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Abstract

The objectives of this experiment were to evaluate nutritive values and to compare digestibility,
kinetics of gas production, and the value of metabolizable energy between forages and non-forage fiber
sources using an in vitro gas production technique. The treatments were divided into two groups of feed
sources. The first group included nineteen forage fiber sources (FFS) into tree sub-group 1.1 Alternative
forage (ALT), sub-group 1.2 Grass forage (GRS) and sub-group 1.3 Legume forage (LEG). The second
group included thirteen non-forage fiber sources (NFFS). The experimental design was arranged into
a randomized complete block design with 4 replications. Three Holstein-Friesian bulls, with an average
body weight 200 kilograms, were the sources of stomach fluid, an inoculum. Crude protein of FSS and
NFFS was vary among 2.92-13.73% and 1.72-50.32%, respectively, EE was vary among 0.30-3.14%
and 0.38-27.11%, respectively and NDF was vary among 44.32-79.98% and 23.25-76.03%,
respectively. The value of in vitro organic matter digestibility (IVOMD), of the group NFFS was higher
than that of FFS and GRS (P<0.01), but did not differ from the ALT and LEG. The value of in vitro
neutral detergent fiber digestibility (IVNDFD) of the NFFS group was higher than that of FFS and ALT
(P<0.01), but did not differ from GRS and LEG. Kinetics of gas production; potential of gas production
(A+B) of NFFS was lower than FFS, ALT and GRS (P<0.01), but did not differ from LEG. Rate of gas
production (C) of NFFS did not differ from FFS and ALT, but higher than GRS (P<0.01) and LEG
(P<0.05). Metabolizable energy (ME) of NFFS was higher than FFS (P<0.05) and GRS (P<0.01), but
did not differ from ALT and LEG. These results indicated that some NFFS had a high potential to be

used as CP and energy sources.

Keywords: Digestibility, gas production, metabolizable energy, non-forage fiber sources
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Tablel Chemical composition of forage fiber sources (FFS) and agro-industrial by-products.

Feedstuff Cutting Chemical composition
Age, d DM', % Cp EE Ash NDF ADF ADL
% of DM

Group 1. Forage fiber sources (FFS)
Sub-group 1.1 Alternative forage (ALT)

Saccharum officinarum 1 year 91.08 292 1.01 7.88 44.32 32.20 5.99
Sorghum bicolor 84 90.40 8.88 1.13 7.19 59.56 38.07 4.93
Sub-group 1.2 Grass forage (GRS)

Paspalum atratum 30 91.00 6.22 1.21 8.18 73.23 46.16 5.49
Panicum maximum 30 93.77 12.93 2.26 14.45 72.40 42.65 3.40
Brachiaria mutica 30 95.80 12.23 2.31 11.81 66.91 39.74 4.19
Pennisetum purpureum cv.Mott 30 96.28 8.28 272 12.29 57.34 39.78 2.99
Pennisetum purpureum cv. Kinggrass 30 91.34 10.50 0.30 10.00 74.39 4224 4.64
Digitaria eriantha (1) 45 90.45 10.47 2.63 6.50 79.98 43.22 5.16
Digitaria eriantha (2) - 93.60 4.32 1.90 7.67 66.83 41.76 5.10
Paspalum plicatulum 30 92.73 11.14 1.99 8.95 71.97 43.64 5.99
Brachiaria ruziziensis (1) 30 94.69 7.05 1.42 7.60 79.79 46.10 4.84
Brachiaria ruziziensis (2) - 90.14 6.05 0.90 6.24 64.97 44.10 6.96
Choris gayana 30 95.94 6.15 1.72 7.99 7091 42.95 4.54
Brachiaria humidicola 30 92.77 13.73 3.14 8.04 73.99 40.07 4.49

Sub-group 1.3 Legume forage (LEG)

Centrocema pubescens cv. Cavalcade (1) 30 90.33 17.41 2.61 8.64 46.66 28.16 6.70
Centrocema pubescens cv. Cavalcade (2) - 91.74 9.94 1.41 4.79 61.21 39.08 9.35
Stylosanthes hamata cv.Verano - 93.68 17.76 1.46 7.58 69.24 49.44 10.97
Stylosanthes guianensis CIAT 184 - 91.89 17.68 1.43 8.84 55.13 39.60 7.79
Peanut straw - 89.28 10.98 1.07 11.78 46.81 43.84 8.46

Group 2. Agro-industrial by-product (NFFS)

Brewery waste (dried) - 92.71 31.95 7.70 438 64.24 24.27 3.49
Brewery waste (wet) - 95.89 32.58 12.29 249 73.78 2295 3.63
Coconut meal - 91.73 16.49 9.28 549 61.90 33.15 6.83
Coconut milk residue - 91.95 6.59 27.11 0.96 69.72 40.81 6.90
Cassava peel - 93.97 4.15 1.40 6.83 30.50 26.97 12.59
Cassava pulp - 91.24 1.72 0.38 6.47 23.15 18.94 5.55
Kapok seed meal - 91.55 30.73 7.36 8.06 39.97 3425 20.89
Mung bean bran - 94.23 13.07 1.84 30.13 36.25 29.50 8.42
Palm kernel meal - 9243 15.21 6.26 4.05 74.47 44.00 13.74
Rice pollard - 89.10 743 1.79 18.38 7272 59.44 23.25
Soybean meal - 92.81 50.32 1.13 4.30 13.51 10.05 0.06
Soybean husk - 90.12 11.38 047 5.06 76.03 55.82 1.46
Tomato pomace - 93.40 21.01 0.97 4.49 62.98 44.95 21.11

'DM = dry matter, CP = crude protein, EE = ether extract, NDF = neutral detergent fiber, ADF = acid detergent fiber,
ADL = acid detergent lignin

A ~ ~ oA v ¢ Y o o o A ¢ A ¢ v A

WenSeuiisunguiisenns “ainamua - madu Wends mndes @ maesud wag nlden
Aungu NFFS "wlnajuds wuhilea1r ADF eglu i lswda nliehdeudenni Tneidegiznin
N lndiAean (29.50-59.44%) sniumnaimians  10.50-18.94% uwazlu uvesdr ADL wuises
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Fravhavmu wagitserns “ainguvigh fenideudna
Indidsaiu Tnefianeglugn 2.99 - 5.99% snriu
wahgBmneian (2) Afierdl and whiy 6.96% B
Fhienitlndideefuiisens “aflunduadud ifien
oglur N 6.70-10.97% leisouifisufundu NFFS
wilwgjudr nuhileneglugaeitlndidesiu (3.49-
13.74%) snrfumndmos uazAnfumaaimaes
fianfienn (0.06 oz 1.46 % muddu) uag
five uitfiendeudine sndniluegana e mn
ey manzieme uag e (20.89, 21.11
Az 23.25 MUAAL)

nnesdtzneumaadl lenfeuifisuiy
Alumanguamalasuzyesingauers “ad
nanle “nd (2547) wuhiifemnlndifeatu uaz
aouiananduiilunnedagiy oaidioananms
famaudasiizonns “afuazundeinansainie
uwdsndAafisefulunsdloeananassldnnlsen
99 11NN

anu nnsalunsdesldluvaeanaass (In vitro
digestibility)
mstszifivgammlasuzyesingivems
“a1 wonwtlennmsinsanssdlsznsumaiaiily
Wosduudr mslszifinanu wisalumsdesld
s anikiuendemsliilsslomlldviaesTngiu
o3 “adiiie “afldAuemnsmanihudih msdnumn
adaitldhmsdsziivlunasanaass $1aee ane
msdevvesonislunszimnzuin wuhmiiia
IVDMD #u IVOMD ndimswiingdesdi 48 $1lue
fienfilndiAsaiu Tasaiagdvlundy NFFS fidn
IVDMD uag IVOMD fieh aii o usiedlsiom
wuh afldRanumsmunguuassiinvesiaghu
mulungu wazdr IVNDFD Afanuduulslu
anvazIBwAeIny uazwude “unad winingiy
ugazaiiofiiUiinas NDE Indidosin udnduiia
IVNDED fluanshaffueenly Sexliifiudena wifd

)

fuanduiuvedeleluudasingavems “ad
#alundu FES uag NFFS

HAYINMINAABIASII (Table 2) iile
Wisuiiiey szwhed@zTa IVDMD #u IVOMD
wdamawsindosi 48 Fal nuhiinlndideeu nas
idlefinsanimmza IVOMD iWisuifisunes
seiinsiaingiumelundazngn  wiunguis
013 “0d wuhimmmaiaafiengmada 30 fu
fif IVOMD st awhify 63.25 % uagiianm
uansheedaditle Wame adnniidesuazdvimsz
Tala usssnindosuasinimse lalabifianm
uanehafilums 8@ e IVOMD whity 50.49
ua 48.93 % muadu fifen _ssesaunihifivonns
& -

“ninguinuaziisens “ainguvd edxiia ldun

a

fudd 1 vghlesuase A IAaIgLIaY

]
3 =

(2) van3Bvaneiay (2) wag a2gnd da IVOMD

U

AU 46.23, 45.87, 45.33, 45.29 uay 44.35%
ey Tunduiandnillidfianmuandaiy

wvidhwiiadunimdo fidsasnogluz
95.72-40.64 % Tasivigmauayduiis IVOMD
il o aiend wgmanmsiiiSinanes ADF
uag ADL oglussdiidoudns 9 “wungu NFFS
wuh @1 IVOMD 989 mndamdesiian il a
J09aNAD MY enad uaz waeniu lznad
gehifianuuandafufumanenin (83.30, 79.01,
68.49 uaz 67.03% MUMGY) waznuNIEILI
@1 IVOMD fisnil awhiy 15.74 % uaziile
wnsanfisuineusgnianguingduudy nuim
IVOMD wosngu NFFS fighl_snth ngu FFS nag
GRS edilily dgyane 83 (P<0.01) Tuvmued
nSeudieudungn ALT uag LEG udibifianm
uAnEai

e wnsalumsgosld veaidelodl
aganelu 19vlenilifiunars (IVNDFD) vesfisonns
“nihinszifiuasil wudh @1 IVNDFD weq

oo
1A

F1annuiianmn anazhinandandes
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FANY 4.66 uag 6.28 % MUY 1N
asafiudunuIInud IVNDED eadiamataaiely
M3AA 30 Tu {en AN a 1mfiy 41.14 % ANNUANEN
v 4 o 4
aananentesnnnlinaisagla uagllsdun
uandiu lasisagla  (@naldnnnameznin
@ NDF Au ADF) uaslulansaniulase 51
Awv 2 o o a a o 1
nivdatuiuiglusagla wagdniu yaudmin u
voutiasadis (Hall, 2000) lasisagla 1ilu
49 d o aq Y ve 4
welengdunsd wnsaldlsslonilddhoniniie
Wisuidisudualsagla wazdnin T uves
TUsauniduurasvealulasmusaiunumaensls
Usglogilunisiinlsesinsgdunsd  9nnsh
thvheavimuuazdesi “a wwagla egluSnam
c'> 1 4! ) 1 4'4 o 1 1o
g seiilu wndedumivegiugluisagla
A A & A A A A o

pagdaniiy  INNINIHYTINavesldsAunasudg
M eailadefananiiieea swamlvien IVNDED
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uged1alsAain  1eNaTUIINANT
Seuifigua IVNDFD wunianuauulsnasuing
3 Tnaficneglugi 11.09-45.87 % uaz 16.61-
41.14 % “WSVNTIMs “adngurgiuazad
MUY U9 NIV NFIANAT BINGH
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iANs 1

A IVNDFD v0angu NFES 1iiafianson
Huneiagavmelungunui mangwinia i a
50989317 MNDIMABY Lagia vy 64.99 uaz
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(Kinetics of gas production)
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(P>0.05) 1nngu LEG

Tu vessdanmandand () Seedine
Fandlumstos mevesingiu iWenSeuifioy
melunduityenns “ad wuh Ses famaiaaiieny



406

U 35 atuhn 3 nsNHAN-NUENEU 2550

LAUINYAT

30 Ju waz MIMNAAANYINEIY (2)uasduid
a 1 ' o aA I v

8 dbufianuuandieiu a1 adu 3 duduusn
(0.077, 0.057, 0.046 uaz 0.045 %/hr MUAG)
1 1 A £ o‘d’ P ISP 1 J
IUAPNNFDIMT MINWAD NANDYITHIN 0.014-
0.040 %/hr efinsannouiieulungs NEFS
W MmangndNia C 3 a Wiy 0.112 %/hr
389093 Ae wWaeniu Wends whiy 0.082 %/hr
wagwuN NMeuar Avumaanraediain
N 0 WenSsuiouszrinngningdunddy wui
A C voangu NFFS liuandennngu FES uag
ALT ugifiandl andings GRS wag LEG

amdsnuit wnsalfuszlomilaluds “a
(Metabolizable energy; ME)
amdanui wnsalsszlowdlalugh “ns
(ME) v233agauems " Tasdnd 1nsalsziiiv
amuisaldnnsnaasduih “ad  udiidesia
fidedldiniosiionazizmsiidudou (McLaen and
Tobin, 1987) uagfidlddei 1 ogalsimu a ME
nnsammsyseiiiulalasnsld umshwenn
puadsznoumaall nazAmmandaul mnwnadia
¥iaBANAAD FAMINARDIE nsarmsUsiin
M ME vesingavenns “afld dwmuh a1 ME
fianwduulshmunguuazsiiavosingdu udnd
#io “unah Yaghvlundu NFFS 1wsfia fiflga a1l
Fuunaweateloduidmfuiufizenns “ad ud
wnsalimdmiusgduiivhfnse anhiisens
“m
Tumsnaaedilldhmslszifivan ums

Mgl 2 ums (Menke et al., 1979; Eql
uaz Menke and Steingass,1988; Eq2) Hav1nns
naaes dan adumaait 2 woh dieldiudsiiiiu
medilszneuifiulusiudhunnlumsannams

ums Eq 2 wlilde ME fidunaldmnhaiild
10 Eq 1 fiimsldiusiifludnandaud i
24 1l nazesdilszaeuiithilsiumen usedhals

I 1 ci v g v A o A a 1
Amu M ladalndiagany eiarsanar ME 91n
msmnalagls ums Eq 1 wisuifsuiumelu
agu FFS ud? wudl deguazdininaaiony
30 Ju fien ME _ai1 aud lifianuuandainluma
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Table 2 In vitro digestibility, gas production Kinetics and calculated ME of forage fiber sources

(FFS) and agro-industrial by-products.

Feedstuff Digestibility, %> Kinetic of gas production ME * (MJ/kg DM)
IVDMD IVOMD  IVNDFD  A+B,ml B, ml A,ml  C, %/hr Eql Eq2
Group 1. Forage fiber sources (FFS)
Sub-group 1.1 Alternative forage (ALT)
Saccharum officinarum 53.43" 50.49" 6.28™ 123.82¢ 11537 8.45" 0.077° 7.73* 7.57°
Sorghum bicolor 35.00¢" 33.14% 4.66" 157.42¢ 149.93¢  7.50  0.018" 5.12¢ 466"
Sub-group 1.2 Grass forage (GRS)
Paspalum atratum 30.02' 30.90" 15.94%* 170.70° 167.16™ 3.42°  0.0165° 5.05¢ 473
Panicum maximum 44.28° 40.64° 32.92¢ 162.09°% 151.22% -10.87" 0.021%" 5.42° 4.76%
Brachiaria mutica 39.01 35.35' 26.25d°"" 135.37' 128.90' -6.48 0.022" 5.30° 4.67¢"
Pennisetum purpureum cv.Mott 48.30% 45.87% 2426 179.83° 170.93° -8.90¢" 0.024 6.10¢ 5.67°%
Pennisetum purpureum cv. Kinggrass 33.21M 31.04" 21.50" 170.78° 162.86™¢  -7.92¢%  0.015" 4.65' 4.10'
Digitaria eriantha (1) 35.82" 34.87'% 34.10% 123.27¢ 117.39 -7.60°'% 0.029° 6.19% 5.65°%
Digitaria eriantha (2) 36.97" 36.89" 23.092" 160.76% 153.17°% -5.75° 0.022% 475" 4520
Paspalum plicatulum 25.72 2535 11.09Y 167.109  161.35% 907" 0.014! 4.68' 411
Brachiaria ruziziensis (1) 38.39" 36.11% 29, 14¢ 192.40° 182.50° 9.89¢"  0.016Y 4.97¢ 4.60"
Brachiaria ruziziensis (2) 45.30% 45.29° 27.32%%e 143.74' 140.43" -1.86% 0.030° 6.40™ 6.08°
Choris gayana 38.51" 36.98" 22.62¢" 16717 159.69°"  7.48F  0.021*" 5.35¢ 5.03%
Brachiaria humidicola 38.41% 37.04" 31.59% 16440 155.13% 927 0.023% 5.95¢ 5.24°
Sub-group 1.3 Legume forage (LEG)
Centrocema pubescens cv. Cavalcade (1) 62.88* 63.25° 41.14* 116.96" 113.81% 3.15¢ 0.057° 7.66" 6.76°
Centrocema pubescens cv. Cavalcade (2) 44.22° 45.33¢ 25.14°" 107.85' 106.26% -0.63° 0.046° 6.59™ 6.08°
Stylosanthes hamata cv.Verano 43.68° 44.35¢ 38.59° 110.04" 101.61' -8.43'¢ 0.039* 6.35 5.43%
Stylosanthes guianensis CIAT 184 49.47° 48.93% 30.26% 118.49%" 110.09M -8.40 0.040° 6.69° 5.76%
Peanut straw 45.20* 46.23 16.61" 114.27¢" 105.204 5.89 0.045¢ 6.43% 5.86°
Group 1 P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001  0.0001
SEM 1.1551 1.336 1.7238 2.9600 2.7879 07345 0.0010  0.1541 1.1541
Group 2. Agro-industrial by-product (Non forage fiber sources; NFFS)
Brewery waste (dried) 33.428 34.08¢ 22.19" 75.60" 73.03" -0.50° 0.034 5.99% 436"
Brewery waste (wet) 21.28" 21.65" 21.45" 40.51%" 39.91" -0.19° 0.040° 5.42¢ 3.79¢"
Coconut meal 66.80° 67.03° 64.99° 113.22¢ 107.13¢ -6.08° 0.112° 8.09" 7.26"
Coconut milk residue 21.30" 21.83" 6.87' 2273 18.08" 465" 0.061% 3.50° 3.37"
Cassava peel 65.10° 68.49° 16.342 168.31° 158.05°  -1026"  0.082° 9.10° 8.87"
Cassava pulp 76.53" 79.01° 38.11¢ 189.44" 180.45" 9.00" 0.066° 9.29° 9.18°
Kapok seed meal 38.62" 38.95" 7.10° 46.44% 44.85' 1.59" 0.071° 5.98% 4.42'
Mung bean bran 44.93° 46.64° 11.07" 95.51° 92.33" 3.19% 0.032¢ 5.77% 5.10¢
Palm kernel meal 50.81¢ 50.69° 47.29° 115.58¢ 111.36%  -4.22% 0.064° 7.81° 6.83%
Rice pollard 19.49" 15.74° 13548 35.21" 33.40 -0.28° 0.015¢ 3.13 2.75'
Soybean meal 81.65° 83.30° 59.45" 118.96° 117.90° 0.75¢ 0.059% 9.18" 6.59"
Soybean husk 50.37¢ 49.70% 39.98¢ 233.56" 219.79° <1378 0.023% 6.81° 6.22
Tomato pomace 49.10¢ 49.35% 290.11¢ 87.118° 82.82¢ -3.96° 0.051¢ 6.58¢ 5.49%
Group 2 P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0048  0.0044
SEM 1.0208 0.9945 1.8672 1.2041 1.3101 02497 00030  0.0006  0.0030
Grouping comparisons (Orthogonal contrast)
FFS vs NFFS 0.0348 0.0052 0.0040 0.0002 0.0002  0.0001 03176 0.0360  0.5647
ALT vs NFFS 0.3029 0.0822 0.0001 0.0287 0.0326  0.1029 02672 03534 0.8439
GRS vs NFFS 0.0001 0.0001 0.1891 0.0001 0.0001  0.0001 0.0076  0.0001  0.0038
LEG vs NFFS 0.7291 0.7380 0.6417 0.4508 04861 0.0403 0.0494 09720  0.5639

*IVDMD, IVOMD and IVNDFD= in vitro DM, organic matter (OM) and NDF digestibility, respectively, “calculated ME
follow equation of Menke et al. (1979) (Eql) and Menke and Steingass (1988) (Eq2), “ ™ "#™ 5! means within column

with different superscripts differ significantly (P<0.05).
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