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INTRODUCTION
 
Fodder trees and shrubs have been attributed to the 

diversity of livelihood, accounting from N-fixing in soil, 
firewood, fencings, human vegetables, and onwards to 
serve as animal feeds (Teferedegne, 2000; Franzel et al., 
2014). Their nutritive values, especially the phytonutri-
ents consisting of condensed tannins and saponins, have 
impacted the end-products of rumen fermentation and 
ruminant productivity (Wanapat et al., 2012; Wang et al., 
2018). 

Currently, many attempts have been reported on 
the potential use of phytonutrients (PTN) to modulate 
rumen ecology, especially their mode of actions on 
rumen protozoa and the reduction of methane produc-
tion (Patra & Saxena, 2009; Wanapat, 2009; Wanapat 
et al., 2013). Interestingly, Wang et al. (2018) revealed a 
remarkable PTN in hazel (Corylus avellana), which de-
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ABSTRACT

Feed intake and nutrient digestibility, rumen fermentation profiles, milk yield and compositions 
of lactating dairy cows fed with Flemingia macrophylla pellet (FMP) were evaluated. Four crossbred dairy 
cows in early lactation were randomly allocated into a 2×2 factorial arrangement in a 4×4 Latin square 
design (LSD).  The first factor was protein level of concentrate mixtures consisted of two levels, i.e., 
14% and 16%. The second factor was supplementation levels of FMP consisted of two levels, i.e., 0 and 
150 g/cow/d. There were no interactions between the protein level of concentrate and FMP supplemen-
tation on feed intake and digestibility, rumen fermentation profiles, milk yield and composition of 
lactating dairy cows. The findings revealed that both factors significantly impacted feed intakes. They 
also significantly increased the digestibility of CP and neutral detergent fiber (NDF). Ruminal ammo-
nia nitrogen and propionate (C3) concentrations were improved (p<0.05), while rumen acetate (C2), the 
ratio of C2:C3, estimated methane (CH4) production, and protozoal counts were subsequently reduced 
(p<0.05). Crude protein level and FMP supplementation additionally improved nitrogen absorption 
and utilization, as well as microbial nitrogen synthesis. Milk production was significantly increased by 
the FMP feeding. In conclusion, a concentrated mixture with 16% CP along with supplementation of 
FMP at a dose of 150 g/cow/d could significantly increase rumen fermentation end-products, microbial 
protein synthesis, mitigated rumen CH4 production, and milk production in lactating dairy cows fed 
with rice straw.
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creased methane production and urinary nitrogen excre-
tion in sheep. Furthermore, Ampapon & Wanapat (2020) 
highlighted that PTN could increase rumen propionate 
production and remarkably mitigated rumen methane 
production.      

Flemingia (Flemingia macrophylla) is an original fod-
der shrub in the tropics. It contains protein in the range 
of 16.9% to 23.7% CP (Andersson et al., 2006; Viennasay 
& Wanapat, 2020) and condensed tannins in the range of 
2.4% to 3.3% of dry matter (Mui et al., 2001). Fagundes 
et al. (2020) reported that Flemingia contains condensed 
tannins at the level of 10.9% of dry matter. When 
compared to the other species evaluated, this result 
indicates that condensed tannin is a natural additive for 
replacing ionophores to improve ruminal fermentation. 
Condensed tannins from Flemingia have the ability to 
alter the rumen fermentation in ruminants. Flemingia 
leaf was harvested after four months of regrowth and 
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was sun-dried and ground to be used as a supplemental 
powder for beef cattle.  

However, it is necessary to investigate their uses, 
as well as their interactions in the ruminant diet, to 
increase the end-products of rumen fermentation and 
milk production. Hence, the aim of this study was to 
evaluate the effects of supplementation of Flemingia 
leaf as a feed pellet with different protein levels on dry 
matter intake, digestibility of nutrients, end-products 
of rumen fermentation, microbial population, as well as 
milk yield and quality in lactating crossbred dairy cows 
fed on rice straw as a roughage source.

MATERIALS AND METHODS
 
This experiment was conducted in accordance with 

the recommendations on care and use of the Animal 
Care and Use Committee of Khon Kaen University, 
Thailand (ACUC-KKU 49/2559).

Preparation of Flemingia macrophylla Pellet
 
Fresh leaves of Flemingia were harvested and mois-

ture–reduced by sun-drying about 3-5 days and were 
ground to pass a 1 mm screen. Flemingia pellet (FMP) 
was produced by mixing 90% of dried Flemingia leave, 
9% of cassava chip, and 1% of molasses, then water was 
added with a ratio of 0.8:1 (water and meal, respec-
tively). The pellets were processed by using a pellet 
machine (victor pellet mill, China) and then sun-dried 
to achieve about 90% of the dry matter before feeding 
to the animals. FMP are small cylindrical pieces 10 mm 
long with diameters 5 mm.

Animals and Design
 
Four multiparous Holstein-Friesian crossbred 

lactating dairy cows (50% Holstein-Friesian × 50% Thai 
native breed) with 410±5 kg of body weight (BW) in early 
lactation were randomly arranged into a 2×2 factorial ar-
rangement in a 4×4 Latin square design.  The first factor 
was crude protein level of concentrate mixtures consist-
ed of 2 levels, i.e., 14% and 16%. The second factor was 
the concentration of FMP supplementation consisted of 
two levels, i.e., 0 and 150 g/cow/d.

 The experimental cows received the diets for four 
treatments with different protein and FMP supplementa-
tions. Ingredient compositions of concentrate mixture 
and nutrient composition are presented in Table 1. Before 
the treatments were imposed, the cattle were treated with 
vitamin A, D3, and E and were drenched with anthelmin-
tics prior to the experiment.

This experiment was conducted for 4 consecutive 
durations with each section of 3 weeks. The first 14 
days were used for the adaptation period and for feed 
dry matter intake measurements, while the last 7 days 
were for sample collection (feeds, faces, and urine). The 
cows were fed twice daily at 07.00 and 16.00 o’clock with 
water and mineral block as a free choice (Mineral block, 
each kg of the block contains: Vitamin A: 10,000,000 IU; 
Vitamin D: 1,600,000 IU; Vitamin E: 70,000 IU; Fe: 50 g; 

Mn: 40 g; Zn: 40 g; Cu: 10 g; Co: 0.1 g; Se: 0.1 g; I: 0.5 g.). 
Concentrates were offered at concentrate supplement to 
milk yield of 1:2.

Samples Collection and Chemical Analyses
 
Feeds and refusals were collected daily during the 

experimental period and were composited by period 
prior to chemical analyses. Feeds, fecal, and urine sam-
ples were collected during the last seven days of each 
period. Fecal samples were collected by rectal sampling, 
whilst urine samples were collected by spot sampling. 
The urine sample from each cow was collected from 
in situ manual triggers via vulva. Composited feed 
samples were oven-dried at 60°C and ground (1 mm 
screen using Cyclotech Mill, Tecator, Sweden) and then 
analyzed for DM, ash, and CP contents (AOAC, 2012) 
acid insoluble ash (AIA) for determining digestibility as 
an internal indicator. Using the ANKOM fiber analyzer 
(ANKOM A200, ANKOM Technology, New York, USA) 
for determining neutral detergent fiber (NDF), acid 
detergent fiber (ADF). ADF was analyzed according to 
an AOAC method (2012) and was expressed inclusive of 
residual ash, aNDF in samples was estimated according 
to Van Soest et al. (1991) with addition of α-amylase but 
without sodium sulphite, while acid insoluble ash (AIA) 
was measured according to Van Keulen & Young (1977). 
Content of condensed tannins in FMP was chemically 
analyzed by using the vanillin-HCl method, according 
to Poungchompu et al. (2009).

Collection of milk yield from each cow was done 
in the morning and in the afternoon of milking times, 
preserved with potassium dichromate (K2CR2O7), and 
stored at 4°C until further analysis of milk compositions 
(protein, fat, lactose, solids-not-fat, and total solids) by 
an infrared method using Milko-Scan (Foss Electric, 
Hillerod, Denmark). The concentration of milk urea 
nitrogen (MUN) was analyzed by using Sigma kits #640 
(Sigma Diagnostics, St. Louis, MO). 

On the last day of each experimental period, rumen 
fluid and blood samples were taken at 0 and 4 hours 
after the morning feeding. Rumen fluid (200 mL) was 
collected from the rumen by a stomach tube connected 
with a vacuum pump. Rumen fluid was measured for 
pH and temperature immediately. Samples of rumen 
fluid at a volume of 50 mL were collected and added 
with 5 mL of 1 M H2SO4 to stop the fermentation process 
of microbial activity and then centrifuged at 16,000 x g 
for 15 minutes. About 20 mL of supernatant were col-
lected and frozen at –20°C until later analyzed in the 
laboratory for analysis of NH₃-N (Kjeltech Auto 1030 
Analyzer, Tecator, Höganäs, Sweden) (AOAC, 2012). 
The samples of rumen fluid were used for VFAs analy-
sis using High-Performance Liquid Chromatography 
(HPLC; Model Water 600; UV detector, Millipore Crop; 
column novapak C18; column size 3.9 × 300 mm; mobile 
phase10 mM H₂PO₄ [pH 2.5]) according to the method 
of Mathew et al. (1997). Estimation of ruminal methane 
production was conducted based on VFA proportions 
(CH₄ production= 0.45(acetate) – 0.275(propionate) + 
0.4(butyrate) (Moss et al., 2000)). The second part of the 
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filtered fluid sample was used for measuring the rumen 
microbial population, such as bacteria, protozoa, and 
fungi using the method of Galyean (1989).

Sample of blood from each cow (about 10 mL) was 
collected from a jugular vein at the same time as rumen 
fluid sampling and was put into tubes containing 12 mg 
of EDTA, and plasma was separated by centrifugation 
at 500 x g for 10 minutes (Table Top Centrifuge PLC-02, 
U.S.A.) and stored at -20°C until analysis of blood urea 
nitrogen (BUN) (Crocker, 1967). Urinary allantoin was 
analyzed by the method of Chen et al. (1993). Urinary 
creatinine concentration was measured by the method 
of Hawk et al. (1976). The microbial purines retained 
were further calculated using the equation of Chen & 
Gomes (1995) and Galo et al. (2003).

Statistical Analysis

All data collected were subjected to a 2 × 2 factorial 
arrangement in a 4 × 4 Latin square design (LSD) us-
ing PROC GLM (SAS, 2013). The statistical parameters 
included experimental animal, period, protein levels 
of concentrate, Flemingia pellets, and the interaction of 
protein levels of concentrate × Flemingia pellets. All data 
were statistically compared by Tukey’s multiple compari-
son test according to the method of Crichton (1999). 

RESULTS

Chemical Composition of The Experimental Feeds
 
Feed ingredients and chemical compositions of 

concentrate, rice straw, and FMP used in this experi-
ment are presented in Table 1. Local feed ingredients 

of the concentrate were mixed, which contained CP at 
14.2% and 16.5%, respectively. Rice straw contained low 
CP, i.e., 2.4%. In contrast, FMP contained high CP, i.e., 
27.2%. In addition, FMP contained condensed tannins at 
the level of 5.6% of dry matter, while concentrate and RS 
did not contain condensed tannin.

Dry Matter Intake and Nutrients Digestibility
 
Protein level and FMP supplementation increased 

dry matter intake and the digestibility of nutrients 
(Table 2). There were no interactions between the pro-
tein level of concentrate and FMP supplementation on 
dry matter intake and nutrients digestibility. The level 
of CP and FMP supplementation did not affect rough-
age intake. Intakes of concentrate significantly increased 
(p<0.05) with the increased CP level and FMP supple-
mentation (p<0.05). However, there was no interaction 
effect of CP level and FMP supplementation on the con-
centrate intake. Total feed intake was not affected by the 
CP level and FMP supplementation. Additionally, CP 
and NDF digestibility were higher (p<0.05) in cows re-
ceiving a higher level of CP and FMP supplementation. 
However, there was no interaction effect of CP level and 
FMP supplementation on the CP and NDF digestibility.  
In addition, CP level and FMP supplementation did not 
affect DM and OM digestibility.

Ruminal Parameters, Blood Metabolite, and Protozoa 
Population

 
The rumen parameters, including ruminal pH, ru-

minal temperature, ruminal NH3-N, blood urea N, vola-
tile fatty acids, and methane production, are presented 

Table 1. Compositions of concentrate mixtures, rice straw, and Flemingia pellet

Items
Concentrate mixtures

RS FMP
C1 C2

Concentrate ingredients, % as fresh basis
    Cassava chip 60.0 60.0
    Coconut meal 15.0 19.0
    Palm meal 10.0 10.0
    Rice bran 10.0 5.0
    Urea 1.5 2.5
    Molasses 2.0 2.0
    Mineral mixture 0.5 0.5
    Salt 0.5 0.5
    Sulfur 0.5 0.5
    Total 100.0 100.0
Chemical composition 
    Dry matter, % 92.5 92.1 93.4 84.6

--------------------% of dry matter -----------------------------
    Organic matter 92.6 94.7 91.6 92.3
    Ash 7.4 5.3 8.4 7.7
    Crude protein 14.2 16.5 2.4 27.2
    Acid detergent fiber 14.6 15.7 52.6 31.2
    Neutral detergent fiber 18.7 16.8 76.2 53.1
    Condensed tannins - - - 5.6

Note: C1= Concentrate mixture containing 14% CP; C2= Concentrate mixture containing 16% CP; RS= rice straw; FMP= Flemingia pellet.
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in Table 3. There were no interactions between the 
protein level of concentrate and FMP supplementation 
on ruminal parameters, blood metabolite, and protozoa 
population. The results showed that ruminal pH and ru-
minal temperature were not affected by the level of CP 
and FMP supplementation. However, an increased level 
of CP and FMP supplementation significantly increased 
ruminal NH3-N concentration (p<0.05). There was no 
interaction effect of CP level and FMP supplementation 

on ruminal NH3-N. Level of CP and FMP supplementa-
tion did not affect BUN concentration. Level of CP and 
FMP supplementation had no significant effect on total 
VFAs, butyric acid, and the ratio of acetic acid to propi-
onic acid concentrations. Propionic acid was increased, 
but acetic acid and methane production were decreased 
(p<0.05) with the increased CP level and FMP supple-
mentation. However, there was no interaction effect of 
CP level and FMP supplementation on the acetic acid, 

Table 2.  Voluntary feed intake and nutrient digestibility in dairy cows affected by protein level and Flemingia pellet (FMP) 
supplementation

Variables Treatments
SEM

p-value
C1 C2

FMP (g/cow/d) FMP-0 FMP-150 FMP-0 FMP-150 C FMP C×FMP
Dry matter intake
Roughage intake
    kg/day 5.5 5.6 5.5 5.6 0.16 0.291 0.330 0.721
    % of BW 1.5 1.6 1.4 1.6 0.08 0.686 0.457 0.463
    g/kg BW0.75 66.9 70.2 64.5 70.6 0.76 0.632 0.723 0.759
Concentrate intake
    kg/day 5.5 6.4 5.5 6.5 0.31 0.033 0.042 0.558
    % of BW 1.5 1.7 1.5 1.8 0.08 0.026 0.047 0.703
    g/kg BW0.75 66.4 67.5 64.5 67.6 1.67 0.031 0.516 0.775
Total feed intake 
    kg/day 11.0 12.0 11.0 12.1 0.06 0.678 0.728 0.834
    % of BW 3.0 3.3 2.9 3.4 0.07 0.501 0.032 0.727
    g/kg BW0.75 133.3 137.7 129.0 138.2 3.34 0.580 0.041 0.653
Nutrient digestibility, %
    Dry matter 66.5 67.4 67.8 69.6 1.27 0.408 0.678 0.552
    Organic matter 62.4 63.1 61.1 64.6 2.51 0.621 0.515 0.545
    Crude protein 46.4 54.3 58.4 63.1 0.74 0.023 0.049 0.708
    Neutral detergent fiber 41.3 45.7 50.1 55.2 0.89 0.047 0.015 0.951
    Acid detergent fiber 44.6 47.2 42.1 47.6 1.11 0.360 0.139 0.796

Note: FMP-0= unsupplementation Flemingia pellet; FMP-150= supplementation Flemingia pellet at 150g/cow/d; C1= Concentrate mixture containing 
14% CP; C2= Concentrate mixture containing 16% CP; BW= body weight; SEM= standard error of the mean.

Table 3.  Fermentation characteristics and blood urea nitrogen in dairy cows affected by protein level and Flemingia pellet (FMP) 
supplementation

Variables Treatments
SEM

p-value
C1 C2

FMP (g/cow/d) FMP-0 FMP-150 FMP-0 FMP-150 C FMP C×FMP
Ruminal pH 6.7 6.8 6.5 6.8 0.18 0.775 0.249 0.463
Temperature, °C 38.6 39.0 39.0 39.3 0.22 0.341 0.305 0.221
NH₃-N, mg/dL 11.3 13.6 12.4 14.9 0.30 0.028 0.015 0.659
BUN, mg/dL 10.1 10.5 11.7 12.1 0.86 0.543 0.612 0.802
Total VFAs, mmol/L 107.4 108.1 105.3 107.2 1.35 0.351 0.359 0.726
VFAs, mol/100mol
   Acetic acid (C₂) 69.4 65.1 67.5 62.4 1.18 0.024 0.015 0.908
   Propionic acid (C₃) 21.3 24.7 22.5 26.2 0.26 0.015 0.014 0.423
   Butyric acid (C₄) 9.3 10.2 10.0 11.4 0.37 0.678 0.779 0.706
C₂:C₃ 3.3 2.6 3.0 2.4 0.31 0.611 0.248 0.658
CH₄ (mM) 29.1 26.6 28.2 25.4 0.25 0.013 0.015 0.091

Note: FMP-0= unsupplementation Flemingia pellet; FMP-150= supplementation Flemingia pellet at 150g/cow/d; C1= Concentrate mixture containing 
14% CP; C2= Concentrate mixture containing 16% CP; SEM= standard error of the mean; NH₃-N= ammonia nitrogen; BUN= blood urea nitrogen; 
VFAs= volatile fatty acids; CH₄= methane production= 0.45 (C₂)-0.275 (C₃) + 0.4 (C₄) calculated according to Moss et al. (2000).
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propionic acid, and methane production. In addition, 
the bacterial and fungal zoospores population were 
similar in cows receiving the increased levels of CP and 
FMP supplementation (Table 4). Interestingly, proto-
zoal rumen count decreased with FMP feeding (p<0.05), 
while it was not affected by crude protein levels in the 
concentrate mixture. 

Microbial Protein Synthesis
 
As shown in Table 5, there were no interactions 

between the protein level of concentrate and FMP 
supplementation on microbial nitrogen synthesis 
(MNS). Microbial nitrogen synthesis and efficiency of 
microbial nitrogen synthesis (EMNS) were increased in 
dairy cows receiving high protein levels of concentrate 
mixture with FMP supplementation (p<0.05). However, 
there was no interaction effect of CP level and FMP 
supplementation on MNS and EMNS.

Dairy Milk Production and Compositions
 
There were no interactions between the protein level 

of concentrate and FMP supplementation on milk yield 
and compositions. Milk yield and 3.5% FCM production 
were increased by the increased crude protein levels and 
FMP supplementation (Table 6). However, there was no 
interaction effect of CP level and FMP supplementation 
on the milk yield.  However, there was a significant inter-
action effect of CP level and FMP supplementation on the 
3.5% FCM production. Cows fed mixed concentrate with 
16% CP with FMP supplementation did not significantly 

affect 3.5% FCM milk production.  The highest value was 
found in dairy cows that were fed at 16% CP (p<0.05). 
Moreover, milk compositions, including milk fat, milk 
protein, lactose, solids-not-fat, total solids, and milk urea 
nitrogen, were similar among treatments by crude pro-
tein levels and FMP supplementation. 

DISCUSSION

Chemical Composition of The Experimental Diets
 
The dietary CP content of Flemingia hay meal 

was 27.2% DM and was slightly higher than the figure 
presented by Phesatcha et al. (2016) but was higher than 
the result of Mui et al. (2001). Fagundes et al. (2014) sug-
gested that Flemingia harvested in the dry season would 
have lower CP and higher condensed tannins content. 
The nutritive value of Flemingia leaf would be influenced 
by the growth stage, the season of harvesting, and soil 
content where it was grown. Under this study, at this 
value, it can be taken as a high level for fodder shrub.     

Dry Matter Consumption and Nutrient Digestibility
 
The results revealed the increased concentrate intake 

and total DM intake by the increased crude protein level 
with FMP supplementation. Flemingia supplementation 
at this level did not adversely affect total feed intake. 
However, a higher level of FMP supplementation might 
stimulate the intake of roughage. An important limitation 
of feed with high tannin content in the use of ruminant 
feed is its low palatability that may restrict feed intake. 

Table 4.  Microbial population in dairy cows affected by protein level and Flemingia pellet (FMP) supplementation

Variables Treatments
SEM

p-value
C1 C2

FMP (g/cow/d) FMP-0 FMP-150 FMP-0 FMP-150 C FMP C×FMP
Ruminal microbes, 
Bacteria, x1011 cell/ml 4.8 5.4 5.0 5.7 0.24 0.654 0.245 0.702
Protozoa, x 106 cell/ml 8.9 7.6 10.9 9.4 0.31 0.167 0.027 0.681
Fungi, x 105 cell/ml 3.2 3.1 2.9 2.8 0.35 0.751 0.869 0.639

Note: FMP-0= unsupplementation Flemingia pellet; FMP-150= supplementation Flemingia pellet at 150g/cow/d; C1= Concentrate mixture containing 
14% CP; C2= Concentrate mixture containing 16% CP; SEM= standard error of the mean.

Table 5.  Urinary purine derivatives (PD) and microbial protein synthesis in dairy cows affected by protein level and Flemingia pellet 
(FMP) supplementation

Variables Treatments
SEM

p-value
C1 C2

FMP (g/cow/d) FMP-0 FMP-150 FMP-0 FMP-150 C FMP C×FMP
Urinary purine derivatives 
(mmol/d)
  Allantoin excretion 149.5 179.9 167.4 179.4 4.39 0.013 0.016 0.509
  Allantoin absorption 102.7 128.5 114.8 148.5 2.14 0.015 0.028 0.084
MNS (gN/d) 74.6 86.4 81.5 95.7 2.03 0.041 0.012 0.751
EMNS (g/kg OMDR) 25.5 31.1 30.6 36.1 1.06 0.056 0.013 0.246

Note: FMP-0= unsupplementation Flemingia pellet; FMP-150= supplementation Flemingia pellet at 150g/cow/d; C1= Concentrate mixture containing 
14% CP; C2= Concentrate mixture containing 16% CP; SEM= standard error of the mean; MNS= efficiency of nitrogen synthesis; EMNS= effi-
ciency of microbial nitrogen synthesis; OMDR= digestible organic matter apparently fermented in the rumen.
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However, Patra & Saxena (2011) reported that condensed 
tannin supplementation in the diet would bind dietary 
proteins in the rumen, slow down protein degradation, 
and reduce nitrogen losses that eventually increase pro-
tein utilization in the lower gut. Patra & Saxena (2011) 
reported that 3%-6% of condensed tannins in the diets 
would not affect rumen fermentation and productivity. 
Barry & Manley (1984) confirmed a higher protein out-
flow into the lower gut when the sheep were fed with 
L. pedunculatus due to the effect of the rumen protein-
tannins complex.  Gunun et al. (2016) reported the 
supplementation of Antidesma thwaitesianum Muell. Arg. 
seed meal, which consisted of condensed tannins, did 
not change the dry matter intakes. Conversely, Cieslak 
et al. (2016) stated that using tannin extracts from 
Sanguisorba plant (100 mg) could reduce (25.6%) the in 
vitro dry matter digestibility. Essentially, the level of 
supplementation was an important factor in raising an 
impact on rumen fermentation.

Ruminal Parameters, Blood Metabolite, and Microbial 
Population

 
The ruminal pH values were stable at 6.5 to 6.6, and 

the ruminal temperature was found at 38.6°C to 39.1°C. 
Wanapat & Pimpa (1999) stated that optimal ammonia 
nitrogen concentration (15-30 mg/dL) in the ruminal fluid 
would support microbial growth and microbial activity. 
However, condensed tannins have a high capacity for 
protein binding in the rumen and reduce dietary proteins 
lose by ammonia production, thus improving protein 
utilization. 

Moreover, BUN and milk urea nitrogen (MUN) 
under the present study were not affected by feed 
supplementation and were closer to the normal range. 
Viennaxay et al. (2020) reported that balanced diets for 
lactating dairy cows were associated with an average 
BUN concentration of 15 mg/dL and average MUN con-
centration of 5 mg/dL to 16 mg/dL (Jonker et al., 1999; 
Satter & Slyter, 1974). According to this study, concen-
trations of BUN and MUN were 10.1 to 12.1 mg/dL and 
10.3 to 12.4 mg/dL, respectively.

 In the rumen, condensed tannins may directly 
inhibit the growth of methanogens as was reported by 
other researchers (Patra & Saxena, 2010). Additionally, 
tannins can reduce enteric methane production. Hence 
they were important for mitigating greenhouse gas 
emissions by ruminants (Makkar, 2003). Poungchompu 
et al. (2009) & Tavendale et al. (2005) demonstrated that 
condensed tannins and saponins could lower the proto-
zoal population and maintained fungi zoospore in rumi-
nants that eventually reduced rumen methane produc-
tion. Russell et al. (2009) stated the positive association 
of ruminal microorganism numbers to feed digestibility, 
which plays a significantly vital role in feed-substrate 
degradation, particularly with bacteria and fungi. The 
protozoal population was reduced when supplemented 
with FMP containing condensed tannins. This reduction 
could be due to the effect of condensed tannins, which 
may inhibit the growth or activity of ruminal protozoa 
by binding the proteins and enzymes of a protozoal 
cell, hence blocking nutrient transport. Furthermore, 
condensed tannins have a potent anti-protozoal activity 
by forming complexes with sterols in the protozoal cell 
membranes (Liu et al., 2011). A reduction of methane 
from FMP supplementation could be due to the effect of 
the condensed tannins. Hristov et al. (2013) reported that 
condensed tannins suppressed methane production, 
reduced protozoal population, and modulated volatile 
fatty acids.

Microbial Protein Synthesis
 
Rumen ammonia-N derived from the protein deg-

radation would be incorporated for microbial protein 
synthesis (Karsli & Russell, 2001). Nitrogen absorption 
and N-retention were good indicators of nutrient utiliza-
tion in the ruminants (Chen & Gomes, 1995). Firkins et 
al. (2007) showed the rumen microbial protein synthesis 
was the effective indicator of nitrogen utilization. 
Furthermore, a close relationship between protein and 
carbohydrate is essential for effective utilization. Based 
on this experiment, no significant changes between the 
two levels of 14% and 16% CP in the concentrate mix-

Table 6.  Milk production and chemical composition in dairy cows affected by protein level and Flemingia pellet (FMP) supplementation

Variables Treatments
SEM

p-value
C1 C2

FMP (g/cow/d) FMP-0 FMP-150 FMP-0 FMP-150 C FMP C×FMP
Milk yield, kg/cow/d 10.1 11.4 12.7 13.1 0.22 0.014 0.033 0.801
3.5% FCM, kg/cow/d 9.9 11.6 13.5 13.5 0.23 0.011 0.042 0.036
Milk composition, %
   Protein 3.0 3.2 3.4 3.6 0.01 0.235 0.358 0.773
   Fat 3.4 3.5 3.6 3.7 0.03 0.378 0.096 0.305
   Lactose 4.7 4.4 4.8 4.8 0.16 0.752 0.293 0.441
  Solids-not-fat 8.4 8.2 8.9 9.1 0.21 0.766 0.828 0.698
  Total solids 11.8 11.7 12.5 12.8 0.31 0.947 0.901 0.523
Milk urea nitrogen, mg/dL 10.3 10.9 11.6 12.4 1.35 0.702 0.497 0.920

Note: FMP-0= unsupplementation Flemingia pellet; FMP-150= supplementation Flemingia pellet at 150g/cow/d; C1= Concentrate mixture containing 
14% CP; C2= Concentrate mixture containing 16% CP; SEM= standard error of the mean; 3.5% FCM= 3.5 % fat corrected milk [the equation: (0.432 
x kg of milk) + (kg of fat x 16.23)].
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tures were obtained, while FMP addition significantly 
improved the EMNS. Supplementation of FMP at 150 g/
cow/day greatly improved N absorption and N reten-
tion. N retention is considered to be the most common 
index of the protein nutrition status of ruminants. 
Meanwhile, condensed tannin at a lower level has been 
reported to have a positive influence or increased N 
retention in ruminants (Ahnert et al., 2015). The FMP 
could have rendered more protein available for diges-
tion in the lower-gut that eventually increased microbial 
protein, as well as the positive effect of the pellet, which 
contained condensed tannins. In spite of this result, 
higher FMP supplementation could be more effective in 
microbial protein synthesis. The effect of FMP supple-
mentation on reducing rumen protozoal population 
counts significantly impacted N-recycling and improved 
over-turn of microbial protein synthesis. Therefore, 
reducing protozoal populations could improve dietary 
N utilization and increase MPS flow to the lower gut 
(Wang et al., 2012).

Milk Yield and Compositions
 
It has been established that good quality rough-

ages would be necessary to provide nutrients for good 
milk yield and composition (Weiss et al., 2009; Krämer-
Schmid et al., 2016). A number of researchers have 
revealed the positive effects of plants and fruit pellets 
containing phytonutrients such as condensed tannins, 
which resulted in a remarkable enhancement of rumen 
feed degradation, nutrient digestibility, and milk yield, 
as were shown by Norrapoke et al. (2012) and Ampapon 
et al. (2020). Nevertheless, based on the data shown by 
Benchaar et al. (2008) and Holtshausen et al. (2009), it 
was demonstrated the remarkable impacts of PTN when 
available at a lower level. The FMP supplementation 
at 150 g/cow/d has exhibited a positive impact on milk 
yield. Outstandingly, the protein level and the FMP 
supplementation have shown a synergistic effect, attrib-
uted to FMP supplementation on the lower protein level 
of feed, especially the concentrate mixture. Nevertheless, 
more research investigations are highly recommended in 
lactating cows in order to obtain more insightful data.

CONCLUSION
 
Based on the present experiment, protein level and 

FMP supplementation had significant effects on the ef-
ficiency of nutrients utilization, by-products of rumen 
fermentation, and milk yield in lactating dairy cows. 
Therefore, the protein level of 16% CP and FMP supple-
mentation at 150 g/cow/d significantly improved rumen 
fermentation efficiency and milk yield in lactating dairy 
cows.
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