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Article Info ABSTRACT
Article type: Background and Objectives: In modern livestock production, the
Research Full Paper use of dietary buffers has become an essential strategy for

improving animal health and productivity, especially in ruminants
like sheep. The trend toward high-concentrate, low-fiber diets has
been increasingly embraced to optimize growth rates and feed

Avrticle history: efficiency. However, these diets frequently foster an environment
Received: 01/13/2024 that promotes ruminal acidosis, a condition marked by the excessive
Revised:01/30/2024 buildup of organic acids and a subsequent drop in rumen pH. This

Accepted: 01/31/2024 study investigates the potential of Bufferman, an advanced

biological buffer, to mitigate the adverse effects of acidosis in sheep
fed varying ratios of concentrate and forage. Through examining the
in vitro digestive response to various dietary treatments, this
research aims to clarify the significance of Bufferman in reducing

Keywords: the risks associated with high-concentrate feeding regimens. Under
gﬂffémffte normal conditions, the rumen maintains a pH range of about 6.0 to
Digestibility 7.0, which supports the microbial population crucial for effective
Sodium bicarbonate digestion. However, the introduction of high levels of fermentable

concentrates can significantly lower this pH, creating a hostile
environment for beneficial ruminal microorganisms. Effective
management of rumen pH through dietary modifications, especially
the inclusion of buffering agents, is essential for preventing acidosis
and promoting optimal rumen function. Dietary buffers, including
sodium bicarbonate and specialized formulations like Bufferman,
are crucial for improving rumen function by neutralizing excess
acidity and stabilizing pH levels. Buffers function by elevating the
rumen pH, thus creating an environment that supports the activity of
cellulolytic bacteria and fungi, essential for the breakdown of
fibrous feeds. Previous studies indicate that incorporating
bicarbonate or other buffering agents can result in notable
enhancements in rumen fermentation parameters, such as increased
dry matter (DM) disappearance and nutrient absorption. The present
study aimed to investigate the effects of Bufferman on the digestive
performance of sheep in vitro, specifically examining its impact on
nutrient disappearance across different ratios of forage to
concentrate.

Materials and Methods: The experimental design involved a
controlled mixture of alfalfa, wheat straw, barley grain, corn grain,
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soybean meal, and other mineral supplements formulated to satisfy
the nutritional needs of sheep. The experimental diets included
various ratios of forage and concentrate (20:80, 30:70, 40:60, and
60:40), supplemented with different treatments such as control, 1%
and 2% Bufferman, and 1% sodium bicarbonate. The study
employed a completely randomized design in which the
experimental diets underwent in vitro fermentation using rumen
fluid sourced from sheep. The analysis concentrated on several key
parameters, including DM disappearance, the rates of neutral
detergent fiber (NDF) and acid detergent fiber (ADF)
disappearance, rumen pH, and ammonia nitrogen levels over
incubation periods of 24, 72, and 144 hours.

Results: The findings of the study revealed that the rate of DM
disappearance was significantly influenced by the dietary treatments
at all times points examined (P<0.05). Notably, diets supplemented
with 1% Bufferman showed the highest rates of DM disappearance,
NDF, and ADF compared to other treatments, suggesting that
Bufferman enhances microbial activity and nutrient utilization.
Furthermore, the results indicated that rumen pH levels were
significantly affected by the type of diet, particularly after the 24-
and 72-hour incubation periods (P<0.05), while the pH at 144 hours
showed no significant changes. Despite these observations, the
levels of rumen ammonia nitrogen were found to be unaffected by
the treatments (P<0.05), indicating that Bufferman primarily serves
to enhance fermentation processes rather than alter protein
degradation rates. The consistent improvement in nutrient
disappearance, particularly with the inclusion of Bufferman at 1%,
underscores its potential as a biological regulator that not only
stabilizes rumen pH but also supports overall ruminal health.
Conclusion: This study clearly demonstrates that incorporating the
enhanced buffer, Bufferman, into sheep diets can significantly
improve nutrient utilization and stabilize rumen pH under high-
concentrate feeding conditions. The differing effects noted across
the various forage-to-concentrate ratios underscore the significance
of optimizing these dietary components to enhance healthy rumen
function. By effectively mitigating the risks linked to acidosis,
Bufferman positions itself as a viable nutritional strategy for
livestock producers seeking to enhance productivity while
safeguarding the health and well-being of their animals. Future
research should concentrate on the long-term effects of Bufferman
supplementation in practical feeding regimes, evaluating its impact
on animal performance in real-world scenarios.
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Introduction

Body score status and provide the
required energy and protein, highly
concentrated diets are used (Erickson and
Kalscheur, 2020), which often reduce
rumen pH and fiber digestion (Salfer et al.,
2018) resulting in metabolic issues like low
pH, elevated VFA, and increased
osmolality (Davies et al., 2013). The high
level of concentrates and fermentable seeds
in the diet makes the rumen prone to
acidosis (Erickson and Kalscheur, 2020).
Acidosis is the result by the non-
physiological accumulation of organic acids
in the rumen and the subsequent decrease in
rumen pH, it has significant impact on
rumen  microbial  functions,  rumen
performance, and overall animal health and
productivity (Elmhadi et al., 2022). Since
buffers have the ability to stabilize rumen
pH, it will improve cellulose digestion and
increase performance, leading to increased
feed consumption and reduced rumen
accumulation (Ramos et al, 2022).
Therefore, adding high concentrate and low
fiber to diets leads to an increase in positive
response and productivity (Zali et al.,
2019). Also, buffers prevent the reduction
of protozoa in the rumen by increasing the
pH and preventing acidic conditions.
Dietary buffers such as bicarbonates, work
to neutralize rumen acidity, raise rumen pH,
and promote lactate consumption (Jafarpour
Boroujeni et al., 2016). Higher rumen pH
increases saliva production in ruminants
(Castillo-Lopez et al., 2020). The high
concentration of acids from fermentation in
silage reduces palatability, it has recently
been determined that neutralizing the
acidity of corn silage and grass silage
significantly increases their appetizing
properties (Wrobel et al, 2023). Also, feed
buffer additives help prevent the rapid
decrease in rumen pH (Ramos et al., 2021).
The aim of this study was to examine the
impact of Bufferman as a biological
regulator on the disappearance of nutrients
by bacterial and fungi in anaerobic culture
within  diets with varying ratios of
concentrate to fodder.

¥)

Materials and Methods

The basal ration used in the experiment and
the approximate analysis them were
conducted using the tables of sheep
nutritional requirements (NRC, 2007).
Were set as described in Table 1. Buffered
compounds include: Ag=>0.5, Al=2038,
Ca>10, Cd=1.3, Co=10, Cr=2, Cu=10,
Fe=2709, K=7535, Mg=>2%, Mn=90,
Mo0=0.62, Ni=1.3 ppm.

Experimental diets include different
ratios of forage to concentrate 20-80, forage
to concentrate 30-70, forage to concentrate
40-60, forage to concentrate 60-40 and
treatments including two levels of
Bufferman 1% and 2%, one level of sodium
bicarbonate 1% and one the control level
(zero percent) was randomly assigned one
treatment to each group of vials.

To prepare bacterial culture, salt solution
1 (69 of dipotassium hydrogen phosphate in
1L of distilled water) and salt solution 2 (3gr
of potassium hydrogen phosphate, 6g of
ammonium sulfate, 0.5g of magnesium
sulfate, 0.6g of sodium chloride, 0.2g of
calcium chloride in 1L of distilled water)
were each mixed with 150ml. Additionally,
0.5 g of yeast extract, 2g of peptone
triptychase, 70ml of 8% sodium carbonate,
10ml of VFA and 1ml of rososarin solution
were included. The mixture was boiled until
the volume reached one liter. Subsequently,
a 0.1% reduction solution (cysteine HCL and
9% sodium sulfide) was added. The culture
medium  prepared  under  anaerobic
conditions was transferred into serum jars
containing the test sample and autoclaved.
Then 5ml of pure ruminal bacterial inoculant
and 1.5% sugar solution (glucose) were
added to the amount of 3 ml. Finally, there
were cultured in the incubator for 24, 48 and
72 hours (Kenters et al, 2011). Also, to
prepare the fungi culture, salt solution 1 (3g
of dipotassium hydrogen phosphate in 1L of
distilled water) and salt solution 2 (3g of
potassium hydrogen phosphate, 6g of
ammonium sulfate, 6g of sodium chloride,
0.6g of chloride calcium in 1L of distilled
water) 150ml each, 150ml of rumen fluid
(centrifuged at 15,000 rpm for 30 min),



2.59 of yeast extract, 10g peptone trypticase,
0.59 glucose, 1g cellobiose 6g of sodium
bicarbonate, 1g of cysteine HCL and 1ml of
0.1% resazurin were combined for each liter
of culture medium (Ishaqg et al, 2017). The
culture medium was transferred to serum jars
under anaerobic conditions and autoclaved.

Fungus isolates were cultured as inoculants
at a ratio of 1 to 9 in serum jars containing
specific fungi culture medium along with 1g
of test samples and 1ml of antibiotics.
Finally, the samples were cultured in the
incubator for 1, 3 and 6 days.

Table 1: Ingredients and chemical composition of the experimental diets

Experimental diets (F:C)

Items 20:80 30:70 40:60 60:40
Ingredient’s composition, g/kg of DM’

Alfalfa 0 201 325 600
Wheat straw 200 99 75 0
Barley grain 319 300 243 15

Corn 236 210 238 318
Soybean meal 182 1235 106.5 51
Wheat bran 52 55 0 0
Salt 2 2.5 2.5 4
Limestone 4 4 4.5 5
Vitamins and mmlerals 5 55 7
supplements
Chemical composition per 1000 g
% of DM 90.77 90.88 90.94 90.74
CP? 14.7 145 14.4 14.2
EE3 2.95 2.63 2.51 2.4
CF* 12.89 14.5 16.42 20.53
ADF® 15.01 16.65 18.68 22.17
NDF © 30.30 31.55 32.80 35.32
Ash 4.86 5.41 5.41 6.82
ME’ 4190 4193 4195 4198
GE?® (kcal/kg of DM) 60.69 59.27 57.61 54.74
NFE® (%) 0 201 325 600

1. Each kg of mineral-vitamin supplement contains 500,000 1U vitamin A, 100,000 1U vitamin D 3, 100
mg vitamin E, 180 g Ca, 60,000 P, 60 g of Na, 19 g Mg, 3 mg of Fa, 19 g Mn, 300 mg Co, 1 mg Se, 100

mg I, 400 mg of antioxidants.

To measure the disappearance of experimental diets, the method of preparing a specific culture medium
for rumen bacterial and fungi was used. Ruminal fluid was collected from the slaughterhouse and after
filtering, it was transferred to the laboratory. To measure the desired parameters, 1g of the experimental

diets was placed in 100 ml glass syringes.

. Dry matter

. Crude protein

. Ether extract

. Crude fiber

. Acidic detergent fibers
. Neutral detergent fiber
. Metabolizable energy
. Gross energy

19 Nitrogen-free extract
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To determine the organic matter actually
digested after the end of incubation, the
syringe contents were boiled with neutral
detergent solution for one hour. The solution
was then filtered and the residue was
transferred to the oven for drying. by
subtracting the weights before and after
drying, the really digested organic matter was
calculated. this value was used to measure the
partitioning factor (PF), microbial mass and
microbial mass efficiency (Blumel et al.,
1993). The pH of the culture medium was
measured with a pH meter and the ammonia
nitrogen concentration of the medium was
measured by the phenol-hypochlorite method
and using a spectrophotometer. The data were
analyzed using a completely randomized
design with SAS statistical software for
model 2 and effects were considered
significant at P<0.05.

1) Yij =p+Tj+eij
In this context, Yij represents the numerical
value of each observation in this experiment,
p is the population mean, Tj represents the
effect of the treatment used,

and &ij is the experimental error.

Results

Disappearance of nutrients in bacterial
culture: As indicated in Table 2, the data on
the disappearance of DM, NDF, ADF,
ammonia nitrogen and rumen pH after 24
hours of incubation in a specific culture
medium of rumen bacterial reveal that the
disappearance of DM, NDF and ADF was
influenced by the experimental diets
(P<0.05). At all investigated diets (20:80,
30:70, 40:60, 60:40 F:C) were influenced by
Bufferman, with the highest disappearance of
NDF and ADF in the rumen associated with
the treatments containing 1% Bufferman.
Also, the level of ammonia nitrogen at 24
hours of incubation was not affected by the
experimental diets (P<0.05). The pH of the
rumen at 24 hours was affected by Bufferman
(P<0.05) with the highest pH observed in the
rumen for all experimental diets (20:80,
30:70, 40:60, 60:40 F:C) It was related to the
treatment containing 1% level of Bufferman.

Table 2. The effect of experimental diets containing Bufferman on the disappearance of nutrients at

24 hours in bacterial culture

The ratio of - Disappear : -
Disappearanc Disappearanc ~ Rumen ammonia
fodder to Treatment ance of - pH
concentrate e of DM (%) NDF (%) e of ADF (%)  nitrogen(mmol/l)
Control 63.23° 40.59™ 33.66% 21.07 5.259
1% a a a efg
Bufferman 66.50 58.12 51.29 25.69 5.84
20:80 2% ab sbe ab fg
Bufferman 63.84 53.11 46.39 24.76 5.61
1% Sodium ab abc ab fg
Bicarbonate 62.15 52.99 46.18 21.71 5.61
Control 57.33° 37.12™ 29.72% 19.36 5.79°9
1% Buffermn 62.27% 56.31% 49.23% 22.58 6.02°°%¢
. 2% ab abc ab defg
30:70 Bufferman 63.23 52.17 45.09 21.35 5.86
1% Sodium ab abc ab efg
Bicarbonate 59.28 52.10 45.44 20.95 5.83
Control 58.497° 40.99™ 34,997 19.09 5.89%%¢0
1% ab ab ab abcd
Bufferman 62.34 54.32 47.62 21.47 6.29
40:60 2% ab abc ab abcde
Bufferman 61.02 50.12 43.43 20.48 6.14
1% Sodium ab abc ab bedef
Bicarbonate 61.75 50.12 43.11 20.08 6.00
Control 50.57° 35.08° 28.12° 20.40 6.28%
1% bc abc ab a
60-40 Bufferman 56.84 52.31 45.29 20.48 6.52
2% be abc ab ab
Bufferman 56.74 48.11 41.18 19.88 6.40
1% Sodium bc abc ab abc
Bicarbonate 55.17 48.02 41.15 21.07 6.30
SEM 2.576 5.402 6.263 3.970 0.135
P_Value 0.010 0.015 0.031 0.999 0.0001

SEM: The standard error of the averages has a statistically significant difference in each row of numbers with
different letters (P<0.05).
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According to the findings in Table 3, the rate
disappearance of DM after 48 hours of
incubation in a specific culture medium for
rumen bacterial increased significantly with
the addition of Bufferman at a 1% level
compared to other treatments (P<0.05).
Additionally, the data indicates the effect of
the diets tested on rumen pH and rumen
ammonia nitrogen levels (P<0.05). The
highest pH of the rumen is in the 20:80 F:C

corresponding to the treatment containing
2% Bufferman and the rations (30:70, 40:60
and 60:40 F:C) corresponding to the
treatment  containing 1%  Bufferman.
According to the results related to the
disappearance of insoluble fibers in neutral
detergent and the disappearance of ADF in
Table 3, no significant difference was
observed between the tested treatments
(P<0.05).

Table 3: The effect of experimental diets containing Bufferman on the disappearance of nutrients at 48 hours in

bacterial culture

The ratio of . Disappear  Disappearan .
fodder to Treatment B'S?Fg)&azg/:; ance of ce of ADF r?iltjrrgezna(mmg:]/ls pH
concentrate NDF (%) (%) g
Control 64.00% 42.09 35.18 20.35% 5.71°
0,
Buf%ef’man 67.09° 60.12 53.21 22.08% 6.04%
. 0,
20:80 Buf?ef’man 64.44% 54.13 47.11 21.58% 6.10%°
utterm
éu?afggrlng 64.18% 53.97 16.67 2759° 6.06°
Control 60.76 37.94 30.61 18.37° 5.90™
0,
Buf%ef’man 66.99° 58.52 5153 21.58% 6.28%
. 0,
30:70 Buffef’man 64.00% 53.12 4658 20.35% 6.12%
utterm
éi(/:"afg’gr']‘;g 63.28% 52.87 45.76 20.35% 5,99
Control 59.67% 42.00 36.25 18.88° 6.35%
0,
Buf%ef’man 65.27% 55.52 48.66 20.28% 6.45°
. 0,
40:60 Buffef’man 62.41%¢ 51.12 44.60 20.07% 6.35%
urerm
éi(/:"afg’gr']‘;g 61.87% 50.88 44.00 19.81% 6.34%
Control 52.57¢ 35.96 29.09 18.49° 6.21%
0,
60440 BU f%ef’man 62.88%¢ 53.52 46.53 20.08% 6.50°
’ 0,
Buffef’man 60.18" 49.12 42.24 19.68% 6.30
utterm
éé’afggr:‘;g 57.98° 48.87 2187 18.88" 6.23%
SEM 1.767 6.313 7.212 2.481 0.148
P Value 0.0001 0.299 0.493 0.709 0.037

SEM: The standard error of the averages has a statistically significant difference in each row of numbers with

different letters (P<0.05).

By examining the results concerning the
specific culture medium of rumen bacterial,
it is evident that the rate of DM
disappearance was significantly influenced
by the test diets in all three in investigated
times (P<0.05). According to the results of
Table 4, it is evident that the experimental
rations were influenced by Bufferman. in
all the experimental rations (20:80, 30:70,

1a;

40:60, 60:40 F:C) the highest level of DM
disappearance  associated  with  the
Bufferman treatment was 1%. Additionally,
according to the information in Table 4, it is
apparent that the disappearance rate of
insoluble fibers in neutral detergent and
acidic detergent after 72 hours of
incubation in the specific culture medium
of rumen bacterial was not significantly
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impacted by the tested treatments (P<0.05).
Also, based on the findings of this table, it
is evident that the levels of ammonia
nitrogen and rumen pH were not
significantly impacted by the treatments
tested (P<0.05). Upon analyzing the results
of the specific culture medium of rumen
bacterial, it can be inferred that rumen pH
at 24 and 48 hours of incubation were

significantly influenced by the experimental
diets (P<0.05), whereas rumen pH at 72
hours of incubation was significantly
affected by the diets (P<0.05). The
concentration of rumen ammonia nitrogen,
on the whole, remained unaffected by the
experimental diets at any of the times
examined (P<0.05).

Table 4: The effect of experimental diets containing Bufferman on the disappearance of

nutrients at 72 hours in bacterial culture

The ratio of Disappearanc Disappear  Disappearan RUMen ammonia
fodder to Treatment e ofFI)DpM (%) ance of ce of ADF nitrogen(mmol/l) pH
concentrate ° NDF (%) (%) 9
Control 64,520 43.09 36.22 19.36 5.96
0,
Buf%ef’man 71340 61.95 54.89 27.68 6.30
20:80 204 b
Bufferman 68.60 55.12 48.19 20.59 6.21
utterm
élfafggr:gg 66.04%" 55.00 48.07 2035 6.18
Control 67.07%¢ 39.22 31.84 17.38 5.96
1% ab
Bufforman 69.70 59.95 52.56 18.61 6.39
30:70 204 abe
Bufforman 64.52 54.07 47.36 17.97 6.04
utterm
éé’afggr:‘;g 65.50%" 54.57 46.96 1738 6.03
Control 61.05% 43.90 37.90 17.69 6.10
l% abc
Bufforman 67.24 57.95 50.60 20.07 6.49
40:60 204 abe
Bufferman 64.53 52.07 45.25 19.08 6.38
utrerm
éiﬁ’afggr::{z 62.33% 5157 4457 18.69 6.35
Control 52,61 37.24 29.95 15.31 6.11
1% abc
60440 Bufferman 65.10 55.95 48.89 19.09 6.37
2% bc
Bufferman 61.65 51.07 43.09 18.69 6.25
utterm
éié’afgg:;[‘e‘ 5877 4957 4257 16.67 6.19
SEM 2.649 6.940 8.008 3.931 0.157
P Value 0.002 0.409 0.622 0.945 3.384

SEM: The standard error of the averages has a statistically significant difference in each row of numbers with

different letters (P<0.05).

A buffer is defined as a weak acid, oxide
or hydroxide that neutralizes the acids in
feed or those acids produced during
digestion and metabolism of nutrients.
Edible buffers are commonly utilized to
mitigate the adverse effects of acidity in
diets containing high-density materials
(Mahdavirad et al., 2021), however the

Y¥O

response to buffers can be inconsistent and
unpredictable. The conditions of the rumen
ecosystem vary among different animals,
and the types, and quantities of bacterial
present in the rumen environment differ
depending on the species and breed of the
animals. Consentini et al. (2023) reported
that there is a direct relationship between
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the amount of non-fiber carbohydrates in the
diet and acid production, indicating that as
non-fiber  carbohydrates  increase, the
acidogenic value of the diet also increases.
Their experiments suggest that ration buffers
could help prevent a decrease in rumen pH. In
an experiment conducted by Alhidary et al.
(2019), it was found that adding various
buffers to the ration led to a significant
difference in rumen pH, with no significant
variance observed between the buffers. Giger-
Reverdin et al. (2014) reported that feed
buffers helped maintain rumen pH and
enhanced rumen ecology when feeding high
levels of concentrates. The inclusion of
sodium  bicarbonate  increased = NDF
disappearance but didn't affect DM
disappearance in dairy cows consuming diets
with high dense material and corn silage
(Miller et al., 2021). Niepes et al. (2023) also
reported that dietary supplementation with
sodium bicarbonate had no effect on rumen,
post-ruminal or apparent NDF disappearance.

V¥5

Rumen pH is one of the most important
factors in determining feed disappearance in
ruminants. A decrease to less than 5.8 limits
cellulolytic activity in the rumen and reduces
fiber disappearance (Tseu et al., 2022). In this
experiment, the pH reported affects the
disappearance of fiber-degrading
microorganisms of the cell wall. One factor
contributing to improved feed disappearance
is the maintenance of optimal pH levels by
buffers, which support the growth and activity
of fiber-decomposing microbes (Aschenbach
et al., 2019). Magnesium oxide prevents the
pH drops by alkalizing the rumen
environment, leading to an increase in the
activity of cellulolytic bacterial
(Underwood et al.,, 2015).  Effective
degradability decreases as the passage rate
increases because higher passage rates reduce
the microorganisms access to nutrients
(Firkins., 2021).
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Table 5: The effect of experimental diets containing Bufferman on the disappearance of nutrients at

24 hours in fungi culture

The ratio of - Disappear  Disappearan -
fodder to Treatment E'S?%’&ar(ﬁp;: ance of ce of ADF E?Pgegna(mmg?/'s pH
concentrate 0 NDF (%) (%) 9
Control 58.13% 41.09bcde 37.76 21.13 5.549
1% a a efg
Bufferman 65.09 58.63 52.97 23.77 5.85
20:80 2% 61.78° 53.62° 47.19 22,64 5,639
Bufferman ’ ’ ' ’ ’
1% Sodium bed abcd fg
Bicarbonate 58.49 53.50 47.53 23.04 5.63
Control 57.32¢ 37.59% 30.85 19.42 5.80°
1% ab ab bedef
Bufferman 64.15 56.82 50.03 23.64 6.04
3070 2% 6255 52.61° 45.89 23.16 5,880
Bufferman ’ ’ ) ) '
1% Sodium cd abed efg
Bicarbonate 57.28 52.51 46.78 21.01 5.84
Control 56.84 40.49%% 35.99 19.14 5.91 %€
1% abcd abc abcd
Bufferman 59.47 54.81 48.40 21.53 6.31
40:60 2% 57.28 50.62%0e 44.24 50.54 6,167
Bufferman ' ' ' ’ '
1% Sodium abed abcde bedef
Bicarbonate 59.63 50.51 44.46 20.14 6.02
Control 54.07¢ 35.58° 29.22 20.50 6.30°0
1% abed abed a
60:40 Bufferman 59.63 52.82 46.07 19.03 6.42
2% cd abcde ab
Bufferman 56.74 48.61 41.98 19.94 6.42
1% Sodium cd abcde abc
Bicarbonate 57.32 48.52 42.49 19.15 6.32
SEM 1.790 4.502 6.286 3.703 0.135
P_Value 0.004 0.044 0.332 0.992 0.0001

SEM: The standard error of the averages has a statistically significant difference in each row of numbers with

different letters (P<0.05).

Disappearance of nutrients in fungi culture

As indicated in Table 5, the data on the
disappearance of DM, NDF and ADF after 24
hours of incubation in the rumen fungi culture
medium reveal that the disappearance rates
were influenced by the experimental diets
(P<0.05). And the highest rate of DM
disappearance in diets (20:80, 30:70 and
60:40 F.C) was observed in the 1%
Bufferman treatment, as well as in the diet
with a 40:60 F:C in the Sodium Bicarbonate
treatment. Also, the rate of disappearance of
insoluble fibers in rumen neutral detergent
and rumen pH in all the diets studied (20:80,
30:70, 40:60, 60:40 F:C) were influenced by
Bufferman, with the highest impact observed
in diets containing 1% bufferman. According
to the information in Table 5, the rate of
disappearance of insoluble fibers in acidic
detergent and ammonia nitrogen after 24
hours of incubation in the specific rumen

YFY

fungi culture medium was not significantly
altered the treatments tested (P<0.05).

The results related to the rate of DM
disappearance after 72 hours of incubation in
the specific fungi culture medium are
presented in Table 6. Across all tested rations
(20:80, 30:70, 40:60, 60:40 F:.C), the
treatments with 1% Bufferman showed the
highest level of DM disappearance (P<0.05).
Additionally, the data obtained show the
effect of the tested diets on rumen pH
(P<0.05). The highest rumen pH was
observed in the diet with a 20:80 F:C ratio in
the group with 2% Bufferman, while the other
diets (30:70, 40:60 and 60:40 F:C) showed a
similar pH level to the group withl%
Bufferman. Analysis of the disappearance of
insoluble fibers in neutral detergent,
disappearance of insoluble fibers in acidic
detergent and ammonia nitrogen in Table 6,
observed no significant differences among the
tested treatments (P<0.05).
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Table 6: The effect of experimental diets containing Bufferman on the disappearance of

nutrients at 72 hours in fungi culture

The ratio of Disappearanc Disappear  Disappearan RUMeN ammonia
fodder to Treatment e of FE?M %) ance of ce of ADF nitrogen(mmol/l) pH
concentrate 0 NDF (%) (%) 9
Control 63.23% 43.34 36.52 20.41 5.74°
0,
Buf%ef’man 69.55° 61.37 54.31 22.14 6.06%°
20:80 Buf?:f’man 65.02%¢ 55.37 47.91 21.64 6.12%°
A !
élfafggr:gg 65.37%" 55.22 47.47 2131 6.09%
Control 61.56™ 39.44 32.07 18.43 5.92%
0,
Buf%ef’man 67.45%® 59.77 52.63 21.65 6.30%°
. 0,
30:70 Buf?ef’man 64.80%" 54.37 47.38 20.42 6.14%¢
A )
éu?afggrlng 64.93%" 54.12 4656 2041 6.01°
Control 61.46% 42.50 37.25 18.95 6.37%®
0,
Buf%ef’man 66.23" 56.77 4976 2034 6.47°
. 0,
40:60 Buffef’man 64.94%¢ 52.37 45.40 20.14 6.37%
A )
éé"afg’gr::{‘; 63.23" 52.12 44.80 19.94 6.36
Control 59.38° 37.21 30.43 1855 6.23%
0,
5040 Bt 64.75%° 54.77 4763 20.14 6.52°
' 2% bc ab
Bufferman 62.80 50.37 43.04 19.74 6.32
A )
éé’afggr:‘;g 61.56% 50.12 42,67 18.95 6.24%
SEM 1.811 5.613 7.253 2.383 0.148
P_Value 0.042 0.165 0.532 0.998 0.037

SEM: The standard error of the averages has a statistically significant difference in each row of numbers with

different letters (P<0.05).

With the overall evaluation of the results
related to the test of the specific culture
medium of rumen fungi, it is evident that
DM disappearance was notably influenced
by the test diets at the 24th and 72nd
incubation times, (P<0.05), as indicated in
Table 7. The rate of DM disappearance at
144 hours of incubation was not influenced
by the experimental diets (P<0.05).
Additionally, based on the data in Table 7,
the degradation rate of insoluble fibers in
neutral detergent and acidic detergent after
144 hours of incubation in the rumen fungi
culture medium was not significantly
influenced by the experimental treatments

(P<0.05). In general, the rate of
disappearance of insoluble fibers in acidic
detergent was not influenced by

experimental diets at any of the examined
times in the specific culture medium of
rumen fungi (P<0.05). The rate of

YFA

disappearance of insoluble fibers in neutral
detergent at the 24th incubation time was
significantly impacted by the test diets
(P<0.05), but at the 72nd and 144th time, it
was not significantly affected by the tested
diets (P<0.05). According to the findings in
Table 7, it is evident that the levels of
ammonia nitrogen and rumen pH were not
significantly impacted by the treatments
tested (P<0.05). Furthermore, analysis of
the specific culture medium of rumen fungi,
indicates that the pH of the rumen after 24
and 72 hours of incubation was
significantly influenced by the experimental
diets (P<0.05), whereas the rumen pH at
144 hours of showed no significant impact.
The experimental diets didn't have a
significant effect on the levels of rumen
ammonia nitrogen at any of the time points
examined (P<0.05).
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Table 7: The effect of experimental diets containing Bufferman on the disappearance of nutrients at 144 hours in

fungi culture

The ratio of Disappearanc Disappear  Disappearan RUMeN ammonia
fodder to Treatment e of FE?M %) ance of ce of ADF nitrogen(mmol/l) pH
concentrate 0 NDF (%) (%) 9
Control 67.21 44.34 37.02 17.17 5.98
1% 76.74 63.19 56.23 22.03 6.32
Bufferman
. 0,
20:80 2% 7155 56.37 49.29 20,65 6.24
Bufferman
o .
1% Sodium 69.87 56.25 48.87 20.42 6.20
Bicarbonate
Control 65.31 4,72 32.58 16.19 5.98
1%
Bufferman 71.64 61.19 53.90 20.65 6.42
. 0
3070 2% 67.33 55.32 48.46 19.02 6.06
Bufferman
) .
1% Sodium 66.18 54.82 4776 16.67 6.04
Bicarbonate
Control 63.07 44.40 38.90 19.01 6.12
1%
Bufferman 68.27 59.20 51.94 19.39 6.51
40:60 2%
Bufferman 66.18 53.32 46.35 17.40 6.40
) .
1% Sodium 63.44 52.82 4537 18.75 6.38
Bicarbonate
Control 62.92 38.49 30.75 15.61 6.14
0,
1% 66.26 57.20 50.23 19.15 6.39
60:40 Bufferman
0,
2% 63.10 51.32 44.19 1850 6.27
Bufferman
1% Sodium 62.06 50.82 43.37 17.76 6.21
Bicarbonate
SEM 3.689 6.221 7.986 3.814 0.157
P Value 0.336 0.529 0.583 0.998 0.384

SEM: The standard error of the averages has a statistically significant difference in each row of numbers with

different letters (P<0.05).

Since  ammonia nitrogen is the main
substrate source for microbial protein
synthesis, the addition of buffer to the diets
in this study didn't result in an increase in
the concentration of ammonia nitrogen in
the treatments. Therefore, the addition of
thesis buffer mixtures to each of treatments
didn't enhance microbial protein synthesis.
Although some studies reported that sodium
bicarbonate can increase the rate of
ammonia utilization by rumen bacterial
(Mahdavirad et al., 2021), other researchers
conducting  experiments on  sheep
(Khorasani et al, 2021) and cattle
(Khorasani et al., 2001) have found no
significant effect of sodium bicarbonate on
rumen ammonia levels. A study by
Khorasani et al. (2020) indicated that
dietary sodium bicarbonate

1¥4

supplementation decreased rumen ammonia
nitrogen concentrations. They also reported
that increasing the percentage of sodium
bicarbonate in the diet led to a reduction in
ammonia nitrogen concentration in the
rumen. While some studies reported no
impact of sodium bicarbonate on ammonia
nitrogen levels (Sony et al., 2021), others
reported either an increase (Khorasani et al,
2020) or a decrease (Farghaly et al., 2019)
in  ammonia nitrogen  concentration.
However, additional research (Kang et al.,
2013) reported that adding sodium
bicarbonate to the diet increased the
efficiency of microbial protein synthesis.
Effective degradability decreases as the
passage rate increases because the
opportunity for microorganisms to access
nutrients decreases (Maheri-Sis et al.,
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2007). In numerous studies by Erdman et
al. (1982), Rogers et al. (1982), Rogers et
al. (1983), Solorzanom et al. (1989), Stokes
et al. (1985), West et al. (1987) and Abbas
et al. (2019) sodium bicarbonate has shown
the ability to enhance DM disappearance,
which is consistent with the results of this
experiment or has no effect on it. In
ruminants, there is a correlation between
DM intake and food digestibility (Al-Arif et
al., 2017). The increase in food
disappearance is mainly linked to the
enhancement of fiber and starch digestion,
with fiber digestion being contingent on
rumen pH fluctuations (Kim et al., 2022).
The most appropriate rumen pH for fiber
digestion is 6.4 to 6.8 (Li Meng et al.,
2020). Therefore, increasing or stabilizing
the rumen pH by adding sodium
bicarbonate to the diet is the main factor in
increasing the disappearance of fiber in the
diet (Fadaee et al., 2021) and consequently,
it increases the digestion of food. In this
test, buffer was successful in enhancing the
digestibility of DM. Sodium bicarbonate,
potassium bicarbonate, magnesium oxide,
zeolite and most medicinal plants showed
significant effects in maintaining pH, DM
disappeared in external conditions and
controlling the acidification index. By
increasing the ratio of concentrate from
50% to 65% in the diet, the effects of
buffers on pH maintaining and other
external  parameters  became  more
pronounced and efficient. In essence, it is
advisable to incorporate buffers in to diets
containing over  60%  concentrate.
(Desrosiers et al., 2022). In other in vitro
experiments, it was reported that barley
digestibility increased in diets with sodium
bicarbonate (Ma et al., 2022). Additionally,
in vivo research has demonstrated that
rumen pH was higher in lactating cows fed

sodium bicarbonate and clinoptilolite
(Amanzoungarene et al.,, 2022). Some
studies indicated that adding sodium

bicarbonate to the diets of dairy cows fed
high-density feed and corn silage increased
NDF disappearance but had no impact on
DM disappearance (Miller et al., 2021).
Ferraretto et al., (2012) also reported that
adding sodium bicarbonate to the diet didn't
impact ruminal, post-ruminal or apparent

VO

NDF disappearance. Livestock that use
highly fermentable starch show significant
fluctuations in rumen VFA concentrations
and rumen pH. This decreased rumen pH
may restrict microbial growth and fiber
digestion, ultimately has a negative effect
on the amount of microbial protein entering
the small intestine (Firkins et al., 2021),
consequently leading to an increase in
ammonia production within the rumen.
Which isn't used in the production of
microbial protein, and this causes an
increase in nitrogen losses in the rumen
(Hailemariam et al., 2021), liver stress
(Bach et al., 2005), reduced fertility (Javaid
et al., 2011) and a decrease in milk protein
(Sultan et al., 2009). A common strategy to
decrease negative energy balance in early
parturition is to increase the energy density
of the diet by increasing the amount of
easily digestible carbohydrates instead of
forage (Erickson et al., 2020). The most
important  factors influencing protein
digestibility in the rumen are: the physical
and chemical properties of protein, the
duration of sample retention in the rumen,
the concentration, the rumen pH, and the
food processing method. (Matthews et al.,
2019). At most levels, essential oils have no
effect on the concentration of ammonia
nitrogen in vitro (Zhou et al., 2020).
Kirwan et al., (2022) suggested that a high
intake of protein (resulting in an increase in
rumen ammonia nitrogen concentration)
along with relatively low levels of soluble
carbohydrates in the diet and significant
amounts of forage ash may account for the
stabilization of pH levels when consuming
high concentrates. It prevents the reduction
of rumen pH by destroying protein or non-
protein nitrogen (Wang et al., 2018).
Conclusion

By reviewing the results of rumen bacterial
and fungi culture, it was discovered that the
use of 1% Bufferman significantly
increased nutrient disappearance, DM
intake, and rumen pH. This enhancement
may be attributed to the established
function of buffers in regulating and
stabilizing rumen pH. The buffer has the
potential to stabilize rumen pH and prevent
acidosis in animals with high concentrate
consumption.
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