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ABSTRACT

Palm kernel meal, a by-product from palm kernel oil milling process, is
composed of fiber, fat and protein (14-18 % dry weight). It can be used as an animal feed
ingredient. This project had two aims; to increase the nutritive value of palm kernel meal in the
presence of pigment and protein from Monascus. This substance was used for cultivation of
maggot (Diptera: Calliphoridae) for feasibility studies on using it as an alternative protein source
to substitute fish meal by composition analysis of their composition. In the first experiment, solid-
state fermentation on palm kernel meal was carried out using three strains of Monascus;, M.
purpureus TISTR 3002, M. purpureus TISTR 3090 and M. ruber TISTR 3006, with 2 ml
inoculum (lxlO4 spores/ml) cultivated at 60% moisture content, initial pH 7.5 at 30 °C. 1t was
found that M. ruber TISTR 3006 produced the highest pigment. The optimum initial moisture
content was 60 % after 6 days cultivation at 30 °C and initial pH 7.5. Under this optimum
condition, M. ruber TISTR 3006 could increase the red pigment nearly 2 folds (from 11.0 to
20.16 OD units/g substrate).Thermal stability tasting revealed that the red color of Monascus
pigment was very stable after autoclaving (121 °C) for 15 min., and keeping at 30 °C, 4°C and -20
°C for 28 days. Biological activity of Monascus pigment was tested and found to possess the
antibacterial activity against Escherichia coli, Bacillus subtilis and Staphylococcus aureus with
the inhibition zone of 7.5, 7.12 and 6.17 millimeter, respectively.

The palm kernel meal with the red pigment of M. ruber TISTR 3006 was used
for cultivation of maggot. The blow fly (Chysomya megacephala) generated 138 eggs each time

with the survival rate of > 57%. After applied the palm kernel meal with red Monascus pigment

(5)



las a feed for culture the blow fly (Diptera: Calliphoridae), growth development from egg to
maggot took 4 days under the optimum initial moisture content of 65 % and produced the blow
fly maggot meal (magmeal) at 53% (% dry weight). Proximate composition of the maggot meal
(magmeal) was determined compared to the fish meal. The magmeal was brown with <10%
moisture content, protein, crude fiber and ash content were 40.06 - 51.97, 8.84 — 12.51, 8.75 —
24.58 and 4.67 — 3.28 (% dry weight), respectively. The protein was rich in the essential amino
acids (with arginine, lysine, leucine and phenylalanine being very high). Results obtained
indicated that pigmented palm kernel meal has no effect on the proximate composition of maggot

which was similar or higher than those previously reported.

Keywords: Palm kernel meal, Monascus pigment, Magmeal, Fishmeal, Blow fly
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Table 1. Percentage of essential amino acids (EAA)I in fishmeal (FM), rendered meat meal
(MM), poultry by-product meal (PBM), blood meal (BM), soybean meal (SBM).

Percentage of crude protein in the meal (in parenthesis)

FM MM PBM BM SBM
Essential Amino Acid s ) 5 s )
(64.5%) (55.6%) (59.7%) (89.2%) (50.0%)

Arginine 3.82 3.60 4.06 3.75 3.67
Histidine 1.45 0.89 1.09 5.14 1.22
Isoleucine 2.66 1.64 2.30 0.97 2.14
Leucine 4.48 2.85 4.11 10.82 3.63
Lysine 4.72 2.93 3.06 7.45 3.08
Methionine + Cystine’ 231 1.25 1.94 2.32 1.43
Phenylalanine + Tryosine4 4.35 2.99 3.97 8.47 4.20
Threonine 2.31 1.64 0.94 3.76 1.89
Tryptophan 0.57 0.34 0.46 1.04 0.69
Valine 2.77 2.52 2.86 7.48 2.55

"The percentage values for the EAA composition of each feedstuff were taken from the 1993
NRC (National Research Council, Nutrient Requirements of Fish, National Academy of Sciences,
Washington, DC).

2Percentage of total crude protein in feedstuft.

3Cystine can be synthesized from methionine.

4Tyrosine can be synthesized from phenylalanine.

A11: Miles and Chapman (2006)
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Figure 2. Extraction of palm kernel oil

nu: Aspar (2009)
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1 o & a a lo o A a .
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a a g < 4 a a
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= a a A 9 1 a a ~ S a A
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=
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(Yeong et al., 1983)

Table 2. Nutrient Composition of solvent extracted and expeller pressed palm kernel meal

Solvent extracted Expeller pressed
Components

| 2 3 1 2 3
Dry matter (%) 89.0 91.0 91.0 92.7 93.0 89.1
Crude protein (%) 15.3 15.2 15.0 14.6 14.8 16.0
Crude fibre (%) 14.3 16.0 15.6 12.1 15.7 16.8
Crude fat (%) 2.9 1.8 0.9 9.1 9.8 10.6
Ash (%) 4.1 3.8 3.5 4.3 4.2 4.1
Calcium (%) 0.20 0.25 - 0.21 0.20 -
Phosphorus (%) 0.54 0.52 - 0.52 0.32 -

W: Chin (2009)
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3.3 1A U137 (Blow fly)
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Figure 3. Adult male and female Chrysomya megacephala (F.)

nu: Anonymous (2010)
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Figure 4. Life cycle of blow fly
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ME UABAIINITOgIPAITNARauNBUN N ULLaLTU WS INaNNIY (Foas 66.2)
A =} Y] A 9 1 9y & AW 9
WameunuganIuaunNng lsdailusesas 100 FaloasINI50AT080E 95.6
Y
4 a
ONINY Zuidhof uazAme (2003) laAnyi1ednilsznevveansaesiilulu
vuounyasiundianudrnyaensniyan Taves 1nes wudmueuunasdutinu Musca
domestica HUSu1unseezi TusiamnlsTotiy vaz Fadu luilSuades 4.6 niude
a (% d‘ = [ 9 = a A 1 [ 1A [
Alansy) Weesunuanudedns wnls Tetiv way Fahiu veelnana (10.5 nfudenlansy)
[ a a a dyal a A [~
2190 0UEINNTABLH TUTHANIWNIANDNIAN T oY
o 1 o I
3.4.3 Emperor moth Cirina forda (Westwood) %ﬂ@g“lmqﬁ Saturniidae \ULNAY
o = dy 9)0'/ 9 a A = o w A a == o 1
mandide nulanaliuneeeuldveduidcse Jvuadidienn 7-9 Hadawas Hamian 1y

deounay Nosndsznovveslisaudosas 33.12-48.70 lusiudesas 19.8-22.21 uazivole
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$ouay 2.68-9.40 (Akinnawo and Ketiku, 2000; Ogunleye and Omotoso, 2005; Oluremi et al.,
v 2 a Aa o w 1 a S
2006; Omotoso, 2006) Al urtialusiiaveauasitiomiidreou (larva) W5 Inalue1mis
1 3| { a a o
JannaeuldvestlszmeluiiFe (Omotoso, 2006) wennmilunenlumsusIaalaenalal
Y o A ) Y a g = o [ U ) o 1 1
uda Salinenumsihunldndaduldsdudmsvnaumulanludmsnlanszng Taenuan
v 9
gasenisnnaunulanudesas 50 uazdosaz 100 lanszneawnsalduazinig ldansaes
1 1 @ 1 o { U < 1
gas luuanannumagifieumdugasi lddardwiunvasTsdu (Oyegoke ef al., 2006)
Oluremi HAEAME (2006) 518UMT 1FHUBY Cirina forda meal dVUT 11U
) [ 1 [~ J @
psdmsunszate Tasasnlndussndsznonlugasems ldluszdudesay 7.5 uaz
d‘ 9 a d' d? 1 Y a a [ dycu
woldlulSinungavuazdinalinganssunisnueImsveanszarganad uenaINtIny
9 £ I YA 1 1
seaumsnaas g luny deensald1da lutanananemisgasaiugu (Ogunleye and
Omotoso, 2005)
1) a 1 ) @ 1 o
nslsruounyaIrianig dinsunaunuianulueiisdad uenoin

v A

o I 1 9 ) 9 o J 3’
Wnelsgiitluvueuuyaslunds Galisrenumstimueuuyan ldiueimisdadi

Tasass Tasdon1¥luszoznowmndnud Wuemsldlardiwmanlangnuazilaniia waznuh

! a a Yt o A A a ' I
ﬁ13J15f]ﬁQ!ﬁ§3Jﬂ’]§LﬂjiUu"lﬂﬂ (Hem et al., 2008) ‘V]Qumi’]ﬂmﬂllWmEJﬁEN”I‘LAW‘LI’JmQﬂ‘lJizﬂmJ

o a

) ' ' { J o 3| ) Y
VDN UDULLUAITUAN NN ﬁﬂmm‘mﬂﬂ%miﬁmmzmesumﬂﬁi’flgﬂu’maﬂmmmﬂﬁmm

Q

naunutanluluerisdad1da (Table 3)

Table 3. Proximate composition of magmeals compare with fish meal

Proximate composition

Type of
Dry matter ~ Protein Fat Fiber Ash NFE GE
Meal o Reference
(%) (%) (%) (%) (%) o)*  (kJg)

Fish meal 91.0 70.7 7.8 - 18.3 32 20.6 Ogunyji ez al., 2007
Soldier fly - 42.1 34.8 7.0 14.6 14 - Newton et al,
larvae meal 1977

House fly 96.4 375 198 625 231 19.6 203  Ogunjietal,2007
larvae meal

C. forda 93.5 48.70 2221 2.68 6.45 0.46 - Ogunleye and
larvae meal Omotoso, 2005

*Nitrogen-free extract + fibre, (NFE) =100-(% protein + % fat + % ash)

"Gross Energy (GE); Calculated by: CP =23.9 kJg ; CF = 39.8 kJg ; NFE = 17.6 kg
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v 4 (Y]
4. fn5&!@$ﬁ'1ﬂwuﬁﬂli’)ﬂlgﬁi’)5ﬂﬁ~llluﬁﬂﬁ

4.1 msalunvasauazmslglselawi

v A v & A o o ady v < & o v
V1A HIDDIAN nJuWaﬁﬂmmmim/l"lﬂmﬂmimmwaiﬂmmfdﬂfduwun

£ & yo o ] o ! = 2 qY
wagagInnungululsemeanavaziuosn iy Uszmadu Ussmauoweirala wu

@ 1 @ {1 aa (5 J a I 4 a
18v3u vuade goana Tne Ay giju WaUTud vazdulaiide iudu iesiinisaday

v y $ a 9 ) < v & ~ )
vud1 Tagnmssenveudulenimivni uazunsnnz gl luwaad minduaziinisadi

Y 1 g 1Y a J
arsanenaInsUuilunal 3 3 (YU eading, 2542)
4 A
o ' v 4
Lsdlf@i”l‘luﬁf]a Monascus %ﬂag“lumu Ascomycetes W0y WA Monascaceae

Y Y = o qu’ = A o 4 =} (= 9 = A 9
anvazidulelmienu Imsduiuguuoiweuag lulma idulelinisuannediuaian

o a a ] a < 4 A
IneagiNRs YUULTAMZIUULUAIYe90 1L idu laloegeeulidun uaioniy
d? == A ] é’ a dyd 1 4 Ad o o & A
MLl FuaTouaae e wdathiflunvasvesaswmuve ladigugindrand.
[~ J . a J
TassafraduanstsznnInaa na (polyketides) (Yu11 09diing, 2542)
a =S ] I 1 1 a 9 1 =
Monascus spp. dnsonanasaulseeniungulvg 6 vila laun a1sduag
. . 2 9 . .
(monascorubranmin 8¢ rubropunctamine) 81599 (monascorubin Qg rubropunctatin) LAY
= A . . ° , 2 P2 £y =
A9 a0 (ankaflavin 18Y monascin) (JUzlova et al., 1996) wonnil Idumsaunuasa
MaUNNANDA 2 wila ldun yellow II 1a¢ xanthomonascin (Sato et al., 1992; Jizlova et al.,
1996)
) 4 =\ Aa a dyd [ A= ~ =\
M5 19lse TeruveadasssumasHaniu1vIunnwul luilsemadu wag i
° Y g a 1 1 Y ) A . Y oy
swaumsi llldduasauuasduers wu 1dnsen neudundes (Bean jam) 14140
. =) ‘ﬂy = . . =
(Chinese cheese Y159 sufu) LUBLNYY (artificial meat products) Uawilauas loansy uy uy
dy d’i = a a 4 dyw = o
o7 wan uazous dnaINHAIEYTA (YBU BaaiNG, 2542) UONIINNGINTIBIIUNTIID)
9 [
msminFes Tunuanan ¥ wsunsminionanjualisn n3o Bacterial Cellulose-nata
1 z:y o { v g a LY
WUNFUAUAITIANMINA0H051 M. purpureus @15 0NAAENTAUAAZ AITANAINAIA
A a a = = o A A [
onadouNgUUYNga (121 2R saITye) LazdalanuAIAILBNAADUNITUFIBDNIY
(Sheu and Shyu, 2000)
dy @ a A A o 9 a 1
Wos luuuanea wendnvzkaaasanavisoil lldduasauuaalu
' Y Y o A ' a A A wa 1 o
911151 5210NA 199 lauda dadisrenunanunsondaamsiiguantiayielunisanszau
A £ J a = 3 Y= a PR
Taaawesoalwase Fuiluars luu11nau 1A (monakolin K) DnNagals1o1unIsnanaIsni

va o o & =S a A A JRppn|
ﬂmﬁll‘].l@](luﬂ”lifJiJEl\‘]L‘]ﬂ’)'iHLﬂgLL‘]JﬂVIL':TEJﬂ@ISﬂ‘]JN“])’uﬂ Tﬂamwmmﬂmsmmmum NUYD
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7 ¥ATHU (citrinin) (Hajjaj et al, 1999; Wang et al, 2002) Y Bacillus, Pseudomonas,
Y
i~ Y o ’
Streptococcus WAZI¥0I Fusarium oXysporum Wuau (Jazlova et al., 1996; Wang et al., 2002)
v d X (Y]
4.2 MEWUEMe) vouTe s lunuan
v A 49{ % 9y A v Jd Aaan Y] ]
Pagtiulinissirusausos Tunueada 1oy 20 dreWug 135nsdauLiaae
] 4 g o o { 1 o 1 ] vAa o a a
Wugveuses luuuaaa Iagnanmsfiuana i 15U odeduiadugIuINe ez aIsIneg
vaa 4 g o QsJ‘ o 4
’c’fiJ‘U@I’J‘VIEHL@uhl%’iJ o Tuuuanand 4 TIWWUR Ao Monascus pilosus, M. purpureus, M.
ruber UWag M. floridanus UONIINITUANANAUAIUSNHULNETIINGWAINAIUING
o 1 [ = 9 dy 1 a 4 .
oy laidmeiudnaie Taowos1 lungu M. pilosus Wonanssuow lal B-galactosidase 118z
[l 4
Ol-glucosidase @YU M. purpureus nuteu lasd polypectase La¢ cystine arylamidase LasWL
Al 1 I v A ~ a 4
uladdoosagTaalu M. ruber @30 M. floridanus \uaieiugiderninunanssueu la
1 [} 4 @ <A a 4
trypsinase 16 11N U0 la5a] valine arylamidase 1Hloua1oWUFOU (b1 098IINT, 2542)
= d J &’ (Y]
4.3 msauazmmuelanlszoneieg aimwes Tunuans
Haws  tazame (1959) wulnsead19ueag Tuswen1au (rubropunctatin,
Y = A ~ v
C,H,,0,) uen'l81n M. rubropunctatus Sato F3astiiiogludisazaronenTuiloaz 1agTus
o =\ . PR S a dy YA = Y =
W9a13iU (rubropunctamine, C,H,,0,N) uiluaiag uenviniildlinisanuilnseadreansd
VIN M. purpureus A0 TNUIe IAFDTU (monascorubrin,  C,,H,.0,) uag Iuwia lanaiiu
(monascoflavin) 139910 Monascus spp. WU 3 VUTHINAY 910 M. rubropunctatus 1NUE 19
a a a 3
JUTU NN M. purpureus waz TuudBuvie Tuuia Iana1iu 910 Monascus  spp. 1iuans
as J . adyy a dg’ Y @ Y o L4 o
YszianTnaa Ina (polyketides) a15dn lanandusnadienudunsdunsizyinga luiu
a 4 I [ 4 @ a a o
(Y ssaiing, 2542) anuiluly ldvesnszurumsdunsizig Tuswaanau ldesuie 130

Figure 5 110g 6
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Acetyl~CoA + 3 Malonyl~CoA

Polyketide synthase
Tetraketide
Malonyl~CoA Acetyl~CoA
€O CoASH
Pentaketide Intermediate (1)
Malonyl~CoA S o
N \A,vpergi."fu.\‘ or Penicillium
A
co, A
. N Y
Hexaketide h
A
¥
2
N Y
S
Ry
v Ry
red pigment Citrinin

Figure 5. Biosynthesis of citrinin and red pigment in Monascus ruber

N Hajjaj et al., 1999

6 CH,CO-SCoA

l

o
G Methylation
Hydroxylation
2
0
o -ox0-Octanoic acid ¢—4 CH,CO-SCoA

Aldole condensation

Dehydration

Figure 6. Probable mechanisms of the biosynthesis of rubropunctatin (C,,H,,0,)

N Juzlova et al., 1996
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5. iaduninanemsriina Al uIUAATUUDINITHY

5.1 seWuge Iuuuans
o § Y 4 a < 3
Taowa T s Tunuada Wensyvumaadialasnissenveudulons
a < qg/’ < Y '
At vazumsnngan 1 luwdadhiunezlimsaduasd lanendsninmsun 14w
v T - S o 9 ' qQYY A -
33U ansmvanil WelhnanadlsasazaigenIuea WU IRI1IAIAL 130 59an 1Tuduag
R 1 v 091 ]
w%’awszm YU M. purpureus %30 M. anka u@m1qa18wu§awﬂﬁ’§uﬂwﬁ’uﬂa1 1YW M. barkeri
a 4
W30 M. kaoliang (YB11 890iNT, 2542)
5.2 dUAAIA
o Hq 9 o = o v & a Y A
duaasanlglumsndnars @ Tuuuadauuueraiu Undaziluag vse
g o oA A = ! v Aa ' Y = o A = ~ Y a
waasynsdu Isenunildenunanemsasnasa luuuadaion/ssumsuiunsnas
9y 9y I 9 o o o v W v o A o A Y 1
VU1 TasmslawaadniIne duma Tudtlzvds Surss 62987 0naes 119709 vuuils
9 ! a Y = Y J . ' Y1
UNUDIABMTIATY NMITTNAIT tazMIasales voa M. kaoliang WoNvunilalvaa

A o 1

~ A o M 9 a c?/‘ YA Y
HAUINNEA 509091 UNTI tazlatetveunzd weniulda lifn daunsadn
I 1 o A Y |a s A U oA
a1/03V03 M. kaoliang W MnaanaedInlsunaalesgaga so3aannne auved vuuile
) a o w o A Yy @ v a D) s
Hazda1eU1IveuNEd MUEIAY UONNNUIIUNMITNAADINT 1501 Toa 11Ia1a azd1IuIs
10 o 9 ' Y a @ a 4 dyd a
@d Hudummsaunuady W Iieafruny (Ybu1 e3aing, 2542) UenNNUNNIINAATIS
= 1Y 9 a3 ' a 2 7]
alunuada Taslsmnwaaluuy WuNNSHANAISTUAIYDY M. purpureus LPB97 14
WA Waﬁq 39A 25 OD Units/g dry fermented substrate (Babitha et al., 2007)
5.3 NOTSNAY
v v
Babitha tazAme (2007) S1IWNUNMTIAEY M. purpureus LPB97 NN10Y
1 dy 9 = = = a d' Y~ [ =
521919 3.0-7.5 IFOE IO ES WA AUAT NI TyHadue ldonHainvale uazdanyi
1 Y . a dd‘d 1 49!’ a dy [] a = <;
0% 5213 4.0-7.5 11 yield voamswana1sana uadesiviail ldawnsonsalufieyd
N2
5.4 gaungi
guuglitmangauaensadwa1sdogszdne 27-30 e uvaiFod uas
gangdl 35-37 esruwarfod izauaenswiguazmsas1veu lxing Tnoziaa ua'la

Y
WMIZANADMI TS NATFVeUTeT Tunuane (Yu1 GAAANT, 2542)



19

5.5 ANUTY
v 9 Aa dy QSJI dy [ 9
ﬂ'li‘ﬁllﬂﬂﬂﬁl!ﬂ\?i”ﬁﬂ'lwcﬂllﬂ'JHJ‘]fHEI\UJWﬂtl“IJuu L‘If@ﬁ111l&£1!ﬁﬂﬁﬁ51\‘]
g 9 1 (% 9 dy ~ a a a 9 4
Lau”lcvm’amgﬂﬂﬂqa UATNAVUDYA ﬂ'NiJ“I)'u‘V]'(ZNLﬂuul“lJéﬂMﬂﬂfnﬁlﬂiiyllﬁgﬂTﬁﬁﬁ'l\iL@ullclﬂJ
a a [ QsJ‘ 9 any o PE o o A
ﬂgiﬂazmaﬁ 1|'lﬂllﬁmﬂﬂfﬂiﬁgﬁﬂJﬂgiﬂﬁﬂﬂﬂﬂﬂWﬁﬁﬁ%?ﬁWiﬁvlﬂ ﬂWiWNﬂWﬁWGMHWﬁWﬂWH‘Eﬂ
9 A A a A a 9 A (A dy A <; a o Y
nunglaalage meimnlszaninmmsanandnuas vinfidsuaanudundunului14
dy a 9 a0 9y 9y = a9 = 1 dy A 9 A <; v 9
L“If@i'lt‘ﬂiﬂluvlﬂlluﬂ ﬁﬂWﬁiWﬂWiﬁiWﬂﬁWiﬁVlNﬂﬂﬂﬂ UFYNUNANUFULTUAUNATININTBYAS 40
Y 9 1y A L 9 Ay o q I Y a a o
%ghlﬂﬁuﬂﬂ UADIANUBULITNAUNTDYAL 50-56 %3%11W1@ﬂ159¢ﬁ§]ﬁﬁ1\1q93181u 8 IU (‘IJ‘H'UW
a 4 1 1 a
gAqUNT, 2542) d@7IU Babitha tasaae (2007) 5189141 M. purpureus LPB 97 TIWTDTYY
a ~ Sldd' di’ A Y Asl
LlagWﬂﬁﬁ”ﬁﬁ]’lﬂﬂTlﬂ'J”lll‘]mﬁll@]uTliﬂfJﬂz 50-60
% [ Y a = dy v W
HUHENITNDITUUNDUUDTINITLHLUILAD fﬂiﬂﬂﬁﬁ15ﬁ1ﬂﬂﬁf@§111ﬂlﬂﬁﬂﬁﬂﬂ
a Y = Y} I 1 s &
ﬁm13’9wam%“luﬁmammummm Iﬂflﬂ”li‘lslﬂlﬂﬂﬁ1ﬂlﬂullﬂa\1ﬂ1iﬂﬂu L¥®DI1 Monascus sp.
a =S Y @ dy M 9 A [ 1
B683 ﬁ”IiJ15’0Na@]ﬁ"liﬁl,!,ﬂ\?]’lﬂﬁaﬂﬁnﬂmEN]'I,']J 60 Gb”JTEJQ (1‘5@1W15ﬂﬂllﬂﬂﬁ1ﬂ 200 NTUAD
aa3) Iianududuvesa13iag 60 OD Units/g fermented substrate (Lee ef al., 1995) tiaz §aii

Y Y
a o . .. o 1 I
seumswanluannzmallasldinssueaunss (Prickly pear juice) taziinat1d Inatly

HHANAS VDU (Hamdi ef al., 1996; Hamano and Kilikian, 2006)



20

u

agilszasnvesnsIdy

onanasnaunu Tlsauvesdarnlulasmsnaanuouilu uazilssumey
J a =) 1 U d‘ 9 dy a
auam i Insumsuazdsunamsdszranuentui ldanmsdesuemsng uazlu
dy < S A (D] v Y di’ [ 1
mnile luwaahaunrmuuay liiumsnsindeos1 Monascus sp. fudaitlu
b2 v Y
AnywareInNuFuNTaoNMInIan TnrenuauILas it SIUNIANHIV0Y

a Y J a = 1 d‘ dy
aurigilumseuenoamn 1NN Insuins uazdsunaarsavesvueutlun@eclunin

dy [ S A [N o 9 di’
maiumamJmammuuax"l,umummuﬂmmﬂfaﬁ Monascus sp.

U

= ada
VI VLVALLAL IZIVEVITIVE

a ¢ @ A g ¢ = A
3&ﬂi1$ﬁ@ﬂﬂﬂﬁ$ﬂ@UﬂJ@QﬂWﬂlu@LNﬁﬂﬁluﬂWﬁﬂJ ﬁﬂ‘]&ﬂﬁﬂTJg‘mﬁN1$ﬁ§J1uﬂ1§
a = dy 491’ <3 J =2 A '
WAAT1ITINIYD I Monascus sp. Glummu@ma@iuﬂmu LAagANHITNNISNIHUISTUADNIT
a a [ dy < S A (BN} v Y dy
L‘i]3illuWI‘UIﬂ“llfNT‘i1!ﬂulllla\1'Juﬁlufnﬂlu@mﬁﬂﬁlUﬂW'ﬁN‘ﬂWWHLm%‘lNWTHﬂ1i‘ﬁ3Jﬂﬂ'JEll“lfﬂiW
Y v
Monascus sp. LLﬁgﬁﬂBWWtﬂl@Qﬂ'ﬂﬂJ%ulﬁJé]ju Llﬁ$“I)'uWllfNfﬂ“l’ﬂﬁ@lf)ﬂTﬁLﬂii‘gm‘UI@lﬂJ@\‘lﬁuﬂu
@ o 1 [% 09)1 a o 1 a 4 1
Llllax‘]’Juﬂi%ﬂﬂﬂWiL“ﬁHﬁjﬁgﬁlgﬂﬂuﬁ ﬁﬂﬂJﬂQﬂWiNﬁﬁﬂﬂllé{ﬂu uammiwﬁﬂmmwmmwuauﬂu

A a Y A [ U
waa Idfeunulanunsanmnin
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d A
Jaq gUnsel nazIEms

Tumsnaaeal¥i¥931 Monascus purpureus TISTR 3002, Monascus purpureus

a

a va <3 [ @ 4 4
TISTR 3090 1182 Monascus ruber TISTR 3006 MnHoslfuiamsnusnuiaenuiyaunsd
d a S v Av A 4 = ] dy

Aqudyaunid anniviseImnmdaasuazimaluladurdalszmalne (TISTR) uazi¥os

4 Y
NATOUYNIMUUVANIS8v0Id 15 TANANEDT Monascus sp. VAR Escherichia coli, Bacillus
subtilis W& Staphylococcus aureus

3 X
2. 9IM151A8YD

1%¥051 Monascus purpureus TISTR 3002, M. purpureus TISTR 3090 uag M.

D.

ruber TISTR 3006 (AUSn¥1luNABAB1M15]UBEI PDA (Potato Dextrose Agar) [Ag410f

D.

Ay ~ 3 o o A& o @ ~
DUNHUTON (30 DIA UK ALKYT) L‘]szflznm 10-14 21U 1/l”|ﬂ”|§mfllﬂfmqﬂﬂ 3 ﬁﬂﬂTW LLastnun

Q u

A A 9 D) ' & v o ¢
UNHU 4 °C Llli’]@]ﬂ\?ﬂ"liiﬂ)’ﬂ')iﬂ”lfll“]f@a?\iﬁu1 1 ﬁﬂﬂﬁfi

U

P

3. msnil
AAq Y a 7 o A a s . Y &
sl lslunmsiaseiiduasnilinsainsien (Analytical grade) 1)U
4 dy dy Q‘/ @ Qa: dy ==t =S A 9
pandsznevluemisideuie ovsnageugnimsiudusenuaisevesarsauasi 1dan
A o a ¢ s . J aa o @
Fos Tuuuand 1azinT1zHNIaas (Biomass) 11a1a3aad o laineaes luad wag
a 4 = [ Qs: dy == =S A 9 dy
a vay loauua  wazdszvgnimsduiuseuuniSovesarsauasi lannses
Tutuand
4. madeaaluthas
dy < 4 Yo 4 Aa o ~ a 4 4
mnlowaaluihdy 1a5uanueyns1z¥InuTEm A3nsy 11an oo

@ [

o w ~ a 3 o A Ay A g Y o v
1NN INNIANISU miﬂuqumﬁ@ﬂ Lﬂ‘]JiﬂH”lTlQﬂ!WQiJW@Q Llli’]@]@\‘]ﬂ”lﬂ‘]f 1!11111Jﬂ11(i

azIBeAAZIOUMIUATZUNITITOUNTFIAYLIA 40 - 60 mesh (40 mesh A1 400 TuAsoU)

4
Auussylumsuzlaaiin oz ldmndiomaaluhaudmsnlflunsnaaes
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5. nseslutlaran
4 [ 4
wiedlutaraa TdSuanwewasiziandudrdaranlunainda aus
[ a a [ a Jd a [~ 4 a
NINBINTTITUA UM1INeIdeasvaIunsuns Ineuvanialva) iwaseslularaayiia
! <2 A 9 a J v A o A

swsznindamuazdamsda iWedesmsaiomiraruaiosludaraa Funseslularaa

[ a 3’ Aa aa ltg’ I :;’ 4
100 P35y Hniaee1n 100 daaaas usnaAdlumal 10 1A NMTUNTOUNDUENDUANIY

Y 1 Y ) 1
druihdruaiesludar dudivnug g l1didraniedludanieldlumanaass 115y

wuaso ludarimasansosh Il iludrdedmsunnasiungluge 1114

gilnsal

a

1 19509981770ANgUNAN U G25 B0 New Brunswick Scientific
A g4 Sy
2 1n3031)U11I89 31 32 R 8170 Universal
A @ 1 A [ A Y
3 1A303IAAINITYANAUIE JU 200 rt 81O Zenyth
Y dy 1 Ay
4 Q01910 U V8 810 Clean

Y & ] 49!’ 1 Ay .
5 HUBMINUYD U HV-85 8110 Hirayama

6 ©1AIANUNYI U 29 B0 Memmert

a Y

7 §ounruguemngl 31 VD 8%o WTB binder

8 ndeagansseididnaseunuunsmaiyFu Ju JEM-100CX I 8170 JEOL

9 NIUALINAT VA 12x12x12 1)

10 NAVINAAANNTINANVUIN 7.5%4 1BUAAT (1I19xg) 19127 1AB501
dmsuldaonuainaly

11 NEOINAAANNTINANVIA 7.5%4 1mUANAT (N119xg9) Srmsunaden

12 NAINAAANYUIA 12X20 IUANAT (NH19x817)

13 yjfuwed o dmsuivelvumasiu

14 AU

15 NI¥AIENTOUVOT 1 LAzIUDS 4

16 1n50ete W vaziBon (Analytical balance)

17 w3estaanuiiunsafucie Ju 320 8o Mettler Toledo

= a 4
18 3l Tadwos (Haemacytometer)
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as
IBNT
ad a d
IBNIIINITH
a d =
1. mMyupNTHaIa

o 2 < S A ooy o Ay v )
hmaile luwaathaunwiin 1duadaasadiseniueasssay 40 Tagld 5
Y
HaaanT PMUDAS08AT 40% ad 1 nTuvesduaase lumsanaasd nau iy aniiu
o VA 1 =\ a g I ) Y o A A <3
i lliwe1i 200 seusewil e iunat 3 ¥ Tug udnhuumleaeniinusa 7000

¢ el 15 wii nazih 1 fadmsaandunasdioniesailnla W Inlimesinueinau

400 18z 500 W1 TuwAT e IAaNsAIHADY LAZUAI ANEIPY (Lee ef al., 1995)
a iy .
2. MIANILHYINIA (Biomass)

@ a 43’ A a d a =\ =S
JamaniguouseluglFiuia TaemsunsiznlSuungIaaiu nsou
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4.3 MmaaAnzriviaveansaaziluluviveuilunazilaily
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wanuaruouuuasiveuuied lduaziuga@ernuniude 4.3 uiuazidea
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AATIZHNHUIVATOINDNDN AULINMAAT UHIINedeunaa uaziiulseumeuny
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< 4
4.4 MsnagougNEMUuUANISveIasTanAINITes1 Monascus sp. IAedD disc

diffusion (Aa111/a991n NCCLS, 1993)

,
s a Ada Sy

] Y
Lﬁi’]ﬂﬂ1ﬂﬁi18\11u’31lfﬁ6§1 Monascus sp TJNE‘T”IEJWUﬁﬂaﬁﬁﬁfTVIIJE]Wﬁ@nu

Q
1 4

A A (2 091’ X o wt:dy = S 1 =
wUANLSY (Ferdes et al, 2009) A9UY ﬁNmmsmaauﬂmﬁumuiumsmmmmumsmaﬂu
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g < s A o '
mntidomanludaunil Monascus sp. Iagthansdnanald lseimeliuranelfinsesszive
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ATUVVAANNUAY ‘]N1!Tﬁ'1!ﬂl!a$lﬂﬂﬁ1iﬁﬁﬂﬂqﬁq%ﬁqmﬁﬂﬂ 4 a3t ANUUUINN

4 2
nageugniauuuaiselaedd disc diffusion (Aaulasarn NCCLS, 1993) Tagiiuie
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Mz@eauu NA 1 18 1nTatifed wend@edsent 4 095 Ialadl wnzdeslu MHEB Uuf
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k4 1
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Tagvyunumizde lunuiiigu 60 o e lii¥onszaoaduanenu 119nald 3-5 i
4 a [ 3 J < ' { @
e 1dAIM e Msune 1a11niuld forceps au'liaoeliion Auudy disc Nypmsana
1 {2 a 1 ] ] @
uagunu disc Miuyaniuan MeuuRIMTIeMs Taguaazuiuaieiuilszun 15-20
4 4 [
Hadwas 1egKH19INVBUULIMITIMIZFRLsE Nl 15 Taamas 1hnumIzFeNeuHY

a =

. 4 ' di‘ Y di‘ A o
disc udlimmzgeludimreiguugl 35 esrusaiod sz 16-18 ¥2Tus Tag

Y

Y
nagou 3 $1 uazeuna lasdunalelasevuru disc (inhibition zone) uaz*?ﬂmmmﬁ'umu

Audna19ue9191a@ae Vernier caliper
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d' a a2 & nﬁv & d
1. aanziminzanlumsnana1saan¥est Monascus sp. lummioaaluihan

a ¢ d H ¥
1.1 msanszviesnilsznou (proximate composition) voamniiteridalurhaw
a 4 4 dy < 4 an .
NNANITIATIZHBIAY Tz UvBIN M awanluiay 1ae3F Proximate
o w L] 1 1 Aa d o d (a va a J
analysis 1AgN1311A10819DA1AIDUAIDEA A9AIIEHEUIIRTANTIATIZHINAN ANY
@ Aa a 1% a J 1 dy [ J Y
NTNYINITTITUFIA UHIINIdeAIVAIUATUNT wuNanileaaluildaulszneudie
) Y
Tilsau Fevaz 16.56 1waledosas 22.44 ANUFUS08AL 6.66 NFE S08a2 56.08 1az luifusoy
24 v Aa N Y v A a P & <
az 18.70 (Table 4) ¥4 lviiunAn1zd lagennineiinenulusdilszneuvesmniiiowan
4 =1 9 :/’ d’l 42’ v Aad [ 31 o 4
Tuthayluwilszmauuaie (Sosay 1.30-9.48) Nato1nVUAVITMS lumsanatiiuiduesn

< a v J 4 { 1 @
nnwaalutazriaveswugiannerauana 9y (Ezieshi and Olomu, 2007)

Table 4. Proximate composition of palm kernel meal

Comosition % dry weight
Crude protein 16.56
Crude fat 18.70
Crude fiber 22.44
Moisture content 6.66
Ash 492
NFE* 56.08
Total N 2.65

* Nitrogen-free extract + fibre, (NFE) =100-(% protein + % fat + % ash)
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v A v . a .&
1.2 M3AADNMUNUFUDI Monascus sp. NEININIIYUAZAINSAVUMNHUDINGA
Jd
luhau

v A v J dy o A 9 dy 3 s
fl]']ﬂﬂ’lﬁﬂ@laE]ﬂ’(?”f]‘WUﬁ.ﬂ]a\uqfaﬁ’liullu’ﬁﬂﬁ%ﬁ’lu’liﬂGl“]fﬂ’lﬂllv!'ﬂluaﬂslucﬂ’]au
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A I 1 a =1 9 A d’l ~ g
L‘W’E]L“]JULLWEN’E]1W1§LLE1$Wﬁ@]ﬁﬁﬁllﬂxﬂﬂijﬂ@"ﬂ WBleINguUngy 30 9NAEALKYE AITNTU

A v ' vy = A 9 2 g o '
Limuagslumwoﬂaz 50-60 WIOHLITUAU 7.5 uazgamgﬂuizﬂznm 7 U WU Monascus
9
ruber TISTR 3006 3 yUagNAATTAIINNINNIAIAAFIGA 11.03 OD Units/gds 1Az 46.271
o [ a =S 9 1 Iy o’d‘ =S [ o 9 1
ung/eds 911U Iﬂﬂﬁ"liﬂiflWﬁﬂﬁWiﬁLLﬂQVlﬂq\‘]ﬂQWﬁTSWHﬁﬂu‘] 9N 2 AIYNUT ulﬂll,ﬂ
Monascus purpureus TISTR 3090, Monascus purpureus TISTR 3002 u,amgﬂmﬁmamﬁﬁmi

v o 1

{ osj v > { 1 a
WﬁiJ!“d]S’é]ﬁWVNﬁHJﬁWEJWU‘E ?)ﬂ“l/l\iﬂ\iW‘U’J']L%@ﬁ'] M. purpureus TISTR 3002 "lmmmmmﬂujuax

a

v [l 2
nanesd lanangmernudisdu Jeagd 1dduile 1 ¥onausznine M. ruber TISTR 3006

Y ]
Au¥es Tuuuadaa e uiou) MIRsIasMsHanaIIa U1NINANMTRTYIIYNITHAR

158910 M. ruber TISTR 3006 ¥4 1¥unarvadiaza1sagga (Table 5)

Table 5. Selection of Monascus spp. use palm kernel meal as a substrate for 7 days

Stains of Monascus Biomass Red Pigment Yield
(ng/gds*) (ODunit/gds*)
M. ruber TISTR 3006 46.271 11.03
M. purpureus TISTR 3090 38.476 3.4
M. purpureus TISTR 3002 SHk -k
M. ruber TISTR 3006+ M. purpureus TISTR 3090 44.447 11.00
M. ruber TISTR 3006+ M. purpureus TISTR 3002 45.976 11.01
M. ruber TISTR 3006+ M. purpureus TISTR 3090 46.112 11.04
+ M. purpureus TISTR 3002
* gds; gram dry fermented substrate

**  Not growth and no produced red pigment
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1.3 WavUeIszazIaluMIsHND
Y v

NMIANYINTNANTIT AN Monascus ruber TISR 3006 NTLoLIA
1 J g I 4 9 [ 1
@199 11 250 ml Erlenmeyer flasks Iaoaoslumnitomaaluthayluanizuns TagdSuan

& 9 ' 9 v A Y 1A 1
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a = 9 =V a A = A = 9 =
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. Y 1 4 1 a Y Y A 4 qgll
(Figure 7) uﬁmimwmnﬁmzaznamm"lﬂﬂimmmiﬁi}zgﬂﬁin”lmwmnﬂﬂdjummiﬁ

A

A =] a Ao A a 9 2 '
ides Msdduuazansduas Tagansansenustinazgnaan ldgeiuioszoznariu il uag
2 [ { < H 2 v o
nanldgegaluiuil 6 Ao 11.03 OD Units/gds (ansdmapailuas@nisudulunmniiowan
g o Y Y { a A
Tuihawnoumswiin 6.8 OD Units/gds) naenniudl 6 mswdad1sdiaes uaza1sadusuy
a = A 1o a A Y A = o a =
anad wagMswanasauaezasn uadutulSnandesnniomeuiunisnandsdan
dy <3 . ~ a 9 = . A
mnitiemaaluvyy (Babitha ef af, 2007) Nesonan lAgagad 25 OD Units/gds NAN1

a2 [
yINU

14 -
400 nm (Yewllow Pigment)

E 470 nm (Orange Pigment)

p—
[
I

B 500 nm (Red Pigment)

—
=
I

Pigment yield (OD unit/gds)
e

1 2 3 4 5 6 7 8

Incubation Time (Days)

Figure 7. Pigment production at different incubation period by Monascus ruber TISTR 3006 on
palm kernel meal at pH 7.5, initial moisture content 60%, inoculums size 10° spore/ 5

gram dry substrate and 30°C for 7 days
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v o d ' a g’ a s .
1AMIANEIANUFUNUTTEHIUT a8 a tazuIaas (Biomass)
Y 1
TU5EHIIMITHANTITAINEDIN M. ruber TISTR 3006 NTLHLIAIAI HAZANHIOATING
{ a a 4 H 1 1
asunlainsniylaen13Ani1eH Biomass 1328217810113 (Figure 8) WUI13E821I01904
] 1 [ @ t:; d‘ ] [ d' s A dgl ﬁl = J
%29 Lag phase 0glug293ud 0-1 weriui 1 Turamadmuimsoss uazliviawaa
[ d‘ a g’ aa L= Y] d' ng; 1
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o w a o o 1 = 9 I [

ey nanssvvoseu lmiveavhe: luaa dananvuedawaninmslFudlaiudumase
Y 3‘ Y Ail a 1 1 a 9 ~ [
TumsasuihmaliiyosuaTyuazdinanelsuiumsai a1 duas (Figure 9) WU
v o A a :’ 3 a A L v o o ~ a 3/ Aaa JIAa
Menaaiun 4 dsunaniviany 4 yia NaAraaad Faduiusnugili 2 dsuanivaiaisn

' o A A A a J a a \ Y a
mqeqsﬂuauw 4 nTumzanad tiesnndsSuaniaanasswnuldszdenaliing

Y

e

P
A A o Y

Ysmmanusuigedanaldinsniyuazinamsazaung Inadudinsadeansdld vini

U g
Y H

v 4
Ysmannusundunu i ldiges e 1a1ua danalinsadearsdlidde (yuo o
a o 1 a
HUNT, 2542) Babitha Hazae (2007) 519914 M. purpureus LPB 97 ﬁmﬁammuuazﬁ

a Jd 9 Y] Y 09/' 1 d' SIQ'
nanssuveuou lmineavhes luaa lagega 5 Su nasnmiuan Idisuaaas



35

45 - 90

40 + -+ 80
. 35 -+ 70
= "

=

30 + — 60 B0
= on
bt =
= 25 50 ©
M - -
E 20 40 §
9 o
S 15T 30 2
) d
[

10 + -+ 20

5+ -+ 10

0 1 1 1 1 1 1 0

0 1 2 3 4 5 6 7

Incubation time (day)

—#— Reducing sugar —®— Biomass
Figure 8. Pigment production at different incubation period by Monascus ruber TISTR 3006 on
palm kernel meal at pH 7.5, initial moisture content 60%, inoculums size 10° spore/ 5

gram dry substrate and 30°C for 7 days
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Figure 9. Enzyme activities at different incubation period by Monascus ruber TISTR 3006 on
palm kernel meal at pH 7.5, initial moisture content 60%, inoculums size 10° spore/ 5

gram dry substrate and 30°C for 6 days
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Figure 10. Effect of initial moisture content on pigment production by Monascus ruber TISTR
3006 on palm kernel meal at pH 7.5, inoculums size 10° spore/ 5 gram dry substrate

and 30°C for 6 days
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Figure 11. Effect of inoculum size on pigment production by Monascus ruber TISTR 3006 on

palm kernel meal at pH 7.5, initial moisture content 60%, and 30°C for 6 days
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Figure 12. Effect of initial pH of substrate on growth and pigment yield by Monascus ruber
TISTR 3006 on palm kernel meal at pH 5.5-8, inoculums size 2x10° spore/ 5 gram

dry substrate, initial moisture content 60%, and 30°C for 6 days
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(b)

(d)
Figure 13. Red pigment production by Monascus ruber TISTR 3006 on Palm Kernel

Meal at 30°C for 6 days (a) Fermented Palm Kernel Meal at 30°C for 6 days
(b) Red pigment after extracted by 40% Ethanol; (before diluted) (c)
Dilution 1:1, 1: 5 and 1:10 of red pigment (from left to right) (d) Dilution

1:1 and 1: 5 of initial pigment of Palm Kernel Meal (from left to right)
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(a) (b)

Figure 14. Cultured of Chrysomya megacephala (a) inside an insect cage (b) cluster of eggs

inside egg-laying cup (1.5%)
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Table 7. Egg batches and percentage of survival of Chrysomya megacephala eggs for

experimental test; Control (palm kernel meal; PKM) and the fresh fish offal

Survival (%)
Days Number of eggs PKM (Control)
Fresh fish offal
(initial moisture 6.6%)
1 80 - 96.70'+0.50
2 120 - 100°+0.50
3 180 - 90.00°+£0.50
4 224 - 96.70°+£0.50
5 185 - 100.00°+0.00
6 180 - 100.00°+£0.00
7 125 - 96.70°+£0.50
8 100 - 93.33"+0.50
9 102 - 90.00"+0.50
10 84 - 90.00°+£0.50
Mean 138 - 95.343"+0.50
F-test o ok *ox

* No growth

**  Significantly different (P < 0.05)
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o

9 9 Y v v 9
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Q

VNYHAVOIHUDULNAIIUNITU (Abou Zied ef al,, 2003; Lefebvre and Pasquerault, 2004)

Table 8. The percentage of survival of Chrysomya megacephala pupae on several of initial of
moisture content for experimental test; Control (palm kernel meal), fresh fish offal,

fermented palm kernel meal and palm kernel meal with the rinse of fresh fish offal

Percentage of survival of pupae (%)

Moisture
©%) PKM (Control) fresh fish offal Fermented PKM with the rinse of
(initial moisture 6.6%) Palm Kernel Meal fresh fish offal

6.6 0% # - -
50 0 - - 66.67"+0.58
55 0 - 40.33°+0.58 73.67°+0.58
60 0 - 90.00°+£0.58 90.33°+0.58
65 0 100°£0.00 90.00'+0.58 90.67°+0.58
70 0 100°+0.00 60.33°+£0.58 90.33°+0.58
75 0 100*+0.00 40.33°40.58 80.33"+0.58
80 0 90.00°+£0.58 20.67°+0.58 50.33°+0.58
90 0 0° 0° 0°

Mean 0 78.00 54.57 66.67

F-test - ok ok -

* No growth

o Significantly different (P < 0.05)

# No investigation; start with the initial moisture of each substrate.
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Table 9. The weight of Chrysomya megacephala pupa on several of initial of moisture content
for experimental test; Control (palm kernel meal), fresh fish offal, fermented palm

kernel meal and palm kernel meal with the rinse of fresh fish offal

Weight of pupa (gram)
Moisture
©) PKM (Control) Fresh fish offal Fermented PKM with the rinse of
(initial moisture 6.6%) palm kernel meal fresh fish offal

6.6 0% -# - -
50 0 - - 0.040°+0.001
55 0 - 0.028'+0.003 0.045"+0.001
60 0 - 0.028%£0.001 0.045"+0.003
65 0 0.042°+0.003 0.029'+0.003 0.047°+0.001
70 0 0.042°+0.004 0.028"+0.003 0.045"+0.004
75 0 0.038°+0.001 0.028'+0.003 0.045"+0.001
80 0 0.036"+0.004 0.028"£0.004 0.040™£0.004
90 0 0° 0° 0

F-test - ok ok .

* No growth

ok Significantly different (P < 0.05)

# No investigation; start with the initial moisture of each substrate.



47

3.3 WaveIrHARIHIIRaM I YRLIAVB IO UINATY

WeANHINAYI¥HADIMITADNTT AL TATDIH U ULLAIT U 1T 07
2 < P A A A 9 g
Chrysomya megacephala Tu91¥139anUAN (Mntlewaaluihduaanianususuausoy
4 { § 2 9 9 4 < I
az 6.66) garnTealutlarda (MlaNUTUSUAUToEaz 65) Lazo1iisgamnitomanaluihduy
A dy < 4 1 A @ [l [ @ 1 dﬁl
M unguvesmntowanluthauaamseslutargalusasidiuaisyg @suannusu
A Y Y gl 1 4 Y [y ] [
Sududethazen) nudulo@osusunuasinluemsyaniuay lunudasimssenves
. o 4 2y oA A o 4
lunueuunasiu iosnnannz duisnwnu 1 gaermisnieslulaaanudasimssoead
=< 9 = gl Y] 1Y 9 [ 1 v 9 ] a 9 ] ] 9
ganedosaz 100 uazlihminvesdnud 0.043 niuaeaIanua (linuouniyingssozanud
v A o [ Ai’ I S A A o 1
Tuiun 4) dwmivemsgamniiowaaluthdunldrunauveuniodludaraaludaiidiu
1 a 1 [y} 9 1o o 9 [y} { (%
1:0, 1:1, 2:1, 3:1, 4:1 uag 5:1 WuNMIsynn liuuasiudgieanud luiud 4 Toasims

QU

1A o w g} o o I~/
sonogNioeay 30, 90, 90, 80, 70 uaz 30 MW wunazlhminvesanudiilu 0.044, 0.046,
Y
0.040, 0.045, 0.042 1Az 0.040 NSUABAIFNUA MUA Y UoAIINHFINLINIUSATIdINMA
dy 3 4 1 A A o dy dy
wowaaluihavaemsealudaraanonsi 1:0, 4:1 waz 5:1 wumsduwleuveursesi
. £ J dy A v (= o 05/' = = 4 a
Rhizopus sp. ¥uilugosiidule lusimdanuaiuvne Jalaaeu uazlswesa Jatlesusanle
J A v a 1 [} < I YA Y og/' a T A
Wosynse TaTaildnyazyuazaulauraiweg1asiasd tunaliinsdudimsnigy uadall
1 ~ Aa Y o Y 3 v & o 9 091’ dy dy o 1
nueuUNdIuAdNITnRTyrazingszezanuavuuanauiela ieimsduiloudinann
= § [ dy r?’ d‘ 9 [ 1 dy A 9 d!
pllaunquininmsduieuvssndeudswuas hdzeianldlsuainnususudu ¥4

Y Y
] [ ] 1 a3 1 o
Tl &rumsainde srudeeratuilouluszrinemanu luvuouuuadiu (Table 10)

A

9 9 ~ = o o YA Yo
NHANITNAADIV AU 11T e U NeUTATINITTOAVBIANUAN IANUATT
~ = = dy < P A [ 1 [
naaeei 3.2 Futlugamnitewda luthdunidunauveauniodlutlaraalusasiaiunie
' A (o L v S v A Yo Aa o
nungaenTNlsumanurudinihauneslulmaalioasimsseananiuazdiaams
1 Y 1 v Y 1 1
1#1)5inannieslutlaraa annaasosludaraanmasanmamisniiidraniseludaraanie
9
o [ 1 ) [ [ o I @ 1 @ 1
ndsuaanusulueisdmsunuasiy avsothunlsdudiae Iiuuasiungla'ld
A v o = A A (o L v Yy J A
A28 auliuIudongAoIINAaINlTuAInNFUTosas 65 drethidruniesludarda
= [ A dil <3 4 % =1
nageueunuganIUAN gan3odlularaa gaosmniomaaluihauninasduag
v A 9 dy 9 [ o I 9
Tunuadailsannzanusuganenienainszuiumsviniuioesas 55 uazya01113NIN
dy I 4 % ~ v A o v dy Y oy Y A =
wiowaalulhauninasauas Tunuadandsuainnuyudlsinaruaise lularaa wuni
o a Y] I o w [ [
oA31M550ATInVeIRNUAIuSeEaz 0, 100,40 1ag 80 MNAIAU A9 Table 11 TaowuyA
zﬂy 3 4 o =\ v A (o [ zﬂy Y 3’ Y A
rsmaiowan luilawninansauas Tunuaaanlsuaanusualeiidriaaiseluilan

N o A ] 1 1 A v o w @ dy <} J A (o
ﬁﬂuaﬁﬂmii@ﬂ‘wllmmﬂmwfmuuﬂmﬂmu (p < 0.05) ﬂ‘UG]gﬂﬂ'lﬂLu@LNaﬂiu‘ﬂ’]aﬁJﬁﬂ‘ﬂﬂﬁU



48

2 Y 1 Y [
anusudethdruniosludaraa (Table 11) uanuImiminvesanuan 1dvngaemisnin

v
S 1A

49' <3 4 o =1 [ eﬂj I~ ] 1 v W 9
wowaaluthaundnasduadluuuadanidesyaly 0.028 AFUABAIANLA LazlAIN
1 Y v 1
uana e lived AT (p < 0.05) AugANAaDIdU, Nellan1izi Idonnnszuaumswlinasd
1 Y

uas Tunuaaaeadilateuelsznsi lduganmsniy 019 ssorsdryunededmsy
o 9 % A A A a A Y 1

vuouunasiuevgnldllunszurumsvinounuanietimae lulsuanidosuas la

] Y
WEINoANISAUATUNITINTYVINUOULYAIITY naze 1l a5 U sHaNNaTuIn
o =\ Y= [ 3 a A o Y
nszUIUMsHInaIsa lunuaadaina lldudinisniy niemldlinmsazauarsomsuig
I 31 v W { Y [

szmslatesas iWuwalfiiminanudnldanasainlddae (Table 11) usnaninui
A g P Jd v A Y Y a o Yy

pnsgamntiowasluihdvaanauiduniosludaraavzdwnaliimansnauiuldede

o 1 4 I [

maannnmanauaaniedlularaalasase Wunaldvueuuuasiuansaldemis1d

v A a'

1 -4 :/I 4 1 ] 1 a 9 (%
Nevu Middinauveuniesluilanzsreduasunazagans e 1msvosnuouuas iy

v Y Y
ngavuanlidre dnnedarsandSuansls lddaraalunminaass laande



49

(S0°0 > d) YUeIIIP APUedIUSIS 4y

[eSuny M pajeuUIILRIuO)) %
H3k H3k #3k Hk Hk #k Hk Kk 1593-4
¥00°0F,010°0  T00'0F,2¥0°0  100°0F,S¥0°0  TO0'0F,000°0  €00°0F,9700  €00°0F,b¥0°0  €00°0F,£+0°0 - (wreis) Jysom
0S'0%F,0€ 0S'0F,0L 0S°0%,08 01°0%,,06 05'0%,,06 0S'0%F,0€ 00°0+,001 0 (%) [eAlAINg
(%99
x-S R 4 I-€ I'C I-1 %01 [ego
SImIsIow [eNIUL YIIM 11.)S) oedng
sy ysa1g
[eJJ0 YSIJ YSaIq : Jedl [auIay wjed (ADId) 1o1U0)

oednd jo 1ySrom pue [BAIAINS JO 0F€)U00I0]

[BJJO USI YSOIY YA POXIWE

[eow [ou1ay wied pue [B1JO YSIJ YSAIJ ‘[eow [ouady wied uo patedr vypydaondaus vAuosdsy) Jo y3rom dednd pue [earaIns Jo oFejuadrod oy, 0] 9[qel



50

(S0°0 > d) ueIolIp APUedyIUSIS 4y

moI3 oN %
*k Kk Kok *k *k 189)-4
€00°0F,5v0°0 100°0F,820°0 £00°0F,820°0 ¢00°0F,£¥0°0 - (weid) 3
00°0%F,06 0S'1%,08 00°0F,0v 00°0F,001 0 (%) TeasIng
(%S9 drmstow [eniur) (%SS
%S9 2IMSIOW [eIIUT 2,59 dIm)sIow
% ) [BJJ0 USIy ysoly SIMSIOWL [BHIUL YILM }IE)S) %% (%9°9 IM)SIOW [BHIUI [HIM 1Ie)S)
[e}J0 ysIJ 4ysaij [enIur yIm 1es oedng
JO SSULL I} M NI A AN E! ) «(JAId) [0nu0)
JO asuLray) yum A d [8JJ0 Ysij ysalg
(ADIdA) NI parusuiIog

dednd jo 1y3rom pue [BAIAINS JO 93BIUIIOJ

[e3JO USIJ YSAIJ JO ASULI oY) 1M [eowl [duIdy wied pue (A ) [eow [ourey wied pajuouriof

‘[BJJO YSIJ ysaly ‘(Jonuod) NIJ Jedut [ourdy wyed uo parear njpydoov3aur vduosdiy?) Jo 1ysrom dednd pue [RAIAINS JO 93vIU0IdJ ] 9[qeL



51

a d (Y] Y
4. MmswaauazesnilsznavveInnuallu

4.1 msuananuaily

{ 1 a Y [ a 9 1
%1ﬂﬁﬂ13$ﬁWi3J1$ﬁ3JG]’E]ﬂ'lili]iillﬂl@\iﬂuﬂuullﬁﬂﬂu Llﬁ&’ﬁﬁlﬁi1ﬂ1iﬁliﬂlulslﬂq

o vd A a ! A ) A s
5$8$ﬂﬂl!ﬂﬁ?ﬂq@ (mtﬁnﬂam‘ﬂ 3) WU’J’]ﬁ’lll']fl'ﬂlﬁ@ﬂi%ﬂ;@ﬂﬂa@Qﬂ’lﬂlu@LﬂJﬁ@iuﬂ’laMWﬁM

Y

o 9 A dy < 4 % = v A o 1 dy
aunsedlularda uazggamniiowaaluthduvinarsduas Tunuaaanlsvannuisu
Y 1 [

arothdruaiesludaramnldlumsanuinmsnannueuilu eudugaeimsmiesludan
o [ o Sltd' Y k) o 9 g’ ch} ™ 12
aa Tasihmuounuasiuluszezanuain ldudreiinnudzernaieil 3 ase sunsene il
v v
A L% o % ~

{ <] 4 @ o ' o )
Lﬁyﬂlmmmﬁa“lumawﬂmuwmma’e)f)ﬂ G]NLHVTL!ﬂﬂﬂLWs{ 100 N3y ﬂauuﬂﬂm 5-10 U

U

' ' '
A Yo aA

Yo & Y o a Y L ) g o 2 o 4
LW@iﬂNﬂ??N“Buﬁﬂﬁ\‘] ﬁ]gu],ﬂﬂﬂllﬂﬂ?ﬂﬂﬂﬁuﬁﬂuﬂﬁ’]ﬂlu@ﬂa'lﬂ'J ﬁ]']ﬂuuu']ulﬂﬂﬂﬂﬂﬂﬁﬂﬂ

a =

< ) ) M) oy @ @ 0911 '
UNHY 40 DIMUBALTYT Wuan 48 5]5'3111\1 u']1]T%Qu']ﬁuﬂﬂ']ﬂﬁa\‘]ﬂ']ﬁﬂuaﬂﬂﬁq NWUITN

QU

% 1 @ (% [ Y] I~/ [
A10019anua 100 a5y 9z ldanuduuasiueunduilu 53.33, 532 waz 52.98 a5y 9NYA
£ ¢ Jd v A A g 4w
auau gamniomaaluthdusauiidranioslutlaraa uazgamniflomaaluihaumin
= [V o w I o dy ) o [ Yy Y A A s)osj
asauas Tunuada muaey uaznlosidudnnusud msunuouanudurinwaa lans 3 ya

v o

1A dy A ra 9 = 1 [ 1 = [
IRGBRN wmmmm%uw"lummaaaz 10 uaz"lmmmu@mmqﬂuemmuﬂm 2 (p>0.05)

9

(Table 12) 11 1uazBoaie 14 lunsnaassne 1

Table 12. Weight and percentage of moisture of magmeals production produced from different

maggot rearing sources

Magmeal
Source
Dry weight (%) Moisture
(w/w) (%)
Fresh fish offal (Control) 53.33'+0.17 6.55'+0.79
Palm kernel meal 53.20"+0.17 5.92'+0.79
Fermented palm kernel meal 52.98'+0.17 7.49'+0.79
F-test * *

* Significantly different (P < 0.05)
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Figure 15. Color appearances of magmeal production produced from (a) control (fresh fish offal)

(b) palm kernel meal (c¢) fermented palm kernel meal
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Table 13. Proximate composition of magmeal production produced from fly pupae of different

rearing media

Magmeal Magmeal Magmeal
Components Fishmeal
(Control) (PKM) (FPKM)
(% dry weight) (% dry weight)
(% dry weight) (% dry weight) (% dry weight)

Dry Matter 91.0 93.45 94.08 92.50
Moisture <10.00 6.55 5.92 7.49
Crude Protein 50.00-60.00 46.84 51.97 40.06
Crude Fat 7.80-12.00 20.45 24.58 8.75
Crude Fiber <2.00 8.95 12.51 8.84
Ash <30.00 3.28 4.67 4.72
NFE* 3.21 13.93 0.35 30.14
Calcium 5.00-7.70 0.25 0.43 0.40
Phosphorus 3.00-3.80 0.62 1.08 1.20

*  Nitrogen-free extract + fibre, (NFE) =100-(% protein + % fat + % ash)
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asomsuazlTuunsaezd TunlndifeanTofisum lanunueutly (magmeal) Mined

318914 (Ogunji et al., 2007; Newton et al, 1977; Ogunleye and Omotoso, 2005) 149 Table 14

Table 14. Amino acid profile (mg/100mg) of magmeals produced from different medium
experimental test; control (fishmeal) fresh fish offal, fermented palm kernel meal and

palm kernel meal with the rinse of fresh fish offal

Fishmeal** Magmeal Magmeal Magmeal
Type of Amino Acids

(Control) (fresh fish offal) (PKM) (PKMF)
Aspartic acid 432 4.28 4.67 2.63
Glutamic acid 6.03 5.44 6.05 3.22
Serine 2.13 1.70 1.96 1.18
Histidine* 1.45 1.27 1.40 0.72
Glycine 3.05 1.76 1.96 1.35
Threonine* 2.31 1.91 2.12 1.25
Arginine* 3.82 3.24 3.57 2.00
Alanine 3.20 2.51 2.85 1.63
Tyrosine 0.9 2.07 2.26 1.56
Valine* 2.77 2.24 2.47 1.41
Phenylalanine* 3.1 2.02 2.33 1.51
Isoleucine* 2.66 1.62 1.78 1.07
Leucine* 4.48 2.87 3.14 1.86
Lysine* 4.72 2.96 3.35 2.21

*  Essentials Amino Acid (EAA)

**  Miles and Chapman, 2006; Folador et al., 2006



56

Qd Y D A a v ng Aan .
4.4 NIINATIUGNTATUUUANLIYVBIANITAANAVINIY DT Monascus sp. Iﬂﬂﬂ]ﬁ disc
diffusion (#A111/a3991A NCCLS, 1993)
A ) = dy A A @ Y
1@ ANAI M. ruber TISTR 3006 (31AA15NAGBIN 1) Nanald ll
Y 9 Y A o Sy A A an |
58“(?ﬂﬂlﬂllﬂﬂﬂ'lﬂslﬁmiﬂﬂﬁglﬁUﬁ1ﬁll°l_l°]_lﬁﬂﬂ’3'lllﬂu M?W@ﬁ@ﬂﬂﬂ‘ﬁ@nuuﬂﬂﬂLﬁﬂiﬂﬂﬂ‘ﬁ disc
Y
. . Y Y
diffusion Are¥euunfiisenaaon 1aUR Escherichia coli, Bacillus subtilis W& Staphylococcus
1 ] 4 a A
aureus W‘U'Nclﬁ (inhibition zone) 39ULKWU disc (L%uWWUﬁuﬂﬂﬁN SuanLuag) ﬁ‘lll!'lﬂ 7.5,7.12
A A o w % 09/' @ 4
Uag 6.17 Haaltuas 911l (figure 16 44ag Table 15) ﬁﬂllﬂﬂﬁﬁﬂ“ﬂ\? 2 MYNUY (E.a coli g
& o A - & w Vo 4o w e
S. aureus) !fiJuﬂ’JLL“I/ILl"’U@\1LGD'EJﬂ@Iiﬂﬂ@?ﬁ]Lﬂuﬂu@ﬁWﬂﬂ@ﬁﬁﬁ AU B. subtilis ﬁ]ﬂlﬂu}wj
a R v A o Y v o 4 ..
TuTean aeluilvgiulimsiunldlugaaivnssuemsdaiedaninug (Fritis e al,
o;c?/' AaA A Yy =% wzdy . [ A A ng;dy
2000) muumﬂmsﬁwwam"lmmmﬂlumiﬂmmwa B. subtilis ﬂ\‘lll‘JJLﬂuNﬁﬂWI'Wlﬂ'Jﬁ NIUAIT
= A Aa ~ = a S A dyc:# 4 o [ 4
ﬂﬂBTLWNLﬂNﬂﬁﬂlﬁWﬂMﬂWﬁmNﬁ"liﬁ“b'uﬂuLﬂu@ﬂﬂﬂﬁ%ﬂ@U“luq@]iﬂWﬁ'liﬁ']ﬁﬁUﬁ@'J
Ko 05/' A A = A a 9
Ferdes uagame (2009) inJ\‘ﬂLlﬂ']if]‘Vl‘ﬁﬂﬂﬂﬂllﬂﬂﬂlﬁﬂﬂlﬂ\‘]ﬁ'ﬁﬁlm@ﬂWaﬁul@lﬂ'lﬂ
9 Y
Monascus purpureus WUNaWTaGUIUYD  Bacillus  subtilis B1, Bacillus subtilis B2,
Pseudomonas aeruginosa P1, Pseudomonas aeruginosa P2 W& Escherichia coli Taaiinelans

k4
[ 1 4 a

d o U 1 =
gudauilu 8, 9, 8, 8 uaz 8 MUAIAY (UHY disc TIFUHIUAUINAIT 5 UAdIWAT) UBAIIN

U

Y Y
A ~

nuaNGed19au Jeais1eauanuaiuisalumsdudusouunniSe Bacillus  cereus
CCRC15323, Micrococcus luteus CCRC10452 Laziuniizeyinduadnvatgaionus sauis

1%051 Aspergillus niger CCRC30201 (Wang et al, 2002)



57

Figure 16. Inhibition zones for bacterial strains grown on medium supplemented with disc of

Monascus red pigment (a) the inhibition zones of Bacillus subtilis and (b) the

inhibition zones of Escherichia coli

Table 15. Antimicrobial action of the antimicrobial compounds from Monascus ruber TISTR

3006

Bacterial strain

Inhibition zone diameter, mm

1 2 3 X
Bacillus subtilis 7.5 7.0 7.0 7.12
Escherichia coli 7.0 8.0 7.5 7.5
Staphylococcus aureus 6.0 6.5 6.0 6.17
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