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Abstract: The objective of this study was to determine the effect of non forage fiber sources m a total mixed
ration on feed mtake, nutrient digestibility, chewing behavior and ruminal fermentation. Five Brahman-Thai
native crossbred steers with an average initial body weight of 188+16.56 kg were randomly assigned mna 5x5
Latin square design. During each of five 21 days periods, the amimals were fed 5 total mixed rations that varied
in the non forage fiber sources, rice straw as fiber sources (1t-TMR, control), tomato pomace as fiber source
(tp-TMR), palm meal as fiber source (pm-TMR), dried brewer gain as fiber source (db-TMR), soybean hulls as
fiber source (sh-TMR). The results showed that feed intake, crude protein digestibility, chewing time, total
number of chew and ruminal fermentation were significantly different among treatments (p<<0.05). The palm meal
as a fiber source in the total mixed ration has negative effect on feed intake and chewing behavior, although
enhanced by 3% of long hey fiber. However, tomato pomace, dried brewer gain and soybean hulls can be used
as fiber sources in TMRs, when enhanced with 5% of long hey fiber.
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INTRODUCTION

In recent vears, feeding cattle a Total Mixed Ration
(TMR) has become widely accepted. The benefits of a
TMR include increased milk production, enhanced use of
low cost alternative feed ingredients, ability to control the
forage concentrate ratio, lower incidence of metabolic and
digestive disorders and reduced labor mput for feeding.
Silage, forage and hay are conventional roughage found
m TMR. Long hay, however, when added to the TMR,
becomes a problem for mixing machines, as such; it 1s
recommended to reduce the particle size of long hay prior
to adding it to the machine. Chopping long hay to reduce
particle size is expensive and time consuming.

Non forage fiber sources are alternative feedstuffs
for ruminant. Various non forage fiber sources, such as
tomato pomace, soybean hulls, palm meal, leucaena meal,
coconut meal, mung bean meal and dried brewer grain
have been used in the diets of ruminant to supplement
conventional forage. The degradation characteristics of
non forage fiber sources are the same as forage
(Chumpawadee ef al., 2005). The fiber source of TMR 1s

very important because it can affect feed intake, chewing
activity, digestibility and production. Soybean hulls
appeared to be mixed in a total mixed ration of about
20-25% and they did not affect dry matter intake and
production (Grant, 1997). Additionally, tomato pomace
can be fed at 100% as replacement forage for dairy cows
and beef cattle (Sanitwongnaayutaya, 2005). Therefore,
non forage fiber sources should be considered to replace
conventional forage in TMRs.

With respect to non forage fiber sources i tropical
zones, limited mformation 1s available on its use as a fiber
source of TMR. The aim of this study was to investigate
feed intake, nutrient digestibility, chewing behavior and
ruminal fermentation in beef cattle fed different non forage
fiber sources.

MATERIALS AND METHODS

Preparation of TMRs: Non forage fiber sources and
others were collected from various feed mills and
organizations in the Northeast of Thailand. All feed
samples were ground to pass through a 1 mm screen for
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chemical analysis. The feedstuff samples were analyzed
for Dry Matter (DM), Crude Protein (CP) and ash
(ADAC, 1990), Neutral Detergent Fiber (NDF), Acid
Detergent Fiber (ADF) and Acid Detergent Lignin (ADL)
(Van Soest et al, 1991), the data used for feed
formulation. Five TMRs were formulated, to have similar
Total Digestible Nutrient (TDN), CP, NDF and ADF, but
differ in fiber source (Table 1).

Animals and feeding: Five Brahman-Thai native
crossbred steers with mitial body weights of 188+16.56 kg
were used. The amimals were dewormed using ivermectin
and injected with AD3E vitamin-complex prior to
undertaking the experiment. They were housed in
mdividual pens and fed ad libitim at 7.00 and 19.00 h.
Drinking water and mmeral lick were offered and available
at all times. Animals were randomly allocated to one of
five treatments in 5x35 Latin square design with 21 days
periods. The dietary treatments were rice straw-TMR
(rt-TMR, control), tomato pomace-TMR (tp-TMR),
palm meal-TMR (pm-TMR), dried brewer gain-TMR
(db-TMR) and soybean hulls-TMR (sh-TMR). The
experiment was carried out at the Division of Ammal
Science, Faculty of Veterinary and Ammal Sciences,
Mahasarakham University, Thailand, from November 20,
2007 to March 1, 2008. The animals were weighed at the
begmning and end of each period.

Table 1: Feed formulation and chemical composition of dietary treatments

Sample collection and preparation: The TMRs were
randomly collected prior to analysis. Composite samples
of the TMR were ground to pass through a 1 mm screen
and the analyzed for DM, ash and CP (AOAC, 1990) NDF,
ADF, ADL (Van Soest et al, 1991) and Acid Insoluble
Ash (ATA) (Vankeulen and Young, 1977).

Fecal samples were collected by rectal sampling at
10.00 h for three consecutive days and composted. The
feces were placed into an oven at 65°C for 72 h, weighed
and ground to pass through a 1 mm screen and the
analyzed for DM, ash, CP, NDF, ADF and ATA. The ATA
content mn feed and fecal were used to calculated
digestibility (Schneider and Flatt, 1975).

Rumen fluid (100 mL) was collected at the end of
each sampling period at 0, 2, 4 and 6 h post feeding by
stomach tube comnected to a vacuum pump. Ruminal pH

was measured immediately after sampling using a pH
meter (Handy Lab 1, CG842 Schott). Rumen fluid samples
were then filtered through four layers of cheesecloth. Fifty
milliliters of rumen fluid were acidified with 5 mL of 6 N
HCT and centrifuged at 16,000 g for 15 min and the clear
supernatant was stored in plastic tubes at -20°C prior to
ammomnia nitrogen analysis using the micre Kjeldahl
method. Volatile Fatty Acid (VFAs) were determined by
Gas Chromatography (GC-14, Shimasu Japan) fitted with
a Flame Tonization Detector (FID) and a packed column
5% Thermon-3000, Shincarbon A 60/80. Nitrogen was

Dietary treatments'

Ingredients t-TMR tp-TMR pm-TMR db-TMR. sh-TMR.
Rice straw (chopped hay 5 cm) 30.0 - - - -
Tomato pomace - 50.0 -

Palm meal - 50.0 -

Dried brewer gain - 50.0 -
Soybean hulls - - - 50.0
Rice straw (long hay) - 5.0 5.0 5.0 5.0
Cassava chip 40.0 28.0 26.0 28.0 26.0
Sugar cane molasses 6.0 5.5 5.5 5.0 5.0
Rice bran 20.0 10.0 10.6 10.5 11.0
Salt (NaCl) 0.5 0.5 0.5 0.5 0.5
Lime stone 0.5 0.5 0.5 0.5 0.5
Urea 2.6 0.1 2.1 0.5 1.7
Mineral mixed 0.5 0.5 0.5 0.5 0.5
Total 100.0 100.0 100.0 100.0 100.0
Chemical composition

DM (%%5) 96.5 M9 93.5 93.9 92.5
Ash (%0 9.6 10.6 7.0 10.6 8.5
CP (%) 13.0 12.8 14.4 14.3 15.0
NDF (%0 36.4 354 37.4 39.1 42.7
ADF (%) 29.2 284 29.4 35.9 34.8
ADL (%) 8.4 11.7 7.2 5.6 4.4
Total digestible nutrient (TDN (%6)* 66.6 65.9 67.4 66.6 65.9
ME (Meal kg")* 2.4 2.4 2.6 2.6 2.7
Calcium (Ca) (%0)* 0.4 0.4 0.5 0.4 0.5
Phosphorus (P) (90)* 0.3 0.4 0.3 0.4 0.2

DM: Dry Matter; CP: Crude Protein; NDF: Neutral Detergent Fiber; ADF: Acid Detergent Fiber; ADL: Acid Detergent Lignin, ME: Metabolizable Energy,
#Calculated value; rt: rice straw as fiber source; tm: tomato pomace as fiber source; pf: palm meal as fiber source; db: dried brewer gain as fiber source; sh:

soybean hulls as fiber source
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' and the oven

used as the carrier gas at 40 ml min~
temperatures was maintained at 220°C, injection and FID
temperatures were fixed at 260°C.

Blood samples were collected from the jugular vein at
the same time as rumen fluid sampling, using 10 mL
heparinized vacationers. The tube was gently mverted a
couple of times and then kept in an ice box and later
centrifuged at 5,000 g for 10 min. The plasma was then
transferred into a storage tube and labeled with date and
animal identification and stored at -20°C until analysis of
Blood Urea Nitrogen (BUN) using the Stanbio Urea
Nitrogen (BUN) (Liqui-UV®) procedure No. 2020

On day 18 and 19 of each period, chewing behaviors
were monitored visually at all times. Total chewing time
was calculated by the sum of eating time and ruminating
time. Eating chew and ruminating chew were measured by
counting.

Statistical analysis: All data obtained from the trials were
subjected to the general linear models procedure of
Statistical Analysis System (SAS, 1996) according to a
5x5 Latin square design. Means were separated by
Duncan new’s multiple range test. The level of
significance was determined at p<0.05.

RESULTS AND DISCUSSION

Chemical composition of TMRs: The ingredients
composition and chemical compositton of TMRs are
shown m Table 1. TMRs contamned similar concentrations
of DM, ash, CP and TDN. However, NDF and ADF
content in sh-TMR were slightly higher than others
TMRs. The higher content was probably soybean hulls
contaiming high fiber according to Chumpawadee and
Pimpa (2008).

Feed intake and nutrient digestibility: Table 2 shows the
feed mtake and digestibility of the TMRs. There are many
dietary factors that may mfluence dry matter mtake in
rummant, such as physical characteristics, mgredients
and nutrient composition. In this study, dry matter intake
was influenced by the fiber source in TMRs, especially
pm-TMR. Dry matter mtake of pm-TMR expressed as
kg DM day™', BW (%) and g kg™ BW"” was lower
(p<0.03) than the other TMRs, probably due to the palm
meal that has a fine particle size thus affecting feed intake.
Generally, non forage fiber sources are small in particle
size and the physical effective NDF is much lower. Present
study used 5% rice straw as long hay to enhance the
effective fiber as a way of protecting the health of the
amimals. Ammals fed pm-TMR remained negatively

affected on feed intake. These findings indicate that pm-
TMR had low physical effective NDF. Additionally, the
ammals fed pm-TMR had lower chewmg time, when
compared with the control (rt-TMR) (Table 3). However,
the animals fed tp-TMR, db-TMR and sh-TMR did not
differ from rt-TMR. (control).

It demonstrates that tomato pomace, dried brewer
gain and soybean hull can be used as a fiber source in
TMRs. The NRC (1989) recommends a minimum of 25%
NDF in total dietary DM, when used as traditional forage
and concentrate combinations. Grant (1997) recommends,
when using non forage fiber sources as a fiber source, the
NDF should up to 7-10% from NRC recommendations. In
addition, Gencoglu and Turkanen (2006) observed that dry
matter mtake was affected by effective fiber, but not by
forage source. Therefore, the physical characteristics of
TMRs should be considered when formulating TMRs.

Digestibility of DM, OM and NDF were not
significantly different (p>0.05) between the treatments.
The results are in agreement with previous studies,
Milis and Liamadis (2007) that observed DM, OM and
NDF digestibility were not affected by a non forage fiber
source. The current finding disagrees with in vitro studies
on the affect of non forage fiber sources as a fiber source
in TMRs (Chumpawadee and Pimpa, 2008), who found
that TVDMD and TVODM were significantly different
(p<0.05) among treatments. The sh-TMR gave the highest
IVDMD and TVOMD, probably due to the different
conditions of ir vitro and ir vivo. However, crude protein
digestibility was significantly different (p<<0.05) between
treatments. Many factors nature of protein source
providing the rumen undegradable protem (Milis and
Liamadis, 2007) and protein fraction (Chumpawadee et al.,
2007). Fernandez et al. (2003) reported protein source in
TMRs affected protein digestibility. In this study, pm-
TMR had the highest crude protein digestibility, possibly
due to the protein fraction of pm-TMR having a large
proportion of non protein nitrogen (Table 1).

Table 2: Feed intake and nutrient digestibility in beet cattle fed difference
TMRs
Dietary treatrments'

Parameters -TMR tp-TMR  pm-TMR_db-TMR sh-TMR SEM
Dry matter intake

kg day™! 5T 5.5 3.2° 5.3 59 02
BW (%0) 2.8 2.7 1.5° 2.5 28 13
g kg™ BWP 1062 102.8 58.9° 9.7 107.6¢ 5.2
Nutrient digestibility

DM 55.5 51.6 56.5 50.6 53.8 21
OM 60.4 55.6 59.6 56.2 56.4 2.1
CP 60.1° 57.3° T4.T 55.7 63.8 28
NDF 50.1 50.5 553 51.3 53.5 2.5

DM Dry Matter; CP: Crude Protein; NDF: Neutral Detergent Fiber, Means
in the same row with different superscripts differ (p<0.05)
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Table 3: Fating and ruminating behavior in beef cattle fed difference TMRs

Dietary treatments'

Parameters 1it-TMR tp-TMR. pm-TMR. db-TMR. sh-TMR SEM
Chewing time (min day™)

Eating 171.6 138.0° 137.2% 196.4° 169.2 6.4
Rumination 254.6% 299.2¢ 209.8 274.4* 182.2 21.4
Total 426.2 437.2% 347.0F 470.8 3514 22.8
Chewing time (min kg™! NDF intake)

Eating 119.6 77 135.6¢ 92.5° 67.8° 6.7
Rumination 177.8® 167.1® 2138 130.4 72.4° 18.5
Total 297.4% 244. 8% 349.42 222.8* 140.2 23.1
Eating rate (g DM min—) 33.9% 39.64 23.¢ 27.6™ 36.3® 1.9
Rumination efficiency (g DM min~%) 233 23.9 23.7 25.5 37.0 32

'rt: rice straw as fiber source; tp: tomato pomace as fiber source; pm: palm meal as fiber source; db: dried brewer gain as fiber source; sh: soybean hulls as fiber
source; “DM intake (g day~")/eating time (min day™"); DM intake (g day')/rumination time (min day—"); SEM: Standard Error of the Means; Means in the

same row with difterent superseripts difter (p=0.05)

Chewing behavior: Chewing behavior variables were
significantly affected by fiber source m TMRs (Table 3),
except for rumination efficiency, defined as g DM min ™',
which was not significant among treatments. Total daily
chewing time was similar in animals that consumed
rt-TMR, tp-TMR and db-TMR; While ammals that
consumed pm-TMR and sh-TMR had reduced chewing
times. The reduced chewing time was probably due to non
forage fiber sources with small particle size and less
physical effective NDF that may have affected total
chewing time. Generally, total chewing time decreases as
dietary forage NDF (Beauchemin, 1991) or particle size
decreases (Grant ef al., 1990). Additionally, chewing time
and rumination times approximated the lower values
reported by Yang and Beauchemin (2006), Osluta et al.
(2008). When expressed in per kilogram of NDF intake, the
animals fed pm-TMR had the highest chewing time. Tt
possibly means that the feed mtake of ammals fed
pm-TMR was lower than ammals feeding on other
TMRs (Table 2) resuling in more chewing time
(min kg ' NDF intake) and less eating rate (g DM min ).
The results are m agreement with Beauchemin et al.
(1991), who reported that rnumination time per unit of NDF
intake increases, when non forage fiber sources were
incorporated into low forage diets. Grant (1997), also
suggested that cows may possess an adaptive mechanism
whereby they ruminate more effectively under conditions
of limited amounts of effective forage NDF.

The number of eating chews, number of rumination
chews, number of chews per min rumination time,
ruminated boli, number of chews per bolus and number of
boli per min rumination time were not significantly
affected by fiber sources in TMR (Table 4). The
number of total chews, mumber of chews per kg NDF
mtake, number of chews per min eating time and
ruminated boli number per kg NDF intake were
significantly affected by fiber source in TMRs. The
number of chews was reduced when anmimals were fed
pm-TMR and sh-TMR. Additionally, chewing time was

also reduced in animals fed pm-TMR and sh-TMR. Tt was
expected that when using palm meal and soybean hull as
fiber sources in TMRs, the two would negatively affect
chewing activity, although they were enhanced with 5%
of long hey fiber.

Ruminal fermentation and blood urea nitrogen:
Concentrations of NH,-N, TVFAs and pH in rumen fluid
were used to monitor the ruminal fermentation pattern
{(Table 5). The pH was not altered by the fiber source in
TMRs (p=0.05). The rt-TMR had similar pH as tp-TMR
and pm-TMR, but was slightly higher than those with
db-TMR and sh-TMR. When monitoring the pH pattern
at 0, 2, 4 and 6 h after feeding, the pH values were
relatively stable at 6.5-6.9 and all treatment means were
within the normal range that has been reported as optimal
pH (6.0-7.0) for microbial digestion. The results are in
agreement with i vitro studies (Chumpawadee and
Pimpa, 2008) that observed pH was not markedly affected
by fiber sources in TMRs. Generally, non fiber sources
have small particle size. It was expected that they
negatively affect chewing activity, rumen condition and
digestion. Less mastication may reduce their saliva
excretion leading to less buffering capacity in the rumen
may influence crude protein digestibility: protein levels in
the ratio (Kawashima et al, 2003), protein source and
(Grant, 1997). In spite of the fact that the amimals fed
pm-TMR had less chewing activity (Table 3), their ruminal
pH was not altered.

Ammonia nitrogen concentration was sigmficantly
different (p<t0.05) among treatments. The results are in
agreement with i wvitro studies (Chumpawadee and
Pimpa, 2008) that observed NH.,-N concentration was
influenced by fiber source in TMRs. The difference in
NH;-N concentrations among treatments may have been
related directly to urea and degradability of protein in the
TMRs. However, NH;-N concentration was in the optimal
range for rumen ecology, microbial activity (Perdok and
Leng, 1990, Wenapat and Pimpa, 1999). At 0-6 hafter
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Table 4: Eating, rmination chews ruminated boli and boli characteristics in beef cattle fed difference TMRs

Dietary treatments*
Parameters it-TMR tp-TMR. pm-TMR db-TMR sh-TMR SEM
No. of chews day™!
Eating 9746.2 7476.4 8739.4 9339.2 9251.6 401.5
Rumination 11598.2 12852.4 9268.6 11822.6 8203.2 943.4
Total 21344.4° 20328.8° 18008.0F 21161.8 17454.8 1331.0
No. of chews kg™ NDF intake
Eating 7656.0° 5454.0° 8794.07 4639.(F 3899.0r 562.0
Rumination 9766.0° 7754.0% 11278.¢¢ 6111.0% 4009.0¢ 1103.0
Total 17422.0% 13208.0¢%¢ 20072.0¢ 10750.¢¢¢ T908.0¢ 1580.0
No. of chews min™! eating time 57.0% 53.7% 62,7 48.66° 54,7 2.0
No. of chews min™! rumination time 45.5 42.4 44.2 43.0 46.0 0.8
Ruminated boli (No. day™) 2504 264.2 214.0 211.6 156.0 21.0
Ruminated boli (No. kg™! NDF intake) 174.8° 149.6% 221.2¢ 95.8* 62.4° 20.8
No. of chews bolus™ 44.74 52.3 44.0 53.3 55.2 1.3
No. of boli min™! rumination time 1.0 0.9 1.0 0.8 0.8 0.03

'rt: rice straw as fiber source; tp: tomato pomace as fiber source; pm: palm meal as fiber source; db: dried brewer gain as fiber source; sh: soybean hulls as fiber
source; ‘DM intake (g day!)/eating time (min day"); DM intake (g day~')/rumination time (min day'); Means in the same row with different superscripts

differ (p<0.05)

Table 5: Blood urea nitrogen, ruminal pH, ammonia nitrogen and volatile fatty acid in beef cattle fed difference TMRs

Dietary treatrnents’
Parameters t-TMR tp-TMR pm-TMR db-TMR sh-TMR SEM
Blood urea nitr ogen (mg (%))
Oh 6.0 4.8° 8.0 7.6 6.2 0.45
2h 7.5 5.6° 8. 8.4 6.2 0.44
4h 7.2 54¢ 8.8 7.6 6.8 0.50
6h 7.8 4.6° 8.0 7.2 6.6 0.47
Average 6.8° 5.1° 8.2 7 6.5 0.44
pH
0h 7.0 6.9 7.1 6.8 6.5 0.07
2h 6.6 6.6 6.5 6.5 6.4 0.05
4h 6.7 6.7 7.0 6.7 6.4 0.08
6h 6.8 6.8 6.7 6.8 6.6 0.06
Average 6.9 6.8 6.8 6.7 6.5 0.04
Ammonia nitrogen (NH;-IN) (mg%)
Oh 8.1* 5.2¢ 14.3 7.9 6.1* 1.06
2h 9.2 7.8 12.3 7.3 4.3 1.14
4h 6.2 5.3¢ 15.7 8.4 6.8 1.70
6h 7.7 6.3° 10.8 10.9 Q.0 1.28
Average 7.8 6.2° 13.3 8.6° 6.5 1.30
Volatile Fatty acids (4 h post leeding)
TVFA (mM) 48.0¢ 49.4 4.5 46.7 49.7 2.58
Acetate (%) 74.00 74.00 64.6° 66.8° 67.7° 1.56
Propionate (%) 18.1° 192 25.0¢ 23.1° 23.20 1.82
Butyrate (%6) 6.3 5.9 8.4 7.9 6.5 0.85
Tso-butyrate (%6) 1.2 0.8 1.6 1.7 2.0 0.01
Varerate (%o) 0.4 0.1 0.4 0.5 0.6 0.02
C2:C3 4.10 3.90 2.6 2.9 2.9 0.71

'rt: rice straw as fiber source; tm: tomato pornace as fiber source; pm: palm meal as fiber source; db: dried brewer gain as fiber source; sh: soybean hulls as

fiber source Means in the same row with different superscripts differ (p<0.05)

meubation pm-TMR had the highest NH.,-N, when
compared with other TMRs. When ammonia nitrogen is
high, 1t indicates that the soluble fraction of protein is also
high. There was high correlation between BUN and NH,-N
concentration in the rumen (Church, 1972). Thus, ammals
fed pm-TMR also had high BUN (Table 5). Protein
degradation is more rapid than synthesis or imbalance of
fermentable energy and mtrogen available, so ammonia

will accumulate m the rumen fluid and absorb into the
blood and be carried to the liver and converted to urea.
Therefore, using palm meal as a fiber source in TMR
should be avoided. Remarkably, NH,-N concentration of
tp-TMR and db-TMR were low at all times of sampling. It
may have been that the urea level in both TMRs was
lower than others. In addition, the protein in tomato
pomace and dried brewer grain had low degradability
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(Chumpawadee et al, 2007). Although, NH,-N
concentration of all TMRs was different with rt-TMR
(control), 1t was within the normal range. Therefore, it can
be used as a non forage fiber sources replacement dietary
forage.

Total volatile fatty acid concentrations and VFA
profile at 4 h post feeding are shown in Table 5. Total
volatile fatty acid concentrations were significantly
different (p<<0.05) among treatments. The results are in
agreement with in vifro studies (Chumpawadee and
Pimpa, 2008) that observed TVFAs concentration was
influenced by fiber source in TMRs. The TVFAs
production of tp-TMR and sh-TMR are the same with
rt-TMR and difference from pm-TMR and db-TMR, this
result might have been influenced by carbohydrate
fraction in TMRs. Ruminal acetate content of animal fed
t-TMR and tp-TMR were higher than other TMRs
(p=<0.05).

Conversely, ruminal propionate content of ammal fed
t-TMR and tp-TMR were lower than other TMRs. The
rate and extent of carbohydrates degradation in the rumen
were affected VFAs production (Cheng et al, 1991).
Keady and Mayne (2001) also suggest that VFAs
concentration is similar when the animal fed diets
contained a similar carbohydrate composition. Tn this
study, different sources of fiber n TMRs were used,
thus, VFA concentration and VFA profile were also
different.

CONCLUSION

Based on this study, it can be concluded that the non
forage fiber sources in TMRs have affected feed intake,
crude protein digestibility, chewing behavior and ruminal
fermentation. The ammals fed pm-TMR had negative
effect on feed intake and chewing activities, although
enhanced with 5% of long hey fiber. Tomato pomace,
dried brewer gain and soybean hulls can be used as fiber
sources in TMRs, when enhanced with 5% of long hey
fiber.

ACKNOWLEDGEMENTS

The researchers would like to express their gratitude
to all staff and my students for their invaluable help on
the farm and laboratory. We are grateful to the Division of
Animal Science, Faculty of Veterinary and Ammal
Sciences, Mahasarakham University for supporting
experiment facilities. Financial support was provided by
The Thailand Research Fund and Commission on Higher
Education under the program New Researcher Grant.

REFERENCES

AOAC (Association of Official Analytical Chemist), 1990.
Official Methods of Analysis Association. 15th Edn.
Arlington, Virginia. ISBN: 0-935584-42-0.

Beauchemin, K.A., 1991, Effects of dietary neutral
detergent fiber concentration and alfalfa hay quality
on chewing, rumen function and milk production of
dairy cows. J. Dairy Sci, 74: 3140-3148. http:/jds.
fass.org/cgi/reprint/74/9/3140.pdf.

Beauchemin, KA., BI Farr and LM. Rode, 1991.
Enhancement of the effective fiber content of barley
based concentrates fed to dairy cows. J. Dairy Sci,
74: 3128-3135. http://jds.fass.org/cgi/reprint/7 4/9/
3128.pdf.

Cheng, K.J, CW. TForsberg, H. Minato and
IW. Costerton, 1991. Microbial FEcology and
Physiology of Feed Degradation Within the Rumen.
Physiological Aspects of  Digestion  and
Metabolism m Ruminant. In: Suda, T., Y. Sasaki and
R. Kawashima (Eds.). Academic Press, Toronto,
pp: 595-624. ISBN: 0-12-702290-2,

Chumpawadee, 3., K. Sommart, T. Vongpralub and
V. Pattarajinda, 2005. Nutritional evaluation of non
forage high fibrous tropical feeds for ruminant
using in vitro gas production technique. Palk. J. Nutr.
4 (5): 298-303. hitp:/www.pjbs.org/pjnonline/fin345.
pdf.

Chumpawadee, S., A. Chantiratikul, P. Chantiratiku,
2007. Chemical compositions and
evaluation of protein feeds for ruminant using
in vitro gas production techmique. Int. I. Agric.
Technol., 3 (2): 191-202. http:/fAwww.ijat-rmutto.com/
pdfNov V3 no2 07/4-TTAT2007 25-P%20191-202.
pdf.

Chumpawadee, 3. and O. Pumpa, 2008. Effect of non forage
high fibrous feedstuffs as fibersources in total mixed
ration on gas production characteristics and in vitro
fermentation. Palc. T. Nutr., 7 (3): 459-464. http: /farww.
pibs.org/pinonline/fin944. pdf.

Church, D.C., 1972, Digestive physiology and nutrition of
ruminants. Practical Nutrition. O and B Bocks. Inc.
Corvallis, Oregon, USA, 3: 351. [SBN: 0471215392,

Fernandez, C., P. Sanchez-Seiquer and A. Sanchez, 2003.
Use of a totol mixed ration with three sources of
protein as an alternative feeding for dary goats on
Southeast of Spam. Pak. J. Nutr., 2 (1) 18-24.
http:/Awww.prbs.org/pinonline/fin78. pdf.

Gencoglu, H. and LI, Turkmen, 2006. Effects of forage
source on chewing and rumen fermentation in lact-
ating dairy cows. Revue Med. Vet., 157 (10): 463-470.
http:/revmedvet. com/2006/RMV157_463 470, pdf.

nutritional

2043



J. Anim. Vet Adv., 8 (10): 2038-2044, 2009

Grant, R.T., 1997. Interactions among forages and non
forage fiber source. J. Dairy Sci., 80: 1438-1446.
http://jds.fass.org/cgi/reprint/80/7/1 438 pdf.

Grant, R.J., V.F. Colenbrander and D.R. Mertens, 1990.
Milk fat depression in dairy cows: Role of particle
size of alfalfa hay. I. Dairy Sci, 73: 1834-1840.
http://jds.fass.org/cgi/reprint/73/7/1823 pdf.

Kawashima T., W. Sumamal, P. Pholsen, R. Chaithang,
W. Boonpakdee and F. Terada, 2003. Energy and
nitrogen metabolism of Thai native cattle given Ruzi
grass hay with diference levels of soybean meal. Tn:
Amnual Research Report, Division of Animal
Nutrition, Department of Livestock Development,
Ministry of Agriculture and Cooperative, pp: 263-378.
http:/Awww.dld. go. th/nutrition/exhibision/RESER CH-
research full/2546/R4627.doc.

Keady, TW.J. and C.3. Mayne, 2001. The effect of
concentrate energy source on feed intake and rumen
fermentation parameters of dairy cows offered a
range of grass silage. Amm. Feed Sci. Technol,
90: 117-129. DOL: 10.1016/30377-8401(01)00220-6.

Milis, Ch. and D. Liamadis, 2007. Effect of protem levels,
main protein and non forage fiber source on
digestibility, N-balance and energy value of sheep
rations. I. Anim. Vet. Adv. 6 (1): 68-75. http:/fwww.
medwelljournals.com/fulltext/java/2007/68-75.pdf .

National Research Council, 1989. Nutrient Requirements
of Dairy Cattle. 6the Rev. Edn. Natl. Acad Sci.
Washington, DC. ISBN: 0-309-04990-3.

Oshita, T., K. Sudo, K. Nonaka, S. Kume, K. Ochiai, 2008.
The effect of feed regimen on chewimng time, digesta
passage rate and particle size distribution in

Holstein non lactating cows fed pasture ad libitum.

Livest. Sci., 113: 243-250. http://dx.do1.0org/10.1016/

J-livsei. 2007.04.001.

Perdok, H.B. and R.A TLeng, 1990. Effect of
supplementation with protein meal on the growth of
cattle given a basal diet of untreated or ammoniated
rice straw. Asian-Aust. J. Amm. Sci., 3 269-279.
http:/~www.ajas.info/.

Sanitwongnaayutaya, J., 2005, Used of tomato pomace as
animal feed Annual report 2005 Division of Animal
Feed, Department of Livestock Development,
Ministry of Agricultural and Cooperative, Thailand,
PP 396-402. http: /fwww.dld.go th/nutrition/
Research Knowlage/RESEARCH/research full/254
8/R4826 pdf.

Schneider, BH. and W.P. Flatt, 1975. The Evaluation
of Feed through Digestibility Experiments. The
University of Georgia Press, Athens, USA.
ISBN: 0-8203-0378-x.

SAS.1996. SAS User’s Guide: Statistics, Version 6.12th
Edn SAS Institute Inc. Cary, NC. ISBN: 1555447627,

Van Keulen, I. and B.A. Young, 1977. Evaluation of acid
mnsoluble ash as a natural marker m ruminant
digestibility studies. T. Anim. Sci., 44: 282-287.
http://jas.fass.org/egi/reprmt/44/2/282 . pdf.

Van Soest, P.J., J.B. Robertson and B.A. Lewis, 1991.
Methods for dietary fiber, neutral detergent fiber and
Non-starch polysaccharides in relation to animal
nutritton. I. Dairy Sci., 74: 3583-3597. http:/jds.fass.
org/cgd/reprint/74/10/3583.pdf.

Wanapat, M. and O. Pimpa,1999. Effect of ruminal NH;-N
levels on ruminal fermentation, purine derivatives,
digestibility and rice straw mtake in swamp buffaloes.
Asian-Aust. . Anim. Sci., 12: 904-907. http: //www.
ajas.info/.

Yang, W.Z. and K. A. Beauchemin, 2006. Effects of
physical effective fiber on chewing activity and
ruminal pH of dairy cows fed diets based on barley
silage. T. Dairy Sci., 89: 217-228. http://jds.fass.org/
cgl/reprint/89/1/217. pdf.

2044



