuaadel (Funisesuun, 2561)
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(3381, 2552) Faiaunsiiasiaeesuansmidnvnnmsveaienuiiivesusznavved d8aliTushu uasidu
loge warlosfush sl MEsTdosuiaivuiniuivonsuresiuilng uennniinfosunsiiludunamos
#ifiosdusznouvosanulnasing q Saelvidvessdnfnsiuniulsemunarayulnsfidudiglunsdudimasiyues
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d

75% (w/w) laazuuuniseeuivainguilangeiian agrslsfiniudalalafinisfinwnieiduaudnyusnia

q a

wi-nrenmvedldinunaunuiieiinuisill uazgaseauan uddeleldvinsfnuinudnvauzdsiinainun
v oA o Y v Y £ o o < v oa g @

Pesuiiowanwmalinuildanuiiaudulugnsifuazilulselovideduilan saumsni1snaunuiinun i
75% (w/w) \Judnsdunsmaunuiigiadunistieansunulunisléilenuiifisnaunwasdunsldingauiiilu

1

ﬁaﬂﬁu“lﬁﬁyjamqﬁulé'
Ya9 aunsal wazIsNs

1. JUABUNITNAAEDNUNANULTAUIHN
1.1 JumBUMSINEIUNENUDILEDD
INUNINITARNMUILALLATBIUNUDDNANNINANNELE1A wadtlUadnlutindau 5 wil Ineukenie1drule
1 (v Yo = a a [ % ¥ a ’o’ % ¥

waznIzaAnsaunueanuinty dauinu1eindn (Usua 100 o) Wuduwdiainuardulneanaiginu1iu1emu
aviinuiinly andwiniswlsueseanalaenisit win lungnga Wiven nszflen aglad audasidily
gn3ue3 (15381, 2552) dAseand Weanuuaznszgnseu winueih uaziesessundunaudioniomaslidy
Waweniu waswisudiunauldainugnsiiugiu (@asniuan) lnelidiunauveaasound Wonuuaznszgnosu

wazin3oUye JdldnsdniaunsindnlUludiunan (auvasann auduv, 2551)

= o | 3 a o o
M54 1 E]G]i’]ﬁ’sumﬁ/l(ﬂLL‘Vl‘lJLﬁﬂuﬂﬁﬁﬂuwaﬁmm‘mﬁaiﬂu

ansdu (Seuay)

dArunay

gnsuA (Control) Saway 75
nu 100 25
RrieKiil 0 75

1.2 tumeunsdaldsany
ldfmienannde 1.1 wnsenasluléifioudisiniesdalénsen Ilvuinasuanedu aandy
ihlgildluevimeulih degamgll 180°C Wunan 45 wid Tusswiraiuiinnstagamgilananswedldsy
Tiilanegluraa 75-80°C Faeiadosnindonines (Data Logger) (nsgugamgfifivsdfenisgnvesinis)
Woasuszaznauazgumgiomsiannsgiudivua ilddreenainmey flvidu u gumgiivies 1y nan

15 Wil usseadlugaluasu/iie (Nylon/PE) udlaninguiluiwsgviguninmenueail-nenn dsteluil

2. MslasesinquawnsituasivesanAneTldsanunaunuiaunsi
ihlEluanruiaseslaeisnstiuauaziden fendestuaindufufedslilugeduien wdaihly
PATITARAUANEUENG 9
2.1 Tnnesiuinanuiy
Farhmidnl&Sanuuiina 3 ¢ adunszlosegfideniioudaimin uazantufinliud annduriluevly

fouauseu (Hot Air Oven) flgaungil 100+5°C Wuriauu 3 Falus mnturilidululaganlnuiiu (Desiccator)
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v
[

W aun ddneu 1 Flusautuinad (wasdiswesiwin iddesndadadedulidifiu 0.1%) wazinly
fuamU3inanLTy (% Moisture) (AOAC, 2000)
2.2 Apsznusunalushiu lneds Kjeldahl
FasegelddUsuna 3 ¢ verdensyaudansldadurindes anduiiunzayaa (Catalyst) Tneld
CUSO, 5H,0 0.35 ¢ az K,SO, 6.25 ¢ Geansavarofiegniiduaisavaredideala wdrvhnisndudiogng
fdosldlnevendufiamesnan (Mixed indicator) 2-3 nen inlundufeyandulusiuauliamsazarodudin
wihansazanefindulduvihnislamsmdeansavarensalelasrasin fdanadudy 0.1 M (0.1M HCD auls
Founaag PandildnduamUsunalusiu (% Protein) (AOAC, 2011)
2.3 Aangiusunalaiu 1neds Soxhlet (Soxhlet System)
Fahmdnfreg9ldsaiiiunisouniamanuiuusunn 3 ¢ udmediensza1unses (Whatman No.1)
thiegeadufinda (Thimble) finsutmiinfiudueu arnduihfiudauasdeaunuaniisesulasuiitunisey
Taruty wasnsuiminindueuldaduieiesarinlosiu (Extraction Collection Vessel Apparatus) N7
ansavanedlnsideusmes (Petroleum Ether) Wushada Y3uas 75 ml vinnsafmlnesanainisada (Immersion
Time) 20 w1t ad1a (Washing Time) 40 wnit wazLIa1N1358e (Recovery Time) 15 wndl ndwantutindae
sosfulusiulouiiiessmeansatnoonlvinunfigungf 105°C Wunatuy 30 wift ilHdululagnaauiy
niudaiminaulgiminadiudnilusuamysalasiu (% Fat) (AOAC, 2011)

2.4 Jps1evidsunaleanns

'
Y '

FaagnlddadildannisinmgmuTnaleiu mnduldgdmivinnegileeims diludesdede
nsndarfan 1.25% (vAv) uaglaidenlensonles 1.25% (vA) Wuna 30 uiit uazdreihegnaseiindu wilueuls
widlugevausou aamgll 105°C auldimiinas uazihlvwnluginnd foumnd 600°C aunsestedaldiimdn
el YlumwaniUsnadeomns (% Fiber) (AOAC, 2011)
2.5 AATIUTUIEN
Fabwmindogndldsafiumsouuiananutu Yiinw 3 ¢ adudensudouniouiievuasnautming

£

wiuay dlusnuulngouuum i (Hot Plate) luggaatu (Hood) andurinluwlumnlniigumngd
500°C 1Hutian 3 $alus auldidnden v‘iﬂﬁlﬁﬂuia@mmm%u wazdsimin Y idslalusuaamiusing
WEtava (% Ash) (AOAC, 2000)
2.6 Aagnusunuasiulawmsn
1A8NTAUINIINGAT slons1un % Aty % Tusiy % Tushu % 180 way % @yl dhadenanndun

ALIUANERS (AOAC, 2000)
% ASLULEsA = 100 — (% AUTU + % MUSHU + % busid + % 11 + % wdule)

2.7 ATNANY

[

IeA1uIMINgn T WensruyTana Weku ludiu wag prslulainse dhadnanilinduimmgns fsil

Wae91u (Energy) = (1UsAu x 4) + (lvdu x 9) + (m3lulawnsn x 4)
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2.8 fareimasuaniin (a,)
Sousinnuihaseieinios Water Activity Meter ussqldsalaitiosntaiadunsusladosiaiomyuly
Salosumseawasowhauasasdidoniou Tuindiils
2.9 Anngviauneseanlyn (Peroxide value (P.V.) uazAranuidunsa (Acid value (AV.))

YndasiausilddinunsaeauunussTtuusstaeiaia Nylon/PE figamadl 4°C Wunian 14 Tu Taeviinis

o '

duinagau nTimTeluiuil 7 uag 14 Ju WoTiasgsivan P.V. wagan AV. (AOAC, 2000)

3. WATZRAUMNIIIRIUNBATNYBINEAA 9T R INULER LA O

3.1 Imsesianwazilodua

¥
o £

pAllodudavesldoinuniuiaiesindnuvasiliodudd (Texture Analyzer: TA. XTi/50)

ade

MNInaaedItay 3 91 lnen1suidedslyindusadeulngldynsiaia lulinau (Craft Knife Blade) (A/CKB)
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Tasiu (Fat) 2.80+1.32° 0.92+0.15"
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NUBWA = ° SNusNLINBUNUANANAULEAIIEANILANANA Ve g ETud Aty 19ediF (p<0.05)

NAMTIATIEsiAN PV, Tusdndnsilddanuiisinnsaunuifiuunain 75% w/w) iuinu fgamai 4o 1y
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M15197 3 Han1sAnwIAENvzNLAT-nenmMYedld@InuEELiAuh

@mé’ﬂwmzmnﬁ”’mmﬂmw Ejﬁiﬂ’m@ll (Control) 1ﬁgﬁﬂULﬁ%MLﬁ®u7ﬁﬁ’1 5%
A1 Water activity (a,,) 0.70+0.12° 0.76+0.12°
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N o

naewmn onws * © ludnuarwuiueuiiinegiu wandsdanusandsiuegedidudAyn1eeEda (p<0.05)
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fusanailasiuge (6.11-8.63% (w/w) (waiy, 2555) FeuTadundnusimadondmiuguslaanduiisngunin
vionguiily uenniiinunsidviinudelogalsdmal Mot manlundn fasivinlindn Suslldsanu
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Bed forming with water drip tape laying and plastic layer mulching machine
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Abstract

The objective of this research was to develop and test the bed forming with water drip tape laying and
plastic layer mulching machine. The prototype consists of a couple of disk plow, water drip tape laying set,
plastic layer mulching set, a couple of pressing wheels and a couple of disks for soil covering on plastic rim.
The components are installed on the steel frame and the tractor is used to pull the prototype in operation.
Three levels of gear speed such as 2" gear (velocity of 1.23 m/s), 3 gear (velocity of 2.08 m/s) and 4™
gear (velocity of 2.63 m/s) were selected in this study. The engine speed was controlled at 1,300 rpm. The
results found that operation speeds of 2", 3@ and 4™ gear give an average working capacity of 0.92, 0.94
and 1.48 rai per hour, working efficiency of 79.18%, 75.99% and 67.87%, an average fuel consumption of
3.30, 3.85 and 5.27 liters per hour respectively. The testing of plastic layer mulching showed of the 2™ gear
operation has an average working capability of plastic layer mulching 1.51 rai per hour, an average working

efficiency of 17.45% and average fuel consumption of 2.4 liters per rai, respectively.

Keywords: Bed forming machine, Plastic mulch layer, Water drip tape
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Abstract

The objective of this study was to develop a cupcake product by substituting /rvingia Malayana Flour
for wheat flour. Three selected basis formulas were studied. Sensory evaluations on color, odor, flavor,
texture, and overall liking by the untrained panel (n=30) were studied. The result showed that three basic
formulas were significantly different (p<0.05). Formula No.3 was the highest of overall liking score (7.4)
and it was the lowest of the maximum compression force (47.23 N). Therefore, formula No.3 was selected
for the substitution of Irvingia Malayana Flour for wheat flour in varying different levels (0, 5, 10, and 15%
(w/w), respectively). Sensory evaluation and water activity were not a significant difference (p>0.05).
However, the lightness (L*) and yellowness (b*) of cupcake by substitution of Irvingia Malayana Flour had
higher (p<0.05) than the control treatment. Furthermore, the maximum compression force of the cupcake
was decreased when increased substitution of Irvingia Malayana Flour. Consequently, the optimum

formula of cupcake product by substitution of Irvingia Malayana Flour for wheat flour was 15% (w/w).

Keyword: Irvingia Malayana flour, Substitution, Wheat flour, Cupcake, Bakery
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M19197 3 HANTIATIBNAN BN NNENNVBIHAR U ANLANZR TAUFIY
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The use of Chaya leaf powder in feed diet on growth performance

and carcass weight in Tapao Kaew chicken
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wi Tngldununisnanesuuduanysaldangunanediuulnanaisea (2x4 Factorial in Completely Randomized
Design; CRD) Usznaunie 2 U33e laun Jade A Aa lnnzniuii Al) 1y 2 §Uasi uag A2) 918 4 dUavi uaz
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Abstract

The aim of this experiment was to study the use of Chaya leaf powder in feed diet on feed intake,
growth performances in Tapao Kaew chicken breed. The experimental design was 2x4 Factorial in
Completely Randomized Design (2x4 Factorial in CRD) with the animals were conducted into two groups of
age chicken (Al: 2 weeks, A2: 4 weeks) and four groups of dietary feed and was three replicates with five
chicken per replicated. Treatments using Chaya powder at 0, 5, 10 and 15 percent in the feed (B1, B2, B3
and B4, respectively). As the results, the final weight was no difference among the animals and feed groups.
However, the average dairy gain (ADG) and feed consumption rate (FCR) was no significant difference
between the chicken groups and feed groups (p>0.05). The feed intake in animal Al was lower than the
animal A2 in feed intake, while the feed group (B2, B3 and B4) were higher than the control group (B1)
(p<0.05). In addition, the animal Al, A2 and feed groups were not different (p>0.05) with average daily gain.
Percentage of carcass weight, lower wing, hips, including meet, shins, head and neck, and blood were not
different in the 4 feed groups and the 2 groups of animals. The feed cost per gain was higher in animal A2
than animal Al and using Chaya in the feed. Therefore, using Chaya leaves can be used at 5-10 percent in

feed ratio without negative affecting on feed intake and growth performance in Tapao Kaew chicken.

Keywords: Chaya tree, Phytonutrients, Tapao Kaew chicken
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doyanslomstufinuszsntu uagmssmsdaimidnlivsedmn 2 da dninanowutseandu 2 ndu léun
sorUiuansdninaaes (Preliminary period) gnlimsiniudaeny 2 dainas 4 dUaiasldsuemauazi

’PJEJI’NLGIdQJV]dG]aE](ﬂﬂ’]i‘ﬂﬁ]a@ﬂLLa%ﬂla‘uL%MW@]@@Q%Z%Q@’]W’]?LLGSﬁ’]Wﬁ’ﬂT{E)Uﬂ’li‘ll‘l)’m’ﬁﬂ/lﬂaa\‘i N EREAIAIIIIGN
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(Experimental period) wuteenidu 2 ngunaass wiasnquaziigniney 2 daviuar 4 a1 naassldiia

8 dUnv avdauntinlann q 2 e

nsiusIUTIMTaYA

o o

tufinUinanisiuldvesemns lnsdalminermsitlinazemsiimdennidvesiu vinistufin wagd
ninderinanomn 9 2 dUast lnenaiviminvedliudazeilussninanismanomn 9 nqun1mmnaes e
dunTinsgima1dnanisaiyiulnindsdotu (Average Daily Gain; ADG) wagdnsnisidsusmsiduie
(Feed Conversion Ratio; FCR) waz fugavnevesnunaaesduiiognld 8 ndumnaes nduaz 6 i vavun 48 i
mﬂﬁzuﬁflmsﬁwLmaséhsﬁ%‘a'maLﬁai’mﬁwMﬂ“ﬂeu'm"‘;Lﬂsﬁzﬁwa%'agamqaﬁﬁ

U Uayan b amLAINNITNARBENIATIEINIAMUUUTUTIUNNETALAY AMUUHLIUNAGDILUY 2X4
Factorial in Completely Randomized Design kagtUF UL sUAIINLANA19A1LAE 8TENT1INA UA 8T T

Duncan's Multiple Range Test (DMRT) fisysiuannandesiu 95 wWeodidud Tngldlusunsudnsagy (SAS vo.1)

NAN15IY

nsnulduaznisasyivlalanzniuia

a o

29AUTENBUVRIRIMNT 4 ansfiusenauludieingauiiiluviediu uasiinsdusenouremslye Aisedu 0 5 10
way 15 Wesdudlugnsoms Inelavusuete1msvaass denrdadiu NRC (1984) Fsseaudt Infiudiediaiy
foensseiullsiiu 21 Wedidud wanu 2,900 Alaupaes wazfibeleliiiu 4 WesWudlugasems lngainau

oA

wmamwuinﬁmﬁﬂidL%T'uéfusuadiﬂﬂqam 1 sndnlanguil 2 eeslsfiny ‘13'mﬂ’ﬂqmﬁ’lal4,az‘f’mﬂ’m7iLﬁ'uﬁﬁumaamm
naaedliifauuaneaiun1Edia (p>0.05) denadosiu duu wasang (2531) a9t mstdlunseiudulugns
omslafiudlesitseiu 10-15 Wesiud lidmareusmanisiulduarsnsnsieiaydvlnnasnnunnass ludu
vesnsiuldnaennunnassveslingud 2 ganiinguil 1 (p<0.05) esfelingu A1 1Julinguidiengosnin
nau A2 Ssdiusinansauldsing uenainila 2 ndu waenguormanasedlifiaruuandneiumaadia (p>0.05)
Redasninasyiulnndesou (ADG) suwiuliinsldnslvenanunsaldldluansenms lnelddmansenudedns
n15ias giduland esainusunand ololugnservisey luszdvlyiiu 4 1Wedidudaenadosdy
Franco et al. (2002) wasunsbwenluliidofisziu 350 nSuluemns lddwansenusensiulduaznisiasayiuls
Tnedasnisasyiviededetu Snsnavdsuoadude hifinansenufunisldsedunsloelugnsomns
ogdlsfmudunuaenavasuduiming 1 Alansy vedlninguil 1 anaadiodisusunduuny udlingud 2
avudleifisuiungumunu (p<0.05) Tne 9138 wazanie (2561) Anwimslifvayulnslnefifiosdusznauvosans
fueuyadase nudi lniunaaslnusegmei lddmasienisiasyiulauazauninein ny sanu wazany (2562)
AnwnamaiaSilumisuniiluonslifudowiuguszgmeiiszoriu fisedu 5 uaz 10 Wesdud wudilidema
senisiulduazdnsinsasyiuln luvasiieatu nswesudsludduaglueimsee aussanmnisuanvesla
fudles fiszdiu 15 Wesdudluems fuavililaussanmnisnded thwindafiutu Sammswdeuewns uas

TiifinasaUSunae s (Waee wazaue, 2557)


http://pioneer.chula.ac.th/~stosak/biostatlab/chapter8.pdf
http://pioneer.chula.ac.th/~stosak/biostatlab/chapter8.pdf
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YNNI Ljiﬂ'il ’53(5152 %1(553 qma
nnRAUBIMT (%)
Uanedn7 40.0 40.0 40.0 40.0
41INAUA 11.3 9.7 7.9 5.7
S1ezLdun 10.0 10.0 8.0 7.0
nslven 0.0 5.0 10.0 15.0
nndundes 25.7 20.3 18.0 18.0
Uandu(55%) 8.0 10.0 10.0 8.0
Tustuded 1.0 1.0 2.0 2.0
WasnweaUu 2.0 2.0 2.0 2.0
Tauaaides 0.9 0.7 1.0 1.0
\NaD 0.3 0.5 0.3 0.5
L-ladu 0.3 0.3 0.3 0.3
Wating 0.5 0.5 0.5 0.5
5 100.0 100.0 100.0 100.0
AauAMSLasUE (%)

TUsAu 21.0 21.0 21.0 21.0
WU (Mcal) 2,956.9 2,943.8 2964.6 2,909.5
ATy 11.4 11.7 11.6 11.7
wole 35 36 3.9 4.1
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dl v 1 a a a 1% a a 1 v
a15197 2 msldudlvenlugnsomnsdedssdvsnmmsiulduaraussausnsasydulalulainzniuwi

Al A2 SEM p-value
318117

B1 B2 B3 B4 B1 B2 B3 B4 A B AxB
dhingalaBudu (nSwe) 1857 195.8 199.6 199.3 343.1 365.7 413.8 373.7 2321 0.001 0.304 0.317
ﬁmﬁ’nﬁﬂdqmﬁw (nsw/7) 10712 11387 1174.9 11905  1340.1  1349.0 14269 12780 5274  0.001 0.287 0.267
B lnfiumaeniiy 885.5 943.0 975.3 991.2 997.1 9833 10131 9043 4879  0.283 0.620 0.107
NAa (NJU/F7)
Ysunaunsiulanasnau 61.5° 57.3° 59.0°P 62.9° 64.6° 67.2° 71.5° 68.6°°  4.465  0.001 0.037 0.039
NAanY (NFU/A/3U)
Snsnisasyivlamdess 15.8 16.8 17.4 17.1 18.2 17.6 18.2 162 0217 0283 0.618 0.107
; ADG (nSu/67/74)
Smsnsdsuomaidu 4.6 4.6 4.5 4.7 4.6 5.3 6.4 5.6 0.145  0.045 0.378 0.414
\ile; FCR
Funuae Ay 64.6° 62.7° 61.8° 61.2° 64.6° 735 87.2° 72.8° 0251  0.001 0.021 0.285

Y1nnea 1 an. (Um); FCG

1Y o o

mewe * ° wag © innueglulsaraeautuaniniuianatseg1ditedAyn1eaia (p<0.05), SEM = Standard Error of Mean, Al=langau 1, A2=lAngu 2, B1=81%158M3
9 Y v p 9 9 Y

s

AuAY, B2=omnswaundlyen seau 5 Wesidud, B3=ownsaundlyen seau 10 Wesidud, Ba=ownsnaundlyen seau 15 Wesidud
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v

dl v J 5 @ & o o U ¥
M990 3 ﬂ’]ﬂ‘ﬂﬂ\lﬁlsdﬂﬂuijmﬁa’m’ﬁﬁ@LUEJEL“UUGlu’muﬂsﬂ’msLu‘lﬂmgLﬂWLLﬂ’J

Al A2

p-value
NYNIT SEM

B1 B2 B3 B4 B1 B2 B3 B4 A B AxB
Wasiuden 64.5 65.2 63.2 64.1 67.8 67.2 62.4 66.8 0.522 0.127 0.426 0.805
Woesidurtnuu 8.0 75 8.1 7.7 7.4 6.9 7.6 7.8 0.211 0.004 0.066 0.154

¢ & e ' b

Wesidudtnans 6.6° 7.4 7.5° 8.2° 7.5 6.6° 8.2° 6.3° 0.271 0.080 0.049 0.534
Wesidudduuen 14.3 15.4 16.3 15.0 15.1 17.1 15.2 14.2 0.427 0.132 0.441 0.490
Wasiduddulu 4.4 4.9 4.8 4.7 5.1 5.1 5.3 4.7 0.301 0.110 0.139 0.891
Wasidusdaslnn 177 17.6 19.1 18.2 16.9 175 17.8 177 0.409 0.105 0.852 0.692
Woddudiieyos 187 17.9 17.3 181 16.9 171 18.7 187 0.325 0.076 0.444 0.337
Wesiduslags 30.4 27.0 293 288 312 29.7 272 306 0.219 0.058 0.071 0.815
Wesduduazae 10.5 10.0 105 10.4 11.0 9.3 8.8 9.6 0.532 0.182 0.373 0.436
Wesidudiedodlus 11.4 12.1 13.1 13.3 128 11.3 12.2 12.2 0.445 0.096 0.078 0.567
Wasidududa 5.1 45 4.8 4.4 4.3 4.2 3.9 4.7 0.321 0.450 0.391 0.245
Wesidudiden 1.8 2.5 1.8 2.0 2.5 2.0 2.2 2.3 0.183 0.108 0.930 0.150

1Y o o

mnews * ° uag © imduvegluudazaediniiansanuunnedsee1alied1Ayn1edia (p<0.05), SEM = Standard Error of Mean, Al=lingy 1, A2=lnngy 2, B1=011113g03

Y

AIUAY, B2=ownaaundlyen seau 5 wWesidud, B3=omnsnaundlyen seau 10 wWesidud, Ba=onswaundlyen seau 15 wWesidud
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wesiuitminanlulinzniuda

msltdlaelugrsesladewesiuiorn Snuu duuen dulu arlnn Tase wededlusan idetes Huazae
uts waiden wuh ldfianssnuvedlifildsuommeta 4 grauagliva 2 ndu (p>0.05) Wesdusdnuuvedlngu
7l 1 gandngudl 2 uazdadesuemsiuualivanasileidiundlvenlugnsenns luvaidedtu Lifinansenuiv
WesdudBnuuveslivisaeanquuddmasonguemsd winliiidgedulunguomsiiaiuleenlugnsennns
(p<0.05) eandeariu Tlvn (2556) Anwinsldmenmsungdlugrsennslidosty a-6 #Unwi fissiy 4 wWosidud
wuin laifinansenusiediminddin dwdnasnnuasdevdnen uivihlsiminenuaziesidudenanas lu
sty nslilusudsnduamaunumstudedlugnsomsiniiudodve fisedu 5-10 Wedidud lidswa
AouvndlTin uaginvtinen (aLus uazaudn, 2547) s?fqLﬁmmmJ%mm?ﬁﬂuqmmmﬂdiﬁLﬁu 5 Wasidun
ae3lsfinu Sadeghi et al. (2015) 1891u31 waveudeleluomsininadonisiauivesadsemafiuems
gosluy uaziedidusionn Tildussansamgedu uidloldsulutinaiiganilisns maesyiulnanas waed

H U ada A
UNNUNUYINNARNAN

unagy

msldnalvelugnsemsinnsiniuiafisedu 5-10 wWesidudluems idwasienishuld nswsgiviamie
aofu wazWeodidudenn egrdlsinulinguenaiiununaassnniddununisudagenituagldenmsunniy
Tnsnuneasstivuzilndesdiiudediiszosnalunisides 10 et dWeandunuaomisiasuduimin

i IngldingAuommsitanunsamialuviasdiume

AnAnNssuUsENIA

YOUDUAMAIVIFNIMENS AnzInwRTAAnSLasnAlulad 1 Ine desivaaadanu Inewagiuns dila

° % A = & o o« & 1 g X
DIUIYAIUEEAINATUFDTIUN IiﬂLiauLaHﬂﬁm’J LLagqﬂﬂimmﬁ 9 GLuﬂquﬂaaﬂﬂﬁ\ﬁu

LBNE15919D4
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