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Selenium (Se) and zinc (Zn) are essential animal microminerals. Combining Se and Zn (Se-Zn) as a feed additive in = &5 & = )
its influence on rumen fermentation patterns is still very limited, so further investigation is needed. The present 2 & =8 X
study explored the supplementation impact of combined Se-Zn from organic sources on rumen enzyme activity and < = 5 = jZ>
relative abundance of several bacterial species through an in vitro method. Five treatments, each with six replicates = £ =% —
were used in the study. The first group treated without Se and Zn supplementation (TO, control), the second group 1 & & 2>
treated with 0.3 ppm Se + 60 ppm Zn (T1), the third group treated with 0.45 ppm Se + 60 ppm Zn (T2), the fourth 1, ¥ N =~ 0
group treated with 0.3 ppm Se + 90 ppm Zn (T3), and the fifth group treated with 0.45 ppm Se + 90 ppm Zn (T4). [ 22N -
The parameters observed included rumen microbial enzyme activities (carboxyl methyl cellulase, amylase, protease) = RO
and the relative abundance of rumen microbes (Ruminococcus sp., Ruminococcus flavefaciens, Ruminococcus albus, |-'|_-|

Streptococcus sp., Prevotella ruminicola, and Eubacterium ruminantium). Results indicated that carboxyl methyl
cellulase (CMC-ase) and amylase activities raised in T2, T3, and T4 in comparison to T1 and TO treatments.
Protease activity and protein enzyme content increased in T2 compared to all treatments. The relative abundance of
Ruminococcus sp. and Ruminococcus albus was higher in T2 and T3 compared to TO treatment. Furthermore, an
elevated Ruminococcus flavefaciens was indicated in T2 compared to other treatments. The T2, T3, and T4 led to
higher abundances of Eubacterium ruminantium, Prevotella ruminicola, and Ruminococcus albus compared to TO
and T1. It is concluded that organic Se and Zn enhanced the relative abundance of several bacterial species and the
activity of enzymes in the rumen; optimal results are recommended when combining 0.45 ppm Se + 60 ppm Zn.
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INTRODUCTION

Multiple microorganisms contribute to the rumen fermentation process in ruminant animals, and the feed supply
significantly impacts these microbial communities in the rumen. Within the rumen, the flora is commonly comprised of
diverse bacteria that undertake specific digestive roles, for instance, amylolytic bacteria break down starches, cellulolytic
microbes degrade cellulose, and protein-degrading variants metabolize nitrogenous compounds (Wei et al., 2022).
Bacteria alter the feed substrate, the primary source of nutrition for the host animal, by secreting several specialized
enzymes (Moon et al., 2021). Due to their immediate relationship to the feed offered, rumen microbes are essential to
ruminant nutrition (Puniya et al., 2015; Takizawa et al., 2020). However, the primary source of ruminant feed comes
from agricultural crop wastes and forages, which have diverse nutrient contents, including minerals. In addition, many
things, such as climate, plant species, soil, and farming practices, affect the mineral content of plants (Spears et al.,
2022). In various regions across several countries, animal feed derived from agricultural plant residues often exhibits
deficiencies in essential micronutrients, such as selenium (Se) and zinc (Zn) (Kumar et al., 2013). Nevertheless, these
microminerals are essential for animal metabolism, including microorganisms present in the rumen (Zheng et al., 2022).
As a glutathione peroxidase (GSH-Px) component, Se shields cellular membranes against peroxide damage. It has
been demonstrated that feeding supplements increase the antioxidant status of ruminal microbes. These circumstances
improve fermentation and rumen microorganism development, which benefits animal growth and productivity (Li et al.,
2023). Protease, amylase, and carboxyl methyl cellulase (CMC-ase) enzyme activities were elevated by dietary Se at
concentrations of 0.3 and 0.45 ppm (Anam et al., 2023). Rumen bacterial abundance rose when Se was added to feed
(Du et al., 2019; Cui et al., 2021). Ruminococcus-1, Prevotella, and Prevotellaceae-UCG-003 might be found in higher
relative abundances when hydroxy-selenomethionine (0.6 ppm) was added to dairy cattle feed (Zheng et al., 2022).
Furthermore, rumen fermentation was significantly impacted by Zn in the cattle diet (Chen et al., 2019; Vigh et al.,
2023). An increase in nutrient-degrading bacteria was positively connected with increased rumen microbial enzyme
activity, which could be achieved with Zn supplementation. The rumen microbial protein also increased with the addition
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of 60 ppm of Zn (Chen et al., 2020). Moreover, Zn supplementation increased Ruminococcus albus and Streptococcus
bovis populations (Petri¢ et al., 2021). Dietary supplementation of 80 ppm Zn could provide a balanced gut microbiota
that promotes better growth for calves (Hou et al., 2023).

The current study focused on using organic rather than inorganic minerals. According to recent research, organic
forms of minerals may prove to be more readily absorbed by the body than inorganic types due to higher bioavailability
levels (Bakhshizadeh et al., 2019; Zheng et al., 2022). In addition, organic mineral supplementation can help livestock
reduce environmental damage by increasing retention and absorption (Shaeffer et al., 2017). As described above, several
studies have examined the effect of administering organic Se or Zn separately in ruminant feed on ruminal fermentation
profiles (Chen et al., 2020; Anam et al., 2023). On the other hand, little is known regarding the organic Se-Zn
combinations modifying the composition of bacteria and enzyme activity in the rumen. The present study explored the
supplementation impact of combined Se and Zn from organic sources on rumen enzyme activity and relative abundance
of several bacterial species through in vitro methods.

MATERIALS AND METHODS

Ethical approval
The Universitas Gadjah Mada, Indonesia, Animal Ethics Committee (025/EC-FKH/Eks./2023) approved all

animal-handled protocols used in the current study.

Experimental design

Se and Zn were supplied as chelated-methionine containing Se and Zn at 0.4% and 15%, respectively. Five
combinations of Se-Zn were evaluated, control (no Se and Zn supplementation, T0), 0.3 ppm + 60 ppm (T1), 0.45 ppm +
60 ppm (T2), 0.3 mg ppm + 90 mg ppm (T3), 0.45 ppm + 90 ppm (T4). The feeding of trace minerals into the feed was
based on the dry matter (DM) of the feed used. In this case, Se and Zn were mixed with the basal premix (0.5% DM) and
added to the substrate. The basal premix (per kg) contained Vitamin A 200,000 IU, Vitamin D 80,000 1U, Vitamin E 200
IU,Ca243.49,P3.29,K277.99g, Mg 1.8 g, Na 24.3 g, S 130.4 mg, Fe 12.5 mg, Mn 1.2 mg, Cu 179.4 mg, Co 5.4 mg,
and | 1.2 mg. The basal diet consisted of forage to concentrate ratio of 60:40 (DM basis, percentage) based on elephant
grass, wheat bran, ground corn, rice bran, dried palm kernel, and local soybean meal (Table 1).

Two Bali cattle (male and female) fitted with permanent rumen cannulas were used as rumen inoculum donors. The
farm research facility at Universitas Gadjah Mada provided the cattle utilized in the present study. Healthy cattle were
approximately five years old and weighed 320 + 5 kg. During adaptation and experimentation, the animals received
meals twice daily, administered at 6 a.m. and 3 p.m., alongside unrestricted access to water. Before feeding, rumen fluid
was collected and filtered to eliminate any leftover feed before being transferred into a thermos flask. The rumen liquid
from two cattle, each totaling 1,200 ml, was combined. Carbon dioxide (CO,) flowed into the bottle for approximately 1
minute to remove the oxygen. Furthermore, 500mg of grounded feed substrate was transferred to a fermentation bottle,
and artificial saliva and rumen inoculum were heated to 39°C and put into the fermentation bottle immediately. Each
bottle was filled with 50ml of rumen fluid and artificial saliva, made in a 1:4 ratio. The artificial saliva was made
anaerobically, as described by Tilley and Terry (1963). Incubation was carried out at 39°C for 48 hours with six
replicates (for each treatment) and six blanks. The blanks contained only artificial saliva and rumen fluid without feed
substrate. After 48 hours of incubation, the samples were centrifuged at 3,000 g for 15 minutes to separate the incubated
liquid from the feed residue. The supernatant, which constitutes rumen liquid, was sampled for further analysis,
including rumen enzyme activity and microbiota abundance.

Table 1. Ingredient and nutritional composition of the experimental diet

Ingredient Value (%) Nutrient level Value (%)
Elephant grass 60.00 Dry matter 89.78
Wheat bran 10.00 Crude protein 14.78
Ground corn 5.00 Extract ether 3.44
Rice bran 5.00 Ash 8.21
Dried palm kernel 13.00 Acid detergent fiber 34.56
Local soybean meal 7.00 Neutral detergent fiber 52.11
Analyses

The AOAC (2005) procedure was used to determine the nutrient content of the feed substrate. Casein, amylum, and
CMC substrates were used to measure protease, amylase, and CMC-ase enzyme activities, respectively (Anam et al.,
2023). Ruminal genomic DNA was extracted utilizing the FavorPrep™ DNA Kit following the manufacturer's
instructions. Microbial 16S rRNA was amplified, focusing on the hypervariable VV3-V4 region, using primer sets V338F
(5'-ACTCCTACGGGGAGGCAGCAG-3') and V806R (5- GGACTACHVGGGTWTCTAAT-3"; Gui et al., 2021).
Bioinformatics analysis followed the methodology explained by Fregulia et al. (2022), where sequencing data were
identified using QIIME2 v9.2023. The relative abundance of bacterial species observed included Ruminococcus sp.,
Ruminococcus flavefaciens, Ruminococcus albus, Streptococcus sp., Prevotella ruminicola, and Eubacterium
ruminantium.
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Statistical analysis

The data were assessed using a one-way ANOVA with a completely randomized design, conducted with IBM SPSS
Statistical software (version 26). The Duncan multiple range test was employed to test for differences in means.
Differences in mean data were considered significant at p < 0.05. The association between ruminal bacterial species
populations and enzyme activities was assessed using a Spearman-rank correlation analysis.

RESULTS

Table 2 presents the results of in vitro rumen enzyme activities. CMC-ase levels for T2, T3, and T4 were higher than T1
and TO (p < 0.05). Amylase levels for T2, T3, and T4 were also higher than T1 and TO (p < 0.05). In addition, enzyme
protein levels for T2 were higher across all treatments (p < 0.05). Figure 1 depicts the bacterial species abundance across
the different dietary treatments. According to the data, there was a significant improvement of Ruminococcus sp. in T2
and T3 compared to TO and an equivalent rise in T4 compared to TO (p < 0.05). Ruminococcus flavefaciens showed
higher in T2 than other groups (p < 0.05). Ruminococcus albus increased in T2, T3, and T4 than in TO and T1 (p < 0.05).
Compared to TO, Streptococcus sp. increased in T2 and T4 (p < 0.05). Furthermore, in T2, T3, and T4, compared to other
treatments, there were greater levels of Eubacterium ruminantium and Prevotella ruminicola (p < 0.05). As shown in
Figure 2, the correlation between rumen enzyme activities and populations of bacterial species was determined using
Spearman’s correlation analysis under different combinations of supplemental Se-Zn. In general, it has been shown that
Ruminococcus sp., Ruminococcus flavefaciens, Ruminococcus albus, Streptococcus sp., Prevotella ruminicola, and
Eubacterium ruminantium had positive relationships with CMC-ase, amylase, and protease activities.

Table 2. Ruminal enzyme activities as affected by various combined organic Se and Zn supplementations in the diet of
Bali cattle

Treatment

ltem TO T1 T2 T3 T4 SEM p-value
CMC-ase (U/g) 3.40° 3.85° 5.012 4.79° 4.46° 0.18 <0.001
Amylase (U/g) 16.90° 18.11° 20.42° 20.42° 19.89% 0.31 <0.001
Protease (U/g) 141.91¢ 149.26° 165.38° 161.36% 153.64" 1.99 <0.001
Enzyme protein (mg/ml) 0.78° 0.92" 1.08° 1.04%® 0.89" 0.03 0.002

TO: Basal diet, no additive, T1: TO + 0.3 ppm Se + 60 ppm Zn, T2: TO + 0.45 ppm Se + 0.60 ppm Zn, T3: TO + 0.30 ppm Se + 90 ppm Zn, T4: TO +
0.45 ppm Se + 90 ppm Zn. SEM: Standard Error of the Mean. Means with different superscript letters in the same row are significantly different at p
<0.05.
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Figure 1. Ruminal bacterial abundance with different levels of combined organic selenium and zinc supplementations.
TO: Basal diet, no additive, T1: TO + 0.3 ppm Se + 60 ppm Zn, T2: TO + 0.45 ppm Se + 0.60 ppm Zn, T3: TO + 0.30 ppm Se + 90
ppm Zn, T4: TO + 0.45 ppm Se + 90 ppm Zn. Means with different letters in the same figure are significantly different at p < 0.05.
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Figure 2. The heat map displays the correlation of rumen ruminal enzyme activities with bacterial abundance. Spearman’s
correlation coefficients were calculated and the values between -0.8 and 0.80 in the color key indicate negative (red) and positive
(blue) correlations. CMC-ase: carboxymethyl cellulase. *: p < 0.05 and **: p < 0.01.

DISCUSSION

Bacteria comprise about 95% of the entire microbiota and are the most abundant microorganisms. These bacteria
secreted enzymes that play an essential function in the feed degradation process (Hao et al., 2021). In the current
research, supplementing some variations of Se-Zn additive in ration boosted the activity of the CMC-ase enzyme linear
with the increase in fiber-degrading bacteria abundance. Se snares free radicals and guards against oxidative damage to
cell membranes (Surai et al., 2019). Cobanova et al. (2016) found that after incorporating 0.4 ppm of Se into sheep diets,
rumen microbes and protozoa exhibited elevated GSH-Px activity. Anam et al. (2023) reported that adding 0.45 ppm
organic Se revealed CMC-ase activity. In line with Liu et al. (2019), the inclusion of inorganic Se in the diet of Holstein
dairy cattle led to an increase in the numbers of Ruminococcus albus and Ruminococcus flavefaciens compared to the
unsupplemented group. Additionally, Zn has antioxidant properties that might boost some enzyme activities. When Zn
supplementation was applied to dairy cows, Wang et al. (2021) observed a linear rise in CMC-ase activity as well as in
the number of fiber-degrading bacteria, Ruminococcus albus and Ruminococcus flavefaciens. These two bacteria belong
to the two main bacteria in the Ruminococcus phylum category, which can produce cellulase and hemicellulase.
Ruminococcus is known for breaking down cellulose and hemicellulose (Kim et al., 2018; Takizawa et al., 2020). The
enzyme mentioned in this study, CMC-ase, breaks down [B-1,4-glucan and generates free chain ends by targeting low-
crystalline regions in cellulose fibers (Sun and Cheng, 2002).

Amylolytic bacteria, including Prevotella ruminicola and Streptococcus bovis can degrade nutrients, such as xylan,
pectin, and starch (Wei et al., 2022). In addition, Prevotella ruminicola is responsible for the metabolism of peptides and
proteins in the rumen (Wallace et al., 1997). The enzyme activity tests performed in the present research revealed that
amylase and protease levels within the T2 group samples were markedly higher than those of the TO or other analyzed
groups. This finding may indicate that amylolytic and proteolytic flora may have better reactions in T2 treatment. Rumen
microorganisms incorporate Se into proteins and their components. Similarly, the level of amylase activity was
significantly increased when dairy cattle feed was supplemented with Se up to 0.5 ppm (Liu et al., 2019). In addition, Zn
can help rumen fermentation patterns by directly altering microbial enzyme functions (Hilal et al., 2016). Dietary 70 ppm
organic Zn caused an improvement in the relative population of Streptococcus bovis (Petri¢ et al., 2021). Prevotella
ruminicola also developed with proteolytic bacteria as a result of the addition of inorganic Zn at 30 ppm (Wang et al.,
2021). According to similar findings, rumen protease enzyme activity was raised by organic Se inclusion at a level of
0.45 ppm (Anam et al., 2023). The Se interacts closely with Zn, and both play crucial roles at the cellular level,
depending on their form and dose (Yildiz et al., 2019). Giving 0.5 ppm Se plus 50 ppm Zn boosted daily body weight
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gain in Awassi sheep by 31.03% as compared to Se alone (Al-Taie and Almahdawi, 2021). The improvement in sheep
performance was associated with the increase in rumen enzyme activity, which degraded feed more efficiently.

CONCLUSION

In summary, the inclusion of organic Se and Zn enhanced the relative abundance of several bacterial species and the
activity of enzymes in the rumen, optimal results are recommended when combining 0.45 ppm Se + 60 ppm Zn.
Nevertheless, more investigation is required to find whether this result may be directly applied to live ruminant animals.
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