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Abstract
Rumen cannulation is a surgical technique used to collect rumen contents from ruminants. 
However, rumen cannulation surgery may potentially impact the composition of the rumen 
microbiota. This study aimed to examine the longitudinal alterations in the rumen microbiota 
composition of Hanwoo steers after cannulation surgery. In this study, eight Hanwoo steers 
were used; four steers underwent rumen cannulation surgery (cannulation group), while the 
remaining four were left intact (control group). Rumen samples were collected from all eight 
steers using the stomach tubing method on the day before surgery (day 0) and on postop-
erative days 1, 4, 7, 10, 14, 17, 21, 24, and 28, resulting in 80 samples (10 timepoints × 8 
animals). The microbiota of all 80 samples were analyzed using 16S rRNA gene amplicon 
sequencing with Quantitative Insights into Microbial Ecology version 2 (QIIME2). There were 
no significant differences (p > 0.05) in all major phyla and most major genera representing 
at least 0.5% of total sequences across all 80 samples between the control and cannulation 
groups on the preoperative and postoperative days. However, while the alpha diversity indi-
ces did not differ (p > 0.05) between the two groups on the preoperative day, they significant-
ly differed (p < 0.05) between the two groups on the postoperative days. Further, the overall 
microbial distribution based on both unweighted and weighted principal coordinate analysis 
plots significantly differed (p < 0.05) between the two groups on both the preoperative and 
postoperative days. Orthogonal polynomial contrasts indicated that major genera and micro-
bial diversity in the cannulation group decreased following surgery but returned to their initial 
states by postoperative day 28. In conclusion, this study demonstrates that rumen cannula-
tion surgery affects some major taxa and microbial diversity, suggesting that the rumen can-
nulation method can alter the composition of rumen microbiota in Hanwoo steers.
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INTRODUCTION
Ruminants have evolved a complex digestive system to extract nutrients from fibrous plant 
materials. The diverse community of microbes, including bacteria, protozoa, fungi, and archaea, 
which inhabit the rumen of ruminants synergistically ferment ingested plant materials, breaking 
them down into simpler compounds, such as volatile fatty acids (VFAs) [1]. Recent advancements 
in 16S rRNA gene-based technologies have revolutionized our comprehension of rumen microbial 
ecology, facilitating the identification and quantification of the diversity and abundance of rumen 
microbes [2]. To date, most studies have primarily focused on exploring the changes in rumen 
microbiota associated with dietary changes, methane emission mitigation, heat stress, and feed 
efficiency [3,4].

Rumen cannulation is a widely adopted, well-established surgical technique for directly 
obtaining rumen contents, enabling researchers to analyze the composition of rumen microbiota 
and fermentation characteristics, including VFAs, ammonia, and pH levels [5]. While an 
alternative approach involving stomach tubing and tube insertion into the esophagus exists, rumen 
cannulation facilitates the collection of both liquid and solid fractions; moreover, the risk of salivary 
contamination is lesser than that associated with the stomach tubing method [6,7]. Rumen 
cannulation has significantly advanced our understanding of ruminal digestion and the intricate 
interactions between rumen microbes and their ruminant hosts. However, it requires surgical 
preparation and a postoperative care period of at least 3 weeks, which may potentially induce pain 
and stress in the animal [8]. Consequently, this procedure can have a considerable impact on the 
composition of rumen microbiota. Wang et al. [9] observed shifts in the methanogen community 
following rumen cannulation; however, they did not investigate changes in the rumen bacterial 
community caused by this procedure. 

Hanwoo cattle, the Korean native breed of taurine-type beef cattle, account for over 95% of the 
total beef cattle population in Korea, comprising approximately 3 million animals [10,11]. With the 
recent increasing trend of conducting studies concerning rumen microbiota in cannulated Hanwoo 
cattle using 16S rRNA gene amplicon sequencing, investigating the suitability of the rumen 
cannulation method for assessing rumen microbiota is essential. Nevertheless, knowledge regarding 
the effects of rumen cannulation surgery on the composition of rumen microbiota in Hanwoo 
cattle is limited. Therefore, the present study aims to investigate the longitudinal changes in the 
rumen microbiota composition of Hanwoo steers that have undergone rumen cannulation surgery 
by comparing the preoperative and postoperative parameters. 

MATERIALS AND METHODS
Animals, diets, and sampling
Eight Hanwoo steers (age, 15 months; initial body weight, 341.4 ± 20.4 kg [means ± standard 
deviation]) were used in this study. They were fed a total mixed ration (Table 1) [8]. Four steers 
underwent rumen cannulation surgery (cannulation group), while the remaining four were left 
intact (control group). The cannulation surgery was performed using 4-inch rumen cannulas (Bar 
Diamond, Parma, ID, USA) according to a procedure described previously [8]. Rumen samples 
were collected from the eight steers on the preoperative day (day 0) and on postoperative days 
1, 4, 7, 10, 14, 17, 21, 24, and 28, resulting in 80 samples (4 animals × 2 groups × 10 timepoints) 
using the stomach tubing method, as described previously [7]. The pH of the collected rumen 
samples was immediately measured using a pH meter (SevenEasy pH, Mettler-Toledo, Greifensee, 
Switzerland).
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DNA extraction and sequencing
Metagenomic DNA from the 80 rumen samples were extracted using the repeated bead 
beating plus column (RBB+C) method [12]. The DNA samples were used to analyze bacterial 
compositional shifts related to the cannulation effect by 16S rRNA gene sequencing. The raw data 
from the 16S rRNA gene amplicon sequences have been deposited in the NCBI Sequence Read 
Archive under BioProject PRJNA796841.

Bacterial diversity and composition were analyzed using 16S marker gene sequencing 
according to a previously described protocol [13]. The raw paired-end amplicon sequences, 
prepared using the 341F (5ʹ-CCTACGGGNGGCWGCAG-3ʹ) and 805R (5ʹ-GACTA 
CHVGGGTATCTAATCC-3ʹ) universal primers [14], were preprocessed using the DADA2 
pipeline [15] implemented in Quantitative Insights into Microbial Ecology version 2 (QIIME2) 
[16]. The quality-score cutoff was Q > 25. The resulting amplicon sequence variants (ASVs) were 
taxonomically classified using a naïve Bayes taxonomy classifier trained on the latest Silva database 
(NR 138 version) [17]. Any reads classified as eukaryotes, mitochondria, or chloroplasts were 
removed from the resulting high-quality ASVs before downstream analysis. 

Alpha diversity indices (observed ASVs, Chao1 estimates, Shannon’s diversity, and Simpson’s 
diversity) were computed to analyze richness, evenness, and phylogenetic diversity differences 
between the control and cannulated groups. These analyses were conducted using rarefied tables 
with randomly chosen 40 997 ASVs for each sample. Good’s coverage exceeded 99.4% across all 
samples. The overall distribution of bacteriota was examined using principal coordinates analysis 
(PCoA) based on unweighted and weighted UniFrac distances. These results were visualized using 
the emperor plugin in QIIME2 [18].

Statistical analysis
Major taxa with a relative abundance of at least 0.5% in the control and cannulated steers’ rumen 
microbiota were evaluated. To assess differences in abundance among major taxa between the 
control and cannulated steers, we used the analysis of composition of microbiomes (ANCOM) 
plugin implemented in QIIME2 [19]. To analyze the differences between bacterial communities 
in the control and cannulated steers, we conducted permutational multivariate analysis of variance 
(PERMANOVA) using PAST3 software [20]. This analysis involved 9999 random permutations. 
The pH differences between the control and cannulation groups were compared on the preoperative 

Table 1. Ingredients of the experimental diet 
Ingredients of TMR Percentage (%) of DM

Ground corn 38.32

Wheat bran 32.80

Soybean meal 4.00

Rapeseed meal 1.60

Molasses 1.60

Rice straw 10.00

Corn silage 10.00

Dicalcium phosphate 1.20

Salt 0.32

Vitamin-mineral mix1) 0.16
1) Vitamin A, 2,650,000 IU; vitamin D3, 530,000 IU; vitamin E, 1,050 IU; niacin, 10,000 mg; manganese, 4,400 mg; iron, 13,200 
mg; iodine, 440 mg; cobalt, 440 mg.

TMR, total mixed ration; DM, dry matter.
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and postoperative days using the Student’s t-test. Additionally, we used orthogonal polynomial 
contrasts to investigate the longitudinal shifts in major taxa, alpha diversity indices, and pH values 
from day 0 to day 28 in the control and cannulation groups.

RESULTS AND DISCUSSION
In this study, we defined major taxa, which were primarily focused upon, as those representing at 
least 0.5% of the total sequences averaged across all 80 samples. Among these taxa, Bacteroidota was 
identified as the most dominant phylum, accounting for an average of 47.4% of the total sequences 
across all 80 samples, followed by Firmicutes (31.9%), Verrucomicrobiota (5.2%), Proteobacteria 
(4.1%), Patescibacteria (3.0%), Spirochaetota (2.2%), Planctomycetota (2.0%), Cyanobacteria 
(1.5%), Fibrobacterota (0.8%), and Desulfobacterota (0.5%) (Fig. 1A). The dominance of 

Fig. 1. Relative abundance of phyla (A) and genera (B) in the control and cannulation groups. Phyla and 
genera representing at least 0.5% of the total sequences are regarded as major taxa, while the remaining taxa 
are represented by the term “Others.”

A

B
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Bacteriodota and Firmicutes observed in this study is consistent with results of previous studies 
involving Hanwoo steers [21,22]. The ANCOM revealed no significant differences (p > 0.05) in 
the abundance of major phyla between the control and cannulation groups on the preoperative and 
postoperative days. Hence, the relative abundance of major phyla might not have been affected by 
rumen cannulation surgery. 

At the genus level, Prevotella was identified as the most dominant, representing 17.0% of the 
total sequences on average across all 80 samples, followed by Succiniclasticum (3.1%), Treponema 
(1.6%), Butyrivibrio (1.3%), Saccharofermentans (1.2%), Ruminococcus (1.1%), Fibrobacter (0.8%), 
Ruminobacter (0.7%), Pseudobutyrivibrio (0.6%), Succinivibrio (0.5%), and Selenomonas (0.5%) (Fig. 
1B). The dominance of Prevotella in Hanwoo steers seen in this study conforms to the results of a 
previous study [21]. On the preoperative day, the ANCOM showed no significant differences (p > 
0.05) in the abundance of all major genera between the control and cannulation groups. This result 
indicates the absence of variances in major genera among individual animals, irrespective of which 
group they belonged to. However, on the postoperative days, the Selenomonas and Succinivibrio 
genera were more abundant (p < 0.05) in the control group than in the cannulation group, 
indicating that the abundance of these two genera might have been affected by cannulation surgery 
(Fig. 2). Furthermore, the differences in these two genera likely persisted and did not return to their 
initial states by postoperative day 28. Additional studies are required to confirm if their abundance 
recovered after 28 days. A previous study showed significant differences among various taxa of 
goats between the control and cannulation groups [23]. However, this study did not compare 
rumen microbiota composition between the two groups before cannulation surgery. Therefore, 
the differences in rumen microbes between the two groups may be attributed to variations among 
individual animals, regardless of rumen cannulation surgery. Wang et al. [9] reported that the 
methanogen community was influenced by rumen cannulation. However, they did not compare 
the methanogen community between the non-cannulated and cannulated groups before the rumen 

Fig. 2. Differences in abundance among major genera between the control and cannulation groups on 
the postoperative days using analysis of composition of microbiomes (ANCOM). The ANCOM showed 
significant differences (p < 0.001) in the Selenomonas and Succinivibrio genera between the control (n = 36) 
and cannulation (n = 36) groups on the postoperative days.
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cannulation surgery. Thus, variations among individual animals may result in differences in the 
methanogen community between the two groups, irrespective of rumen cannulation surgery. 

In the control group, both linear and quadratic changes (p < 0.05) were observed in the relative 
abundance of Butyrivibrio and Selenomonas from day 0 to day 28, while a quadratic change (p < 
0.05) was observed in that of Pseudobutyrivibrio from day 0 to day 28 (Table 2). However, in the 
cannulated group, linear and quadratic changes (p < 0.05) were observed in the relative abundance 
of Prevotella and Saccharofermentans from day 0 to day 28, while a quadratic change (p < 0.05) 
was observed in that of Pseudobutyrivibrio from day 0 to day 28 (Table 2). This result indicates 
that cannulation surgery increases the relative abundance of Prevotella and decreases that of 
Saccharofermentans. Prevotella is the predominant genus in Hanwoo steers and plays an important 
role in degradation of various proteins and polysaccharides, including fibers [24,25], while 
Saccharofermentans is involved in breaking down carbohydrates, including hemicellulose, pectin, 
and starch [26]. Therefore, the shifts of these two genera due to cannulation surgery may alter 
rumen fermentation. Further investigations are necessary to determine whether their abundance 
returns to the original state after day 28. The similarity in quadratic change in relative abundance of 
Pseudobutyrivibrio in the two groups indicates that it is not likely to be influenced by cannulation 
surgery. 

On the preoperative day, the alpha diversity indices exhibited no significant differences (p > 
0.05) between the control and cannulation groups (Table 3). However, on the postoperative days, 

Table 2. Longitudinal shifts of major genera1) from day 0 to day 28 

Genus Group2) Day
SEM

p-values
0 1 4 7 10 14 17 21 24 28 Linear Quadratic

Prevotella Control 19.757 17.552 20.935 19.746 23.073 18.702 18.706 19.472 22.539 19.090 0.439 0.6334 0.6876

Cannulation 7.490 6.465 16.393 14.352 20.238 13.750 12.239 14.224 21.518 14.496 0.798 0.0022 0.0005

Fibrobacter Control 0.425 0.686 0.868 0.767 1.069 1.950 0.173 0.993 1.501 0.684 0.136 0.3626 0.3225

Cannulation 0.316 0.034 0.727 1.244 0.759 1.232 0.151 1.021 0.402 0.170 0.125 0.9056 0.0813

Saccharofermentans Control 0.822 1.153 0.675 1.172 0.950 1.024 0.897 0.770 0.829 0.960 0.056 0.6370 0.8802

Cannulation 2.378 3.282 1.048 1.450 1.134 0.667 1.159 0.817 1.229 0.855 0.153 0.0003 <.0001

Butyrivibrio Control 0.587 0.834 0.810 1.414 0.901 1.391 1.146 1.178 0.736 1.735 0.077 0.0115 0.0378

Cannulation 0.581 0.651 1.864 2.334 1.003 1.858 1.940 1.767 0.482 2.125 0.149 0.2073 0.1418

Pseudobutyrivibrio Control 0.468 0.552 0.575 1.003 0.905 0.912 0.607 1.039 1.231 0.287 0.070 0.3684 0.0300

Cannulation 0.217 0.180 0.455 0.509 0.489 0.450 0.771 0.972 0.322 0.120 0.057 0.3667 0.0023

Ruminococcus Control 1.108 0.542 0.790 1.300 1.043 0.985 1.001 0.915 0.702 1.195 0.059 0.6085 0.8110

Cannulation 0.505 0.676 2.508 1.420 1.528 0.626 1.255 1.318 1.504 1.122 0.127 0.7259 0.5700

Succiniclasticum Control 3.716 4.384 2.827 3.336 4.216 2.991 3.521 2.808 3.314 3.097 0.147 0.0948 0.2345

Cannulation 2.286 3.126 2.070 2.479 3.475 2.487 3.399 3.008 1.577 4.206 0.167 0.1871 0.3754

Selenomonas Control 0.625 0.379 0.718 0.850 0.835 0.753 0.724 0.762 1.006 1.238 0.055 0.0011 0.0045

Cannulation 0.035 0.022 0.348 0.030 0.157 0.215 0.126 0.216 0.150 0.110 0.020 0.3464 0.1492

Ruminobacter Control 0.433 1.293 0.949 0.875 0.500 0.554 0.777 0.717 0.955 0.655 0.070 0.5825 0.7274

Cannulation 0.347 0.221 1.318 1.208 0.753 1.154 0.365 0.449 0.039 0.095 0.142 0.1734 0.0635

Succinivibrio Control 0.652 0.442 0.830 0.882 0.446 0.635 1.035 0.610 0.388 1.007 0.067 0.5309 0.8220

Cannulation 0.052 0.035 1.523 0.015 0.029 0.736 0.327 0.321 0.000 0.056 0.122 0.4723 0.4950

Treponema Control 0.832 2.110 1.043 0.908 1.163 1.217 0.642 1.865 2.190 1.558 0.118 0.1202 0.0840

Cannulation 3.014 1.299 1.570 2.012 2.291 1.566 0.760 1.947 2.091 1.212 0.166 0.2129 0.4117
1)Major genera are taxa with a relative abundance of at least 0.5% of the total sequences.
2)Eight Hanwoo steers were divided into the control (n = 4) and cannulation (n = 4) groups. 
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the alpha diversity indices were significantly greater (p < 0.05) in the control group than in the 
cannulation group (Table 3). This observation aligns with findings of a previous study involving 
goats, which revealed that the Chao1 index tended to be higher in the non-cannulated group than 
in the cannulated group [23]. Although no significant differences were observed between these 
two groups in another study [9], the alpha diversity indices were numerically greater in the non-
cannulated group than in the cannulated group. Hence, microbial diversity may be influenced by 
rumen cannulation surgery. 

In the control group, Chao1 and Simpson’s diversity indices showed linear changes (p < 0.05), 
while the alpha diversity indices, except Shannon’s diversity index, demonstrated quadratic changes 
(p < 0.05) (Table 4). In the cannulation group, however, Shannon and Simpson’s diversity indices 
showed linear changes (p < 0.05), while all the alpha diversity indices demonstrated quadratic 
changes (p < 0.05) (Table 4). Shannon’s diversity index greatly decreased from day 4 to day 14 in the 
cannulation group, indicating that microbial diversity initially decreased after cannulation surgery 
and then returned to its initial state by postoperative day 28 (Table 4). During the cannulation 
surgery, the incision made in the rumen seemed to expose a significant number of anaerobic rumen 
microbes to external oxygen, thereby decreasing their population during the early stages of the 
procedure. However, as the surgery progressed and the rumen returned to its anaerobic state, the 
diversity of rumen microbes gradually recovered and returned to its original state.

Both the unweighted and weighted UniFrac PCoA plots revealed significant differences (p < 
0.05) in the overall microbial composition between the control and cannulation groups, not only 
on the preoperative day but also on the postoperative days (Fig. 3). On the preoperative day, the 
ANCOM did not reveal significant differences in the major taxa between the two groups, yet the 
PCoA plots demonstrated significant differences in the overall microbial composition (Fig. 3A). 
Therefore, these differences are likely influenced by variations in minor taxa among individual 
animals before cannulation surgery. On the postoperative day, the ANCOM revealed that only 
the Selenomonas and Succinivibrio genera exhibited significant differences between the two groups. 
Therefore, the differences observed in the PCoA plots may be attributed to variations in minor taxa 
including these two genera between the two groups due to the cannulation surgery. However, these 
differences might have also been caused by variations in minor taxa among individual animals, 

Table 3. Alpha diversity indices on preoperative and postoperative days1)

Treatments Observed ASV Chao1 estimate Shannon’s diversity Simpson’s diversity
Preoperative day2)

Control (n = 4) 2,027 2,125 9.320 0.992

Cannulation (n = 4) 1749 1,839 9.082 0.993

SEM 79.196 83.656 0.130 0.001

p-value 0.073 0.084 0.400 0.808

Postoperative days3)

Control (n = 36) 1,593a 1,645a 9.284a 0.995a

Cannulation (n = 36) 1,346b 1,389b 8.846b 0.993b

SEM 38.545 41.066 0.059 0

p-value 0.005 0.006 0.016 0.024
1)Good’s coverage of all samples is over 99.4%.
2)Eight rumen samples were collected from eight steers on the preoperative day (day 0) (4 animals × 2 groups × 1 timepoint).
3)Seventy-two rumen samples were collected from eight steers on postoperative days 1, 4, 7, 10, 14, 17, 21, 24, and 28 (4 ani-
mals × 2 groups × 9 timepoints).
a,bMeans with significant differences (p < 0.05).
ASV, amplicon sequence variant.
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Table 4. Longitudinal shifts of alpha diversity indices from day 0 to day 28 

Day
Observed ASV Chao1 estimate Shannon’s diversity Simpson’s diversity

Control1) Cannulation Control Cannulation Control Cannulation Control Cannulation 
0 2,027.000 1,749.000 2,125.112 1,839.371 9.320 9.082 0.992 0.993

1 1,936.000 1,673.500 2,016.343 1,736.417 9.339 9.012 0.993 0.993

4 1,797.000 966.250 1,876.394 998.201 9.268 7.786 0.994 0.984

7 1,394.500 950.500 1,431.831 968.976 9.108 8.325 0.995 0.992

10 1,457.250 1,126.250 1,497.520 1,152.190 9.256 8.562 0.996 0.992

14 1,239.000 1,312.250 1,255.113 1,359.714 9.189 8.912 0.996 0.994

17 1,829.250 1,676.750 1,884.444 1,733.229 9.450 9.325 0.996 0.996

21 1,369.000 1,321.500 1,399.635 1,347.263 9.338 9.145 0.997 0.996

24 1,507.250 1,284.500 1,553.910 1,305.486 9.255 9.070 0.996 0.995

28 1,811.000 1,806.250 1,885.465 1,898.881 9.356 9.481 0.995 0.997

SEM 48.918 52.020 52.756 56.010 0.044 0.089 0.000 0.001

Linear (p-value) 0.0547 0.3310 0.0475 0.3791 0.6409 0.0015 0.0024 0.0019

Quadratic (p-value) < .0001 0.0006 < .0001 0.0004 0.7442 0.0009 0.0001 0.0080
1)Eight Hanwoo steers were divided into the control (n = 4) and cannulation (n = 4) groups. 
ASV, amplicon sequence variant.

Fig. 3. Differences in rumen microbiota distribution between the control and cannulation groups based 
on (A) unweighted and (B) weighted UniFrac distances analyzed using non-parametric permutational 
multivariate analysis of variance. 

A

B
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regardless of cannulation surgery because the two groups exhibited significant differences before the 
cannulation surgery. 

In the control group, both unweighted and weighted PCoA plots revealed that all pairwise 
comparisons were not significantly different (p > 0.05), indicating that the overall microbial 
composition remained unchanged as the days passed (Fig. 4A). Conversely, in the cannulation 

Fig. 4. Rumen microbiota distribution depending on the day after cannulation surgery in the (A) control and 
(B) cannulation groups. In the control group, all pairwise comparisons based on both unweighted and weighted 
principal coordinates analysis (PCoA) plots are not significantly different (p > 0.05). In the cannulation group, 
pairwise comparisons based on the unweighted PCoA plots are not significantly different (p > 0.05), while those 
based on the weighted PCoA plots are significantly different (p < 0.05). Variations in rumen microbiota on different 
days were analyzed using non-parametric permutational multivariate analysis of variance. NS, not significant. 

A

B
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group, the weighted PCoA plots revealed significant differences (p < 0.05) in pairwise comparisons, 
indicating differences in the abundance of microbial taxa between the first week and the subsequent 
days after the cannulation surgery (Fig. 4B). Therefore, the rumen cannulation method can 
potentially change the composition of rumen microbiota in Hanwoo steers. Further studies are 
needed to confirm if the composition recovers after 28 days. 

The composition of gut microbiota can undergo shifts after injury due to dysregulation of 
immune function and inflammation [27]. Therefore, an initial injury resulting from cannulation 
surgery may also influence the composition of rumen microbiota in Hanwoo steers. Therefore, we 
conducted a comparative analysis of rumen microbiota between day 0 and days 1 plus 4 to evaluate 
any potential early-stage effects on the composition of rumen microbiota. The ANCOM showed 
no significant differences (p > 0.05) in the abundance of all major genera between these two day 
categories in both the control and cannulation groups. The alpha diversity indices did not differ (p 
> 0.05) between the two day categories in the control group, while Chao1 was greater (p < 0.05) in 
the day 0 category than in the days 1 plus 4 category in the cannulation group (Table 5). Although 
no significant differences were observed in Shannon and Simpson’s diversity indices, they were 
numerically greater in the day 0 category than in the days 1 plus 4 category in the cannulation 
group. In the early stages of cannulation surgery, microbial diversity might have reduced owing to 
the injury caused by the procedure. Although the major genera did not differ between these two day 
categories in the cannulation group, the minor genera might have shifted, as indicated in the PCoA 
plots (Fig. 4). This alteration in microbial diversity may be attributed to the exposure of a significant 
number of anaerobic rumen microbes to external oxygen during the early stages of the procedure.
On the preoperative day, ruminal pH did not exhibit significant differences between the control and 
cannulation groups (Table 6). However, on the postoperative days, significant differences (p < 0.05) 
in ruminal pH were observed between the two groups (Table 6). Wang et al. [9] also showed that 
ruminal pH exhibits significant differences between the control and cannulation groups. No linear 
or quadratic changes were observed in either the control or cannulation group from day 0 to day 28 
(Table 7). However, ruminal pH increased due to the rumen cannulation surgery and subsequently 
returned to its initial state by postoperative day 28 (Table 7). These changes may be associated with 
alterations in microbial diversity due to exposure of anaerobic rumen microbes to external oxygen 
during the early stages of the procedure. 

Table 5. Comparison of alpha diversity indices between the preoperative day (day 0) and postoperative 
days 1 plus 41) 

Group Observed ASV Chao1 estimate Shannon’s diversity Simpson’s diversity
Control

Day 0 2,027 2,125 9.320 0.992

Days 1 plus 4 1,867 1,946 9.303 0.994

SEM 65.832 70.014 0.091 0.001

p-value 0.396 0.308 1.000 0.497

Cannulation

Day 0 1,749 1,839a 9.082 0.993

Days 1 plus 4 1,320 1,367b 8.399 0.989

SEM 114.585 121.737 0.217 0.002

p-value 0.062 0.042 0.126 0.497
1)Good’s coverage of all samples is over 99.4%.
a,bMeans with significant differences (p < 0.05).
ASV, amplicon sequence variant.
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CONCLUSION
The study findings indicate that rumen cannulation surgery can potentially influence the 
composition of rumen microbiota in Hanwoo cattle. However, the major genera, microbial diversity, 
and pH levels appeared to gradually return to their original state over approximately 1 month. 
The current data show that the composition of predominant rumen microbes is affected by rumen 
cannulation surgery. Additionally, minor rumen microbes that are altered by this procedure do not 
return to their initial states by postoperative day 28.
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