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Abstract

This research investigated the characteristics of wastewater and digested rice straw in a co-digestion system between
swine wastewater and rice straw under anaerobic conditions. Effect of rice straw preparation in 3 different types, rice
straw cut into 7-8 cm, rice straw cut into 7-8 cm and soaked with NaHO and rice straw without preparation, and effect
of different digestion period, 2, 4, 6, 8 and 10 wk, on characteristics of wastewater and digested rice straw were
evaluated. The results showed that organic compounds in wastewater and rice straw decomposed via digestion
processes occurring in the system. Organic matter and nitrogen in digested wastewater were higher than those in raw
wastewater. BODS, COD and TKN of digested wastewater were 416.6-1,255.3, 1,520.0-2,600.0 and 200.0-308.6 mg/L,
respectively in which different rice straw preparation showed effect on organic matter indicating with BOD5 and COD
of wastewater. The composition analysis of digested rice straw showed that organic matter, nitrogen and phosphorus
of the rice straw increased while potassium and C/N ratio decreased. Organic matter, nitrogen, phosphorus,
potassium and C/N ratio of digested rice straw were 28.6-346.3 %, 0.68-4.15 %, 0.06-0.48 %, 0.10-0.36 % and 34.4:
1-198.7:1, respectively. The result indicated that different digestion periods showed significant effect on most of

characteristics of digested rice straw.

Keywords: anaerobic digestion system, swine wastewater, rice straw, digestion period, soil conditioner

o, o PO o - o o e e o a
g’]ﬂﬂﬂ’)ﬁ@??’l?’)ﬂf ﬂmznym5ﬁ7a@§ NIWEINTIDIINTIOUNERIUINNON NN T1INEINEULIAIT @)’llls’*m’lZWﬁ mmat,ﬁao WWTJWWHZLLZZ\W 65000
pantipk@nu.ac.th

Assistant Professor, Faculty of Agriculture Natural Resources and Environment, Naresuan University, Tapho Subdistrict, Muang District,

Phitsanulok 65000, Thailand. pantipk@nu.ac.th



424 Pantip Klomjek

UNU
UizmﬂvlmUﬁﬁ'uﬁﬂgnﬁwasauﬂawauﬁwﬂi uazilvay
maamnww:ﬂgmﬁamaa@ﬁaﬂ F3msruiiuwenann
a:"l,@i”mawamlﬂmﬁ'sLﬁﬁanLLé"sﬁaﬁ‘?a@;ﬂszl,nﬂmdﬁnl,ﬁw’fu
tHuduwauann °um:ﬁf]aﬁq]ﬁ‘uﬁmiﬁﬁma‘ﬁﬁﬂﬂlﬁﬁiﬂwﬁ
Taianniin é’aﬁuﬂ’mﬁnd’mlmyﬁanmmﬂu’“s’aqm'é'aﬁd
mMemsineasiiiSnmannuazintueideiios uaz
Wuimsiamswisdaa 3T silimanzau el
Aanansznudesinaden lagamizmysanssians
LméﬁwzdamaL%ﬂﬁv‘a@iaqmauﬁ’amamﬂmwua:mw
qmlaugsrﬁmaaamm:ﬁaﬁalﬁﬁ@ﬁmmmaﬂﬂfs‘w‘ﬁ'ﬂu
ﬂa@ﬁmﬂuﬁ@mﬁﬁmmﬁ;mmLLa:ddNani:masi'\anﬁ’w
2919 UazuInUIBIUIFITIMIU ST FNAUT e
hlauasfinnasmmanslszmaisaamisinwnednimes
LNBATAT Lwiﬂngmﬁrmnm,mvmﬁnéTamLﬁ@%uashwia
oy mibitasanmawmnduitnsfionansn e liden
e SeuarazandainsaInsiumsdanmInstnean
mawztgnlusendaly Fatin mshiananwamslums
Jamsrhsimaeiimsfiig sxaan uasraliiAadss lomd
AALNHAINT ‘5\1LﬂuLmeaLﬁan%ﬁaﬁﬁiamaﬁﬂﬂg&mi
ﬂﬁﬁ‘al,m:mmmﬁqﬂa@ﬂmummn‘?ae;mﬁa“ﬁamemimws
Uszianwsta laase

maTvilaanmndemaimnednged ssdusneundn
uansdunadfigessansn NgIzuUMIRnINAL
ﬂfmL?ma'mWﬁNqﬂﬂuamw"ﬁmmﬂ Zalunszuauns
winuuy13a1ma (Anaerobic digestion) azlafunid 2
NAWAAN ﬁamjuLmﬂﬁﬁﬁﬁw‘ﬁ@mm%uﬂ%ﬁ IEEREEY
wwaRBefindafofin suiuwimindlunsdessans
assunsdadnadudrduiunen Taavinliasdunis
lutanalngnanoiduasdunidlaanaiin udifegn
wWagwlhiunsadurad uaznsnosdan uaztaswldu
feanm enude’ madesvesszuuninuun3ome
lumsthtaveaie ds ﬁﬂ'ﬂ’ﬁﬁhle,ajgml,ﬁaw'lﬂvlajﬁaal,?m
gandanlinuszuy wassuuianuaansalunssassy
mazadunidludiinugs lavardanmshanuiuiu
maoqﬁu‘n‘%ﬁ%mnﬂmMﬁﬂﬁﬁagiwaaL%ﬂiuﬂﬂsﬂaﬂ
FANDENTBUNIE? HanaNtL n3zuIRMsnanSnalwiia
nawasafisunsninnaun s lmlle ﬁalugﬂmad
wasuuazluglvasmganis’

aguszasd

andszrenvaInsansIduluasiitiaei Ae

9

ee

v

J Sci Technol MSU

AaansHavesd s siassunslunTwin
i'awﬁuﬁwL%Umnmi’wqﬂﬂmwwﬁﬂLmuvlﬁmmﬂ@iaqm
SNzt Fs LAz WA NTT LRI

IRadnsHaTedszozIa NN INTERIN
V\ha"ﬁ“nﬁ'ui{’]L%ﬂmnms’wqﬂﬂmzuuwﬁnLmuvl,%fmmﬂ
@iaqmﬁnwm:madﬁwL%ﬂLLa:Ww’ﬁnﬁl’lmzuwﬁﬂ

LﬁaﬁnNamsﬁnm"l,ﬂﬂi:qﬂ@S’L%Lﬂuummaaﬂ"m
\‘hUIunWi%'@ﬂWiWWaiwaLm:ﬂfnL%ymﬂw]s’wqmﬁmwmm
gNTad N BiuniTiauazaunta basudseloiann
wawaau"L@Tﬁrmms@hLﬁumﬂugﬂmaaﬁwﬁdﬁﬁmqmms
AouszluztvesiaqUiulyedu
ﬁaqqﬂn‘mﬁmﬁ%‘msﬁnuﬁ

WIBNWInENaaaIszuundnuuy lFameands
WaaAnwIA 6 L AfehTaadin deviaszunsufzaanain
SEATRY ﬁwmi'nu,a:fmL%’mnﬁaﬂsmmn’gmqnimaa
insasnsnpdesdelasiulnajazgnszineasgioniuny
iaelagliiunstne semdnluszounoldaninwly
INAGIIFARIRNITANN 1:1 VBIAIVDINTITEL RV
Tequiniw’ LRZIINHANTTILATIZRAN VR ILT ITELRe
sansndw s ugasiwlasiingnldiriidunisdng
5 g daUSanm uds 1 g (1 L) lums@nmnesoillavinnns
%ﬁﬂﬁ'ﬁ@mﬁﬂimﬁy’mmﬁa%haﬁn 225 g TIwADEY
45 L asluudazszuundn las&smaaasfivinnisdnen
WisuifisudenaasmaaIournstnfiuandein fe
(1) Wredafduwnstessantsnieanlasdalwd
A8 7-8 cm® (2) Whst AW T3 BATIMEA N
wastadlaudalAianuenn 7-8 cm uazugesloanln®
(2% NaOH) tfuiaan 72 hr' udafisliusaluaan 24 hr
naundn waz (3) W'mﬁn*?'ivl,;imuﬂmm%wﬁ'sygﬂu,uu
109 uazszoznanlumminfiuandnsiude 2, 4, 6, 8 waz
10 wk @ia@mé’num:maaﬁu%mm:w]aﬁnmwé’ams
win laginmsdnsuuy Single factor experiment LA
IURBNNINARBILUY CRD GI8ARUHILNARDIZIWIN 2
6%’1 (duplication)

fudotsinidouaznnstnawuasnaswnen
anuszEzMEnINATRRe daetnatindslUBe ey
mé"’ﬁﬁqmmwﬁ'\ﬁ’sﬁ%‘%’fsmsw:ﬁﬁﬁmu@mu Standard
Methods for the Examination of Water and Wastewater®
Ietun fdriuaTUsImManTaunss BOD, uaz COD ¢
3% Azide modification method waz Closed reflux method

flulasian (TKN) de3T Kjeldahl method @nuaduds
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wuInaae (TSS) 183D Gravimetric method LaZATIIA
pH &1t pH meter uazrimadanzigmansmznigg
Ieun Semeienanutu (Moisture) 62833 Oven drying
method U3anmdunising (OM) @833 Digestion and
Titration USanmum1g@113ndn lulasiau (Total N) ¢85
Kjeldahl method dwWaswasa (Total P O,) @833
Spectrophotometric molybdovanadophosphate LLazfn
Iwunadoy (Total K,0) @183% Flame photometric
method daiTAATzATRINgUITBINBa AT’ uazduIn
dasanasuandalulasian (C/N ratio) ¥KNan1T
JaszdiundTouifisualnuuandlaniiaidvas
ATATN BT fmL%ULLa;:W'm“ﬁnﬁ"LﬁmﬂizuwﬁﬂLfialﬂﬁgﬂ
wuumstassanstuandsieazieldszoziaanly
MIRANUANG1INALENG Duncan’s Multiple Range Test
(DMRT) fiszdiusindnéy 95%

NAaNISANE
Qmé’nwmzmaaﬁwL%ﬂﬁamm:%ﬁamwﬁﬂ
HanTAATzREsnaundn wushi&ofien

BOD,, COD, TKN, TSS ua pH L¥i1fiu 366.6, 680, 236.6,

Table 1

201.0 mg/L W&z 7.65 AUR1QU wazifiornumsndnTy
ﬁll%l’]d"fl”]’aﬁﬁgﬂLL‘.IJUﬂ’]iL@I‘%&I&JW’N“ﬁ"]’JLL@Iﬂ@iNﬁﬂ%i:‘LﬁU
winuuyl3anmadigszozianinfuanansin wuen
BOD_, COD, TKN, TSS uaz pH Yo Felienszning
416.6-1,255.3, 1,520.0-2,600.0, 200.0-308.6, 52.5-184.5
mg/L uaz 6.69-9.77 aNAGL 1ol e BOD,, COD,
TKN, TSS uaz pH 289 88 NH1BNIHANNNIZLLRIN
LLﬂi.l"L%ﬂﬂﬂﬂﬂ@hm:mnm%ﬁnﬁLL@ﬂ@iﬁdﬁuImvaaiﬁ‘Faq
WiINTIN UA13w1ni19 383.3-780.6, 960.0-1,780.0, 246.4-
326.9, 27.0-59.0 mg/L Uaz 7.36-9.81 @ UR1GU (Table 1)
AN EIUIN TR ULITHAIN TN
NAMTAATIEHWITIIRaURIN WuWsTRen
Moisture, OM, Total N, Total P205, Total KZO az@A1 C/N
ratio L¥iINAU 1.52, 207.3, 0.62, 0.06, 0.26 % Laz 193.5:1
aalatT] mmzﬁﬂwﬁnﬁammﬁﬁgﬂLmumim'%mJWN
Lmﬂ@mﬁuﬁmumwﬁﬂi'swﬁuﬁwLﬁmnﬂwli‘uqﬂﬂu
sruuninuuyanmedgszaziamsndnfiuanensii
fle Moisture, OM, Total N, Total P O_, Total K O uazfi
CIN ratio 32314 2.4-16.4, 228.6-346.3, 0.68-4.15, 0.06-
0.48, 0.10-0.36 % W&z 34.4:1-198.7:1 @MU (Table 2)

Characteristics of wastewater of anaerobic co- fermentation system’.

Concentration in effluent of anaerobic co- fermentation system’

Water quality
Wastewater+Rice

Wastewater+Rice

Wastewater+Rice Wastewater without

indicators (unit)/ p-value
Ferment period straw without straw prepared by straw prepared by rice straw
preparing cut cut and NaOH
BOD, (mg/L)
2 wk 611.0£65.7Bc 452.2421.7Cc 1,044.4+2.8Ad 391.6+4.8Cd 0.015
4 wk 711.7+29.9Bbc 505.6+5.6Cc 1,088.94+5.6Ac 437.2+10.3Dd 0.015
6 wk 747.3+27.3Babc 622.2+44.7Cb 1,136.1£7.3Ab 511.1£24.7Dc 0.019
8 wk 812.6+22.9Bab 724.1+38.6Cab 1,206.3+16.4Aa 633.3+21.6Db 0.021
10 wk 914.8481.4Ba 820.8+35.4BCa 1,210.6+19.8Aa 730.7+25.2Ca 0.008
p-value 0.017 0.009 0.009 0.007
COD (mg/L)
2 wk 1626.7+26.7Bb 1,546.7+26.7Bd 2,186.7+26.7Ad 1,066.7+70.6Cc 0.017
4 wk 1,700.0+11.5Bb 1.686.7+6.7Bc 2,280.0+23.1Ac 1,226.7453.3Cc 0.021
6 wk 1,780.0+30.6Bb 1,776.7+34.8Bb 2,363.3+21.9Ab 1,413.3217.6Cb 0.025
8 wk 1,805.0+35.5Bb 1,840.0+11.6Bb 2,420.0+11.6Ab 1,446.7+21.9Cb 0.024
10 wk 1,986.3+86.5Ba 2,477.5+23.9Aa 2,575.0£21.8Aa 1,640.0£69.8Ca 0.003

p-value

0.009

0.007

0.007

0.008




426 Pantip Klomjek J Sci Technol MSU

Concentration in effluent of anaerobic co- fermentation system®

Water quality

L . Wastewater+Rice Wastewater+Rice Wastewater+Rice Wastewater without
indicators (unit)/ p-value

Ferment period straw without straw prepared by straw prepared by rice straw
preparing cut cut and NaOH
2 wk 62.8+8.2Ca 163.8+11.6Aa 95.8+5.6Ba 34.5+5.8Da 0.016
4 wk 67.5+7.3Ca 162.2+10.7Aa 101.7+3.6Ba 46.7+5.2Ca 0.016
6 wk 61.7+4.9Ca 160.7£10.2Aa 103.5+9.8Ba 43.243.2Ca 0.015
8 wk 66.2+7.8Ba 150.2+17.5Aa 130.3+14.0Aa 47.0+4.0Ba 0.024
10 wk 71.9+8.0Ba 136.5+9.7Aa 135.5+8.4Aa 52.5+3.3Ba 0.007
p-value 0.896 0.529 0.056 0.235
TKN(mg/L)
2 wk 255.7+2.5Ab 209.5+5.5Bd 248.3+1.9Aa 251.1+2.5Ad 0.037
4 wk 257.415.6Ab 237.345.1Ac 255.61+4.7Aa 260.2+1.1Acd 0.078
6 wk 258.416.6Ab 255.3+6.8Ab 252.9+5.6Aa 267.0+2.1Ac 0.281
8 wk 274.2+3.1Aa 272.7+3.2Aa 291.3+14.9Aa 297.4+4.1Ab 0.268
10 wk 284.9+2.7Ba 284.9+1.9Ba 268.6+3.0Ca 311.81+5.2Aa 0.005
p-value 0.019 0.007 0.062 0.007
pH
2 wk 6.9+0.0Ac 6.9+0.0Aa 7.6+£0.8Aa 8.4+0.7Aa 0.183
4 wk 7.1£0.0Ab 7.0+0.0Aa 7.1£0.0Aa 8.3+0.7Aa 0.053
6 wk 7.1£0.0Ab 7.5£0.4Aa 8.120.8Aa 7.5£0.0Aa 0.173
8 wk 7.3£0.1Ca 7.2£0.1Ca 7.5+0.1Ba 7.7+0.0Aa 0.030
10 wk 7.2+0.1Aab 7.7+0.6Aa 7.510.2Aa 8.1+0.5Aa 0.095
p-value 0.024 0.056 0.243 0.111
¥ Sample size (n) = 3.
?Mean in the same row followed by the same letters (capital letter) are not significantly different at p®0.05.
Mean in the same column followed by the same letters (small letter) are not significantly different at p0.05.
Table 2 Characteristics of rice straw of anaerobic co- fermentation system'.
Parameters (unit)! Characteristics of rice straw of anaerobic co- fermentation system’
Digestion period Rice straw yvithout Rice straw prepared by Rice straw prepared by p-value
preparing cut cut and NaOH
OM (%)
2 wk 231.0+1.2Ac 237.5+5.1Aa 253.8+4.5Aa 0.067
4 wk 241.3+4.6Bbc 288.8+10.8Aa 261.7+3.1Ba 0.032
6 wk 260.5+5.4Ab 254.6x10.1Aa 287.1x5.1Aa 0.061
8 wk 265.2+1.2Ab 270.0+6.3Aa 291.2+20.2Aa 0.237
10 wk 292.4+16.2Aa 280.6x7.7Aa 311.8+32.8Aa 0.707
p-value 0.012 0.061 0.161
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Characteristics of rice straw of anaerobic co- fermentation system’

Parameters (unit)/

Digestion period Rice ps:;':\;vrxistihout Rice strawcz:epared by Rice :.::a::’\ grﬁ:g:ad by p-value

2 wk 0.74+0.03Ad 0.86+0.07Ac 2.09+0.05Ab 0.050
4 wk 1.43+0.27Ac 1.87+0.04Ab 2.64+0.41Ab 0.059
6 wk 1.84+0.16Abc 1.90+0.02Ab 2.70+0.34Ab 0.061
8 wk 2.26+0.15Ab 2.36x0.17Aa 3.55+0.23Aa 0.065
10 wk 2.88+0.18Ba 2.21+0.09Ca 3.99+0.11Aa 0.027

p-value 0.011 0.016 0.038

Total PZO5 (%)

2 wk 0.09+0.01Bc 0.06+0.00Bc 0.14+0.02Ac 0.027
4 wk 0.10+0.01Abc 0.10+0.00Ab 0.17+0.00Ac 0.065
6 wk 0.12+0.01Abc 0.11£0.00Ab 0.2340.03Abc 0.051
8 wk 0.13+0.00Ab 0.15+0.01Aa 0.33+0.08Aab 0.051
10 wk 0.18+0.03Ba 0.13+0.01Ba 0.37+0.03Aa 0.039

p-value 0.014 0.011 0.018

Total KZO (%)

2 wk 0.17+0.01Aa 0.17+0.00Aa 0.22+0.01Aa 0.063
4 wk 0.15+0.02Aa 0.14+0.02Aa 0.23+0.01Aa 0.066
6 wk 0.21+£0.01Aa 0.17£0.01Aa 0.2310.02Aa 0.051
8 wk 0.19+0.01Aa 0.18+0.03Aa 0.22+0.06Aa 0.875
10 wk 0.17+0.02Aa 0.15+0.03Aa 0.3310.03Aa 0.061

p-value 0.189 0.654 0.155

C/N ratio (per 1)

2 wk 182.8+8.6Aa 174.4+3.8Aa 70.4+1.7Aa 0.061
4 wk 105.3+19.2Ab 89.6+.8Ab 60.419.4Aa 0.113
6 wk 83.9+8.8Abc 77.7+2.3Abc 55.0+0.8Aa 0.066
8 wk 68.6+4.7Ac 67.215.7Ac 47.913.9Aa 0.066
10 wk 59.0+2.4ABc 74.2+5.4Ac 45.6+£5.6Ba 0.027

p-value 0.019 0.028 0.068

¥ Sample size (n) = 3.
?Mean in the same row followed by the same letters (capital letter) are not significantly different at p°0.05.

Mean in the same column followed by the same letters (small letter) are not significantly different at p0.05.

Jo1satuazasiua STUURANNANITLATHUNIITIIG 1D NITAALREWT AL
q

AN W IRV RINZABA1EINRE AN YNIIRDE wazwuINdLEs N
q '
HanmIaTaansinuiasunadlwihige  szpzualumandn 10 wk SdansBunidgefigaatned

MEREINTATNEIL9Ten A1 BOD waz COD fenastu  swddunwaialafisuiuinfeffiszoznaninfidu

5 U

[
A

d = Qs qo/ a ' £ A ::4' qo/ a ' < Ai a = o a v
Waltnaunuindanawnan I@ﬂwuwmg\‘mqﬂhuuaﬂmﬂ N1 (Table 1) mumaamnqaumaﬂmwumun"l,@gam«m
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sunisluanalngialwindouas st lidauna
Imaqaﬁl,ﬁﬂaa wu msdasladu lsdu uazanslulawasa
Iidunsaladu nsaezily wazinans auddy &9
ﬁy'mmﬁamLﬂ%ﬁﬁiﬁuﬂ%ﬂﬁﬁmumhLaqaﬁl,ﬁﬂm
wazvnlfiAemsuaniuesmsaundsanvedninazsin
Ve s’awﬁamsau'ﬂ%ﬂmaqaLﬁﬂiuﬁWLﬁﬂﬁa%umLﬁmnws
naNAUe eI Asuazduitaliieniu (homogeneous) 1nn
2 v lsenansaun3sly ﬁﬁL%ﬂﬁmumwﬁﬂﬁmga
T Farwdaindeidwmminlaslldauniednig
Tussuundnde Tas  dndefindniuiunienafii
mMtatoulagnsdauasLTaIDaTazaua 9N Han
BOD_ uaz COD luﬁwL%ﬂgqﬁq@LLa:LL@m@mazmﬁﬁﬁ
fdunaaia meibiflesninnsdantnauszutdag
snsazaoasinviaaglas tafiioaglas wazAnfiu &9
[Huanssunisfidesaanasnlunnegng® andasaanyle
e fetimnymsnindgsoza i W a3
Euﬂ%ﬂmuwiwLaqaLﬁn‘?{Lﬁﬂﬁuﬁﬁiamaﬁauﬁ@msﬂaﬂ
amml,auﬂ'é;ﬂugﬂvlﬂl,ﬂuﬁ”w Faasvinlansdunadluin
Fofidnanas deiunswinuuylfornmaiadunseuim
mmﬁﬂumsﬁ%’uﬂqaqmmwﬁwL'ﬁ’%ﬂ
miavviadtulasiaulugy TKN Twianas
wan wuiwﬁ@hgﬁﬁuﬁﬂuﬁwLﬁmmﬂmsﬂﬁﬂiwﬁm\m
°1T'nLm:sl,uﬁ']L%ﬂmm:uwﬁﬂﬁvlﬂﬁi’a@;%ﬁﬂiaw Rt
NuA BOD_ uaz COD Wdiasannen TKN unasy
g3z 3ounIdlulasanuazuanluiislulasian nns
dopampssdunidlulaseuluanalwgisannnisdn
LLaz’LuﬁﬁL?mLaq"l,ﬂLﬂumiauw%ﬂﬂmmﬂmLaqmﬁnﬁ'ﬁa
maa”mmagmﬂ&;yu"l,ﬂLﬂuLLaquLﬁﬂvluImmu%aLﬁﬂfﬁu
Ieislugnnfifioandaunioluoandamauluszuy
Wi axtindn TKN Wauindoussdialulasauliiv
whstnde Tassuudnuinszssaminffiut wises
ﬁﬂﬁﬁgauw%ﬁﬁnmlumsﬂaﬂamymamuﬁuﬁ?uﬁwas[ﬁ
@1 TKN Iuﬁnﬁﬂﬁmga‘ﬁu mm:ﬁgﬂuuumsm’%wﬂw
Fraliganadadn TKN luiuds sdnfiioddymasda
(Table 1)
fiasannaasudsurinaasderndemsdunds
LLm'suaaﬁluﬁ'}L%ﬂmamuVL@TQﬂaiafmmﬂlﬁﬁmmmﬁﬂm
aulimunsansesSlddenseanunsas vmefivhsinlu
izuu%ﬁﬂﬁumuﬁﬁﬁmﬁﬂLmﬁlzaaﬂagﬁﬁuuumads:uu
LL@:Wﬁaﬁﬂ'sd'suﬁgnﬂammﬂumﬂammnagﬁﬁmaa
sruu denninduiiiunisningadusininla
(Supernatant) %38 ﬁ'n'ﬁﬂ"’?imun’ﬁﬂ%ﬂ;aqmmw 9en TSS
aand lagwuinszoziianvasnswinivinnsane g
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naaddtssaynaifdadn TSS agnelsiauazny
s UURIN AT eI sannsd s sEaas e
TSS gaﬂ’j’ﬁ:uué"u (Table 1) iiosannmsdaazyinlsinng
°1T'nLﬁ@mnwﬂéhﬂ:ﬂuagﬂuﬁwL%'Umn%u YouzAiv9d
ﬁvlsjvlﬁﬁmzﬁé'ﬂHmzsmﬁmﬂuﬂq’mﬁauaamag’ﬁmuu
d’mWNﬁ’nﬁé’@LLa:LLﬂumsazmmma:gmiaﬂaa’mam
ynanaziiaduaznanldunnni

fn pH sagintEusnauLaznasnnddnliuan
dnstwiin Tapwufiendunansiadudnadnios vai lag
FIUEIENUT pH BRsEBIN NI LRI AT TSy
WhaTuanaNsin wazsIuds pH vesindefifiszozna
Tumsndnuandraiuingulnadenliuandnoiu wadt
#n pH ﬁm’;awﬂuﬁ'n%aﬁg\mmﬁmagjmﬂﬁmmﬁmm
gmﬁwﬁamnﬂﬁuqﬂi Farwuas pH Wiy 5.5-9.0
Wz TINES 6N TSS wasiEoRrwINIRIN DN
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faymiadadaiedifudanutursiheiiguien
Auszpznavasmndn snculussuundnfiinsese
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Ffifszoznalummdnfiuandein snduluszuy
winArhstn laiksnseseunng Sanuitssasnandn
fuutuazvliten oM maaWwinga%uamaﬁﬁﬂéwﬁry
NI&06 (Table 2) Lﬁaamﬂma“ﬁnﬁnmlumsgmﬁumi
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wantdwiaa1 10 wk 22w Total N gaﬁqmiuszuumﬁn
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Abstract

Diversity of Leguminous shrubs, subshrubs and woody climbers (Leguminosae) in Phu Langka National Park, Nakhon
Phanom Province was investigated by collecting plants between May, 2011 and June, 2013. Folk medicinal uses were
studied by interviewing villagers and folk medicine healers living around the National Park. The result showed that 12
genera and 16 species were found, including 14 folk medicinal plant species. The morphological description, key to
genera and species were constructed and colour photographs of each species were prepared. In addition, ecology,
distribution in the study area, utilization and vernacular names were provided. The voucher specimens were deposited

in the Forest Herbarium, Department of National Parks, Wildlife and Plant Conservation (BKF).
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1.1.1 Bauhinia lakhonensis

1.1.1 Bauhinia lakhonensis Gagnep., Notul.,

Syst. (Paris) 2 : 173. 1912.
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1.1.2 Bauhinia penicilliloba Pierre ex
Gagnep., Notul. Syst. (Paris) 2: 177. 1912.
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1.1.3 Bauhinia sirindhorniae K.Larsen &
S.S.Larsen, Nordic J. Bot. 17(2): 113. 1997.
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Wwaadl 20-30 mﬁmgﬂ%mﬁaummg LEURBAUINAT 5
J4. (Figure 1E)
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6. ludsznauilugesnnnin 3 lubat. 7
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21 &na Abrus

Abrus Adans., Fam. Pl. (Adanson) 2:
327. 1763.

Vl,ﬁvjw%avlﬁl,ml,f‘zalﬁa lusenauuuy
YUUN ﬁiuaiawmagi wnunaslwmuudefians toaan
Fansyaz sandudne naniadsefiuaniing nduaan
ﬁﬂﬁmmagﬂvhj fisuadoiunau nduddnsgUiAuay
navgasawialnaninduging inasiwer 9 &u \Fauiiu
inanwadioAdlm o283 wInaNN WAL LWiana
NINANRILI

Abrus pulchellus Wall. ex Thwaites,
Enum. Pl. Zeyl.: 91. 1859.

Iiouitouds drdudanduufevines
dou ludsznavuunvuundaag uluend 1-1.2 o, ly
tingaanasety A 14-16 f lu:iaygﬂmaummu UYUIA 67
x 11-21 w1, Uapuuuasiiasunavson lauda vauidoy
Aduunianaes tileluadenszeny Taaeniiiuge
ns=ay aandansfiswsomumonly 817 3-7 aw. aangoy
Imueandassni 2 Na. ﬂ‘é'mgmgﬂns’m WREANALLALY
£77 2 AN, WANNAULREIEND 0.7 WA, NAUABNFTNWBA

NALNAIAIIINAN 817 7 WA, NAUGIINAZNRLEA19
1.1-1.3 w4 mmmﬂgﬁmuﬁﬂmaamm’sﬂszmm 1 3.
mnaTiwadlo T luRndan NAZUVBLIUIH WU TUIA
0.8-1 x 5-6.5 4. (Figure 1F)
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2.2 @na Clitoria

Clitoria L., Sp. PI. 2: 753. 1973.

liaugnnialdna A unIadInTy
wuesfidwldBudu lusuwlnadwludszneuuuusuun
1l 3-9 ludes finlundenludes Tenanuuutenszaz aan
Lﬁlmvﬁa@anaamﬂuﬂua:aanmwanin ludszduaae
ylu lussduganfivwalng) nduides 5 5w Usmsusn
i 5 uan wanduUn 4 84 Eanfiu NAUAINEN UAI
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e 10 8% e dungusl 1 ngw wia 2 ngy ey

wenlodssludig 8 2 p2anIRNdWINNN MuLNFs
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Clitoria macrophylla Wall., Numer. List
[Wallich] n. 5345. (1831-32).

Vlﬁvjugdﬁa 1 4. ﬁma:ﬁﬁﬁugﬂmam:uan
fnflaw ludszneud 3 ludes ludesfivasawa 2.7-3.3
x 6.5-9 wy. lutdasdudnsama 2.3-2.5 x 4.5-6.5 .
lugosronualuludsznautasunaunionn waztay
Hudsunanson veuludsy Iﬂulugﬂéw Alumuun
InaEs Fusnsfununuda leluadenszany Tenonidu
Fanszan eanvaniy ununawenatie 7 un. Tludszdu
30450 aanden Tludsdudessesiu ludsdudanglly
mﬂﬁagﬂvlm' nAuEesITen lawdoumwiuvase Jane
5 uan LLaﬂﬂﬁuLgmgﬁlﬁmaﬂ NALABNTYI NAUNAY
pwalng slindy nfugdegtuny e 2527 .
ﬂﬁﬁ@j“ﬁngmémmﬁuw% fimunavaanguidudoe
Uszanms 1.2-1.3 U8, INESIWART 10 8% 811 2.3-2.5 T4,
dulruiUiansacamuin Inasiweliuon 2.6-2.8
TU. HAFLUWAL I 7-8 x 45-46 U, ALUAA 5-6 LWAA
(Figure 1G)
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2.3 @na Codariocalyx

Codariocalyx Hassk., Flora oder
Allgemeine Bota- nische Zeitung 25(2): 48.1842.

livawlalivawwaidn lufi 1-3 luden
lugesfimpswmalnaiiign Sylunsenludes teasn
aandansviavanly TanszaznIagausnuans ludseéy
wwalwg Seandas 2 aen Wifludssduden nAuides
gﬂizﬁm%aﬁagﬂmm% i 5 uan nAuaan waluginin
nauEsInn naunasUanoamn liflas3ids (auricle) Ny
ﬂ'"ﬁwaﬁmuﬁﬂﬁmﬁmnﬁu navgaslanaN fiswfiade
funaue mmmﬂgv"ﬁ"awﬁmﬂu 2 ngu lifanugu
aan nastwendaAanags saaunasiwelioidugy nagy
wou won (Huda 13w

Codariocalyx motorius (Houtt.) H.
Ohashi, Journ. Jap. Bot. 40: 367. 1965.

ldvwugs 80 @, Asuazlufan ludsznou
wwpwuwnd 3 ludes lugesfidmofivwalnafiga 1
YUV VWA 3.0-4.5 x 0.9-1.1 a3, Uasuazlanly
u vauFoy ileluadaurunits qu'aﬂﬁag'ﬁwwﬁwﬁ
é’ﬂum:ﬂé”'mﬂuﬂ'ayﬁag’ﬂmmmmumﬁnﬂ'j’l Taaanidn
Fougnuans sanUapfis 81189 10 T, unutaneniivn
suaz1a aantag fuaantosn 2-4 wu. NAVLADIIN
2-2.5 Y. 1% WREANALLALIIND 1.0-1.2 Ya. Wannauy
[R898M 1 T, NAUABNENS NAUNAIVING 810 X 8-10
. NAUEGT9VIA 6-8 x 4-5 WA, NRUAN VWA 8-10 x
34 W, UREAMUNALEN 4-5 Va. INFILWARK 10 8% 1
U anla i LNETINALEEENT 1-1.2 T3, MWNES
WL 4-6 Ui, ATT Wae? 5-18 Wy & 2—4 T8
@auﬁna:ﬁnﬁﬁwugwmaﬁa MUNNE 7 N, (Figure
1H)
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24 ana Crotalaria

Crotalaria L., Sp. Pl.: 714. 1753.

lisuannaldna luider wiaduly
Usznavuuuinge Hluges 3-5 u wlusidoniadanu
doaaniniliutenszas sendaeAswtaausenly Tlu
dszduuazludszdudan n'&'mﬁmgﬂizeﬁaﬁagﬂmﬂlﬂm
Used 5 wan nduaanmmaes S Guriednni naunans
laudulufiseedadounada 2 &u nAvgdiztvey
pwniiagulinduunuzdvensuu Ardulufiindaat
JeRINaERY naugasdmudasdniutes ingawery
10 9% L%awﬁul,ﬂuﬂa;wﬁm \NFIWAR 5 9% NauLI
e lng ﬁﬁ’mgﬁuLi%é’;'ml,az?mé'um%ﬁgm FIULNET
AN 5 SuIULTUIWIALEAN AMUTIULIUEIUALGR
dunasdusm nanwadofeldzdlategdlunen
fleayn 2 dullinanoau Muwnasweiiolaandaiutde
ARFI Wa3luou uvauIwIn gﬂﬂﬁmmzuaqﬁﬁanau
Anasswiatiun

Crotalaria kostermansii Niyomdham,
Thai For. Bull. (Bot.) 11: 136-137. 1978.

Tivagedszanm 1.5 w. feuuazis A
fwuwnuusin ludsr Mulusns 1525 wrinluztuny
%%agﬂiwanné’ml,ﬂugﬂunu PUAUTZUITH 1.0 X 4.8 T4
Umsluuuuaztdudovmy Tawluuw vevluEey Aqluf
wuiegasdnn tieluadonszany teaeniiutenszes
sondmufmdaaumanly 8128 15 TU. NALLEDY 81
Uszanas 1.5 wu. jthnda wanwgnfnifietislaundy
389 NAUABNEAEDY ﬂ'mLLm“uaanﬁunmagﬂvlﬂﬂﬂﬁu Tap)
Uszanms 1.5 10, Uanornan fundu 1-1.5 wa. nayg
iwagﬂ"uaummu 21Uz 1 DU, ﬂﬁugjmamaﬂizmm
1.5 oy, Jadousn ingnwagsl 10 8 duena 5 au i
MugaUIHoN 10-11 a4, dunginhawa 0.5 x
0.8 Uy dudu 5 ouwlmugdulsapeIlszanm 0.7 W,
é’um%gﬂ"uaummmmwgﬂlwaﬂ £z 3 V. LNRT
meﬁmﬁ%'avlfﬂgﬂmawmu 817 3.5 4. MWNEILNALTE
817 13 UW. WA kWY (Figure 11)
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2.5 d@na Dalbergia

Dalbergia L. f., Suppl. PI. 52: 316. 1982.
Lidunsaldvy ludsznevunuauun
Uaned wustesdlufilugesludien Iuaiaaﬁagiﬁmﬁ'mﬁm
sy lufinludas tanansanimefismiasonly FanIzan
wIagausnuuwd Wwiszdunazludszdudesdvwalan
ﬂ'fimgmgﬂizssﬁ'a wanasnauRssTumaluwindu ndu
@aﬂﬂﬁunmagﬂvhi%%agmdﬂaw ﬂ‘éuﬁﬁml,%auﬁ'uﬁmu
Uang inasiwani 9-10 au danfwiln 1-2 NEW LNET
wendlpRTaludiu 88788 1 dunIaldwuies
nanwedloTdetu Aandes saaunasweloidugy wa

WUUTNANT88R (samaroid) RLNAA 1-4 LUAa

Dalbergia darlacensis P.H. Ho &
Niyomdham, Bull. Mus. Natl. Hist. Nat., B, Adansonia
Sér. 4, 18(1-2): 139. 1996.

Iionitouds vazdaniafun ludsznay
nunTwwNUABA 817 8-13 aw. mulusnd 1.2-1.6 T,
lugasiSarau sdvauTWIRIIIG 3-5 X 6-17 Tw. Uae
waslauumn veuldey Ansmasenuilan eluads
NITANH TOADNTOUUNUUWS BBNTEN M 817 4-5 a4, U
drduuazludszdugessny 1.5 8. aantasy nuaan
088N 1.5 T, NAULALINIUTZNNDE 2.2-2.5 WY, NAU
AanNEY ﬂﬁuﬂmogﬂvlfﬂné'u W9 3.5 x 3.5 Y3l NAUE
TUAZNAUARIET 2.5 NN, INFUNAE 5 8% \Houfidl
1 g8 817 3.5 Wu. ingnweLdiofduwanuvey JuUeen
Wa3LuaUIWIL U9 1.5 X 6.0 T. (Figure 1J and 1K)
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2.6 @na Indigofera

Indigofera L. Sp. Pl. 2: 751. 1973.

linunsalidsuan laamalufiauzddn
> = A dl = =1
dnwInwIavwasn ludsznovunuuawun wisalud 1 lu
tay wialuden ludesveuSey finludes anan e
N329% TOLTIRG WIananiayl aaneysanly sy
329918 ludszaudanlisl nAULRDILANTWIA LYY 81

]
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Nageuaninifga nauaanNAUNAI 3TN wIadaIn
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AnamMunay naugiegfanaudans ﬂﬁuﬂﬁwﬂﬂﬁw
\Apn Andiides tnasiwes] & 10 8% 2 ngu AulTulanu:
Ao Uanoliasunausas manwmﬁa%’a"bﬂﬁaaga
$runenn wiad 1-2 8w MuwnasweadsAanass vea
inasweiladudy Adniiaw naglununiansinay nae

=) = =3
NWNIILUINRAIDULY d 3-4 LUAA

Indigofera sootepensis Craib, Bull.
Misc. Inform. Kew.: 35. 1911 & FI. Siam. Enum. 1: 381.
1928.

Vl,ﬁvjugdﬂizmm 7 u. ﬁaﬁmwwzmugﬂ
M7 aungdifiaueisizdsg fupunssastroenlng
deain ludsenavuuvwwwnUaed Sludes 7-13 1u u
dasi3u9nsetny Mmulusnidseunm 3 o, Mulubdassnd
3-4 ww. winludessUinsesly aue 3-5 x 2.0-2.5
m. AN uAEauRaY DAIURANSaR AT 2 nulvugyl
7 Tananiurteanizaz sanauTaniy s lndlAuande
fFunienusnaaslulsznoudntas nauRey wasa
NALLEBIINT 1.0-1.5 Lansn? 0.5-1.0 Uy, NAUABNTNAL
ﬂmagﬂmumﬁw 2119 0.7 x 0.7-0.8 ¥¥. Yaeoii lan
o Anduneniivn suluinass Naugd9 817 0.7 .
NAUGAN98717 0.9 UN. INFILWARE 8-9 W3l AULTRL
1 9. Usnodow tnasiwendles Seliduunuuin AL
@39 Al (Figure 1L and 1M)

u%nmﬁwuluqé’am: UugaInsIm
Th@Auuay LINMNaINaIM

feinen: nuawtiunIadentng

Tasuds
Foduidlos: ernluunay
W35t i81989: W.Chatan 1241
2.7 d@na Phyllodium
Phyllodium Desv., J. Bot. Agric. 1: 123,
t. 5. 1813.
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\TaNAURAIN G INFINALNEININTUNFINAR MWNET
wendosulanelinwsaananneadodaudraduds

a

naLluda § 2-7 98 iagﬂmaummuﬁagﬂ%mﬁﬂw%'@pa

siisuszyiia
1. WagMIRBeNIN 5 W...2.7.1 Phyllodium longipes
1. WRYNININNIN10 UN..2.7.2 Phyllodium vestitum

2.71
Spec. Nov. Regni Veg. 20: 270. 1924.
livugedszanm 4 u. Asfivudihena lu

Phyllodium longipes Schindl., Repert.

Usznaud 3 ludes laslugesiivansdanusniunnnin
aunsvaslugessin 3 i luaiaﬂﬁﬂaWUgﬁJmaumuwu
uwnugdlunen e 4-5 x 15-17 . 1uﬂ'aﬂqu1uﬁl,f‘:a
luadouiuniis sanan ludsddulgugizlinende
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W30I3UL UANFIUAIEUNIILANFIRLY NAUAaNEY17
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Uaneun nAUET98717 6-8 an. NAUEA19EN 7-8 WA,
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Uszanm 4 ww. Anf 4 Ta (Figure 1N)
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2.7.2 Phyllodium vestitum Benth., PIl. Jungh.

[Miquel] 2: 217. 1852.
livugedszanm 3 u. fafvu ludszney
nwvwwwnd 3 luges muluens 2-3 aw. ludesfivas
lugdldawna 3-5 x 5-10 . luﬂ'aﬂﬁ‘*ﬁ']ﬂuﬂiznaugﬁ
Tlajmaanas v1a 3-5 x 5-10 aw. A9 2 Sl 1o
aoniutanszan sanauwenly ludszdudulgupd
amafiunnly 3uld awnadszanm 2 x 3-5 ou. ludszauy
%unaﬂgﬁgﬂvlﬂmmu aandasagilungy 4-6 aantas aan
fepftunongensnn 3-5 ua.NAUIREIEE 8% 817 3

J Sci Technol MSU

Wy, Aaflaw nAuaan&w ﬂﬁuﬂmagﬂvl"ﬂﬂé'u UG 5 X
10 W, Yanoria NAUEIIUIA 2 x 8 WU NAVAAS
WA 4 x 10 V. INFINAFL 1-3 W4, wnasweniiasaly
8717 3.5 V3. MWNFTNANEE17 10 VN, NaTWIA 4-4.5
x 11-12 yu. (Figure 10)
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2.8 ana Uraria

Uraria Desv. J. Bot. Agric. 1: 122, t. 5, f. 19.
1813.
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Uraria acuminata Kurz, J. Asiat. Soc.
Bengal, Pt. 2, Nat. Hist. 45(4): 235-236. 1877.
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........................................................... 3.1 Acacia

1. a‘hmummmﬂ@ﬁa‘hmu 10 8%........ 3.2 Entada

31 &na Acacia

Acacia Mill., Gard. Dict. Abr. ed. 4. 1754.
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Acacia megaladena Desv., J. Bot. Agric. 3:
69. 1814.
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3.2 dna Entada
Entada Adans., Fam. PI. (Adanson) 2: 318.
1763.
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Entada glandulosa Pierre ex Gagnep.,
Notul. Syst. (Paris) 2: 57. 1911.
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in the Family Leguminosae in Phu Langka National Park, Nakhon Phanom Province

A

~-

.S

Figure 1 Leguminous plants found in Phu Langka National Park (A) Bauhinia lakhonensis Gagnep. (B) B. penicilliloba
Pierre ex Gagnep. (C) B. sirindhorniae K.Larsen & S.S.Larsen (D) Senna occidentalis (L.) Link (E) S.
tora (L.) Roxb. (F) Abrus pulchellus Wallich ex Thwaites (G) Clitoria macrophylla Wall., (H) Codario-calyx

motorius (Houtt.) H. Ohashi () Crotalaria kostermansii Niyomdham
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Figure 1 (continued) (J) and (K) Dalbergia darlacensis P.H. Ho & Niyomdham (L) and (M) Indigofera sootepensis

A

Craib (N) Phyllodium longipes Schindl. (O) P. vestitum Benth. (P) Uraria acuminata Kurz (Q) Acacia

megaladena Desv. (R) Entada glandulosa Pierre ex Gagnep.
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Abstract
The study process was done using project - based learning in an advanced epidemiology course. A point cross -

sectional analytic survey had been studied by 13 doctoral degree students, from the Faculty of Public Health. This
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research aimed to determine the results of the learning process, the learning satisfaction of students, and student
moral, between September 2013 and April 2015.

The resulte showed that the learning process was evaluated in 3 parts. Part 1; The knowledge of advanced
epidemiology was a pre - test (mean score = 3.5), and post - test (mean score = 10). Before learning, most of the
students had a low knowledge score (<38.4%) in epidemiologic measurement, risk of disease assessment, sample
size estimation and statistics. Part 2; Group and individual activities evaluated. (group score < 15.3 - 50.0%) Including
methodology, study results, and research problems. Their activities after learning revealed that, 76.9 % had 100 scores.
In, part 3 evaluation, after learning they had a low opinion of the lecturer was not pleasant to them (46.1%). Both
scores of document support, and self study before class were the same (23.1%). After learning most had a high
opinion level in the learning condition with a mean score of 4.18. The mean appreciaion score of 4.18 was at high

level. Most moral scores consist of early to class, share idea, good explanations, clear presentations, and reasonable

analysis. They had frequency and preparation of 52.2%, and 40.8% respectively.

Recommendation, students must develop their reading and study preparation before class. In addition,

because of team work problems related to their basic education differences, past experience, and their duties, they

should devote their time for team work in both theory and practice.

Keywords: project based learning, advanced epidemiology, doctoral degree students
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Table 1 Pre test— post test in the knowledge of advanced epidemiology course

Knowledge number (%)

Topic
Before After Increase

1. Agent and disease control 5(38.4) 13 (100.0) 8 (61.5)
2. epidemiologic measurement 1(7.6) 13 (100.0) 12 (92.3)
3. risk of disease assessment 1(7.6) 13 (100.0) 12 (92.3)
4. measures of relative 5(38.4) 13 (100.0) 8 (61.5)
5. bias and error 5 (38.4) 13 (100.0) 8 (61.5)
6. sample size estimation 2 (15.3) 13 (100.0) 11 (84.6)
7. statistics 1(7.6) 13 (100.0) 1(7.6)
8. discussion and recommendation 12 (92.3) 13 (100.0) 12 (92.3)
9. research study in class/field (1) 7 (53.8) 13 (100.0) 6 (46.1)
10. research study in class/field (2) 7 (53.8) 13 (100.0) 6 (46.1)

mean 3.5 10 6.46
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Abstract

Hearing loss is a common problem in the elderly. It can cause physical, psychological and social problems. This study
aimed to identify the prevalence of hearing loss in people over 60 years old, who live in six communities in Mahasar-
akham Province, and then describe the requirements of the hearing impaired in the elderly. 111 participants from 6
communities ; Takasila, Srisawad1-3, Patchimtat1-2 were recruited. The result showed that 71.2 % of the participants
have hearing loss. The biggest catagory of hearing impaired was both hearing handicap and hearing rehabilitation
(44.4%). The odds ratio of hearing loss were greater for men than women (OR = 3.05 , 95%CI 1.08-8.57) However,
underlying disease and history of noise exposure were not found to be a strong predictive factor for abnormal hearing

(p > 0.05) The result from this study can be further applied to improve elderly’s care in Thailand.

Keywords : Prevalence, Hearing impairment, Elderly
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Table 1  Underlying disease of study samples
Underlying disease Numbers %

None 46 41.4
Diabetes mellitus 9 8.1
Hypertension 20 18.0
Dyslipidemia 7 6.3
Diabetes mellitus and Hypertension 6 54
Diabetes mellitus and Dyslipidemia 1 0.9
Hypertension and Dyslipidemia 13 11.7
Diabetes mellitus, Hypertension and Dyslipidemia 9 8.1
Total 111 100
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Table 2

Table 2  History of noise exposure in study samples
History of noise exposure Numbers %
None 69 62.2
Firework and cracker 12 10.8
Work in noisy environment 7 6.3
Listen to loud music 12 10.8
Firework and work in noisy environment 3 2.7
Firework and listen to loud music 2 1.8
Work in noisy environment and listen to loud music 6 54
Total 111 100
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Figure 1 Hearing result of study samples

Table 3 Requirement of 18 hearing impaired in study samples
Requirement Numbers %
Hearing handicap 1 5.6
Hearing rehabilitation 3 16.7
Both of them 8 44.4
Neither of them 6 33.3
Total 18 100
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Abstract

The purposes of this reaserch was to study the causes of nuisance and accidents from the rubber latex transportation,
and obtain opinions towards resolving problems from rubber latex transportation in Nong Waeng and Klang Yai sub-districts.
The samples were from households in Nong Waeng and Klang Yai sub-districts, Banphue district, Udonthani province,
totaling 2,803 households. The systematic random sampling method was used in voluntary selection. The sample was
140 representatives of the households in Nong Waeng and Klang Yai sub-districts. The method of data collection was
a structured interview, consisting of 3 parts: general information of the research sample, information of problems and
accidents from the rubber latex transportation, and guidelines for resolving the problems. Moreover, the data were
collected by observation of the trucks transporting rubber latex, and surroundings of the rubber latex transportation

routes. The data obtained from this case study were analyzed with descriptive statistics.
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in Nong Waeng and Klang Yai sub-districts, Banphue district, Udonthani province

The findings were as follows : 80.7 percent of the households reported having problems from the rubber latex
transportation. The most frequently reported problem was unpleasant odor (80.5 percent of the reported problems).
10.0 percent of the households reported being in an accident related to rubber latex transportation within the past
year. About 64.4 percent of those accidents resulted in minor injuries. And 37.9 percent of the samples was aware of
importance of resolving problems. The suggestion for solving the problems were that, the rubber agriculturalists and
the rubber latex buyers should modify the vehicles for rubber transportation for proper use, included using canvas/

plastic covers, adding a pipe/a container for keeping the rubber latex from the truck sufficiently, and preventing the

smell from the truck to annoy the communities.

Keywords: nuisance, rubber latex transportation
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Table 1 Opinions on suggested ways to decrease the effects from rubber transportation (n=140)

Opinions on decreasing the effects Numbers (persons) percent
1. Need of decreasing the effects from rubber transportation
No Comment
Need 83 59.3
Not Need 53 37.9
4 2.8
Total 140 100.0
2. A guideline for decreasing the effects
2.1 Legal Measures
No Comment 68 48.6
Need 61 43.6
Not Need 11 7.8
Total 140 100.0
2.2 Improvement of the truck in rubber transportation
No Comment 51 36.4
Need 88 62.9
Not Need 1 0.7
Total 140 100.0
2.3 Change times or routes of rubber transportation
No Comment 75 53.6
Need 53 37.9
Not Need 12 8.5
Total 140 100.0
2.4 Holding a meeting for sharing and suggestion of the problem resolving
No Comment
Need 69 49.6
Not Need 48 345
Total 22 15.8

140 100.0
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Figure 3  Transportation of Rubber by the villagers
210 Figure 3 mmmﬂmuwwmmaamwmmﬁ
WU AD TONIULLATIDAALL AN ITURRINTHANIINIT
o y oo D Ao
LNAINNBATATIENUaINUNREN Tl wnTUngs D93
mﬂ‘*ﬁqowma@mm:mmauﬂU’Lummﬁ'ﬂmaﬁauﬁm
LL@iqawmaaﬂLLa:mmauﬁu"l,ximm‘mm‘iqﬁﬂmuwvm
= 43 v v ISI = v o v
#IavadmaddIaanuinesnantamlonld vinlw

2 . o
°uaammmmuvlmamvlﬂmﬂi:uml‘ﬂumsmmﬂ UL
°ua\ﬁnmsnnﬁ’lﬁmuﬁﬂ&immsmaﬁwa\‘immma”mﬁ
1e99 1055 aaad b fariasnnun ke
mﬂudqmawwmmmﬁm%’u%amowwiwuﬁa
Tﬁ?amuq@]mmﬁu ‘mminﬂﬁﬁﬁmﬂuﬁ{l NIWIT b £
Tiqmuuﬂsgﬂmd@u azpwsd b lssnululuadinia
a g til v A 2 ' o > o
qmmuua:wuﬂlﬂamm leun dnanuaiiiss dune
AUDIRU éwmaqw%’u LLa:é’ﬂmmﬁaqqmmﬁ Toelan
NHRAIIBEBAUTERINIENND FRITUEILARWEILIIT
‘Uﬁ“qﬂdeﬂi’]ifﬂﬁJ:"Huﬁ{]de’]‘nN’]uvlﬂﬁdI‘NmuluL"H@I
dunalnaifes A q@%’us‘ﬁ\‘lﬁmmﬁmmamiaﬁu"lﬁmaﬁﬂ
sauduanaswginaziinisauas U fslssnuiisine
=1 = ] Qs 2{/ Iil o

Luaaqmmmm:mminmu"l,ﬂmiiamusluwuﬂmma
AT 9lrd FIRaRUaINY LiaIaNTa L IARaAcaN

A P o o X Ax & o a '
NInaRte AN RNAN I NIRIGIUARNTD VRS

HNNTIR UMDY uazt sz TudIuln wuiums

PUFIL NN VBITIUTIA IS lssnudenfigalugag
A o . y

e Sawumyzuditesfigalugaeia 13.00 u. iiiasan

VU RFIRAINNLFIIFUNITTOVILLIINITIVDS

LNHATNTHA?
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Figure 6 Leakage of rubber latex from the truck
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Abstract

The purpose of this two-group experimental design research was to examine the effect of a massage using a “Thai
wisdom” device on labor pain. The sample comprised 70 primiparas admitted to a maternity unit at a hospital in
northeastern Thailand from April 1, 2009 through April 30, 2010. A purposive sampling sample was assigned
randomly to two groups. The experimental group received a 30-minute sacral massage with a ‘Thai wisdom’ device
in a massage pattern and the control group received routine nursing care massage for 30 minutes. Data were
collected using a faces pain rating scale after the massage, a satisfaction questionnaire postpartum, and a

demographic data form. The pain scale and satisfaction questionnaire had an internal consistency of 0.80 and 0.89,
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respectively. Data were analyzed using descriptive statistics and an independent t-test. Results showed that the

experimental group had significantly lower pain scores than the control group (t = -3.5, p = .001). The average

satisfaction level the experimental group was 2.6. The findings indicate that a 30-minute massage using the ‘Thai

wisdom’ device relieves pain during childbirth. The therapeutic application of this device may be considered when

providing intrapartum care.

Keywords: Thai wisdom device, massage, labor pain
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Experimental Group

Control Group

Characteristics n (%) n (%) p-Value
Age .61
10-19 years 4 (11.4) 4 (11.4)
20-34 years 29 (82.9) 30 (85.7)
35-45 years 2(5.7) 1(2.9)
Occupation
Agricultural 5(14.3) 1(2.9)
Government employee 3 (8.5) 1(2.9)
Private company employee 7 (20.0) 7 (20.0)
Self-employed 1(2.9) 5(14.3)
Housewife 15 (42.9) 20 (57.0)
Student 4 (11.4) 1(2.9)
Highest education
Primary school 10 (28.6) 7 (20.0)
Junior secondary school 4 (11.4) 8 (22.9)
Senior secondary school 9 (25.9) 13 (37.1)
Diploma, post secondary 5(14.2) 1(2.9)
Bachelor's degree 5(14.2) 6 (17.1)
Post bachelor’'s degree 2 (5.7) 0
Gestational age .28
37 weeks 1(2.9) 1(2.9)
38 weeks 17 (48.6) 17 (48.6)
39 weeks 8 (22.9) 7 (20.0)
40 weeks 6 (17.1) 6 (17.1)
41 weeks 3(8.5) 4 (11.4)
Living status
Cohabitate 32 (91.4) 35 (100)
Separated 2 (5.7) 0
Divorced 1(2.9) 0
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Table 2 Comparison of Pain Scores Between Experimental and Control Groups (n = 70)

Group n Mean SD Mean Difference t df p-Value
Control 35 5.6 1.66 1.43 -3.5 70 .001
Experimental 35 4.2 1.68

Table 3 Levels of Satisfaction of Primiparas Who Received Massage with “Thai Wisdom” Device (n = 35)

satisfaction n Percentage Mean SD
Total 2.6 0.32
High 5 14.3
Medium 30 85.7
Low 0 0
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UNAnga
Escherichia coli Wae Staphylococcus aureus Wnuuafidoralsnomnniuivfinuvesluavs mahasaiaaniis
sy 1w nanfioy ldlunsdudinnsgesdessinliifensdradsnioouss ivhldiAansies ooy
ﬁ'umimﬁﬁami%ﬁ‘aﬁaLﬂumaLﬁanﬁﬂaaﬂﬁ'méwm%ﬂﬁuﬂnﬂ mu’i%’nﬁtﬂumimaauﬂ‘swaﬂ'ﬁmwmmmmﬁ'@ﬁuuﬁu
mrmiwmwiﬂumlﬂummummimsmﬂuaama S.aureus usz E.coli mnnqu MuAT paper disk diffusion
(mwlgvasmsduia,mm.) mwmwuma@wmmsnmummimmmaama MIC) a3 broth dilution (mg/ml) Lag
maauﬂﬁwaﬂﬁmwmiﬂumma 1a83% standard plate count (CFU/mL.)

NANIANEIWLN msauk@wﬁ'aﬁ'@vlﬁmﬂnszl,ﬁﬂwiwumsaaaauﬂ%mwmﬁaUm‘%'ad GC wunilsunm 75 .18
% miaﬁ‘ﬂ‘ﬁu&ﬁuﬁmmLﬁmi”w,ﬁ'u"ﬁm:ﬁﬂi:ﬁw’ﬁmwhn'ﬁﬁuEly’amsw‘%mumau%a%ﬁﬁu%u Tagauidudn 100 mg/
mi luszaziam 24 Falag ﬁﬂi:ﬁﬂ%ﬂﬁﬂ%ﬂﬁifﬂ5@711'3@%@%&%@ E.coli waz S.aureus fatilu 97.33 % uaz 88.83 %
ANEIGL WaNINHEIWLAN (MIC) 18 E. coli A 25 mg/ml dauilu 75% Ba S.aureus &a 50 mg/ml Aatiln 100 %
8717 pH ﬁﬁﬂizfﬁﬂ%mwlumiﬁugaﬂmﬁtgmaaL%'a E. coli waz S. aureus pH 7 @aLlw 83.33 % Waz 100 % UsE1QU

° o

a1d1A mmumm’nﬁmmaaL"IiaLL‘Uﬂ“nLin auuau Staphylococcus aureus. Escherichia coli

Abstract

Escherichia coli and staphylococcus aureus are the prevalent food poisoning bacteria in various foods. Using herbal
natural medicine extract such as garlic to inhibit bacterial growth cause less poisoning symptoms side effects and
drug resistance than synthetic chemicals and is a safe choice for consumers. This research aimed to study the
effectiveness of inulin extracted from garlic (Allium ampeloprasum var. ampeloprasum) to inhibit the growth E. coli
and S. aureus at various conditions. The experiments operated by using paper disk diffusion (Inhibition zone ; mm.)
to determine the minimum inhibition concentration (MIC; mg/ml). The inhibition experiment of S.aureus and E. coli
were tested by the standard plate count method (CFU/m).

The study showed that inulin extracted from garlic 75 .18 % with higher concentration could increase the
inhibition of bacteria growth. The results found the concentration of inulin extract at 100 mg/ml within 24 hours E.coli
and S. aureus of 97.33% and 88.83% respectively. The minimum inhibitory concentration (MIC) of inulin extract for
E.coli was at 25 mg/ml with 75% and S.aureus was at 50% mg/ml of 100% ability. The optimum pH of E.coli of and
S. aureus were at pH 7 with 83.33 % and 100% ability , respectively

Keyword : bacteria inhibition, inulin, Staphylococcus aureus, Escherichia coli
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Table 3 Inulin extracted from garlic to inhibit the growth of bacteria Escherichia coli and Staphylococcus aureus

condition pH 3, 5, 7, and9

pH The average diameter of clear zone around the disk efficacy (%)
(mm)
E. coli S. aureus E. coli S. aureus
Bank - - - -

3 1.33 £ 0.57 233 +1.52 22.16 38.33

5 2.66 £ 0.57 4.66 £ 2.08 44.33 77.66
5.6 3.33+0.57 3.33+0.57 55 55

7 5.00 = 1.00 6.00 + 1.00 83.33 100

9 233 +1.15 3.00 £ 1.00 38.83 50
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Abstract

Address Resolution Protocol (ARP) is a crucial mechanism to map between Internet Protocol (IP) and Medium Access
Control (MAC) addresses.According tolthe ARP process, an ARP cache is always updated by incoming ARP reply or
request packets. So, the ARP cache can be poisoned and vulnerable to ARP spoofing attacks. The attacks can cause
several problems, such as Denial of Service (DoS) or confidential information eavesdropping. From the literature,
several ARP detection and protection solutions have been proposed. However, all of them have several drawbacks.
In particular, all previous solutions do not suit to the organization that has multiple LANs. So, this research has proposed
to improve the ARP detection/protection techniques by improving the detection technique, gateway rehabilitation
mechanism and ARP spoof detection in a network gateway. We have also prototyped our solution and experimented
with it on a network test-bed. Our experimental results have demonstrated the improvement of detection, protection

and reporting mechanisms.
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Abstract

The research had two objectives: 1) to design a small-sized crusher, and 2) to assess the performance of the
small-sized crusher. The population and sample groups were A) three managers from the Forest Control Research
Center (FFRC), and B) three participants from both Vehicle Development Academics, and Automotive Engineers,
collected by random sampling. The applied research tools were a 5-level evaluation questionnaire and a newly
developed crusher prototype. Results were collected from the performance of a high powered crusher, equipped with
a 1 horsepower (hp) AC motor, with a spinning torque of 1,450 rpm. The crusher used rotary blades which alternated
with slicing shear. The machine was light-weight and therefore easily mobile. The crusher performance results for
controlled grinding and mobility were very acceptable (X=4.23, S.D.=0.61), with increased benefits from the digestion
of the accumulated fuel debris (X=4.06, S.D.=0.56).

Keywords: Accumulated Fuel Debris, Forest Fire, Crushing Machine
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Figure 5 Design Development
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Table 1 Mean and Standard Deviation from Designer

Professional

Section Design 1 Design 2 Design 3

assessment X s.D % sS.D % S.D
Usability 417 0.75 2.83 117 4.00 0.63
Convenient 417 0.75 3.17 0.75 4.00 0.89
Transport 3.67 1.03 2.67 0.82 3.33 0.82
Function 4.00 0.63 3.00 0.63 3.83 0.41
Maintenance 417 0.75 2.67 0.82 3.50 1.22
Beautiful 3.00 0.63 2.33 0.52 2.83 0.75
Technology 3.00 0.63 217 0.75 2.67 0.52
Material 4.17 0.41 3.33 0.82 3.67 0.82
Manufacturing 3.67 0.82 3.00 0.89 3.17 0.75
Strength 4.50 0.84 3.17 1.33 3.33 1.21

smAad 3.88 0.40 2.82 0.62 3.45 0.58
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RENPERINE

Figure 8 Isometric View
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Table 2 The opinions of the Automotive Engineers on

crusher structure design (n = 3)

Evaluation Items X S.D. Interpretation

1. The pattern is easy for produc-  3.67 0.57 Very suitable

tion

2. The pattern is easy for material 3.67 0.57 Very suitable

selection

3. The structure is solid and strong 4.00 0.00 Very suitable

4. The simple structure promotes 3.67 0.57 Very suitable

production

5. The machine performance is  4.00 1.00 Very suitable

acceptable

6. The machined responds well  3.67 0.57 Very suitable
during operation

7. Simple mechanism for crusher  3.67 0.57 Very suitable
operation

8. Easy machine positioning 4.00 0.00 Very suitable

9. Practical mechanism for crusher ~ 4.00 0.00 Very suitable
operation

10. Resistance to movement and  4.00 0.00 Very suitable
vibration

11. Proportional size and measure-  4.00 0.00 Very suitable
ments

12. The crusher is very adaptable 3.67 0.57 Very suitable

13 Crusher construction material is ~ 3.67 0.57 Very suitable
appropriate

14. Machine operation is convenient ~ 4.00 0.00 Very suitable
and simple

15. Communication signage is clear ~ 3.67 0.57 Very suitable

16. Maintenance is easy 4.00 0.00 Very suitable

Average Score 3.83 0.34 Very suitable

J Sci Technol MSU
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Table 3 Performance evaluation of the crusher for
fuel debris digestion in the National Forest

Reserve Area

Details (n = 25) X S.D. Interpretation
1. Appearance and organization 3.90 0.77 Very suitable
2. Benefits and functions in con- 4.06 0.56 Very suitable
trolling forest fires
3. Accessories (handle and mo- 4.23 0.61 Very suitable
bile parts)
4. Strength and work endurance 4.00 0.68 Very suitable
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Table 4 Satisfaction from the Vehicle Development

Academics in product design and engineering (n=3)

Efficiency Evaluation X S.D. Interpretation

Appearance Evaluation Criteria

Suitable appearance for the job 4.20 0.57 Very suitable

Color compatible with the environ-

4.20 0.57 Very suitable

mental conservation concept
Unique Evaluation Criteria
Simplicity of crusher shape 4.00 0.00 Very suitable

There is a symbol which conveys

the crusher product 4.60 0.57 Most suitable

Strength and Endurance Evaluation Criteria
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Structural strength and endurance  4.00 0.00 Very suitable

Work endurance during normal

operating conditions 4.60 0.57 Most suitable

Simplicity in production process 4.00 0.00 Very suitable
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Table 5 The satisfaction of the Managers from the Forest
Fire Control Research Center (FFRC) (n = 3)

Satisfaction Evaluation among
Managers from the Forest Fire X S.D. Interpretation

Control Division

Usability Evaluation Criteria

The crusher has suitable functional

4.40 0.57 Very much
control systems
Broken parts can be removed easily ~ 4.20 0.57 Very much
The size of the rotating cylinder is

4.40 0.57 Very much
suitable

Uniqueness Evaluation Criteria

Simplicity in the shape 4.80 0.57 Most
The color reflects organization iden-

4.80 0.57 Most
tity
Multipurpose usage 4.60 0.57 Most

Strength and Endurance Evaluation Criteria
Structural strength and endurance 4.00 0.00 Very much
Work endurance 4.00 0.00 Very much
User (s) safety 4.60 0.57 Most
Evaluation Criteria of Machine Operation

The crushed pieces are small and

4.80 0.57 Most
uniform in size
The conveyor belt for the crushed

4.20 0.57 Very much
material is fast and safe
The motor which powers the rotating

4.20 0.57 Very much

blade is suitable
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Abstract

Red yeast rice (RYR) is rice fermented with Monascus. RYR products can be used as food additives, coloring
materials, and dietary supplements. Many researchers have reported valuable metabolites in RYR, such as Monascus
pigments (red, yellow, and orange) and other bioactive metabolites, especially monacolin K, g-aminobutyric acid
(GABA), and citrinin, etc. The quantities of Monascus pigments and bioactive metabolites are dependent on the
species of mold and optimum culture condition. Rice is a major agricultural product of Thailand. Transformation of
whole rice and broken rice into RYR will provide added value to the rice. However, the quality of RYR products must

be controlled, especially citrinin content, for consumer health protection.

Keywords: Monascus, monacolin K, y-aminobutyric acid, citrinin

Introduction

Red Yeast Rice (RYR) is the fermented product of ordinary
rice (Oryza sativa) with red mold (Monascus spp.). Red
yeast rice is also called ang-kak, anka, hung-chu, hon-chi,
and hong-qu in Chinese and Taiwan, hong-gug in
Korean, red koji, benikoji, and akakoji in Japanese, and

so on.' It has a long history as a flavoring, coloring and

preservative in food and a folk medicine in many Asian
countries. The RYR product is referred to by different
names according to the local languages. Metabolites of
RYR are classified on two bases, including Monascus
azaphilone pigments (red, yellow, and orange) and other
bioactive metabolites, especially monakolin K, g-aminobutyric

acid (GABA), and citrinin (Figure 1)."® The chemical
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structures of the main bioactive metabolites are shown in
Figure 2. Application of RYR has been shown in
foodstuffs, beverages, anti-microbial and human health
supporting agents, and miscellaneous industries, e.g.
textile industries, cosmetic, and pulp, etc.t

Monacolin K is a hypocholestromic agent that
competitively inhibits the rat-limiting enzyme 3-hydroxy-
3-methyl glutaryl coenzyme A (HMG-CoA) reductase,
which catalyzes the reduction of HMG-CoA to mevalonate
during cholesterol biosynthesis.”® GABA is an amino acid
transmitter that is present in the inhibitory neurons of the
central nervous system. GABA has several antihypertensive
and diabetic hyperglycemia prevention activities.” Therefore,
food products with RYR extract added are claimed to
have nutritional and pharmacological benefits. Nitrite and
nitrate have been used in the preparation of cured meats
for the purposes of anti-bacterial agent and antioxidant.
Nitrite is reduced to nitric oxide and reacts with
myoglobin to produce nitric oxide myoglobin, which
contributes to the characteristic pink cured meat color.
Nitrite can also be applied to preserve a desirable meaty
flavor. The levels of nitrite and nitrate used in meat curing
has arisen because of the possibility of nitrosamine, which
is a carcinogen. The residual nitrate and nitrite in
fermented meats may form N-nitrosamines in the
gastrointestinal tract.’ Therefore, the color enhancement and
antioxidative properties make RYR a potent candidate to
be applied in meat products. Figure 3 shows the
addition of RYR powder in Thai traditional fermented pork

(Nham) and northeastern style Thai sausage."

Red yeast rice production

Rice is an important crop. Although Asia is the
major rice producer and largest exporter of rice in the
world, the price of rice in each year varies. The price of
whole rice and broken rice is 30-35 baht (0.9-1.1 $) per
kilogram and 10-15 baht (0.3-0.5 $) per kilogram,
respectively. Whereas, RYR has a high price of 300-350
baht (9.4-10.9 $) per kilogram, which depends upon its

J Sci Technol MSU

quality. Therefore, whole rice and broken rice could be
served as the sustainable raw material for value-added
products through fermentation with Monascus molds.

Monascus pigments are produced on commercial
scales by many Monascus species, especially M. anka,
M. kaoliang, M. pilosus, M. purpureus, and M. ruber. The
genes responsible for citrinin synthesis (pksCT, ctnA, and
orf3) are absent or significantly different in M. pilosus and
M. ruber. The highly conserved citrinin gene cluster is in
M. kaoliang and M. purpureus. Monascus strains for
pigment production could be achieved by genetic
engineering and metabolic engineering.®"’

RYR products have numerous bioactive
metabolites and are completely safe when they are produced
under optimal nutritional and environmental conditions to
reduce the citrinin contamination (Table 1). Rice for RYR
production should have a high content of amylose and
low amylopectin. In solid state culture, bioactive
compounds are released into rice grains. Figure 4 shows
the changing color during solid state fermentation of
broken rice at room temperature (30+2°C) for eight days."
The RYR could be achieved by the following fermentation
steps: the rice is rinsed and soaked in water, drained,
steamed, sterilized, fermented, and dried. The optimal
cultivation temperature is in the range of 25-30°C for
growth and pigment production for most species, while
temperatures above 35°C inhibit monacolins production.’®
As for the initial pH, the ideal range for pigment production
is 4.0-7.0. Metal ions, especially Zn®* and Mg, greatly
affect growth and pigment production of Monascus spp.1
Good aeration provides a good yield of pigment and low
citrinin production. Monascus spp. generally produce the
maximum pigments in darkness and the minimum ones
in white light."® Nitrogen sources, such as amino acids
and ammonium salts, are used for good pigment yields,
amino acids could be added to the fermentation
processes as a precursor for various pigment colors

depending on the content ratios of yellow, orange, and red.
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Figure 2  Chemical structure of main bioactive metabolites in red yeast rice, pigmented metabolite (red, yellow, and

orange), monakolin K, Azaphilones, g-aminobutyric acid (GABA), and citrinin.*®

Figure 3  Monascus sp. on red yeast rice (RYR) (a), powder of RYR for food coloring (b), adding RYR powder in

pork (c), comparison of color between meat and meat products with RYR (right) and without RYR (left)

of (d) Thai traditional fermented pork (Nham), and (e) northeastern style Thai sausage."
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Figure 4  Color Change of red yeast rice during solid state fermentation of broken rice at room temperature (30+£2°C)

for eight days."
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Standard and Regulation on Red Yeast Rice

The Food and Drug Administration (FDA) issued
a consumer warning to avoid RYR products because
many of these products may contain citrinin.”” Citrinin is
a nephrotoxic in animals with a reported median lethal
dose (LD, ) of 35 mg/kg.” Citrinin in food colorants has
been shown to be mutagenic at concentrations between
0.2 and 1.7 ug/g.”® Therefore, its concentration in supplements
should be minimal. In Japan, the maximum allowed level
of citrinin in RYR is 200 mg/kg.”” In Taiwan, the regulatory
limits of citrinin in RYR (raw material) and Monascus
products are 5 mg/kg and 2 mg/kg, respectively.*® The
Chinese national standard (GB 4926-2008) for red kojic
rice (powder) was enacted in 2008. This standard
requested specific qualities from three aspects (sensory
requirements, physicochemical indexes, and health
requirements). However, this standard did not mention
the limit index for citrinin, although it made a strict requirement
on aflatoxin B1 (5 mg/kg).*' RYR is classified by the Food
and Drug Administration (FDA), Thailand as a red food
coloring from a natural product, and regulation of citrinin
in food products is controlled by legal food control
operation. The regulation of the European Community
(EC) No. 1881/2006, regards maximum levels as 2000
mg/kg of contaminant citrinin in food supplements based
on rice fermented with red yeast M. purpureus.* Sensory
evaluation of Thai traditional fermented pork sausage
(Nham)®, northeastern style Thai sausage'®, smoked
sausage, and Chinese sausage® * that had RYR added
as a substitute for nitrite and nitrate indicated that
panelists favored the RYR colored meat product.
However, applying high RYR levels in products resulted
in a darker red. In addition, high RYR may result in citrinin
contamination in the food product32.

For citrinin to be analyzed in contaminated
samples, it must be extracted and cleaned-up prior to
thin-layer chromatography (TLC), high-performance liquid
chromatography (HPLC), gas chromatography (GC), or
immunoassay if reliable results are to be obtained.’ In
addition, monacolin K degrades during storage due to the
temperature, water activity (aw) or moisture content,

sunlight, and oxygen. The storage of RYR powder at

J Sci Technol MSU

temperatures lower than 30°C under vacuum packaging
could enhance retention of monacolin K.* Therefore,
impurities or contaminant labelling, shelf-life, and packaging
of RYR have to be managed and declared to produce

trusted high quality products for consumers.

Conclusion

RYR, a fermented product of rice by Monascus
spp., has been used as a food additive. RYR metabolites
provide nutritional and pharmacological benefits, such as
monacolin K, GABA, and citrinin, etc. Therefore, whole
rice and broken rice could serve as sustainable raw
material for value-added products through fermentation
with Monascus molds. However, RYR production has to
be completely safe, such as when produced under optimal
nutritional and environmental condition to reduce citrinin
contamination. The standardization of metabolites should

be provided for the quality control.
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Abstract

This study considers the use of organic fertilizers to solve the lack of fertile soil in rice fields. At present, Agricultural
land use and sustainable agriculture work together, but a deteriorating soil base causes a need to seek solutions that
assure sustainability. One concept under consideration to help sustain soil conditions is advancing the use organic
fertilizer. This type of fertilizer can increase soil organic matter and improve overall soil quality. Currently the most
widely used organic fertilizer includes manure and compost, which are readily available. After application it has been
shown that the soil has better physical, chemical and biological makeup. The fertilizer can improve soil aggregation,
soil structure, soil aeration and soil drainage. It also improves the chemical properties of the soil, and it can increase
the plant nutrients and buffer capacity of pH. The soil’'s overall biological properties show an increase of nutrients,

energy absorption and an inhibition to the growth of disease.

Keywords: organic fertilizer, deteriorated soil, rice
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Fertility
Table 1 Analysis of the nutrients in the manure™
Nutrients
Type manure

N (%) P (%) K (%)
Cow dung 1.91 0.56 1.40
Buffalo dung 1.23 0.55 0.69
Chicken manure 3.77 1.89 1.76
Duck manure 215 1.13 1.15
Sheep manure 1.87 0.79 0.92
Horse manure 2.33 0.83 1.31
Swine 2.80 1.36 1.18
Bat droppings 1.05 14.82 1.84
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Grain yield in air-dried and composted manures applied soil during rice cultivation (different letters denote

significant differences at p< 0.05 level). Vertical bars represent standard deviations (n= 3)."
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Table 2 Nitrogen, phosphorus and potassium content in leaves and stems of KDML 105 as affected by application of

rice straw, cattle manure and bio-extracted fertilizer at panicle initiation in 2009%

Treatments Leaf Stem

N (%) P (%) K (%) N (%) P (%) K (%)
Rice straw 1.614 0.165b 2.381 0.430b | 0.193b | 2.510b
Rice straw + cattle manure 1.580 0.219a 2.514 0.484a | 0.267a 2.938a
Rice straw + bio-extracted fertilizer 1.603 0.176b 2.389 0.500a | 0.208b | 2.756ab
Rice straw + cattle manure+ bioextracted fertilizer | 1.645 0.212a 2.548 0.535a | 0.259a 2.859a
F-test ns ** ns > ** >
CV (%) 2.92 292 3.56 3.72 9.41 4.73

Means followed by the same letter at the same column were not significantly different by LSD ** significant at p< 0.01

and NS not significant

TaludutSunmuaniadals Polthanee™ Sawy  waz 518.30 filanTudals aud1diu (Table 3) udniloiadl
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Table 3 Grain yield of KDML 105 as affected by application of rice straw, cattle manure and bio- extracted fertilizer

in 2009*
Treatments Grain yield

(kg/ha™)

Rice straw 496.50b

Rice straw + cattle manure 611.24a

Rice straw + bio-extracted fertilizer 518.30b

Rice straw + cattle manure+ bio-extracted fertilizer 607.50a

F-test *

CV (%) 11.78

Means followed by the same letter at the same column were not significantly different by LSD * significant at p< 0.05

and NS not significant
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Table 4 The effect of manure 1,600 kg/ha™ for 5 years on soil physical®

Soil Properties NPK manure
Bulk density (g/cm®) 1.37 1.22
Porosity (%) 48.3 54.0
Ventilation (cm/sec) 0.27 0.41
The soil (%) 33.6 45.6

Jung and Yang (2000)
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Abstract

Kaentawan (Jerusalem artichoke) a is tuber crop and has high potential as a functional food, alternative source of
green energy production, animal feeds and important source of inulin. However, the knowledge about variety and
cropping practices has not been intensively reported in Thailand. Preliminary yield trials revealed that tuber yield of
this crop was very low under growing conditions in Thailand. The yield should be increased considerably through the
use new high yielding varieties. Moreover, cropping practices can also increase growth, yield and quality of Kaentawan.
Most parts of the stolon can be used. The seed tuber should be incubated in a plastic bin with burned rice hull prior
to planting assuring a high germination percentage, uniformity of seedling in field conditions and convenient to harvesting.
Jerusalem artichoke could be grown in all year round, but the most appropriate planting date is in March. The cool
season (November to January) should be avoided because the plants showed severe stunting with this planting date.
Moreover, irrigation and fertilization could also be increased the growth and yield of Jerusalem artichoke. Harvesting

of Jerusalem artichoke might be carried out as early as 75-105 days after planting without significant yield loss.

Keywords: inulin, cropping practices, yield component
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Figure 1 tuber (a, b), flower (b), leaf (c), and stem (d) of Kaentawan'
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Table 1 Inulin content and fructo-oligosaccharide of some crops in Thailand ™

Moisture content '

Inulin content

Crops FOs *?
(%) (g/ 100 g fresh weight)

Gallic 65.8+0.7 22.4+2.9 0.9£0.04
Chinese gallic 69.1+1.4 24.3+1.9 1.7£0.96
Elephant gallic 61.4+0.7 29.2+5.6 1.611.42
Kaentawan 73.4%0.3 19.4+1.4 5.210.04
Big shallot 86.2+0.5 3.6+1.0 3.1£0.54
Shallot 83.7+0.9 8.9+0.8 5.0+0.50

' data are expressed in mean + standard deviation

2 FOS is combined of GF2 = 1-ketose (1-ketotriose), GF3 = nystose (1,1-ketotertraose) and GF4 = 1F-ﬁ-fructofuranosylnystose (1,1,1-ke-

topentaose)
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Table 2 Tuber fresh weight (t ha™) of 15 Jerusalem artichoke clones grown at 9 environments during 2005-2008"°

Environment

Genotype Genotype mean
E1 E2 E3 E4 E5 E6 E7 E8 E9
JA 37 1410 18.40 26.20 16.40 13.50 16.40 31.60 12.70 12.50 18.00
JA 38 11.40 15.70 21.60 17.80 14.10 12.00 29.70 7.10 8.40 15.30
JA 67 750 6.20 21.50 7.20 5.00 7.40 26.20 3.00 11.00 10.50
JA 89 15.80 18.20 23.70 14.50 19.30 8.80 33.60 17.20 19.40 18.90
HEL 53 9.10 8.20 36.00 11.80 16.00 14.60 23.50 14.00 19.70 17.00
JA 102 850 7.90 23.10 7.80 16.60 12.10 38.90 9.30 14.20 15.40
HEL 335 8.60 7.30 27.50 5.60 15.30 6.70 31.10 7.80 14.50 14.20
HEL 231 11.70 14.80 27.50 9.20 22.30 13.70 27.60 14.90 15.30 17.40
HLE 69 1160 5.50 29.40 8.80 14.70 11.60 31.10 7.20 21.80 15.80
HEL 61 10.60 8.10 26.40 11.40 13.50 10.70 30.40 10.10 20.20 15.70
HEL 65 2130 19.70 25.60 8.20 15.40 10.20 31.00 5.60 13.50 16.70
HEL 68 12.60 8.60 30.60 9.60 11.30 11.60 30.60 9.20 21.10 16.10
HEL 66 7.90 9.00 28.40 9.60 16.60 13.70 30.30 9.20 15.70 15.60
CN 52867 17.90 22.80 26.00 14.40 14.10 26.30 26.10 10.10 11.80 18.80
KKU Ac 001 8.00 4.70 26.80 12.70 16.90 16.00 33.10 9.30 13.20 15.60
Environment mean 11.80 11.70 26.70 11.00 15.00 12.80 33.30 9.80 15.70 16.10
LSD 196 2.78 2.20 2.37 2.62 3.10 3.53 1.86 2.71 2,57

Environment identification: E1: KKU farm rainy season 2005, E2: KKU farm dry season 2006, E3: KKU farm dry season 2006, E4: KKU
farm rainy season 2007, E5: KKU farm dry season 2007, E6: Udon Thani dry season 2007, E7: Chaiyaphum dry season 2007, E8: KKU

farm rainy season 2008, E9: KKU farm dry season 2008
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Figure 2 Mean (n=4 for stored seed lots and n=6 for fresh seed lots) and standard error of germination percentage

of Jerusalem artichoke in trial'

Figure 3  Small tuber (a), big tuber (b), basal stolon, middle stolon and terminal stolon (c) (each has 2-3 buds)"’
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Table 3 Percentage of emergence, plant height, and tuber fresh weight of Kaentawan planted with different tuber parts

at 85, 92, 99, 106, 113, 120, and 127 days after plan’[ing17

Percentage of Plant height (cm) ’ Yield
Tuber parts

emergence (%) 85' 92 99 106 113 120 127 (kg/rai)
small tuber 78.9 243a 279 36.2 ab 433 454 456 458 518.66
big tuber 94.6 255a 295 378 a 449 473 479 479 551.99
basal stolon 70.0 186b 222 321¢c 416 455 466 483 491.33
middle stolon 771 203b 237 33.6 bc 430 473 480 467 469.33
terminal stolon 76.8 236a 231 346 abc 493 475 487 488 516.66
F-test ns ** ns * ns ns ns ns ns
C.V. (%) 22.80 9.23 8.39 7.70 832 714 749 744 23.04

" means with the same letter (s) are not significantly different by Duncan’s multiple range test (DMRT)

ns, *, ** non-significant and significant at 0.05 and 0.01 probability levels, respectively
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Table 4 Percentage of field germination of Kaentawan tuber pieces with three methods evaluated at 7, 14 and 21 day

after planting (DAP)"

Germination (%)’

Treatment'
7 DAP 14 DAP 21 DAP
1 100a 100a 100a
2 56b 64b 81a
3 5¢c 21c 30b
F-test o o -
C.V. (%) 11.0 18.4 19.3

** significant at 0.01 probability level

' 1. Germinating tuber pieces with bud length of 1-3 cm above soil surface, 2. Germinating tuber pieces with bud length of 0-1 cm above

soil surface 3. Non-germinating tuber pieces with buds under soil surface.

*means with the same letter (s) in the same column are not significantly different by Duncan’s multiple range test (DMRT)
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Table 5 Influence of planting dates and temperature sums on total dry weight, inulin content and inulin yield of three

Jerusalem artichoke genotypes at seven planting dates during 2008/09™

Genotypes/ Temperature sums Total dry weight Inulin content Inulin yield
Planting dates (°C) (g/plant) (%) (g/plant)
CN 52867
20-Sep-08 2623 112.0+0.7 a 68.7+0.8 ab 69.7+0.7 a
20-Oct-08 2409 58.9+1.4 d 66.8+1.0 abc 41.6£0.8 c
20-Nov-08 2288 88.3%1.1 b 66.5+0.5 abc 50.4+0.4 b
20-Dec-08 2759 41.620.4 e 64.1£0.4 bc 26.00.5 e
20-Jan-09 3468 72.9+1.2 e 62.910.5 c 40.1£0.7 c
20-Feb-09 3697 62.31+0.5 cd 68.31+0.3 ab 36.6+0.9 cd
20-Mar-09 3511 60.3+1.1 cd 71.410.4 a 33.7£0.5 d
Mean 2965 67.0 454
JA 89
20-Sep-08 2786 133.5¢1.0 b 67.0£0.9 b 64.6+0.4 b
20-Oct-08 2506 62.5+0.6 d 66.7+0.7 bc 32.6£1.0 de
20-Nov-08 2350 70.5£0.7 cd 63.2+0.8 cd 42.5+1.2 c
20-Dec-08 2816 42.6x1.0 e 69.510.3 ab 23.8+1.1 f
20-Jan-09 3385 67.810.9 cd 54.7+0.6 e 29.3+1.3 ef
20-Feb-09 3783 79.410.2 c 62.5+0.6 d 35.4+1.1 d
20-Mar-09 3821 149.2+0.6 a 71.3:0.4 a 82.0£0.2 a
Mean 3064 65.0 457
HEL 65
20-Sep-08 2786 128.5+1.0 a 64.5+0.6 ab 60.2+1.2 a
20-Oct-08 2506 51.7+0.9 c 62.0£0.9 ab 23.2+1.0 c
20-Nov-08 2673 67.0£0.9 b 59.4+0.7 b 37.1+1.1 b
20-Dec-08 2903 50.1+0.8 c 61.7+0.1 b 22.4+1.2 c
20-Jan-09 3385 63.3£1.0 b 60.0+0.4 b 22.9+1.0 c
20-Feb-09 3872 38.5+0.7 d 63.3+0.6 ab 23.2+1.0 c
20-Mar-09 4242 68.0£0.5 b 67.110.2 a 50.3+0.9 ab
Mean 3195 61.3 37

Data are presented as mean + Standard error; Means in the same column with the same letters are not significantly different (at p < 0.05) by DMRT
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and Quality of Jerusalem Artichoke

Table 6 Tuber fresh weight of Kaentawan as affected by different rate of cattle manure and chemical fertilizer at 60,

75 and 90 days after planting (DAP)®

Tuber fresh weight (kg/rai) '

Treatments
60 DAP 75 DAP 90 DAP

No fertilizer 758.00 b 978.50 1431.75b
Cattle manure (1,000 kg/rai) 909.75 b 1161.25 1896.75 a
Fertilizer 12-24-12 (25 kg/rai) 1209.25 a 1260.50 1637.75 ab
Fertilizer 12-24-12 (50 kg/rai) 1196.50 a 1298.75 1913.25 a
F-test * ns *

C.V. (%) 17.08 18.88 12.74

"means with the same letter (s) are not significantly different by Duncan’s multiple range test (DMRT)

ns, * non-significant and significant at 0.05 probability levels
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Table 7 Means for leaf area (LA), leaf area index (LAIl), tuber number, fresh tuber weight, tuber dry matter, root dry

mater, and harvest index (HI) of Kaentawan harvested at 75, 90, and 105 days after planting (DAP)®

Harvesting date LA LAI Tuber number/ Tuber fresh Tuber dry Root dry HI
plant weight (Kg/rai) matter (kg/rai) matter (kg/rai)
75 982.50 0.39 11.20 1,873.25 408.75 38.52 a 0.78
90 84225 0.34 9.70 1,696.00 385.75 33.05a 0.81
105 656.75 0.26 8.70 1,849.75 445.50 22.60 b 0.84
Mean 82717 0.33 9.87 1,806.33 413.33 31.39 0.81
F-test ns ns ns ns ns ** ns
C.V. (%) 33.05 32.64 25.38 10.56 10.50 10.84 4.54

" means with the same letter (s) are not significantly different by Duncan’s multiple range test (DOMRT)

ns, ** non-significant and significant at 0.01 probability levels, respectively
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Abstract

Infection remains a leading cause of mortality and economic loss. Development of a new effective antimicrobial agent
to combat infection is necessary. In vitro testing is investigated for basic potential, but it is insufficient to assure
efficiency and efficacy of an antimicrobial agent. Hence, in vivo testing has been recognized as the essential study to
provide reliable information and to support the in vitro data. This review aims to summarize models for the induction
of external infections in experimental animals and categorize by the principles and equipment of the wound inductions,
appearance of the wounds, and strains and species of animals, and microorganisms employed. The induction of
external infection models in animals is divided into 5 categories including skin abrasion infection model, burn wound
infection model, foreign body infection model, lacerated wound infection model and excisional wound infection model.
Thus, the optimal wound induction model depends on the aim(s) of a study and consideration criteria of a

researcher to gain the informative and applicable data.

Keywords: external infection, animal model, in vivo, wound
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Introduction

Despite intensive research over past decades, infection
remains a leading cause of illness and disease.' From
then to the present, researchers have done many investigations
to seek an effective antimicrobial agent against infection.
Using only in vitro testing is insufficient to confirm the
effectiveness and efficacy of an antimicrobial agent. In
vivo testing has become to be recognized as the essential
study to provide reliable information and to support the
in vitro data. The host-pathogen relationship and the
complexity of the immune response to infection remain
to be learned in order to develop a new therapy. Animal
models have become standard tools for the study of
external wound infections.” An experimental animal
model is an important tool to assess the efficiency of an
antimicrobial agent before the extensive studies are
further performed in the clinical trial. Herewith, several
methods to induce external infections in animals are
critically reviewed. The animal infection models can be
divided into 5 categories including 1) skin abrasion
infection model, 2) burn wound infection model, 3) foreign
body infection model, 4) lacerated wound infection
model, and 5) excisional wound infection model. Five
categories are divided by appearance or characteristics
of the wounds. The review is informative and useful for
a researcher in the related field to apply the appropriate
or optimal method to induce the external infection in an

animal correlated to the aim(s) of the study.

Skin abrasion infection model

Skin abrasion is a wound that bruised or
scratched off skin which can occur on any part of body.
The wound is often contaminated from the environment
and can develop into a severe lesion. Skin abrasion
is the most common infection occur in the superficial skin
including epidermis and upper layer of dermis. This
model compiles 5 methods depending on the types of
instruments to introduce the abraded wound including 1)
tape stripping model, 2) needle scratch model, 3) blade
scratch model, 4) sand surface model, and 5) dermatome

model as follows.
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Tape stripping model

Fur is stripped from an anesthetized adult female
BALB/c mouse by an elastic adhesive bandage (Tensoplast®)
in the area of 2 cm’ for 7-10 times until the skin becomes
red and glisten. Regular bleeding was not observed. The
method results in removal of most of the epidermis. Some
was basal epidermal cells remain. The skin was measured
for transepidermal water loss (TEWL) by a Dermalab
TEWL probe (Cortex Technology, Hadsund, Denmark) to
reach approx. 70 g/mzh before applying a 5-ul bacterial
suspension (10’ cells of Staphylococcus aureus FDA846)
onto the skin. For analysis, a 2 cm?wound was excised
and homogenized in PBS (phosphate-buffered saline),
and then the homogenates were plated in agar to evaluate
the bacterial numbers (CFU) after the inoculation for 4 h.°

In the study of Pastagia et al.* the tape stripping
infection was performed according to the approach of
Kugelberg et al.> with some modifications. An anesthetized
adult female BALB/c mouse was shaved with an electric
razor on the 2 cm?*-dorsum. Autoclave tape was used to
strip the shaved area for approx. 15-20 times in succession
and using a fresh piece of tape each time. The stripped
skin visually shows reddening because of epidermis
removal (Figure 1). TEWL was measured to standardize
degree of irritation using VapoMeter instrument (Delfin
Technologies, Kuopio, Finland). The result of shaved and
tape-stripped skin was 75 g/m°h, on average. To grade
the degree of inflammation, H&E stained skin section was
prepared. A 5 pl-bacterial suspension containing 107 cells
of S. aureus was applied on the tape-stripped skin. After
4 h of the infection, the infected area was excised and

homogenized for colony-counting.

Figure 1 Tape-stripped area’
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Needle scratch model’

An adult female BALB/c mouse was administered
two doses of cyclophosphamide to reduce peripheral
blood neutrophils to less than 100/ml blood for fostering
a more vulnerable environment in the mouse to infection.
The first dose at 150 mg/kg was intraperitoneally injected
at 4 d before the infection and the second dose at 100
mg/kg was done at 1 d before the infection. The mouse
was anesthetized before making skin abrasion wounds
by 28-gauge needles. The 6x6 crossed scratch lines
within a defined 1x1 cm’-area were created on the dorsal
surfaces (Figure 2). The stratum corneum and upper
layer of the epidermis are damaged but not the dermis.
An aliquot of 50 pl-bacterial suspension containing 10°
CFU methicillin-resistant S. aureus (MRSA) was exposed
to the wound. The skin photograph was taken by
bioluminescence images after the inoculation using an

ICCD photon-counting camera.

Abrasion wound

Figure 2 Appearance of needle scratch diagram®
Blade scratch model

An adult male CF-1 mouse was used for superficial
cutaneous bacterial infections by blade scraping.®
Four days before challenging microorganism, the mouse
was intraperitoneally injected with cyclophosphamide at
doses ranged from 0 to 150 mg/kg for immunosuppression.
The mouse was anesthetized with pentobarbital sodium
at a dose of 75 mg/kg before the infection. Fur was
shaved and the remaining hair depilated using hair
removal cream. On the following day, the mouse is
anesthetized again before superficial wounding. The skin
is shaved by scraping with a no. 24-scalpel blade until
the skin become reddening. One drop (0.02 ml) of bacterial
suspension containing 10° CFU (S. aureus, S. saprophyticus,
S.epidermidis, or Micrococcus luteus) was applied to the

wound. The wound site (approx. 10 mm?) was covered with
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a sterile plastic film (15-mm?) and secured with a surgical
tape to limit removal of the occlusive dressing. The dressing
was removed at the indicated day to examine white-gray
abscesses (Figure 3). Semi-quantitative bacterial analysis
of the wound site was done by the modified technique of
Leyden et al.” In brief, the trypticase soy agar is used to
aerobically incubate for 48 h at 37°C. Bacterial counts
were expressed as CFU per site. Eighty-nine percent of
the mice developed large abscesses (15 mm-diameters) at
the dose of 50 mg/kg cyclophosphamide and the
inoculum of 10° CFU.

Figure 3  Abscess formation at day 6 of after S. aureus

Mi271 inoculation®

Sand surface model

After anesthetization, the hairless SKH1 was
prepared to perform a partial-thickness wound. The
rotary tool with a sterile sanding attachment was
repeatedly touching the back.® The skin and tissue

become red and glistening (Figure 4).

Figure 4  Photograph at dorsal of the back after wounding®
After wounding, the skin was cleaned tenderly.
Bacterial suspension (2x10” CFU) of MRSA strain ATCC
33592 was inoculated on the wound. Moistened bandage
with saline was dressed to maintain a moist wound. After
24 h, the wound-surface was visibly changed (Figure 5).

The nature of the infection was examined by
quantitative microscopy and microbiology. The wound
biopsy samples were performed. Bacterial counts were

at 4 h after the inoculation.
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Wound surface at 24 hours after MRSA
inoculated with MRSA for®

Figure 5

Burn wound infection model

The burn wound infection is categorized by a
different heating source including gas flame, ethanol burn,
boiling water, preheated single metal bar, and preheated
double brass block. The wound location is usually
located on the shaved back. To induce infection,
bacterial suspension is topically applied on the wound or

subcutaneously injected.

Gas flame burn model

Pathogenesis of MRSA® or Enterococcus faecalis
translocation'® in immunodeficient mice with thermal
injury was performed using a gas flame burn model.
Seven to eight weeks old SCIDbg mouse (Severe
combined immunodeficiency beige mouse) is anesthetized
and the back is shaved from groin to axilla. An insulated
mold (with a 2.5%3.5 cmz—window) was pressed firmly on
the skin. The opening area was exposed to the gas flame
for 9 s by a Bunsen burner. The 15% total body surface
area burned by this procedure was in the third degree.
After the thermal injury, a 1 ml-saline was intraperito-
neally injected for fluid resuscitation. The MRSA (2x10°
CFU/mouse) was applied on the wound at the day 2 after
being injured. The mean survival time in days and the
survival percentage at 7 d after the infection were the

criteria to evaluate the infection.

Ethanol burn model
This model was employed to study the

"2 and Klebsiella pneumonia,”

pathogenesis of P. aeruginosa
including the local delivery of polyclonal immunoglobulin
against the burn infection.™ An adult female CF1 mouse
was anesthetized and the back is shaved. An asbestos

board with an opening 30% of total body surface area
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was pressed onto the skin. Ethanol was spread on the
exposed skin and ignited, then leaved for 10 s to allow
burning. The inoculum (100 CFU of P. aeruginosa) was
subcutaneously injected to the burned area which
exposed with ethanol. After 20 h of the infection, the

mouse appears moribund.

Boiling water burn model

Rumbaugh et al."® and McVay et al."® performed
the modified burned mouse model of Steritz and Holder."'
An adult female ND4 Swiss Webster mouse was anesthetized.
The back is shaved and uncovered by placing into the
template with an opening 4.5x1.8 cm”. About 15% total
body surface area of the mouse was exposed to 90°C
water for 10 s through a template to injure the full-thickness
skin. This injury was nonlethal. A 0.8 ml of 0.9% NaCl
solution is subcutaneously injected to the burn as fluid
replacement therapy. A 100 pl of bacteria suspension
(2-3x10° CFU of P. aeruginosa) is subcutaneously
injected directly under the burn skin or a 100 pl of sterile
PBS for the control mouse. Mortality of the mouse is
monitored for 4-5 d after the inoculation. The mouse was
killed at 96 h-post-infection and the internal organs are

weighed and homogenized.

Preheated single metal bar burn model
Orenstein et al."” developed a preheated single
metal bar burn model. A guinea pig was anesthetized and
the back is shaved and depilated. A copper plate of 1x1x3
cm® equipped with a handle was heated to 150°C. The
heated plate is placed on the skin for 10 s. This procedure
results in the third degree burn. After the burning for 15
min, a 1 ml-S. aureus suspension (containing 10° cells/
ml) is smeared on the wound. The burned surface was
wrapped by a gauze pad. After the infection for 24 h, the
bacterial count in the untreated burns was reached 2x10°

CFU/g eschar.

Preheated double brass block burn model
Stevens'® performed a preheated double brass
block. An adult CD1 mouse was anesthetized and shaved

on the back. The two pre-heated brass blocks (92-95°C)
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are applied to the opposing sides of the elevated skin
folder on the back for 5 s, corresponding to 5% total body
surface area. After the burning, P. aeruginosa (10-10°
CFU) was intradermally injected to the wound (Figure 6).
Ten days after the inoculation, the survival rate was 60%.
This model was employed with some modifications in
order to assess the potency of antimicrobial photodynamic
therapy (PDT) and chitosan acetate bandage for the burn

infection.?*?"#

Foreign body infection model

The foreign body infection model was divided
into 5 methods according to the different types of the
foreign bodies induced infections, including 1) suture, 2)
catheter, 3) filter paper, 4) microcarrier beads, and 5)
sand. The wound is made from superficial site down to

muscle.

Figure 6  Preheated double brass block burn procedure.
| = the back of mouse was shaved, Il =
elevate skin folder on the back, Il =
preheated double brass block were press
down on the skin folder, IV = bacterial

suspension is applied to the burn surface'

Suture infection model

This model was developed by McRipley and
Whitney® by creating superficial surgical incision on the
back of a mouse. A female CF-1 mouse was anesthetized

and the back was shaved. The thread was cut into a 5
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cm-segmented and put into boiling water for 5 min. The
segmented thread was allowed to cool down and removed
excess water by absorbing with a sterile paper. The
segmented thread was placed into bacterial suspension
(S. aureus or P. aeruginosa) and mixed on a vortex
mixer for 10 s. The segmented was allowed to soak in
the inoculum for 30 min. Approx. 10° cells were adsorbed
on each segment of thread during this period. The
segment was removed from the bacterial suspension and
dried before using. The superficial longitudinal midline
incision, 2.3+0.2 cm in length, was produced extending
down to the panniculus carnosus. The other side of the
incision was retracted. The contaminated suture inserted
through the to produce infection by a suturing needle.
The end of the suture was fixed with rubber cement. The
wound was eventually covered approx. 6% total body
surface area of the mouse (Figure 7). Tissue bacterial
count was done by homogenizing the biopsy sample from
the infected wound.

In 2007 Yarboro et al.** used a gauge stainless-steel
suture to promote infection. An adult female Sprague-
Dawley rat was anesthetized. The lateral aspect of the
right thigh was shaved and cleaned with povidone iodine
before being incised with scissors to open a 10 mm-
longitudinal. The blunt dissection was done to form the
pocket 2x2 c¢m’ in the quadriceps muscle down to the
femur. To promote the infection, a 32-gauge stainless-
steel suture was placed inside the wound around the
femur. Gentamicin-sensitive S. aureus suspension
(8.0x10° CFU) is pipetted into the pocket. The incision is
superficially closed with skin clips. The specimen from the
wound is obtained for quantitative culture. High mortality
is observed (6 of 9).

Superficial incision suture model”

Figure 7
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Catheter infection model

The foreign body infection using a catheter was
performed by Espersen et al.”® An adult female CF-1
mouse is anesthetized. The silicone catheter with a 2.8
mme-internal diameter and a 4.9 mm-external diameter
was cut into 1.5 cm. The segmented catheter was con-
tained 2 ml of beef broth supplemented with 20% (v/v)
citrated human blood and incubated at 37°C for 3 d. On
the day of infection, the mouse was incised for 1 cm on
the lateral abdomen under sterile technique. The catheter
was left in the peritoneal cavity and closed. After the
operation for 18 h, the suture was removed. At approxi-
mately 1 h after the operation, the infection is produced
by intraperitoneal injection of 1 ml-S. aureus E2371 at
various concentrations (2.1x10° to 2.5x10° CFU) into the
lateral abdominal wall opposite the catheter operated
wound. A challenge dose greater than 1x10° CFU gives
nearly 100% infection rate, while an inoculum of greater
than 5x10° CFU results in mortality. The infection persists
at least 30 d, an intra-abdominal abscess surrounding the
catheter is observed. Microscopy was done; smears were
made from the catheter washing and aspirates. The light

microscopy is established for quantitative assessment.

Filter paper infection model

In 1982, Actor and Grappel®® performed the
infection in a mouse using a filter paper disc as a foreign
body. The albino Webster-derived CD-1 mouse was
anesthetized. The incision was created in the midline of
ventral abdomen. The infection was made by soaking
filter paper disc (6.35 mm-diameter) with 10% sterile
carrageenan solution mixed with microorganisms
(Bacteroides fragilis and Escherichia coli of 10°-10° CFU)
and placed in the underlying subcutaneous tissue. The
organisms spread from the local site and lethality was re-

ported.

Microcarrier beads infection model

Another foreign body model was reported by
Ford et al.,”” Bunce et al.,”® and Engleberg et al.”® using
organism mix with microcarrier beads (Cytodex-I®).
Microcarriers act as the abscess promoter in the formation

of subcutaneous abscess. Dextran or gelatin microbeads
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are mixed with S. aureus (2x10° CFU) and subcutaneously
injected into the CF-1." The abscess that developed with
microcarriers was attained a diameter of up to 1.5 cm

and persisted for several days (Figure 8).

Figure 8 Microbeads mixed with inoculum induced

abscess at the day 12 after the infection®®

Sand induced infection model®

A male SD rat was anesthetized and kept warm
during the surgery on a heating pad. Hair on the back
was clipped. The skin is incised through the back skin,
parallel to the vertebral column (5 mm-lateral and 4 cm
in length). The 1 cm-depth-incision underlies into paraspinous
muscle. To promote the infection, sterile sand (100 mg)
was placed in the wound and inoculated with 100 pl of
MRSA suspension (5.0x10" CFU). The wound was closed
with surgical staples. Three days after the infection,
lethality was observed. On the third day of the post-
infection, the survival animal was re-anesthetized. The
paraspinous incision was examined for clinical evidence
of the infection. Presence of an abscess or frank pus
within the wound is defined.

The depth of the surgical infection-site (Figure
9) with the foreign body was classified into superficial,
deep, and organ or space incisions. The superficial
incisions were reported by McRipley and Whitney,23 Espersen
et al.,”® Actor and Grappel,”® and Ford et al.”’ The deep
incision was described by Fallon et al.* and the organ or
space incision was reported by Yarboro et al.** For deep
and organ incision, it requires a larger animal than a small
rodent because the size of a small rodent is not sufficient

to perform the lesion.
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Skin

Superficial
incision
Subcutaneous —f
tissue

Fascia and - Deep incision
—

muscle

Organ or
space incision

Organ/space_|

Figure 9 The depth of incision is classified as superficial,

deep, and organ or space incision'

Lacerated wound infection model

A lacerated wound was results from a blunt
trauma involved separation of skin or other tissue, i.e.,
tendon, ligament, muscle, blood vessel, or bone (Figure
10). This model has been developed in a rat and a
guinea pig. The wound is performed by making incisions
in various length and depth. This model is divided into 2
methods depending on appearance of the lesion including

non-crushed and crushed lacerated wounds.
Skin

Muscle

Figure 10 Schematic depiction of laceration wound"®

Non-crushed lacerated wound infection

The first lacerated wound infection in an animal
was examined by Edlich et al.*’ An albino guinea pig was
employed. The hair on the back was depilated and
cleaned. Two to three cm-incisions was made parallel and
equidistant from the vertebral column through the
subcutaneous tissue down to the fascia using a modified
non-crushing intestinal clamp and a surgical blade. After
the incision for 5 min, 10 pl of bacterial suspension
containing 10" CFU of S. aureus was introduced to the
wound. At the end of the experiment, purulent exudate

was observed.

J Sci Technol MSU

Crushed lacerated wound infection

A guinea pig was used to design an animal bite
wound model by inoculation three species of organisms
on the crushed incision.** An adult albino guinea pig was
anesthetized. The dorsal hair was clipped and removed
with a hair remover agent. The skin was cleaned with
70% ethanol and povidone-iodine solution. The dorsum
was was cut by four paravertebral lacerations (2 cm-long
and 2 cm-apart) using a no. 15-scalpel. The hemostat
was clamped along the wound edge for 1.5 cm-length of
the epidermal/dermal junction to make the crush for 5 s.
The inoculum was prepared by mixing various bacteria
strains including S. aureus, B. fragilis and Pasteurella
multocida (4—6x10° CFU/ml) before an 0.4 ml-aliquot of
inoculum was loaded into the wound. Each wound was
covered with a transparent dressing. Erythema, induration,
and purulence were observed at was day 6 of the
bacterial inoculation. The tissue specimen was weighed
immediately after the excision followed by performing
microbiology laboratory for quantitative bacteriologic

analysis.

Excisional wound infection model

Excisional wound infection was performed by
removing the target tissue by excisional surgery. The
shape of the wound was either square or round. Most of
excisional wounds are produced by removal of only the
full-thickness skin, but not injured underlying muscle.

An adult male BALB/c mouse was anesthetized.”
The back was shaved and depilated. The four full thick-
ness excisional wounds were made along the dorsal
surface using surgical scissors and forceps. The size of
wound is approx. 8x12.5 mm’ and each wound had at
least a 5 mm-unbroken skin. The base of the wound was
panniculus carnosus. The microorganism (5x10° cells of
mid-log phase bioluminescent E. coli) in a 50 ul-PBS was
applied to the wound. The infected wound in the living
mouse showed only a slight loss of bacterial luminescence

over a period of 4 h (Figure 11).
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A punch biopsy instrument makes an excisional
wound. An adult female mutant diabetic mouse was used.
The hair on the dorsum is clipped gently. The excisional
wound was prepared on the shaved back using a punch
biopsy instrument (3 mm-diameter). Each wound was
inoculated by a 30 ul bacterial suspension (1x10° CFU
of MRSA in PBS) and covered with a sterilized transparent
dressing. The wound was stained with hematoxylin and
eosin (H&E) to follow up the infection. Gram staining of
the MRSA-infected wound shows numerous gram-positive

cocei.*

Figure 11  Bioluminescence images of four excisional

wounds at the 24 hours post-infection®

In another study, an adult Lewis or Sprague
Dawley rat was anesthetized and sheared dorsally. The
incision was made to the skin, dorsolaterally just anterior
to the pelvis approx. 1 inch’ under sterile technique. The
depth of the incision extended through the full thickness
of skin, but it does not injure the panniculus carnosus or
underlying muscle. The anteromedial corner of the incised
skin was lifted with a toothed forceps and carefully
dissected away from the panniculus using the index finger
wrapped in a gauze pad (Figure 12). P. aeruginosa (10’
CFU) was pipetted to the wound above the panniculus
carnosus.” Quantitative extraction of bacteria from the

surface wounds was done.

_‘_i,;\‘._?‘x:";:;:?ﬂ;:rl <

Figure 12  Removal technique of the full thickness skin flap®
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Conclusions

Animal models havr become a standard tool for
the study of a wide array of external wound infection. The
models are different in species of animals, strains and
concentration of microorganisms, the wound types, including
the depth and location of the wound. The animals
usually employed include mouse, rat, rabbit, and guinea
pig. The strains of microorganisms commonly investigated
are aerobic bacteria, i.e., S. aureus, S. epidermidis, S.
saprophyticus, and P. aeruginosa.

The skin abrasion model was classified into 5
methods. Either dorsal or abdominal surface was abraded
by different instruments including elastic bandage, needle,
blade, sand surface material, and dermatome, which are
commonly available. The procedure was not complicated,
except the dermatome model. The animal was injured at
the superficial level and can survive for a long period of
the investigation.

The burn wound infection was divided by sources
of heating or burning, including gas flame, burning
ethanol bath, boiling water, pre-heated single metal bar,
and pre-heated double brass block. The skin was burned
in the range of 5 — 30% total body surface area. The
infection was induced by applying the organism on the
burned surface. The survival rate was recorded and the
lesion was homogenized for microbiological investigation.
The mortality rate was observed. However, this model
was not suitable for a long term-study.

The foreign body infection models were reported
with several materials including segmented suture,
segmented catheter, filter paper disc, microcarrier beads,
and sand. The depth of the wound was classified into
three layers, e.g., superficial (down to the muscle), deep
(1-2 cm into the muscle), and organ or space incision.
The surgical site was made in different locations such as
abdomen, back, thigh, and flank. The assessment was
commonly done by quantitative determination of bacteria

in the homogenized tissue.
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