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ABSTRACT

The aim of the present study was to investigate the in vitro effects of two lysozyme doses (10 and 50 FIP U/mL) on
rumen fermentation and microbial populations using the artificial rumen system Rusitec with an 80:20 concentrate-
to-forage diet. The ruminal pH, the total number of protozoa, total and individual volatile fatty acid (VFA) production,
and methane (CH4) release were not significantly affected by the tested quantities of lysozyme. However, the
ammonia nitrogen (NH3-N) concentration was significantly increased by supplementation with Lysozyme-50 (P <
0.05). The dry matter digestibility (DMD) was significantly higher in Lysozyme-50 than in Lysozyme-10 (P < 0.05). The
total bacterial count decreased linearly in response to the addition of Lysozyme-50 (P < 0.05). Furthermore, in the
presence of Lysozyme-50, the abundance of Butyrivibrio fibrisolvens decreased in both linear and quadratic manners
(P < 0.05), and the abundance of Fibrobacter succinogenes decreased in a linear manner (P < 0.05). A linear decline
tendency in the cell numbers of Ruminococcus albus (P = 0.092) and Megasphaera elsdenii (P = 0.085) was observed
with Lysozyme-50 treatment. These findings suggest that while core fermentation parameters such as VFA production
and digestibility remained stable, the elevated ammonia nitrogen concentration may reflect reduced nitrogen
utilization efficiency, particularly at high doses. Additionally, since lysozyme has limited selectivity for certain rumen
bacteria within the Rusitec system, lysozyme may influence rumen microbes differently from conventional antibiotics,
warranting further in vitro and in vivo studies across diverse diets and dose ranges.
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Introduction

In the rumen, microbial fermentation of carbohydrates and
proteins leads to losses of both energy and nitrogen.
Approximately 2 to 12% of the energy derived from
ingested feed is released as CH4 by ruminants (16). In
addition, a significant proportion of the nitrogen
consumed by ruminants -between 75% and 85%- is
excreted in faeces and urine (28). Energy and protein
inefficiencies not only represent financial losses but also
contribute to environmental pollution (23). Ruminants
contribute to about 95% of the total enteric CH,4 emissions
from animals worldwide, mainly due to their large
population size, substantial body mass, and high feed
intake (16). Consequently, various strategies are being

investigated to improve feed utilization and reduce the
environmental impact of ruminant livestock production.

Antibiotics have been used for many years to
enhance productivity in farm animals and have proven
effective in improving the efficiency of livestock and
poultry production. However, it is widely believed that
using antibiotics as growth promoters leads to the
emergence of antibiotic-resistant bacteria in farm animals
(47). Consequently, the administration of antibiotics as
supplements in animal production has been severely
restricted or banned in several countries worldwide (47).
Today, the priority is to use safe and natural alternatives,
such as herbal extracts, essential oils, probiotics,
prebiotics, and antimicrobial enzymes (23).
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Lysozyme is an endogenous enzyme and a crucial
component of innate immunity, primarily functioning as a
hydrolytic enzyme that cleaves the B-(1,4)-glycosidic
bond in peptidoglycan, thereby conferring antibacterial
activity and causing cell lysis, particularly in Gram-
positive bacteria (33). This selective activity against
Gram-positive bacteria suggests that lysozyme could
serve as an alternative antimicrobial feed additive,
replacing ionophore antibiotics in livestock production.
Due to its potent antimicrobial properties, the enzyme is
frequently used as a natural preservative in the food
industry (e.g., cheese, wine, and beer) and is widely
applied in medicine and general veterinary and feed
applications (20). Several studies have explored the
potential impact of lysozyme on growth rates and changes
in the microbiota of poultry (22, 52), pigs (30, 50, 54), fish
(46, 53), and rabbits (18). Lysozyme is also used as an
antibiotic  alternative in  veterinary applications,
particularly for treating or preventing mastitis (2, 40, 43),
and, in combination with other compounds, as an agent
against bovine viral diarrhea virus (32). However, the
impact of lysozyme on rumen fermentation and the
microbial population has not been extensively studied.
This gap is significant because compared with Gram-
negative species, Gram-positive ruminal bacteria typically
produce higher levels of ammonia, hydrogen, formate, and
lactate (12). Accordingly, we hypothesised that the direct
addition of lysozyme could alter the ruminal microbiome,
thereby reducing methanogenesis and ammoniagenesis.
Therefore, the aim of this study was to evaluate the in vitro
effects of two doses of hen egg-white lysozyme on rumen
fermentation and the rumen microbial population, and to
demonstrate its potential as an alternative to banned
antibiotics in livestock production.

Materials and Methods

Incubation Technique: The inoculum was prepared and
the fermenters were established in Rusitec units (rumen
simulation technique) according to the method described
by Czerkawski and Breckenridge (11). Nine fermentation
vessels were clamped into two Rusitec machines and
immersed in a water bath maintained at 39°C and
subjected to continuous vertical agitation. The effective
volume of each vessel was 750 mL. A continuous flow of
buffer solution was used to simulate rumen fluid turnover,
maintain an environment similar to the in vivo rumen, and
prevent loss of rumen bacteria. The buffer solution,
prepared to a pH of 7.4 according to the method of
McDougall (34) as modified by Oztitk (37), was
delivered by a nine-channel electronic peristaltic pump
(ISMATEC, IPC, Switzerland) to maintain a constant
flow. Table 1 shows the composition of the buffer
solution.

146

Table 1. The ingredients of the buffer solution (artificial saliva)

Ingredients g/L

NaCl 1.636
KCI 0.57

IN HCI 0.5mL
CaClz «2H20 0.032
MgCl: «6H20 0.128
NH4CI 0.267
NazHPO4¢12H20 3.581
NaH2PO4°H20 1.38

NaHCOs 8.225

Table 2. The composition of the barley straw hay and
concentrate (as fed basis)

Ingredient Concentrate Barley straw hay
DM 91.12 94.19
Ash 6.50 5.82
CF 5.56 40.45
CcpP 12.42 2.95
EE 2.75 2.00
oM 84.62 88.37
NFC 61.44 16.43
NDF 16.89 72.80
ADF 7.41 49.98
ME (kcal/kg) 2655.25 1501.14

DM - Dry matter; CF - Crude fiber; CP - Crude protein; EE - Ether
extract; OM - Organic matter; NFC - Non-fiber carbohydrate; NDF -
Neutral-detergent fiber; ADF - Acid-detergent fiber; ME - Metabolic
energy

An experiment using the Rusitec system was
conducted with liquid (filtered and squeezed through
gauze) and solid rumen contents collected from two adult
cows (mean live body weight 450 kg) that had been freshly
slaughtered at the Akyurt slaughterhouse in Ankara,
Turkey. The inoculum was immediately delivered to the
laboratory in a thermos container preheated to 39°C. The
same ration administered to the animals was used in the in
vitro experiment. Before being placed in food containers,
the ration was weighed and packed into nylon bags (80 x
120 mm; pore size 150 pm). The bags were then firmly
secured with plastic ties. The composition of the barley
straw hay and concentrate is shown in Table 2. On the first
day of the study, each feed container received two nylon
bags: one holding 80 g of wet rumen solids, and the other
holding the daily diet. After 24 hours, the bags containing
80 g of wet rumen contents were replaced with fresh bags
containing the daily diet, composed of concentrate and
barley straw in an 80:20 ratio. A fresh nylon bag was
placed in the container each day for the next 48 hours. The
removed nylon bag was squeezed and rinsed twice with 20
mL of buffer solution, and the liquid fraction from the
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wash was transferred back into the vessels. This procedure
was necessary to avoid cumulative depletion of the
microbial population as successively digested samples
were removed (11). The washed nylon bag was placed in
a polyethylene bag and frozen at -20°C for subsequent
measurement of dry matter digestibility (DMD)
percentage.

Experimental Procedure: The in vitro experiment was
divided into two phases: a 6-day adaptation period aimed
at establishing stable conditions, followed by a 6-day
experimental period. A completely randomized design
was employed, involving three distinct treatments. Each
treatment was replicated three times to ensure statistical
reliability and minimize experimental bias. The use of
three treatment groups with three independent fermenters
each (n = 3) is consistent with established Rusitec-based
protocols (6, 8, 17, 21).

During the experimental period, each fermenter was
supplemented daily with 1 mL, delivered directly into the
vessel during feed-bag exchange. Three fermenters
received 1 mL of distilled water without lysozyme
(control group); three other fermenters received 1 mL of
lysozyme solution at 10 FIP U/mL (Lysozyme-10); and
the remaining three fermenters received 1 mL of lysozyme
solution at 50 FIP U/mL (Lysozyme-50). The lysozyme
used (LYSO-GUARD®), a hen egg-white preparation in
liquid form containing approximately 9x10° FIP U/mL,
was supplied by Mayasan Gida San. ve Tic. A.S. (Istanbul,
Turkey). Working solutions were prepared by diluting the
stock solution with distilled water to achieve the target
concentrations. Given the effective volume of each
fermenter (750 mL), the final concentrations achieved in
the fermenters were 10 FIP U/mL and 50 FIP U/mL,
corresponding to daily additions of 7,500 and 37,500 FIP
units per fermenter, respectively.

Sampling and Analytical Procedures: The ash, dry matter
(DM), crude fiber (CF), crude protein (CP), and ether
extract (EE) contents of the experimental diets (Table 2)
were examined in accordance with the standards of the
Association of Official Analytical Chemists (3).
Measurements of organic matter (OM), non-fiber
carbohydrates (NFC), neutral detergent fiber (NDF), acid
detergent fiber (ADF), and metabolizable energy were
performed as reported previously (13).

An lon 6 pH meter (Acorn series, Oakton, VA, USA)
was used to measure pH in each vessel daily when the
nylon bags were changed. Every day, 1 mL of rumen fluid
was sampled from each fermenter and carefully combined
with 1 mL of a methyl green solution to count protozoa
(13). The total number of protozoa was determined
microscopically using a Fuchs-Rosenthal counting
chamber (Leica CME, Morrisville, NC, USA). Two
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samples were taken every day after the effluent volumes
from each conical flask had been measured, and they were
stored at -20°C for testing of ammonia nitrogen (NH3-N)
and volatile fatty acids (VFA). The conical flasks were
flushed with CO, to maintain an optimal anaerobic
environment for bacterial activity. Using the indophenol
blue method (10), NHs-N concentrations were
photometrically determined at 546 nm with a Shimadzu
UV-150-02 double-beam UV spectrophotometer (Kyoto,
Japan). According to Demirtas et al (13), gas
chromatography (ACME-6100, Younglin, Republic of
Korea) was used to measure the concentrations of volatile
fatty acids. The daily production of VFA was determined
by multiplying the corresponding VFA concentration by
the amount of collected effluent. CHa production was
calculated using the equations suggested by Abdl-Rahman
(1), which are based on Wolin's stoichiometry (51).

The feed bags were dried at 65°C for 48 hours in an
oven to determine the DMD. By subtracting the weight of
the dry matter residue from the weight of the original dry
matter sample, dividing the resulting difference by the
weight of the original dry matter sample, and multiplying
the result by 100, the percentage of DMD after 48 hours
was determined (37).

DNA Extraction and Quantitative Real-Time PCR (QRT-
PCR) Assay: On the sixth day of the experiment, samples
were taken from the Rusitec fermenters for DNA
extraction to characterise the rumen bacteria. These
samples were taken while the feed bags were being
exchanged, to ensure that they included both planktonic
and solid-phase bacteria (49). Immediately following
collection, samples were placed in liquid nitrogen. Before
being processed further, the samples were stored at -20°C.
After thawing, the samples were centrifuged at 10,000
rpm at room temperature for 10 minutes. The pellets were
then redissolved in saline buffered with 2x phosphate (26).
An E.Z.N.A™ stool DNA extraction kit (Omega Bio-
Tek, USA) was employed to isolate total DNA from the
pellets. The Take3 plate of a microplate reader (Epoch,
Bio-Tek, USA) was used to spectrophotometrically assess
the DNA concentration and purity at A260/280.

A quantitative real-time PCR experiment using
specific primers was conducted to ascertain the population
dynamics and abundance of typical rumen bacteria (Table
3). As previously described (12), reactions were carried
out using the SYBRGreen | master mix (Roche,
04707516001) on a LightCycler 48011 Real-Time PCR
system (Roche). Melting curve analysis confirmed the
presence of a single amplification product. Calibration
curves obtained from the Cp values of microbial DNA,
generated from 102 to 10°cells/mL of a reference microbe
for each target species, were used to calculate microbial
guantities (12).
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Table 3. Primers used for Real-Time PCR (qRT-PCR) assay

Target species Forward primer (5'-3") Reverse primer (5'-3") References
Total bacteria CGGCAACGAGCGCAACCC CCATTGTAGCACGTGTGTAGCC (14)
(16S rRNA)

Methanogenic TTCGGTGGATCDCARAGRGC GBARGTCGWAWCCGTAGAATCC (15)
archaea (mcrA)

HAP bacteria GAGTTTGATCCTGGCTCAG AAGGAGGTGATCCAGCC (5)
(16S rDNA)

R. albus ( CAAAACCCTAAAAGCAGTCTTAGTTCG GACGGGCGGTGTGTACAAG (29)
16S rDNA)

R. flavefaciens CGAACGGAGATAATTTGAGTTTACTTAGG CGGTCTCTGTATGTTATGAGGTATTACC (14)
(16S rRNA)

B. fibrisolvens ACACACCGCCCGTCACA TCCTTACGGTTGGGTCACAGA 27)
(16S rDNA)

F.succinogenes GTTCGGAATTACTGGGCGTAAA CGCCTGCCCCTGAACTATC 14)
(16S rRNA)

M. elsdenii GACCGAAACTGCGATGCTAGA CGCCTCAGCGTCAGTTGTC (36)
(16S rDNA)

S. ruminantium TGCTAATACCGAATGTTG TCCTGCACTCAAGAAAGA (44)
(16S rDNA)

HAP bacteria - Hyper-ammonia producing bacteria

Statistical Analysis: A two-way repeated-measures
analysis of variance (ANOVA) was used to examine the
data from Rusitec. Fermenters were regarded as random
effects; treatment, day, and their interaction were regarded
as fixed effects; and sampling day was regarded as a
repeated measure. For statistical analysis, the individual
fermenter served as the experimental unit. Duncan's
multiple range test was employed to detect differences
among treatment means. The analyses were conducted
using the statistical program SigmaStat 3.1 (Systat
Software, Erkrath, Germany). When P < 0.05, differences
were classified as statistically significant. Data on rumen
microorganisms were log10-transformed before statistical
analysis. The linear and quadratic effects of lysozyme
dose on rumen microbial populations in the Rusitec were
evaluated using polynomial regression with sequential
analysis of variance. The significance of differences
among doses was assessed using a general linear model
(GLM). When substantial differences were evident,
Fisher's least significant difference (LSD) test was
employed to differentiate between means. For all analyses,
a tendency was identified when 0.05 < P < 0.10, and
differences were considered statistically significant at P <
0.05.

Results

As shown in Table 4, the addition of lysozyme did not
result in significant changes in ruminal pH, total and
individual VFA production, CH4 production, or total

148

protozoa counts. Although DMD did not differ
significantly between the control group and the Lysozyme
groups, DMD was higher in Lysozyme-50 than in
Lysozyme-10. Additionally, Lysozyme-50 led to a
significant increase in the NH3-N concentration (P < 0.05)
compared with the control group. Furthermore, sampling
days had a statistically significant impact on the
fermentation parameters (P < 0.05), with the exception of
ruminal pH and DMD.

Lysozyme supplementation altered the abundance of
certain microbial populations in Rusitec fermenters, as
illustrated in Figure 1. The total bacteria count exhibited a
linear decrease in response to the addition of Lysozyme-
50 (P < 0.05). Furthermore, this addition led to linear and
quadratic decreases in the cell numbers of Butyrivibrio
fibrisolvens (P < 0.05), and to a non-significant trend
toward a linear decrease in the abundance of the Gram-
positive bacterium Ruminococcus albus (P = 0.092).
Treatment with Lysozyme-50 had similar effects on
Gram-negative rumen bacteria; Fibrobacter succinogenes
was significantly less abundant in the Lysozyme-50 group
(P < 0.05). Additionally, F. succinogenes cell counts were
statistically comparable between the Lysozyme-10 and the
Lysozyme-50 treatments. A non-significant trend toward
a linear decrease in Megasphaera elsdenii cell counts was
also observed with Lysozyme-50 treatment (P = 0.085).
However, the quantities of methanogenic archaea, HAP
bacteria, S. ruminantium, and R. flavefaciens were not
substantially affected by lysozyme supplementation.
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Table 4. Effects of lysozyme on rumen fermentation characteristics in Rusitec fermenters

P
Item Control Lysozyme-10 Lysozyme-50 SEM T D T>D
Ruminal pH 6.56 6.55 6.54 0.01 0.483 0.507 0.995
Total VFA (mmol/d) 32.88 3291 34.01 1.14 0.740 <0.001 0.519
Acetate 17.30 17.24 17.63 0.55 0.865 <0.001 0.301
Propionate 9.34 9.37 9.76 0.43 0.832 <0.001 0.911
Butyrate 6.25 6.30 6.62 0.29 0.747 <0.001 0.707
CH4 (mmol/d) 9.44 9.43 9.69 0.30 0.863 <0.001 0.189
NHs-N (mmol/L) 9,520 9.66° 10.172 0.16 0.014 0.002 0.966
Protozoa (x10%mL) 18.99 18.13 17.12 2.30 0.961 0.041 0.959
DMD (%) 70.50% 68.98° 72.162 1.42 0.021 0.112 0.950

a,b — Means in the same row with different superscripts are significantly different (P < 0.05). Lysozyme-10 — 10 FIP U/mL lysozyme; Lysozyme-50 —
50 FIP U/mL lysozyme; VFA - Volatile fatty acids; DMD - Dry matter digestibility; SEM - Standard error of the mean; T - treatment; D - day; T x D -
treatment x day interaction
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Figure 1. Effects of lysozyme on the abundance of representative rumen microorganisms in Rusitec fermenters determined by real-
time PCR. Graph shows means and standard error of the means. ab — Bars with different superscripts for each microorganism differ at
P <0.05; # - Indicates a tendency toward significance (0.05 < P <0.10); L - Probability of a linear effect; Q - Probability of a quadratic
effect; Lysozyme-10 — 10 FIP U/mL lysozyme; Lysozyme-50 — 50 FIP U/mL lysozyme; HAP bacteria - Hyper-ammonia producing
bacteria.
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Discussion and Conclusion

Lysozyme, an antimicrobial proteolytic enzyme, is found
in the diverse range of biological fluids and tissues,
including plants, bird eggs, polymorphonuclear leukocyte
granules, and animal secretions such as milk, saliva, tears,
and respiratory secretions (25). Lysozyme is also called
muramidase because its natural substrate is peptidoglycan,
also known as murein, the principal component of the
bacterial cell wall. Thus, lysozyme-induced peptidoglycan
hydrolysis causes bacterial mortality and cell lysis (33).
Lysozyme has been investigated as a potential substitute
for antibiotic growth promoters to enhance animal
performance because of its antibacterial properties and
low toxicity (4). In this study, we examined the impact of
supplementing diets with two levels of lysozyme
(Lysozyme-10 and Lysozyme-50) on  microbial
populations and ruminal fermentation.

In the current study, a high-concentrate diet (80:20
concentrate-to-forage ratio) was utilized to represent a
specific feeding system prevalent in certain production
settings. Since microbial composition and fermentation
dynamics vary significantly between forage-rich and high-
concentrate diets, the findings should be considered within
the context of this high-concentrate diet, and it must be
acknowledged that they may not be generalizable across
all ruminant feeding systems. This limitation has been
taken into account during the interpretation and discussion
of the results.

The two doses (10 and 50 FIP U/mL) were selected
based on a preliminary assessment of concentrations used
in similar in vitro fermentation studies, and were intended
to represent a low and a high dose within a practically
testable range (7). The Lysozyme-50 dose was specifically
chosen to assess the effect of a substantially elevated
lysozyme concentration on a broader range of ruminal
bacteria, given lysozyme's preferential activity against
Gram-positive bacteria.

The microbial communities in the fermenters were
slightly affected by a particularly high dose of lysozyme
supplementation in this study. The total bacterial count
was lower with Lysozyme-50 supplementation. Biswas et
al (7) also observed a tendency for decreased bacterial
DNA copy numbers in the lysozyme-treated groups
(2,000, 4,000, and 8,000 U) during a short-term in vitro
rumen fermentation assay. In this study, Lysozyme-50
specifically reduced the populations of the Gram-positive
bacterium B. fibrisolvens and the Gram-negative
bacterium F. succinogenes. Non-significant trends toward
decreases were also noted for R. albus and M. elsdenii.
The observed decline in the abundance of significantly
affected Gram-positive and Gram-negative species
suggests that lysozyme may have limited selectivity when
acting on bacterial populations in Rusitec fermenters.
Gram-positive bacteria are generally reported to be more
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susceptible to lysozyme than Gram-negative bacteria,
owing to their thicker peptidoglycan layer containing
teichoic acids in their cell walls (33). Another reason is
that Gram-negative bacteria, unlike Gram-positive
bacteria, possess an outer membrane composed mainly of
lipopolysaccharides (LPS). This membrane prevents
lysozyme from accessing and lysing the peptidoglycan of
the cell wall (24). However, several studies have shown
that lysozyme's bactericidal effectiveness stems from both
its lytic activity and its cationic and hydrophobic
characteristics (38). Cationic regions of lysozyme are able
to bind the anionic core components of LPS molecules and
increase the permeability of the outer membrane of Gram-
negative bacteria to hydrophobic compounds (19). In
addition to this hypothesis, it should be noted that
lysozyme, a polypeptide, may degrade under rumen
conditions, potentially limiting its effectiveness against
Gram-positive bacteria. A clear understanding of
lysozyme's mechanism of action requires more
comprehensive sequencing of rumen bacteria.

The levels of total and individual volatile fatty acids
were not affected by lysozyme supplementation at any
dose in this study. This observation suggests that ruminal
fermentation was not suppressed despite reductions in the
abundance of total bacteria and of some bacterial species
induced by Lysozyme-50. The extant literature on the
effects of lysozyme on rumen fermentation and bacterial
populations is limited. However, Biswas et al. (7) reported
higher levels of total VFA, acetic acid, and propionic acid
after 24 hours of incubation. Lysozyme supplementation
also decreased CH4 production in that study (7), whereas
CHy4 production remained unchanged in the present study.
The observed variations in outcomes might be attributable
to discrepancies in incubation durations across the two
studies. On the other hand, the absence of an effect on CH4
production was consistent with the unchanged abundance
of methanogenic archaea observed in the present study.

In this study, the DMD remained unchanged in the
groups treated with lysozyme relative to the control group.
This finding is in line with Biswas et al. (7), who also
found no effect of lysozyme on DMD. However, DMD
was higher with Lysozyme-50 than with Lysozyme-10 in
the present study. It has also been reported that lysozyme
participates in digestion by exhibiting enzymatic activity
in certain animal species (41). Nevertheless, the data from
this study are not sufficient to support such a conclusion.

In the present study, lysozyme supplementation did
not affect ruminal pH. The ideal pH for the proliferation
of cellulolytic bacteria in the rumen ranges from 6.5 to 6.8
(42). The pH values of the control, Lysozyme-10, and
Lysozyme-50 groups were 6.56, 6.55, and 6.54,
respectively; all within the physiological range. This result
is likely attributable to the absence of large quantities of
acid end products during ruminal fermentation, primarily
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because the Rusitec system is more buffered than the in
vivo rumen. In contrast, Biswas et al (7) reported that after
24 hours of incubation, 8,000 U of lysozyme increased the
pH. However, the observed increase was suggested to
result from the high pH (8.99) of the lysozyme used.

Ammonia plays a pivotal role in ruminal nitrogen
metabolism as an intermediary; its concentration is
influenced by the rate of ammonia production, primarily
from amino acid fermentation and urea hydrolysis, and by
the rate at which it is incorporated into microbial protein
(9). Hence, an increased ammonia concentration indicates
lower microbial protein synthesis efficiency, whereas a
decreased ammonia concentration indicates improved
nitrogen utilization efficiency (12). According to previous
reports, the optimal ruminal NHs-N concentration for
maintaining proper fermentation and nutrient utilization is
considered to be within 8.5-30 mg/dL (45). In the present
study, the NHs-N concentrations obtained in all
experimental groups were also within this optimal range.
Fermenters that received Lysozyme-50 showed a
significant elevation in NHs-N concentration and a
decrease in total bacterial abundance. This result is
consistent with the findings of Biswas et al (7), who
observed that 8,000 U of lysozyme caused an elevation in
NHs-N concentration and a decrease in bacterial DNA
copy numbers. The elevated NH3-N concentration is
attributable to reduced ammonia utilization by rumen
microorganisms, as evidenced by a decrease in total
bacteria in the present study. In addition, the elevated
NH3-N concentration can be attributed to increased
protein hydrolysis. This is noteworthy because lysozyme,
a polypeptide composed of 129 amino acids (48), is
susceptible to degradation under rumen conditions owing
to the high hydrolytic activity of rumen microorganisms.

Protozoa play a significant role in the rumen
ecosystem, where they prey on bacteria and influence
nutrient flow and methane production (31, 35). In the
present study, lysozyme supplementation did not
significantly affect the total number of protozoa, which is
consistent with the lack of effect observed on CHa
production. This outcome is biologically plausible, as
lysozyme primarily targets the peptidoglycan layer of
bacterial cell walls, whereas rumen protozoa are
eukaryotic organisms lacking this structure (39). Biswas
et al (7) also reported that 2,000, 4,000, or 8,000 units of
lysozyme had no significant effect on protozoan DNA
copy number in vitro.

In conclusion, lysozyme supplementation had
measurable but limited effects in the Rusitec system.
Although total VFA production was maintained, the high
dose (Lysozyme-50) resulted in a significant decrease in
total bacteria, including certain Gram-positive and Gram-
negative species, and a significant increase in NHs3-N
concentration, suggesting a potential reduction in nitrogen
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utilization efficiency. The limited specificity of lysozyme
against selected Gram-positive bacteria within the Rusitec
system, particularly at the high dose, suggests that it may
affect rumen bacteria differently from conventional
antibiotics. It is important to note that these findings are
limited to the Rusitec in vitro system and to the high-
concentrate (80:20) diet tested. Another limitation of the
study is that only the effects of selected low- and high-
dose levels were examined. To validate lysozyme's
potential as a natural feed additive in ruminants, further in
vitro and in vivo studies are required, particularly those
exploring broader dose ranges and diverse dietary
regimens, and employing more comprehensive
sequencing of rumen bacteria to assess its stability and
dose-response dynamics.
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