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Taueghafiadl warihavernldiunaennan nansmeaaemudn nmsasueledlliinadonisauls
fnguiis seduanuunsa-islunssmzntn arududuresenludislulnsnau uenaini ns
esutouleidalifinasie DM wag ADF potential disappearance fraction, DM ag ADF total
disappearance pg1alsAn1a NDF potential disappearance fraction, NDF total disappearance
Lﬁ'u%ul,ﬁ'aLﬁ%ﬂ,JLauvLsmﬂuizé’uqa Tuvauzdi Hemicellulose degradability 71281 0, 3, 6, 12, 24, 48,
72 waz 96 Hlus LidsuwlaadosanmsadSueulyilonauua anududures Total volatile
fatty acids, molar proportion of acetate, propionate Wag butyrate Wag ratio of acetate :
propionate lunsiazsraziian Lidsuulasiesnnnsasueledlouauuauiy
mMsnaaewien vhnsmeaes 2 msveaesiioUseiliunavesansiaSueules 4 ¥lin sanns
niingeglunszinzudnaesaudalwandn lagld 48 h batch culture in vitro assay SauAUES

Unines waz ruminal fluid Allun1svaassil 1 (Exp. 1) wazn15naassil 2 (Exp. 2) leelduuunis
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Aaod completely randomized design uazlulsazn1mnasslsznoume 2 runs Laslaag run
i4 g asasueuledie 4 vila (€L E2, E3, and E4) Jundnsadieuledniensd FalF
endoglucanase, exoglucanase Way xylanase activities “#ainnany ﬁm%lvﬂzﬂ xylanase (birch
wood WAy oat spelt substrate) waz endoglucanase (carboxymethylcellulose substrate)

anunsndnsunuvssNanduitoulyal (per ml) laRsl E4>E1>E2>E3 Tunsvnaesdl 1 (Exp. 1) w3y
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el 4 wila Aisysiu 0, 2, 4 uaw 8HU/g of corn silage dry matter (DM) Tuwasritlunsnaasdi
2 (Exp. 2) wuaulenifisediu 0, 0.5, 1, 2 way 4l/e DM vhnsTanandnuiia (gas production; GP)
wdansUndl 3, 6, 12, 18, 24 waz 48 wy. ¥n139 disappearance of DM (DMD), neutral
detergent fiber (NDFD) wa acid detergent fiber (ADFD) wagmaaiuduwas volatile fatty acid
(VFA; total and individual molar proportions) #&snsUnil 24 uaw 48 w. wanfmsieuley E1
uay E2 dawalyi NDFD Wag ADFD fiszezinanusl 24 uay 48 ¥, gendn (P<0.001) wandausitauls
E3 uay E4 maiiusgiumaiaiuoulasdannsouia NDFD uay ADFD lunnuansausiioulesl (sniiu
ADFD wotoulusl B4 fiszssinaniy 48 wu) Sessdumsiaiuiivngauiuegfuriaves enzyme
additive (dose x enzyme; P<0.01) flunangun1smaaesiidssase DMD uay total GP 71 24 wag 48
%11, uAnanevaueshldonndoeiunanauawes NDFD uay ADFD

Maneaesd 2 Auflunisiiiefuiunaveseulasivassysunsiasuiimunzanvesoules
DMD lsignnszmumnmsiaiuieules ndsnnsusd 24 wag 48 v waglinuing enzyme x dose
interactions 484 DMD, NDFD, %38 ADFD %&sn1susd 24 wie 48 wu. (uniiu ADFD i 48 %11.) nds
A13ULT 24 w31, DMD, NDFD, waz ADFD tiindududunssmussiunsiesuiiiiaty (P<0.05) diu
n&n1sUNd 48 v, DMD wiintududunsenussiunisiasuiinty luvaedl NDFD induuuy
quadratic musERUNSLE UL (P<0.05) ADFD isdududunsovdensund 48 v, oy
woulwsl £3 uay E4 usndinisund 48 wu. ADFD wiuduuuy quadratic WlewaSuouled E1 uay E2
dmsu total GP fehilanaenadosiudowdueules B4 i 2 swewnat (P<0.05) luwutil
enzyme x dose interactions (P>0.05) 193621 UINTEUIUNITULN Wafiszoznanty 24 way 48 v,
Tumsneaesd 2 uenanidmuindiauuansnawes total VFA fisveviiaia 24 uay 48 W,

(P<0.05) nanfe nsiuseaunisiasueulaidanal total VFA anad “iaan1suui 24 . e total
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VFA nuliidunssesiiaIuyl 48 vu. Jannnsedumsiaiuagiil total VFA asndinga control
(P<0.001)
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mMsUseiin. MaUseiiuUszavsamusseules fsseznaniy 24 way 48 v, UnAezthlugnisdadusivues
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goeaany DM Way total GP

nMsvaaesil 3 Slgauszasdiiievinmsussidiunavesansiaiueuls 4 viia donsusingesly
nszeninvesrullnavdn 4 wfa 19795 batch culture in vitro assay 574U medium Lag
ruminal fluid wnun1svaasadunuy complete randomized design Usenaume 2 runs havusay
un 54 91 wAeS enzyme additives (E1, E2, E3, uav E4) Juwdnsasinianisindsd
endoglucanase, exoglucanase Wag xylanase activities Fumnsnei La%mauimﬁﬁu’a 4 48n aslusu
Fralnamsin fisedu 0 way & JUg of corn silage dry matter (DM) ¥n153a gas production (GP) 7i
sgyzlian 3, 6, 12, 18, 24 uay 48 . WAINITUN AT1ENI degradability vee DM (DMD),
neutral detergent fiber (NDFD), acid detergent fiber (ADFD) WagAulUutuYes volatile fatty
acid (VFA; total and individual molar proportions) #&3n15UN7l 24 waz 48 ¥y, TAULANA (P
< 0.05) 5¥%319 enzyme additives way control iAenfunavedeulysisie DMD, NDFD, ADFD ua
TGP unifu TGP flszozinanvu 24 vy Meulwimnvdslinamiloudu udliauuansig (P<0.05)
Rerfunasziseulesifungy control wandasiieulssl E1 uay E2 finavihlsi DMD, NDFD uaw
ADFD ganineulusl E3, E4 uag control (p<0.05) agnlsfinu nandmueiieuluy E3 uay E4 dnavin
1% DMD, NDFD uag ADFD @ini1 control (P< 0.05) fiszoznartuii 2 an navesyiinves com
silage substrates SAMUUANATY (P < 0.05) S¥wiawTinues com silage substrate enfiunase
DMD, NDFD, ADFD uag TGP d13u DMD, NDFD, ADFD way TGP linwuindl enzyme x corn silage
substrate interactions (P = 0.05) TaiisvezinaUail 24 wie 48 wy. uaviisvezinanuy 24 uay 48
3. ladnuanuuansa (P>0.05) s$Wie enzyme additives waz control wignfunasie rumen
fermentation profile @usuNavas corn silage substrates UAAULANFTN (P<0.05) TEWINN corn
silage substrate LAgafiurasie ruminal fermentation profile agUlunmsauladn enzyme
additives uanananouauosludauaniuyn comn silage substrates (\fil DMD, NDFD, ADFD Wag
TGP) agnslsionu wandueieulel E1 uay E2 fusedvsnnganinansiusiouled £3 wae E4

AIneaesil 4 ieUssifiunaves enzyme additives 8 wila sianisuingesniet1ily
nszmnensin Tngld33 batch culture in vitro assay 7iUsznaudie medium was ruminal fluid
SYELIANUL 48 Y. LHUNINAaLduLUY completely randomized design Usgnauseg 2 runs

wawdl 4 1 nanAue enzyme additive viaviue Wundndueieuletinienise Adanuuulsves
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endoglucanase, exoglucanase Kag xylanase activities syfunstesuvetoulusive 8 via fe 0,
2 and 4 /g of rice straw dry matter (DM) 1N1577 gas production (GP) ﬁL’Jaﬂ 3,6,12, 18, 24
WAz 48 U NaIN1TUL 1A degradability 989 DM (DMD), neutral detergent fiber (NDFD) Wag
acid detergent fiber (ADFD) 189&191nn15ULTl 24 waz 48 %y, WaI9INAISUN 24 .
Degradability 984 DM, NDF ag total gas production (TGP) laiflnansenuann enzyme additives
9819l5AAu degradability ves ADF Wisdwilewasy enzyme additives (P<0.05) #8431n1n15UL 48
Y3, WAUBY enzyme additives #@ degradability ¥ DM uwag TGP wdleuiu (P>0.05) e
degradability 989 NDF sty (P<0.05) 1ny enzyme additives fiszuzavans 2 1an dany
WANGNS (P<0.05) S2n319udinaes enzyme additives 1Aenfiunase degradability ¥a9 ADF n15iasy
exogenous fibrolytic enzymes ALY in vitro degradation 019917 WAlULAAZHARSTUN
oulsiannmaneuaussiiuandaty Jusgfussiunisaiueulsd enzyme x dose interaction,
P<0.05) §IAULANAINTENRIN enzyme additives @115V total VFA Weflszoznaivy 24 uay 48
%4, (P<0.05); Mstiinszduniasuteulssl vl total VFA ndansua 24 uaz 48 v, thifie n
seAunsiasuleuledazdmalidl total  VFA  gendn control  (P<0.001) a@sulaesin enzyme
additives uaninanevauaslldauInuad rice straw substrates (1fisl NDFD wag ADFD) agslsfiana
ansuaoulsy E3 fszdninmuinninndndosieulivindug

nsMAaBIgAYNg LileUseiiiunaves fibrolytic enzyme additives 2 viiadensdeslivodiu
dlnandn warnisndngeslunssinnzudn sEaU pH wazauludues blood glucose Tulaladled
uuagnszing Tnglilalaliungneau Holstein Friesian 191gnseimng 1 5 ¢ esdaienlu
AoN duiAlAINENNITNARDY 5 NFUNITNAGBINULHUNITNARBILUY 5 x 5 Latin squares design
NMINAARIUTENBUMIY 5 U9T2En1SNAADY Sveznsnaassay 21 Ju Inglurie 14 Juusadumng
YSuddniuens wazdn 7 TudwSuiiuimedislunseinneudn wagnismnistesaans in vivo
ﬂﬁjmaﬁmi%ﬂaaﬂﬂizﬂauﬁw 0 (control), 0.5 ml of E1 /kg of corn silage dry matter (DM), 1.0
ml of E1 /kg of corn silage DM, 1.0 ml of E2 /kg of corn silage DM uwag 1.5 ml of E2 /kg of
corn silage DM laustaziaglasuemsduiidlusiu 21% Juar 3 n.as/sh woadu 2 dlewihe fu
187 0800 wag 1600 . Saufududlnamsinlduuudud wasthazen nsiesy enzyme additives
Tuemsliiinane dry matter intake (DMI), AUWNTUTBS total volatile fatty acid (VFA), NHs,
molar proportions of individual VFA, ruminal pH Tu rumen fluid wazA g9 blood
glucose @ degradability 489 dry matter (DMD), neutral detergent fiber (NDFD) wag acid

detergent fiber (ADFD) laignnsenuannnisiaiu enzyme additives Nszeziianualunseimignidn
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3, 6 way 12 ¥y, (P>0.05) 8g19lshnu Asiasy fibrolytic enzyme @u15atina DMD, NDFD Lag

ADFD mdsnnisulunsewmnzviln 24, 48 waz 72 3. (P<0.05) wan1svsasaiiduuifeiduing
TUNISANEIMARDIMALUY in vitro WAZLUU in vivo Yedlenatdumsizindinisiiunisiausslevidle

voslnaugluaudinandnidleyinnisiasume enzyme additive

Abstract

The present research firstly aimed to determine the optimum ratio of cellulase to
xylanase suited for widely used roughages in Thailand i.e. rice straw and corn silage.
However, the only single enzyme sold in the Thai market was xylanase (endo - 1-4 beta
xylanase) while cellulases were not present due to unstable of the products. Thus, the use
of single enzyme was only conducted in one experiment in Chapter 3. The subsequent
researches (Chapter 4 — 7) were carried out using commercial produced enzyme products,
however, activity of individual enzyme products was determined to obtain exact activity of
each enzyme products. Therefore, the present research studies used both single enzyme
product and mixed or cocktail enzyme products which were commercially produced
products.

The 1" research aimed to determine the effect of xylanase product on ruminal
disappearance and rumen fermentation of rice straw based diet was evaluated in fistulated
non-lactating dairy cows. Three fistulated non-lactating dairy cows were used in 3 x 3 Latin
squares design; the trial consisted of 3 periods of 21 d in each period. Treatments were: 1)
control, 2) 10 ¢ xylanase/cow/d, and 3) 20 g xylanase/cow/d. The commercial xylanase

enzyme (endo-1, 4-beta-xylanase, EC 3.2.1.8) which was a fibrolytic enzyme powder

(Porzyme® 93010; Danisco Animal Nutrition) was used in this study. Diets offered as 3 kg/d
of concentrate containing 17 % CP together with ad libitum rice straw and clean water.
Enzyme did not change dry matter intake, ruminal pH and NHs-N concentrations. DM and
ADF potential disappearance fraction, DM and ADF total disappearance were unaffected by
the enzyme supplementation, however, NDF potential disappearance fraction, NDF total
disappearance were increased when the enzyme was added at a high dose. Hemicellulose

degradability in 0, 3, 6, 12, 24, 48, 72 and 96 hour were unaffected by supplementation of
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xylanase. Total volatile fatty acids concentration, molar proportion of acetate, propionate
and butyrate and ratio of acetate: propionate at each hour of incubation were unaffected by
xylanase.

The subsequent study, 2 experiments were conducted to evaluate the effect of four
enzyme additives on ruminal fermentation of corn silage using a 48 h batch culture in vitro
assay with buffer and ruminal fluid. Experiment 1 (Exp. 1) and Experiment 2 (Exp. 2) were
conducted as completely randomized designs each with two runs and four replicates. The
enzyme additives (E1, E2, E3, and E4) were commercial products that provided a range in
endoglucanase, exoglucanase, and xylanase activities. For both xylanase (birch wood and
oat spelt substrate) and endoglucanase (carboxymethyl cellulose substrate), the enzyme
products (per ml) were ranked E4>E1>E2>E3. In Exp. 1, the four enzymes were added at 0,
2, 4, and 8l/g of corn silage dry matter (DM), whereas in Exp. 2 enzymes were added at 0,
0.5, 1, 2, and 4l/g DM. Gas production (GP) was measured at 3, 6, 12, 18, 24, and 48 h after
incubation. Disappearance of DM (DMD), neutral detergent fiber (NDFD), and acid detergent
fiber (ADFD), and volatile fatty acid concentrations (VFA; total and individual molar
proportions) were determined after 24 and 48 h. In Exp. 1, E1 and E2 had higher NDFD and
ADFD at 24 and 48 h of incubation (P<0.001) compared with E3 and E4. Increasing dose rate
increased NDFD and ADFD for all enzymes (except ADFD for E4 at 48 h), with the optimum
dose rate dependent on the enzyme additive (dose x enzyme; P<0.01). There were some
treatment effects on DMD and total GP at 24 and 48 h, but these responses were not
consistent with responses in NDFD and ADFD.

Experiment 2 was conducted to confirm the effects and optimum dose rate of each
enzyme additive. In Exp. 2, DMD was not affected by enzyme after 24 and 48 h incubation.
There were no enzyme x dose interactions for DMD, NDFD, or ADFD after 24 or 48 h of
incubation (except for ADFD at 48 h). After 24 h, DMD, NDFD, and ADFD increased linearly
with increasing dose (P<0.05); after 48 h DMD increased linearly, whereas NDFD increased
quadratically with increasing enzyme dose (P<0.05). The ADFD increased linearly after 48 h
for E3 and E4, but after 48 h ADFD increased quadratically for E1 and E2. Total GP was
consistently lowest for E4 at both incubation times (P<0.05). There were no enzyme x dose

interactions (P>0.05) for any of the fermentation variables at either 24 or 48 h of incubation
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in Exp. 2. There were differences amongst the additives for total VFA at 24 and 48 h
(P<0.05); increasing enzyme dose decreased total VFA after 24 h but increased total VFA at
48 h, such that all doses were higher than the control (P<0.001).

Overall, the enzyme additives increased NDFD and ADFD of corn silage in vitro; however, E1 and
E2 were more effective than E3 or E4. Responses to increasing dose of enzyme were generally linear or
curvilinear, and the optimum dose rate differed amongst the products evaluated. Evaluation of the
enzymes at 24 and 48 h generally led to the same ranking of the additives, and the degradation of NDF

and ADF was more useful in differentiating the enzymes compared with DM and total GP

The Brd study was conducted to evaluate the effect of four enzyme additives on
ruminal fermentation of four corn silages using a 48 h batch culture in vitro assay with
medium and ruminal fluid. The experiment was conducted as a completely randomized
design with two runs and four replicates. The enzyme additives (E1, E2, E3, and E4) were
commercial products that provided a range in endoglucanase, exoglucanase, and xylanase
activities. The four enzymes were added at 0, and 4 /g of corn silage dry matter (DM). Gas
production (GP) was measured at 3, 6, 12, 18, 24, and 48 h post incubation. degradability of
DM (DMD), neutral detergent fiber (NDFD), acid detergent fiber (ADFD), and volatile fatty acid
concentrations (VFA; total and individual molar proportions) were determined after 24 and
48 h. At 24 and 48 h incubation, there was difference (P < 0.05) between enzyme additives
and control in terms of their effects on DMD, NDFD, ADFD, and TGP. Except TGP at 24 h
incubation, all enzyme additives were similar, but were difference (P < 0.05) in their effects
between enzyme additive and control. The E1 and E2 had higher DMD, NDFD, and ADFD
than E3, E4 and control <0.05); however, E3 and E4 had higher effects than control (P< 0.05).
At both incubation times, the effects of corn silage substrates, there were difference (P <
0.05) between corn silage substrate in terms of their effects on DMD, NDFD, ADFD, and TGP.
For all parameters, DMD, NDFD, ADFD and TGP, there were no enzyme x corn silage
substrate interactions (P > 0.05) at either 24 or 48 h of incubation. At 24 and 48 h
incubations, there were no difference (P > 0.05) between enzyme additives and control in
terms of their effects on rumen fermentation profile. For the effects of corn silage
substrates, there were differences (P < 0.05) between corn silage substrate in terms of their

effects on ruminal fermentation profile. Overall, enzyme additives show positive response in
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all corn silage substrates (increased DMD, NDFD, ADFD and TGP), however, product E1 and
E2 were more effective than E3 and E4.

The final study was conducted to evaluate the effect of two fibrolytic enzyme
additives on the digestibility of corn silage and ruminal fermentation, pH and blood glucose
concentration of fistulated non-lactating dairy cows. Five fistulated Crossbred Holstein
Friesian non-lactating dairy cows housed in individual pens were assigned to one of five
treatments in 5 x 5 Latin squares design. The trial consisted of 5 periods, with 21 d in each
period, 14 d for adaptation to diets and 7 d for ruminal sample collection and in vivo
disappearance trial. Dietary treatments were: 0 (control), 0.5 ml of E1 /kg of corn silage dry
matter (DM), 1.0 ml of E1 /kg of corn silage DM, 1.0 ml of E2 /kg of corn silage DM and 1.5
ml of E2 /kg of corn silage DM. Diets offered as 3 ke/d of concentrate containing 21 % crude
protein (CP), divided into 2 equal meals at 0800 and 1600 h together with ad libitum corn
silage and clean water. Addition of enzyme additives to the diet had no effect on dry matter
intake (DMI), ruminal fluid concentrations of total volatile fatty acid (VFA), NHs;, molar
proportions of individual VFA, ruminal pH and blood glucose concentration. The
degradability of dry matter (DMD), neutral detergent fiber (NDFD), and acid detergent fiber
(ADFD) were not affected by enzyme additives at 3, 6 and 12 h of ruminal incubations
(P>0.05). However, addition of fibrolytic enzyme increased DMD, NDFD and ADFD after 24, 48
and 72 h of ruminal incubations (P<0.05). Those results were similar observed in both in
vitro and in vivo studies; it might be due to increase the utilization of nutrients of corn silage

when treated with enzyme additive.



UNAAEE (18-

unAnga ..(89n9y)

a3

a13UN N

Ui 1

UNN 2

U 3

unv 4

UNUT oo,

LN AT U DTN IUD oo

2.1 195AUL...

2.2 BIAUTENBUVDIIDL oo

PRI IG I (lavaVia 1) N

LONANTONDN......

navasnssasueulallaauuanonisgeslunssieniinvaslalyliuuane

ATEINIE RS UTN TN oo

UNAAYD. ...

Abstract...............

3.2 QUATAIMAEITNT oot sttt s

3.3 NAN1INAEBY

LONANTDN9D.......

n15LY fibrolytic

enzymes additives lWaLNN1SWINg0Y in vitro Tunselnig

P NUDIIUU T ILINATIEI N oo

UNAAYD...............

AADSTIACT ettt ettt ettt et eaes

4.1 UNU ..

0.2 QUATOIMAETINNT oo e

4.3 NaN1INAADY

= S >y P

o N NN

15
15
15
16
17
19
23
25
25

28
28
29
30
32
35



#1508y (si0)

R
e Ay Lo T R LT Lo K OO a8
05 BTUe e 54
LDAATTOINIB oo eeeeeeeeeeeseeese e s e e eeeee e s eeeessseeeeeeeessseeeeseeseeees 54
unil 5 mawes exogenous fibrolytic enzymes son1susngoslunssinizudn in vitro
YBIAUTTVILHALIN G YT eeeeeeeeeee e e seeee e 58
UTIAREID ..o ee e ee e e e e e 58
ADSTIACT ettt enan e 59
5L UNIU N et 60
5.2 QUATILAEITNT oot 60
5.3 WANTTVIRRD e eeeeeeeeeeeeeeeeeeeeesseeeesessesseeeeseeeeeeeeseeeeeeeseseeseseeseesseeeeseessessseeeeesessseeee 64
LT Ty A T L oo Lo N 71
I 72
LDAATTOINID e eeeeeeeseese et eeess e seesesseeesee s sesee s eeeesseeeeeeeeeesssseee e seeeee e 72
unfl 6 wavesn13ld exogenous fibrolytic enzyme sianisusngae1edng in vitro ...... 75
UTIAREID ..o ee e ees e e es e e e e ses e ees e se e eeee e ese e 75
AADSTIACT .ottt ettt ettt anan e 75
6.1 UM oottt 76
6.2 BUNTOIMAETINNT.eovrrverre e 77
6.3 AN TTVIRRD..eeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseesseeeeeeeseeseseeseeeseeeessesseseeeseseseeeseesssssseeeesseesseeee 78
6.0 ADTTONAN TTVIRRD. ..o eeeeeeeee e eeeeeseeeseeeeseeseeeseeeseeeeseeeee e eeseeesseseeenes 85
I 2t 87
LDAATTOINID e eeeeeeee e seeees e e eeeeeeeeee e s eeeessseeeseeeeeeeeseeeeeeeeeeeeee 88
unl 7 maves exogenous fibrolytic enzyme sen1sgesldlunszimgnsinvedlalili
UL NIHINE T SUTUTVTIATETN e 89
UTIAREID ... eee e eee e ee e e s e ees e eeee e 89
AADSTIACT ..ttt ettt 89
7L U e 90

7.2 QUATOIAETINNT v 91

2



d135U%y (#19)

92
971
98
98
100
102



Table

2.1

2.2

2.3

3.1
3.2

3.3

3.4

4.1
4.2

4.3

4.4

4.5

A13U5YA1319

nauveseulwsiflilunisdosaas R-glucan TueWNTEN . ..o
Effects of exogenous fibrolytic enzyme supplementation in dairy cows’
diet N digeSTIDILITY ...t
Effects of exogenous fibrolytic enzyme supplementation in dairy cows’
diet on milk yield and milk cOMPOSITION.....ccoiiiiicee e,
Chemical composition Of fEEAS........eiricece e
Effect of xylanase supplementation onfeed intake, ruminal pH and NHa-
N of fistulated non-lactating dairy COWS......cccouiiieiiieceeeeee e
Effect of xylanase supplementation on volatile fatty acid (VFAs) of
fistulated non-lactating dairy COWS...cv e
Effect of xylanase supplementation on ruminal disappearance
COEFfICIENTS Of MCE STTAW v
Enzyme activity of the four enzyme additives used........ccovvevirnicnienennnn.
Effect of enzyme (E) and dose (D) on the degradability (%) of dry matter
(DM), neutral detergent fiber (NDF), acid detergent fiber (ADF) and total
gas production (GP) from corn silage after 24 and 48 h of incubation
with ruminal fluid (EXPeriment 1).....oocriieerieeeeesee e
Effect of enzyme additive (E) and dose (D) on the volatile fatty acid
(VFA) concentrations from corn silage after 24 and 48 h of incubation
with ruminal fluid (EXPerimENnt 1).....o.oeiicieieeeee e
Effect of enzyme additives (E) and dose (D) on the degradability (%) of
dry matter (DM), neutral detergent fiber (NDF), acid detergent fiber (ADF)
and total gas production (GP) from corn silage after 24 and 48 h of
incubation with ruminal fluid (EXxperiment 2)........ccovrninenensineen.
Effect of enzyme additive (E) and dose (D) on the volatile fatty acid
(VFA) concentrations from corn silage after 24 and 48 h of incubation

with ruminal fluid (EXPeriment 2)........ccociriinineeeeeeeeees e

ATy

10

11
19

20

21

22
38

39

a2

a4

46



Table

5.1

52

53

6.1
6.2

6.3

7.1

1.2

7.3

#13505yA1579 (6ia)

Chemical composition of substrates incubated in Vitro........ccccoevevevieenee.

Effect of enzyme (E) and corn silage on nutrient degradability (%)and
total gas production (GP) from corn silage after 24 and 48 h of
INCUDBTION. .1ttt bbbt

Effect of enzyme additive (E) and dose (D) on volatile fatty acid (VFA)
concentrations from corn silage after 24 and 48 h of incubation................

Enzyme activity of the 8 enzyme additives (pH 6.5).....ccccrvvinininieieiennns
Effect of enzyme (E) and dose (D) on the degradability (%) of dry matter
(DM), neutral detergent fiber (NDF), acid detergent fiber (ADF) and total
gas production (GP) from rice straw after 24 and 48 h of incubation with
FUMINAL FLUIG e
Effect of enzyme additive (E) and dose (D) on volatile fatty acid (VFA)
concentrations from corn silage after 24 and 48 h of incubation.................
Effect of exogenous fibrolytic enzyme supplementation on feed intake,
ruminal pH, NH3-N and blood glucose of fistulated non-lactating dairy
COWS fed COMM SIlAGE.....iiir ittt
Effect of exogenous fibrolytic enzyme supplementation on volatile fatty
acid (VFAs) of fistulated non-lactating dairy cows fed corn silage................
Effect of exogenous fibrolytic enzyme supplementation on the
degradability (%) of dry matter (DM), neutral detergent fiber (NDF), acid

detergent fiber (ADF) of fistulated non-lactating dairy cows fed corn

PN
62

65

69
78

80

82

93

94

96

BN



GUEVATR !

Al W
21 geTlATIATNVBUYAGLAE (CoH1008)mmmmerrrrneerrmrsmerrsssernssssesessssssessssssesssessesseen 3
2.2 ANUUELATIETNUDIIIMA. oo 3
23 WAASAIUUTEABUUBUIOLIE oo q
24 ayUnalnmsvihnuveaeulsl cellulase HREYAGIAR. ...oooccrecrrrrserrrrrnree 10

4.13  Percentage increase in neutral detergent fiber disappearance (NDFD) and
acid detergent fiber disappearance (ADFD) from corn silage after 24 and 48 h

of incubation in Experiment 1 and Experiment 2.........ccccocvrinieieneeecninenes 53



Ui 1

UNUI

omnslAuNUIENOUMEMITNETULAYDIMNTTY Fse1mrsnerudaifuomisndn
dmfulaun aziivunandely (fiber) 1HussAusznaudsudnsgs uaziinisgoslam o1mns
veuuszindeludnilvg Wi fumszgangh fumszgada wagnanassléinianisinunsmigg
W 119t Funaziudentialwe Wudu Taevaldemisideleazdsznoudieivaglaa
(cellulose) tedltwaglaa (hemicelluloses) wnfu (pectin) waganiu (ignin) usiu Fedy
T Judrudsenevvemtugaduasiin (cell  wal) dmsulaunemisuszinnideled
auddyediann Taunsndudesldsuagrafivaoriauimauazamuan ileasinlld
Uselomilneqaunidniglunszimnznin (umen) ioningesauldnanananing fo nsnlusiy
sungld (volatile fatty acid, VFA) Gedmfunnamdsnundndmdulauy yonanidwaely
msdnwanmaunanielunsenzuiindnsme  wazilelauulssuemsdelusgrafivme vy
denaviliiinussavsamnsiasauivle mslinandn uagyililausilaunmitd Tnslanznis
st dafuundsomsneruildfiuegniunsnans uilursdnaziidelodeudisgs ms
goulifuazdosliiauysal vilinnsldusglomiliin SafntywiAeaiudssansamnnsmiin
govomnandelunmelunszimzviinveslaun Tedwansenusonandnvadlauy uagilduny
manmfingetu fofudsddinmsfnsmumadiefiasiunisesldvesemsussandele

Wiawu lngmsiaSueuludigesitioly watiuussdnsannimmidndesermsidelelunssinig

'
a a a

PHNLALNUSEANTAINNNTITUSLLevUINNDINT TIVLAINAFONANANUDILAUY AILUUNITINY

[V
VU At aov

AsatRadlingUszasALite Anwidawavainsly fibrolytic enzyme sisnnsdoslaluvasniia e
MmszAuinzatveInsiludniifeides uasAnvinaresnshy fibrolytic enzyme Tusgdiu
Nwnzausenisgosaatedalonardsuiaveansalatussinelalunseimieninvesdniiae
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LPNE1SIUIVLTN IV

2.1 213lAuY

o3ty mnede  fngRvenmsdnififianududuredavugdominimings
duinnagiidelesnit 18 wWedfdud  omanduingivomsdniviafsmiovarsuis
Usgneudulugnsonms witesnlidu 3 Usean fie 81vslushiu 9mnsnaany uazeImis
LEINLIEIN LA IR

oIy mneie ewnsidiBelgenin 18 wWeddud  favuzdeslidn 4
dmitnsemieUiinsemstes Gwdnlnaliun  dusarlufiedldduormsdns wu v
mwgamﬂfm,azé"whm sudetanumdeldsngg Aannsatuiduemnslald Wy goades

AUTNINALAE N9

2.2 99AUSLNBUVDED L8

(3 a

fyingRvemsdninnvinaziviinaveateleniy wizwandeiuiiesSuanny

9

4

widulnefelgazUseneusieansusenaunaisvinuaziidiuvesailulamsaiidudouly
doduanndt  anuwandewenielofis yenainazuanmsszuinsiefivuds  lufisuda
\Aenfundenginsiuiasiidndiuvondeolesaiu lneidolovesiivazusznousegduiiy
odeftvnavdruifuntuad drusnezfudiuvesnslulanse aslulawmsainuludu

Weodevesiivarulngaziduninuds (starch) waztmia (sugar) ulawazimiasinandinulu

a

Woldauaaiy lawn glucose, fructose Wa¥ sucrose %9 monosaccharides ma"l‘ﬁﬁ;alm%é

ansailUldusslevidlnaslnelifesgndesaaneneu uaviileideveasiiy dulluluaziina

=% a

97130 polysaccharides  F3qdunsgaursailuldusslevilafsdediogndesaalaidu
monosaccharides fiay polysaccharides mataggnazausgluguuds (starch) ludiuvemds
wadhe azUsznaume cellulose waz hemicellulose uonanllfaliarsusenou pectin

(pectic substances) 53u%3 lignin waz silica agee (wanslugui 1) Faaslulawmse dadu

wAINAINUnaN L MNsIAULN wazlaeunfualluanmislaul azUsenaunie A1slulanse ag

Y

fe¥away 60-70 niinanves aslulawnsn Aeiluuvas wasauves aunsdlunssinizmdn

wazvewhidndios uenanifininlunssnwiguamuessuumaiuemis

¢ aa

waglad (cellulose) 1Wuansusznaunedudnailsd Aiuszanasesas 45 -50 Tunily

a v

& A = ¥ I a & v = < a [
wadhy cellulose axillaseadradunediuosidunss Lififsniuane Wunediwes ves D-

glucose Usznoume D-glucose Wousarumeiusy B-(1,4) glycosidic linkages Fasiusy



(SN}

a

denanalianunsagndesiiuauledvesdnild uiazgndeslalasiouludvueaqdunid uas
wulwifiansa  hydrolyze I6 e eulwd  cellulase lnswwaglaaqwien degree of
polymerization  agllugiaUszana 100 Feunnnin 10,000 Fanzsandunielu crystalline
microfibrils Lszja@jiaaﬁﬁmﬁfﬂimaqaé?md 20,000 @19 750,000 Aadu Favirfu 100 &9 4,000
mheluananglaa uianavessaglaaisssfudusinFenit fibril Tnefiuselelasioui
Aaduszninmylensendavasianangleafieglndfureasaglaaauniafuinatevis

A 1 [ [ . . 5 a 5 4 dy 1 4 dy o 1
WipusanuLUy fibril uaﬂmﬂuumaq‘[aawmiuwﬂmLuaaauuaslmmaumummmmumaﬂi@

lpfindnediwaglaa
CH,OH H OH
H N % ) H
Hove VBN ©
H HO CHOH

A 2.1 anslaseainaveaaglad (CHy0s),

fian: Eriksson (1990)

Y
A o o/

ifigaglad (hemicellulose) Luansuseneu polysaccharides fltnntinluanaas

wuannilududuasssesnnwaglad lnenuussinaudesay 20 -30 luniawadiiy awnsoars
vy & ! a < a < 3 £ 1Y

sanldsmyansazagiluang ielwaglaaluaisusznauiamelsnedudnanlsa lassadrandn

Usznausmey D-glucose, D-galactose, D-mannose, D-xylose Wag L-arabinose Laousaiy

I v 9 .. . dy a . . I3 3 v
Wuaneg1nenwusy glycosidic linkages 4an31NUB198  uronic acid +UUBIAUIENBUANIY

lawaudussdvsznauiinuinnfiagnlueliwaglaalaeiilasasrsidensotuimeiuse [3(1,4)
linkage vosimalelad wazdifsinuduihmansosyiusveniimania 9 wasdin1suanuuu

panluUsenause methyl-glucoronic acid, glucose, galactose Wag arabinose

B —(1-4)—D—XYLOPYRANOSE LINKAGE

’ H Q H 0, H o
H H H N\
OAc H Q OH on K <|)
|
H OH H OH H OAc
D—XYLOPYRANOSE
RING O Bl lee] Yeu O & —(1—>3)—L— ARABINO
4-0—METYL-D— GLUCURONIC FURANOSE LINKAGE
00k ACID LINKAGE
H Q
i
OH H
HZ0C

Ac — ACETYL GROUP

ANA 2.2 anwazlasiasavasbokaun 1u7: Eriksson (1990)



a

andiu (lignin) lddmlueslulawmsn widnagegsauiuiu cellulose Tudinvani
¢ & | aa < P Y A a oL a o § w1 Y
wadiy Judundanuudausannuesiy fitvdan lignin Bunn vilvgeslasin sy

a

ulwinndnd uargdunidllannsodesls venanidduhlheuleiieg hdeslnauzeng
9 lateednee lignin W polymer m@ﬁauﬁuﬁ‘maﬂ phenyl-propane Usgnausie comaryl
alcohol, coniferyl alcohol i@y sinapyl alcohol

wnfu (pectin) 1unquues polysacharides uazilussAusznauvaanilissadiiy
wavesrusznevdug meluwadvesiin lassadawes pectin Wudusses  Ju polymer
999 D-galacturonic acid Wousiafiuuszanas 200 luana lassainaveiivg carboxyl A9
methylated (COOCH,) 1JuasdusznouagsmILNIN uanaNissUsznaufetimaniag
lAun D-galactose, L-arabinose Wway D-xylose

oaiele 1y fivemsdninneg Meatudnluagldiumsdesanngdunidlunszimie
st Tunssineniinuesdn iifeasesdingurdunisvarseiafiannsondaieuluifiamnsodes
deleld Tnefinduidesidunguusniidndesaanedinendeloewnadudiuusn Fudosas
Pannsdudanturesoymaiuens vliiavesewnsuanine duaduliiuaiiGedsa
\nzuazdovanoibeleldfitu (wsn, 2533) qAuvidwdriardunszinandngariedi
audiayiednd fe nanlusfuiiszimeld (Volatile fatty acid,VFAs) 98un3glusiu (microbial
protein , MCP) wazdn1iudsau (Vitamin B complex) 1dugu %ﬂﬁm’iﬁ]zamsﬁmﬁﬂﬂli’fﬂiﬂ%ﬂ

14 v
F[,uﬂ’ﬁ.;'j‘U"JUﬂ’]'iLilﬁ/l’H m%%ﬂ‘uswﬂ'w—lLLaza%ﬁ\mamﬁm L9134 LﬁﬂLLag’,U’]Uil

4—Ccllulose

Type 1 dockexin
— domain

—Typel

Bacterial cell surface

AN 2.3 wansdlulseneuvedialy

fan : Krause et al. (2003)



2.3 1oulwsl (Enzyme)

oulwal (Enzyme) Ao @15Usgnaudunsdinminlusaunilaseasiedudou vnunia

aaa v 1 =

wanenanlusAulaealufelininuaiuisaiseuisenluddldinlaeg1ealiuse@niaings

'
1 a o

wenanidanunsasauisenlanieldanitsliguuse dunmnganedagaivaniiznelugad

'
aaa =

waziiloifovesanad@iaiily  eulwidanusiniegdeansiviiujisedausondn duamse
(substrate)

2.3.1 Ussianvaouloy

ulasildluevnsdniuvsoonidu 2 Ussuan fe

1. Endogenous enzyme nineds eulesigausingedluiliaitovosisuazdn’

a [y

Tnesssusdnazinarilminnisdsunlasmduldlasludneaus i dundaSuninnoiniswas
laifmans

2. Exogenous enzyme e teuledifiivaslunszuiunisudsguiierinli
a PN ' a v ) ° & a v ¢ X X < &
AnUR3e1s1999803n13 Tneimlunsdieuladunldlunsasuluomsdaiinendofazu
JULUU exogenous enzyme NeduTludagtuiinisununlinsguioulesidase teuleddauwlas

a € v}

el waztoulsddnnlasiugnssy

2.3.2 uvasiuveueulasigasiale

¥
a IS a

ouladl Mdluemnsdailulagiu weuludindnani@eqdunsd Feoraduios

wuafiise wiedasd vsvladueulgdiindnan@enunszuiunisuiuusmnaiugnssy &

=

Y  aa 0o ¥ a | | g v a caaX o ad o
91992838013 ibmAansi el lunanlinandneulednfiy. wseusulgelaedBiug

¥
=

Feanssuiiodindiuiu duiiauaunisndn welranunsondmeuleduindu wisudnsenaiinis

Wasuulasdduuavesdu wieliindueuledifiguaudfndniuidesnisle wulsdwdng

nldlaun Amylase Wueuleifgasaaisansominsimanuds Widuianaluanadns Jedes

aggn FulUldlunisadrandanuld urdweseulasivlindl diulvglianduvendes dndu

ulel Adedinuszaniameeseuledndegaudnilumasivemisvesdnd uslugndnd

Y

16N Beszuu tgeedvinanulalifug widesgnuenainuiwazgnifesieomsdnse ns

'
a

asumeataulesil Tuinandusgned

Qdunidlunszimnznsiniidifydenszuiunmsviingesidely awnsouvsoeniu 3
nauvdng Ihud uwuedide Wes uaglusiady

® A3y (Rumen bacteria) uuafionguiidfnsensusindesdoly loun

Cellulolytic bacteria TnsuvafiSenduiasnanoulesioanin aunsadesisaglas uazied

waglaald  Fulunisaaneiuse Plinkage  vosenanglea (glucose) uazinulng

[ ¥
A 1A [

(pentose) AunIgngy Cellulolytic bacteria U fadndarudAydmiudnineaiaaduin



LLaWﬁmﬁﬁﬂﬁigﬁEj@ lAwA Ruminococcus albus,  Ruminococcus flavefaciens  Waw
Butyrivibrio fibrisolvens (1157, 2533 uaz aaes, 2541) lag R. albus lananEnanving
Mo H, FEthanol, Acetate, Lactate @ R. flavefaciens lonandnanving fa H,
Formate, Acetate, Lactate, Succinate iag B. fibrisolvens 1é’waw§mqmﬁw Ao @u

1‘1/1@13'1,1“]14 Succinate Waye19il Acetate, Lactate U4

. 1 d” @ Ao Y a a [ £ 1
® 51 (Rumen fung) nguesY Wunquivimthideiiunisvingesniely
o 1 1 a 1% a I
nszneviln laedigdesaatoiwaglag telilwaglaa uazlauau (ylan) lanandaidu

a

Acetate, Lactate, Carbon dioxide uay H * 1oy 1Weinfugdunisnguusniidiluges
Tnssaswendely lnstgosaindiusuluou dsaylannmsiaduniuvenduly vhlmannis
wnveadulgldde dwmaliuuaiidodnludesaasldineiu venaniidesienaaztiesiane
Wuszveusiiwaglaa wazdniu uavvilvdniuaaelalunssimeudn udazligesdniiu
lnensa ﬁqﬁuﬁaiﬁqLﬁuﬁgéuﬁéﬁﬁmmﬁﬁmaEJ'N?J'ﬂuﬂ']m’hsjaammiﬂismm?jda (s,

2533; @94, 2541)

e lUsladd (Rumen protozoa) nulusladrendeegnielunszinizniin
Uszanas 107 - 10°  protozoa/ml Iﬂiimﬁaﬁagﬂuﬂfju Cellulolytic awaglu  genus
Epidinium #wzadrauasndseuluiingesntawadfiv @ genus 3w #ifldulunisdes
8n fa Entodieomorphs luUsladanquéinan azulingesanslulawmsanliduy Acetic acid,
Butyric acid way Lactic acid Judulve) wifaunsaas1s Propionic acid, H, Carbon
dioxide wawha Methane laale (Rass, 2541)
Cellulase 1Hutoulesifitioissfizeinisdosaneansusznouivaglaa 99nn15An
unasveaeuluiioagiaa nuirdgdunidnarsviafiaunsondnagiadld 1wy 1 uaz

a 6 1 a

wuefiSe Yaunidurazuiindarwannsalunistesamewaglaaldsieiu adanmindes
wdutiadeiddnlunmsmualunslindndusinldannsdesaas Tanminiwaglaaunnsing
vonly lewwaglaagndosaniaiduluanaidn q fazaneild Tuanawaiaggngadudig
wadueagaunid e lldlunmsaandsnunazansuszneuaiusungluead
uleieaguaadueuluindndunelusadvoniunis wdesseninuonyad
(extracellular enzyme) Fafivaneesriuszneu (multicomponent enzyme) InaiiniAusgnau

v
v

v990uleiiog19tes 3 UM IN9USIUAUNIT

1. Endo—B— 1,4 clucan glucanohydrolase %3© Lauimﬂqml,ua (endoglucanase)
ulwdilliaunsalalasladdiuidundn wu lefhe wiawsagesaaewaglaadiunlidu
HAnuavouiusiwaglaal 1wy msuenufiawaglaa Ineeuledazissufisenisiniuse

a1 1,4 (B-1,4-linkage) neluwaglaa Favziibinnuenvesaewagladduas wasaanumile
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| < a PN v Y ¢ I3 a aa va & - aa ¢
anaegTIngy Ushalanganeiigndnsigieuled auiluusnaniauaudfidudinasfag
(reducing sugar) WawanNlAaInA1sdesaany Ao walalnngnsu (cellodextrin)  Nilvwn

£
Y]

luanasiieiu wenanildsdiwaglulea (cellobiose) waznglaa winuluuunamntssuin

2. Exo—B—l,d—glucan slucanohydrolase %3 L@ﬂi%ﬂqmma (exoglucanase) Vmid
3eURsensgesaaediutaeveawaglaaduilsifiauamsalunisiig (non reducing
end) lonandndulug Juwalaluloa

3. B-glucosidase wiowwalaluiod (cellobiase) azidusaiaiunisinauveoulssd
wulangaiua uazienlengaiua lnsvimihidreissl fAselunisdesaarsiwalaluloals
nandndunglaa

xylanase annsogoseradlulonan luewnsdnidehiminluanaguasduaivg
shlfszuumaiuosvesdnifauniaduiy widvdnveneuledluwauna fo dow
aanevuszredlauauiiildlaadulassamdnuasiifafuduthmauareyiusuosimanis
q daunnlasadidudeuvedlauauisdesnsfanssuvesszuuieulesifiusznausendy
wulgiwanevdafivheusiuduseninueulsifdeslasiadramdn Tun Endo B 1,4-xylan

xylohydrolase wag B-xylosidase dautoulasingasnsnulaun danersn Tlusludiaa (a

[y

~arabinofuranosidase), 8avngalsiing (A —glucuronidase) uareorigiialed WoLad (acetyl
esterase) Insioulasiiasinguinausniulunisddsulswaulidulelaa (Sunna and
Antranikien, 1997)

LaulezfﬁﬁsjaEJamEJ"LsaiLLau%’@agﬂuﬂeju glycan hydrolase ssgnousonguuosioules]
fivwinfigevaareWuss  1,4-xylopyranosyl linkage @@9 arabinoxylan arabino 4-0-
methyl-D-glucuronoxylan ua2 glucuronoxylan weulesidananiutseendy 2 ¥dn e

1 . Endo B 14xylan xylohydrolase toulwsidvimindidesaats stusy p-1,4
glycosidic U89 xylopyranoside quejaﬂﬂEJ%EiaaamEJI@JLaqamaﬂfzﬁLLau%qaziﬁmﬁmﬁm%Lﬂu

Unnaluanadn wu xylobiose xylotriose xylotetraose @stuegivsinvotouluiuazans

Y

& a

WWFAUYSY xylanase Fauusoandu 2 nquauAuaIusalunIsgesaas
1,3 —L-arabinoxylan uag arabinoglucuronoxylan fi@ arabinose-liberating endoxylanase
< ¢l 1 . . o A
Wuleulwsifausadesaans arabinoxylan Way arabinoglucuronoxylan ASIALALST
Lﬁdn’ejmiaizmwimaqaﬁum xylose Wag arabinose non arabinose-liberating endoxylanase
& ¢l 1 1 . . o Al
Wueulednldanunsagevaany arabinoxylan wag arabinoglucuronoxylan ASIAILRLLT
Wawsaseninaluianaves xylose way arabinose

2 . Exo-B 1,4-xylan xylohydrolase #3a138nd1 ¢ 11 B-xylosidase &9 godaiy

Twanaveslelaledloudnailsd Jainannistevaatslanausiaiouled xylanase vhlila
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luanaveslylaalneioulyliuazdovaaisluianaved xylooligosaccharide vasnalyla

@91nUane non-reducing Miazluana

M1579% 2.1 nquveseuluinldlunisdesaans B-glucan lueimsdni

Common name Systematic name Action
Cellulase 1,4-(1,3;1,4)-6-D-glucan 4- Endohydrolysis of 1,4 linkages in
glucanohydrolase cellulose and B-D-glucans
containing 1,3 and 1,4 linkages
B-glucosidase B-D-glucoside glucohydrolase Hydrolysis of terminal nonreducing

Endo-1,3-B-glucanase

Exo-1,3-B-glucanase

Endo-1,2-B-glucanase

Exo-1,4-B-glucanase

Endo-1,6-B-glucanase

1,3-B-D-glucan glucanohydrolase

1,3-B-D-glucan glucohydrolase

1,2-B-D-glucan glucanohydrolase

1,4-B-D-glucan glucohydrolase

1,6-B-D-glucan glucanohydrolase

f3-D-glucosyl residues, with the
release of }-D-glucose
Endohydrolysis of 1,3 linkages in
1,3-B-D-glucans

Exohydrolysis of 1,3 linkages in 1,3-
f-D-glucans, with the release of -
glucose

Endohydrolysis of 1,2 linkages in
1,2-B-D-glucans

Exohydrolysis of 1,4 linkages in 1,4-
f-glucans

Endohydrolysis of 1,6 linkages in

1,6-B-glucans

ﬁm: Pitson et al. (1993).

2.3.3 guifveusluiiildluomisans (Perry, 1995)

1. oulwiltardaesdinnuaiesdionlulussuumaiuemiseesdnd  (Enzyme

gl 1

stability in the animal) tiasannlussuumaiuemisvesdnifianninudunsa-a1e uanmng

u Tnsamglunssmnzaesdnidannudunsngs wuledildazdosaunsonuuazyinnulad

Tuanneimdunsa  Tesanisludainssimizinen

[

(non-ruminant)  Laulesinldazaaadl

AMUA1N1TaluN1TYINNUgdRasduiusiuiainIsiadsunsuve o mslunsein g
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sygzIadunIe (McCLEARY, 2001) uanainieulwiaasiinnuaiunsalunisnunataulasiy
a d‘d L o I3
sheaneglunseinizdng

a

2. wulwinlgazaesdinuaiasidlomuadlueinsdnd (Enzyme stability in the

a1

feed) 1U0991N0MNSNLAEIAR IRz NN LT AIUUTENBUVRIIMSANeTUY LouleiasAaany
1 ¥ d' @ (v [ ;35 A 1 d' ) 5 v
aoan nwInasudltlunisiiusnwiomsdniuu 9 lagbideaninneunazinenmsuulule
6fa
U
3. ulyinldazdealinnuadosluseniNauARUNISNARLASNAIINTUNBUNITHAR

911158m 3 (Enzyme during and after processing) toulwaiflglusimsdnidiulvelifinuasg

a

faflgamniige uiludunounisudnomsdnisuiudeddgamaigunnit 60 ssrmiwaldoa
iy mswafuomnslugUreamavidonisdadin eravilioulesidugnydoussansamlunis
vhawld  eglsfammuiniloeuleinaueglusuomsifiaudfanssuveouluiazdang
wiasegiiniluguaimsimatuarannsadesiueuledainnisdesveseulesilusiealunse
wgdniladnee (Chesson, 1993)

4. nsviujisenfuszuinsduamsawazioulsy (Interaction between the substrate
and the enzyme) toulwiflfazdaainnudumeseduansnfedinusznouiifieglueims
& Tngvhludenldioulniifuadluilegosdnidnilianunsadesls 1y arsnannon-starch
polysaccharide (beta-glucan arabinoxylan mannan galactan wag xyloglucan) Fanulglu
Seyeng 9 (Choct, 1997)

5. mnuannsnvesdnilunsiwde Susinldanufiztensgesduansavoseulaily
14 (Ability of the animal to utilize the reaction product of the enzyme) d@uluenansiam
flFnmstesveseuludizduarslmanaidn q wu tmaluanaifies nsnezily nsaludiy

a e =% o d' | P [N &
HAZANIDUNIYDU € ‘UﬂaﬁﬂaqmqﬁﬂwzﬂgﬂaﬂLLaSQW%ﬂJIUIﬂ@@EJ'NTJ@ILT]
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Slucosc
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B— Glucosidase
(cellobaase)

A 2.4 agunalnmsinuveseuled cellulase dosiwaglaa

fian : Krause et al. (2003)

Table 2.2 Effects of exogenous fibrolytic enzyme supplementation in dairy cows’ diet

on digestibility

Digestibility (%)
Treatments Forage References
DM NDF ADF
Control 24% corn silage 61.7° 425" 31.7°  Rode et al.
Enzyme 1.3 g/kg of TMR 15% alfalfa hay 69.1°  51.0°  41.9° (1999)
Control 22.5% barley silage 64.7° 43.1° 37.6  Beauchemin et
Enzyme 1.22 ml/kg of TMR DM 22.5% alfalfa silage 673" 442" 425  al (2000)
Enzyme 3.67 mU/kg of TMR DM 6477 39.9° 403
Control 10% barley silage - 38.8" 41.6  Yangetal
1 g enzyme mixture/kg of hay 45% cubed alfafal hay - 412" 42.4  (1999)
2 g enzyme mixture/kg of hay - 43.6" 453
1 g enzyme mixture/kg of DM - 424" 42.5
Control 2 g enzyme/kg of DM 45% comn silage 71.4° 50.1 47.9  Sutton et al.
sprayed on TMR 15% grass silage 724° 504 453 (2003)
sprayed on concentrates 70.7° 50.8 457
infused into rumen 71.4° 49.8 49.0

* mean with different superscript within the same column significantly differed at p<0.05
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ATt 22 wansdanaveanisiasy fiorolytic  enzyme lusmnslauuse
Usgansnamniseesldvesemisdele lne Sutton et al (2003)uar Beauchemin et al.
(2000) wuinilefinsiady fibrolytic enzyme Tuorsiinavilifinilefiuinisdesliludin
¥89 DM upnsaInnguiinuauegraditoddigyisada (P<0.05) Jsaenndasfiu Yang et al.
(2000) Aifinawiufu d3u Rode et al. (1999) wuindlefinisiady fibrolytic enzyme Tua1ws
annsaiinesiduinisdesldues DM, NDF uaz ADF Faumnsinaainnguiiaunuegnad
Hodfaynnead (P<0.05) Feeradumsziouleifiaduluomisinaludisdinniseesaans
omsidelofieglunszimnzntn wazemaidelefinanedmiunisiauveaeulusideinld
nstegldifint vlidn fanunsaldsyleninnomsldinntu fervezdmwasenandminug

A usialy

Table 2.3 Effects of exogenous fibrolytic enzyme supplementation in dairy cows’ diet

on milk yield and milk composition

Treatments Milk yield (kg/d) %Fat %Protein  %lactose  References
Control 39.6" 3.99° 2.95° 489"  Lewis et al.
1.25 ml/kg forage DM 40.8° 383" 287" 491" (1999)

2.50 ml/kg forage DM 45.9" 4.00" 288 4.92"

5.00 mU/kg forage DM 41.2° 3,75 2.85° 4.81°

Control 37.0° 2.80" 314" - Kung et al.

2 ml/kg forage DM 39.5° 2.91° 3.19° - (2000)

5 ml/kg forage DM 36.0° 252" 296" -

Control 50 mg/kg of DM 35.3" 3.34 3.18 4.65 Yang et al.
sprayed on TMR 35.2° 3.14 3.13 456 (2000)
applied to concentrate 37.4° 3.19 3.13 4.65

Control 44.0 3,54 3.14 479"  Elwakeel et

1 ¢/cow/d 44.3 3.62 3.14 492"  al (2007)

5 g/cow/d 43.4 3.48 3.10 4.89°

15 g/cow/d 44.1 3.43 3.14 4.88"

b
* mean with different superscript within the same column significantly differed at p<0.05

PN 2.3 wanfanaveInisiasy fibrolytic  enzyme luermislauuseusunu
UUULAYDIAUTZNOUTDIUIUL WU WeTN15IE3H fibrolytic  enzyme Tuimislauuvinla
USunadhuuiiuduuand1aannnguiauauegesilidedidynieada (P<0.05) (Lewis et al.

1999; Yang et al. 1999; Kung et al. 2000) A53d1ufu Elwakeel et al. (2007) finuindied
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a

A9LE3N fibrolytic  enzyme lusinnslauy lm"ﬁNaGiaﬂ'%mmwawﬁmﬁmmﬁlmﬁwﬁma@
puAL  druduesdlsznavvesiiuy dnadeudraainvats fo iedinisiaiu fibrolytic
enzyme luannslaua Lifinansenusessdussneutiuy ( Yang et al, 2000) Elwakeel et
al. (2007) wuin nswEsa Fibrolytic enzyme luems viliesdusiuanlfaiiutu eehadl

HodAgyn1eads (P<0.05)
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undl 3
navansiasuauldllgnauiuananisgaalunsswizntinvalalalviuu
wIznsEsilesunietng
(Effects of xylanase supplementation on ruminal digestibility of

fistulated non-lactating dairy cows fed rice straw)

unAnga
nM3ideatelifngussasdiilefinumavewdnfarioulsllawauuaienisdosaais
wagmsningeslunszimeninvedlaluinanssmngalafuemsninisiniduommdn
Tdlalaliuaangnseimngdiuin 3 6 IALAINNAREIRNINLKRUNITNAGEILUY 3 x 3 Latin
squares design UseNausig 3 seeen15naaad 9 ay 21 Tu nqunimaaeslsenaume 1) nqu
AIUAY 2) ﬂ&juﬁl,a%m 10 ¢ xylanase/d Way 3) ﬂﬁjmﬁm’%u 20 ¢ xylanase/d toulusifildlu

msanwaseilidueuleinianisan (endo-1, d-beta-xylanase, EC 3.2.1.8) Faduiaulviifiges

doloviiang (Porzyme® 93010; Danisco Animal Nutrition) lausagiiaglasue1msdu 17%
TUsilu Suaz 3 Alandu sawfurhedmitlivedadui wasivhazenliunasana nans
naaesnud nsesueulellifinananisiulainguirs szauaudunsa-aslunssinizmin
aududursenludolulnsiau uonani mswasuevleddldiinade DM way  ADF
potential disappearance fraction, DM Wag ADF total disappearance p819l5AnL NDF
potential disappearance fraction, NDF total disappearance dintudlowsueuleily
JAUG Tuvauzdi Hemicellulose degradability #13an 0, 3, 6, 12, 24, 48, 72 uay 96 21w
1ﬁLﬂ38uLLanLﬁ'aqmﬂmﬁa%mLau”l,sziﬁlsmt,aul,ua AULNTUYDY Total volatile fatty acids,
molar proportion of acetate, propionate Wag butyrate Wae ratio of acetate : propionate

Tuksiazszezinan luwdsuwdasiasainnisasueaulosdlawauuaiuiy

Abstract

The effect of xylanase product on ruminal disappearance and rumen
fermentation of rice straw based diet was evaluated in fistulated non-lactating dairy
cows. Three fistulated non-lactating dairy cows were used in 3 x 3 Latin squares design;
the trial consisted of 3 periods of 21 d in each period. Treatments were: 1) control, 2)

10 ¢ xylanase/cow/d, and 3) 20 ¢ xylanase/cow/d. The commercial xylanase enzyme

®
(endo-1, d-beta-xylanase, EC 3.2.1.8) which was a fibrolytic enzyme powder (Porzyme
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93010; Danisco Animal Nutrition) was used in this study. Diets offered as 3 kg/d of
concentrate containing 17 % CP together with ad libitum rice straw and clean water.
Enzyme did not change dry matter intake, ruminal pH and NHs-N concentrations. DM
and ADF potential disappearance fraction, DM and ADF total disappearance were
unaffected by the enzyme supplementation, however, NDF potential disappearance
fraction, NDF total disappearance were increased when the enzyme was added at a
higsh dose. Hemicellulose degradability in 0, 3, 6, 12, 24, 48, 72 and 96 hour were
unaffected by supplementation of xylanase. Total volatile fatty acids concentration,
molar proportion of acetate, propionate and butyrate and ratio of acetate: propionate

at each hour of incubation were unaffected by xylanase.

3.1 unmin (Introduction)

nstesaaentseaduesiitlaedniifades feuddgysewrsvgialulspnemds
fimun Mafivdszansamnisdesaaiodelolngaunislunszimendinldiuaiuauls
Anwnideegnanirevnsanvanetuds lutagiuniiddsuanddiiiuinnisatuouledifaudn
govamuibelelunmslauuuarlayu fdneawlunisiiunslivssloniomsuaziiunanan
&3 asesueulufluemsdniiionses Ingamy xylanases way cellulases 1duans
ulwiainaInnTEUIUNIUINYBILUATILS ULAE T ﬁlﬁ specific enzymatic activities miL‘WIZJ
wandndaiiflesannisldasiatueulsidunanainnsiiunisdeslidelelunseimnzmiin
danalvdnslesu digestible energy Wiinty athslsfiniy snddvanlngdniunslulsene
wnevgudsenmsneuiiesdusznavrendeleteanitomsveulundeu uenand
nanSaaoulsiflddueuludnay (mixed enzymes) filinsuusunameseulesiurazyin
wa1en1sAnEITeuIINsEsudunaueulsidesdelefidl xylanase  activity GNEY
nanavauadbUlunsuanlulayu (Beauchemin et al,, 1997; 1999a) lauy (Arriola et al,
2011) Xylanases ifungueulssiunaiinulunssimngviin fndatuainnszuaunviingesiag

¥ 1Y 1

a a6 a o, ¢ o a a
AUNIYUNTUA Wuweulwmindnineitesiunisgesaais xylan polymer Tu plant cell wall

[ %
v Aa o

Ty soluble sugars 9UITBATIHITRUSTasANaUsElUNSLY single enzyme xylanase

q

Y aa

Tuleuuilasurhsdraduomsuetunan Wedradunanaselaannisndndnndegun was
a v ) v o ¢ & & A A a v

feuldiduamsnerundndmivdniidendeddulssmalnouazysinadug lin1sudndy
agalsfinu auAmlngugvewnede fesduszneuves lignocellulosic content &
Tshunazaufiue dwalvdnifuladey deutolelatssuasliauysel vinlidsednsam

nsldusglevtomsn warnanandnianas muddelutagiunansuansliiiuiinisiasy
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exogenous fibrolytic enzymes TummiﬁmiﬁmﬁmmmmLﬁmmiﬂaalé’i’mqt,l,ﬁq waziiely
19 (Bowman et al., 2002; Rode et al., 1999 and Yang et al., 2000) uaﬂmﬂ‘ﬁ Yang et al.
(1999) $1891U3NsEpEEa1y OM Way NDF Tunsziwignsin waznisgeuls OM wag NDF Ty
syuumaiivermsifistuilelaualdsunisiasy enzyme mixture uaznseosld DM uag OM
dutudioiasueuluiifisadntios (Beauchemin et al., 2000) aedlsfny Taldnnsinenide
ﬁqwmmmmmiﬂaalﬁﬁu%mﬁaammmaLa%m exogenous fibrolytic enzymes (Knowlton

a v L4

et al, 2002 and Lewis et al, 1999) uaziiloWarsandenislonanduaiioulelnnge sauds

ADNUNNVDILAALAITNAADI NANDUAUDIRBNIStAsULUlwvaIdn AL 9Tl uEULUS

(% [ %
o

g AaluTngUsvasdveIn1sfinwasatiieoNasyseiiunavesnsidioulsy xylanase (endo-1,
d-beta-xylanase, EC 3.2.1.8) 2 szdusien1sgavaaulaznismiingeslunssimizninvedla

Tailsruaianznszmne AlasU S NIN T T U TRETUNEN

3.2 qUﬂiﬂjLLazagm‘s (Materials and methods)

32.1 andveaes N139ANgUNITNAAEY kaznI3lueImIs (Animal, treatments and
feeding)

THlellumanznssmngsiua 3 f desglunenduien wasdnadugumsvaans 3
NAY AULNUNITNAGDY 3 x 3 Latin squares design N13AABIURTY 3 5382N15VAADY U
avsvoznisvaaedldiig 21 Fu lae 14 Juusn Wuszezudus wes 7 Sundaduszesfiiu

Y 1 oA

AI9E9 NFUNIINAABIUTENBUME 1) NGUAIUAY 2) NquTLESY 10 g xylanase/d wag 3) Nad

q
¥

Ma3u 20 ¢ xylanase/d teulwsinlglunis@nwinssiidueulesinisnisai (endo-1, d-beta-

= e - ®
xylanase, EC 3.2.1.8) Fadueuladndodoloydang (Porzyme = 93010; Danisco Animal
Nutrition) WAMIINNTLUIUNIININYDY Trichoderma longibrachiatum (xylanase activity
40000 U/g) Tausiaziagldsuomstuiifiiusiu 17% Juaz 3 Alansu wuadu 2 dewhe fu

Tuaan 0700 wag 1500 waglgsunsdndui fuazealinunasaiial vinsianisiuleyn

U wazAulMARAlULAAZIIINITNARDY
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I 4 a I3 =
322 MINUYOLAURSNTTIATIEN Y TNEAI

NITUARIBEINEIMITHIUALUNTIVEIA 1 Taduns dmSun1siaseimanil Tng

wisaanestnIkazo I stulaselagnsevlugeuioumgil 105 °C audmtdnesn du

a

nitrogen (N), ether extract (EE) Wag ash "3Lﬂswsﬁmﬁ%‘miﬁizu1ﬂu AOAC, (1995) Tuwauy
acid detergent fiber (ADF) uaz neutral detergent fiber (NDF) 3ias1zsinnudsnisfiuueti
I Van Soest et al. (1991) UANNTIBIUALUNTIVUIN 2 mm EMTUNISN in sacco
ruminal disappearance faaognarnadniiumsuaudivszana 5 ¢ ussgadlugsludeu
YA 8 x 11 cm ATvuIa pore size 47 pm thgsludeuluguuslunssimzmiinveslalallvius
Wignszneiluszosioe 0, 3, 6, 12, 24, 48, 72 wag 96 h easuiMuALdazszEzRANg

ludeusanannszinendn ihluddluihnlnanasanal ndniduihlvevludeungumgl

65°C 1Wuan 36 lus ndandamingiludeunsiazgaud thedreiimdeeglugly
4AT89IM1 DM, NDF wag ADF Annisgesaany (degradability values) tnainnisgaydelauy
Tuannge) laglyd NEWAY EXCEL (Chen, 1996)

WinUselunssuiunisuantunseinizndn Tuiui 21 999sazdi9n15naass ¥inns

a

\AUFM0819 ruminal fluid 21nlALIEASELNIZUAAESD 11981 0, 2, 4 hag 6 h wasINnTlR
ansiiod ¥insTar rumen pH Tuflunaniiiiushedslneld pH meter dwdunns
ALY VFAs wag ammonia N 11 rumen fluid U311915 20 ml Us59adlu test tube 1A
25 ml#ifl 6 N HCL U3u1@s 5 ml wdsanndusinns centrifuge 71 1895 rpm tJut3an 15 min
1hd1uve4 supernatant U39l test tube wuA 25 ml Yashegndunden tluifuinwi
20 °C qunTERIATIZINY acetic, propionic Wag butyric acids Tnldieded GC (Hewlett
Packard GC system HP6890, USA, 19091N-113 INNOWAX , Length (meters) 30, I.D. (mm)
0.32 WIDEBORE, Film (um) 0.25) @uAudu9uees ammonia N Jiasizilag Kjeldahl
analysis (AOAC, 1995)

3.2.3 msaAsizinvand (Statistical analysis)

ﬁﬂ%’aaﬂa DM intake, pH, ammonia N, VFAs ag ruminal disappearance
coefficients Tuuragtisn1snaans MAmsgiana ANOVA Tngld Statistical Analysis System
(SAS, 1996) AMUUANAINTENIN treatment means LUTsutiieulauly Least Significant
Differences (Steel and Torrie, 1980)
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3.3 Wan15nnaad (Results)

3.3.1 evAUsznaunIAlvese s n1snulauaznisuinlunszinizin

garUsznounsaivess mistunaziietnildlunisunasuanddilunised 3.1
ALadsues DM, CP, EE, NDF, ADF uay ADL 28301wn3dunaynnetndaniiu 91.33 uay
92.45, 17.23 way 3.43, 2.65 way 0.51, 31.29 wag 67.27, 24.06 way 47.19, 5.51 ag 7.68%
AUAIIY

nsAulaeIs ruminal pH wagAIduduYes ammonia N kag VFAs uanaslily
A9197t 3.2 N15AUlEEIMNg (10.27, 10.55 and 10.24 keDM/d audnsu) Lilumnsnsfuegnad
Hoddamsadniiioainnisiady xylanase (P>0.05) woulal xylanase lidenasie ruminal pH
waz ammonia N concentration Tutsazianiivhnisine (P>0.05) uenaind nandudi
Y3 total volatile fatty acids, molar proportion of acetate, pripionate Wag butyrate wag
ratio of acetate: propionate luusiaziaan ldflauuandsfuiieriinisiasy xylanase
(P>0.05) (Table 3.3)

Table 3.1 Chemical composition of feeds

ltem Concentrate Rice straw
............................ % Of DM..cviiiie.
Dry matter 91.33 92.45
Ash 10.10 15.36
Crude protein 17.23 3.43
Ether extract 2.65 0.51
Neutral detergent fiber 31.29 67.27
Acid detergent fiber 24.06 47.19

Acid detergent lignin 551 7.86
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Table 3.2 Effect of xylanase supplementation onfeed intake, ruminal pH and NHs-N of

fistulated non-lactating dairy cows

ltem Control 10¢ 20 ¢ SEM P-value
xylanase/cow/d xylanase/cow/d

Feed Intake(kg/day) 10.27 10.55 10.24 2.840 0.98
pH

Hour 0 6.62 6.67 6.71 0.002 0.37
Hour 2 6.61 6.60 6.65 0.003 0.67
Hour 4 6.42 6.438 6.39 0.001 0.24
Hour 6 6.42 6.50 6.37 0.003 0.32

NH5-N (mg/\)

Hour O 25.51 25.45 23.60 2.68 0.57
Hour 2 43.19 43.41 48.41 6.24 0.32
Hour 4 28.14 26.54 33.94 6.92 0.21

Hour 6 17.90 19.02 20.35 2.08 0.44
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Table 3.3 Effect of xylanase supplementation on volatile fatty acid (VFAs) of fistulated

non-lactating dairy cows

ltem Control 10¢ 20 ¢ SEM P-value

xylanase/cow/d xylanase/cow/d

Acetate (C2) mol/100mol

Hour O 75.52 75.07 74.63 1.59 0.82
Hour 2 72.68 72.07 72.54 2.68 0.94
Hour 4 73.05 73.46 73.26 2.71 0.97
Hour 6 73.66 73.31 73.26 2.62 0.97
Propionate (C3) mol/100mol

Hour O 14.47 15.09 14.32 1.70 0.85
Hour 2 15.69 15.69 15.92 1.33 0.98
Hour 4 15.04 15.25 15.26 1.17 0.98
Hour 6 14.52 14.81 14.71 2.11 0.98
Butytate (C4) mol/100mol

Hour O 10.00 10.27 10.60 0.92 0.85
Hour 2 11.63 11.86 11.55 1.51 0.97
Hour 4 11.90 11.26 11.48 1.62 0.90
Hour 6 11.83 11.85 11.88 1.31 1.00
TotalsVFA mmol

Hour O 51.32 51.39 49.46 3.07 0.60
Hour 2 63.78 58.21 65.98 5.67 0.17
Hour 4 65.40 59.88 67.86 577 0.18
Hour 6 62.31 58.17 64.98 4.09 0.17
C2:C3

Hour O 5.23 4.98 5.25 0.26 0.87
Hour 2 4.65 4.65 4.57 0.16 0.98
Hour 4 4.88 4.82 4.81 0.17 0.98

Hour 6 5.10 4.98 4.93 0.29 0.95
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3.3.2 Ruminal disappearance 9a3W19972

In sacco ruminal disappearance goeednandlFlunisned 3.4 DM soluble
fraction (a), DM potential disappearance fraction (b), DM disappearance rate (c), kag DM
total disappearance (@ + b) e adnlifaruunndnsetdiduddymnadn Weasy
wuleyl xylanase (P>0.05) wanani nmsiasuouley xylanase lidawasie NDF  soluble
fraction (a) waz NDF disappearance rate (c) 989W19917 (P>0.05) Wi NDF potential
disappearance fraction (b) way NDF total disappearance (@ + b) w0199 Tulalany
nsemnefildsu 20 o/cow/d  xylanase ﬁmqﬂﬂdﬂuiﬂﬁhﬂﬁ%’u wazlasu 10 g/cow/d
xylanase agiitdAYN19adA (P<0.05) Tuvguzdi ADF soluble fraction (a), ADF potential
disappearance fraction (b), ADF disappearance rate (c), wa¢ ADF total disappearance (a

+ b) weaetn lufianuusndnsivedlided1Anyveada e 3 ngun1sveass (P>0.05)

AN3197 3.5 uanINaves Hemicellulose degradability fitTusd 0, 3, 6,12, 24, 48, 72 uay

96 lailasunansznuanmsiasueulesl xylanase (P>0.05)

Table 3.4 Effect of xylanase supplementation onruminal disappearance coefficients of

rice straw
ltem Control 4 208 SEM P-value
xylanase/cow/d  xylanase/cow/d

Dry matter
Soluble fraction (a) 9.07 13.10 10.10 1.79 0.19
Potential disappearance (b) 48.80 48.07 53.10 4.63 0.27
Disappearance rate (c) 0.021 0.018 0.018 < 0.01 0.20
a+b 57.87 61.20 63.17 2.88 0.19

Neutral detergent fiber

Soluble fraction (a) 1.00 1.47 0.97 0.064 0.32
Potential disappearance (b) 57.13 55.63 61.50" 0.62 0.04
Disappearance rate (c) 0.023 0.021 0.020 < 0.01 0.16
a+b 57.93° 57.10° 62.47° 0.76 0.04

Acid detergent fiber

Soluble fraction (a) 0.37 0.97 0.50 0.047 0.21
Potential disappearance (b) 58.23 56.67 59.13 5.32 0.66
Disappearance rate (c) 0.0176 0.0183 0.0176 < 0.01 0.20
a+b 58.57 57.63 59.57 4.56 0.74

*’Means within the same row having different letters are different (P<0.05).
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3.4 350INAN1TNARDY

nswasaeulssl xylanase laifinasionshuldmguitdunmsfinuadsd fedidumsen
nsiaseulasfldléifiunsdesaasTnguiidlunszimewiin uagldlafililiuuddiomsny
AMUFBINISENISASTN nan1INRassiueiiedtiu (Schingoethe et al,, 1999; Kung et
al,, 2000; Sutton et al., 2003 and Rode et al., 1999) iﬂﬂﬂﬁu’jﬂﬂﬁiﬁulﬁ’alﬁlqLLﬁﬂvLijLﬂiJ%umﬂ
nswsueuley Yang et al. (1999) sneauinnmisiuladnguielifinansenuainmsiasueuled
feudiiinnsdesldidolonasnsruumaduormadiniu undasinislnaniuoimislign
wansEny ogdlsfiniy Sunssenuiinuimsfuldaquitafindu Lews et al. (1999) 918414
stuldiguimedauuistudeisiueuleilufivermsdnd Beauchemin et al. (2004a)
wedn mswasueulesilugureunailuaimsuislinudiAydenisgaduwasnisidndu
asewnsvesoulaineunislienis elinsdrdudullegramnsannasteaiunisdes
aaneannszvrunsgeslusAulunszimizudn Tunanssiudiy Yang et al. (2000) 5789747
nsfuldinquitslsignassnuannmisiaiuoulad Wevhnsiesumeulusflue s TMR siufineu
n15liemis uileudwavesnisasueuleddenisiulaemsuandisiusenineiinves
wanAusioulesl witsnmsiasueulesdlueimsnuinlilddadondniiinadonisiuldemns
(Yang et al., 2000) Beauchemin et al. (2003) 85181391 N15L@31 exogenous enzyme qg
Tinanevauesludsuinludninlinandngs Wowssuifisuiudniflasundsnuiissdudse
A

n3LEsU xylanase LifinasiosgAu ruminal  pH Heiloraiiesnaindndiuves total
volatile fatty acids lshUgsuudas msAnwaded sedu ruminal pH 1n&fuszsu neutral
wszdndlasurneadniluysunamnn awilewin exogenous fibrolytic enzymes @11130vi91u
T@luan1igd ruminal pH 1Uunae (Colombatto et al,, 2007) AIANTUVDS ruminal
ammonia N lunndalusfiguiiusnetng laignnszmuannmsiaiuievls! xylanase fs1oauna
MMusaALInU (Bowman et al., 2002; Sutton et al., 2003; Alvarea et al., 2009 and Yang et
al, 1999) ¥stlwsedn ruminal ammonia N s nnsgesanisvedlusiu videgids lng
wuliangdunidlunszimevsin uidnsnandnvesnisiaiy xylanase Aensifiuniseosls
fiber (xylan) @3luifinadonuidudues ruminal ammonia N Tuaasiienfumnududuves
ruminal VFA Tuusiagtalasiiguiiudaogndliunnsrai 1iloviinisiaiu xylanase aonndosiy
AIINARDIVDY Yang et al. (1999) way Kung et al. (2000) Tunnmseiudnu Sutton et al.
(2003) §7891UI1 acetate  @amad propionate Lﬁ'uégu Lae butyrate lajm?{auwaq ija
Wisuiisuiu naumuAu Yang et al. (2000) 1891U71 total VFA Liintiu usl butyrate anas

a a

UBNINT N9LETU xylanase 713 135 xylanase units AONARAAT ANUITOLNNAUTLTUYDS
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total VFA 1ilelald§u fescue hay-based diet wilivil¥ignsndau acetate: propionate (A:P)
\WasuwUas (Tricarico and Dawson, 2005)

nsdealaros DM, ADF uag hemicellulose luifinansgnuainnisiasa xylanase
wszinsineedsildieuledifion Ao xylanase n1siasa xylanase  7isziu 20 o/cow/d
Aoy potential disappearance fraction (b) wag total disappearance (a + b) ¥8s NDF
Turhednn Thanninnisiasa xylanase #1526 0 uay 10 g/cow/d 115 Bowman et al. (2002)
5189171 M3tesldvas DM, OM, NDF way ADF iuduisiewasueulesluevnstu imsginld
drunanveeulsivarsrislunismeass nsiESudunauvaeulwifiifianssuves xylanase
uag endoglucanase lagunAaziinauinninisia@suieuleiuiinlfen (Tricarico and Dawson,
2005) wenani Rode et al. (1999) snenuinmistesldlnrusnaonssuumaiuemsiiudy
dloasueulsiluomstuidudiuysenauvetomns TMR luaueil Beauchemin et al.
(1999b) Feeudnmsaseulailues TMR deulvermsazifiunisgesldnasnniaiiu
919115 Hveonuzihinmsasueuledluems TMR viudineulrenms azvinlieulviavananay
Tu ruminal fluid dwwalwinisivaniuveseuledegiesiasiannsemisndnludansenng
dauans vhlimsvhauvesevlsidnlngfietulunssimnzdinans (Yang et al, 2000)

nanfauaeulvddmiudnfinoadosiesdussnevdilngilu cellulase  uway
hemicellulase Faudna1n51 817 Trichoderma longibrachiatum, Aspergilus niger, A.

= a

oryzae) WazlwuAiii3y Bacillus spp (Beauchemin et al., 2004b) wonani dUNITIUNTZINY

9

niinusdnanunsandsaeulesl hemicellulose %50 xylanase 16 WuluATiSe Ruminococcus
albus, Ruminococcus flavefaciens, Butyrivibrio fibrisolvens wag Bacteroides ruminicola

(Hespell, 1988) 571 Neocallimastix frontalis (Mountfort and Asher, 1989) agn3lsfini

= A a v Y] a s . . Aa a A saaa | a ¢
WA NIANWINLAYIVDINUNISLETH direct-fed microbials NUAUNIYUTINBY azdioulol

q

a [ 3 a a

pgaae  wadaudutudesniwdnduaieuludildlunisnaaesdus slauazianssuves

uladindnduinnudunys eluegivaeiugvesgaunsdnly omsildiaes

a

AUNSY waz
anmzvesmsiasaiienanteulyl (Beauchemin et al, 2004b) nuiduadeiililannsauszidiu
nanAndnsld deudiinnnsiasy xylanase  anifinnisdesld NOF  sadnsnzirauddeilale
yaaadludniilinandn nanovauawoninaiuouluituegiuaistads o1fi Aanssuves
uled vlauazUSuiunsiasy vlinveso1ms onsiasueulvd Lazan1iene@ITIng s

§dm3 (Beauchemin et al.,, 2003)
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3.5 agu

wulesifldlunsfnuadet Wueuledudaifen e xylanase (endo-1, d-beta-
xylanase) il activity 40000 U/g diewaSululalaliumanegnssimislidmadonisiuldomns
5¥0U pH, NHs-N wag VFA Tunsziwizndn n19iasu xylanase lifinansznusie DM uag ADF
potential disappearance fraction, W&z DM Uag ADF total disappearance pg19lsAnu N1s
Ld33 xylanase Iuizﬁ‘ugﬂ anunsawiiy NDF potential disappearance fraction ¢ NDF total
disappearance  ¢uiduselumsfinuisdrunauveneuleivatssin wazseiunisasud
wizan MsAnwsERunslifnfian fannsofunisdeslidely Woanfunuvesnisld

woulaa
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unil 4
N4 fibrolytic enzymes additives ot miingas in vitro
Tunszmnzndinvasdutialnandn
(Use of fibrolytic enzymes additives to enhance in vitro ruminal

fermentation of corn silage)

UNANED

Igvnsmeaes 2 ManeaesiioUseiiunavesasiadueulsy 4 ¥ia sonswiinges
Tunsgigndnvessudlnauiin lagly 48 h batch culture in vitro assay SaufiuasUWes
way ruminal fluid Aflunisvaaesd 1 (Exp. 1) LazNSVAAB 2 (Exp. 2) Togldununis
nNAaas completely randomized design tazlulnazn15maaoilsznounay 2 run uasLaay
run 3 4 81 answaduevluie 4 via (E1, £2, £3, and E4) Wundnsasieulsimanisin 9%
endoglucanase, exoglucanase Wag xylanase activities #aInnany ﬁ’m%luﬁﬂ xylanase
(birch wood wag oat spelt substrate) wag endoglucanase (carboxymethylcellulose
substrate) ausadasusiuveantaieules (per m) Wl E4>E1>E2>E3 Tun1snaaesdi
1 (Exp. 1) i@sueulmive 4 ¥dn fiszdu 0, 2, 4 waz 8L/g of corn silage dry matter (DM)
Tuvnuedilunisnaaesdl 2 Exp. 2) w@Sueulusifisedu 0, 0.5, 1, 2 uag 4UVg DM vinsiaua
NARWAE (gas production; GP) USINNSULT 3, 6, 12, 18, 24 uay 48 Wi, YN
disappearance of DM (DMD), neutral detergent fiber (NDFD) tae acid detergent fiber
(ADFD) wagAudutuues volatile fatty acid (VFA; total and individual molar
proportions) W&aN15UNT 24 uay 48 v, wAndawieulsyl E1 waz E2 dawali NDFD uas
ADFD fiszeziiaivy 24 uag 48 v, 89n11 (P<0.001) wanduaivoulesl E3 way E4 UEATHY
sefumaiaiuteulesianansouiiu NDFD wag ADFD lunnwdnsdnsioulssl (snifu ADFD veq
ules B4 flszovnaiun 48 wu) SesedunmanaSufivangautuegfurinues enzyme
additive (dose x enzyme; P<0.01) ﬁmqmjmmiwmaaqﬁﬁwada DMD wag total GP 1 24
LAY 48 vy, usinanauauesilidenndesifunanauaues NDFD uaz ADFD

nsneaesd 2 dudunisifiefudunaveneuleiuazsedunisiasuiiazauves
wulwsl DMD lsignnsgnuannmsiaduieules ndsnnsusil 24 uay 48 wu. uazliwudngl
enzyme x dose interactions ¥as DMD, NDFD, %38 ADFD wdan1suuil 24 wie 48 w.
(unv3u ADFD 71 48 %11.) &an13Uil 24 %11 DMD, NDFD, waz ADFD wisduiduidunsinia

FEAUNISESUTRLTY (P<0.05) @IUNAINITUNT 48 v, DMD indutdudunsanusesunis
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@S ALAY Tuvag?l NDFD WLTULUY quadratic ausedunsiasuiiiiadu (P<0.05) ADFD

LT ULEUNTINAINISUNT 48 v, Wiowasuiaulesl E3 way E4 wandan1suud 48 wu. ADFD

'
I o

Autuuuy quadratic dewaSueules] E1 uay E2 dsu total GP fidvhilanaenadesiuile
w@saoulenl B4 W 2 szezianty (P<0.05) lawuinil enzyme x dose interactions (P>0.05)
YeduUsnsEUIuNIusn Malisvavaanuy 24 uag 48 vy, lunsvaaesit 2 uenainidamus
firuuansewes total VFA fiszeziianty 24 way 48 v, (P<0.05) naniie msifiusdunis
iasuouluyidanalsy total VFA anas nden sund 24 v, ust total VFA ndutiiuduitssosinan
U 48 By, BainszAunsiasLazsilif total VFA gsndinga control (P<0.001)
agUlunmsnilii1 enzyme additives @nusaLiis NDFD Wwag ADFD wassiudnalng
nin lun1sneaeanuy in vitro egnalsieny toulesl E1 way E2 agdiusya@nSainunnnin
wulasl £3 e E4 nansvaunmensiiusziunmstasuasdunuy linear w3 curvilinear way
sERusIEsuzauasuanatuss it ansusoulsdiiviinisussdiu nsUszidiu
Usgansnmaeoulesl szeznaiuy 24 uaz 48 wu. Undezthlugnisdnduduvesndnfus
a15LE3U warn1sUeuEanevas NDF way ADF axiiusylevilun1sdnuunussansnineesioules

laAninnseauaaty DM way total GP

Abstract

Two experiments were conducted to evaluate the effect of four enzyme
additives on ruminal fermentation of corn silage using a 48 h batch culture in vitro
assay with buffer and ruminal fluid. Experiment 1 (Exp. 1) and Experiment 2 (Exp. 2)
were conducted as completely randomized desiens each with two runs and four
replicates. The enzyme additives (E1, E2, E3, and E4) were commercial products that
provided a range in endoglucanase, exoglucanase, and xylanase activities. For both
xylanase (birch wood and oat spelt substrate) and endoglucanase (carboxymethyl
cellulose substrate), the enzyme products (per ml) were ranked E4>E1>E2>E3. In Exp.
1, the four enzymes were added at 0, 2, 4, and 8l/g of corn silage dry matter (DM),
whereas in Exp. 2 enzymes were added at 0, 0.5, 1, 2, and 4ll/g DM. Gas production
(GP) was measured at 3, 6, 12, 18, 24, and 48 h after incubation. Disappearance of DM
(DMD), neutral detergent fiber (NDFD), and acid detergent fiber (ADFD), and volatile
fatty acid concentrations (VFA; total and individual molar proportions) were determined
after 24 and 48 h. In Exp. 1, E1 and E2 had higher NDFD and ADFD at 24 and 48 h of

incubation (P<0.001) compared with E3 and E4. Increasing dose rate increased NDFD
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and ADFD for all enzymes (except ADFD for E4 at 48 h), with the optimum dose rate
dependent on the enzyme additive (dose x enzyme; P<0.01). There were some
treatment effects on DMD and total GP at 24 and 48 h, but these responses were not
consistent with responses in NDFD and ADFD.

Experiment 2 was conducted to confirm the effects and optimum dose rate of
each enzyme additive. In Exp. 2, DMD was not affected by enzyme after 24 and 48 h
incubation. There were no enzyme x dose interactions for DMD, NDFD, or ADFD after 24
or 48 h of incubation (except for ADFD at 48 h). After 24 h, DMD, NDFD, and ADFD
increased linearly with increasing dose (P<0.05); after 48 h DMD increased linearly,
whereas NDFD increased quadratically with increasing enzyme dose (P<0.05). The ADFD
increased linearly after 48 h for E3 and E4, but after 48 h ADFD increased quadratically
for E1 and E2. Total GP was consistently lowest for E4 at both incubation times
(P<0.05). There were no enzyme x dose interactions (P>0.05) for any of the
fermentation variables at either 24 or 48 h of incubation in Exp. 2. There were
differences amongst the additives for total VFA at 24 and 48 h (P<0.05); increasing
enzyme dose decreased total VFA after 24 h but increased total VFA at 48 h, such that
all doses were higher than the control (P<0.001).

Overall, the enzyme additives increased NDFD and ADFD of corn silage in vitro;
however, E1 and E2 were more effective than E3 or E4. Responses to increasing dose of
enzyme were generally linear or curvilinear, and the optimum dose rate differed
amongst the products evaluated. Evaluation of the enzymes at 24 and 48 h generally
led to the same ranking of the additives, and the degradation of NDF and ADF was

more useful in differentiating the enzymes compared with DM and total GP

4.1 uni

Fibrolytic  enzyme feed additives  fidnennlunisifiunisgesldiiolonas
UsyAvBnmmandndniifisndes fivemnsdnifiesdusznavveadeloatgs Geasdrianisiu
Iduaznistosldomsvesdniifisados Uung and Allen, 1995) 9aunIdlunssimeniinaus,
sardneulwilifiogondely uindavadilasiaisidudounaznsifivemsdnifiszoznaiog
Tunszimnewsindida vilheulssianngauniddenideleldes (Wang and McAllister, 2002)

AsAnEININUIeNUTEUNansLY fibrolytic  enzyme additives  LWoudndaInfinnail



31

(Beauchemin et al., 2003) lnganAduarulngjsjatunisidioulsy cellulases war xylanases
figovaans cellulose waz hemicellulose MUEFU

n134@su fibrolytic enzyme additives anunsawiiyl in vitro fiber digestion waz L
AuAalnsurvesafive IR iannIne (Yang and Xie, 2010) uazAMATMES (Eun et
al,, 2007) Eun and Beauchemin (2007) uag Eun et al. (2007) 14 alfalfa waz corn silage
Ju substrate 51899037 nsasueuledifiunisdesld DM wasifele Wlednwilu
wosUuRnis wazlinavitusaieanulu continuous culture (Colombatto et al., 2003) way
Tusdnd (Rode et al,, 1999; Yang et al,, 2000) lun1sAnw#ild grass hay: concentrate
(600:400 ¢/kg DM) Uy substrate n15t@3y fibrolytic enzymes \fial total bacterial numbers
(Giraldo et al., 2007) wag cellulolytic bacteria L‘ﬂ'm%ﬂu rumen simulation (i.e., Rusitec)
fermenters agld barley grain way alfalfa hay 1Ju substrates (Wang et al., 2001) 1S
Anwuluiidnd nanevauasludsuinguiiontu ey fibrolytic enzymes Twiudns
A4 (Arriola et al, 2011: Holtshausen et al, 2011) AausiluuismsAnwnansliisiu
Sanaludeuinislewdsy fibrolytic enzymes luommsdnsifeaiaes udfdnananisanuiilina
liinseiu wieldfinansynume in vivo digestibility nioronanandni (Knowlton et al,
2002:Lewis et al., 1999:Vicini et al,, 2003) fauuriininasiasueuloiiusyansaniuwds

¥
[ 1 1

Juegiutadeiee wu Aanssuveseuled vlauazszaunisidiouled vllnvesomns 35n1s

Y

WESuLeUlYYl LAYANULNINETTING189ER T (Beauchemin et al., 2003) A9UUTBINNANSNYD

ANstENAn A aulein1an1sAINLNSRa1ed s Udn L AgILEe9ReAN LU U UV

UsyAvsnmadnsnsiioules suvanuiuusvessanouaesesHAnfnsitug eiituegtu
g1swazn1sann1sn1stienis Seldaunsafingiwiedednenmveanisldieulesiann
AauauUANITLATiieIeE9ReY  (Beauchemin et al, 2004) FaunsnAans in vitro
bicassay 7is1assaniazvainsuinizminazifulsslevilunisiiagsuunuszsaniamues

nan oo luldnnassdudninoly (Beauchemin et al., 2004)

=

NAdeAsslyufansidautlnandn siziinsldiuegrawnivalenilan way

ABAIMNLAT UL TureNNsAnIAN UL laUseliunavaenisasuaulailneldo1mn i

9 Y

Y Y

sudnlnandniduemsneruiugiu (e, Arola et al, 2011) nan1svaaesdslddaiaudn

4 =

Aanssuveaeuluivazseaunislilaiiusednsnmasan danudndufisedosdnumsziuves

nsEsumzanvesasiasueuledv g WmegsEaun1sEsuiiNanaAUANYLYeINIT

=

vasuauleslulauuiieiun1sgaelao1Isreu AUUNISANEIASINIINInaUSEaIRALiD

9

Usziliudszansninuazszaunisiasuaisasueulediviingeg luiesujuianislaeldsu

I lmensinidu substrate 33n15AIGUsENUNNSUSELIU A8 in vitro batch culture 71 24 way
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48 Flus Wefnudawaveamsldansiasueulesininism 4 vl denisdesaarsuasiiiuy

A57sNg o lUNT LI LML NVDIAUIN INANLIN

4.2 gunsal wazIsN1s

n1smmaedil 1 duflunslagldununisnaaeuuy completely randomized desien
Usznoude 2 runs (batches) wazusay batch il 4 81 (replicates per run) SHNAUNTS
nAaes 16 ngun1snaaes nedangunisveasdluwuu factorial Usznaumeansiasuoulsy
4 wila uavszAuNTIETL ¢ EdU Msmeaee 2 THununisveasatuifiedtu udiingunns
NAABY 20 NFUN1INAAEY Ingdnngunismaastdunuy factorial Usznaumeansiasuoulasl
4 %lln uaYsEAUMSIESY 5 SYAU THaBINNsInaes nsTuRay batch Muenfuauaziu udld
answesueuley 4 yiamdouu wagldnudnlnantndy substrate WulReaiy

4.2.1 Substrate Uagsansailoulesl

TgautlnandinunsguiosuJURn1s (neutral detergent fiber [NDF], 39.82%; acid
detergent fiber [ADF], 19.08%; DM basis) 101 substrate ldasiaSuteulesl 4 viln Fadu
diunanves Cellulase Plus ua Xylanase Plus ludndiu 75:25 (E1; wAna1ngaunsd
Trichoderma longibrachiatum; Dyadic International, Florida, USA); Rovabio Excel LC2
(E2; Nﬁmmﬂﬁﬁu‘m%é Penicillium funiculosum; Adisseo France SAS, Antony, France);

a

Rovabio Rips (E3; Nam’mﬁ;auw%‘ﬂ P. funiculosum; Adisseo France SAS, Antony, France),

a

and Econase RDE (E4; Nﬁmmﬂ‘qaum%é T. longibrachiatum; AB Vista, Marlborough, UK)
woulwal E1 mﬂmmiwamamﬁu (3.4 mg/g of total mixed ration DM; corn silage and
alfalfa hay Wuenmsnegnundn) ansadfiunsdodlfiiol wazdsyansammsuaminu e
wisulvifiulauy (Arrola et al., 2011) viusafeiu wulysl E4 a1nganisuaaieatulaviinis
nAaes (0.5 way 1.0 ml/kg of total mixed ration DM; 81wsueulaun barley silage, alfalfa
silage, wa alfalfa hay) dwalsfuszansamnsrantiunfintududunsmussfunsasy
oulesl (Holtshausen et al,, 2011) woulwyd £2 Huweulsdvisnsaildludainssimetien
Tuvaziiouley] £3 1 undnsnsiouluifiegluszninanismaass dalailddmiedunisd
wulal E2 waw 3 diliinevaseuiilutesufoinsuarlufidnineades

4.2.2 mndinelpelusioajuiinig (In vitro fermentations)

4.2.2.1 M3nnaedi 1

n1snaaeagldls in vitro batch culture assay wagld rmen fluid 18U inoculum
¥n15uA substrate Budududlnandin kusswnsivun 1wy, dhdsegdudalnaun

Usguad 0.9 ¢ DM Ussﬁ;aﬂuqﬂudau (F57, Ankom Technology, Macedon, NY) feung
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' [
v o CY

819918 acetone  wazdalmtnguuaiuds Tunsaznqunismeassuazluimagssesiiaiyy
Usznoude 4 91 Fevrmandusieulediieth wasifudiuneay (200M) asuu substrate Tu
geludeu nounsUaadnuings 7 4 sz vesusiazioulsl ndnfe 0 (control), 2, 4 and
8UU/g of substrate DM ¥inm1sUaunngameauseu igsluasuussyadturinUsunng 125
ml safisliftgumnivoadunat 3 wu. ¥inafu rumen fluid 9nlarznssmngsiua 3 i
w3l mnsidn 3 . nesHu cheesecloth 4 u aslu flask 7 flush @38 oxygen-free

CO, e18 rumen fluid aslu insulated flask udr3uihluosufiRnisnielu 1 wu. wdsnisiAy

a

$19814 LAY anaerobic buffer medium (60 ml; Goering and Van Soest, 1970) 7
Usenaume tryptone, buffer, macro uag micro mineral solution, resazurin LLazﬂjﬁ Usu
oH 7 6.0 Tngld 1 M trans-aconitic acid (Sigma Chemicals, St. Louis, MO) s¢éiu pH fiden
Juseauidusunuvesanade pH Tunssmnsuinuedlauy uenmileainaisavate buffer
W@ rumen fluid (15 ml) asluusiazain Tudnsidau 1:4 (rumen fluid: anaerobic buffer
medium) Aeldanzd flush e CO, agsseiilos Yavanseqnens uazanezgiillon viud
ndaanifuadIusingg thaialuunfigumadl 39°C UuATes rotary shaker uan 24 wag 48
%3, ¥INN15UL negative controls (rumen fluid plus anaerobic buffer medium) wag blanks
(filter bags plus anaerobic buffer medium and rumen fluid) Aae 71U 4 1 ieusulden
gas production Wwag disappearance ANA1AU ¥11N151A head space gas production (GP)
resultant of substrate fermentation M1s¥e&z1a1Us 3, 6, 12, 18, 24, wag 48 . ¥N15In
GP was lagmsaenduvuin 23 gauge (0.6 mm) Viﬁ pressure transducer ﬁL%amsiaﬁ’u
900 ¥AINUNT 24 waz 48 v, 1wIA NANNITVIAABdAY 4 IR B8NaNFUN A gas
pressure dsNiLThIA UL LS U evgAnsEUIUNIVEN 1 filter bags (n=4 usaz
FEYLLIA LATUARZNAUNITNAGDY) BBNIINVIN é’ﬂqqquwufﬁLﬁuluaﬂuﬂizﬁ’aﬂfﬂa AU gas

v

volume 910 gas pressure Tagldaunsfisieaulng by Mauricio et al. (1999) fail
Gas volume = 0.18 + (3.697 x gas pressure) + (0.0824 x gas pressurez)

wawémﬁaazamﬁwm (Total cumulative gas production; TGP, ml) ‘17i 24 way 48
Flua mualaenssumauinysuasuiaiiinisialusdazian in1siassdu pH Tufidae
pH-meter 1ANF18819 rumen fluid aslu 1 ml 983 25% meta-phosphoric acid d1usuiild
Fingsimanuidudures volatile fatty acid (VFA) (awie Run 1) igefidnawdsluoud

q

Qamgﬁ 55°C Wunan 48 Halus A1wans DM disappearance (DMD) 21nn15deytde DM 91ng

y v 4

ludou dwiivdolugsluiinsevimnesduseneuvos NDF uag ADF A1uaas NDF Wway ADF
disappearance (NDFD and ADFD)
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4.2.2.2. N19Aa097 2

imqﬂszaaﬁﬁummimamﬁ 2 flefudusziuvesaisasueuledfimunzauainnis
neaedd 1 feduarlindnsadiouladsiaiafuiunisvaasd 1 waglddudnlnamn
wislouiu agslsiny Tdsvesserunaasuasasueulssiiiuauas (0, 0.5, 1.0, 2.0, uay
4.0l of substrate DM) wuumnunisveasadugudeatuiuiiesuelilunsveassd 1
onviu VFA iiasigsimanndaognans 2 runs

4.2.3 7153519 96Ad

34A512% NDF way ADF snudnsulagld ANKOM200 Fiber analyzer unit 714350157
a5unelilae Van Soest et al. (1991) Tun15As1esi NDF 14 sodium sulfite (10 g/l NDF
solution) uag heat-stable bacterial amylase (2 ml/l NDF solution) ¥n153tas1es VFA lag
wmdﬁ'aﬂ gas chromatograph (model 5890, Hewlett-Packard Lab, Palo Alto, CA) wag

capillary column (30 m x 0.32 mm id.,, 1[m phase thickness, Zebron ZB-FAAP,

Y A

Phenomenex, Torrance, CA), lLay detector wia flame Qmwﬂ”ﬁﬁlmmuw 150°C (no hold
time), w§snthufindulusns 20°C/min aufls 210°C LLazﬂﬂlﬁﬁqmwgﬁﬁLﬂuLaaw 2 Ul
9o Aved injector way detector Wiy 225°C way 250°C audwiu wagldufadideuduy
carrier

AATIEN activities #1199 veasarsia@suloulesl laun endoglucanase, exoglucanase,
xylanase Wae Ol-amylase activities AaAEn1sAuuzlag Colombatto and Beauchemin
(2003) @113V substrate fldUsznausie medium-viscosity  carboxymethylcellulose
(Catalog no. C-5678), cellulose (Sigmacell Cellulose; Catalog no. S-3504), xylan (oat
spelt, Catalog no. X-0627; birch wood, Catalog no. X-0502), wag starch (Catalog no. S-
3504) %9 substrate ﬁﬂwmmﬁlﬁmﬂ Sigma Chemical (St. Louis, MO, USA) @n1uUg984n19
nsdt fe gaumndl 39°C wax pH 6.0 WleazviouanzAads pH lunszimevsinvedeus
\fiNa158za18 substrate 139979 1% (1.0 ml) wag 0.1 M citrate phosphate buffer (0.9 ml)
adlunaonnaaes 31U 3 60 wazgulu water bath igaumadl 39°C UFATenazFuilewds
asararsiouluiifeansiiguuds (diluted in buffer) MnnsuuseLdesiissazinauiueu 15,
120, 5, waz 10 w19 dusuroulay endoglucanase, exoglucanase, xylanase, Way O-
amylase udRu ngaUiselagnsiinansazate 3,5-dinitrosalicylic acid Usuns 3.0 ml

38 substrate blanks (triplicate) 1asn15L@N substrate 139919U5105 1 ml
ansavane buffer Usuas 0.9 ml wazthnduusunms 0.1 ml widey enzyme blanks lagLsal
ulediieans3unng 0.1 ml asazane buffer U3119s 0.9 ml waziindud3anms 1.0 ml

aaa v

Maea1INIINsUEAUATE19IY dinitrosalicylic acid Unuinsienfiugeu wagaudn 5 Wil Tu
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water bath n1511 enzymatic activity vilalaen1sany reaction contents U3u1ms 200l
$1u9m 2 91 asly microtiter plate wav81uA" absorbance i 544 nm Wisufu slucose 3o
xylose standards (370 0 84 1 mg) ﬂizmumiﬁé’awﬁ’wLﬁuﬂ’rﬁﬂwﬁléfaﬂnzﬁmﬁauﬁ’u 189U
enzyme activities Tuning Hmol ¥4 reducing sugar released/ min U

4.2.4 MINATIIN NG

3Lﬂi’15ﬁﬁﬁjam‘jamﬂaﬁﬁmw mixed model procedure of SAS (SAS Institute Inc.,
Cary, NOC) ﬁ’lmﬁLﬂi’lzﬁﬁﬁa;gaﬁ]’mmimmaaﬁ 1 Way 2 wuniu AMULUULEUNITNAGDY
completely randomized design (CRD) lag/ld enzyme additive, dose wag interaction Tu
Tunaidu fixed effects Tuvauedl nelunismaasdld run 18 random effect ile interaction
58I enzyme Way dose HtludnAny (P<0.05) yin1sitATIzRLWlUNlAg contrasts Lag
orthogonal polynomial contrasts e NANEUALBILUY linear, quadratic Wag cubic #o
sedunsasuseniniaveaeulel e main effect vessydumMsasuitudfuvnsada
(P<0.05) MNANDUAUBILUU linear, quadratic kag cubic sioszAuvBINSIENEUlYlAI875

o w

contrasts Wway orthogonal polynomial contrasts fAvuAtuEIRYNINEDAN P<0.05

4.3 NANITNAADY

4.3.1 Enzyme activity

mua’%mLaulszjﬁmﬁﬂuﬂﬁmaammﬁmﬁ xylanase,  endoglucanase W@y
exoglucanase activity difissiouled E2 uag E4 7if amylase activity (Table 4.1) @118
Sasrsunansasiouley Tnefiansanain endoglucanase uaz  xylanase  activity Téaad
E4>E1>E2>E3 liinagly xylan substrate wilala (i.e.0atspelt versus birch wood) St
wanduaeulel B4 WHuuramesoulsifidanududuves xylanase waz endoglucanase
g9an lusaziindadusioulssd £3  Wuundsveseulvdifanududusiian Januduius
58114 xylanase lagld oat spelt %38 birch wood 31 strong (Pearson correlation

coefficient = 0.98) wananstusitoulesl E1, E2 uay E3 & xylanase activity q&ﬂ’i’ll,ﬁ'aw oat

! IS

spelt 1fu substrate Tuvaizfindnsosioulesl E4 &I xylanase activity genduilely birch
wood wansumansiasueulel E1 i exoglucanase activity, gﬂﬁqm TuvausfinanSnians
weSutoulel E3 4 exoglucanase activity ﬁaﬂﬁ?jﬂ

4.3.2 M998 1

Na9INUL 24 3. lainumnuuanag (P>0.05) serinanandaaiioulesd ¥oe DMD %30
TGP UANUAMNLANANTEIINNAn A ugeulysl (P<0.05) 989 NDFD wag ADFD (Table 4.2)

ANUNFINSUN 48 Y. UsnINNARSUlviaziinasa NDFD way ADFD §9flNawnnemig
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a

(P140.04) si0 DMD faudidn TGP azwiiulunnuanfusieulesl (P>0.05) fiszezinauurisass
nandaeieuled E1 wag E2 dwavili NDFD wag ADFD geniwdnsiaeitoules] E3 and E4
(P<0.05) navpandndugioulesiiazszaunisiasuaziinatalaune fiber fractions 11AN31 DM
faaesszoiaTUN HaTessEAUNISLAS e NDFD uay  ADFD  duagiundnsiasioules]
(enzyme x dose interactions, P<0.01) dwsuleulesl E1 nanovaussmosyaunsiasaidu
WUU linear Ay quadratic (linear a1y ADFD fiszaziiaiuu 48 va.) Tnedl NDFD uag ADFD
gegafiszAUMTIaSugeqn fszoviianty 24 uay 48 vy, druevles] E2 nansuauswresyy
nsiasuduluu linear, quadratic Wag cubic (linear Way quadratic Ll@w1z NDFD 7i 24 w1
Fetfu fisvogaaninfansan sefUnsIERuYsEAuamsaLfis NOFD waz ADFD 1ile
Wi uLisuiu control (P<0.05) Taglaifimsiand1aszninesziunsiaiuusazseau (P>0.05)
dwiueuled E3 wameuaussso NDFD Wag ADFD 28ssziunsiasuiduluy linear uag
quadratic ¥&§391NN5UY 24 74, LanduamIshuU linear &3N15UL 48 Y. NAIINTING1L
agulé fiszesnantusi 2 szesinan ynszdunadueules awnsoifis NDFD Wisuiiiey
fu control Taglaiwupmuumnsiesyninassdiunsiada us ADFD iuduameseiunsias ¢
uaz 8MU/g DM wWisuiisuiu control dwmsutoulesl E4 nanauauedues NDFD uag ADFD
RoTzAUNIETULTULUU linear (WA cubic 415U NDFD) #de91nn1suy 24 3. lnevnsseiu
M3LEsRaNsaLis NDFD Wisuifisufu control Taglifmnuunnsieseninssedunisiasy
(P>0.05) eehslsfmu  fiilossziunsiatugeandiaiansnifiu ADFD wdsnisuy 24 v,
(P<0.05) d@1UndI91NNITUN 48 3. NanaUauaIfaTzAUNIsIEsNvesoulyl E4 13U NDFD
Juwuy quadratic Tnesedun1siasud 2 uag 4L/ DM 2wg4nd1 (P<0.05) control Ay
Msiasufigegn BV DM) aswinfu control (P>0.05) w&aanmsuyil 48 wy. ADFD ag
willaufiu (P>0.05) dmsuynseaunsiasueuled E4 1WSsuiieuiu control

935U TGP lainu enzyme x dose interaction (P=0.97) F§snmsuui 24 wie
48 1. (Table 4.2) n&391NATUNT 24 va. YnsERUNSIERNANALH TGP gand1 control Tny
SeAUNSIESHT 2, 4, wae 8V DM 2zd TGP wiileusy ndsnnisunil 48 wu.nanauauss
fio TGP voesziunstaianduluy linear uay quadratic 1nefl TGP genin Aszdunsiaiui 4
waz 8HU/g DM winsdmeiasiasueulednnuinauansguuuuves GP rate (mUh) willeudiu
PADATEETIIATUN 48 T1l. GP rate AzgeiianfiszoziSudunsndinges Tngaxdl GP rate gegadl
3 . (lllduansdona) rate w1 GP shaslungu control 7 3 v uandloAugmsvegnsta

ndansvnil 26 v ewdeveneuluduarsyiunisiasy Wifinansenu (P>0.05) de
total VFA (Table 4.3) Nav895¢AUNISLAIUAD molar proportion U84 acetate E?Jyuagjﬁjwnﬁm

vosasiasuteulasl (enzyme x dose interaction, P=0.04) a3 ulileuiungy control N3
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wesuteulailifinane acetate proportion dmsunandueiioulssd E1, E2, uay E3 WANAS a0
voulas] B4 fisefiunisiasu 4 uas 8J/g DM an acetate proportion wW3suilaufusesunis
@37 0 war 2Ve DM feifuradeves acetate proportions vesransaiievls E4 az6n
nwandaseuledeindug Wwdeifundeeinnisuy 24 wu. molar proportion es
propionate vesnAndnsioulusl E4 waz £2 9vganin (P<0.05) E1 Tuvauziindndnsioules]
E3 awagiiuiunats fafudndiu acetate sl propionate vasnAnfuatoulul E1 wgsfian

(P<0.05) vaulaes] E3 Urunais snualeweulesl E2 waztoulesl E4 gfidn Navedaseaunstasy

q

[
[

RodndIu acetate #o  propionate WAIIINMITUNT 24 . gduadivyinveoulul
(enzyme x dose interaction, P=0.008) dnd1uved acetate fo propionate anatduldunss
auszRuTeensiaseulesl dmsundnsmiiovuled £3 war B4 Turmeiinanevausde
wule] E1 18unu cubic uwaghifinanauauaswasoulssl £2 ndsnnsUnil 48 . ansiasy
ulasifnansznu (P=0.03) e total VFA uifluunliuiaviinaseninududuves propionate
(P=0.07) hazdndi1uvay acetate %o propionate (P=0.08) (Table 4.3) Fathu wavewdn st
loulesise total VFA 2slaudandsainnnsus 48 . 1nnan 24 au. wanaaztdululumia
ASIAULILEIMSU molar proportion U89 VFA AU dued total VFA vesteulssl E3 uag
E4 9zunni1 (P<0.05) E2 luvaigdl E1 azdunans (P>0.05) diuseiuresnsiasyliing
(P>0.05) o total VFA, molar proportion 989 VFA uaazvin wiodndiutes acetate #o
oropionate (P>0.05) ausinasiiuwalifa (P=0.08) imududures propionate avifinduile

SYAUNNSLASULNLTUY
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Table 4.1 Enzyme activity of the four enzyme additives used

Product Enzymatic activity2

Xylanase Endo-glucanase Exo- Amylase

glucanase
Oat spelt Birch wood

E1l 1804+26 1721421 352+5.9 13.9+0.74 -
E2 1372470 1172+31 159+5.2 8.9+0.05 0.29
E3 616+51 575+11 59+2.5 3.3+0.10 -
Ed 3034141 3979+10 360+16.3 9.3+0.16 0.37

! E1: 75:25 combination of Cellulase PLUS and Xylanase PLUS (Dyadic International, Florida, USA);
E2: Rovabio Excel LC2 (Adisseo USA Inc, Georgia, USA); E4: Cinabio (Adisseo USA Inc, Georgia, USA),
and E4: Econase RDE (AB Vista, Marlborough, UK).

? Endoglucanase, exoglucanase and amylase activity were expressed as pmoles of glucose released
per minute per milliliter enzyme. Xylanase activity was expressed as pmoles of xylose released per

minute per milliliter enzyme.
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Table 4.2 Effect of enzyme (E) and dose (D) on the degradability (%) of dry matter (DM), neutral

detergent fiber (NDF), acid detergent fiber (ADF) and total gas production (GP) from com

silage after 24 and 48 h of incubation with ruminal fluid (experiment 1.1) (N= 8)

24 h 48 h
Enzyme1 Dose Degradability (%) Total GP Degradability (%) Total GP
(Mg DM NDF ADF (mV ¢ DM NDF ADF (ml/ ¢ DM)
DM) DM)
E1 Mean 488 195 126 8a7 574 256" 180" 118.7
0 46.9 16.7° 8.9" 79.6 56.6 2277 145 107.5
2 a87 195 130 848 570 256 174 119.4
4 503 202" 134 868 571 262" 181 121.0
8 494  217° 153 87.6 587 281" 22.0° 126.8
E2 Mean 493 201" 130" 832 572" 263" 186" 119.7

0 469 1677 89 796 566 227 145 107.5
2 498 205  14.1° 83.0 571 2747 200° 121.4
4 498 215" 146 85.3 568 2720 19.7 123.7
8 506  21.5° 147 84.7 583 278 20.1° 126.1

Dose 0 469" 167 8.9 7977 566 227 145 107.5°
2 ag7" 193 121 835 568 254 169 118.7°
4 489" 198 128 8as' 570 257 176 1215
8 a9.7" 204 137 850" 574 262 186 124.3"

SEM

Enzyme 208 027 031 7.43 132 024 041 8.12

Dose 208 027 031 7.43 132 024 041 8.12

Interaction 2.23 0.55 0.61 7.59 1.38 0.49 0.82 8.52

P value

Enzyme 0.15 <0001 <0.001 014 004 <0.001 <0.001 0.36

Dose <0.001 <0.001 <0001 <0001 009 <0001 <0.001  <0.001

Enzyme*Dose 084 001  0.009 097 008 <0.001 <0.001 0.99

**Means within the same column within enzyme having different superscript letters are different at P<0.05

**CMean within the same column for the main effects of enzyme or does having different superscript letters are

different at P<0.05.

lEnzyme E1, E2, E3 and E4 are identified in Table 4.1.
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Table 4.2 Effect of enzyme (E) and dose (D) on the degradability (%) of dry matter (DM), neutral
detergent fiber (NDF), acid detergent fiber (ADF) and total gas production (GP) from comn
silage after 24 and 48 h of incubation with ruminal fluid (experiment 1.1, N=8) (Cont.)

24 h 48 h
Enzyme1 Dose Degradability (%) Total GP Degradability (%) Total GP
VgDV NDF ADF (mU/g DM) DM NDF ADF (ml/g DM)
E3 Mean 481 183"  11.2° 81.8 5680  242° 158 117.7
0 69 1677 89 79.6 566 2270 145 107.5
2 481 183" 10.6° 82.5 567 242" 147 118.3
i 479  191° 128 82.2 570 249" 17.0° 122.0
8 492 189" 124 82.9 569 252" 17.2° 122.9
E4 Mean 479  184° 105 83.1 565 239" 15.2° 116.0
0 469 167" 89 79.6 566 227 145 107.5
2 481 189° 105 83.6 565 246" 153 115.7
i a75  185° 103 83.8 56.9 2477 156 1193
8 489 195" 124 84.4 558 2387 152 121.4
Dose 0 469" 167 8.9 79.7° 566 227 145 107.5°
2 487" 193 121 83.5" 568 254 169 118.7°
4 489" 198 128 84.5" 570 257 176 121.5"
8 497" 204 137 85.0" 574 262 186 124.3"
SEM
Enzyme 208 027 031 7.43 132 024 041 8.12
Dose 208 027 031 7.43 132 024 041 8.12
Interaction 2.23 0.55 0.61 7.59 1.38 0.49 0.82 8.52
P value
Enzyme 0.15  <0.001 <0.001 0.14 004  <0.001 <0.001 0.36
Dose <0001 <0.001 <0.001  <0.001 009 <0001 <0001  <0.001
Enzyme*Dose 084 001  0.009 0.97 008  <0.001 <0.001 0.99

**Means within the same column within enzyme having different superscript letters are different at P<0.05
**Mean within the same column for the main effects of enzyme or does having different superscript letters are
different at P<0.05.

1Enzyme E1, E2, E3 and E4 are identified in Table 4.1.
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4.3.3 M998 2

W&RINNISULT 24 uaz 48 v, nansuaieuleiliing (P20.22) sie DMD wil NDFD
uaz ADFD azuanineiy (P<0.01) seninsstinuasioulesl (Table 4.4) wasa1nn1suy 24 .
NDFD wostoulas] £3 agsnineulusiafinduq uas ADFD veaeulasl E3 uay E4 9zsininde
Wisuilsuruieuley E1 uway E2 #&nnsUL 48 vy, NDFD veueuley E3 way E4 9z
nlaFeuiisusueuley E2 Tneveseules E1 9sU1unan way ADFD vesouley £3 uay
E4 azsnindlewSoudioutueuled E1 wag E2

M&IINANTUL 24 Y. ynszdunsiasanoulsiifin (P<0.05) NDFD wag ADFD 1
HunTe Iagseaunsiasugean (UL DM) wansi19anseaunsiasuUIunans (0.5-2.0UVg
DM) Famnsefumsiaiunansneainszdunsiada control 1899InnsUNT 48 wa. NDFD
sy (P<0.001) WUy quadratic  AIUTLAUNITLETY WAF1MTU ADFD  NAY8ITEAUNITIATY
%uagﬁU%ﬁﬂmaﬂLaul%ﬁ (enzyme x dose interaction, P=0.005) d@1wsuteulasl E1 wag E2
NanaUaALeIe ADFD 1Juuuu linear uaz quadratic dessiunisiasy Tunaeii teulel 3
way E4 1 UuLUU linear fio seAUNSIESY

Total GP w&mINM5UY 24 va. geandmiuioules E1 uas £2 uavsnandiviy
wulesl E4 (P<0.05) Tngwnszdunsiaiuannsaiia TGP Iivindu (P<0.05) ilersFeuiiieudy
control ¥§931NNSUN 48 vy, TGP veueuledl E1, E2 waz E3 qwadnin (P<0.05) die
Wisuifsuduioulesd E4 uaznnszdunsiaianansaiia TGP (P<0.05) ilerfSoulfisudu
control wansamiioulusivis 4 vlauanssUuuutes GP rate (mUh) wiloudu Tnesnsdugaan
wiaINNTUN 18 . (Yeyalillauans) 1sill enzyme x dose interactions (P>0.05) ¥@4ILUs
199 MAAINNTTUIUNSUTNUEIIINNITUL 24 %38 48 . (Table 4.5) N8 NNITUN 24
w11, total VFA vesiaulssl E1 95g9nan (P<0.05) toulwiiviindue uazsaneuaussiesziuns
w@3utdunuu linear way cubic (P=0.008) #&131nN1TUL 48 . total VFA vesoulesl E2 9y
79091 (P<0.05) toulml E1 Tuvausiiioulusidug avegiiseduiunans (P>0.05) ynseiunis
W@Suausuiin (P<0.001) total VFA Tudhwaedivlu quadratic 71 48 wu. ndsa1nuy 24 .
laiflanuunnsinaszninsgiavesoules (P>0.05) e molar proportions 989 VFA w3odndiu
909 acetate Ao propionate WANEIIINNIFULT 48 WU, propionate proportion vasawlail
E4 9361031 (P<0.05) oules E1 wae E3 wavdndrunes acetate fo propionate vautoulwy]
E4 wag E2 azaindn wouleyl E3 agalsinny szaunmsiasulifinasie molar proportions a4

acetate 39 propionate #38dAdIUVDY acetate §io propionate WAIANNAITUN 48 V3.
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Table 4.3 Effect of enzyme additive (E) and dose (D) on the volatile fatty acid (VFA)

concentrations from corn silage after 24 and 48 h of incubation with ruminal

fluid (Experiment 1) (N = 8)

24 a8

Enzyme1 Dose Total Molar Ac:Pr Total Molar Ac:Pr
(/g VFA proportions2 VFA proportions2
DM)  (mM)  Ac Pr Bu (mM) Ac Pr Bu

E1 Mean 1235 639" 159" 123° 402" 1285" 601 178 135 337
0 1228 639" 159 124 401 1313 605 17.6 135 344
2 1286 641° 157 123 410" 1310 599 179 136 335
4 1197 634° 161 126 3927 1269 60.1 178 135 337
8 1229 641’ 158 122 405 1249 599 180 135 334
E2 Mean 1188 639" 161" 122° 396" 1254° 599 180 136 3.34

0 1228 639 159 124 401 1313 605 176 135 344
2 1185 640 161 122 393 1265 598 181 135 331
4 1164 639 161 122 396 1204 599 181 135 331
8 1173 637 163 122 395 1232 595 181 137 329

Dose 0 1223 638 159° 124" 401" 1313 605 176 135 344
2 1176 640" 159" 122° 399" 1298 600 179 135 3.35
o 1137 635 162" 124" 393" 1294 600 179 135 3.36
8 1194 636 162" 123" 393" 1287 601 179 137 337

SEM

Enzyme 287 010 006 005 0018 203 019 009 008 0026

Dose 287 010 006 005 0018 203 019 009 008 0026

Interaction 575 020 011 009 0036 405 038 019 0.15 0052

P

Enzyme 014 0001 0001 0007 <0001 003 034 007 062 008

Dose 020 0002 <0001 002 0003 083 030 008 085 011

Enzyme*Dose 093 004 014 011 0008 040 080 091 073 085

**Means within the same columns within enzyme having different letters are different at P<0.05.

*Mean within the same column for the main effects of enzyme or does having different letters are different at P<0.05.

1Enzyme E1, E2, E3 and E4 are identified in Table 4.1;

2E><pressed as individual VFA, mol/100 mol; Ac = acetate, Pr = propionate, and Bu=butyrate.
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Table 4.3 Effect of enzyme additive (E) and dose (D) on the volatile fatty acid (VFA)

concentrations from corn silage after 24 and 48 h of incubation with ruminal

fluid (Experiment 1, N = 8) (Cont.)

24 a8
Enzyme1 Dose Total Molar Ac:Pr Total Molar Ac:Pr
(/g VFA proportions2 VFA proportions2
DM) (mM)  Ac Pr Bu (mM) Ac Pr Bu
A BC C AB A
E3 Mean 1142 639" 160 1215 399" 131.7" 601 178 135 338
0 1228 639 159 124 401° 1313 605 17.6 135 3.44
2 1104 642 159 121 403 1256 602 180 132 336
4 1084 639 160 122 399" 1368 599 179 136 3.35
8 1172 637 162 122 392° 1333 602 179 134 336
EA Mean 1166 634" 162" 124" 388 1336 604 176 134 343
0 1228 639" 159 124 401" 1313 605 17.6 135 3.44
2 1131 639" 161 122 389 1360 601 178 135 3.38
4 1101 628 164 126 383 1337 601 176 135 3.42
8 1201 629° 165 125 3797 1333 609 175 132 3.50
Dose 0 1223 638" 159" 124" a01" 1313 605 176 135 344
2 1176 640" 159° 122° 399° 1298 600 179 135 335
a 1137 635 162" 124" 393" 1204 600 179 135 336
8 1194 636 1620 123° 393" 1287 601 179 137 337
SEM
Enzyme 287 010 006 005 0018 203 019 009 008 0026
Dose 287 010 006 005 0018 203 019 009 008 0026
Interaction 575 020 011 009 0036 405 038 019 015 0.052
P
Enzyme 014 0001 0001 0007 <0001 003 034 007 062 008
Dose 020 0002 <0001 002 0003 083 030 008 085 0.11
Enzyme*Dose 093 004 014 011 0008 040 080 091 073 085

**Means within the same columns within enzyme having different letters are different at P<0.05.

**“Mean within the same column for the main effects of enzyme or does having different letters are different at P<0.05.

"Enzyme E1, E2, E3 and E4 are identified in Table 3.1.

2E><pressed as individual VFA, mol/100 mol; Ac = acetate, Pr = propionate, and Bu=butyrate.
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Table 4.4 Effect of enzyme additives (E) and dose (D) on the degradability (%) of dry matter (DM),
neutral detergent fiber (NDF), acid detergent fiber (ADF) and total gas production (GP)

from com silage after 24 and 48 h of incubation with ruminal fluid (Experiment 2) (N =

8)
Dose 24 h 48 h
Enzyme' (Vg Degradability (%) Total GP Degradability (%) Total GP
DM) DM NDF  ADF  mUVgDM DM NDF  ADF  ml/gDM
E1 Mean 441 179 92" 728" 560 245° 149" 100.8"
0 425 162 7.0 677 551 229 125 96.2
05 445 176 9.0 707 559 239 129" 101.1
1.0 450 176 9.0 748 565 247 152 103.4
20 442 183 9.5 7604 559 250 158 100.7
40 442 197 115 765 564 261 180 102.4
E2 Mean 435 178 89" 743" 561 249" 151" 100.0"
0 425 162 7.0 67.7 551 229 125 96.2
05 431 178 8.3 760 565 247 148 101.6
1.0 426 177 8.8 773 562 249 1527 100.3
20 448 183 9.9 709 563 260 166 99.2
40 444 190 106 763 565 258 163" 102.8
Dose 0 425 1625 7.0° 67.77 551 2297 125 96.2
05 438 174> 81° 730" 558 238 133 99.5
1.0 432 175 82 740" 560 242° 142 100.6
20 440 17.7° 88 734" 560 248 150 99.5
40 443 187 100" 703" 563 256 158 100.4
SEM
Enzyme 085 035 035 070 029 026  0.25 1.16
Dose 095 040  0.39 0.78 033 029 028 1.30
Enzyme*Dose 1.90 0.79 0.77 1.57 0.66 0.57 0.56 2.60
P-values
Enzyme 083 016 0004 <0001 055 0.005 <0.001 0.02
Dose 064 <0001 <0001 <0001 014 <0.001 <0.001 0.13
Enzyme*Dose 1.00 099 088 0.47 1.00 083  0.008 0.77

1Enzyme E1, E2, E3 and E4 are identified in Table 4.1.
**Means within the same columns within enzyme having different letters are different at P<0.05.
A“PMean within the same column for the main effects of enzyme or does having different letters are different at

P<0.05.



a5

Table 4.4 Effect of enzyme additives (E) and dose (D) on the degradability (%) of dry matter (DM),
neutral detergent fiber (NDF), acid detergent fiber (ADF) and total gas production (GP)

from corn silage after 24 and 48 h of incubation with ruminal fluid (Experiment 2, N = 8)

(Cont.)
Dose 24 h 48 h
Enzyme' (Vg Degradability (%) Total GP Degradability (%) Total GP
DM) DM NDF  ADF  mUgDM DM NDF  ADF  ml/ gDM
E3 Mean 438 169  7.8° 723" 557 240 135 100.0"
0 425 162 7.0 67.7 551 229 125 96.2
05 440 169 7.9 745 556 239  13.1° 102.3
10 429 173 7.6 73.1 557 236 133 102.2
20 445 164 7.4 733 560 243 1397 101.5
40 450 175 9.1 730 562 253  150° 97.7
E4 Mean 430 175 78 704" 556 236 131 96.1"
0 425 162 7.0 677 551 229 1257 96.2
05 438 173 2, 706 552 227 123 93.0
1.0 422 171 7.4 71.0 557 237 1317 96.2
20 427 180 8.3 71.1 560 240 138’ 96.4
40 437 1874 9.0 715 560 252  139° 98.7
Dose 0 425 1625 7.0° 6777 551 2297 125 96.2
05 438 174> 81° 730" 558 238 133 99.5
1.0 432 175 82 700" 560 242 142 100.6
20 440 17.7° 88 734" 560 248 150 99.5
40 443 187 100" 703" 563 256 158 100.4
SEM
Enzyme 085 035 035 070 029 026  0.25 1.16
Dose 095 040  0.39 0.78 033 029 028 1.30
Enzyme*Dose 1.90 0.79 0.77 1.57 0.66 0.57 0.56 2.60
P-values
Enzyme 083 016 0004 <0001 055 0.005 <0.001 0.02
Dose 064 <0001 <0001  <0.001 014 <0.001 <0.001 0.13
Enzyme*Dose 1.00 099 088 0.47 1.00 083  0.008 0.77

1Enzyme E1, E2, E3 and E4 are identified in Table 4.1.
**“Means within the same columns within enzyme having different letters are different at P<0.05.
A“PMean within the same column for the main effects of enzyme or does having different letters are different at

P<0.05.
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Table 4.5 Effect of enzyme additive (E) and dose (D) on the volatile fatty acid (VFA) concentrations
from com silage after 24 and 48 h of incubation with ruminal fluid (Experiment 2) (N =

8)

Dose 24 h 48 h

(Vg Total  Molar proportions2 Ac:Pr  Total Molar |oroportions2 Ac:Pr

DM) VFA Ac Pr Bu VFA Ac Pr Bu
(mM) (mM)
A B 7B BC
El Mean 118.3 61.1 175 130 3.49 126.2 56.3 20.2 144 279
0 117.9 604 174 134 3.49 122.2 56.1 20.0 14.7 2.81

05 1169 610 175 131 349 1268 562 204 145 276

1.0 1209 612 177 130 347 1277 561 204 145 275

20 1199 614 176 127 349 1243 566 202 143 280

40 1187 614 175 128 352 1300 566 202 142 281
E2 Mean  1109° 609 17.6 130 347 1327° 567 200" 143 285
0 1179 604 174 134 349 1222 561 200 147 281

05 1058 611 175 129 350 1302 568 201 141 284

1.0 1106 614 175 128 351 1355 571 197 142  2.90

20 1114 608 178 131 342 1408 57.3 200 139 288

40 1088 608 179 130 341 1354 563 201 145 281

Dose 0 1179 604 174 134 349  1222° 561 200 147 281
05 1128 612 176 129 349 1301" 566 201 144 282

1.0 1113 613 176 128 349 1304" 563 200 145 281

20 1135 609 177 129 345 1340" 568 200 142 285

40 1110 611 177 128 345 1296 560 202 146 279

SEM

Enzyme 210 033 009 022 0.035 1.77 029 010 017 0.027
Dose 235 037 010 024 0.039 1.98 033 012 020 0.030
Interaction 470 074 021 048 0.078 3.95 0.65 023 039 0.061
P-values

Enzyme 0.03 098 093 098 0.96 0.05 0.24 <0.001 058 0.02
Dose 0.24 054 0.09 034 085 0.001  0.51 0.85 037 0.68
Enzyme*Dose 079 099 082 099 0097 0.48 074 024 099 044

1Enzyme E1, E2, E3 and E4 are identified in Table 3.1.
2E><pressed as individual VFA, mol/100 mol; Ac = acetate; Pr = propionate, and Bu=butyrate.
**Mean within the same column for the main effects of enzyme or does having different letters are different at

P<0.05.
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Table 4.5 Effect of enzyme additive (E) and dose (D) on the volatile fatty acid (VFA) concentrations

from corn silage after 24 and 48 h of incubation with ruminal fluid (Experiment 2 N = 8)

(Cont.)
Dose 24 h 48 h
(Vg Total  Molar |or0|oortions2 Ac:Pr Total Molar |oropor’cions2 Ac:Pr
DM) VFA Ac Pr Bu VFA Ac Pr Bu
(mM) (mM)
E3 Mean  1120° 609 17.6 130 347 1304° 559 203 146 276
0 1179 604 174 134 349 1222 561 200 147 281
05 1118 608 178 131 342 1365 570 200 142 286
1.0 1066 609 176 130 347 1333 553 204 148 271
20 1155 611 176 129 347 1380 562 202 144 278
40 1084 613 176 129 350 1250 548 208 149 263
E4 Mean 1113° 609 176 129 349 1278"° 564 197° 146 287
0 1179 604 174 134 349 1222 561 200 147 281
05 1167 616 174 126 355 1271 559 198 147  2.82
1.0 1072 616 175 126 353 1287 566 197 144 287
20 1069 604 178 131 340 1329 571 194 142 294
40 1079 607 180 129 338 1281 564 195 147 290
Dose 0 1179 604 174 134 349  1222° 561 200 147 281
05 1128 612 176 129 349 1301 566 201 144 282
1.0 1113 613 176 128 349  1304" 563 200 145 281
20 1135 609 177 129 345 130" 568 200 142 285
40 1110 611 177 128 345  1296° 560 202 146 279
SEM
Enzyme 210 033 009 022 003 177 029 010 017 0027
Dose 235 037 010 024 0039 198 033 012 020 0.030
Interaction 470 074 021 048 0078 395 065 023 039 0.061
P-values
Enzyme 003 098 093 098 096 005 024 <0001 058 0.02
Dose 024 054 009 034 085 0001 051 085 037 0.8
Enzyme*Dose 079 099 082 099 097 048 074 024 099 0.44

1Enzyme E1, E2, E3 and E4 are identified in Table 3.1.

2E><pressed as individual VFA, mol/100 mol; Ac = acetate; Pr = propionate, and Bu=butyrate.

ABC

Mean within the same column for the main effects of enzyme or does having different letters are different at P<0.05.



a8

4.4 F150IMANTNAADY

nansaaouluifldlunsinuaddidundadasioulsimemisi Sudazeinesd
lenanuwallanizae endoglucanase, exoglucanase Way xylanase activities faual minor
fibrolytic enzymic activities 5u aelllgvhnsinseilunisanuadedl dhesiunussening
wanSrustouluiivant Tasunfuds ansiadueulsl aed fibrolytic activities ATEUARNDENS
e Madtuegfuriavesqdunisilindmeuls:d arsomsiildifeniunid uazanney
nsiaesaun3s Aldlunsudmeules faildinsmunuienarslng Beauchemin et al.
(2004) flaifinsaouiisunnsgIuaisnsililun1s3aTes enzyme activity o4 ruminant
feed enzymes 37l Colombatto and Beauchemin (2003) Fuinaves enzymic

activity 1lA91nN153ATI8RTUL Vuegiuangvesnsitasigiioulesl Inaweniy substrate 91

Y
[V 7

19 gl wagseau pH Tun1sAinwiasail 19 oat spelt wag birch wood xylan lun153iasen
M xylanase HANAUNUGRYNLINTENINNATILATIZY xylanase activities U substrate W 2
¥iln wazausadnounuvateulasllaauifeniuiunsld xylan  substrate  ®819l5ARY
nansdouiouled E1, E2 uay E3 988l xylanase activity g4n31 dlold oat spelt ¥y substrate
Tuvazfindndnaiouledl E4 a3l xylanase activity g9nn diold birch wood Ju substrate
33 birch wood waz oat spelt Sesdusznouiiunnsinaiu fufufdinanuunnsiwes xylanase
activity Wial#idu xylan substrate 1A53a5139983 xylan fmﬂLma'qﬁmesmﬁu%uagujﬁu%umau
n15a1n (Ghatora et al,, 2006) xylan e azsyNY (WU oat spelt) HosrusznoUvDs
arabinofuranosyl Wag glucopyranosyl uronic acid Tuveued xylan 910 hardwoods (135U
birch wood) #l8aAUsEnaUe3 glucopyranosyl uronic acid 8gxn kardasAusENauvas
arabinofuranosyl agjﬁaamﬂ (Kormelink and Voragen, 1993) ﬁ\iﬁ?u oat spelt xylan Un#ag
Fandusunuves substrate Aldlumsenwoululdmiudniiiesos Kung et al. (2002)

6

318971UFULUUTLANANAUYDY enzyme activity WBYINNTIATIZYIN activity VBIHERS TN

=

uledfiszau pH Awana1siu taziuzidinduasueuledvuznems arsatueulsday

[y [y

Usednsningegaesd activity g9 nseau pH  Tudiaiedduiusedu pH Tunseimngndin
dmivauniildinanaiuesfeiuiusedu pH lun1sfinwiasall viin1s3asien enzyme
activity M5gaU pH 6.0 wazauunall 39°C auALUL1Yee Colombatto and Beauchemin
(2003) \ipazvioudsAadsuesanzaglunssinzminueslauulasusImsiusenaunie
DIMTULIULALDINITIU  NSANEBIASINVINAITIUTBULRBUANEA MDY fibrolytic  enzyme
additives MnanTuLiian1san Al luasiasuluemsdniineidesilasuomsndaudialnn
v & o ad a ¢ a a LR . . A o .
winluomisneruran on1teszinsdaaddiulvely in vitro techniques iovitue in

VIVO response #e exogenous enzymes M9HULNI1EHaNBUALDIBISdRTllauNTaAInnTal
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17910 enzyme activities Mua1W3 (Beauchemin et al., 2004) UoNANHUED NYANSANE
Fonslvomsdniifunug dfulainrudndulunmshmmeasadosiufiodnnsesm
Fnonmveseulsidielunmsvinismeassrsly Turaisfinisins1ein enzyme activity wuu
in vitro assay @11saliiiulselevilunissiuunyse@nsninaes enzyme additives Ty
msfinwinislifenns Yadesingg o9 nmsifinsedunisiasy nwan1snaaedly in vitro Lie
naasdlu in vivo Asnsiasueulyiliue s ANuLANAU98IAUYTENBUDINT LavAINNY
wUsvesdadns wandanunsaiing lidresilunsiesisiuuu in - vito  #30in  vivo
(Beauchemin et al, 2004) ti94a1nMSANNASITIYANTIATILILUU in vitro Liiethealy
wugihnsldlunisliemnslausluewian arsazats buffer 714 Fausuen pH iy 6.0
\eazTioudssesu pH Undlunsuimigniinvediauy sedu pH wdanuudunan 48 o, o8
Tutis 5.69 - 6.00 @eyalaildans) sedu pH fideutrsrlunsiinszilasly batch culture
Tunsanwindell siwavihlifdn NDFD waz ADFD 71 48 . sndnmsiasesidneds in vitro
assay fil¥ansazane buffer Asydu pH gendn iieliuailaindBansdanses in vitro Tu
msanwnssiiaonadostunanisany in vivo 3eldansiasueuley 2 win (E1 uay E4) Funae
THlunsvaaesiulawy Alnalumsuin egdlsfiany Suiteens@nwiaes Arola et al. (2011)
Fldgudnnantnduemsnenu lnednululesauuszezduresnisiruudiuig 60 & o
lsuemnstusesiugs (520 g/kg roughage, including 370 g/kg comn silage) wagsTAus (670
g/kg roughage, including 490 g/kg corn silage) laaiasuuagliiasuioulyyl (E1; DM basis;
3.4 mg of enzyme/g of ration DM) Us¥ansawnsuantiuy (ke of 3.5% fat-corrected
milk/kg of DM intake) Wfisitu 16% lunduitlduemnstus wag 6% Tunguillésuemsdu
g¢ lunisveassuwnueddunsouy dulpgldnadunisveasamiloudiu DM, CP, NDF wag ADF

[y

total tract digestibility tindunamingonisasuevled lidnssduemsneuluenmsey
Fuwils seudddieuled £1 1u positive control lumsAnunaei
fadinesienuuanaadntossenitmanismaasdiunisnaaedd 1 uazn1svaaedd
2 navreINIMnaesfl 2 udunanisnaaasiinulunisveaesd 1 a1ndifinnsifia NDFD uwas
ADFD Tuihs 2 nsveaes nansaatoulss E1 way E2 fiUsvavsnmannniwansasieuls
E3 uaz E4 wa99nnsundl 24 wae 48 wu. (Fig. 1) toulwyl E1 awnsouiin NDFD Léds 30%
way 24% Tiszeliauy 24 uway 48 v auawu Tunismeaesdl 1 wasiiinldds 22% uas
14% anudeu Tunisnaaesil 2 vusaiieniu wules E2 arunsowin NDFD 165e 29% uasz
22% Fiszeziiau 24 uaz 48 WU, ANy Tunisveaesdi 1 wazanuisoufialdde 17% was
14% snuddiu Tunsvaassil 2 teulesynuiaaunsoifia ADFD T#fuanndn NDFD Loulesl E1

A1u150Liy ADFD 1999 72% way 52% 75seeianuudl 24 wag 48 v, #1ud1su Tun1snaand
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7 1 wazanusainlads 65% waz 44% auddu Tunisnaaesi 2 wulesl E2 @unsedia
ADFD 1659 65% uaz 39% fiszavinauudl 24 waz 48 wu. suaisu lunisveaesii 1 uas
awnsoinlade 51% way 33% mwdrdu Tunsveaesdt 2 dadu mvaansalunsiiy
NDFD uay ADFD weevlesd E1 way E2 tumiloutu annnsieuled E1 ansnsarfiunande
yoslpundilgsuemsnaaudlnandnidudulszneu (Arrola et al, 2011) Feuuzdinin A2g
Fnsinvimsasueule £2 lulpuniildSuemsiifidudlnanindudiulsznousely
woulwl E3 @unseuiis NDFD 15@@@@1? 13% way 11% AewdannnIsunil 24 uas 48 .
auasu Tun1svaaesdl 1 wazanunsadiuléda 8% waz 10% auardu lunsveassd 2 (Fis.
1) @21 ADFD HufisTuds 39% waz 19% suddu lunisvaaesd 1 uavifinduds 30% uaz
20% euadu lunmsmeaesd 2 Tuvasfieulsd £3 Tnalulumeuan winsidfiunisgesls
NDF waz ADF tuazsininmsldieulasd 1 way £2 dodudresldioulad £3 Huansiasuly
awnslaun s1aveseule 3 daswniisaveseulesd E1 was E2 Asudhenn veinsy
dodldsysunsiaiuigandt drueules] £4 anansauiu NDFD wag ADFD légeaaiving Aufiwy
Tuioules] E3 (Fig. 1) lumsnnaesit 1 oules] E4 ansnsawiia NDFD légean 179% ndsannnns
Uul 24 w1, way 5% W§191NN1TUY 48 v, warlunisnaaesi 2 mmimﬁuié’gqqm 15% uag
10% MUa1AU @U ADFD A1 39% Wan1sUN 24 %3, Lag 5% Wain1suu 48 @l Tunns
nPaesd 1 uay 29% way 11% mudwiu Tunsneasdi 2 arsasuevled £4 4 weldlufnw
Tng Holtshausen et al. (2011) Tngldlaualugrsdiuszesliuudiua 60 & lsuomsiilile
sl T9suomnsfiasueulsy E4 seusn (E4; 0.5 ml of enzyme/ke of diet DM)
wagldsuomsiiasueules £4 lusgauas (E4; 1.0 ml of enzyme/kg of diet DM) 8113
Usznoumie 520 g/kg roughage 7ifl 206 g/kg barley silage, 206 ¢/kg alfalfa silage hay 108
g/kg alfalfa hay (DM basis) Wan1sNAABINUIT nsasueuledluemisanunsaiiiu

a

Uszansamnsliiundudunse (ke of 3.5% fat-corrected milk/ke of DM intake) Tme

WLy 11% Wunurauladn Weldeules E4 Tun1smeasd in vitro batch culture 9 24 .

wazldorumsnenukiazedaweniu N1sWiNIUYas NDFD wag ADFD  a@unsanulsanizly

alfalfa hay uaziamzluszAunisiasuiiguvitgy (2 ml of enzyme/kg of forage DM) 61
Wisusunisiasuaulolun1sAnenasaliaiunsawiia NDFD wag ADFD wlaldautiilng
N AUNISLAL NDFD way ADFD weaanties Tun1s@nen in vitro 84 Holtshausen et al.

(2011) Tuewsuenudug Wululain msesueulsd E4 oraldualunisuan arldlunisdne

in vivo fuasiidudnineminidudiudsenau

'
Y & =

noUszasAniliveinsAinuinsall AensfnwiiananauausvesseRunstasuouley

Wensgaunsiasulinunganvotoulvilnazvin 01lANan0UAUDIT0IRILUTAY NANEY
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1 [y LY

sioseiunsiasueules warsresiansUn unns1ety sefunsEsminsaudeudieas
Juagiunudnvosiiazau duiunisiniaeifsinnsanimunseduiiangan nunods
sedfun1aaSudiviild NDFD sz ADFD i ilewuSsuiilouifu control Tneifisduidios
Bntoeuilossiuninaiugatu dnfundnnsieulss E1 sefu NDFD wag ADFD gegn Lile
duoulesifisrdugeaniia 2 szepnaitu Tui 2 Maaaes fedu seduntsalufiovmnzay
yosnAnsausieules E1 Ao 8UUg DM drundndmaiouled E2 seiumsiasufivianzay fe
oMV DM inszanunsauiiy NDFD way ADFD lunisvaaesit.1 Tnefimsiiuduiisadntiesi

v
a a

spdumMaETugIly uarinanovausndudunssdessiunisiaduiivilunismaaesd 2 dw
wanSaurieuled £3 fszfumsaSufiounzean fio 4V DM saimsiznisifiuseiunisasud
andilldannsodiu ADFD 1680 dmsusdnfasiouls B4 Ssefunsadufivnzay fo
2UVe DM ety mavessyiumsiasuenledlunmsiiiunsdesldideleduunnsneiusening
nansfasiansiasueuled Mediwsvndnfauraisasueulaiudazedn asdnnuanizves
enzymic activities fAIULANANSYDINANDUAUDITENISTTnvewWAnfuseulyl wagseiu
nsLEs viueaAeAu Eun et al. (2007) $1897U31 in vitro disappearance ¥94 NDF tag
ADF %84 alfalfa hay wag corn silage dintwilowsy exogenous fibrolytic enzymes W#
nanouauostuagfurinvesoulsiuazssdunisiasy nsoulsivisinduszaniamde
amsneUI 2 vila Wewasud 1.4 mg/g of DM Lwh?iﬁzﬁumsl,a%uﬁuq TinatigsUIunasie
gmInenUTsdewia Msiiiuduves NDFD waz ADFD wos com silage Inensiada enzyme
additives mavTrinasiiunisgesldvendelelunsameniin wavnshuldemsvedau tng
an physical fill Tunszwiznain

nstiesldues NDF 10838 in vitro %58 in situ +Uu indicator fimtunislSeuiieu
Fnenmussomsueulunisiiy DM intake (Oba and Allen, 1999) Jung et al. (2004)
5789710310154 in vitro NDF digestibility Tu 1% unit ves com silage ¥l 3.5% fat-
corrected milk yield 1fisidu 0.14 kg/d waziifisl DM intake 3 0.12 ke/d TulmuaiiléSuenms
fifdutnTnaviinduduusenoustgs (440 g/kg DM) uenand Oba and Allen (1999)
FBNUFUREINUI TAUENRUSITIVINTENINNTEREld NDF 98301915987 (in vitro
We in situ) wazranAntuILazn1sAUlEe1Ms TUnveWaneUALDIIas NDFD waz ADFD
fonsifinsziunIsasuinuuanaafusEning enzyme  additives  ludnwauziilalanuise
aduelame activity 983 xylanase (oat spelt) %58 endoglucanase (Figs. 2 and 3) #38na12
Tusnifemils fie enzyme activity tissegnaierliansaldlunsviuensifiaduves NDFD

w39 ADFD 9 wsrausenisndsnatuayuaingil s n153As1eMm enzyme activities 19
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I & A

substrate T dusunuvesntrasfivifiaududou Felderndudiunuiiuiadels
(Beauchemin et al., 2004)

ndeyaiiugiues TGP uar DMD UssAvSnwweseulssidl 24 wu. lusts 2 ms
vaans Liflanuuansng viedvosunn wash 48 wu. wansosieulesi E1, E2 uay E3 i
Uszansnmannninandasieuleyd E4 feu nistosdansues NDF waz ADF Siusslemyd
unndtlumssuunisyansnmesseules WewSsudieuiu DM way TGP

Volatile fatty acids U end-products w8sn1suiingeslneqgaunsglunssinizmdn
e duund mEsnundnd miudn fino11Ees nsnuiinisiiuduresnnuEudy total  VFA
fremsiaSueulesl warnswAsuuuas molar proportions 84 VFA feudnagiiuulssening
SyovnaUNTl 24 uay 48 . LarsYWIaNISNAa0Ii 1 warnsmAassd 2 msiiuduvesany
W total VFA lalaenadosiunisiiiuiuyes DMD, NDFD v3e ADFD uena1ni lunsvnass
fi 1 fszognisvn 24 v, nAndaeiouled E1 Sdnduves acetate #io propionate gsflan
wazndnfasiioules £4 Siifign uimuuandstazdnsilogaudssrozinaiuy 48 vu. lainy
AILUANANIYBIdAEIU acetate #o propionate 7 24 Wy, fIna1d Tun1smeaesdl 2 wayil
SyezlIaul 48 Fu. Wandsveulesl E4 fdnaiuwes acetate #@ propionate Qaﬁqm uag
wanSaumieulesl E1 idndiu acetate o propionate ffign TunsIeuiiou msdnwlu in
vivo lay Arriola et al. (2011) wui1 total VFA \isuluwnisd acetate: propionate ratio
anas WewaSueulsl (F1) Chune et al. (2012) sneaulifnavesnisiaSueuled (E4) u
omsfiliifldiuusznovvesdudnlnandnsonnududuaes total  VFA  u38 molar
proportions 983 VFA ueagaila Tu ruminal fluid mﬂﬁﬁayjamaqmiﬁﬂwm%ﬂﬁmmmLLuzﬁvaé’
11 maUssuiisunaveseulslasfinnsananaududuves VRA ldldidnediiduuselowd
TunsfnnTesdnenINves enzyme additives in vivo n1sAN® in vitro assay 114?1%”’&534:@3141%
SyovaIUNed 24 uay 48 v, stz lidauinssesnatun 2 nandeglinawmiloutu
videlal szozaulumsfinw in vito leUsziiunsdesaansldveadeludulngjazer
551719 24 uar 48 Wy, LielaenndastuAladeuas retention time voso1mMnsreUly
nsziwIzsiln Tun1smuniuenals Owens and Goetsch (1986) 1841471 passage rate U3
omnsueululadiouarinundilésuenms 4.25% vesiminga dA1ade 4.5%/h (Aaas
retention time 91 22 %31.) wazlafilgsuermsiitomstududiuusznou 20 - 50% e
passage rate Y0901IMNTNEIUT 3.7%/h  (ALade retention time 7 27 3.) National
Research Council (2001) M¥szaz17871U% in vitro 71 48 w. Tun1svhwienisgesld NDF Tu

ATENENI NVl AULALASUBIMNIIEAUAITITN Eun and Beauchemin (2007) T9ssaziianuy

7 24 w1, Tun1s@nwinisuingsglu in vitro batch culture wagwui1 exogenous enzymes
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a3130L#Y in vitro disappearance 984 alfalfa Wag corn silage WaNAITUIN1TEOLEALED

lonszaunmsiatuouledgen (Msvaaesi 4.1) Nvezia1uun 24 uag 48 wu. Winamileuru

matiunisldszesnaiuninyalaganiaiiesgaiedtuiaziisans eg1elsinig Aszaunisiasy

5 = 1 ' a o ¢ 4 I o A 1
#1179 (N1snaaean 4.2) ﬂ')'uJLLG]ﬂmqﬂﬁg‘lfnqﬂwamﬂm"mL@u‘l“ljﬂ"ﬂzL@usﬁﬂﬂﬁgﬂ%L'}a'}‘UﬂJ 48 .

wenand dmsu ADFD wameuaueswessydunsiasuoulsdfuegivyinvedeulesl Al

SrEElIAUNT 48 9y, TUselevuuniian TundveInsTiunkanauaueIveIsEAuNsLasY

wazuenuuzsinvemdnduieuley Ineagy Tuudvesnisld in vitro assay lunisussdiu

UsgansaimvasaulwdlunisAneludidn) wuzinlvdneinavesouleiss NDFD way ADFD

(%
Y

VaNsvEEIaIUl 24 way 48 Fu. liveNazlalinlafis enzyme-forage response ag13ATEUARY

_ NDFD 24 h 140 NDFD 48 h
130
120
2 110
Q
P 100 |
90
]
012345678 910 g0 T — '
0O 1 2 3 4 5 6 7 8 9 10
Dose of enzyme additives added (ul'g DM) Dose of enzyme additives added (u/g DM)
. ADFD 24 h 200 ADFD48h ___. .o
180 el 2 (exp.1)
= 160 a— E3 (exp.1)
E 140 E4 (exp.1)
o] 120 = =p= =[] (exp.2)
< £ e =E2 (exp.2)
100 | | E3 (exp.2)
! L+ 1 ¢ ¢ o ow o5 o 80 o H (exp2)
01 2 3 45 6 7 8 910
01 2 3 456 7 8 91 >
Dose of enzyme additives added (ul'g DM) Dose of enzyme additives added (ul/g DM)

Fisure

4.1. Percentage increase in neutral detergent fiber disappearance (NDFD) and
acid detergent fiber disappearance (ADFD) from corn silage after 24 and 48
h of incubation in Experiment 1 and Experiment 2. Enzyme E1, E2, E3 and

E4 are identified in Table 4.1.
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4.5 a3u

¥
=]

nanAuaansiasueulydnlelunisdnuiasedl dAanssuv09 endoglucanase,
exoglucanase Wag xylanase Munan@19iY @nsiasueulesing 4 vila @a1w1sawfisl NDFD wag
ADFD wo33lnansin in vitro lawleulesd E1 wag E2 fusz@nSawunnnin E3 way E4

HanaUaWeIvawkUTRRsEAUNMTEs IR uegiurlinvesouley dwsuioulesl E1 nansuaues

geanegiszAunsiasugaan (8l DM) druteulesl £2 nmsiadudisesiu 2jl/g DM Lial fiber

Y 9

disappearance waliifinunnantifleseaunisiasuingy dmsuioulsdl E3 szaunisiasun

[y

Wizaufianfe Nseau dUl/g DM Metlinsigfiszaunisiasueuluslaandnilyianunsaiiy

ADFD dnuoulasl E4 sgfunsiaduiliviangiianie 2Ul/g DM Tnovialuud NDF uag ADF 3

ee T

Uszlowiu1nnan DM wag TGP Tun1sanwunuszansninvauaulasl annnan1saneasedl

al

nsanewnIsiasueulatiatiseluarsvinlulasauunlasutninavinidusimisvuenu
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unil 5
NAYDY exogenous fibrolytic enzymes sian1susingaglunssiwizndn in vitro
v v o/ a
‘UE]\WI‘U?J’]’)IWG]WSJﬂ 4 ¥Un
(Effects of exogenous fibrolytic enzymes on in vitro ruminal

fermentation of four corn silages)

UNANED

MsAnwIATalianUsasAiievinnIsUseliunavesansiasuouley 4 wile Aan1sviin

q

Y Y

goglunszingniinvossudiluandn 4 via 19798 batch culture in vitro assay s2uAU
medium Wag ruminal fluid wwun1seaeaduluy complete randomized design
UsEnausig 2 runs wagwias run o 4 90 ARSI enzyme additives (E1, E2, E3, uaz E4)
Hundnsaeiniiniséndad endoglucanase, exoglucanase La¢ xylanase activities FuAnsng
fu i@smeuleiie 4 vln adududnlnansh fissdu 0 waz 4 Mg of corn silage dry
matter (DM) ¥111159@ gas production (GP) fisvuzinan 3, 6, 12, 18, 24 uag 48 %, NSNS
UL 3AT1¥%MT degradability w99 DM (DMD), neutral detergent fiber (NDFD), acid
detergent fiber (ADFD) WagANuluUuved volatile fatty acid (VFA; total and individual
molar proportions) &IN15UNTI 24 uaz 48 vil. fAULANE1a (P < 0.05) S¥W319 enzyme
additives wag control 1ignfunauoteulssisie DMD, NDFD, ADFD way TGP snviu TGP 7
spozaUy 24 v, oulsinnvdelvnamioudu udiauunnsis (P<0.05) 1Reaiuna
seiineulasiiungu control wansaaieulesl E1 waz E2 duavinli DMD, NDFD uag ADFD
gandneuleyl £3, E4 uay control (p<0.05) agnslsfny nandmueitouled E3 uag E4 Tnavi
15 DMD, NDFD uaz ADFD gni1 control (P< 0.05) flsgaziianuuiia 2 1ian wavesuiinues
comn silage substrates TAULANATY (P < 0.05) SeI9lAYDY comn silage substrate
\Aenfunasie DMD, NDFD, ADFD uaz TGP @1wsu DMD, NDFD, ADFD uaz TGP ldwuind
enzyme x corn silage substrate interactions (P > 0.05) Weflszuzaludl 24 vive 48 v,
wasfiszezinanuy 24 uaz 48 va. Tinuauuaneng (P>0.05) 531319 enzyme additives uaz
control LAgfunasie rumen fermentation profile @ mSUnavad com silage substrates &
ATILUANATY (P<0.05) 551319 com silage substrate LAenfiunase ruminal fermentation
profile a3Ulun1ms1uladn enzyme additives uanananauawadlu@uinluyn com silage
substrates (\fisl DMD, NDFD, ADFD uag TGP) aegnslsfiniu nandnsiioulesi E1 uay E2 &

Usganinmasnimdnsdueieulel 3 uway E4
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Abstract

This study was conducted to evaluate the effect of four enzyme additives on
ruminal fermentation of four corn silages using a 48 h batch culture in vitro assay with
medium and ruminal fluid. The experiment was conducted as a completely
randomized design with two runs and four replicates. The enzyme additives (E1, E2, E3,
and E4) were commercial products that provided a range in endoglucanase,
exoglucanase, and xylanase activities. The four enzymes were added at 0, and 4 MUU/g
of corn silage dry matter (DM). Gas production (GP) was measured at 3, 6, 12, 18, 24,
and 48 h post incubation. degradability of DM (DMD), neutral detergent fiber (NDFD),
acid detergent fiber (ADFD), and volatile fatty acid concentrations (VFA; total and
individual molar proportions) were determined after 24 and 48 h. At_24 and 48 h
incubation, there was difference (P < 0.05) between enzyme additives and control in
terms of their effects on DMD, NDFD, ADFD, and TGP. Except TGP at 24 h incubation, all
enzyme additives were similar, but were difference (P < 0.05) in their effects between
enzyme additive and control. The E1 and E2 had higsher DMD, NDFD, and ADFD than E3,
E4 and control <0.05); however, E3 and E4 had higher effects than control (P< 0.05). At
both incubation times, the effects of corn silage substrates, there were difference (P <
0.05) between corn silage substrate in terms of their effects on DMD, NDFD, ADFD, and
TGP. For all parameters, DMD, NDFD, ADFD and TGP, there were no enzyme x corn
silage substrate interactions (P > 0.05) at either 24 or 48 h of incubation. At 24 and 48 h
incubations, there were no difference (P > 0.05) between enzyme additives and control
in terms of their effects on rumen fermentation profile. For the effects of corn silage
substrates, there were differences (P < 0.05) between corn silage substrate in terms of
their effects on ruminal fermentation profile. Overall, enzyme additives show positive
response in all corn silage substrates (increased DMD, NDFD, ADFD and TGP), however,

product E1 and E2 were more effective than E3 and E4.
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5.1 unii
nslfansiadueulesidonidoleluomsdniifenseniogausrasdlunisfiunisly
Useleriomnsuarnandndn muiddudnlngliaud fase cellulase waz xylanase Lite
gou@ay structural polysaccharides, cellulose uag hemicellulose Tuia n15LE3H
fibrolytic enzyme additives aunsaiunisgeslidele LLamﬁu@mmmﬂmusmaqmmi
97U (Yang and Xie, 2010; Eun et al, 2007) fiunsiirdudavesqduvislunszimnzusin
(Nsereko et al, 2002) n1sAnw1 in vivo LLamwamauau@ﬂu@amﬂlﬁ@tﬁ%m fibrolytic
enzymes THRUdnTAE B0 (Ariola et al., 2011; Holtshausen et al., 2011, Phakachoed et
al., 2013) agslsfiny nanevaussluwiusz@nininues fibrolytic enzyme additive HuwUs
%ua&iﬁ’uﬂﬁwhm lAuA enzyme activity wfianazseaunisiasuioulesd ¥dnuese1is 18013
@sueuleyd wazanugneEsTINe1vedn s (Beauchemin et al, 2003) WWululyilgfazyinune
Fnonmuavesouluidmsudniiaedoslneede enzymatic activities (Colombatto et al,
2003) siATeafailviauauladesudnlnandnineseindnislslulalunansgfiniatalan
wazdinaamislaguzaoudiegs egelsiniy sudlnaninluglinianieg vedlandamniw
unnsinsfutuagfudadesieg Wy seezninasgiivln fufinizdgn msazaulnruzlusy
Frilnn wazdrvesiudiing (017 du wielu) venani §ilifinsfneideidudiinemin
ﬁﬁ@z:umwLmﬂﬁiwaﬁu%ﬁwaﬁiamwauauawm fibrolytic enzyme additive  #3ely
"’mqﬂizmﬁmmmﬁﬁﬂmﬂ%”’qﬁl,ﬁaﬂﬁzLﬁuﬁ’ﬂamweﬂaa enzyme additive naneaiiafiil enzyme
activity wandnsfuLiiewial in vitro ruminal fiber degradation Wag fermentation profile g

futlnensin 4 sfiadu substrate

5.2 aUnInluazisns
wnunInaasuduluy completely randomized design Usznausiy 2 runs

(batches) waxdl 4 9610 run (replicates per run) @WAaE run ALHUNITAUAZTU

5.2.1 MR35 reagents
a138a18 buffer
- Ammonium bicarbonate (NH4HCO5) 4g
- Sodium bicarbonate (NaHCO») 35¢

- azanglui WuauleansazaieUsunes 1 L Tu volumetric flask.
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a158<a87¢ macromineral

- Sodium hydrogen phosphate, dibasic (Na,HPO,) 57¢
- Potassium phosphate, monobasic (KH,PO,) 6.0¢
- Magnesium sulfate, heptahydrate (MgSO,.7H,0) 0.6¢

- azanglud WinauldansazateUsuimsr 1 L Tu volumetric flask.
wIEMe: da15avane buffer waz macromineral aunsaiulilaunu 3 e Tudlu uay

1 \iounigumgivios

a158£87¢ micromineral

- Calcium chloride, dihydrate (CaCl,.2H,0) 132 ¢
- Manganese chloride, tetrahydrate (MnCl,.4H,0) 100 ¢
- Cobalt chloride, hexahydrate (CoCl,.6H,0) 1.0¢
- Ferric chloride, hexahydrate (FeCl,.6H,0) 8.0 ¢

- avaelud Wuaulsaisazaie buffer 100 ml Tu volumetric flask.

. . =3 v = Y 2
MEWR: a138¥a18 micromineral asnsasiulilauny 12 wew Tugidu

0.1% (wt/vol) Resazurin
- aza1y 0.1 g of resazurin 1wl 100 mL

- iuliluiidln (vandeii) Ngamgl 4°C (o).

mswisuemaasate (wisluuivssusunmsneas)
*ragsldmiu 1 L anansadfisdiinesldnasioans

~ 3 2.5 ¢ tryptone uavavanelinuslutin 500 mL

- AU 0.125 mL @15a¥a18 micromineral

- 1@ 250 mL a19azane buffer way 250 mL @13a¥aie macromineral

- 1Y 1.25 mL 0.1% resazurin solution

- anwugiussgeadsateluy water bath (39°0) uagUdesiles CO, Wuasazans
Wunan 45 wdl

- 94 0.313 ¢ L-cysteine hydrochloride uag 0.313 g sodium sulphide Linaslusiunis
Foade

~ Udoswes CO, muasazasdniunan 15 uifl isaunsesiidvesansazatsdsuain

ginmudula
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- thansazangdeuandmdudvuy uansirdaieandiauey
- thansagangdewandinidudla uwansinlifeendavey
- AuShwemsideatiely water bath way headspace saturated fae CO, UNTLI

6189MN31@89Te + inoculums LU8Y incubation vials (galifosAu rumen fluid)

5.2.2 N5m3el substrate uazioulval

dFudnlnensiniunnsnaiudilfidu substrates  wanslilunisnedl Table 5.1 1
substrates v 4 wialUaufigamgfi 60 C luan 48 wu. Tu hot air oven w&anluuasy
AZLNIY YU 1T mm (Wiley mill standard model 4, Arthur H. Thomas, Philadelphia, PA,
USA)  ifiu substrates  Lilugswanafniiiediasizsviesdusznouniaiadl uag in - vitro
fermentation sely Fasudlnaminumiimiindszana 0.9 ¢ DM ussgadlugsludouiiniy
581988 acetone uazdamiinugs (F57, Ankom Technology, Macedon, NY) 1015
wisanslugousiuu 4 6 luusagndunmsnaaes uarluusassveznatuly batch culture
Fonwansusieulvddien ndmintuiunandusieulyiiFoans (200 pl) asuu substrate
(comn silage) Tngmss fiussglugsludounaudatings fssdunmaiaiuusazioulsl 2 sedu: 0
(control) wag 4 pl/g of substrate DM Uaurngarieminuseu (heat-sealed) waiussynaby

douatluvInvunUiung 125 ml uniigamgiiviesdunan 3 vu.

Table 5.1 Chemical composition of substrates incubated in vitro

Dry matter Crude Neutral detergent Acid Starch
(%) Protein (%) fibre (%) detergent (%)
Fibre (%)
Corn silage 1 33.47 7.58 40.84 25.07 29.66
Corn silage 2 26.12 8.28 46.85 30.35 24.39
Corn silage 3 23.42 8.75 48.90 31.91 19.78

Corn silage 4 22.17 9.08 54.12 35.34 6.11
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5.2.3 In vitro fermentations

FUfee19 rumen fluid annlaensnszne 3§ wdamsliemsiiedusyana 3
4. NTDINIU cheese cloth 4 %u adlu flask 7w oxygen-free CO, MABALIAT VINA1THUEY
rumen fluid Tuinsulated flasks TudaasufiRnisatslurianldiiu 1 9u. waenisiiudiedns
\@3 anaerobic buffer medium (60 ml; Goering and Van Soest, 1970) fiusznause
tryptone, @sagany buffer, 1588878 macro Wag micro mineral, resazurin LLamj’J’l U5u pH
ﬁ 6.0 938 1 M trans-aconitic acid (Sigma Chemicals, St. Louis, MO) aﬂummﬁm%ﬂ’?dau
Wi wenanansarane buffer Win rumen fluid (15 m) aslundazvaludnsdu 1:4
(rumen fluid: anaerobic buffer medium) AeldnsNIY CO, oEesaLiins Unadae
rubber stoppers wag aluminium seal caps unaIAINLANAITAZAY ﬂmmmﬁqmmﬁ 39°C
Ul rotary shaker \Jusyesiian 24 uay 48 wal. ¥1n15UL negative control (rumen fluid
plus anaerobic buffer medium) kag blanks (filter bags plus anaerobic buffer medium
and rumen fluid) agn9az 4 91 LileUsu gas production wag degradability #1uaI0U 1N1T
19 head space gas production (GP) fiAnaInNsvTnges substrate 71 3, 6, 12, 18, 24 uaz
48 wu. wainsUn T GP Tpemisdenduvuin 23 cauge (0.6 mm) fiseiu pressure
transducer WagAeldoNiy visual display #18391nANSUNT 24 wag 48 a1 1w 4 Tudeng
n1snAaes 8naTNgUN ¥a gas pressure eamasluiBuiiiaviganszurunndn uuase

gas pressure W gas volume Iﬂai%’auﬂ’ﬁﬁiwmumm Mauricio et al. (1999)
Gas volume = 0.18 + (3.697 x gas pressure) + (0.0824 x gas pressurez)

Total cumulative gas production 71 24 Wag 48 Fu. AIUIULABITINNATDS gas

volume 91NMTIALULAAYSLULLIANMNIULN

5.2.4 7151 pH, ax VFA 1 24 usy 48 .

¥n33nen pH Wufidnein3as pH-meter wanududures VFA ndenisuud 24 uas
48 Y. ¥899InIA gas WAy pH LA 25-% meta-phosphoric acid Usuas 1 ml asluiegis
rumen fluid U311@5 5 ml Wisifiulfiesevenududures VRA Siesgvmanududuves
VFA @haméa\‘i gas chromatograph (model 5890, Hewlett-Packard Lab, Palo Alto, CA) 1o
capillary column (30 m 0.32 mm id, 1Hm phase thickness, Zebron ZB-FAAP,
Phenomenex, Torrance, CA) way flame ionization detection qmmﬁmaﬂé’aumﬁu 150°C

(no hold time), ndsRNTuiLTY 20°C/w1# audia 210°C Udeslwaamalinsiiduiian 2 wii
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dmTugumgilves injector Wiy 225°C gaungil detector Wiy 250°C uaglduia helium
Uy carrier

5.2.5 DM, NDF uag ADF degradability

WEWINNNTULT 24 2. waz 48 wy. 1 filter bag (4 filter bags WAaYITEZIIAT LAY
treatment) aan9inwn dungliindulvasunsgiininla thqsluouiigungf 55°C WWuian
48 . 1elyiuisaiiv uazmian DM degradability 910 DM feluaings hduiivaelugs
TWUhAsginiesfiusenoures NDF way ADF n153isnzvion NDF waz ADF  ldiaSes
ANKOM200 Fiber analyzer anaignisiilsesunelilae Van Soest et al. (1991) 14 sodium
sulfite (10 g/l NDF solution) ez heat-stable bacterial amylase (2 ml/l NDF solution) Tu
NM5LAT189Y NDF 19A1 NDF wag ADF degradability A1uieu NDFD wag ADFD

5.2.6 M3UATISNAAA (Statistical analysis)

insiasiedeyalaeld MIXED model procedure 484 SAS (SAS Institute Inc,,
Cary, NO) JiA51g9ayanununi1snaaes completely randomized design fiusznaudie
enzyme additive, corn silage wag interaction 51313 2 Uade saueglu model 1y fixed

effects AMnuntpdIAYNINETAN P<0.05

5.3 Wan15nnaag (Results)

fisvoziianUy 24 Yy, NUANWANANNRETTEAFYN19ERA  (P<0.05) Ui
enzyme additives Wag control Tundvaanaveaulydse DMD, NDFD taz ADFD u@ﬂmﬂ‘f:
enzyme additive nviia lvinasie TGP Wiy usidinaunnsing (P < 0.05) 5813 enzyme
additive fiu control (Table 5.2) taulwyl E1 wag E2 dwavili DMD, NDFD wag ADFD geni
woulwsl E3, E4 wag control (P < 0.05) egnslsnau teulesd E3 uay E4 Tiwan1nnin control
(P < 0.05) fisvugianuul 48 ¥y, WUANNWANAEETITudFyN19EadR (P<0.05) S2ming
enzyme additives wag control luwdvesnavoseulyiine DMD, NDFD, ADFD uag TGP
wiuriu toulesl E1 wag E2 dinayilyl DMD, NDFD uag ADFD g1 (P < 0.05) Ngun1snaaes
uq uitewles] £3 way £4 Tinasio DMD way ADFD wuifeniucontrol dmiuteulusinnuie
Tinaveseulasisie TGP g control (P < 0.05)

ﬁssazmmﬂuﬁ% 2 1987 Waw9d corn silage substrate HAMLANGIT (P < 0.05)
5819 corn silage substrate luldvoinasio DMD, NDFD, ADFD uag TGP (Table 5.2)

wAnSust com silage 1 31 DMD, NDFD uag TGP gaflgn (P < 0.05) usidl ADFD silga (P <

I )

0.05) Tumsnsafuding com silage 4 &l ADFD gsfign (P < 0.05) usidl DMD wag TGP sitgn (P

9 9
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< 0.05) nFuUsTIvLR (DMD, NDFD, ADFD uag TGP) wuinlidl enzyme x com silage

substrate interaction (P>0.05) Vafiszazinanuy 24 wse 48 v, (Table 5.2)

Table 5.2 Effect of enzyme (E) and corn silage on nutrient degradability (%)and total gas production
(GP) from corn silage after 24 and 48 h of incubation (n = 8)

24 h 48 h
Enzyme1 Degradability (%) Total GP Degradability (%) Total GP
DM NDF  ADF (mL/g DM NDF  ADF  (mL/gDM)
DM)
Com1  Mean 49.0° 251" 85 78.2° 587" 306 1500 109.2°
Control 475 235 66 74.8 579 281 112 1040
F1 497 263 107 792 598 322 176 109.2
E2 501 257 98 78.8 501 323 179 1104
E3 494 251 87 78.8 584 303 137 1109
E4 482 247 70 79.5 584 301 145 1111
Com2  Mean 424> 152° 115 743 51.9° 225" 185 103.4°
Control 411 125 85 69.7 508 200 157 970
E1 428 162 140 771 528 238 215 1064
E2 432 168 134 750 521 238 198 1044
E3 426 153 114 742 518 223 183 1051
E4 423 149 104 753 517 227 172 1040
Enzyme Control 413 155 83" 658" 501°  220°  154°  89.6°
E1 428" 180" 123 709° 51.8" 253" 199" 970
E2 433" 182" 125 706 51.7° 254" 200° 986
E3 430° 173" 105" 704° 5067 234°  164°  97.0°
E4 423 171" 94 70.5° 507 236" 1670 91.2°
Com silage SEM 056 074 026 216 026 027 063 259
Enzyme SEM 057 075 030 221 029 031 066 270
Interaction SEM 073 083 065 284 057 065 110  3.99
P
Comn silage <0001 <0001 <0.001 <0001  <0.001 <0.001 <0.001 <0.001
Enzyme <0001 <0.001 <0.001 0.002 <0001 <0.001 <0.001 0.002
Enzyme*Corn silage 062 024 034 099 084 089 038  0.99

1Enzyme E1, E2, E3 and E4 are identified in Table 5.1.
“¥ Mean within the same column for the main effects of enzyme or does having different letters are different at P

<0.05.
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Table 5.2 Effect of enzyme (E) and corn silage on nutrient degradability (%)and total gas production

(GP) from corn silage after 24 and 48 h of incubation (n = 8) (Cont.)

24 h 48 h
Enzymel Degradability (%) Total GP Degradability (%) Total GP
DM NDF  ADF  (mL/gDM) DM NDF  ADF  (mL/gDM)
Comn3  Mean 404" 139" 9.1° 66.0° 482" 199" 161" 91.3"
Control 388 12.5 6.9 64.1 47.2 18.7 14.5 85.9
E1 40.4 14.3 10.6 66.8 492 215 18.6 91.3
E2 40.6 144 117 65.9 490 216 18.2 93.3
E3 415 14.0 8.1 67.1 a7.6 18.8 14.6 92.6
E4 40.6 14.1 8.2 66.3 48.1 19.1 14.6 93.4
Comd4  Mean 385 148"  134° 60.0° a52" 227" 21.2° 79.6"
Control 380 13.5 11.9 54.8 445 213 202 715
E1 38.5 15.3 14.0 60.4 452 238 220 81.3
E2 39.3 15.8 15.3 62.6 468 240 239 86.1
E3 385 14.9 13.5 61.5 aq7 221 19.2 79.2
Eq 38.1 14.7 12.1 60.7 aa6 223 227 79.9
Enzyme  Control  413° 155  83° 658 501° 2207 154 89.6°
E1 a28° 180" 123’ 70.9° 51.8° 253" 19.9° 97.0"
E2 433" 182" 125 70.6° 51.77 254" 200 98.6"
E3 430" 173" 105 70.4° 506" 234”164 97.0°
E4 423" 171" 94 70.5° 5070 236 167 97.2°
Comn silage SEM 056 074 026 2.16 026 027 063 2.59
Enzyme SEM 057 075 030 2.21 029 031 0.66 2.70
Interaction SEM 0.73 0.83 0.65 2.84 0.57 0.65 1.10 3.99
P
Corn silage <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Enzyme <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 0.002
Enzyme*Corn silage 0.62 0.24 0.34 0.99 0.84 0.89 0.38 0.99

1Enzyme E1, E2, E3 and E4 are identified in Table 4.1.

*“ Mean within the same column for the main effects of enzyme or does having different letters are

different at P <0.05.

Nszeziaiuy 24 v, Linuauuana1s (P > 0.05) 5ewi enzyme additive lag

control Tuldresnavesioulesine total VFA, molar proportions %84 acetate, propionate,

butyrate uazdadluvey acetate #® propionate (Table 5.3) @auNavss corn silage
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substrate WUAULANA (P < 0.05) 5¥1919 corn silage substrate lulduasNasofals
save 6w total VFA, molar proportions U84 acetate, propionate, butyrate wazdndiu
Y84 acetate #o propionate (Table 5.3) winsiauel com silage 2 14 total VFA gend1 (P <
0.05) corn silage 8n 3 ¥in corn silage 2 waz com silage 3 1 molar proportion VB3
acetate gflmfﬂ (P < 0.05) corn silage 1 wag corn silage 4 W corn silage 1 way corn silage
4 % molar proportion U84 propionate g7 (P < 0.05) comn silage 2 and comn silage 3
Tuvauedl comn silage 1 wag com silage 2 & molar proportion 983 butyrate wazdnEIUVDY
acetate #19 propionate g&‘ﬁ&jﬂ (P<0.05) Mmua1su @ iU corn silage 1, com silage 2 wa
corn silage 3 Tuduwes molar proportion U84 acetate, propionate, butyrate Haydnalu
U84 acetate fie propionate Linuanil enzyme x corn silage substrate interaction (P >
0.05) WAdm3uU com silage 1 way corn silage 2 wavoueulwine total VFA %uaq' U
enzyme additive (enzyme x corn silage interaction, P < 0.05) @u com silage 4 Tugu
Y84 molar proportion 89 acetate, butyrate WardnaiuYey acetate fo propionate L
WUIE enzyme x corn silage substrate interaction (P > 0.05) us wavoweulyife total
VFA Wag molar proportion U84 propionate %uagjﬁ’u enzyme additive (enzyme x corn
silage interaction, P < 0.05)

fisvgnanUy 48 vy, nuauuanE1e (P > 0.05) S¥WIN enzyme additives wae
control WAenfunaveseuledse molar proportion U84 acetate, propionate, butyrate, Way
dna1uve9 acetate fio propionate Wsl enzyme additives duavinldAMULANA1N (P < 0.05)
fo total VFA (Table 5.3) teulwyl E3 wag E4 dawaliil total VFA gena1 control (P < 0.05)
Tuvauziloules £3 danalsill total VFA (P < 0.05) Qﬂﬁi’jﬂ duTunaves corn silage substrate
wuInfinuuAneg (P < 0.05) 5¥W3i19 com silage substrate Wigafunatas com silage ¢l
N fUs laun total VFA, molar proportions 989 acetate, propionate, butyrate, ag

dnd1uV09 acetate #io propionate (Table 5.3)

A o

d93SU corn silage 4 dwalwdl total VFA Gﬁl”]‘ﬁ'?jm ADAINI1 corn silage W 3 9dn
(P<0.05) @1 corn silage 3 wag com silage 4 d@walwil molar proportion ¥89 acetate G
171 com silage 1 waz corn silage 2 (P < 0.05), k#l corn silage 1 tag corn silage 2 dsnalw
i1 molar proportions 984 propionate Wag butyrate g&‘ﬁ&jﬂ (P<0.05) suannu ludiuves
corn silage 3 uag corn silage 4 dwnallldndIuva acetate #i® propionate genNI1 com
silage 1 way comn silage 2 (P < 0.05) &m5U corn silage NNvlla LagHane total VFA wag

molar proportion 983 butyrate WUl enzyme x corn silage substrate interaction

(P>0.05) Wsd15u com silage 3 wag corn silage 4 wavesoulwiine molar proportion U84
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acetate %uag}ﬁu%ﬁm‘uaﬂ enzyme additive (enzyme x corn silage interaction, P<0.05) 210
corn silage substrate nnviA wavedoulwiine molar proportion ¥4 propionate Wag
dndIu acetate #o propionate YueEUTATDY enzyme additive (enzyme x com silage

interaction, P<0.05)
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Table 5.3 Effect of enzyme additive (E) and dose (D) on volatile fatty acid (VFA) concentrations from

corn silage after 24 and 48 h of incubation (n = 8)

24 h 48 h
Enzyme  Total Molar |or0|oortions2 Ac:Pr Total Molar |oroportions2 Ac:Pr
VFA Ac Pr Bu VFA Ac Pr Bu
(mM) (mM)

Com1 Mean 1089°  589° 189" 133"  312° 1254" s561° 203 1370 279
Control 1057° 585 185 139 316 1218 558 208 143 269"

E1 1159° 588 189 135 312 1281 565 200 142  2.80"
E2 1092° 590 189 132 313 1271 562  202° 143 285
E3 1093° 593 192 128 310 1239 557 2047 145 274"
Eq 1085° 591 191 131 310 1263 564  200° 143  2.84°

A C B

Com2 Mean 1125 616 163 127" 379" 1231" 500" 181° 144" 327"
Control 1143 615 159 128 388 1228 595 176" 137  3.40°

E1 1199° 619 165 126 377 1216 588 184 136 321
E2 1089° 618 164 127 380 1195 589 1807 138 3317
E3 1054° 613 163 129 376 1252 587 183 137 322
E4 110.1° 616 166 127 373 1262 590 184" 135  3.22°
Enzyme Control 1033 603 178 126 343 1179 585 186 135  3.19
E1 1078 605 181 124 338 1201° 586 185 135  3.21
E2 1061 607 180 123 340 1229"C 588 184 135 3.4
E3 1044 608 179 123 341 1250° 590 183 135 3.8
Eq 1052 606 180 124 340 1244° 590 183 134  3.26
Comn silage SEM 58 023 038 028 0100 212 123 124 018 0292
Enzyme SEM 58 024 004 028 0101 226 123 124 019 0292
Interaction SEM 629 037 044 036 0113 383 126 125 024 030
p
Comn silage <0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Enzyme 017 020 046 049 077 003 011 023 089 0.1
Comn 001 03¢ 003 036 011 096 003 <0001 017 <0.001

silage*Enzyme

2E><pressed as individual VFA, mol/100 mol; Ac = acetate, Pr = propionate, and Bu=butyrate.
““Means within the same columns within substrate having different letters are different at P < 0.05.
PSP\ tean within the same column for the main effects of enzyme or substrate having different letters are different

at P < 0.05.
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Table 5.3 Effect of enzyme additive (E) and dose (D) on volatile fatty acid (VFA) concentrations from
corn silage after 24 and 48 h of incubation (n = 8) (Cont.)

Enzyme 24 h 48 h
Total Molar |or0|oortions2 Ac:Pr Total Molar propor’tions2 Ac:Pr
VFA Ac Pr Bu VFA Ac Pr Bu
(mM) (mM)
Com3  Mean 047" 616 174 1200 354 1233 600" 1757 131° 345
Control 1028 617 170 122 363 1166  592° 1757 136  341°
E1 1033 611 174 122 352 1207  59.8° 17.9° 130 336
E2 1081 616 176 119 352 1249 6007 176" 130 343"
E3 1053 619 175 118 355 1280 608" 172" 128 358
E4 1036 614 176 120 350 1265 602" 1750 130 347"
Comd4  Mean 954”  604° 191" 1157 316" 1164° 599" 176" 128" 343"
Control 904" 596 19.6° 114 3.04 110.5 505" 183 126 327
E1 91.9° 603 191 113 309 1140 594" 1770 131 338"
E2 97.9° 605 192 115 315 1190  599° 177 128 3427
E3 98.0° 605 187 118 3.24 119.9 60.6° 17.1° 127 356
E4 986" 610 186 116 3.9 1186 6037 173 127 3517
Enzyme Control 1033 603 178 126 343 1179 585 186 135  3.19
E1 1078 605 181 124 338  1201° 586 185 135 321
E2 1061 607 180 123 340 1229 588 184 135 324
E3 1044 608 179 123 341  1250° 590 183 135 3.8
E4 1052 606 180 124 340  1244° 590 183 134 326
Comn silage SEM 58 023 038 028 0100 = 212 123 124 018 0292
Enzyme SEM 58 024 004 028 0101 226 123 124 019 0292
Interaction SEM 629 037 044 036 0113 383 126 125 024 030
p
Corn silage <0001 <0.001 <0.001 <0.001 <0.001 <0001 <0.001 <0.001 <0.001 <0.001
Enzyme 017 020 046 049 077 0.03 011 023 089  0.11
Comn 001 03¢ 003 036  0.11 0.96 003 <0001 017  <0.001

silage*Enzyme

2E><|oresseol as individual VFA, mol/100 mol; Ac = acetate, Pr = propionate, and Bu=butyrate.
“*Means within the same columns within substrate having different letters are different at P < 0.05.
*2S PMean within the same column for the main effects of enzyme or substrate having different

letters are different at P < 0.05.
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5.4 33150lNaN15MAa89 (Discussion)

nanAsansasuoulusiie ¢ vla FFlumsinweded [Wundedusioulasinianisé
i xylanase Wag endoglucanase activities ¥aINWaIYy N1TIATILANT enzyme activity 14
5¥#U pH 6 wavgamnil 39 °C mufluuzihlng Colombatto and Beauchemin (2003) o
asvoudsanmzundlunsamnyninueslauuiléduiemnstusaremsneu asiasueuled

Y Yy

ustazarfinl activity mannuaneita endoglucanase waw xylanase faituogfurinuesqdunis
Pldndmouly (Beauchemin et al, 2004) gaungil uay substrate (Colombatto and
Beauchemin, 2003) Wagszau pH (Kung et al, 2002) Kung et al. (2002) $18471431A
WANAN9TBY activity profiles Wiodaseiisedu pH fwansnafu uazuuziin naves pH se
enzyme activity eralutladuddny Wedesnissiuun fibrolytic enzyme dwsuldluemms
Fniieages

nsinmedsldsenuuuiiteUssidiunamsldsyiunsasy 2 seiu vemandasiouled
4 %in \WouSuugsnstesaasves com silage 4 wiln lngld in vitro techniques 35nsd
anunsoldegnadedioldlunisieszilaeTaie Wevhulenanauauss in vivo sie exogenous
enzymes Tasamstisisanlafinw com silages is#lfiFedlalunansgiiniaveslon warly
AuAnalnvuzAouitegs us com silage luisineg daanmuandnaiy Anauanedly
23AUs¥NOUTDY NDF, ADF wag starch 5¥¥319 com silages 9141831191NAILLANAIUDS
izazma@%ﬁg@ﬂmLLaze?fyuahuﬁuaqéfwﬁanm 3134 fibrolytic enzyme additive a@nsnsatdia
DMD, DNDF, ADF, waz TGP w81 com silages 13 4 ailn fiszovnnarund 24 uas 48 .
at9l5fmu degradability wae comn silage movauasovinvosoulwifiunnd ety G?Tuag' U
vilpveseull Tnswulsd E1 wag E2 Suszdnsninuinnineuleddn 2 vl vitueuseaiu
Eun et al. (2007) s1991ulun15@ne in vitro 11 degradability ¥8¢ NDF wag ADF 910 alfalfa
hay waz corn silage Wisgwilewasy fibrolytic enzyme additive LLﬁwamauauaqﬁuLLUicﬁuag
furiinveseulys sglsinny arsaSueuluinansdusasyialinaiiunnsist nanfe
asesueuleyd E1 way E2 fuss@vdnmannninansiasueulesd E3 waz E4 d@unaves comn
silage substrate WUIHAMULANAIITLIIN comn silage substrate \Aenfunase DMD, NDFD,
ADFD waz TGP wiiloraifiosnannanuunnsicuesesuseneusening com silage ldly
n15AnEN corn silage 1 8 DMD uag TGP qq‘ﬁqm WWS18791 corn silage 1 HpsAusznouvasutl
111N corn silage dn 3 il AvdusulsivihmsAnuiavun Taud DMD, NDFD, ADFD
waz TGP nudilaifl enzyme x corn silage substrate interaction Ti¥iszeviiaUs 24 wae 48
Y. waﬁummiﬁﬂwm%y’qﬁwzﬂﬁﬁ NARBUAUDIND fibrolytic enzyme additive 499 comn

silage M4 4 wllatuwmilounu nsAnwIASINUI fibrolytic enzyme additive liifinase total
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VFA wag molar proportions v8d VFA usiazaiin Sedenndesiu Chung et al. (2012) Tu
msfnefiasy  enzyme luens  lddwasiennududuves total VFA waz molar
proportions 483 VFA usazaia lu ruminal fluid egslsAniu #aves corn silage substrate
finuuAneesEning com silage substrate Wiy total VFA wag molar proportions 984
VFA wiazedin w5131 proportion w83 ruminal VFA anunsadeundadlé ?Jyua@:ﬁ’u
drutsznavveslavuglunszinizndn Phakachoed et al. (2013) Wugid191 MITATIZANAUDS
enzyme siopududures VFA a1aldleisiduusslenilunssuunuenuesfnenimusina

Y4 the enzyme additives in vivo

5.5 &3U (Conclusions)

HARSud enzyme additive nnvlla vnalunisuan Tngaansawfis DMD, NDFD,
ADFD uwaz TGP lunn com silage ogn9lsfiniu toulesl E1 waz E2 fiuse@ndainuinndy
woulel £3 uay E4 luaueii com silagel Tnasviliil DMD, NDFD uay TGP qaﬁqm Tuvaed]

corn silage 4 3inavinlvidl ADFD geiign
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unil 6
NAYINISIY exogenous fibrolytic enzyme fan1susingaanied1a in vitro
(Effects of exogenous fibrolytic enzymes on in vitro

ruminal fermentation of rice straw)

UNANELD

nsenwaseiiteUssfiunaves enzyme additives 8 wlln somsusingosnnetnily
nsziwzuin 1agleds batch culture in vitro assay fiusznousie medium way ruminal
flud fiszezanvy 48 . wwunsveaendunuy completely randomized design
Usznoude 2 runs waxdl 4 81 uARAeT enzyme additive e (Jundndasieulsima
M3An Aifianuiuslsues endoglucanase, exoglucanase Wag xylanase activities 5$AUNTT
wesuvaneuluine 8 afin fi9 0, 2 and & WVg of rice straw dry matter (DM) ¥n39 gas
oroduction (GP) #ivyan 3, 6, 12, 18, 24 waw 48 %, W&aN15UL 1A degradability ¥e4 DM
(DMD), neutral detergent fiber (NDFD) uag acid detergent fiber (ADFD) A18#&83210A15UL
7i 24 war 48 Yu. WAWINNISUL 24 Y. Decradability 483 DM, NDF uay total gas
production (TGP) lsifinansenuain enzyme additives aenalsina degradability 983 ADF
Wadudlowsy enzyme additives (P<0.05) #8991nN15UN 48 . WAYDY enzyme additives
o degradability 484 DM Way TGP willounu (P>0.05) s degradability ¥os NDF Wiy
(P<0.05) Ing enzyme additives fiszoznantum 2 nan frnuuandng (P<0.05) sswinswila
Y4 enzyme additives Aenffunase degradability ¥83 ADF n131@34 exogenous fibrolytic
enzymes @wunsafiu in vitro degradation wewhet1n  wiluusazkdnSaiouluiauns
nampUALEITLANASTY Tusgiussiunisieduoulsll enzyme x dose interaction, P<0.05)
LAULANANTENIN enzyme additives d1%5zU total VFA Waflszoviaaty 24 uay 48 vl
(P<0.05); m3viinszdiunsiaSuauled Wlviiiu total VFA widinisuy 24 uas 48 wu. ufe
nnsyaunsesueuledazdmalvil total VFA gendn control (P<0.001) asulaesiu enzyme
additives LanINanaUauIlTIUINYBY rice straw substrates (Lﬁu NDFD ez ADFD)

| & a o ¢ ¢ )~ a a I a o ¢ ¢ a
E)EJ’NVLiﬂmiJ Namﬂm%L@uvL‘?ﬁJ E3 NﬂigaWﬁﬂq‘WNqﬂﬂqua@ﬂm%LBUI%N%UWQUG]

Abstract
This study was conducted to evaluate the effects of 8 enzyme additives on
ruminal fermentation of rice straw using a 48 h batch culture in vitro assay with

medium and ruminal fluid. The experiment was conducted as a completely
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randomized design with two runs and four replicates. The all enzyme additives were

commercial products that provided a range in endoglucanase, exoglucanase, and

xylanase activities. The eight enzymes were added at 0, 2 and 4 /g of rice straw dry
matter (DM). Gas production (GP) was measured at 3, 6, 12, 18, 24, and 48 h post
incubation. Degradability of DM (DMD), neutral detergent fiber (NDFD), and acid
detergent fiber (ADFD) were determined after 24 and 48 h. After 24 h incubation,
degradabilities of DM, NDF, and total gas production (TGP) were not affected by
enzyme additives, however degradability of ADF was increased by enzyme additives
(P<0.05). After 48 h incubation, the effects of enzyme additives on degradability of DM
and TGP were also similar (P>0.05). But degradability of NDF were increased (P<0.05) by
enzyme additives. At both time points, there were difference (P<0.05) between
enzyme additives in terms of their effects on degradability of ADF. The supplemental
exogenous fibrolytic enzymes increased in vitro degradation of rice straw, but in each
enzyme product shows different response dependent on enzyme dose (enzyme x
dose interaction, P<0.05). There were differences amongst the additives for total VFA at
24 and 48 h (P<0.05); increasing enzyme dose increased total VFA after 24 and 48 h,
such that all doses were higher than the control (P<0.001). Overall, enzyme additives
show positive response in rice straw substrates (increased, NDFD and ADFD), however,

product E3 was more effective than other products.

6.1 UN1 (Introduction)
W ndunanasslaannnisudndnnduiniazlddunnaenisrne1unana e

n1ssludssinelng MellinsigitomisneruasnmAtudindsnaias uage1msneny

a

AunmAtuiiogedednin aglsfinu wednfiesdusenauves lignocellulosic odge
psRUsEneuvedlUsium danutfium wavinsgesaaralavesdunieinglunsemiendng

(Jung et al., 1993) miLﬁmmiﬂaﬂlﬁﬁuaqmmi@mmwﬁﬂmamﬂ%’ enzyme feed additives

1 IS

ansninlgnisusulsamandndniognadideddglunategiiniavestan  egralsfinnu

=

enzyme activities 984 feed enzymes fvin1snaaaunelaanieiiniuauliegismuzay

laigusariunganuanisaveseuledlunisiiunisgegenmsdniineilges (McAllister et

(%
[ RY) 1

al, 2001) fstuneun1sly enzyme additive TuemsdnilAedes feandaunauedn sy
enzyme feed additive wagAnnsosnanduouled wazmssaunsiasuiivunzanluaniig

YaansEmzndin (Colombatto and Beauchemin, 2003) dyunilsvasnisanwiilysanlaisnig
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in vitro screening Imaldvnstrudu substrate neunazdneuledlunaasunslulunisdne in
. e v aa 9] I ' ) I3 = o & A a o

vivo Mldevsniivhstududiudseney TngusasdvesnisAnwiassiliioUssiliufineninves

enzyme additives #tan8vtin 3 enzyme activities LANAIAU LIWBLAY in vitro ruminal fiber

degradation Wag fermentation profile 90913917 LagmszAuASENILNzauvoulyd

LAaTYUN

6.2 qUniaiLLazﬁ%'ms (Materials and method)

miwmaaﬂﬁﬁﬂLﬁumsmmwmmu completely randomized design Usznounay 2
runs (batches) uazils1uanu 4 1de run wazusias run vueniuauasiu

6.2.1 NM5M383 reagents (Reagents preparation)

Tunismsey reagents Tawn buffer solution, macromineral solution, micromineral
solution, 0.1% (wt/vol) Resazurin wazn15ie3ea Medium wisugudeatuiuiildsensly
Tuund 5

6.2.2 M9A383 substrate Wag enzyme

yhmseusogievsdnfigumnll 55°C aunseiaudis (~48 wa.) uazuaIsLA3esUn
(Wiley mill standard model 4, Arthur H. Thomas, Philadelphia, PA, USA) NIUPZLNTIVUIA
1 mm Farednuauszana 0.9 ¢ DM Us59aslu filter bag Firun15898Y acetone wavd
1:1;’11/1‘13?1&5’3 (F57, Ankom Technology, Macedon, NY) WU IUIY 4 6293’}’1 Tusay treatment
nagluusazszezaualy batch culture Feanmansasioulsidiem wazdiy (200 ) ag
UU substrates (rice straw) tngmsdlu filter bag (feudauings) fsgfunsiaia 3 seu veq
ulwsiunazyia: 0 (control), 2 wag 4 pl/g of substrate DM ﬂﬂﬂﬂﬂgﬂﬁaa heat-sealed Way
ussgadlutInuInyiines 125 ml wasfislifigamgiresdunm 3 v,

6.2.3 In vitro fermentations

wWudefuiildseauliluuni 5

6.2.4 Determination of pH, and VFA at 24 and 48 h

wudeauiilasenuliluuni 5

6.2.5 Statistical analysis

wuReafunlasigauliluuni 5
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6.3 NanN15NAasy (Results)

6.3.1 Enzyme activity

AL enzymes activity mu‘ﬁug’mmm activity f13nldTiannzfumunzanlunsuly
NIEWIEnln enzyme additive nﬂﬁuﬁm i xylanase, endo-glucanase Wag exo-glucanase

activity wag amylase saiuieseulesl E1 way E7 Filaidl amylase activity (Table 6.1)

12
Y A

d w3y xylanase activity nansasiansiasueuledin 8 adn (per ml) Sadosddulased
E6>E8>E5>E2>E7>E1>E3>E4 T enzyme activity 1ngld xylan substrate (oat spelt) dau
endo-slucanaseand activity nansdneiasiasuouladii 8 wdin (per mU) Sndosardulasd
E2>E8>E1>E5>E6>E3>E7>E4 n199m enzyme activity 19 cellulose substrate (medium-
viscosity carboxymethylcellulose) fatuoulesl E6 \ueuludiidunasiidmududures

xylanase geiign waziouleyl E2 £6 Jueuledniunasiilinududuves endo-glucanase g9

fian Tuvaziiouled E4 \Wundndusiouledifinnududusiian

Table 6.1 Enzyme activity of the 8 enzyme additives (pH 6.5)

Enzyme product Enzymatic ac‘tivityl
Xylanase Endoglucanase Exoglucanase Amylase

Dyadic (E1) 1457+20 250+26 11+0.8 -
Econase (E2) 2820+124 265118 7+0.4 0.6
Rovabio (E3) 880+42 106+6 6+0.9 0.5
Cinabio (E4) 156+16 28+0.5 2+0.4 0.1
EL2012 059L (E5) 2903+71 230+25 7+0.6 14
EL2012 060L (E6) 3347+34 209+12 10+1 0.5
EL2012 062L (E7) 2741481 5316 4+0.3 -
EL2012 063L (E8) 3246+59 263+1 8+0.9 2.0

1Endoglucanase, exoglucanase and amylase activitywere expressed as pmoles of glucose released
per minuteper millilitre enzyme.

Xylanase activity was expressed as pmoles of xylose released per minute per millilitre enzyme.

6.3.2 In vitro fermentation

MN991NN1TUN 24 %4, degradability w89 DM, NDF uay TGP luflmansgnuann
enzyme additives 8e13l5AnM enzyme  additives TR degradability 83 ADF
(P<0.05) (Table 6.2) #d991NNITUN 48 VL. NAYDY enzyme additives #o degradability U949

DM wag TGP ldunnmneiy (P>0.05) s degradability wes NDF Wiy (P<0.05) 1iesannns
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\@3u enzyme additives fiszeziIa UL W12 a1 nundimueanse (P<0.05) s¥wing
enzyme additives \ignfiunasie degradability vas ADF

7i 48 wu. wdIN"TUN E3 denaliiil NDF degradability qqﬁqm Tuyamseiugiu NDF
degradability ﬁwqmﬁaiﬁi’ﬂ,aulﬁzﬁ F4 fisvezinantuis 2 1an E3 fiwavinlik ADF degradability
g97ian us ADF degradability fingalu E5 damsudaudsvisnun DMD, NDFD, ADFD wag TGP
St (P<0.05) lalSsusieuiiu control 71 24 wax 48 v, wsnsUa Tumensafudng
NATB3 enzyme dose s DM degradability tiilaui (P>0.05) 531913 control Wag enzyme
dose 7 24 wu. wdmsUl AszezaUne 2 el naves enzyme dose #8 DM
degradability way TGP lufiujjduniusuad enzyme x dose (P>0.05) uag NDF degradability
131 enzyme x dose interaction (P>0.05) 1wy findsannnsuy 24 vy,

7 48 %y, n&N15UN HAves enzyme dose #a NDF degradability S?Tuagviﬁ’u enzyme
additive (enzyme x dose interaction, P<0.05) ﬁizaznmijmﬁjq 2 1381 WaYdY enzyme
dose #i® ADF degradability “ﬁuagjﬁu enzyme additive (enzyme x dose interaction,
P<0.05) 71 24 . ndsmsusoulesl E2, E3, E6 way E7 NNTLAUYDY enzyme dose i3 ADF
degradability iawSeudisuiu control (P<0.05) Taglifinnuuansnsssrinesedunisiasy

wulesl dwsueuledl E1 vnsedunisiaiuanansoliiu ADF degradability ewSauiiieuriu

I U

control (P<0.05) wasfisziunisiasy ¢ ul/g DM %Lﬁmgaﬂ’im YAUNISLESY 2 pl/g DM
dwsuleulayd E4, ADF degradability agiviniu (P>0.05) wﬂizé’fuﬂ’]iLa%uLﬁaLU%'amLﬁauﬁ'u
control @ueulusl E5 uaz E8, ADF degradability isgfiunisiady 2 ul/g DM 4131 control

[y

ueinsEFuNsLaSLEsEn (4 /g DM) Az control (P>0.05)

7l 48 . wdnsuy weulwsl E1, £2, £3, E4, E7 way E8 ynsedunmaiaiuy ansnsoliiu
NDF degradability wiewUSauiiaufu control (P<0.05) usldfirnuuansinaseninassiures
mstasueuled  daeulul  E6, nnazﬁmma’%ummimﬁm NDF degradability e
\W3uiieuiu control (P<0.05) usi NDF degradability fisssunnsia3u 4 ul/g DM %qm'jwﬂ'
STAUNSLESY 2 pl/g DM dmsuteulesl E5, nanauauesued NDF degradability maseiunis
/@31 91 2 /g DM a2gendn (P<0.05) control wifiszfunsLedugeagn (@ ul/g DM) launnsing
910 control (P>0.05)

dnsueuleyl E1, E2, E3, E6, E7 uay E8 ﬁﬂqﬂiwﬁ’umsm%mmmm,ﬁm NDF
degradability lewFeuifisuiiu control (P<0.05) Inglafirnuuansiasenineseiuresns
ieBu druoules] E4 uay E5, 51 ADF degradability Winfu (P>0.05) lunnszdunisiaduiile

wW3guwigunu control
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Table 6.2 Effect of enzyme (E) and dose (D) on the degradability (%) of dry matter (DM), neutral
detergent fiber (NDF), acid detergent fiber (ADF) and total gas production (GP) from rice

straw after 24 and 48 h of incubation with ruminal fluid

24 h 48 h
Level Degradability (%) Total GP Degradability (%) Total GP
pL/gDM DM NDF ADF mL/gDM DM NDF ADF mL ¢DM
0 248 114 10.3° 49.1 31.6 20.5° 20.9° 75.6
E1 2 251 136 12.5° 524 324 240° 23.4° 84.4
4 252 149 14.2° 526 32.3 24.2° 24.0° 83.8
Mean 250 133 123" 51.4 321 229° 228%™ 81.2
E2 2 243 133 12.2° 50.3 320  243° 23.2° 79.7
4 255 144 13.5° 54.6 335 238° 24.4° 86.4
Mean 248 130 120" 51.3 324 229° 228 80.5
E3 2 252 129 13.6° 56.4 34.7 25.9° 26.5° 91.3
4 25.1 13.9 13.3° 54.3 33.9 26.4° 27.1° 85.3
Mean 250 127 124" 53.3 334 243" 248" 84.1
E4 2 250 121 10.9° 52.4 31.6 223° 21.9° 83.0
4 246 129 10.9° 51.9 325 228" 225° 83.1
Mean 248 122 10.7° 51.1 319 219 2187 80.6
E5 2 254 144 13.1° 532 316 223 21.4° 79.4
4 251 128 11.3° 522 315 221 224" 78.6
Mean 251 129 116" 51.5 316 216" 216" 77.9
E6 2 252 129 12.5° 53.1 322 235 24.3° 82.5
4 247 128 12.0° 53.7 340  262° 26.0° 86.2
Mean 249 124 116" 51.9 326 234"° 237" 81.4
E7 2 25.1 13.7 12.7° 533 322 245 24.5° 81.5
4 246 132 12.2° 55.7 33.1 23.7° 24.1° 85.1
Mean 248 128 117" 52.7 323 229° 23.2° 80.7
E8 2 207 134 11.9° 52.9 32.8 23.9° 24.0° 82.8
4 240 134 11.7% 51.9 316 23.4° 22.9° 80.9
Mean 245 127 11.3° 51.3 320 226° 226 79.7
SEM. 061 114 1.03 214 1.45 1.47 0.91 4.30
Dose 0 248 114> 103 49.1° 316° 205 20.2° 75.6°
2 250 133" 124" 530" 324" 238" 236" 83.1"
4 248 135 124" 534" 328" 241" 24.0" 837"
P-values
Enzyme 087 021 0.003 0.26 025 <0.001  <0.001 0.33
Dose 0.60 <0.001 <0.001 <0.001 0.02  <0.001  <0.001 <0.001
Enzyme*Dose 093 028 0.04 0.35 071 0.008 0.01 0.69

*® Means within the same column within enzyme having different letters are different at P<0.05.

AP Mean within the same column for enzyme and does having different letters are different at P<0.05.
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fisvagnanUy 24 wu. total VFA, molar proportion 89 acetate wavdnaiuves
acetate #lo propionate vaaulusl E8 axgenin (P<0.05) owlwsidus (Table 6.3) Wisuifiey
iU control szaumsiEsuleuleyl dnase total VFA, molar proportion U84 acetate Uay
dndau acetate ¢ propionate TiseRUNSA3Y 2 waz ¢ ul/g DM anunseuiin total VFA wae
molar proportion 989 acetate (P<0.05) LAlUTAINLANANTENINNTEAUNIILEN dnaIUTes
propionate MiflNaNTENUIEWINNULAVOY enzyme additives az enzyme dose (P>0.05)
dmaluwes butyrate laiflnansgnusening enzyme additives (P>0.05) 8819lsAnTM enzyme
doses annsafiudndinues butyrate WewSauiisutiu control (P<0.05) dwsusuys
ﬁdﬂwmﬁﬁ’]msﬁﬂm laun total VFA, molar proportion U84 acetate, propionate, butyrate
wardnalu acetate Mo propionate 13fl enzyme x dose interaction (P>0.05)

fiszuziianuu 48 vu. naveweuluide total VFA, molar proportion ¥4 acetate
uazdndIu acetate #io propionate AAUWANAAU (P<0.05) (Table 6.3) toulwal E2 dwalw
total VFA g3n31 enzyme additive 8¢ &nd1uves acetate flargslutoulesd £2, £3 uaz E4
171 T enzyme additives 3u¢ luvnisfidndauves butyrate fiAngeluioulasl £6 wag E8 N
enzyme additives 819 dndumes acetate o propionate fiAge lwoulwy E1, E2, E4 uaw
E7 n1 1w enzyme additives 3uq lLiifinares enzyme doses #@ total VFA, molar
proportion W89 acetate, propionate kag butyrate (P>0.05) agnslsfinny fisefunisasy
4940 vandndIu acetate M@ propionate (P<0.05), dAdIU acetate M@ propionate fisziu
N15433 0 pl/g DM 38 control A¥gendn 4 pl/g DM uaviiu 2 ul/g DM dwsusiauds
Wuafivnisanen TeuA total VFA, molar proportion U84 acetate, propionate, butyrate

uazdndIu acetate #io propionate 11l enzyme x dose interaction (P>0.05)



Table 6.3 Effect of enzyme additive (E) and dose (D) on volatile fatty acid (VFA) concentrations from corn silage after 24 and 48 h of incubation (n = 8)

Enzyme1 Dose 24 48
(MUVg DM)  Total Molar proportions2 Ac:Pr Total VFA Molar |oroportions2 Ac:Pr
VFA Ac Pr Bu (mM) Ac Pr Bu
(mM)
El Mean 53.26B 60.47C  16.35 11.56A 3.70C 66.02AB  62.04AB 17.51 10.57B 3.55A
0 51.01 60.20 16.41 11.65 3.67 62.16 6194 1744 10.62 3.55
2 57.71 60.94 16.19 11.49 3.76 68.33 62.10 17.53 1052 3.55
4 51.03 60.31 16.45 11.54 3.67 68.07 62.07 17.57  10.58 3.54
E2 Mean 51.26B  61.41BC 16.44 11.15AB  3.74BC 69.31A 62.45A 17.60 10.41B 3.55A
0 51.01 60.20 16.41 11.65 3.67 62.16 6194 1744 10.62 3.55
2 48.04 62.57 16.25 10.76 3.85 73.81 63.19 17.44  10.22 3.62
4 54.73 61.48 16.65 11.04 3.70 71.97 62.22 17.91 1040 3.48
E3 Mean 53.43B  61.54ABC 16.45 11.17AB 3.74BC  66.22AB  62.34A 17.64 10.38B 3.54AB
0 51.01 60.20 16.41 11.65 3.67 62.16 6193 1744  10.62 3.55
2 52.51 62.10 16.57 10.92 3.75 76.59 63.07 17.99  10.02 3.51
a4 56.79 62.33 16.38 10.93 3.70 59.40 62.02 17.49  10.50 3.55
E4 Mean  55.99AB 61.58ABC 16.30 11.22AB 3.78ABC 63.62ABC 62.27TA 17.39 10.40B 3.60A
0 51.01 60.20 16.41 11.65 3.67 62.16 6194 1744 10.62 3.55
2 56.70 62.32 16.21 10.98 3.85 66.03 62.40 17.39  10.28 3.61
4 60.26 62.42 16.28 11.02 3.83 61.42 62.48 17.33  10.30 3.63

! Enzyme E1, E2, E3, E4, E5, E6, E7 and E8 are identified in Table 6.1; 2E><pressed as individual VFA, mol/100 mol; Ac = acetate, Pr = propionate, and Bu=butyrate.

< Mean within the same column for the main effects of enzyme or substrate having different letters are different at P < 0.05. SEM: standard error of the mean.
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Table 6.3 Effect of enzyme additive (E) and dose (D) on volatile fatty acid (VFA) concentrations from corn silage after 24 and 48 h of incubation (n = 8) (Cont.)

Enzyme1 Dose 24 48
(Mg Total Molar proportions2 Ac:Pr Total Molar proportions2 Ac:Pr
DM) VFA Ac Pr Bu VFA Ac Pr Bu
(mM) (mM)

E5  Mean 53.82B 61.53ABC 16.36 11.23AB 3.76ABC 55.58C 61.46ABC 17.45 10.80AB 3.52AB
0 51.01 6020 1641  11.65 367 6216 6194 1744 1062  3.55
2 55.71 61.98 1632 1111 380 5347 6100 1754 1094 348
4 54.73 6242 1635  10.95 382 5193 6145 1738 1084  3.54

E6  Mean 56.97AB 62.29AB 1631 10.95B 3.82AB 5577C 61.24BC 1754 11.08A 3.46BC
0 51.01 6020 1641 1165 367 6216 6194 1744 1062  3.55
2 62.95 6359 1625  10.54 391 5123 6120 1743 1142 343
4 56.96 6307 1626  10.68 388 5414 6057 1775 1121  3.39

E7  Mean 57.49"° 6245° 1636 1087° 381" 59.28" 6209 1752 1046 354"
0 51.01 6020 1641  11.65 367 6216 6194 1744 1062  3.55
2 63.32 64.17 1636  10.28 392 5676 6195 1742 1047  3.56
4 58.86 63.00 1631  10.69 388 59.27 6238 1771 1028 353

E8  Mean 6151" 6287 1626 1076 387" 5687 6091 1753 11.13"  3.42°
0 51.01 6020 1641  11.65 367 6216 6194 1744 1062  3.55
2 63.10 6391 1622 1040 394 5191 6025  17.60 1118  3.40
4 70.61 6452 1614  10.27 399 5720 6051 1756 1164  3.30

! Enzyme E1, E2, E3, E4, E5, E6, E7 and E8 are identified in Table 6.1; 2E><pressed as individual VFA, mol/100 mol; Ac = acetate, Pr = propionate, and Bu=butyrate.

< Mean within the same column for the main effects of enzyme or substrate having different letters are different at P < 0.05. SEM: standard error of the mean.
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Table 6.3 Effect of enzyme additive (E) and dose (D) on volatile fatty acid (VFA) concentrations from corn silage after 24 and 48 h of incubation (n = 8) (Cont.)

Enzyme1 Dose 24 a8
(ul/g DM) Total VFA Molar |oroportions2 Ac:Pr Total VFA Molar proportions2 Ac:Pr
(mMm) Ac Pr Bu (mMm) Ac Pr Bu
Dose 0 51.01° 60.20° 1641 1165 367 6216 6194 1744  10.62 355"
2 57.32" 62.70" 1635 1081° 385 6226 6191 1754 1063 352"
4 57.99" 62.42" 1630  1089° 382" 5999 6173 1758  10.70 3.49°
SEM 3.522 0.786 0.135 0.321  0.032 4.813 0.552 0.163 0.233 0.047
P-value
Enzyme 0.021 0.011 0645 0092 0039 0002 0004 0695 0001 0.001
Dose 0.001 0.001 0237 0001 0001 0584 0723 0175 0715 0.044
Enzyme*Dose 0.199 0.604 0785 0906 0585 0214 0341 0388  0.066 0.074

' Enzyme E1, E2, E3, E4, E5, E6, E7 and E8 are identified in Table 6.1; 2E><pressed as individual VFA, mol/100 mol; Ac = acetate, Pr = propionate, and Bu=butyrate.

"2 Mean within the same column for the main effects of enzyme or substrate having different letters are different at P < 0.05. SEM: standard error of the mean.
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6.4 39150NAN15NAABY (Discussion)

nsanwadsiviinsussdiudnenmues fibrolytic enzyme additives findntuite
A3 deldifuasasuluemsdniiaendeilesunedinduemsneundn naves
nanAuaeulydionisnevaunesdniluaiuisaninni1sadlaann enzyme  activity
(Beauchemin et al, 2004) Fwiiu3Bn1s in vitro Segninanlilunisdansessavendnasi
wull uavsziumsiasuTivnzan deuflasinandusiouledlUldlurniudnsinensos wai
W9 in vitro method anunsaRazdanTesfie uuaTngUNIVIAaDsTILALINNY 16 N3
ATV in vitro assay Fegninanllumsfnuasiifiefiosuusihsiinvesioulssifiasls
Tunmsfnululaseualuewian uazseiu pH ves buffer 714 USUliwiiu 6.5 isliaenndas
fusedu pH Undlunszimneniinvedauufinsurisiauduemsneundn

flsgaenaiuuis 2 van waeduiieuluimnedalidmade TeP laFeuisufi
control Yhupnfiafiu Wang et al. (2004) eauliifinase TGP lugisnisun 30 vu. dield
exogenous enzymes it endoglucanase, xylanase, uag amylase activities 11 untreated
wheat straw wanani Liu and @rskov (2000) 1es1uinnsiesy cellulase 52U Tunig
412 (0, 4, 8 to 16 unit per gram straw) lilfinasio GP fiszoziiaivy 24 v, agslsinny
Yang et al. (2011) 51897171 enzyme additives Lfia TGP 970 alfalfa hay w&an1sus 12 .
591U ruminal fluid us enzymes luddinase TGP 1A rice straw

fifisaunsnisvaasaasueuledudaiiiu TGP 91nvedafissezinaiUy 48 . Yang
et al. (2011) wugiirinnsdTesduszneuted recalctrant fiber Fadadldsvazinatuiunin
naveseuledeziiniy fufunanismaassnaidzifiiuinenlederaidnenmlunisld
USuUsAnn wilte SR INTAnN 1MgenNIne 1M IMeIUAMIA AN

[

fiszuznaUans 2 1an 24 uay 48 ¥al. DM degradability liunnsnsfiusgrsiitodfay
ynaadn (P>0.05) lunnngunsvaassiiadueules] Fsaenndosiunasie TGP vadnUszney
1Ushe polysaccharides TutFunasnn daduundswesmdsnudmivedunidlunszimzmiin
ogalsfinm Wadiesdusznovvedlusiusi uazilosduszneuves lignocellulose  oEge
Waghorn and McNabb (2003) 51894711471 esterified bonds 51114 cellulose, hemicellulose
wag lignin F1ianisgeslavesnnsdnilagdunidlunszimignidn Eun et al. (2006) 51891U0
DM degradability ¥84 untreated rice straw fisvazinaivy 24 vy, Lifnansznuainnisiady
uledurwiin (cellulases %3 xylanases) Tun1emseiutu Yang et al. (2011) $1891U91
naunsnaassilesueulesinngunnsaasaasaLiia DM degradability 1 12 uay 48 .

PAINITUL
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ADF degradability fiauuansineiuegeiidedifeynieada (P<0.05) luynseduns
daioulesl o 2 szevinanuu 7 24 wae 48 wu. snciuieulusd B4 uay E5 Seynsedunisay
Tinawmiiouduiungu control 8e13lsAn1u NDF degradability uTuannsiissoziaanty 48
¥3. Beauchemin et al. (1999) uwugiiinisiasueuladasuuervsinensdawaliinis
UanUdesiouluslg ruminal fluid 1641 lleemnsgndes Yang et al (2011) 18910
degradability ¥83 NDF Lﬁm%uiunﬂﬂfjumimaaqﬁm%maulsaﬁ i1 2 swpviaanUy (12 uay 48
%u.) e ADF degradability WuTuannsiiszoznanty 48 v, Tumeansedudia Eun et al
(2006) s1e9uNdniuseulvliinane NDF uag ADF degradability 989 untreated rice
straw Tiszeginauy 24 v, og13bsfiny degradability U84 fibrous fraction NDF uag ADF
iutusioiasuoul i protease activity nsTinavesmsiasuoulssise TGP, DM, NDF wag
ADF degradability wans13fiuenaLilosuanemIuwang1awes rice straw substrate u3®
@mauﬁaﬁuaﬂwamﬁwﬁmu%ﬂﬁw Beauchemin et al. (2003) Lug1131 enzyme additives
AURULUSTUATUUTEANT AN ﬁ@ﬁjﬁuagﬁuﬁﬁamm WU enzyme activity, YHALALIZAU
msiasueulyy wlinvee1ms Asnsiasuleulyll LaranUNINNNEITING1VeER

99nn"157 NDFD waz ADFD %01 rice straw aIn 15Uy 24 waz 48 v, Tunsdnw in
vitro W@y (Fig. 1) NDFD woswoulwsl E1 \findugediqn Aeifiuduf 31% way 18%
SveaUY 24 way 48 v, muasu Tunaedl ADFD Wintuie 38% uay 15% Aszaziiaiy
24 way 48 . Wwdeatu wuled E2 awnsauiia NDFD 168a 26% waz 19% fiszeziiaiv
24 uay 48 Wy, uay ADFD sy 21% way 17% Aisveznaiv 24 uay 48 . dioldieulesd
E3 NDFD woerhednasiiudiu 22% waz 29% fiszezinaiu 24 uaz 48 vy, way ADFD Liiuu
32% Ay 30% n&sNNSUNT 24 Wag 48 wa. M3 NDFD Teeteules] £4 gean Ao 13% nds
AU 26 Tl uAE 11% naInsUs 48 Fal. uag ADFD wiindu 6% waan1suu 24 val. uas 8%
w&INSUN 48 v, dwsuieulesl E1, E2, E3 uay E4 Sameldlunisdine in vitro aeld corn
silage 1y substrate (Un7l 4) NuNansvaussraeulwlluluUIN KaNTRBRFITY

=

galasrenuinnandudiansiasueuled 2 vdn fie E1 (Dyadic) way E3  (Rovabio)
UszAnsnmannndn E2 (Econase) wag E4 (Cinabio) n&InsUnf 24 uay 48 ¥y, wenani
nannumansasueulyl 2 ¥lia As E1 way E2 dalatagrinnisAnwilulauuuazlinanavauss
Tun19un (Arriola et al,, 2011 wag Holtshausen et al.,2011) agnalsAnny Faluipeiisiesu
msAnuldnansusieulyite 4 siadsufunnegng selunsdne in vitro uag in vivo
Fatussausuurinasinsinenslduandueieule E1 was £3 Tufdnd (n vivo) Tneld

9191598 duduUsenausiald
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dfuioulssl £5 Twavinl¥ NDFD ifiatiugeaniie 26% uay 9% fisvozinata 24 wa
48 %, MUAIRU way ADFD Wiudu 27% uay 7% fiszeziianvy 24 uay 48 W, AuEIsy
(Fig.1) woulml E6 vlsk NDFD wiindu 139% uay 27% Aisveriaanual 24 uas 48 wa. Auansy
ez ADFD sy 21% waz 24% fiszeziianvy 24 uay 48 wy. oulwm] £7 vl NDFD
Ty 20% way 20% WaINNTUL 26 uay 48 vy, AU uay ADFD Wisity 23% uay 17%
w&N1UY 24 uay 48 wa. muady oulwl E8 vild NDFD Wisdu 17% wdsnsuy 264 v,
WaE 17% W&IMsUL 48 Fa. waz ADFD Wiudu 16% ndenisuy 24 . uas 15% wdsnsuy

48 wy. nanSaTansiasoulel E5, £6, E7 uay E8 § U fibrolytic enzyme additives ﬁaq
FEMINM IR wazegluguvesvatvan

Volatile fatty acids \unandngavinevesnisuiingesvesgdunidlunseimizniin uaz
Huundmdnundnuesdaiidenses nsanmadeinuin fibrolytic enzyme additives
anunsafivauiduduues total VFA, molar proportions ¥ed acetate war butyrate 3
denndasiunisiiiuduves DMD, NDFD w3a ADFD ns@nw in vitro weq Eun et al. (2006)
37849711471 ammoniated rice straw (ARS) inandn total VFA @indn untreated rice straw

(URS) wsinnstasutauleiadly URS wse ARS ludenansznusananas total VFA viationatdu

a

wszaunIdlunszimnendinuiwileanunsaduilsunanangavineveinsuinges Jusgiiv

q

a 6

90315193y veAuN3ed (Russell and Wallace, 1997) agalsfimiu Yang et al. (2011)
989771 total VFA lignnsznuannieulusiynuiandsnnmsuy 12 v ideldwsthnsui
ruminal fluid 10w substrate W# proportion 209 acetate dintuilewasueuls udnina
\udued total VFA Huwaltuaandingy control #asn13us 48 wu. Yang et al. (2011) &4

numsuingasaslulamsniinudntosiiiowEsy enzyme additives

6.5 d3U (Conclusions)

NARAMIN enzyme  additives fivhnnsuszfivlunisinwadedls endoglucanase,
exoglucanase and xylanase activities fivainwane Namﬁm‘ﬁl@uiﬁﬁﬁnﬂ%ﬁﬂa’mﬁmﬁu NDFD
way ADFD wes1etn in vitro eg1elsAmiu fibrolytic enzyme additive wmazwiiale

Y Yy
(K9

NARDUAUDILANANNAY NIHTUDEAUTZAUVDINITLETH NNHANTITNAADIATILENTaLaUDILUY

Y

TanAsinisuseiiuvseansnmvesauley E1 way E3 Tun1s@nw in vivo lagldanmisid

Wt ndudrulsznau
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undl 7
NAYDY exogenous fibrolytic enzyme fian1sgaglalunseinizuain
vaalaliliuuansnsamzildsududialnandn
(Effects of exogenous fibrolytic enzyme on ruminal digestibility in

fistulated non-lactating dairy cows fed corn silage)

UNANED

nsAnvAIlieUseiliunaves fibrolytic enzyme additives 2 ¥fianonisgoulaves
Auglnaiin wazn1suingeslunseinieniin seAU pH wagAUgNTuYed blood glucose
Tulaldliusaiznszinng lagldlalailviuugnuas Holstein Friesian la1znseinng 91u3u 5 67
deosdadeluron dudaladingun1ameans 5 ndUNISNARBIMNLILNITVIAROWUY 5 X 5
Latin squares design N1IMAaBIUTENOUAIY 5 YIITLILNITNAADY T282NITNAADIAY 21 U
Tagludag 14 YuusniludrsuSusindniuems wardn 7 Judwmsuiiuiegnslunseimigmsin
LAENIIMINSEaYEAY in vivo NaNIMsNAaeIlsENaunle 0 (control), 0.5 ml of E1 /kg of
corn silage dry matter (DM), 1.0 ml of E1 /kg of corn silage DM, 1.0 ml of E2 /kg of corn
silage DM @z 1.5 ml of E2 /kg of corn silage DM Tausaziazlesuomnsdufidlusiu 21%
Suay 3 n.n/f wdadu 2 Sowie fu ran 0800 waz 1600 . Taufududlnensnldwuy
it waziharvenn nmsiasy enzyme additives Tuomnslaliinasie dry matter intake (DM),
AULIUVUVDY total volatile fatty acid (VFA), NHs, molar proportions of individual VFA,
ruminal pH Tu rumen fluid wagALTNTUIBS blood glucose @iu degradability voe dry
matter (DMD), neutral detergent fiber (NDFD) Wa¥ acid detergent fiber (ADFD) 13jgﬂ
NTLNUAINNTTLETU enzyme  additives fiszevavnlunszinzugdn 3, 6 WAy 12 .
(P>0.05) oealsAnu N1sLasy fibrolytic enzyme anunsouiiy DMD, NDFD uay ADFD
ndnmsudlunszmnzudin 24, 48 uaz 72 wa. (P<0.05) Hanisnaassiiduuiefuiiny
TUNSANYINARDITILUY in vitro LAYWUY in vivo wshenadiumwszindimsiiiunislddselovd

Tavaslnaugluautnilwanindleyinnisiasume enzyme additive

Abstract

This study was conducted to evaluate the effect of two fibrolytic enzyme
additives on the digestibility of corn silage and ruminal fermentation, pH and blood
glucose concentration of fistulated non-lactating dairy cows. Five fistulated Crossbred

Holstein Friesian non-lactating dairy cows housed in individual pens were assigned to
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one of five treatments in 5 x 5 Latin squares design. The trial consisted of 5 periods,
with 21 d in each period, 14 d for adaptation to diets and 7 d for ruminal sample
collection and in vivo disappearance trial. Dietary treatments were: 0 (control), 0.5 ml
of E1 /kg of corn silage dry matter (DM), 1.0 ml of E1 /kg of corn silage DM, 1.0 ml of E2
/kg of corn silage DM and 1.5 ml of E2 /kg of corn silage DM. Diets offered as 3 kg/d of
concentrate containing 21 % crude protein (CP), divided into 2 equal meals at 0800
and 1600 h together with ad libitum corn silage and clean water. Addition of enzyme
additives to the diet had no effect on dry matter intake (DMI), ruminal fluid
concentrations of total volatile fatty acid (VFA), NHs, molar proportions of individual
VFA, ruminal pH and blood glucose concentration. The degradability of dry matter
(DMD), neutral detergent fiber (NDFD), and acid detergent fiber (ADFD) were not
affected by enzyme additives at 3, 6 and 12 h of ruminal incubations (P>0.05).
However, addition of fibrolytic enzyme increased DMD, NDFD and ADFD after 24, 48
and 72 h of ruminal incubations (P<0.05). Those results were similar observed in both
in vitro and in vivo studies; it might be due to increase the utilization of nutrients of

corn silage when treated with enzyme additive.

7.1 unid1 (Introduction)

AM9Las exogenous fibrolytic enzymes @vdulugusenaudie cellulase uax
xylanase activities anunsawfiunisdegldibelevasdudilnendnlunisdnw in vitro (Eun
and Beauchemin, 2007; Eun et al., 2007) Holtshausen et al. (2011) S1891UNSANEN in
vitro wurmansasiansiasueulydiannsodiiy wieiluuliudiu NDF digestibility ve4 alfalfa
hay, alfalfa silage W@y barley silage uaﬂmﬂff nsAneN in vivo Senuinnisiasuteulvsivile
LAeanU ive (1.0 mikg TMR DM) asoiuUsyanSAmnIsNARIUL uas fat corrected
milk yield ﬁ’aﬁ?ﬁqmiﬁmimaauLﬁaﬁué’uﬁqma%mmﬁuLaulﬁzjﬂuamamamsswawﬂﬂ
(in vivo study) \denwansusiioulysl Rovabio Excel LC2 (E1) wagdiuwau 75:25 U89
Cellulase PLUS waz Xylanase PLUS (E2) annuanisnaaesiildainunil 4 thuveasdlag
gatuns@nw in vivo Tagldemnsiiil com silage 1Husmaveunsin iieBudunanis
yaaososmansusiioulusiis 2 9lin (Chapter 4) msfnwasaiiingUszasdiiiouseifiung
vosuandaioulesl 2 vila ¢e blood glucose, ruminal disappearance Waz rumen

fermentation lu fistulated non-lactating dairy cows #lé5u com silage Wuewnsuenu
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7.2 qUﬂiajLLazaas'm‘s (Materials and methods)

7.2.1 m3IanIsaninmaeikazn1slne1ms (Animal and feeding managements)

Hlegneas Holstein Friesian #laflifus 1a1znszuny $1uau 5 61 Bssfauferluaon
IAUHUNITNAADILUU 5 x 5 Latin squares design n1snAassUsznausie 5 9199 ag 21 Ju
Tngsyey 14 JuusnilussegUSumlndniuetms waz 7 Tumeunlussesiiuiiedns wagns
naapsnsgegaaglunszimendn ngun1svaasssenausie 0 (control), 0.5 ml touley
E1 /kg of comn silage DM, 1.0 ml toulwai E1 /kg of corn silage DM, 1.0 ml toulasl E2 /kg
of corn silage DM way 1.5 ml toulesdl E2 /kg of corn silage DM 1309719W@nsust enzyme
additives fheth wildanuiiieans 50 mlsio 1 kg of com silage DM awsdieuleioansas
v com silage Aouliomsluiiotug awsdiiluusunnsviniu (50 mU1 kg of com silage
DM) asuweImstungy control Mg

7.2.2 MsAsIinlanITIATIENINIAL (Measurements and chemical analysis)

TanaaasldSuommstuiiiiusiu 17% Suas 3 ke wisld 2 e whe fu 1an 08.00
W% 16.00 w. Jaufududnlnaninuazihazonndiuil Yiomsneuiuuasiiiviendsiuuas
ﬂ’uﬁﬂfmﬁmqﬂi'u AABANITNAADY ATIEMMDAUTENOUTROUAS (48 h at 60°C) vessu
Fnlnavsinveslausazsnniu ileduiansiuldinguits (OMI)

UARBENOITHIUATUNTUIA 1 mm iediluhinsisdniaed Swasigeinn dry
matter (DM) 499 corn silage way concentrate AN 158U ﬁqmﬁﬂ”ﬁ 105 °C Ounsestatmin
Asi Wiseesluiiasngyinn crude protein (CP), ether extract (EE), ash (AOAC, 1995),
neutral detergent fiber (NDF), detergent fiber acid (ADF), wag acid detergent lignin (ADL)
(Van Soest et al, 1991) thdudnlnaninfiouuiudalvuarunsunsawn 2 mm el

wnsgavaagludidnd Inedenudiluaninuadssuna 5 n3u ussaslugsluaauwuin 8 x

11 cm 7l pore size 47 um thgdludeuldsulunszimegninveslalilvunaznszimg WHu
spesAn 0, 3, 6, 12, 24, 48, uaz 72 vu. \easuimusluusiazinan Uigsludeussnan
nsznzviin visgadlunvugittasiudaionganszuinuniaviin udmindudganield
ihlnageun sunseitahitluadnila dhsludevlveufigumnd 65°C Wuinan 48 wu. wdsn
Farhudngeludoundazganda ddudlnantndruiindelugsludeuliiasiegsin
93AUTENOUTDY NDF Uay ADF AIWIIMNAINISgeyn18v89 DM, NDF uag ADF uagiU3auiiiau
\Judndiures DM, NDF, wag ADF neunsgugdludenlunssiwignsin

7.2.3 mymingoelunszswiznsin (Ruminal fermentation)

iioUssiiumsmingeslunszimewiin Tutuanvievesusazdnsnismeass (d 21) du

WAUFIDE19 rumen fluid ANTANLLIIENTELNIEHAREFNTE8219a7 0, 2, 4 kAL 6 B, NAINT
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Tewnsdn ¥n1s¥a pH Viufidlewiudiegns rumen fluid pH meter dmsunisliAsesivn
VFAs Uag ammonia N U553 rumen fulid Y3110 36 ml asluviasannassuuinusuins 50
mlU 7T 1M H,SOq, 8¢ 4 ml thludumiesil 1895 pm Wunan 15 wiit iiudeesdaula
(supernatants) Uss9aslumasAnaaevIAUTINAST 25 ml Yagn thluifuinulifgaumgd -
20 °C qunseailuTiasest n133ms129imn acetic, propionic wag butyric acids l4iA3as GC
(Hewlett Packard GC system HP6890, USA, 19091N-113 INNOWAX , Length (meters) 30,
.D. (mm) 0.32 WIDEBORE, Film (um) 0.25) ANuL09UY99 ammonia N AtAs12ilaeisnag
Kjeldahl (AOAC, 1995)

7.2.4 mM5UATIZNNNaaA (Statistical analysis)

Jayaveen1siule, seduves pH, ammonia N, VFAs, blood glucose wag ruminal
disappearance coefficients UBLAAZIINITNABDINATIZALAY ANOVA Tagld Statistical
Analysis System (SAS, 1996) LUSBULTIBUANULANAITZAING treatment means Lagld Least

Significant Differences

7.3 Nan15NAaa9g (Results)

7.3.1 m3nule nglaaluden uaznismaindeglunszimignain (intake blood glucose
and ruminal fermentation)

Feed intake, blood glucose, ruminal pH lLag ammonia N concentration wanglily
Table 7.1 lannngulasuamistuiiufe 2.79 kg DM/d (data not showed), total DM
feed intake Winfu 12.43, 12.80, 12.91, 12.75 uay 12.91 kg DM/d sudsu ddlidiaany
wanenafudiewdsu fibrolytic enzyme (P>0.05) mswasuieulesiluswnslidmasa ruminal
oH, ammonia N concentration wa blood glucose Tuusiagiafiiuiiegns

AIINTUYBY ruminal volatile fatty acid wanslilu Table 7.2 luifinaves fibrolytic
enzyme addition fo total volatile fatty acid concentration, molar proportion of acetate,
propionate Way butyrate wasdnaiuves acetate: propionate Tuusaziafiiusiogns
(P>0.05)
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Table 7.1 Effect of exogenous fibrolytic enzyme supplementation on feed intake,
ruminal pH, NHs-N and blood glucose of fistulated non-lactating dairy cows

fed corn silage

ltem Control El E2 SEM P-value
0.5 1.0 1.0 1.5

mUke  mUkg  mUkg  mlke
DM Intake (kg/d) 12.43 1280 1291 1275 1291 0.59
pH
Hour 0 6.96 6.96 6.94 6.98 7.03 0.77
Hour 2 6.38 6.42 6.36 6.34 6.44 0.54
Hour 4 6.38 6.39 6.33 6.36 6.46 0.46
Hour 6 6.48 6.55 6.57 6.53 6.59 0.71
NH5-N (mg/\)
Hour 0 18.66 18.08  19.01 1773  18.60 0.47
Hour 2 39.77 40.24 3947 4174  40.38 0.88
Hour 4 21.47 2044 2190 2215 2172 0.86
Hour 6 15.91 14.41 14.76 1465 14.34 0.51

Glucose (mg/dl)

Hour O 63.6 63.2 64.8 63.2 63.4 0.80
Hour 2 64.6 60.8 63.6 62.8 62.2 0.36
Hour 4 59.4 60.4 61.0 61.4 60.0 0.77

Hour 6 64.0 64.4 64.6 65.8 65.6 0.25
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Table 7.2 Effect of exogenous fibrolytic enzyme supplementation on volatile fatty acid

(VFAs) of fistulated non-lactating dairy cows fed corn silage

ltem Control El E2 SEM P-value
0.5 1.0 1.0 1.5

mUkg  mUkg  mUke  mlkg
Acetate (C2) mol/100mol
Hour O 75.66 75.67 75.64 75.75 76.58 0.38
Hour 2 67.59 66.84 67.40 67.27 67.41 0.96
Hour 4 69.35 69.50 69.34 69.15 69.40 0.99
Hour 6 71.05 71.15 71.83 71.15 71.95 0.14
Propionate (C3) mol/100mol
Hour O 1591 16.25 16.22 16.26 15.75
Hour 2 22.51 22.41 22.60 21.80 22.34 0.74
Hour 4 19.86 19.74 19.78 20.11 19.84 0.98
Hour 6 18.32 18.12 18.07 18.30 17.89 0.91
Butytate (C4) mol/100mol
Hour O 8.43 8.07 8.14 7.99 1.67 0.69
Hour 2 9.89 10.74 10.00 10.92 10.19 0.37
Hour 4 10.79 10.76 10.93 10.74 10.76 0.99
Hour 6 10.63 10.73  10.09 1055  10.16 0.39
Totals VFA mmol
Hour 0 69.08 71.04 6781  69.36  68.92 0.60
Hour 2 88.69 9247 9136  89.75  88.36 0.72
Hour 4 92.46 95.17 96.47 95.82 94.71 0.67
Hour 6 88.18 94.43 90.76 91.48 92.29 0.47
C2:C3
Hour 0 4.76 4.68 4.67 4.66 4.88 0.41
Hour 2 3.04 3.01 2.98 3.10 3.04 0.94
Hour 4 3.52 3.54 3.51 3.27 3.33 0.64

Hour 6 3.89 3.94 3.99 3.89 4.06 0.69
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7.3.2 msdegaargnudlwaninlunsaniensin (Ruminal degradability of corn
silage)

In vivo DM, NDF, was ADF degradability vesgudnilnavsinuandlily Table 7.3 i
JPEYLIAIUN 3, 6 WAz 12 Y. degradability ves DM lLignnsznulae enzyme additives
aghalsfinu nsiady fibrolytic enzyme win degradability va4 DM n&sa1nn1suwd 24, 48
hay 72 vy, (P<0.05) ﬁiwznmﬂu 24 way 72 enzyme treatments Vgﬂﬂfjmﬁu
degradability ¥8¢ DM wW3suiieuiiu control usi degradability vas DM ewinangy enzyme
Talumnaneiu fisveznaiuy 48 v, nsiasueulesl 1.0 mUEL, 1.0 mUE2 wag 1.5 ml E2/kg
of corn silage DM A0 degradability 989 DM wazn1sasudl 1.5 ml E2/kg of corn
silage DM 19 degradability ¥0¢ DM 6L

ANsgeLaaIeas NDF Lignnsenuann1siasy enzyme additives fiszuziaivy 3,
6 way 12 wy. (P>0.05) ag1lsiny n1sw@sy fibrolytic enzyme A0 degradability
999 NDF widsmsualunseiniznsin 24, 48 wag 72 v, (P<0.05) fiszozatuslunseinizndin
24 w31, N154&s 1.0 wag 1.5 ml voweulwsl E2/kg of corn silage DM i degradability U84
NDF 1wW3suiieuiiu control st degradability vos NDF 7ita3u 0.5 waz 1.0 ml vasoules E1
laiumnsn9aaInga control @13u degradability 494 NDF 7ikaiy 1.5 ml veqoulssl E2/kg of
corn silage DM snaninnguiadueulesidug Aszezinavulunssimnzusin 48 . Tuvasd 7
svaznadlunssineudin 72 v, nauiiadueuludnnnguaninsniiiu degradability ved
DM wW3suiiisuifungs control u degradability 481 DM szminanguiliaduieulusilaiunnsng
!

Anstosdaneved ADF fiszeziavulunszanzndn 3 way 6 vu. liflnanssvuann
A13L@su fibrolytic enzymes (P>0.05) pgalsiau degradability vas ADF Lﬁmﬁumﬂﬂmﬁ%m
enzyme additives 7iszeziarunlunszinizndn 12, 24, 48 waz 72 wu. (P<0.05) &y
degradability v83 ADF TiaSuoulesl E2 U3u1es 1.5 mU/ke of corn silage DM LRGN PTG

Masuouleidug Nszegnarvulunsewizniin 24 way 48 .
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Table 7.3 Effect of exogenous fibrolytic enzyme supplementation on the degradability
(%) of dry matter (DM), neutral detergent fiber (NDF), acid detergent fiber (ADF)

of fistulated non-lactating dairy cows fed corn silage

[tem Control El E2 SEM P-value

0.5 1.0 1.0 1.5
ml/kg ml/kg ml/kg ml/kg

DMD

Hour 3 22.01 2238 2270 2277 22.67 0.26
Hour 6 2416 2623 2614 2528  26.88 0.12
Hour 12 27.35 2997 3086 3033  30.77 0.11
Hour 24 3459 3767 3756  38.09° 3843 0.01
Hour 48 4453 4712 4809 4931"  50.30° 0.01
Hour 72 50.71° 53.76°  53.44° 5446 54.29° 0.01
NDFD

Hour 3 438 332 3.68 335 3.61 0.34
Hour 6 6.71 7.24 733 7.02 757 0.62
Hour 12 10.71 1267 1297 1267  13.01 0.24
Hour24  19.99°  22.09° 2224 2383 2468 0.01
Hour 48 34.70°  36.66°  37.69°  3787°  39.76 0.01
Hour 72 4139 44.10°  45.04° 4463  44.86 0.03
ADFD

Hour 3 436 3.88 397 3.43 3.92 0.27
Hour 6 5.95 5.84 597 6.23 6.30 0.74
Hour 12 9.11° 10697  11.23°  1204° 1167 0.01
Hour24  1694°  1864°  18.88° 1947  20.16 0.01
Hour 48  2936°  3150°  3236° 3361  34.34° 0.01
Hour 72 37.65°  3881° 3961"° 40.78°  40.22% 0.01

"< Means within the same row having different letters are different at P<0.05.
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7.4 397150WaN1591Aa9 (Discussion)

nsAnenSell nsiEsu enzyme additive lifinansymusia DMI ‘Vlz\‘]‘] finseosls DM,
NDF wag ADF Lﬂlmﬁu NaN1SNAaBLYIULALINU (Rode et al., 1999; Sutton et al., 2003 way
Chung et al,, 2012) 5784717371 DM hjgﬂﬂswumﬂﬂmﬁm enzymes uaﬂmﬂ‘f: Yang et al.
(1999) 1891131 DMI lslgnnsemuainmstasuieulesy W finsteslidolenaonsyuumaiu
asiiinty usldiinase particulate passage rate egnslsAiniy MsANEAUIIANSANYA
sreuInsasueulsiauisodiu DM detasueuluiasuuiivenmsdas (Lewis et al,
1999) Tunn9nssiud1u Holtshausen et al. (2011) sre9uamisEsueulsdlueimisaiunse
an DMI uaznisanaawes DMI Wudndrunduiuiuseaunisiasuieulesd

nsiasutaulesiasiue1usluinanennududuees total  VFA,  NHs,  molar
oroportions a4 individual VFA way ruminal pH luvasfinsgesldiiintuilewsy fibrolytic
enzymes ¥NuBAYIiU Chung et al. (2012) 578974115434 enzyme additives Tua1113
luflnansenusoAULULTUUDs total VFA, NHs, molar proportions 484 individual VFA uag
ruminal pH Turauedl Sutton et al. (2003) 578971 acetate anag el propionate L‘ﬂlm“ﬁu ey
butyrate TuansadioSeudisuiu control uaﬂﬁ]’mﬁ Beauchemin et al. (2000) s1&914
nsiiatiuwes acetate u ruminal fluid sy fibrolytic enzymes

audures blood glucose senindlafinuens control Aulafiiuemis control
L@3UAIY enzyme additives launn@neiu Holtshausen et al,, (2011) $189UINATLESH
enzyme additives asluasliiinansynufannudutuves blood glucose ag19lsiny
Anudiudures blood insulin tudululafilgsuamms control wdusmateulasd 1.0 mUkg of
TMR DM wiewSauiisusuladilgsuenmns control laSuneuley]

n15L@su fibrolytic enzyme additives aslugut1ilnaninlu fistulated Crossbred
Holstein Friesian non-lactating dairy cows CRITAEIN Y DMD, NDFD &z ADFD lunsginng
windlewSsulsufu control 9MANANISNARBY TINSANY in vitro WAL in vivo d1ansaLi
NDFD waz ADFD vasdudalnaviin ndsnisunil 48 au. dmsunisine in vitro n1siasy
wulasi E1 7 0.5 waz 1.0 mUkg DM corn silage anunsoufis NDFD l8ds 9% uaz 9%
AUAIRU wazaunsoLfia ADFD liEe 18% waz 21% mudwu nswasuieulsy E2 91 1.0
ml/ke DM corn silage @unsaufius NDFD l6ids 8% uazanusauii ADFD lede 229% du
Msfne in vivo mMswasueulesl E1 fiszdu 0.5 waz 1.0 ml/kg DM corn silage Ao
NDFD 'l6Ea 6% uaz 9% mud1diu wazaunsawia ADFD as 7% waz 10% mudu @
mawasuoulesd E2 fisgdu 1.0 wag 1.5 mlkg DM com silage anunsawfias NDFD 168 9%

WAL 15% ANUANPU WaLaIUISaLAL ADFD 1ADa 14% wag 17% Aua1au Kan1sNaasdsdnan?
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Fradumilousuiuiinulunisdne in vitro (Chapter & wax 5) waz in vivo sedenadu
wsziniinnsldusslevianlavusvasdudnninandniiasy enzyme  additive  tindu
Holtshausen et al. (2011) 57897431 Tun15@nw in vitro A151@34 developmental enzyme
additive (Econase RDE) iy w3efluualifunfis NDFD ves alfalfa hay, alfalfa silage Wag
barley silage waglun1sfnei in vivo n151@3U nzyme additive wilatneaiu (1.0 miZkg TMR
DM) ansaviindszansaimnisnantiuy (kg of milkkg of DM e 107% waz
UsgAnSnmnIsuan FCM (kg of FCM/kg of DMI) Tafe 11.3% a1nwan1sAnen meta analysis
T¥adaunn 17 /1 990 7 Msine MsifiaBuwes in vitro NDFD wosiudlnamsin 1% unit
danalvf 3.5% FCM Lisdu 0.14 ke/d wae DMI vasledmuniildsuamnsiiiisudninantnogq
(> 40% of the dietary DM) Wi 0.12 kg/d (Jung et al., 2004) uaN91NH Oba and Allen
(1999) $189MUANUFURUSITIVINTEWINN forage NDFD (in vitro or in situ) LazHaNAnuL
Laz DMI [Wulienfiu nd1aie nsufintuues NDFD 19% dawald 4% FCM fud 0.25 ke/d
ey DMI L‘ﬂ'mﬁu 0.17 ke/d mﬁnwm%ﬁwmmmm%éﬁ’umiLa%aJ fibrolytic enzyme additive
fumnzay dwdueuleyd E1 seiunisiaduiimunzauie 0.5 mUkg of comn silage DM woulas!

E2 fszaunsiasuiitnunzaud 1.0 mUkg of corn silage DM MSiWs 187152 AUAINAIIAILITITE

\fial fiber degradability WiewUSeuiieuiiu control

7.5 @3U (Conclusions)
N15LE34 exogenous fibrolytic enzyme additive aslus1uns fistulated Crossbred
Holstein Friesian non-lactating dairy cow lidiwana DMI, ruminal fermentation, rumen
[ 1 < a . .
pH WagAULINTUBS blood glucose ae19lsAnIL NISIEATU exogenous fibrolytic enzyme
additive @unsawiial fiber degradability 989 corn silage 9MNNANITNAABININY AITANITANE
NN5LESU enzyme additives TulasaustiteiuSeulisunananlauuflasue msid comn silage
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agunInTINKNaNIINAaas waznsunlUldusElevd

n1sAnwIdeluassiisuusniignuszasniagnaassdnsdrunauveeuleingy

9

%

waglaauazngylsuauuanivnzaufuomsneuiitouldlusamelne 1wy wisthiuazdy
Frlnavsin ogslsfinny toulesflungueagaaiidueuludviafedilifidmingluieinan
Weslny e activity veteuleddilidiades aslidmirsanzngulosauiug uaziiane
endo - 1-4 beta xylanase Wisswdaie FalinsAneideifiesnimaasnieriildioulasiaia
Fed (Ul 3)  nisfinunddeden wndddeulsdsndidundasasinianisé wildiinng
pTIREBUIATIEA activity vesmdndusiansiasueuluinisnisiynulaiiunldlunismaass
Wioflalemsu activity veseulvdusazedalundnsaaidug fatunsanuiseluadeidsed
nslouan fasiansiasueulsiiawdaien (single enzyme) wavadinsiumatouin (mixed
enzymes %38 cocktail enzymes) Fadundnsuaimnenisén

NuATsusn Teuluuiiafe) Ae xylanase (endo-1, 4-beta-xylanase) i activity
40000 U/g diowdSululaldliumanznssmnesdilasursiadusmsvenu lidwanenisiuls
9113 58AU pH, NH:-N wag VFA lunsziwiznain n1siass xylanase Lifinansgnuse DM waz
ADF potential disappearance fraction, ita¢ DM ey ADF total disappearance 9819l5 R
A5LE33 xylanase 1u33§1’uqq anunsaufisl NDF potential disappearance fraction Wag NDF
total disappearance  39pa5iiFnwddIukanvenoulinatvyiln wavsyFunIsESuT
wangan AnwiseRunslindifian Nanunsadfinnisdeslidely eansuyuvosnislfieuls:]

nuidestewn (unit 4) Mndasariasasuouled ¢ vfin (1, E2, E3 waz E4) #idl
AANTIUVDY xylanase, endoglucanase Lag exoglucanase Fumnsady (1721 - 1804, 1172
- 1372, 575 - 616 Wkaz 3034 — 3979; 352, 159, 59 way 360; 13.9, 8.9, 3.3 way 9.3 unit/ml
dmiuieuled EL - E4 awdisu) nansmeaesmuitansiasueuledine 4 wia aunsaui

NDFD wag ADFD ¥89fudntnaviain in vitro taeeulesl E1 way E2 JUszansSainuinnin E3

) U

wag E4 euled E1 dnanauaussgegaiiserunsiaiugean (8HUg DM) dauteulesl E2 N3

[y

l@SuNTEAU 2ML/g DM i fiber disappearance waildiiuunnnindidioszaunisi@suiiuiiu

dmuteuledl E3 sgAunisiaSufivanzaufianfe Nseau 4pl/g DM ddeulesl E4 seauns

wesufiangignfie 2l/g DM

q

~ =

NAEBnnunils Iudnduaieulesl 4 vliawudsiiunimaassnounini wagldau
Prlwavdinfndauninuaneeiu 4 ¥in nan15naaeInuil Kandue enzyme additive 9n

%in @13150LRy DMD, NDFD, ADFD way TGP Tunn com silage agalsinu toulesl E1 uay
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E2 fuszavsamunnnineules £3 uaz E4 Tuvausdi corn silagel finavinlyidl DMD, NDFD
uaz TGP gefign Tuvaizdl com silage 4 finavinlwiil ADFD gefian

mATedleldedndu substrate nan1sAaeINUIN WA enzyme additives i
Tlunsdneaded (E1, E2, E3 uaz E4) ngjﬁmmmimﬁm NDFD uag ADFD ¥e9n19917 in
vitro 8819lsAmY fibrolytic enzyme additive uiazsfinlinanouauasLanaaiy ﬁaﬁﬁuayj
AUTLAUVDINITHETY

nsAnuIdedvgrlukesufcing (n vitro) fetfuilerdunisneaeulugadnd (n
vivo) InensLasa exogenous fibrolytic enzyme additives aslus111s fistulated Crossbred
Holstein Friesian non-lactating dairy cow Wan1snaaeInuINanfasasiasuteulsllal
dswana DMI, ruminal fermentation, rumen pH LagAududuYee blood glucose pgslsh
A1 N15LETN exogenous fibrolytic enzyme additive anunsauiiy fiber degradability w9
corn silage

MnuanIaaesiinaandieiy fivhrdluiesufoauarlulamnznssmy uazlda
hetuazdudinansin deinsldtuegraumsmanslursaladolauy msiaSundnsasians
wueulmlunnmaveaedinagenadosiu nanfe aunsnifiunisdesldiiels aeslsfnu
sgauTeINITiasundndudeulyluanarsiusenissinvesndandudarsiasuouled
venanilsziuvesmaadueuladlunislilusidniazannnirlunmaaedduiesljofinis
mnneRsnsInALUsEasasldnanSausasiasuoulal arseileds activity voseulusditue

Usgnaufiunaveseuledusazaiine insizioulesiiil activity a9 s1anazaanuluimey ui

'
o

seauMstEsu Tunmansaiudny oulsalid activity 91 51A198A1918 LARDILTILAUNISIESY

Y \
v o = = <

g9 wenanildesesdrlafitomnsnerunldneg asulagnmsiuua nandumasasuouled
E1 ua E2 aeiiUseansnmgenimnandusiouleduiindus ag1lsiniy nan1svaaesiitiuun
nsgviluieslfuinisuaglulaiznssinig wagldunasemseivassutalnandniazig
417 M3fnyITesely asiinsfinwmsidansaiueuled E1 wag £2 Tuladilvinands nila
Wonazlauy LaylUunaso1mITneIuNINaINMaIsuINTU LU RYIER wazrg1uin uenani
IS = = aa 14 a 6 1 E24 1 1 a v = L3
msinsAnwaisnisldansiasueuleddnagldedials wu wulusmistu visasdasluy
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