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Abstract

Project Code : MRG5280243

Project Title : Design and Test of Laboratory Scale Fungal Spore Harvesting Machine
Investigator : Pracha Bunyawanichakul Srinakharinwirot University

E-mail Address : prachabu@swu.ac.th

Project Period : 2 years

Insect pathogenic fungi (Beauveria, Metarhizium and Paecilomyces) produce spores,
which are an insecticide and can be naturally degraded. There are many of difficulties
associate with conventional production process (solution substrate) of these kind of
insecticide such as time consuming, low production rate, inconvenient of use. Therefore,
the fungal harvesting machine was designed and fabricated to collect powdery fungal
spore in this research project. A prototype of fungal spore harvesting machine consists
of vortex tower and cyclone separator which were used to separate and collect the
fungal spore, respectively. Experimental investigation of working performance and
recovery percentage of Beauveria and Metarhizium was examined at different inlet air
velocity. Experimental results show that separation period and separated powder
decrease when inlet air velocity increase for both fungi. Beauveria spore recovery
percentage increase with inlet air velocity, while Metarhizium spore not clearly show the
recovery percentage trend. This may due to the different of their spore diameter
distribution pattern that may influence the aerodynamic characteristic during the
separation process. However, the recovery spore was considered to be enough for

used as insecticide.

Keywords : Beauveria, Metarhizium, Insect Pathogenic Fungi, Spore Harvesting

Machine
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& ' ~ Ad ey o o go = a ad &

M3 navasmTEnIzuy Telunfidasaunusnuanuiiiingdnldlunisuenatlasaanain
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Aawiaqunizlaslivlwiagmizasy Gsdayanldanmafinslusiui 1 woddianud

manzaunazlfnudmiveiman lnariunausnaisazagsznivanuiingfvesades

D31 LazANALSIINgAVeInaniTane 0.127 — 5.6 m/s
lunsdlnliszuuvinnuinanusian 5.6 m/s WUIIEAIINNT IARYBIMAENIUIZUL

oI
uU
Q = VA,gex tower = 5.6 X T x 0.2°/4 = 0.1759 m’ /s

fuTumsltanuwnildvaslolaan fwualdanuininadiagszniie 1521 mis
A < A A { ° ) ' A A @ ') o &
FuduanudidszantuanuusihlulsnulolaauasaiiUszanTaw @aITy 2548) Gann
A A o o A o a
PANWNRINAAN NIV sl aanaziawe
2
A = QlV, gyeione = 0.01759/21 = 0.00838 m

uazdwIuLIasuenalosiias Munalildlolaauu1asginues Swift (General
A o A o o o d L o o

Purpose)  d9flamavasdasimlaiiouiuiduiuguina19aszn 5 Seildinaanm
o v [l 6 L] v
dwnwaduruguanavadlolaawldirinny 26 cm laglszanm

atdlsnamsiiruaanusesanaiwransn HAsauanuIngfvesnan
& A o @ o A v A | a o & A A o
a7 56 m/s anavnldweaunldluszuudasivmalrgiifinanudnie diasaniians
mIlnazasenmags uasiiszauanuaugmdodautionnn danuiaaaswiazaswaanily
luszuudsdasrinm i nuasuaninusivasanmean manurausnliinunzay wi34
FIBIUIBIA T AAULATATIIFAUAIINLANILRNDNAIIGILANNT (3)

fusaszmadigazaseumanausauen laaslalaan (Cheremisinoff 1993)



High Efficiency

General Purpose

Term Description Peterson
Stairmand Swift Swift
and Whitby
D Body diameter 1.0 1.0 1.0 1.0
Hc Inlet height 0.5 0.44 0.5 0.5
B¢ Inlet width 0.2 0.21 0.25 0.25
Sc Outlet length 0.5 0.5 0.625 0.6
D¢ Outlet diameter 0.5 0.4 0.5 0.5
Lc Cylinder height 1.5 1.4 20 1.75
Overall height 4.0 3.9 4.0 3.75
Dust outlet diameter 0.375 0.4 0.25 0.4
Configuration parameter 551.3 699.2 402.9 381.8
Ny Inlet velocity heads 6.40 9.24 8.0 8.0
oD —
D

Be

= i

| R

31N 5 LRAIFAFIUVDIVINAEINTY Cyclone WIATTIUULUAN )
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d, =( it J (3)
N, Vi, (Ps _Pf)

al
e
d, = vweindvetaymalulolaau m

Be = ANANINUINNLITINTITT m

N, = ﬁﬁmmauﬁﬁwmalu Ny = 2 89 20laTaaunaly
Vi, = anuisdnvasine m / sec

Pe = ANNWWILLLIBIBRNNA Kg/m’

Ps = ANURWILUWDITND Kg/m’

L = anuniiauasine Kg /m.sec

aannlunsmmsltnundasmsuenalasiien lasldiiFauiaduiasaisldanuia
Tunausnldiiuanuiingfuestewden uazldldgaunninaunsznsiadadudugnga

Ly o & Ad= o = ' Al @ A '
saulUwiaunuades lunideihnmaiwuasiazesanuiiegszay 1.66 mis Taunnin
10 WhesnnuTingdvesatasiTarianttes NMIAWINLINEAIINNT RAVBIaINNA
H%IzILRgn

Q=166 x T x 02774 =00522 m’ /s

pnaufinthaansdifnualdanuiionmanmadilolasuatdndgagn 21 mss

@4 9

A = 0.00248 m’

azldvaduiuguinasvaslalaauil 0.1409 m wIadszunms 14 cm lapanTd

4 UEMIFAFINENIY Vadlalaaui ldannmadwini lasuwuuveslolaawuaadas Drawing
lunanwIng 1
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A137199 4 LFAIRAEINVAI krlaandInIULATadLenaUasma
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2UNa (cm) 14 7 3.5 8.75 7 28 56
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' o = o A = = °
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FRILANNNNANG LS AP) wlolaauasnanaunsadmimlaannaunis (4)
2
AP = 0003pr in,cycloneNH (4)

W8 Vingaone = ANNTIWBIoNMANTaIN9LT7 lslaa fps (‘vﬂmﬁmﬁ)
1 { v 1 1 ] Q 2
g = enusdtiesannusslindisadlan Hdwrinny 32.2 fis
Ny = Number of Inlet Velocity Head (J¢i1¥inNuU 8 §1%3U General Purpose
Swift Cyclone diuaasluzi 5)
o ' @ A A a oA = o A
ﬁnﬂmimmmmmmmugryLaamLﬂ@Iu"LSﬁIﬂauwuaﬁwﬂaﬁuLiammﬂmolfum 21

m/s lolaauilanudugniiu 8.82 in WC
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AW THLTINAFN ’A3 QGVIMN

317 6 usaimsutidiunasdeslunensnaueiNzaulTanastoun 177,114 elements
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WANIIREINT LA LT Re 1.59 x 107 - 1.59 x 10~ wudienaudszandanuan
guFsiialunensndidniznitg 253 awaaslunmulfn 7 leowazasmsudisuam
a \ A L o 99, o a £ % a A v a o & '
Usmnasdasnanniuiliedudszansanuaugmdsiawalndifsanuinniu wdny
o ot v v J v ~ {
AMuwrmnaantazaadltsmunduavlldis  wazanmtasonanumazanlwiesves
J Qs a g Qs d 13 ' { et ] |2 1
AFudszEndanuaugyas uazaa N lslum s mwuNszaumsulslsasdas

177,114 element WJuszaunsudslSunasdesnlanuinunzaw

15



35 4

e * o
3 - —s
E /\/.//
2
&(:2 A, N A A
8 2.5
o —e—Re =159 E+4
g —a—Re =159 E+5
T —a—Re = 1.59 E+6
e 5]
S
"]
]
<
o
1.5
1 . . . . . . )
0.00E+00 1.00E+05 2.00E+05 3.00E+05 4.00E+05 5.00E+05 6.00E+05 7.00E+05
Element
4 ') a £ o a Aa ' a '
Ellﬁ 7 mawﬂsmﬂﬁm']mugtyLaamamauﬂﬂaﬂa‘i‘ﬂwm‘mmﬂimmﬂawmﬂ 9
SR

NNIHEIRTINNaMISaIMslnafienuisio maimadaaoud  10-100  mis
(Re = 1.59 x 10" - 1.59 x 10 °) fiszeumIutisdSunasdan 177,114 element Lﬁ"ag]é'ﬂwmz
NMINITINYANINIY LLa:ﬁﬁgllﬂizaﬂ%{ﬂ’J’lllé’ugjmuLﬁ&lﬁLﬁ@] WUIIANBIALNIINIZINLANNLTD
vnalnauiiesmousn  wasuSnamihdaluwmsauiidundidiuss  fanand wae
‘maaaﬂgﬂf’uammmmwuﬁé’nwmzé’agﬂﬁ 8 LﬁaﬁmimmﬂgﬂwuﬁwmwL%ﬁgoqmzag’
vihmvamadiussnsaenduiiaanudransn  susanewsnuuuiidtemadn lasd
faaRIEan g NUSMMIENF U awnTTsisduuwanen usslaniviuinasolu
viannseanfidenivlolaau

LL@'aamvl‘sﬁaLﬁaﬂaﬁmmm@mwL%ﬁ@‘iwqwaammﬂluumunumawauﬂﬂ e
mysassmilnadisszauanusimadvensni - 1521 mis wuiwmﬂmwlféfs@ﬁ'wqﬂu
LLWJLLﬂW]Ja{maLLf;Iﬂg@ﬁﬁ’]&l’lﬂﬂ’j’]ﬁ’]ﬂ’a’mL%’fm‘qaﬂladﬂﬂai%a‘i’l Sanamsnilainadesite
swmazgmmﬂaaﬂmﬂﬁam%aﬁvlé%ﬂmsﬁ'ﬂwwaam:uamma’[mma@iﬂmmmné’aﬂdn
LLa:Vl,v\aLiﬂg&vlmiﬂauLﬁaﬁ'@LLUﬂaaﬂmﬂmma@mmﬂlugﬂmLLﬁamw‘ﬁ'ﬁadmi LRZAINNA
miﬁi’madm‘svlmé'dﬂdﬂawudﬁﬁw§wﬂszaw§ﬂawué’ugzyL%ﬂﬁLﬁ@ﬁfuﬁszﬁum']m‘%’smanﬁ

wausnd 15-21 m/s fendszanm 2.8-2.9

16



5.12e-01
4.3%e-01
3.66e-01
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317 8 ugaINamMINIzAEANNT e nuuULTuIzAUTY (Contour) NdurIIEN1 9
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e a £ o a A o o ' o a da ~
AR ﬂi:ammmcﬂugtyLawvlﬂmﬂmsmaadms"lm T,@ﬂmmwwgzyLarmm@mnmm

= ° v
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2
AP = K\zl_iq (5)

{ o a £ [ =
We K= dudszAndanudugadolunausn ~ 3

V, = aNLINN9LdNT89nanen

AL A v \ A A [ ° '
luﬂ%ﬂatwﬂu“fnﬁL°IJ']L1I'H>‘YIE]‘YI‘J\TE(L%REJN"WPN%%W@ 3 cm WU 2 VIE]'NGI%LL‘WJ
ﬁwﬁaﬁﬁmmmawaaﬁma’wé’mamﬁ&muﬁmlmmumﬂwmﬂﬁ 1 "ﬂ']ﬂﬂﬁiﬁﬁﬂﬁm@h
o a A = o o A ° o
ﬂ’J']&I(ﬂ%ETE].IvLﬂﬂ‘ﬂﬂ')']&]ﬁ'ﬂu‘ﬁauﬂﬂ 1.66 m/s VL@]ﬂ'J']&l@ugiyLﬁﬂ‘ﬂ']ﬂﬂ'ﬁﬂ']%’Jm@ﬁﬂﬁ&lﬂﬁi (5)
WYinNU 6.06 inWC

2.4 MIMVRALWIAVDINARN
o A o L% A ¢ & v Ao '
waannanznumsltnuluaiasuanalesiiandasloannisinazasannmani
L= ] Q Qs 1 3 = a 1 Qs
WARNLYINALAATINT IARENWABLENTEIMA Aa 0.0522 m/s uazdlanuauaiagivinny
anuaugndaluszuufia 14.88 in WC (8.82 + 6.06 in WC) (isuiyiriu 0.38 m WC lagld

valaasauaInInlszunmlaanauns (Bleier 1997)
Air Power = 1000 x 9.81 x 0.38 x 0.0522 = 198 watt

NI RN ITWARNLUUATULAIRRILTZANTAIN 70% NaLaasulszs&aNTAIW 70% fnad

v

Nuidasnsae
Require Power = 198/0.7/0.7 = 404.1 watt = 0.542 hp
AABAAT S.F. = 50% GINUTUIANBLADINGDINT

Motor Power = 0.542 / 0.5 = 1.08

AIBUAUIAN LA DTNARNNLRAN MELYINAL 1.5 1393
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'3 a
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- dntnasawia 50 cc
- LATAITIVNRINLU UL
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1. WUdN AU TaTIaanaNVIONaaas 10 3y Latuininasiiasonly waqsin s

3’ % @ K U n‘ v
WIARUKN "ﬂ(ﬂ‘U‘l«W]ﬂﬂ'leLﬂ

2. ﬁwﬁam%aiﬂu‘ﬁnmaﬂﬂauﬁqmﬁga 100 aveLraLdoa 19% walsindininas e
PRI UUANAIN e INaRIAIAMNTHIAIN BT NNFAT

LﬂagL%%@TﬂUWN%% - wWIRUNNanay — WIRUNAiadal x 100%

Rwnnauay

3. LN TaIINNVIANAaaIaandn 10 N3N twai lUnagaunIANULIT T wYa 9
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gUasimas
4. 120 NLUNTWTaTI00NWAY NITIHRINVIA ALUANFN L6
U d‘p 1 U o 1 u./ g‘ L L =3 1 dl U
5. infawTalalunansn udsivianaaasdsnllrssinnin duine1nle
o & % & A v = & & P = A
6. iInnTuunNIgtasaananiantTalasiaasdalfualasiTasn NauLsaun
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Ao TaIIE 9NN La



7. teadasn lausnaw@anmas lUwainwin dwinaln e
8. iNNINaaad 1-7 NUNBWLTaNTRALAN waldRouszaua U TN a1 16
WA 12 m/s (TOUVBINARN 2240 rpm WA 1680 rpm) eNNE1AL

o Q v ¥ = &
9. ¥iNMINaaad 1-8 NUNBWLTINDNTRARTI

3.1.3 2waawn1sn1dszsanSannisuananailas (% Recovery)
I ssintaiwlunisuenesgtasanniauwdai laslsinIasuunstasizasing
Wty NN TUSUNgUAN U UT WY IR U a3 a1 TaZA LN LaaNNNNIYINeZaNY LRI
Fnalas iNad I NULNTwaUasde 1 NTNVINaWTAIIOINIUADUAIT
1. heerdasnle 0.5 g wazaneiin 45 mL uaztiusiwmiuadasnle 2 a39 uaathan
~ v & 4 AN @ ° ° o 2
DAY IAUUNNAIN LS LAZINNIEIUI AT IUIN Spore/g,miss ANFNNNT (6) tatld Dilute =
4
10
° s A s l :4 D ] o o ¢

Spore/gggs2 = Y .
minnew¥esiitnasnimstenailes

x 100% (6)

° v di/ P :/ A ) AV o
2. AU TN NLENINNVIANAREY NIAZAEINN 50 mL wazius winalasn e 2
A39 LAINNLARY AATUANAT LA LAz NNAIUIUAIIIUIN Spore/gy mys: MNFNNNT (7)

v 2 =)
Tagle Dilute = 10° wazUSu1mmaa981382a18 250 mi

. 4 4 . -
Huuadasiads x 5 x 10 x (Dilute) X YSunmansazans

Spore/g,#, = T x 100% 7
P 9en3 iurrndeusannnianmswenales ° (7)

3. M wTaINNWRNNMINARAY W8z 250 mL wazthudwIuglasnle 2
6‘3 (3 o 1 d' 3 n:l' o A ' d' v o J o
A39 LN lauLads TUANAN IALAsAIUIUAIIIUIN Spore/gymiss ANFNANT (1)
% . 4 a
Tagle Dilute = 10" wazUSu1mmaa981382878 50 ml
= = a Aa 6 ) =)

4. Wisusudseansamwnsuenates laodiuin % nsuanan (%Recovery) %

NNIANA (%Non-Recovery) kae % migtyl,ﬁsl (%Loss) @aURUNIT (8) - (10)

Spore/gL%ai'],Z

% MILuNA% (Recovery) X 100% (8)

Spore/g a1

% MIANAY (Non-Recovery) = _Spore/gdans  x 100% (9)
Spore/gigan, 1

% NIgaL&Y (Loss) = 100 - % MIUEN - % NIANAS (10)
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3.2 daniInagau
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« & A = A v A a £ I o & o = A a £
152NNV UNMITNTIANT T LA IWIBRIFU a5 D RIANNANNLS AU NN
A = A a & o & o
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~ J o v dl o V& J dl =3 d‘ AI J o v U
Frwhldieseshnuldiige lwashanuiidsiuerarilinszusoimeanyuiudinu
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Fl,umadvl,ﬂﬂauflmmmmﬂﬂnuwmaﬂa%gﬂg@naungﬂsmammﬂmﬂumaavl,sﬂﬂau Rz
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(mis) Fasmen  fowde  autn NaunuenNg  Ald waluenng (W)
m/s
au (g)  wadau (g) (%) §1a7 (g) Q) silas (g)
12 45.0 40.7 9.55 210.8 1.2 180.8 15
16 414 36.9 10.86 231.4 1.2 200.2 14
20 49.8 45.2 9.23 203.8 1.2 163.8 11

= e & ~
M1379N 6 Nﬂfﬂ?ﬂ@ﬁaUﬂ'ﬁLLUﬂﬁﬂaiL"ﬁE]T]LEJ@I@I'WvliLGITEIZJ
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flawau(g) Wwadau (g) (%) alas (g) (9) alas (g)

12 56.8 52.2 8.09 215.3 0.2 187.5 15
16 39.0 34.4 11.79 234.2 1.0 166.0 14

20 44.8 40.2 10.26 203.7 0.4 165.8 12
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Some physical and aerodynamic properties of entomopathogenic fungal
(Beauveria bassiana BCC 2660 and Metarhizium anisopliae BCC
19364) isolate of Thailand relevant to design of spore separation

machine.

Selected physical and aerodynamic properties required for the spore separation
machine design were determined for two genera of entomopathogenic fungi within
the class Hypomycetes, namely; B. bassiana BCC 2660 and M. anisopliac BCC
19364, at a moisture content of 10% dried basis (db.). Aerial Conidia (AC) shape
and size of B. bassiana BCC 2660 and M. anisopliae BCC 19364 were investigated
and measured. The density and terminal velocity of B. bassiana BCC 2660 and M.
anisopliae BCC 19364 AC were determined. The bulk density, true density and
porosity of B. bassiana BCC 2660 and M. anisopliae BCC 19364 on growth
substrate were measured. The coefficient of static friction of B. bassiana BCC 2660
and M. anisopliae BCC 19364 on growth substrate on acrylic, galvanized steel and
stainless steel were tested and calculated. The terminal velocity of B. bassiana
BCC 2660 and M. anisopliae BCC 19364 on growth substrate also measured.

A prototype of fungal spore separation machine based on pneumatic transport and
cyclonic separation was designed. The cylindrical separation tower of 20 cm
diameter and 90 cm height using as pneumatic transport of AC was selected based
on the bulk density of fungal spore on growth substrate. The cyclone dust collector
of 14 cm diameter using as cyclonic separation devices was selected based on air
flow rate passed through the system, the terminal velocity and true density of AC.
The design cutoff size of the machine is significantly lower than the true diameter

of B. bassiana BCC 2660 and M. anisopliaec BCC 19364 AC.

Key words: Entomopathogenic fungi, Physical properties, Aerodynamic properties,

Aerial Conidia, Separation machine
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1. Introduction

Global agriculture practices are too dependent upon chemical pesticides. Only 2% of
global pesticide market is occupied by products based on biological agents (Moore et al.,
1993). There had been interest in application of biological control to replace or reduce
chemical pesticide use that focused upon the development of use of microbial biocontrol
agent, including bacteria, viruses, protozoa and fungi (Ferguson 1992; Klein 1988;
Bidochka and Khachatourians 1991). Nowadays, Entomopathogenic fungi (EPF) are
poised to become major commercial insect control agents, and their powdery spores are
the keys to any mycoinsecticide or biological control strategy.

Using EPF to control insect pests has many advantages over chemical insecticides
(Goettel and Johnson 1992). EPF are typically more selective and have narrower host
range than chemicals. They also have greater capacity to be integrated with other
biological control agents and can persist for extended periods providing increased
protection against insect pets. These microbial agents are also biodegradable, making
them more environmentally friendly than chemical insecticide that can leave toxic
residual. Numerous laboratory and field studies indicated that EPF can provide a safe
and effective control of many important insect pets. Currently, economic interest is
focusing upon fungi from three genera within class Hyphomycetes: B. bassiana, M.
anisopliae and Paecilomyces lilacinus. Recent research has attempted to meet the
challenge of ensuring the stability (e.g. UV inactivation), efficacy at low relative
humidity (RH) and mass production of inexpensive yet high quality fungal formulations

(Feng Poprawaki and Khachatourians 1994).
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51 There are many processes involved with the development of commercial

52 mycoinsecticide based on B. bassiana and M. anisopliae aerial conidia formulation. First
53  step involves the selection of an EPF strain with desired specificity and host range, that is
54  amenable to mass culturing, possesses high virulence (i.e., speed of action) and

55  pathogenicity (i.e., killing rate), and can persist after release through horizontal

56  transmission to other target insects. The next step is to mass produce this microbial agent.
57  Various mass production processes have been developed for the rapid and efficient

58  harvest of B. bassiana and M. anisopliae AC in dry powdery form that suitable for long-
59  term storage under natural conditions without significantly loss their viability and

60 infectibility (Khachatourians 1991; Feng et al. 1994; Goettel,1984; Samsinakova

61  Kalalova Vicek and Krybal 1981; Thomas Khachatourians andIngledew 1987; Hegedus
62  Bodochka Miranpuri and Khachatourians 1992). Finally, commercial mycoinsecticide
63  are then formulated with major concerns to ensure the ease of field application with

64  minimal modification of existing chemical application equipment. Formulated

65  mycoinsecticide may be applied in dry powdery form or incorporated into sprayable

66  liquid which necessary to add supplementary agents such as surfactants, wetting agents,
67  emulsifiers, dispersing and sticking agents and anti-evaporants to ensure the maximum
68 efficacy.

69 Although the successful EPF mass production by mechanically harvest were

70  reported as discussed previously, the physical and aerodynamic properties that are

71  important to design the equipments and machines for storage, separation and collection
72 had not been reported. The information of aerial conidia shape, dimension, density and

73 terminal velocity is essential for accurate design of the separation equipment. Physical

URL: http://mc.manuscriptcentral.com/cbst
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properties of bulk density, true density, porosity and static friction coefficient with
various surfaces of B. bassiana and M. anisopliae on growth substrate are also important;
bulk density determined the capacity of storage, while true density is useful for separation
equipment; porosity determined the resistance of air flow during aeration and drying.
Flow ability is usually measured using static friction coefficient. It recognized by
engineer as an important property concern with rational design of bin and other storage
structures. Aerodynamic properties such as terminal velocity are useful for air conveyer
and pneumatic separation (Mohsenin 1970). Designing of process equipment of
entomopathogenic fungal without taking these properties into account may yields poor
efficiency machine. For this reason, the objective of this study was to determine some
physical and aerodynamic properties of B. bassiana BCC 2660 and M. anisopliaec BCC
19364, especially isolate found in Thailand. The properties examined include: shape,
dimensions, density and terminal velocity of B. bassiana BCC 2660 and M. anisopliae
BCC 19364 AC; bulk density, porosity, true density, static friction coefficient and
terminal velocity of B. bassiana BCC 2660 and M. anisopliae BCC 19364 on growth
substrate and these properties served as basic information for storage, separation and

collection equipments design.

2. Materials and Methods

2.1 Entomopathogenic fungi

The EPF isolates obtained from National Center for Genetic Engineering and
Biotechnology (BIOTEC) of National Science and Technology Development Agency

(NSTDA) of Thailand were chosen since they had been previously studied for their

URL: http://mc.manuscriptcentral.com/cbst
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activity against a variety of insect pests by BIOTEC research group. These fungi are
collected at the BIOTEC culture collection and are publicly access. Conidiospore stock of
B. bassiana BCC 2660 and M. anisopliae BCC 19364 were prepared by mixing a spore
suspension with one volume of sterile (50%) v/v glycerol, and adding 100 pg/ml of
antibiotic. These stocks were store in 2 ml aliquots at -700C until used.

The powdery AC was cultivated using cooked rice as a basic growth substrate.
Rice (500 g) was soaked in 200 mL of de-ionized water in autoclavable polypropylene
bag (30x65 cm) for 30 min. Bag and mixture substrate were then autoclaved at 1210C for
40 min, and their top folded and staple when removed. Once cooled, the rice in each bag
inoculated with conidial powder introduced at one corner of the bag, the bag was shaked
and the conidia were mixed uniformly throughout the rice. Then, the bags were incubated
at 250C for 7-14 day allowing a profuse mycelial outgrowth on rice kernel for conidial
production. Thereafter, top folded and staple were removed allowing the mixture
substrate inside bag dried for 3-5 day to reduce moisture content to nearly 10% db. and it
ready to used as sample for bulk density, true density porosity, static friction coefficient
and terminal velocity examination. Finally, AC of B. bassiana BCC 2660 and M.
anisopliae BCC 19364 were harvested by hand shaking through sieve screen. The
harvested aerial conidia were then packed and stored into refrigeration cold chamber at
30C until used for high performance microscope viewing of shape and dimension of AC.
Figures 1 and 2 shows B. bassiana BCC 2660 and M. anisopliaec BCC 19364 on growth

substrate and their powdery AC prepared for studies.
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2.2 Shape, dimensions, density and terminal velocity of B. bassiana BCC 2660
and M. anisopliae BCC 19364 AC

Fungal spores of B. bassiana BCC 2660 and M. anisopliae BCC 19364 were prepared for
viewing with high performance microscope by fixing and dehydration. Proper preparation
of biological samples to be viewed by microscopy is essential for preserving fine
structure and minimizing sample distortion. Sample preparation was performed in
facilities of BIOTEC and viewed using a bright field microscope (Olympus BX51) to
obtain the shape and dimensions of sample AC.

Weight of AC was determined by mean of spore countering within specific
weight of powdery spore sample which were dissolved using specific volume of solution.
Therefore, an average specific weight of B. bassiana BCC 2660 and M. anisopliac BCC

19364 AC were calculated using equation (1).

Spore ¢! = N x(5x ]04W)/x DilutexV 0

sam

where N is average spore counted, Dilute is 102, Wsol is volume of solution (50
ml) and Wsam is weight of fungal sample used (g). Density was then calculated based on
their weight and volume of their known diameter and length. The terminal velocity of B.
bassiana BCC 2660 and M. anisopliae BCC 19364 AC involving the presence of airflow
could be estimated from Stoke’s law as shown in equation (2). This relation derived from
the balance of gravitational and resisting drag force when the object freely falling and
immersed into an ascendant airflow. When these forces was balanced, the object began

move at a constant speed so-called terminal velocity that given by the following relation.
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V, = (sd?)(p-p/18u )

where Vt is terminal velocity (m/s), g is acceleration of gravity (m/s2), d is
“equivalent volume” diameter (m), ps and pf are density of particle and air (kg/m3) and

u is viscosity of air (kg/ms).

2.3 Bulk density, true density, porosity, static friction coefficient and terminal
velocity of B. bassiana BCC 2660 and M. anisopliae BCC 19364on growth

substrate

The bulk density of fungal on growth substrate defined as the ratio of mass of sample to
its total volume. It was determined using modified standard test weight procedure (Singh
and Gaswami 1996; Gupta and Das 1997) by filling 90 ml container with mixture
substrate were poured from height of about 150 mm at a constant rate, and then weighing
the container. The bulk density was calculated from the mass of the seeds and the volume
of the container. The true density defined as the ratio between the mass and the true
volume of mixture substrate. It was determined by Toluene displacement technique.
Toluene was used in place of water because it is absorb lesser and it exhibit low surface
tension the more advantages of fill even shallow dips in mixture substrate layer. The
volume of toluene displaced was found by immersing a weighted quantity of mixture
substrate in the measured toluene (Unal Isik and Tekin 2008). Three replications were
taken for each fungal to calculate an average value. The porosity (&) was the ratio of void
between particle compared to unit volume of mixture substrate and determined by the

following relationship (Eq. (3)) (Mohsenin 1970).
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e= PP (3)
P,

where ¢ is porosity (%), pt is true density (kg/m3) and pb is bulk density (kg/m3).
Static friction coefficient against different surfaces, acrylic, stainless steel and galvanized
steel were determined using cylinder of diameter 75 mm and depth of 50 mm fill with
mixture substrate. With the cylinder resting on the surface, the surface was raised
gradually until the filled cylinder start to slide down (Varnumkhasti et al. 2008). The
angle of the incline (o) was recorded and the static friction coefficient (us) was calculated
using equation (4). Three replications were taken for each fungal to calculate an average
value.

U, =tana 4)

The terminal velocity of mixture substrates were measured using an air column
system. A sample was placed on the central part of the perforated screen. The airflow
upwards in the tube from bottom to the top was controlled until the mixture substrate start
to suspend. At this moment, the air velocity were measured using digital anemometer
having 0.1 m/s resolution (DIGICON DA-41). Three replications were taken for each

fungal to calculate an average value.

3. Results and Discussions

3.1 Shape, dimensions, density and terminal velocity of B. bassiana BCC 2660
and M. anisopliae BCC 19364 AC

The morphologies of AC from B. bassiana BCC 2660 and M. anisopliae BCC 19364
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isolated obtained from BIOTEC were studied using bright field microscope. AC from B.
bassiana BCC 2660 isolates found to have spheroidal appearance as shown in Fig 3 and
found considerable variability in spore mean diameter, ranging from 2.5-3.9 um. Unlike
AC from M. anisopliae BCC 19364 isolates possessed similar cylindroidal morphology
as shown in Fig 4 with variability in diameter and length, ranging from 2.5-2.8 um and
5.3-6.4 um, respectively. Table 1 shows summarized of B. bassiana BCC 2660 and M.
anisopliae BCC 19364 AC properties such as dimensions, weight, density and terminal
velocity obtained from experimentation and calculation method expressed in previous
section.

As illustrated in Fig 3 and 4, B. bassiana BCC 2660 and M. anisopliae BCC
19364 AC exhibit different morphologies. The different of AC morphologies, especially,
the geometric mean of axial dimension may useful in the estimation of the projected area
of AC moving in the turbulence or near-turbulence region of air stream. This projected
area of the AC was generally indicative of its pattern of the behavior in the flowing fluid
such as air and this result in the different terminal velocity range as calculated in Table 1.
M. anisopliae BCC 19364 AC have higher terminal velocity, which would more difficult
to entrain in the air stream than B. bassiana BCC 2660 AC during separation process.
This characteristic can served as basic data for separation process equipment design due
to pneumatic transport of AC. The terminal velocity of B. bassiana BCC 2660 and M.
anisopliae BCC 19364 AC were 0.0121- 0.0191 m/s and 0.0344 - 0.0399 m/s,
respectively. Therefore, the minimum requirement of air velocity used during separation
process should not lower than the terminal velocity of each fungal AC and then the

optimal design of pneumatic separation system such as volume of air flow, pressure drop
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and motor horse power could estimated based on AC properties. In analyzing the
aerodynamic behavior of AC, it is observed that the calculated value of terminal velocity
of both AC spore were different in their magnitude but exhibit the same order. Therefore,
it may proposed here that the air flow rate used for pneumatic separation systems for both
fungal AC should be the same and higher than that of the terminal velocity of M.
anisopliae BCC 19364 AC to ensure the separation of both AC fungal from growth

substrate during separation process.

3.2 Bulk density, true density, porosity, static friction coefficient and terminal
velocity of B. bassiana BCC 2660 and M. anisopliae BCC 19364 on growth

substrate

B. bassiana BCC 2660 and M. anisopliae BCC 19364 on growth substrate with average
10%db. moisture content were taken to measure and calculate their bulk density, porosity,
true density, static friction coefficient and terminal velocity using method state in the
previous section. Measured and calculated properties of B. bassiana BCC 2660 and M.
anisopliae BCC 19364 on growth substrate shown in Table 2.

As shown in Table 2, the bulk and true density of both fungal on growth substrate
were within nearly the same of 720 - 800 kg/m3 and 275 - 280 kg/m3, respectively. But
the porosity of M. anisopliae BCC 19364 on growth substrate exhibit higher percentage
value. These properties influence the design of storage equipments. For example an
expected size of silo may estimate based on the desired capacity divided by the bulk
density of raw materials.

Experimental result shown that static friction coefficient changed with surface

tested. The average values of static friction coefficient of friction against galvanized steel,
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Stainless steel and Acrylic surface are 0.7, 0.55 and 0.5, respectively for B. bassiana BCC
2660 on growth substrate but 0.6, 0.5 and 0.45 for M. anisopliac BCC 19364 on growth
substrate. The highest friction coefficient value obtained for galvanized steel surface,
while the lowest values were obtained on acrylic surface for both fungal on growth
substrate. However, the static friction coefficient of M. anisopliae BCC 193640n growth
substrate seem to be lower than B. bassiana BCC 2660 on growth substrate for all surface
tested this may due to the more dense and porous within their bulk pile that made M.
anisopliae BCC 193640n growth easier to skid than B. bassiana BCC 2660 on growth
substrate on an inclined surface during static friction coefficient test. This property is
used to determine the angle of inclination of chute that must be installation in order to
achieve consistent flow of fungal on growth substrate in processing unit.

The terminal velocity of fungal on growth substrate is found to be the same of 5.6
m/s for both B. bassiana BCC 2660 and M. anisopliae BCC 19364 on growth substrate.
Important parameters for pneumatic separation equipment design are the particle density
and air flow rate which related to terminal air velocity of AC spore and fungal on growth
substrate. This observation is very useful for design pneumatic separation equipment due
to the different on AC spore and fungal on growth substrate terminal velocities of 0.399
and 5.6 m/s, respectively. The gas flow rate used during separation process should not
low unitl the air velocity inside separation tower lower than the AC spore terminal
velocity and should not high until the air velocity inside pneumatic separation equipment
higher than the fungal on growth substrate terminal velocity. Therefore, the most

appropriate operating velocity of pneumatic separation equipment is 0.399- 5.6 m/s.

URL: http://mc.manuscriptcentral.com/cbst



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

Biocontrol Science & Technology Page [1]of 32

4. Design of Spore Separation Machine

The physical and aerodynamics properties studies earlier are used as the basis for the
design of the fungal spore separation machine. The fungal spore separation machine
consists mainly of cylindrical separation tower and cyclone dust collection. Cylindrical
separation tower using vertically air-flow pass through fungal on growth substrate to
separate AC spore. An appropriate velocity of air stream pass through separation tower
based on aerodynamics properties of AC spore should be higher than the terminal
velocity of Metarhizium anisopliae BCC 19364 AC spore (0.399 m/s) to ensure the
maximum spore separation and lower than the terminal velocity of fungal on growth
substrate (5.6 m/s) to prevent the foreign matters carrier with air stream. After that the
AC spore and air stream mixture is passed through the cyclone dust collector to separate
AC spore from air stream and collect the powdery AC spore. In this device, AC spore
having sufficient inertia impact onto the cyclone wall. The AC spore either retain on the
wall or gradually migrate to the dust container located at the bottom of cyclone due to the

secondary flow in the boundary layer (Ranz, 1985).

4.1 Sizing of cylindrical separation tower

The tower is designed primarily to have working capacity of 1 kg of fungal on growth
substrate per batch, at a commonly used of 10% volume fraction occupied by fungal
spore on growth substrate. From the bulk density of fungal spore on growth substrate
(475 kg/m3 for B. bassiana BCC 2660 and 480 kg/m3 for Metarhizium anisopliae BCC
19364) obtained in the previous section, the occupied volume of 1 kg of fungal on growth

substrate can be calculated and the height of cylindrical separation tower can be
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calculated for 20 cm diameter of tower tube that is considered to be not too large or too
small for laboratory scale machine. From the relationship of volume and cross sectional

area, the height of separation tower should at least 90 cm.

4.2 Sizing of Cyclone Dust Collector

The most important parameters for cyclone dust collector design are true density of AC
spore and air flow rate that related to the terminal velocity that sufficient to pick-up the
AC spore without any foreign matters carried. From the previous section, the most
appropriate air velocity inside cylindrical separation tower should be between 0.399-5.6
m/s. The volume air flow rate through cyclone dust collector is then calculated base on
air velocity and cross-section area of cylindrical separation tower. For general purpose
swift cyclone dust collector used, the effective inlet air velocity should be 15-21 m/s
(Nimmol 2005). The inlet area of cyclone dust collector could be calculated base on
volume air flow rate and effective air velocity and then the dimension of cyclone will be
determined (Cheremisinoff 1993).

Incase of AC spore, the most suitable air velocity inside cylindrical separation
tower is 1.66 m/s which is higher than four time of AC spore terminal velocity and the
volume air flow rate of 0.0522 m3/s was calculated. When using 21 m/s effective velocity
at inlet of cyclone, the inlet area of 0.00248 m2 was also calculated. Then, the dimension
of cyclone dust collector was determined as shown in Table 3. All of cyclone dust
collector geometry shown in Fig 5.

Based on the designed dimension, cyclone inlet air velocity of 21m/s and true
density of AC spore (2,680-10,175 kg/m3 for B. bassiana BCC 2660 and 10,232-15.672

kg/m3 for Metarhizium anisopliae BCC 19364), the 50% cutoff size diameter around 0.1-
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0.5 wm was determined (Cheremisinoff 1993) and this lower than the AC spore diameter
of 2.45-10.4 pum. Incase of the lowest recommended the inlet air velocity of 15 m/s, the
50% cutoff diameter of 0.12-0.57 um was determined and there still lower than AC

spore diameter. Therefore, the 14 cm diameter of general purpose swift cyclone dust

collector is the most appropriate size for AC spore collection.

5. Conclusion

The investigation of various physical and aerodynamics of B. bassiana BCC 2660
and M. anisopliae BCC 19364 AC on growth substrate show that B. bassiana BCC 2660
AC found to be spheroidal while M. anisopliaec BCC 19364 AC found to be cylindrodical.
Diameter of spheroidal B. bassiana BCC 2660 AC was varied between 2.5-3.9 pum.
Cylindrodical M. anisopliae BCC 19364 AC diameter and length found to be varied
within 2.5-2.8 um and 5.3-6.4 um, respectively. The density of B. bassiana BCC 2660
and M. anisopliae BCC 19364 AC were 2,680-10,175 kg/m3 and 10,232-15,672 kg/m3,
respectively. Terminal velocity of B. bassiana BCC 2660 and M. anisopliae BCC 19364
AC were calculated and varied within 0.0121-0.0191 m/s and 0.0344-0.0399 m/s,
respectively. The bulk density, true density and porosity of B. bassiana BCC 2660 on
growth substrate were 475, 720 kg/m3 and 34%, respectively. The bulk density, true
density and porosity of M. anisopliae BCC 19364 on growth substrate were 480, 800
kg/m3 and 40%, respectively. The coefficient of static friction of B. bassiana BCC 2660
on growth substrate was 0.5 on acrylic, 0.55 on stainless steel sheet and 0.7 on galvanized
steel sheet. The coefficient of static friction of M. anisopliae BCC 19364 on growth

substrate was 0.45 on acrylic, 0.5 on stainless steel sheet and 0.6 on galvanized steel
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sheet. The terminal velocity was 5.6 m/s for both B. bassiana BCC 2660 and M.
anisopliae BCC 19364 on growth substrate.

Based on these physical and aerodynamics properties, AC spore collection
machine which consist mainly of cylindrical separation tower and cyclone dust collector
were sized. Based on 1 kg working capacity of machine per batch, the diameter and
height of cylindrical tower of 20 and 90 cm, respectively were calculated based on the
bulk density of fungal spore on growth substrate. The air flow velocity through
cylindrical tower of 1.66 m/s was selected as this velocity was higher than the terminal
velocity of AC spore and lower than the terminal velocity of fungal on growth substrate.
Finally, the diameter of cyclone dust collector of 14 cm then be calculated based on

volume air flow rate divided by recommended effective inlet air velocity of 21 m/s.
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Table 1 B. bassiana BCC 2660 and M. anisopliae BCC 19364 AC properties

AC fungal diamete  length weight density Terminal velocity
r (um) © (kg/m”) (n/s)
(um)
B. bassiana 2.5-3.9 - 6.66 x 1077 2,680 — 10,175 0.0121 - 0.0191
BCC 2660

M. anisopliae ~ 2.5-2.8 5.3-6.4 1.613x 107 10,232 - 15,672 0.0344 - 0.0399

BCC 19364
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429
430 Table 2 B. bassiana BCC 2660 and M. anisopliae BCC 19364 on growth substrate

431  properties

Fungal on growth substrate properties  B. bassiana BCC M. anisopliae BCC

2660 19364
Bulk density (kg/m’) 475 480
Porosity (%) 34 40
True density (kg/m®) 720 800
Static friction coefficient
- Acrylic 0.5 0.45
- Stainless steel 0.55 0.5
- Galvanized steel 0.7 0.6
Terminal velocity (m/s) 5.6 5.6
432
433
434
435
436
437
438
439
440
441
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442

443  Table 3 Design dimensions of swift general purpose cyclone dust collector

Dimensions D Hc Bc Sc D¢ Lc

Size (cm) 14 7 35 8.75 7 28
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Figure 1a B. bassiana BCC 2660 on growth substrate
254x190mm (96 x 96 DPI)
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Figure 1b B. bassiana BCC 2660 AC
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Figure 2a M. anisopliae BCC 19364 on growth substrate
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Figure 2b M. anisopliae BCC 19364 AC
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Figure 3 Sample of micrographs of spheroidal AC of B. bassiana BCC 2660
1079x812mm (96 x 96 DPI)
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Figure 4 Sample of micrographs of cylindroidal AC of M. anisopliae BCC 19364
1079x812mm (96 x 96 DPI)
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Figure 5 Dimensions of swift general purpose cyclone dust collector
254x190mm (96 x 96 DPI)
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