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Abstract The purpose of this research was to compare the nutritional value of
sesbania straw with alfalfa hay and determine its effects on the digestive and
fermentation activity of the ruminal anaerobic bacteria and fungi. The
experimental diets included a control diet (without sesbania straw) and diets in
which alfalfa hay was replaced with sesbania straw at the rate of 25, 50, 75, and
100% in a fattening lamb diet. The in vitro digestibility of dry matter (DM), neutral
detergent fiber (NDF) and acid detergent fiber (ADF) was the highest (P<0.05) in
the control diet (P<0.05), but not different from the diets containing 25, 50 and
75% of the sesbania straw in lieu of alfalfa hay (P>0.05). The digestibility of dry
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nutrients than sesbania straw (P<0.05). The pH and ammonia nitrogen
concentration of the culture medium containing the isolated rumen bacteria and
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fungi were significantly higher in the control diet than in the diets containing
sesbania straw (P<0.05). In general, the findings showed that it is possible to
replace at least 75% of alfalfa hay with sesbania straw in the diets of fattening
lambs.

Introduction

Considering the limitations in forage and water resources
and the high price of feed ingredients, the use of afforda-
ble forage resources is very important because a
significant part of animal production costs is feed.
Therefore, improving feed efficiency can be the most
important factor in reducing the costs of raising livestock,
which is more important when feed costs increase or the
value of livestock products decreases (Ellison et al.,
2017). On the other hand, the global growth of the human
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population has increased the demand for meat and milk,
which has caused significant public concerns (Moorby and
Fraser, 2021).

There are roughage sources in Iran, which may contribute
to nutritional needs of livestock, but their protein, mineral,
and digestible energy contents are of little value for livestock
due to their lignocellulosic structure. Therefore, the use of
high-protein plants not only serves as an appropriate feed
for livestock but also enhances the quality and nutritional
value of low-quality feeds (Ramirez-Briones et al., 2017).
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Rumen microorganisms play an important role in the
digestion of feed and this affects the efficiency of feed
utilization (Ellison et al., 2017).

Sesbania rostrata, a multi-purpose plant native to
regions such as India and Malaysia, is cultivated as
forage and green manure in Southeast Asia before rice.
According to reports, sesbania plant has the ability to
grow rapidly. It could be beneficial to cultivate it as green
manure before planting rice, as it is believed to increase
the yield of the rice crop by 20-40%. Additionally, using
sesbania as a green manure improves the quality of poor
soils by providing organic matter (OM) to soils (Mutisya
etal., 2014).

Many researchers have reported the presence of
carbohydrates, glycosides, proteins, amino acids,
saponins, tannins, alkaloids, phenolic compounds and
flavonoids in sesbania, and the pods and leaves of this
plant contain cholesterol and beta-sitosterol (Mani et al.,
2011). The sesbania seeds contain oleanolic acid,
galactopyranoside, and galactomannan. Cyanidin,
alpha-ketoglutaric, oxaloacetate, and pyruvic acids are
present in sesbania flowers. Calcium and phosphorus
have also been reported in sesbania (Goswami et al.,
2016). Sesbania is a highly adaptable plant that can
thrive in adverse soil conditions, including poor texture,
drainage, and nutrition. Additionally, it has the ability to
regenerate after each harvest, making it a suitable
fodder plant for regions characterized by poor and
relatively salty soils (Dareini et al., 2017).

Some studies have shown that inclusion of the
sesbania plant in livestock diets can lead to reduced feed
costs, improved feed consumption, increased
digestibility, and better feed conversion ratio (Zaki et al.,
2015). Sesbania plant can also affect ruminal
fermentation and milk production in livestock (Goswami
et al., 2016). It is highly nutritious and has similar
nutritional value to alfalfa hay, vetch, and other oilseeds
(Farghaly et al.,, 2022). This plant is an excellent
alternative to alfalfa for livestock, particularly small
ruminants, due to its high digestibility, low fiber content,
and high protein content (Gebreyowhans and Zegeye,
2019). It is not advisable to feed monogastric animals
like chickens, rabbits, and pigs with sesbania due to the
presence of certain anti-nutritional compounds;
additionally, ruminants should not be fed with certain
species of sesbania straws in quantities exceeding 10-
20% of their diet (Salehi, 2016).

Based on several studies, it appears that the
sesbania plant holds great potential as animal feed due
to high nutritional value. However, when it comes to
feeding ruminants, it is crucial to consider the impact of
the feed on the population of ruminal microorganisms.
These microorganisms are vital for the proper digestion
and fermentation of feedstuff. This is especially
important in the case of sesbania plant since it contains
numerous secondary metabolites such as glycosides,
saponins, tannins, alkaloids, phenolic compounds,
flavonoids, cyanidins, oxaloacetic acid,
galactopyranoside, and galactomannan. These compou-
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nds may have varying effects on the population of rumen
microorganisms, potentially impacting their digestive and
fermentation capacity (Mani et al., 2011; Goswami et al.,
2016).

The impact of sesbania plant on the digestive and
fermentation activity of anaerobic bacteria, and fungi
isolated from the rumen of fattening lambs, was
investigated in the present experiment. The lack of
information about the effect of sesbania plant on the
population of ruminal microorganisms prompted this
study.

Materials and methods

All experimental procedures were carried out in
Agricultural Sciences and Natural Resources University
of Khuzestan (ASNRUKH) according to the Care and
Use of Agricultural Animals in Research and Teaching
guidelines (FASS, 2010), and the study was approved
by the ASNRUKH Animal Care Committee (Approval no
ASD 010/1398). The tested sesbania straw was taken
from the Agricultural Research and Education Center
and Natural Resources of Safiabad, Dezful, Iran. In the
present experiment, the remains of cultivated sesbania
were used to prepare the seeds; therefore, after
separating the seeds, the nutritional value of the remains
was investigated.

Treatments and experimental diets

The study involved five diets for fattening lambs (NRC,
2007), each containing varying amounts of sesbania
straw as a replacement for alfalfa hay. The experimental
diets included: 1) a control diet without sesbania, 2) a
diet with 25% replacement (7.5% of the total diet), 3) a
diet with 50% replacement (15% of the total ration), 4) a
diet with 75% replacement (22.5% of the total diet), and
5) a diet with 100% replacement of sesbania with alfalfa
hay (30% of the total diet) as shown in Table 1.
Moreover, the study included a comparison of the
sesbania straw and alfalfa hay.

In vitro digestibility

The digestibility of the experimental samples was
measured using a two-stage digestion experiment (Tilley
and Terry, 1963). Ruminal fluid was prepared from three
adult male Arabi sheep (40£3.5 kg weight; 304 months
old), and mixed with artificial saliva at a ratio of 1 to 4.
The amount of 0.5 g dry sample was weighed in 100 mL
tubes (7 replicates for each sample) and incubated with
the above solution for 48 hours under anaerobic
conditions at 39°C. Then, after adding 20% hydrochloric
acid and pepsin (0.5 g of pepsin enzyme 3300 in 100 mL
of 0.1 M hydrochloric acid), it was incubated for another
48 hours at 39°C. The samples were then filtered using
ashless filter paper (Whatman No. 42), and the
remaining matter was dried and weighed. The
digestibility of DM, NDF, and ADF was calculated from
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the difference between the amount of the initial and

residual weight of samples (Ungerfeld, 2020).

Table 1. Feed ingredients and chemical composition of the experimental diets (% of DM)
Treatments (% sesbania straw replacing alfalfa hay)

Feed Control (0%) 25% 50% 75% 100%
Ingredients

Alfalfa hay 30.0 225 15.0 7.5 0.0
Sesbania straw 0.0 7.5 15.0 225 30.0
Wheat straw 20.0 20.0 20.0 20.0 20.0
Corn grain 35 35 35 35 35
Barley grain 20.0 20.0 20.0 20.0 20.0
Soybeans meal 5.0 5.0 5.0 5.0 5.0
Wheat bran 20.0 20.0 20.0 20.0 20.0
Vitamin and mineral Premix* 1.0 1.0 1.0 1.0 1.0
Salt 0.5 0.5 0.5 0.5 0.5
Chemical composition (%)

Dry matter 86.04 86.34 86.87 86.53 87.83
Crude protein 14.68 14.83 14.98 15.13 15.28
Neutral detergent fiber (NDF) 41.04 40.24 39.44 38.64 37.84
Acid detergent fiber (ADF) 25.9 24.86 23.82 22.82 21.74
Ash 7.30 7.20 7.11 7.01 6.92
Non-fiber carbohydrates (NFC)? 32.98 33.73 34.47 35.22 35.96
Total tannin 0.0 0.37 0.75 1.12 1.50
Metabolizable energy (ME, Mcal/kg)® 2.35 2.40 2.45 2.50 2.55

IPremix contained (per kg): Vitamin A, 500,000 |U/mg; vitamin D3, 100000 IU/mg; vitamin E, 100 mg/kg; Ca, 180 g/kg; P,
60000, mg/kg; Na, 60000 mg/kg; Mg, 19000 mg/kg; Zn, 3000 mg/kg; Fe, 3000 mg/kg; Mn, 19000 mg/kg; Cu, 300 mg/kg; Co,
100 mg/kg; Se, 1 mg/kg; |, 100 mg/kg; antioxidant, 400 mg/kg; carrier, up to 1000 g.

2NFC= 100% - (CP% + NDF% + EE% + Ash%)

3 ME (ME, MJ/kg) = 0.04 + 0.1639GP + 0.0079CP + 0.0239EE, where, GP is gas production, which measured by gas

production technique (Menke and Steingass, 1988).
Special culture medium for rumen fungi

The culture medium for rumen fungi was prepared by
mixing 150 mL of salty solution 1 (3 grams of
dipotassium hydrogen phosphate dissolved in one liter
of distilled water), 150 mL of salty solution 2 (3 grams of
potassium hydrogen phosphate, 6 grams of ammonium
sulfate, 6 grams of sodium chloride, and 0.6 grams of
calcium chloride dissolved in one liter of distilled water),
150 mL of centrifuged rumen liquid (spun at 15000 rpm
for 30 minutes), 2.5 grams of yeast extract, 10 grams of
peptone trypticase, 0.5 grams of glucose, one gram of
cellobiose, 6 grams of sodium bicarbonate, one gram of
cysteine-HCL, and one milliliter of 0.1% resazurin per
liter of the culture medium (Orpin, 1977,
Mohammadabadi et al., 2012).

The special culture medium for fungi was prepared
by transferring it to serum bottles in anaerobic conditions
and then autoclaving for 15 minutes at 120°C. The fungi
isolates were cultured as inoculants at 1:9 ratio in the
serum bottles containing the special culture medium,
along with one gram of experimental samples and one
milliliter of antibiotics (consisted of 0.01 grams of
penicillin and streptomycin, and 2 milliliters of
chloramphenicol brought to a volume of 100 milliliters).
Three stages of subculture were performed to obtain a
pure culture medium. After ensuring that the fungal
culture medium was free of any contaminants, the
samples were placed in an incubator at a temperature of
39°C for six days (Orpin, 1977; Mohammadabadi et al.,
2012). The pH value and ammonia nitrogen (NHsz-N)
concentration were measured at the end of each
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incubation time, which included the first, third, and sixth
days of incubation.

In addition, the content of the culture medium for fungi
was dried in an oven at 90°C for 24 hours. The
percentage disappearance of DM, NDF, and ADF of the
samples was calculated from the difference of the initial
and, and residual weights. The mean percent digestibility
was reported, regardless of the incubation time.

Culture medium for rumen bacteria

To prepare the culture medium for rumen bacteria, 150
mL of salty solution 1 (6 grams of dipotassium hydrogen
phosphate dissolved in one liter of distilled water) and
150 mL of salty solution 2 (3 grams of potassium
hydrogen phosphate, 6 grams of ammonium sulfate, 0.5
grams of magnesium sulfate, 0.6 grams of sodium
chloride, and 0.2 grams of calcium chloride dissolved in
one liter of distilled water) were combined. The solution
was then mixed with 0.5 grams of yeast extract, 70 mL
of 8% sodium carbonate, 10 mL of volatile fatty acids,
and one milliliter of 0.1% resazurin (Caldwell and Bryant,
1966). The materials were mixed together and distilled
water was added to reach a total volume of one liter. The
resulting mixture was boiled before adding the 0.1%
reduction solution (which contained cysteine-HCI and
sodium sulfide, 9H20). Finally, the reduction solution
was added to the culture medium. The culture medium
prepared under anaerobic conditions was transferred
into serum bottles containing one gram of test samples.
The bottles were autoclaved at 120°C for 15 minutes.
After that, 5 mL of pure rumen bacteria inoculant,
obtained by centrifuging fresh rumen fluid, and 3 mL of
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1.5% sugar solution (glucose) were added to the bottles.
To obtain a pure culture medium, three stages of
subculture were performed (Hashemi et al.,, 2018;
Caldwell and Bryant, 1966).

After purifying, the cultures were incubated in an
incubator at a temperature of 39°C. The pH was
measured and the culture liquid was sampled to
measure NHs-N at the end of each incubation period,
which was 24, 48, and 72 hours. Subsequently, the
contents of the culture bottles were dried and the
disappearance of DM, NDF, and ADF was measured.
The average percentage of nutrient digestibility was
reported regardless of the incubation time (Hashemi et
al., 2018; Caldwell and Bryant, 1966).

Ammonia nitrogen concentration and pH

To measure the concentration of NHs-N after incubation,
a portion of the liquid culture medium was mixed with an
equal volume of 0.2 normal hydrochloric acid.
Concentration of NHs-N was measured using a
spectrophotometer (Bio-Rad, Libra S22, England)
(Broderick and Kang, 1980). To examine the effect of
experimental diets on pH changes in the culture medium
of bacteria and fungi isolated from the rumen, pH was
measured using a pH meter (model WTW 3110, made in
Germany).

Chemical composition

The percentage of DM was measured in an oven
(Memmert, Germany) at 60°C for 48 hours (Method:
92.05). The ADF and NDF were measured according to
AOAC (2012) (method 973.18) and Van Soest et al.
(1991), respectively.

Statistical analysis

Data were analyzed using the statistical software SAS
version 9.4 in a completely randomized design using the
Proc GLM. The comparison of means was done at the
error 5% level using Duncan's multiple range test. The
statistical model of the design was as follows:
Yi=u+ Ti+ Ej

In this model, Yj was the measured value of each
observation, | was the population mean, Ti was the

treatment effect, and €;j was the statistical population
error.

Results
Chemical composition

Chemical composition of Sesbania Sp. and alfalfa hay
are presented in Table 2. Concentration of DM, CP,
NDF, ADF, ash and OM, tannin, and metabolizable
energy (ME) in sesbania straw were 84.32, 18, 25.2, 15,
8.69, 91.31, 3, and 3.28 percent, respectively. The ash,
NDF, ADF, and lignin contents of the sesbania straw
were 1.28, 17.67, and 18.88, and 3.11 percent, lower
than alfalfa hay, respectively. In contrast, sesbania straw
comapred to alfalfa hay, contained higher levels of CP,
OM, and ME (2 and 1.28%, and 0.12 Mcal, respectively).

Table 2. Chemical composition of sesbania straw and alfalfa
hay
Chemical composition

Sesbania straw  Alfalfa hay

Dry matter (%) 84.32 94.36
Crude protein (%) 18.00 16.00
Organic matter (%) 91.31 90.03
Neutral detergent fiber (%) 25.20 42.87
Acid detergent fiber (%) 15.00 33.88
Lignin (%) 6.39 9.50
Ash (%) 8.69 9.97
Metabolizable energy (Mcal/kg)* 3.28 3.16
Total tannin (%) 3.00 -
Total phenols (%) 4.50

Condensed tannins (%) 2.12

Phytic acid (%) 2.17 -
Saponins (%) 1.26 -

1 ME (MJ/kg) = 0.04 + 0.1639GP + 0.0079CP + 0.0239EE, where, GP
is gas production, where, GP is gas production, which measured by
gas production technique (Menke and Steingass, 1988).

In vitro digestibility

Table 3 presents the results on the diet nutrients
digestibility. The control diet showed the highest DM,
NDF, and ADF digestibility, while the diet with the highest
(100%) replacement of the sesbania straw with alfalfa
hay showed the lowest digestibility (P<0.05). However,
there was no significant difference in digestibility of these
nutrients between the control and diets containing 25,
50, and 75% sesbania. The digestibility of DM, NDF, and
ADF in alfalfa hay was higher than that sesbania straw
(Table 4).

Table 3. The effect of sesbania straw replacing alfalfa hay on the in vitro digestibility (%; two-stage digestion) of

the diets
Treatments (% sesbania straw replacing alfalfa hay)
Parameters Control (0%) 25% 50% 75% 100% sem  P-value
Dry matter 64.552 64.20% 63.922 63.77%° 62.32° 0.72 0.0010
Neutral detergent fiber 62.082 61.582 61.472 60.51% 60.09° 0.501 0.0001
Acid detergent fiber 58.382 58.16% 57.31% 57.73% 57.12° 0.58 0.0001

SEM: standard error of the mean

a,b: Within row, mean values with common superscript (s) are not different (P>0.05).
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Digestibility of nutrients in the rumen bacteria
culture medium

The digestibility of DM, NDF, and ADF in diets that were
incubated with rumen anaerobic bacteria was influenced
by the experimental diets (P<0.05). Up to the 75% level
of alfalfa replacement with sesbania, the digestibility of
these nutrients were not significantly different from the

control diet (Table 5). The lowest nutrient digestibility
was observed in the 100% replacement diets, while the
highest percentage was recorded in the control diet
(P<0.05). However, in diets with 25%, 50%, and 75%
substitution, the digestibility of nutrients was not
significantly different from the control diet.

Table 4. The in vitro digestibility (%) of alfalfa hay and sesbania straw

Treatments
Parameters Alfalfa hay Sesbania straw  SEM P-value
Dry matter 64.142 58.65° 0.72 0.001
Neutral detergent fiber 60.10% 55.39° 1.192 0.029
Acid detergent fiber 56.912 53.73° 0.62 0.040

SEM: standard error of the mean

a,b: Within row, mean values with common superscript (s) are not different (P>0.05).

Table 5. The effect of substitution of alfalfa hay with sesbania straw on the nutrient digestibility (%) and
fermentation parameters in the specific culture medium of rumen bacteria

Treatments (% sesbania straw replacing alfalfa hay)

Parameters (rTgSg) Control 25% 50% 75% 100% SeEm F-value
Digestibility (%)

Dry matter - 64.232 63.70  63.33%  62.14® 62.46° 0.79  0.0046
NDF - 58.322 57.52% 57.58% 57.33% 56.84° 0.64 0.0370
ADF - 49.43%  48.80°® 48.60°® 47.49®®> 47.38° 0.86 0.0001
Fermentation parameters

pH 24 6.142 5.61° 5.51° 5.47° 5.44° 0.11 0.0007
NH3-N (mg/dL) 24 6.80% 5.70? 5.69° 4.59¢ 4.34° 0.186 0.0001
pH 48 5.92 5.60 5.53 5.51 5.50 0.177 0.4309
NHs-N (mg/dL) 48 6.472 6.482 5.38" 5.24° 4.71° 0.101 0.0001
pH 72 6.06% 5.88% 5.84% 5.64° 5.26° 0.130 0.0027
NHs-N (mg/dL) 72 6.23?2 6.122 5.23° 4.79° 4.20° 0.065 0.0001

SEM: standard error of the mean

a,b: Within row, mean values with common superscript (s) are not different (P>0.05).

Data on the digestibility parameters in the culture
medium of bacteria isolated from the rumen (Table 6)
indicated that alfalfa hay recorded higher digestibility of

DM, NDF, and ADF compared to the sesbania straw
(P<0.05).

Table 6. Comparison of the nutrient digestibility (%) and fermentation parameters of alfalfa
hay with sesbania straw in the specific culture medium of rumen bacteria

Treatments

Parameters Time (hours)  Alfalfahay  Sesbania straw SEM P-value
Digestibility (%) -

Dry matter - 60.18% 53.50° 1.89 0.0046
NDF - 56.102 51.62° 0.30 0.0001
ADF - 53.752 48.09° 1.94 0.0019
Fermentation parameters

pH 24 6.552 5.47° 0.146 0.0001
NHz-N (mg/dL) 24 8.43? 4.47° 0.146 0.0001
pH 48 6.05 5.92 0.0333  0.4294
NH3z-N (mg/dL) 48 8.43? 4.34° 0.121 0.0001
pH 72 5.97 6.06 0.2457  0.8043
NH3z-N (mg/dL) 72 8.25% 4.46° 0.077 0.0001

SEM: standard error of the mean

a,b: Within row, mean values with common superscript (s) are not different (P>0.05).

Digestibility of nutrients in rumen fungi culture
medium

The DM digestibility in the presence of the rumen
anaerobic fungi (Table 7) was lowest at 100%
replacement of alfalfa hay with sesbania straw and
highest in the control (P<0.05); there was no difference
between control and other treatments.
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The replacement of alfalfa with sesbania did not
affect the digestibility of NDF and ADF of the
experimental diets by fungi isolated from the rumen.
However, the nutrient digestibility of alfalfa in diets
incubated with rumen anaerobic fungi was significantly
higher than that of sesbania (Table 8).
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Table 7. The effect of replacing alfalfa hay with sesbania straw on the nutrient digestibility (%) and fermentation
parameters in the specific culture medium of rumen fungi

Treatments (% sesbania straw replacing alfalfa hay)

Parameters Time (days) Control 25% 50% 75% 100% sem Prvalue
Digestibility (%) -

Dry matter ; 61.062 60.652 60.30®  59.88% 59.63° 059  0.012

NDF ; 52.46 52.44 52.43 52.05 51.76 0.38  0.123

ADF - 45.22 44.95 4477 44.55 44.49 0.42  0.201

Fermentation parameters

pH First 5.46° 5.27% 5.06% 5.17° 513"  0.0664 0.0181
NHs-N (mg/dL) First 6.62° 5.96" 5.54° 4.72¢ 4419 0108 0.0001
pH Third 5.56° 5.48% 5.31% 5.28° 5.16°  0.0596 0.0005
NHa-N (mg/dL) Third 6.36° 6.17° 5.39° 4.44¢ 436°  0.9991 0.0001
pH Sixth 5.53 5.43 5.42 5.37 532  0.0663 0.3041
NHa-N (mg/dL) Sixth 6.63° 6.61° 5.62° 5.19° 519 0124 0.0001

SEM: standard error of the mean

a,b: Within row, mean values with common superscript (s) are not different (P>0.05).

Table 8. Nutrient digestibility (%) and fermentation parameters of alfalfa hay and sesbania
straw in the specific culture medium of rumen fungi

Treatments

Parameters Time (days) Alfalfa hay Sesbania straw SEM P-value
Digestibility (%) -

Dry matter - 60.05% 55.66° 1.89 0.0001
NDF - 54.252 51.75° 0.23 0.0004
ADF - 47.352 44.76° 0.28 0.0001
Fermentation parameters

pH First 5.542 5.15° 0.060 0.0035
NHa-N (mg/dL) First 8.582 5.37° 0.112 0.0001
pH Third 5.93 5.42 0.157 0.6260
NH3z-N (mg/dL) Third 8.53?2 5.26° 0.071 0.0001
pH Sixth 5.65% 5.28° 0.082 0.0178
NH3-N (mg/dL) Sixth 9.062 6.83° 0.254 0.0003

SEM: standard error of the mean

a,b: Within row, mean values with common superscript (s) are not different (P>0.05).

Fermentation parameters of rumen anaerobic
bacteria culture medium

The pH and NHs-N concentration of the culture medium
containing rumen bacteria (Table 5) were significantly
affected by the experimental diets (P<0.05). During the
first, second, and third days (24 to 72 hours), replacing
alfalfa hay with the sesbania straw significantly
decreased the pH and NHs-N concentration of the
culture medium compared to the control. Additionally, an
increase in the amount of sesbania resulted in further
decrease (numerical or significant) in pH and NHsz-N
concentration. The control had the highest pH and NHs-
N concentration, whereas the 100% substitution
treatment had the lowest. However, the pH on the
second day was not affected by the experimental diets
and showed a numerical decrease (P>0.05).

Comparison of sesbania and alfalfa incubated with
rumen anaerobic bacteria showed that pH and NHs-N
concentration in sesbania were lower than in alfalfa
(Table 6). This difference was significant for NHs-N
concentration at all incubation times. The pH difference
of the specific culture medium of rumen bacteria on the
second and third days between sesbania and alfalfa was
non-significant.
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Fermentation parameters of specific culture
medium of rumen anaerobic fungi

The pH and NHs-N concentration of the culture medium
containing rumen fungi (Table 7) were significantly
affected by the experimental diets (P<0.05). The results
related to the pH and NHs-N concentration of the culture
medium of rumen anaerobic fungi on the first, third, and
sixth days indicate that the presence of sesbania in the
diet caused a significant or numerical reduction of these
parameters compared to the control. The control diet had
the highest pH value and NHs-N concentration, while the
100% substitution diet had the lowest pH value and NHs-
N concentration. On the third day, the experimental diets
did not have a significant effect on pH (P<0.05).
However, NHs-N concentration was significantly affected
by the experimental diets at all incubation times and was
the highest in the control diets (P<0.05).

The pH and NHs-N concentration of sesbania, when
incubated with anaerobic fungi, were lower than alfalfa
on the first, third, and sixth days (Table 8). However, the
pH difference on the third day was not significant.

Discussion
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Researchers reported that the amount of CP of sesbania
species including Sesbania aculeata and Sesbania
rostrata is 25.4% and 32.7%, respectively, and its fiber
percentage is 16% and 15.5%, respectively (Shahjalal
and Topps, 2000). The protein and fiber content of
another species of plant called agasti (Sesbania
grandiflora) has been reported as 35.00% and 11.93%,
respectively. Additionally, some studies have indicated
that the sesbania straw contains 11.22% CP, 13.83%
NDF, and 8.59% ash, (Dareini et al, 2018). The
chemical composition of the sesbania straw in the
present study was in agreement with the previous
studies to an acceptable extent. The reason for the
difference in the chemical composition of this plant in
different experiments is related to several factors such
as the type of plant species, geographical location, and
environmental and ecological factors, such as
temperature, rainfall, soil type, and the like (Karimi et al.,
2020). In addition, in the present experiment, the
remains of sesbania after the separation of seeds were
used; but in other experiments mostly sesbania hay has
been used; therefore, the lower amount of CP or more
fibers in the present experiment could be the reason.

We found that substituting 75% of alfalfa hay with
sesbania straw in the diet did not significantly affect the
digestibility of nutrients when compared to the control
diet. This could be attributed to sesbania having lower
ADF, NDF, and lignin content than alfalfa hay (Table 2).
Perhaps the decrease in digestibility of nutrients in
sesbania compared to alfalfa or at full replacement (100
percent) is related to the secondary metabolites present
in sesbania (Table 2). The presence of saponins,
tannins, alkaloids, phenolic compounds, and flavonoids
has been reported in the sesbania plant (Mani et al.,
2011). Rumen microorganisms are capable of breaking
down saponin, a glycosidic substance, into aglycone and
sugar components. However, the aglycone portion is
highly complex and cannot be degraded by rumen
bacteria. To date, there have been no reports of rumen
bacteria degrading aglycone (Kregiel et al., 2017).
Several studies have shown that saponins can decrease
the digestibility of certain dietary nutrients including NDF
(Liu et al., 2019). However, in some studies, saponin did
not affect the digestibility of nutrients (Nasri et al., 2011).
In addition, sesbania straw contains a moderate amount
of anti-nutritional factors such as condensed tannins
(Table 2), which may limit the feed intake and reduce the
digestibility of protein and structural carbohydrates at
higher levels of dietary inclusion (Bekele et al., 2013;
Abdullah et al., 2018).

It may be the reduction in the nutrient digestibility of
experimental diets on the addition of sesbania straw to
the diets or when comparing sesbania straw with alfalfa
hay in the medium culture of bacteria and fungi isolated
from the rumen was related to the presence of anti-
nutritional compounds such as tannins (Tables 1, 2) in
sesbania straw. Many researchers have reported the
presence of carbohydrates, glycosides, proteins, amino
acids, saponins, tannins, alkaloids, phenolic
compounds, and flavonoids in sesbania straw (Akram et
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al., 2021). Tannins have anti-nutritional effects, including
reducing digestibility and access to protein, fibers, and
digestive disorders in animals, which are mostly the
result of disrupting the activity of rumen microorganisms
by decreasing nutrient and mineral accessibility, which
can result in reduced the digestibility of nutrients (Huang
et al., 2018). In addition, tannins lead to the destruction
of the cell wall function of rumen microorganisms and
interfere with the activity of extracellular enzymes
(Besharati et al., 2022). In some cases, the binding of
tannin with feed proteins resulted in the lack of nitrogen
for rumen bacteria causing a reduction in fiber
digestibility. The researchers suggested that tannins
prevent microbial digestion by directly inhibiting
cellulolytic bacteria and reduce fiber digestion by forming
a complex with lignocellulosic compounds (Sharifi et al.,
2019). On the other hand, the animals show different
reactions and performances to the presence of tannins
in the diet, which is caused by the biological reactions of
tannins themselves. It is believed that concentration of
tannins above 5% in feed and plants can have serious
risks for animals (Huang et al., 2018).

According to a study, the use of 63% oak kernels
(containing tannins) resulted in a decrease in the
population of bacteria, fungi, and ruminal protozoa, as
well as the reduction of the disappearance of nutrients
and the concentration of fermentation parameters in
sheep and goats (Hashemi et al., 2018). Similarly, it was
found that incorporating Calliandra haematocephala as
a tannin source into the diet of the goat reduced the
population of fiber-degrading bacteria (Tahmourespour
et al., 2017). In another study (Singh et al., 2011), the
population of cellulolytic bacteria in animals fed with
Pakar (Ficus infectoria) leaves (as a rich source of
tannin) was significantly reduced compared to the
control treatment, which agrees with the results of this
experiment. There are many reports regarding the
reduction of the digestibility of some nutrients in the diet
due to saponin consumption (Kholif, 2023). Therefore,
the reduction of nutrient digestibility of the sesbania
straw compared to alfalfa hay or the diet containing
100% replacement of sesbania straw with alfalfa hay in
the culture medium of fungi and bacteria of the present
experiment may be related to these secondary
metabolites present in sesbania straw.

On the other hand, diets with 25-75% replacement of
seshania were not effective because the total
concentration of anti-nutritional compounds would not
have reached a level that could negatively affect the
microorganisms and their activity (Farghaly et al., 2022).

In vitro, NH3-N concentration serves as an indicator
of protein degradability because, unlike in the rumen
environment, there is no nitrogen uptake or recycling
(Hristov et al., 2019). It was reported (Martinez-
Fernandez et al., 2020) that the optimal NH3s-N
concentration for the growth of rumen microorganisms is
2.75 to 6.3 mg/100 mL, which is consistent with the
present study. Probably, the decrease in pH in the diets
containing sesbania is due to the presence of some
secondary metabolites such as tannin, saponin and so
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on (Kholif, 2023). It has been reported that tannins have
a negative effect on the growth of proteolytic bacteria
that are fed for protozoa (Besharati et al., 2022).
Therefore, reducing the growth of these bacteria causes
a decrease in the rumen protozoa population and, as a
result, a decrease in pH. The mentioned results are
consistent with some other studies that reported that
tannins decrease the pH of rumen fluid (Majewska et al.,
2021). Also, it was stated that a decreasing trend was
observed in the pH and NHz-N concentration of the
rumen of Holstein calves with the increase in the level of
tannin in the processing of soybean meal (Jolazadeh et
al., 2015). According to a study feeding sheep tannin-
containing feed sources like olive cake and leaves
caused a reduction in rumen pH (Oliveira et al., 2023).
Similarly, adding 1.2, 1.8, 2.4, and 3.2 grams of saponin
to the culture medium (Lila et al., 2003), and feeding the
fattening calves with 0, 0.5, and 1% saponin (Lila et al.,
2005) resulted in a significant decrease in pH.

The concentration of NHs-N in tannin-containing diets
was 3.7 mg/mL lower than in tannin-free diets, which
may be due to the reduction of protein breakdown in the
rumen (Orzuna-Orzuna, 2021). Meanwhile, the using
oak leaves as a source of tannin in the diet of lambs
(Babaei et al., 2015; Tso et al., 2021), green tea and
pomace in shrimp (Firdous et al., 2021), and oak kernel
powder in sheep (Krueger et al., 2010) did not affect
rumen pH and NHs-N concentration. In agreement with
the results of the present experiment, the reduction of
NHs-N concentration due to the use of compounds
containing tannins has been stated by other researchers
(Rigobello et al., 2023; Tseu et al., 2021; Martello et al.,
2020). NH3-N concentration was lower in tannin-
containing diets than in tannin-free diets, which may be
due to reduced protein breakdown in the rumen
(Besharati et al., 2022). In an experiment, it was stated
that one of the reasons for the reduction of NHs-N
concentration at high levels of using the sesbania is
probably related to its absorption by the saponin of the
sesbania. According to the findings of this research, the
consumption of Yucca gigantea saponin extract
decreased rumen NHs-N concentration in male calves
(Liu et al., 2021) and sheep (Jayanegara et al., 2014).
Saponin can bind to ammonia and prevent its excessive
increase in the rumen, and when the concentration of
rumen NHs-N decreases, it can be released and help to
build microbial protein, of course, saponin in the
conditions where ammonia is available sufficiently and
constantly. It can play the role of a mediator (Kholif,
2023; Hassan et al., 2020). In other words, saponin is
attached to it when the concentration of NHs-N in the
rumen is high and is separated from it when the
concentration of NHs-N in the rumen is low. Therefore,
the fluctuation of NHs-N concentration in the rumen will
be such that a sufficient and continuous amount of
ammonia is available for microbial production (Hasan et
al., 2020). On the other hand, it has been reported that
feeding Barbary lambs with 0, 30, 60, and 90 mg of
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saponin per kg of DM intake, did not affect rumen NHs-
N concentration (Nasri et al., 2011).

Conclusion

Sesbania straw in the ruminant diet at 22.5% (equivalent
to 75% replacement in lieu of alfalfa hay) did not have
any negative effects on the digestive and fermentation
parameters of the ruminal microorganisms. However,
when using 30% sesbania straw in the diet (equivalent
to 100% replacement for alfalfa hay), there was a
decrease in digestive and fermentation activity in some
cases. Therefore, the use of the sesbania straw can be
recommended in the diet of ruminants, but further
experiments on livestock are required to confirm the
results.

References

Abdullah, M.A.M., Farghaly, M.M., Youssef, I. M. I,
2018. Effect of feeding Acacia nilotica pods to sheep
on nutrient digestibility, nitrogen balance, ruminal
protozoa and rumen enzymes activity. Journal of
Animal Physiology and Animal Nutrition 102, 662-669.

Akram, M., Siddique, A., Laila, U., Ghotekar, S., Pagar,
K., Oza, R., 2021. Traditional use, phytochemistry and
pharmacology of Genus sesbania: a review. Advanced
Journal of Science and Engineering 2, 64-68.

AOAC., 2012. Official Methods of Analysis. 19" ed.
Association of  Official Analytical Chemists,
Gaithersburg, USA.

Babaei, Y., Rouzbehan, Y., Alipour, D., 2015. Effect of
rumen bacteria from sheep adapted to a tanninferous
diet on in vitro fermentation parameters of pistachio
hulls using bovine inoculum. Iranian Journal of
Veterinary Research 16, 357-362.

Bekele, W., Melaku, S., Mekasha, Y., 2013. Effect of
substitution of concentrate mix with Sesbania sesban
on feed intake, digestibility, body weight change, and
carcass parameters of Arsi-Bale sheep fed a basal diet
of native grass hay. Tropical Animal Health and
Production 45, 1677-1685.

Besharati, M., Maggiolino, A., Palangi, V., Kaya, A.,
Jabbar, M., Eseceli, H., De Palo, P., Lorenzo, J.M.,
2022. Tannin in ruminant nutrition: review. Molecules
(Basel, Switzerland) 27, 8273.

Broderick, G.A., Kang, J.H., 1980. Automated
simultaneous determination of ammonia and total
amino acids in ruminal fluid and in vitro media. Journal
of Dairy Science 63, 64—75.

Caldwell, D.R., Bryant, M.P., 1966. Medium without
rumen fluid for nonselective enumeration and isolation
of rumen bacteria. Apply Microbiology 14, 794-801.

Dareini, E., Jowkar, M., Taei Semiromi, J., 2018. Effect
of maize (Zea mays) and sesbania (Sesbania sesban)


https://www.magiran.com/author/elham%20dareini
https://www.magiran.com/author/mehrangiz%20jowkar
https://www.magiran.com/author/javad%20taei%20semiromi

Effect of sesbania straw on the activity of rumen anaerobic bacteria and fungi

intercropping on forage yield and quality. Journal of
Agroecology 8, 68-81.

Ellison, M.J., Conant, G.C., Lamberson, W.R., Cockrum,
R.R., Austin, K.J., Rule, D.C., Cammack, K.M., 2017.
Diet and feed efficiency status affect rumen microbial
profiles of sheep. Small Ruminant Research 156, 12—
19.

Farghaly, M.M., Youssef, .M., Radwan, M.A., Hamdon,
H.A., 2022. Effect of feeding Sesbania sesban and
reed grass on growth performance, blood parameters,
and meat quality of growing lambs. Tropical Animal
Health and Production 54, 1-13.

Firdous, A., Ringg, E., Elumalai, P., 2021. Effects of
green tea-and amla extracts on quality and melanosis
of Indian white prawn (Fenneropenaeus indicus, Milne
Edwards, 1837) during chilled storage. Aquaculture
and Fisheries 6, 617-627.

Gebreyowhans, S., Zegeye, T., 2019. Effect of dried
Sesbania sesban leaves supplementation on milk
yield, feed intake, and digestibility of Holstein Friesian
X Zebu (Arado) crossbred dairy cows. Tropical Animal
Health and Production 51, 949-955.

Goswami, S., Mishra, K., Singh, R.P., Singh, P., Singh,
P., 2016. Sesbania sesban, a plant with diverse
therapeutic benefits: an overview. Journal of
Pharmaceutical Research and Education 1, 111-121.

Hassan, F.U., Arshad, M.A., Ebeid, H.M., Rehman,
M.S.U., Khan, M.S., Shahid, S., Yang, C., 2020.
Phytogenic additives can modulate rumen microbiome
to mediate fermentation kinetics and methanogenesis
through exploiting diet—-microbe interaction. Frontiers
in Veterinary Science 7, 575801.

Hristov, A.N., Bannink, A., Crompton, L.A., Huhtanen,
P., Kreuzer, M., McGee, M., Yu, Z., 2019. Invited
review: nitrogen in ruminant nutrition: a review of
measurement techniques. Journal of Dairy
Science 102, 5811-5852.

Huang, Q., Liu, X., Zhao, G., Hu, T., Wang, Y., 2018.
Potential and challenges of tannins as an alternative to
in-feed antibiotics for farm animal production. Animal
Nutrition 4, 137-150.

Jayanegara, A., Wina, E., Takahashi, J., 2014. Meta-
analysis on methane mitigating properties of saponin-
rich sources in the rumen: influence of addition levels
and plant sources. Asian-Australasian Journal of
Animal Sciences 27, 1426.

Hashemi, Z., Mohammadabadi, T., Chaji, M.,
Tabatabaei, S., 2018. The effect of oak nut on the
activity of rumen bacteria and fungi and the protozoa
population of Najdi goat and Arabi sheep. Animal
Science Research Journal 29, 15-33. (In Farsi)

Jolazadeh, A.R., Dehghan-Banadaky, M., Rezayazdi,
K., 2015. Effects of soybean meal treated with tannins
extracted from pistachio hulls on performance, ruminal
fermentation, blood metabolites and nutrient digestion

47

of Holstein bulls. Animal Feed Science and

Technology 203, 33-40.

Karimi, M., Abdi-benemar, H., Seifdavati, J., Seifzadeh,
S., Ramezani, M., 2020. Effect of Saccharomyces
cerevisiae yeast and Butyrate monoglycerides on
performance, blood parameters and nutrients
digestibility in Holstein suckling calves. Research on
Animal Production 11, 59 -66 (In Farsi)

Kholif, A.E., 2023. A review of effect of saponins on
ruminal fermentation, health and performance of
ruminants. Veterinary Sciences 10, 450.

Kregiel, D., Berlowska, J., Witonska, I., Antolak, H.,
Proestos, C., Babic, M., Zhang, B., 2017. Saponin-
based, biological-active surfactants from
plants. Application and Characterization of
Surfactants 6, 184-205.

Krueger, W.K., Gutierrez-Bafiuelos, H., Carstens, G.E.,
Min, B.R., Pinchak, W. E., Gomez, R.R., Forbes,
T.D.A., 2010. Effects of dietary tannin source on
performance, feed efficiency, ruminal fermentation,
and carcass and non-carcass traits in steers fed a high-
grain diet. Animal Feed Science and Technology 159,
1-9.

Lila, Z.A., Mohammed, N., Kanda, S., Kamada, T.,
Itabashi, H., 2003. Effect of sarsaponin on ruminal
fermentation with particular reference to methane
production in vitro. Journal of Dairy Science 86, 3330-
3336.

Lila, Z.A., Mohammed, N., Kanda, S., Kurihara, M.,
Itabashi, H., 2005. Sarsaponin effects on ruminal
fermentation and microbes, methane production,
digestibility and blood metabolites in steers. Fuchu-shi,
Tokyo 18, 183-85009.

Liu, W.H., La, A.L.T.Z.,, Evans, A.C.O., Gao, S.T., Yu,
ZT., Ma, L., Bu, D.P., 2021. Supplementation with
Yucca schidigera improves antioxidant capability and
immune function and decreases fecal score of dairy
calves before weaning. Journal of Dairy Science 104,
4317-4325.

Liu, Y., Ma, T., Chen, D., Zhang, N., Si, B., Deng, K., Tu,
Y., Diao, Q., 2019. Effects of tea saponin
supplementation on nutrient digestibility,
methanogenesis, and ruminal microbial flora in Dorper
crosshred ewe. Animals 9, 1 29.

Majewska, M.P., Miltko, R., Betzecki, G., Kedzierska, A.,
Kowalik, B., 2021. Protozoa population and
carbohydrate fermentation in sheep fed diet with
different plant additives. Animal Bioscience 34, 1146.

Mani, R.P., Pandey, A., Goswami, S., Tripathi, P.,
Kumudhavalli, V., Singh, A.P., 2011. Phytochemical
screening and in vitro evaluation of antioxidant activity
and antimicrobial activity of the leaves of Sesbania
sesban (L) Merr. Free Radicals and Antioxidants 3, 66-
69.

Martello, H.F., De Paula, N.F., Teobaldo, R.W.,
Zervoudakis, J.T., Fonseca, M.A., Cabral, L.S.,



Chaiji and Hosseini

Moraes, E.H.B.K., 2020. Interaction between tannin
and urea on nitrogen utilization by beef cattle grazing
during the dry season. Livestock Science 234, 103988.

Martinez-Fernandez, G., Jiao, J., Padmanabha, J.,
Denman, S.E., McSweeney, C. S., 2020. Seasonal and
nutrient supplement responses in rumen microbiota
structure and metabolites of tropical rangeland
cattle. Microorganisms 8, 1550.

Menke, K.H., Steingass, H., 1988. Estimation of the
energetic feed value obtained from chemical analysis
and in vitro gas production using rumen fluid. Animal
Research and Development, 28, 7-55.

Moorby, J.M., Fraser, M.D., 2021. New feeds and new
feeding systems in intensive and semi-intensive
forage-fed ruminant livestock systems. Animal 15,
100297.

Mohammadabadi, T., Danesh Mesgaran, M., Chaji, M.,
Tahmasebi, R., 2012. Evaluation of the effect of fat
content of sunflower meal on rumen fungi growth and
population by direct (quantitative competitive
polymerase chain reaction) and indirect (dry matter
and neutral detergent fiber disappearance) methods.
African Journal of Biotechnology 11, 179-183.

Mutisya, M.D., Okello, V.S., Anyango, S.P., Masila, M.J.,
2014. Effects of fresh leaf materials of Sesbania
sesban (L.) Merrill on the growth and photosynthetic
pigments of nightshade (Solanum nigrum L. var.
popolo). International Journal of Agronomy and
Agricultural Research 4, 10-21.

Nasri, S., Salem, H.B., Vasta, V., Abidia, S., Makkar,
H.P.S., Priolo, A., 2011. Effect of increasing levels of
Quillaja saponaria on digestion, growth and meat
quality of Barbarine lamb. Animal Feed Science and
Technology 164, 71-78.

Oliveira, L.N., Pereira, M.A., Oliveira, C.D., Oliveira,
C.C., Silva, R.B., Pereira, R.A., Pereira, M.N., 2023.
Effect of low dietary concentrations of Acacia mearnsii
tannin extract on chewing, ruminal fermentation,
digestibility, nitrogen partition, and performance of
dairy cows. Journal of Dairy Science 106, 3203-3216.

Orpin, C.G. 1977. On the induction of zoo sporogenesis
in the rumen phycomycetes Neocallimastix. Jornal of
General Microbiology 101,181-9.

Orzuna-Orzuna, J.F., Dorantes-lturbide, G., Lara-
Bueno, A., Mendoza-Martinez, G.D., Miranda-Romero,
L.A., Hernandez-Garcia, P.A., 2021. Effects of dietary
tannins supplementation on growth performance,
rumen fermentation, and enteric methane emissions in
beef cattle: a meta-analysis. Sustainability 13, 7410.

Ramirez-Briones, E., Rodriguez-Macias, R., Salcedo-
Pérez, E., Martinez-Gallardo, N., Tiessen, A., Molina-
Torres, J., DeAlano-Frier, J., Zafiudo-Herna, P., ez, J.,
2017. Seasonal variation in non-structural
carbohydrates, sucrolytic activity and secondary
metabolites in deciduous and perennial diospyros

48

species sampled in Western Mexico. PLoS One 12,
e0187235.

Rigobello, I.L., Cardoso, A.d.S., Fonseca, N.V.B.,
Ongaratto, F., Silva, M.M., Bahia, A.S.R.d.S.,
Dornellas, |.A., Reis, R.A., 2023. Emission of

greenhouse gases and ammonia from the excreta of
nellore bulls submitted to energy and tannin
supplementation. Atmosphere 14, 1112.

Shahjalal, M., Topps, J., 2000. Feeding sesbania leaves
as a sole feed on growth and nutrient utilization in
goats. Animal Bioscienc 13, 487-489.

Sharifi, A., Chaji, M., Vakili, A., 2019. Effect of treating
recycled poultry bedding with tannin extracted from
pomegranate peel on rumen fermentation parameters
and cellulolytic bacterial population in Arabian fattening
lambs. Veterinary Research Forum 10, 145-152.

Salehi, M., 2017. Agroecological features of Sesbhania
(Sesbania sesban. L). Kasbar Agricultural Scientific-
Student Journal 1, 3-7.

Singh, B., Chaudhary, L.C., Agarwal, N., Kamra, D.N.,
2011. Effect of feeding Ficus infectoria leaves on
rumen microbial profile and nutrient utilization in goats.
Asian-Australasian Journal of Animal Sciences 24,
810-817.

Tahmourespour, A., Tabatabaee, N., Khalkhali, H.,
Amini, I., 2017. Study of tannin-degrading bacteria
isolated from pistachio soft hulls and feces of goat
feeding on it. Biological Journal of Microorganism 5,
61-69.

Tilley, J.M.A., Terry, R.A., 1963. A two-stage technique
for the in digestion of forage crops. Journal of the
British Grassland Society 18, 104-111.

Tseu, R., Perna Junior, F., Carvalho, R., Sene, G.,
Tropaldi, C., Peres, A., Dos Anjos, F., Rodrigues, P.,
2021. Effect of tannins and monensin on rumen
fermentation and feed energy partitioning of Nellore
cows. Iranian Journal of Applied Animal Science 11,
669-685.

Ungerfeld, E.M., 2020. Metabolic hydrogen flows in
rumen fermentation: principles and possibilities of
interventions. Frontiers in Microbiology 11, 589.

Van Soest, P.J., Rabertson, J.b., Lewis, B.A., 1991.
Methods for dietary fiber, neutral detergent fiber, and
non-starch polysaccharides in relation to animal
nutrition. nutritional ecology of the ruminant. Journal of
Dairy Science 74, 3583-3597.

Zaki, A., Osman, A., Ibrahim, F., Soliman, E., 2015.
Effect of using Sesbania sesban and its mixtures with
some summer fresh grasses on lambs productive
performance in new reclaimed soil. Journal of Animal,
Poultry and Fish Production 3, 7-16.



