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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.





