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ABSTRACT

Cassava pulp, a by-product of cassava starch factory processing, still contains a large
quantity of starch. Therefore, it is certainly worthwhile to investigate its use as an energy source for
poultry feed. Since the waste contains low protein and high fiber contents this lead to be limited use for
animals. It would be more valuable if the waste product is fermented with microorganisms to improve
nutrients before inclusion in animal diets. This study composted of 3 experiments, in experiment I and
II were conducted to examine the potential use of cassava pulp for broilers and experiment IIl was
conducted to investigate the optimum conditions for a high protein production via microbial
fermentation. Experiment 1, seven-day-old mixed sex chicks {n=240) were randomly distributed to
receive five dietary treatment groups (0, 4, 8, 12 and 16% DCP) through 42 d of age. Growth, carcass
trait and digestive organ were measured. Experiment 2, 50 chicks were randomly allotted to individual
cages at 15 d and fed one of 5 diets for 10 days to measure digestibility. In Experiment 3, Aspergillus
orzyzae and Candida utilis were used to ferment with cassava pulp by varying the concentration of
nitrogen (N} source from urea (0, 0.25, 0.5, 0.75, I and 1.25%) for 7 days. Reducing sugar, crude
protein, amino N and moisture were measured daily. Results showed that growth performance and
nutrient digestibilities decreased with mcreasing levels of DCP. In most cases, these parameters did not
change significantly when DCP was at or below 8%. A significant increase in gizzard weight and
reduction in abdominal fat were also found in broilers fed DCP. In Experiment 3, results showed that
crude protein and amino N of fermented cassava pulp increased significantly (P<0.05) when compared
to unfermented. Addition of 0.75 and 1.25% urea exhibited the highest protein and amino acid N
formation through 4. oryzae and C. utilis fermentation, respectively. Fermented cassava pulp with 4.
oryzae enhanced the higher protein and amino N contents than C. ueilis (P<0.05). In conclusion, it is
sugpested that DCP can be used as energy source with inclusion levels up to 8% in broiler diets. The

use of cassava pulp fermented with 4. oryzae and C. utilis could be a good protein source for animals.
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Comyposition % (wet basis) % (dry basis)
Starch 17.80 68.89
Moisture 72.00 -

Ash 0.44 1.70
Protein 0.40 1.55
Fiber 7.17 27.75

Fat 0.03 0.12

pH 4.99 4.99

From: Sriroth et al. (2000)
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4:\5’5 o

ﬁy :?ll = :{d ar o [ roar g d‘
nstuidonveusesaunidamunt luiudnlenas Jsewisnsenzuvatundedus Ty
a o ar t & o :1 ~ usj 1 o
igﬁlgﬁﬁﬂuﬂ'l‘iﬁliﬂ]l@ uazm‘suwﬂﬂimaqawmﬁ%mm@\ﬁum ﬂf?ﬂiﬂﬂ?i%?ﬁﬁum@ﬂmu
o Y o o g & - A & = o A&
u]."})’ﬂﬂ$Uthﬁﬂl’]"E?E'liJ'!iﬂW'N'luulﬂﬁ'3@&'3'3‘1111! (UUNNT Liaﬁﬂm$,2543) ﬂ??ﬂ%ﬂlﬂﬂﬂﬂﬂ%%ﬂﬁuﬂ
ot o o ] o =5 s T g -
WNﬂ?WﬂJﬂTﬂiQﬁ@ﬂi&U?Nﬂ?iWﬂJﬂ @qﬂmﬂﬂim azaauy (2550) 518\1'!1—1'21?]'373J%HTIWE§J']$?1’3J
b
© o o ow o ar o1 as e
Fnsumaniniudendeadadeg Aspergillus niger (1)(;!10B mlaInoniueIng) Tae35n19
Y] 3 ; P a1 = t a w =
WUNLUUUD1 19119 (solid state fermentation) In1lszunm 60% Faeu1sawIeANTEal 15au
<t :? v 4 o
9171 2.22 E‘]J‘H 11.25 % UONINUNIINARBIUDI Oboh (2006) W‘].E'J']ﬂ?"lﬂd%ﬂ“ﬂl‘ﬂlﬂﬁff?dsﬂﬂﬂﬂﬁ
o 24 Y] o w3 ABlJ t o 2
niundaentudidevneaio®se L. delbruckii, L. coryreformis IIUALU S, cerevisiae (%ﬂﬂ
ar " ¥ = oy 1 a P g o
fasiaiu 2:1:1) Manuduis uduveanmsniinh 90-93% e liseau Tdsaudindunn 8.2 180y
21.5%
3 =1 Pt Q & e o o r = d’r ) = o
uras Tulaswiludniladoniie Alanudifgaomaaigusuiogdunid
2

o

aunidmmsaldmsvarsyiadiuunadulasnulunsduasizd Tdsdnld dufunis

Yy =3

=) L1 1 dy 1 o 2;’ 3 a) = 1
Eﬂ@ﬂi"]ﬂmﬁﬂqﬂIG!3Lﬂu‘1.!‘Ll@gﬂUﬂ??ﬂﬁ?ﬂ?iﬂ%ﬂﬂ&“ﬁ@?'ﬁﬁ"&?3ﬂ?‘h’ﬁ?iﬂ'§$ﬂ’ﬁl‘}_lﬁfuﬂulﬁu 1ﬂﬂ af

oo A

g = i I = ¢ 3 =2 =1 9 1 B
namsdentfunas lulasnuiidediiasesdunu sandenldunadlulnnauniinaign
1 =Y dgs" = ad b 3 ot B w
LaEIMIITAUADNIRS Yuautedunsd Sumas i lanenndeylFlunszuaumandnerow
=) 1 = o & o 4 o * A =
VIANENEANIINISAYAT 15U 1 Renduilzse uasdrdas Fuduunas luTlasieuiaeiy
=3 =x Lo ar -] o o r ¥ o = 1 1
dszdnimanlumsndniudlends ofuaing uasams (2543) Taimalsoufionunag
F-% 3 25 [=1 :% F=1
TuTasinuwiiag1a 4 Ao Bacto-peptone Lo Tuiloudana [(NH,),S0,] nazuoy Tudloy huasn
: @ ¥ g 1 o = 1 £d a1
(NH,NO,) fiszduanududu 05% v wodweow TuflendamiuunaduTasauhi
o & oA o T 1 ¥ o 4 5
Uszdninmdngalumaiuuvadlulnswuundebas Schawanniomyces occidentalis 1o 1%
@ W g o o 1 Y s Ny A o @ 1y A iy
winfudlznds uazdisaeduuuesmsndn ladiofeuduunas TuTaswudu vennini
LY @ 3 1
Wunns uazane (2543) IdiimavansslaeldySoduumasernslulasiou 0, 025, 0.50,
0.75, 1.00 uaz 1.25%) wuhms lagiSonszau 1% Tdszdniamlumsndngege snsomiy
= 2 a e o’ d
s lilstuluiudulevdmdnanin 11.37 du 19.45%
. kd
PINATSTIUTIVONEITINITE WUNMITHINNING NG aul9i¥e dspergilius

r 8
oryzae s T1sAen 43.54 L“ldju 49.41% (Lol UDEAMY 2007) uanniannisineives




' ¥
zamora and Veum (1979) lumsninmdaduvaod i dspergillus oryzae Ung Rhizopus
1 - = ed) o o ar wr
oligosporus WU NINL TUIAUIN 18.5% 111U 21.6 uae 18.7% audmy dmsunmanin
ar a @ 9f r:i, = o 1 Py = = T C a o
dudnlzvdderseiaduazdem vy i llshy wuhmsndnifudrdsndalunnns
naaotmu oty Tsiuld Teemsldbad Saccharomyees cerevisize Tumanidniudnlends
» i o
anursoniinTsAulddue 4.4 89 10.9% Ghwdnudte) msldnlungu Aspergilius  niger
= o v ) 2 e v o ] =
enansaan Tusau 189 s 4.4 4 12.2% ahvdaute) uazns 1991 Rhizopus oryzae 8137301
B s
TusAuld faua 4.7 39 8.8% (HmiTnie) (Oboh and Akindahunsi, 2003; Oboh HAZANE 2002;
e 2 g
Oboh and Elusiyan, 2007) (5URHINUNITNARDIVDL Oboh (2005) a5 L. delbruckii, L.
¥ ]
corvneformis 3IUAYU S, cerevisiae vpTHE 1 ud uduinimdni 14 Tindnilfontu
2 T E
dzndednads wuhasamn TUsAuTulfeondumdsvas ladaud 8.2 839 21.5% (Fauaas

Tuanseh 2)

d.. c;. o = a o ar s
M990 2 msulagutlasesndszneumawtvesud 1z vaanan

Nutrient (%DM)
Sample References
Protein Fat Crude fiber  Carbohydrate Ash
Control 4.4° 1.6 3.8 857" 2.1  Oboh and
S. cerevisiae 10.9° 4.5 3.2 77.9° 3.5 Akindahunsi (2003)
Control 4.4 2.6 3.8 - 2.1  Oboh HaZAME.
A. niger 123 5.7 3.0 - 45 (2002
Control 47° 1.1° 1" 90.6° 0.9°  Oboh and Elusiyan
R. oryzae 8.8° 4.5° 1.6° 76.0° 2.9%  (2007)
S. cerevisiae 96" 5.0° 1.8 b 74.5 ° 3.0°
Control g8.2° 3.1° 12.5° 64.6° 6.4°  Oboh (2006)
Naturally’ i1.1° 3.5° 6.5° 67.3° 6.0°
Inoculated’ 21.5° 2.1° 11.7° 51.1° 72°

Ed
o

* fdnyshuand1aiu luuuidsinnuuanatameadaissAun eI (P<0.05)
[ a Al g o §
"iflumsvsiad 1 ade
2 & g L ; 5 : : ;5
Wedt 19 unsuUn A8 Lactobacillus delbruckii, Lactobacillus coryneformis Wag Saccharomyces cerevisiae Tu

BRI 2:1:1
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yoans lmndudilevidedeaussausnisniudu latazaunweinues lnile; mineaee
= T 9 ar o a L] z.‘? A =2 V=1 c§ 1
2 ﬁﬂwmﬁaaaulmmmnwumﬂzwaaﬂlu"lmua; HAENIIVANDIN 3 ANHINTITOTLNNAUATNN

b
ol o a =, Qs = o
Taruzvoamniudilendalaoisnsnindrogeiunid

1. pEnaasddl 1@ msanmaveansiymniudmiinds  AeausIouzms
= o llﬁu
wIgfvlngazgaumwanvedlnie

a)

¥ 4 4 ) d' =Y s
msnemesiilifagszasd  WefnwmiszAuimInzauvasmstaS Uy
k2
dylendddupmrrasaussouzmsnigdu In uagnunmeinues Inwle
1.1 Mawsaunnduditevda
Mimnudlendamefiieonnain lssnutladuddenaa vy Tu
© s 3 o al. <4
anidlon i e lasnsainues (sun dry) néeeintiui ldue IRTvumandszum 1.0
1 ] Qs o a a a Qs o =
mm ﬂﬂummﬂwumﬂzwmum”Lﬂﬂigﬂ@uqmmmﬁmam AT Ieednlsznoun1unil
8 3
199 YNNI W Andd 8 TulsAu Tusu el uaaden wazearese awisnisued
AOQAC (1990) uazdTinaninazi lNa1u35n5U09 Hughes Lazans (2002) Tﬂﬂ%’ayaulé’ﬂmﬂa
3 =
1A usged 3
o w k- 3 , ! .
Fowdauldilss Towl 1§ (Metabolizable energy) 91MATA13984 Sibbald
4 o 1 4 ¥ 3 =S o 3 g 1 & o ar
(1976) wimhan 18 lldszaeugesennslnile Taoli3Tnisasil Ae 14 Tnile Tadu Todmerd
2 w a . - o o o 9q o o
dwmdnilszum 2.4 Alansy Meua 10 62 Boauunsau@eInioanaaansod A lanse 14
1 =1 elx ¢ ¢ g’ d‘! a 1 ¥ =1
lasaomisilumal 24 42 Tus (wa liiaatin) Weasudimuanalannimis ulelnesmily 2
1 ar 1 3 I~ my o 1 ' 1 e
AQYY ag 5 @1 nguusnldersimsdenuassdumavanns 24 $2lu9) danlnnguiiaes 14
Aueming lamstleu (forced fed) 1¥nTeniinenalsedzon lamuvasae1risnanssimizwn
wagldanudsvdediuau 20 afu Ao maalunsisaunseNIvug nIzRwAZANDINIT
3 v 1 3 3 L) 3: r o r =1 r
e I lvarunensssasmannavdatedusnesinenuanu llfanssonegdin buyale

17 1 ] 1 r
veansnguitlung 24 F1Tue e lddonua ldouldude vazua el Sasmnasau

waztnmsa e ma a1 eml 1dveemniudiilenda




1.2 dainaaes
3] 1 :‘fl’ @ a :‘ %3 -:; = a5 S o % -]
T raflamadory 1 Ju idhminmbasudu 40 sy §1uau 240 &2 s
3
mitineandlu 5 ngun ay 3 419 ay 16 i Muwununaaswuguauysal (Completely
. . r? o4 uij o =4 W
Randomized Design, CRD) Tﬂﬂﬁ’mwmmzmgmmmw mm'imaaamﬁmmmm"lﬁmmu
yoe Tl sAumrndanuemiu muduuethves NRC (1994) s1oaziBengniomis lauaasldly

o g 1 =) 1] g}
AT N4 ﬂ?ﬂ?iﬂﬂﬂﬂﬁﬂi”ﬁu‘}ﬂﬂﬂﬂ%ﬂu 5 G EY dsznouay

]
=
=n

1 : §RIAIUAY (control)

SESUNANUTIUE YA 53AU 4%

)]
=
=$n.
§s}

SEsunavudlvae s2A1 8%

S NATINIUT e naY 52AL 12%

=
=
i

o =
5T, aT. o). WRD. 2Dl
Fad
=b.
0

PN 5 ETuNAIUAU AT 520D 16%

prad]
o =Sh.

= o
1.3 ﬂ']'ﬁLﬂ'lJ‘ﬁ)@%fﬂ ngﬂ'ﬁ'.lﬁﬂﬁ'lgﬂ“ﬂ']%ﬂﬁ

st c? W < { 3 - 1 LY
Tufinhwindwerdimnaemsinunndla TINONTINITAG
w =R 3 At 1 & e:%, v o [} 1 s [;v o
Tufinpnassiill lnae Wedugamsnaass (Juh 42) gulnmeas 2 4241 eav1mis 8 ¥ lug
] el M ~ 9 = 1 = o =R
naza (leedTi¥oaiduaon i gusnuae) Tunngua WY1
o s o = A? 3 =t o A
Amiieesntsensumand  Gmedn, 104, 1dsay, vy, @ele,
unartoy uazearedd) luemis mudin1sres AOAC (1990)
a o o
1.4 A5 ANT UM DA
a ¥ sy Yo . ¢ ' i .
Wity ad A1 ns 1291119100 51/990 (Analysis  of  variances,
: 4 = & A ¢ 1
ANOVA) @IULHENITNARDIUUgNaNY ol uazmnigimon/Tsufiouaianuuanaig
1 1 P T s =, Y a
seriuanaslunaaziledonisnenoad1937 Least Significant Difference (LSD) tlagUns1zH
v Wuveamsasunmndudilendanszduda1ee 49675 Orthogonal polynomial contrast

Tav 14T lsunsuadaduiogal (SPSS, 2004)




. o o = o g o o |
AN 3 @Qﬂﬂﬁgﬂauiﬂ’]\uﬂﬁgﬂaqﬂjﬂﬁuﬁ’}ﬂgﬁﬁ\iﬂl’ﬂ

_. Components Y%

‘DM 93.22

cp 1.98

'EE 0.13

cF 13.59

Ash 2.83

Ga 0.10
.Total P 0.05 ;
.'.Starch 53.55

TME, keal/kg 2,484

‘Amino acid, g/100 g

Met 0.018
Lys 0.104
Arg 0.062
His 0.013
Iso 0.063
Leu 0.104
Phe 0.059
Thr 0.076
Tyr 0.043
Val 0.082
Ala 0.139
Proline 0.096
Asp 0.131
Ser 0.092
Glu+Gln 0.161
Gly 0.078
Total 1.324

1= 1 ] 3 qr A
ARAOWIIBE U NAYR (as fed basis)
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M13190 4 4IU15ENDUVDIYRTDINITNANDS

Dried cassava pulp

ktern Starter (7to 21 d} Finisher (22 to 42 d)

Control 4% 8% 12% 16%  Control 4% 8% 12% 16%

Ingredient, %

Corn 54.70 5070 46770 4270 3870  60.00 5600  52.00 4800  44.00
Soybean meal 25.88 2671 2777 2870 2960 20.96 21.88  23.00 2385 2484
Fish meal 9.00 2.00 9.00 9.00 9.00 5.00 5.00 5.00 5.00 5.00
Rice bran 4.67 3.60 2.30 112 0.00 8.40 7.40 6.02 4.96 3.66
bCe 0.00 4.00 8.00  12.00 16.00 0.00 4.00 8.00 12.00  16.00
Soybean oil 3.14 3.37 3.61 3.85 4.07 2.70 2.88 3.14 335 3.61

Salt 0.25 0.25 0.25 0.25 0.25 0.22 0.22 0.22 0.22 0.22
DL-Met 0.26 0.27 0.27 0.28 0.28 0.19 0.19 0.20 0.20 0.21

L-Lys 0.00 0.00 0.00 0.00 0.00 0.13 0.13 0.10 0.10 0.10
Limestone 0.60 0.60 0.60 0.60 0.60 0.90 0.90 0.90 (.90 0.90
Dicalcium phosphate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Premix’ 0.50 0.50 0.50 0.50 0.50 0.50 0.50 .50 0.50 0.50

Calcuiated composition, %

AME, keal/ kg 3102 3102 3102 3102 3102 3102 3102 3102 3102 3102
Met+ Cys (.90 0.90 0.90 0.90 0.90 0.72 072 072 0.72 0.72
Lys 1.13 1.14 1.15 116 1.17 1.00 1.01 1.0 1.00 1.01
Ca 1.02 1.02 1.02 1.02 1.02 0.90 0.50 0.9¢ 0.91 0.91
Available P 0.61 0.61 0.61 6.61 0.60 047 0.47 047 0.47 0.47

Analyzed composition, %

BM 88.7 89.0 89.3 §9.5 39.8 89.5 89.8 88.8 89.2 §9.0
CP 19.62 20,57 2042 2042 20.52 17.93 17.07 1770 17.30 17.10
CF 2.69 3.15 3.50 3.95 4.44 2.67 287 3.67 4.47 5.24

'Premix (0.5%) provided the following per kilogram of diet: vitamin A, 15,000 IU; vitamia D,, 3,000 IU; vitamin
E, 25 IU; vitamin K,, 5 mg; vitamin B, 2.5 mg; vitamin B,, 7 mg; vitamin B, 4.5 mg; vitamin B,,, 25 Ug;
pantothenic acid, 35 mg; folic acid, 0.5 mg; biotin, 25 LLg; nicotinic acid, 35 mg; choline chloride, 250 mg; Mn,

60 mg; Zn, 45 mg; Fe, 80 mg; Cu, 1.6 mg; 1, 0.4 mg; Se, 0.15 mg,
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= :!y gt = qr Al = c ar 1 é‘
NRC (1994) Wﬁ@:ﬂiﬂ'l‘ﬁ136113ﬂ?iﬂﬁﬁ@ﬂﬂi“ﬂ@:ﬂilﬂﬂ?ﬂuﬂﬁﬂ’!iiﬂﬂﬁﬂﬁ‘ﬂ 1 (mm‘u‘lmua
TEHLLTN)

=3
2.4 Manyseya

s s

Y 1
uAmbhminduazlSnaemsisugndy  Tuiindesinsmeliuin
g Aﬂ.d I
nnasand Inae
=] 3 AN 1w v o cg ' Y
uyaianueit lndudiweenuiiuag 1 afe lunal 10.00 u. Tugaa 4 5u

Y ] o A v o A o o o
AANTVUHIMNM TN D IﬁﬁjLﬂ‘iJgﬁiumﬂWﬂiﬁ@ﬂﬂiﬂﬂﬂﬂﬂﬂ Tﬂﬂaﬂamamuymﬂunm 10 1

Q

w 9

aulsdyatifiuldluidazSudonsalelasnaeindudu 5% dedloadumsgandelulasion

'
o s =3 L]

1 1 o 2 o 1 qs 3 g ] T o
uazdyaves lnudazdan ldsuluusas i Tleuldudanguugll ss°c innvaldganaiedn

=] 9 A - 4 IR
uazHy Piesemsunsieimanidaly
- o =3
2.5 MIUATIEANIUAL ‘
- ¢ ¢ - A - w w A
Tsizviniosndseneunivnd (anudu Tdsau 1d1 ludu el
unasen Lay WeaweTd) (AOAC, 1990) Tuawis
- o = 3 1 ds{ -
Taseminruzluya Tasdmszdmaanudu tazdSue lulasu
@15 AOAC (1990)
P2y o e
2.6 MIIATIZHN19EDA

o ¥

= = o 1
‘lé“ﬁ!f)ﬁq.jﬁ“ﬂ”1?5])1?'1’3&?131314‘1’?']?11?}’3'11JEL‘1J3‘]J5’3H {ANOVA) AMUHURUNT

Cd

' P o A = [ r 1 1 ' < 1
NARDUUUFUTNY T (CRD) ammmﬂxmﬁmﬂiﬂumwﬂm'ﬂmmﬂmaizmwmmﬁﬂimm
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v =, =% o = s o 04 { ar
ﬁ&’ﬂﬂﬂﬂﬂ?iﬂﬂﬁ@\?ﬁ?ﬂ?"ﬁ LSD LL'ﬁ$'§Lﬂ'§13WWTLLU'JI‘ITN“UB\’]ﬂT'ﬁL?fﬁliﬂ?ﬂiJHﬁ’]ngﬁﬂﬁﬁ§$ﬂ?J

ﬁ'N"] #2035 Orthogonal polynomial contrast Iﬂﬁﬂ%ﬁlﬂﬂlﬂﬁjﬁaaﬁu?%gﬂ (SPSS, 2004)

3. MINanedd 3 : MsANMIMATMaANg AN YusvBImnTudznds
d‘& = n:t. [ ar Q o k13 d;‘
WoAnYHavRINITRNNaAIN 1 nsugvoamptudlznaslagan ey
e a9 g = PR =Y 3 = 57 = g/ o o 9 A a ar ) s
FEmsutindraiogAunioriaiieg  ddoyah I ldsvlfmemuszdunisldse Toad
a o ar o o
ypan713 lEnnTudinleudalusmnsdaias 1y
5t
P = o L] o @
3.1 armTouiegaunsduasmndudinlsvds
= ki Bl ot o 5 a g dyd‘. .
PaunIon  lumsndnmniudenacluniellio  Aspergillus oryzae
% o & n ¥ w A A o =1 1
(3019) Uae Candida utlis (5046) F9ldnnaanndarinemaniuazmalu ladural seme Ine
o Iy 1 Ve = 0. &
Taesdn 4. oryzae Ao B TIReuED Potato-Dextrose-Agar (PDA) UUNQUHQY 30C flunan
ar o o [T o ) ' i ay 4:\5’ Ay
3y wazsh WAy TARgavnll 4°C dau € wilis Bo90URMI5ITEUTD Yeast-Malt-Agar (YMA)

=

0 1 2 ! o o g 4
T lthwdfinnmsa50u 200 rpm Agamindl 30°C \Wua 1 5w uaznu 137 4°c

0

3.2 35MINED

Wnndudnlzndsaamesonain lssaulnia tugawilen $ruau

=y

s 1] ) (-3 é cgi C;
50 51 laluaalsuiesnsansae (erlenmeyer flask) Y118 250 ml m"lﬂmﬁ’;ts“laumqmﬁﬂu

Q1

o I ¥ g w = 5 =1 1 i as
121°C ww 15 wif Yaoeie 1w vazldgSofioithuuvadiuTanuiszdu 0, 0.25, 0.5, 1.0
uaz 1.25% asluunazuindiinasnsansde visaniuibalSuieimsensssnlyiFeszdy
® = o g o N (| g
A9 1AuaUes yBaFRUNTI 4. oryzae (1x10° cells/ml) Uz C. wilis (1x10°cells/ml) logldive

@ g o :‘ oo a g o 7oA = o i or

1% veanndudidznae Ghmdadlon) ndsndui l)dungamat 30°c Wuwar 7 31 way
1 & o T wr ¥ 1 o :? o as < 2 -
duirndietaTy uaazngunaaedi 3 41 dinndunin lleulugdou (oven dry) Ngaimapil

o A ¥ s = 4 a =t
55°C Wannahu imzniasdtssnaunaai

=

= o S as zzly
TeovilateifAny Al Ao

a
& =

ol 1 oduv3d . gATAIUAL (conrol) MINAIYS (4. oryzae)
o g =y o
Lazviuneeeaa (C. utilis)
Taden 2 wmaelulasiou (@fe) : 0,025,0.50,0.75, 1.00 uaz 1.25%

faden 3 szoz@IN1svin :1,2,3,4,5,648% 77U
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= Es
3.3 MIWATIEHN 1A
o s o s w ol ¥ = s o = dy
wmndudilendiing ldndmszvimesadszneumaunlinnuiy
8
waz TU3AYN (AOAC, 1990) AalTinenimiaiaad 1ae35n13 Dinitrosalicylic acid (DNS) micro
L& 4 o et
method 951z W v weon Tuflena lulasiau (Ammoniacal nitrogen) BaznisnadoUg3o TaonIs
= C a <
InTIzHaAUla99INITMIVDUIINTRE (2523)
& o a3
3.3 MIAATIZHNSTDA
= a1 o o ay
Iz NNLlTlsin (ANOVA) muuuuaunaaaIniims gty
1 4 = o T
LHUNISNATDLU ALY (Repeated Measurements in CRD) LAz TATIETHATINUANAN

AmAsde3s LSD
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YN 4

=9 d
HamyANzHdeya

HANISANH
= = o o o 1
1. mInAaesn 1 nwEAndwavsanIsEmnudnzvdl aeansvouzms
o o T ;!‘
wingRulauezauainanuadlnie
msfneINaveImsEsumMnTud i ndseaussausmsniydunves In
3 v 1 o T
iefieng 7-42 Tu Tuaas13lumsien 5 Tasnuh lndlen lafvemaesumndudnlends
Bl 1 ] a
(19 42 Tu) Trivainannd (linear, P=0.0001) auszAvmndudlendeimmugeduluges
] ¢ < 1 ay o o t 1o a o o s o 1
91113 Ueeg14 15fay wudubhmidndves lnngui Idsumadudilznasszay 4 uaz 8% Tan
1 1 1 o Q o (= d’i = =4 as 1 1 L =t
unnaees idedagn1eadad (P>0.05) WenlTeuReuniunguaIugy LAaAaIBEIel
Wedrmneada (<0.05) lunguilasumniudilendaszdy 12 uaz 16% dwmiulSun
pmshnuuazdszdninmnsidormisianuuanaisedalifoddgnieata (P<0.05)
serTenguMInaaaluy 901y 14-35 S0 uaz 14-21 Ju e mde Tagwamsaeuauodlugiu
=2 oea @ @ o = Y 1 Ll o :J @ o
yostTutaemsinutazimzlsz@nsnimns ldemsDun Idusumsnuming)
o g @ 1 ow o o e 1
navesnminudievdsdeanyazann laudas1ilua1s1eh 6 Tagwun

1
r =

< o < 3’ ar & 3 9 o @ o = ' 1 N o1
L‘L]f)i!ﬂi‘l—!ﬁl"]ﬂﬂ L£ﬁ$u]ﬁuﬂlﬂﬁ@ﬁiuﬁluqﬂﬂﬁwﬂqﬂ'ii_lﬂ"I'Eﬂ"lﬂll"uﬁ1ﬂ$‘1’iﬂ\31lﬂ']i!ﬂﬂﬂ']ﬁ@ﬂ'}\‘i 1353

HedAgnueada (P>0.05) Waulfsunsunungualugy dniusavesmniudilevine
e @A o ; . & . A
nlesiFudiilaiuen (breast) duluan (fillet) Ho9 (drumstick) tHaes TWn (thigh meat) oz 1o
1 . b4 1T o o o & o w ¥ o 1 bd <4
104 (drumstick meat) THHAImWRTINUaTITUA INUEzIAs 83y A1 i Tuduluresneadinig
= FS H o @ o a
anauihudunse (P=0.0002) mumstiniuvesszaumndudnlzndslugasovis
navasmnTudlendsreanyazvesainzateluiifeadesiumiaduy
219119 (digestive organ) lauzad 13luai31eh 7 Tasnuhmnuervesd 1ddiug loftduuae
b4
Fuaeumiings 100 nSu Dawanareeee luihieddnymieada (p>0.05) luusazngunis
= ] Y1 ar =i F y e 3 o al a @
naaed luruzhnnuenvesdtiddrunyduuas le@euluinnquilasunindudile ndy
' o ]
5¥RU 16% uag 12-16% A uAniuedislitvdWaym1eaan (P<0.05) awdramben)soumhoud
a
ngumugy dmsuihvidnuesiale §fu dudoun dw nszwizeims wazd Iddruapiv le
2 Lo ey = = o ' rey o o o aa 1 2 @
dow gt dansnldouudasiiuendisiuede luldeddyniedda (p>0.05) dauiimiin
3 ] oy o oo o oed 2 e a 3 A ¥ o
Aumptlminda 100 nsu Inmsiniuludnvasdunss (P=0.0118) AIUNSHNILYDITLAL

at a el ¢.i [~ =4 Qs ¥ 1 :‘ ar § =4 :i
ﬂ?ﬂﬂﬂﬁ?ﬂﬁﬁﬁﬂil&ﬁlﬁi@?ﬁﬁ LNBLﬂiﬂULWUUﬂHﬂQNﬂ?UﬂMWM’E’Eu’lﬁuﬂﬂuﬁﬂ"l'imﬁﬂuuﬂﬁﬂ
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ae liidadan (2>0.05) lulangui lAsumaiudlzndeszay 4, 8 uag 12% usmiuiinegy

Qs

Tlvddgmaendalulingud idSunmniudulzndiszay 16%

* g
A19197 5 waveanndudnlzudsrorussouzmaeiyau Tnavoendle

Dried cassava pulp P-value,
Control 4% 8% 12% 16% SEM trend
Body weight (g)
Day 7 153 152 152 153 154 4.11 NS’
Day 14 425 432 437 396 433 14.87 NS
Day 21 835° 825" 842" 622° 723" 1831  Q=0.0003"
Day 28 1387 1327° 1336° 1119° 1111° 32.99 Q=0.0243
Day 35 1958" 1886" 1935 1695 1693 5102  L=0.0012°
Day 42 2422° 2411 2347 2149 2051 50.18  1.=0.0001
Cumulative feed intake (g/bird)
Day 14 353% 367" 318" 299° 327" 2197 NS
Day 21 1026% 1086° 998" 856° 942" 4241  Q=0.0186
Day 28 1990° 1956° 1936° 1695 1716° 64.78  L=0.0067
Day 35 3248° 3295° 3120 2669° 2798% 14145 L=0.0067
Day 42 4566 4705 4785 3949 3753 33178 NS
FCR (g feed/g body weight)
Day 14 1.30 1.32 1.12 1.23 1.19 0.09 NS
Day 21 1.51" 1617 145° 1.84° 192" 0.08  L=0.0356
Day 28 1.63 1.70 1.68 1.77 1.83 0.07 NS
Day 35 1.81 1.96 1.79 1.76 1.84 0.16 NS
Day 42 2.03 2.11 2.23 1.99 1.99 0.15 NS

“*Means with different superscripts in a row are significantly different (P<0.05).

1 .
Value for each parameter represent mean values of 3 observations.

*Refer to polynomial trend analysis.

*Not significant {P>0.05}.

4Quar‘[ic trend.

*Linear trend.
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1 4
A15197 6 Nﬁ“li8\‘1ﬂ'lﬂﬂJuf’ﬁﬂ&ﬁ’ﬂ\ﬂﬁ@ﬁﬂﬁm%%Wﬂ%@ﬁqﬂlﬁﬂ]

Dried cassava pulp P-value,
Control 4% 8% 12% 16% SEM trend”
% Live weight
Eviscerated’ 68.50 69.20 68.20 67.50 68.00 0.78 NS’
Giblets 7.80 7.70 7.80 8.50 8.60 0.30 NS
% Eviscerated carcass
Breast 25.12 23.54 23.30 23.70 22.82 0.70 NS
Fillet 4.94 4.89 4.88 4.81 4,94 0.20 NS
Thigh 21.01° 21.43° 20.73° 20.38" 16.42° 044  L=0.0055
Drumstick 14.67 14.40 13.51 13.16 14.89 0.62 NS
Thigh meat 16.61 17.44 17.00 16.26 16.14 0.42 NS
Drumstick meat 10.44 9.73 9.58 9.60 10.25 0.28 NS
Abdominal fat 2.79° 2.64° 1.86" 1.48° 1.30° 031 L=0.0002

“*Means with different superscripts in a row are significantly different (P<0.05).

1 =
Value for each parameter represent mean values of 6 observations.

"Refer to polynomial trend analysis.

3 ; ; ;
Carcass weight without giblets, neck and shank.

“Not significant (P>0.03).

5Limaar trend.
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Dried cassava pulp P-value
Control 4% 8% 12% 16% SEM Trend’
Organ length (cm/100g BW)
Duodenum 1.60 1.61 1.66 1.92 1.52 0.16 N§'
Jejunum 2.88" 3.01" 2.84° 3.44% 58" 0.25 NS
Ieum 3.04° 2.96" 3.43% 3.75° 3.80° 0.23 NS
Ceca 1.92 1.5 1.64 1.92 2.00 0.14 NS
Organ weight {(g/100g BW)
Heart 0.46 0.48 0.48 0.53 0.50 0.03 NS
Liver 2.09 1.95 1.97 2.16 2.19 0.09 NS
Pancreas 0.20 0.21 0.18 0.20 0.21 0.02 NS
Spleen 0.40 0.34 0.33 0.47 0.39 0.07 NS
Proventriculus 0.37 0.38 0.36 0.34 0.41 0.03 NS
Gizzard 1.30° 1.25° 1.27° 1.44" 1.60° 0.03 L=0.0118"
Duodenum 0.51" 0.63" 0.56" 0.68" 0.58" 0.06 NS
Jejunum 1.17 1.09 0.96 1.17 1.17 0.07 NS
Teum 0.97 0.97 0.90 1.03 1.09 0.07 NS
Ceca 0.48 047 0.51 0.50 0.50 0.05 NS

**Means with different superseripts in a row are significantly different (P<0.05).

1 .
Value for each parameter represent mean values of 6 observations.

"Refer to polynomial trend analysis.

*Not significant (P>0.05).

4,
Linear trend.
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2. maanyimsdesldlaruzveanmniiudilzuadintie

nsgoslanaznis ivdsz Tewl lduee Tnsuz lauaad i luaisien 8 Taw

amswagl1ddmsderlfvesdwiauazmssunidanasludnyaifluduase (P=0.0001

N 5
WAz P=0.0001, MUAIFL) mumsminiuvoaniniudzuas nsldss Teanildvea luTasiou

Tunguatnauiia 63.68% Tasmsldilszlonlldvedlulnsnuiinsanasludnyaziy

o ar o -] o o A csg’i di =1 =4 Qs 7
EURIe (P=0.0027) Gl"liJﬁgﬂ'iJﬂ'lﬂlJiéﬁ'l‘lJ31”1@1&3’1!;%&1‘“1411\!@915@’]1’1’]5 !.‘}J?JL‘IJ‘EEj’l_Im&J‘]_Iﬂ‘UﬂQN

Ay wudns sz Tonildves luTensulissulfouulasedid lilioddynieada

(P>0.05) Tungu 4 uaz 8% unannvedleT AR NI9aE

a o o

19190 8 wavesmniudlenderomsdes ldnazmaldss Tond 1dves Tnyue'

(P<0.05) Tungu 12 une 16%

Dried eassava pulp F-value,
Control 4% 8% 12% 16% SEM trend’
Digestibility (%)
DM’ 68.79° 66.34°  64.73°  59.03°  6L70" 1.56 L=0.000"
oM’ 71.78" iy 68.97" 63.55° 65.61° 1.48 L=0.0001
N retention (%) 63.68  57.75" 5734 5336  54.60° 2.25 L=0.0027

“*Means with different superscripts in a row are significantly different (P<0.05).

1 .
Value for each parameter represent mean values of 10 observations.

“Refer to polynomial trend analysis,
3Dry matier.
“Linear trend.

5 .
Organic matter.
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3. MInaaesi 3 : MIAPYIMITM AN IMaasUzyeamaiudlzHas

¥
s o a o = a 1 w g
%’]ﬂﬂ’l‘iﬂ@ﬁ@ﬁ‘l"iﬂJﬂﬂTﬂﬁuﬁTﬂSﬂﬂﬂlﬂ'ﬁﬁf‘mﬁﬂﬂﬂui%ﬂ?'}ﬂ ﬂ?iﬁﬁﬂﬂ?ﬁll%ﬂ

T
=1 = a 1

4. oryzae Way C. witis TavldeSoitluuvasluTasmufissduuand e (0, 0.25, 0.50, 0.75, 1.00

U

1 ]

[~ ar =1 r = g’ = o
way 1.25%) Wuszezoar 7 31 WBuasaWlumsed 9 uazamd 1 wundSuanhaiaiaad

a 1
= ar

=y 4:? A = w 9 &4 L1 w w o) s
Lﬂ@sUuﬁzﬂf}:ﬂlﬂ@ﬂiﬂ’liﬂﬂﬂ@'}m“ﬁ@ A. oryzae N $§]Uﬂ'|51°])'QLSEJ (0.25% Hﬁ\’iﬂ']iﬂi]ﬂﬂJumﬁ'] 33U

’ 3 3
=

Py 5 A G B e = a e d o g 2
paziiunTduasauiieszeznmmsuinfmindn Tasdsuanhaasadgegaiineiy Ao 418
P L7 c a9 ‘3’ . 1 = Py oy o o
mg/g Twanghmandanmndilenasdiode C wilis TunumanlgeundasdSunaninaiand
uaBe1la

Wienosaeandsznsumand ludmaes Tsauuazesd Tulu Tasonwves

=3 c} o t

@ a a w Al W o 9 g —_ & Ed
ﬂ'lﬂllUﬁ?ﬂzﬁﬁﬂwﬂﬂﬂhlﬁﬁ]'lﬂﬂ']?ﬁ?&ﬂﬂ'ﬂﬂl‘]f@ A. oryzae UWng C. utilis Eil@ahfﬁfﬁffﬂig VAN (0,

Q4
v

4 3 = 1 a5 oo
0.25, 05, 0.75, 1 uaz 1.25%) lauaadliluasad 9 uaz 10 wuhmnduddznasiniunms
wind lds@uuazeziTululasnugennmindudlzadan ldldnin - @<0.05)  Tenfiunm
Tils@nuagezii TuluTasnuvsemniudendiiningss 4 oryzee IMganh € wilis
; o 1 = = < F = 1
(P<0.05)  Teepmsaudioiim ldsAusazezd TululaneuliiBnneinmueadd  wuhl
Ao w o 1 d? = =4 o 1 ) o e .:3, = ¥ o
UFFuRUS (interaction) s3MI1uTBIAUNTH s2AU BiSe uazszvznarlumandnnadiy 5elamh

U 3
1 1 e 28 ar Ql

¥ a
A fnetiu 10 suduusnuwaad3lunmd 2 uaz 3 (dudoyananualduaas i1y

By

amed o uez 10)  wanmesiirldineTlsiuseresd ulu Tnsnufifaiuan
aszuunndeiiinnd 1 anaz 7 ldwuanuuansieiuesitedidamiendn >0.05)
othalsimuideRnsananiladedun 1umiﬁ'ﬂgﬁaﬂﬁﬂnzﬂﬁwﬁﬂﬁmmzauﬁqﬂﬁmﬁw Bt
Sunumsniest wasdanudasadvdedad %ﬂﬁiﬁﬂiﬁtﬁﬂﬂi$Iﬂ%ﬁ@%f}’@iuﬂﬁﬁﬂﬂi%&‘ﬂu
pnsdailueuinn ﬁaifuﬁmazﬁmmmuﬁm%’umiwﬁﬂﬂ”mﬁuf?"lﬁwﬁﬁasﬁ;a A. oryzae
Waz C. wilis 01818 Fan sty biomass cell Idnnfien fo 19y 0.75% ninifiuia 4 Tu
waz gi3u 1.25% vilmuilunat s Suauidy Saluanzdinan 4 oryzae a2 C. uilis 01150
wanTseunnzoziTuTuTnsou 10 2.50% vs 0.89% (Madudwendaldldndn) du 17.4%

vs 15.1% 182 16.8% vs 9.2% A1HG18Y
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l:i = ey sHa o o a a w ar o Y o o 9
ATINNN9 Llﬁﬂﬂﬂ’ﬁiﬂﬁﬂuul‘aﬂ“ﬂ@ﬂu’]ﬁ’]ﬁﬁﬂ'}“]]' (URanNTu/MnNIY) sl,uﬂ'lﬁﬂﬂJﬂﬂ']ﬂiJuﬂTﬂgﬁa\?ﬂ?ﬂ

5 o d'l o A s a [
150 A. oryzae uny C. wilis e l5gF3035A 0-1.25% uazviiniuna 7 1

Urea level Fermentation period {days)

0 1 2 3 4 5 6 7

Aspergillus oryzae
0 14.0 23.9 21.5 1682 121.2 134.6 1737 2010
0.25% 17.5 23.8 151, 4189 2093 2416 2163 310.1
0.50% 42.6 21.7 68.7 269.7 2279 177.4 187.0 2807
0.75% 18.6 314 59.9 197.7  153.1 240.3 170.6 2654
1.00% L8 32.1 68.2 162.5  150.7 173.2  203.2 122.6
1.25% 17.1 21.4 2.l 94.7 66.3 82.1 6.1 §7.0

Candida utilis
0 14.0 15.3 151 17.9 13.9 18.6 24.2 20.8
0.25% 125 12.6 14.3 18.7 16.3 23.6 73.6 48.9
0.50% 42.6 14.7 16.0 21.7 17.5 25.0 41.3 35.5
0.75% 18.6 15.1 13.5 22.0 16.7 20.2 22.7 17.9
1.00% 1L.5 16.9 15.8 18.2 14.0 259 213 18.6
1.25% 17.1 16.0 15.9 19.6 12.3 17.6 20.4 20.8
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600.00
A Aspergillus oryzae ——0% urea
~&-(.25% urea
500.00 4 —+—0.5% urea
D == 0.75% urea
%D 400.00 —¥-1.0% urea
= —o—1.25% urea
&
Y3
= 300.00
B
S
2
& 200.00
*]
~
100.00
0.00
0 1 2 3 4 5 6 7
140.00 3 w7
B Candida utilis
120.00 -
s
=1y
= 100.00 4
g
=
= 80.00 -
=
]
B
B 60.00
(]
=
@ y —— (0% urea ~#—{).25% urea
& 40.00 4 —2—0)/5% urea = 0.75% urea
~#—1.0% urea ~0—1.25% urea
20.00 -
0.00 . 1 ; T .

dr et oy Aa o= a o as s Y o w Y
Mun 1 uaasesulaoundasveaihmasaos Waaniwasy) Iumsndnmniudevasdan

g 4 o w o
130 A. oryzae (A) uaz C. utilis () 1118 199305201 0-1.25% wazwiindum 7 Ju
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T 1 s
M13140 10 ueaensldeuu) aseelS e T sdu o) Tumsnilnmniudiderdadeis 4

re A o = uz o o ar
orvzae W0 C. utilis mahgmimm 0-1.25% uasvindumae) 7 M

Urea level Fermentation period (days)
0 1 2 3 4 5 6 7
Aspergillus oryzae
0 2.59 4.30 5.01 3.71 4.66 4.89 4,08 341
0.25% 6.53 5.72 6.63 G.74 10.18 7.47 9.54 6.96
0.50% 8.82 10.86 12.08 13.65 14.51 13.13 12.00 10,72
0.75% 11.72 11.01 12.3% i4.61 17.40 13.92 14.90 14.28
1.00% 11.47 14.44 14.53 15.24 15.69 17.00 16.37 14.00
1.253% 17.64 18.11 17.95 15.48 15.48 16.71 13.60 13.68
Candida utilis
0 2.59 2.40 3.96 3.65 3.52 1.89 4.11 3.16
0.25% 6.53 5.83 5.44 6.16 8.45 5.99 8.32 6.34
0.50% 8.82 9.55 10.59 8.02 10.75 3.94 10.45 8.38
0.75% 11.72 12.57 12.03 13.78 11.16 10.68 12.78 12.49
1.00% 11.47 13.29 13.25 13.33 14.16 12.80 13.63 i4.86
1.25% 17.64 18.26 19.18 16.52 17.88 16.82 16.86 1544
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20.0

& Aspergillus oryzae
180 -

16.0 4
14.0 -
12.0 4
10.0 A

8.0 1

Protein (%)

6.0 1

4.0 4

2.0 A

0.0 -

B Candida utilis

Protein (%)

34 A 60 61 62 63 64 65 66 67

Treatment combination {urea concentration x fermentation time)

"Urea concentration: 1 = 0%; 2 =0.25%;3=05%;4=0.75%; 5= 1.0%; 6 = 1.25%
Fermentation time: 0 = day0; 1 = dayl; 2 = day2; 3 = day3; 4 = day4; 5 = day53; 6 = day6;
7= day7

’ ] ¥
.ﬂ’lW‘ﬁ 2 Llﬂ'ﬂﬂﬂﬁ%ﬂﬁﬂullﬂﬁﬁlﬁ)ﬂﬂiil'lﬂéiﬁiau (%) Glumwnﬂmfmuﬁwﬂzwﬁaé’qm%

A. oryzae (A) W0 C. unilis (B) WolFuiFuszdy 0-1.25% wazniinidlunar 7 5u
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M5197 10 wememsnlAsuntlasueaSunaesd e lulasny @) lumsudanindudilzvas

P L A gy a - w3 ”
AT A, oryzae LT C. utilis L&Jﬂi“ﬁgtwisﬂ‘u 0-1.25% Liﬁgﬁmﬂlﬂunﬁj T4

Urea level Fermentation period (days)
0 Il 2 3 4 5 6 7
Aspergillus oryzae
0 0.90 4.44 6.01 2.83 3.70 5.74 6.08 3.26
0.25% 0.80 4.60 4.61 5.19 5.67 9.03 6.83 4,92
0.50% 1.72 7.36 9.47 8.84 7.92 8.80 15.10 778
0.75% 1.23 7.00 8.96 9.07 15.13 9.78 11.81 8.25
1.00% 0.78 9.44 10.88 13.44 12.13 14.00 12.30 11.52
1.25% 0.91 8.72 12,77 13.58 12.15 12.72 5.83 7.36
Candida utilis
0 0.90 1.05 421 3.75 3.98 3.73 6.38 5.61
0.25% 0.80 3.06 5.80 5.57 4.70 5.68 ° 7.57 5.86
0.50% 1.72 4.63 7.28 5.61 6.53 6.95 7.29 591
0.75% 1.23 7.26 6.86 5.31 6.69 6.72 7.72 6.76
1.00% 0.78 6.56 8.30 5.06 8.04 6.02 5.69 4.15

1.25% 0.91 5.51 8.54 491 6.96 9.20 4.30 4.01
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A Aspergillus oryzae

a abc
ab abed

abcde abc

abcde

abedef

Amino nitrogen (%)

55 56 62 63 64 65
12.0 - —
B Candida utilis
10.0 A a
abc
o~
§ 8.0 - bcde bcde
=
&
=11}
f=]
=
b=
[=]
B
E
<

26 32 36 41 46 52 54 62 64 65

Treatment combination {(urea concentration x fermentation time)

‘Umawmmmmmm1=m&2=02ﬁ@32&ﬂ@4201ﬁ@5*Lm@6=llﬂé
Fermentation time: 0 = day0; 1 = dayl; 2 = day2; 3 = day3; 4 = day4; 5 = day5; 6 = day§; 7 =
day7

21 3 uaasnsalfouutasestSnaesi TuluTasey @) lumsmiinmnfudlendeda

k2 t
39 A. oryzae (A) Wz C. utilis (B) dolfyFoszdy 0-1.25% uagnindluna 7 4u
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wanmsIn15al
s o w o = w o a s = o

mntudilzvaf 1dan lsesundautlaiudnlznds fludlusiuesdlsznou
- [ ¥ o T G o gr o o Y v 3
waundony Fernsaldiilumdmdsudmivdaitals nionamsnacsmuiiensoly
o -3 ar 9 - ar 1 ] 3’ a as d‘i =1 = ar 1
mnsuddendeidautesedy 8% TevlidwmansznussiminduiienlSsumeudungu

& T o o w t :ic;y Q@ aw 3 oo
arunuds linadudalznduiiuaalsgrenluems  msfthmindrvedlnanasdeling
s o Qs Qs ! g e = 4 1= o ar
Tmniudlenadlussauigdn  eninananlSnadeleiiiuesdtseneulunndu

@

o w =y S R Y = oo roog o {
dlewasguinly (13.89%) Mnmssavsandeymonms e WnIenarongudiodud
1 Iy A T =3 I 1 - o T 1 A °
5w Ufinadeloluemisdaitinnguiulinanemsaamsinld uazdamadeiioah
3 ar a a R o e
“Ewamwmingmﬂmﬂm {Hetland Uagaty 2003; Hetland and Svihus, 2001) AREA BIEETALN
:;n g/ n o T d‘.l., Vs s o s sﬁ‘ Qs 1 ol
anshiau lnanaslulnngui lasumniudinesndanssay 12 uag 16% (H901Y 14-35 u)
1 #
aniinan1Ina NN IS uadeT NN INUANNIIBISELLMIUAYE T Yenanid
2 ¥ I =} w w g1 1o .
latinnreauhanuiuvesemsianuduiusaoMsaennudan  (Weiss and  Scott,
' 4 Qs 9 @ o o @ [ =S ' 3 !
1979)  fadhdeyanuadumsldmniudnlenduluumddingdniuems lndielidoyad
o o LR - A sl gt ar Yo g as a1 =
e uped lsdmumInaassiinedestums suddsndiluszAuaie  Imsnenu
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Dried cassava pulp as an alternative feedstuff
for broilers: Effect on growth performance, carcass
traits, digestive organs, and nutrient digestibility
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SUMMARY

Dried cassava pulp (DCP), a by-product of cassava starch factory processing, contains a
large quantity of starch. Therefore, it is certainly worthwhile to investigate its use as an energy
source for poultry feed. Two experiments were conducted to examine the potential use of DCP
for broilers. Growth, carcass traits, length and weight of digestive organs, and nutrient digest-
ibility were determined in broilers fed diets containing 0 to 16% DCP. Seven-day-old mixed-
sex chicks (n = 240) were randomly distributed to 5 dietary treatment groups through 42 d of
age (experiment 1). In experiment 2, a total of 50 chicks were randomly atlotted to individual
cages at 15 d and fed | of 5 diets for 10 d to measure digestibility. Results showed that growth
performance and nutrient digestibility decreased with increasing levels of DCP. In most cases,
these parameters did not change significantly when DCP was at or below 8%. A significant in-
crease in gizzard weight and a reduction in abdominal fat were also found in broilers fed DCP.
In conclusion, it is suggested that DCP be used as an energy source at inclusion levels up to 8%

in broiler diets.

Key words: dried cassava pulp, growth performance, carcass, digestibility, broiler

DESCRIPTION OF PROBLEM

The feed industry in Thailand uses corn as
the energy source for broiler diets. Recently,
however, a large proportion of corn has been
used for the production of ethanol, resulting in
an inadequate supply of corn for use as an en-
ergy source in poultry diets. Studies involving
the use of unconventional feedstuffs instead of
corn are an important issue facing nutritionists,
who must provide solutions to these problems.

'Corresponding author: khampakagsut.ac.th

2009 I. Appl. Poult. Res. 18:487-493
doi: 10.3382/japr.2008-00124

Cassava (Manihot esculenta Crantz) is grown
in tropical countries in Africa, Asia, and Latin
America, with 70% of the world’s cassava pro-
duction coming from Nigeria, Brazil, Thailand,
Indonesia, and the Democratic Republic of the
Congo [1]. Cassava root can be used to pro-
duce cassava chips, cassava pellets, and cassava
starch, which are m high demand throughout
the world. Thailand, Indonesia, and Brazil are
the most prominent exporters of cassava starch,
with their production accounting for 95% of the
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Table 1. Nutritional compaosition of dried cassava pulp
(as-fed basis)

ftem Amount, %
Component
DM 93.22
CP 1.98
EE .13
CF 13.3¢
Ash 2.83
Ca 0.10
Total P 0.05
Starch 53.55
TME, keal/kg 2,484
Amino acid, g/100 g
Met 0.018
Lys 0.104
Arg 0.062
His (.013
lle 0.065
Lew 0.104
Phe 0.059
Thr 0.076
Tyr 0.045
Val 0.082
Ala 0.139
Proline 0.096
Asp 0.131
Ser 0.092
Glu+ Gln 0.161
Gly 0.078
Total 1.324

world’s supply [1]. Cassava pulp is the solid,
moist by-product of cassava starch manufacture,
and it represents approximately 10 to 15% of the
original root weight. As cassava starch produc-
tion increases, so does the large volume of waste
by-product generated. In Thailand, at least 1
million tons of pulp is generated annually. After
drying, some of the by-product is used to pro-
duce fertilizer or is included in diets for rumi-
nants and swine. However, an abundance of by-
product still remaing. According to composition
values, cassava pulp contains 69.89% starch,
1.70% ash, 1.55% CP, 27.75% CF, and 0.12%
EE on a DM basis [2]. The fiber content of dried
cassava pulp (DCP) is reportedly in the form of
insofuble fiber. Suksombat et al. [31 reported the
fiber components of DCP as 36.7% NDF, 9.8%
ADF, and 3.9% acid detergent Hgnin.

With respect to the practical use of DCPas a
poultry feed, the high fiber content is an obvi-
ous concern. High tevels of fiber, bulkiness, and
dustiness in DCP are possible factors leading to

JAPR: Research Report

decreased growth performance and digestibility,
A strong negative correlation between the fiber
fractions and nutrient digestibility has been re-
parted in previous studies [4—6]. It has also been
reported that poultry fed diets with high fiber
levels have reduced performance and abdomi-
nal fat content and that the length and weight
of the digestive organs is altered [5, 7, 8]. Even
though the fiber level of DCP is probiematic, its
content is also composed of a high amount of
starch. Therefore, it is certainly worthwhile to
investigate the use of DCP as an energy source
for poultry, and the literature is limited in this
regard. Therefore, the purpose of this study was
to evaluate the effect of DCP on BW gain, feed
intake (FI), FCR, carcass traits, digestive organ
weight and length, and nutrient digestibility in
broilers.

MATERIALS AND METHODS

All experiments were conducted according
to the principles and guidelines approved by the
Animal Care and Use Committee of Suranaree
University of Technology.

Preparation of DCP

We obtained fresh cassava pulp from a starch
plant and it was sun-dried to a moisture content
of approximately 10%. Dried pulp was ground
to pass through a 1.0-mm mesh sieve. Prior to
diet formulation, proximate and other analyses
of DCP were determined (Table 1). Metaboliz-
able energy value was determined using the
methodology established by Sibbald [9].

Fxperiment I

Five experimental diets {1 control and 4 DCP
diets) were formulated to similar levels of cal-
culated ME (approximately 3,102 keal/kg) and
CP (approximately 20 and 1726 in the starter and
finisher diets, respectively; Table 2). All other
nutrients were calculated to meet the NRC re-
quirements [ 18]. Dried cassava pulp was includ-
ed in the broiler diets at the levels of 4, 8, 12, and
16%. Seven-day-old mixed-sex broiler chicks (n
= 240; Arbor Acres [11]) were randomly allotted
to 15 pens. Each pen (n= 16) was fed | of 5 diets
and there were 3 replicate pens per diet. All birds
received starter and finisher diets in mash form
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Table 2. Composition of the experimental diets (as-fed basis)

Dried cassava pulp

Starter (7 to 21 d)

Finisher (22 to 42 d)

ltem Contral 4% 8% 12%

16% Control 4% 8% 12% 16%

Ingredient, %

Com 3470 5070 46770 4270 3870 6000 56.00 3200 48.00  44.00
Soybean meal 2588 2670 2797 2870 2960 2096 2188 23.00 2385 2484
Fish meal 9.00 9,00 9.00 9.00 9.00 3400 5.00 3.00 5.00 500
Rice bran 4.67 3.60 2.3C 112 Q.00 §.40 7.40 6.02 4.96 3.66
Dried cassava pulp 0.00 4.00 8.0¢ 12.00 1600 0.00 4,00 8.00 12.60 16.00
Sovbean ail 3.14 337 3.61 385 4.07 2,70 2.88 314 335 1.6l
Sait 0.25 0.23 0.25 0.25 0.25 0.22 0.22 022 022 0.22
prL-Met 0.26 0.27 027 0.28 0,28 ¢.19 0.19 0.20 0.20 0.2}
L-Lys 0.00 0.00 G.0¢ 0.00 0,00 0.13 0.13 0.10 0,10 0,10
Limestone 0.60 0.60 66 060 060 0.90 090 090 090 090
Dicatcium phosphate 1.00 £.00 1.0¢ 1.00 1.00 1.00 1.60 1.00 1.00 1.00
Premix! 0.50 0.530 G.50 0.30 0.30 (.50 0.50 0.30 0.30 .30
Calculated composition, %
AME, keal/ kg 3,102 3,102 3,102 3,102 3,102 3,102 3,162 3,102 3,102 3,102
Met + Cys 0.90 0.9 0.90 0.99 0.90 .72 0.72 0.72 .72 0.72
Lys 1.13 1.14 1.15 .16 1.17 1.00 1.G1 100 1.00 1.01
Ca 1.02 1.02 1.02 1.02 1.2 (.90 0.90 0.90 0.91 0.91
Avaiiable P 0.6l 0.61 0.61 0.60 047 0.47 0.47 0.47 0.47
Analyzed composition, %

DM 88.7 89.0 863 89.5 89.8 §9.5 89.8 88.8 89.2 89.0
cP 19.62 2057 2042 2042 2052 1793 17.07 1770 1730 17.10
CF 2.69 313 3.50 3.95 444 2.67 297 3.67 447 524

'Premix {0.5%) provided the following (per kilogram of diet): vitamin A, 15,000 1U; vitamin Ds, 3,000 TU; vitamin E, 25 [U;
vitamin K3, § mg; vitamin By, 2.5 mg; vitamin B,, 7 mg; vitamin By, 4.5 mg; vitamin B);, 25 ug; pantothenic acid, 35 mg; folic
acid, 0.5 mg; biotin, 25 pg; nicotinic acid, 35 mg; choline chioride, 250 mg; Mn, 60 mg; Zn, 43 mg; Fe, 80 mg; Cu, 1.6 mg;

1, 0.4 mg; Se, 0.15 mg.

from 7 to 21 d and 22 to 42 d, respectively. Diet
and water were provided ad libitumn throughout
the experinental period. Body weight, FI, and
FCR were determined for each pen at 14,21, 28,
35, and 42 d of age. At the end of the experi-
ment, 2 birds (male and female) from each pen
were fasted overnight with access to water and
sacrificed by exsanguination. Carcass traits and
the length and weight of different segments of
the intestine emptied of residual digesta were
measured.

Experiment 2

Fifty 1l-d-old male broiler chicks (Arbor
Acres [11]) were placed in individual cages.
After a 4-d adaptation period, all chicks were
randomly allotted to an experimental diet (10
birds per diet} for 10 d. Al birds were fed
starter diets in mash form (nutrient composi-
tion identical to starter experimental diets in

experiment 1}. Feed and water were provided
ad libitum throughout the experimental period.
Body weight and FI of individual chicks were
recorded daily (15 t0 25 d of age). Excreta were
collected on experimental d 7 to 10 (22 to 25
d of age), sprayed with 5% HCI, and dried at
55°C. Dried excreta were stored at —20°C until
analyses. Dry matter, organic matter (OM), and
N in diets and excreta were measured to assess
their digestibilities and retention according to
standard methods [12].

Statistical Analysis

Data were analyzed by ANOVA and by using
SPSS version 13.0 {13]. Significant differences
among treatment were assessed by LSD. The ef-
fect of increasing DCP was partitioned into lin-
ear, quadratic, cubic, and quartic components by
using polynomial trend analysis. A significant
level of 7 £ 0.05 was used.
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RESULTS

Inclusion of DCP in diets at various fevels
resulted in significant decreases (linear, P =
0.0001) in BW at 42 d of age (Table 3). Com-
pared with the values in the control group, BW
did not change significantly in the 4 and 8%
groups, but decreased significantly in the 12
and 16% groups. The significant differences
in FI and FCR among treatments (” < 0.05)
were observed from 14 to 35 d and 14 to 21
d, respectively. The dietary effects on F1 and
FCR were similar to that of BW. Even though
the BW of broilers fed 16% DCP showed a
greater result than the 12% DCP at 21 d of
age, no significant differences between these
2 groups were observed at the end of the ex-
periment.

The effects of DCP on carcass traits are pre-
sented in Table 4. The percentages of eviscer-
ated carcasses and giblets found in broilers fed
DCP were not significantly different from those
of the control, The test results for breast, fillet,
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drumstick, thigh meat, and drumstick meat per-
centages were similar to those of eviscerated
carcasses and giblets. The percentage of ab-
dominal fat decreased linearly (P = 0.0002) with
increasing levels of DCP.

The results for digestive organ measure-
ments are presented in Table 5. There were no
significant differences (# > 0.05) in lengths of
the duodenum and ceca per 100 g of BW among
the treatments, whereas lengths of the jejunum
and ileum found in broilers fed DCP were sig~
nificantly increased (P < (.05) in the 16% and
the 12 to 16% groups, respectively, compared
with the control group. The weights of the heart,
liver, pancreas, spleen, proventriculus, jejunum,
ileum, and ceca did not change significantly
among treatments (F > 0.05). Gizzard weight
per 100 g of BW increased linearly (P = 0.0118)
with increasing levels of DCP. Compared with
the value in the control group, gizzard weight
did not change significantly in the 4, §, and 12%
aroups but did increase significantly in the 16%
DCP group.

Table 3. Growth performance of broilers fed dietary dried cassava pulp’

Diried cassava pulp

Prvadue,
Item Control 4% 8% 12% 16% SEM trend”
BW, g
Day 7 153 152 152 153 154 411 NS§®
Day 14 425 432 437 396 431 1487 NS
Day 21 833° 825 §42° 522 7230 183t Q=0.0003"
Day 28 1,387° 1,327" 1,336° 1,119° LI 3299  Q=00243
Day 35 1.958° 1,886 1,935 1,695° 1.693° 51.02  L=0.0012°
Day 42 2,422° 24117 2,347 2,149" 2,051° 5018 L=0.0001
Cumulative feed intake, g/bird
Day 14 3530 367 e 269" 337 2127 NS
Day 21 1,026™ 1,086° 9oge 85¢6° 942 241 Q=0.0i86
Day 28 1,99¢° 1,956 1,936° 1,695° 1,716 6478 L=0.0067
Day 33 3,248 3,205° 3,120 2,660° 2,708 14145 L=00067
Day 42 4,566 4705 4785 3,949 3,753 33178 NS
FCR, g of feed/g of BW
Day 14 1.30 1.32 1.12 1.23 .19 0.08 NS
Day 21 1.51™ 1610 1.45° 1.84° 1.7 0.08 L=0.0356
Day 28 1.63 1.70 1.68 1.77 1.83 0.07 NS
Day 35 1.81 1.96 1.79 1.76 £.84 0.16 NS
Day 42 2.03 2.11 223 1.99 1.99 0.15 NS

Means with different superseripts in a row are significantly different (P < 0.03).
"Watues for cach parameter represent mean values of 3 observations.

"Refers to polynomial trend analysis.
*Not significant (P > 0,03),

1Quartic trend.

‘Linear trend.
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Table 4. Carcass traits of broilers fed dietary dried cassava puip'

Dried cassava pulp

Item Control 4% 8% 12% 16% SEM P-value, trend”

% Live weight

Eviscerated® 68.50 49.20 68.20 67.50 68.00 0.78 NS?
Giblets 7.80 7.70 7.80 830 8.60 0.30 NS
Ya Eviscerated carcass

Breast 25.12 23.54 23.30 23.70 2282 Q.70 NS

Fillet 494 4.8% 4.88 481 4.94 0.20 NS

Thigh 21.01" 2143 2073 20.38™ 19.42¢ 0.44 L=0.0055°
Drumstick 14.67 14.4¢ 13.51 13.16 14.89 0.62 NS

Thigh meat 16.61 17.44 17.00 16.26 16.14 042 NS
Drumstick meat 10,44 9.73 9.58 8.60 16.25 028 NS
Abdominat fat 2.79° 2.6410 1.88% .48 1.30° 0.31 L= 0.0002

Means with different superscripts in a row are significantly different (2 < 0.03).
YWalues for ezch parameter represent mean values of 6 ebservations.

*Refer to polynomial trend analysis.

3Carcass weight without giblets, neck, and shank.

Not significant (P > 0.05).

*Linear trend.

Nutrient digestibility and retention are pre- the 12 and 16% DCP groups. Retention of N
sented in Table 6. Overall, DM and OM digest-  was 63.68% in the control group. Retention of N
ibility decreased linearly (P = 00001 and P =  decreased linearly (P = 0.0027) with increasing
0.0001, respectively) with increasing levels of  levels of DCP. Compared with the value in the
DCP, but the greatest decline was observed in  control group, N retention did not change signif-

Table §. Digestive argan measurements of broilers fed dietary dried cassava pulp’

Dried cassava pulp

ltem Control 4%, 8% 12% 16% SEM P-value, trend®
Organ length, cm/100 g of BW
Duodesturn 1.60 1.6¢ 1.66 1.92 1.52 0.16 N§?
Jejunum 2.88" 3.01% 2.84° 3447 373 0.25 NS
Ileum 3.04% 2.96° 343" 375 3.80° 0.23 NS
Ceeca 1.92 1.77 1.64 1,92 2.00 0.14 NS
Organ weight, g/100 g of BW
Heart 046 0,48 0.48 (.53 0.50 .03 NS
Liver 209 1.95 1.97 2.16 2.19 0.09 NS
Pancreas 0,20 0.21 0.18 0.2¢ 0.2l 0.02 NS
Spleen 0.40 034 0.33 0.47 0.39 0.07 NS
Proventriculus 0.37 0.38 0.36 0.34 0.4 0.03 NS
Gizzard 1.30° 125" 1.27° .44 1.60° 0.03 L=0,0118
Duodenum 0.51° 0.63° 0.56" 0.68° 0.58" 0.06 NS
Jeiunum 1L.17 1.09 0.96 1,17 1,17 0.07 NS
[leum 0.97 0.97 0.90 1.03 1.09 0.07 NS
Ceca 0.48 0.47 0.31 0.50 0.30 (.03 NS

by feans with different superseripts in a row arc significantly different (P < 0.05).
"Walues for each parameter represent mean values of 6 observations.

Refers to polynomial trend analysis,

*Not significant (P > 0.05).

Linear trend.
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Table 6. Digestibility and retention of broilers fed dietary dried cassava pulp’

Dried cassava pulp

Item Control 4% 8% 12% 16% SEM P-value, trend®
Digestibility, %
DM 68.79° 66.34° 64.73% 59.03° 61.70% 1.56 L =0.000°
Organic matter 71.78° 70.12° 68.97% 63,55 65.61% 1.48 L =0.000!
N retention, % 63.68° 57.75" 57.34% 33.36 54.60° 2.25 L= 0.0027

**Neans within a row with diffcrent superscripts are significantly different (P < 0.05).
Walues for each parameter represent mean values of 10 observations.

*Refers to potynomial trend anatysis.
*Linear trend.

icantly in the 4 and 8% groups, but did decrease
significantly in the 12 and 16% groups.

DISCUSSION

Dried cassava pulp contains starch that can
be used as an energy source in poultry diets, In
our experiments, increasing DCP up to 8% did
not significantly influence BW when compared
with the conirol treatment, which contained no
DCP. The decline in BW was most likely due to
the high fiber content of DCP (13.59%). Many
previous studies have reported that a high-fiber-
content diet can depress FI, and consequently
can cause growth depression [5, 6]. The depres-
sion in FI in the [4- to 35-d period by inclusion
of 12 and 16% DCP could be due to the increased
bulkiness of the diet and limited digestive tract
capacity in broilers. In addition, the increase in
bulk has also been reported to reduce palatability
{14] and thus may limit the FI of broilers. Even
though information on using DCP in broilers is
limited, the results of experiments with broilers
fed various levels of cassava have been widely
reported [15, 16]. The authors summarized that
wlhen cassava was provided in mash form at all
levels, poorer growth and feed conversion were
obtained than with corn-based diets. However,
similar performance was obtained when the di-
ets were pelleted [15, 16]. Therefore, offering
DCP in pellet form may overcome the problem
of bulkiness and ensure an optimal F1 by poultry.
In addition, DCP is low in protein (approximate-
ly 2% on a DM basis) and deficient in carotene
contents. Thus, inclusion of DCP in diets should
take these factors into consideration.

There were no significant differences in per-
centages for carcass traits. It was found that

broilers fed a diet containing DCP showed a re-
duction in abdominal fat. The loss of body fat
may be associated with the inhibition of lipid
synthesis in the liver and abdominal tissue be-
cause of the high fiber content in the test diet.
In consideration of the fow DM and OM digest-
ibility observed in our experiments in broilers
fed DCP diets, it was hypaothesized that this phe-
nomenon would also result in poor digestibility
of fat {discussed below). Akiba and Matsumoto
[17} found that chickens fed a diet high in fi-
ber (cellulose and alfalfa meal) had significant
reductions in lipid deposition and plasma lipid
content and had accelerated lipoprotein activ-
ity in the adipose tissue. This was in accordance
with the work of Eruvbetine et al. [7] and Eru-
vbetine [8], who reported that for broilers and
tayers fed diets high in cassava, broilers had a
reduced abdominal fat content at market weight,
and layers had a reduced abdominal fat content
after 40 wk in iay. An additional possible factor
in the reduction of fat deposition may be related
to the decrease in energy intake, and hence re-
duced energy available for fat deposition. This
result agrees with the report of Latshaw [18],
who found that in diets containing similar levels
of energy and protein but a varied fiber content,
increasing levels of fiber caused large decreases
in ME infake, The fiber contained in DCP is
largely insoluble. Recently, several studies have
been conducted to investigate insoluble fiber
sources as functional foods for humans and ani-
mals {5, 19].

Gizzard weight increased with increasing
levels of DCP, particularly at the highest level
of inclusion {16%}. This was also true for the
length of the jejunum and ileum. This supports
the data of Eruvbetine et al. {7], who suggested
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[5] suggested that insoluble fiber mo
development, digestive funct;dn,r an
activity. :

Dry matter digestibility, OM dsnestibzh
and N retention decreased with increasing
of DCP. In most cases, these parameters. did no

change significantly when DCP was at or beiow-_
8%. The significant changes in digestibility and:

retention with increasing levels of DCP were " ¢
similar to those for BW. Similar results have -« &

been teported, in which a strong negative cor-
refation was fouand between the CF content and
nutrient digestibility [4-6]. This suggests that
the high fiber content in DCP may be the main
factor in reducing the digestibility. Fiber may
decrease DM digestibility because of its poor di-

gestibility, because it suppresses the digestion of

other nutrients, or both. Decreased digestibility
would lead to decreased growth performance.

CONCLUSIONS AND APPLICATIONS

1. Dried cassava pulp can be used as a feed
ingredient to supply part of the dietary
energy requirement of broilers, but it
should be limited to 8% or less in diets.
Not only is dried cassava pulp useful as
an energy source, but it may also im-
prove gut health and reduce abdominal
fat deposition in broilers,

W
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