5%aln3IM3 SUT3-305-49-24-12

£ %
N

-
dannfulad

1U9IUNTIVY

Y d Ly o [V Y
msnatnmslddszlesaniiuddenaanoduunalisau
«mause” Tueriislniouaz Inu
(Enhancing the Utilization of Cassava Roots as Protein Enrichment

“Casarea” in Beef and Dairy Cattle Diets)

TasunuganyumsIdaain

unMInenasmalulaggimns

Av g vV A C% £’ a v ' A Y 2
NENTL!’J%El!‘iJ‘l—!ﬂ’ﬂ3J’i‘]JNﬂ‘liE)‘]Jﬂlﬂx‘iﬂ?‘l‘iﬂﬂﬂ’ix‘iﬂTﬁ’mmm!Wﬂ@@!ﬂﬂ?



5%aln3IM3 SUT3-305-49-24-12

£ %
N

dannfulad

1U9IUNTIVY

Y d Y] ) V] Y
mstiasnmslgdslasianiudidenaanoiunviaslidsau
«aase” Juomislpionazlnuu
(Enhancing the Utilization of Cassava Roots as Protein Enrichment

“Casarea” in Beef and Dairy Cattle Diets)

)
®

%) %
I3 ans
Y 4 4 o
Ao ans19158 a3, Y51 Tund umad
a = a o o
11397 A U TagNMsHanda )
A1y una lu lagnsnyas

uIndema lulaggaung

1asunugaryumIennariinenaamalulagigsuns Yawlszanandszditl 2550
Ay Jg U A 04 Y a v ' A Y A
wadIdeiluanusuRaveuve s ININIATINT IR

ANATUT 2553



paanssudszmea

ao :JI dal Yo Ao a [ = ) o A
msveluaseil lasunuganyumsnennuminedoma luTadgsuis SIEERREY

A o 1 A 4 4
wilszina 2550 ﬂmzé’namamauwwqmamquwa JONMITNTI0ITY AT, WIHBITY U

g

o J aa Aa wa A o ] o Aw
a1the wag seemans1ngg as. AAYINT qUaANUA ﬁﬂ‘gmﬂﬁmﬂ?ﬂymuzm ADDANIINIIVY
g & s A A a 3 = '3 a o
Gluﬂﬁ\‘]u "U@"llf)ﬂﬂﬂ‘!ﬁuﬂlﬂi’f]\?ll@')‘ﬂﬂWﬁWﬁ@]ﬁLLﬁglﬂﬂIuIﬂﬂ (F3) wazvhsuumIneas
= A Aq Y @ 9 @ L4 o vy ~
maluTaggsus nlvimsaivayuluauiag ginsal aasaaudiuiesanuazaINA U IUN

~Aq Y
nlslumsnaany

Y 4

4
Ay [ o 1 1 ' o do v A
\ﬂl!’)ﬁ]ﬂIUﬂiﬂﬁqﬁjiﬂﬂﬂWN%ﬁﬂlﬁaﬂlla%ﬂﬁﬁJi'JiJﬁﬁ)ﬁﬂﬂWﬂWlehﬂ MIAUIVITITIUNIYU

=2 9

maTuladmanyas UnAnedse39e Undneszauliuaafny aaoaIwsIMinn una. ¥n

4 E4
[ 1 ya o 1 Y v A

1 4 [
MunNaunlumsite  ausdIIsveYeUNTEAMRENGY o Temail M limsidensal

U Q

=S

0o Yy
#1502 1dde0

] 4 o o
@Fr0mans19158 as. Us1Tund uwadi)
o 9
R R IGERRE

UNIINY 2553



UNAALo

9 9
v A

a o =
AR ERRCNTGERRIEY

(%

s A = 4 1
agilszaediiie  Anwwaveansulszil laemsiendgngadiunay
[ o o [V ~ ~ A 3 1 = dy
sgrinmadudnlendaazese (Mw15e) otluuvasllsaulugasemis Taliauay Tauy
Aav 9
M98 32NBUAIY 3 MINAADY
A g & ' ' v
msnaaei 1 fumsnageuiverimanuamnsalumsdos ldvesesgasninngy
A o o @ ~ J ~ [ = Y a .
aemndudnlzvdwangse nqunaasdn 2 iWlumaise Taglamalia gas production 13
naAaoY HANINAADINLIIAIMIToe 1A TnguitsuesmaniSeganiingualunuuaz dalia
mstastaesuenTuiisdini lunguatugy ssansmir I ldmaunuTdsduswwms 1@
A A o = M) A Y} a
MINABDIN 2 1NBNINMIANYIHAVBINTNAUNUNINDUNADIAIBAEUTE(45%CP) 11
gATIMNITUNTZAD 0, 25, 50 1A 75 % AAINARDIAD IAUUNARTILIY 4 §1 AWLAUMS
a J J @ { A 4 1 1A
NAADIVY 4 x 4 AAUANAIT HANITNAAINDNTZADVBIMAITeuAY TuTinaatSunal
a Y ' Y o v g 9 o 9/3
msnula anwansalumsdes lavesiaguitaazanududuvesnsa lviuszme ldnaua
Y] Y Y A o ~ 2 Y v ~
anauUUEUATIazdu A HeszAUMANITEgIIY  ANMINTUY Y Tty lunzimg
o [ A 4 < a @
win szavgse- lulasnulumsumden mvduuuuduass Usinauuaise TisTadn
a A =< Ad o 1 d? [
Psmalulasoungady  uazlulasuinudnlusumegaiuluszay 50% uwazanaslu
o = P = o A ¥y o ’
seaU 75% wawnsoagllanmanGeamnsonaumumnauraedldnszan 50 % Tagli
AszNUaolszaNEAIMMIHaY
= = ] A o ¢ 7o A A, o A
MINABBIN 3 MIANEINI 1% Ao U FQINTNUHIUaz NN IWIY 4 47 T
oy o ! a J
Wminmae 1755 + 18.6 N0 1HUNUMINAREWUD 4 x 4 MAUAUAIT DIMITTUNAADY
Usznovuale Tdsaud lugndeslunszimzmiinuie Tdsauluaru 4 s2av Av 30, 35, 40 Ay
= ng; 1 a a 9 ] Y 1 9
45% voalsAunanua  wamsnaasanunlSinamsauldvesiaguie  msdeslaves
a Y o 9}09/’ % A d? [ Y
sunseing waznialviuszme lanamualuveurarnnnszmneninmuyunuuihnduns
o = 1 A A d? Ad o 1 = 9 A d? o
aszavvesTsav lvaduimuay  Tulasouinuinlusumeluu Tdumuiuausgau
= ] A A d? 1 I = Y A o = 1 A d? =
yoallsaulwaduimuin  edilsnandiuuaTduanauieszanTusau lnarmunuaiuis
= ) o ~ oA A
45% veansoagy lanszavvesTsdu Inaduimanz aune 40%
ng; 9 = o A 9
911N919 3 Manaassansaagl lanmanise (45 %CP) ansanaunumMndwaesla
9 9
30-50 % wazdeansanaunulUsaunenuiwiualugasomsdulanmua 35% dwso

Ysvdgsanuansolumsdes 1a manaagaiiennnszurumasninlunszimgminuealald

o o W = o/ 9 [ dy
maa: Mase Mntud)zrdas Tanie Tauy



ABSTRACT

The aim of this study was to examine the effects of Casarea (extrusion-processed mixture
of cassava pulp starch and urea) on productive performance of beef cattle and dairy cattle. This
research included 3 experiments.

Experiment 1: The purpose of this study was to determine the effect of control feed
(cassava pulp plus urea) and Casarea using gas production technique. The results showed that
potential dry matter degradability of Casarea was significantly higher (p<0.05) than that of control
feed. Moreover, ammonia nitrogen released characteristics of Casarea was lower (p<0.05) than the
control feed.

Experiment 2: Four male dairy cattle were used in a 4 x 4 Latin square arrangement. The
treatments were four levels of Casarea replacement for soybean meal in concentrate at 0, 25, 50 and
75%. The results showed that dry matter (DM) digestibility, total volatile fatty acid (TVFA),
bacteria and protozoa populations decreased linearly (p<0.01), while ruminal ammonia-nitrogen
and blood urea nitrogen (BUN) increased linearly (p<0.01) and quadratically (p<0.01) with the
increasing levels of Casarea. The nitrogen (N) retention tended to increase in 50% replacement diet,
whereas that in 0, 25 and 50% replacement diet treatments was not different. It could be concluded
that Casarea could replace 50% of soybean meal in the diet without any negative effect on
productive performances.

Experiment 3: Four yearling beef cattle with an average BW of 175 + 18.6 kg were used in
a 4 x 4 Latin square arrangement. The treatments were the four levels of rumen undegradable
protein (RUP) in concentrate at 30, 35, 40 and 45%. The results showed that DM intake, OM
digestibility and TVFA increased linearly (p<0.05), while the level of RUP increased. The N
retention tended to increase with increasing levels of RUP. However, the N retention tended to
decrease at the level of 45% RUP. It could be concluded that RUP level at 40% in concentrate had
positive effects on productive performances.

In conclusions, the results from the three experiments indicated that 30-50% of the
replacement diet with Casarea for soybean meal. In addition, the diets containing 40% RUP
improved digestibility, rumen fermentation, N balance and ruminal end-products. Moreover, an
extrusion-processed mixture of Casarea with the plant protein sources had positive effects on
improving the performance of beef and dairy cattle.

Keywords: Casarea, cassava pulp, beef cattle, dairy cattle
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Usziiiummsdauasizaaunidldsauluzunldismsves Balcells et al. (1992) TaolHinToq
High Performance Liquid Chromatography (HPLC)
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Duncan’s New Multiple Range Test (Steel and Torie, 1980)
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U

3.1 wansnaaes tazenlseama

3.1.1 MsnaaeuANNEINIalumstes lAved Casarea 1ag gas production technique

Table 3.1 Gas production characteristics, gas volume of Casarea and Control

Treatment
Parameters Control Casarea SEM P-value
Gas production characteristic
parameters
a, ml -13.2 -14.8 1.00 0.375
b, ml 93.2 124.8 2.57 *
¢, %/h 0.04 0.07 0.01 0.168
laj+b, ml 106.4 139.6 2.93 *
Gas production (ml/0.5 g DM
subtrate)
96 h 73.6 108.5 2.21 **

SEM = standard error of the mean,*P<0.05, ** P<0.01, a= the intercept (ml), which ideally reflects
the fermentation of the soluble fraction, b= the fermentation of the insoluble fraction (asymtote)

(ml), c= rate of gas production (%/h), |a[+b= potential extent of gas production (ml)

Aa o 4 a 4 v o o
Minaaeuraasusinseldmaina gas production iloeantoaiusuas 188U
A v o o Jd 4‘ = [ ~ d' d‘ a 1 a
manuddad esnnlszaugiFengy ewnndndlugasoms liaisnu 1% Tugasemis
k4
NauA #anmInaaeuNuI Minnuansnlumsdes lavesniniseganiingunaaes Taegm
a 1A ¢ JUIANUUANAINAUNNEDA (p>0.05) TuvazNAT b uag atb (potential degradability)

YOINGUAFUTIZINIINGUAIUANBINUUET YN NADA (p<0.05) (Table 3.1; Fig. 3.1)



12

Cumulative gas production (ml/0.5gDM subtrate)

-20

Incubation time (h)

6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96

Figure 3.1 Cumulative gas volume estimated by y=a+b (1-¢) (ml/0.5 gDM

subtrate) throughout 96 h. of Casarea (4 ) and control ()

Table 3.2 In vitro DM degradation (IVDMD) characteristics and effective degradability.

Parameters Control Casarea SEM P-value
IVDMD characteristic parameters
a, % 17.7 24.6 2.00 0.136
b, % 59.8 54.1 2.00 0.181
¢, %/h 0.06 0.08 0.01 0.293
a+b, % 77.5 78.6 2.00 0.735
Effective DM degradability (%)
3h 29.2 37.2 1.06 *
6h 36.4 449 1.01 *
9h 36.6 47.8 1.00 *
12h 44.1 62.5 1.01 o
24 h 68.0 71.6 1.60 0.249
36 h 68.9 74.1 1.01 0.067
48 h 75.2 76.8 1.01 0.375
72 h 75.2 77.6 1.00 0.232
96 h 77.3 80.5 1.01 0.152
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SEM = standard error of the mean,*P<0.05, ** P<0.01, a,b,c are constants in the exponential
equation, P = a+b (1-¢“) where a = the intercept (%), which ideally reflects the fermentation of the
soluble fraction, b = the fermentation of the insoluble fraction (asymtote) (%), ¢ = rate of

degradation of fraction b (%/h), a+b = potential degradation (%)

A1 The effective degradability ¥pIiAguite uaaslu Table 3.2 uag Figure 3.4 dIUM
The effective degradability 511?)08141/]%85@@&?(@%11! Table 3.3 and Figure 3.5
f1 The effective degradability Y9AHFTEININQUAIVANNIAT 3 tag 12 F2 119K

1 <3 1 1 { o I [
MsuN uaaaliimiunmeiselia biological value munzivzansariun laiuunasllsau

o @ @ o’; zﬂy 9
ﬁ1ﬂﬁﬂﬁﬁ'§lﬂﬂ’3l@@\1‘lﬂ

90
80
70
60
50
40
30

Cumulative DM degradability (%)

20
10

1gure 3.2 Cumulative egradability (7o) estimated by P = a+ " throughout .
Fi 32C lative DM d dability (%) esti dby P b(1 t)h hout 96 h

Casarea ( 4 ) and control ()

Cumulative OM
degradability (%)

10 -

1gure 3.3 Cumulative egradability (%) estimated by P = a+ " throughout .
Fi 3.3 Cumulative OM degradability (%) esti dby P b (1-¢) throughout 96 h

Casarea (4 ) and control ()
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Table 3.3 In vitro OM degradation (IVOMD) characteristics and effective degradability.

Treatment
Parameters Control Casarea SEM P-value
IVOMD characteristic parameters
a, % 18.2 26.8 2.02 0.093
b, % 63.7 56.5 1.60 0.084
¢, %/h 0.06 0.08 0.01 0.293
atb, % 81.8 83.3 1.00 0.400
Effective OM degradability(%)
3h 31.3 39.8 1.06 *
6h 39.4 49.2 1.07 *
9h 39.5 52.9 1.24 *
12h 47.2 66.6 1.07 **
24 h 73.1 76.4 1.03 0.148
36 h 75.5 77.6 1.57 0.426
48 h 75.5 81.8 1.04 0.097
72 h 78.7 83.4 0.99 0.078
96 h 81.8 84.5 1.01 0.208

SEM = standard error of the mean,*P<0.05 , ¥* P<0.01, a,b,c are constants in the exponential
equation, P = a+b (1-¢) where a = the intercept (%), which ideally reflects the fermentation of the
soluble fraction, b = the fermentation of the insoluble fraction (asymtote) (%), ¢ = rate of
degradation of fraction b (%/h), a+b = potential degradation (%)
o § ) 1 4 <3

ﬁ@@ﬂgﬂﬂﬂﬂﬁ'lﬂﬂ"luﬂlﬂﬁ Sinclair et al. (1993) “?\‘]!fﬂllﬂTﬁu'll!ﬁﬁﬁiﬂﬁauﬁﬂ@ﬂllﬁ}ﬁ?iﬂ
! o , o A v g o YA o ' 9q Y Y A Y a A
mmﬂmmmwamuﬂﬂaﬂ"lmmuazmwuwiwmmwmmeﬂ'l@alﬁmmmaﬁlwﬂqaumﬂﬂlugmu

1952 Toani 1pe190152 ANTNIN (Helmer et al., 1970).
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msfnemmsdani/aes ammonia nitrogen

Ammstlanilasy ammonia nitrogen 91NATTVIUMIHTAMIUTBUASAGUAIVANTUMNS
S0 3. 6.9, 12, 24, 36, 48 and 72 2 Tuandamsriulaemaiia in viro gas production AMUANNT
P = a+b (1-*) (@rskov and McDonald, 1979) @7Uf1 ammonia released uanalu Table 3.4 1ag
Figure 3.6 wazAmMsdaniaos ammonia cumulative a9l Table 3.4 uay Figure 3.7 f

intercept (¢) VOIMHUTEAINIINGUAIVANOINTWBTAYNWADA (P<0.01)

Table 3.4 In vitro ammonia-nitrogen released characteristics and NH,-N  cumulative.

Treatment
Parameters Control Casarea SEM P-value
Ammonia-nitrogen released
characteristic parameters
a, % -10.8" 5.10° 1.00 *x
b, % 80.9" 30.4° 1.00 *x
¢, %/h 0.08 0.07 0.01 0.553
la+b, % 80.9° 35.5" 1.00 ok
Ammonia-nitrogen cumulative (mg
%)
3h 8.7 8.4 1.00 0.618
6h 16.8 16.7 0.93 0.963
9h 21.1 23.8 1.24 0.185
12h 47.6 19.6 1.07 *ox
24 h 58.8 28.1 1.03 *ox
36 h 61.4 322 1.57 *ox
48 h 65.8 352 1.04 *ox
72h 72.9 36.1 0.99 *ox

SEM = standard error of the mean,*P<0.05, ** P<0.01, a,b,c are constants in the exponential
eqaution, P = at+b (1-¢”) where a = the intercept (mg %), which ideally reflects the amonia-
nitrogen released of the soluble N fraction, b = the amonia-nitrogen released of the N insoluble
fraction (asymtote) (%), ¢ = rate of amonia-nitrogen released of fraction b (%/h), |a|+b = potential

amonia-nitrogen released (%)
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1 ammonia concentrations at asymtote (b) c?uﬂu@hﬁuﬁ A4D4 insoluble N fraction WU
NRUAIVANLATAIUTINANWUANANAUNNADA  (P<0.01) TasnguaAIFaaznguAInuL
AUNINY 80.9 and 30.4 mg%, ANAIAL Glummzﬁfh Potential extents of ammonia nitrogen release
(jal+b) TUAGUAIVANGINIINGUAIUTY

AAMUIA LA UBY ammonia nitrogen ANAT 3, 6, 9, 12, 24, 36, 48 1Az 72 F1Tualums
Uy uaaaluTable 3.4 #AMIANHINUNAANVTNYUUDL cumulative ammonia nitrogen YDIA

ao

YUTHNIAT 12, 24, 36, 48 and 72 FIlualumsun @nnngualugNed LA IAYNINGDA

(P<0.01) A9ANADINUITIBIIUYDI Helmer et al. (1970)
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Figure 3.6 In vitro NH,-N (mg%) characteristics released of Casarea and Control throughout 96 h.

of Casarea (#) and control ()
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=< Y d a Y] d v ] FY U
msfnuMsIFUszleviivowanium Casarea fiomatios lauaznIzuIUNITHIN U1
Tau

4 ¢
gasosildnaaewazesiilsznoumunaiivanaly Table 3.5

Table 3.5 Feed formulation and chemical composition of dietary treatment.

Casarea : Soybean meal

Feed stuffs 0:100 25:75 50:50 75:25

Caspurea 0.0 3.8 7.5 11.2

Cassava pulp 50.0 50.0 50.0 50.0

Rice bran 15.0 15.0 15.0 15.0

Soybean meal 18.0 14.2 10.5 6.8

Palm meal 13.0 13.0 13.0 13.0

Molasses 1.0 1.0 1.0 1.0

Urea 0.8 0.8 0.8 0.8

Sulfur 0.2 0.2 0.2 0.2

Lime stone 0.5 0.5 0.5 0.5

Salt 0.5 0.5 0.5 0.5

Mineral mix 1.0 1.0 1.0 1.0

Total 100.0 100.0 100.0 100.0

Chemical composition (%) Urea treated rice straw
DM 90.5 90.2 90.4 89.9 51.5
......................... %DM .o

oM 92.6 91.2 90.6 89.9 90.1
NDF 14.5 15.4 16.2 16.8 69.1
ADF 8.2 8.7 8.9 9.3 46.3
ADL 3.3 3.5 3.6 4.3 8.6
CP 14.1 14.1 14.1 14.0 6.9

DM= dry matter, OM= organic matter, NDF= neutral detergent fiber, ADF= acid detergent fiber,

ADL= acid detergent lignin, AIA= acid insoluble ash, CP= crude protein



Table 3.6 Effect of dietary treatments on feed intake

Items Casarea:Soybean meal Contrast*
0:100 25:75 50:50 75:25 SEM L Q
Feed
intake(kgDM/d)
Concentrate 1.99 1.98 1.99 2.02 0.01 0.056 0.029
Roughage 3.5 3.5 3.2 33 0.14 0.200 0.598
Total intake 5.5 5.5 52 53 0.14 0.257 0.497
Total intake 3.7 3.6 34 3.5 0.09 0.083 0.787
(%BW)
Total intake 127.9 127.5 119.9 124.9 2.93 0.119 0.700
(e/kgBW" ")

SEM = standard error of the mean, *Orthogonal polynomial contrast L= linear and Q= quadratic
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(P<0.01)

amm3sgoslduoalnruzuaaily  Table 3.7 HAMINAARINUIAINIG08 IdUDI DM

ez CP YodMFUTONTZAY 75% mmmiwmmuﬁ'wmﬂﬁ’amﬁmﬁmdwmmwﬁﬂﬁuaénﬁ

WedAnmeana (P<0.01) mmMsdeslares DM (71.2, 72.1, 71.2, 67.7%) SinuaIviuanaquuy

] v Y Y
linearly (P<0.01) 12 quadratically (P<0.01) mIM5EATUBIAILS oMLY WonvIntiAImMsden

1@dve3a OM uaz CP aauuuy linearly 1a2 quadratically (P<0.05) 1¥uAY  a1mnsonad lan

~ ~ ) A Y A IR
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Helmer et al. (1970) 518911 1AN 145 UNINOMADINSD Starea (HunvasTsau Tudl

NanoN3898' 109 DM, CP, ADF 1ag cellulose.
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Table 3.7 Effect of dietary treatments on nutrient intake, digestibility and BW change.

Items Casarea:Soybean meal Contrast™*

0:100 25:75 50:50 75:25 SEM L Q

Nutrient intake (kg/d)
NDF 2.7 2.7 2.5 2.6 0.06 0.436 0.546
CP 0.53 0.53 0.51 0.51  0.01 0.140 0.537
Digestibility (%)
DM 712" 721 712°  67.7° 059 0.005 0.009
NDF 61.8" 629" 612" 551" 113 0.005 0.021
CP 769  769° 753" 703" 0.52 0.001 0.003

** Means within a row with different superscripts differ (P<0.05), SE = standard error of the mean,

*Orthogonal polynomial contrast L= linear, Q = Quadratic

Table 3.8 Effect of dietary treatments on rumen fermentation

Items Caspurea : Soybean meal Contrast*

0:100 25:75 50:50 75:25 SEM L Q

pH (hr-post-feeding)

0 7.0 7.0 72 7.3 0.01  0.001 0015
3 6.4° 6.5 6.6 7.1° 001  0.001  0.001
6 6.7° 6.8° 6.9" 72° 001  0.001  0.001
Mean 6.7" 68" 6.8" 72° 0.07  0.001  0.066
NH,-N (mg%)
0 7.9° 75¢ 9.0° 129 008 0001  0.001
3 9.4° 9.6° 98" 139 001 0001  0.001
6 8.1¢ 8.9°¢ 95”132 001 0001  0.001
Mean 8.5° 8.8° 95" 13.3° 0.19 0.001 0.001

**¢ Means within a row with different superscripts differ (P<0.05)

*Orthogonal polynomial contrast, L= linear and Q= quadratic
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Ruminal pH weras 1y Table 3.8 uag Figure 3.8 Tae Ruminal pH aAad04UY linearly and
quadratically (P<0.01) mmzﬁmmmmﬁﬂﬁmG'ﬁ?uuazqwgmﬁammuﬁlumﬂﬁ"amﬁm 75%
Tue1vis

AAUDUYUYD ammonia-N (8.5, 8.8, 9.5, 13.3 mg%) Ln1gaga (P<0.01) “luﬂ'cjuﬁ
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Figure 3.7 Hourly ruminal pH in beef cattle receiving a diet containing four levels of

Casarea
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Figure 3.8 Hourly NH,-N in beef cattle receiving a diet containing four levels of Casarea



22

ANMMAYUYUUDA total VFA teraelul Table 3.9 total VFA (127.4, 123.6, 119.8, 96.4 mM/I;
P<0.01) WUNIANULANANNUNNEADA 1Agaaadtyl linearly (P<0.01) 1@ quadratically
(P<0.01) Fio3AUYRIMHIZ O IN 50 B9 75% uazaﬂaw‘iquw (P<0.01) Gluﬂ'cjuﬁwmmu
71 75% Tue s deandeaisIBUYBa Kim (2001) HONIING Wit et al. (1999) 5189141

= v o

Y 9 A d? o A A o
ANULUVNUHUDY VFA ﬂqwummmmmu‘ﬁﬂ‘uﬂizﬂfmiﬂqaumﬂalugmu

Table 3.9 Effect of dietary treatments on volatile fatty acid concentrations

Items Casarea : Soybean meal Contrast*

0:100 25:75 50:50 75:25 SEM L Q

Acetic acid (mol/100 mol), h-post-feeding

0 68.0 67.0 66.9 65.8 2.37 0.457 0.671
3 69.9 70.0 68.8 71.9 0.75 0.110 0.169
6 72.1 67.9 71.0 72.0 1.45 0.672 0.133
Mean 69.9 68.3 69.0 70.0 1.85 0.981 0.369

Propionic acid (mol/100 mol)

0 150 189 149 15.0 2.08 0.673  0.367
3 23.0° 249" 251" 198" 1.44 0.187  0.039
6 22.0° 218" 220° 18.7° 0.77 0.031 0.095
Mean 200 219 206 17.8 2.36 0231  0.098

Butyric acid (mol/100 mol)

0 7.9 7.8 7.1 7.0 0.59 0.733  0.427
3 11.9 10.8 13.9 13.1 0.86 0.133  0.949
6 98" 109" 120"  12.0° 0.57 0.015  0.398
Mean 9.9 9.8 10.9 11.1 1.43 0.240  0.986
TVFAs (mM/1)
0 101.2°  100.9* 100.7°  86.1° 0.62 0.001 0.001
3 1422°  1404° 1395  114.0° 0.66 0.001 0.001
6 139.0"  1294° 1192°  89.0° 0.27 0.001  0.001
Mean 1274°  1236° 1198°  96.4° 4.87 0.001 0.050

*** Means within a row with different superscripts differ (P<0.05)

*QOrthogonal polynomial contrast L= linear and Q= quadratic
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Figure 3.9 Hourly TVFAs (mM/1) in beef cattle receiving a diet containing four levels of Casarea
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Figure 3.10 Hourly blood urea nitrogen (BUN, mg%) in beef cattle receiving a diet

containing four levels of Casarea
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a L A (% ]
Usgnsgaunidlugmunans  Table  3.10.  mstinszavuvoImesolnaiili
Uszmnsveananizanaz Ts Iagiaaauny linearly (P<0.01) uazaaasdiga (P<0.01) lu

AGUANAUNUNTZAY 75%

Table 3.10 Effect of dietary treatments on microbial population and blood urea nitrogen

Items Casarea : Soybean meal Contrast*

0:100 25:75 50:50 75:25 SEM L Q

Blood urea nitrogen (mg%)

c b a

0 204°  21.0° 223 23.2 0.15  0.001  0.647

3 23.7° 243" 241 260" 0.10  0.001  0.003

6 233" 242° 235" 246" 0.10  0.001  0.438

Mean 225° 232" 233" 246" 039  0.001 0451

Bacteria 2.6° 25" 25" 2.4° 0.02 0.001  0.008
(x 10 " cell/ml)

Protozoa 22" 22" 2.1° 1.9° 0.04 0.002  0.079

(x 10 cell/ml)

ab,c,d

Means within a row with different superscripts differ (P<0.05)

*Orthogonal polynomial contrast L= linear and Q= quadratic

auqa lulasouuaasly Table 3.1 TuTaswuluilaanzuas Tugaminvuu

'
v A

. , 4 2 A 4 4
linearly and quadratically (P<0.01) INILAUNNUUYUUDINIHUTY 1ummzw”lu1mmuw@wu

e

v
S 1 o

AARLUY linearly (P<0.01) MmNszAUNMLAUVDINENG tazlisdigaiionaunuiiszay

75%



Table 3.11 Effect of dietary treatments on nitrogen balance

Items Casarea : Soybean meal Contrast™®
0:100 25:75 50:50 75:25 SEM L Q

Urine N (g/d) 45.1 44.8 40.2 46.6 451 0.999 0.190

Urine N 1.0 1.0 0.9 1.1 0.06 0.969 0.286

(gkgBW ")

Feces N (g/d) 196 193° 198" 244" 0.63 0.002 0.009

N absorption 655" 647" 606" 577" 1.12 0.002 0.405

(g/d)

N retention 20.5° 19.8° 204" 11.2° 2.18 0.088 0.213

(g/d)

N absorption 76.9" 769" 753" 70.3° 0.52 0.001 0.003

(%N intake)

N retention 24.1° 23.6° 253" 13.6° 2.85 0.052 0.099

(%N intake)

* Means within a row with different superscripts differ (P<0.05)

*Orthogonal polynomial contrast L= linear and Q= quadratic
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% [ d
3.1.3 MINAINAAN N Casarea laamsta3ulysanlvanu (rumen undegradable protein,
RUP) Aemstioglataznszuiumsnin luemnslaiie
=q 9 ° v ~
gasemsnlglumanaaeudasly Table 5.1 Tasfuiuligasemsl 14% CP uay

RUP 081134 30-45%

Table 3.12 Feed formulation and chemical composition of dietary treatments.

Casarea (% of total CP) : RUP (%)

Feed stuffs 35:30 35:35 35:40 35:45

Caspurea 10.9 10.9 10.9 10.9

Cassava pulp 55.6 41.8 37.8 15.4

Rice bran 3.0 15.0 22.0 36.0

Soybean meal 12.0 8.0 6.0 2.0

Palm meal 3.0 13.0 20.0 34.0

Molasses 13.0 9.0 1.2 0.0

Urea 0.8 0.6 0.4 0.0

Sulfur 0.2 0.2 0.2 0.2

Lime stone 0.5 0.5 0.5 0.5

Salt 0.5 0.5 0.5 0.5

Mixed mineral 0.5 0.5 0.5 0.5

Total 100.0 100.0 100.0 100.0

Chemical composition (%) Urea treated rice

straw

DM 89.9 90.2 90.4 91.0 49.8

....................... %DM .

oM 91.9 91.7 91.6 89.7 89.1

NDF 18.8 19.4 19.9 20.2 68.0

ADF 9.3 9.7 10.1 11.4 47.1

ADL 4.2 43 43 4.5 8.7

CP 14.2 14.1 14.1 14.0 7.1

DM: dry matter, OM: organic matter, NDF: neutral detergent fiber, ADF: acid detergent fiber,

ADL.: acid detergent lignin, AIA: acid insoluble ash, CP: crude protein



27

Y
YSamsauldvesensneny eIty wazeisnanuanaaaly  Table 3.13
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YTwamsnu ldnavue (5.9, 5.8, 6.0, 6.0 keDM/d; P<0.05 INNTUULY linearly (P<0.01) A

Y]

44 <L =
i%ﬂ‘}ﬁ’]LWiJ‘U“IJEU’ENﬂTGD’"ILiﬂﬁlufﬁ]ﬁ’ﬂﬂrﬂﬁ

Table 3.13 Effect of dietary treatments on feed intake and nutrient in take.

Items Casarea (% of total CP) : RUP (%) Contrast*
35:30 35:35 35:40 35145 SEM L Q
Feed intake(kgDM/d)
Concentrate 24 24 24 2.5 0.01 0.078 0.082
Roughage 3.4° 3.4° 36"  3.6° 003 0010 0.716

Total intake

kgDM 5.87 5.83 599" 6.04° 0.04 0.009 0.339

%BW 3.18" 3.17°  324%  324° 002 0004 0455

(g/kgBW"") 1169°  1167° 119.6° 120.6° 0.72 0.004 0.862
Nutrient intake (kg/d)

NDF 2.8" 2.8" 29° 29" 002 0003 0.611

CP 0.59 0.58 060  0.59 0.01 0253 0.506

** Means within a row with different superscripts differ (P<0.05), SE = standard error of the mean,
NDF= Neutral detergent fiber, CP= Crude protein, *Orthogonal polynomial contrast L= linear, Q=

quadratic

m3dosldveslnrvuzuaaly  Table 3.14 m3doslduesinguits (67.8, 68.9, 71.9,
A A Yo A ' Y o 9
69.9%; P<0.05) Taefimgegaiiiolnlasuemnsgasnil RUP 40% misdosldvesinguis uaz
a S v A dgl . [ A A d? ' 9 =
dunIoTaguiuAUILY linearly (P<0.01) ANZALVDY RUP iy midoslduesTisanves

Tni 185001115905 RUP 40% Higage (P<0.05) od1lsianwnsdes’laves NDF fid1anas

(quadratically, P<0.05) @145 AUMNLUUYBIAIYT 8210 40 DI 45%



Table 3.14 Effect of dietary treatments on digestibility and body weight change

Items Casarea (% of total CP) : RUP (%) Contrast*
35:30 35:35 35140 3545 SEM L Q
Digestibility (%)
DM 67.8" 68.9" 719" 69.9° 0.5 0.020 0.059
NDF 56.2° 57.5° 619" 575 075 0.048 0.009
CP 753" 754" 765" 732" 076 0.168 0.068
Body weight (kg)
Initial weight 180.8 179.7 1798 1805 -
Final weight 189.4 190.1 190.7 1893 040 0.936 0.036
Body weight change 0.41° 0.49° 052"  042° 002 0.403 0.001
(kg/d)

** Means within a row with different superscripts differ (P<0.05) SE = standard error of the mean,

*Orthogonal polynomial contrast L= linear, Q= quadratic

mslasuuasueniming (0.41, 0.49, 0.52, 0.42 kg/d) (Table 3.14) INNAUFITAD

Tnld5u01M13gAT 40% RUP tazdiga (P<0.01) lugnas 30% RUP. 0611 l5iamugas 35% and

] 1 o A 3 g‘ v o d 4 A 3
40% RUP uli]ﬁﬂ')WNLlﬂﬂﬁNﬂu ﬂWi!WNﬁu‘U@\iuTﬁuﬂﬁ'JHJUWﬁlﬁﬂﬂﬂTﬂTﬂﬂTﬁlWﬂJﬁu‘U@ﬁ RUP

210 30 D9 40%.
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Figure 3.11 Hourly ruminal pH in cattle receiving a diet containing four levels of

ruminal undegradable protein (RUP)



29

Ruminal pH weresly Table 3.15 tag Figure 3.11 Ruminal pH @aA8dUY linearly
v 4 [ 1 [
(P<0.05) MUSZAVMIANTUVDY RUP Hagdiga (P<0.05) 1ifo In lasuomsgashil RUP 45%
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Figure 3.12 Hourly NH,-N (mg%) in cattle receiving a diet containing four levels of

ruminal undegradable protein (RUP)
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Table 3.15 Effect of dietary treatments on rumen fermentation

Items Casarea (% of total CP) : RUP (%) Contrast*

35:30 35:35 35:40 35:45 SEM L Q

pH

(hr-post-feeding)

0 7.2 7.0 6.8 6.7 004 0001 0.236

3 67" 65" 64" 65" 004 0001 0.015

6 71 68" 68"  6.7° 0.03 0.001  0.008

Mean 70" 68" 67" 66 0.09 0001 0.170
NH,-N (mg%)

0 112°  97°  84° 91™ 027  0.001  0.002

3 133°  126°  106° 129" 020  0.003  0.001

6 124* 106" 95° 11.1° 0.8 0.0l  0.001

Mean 123 11.0°  95°  11.0° 0.65 0.003  0.001
TVFAs (mM/1)

0 83.4°  994° 106.7° 103.0°  0.89  0.001  0.001

3 101.8° 1252% 1259 122.6°  0.98 0.001  0.001

6 948° 1149 117.4" 110.6°  0.85 0.001  0.001

Mean 943" 1132° 1167 112.1° 457 0.001  0.001

***! Means within a row with different superscripts differ (P<0.05)

*Orthogonal polynomial contrast L= linear, Q= quadratic

ANUTNTUVDI Total VFA Tuveunadningmu (Table 3.15 and Figure 3.13 (94.3,
113.25, 116.7, 112.1 mM/I; P<0.01) ﬁfiuﬁwfiyu (linearly, P<0.01) @1UTLAVYDI RUP ﬁtﬁuﬁu
odlsfinmIndi 18500 1maqas 45% RUP fimai ¥ TVFAs anas msanasuos TVFA 819
funaiiiosnnndadiuues RUP ag RDP (Kim, 2001) HONING Witt et al. (1999) 518914

P A 4 a Aad
TVFA mwmugﬂum1fﬂ1ﬂmimmumm@aumﬂiugmu
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Figure 3.13 Hourly TVFAs in cattle receiving a diet containing four levels of ruminal
undegradable protein (RUP)
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Uszmnsvesgaunidluguundaaly Table 3.16 WUIIZAUMINNTYUVDI RUP Hina
mldlszmnsvewuniiGonas Tis Tadaanas wazaadiga (P<0.05) Tulanldsvenisgas
30% RUP

Table 3.16 Effect of dietary treatments on microbial population and blood urea nitrogen

Items Casarea (% of total CP) : RUP (%) Contrast*
35:30 35:35 35:40 35:40 SEM L Q
Blood urea
nitrogen(mg%)
0 201" 195" 184" 183" 033 0.001 0.488
3 254" 235 23.7° 247 077 0397 0.015
6 21.8" 218"  19.1° 206" 031 0.001 0.028
Mean 24 216 204 212 122 0.125 0.245
bacteria (x 10 " 22 2.5 2.6 2.4 089 0066  0.025
cell/ml)
Protozoa (x 10 1.9° 21" 22 19" 005 0288 0.005
cell/ml)

**! Means within a row with different superscripts differ (P<0.05)

*QOrthogonal polynomial contrast L= linear, Q= quadratic
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Figure 3.14 Hourly blood urea nitrogen (BUN) in cattle receiving a diet containing

four levels of ruminal undegradable protein (RUP)
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Table 3.17 Effect of dietary treatments on nitrogen balance

Items Casarea (% of total CP) : RUP (%) Contrast*
35:30  35:35 3540 3545 SEM L Q

Urine N (g/d) 51.0  50.7 41.9 48.1 223 0.132  0.197

Urine N 1.04 104 0.86 098  0.05 0.143  0.244

(gkgBW ")

Feces N (g/d) 23.0° 228" 223" 256" 068 0052 0.044

N absorption (g/d) 71.8 70.4 72.9 69.6 1.12 0.438 0.437

N retention (g/d) 20.9 19.7 31.0 21.5 2.23 0.231 0.110

b a b

73.2 0.76 0.168 0.068

ab

N absorption 75.3 75.4° 76.5
(%N intake)
N retention 21.6 21.1 32.5 22.7 246 0230  0.107

(%N intake)

* Means within a row with different superscripts differ (P<0.05)

*Orthogonal polynomial contrast L= linear, Q= quadratic

agu
=1 dy U Y di’ d’d ~
nanmsane lumsnaaesiicninsonan ldnlugase s Talenlinemise 30%
1 [} [ a a Y d‘ 3’ v o
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af A 1 Y a A a Y a
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MANUIN D

Nutritional evaluation of Casarea for ruminant using in vitro gas production technique

Casarea (45% CP, cassava pulp:urea = 85:15; DM basis) is produced through an extrusion
process wherein a starch bearing food source such as corn, cassava and an NPN substance such as
urea are admixed and pelleted (0.76 cm. die) by runing through a cooker-exturder at high
temperature (90-120 degree C., moisture about 20%), and pressure to give a chunk-type product
and Control are not produced through an extrusion process. Two NPN feed sources (Casarea and
Control) were ground through a 1 mm screen for the in vitro gas production technique.

Strict anaerobic techniques were used in all steps during the rumen fluid transfer and
incubation period. Rumen fluid inoculums was removed before the morning feeding by vacuum
pump and stomach tube technique into a 2 liters glass flask and transferred into two pre-warmed 1
liter thermos flasks which were then transported to the laboratory. The medium preparation was as
descripbed by Sommart et al. (2000). Mixed rumen fluid inoculums were obtained from two Thai
Native x Brahman crossbred male cattle (weighing approximately 200+ 5 kg).

The feed sample of approximately 0.5 g on a fresh weight basis was transferred into a 60
ml serum bottle (Sommart et al., 2000). The bottles were pre-warmed in a water bath at 39°C for
about 1 h prior to injection of 40 ml of rumen fluid medium (using a 60 ml syringe) to each bottle.
The bottles were stoppered with rubbers stoppers, crimp sealed and incubated in a water bath
setting at 39°C.

The rate of gas production was measured by reading and recording the amount of gas volume
after incubation using a 20 ml glass syringe connected to the incubation bottle with a 23 gauge, 1.5
inch needle. Readings of gas production were recorded from 1 to 96 h (from 1-12 h, every 3 h from
13-24 h, every 6 h from 25-48 h and every 12 h from 49-96 h) after incubation periods. Amount of
cumulative gas volume from 1 to 96 h after incubations were fitted using the equation y=a+b (1-e
“) (@rskov and McDonald, 1979), where y, describes gas production at time t, a, the gas produced
(ml) by instantaneous fermentation of the soluble and readily available fraction of feed, b, the gas
produced (ml) by the fermentation of insoluble, but slowly fermentable fraction and c, the

fractional rate (rate constant) at which gas is produced per hour (%/h).
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