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ABSTRACT: Ruminants are given substantial quantities of concentrate diets full of quickly fermentable
carbohydrates to increase output performance; however, it can also lead to digestive disorders. This study
aimed to investigate the effect of adding NaCHOs to a high-concentrate diet on the nutrient digestibility of
locally available fibrous feedstuffs in the Philippines. The experiment utilized a rumen-fistulated Brahman
bull. The treatment diets were the following: Treatment 1 (T1): Untreated rice (Oryza sativa L.) straw; T2: Urea-
treated rice straw; T3: Napier grass (Pennisetum purpureum Schumach); T4: Napier silage; T5: Sugar cane
(Saccharum officinarum L.) tops; and T6: Cogon grass (Imperata cylindrica L.). The nylon bags containing the
treatment diets were incubated in the rumen at two periods: first at a high-concentrate (70% level), and
second at a high concentrate added with NaCHO3). The results showed that the nutrient digestibility of
locally-available feedstuffs varies significantly (p<0.05) both with and without NaHCOs. The addition of
NaHCOs in a high-fiber diet improves the digestibility of locally available fibrous feedstuffs in terms of dry
matter (DM), organic matter (OM), and neutral detergent fiber (NDF). Therefore, the addition of NaHCO3 to a
high-concentrate diet has the potential to positively stabilize rumen pH and enhance the nutrient digestibility
of locally available fibrous feedstuffs.
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INTRODUCTION

The Philippines provides inexpensive sources of ruminant feeds based on its favorable climate for fodder and other
fibrous feedstuffs (Van Hung et al., 2017). One agriculture by-product that can be utilized as feed is the rice straw (Van
Hung et al., 2017; Zaghloul et al., 2018). Rice straw is known to have a low nutritional value (Vadiveloo, 2000), but when
properly managed and supplemented, it can contribute to the diet of ruminants (Aquino, 2020). According to recent
studies, rice straw contains on average 7-10% crude protein, 30-40% of digestible fiber, and provides about 6.7 MJ/kg of
metabolizable energy (Devendra and Sevilla, 2002). The rice plant's (Oryza sativa) vegetative portion, cut during or after
grain harvest, is known as rice straw. It can be incinerated and left on the rice field's surface before plowing, tilled into the
ground to enhance the soil, or used as livestock feed (Kadam et al., 2000). In regions where rice is grown, rice chaff is a
common forage. Rice straw's nutritional worth can be increased by treating it. These therapies aim to improve feed
consumption and digestibility. Treatments involving mechanical, chemical, heat, and pressure can improve solubility.
Napier grass, also known as Elephant grass (Pennisetum purpureum), is a prominent forage crop in the Philippines due to
its high yield and resilience to various climatic conditions. Elephant grass, noted for its high fiber content, exhibits
significant variations in neutral detergent fiber (NDF) concentrations ranging from 55% to 75% on a dry matter (DM) basis
contingent on the stage of maturity. Due to its remarkable productivity, Napier grass is a crucial forage in the tropics. It is
exceptionally well adapted for feeding buffalo and cattle. Napier grass is typically fed in stalls, made to silage or hay, or
used in cut-and-carry methods (also known as "zero grazing"). A potential feedstuff for ruminants, especially areas with
vast sugarcane plantations, is the sugarcane (Saccharum officinarum tops). A hectare of sugarcane can yield 11 to 21
tonnes of leaves and stalks, which are farm wastes (DA-Philmech). However, the majority of the crop residue from
sugarcane fields is either burned or is allowed to decompose in the field, which may increase global warming.

Sugarcane tops can be used raw, dried, or ensiled for feeding animals. They have a wide range of nutritional value,
which is affected by pre-harvesting methods, the stage at which the stem is removed, plant maturation, and the volume of
dry leaves (McKenzie et al., 2007). Sugarcane forage, characterized by its high energy content, tends to offer optimal
nutritional value during dry periods (Archiméde et al., 2011). However, its nutritional profile is marked by low protein,
mineral, and vitamin contents, making it a fibrous material of considerable bulkiness. Cogon grass (Imperata cylindrica) is
a widespread weed that thrives throughout the Philippines. Cogon grass (Imperata cylindrica) can support an effective
extensive livestock production system if they are given sources for energy, urea, and minerals (Falvey, 1981). Subsistence
farmers keep the majority of the ruminant stock in the Philippines. So, feeding is mainly dependent on fibrous crop
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residues that are readily accessible or on any grasses on the farm, as well as grazing on unused land or shared pastures.
Because concentrate is infrequently used in the country, animal productivity could be much higher. Increasing the number
of concentrates in ruminant diets might improve production efficiency while utilizing the locally and economically
available for ages.

Ruminants such as beef and dairy cattle are frequently given substantial quantities of concentrate diets full of
quickly fermentable carbohydrates to increase output performance and financial returns (Klevenhusen and Zebel, 2021,
Wang et al.,, 2023). In contrast to forages, concentrates feature low-fiber, high-energy diets with variable protein levels
(Gallo et al., 2019). They are typically given to dairy cattle to increase the feed energy level and compensate for any
deficiencies not covered by the forage part of the diet. While concentrated feed can significantly increase overall
production, it also has adverse health effects. If the proper measures are not taken, a high-concentrate diet can cause
digestive disorders like subacute ruminal acidosis (SARA) in cattle. Due to the buildup of the VFA and lactic acids in the
rumen, a large amount of concentrate typically results in a temporary drop in the ruminal pH after feeding (Nocek and
Rusell, 1998).

Sodium bicarbonate, represented by the chemical symbol NaHCO3, serves as a standard exogenous buffer. It plays a
crucial role in normalizing the ruminal pH in cattle that might be susceptible to ruminal acidosis. In feedlots, the inclusion
of sodium bicarbonate in diets is a response to the drastic dietary shift from highly fibrous feed to high-grain
(carbohydrate) diets, which is associated with a decline in rumen pH, leading to rumen acidosis. However, sodium
bicarbonate's effect on nutrient digestibility and buffer in the rumen environment varies. Additionally, it was not recorded
how NaHCOs affected the intestinal digestibility of locally available feedstuffs in high-concentrate feeding. Therefore, the
objective of this study was to investigate the effect of the addition of NaCHOs to a high-concentrate diet on the digestibility
of dry matter (DM), organic matter (OM), and neutral detergent fiber (NFD) of locally available fibrous feedstuffs.

MATERIALS AND METHODS

Ethical consideration

All the procedures in caring for animals in this study followed the Animal Welfare Act 8485 of the Philippines. The
methods of this study were approved by the Institutional Animal Care and Use Committee (IACUC) of the Visayas State
University.

Experimental animal

All the procedures in caring for animals in this study followed the Animal Welfare Act 8485 of the Philippines. A
rumen-fistulated Brahman Bull was dewormed using Ivermectin at a dose of 1ml/ 33kg LW prior to the conduct of the
study. The bull was fed with the test diets for ten days as the adjustment period to allow the build-up of specific rumen
microorganisms.

Treatments and experimental design

The experiment comprised six locally feedstuffs selected based on their fiber contents. The treatment diets were as
follows: T1: Untreated rice (Oryza sativa L.) straw; T2: Urea-treated rice straw; T3: Napier grass (Pennisetum purpureum
Schumach); T4: Napier silage; T5: Sugar cane (Saccharum officinarum L.) tops; and T6: Cogon grass (Imperata cylindrica
L.).

The paddy rice straw (Oryza sativa L.) or the untreated straw for T1 was collected at Barangay Pangasugan, Baybay
City, Leyte Rice Field. The collected feedstuff has undergone chopping using a mechanical chopper at approximately 3-
4cm in length. For T2, the urea-treated rice straw has undergone (46%N) treatment. The straw was cut into 4cm lengths.
The straw was moistened with a 3% urea solution. Forty to fifty grams of urea were dissolved in one liter of water and
sprayed unto the rice straw for each kilogram. The treated rice straw was incubated for three days and dried for four to
six hours for extended storage (Wanapat et al., 2009). The Napier grass (Pennisetum purpureum Schumach) for T3 was
harvested at the Department of Animal Science at Visayas State University Forage Area. They were harvested at 45 days
maturity and were chopped at approximately 3-4 cm length. Three weeks prior to rumen incubation is the preparation of
Napier silage for T4. Napier grass was harvested after 45 days of re-growth and underwent chopping into 3-4 cm lengths.
The small-scale silage was prepared by adding 4% molasses per fresh weight basis (Yokota et al., 1991) and was stored
in a polyethylene bag. The silage was harvested at least three weeks (21 days) after the ensiling. The sugarcane
(Saccharum officinarum L.) tops for T5 were collected at a plantation site at Ormoc City, Leyte. For animal consumption,
the sugar cane tops were roughly chopped to a size of 3-4 centimeters, dried in the shade on a sheet of plastic, and then
placed in a jute bag. For T6, Cogon (Imperata cylindrica L.) grass was harvested at the heading stage and has undergone
drying to reduce moisture content, the chopped at 2-3 cm sizes.

The experiment was set up where the Nylon bags containing the test diets in six replicates each was incubated in a
single rumen environment of a Brahman bull. This study was conducted using the Completely Randomized Design (CRD).
The study was divided into two phases, phase 1 was the feeding of a high-concentrate diet (without NaHCOs), and phase 2
was with the addition of NaHCOs. The Brahman steer was fed ad libitum (5% feed allowance). The animal was fed a diet
consisting of seventy percent (70%) commercial concentrate supplementation and thirty percent (30%) test diets at a dry

235
Niepes RA and Bestil LC (2023). Nutrient digestibility of fibrous feedstuffs in high-concentrate diet with sodium-bicarbonate (NaHCO3) addition in rumen-
fistulated Brahman bull. Online J. Anim. Feed Res., 13(4): 234-241. DOI: https://dx.doi.org/10.51227/0jafr.2023.35



matter DM basis. The test diets constituting 30% of the total ration comprised 5% Napier silage, 5% Napier grass, 5%
urea-treated rice straw, 5 % untreated rice straw, 5% Sugar cane tops, and 5% Cogon grass.

Addition of NaHCO3 to the diet
For the second phase of the study (Phase 2), 0.75% feed-grade sodium bicarbonate (NaCHO3) was added to the diet
on a DM basis. The 0.75% addition on a DM basis was based on the recommendation of the study of Zinn, 1991.

Nylon-bag/In-situ/In-sacco experiment

The digestibility and degradability through in situ technique are widely used in several types of research to measure
digestibility and evaluate feedstuffs (Hoffman et al., 2001). This method involves using small dacron/nylon bags and then
inserted into the fistulated rumen of the experimental animal. The difference in the number of nutrients before and after
incubation in the rumen is compared to the amount digested. The nylon bag experiment followed the schedule below:

Table 1- The in-situ digestibility schedule

Concentrate level Day Activity

1-9 Adjustment period.
Animal given basal diet, Napier grass soilage at ad libitum (giving 5% allowance for that day
based on previous days voluntary intake), together with 70% commercial concentrate mixed
with the test diets (constituting 30%).

8-10 Daily monitoring of rumen pH at 2 hours after the morning feeding.

AT 9 Reduction of the total amount of feed given to 50-60% to accommodate the nylon bags
(w/0 NaHCOs) L .
containing the test diets.
10 Incubation period.

After being placed inside a lingerie bag with weights, the nylon bags containing the test diets
were placed in the rumen for twenty-four (24) hours.

11 Nylon bags were recovery from the rumen

11-17 Adjustr_nent period. _ _ ) ) _
The animals were given the same type of diet, but with 0.75% NaHCOz3 in the diet.

16-18 Rumen pH is measured every day two hours after the morning feeding

Reduction of the total amount of feed given to 50-60% to accommodate the nylon bags

Z:‘;;::C%) e containing the test diets.
Incubation period.
19 After being placed inside a lingerie bag with weights, the nylon bags containing the test diets
were incubated in the rumen for 24 hours.
20 Nylon bags were recovered from the rumen

To determine the initial DM and OM, the feed samples were oven-dried at 105°C at 16hr and then weighed to
determine the DM. The oven-dried sample was placed in a muffle furnace to determine the ash. The ash was subtracted
from the DM content to obtain the OM. The feeds were ground into 2mm approximate sizes using the Wiley Mill by
Thomas Scientific at the Department of Animal Science-Animal Nutrition Laboratory, VSU. The ground feedstuff samples
were distributed into three replicates, weighing 5g each. The samples were placed in a nylon bag with a 5 x 10 cm
dimension and pore size of + 53y (Bar Diamond Lane, Parma, ID, USA). The nylon bags were incubated in the rumen of a
cannulated Brahman steer with a body weight of 300kg for digestibility determination. After incubation, the nylon bags
undergo 30-min washing in the running water and manual scrubbing until the water becomes clear. The washed nylon
bags will be oven-dried under 65°C for 48 hours and will be weighed to obtain the DM content.

Rumen pH
The rumen pH was determined by collecting a rumen fluid sample from the cannulated rumen and reading the pH
value through a digital pH meter.

In situ nutrient degradation, %
The in-situ degradability of nutrients such as DM, OM, NDF from the samples incubated was calculated using the
following formula:
Amount before incubation—Amount after incubation

%Nutrient Degradation = Amount before incubation x 100 1)

Where: Amount of nutrient before incubation = dry weight inside nylon bag after incubation x % nutrient of residue

Statistical Analysis

The collected data were analyzed by one-way analysis of variance (ANOVA), and treatment means were compared by
Tukey's HSD test using the Statistical Package for Social Sciences (SPSS) version 26 software. A paired sample T-test was
used to determine differences in treatment means between with and without NaHCO3 addition.
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RESULTS AND DISCUSSION

Changes in the Rumen pH

The rumen pH from both treatments with and without NaHCOs gradually increases along with the sampling day
(Table 2). It was clear that adding NaHCOs to a high-concentrate feed in a Brahman bull mitigates its effects. The diet
without adding NaHCOs yields a pH of 5.75 which inclines to the acidity level, while the diet with NaHCO3 has a mean of
6.49. Generally, the rumen pH under a high concentrate diet w/out the NaHCO3 addition was 5.75, which falls below the
optimum pH level for fiber digestion between 6.0-6.4 (Antanaitis et al., 2020). In a 2016 study by Sato, feeding Holstein
cattle a high-concentrate diet reduced rumen pH and increased VFA concentration, indicating a negative correlation
among rumen pH and VFA content. Rapidly increasing the proportion of concentrate in the feed (from 40% to 90% on a
dry matter basis) led to a low pH level (Bevans et al., 2005). In this study, adding NaHCOs resulted in a pH level of 6.24,
which falls to the optimal level for fiber digestion. At this pH level, cellulolytic microbes can digest fibre effectively. They
are, however, inhibited at pH levels below 6.0 (AlZahal et al., 2009). However, the result in this study was contrary to the
study of Rogers et al., 1985 by which the NaCHO3 addition has the lowest ruminal pH. The result was due to a higher feed
intake and higher concentration of volatile fatty acids (VFA). These reactions might cause the rumen pH to decrease.

Table 2 - Changes in Rumen pH under a high-concentrate diet with and without NaHCO3 addition

Day of sampling w/0 NaHCO3 w/ NaHCOs Difference? (p-value)
1 5.90 6.12 0.427
2 5.73 6.25 0.385
3 5.62 6.36 0.049
Mean 5.75 6.24 0.259

1Paired-samples T-test; p<0.05=significant, p>0.05=not significant

Dry matter digestibility

The percentage of dry matter in the feed that an animal digest is known as dry matter digestibility. Table 3 presents
the dry matter digestibility in the rumen under a high-concentrate diet with and without NaHCO3 addition. It can be
observed that Napier grass (T3) has the highest DMD of 43.67 under a higher concentrate diet alone. The urea-treated rice
straw followed it with a DMD of 26.30, sugarcane tops at 22.87%, Napier silage at 21.53%, rice straw at 21.42%, and the
least digested fiber was the cogon grass at 19.20%. On the other hand, the urea-treated rice straw has the highest DMD
under the addition of NaHCOs in a high-concentrate diet. The addition of NaHCOs has generally increased the DMD across
all fiber treatments. This means that adding NaHCOs improved DMD digestibility for locally able fiber feedstuffs. Moreover,
significant differences (p<0.05) were observed in urea-treated rice straw (T2) and Napier silage (T3).

Table 3 - DMD (%) in rumen under a high-concentrate diet with and without NaHCO3s addition

NaHCO3 Difference2

Treatment

- + (p-value)
T4 Rice Straw 21.42+1.12b 28.01+1.25¢ 0.571
T2 Urea-treated Rice Straw 26.30+2.02ab 62.81+0.252 <0.001
T3 Napier grass 43.67+0.562 38.53+0.373ab 0.400
T4 Napier Silage 21.53+0.17° 62.70+1.852 <0.001
T5 Sugarcane Tops 22.87+2.78" 47.57+0.343b 0.093
T6 Cogon grass 19.20+0.65v 31.30+2.01¢ 0.244
p-valuel 0.16 0.003

10ne-way Analysis of Variance; p<0.05=significant, p>0.05=not significant; 2Paired-samples T-test; p<0.05=significant, p>0.05=not

significant

Although the Napier grass has the highest DMD among all fibrous feedstuffs at a high-concentrate level experiment
(w/0 NaHCO3), it still appears to be lower than the DMD value of Napier which is 66% (Benedetti et al., 2008). Surprisingly,
the Napier grass is higher than the Napier silage in terms of DMD, which contrasts with the study of Bureenok et al.
(2012). The inclusion at an amount of 4% of molasses for silage making was insufficient to have an impact on digestion.
Interestingly, when NaHCO3 was added in the high-concentrate diet, the Napier grass digestibility has reduced. Cogon
grass (Imperata cylindrica) is a widespread weed that thrives throughout the Philippines. The inclusion of NaHCOs can
help stabilize rumen pH, but its impact on DMD may be minimal, especially when it comes to high-quality forages like
Napier grass. The inherent digestibility of Napier grass might not be significantly enhanced by the addition of NaHCOs or
rumen pH alteration (Van Soest, 1994).

It can be observed that the urea-treated rice straw has a higher dry matter digestibility than rice straw alone for both
treatments with or without NaHCOs. The same results were also observed in the study of Asoy and Aban (2022), by which
urea treatment on rice straw improves dry matter digestibility in goats. Rice straw's hemicelluloses-lighin complex swells
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due to ammonium hydroxide (NH4 OH) produced in UTRS (Mapato et al., 2010). These outcomes could explain how urea
treatment improved rice straw rumen microbial degradation by increasing the accessibility of both cellulose and
hemicellulose to the rumen microbes (Shen et al., 1999). Meanwhile, cogon grass had the lowest DMD due to its low DM
content. Imperata cylindrica's nylon bag digestibility was found to be 2/3 poorer than that of elephant grass (Pennisetum
purpureum), buffel hay (Cenchrus ciliaris), and Setaria sphacelata (Holmes et al., 1980). Patiga et al. (2020) emphasized
that to maximize utilization of cogon grass, it must be harvested early.

The improved dry matter digestibility (DMD) observed across various feedstuffs when high-concentrate diets are
supplemented with sodium bicarbonate (NaHCO3) can be attributed to the buffering capacity of NaHCO3, which helps
maintain optimal rumen pH levels. Rumen pH plays a crucial role in the activity and growth of different microbial
populations involved in fiber and carbohydrate breakdown.

Fiber-digesting microbes, such as cellulolytic bacteria and protozoa, thrive optimally in a ruminal pH range of 6.0-6.4
(Antanaitis et al., 2020). These microbes are responsible for breaking down complex fiber components like cellulose and
hemicellulose into simpler compounds that can be further fermented and utilized by the animal. By buffering the rumen
pH, NaHCOs helps create an environment that is favorable for the growth and activity of these fiber-digesting microbes,
thus enhancing the breakdown and utilization of fibrous feedstuffs (Nagaraja and Titgemeyer, 2007). By ensuring that the
rumen pH remains within the appropriate ranges for both fiber and carbohydrate breakdown, NaHCO3 supplementation
promotes efficient fermentation and digestion of feedstuffs. This, in turn, leads to improved dry matter digestibility across
various feedstuffs in high-concentrate diets.

Organic Matter Digestibility

The percentage of organic material in the feed that appears to have been digested in the entire ruminant digestive
system is known as organic matter digestibility. Measurements of the amount of energy available and an estimation of
the microbial protein production in the rumen can be made using the digestibility of organic matter. In table 4, the
addition of NaHCO3 improved the OMD of all fibrous feedstuffs and resulted in significant differences (p<0.05) to the urea-
treated rice straw (T2) and Napier silage (T4).

The high-concentrate diet without NaHCO3 addition resulted in a significant difference (p<0.05) among all feedstuffs.
The Napier silage (T4) had the highest OMD (71.40%), which is slightly higher than that Napier grass (T3) at 70.80% OMD.
The urea-treated rice straw has an OMD of 60.02%, higher than the untreated rice straw (T1) of 54.38%. Moreover, almost
the same results were observed when NaHCOs was added. Significant differences were also observed (p<0.05).

It is possible that the addition of NaHCOs to a high-concentrate feed improved the digestion of OM because more
cellulolytic bacteria and ciliate protozoa were present overall (Santra et al., 2003). This would have improved the rumen's
ability to process fibrous feedstuffs. Santra et al. (2003) found that groups given feed with high levels of NaHCOs (2.25
and 1.5%) exhibited higher levels of total protozoa in the rumen (P0.01) than those fed diets with a lower level (0.75%) of
NaHCOs. These findings are in line with the understanding that cellulolytic bacteria and protozoa play a significant role in
fiber degradation and utilization in the rumen. By increasing their populations through the addition of NaHCO3, the
breakdown and digestion of complex carbohydrates, such as cellulose and hemicellulose, are enhanced. This, in turn,
improves the overall digestibility of organic matter in the rumen. The result of this study was in contrast with Philip
(1983), who reported that treatment with NaHCOz at a dosage of 3% of the diet was unaffected by DM. However, the
bioavailability of nitrogen did show some improvement.

Table 4 - OMD (%) in rumen under a high-concentrate diet with and without NaHCO3 addition

Treatment NaHCOs3 Difference?
- + (p-value)

T4 Rice Straw 54.38+2.38¢cd 63.40+1.67¢ 0.367
T2 Urea-treated Rice Straw 60.02+3.12bc 72.13+4.12abc 0.041
T3 Napier grass 70.80+2.672 80.90+2.573ab 0.359
T4 Napier Silage 71.40+3.94ab 83.47+5.342 0.005
T5 Sugarcane Tops 58.12+2.01bc 67.12+2.12bc 0.246
T6 Cogon grass 40.12+1.02d 58.03+2.42¢ 0.052
p-valuel <0.001 0.001

10ne-way Analysis of Variance; p<0.05=significant, p>0.05=not significant; 2Paired-samples T-test; p<0.05=significant, p>0.05=not

significant

Neutral Detergent Fiber Digestibility

Neutral detergent fiber digestibility (NDFD) accurately measures rumen microbes' capacity to ferment fiber. NDF
digestibility more accurately predicts feed intake capability, net energy from metabolism (NE), and total digestible
nutrients (TDN). Greater NDF digestibility will generally lead to higher forage and digestible calorie intakes. Table 2 shows
that NaHCOs had increased NDFD of the fibrous feedstuffs than a higher-concentrate diet alone. The data showed
significant differences (p<0.05) of NDFD with and without NaHCO3 addition for rice straw (T1), Napier silage (T4), and
Cogon grass.
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Significant differences (p<0.05) among fibrous feedstuffs were observed for both experiments with and without
NaHCOs addition. The urea-treated rice straw (T2) was the highest on a high-concentrate diet, with an NDFD of 25%. At a
high-concentrate level with NaHCO3 addition, the Napier silage has the highest NDFD of 60.53%. Since the rumen pH was
altered by NaHCOs addition, it directly affects NDFD. Because ruminal pH significantly affects microbial populations, it is
believed to be a crucial element in the rumen's regular and stable operation.

Table 5. NDFD (%) in rumen under a high-concentrate diet with and without NaHCO3 addition

NaHCOs Difference?

Treatment

- + (p-value)
T1 Rice Straw 9.12+0.702 33.35+2.76¢ <0.001
T2 Urea-treated Rice Straw 25.13+1.45¢ 50.94+3.78 0.024
T3 Napier grass 20.50+0.63¢ 31.69+2.45¢ 0.417
T4 Napier Silage 22.20+1.67¢ 60.53+2.462 0.002
T5 Sugarcane Tops 14.12+0.98° 25.21+1.03cd 0.036
T6 Cogon grass 9.03+0.052 24.37+0.12¢d 0.001
p-value 0.002 .007

10ne-way Analysis of Variance; p<0.05=significant, p>0.05=not significant; 2Paired-sample T-test; p<0.05=significant, p>0.05=not significant

Dietary fiber digestibility in ruminants is influenced by various factors, including ruminal pH, the amount of
concentrate in the diet, and the addition of sodium bicarbonate. When high concentrate diets are fed without sodium
bicarbonate supplementation, lower digestibility rates have generally been observed. This finding is consistent with a
recent study conducted by Niepes et al. (2023), which showed that increasing the amount of concentrate in the diet from
20% to 40% resulted in a decrease in ruminal pH, making it more challenging for neutral detergent fiber (NDF) to be
effectively digested.

On the other hand, improvements in dietary fiber digestibility have been occasionally noted and have been
attributed to the maintenance of a pH level in the rumen that is more favorable for cellulolytic microbes. Zebeli et al.
(2008) suggested that variables influencing ruminant conditions, such as ruminal pH and the amount of digesta exiting
the reticulorumen, can impact the extent of fiber degradation. A study by Yang et al. (2002) demonstrated that reducing
the mean ruminal pH level to a range of 6.18 to 5.78, along with an increase in the rate of nutrient disappearance
through the reticulorumen, led to a reduction in NDF breakdown in the intestines and overall digestive tract. Specifically,
the breakdown of NDF decreased from 40% to 37% and from 52% to 41%, respectively.

However, there are contrasting results in the literature regarding the effect of sodium bicarbonate on fiber
digestibility. Marden et al. (2008) found that the addition of NaHCO3 to the diet resulted in a decrease in fiber digestibility.
This finding aligns with the claims made by Mould and Orksov (1983), suggesting that in animals fed a high-concentrate
diet, pH buffering with bicarbonate only partially restored ruminal cellulolytic activity.

CONCLUSION

This study investigated the effect of adding sodium bicarbonate (NaHCOs) to a high-concentrate diet on the digestibility of
locally available fibrous feedstuffs in ruminant animals. The results showed that NaHCO3 supplementation had a positive
impact on rumen pH, dry matter digestibility (DMD), organic matter digestibility (OMD), and neutral detergent fiber
digestibility (NDFD) of the tested feedstuffs. The addition of NaHCOs helped stabilize rumen pH, which is essential for
maintaining optimal microbial activity in the rumen. The improved rumen pH led to increased DMD, OMD, and NDFD,
indicating enhanced nutrient utilization and digestibility of the fibrous feedstuffs. This finding suggests that NaHCO3
supplementation can effectively improve the utilization of locally available feed resources, which is particularly beneficial
in areas where fibrous crop residues and grasses are the primary feed sources for ruminant animals. Among the tested
feedstuffs, urea-treated rice straw and Napier silage showed the highest improvements in DMD, OMD, and NDFD when
NaHCOs was added to the high-concentrate diet. These results highlight the potential of these feedstuffs as valuable
sources of nutrients for ruminant animals when supplemented with NaHCOs.

The findings of this study suggest that NaHCO3 supplementation in high-concentrate diets can play a significant role
in improving the digestibility and utilization of fibrous feedstuffs in ruminant animals

DECLARATIONS

Corresponding author
E-mail: richelle.niepes@msunaawan.edu.ph

Authors’ contribution
Richelle A. Niepes performed the experimental trial, analysis, and writing of the manuscript while supervised by
Lolito C. Bestil.

239
Niepes RA and Bestil LC (2023). Nutrient digestibility of fibrous feedstuffs in high-concentrate diet with sodium-bicarbonate (NaHCO3) addition in rumen-
fistulated Brahman bull. Online J. Anim. Feed Res., 13(4): 234-241. DOI: https://dx.doi.org/10.51227/0jafr.2023.35



Conflict of interests
The authors have not declared any conflict of interests.

Acknowledgements
Special thanks to the DOST-ASTHRDP for funding this research. To the Visayas State University-Animal Science
Department for the laboratory animal, treatments, and analysis.

REFERENCES

AlZahal O, Steele M, Valdes E, McBride B (2009). Technical note: The use of a telemetric system to continuously monitor
ruminal temperature and to predict ruminal pH in cattle. Journal of Dairy Science, 92: 5697-5701. DOI
https://doi.org/10.3168/jds.2009-2220

Antanaitis R, Juozaitiené V, Malasauskiené D, and Televic¢ius M (2020). Inline Reticulorumen pH as an Indicator of Cows
Reproduction and Health Status. Sensors, 20(4): 1022. https://www.preprints.org/manuscript/202304.0742/v1

Aquino D, Del Barrio A, Trach NX, Hai NT, Khang DN, Toan NT, and et al. N (2020). Rice straw-based fodder for ruminants.
Sustainable rice straw management, Springer, Cham. pp. 111-129. https://doi.org/10.1007/978-3-030-32373-8_7

Asoy J, and Aban-Gonzales M (2022). Dry Matter Intake and Digestibility of Napier and Treated Rice Straw Diet in Goats.
Mindanao Journal of Science and Technology, 20: 165-176.
https://mijst.ustp.edu.ph/index.php/mjst/article/view/1198/233

Archiméde H, Xandé X, Gourdine JL, Fanchone A, Alexandre G, Boval M, Coppry O, Arquet R, Fleury J, Régnier, C,
Renaudeau D (2011). La canne a sucre et ses co-produits dans I'alimentation animale [Sugarcane and by-products as
animal feeds]. Innovations Agronomiques, 16: 165-179
https://wwweé.inrae.fr/ciag/content/download/3713/35867/file/Vol16-13-Archimede.pdf

Benedetti E, Rodriguez NM, Campos WE, Goncalves LC, Borges | (2008). In vitro and in situ digestibility of three tropical
forages collected manually and by esophageal fistulated cows. Acta Scientiarum - Animal Sciences, 30 (2): 203-210.
DOI: https://doi.org/10.4025/actascianimsci.v30i2.4701

Bevans DW, Beauchemin KA, Schwartzkopf-Genswein KS, McKinnon 1J, McAllister TA (2005). Effect of rapid or gradual
grain adaptation on subacute acidosis and feed intake by feedlot cattle. Journal of Animal Science, 83: 1116-1132.
DOI: https://doi.org/10.2527/2005.8351116x

Bureenok S, Yuangklang C, Vasupen K, Schonewille JT, Kawamoto Y (2012). The Effects of Additives in Napier Grass
Silages on Chemical Composition, Feed Intake, Nutrient Digestibility and Rumen Fermentation. Asian-Australasian
Journal of Animal Sciences, 25(9): 1248-1254. DOI: https://doi.org/10.5713/ajas.2012.12081

Devendra C, Sevilla CC (2002). Availability and use of feed resources in crop-animal systems in Asia. Agricultural Systems,
71(1-2): 59-73. DOI: https://doi.org/10.1016/S0308-521X(01)00036-1

Falvey JL (1981). Imperata cylindrica for animal production in South-East Asia: a review. Tropical Grasslands, 15 (1): 52-56.

Hoffman P, Shaver R, Combs D, Undersander D, Bauman L, Seeger T (2001). Understanding NDF Digestibility of Forage.
https://fyi.extension.wisc.edu/forage/files/2016/10/NDFDig-2.pdf

Gallo SB, Brochado T, Ariboni Brandi R, da Silva Bueno IC, Passareli D, Birgel DB, and et al. (2019). Implications of low
fiber levels in finishing lambs on performance, health, rumen, and carcass parameters. Tropical Animal Health and
Production, 51:767-73. DOI: https://doi.org/10.1007/s11250-018-1750-0

Holmes JHG, Lemerle C, Schottler JH (1980). Imperata cylindrica for cattle production in Papua New Guinea. Papua New
Guinea Agricultural Journal, 31 (1/4): 51-62. https://www.cabdirect.org/cabdirect/abstract/19821440502

Kadam KL, Forrest LH, Jacobson WA (2000), Rice straw as a lignocellulosic resource: collection, processing, transportation,
and environmental aspects. Biomass and Bioenergy, 18: 369-389. DOI: https://doi.org/10.1016/S0961-

9534(00)00005-2

Klevenhusen F, and Zebeli Q (2021). A review on the potentials of using feeds rich in water-soluble carbohydrates to
enhance rumen health and sustainability of dairy cattle production. Journal of the Science of Food and Agriculture,
101(14):5737-5746. DOI: https://doi.org/10.1002/jsfa.11358

Mapato C, Wanapat M, Cherdthong A (2010). Effect of urea treatment of straw and dietary level of vegetable oil on
lactating dairy cows. Tropical Animal Health and Production. 42: 1635-1642. DOI: 10.1007/s11250-010-9613-3

Marden JP, Julien C, Monteils V, Auclair E, Moncoulon R, Bayourthe C (2008). How Does Live Yeast Differ from Sodium
Bicarbonate to Stabilize Ruminal pH in High-Yielding Dairy Cows? Journal of Dairy Science, 91(9): 3528-3535. DOI:
https://doi.org/10.3168/jds.2007-0889

McKenzie J, Griffiths C (2007). Cane tops as cattle fodder. New South Wales Department of Primary Industries, Primefacts,
N°314.

Mould FL, Orskov ER (1983). Manipulation of Rumen Fluid pH and Its Influence on Cellulolysis in Sacco, Dry Matter
Degradation and the Rumen Microflora of Sheep Offered Either Hay or Concentrate. Animal Science and Technology,
10, 1-14.DOI: https://doi.org/10.1016/0377-8401(83)90002-0

Nagaraja TG, Titgemeyer EC (2007). Ruminal acidosis in beef cattle: the current microbiological and nutritional outlook.
Journal of Dairy Science, 90(Supplement), E17-E38. DOI: https://doi.org/10.3168/jds.2006-478

Niepes RA, Maina MAT, Bestil LC (2023). In-situ digestibility of selected fibrous feedstuffs at varying levels of concentrate
supplementation in rumen-fistulated brahman-bull. International Journal of Science and Management Studies (IJSMS),
v6(i2), 89-94. https://www.ijsmsjournal.org/2023/volume-6%20issue-2/ijsms-v6i2p112.pdf

240
Niepes RA and Bestil LC (2023). Nutrient digestibility of fibrous feedstuffs in high-concentrate diet with sodium-bicarbonate (NaHCO3) addition in rumen-
fistulated Brahman bull. Online J. Anim. Feed Res., 13(4): 234-241. DOI: https://dx.doi.org/10.51227/0jafr.2023.35


https://doi.org/10.3168/jds.2009-2220
https://www.preprints.org/manuscript/202304.0742/v1
https://doi.org/10.1007/978-3-030-32373-8_7
https://mjst.ustp.edu.ph/index.php/mjst/article/view/1198/233
https://www6.inrae.fr/ciag/content/download/3713/35867/file/Vol16-13-Archimede.pdf
https://doi.org/10.4025/actascianimsci.v30i2.4701
https://doi.org/10.2527/2005.8351116x
https://doi.org/10.5713/ajas.2012.12081
https://doi.org/10.1016/S0308-521X(01)00036-1
https://fyi.extension.wisc.edu/forage/files/2016/10/NDFDig-2.pdf
https://doi.org/10.1007/s11250-018-1750-0
https://www.cabdirect.org/cabdirect/abstract/19821440502
https://doi.org/10.1016/S0961-9534(00)00005-2
https://doi.org/10.1016/S0961-9534(00)00005-2
https://doi.org/10.1002/jsfa.11358
file:///C:/Users/HIGH%20TECH/Downloads/10.1007/s11250-010-9613-3
https://doi.org/10.3168/jds.2007-0889
https://doi.org/10.1016/0377-8401(83)90002-0
https://doi.org/10.3168/jds.2006-478
https://www.ijsmsjournal.org/2023/volume-6%20issue-2/ijsms-v6i2p112.pdf

Nocek JE, Russell JB (1988). Protein and energy as an integrated system. Relationship of ruminal protein and carbohydrate
availability to microbial synthesis and milk production. Journal of Dairy Science, 71:2070-2107. DOI:
https://doi.org/10.3168/jds.S0022-0302(88)79782-9

Patiga E, Bestil LC, Mondejar HP (2020). In Situ Digestibility of Cogon Grass (Imperata cylindrica L.) in Various Forms and
Harvesting Intervals in Rumen-Fistulated Brahman Cattle. Mindanao Journal of Science and Technology 18 (2): 73-83.
https://mijst.ustp.edu.ph/index.php/mjst/article/view/536

Phillip LE (1983). Effect of sodium bicarbonate on nitrogen utilization and feed intake by lambs. Canadian Journal of
Animal Science, 63: 613-621. DOI: https://cdnsciencepub.com/doi/pdf/10.4141/cjas83-069

Rogers JA, Muller LD, Davis CP, Chalupa W, Kronfeld DS, Karcher LF, Cummings KR (1985). Response of dairy cows to
sodium bicarbonate and limestone in early lactation. Journal of Dairy Science, 68(3): 646-660. DOI:
https://doi.org/10.3168/jds.S0022-0302(85)80871-7

Santra A, Chaturvedi OH, Tripathi MK, Kumar R, Karim SA (2003). Effect of dietary sodium bicarbonate supplementation on
fermentation characteristics and ciliate protozoal population in the rumen of lambs. Small Ruminant Research 47:
203-212. DOI: 10.1016/S0921-4488(02)00241-9

Sato S (2016). Pathophysiological evaluation of subacute ruminal acidosis (SARA) by continuous ruminal pH monitoring.
Animal Science Journal, 87: 168-177. DOI: https://doi.org/10.1111/asj.12415

Shen HS, Sundstgl F, Eng ER, Eik LO (1999). Studies on untreated and urea-treated rice straw from three cultivation
seasons: 3. Histological investigations by light and scanning electron microscopy. Animal Feed Science and
Technology, 80:151-159. DOI: https://doi.org/10.1016/S0377-8401(99)00045-0

Van Hung N, Balingbing C, Quilty J, Sander BO, Demont M, Gummert M (2017). Processing rice straw and husks as co-
products Research Institute (IRRI), The Philippines. In Achieving sustainable cultivation of rice Burleigh Dodds Science
Publishing, London. Vol. 2: 153-186. https://www.taylorfrancis.com/chapters/edit/10.4324/9781351114196-
9/processing-rice-straw-husks-co-products-research-institute-irri-philippines-nguyen-van-hung-carlito-balingbing-james-
quilty-bjoern-ole-sander-matty-demont-martin-gummert-international-rice

Van Soest PJ (1994) Nutritional ecology of the ruminant. 2nd Edition, Cornell University Press, Ithaca, 476.

Vadiveloo J (2000). Nutritional properties of the leaf and stem of rice straw. Animal Feed Science and Technology,
83(1):57-65. DOI: https://doi.org/10.1016/S0377-8401(99)00107-8

Wanapat M, Polyorach S, Boonnop K, Mapato C, Cherdthon A (2009). Effects of treating rice straw with urea or urea and
calcium hydroxide upon intake, digestibility, rumen fermentation and milk yield of dairy cows. Livestock Science,
125(2-3): 238-243. DOI: https://doi.org/10.1016/j.livsci.2009.05.001

Wang Y, Wang L, Wang Z, Xue B, Peng Q, Hu R, and et al. (2023). Recent advances in research in the rumen bloat of
ruminant animals fed high-concentrate diets. Frontiers in Veterinary Science, 10:1142965. DOI:
https://doi.org/10.3389/fvets.2023.1142965

Yang WZ, Beauchemin KA, Rode LM (2002). Effects of particle size of alfalfa-based dairy cow diets on site and extent of
digestion. Journal of Dairy Science, 85:1958-1968. DOI: https://doi.org/10.3168/jds.S0022-0302(02)74272-0

Yokota H, Okajima T, Ohshima M (1991). Effect of environmental temperature and addition of molasses on the quality of
Napier grass (Pennisetum purpureum) silage. Asian-Australian Journal of Animal Sciences 4:377-382. DOI:
https://doi.org/10.5713/ajas.1991.377

Zaghloul A, El Desouky C, Wahba F (2018). Utilization of rice straw as a low-cost natural by-product in agriculture.
International Journal of Environmental Pollution and Environmental Modelling, 1(4):91-102.
https://dergipark.org.tr/en/pub/ijepem/issue/41449/470335

Zebeli Q, Dijkstra J, Tafaj M, Steingass H, Ametaj B, Drochner W (2008). Modeling the adequacy of dietary fiber in dairy
cows based on the responses of ruminal pH and milk fat production to composition of the diet. Journal of Dairy
Science, 91:2046-2066. DOI: https://doi.org/10.3168/jds.2007-0572

Zinn RA (1991). Comparative feeding value of steam-flaked corn and sorghum in finishing diets supplemented with or
without sodium bicarbonate. Journal of Animal Science, 69(3), 905. DOI: https://doi.org/10.2527/1991.693905x

241
Niepes RA and Bestil LC (2023). Nutrient digestibility of fibrous feedstuffs in high-concentrate diet with sodium-bicarbonate (NaHCO3) addition in rumen-
fistulated Brahman bull. Online J. Anim. Feed Res., 13(4): 234-241. DOI: https://dx.doi.org/10.51227/0jafr.2023.35


https://doi.org/10.3168/jds.S0022-0302(88)79782-9
https://mjst.ustp.edu.ph/index.php/mjst/article/view/536
https://cdnsciencepub.com/doi/pdf/10.4141/cjas83-069
https://doi.org/10.3168/jds.S0022-0302(85)80871-7
file:///C:/Users/HIGH%20TECH/Downloads/10.1016/S0921-4488(02)00241-9
https://doi.org/10.1111/asj.12415
https://doi.org/10.1016/S0377-8401(99)00045-0
https://www.taylorfrancis.com/chapters/edit/10.4324/9781351114196-9/processing-rice-straw-husks-co-products-research-institute-irri-philippines-nguyen-van-hung-carlito-balingbing-james-quilty-bjoern-ole-sander-matty-demont-martin-gummert-international-rice
https://www.taylorfrancis.com/chapters/edit/10.4324/9781351114196-9/processing-rice-straw-husks-co-products-research-institute-irri-philippines-nguyen-van-hung-carlito-balingbing-james-quilty-bjoern-ole-sander-matty-demont-martin-gummert-international-rice
https://www.taylorfrancis.com/chapters/edit/10.4324/9781351114196-9/processing-rice-straw-husks-co-products-research-institute-irri-philippines-nguyen-van-hung-carlito-balingbing-james-quilty-bjoern-ole-sander-matty-demont-martin-gummert-international-rice
https://doi.org/10.1016/S0377-8401(99)00107-8
https://doi.org/10.1016/j.livsci.2009.05.001
https://doi.org/10.3389/fvets.2023.1142965
https://doi.org/10.3168/jds.S0022-0302(02)74272-0
https://doi.org/10.5713/ajas.1991.377
https://dergipark.org.tr/en/pub/ijepem/issue/41449/470335
https://doi.org/10.3168/jds.2007-0572
https://doi.org/10.2527/1991.693905x

	ABSTRACT:
	Keywords
	INTRODUCTION 
	MATERIALS AND METHODS 
	Ethical consideration  
	Experimental animal  
	Treatments and experimental design  
	Addition of NaHCO3 to the diet 
	Nylon-bag/In-situ/In-sacco experiment 
	Table 1- The in-situ digestibility schedule 
	Rumen pH 
	In situ nutrient degradation, % 
	Statistical Analysis 

	RESULTS AND DISCUSSION 
	Changes in the Rumen pH 
	Table 2 
	Dry matter digestibility 
	Table 3 - 
	Organic Matter Digestibility 
	Table 4 
	Neutral Detergent Fiber Digestibility 
	Table 5. 

	CONCLUSION
	DECLARATIONS
	Corresponding author 
	Authors’ contribution 
	Conflict of interests 

	Acknowledgements
	REFERENCES 

