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1 mL CTAB (hexadecyltrimethylammonium bromide) 5 x FastPfu buffer (5 pmol/L) 0.4 uL
) 2 pL dNTPs (2.5 mmol/L) DNA 10 ng
Bead Beat DNAL!4 ddH,0 20puL PCR 95 °C
DNA Nanodrop 2000 2min 95°C 30s 55°C 30s 72°C
(Thermo Fisher Scientific, Inc., Madison, Wisconsin, 30s 25 72 °C 20 min
USA) DNA (ng/pL) 260 nm PCR 20
280 nm OD 1.82.0 -20°C PCR (Axygen )
1.5.2 Real-time PCR 7 PCR QuantiFlourTM-ST fluorometer
20 uL ABI7500 Real-time [ ( ) )]
PCR
(Sulfate-reducing bacteria SRB) Illumina MiSeq PE300
16S rRNA FLASH MiSeq
18S rRNA M paired-end
(mcrA) (9] barcode
(dsrA)
Real-time PCR 1 Usearch (version 7.1)
153 MiSeq OTU 97 %
DNA 16S rDNA OTU QIIME
V3-V4 DNA 16S rRNA Silva (Silva
338F (5'-ACTCCTRCGGGAGGCAGCAG-3') version 119)?  OTU
806R (5'-GGACTACCVGGGTATCTAAT-3") o
PCR PCR ABI Gene Amp® 9700 (Ace Chaol) (Shannon  Simpson)
20 pL 0.4 pL FastPfu (Coverage) Canoco
Polymerase ( ) 4uL (version 4.5) (PCA)
*1. BEEBEFRNEYMEFNEE PCR 3|1F5)
Table 1. Primers used for real-time PCR quantification of rumen target organisms
Target organisms Primers Sequences (5'—3') Annealing temp. /°C ~ References
Total bacteria 1114F CGGCAACGAGCGCAACCC 60 [15]
1275R CCATTGTAGCACGTGTGTAGCC
Fungi Fungi-F GAGGAAGTAAAAGTCGTAACAAGGTTTC 60 [15]
Fungi-R CAAATTCACAAAGGGTAGGATGATT
Protozoa Prot316F GCTTTCCGWTGGTAGTGTATT 54 [16]
Prot539R CTTGCCCTCYAATCGTWCT
Methanogens McrA-F TTCGGTGGATCDCARAGRGC 60 [17]
McrA-R GBARGTCGWAWCCGTAGAATCC
Sulfate-reducing DsrA-F CCAACATGCACGGYTCCA 60 [18]
bacteria DsrA-R CGTCGAACTTGAACTTGAACTTGTAGG
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x2 AEBMMANIELE 240 EFSE. BRSE. pH. SRRE. TYRMENDELEOZND
Table 2. Effects of lysozyme on total gas and methane production, pH, ammonia concentration, DM and OM
digestibility in the in vitro rumen mixed cultures at 24 h
Different supplement level/(mg/100 mL) P-value
Items SEM - -
0 0.1 1 10 100 Trt Linear Quadratic
Total gas/mL 182.1* 182.0° 178.1* 170.9° 133.7° 1.58 <0.01 <0.01 0.01
Methane/mL 23.3% 22.5% 21.3° 19.4° 12.0¢ 0.33 <0.01 <0.01 <0.01
pH 6.68" 6.69° 6.64° 6.65° 6.69° 0.01 <0.01  <0.01  <0.01
NH;-N/(mg/dL) 14.5 14.2° 13.7¢ 15.0% 15.1° 0.18 <0.01  <0.01 <0.01
DM digestibility/% 54.1* 54.6" 54.2° 52.2° 41.9¢ 0.27 <0.01 <0.01 0.01
OM digestibility/% 56.0" 56.0% 55.5% 53.3° 42.8¢ 0.309 <0.01 <0.01 <0.01

L-0: no additives; L-0.1: lysozyme 0.1 mg/100 mL; L-1: lysozyme 1 mg/100 mL; L-10: lysozyme 10 mg/100 mL; L-100: lysozyme
100 mg/100 mL; SEM: standard error means; a-d Means within a row with different superscripts differ (P<0.05). The same as follows.
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Table 3. Effect of lysozyme on volatile fatty acid concentration in the in vitro rumen mixed cultures at 24 h

Different supplement level/(mg/100 mL) P-value
Items SEM - -
0 0.1 1 10 100 Trt Linear  Quadratic
Total VFA/(mmol/L) 64.8° 65.4° 67.0° 64.1° 56.3° 1.020  <0.01 <0.01  0.60
Acetate/(mmol/L) 38.4° 39.3% 40.5° 37.9° 30.9° 0.590 <0.01 <0.01 0.49
Propionate/(mmol/L) 15.9° 16.6° 18.8° 20.2° 21.0° 0330 <0.01 <0.01 <0.01
Butyrate/(mmol/L) 8.32° 7.49° 5.48° 4329 3.42° 0.170  <0.01 <0.01  <0.01
Isobutyrate/(mmol/L) 0.70° 0.62° 0.75 0.73° 0.40° 0.065 0.01 <001 035
Valerate/(mmol/L) 0.49° 0.38° 0.32 0.28° 0.14¢ 0.026 <0.01 <0.01 <0.01
Isovalerate/(mmol/L) 1.16° 1.17° 1.13° 0.62° 0.40° 0.016 <0.01 <0.01  <0.01
Acetate/Propionate 2.42° 2.36° 2.15° 1.88¢ 1.47° 0013 <0.01 <0.01 <0.01
Total BCVFA/(mmol/L) 1.86° 1.78" 1.87° 1.34° 0.80° 0.073 <0.01 <0.01  <0.01
2.3 (SRB)
2.3.1 (P>0.05)
4 L-100 2.3.2
(P<0.05) 25171
(P>0.05) 437 bp
(P>0.05) L-100 99.7%
(P<0.05)  L-0.1 L-1 L-10 5 L-1

F4. BEEXAIREBEINGERFHENTIE

Table 4. Effects of lysozyme on microbial populations (log copy numbers/mL) in the in vitro rumen mixed cultures

Different supplement level (mg/100 mL) P-value
Items SEM - -
0 0.1 1 10 100 Trt Linear Quadratic
Total bacteria 12.30° 12.30° 12.31° 12.33* 11.77° 0.031 <0.01 <0.01 0.05
Fungi 7.73 7.82 7.89 7.91 7.84 0.083 0.62 0.85 0.32
Protozoa 10.33 10.36 10.37 10.40 10.21 0.043 0.06 0.01 0.22
Methanogens 8.81% 8.77% 8.82% 8.80° 8.65" 0.023 <0.01 <0.01 0.63
SRB 8.27 8.29 8.30 8.35 8.23 0.026 0.056 0.02 0.04
SRB: sulfate-reducing bacteria
x5 BEMMAIMNRERAEENFEENS HEERRN
Table 5. Effects of lysozyme on in vitro fermentation bacterial richness and diversity
Value P-value
Items SEM - -
L-0 L-1 L-100 Trt Linear Quadratic
OTU 625.8° 606.8° 275.0° 4.930 <0.01 <0.01 0.053
Ace 654.3° 646.5% 333.3° 5.180 <0.01 <0.01 0.55
Chaol 658.8" 651.5% 336.8° 6.420 <0.01 <0.01 0.67
Shannon index 4.83° 4.48° 2.64° 0.062 <0.01 <0.01 <0.01
Simpson 0.024° 0.044° 0.219° 0.005 <0.01 <0.01 0.02
Coverage 0.998 0.998 0.997 0.000 0.32 0.20 0.44
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Figure 1. Principal component analysis (PCA) of in

vitro fermentation bacterial communities.
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R 6. FEMXRINAEERMEE AN FEE R
Table 6. Effects of lysozyme on relative abundance (%) of in vitro fermentation bacterial communities at phylum
and genus level (accounted for=0.5% of total sequences each in at least one treatment)

Relative abundance/% P-value
Phylum Genus/other -0 -1 L-100 SEM - Lincar  Quadratic
Proteobacteria  Total 24.20° 36.90° 53.70° 1.610 <0.01 <0.01 <0.01
Ruminobacter 12.56° 21.59° 3.03° 1.036 <001 <0.01 <0.01
Succinivibrio 10.15° 11.72° 50.17° 0.654 <0.01 <0.01 023
Unclassified Succinivibrionaceae  0.90* 3.05% 0.05° 0.097 <0.01 <0.01 <0.01
Bacteroidetes ~ Total 41.60° 32.70° 22.50° 2,130 <0.01  <0.01  0.02
Prevotella 14.30° 9.67" 4.54° 1.824  0.01 <0.01  0.11
Bacteroides 1.62° 0.88° 0.05° 0.173  <0.01 <0.01  0.02
Unclassified Rikenellaceae 9.72° 8.67° 15.69° 1.428 0.02 <0.01 0.60
Unclassified Bacteroidales 8.45% 7.57% 1.90° 0.756  <0.01 <0.01 0.46
Unclassified Peptococcaceae 7.32% 5.71° 0.29° 0.718 <0.01 <0.01 0.16
Firmicutes Total 27.50° 25.80° 12.20° 1.830  <0.01 <0.01 0.55
Pseudobutyrivibrio 3.34° 2.60° 0.26° 0.136  <0.01 <0.01 <0.01
Ruminococcus 3.26° 4.00* 0.56° 0476 <0.01 <0.01 0.28
Butyrivibrio 2.16° 2.43° 0.01° 0248 <0.01 <0.01 0.43
Succiniclasticum 0.96° 0.88° 3.37° 0337 <0.01 <0.01 0.83
Saccharofermentans 1.08* 1.04* 0.00° 0.060 <0.01 <0.01 0.76
Selenomonas 0.18° 0.23° 3.66° 0224 <0.01 <0.01 0.96
Anaerovibrio 0.13° 0.13° 0.58° 0.019 <0.01 <0.01 0.80
Unclassified Christensenellaceae  5.15% 4.02° 0.26° 0.334 <0.01 <0.01 0.05
Unclassified Lachnospiraceae 4.46* 4.25% 0.06" 0.314 <0.01 <0.01 0.71
Unclassified Ruminococcaceae 3.51% 3.23% 0.10° 0231 <0.01 <0.01 0.47
Unclassified Clostridiales 0.80° 0.72° 0.30° 0.049 <0.01 <0.01 0.30
Unclassified Veillonellaceae 0.43° 0.32° 2.47% 0.190 <0.01 <0.01 0.64
Fibrobacteres  Total 2.92% 1.83° 0.00° 0319 <0.01 <0.01 0.04
Fibrobacter 2.92° 1.83° 0.00° 0319 <0.01 <0.01 0.04
Synergistetes ~ Total 1.44 1.17 2.10 0.305 0.14 0.06 0.54
Unclassified Synergistaceae 0.95 0.80 1.25 0.206  0.33 0.17 0.59
Pyramidobacter 0.32° 0.24° 0.75 0.077 <0.01 <0.01 045
Lentisphaerac  Total 0.88 0.46 0.45 0.118  0.05 0.15 0.03
Unclassified Lentisphaerae 0.75 0.33° 0.35° 0.104  0.03 0.16  0.02
Tenericutes Total 0.32° 0.35° 1.38° 0.142 <0.01 <0.01 0.93
Anaeroplasma 0.20° 0.26 1.30° 0.133  <0.01 <0.01 0.81
Fusobacteria ~ Total 0.01° 0.01° 6.28" 0412  <0.01 <0.01 0.92
Fusobacterium 0.01° 0.01° 6.28" 0.412  <0.01 <0.01 0.92
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Effects of lysozyme on in vitro fermentation, methanogenesis
and microbial community structure of the rumen

Yaying Chen', Zhuang Liu', Peng’an Lv', Junshi Shen'*", Weiyun Zhu'

! Laboratory of Gastrointestinal Microbiology, Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal Health,
College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China
2 Department of Animal Sciences, The Ohio State University, Columbus, OH 43210, USA

Abstract: [Objective] We studied the effects of lysozyme on in vitro rumen fermentation, methanogenesis and
microbial community structure. [Methods] Lysozyme was added to in vitro ruminal cultures at 5 doses: with 0
(L-0, Control), 0.1 mg/100 mL (L-0.1), 1 mg/100 mL (L-1), 10 mg/100 mL (L-10), and 100 mg/100 mL (L-100).
Total gas and methane production were measured at different time of incubation. Culture samples were collected at
24 h for analysis of fermentation parameters and functional microbial populations. In addition, samples of L-0, L-1,
and L-100 collected at 24 h were also used subjected to metagenomics analysis of bacterial community using
Illumina sequencing of 16S rRNA gene amplicons. [Results] Compared with control, methane production,
ammonia concentration, dry matter digestibility, organic matter digestibility and total volatile fatty acid
concentration were not influenced by L-0.1 (P>0.05). Methane production and NH;-N concentration were reduced,
and propionate concentration was increased by L-1 (P<0.05), whereas dry matter digestibility, organic matter
digestibility or total volatile fatty acid were not affected (P>0.05). Methane production was reduced, and propionate
concentration was increased by L-10 and L-100 (P<0.05), but dry matter digestibility and organic matter
digestibility were also decreased significantly (P<0.05). The qPCR results showed that total bacteria, fungi and
methanogens were significantly reduced by L-100 (P<0.05), but were not influenced (P>0.05) by L-0.1, L-1, or
L-10. Principal Component Analysis of the sequencing data showed clear differences in the composition of the
ruminal bacterial community between the control and the lysozyme treatments, demonstrating evident impact of the
lysozyme addition. The abundance of propionate-producing bacteria (e.g., Selenomonas and Succinivibrio) was
increased by lysozyme, resulting in more hydrogen being directed to production of propionate instead of methane.
Moreover, the reduced ammonia concentration in L-1 was probably due to the lower abundance of proteolytic
bacteria (e.g., Prevotella and Bacteroides) inhibited by lysozyme. [Conclusion] Appropriate lysozyme addition (1
mg/100 mL) can be used to modulate ruminal microbial ecology and reduce methanogenesis and ammoniagenesis
by rumen microbiome without adversely affecting feed digestion or fermentation in short-term.
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