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ABSTRACT

Annually the tapioca starch industry generates a large amount of waste in the
form of cassava pulp. This pulp contains a high volume of starch (50-70%) but contains low
amounts of protein and high fiber, these factors limit its use as feedstuff for broilers. However, if
this pulp is fermented with microorganisms to improve protein or is supplemented with enzyme to
digest fiber constitutes in the pulp, this would increase the inclusion levels in broiler diets.
Therefore, this experiment aimed to study the potential use of cassava pulp in broiler diets. The
study consisted of 5 experiments as follows:

In experiment 1, Saccharomyces cerevisiae, Candida utilis and Aspergillus
oryzae were use to ferment cassava pulp by varying the concentration of nitrogen (N) source from
urea at 6 levels (0, 0.25, 0.50, 0.75, 1.00 and 1.25%) for 7 days. Reducing sugars, crude proteins
and amino N were measured daily. The results showed that cassava pulp fermented with A. oryzae
using 0.75% urea for 4 days enhanced the higher protein and amino N content more than S.
cerevisiae and C. utilis. This condition can increase protein and amino N from 2.59 and 0.9%
(unfermented) to 17.4 and 15.13%, respectively.

Experiment 2 studied the effect of cassava pulp fermented with A. oryzae using
0.75% urea for 4 days in broiler diet on nutrient digestibility and retention. Forty-nine fifteen-day
old male chickens were placed in individual cages and assigned randomly to 7 dietary treatment
groups (one control and six fermented cassava pulp: 4, 8, 12, 16, 20 and 24%) for 10 days. The
results indicated that nutrient digestibility and retention decrease with increasing levels of
fermented cassava pulp. Overall, these parameters were not significantly decrease when fermented
cassava pulp was included up to 16% in diets.

Experiment 3 studied the effect of fermented cassava pulp in broiler diets on
growth performance, carcass quality and blood biochemistry. Two hundred and seventy one-day
old male chickens were randomly distributed to 6 dietary treatment groups (one control and five
fermented cassava pulp: 4, 8, 12, 16 and 20%) for 42 days. The results showed that fermented
cassava pulp could be used as an energy source with inclusion level up to 16% in broiler diets
which had no significant effects on growth performance, carcass composition, meat color and
blood biochemistry. However, the use of fermented cassava pulp at 20% resulted in increased liver

weight (P<0.05) compared with control and fermented cassava pulp at levels of 4-16%. Moreover,



it was found that fermented cassava pulp had no detrimental effects on aspartate aminotranferase
(AST) and alanine aminotranferase (ALT) of broilers.

Experiment 4 studied the effect of using cassava pulp with xylanase enzyme
supplementation on nutrient digestibility and retention. Forty-nine twenty two-day old male
chickens were placed in individual cages and assigned randomly to 7 dietary treatment groups
(control and cassava pulp at levels of 8, 12 and 16% supplemented with 0.1 or 0.2% xylanase) for
10 days. Over all, the results indicated the addition of xylanase enzyme could improve nutrient
digestibility and retention of cassava pulp. However, when considered in conjunction with feed
cost the addition of xylanase at 0.1% would the most suitable level for broilers.

Experiment 5 studied the effect of cassava pulp supplemented with xylanase
enzyme on growth performance and carcass quality of broilers. Three hundred, twenty one-day old
male chickens were randomly distributed within 4 dietary treatment groups (one control and 8, 12
and 16% cassava pulp supplemented with 0.1% xylanase) for 42 days. The results showed that
supplemental 0.1% xylanase could increase the inclusion level of cassava pulp up to 16% without
showing significant effects on growth performance and quality of broilers.

In conclusion, the improvement cassava pulp quality by fermentation with
A. oryzae or supplementation with 0.1% xylanase enzyme can be used in broiler diets up to 16%
without detrimental effects on nutrient digestibility and retention, growth performance and carcass

quality.



U
MUY
Y
1
AAANTIMUTENIT oo e eee s eee e ﬂ
UNAATOATHTING  eoeoeeoeeeeeeeeeeeeeeeeseeesseeeeees e ceeesseeesee s e seseeeeeeseeesseeesssssseseeeseeseses e ¥
UNAATONTHIOINNH oo eeese s eese s eeeseeseeeeeeseeeeeeeese e seeeenes N
TNTUQ oot e p
TNTUWNTTIN oot e a
TNTUTNII oottt s 0
d' o
UNN 1 Unii
1.1 ANAAYUaz NINVOITUMIUITE oo 1
o 4 av
1.2 30QUITEAAUDINITITO e 2
1.3 VOUUAVDINITIVY oot ee e eeesee e s s s eee s eeeeeeee 3
1.4 NOBE AUUATIY LAZHTONTOUUUIAAVOINITIVG oo 3
P o Aav
L5 UseTOmINTATUDINNITIVO oo sessseeenenees 3
4 44 9
VNN 2 NUNIUITTUNTTUNNIVDY
4 a o ) o
2.1 aoumsainsnaniud@end s emalng o, 4
2.2 N52UIMUMTHAAUTTUTIUZHAT oo eeees e 7
2.3 MINUUTTUEHAT oo e 10
9 % o v [ a o J
2.4 M3 1FMATUa e na I Ui aIINNAVOIMITANT oo 13
U d’i tal = U a
2.5 nazuUMINUNNINN TUTAUTUIAGAVDIMT oo 16
a A A X %
2.6 QAUNTINTFIUNTEUIUMITHIN oo 18
S 1
2.7 U TN IFTUPITIOUUT oo 22
[ d'd J v Y dy = 4
2.8 TRTNUNAADMTHUNAVITOTAALALT T oveeeoeeeeeeeeeeee s seeseee e 23
A A Y o v Y =~ 4
2.9 HavoIM sy 1UsAUNNMTHUNTUA I HAIRWETALAZ T oo 27
2.10 wavesmsniningaveMsAeausToUzMINT AL TAVEIFAT ..o 28
g 4
2.11 M3 eu lmideaidale (Non-starch polysaccharides degrading enzyme)
Y
TugAE N TTUMTHAATAIND oo e 30

2.12 maveamstasueu lasideaitolo (Non-strach polysaccharides degrading

v &
enzyme) THOIIT IITI0. ..ot oo 33



13118y (¢10)

A adto A av
UNN 3 IFTAUUUNUIY

3.1 M3naaedd 1 AnyImIsmMsmuguae lnsuzyesmniudilzva

4
a, % a -4
TABATMIHUNAWTOVAUNTO oo

3.2 MInaavdn 2 aneimsges lauaz 1415 Towl lauea Tasuzain

g o e 4 1 ;
ﬂ"lﬂiJL!ﬁT]J%‘ViENTTlIﬂbl‘m’)”lﬁ”li]lﬂmﬂ ........................................................

3.3 MINAaIN 3 AnyHareIN s Igmnudilzndainaoanssouy

Y
MITYAY Taaz AU IMBINUBI IO e

A = 9 &% o [ [ a 4
3.4 MINaanan 4 anwimsleniniudiendesudunmaaSuou ol
Y
lsanualueiisdensges lauaz191ss Teal lavea Insus lu'lniile
d’ = 9 @ o [V ] (% a 4
3.5 MInaanan 5 AnimslenniudilendessudunmsaSueu ol

Y
11“11@1%1.!?(11!@114‘15@@@111ﬁﬁﬂu%ﬂTi!fﬂ’iﬂJum‘UT@]ngﬂmﬂWWGmﬂﬂJﬂ\‘]llﬂlﬁ@

3.6 ADTUATINITNADDT oo s

3.7 FLUZIAIMIMITNADDY oo

~ a 7Y
UNN 4 AONITAUNTIEHUDYA

4.1 Minaaodi 1 HaMIANBINITMSNUAUAINT TAFUZVOI

Y
o ) @ a % a 4
Mniud1lenasIaedTMIminauFoaUNTE .o

4.2 MIinaavan 2 wavoamlenniudilendaninaensdes latay

9
151052 Tom1T 1AUDTIABUE VULOD oo,

43 MIinaasdi 3 wavedms l¥mniudlendaniinaoaussous

Y
MITYAY Tataz AN MBINUBIIAITO oo

{ Y o o 1 Y a 4
4.4 MsNAansn 4 Wﬂﬁllﬂﬂﬂ1§1%ﬂ1ﬂuuﬁ1ﬂ$ﬁaﬂi’luﬂ‘]Jﬂ”IiLﬁillLﬂu]lG]ﬁJ

Y
lsanuaaemssoslduaz 14dse Towl lavoa lnsuzlu'ligio oo,

{ Y o o 1 Y a 4
4.5 Msnaansi 5 Wﬂﬁllﬂﬂﬂ1§1%ﬂ1ﬂuuﬁ1ﬂ$ﬁaﬂi’luﬂ‘]Jﬂ”IiLﬁillLﬂu]lG]ﬁJ

Y
loyanuaaeaussougmsnigaula uazauanmanved nile ...



131y (A1)

win

uni 5 unagy
51 ATUHANITITY oo e 82
S2UBUTUBIUEY  ooooeoeeeeeeeeeeee oo 82
UTTUTUNTU  oooooveoeesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssessssssssssssssssssssssssssnsssssssones 84
MIAHUIN s e 95

UTETAGITY oo oo 100



AR ITIREAN

A a Aa o o [ o 9y a '
f13°19N 2.1 1]iiﬂﬂ!N'ﬁWﬂ@lllufﬂ‘llgﬁ'GN“U’E'NIflﬂ*mlluﬂ@nﬁJﬂﬁglﬂﬁlﬂWﬁﬂiﬁﬂﬁiy

T 25492551

A o 9

a3 2.2 USnawaraniudlewdalutlsemeane. o

A o 9

M15199 2.3 Usnamananiudlznasvesszmalneduunagiinig

[

1AM IANNMINANGIGAT 2550-2553....ocviienieiireeeeeeees

3190 2.4 Seuimeusiadn Inavaziudrendaludsemalnedl 25472553,

13190 2.5 USnamsasesnutlaiudilzvidavessemalnedl 2549-2553..... ...
d' 4 v ) [

A1319N 2.6 29A152NoUNI AT UZUDININNUTIULHAT (%) .o

~ a a A o o [
A1519% 2.7 YSunawazsiavouse levosmMnuUaIUEHa. ..o,

{ J % ) v g
A15190 2.8 p9ndsznoune Insuzvesmniudilenauas Ingau

a

DIMTTATYTIAAII .o,
~ 9 C% o v 1 a a 1 di’
M15719% 2.9 wavesms IEmniudilznasaoaussougmsnsyay laveslndle. ...
M5199 2.10 wavesms I¥mntiudlzvdsaeaussaugmanan luesgns............
~ dy a A SAq Y v o a v J
M50 2.11 Wogaunion1dlumsniniagauemsdad.............................
~ A = v @ o v 9 ~ 4
A1519% 2.12 wavosm s TUsaunnmsniniud 1 vasneeaanazst...............
A 9 @ o [ % 1 a a o d
M50 2.13 wam3 Ismnudlgvdainaeaussousmanigan Invesdaddn
A a a P a 1 tﬂy
M13197 2.14 uaasriauazdsunaveaen lydnasuluewns oo ..o
{ a 1 4 1 a a
M1519% 2.15 wavosmsiasueu lsidoate loluosasaussougmsniyau In
1 da}
VB D oo

A J O [ % .
A1519% 3.1 e9alsznoun Invuzvosmniud1leaanin (as fed basis)...............

d’ 1 1 dy QI li'
M1TNN 3.2 ﬁ’]uﬂi%ﬂ@ﬂﬂl@ﬂﬁlﬁi@WﬁﬁqﬂmE)igﬁlgll‘iﬂ (0-21 M) (MINAADIN 2)

= , & <

f1TN 3.3 ﬁ’)uﬂi%ﬂ@UﬂJ@Qﬁlﬁ‘i@Wﬁﬁulﬂlu@ (MINAADIN3) oo
= . v & =

MITNN 3.4 muﬂizﬂammqmmmﬂﬂma (MSNAADIN D). ..o,
= . v & =

M1TNN 3.5 muﬂizﬂammqmmmﬂﬂma (MTNAADINS5). .o,

{ 4 7 o v Y .
A1519% 4.1 p9ndsnouNe Insuzvesnmniud1enaarin (% as-fed basis) ...........

{ CY o [ % v v o
A1519% 4.2 Wﬂﬂlﬂﬂﬂ”lﬂiJ‘l!ﬁ1ﬂ$1riﬂQ‘ViiJﬂ@]’f]ﬂ”lﬁElﬂflvlg]) uazmﬂ%’ﬂsziwﬂﬁ'mm

Y
T U U T D

13
15
16
20
28
29
31



2

M3UMIN (Ad)

£
il

1 4
M3NN 43 wavesmniudnlzvawminaeaussouzmsniaauTalulnide (0-42 u). 68

M7 44 mavesmnTudnlndaniindosnuazanue Ao, oo 69
3T 45 naveamnudnlndaniindosnuazeioarmeluvodfie. ... 71
M7 46 HaveamnTudnlzndaniindosnuaeiitouazinmiaveslnio. .. 72
a5197 47 maveamniudnlzudaindenmaduniivealafia. ... 73

A a o A o o v o
13190 4.8 Nammmimmau"lcw'l%mmﬁiummmumﬂuumﬂz‘wmrﬂu

a 1

unassngavsemstes’idiaz sy TomlldveaTnauzlu e, ... 75
M3 4.9 wavesmuaweulmllsanualuennsgasnmniudnlzvdade

ﬁmﬁﬂuzmm?muzauimm"lﬁsza ................................................... 77
31971 4.10 wavesmaaaow lail lyauualuemsgasmniiudlswdsde

AOHIZANVBLIRITO. ..o 78
mM3197 4.1 mavesmaasmowlail lyauualugasemismniud s vidade

anwueaziimiinvesesez luszuumaduenisved o, .............. 79
mM31971 4.12 waveamaasmow lail lyauualuemsgasmaiud e wds

1 [ = tﬂy 1
@]@ﬁﬂ‘ﬂﬂ!%ﬁﬂl@ﬁlu@qﬂ .................................................................. 80



U
ﬁ]i‘ﬂﬁyﬂ]‘W
4
i
d' =) Qv o U
NN 2.1 ATZUIUMTHAAUT U S TR , 9
A 9 a '
A 22 Tassafenmeluanaveses luTad (nmuw) tazes luTamaau (mwas)...... 11
{ o I'd
MU 2.3 MITIOUVDUDU 153 IYUUE (XYIANASE) « e 32
] Y
AN 3.1 UAAINITDTYUDUEOTY AL OFVZAC. .o, 39
d' =\ 4 dil
AN 3.2 LAAIMIIATINE1TAZARAUDTIHOTY A 0rVZaC. .o oo, 40
~ 9y A £ g :‘ ~ a (o) =
A 3.3 Tnmsiiiumsieadg levihgamgi 121%C v 15w 41
A 9 A v Y dy I @
AT 3.4 Y1IEINAIUMTHUNAINED 4. oryzae .WWIATE TU. oo, 41
~ a gl aa d A Aa o [ Y]
7NN 4.1 vaasmsilasunilasveatimaiald Haansu/nsy) lumsuin
% o v Y dy d' 9 A d' [
MNTUd)enasdIume A. oryzae nldgiTeNnsedn 0, 0.25, 0.50, 0.75,
% I~ o
1.00 1AL 1.25% HIMT WA 7 TUe e, 57
~ A oy Aa o A a o ] o
7NN 4.2 vaasmsilasuuilasveatimaiady (Haansu/nsy) lumsyun
o ) v Y dy . d‘ Y A t:' Y]
MNTUAHaIdI8%0 S. cerevisiae 1D 15YITENTZA 0, 0.25, 0.50, 0.75,
% I~ [
1.00 1AL 1.25% WM WD 7 U 58
~ A oy Aa o A a o ) o
7NN 4.3 uaaemstlasuuntlasvesimiaiads (Waansu/nsy) lumsnin
@ ) v Y dy . Lﬂ' 9 A td' [
mMniudlerdnede C. uilis Weolrgiaensza 0, 0.25, 0.50, 0.75,
% I~ o
1.00 1AL 1.25% UM WA T TUeee e, 58

v ' Y
AN 4.4 uanamslasundasves)SuaTdsdu @ lumsuinmniudilendadione

v
A A

Y )
??]}’JEJL‘ABE’J A. oryzae, S.cereviciae \Wag C.utilis Lﬁﬂi‘%}gliﬂﬂiﬁiﬁlﬂ 0, 0.25, 0.50,
v o
0.75, 1.00 118 1.25% HHM U 7 IU. oo, 60
2NN 4.5 uaasmslasuulasvesdSunaezii TuluTasu (%) Tunswin
o o v 9 di’ A Y a
mMauudlerasaIuFse A. oryzae, S. cereviciae \\ag C. utilis Lllﬂiclfﬁuﬂifl‘ﬂ

528 0, 0.25, 0.50, 0.75, 1.00 1182 1.25% wainSunar 7 5% oo 61



L1 anudnamazninvesifymimside

= =

Y
gadMnssumskan Initlovesdszmea Inelimsversdrludasiige ooy

£

a [

@ a v Jd a 4 1 { a 4 <} @ 4
ﬂUQﬂﬁWﬁﬂiiNﬂWﬁWﬁﬂﬁﬂ?“ﬁuﬂﬁu Lm“ﬂfy}ﬁWﬁLﬂﬂﬁuﬂﬁﬂﬂ15m1ﬂllﬂﬁu3ﬂﬂW]an‘l”i']iﬁﬁ')

Q

: <3| 1 Y Y 0

Taomwizd1 Inaduiunvaanasrunanlugaseins audesinisindi91aInaain
1 Q' d? = 1 Yy 9 a d' d? = a o 1 [
aalszmeiuannunlunng I denaliiaunumsnaa gy MsAnEIITENIHAINGY

v a v & A A S Y1 Yy A A ¥
nniagavemsdaiviaoug Nlisiagn uazaunsom laeludesdn ivenaununis 14
9 ] (] 9 J k4
1 Tnavzsieaadunuaomis 1

Tudlznduiluisiinslaniuediaunsvatsludsymelne Td5mams

E4
= =)

waauIunnt Uszanailay 16-25 udu Tassiudilzndeandssunm 55% voslSumn

q

wan lduaazilvzgniinldlugaavnssumsedautaiudnlends Falunszurumswaaudle

&% 9

@ = A I O v =K a o 4 aa a
Hudnlendwzlmumaodlumniudnlzvdede 11.1% (Wiani naz3dugng, 2550) Taonn
Tudnlzwdedenandadilnyuzvaundaony  (uila 68.89% 181 1.70% Tal5@u 1.55% 180

o1 27.75% waz lui 0.12%) (Sriroth et al., 2000) Fa11vzansalailuingfvormisdasla

Q

' v o @ < 1 v A
NNITIIVITINLONAT ‘W']JTJ”IﬂWﬂ?J‘L!ﬁT]J%‘Hﬁ\‘]ﬁ"IlJ”ﬁﬂI%Lﬂ1!?(31!1J5$ﬂ@ﬂ11!611{i”|5l1ﬂlﬁ@]1€])

(DR 1 a a 1 1 I
8% Iﬂﬂulll'ﬁ\‘lwaﬂigiﬂﬂﬁﬂﬁlliiﬂu$ﬂ1iﬁliﬂlul¢lﬂiﬁ (Khempaka et al., 2009) Lmﬂfﬂﬂiﬂ@nm

v A A IS

A o o Y a A o A ' Y o Iy ¥
L'Hf]\‘lﬁﬂﬂﬂWﬂﬂJL!ﬂ"]ﬂ$“Hﬁ\?lli}ﬂﬂﬂﬂﬂ@ NﬂiNWﬂlTﬂi@]u@n Llﬁzlll‘il’t]alﬁlq\‘l ﬁﬂwaiﬂigﬂ‘ﬂﬂ131‘]§1ﬂ

o o [

J dy 1 9 QBJ} = [ % 9 (2
Gluﬁj"ﬂiGWﬁWﬁulﬂL‘H@ﬂﬂusll']\?%']ﬂﬂ ﬂﬁuuﬁ']ﬂuﬂ']ﬁﬂiﬂﬂb:ﬂi.ﬂ“ﬁuﬁGllf)\iﬂ1ﬂlluﬁ1ﬂ$1’iaﬂiﬂﬂ
ag v Y dy a A A A a = Y d?’ A a ¢ A ] [l
'J‘ﬁfniﬁllﬂﬂ']‘ill“l)'f]’ga1!1’1iULW@LWNﬂiﬁﬂﬂlIﬂiﬁulﬁqxﬂlu m@mimiumu'l%mwamaaaa
A ] A [ 9 o ) v 1 Lﬂy 9 d?’
wolovnzaunsamuszaums Ismndudilzvaslugasormns Inidle lagedu

a a [ a

a ¢ & & A a oA v o o <
daauaziyos (lwreyaunidnioulylunszuiumaniniagavemisdal
4 v @ o o 1 A
%1ﬂﬂ1§ﬁﬂ‘bﬂmﬂ‘]§5)§ﬁ@ Saccharomyces cerevisiae Tumsnidndudieras wunamsany
Y v k4
TsAu'lAdaua 4.4 839 10.9% mslg51lungu Aspergillus  niger dnsoinnTdsauldasua

= ] A a Yo 1 =
4493912.2% LlagﬂTiGlGIfﬁW Rhizopusoryzaeﬁ1u1iﬂlwuiﬂiﬂu1ﬂ@lum 4.7 93 8.8%



(Oboh and Akindahunsi, 2003; Oboh et al., 2002; Oboh and Elusiyan, 2007) faedl uag
= Y v ) [ v 9 zﬂy 1 dy 1
AMe (2551) AnEINT I ¥T U1 ndanTnd181%051 Amylomyces rouxii 11 1At Wy
Y o o [ o YR (R 1 o
’G’ﬂlﬂ’iﬂal‘]ffnﬂlluﬁWﬂ%WﬁQWNﬂﬁluq@ﬁ'ﬂWWWiUlﬂﬂﬂ 10% Iﬂﬂﬂuﬁﬂwaﬂigﬂﬂﬁ@@@IﬁWﬂ'ﬁ
a a a Aa a a Y 1 A d J
L%ﬁi‘llumﬂiﬂ Usumemsnnu L!ﬁ$ﬂi$ﬁﬂ‘ﬁﬂ1Wﬂ13ﬁl‘I§@1W'ﬁ TIUYHUINTU LATAUS (2550)
&4 Y= Yo o v o o9y & . . ) ' Y o
Fa'ldanuimsleiudevdanind 015031 Aspergillus  niger Muiilauiio wunns 19Ty
d1lendandnlugasemisnszdy 10% ausaiyanssouzn1sTaau lauay
Aa a 9 I d” 9 dy A ¢ A 1 1 A I A
']J33'ﬁ‘V]‘ﬁfﬂWﬂ?ii%ﬂ?ﬁTiﬂlﬂQLﬂﬂluﬂqﬂ Ll’f)ﬂﬁ]”lﬂl!ﬂTiLﬁiN!@u"l%N!W@GH’JEJEJ@ﬂ!ﬂﬂiﬂlﬂu@ﬂ
= = A o Y o ) [ v dg‘ Y~
LLU’J‘W”NWH\W]‘L!”I?]%ﬁﬁJ15&&W3J5$ﬂﬂﬂ13‘1‘]fﬂ”lﬂlluﬁ1ﬂ314@\111!@19]5@11413[1'?7!,1!@ "lﬂllﬂ”li
= a I 1 dy ~ Yo a A I [l 1 9
enudimsasuen sl lugasonns Inden lsiagavibe loguiludiuilsznou u 41
4 s A 1 A a a 9
U170 (Lﬂ@iﬂﬂi%uTm 13.2-33%) 'WU31ﬁ13J1§ﬂLWNﬁlliiﬂu%ﬂ”liﬁ]ﬁiy)m‘]_ljﬁhlﬂ (Dusel et al.,
. A A g I
1998; Mathlouthi et al., 2002; Meng et al., 2004; Meng et al., 2005 ) Taaeloiilusenilsznen
% 9 [ 1 1 1 a { I
Tumngiudulendediulngeglunguaiirag lad (Suksombat et al., 2006) il laamiy

1 a

¢ v o o a P L @ VA
@Qﬂﬂigﬂﬂﬂﬁaﬂ ﬂQHUﬂﬁlﬁlﬁiulﬂu]l"ﬁu]l"ﬁauuﬁ Cﬁﬂlﬂul@ulqull(luﬂquﬂﬂ@ﬂﬁa]ﬂlau

] A ' Ed { I
wag laa Jahszannsaumsges lauaz 1415z Tomildve Invug nazienganiiiog

q

£
danadnoaussouzminsyanTavedlniile

9
[ Y

= o AR Ao s A A ]
ﬂ\iuuﬂ'liﬁﬂ‘]ﬁWﬂiqu‘ﬂ\iuﬁﬁi}ﬂﬁgﬁﬂﬂ LW@WHLU?W’NjHﬂWi!WNﬂ']'icl,clf

UszToxi ldvesmadudilznds TasnmsdFurgequarmalavuzuosmatiudrlendsdae

a

an o 9 dy S J a o A o ) @
AFNITHNUNAIYLYDIAUNTEY !Lagﬂ']'ilﬁilllf)uhlcb'llul“]fﬁ'lﬂ!ﬁiuq@ﬁ@WWWiﬂlJﬂ1ﬂ3Ju€T1°lJ$1"i'ﬁ\i
<3| 1w a = 1 ll 9 Y N ¥

Wuunasingau TasAnuinanenisees lauaz 1415z Tomildueslnyus aussouznis

Y
n3yAy Ta uazquamanued Iniio

1.2 Saguszasnveamside

A = A 1 % o o ax o 9 di’
1. L‘WBﬁﬂ‘H”INaEU’E]Qﬂ”IilfINNﬂmﬂ”l‘ﬂNiﬂslfuzsllﬂﬂﬂ1ﬂlluﬁ”lﬂzﬁaﬂTﬂﬂ’(]‘ﬁﬂ”liﬂllﬂ@l’JEJLGHE’J

s 4

4
YA Saccharomyces cerevisiae Was Candida utilis 1S 1¥031 Aspergillus oryzae 9% RTARF]

[ A di’ d’d a a dd‘ v & o [ d‘ 9 I a o [
AadoniFoniidszdnsnmangeandnmadudnlznds e ldiduiagavlugasomsdmsy
W
Tatile
4 % o (% v 1 1 4
2. tednyIwaveIn s l¥minifudilzvaaniin aenisdoslduas 195 Towd 1duog
Y
Tnsug aussouzmanigayIn uazaaninanved lniie

A = a 4 A A % o [V~ 1
3. &W@ﬁﬂ‘]&ﬂﬂﬁﬂl@\iﬂW'ﬁLﬁiﬂJLfJuhlG]fiJVlcl)'ﬂuuﬁﬁlu@TﬁWﬁﬂllﬂWﬂNuﬁWﬂgﬁa\‘]Lﬂull‘Wﬁ\i

@ a

1 1 9 9 0 Y a a
Tanau aemseeo lauaz sz Tomi ldvesInyug aussougmsnsayanIn uaznanInagn

Q

1 dgl
vod'lniie



U

1.3 YOUIUAUDINITIVY

av dyv Y A o o o [ 9 g o a 1 1%
ﬂ”li’Ji]EJLllql\11,1!1!‘1/]il%1!1ﬂ”|ﬂlli!ﬁ”lﬂ$1’iEN11ﬂ%&ﬂujﬁﬂﬂﬂ@11415&&1(7?1\1‘1/‘!@\1\111!

i1 4
meaamsladnTnalugasernis inie TaeinsiUsuljsguainieIasuzueaniniy

q

4
A A

9 [ Y dg, v 9 dij a ad a v = 4
ﬁ”lﬂ%°Viﬂ\‘]Qlﬁq@muiﬂﬂﬂ”liﬁuﬂﬂ?m%ﬂﬂa‘L!Tlifl“]fl!ﬂ@]"lﬁc] D LYDUT A Saccharomyces
4
o a o
cerevisiae \a% Candida utilis 11031 Aspergillus oryzae wazimsasuen el loauualu

A o o v o 1 A A A @ 9
q@]i@]ﬁ]i‘nuﬂ]ﬂuuaTﬂgﬁaQLﬂuﬁQUﬂixﬂ@U LW@V]ﬂ$ﬁ1ll1ﬁﬂLW3J53@Uﬂ151%‘1uq@]5@1ﬁ15

Y Y

Triie 18gaiiu TasshmsAnuinadonisdeslanaz 19y Toni IdvesInsuz aussouzms

a a

Y
3gauTa tazaunnenues Inile

1.4 NQUY aUNARFIM HAZH3ONFOUNUININAAVDINSIVY
A o o v o A ' [~ 4 l @ 09; &%
esnnmatudlenasdain Inyuzaneg Wuesnlsznovsg daiuniniu
o o 1 ° Y 1 4 ] [l a3 v o @ <
dilznanhagamnsothunldtoddndeld  udede lsnaumniudnlenasdiTdsauilu
4 { o 4 [~ J { @ o o 1% A
pensznouiidl  uaztiweloluesdlszneuiigs  msdsulgemndudnlznalasisms
o A4 A s o qw X a = s A A ' v '
winiomnlSualdsauldgadiu - wiemaasuou ladiormunmsdos ldvesTnruziineg

4
Wunuamalums1ilsy Teninnmadudlznasldgein

1.5 sz Teminlasuanmdsn

Y v
9

A o Y Y ) [ 1A =2
1. awnsamuszaums lsmniiudulenaalugases e lagean

C% 9

2. nusgsunmnzaylunslsmntudilendanin wsemniudlzviduasy

3 a o

S A g @ ldy z ) Ay ¥ awv o
Laullcum‘wmﬂumaﬂummsﬁmm"lmua s’mmmmiamwam"l,ﬂmmm’mmﬂuumwn

Q

[

@ [ a {; a d‘ A Y =KX o C% o v o [ dy
11,!mswwm’mqﬂuQmmwmﬂmmu nHanyazAaIsnaInUMnNUaIlz e d 1MUY
¥
Irile'la
A 9 J L o Y d? ' o w |
3. L‘Wllllu')“lfnﬂﬂ131‘lﬂli$Ifl"b'uEﬂ'lﬂﬂ']ﬂiJUﬁWﬂZWﬁQ‘lﬂiﬂﬂ“Uu FIYN1VAUDIUNY LIS an

VA v Y =
mmazf,;{ml,nﬂa’em"lﬂaﬂmwm



YN 2

Y

NUNIUITIUNTINNNLIVDS

d A (v
2.1 ﬁﬂ]uﬂ‘lﬁﬂ!ﬂ‘l'iwﬁﬂNuﬁ"lﬂZﬂﬁﬁrluﬂiglﬂﬂ“lﬂﬂ

9

&Y [~ A o a L2 AA a Jd
Hudlendatatunsiisianie IsoImemans Manihot  esculenta

]
= A

Crantz. ﬁ%mﬂmﬁaﬂwmﬂ%mmmywhm 1&un cassava, yuca, mandioa, manioc, tapioca

a9

'
a =

&% ) [ YR~ A o w a & A I d'ddy ~
iudlznasiluimassgnandrnyrianisvesdsanalne osnnduilssmandinui

£

o o v & v W ! a 1
dgniiudnlenduiluduaun 3 veslan sesnndszme luliile vazusFa aaslumsiei
qu v A 1 a o Jdo o v g v o = 2

2.1 wenantuilszmalnedaiimsdieenwaaduaniudilsnduilusuduniveslan

a a % o v v A 9 A d? A a 9 C% L) 2
ﬂiiﬂﬂ!ﬂ"ﬁW’dﬁll‘hlﬁTﬂ%?iﬁﬂEN?JLL‘IJ%IM?JLWNZ;N‘UH Hesnnsnannudesmsiudilevas

A

9 d' 1 [ a' 4%1 1 1 d' o o =\
ol luilszima uazemsdeosndanuniugeiuodeaeiios dagtiuszmalneiinisilgn

&% <)

dlgvdanuaunnl waasluasian 2.2) Tagmmz,Aag Moo nReur a3
v Y v
mzalgniudilzvdunnigaludszmelne Taelinuimizlgniiy 4,242,124 15 n5e

9 dy ~ o o [ 3 [ o = =
08¢ 54.73 "UE]\1‘W‘L!‘VILWWgﬂQﬂﬂJuﬁ'lﬂgﬁaﬂﬂ\Tﬂﬁgl‘ﬂﬁLlagﬂﬁﬁjﬂuﬂii'l%ﬁﬂ'lllﬂ'ﬁl‘v\ng“]_I@'ﬂ

&% <)

Tudnlenaunnigalulszme waaslumsiei 2.3) Taswiudnlendsaannan lddszuna

9 a O [ 1 v o o @ A A
55% gﬂslﬂuqﬁmwﬂimmiwamﬂmumﬂwm dauraudlenasaanvias sz

v v 3

a  J @ a
45% gnlFlumsnamiududu dudaia wazmskaaemuea (1U5150u1 uazanz, 2552)

o o v o @ a a 2 A @ Slda' v d
llu’ff’lﬂ% mtﬂu’ma@umm‘i%uﬂwm V]Nﬂ')’lﬂlﬁll’l$ﬁﬂﬂﬂﬂ1§1"]ﬂﬁ‘(’J\?’(ff@l']

Q

a 9 3 1A A v o v 3 v a A '
FUAN N "lmﬂuamm Lu’f]ﬂ’ﬂ’lﬂ‘l]ua’lﬂgﬁaQLﬂU'JﬁQﬂ‘Uﬂ'lﬂ'li‘]JiZLﬂVILLﬂ\?TIiJiWﬂ'IQﬂﬂ'ﬂ

[

Aa a d‘ ] 9 d’ o w 9 v
@Qﬂ‘ﬂ@?ﬁﬁﬂizlﬂﬂLl‘ﬂx‘]%uﬂﬂuﬂ U 117 THe (Llﬁﬂ\ﬂuﬁﬁﬁﬂ 2.4) msigualznaan

9

=1 v J ) vy Aa o J
Lamﬁm%wﬂmunumﬁwamﬁmgﬂm



M1 2.1 Ysinawandadudnlzndaweslandwunawiszmaduansiolne 7 2549-2551

1lseime Wanan (1,000 A1)
2549 2550 2551

Tuaise 45,721 43,410 44,582
U 1%¥a 26,639 26,541 25,878
e 22,584 26,916 25,156
oulailge 19,987 19,988 21,593
Aa1n 14,989 15,004 15,019
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2546/47 21,440
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MN: ANINNUATHIAIMIINEAT (2554)
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fan: munauduaneomsdadng (2554)
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68.89  1.70 1.55 27.75  0.12 - Sriroth et al. (2000)
- - 1.71 14.66 - 82.84 aﬁﬁuﬁ:uagﬂmg (2549)
- 3.8 2.6 6.6 0.2 92.6 Suksombat et al. (2006)
53.55 2.83 1.98 13.59  0.13 93.22 Khempaka et al. (2009)
4797 5.73 3.42 14.75 0.5 88.66 e uazame (2552)
50.20 5.32 2.35 14.57  0.53 89.12 YT Loz (2552)

66.22  2.65 3.39 1526  0.24 97.79 Ulﬂi’mql (2550)
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d v o [
2.3.2 aantlszneulnssadnveantlumniiudnlzvial
Y ) [ a 4 a
Taseasvewih lumniudnlzndulsznoudie TnamesvesngInda 2 wiia
[ a J a { 4 1w o
Ao oz luTad (amylose) WuTndwesiFudu Niszneudiong Inmiouasnudleiuszngln
Aaa .. . a a . I a S a A
AN (glucosidic linkage) ¥UA a-1, 4) wazez Ty Tamaay (amylopectin) W Inames1ranave
A " v Y @ aa a [ A & A A J a 4
ng Inaiyeusonuaeiuseng laganyia o-1, 4 vazdrundlunsaninduInawesnglaa

k4 ' v
aMedu iFouasnudenuszng Inganyia a-1, 6 Awdaslunini 2.2

CH,OH CH,OH CH,OH CHy0H
0 ] ] ]
OH OJH OH OH
0 ] ] ]
OH OH OH OH
oz luTae
CH,OH CH,0H
0 0
H H
0
OH HO
|
CH,OH CH2OH CHz CHZOH
0 0 0 0
OH OH OH OH
0 0 0 0—
OH OH OH OH
oz luTamaau

mwi 2.2 TassadunTuanaveses lulad (nmuw) vazes luTamaau (nwaia)

fan: Royal Society of Chemistry (2004)
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o 9

fudnlynduiluingavemnsdaiszinnuil Fuiio ¥l ugaamnssums

=

a ] [ =~ | o o o £ o = A
Naﬁllﬂﬂ uazNmﬂizmumiﬁﬂﬂuﬁwaﬂ ﬁ]glllﬁ'hlL‘Via@tﬂuﬂ”lﬂllufﬂﬂ%ﬂaﬂ“lﬁfJ\‘]ﬂQllLL{lQ‘Via@

E4
v AA v

[l £ v o o < ' =
agszinm 50-68.89% dwdlsoinwaiudlzndstiianyuziiluntlsdou (soft starch) nazil
wva @ g’ < o J a
auavialumsgaduih i luluana’ldsiasys  sildeulsies luaa (amylase) lTumadu
v Y 3 1 Y a Aov v o o o J a S
psvesdnigesuilldsiaisine IMinanadnuddad mszdalazinannunsonnnms
' Y a o A <3 1 o Y a A g 4 1
8000113110801 DnNtliidesinnzaneildlszmnsvesgaunsdniuilse Toeani A

Q

' . . a A 42’ =~ o Y a a A dA
319N1Y ( non-pathogenic bacteria) Tumauaue 1SN Lmznwamlwﬂimmﬁgaumﬂ

4

<3| dy (L . . a 1 Yo I aR
1Huire 15AA0319N18 (pathogenic bacteria) TUNAUDIITANAY mwa“lwamuqmmwmu

= d‘ U o w
2.3.3 ¥Havaagelalumniud)zvias
Y ) @ a 4 : Y o w [ [ I Y
mndudilzuaadilsinabe loge suiludednaneszaums1dlalugas
v y { o J v o v 1 [ .
anisdad e leiiluesnilszneulumniudnlzvdsanlvgodlugl  insoluble fiber
1 Y o Y] k4
AMIANYIVDY Suksombat et al. (2006) WU mnuualeviaslsznounie neutral detergent fiber
v Y
(NDF) 36.7%, acid detergent fiber (ADF) 9.8% a1 acid detergent lignin 3.9% ga'l1Turiia
voae lolumnmiudiilznadatinnuuanaeduaaaadlumsian 27 9InNuUNAa0dvea
Ratanachomsti et al. (2009) wunlumndudnlzwdsiige lesiiamag laaganinaiivag lad
1 1 < 1 % o v A (A
U813 15NMNIUNAADIVDY Suksombat et al. (2006) WuUNMATUEIzHdNUTINUVE
d’ ) =) 1 3 dy 1 % = =) d’ :’I
wolewiiaalirag Taaganiuerag lae ialianuuanannuvesSine  uasyiavoudeleiiy
a dg?} Y] &% o [ Aa 1 v & o 9ld'
praduInnszuIumsanautluindilzvdwwesIssnuniiguamuananiugaildivele

Tumniudilendsnmasesninilsuanaanudaie

d‘ a a A Y o Y
M15197 2.7 Usnawazyiaveaes levesmniudidlzviaa

Crude fiber Hemicellulose Cellulose Lignin References
- 4.58 15.63 2.83 Ratanachomsri et al. (2009)
6.6 27.8 5.9 3.9 Suksombat et al. (2006)
9.02 10.25 3.36 11.43 *

A 9 a o Y a va a @ =) =)
*Na‘ﬂ“1ﬂil”mﬂ1'i’;ll,ﬂﬁ1$ﬁ1Uﬁﬂdﬂ§]U@]ﬂ13 NWW’J‘VIEJ"IaEJmﬂTuIaEJQ’iuﬁ

9 ¥ @

i o dy a & ' a
HONINU ufﬁ‘ﬂgWa\iENWTJﬂ”Ii‘]JuL‘]J’OHE‘TﬁWHi]"lﬂl,"’lf’f)ﬁ WY a1swEezan

a a A = 9 A = A I~ ~ v 9 A
Nnoanssu uazmiwymmaTuuuaﬂmﬂma"lumaﬂ LiJ’fJL‘]JiEJ‘]JWIEJ‘]Jﬂ‘]JﬂH’JIWﬂVIiJI@ﬂTE‘T
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2 Y
a 1 % s
Yudlouasizningest Idunnii (@We, 2546) 1inmsany oeRlsznoun1e InyuzueInIn

9 [ a a

TudenduSeuieunuingavenssiaoug lauaasldluaisien 2.8

Q

3 J CZ2E:) @ @ a v Jd A J
ﬂ'l’i'l\‘i‘ﬁ 2.8 fNﬂ1J5$ﬂ@‘U“VINTﬂ"]fU%GUENﬂWﬂﬂJUﬁ']‘ﬂg‘Ha\umﬁ'J@]Qﬂﬂﬂ']ﬁ']ﬁﬁﬁ')“lfuﬂ@%i‘]

wosidud nAL

Faguit maud1enas 12 Tna mndanaea $197
Taguite 92.6 + 0.06 92.5+0.15 92.1+0.18 93.0+0.10
T1lsau 2.6 +0.06 8.8 +0.09 48.5+0.03 12.1+0.04
st 0.2+ 0.04 4.7+0.04 0.9 +0.03 19.2 +0.02
1t 3.8+0.01 2.5+0.01 6.6 +0.08 13.9 +0.05
ol 6.6 +0.04 2.7+0.02 5.9+0.08 14.6 + 0.09
NDF 37.6+0.18 9.7+ 0.04 153 +0.12 30.7 +0.03
ADF 9.8+0.12 3.5+0.04 9.1+0.20 21.7 +0.05
ADL 3.9+0.04 1.3+0.01 1.3+0.06 9.6 +0.19

N3: Yo (2547)

Y o o [V LY} a o
2.4 m3lgmmiudilznasilunvasingaverisdnd
Y (Y2 v
2.4.1 msl¥mndudlzrasluesanliln
9 @ ) Y] a a 1 dy 9
HaveIms lsmniudnlevdsaoaussougmansyanlaveslnde uaasl
v Y
Tuaseh 2.9 agdldhmndudnlzrdsamnsaldlugasoms lndie lddszina 5-10%
v Y
(WSan wazAmz, 2552; gATH LAZAMY, 2550; Khempaka et al., 2009) minldluszannganiil
1 1 dy ~ a a :’l dy I~ A A & 4
wunlndelaussouzmaniy@ulaaaas Metornduaungnnideleiillussndsznonlu
o o @ % 1 1 3 4 ] gl . o 4 ]
maiudlenas FelasamInapilwbelo liazaieii (insoluble fiber) Mldomnsmaouru
o < g Es 1 1 o 1
145290 euladina lumsdeseiistiosas uazdanarinlimsdoslduaz 19l Toami 18
o 1 I~ 1 % o [ =1 1 a
voalaruzanal (g1e, 2529) anuvhuuazanuiuduvesmniudilzrdioniinadonisnu
Y 1w =l ' v I A @ o v
o s Iduny Taglsan tazamy (2552) 18U NMIdadiaviisnimaiudlevdauiy
L% a Q' [ a a a a 1 dy 9 dgl 4‘
uravingAva s amudaMas Ay In tazlsuumsnueisves Inie lagadiuiie
~ ~ o z dy A [ < 1 I~ ] A " Aa
fSeumsunuesme  Metiiesnnmsdaliaoniisazsisaaanuiiudy Ay
[ [ 1 o o J a [ o [ {
waztloafumsuendrvosadivilsznouomis  lddadtdentuliula  dadveldsulasuzn
1 [~ d‘w Ia o [ = 9 &% o [ 1
augaluemsuaaziiandainu (alsy, 2547) dmsumsansimsldmniudilznasluln
T wudemnseldmndudnlendalugasenns lnla1ddeszay  15%  Tilinansznude

aussauzmswan uazaunnly uavzdwaldnzuuud liuasanas iesanmniiudnlenas
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< @ a { ] 1% a’/‘ L) [
Wudagavensi bilians19d (qus vazaae, 2552) asiumslgmniudnlenaslueimis

1 (=] ~ A A a A I Y a Y
Ta'la 3ep2simsnasauasueasaiio 19 lananana s 1ua1udeaNsveInaIn

2.4.2 wavasnslEmmiudilznasluersgns
pamsldmniudnlendedodussouzmsnanvesgns (uaaaluasned 2.10)
wunamsaldmniudilzvdslugasernsgnioyuialaneszay  15% (5o1uez A,
Y o o [ < Y= [ Aw
2552) sazamnsaldmniudnlznaslugnaan - yulddeszan 30% 55a uazame, 2552;

(% [ ] 9 a
g 2546) Tag hidwaldaussougmsndnanag

Y ~ 1 < Y % o @ Y I o a
Fﬂ’lﬂ"]]@ialja‘Vlﬂa'l'Jll'li]gLWu]lﬂ'ﬂﬂ'lﬂlluﬁ’lﬂgﬁa\? mmmimﬂumqﬂummi

Y ' i1
riiield usedialsAammniudnlendaiilsauludsuud vazlivelo ludinage ilw

[

Y 1 dy [ 9 o w = as A [
53ﬂ°1Jﬂ15Glﬁlfal,uq@]i@'lﬂ'l'iulﬂluﬂﬂﬂuﬂﬂ\m'lﬂﬂ ﬂ15ﬁﬂ‘]&l'IW'l'Jﬁﬂ'lﬁLWiJﬂmﬂ'W]NIﬂ“]fu%ﬂJ@ﬁﬂTﬂ

o 9

v R g A A [ 09/’ av c?/' dy£ = = A A
dlenasatiuaemiaul aniulumsiteasataadlimadne  emuumalumamy
m3lilse Towl ldvesmnliudilzvas TaomsdSudgenaamaInyugvesmnliudilzvas
9 an o 9 dy a S J a o Aa &%
eIt MIniindrereaunid tazmaeiuen leil leanudlugasesniininiu

Q

) [~ T v a
dnlenauiuumrasingay
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v Y
M3197 2.9 waveams lsmndudilzvdweaussougmaniyaulaveslniie

Treatment BW (g9 BWG(g) FI(g/bird) FCR  References
Control 2,422° - 4,566 2.03  Khempaka et al.
4% Cassava pulp 2411° - 4,705 211 (2009)
8% Cassava pulp 2,347 - 4,785 2.23
12% Cassava pulp 2,149b - 3,949 1.99
16% Cassava pulp 2,05 1 - 3,753 1.99
0 % Cassava pulp - 2,756 4,801 1.75  gusauasaue
5 % Cassava pulp : 2,697 4,743 1.76  (2550)
10 % Cassava pulp - 2,679 4,740 1.77
0% Cassava pulp (mash) - 2,421 4,079 1.68  Uauazame
5% Cassava pulp (mash) - 2,546 4,469 1.76  (2552)
10% Cassava pulp (mash) - 2,503 4,390 1.75
0% Cassava pulp (pellet) - 3,017 5,262 1.74
5% Cassava pulp (pellet) - 2,980 5,218 1.75
10% Cassava pulp (pellet) - 2,867 5,075 1.76
Main effect means
Level of cassava
0% Cassava pulp - 2,762 4,756 1.72
5% Cassava pulp - 2,763 4,843 1.76
10% Cassava pulp - 2,687 4,732 1.76
Feed form
Mash 2,497" 4,338 1.74
Pellet 2,949 5,176" 1.76

a v o ' Y ' ¥ o w aa
’b‘luﬂﬂfmulaﬂ]ﬂul!ﬁﬂ\‘lﬂﬂ‘hLW]ﬂ@Nﬂ‘L!@EJNfIUEJE‘ﬁ UNNADN (P<0.05)

9
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M519h 2.10 waveams Ismnifudilzndsaoaussoug msniyau Tavesgns

Treatment Initial FI ADG FCR References
BW (kg) (g/d) (g/d)

0% Cassava pulp 7 685 376 1.83 1581 LATANY

5% Cassava pulp 7 663 360 1.84 (2552)

10% Cassava pulp 7 659 361 1.83

15% Cassava pulp 7 654 354 1.86

0% Cassava pulp 26.2 2,657 720 3.69 w3sed uay

10% Cassava pulp 26.7 2,585 710 3.64 A (2552)

20% Cassava pulp 26.7 2,561 685 3.72

30% Cassava pulp 26.2 2,461 680 3.70

0% Cassava pulp 26.7 2,050 790 2.60 q WﬂJUtUUW (2546)

10% Cassava pulp 28.4 2,050 770 2.65

20% Cassava pulp 28.6 1,930 740 2.61

30% Cassava pulp 28.2 1,970 750 2.62

2.5 ﬂsxmum‘mumwamuiﬂﬁmﬁlmﬂqﬂumms
ﬂ”l'iﬁﬁﬂclu‘ifIN%’Jmﬁﬁiﬂﬂﬁﬁ mm%’nwﬁwmmﬂﬂizuaumssjaﬂﬁmﬂ
a ad A a =\ a ad A 4
a151sznoudunsd w'iaﬂ13nJaﬂuwﬂmmqmmmmiﬂﬁzﬂauaummummﬂmu‘lw
% ' < o A a g o J . .
ﬂiz‘]ﬂuﬂ”l'iﬁiJﬂﬁﬁJﬁmL‘}NUlﬁLﬂu 4 1l5z1am ?A‘I?J mswuﬂﬁiﬁ’wawamﬂumwaa ( microbial
. o A a g J 4 . o A a g
cell or biomass) M3nNnNIFHanaailueu Iyl (microbial enzyme) MsniniliHananily
. Y 4 \
?f”ISLJJVlTU@"laVI ( microbial metabolite) uazmiﬁnmﬁmﬂﬁEJanmTﬂsqﬁ%ﬁwmmsﬂizﬂ@u
. 4 o v o o s & <3| o g ¥ Aa g w
(transformation process) c]Nﬂ”lsmmmﬂuumﬂzwaﬂumm ﬁmﬂumiwuﬂﬂwwawamﬂum
4 A o Jd Aa A J o o o A Y v
51318 Tﬂﬂmimummuwaaﬁ;aumﬂuuﬂ1fmumﬂzwmmaimﬂummiﬁm
o 9 49/ a = J 1 [ A a 091 dy
NMINUNAIYLTDIAUNTY mmsaummuaﬂymzmaﬂimmuﬂuammaEN
dy Y 3 a A % . <3| o A o
W@llm‘ﬂu 2 FUA AD NTHUNLUUINAT ( submerged fermentation) Lﬂumi“ﬁmﬂ‘ﬂ‘ﬂﬂﬂﬂmi
4 v
L‘Wwl,ailﬂﬁ;auﬂ‘imumﬁﬁﬁﬁﬁﬂymzma? 1HU mmﬁmmaﬂaaaﬁ Lla$ﬂ1iﬂﬁﬂLLUULLﬁﬂ
. . I o Ao a o d 9 ~ A v '
(solid state fermentation) WUMITHUNNLMTIANK AN Y08 eune 1y auaons
a a Aa AdA Y 1 eaj [ ] Aa A 9 tﬂy
mﬂgmﬂmmﬁauma ARIMIIMNY 1FU NMTHINNTATATN Iae %31 (mJGli] ,2547)
% I 2K A A Y @ [l 3‘ %
NITHNUNLUULYEIAD Lﬂuizuumwnﬂmqﬂuﬂﬂumwmazmaagiuumm

9
[ Y

1 1% Y { I @ a { o 1
windmilszneunanuesemsiasuseduiuveuvad Jagaunldlumsminuuumandiu
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[~ o A ] [ 3’ I 9
Tnapiluiaarumaonnlssnugaamnisulsznnaisn wu iana uile Hudu
% a 9 v A 9 dy ~ a Y
nszuaumsniinluoiamadrtdonlsnuunlugaavnssy iesnin e lunsnaatios

o < a < @ @ '
W ldaunsamnuranaa 18157 awnsonuauiladelumswinldie

[

o v I o Y a A a Ada
NITUUNLU VLN Lﬂui%ﬂﬂﬂ'liﬂllﬂﬂ]ﬂﬂau‘ﬂiﬂﬂu G]Qﬂﬂﬂll NHMUS

Y

o Y A a &L A a o A a ad o Y,
Tunszuumswinuuuuieiilsnannuiu wielTunaniiigaunidezrih 14y

Qe
D

%

ATZUIUMTHITN  TIADUT AT LS OAUDINTZUIUMIHINULLUR AD HIUABDUNTHI]
Y

"o 9 le A dy ~ o 1 Y Y =g a v Aq Y
"lumucnau ”lmamﬂamwuﬂumwm msl%mﬂclumiamuuaﬂ UBNIINUIAYAVUUNN LY

=\ dy ° = 1 dy dy a A LA 19 Y A A
SUANUBUAN G]f\ii]%“]fil‘(’lﬁﬂ“ﬂiyﬂ1ﬂﬁﬂulﬂ@uﬂ]®%°})’®ﬁ!’du1ﬂiEJ“I/]UhJGI’ENﬂﬁhlﬂ uaﬂﬂmuw

a 4 ~ J

2 2 o VY A ad A a 7 .
L‘Wllelluflnﬂﬂ’ljwuﬂhlﬂi]’lﬂﬂ’lﬁlwuﬁ]’lu'JuGUENﬂau‘ﬂﬁﬂWi@Lﬁﬂﬂj’]Iﬂjﬁulcﬁaalﬂﬂa( smgle cell

. @ A A = Y a 1 [~/ @ Y 2
protein) ﬂig‘U'J'L!fﬂTH‘JJﬂlW@!WiJT‘].]i@]uiuﬁﬁq@ﬂﬂTﬁTﬁﬁ?ﬂiﬂ@LﬂMﬂWﬁﬂﬂJﬂLlUUllﬁﬂ BN

[

A A X @ Y 1 I [ a A
@]Qﬂﬂﬂi“ﬁiﬂﬂﬁ$U3uﬂ13ﬁmﬂllﬂﬂllﬁﬂﬁ3u1ﬁfy’ Lﬂu@@]ﬂﬂﬂlﬁylﬁﬁﬂﬂTﬂQﬁﬁWWﬂﬁﬁiJ

q

MIINBAT FINIE LAZTINIYN 1B F99712 Tna mndudnlznds 5191 VINMIANYID

Anemlumsiiuyasveusyasniaulsznovvewil uaziwelosngaamnssums
a o o [ 1 Y a A % Y A 1
paautaiudlenas nuimsldaunsdlunszurumsndnuuundeamnsnmuyanives
wHanangaamnssumsnanuileld (Pandey et al., 2000)
= I~ =1 o <3 o 9
MNAMIANYIN TS oUNIUMTHEDUVVUVL HazMTHUNBUUKAY  laely
Y
15051 Aspergillus oryzae MUmMsnin uaz 1HewMa0INGATIMNITUMIINYAT 13U 1917813
9 o 9 [ = 9 o <3 I
UNAV 51917 MAFYAY Mauzns1d Mnthay Mo Mndevyu taznmauenen U3
3 o 1 o I A 3 ~ g
dadulunaiin wu lumswiiauuundaTaelddnamadluasadunanusy  43.6% 19
Yy ¥y A 9 dy a aa 8 1 dy A a ) I
ANVVVVUITUAUVOUFD 1 Haddns (8 x10" spores/ml) LurdNgavigl 30°C Wual 72
o a o 2 a = . A o vy
1 Tue Imsihauvesou laiTusaoagads 31.2 Unitgds nazimsniinuunmad Taelddn
& o o @ A .
aatuasasduinmsmauveaeu lasilysaoeiieq 8.7 Unit/gds (Sandhya et al., 2005)
A~ = = d' Y =y @ a I~
MM UNMsulsanInni1eyual melinnslasumlasiagauily

a 4

A o s Y o 9 @ J ~ J
NAANUNNABDINIT T@Elcluﬂiz‘mum'immﬁmmﬁmauulmwu’e‘)ﬂﬁ;auw‘iﬂ mﬂﬂizﬂauﬁlu

[ A

% { o a 4 9 o a J &Y
ﬂig‘ﬂ'}uﬂ'ﬁﬁllﬂﬁ?n U o igau‘ﬂ% ﬁ1iﬁ]']1’i']iﬁ']ﬂiﬂ%ﬁuﬂ?ﬁl U NIITNITHUD

Q
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Al
A ¢

2.6 QaunsgnlFlunszuIumstiin
A Y a = I o o 9 < a A s
mstaenlyaunsdlunszurumsniiniiy vApuilugaunIaning

a a < = Y 3 9 A g A 4
L“’l]ﬁillumﬂiﬁlﬁil UANUARUIETUNUTITAIAU mﬂmﬁymaamﬂqmamﬂﬁumSLﬂBm"lﬂ

aunsalilSuagaunidlsduge  vazlinelfinaensiy  Taesialiydunsdndenlslu

Q

@ 9 1 a ~ X L= o ==
ﬂi%‘]J’Juﬂﬁ‘mJﬂUlﬂuﬂ i]auVISFJGl‘LJﬂQN Yo 91 UaSUUANLIY (91919 2.11)

Q

'
A A )

a ¥ = g < y & a g
Tﬂﬂﬂau‘ﬂiEJ‘I/]‘D%’LHJJ']SlG]fGI,Uﬂ'IﬁﬁﬂHWﬂNu Usznoudlorosda S. cerevisiae,

Y
C. utilis WOLI¥031 A. oryzae

& ¢
2.6.1 \yedan Saccharomyces cerevisiae

A Yo

4 I @ a
daanszna  Saccharomyces WuBaANInduUIUlUgaa NI TUMINAN
4 Y I v o = =2 o w Y o 9
oanegoa YuNils Llagsl(’]ﬂﬂuﬂ'lﬂ'ﬁﬁ@:] (’fﬂiiﬂf, 2547) UMIANHINITHINUIFUNIHUNAIY
Y L. A qug v & ~ a ¢ y )
1BRYAA S. cerevisiae L‘W@Glamﬂu@'l“ﬂ'lihlﬂlu@ Tﬂ&lllmimmauulcmazllmaasluammau
d1 o Y Y 1w 9 I J { a v 1w Y
o ligesiuduuianiiny 0.25:100 naz ldaFailuurasTuTasoui 0.50 Alansuaeiudu
Y a [ v 3 a dal . B a a 1 &% Y Y a [
¥ 100 ﬂIﬁﬂﬁll ANV INUULANIYD S. cerevisiae Gluﬂimm 10 AT ADUULTULNN 100 ﬂiﬁﬂﬁll
o OS] o J A = o o o o YR Y
mmsvinduna 2 M WTJ'J']ﬁ']lJ'lﬁf]LWMTﬂﬁ@]uﬂluiJUﬁ']ﬂZﬁﬁﬂﬁiJﬂllﬂﬂ\i 11.71% (W31,

2550)

XA a ¢ . .
2.6.2 15089 Candida utilis
=l o . I A A 9 a =1 = ~ A =1
vaa  C. wilis (udaanlylumsnan llsauaafonnniga HeIniing
a a < da' ] Y =~ = 9 g; 9 a ~
iyAuTas e uazldlilsdugs swdsennsaldima uazenns ldnateiia
=® v @ o (% 9 dy 1 dy
msanmsnindudlzvdsIaeldgnuilsvouFonauszwnudos1 Chlamydomucor SUTI
dy =S 4 . 1 A =1 % o [ Y= = a
uas¥evad  C wilis  wunansomnTdsauluiudlevaaldne  153% uaziieziilu
4 Y] a { I~ [ H ]
Tulasion 1% welimsdSulsmmgSenlsldmngaulumadunradlulasauin 1% nas
o I~ @ o dyd = d'
msvdailuna 6 Tu (WuUNnI vazay, 2543) wenandumMARYIMIEN Iz an Ty
a = A= 3’ Qy @ o [ d' Ly 9 A 9 Y o
mswaa Ilsausadidornnine ssnuudlaiudnlenas eoaailymauadunadouudii
A o oA < ' o ¢ ' g
paasaan 14 11 uuvaeldsduluemsdad  wunmsldie Endomycopis fibuligera
Y Y
TISTR 5097 uag C. utilis TISTR 5046 lusasiaiv 1:4 (USuasaelsues) Tagimsaeuie
I~/ o Y] QSI‘ a g 3’
E. fibuligera TISTR 5097 1iuran 18 %3119 1899 1n1iu@uie C wrilis TISTR 5046 uag 141
[ { a 1 a I~ 1 g} Y 4
w1 Twana LTy 1.3% @Asuasaedsuas) WuuvasluTasnu agldiminsadut
[ 1T A a (A = 4 [ =) 1 g} Y] Y
qaaa 4.88 niNdeans wazllsmnaldsauneluman 0.63 niuldsaudoriminuma (aela

HAZNTTUIN, 2547)
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X
2.6.3 1%031 Aspergillus oryzae
& A AqY @ o o A a ad g 4 <
15051 4. oryzae ¥ ldviniiuge lumsnandol @1ved uaziilu

o dy 9 = ) v dy =~ o 9
P IMIHUNNUTNUYEN IBITEAZ TUOBN (UMM, 2545) A. oryzae GuTlurasIngniiuld
a 4 I I o A I dy A
Tumswaaeulyyd  wazanswmivlanaieg  Wuswumn  Wesnnilwiesndinnu
Y = a d Y 5’ o 49’ S 9 A
daoans Uminaasiminanlnidnndes 4 omzae Taoiims@esuumaadngn 3o
1 a 1 g a 4 ] :’
5en1AT (koji) WUIFOT1 4. oryzae A1mnsanaaeU Imioanudesuialiiaiald uavms
v A Ao 9 <Y Ao = [ o A a Y]
winfgarigideg la Inidnnligumwanimsniniguvgiige ( gium uazams, 2550)
24 g A Aao & v P a a
WONNIFDT 4. oryzae WwFosinlanvazthudule I¥lunszsuiumsnaneis uagh
= v o A U 9 dy % 1 o Y = A dgl
MIANEIMSHUND Avaeulaelnde 4. orvzae Tumsnidn wunawsem v lUsaunuau
I
910 43.54 10U 49.41% (Lui et al., 2007) 1AZIINNITANYIVDI Zamora and Veum (1979) lums
NIANAADIHADIAIUTD A. oryzae LAZIFD R. oligosporus WUINNAMINTAAINYD A. oryzae
o q ¥ a A& J o v & . 0
aunsai 1 ldsaumuaIun 18.518u 21.6% uagmsnuinae¥e R. oligosporus 1130

T TsAmmuIuaIN 18.5 1511 18.7%
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Ad' dy a A A FY v W a v J
M1319N 2.11 Hf'ﬁ]i]‘au‘ﬂiﬂﬂ(l‘]f‘luﬂ1§'ﬂ31ﬂ'3§°’]flﬂll@1‘ﬂ1§ﬁﬂ']

oyaun3s 91113 fin
iodan
S. cerevisiae Tudlenas AUy Lazaue (2530); TUTY LAY
9N® (2530); 7Y HATIFY (2530);
W31 (2550); Oboh and Akindahunsi
(2003); Oboh and Elusiyan (2007)
uilaiudnlevds Oboh and Akindahunsi (2005)
Mni13vha Abu et al. (2005)
Schwanniomyces alluvius Tud1evag mﬁﬁ’ﬂﬁ(gmsﬂmz (2543)
1‘31ﬁquﬂiﬁwmuﬂq Usenads (2543)
Hudizviag
Schwanniomyces u’ﬂqﬁué’fmzwm NINN gAY (2541); AMA LAY
occidentalis TISTR 5555 AU (2537)
mndudlzrag DUUANNT LazAME (2548)
Schwanniomyces udlafudnlenda NG LAz (2537)
occidentalis TISTR 5346
Schwanniomyces castellii Hudzvias m’f‘;ﬁ'ﬂﬁiuazﬂmz (2544)
Candida utilis vhisnnTseenudls  szSaas (2543); YUNNT azaAme
Judlevas (2543)
Candida sp. WIGANEATGH VT UATIIY (2530)
Candida tropicalis “uﬁwﬂzwﬁa:ﬁ’niww Azoulay et al. (1980)
o9
Aspergillus niger Tudilevd TUTY UaLYNY (2530); ITRY UALITY
(2530); AUTY LLazANE (2530) ;
Oboh et al. (2002)
wasniudlevias Aderemi and Nworgu (2007); Obadina

et al. (2006); Adamafio et al. (2010)
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- A a A LAq Y v W a o
M99 2.11 l%'ﬁ]ﬂau‘ﬂﬁﬂ‘ﬂi‘b’luﬂ1ﬁwuﬂ3§]f‘]ﬂﬂ@1ﬂ1jﬁﬂj (99)

Pl

Foyaunsd GRVEE fiun
!‘%931
Aspergillus niger mMn¥11he Abu et al. (2005)
Amylomyces rouxii Hudlenas fiaenil tazame (2551)
Aspergillus flavus laeniiudlevas Obadina et al. (2006);
Adamafio et al. (2010)
Aspergillus fumigatus nlaeniiudilevias Obadina et al. (2006);
Reade and Gregory (1975)
Aspergillus oryzae AHIHABN Chutmanop et al. (2008);
PATINNTTY Zambare (2010);
AILOHNT Sivaramakrishnan et al. (2007)
Mes Francis et al. (2002)
Mucor sp. W252 WGANEAGH T UATIFY (2530)

Mucor sp.

Rhizopus oligosporus

Rhizopus oryzae

Rhizopus stolonifer

Trichoderma viride
(ATCC 36316)
&’ N A
yaUUANLIEY
Lactobacillus casei

Lactobacillus spp.

mMaNudlevag

nilaiudlenas
A
IANIHADIN
9ATINNT IV
aleviag

laeniudilenads

Judleviaa

laeniudilenads

AuFe azanue (2530)

NINY LAZANE (2545); i3 udnG ag
Lﬁﬂﬁﬁi (2545); Belewu and Babalola
(2009)

Oboh and Elusiyan (2007)

Pothiraj et al. (2006)

Ezekiel et al. (2010)

9Ne azAY (2532)

Oboh (2006); Adamafio et al. (2010)




22

d M
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P o A ] s e
Ll,amau"lqmaaﬂwu‘ﬁzm (ﬂﬁ']mﬁﬂﬂ !,Lazmeqa, 2546)

d < I o %

2.7.1 eulasideanelu (endo-enzyme) 1Huoulminiaululuanavewils Tasrzda

WUBy OL-1, 4 glucosidic szrInTmananglaameludiuveses lulaa uazesluTamaau
( J Y 1
oulmilungui ldun

o’dy o W J

2.7.1.1 noavhos luaa (O-amylase) Tnatou laitivzdaiuse o-1, 4 szrineluana

3) { o o qu ' v @ @ o <3 1w

youhmang Iaaniveguiniu luaunsadaiuse a-1,6 14 anvazmshauiumsguda

LS a o o Y =

Moty eulsituraluagalszna 50 Alaaadu mshavvesen lsidesnsuaadon

P o Aa It a A A Ay = ° N
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9 A v J ay A
llﬂmf‘lWGIf AN IBDI UASUUANLTY
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d S Y Ao o 3
2.7.2 oulasideameuen (  exo-enzyme) iwou laindaiuseiduiuveng Indns

v
AN Y

@ o o 1
WUBE o-1, 4 glucosidic HAZWUTY -1, 6 glucosidic 0w laxailunguil lAun
I~ I @ Av W g’

2.72.1 nglnez luad (glucoamylase) 1o lsindaiusenvuiuvenimang Ina
Y [ ' Y
NIRUTE -1, 4 HATHRUTEN a-1, 6 1AsMIAANUTLNIILINATUTINNNUTE a-1, 4 Tunsdos

[ @ 4 y g’ o

utle i laTuanavesng Tnavzdealdng Tnes luwaaswnuueavhes luaa eulmidiiidmin

a
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U

a

oz luaanuludun3d ¥u 4. niger, A. oryzae uag Rhizopus spp.
S 9 g s o
2722 wu'lmiwdes luae (B-amylase) iluou laindniunieusn Tuanaveuils
Y] 9 A = a 4 L%
waannuendinly TasSunndaeveses lulaavseos luTamanu oulsizdniuse
I 1 { I 09} v A Aaa
o-1, 4 voslwananglaadug ) wahnldezIdihnhaanealaa uadelgnsondnlng
v a 4 a o Y A ] 9
Wusy a1, 6 vesezluTamaau ouladazvgananssy ilvmdeTuanalugy 1w
u lsliudes luaadesmsuaaion ( ca) lumsiinenssy  wées luaany1d e
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o 4 9 9 =4 ] J A
annsadnaeu lsiudes luaa 1d9n98un3d wu Bacilli g Pseudomonas 10U 1351 1n
=1 g’ Ly a Y e’d‘ 9 a A A 3’ [
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15z 50 A lamany UANUEDETN pH 4-9 LA NAUNALAINIT 60°C
p YUY

v o a . 3 o o
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an ¢ 1 dy Y U
Fan oulyilunquil 1dun
1 I~ o ' { g A
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2.7.3.2 1ou lw3ingauud (pullulanase) ueu loinlsdaniuse  a-1, 6 vy
a J o A 1 d 1w 1 o A
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o

] I = ~ A a
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U d'd v v Y Av = d
2.8 ﬂ‘i]‘i]ﬂ‘mJNaﬂE)ﬂ1i1’i3Jﬂﬂim‘lj@)ﬂﬁmm$§1

=

o a ad 9 S & 4 A v
Eluﬂ‘i%'ﬂ’)‘uﬂ’liﬂllﬂiﬂ‘(’Jﬂqa‘Ll‘ﬂi85]3Glﬂﬂhﬂ?ﬂ?imﬂ%%ﬂﬂlﬂu?gZ’TiJ!WEJGlW
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£
a v o o

o v a a dy =4 o 9 = = 3 9 Y
AnudyaoM I yal lnveudogaunid asiusuludedimamssuasasduldimingay
1 7 A sldy a S J a a Y = a A =
apnszuIuMsrinie ldyeyaunsdansaniayayTa laeeniidszansam  vinmsdnw

k4 v Y
masaadunianumnzanlumsvinues¥e  Trichoderma sp. foaNNa1NIT0lUMIHAA

@ & o
o laiuearhes luaa nazng Inez luaa deensasduilsznoudionea Ind (maltose)

9
arsazaneudls udlatnavha uilatnn Tna vazutlaiudilends wuinde Trichoderma sp. a1y
[ % I 09}/ { a 4
mimzauaouea Inagalfidumsasduldanga Tastinsnaaeulmiveavhos luaa uaz
U 4 1 a
ngInoz luaaldgega (Pacheco et al, 2004) HAZMIANBIHAVDILNAINSUDUADNITHAN

J ) dy ' dy a a

ou laineavhoz luad 1010 A. oryzae WUIUTD A. oryzae ansansaan Ialuvealng
I a . Y . o = =
Hazuoa lannIu (maltodextrins) 1aa (Carlsen and Nielsen, 2001) UBNIINUUNITANEING
{ o I oaj o @ o @
aamgimnzanlumsldans lu'lamsaduasdsdy annmsnaassihtiudlenaaly

a A Y 9

sUnuURUAnA1nY 4 wiia Ao wdu dude Twduie  uazdudailanihmsndnnun ms

[ a 1

k4
a 1 % a 1 a 4 '
ﬁ\i ﬂQﬂUﬂﬁluﬂTiﬁlJﬂflﬂ“lfl‘ﬁwaf]ﬁlNiJWﬂﬂﬂﬂ'J']ﬂJﬁHﬂﬁWU@Q&%ﬂi”ﬂWiWﬁ@]t@uvlcb'ﬂﬂf]ﬂll']ﬂﬂﬂ



24

9
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09/’ 9 & 09; & 1 dy tﬂy a G 9 Aa o ° [V
AR FITUnpUMITRAINTaFIsaamsUuouveureyaunsoasauni luiudnlenas
Vo & = Vw & A A 9 o Y P

ad ld1munils JaenusoaanzuvatunnFed g luszezsudumsvinld Use Toanin
Yo A & QA = 9 A o ' o
lasudniszmsnitenae msiei i Tuanavewtlsiivuaduas ¥rolumsiinuves
4 o < -4 o
ulel ozlumaliiianuldsias vy Glunnsuazaas, 2543)
dy = dy ~ v @ ) v 9 di}
2. aNuUFU MsAnEIANNFUIMI AN lumMsHInTud s naan ¥
. an % < . . Y ; A v v A
A. niger TaeTMTHIAUDTLYS (solid state fermentation) ll@]ﬂ’ﬂﬂJ“b’HLiiJG]W]J@QﬂﬁWllﬂ”lﬂ
g A v 1w g [ ] Y
manzanne 60% Iagldyesudulumsniaminy 1x10° alesaensueimis weliszey
= A 42} a I =4 4 dy
Ts@umuavnnay 2.2213u 11.25% (@ualdnsal uazan, 2550) UONIINUNIINATDIVDY
Y ' b
Oboh (2006) nuNANUFURIMINE auveInsuianldeniudilsndedeie
Y '
L. delbruckii, L. coryneformis 33N S. cerevisiae Woas1am 2 :1:1 [anu¥usuduveams
o A A ] Y o = A dgl a I
nuPNMVIZENAD 90-93% e lwszav TUsAumuvuInay 8.2 111 21.5%
I 1 = Y 1 ~
3. anudlunsaae (pH) $9M3nUAY pH Tred lugaimunzay azauisn
° Y a ad A a Y 9 a dy dy o 4
Mlngaunianiaaule 148 uaz linandage msniuan pH vesomsideuseaniniila
a (] 4 ) g o o [
Tasmaduansisznovviaegnaad e livimrnndhnivmes w5elasmsldénsansesis
a o dy 9 1 4 1 @ 1 A v
duas llaenas wennintims ldurasmsven  uazuraslulasoulusasidiuiauganun
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9 v
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A a @ o [ I o [ Aa o [l
wazasaulsunaTlsduvesiudnlenaa ldilu 22.3% (@fuains waz 35, 2548) a1
[ 9 [
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[ % o A 4 I ]
Tua24 5-6 Favir 19 Tdsaumuawdlu 19.45% (TunnT uazany, 2543)
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d‘d U d’d a
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1 Y
T maniinemsninges1 Rhizopus oligosporus unsiudlevndeludaunaa wuims
winludwmaavua 5 das Noasmslierma 2.4 aasdewnil asonIUgNgUUQl
Thoglusavmzanie  30-37°C waz IdalSuung Tnandudaaidemsniyay Taves
4 H a =) Q 1 U 09’ % U (] Qv a d’
Wohgad 252 aansudensumhmindudenduds (Fawad uazane , 2546) LazaN
= (% 9 d‘d 1 a = % ) (% % 1
MIANYINAYDITNTINT I mantaeilsuang Inaniulududnlenasin wonluaniy
9 k2 '
MsldeImasu  Wesiamnsowiy@u Ialdaaniimsldeimeuriauas lildens Taoh
o I g a 1 [ 1 Aa g o o
9ATUTIVOIDIMATY 1 AnTA0UIN A NTaTNEITEAUgUHAN tazANTUM e lud i Laz
o sidy = a a aa Y a A & = a a
Mmligesumsniyaulaanga Tagezlvmlsuang lasludwaasdamsnigan Ia
g A Aa o 1 ] 3’ o 4 v g M 3 A
YoUFoFIga 19.78 Haansuaonsuihminuny Wondniduszezinal 36 $21us (iigias uay
A’ % Y d'd a a ) =} 9
AR,  2546) 104910 IUTTUUMSHUNMUULHINNYTINamMsHaasaninnIzinnuiou
~ 4 a A a Ao qyy v v
AAYUIINATNIYVOUFDYAUNI G 311 11HADINNIITVIBANVTOUONIINTZUY 1AazNI 1A
dy = o Y o a a dy a GG v Y Y q Y
pmasuIziinai Inoasimsniyau Taveudeyaunsdaniing ldeimeuia uazms il

91NA
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Q' v v o (¥} d
2.9 waveamannldsauanmsniniualzvasmatanuazs

o o o v Y a2 ' A A '
ﬂ1S‘Villﬂlluf‘ﬂﬂgWa\?ﬂgﬂﬂﬁﬁlla$51ﬂ9ﬂ1ilwuiﬂﬁﬁu WiJ’JMﬂﬂﬁTlﬂﬂE]ﬂH

a

v @ ) Y] A ~ Y £ g A o ~ o ~
msndniudlzndsaunsomnllsauld Fulunamnnmamuduauvesgaunidlysau
Aq 1 o o o o = Yy F
nlalunszuriumsninnniudillenad (Belewu and Babalola, 2009) 910N15ANHINS Msda

v W o [ 1 A =1 9/3 1 = 3’ ]
S. cerevisiae Tumsndnudendanunansomuldsanlddawn 44939109%  1hwiin
' v v
urta malgslungu 4. niger annsonTdsauldawa 4.4 89 12.2% hminui tazms s
' Y Y
51 R. oryzae 5N 1Usau1d daus 4.7 59 8.8% 1111117011419 (Oboh and Akindahunsi, 2003;
1 1] ;I
Oboh et al., 2002; Oboh and Elusiyan, 2007) FUALINUNITNAADIVDS Oboh (2006) Fautums
Y I
1% L. delbruckii, L. coryneformis SR S, cerevisae vinTUTzHde ndninimdnnlaly
Y ' Y
winlaeniudlenddanss wuneusaiiyllsdulunldeniudnlzndalddue 82 a4
Y v v 9
21.5% vhmtinuds (uaasluansen 2.12) uagmsiiniuvesdsua lvdunuimnamsnaaodl

A I

a o A 4? A v o o (% a 9 J
ﬂiuwm"léumummm @'lmuﬂ\uﬂﬁ]'lﬂﬂluﬂi%‘U'Juﬂ"lﬁﬁ3Jﬂ‘JJ1!ﬁ'T]J%TTﬁﬂﬁgau‘ﬂiﬂﬂﬂTijcﬁﬂ"ﬁU@u
P4
=

nnudlaiudendalumsn)dewdlu lusiu am ldnlFuna lvsunua HAZHANS

naswlaatSnams 1o lanse uazielewuinmmsly s. cerevisiae, 4. niger uag R. oryzae 1u

L)

o @ ) Y 1a o A A~ [ J
fninIﬂﬂJuﬁ'lﬂZ’HﬁQVﬂiWﬂiiﬂmﬂWiI’]J‘Ilé’llﬂﬁﬁ ngLEJ’E]GlfJﬁﬂaﬂlhﬁllﬂﬂﬂﬂﬂﬂquﬂﬁﬂﬂﬂ

A a A Jq 9 J S 1 J Y @ A o
Lu’f]\‘]i]'lﬂi]ﬁuﬂ‘iﬂclﬂfﬂ'liiﬂhl?]!,ﬂiG]!,ﬂuLL‘HﬁﬁﬂWiU@uiuﬂ'ﬁﬁiNWﬁ\?\ﬂu LASNITIWUIIUIU

4 ]

Jd A v o o [ a J
L5aa ﬁ'ﬂuﬂ’lilWiJ%uGUleélj'lsluﬂ’liﬁﬂﬂuuﬁ’lﬂgﬁaﬂ ’f]’mlﬁf]ﬂu’m’lﬂﬂ’li@ﬂﬁj'NeUfNﬁ'li’f]uumgﬂ

A IR A o

[l A & dy a Y a Y A dal
i]1ﬂﬂ1iGlﬁﬁ1i'(,13a1EJT]HJHETWE'EJ'ITT'ITU@QL“K@ﬂauWiElﬂ\nlW'ﬁTI'lGl’ViﬂiiJ'lﬂ‘lmHWiJ“Uu



d' A = v o o v Y A J
M1919N 2.12 WaellBQﬂﬁLWlJT‘]JW]‘LHﬂﬂﬂﬁTTiJﬂll‘Llf‘ﬂiJZ‘ﬂﬂﬂﬂ’Jth’lﬁmlazﬂ

Nutrient (%DM) References

Sample Protein Fat Crude fiber Carbohydrate Ash

Control 4.4 3.6 3.8 85.7" 2.1 Oboh and

S. cerevisiae 10.9" 4.5 32 77.9" 3.5 Akindahunsi
(2003)

Control 4.4 2.6 3.8 - 2.1 Oboh et al. (2002)

A. niger 12.2 5.7 3.0 - 4.5

Control 4.7° 1.1° 2.7 90.6" 0.9 Oboh and Elusiyan

R oryzae 88" 45" 1.6° 76.0° 2.9° (2007)

S. cerevisiae 9.6" 5.0° 1.8" 74.5° 3.0°

Control 8.2° 3.1° 12.5' 64.6' 6.4° Oboh (2006)

Naturally'  11.1° 3.5 6.5 67.3" 6.0°

Inoculated”  21.5" 2.1° 11.7° 51.1° 7.2°

a-c o 4 @ 1 @ v
Tunoau RN ULEAIANULANANAUDEN

v Y
"Wumswiinn lildive

N1

[

9

NNE0A (P<0.05)

Y ]
‘e 19 lumsviin Ao L. delbruckii, L. coryneformis and S. cerevisiae 83160 U 2:1:1

2.10 WAUDINIITHNN

U

INDAUDIHIIN

a a v d
f’)ZTSJﬁiﬂuzﬂﬁﬁlﬁiymﬂiﬂﬂlﬂﬂﬁﬂ%

VY a a a v da
2.10.1 Wi’l"llENﬂ1ﬁ'ﬁNﬂ'J9’]Qﬂ‘IJE)11’11591'0iﬂJ559“8ﬂ15!ﬂ5@!ﬂﬂiﬂmﬂﬂﬁﬂ3ﬂﬂ

mniudlendedmlvgezih ldanuiaas ldnanlugasomsdad 1w

Ta gns wazdar snmssawsenaismsliiudulzndmdndeaussouzmsnsy@ula

[ ~ 1 9 o ) [ o 1 dy
VoIdnIUn (Llﬁﬂ\‘](lu@niﬁﬂ 2.13) Wmmm1ia1%uumﬂ$wawmﬂsl,uqmmmillﬂmau,az

Y
daiteldszana 10 wag

20% awdey Tagludiwansgnuaeaussougmsniyaya

[ = =4 4 @ 1 9 v A dgl = o Y
(agtuazamy2551; gualdnIalazANy 2550; WY31, 2550) uan1s 15 luszaungayuinai v

A Aa 09// dyd| Y o [ v A Aa A L Y
AUITIOUTNITRTUMUAADN VNHLU'E)Qﬁnﬂlluﬁ"lﬂz‘ﬂﬁﬂﬁllﬂll‘]Jﬁll"lﬂlLfl@GlEJ'ﬂgqxi mﬂ&lfluqm

o Tuszauiga

Usz Tomilaveslnrus nagnsznudeaussougmaniyay Inluiohga

aalSuamInueInIg

anlszansnnmsdos lauazms e
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d' Yo o [ o a a G
M1319N 2.13 Namﬂﬂmumﬂzwawuﬂmammuzmimmumﬂmammﬂﬂ

Treatment Growth performance
Final BW ADG FI FCR References
weight  gain (g) (g/d) (g2)
(2)
Control 2242 2201 109.12" 3857 170" pawiluag

ab

59% fermented cassavameal ~ 2,076°  2,024° 96.37° 3,813 1.88

AuE (2551)'

10 % fermented cassava meal ~ 2,126' 2,081 99.11" 3,863 1.86"

15 % fermented cassavameal ~ 1,912° 1,938 9235" 3,687  1.90'

20 % fermented cassava meal ~ 1,914° 1,869 89.02" 3,542 1.90°

NC+Enz* 3,067° - 53.81° - 226" qudldnsal
10 % fermented cassava meal ~ 3,338" - 58.79" - 2.07° HAZAE
20 % fermented cassava meal 3,165b - 55.56" - 2.19° (2550)2

30 % fermented cassava meal 3,068° - 53.84° - 227"

pC’ 3215° - 56.46" - 2.16°

Control - 1,659° - 3414 206" 9W¥31(2550)°
15 % fermented cassava meal - 1,459b - 3,242b 2.19%

30 % fermented cassava meal - 1,43 1° - 3,199b 223

45 % fermented cassava meal - 1,367b £ 3,063bc 2.23°

60 % fermented cassava meal - 1,158° S 2,887° 2.49"

S o v

- @ 4 @ 1 Y] ] ) aa
* TupoduilinefunaaIanuuaNA AU NNTBd 1A YN 1Nana (P<0.05)
1R 9 o o [ % dy . 1 dﬁl
Anyms Iiud e vdanaingos) Amylomyces rouxii lue1ving lntile
o @ % L 4 I g
FnumslFdzndwmdnuuunad et Aspergillus niger Tuo1m1sidaitio
2
*Anpms IdudzvdaninTdsAugaluemnslnie
*Negative control (NC) t;f,mawmﬂmﬂuﬂﬂ&mgm?mau"lc]m‘{”lwwm 500 CFU/kg

*Positive control (PC) §AI91M13AIVANINA
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L% a v

2.10.2 HAVDIMIHANTAQAVDINISADANIFAUZM I YAVIAVDIGNS
2 Yo o o o = 1
nnmsaAnyIMs Isiudilenasin Tlsaugaluensgninaiuy nazqns
1 v ~ 1 Y o 9 [ = 1 9 o o
srozU-yu NUNGNsIMsdos 1a veaTaguits wasnu nazTusaudoudied (@ie tazame,
2532; olaan wazgiie, 2530) wagmsanyimsldiudilzvasminllsaugamaunulatedn
Tuomisgngns nunawsaldiudnenduninTsaugalugaseris lddesedn 50% nie
naunuda1ednnld 100% vadunumskanzgs mszms IsdudilznainTdsAugalu
O N T A o o vy 2 9 v o = ' Yo
gasommamuay Sududounuszan lviiuluemis dgaiuaie aniuva luaas 4
dnlzvdaniinTsAugunu 30% Jeezildaussouzmskaaguezdunu ([@uds uazaug,
da/ a Y] % 4 Y= 9 o o Y] Y A =)

2530) wenv Nt Aude uazuradung ( 2530) laanwins diudevaaminmyTdsAuan
dy = s A 9 1 1 9 o o [ %
1931 tazdad onaunuilareinluensgnsju-yu wungnsansalsiudnlsnaamin
18luszén 40% vosgaseins Taglilinansznusesanimaniyaula tazlszansnimms
9 ! Yo o @ @ Y= dyo/ ' Y o
Moy  dagnsyuennsaldiudnlendminldae  60% wenandidanuins g
o [ v = o Y o [ [ c'. 1 9 9 z dy a
dlevdanin Tnaildanumn lududundsvesgnsdiniimslglaredn netioramann

m3liiudilzvdminmullsdulugasenis dna i ldgnseunsoldlse Tominnudeld

3 A= A g < v o v 9 ' '
IUN mma’amuﬁzfcmnJu”lwuﬁuwmuaﬂmmqumuau

2.11 mﬂ%’mu‘lmﬁdaméﬁﬂ( Non-starch polysaccharides degrading enzymes) u
Qﬂmﬁnssumﬁwaﬂ‘lﬁeﬁa

woauwsnn sei 11 19sle (Non-starch polysaccharides, NSP) w3otioly iy

miTulaasa Tnseadrvewsadity saiube lofidinnluwdasyity Fuduamsaedmms s

d‘ o d' (% a v Jd o J (] 1 1 dy 9 1Y
Tﬂﬂb"l!ﬁ/lﬁ?ﬂﬂJU‘VIWTJGlu’JG]QﬂU@Tﬁﬁﬁ@’J ﬁ'ﬁ’lllllﬁnﬂiﬂﬂﬂﬂﬁﬁ”IEJﬁﬁ!fHﬁWullﬂ Usgnounulu

Y
@ a v J =

v A 9 9y A Y a3 1
‘ﬂﬁ]i} ‘LlllﬂﬁolﬂlfNﬁWﬁ@EJhlﬂ‘VlNﬂﬁLﬂHﬂiﬁiﬂQ@ﬁTﬁﬂiﬁNi%LﬂuD@ﬂﬂU@WWﬁﬁﬁ’JMTﬂ‘Uu YU

a
1 9
=< o

% ) [ 9 tﬂy <3 4 g} @ I~ 9 a 1 A
mndudlznas mougwin madlewaaluthawigiu dudu 49 TagAunaunumarid
4 g s { o o do P2 ' o & ' '
weluiluesdlszneunge ihlddanilu1dlss Temilddouded deondwa  nsznude

Aa a v NY o QSI‘ a g A v IR I A
aussouzmansyaulavesdadld dniumsasuen lmideaweluensdal duiludn
A & A Yo o [ (] A A a o Jd
madenuiaflasuanuauly  Taseulwilunquissteleniinsiasuluomsdal wu
a 2 v & = Y o
loauue wagaa ngauua madmd waguuunuud Wudu desrwaziveansldou ladly
v 1 4 v
nguasnan lauaas 13 lumsied 2.14 ssmaesuinadugluuu@eazuuusay (Adeola and

Cowieson, 2011)
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q‘ a a A A J dy
M19190 2.14 Lmﬂwumgazﬂimmmmmu”Mummﬂmmﬁ‘lﬂm@

Enzyme Level Diet References

Cellulase, pectinase 0.1 g/kg Wheat Meng et al.

Cellulase, xylanase+glucanase (2005)

Cellulase, pectinase, xylanase+glucanase

Cellulase, pectinase, xylanase+glucanase,

mananase-+cellulose

Xylanase, protease, amylase 0.1 g/lkg Corn, soybean Zanella et al.
(1999)

Xylanase 0.02 g/kg Whole wheat Engberg et al.
(2004)

Xylanase, glucanase, pectinase, cellulase, ! Corn, soybean meal, Meng and

mannanase, galactanase canola meal Slominsky
(2005)

Cellulase, glucanase, xylanase, pectinase2 0.15 g/kg Canola meal, Kocher et al.

Cellulase, glucanase, xylanase, pectinase3 0.40 g/kg sunflower meal (2000)
Glucanase, pentosanase, hemicellulase 1 g/kg Organic corn, organic ~ Buchanan et
soybean al. (2007)4
Xylanase, glucanase, cellulase, pectinase 1 g/kg Wheat Gao et al.
(2007)
Xylanase, glucanase 0.05 g/kg Corn and sunflower Mushtaq et al.
meal (2006)
Xylanase 0.1 gkg Wheat Vandeplas et
al. (2009)

"5znoudie xylanase 1,000 U, glucanase 400 U, pectinase 1,000 U, cellulase 120 U, mannanase 280 U Liai¢ galactanase 180 U/

kg diet

3 § a
2L1Jumu”1mﬁﬁ“1$fmn€gauw§5 Trichoderma viride
3 sy ¥ a S S )
L“]Jumu'lvnmhlﬂmnegaumﬂ Aspergillus aculeatus
I A o a =
‘Wuamaasesninlulndunss
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v o [ YR~ 1] a { 4 % 4 1 [~ a
mndudilznauiluiagaunitine lege FuveleTasdmInapdhueiimag Taa
Ysznev li/dreTaseadraves arabinogalactans,  arabinoxylans,  glucuronoarabinoxylans,
= 1 VoY A a
glucoronoxylans, xylo-glucans 11ag [3-Glucans ¥4 Tagaulvguause lodssnnaiiag lag
~ I 4 [ [ ng 3 csyd Yo A A
i lsnaudluesfilsenoundn auiulununaassnsaiagldnadeneu lsmi leauuaie
a A o o v 1
sy luemnsnimniudlzvastluaiulseneu
I~ E A a a &~ o [
oulad laanuaidueou lmidesielosiiaelivaglaa  Falinrwsumzao
(] 4 ] 3 a J
m3eoe lauau Tagou'lysl lyanuaazdoslnseaivvedlsuaunatodlulslalod Inusans
¢ 9 ) ) o C a A v ' A a
15d 1nTaseadasenlinaadumedunazgnion lsdatiadwd lUdesaaranuay uaz
9 a Y 1< A g’ A @ o
lanandagamooonuuilulelag (xylose) niothmialumnamen Taganyuzn1siauves

ou Tl lanua lauaas 13 lunnwa 2.3

Arabinoxylan

f

Endo-1,4-p-xylanase
Z T lFeruloyl esterase l

a~-Arabinofuranosidase smaller polysaccharide

Ferl;te :T o T Tf ‘ : ;

B-xylosidase l arabinose

Xylose Y
M3 2.3 myauveaeu Tal Tsaue (xylanase)

ﬁm: Challenge group (2004)
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a d y
2.12 waveamstasaueu lusitoataly (Non-starch polysaccharides degrading enzymes) Tu
" &
0113 INtife
av A A 9 o 9 1 A
VINMITIVTINONTINNMITING  NReItosnums IHeu laidosivelelu
J 4 % { ) 4 A a a
o3 Intile &9lduaasAlumsien 2.15 Tasagy msasueu lsdaunsamulSuanmsnu
1 dy ng dy a o SR o Y A 1 A 1 Y
psved Inile el erAannmsiinuvesen lsidaimihilumsdouitels danald
115 NANNNNanad (Mathlouthi et al., 2002; Alam et al., 2003; Amerah et al., 2009; Hajati et
1A 9 d?’ = A g’ Y dy a <3 Eal
al., 2009) lnaue s lawnau uaz Twalumsmuiihmings vennntimsasuou laides
d’ [ 1 d‘ d‘ U 1 Y a d’ =R o 1
wolodereanilymveuse leiaz lvaunemsdos laves Inruzatinous samdedare
1 % [ v A a T 1 { g J '
Yanave Taguz e wu Tdsau ludu Iaiiu vieussigaes Miluesdlsznovusgnielu
o 4 A 1 FYR~1 P o 1 o J [} 1 dy 9 A 4%)
priraduesiy dena liou leiivasaniemedad aunsodos Inyuzimiaril lamuiu
1 L a A 4
dawalidaitiiszaninimmsl9om13geiu (Mathlouthi et al., 2002; Alam et al., 2003; Gao et
al.,, 2007; Amerah et al., 2009 and Hajati et al, 2009) FRINsUATANY (2552) ARBINSIATY
o A o o v 1 ' a 4 4 =) A
ulailuomnsilimniudnlzvauiludiulsznou wunmsasuou lad lutina lunsi
g’ v o 1 A Aa a 9 1 dy 9y ° @ a I g ¥
wingy uaaunsamulszaninmms ldemsvedniield  dmSuriaveudu lainly
a Ado  a ' 9 a0y ¥ s A o A S
wsuluems Adagaulunguuesdnad 41alwa 417156 nSemnoamdes iu
1 1 ] o B J .
dailsznen drulvgeziduenlsilungulyanvuauaznganua (Mathlouthi et al. (2002);
Alam et al. (2003); Wang et al. (2005); Meng and Slominski (2004); Meng et al. (2005); Amerah
.. A A 1 ] @ a 1 dyd a a
et al. (2009); Hajati et al., 2009) tio391ne loa1u Ingvedingaumariitlusiaeimag lae

il lsuawiluesdilsznovgs
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q‘ a g Ea A 1 a a ' dy
M1919% 2.15 WaGUE]\1ﬂ15lﬁ53JL’E]‘Ll]l"lfllEJ’E]EJLEJE]iEJiu’Eﬂ‘VHi@@ﬁﬂJiiﬂu$ﬂ1iﬁ]5ilull,@]‘]_liﬁellflﬁhlﬂluﬁl

References Age Treatment i BW FeR
(day) (g Gain (g)
Kocher et al. 7-28d Canola meal - control 1,902b 960° 1.99°
(2000) Canola meal + enzyme A' 1,945" 1,012" 1.92°
Canola meal + enzyme B’ 1,885" 994" 1.90”
Sunflower meal - control 2,201° 1,241° 1.78°
Sunflower meal + enzyme Al 2,144° 1,220° 1.76°
Sunflower meal + enzyme B’ 2,154° 1,194° 1.80"
Mathlouthi et al. 4-18d Corn-base diet 478" 313" 0.656%*"
(2002) Rye-base diet 397° 178° 0.437%%"
Rye-base diet + enzyme3 524 281" 0.534%*°
Alam et al. (2003) 42d Corn 3,271 1371° 247
Corn + alquerzim 3,310° 1,525° 2.24°
Corn + roxazyme 3,332 1,563" 2.19°
Corn + feedzyme 3,298" 1,519° 2.24°
Meng et al. 18d Wheat 682 466" 1.46"
(2004) Wheat + carbohydrase 692 491° 1.41°
Wang et al. 7-42d Control (C): wheat -SBM 107.8%* 1,831 2.07
(2005) C + enzyme' (0.02%) 105.5% 1,861 1.98
C + enzyme' (0.04%) 105.8% 1,887 1.96
C + enzyme' (0.06%) 106.8% 1,907 1.96
C + enzyme' (0.08%) 108.2% 1,918 1.98
C + enzyme' (0.10%) 107.6* 1,923 1.96
P-value : linear 0.40 <0.01 0.03
Meng and 5-18d Corn diet — control 601 430 1.40°
Slominski (2005) Corn diet — enzyme’ 619 455 1.36°
Corn—SBM diet 637 473 1.35
Corn—SBM diet + enzyme ’ 653 496 1.32
Meng et al. 5-18d None (control: wheat-SBM) 668 436" 1.53°
(2005) c+p° 687 459° 1.50"
c+XaG’ 695 470 1.48"
C+P+XG’ 678 456" 1.49°
C+P+XG+MC’ 676 466" 1.45°
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q‘ a Al d' [ a a 1 di} [
M1319N 2.15 wammmimsmau"lmuﬂaﬂgﬂaiaium‘Vi15sslafm5saugmsmtymuimaﬂmua (919)

Feed Intake Body Weight
References Age (day) Treatment FCR
(2 Gain (g)
Slominski et al. 5-18d Flaxseed diet 675 445 1.48"
(2006) Flaxseed diet + enz7(0.002%) 685 467 1.47°
Flaxseed diet + enz7(0.01%) 680 465 1.46"
Flaxseed diet + enz7(0.05%) 681 470 1.45°
Gao et al. (2007) 7-49d Wheat 4,026 1,652b 2.43"
Wheat + xylanase (0.1 %) 4,169 1,775 2.34°
Olukosi et al. 21d Control (C): Rye-Wheat— SBM 811 513 0.643%*
(2007) C + xylanase 400 U 842 539 0.645%*
C + xylanase 800 U 866 571 0.659%*
C + xylanase 1600 U 779 506 0.648%*
C + xylanase 3200 U 882 593 0.672%*
C + xylanase 32000 U 906 605 0.668**
Tahir et al. 15-27 d CP21 (Corn — SBM) 1,143 708" 1.63"
(2008) CP21 - enzyme' 1,123 774" 1.45°
CP19 (Corn — SBM) 1,043 629° 1.68°
CP19 - enzyme' 1,099 701° 1.57°
Hajati et al. 1-44d Corn—SBM-Wheat Diet 5,305 2,850 1.86'
(2009) Corn-SBM-Wheat Diet + Enz.” 5,350" 2,960° 1.80"
Sundu et al. (2008) 42d Copra Meal (CM) 3,488 2,291b 1.59
Copra Meal (CM) + enzyme'’ 3,503 2,326" 1.55
Amerah et al. 21d Soft wheat 1,261° 912" 1.38°
(2009) Soft wheat + xylanase 1,338" 958° 1.39°
Hard wheat 1,401° 991° 1.41°
Hard wheat + xylanase 1,319° 977" 1.35°
Luo et al. (2009) 1-42d Control (C): Wheat-Corn-SBM 3,973 1,925 2.07°
C +enzyme'' 500 U/kg 3,824 2,052 1.86°
C +enzyme'' 1,000 U/kg 3,998 2,098 1.91°
C +enzyme'' 5,000 U/kg 3,687 2,011 1.84°
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Y A Rl 4 ' 2 2 &
M99 2.15 wavesmaasueu laddoaite leluemsasaussouzmsnsyau Taves lnile

(719)
Feed Intake Body Weight FCR
References Age (day) Treatment
(2) Gain (g)
FANT LazAe 45d Cassava pulp 0% 4,549 2,776 1.64
(2552) Cassava pulp 5% 4,422 2,711 1.64
Cassava pulp 10% 4,515 2,702 1.67
Cassava pulp 0% + enzyme12 4,295 2,758 1.56
Cassava pulp 5% + enzyme '~ 4372 2,716 1.61
Cassava pulp 10% + enzyme]2 4,181 2,532 1.65
Level of enzyme12
0 ppm 4,495° 2,730 1.65°
200 ppm 4,283 2,669 1.61°
Level of cassava pulp
0% 4,422 2,767 1.60
5% 4,397 2,713° 1.62
10% 4,348 2,617° 1.66

““Means within a column with no common superscripts differ significantly (P < 0.05).

lEnzyme A = contained cellulase (10,800 U/g), endo-1,3 (4) B-glucanase (21,400 U/g), and endo-1,4- B-xylanase
(37,700 U/g) activities as well as pectinase side activity (177 U/g measured as polygalacturonase): added at 150 ppm.
2Enzyme B = contained endo-1,3 (4)-f3 -glucanase (54.7 fungal xylanase U/g), hemicellulase (15,000 hemicellulase U/g),
and pectinase (3,017 U/g, measured as polygalacturonase) added at 400 ppm.

3xylanase and B-glucanase added 20 mg/kg of diet.

4Enzyme mixture contained 6,225 U/g xylanase and 3,200 U/g B-glucanase.

*Cocktail enzymes contained xylanase (1,000 U/kg), Glucanase (400 U/kg), Pectinase (1,000 U/Kg), Cellulase (120 U/kg),
Mannanase (280 U/kg) and Galactanase (180 U/kg).

‘C=cellulase; P=pectinase; XG=xylanase and glucanase; MC=mannanase and cellulose, added at 0.1 g/kg of diet.
"C=cellulase (340 U/g); P=pectinase (10,000 U/g); XG=xylanase (63,600 U/g) and glucanase (48,300 U/g).

*Cellulase (0.33 U/g), Hemicellulase (2 U/g) and Pectinase (2 U/g).

9Arabinoxylanase and B-glucanase added at 500 mg/kg of diet .

]OAllzyme SSF (cellulase, pentosanase, protease, phytase, glucanase, amylase and pectinase) added at 0.4 g/kg

diet and Hemicell (mannanase) added at 1 g/kg diet.

"Microbial xylanase containing 10,000 U/g xylanase activity.

2Cocktail enzyme (WheatEase"-M MP) contained [3-mannanase (200 MU/kg), xylanase 440 (MU/kg), 3-glucanase (230-270
MU/kg), 0-Amylase (80-120 MU/kg), cellulase (80-100 MU/kg), pectinase (2-3 MU/kg)

*Feed Intake (g/d)

** Gain/Feed
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Ad' J 7 o v Y .
M1319N7 3.1 p3ndsznauNe Insuzvesmniud1lenaanin (as fed basis)

Component %
Dry matter 94.39
Crude protein 11.82
Ether extract 0.15
Crude fiber 10.60
Ash 1.58
Calcium 0.07
Total phosphorus 0.03
Starch 35.54
TME, kcal/kg 2,049

Amino acid (g/100 g)

Aspartic acid 0.143
Serine 0.101
Glutamic acid 0.250
Glycine 0.086
Histidine 0.040
Arginine 0.136
Threonine 0.107
Alanine 0.137
Proline 0.092
Valine 0.096
Lysine 0.130
Isoleucine 0.072
Leucine 0.131

Phenylalanine 0.078
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A . v & o <
M1919N 3.2 Z‘T’J‘L!']Ji%ﬂ@ﬂﬂlﬂﬂg@]iﬂ"m"lﬁblﬂmﬂixElxuiﬂ (0-21 3U) (MINADDIN 2)

Fermented cassava pulp

Item Control 4% 8% 12% 16% 20% 24%

Ingredient (%)

Corn 54.50 50.50 46.50 42.50 38.50 34.50 30.50
Soybean meal 20.61 20.28 19.94  19.60 19.25 18.90 18.49
Fish meal 8.50 8.50 8.50 8.50 8.50 8.50 8.50
Full-fat soybean 10.50 10.50 10.50  10.50 10.50 10.50 10.50
Fermented cassava pulp  0.00 4.00 8.00 12.00 16.00 20.00 24.00
Soybean oil 1.91 2.46 3.01 3.57 4.12 4.66 5.19
Cassava starch 1.25 1.02 0.79 0.56 0.34 0.13 0.00
Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30
DL-Met 0.23 0.24 0.26 0.27 0.29 0.31 0.32
CaCo, 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Dicalcium P 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

Calculated composition (%)

ME, kcal/kg 3104 3104 3104 3104 3104 3104 3104
Met + Cys 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Lys 1.2 1.2 1.2 1.1 1.1 1.1 1.1
Ca 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Available P 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Analyzed composition (%)

DM 88.09 88.36 88.50  88.36 89.11 89.20 89.80
CP 23.33 23.03 2339 2395 23.82 23.63 23.61
CF 3.68 441 4.60 4.82 5.37 5.60 6.46

"Premix (0.5%) provided the following per kilogram of diet: vitamin A, 15,000 IU; vitamin D3,
3,000 IU; vitamin E, 25 IU; vitamin K3, 5 mg; vitamin B1, 2 mg; vitamin B2, 7 mg; vitamin B6, 4
mg; vitamin B12, 25 pg; pantothenic acid, 11.04 mg; nicotinic acid, 35 mg; folic acid, 1 mg;
biotin, 15 pg; choline chloride, 250 mg; Cu, 1.6 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; I, 0.4 mg;
Se, 0.15 mg.
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M19194N 3.3 Z‘T’J‘L!']Ji%ﬂi’]‘].lﬂlﬂxiij@]i@"lﬁﬁblﬂmﬂ (MINAABIN 3)

Fermented cassava pulp

Starter (0 to 21 d)

Finisher (22 to 42 d)

Item Control 4% 8% 12% 16%  20% Control 4% 8% 12% 16%  20%
Ingredient (%)
Comn 5450 50.50 46.50 42.50 38.50 34.50 63.50 59.50  55.50 51.50 47.50 43.50
Soybean meal 20.61  20.28 1994 19.60 19.25 18.90 1565 1533 14.97 14.61 1422 13.80
Fish meal 8.50 8.50 8.50 8.50 8.50 8.50 5.00 5.00 5.00 5.00 5.00 5.00
Full-fat soybean 10.50 10.50 10.50 10.50 10.50 10.50 10.50 10.50 10.50 10.50 10.50 10.50
FCP' 0.00 4.00 8.00 12.00 16.00 20.00 0.00 4.00 8.00 12.00 16.00 20.00
Soybean oil 1.91 2.46 3.01 3.57 412  4.66 1.18 1.74 231 2.87 3.43 3.97
Cassava starch 1.25 1.02 0.79 0.56 034 0.13 1.25 0.98 0.73 0.51 029  0.13
Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.22 0.22 0.22 0.22 0.23 0.23
DL-Met 0.23 0.24 0.26 0.27 0.29 0.31 0.15 0.16 0.18 0.19 0.21 0.23
L-Lys 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.07 0.09 0.10 0.12 0.14
CaCo, 0.70 0.70 0.70 0.70  0.70  0.70 1.00 1.00 1.00 1.00 1.00 1.00
Dicalcium P 1.00 1.00 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 0.50 0.50 0.50 0.50 0.50
Calculated composition (%)
ME, kcal/kg 3104 3104 3104 3104 3104 3104 3104 3104 3104 3104 3104 3104
Met + Cys 0.9 0.9 0.9 0.9 0.9 0.9 0.7 0.7 0.7 0.7 0.7 0.7
Lys 1.2 1.2 1.2 1.2 1.2 1.2 1.0 1.0 1.0 1.0 1.0 1.0
Ca 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.9
Available P 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.5
Analyzed composition (%)
DM 88.09 88.36 88.50 88.36 89.11 89.20 88.37 87.23 88.64 87.95 88.34 88.55
CP 2333  23.03 2339 2395 2382 23.63 20.28  20.60 2039  20.18 20.05 20.73
CF 3.68 4.41 4.60 482 537 5.60 4.46 4.75 4.82 4.93 5.21 6.20

'FCP = Fermented cassava pulp.

? Premix (0.5%) provided the following per kilogram of diet: vitamin A, 15,000 IU; vitamin D3,

3,000 IU; vitamin E, 25 IU; vitamin K3, 5 mg; vitamin B1, 2 mg; vitamin B2, 7 mg; vitamin B6, 4

mg; vitamin B12, 25 png; pantothenic acid, 11.04 mg; nicotinic acid, 35 mg; folic acid, 1 mg;

biotin, 15 pg; choline chloride, 250 mg; Cu, 1.6 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; I, 0.4 mg;

Se, 0.15 mg.
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M19190 3.4 Z‘T’J‘L!']Ji%ﬂi’]‘].lﬂlﬂxiij@]i@"lﬁﬁblﬂmﬂ (MINAABIN 4)

0.1% Xylanase 0.2% Xylanase
Item Control 8% DCP'  12% DCP 16% DCP 8% DCP  12% DCP  16% DCP
Ingredient (%)
Com 55.00 47.00 43.00 39.00 47.00 43.00 39.00
Soybean meal 20.71 23.01 24.18 25.29 23.30 24.22 25.04
Rice bran 7.52 3.75 1.81 0.01 2.76 1.63 0.86
Fish meal 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Full-fat soybean 5.00 5.00 5.00 5.00 5.00 5.00 5.00
DCP 0.00 8.00 12.00 16.00 8.00 12.00 16.00
Soybean oil 3.61 5.19 5.93 6.68 5.15 5.99 6.88
Cassava starch 1.55 1.34 1.37 1.31 1.98 1.35 0.41
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25
DL-Met 0.26 0.26 0.26 0.26 0.26 0.26 0.26
CaCo, 0.60 0.60 0.60 0.60 0.60 0.60 0.60
Dicalcium P 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Xylanase 0.00 0.10 0.10 0.10 0.20 0.20 0.20
Premix’ 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Calculated composition (%)
ME, kcal/kg 3199 3199 3199 3199 3199 3199 3199
Met + Cys 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Lys 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Ca 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Available P 0.6 0.6 0.6 0.5 0.6 0.6 0.5
Analyzed composition (%)
DM 89.26 89.42 89.02 89.08 89.47 89.12 89.41
Cp 18.23 17.69 16.98 17.20 18.10 16.50 18.75
CF 6.56 7.96 7.10 8.35 8.71 8.42 8.25

'DCP = Dried cassava pulp.

*Premix (0.5%) provided the following per kilogram of diet: vitamin A, 15,000 IU; vitamin D3,
3,000 IU; vitamin E, 25 IU; vitamin K3, 5 mg; vitamin B1, 2 mg; vitamin B2, 7 mg; vitamin B6, 4
mg; vitamin B12, 25 pg; pantothenic acid, 11.04 mg; nicotinic acid, 35 mg; folic acid, 1 mg;
biotin, 15 pg; choline chloride, 250 mg; Cu, 1.6 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; I, 0.4 mg;

Se, 0.15 mg.
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M19190 3.5 Z‘T’J‘L!']Ji%ﬂi’]‘].lﬂlﬂxiij@]i@"lﬁﬁblﬂmﬂ (MINAABIN 5)

0.1% Xylanase supplementation

Starter (0 to 21 d) Finisher (22 to 42 d)
Item Control 8% DCP' 12%DCP  16% DCP Control 8% DCP 12% DCP  16% DCP
Ingredient (%)
Corn 52.00 44.00 40.00 36.00 55.00 47.00 43.00 39.00
Soybeanmeal 2408 25.69 26.9 27.79 2125 2317 24.05 24.99
Rice bran 670 3.6 1.59 0 671 320 1.65 0
Fish meal 9.00  9.00 9.00 9.00 400  4.00 4.00 4.00
Full-fat soybean  3-00  3.00 3.00 3.00 800  8.00 8.00 8.00
DCP 0 8.00 12.00 16.00 0 8.00 12.00 16.00
Soybean ol 287 431 5.07 5.77 223 372 441 5.13
Salt 030 030 0.30 0.30 026 026 0.26 0.27
DL-Met 027 027 0.27 027 0.18 0.8 0.18 0.18
L-Lys 0 0 0 0 0.08 0.08 0.07 0.06
CaCo, 1.01 0.95 0.92 0.90 1.27 1.21 1.20 1.16
Dicalcium P 027 032 0.35 037 052 058 0.58 0.61
Xylanase 0 0.10 0.10 0.10 0 0.10 0.10 0.10
Premix’ 050 050 0.50 0.50 050 050 0.50 0.50
Calculated composition (%)
ME, kcal/kg 3109 3109 3109 3109 3101 3101 3101 3101
Met + Cys 0.9 0.9 0.9 0.9 0.7 0.7 0.7 0.7
Lys 1.1 1.1 1.1 1.1 1.0 1.0 1.0 1.0
Ca 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.9
Available P 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4
Analyzed composition (%)
DM 89.95 90.45 91.12 92.32 92.10 91.45 92.56 90.72
CP 21.60 2133 21.53 21.16 19.61 19.71 19.15 20.17
CF 4.23 5.29 5.71 6.40 4.52 6.01 5.65 5.64

'DCP = Dried cassava pulp.

*Premix (0.5%) provided the following per kilogram of diet: vitamin A, 15,000 IU; vitamin D3,
3,000 IU; vitamin E, 25 IU; vitamin K3, 5 mg; vitamin B1, 2 mg; vitamin B2, 7 mg; vitamin B6, 4
mg; vitamin B12, 25 pg; pantothenic acid, 11.04 mg; nicotinic acid, 35 mg; folic acid, 1 mg;
biotin, 15 pg; choline chloride, 250 mg; Cu, 1.6 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; I, 0.4 mg;

Se, 0.15 mg.
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Saccharomyces cerevisiae
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*Microorganism: 1 = A. oryzae, 2 = S. cerevisiae, 3 = C. utilis
Urea concentration: 1 =0%; 2 =0.25%; 3 =0.5%; 4=0.75%; 5=1.0%; 6 = 1.25%

Fermentation time: 0 = day0; 1 = dayl; 2 = day2; 3 = day3; 4 = day4; 5 = day5; 6 = day6; 7 = day7
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*Microorganism: 1 = 4. oryzae, 2 = S. cerevisiae, 3 = C. utilis
Urea concentration: 1 =0%; 2 =0.25%; 3 =0.5%; 4=0.75%; 5=1.0%; 6 = 1.25%

Fermentation time: 0 = day0; 1 = dayl; 2 = day2; 3 = day3; 4 = day4; 5 = day5; 6 = day6; 7 = day7
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4 4 7 o v Y .
M9 4.1 anlseneunieInruzveamniudzvasvin (% as-fed basis)

Component Fermented Cassava pulp Cassava pulp
cassava pulp (Khempaka et al., 2009)  (&13591 HasnAM, 2550)
Dry matter 94.39 93.22 88.66
Crude protein 11.82 1.98 2.69
Ether extract 0.15 0.13 0.39
Crude fiber 10.60 13.59 14.75
Ash 1.58 2.83 4.5
Calcium 0.07 0.10 0.57
Total phosphorus 0.03 0.05 0.02
Starch 35.54 53.55 47.96
ME, kcal/kg - - 2,363
TME, kcal/kg 2,049 2,484 -
Amino acid (g/100 g)
Aspartic acid 0.143 0.131 0.8
Serine 0.101 0.092 0.03
Glutamic acid 0.250 - 0.12
Glycine 0.086 0.078 0.04
Histidine 0.040 0.013 0.03
Arginine 0.136 0.062 <0.005
Threonine 0.107 0.076 0.02
Alanine 0.137 0.139 0.09
Proline 0.092 0.096 0.07
Valine 0.096 0.082 -
Lysine 0.130 0.104 0.26
Isoleucine 0.072 0.065 0.13
Leucine 0.131 0.104 0.20
Phenylalanine 0.078 0.059 0.21
Methionine - 0.018 <0.005

Glutamine + Glycine 0.162 0.161 -
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4.2 MINAasdi 2: waveamslymniudilznasninaenisgealauazlsilszTasildveq
Tnauzlulnie
1 4 1 4 4 [ Y ) @
wam3soos lanazldise Tomnl Idvea Invus lulndion lasumniudlends
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dog lavod lniiipazanaaiioszaueeleluomamuay
= Y Y <] Y % ) 1% o 9
Mnramsane191edu amdu ldinndudilzvdminaunsoldlugas
Y
[ @ [ 1 1 d
o113 Intile lanaszen 16% Tagludawansznuasnisdeslduaznisldss Tewildvea
Tawug WeonSeuReunun13ANEI1Ye9 Khempaka et al. (2009) 1nu31n1nsud e vasnd
9 [ da/ Y A :x’ dy A @ o Y] v A (A
amsnldlugaserms Indie Ao 8% ssiiorailownanmniiudilznasmiiniidsuim
TilsAngads 11.82% BeawsanaunuTdsauludnTna ldannmadudnlzvaalnand

9
= %

Tdsaulsuadr 9nnelunszuirumsniindainmsilamniiudilzndanouinisminiioan

a v A o

dy Lﬂy 4 9 9 @ 09/’ | o Y A J
mstuidlou¥erdaunsduazdalinash liuilignale duiveniinailiuilsiiluesdlszney

Tumniudilendamdnimsges ldunnutlnmaiudleudalnd
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M19197 4.2 wavodnniudilzrdaniingonisges'ld uazms e Temi lduea Insus 1u

W
Tatile

Fermented cassava pulp Pooled  P-value,

1

Control 4% &% 12% 16% 20% 24% SEM trend”

Digestibility (%)

DM’  69.28"  67.87" 69.80° 67.30" 68.29" 63.88° 65.71° 047  L=0.0014"
Ash 1409 908 1201 13.64 1604 1360 9.05 090 NS’
oM’ 7228" 7L16° 73.07° 70.02™ 71.18" 67.42° 6881 047  L=0.0027
N retention (%)

4458 4131° 4630° 41.93° 4518 3020° 33.93" 1.23 1.=0.0005

““Means within a row with different superscript are significantly different (P<0.05).
'Standard error of the mean (n=7).

“Refer to polynomial trend analysis.

*Linear trend..

“Not significant (P>0.05).

5Dry matter.

6Organic matter.
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43 M3nAaasn 3: wavasmslimniudlzndminaeanssauzmsasaAvlauazgun

&
BINVDIINID

4.3.1 waveamniudilzndanainaoanssauzmssaivln

o 9

9y Y % 1 dy A o
waveam s lgmniiudilzndaninlue s Inilensedu 0, 4, 8, 12, 16 uaz

]
a

Y ]
20% a1 n1ing1 Usuaeisnnu uazlszanininmslde s uaaaluasan 43 90
9y Y
mMinaaanu lniletimiingd Ysuiansnueimis uazdszansmnmsldeo1isanas
Y] Q' d? % ) [ o 9 @ o [ Y] 1 dy
muszauMImuIuveImniudlevaanidn Tasmslesnniudilevdaniinlusimis lntie

v

v Y v
5¥AU 0,4, 8, 12, 16uag 20% No1g 0-21 Yu wu Indledithmin Ysunaemsnnu uag
Uszaninmms ldems uanaenuees bilidodagneana (p>0.05) Tasliaundeminy
680, 684, 671, 667, 644 LAY 640 NTN; 1047, 1065, 1082, 1077, 1030 1Az 1037 NSV Lag 1.65,
o ) o 1 g { o g’ v o 3
1.66, 1.73, 1.73, 1.72 wag 1.74 mudwu dwmsulniiefieng 0-42 Tu thimwindaaauiludu
TR quadratic (Q=0.027) AL 2219, 2240, 2201, 2160, 2116 LA 1996 NFY MUAIF
A A Aa < Y 4 . . ~ 1 v
HUsuaemsnnuanauiuduIasuuy quintic (Quin=0.0046) IMAVNINY 4151, 4139, 4183,
ot o - = =) d
4112, 4124 wag 4042 nSu mudey uazidszansnmmsldeisanasuuiiludunsa
(L=0.0005) (AAWNINY 1.91, 1.88, 1.94, 1.94, 1.99 (1 2.07 MUa1AY
Tagmnsanudrausalsmaiudnlzvdaninlddeszan 16% Taelidana
Y ] 1
asznUaeIimiingd YSnaemsnau uazilszansnmmslde1nis Fanansnaasafinan
[ ] 4 { o o
aeandsinurantaa1unsoes lauazldlse Toxmilalunisnaasah 2 Tagn1sninninaiy
o v Y A a ad A o Pl VA Y A A @ @
dlgrdedreregaunidausoinszauns 19 lugase s Inile Idileieununiniu
o [ Aad [] [ U 4 I [l
dulzuasnan lu'ldgimsdsulgquameinsusiaunso lmiudiulsznoulugasonis
Y
IniielAiies 5-10% (/3a1 wazame, 2552; gusA uazAmE, 2550; Khempaka et al., 2009)
o [ a a d' U 1 dil Yo % o [ % [
dwmiuaussougmansyaulananaslunguaesinie ldsunmniudrlzvdsninszay
Y
20% e1ananIndedinaluduanuguenszmize1ms snnsmndudilendmdniianyue
1 4 o Aa o [ ' I 1 T oA ]
v Werhwwawlugasoms lulsinage vildemstidneagiha dudu vaz bivdu ua
' < = = 1 o <3 A o
9619 lsnmuaInmsAnyIvelin nazame (2552) 1euNMsdaiiaeMisgasnunIniu
o LY~ [ A 3' Y] a Aa A = = [
aznautuarudsznevausamuiiiniings uazlsunaermsnnuleSeuneunums
dy 1 dy 9 A Y] < [ I 1 A [ Y
o lntioA19011M13H9 119 INMSO AR 1IMITFIeaaA T Ul iAWY tag
Y] Y] 1 o Yo A a 1 Y o JI=X Yo ~
Hostunmsuendrvesdrulszneuennsi lidatineniulyld daivaldsulnvuzNauaa
1 2 Aow Ia o 09)1 o <3 Aa % ) v 3
lusrmsunaziiandainu (8115%, 2547) aquumsoaiaevisninndud e vauiy

daulsznovennteud lvilgmeawnannla
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4.3.2 HaveaMniud 1)z navinneanyaZ 1IN UB I 1N

v lay A Y v Y ) v o A [
nneanmsnaasanuN Indion ldsumniudlevdainnszdu o, 4, 8, 12,

= J 3 J I 3 s 9 g 1 1 1 [ ] v o W
16 1ag 20% Hlesiguaann u,amﬂﬂimmﬂmmuﬂmumm Lmﬂ@NﬂuﬂﬂNlliJiJuEJﬁ”lﬂiUu
NNADA (P>0.05) #1159 4.4 doandpenugusaazame (2550) N5189131M 5 15nngiu
£l
o Y] [l 1 o 1 1 <3
dlzndelulinansznuaednyazanvesiniie 0819 130M 1 Khempaka et al. (2009) 518414

! 9 @ o Y] 1 dy = @ 1 9 A g’ 9 d‘t
amﬁ%smﬂuumﬂwaﬂuqmmmﬂmua uwaclumiaﬂ"lmuu%wm LASINWUHIUNNU

9 U

windteliimanadn enlianrauinndsnangelengaluniniudilzvas (13.59%) 11l

2N
ee e

[ [ Ld

o/ @ 1 9 QBJ} dt = o A o d?
Emmmﬁmmﬁww'lwuiuw Hazwe9Ned saunenuinsiiulunmsuawe leninuu

9 v
A o 4 a2

9 Y 2 1
denaldiihminmududle  uansanyiaiall inuanuuana1edenan e1afioaninin
Y o [ 1 Y 1w ~ [ 9 1
pmsnngas laiimsdsuangalnsuzaieg Iimnu waziieaneaoninudesnisvesn
dyd' o o [V (] yA @ d’ c?/‘ o
wenanigelelumniudilsvasersgndes lvliaeiusznduas Tagn15111uv0d 4.
oryzae SEMINNILVIUMTHLN F94919UEIUFIOAANI1TH1OIUVDINU 18 Hetland  (2005)
1 d’ d’d ] 1 9/5 =~ 0 dg’ 9 d‘ o ﬂJdt =S g‘ o
Twanudnge lenvinalvg szdawalnavuimsiinuunnay uagimengam lvnuiimiin

A 2
INUYU
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v Y
M99 4.3 mavesmniudilzndamdnaeaussougmsniaau Talulniie (0-42 Tu)

Fermentation cassava pulp Pooled  P-value,
Control 4% 8% 12%  16%  20%  SEM'  trend’

BW (g/bird)

do 44 43 44 43 44 44 012 NS’

d7 128 132 131 132 126 125 134 NS

d14 301 312 303 309 297 289 308 NS

d21 680 634 671 667 644 640 593 NS

d28 1,116° 1,138 1,053° 1,062 1,084 1,004° 1275  Qu'=0.0149

d3s 1,729" 1,716°  1,646° 1,716° 1,680 1,564° 1558  C’=0.0105

d42 2219°  2240°  2201° 2,160° 2,116° 1,996° 22.63  Q°=0.0270
Cumulative FI (g/bird)

d7 112 116 116 126 112 114 195 NS

d14 404 438 440 463 387 439 11.73 NS

d21 1,047 1,065 1,082 1,077 1,030 1,037 834 NS

d28 1,859 1,854 1,895 1,882 1,804 1,788  13.08 NS

d3s 3,006 2,999 3,000 3,000 2951 2,890 1529 NS

d42 4,151°  4,139"  4,183"  4,112° 4,124° 4,042° 1275  Quin'=0.0460
FCR (g of feed/g of BW)

a7 1.33 1.31 134 141 136 141 00l NS

d14 1.56 1.63 170 174 153 179 004 NS

d21 1.65 1.66 173 173 172 174 00l NS

d28 1.73" 1.69"  1.88° 185" 173" 186 002  Qu=0.0056

d3s 1.78 1.79 188 180 180 190 002 NS

d42 1.91" 1.88°  1.94  1.94° 199" 207" 002  L°=0.0005

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

'Standard error of the mean (n=3).

*Refer to polynomial trend analysis.

*Not significant (P>0.05).

4Qu = Quartic trend.
°C = Cubic trend.

6Q = Quadratic trend.
"Quin = Quintic.

8, .
Linear trend.
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v Y
M3197 4.4 Haveoamniudlzvdaninaeanyuzanuod Iniile

Fermented cassava pulp Pooled P-value,
Control 4% 8%  12%  16%  20% SEM'  trend’
% Live weight
Eviscerated 67.42 6732 67.02 6771 6591 66.10 0.54 NS’
Giblets 7.78 8.54 8.17 7.82 7.81 8.38 0.12 NS

% Eviscerated carcass

Breast 23.60 2179 22.03 23.06 23.88 22.19 0.34 NS
Fillet 4.79 5.04 4.78 4.92 5.08 5.03 0.10 NS
Thigh 17.33 1751 19.22 1883 18.12 19.78 0.31 NS
Drumstick 15.28 1520 1522 1526 14.69 15.51 0.13 NS
Thigh meat 15.54 1486 16.57 16.13 1573 16.95 0.31 NS
Drumstick meat 11.51 1123 1147 11.62 1094 11.21 0.11 NS
Wing 10.95 1128 11.63 11.48 11.01 11.71 0.12 NS
Abdominal fat 0.73 0.89 0.80 1.09 0.92 1.01 0.05 NS

'Standard error of the mean (n=3).
“Refer to polynomial trend analysis.

*Not significant (P>0.05).

4.3.3 waveamnitudlznasvinaeanyazeduzmeluveslntide
=3 Y @ o [ @ 12 1 [ [ 1 dy
g nmmiuddzvaain lulnansznuaoanyazedgrznieluvsslnilo

1 H Y 4
Fa lduaas I3 lumsen 4.5 uanuinhminduveslnilengu 1d5unniudnzvanmin 20%

v
a

1 1 <3| 4 [ ' ' { o
daunu il udu TRy cubic (€=0.0018) oS oo uiungualugu uaznqui 145y

]
v A

% o @ o A ] 091 A dgl I A & A 9 1
mnludilendaniinisedu 4-16% hntiniuyveradunanngisedaims laiunvas
v % a A I 4 ~ 1
TuTasmuszninanszurunmsnin giiolilulasmwiuesdlsznounge (46%) ua
asilsznovasnardaeglungululasoun 141571580 (non protein nitrogen, NPN) %3019
I~ a 1 v J ~ Yo a ~ y= Y A Y] [
Wuisaedainszmizpeain lasuludSinangs 18limsseaumsldgSeszan 1% wun
= = a a 1 91::' (% = = 1
UNaARRANTIOULNMTTAL Ta (Pervaz et al., 1996) LANT IRNTZAY 4% UNalFeAdgUNIN
4
HAZANITOULNITNIYAD 10 (Pervaz et al., 1996; Javed et al., 1995) DN114 Shahzad et al. (2012)

J A J dy Yo ~ n Yy 1 3’ v o v
518\1WH’NﬂTiﬂUlﬂLu@vlﬂi‘Uﬁlliﬂ 1% 1“@1??15“1111@11NﬁﬂigﬂﬂﬂﬂuTﬂuﬂﬂ’J ANHUSHIN LA

U

A

% ~ 1

dy A 1 ' = 1 12 Yo @ 4 a
anniieaaed1ala 9N Javed (2002) 518311!’31Ulﬂﬂl1ﬂiﬂglﬁﬂ 1% saununesunau 2.5
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iadans ludwwansgnuaeaussouzmsniyanla tazeiedzniolu Famndudilzvas

% d' 9 3 dyd = a' 9 % Y U A
nnnlFlunmsnaaeensaiiase 1.31% Lllﬂi%ﬂ"lﬂiluﬁmﬂﬂﬂﬂﬂniu@@i@WWﬁ 20% NWUINY

U

=

1 4 o % o v &
gisonaundengluenisiies 0.28% tazilesnnlunszuaumsminmndudilenduilums
o Ag A = ~ - &L A A '
WNﬂ1Uﬁﬂ1WV]hlllﬂﬁﬂﬂL"]fﬂ iN’E]”Ii]3Jﬂ”Iﬁﬂulﬂﬂumﬂﬂl%ﬂﬁ?ﬂﬂﬂ@u‘luigW'J"I\iﬂWiﬂi%‘]J’Juﬂ"li
Y] £ di’ ~ dy dy A a a a 1 Y a [ 1 v Yy Y
HUN “HQL“H'E)?”IVI']JUL']JBHH@TIIIIﬂ1§Wﬂ@]ﬁ"ﬁ‘WHi’]$V\|ﬁ"ﬁ/]ﬂﬂG}5u LLagﬂﬂiﬁlﬂﬂﬂu@]§18@ﬂﬁ¢]31ﬂ
1 a 4 Aa A a & o [ v 1 ]
LL@H]”Iﬂﬂ”Ii'JLﬂi”Ig‘Vﬁ’i1ﬂill”lmﬁ”li‘W‘H’E)3Wa”l‘ﬂi’)ﬂ‘ﬂqulUﬂ”lﬂﬂJuﬁ”lﬂzﬁﬂﬂﬁiJﬂ W‘]J'ﬂllilflﬂ1§
dy a a 1 1 dyw = = = U = = a
ﬂurﬂﬂwummswmzﬂamaﬂcﬁmmamﬂﬂ ‘L!ﬂﬂi]"lﬂl!ENEJﬂ"liﬂﬂB”Iﬂ\iﬂWTIN"]ﬂLﬂEJEUSQTaW@
Y
[ Aaa 4 a
"l?ﬁm 1 LL@ﬂG]’J?]GIJi’JQL@ulIGMJLL’E)ﬁWH@W]@%?JTuVITIHLWBLiﬁ (aspartate aminotransferase : AST)
4 ~ a . . £ " Aq Y
waztou laiozartiuez i Iuns1uaesd (alanine aminotransferase : ALT) Fuiluainlalu

dy Y XK 3 a o A Qady 4 =)
MIATIVTOULLOIAUDIANMTUNUDIAY Wummuaﬂmmmmu"lw AST uag ALT ]'IJJEJ

o 9

1 [} ana 1 dy 1 1 d' Yo (Y] L% d‘
ANUUANANNUNNATDA (P>0.05) “lu"lmu@ﬂquﬂmﬂu uazﬂ’qmﬂ"lmumﬂuumﬂwawuﬂm

52A1 0-20% (raastoyalude 4.3.5)

4 4
A a U

4.3.4 wavaamniualzndavdinaeanyaz Manaz A9 vUa 9 I

l
% a =

A v o @ C~( PI= .
luf]\‘]ﬂ'lﬂﬂ'lﬂjJu/ﬁ'lﬂg'ﬁaQﬁilﬂlﬂujﬁQﬂU61W15Wﬂ51ﬂﬁ]1ﬂﬁ1511’7ﬁ (pigment)
Y

o o o v o Y ' dy =2 o R & A P
asiulumsiimniudilenawmdn Ul lugasems Initiedenrsmilsdusoeas 19d

=\ dy ] 3 o ~ <3 Y [ Aa A dy
[HeInIndUeuHataz il uanyuznememmnuearuagatlal tazmslszuudive

Y

I A AY a Y =< 9 1 J dy AW Yo o
Lﬂuﬁﬂ“ﬂEj‘Uiiﬂﬂﬁ]$ﬁ13J']ifl'Jﬂﬂ'ﬂiJW\1W@Gl%ulﬂ flﬂﬂfﬂﬁﬂﬂﬁf)\?WU?WVlﬂlufJﬂulﬂﬁﬂﬂ']ﬂiJu
o @ o A Y =Y = dy 1 = @
dzndaninnszay 0,4,8,12, 16 1ag 20% uaﬂ‘ymmmmuaﬁauammzﬁﬂwn g

1 d! 9 1 1 . A

ﬁﬁuﬂﬂllﬁgﬁg}l’\lﬂ G]Nvlﬂllﬂ A1 I3 (lightness) AITNLAY (redness) LALAITNLTAD

1 @ ' 1A v o w aa [ A 3 dy o3|
(yellowness) Lmﬂ@nﬂﬂuﬂEJNlliJllufJfﬁﬂiUuVlNﬁﬂ@ (P>0.05) ﬂﬂllﬁﬂﬂiu@TiN‘V] 4.6 neouiu

= vy o A o A o 3
NaiJ1ﬂ1ﬂ1uﬂ1§ﬂ§$ﬂﬂUq@i@TﬁTiﬂﬂaﬂﬂiJﬂTislslfleT'JIWﬂ NINDAUNADN !,Laxmmamllﬂmumu

]
% a =

gsuluiagavifiarsIf@iudiudsznenlugaseis TasdnInailuiagauidans 1%

a

@ xanthophylls 1182 lutein TudSua 17 wag 0.12 Yaaniuaen lansu AWa18u (NRC, 1994)
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v Y
M3197 4.5 avoamniudlzvdaninaoanyareerzmeluvedlnile

Control

Fermented cassava pulp Pooled P-value,

4% 8% 12% 16%  20% SEM

1

Trend

Organ length (cm/100g BW)

Duodenum 1.44
Jejunum 3.24
Ileum 3.52

Organ weight (g/100g BW)

Heart 0.40
Liver 1.66°
Spleen 0.14
Proventriculus 0.32
Gizzard 1.27
Duodenum 0.48
Jejunum 0.88
lleum 0.85
Gall bladder 0.10
Visceral fat 0.94

1.47 1.44 1.58 1.43 1.55 0.02
3.67 347 341 3.35 3.77 0.06

3.68 3.73 3.75 3.59 4.09 0.07

046 043 040 040 039 0.0l
176" 173" 1.69° 1.63° 1.94°  0.03
0.10 0.2 008 014 0.3 0.0l
035 036 034 033 031 0.0l
133 115 119 118 118  0.02
052 048 047 042 047 0.0l
105 104 092 093 1.4 003
099 0.88 080 085 092 0.2
0.11 013 014 011 0.2 0.0l

08 095 073 094 0.71 0.05

NS
NS
NS

NS
C'=0.0018
NS
NS
NS
NS
NS
NS
NS

NS

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

'Standard error of the mean (n=3).

*Refer to polynomial trend analysis.

*Not significant (P>0.05).

“Cubic trend.
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v Y Y
MI19N 4.6 WaveamnTudlendaniinaednyas dilotaziiviiuea latio

Fermented cassava pulp Pooled  P-value,

Control 4% 8% 12%  16% 20%  SEM'  Trend

Lightness (L*value)

Breast meat 56.55 57.62 55.72 57.52  58.20 58.60 0.53 NS
Thigh meat 54.97 5592 55.13 57.73  57.45 58.00 0.61 NS
Breast skin 68.26 68.04 68.27 69.05  66.01 67.86 0.59 NS
Thigh skin 68.66 68.54 65.25 65.20 64.86 66.54 0.59 NS

Redness (a*value)

Breast meat 2.52 3.11 293 2.67 2.92 3.33 0.12 NS
Thigh meat 4.24 4.15 395 3.75 4.81 4.65 0.15 NS
Breast skin 3.49 3.82  3.05 2.76 2.82 4.02 0.19 NS
Thigh skin 3.25 376 4.42 4.02 4.12 4.49 0.17 NS

Yellowness (b*value)

Breast meat 1.60 1.25 194 1.00 1.43 2.09 0.16 NS
Thigh meat 1.41 1.65 125 2.38 291 1.77 0.22 NS
Breast skin 6.90 553  5.66 5.22 5.21 5.13 0.32 NS
Thigh skin 6.30 596  5.68 4.67 4.65 3.74 0.39 NS

'Standard error of the mean (n=3).
*Refer to polynomial trend analysis.

*Not significant (P>0.05).

4.3.5 waveamniiualznaavidnaemmar uaNvalanialulniie
) Y
WeNnTaNNNMIAnEINaveInIniudlzudaminlue1ms Iniloden1nig
= ~ a £ g dy Y ~ Y = [ v J
Funved Taria FUIUNITATIVADUILOIAUNAINITAUDN IR NI IUDIANINIT 19N8UBITA
[ 4 d? o a dy A o A a a a @ =] 9 A
winszavveueu lsigaiudninannidemegniaterionannuialng Tasdueziinin
o w a [ QsJ‘ = I~ [ d‘ Yo d’ = d‘
Tun13A19aa13NY (detoxification) A9 UALIUTUDToIZN A5 UNANTENU Tagnsauiiala1sh
1 Y a I~ a 9 1 [ o 4 a
Ao ldinaanuunydunlusieane msdaszauveaou lsiusanuanozi Tunsnuwosa
4 a
(aspartate aminotransferase : AST) uazoulaiozartuszilunsiuanotsa (alanine

. = % 1 9 1 A A d? A 4
aminotransferase : ALT) FINuNINTuAY Llﬁ$%5Qﬂﬂa’E'JEJL‘II1@:ﬂi$LLﬁLﬁfJﬂLWNﬂlummcﬁﬁﬁ N

° = 9 1 4 1 dy ] =K o d,; 9 <3| a %
niay i]ﬂ%ﬂM)lA"l%iJMﬁm“lumamuaﬂmaﬂ‘ymxm@mummmmgﬂuwmmmfmu
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o o ] [ dy =\ = o 1 a o o 4 A
dilendaninlueivis laie Tastimsseaunerduaadludasilnveaeu lod AST Ao
= 1 = 1 a 4 A ' = 1 <
1A1521319 52 84 270 U/ wazalnaveueu laal ALT NTA15211919 6.5 94 263 U/ 0813 150
A 1A =\ a @ ai’ 1 [ a v o
amumanlasuniasvesmruaiived lanaueada M UITUANANAUMUTTAVDITAD INA 1Y
wazoinmsnlasuuilasllamannuiaden (Coles, 2007)
1 9 &% o [ % 1 dg‘ ~ @
1NMINAasd WuNM3lsmaiudlendaninluemis Inilenszdu o, 4, 8,
S 1 = = =) %3 d' 1 L aas
12, 16 uag 20% NAIN1FuATvod lana adaadlunis1an 4.7 Tagnudauenalnve
7 £ g P A A o o P & Vo ' ™
ou ol AST Fuilweulsinadanniioeialy du nditioats uanaanuedialul

@ 9 a s 1 v

Wod1Aynada (P>0.05) An UA1524719 300.72 D9 358.60 U/ F9iiA1m1nna1a1lnaves
v I = 3 dyd 3 o ' A A Y £ g Il A
dadiln enliaunquininlumisnaasasiiilinanudlediuaeaiiony 42 7u suiluyiei
v S A= a 9 1 Vo oA 9 1 YA o
dailadun Junannusouneluiumeninnndainergios uazdiwalniinvoaon las]
A A d? 1 1 <} = [ 4 A 1
AST fisgedu uaed1s lsnamiimssieaunaiveaou lasd AST igand1 800 U/ azuaag
% { 1 § A 1 @ 4 $
DNMZUDIRUNTONI008197UIT (Thrall et al., 2004) uaziioN1T s WA VEU 193] ALT &9
< ’Aq Yo a a % ' 2 [ 4 1 J ~ o
WheulsinldiannuAadnavesdumuwdernuou lad AST uaou el ALT Hanmuduniz
] o o 1 o 4 4 o I 1
Tumsisvendinnzduasennduuinninen lsl AST iiesineu lasd ALT Tauiuuvas
9 d’ Id’ 1 . 1 1 =] 1 [ [ 1 1
a$rnlngNgalusisne (King, 1965) wua1 ALT fia lduanaraiu (P>0.05) szrinngw

A A ' = KX A 1 [} a v I @ 09/’
NANDI ABNUAITEHIN 12.25 D3 18.80 U/l %QNﬂW@Qiu%ﬁﬂﬂﬂﬂmﬂﬂﬁﬁ?ﬂﬂ ANUUIMNHANT

= 9 o o @ % J Lﬁy Y [ Y a < a
naaosdsa o Imniudnendsminlugaseomns Iniio 1d 1ae line ldinaauiuiy

M13199 4.7 maveanniudlevasinasanerualived latia

Fermented cassava pulp Pooled  P-value,

Control 4% 8% 12% 16%  20% SEM'  Trend’

AST (U/1) 358.60 311.53 327.60 300.72 331.60 314.07 7.79 NS’
ALT (U/) 1225  18.80 15.67 14.20 1520 1233 135 NS

'Standard error of the mean (n=3).
*Refer to polynomial trend analysis.

*Not significant (P>0.05).
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ﬂ1§1\1‘ﬁ 4.8 Naeumﬂ151,?(5mau%aﬂ%mmﬂummsmummJumﬂzﬁmzﬂmmm’mqﬂumﬂ

Y
m3goelduas 1915 Toml lauea Tnsus lu'lnile

Treatment Xylanase Digestibility N

DM ASH CF OM Retention
Control 71.61° 35.92° 35.79° 74.71° 65.50"
8% DCP 0.1% 70.96" 36.01° 35.48% 73.99° 67.08"
12%DCP 72.26"° 30.02° 26.60" 75.82" 72.97"
16% DCP 69.51% 30.53" 27.82% 72.78¢ 69.51"
8% DCP 0.2% 69.95™ 30.62" 32.42% 73.18% 65.61%
12%DCP 67.11° 37.72° 25.87° 69.58° 62.23°
16% DCP 69.51" 28.79° 27.30° 72.78" 68.94"
Control vs. treatment NS1 0.004 0.024 0.031 NS
Enzyme 0.007 NS NS NS 0.002
Cassava pulp NS 0.0001 0.015 0.001 NS
Enzyme x cassava pulp 0.027 0.0001 NS 0.001 0.023

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

"Not significant (P>0.05).
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H a o o o v 1
MI19N 4.9 WEIGUBQﬂ”liLﬁiﬂ!@ullc]fu"I,G]m”IL“L!ETGLL!91W1iq%5ﬂ1ﬂuuﬁ1ﬂ3ﬁaﬂﬁﬂﬁmiiﬂu%ﬂ”ﬁ

a a 1 dy
nigauTaveslnile

0.1% Xylanase enzyme Pooled  P-value

Control 8% DCP 12%DCP 16%DCP SEM’  Trend’

BW (g/bird)

do 51 51 51 51 003 NS’
a7 161° 155" 151" 150" 296 NS
d14 588 500 490 478 37.58 NS
d21 943’ 863" 885" 894" 2029 NS
d28 1412°  1,502°  1391° 1,384° 3213 NS
d3s 2,031 1,898 1,936 1,865 5710 NS
d42 2379 2,307 2309 2,288 3531 NS
Cumulative FI (g/bird)

a7 137 136 133 130 454 NS
d14 516 493 496 486 9.55 NS
d21 1209 1160 1171.8 1173.2 12.04 NS
d28 2155 22441 2158 2,235 3459 NS
d3s 3161 3,184 3,155 3,213 4146 NS
d42 4,186 4354 4204 4,282 7582 NS
FCR (g of feed/g of BW)

a7 1.24 1.30 1.33 1.31 0.038 NS
d14 1.28 1.43 1.46 1.48 0.080 NS
d21 1.54 1.64 1.59 1.58 0.034 NS
d28 1.73 1.66 1.74 1.81 0.050 NS
d3s 1.70 1.82 1.77 1.87 0.056 NS
d42 1.88 2.02 1.95 2.02 0.040 NS

**Means with different superscripts in a row are significantly different (P<0.05).
'DCP = Dried cassava pulp.

*Standard error of the mean (n=4).

*Refer to polynomial trend analysis.

“Not significant (P>0.05).
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4 a o o [ v 1w
M9 4.10 waeumﬂmaimﬂuhlcmllcﬁauuaiummiqmmﬂuumﬂzwamaaﬂymxmﬂmm

YAiite
0.1% Xylanase enzyme Pooled P-value
Control ~ 8%DCP' 12%DCP 16%DCP SEM’ Trend’
% Live weight
Eviscerated 70.56 69.07 69.57 70.35 0.65 NS’
Giblets 7.59 8.21 7.95 8.05 0.18 NS
% Eviscerated carcass

Breast 20.44 20.39 20.53 21.27 0.69 NS
Fillet 5.46 5.25 5.45 5.53 0.16 NS
Thigh 13.46 13.92 14.11 13.71 0.34 NS
Drumstick 15.80 16.06 16.48 15.83 0.44 NS
Thigh meat 10.06 10.51 10.57 10.25 0.33 NS
Drumstick meat 13.38 13.63 13.39 13.52 0.39 NS
Abdominal fat 1.11 1.30 1.19 1.16 0.18 NS

'DCP=Dried cassava pulp.
*Standard error of the mean (n=4)
*Refer to polynomial trend analysis.

“Not significant (P>0.05).
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MI19N 4.11 NﬂGlli’Nﬂ”Iilﬁilll,’f)u]l“])’llll“])’a”ILLlﬁQlLlE;I@]5@11415ﬂ1ﬂ111!ﬁ1ﬂ$ﬁ§1\1@]6ﬂ3111EJ”I’JLLaz

Y Y
ﬁmﬁ’ﬂmma‘?ﬂaﬂmzuumqmummimaﬂmﬁa

0.1% Xylanase enzyme Pooled P-value

2

Control 8% DCP' 12% DCP 16% DCP SEM’  Trend’

Organ length (cm/100g BW)

Duodenum 1.35 1.34 1.36 1.32 0.04 NS
Jejunum 3.04 3.24 3.30 3.24 0.12 NS
[leum 3.35 3.58 3.66 3.58 0.14 NS
Ceca 0.79 0.86 0.84 0.83 0.03 NS

Organ weight (g/100g BW)

Heart 0.45 0.49 0.45 0.51 0.03 NS
Liver 1.97 222 2.25 2.04 0.13 NS
Pancreas 0.20 0.21 0.18 0.20 0.01 NS
Spleen 0.31 0.41 0.43 0.39 0.05 NS
Proventiculus 0.71 0.72 0.72 0.70 0.04 NS
Gizzard 1.39 1.46 1.32 1.56 0.07 NS
Duodenum 0.44 0.46 0.43 0.46 0.02 NS
Jejunum 1.00 1.03 0.97 0.99 0.05 NS
[leum 0.82 0.88 0.87 0.91 0.04 NS
Ceca 0.34 0.34 0.35 0.30 0.04 NS

'"DCP=Dried cassava pulp.
*Standard error of the mean (n=4).
*Refer to polynomial trend analysis.

“Not significant (P>0.05).
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4 a o o ) v 1w
M319N 4.12 wamaqmsmimau“lw"l%auuﬁiummiqmmﬂuumﬂzwmmaﬂymzﬁmm

o e
0.1% Xylanase enzyme Pooled P-value
Control 8% DCP' 12%DCP  16%DCP SEM’ Trend’
Lightness (L* value)
Breast meat 62.98  60.52 62.31 63.43 096 NS’
Thigh meat 56.69  57.43 58.62 57.45 149 NS

Redness (a* value)
Breast meat 1.33 1.16 1.23 0.74 0.38 NS
Thigh meat 3.79 3.38 4.24 3.91 0.44 NS
Yellowness (b* value)
Breast meat 2.20 1.81 1.38 0.99 0.43 NS
Thigh meat 2.33 2.28 1.88 1.41 0.38 NS

'DCP = Dried cassava pulp.
*Standard error of the mean (n=4).
*Refer to polynomial trend analysis.

“Not significant (P>0.05).
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Protein Enrichment of Cassava Pulp Using Microorganisms Fermentation
Techniques for Use as an Alternative Animal Feedstuff
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Abstract: This study was aimed to evaluate the optimal condition for improving protein content of cassava pulp
through microbial fermentation under the various urea condition for further use as an animal feed. Cassava pulp
were fermented with each pure strain of 4. oryzae, S. cerevisiae or C. utilis using wrea as Nitrogen (N) source
(0,0.25,0.5,0.75, 1.0 and 1.25%) for 7 days. Reducing sugar, crude protein, amino N and moisture were measured
daily. Chemical analysis revealed that there was a significant mncrease (p<t0.05) in the reducing sugar, crude
protein and amino N of fermented cassava pulp compared to unfermented. Fermented cassava pulp with
A. oryzae was found to enhance higher protein and amino N contents than C. wtilis and S. cerevisiae. In which,
the optimal condition to produce highest biomass of 4. orvzae were 0.75% urea and fermented for 4 days this
condition can be inproved protemn and amino N from 2.59 and 0.89% (unfermented) to 17.4 and 15.13%,
respectively. It is suggested that the use of cassava pulp fermented with 4. oryzae at 0.75% urea for 4 days can
improve protein and amino N by up to 17.4 and 15.13%, respectively which would subsequently provide a good
feedstuff for animals.

Key words: Cassava pulp, fermentation, Aspergillus oryzae, Saccharomyces cerevisiae, Candida utilis,

improved protein

INTRODUCTION

Thailand 1s currently the leading exporter of tapioca
starch in the world and tends to have the productivity
mcrease to reach 4 million ton per anmum m the near
future (TTSA, 2010).

Cassava pulp is the solid moist by product of
cassava starch manufacture and it represents
approximately 10-15% of the original root weight.
Therefore, when cassava starch production mcreases, a
large volume of by-product is also generated.

Cassava pulp which i1s composed of 70% starch 1s a
valuable product to use as a feed for livestock. However,
cassava pulp 18 extremely low in protein and high in fiber
contents which limit its use in animals.

Khempaka et al. (2009) reported that dried cassava
pulp can be used up to 8% 1n broiler diets, the gher
inclusion levels resulted in decreased growth performance
and nutrient digestibility.

Chauynarong et al. (2009) also reported that the
major limitation of using cassava root meal in animal feed
because of its low protein content and deficiency of
essential amino acid. Therefore, it would be more valuable

if this by-product is fermented with microorganisms to
improve its nutritive value prior inclusion into animal
diets.

An increase m the feed value of cassava pulp could
be obtained by increasing its protein content through
microorganism fermentation, Oboh et al. (2002) reported
that cassava fermentation with Aspergillus niger can
increase the protein content from 4.4-12.2%. Tn addition,
the cultivation of microorganisms such as 4. fumigatus,
A. niger, A. orvzae, A. arborea, S. cerevisiae, C. utilis and
C. tropicalis on low protein content feedstuffs has also
been widely reported 1n the previous studies (Reade and
Gregory, 1975; Chumkhunthod ef al., 2001 ; Oboh, 2006).

The objective of this study was conducted to
evaluate the optimal conditions for improving protein
content of cassava pulp through A. oryzae, S. cerevisiae
and C. wutilis fermentation under the various urea
concentrations.

MATERIALS AND METHODS

Fresh cassava pulp obtained from Korat Flour
Industry Co., LTD, Nakhon Racthasima, Thailand was
used n this study.

Corresponding Author: Sutisa Khempaka, School of Amimal Production Technology, Institute of Agricultural Technology,
Suranaree University of Technology, Maung, Nakhon Ratchasima 30000, Thailand
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Microorganismsand inoculum preparation: Three strains
of microorganisms as follows: Aspergillus oryzae (3019),
Saccharomyces cerevisiae (EC1118) and Candida utilis
(5046) obtained from the Thailand Institute of Scientific
and Technological Research (TISTR) were used in this
study. 4. oryzae was maintained on Potato-Dextrose-Agar
(PDA) medium (HiMedia, India). The slants were grown at
30°C for 3 days and stored at 4°C. S. cerevisiae and
C. wutilis were maintained on Yeast-Malt-Agar (YMA)
(HiMedia, India). Batch cultures were agitated on
reciprocal shaker at 200 rpm at 30°C for 1 day and stored
at 4°C. Prior moculation microorgamsms to substrate, the
spores of 4. orvzae were dislodged from PDA slant
culture using 0.85% NaCl and diluted inte 10° cell mL ™
under sterile condition. While the suspension of
S. cerevisiae and C. utilis were centrifuged at 3000 rpm for
15 mm at 4°C and the deposit were washed twice with
0.85% NaCl. The resulting cells were resuspended in
(.85% Na(l to obtain an approximate concentration of 10°
cells mL.™".

Fermentation procedure: Three factors (microorgamsm,
urea concentration and fermentation time) were performed
to mvestigate the optimum condition for umproving
nmutrient composition of cassava pulp by fermentation
process. About 50 g of fresh cassava pulp was taken into
a 250 ml. Erlenmeyer flask and autoclaved at 121°C for
15 min. Nitrogen (N) source from urea at different levels (0,
0.25,0.50,0.75,1.00 and 1.25%) was added to each flask.
About 1 mL of each pure strain of 4. oryzae, S. cerevisiae
and C. utilis suspension (approximately 10°cells mI.~" of
each) was submerged into substrate. Then thoroughly
mixed and covered with alumimum foil before
subsequently allowing fermented at 30°C for 7 days. The
fermentation products were collected daily and used for
chemical analysis.

Sample analysis: Crude protein and moisture contents of
samples were determined according to AOAC (1990). The
reducing sugars were determined using Dimtrosalicylic
Acid (DNS) method (Miller, 1959). Amino nitrogen was
measured as described by TISO (15983).

Statistical analysis: Data were analyzed as a CRD using
repeated measurements in a factorial 3x6x8 with
microorganism, urea concentration and fermentation time
as the first, second and third factors, respectively
(SPSS, 2004). The differences between means were
determined by DUNCAN.

RESULTS AND DISCUSSION
Cassava pulp contains low amount of protein and

high fiber contents, it 18 therefore important to enhance 1its
nutritive value to provide a valuable feed ingredient prior

fed to animals. In this study, we performed the trail in
order to evaluate the capability of 4. oryzae, S. cerevisiae
and C. wtilis when inoculated to ferment with cassava
pulp at various urea concentrations (0, 0.25, 0.50, 0.751.0
and 1.25%, respectively) for 7 days. The results show that
reducing sugar content of cassava pulp had reached a
maximum at 418 mg g " after fermented with 4. oryzae at
urea level of 0.25% for 3 days and subsequently tended to
decrease at the end of fermentation period (Fig. 1).
While reducing sugar of cassava pulp fermented with
S. cerevisiae and C. utilis remained very low at all of urea
levels and fermentation times (p=0.05) (Fig. 2, 3). In
general, microorganisms have a wide ranging capability to
produce enzyme degradation starch into sugar and
glucose (Sun et al., 2009). In this regard, fungal cellulase
and amylase, particularly from Aspergillus species is
widely used for the commercial enzyme production.
Recently, 4. oryzae has been reported to yield cellulase

Aspergillus oryzae
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activity (Begum et al., 2009) which it is an important
enzyme required for the catabolism of cellulose into
smaller sugars. In addition, 4. oryze also has an excellent
capacity of «-amylase production under solid state
fermentation using spent brewing grains (Francis et al,
2002) and wheat bran (Sivaramakrishnan et al, 2007).
Therefore, with the lughest reducing sugar content of
cassava pulp fermentation with A. oryzae may indicate the
capability of 4. oryzae on producing enzymes, especially
cellulase and amylase to hydrolyte glucosidic linkages in
polysaccharide better than S. cerevisiae and C. utilis.
When considering the protein and amino N of
cassava pulp fermentation produced from A. oryzae,
S. cerevisiae and C. wutilis, it was found that these
contents were changed accordingly with the factors of
microorganism, urea level and fermentation time. The
results of chemical analysis revealed that protein and
amino N contents of fermented cassava pulp were higher
than unfermented (p<0.05). This phenomenon was due to
the effects of microbial cell growth process (Belewu and
Babalola, 2009) and N source from urea. Even the research
cassava pulp with
microorganisms are not sufficient available, however a lot

literature  on fermentation
of mformation of fermented cassava has been widely
reported.

Chumkhunthod et al. (2001) reported that cassava
root fermented with C. ufilis can increase crude protein up
to 18.3%. In the study, we found that the lughest level of
crude protein produced from 4. oryzae, S. cerevisiae and
C. utilis were 18.11% fermented for 1 day at 1.25% urea,
21.21% fermented for 6 days at 1.25% urea and
19.18% 2 days at 1.25% urea,
respectively.

However, this protein enhancement was included

fermented for

with a part of N from urea which 1s considered as a non-
protein N and not useful for non-ruminant ammals. In
addition, it also has been stated that amino N is
responsible for the true amount of cell growth in biomass
production more efficient than crude protein

From tlus measurement, it can be conclude that the
optimum conditions for 4. oryzae, S. cerevisiae and
C. utilis growth in cassava pulp to perform the highest
biomass were 0.75% urea fermented for 4 days, 0.5% urea
fermented for 6 days and 1.25% urea fermented for 5 days,
respectively.

In these conditions, 4. oryzae, S. cerevisiae and
C. utilis can produce protein and amino N from 2.59 vs.
0.89% (unfermented) to 17.4 vs. 15.1 and 10.0 vs. 7.58%
and 1682 vs. 9.2%, respectively. Over all, when all data
was statistically tests, interaction of microorganism, urea
level and fermentation time were found. It 1s laborious

25

Protein (%)

251 360 361 161 362 162 364 265 266 267
Treatment combination (microcrganism x
urea concentration x fermentation time)

Fig. 4 : Protein contents of cassava pulp fermented with
A. oryzae, S. cerevisiae and C. utilis at various
urea concentrations during fermentation for 7
days, *Microorgamism: 1 = 4. oryzae, 2 = S.
cerevisiae, 3 = C. utilis, Urea concentration: 1 =
(%, 2=0.25%;3=05%; 4=0.75%;5=1.0%;,6=
1.25%, Fermentation time: 0 =day 0,1 =day 1; 2=
day 2,3 =day3;4=day 4, 5=day 5;6=day 6,7

136 144 153

154 155 156 162 163 164 165

Treatment combination (microorganism x
urea concentration x fermentation time)

Fig. 50 Amino mnitrogen contents of cassava pulp
fermented with 4. orvzae S. cerevisiae and C.
utilis at varlous wrea concentrations during
fermentation for 7 days, *Microorganism: 1 = A.
oryzae, 2 = C. utilis, 3 = S. cerevisiae, Urea
concentration: 1 =0%; 2 =0.25%;3=0.5%; 4=
0.75%; 5=1.0%; 6=1.25%, Fermentation timme: 0=
day 0,1 =dayl;2=day 2,3 =day 3;4=day 4, 5
=day 5,6 =day 6,7 =day 7

to demonstrate all of the interaction effects therefore, we
represent only top ten of the best results of crude protein
and amino N contents performed through fermentation
process (Fig. 4 and 5). From Fig. 4and 5, >1 condition did
not show any significant difference to conclude the
results.

CONCLUSION

We have considered several factors in making a
decision for obtaining the best beneficial outcome such as
low cost and safe for animals. 4. oryzae appeared to be
more efficient by improving nutrient content of cassava
pulp when compared to S. cerevisiae and C. utilis. This
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could be attributed to the ability of 4. oryzae to secrete
cellulase and amylase enzymes into cassava pulp during
fermentation process in an attempt to make use of the
cassava starch as a carbon source. Apart from this, the
increase in the amount of the microbial biomass in the
form of single-cell proteins may possibly account for the
mncrease 1 the protein content of the 4. oryzae fermented
cassava products (Akindahunsi et al., 1999).
Additionally, this result was according with the
reducing sugar produced from 4. oryzae which showed
the higher quantity than S. cerevisiae and C. utilis.
Therefore, these particular results can be conclude that
the optimum condition of 4. oryzae to perform the highest
biomass were 0.75% urea fermented for 4 days which can
produced crude protein and ammo N 17.4 and 15.13%,
respectively. It 1s suggested that the use of cassava pulp
fermented with A. orvzae at 0.753% urea for 4 days can
be improved protein and amino N from 2.59 and
0.89-17.4% and 15.13%, respectively which would
subsequently be a good feedstuff for ammals.
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