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volatile fatty acid, VFA

50 70% Ruminococcus Butyrivibrio Prevotella

Fibrobacter Coprococcus Porphyromonas

1997 Henderson et 

al., 2015 7,000 Firmicutes Bacteroidetes

68 12.8%

20% Krause et al., 2013

Wilkinson et al. 2018 16S rRNA 

next-generation sequencing, NGS

    Jami et al., 2014

relative abundance

Bainbridge et al. 2016

dairy herd improvement, DHI Fourier-

transform infrared spectroscopy, FTIR

FTIR

DHI Gengler et al., 2016

111-14

I.   

2022 10 12 Holstein-Friesian

21 0 18 19 3

10 5

Pangola hay group, P Bermuda hay group, B 28.7 ± 2.4

29.0 ± 2.6 kg 323 ± 45 330 ± 41 days

NRC 2001  total mix ration, TMR

 5

00 1/3 2 30 2/3 5 10%

A254 Digitaria

2022 6 8 65%

10%

1 CP Ether extract, 

EE NDF ADF 4.10% 1.17% 61.37% 34.19% CP EE NDF ADF

9.39% 1.89% 58.10% 31.04%

II.  
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Origin 

(iii) Fatty Acid Origin de novo fatty acids C4:0

C6:0 C8:0 C10:0 C12:0 C14:0 C14:1 mixed fatty acids C16:0

C16:1 preformed fatty acids C15:0 C17:0 C18:0 C18:1 C18:2

C18:3 C20:0 C20:2 C 22:0 C24:0

1. 

Table 1. The analysis of Pangola hay and Bermuda hay

Items1 Pangola hay* Bermuda hay*

Dry matter, % 91 94

CP, % 4.10 9.39

EE, % 1.17 1.89

NDF, % 61.37 58.10

ADF, % 34.19 31.04
* (%, DM basis)
1

. TMR

19 21 3 TMR -20 4

55 48 AOAC 1990 CP EE Van 

Soest et al. 1991 ADF NDF

.  

(i)   10 21 8:30

oral stomach tubing OST

180 220 cm

250 mL pH WTW pH 3310 Germany pH

50 mL

(ii) QIAamp PowerFecal DNA Kit, Qiagen

DNA DNA Qubit 4.0 Fluorometer 1 ng/

ul

(iii) 16S V1-V9 16 S Pacbio

SMRTbell 

V.  

QIIME2 MAFFT NCBI ASVs

principal component analysis, PCA

SAS SAS, 2002

ANOVA  mean ± SD   = 0.05 

Buxton et al., 

1997 NDF 25% 40 50%

NDF 50% 70% Buxton et al., 1995
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McAllister et al., 1994

 

2. 

Table 2. Ingredients and nutrient composition of the total mixed ration for two groups of experimental lactating cows.

Ingredient items Total mixed ration (%, as DM basis) group1

P B 

Corn silage 22.96 22.90

Bermuda hay - 12.96

Pangola hay 12.72 -

Alfalfa hay 14.38 14.34

Concentrate2 29.31 29.23

Soybean hull 12.72 12.68

Soybean meal, 44% CP 5.33 5.32

Lipid3 1.58 1.58

Sodium bicarbonate 0.80 0.80

Premix4 0.20 0.20

Total 100 100

Calculated values (%, as DM basis)

DM, % 44 44

CP, % 16.4 17.2

EE, % 3.40 3.50

NDF, % 36.4 34.5

ADF, % 21.9 20.4

NEL5, Mcal/kg 1.52 1.52

1 P = Pangola hay group; B =Bermuda hay group.
2

(1.2%), limestone (1%), dicalcium potassium (0.8%), sodium bicarbonate (0.8%), magnesium oxide (0.4%), vitamin premix 
(0.03%), and mineral premix (0.02%). (as fed basis).
3 Lipid: Energy Booster 100® dry fat supplement contains 98% total fatty acids.
4 Each kilogram of premix contains Vit. A, 10,000,000 IU; Vit. D3, 1,600,000 IU; Vit. E, 70,000 IU; Fe, 50g; Cu, 10g; Zn, 40g; I, 

0.5g; Se, 0.1g; Co, 0.1g.
5 NEL value is calculated according to NRC (2001).

1991

50 70
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2011 CP 6.0 6.8% EE

1.8 2.0% NDF 73.9 74% ADF 43.3 44.3% CP

10.9% EE 2.1% NDF 69.9% ADF 33.9%

CP EE CP EE NDF

ADF 2020 2021

2022

TMR 2 TMR CP EE NDF ADF

16.4% 3.4% 36.4% 21.9% TMR CP EE NDF ADF 17.2% 3.5%

34.5% 20.4% TMR CP EE NDF

ADF NDF ADF

1999 TMR 10 15
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TMR TMR

pH 6 7

pH 2006 P B

pH 6.71 n= 4 6.82 n= 5

operational taxonomic units, OTU Denoising

amplicon sequence variants, ASVs Knight et al., 2018

divisive amplicon denoising algorithm, DADA Rosen et al., 2012 P B

2,071 1,974 deoxyribonucleic acid, DNA

1 TMR Roques 

et al. 2023 ASVs

late mown silage diet, LMS control 

silage diet, CS 820 DNA 547

Succinivibrionaceae families LMS CS p 0.001 LMS

Christensenellaceae families CS p 0.001 herb 

rich silage diet, HRS LMS 820 DNA 347 HRS

Proteobacteria LMS p  0.03

1. 

P B

Fig. 1. Effect of different grasses TMR for rumen microbiota of Holstein late lactation milking cows. Each ellipse represents 

one group. The overlapping regions between the ellipses represent as the amplicon sequence variants (ASVs) that are 

shared between the Pangola hay group (P) and Bermuda hay group (B).
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et al., 2014 2 P B Bacteroidetes Firmicutes
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Oliverira et al., 2013 3 P B P B
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Xue et al. 2018 VFA 90 219

VFA p 0.01

305

PCA TMR

4  PCA PCA 

PC1  PC2 22.16%  19.73% PC1 Prevotella

Pseudobutyrivibrio Kineothrix Butyrivibrio Alistipes PC2

2. 

Fig. 2. Effect of different grasses TMR for major rumen microbiota at the phylum level relative abundance of late lactation 

Holstein milking cows.

3. 

Fig. 3. Effect of different grasses TMR for major rumen microbiota at the genus level relative abundance of late lactation 

Holstein milking cows.

3 TMR P B

29.58 vs. 28.28 kg 4.14 vs. 3.55% 3.24 vs. 3.48% 4.72 vs. 4.91%

8.67 vs. 9.01% 13.78 vs. 14.53 mg/dL 155 vs. 141 mg/dL

2006 P B

323 ± 45 330 ± 41 
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Jami et al. 2014

relative abundance

B

P B P TMR

Jami et al. 2014 30 70

Jensen, 2002 4 TMR

P B 2.9 vs. 2.27 g/100 g of milk 1.01 vs. 0.98 g/100 g of 

milk 1.55 vs. 1.33 g/100 g of milk 1.36 vs. 1.23 g/100 g of milk

P 0.98 vs. 0.75 g/100 g of milk B p 0.05

acetic acid -

-hydroxybutyrate

P B p

0.05 - TMR

4. 

Fig. 4. Principal component analysis (PCA) plots of rumen bacterial communities between Pangola hay group (P) or Bermuda 

hay group (B) TMR.

3. 

Table 3. Effect of different grasses TMR for milk composition of Holstein late lactation milking cows.

Groups1

Item P (n2 = 5) B (n = 5) p-value

Milk yield, kg/d 29.58 ± 2.90 28.28 ± 2.46 0.59

Milk composition

Fat, %   4.14 ± 1.55   3.55 ± 0.31 0.07

Crude protein, %   3.24 ± 0.30   3.48 ± 0.35 0.95

Lactose, %   4.72 ± 0.23   4.91 ± 0.54 0.08

Solid not-fat, %   8.67 ± 0.42   9.01 ± 0.34 0.63

Urea nitrogen, mg/dL 13.78 ± 2.04 14.53 ± 4.16 0.30

Citric acid, mg/dL 155 ± 21 141 ± 27 0.76

Mean ± standard deviation.
1 P = Pangola hay group; B = hay group. 
2 n = number of cows.
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4. 

Table 4. Effect of different grasses TMR for milk fatty acids composition of Holstein late lactation milking cows.

Groups1

Item P (n2 = 5) B (n = 5) p-value

Total saturated fatty acid, % 2.90 ± 1.30 2.27 ± 0.23 0.06

Total unsaturated fatty acid, % 1.01 ± 0.30 0.98 ± 0.13 0.33

De novo fatty acid 3, % 0.98 ± 0.44 0.75 ± 0.06 <0.05

Mixed fatty acid, % 1.55 ± 0.57 1.33 ± 0.10 0.06

Preformed fatty acid, % 1.36 ± 0.44 1.23 ± 0.15 0.20

Mean ± standard deviation.
1 P = Pangola hay group; B= Bermuda hay group.
2 n = number of cows.
3 De novo fatty acid (C4:0, C6:0, C8:0, C10:0, C12:0, C14:0 and C14:1), mixed fatty acid (C16 and C16:1), preformed fatty 

acid (C15:0, C17:0, C18:0, C18:1, C18:2, C18:3, C20:0, C20:2, C 22:0 and C24:0).

P B

Bacteroidetes Firmicutes Proteobacteria Tenericutes P B

Prevotella 49.45% 50.38% PCA

PC1 PC2 22.16%  19.73% P B

P

0.98 vs. 0.75 g/100 g of milk B p 0.05
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Abstract

at the end of the experimental period. The results showed 2,071 and 1,974 DNA barcoding of unique microbial species 

Bacteroidetes, 

Firmicutes, Proteobacteria, and Tenericutes

that Prevotella Pseudobutyrivibrio, Kineothrix, Butyrivibrio, 

and Alistipes

de novo

p

the results, the composition of rumen microbiota in milking cows fed with different ration compositions was similar, but the 

proportions differed. Understanding the changes in rumen core microbial composition and milk composition of milking cows 

with different forage complete mixed diets will help to develop the most suitable ratio of domestic forage that is stable in the 
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